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INTRODUCTION  
 


Sand, gravel, and crushed stone are “construction materials.” These commodities, collectively 
referred to as aggregate, provide the bulk and strength to Portland Cement Concrete (PCC), 


Asphaltic Concrete (AC, commonly called “black top”), plaster, and stucco. Aggregate is also used 
as road base, subbase, railroad ballast, and fill. Aggregate normally provides from 80 to 100 
percent of the material volume in the above uses.  


 
The building and paving industries consume large quantities of aggregate and future demand for 
this commodity is expected to increase throughout California. Aggregate materials are essential to 


modern society, both to maintain the existing infrastructure and to provide for new construction. 
Therefore, aggregate materials are a resource of great importance to the economy of any area. 
Because aggregate is a low unit-value, high bulk weight commodity, it must be obtained from 


nearby sources to minimize economic and environmental costs associated with transportation. If 
nearby sources do not exist, then transportation costs can quickly exceed the value of the 
aggregate. Transporting aggregate from distant sources results in increased construction costs, fuel 


consumption, greenhouse gas emissions, air pollution, traffic congestion, and road maintenance. 
 
To give an idea of the scale of these impacts, from 1981 to 2010, California consumed an average 


of about 180 million tons of construction aggregate (all grades) per year.  Moving in 25 ton 
truckloads that is over 7.2 million truck trips per year. With an average 25 mile haul (50 mile 
round trip) that amounts to more than 360 million truck miles traveled, almost 47 million gallons 


of diesel fuel used, and more than 520,000 tons of carbon dioxide emissions produced annually. If 
the haul distance is doubled to 50 miles (100 mile round trip) the numbers double to 721 million 
truck miles traveled, almost 94 million gallons of diesel fuel used, and over 1 million tons of 


carbon dioxide emissions produced. 
 
Land-use planners and decision makers in California are faced with balancing a wide variety of 


needs.  Increasingly, as existing permitted aggregate supplies are depleted, local land-use decisions 
regarding aggregate resources can have regional impacts that go beyond local jurisdictional 
boundaries. 


 
These factors, universal need, increasing demand, the economic and environmental costs of 
transportation, and multiple land-use pressures make information about the availability and 


demand for aggregate valuable to land-use planners and decision makers charged with planning for 
a sustainable future for California’s citizens. 
 


California Geological Survey (CGS) Map Sheet 52, 1:1,100,000-scale, and this accompanying 
report provide general information about the current availability of, and future demand for, 
California’s permitted aggregate reserves. Map Sheet 52 was originally published in 2002 (Kohler 


2002) and subsequently updated in 2006 (Kohler 2006).  Map Sheet 52 (2012) is an update of the 
version published in 2006.  
 


Map Sheet 52 updates data from reports compiled by the CGS for 31 aggregate study areas 
throughout the state.  These study areas cover about 30 percent of the state and provide aggregate 
for about 85 percent of California’s population. This report is divided into three parts: Part I 


provides data sources and methods used to derive the information presented; Part II compares the 
updated 2012 Map Sheet 52 to the prior (2006) map; and, Part III is an overview of construction 
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aggregate. All aggregate data and any reference to “aggregate” in this report and on the map 
pertain to “construction aggregate,” defined for this report as alluvial sand and gravel or crushed 


stone that meets standard specifications for use in PCC or AC unless otherwise noted.   
 
The estimates of permitted resources, aggregate demand, and years of permitted reserves 


remaining presented on Map Sheet 52 (2012) and in this report are based on conditions as of 
January 1, 2011 and do not reflect changes, such as production, mine closures, or new or expanded 
permits, that may have occurred since that time.  Although the statewide and regional information 


presented on the map and in this report may be useful to decision-makers, it should not be used as 
a basis for local land-use decisions.  The more detailed information on the location and estimated 
amounts of permitted and non-permitted resources, and future regional demands contained in each 


of the aggregate studies employed in the compilation of Map Sheet 52 should be used for local 
land-use and decision making purposes.  
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PART I: DESCRIPTION OF MAP SHEET 52, AGGREGATE 
SUSTAINABILITY IN CALIFORNIA  


 


Map Sheet 52 is a statewide map showing a compilation of data about aggregate availability 
collected over a period of about 33 years and updated to January 1, 2011.  The purpose of the map 
is to compare projected aggregate demand for the next 50 years with currently permitted aggregate 


reserves in 31 regions of the state. The map also shows the projected years of permitted reserves 
remaining and highlights regions where there is less than 10 years of permitted aggregate supply 
remaining. The following sections describe data sources and methodology that were used in the 


development of the map. 
 


