
 

 
Brian R. Sheets 

Licensed in Idaho & Oregon 

 
PO Box 987 � Ontario, OR  97914 � Phone: (503) 830-1448  
E-Mail: brian@brs-legal.com 

February 22, 2024 
VIA EMAIL ONLY 
 
Malheur County Planning Commission 
c/o Tatiana Burgess, Interim Planning Director 
Email: Tatiana.Burgess@malheurco.org 
 
 
 
  RE: Second Addendum to Malheur County Land Use Application 2023-12-010 

Dear Malheur County Planning Commission: 

 This letter is a second addendum to the application for Planning Department File 2023-12-010 submitted 
by Darren Lee for aggregate mining in an Exclusive Range Use zone. This Second addendum incorporates the 
first addendum to the extent helpful to the planning commission. At the January 25, 2024 Planning Commission 
hearing, the Planning Commission continued the hearing to February 22, 2024 in order for the applicant to 
provide additional information to the Planning Commission. 

 This addendum continues to provide information on the following information: 

1. Drainage Plan; 

2. Geological Analysis Information; 

3. Expanded Supporting Parties Mapping; 

4. Policy Considerations: Comprehensive Plan and Resource Sterilization; 

5. “Wetland” Identification; 

6. Proposed Findings Under OARs and Conditional Use.  

 This addendum will address the above issues and present proposed findings and conditions for the 
Planning Commission to consider for adoption. At the Planning Commission hearing, we will present any 
additional information and data available that may become available following transmittal of this letter.  

1. Drainage Plan 

 Referencing the drainage map and pin (below) is a depiction of the lowest elevation in the quarry. This 
currently also is the natural drainage for the property. The Eastern edge also is where extraction of gravel will 
start.  
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 A natural bank of exposed gravel under the earth overburden berm will be at the Eastern edge of the 
property that will be able to drain on-site any stagnant water. This is an ideal and preferred method of dealing 
with excess water as the gravel absorbs the water into the substrate. 

 

 Any water flowing through the quarry will run from the gravel floor of the quarry to the East and be 
absorbed by the exposed bank of gravel. If for some reason the gravel is unable to be absorbed back into the 
ground a catchment basin can be constructed at the Eastern center of the quarry to capture excess water, which 
then can be utilized as dust abatement water within the quarry itself. 
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2. Geotechnical analysis information 

 The applicant has received additional information regarding the “hybrid sample” evaluation method 
employed by Strata Engineers (Exhibit 1), and a detail of the method employed in demonstrating aggregate 
quantity by Petra Drilling and Blasting. (Exhibit 2). 

3. Expanded Supporting Parties Mapping 

 Exhibit 3 shows the locations of the previously submitted supporters, showing large local support for the 
project.  

4. Policy Considerations: Comprehensive Plan and Resource Sterilization 

 Malheur County’s Comprehensive plan specifically identifies mining and aggregate resources as 
valuable resources with a policy of protecting mineral and aggregate resources from incompatible uses. Malheur 
Comprehensive Plan at 19. The applicant’s project identifies and quantifies aggregate resources in quality, 
quantity, and in close proximity to other aggregate sources. With that in mind, protecting these resources for use 
of the community in its building projects is an identified policy in the Comprehensive Plan, and should be given 
its due consideration. 

 The need to protect aggregate resources from incompatible uses is additionally identified by the USGS. 
In a 2002 paper, the USGS discusses the issue of “resource sterilization,” whereby aggregate resources are 
locked from use by other incompatible uses. See Exhibit 4, Managing and Protecting Aggregate Resources, 
USGS 2002. We would encourage the Planning Commission to review Exhibit 4 for its policy considerations 
and demonstration of the need to adequately protect this resource for the local community. 

 
5. “Wetland” Identification 

 “Wetlands” identified in various mappings is part of a process used to inventory Goal 5 “Riparian 
Corridors” for the Comprehensive Plan. For the Planning Commission to implement conditions on “significant 
riparian corridors” or “wetlands,” the resource must be on an inventory in the Comprehensive Plan. The record 
in this application does not list the unnamed “wetland,” and therefore the County would need to follow the DSL 
regulations below: 
 

OAR 660-023-0090(4) “When following the standard inventory process in OAR 660-023-0030, 
local governments shall collect information regarding all water areas, fish habitat, riparian areas, 
and wetlands within riparian corridors. Local governments may postpone determination of the 
precise location of the riparian area on lands designated for farm or forest use until receipt of 
applications for local permits for uses that would conflict with these resources. Local 
governments are encouraged, but not required, to conduct field investigations to verify the 
location, quality, and quantity of resources within the riparian corridor. At a minimum, local 
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governments shall consult the following sources, where available, in order to inventory riparian 
corridors along rivers, lakes, and streams within the jurisdiction: 
 
(a) Oregon Department of Forestry stream classification maps; 
(b) United States Geological Service (USGS) 7.5-minute quadrangle maps; 
(c) National Wetlands Inventory maps; 
(d) Oregon Department of Fish and Wildlife (ODFW) maps indicating fish habitat; 
(e) Federal Emergency Management Agency (FEMA) flood maps; and 
(f) Aerial photographs.” 

 
OAR 660-023-0030(4) requires that the “significance” be determined for inclusion into a local jurisdiction’s 
inventory. Plainly stated, there is no significant “wetland” or “riparian corridor” on the Head property because 
there are no fish, no aquatic habitat, and no aquatic plant species. It is a depression on a map taken with 
photographs from over 40 years ago.  

 Even in the remote chance there is found to be “significance,” the setbacks to the feature can be 
adequately conditioned, as OAR 660-023-0090(5)(b) gives a setback of 50 feet for streams having 1,000 cfs or 
less. This “feature” on the Head property would never approach the 1,000 cfs metric, and on-the ground 
observations would make a “significant” finding difficult to justify. Nevertheless, to the extent that the County 
inventories this feature, we would be comfortable with a reasonable setback requirement. 
 

