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Introduction
Mineral construction aggregates, including bedrock derived from crushed
stone as well as naturally formed sand and gravel, are an essential
commodity for an industrial society. They constitute the major raw material
in the road building and construction industries. They are usually relatively
cheap and tend to be considered inexhaustible. However, aggregates are
a resource for which we often identify a continuing demand and diminishing
availability trends in many growing metropolitan areas; and, in many cases,
the reserves available for future extraction may not be sufficient to meet
the demand of the market areas.
For reasonable construction and maintenance costs, aggregates should be
available in large quantities and at a reasonable cost in any metropolitan
area. The economic value of a given deposit is a function of its proximity to
the market area as well as its quality and size. Oftentimes, as more and
more land in a region becomes urbanized, closely located deposits tend to
be either depleted by mining or lost to extremely competing land uses. As a
result, more and more distant sources must be used to supply the region's
needs. Increase in haulage distance brings increase in the cost of
aggregates to consumers.
Over the last 30 years, a scenario has developed in the Denver
Metropolitan Area reflecting similar situations in many other growing areas.
Unchecked growth, coupled with rapid exploitation of available deposits
and a general disregard for mineral conservation, has resulted in the
depletion of much of the high quality alluvial resources along major
drainages in the Denver region.
Local producers have developed pits and quarries on the less populated
fringes of the market area for many years. With the rapid expansion in the
Denver area, producers found themselves surrounded by new
development, and production in some areas close to the urban centers
reached levels which impacted the quality of life of the municipality.
Furthermore, this expansion made many valuable resource lands
inaccessible to extraction. Ironically, such growth increases the demands
for aggregates and operators had to increase their production to satisfy
consumers needs, more rapidly depleting their reserves. Concurrent with
the increased demand for rock products, has been the growing concern by

members of the public that we maintain and improve our unique natural
environment and the quality of life.
In an attempt to help minimize the emerging conflicts between the citizens
and the mining industry, an analysis of the regional aspects of this issue is
essential. This study documents the findings regarding the extent of the
current, potential and identified reserves in the area, and analyzes the
need of aggregates to support future economic development in the Denver
Metropolitan Area. An econometric supply/demand model for the Denver
region is presented to assist in making policy and regulatory
recommendations, to balance the needs of mining versus quality of life and
environmental factors.
The assessment of sand, gravel and crushed stone supply and demand
trends in this study are based upon the most recent information collected.
As new information is made available, revisions of the enclosed data may
become necessary.

Previous Work
In the mid 1950's, the problem of a possible shortage of high quality
construction aggregates was first recognized by the local producers in the
Denver Metropolitan Area. They determined that continued depletion of the
alluvial resources closest to the market, without any sort of management,
might lead to shortages in the near future.
The Colorado Sand and Gravel Producers Association pointed out, in their
1957 study, that significant deposits were lost to development. They
forecasted that, without any serious conservation effort, the alluvial
deposits within a 10-mile radius of downtown Denver would be depleted by
1977. These figures assumed no accelerated growth and a constant
annual production level of 3.5 million tons. In comparison, Denver Metro's
annual production was about 14 million tons in the mid 1970's due to the
rapid expansion at this time. The association recommended the creation of
temporary sand and gravel districts in which mining would require
performance bonds to regulate extraction procedures.
The Inter-County Regional Planning Commission (ICRPC), now the Denver
Regional Council Of Governments (DRCOG), initiated a two-year drainage

course study in 1961. This study was the first attempt to include sand and
gravel resources in a comprehensive land use plan. Among its multiple
objectives, the study evaluated the developed pits and analyzed the best
alternatives for a more efficient mineral conservation plan. The ICRPC
study estimated that as of 1960, 26% of the original resources are still
available within a 15-mile radius of downtown Denver. A shortfall between
the supply and demand for aggregate was predicted to occur by 1984.
In 1967, the U.S. Bureau of Mines published an overview of the history of
aggregates production and consumption in the Denver area. Sheridan, in
his study, evaluated the effects of urbanization on the area's aggregate
resources. The emphasis was on deposits along Clear Creek and the
South Platte River that, due to the spread of development, became
unavailable for extraction through the years. Sheridan recommended a
multiple-use concept for conversion of mined lands to other beneficial
uses.
Through the prompting of the local aggregate industry, the Colorado
Legislature passed House Bill 1529, in 1973. The Bill recognized the
importance of construction aggregates in the populated areas of the state.
It mandated the Colorado Geological Survey to conduct a one year study
to map aggregate resources in the front-range counties. Using those maps,
planning commissions would devise master plans of ex traction that
preserve access to the commercial mineral deposits. The Colorado
Geological Survey completed its mapping program within the allocated
time, and a report and atlas were published in 1974 (Special Publication 5A and 5-B, Schowchow and others, 1974a, 1974b). Within the subsequent
years, the required "Master Plan" for each county had been completed.
However, several inherent problems with HB 1529 limited its success in
conserving mineral zones.
Trimble and Fitch, 1974, published a map showing the potential gravel and
crushed rock resources in the Greater Denver Area. The map classified the
deposits in terms of their geological nature and quality. It provided
thickness and sieve analysis data at various locations, collected from the
Colorado Division of Highways and the United States Geological Survey.
The map also showed petrographic data at certain locations. Similar maps
were published by Colton and Fitch in 1974 for the Boulder-Fort Collins
and Greely area, and by Maberry, for Arapahoe and Douglas counties.

