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PREFACE 

In September 1989, the Secretary ef , the  Interior and the 
Governor of Oregon announced the formation of the joint 
state-federal Oregon Placer Minerals Task Force. The 
purpose af t h e  t a sk  force is to define the extent of black 
sand deposits offshore Oregon, evaluate their economic and 
strategic importance, and examine the environmental aspects 
of their development. The task  force, with members and 
advisors representing government, academia and industry, has 
met four times during the period October 1988 to January 
1990. 

The report contained herein constitutes the preliminary 
feasibility study of the task force. This feasibility study 
was conducted to determine whether work on Oregon's marine 
placer minerals should continue based on perceived economic 
potential and other constraints. The components of this 
feasibility study include a summary of placer mineral 
resource informatien and models, an economic evaluation, an 
environmental review, a market definition, an economic and 
strategic analysis, and a set of recommendations for  future 
study. The geological sununary (Section 1) and the 
environmental review (Section 3 )  were drafted at the College 
of oceanography, Oregon State University, The economic 
evaluation (Sect ion 2) was conducted by the U.S. Bureau of 
Mines and the remaining sections ( 4 , 5 ,  and 6) were written 
by task force subgroups. The report sections in draft form 
were made available for public comment at the October 1989 
task force meeting. Responses to public and peer review 
comments on the drafts have been summarized in the appendix 
to this report. 

In addition to the  authors of the  report sections, 
acknowledgement should be made to persons who have supparted 
the development of this document. F i r s t ,  the task force 
appreciates the participation in this process by t h e  
citizens of Oregon, Second, the task force acknowledges the 
support of the coordinators ,  Mike Carter, ~ennis Olmstead, 
and Greg McMurray. Funding f o r  the task force was provided 
by the Department of the In te r io r ,  Minerals Management 
Service, Office of Strategic and International Minerals, 
through Cooperative Agreement No. 14-12-0001-30462 with the 
State of Oregon, Department of Geology and Mineral 
Industries. 
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Summary 

In 198 8 the Secretary of the Interior and the Governor of Oregon formed a joint S tate-Federal 
Placer Task Force to evaluate the possible economic and strategic importance of potential heavy- 
mineral placer deposits: on the sou them Oregon continental shelf. High concentrations of heavy 
minerds in the surface deposits contain variable amounts of chromium- bearing chromite, titanium- 
bearing ihenite, zirconium-bearing zircon, garnet, and gold. M e  potential offshore placers, 
Cape Blanco, Rogue River, and Umpqua River, were jointly selected by the College of 
Oceanography, Oregon State University, and the U.S. Bureau of Mines, Western Field Operations 
Center, Spokane, WA, for an economic evaluation. 

The College of Oceanography provided the following parameters to the Bureau of Mines, who 
conducted rhe economic evduation of the b e e  offshore placers (Wetzel and Stebbins, this 
voIume): (1) dimensions of placer deposit, (2) probable type and grade of the various heavy 
minerals, (3) sediment overbutden, (4) water depths of the deposits, and (5 )  distance to port from 
placer deposit. 

Two models, the Heavy-Mind Model and the Magnetic Model, were formulated to provide 
c o n s h a  on the economic evaluation. The former model utilizes the total surface area of heavy- 
m i n e d  concentrations (halos) present in the surface sediments and should produce the maximum 
size for the Cape Blanco, Rogue River, and Umpqua River shelf placers. It assumes a 5-m-thick 
layer of placer material containing an average 2.5 and 5.0 weight percent opaque m i n d s  for halos 
with 10 to 20 percent and >20 percent heavy minerals, respectively. The latter model utilizes the 
width and length of magnetic anomalies present over the heavy-mineral halos and should represent 
the minimum size of the placers for the Cape Blanco and Rogue River. It uses a 5-m- thick layer 
containing an average of 40 weight percent opaque minerals. The opaque (magnetite, chromite, 
ilmenite) and nonopaque (zircon and garnet) mineralogy of the shelf surface deposits were used to 
determine the mineral tonnages present in each placer, with the exception of the Cape Blanco 
placer, where the garnet content from h e  onshore Pioneer terrace placer was utilized. 

The bulk elementd composition of the opaque minerals (i.e., chrome and titanium) was determined 
previously by hseumental Neutron Activation Analysis (Kulm and Peterson, 1988). The opaque- 
mind composition (i.e., titanium oxide and chromium oxide) of individual mineral grains was 
detemined by electron microprobe in this study. Nonopaque-mineral contents of zircon and garnet 
were detemined with a petrographic microscope in the surface sediments of the shelf. Off Cape 
Blanco, the average titanium oxide content of ilmenite grains is 44.62 and 43.42 weight percent for 
samples taken in waters of 21 and 27 m, respectively. The average chromium oxide content of 
chromite grains is 35.73 and 29.93 weight percent for the same samples. Off the Rogue River the 
average titanium oxide content is 47.36 and 41.88 weight percent for samples taken in water 
depths of 17 m and 70 rn, respectively. The average chromium oxide content is 26-91 and 34.46 
weight percent for the same samples. Off the Umpqua River the titanium oxide content averages 
43.92 weight percent and the chromium oxide 4 1.6 1 weight percent . 
Using the Heavy-Mineral Model, ilmenite is the dominant tonnage (9,247,000 rnenic tons; 
10,17 1,700 short tons), followed by garnet (5,519,000; 6,070,900), magnetite (4,325,000; 
4,757,500), chromite (1,343,000; 1,477,300, and zircon (895,000; 984,500) in the Cape Blanco 
placer. In the Rogue River placer, magnetite and ilmenite are characterized by nearly equal 
tonnages (3 1 ,I 32,000 and 3 1,9 11,000 metsic tons; 34,245,200 and 35,102,100 short tons, 
respectively) with about half as much chromite (14,788,000; 16,266,800) and much smaIler 
amounts of garnet (3,892,000; 4,28 1,200) and zircon (77 8,000; 855,800). In the Umpqua placer, 
ilmenite (31,329,000 metric tons; 34,461,900 short tons) is three times as abundant as magnetite 
(9,494,000; 10,443,400), with essentially co-equal amounts of chromite and garnet (6,646,000 
and 6,076,000 metric tons; 7,310,600 and 6,683,600 short sons, respectively) and a much smaller 
quantity of zircon. Ilmenite (72,487,000 metric tons; 79,735,700 short tons) is three times more 



abundant than chrornite (22,777,000 metric tons; 25,054,700 short tons) in the three m a s  
combined. Garnet and zircon decrease in abundance k m  the Umpqua River pIacer to the Rogue 
placer. The large total surface area represented by the heavy-minerd halos in the surface sediment 
probably overestimates the total tonnage of the placers because seasonal storm waves can 
redistribute the surface sediments on the shelf, scattering the heavy minerals, which may create 
somewhat larger halos. 

Using the Magnetic Model, ihenEte is the dominant tonnage (1,354,000 metric tons; 1,489,400 
short tons) with lesser amounts of garnet (808,000; 888,8001, magnetite (633,000; 696,300), 
chromite (197,000; 216,700), and zircon (13 1,000; 144,100) in the Cape Blanco placer. In the 
Rogue River placer ilmenite (2,005,000 metric tons; 2,205,500) and magnetite (1,957,000; 
2,152,300) are present in nearly equal amounts followed by chsomite (929,000, 1,021,900), 
garnet (245,000; 269,500), and zircon (49,000f 53,900). No data is available for the Umpqua 
River placer. Mineral tonnages for ilmenire and chrornite in the Magnetic Model are a factor of 
seven and ten less, respectively, than in the Heavy-Mineral Model because of the much smaller 
surface ma. It is difficult to derive a reIiable estimate of the total tonnage of the potential pIacer 
deposits off the Cape Blanco and Rogue fiver areas using the Magnetic Model because the 
offshore magnetic survey tracklines are widely spaced and intermittent. This model probably 
underestimates the total tonnage of the potential placer deposits. 

This report attempts to constrain the upper h i t  of the tonnages of potential heavy mind placer 
deposits on the continend shelf based upon swface and near-surface heavy-mineral data and 
assumed thickness in the subsurface deposits. These potentid placer deposits should be vibra- 
cored in selected localities on the southern Oregon shelf to determine the three-dimensional 
character of she pIacer deposits and to mere precisely asc& their economic value. 



Introduction 

A joint State-Federal Placer Task Force was formed in October 198 8 to evaluate the possible 
economic and strategic importance of the black-sand placer resources on the Oregon continental 
shelf. Previous marine studies indicate that these potential placer deposits contain the chrorniurn- 
bearing chromite, titanium-bearing heni te ,  zirconium-bearing zircon and garnet, and the metal 
gold. 

The College of Oceanography, Oregon State University, was contractd to produce selected 
parameters for each of three potential placer deposits located on the southern (Rogue River and 
Cape Blanco areas) and south-cenual (Umpqua River area) Oregon continental shelf. To provide 
constraints on these models, the ColIege of Oceanography, Oregon State University, provided a 
number of parameters to the U.S. Bureau of Mines, Westem Field Operations Center, Spokane, 
WA, who conducted the economic modeling studies. These parameters include: (1) dimensions of 
placer deposits, (2) probable type and grade of the various heavy minerals, (3) sediment 
overburden, (4) water depths of the deposits, and ( 5 )  distance to port from the placer deposit. The 
U.S. Bureau of Mines then conducted a preIiminary economic appraisal of h e  potenrid heavy- 
mined placer deposits on the southern Oregon continental sheIf (Wetzel and Stebbins, this 
volume). 

The contract period extended from December 27,1988, to March 17,1989. This Open-File 
Report was completed in June 1989 following a review of the Oregon State University and Bureau 
of Mines preliminary results by the State-Federal Task Force on May 25,1989. 

Preliminary estimates of heavy-mineral tonnages from these potential placer deposits were derived 
using a combination of offshore and onshore data described In this report. Because of the lack of 
subsurface data on the continental shelf deposits, high-resoIution magnetic surveying and deep 
vibra-coring of the offshore heavy-mineral concen~ations and associated magnetic anomalies are 
required to establish the thickness and concentration of heavy-mineral placer deposits on the 
continental shelf and their ultimate economic potential. 

This study utilizes both unpublished and published data that were obtained from the College of 
Oceanography sediment sample and data archives. 

Relevant Studies 

Beach PI aceq 
Three modem beach denosits were studied for mineral com~osition in the vicinitv of C a ~ e  BIanco 
(42.84' N latitude) incl;ding the Port Orford beach placer (42.73' N, %6 perce& opaq;e 
minerals), the Cape Blanco beach sand (42.84' N, nonplacer deposit) and the Sacci beach placer 
(43,2 1" N, 359 percent opaque mineraIs) figure 1). Opaque minerals and nonopaque minerals 
(zircon and garnet) were examined for relative abundance with the aid of a peuo,pphic microscope 
(Peterson and Binney, 1988). The relative abundances of the different opaque minerds 
(magnetite, chromite, and ilmenite) were determined by major element analyses (WAA) and major 
element partitioning based on preliminary microprobe analysis of beach and terrace opaque 
minerds (Table 1; Peterson and others, 1987). Since the individuaI opaque minerals are measured 
as a percent of the total opaque-mineral fraction, it is convenient to also normalize garnet and zircon 
to the abundance of the opaque-mineral fraction, even though these relations are not co-linear over 
wide compositional ranges. The relative abundances of the economic placer minerals in these 
deposits were averaged to yield representative beach pIacer compositions, which were used onIy as 
a guide to formdate the placer models utilized for the offshore deposits described in this report. 

A magnetometer survey was made on a well-defined modem beach pIacer on the south side of h e  
headland at Utter Rock, cenBal Oregon (44.67' N latitude, Figure 1). Magnetic anomalies ranging 
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Figure 1. Location map of sou them Oregon continental shelf and adjacent coastal region. 



Table 1. Beach and T m c e  Placer Mineral Composition 

Placers 0paque:total Opaque 
(ratio) (5% of total) 

Top Beach Placer NA NA 
BottomBeachPlacer 0.65 65 
Top Pioneer Terrace 0.05 5 
Bottom Pioneer Terrace 0.8 5 85 

Chr0mite:opaque Chromi te 
(ratio) I% of total) 

?' w Top Beach Placer NA NA 
Bottom Beach Placer 0.16 10.40 
Top Pioneer Temce NA NA 
Bottom Pioneer Terrace 0.64 54.40 

Magnetlte:opaque 
(ratio) 

Gmet:opaque 
(ratio) 

Magnetite 
(% of total) 

Umenite:opaque IImenite 
(ratio) (% of total) 

2ircon:opaque Zircon 
(ratio) (% of total) 



from 25 to 125 gammas were associated with the underlying sands enriched in ilmenite and other 
iron-bearing minerals (Peterson and others, 1986). We have measured the magnetic susceptibility 
of the opaque-mineral fraction of the beach sands of Oregon and found that it is strongly correIated 
to the magnetite content of the sands. The Otter Rock placer extends about 1,000 m alongshore 
and 100 m across shore and ranges from >1.5 m to 4.1 m in thickness from the mid-backshore to 
the lower foreshore, respectively. This elongate and lens-shaped placer contained approximately 
80 x 103 m3 of sediment with >SO percent heavy minerals. 

Coastal Terrace Placers 
Representative sections of the Eagle-Pioneer gIacer (Peterson and others, 1987) were used to 
establish top and bottom mineral compositions from this ancient marine-placer deposit (Figure 2). 
Samples taken from the northern and southern ends of the exposed mine pit averaged 5 percent 
opaque minerals at the top of the 5-m-thick section and 85 percent opaque minerals in the basal 
placer layers at the bottom of the section. The abundances of the nonopaque economic minerds 
(garnet and zircon) relative to the opaque minerals were determined by petrographic microscopy. 
The relative abundances of the different opaque minerals (magnetite, chromite, and ilmenite) in the 
basal layer of the Eagle-Pioneer placer were determined by preliminary microprobe analyses 
(Peterson and others, 1987). The relative abundances of these different opaque minerals were not 
established for the top of the Eagle-Pioneer section. The average mineral compositions from the 
bottom of this ancient placer deposit (Table 1) were used only as a guide to formulate the placer 
models utilized for the offshore deposits described in this report, 

A magnetometer survey was made over the black-sand placer deposits of the uplifted marine 
terraces on the southern Oregon coast (Stephenson, 1945). Most of the measured magnetic 
anomalies were less than 50 gammas, but they were invariably correlated with the black-sand 
placers occurring beneath an overburden ranging fsom a few meters to about 20 m as identified in 
drill holes along the survey traverses (Figure 3). Placers with an abrupt edge (compared to a 
tapered edge) produced a strong magnetic effect even though the rest of the placer had no 
anomalies. Th~s indicates that the magnetic anomalies may represent less than the actual width of 
the placer deposit. Sufficient magnetic material was present to generate detectable anomalies, 
although the amount and composition of the heavy minerals varied somewhat from one traverse to 
another. Magnetometer surveys are a useful tool in the exploration of black-sand placers in the 
coastal terrace deposits (Stephenson, 1945). 

Continental-Sheif Placen 
Recent studies conducxed by the College of Oceanography, Oregon State University, of heavy- 
minerd separates from continental-shelf sediment samples have confirmed earlier indications of 
potential chromite, ilrnenite, zircon, and garnet offshore of southern Oregon (Figure 1; Clifton, 
1968; Kulm and others, 1968; Chambers, 1969; Kulm, 1988; Kulm and Peterson, 1988; Peterson 
and others, 1988). The compositional analyses of bulk opaque-mined separates from the 
southem shelf were completed earlier by K u h  and Peterson (1988) using Instrumental Neutron 
Activation Analysis (JNAA). These bulk compositional analyses indicate that significant 
proportions of the opaque-mineral fractions are comprised of chromite and ilrnenite. During the 
present study, elemental andyses were conducted on specifrc opaque minerds in each of the three 
shelf areas (Cape Blanco, Rogue, and Umpqua) with an electron microprobe in the CoIlege of 
Oceanography. 

Previously pubtished studies of beach placers and ancient placers mined from onshore marine 
terraces of southern Oregon (Griggs, 1945; Peterson and others, 1987) suggest that black-sand 
concenbates from this area should aIso be enriched in garnet, zircon, mace amounts of gold 
(Clifton, 1968), and platinum. The terrace deposits enriched in heavy minerals (5 to 100 weight 
percent) range from 1 rn to 1 0 rn in thickness and average a bout 5 m in thickness over the two 
largest placer deposits on the Seven Devils and Pioneer terraces (Figure 2). 



Figure 2, Location of ancient marine placers south of Cape Atago, Ortgon (from Peterson and 
others, 1987). The Seven Devils and Eagle-Pionea placers are formed on adjacent 
uplifted terraces of late Pleistocene age. The lower Pioneer placer has ken  
extensively explored and mined for gold 
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Figure 3. Magnetic survey over selected transects of the marine terrace placers along the southern Oregon coast (drawn from data given 
in Stephenson, 1945). 



Magnetic anomdies associated with zones of high heavy-mineral concenmation on the Oregon 
continental shelf (Kulm, 1988) are now known to be comparable or larger than magnetic anomalies 
measured over known placer deposits mined from the marine terraces south of Cape Arago 
(Stephenson, 1945). 

Sampling and Physical Characteristics Of Offshore Placer Sites 

Three potential offshore pIacer sites were selected for economic modeling in this study. From 
south to north, they are located off the Rogue River, Cape Blanco, and Umpqua River areas (Table 
2, Figure 4A). The available data for each of these sites is described beIow. 

Seismic Reflection and Magnetic Suweyg 
A 5000 joule sparker, a 40 cubic inch air gun, and a unibmm seismic system were used to obtain 
infomation on the shalbw smcture and sediment thickness of the continental shelf (Clarke and 
others, 1985; Kulm, 1988). About 2320 km of these seismic proffles were collected on the 
southern Oregon shelf. A proton precession magnetometer was towed to measure the magnetic 
field in the vicinity of selected heavy minerd surface concentations described later in this report 
(Kulm, 1988). Several magnetic models were generated with these magnetics data (Kulm, 1988). 
Nosidescan sonat data was collected during these surveys. 

Sediment Sampling and Analyses 
A variety of equipment (i.e., Smith-McIntyre grab, Shipek samples, box-corer) was used to obtain 
samples from the surface and subsurface sediments on the continental shelf off Cape Blanco, 
Rogue River, and Umpqua River (Kulm, 1988). Box-cores range in length from 10 to 40 cm. All 
samples were analyzed for their heavy-minerd content (Kulm, 198 8) and the majority for their 
sediment texture. Selected samples were analyzed for their gold content (Clifton, 1968). Textural 
parameters were determined for the surface and subsurface samples. The sand fraction (>0.062 
mm) was andyzed with the Emery (1938) sertling tube; the fine fraction (4,062 mm) was 
analyzed using a soils hydrometer. Heavy-mineral anaIyses were made on the sand fiaction 
(>0.062 mm) of the surface and subsurface samples. The heavyminerd separation was made 
with te~abromoethane (specific vity 2.96). Heavy minerals consist of those minerds of greater $" than specific gravity 3.0 (g cm- ) which can be separated by floatation on a liquid such as 
tetrabromoethane. A colloid solution of tungsten carbide and sodium polytungstate, specific 
gravity 4.3, was used to isolate the opaque minerals (densities >4.4 g cm- 3). Opaque minerals 
utilized in this report include chromite, ilmenite, and magetite; nonopaque minerals are garnet and 
zircon. 

Heaw-Mineral roncenrntions 
A number of well-defined heavy-mineral concenaations occur in the unconsolidated surface and 
near-surface sediments on the continental shelf off southern Oregon (Figures 4A, B; Kulm, 1988). 
Heavy-mineral percentages range from 10 to 56 percent by weight of the total sand fraction. An 
intermediate sized, relatively high concentration of heavy minerals lies off Cape Blanco and the 
Sixes River. It is about 13 km long and 6 km wide and occurs in water depths ranging between 18 
and 55 m. Concenuations range from 10 percent to a little more than 33 percent in heavy minerals. 
Farther south, a luge-sized, tongue-shaped, relatively high concenmtion of heavy minerals lies off 
the Rogue River area from 42' 16" to 42' 36' N latitude. It is about 37 km long and extends 19 
krn north and 18 km south of the Rogue River mouth; the concenmtion is 4 to 17 km wide. 
Heavy-mineral concentrations range from 10 to 25 percent i n  heavy minerals. Reasonably weI1- 
defined heavy-mineral concentrations also occur in the unconsolidated surface sediments on the 
continental shelf west of the Wmpqua River (Figure I; Peterson and Binney, 1988). An elongate 
concentration of heavy minerals lies in an area from 43' 28' N to 43' 49' N latitude [Figure 4A). It 
is about 40 km long and extends north and south of the Umpqua River mouth; the concentration is 
2 to 10 km wide. Heavy-mineral concentrations range from 10 to 20 percent by weight of the totaI 
sand fraction. 



Table 2. Southern Oregon Continental Shelf Placer Statistics for Heavy-Mind Model 

Shelf Water Distance h m  Heavy-mineral Opaque* Total area Tonnage* * 
Placers depths Coos Bay concentrations minerals heavy mineral placer 

(meters) (naut. miles) (percent) (percent) C S S U ~  km) (metric tons x 103) 

Cape B h c o  18-  55 35 

Rogue River 17- 90 6Q 

9 
do 

Umpqua fiver 105 - 160 17 

* Assumed opaque minecat contents of heavy-mind model 
**CaIcdatd tonnages based upon heavy-mineral model. 
To convert metric tons to short tons mu1 tiply by factor 1.1 (202,488,000 metric tons x 1.1 = 222,736,800 short tons) 
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Figure 4A. Heavy-mined concenirations in the sand fraction of surface sediments of the 
continental shelf off southern and south-central Oregon; solid pattern indicates heavy- 
minerals concentrations > 10 percent (modified &om Peterson and others, 198 8). 

B. Detailed heavy-mineral concentrations shown in diagram A for Cape Blanco and 
Rogue River areas off southern Oregon (Kulm, 1988). 
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Gold Concenmtion~ 
A total of 120 swface sediment samples fmm the shelf off Cape Blanco and the Rogue River were 
analyzed for their gold conzent (Clifton, 1968). The samples were colIected with grab samplers 
and box cores. The goId content was derived by analysis of analytical portions preconcentrated 
from approximately 1000 gram samples of sediment (Clifton and others, 1967, their figure 2). 
These procedures, which do not include panning, ate designed to concentrate all of the gold 
present in the original sample into the portions that are analyzed by a combination of wet chemical 
and atomic absorption techniques (with a minimum level of detection of 0.1 to 0.2 parts per million 
(ppm) gold). The values thus obtained were converted to weight and the combined weight of gold 
in all the portions was then divided by the weight of h e  original sample, yielding values in the 
parts per billion @pb) range. 

Size data for gold on the Oregon shelf (Clifton and others, 1967; Clifton, 1968) and a detailed size 
analysis is given for gold in an 80-pound sample of sand from a black-sand beach a short distance 
north of the mouth of the Rogue River (Clifton and others, 1969). These studies indicate that the 
size distribution of gold in she shelf sand resembles that of gold on the present beaches. The shelf 
gold mges  in size from about 0.250 to 0.040 mm in diameter and its maximum significant 
diameter is slightly more than 0.250 mm. 

Local concentrations of gold occur in the sandy sediments at water depths shalIower than 70 m on 
the continental shelf. GoId concentrations are extremely low (5 to 150 ppb), but they occur in 
distinct groups (Clifton, 1968). (For conversion of parts per billion (ppb) to troy ounces, use 300 
ppb = 0.00876 troy ounce.) The fargest gold concenmations approach 250 ppb and are located off 
Cape BIanco within she prominent heavy-mind concenmtions (Figure SA). Local concenuations 
of gold occur in the sandy sediments at water depths shdIower than 40 m on the continental shelf 
off the Rogue River. Gold concenmtions are extremely low (5 to 150 ppb) off the Rogue, but 
they occur in distinct groups (Figure 5B; CIifton, 1968). Several gold anomalies show a strong 
linearity with an orientation parallel to the present shoreline and to the ancient beach placers in the 
coastal marine twraces (Clifton, 1968). 

The gold content of the shelf surface sediments was not used in heavy-mind assessment of the 
Rogue River, Cape Blanco, and Urnpqua River placer deposits because no gold analyses were 
available for the Umpqua River and only scattered mcurrences of gold were detected off the Rogue 
River area. However, in their preliminary economic appraisd of these southern Oregon placer 
deposits, Wetzel and Stebbins (this volume) indicate that approximately 0.008 troy ounce of 
recoverable gold and p l ahum lime., an added value of between $3.00 and $3.50/short ton of 
dredged materids) is needed to make these sheIf placers economically viable (i-e., in addition to 
chromite, ilmenite, garnet, md zircon). The highest gold concentrations measured by Clifton 
(1968) in the bulk surface sediment off Cape BIanco contain approximately one-half this amount of 
gold (i.e., 250 ppb = 0.00438 troy ounce). 

Water Deaths of the Heaw-Mined Concenmtion~ 
Water depths of the Cape BIanco heavy-mineral surface concentrations on the continental shelf 
range between 18 m on the inboard side to 55 m on the outboard side flrtble 2). Heavy-minerd 
concentrations off the Rogue Rver occur in water depths ranging from 17 m to about 90 m. They 
probably extend to the shoreline, but cores could k collected only to the shallower water depth 
from the research vessel. Heavy-mineral, concentrations of 10 to 20 percent in the Umpqua shelf 
deposit occur in water depths ranging from 105 rn to a b u t  160 m This represents the deepest 
water depth for a deposit of this size. The highest heavy-mined concentrations, 56 percent, were 
found off the Rogue River at 150 rn water depth (Figure 4B), but this concenmtion covers less 
than 5 percent of the surface area of the Umpqua deposit and was not incIuded in this study. 



Figure 5A. Gold content (ppb) of surface sediments on the continental shelf off Cape Blanco and 
CoquilIe River (From Clifton, 1968). 
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Distance to Deep-Water Port 
Coos Bay, Oregon, is the closest and most suitable deep-water port in the southern Oregon region 
for transportation of the heavy-mineral concentrates recovered at sea to a potential separation plant 
on land. The Cape Blanco deposit is located a distance of 35 nautical miles from this port, 
measured from the mid-point of the heavy-mineral deposit to the enwmce (i.e., mouth of the jetty) 
of Coos Bay (Table 2). The Rogue River deposit is located 60 nautical miles from port, measured 
$om the mid-point of the heavy-&era1 deposit to the entrance of Coos Bay. The mid-point of 
the heavy-mineral deposit off the Umpqua River deposit is situated I7 nautical miles from port. 

Sediment Overburden 
The distribution of unconsolidated sediment (catled overburden) on the southern Oregon shelf was 
determined from the seismic reflection profiles. It is mapped as four thickness zones: 0-1 6, 16-25, 
25-33, and >33 rn thick in addition to rocky areas (Figures 6A, B). To the north of Cape Blanco, 
there is an apparent smaller amount of unconsolidated sediment on the continental shelf as 
compared to the region south of the Cape. Most areas north of the Cape have only a thin veneer of 
sediment (<I 6 m thick), with a few small isolated pockets of unconsolidated sediment with greater 
thiclaesses. Large areas of sedimentary rock crop out in the nearshore region off Cape Blanco, 
The bulk of the heavy-mineral concentra~ons directly off Cape Blanco lie within the 0 to 16 m- 
thick sediment zone, except in the southwest quadrant, which lies within the 16 to 25 m-thick zone 
(Figure 6A). 

The Rogue River heavy-mineral smface concenmtions lie over a lens-shaped sediment 
accumulation whose axis is essentially parallel to the modern shoreline and which thins toward the 
inner and outer portion of the shelf (Figure 6A). Rocky areas intermpt the unconsolidated deposits 
in the vicinity of the Rogue Reef immediately north of the Rogue River mouth and seaward of the 
mouth. The unconsolidated sediments range essentially from the 0 to 16 m zone to the 25 to 33 rn 
zone. The bulk of the concentrations overlie the 16 to 25 m zone. Therefore, the average 
thickness of unconsolidated sediment is about 20 rn. 

The Umpqua River heavy-mineral surface concentrations overlie a sediment accumulation that is 
r33 m thick to the south and gradually thins to 0 to 16 m-thick interval to the north (Figure 6B). 
The bulk of the concenmations overlie the 0 to 16 m and 16 to 25 rn zones. The average thickness 
of unconsoBdated sediment probably ranges ktween 16 and 25 m. 

Coastal Placer Analogues 

-on are Estimates of the potential tonnage of placer accumuIations offshore of southern Ore, 
severely limited by the lack of deep coring (>I m) on the continental shelf. While shallow cores 
(0.25-0.6 rn depth subsurface) have identified unusually high concentrations of heavy minerals (10 
to 56 weight percent of sand fraction) in the surface sediments of the shelf (KuIm, 19881, the 
concentation and composition of potentid placer sands underlying these surface md near-surface 
deposits are not known. The best onshore analogues for potential offshore placer deposits are the 
Pleistocene marine-terrace placers located south of Cape Arago (Figure 2). Compilations of bore- 
hole Iogs from the terrace placer bodies (Griggs, 1945; Peterson and others, 1987) provide 
thickness and surface area constraints on the size of these ancient coastal placers (see dso Figure 
3). Representative placer thicknesses (5 rn) of the onshore placer sections can be used as a first- 
order approximation of an average thickness of potential placer deposits offshore. The surface 
areas of the two largest terrace placers are 11 Iun2 (Seven Devils) and 0.9 km2 (Pioneer). The 
Seven Devils placer is abu t  one-fourth the size of the heavy-mineral deposit modeled on the shelf 
off Cape Blanco. 

FieId investigations of modern beach pIacers and Pleistocene terrace placers have established that 
the concentration of heavy minerals increase dramatically with depth in the marine sections 
(Peterson and others, 1987; Peterson and Binney, 1988). For example, heavy minerals (>3,0 g 
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Figure 6A. Map of unconsolidated sediment thickness zones of the continentd shelf off southern 
Oregon (revised from Kulm, 1988). 
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Figure a. Map of unconsolidated sediment thichess zones of the continental shelf off south- 
central Oregon (unpublished map). Note KICQ areas (submarine reefs and banks) 
indicated by lined pattern. 



an-3) in both modem beach placers and in ancient terrace placers can increase £ram several percent 
to greater than 90 weight percent over a depth of 2 rn. Furthermore, these studies have revealed 
that the relative abundances of the different heavy minera ls  change substantialI y with depth in the 
placer deposit. Typically, the iron oxides (opaque minerals), garnet, and zircon abundances 
increase with depth relative to the noneconomic heavy minerds (pyroxene, amphibole, and 
epidote). It is unrealistic to predict the relative m i n e d  compositions in basal placer deposits by 
using simple exwaplations h m  overlying heavy-mineral suites. However, basal placer 
compositions of potential offshore deposits can be constmined by using direct measwes of 
naturally occurring mined suites in b a d  sections of beach and terrace pIacer deposits. Such 
extrapolations will be accurate onIy where the mineral sources of the onshore and offshore deposits 
are similar. Due to the present uncertainties of the offshore deposit sources in the southern Oregon 
shelf, we have used onIy the sample mineralogies of the shelf surface deposits to predct more 
concentrated placer compositions at depth. 

Development of Continental-S he1 f Placer ModeIs 

Two modeIs, Heavy-Mineral Mode1 and Magnetic ModeI, were used to estimate the probable 
maximum and minimum size, respectively, of the potential placer bodies on the continental shelf 
off Cape Blanco and Rogue River. Only the Heavy-Mineral Model could be used off the Umpqua 
River because no magnetic survey is available here. With the geological and geophysical data 
presently available from the continental shelf, these are the only two models that can k used to 
estimate the distribution of potential placer deposits on the con$inental shelf. 

l'vtcdel Parameters 
The Heavy-Mined M d e l  utilizes the totd surface area represented by the heavy-mineral 
concenrations (10 to 20 percent and >20 percent) in the surface sediments, and the Magnetic 
Model relies upon the total surface area represented by the width and length of the magnetic 
anomalies. In each model a 5 rn-thick layer of placer material, which is the estimated average 
thickness of rhe Pleistocene terrace pIacer deposits onshore, was multiplied by the respective 
surface areas to calculate the volume of each placer deposit. The computed volumes in each model 
were multiplied by the appropriate dry bulk densities to calculate the tonnages of each placer 
deposit. "She heavy-mineral content of surface sediments of each placer off the Rogue, Cape 
Blanco and Umpqua was subdivided into the percent opaque (chrornite, iImenite, and magnetite) 
and nonopaque (garnet and zircon) minerals. The actual opaque and nonopaque mineral content of 
the shelf surface deposits was used in the Heavy-Mineral Model and Magnetic Model, with the 
exception of the Cape B lanco placer, where the gamet con tent from the onshore Pioneer terrace 
placer (bottom) was utilized. Each mineral content (percent) was multiplied by each placer tonnage 
to calculate the tonnage of that heavy mineral in the deposit. The assumptions made and the 
specific data used in each model are discussed in detail below. 

Heaw-Mineral Composition 
The bulk elemental composition of the opaque minerals (i-e., chrome and titanium) off the Cape 
Blanco, Rogue River, &d Umpqua R.&r &as was determined previously by Insnumental - 
Neuaon Activation Andy sis (INAA) by Kulm and Peterson (1988). The opaque mineral 
composition (i.e., titanium oxide and chromium oxide) of individual mineral grains was 
determined by electron microprobe in selected sampIes analyzed by INAA (Table 3). Nonopaque 
mineral contents of &con and garnet were determined with a petrographic microscope in the 
surface sediments of the shelf and in the Pioneer terrace placer. In the present study, both h e  
individual opaque-mineral phases and the nonopaque minerals are given as relative values (e.g., 
normalized to opaque-mineral abundance). 