6. Proposed Findings Under OARs and Conditional Use 
 
 Area #1 is proposed to be used for the aggregate extraction operation and is therefore evaluated under 
the OARs for Goal 5 resources. The conditional use criteria for the areas #2 and #3 are applicable for the 
concrete recycling and stockpiling operations. The applicant generally agrees with the proposed findings of 
staff, however we would propose the modified findings below based on the additional information: 
 

Page 4, Quality; final paragraph: 
DLCD submitted an email to the planning department verifying that a “hybrid sample” for 
quality testing is an acceptable practice if the samples are similar. The DLCD letter is Exhibit 4. 
Strata provided a statement to the applicant on February 19, 2024 stating that the samples had the 
same type of soil under visual classification and “we combined the samples obtained from across 
the site and combined them to perform the quality testing.” 
 
Quality of the gravel on the site is met. 
 
Page 8, Traffic Conflicts – OAR 660-023-0180(5)(b)(B); final two paragraphs: 
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The applicant provided vehicle counts and equipment types with estimated trips by month based 
on local demand calculations.  
The applicant provided concrete recycling equipment types and counts, and described the 
concrete recycling operation to be no more than three days per calendar year.  
 
Page 10, Other Goal 5 Resource Conflicts. – OAR 660-023-0180(5)(b) (D); final paragraph 
Applicant states there are no conflicts with these sites or other Goal 5 resources within the impact 
area. ODFW provided a letter describing a portion of the project containing winter Mule Deer 
habitat, and a letter from USFWS identified a mapping feature of a riverine feature on the site. 
These features are not inventoried in the County’s Goal 5 significant resources at this time. The 
applicant proposes mitigation for wintertime operations to reduce the impact on Mule Deer 
activity and a reclamation plan to increase Mule Deer habitat. In the event the County decides to 
inventory riverine features as “significant,” the applicant will implement reasonable setback 
requirements. T. Cassity submitted maps and written information depicting wetlands, animal 
migration route and the riparian corridor – Exhibit 5. 
 
Page 10, Agricultural Practices Conflicts – OAR 660-023-0180(5)(b) (E); first paragraph: 
PROPOSED FINDING: A buried, mainline irrigation pipe that feeds the OID canal ditch, is 
owned by the LDS Church and is located on the subject parcel (Malheur Co Reference #16006). 
The applicant has provided a plan to mark and reinforce the areas around the irrigation pipe. The 
applicant proposes to monitor for leaks and add activity buffer zones on and around the buried 
irrigation pipe and surrounding irrigation ditches to mitigate any impacts to the historical use of 
irrigation delivery infrastructure. 
 
Final Paragraph: 
Hastings/Lightbridge Organics LLC owns a 30- acre organic farm operation/field directly to the 
east of the proposed mining site. The field is irrigated with water rights from OID and produces a 
variety of row crops including wheat, barley, oats, alfalfa, and grass. Directly to the south of the 
proposed mining site is the Lightbridge Organics’ pasture and grazing land. The land is used to 
raise organic livestock of several varieties. The applicant proposes setbacks, limitations on 
herbicides, pesticides, synthetics to invasive weed control with non-persistent herbicides applied 
via man-pack to limit drift, and conform to MSHA and OSHA pollutant standards to minimize 
airborne pollutants. The applicant will not be interfering with organic agricultural production as 
described in 7 CFR § 205 as the applicant will not be applying prohibited substances to adjoining 
properties as conditioned. 
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Page 11, Conflicts that Cannot be Minimized. – OAR 660-023-0180(5)(d): 
Conflicts can be adequately minimized through the use of the applicant’s winter Mule Deer 
habitat mitigation plan, setbacks, and conditions of operation to minimize impacts on the 
surrounding properties and impact area.  
 
Page 17, Goal 3 Agricultural Lands 
PROPOSED FINDING: This goal can be met through: 
 1. Continued use of the property for agricultural uses (dry farming) before and 
 after mining. 
 2. Mitigate interference with surrounding agricultural uses. 
 3. Good quality of aggregate material determined through quality testing. 
 4. Non-existence of and no loss of water rights. 
The conflict analysis in OAR 660-023-0180 (5) requires an analysis of mining conflicts with 
agricultural and agricultural practices under ORS 215.296. The applicant provided a mitigation 
plan to minimize agricultural impacts through protection of irrigation infrastructure and  
minimizing traffic impacts on smaller roads by relocating the main access to the site.  
 
Page 17 Goal 5 Protection of Resources 
PROPOSED FINDING: The Comprehensive Plan specifically recognizes the importance of and 
the need to protect aggregate resources. Generally the criteria are met through the identification 
of quality aggregate on a site and protection of that site for use under Goal 5. The potential 
aggregate quantity extractable from the site is more than 500,000 tons, the minimum requirement 
to qualify as a Goal 5 Aggregate Resource. Additionally, the quality of the aggregate qualifies the 
property as a Goal 5 Aggregate Resource. The subject parcel is not identified as sage grouse 
habitat. 
 
Page 18, Goal 6 Air, Water, and Land Quality 
PROPOSED FINDING: Generally, the criteria met through operational restrictions that 
eliminate impacts to air, water, and land quality. As presented in Applicant’s 
reclamation/operation plan, the mining will occur from east to west. The reclamation process will 
be concurrent with the gravel extraction process so that no more than 2 acres of disturbed ground 
is anticipated at any given time. 
 
Page 21, H. Allowance Of Certain Uses: A use allowed under section 6-3A-3 of this title shall be 
approved only where it is found that the use will not: 
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1. Force a significant change in accepted farm or forest practices on surrounding lands devoted to 
farm or forest use; or 
2. Significantly increase cost of accepted farm or forest practices on surrounding lands devoted to 
farm or forest use. (Ord. 86, 12-7-1993) 
PROPOSED FINDING: The Applicant has analyzed the potential impacts to surrounding 
agricultural production methods including organic farming and proposes mitigation including 
setbacks and screening to activity, limiting the type and use of invasive weed control, dust 
mitigation, and compliance with MSHA and OSHA pollutant control.  
 
Page 22, 5. Prevention of the collection and stagnation of water at all stages of the operation. 
PROPOSED FINDING: Applicant is not proposing water utilization in the production of the 
gravel products and is anticipating that any water collected will be absorbed by the soil or gravel 
and sand. Applicant has submitted a water drainage plan to demonstrate water drainage and 
alternate use to prevent collection and stagnation of water at all points of the operation. 
 