The local producers frequently evaluate the changes in the trends of supply
and demand for aggregates in the Denver Market Area. However, those
studies are not available for public review and are essentially used for
marketing strategies. This report is the first attempt in the public domain to
build a detailed econometric supply/demand model for mineral aggregates
in the Denver region. The most recent information was used to achieve the
scope of this study, and an update of the data may be necessary in the
future.
Similar supply/demand analyses for aggregates were done in many other
metropolitan areas. These studies often included an evaluation of the
available resource deposits within and/or in the vicinity of the market area.
In 1980, the Ministry of Natural Resources in Ontario, Canada, published
an "Aggregate Resources Inventory of South Dumfries Township in
southern Ontario". The California Division of Mines and Geology published,
in 1981, a "Mineral Land Classification of Ventura County" (Special Report
145). This later study forecasted the aggregate demand in the area for the
next 50 years and included a detailed evaluation of the potential resource
deposits. Similar studies were done for many other metropolitan regions in
the United States.

Methods For The Determination Of Aggregate
Supply
An analysis of the mineral aggregate supply in the Denver region is
presented in this section of the report. It was conducted on the basis of
quantitative evaluation of aggregate reserves in each operating mine, using
the most recent available data.
To achieve this purpose, it was necessary to determine the boundaries of
the Denver Metropolitan Supply Area where the commodity is produced,
and those of the demand area where the commodity is consumed.

Definition of the Study Area
Large metropolitan areas usually obtain sand and gravel or crushed stone
for construction purposes from several sources within their region. The
location of these sources will define the market area of a given region.

The Denver Metropolitan Demand Area includes the City and County of
Denver and adjoining Adams, Arapahoe, Boulder, Douglas and Jefferson
counties. Based on recent industry activities, current regional aggregate
supply, and reasonable projections, the Supply Area was extended to
include, in addition to the six counties of the Denver Metro Area, Clear
Creek and southwestern Weld counties. Both the Supply and the Demand
areas are shown in Figure 1.
Figure 1: The Denver Metropolitan Supply and Demand Areas.

Definition of the Aggregate Supply
The two most important aggregate categories considered for estimating the
supply in the study area are the current reserves and the potential
reserves.
The current reserves include the commercial aggregate quality material
that are in place in the currently operating mines within the defined supply

area. These have a local government zoning or special use permit and a
state permit issued by the Colorado Mined Land Reclamation Board.
The potential reserves do not form part of the current reserves, mainly
because they are not yet permitted. These are in-place deposits with local
government zoning or special use permits and/or awaiting action by the
Colorado Mined Land Reclamation Board. This category ranks after the
previous one in terms of feasibility of forming part of the supply.
It is important to note that the categories outlined above cannot simply be
added together to obtain an assessment of the supply. In some cases the
second category, potential reserves, may contain material with inferior
economic or geologic characteristics. The first category, current reserves,
is the amount that is available in the short run to meet the market's
demand. The potential reserves are aggregate resources, which can be
added ,to the area's supply only when the permit process is complete.
However, for the purposes of material potentially available, the significance
of these reserves to metropolitan demand will be estimated.
A third category, identified resources, was also considered. These are sites
that have been proposed for rezoning or special use mining permits, but
have been denied. There is currently no evidence indicating whether or not
these reserves will be part of the future area's supply; these identified
resources have no significance in the quantitative evaluation of the current
and potential reserves.
A fourth category, potential resources, would fill any projected shortage
beyond the supply abilities of the current and potential reserves. These are
the geologically available deposits, within or in the vicinity of the market
area, for which extraction might be economically feasible. Their evaluation
is beyond the scope of this study.

Data Collection
The current and potential reserves in the Denver Metropolitan Supply Area
were determined using data collected primarily from the Mined Land
Reclamation Division permit files. Data was also obtained from the local
county planning departments, as needed. The cooperation of the above
named groups in the compilation of the data is gratefully acknowledged.

A data base available at the Colorado Mined Land Reclamation Division
provides a listing for all the operating and terminated mines classified by
county or by operator. It also lists pending applications for mining permits.
This data base was used to identify all the operating mines and the
pending applications for every county in the study area. Subsequently, the
file pertaining to each operation was thoroughly researched to collect the
data necessary to calculate its reserves using conventional calculation
techniques.
The operator and the operation's name were recorded for each mine. The
geographic location: County, city, section, township and range were also
obtained. The data collected from these files also included the annual
production rate, the permitted and mineable acres, and the depth of
extraction. The latest available annual report kept in each file, usually the
1986 report, was used to determine by a planimeter, the acreage still
available to mine. Comments concerning the development history of each
mine were also documented. The data collected was recorded for each
separate case on a formatted data sheet, as shown in Appendix A. A data
base was constructed to computerize the collected data using the SMART
software. This data is kept on file in the Jefferson County Planning
Department.
The permitted acres of the operating mines containing the current
reserves, and the acres awaiting for a mining permit containing the
potential reserves were plotted on 1:100,000 scale maps for the study
area. Each mine is indicated on the map by its reference number, as
documented in Appendices B and C, for the current and potential reserves,
respectively.