In the case of the Heavy-Mineral ModeI, the abundance of opaque minerds (relative to the total 
sand fraction) within the heavy-mineral concentrations of the surface deposits vaies, as does the 
relative abundance of heavy minerals. We used the actud average opaque mineral contents 



Table 3. Samples Analyzed For Heavy-Mineral Content 

SampIe OSU sample 
numkr number Latitude 

CAPE BLANCO 
S14 
S 15 
S 16 
S17 
S60 

? S6 1 
S 

ROGUERIVER 
S 13 
S45 
S46 
S48 
S50 
S5 1 

Longitude 
Water 
depth 

Sand 
i(%> Other analyses 

INAA 
IN AA 
INAA, microprobe 
INAA, mimoprobe 
INAA 
IN AA 

JNAA 
IN AA 
INAA 
INAA, mimoprobe 
INAA 
INAA, rnimprobe 

INAA, microprobe 



m e a s d  in offshore sands having 10 to 20 percent heavy mineral concen~ations and >20 percent 
heavy minerd concentrations. This corresponds to values of 2.5 and 5.0 weight percent opaque 
minerals in the sands, respectively. The maximum heavy-mineral concentations that can be 
effectively separated by onbard spirals from the bulk sediment recovered in the suction &edge 
operation on the shelf is 5.0 weight percent opaque minerals. The average values for both the 
opaque (magnetite, ilmenite, and chromite) and nonopaque (garnet and zircon) mineral contents for 
these heavy-minerals concentrations (i.e., halos) are given in Table 4A along with their total 
mineral tonnages for each shelf placer. 

Minerdogical analyses of the offshore Cape Blanco placer deposits were used to constrain he 
average placer composition of the Cape Blanco heavy-mineral concenuation patterns (10 to 20 
percent heavy minerals and >20 percent heavy minerals). Six samples were examined for both 
opaque (chromite and iIrnenite) and nonopaque (garnet and zircon) minerd abundances (Table 3). 
Mimoprobe analyses of two of these samples shows the average titanium oxide content is 43.42 
and 44.62 weight percent for samples taken in waters of 21 and 27 m, respectively (Table 5). The 
average chromium oxide content is 29.93 and 35.73 weight percent for the same samples. 

Six surface sediment samples offshore of the Rogue Ever were used to constrain the average 
placer composition df the Rogue River heavy-mineral concenmtion patterns (10 to 20 percent 
heavy minerals and >20 percent heavy minerals). Microprobe analysis of two samples shows the 
average timiurn oxide content is 47.36 and 41 '88 weight percent for samples taken in  water 
depths of 17 m and 70 m, respectively (Table 53. The average chromium oxide content is 26.91 
and 34.46 weight percent for the same samples. Each Rogue River sample can be subdivided into 
two populations with higher and lower values of chromium oxide. 

Off the Umpqua River, one sample was availabIe from INAA analysis, and the same sample was 
anaIyzed with the microprobe to consrain the average placer composition of the single heavy- 
mineral concentration pattern (10 to 20 percent heavy minerals). Mcropxobe analysis indicates the 
titanium oxide content averages 43.92 weight percent, and the chromium oxide 41.61 weight 
percent (Table 5 ) .  

In the case of the magnetic model, we have assumed a basal gIacer opaque-mineral composition for 
the shelf that is the average of (1) the nearby Pioneer terrace placer at the Eagle Mine and of (2) the 
nearby modern beach placers at Sacci and Pors Orford beaches. We have used the mid-point 
between the assumed basal placer composition (percent opaque minerals) and the surface sediment 
composition (percent opaque minerals) to derive an average composition of 40 weight percent for 
the 5 m-thick placer beneath these.nmw magnetic anomalies (Table I). We used the same 
average value of the relative abundance of opaque and nonopaque minerals from surface samples 
on the shelf to estimate their average abundances in the concentrated subsurface placer beneath the 
magnetic anomalies (Table 4B), with the exception of the Cape Blanco placer, where the garnet 
content from the bottom of the onshore Pioneer terrace placer was utilized (Table 1). 

Heavy-Mineral Model 
In order to determine the dimensions of the potential placer bodies in the Heavy Mineral Model, we 
assumed that the surface area of the heavy-mineral concentrations of the surface sediments (i.e., 
halos with 10 to 20 percent heavy minerals and halos with >20 percenr heavy minenIs) represent 
actual placer bodies of this same size in the subsurface (Figure 7). The surface area was measured 
with an Autocad computer program (Table 2). Off Cape Blanco, the surface area of the 10 to 20 
percent heavy-mineral halo is 24.10 km2 and >20 percent heavy-mineral halo is 23.46 km2. The 
totd surface area is 47S6 la?. Off the Rogue River, the surface area of the 10 to 20 percent 
heavy-minerd haIos is 264.85 krn2 and 320 percent heavy-minerals is 52.8 8 km2. The totd 
surface area is 317.73 km2. Off the Umpqua River, the single 10 to 20 percent heavy-mined halo 
is represented by a total surface area is 226.04 lan2. 



Table 4A. Summary of Shelf Placer Tonnages and Percent M i n d s  Based Upon Heavy-Mined 
Model 

Placer size in menic tons (~103) and weight-percent of minerals 

Mherals Cape Blanco Rope River Umpqua River 
Tonnage* Percent Tonnage Percent Tonnage Percent 

Magnetite 
Hdo 10-20% 1,468 0.73 22,247 1 .€I0 9,494 0.50 
Halo >20% 2,857 1.45 8,885 2.00 

Ihen i te  
H ~ o  10-20% 3,138 1.55 22,804 1.03 3 1,329 1.65 
Halo >20% 6,109 3.10 9,107 2.05 

chromite 
Halo 10-20% 456 0.23 10,568 0.48 6,646 0.35 
Halo >20% 887 0.45 4,220 0.95 

Garnet 
H ~ o  12)-20% 1,873 0.93 2,781 0.13 6,076 0.32 
Halo >20% 3,646 1.85 1,111 0.25 

Zircon 
Halo 10-20% 304 0.15 556 0.03 2,335 0.12 
Halo >20% 591 0.30 222 0.05 

Total placer 21,329 
Halos > 10% 

*To convert metric tons to short tons multiply by factor 1.1 (1,468,000 Mt x 1.1 = 1,614,800 St) 



Table 4B. Summary of Shelf Placer Tonnages and Percent M i n d s  Based Upon Magnetic 
Model 

Placer size in metric tons (x 103) and weight percent of minerals 

Minerals Cane Blanco 
Tonnage* Percent*" 

Rogue River 
TonnageY ** Percent** 

Magnetite 633 11.60 1,957 16.00 

Garnet 8Q8 14.80 245 2.00 

Zircon 

Total placer 3,123 5,185 

* TotaI area of magnetic anomalies is 0.48 h 2 ,  and total size is 5,460,000 metric tons. 
To convert metric tons to short tons multiply by factor 1.1 
(633,000 Mt x 1.1 = 696,300 St) 

** Assumed average opaque m i n e d  con tent of 5-m-thick placer is 40%. 
*** Total area of magnetic anamdies is 1.08 km2, and total tonnage is 12,228,125. 



Table 5. Summary of Beach and Shelf Microprobe Analyses 

Titanium Oxide Chromium Oxide 
Stand. 

Mean Range dev. 
41.61 29.20 5.69 

54.17 

Stand. 
dev, 
2.63 

Cr:Fe 
ratio 
1.43 

Ti Cr 
grains grains 

40 24 
SHELF 
Urn pqua 
123 rn 

Mean 
43.92 

Blanco S 16 
27 rn 

Rogue S48 
17 m 

39.53 
57.77 

Population #1 
(>20% Cr) 

Population #2 
(5-20% Cr) 

Rogue S51 
70 m 

33.33 
56.53 

Population #1 
(>20% Cr) 

Population #2 
(5-20% Cr) 

BEACHES 
Blanco 

Nesika 

NOTES: Titanium oxide values: Ti content >20% 
Chromium oxide values: Cr content >5% 



OREGON SHELF-PLACER MODELS 

HEAVY-MINERAL MODEL 
Heavy-Mineral Surface Concent rations 

Layer Thickness: 5 meters 
Surficial Opaque Mineral Content: 

2.5% (10-20% Heavy Mineral Halo) 
5.0% (320% Heavy Mineral Halo) 

JAAGNETIC MODEL, 
Magnetic Anomalies 

Layer Thickness: 5 meters 
Average Opaque Mineral Content: 

40% (10-20% Heavy Mineral Halo) 
40% (,20% Heavy Mineral Halo) 

Figure 7. Models for the placer deposits on the southern Oregon continental shelf, 
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We further assumed a thickness of 5 m for the placer deposit, which is the estimated average 
thickness of the onshore placers in the marine terraces ('Figure 7). We then calcdated the volume 
of the deposits for each heavy-mineral "hdo'"i.e,, 10 to 20 percent and >20 percent) for each 
placer lmdy. The computed volumes for each placer were then multiplied by the corresponding dry 
bulk density (i.e., 1.68 mdm3 for the dilute placer beneath the heavy-mineral concentrations) to 
estimate total placer tonnages (Table 2). 

The total heavy-mineral tonnage represented by the Cape Slanco placer under the heavy-mineral 
halos (i.e., 10 to 20 percent) is 202,488,000 metric tons (222,736,800 short tons) and the heavy- 
mineral halos (i.e., >20 percent) 197,064,000 metric tons (21 6,770,400 short tons). Table 2 lists 
she placer tonnages for the various heavy-mineral halos present in each of the three areas. The total 
heavy-mineral tonnage represented by the Rogue River placer under the 10 to 20 percent heavy- 
minerd hdos is 2,224,740,000 mewic tons (2,447,214,000 short tons) and under the >20 percent 
heavy-mineral halos is 444,234,000 (48 8,657,400). The total heavy-mineral tonnage represented 
by the Umpc~ua River placer under the 10 to 20 percent heavy-mineral halo is 1,898,727,000 
mebic tons (2,088,599,700). There is no >20 percent heavy-minerds haIo in the Umpqua placer. 

The placer tonnages were then mvItiplied by the corresponding mineral compositions of the opaque 
mineraIs and nonopaque minerds to obtain these mineral tonnages (Table 4A). We used the actual 
opaque mineral (i.e., chromite, ilmenite, and magnetite) content of these 10 to 20 percent and the 
>20 percent heavy-mineral halos of each of the three placer deposits (Cape Blanco, Rogue and 
Umpqua). They average 2.5 and 5 .O weight percent opaque minerals, respectively (Figure 7). We 
also used the actual nonopaque mineral (garnet and &on) content of these same halos in the 
Rogue and Umpqva placer deposits, and she zircon content of these halos and ~e garnet content of 
the Pioneer terace for the Cape Blanco placer deposit to obtain the appropriate mineral tonnages. 

Magnetic Model 
Magnetic anomalies are associated wiih heavy-mineral placers in modem beach deposits along the 
central Oregon coast (Peterson and others, 1986) and with heavy-minerd placers in the ancient 
marine terrace deposits situated south of Cape Arago along the southern Oregon coast 
(Stephenson, 1945; Figure 3). These studies demonstrate that magnetic surveys are a useful tool 
in hating the buried placer deposit and in calculating the approximate size of the placer. 
E'rominent magnetic anomdies also were measured on the continental shelf directly underlying the 
heavy m i n e d  surface concentrations ( K u h  and others, 1968; Kulm, 1988; unpublished 
magnetics data acquired by L. Kulm). These anomalies range from 10 to 580 gammas in 
magnitude and are significantly larger than those anomalies measured in the coastal placers. 
Selected magnetic anomdies on the shelf were modeled from two areas, Cape Blanco and Rogue 
River, to determine the size (i.e., length and width) of the placer bodies (Kulm, 1988). 

Specifically, two small magnetic anomalies (G,H), spaced 4 km apart, occur off Cape Blanco and 
the Sixes River (Figure 8A). The anomalies occur as doublets along each track line and are located 
in water depths between 29 and 46 m (Figure 8B3. Hypothetical models were consmcted to 
simulate the magnetic anomalies observed at anomdy "G" (Kulm and others, 1968; Kulm, 1988). 
The closely spaced double anomaly "G" observed off the Sixes Riva  could be produced by two 
magnetic bodies 10 m thick and 60 m wide. To determine the minimum size of the placer body off 
Cape Blanco, we assumed that anomalies at "G" and "H" represent the actual width of the placer 
bdies in the subsurface and that the north-south distance between the double pairs on the two 
tracklines (4 h) is the length of the placer in the subsurface. This scenario produces two placer 
bodies (i.e., each 60 m wide and 4,000 m long) with a total combined area of 0.48 km2. 

In addition, several large magnetic anomalies (e.g., A-F), occur off the Rogue River (Figure 8A). 
The anomalies are Iocated in water depths ranging between 37 and 105 m. Hypothetical mdleIs 
were constructed to simulate the magnetic anomaly observed at anomaly "E" (Kulm and others, 
1968; Kulm, 1988). It could be produced by two placer bodies each 10 rn thick and about 25 rn 
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wide and spaced 45 m apart (Figure 8B). While several othm magnetic anomalies are identified off 
the Rogue River in east-west magnetometer mcklines (Figure BA, solid fines) made over the 
heavy-mineral concentrations, none have been modeled as described above. To determine the 
minimum size of the placer bodies off the Rogue River, we used the combined widths (25 rn + 25 
m = 50 m) of the two placer bodies modeIed beneath anomaly "E" for the maximum width of the 
shelf placer (Figure 8B). We then mapped the locations of dl additiond magnetic anomdies over 
their respective heavy-mineral concen~ations and projected the anomalies dong the length of the 
concentrations in a north-south direction (i.e., assumes an ancient shoreline parallel to the modem 
one). The sum of the projected lengths was then multiplied by the 50 rn width. This scenario 
produces several placer bdies  with a combined area of only 1.08 km2. 

No magnetics data were available for the Umpqua River placer deposit to calculate the surface area 
of this placer. Therefore, the Magnetic Model was not used in this case. 

We next assumed a thickness of 5 m for the Cape Blanco and Rogue River placers, which is the 
best estimate of the average thickness of the onshore marine terrace placers, but less than the 
thickness required to generate the anomdies. The surface areas were multiplied by the placer 
thichess to determine the volume of the deposit. The computed volumes for each placer were then 
mu1 tiplied by the corresponding dry bulk density (i.e., 2.27 ntlm3 for the concentrated placer 
beneath the magnetic anomalies) to calcdate total placer tonnages (Table 4B). The totd heavy- 
mineral tonnage of the Cape Blanco placer is cdculared at 5,460,000 memc tons (6,006,000 short 
tons) and the Rogue River placer at 12,228,125 metric tons (13,450,938 short tons). 

These placer tonnages were then multiplied by the corresponding mineral compositions of the 
opaque and nonopaque minerals to obtain tonnage estimates for each of these heavy minerals 
(Table 4B). An average value of 40 weight percent opaque minerals was used for the 5 m-thick 
layer (see Heavy-hrlmeral Composition). The actual nonopaque mineral content of the shelf surface 
sediments was used, with the exception of the Cape Blanca placer, where the garnet content of the 
bottom of the Pioneer terrace placer onshore was utilized (Table 1). 

The Magnetic Model required the extrapolation of magnetic anomalies between sparse magnetic 
proffies made across the shelf for the Rogue River placer which makes this tonnage value rather 
tenuous. It should be noted that several of the magnetic anomdies investigated from the southern 
Oregon shelf required unrealistically high magnetic susceptibilities to ptoduce the observed 
anomaly with our gven depth consmints. For this reason, vibra coring of the magnetic anomaly 
beneath the heavy-mined deposits is required to test the origin (e.g., heavy mineral pIacers or 
igneous intrusive bodies with high magnetic susceptibilities) of these observed magnetic 
anomalies. 

Estimates of Shelf Placer MinesaI Tonnages 

In the. Heavy-Mineral Model, the placer tonnages and mineral percentages associated with each 
heavy-mineral halo were calculated using the parameters described previously (Table 4A). In the 
Cape BIanco placer, ilmenite is the dominant tonnage (9,247,000 metric tons; 10,17 1,700 short 
tons), followed by garnet (5,5 19,000; 6,070,900), magnetite (4,325,000; 4,757,500), chromite 
(1,343,000; 1,477,300), and zircon (895,000; 984,500). In the Rogue River placer, magnetite 
and ilmenite are characterized by nearIy equd tonnages (3 I, 132,000 and 3 1,9 1 1,000 metric tons; 
34,245,200 and 35,102,100 short tons, respectively) with about half as much chromite 
(14,788,000; 16,266,800) and much smalIer amounts of garnet (3,892,000; 4,28 1,200) and 
zircon (778,000; 855,800). In the Umgqua placer, ilmenite (3 1,329,000 metric tons; 34,461,900 
short tons) is three times as abundant as magnetite (9,494,000; 10,443,400), with essentially ca- 
equaI amounts of chrornite and garnet (6,646,000 and 6,076,000; 7,310,600 and 6,683,600, 



respectively) and a much smaller quantity of k n .  Combining all three offshore placers, we find 
that the tonnage of the economic mineral henite  is 72,487,000 (79,735,700) and chromite is 
22,777,000 meaic tons (25,054,700) , which suggests that ilmenite is three times more abundant 
than chromite off southern Oregon. Garnet and zircon decrease in abundance from the Umpqua 
River placer to the Rogue placer. 

In the Magnetic ModeI, the placer tonnages and mineral percentages were caIcuIatd using the 
parameters described previously (Table 4B). In the Cape BIanco placer, ihenite is the dominant 
tonnage (1,354,000 metric tons; 1,489,400 short tons) with lesser amounts of garnet (808,000; 
888,8003, magnetite (633,000; 696,300) c h m i t e  (197,000; 21 6,700) and zircon (13 1,000; 
144,100). In the Rogue River placer ilmenite (2,005,000 metric tons; 2,205,500 short tons) and 
magnetite (1,957,000; 2,152,700) are present in nearly equal amounts foIlowed by chromite 
(929,000; 1,021,900) garnet (245,000; 269,500) and zixcon (49,000; 53,900). No data are 
available for the Umpqua River placer because no magnetics data were collected in the area. 

Comparison of f lacer Models 

In the Heavy Mineral Model, the surface area of the heavy-mined "halos" probably overestimates 
the actud size of the subsurface placer since oscillatory ripple marks occur in shelf surface 
sediments, indicating wave stirring (Komar and others, 1972) and associated strong unidirectional 
transport by bottom clmnts (Smith and Hqkins, 1972) of the sediments to water depths of at 
least 125 m and probably to 200 m. Seasonal storm waves can redrstribute the surface sediments 
on the shelf, scattering the heavy minerals, which may create somewhat larger halos. On the other 
hand, the relatively ddute concenmations of heavy minerals (10 to 20 percent and >20 percent 
heavy minerals) observed in the surface sediments might represent less than the concentrations of 
heavy-minerals in the basal placer deposits if such pIacers do underlie the heavy-mineral 
concenmtions. The Heavy Mineral Model, which assumes that substantial subsurface placers lie 
beneath the halos, must be tested by vibm-coring the heavy-mineral deposits to adequate 
subsurface depths. 

In the Magnetic Model, the mineral tonnages for ihenite and c h m i t e  are a factor of seven and ten 
less, respectively, than in the Heavy-Mineral Model because the total surface area and, 
consequently, the total pIacer tonnage is calculated to be much smaller (compare TabIes 4A with 
4B) than in the Heavy-Minerd Model. Furthermore, the higher opaque-mineral content (40 
percent versus 2.5 to 5.0 percent) used in the Magnetic Model does not adequately compensate for 
this drastic reduction in placer tonnage. Based upon the magnetic survey over the coastal-terrace 
placers (Figure 3; S tephensan, 1945), magnetic anomalies represent only a portion of the drilled 
placers or are absent over other placers. The magnetic anomalies that have been mapped over the 
placers no doubt underestimate the actual size of the placer. This may explain, in part, the very 
small surface area and hence very small placer tonnages calculated for the offshore placers in 
relationship to the much larger placer tonnages for the offshore placers derived from heavy-mineral 
halos. Because the offshore magnetic survey tracklines are widely spaced and internitten& it is 
difficuIt to correlate the magnetic anomalies between uacklines. For these reasons, we conclude 
that the Magnetic M d e l  probably underestimates the total tonnage of the potential. placer deposits 
off the Cape BIanco and Rogue River areas. However, the magnetic anomahes should be useful in 
locating possible placers on the shelf. 
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thank Nick Wetzel for assisting with the formulation of the placer models used in this study. 
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INTRODUCTION 

Placer deposits o f  heavy minerals can form dn any environment where 
a mechanism i s  avai 1 able t o  concentrate md neral  g ra ins  o f  h i  gh s p e c i f i c  
g rav i ty .  Such mechanisms include winnowing by high v e l o c i t y  winds, 
fluvial t ransport ,  and wave act ion.  As a r e s u l t ,  p lacer  minerals a re  
found i n  three primary envi ronments: beach, r i v e r ,  and cont inenta l  
she l f .  The cont inenta l  shel f  along the Oregon coast is l l k e l y  t o  
conta in placer deposits, because a11 three o f  t he  mentioned mechanisms 
have operated on the shelf jn  the geologic past, 

Marine p lacers enriched i n  chromjte, i lmenf te,  magnetite, garnet, 
zircon, and precious meta ls  are known t o  occur on elevated te r races  and 
beaches along the cen t ra l  and southern Oregon coast. During World Was 
I1 and the Korean Con f l i c t ,  chromite concentrates were produced f rom 
high-grade deposits on terraces between Cape Arago and Bandon, OR. 
Recent mineral inves t iga t ions  by the College o f  Oceanography, Oregon 
State Un ivers i ty  (OSU), Corva l l i s ,  OR, I nd i ca te  the l i k e l i h o o d  o f  
s i m i  1 ar heavy mineral placers on the Oregon Continental  She l f  (Kulm, 
1988). Sources o f  the heavy minerals have been traced t o  metamorphic 
and u l t ramaf i c  rocks o f  the Klamath Mountains o f  Cal i fornia and Oregon 
and the southern Oregon Coast Range (Peterson, 1986) .  

Object i ve 

The Bureau of Mlnes has been supporting several Exclusive Economic 
Zone (EEZ) and Outer Continental  She l f  (OCS) re la ted  task groups by 
preparing a ser ies o f  Technical Assistance Reports and by a c t i v e l y  
participating on various committees. An e a r l i e r  study by the Bureau 
provided an economic reconnaissance o f  po ten t i a l  offshore p l ace r  
deposits i n  the U.S. EEZ (Bureau o f  Mines, 1987; Ritchey, 1988) ,  

The Bureau was requested by the Oregon Black Sands Task Force t o  
provide a p re l im inary  appraisal o f  the economic f e a s i b i l i t y  o f  mining 
and processing po ten t i a l  offshore p lacer  deposits. Three known deposit  
areas were evaluated f o r  po ten t i a l  economic development o f  heavy 
minerals: o f f  Cape B l  anco, and near t he  mouths o f  t he  Umpqua and Rogue 
Rivers. These s i t e s  were selected and agreed upon by task  fo rce  members 
and advisors. 

Resource estimates were provided by OSU and were used to design 
apprepri  a te  m i  n i  ng and processing scenarios. Capi ta l  and operat ing cost  
est imates were compared with current  market f ac to rs  f o r  the var ious 
commodities t o  complete a pre l iminary f inanc ia l  analysis.  Eva lua t~on  o f  
uncer ta in t ies  and unknowns i n  the ana lys is  provides a series o f  
cons t ra in ts  f o r  economic v i a b i  l i t y  o f  offshore mineral production. 
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RESOURCE HOQEtS 

Chromlte, ilmentte, garnet, zircon, and gold are the potentially 
marketable commodities present i n  the placers; however, much uncertainty 
I s  associated wSth t h e l r  marketability. The apparent d e r i v a t i o n  o f  
these minerals from multiple sources i n  the Klamath Mountains and Oregon 
Coast Ranges (Peterson and Bfnney, 3988) w i l l  significantly a f f e c t  the 
average elemental camposi ti ons of the chromi t e  and i lrneni te, and 
consequently t h e j r  m a r k e t a b i l i t y .  The amount of gold present i n  the 
offshore placers I s  unknown and the presence o f  platSnum group minerals 
I s  suspected but unconftrmed. 

Case Blanco Placer 

The Cape Blanco placer ,  centered at approximately 42°50' N. 
la t i tude and 124O38' W. longitude ( f i g .  11, covers an estimated 28 
rnilllon yd2. Water depth ranges from 59 f t  on the nearshore s ide  t o  180 
f t  on t h e  seaward side. Distance from the center of the depos i t  to Coos 
Bay (the most suitable deep water p o r t )  i s  approximately 35 nmi (Kulm 
and Peterson, 1989). Table I shows the estimated resource s l z e  and 
inferred bulk  grade f o r  the Cape Blance placer ."  

TABLE 1. - Resource Model, Cape Blanco placer 

Mineral  content, Contained minerals, 
w t  P C ~  st 

Magnetite ........... 1.08 4,757,000 
Ilrnenite............ 2.13 10,175,000 
Chromlte............ 0.34 1,498,000 
G a r n e t . . . . . . . . . . . . . .  1.01 4,449,000 
Z i r c o n . . . . . . . . . . . . . .  .07 308,000 
All others.. ........ 95.37 419,290,000 

Totals......... 100.00 440.477.000 

' ~ i  screpancies i n  tabu1 ated numerical data are due t o  roundd ng. 
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FIGURE 1.- Lacation map, heavy mineral placers along the southern Oregon Continental Shelf 
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Rosue River  Places 

The Rogue R iver  p l a c e r ,  centered at  apprexf mate1 y 42'25'N. 1 a t  i tude 
and 124O32' W. longitude, encompasses approximately 337 million yd2. 
Water depth ranges from 56 ft nearshore t o  295 ft seaward. Distance 
from t h e  center o f  the deposit t o  Coos Bay i s  about 60 nmi (Kulm and 
Peterson, 1989). Table 2 shows the estimated resource s i z e  and inferred 
bulk grade for  the Rogue River p lacer .  

TABLE 2 .  - Resource model, Rogue R iver  p lacer  

Mineral  content ,  Contained minerals, 
w t  D c ~  st 

Magnetite ......... 1.16 34,390,000 
Ilmenite....... ... I. 19 35,280,060 
Chromlte .......... 0.55 16,606,000 
Garnet............ -14 4,151,000 
Z i r c o n . . . . . . . . . . . .  -03 889,000 
A l l  o thers . . . . . . . .  96.93 2.873.374.000 

T o t a l s . . . . . . .  100.00 2.964.690.000 

U m ~ ~ u a  River Placer 

The Umpqua R iver  p lacer ,  centered a t  approximate? y 4 3 O 3 8 ' ~ .  
latitude and 124'28' W .  l ~ n g i t ~ d e ,  covers about 270 m i l l i o n  yd2. Water 
depth ranges from 344 ft nearshore t o  525 f t  on the seaward slde. 
Distance from the center o f  the depostt to Coos Bay i s  approximately 17 
nni ( K u l m  and Peterson,  1989).  Table 3 shows the estimated resource 
sjze and Inferred bulk grade fo r  the Umpqua R i v e r  p lacer .  

TABLE 3. - Resource model, Umpqua R iver  placer 

Mineral content, Contained m i  nera? s, 
w t  DCt st 

Magnetjte ............ 0.50 10,467,000 
Ilmenite ............. 1.65 34,541,000 
Chromite . . . . . . . . . . . . .  .35 7,327,000 
Garnet . . . . , . . . . . . . . . .  -32 6,699,000 
Z i rcon . . . . . . . . . . . . . . .  .22 4,606,000 
A 1 1  o thers . . . . . . . . . . .  96.96 2.028.775.000 

T o t a l s  .......... 100.00 2.093.415.000 

COMMODITY DATA 

The fo l lowing commodity summaries are p r i m a r i l y  a summation o f  data 
presented by the Bureau ( 1 9 8 8 ) .  Consumption, uses, and net import 
rel iance f i g u r e s  a r e  fo r  1987. 



Chromite 

Current1 y, 90 p c t  of the chromite products consumed by U.S. 
companies i s  i n  t he  chemical and me ta l l u rg i ca l  i ndus t r i es  and 10 pct  i n  
t he  re f rac to ry  Industry .  End-use consumptian of ferrochromium alloys, 
metal ,  and other  chromium containing mater ia ls  i s  estimated t o  be: 
s ta in less  and heat-resist ing steels, 79 pc t ;  f u l l  alloy steel, 8 pct;  
superalloys, 3 pct ;  and other a1 loys, 10 pct. Reparted U.S. consumption 
i n  1987 was about 360,000 s t .  Excluding a small amount o f  concentrates 
produced from a C a l i f o r n i a  deposit i n  the 197OYs,  these has been no 
domestic product ion o f  chromite since te rmina t ion  of the Defense 
Production A c t  i n  1960. Impor t  sources f rom 1983 t o  1986 were: Republic 
o f  South Af r ica ,  61 pct ;  Turkey, 10 pc t ;  Zimbabwe, 10 pc t ;  Yugoslavia, 5 
percent; and others, 14 pct. The domestic depletion allowance f o r  
chromite i s  22 pc t  and our ne t  import re l iance i s  75 pc t ;  t h e  balance i s  
der ived from recycl ing.  The current  market value f o r  chrornite 
concentrates conta in ing greater than 40 p c t  chromic oxide i s  $54.42/st  
( I n d u s t r i a l  Minerals, Jan. 1989). 

Garnet 

Domestlc industrdal  garnet i s  used f o r :  abrasives i n  t ranspor t  
manufacturing, 50 pct ;  f i l t r a t i o n  media, 30 pct ;  wood f u rn i t u re  
f i n i s h i n g ,  10 pct;  e lec t ron i c  components, 7 p c t ;  and ceramics and glass, 
3 pct.  Domestic product ion o f  i n d u s t r i a l  garnets i n  1987 i s  estimated 
a t  41,900 s t  and domestic consumption is estimated t o  be 41,200 st .  
Aus t ra l i a  was the  sole foreign source from 1983 t o  1986. The domestic 
deplet ion allowance is 14 pct  and the United S ta tes  i s  a ne t  exporter. 
Depending on s i ze  and abrasive qua l i t y ,  the current  market value broadly 
ranges f ram $25.00 t o  $2,000/st. 

Marketing o f  garnets produced from Oregon offshore placers, i f  o f  
su i tab le  abraslve qua l i t y ,  would probably requ i re  exportat ion. 

I l rneni te 

In t988, the p,rirnary use o f  i lmen i te  by U.S. companies was i n  
plgment productjon. Minor amounts were used i n  welding rod coat ings and 
w e l l - d r i l l i n g  muds. Reported U.S. consumption o f  i lmen i te  concentrates 
i n  1987 was about 1,150,000 s t .  Domestic product ion has remained 
constant dur ing  the  past few years, w i t h  1988 production estimated t o  be 
1.2 million st. Import sources from 1983 through 1986 were: Aus t ra l ia ,  
61 pct; Canada, 26 p c t ;  and the Republic o f  South Africa, 13 pct .  The 
domestic deplet ion allowance f o r  i lmen i te  i s  22 pct. The cur rent  market 
value ( I n d u s t r i a l  Minerals, Jan. 1989) i s  $45.00/st f . 0 . b .  U.S. east  
coast. 

Market ing o f  West Coast I l rnenite f o r  production o f  pigment would 
require t ranspor t  t o  the east coast, o r  to Alabama f o r  the product ion o f  
syn the t ic  r u t i  l e .  



Most domestic production o f  magnetite and other i r o n  ores f s  
restr icted to the Great Lake states. Value o f  magnetite concentrates 
would be on the order of $ 2f.00/st ton delivered to lower Great Lake 
ports. Transportation casts f rom the Oregon coast would exceed current 
market value. 

Z i rcon 

Zlrcon i n  the UnZted States I s  used for :  faundry sands, 35 pct; 
refractories,  28 pct;  ceramics, 20 pct; abrasives, 5 p c t ;  and chemical 
manufacturing and production o f  zfrcenium metal and alloys f o r  nuclear 
applications, 12 pct .  Oomestic production has remained constant over 
the  past  few years and U.S. reported consumption for  1988 i s  estimated 
at 135,000 st. 

Import sources for z i rcon from 1983 t o  1986 were: Australia, 63 
pct ;  Republic of South Africa,  27 pct; and other countriesl 10 pct.  The 
domestic deplet ion allowance f o r  zircon i s  22 pct.  The current  market 
valve i s  $235.00/st f .o. b. east coast ( I n d u s t r i a l  Minerals, Jan. 1989). 

Most zircon is present ly  consumed on the east coast; however, one 
p lant  in Oregon does produce primary zirconium sponge. 

SYSTEM DESCRIPTION 

Jnt roduct i on 

Thfs study assumes that dredging and processing o f  s h e l f  sediments 
along the coast o f  Oregon would use a twin pipe t r a i l i n g  suction head 
dredge, on-board rougher spiral  concentrating p lant ,  and onshore 
beneficiatfon plant  using a combination o f  e lect rostat ic  and magnetic 
separators and g r a v i t y  equipment t o  separate the various heavy minerals. 
The following descr ipt ions are f o r  the Cape Blanco base-case scenaria. 
Process flowsheets, and material balances f o r  the s l m l l a r  Rogue and 
Umpqua R iver  base case scenarios are contained I n  appenddx A. 

Cape Blarlco Placer 

Dredging and On-Board Processing 

Marine sediments are recovered using a twin-pipe trailing suct ion 
head dredge. The dredgjng equipment i s  mounted on a 9,100-ton- 
displacement h u l l  with an overall length of 333 ft, a width o f  56 ft, 
and a depth (draft)  o f  26  ft. Suction pipes are 2 . 5  ft in diameter and 
125 ft long, whjch allows a maximum dredging depth of approximately 98 
ft. Each dredge u t i l i z e s  a sjngle v i s o r  draghead in conjunction with a 
1,200-hp submersible pump. 



On average, 1,200 stJh o f  dredged sediments f low d i r e c t l y  i n t o  a 
decanting surge b l n  with  a capaci ty  of 1,440 st. Wet sediments are fed 
t o  twa 66-in-di am, 29-ft-long trommel s where the materi a1 i s  scrubbed, 
and oversize organlcs and rocks removed. Next, sediments are pumped t o  
a bank o f  12-in cyclones where t he  f ines are removed. Cyclone underflow 
passes t o  a bank o f  900 s ing le-s tar t  spiral c l a s s i f i e r s  where heavy 
mater ia ls are concentrated. For the Cape Blanco scenario, 61.33 s t  o f  
concentrate a re  recovered f o r  every 1,200 s t  o f  sediment dredged. Tt i s  
an t ic ipa ted t h a t  85 pct o f  the valuable minerals will be recovered by 
the on-board p l a n t .  The s p f r a l  po r t i on  o f  t he  p l a n t  i s  posi t ioned on a 
wave compensating pf atform f n an e f f o r t  t o  obta in reasonable g r a v i t y  
separation recovery rates f n the unstable offshore envi ronment. Spi rat  
concentrates f l o w  t o  a decantfng bin, and are then conveyed t o  a 3,875- 
ton capaci ty  barge adjacent t o  the dredge. 

f a l l s  f rom the on-board p l a n t  a re  pumped approximately 200 f t  
shoreward from the dredge, and deposjted back on the seaf loor.  Tailings 
placement I s  facilitated by a 300-hp pump, 250 ft o f  3 - f t -d im  pipe,  and 
a 4 5 - f t  dedicated tender. The taillngs pjpe I s  mounted on a swive l  at  
the stern o f  t h e  dredge t o  accommodate dlrect lon reversals a t  the end o f  
each pass through the deposit. The tender manipulates the t a i l i n g s  pipe 
through a wlnch system, thereby controlling discharge placement. 