Page 22, 6. Rehabilitation of the land upon termination of the operation. 
PROPOSED FINDING: This requirement will be met with an approved DOGAMI reclamation 
plan. The Applicant’s proposed reclamation process will be concurrent with the gravel extraction 
process and no more than 2 acres of disturbed ground is anticipated at any given time. 

 We appreciate the opportunity to present additional information to the Planning Commission and will 
continue to provide additional information should it become available prior to or at the February 22, 2024 
hearing.  

       Sincerely, 

       
       Brian R. Sheets 
       BRS Legal, LLC 
       Attorney for Applicant 
Cc: Client 
 
 



Brian Sheets <brian@brs-legal.com>

Fwd: Dallas Head Inquiry

Darren Lee <clown924@hotmail.com> Mon, Feb 19, 2024 at 10:30 PM
To: Brian Sheets <brian@brs-legal.com>

Sent from my iPhone

Begin forwarded message:

From: Barry Miller <BMiller@stratageotech.com>
Date: February 19, 2024 at 8:50:13 PM MST
To: Darren Lee <clown924@hotmail.com>
Cc: "Dan P. Gado" <DanG@stratageotech.com>
Subject: Dallas Head Inquiry

Hi Darren,

Section 8.8.1 of Oregon’s Geotechnical Design Manual (GDM) states that a minimum of 9
bags should be obtained for aggregate testing in source evaluations, which we obtained. In
our experience in Idaho evaluations for alluvial aggregate sources, when gravel encountered
in explorations is of the same depositional environment and appears to be the same soil
type (visual classification), there is no need to perform quality testing on each sample.

Rather, the samples from multiple test pits and at varying depths of the investigation are
combined/blended in order to perform quality testing as this would represent an overall
sample of the site. The GDM also states that the sampling should follow AASHTO T2
(Sampling of Aggregates) which outlines the method of sampling from stockpiles and
conveyor belts for QC testing. The standard requires multiple samples at different locations
and then combining to get an overall representative sample. We used the same reasoning
for blending samples as described in AASHTO T2 to our evaluation of the Dallas Head
Quarry; we combined the samples obtained from across the site and combined them to
perform the quality testing.

Let us know if you have any additional questions.

Thanks,

Barry Miller, P.E., P.G.
Engineering Services Manager

O 208.376.8200   C 208.680.9052
StrataGeoTech.com
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Petra 
Drilling & Blasting 
 
P.O. Box 2655 l Camarillo, CA 93011 l FAX 805-388-2844 l Estimating 805-890-0276 l Dispatch 805-390-9505 
 

 

 

To whom it may concern: 

My background is 20 years in drilling and blasting, for the last 9 years I have 
been actively creating these exact type of files known as quantity take offs for 
various different reasons. Some examples are: estimating quantity of material 
for viability studies, estimating quantity of overburden for viability of 
overburden stripping projects, estimating quantities for scheduling purposes, 
estimating quantities for bidding jobs, creating quantity reports for billing 
where we compare original ground to post excavation ground and bill by the 
unit price for the material excavated and/or blasted.  

Additionally we utilize the same program and gps services to establish drill 
depths, cut to final grade, and completion of work. 

The take off of the materials available for excavation, the overburden needed to 
move was calculated by the following method; 

Step 1 plot the points on google earth where test holes/pits were dug.  

The information provided was the top of hole elevation, the top of the hole 
location (wgs84 coordinate), and details of the hole depicting where contact of 
good material was which by default explains where overburden/waste, the 
waste material on top of the good rock or in some cases below.  

Step 2 measure the total area of influence on google earth, obvious natural 
boundaries such as the canal to the east, road to the north, and then manmade 
items such as the home to the south help with establishing these limits. 

The next steps are specifically to create translate the entire area into a 2d point 
file because Topcon 3d office doesn’t understand the wgs 84 coordinates given.  

Step 3 area of influence edges and dimensions are triangulated to one point 
which for the purpose of the process will be an arbitrary north east and 
elevation in this case I used the South East Corner because it has the longest 
two straight legs going out from it. I then measured distance and azimuth of 
both directions from there, next I plotted those two points, I repeated these 
steps always measuring from the known zero point to each relevant angle break 
in the perimeter until I had the basic shape of the area translated over to the 
topcon 3d office program. 
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Petra 
Drilling & Blasting 
 
P.O. Box 2655 l Camarillo, CA 93011 l FAX 805-388-2844 l Estimating 805-890-0276 l Dispatch 805-390-9505 
 

 

 

Note: at this point I have the shape of the polygon into the program at elevation 
zero. 

Step 4 using the same method as above I plotted all of the test pits/holes into 
the program, Measure distance and azimuth from one known point to each 
point and plotted them at the given correct elevation.  

Step 5 extrapolated the elevations from the test pit elevations out to the limits 
and moved the entire polygon to the original grade and created a surface file 
(.tn3) 

Step 6 created point file (.csv) of the limts as well as the test pits. 

Step 7 adjusted each point elevation to match the elevation for top of rock and 
created second point file. 

Step 8 imported point file “top of rock” in to Topcon 3d office. 

Step 9 created top of rock surface file. 

Repeated steps 7-9 

Step 10 in Topcon 3d office compare each surface to the next surface (IE 
Original ground to top of rock, top of rock to bottom of rock) and this 
comparison gives me the quantity data. 

 

Please let me know if there are any further questions I can help with. 

 

Best regards, 

Nick Cunningham  

Petra Drilling and Blasting 

805-890-0276 
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Local Proponents of Dallas Head Quarry Legend    

Feature 1

Feature 2

Second Chance

3000 ft
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Managing and Protecting 
Aggregate Resources 

by William H. Langer1 

Open-File Report 02-415 

2002 

This report is preliminary and has not been reviewed for conformity with U.S. Geological Survey 
editorial standards or with the North American Stratigraphic Code.  Any use of trade, firm, or 
product names is for descriptive purposes only and does not imply endorsement by the U.S. 
Government. 

U.S. DEPARTMENT OF THE INTERIOR 
U.S. GEOLOGICAL SURVEY 

1Denver, Colorado 
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Managing and Protecting Aggregate Resources 
Introduction 

Over the past century the growth of American cities and towns, and the 
construction and maintenance of the highways and byways between those population 
centers, created a demand for enormous amounts of natural aggregate.  Over that same 
period of time circumstances and events have taken place that have complicated the 
ability of producers to meet the increasing need for aggregate. 