Mineral Land Classification Reports and Aggregate Studies  
 
Data regarding aggregate reserves and projected aggregate demand shown on Map Sheet 52 are 


updated from a series of mineral land classification reports published by CGS between 1981 and 
2010 (see Appendix).  They were prepared in response to California’s Surface Mining and 
Reclamation Act of 1975 (SMARA) that requires the State Geologist to classify land based on the 


known or inferred mineral resource potential of that land. SMARA, its regulations and guidelines, 
are described in Special Publication 51(Division of Mines and Geology, 2000).  
 


The Mineral Land Classification process identifies lands that contain economically significant 
mineral deposits. The primary goal of mineral land classification is to ensure that the mineral 
resource potential of lands is recognized and considered in land-use planning. The classification 


process includes an assessment of the quantity, quality, and extent of aggregate deposits in a study 
area. 
 


Mineral land classification reports may be specific to aggregate resources, may contain 
information about both aggregate and other mineral resources, or they may only contain 
information on minerals other than aggregate. Reports that focus on aggregate include aggregate 


resource classification and mapping, estimates of permitted and non-permitted aggregate 
resources, projected 50-year demand for aggregate resources, and an estimate of when the 
permitted reserves will be depleted. Map Sheet 52 is a statewide updated summary of 50-year 


demands and permitted resource calculations for all SMARA classification reports pertaining to 
construction aggregate. 
 
Mineral land classification studies for aggregate may use either a Production-Consumption (P-C) 


region or a County as the study area boundary. A P-C region is one or more aggregate production 
districts (a group of producing aggregate mines) and the market area they serve. P-C Regions 
sometimes cross county boundaries. Mineral land classification reports include information from 


one or more P-C regions, or from a county.  For ease in discussion, the area covered by each P-C 
region or county aggregate study is referred to as an “aggregate study area”. These areas are shown 
at the lower left-hand corner of the map along with their respective report number and publication 


date. It should be noted that a report may include more than one aggregate study area.    
 
SMARA guidelines recommend that the State Geologist periodically review the mineral land 


classification in defined study regions to determine if new classifications are necessary. The 
projected 50-year forecast of aggregate demand in the region may also be revised. Fourteen 
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updated classification studies have been completed since the program began. Updated studies were 
completed by county: 


 


 Los Angeles,  


 Orange, and 


 Ventura 


 
or by P-C region  


 


 South San Francisco Bay,  


 Monterey Bay,  


 Western San Diego County,  


 Fresno, Palm Springs,  


 Stockton-Lodi,  


 Claremont-Upland,  


 North San Francisco Bay (in progress) ,  


 San Bernardino,  


 San Gabriel Valley,  


 Bakersfield, and  


 San Luis Obispo-Santa Barbara.  


 
Since Los Angeles and Ventura counties had more than one P-C region, separate updated 50-year 


forecasts were made for each region. The Los Angeles County update (OFR 94-14) includes the 
San Fernando Valley, San Gabriel Valley, Saugus-Newhall, and the Palmdale P-C regions. The 
San Gabriel Valley P-C Region has since been updated separately. The Ventura County update 


(OFR 93-10) included the Western Ventura and the Simi Valley P-C regions.  The index map of 
aggregate studies shown in the lower left hand corner of Map Sheet 52 shows the latest reports that 
cover an aggregate study area.  Earlier reports covering the same areas or portions of areas are 


referenced in the Appendix with an asterisk (“*”). 


Fifty-Year Aggregate Demand Forecast  
 


The fifty-year aggregate demand forecast for each of the aggregate study areas is presented on 
Map Sheet 52 as a pie chart (See Fifty-Year Aggregate Demand Compared to Permitted Aggregate 


Reserves section), and also is presented in Table 1of this report. The demand information may be 
new, or updated from previously published mineral land classification reports. The demand 
forecast information depicted on Map Sheet 52 is for the period January 1, 2011 through 


December 2060. 
 