A typical mining cycle consfsts o f  the complete excavatjon of a 
s ing le  100-ft-wide trench. The dredge passes back and f o r t h  through the 
trench removing subsequent l a ye rs  o f  mater ia l  from the bottom until the 
maximum min ing depth i s  reached, o r  the heavy mfnerals a re  depleted. 
The dredge then begfns excavating another 100-ft wide trench immediately 
seaward from the previous one, and the process i s  repeated. During each 
cycle ,  tn i  Is are deposited approximate1 y 200 ft shoreward, so t h a t  by 
the t h i r d  trench the t a i l i n g s  backfill previous workings. In t h j s  way, 
It i s  hoped t h a t  t a i l s  w i l l  not s l u f f  i n  on current operatjons, and that  
the conf igura t ion  o f  the seaf loor  w i l l  be restored. 

Fuel, food, and supptfes f o r  the dredge are delfvered once each 
week by a 140-ft supply vessel. Pert tugs, seagoing tugs, and supply 
vessels are a1 1 contracted. The dredge, barges, and t a i  I i n g  tender are 
owner operated. Dredging i s  ca r r i ed  out 24 hid, 7 days/week, 250 d/a, 
weather permitt ing. A l l  dredging, on-board p lan t ,  taflings disposal, 
and maintenance personnel a re  housed aboard ship. A crew of 56 may be 
aboard the dredge a t  any one time, and crews a re  ro ta ted  once every 2 
weeks. The dredge i s  dry-docked during the winter  months t o  f a c i l i t a t e  
major repai rs, overhauls, and maintenance. 



Barge Transpor tat ion 

Loaded barges are towed t o  port using 70-f t  seagoing tugs traveling 
a t  approximately 9 knots. Upon reaching po r t ,  the barges are secured t o  
a dolphin buoy located just  outsdde Coos Bay. From here, a 5 1 - f t  harbor 
tug p i cks  up the loaded barge and transfers i t  t o  the  p o r t  f a c i l i t i e s .  
The harbor t ug  trades the loaded barge for an empty one, and then hauls 
the empty barge back t o  the dolphin. This empty barge i s  returned t o  
the dredge by the  seagoing t u g  on i t s  next  t r i p  out. I n  the  Cape Blanco 
scenario, t h e  seagoing tug needs t o  make on ly  one t r i p  t o  the dredge 
every 2.6 days t o  majnta in production. Per iod ica l l y ,  t a i l s  from the 
onshore p l a n t  are loaded I n t o  one o f  the re tu rn ing  barges and pumped 
i n t o  prev iously  dredged workings. 

Beneficiation Plant  

A t  the port,  concentrates are removed f rom the barge using 
drag1 ines and are  conveyed t o  stockpi le storage. After af  r dryjng, 
concentrates are loaded by front-end loader lnto a 3-ft-djam by 30-f t -  
long ro tary  dryer  a t  a ra te  o f  42.59 st/h, 3 shifts/day, 7 days/week, 
360 d/a. 

Dried concentrates are  conveyed t o  a high-tension separat ion 
c i r c u i t ,  where the conductor minerals (magnetite, i lmeni te,  chromite, 
and minor amounts o f  platinum) are separated from the noncenductars 
(quartz, zircon, garnet, and minor amounts o f  gold). The rougher high- 
tension sect ion consis ts  a f  I2 u n i t s  operating i n  p a r a l l e l .  The u n j t s  
a re  a l l - s t a r t ,  6 - ro l l ,  w i th  a design capacity o f  7,200 lb/h. A f t e r  
separation, conductors a t  25.48 st/h and nonconductors a t  17.11 st /h,  
are  conveyed t o  separate cleaner high-tension c i r c u i t s .  Middljngs from 
the rougher u n i t s  a re  recycled. Conductor retreatment requ i res  8 u n i t s  
operating I n  para1 l e l  and nonconductor retreatment requj res 5 u n i t s  
operating I n  p a r a l l e l .  These u n i t s  are 2-start ,  6- ro l l ,  w i th  a design 
capac i ty  o f  7,200 lb/h. Ccnductors thrown from nonconductor retreatment 
are comblned wi th  the conductor retreatment feed. Nonconductors pinned 
f r o m  conductor retreatment are combjned w i t h  nonconductor retreatment 
feed. F ina l  products from the cleaner high tensjon sect ion conta in an 
average 26.28 s t /h  o f  conductors and 16.31 s t /h  o f  nonconductors. 

Conductors from the high tension section are conveyed t a  high- 
i n t e n s i t y  induced-rol l  magnetic separators. All u n i t s  i n  t h i s  c i r c u i t  
are 2 - r o l l  un i ts  w i t h  a design capaci ty  o f  3,420 lbs/hour. The e n t i r e  
c i r c u i t  consists of 16 rougher magnetite u n i t s ,  16 cleaner magnetite 
un i t s ,  10 i lmen i te  rougher un i t s ,  9 i l rneni te cleaner uni ts,  and 2 
i lmen i te  scavenger units. The f i n a l  nonmagnetic f r a c t i o n  from the  
l l rneni te scavenger u n i t s  i s  a chromite concentrate. T o t a l  product ion 
from t he  magnetic separat ion sect ion averages 9.19 st /h of magnetite 
concentrate assaying 81.77 p c t  magnetite, 17.54 pct i lmen i te ,  and 1.29 
p c t  chromite; 14.85 st/h o f  i lmen i te  concentrate assaying 98.75 p c t  
i l rnenite, 1.02 p c t  magnetite, and 0 .23  gct chromite; and 2 . 2 5  s t J h  o f  
chromite concentrate assaying 99.87 p c t  chromite, and 0.13 p c t  i lmenj te.  
The magnetite concentrate is conveyed t o  a byproduct storage s tockp i le ,  
wh i le  i lmen i te  and chromite are conveyed t o  product loadout bins. 



Nonconductors from t h e  high-tensdon sect ion are conveyed t o  high- 
i n t e n s i t y  induced-rol l  magnetic separators f o r  removal of garnet. The 
h igh- in tens i ty  c i r c u i t  consis ts  o f  10 un i t s ,  2 r o l l s  each, wi th a 
capaci ty  o f  3,420 Ib/h. The magnetic f rac t i on  i s  conveyed t o  one o f  two 
high- tension u n i t s  f o r  removal o f  magnetite, i lmen i te  and chromite not 
recovered previously.  Nonconductor product ion t o t a l s  7.01 st/h of 
near ly  pure garnet concentrate (99.98 p c t  garnet ) ,  which i s  conveyed t o  
byproduct s tockpi  le  storage. Conductors from the  h i  gh-tensi on c i  scui t 
t o t a l  0.21 st/h and are conveyed t o  a waste dump stockpile. 

The garnet-poor, nonmagnetic f r a c t i o n  from t he  magnetic separat ion 
c i r c u i t  i s  conveyed t o  a s l u r r y  tank where 9.09 st /h  are s l u r r i e d  with 
84.76 gpm water t o  achieve a pulp density o f  approximately 30 p c t  
sol ids,  which i s  fed t o  a bank of sp i ra l s .  A t a t a l  o f  seven s p i r a l s  are 
used t o  make a rougher z i r con  concentrate. Sp i ra l  tailing i s  de l i vered 
t o  four  shakjng tab les  f o r  secondary z i rcon recovery. Concentrates from 
the spirals and tab les  a re  comblned t o  produce 0.55 st/h of concentrate. 
Tails f rom the tab les  are produced a t  a rate o f  8.54 st/h and cons is t  
p r i m a r i l y  o f  quartz. They are  thickened and pumped t o  a t a l l  storage 
area where they are  eventual ly  combined w i t h  mater ia l  from the waste 
dump stockpile, loaded on the t ranspor t  barges, and returned t o  the 
mi nesi te. 

The zircon concentrate i s  d r i ed  i n  a rotary dryer and passed 
through a magnetic scalper t o  remove remaining garnet. The garnet, 
averaging 0.07 st/h I s  combined with the garnet from the  high-tension 
c i r c u i t  and conveyed t o  s tockp i l e  storage. The cleaner z i rcon 
concentrate, now t o t a l i n g  0.48 s t / h  and averaging 99.85 pc t  zircon,  i s  
ca lc ined i n  a r o t a r y  k i l n  and conveyed t o  product laadout bins. 

A mater ia l  balance f o r  both on-board and bene f i c i a t i on  p lan t  
processing i s  shown I n  t a b l e  4. Schematic diagrams i l l u s t r a t i n g  on- 
board processing , benef d c i  a t  i on p lan t  aperat i ons, and general i zed 
mater ia ls  f low are  shown I n  f i gu res  2, 3, and 4, respect ively.  



TdBLE 4. - #aterial balance, Cape Blancn placer 
On-Board Processing 

-------------------------------------------------------------------------- - ----- 4*"--h-4---------------4--"------**-----*--*-------- 

Units Weight percent - heavy ainerals Units - stlhour - heavy minerals Percent Distribution - heavy minerals 
I t ~ m  stlhour Wag, 111. Chr. 6 a r ,  l i r .  Hag. Ilr.  Chr. Gar. l i r ,  Rag, I l l ,  Ehr. Ear. lir. 
-d--------*-4-*---------------------*---------*---------------------------*------------"-----------"-------"-------------------------- 

Dredge output 1200.00 1,OA 2.313 0.59% 1.012 0,071 12,9& 27.72 4.08 12.12 0.84 100.00X 100,001 100,OQX 100,003 100.00% 
Spiral teed 1200,00 1,OBX 2,311 0.341 1,01X 0,071 1 2 , q b  27.72 4.08 12.12 0184 100.004  100,OOX f O 0 , O O X  100.001 100,001 
Spiral tonc, b1,3f i7 .9bl  30.42% 5.431 16.801 I.lbX 11,02 23,56 3,47 10.30 0.71 85.00% 83,OOX 85,OOX 85.001 85.002 
Spiral tail  1130.67 0,171 0 ,571  0 .051  O.lbT 0 , D l X  1,94 4,16 0.61 1.02 0 , 1 3  15,002 15,001 15,002 15.00% 15.001 
*---*---"-----*-------------------*-------**--*----*--*--*---"*---*--*---*-----------*-------*-------*---------"---------------------- 

P o r t  Prace5sing Fac i l  I t y  

U n i t s  Height percent - heavy linerals Uni ts  - st lhour  - heavy ~ i n e r a l s  Percent D i s t r i b u t i o n  - heavy minerals  
I ter stlhour nap. I l r .  Chr. 6ar .  Z i r .  Hay. 111, Chr, 6ar, Zir. nag. 1 ,  Chr, 6ar. Zir. 

P l a n t  Feed 42.37 17,PbX 38,423 5.653 1C.BOX 
Rougher High Tension 

Conductors 25.48 20.521 bl.00X 8.981 1.401 
Nonconductors 17.11 2,243 4.783 0.70% 39.73% 

Cleaner High Tension-roug her pinned 
Gonductors 1.31 2R.35X bi,93% 7.121 0.001 
Nnnccnductorr 15.80 0,021 0,05% 0.013 43.02% 

Cleaner High Tenrion-rougher thronn 
Conductors 24.W 28.P53 bl,TSX 9,121 O.ODT 
Nonconduct~rs 0.51 7.1 51 15,302 2.251 70.423 

Tntal hlph tension products 
Conductors 2b.28 28.952bf,333 7,121 0,001 
Hanconductors 16,51 0.251 0,531 O.OB% 45.872 



TABLE 4 ,  - R a t e r i a l  balance, Cape BEanco placer--Continued 
Honc~nductars, subsequent processing ---------_ ____  ------ l-*-k-l---------l-----l----____ * ___________l__ ------ - _--l-----l----" ---- ----------*-I-----------r-------- 

Units- Weight percent  - a l l  rinerals U n i t s  - stthour - a l l  uinerals Percent  Distribution - a l l  minerals 
I t e ~  stlhour Quartz Conductor5 Barne t Zlrcan Iluartz Condus tors  Garnet Z i rcon (luartz Conductors G a r n ~ t  Zircon 
--r----------l--**"-----------"---------------------------*----------*----------*--*----*---------------------------"-------------*--- 

Feed f6,31 52.241 0.85X 43.872 3,041 8,52 0.11 7.15 6,50 100.003 0.531 100,003 IOO.0Ob 
4-d------- ---11-------------- * ------ --** ---- *--* --------------------------- -- ------------------ -"*-------*-------"-*---*-------------- 
Hagnetlc Separat ion 

Plagnetics 7.22 O.001 1.90% 9B, iOX 0,001 0,OO 0.14 7.00 0.00 
Nonuagnetics 9.09 93,741 0,021 0,791 5,461 8.52 0.00 0.07 0.50 

H i g h  Tensian Separation - Hagnet i t  fractinn 
Garnet 7.01 0.OOX 0.022 P9,98X 0.001 O,QQ 0.00 7.01 0.00 
Canduc tors 0.21 0.001 LS.75X 31.252 0.QOX 0.00 0.14 0,07 0.00 

Spiral Concentration - Nonmagaetic f r a c t i o n  
Enncen trate 0 . M  0.001 0.24% 12.58X 87.181 0.00 0,OO 0.06 0.10 
Tail L,63 98,LEX 0.051 0,111 1.15% 8,52 0.00 0.01 Q,10 

Table Concentration - S p i r a l  tails 
Concentrate 0.07 0,002 0.241 12.581 87,181 0.00 0.00 0.01 0.08 
T a i l  0,54 77.731 0 , O O X  6,032 0.23% 8.52 0.00 0.00 0.02 

G r a v i t y  circuits - Totals  
Concentrates 0,55 0,001 0,241 12.58% 87,181 0.00 0.00 4,07 0,48 
T a i l s  8,54 79.731 0,OOX 0.031 0.231 8.52 0,OO 0.00 0.02 

f lagnet i t  S ~ p a r a t i o n  - G r a v i t y  Circuit Conteatrates 
I i r c n n  0.48 0.00% 0.00% 0.141 99.851 0,00 0.00 0 , O O  0,4& 
Garnet 0,07 0.001 1,702 98.10X 0.OOX 0,OO 0,OO 0,07 0.00 

Nonconductors - Tota l  products 
Zircon 0.48 0,001 O.OOX 0,141 91.85X 0.00 0 , O O  0.00 0.48 
Garnets 7.08 0.001 0.04W 99,VbX 0,OOX 0.00 0,OO 7.08 P,OO 
T a i l s  8.75 97,381 1.55% 0.041 0 , 2 3 1  8.52 0.14 0.07 0.02 

-* ------- *---* -------------------- --------- -------- ---- -*-*--**--*---------------------------- 



TABLE 4 .  - Ha terial balance, Cape BEanco placer--Continued 
Conductors, subsequent prote5skng 

d--_---d*h-CI-I*--------------*--*----------"*-------*-----"*-------------------------------------"----------*----------------*--*---- 

Unitr %eight  percent - heavy @inera15 Units -  tih hour - heavy rincraIs Percent Distribution - heavy minerals 
I tea st ihour Hag, I Chr, 6ar. Zir, Hag, 114. Chr. Ear, l i r .  fiag, I l l .  Chr. Ear, l i r .  
----"--w--------------------------*------*---*---------------*---------*-------------------------------------------*------*----------- 

P l a n t  Feed 26.28 28.95% b 1 . 3 ~ ~  9 , 1 2 1  O,OOX 0.00% 7,bt la,zs 2.40 0.00 0.00 79 ,4a l  93,471 99.481 0.001 0 . 0 0 ~  
-----*--*-"-------------------------------------"----------------------------------"""-----------------------*----------------*------- 

Hagnetite Rougher f lagnet i t  Scalpers 
lapnet its 2b,02 28.952 b1.931 9.12% 0,001 0.001 7.55 16.11 2.17 0,00 0.00 P8.401 98,4dZ J8.48f 0,002 O.OOX 
Nonmagnetic5 0 , 2 b  28.952 61.73% 9.127. 0.OOX O.OOX 0.08 O.1L 0,02 0.00 0.00 0.992 0.991 0.391 0.001 0.00Z 

l a g n e t i  t e  Cleaner Wagnetit  Scalpers 
Magnetics ?,I9 8f,l7X 17.551 1.29X O.bOX 0,001 7,4b 1.61 0.12 0.00 0,OO 97.502 9.05% 4.721 0,001 0,001 
Honragoetics tb.BS 0.451 Bb.171 13,391 0.001 0.001 0.08 14.50 2,25 0,00 0.00 0,9&X 88,631 93.5b1 0,OOZ 0.001 

IEmeni te  Rougher Magnetic Scalpers 
Feed 17.07 0.891 85,791 tf,f2X 0.001 0.00Z 0,15 14,67 2.20 0.00 0.00 1.F8X 19.63W 14.552 0.001 0.001 
I agnet ics  14.70 1,02%?7,4bI 1,531 O.OOX 0,001 0,15 14.52 0.25 0,OQ 0.00 E . W X  88.732 7.4b1 0,002 0.002 
Nnnmagnetics 2,20 0.001 b.b8293 ,321  0.00I O.OOX 0,00 0.15 2.05 0.00 0.00 0.001 O.POZ 85,101 O.OOX 0.002 

Ilreni te  CIeaoer Ragnetic Scalpers 
Magnetics 14,53 1.05178.89I 0,OBX 0,001 0.00% 0,15 14,37 0.01 0.66 0.00 1.961 87.841 0.471 0.001 0.00% 
N~nfiapnet ics 0 , S b  0 . 4 2 X S P . ~ S X 5 7 , 5 1 X  O.OOX 0.001 0,QO 0.15 0.22 0.00 0.60 0.021 0.891 8.38% 0.001 O.OOX 

m llrenlte Scavenger Hagneitc Scalpers 
I 
A Feed 
m 

2m5b 0.0bX 11.401 g0.54X OmOOX 0.002 0.00 Om29 2m27 0.00 0.00 0.021 1.78X P4,0&X 0,001 OmOQX 
H d g n e t i t s  0,31 0.4825'2.282 7,241 0.00% 0.001 0.00 0.29 0.02 0.00 0.00 0.022 1.771 0.94% 0,002 0.00% 
Nonoagnetics 2.25 O , O O X  0.131 99,872 0.001 0,001 0.00 0.00 2,24 0.00 0.00 0.001 0.021 P3.ilt 0.00Z O.OOX 

Conductors - Tota l  Products 
Nagnetite 9.19 R1.171 17.541 1.291 0,001 0.001 7,46 1,bt 0,12 0,00 0.06 97,541 9.851 4,721 0,001 0,001 
I l meoite 14-85 1,021 98,752 0,23E 0.00% 0.002 0,15 14,hb 0.03 0.00 0,00 1.382 89.611 1.41% 0,00% 0.001 
Chromite 2,25 0,002 0.13~ 99,871 0,001 0,002 0,00 0,oa 2.24 0.00 0.00 0 . 0 0 ~  0.~121 93.111 0,001 0.001 

-----------*-------------------------*----"*---*-*-----"-------------------------*---------------------------------------------------- 
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FIGURE L- Schematic diagram illustrvIin# owboard p-sink Cap Blmnm plpccr 



NC- Nonm#rlunu 

ROUGHER HIGH 

ZIRCON PRODUCT LOADOUT ILMEHITE PRODlPCT LOADOUT CHROMITE PROOUCT LOAWUT 

81.171 STWEAR 0.M STIHR 
0.1% STlHR 1485 STMR 2.25 STMA 

4.147 STIYEAR 
R , I O Z  STIYEAR 

1 2 8 . ~ ~  STWEAR 18440 STtYEAR 

FIGURE 3.- Schematic d i a ~ i m  illustrilling onshort beneficirlion, C a p  Blanco placer 



FIGURE 4.- Schcmatic diagram illustrating circuit mptcrinl flow. Cape tllanco plamr 



COSTS 

Capital  and operat ing cost data were developed using a v a r i e t y  o f  
information sources and assumptions. Primary considerat ions a f f e c t i n g  
cost data are: 

a The maximum dredging depth of U.S. dredges i n  use i s  94 ft. 
Thls depth would a l low a p o r t i o n  o f  both the Cape Blanco and 
Rogue Rlver placers t o  be explo i ted;  however, the shal lowest 
po r t i on  o f  t h e  Umpqua Rlver placer  i s  over 300 St. It has been 
assumed t h a t  dredging a t  such depths w i l l  requ l re  add i t iona l  
pumping stat lans;  however, the technologic feasibility i s  
unknown. 

0 There has been no process evaluat ion t e s t f n g  conducted f o r  
shel f  placers on the Oregon coast. The flowsheets and mater ia l  
balances developed f o r  these deposits are based on average 
recoveries and separat ion techniques cu r ren t l y  i n  place i n  t he  
United States.  

' It has been assumed tha t  wave compensation equipment w i  11 allow 
85 p c t  recovery o f  the heavy mineral f r a c t i o n  w i t h  the removal 
o f  90 p c t  of the waste i n  an on-board s p i r a l  concentrat ing 
p lant .  

Capltal and operat ing casts were est imated using the following 
SOU rces : 

Cost Reference Guide, Dataquest. 
Mining Cost Service, Western Mlne Engineering. 
Richardson Rapid System, Richardson Engineering. 
Means Construct ion Costs, R.S. Means Co. 
M i  n i  ng and Mineral Processing Equi prnent Costs and 
Prel iminary Cap i ta l  Cost Estimations, Canadian 
I n s t i t u t e  .of Mining and Metal lurgy. 
Offshore mining systems cost, George Gale, Personal 
Communication. 
Carpco, IRC., Jacksonvi l le,  FL. 
Associated Minerals {USA) Inc., Green Cove Springs, F t .  

Capital costs inc lude the dredge, complete wi th on-board 
processing p l a n t  and wave compensators, t ranspor t  barges, t a i l i n g s  
dispasal system, onshore bene f i c i a t i on  plant, and dock f a c i l i t y .  Also 
included are  exp lora t ion  costs, research and development expenses, 
p ro jec t  management expenses and working cap i ta l .  Explorat ion f o r  a l l  
models was assumed t o  be $2.5 m i l l i o n  and working cap i ta l  i s  based on 6 
months annual operat ing costs  t o  cover both the business cycle and 
star tup  delays. 

Operating costs inc lude dredging, on-board processing, 
t ranspor ta t ion ,  unloading, and bene f i c i a t i on  p l a n t  processing. 



C a ~ e  Blanco Placer 

Capital and operating costs were developed fo r  the Cape Blanca 
scenario as prev iously  described I n  t h i s  repor t ,  j . e . ,  dredging 7.2 
m i l l i o n  stJa at  28,800 st /d  for  250 d/a. Feed t o  the on-board s p i r a l  
p lan t  would average an estimated 5 pc t  heavy mfnerals (rnagnet-lte, 
chromite, i lmeni te,  garnet and z i rcon) .  Spjsal p lan t  product ion would 
be 1,472 stJd averaging 80 p c t  heavy rnjnerals wi th  an 85 pct  recovery. 
Benef ic ia t ion  o f  rougher concentrates would produce 1,022 st/d product, 
byproduct and t a i l  w i th  work cont inuing 360 dJa. 

I n  add i t ion  t o  the above (base-case) scenario, costs were a lso  
developed for two higher grade placers, one conta in ing 10 p c t  heavy 
minerals and the  o ther  20 pct.  Annual m ine ra l  product ion ra tes  are 
summarized i n  table 5 .  Capi ta l  and operat ing cost estimates f o r  t he  
base-case, 10-pct, and 20-pct models a re  summarized i n  t a b l e  6. 
Detadled tab les  are contained i n  appendix 0; assumptfons, calculations, 
and backup f i l e s  are  contained i n  appendix C. 

TABLE 5 .  - A ~ n u a l  mineral production, Cape Bfanco p lacer  

Base-case scenario, Heavy m i  nera l  p l  acers, 
5 ~ c t  10 oc t  20 wct 

Chromite............. 19,440 38,275 76,464 
Garnet............... 61,171 122,342 244,126 
Ilmenite............. 128,305 257,126 514,253 
Magnetite ............ 79,402 159,408 318,211 
Z i  rcan ............... 4.147 8.813 17.626 

TABLE 6. - Capi ta l  and operat ing cost es t imates,  Cape Blanco placer  

Base-case scenario, Heavy mineral pf acers, 
5 P C ~  10 p c t  20 nct 

Capi ta l  cost......... $68,958,000 $84,152,000 $112,813,000 
Annual operat ing cost 17,734,000 20,737,000 26,063,000 

........ CostJst ore' .  2 .46 2.88 3.62 
Cost/st concent rate2. 48.23 28.12 17.71 

' ~ n n u a l  tannage: 7,200,000 st. 
2 ~ n n u a l  tonnage: 368,000 s t  ( 5  p c t )  ; 737,000 st [ 10 pct )  ; 1 ,472,000 s t  

(20 p c t ) .  

Rosue Rive r  Pl ace r 

L i  ke 'the Cape Blanco placer ,  capjtal and operat ing cos t  estimates 
f o r  the Rogue River  base-case scenario assume dredging 7.2 m i l l i o n  stJa 
a t  28,800 stJd, f o r  250 days. Feed t o  the  on-board s p j r a l  p l a n t  would 
average 3 p c t  heavy minerals. Sp i ra l  p lan t  product ion would be 939 st/d 
averaging 80 p c t  heavy mlnerals wi th  an 85 p c t  recovery.  Benef ic ia t ion  
o f  rougher concentrates would produce 652 st/d product ,  byproduct and 
t a i l ;  operations would continue 360 dJa. 



In addit ion to the base case, costs were developed f o r  two 
add i t iona l  scenarios w i th  6 p c t  and 12 p c t  heavy minerals. Annual 
production rates are summarized i n  tab le  7. Cap i t a l  and operat ing cost 
estimates are summarized i n  t a b l e  8. Deta i led tab les  are contained i n  
appendix 3; assumptions, calculat ions,  and backup f i l e s  are contained i n  
appendix C. 

TABLE 7. - Annual mineral production, Rogue River p lacer  

Base-case scenario, Heavy mineral placers, 
3 a c t  6 D C ~  12 ~ c t  

Chromite. . . . . . . . . . . . .  31,363 62,726 125,453 
Garnet............... 8,467 17,626 35,165 
Ilmenite............. 67,132 133,747 268,013 
Magnetjte ............ 78,019 156,038 311,558 
Zircon .............., 1.728 3.542 7.085 

TABLE 8. - Capi ta l  and operat ing cost estimates, Rogue River placer  

Base-case scenario, Heavy mineral placers, 
3 P G ~  6 act  12 ect 

Capi ta l  cast. . . . . . . . . .  $67,872,000 $71,117,000 $102,227,000 
Annual operating cost. 16,902,000 19,094,000 22,824,000 
~ost/st ore". ........ 2.35 2.65 3. I 7  
Cost/& concent rate2. . 71.90 40.62 2 4 . 2 5  

' ~ n n u a l  tonnage: 7,200,000 s t .  
2 ~ n n u a l  tonnage: 235,000 st (3 p c t )  ; 470,000 s t  (6  pct) ; 941,000 st 

(12 pc t ) .  

Yrn~aua River P I  acer 

As before, c a p i t a l  and operat ing cost estimates f o r  the Umpqua 
River base scenario are based on dredging 7 . 2  m i l l i o n  st/a a t  28,800 
st/d, for 250 days. Feed to the on-board s p i r a l  p l a n t  averages 3 pct  
heavy minerals as does the Rogue River  placer; however, feed composition 
i s  markedly d i f fe ren t .  As indicated i n  tab le  9, the  Umpqua placer  i s  
enriched i n  ilmendte, garnet and zircon, while the Rogue placer i s  
enriched Sn chromite and magnetjte (table 7).  

TABLE 9. - Annual mineral productSon, Urnpqua River p lacer  

Base-case scenario, Heavy mineral placers,  
3 oct  6 ~ c t  1 2  ~ c t  

Chrmite.............. 19,958 39,917 79,934 
G a r n e t . . . . . . . . . . . . . . . .  19,354 38,193 77,587 
Ilmenite.............. 91,41 f 182,822 365,558 
Magnetite..... ........ 40,867 81,648 163,296 
Zi rcon ................ 12.960 26.438 52.877 

Spiral plant  product4un would be 930 st /d averaging 80 p c t  heavy 
minerals wi th an 85 pct recovery. Benef ic ia t ion  o f  rougher concentrates 
would r e s u l t  i n  product ion o f  646 s t l d  product, byproduct, and t a i l ,  
360 d/a. 



I n  addjt ion to the base case, costs were a lso developed for  a 6 
p c t  and a 12 p c t  heavy mlnera l  placer.  Capital  and operating cost 
estimates are summarized i n  table 10. Detailed t a b l e s  are contained i n  
appendix 0; assumptdons, calculatdons, and backup f i l e s  are contained i n  
appendix C .  

TABLE 10.- Capital and operating cost estimates, Umpqua R i v e r  placer 

Base-case scenario, Heavy mineral  p lacers,  
3 P C ~  6 ~ c t  12 ~ c t  

Capi ta l  cost.. . . . . . . . . . $72,400,000 $81,712,000 $99,704,000 
Annual operatjng cost . .  18,508,000 20,660,000 24,498,000 
~ost/st ore'. . . . . . . . . . . 2.56 2.87 3.40 
Cost/st concent rate2. . . 79.58 44,36 26.32 

'Annual tonnage: 7,200,000 s t .  
2 ~ n n u a l  tonnage: 233,000 s t  (3  p c t ) ;  466,000 st (6 pct ) ;  931,000 st 

(12 pct) .  

ECONOMIC ANALYSES 

F j  n a n d  a1 evaluations were performed using Software for  Economic 
Eva1 uat i on (SEE), pub1 i shed by Investment Eva1 uat i ons Corp. , Golden, CO. 
The software provides standard discounted cash f low a f te r  t a x  
evaluations o f  cost data provided by the user. The fo l lowing  
assumptions were used i n  the  analyses: 

Federal corporate income t a x  rate 
O State  corporate income t a x  ra te  

Property t a x  rate 
O Metal recovery: 

Chromi t e  
Ilmenite 
Z i  rcon 
Garnet . 

a Metal prices: 
Chrorni te 
Ilrneni t e  
Z i  rcon 
Garnet 

34 p c t  
6 .6 pct  
2.646 pct  

79.2 pct  
76.2  pc t  
81.6 pct  
84.1 p c t  

Additionally, mine l i f e  for  all evaluations i s  set a t  20 yr. 
Although potent ia l  deposdts would probably last wel l  beyond th is ,  20 y r  
is considered the  maximum time tha t  f inancial  project ions remain 
reasonably accurate. A 4-yr preproduction research, e x p l o r a t i o n ,  and 
development period i s  a n t i c i p a t e d  f o r  these operations. 

It i s  a lso uncerta in  whether the garnet i s  marketable. 
Accardingly, f i n a n c i a l  analyses i n i t i a l l y  were run with garnet revenues 
included, then rerun without garnet revenues. 



Financia l  analyses usjng discounted cash f low over a 20-yr mine 
l i f e  show negat ive ra tes  o f  re turn  (ROR) f o r  a l l  th ree  p lacer  areas, 
even I f  inferred grades are  doubled. If a grade o f  20 pct recoverable 
heavy minerals is assumed f o r  the Cape Blanco deposdt, a 10 p c t  ROR i s  
possib le on ly  i f  garnet concentrates can be marketed, whlch i s  h igh l y  
speculat ive. A similar r e s u l t  (8.5 p c t  ROR) i s  obtained f o r  the Urnpqua 
River  deposit by assuming a grade of 12 p e t  recoverable kteavy minerals. 
A l l  analyses assumed t ha t  ilrnenite and chromite are of marketable 
quality. I f  recoverable precious meta ls  a re  present i n  the offshore 
deposits, an added value of betdeen $3.00 and $3.50/st o f  dredged 
mater ia ls  is required ts provide a 15 p c t  ROR. I n  terms of grade, 
approximetel y 0.008 tr oz/st of recoverable gold or platinum would be 
needed ie r  economic viability. 

Cash f low f i l e s  and s e n s i t i v j t y  analyses are contained i n  
appendix D. 

CONCLUSIONS AND RECOMMENDATIONS 

Resource models developed by OSU i nd i ca te  mere than s u f f i c i e n t  
quan t i t i es  o f  rnaterlal t o  support a sustained min ing operation. 
However, a t  cur ren t  pr ices,  chromium and t i t an ium grades inferred from 
shallow near-surface samples could sustain p r o f i t a b l e  operat ions on ly  
w i t h  signiffcant recovery o f  precious metals, i . e . ,  gold and platinum. 
Recent samplfng o f  onshore placers i n  the Rogue, Sixes,  and Klamath 
Rivers near thedr  discharge po in t s  i n t o  the P a c i f i c  Ocean i d e n t i f i e d  
concentrat ions o f  both gold and platinum. This suggests t h a t  these 
metals are l i k e l y  t o  be present f n  the Cape Blanco and Rogue River 
o f fshore  placers. Potent ia l  quan t i t i es  and recoverabillties remain to 
be determined. 