Calculation Techniques
Alluvial Pits
Quantitative estimates of the sand and gravel reserves available in a given
mine were made using the data collected. The volume of a mineable area
can be calculated if its areal extent and average thickness are known or
can be estimated. The computation method used is as follows: First, the
permitted area of the mine was obtained in acres. An approximation of the
deposit thickness, based on the data given in the permit application or from

published subsurface data, was also used. Original tonnage values were
then calculated by multiplying the volume of the mine by 2420 (the density
factor). This factor is approximately the number of tons in a one foot thick
layer of sand and gravel, one acre in extent, assuming an average density
of 0.0556 tons per cubic feet or 1.5 tons per cubic yard.
Tonnage = Area (acres) * Thickness (feet) * 2420
Given the acreage still available to be mined, as of the date of this study,
the same method was used to estimate the remaining reserves. It is
important to note that these tonnage figures are only estimates.
Furthermore, these values do not take into account the effects of
technological constraints (slope requirements, drainage, etc.), and the
amount of waste generated. However, to consider the technological
constraints whenever they existed, the area of the actual excavation was
used in the equation. Also, silt and clay were assumed to be the waste and
were calculated using published sieve analysis data. Whenever sieve data
was not available from the considered site, it was assumed that 80% of the
total material is useable, while the remaining 20% is waste.
Bedrock Quarries
The estimation of the original and remaining reserves is a more
complicated process for a quarry site. These vary greatly with the material
in question and the design of the mine itself. Whenever the needed figures
were not readily available, they were calculated using the graphical method
described below.
The mining and final reclamation plan of the quarry were obtained from the
permit application at the Mined Land Reclamation Division. Using those
plans, the number and the design specifications of the benches to be
generated by mining were recorded (thickness and width of each bench).
The area to be mined, associated with every bench, was determined by the
planimeter. The volume of the mined disk associated with each bench was
calculated in cubic yards, by multiplying the area by the thickness of each
bench. Assuming a density of 2.2 tons per cubic yard, the tonnage
extracted by the creation of each bench was determined. This process was
repeated for each bench to be created, and the total amount of the original

reserves was obtained by summing up all the calculated figures. The
topography was accounted for whenever necessary.
An estimate of the removed tonnage, as of the current date, was obtained
using the rate of annual production and/or the number of operating years.
The removed tonnage value was subtracted from the original reserves
value to obtain a figure of the remaining reserves. These numbers were
then corrected by the producers whenever necessary. Whenever an
estimate of the waste material in a quarry was not documented, it was
assumed that the percentage of waste generated by quarrying varies
between 0% and 25% depending on the physical and chemical
characteristics of the material in question. The remaining percentage is
useable as crushed stone.

Sieve Analysis Data
For most uses, consumers of rock products prefer either sand and gravel
or crushed stone. These preferences stem from differences between the
two commodities in their physical properties or in their price. Rigid
specifications regarding hardness, particle size gradation, shape, and
certain chemical properties are imposed on the rock materials for much
concrete construction and road building. Because of these strong
preferences by consumers of rock materials, the supply for the two
commodities was analyzed separately. It was necessary to evaluate the
tonnage attributable to sand, because of the large amount of sand
available in the Denver Metro Area, and the supply is much higher than the
demand. Separate figures for sand, gravel and crushed stone were
therefore generated.
To estimate the tonnage attributable to sand and the amount of waste in an
alluvial pit, sieve analysis data collected from the Colorado Division of
Highways and the U.S. Geological Survey and published by Trimble and
Fitch, 1974, were used. The sand and gravel sieve size distribution is
shown in Table 1. (It was assumed that silt and clay sized material passing
the #200 U.S. sieve are waste.) The percentage of sand corresponds to
that passing the #10 sieve, and the percentage remaining is the gravel
fraction in the deposit. Whenever direct data was not available, estimates
were obtained from analogies with similar areas.

TABLE 1 - Sand and Gravel Size Distribution
Figures are percentages by weight which fall into class size classes:

Quality Specifications
Rarely is aggregate raw material at the pit or quarry site, even from the
highest grade deposits, physically or chemically suited for every type of
aggregate use. Therefore, every potential deposit must be tested to
determine how large a tonnage of its various components can meet the
specifications for a particular type of use and what processing is required.
This requires large quantities of information not readily available, especially
within the confines of the study time frame. However, for the scope of this
study, aggregate material within a pit or quarry were classified, in terms of
their quality, as good or moderate. This classification was adopted from
Trimble, Fitch and Maberry, 1974.
Gravel Deposits
According to Trimble and Fitch, the physical and chemical characteristics
of gravel are dependent upon the age of the deposit, which also
determines their topographic location. The highest quality gravel is the
youngest, the least altered (soundest), the least cemented, and contains
the least amount of calcium carbonate in the form of interstitial caliche.
These are the gravel deposits of the floodplains and the lower terraces of

the major streams and their tributaries. They are the source of the best
quality gravel for concrete aggregate and road material.
The moderate quality gravel deposits, being older and more weathered,
contain an abundance of unsound stones and much calcium carbonate.
These are the gravel deposits of pediments (mesa tops) and upland tertiary
remnants in the mountains. They are generally of poor quality for a
concrete aggregate; locally useful as a source of road or subgrade
material. They are cobbly and bouldery near the mountains and pebbly to
sandy farther east. Cemented gravel or conglomerate were also
considered in this category.
Bedrock Deposits
Bedrock-derived crushed stone were also classified, in terms of their
quality, as good or moderate according to Trimble and Fitch. Good quality
crushed stone may be obtained from fine grained or coarse grained
igneous rocks, while moderate quality aggregate is derived from
metamorphic rocks or quartzite.
Fine grained igneous rocks: Dikes, flows, sills and ash flow tuffs, occur in a
number of localities adjacent to the mountains. This rock is best suited as a
source of crushed rock for road material and building stone. Its suitability
for concrete aggregate may be diminished by reactive constituents. Coarse
grained igneous rocks crop out widely in the mountains and are a potential
source of high quality crushed rock aggregate. Moderate quality crushed
stone is derived from metamorphic rocks. Foliated metamorphic rocks
underlie most of the mountainous area from Jarre Creek north. These are
not generally as good a source of crushed rock aggregate as the igneous
rocks, but some of the more gneissic rocks have been so utilized. These
have highly variable suitability for crushing. Quartzite was also classified as
a potential source of high quality crushed-rock aggregate.