Products derived from rocks provide essential materials for society – materials 
that we need to maintain our current lifestyle. Rock products are used in one form or 
another for construction of highways, bridges, houses, and other buildings; in industry for 
making steel, glass, and other consumer products; for environmental applications such as 
filtering sewage and scrubbing flue gasses during generation of electricity; and for 
numerous agricultural, metallurgical, and pharmaceutical purposes (Langer and 
Glanzman, 1993). For many uses there is no readily available substitute. 

Natural aggregate is the most valuable nonfuel mineral commodity in the world 
(Lüttig, 1994). The estimated value of nonfuel mineral commodities produced in the 
United States during 2001 was $39 billion.  Natural aggregate (sand, gravel, and crushed 
stone) accounts for $14.5 billion, or over onethird of this value, and dwarfed the $5.5 
billion value of copper, gold, and silver combined (U.S. Geological Survey, 2002). 

Around the beginning of the 20th century, annual aggregate production in the 
United States was about 50Mt, or about 0.5t per person per year.  By the end of the 20th 

century, annual aggregate production had increased over 50 fold, to more than 2.5 Bt, or 
about 10t per person per year. Today, over a third of the individual states in the United 
States each produce more aggregate than the entire Nation did at the turn of the century. 
The general trend over the past century has been for aggregate consumption in the United 
States to grow every year except during recessions, and it is projected that we will use as 
much aggregate in the next 25 years as we have used in the previous 100 years (Tepordei, 
1997). 

Aggregate occurs where Mother Nature put it, not necessarily where we need it, 
and even though potential sources of aggregate are widely distributed throughout the 
world, there are large regions where natural occurrences of aggregate are nonexistent 
(Langer, 1988).  Furthermore, even if sources of aggregate are present, they must meet 
certain quality parameters before they can be put to use. Those quality parameters are 
determined by the final application, and can restrict the development of otherwise high 
quality aggregate. 

There are potential environmental impacts associated with aggregate extraction 
including the conversion of land use, changes to the landscape, loss of habitat, noise, 
dust, blasting effects, erosion, and sedimentation.  Most of the environmental impacts 
associated with aggregate mining are relatively benign. However, extracting aggregate 
from some areas may alter the geologic conditions, which, in turn, may alter the dynamic 
equilibrium of the area, resulting in cascading environmental impacts (Langer, 2001). By 
employing best management practices, most environmental impacts can be controlled, 
mitigated, or kept at tolerable levels and can be restricted to the immediate vicinity of the 

1 
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aggregate operation.  Nevertheless, some otherwise high quality aggregate resources may 
not be developed because of environmental reasons. 

Aggregate is a highbulk, low unit value commodity that derives much of its value 
from being located near the market. Thus, it is said to have a high place value (Bates, 
1969). Transporting aggregate long distances can add significantly to the overall price of 
the product (Leighton, 1991). For example, a city of 100,000 can expect to pay an 
additional $1.3 million for each additional 10 miles that the aggregate it uses must be 
hauled (Ad Hoc Aggregate Committee, 1998). Therefore, aggregate operations frequently 
are located near population centers and other market areas. 

Despite society’s dependence on natural aggregate, urban expansion often works 
to the detriment of the production of those essential raw materials. “Resource 
sterilization” occurs when the development of a resource is precluded by another existing 
land use.  For example, aggregate resources that exist under a housing development or 
shopping center commonly will not be extracted. 

Bauer (1993) stated that probably the most serious reason for the loss of aggregate 
resources is the fact that, while resources such as vegetation, soils, archeological sites, 
endangered species, and so forth are recognized in the community comprehensive 
planning process as resources of community value, aggregates are not. 

Furthermore, citizens have their own ideas on how to use the land. Many citizens 
do not support mining, in part because they do not recognize the dependence of society 
on aggregate.  Personal use is very little, if any, and individuals may not recognize 
aggregate mining as a necessary land use, even though the need for the commodity is 
constant. A survey conducted during 1994 (Bingham, 1994) concluded that the public in 
general believes mining exploits workers, harms the environment, harms the people in 
nearby communities, and has little personal benefit to the individual.  For these and other 
reasons, citizens may prefer that stone and sand and gravel not be mined nearby (Langer 
and Glanzman, 1993).  This "not in my back yard" syndrome may restrict aggregate 
development. 

To protect citizens from the impacts of mining, governments may require permits 
or impose regulations to control aggregate development.  Poulin and others (1994) 
concluded that permits and regulations restrict development or expansion of aggregate in 
established areas more than actual resource availability. Weaver (1995) reports that no 
new crushed stone quarries have been permitted in Connecticut in 15 years, and 
indications are that estimated sand and gravel supplies in New England could be reduced 
by at least 90 percent by reason of increased zoning and environmental restrictions (New 
England Governors' Conference, 1995). 

As one approach to avoid the impacts of sterilization and encroachment, 
aggregate producers are turning to the development of superquarries, which are aggregate 
operations that produce over 5Mt of aggregate per year (Langer, 2002; Bliss and others, 
2002).  Superquarries can concentrate operations in remote areas away from public view, 
take advantage of lower production costs and, if appropriately located, utilize rail or 
water transport methods.  During 2000, the U.S. had 19 crushed stone superquarries 
(Tepordei, 2000) and three sand and gravel superquarries (Bolen, 2000). Acquisitions are 
also expected to continue, especially as a means to obtain permitted reserves. The U.S. 
Bancorp Piper Jaffray Company expects that by about 2005, the top five aggregate 
producers in the United States will have 40 percent of the total market (Reilly, 2000). 
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Resource Sterilization 
It is likely that we will continue to extract and consume large amounts of natural 

aggregate, and that much of the aggregate will come from large operations requiring large 
areas of land.  This underscores the problems associated with aggregate resource 
sterilization and the necessity to maintain access to future supplies of aggregate 
resources. 

When the aggregate industry was young, protecting access to aggregate resources 
was not necessary. During the late 1800’s, the relatively low demand for aggregate 
combined with the lack of specifications allowed for the casual discovery of aggregate. 
Prospecting commonly was unnecessary, and aggregate frequently was identified through 
related activities such as building of railroads or canals, and digging cellars or wells for 
houses (Langer, 1998). 