Th is  p r e l  i m i  nary appral sa l  o f  Oregon offshore p lacers identifies 
the  resource, technology, and economic cons t ra in ts  f o r  po ten t i a l  
development. Further refinement o f  the anal ysf s wi 1 1  require  completion 
o f  the f o l l ow ing  recommended jnvest igat ions:  ( 7 )  v ibracore d r i l l i n g  o f  
heavy m i  nera l  anomal i es t o  conf i rm p l  acer concent ra t i ons  and determine 
grades a t  depth, especial  1 y precious metal content; ( 2 )  recovery o f  bulk 
samples far bene f i c l a t i on  t e s t i n g  and determinat ion o f  i l rneni te and 
chromite bulk compositions f o r  evaluat ion o f  marketabdlity; (3 )  
evaluation o f  garnet f r a c t i o n s  t o  determine s u i t a b i l i t y  and 
rnarketabll i ty;  and (4)  based on bene f i c i a t i on  t e s t s ,  evaluation o f  
potential value-added processing o f  concentrates t o  produce synthetfc 
s u t i l e ,  titandurn sponge, and charge ferrochromium. 
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This report reviews the possible envjromnental and biologbl effects an offshore p h  mhhg 
operation m q  have on the biological resowces of the southern Oregon coast. The introduction provides 
Wormation on the location, geology, and potential mining scenario of the plaoer deposits b a d  on 
assessments provided by the authom of other d o n s  included in this volume. 

h w  little ocean mining is -tIp taking place at this time* a thorough m e y  ofpotentiat 
impcb is =cult to complete. The potential generic impacts prexnted here are based on the adable  
literature which relies heavily on studies concerning chamel dredging and sand and gravel mining 
operatiom. Few studies directly address the potential impact of offshore mineral mhhg. The major 
components of the biologial communities fwnd off Oregon are reviewed, and where possible, those 
living ~~ h w n  to  be important in the n d m e  environment off southern Oregon, or those 
that may be affected by mining are fmmd on. A review of envirorunental studies of mining m t i o n a  
or dredging projech that may have application to p k  mining off Oregon is also pregented This 
&on d u d e s  a brief review of major f idhgq followed by detailed appendices of the studies. 
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A P ~ A E P I J T E B A T U B E a E V I E W O F ~ ~ ~ A L  
AND BKOLOGICAL CONCERNS REMTED TO Pl&l%t MINING 

ON THE SOllTEEm OREGON COAST 

INTRODUCTION 

The minerd resources located on the continental shelf of southern Oregon are currently being 
evaluated for their possible economic and strategic impohme. High concentrations of heavy m i n d  
found in these offshore deposits include chromite, ilmenite, zircon, magnetite, garnet, and gold (Kulm, 
1988). Chromite is of pdicdar interest bmuse of its importance as a strategic metal. &owledge of 
mineral deposits located onshare provides clues to potential deposits located offshore; however, until 
more is h o w n  about the location, extent, and mineral characteristics of these deposits, the future of 
ocean miahg off Oregon is conjectural, 

Historidy, heavy minerals have been mined from the beaches and rivers of southwest Oregon. 
Tram quantities of gold and platinum were mined as early as 1850, and chromite was mined from 
coastal terrace deposits between Cape h a g o  and Bandon during World War II (US. Department of the 
Interior, 1987). Today, interest has shiRed from onshore deposits to offshore deposits. Recent studies 
identifying the lwtion and concentrations of  heavy mineral depceits of the Oregon beaches show that 
there is considerable potential for these deposits Peterson and Binney, 1988; Peterion and others, 1988, 
1986; &mar and Wang, 1984). The sources of these heavy minerals are the igneous and sedimentary 
r& that comprise the drainage h a s h  of southern Oregon and northern California (KuZm, 1988). 
'fhese m i n e d  are bed by coashl rivers and streams to the b e d  where c o d  processes 
concentrate them into enriched placer deposits. The continental shelf adjacent t o  these coastal rivers 
is believed to contain similar placer deposits that were formed during perids of Iwv sea levels IKulm 
and others, 1968). By studying onshore marine terrace m d  beach deposits, char&&ics of 05shore 
deposits may be predicted 

Heavy-mined deposits l a t e d  on the continental shelf presumably formed by the same 
processes seen occuning on beaches today. As heavy minerals are deposit4 on the beach face, they 
are subject to wave swash, and sediment trausport processes sort the heavier minerals from the lighter 
ones. Because these heavy minerals are fmegmined, high-density particles, they tend to concentrate 
on the beach face more readily than larger-grained, low-density particles such as quartz and feldsparg 
whieh tend to be hamported offshore by wave action Nomar and Wang, 1984). Along with the sorting 
of m i n d  on the beach face, patterns of longshore-sdiment transport are also responsible for the 
sorting of miner&. High-energgr .waves from strong southwest winds of winter storms result in the 
deposition of sand and heavy minerals on the south sides of headlands. During the summer, smaller 
waves approaching from the northwest move sands back to the south selectively transporting larger 
p i n e d  particles, thus leaving behind concentrations of heavy-minerals deposits Peterson and others, 
1988). 

The loeations of severd offshore placer deposits h e  been identified as the result of 
magnetometer m e y a  and sediment core samples, The surface and nearcsurface core samples of these 
deposits indicate that heavy minerah range from 10 to 56 percent by weight of the totd sample, with 
chromite, ilmenite, and magnetite forming the bulk of the concentration (Kulm, 1988). The most 
extensive deposits to  date are lmated off the Rogue River, where heavy mineral concentsations range 
from 20 to 30 percent, and in an area off Cape Blanco and the Sixes River, where heavy mineral 
concentrations range up to 33 percent 1). The Rogue River deposit is approximately 37 h long 
and extends from the nearshore zone to depths of 90 m of water, rtnd covers an area of 48 km2. The 
Cape Blanco deposit is about 13 km long and ranges in depth from 18 m to 55 m of water, and covers 
an area of 318 b2 (Kulm and Peterson, this volume). It has been suggested that the magnetic 



Figure I .  Heavy-mineral concentrations in the sand f r a c t i o n  
of surface samples. From Kulm, 1988. 



anomalies found off the Rogue and Sixes Rivers are caused by mineral deposits of Rimilar dimedons 
and mineral c h a r a c t ~ c s  as those deposits lmted  onshore in adjacent beach and terrace deposits 
(Kulm, 1988; Peterson and others, 1988). 

Offshore mineral deposits are unconsolidated sedimentmy materials buried below v q h g  depth 
of overburden (Cruickshank and others, 1987). The most widely used technolorn applicable to offshore 
mining is dredging, which consists of excavating the uncollsolidated material from the sea floor, m k i i  
the dredged material to the surface, and discharging it into a hopper or barge. Waste material or 
tailings are returned to the water after the desired minerals are removed Similar dredging technologies 
are currently used by the U.S. Amy Corps of Engineers in routine harbor and channel maintenance 
operations. Dredging methods were also used to mine the rivers draining the gold fields of southern 
New Zealand over a century ago. To date, no minerals of any type have been commercWy dredged 
offshore in depths e t e r  than 100 m, and very little bas mcmed ie depths greater than 50 m (Office 
of TechnoIogy Assessment, 1987). Dredging and other ocean miring technologies are described in detail 
by the Office of TechnoIow Assessment (OTA) (1987) and Cruickshank and others (1987). 

A recent assessment of mining technologies applicable to the Fecovery of heavy minerals off the 
Oregon coast concluded that s *-pipe t m h g  suction head dredge would be the method most likely 
to be used (Wetzel and Stebbins, this volume). This Q-pe of dredge is self propelled and will have a 
hold or hopper on board to store the dredged material As the dredge moves along, a slurry of 
sediment and sea water is suctioned off the seafloor, pumped up through the drag arms, and emptied 
into the hold. Once on board, the dredged m a t e d  will be m b b e d  and large mcks and o r e c  
materials will be removed The sediments will then undergo some degee of mineral concentration 
through the use of a splFat class* (a mechanical gravity sqmatian device). This method takes 
advantage of the mepence in densities of the dredged materials. The heavier, duable  minerals such 
as itmerite, chmite,  and magnetite will be separated from the lighter d particles. The spiral 
concentrates then are moved to a d-ting bi then conveyed to  a tending barge adjacent to the 
dredge where they wiU be transported to an on-shore f d t y  for fwtfier kenefmtion. The unwanted 
m a t e d ,  or tailings, &om the on-board plant are U e d  by pumping them approximately 200 rn 
shoreward from the dredge and depositing them on the seafloor. In this way, the tailings may backf~~ 
trenches left by the initial collection pmess. 

Recent research efforts indicate that heavy mineral deposits do indeed exkt on the cantinental 
shelf, but detailed infarmatiion dexrib'hg the & l e i o n  and mineral characteristics of Oregon's 
offshore placer deposits is lacking. Such information is needed in order to assess the feasibility of their 
development. A study including detailed seismic and magnetic surveys, dong with deep core sediment 
rrampIes and seismic testing would be required in order to define the location and exLent of placer 
deposits and their mineral content. Without such information, economic and mining technoIogy 
assessments wodd not be possible, nor would a tharough environmental assessment be possible. 

Jurisdietion aver resources 1-ted within 5.6 h of the shoreline was awarded to the state of 
Oregon by Congress in the Submerged Lands Act of 1953. Further, ,the Exclusive Economic Zone 
(EEZ), established by Presidential proclamation in 1983, is the area extending 371 k m  seaward from 
coastal state shorelines. The EEZ p a m u t e a  the United States sovereign rights wer all seabed 
resources, living and non-living. The majority of the placer deposits off of Oregon are located within 
5.6 km of the shore and subsequently fall under the jurisdiction of state agencies. The agency 
authorities concerned with the mineral mining and exploration of Oregon" territorial sea have been 
desrribed by Good and others (198'1) and Good and IQildreth (1985). In 1987, the State of Oregon 
passed legislation to revise existikg laws governing mineral Ieasing on submerged state h d s .  The 
Oregon Division of State Lands @EL) has exclusive authority over both submerged lands and mined 
exploration activities. Permits for the exploration of hard minerals on submmged lands are 
administered by the DSL. Administrative rules for offshore exploration and development of hard 



rninerats are cwrently b e i i  developed by the DSL. DeveIopment leases will not be issued until the 
DSL adopta leasing rules for Oregon" territorial waters. To date, no state or federal exploration 
permits have been issued for areas off Oregon. 



L POTENTZAT, G-C IMPACTS OF OFESHOBE PLACE33 MtNlNG 

Marine mining operations may potentially a£f& various geologid, physical, chemical, and 
biological processes and equilibria in the nearshore zone. An outline of the potential impacts of marine 
mining is included in Table 1. 

Cwrstal Etosioa The mining of offshore mined deposita will require the r e m d  of large 
quantities of material h m  the seafloor. An initial c o m ~  over this type of activity is the possibility 
of coastaI erosion. The nearshore zone is in equilibrium between erosional and depositional processes 
and any disturbance iu this balance could result in changes in sediment diskhution (Komar, 1976). 
The r e m d  of bulk quantities of material from the nearshore zone could result in materials from 
adjacent meas shifting into the exmvated area, thereby musing erosion of the coastline Glees, 1980). 
Increases in depth at the excamtion site could alter wave patterns or tidal current drrmlation patterns 
that would affect the rate or dkxtion of the longshore current, the principIe agent of sediment 
transport in the nearshore zone. Any interlerence in the movement of sediment could result in siltation 
of harbors or navigation chmneh, formation of sand spits or bars, or erosion of shorelines, particularly 
beaches (Owen, 1977). 

In the United Kingdom, where smd and -1 extraction operations have been omwring for 
over 50 yeam, there has been little actual evidence of coastal erosion resulting from dredging qemtions 
(Hess, 1971). However, several erosional problems of questionable origin have been noted at beaches 
and nearshore sandbars adjacent to loag-term dredging operations. Some beaches have been completely 
denuded of md, exposing lattice structures originally designed to re* sand on those stretches of 
shoreline. Dredging operations may have affected processes conducive to the natural replenishment 
of while the natural erosional processes continued to transport sand away from the beaches (He% 
19711. 

Although little is known about the effects of ocean dredging on coastal erosion, research has 
shown that significant wave indud sediment tmmprt generally ocrmrs at depths of less than 20 rn 
(Crickmore and others, 1972; Swift and others, 1972) Beyond the zone of breaking waves, the water 
is sufficiently deep that any changes in bottom contours will not appreciably affect the wave energg 
expended at the shoreline. Gmvel miming below this depth is not litrely to cause coastal erosion @imn 
m d  others, 1977). The United Kingdom now gmnts mining permits almost exdusively to regions 
beyond the 5.6 k m  limit where mjnimum depths range from 30 m to 50 m (Hess, 1971). 

United States research on the impacts of sand and gravel mining tends ta fmus on how 
nearshore "borrowing" and beach sand replenishment afFect benthic communities. bent studies have 
shown that potential ewironmental and biological impacts can be avoided or minimized by thorough 
assessment of the environment within the proposed area and by careful planning before a dredge and 
fdl operation ocmm. Although the environmental impact of this type of dredging operation has been 
less thomqhly examined, studies concerning nearshore borrowing and beach replenishment may be 
appEcabIe to offshore mining concerns (Hurme and Pullen, 1988). 

Naiv@tiQnal Hazda  Other physical effects of dredging include change9 in bottom contours 
due to the extraction process. A clamshell, bucketline, or any type of stationary dredge will muse large 
pits or craters to be formed in the sedmr. Stationary dredges currently used in sand extraction 



Table 1. Outline of Potential Generic Im@ from Marine Mining 

k Coastal erosion 
B. Navigational hazards (craters, swaths, mounds, etc.) 

IL BioIogical Impacts on the Benthic Environment 

A. Destrudon of benthic organisms 
B. Alteration of benthic habitat 
C. Benthic recalonization 

III. Biolcgial Impacts on the Pelagic Environment 

A Increased turbidits, rain of fmes 
L Inhibit photospnthesislprimary production 
2. Interfere with feeding effieienq 
3. Disrupt animal behavior* migratwg routes 

B. Reintroduction of S u b c e s  from the Sediment 
1. Anoxic sediments 
2. Nutrients 
3. Trace metals 
4. Toxic compounds (PCB%, pesticides, &.) 

V. General Disturbme from Mining Operation 
I. Distuption of foraging, resting, breeding areas 
2. Interference with *ation patterm, m i n d  distribution 

. Exploration Techniques and Fuel S p a  



qemtiona a n  leave holes in the seafloor up to 20 rn deep and TO m in diameter CCruicMmd and 
Hess, 1978). Craters of this size may persist for many years and will 6ll slowly with silt and claps if 
the water circulation in the area is poor. Under such canditiws, these craters may become anaerobic 
and thus bioIogidy unproductive (Gwd and others, 1987). One dredge crater was the focus of a 
study by the Corps af Engineers in the Long Island Souad A large pit was- formed when 334,000 m3 
of sand aad gravel was removed from the seafloor. Three years later, bathpetric surveys indimted 
that d y  18,350 m3 of material had accumulated ixl the hole. Analysis of grab sampIes taken within 
the crater rwealed that the reffied material was mainly silt and clays, although the surrounding 
material was comprised of sand and largegrained sediments (Vesper, 1961). A situation such as this 
is d e I y  to  mmr in the high-enerm, sand environment of the inner shelf off southern Oregon. 

T d h g  dredges do not leave large maws; instead they leave behind a series of shallow linear 
.Itraegs as a result of scraping or suctioning off the top layers of sediment (Cnri- and Ha, 1978). 
This method of *on would tend to minimize the effects of altering bottom contours, although a 
rough surface wilE be left behind that may reduce the efficiency of bottom trawls used by cornme~cial 
Mermen (International Council for the Exploration of the Sea, 1975). 

After the mined material is brought on board and processed, the mwaflted materials will be 
disposed of  at sea. Mom- or shoaling may occur if sueh disposal is allowed to take place at m y  one 
site over an extended perid of time. Such mounds in shallow water c d d  create potential navigational 
hazards if allowed to persist. Mounding is not likely to occu~ in the proposed swth coast mining area 
due to significant rates of sand transport in the high energy nearshore environment. 

The proposed mining dredge for the Oregw south coast wi l l  create a single trench 
approhtely 30 m wide. The depth of the trench will de$end on the amaunt of sediment over the 
deposit and the depth of the deposit itself. At present, it is estimated that the bulk of the recwerable 
minerals off Cape Blanco are located under 0 to 16 m of sediment overburden, while the average 
thickness of overburden for the Rogue River deposit is about 20 rn Wulm and Peterson, this volume). 
The depth of these deposits is currently unknown, therefore it is difiidt to  mfculate the amount of 
material that will be removed from the seafloor for prmessing, or the approximate depth of the dredged 
trenches. Tailings from the on-board processing plant will be pumped down to the seafloor in such a 
way as to backfa previous trenches thus mhimkiqg the potential for altering the confquration of the 
s d m r  (Wetzel and Stebbins, this volume). The actual mining mscenatio for the Oregon mast will 
depend m the nature and l a t i o n  of the offshore deposits. 



Benthic &whimtion, Benthic organisms residing in the nearshore zone, tend to be well 
adapted to this high-enera environment and the n a t d  erosional and d e p o s i t i d  cycles associated 
with seasonal storms and sediment transport. Althou# an initial d&e in species numbers and 
diversity will be observed hediateIy  following dredging, recovery is rapid once operations have ceased 
(Jewett and others, 1989). In a study looking at the biological effects of sand mining off P- City 
Beach, Florida, SaIoman and others (1982) found that although the physical environment had been 
dtered and the benthic communities destroyed, recovery was almost immediate for some motile species, 
and almost complete within one year for d o m b n t  groups indudkg annelids, mollusks, and crustaceans. 
At several sand and gravel mining sites in the Noth Sea, observations at post-dredged areas found that 
benthic secolonjzation began within months of cessation of dredging, and benthic communities similar 
to the pre-dredging communities were established after two to three years (de Groat, 1986). 
Macrofauna tend to recover quickly due to their short life cycles, high reproductive rates, and planktonic 
lrtrval r d t m e n t  from unaffected areas. However, the composition of the new cornunity may differ 
fiom the premhhg community depending on the availability of h e ,  suitable conditions for 
settlement, and mortality ( H m e  and Pullen, 1988). The new faunal elements may be less preferred 
food for other organisms and once established, map be mcult t o  be displaced by the original 
community. 

In areas that are periodically disturbed, a stable, diverse community may never be attained. 
Recolonization studies off Nome, A h b ,  have shown that after an initial d d e  in the benthic 
population due to the removal of o r g m h q  recolonization of sand substrate is appatent after one year, 
and n stable commwrity is expected in three to four years; howwer the species composition of the 
reestablished community may differ from the composition of the community prior to dredging (Jewett 
and others, 1989). 

Hurme and Pden  (1988) concluded that if the composition of the past-mining substrate is 
similar to the pre-mining substrate composition, the frnal long- term bottom profile has similar contoum 
to the original profde, and the relative depths have not been changed greatly, then the removal or 
addition of layers of sediments will probably not have any long-term adverse effects on the marine 
benthos. 

Turbidity plumes will be Aeated as the material is collected off the bottom and as t a h g s  are 
discarded from the ship. Although sediment plumes may be visibly observed for several kilometers, 
measurable effects from the resettling of suspended material will occur over much shorter distances 
from the source (Cruiclrsha& and others, 1987). Physiml factors iafiuence how long particles remain 
suspended in the water column and therefore how far from the source they will be deposited. This in 
turn wdI deternine the s p d ~ c  locations and habitats that may be at risk: from the adverse effects 
associated with the resettling of suspended m a t e d  (Bottom and others, in prep). 

The degree of severity of the turbidity plumes will depend on the methods used in both the 
extmctioa process and during tailings disposal. The use of a suction-head type dredge wiU tend to 
minimize the amount of sediment released into the surrounding water at the site of collection, while 
piping tab@ down to the seafloor will reduce the amount of material released into the water co~umn 
adjacent to the dredging site (Demlow and others, 1989). It should be noted that conditions of high 
turbidity occur naturally in the nearshore emriroment where high rates of sediment transport are 
common (Komar, 1976). 



During any diseussion of potential i m e  on marine organhm, one must keep in mind that 
o r g . 9  interact via a complex system of ecological pathways; therefore, changes in one group or 
trophic level of organisms may affect other groups or trophic levels of o r g m h m .  In this way, the 
potential impacts assmiatdl  with marine m h q  may come from secondary or indirect m e s ,  as well 
as fkom direct impacts. 

Potential impacts to the benthic commllni~ include entrainment, smothering or burial, loss 
of substrate, and redistribution of benthic populations due to changes in the sediment qualities (grain 
size, texture, ete.). Each of these impacts potentially could rest& in changes in the number of species 
present, species diversitg, and densitp as well as the productivity of the affezted area These variations 
may nat be significant ecoIogidy, but if an area is slow to recover, it mdd have a long-term impact 
on the emIogical pathways in the &ected area. The severity of distwbance d depend on the size of 
the area to be mined, composition of the benthic mmmunity (presence of unique or commercially 
valuable spwies), seasonal timing of the operation, composition of the resultkg substrate, and the rate 
at which the area will reewer from the distwlmnce (Owen, 19717). 

-of% - Any type of mining operation wiU iwariably disturb benthic 
comunities located in the path of the dredging dwiee. Motile organisma may be able to m i d  the 
dxedging equipment, while less motile species wilf be collected dong with mined material. In addition 
to the direct loss of benthos through w ~ w t ,  the resettlement of bottom sediments released during 
the mining p r e s s  may effectively bury or smother organisms within the zone of deposition. 

- . *. 
af H a b " i  Resettlement of sediments could have long-term impacts on the 

benthos, especially if habitats that do not normally experience heavy sediment loads or are inhabited 
by long-lived species, are lclcated within the zone of deposition. Such areas may be sensitive to 
disturbance and slow to recover (Bottom and others, in prep). Feeding and spawning grounds may also 
be particularly vdnenible ta changes in sediment characteristics (texture, grain size, organics content, 
etc.). Sand and gravel mbbg in the North Sea has raised parti& concern over Ioss of spawning 
habitat and benthic food sources for commen:ially important species CIntemtional Colf~lcil for the 
Exploration of the Sea, 1975). Many species have specific requirements for spawning substrates, and 
changes in sediment type could result in the loss of preferred spawning ground Some organisms such 
as crabs may exhibit short-term avoidance of the disturbed area due to a loss of habitable substrate or 
food sources; however, they also may be attracted into the mined areas as new benthic food sources 
become available due to the disturbance of bottom sediments during In areas where the 
repopulation of benthic communities is slow, organisms may move out of the area due to the 
displacement of a food s o n .  Other commercial fisheries which target bottom dwelling species may 
also experience decreased mtch rates as benthic feeding species move out of the area due to the 
displaced fwd source. 

W o n  of New EhbhL Conversely, changes in the bottom contours from the mining 
operation could create new types of habitats. Local mounding or shoaling of tailings and depressions 
created ftom mining may muse fish to congregate in these areas of relief, especiaIly if a food source is 
also avaiIab1e CEhnsefell, 1975). Such effects may be short-lived, as the area will be smoothed out due 
to the natural migrations of sediment in the high-energy environment. 



Primary -. Any hcmtse in the suspended partide load wil l  interfere with the 
psage  of light into the water column (Lee, 1979). Increased turbidity due to sediment plumes created 
during mining may pmmote or inhibit photosynthesis depending on the light and nutrient requirements 
of each phytoplanlrton species. A reduction in photosynthetic activity due t o  a d m a s e  in the available 
light may occur, or an the contmry7 primary productivity may increase due to nutrient enrichment of 
the surrounding water from mat& released from battom sediments disturbed during mining. Either 
effect could alter the abundance, diversity, and composition of the plankton communitg. Because 
photosynthetic phytoplankton comprise the lowest trophic level, variations of the standing stock of 
plankton Mnrld affect higher trophic levels which feed on phptophkton. However, in all probability, 
turbidity pIumes wiU have little immediate affect on phytoplankton due to the smslE area to be mined 
and the high dilution rate of the nearshore zone. 

Food lngestirm and A ' 
' "om Intense turbidity may limit the availability of acceptable food 

source&, causing ingestion of non-nutritive particles or clogging of feeding mechamisma of filter-feeding 
organisms (Cruickshank and others, 1987). A number of laboratory studies have assessed the lethal 
limits of suspended particles for a varieky of organhm. Sensitivity to  high turbidity varies between 
species and life stages, with Tarval and jwenile forms genedy being more WlnedIe than adult ?forms 
(Brkkhuk, 1980). Such studies often use artificial sediments such as Kaolin cIay w glass shards to 
meate conditions of high turbidiq and do not allow for the behavioral response of avoidance (Lee, 1978). 
Although these studies have limited applicabiity to the conditions likely to  mm.r in a real dredging 
scenario, their results may be useful in identifying those species that are more sensitive ta prolonged 
exposure of suspended particles. 

BehwioraE Exposure of f m h s  to high suspended sediment loads will war in the 
water column where the discharge plume exists and on the seafloor in the zone of deposition. The 
response of various Gshes ta  the mining opemtion be expected to vary, with some species being 
attracted to the area while others will woid the area of increased turbidity. Some f ~ h e s  m y  be 
at-& into the area if new murces of food are made available during the mjniug process. High 
turbidity could indirectly aPTect f ~ h  species by reducing the plankton and benthic populations that 
serve as a food source. It is expected that most h h  will avoid the area if the suspended sediment load 
beeomea stressfd 

Idany mganhm respond 'to light intensiw by moving vertWy within the water column 
Migrating species generally move toward the surface during dusk and away from the surface during 
dawn (Anikouche and Sternberg, 1981). Changes in light penetration may disrupt the feeding 
behavior and success of these organisms by altering patterns of did migration. A decrease in awdabIe 
light from an increase in turbidity could also interfere with the visual feeding of some organisms by 
inhibiting their ability to locate food This reduction in obtainable food sources may cause some 
organisms to  leave the area in search of food 

Most studies concluded that the imp& asassociated with increased turbidity would be minimRl 
due to rapid dilution in open watem, the relatively small area being mined, and the apparent tolerance 
of many species to high mspmded sediment loads that occur naturalfy in the nearshore environment 
(Cruiekshank and others, 1987; Office of Technology Assessment, 1987; Baram and others, 1977). 
However, little is h o r n  about the long-term effects of a continuous sediment plume. Most research 
has foeused on the short-term eff&s of increased turbidity in a Iaboratory setting or from transient 
dredged material disposal operations. During a commercial miring operation, the sediment plume wiU 



be continuously renewed, creating a turbidiq gradient downarmnt from the mining site. MobiIe 
species like f ~ h e s  may avoid the areas of high turbidity or migrate around t h w ~  CompIimtions arise 
w e n  species that avoid the area are an integral part of the food chain or are of commercial value and 
no Ionge~ congregate in tmditiod bhing grounds (Owens, 1977). Because of the difficulty of 
predicting the dispersion pattern of suspended particles, qualitative and obsemtional approaches will 
be needed to determine the long-term effects of such a sediment plume lBaram and others, 19772. 

The reintroduction of substances from the sediment can fleet the water quality in the dredged 
area Exposure of a n o h  sediments to the o m t e d  environment of the overlying water column WU 
initiate a series of chemical reactions resdting in the reduction of dissolved oxggen lev& and the 
productiw of hydrogen sulphide in the surrounding water. The pH and redox potential of the bottom 
sediments are partirmkly sensitive to the dissolved oxlggen content and strongly influence the chemical 
state and bioaMilability of nutrients, trare me- and toxic compounds that may be present in the 
bottom sediments (GambreIl and others, 1976). 

Nutrients The reIease of nutrients such as nitrogen and phqhorua into the water column 
may provide some b e n w  effects to the mined area An increase in the available nutrient supply 
may stimulate the growth of phytopWon, which prwide a source of fwd to other trophic levels. On 
the other ha114 some species map be inhibited by the- conditions, musing a change in species 
composition and prcduction levels in the area High production m y  alSO cause a reluction in axggen 
levels in bottom waters as the a d d i t i d  cells die and begin to decompose (Lee, 1978). 

Metals and T e  Trace me* occur in nearshore sediments naturally or as a result 
of m o f f  or discharges from industrial or agS;cuItd processes @mam and others, 1977). Disturbance 
of such sediments during dredging could cause the release of metals or toxic o w e  compounds into 
the water column Most studies on the effects of reintroduced substances have been done in estuaries 
or harbors, where sedimwts tend to be contaminated and high in organics. Impads on water quality 
due to the release of substances from the sediment are unlikely due to rapid -on rates and 
buffering abilities of open coastal waters (Emam and others, 1977). Sediment samples from potential 
m;n;nlr sites should be examined for possible toxins and tmce metals prior to  any mining operation. 
Historic Corps of Engineem dredge disposal sites a h  should be identified for their proximity to the 
potential mining sites. 

General Disimr- General disturbance fmm the mhbg operation is likeIy to a s e  mobile 
animala to avoid the area. Noise and movement of dredges, support vessels, and air -c may cause 
displacement of marine birds and mammaln from established colonies located near the disturbance. 
AnimaI responses dl depend on the species, reproductive &ate of the anhd., distance from the 
disturbance, and the type, intensity, and duration of the disturbance W.S. Department of the Interior, 
1988). hw-flying aircraft near colonies of birds often frighten adults off their nests, leaving eggs and 
juveniles vulnerable to exposure, predatian, or accidental displacement. Repeated disturbance could 
~ ~ c a n t l y  reduce the hatching and fledging success of eggs and juvenile4 which could cause a 
reduction ia the local population (Ray Lowe, USFWS, personal communication). Noise from aircraft 
and vessel W i c  also will panic hauled-out seals and sea lions near the source of the disturbance, 



possltbly causing death, in&, or abandonment of pups. If such &turhces occur frequentzg, preferred 
areas may be abandoned, resulting in a long-term change in animal distribution 

The possiiitJr of entrainment exists not d y  for those orgmisma in the path of the dredge, 
but also for those o r w m s  near water intakes lgcated at the aides of the vessel. As water h dmm 
on board for benefication of the mined materid, phytoplankton, zooplankton, and pelagle eggs and h e  
of Eshes and shellfishes may be entrained, dthough the &&s will likely be undetectable on future 
r d t m e n t .  

In order to minimize distupbance to biological resources, bucfer zones should be established 
around tha meas frequented by various species. Consideration should also be given to those times 
of the year when species are breeding at or migrating through a particular arm The size of the buffer 
zone would be dependent on the sensitivity and behavioral patterns of the species involved or the time 
ofyear or lire stage of the animnl. 

Und- EJok 9ound may play an imprbmt role in the behavioral response of many 
marine mes and mammal species, such as detection and I-tion of prey. hlarine mammrrlw use 
sound for communimtion and echoloeation (L3.S. Department of the Interior, 1988). Many species mag 
use natural bacEtground sounds as cues for hating preferred reproductive and feeding areas or 
traditional migratory routes. Sensitivities and respmses of marine species to loud or prolonged 
undemter noise are poorly mderstood The frequency and intensity of sound will also be facturn in 
determining the degree of potential impact. underwater noise h m  exploration or mining activities may 
darm some species, ineluding commercially valuable species, causing them to avoid the area or stop 
feeding (Pearson and others, 1987). Continuous noise or disturhce may interfere with long-muge 
communicration or txho1mation sign& resulting in altered patterns of migration or species distribution 
(Ljungblad, 1985). 

~~ Tedmiqtm and Fuel Spifls 

Exploration techniques used in locating and defining offshore deposits, including magnetometers, 
gravimeters, and spectrometers, all of which are towed along behind the research vessel, would have 
minimEh biological impacts (Office of Technology Assessment, 1987). Viheoring and seismic testing 
will also be used to determine the extent of the placer depdts. Orgmkns lmted within the core- 
sampling site will be collected along with the sediment sample, Seismic exploration techniques will 
utilize high-resolution devices, air guns, andlor sparkers. Recent research by the Mediation Institute 
(CA) Eggs and Larrae Committee has shown no demonstrable effect of seismic impulses on Dungeness 
crab zoea Pearson and others (19873, examined the effects of sounds from geophysid sumey devices 
used in oil and fl exploratio~ This information may be useful for hard mineral exploration, although 
the seismic impulses used in high-resolution reflection requires much d e r  quantities of energy than 
those required for deep reflrxtion in oil and gas exploration Thing of any seismic testing should be 
planned in relation to bioIogid life stages and/or migrations. 

A comtne& dredging operation will require the dredge vessel to operate on a continuous 
basia. The proposed mining schedule for the Oregon coast d l s  for dredghg to be carried a t  24 hours 
a day, 7 days a week, 250 days per year, weather permitting. Fuel, food, and supplies for the dredge 
will be delivered on a weekly basis, and crem will be rotated everg two weeks. h d e d  barges will 
return Eo the on-shore processing p h t  approximately every 2 to 3 days (Wetzd and Stebbins, this 
volume). At-sea refueling of vessels and the increase h vessel traffic in the area wilt introduce the 
possibility of fuel s p h  andim accidents during the mining operation. 



This sedion d e m i s  the major ecologid groups of organisms fwnd in the ocean off Oregon, 
&dies spec5c to the southern Oregon coast, and comments of those species most likely to be S&ed 
by mining in this area Information on the distribution and abundance of marine species, the 
composition of biological communities, and the identification of important habitats js avaiIable from 
published and unpublished repork, theses, agency reports, and selected databases. Although 
information spdc to the biological resomes of the south Qregcm coast is limited, a thorough rwiew 
of studies for the continental shelf' from the intertidal region to depths of 900 m for the Oregon and 
Washington c a t s  is pmvided in a forthcoming publication by Bottom and others. Other sources of 
information pertaining to the biological resources off Oregon include a series of open-file reports 
ident- the state of scientiGc information relating to the biology and ecology of the Gorda Edge 
study area (Harvey and Stein, 1986; Krasnow, 1986; E h  and Garb-, 1986). 

PlanErtw. Organisms that drift passively wi th  the ocean currents are d e d  pIanktoa Although 
many planktonic organisms are capabIe of some degree of swimming, they spend most or all of their 
lives subjwt to the motion of the surrounding waters. Phytoplankton are the single-celled plants that 
comprise the lowest level of the food chain. Primary productivity is influenced by the quality, intensity, 
and duration of Iight as well as nutrient availability in the euphotic zone. 1;ight and nutrients are 
m t i d  for photoqnthesis. Zooplankton are free-floating animals that m p y  the ftrst few trophic 
lweIs above the primary producers (Davis, 1978). They are an important link h the food chain as they 
convert p h t  tissue to a n h d  tissue. Although the food habits of many marine animals are largely 
unknown, it is highly likely that most organisms feed on zooplankton at some stage of their lives 
(Parmenter and Bailey, 1985). 

Patterns of wind stress affect the primary productivity of the nearshore areas. The northwest 
winds of the summer create periods of upwelling, when deeper, colder, nutrient-rich water rises to the 
surface to replace the surface layer which is being driven offshore by ElYnan transport (Ruyer, 1983). 
This phenomenon wn edend 10 to 30 km offshore but may affect a much greater area. Upwelling is 
not a constant occurrence but is episodic, with events lasting days to weeks. The intensity of an 
upwelling went depends on the strength and duration of the ptrewihg northwest win& Oiuyer, 19831. 
Asmchted with upwe- events are coastal jets or squirts, fast, narrow d a c e  currents that develop 
along the shoreline as the upwelled water is swept offshore. 