Aggregate Supply In the Denver Metropolitan
Area
The methods described above were used to determine the aggregate
supply in the Denver Metro Supply Area. An estimation of the total supply
requires the determination of both the current and potential reserves, as
described earlier in this report.
The calculated reserves are only the best estimates possible, although
reliable conventional methods of calculations were employed. This is due
to the nature of the information in the files and the variable nature of the
aggregate deposits themselves. However, to improve our accuracy, we
corroborated the estimated reserves of most of the operations with their
respective producers, and adjusted our estimates if indicated.

Current Reserves
The current aggregate reserves in the Denver Supply area are those in
place in the currently operating pits and quarries, as described earlier in
this report. Appendix B lists all the currently operating mines in the study
area.
To estimate the current reserves in the Denver area, a list of all the
operating aggregate mines in the study area was prepared for each county.
This list includes the permitted acreage for each mine, the remaining
acreage to be mined as of the current date of this study, and the original
and remaining tons of reserves available for extraction. This data is kept on
file in the Jefferson County Planning Department for public review. The
remaining or current reserves in each of the operating mines were summed
up for each county and subsequently, for the total Denver Metropolitan
Supply Area, as shown in Table 2.

TABLE 2 - Current Reserves in the Denver Metropolitan Supply Area

The current aggregate reserves in the Denver Supply Area are 343 million
tons. This includes the tonnage attributable to crushed stone, gravel and
sand. Of the total current reserves, 40.49% are crushed stone, located
primarily in 4 operating stone quarries in Jefferson county. The remaining

percentage of the current reserves is sand and gravel from alluvial pits.
Gravel is 29.9% of the current reserves, and sand is 29.6%. The current
reserves, in terms of crushed stone, gravel, and sand, are detailed for each
county in Table 3.
TABLE 3 - Current Reserves in Each County of the Denver Supply
Area

Jefferson County provides 36.43%, the highest percentage of these
reserves. This is due to the large reserves located in four major Stone
quarries in the County. These quarries contain 115 million tons of crushed
stone, or 33.5% of the total area's reserves. Adams County contains
24.23% of the current reserves of the area. Aggregate is produced from the
mining of alluvial deposits along the South Platte river drainage course.
13.22% of the reserves are located in South-western Weld County and
7.84% are In Boulder County. Clear Creek County contains 7.27% of the
reserves, most of which being located in a single stone quarry. Both
Arapahoe and Douglas Counties contribute 11% of the total current
reserves. A summary of the current reserves, by County, is shown
separately in Table 3.

Potential Reserves
The potential reserves, as defined earlier, are those located in areas that
are zoned and/or await a permitting action by the Mined Land Reclamation
Board. This category of reserves will meet the demand, should it be
projected to exceed the supply from the current reserves. Table 4 lists the
potential reserves in the area.
TABLE 4 - Potential Reserves in the Denver Metropolitan Supply Area

The potential aggregate reserves in the Denver Supply Area are 57 million
tons. 78.75% of the potential reserves are located in Jefferson county.
Douglas County contains 12.27% of these reserves, while both Adams and
Boulder Counties provide 8.97% of the potential reserves. Weld and
Arapahoe Counties do not contain any potential reserves. A summary of
the potential reserves in every county is shown in Table 5.

TABLE 5 - Potential Reserves in Each County of the Denver Supply
Area

Identified Resources
For various reasons, many applications for mining permits in the Denver
area were denied The reserves located in these deposits were classified as
"Identified resources . There is no evidence, as of the date of this study,
that these reserves will be available for development in the future.
Therefore, these resources cannot be added to the area's total supply.
However, they represent identified resources of commercial size and
quality. Some of the most interesting cases are shown in Table 6.

TABLE 6 - Identified Resources in the Study Area

Forecasting Aggregate Demand in the DMA
An estimate of the total quantity of aggregate required to supply the needs
of the Denver Metropolitan Demand Area, up to the year 2010, will be
presented in this part of the report.
Twenty-five year forecasts of the aggregate demand are made on the basis
of aggregate that was historically consumed during the years 1960-1985.
For the purpose of these calculations, it is assumed that all the aggregate
produced in a particular region was also consumed within that region.