The aggregate study areas with the greatest projected future need for aggregate are South San 


Francisco Bay, Temescal Valley-Orange County, and Western San Diego County.  Each is 
expected to require more than a billion tons of aggregate by the end of 2060. Other areas with 
projected high demands are San Gabriel Valley, and San Bernardino. Each of these areas is 


projected to need more than 800 million tons of aggregate in the next 50 years.  Aggregate study 
areas having smaller demands generally are located in rural, less populated areas. The aggregate 
study areas of El Dorado County, Glenn County, Nevada County, Shasta County, Southern Tulare 
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County, Tehama County, and Western Merced County are all projected to require 100 million tons 
of aggregate or less over the next 50 years. 


 


Methodology 


 


Before selecting a method for predicting a 50-year aggregate demand, historical aggregate use was 
compared to such factors as housing starts, gross national product, population, and several other 
economic factors. It was found that the only factor showing a strong correlation to historical 


aggregate use was population change. Consequently, a per capita aggregate consumption forecast 
model is used for most of the aggregate study projections. This method of forecasting aggregate 
consumption benefits from its simplicity and the availability of population forecast data.  The 


California’s Department of Finance (DOF) makes 50-year county population forecasts using  
U.S. census data. 
 


The steps used for forecasting California’s 50-year aggregate needs using the per capita 
consumption model are: 1) collecting yearly historical production and population data for a period 
of years ranging from the 1960s through 2010; 2) dividing yearly aggregate production by the 


population for that same year to determine annual historical per capita consumption; 3) projecting 
yearly population for a 50-year period from the beginning of 2011 through 2060; and, 4) 
multiplying each year of projected population by the average historical per capita consumption and 


adding the results for each year to obtain the 50-year aggregate demand. It should be noted that the 
years chosen to determine an average historical per capita consumption may differ depending upon 
historical aggregate use for that specific region.   


 


Effectiveness of the Per Capita Consumption Model 


 


The assumption that each person will use a certain amount of aggregate every year is a 
simplification of actual usage patterns, but overall, an increase in the population leads to the use of 
more aggregate. Over long enough periods, perhaps 20 to 30 years or more, the random impacts of 


major public construction projects and economic recessions tend to be smoothed and consumption 
trends become similar to historic per capita consumption rates. Per capita consumption is a 
commonly used and accepted national, state, and regional measure for purposes of forecasting. 


 
The per capita consumption model has proved to be effective for projecting aggregate demand in 
major metropolitan areas. The Western San Diego and the San Gabriel Valley P-C regions are 


examples of how well the model works, having only a two percent (over 14 years) and an eight 
percent (over 29 years) difference, respectively, in actual versus projected aggregate demand 
(Miller, 1996, Kohler, 2010). However, the per capita model may not work well in county 


aggregate studies or in P-C regions that import or export a large percentage of aggregate resulting 
in a low correlation between P-C region production and population.   In such areas, projections 
may be made based on historical production or multiple projections based on differing 


assumptions may be used to better characterize a range of future demand.  For regions that export 
large amounts of aggregate to neighboring P-C regions, projections are based on an historical 
production model where 50-year aggregate demand is determined by extending a best-fit line of 


historical aggregate production data for a county or region. This model was used to project Yuba 
City-Marysville’s 50-year demand because the region exports about 70 percent its aggregate into 
neighboring areas such as Sacramento County and Placer County. In addition, the 50-year demand 
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for Glenn and Tehama counties, the Palmdale P-C region, and the Temescal Valley-Orange 
County area was also projected using this method. 


Permitted Aggregate Reserves  
 
Approximately 4 billion tons of permitted aggregate reserves lie within the 31 aggregate study 


areas shown on Map Sheet 52. Permitted aggregate reserves are aggregate deposits that have been 
determined to be acceptable for commercial use, exist within properties owned or leased by 
aggregate producing companies, and have permits allowing mining of aggregate material. A 


“permit” is a legal authorization or approval by a lead agency, the absence of which would 
preclude mining operations. Although some permitted reserves face legal challenges, these 
reserves are included in this study pending resolution of those challenges. In California, mining 


permits usually are issued by local lead agencies (county or city governments). Map Sheet 52 
shows permitted aggregate reserves as a percentage of the 50-year demand on each pie chart (See 
Fifty-Year Aggregate Demand Compared to Permitted Aggregate Reserves section). Beneath the 


study area name located next to its corresponding pie chart is the amount of permitted resource in 
tons along with the amount of 50-year demand. These figures are also given in Table 1. Tonnages 
are not given for Western Merced County and for the southern Tulare County to preserve 


proprietary company data. 
  