These areas of upwelling are regions of high primary productivity when compared to the open 
ocean (Small and Menzies, 1981). Annual primary produetion on the Oregon continental shelf is 
estimated to be in the mnge of 200-300 g of carbon per square meter per year, wlde values for She area 
beyond the continental shelf are estimated to be between 100-150 g of earbon per s q w e  meter per year 
(Anderson, 1972). Landry and others (1989) found high chlorophyll concentrations over the inner 
continental shelf off Oregon and Washington during summer upwellings, although  sub^^ stocks 
of phytoplankton were also present throughout the winter as welL 

A considerable amount of research has been conducted on the distribution and species 
compdtion of zooplankton along the central Oregon coast (Pearcy, 1976; Peterson and MilIer, 1975; 
Miller and others, 1985; Shenker, 1985). Bemuse plankton drift dong with the prmading water 
currents, their distribution and composition are dependent on the seasonal cycle of water masses. 
During the summer months, when surface mters are advecting south and away from the coast and 
subsurface waters are upwelled along the coast, the zooplankton community off of Oregon is comprised 
predominantly of species assdated  with subarctic waters. During the winter months, when the 
premihg winds are from the southwest, the d a c e  waters are mwed onshore, and d o w n w ~  



conditions occur along the coast, the zooplankton community includes species from swthern and 
offshore waters (Peterson and Miller, 1976; Menzies, and others, 1980). 

Other important pfanktonic forms include h e  of Gshes and shellfshes. These are 
meropankton and mmr in the plankton for a limited duration each year. The zoea and megalopae 
Iamd stages of the Dungmesa crab m e  h w n  to occur inshore From January to May, apparently being 
retained in the area by inshore surface currents. The megatopae then metamorphose into jwenile crabs 
and settle out of the water column, moving into rearing areas of near* estuaries. Gough, 1978; 
h m i h o n g  and others, 1986). Ew and Iarvae of fsh are also W e n t  members of the inshore 
plankton community, and therefore thing of mining activities will be critical when Iarral and juvenile 
W e s  are present in the water column. Information concerning the abundance and distribution of 
zooploankton off the central Oregon coast has been described by Richardson and Pearcy (19771, 
Richardson and others 11980), Brodeur arid others 119&4), Miller and otbms (19851, and Shenker (19851. 
To date, no similar studies have been conducted off southern Oregon. 

Information spdc to the plankton of the south toast is limited; however, Lam (1967), studied 
a hydrographic line off Brookings which extended from 5 to 165 nautical miles offshore. T h  study 
provides a basis for undemtanding the general characteristics of the meanogmphic conditions, 
particularly the relationships between upwelling and primary productivity. Chlorophyll concentrations 
were highest inshore during upwelling activity and offshore during late winter and spring, while the 
number of primary wrnivores and herbivores (zooplankton) was highest in the fall after upwelling had 
begun to subside. Euphausiids, cope*, salpq and crab zoea, were the most numetidy dominant 
herbivores. Eulphausia M i c a  was the most abundant euphausiid identified during the study, with the 
size and seasod  variation of catches being substantiany greater inshore than offshore. Kghest mean 
cakhes and greatest seasonal variation for c o p e p h  species were obserred at intermediate d i d a r m s  
offshore. 

Changes in the composition of f ~ h  species was evident in the oflshore region during summer 
~ ~ m p l i q p .  Fisheq chaetognaths, shrimps, and medusae were the most common primmy carnivores 
sampled. Species representative d the mbamtic-transitional water mass were nearly absent ashore, 
while their numbers were intermediate inshore. Species present offshore were apparently of southern 
andlor western watem. The relative abundance of the shrimps was lowest in summer and late winter, 
intermediate En fall, and mest in spring. Mean cakhes of shrimps were two to five times bigher 
inshore than offshore. Ser~estes similis and Pandulus jordani were the most abundant shrimp species 
sampled 

Satellite imagery off the Oregon coast has shown tbat coastal jets or squirts form tongue- 
shaped plumes that extend several hundred kilometers off of the southern portion of the state d ~ @  
the summer months (Abbott and Zioq 1987; Thomas and Strub, 1989). Coastat jets are associated with 
upwelling events, and their presence off the south coast indicates the oceanographic regime south of 
C a p  Blanco varies sigdicantly from that of the central and north Oregon coast. Because the pe-c 
environment is a dynamic sgstem of physid, biolagid, and &emid processes, with its upwelling 
events and complex &miation patterns, our understanding of these processes and their 
interrelationships are not well understood. Ldng-term studies are needed to  relate upwelling intensities 
and primary production m the area off southern Oregon A review of physicd ocemogmphy and i t s  
effects on p r h a q  productivity for this region is presented in h d t y  and Hickey (1989). 

bverte* Benthic orgmkms are the bottom-dwelling animds of the acean. They play an 
important role in smondary production in the nearshore environment by breaking down detrital matter 
and reworking bottom sediments as well as providing a food source to many demersal and benthie 
dwelling species. Benthic communities found in sandy, high-energy environments tend to be weU 



adapted to  natural disturbance guch as high turbidityI burkl, and scwriag due to Wing sedjmenb 
and bottom currents associated with stows or increased wave activiw. (Sternberg and McManus, 1972; 
Rees and others, 1976; Oliver and others, 19803. Orgmhm such as clams and polychaete worms 
possess the ab3Q to burrow freely through the ~ a ~ l d ,  while other animals, such as crabs, are capable 
of migrating great distances d q  the sea floor. 

Literature describ'mg the benthic i n f d  communities of the Oregon coast p h d y  f m e a  
on areas off central Oregon b., b e y  1965; Carey 197% Berimrid 1970; Hogue 1982). These studies 
d i m  the composition, distrr'bution, and abundance of benthic assemblages, as well as the 
oceanographic conditions that sect these assemblages. Additional information concerning the 
composition of benthic communities of the aouth coast is pmvided by the Corps of Engieeem in their 
Ocean Dredged Material Disposal Site evaluations at the Rogue Ever disposal site (Corps of Engineers, 
Portland District, 1988). The results of the duat ions  from the Rogue River (Gold Beach) disposal 
aite indicate that the benthos of the offshore area was meal of a nearshore high-energy environment. 
The infaunal community was dominated by gammaxiid amphipods and polychaete worms; @ropo& 
and cumaceans were also consisten* found in all mples .  Moat spwies showed higher levels of 
abundance at the disposal site than at control sites. This result is different fmm that in Corps of 
Engineers studies at other Pacific Northwest ocean disposal sites. The higher densities codd be due 
to enrichment at the disposal site or justg& natural variation, Although the site has frequently received 
dredged materi4 the adjacent fauna show little widence of negative hpacta W.S. Army Corps of 
Engineers, 1988). 

Macroinvertebrate benthic aped= of conme& or recteatianal impmbnce in the neamhore 
zone include Dungeness crab, sea urcbias, razor r?lPlms, gaper clams, cockles, and Pittmk clams. 
h u g e n e s s  crab (Cancer ma&ter) is m m m e ~ y  important in the P d e  northweat. Extensive 
research has been conducted on this species, primarily on larval and juvenile crab biology bough, 
1976; Stevens and others, 19W, Stevens and Armstrong, 1984). Information from ODFW provides 
records of numbers caught and port of Ianding for the crab Fisherg. Only male crabs of a certain size 
may be k e s t e d  during certain times of the year, therefore landings records provide no information 
regarding female or jwenile mbs. Currently, keeping of logbooks by commercial crab fsherplen is not 
required, so information regarding area of catch is unavailable. A voluntary Iogbook program for the 
Oregon coast has been proposed by ODFW to local fbherman in hopes of prwiding m e  insight aa to  
the preferred lmtions of the banrestable Dungeness crab mtch a-1 Demo~y, ODFW, personal 
communication, 1989). Commercial landings for the south Oregon coast are available from ODFW 
(Table 2). 

The Oregon Department of Fish and Wildlife (ODl?W) has identif;ed an emerging c o m m d  
sea urchin fishery at the Port Orford and Rogue Reefs (Jean McCrae, ODFW, personal co~unication, 
1989). The urchin b e s t  for the 1989 season ia expected to exceed 2,000,000 pounds. This f~hery  
could be adversely affected if sediments suspended during mining operations resettle in these areas. 

Information coracernhq the dhtri'bution, abundance, and population dgnamica of pink shrimp 
off the Oregon c a s t  is available from Lukas C1979), PF'MC (1980), Rothlisberg and Miller (1983), and 
ODFW reports. Catch data and tishexy logbooks prwide more extensive information concerning the 
dbbibutiop~ and abundance d adult shrimp (Stam and Zirges, 1985). Logbook data are being analyzed 
by ODFW as part of their computerized information system to describe the distribution and catch per 
effort rates off Oregon (Starr and Saelens, 19833. 

Recent r d  has provided some information on the distribution and abundance of squid 
collected during surveys off Oregon and Washington (Jeff- and others, 1985; Starr? 1985; Bradem 
and Pearq 1986). Schools of market squid (LOLEU opalescens) are found all along the Oregon coast, 
but no specific studies have been conducted to identify spawning areas dong the south Oregon coast. 



Season 

Table 2. Combined Dungenem Crab Landhgs and Effort (number of landings) 
for Forb Orford, Gold Beach, and Brookings 

No, of vessels Effort 

* Based w landings made during months when the ocean season was open. 

From ODFW, PlrIarine Region 



Market squid have been Ghed c o m m e d y  off the central Oregon coast (Starr, 1985). 

Fisherr. The nearshore zone supports a variety of fuh species. These indude two major 
groups,mid-water (pelagic) and grounX~h (benthic) species. Pelagic species include salmonids, mainly 
coho and chinook salmon and steelhead trout, and xhoolhg species, such as Pacific herring, northern 
anchovy, and P ~ I C  sand lance. Coho and chinook salmon are important species to both the 
come- and recreatiod fisheries off Oregon. The c o r n e d  salmon trolI fishery takes place over 
the entire Oregon coast, although most fishing activity takes place in depths of less than 150 m 
Barmenter and Bailey, 1985). Little is currentIy known about the mean phase of these species, 
although studies describing their abundance, distnlbution, and food habits of juveniles have been 
conducted (Brodeur and others 1987; Fiber and Pearcy, 1988). Fkcwery of tagged fish at aea provides 
insight to the ocean migration patterns of coho and chinook salmon Bearey and Fisher, 1988; Fisher 
and Peaq ,  in prep). Ocean survival of coho salmon off Oregon and California has been correlated with 
the intensity of coastal upwelling in these areas (Nickelson, 1983; Nickelson, 1986; Fisher and Pearcy, 
1988). 

The cornmedal salmon troll fishery is a highly regulated fishery, with limits set on size, area, 
time, and number of fish allowed to be b t e d  each year. Fluctuations in annual harvests (Table 
3) are di£licult to assess due to the number of limitations placed on the fishery b., size limits, catch 
quotas, gear restrictions, etc.). Cornmemid lanw for the combined Port Orford-Gald Beach- 
Brookhgs area in 1988 totaled over 580,000 pounds of chinook and wer 105,000 pounds of coho salmon 
EODFW, 1989a). To rebuild the Kl8math River ( W o r n E a )  salmon stocks, ODFW and Caljforda Fish 
and Game have required catch quotas and temporary fishing closures for the area south of Cape Blanco 
to Point St. George (CA) to  prevent over-hamesting of these stocks. 

SmaU schooling species are food sources for adult salmon and other comemially important 
species. Although the distribution, abundance, and seasonal variations of the northern anehwy and 
P d c  herring off Oregon and Washington have been described (Richardson, 1973; L a r d e  and 
Richardson, 1980; Richardson, 1981; Brodeur and Pearcy, 19861, little is h o w n  about the life Wary ,  
food habits, and production dynamics of these forage fsh species. During the mid 1970'a, anchovy were 
&onally c o m e d y  harvested as a bait fihery David Fox, ODFW, personal communication, 1989) 
but now are utilized pnmariIy by remeational fmhermea Pacific herring spawn in selected estuaries 
dong a e  coast and are fished commercially at Yaquina Bay (Jerry Butler, ODFW, personal 
communication, 1989). 

G m d f b h  species include rddkhes, flatfishes, sabfef~h, and cod. The most cornmemially 
valuable apecies for Oregon include sableffih, Dover sole, petrale sole, widow sockFIsh, and yeU0wtai.I 
rockf~h @avid Fox, ODFW, personal communication, 1989). These species are g e n e d y  aught in the 
deepwater trawl fishery along the outer continental shelf and continentd sbpe. 

Information on flatfish species off Oregon is genefly more complete than fm other g r o u n d f i  
species. Literature describing the distribution, abundance, and composition of demersal assemblages 
as well as seasonal variations and food habits of juveniles is awlable (Pearcy and others, 1977; Larmhe 
and Kchardson, 1978; Kogue and Carey, 1982). Limited information concerning the spawing behavior 
and preferred arem of some flaff-hes is also adabIe  @ h i e  and Hodon, 1977; Pearcy, 1978). Juvenile 
Dover sole tend to live in shallower water than adults, and females are also found in shaIlower water 
in the summer, while d e s  remain in deeper water year round Demory, 1975). Dover sole are the 
most imporhnt commercial flatfish species caught off Oregon. Despite fluctuations in cakh rates wer 
the years, they have consistently remained the dominant fiatfish spezies caught. 

Habitat disturbance caused by the mining operation could potent* result in the Ioss of 



Table 3. Commercial Ocean Salmon b d h g s  and EfFnrt (number of landings) 

CHtNQOK COHO 

Pwnds Number Pounds Number Effort 

Port Orford 
Gold Beach 
Broohqp 

Part Orford 
Cold Beach 
Brwkhgs 

Port Orford 
Gold Beach 
BrooZrings 

Port Orford 
Gold Beach 
Brookings 

Port Orford 
Gold Beach 
Bmldngs 

Port Orford 
Gold Beach 
BrooHings 

Port Orford 
Gold Beach 
Brmkhlgs 



Table 3 (cont). CammemiaI Ocean Salmon Landingn and Effort (number of landings) 

Port word 
Gold Beach 
Brookinga 

Port Oflard 
Gold Beach 
Brwkingz 

P m d s  Number 

COHO 

Pounds Number Effort 

From ODFW, Mahe Region 



suitable spawning habitat for fishes that spawn in deptha of less than 100 m. During the 1982 
commercial groundf~h season, a number of trawls were targeted at depths of less than 100 m in the 
area off the south Oregon coast (Cape Blancm south to Crook Point). Flatfish species made up the vast 
majoritg of the catch, with petmle sole (47,766 lbs.), English sole (41,815 lbs.), and Dover sole (25,111 
lbs.) being the most abundant species aught. Fair amounts of h g  cod (10,424 lba), Rex sole (9,409 
lbs,), and rockfish species (5,618 lbs.) were also k e s t e d  in the area Incidental species aught 
hdudd sanddabs, sablef~h, and butter sole (ODFW* 1989 b). Most of these f ~ h  produce pelagic eggs, 
and some, such as petrde sole, have l d e d  spawning grounds. Other species, U e  h g ~ o d ,  lay 
demersal eggs that could be smothered or buried by sedimentation. The longterm effects from a 
temporary loss of spawning habitat due to mining disturbances is unknown. Most fish species me 
widely distributed along the Oregon roasQ therefore, there may be a negligiie effect on the population 
as a whole, although l d  popdations n q  experience a d&e in numbers. 

Recreationd fisheries are an important economic industry for Oregon The principal sport 
me8 indude coho and chinook salmon and bottom fLsl.1 speeies (Table 41, black mMsb canary 
rockfish, ling cod, and cabezon (Jerry Butler, ODFW, personal communication, 1989). Recreatiod 
fishing for most of the Oregon coast is limited by the mnge of charter and pleasure boats, and the type 
of boat facilities at the various ports. Most sport fishing on the south coast originates h m  the Gold 
B m h  (Rogue River) and Broohgs area, as Port Orford h k s  adequate pota facilities. Fishing occurs 
year round, but tends to be seasonal due to the weather. Recreational catch data from ODFW include 
information on the number of species caught and on the amount of fishing effort. 

The Rogue Rivw (Gold Beach) alsD supports an active in-river remeational fishery for chinook 
&on and steelhead The 1987 recreational fishery h e s t e d  over 6,000 fa1 chinook, a 0 0 0  spring 
chinook, 5,000 summer steekead, and 700 winter steelhead from the river (ODFW, 1989~). Thing of 
mining operations so as not to interfere with the migrations of either juvenile salmonids entering t he  
mean or addt salmonids returning t o  natal streams may be crucial to minimize straying of adults and 
to maintain the productivity of runs. It is unknown what eff& a turbidity gradient would have on the 
migmtoq behavior of anadmrnous species. 

Cat& records from ODFW provide valuable information, concerning both the tomme& and 
recreational hheries off Oregon, but this information is limited. These data da not r d  information 
about s p i e s  t k t  are not h d e d  or individuals that are too small to be caught or kept Iegally. Some 
speies are fished more intensely than others, which may be reflmted h the data as a disproportionate 
amount of the target species being mught in a partidax area Catch data and landings reports reved 
information about where the species are caught but are not n e c d y  unbiased data about their 
distribution. Fluctuations in mtches codd be due t o  a number of factors ather than change9 in the 
species abundance or distribution -- w e n t  markets, more flicient f~hing gear, shifts in target s p d e s  
being harvested, government regulation, ek., d sect the number of individuals caught. 

ODFW is curxently hwlved in developing a longterm mean management program designed 
to identi@ areas of boIogical signXmce and to provide insight as to how these resources respond to 
environmental change. This bystem wjll p m e  to be very useful in defining the locations of catch of 
certain species and in dewribmg the  elations ships between habitats and species. At present, fishery 
data (pink shrimp and groundf~h) for only three years have been entered into the system, but once 
more data are entered, ODFW expeets to be able to identify areas of high species diversity or areas that 
contain a bigh percentage of gravid females or juvenile f ~ b  A brief summary of the &ean Habitat 
and Mapping (OHAM2 p r o w  and sample maps are included in Appendix A 



Table 4. Ocean Salmon Sport Catch and Effort (numbe~ of landings) 

Port - 

Port Orford 
Gold Beach 
Braokings 

Port Orford 
Gold Beach 
Bmking3 

Port; Orford 
Gold Beach 
B r ~ ~  

Port Orford 
Gold Beach 
Brookings 

Port, Orford 
Gold Beach 
Brmkings 

Port Orford 
Gald Beach 
Brooldngs 

Port Orford 
Gold Beach 
Brookings 

Pwt Orford 
GQld Beach 
Brookings 

Effort 

214 
4,073 
51,734 

- 
4613 
62,466 

- 
6,785 

54,569 

- 
8,859 

46,818 

3 
5,038 
32,935 

-- 
6,541 
52,410 

- 
4,381 

48,052 

-* 

4,108 
65,315 

Coho - 

54 
1,194 
31,765 

-- 
891 

7,433 

-- 
1,112 

15,799 

- 
1,558 
14,791 

0 
1,586 
9,905 

---- 
707 

6,728 

-- 
845 

10,866 

1,818 
15,861 
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Numerous species of marine birds occur along the Oregon coast. Information concerning the 
distribution and abundance of bird species is presented by Scott (19731, Varoujean (1979), Varoujean 
and Pitman (1979), Be-d and Scott (1979, m d  Pitman and others (in press). A catalog of seabird 
colonies in Oregon is currently in preparation by personnel at U.S. Fish m d  Wildlife Semite. 

R d y  outeroppinjy are a major feature of the Oregon coast, particularly between Coos Bay and 
the Rogue River. Many of these rocky islauds and sea stacks, which make up the Oregon Islands 
National Wildlife Refuge qstem, provide nesting sites for metrine birds. Recent estimates indicate that 
the m a h e  bird population for the south Oregon coast exceeds 122,000 CFby h w e ,  U.S. Fish and 
Wildlife Service, personal communication, 1989). Oregon's seabird population is dominated by the 
common murre and Led's storm petrel; all other species combined amwnt for less the 10 percent 
of the total population (Pitman and others, in press). M m e  colonies are often extremely largel with 
tens of thousands of birds occupying mclry areas of the muth coast during the breeding seasoe 
ha&'a atom petrels are present off Oregon ody during the ~ummer months, but the south coast 
supports one of the largest breeding colonies of these bids on the entire West Coast (Parmenter and 
Bailey, 1985). Other species common to the south Oregon coast include pelagic cormorants, pigeon 
gdlemots, black oyster catchem, and western @, Brandts cormorants, doublweded cormorants, and 
t&ed p u f b s  (Table 5). 

Several species of birds that are of s p e d  concern include the brown pelican, peregrine f h n ,  
and the Aleutian Canada goose. Each of these species is listed on the Federal endangered spedea list. 
Some south coast rwks and islands are former nesting areas for the peregrine falcon and w e n t  
population increases may result in the r m p a t i o n  of some of these historic sites. The peregrine falcon 
ia often associated with headlands, sand spits, and offshore rocks that are used as foraging areas. 
Aleutian Crtnada geese also are known t~ use these rocky outcroppings for feeding and resting during 
spring migrations. Brown pelicans are found locally all along the Oregon coast during the summer 
months @by L m ,  U.S. Fish and Wddlife Semice, personal communiation). Numerous other 
shorebirds and waterfowl also utilize the shoreline areas for nesting, feeding, and resting. 

Noise and the general activity of a continuous mining operation located near one of these 
colonies muld muse the area to be abandoned and therefore cause a reduction in the local population. 
Disturbance from vessel or air trSc may frighten birds off their nests, leaving their young vulnerable 
to exposure or predation. If mining rn in areas heavily used by marine birds for foraging, prey 
@es may be obscured due to twbidiQ. Food sources may also be reduced as a result of negative 
impacts to prey species. B a e r  zones could be established around the colonies in order to minimize 
disturbance. 

Information on marine mammds off Oregon other than seals and sea lions is limited. Gray 
whales tramme the Oregon coast during fall and spring migrations, and a small population of gray 
whales reside year round OE the Oregon COB&. Little is known about the movements and -c 
feeding habits of gray whales off the Oregon coast, although gray whales are known to feed extensively 
on benthic organisms. Studies h the Bering Sea have shown that gray whales feed on gammarid 
amphipods, mollusks, mysids, hyhids, and polychaetes wce and Wolman, 1971)- W e ,  hump- 
and blue whales have also been sighted off the Oregon coast. Other cetaceans that are seen occasionally 
are the harbor porpoise, Pa&= whitesided dolphin, and killer whales (Maser and othem, 1981). 

The results of the first year of a three-year study to assess the pinniped population of Oregm 



 able 5 .  1988 Summer Seabird Colony Counts from Black Point Rocku mouth to Huntera Inland. 

Pelagic  Bl Oymter Plgeon Western Common D b l  Csstd Brandt's Tufted Pk Tai led  Leach's Casein's Rhino.  

Cormorant Catcher Guillemot Gull Hurra Cormorant Cormorant Puffin St Petrel St Petrel Auklet Auklet 

Black P o i n t  Rocks 

Tower Rock 
Colony 270-023.1 

Castle Rock 

Colony 270-025 

Colony 270-026 

Gull Rock 

Colony 270-027.1 

Colony 270-023.2 

Colony 27a-027.3 

Colony 270-027.4 

Colony 270-025.5 

Needle Roek 

Cl 
Best Rock 

Long Brown Rock 

w Colony 270-031 

Square White Rock 

Seal Rock 

Conical  White Rock 

West Conical Rock 
Arch Rock 
Klooqueh Rock 

Colony 270-037.1 

Colony 270-037.2 

Colony 270-038 

Tlchenor Rock 

Colony 270-040 

Colony 270-045.1 

Colony 270-040.2 

Colony 270-040.3 

Colony 270-046.4 

B a t t l e  Roek 

Colony 270-040.6 

Colony 270-041 

Colony 270$012 



Table 5 ( c o n t ) .  198B S m e r  Seabird Colony Counts from Blaek Polnt Rocks south to Huntara Island. 

Pu lag ie  81 Oyster P i g e o n  Western Common Dbl C r s t d  Brandt'a Tufted Fk Tailed Winches Casstn*~ Rhino. 
Cormorant Catcher Ouillemot Gull Hurre Cormorsnt Cormorant p u f f i n  S t  Petrel S t  Petrel Auklat Auklet Location 

Redfish Rockm (north) 

Redfish Rocks (I central) 

Radfirh Rocks (E c e n t r a l )  

Redfieh Rocks (S central) 

R e d f i ~ h  Rock6 (6outh) 

Colony 270-047.1 

Colony 270-047.2 

Colony 270-047.3 

Colony 270-048 

I s l a n d  Rock 

Colony 270-050 

Colony 270-051 

Colony 270-052 

Colony 270-053 

Colony 270-054 

0 lookout Rock 
N 

Colony 270-054.2 

Colony 270-054.3 

S i s t e r s  Rock (nor th)  
Gistern Rock (mouth) 
Colony 270-057 

Colony 270-058 

Devil'u Backbone 
Colony 210-060 

Colony 230-061 

Colony 270-061.1 

Colony 270-061.2 

Colony 27 0-062 

Colony 270-063 

Colony 270-064 

Hubbard Mund 
Colony 270-066 

Colony 270-066.1 

Colony 270-066.2 

O t t e r  Point 
h u b l e  R a c k  



rireedle Rock 

Pyramid Rock 
Colony 270-069.1 

Colony 270-069.2 

Cape Sebaetian N o r t h  

C a p e  Stbantian South 

Hunter8 Inland 

Table 5 Icont). 1980 S w e r  Sedalrd Colony Counts from Black Point Rocku aouth to Huntera Xuland. 

P - Blrda probably present 
0 X - Birda present 
N 
V1 

Pelagic Bl Oyster P igeon  Western Cornman WL Crstd Brandt*e Tufted Fk T a i l e d  Xuaeh1m Cassln*~ Rhino. 
Cormorant Catcher Gudllemot G u l l  Husra Cormorant Cormorant Puffin St Petrel St Pstral A u k l e t  Auklet 

From U.6. Firph and Wildlife  S t r v l c e ,  Newpurt, Oreg. 



are presented by Brown (1988). Monthly *rid photographic m m q s  were taken along the coast to 
docvment the seasonal distributions and abundances of the SteUer (northern) sea lion, W X o m i a  sea 
lion, and harbor seal. Of partidar importance on the southern Oregon coast are the Rogue and Orford 
Reefs. These are= are used by seal and sea lions as haul oub and are also used by Sheller sea lions 
as a rookery on a year-round Ei. This area supports the largest reproductive stock of StelIer sea 
liws in United States waters south of Alaska. The m e n t  Oregon population is estimated to be about 
1,500 individuals (Brown, 1988). After the breeding season (mid-July), most males migrate northward 
to lmtions In Alaska and British Columbia, while the female and pups remain in Oregon throughout 
the year Parmenter and Baileg, 1985). 

Although California sea lima are not year round residents of Oregon, addt and subadult males 
m w e  through the nearahore area on their fall migrations to  the north and spring migrations to  the 
south. F e d -  and their yaung perally remain in CaIXornia yesr round. In 1984, a peak count of 
1,938 individuals was taken at haul-out sites on the Oregon coetst. Other studies have estimated the 
number of California sea lions passing through O ~ e g ~ n  w a r n  at abut 5,500 animRln (Bigg, 1986). 
Harbor seals are a non-migmtoq species which are present all along the Oregon mast. Current 
populations estimates for the south coast range from 300 to 500 individuals (Brown, 1988). 

Survey counts of Stellar sea lions indicate that the Oregon population has remained fairly 
stable since 1977. The number of animals at the Rogue and Orfad Reefs also seem to have not 
changed +pifmntly, dthough the population of Wornia  sea liona off British Columbia and 
Washington have shown a *tie increase since the early 1970's. No mrnpmble m p  for 
wintering Wornia  sea liona in Oregon have been completed yet, but greater numbers of individuals 
would be expected. Shtewide counts fm harbor seala indiate that the number of animals haa been 
inmasing since the mid-1970's. The passing of the Marhe MammaIs Protection Act in 1972 is credited 
in part to the observed increases in pinniped populatiom (Brown, 1988). 

Noise and gened activity from the mining operation may cause seals and sea Iions to flee 
their had-out sites. Repeated or continuous disturbance may result in a long-term change in animat 
distrihtion Such disturbance could also have impacts on the reproductive success of t h e  species. 
The dnhg operation may atso indkxtly affect marine mammala by reducing zooplankton, benthos, or 
f ih populations that serve as food sources. 



Since little &shore mining is a currently being. done in United States waters, it is d K d t  to 
-m the specific impads from such an operation on the southern Oregon mast. Therefore, any 
disGussion of potentid environmental impacts must rely on the mining experiences of other countries 
and on information gathered from dredge and disposal opemtions. This section briefly discusses major 
conclusions from other studies, some of which are described in detail in the appendices. 

An ambitious study was initiated in 1972 to identify the envimnmwtal and biological hpacta 
associated with a large-scale sand and gravel mining operation on the east coast of the United States 
(Padan, 1977). The New England Offshore Mining Environmental Study Project NOMES) was a three- 
phase program &thg of one year of pre-mining basehe evaluations at the proposed m a  in 
Massachusetts Bay, a *nin;mtlm of one year of sand and gravel extraction with a cohciding 
environmental and biologid monitoring program, and a two-year study of post-mining monitoring to 
document changes in the mined area. The project was terminated in 1973, when a suitable disposal 
site codd not be identified for the approximately 1 million cubic yards of material to be mined during 
the test period. The monitoring pro- would have included sediment dispersion modeling, water- 
and sediment-quality analpes, md an extensive course of biological monitoring focusing on the response 
of mgmhms to the presence of sediments. 

Althwgh Project NOMES was not compIete4 a wrapup phase was conducted, and the following 
rmommendations were flered for similar projects in the future (Padan, 1977) r 

1. Labwatory studies of the effects of turbidity on marine organizrms should be conducted, 
including nonphpiological responses, such as orgmhms' avoidance of a turbidity plume. 
R e d B  may be extremely relevant ka I d  commemial fishermen. 

2. Once a aite has been agreed upon, a two-year period should be devoted to pre-mining 
studies. The first year should b devoted to the development of sampling and test 
procedures for coordinated use the aeeond year. The main focus of the baseline studies 
should be the long-term effects of a d m q e  in substrate characteristics caused by the 
blanket of fine materials. 

3. The mining test should be at a aommemhl scale and should continue for at least me 
year. A brief period of mining should not be extrapolated for long-term mining. 

4. AIthough the period of mining must be well-monitored, the p&-&g environment 
can be examined less frequently but should continue for at least two years. 

During the mid 1970's, the International Cwnd for the Exploration of the Sea (ICES) was 
established to identify envitonmentd concern in the North Sea, where sand and gravel mining 
operations have been occurring for wer 50 years. Of particular concern to the European community 
jS the potential Ioss of commercial hheries to due to mining activities, although no direct negative 
effects of dredging on adult fish s t d s  were clearly demonstrated Each participating country described 
its m e n t  mining scenarios as weU as any environmental issues it had encountered or avoided. Eased 



on the combined experiences of the group, ICES pr.oposed a "Code of Practicen with mommendations 
to minimize the environmental eE& of mining operatiam in the nearshore area The Code requires 
that the exact area to be mined, as weU BS the amount and thickness of the overburden to be removed, 
be gpecified prim to mining. Important fishing grwnds and a p e  and nursery areas are excluded 
as potential mining areas. Also, the expected substrate composition for the area after mining must be 
dexribed, including the amount of substrate suitable for spawning of comemially valuable species. 
AdditionallyI more r d  as to the biologid, h e m i d ,  and physieal effects from dredging operations 
is encouraged, and environmental impact statements are needed prior to licensing and excavation. 

The U. %. Army Corps of Engineera is responsible for maintaining over 40,000 km of navigable 
waterways, which requires the routine dredging of nearly 356,050,000 m3 of material each year. About 
30 percent of the material is disposed of at designated &sea disposal sites (OTA, 1987). The River 
and Harbor Act of 1970 (Public ]Law 91-611) authorized the Corps of Enginem to  conduct a pro- 
that addresses the environmental effects of dredging and disposal d dredged m a w  The objective 
of the Drdged Material Disposal Program IDhlRP) was Yo provide - through research - clefmitiye 
information on the environmental impact of dredging and drdged material d i s m  operations and to 
develop techaicaly satisfactory, environmentally compatible, and economically feasible dredging and 
disposal alternatives, including consideration of dredged material as a manageable resowe" W.S. 
Army Watemqa Experiment Station, 1973). The i d o m t i o n  gathered during this research effort 
provides insight into the environmental &&a of shallow-water mining, b w  simifRr activities are 
required in the lifting and redepositing of sediments in both types of operations (Office of techno lo^ 
Assessment, 1987). 

Regarding the e f f e  of open-water disposal, the studies concluded that unless the dredged 
material was highly contaminated, the physid impacts caused by sediment disposal, such as burial of 
benthic communities, are likely to be of greater potential consequence than chemicd or biological 
impacts. Biological effects are also unlikely to be of great consequence, due to the resiliencg of most 
organisms (excluding l a r d  stages) and the ability of many organisms to rapidly repopulate the affeded 
areas. Except during times of fish migrations and spa- activities, turbidity is more likely to be an 
aesthetic than a biological problem. In generaf, areas of high wave activity appear to be jRauenced to 
a greater extent by natural@-ommbg variations in the physical and chemical environment than by any 
disturbance created by dredging or disposal operations W.S. Army Waterways Experiment Station, 
1978). These reswlts suggest that the naturaI variations dmmcteristic of a high-energy environment 
wilE make it difficult, if not impossible, to g e n d e  about the eff- of  mining without obtaining site- 
specific information concerning the proposed mining area (Office of Technology Assessment, 1987). 

Although these conclusions are related to a short-term disposal operation, they may be relevant 
to the proposed mining scenario for the Oregon south coast. S i  dredghg techniques wil l  be used 
for the placer mining project, and unwanted mate- will be dispced of at sea A eommerdd-smle 
mining projezt would be a long-term operation requiring continuous disposal of tailings, unlike the 
Corps of Engineers dredging project. The area offshore is a high-energy environment heavily influenced 
by wave activiQ1 and organisma indigenous to the area are well adapted to such conditions. It is 
unknown what effect a long-term, continuous mining operation wiU have on the biological communities 
within the affected axea and whether or not r e d t s  from transient dumping operations can be 
extrapolated to the proposed scenario on the south Oregon coast. Two DMRP investigation reports 
that assessed the impact of dredged material disposal on benthic communities and demersal finfish and 
dmpod sheW1sh species are reviewed in Appendix B. 