Factors Affecting the Per Capita Consumption of Aggregate
In general, changes in the level of demand for rock materials occur
because of previous or present changes in the characteristics of the overall
economy. Thus, it would be expected that a relationship exists between
trends in the level of rock production and various indicators of the general
economic activity. Factors such as the number of new residential and nonresidential building permits issued, miles of new highway constructed, and
population data were compared with aggregate production records for
various metropolitan areas to determine whether or not they bore a direct
relationship to the aggregate consumed. However, simple linear regression
analysis showed that population is the factor that most closely correlated
with the amount of aggregate consumed in a given area.
Per capita consumption rates vary greatly, depending upon the degree of
urban maturity reached within a region. High per capita consumption rates
are generally characteristic of regions where the overall population density
is relatively low and the rate of urban development is high. High
consumption rates will probably be maintained in such regions until growth
rates decline with the onset of urban maturity. Per capita consumption then
usually decreases, eventually leveling off to a general maintenance level.
However, per capita consumption levels vary erratically over time without
correlating to urban growth. This unpredictability arises from the fact that
many projects using aggregates are so large that they create anomalies in
the demand for rocks. Consequently, quantities jump during the project and
fall upon its completion. Second, some of the demand for aggregates
comes primarily from governmental construction projects. These occur for
reasons bearing little or no relationship to the local economic conditions.
Instead, the scheduling of these projects depends on less predictable
political factors at local, state and national level.
Per capita consumption rates for any metropolitan region can then be
interpreted in light of the above-listed factors to determine average trends
of supply and demand of rock materials in the area.

Basis for the 24 Years Forecast
The most accurate method of predicting aggregate consumption is to use
sophisticated computer models which analyze such factors as the overall
health of the economy, proposed highway construction, housing
development, and the commercial construction outlook. However, a wealth
of information is required by the models, and the use of this method to
predict the needs of the Denver Area for the next 24 years was beyond the
scope of this study.
Instead, simple linear regression analysis of historical data for the Denver
Metro Area were made to identify basic trends in the per capita
consumption rates. The projected per capita consumption rates were then
correlated with the population projections for the study area, on a yearly
basis, in order to estimate the total aggregate consumption needs for the
region for the year 2010.

Historical Consumption of Aggregate in the
DMA
A 25 year old population record (1960-1985) was compiled for the region of
the project area. The historical population data for this period was obtained
from statistical bulletins that have been published by the counties on a
quarterly or annual basis, and from the Denver Regional Council of
Governments.
Historical annual aggregate production data for these years was obtained
from the U. S. Bureau of Mines and from the local rock producers,
whenever possible.

Data Interpretation
Historically, the demand for aggregate in the Denver Metro Area has been
determined using the rates of production. This is because there is no
accurate source of information in the public sector to compile the quantities
of aggregates actually delivered to consumers. The assumption made, in
order to substitute production rates for consumption rates, is that the
market adjusts its production rate within a relatively short period of time to

meet the consumption. Both the Bureau of Mines and the Colorado Rock
Product Association indicate that these assumptions are valid in our area.
The best source of data in the public domain on the production quantity,
the value of production, and the uses of aggregate, is the " Mineral Industry
of Colorado " published by the U. S. Bureau of Mines. These records are
compiled by the voluntary reporting of some mine operators in the region.
Because only major operators report their figures to the Bureau of Mines,
the numbers quoted for the Denver region are considered low, and in many
cases unreliable, by the aggregate industry. The figures do not account for
the fluctuations of the smaller operators in meeting the demands of the
area. Using the Bureau of Mines figures as a basis for projecting demand
will, therefore, provide a demand estimate which is lower than the actual
consumption.
However, the Bureau of Mines figures offer a look at the cycles and the
rates of aggregate production for the majority of the large operators serving
the area. The production rates, both in gross tonnage and in per capita
consumption, and the population and growth rates for the years 1960-1985
are shown in Table 7. The growth rates and the tons per capita rates over
the considered historical period were plotted and shown in Figure 2.

Figure 2: Historical Per Capita Consumption and Population Growth
Rates in the Denver Metropolitan Area

TABLE 7 - Historical Per Capita Consumption of Aggregates and
Population Growth Rates in the DMA 1960-1985

The 1960-1985 per capita consumption record for the DMA is marked by
several distinguishable trends. A remarkable correlation between the rates
of growth and aggregate consumption is observed up to the year 1976.
During this period the DMA was characterized by an overall low population
density and high rates of urban development. Consequently, high
consumption rates were maintained in the region until the onset of urban
maturity after 1976, evidenced by a growth rate leveled at an average of
3.2%.
It would be expected that consumption rates will decline after 1976 with
increased urban maturity in the area. However, a high consumption trend
was observed in the region between 1976 and 1982. This unpredictable
high consumption was correlated to the major highway construction
projects triggered by large Federal Highway Funds and by the construction
boom that occurred in downtown Denver.
To determine the broad scope of the aggregate supply and demand in the
DMA for the next 24 years, a reasonable tons per capita consumption
multiplier needed to be developed. The average tons per capita since 1960
is 8.49. However, a linear regression analysis of the historical data, shown
in Figure 3, indicated that the historical tons per capita consumption of
aggregates in the Denver Metro area increased over time, from 7 tons per
capita in the 60's up to 10 tons per capita in 1985.

Figure 3: Linear Regression Analysis of the Historical Tons Per
Capita Ranges in the Denver Metropolitan Area

Because the linear regression analysis of the historical data showed that
aggregate consumption rates tend to increase with time, and due to the
cyclical nature of the construction industry and the Colorado economy, it
was decided that a range of demand would provide the most useful
information for long-term forecasting. Accordingly, models for the future
needs of aggregates in the area were examined using 8.5, 9.0, 10.0, and
11.0 tons per capita consumption rates. 8.5, 9.0, and 10.0 tons per capita
ranges were derived from the regression analysis of the U.S. Bureau of
Mines data. The major local producers also use these consumption rates in

their long-term forecasting. The 11.0 tons per capita consumption rate is
used by some local producers and was, therefore, considered in this study.