Permitted aggregate resource calculations shown on the map and in Table 1 initially were 


determined from information provided in reclamation plans, mining plans and use permits issued 
by the lead agencies. When information was inadequate to make reliable independent calculations, 
CGS staff used resource estimates provided by mine operators or owners.  These data were 


checked against rough calculations made by CGS staff, and any major discrepancies were 
discussed with the mine operators or owners.  Permitted resource calculations have been updated 
to account for production from 2006-2010 and are current as of the beginning of 2011.   


Fifty-year Aggregate Demand Compared to Permitted Aggregate Reserves 
 


Fifty-year aggregate demand compared to the currently permitted aggregate reserves is represented 
by a pie chart for each of the 31 aggregate study areas shown on Map Sheet 52.  Each pie chart is 
located in the approximate center of the aggregate study area it represents. There are four different 


sizes of charts, each size representing a 50-year demand range. The smallest pie chart represents 
50-year demands ranging from 25 million to 200 million tons, while the largest chart represents 
demands of over 800 million tons. The amount of 50-year demand in tons is shown on the map 


along with the amount of permitted reserves beneath the study area name located next to its 
corresponding pie chart (permitted reserves, left / 50-year demand, right). The whole pie represents 
the total 50-year aggregate demand for a particular aggregate study area.  The blue portion of the 


pie represents the permitted aggregate resource (shown as a percentage of the 50-year demand) 
while the purple-colored portion of the pie represents that portion of the 50-year demand that will 
not be met by the currently permitted reserves. For example, if the blue portion is 25 percent and 


the purple portion is 75 percent of a pie chart that represents a total demand of 400 million tons, 
the permitted reserves are 100 million tons, and the region will need an additional 300 million tons 
of aggregate to supply the area for the next 50 years. The pie representing the Placer County 


aggregate study area (north-central California) is completely colored blue showing permitted 
aggregate reserves are equal to or greater than the area’s 50-year aggregate demand.  
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1  Aggregate study areas follow either a Production-Consumption (P-C) region boundary or a county boundary.  A P-C region includes one or 
more aggregate production districts and the market area that those districts serve.  Aggregate resources are evaluated within the boundaries of 
the P-C Region. County studies evaluate all aggregate resources within the county boundary. 
2  The County study has been divided into two areas, each having its own production and market area.  A separate permitted resource calculation 
and 50-year forecast is made for each area. 
3  Two P-C regions have been combined into one study area. 


 


Table 1. Comparison of 50-year demand to permitted aggregate reserves for aggregate study areas as of 
January 1, 2011. (Study areas with ten or fewer years of permitted reserves are in bold type). 


 


 


AGGREGATE  STUDY AREA 
1
 


 


 


50-Year 


Demand 


(million tons) 
 


 


Permitted 


Aggregate 


Reserves 


(million tons) 


 


Permitted Aggregate 


Reserves Compared 


to  50-Year Demand 


(percent) 


 


Projected 


Years 


Remaining 


Bakersfield P-C Region 438 143 33 21 to 30 
Barstow-Victorville P-C Region 159 124 78 31 to 40 


Claremont-Upland P-C Region 203 109 54 21 to 30 
El Dorado County 76 18 24 11 to 20 


Fresno P-C Region 435 46 11 10 or fewer 


Glenn County 59 33 56 21 to 30 


Merced County2 
    Eastern Merced County 
    Western Merced County 


 
100 
28 


 
50 


Proprietary 


 
50 


>50 


 
21 to 30 
31 to 40 


Monterey Bay P-C Region 346 323 93 41 to 50 


Nevada County 100 26 26 11 to 20 


Palmdale P-C Region 577 152 26 11 to 20 


Palm Springs P-C Region 295 152 52 21 to 30 
Placer County 151 152 101 More than 50 