In addition to the Dredged Material Research Program, the Corps af Engineers also has site- 
specific information for Ocean Dredged Mated Disposal Sites (ODMDS) located off the estuaries of 
mast navigable coastaI rivers in Oregon. For each site, physical, chemical, and biologid studies were 
performed to determine the suitability of existing disposal sites f o ~  continued use, m e  ~ological 
sampling consists of collecting benthic invertebrate samples from stations located within the disposal 
site and from stations at adjacent control sites to determine if any negative eff& of ocean dumping 
are apparent on the benthic community located at the disposal site. The results of the evaluations from 
the Rogue River (Gold Beach) and Chetco River @rookings) disposal sites indicate that the benthos of 
the offshore areas were typid of a nearshore, high-energy environment (US. Army Corps of Engineers, 
1988% 1988b). 

Western Gold Exploration and Mining Company, Limited Partnership (or WestGoId), has been 
mining a gold placer deposit offshore of Nome, Alaska, since 1985, and ENSR Consulting and 
Engineering (Anchorage, has been performing the biological and environmental monitoring for the 
project (FLusanoyy8ki and others, 1989). TheSr findings are thus far inconclusive but do provide valuable 
insight into the environmental impacts created by such a mininp operatioa. Damage to renewable 
resources, pmti&Iy the king crab fishery, and potential mercury contamination or bioaccumulation, 
are two primary concerns. Information on benthie recovery is available for sites that were mined one 
and two years previously (Jewett and others, 1989). Particular attention has also been paid to the 
ptential impact on Eng crab through loss of habitat or food saurce. Trace-metal monitoring and 
bioacmmdation studies are performed regularly to collect information on the possibility of 
contamination of the environment. No significant difference was obsemd for catch-per-unit effort Fates 
for crab pots fished in mined and non-mined areas for the 1987 or 1988 survegs. Post-mining sampling 
indicates decreases in the number of taxa, density, and biomass values one year after miming. 
Crustaceans were numerical dominants, particularly m e a n s .  Two years after mining, increases in 
both density and biomass were evident, as well as a shift Ln species dominance from mushweans to 
polycbaetes. One year after mining, potychaetes amounted for 20 percent of the invertebrate abundance, 
while samples from two years after mining showed polychaetes accounted for nearly 75 percent of 
invertebrate al3mdance (Jewett and others, 1989). 

Although the meanographic conditions are v e q  disiimilar between Norton Sound and coastal 
Oregon, the WestGold mining operation may provide valuable & i t  about the potential environmental 
and biologid impacts asswiated with a placer mining operation on the Oregon continental shelf. The 
r d  approach used by WestGold should be reviewed to evaluate appropriate monitoring approaches 
for the Oregon coast. A review of the WestGold lPining operations is included in Appendix C. 

Much of the existing literature suggests that the eff- of on offshore mining project will be 
short lived The high dilution factor of the nearshore zone will rapidly disperse the turbidity plume, 
and high sediment tmnsport rates will act to smmth out tracks or mounds left behind by the extraction 
process. However, most studies to date have dealt with the effects of short-term and transient dredging, 
and their results may not be applicable to a long-term continuous mining operation. 

Impacts will depend on a number af factors including the size the area to be mined and the 
oceanographic conditions of the proposed site. Information from similar dredging projeds or from 



hbombq studies wilt not provide the complete answers on the potential ewironmentd and bilogiwd 
consequences of a e o m m d - s d e  mining operation on the southern Oregon coast. Resew& and site 
spet& modehg will be required prior to mining activities in order to minimixe the Fisks this type of 
operation may have on the biologhl communities and adjacent shoreline areas. Increased turbidity, 
sedimentatioa, noise, and general disturbance in the vicinity of sensitive habitats (spawning or nursery 
grounds, and nesting areas) or during mitical periods (hmal r d t m e n t ,  and seasonal migrations) are 
likely to pose the greatest risks. Research ta assess and monitor the effects of a placer mining operation 
on the Oregon continental shelf are described in Bottom and others (in press). 





The Oregon Department of Fish and Wddlife is currently involved in developing a long-term 
mean mmagement program designed t o  identify areas of bioIogid signifkmce and to provide insight 
as to  how these resources respond to environmenbl change. Thh Ocean Habitat Analysis and Mapping 
( O m  program is being created in response to the need for more detailed fishery resource 
information required in order to improve fisheries management and to help resolve resource user 
mnflicts. The system is set up to store and d y z e  different types of biological and environmental data 
ns well as economic data of the resources as reported in o f i d  Iandings records and in data prwided 
in the Fisheries Economic Assessment Model by Jensen and Radtke (1987). 

A pilot proj& was iuitiated to demonstrate how existing information m be used by the 
*em. Data from Eogbooks and a k h  landings records for the commercial pink shrimp and groun&h 
Gsheries were entered inta the bystem to  test the program. Using this information, computer-generated 
maps showing the average cakh and the amount of f&hg effort per 5-minute blmk (approximately 
8 km by 8 h) were produced for the area off the Oregon coast (Figures A-1, A-2). This type of 
idomtion can be used to h&hlight areas of high productivity (catxh per unit effort) and to estimate 
the importance of a parti& area for a given fwhery. Bottom-sediment data are alsa being used to 
identify ocean habitats based on sediment types. By overlaying bottom substrate maps ~ t h  a tch  data 
m p s ,  species distributions and sediment types may be correlated 

The OHAM @em wiU prove to  be v e q  usefd in defintag the locations of catch of ce* 
species and in demibiug the relationships between habitats and species. This information, in 
conjunction with population dynamics models, vrrill enable duat ion  of the potential biological im- 
of a particular management strategy. By including economic information, the economic trade-offs of 
different management strategies will also be identified. At present, only three years of f~heqy data 
(pink shrimp and groundfish) have been entered into the +em, but once more data are entered, 
ODFW expects to be able to identify areas of high mtch rates or areas that contain a high percentage 
of gravid females or juvenile fsh 



Figure A-1. ODFW Ocean Habitat Analysis and Mapping P r o j e c t  smple map. 
Comesy  of ODFW, Marine Region. 
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Figure A-2. ODFW Ocean Habitat Analysis and Mapping Pmject 
map. Courtesy of ODFW, Marine Region. 
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This section reviews two research efforts undertaken as part of the Corps of Engineers' Dredged 
Material Research Program (DMRP). The general objective of t he  DMRP was to deteFmine the degree 
and extent of impacts resulting from the disposal of dredged material on the biological communities in 
the area of the disposal site. The mouth of the Columbia Ever was chosen 8s one of five regiod 
study sites. Phase I of the project was initiated in October of 1974 and consisted of the mlledion of 
baseline and pre-disposa2 informatiw in the area offshore of the mouth of the Columbia River. Baseline 
studies continued through the second phase of t he  projec& July-August 1975, during which time, 
460,000 m3 of dredged m a t e d  was disposed of at the experimental site. The fmal phase of the study, 
conducted from September 1975 through April 1976, was a continuation of sampling within the study 
area t o  assess the efFects of the disposal an the biological communities located there. 

The initial purpose of this study was to collect baseline information on the benthic eommuniQ 
shcture of the n d m e  zone (0 - 90 m) in the vicinity of the mouth of the Columbia River F i e  
El) and to examine the spatial and temporal changes in this community. The second phase of the 
study waa to identify and determine the relative - m e  of physical, chemical, and biological factors 
that dictate the rate of benthic colonization. Five sampling cruises were performed prior to the test 
d h p d  to establish basehe and pre-disposal conditions, and frve sampling cruises were performed after 
t$e test disposal to evaluate post-disposal effects of disposed dredged material en the benthic commuaity 
in the test site (Richardson and others, 1977). 

Smith-McIntyre grabs, with a sampling surface axea of 0.1 m2, were used to coU& macmfauna 
and sediment samples. Macrofauna samples were then washed through a 1.00-mm screen for collection 
and identification Sediment samples were coU&ed by removing the top 1 cm of surface of the 
&ent grab contents. Meiobenthic samples (retained by 0.50- to 1.00-mm screens) were obtained 
during the first two cruises but were later dkontinued due to the long sort ing time required per 
sample and the .dif6rmlties in idenmation of species. One grab per station for the remaining cruises 
was washed through a 0.50-mm meea in order to sample resident juvenile macrofauna Five replicate 
macrofauna samples and one sediment sample were collected fmm each station. 

Megafauna samples were co11eded with a 3-m beam trawl with a 1'12-inch stretch mesh m d  
a 1/2-bch stretch mesh liner. Ehh trawl was towed on bottom for 30 minutes, and the distance 
covered was measured with odometer wheels a t w e d  to the trawl frame. 'RNO trawls were obtained 
at each statioa 

After mdyzhg the data collected during the baseline studies, it was determined that with the 
exception of w e  assemblage, there was IittIe simihriq between the benthie assemblages found in the 
Columbia River study area and knthic assemblages as dmmented from other parts of the Oregon- 
Washington continental shelf (eg. Lie, 1969; Lie and Kelley, 1971); Lie and Risker, 1970; Carey, 1972). 
The range of values for species composition, biomass, and density of benthic assembIages in the study 
area was greater than the range of values reported from the entire Oregon-Washington continental 
shelf. The influence of the Columbia River - sediment deposition and high primary productivity -- 
probabIy accou~ted for these difFemces (Jlichardson and others, 1977). 

The distribution, mnpositim, and seasonal constancy of kenthic communities in the study 
area were interpreted in part to be the r e d t  of increases in the pertent At, clay, and organics in the 
sediments offshore and an increase in sediment stabilitp due to reduced sediment stirring during winter 



F i g u r e  B - 1 .  Location of ben th i c  sampling s t a t i o n s .  From Richardson 
and others, 1977. 



atarms with depth (Richardson and others, 1977)* Species diversiQ was related to the relative stability 
of the surrou11ding sediments. In geneml, dive&@ d u e s  were greater at sampling stations M e r  
offshore than stations Iocated in shallower, r i d o r e  areas. The sediment stability at the offshore 
stations also increased due to a reduction in sediment stirring by winter storms. A higher abundance 
of tube-dwelling polychaetes at the deeper htions also contributed to  the increase in sediment skbiility 
at these stations. The lowest values of diversity were o b w e d  at stations that experienced considerable 
;seasod changes in sediment texture or grain size as a r e d t  of the deposition of he-grained sedimenta 
at high flow from the Columbii River. 

Biomass of the m a r ? r o f a d  assemblages was related to the organic content of the sediment. 
As the amount of organic matter in the sediments inmeasmi, generally offshore, so did the biomass 
values for these communities CRichardson and athem, 1977). The highest bioraarra values were found 
in areas of high silt deposition O r e c  content was related to the percent silt and clay content of the 
sediments. 

Assemblages exposed to the deposition of sediment from the CoIumb'm River discharge had the 
lowest constancy between seasom of any stations in the study area The seasonal constancy of 
abundance of dominant species was correlated to the s e d  stabiliw of the surrounding sediment 
(Table B-I, Stations 16, 17). Komar and others (1972) conduded that short-period summer wave9 are 
mpable of stirring the bottom to depths of 90 m, and long-period winter waves can stir the bottom to 
depths of 125 m and possibly 200 m Benthic species that exist on these unstable sediments are 
probably well adapted to burial and scwring of sediments. 

During the test disposal, two hopper dredges deposited 200 laada of dredged material (from 
the Columbia River) totaling 460,000 m3. The disposal site was then sampled one, two, five, eight, and 
ten months after the test disposal. Samples obtained from the d i s p d  site were divided into three 
groups, depending on their location relative to the disposal mound. Bathymetric m e y s  conducted after 
the disposal opemtion found a relatively c i r m h  deposit with a radius of about 750 m in the deposition 
area Samphg stations located in the- cater of the mwnd (to a radius of about 230 m) were buried 
to a maximum depth of about 1.5 m stations Imted on the slope of the deposit were buried by 0.3 m 
to 0.6 m of materid, and stations outside the &posaI area probably wefe not directly aEected by the 
d i q o d  opemtioa Sediment texture samples were collected at each station along with benthic mp1es .  
The sediments near the test site prior to disposal were characterized by high factor ladings on the 
2.75-!a and 3.25-jd grain size fractions. The dredged mate* WEIS also sand, but had high factor loadings 
on the 2.00-@ and 2.50-fl grain size &&ions. During disposal operations, the sedimwts at the =area 
d k A y  by the disposal were therefore changed from a well-sorted sand to a roarser,Iess well- 
sorted sand The phi diameter (@) is dehed as the negative logarithm, base 2, of the diameter in 
miflimeters &man, 3952). 

P&-dhpod sediment texture analpis for the 10-month period revealed a gradual increase 
in factor loadings on the 2.504 and 2.75-p sediment size classes at the area exposed to direct disposal 
of the dredged material, indicnting a return to the sediment texture c ~ W i s t i c 9  d the area prior to 
disposal Five montha &er the disposal operation, the sediment chamcteristics of the stations exposed 
to dired burial of the dredged material were nearly identical to that of the intermediate stations lmated 
on the slope of the mound. From this point on, subsequent adysh of community structure parameters 
were based on d y  two sets of stations, those affected (dirk burial or intermediate) and those 
d e c t e d  (outside the zone of deposition). 

The atations exposed to direct burial of dredged material bad s i p i h n t l y  higher diversity and 
evenne51S d u e s  and sigdhntly lower density of macrofauna when compared to unaffected stations. 
The signXmt difference in diversity and evenness persisted for at least eight months after disposal 
D d q  this period, both diversity and wenness increased at affected stations until Apd and at the 



Table  B-1.  Sediment characteristics and cornunity structure psrametese fo r  selected 

aaa~onal baseline etations. From Richardson and others, 1977. 

Station 1 

Dee 74/Jan 7 5  

April 1975 

June I975 

Sept 1975 

Jan 1976 

Station 4 

Dee 74/Jan 75 

April 1975 

June 1975 
5ept 1975 

Jan 1976 

Station 12 
Dee 74/Jan 75 

April 1975 

June 1975 

Sept 1975 

Jan 1976 

Stat ion  16 

Dee 74/Jan 75 
AgrLP 1975- '  

June 1975 
Sept 1975 

Jan 1916 

Station 27 

Dec 74/Jm 7 5  

April 1975 

June 1975 

Sept 1975 

Jan 1976 

Sediment Characteristics 

%Sand \Silt Belay  

Camunity Structure Parameters 

8' J* SR B/d! B / d  

Patameterm include diversity (H* ; If* - p, logXpi ) , avenaean (J' ; J' - a* /log,S), 
species riehneacl (SR; SR = (S-l)/ln II), d e n ~ i t y  (NIm.2 - Individuals/m2), and 

biomass (B/rn2; grams anh-free dry weight/m;2). 



d e c t e d  stations until June. A significant difference in density persisted throughout th~ ten-month 
post-disposd sampling period (Figures B-2, B-3, B-4). Density values also decreased signifimtly at 
the d & e d  stations during the m p h g  per id  Thh depression in the number of individuals at 
these sites was attributed t o  a series of intense winter storms occurring in December 1975 and January 
1976, illustrating the strong seasonal fluctuations that may occur in shallow-water benthos. 

The effects of sediment disposal m the abundmm of the numericaUy dominant macrofad 
&es was estimated by using the Friedman's two-way rank test. There was a significant reduction 
in the abundance of 11 of the dominant species at the stations expmed to direct burial as compred to 
the d e d e d  stations. Thirteen species showed no s i g 1 5 c a n t  difference in abundance between affected 
and d e c t e d  stations. 

The qeciea apparently most affected by the burid waa the p01ychaete~ Spiaphetnes bomb= 
The disproportionate reduction in the a b ~ ~  of this species compared to the abundance of other 
species at the station caused an increase in the evenness of species abundmces and an increase in 
diversity dues .  Species density and @es richness values were lower (except for Septemhr) at those 
stations exposed to dir& burial, thus indicating the eliminettion of some @es from the area. 

There was very little evidence of introduced species at the test site after the disposal operation. 
Most of the dominant species present in the dredged material (from the navigation channel) were also 
present in low numbers at the test site prior to d i s p a L  With a few possible exceptions, those @es 
that were dominant at the dredge site were either missing entirely from the affected stations or were 
found in greater numbers at the d & e d  stations compared to the affected stations. 

Sedhent sermplea from the dredged area contained 0.95-1.26 percent silts and &pa, while 
sediments at the test site after disposal contained less than 2 percent fines. Turbidity levels during and 
&er disposal were the same as those prior to d i s p d  (Sternberg and others, 1977); therefore, it was 
concluded tRat turbidity and introduced substances in the water column had no sig~Scant effmt on the 
benthic community in the area of depasition. Sediment samples were also anaIyzed for total organic 
m h n  and nitrogen and a series of possible contankants (sulfides, ammonia, oil and grease, Cd, Cu, 
Fe, Fb, Mg, Hg, Ni Zn). Values for to ta l  carhn and nitrogen were Iew in the dredged sediment and 
in the sediments at the test site after disposal and were not -canUy different for those values 
reported fm the in situ sediment at the test site prior to disposal. Values for possible contaminants 
were the same as would be expected for u n c o n ~ e d  sediments .(R Holtoa, OSU, personal 
co~municatbn, 1977, as cited in Richardson and others, 1977). 

The most apparent effect of the disposal on benthic assemblages was the signXcantly lo we^ 
abundance of 11 of the 33 most abundant species present. In general, most of the species not 
significantly affected by the dispod of dredged material were more motile species capable of burrowing 
or migating considerable distances wer sediments - shelled phopods and mollusks, non-tube dwelhg 
polychaetes, and cummeam. Those species with a Iimited or no ability to burraw (tube dwelling 
plychaetes and amphipodd were probbly eliminated from the site initially due to the effects of burial 
and smothering. The rnedmkm of the repopulation of benthos in the affeded area is u d m o w n  but 
was probably accomplished by benthos burrowing up or migrating into the area, not as a result of the 
introduction of new species or larYaE. recruitment into the area (Richardson and others, 1977). 

The principle short-term effects of dredged material disposal on benthie communities include 
the following: the &HA buriaf or smothering of benthos by the dredged material; the increased 
tuxbidity fkom the &pod  operation or from the resuspension of dredged materiaSa through current 
OF wave action; the introduction of pollutants, trace metals, or organic material from the dredged 
material or earn resuspension of sediments; and textural changes in sediment or substrate type (Sails 
md others, 1977). The investigators concluded that the primary short-term factor affecting benthic 



Figure B-2. The indicated diversity of benthic assembla es 
within the t e s t  site after disposal (Sept. 1975 - June 1974. 
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Sediment characteristics or the affected and intermediate stations were nearly 
identical in January 1976 and were treated as one set for subsequent samplings. 



Figure B-3. Indices of evenness for benthic assembIages at the 
test site after disposal operations (Sept. I975 - June 1916). 
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Sediment characteristics a l  the affected and intermediate stations were nearly 
identical in January 1976 and were treated as one set lor suhequent samplings. 



Figure B-4. Density (N/m2) for benthic assemblages within 
the test site after disposal (Sept. 1975 - Jun. 1976). 
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community ~t the test site was probably the direct butlaf or smothering from deposition of the drd@ 
materid A second possibk short-term h t o r  d d  have been the change in sediment grain size at the 
disposal site. 



The purpose of this parti& study was to describe the composition, abundance, and 
~Tbutiw of d e d  fmftshes and decapod shemes;  to  demIbe feeding habits of dominant Gnfish 
species; and to  assess the impact of dredged material, disposal on w h  and decapod sheufish s p i e s  
in the disposal area CDurkin and Lipovsky, 1977). 

Baseline dab were collected at four pre-selected sites to provide information on the temporal 
and spatid distribution of species of f m h e s  and decapod shellfishes. Tko of the sites selected have 
been used as disposal sites by the Corps of Engineers in previous channel dredging operations (sites 
B d C). One site is located north of the Columbia River shipping chamel, and the other is located 
to the south of the channet Neither site received additional material during the course of the study, 
and the last disposal operation was completed in October 1974, just prior to baseline sampling phase 
of this study. Twa control sites were selected (sites A and D), one to north of the shipping channel 
and one to the south, to serve as a basis for comparison between the sites used for prior & p o d  and 
sites with no prior history of disposal F i e  B5). 

During the second phase of the study, badhe dudies continued at the four initial sites, and 
a Bth site (site E) was selected in July to serve as the experimental dkpod site. This site is located 
to the south of the shipping channel and has no prior histay of disposal, Bathymetrie surreys 
performed after the disposal operation rwealed that a semickular rnwnd approximately 760 m in 
radius and 1.5 m deep at the center had been created (Sternberg and othera, 1977). 

SampIes were collected using an &m semi-Moon shrimp net with a 38-mm mesh net and a 
22-mm cod liner. Two padel  twvs of five minutes each were conducted at each site on a monthly 
basis, weather permitting. Samples were not collected at d sites from Dmember though Metrch due 
to  a heavy concentration of commercial crabbing gear in the area Depths at the sampling stations 
varied between 17.5 m and 40 m. The experimental site was sampled more frequently during the 
actual disposal operation to assess dim& impacts on numbers of finfish and decapod shellfish s p k e s .  
A subsample of the numeridy dominant fish collected in twvs from Jmuarp 1975 through April 1976 
was measured to determine the size structure of the population, and stomach contents were taken to 
determine trends in food utilization. 

Diversity at the four compafative sites was variable, espe&lly during the November 1974 
through May 1975 sampling period F i  B-61, Iargeb due to  the presence or gbsence of sehmlhg 
northern anchovy in the study area When high numbem of anchovy were caught, Iow diversity values 
r d t e d .  S e d  changes in sp&es populations may occur but would require M h e r  investigation 
and exclusion of the &le catch of northern $11&ovy. 

The mnge of diyersiw values observed at the test site did not differ substantially from the 
range of values obaemed at the other sampling stations. However, values at the test site were lower 
than those at the compatlson sites for w e d  months aRRr dkposd, then returned to d u e s  simiEar 
to those of the other sites within seven months of the disposal operation, This latent decrease in 
community diversity may be related to sediment deposition. 

Species richness showed a lower trend h e d  on fewer h h  and species at the test site after 
d i q m d  S e e s  richness values at the test site did recover by February 1976 and were d m h  to 
those values at the four comparative sites. 

Evenness, or the distribution of individuals among species, also showed an a b i l i t y  &om 
Nmmber 1974 to  June 1975 due to presence or absence of n o r t h m  anehwy. A f t e m ,  Wereme 
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Figure B-5. Location of demersal sampling stations. From 
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Figure B-6. The indicated of demersal-associated finfish 
within the test site after 1974 through April 1976). 
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in evemesa values were mhimd at all sites, including the test site. This observed trend at the disposal 
site indicates a relativeIy consistent number of species apparently tolerant to depositim were present 
at the site during and after the disposal. 

Average catch per unit effort (CPUE), the avemge mtch of fish per minute per trawling, and 
avenge monthly number of fish species caught per tow also showed seasonal variations (Figure B7), 
The presence or absence of northern anchovy greatly f l e d e d  the CPUE values during iniM baseline 
study phase b November 1974 to May 1975. The CPUE values in general appeared t o  be higher 
at the sites located north of the shipping channel than thase Iomted to the south, thus indicating spatial 
variations for some dominant species. Whitebait smelt, English sole, and Padfic tomcod were present 
at all sites. Pricklebreast poacher and showy snaiEsh were predominant at the sites north of the 
navigation channel, and butter sole and sanddabs were predominant at the sites south of the navigation 
channeL Northern anchovy and longfin smelt were present at all sites except the test site. Average 
monthly number of species taken per tmwl effort suggest seasonal vetriatiom in the number of iish 
species present. Generally, more k h  were caught in the winter and spring than in the summer and 
fall Figure B-8). 

The CPUE values at the test site during and after dispwal were consistently low. The number 
of q&e8 present at the test site was low during disposal and remained Iow aftemards. Average trawl 
catches at the test site had the lowest number of species of all sites sampled during the disposal, and 
at m e  and three mmths after the Seven months after the disposal, the average monthIy 
number of @es caught at the test site was similar to those values observed at the comparative sites. 

Sizes of dominrrnt fish species were measured to determine if one size class was more afFected 
by sedimentation than another. Although the small numbers of fish collected at the test site make this 
comparison diflicult, in general, it appears that fmh at the test site were usually d e r  than those 
sampled at other sites. Butter sole was the only species common enough to provide data for post- 
disposal comparisons. Individuals were larger at the test site in July, sipScaatly d e r  in the 
August and September, and siguificantly larger in April Sanddabs, English soIe, whitehait, and l o q h  
smelts and sand shrimp were d e r  at the test site than at other sites during and after the disposal 
operation, These obsemtions suggest the possible effects of sedimentation on different sizes of f ~ h .  

Changes in feeding habits are difficult to assess because fish may f e d  in another area prior to 
mpture within the sampling site. Fish caught in the test during and immediately after dispod showed 
an increase in consumption of shrimp and m u d  fish and a decrease in consumption of cumaceans, 
mpepods, mysids, and amphipods compared to the diets of Gsh caught at the other sites. change 
in fwd habit may indicate effects of disturbance w the community or it codd be a n d  s e a s o d  
variation in food selection for that area. One month a f t e ~  the test disposal, the feeding behavior of fish 
at the test site was similar to that of frsh at the other four stations. 

Crangonid shrimp pzcies made up 95.9 percent of the entire decapod shemh catch, while 
Dmgeness crab aamunted for only 3.8 percent of the clatEh, The greatest number of decapod sbellfmh 
w e e  m e  collected during the November 1975 through April 1976 sampling period (Figure 3-9). 
Similar results did not wcur for the same seasen the previous year, thus no consistent pattern of 
seasonal availab'ity was o b s e d  Catches at the test site were low compared to the other sites 
during and immediately after disposal, although site D, also 1-ted to  the south of the shipping 
chamel showed a similar pattern of Iow values. Six months after disposal, the test site had CPUE 
values similar to those observed at the other sites. 

The investigators identiGed the following limitations of the study: 

1. The study lacked a complete par  of initid baseline data to establish the temporat and 



Figure B-7. Comparative numerical catch of finfish per minute 
of trawl sampling effort (October 1974 through April 1976). 
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Figure 8-8. The average monthly number of finfish species 
captured (October 1974 through April 197B). 
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Figure B-9. Comparative numerical catch of decapod shellfish per 
minute of trawl sampling effort (October 1974 through April 1978). 
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qatial di&d"bution characteristics of dominant specieam 

2. The designation of the test site lmtiw was made just  prior to  the disp4sal operation, 
thus limiting the amount of sampling at the site prior to disposal 

3. Ekatme depsition by the dredge vessel was made in a s e m i c k d a r  h d c  at various 
dktancea from the marker buoy, trawl samples were taken partidy from areaa not 
wi thh  the zone of deposition 

Despite these hitatiom, it appears that dredged materid dispod did have an a& on the 
community structure values at the test site. Species diversity, species richmeas, and catch per unit effort 
dues,  which were similar initidly to those of the other sites, fell during or after deposition but within 
seven months of cessation of the dispod operation returned to values corresponding to those from the 
other ites. S i  no sampling occurred at the test site prior to disposal, it was assumed that the test 
site had a s p i e s  assemblage d m h  to  those at the other sites l w t e d  south of the shipping chamel. 





In 1985, Iasphtion Mines, Inc. (now Western Gold Exploration and 'Mining Company, limited 
P a r t n d p ,  or WestGold), initiated mining operations offshore of Nome, The leased area is 
approximately 4 h offshore and extends 18 km along the coast, appmfbmtely 21,750 acres. A 
damshe11 bucket and crane supported by a platform dredge were used in the start-up operation, then 
in 1986, the Bima, a large bucket-line mining vessel, was p&ed for subsequent m h h g  operatiom. 
The is capable of recovering 45,800 m3 of material per day with a process water discharge of 47.8 
million gaflons per day. Typidly, the & processes between 7,600 and 15,300 m' of sediment per 
day. Currently, the vessel operates in 5 rn to 13 m of water and digs to a depth of 10 m. In addition 
to a c t d  mining &ties, exploration activities (ie., core samples) take p h  throughout the year, while 
minifir* is restricted to only the icefree season, mid-hhy to September. After three seasons of 
operation, approximately 225 acres have been mined and approximately 75,000 fine ounces of gold 
recovered (Rusanowski and othem, 1989). 

Through a series of public hearings, written testimonies, and W n q  dismssiom held during 
the permitting process, a list of environmental concerns and issues was compiled These concerns 
served as a guideline for the development of the biological monitoring pr~gmm, whieh then focused on 
providing answers to these concerns. A Project Review Committee was formed, including 
representatives from state, federal, and l d  agencies, mining project groups, and special interest groups. 
The pvpose of this committee is to comment and rwiew the work is currently underway rather than 
reviewing the project w an annual basis. 

The major environmental h e s  are as follows: 

1. Possible interference with present subsistence uses of the area through the loss of habitat, user 
accessibility, or dma ls  avoiding the mined area 

2. Prot&ion of mewable resources, particularly cod, saEmon, he* w, dams, shrimps, king 
crab, and seats. 

3. Potential mercury contamination of the food chain, bioammulation, or increased m e w  levels 
in some species (the area offshore has naturally high levels of mercury due to the covariance 
of mere- m d  gold, and from historical mining operations that used mercuSg CUSDOI, 1988)). 

4. Increasing mercury levels in the natural environment tho@ the resuspension of m e m q  
already in the sediment. 

5. Degmdation of the natural environment due to increased turbidity, smothering of habitable 
substrate, or possible interference with &on migation. 

e. The need for baseline data for the area to use as a basis to assess impact9. 

7. Disruption of benthic habitat, specifically, the alteration of bottom topography or substrates, and 
the possible impacts these changes may have on benthic invertebrate communities, colonization 
rates, and king m b  utilhtion of the area 

8. Possible imp& w the ldng crab fishery through loss of habitat OF food sources or avaidance 
of mining area 



9. Dangem due to possible fuel @Is or weather-related damage. 

10. The ability to modify the monitoring p r o p  to address new issues or concerns. 

Briefly, the monitoring program consists of a water- and sediment-quality component and a 
biological component designed to assess the potential effeds of mining on the l d  ecosystem and 
subsistence resources. The program was developed in two phases, a pre-mining phase initiated in 1985 
to called biological and physical data in the Nome offshore area, and a second long-term monitoring 
phase initiated in 1986. This long-term envitonmentaZ monitoring program consists of five areas that 
forms on the issues and concerns identified during t he  permitting process. 

Side-scan sonar and batbymetric surveys are performed m u a l l y  to assess changes in the 
seafioor topography. Sites are sampled in the mined area, in control areas, and at subsistence-use areas 
to  provide a basis for d k t i i h i n g  between c h q p s  resulting from the operation and those 
from natural mmmences. Surfacesediment samples are collwted from each station used for benthos 
colledion, using a 0.1-m2 grab to a depth of 10 m. Three replicates are obtained from each station, 
Once YEW. 

Belt tram& sumqs are conducted once per year at each benthos station to assess king crab 
abundance and M'bution. During the ice-covered season, a remote operated underwater vehicle 
0 is used to  videotape selected Ioeations, The number and she  of observed king crabs is used in 
the assessment of crab abundance and distribution. Sediment type is noted during crab observations 
to correhte preferred substrates with crab abundance and distribution. Also during the ice-covered 
season, daily and short-term movement of king crab are agsessed by mpturing crabs, then releasing 
them with sonic tags. Catch rates for king crabs are also compared for mined and non-mined areas. 

Benthos sampIea are collected at six sites within the mind, control and subsistence use areas. 
Samples are m W e d  from a 0.1 mZ area using a Venturi-jet suction pump and a 1.00-mm mesh 
collection bag. Infauna are collected once per year during the ice breakup perid in mid-May. A series 
of 35-mm photographs are also taken to dormment the sample site. Results are cornpafed between 
seasons to look at recolonization rates of the mined substrate. 

Water- and sediment-qualiq parametem are monitored rurmrckg to a sampling regime q d e d  
in WestGold'a National Pollutant D h h r g e  Elhination System (NPDES) permit administered by the 
U.S. Environmental Protedion Agency (EPA). The monitoring program includes the measurement of 
turbiditJr* 9alinity, temperature, and dissolved q g e n  levels as well as testing far eight priority trace 
metah (As, Cd, Cr, Cu, Pb, Hg, Ni, Zn). Sampling Iocations include B i  process waters, the down 
current plume, and background control locations. These results are submitted in monthly D k b r g e  
Monitoring Reports to the Water Compliance Section of the EPA This information is a h  provided 
in the annual report of the Prq& Review Committee ( R m o w s k i  and others, 1989). 

Six sampling stations were established within the leased area Two sites, R6 and R?, were 
sekcted within the 'footprint' left by activities. Two .sites, C2 and C3, were used as controls 
and were Imted adjacent to the mining sites, and two sites, S2 and S3, were subsistence-use sites, 
located approximately 10 km away from the mining sites, The two subsistence-use sites were &a 
considered as control sites (Figure 12-1). 

During the 1988 mining season, data were collected for a three dimensional water quality and 
sediment-plume mode4 Disposal From a Continuous Ilkcharge (DIFCD), developed by the U.S. Army 
Corps of Engineers Waterway Experiment Station CDedow and others, 1989). The plume-monitoring 
program consists of a moored, up-current monitoring station that s e m  as a control station and a 



F i g u r e  C-1. Map of sampling stations for WestGold m i n i n g  operations. Fram Rusanmski 
and Gardner, 1989. 



downanent atation that prwides infomation on the dispersal pattern of the effluent plume. 
Turbidity, conductivity, and current speed and direction are measured as well as wave frequency, 
magnitude, and tidal changes. Portable instruments are used to make t m t s  through the plume to 
define the shape and extent of the plume. Turbidity is memured using a nephelometer, which o p t i d y  
measures the amount of suspended particles in the gampIe. Sediment traps are lwted through out 
the study area at various distances from the point of efiluent disc-. These samples provide 
information as to how far different sediment types travel from the point of discharge until they 
eventually resettle. Sediment samples are collected directly from the bucket line at the dredge site to 
identify the substrate composition currently h i i  mined. The data collected during this sampling phase 
is used as jnput for the Wave-Current Sediment Resuspension Prediction model IWCSRP), which was 
developed to analyze the remqemion of bottom sediments. 