The growth of cities and the roads connecting those cities created a new demand 
for aggregate resources. At the start of the 20th century, there were only six metropolitan 
areas in the United States with a population over one million –Boston, Chicago, New 
York, Philadelphia, Pittsburgh, and WashingtonBaltimore. At the start of the 21st century 
there were 49 metropolitan areas that exceeded one million residents.  In the United 
States, the construction of good interurban roads began in earnest during the late 19th 

century.  The first complete survey of America's roads, finished in 1904, reported two 
million miles of rural public roads in the country, fewer than 154,000 miles of which 
were surfaced with either gravel, stones, or paving materials. Today there are nearly four 
million miles of roads in the United States; nearly 2.5 million are paved and most of the 
rest have some type of stone or gravel surface. It is not surprising, then, that aggregate 
started to be used in large amounts at about the same time that the construction of cities 
and roads began to grow. Aggregate production in the United States doubled between 
19051910, doubled again between 19101925, again between 19251950, and again 
between 19501960. 

Geologists recognized that casual exploration was no longer an acceptable means 
to locate quality construction materials, and that a systematic study of the occurrence and 
quality of aggregate resources was necessary to support the growth of the highway 
system. During 1889, R.T. Hill prepared a report on road materials of the Black Prairie 
regions of Texas. This report was shortly followed by similar reports for North Carolina 
in 1892 and 1893, and Florida in 1893 (Kiersch, 1955). The Fifteenth Annual Report and 
Sixteenth Annual Report of the United States Geological Survey both contain reports by 
N.S. Shaler (1895, 1896) describing the geology of common roads and of road building 
materials. Shaler (1895) pointed out the need for geologic knowledge of aggregate 
properties and the necessity for having the resources located near the point of use to save 
transportation costs. Probably the most extensive investigation relating the composition 
of the rock to engineering characteristics was a 1913 statewide survey of aggregate 
resources in Ohio (Marshall and Maxey, 1950). By 1918, at least 49 reports describing 
roadbuilding materials for at least 24 different states had been published by federal 
agencies and state geological surveys (Kiersch, 1955). 

The rapid expansion of cities resulted in sterilization of aggregate resources.  One 
of the first published descriptions of human encroachment causing sterilization of 
aggregate resources was in Business Booming in the West, (Lenhart, 1947).  The paper 
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described how zoning accompanied sprawling growth, and how that situation created 
problems for access to aggregate.  Seven years later, Thoenen (1954) reported that sand 
and gravel deposits near cities were becoming depleted and that operators were using 
portable plants to mine deposits near highway projects to preserve their supplies at city 
plants for city markets.  Because of depletion of deposits, encroachment of residential 
areas, and increasing stringency of specifications, operators had to consider more 
adequate and accurate methods of exploration. 

Across the country the problem of sterilization worsened, and by 1957 
sterilization had reached such serious proportions in Denver that the Colorado Sand and 
Gravel Producers Association produced an air photo publication to call attention to the 
diminishing sand and gravel reserves. By 1960, the Third Edition of Industrial Minerals 
and Rocks (and all subsequent editions) identified encroachment as an issue limiting 
aggregate (Lenhart, 1960). In the paper Quarry Site Surveys in Relation to Country 
Planning, Shadmon, (1968) pointed out that there were many countries where opening 
new quarries was practically impossible, and that the impacts of sterilization severely 
impacted aggregate availability.  He called for countrywide planning to forecast long
term quarry product needs. 

Geologists and engineers became concerned with the situation and documented 
the effects of sterilization in various parts of the country including Anne Arundel County, 
Md. (Kuff, 1984), Boulder, Colo. (Crosby and others, 1978), Chicago, Ill. (Mikulic and 
Goodwin, 1984), Connecticut (Siebert, 1969), Denver, Colo. (Soule, 1974), Los Angeles, 
Calif. (Goldman, 1959), metropolitan New York, N.Y., (Hudec, 1969), and Ontario, 
Canada (Guillet, 1980). 

Resource Protection 
During the 1970’s some state and local governments realized that a readily 

available supply of quality aggregate was necessary to maintain the infrastructure and 
recognized that sterilization and citizen opposition were threats to aggregate availability. 
A number of attempts were made at protecting aggregate resources from sterilization 
(Werth, 1980).  Some local governments created special extraction districts where 
extraction was allowed by right, and all other uses were controlled through a conditional 
use.  In other areas, aggregate properties were placed in overlay zones where resource 
extraction is allowed while simultaneously preserving the longterm land use for the area. 
Some local governments zoned aggregate properties as agriculture or industrial, and 
permitted extraction as a conditional or special use. 

The problems associated with encroachment of developments on aggregates 
operations, and one how one county responded to those problems, can be illustrated by 
Tooele County, Utah (Nicole Cline, Division Manager and County Planner, Division of 
Planning and Zoning, Tooele County, Utah, oral commun., 2002). Between 1990 and 
2000 the population in Tooele County, Utah, increased 51.3 percent to 40,735 residents. 
Construction in many of the subdivisions started during the 1960’s and 1970’s stopped 
during the 1980’s, but was rejuvenated during the 1990’s, creating a great increase in 
demand for aggregate. At the same time the expanding neighborhoods began encroaching 
on the existing aggregate operations.  The new residents considered the noise, dust, 
unsightly appearance, and traffic associated with the aggregate operations, and the odors 
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from the asphalt plants, to be a nuisance.  Pressure was brought on operators and county 
leaders to restrict operations.  In many instances the local operators departed the site for 
deposits farther away from development, and found themselves leapfrogging away from 
the persistently encroaching developments. The situation reached critical limits during 
the late 1990’s when residents, producers, and the county became entangled in litigation. 
During 2001, the Tooele County Commission approved the addition of Chapter 27 – 
Mining, Quarry, Sand and Gravel Excavation Zone (MG-EX) to the Uniform Zoning 
Ordinance of Tooele County. The new zoning district allows and protects the crushed 
stone and sand and gravel industry while protecting the environment.  The zone was 
designed to assure that aggregate operations do not impact adjoining uses, and are not 
encroached upon by surrounding noncompatible land uses. 