Future Demand for Aggregate in the DMA
The historical aggregate consumption data for the DMA was used to
identify basic trends in the per capita consumption rates. The projected per
capita consumption rates were then correlated with the population
projections for the Denver Metro Area, on a yearly basis, in order to
estimate the region's total aggregate consumption needs for the year 2010.
Population projections for the years between 1986-2010 were made using
area projections furnished by the Denver Regional Council of
Governments. These projections are available on a 5 year interval basis
and are listed in Table 8. Data for the intermediate years was determined
by extrapolation.
TABLE 8 - Population Forecast Distribution DRCOG

Future Per Capita Consumption of Aggregates
Because the Bureau of Mines figures are inherently conservative and the
regression analysis indicates continued growth in tons per capita, it was
determined that a demand scenario of 8.5 tons per capita for the next 24
years would be the low range of demand forecasts. In fact, over the last ten
years, the Bureau of Mines figures indicate that the DMA has consumed 9
tons per capita.

A consumption rate of 10 tons per capita is generally thought to provide an
average rate of consumption for the area in the future. Currently, several
major producers in the area are using 10 tons per capita for their longrange planning. In addition, the Colorado Geological Survey has been
using 10 tons per capita since the mid-70's as a method of predicting
aggregate demand in their long-range planning.
To complete the scenarios for the aggregate demand, a consumption rate
of 11 tons per capita was chosen for the high end of our range. This was
chosen because some of the producers tend to believe that the aggregate
consumption rate might increase further in the future, to reach a level of
11.0 tons per capita consumption rate.

Models for Future Aggregate Demand in the DMA
Models for rock materials demand in the Denver Metropolitan Demand
Area were built for the established future tons per capita consumption
rates. For each considered tons per capita value, the model was
considered both with and without the large projects planned for the area in
the near future.
To show the effects of population growth, a non growth or baseline
scenario is also shown.
The Large Projects
Two major projects, the construction of a new airport and the completion of
the beltway system (E-470), are planned for the Denver region in the next
24 years. Both projects will consume large volumes of aggregates, and
were considered in the demand forecasts. The combined aggregates
requirement by the large projects in the critical construction years is
11,342,000 tons. A summary of the total and annual aggregate needs for
these projects is shown in Tables 9 and 10.

TABLE 9 - Total Estimated Aggregate Needs for Large Projects
During Construction Years 1989 - 1994

TABLE 10 - Total Estimated Annual Aggregate Consumption Of Large
Projects (Tons)

Where the actual annual data was not available, the total project tonnage was divided by the
construction years.

The RTD Busways, the clean-up of the Rocky Mountain Arsenal, and the
construction of Two Forks Dam are also among the large construction
projects in the area. However, they are not expected to impact the local
aggregate industry. The Arsenal clean-up and the RTD busways are not
large consumers of aggregate, and the aggregate for Two Forks Dam will
be excavated and crushed on-site to meet the required specifications.
The new airport, being constructed for 1995, will require 7.2 million tons of
aggregates between the years 1990 and 1993. The 6 runways of the new
airport require 1,680,000 tons of high grade crushed stone capable of
meeting the specifications of the Federal Aviation Administration. Each of
the 6 runways will be 16,000 feet long and 150 feet wide, and will require
15" of concrete over a 15" cement treated subbase.

E-470 will be an asphaltic concrete highway. It was estimated by the State
Highway Department that this section of the beltway system will consume
4.14 million tons of aggregate between the years 1989-1994. Road base
and asphalt will comprise the project's highest aggregate consumption at
3.8 million tons or 91.7%; the remaining percentage required will be
crushed stone.
Figure 4 shows the total annual aggregate consumption by the large
projects.
Figure 4: Annual Aggregate Consumption Large Projects

Models for Cumulative Consumption of
Aggregate
A model for the cumulative consumption of aggregate was constructed for
the 4 considered tons per capita consumption rates (8.5, 9.0, 10.0, and
11.0). Each range was considered with and without the large projects. The
region's need for aggregate for all the ranges, with and without the large
projects up to the year 2010, are shown in Appendix D.
As mentioned earlier in this report, the current reserves available in the
Denver region from the currently operating mines, are 343 million tons. As
shown in Figure 5, The Denver Demand Area will consume what is
equivalent to the current available reserves between the years 2000 and
2004, at consumption rates varying between 8.5 and 11.0 tons per capita.
This represents a 14-18 year supply. If the potential reserves are added, it
would represent an additional 3 year supply at 8.5 tons per capita and a 2
year supply at 11.0 tons per capita, for a possible total supply of 16-21
years.

Figure 5: Cumulative Aggregate Consumption in the Denver
Metropolitan Area.

This analysis is predicated on the population growth shown on Table 8 as
projected by the Denver Regional Council Of Governments. Should the
population growth rate be slower or faster, the rate of consumption will be
proportionally changed. To illustrate the extreme case, no population
growth, the historical average consumption ratio (8.5 tons per capita) is
shown without change. This would represent an average annual
consumption of 15.5 in tons, which would result in 22 years of supply for
the current reserves and an additional 3.7 years if the potential reserves
were consumed.

A model for the cumulative consumption of aggregates, taking into
consideration the large projects, was also considered. This model is shown
in Figure 6. Although the large projects did not seem to significantly affect
the cumulative future consumption of aggregates, it is believed that the
construction of these projects will affect the market during the critical
construction years. A possible strain in the aggregate market might cause
a significant increase in the commodity's price. To evaluate this effect,
models for the yearly consumption of aggregates in the next 24 years were
also considered.
Figure 6: Cumulative Aggregate Consumption in the Denver
Metropolitan Area.