The DIFCD model and sediment-resuspension model were used to determine at what distance 
from the point of emuent dkbarge water-quality standards are met, what range of conditions can be 
expected to be encountered during the Me of the mining project, and which discharge codgumtion 
(discharge depth, discharge rate, diameter of discharge pipe, use of deflectors, etc.) results in the lowest 
possible turbidiq and trace-metal eoncentrations at the edge of the plume mixing zone. 

Results from the sediment surreys and side-= sono&raphs revealed obsemabIe & q e s  in the 
aeaflwr sediment type at the control area (Table C-1). This area was monitored to observe impacts 
from naturally occurring disturbance to the area and to assess natural sediment migration of the area 
This site was not subjeded to mining activity. In geneml, changes in overall seafloor sediment type 
composition were obsemd over the 1985-1988 sampling period, with the cobble fraction decreasing* and 
the sand/silt fraction increasing compared on an annual basis. These fluctuations are considered to be 
natural, but further evaluation of this area will be necessary to establish sediment migration. Results 
for the mined areas showed an w e d  increase in coarse-grained material, with an overall deerease 
in fine-grained mate*. This is probabIy due to the sorting of tailings at the outfall and considerable 
amounts of suspended h e  grained material being removed from the area through current movement 
thus expasing the coarsegrained materiaIs. 

A summy of catch rates of red king crab ~ B S  conducted in March of 1988, including site R6 
(mined in 1986), site R7 (mined in 1987), and control site C2. Over a 10-day period, a total of 98 crabs 
were mught at the three sites (Jewett and others, 1989). The catch per unit effort values were not 
sigdlcantly merent among sites. Similar results were observed during the 1987 sampling season 

Indirect impacts on the king crab are determined by examining stomach contents of craba to 
determine major food items on mined and non-mined areas. Crabs taken from mined areas showed 
no signXcant difference in quantib or composition of food in the stomachs (Jewett and others, 1989). 
In 1988, eelgrass was identified as a new food source for crabs coUected in the mined areas. 
Observations made from ROY surveys in the mined areas showed accumulations of eelgrass in the 
depressions Ieft by mining activities. It appears that mining activities did not sect king crab utilization 
of mined substrates. This is probably due to the opportunistic feeding habits of the red king crab, 

Trace metal a d y s e s  are conducted on king crabs and on their major food item. The sampbg 
of mganisms from higher b p h i c  lwels &., fihes, seals, e k )  is conducted only if organisms me 
provided to the program At present, this is a voluntary task in the monitoring program. Results from 
trace metaf analyses of king crab tissues indicate that all metaf levels were withia an order of 
e t u d e  of d u e s  repeed  in literature from other areas. The avemge mercury concentration values 
for king crab muscle tissue were within an order of magnitude those reported for other locations in 
Alaska All trace metal IeveIs except copper, were found to be present at lower levels in crab tissue 
samples than in sediment samples, Crab blood plasma contains hernocyanin, which is comprised of 
copper subunits; therefore, it would be expected that crab tissues would contain relatively high levels 



Table GI. Multi-year mmpmkon of the percent composition of seafloor sediment at each sampling 
station. Prom d e - m  sonar sumeys) 

Cobble 
Sand Wave 
SanWie Gravel 
Sand/Silt 

Cobble 
Sand Wave 
S a n W i e  Grave1 
Sand/Silt 

Sediment Twe 

Cobble 
Sand Wave 
Sand/Fine Gravel 
SandlSilt 

68.2 62.0 N/A 
3.9 0.7 NIA 
0.0 0.0 Nl A 

37.8 37.3 NIA 

Mined Area R6 

11 mined 0 
4 mined 0 

44 mind 30 
41 mined 70 

Mked Area R7 

46 mined 3 
4 mined 2 

23 mined 18 
20 mined 77 

From Rusanowski and Gardner* 1989. 



of copper. After three y m  of monitoring, king crab have shown no general increase in trace metal 
Ievels through h e  and do not pose a health risk to subsistence users (Jewett and othm, 1988). 

Since the mbshte is being remmd and redeposited, there is almost complete ddrwtion of 
fauna in the mined area A major component of the biologid monitoring program f-es on defining 
the amount of disturbance and determining the rate of recohization and the species composition of 
the d t i n g  community. I t  is i s d i f t  to resolve such issues after ody three years of data, but 
preknhaq findings suggest that two years after mining in sand substrates, an assembhge of infauna 
lras recolonized that is similar to those communities at &ed sites. 

Comparisons of total number of tam, densie, and biomass of orpnkms collected fmm eantrol 
and subsistence-use sites indicate that some year-to-par variation occurs at control stations, although 
no combtent patterns of &ease or decrease me evident. Diversity indices and species dcbness values 
gZso show no apparent trends between years at any stations (Figures C-2, C-3). 

W&ck (1986) suggested that the distribution of the number and biomasa of individuals 
amwg species respond differently to distwbance. This difference mn be demonstrated by the 
cornpison of k-dominance cumes for abundance and biomass of the species in the community. Species 
are ranked in d e r  of importance on the x-axis (logarithmic d e )  and percentage dominance on the 
y-axis (cumulative sale). In undisturbed communities, the species biomass m e  will be a b m  the 
species number m e ;  in a moderately disturbed communiQ, the two curves will more ar less coincide, 
and in a gross@ disturbed conutunity, the &es numbera m e  will lie abwe the species-biomass 
cum ( F i e  C-ri). This procedure was origkdy used to detect pollution-induced eEects on benthic 
communities but was later applied as a means of assessing n a t d  and bio2ogical disturbance as well 
(Warwick and others, 1987). 

Results of thia anal@ for the 1988 sampling season indicate that some level of natural 
disturbance was evident in three of the four mmined sites (Figures C-5, G6) (Jewett and otheq1989). 
Control-site C2 showed some degree of disturbance for the two highest ranked species, while 
subsistence-sites S2 and 53 showed more moderate levels of disturbance throughout the communiQ. 
Disturbances may be intense ice scouring and mounding during the ice-breakup p e r i d  Control-site 
C3 showed no evidence of dhturbmce w i t h  the community. &&-sites R6 and R7 rdected 
mderate levels of disturbance Figures C7). 

Two stations were selected to monitor recolmimtiw of benthie organisms following mining 
activities. Station R7 was mind in 1987, and R6 was mined in 1986. Post-mining data have been 
collected for one gear at site R7 and for two years at site R6. Resulta from site R7 indiakd extremely 
low values for densiQ and biomass compared to nnmined sites. These findings were similar to those 
f a d  one year after mining at site R6. The k-dominance curves for site R7 showed the benthic 
communiQ to  be moderately disturbed. 

D d t y  and biomass values increased between 1986 and 1987 at site R6. Faunal d o m i m e  
for the aite shifted from crustaceans to polycbetes. In the 1987 survey, one year after mining, 
plychaetes accounted for nearly 20 percent of the species abundance, while ~~ partf&!y 
m e a n s ,  amounted far 60 percent of the species abundance. In 1988, two years &er miming, 
polychaetes accounted for nearly 75 percent of the faunal population. Although the 1988 sampling 
revealed increases in both biomass and density values, the k-dominance m e  reflected some disturbance 
at the site for the highest ranking species. The cumes from 1987 indicate a relatively undisturbed 
communitgTI whereas the 1988 cumes are more characteristic of a moderately disturbed cornunity 
( F i i  C-8). Although the 1987 curves revealed no signs of disturbance within the community, the 
number of hxa, density, and biomass values all were extreme@ low compared to unmind sites. The 
density and biomass of the community appa~wtly decreased proportionately, thus masking any evidence 
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Figure C - 5 .  K-dominance curves f o r  sites C 2  and S2. 
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Figure C - 6 .  K-dominance curves fo r  sites C3 and S3. 



Figure C-7.  K-dominance curves f o r  sites R6 and R7. 
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Figure C-8, Comparison of k-dominance curves f o r  site R 6  for years 
1987 and 1988, 
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of ~~ that would have been born out in the k-dominance curves. Therefore, the c u m  must 
be used in conjunction with the other pmmeteTs (Jewett and others, 1989). 

In conefusion, the low biomass and density d u e s  at site R7 one year after mining were similar 
to those values at R6 one year alter miuing. The k-dominance m e s  also indicated disturbance at the 
mined site, prmunddy as a result of mining acthities in 1987. Results for site R6 (two years after 
mini& showed an increase in birnaass and density d u e s  over the 1987 results (one year after 
mini@, dth- the k-dominance curves still indicate some level of disturbance in the community. 
A comparison of k-dominance cumes for R6 from the 1987 and 1988 sumeys indicates that the 
community appears ta  be approaching an undisturbed state- 

An identicd benthic monitoring program was also performed for cobble mbshte.  The 
communiQ-structure parameters (number of tax4 density, and biomass) on cobble substrate were 
-1% but not as variable as those obaerved on sand substrate. No consistent patterns of increase 
or decrease were apparent. One year after mining the cobble substrate, the number of density, 
and biomam were extremely low compared to unmined sites. Two years after mining, the community 
was still characterized by few taxa, low numbers of individuals, and low biomass. It appeam that 
rmIonization of cobble jags behind that of smd. 

Trace metala of natudy occumhg elem- were d y e d  for sediment samples collected 
fmm stations down-ent of the processing plume and from atations lmted within a control 
area Dm-current and background trace-metal levels in t he  sediment were usually not statistidy 
different. Arsenic showed a higher concentration d u e  at the control site compared to the value from 
the down-mmmt site, an average d u e  of 65.9 mgkg versua 50.1 mglkg, while mdmium concentration 
values were lower at the control site than at the domament  site, with an average value of 0.63 
mgkg versus 2.6 mgJkg. These differences d d  be due in part to the effects of redistribution of 
particles being discharged h r n  the - 

The State of Alaska established a 500-m mixing zone for the dilution of effluent from the 
d k g  operation. At the edge of this zone, all water-quality criteria must be met. A 100-m mixing 
zone for trace metals is required by the EPA In general, trace-metal criteria for water quality for all 
eight priority elements were met, with the exception of copper and mercury. Where emuent copper 
lweh exceeded permit dowances, the influent levels did as well. Due t o  mercury con-ion in 
the WestGoId h b r a t q  during the 1988 sampling season, all mercury data me susped (Jewett and 
athers, 1989). Concentrations of both lead and zinc were lower in the ef£luent samples than in the 
influent samples, thus indicating the probability of partide adsorption of these elements by the sediment 
during the processing operatiom , Although the data indicates, that the mining operation is not 
increasing trace-mehl concentrations outside the mixing zone, contamination and analytical problem 
do not allow definitive conduslons to be drawn at this time. A more rigorous trace-mekd monitoring 
pro- is being designed to resolve these issues in the future. 

Turbidity values ranged from 0 to 213 NTU (Nephelometric Turbidity Units), with 0 being 
considered the natural backgnjund-turbidity level for the a r a  The majoritg of readings during the 
sampling period fell in the 0 to 20 NTU mnge. A d u e  of 25 NTU above the badground level was 
considered an acceptable 1weL Values greater than 130 WTW were considered to be inflated, due to 
the resuspension of sediment or errors instrument readings (Demlow and others, 1989). 

Vwal obsewations of the plume suggested that the width of the plume could vary greatly on 
a day-teday basis and within a day. The variance in plume width was greatly influenced by the Id 
oceanographic conditions and the sediment-silt content of the material king mined. 

Sediment-trap samples loeatel 1,500 m fmm the pint of efEluent discharge were comprised 



mainly of silt with some s a n d  SampIes from the 500-m station were mainly fine sands. Samples 
collected from the bucket line showed that the substmte Wing dredged ranged from coarse sands to 
well-graded ail& with silt contents ranging from 6 to 40 percent. During periods of high wave activity, 
resuspension of previously settled materid probably amount& for a significant portion of the turbidity 
observed 

A cornparban of emuent turbidity data collectd from the edge of the 500-111 mixing zone 
during the 1987 and 1988 seasons indicates that substantially lower turbidity dues  were recorded in 
1988 due to the implementation of a dkhmge jet that does not entrain air, which causes portions of 
the efnuent plume to rise to the surface. Howwer, discharge eonfigurations (dischafge depth, discharge 
rate, diameter of discharge pipe, use of deflectors, etc.) tested in the field indicated that no c o ~ a t i o n  
r e d t e d  in substantidy lower turbidity values. Any observed variations in plume width due to a 
particular dkharge configuration could not be distinguished from variations mused by the influence 
of changing oceanogmphic conditions or the composition of the material being mind 

Using data colleded on days when the turbidity level exceeded the 25 UTU above badqmmd 
criterion at the edge of the 500-rn mixing zone, the DIFC13 model was used to predict at what distance 
acceptable turbidity lwel would have been reached The model predicted that the maximum distance 
from the point of f luent  discharge where the criterion would have been met was 900 m, with the 
average being 725 m. 

The model waa also used to determine which discZlarge configuration would r e d t  in the lowest 
tupbidiQ values at the edge of the 500-111 mixiag zone. The mode1 could not predict m y  one 
m@wation that wodd r e d t  in the lowest turbidity d u e s  for d possible mining conditions that may 
be experienced during the life of the project. The model was then used ta predict what turbidity level 
d d  be encountered during the life of the mining project. The model predicted that for substrates 
comprised of low percentages of d t s  (less than 6 percent) and effluent discharge rates of less than 50 
million gallons per day, the turbidity level at t he  edge of the 500-m mixing zone would comply with 
the 25 NTlJ abwe hackpound level criterion. With higher silt percentages and greater discharge rates, 
turbidity levels cwld be as bigh as 162 NTU at the edge of the 500-rn mixing zone. 

The D I F O  model makes several assumptiom that limit the effixtiveness of the model results. 
The model does not dm for the resuspension of bottom particles; once materials have resettled on the 
Seanoor, they remain there. A second limitation is that the model. w t a  deveIoped in such a way as to 
assume that the vessel speed or l d  currents are strong enough to cause a "bending of the jet" before 
the bottom is encountered, The final assumption of the model is that the settling of suspended particlea 
occur at a constant rate. 

Much of the engoing rnonibbg pmgmm is f d  on providing smcient data to show that 
renewable resources are not being sigdcmtly impacted by mining activities, Because the nearshore 
surf zone is a critiml habitat for short periods of time during t he  summer, no mining activities take 
place within 0.4 km of the shore or in depths of less than 2.4 m. No mining ia done within 1.6 lan 
around the mouths of dl h o w n  stseam with anadromoua runs of f~hes .  Water intakes for the & 
w e  screened to prevent entrainment of large mhds, and intakes are positioned go that atimds may 
swim by the front of the intake without becoming caught in the system. 
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MARKET DEFINITION 

1. Current  Markets 

Placer resources offshore Oregon contain several minerals of 
possible economic and strategic importance, including 

chromite, ilmenite, garnet, zircon, magnetite, gold, and 
platinum group metals. The markets for  these minerals will 

largely determine the feasibility of placer sands production 
off the Oregon coast. 

Chromite 

The primary market f o r  chromite and refined products, 
including ferrochromium and chromium metal, consists 0 5  the 

metallurgical, refractory, and chemical industries. 

Chromium is used in the  metallurgical industry as an 

additive with iron and carbon to form ferrochromium alloys. 

It enhances hardness, creep and impact strengths ,  and 

resistance to corrosion, oxidation, wear, and galling. Most 

of the metallurgical industry output is stainless steel; 

however, alloy steels, c a s t  i r o n s  and nonferrous alloys also 
contain chromium. 

The refractory industry uses chromite to make refractory 

brick and mortar needed f o r  i ron  and steel processing, 
nonferrous alloy refining, glassmaking, and cement 

production. 

Chromium is used by the  chemical industry to produce 

pigments for paints and i n k s .  Other  uses of chromium 



chemicals include leather tanning, metal treatment, and 

t e x t i l e  dyes, and production of drilling mud. 

The United Sta tes  currently obtains i t s  chromium through 

imports and recycled material. Imports come from the 

Republic of South Africa, Turkey, Zimbabwe, and Yugoslavia. 
Domestic chromite consumption was about 253,000 metric t o n s  
in 1988 in t h e  chemical and metallurgical industries, and 

ferrochromium consumption was 184,000 metric tons. 

While the world demand for  chromium and ferrochromim 
remained steady i n  the 1970s, it is now strong because of 

increased stainless steel production in the United States,  

Japan, and Europe. Foreign production of ferrochromium has 

displaced some domestic production in recent years, 
resulting in a limited ferrochrome conversion capacity in 
t h e  United S t a t e s .  Government stockpiling and United 
Nations sanctions against  Southern Rhodesia (now Zimbabwe) 
in the past have contributed to price fluctuations in recent 

decades. Chromite prices reached a high of $ 3 4 5  per metric 
t o n  in 1976 and are now about $70 per metric ton. 

Chwomite prices vary depending upon the physical and 
chemical specifications of t h e  ore. For the metallurgical 

industry, the chromic oxide content  must be over 46% with a 

Cr:Fe ratio of about 1.5. The refractory industry needs 
chromic oxide content over 60% and a silica content below 
1%. Other associated elements such as alumina also must be 

low in concentration, The industries consuming chromite 

concentrate require the above specifications and do n o t  

process the concentrate to meet their requirements, 

In the year 2000, annual U.S. chromium censumption is 

estimated to be from 630,000 to 1,000,000 tons, assuming an 

average growth of 6.5% per year. 'She probable demand in 
1990 is 400,000 tons, Chromium is considered s trategic  due 



to its use in steel alloys, especially f o r  aircraft 
components. 

Titanium 

The market for the  titanium mineral ilmenite is primarily 
f o r  manufacturing titanium dioxide pigments. Commercial 

i l m e n i t e  concentrates must conta in  at least  50% TiO2. Lower 
values would be difficult to sell but could be beneficiated 
by smelting to produce a high Ti02 slag. Since 1985, prices 
have increased 20% per year to as high as $70 per metric ton 
in October 1989, TiQ2 slag now costs about $275 per metric 

ton,  

In 1988, two firms in Florida produced ilmenite concentrate 
from placer sands. Ilmenite and titanium slag were consumed 

by ten companies in the  U.S., with four titanium pigment 

producers using 99% of the total. The balance was used f o r  

welding rod coatings and manufacturing af metals, carbide, 

and chemicals. 

The pigment industry consists of two sub-markets; pigment 

plants t ha t  use a chloride process and those that employ a 

sulfate process. W h i l e  su l fate  plants need 50% Ti02 feed, 

chloride plants  reportedly require a slightly higher Ti02 

feed. Current demand is met by Florida production and by 

imports of natural rutile (TiOZ) from Australia, Republic of 

South Africa, Canada, and Sierra Leone. Annual W.S. demand 

for processed ilmenite and slag is about 770,000 shor t  tons .  

The United States has two sulfate plants located in t h e  east 

which require 117,000 short  tons of feedstock annually. The 

1988 value of U . S .  ilmenite and titanium slag consumption 

was about $155 million. Rutile consumption in 1988 was 

about 8157 million. 



Sulfate process technology is losing favor due to waste 

disposal problems; the U . S .  plants use slag rather than 
sulfateable i lmenite  to reduce waste volume. 

The feed quality requirements for  the sulfate process 
include low levels  of trace elements:  1) chromium 

sesquioxide (Cr20g) less than 0,1%, 2) vanadium oxide (V205) 
less than 0,5%,  and 3 )  the r a t i o  of ferrous oxide to ferric 

oxide (FeO/Fe203) should be as high as possible. 

Oregon ilmenite may or may not  be sulfateable,  and if no t ,  

would need upgrading by slagging el: conversion to synthetic 
rutile. Both methods remove iron, producing higher T i 0 2  

content. Titaniferous slag has about 80% TiOZ, while 

synthetic rutile is about 92%, Oregon ilmenite would 
probably be too iron-rich and titanium-poor for  the chloride 

process. 

Oregon i h e n i t e  could be used by the two existing slagging 

plants  located in the  Republic of South Africa and in 
Quebec, Canada (Mark Whitney, personal communication). 

A f t e r  upgrading, the slag may be salable as a commercial 

product. Further testing would be required to determine 

which process would be most suitable.  



Garnet 

Garnet is used primari ly as an abrasive, and to a lesser 

extent  as a f i l t r a t i o n  agent. 

The market  for garnet in the U.S, was estimated by the U.S. 

Bureau of Mines to be about 40,850 short tons in 1988. The 

United S t a t e s  is a n e t  exporter of garnet, although some is 

imported from Australia. 

For new sources of garnet to be profitable, proper grain 
size as well as low production and transportation costs 

would be necessary. 

Zircon 

Zircon is used mainly in foundry sands, refractories, 

ceramics, abrasives, and as a source of zirconium metal. 

The U.S. is a n e t  importer of zircon even though domestic 
production has increased in recent years. The use of zircon 

in refractories, ceramics, chemicals, and as a source of 

hafnium, is expected to increase. The use of zirconium 

metal in the production of corrosion-resistant alloys and 
other specialty alloys is also expected to increase. 

Applications in structural ceramics and glazes for  ceramic 
t i l e  are also boosting demand. 

There appears to be an unmet demand for zircon that has 
continued for  two years. The price in October 1989 was $400 

ta $475 per metric ton. 



Maqnetite 

Magnetite is used as an iron ore; the  U.S. is a ne t  importer 

of this commodity. 

There are specialized uses fo r  magnetite such as a flotation 

medium f o r  coal and as a weighting agent f o r  concrete, 
However, few statistics are available to substantiate 
magnetite supply and demand in those applications, 

Gold and Platinum Group Metals 

Gold is produced from about 435  lode and placer mines in the 
U . S .  The principal uses are in jewelry and arts (58%), 

industrial (mainly electronic)  ( 3 5 % ) ,  and in dentistry (7%) .  

The U . S .  has traditionally been a ne t  importer of gold, but 

has been self-sufficient since 1988. A meaningful n e t  

import-export balance is difficult to determine due to t he  

large unrecorded investor stock changes. 

Domestic mine production f o r  1989 will be about 7.4 m i l l i o n  

ounces, The 1989 average value was $ 3 8 2  per ounce, with an 

average value in December a£ $410. 

There is no designated strategic stockpile supply of gold, 

but the U.S. Department of the Treasury maintains stocks of 

gold fo r  economic purposes. 

The platinum group metals (PGM)  consist of platinum, 

palladium, rhodium, ruthenium, iridium, and o s m i u m .  

Although platinum and palladium are produced in the U . S . ,  

the country relies heavily on imports of these and the 
remaining PGM's. Imports are primarily from the Republic of 

South Africa, Canada, and the United Kingdom. Uses include 



automotive catalysts, petroleum refining, jewelry, 

electronics, and investments. 

The price fo r  platinum was $475 per ounce at the end of 

October 1989. 

2. Stratesic Stockpile Proqrams 

Current stockpile data are presented below. Trends for 

stockpiled tonnages, depending on the commodity, may be 
increasing, decreasing, or steady. 

September 30, 1988, stockpile data: 

Chromium 

Material 

metallurgical-grade chromite 
chemical-grade chrornite 

refractory-grade chromite 
high-carbon ferrochromium 

low carbon ferrochromium 

f errochromium-silicon 
metallurgical-grade chromite 

(nan-stockpile grade) 

chromium ferroallays 
(non-stockpile grade) 

Inventory 

1,500,000 metric tons 
270,000 t v 

355,000 " I I  

487,000 " t t 

272,000 " 1 t 

52 ,000  " 11 

215,724 " 11 



Material Inventory 

i lmenite none 

rutile 39,000 short tons 
titanium sponge metal 2 5 , 9 6 5  v~ ~t 

nonstockpile-grade sponge metal 10,866 II 

Gold and Platinum Group Metals 

Material 

gold 

platinum 

palladium 

iridium 

December 31, 1988, stockpile data: 

Material 

zirconium 
garnet 

magnetite 

Inventory 
none 

440,000 oz 
1,262,000 oz 

30,000 oz 

Inventory 

none 

none 
none 

3 .  Expected Marketability 

Garnet and magnetite appear to have saturated and s table  
domestic markets at the  present time, However, there is 

demand f o r  zircon is increasing. 

There is currently ample demand fo r  ferrochrome because of 

high l e v e l s  of stainless steel production. Consequently, 

prices will l i k e l y  continue to rise over the near term 



(Mining Magazine, April 1989), then begin to fall when 

stainless steel production levels out. 

C h r o m i t e  in Oregon" offshore placer sands has Cr:Fe r a t i o s  

in the range 0.2 to 1.43 as determined by preliminary 

microprobe analysis. These values are lower than the 1.5:l 

r a t i o  required by the metallurgical industry. However, the  

chemical industry has lower requirements for manufacturing 
sodium dichromate, chrome p la t ing ,  tanning, and pigment 

production. 

Since the price of chromite concentrate is determined mainly 
by its Cr:Fe ratio, f u r t h e r  processing will not l i k e l y  add 

value {Bruce L i p i n ,  personal communication), 

The U.S. is a n e t  importer of ilmenite. The sands would 

probably be of sufficient quality for slagging plants, which 
enhances the Ti02 content. Conversien to synthetic rutile 

would be another aption. Using t h i s  procedure, iron would 

be removed to yield higher T i 0 2 ,  to make t h e  ilmenite 

attractive f o r  marketing. 

Any gold recovered from the placer sands would be 

marketable. 

Platinum group metals are primarily imported, mainly for 
automotive catalysts and jewelry. Current  PGM prices are 

$480 per ounce f o r  platinum and $142 per ounce fo r  

palladium. The Bureau of Mines reported (OFR 19-88) that 

world sources of platinum and rhodium, other than South 

Africa, would not meet U . S .  industrial demand. This 

demonstrates the need f o r  a domestic source of supply. 
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ECONOMIC 6 STRATEGIC ANALYSIS 

ECONOMIC OUTLOOK 

The following preliminary economic analysis is based on 
geologic models of offshore deposits by K u l m  and Peterson 
( 1 9 8 9 )  and a preliminary economic appraisal prepared by t h e  

U . S .  Bureau of Mines (Wetzel and Stebbins, 1989). - The 

u t i l i t y  of the qeoloqic model and preliminary economic 

appraisal is constrained by the  lack of adequate samplins of 
the offshore resources and the limited information available 

on the  precious metal content. 

The preliminary economic analysis reveals that the assumed 
volumes of placer deposits estimated by Kulm and Peterson 
(this volume) could support more than 20 years of operation. 

Recoveries of various products would l i k e l y  range from 79% 

to 84%.  The products 05 a mining and processing operation 
would be separate concentrates of chromite, ilmenite, 
precious metals, zircon, and garnet. A t  the  assumed grades 

and metal prices, the rate of return would be negative 
without the recovery of precious metals, i . e . ,  the  

hypothetical mining and processing operations appear 
unprofitable under the parameters of the scenario presented 
by Wetzel and Stebbins (this volume) .  The offshore deposits 

would be economically viable  at present commodity prices if 

precious metals such as gold and platinum were present and 

recoverable in sufficient quantity te increase the rate of 
re tu rn  by $3.00 to $3.50 per ton of dredged "oreH. 

The three resource areas, as modelled by Kulm and Peterson 
(this volume), contain variable proportions of recoverable 
products. The potentially valuable heavy minerals in all. 

the resource areas in relative order of abundance are 
ilmenite (titanium) and magnetite (iron) w i t h  lesser 

quantities of chromite (chromium), garnet and zircon. 



Precious metals are l i k e l y  but sampling data are lacking to 
confirm their  presence or abundance. The southernmost area, 

off  the mouth of the Rogue River, contains a relat ively  
higher proportion of chromite and garnet as compared to the 

central area, near Cape Blanco, which has a preponderance of 

ilmenite, The northernmost known area, off the Umpqua 

River, is predominantly i lmeni te ,  with lesser amounts of 
garnet and chromite. 

The economic outlook for  the offshore minerals is dependent 

on assumed resource grades and commodity prices. The 
presently assumed resource qrades are based on shallow 
samples t ha t  outline potential resource areas, but the 

samplinq data are clearly inadequate to undertake definitive 
economic appraisals. The prices used in preliminary 

economic analysis (Wetzel  and Stebbins, this volume) are 

based on recent market conditions. I t  should be noted that 
analyses of a few shallow samples revealed values of 

chromium oxide i n  chromite i n  t he  range of 26.9% - 41.6%, 
whereas the assumed market value of $54.42 per short ton is 

for concentrates containing greater than 40% chromium oxide. 
Similarly t h e  relatively few i lmenite  samples analyzed to 
date contain 41.9% - 4 7 . 4 %  t i t a n i u m  dioxide, whereas t he  

assumed price in the marketplace is based on Ti02 contents 
generally greater than 4 5  percent. 

The price trend f o r  titanium minerals has been increasing in 
recent years. Nominal prices f o r  bulk lots have risen from 

about $20 U.S. per metric ton in the late 1970s to the range 
of $70 to $78 in early 1989. However, known resources are 

large and additional production capacity is under 
construction. The f u t u r e  price trend cannot be forecast 
with accuracy. 

Chromite prices declined in the early 1980s as world steel 

production slackened. Some chromium product prices moved up 



in nominal dollars after mid-1983 although excess production 
capacity and exchange rate fluctuations probably moderated 
the price changes as demand rebounded. The outlook f o r  

chromite and chromium ferroalloy prices is uncertain and is 

subject to foreign exchange rates, U . S .  policy on 
stockpiles, and possible dislocation of supplies due to 

p o l i t i c a l  events in southern Africa. 

Nominal zircon prices have increased over the period 1963 to 

1989. However, prices in constant dollars have been 
generally stable except f o r  some volatility in the m i d -  

1970s. 

Garnet prices in constant U.S. dollars have remained 
relatively steady during the past two decades although the 

relatively small size of the world market and variable 
quality of various garnet products makes generalization 
difficult. A substantial increase in procluction from new 

sources would likely destabilize prices. 

STRATEGIC CONSIDERATIONS 

The placer resources offshore Oregon may have a possible 

future strategic value to the  United States. However, the 

strategic importance of these resources cannot be fully 
evaluated at this time because of the l a c k  of definitive 

information on s i z e ,  grade, and precious metal content. 
Furthermore, the resource areas, as used for  the modelling 

and preliminary economic analysis, are defined from widely 

spaced shallow samples. In general, the offshore areas 
adjacent to Oregon have not been systematically examined for  

mineral resources. 

In terms of strategic value, the possible minera l  products 
can be ranked as follows in order of decreasing importance: 



chromite ,  plat inum group metals, zircon, and ilmenite. Gold 

may be of economic value but of lesser strategic value. 

Chromite and i ts  refined products are the only current 

sources of chromium which is of utmost strategic importance 
to the United States. Chromium is an important and 
necessary component of alloy steels which have multiple 

industrial and defense applications, The strategic 
vulnerability is heightened due to the nation's current 

dependence on chromium raw material sources in southern 

Africa, Turkey, and Yugoslavia. There is no current mine 
production of chromite in the United States.  

Platinum and associated metals such as palladium are 

possibly contained in the offshore deposits but the 

concentrations are no t  known. The nation is dependent for 
new mine supplies on southern Africa, Canada and a single 

source in the United States. 

The mineral zircon is used as a raw material for  a var ie ty  
of commercial applications including a source of zirconium 
for alloys fo r  nuclear applications. Imports from Australia 
and the Republic of South Africa furnish most of the cur ren t  

domestic supply of zircon. 

Ilmenite is produced.in Florida,  Canada, Australia and t h e  

Republic of South Africa. The principal application is in 

the manufacture of pigments for paints. In the United 

States over 99% of the i l m e n i t e  consumed is used for 

pigments, 

The United Sta tes  produces significant and increasing 

quantities af gold and will likely be self-sufficient in the 
years ahead. Certain electronic applications could be 

considered strategic. 



Magnetite is used worldwide as a source of iron. However, 

substantial domestic resources are available and major iron 

ore imports are obtained from Canada and Brazil. 

Garnet is used principally fo r  industrial applications, 

including abrasives and filtration, where substitutes are 
available. Domestic producers in Idaho, Maine, and New York 

have been t h e  dominant suppliers to U . S .  markets. Garnet 

has little, if any, strategic importance. 



Section 6.0 



The Task Force recommends limited collection of additional 
data on Oregon marine placer minerals and associated living 
resources. 

Several subjects w i l l  have to be examined when considering 

poten t ia l  development of placer deposits offshore southern 
Oregon, These include: a marketing analysis based upon 

resource description; questions concerning at-sea separation 
of heavy minerals; the existing physical and biological 

environment; and a mining impact analysis. In addition, a 
socio-economic analysis must be completed. These data gaps 

can be addressed in a stepwise fashion in the future. 

Additional information i s  needed on placer mineral 
concentration and quality with depth in the sand section. 
Sampling to date is based upon box and p i s ton  cores with 

seabed penetrations of 40 centimeters and 1.0 meter, 

respectively. Sand thickness on t he  shelf ranges from zero in 
rocky areas to 15 meters depth north of Cape BPanco and to 
greater than 33 meters depth northwest of the  mouth of the 
Rogue River - far  thicker than the depth of current samples. 

The onshore relict placer mineral deposits in marine terraces 
( e , g . ,  Seven Devils and Pioneer mines) show significantly 
increased percentages af heavy minerals w i t h  depth. Since the 

offshore resources are believed to be an analog of these 

upland terrace deposits, it is reasonable t o  expect higher 

percentages of heavy minerals with depth offshore as w e l l .  

D r i l l  holes i n  the onshore placer terraces have penetrated as 
much as 25 meters of sand with up to 12 meters of 

"chromiferous sandv at the  bottom of t he  sand section (Griggs, 

1945), Typical thicknesses of the Seven Devils Terrace are 7 

meters with th icker  areas up to 15 meters, while  the Pioneer 



Terrace is t h inne r  at 4 meters. Bath deposits have basal 

zones of elevated heavy mineral concentrations (Peterson, et 

al., 1987) and have a history of mining. while heavy mineral 

concentrations are widely variable, samples from mined areas 

exhibit the following averaged compositions by weight: 

chromite 32.8% (range 18.4 to 48 .8%) ;  i lmeni te ,  6.0% [range 

2.8 to 8.3%); garnet 23.1% (range 10.2 to 2 8 . 8 % ) ;  zircon 2.2% 

(range 1.5 to 3.0%); and rut i l e  . 3 %  (range -1 to . 5%)  (Griggs, 

1945 ) .  Gold and platinum group metals are also present. 