The new zoning approach provides public input, and includes strict requirements 
for the application, operation, and reclamation of pits or quarries.  Once the zoning is in 
place the process of getting final approvals for operation is streamlined, and producers 
are assured the opportunity for continual operation (renewable every five years), as long 
as they follow best management practices. The advantage is aggregate extraction and 
related activities are separated from other noncompatible land uses. 

It is too early to adequately assess the effectiveness of the new ordinance, but in 
general, the industry appears satisfied with the new approach to zoning.  The Associated 
General Contractors of America  Utah Chapter has presented the ordinance to other 
jurisdictions to consider as a model for creating a new mineral extraction zone.  To date, 
aggregate operators have submitted applications to have three properties rezoned as MG
EX; two have been approved and the third is in process. Tooele County initiated an action 
to rezone approximately 10,000 acres containing extensive aggregate deposits, but the 
application was withdrawn when it became obvious during the public hearing process 
that the county would not be able to reach consensus among the citizens. As a result the 
County has decided to refrain from making largescale rezoning of the MGEX zone on 
its own. 

Some state governments, including Colorado (Schowchow and others, 1974), 
California (Beebe, 1998), Minnesota (Ad Hoc Aggregate Committee, 1998), and 
Washington (Lingley and Jazdzewski, 1994), have enacted legislation to help maintain 
access to prime aggregate resources.  Legislations have met with variable success, in part 
because the legislation may not have given the authority to make requirements binding. 

Colorado  During 1973, the Colorado legislature recognized that sand and 
gravel resources in the Denver area were rapidly being sterilized by conflicting land uses, 
and passed House Bill 1529.  That act declared: 1) the State’s commercial mineral 
deposits were essential to the State’s economy, 2) the populous counties of the State 
faced a critical shortage of such deposits, and 3) such deposits should be extracted 
according to a rational plan, calculated to avoid waste and cause the least practical 
disruption to the ecology and quality of life of the citizens. The Colorado Geological 
Survey published an atlas of maps showing the quality and availability of aggregate 
resources in the populous Front Range counties (Schwochow and others, 1974). But in 
spite of the availability of these maps, H.B. 1529 did not succeed at protecting aggregate 
resources in the Denver area (Schwochow, 1980).  Many of the plans prepared by the 
counties protected citizens from mining, but did little to protect mineral resources from 
citizens.  The U.S. Department of Labor (1981) pointed out that resource availability in 
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the Front Range continued to decline, and blamed the decline on adverse zoning, 
noncompliance with H.B. 1529, increased demand, inadequate grain size to meet 
specifications, and environmental and visual concerns. Although a number of permits 
have been granted to expand existing quarries, there have been no permits to open new 
crushed stone quarries along the Colorado Front Range since 1978 (Wilburn and Langer, 
2000). 

California  In 1975, California implemented the Surface Mining and 
Reclamation Act (SMARA) (Beeby, 1998).  Under SMARA, the California Division of 
Mines and Geology is mandated to classify specified lands within the State on the basis 
of mineral content.  SMARA does not require that aggregate resources be permitted, but 
it provides decisionmakers with the information upon which to base various landuse 
evaluations. Having the State, an unbiased third party, prepare the classifications has a 
distinct advantage in that accurate, objective, quantified mineralresource data reduces 
the ability of special interest groups to influence the process.  Anecdotal evidence 
indicates that use of SMARA has been effective at facilitating the permitting process, 
increasing the life span on renewed use permits, and in the discovery and opening of new 
deposits. Furthermore, SMARA maps and reports have been used in consideration of 
proposed permits (as opposed to a planning approach) to prevent a change of land use 
that would preclude aggregate development.  For example, the loss of a significant 
section of alluvial gravels that were a county’s sole source of Portland cement concrete 
grade aggregate was prevented through use of SMARA information (Beebe, 1998). 

Minnesota  During1984, Minnesota Statute 84.94 was enacted to protect 
aggregate resources; to promote orderly and environmentally sound development; to 
spread the burden of development; and to introduce aggregate resource protection into 
local comprehensive planning and land use controls.  The legislation initiated county
level identification and characterization of aggregate resources, and directed county 
planning authorities to use the information to consider the protection of identified 
aggregate resources in their planning decisions. Substantial progress was made regarding 
the identification and mapping of aggregate resources, but by the late 1990’s, little 
progress had been accomplished to protect aggregate resources (Ad Hoc Aggregate 
Committee, 1998). 

During 1998, the Minnesota Legislature created the “Aggregate Resources Task 
Force” to examine issues concerning the need for and use of the state's aggregate 
resources, ( Laws of Minnesota 1998, Chapter 401, Section 50).  The Task Force Final 
Report (Aggregate Resources Task Force, 2000) made a number of recommendations 
designed to facilitate the task of making wise use of aggregate resources.  The actions 
recommended are typical of those used for sustainable resource management, and 
include: 1) Best Management Practices, 2) reclamation standards, 3) mine planning and 
permits, 4) native prairie conservation, 6) aggregate planning and protection, 7) 
registration of commercial aggregate deposits with the State Department of Natural 
Resources, 8) aggregate resource mapping, 9) leasing aggregate reserves by State 
Department of Transportation, 10) compensating host communities, 11) incentives for 
recycling, and 12) encouraging transportation of aggregates by bulk carriers. 

Progress continues to be made regarding the identification and mapping of 
aggregate resources, as exemplified by the Aggregate Resources Inventory of the Seven-
County Metropolitan Area, Minnesota (Southwick and others, 2000) as well as other 
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county aggregate resource inventories. The aggregate mapping program provides 
citizens, local government land use planners, the construction industry, and 
environmental groups with specific countywide information on the location and quality 
of aggregate resources. 

Washington  The Washington Growth Management Act (Revised Code of 
Washington 36.70A), adopted in 1990, requires county and municipal governments to 
undertake comprehensive landuse planning.  Counties that do not comply risk losing 
some sources of funding from the state. To balance their planning goals, local 
governments are required to map and designate mineral resources of longterm 
commercial significance because exploiting these resources generally will have the 
lowest environmental, economic, and social costs (Lingley and Jazdzewski, 1994). The 
State Department of Natural Resources, or counties following the Department’s 
methodology, are preparing maps detailing the distribution, thickness, and quality of 
aggregate resources. Yakima, Klickitatt, and Clallam Counties are using aggregate 
resource maps to zone a 20year supply of aggregate and protect them from conflicting 
land uses. The protections include notification of adjacent landowners, recognition that 
aggregation extraction is the highest and best use of some lands, and other measures 
(William Lingley, Jr., Washington Department of Natural Resources, written 
communication, 07 Oct 02). 