Models for Yearly Consumption of Aggregate
A historical average value of yearly production of aggregate in the Denver
Metro Area is 16 million tons, as determined by many large local
producers. However, it is predicted that the yearly demand of aggregate
will be increased dramatically in the region during the construction of the
new airport and E-470. Local producers believe that their production
capacity will adjust quickly to the increased demand.
The yearly consumption of aggregate for the years 1987-2010, for all four
ranges of consumption rates, was determined. These are listed in
Appendix E, and shown in Figure 7.
Figure 7: Yearly Consumption of Aggregates in the Denver
Metropolitan Area.

At the lower scenario, 8.5 tons per capita, the annual consumption of
aggregate, will vary from 15 to 22 million tons with an average of 19 million
tons. A maximum of 20 million tons might be required during the critical
construction years of the large projects.
The intermediate scenario of 10.0 tons per capita consumption rate
indicates an average annual consumption rate from 18 million tons to about
26 million tons in the 2000's. Up to 24 million tons per year might be
required between the years 1992-1993 if the large projects were built
simultaneously, as scheduled.
At the highest perceived aggregate consumption rate, 11.0 tons per capita,
the annual consumption ranged from 20 million tons a year to about 29
million tons. The average yearly consumption rate at this scenario is 25
million tons. At this consumption rate, up to 26 million tons a year might be
required during the large projects' construction time frame.
In summary, the future average annual consumption rate in the Denver
region is projected to range between 19 and 25 million tons a year. While
the capacity of the local industry will probably handle these levels of
demand, a strain in the local rock products market might be foreseen in the
future, especially during the construction years of the new airport and E470.

Overview of Aggregate Usage
The economic significance of aggregates arises from its use as a basic
construction material. Sand, gravel and crushed stone, collectively referred
to as aggregates, provide bulk and strength to portland cement concrete
and asphaltic concrete. Aggregates are also used as road base, subbase
and fill. Aggregates normally provide from 80% to 100% of the material by
volume, in the above uses.
Aggregates are used primarily for road base and asphalt in the Denver
Metro area. Road base consists of sand and gravel of sizes up to 1 1/2
inches, and provides the level surface over which asphalt can be laid.
Asphalt is a mixture of uniform size gravel (usually 1/2 to 3/4 inch) and 6%
bitumen, an oil refinery residue. This mixture is compacted over the road
base to make asphalt roads. Historically, about 66% of the aggregates

used in the Denver area is for road base and asphalt. However, the
percentage of aggregate used for road base and asphalt has probably
increased due to the present downturn in the construction industry.
An additional 30% of the market in the Denver area is for coarse and fine
concrete aggregate use. Sizes for coarse concrete aggregate range from
3/4 inch to 1 1/2 inches, with differing qualities depending on the contract
specifications.
Other uses for aggregate include pipe drainage, leach fields, rip-rap,
landscaping and street sanding. These uses require varying sizes and
specifications, and comprise the remainder of the Denver area's aggregate
use.

Specifications for Aggregate Usage
Rarely is aggregate raw material at the pit or quarry site, physically or
chemically suited for every type of aggregate use discussed above.
Therefore, every potential deposit must be tested to determine how large a
tonnage of its various components can meet specifications for a particular
type of use and what processing is required.
Specifications for various uses of aggregate material have been
established by several agencies to ensure that aggregate is satisfactory for
particular uses. These agencies, as well as other major consumers of
concrete, evaluate aggregate for acceptance by using standard test
procedures outlined by such organizations as the American Society for
Testing Materials and the American Association of State Highways
Officials.
Specifications also call for various grain size ranges and particle size
distributions in the various uses of aggregates. For some uses such as
asphalt paving, particle shape is specified. Specification standards, set by
the California Department of Transportation in 1975, require that at least
25% by weight of coarse aggregate (3/4 inch material retained on the # 4
sieve) used as a class 2 aggregate base material shall be crushed
particles. Furthermore, aggregate material used with bituminous binders to
form sealing coats on road surfaces shall consist of at least 90% by weight
of crushed particles. Crushed stone is preferable to natural gravel in
asphaltic concrete because broken surfaces adhere to asphalt better than

rounded surfaces and the interlocking of angular particles strengthens the
asphaltic concrete.
Most aggregate specifications have been established to ensure the
manufacture of strong, durable concrete. However, these specifications
often require additional processing of the material that translates in the
generation of more wastes and a significant shortening in the life of the
deposit, for example. The State Highway Department recently changed its
specifications for asphaltic rock concrete. More fractured rock faces are
now required, causing additional processing and crushing operations. This
is expected to generate at least an additional 10% of waste within a
deposit.