In conclusian, we recommend: 

11 A d r i l l  sampling program f o r  the  Cape Blanco and 
Rogue River resource areas to examine the lateral extent 

and vertical dimension of placer mineral resource. By 

concentrating on one or two resource areas, a more 

focused program can be carried out. The Cape Blanco 

resource area has a goad combination of features which 
lend themselves to a possible economic resource: a good 

Cr:Fe ratio in chromite compared to other Locations, some 
gold likely, and close proximity to the Port of Coos Bay .  

The depositional environment represents a relict headland 
regime, The Rogue River resource area is l i k e l y  to be 

relatively high in chromite and gold, and represents a 
river plume regime. 

Cape Blanco would be the first priority for drill 

sampling, with the Rogue River resource as a second 

priority. The Umpqua resource area would be of lower 

priority at this time but might warrant exploration if 
results were favorable at the Cape Blanco and Rogue River 

sites. 

An accepted method of sampling at depth i n  a shallow 
marine sand deposit is by vibracore drilling. Locations 

f o r  drill stations would be derived from results of 



previous studies or by seismic gravity and magnetic 
surveys done as a part of a future cruise.  

2 )  A continuing investigation of the existing 
environment to be undertaken concurrently with the 

mineral sampling program, Sampling should be designed to 

provide information on the physical attributes and 
biological inhabitants of the benthic and pelagic 

habitats. The stations at sea occupied far minera l  
sampling should be used fo r  biological sampling. Benthos 

could be sampled with a dredge or corer. Infauna could 
also be sampled by subsets of the mineral samples. 

Demersal f i s h  and invertebrates could be sampled by otter 
or beam trawl. Observations on seabird and marine mammal 

populations should be conducted in conjunction with 
bottom sampling if ship space is available. 

3 )  In addition to the geologic and biologic studies to 
be performed, an analysis of the socio-economic effects 

of offshore placer mining will be needed if initial 

studies indicate economically recoverable minerals e x i s t .  
Such an analysis should be based upon the scale of mining 

operation assumed in the U.S. Bureau of Mines report. 



Appendix 



RESPONSE TO COMMENTS 

General 

Comment: A13 Task Force business should be conducted in 
public, at well publicized meetings and with public 
participation. 

Response: The Oregon Placer Minerals Task Force w a s  
established as a public precess. The public will 
continue to be informed of, welcome at and have 
opportunity to comment in a l l  future task  force 
meetings. 

Comment: One commenter asked who would be responsible if 
environmental damage occurred during lease 
development. 

Response: The responsibility for damages resulting from a 
lessee's actions would ultimately fall upon the 
lessee. The type of environmental damage would 
dictate the appropriate remedies to be taken by the 
lessee. I t  i s  important to note  that certain 
federal and state agencies have responsibilities 
related to a lessee's activities. In federal waters 
on the  Outer Continental Shelf (OCS), the Director 
of the Department of the Interior's Minerals 
Management Service is responsible fo r  the regulat ion 
of activities to assure t h a t  a l l  operations 
conducted under a lease or right of use and easement 
are conducted in a manner that protects the 
environment and promotes orderly development of OCS 
mineral resources. The activities are to be 
designed to prevent serious harm or damage to, or 
waste of, any natural resource, any life, property, 
or the  mar ine ,  coastal, or human environment .  The 
Oregon Division of S t a t e  Lands is responsible for 
administering mineral leases in offshore waters 
under s t a t e  jurisdiction. 

Comment: Concern was expressed by an individual that a placer 
mining operatian would be of little benefit to the 
economics of communities along t h e  southern Oregon 
coast - much less the Oregon economy in general. 

Response: A placer mining operation along the southern Oregon 
coast would generate employment, tax revenues, and 
royalty and other income. Under present laws, the 
royalty income would accrue to the Common School 
Fund of the State of Oregon. Inasmuch as the 
magnitude of any of these revenue streams is 
contingent on the  size of an operation, and given 
that no company has indicated a definite interest 
in, or proposed an operat ion to mine the placer 
sands along the  southern Oregon coast, estimating 
the economic impact such an endeavor would have on 



the s ta te  of Oregon or local  economies would be 
difficult, As a part of t he  process t o  evaluate any 
proposal to mine the  placer deposits along the 
Oregon coast, an economic and f i sca l  analysis would 
be a valuable and appropriate part of the  overall 
environmental impact analysis, 

Comment: Placer deposits water depth ranges from 56 feet near 
shore to 295 feet seaward. Fifty-six feet happens 
to be prime sea urchin, sea cucumber, etc,  depths, 

Response: Harvest of sea urchins occurs primarily i n  water 
depths between 40  and 60 feet. The f i she ry  occurs 
i n  rocky areas where placer deposits would n o t  be 
extracted, t h u s  dredging f o r  placer deposits would 
not l i k e l y  interfere with sea urchin fishing. Sea 
urchin  populations on reefs could be adversely 
impacted if dredging occurred near enough that 
increased turbidity or siltation affected the  reef. 

Comment: Two hundred fifty dredging days per year would in 
our opinion ruin the Rogue salmon fishery. 

Response: The salmon and steelhead runs on the Rogue River are 
same of the most important on the West Coast, 
Environmental changes caused by placer mining near 
the mouth of the Rogue may cause impacts for 
salmonids entering the r iver  and should be 
evaluated. A dredge anchored i n  traditional salmon 
fishing areas could disrupt recreational and 
commercial fisheries; the extent of disruption would 
depend on the exact location of t he  anchored dredge, 

Comment: A cornenter stated that the  resource report by Kulm 
and Peterson does no t  show a rationale for  benefits 
to the local economy of Gold Beach, Oregon. 

Response: The Task Force did not expect nor request that the 
resource report include a socio-economic analysis 
and identification of economic effects. The 
objective of the Kulm and Peterson report was to 
analyze currently available resource data to help 
the Task Force in i t s  decision on whether or not to 
recommend an economic feasibility study. Tn the 
event a future decision is made to offer the  
minerals offshore Oregon for lease, a socio-economic 
assessment will be conducted. 

Comment: Have the  magnetic data been modelled? Why only 
magnetics? What about seismic?; Side-scan? 

Response: Comment addressed in report. 



Comment: Were only su r f i c i a l  samples taken? 

Response: The report listed sampling equipment as Smith- 
McIntyre grab, Shipek sampler, and box-corer. The 
maximum depth of sampling was 40 cm. 

Coment: How can these data be used for an economic model if 
there is n o t  third dimension? 

Response: The recommended 1990 work plan will present a 
program to sample the third dimension in the 
sediments. 

Comment: How were the figures arrived at in ppb? Were the 
samples panned? Has a size analysis been completed 
on the gold? 

Response: The figures were derived by analysis of analytical 
portions pre-concentrated from approximately 1000 g 
samples of sediment by procedures described in 
Figure 2 of Clifton, Phillips and Hubert, (Marine 
Sediment Sample Preparation for Analysis for Low 
Concentrations of Detrital Gold, U.S.G,S. Circular 
5 4 5 ,  1967). These procedures, which do not include 
panning, are designed to concentrate a l l  of the gold 
present in t h e  original sample into the portions 
that are analyzed by a combination of w t  chemical 
and atomic absorption techniques ( w i t h  a minimum 
level of sect ion of 0.1 to 0.2 ppm g o l d ) .  The 
values thus obtained were converted to weight and 
the combined weight of gold in a l l  the portions was 
then divided by t h e  weight of the original sample, 
yielding values in the ppb range. 

Size data.for gold on the Oregon shelf are presented 
in U.S.G.S. Circulars 545 and 587 (1968) and a 
detailed size analysis is given for gold in an 80- 
pound sample of sand from a black-sand beach a short 
distance north of the mouth of the Rogue River in 
U.S.G.S. Professional. Paper 625-C (Sample Size and 
Meaningful Gold Analysis, 1969). These studies 
indicate that the size distribution of gold in the 
shelf sand resembles that of gold on the  present 
beaches; the gold ranges in size from about 0.040 to 
0.250 mm in diameter and its maximum significant 
diameter is slightly more than 0.250 mm. 

Comment: Does the K u l m  and Peterson report say the processes 
which formed the on-shore placers are the same 
processes operating in the offshore today? 

Response: The report uses this as an underlying assumption in 
developing the heavy mineral and magnetics models. 
A more thorough discussion of this relationship is 



found in the  referenced papers Kulm (1988) and 
Peterson, et al. (1988). 

Comment: The report by Kulm and Peterson is a good one in 
light of the limited information available. 

Response: No response. 

Comment: The t i t l e  of the report could more accurately 
represent its con ten t s  if it were '%A assessment of 
the composition and volumes of placer deposits off 
Cape Blanco,  Rogue River and Umpqua River, Oregon," 

Response: The existing title was adequate and the Task Force 
did n e t  t h i n k  the authors needed to make a change, 

Comment: The presentation of a summary at the beginning of 
t h e  report i s  very useful. This initiative should 
be carried one step f u r t h e r  i n  r e f i n i n g  it as a 
technical abstract of the report. 

Response: The summary serves the purpose of a t e c h n i c a l  
abstract, and does n o t  need to be rewritten or 
relabeled. 

Coment: Concern was expressed by an individual that the 
results of the magnetic model assessment of t h e  
offshore placer mineral deposits should be presented 
in the  report and indicated to represent a lower 
bound of placer mineral content. 

Response: Because these data are contained in other recently 
released reports by Kulm and Peterson, t h e i r  
i n c l u s i o n  in this report was not believed to be 
necessary. 

Coment: The results of the magnetic model assessment are 
introduced as representing a minimum size of place 
deposits, yet are a l l  but  withdrawn as  unreliable. 
The analysis suggested that mineral tonnages 
estimated with the magnetic model are 1/7 to 1/10 of 
those assessed using the al ternate  heavy minerals  
model. The estimates of the magnetic model should 
be provided in metric tons, along with an 
appropriate disclaimer as to their reliability, 
rather than be withheld. They provide a rough 
estimate of the lower bound of the placers1 minera l  
cantent and are useful i n  t h i s  regard, 

Response: Coment addressed in report. 

Comment : The suggestion t o  conduct high resolution magnetic 
surveying and deep vibracering would increase t h e  
quality of the information on placer deposits but is 



not supported by the economic appraisal of the 
mining operations (Wetzel and Stebbins, 1989). The 
phrase "are required to establish (mineral 
deposits)" should be reworded as "would improve 
estimates of." A n  appendix estimating the range of 
costs fo r  various levels of surveying and/or coring 
should be developed and attached in order to provide 
readers some insight into how much it will cost to 
"assessu economic potentials of mining these 
deposits. 

Response: No response. 

Comment: A methods section should be prepared and inserted to 
describe in some detail the t w o  alternate analytical 
models, their requisite data and their l imi ta t ions .  
The brief section, "Placer Modelsrt' is a good s ta r t  
on a methods section but lacks  the d e t a i l  needed by 
the t e c h n i c a l  reader unfamiliar w i t h  these models. 

Response: Comment addressed in report. 

Coment: The section on heavy metal concentrations should 
list, once again, these minerals. 

Response: Comment addressed in report. 

Coment :  The sect ion en gold concentration should be labelled 
correctly. 

Response: Comment addressed in report. 

Comment: The phrase t'10-20% i n f r  is superfluous to a 
discussion- of deposit depths and has been previously 
discussed in a discussion of mineral contents. 

Response: No response. 

Comment: The discussion of the magnetic model undervalues the 
utility of its assessment as a lower bound of placer 
mineral deposits, A ten  percent difference between 
lower and upper bounds for  estimates of 1-10 million 
metric tons for  individual minerals does not seem 
unreasonable for a preliminary assessment. 

Response: No response. 

Coment: The observation that Ifthe large total surface area 
represented by t h e  heavy metals halos in the surface 
sediment probably over-estimates t h e  total volume of 
t h e  placersM is an  important  reference t o  the 
reliability of the heavy metals model. I t  should be 



included with the estimates ef the heaw mineral 
model provided in the abstract, just as-disclaimers 
for the magnetic model have been provided. 

Response: Comment addressed in report.  

Comment: In light of the treatment of the results and 
uncertainty of each model's assessment, the report 
seemed biased in favor or maximum estimates of the  
placer deposits. The report should be modified to 
provide a more technically objective presentation, 

Response: No response. 

Economics 

Coment :  Why a tailing suction hopper dredge? What are the 
ambient sea conditions? What will the dredge 
availability be w i t h  t he  rough sea conditions? Do 
they really think spirals will work even with swell 
compensation equipment in 25-40 ft. seas? 

Response: The trailing-suction hopper dredge was selected 
primarily based on portability. Frequency of storm 
events, wave heights and open ocean conditions 
require a dredge that can be moved onsite or o f f s i t e  
relatively quickly and on short notice. Until a 
deposit is located and t h e  specifics on water column 
depth and deposit geometry are known, there i s  no 
justification for attempting to speculate any 
f u r t he r  on what type of mining system will be 
employed. It would appear obvious that operations 
would not take place in 25 to 40 ft. seas. 

Comment: It seems very complex for a gravity operation 
process on board. Wouldn't it be better to process 
the  material onshore, perhaps at least t he  t o t a l  
heavy mineral f rac t ion?  

Response: The only onboard processing is spiral concentration. 
All separation of the heavy mineral fraction is done 
onshore. 

Coment: Capital costs are unbelievable? They need to figure 
ou t  more acceptable vessel economics. 

Response: It was suggested by Mr. Rusanowski that capi ta l  
costs  of more than $ 4 5  m i l l i o n  w e r e  high and a 
figure of about $20 million would be more realistic. 
It should be noted t h a t  over $20  million of the 
estimated capital  is for research and development, 
engineering, and contingencies. Large R & D and 
contingencies amounts were included because it is 
believed that the deep water and t y p i c a l l y  rough 
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seas would require more than the usual research and 
system modification pr io r  to implementation. If in 
fact ,  existing technology can be successfully 
applied, then these cost categories can be reduced. 
Mote that at present, base-case resources do not 
contain sufficient mineral values to exceed 
operating costs (without precious metal values)  and 
thus, reduced capital costs would not enhance 
economics. 

Comment: The report by Wetzel and Stebbins is a good study 
for a preliminary assessment. I t  integrates 
information on probable deposit sizes and 
compositions with transportation and processing 
projections and market information. The canclusion 
that "grades (of mine ra l  deposits) from surface 
samples are too low to y ie ld  profitable operations 
without significant recovery of precious is 
supported by the analysis. 

Response: No response. 

Comment: An abstract of the methods, results and conclusions 
would improve t h e  information service of the report. 

Response: Comment addressed in report. 

Comment: The basis for estimating the mass of the mineral 
deposits should be provided along with the brief 
discussion of the resource models in a methods 
sect ion,  

Response: The release of this report includes the Kulm and 
Peterson report in the same publication. The Kulm 
and Peterson por t ion  includes the basis for 
estimates and the resource models, they were not 
included in the Bureau 0 5  Mines repart. 

Comment: The uncertainty of the minera l  content of the placer 
deposits is noted. Tables pro jec t ing  the mine ra l  
contents of the placer deposits should include 
ranges which reflect some of this uncertainty rather 
than simple point estimates. 

Response: The base-case models provided by OSW were determined 
by surface samples and are assumed to represent 
minimum mineral values. Because insufficient data 
e x i s t s  to adequately estimate mineral con ten t ,  the 
primary goal of this study was to estimate what 
mineral values would be required to constitute a 
viable mineral deposit offshore. As a result ,  36 
individual cashflow analyses were performed to make 
this determination. Every analysis indicated that 
precious metals must be recovered. Resource data on 
those metals does not yet exist. Thus, it would be 



premature to investigate other options until 
additional exploration is conducted, 

Comment: The order or presentation of minerals should be the 
same i n  both t h e  text and t h e  tables. The 
convention may be either alphabetical or according 
to relative masses. 

Response: Point  well taken. Future investigations concerning 
Oregon's offshore placers will incorporate this 
suggestion. 

Comment: It appears that the U . S .  is a net exporter of 
ilmenite. This should be pointed out .  Information 
en the c o s t s  of transporting ilmenite to the east 
coast would be appropriate. 

Response: See t h e  Market Definition section. 

Comment: Information on the wroduction, utilization. 
transportation (to the Great Lakes) and importation 
of magnetite is required in the discussion. 

Response: Should reserves be defined offshore, a detailed 
market study should be included in any future 
studies. Such a study is not warranted at this 
time. 

Comment: The discussion of zircon should provide 
transportation costs to the east coast. 

Response: Zircon would be sold locally. 

Comment: The discussion of dredging should provide details on 
t h e  scale of the trenches and the probable proximity 
of parallel trenches. 

Response: Extremely premature, A deposit w i t h  known 
dimensions would be required before this level  of 
detail would be warranted. 

Comment :  I t  may be t h a t  the projected recovery of 61 tons  of 
mineral concentrate f o r  every 1,200 tons of sediment 
dredges is in error. The percentages of Table 1 sum 
to 4.63%; multiplying this times 1,200 tons at a 
recovery rate of 85% yields a concentrate value of 
47 tans, If more de ta i l s  were provided on the 
calcula t ion ,  the confusion would be avoided. 

Response: Material balances are provided. Note t h a t  what you 
have calculated is a 100 percent pure heavy mineral 
concentrate which is  not achievable. The additional 
material contained in the spiral concentrate would 
be predominantly quartz, Spiral calculations assume 



a concentrate containing approximately 80 percent 
heavy minerals. 

Comment: The significance of the byproduct storage stockpile 
of magnetite and other minerals should be 
established. Is this waste requiring disposal or a 
valuable byproduct awaiting transshipment? How 
large will the stockpile be? What precautions and 
facilities are necessary to its storage? What are 
the conditions for its removal? 

Response: Although these are a l l  valid concerns, they would be 
appropriately addressed in a final company 
feasibility study, f i n a l  EIS or company operating 
plan. Without measured reserves, not yet 
identified, these concerns cannot be addressed 
properly, 

Comment: The discussion 0 5  beheficiations should detail the 
recovery rates for  each mineral, A rough figure of 
85% is provided; details should be provided prior to 
a discussion of beneficiation. 

Response: All recovery rates are defined throughout the 
material balances, 

Comment: The cost and revenue estimations in t h e  discussions 
provide far scenarios at two times and four times 
the measured composition of surface minera l  samples. 
I t  might be appropriate to provide f o r  a "downside'? 
scenario of one ha l f  of the baseline estimate as 
w e l l  for each of the minerals. 

Response: Economic analyses of a l l  models, even at two and 
four times the measured composition, represent 
wdownsideH.scenarios. There is no point in 
investigating t he  potential for lower mineral values 
when the deposits already modeled f a i l  to y i e l d  
positive economics without precious metal values. 

Comment: Ranges for mineral content, recovery rates and metal 
prices would improve the economic analysis .  

Response: A11 analyses conducted to date demonstrate the need 
to determine a precious metal con ten t .  Until 
offshore placers are explored and data on precious 
metal content secured, there is no need for  more 
detailed investigations ~f placer economics. 



Comment: Concern was expressed by an individual that placer 
mineral mining activities would disturb kelp beds 
off the southern Oregon coast. 

Response:.Kelps require a solid substrate on which to grow. 
Consequently, sandy or unconsolidated sediments do 
not provide sufficiently stable conditions for kelp 
to secure to. Because placer mineral deposits are 
believed to occur typically in unconsolidated or 
semi-consolidated sands, it is unlikely that mining 
activities would directly disturb k e l p  plants. It 
is possible, however, that turbidity plumes 
generated by marine mineral mining operations could 
impact on ke lp  growth by reducing the amount of 
light available to k e l p  plants - thus limiting the 
rate of growth of the k e l p .  The specific magnitude 
of this impact would, among other factors, be 
contingent on the maturity of the plant and its 
proximity to the surface of the sea. 

Comment: The areal extent and size of the deposits should be 
added to the tex t ;  for example, the Cape Blanco 
depos i t  covers an area of 48 Km2- 

Response: Comment addressed in report. 

Coment: The conclusion of the need for modelling is not 
supported by the paragraph. In a l l  cases water 
depths exceed 18 m. 

Response: Comment addressed in report. 

Comment:  Burial has, several effects on benthos related both 
to kinds of organisms and depth of burial. 
Information on this topic should be expanded. Major 
burial effects are usually absent in areas of less 
than 10 cm deposition. 

Response: Comment addressed in report. 

Comment: Need to document which species are slow to recrui t  
to a new area. Poten t ia l  impact is unsubstantiated. 
Later information presented conflicts with this 
paragraph. 

Response: Coment addressed in report. 



Comment: If a suction system is used then a turbidity plume 
will no t  occur as material is collected from the  
seafloor. 

Based on past work with power plants and upwelling 
studies one would expect to get enhancement of 
phytoplankton. 

Response: The phytoplankton response to such a plume in terms 
0 5  net production is not possible to predict. The 
upwelling of nutrients from the bottom of the water 
column or the sediments would tend to stimulate 
primary production, while turbidity would tend to 
inhibit. But for '%enhancementw to be beneficial, 
the stimulation of primary production would need 
apply largely to species of phytoplankton which tend 
to support valued portions of the  nearshore food 
web. 

Comment: Turbidity section lacks  quantitative data to assess 
impacts potential and actual risks. Reference to 
veGtica1- migration impacts are usually restricted to 
waters much deeper than occurs in these locations. 
Is there something unique to southern Oregon with 
respect to vertical migrations? 

Response: The document is a literature review, not an 
environmental assessment, thus there is no 
quantitative assessment of turbidity impacts. There 
is nothing unique to the  southern Oregon coast with 
respect to vertical migrations of the  biota. 
Vertical migration may or may not prove to be a 
factor  in an environmental assessment. 

Comment: Perennial type turbidity effects need an areal 
component in order to assess potent ia l  risk or 
relevance. Need to relate potential area of impact 
to the real world. Long term effects can best be 
assessed by monitoring an actual mining p ro jec t .  

Reintroduction of substances is a problem w i t h  
harbor dredging etc.  The mechanism of placer 
formation is inconsistent with this kind of impact 
concern - need to place in perspective. 

Response: An areal component should be addressed when the  
scale of the potential operation is known. The 
Oregon continental shelf is admittedly large 
compared to the scale of known dredging operations.  
Reintroduction of substances is generally related to 
the suspension of anoxic sediments. It is not clear 
how the mechanism of placer formation would affect 
the potential for reintroduction of chemical species 
other than to concentrate minerals containing 
heavy/trace metals such as chromium, iron, lead and 
mercury. Reintroduction of substances was not 
identified as a problem in the  DOMES work, for 
example. 



Comment: Nutrient discussion is minimal. Many plants are 
known to accumulate nutrients during upwelling 
events for use later when nutrients are scarce, 

Response: The nutrient section is brief, as nutrient effects 
are not anticipated to be a constraining 
environmental factor Ear dredging on the Oregon 
continental shelf. How nutrient reservoirs or other 
sophisticated reactions to ambient nutrient 
concen t r a t i ons  might  modify the phytoplankton 
response to nutrient loading in an upwelling system 
is beyond the  scope of this literature review. 

Comment: Release of trace metals is not observed in Nome 
operation. 

Disturbances from minim activities are distance 
related. No information is included, y e t  standard 
buffers of 1 mile and less are used to protect 
biological resources. Again, need to provide a 
perspective f o r  reader as to actual relevance of 
this kind of impact. This kind of impact is usually 
resolved by establishing the appropriate buffer 
zone. 

Response: The Oregon Ocean Resources Management Task Farce is 
addressing the appropriateness 0 5  buffer zones and 
"special management areas" as a means to protect 
sensitive marine environments from the impacts of 
various activities. The Oregon Ocean Resources 
Management Task Force clearly recognizes not only 
the limitations and advantages of buffer zones, but  
also  is fully aware that the s i z e  of a buffer zone 
must be tailored to the specific need for, and 
degree of protection required. 

Comment: Several comments were concerned with level 0 5  detail 
of environmental assessment in the literature review 
on environmental impacts. 

Response: The document is a preliminary literature review 
whose purpose is to identify potential environmental 
concerns. Future environmental documents would, in 
the case of possible leasing actually analyze 
potential impacts. 

Coment :  There is more c u r r e n t  information available on 
topic. Impact is n o t  substantiated with any data. 
Many dredge projects are bothered by f i s h  feeding 
close to area being disturbed. 

Response: No response, 



Comment: Where are sea urchin beds i n  r e l a t ion  to mining 
area? 

Response: Sea urchin beds are located on rocky reefs. Once 
potential placer mining areas are located, we would 
be able to determine their proximity to urchin beds. 

Comment: Where and in what depth of water does the groundfish 
trawl fishery occur. N e e d  perspective for  reader, 

Response: The groundfish trawl fishery is comprised of several 
different types of fishing. Some groundfish 
activity occurs in water depths of 200-300 feet, 
most occurs in water depths of 600-3000 feet. 

Comment: Why will dredging produce a permanent loss of 
spawning habitat? No evidence has been presented 
f o r  spawning or loss. 

There is l o t s  of data available on turbidity effects 
and salrnonids. Adult f i s h  are to lerant  of very high 
turbidity levels;  so are juveniles, Problems axe 
most common with eggs and fry, 

Response: Coment  addressed in repart. 

Comment: Need to define tqnear". Why can't this be handled 
with buffer zones? 

Response: Comment addressed in report. 

Comment: Where are reefs in relation to deposits? Distance 
is important to assess potential concern for this 
kind 0 5  impact. 

Response: We do ne t  know the exact locat ion of all reefs near 
placer deposits. This would be one type of 
information needed to evaluate a mining proposal. 

Comment: Data in table  was qompiled from side scan sonar 
records, not 0-1 m grab samples, 

R-6 1988 sand/£ine gravel should read 11 n o t  23. 

1987 sand/gravel should read 30 n o t  11. 

Response: Comments addressed in report.  

Comment: The report by Ross was well researched and well 
written. It compiles and reports information 
available in the literature. The report's 
cencLusions are limited bv t h e  absence ef detailed, 
site-specific inf ormation-and t h e  appl ica t ion  of a- 
conservative, scientific treatment of the general 



in format ion  which is available in the literature. 
The assessment of environmental im~acts is therefore . . 

broad and vague, highlighting the ;ncertainty 
surrounding the mining's impacts rather than 
providing projections of these impacts, 

Response: The l eve l  of treatment in the report is appropriate 
for a literature review. A possible future 
environmental assessment would make use of site- 
specific data and would project impacts. 

Comment: An abstract of t h e  methods, results and conclusions 
would improve the information service of the report.  

Response: Since the report is a literature review, these 
sections are not deemed necessary by the task force. 

nt: A figure should be provided which depicts the 
deposits relative ta t he  port of Port Orford, 
Beach and Brookinas. It would also be useful 

Gold 
to 

depict important fishing reefs, holes and rocky 
outcroppings, sea Lion haul-outs, and seabird 
rookeries. 

Response: Locality maps are shown in section A, Figures 1 and 
4 .  Compilation of data on fishery habitats, sea 
l i o n  haul-outs and seabird colonies is beyond the 
scope of the literature review, and would be 
included in a possible future environmental 
assessment. 

Comment: Tabulated reports of fishery landings should include 
commercial and recreational bottom fish and 
commercial shrimp as well as salmon and crab. In 
addition, economic information on price per pound 
and value a£ a recreational fishing day would be 
useful. This information would be important in 
assessing the potential  economic consequences of 
environmental impacts. 

Response: No response. 

Comment: The list of important minerals  in t h e  placer 
deposits should be completed to include garnet and 
magnetite. Only chromite is of " ~ t r a t e g i c ' ~  
importance and the reference to strategic minerals 
should indicate this. 

Response: Coment  addressed in report, 

Comment: The heavy mineral range of 10-56% weight composition 
of placer deposits does not appear to agree with 
Kulm and Peterson (1989) and Wetzel and Stebbins 
(1989); it overestimates the lower limit. It is 
useful to have consistency across the reports so as 



to avoid confusing readers or misleading those who 
read only one of the reports. The overview of the 
placer deposits should therefore be based on Kulm 
and Peterson (1989) rather than Kulm (1988). 

Response: Comment addressed in report, 

Coment: It is appropriate to provide as much specific d e t a i l  
on the dredging activity as possible. Information 
in Wetzel and Stebbins (1989) suggests that t he  
description of dredging on page 4 and t h e  
depictation understate the actual impact on the 
bottom. If dredging w i l l  seek to dig up the ocean 
bottom to a depth of 5 meters in something 
approaching a continuous excavation, then the t e x t  
and figures should reflect t h i s .  

Response: Comment addressed i n  report. 

Comment: The term 'rmayfl (backfill) is probably more accurate 
than ' k i l l " .  

Response: Comment addressed in report. 

Comment: The description of the ac tua l  physical 
characteristics and impacts of dredge trenches 
across the bottom should be as precise as possible. 
Information should be obtained which provides more 
insight into t h e  vqseries of shallow (dredge) 
tracts". 

Response: Comment addressed in report. 

Comment: The discussion of the mining and restoring effects 
of the "high energy nearshore environment" should 
involve specific information on the depth dependency 
of these processes. 

Response: A possible future environmental assessment would 
contain data on sediment transport rates over the 
Oregon continental she l f .  

Comment: The phrase "as well as from direct impactsBf is 
appropriate in general discussion of impacts. 

Response: Comment addressed in report. 

Comment: The use of terms such as !'temporary red~ction,'~ 
vt~hort-terrn condition, " and " local ecosystemqq tend 
to minimize environmental impacts which are 
dependent upon the specific dredge operation and 
marine environment. This dependence is explained in 
the report by Owen 619773, Without the benefit of 
field work and analytical modelling, it seems 



inappropriate to introduce an assessment of the 
biological impacts of seabed dredging in terms which 
may be used to summarize t h e  study unless specific 
and quantitative information is available to support 
such characterization. 

Response: Comment addressed in report,  

Comment: The "Destruction of Organismsvv section is brief and 
understatedly qualitative. Have any scientific 
studies been conducted on this issue? 

Response: Yes, the environmental effects of bottom (benthic) 
disturbance have been the subject of numerous 
scientific studies. The literature includes four 
major areas: (1) Deep Ocean Mining Environmental 
Studies (DOMES); ( 2 )  U.S.  Army Corps of Engineers 
dredging environmental studies; ( 3 )  sand and gravel- 
related studies i n  the North Sea by the 
International Council for the Exploration of the 
Sea; and ( 4 )  marine disposal  of land-derived mine 
tailings, largely from British Columbia, Canada. 
Much of t h i s  information is  i n  the "grayqt literature 
of government and private sector t e c h n i c a l  reports 
instead of refereed ( l*hitell ) publications. 

Comment: The reference to concern over loss of habi ta t  with 
sand and gravel mining i n  the  North Sea is useful. 
Is there any quantitative information available on 
the issue from ICES (1975)? 

Response: Yes, there is quantitative environmental impact 
information from sand and gravel mining in the  North 
Sea. 

Comment: It does not appear that an analysis was conducted to 
predict the  nature and s i z e  of the  turbidity plume. 
Nor does it not appear that any modeling analyses 
w e r e  conducted in assessing the impacts of turbidity 
plumes on the  pelagic (or  benthic) environment. It 
is conjectural, therefore, to discuss the impacts of 
the turbidity plume and should be so noted, 

Response: The e n t i r e  report consists of conjectural 
discussions of environmental issues concerning 
potential placer mining in the Oregon c o n t i n e n t a l  
she l f .  It is a literature review, n o t  an 
environmental assessment, and has been retitled to 
more clearly reflect t h i s  difference in the level  of 
treatment. 

Comment: The po t en t i a l  fo r  deoxygenation and the production 
of hydrogen sulfide i s  an interesting issue. Is 
there any quantitative assessment of potential 
impacts ta pelagic (and benthic)  organisms? 



Response: No such data exist for the Oregon continental s h e l f .  

Comment: The potential nest mortality to seabirds due to 
disturbances cited is an interesting issue. Is 
there any quantitative assessment of the potential 
impacts to seabird colonies? 

Response: Studies of this type have been conducted through the 
Minerals Management Service, Environmental Studies 
Program and the National Oceanic and Atmospheric 
Administration, Outer Continental Shelf 
Environmental Assessment Program, both related to 
OCS oil and gas development activities. No data of 
this type exist for the Oregon coast. 

Comment: The discussion of potential impacts from spills and 
major industrial accidents at sea deserves a more 
thorough discussion than four lines. Is there any 
quantitative assessment of spills in existing 
offshore mining operations? 

Response: The report is a literature review, not an 
environmental assessment. The Draft Environmental 
Impact Statement for the Alaska Outer Continental 
Shelf, OCS Mining Program, Norton Sound Lease Sale 
(1989) contains a brief quantitative assessment of 
effects from accidental emissions. 

Comment: The discussion of recreational fisheries on page 30 
should include use of t h e  waters above and adjacent 
to t h e  placer deposits as favorite fishing "holes." 
This information might be obtained from ODFW or 
local fisheries associations. 

Response: This information would be included in a possible 
future environmental assessment. 

Comment: A more detai led description of: (1) the location of 
seabird rookeries; ( 2 )  the migrat ion corridor of 
grey whales and Stellar sea l i o n s ;  and ( 3 )  the 
location of sea lion haul-out reefs, relative to the 
placer deposits and shipping lanes are appropriate. 

Response: These descriptions would be developed for a possible 
future environmental assessment after the deposits 
and shipping lanes have been identified. 

Comment: The recommendations fo r  study and monitoring from 
Project NOMES are useful. These recommendations 
reflect the state of environmental monitoring in the 
early 1 9 7 0 1 s ,  over fifteen years ago, It is very 
l i k e l y  that this reference understates the extent of 
monitoring which would be required of placer mining 
operations in the 1990's--a fact which should be 
reflected in the discussion. 



Response: The report is a literature review. It is quite 
possible that current  monitoring requirements would 
be more extensive than those suggested by the  NOMES 
study in 1973. 

Comment: The limits to applying generalities from dredging 
and marine disposal by the Corps of Engineers is 
clearly stated. I ' I t  is unknown what effect a long- 
term, continuous mining operation will have on the 
biological  communities within the affected area, and 
whether or no t  r e s u l t s  from trans ient  dumping 
operations can be extrapolated to the  proposed 
scenario on the  south Oregon coast." This 
uncertainty -- referenced here and elsewhere in t h e  
report -- should be emphasized in the discussion of 
research needs. 

Response: The research needs section states: 'lHowever, most 
studies to date have dealt w i t h  t h e  effects of 
short-term and transient dredging and their results 
may not be applicable to a long-term, continuous 
operation. 
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