When the planning community ignores aggregate, management of those resources 
is left to chance. Management by default commonly results in unintended consequences 
including sterilization of resources, juxtaposition of incompatible land uses, negative 
impacts to traffic, unacceptable changes to the landscape, and undesirable environmental 
impacts. Today, we are in a situation where it is extremely difficult to obtain necessary 
permits to initiate new aggregate operations. Bauer (1991) concluded that local units of 
government were unwilling or seem unprepared to deal objectively with the conflict 
between regional needs and local opposition. 

Dunn (1983) attempted to explain, and bring reason to, this conflict in his paper 
The Dispersed Benefit Riddle. The context of the riddle is:  The benefits of aggregate 
development are dispersed over very large areas, but the community where extraction 
occurs suffers most of the adverse consequences of resource development.  The regional 
benefits are not usually considered in the local permitting process, and if the resource 
operation is denied there usually are additional broader costs such as longer haul routes 
resulting in more truck traffic, noise, accidents, and more hydrocarbons released to the 
atmosphere.  Any gain by the local community is usually at the expense of the greater 
public and greater environment.  The riddle is “When a political entity is evaluating 
whether or not to develop or improve a resource, how can we as a nation be sure that the 
dispersed [regional] benefits of use of that resource are adequately weighed in the final 
decision?” (Dunn, 1983, pg. 1).  Sustainability may provide the answer to that decades
old question. 

Sustainable Management of Aggregate Resources 
The term “sustainability” dates back to the 1980 World Conservation Strategy, 

and was given prominence in Our Common Future, otherwise known as the “Bruntland 
Commission Report” (World Commission on Environment and Development, 1987). 
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That report defines sustainable development as “development that meets the needs of the 
present without compromising the ability of future generations to meet their own needs.” 
(World Commission on Environment and Development, 1987, pg. 43). 

In the simplest sense, the “manufactured capital” and “natural capital” (i.e. natural 
resources) that one generation passes on to the next must be maintained or enhanced in 
order to achieve sustainable development (World Commission on Environment and 
Development, 1987). In terms of nonrenewable resource such as natural aggregate, their 
use reduces the natural resources, but unlike many nonrenewable resources, the potential 
supply of aggregate resources on a worldwide scale is so large that “finite” has no 
practical meaning. 

But this does not mean aggregate can indiscriminately be exploited. Aggregate is 
in short supply in many localities, and should be carefully managed. Furthermore, 
development of aggregate resources must not endanger the natural systems that support 
life on earth – the atmosphere, the waters, the soils, and biota. Consequently, having an 
accessible regional supply of aggregate resources takes on great significance because 
transporting aggregate long distances not only adds to the overall cost of the product, but 
as described above in the “Dispersed Benefit Riddle,” it also adds to the overall cost to 
the environment. 

The government, industry, and the public must cooperate at the regional and local 
planning levels for sustainable aggregate extraction to be successful.  To ensure the 
sustainability of aggregate resources, each of the primary stakeholders – government, 
industry, public, and other nongovernmental organizations – must accept certain 
responsibilities (Langer and others, in press).  The government has the responsibility to 
develop the policies, regulatory framework, and economic incentives that provide the 
climate for success. The industry must work to be recognized as a responsible corporate 
and environmental member of the community.  The public and nongovernmental 
organizations have the responsibility to become informed about aggregate resource 
management issues.  All stakeholders have the responsibility to identify and resolve 
legitimate concerns, by constructively contributing to a decisionmaking process that 
addresses, not only their own, but a wide range of objectives and interests. 

Governments have a variety of tools that they can use to encourage sustainability 
including laws, policies, guidelines, and incentives.  Many countries, at different levels 
(e.g. national, state, regional, provincial, municipal) have enacted laws to protect water, 
air, endangered species and other aspects of the environment.  These laws are an integral 
part of sustainability. 

Governments of many provinces or territories in Canada and Australia, and many 
of the countries within the European Union and elsewhere, have elaborated national 
minerals policies that recognize minerals and mining in general, and the aggregate 
industry in particular, as key sectors contributing to jobs, wealth, and a high quality of 
life for its citizens.  For example, Planning for the Supply of Aggregates in England 
(Department of the Environment, Transport, and the Regions, 2000), identifies nine key 
issues: 1) defining the need for aggregates, 2) assessing the supply of aggregates, 3) 
estimating the future demand for aggregates, 4) considering imports and exports, 5) 
considering interregional supplies, 6) considering multimodal transportation of 
aggregate, 7) assessing and mitigating environmental impacts of aggregate development, 
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8) identifying preferred areas for aggregate extraction, and 9) planning for future 
development of aggregate resources. 

There is no specific process that must be followed when applying sustainable 
management of aggregate resources but, in general, the processes followed are iterative, 
and consist of a number of steps including: 1) identification of the key issues, which 
generally are elaborated in policy documents, 2) elaboration of the objectives that 
describe what you want to accomplish, 3) establishment of specific targets that express 
the desired results, 4) development of specific actions that describe the steps to reach the 
target, 5) identification of indicators that measure progress as well as the affect of your 
efforts on the natural and human systems, and 6) monitoring, feedback and regular 
reconsideration of requirements as events develop. The hierarchy of Sustainable 
Resource Management (modified from Langer and others, in press) is as follows: 

Key issue(s) 
Objective(s) 

Target(s) 
Action(s) 

Indicator(s) 
Feedback 

Indicators deserve special mention.  Indicators are specific to the target and 
actions, but the indicators applied to sustainable development of aggregate resources tend 
to be similar and can be represented by seven indicators from Department of the 
Environment, Transport, and the Regions (2000), which include: 1) proportion of 
supplies coming from preferred areas for extraction, 2) proportions coming from 
environmentally sensitive areas, 3) proportion of primary (natural) aggregates compared 
to secondary and recycled, 4) amount of aggregates per unit of construction output, 5) 
area of land undergoing extraction, 6) area of land restored, and 7) proportion of sites 
covered by modern operating planning conditions. 