Economics of Aggregate Usage
The preferred use of one aggregate material over another in construction
practices depends not only on specification standards but also on
economics. The cost of delivered aggregate includes the plant-site cost
plus charges for handling, haulage and mixing. The charge for haulage is
the most influential factor in determining the cost of the final product at
delivery point. Aggregate generally sells at prices ranging from $2 to $5 per
ton at the plant site after washing, sizing and stockpiling. The availability of
aggregates from local sources is, therefore, essential to the general
economic strength of the Denver Metro Area.
Alluvial sand and gravel is preferred to crushed stone for Portland cement
concrete aggregate, because the natural material is less expensive and
because a wet mix made with rounded particles of alluvial sand and gravel
has better workability than one made with angular particles. The workability
of a wet mix consisting of portland cement with crushed rock aggregate is
improved by adding more sand and water. However, this also requires that
more cement be added to the mix in order to maintain concrete durability
standards. Normally, the additional cement amounts to about 1/4 sack per
yard of concrete, causing an additional cost per yard of mix (1986 prices).
Aggregate for asphaltic concrete and portland cement concrete generally
meet the same physical and chemical requirements. In localities where
only one type of aggregate is readily available, the type is ordinarily used in
both types for concrete; however, all material from the DMA cannot be

used in high use categories such as the Portland cement concrete use.
Most crushed stone that is produced in the DMA for use in asphaltic
concrete is obtained from alluvial deposits at most of the larger sand and
gravel plants. Oversize rock clasts (loose rocks), usually larger than 1 1/2
inch diameter, are screened from the alluvial raw material and crushed for
use as crushed stone.
Crushed rock is commonly used for Portland cement concrete aggregate
under geologic conditions where shortages of alluvial sand and gravel
exist. Although slightly more care is required in pouring and placing a wet
mix that contains crushed rock, Portland cement concrete made with this
aggregate is as satisfactory as that made with sand and gravel of
comparable quality. However, production costs are considerably greater,
and the recent tendency to use crushed rock in the Denver region would
involve additional haulage costs, truck traffic, and fuel consumption.

Emerging Supply Trends and Options Available to the Local
Industry
Since the passage of HB 1529, it appears that significant changes have
been and are being affected in the structure and economics of the Denver
area construction materials industry. Besides the most visible and audible
public opposition, the industry faces serious challenges with respect to
aggregate supply, largely as the result of local governmental actions and
attitudes toward development and mining. Several major emerging trends
are foreseen for the local aggregate industry.
The first, most obvious trend is the search for coarse alluvial aggregate
deposits in known resource areas further away from existing metropolitan
market areas. All producers know that this means a longer haul either to
the plant site, to the job site, or both, which translates into a higher ton mile
haulage cost. The economic implications are readily apparent. Assuming
for the moment that aggregate unit value and the cost of finished products
will increase over the intermediate and long terms to offset increased
transportation costs, producers now consider finding, securing and
developing more remotely located alluvial deposits. The potential areas
seem to be Clear Creek, Gilpin, Larimer, and Weld counties.

The second option is the search for suitable property in the Front-Range
area to sustain a long-term high tonnage, crushed rock quarry operation.
From the standpoint of haul distance, the mountain front corridor in
Boulder, Jefferson, and Douglas counties is the main objective, but the
foothills development and the low success rate of operators in this area
over the last 10 years is discouraging to the location of new sites.
A newly emerging trend in the region is the recycling of available asphalt
and concrete to avoid long haul distances. A pilot plant is currently
available in the Denver area just for this purpose. It was estimated that
recycled rock products currently constitute up to 5% of the local market.
One major problem in the recycling process is the presence of rebar that
prevent processing.
Another option is the long range truck haulage, intermediate to long
distance unit train, and currently, lowest priority is the possibility of
aggregate manufactured from natural and man made materials. In the front
range area, this option has been exercised at only two or three locations
and was not found to be economically feasible.

APPENDIX A: SAMPLE DATA SHEET
Investigator:_________Date: _________
Name of Operator:________________________
Name of Operation:________________________
Address:______________________________
______________________________
Geographic Location:________________________
Section:________________________
Township:________________________
Range:________________________
City/County:________________________
Plotted on:________________________
Commodity
[ ]Alluvial Sand & Gravel Pit
[ ]Crushed Rock Quarry
End Use.________________________
Acreage:
Permitted:________________________
To be Mined:________________________
Annual Production:
Life of Mine:
[ ]Public [ ]Commercial
Status:________________________
Final reclamation :________________________
MLRD Permit Issue Date: __________
Base Data Located At:________________________
Data corroboration (name & comment):________________________
____________________________________________________________
____________________________________________________________

APPENDIX B: LIST OF THE OPERATING MINES
A listing of all the currently operating alluvial pits and rock quarries in the
study area is presented in this part of the report. The reference number
assigned for each operation is used for reference purposes and refers
mainly to the county where the deposit occurs.
The areal extent of each operation is plotted on 1:500,000 U.S.G.S. maps
of the study area. Each operation was indicated by its corresponding
symbol in this present report. A summary sheet, as that shown in Appendix
A, was also prepared for each individual operation. Each sheet records the
location, quantity and quality of the deposit under consideration. A brief
history of the mine development is also included. These summary sheets
for the currently operating mines are kept on file at the Jefferson County
Planning Department, together with the location maps.

APPENDIX C: LIST OF THE POTENTIAL RESERVES

APPENDIX D: CUMULATIVE CONSUMPTION OF
AGGREGATES
Cumulative Aggregate Consumption in the Denver Metropolitan Area
at 8.5, 9.0, 10.0, 11.0 tons per capita - Large Projects Excluded

Cumulative Aggregate Consumption nin the Denver Metropolitan
Area at 8.5, 9.0, 10.0, 11.0 tons per capita - Large Projects Included

APPENDIX E: Yearly Consumption of Aggregates
Yearly Consumption of Aggregate the Denver Metropolitan Area at
8.5, 9.0, 10.0, 11.0 tons per capita - Large Projects Excluded

Yearly Consumption of Aggregate the Denver Metropolitan Area at
8.5, 9.0, 10.0, 11.0 tons per capita - Large Projects Included