The Intra-Regional Plan for the Extractive Industry (PIAE) for the Province of 
Modena, Italy, can serve as a specific example of sustainable management of aggregate 
resources (Langer and others, in press).  Modena Province is updating the PIAE, and has 
included many elements common to sustainability in the revised plan.  The plan is based 
on the polo estrattivo, which is an area typified by the prevalence of quarrying activities, 
including the intervening and surrounding territory that is exposed to quarrying impacts. 
The objectives of the PIAE include guaranteeing the availability of aggregates for present 
and future generations, maximizing the use of alternative materials, minimize the impacts 
from quarrying, and guaranteeing the reclamation of quarries in a manner consistent with 
the existing landscape. Various actions are encouraged to reach these objectives including 
the identification and protection of existing resources, concentration of future quarry 
development activities in the poli estrattivi, development of more efficient methods to 
extract resources, use of substitutes and recycled material, and reclamation that is in 
harmony with the landscape. 

Some aggregate companies in the United States have begun implementing some 
of the concepts of sustainability without waiting for government intervention.  This 
movement involves international aggregate companies, large American aggregate 
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companies, as well as smaller companies who have included environmental responsibility 
in their corporate philosophy and have initiated aggressive environmental management 
systems. But actions by the aggregates industry are only part of the process, and 
sustainable management of aggregate resources should included planning efforts for 
sustainability. 

Minnesota is a pioneering state in both areas of aggregate resource mapping and 
sustainable community management.  During the last decade, Minnesota has taken 
actions that have won it recognition as one of three leading States in applying principles 
aimed at achieving environmental and economic sustainability in the United States 
(Resource Renewal Institute, 2001).  Perhaps it will also lead the way in instituting 
measures for sustainable aggregate resource management. 

Minnesota's Governor and the Minnesota Environmental Quality Board convened 
the Minnesota Sustainable Development Initiative in 1993. The group’s final report, 
Redefining Progress: Working Toward a Sustainable Future, included the 
recommendation to inventory the State’s natural resources. The Minnesota Round Table 
on Sustainable Development (MRTSD) grew out of the initiative, and was the main 
forum for advancing its goals and principles. Its flagship report Investing in Minnesota’s 
Future, (MRTSD, 1998), elaborated five principles of sustainable development, the third 
of which – Conservation – makes note of the need to make wise and efficient use of 
Minnesota’s renewable and nonrenewable resources. Minnesota Statutes 2001 4A.07 
mandated the preparation of a planning guide for local units of government to plan for 
sustainable development. That guide, Under Construction – Tools and Techniques for 
Local Planning (Minnesota Planning, 2002) describes aggregate as a potential 
community asset, and recommends that a county’s natural aggregate resources should be 
recognized in a land use element. 

Sustainable resource management, and finding an answer to the “Dispersed 
Benefit Riddle,” would be less difficult if all conflicts between regional aggregate 
resource needs and local impacts had solutions that would leave everyone better off.  This 
is seldom the case, and there are usually winners and losers. Furthermore, experience 
gained through the application of Integrated Resource Management, which is another 
form of consensusdriven planning, indicates that integrated resource management is 
most successful when the governing bodies have the authority to set direction and 
establish order (Walther, 1987). 

But as the amount of accessible land that is underlain with suitable aggregate 
resources diminishes, inequalities increase. Therefore, our inability to promote the 
common interest in sustainable development is often a product of the relative neglect of 
economic and social justice. The longer we wait to implement sustainable resource 
management principles, the more difficult it becomes to implement sustainable resource 
management. (World Commission on Environment and Development, 1987; Walther, 
1987) 

Summary 
Throughout the first half of the 20th century, a relatively low demand for 

aggregate combined with a general unawareness of society’s place in, and responsibility 
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to the environment, created a situation where aggregate producers in the United States 
were highly successful, and equally unfettered, in their efforts to meet America’s 
demands for quality sand, gravel, and crushed stone resources.  However, changes that 
have taken place throughout the last half of the 20th century have resulted in a situation 
where aggregate producers are finding it extremely difficult to locate and permit 
accessible, economically developable resources. This situation has come about for a 
variety of reasons including resource sterilization, environmental concerns, citizen 
involvement in landuse decisions, and variable planning attitudes and requirements 
toward aggregate resource availability. There is no going back. 

There have been a limited number of attempts to identify and protect quality 
aggregate resources for future use, and these attempts have met with mixed success. 
Those that have been most successful have an associated incentive or enforcement 
capacity.  In spite of those efforts, local decisionmakers commonly are in a quandary 
when it comes to balancing the regional needs for aggregate with local concerns for the 
health, safety, and comfort of their constituents. 

The management of aggregate resources through the application of sustainable 
resource management principles might provide a solution to the decisionmakers’ 
dilemma.  Sustainable management is a highly flexible tool, and it commonly consists of 
six general steps: 1) elaboration of key issues in policy documents, 2) elaboration of 
objectives, 3) establishment of specific targets that express the desired results, 4) 
development of specific actions that describe the steps to reach the target, 5) 
identification of indicators that measure progress and the affects of actions on the natural 
and human systems, and 6) monitoring, feedback and regular reconsideration of 
requirements as events develop. 

In order for sustainable resource management to be successful, government, 
industry, and the public must cooperate at the regional and local planning levels.  To 
ensure the sustainability of aggregate resources, each of the primary stakeholders – 
government, industry, public, and other nongovernmental organizations – must accept 
the responsibility to identify and resolve legitimate concerns, by constructively 
contributing to a decisionmaking process that addresses, not only their own, but a wide 
range of objectives and interests. 

Epilog 
James Coxey spoke about the need for a mineral policy at the Fifth 

Forum on Geology of Industrial Minerals (Hoover, 1970). He said, 

“It is a national disgrace that in a country as talented and affluent 
as America we should lack a clearly defined concept for the well
being of our natural resources – a concept that could be accepted 
and uniformly applied to all levels of government, by all of 
industry and by all of our people.” 

Over thirty years later we still have not found that elusive concept 
for the well being of our natural resources. The time to act is now! 
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