North San Francisco Bay P-C Region 521 110 21 11 to 20 


Sacramento County 670 42 6 10 or fewer 


Sacramento-Fairfield P-C Region 196 128 65 11 to 20 
San Bernardino P-C Region 993 241 24 11 to 20 


San Fernando Valley / 


Saugus-Newhall 
3
 


476 77 16 10 or fewer 


San Gabriel Valley P-C Region 809 322 40 11 to 20 


San Luis Obispo-Santa Barbara         
P-C Region 


240 75 31 11 to 20 


Shasta County 93 52 56 21 to 30 


South San Francisco Bay P-C Region 1,381 404 29 11 to 20 


Stanislaus County 214 45 21 11 to 20 
Stockton-Lodi P-C Region 436 232 53 31 to 40 


Tehama County 62 32 52 21 to 30 
Temescal Valley-Orange County 3 1,077 297 28 11 to 20 


Tulare County2 
    Northern Tulare County 
    Southern Tulare County 


 
124 
73 


 
27 


Proprietary 


 
22 


<50 


 
11 to 20 
21 to 30 


Ventura County 3 298 96 32 11 to 20 


Western San Diego County P-C 


Region 
1,014 167 16 10 or fewer 


Yuba City-Marysville P-C Region 403 392 97 41 to 50 
Total 12,047 4,067 34  
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Except for Placer County, all of the aggregate study areas have less permitted aggregate reserves 
than they are projected to need for the next 50-years. Nineteen of the 31 aggregate study areas 


have less than half of the permitted reserves they are projected to need in the next 50 years. 
  


Estimates of Years of Permitted Reserves Remaining 
 
New to the 2012 update, the right hand column of Table 1 indicates the projected years of 


permitted reserves remaining for the various aggregate study areas.  Calculations of depletion 
years are made by comparing the currently permitted reserves to the projected annual aggregate 
consumption in the study area on a year-by-year basis. This is not the same as dividing the total 


projected 50-year demand for aggregate by 50 because, as population increases, so does the 
projected annual consumption of aggregate for a study area. Data are presented as ranges; 10 or 
fewer, 11-20, 21-30, 31-40, 41-50, and more than 50 years. This information is included on the 


map beneath the study area name along with the permitted reserves and the projected 50-year 
demand. These estimates are based on conditions as of January 1, 2011 and do not reflect changes, 
such as new or expanded permits, that may have occurred since that time. 


 
Four of the 31 aggregate study areas – Western San Diego County, Sacramento County, Fresno 
County, and the San Fernando Valley-Saugus Newhall area – are projected to have less than 10 


years of permitted aggregate reserves remaining as of January 1, 2011. They are highlighted by red 
halos around the pie charts on Map Sheet 52 and appear in bold type in Table 1.  
 


Thirteen of the 31 aggregate study areas have between 11 and 20 years of permitted aggregate 
reserves remaining. Several of these including the North and South San Francisco Bay study areas 
and the Palmdale, San Bernardino, San Gabriel Valley, Temescal Valley-Orange County and 


Ventura County study areas are in or adjacent to urban areas with high aggregate demands.    
 
Eight of the 31 aggregate study areas have between 21 and 30 years of permitted aggregate 


reserves remaining, three have more than 31 years remaining, two have more than 41 years and 
one (Placer County) has more than 50 years of permitted reserves remaining.  
 


These numbers are estimates and the actual lifespan of existing permitted reserves in a study area 
can be influenced by many factors. In periods of high economic growth, demand may increase, 
shortening the life of permitted reserves.  Large projects, such as the construction or maintenance 


of major infrastructure, or rebuilding after a disaster such as an earthquake could also deplete 
permitted reserves more rapidly. Increased demand from neighboring regions with dwindling or 
depleted permitted reserves may also accelerate the depletion of permitted reserves in a study area. 


Conversely, a slow economy may reduce demand for a period of time, extending the life of 
permitted reserves, or new or expanded permits may be granted in a study area increasing the 
permitted reserves and the lifespan of permitted reserves in that area.   


Non-Permitted Aggregate Resources  
 
Non-permitted aggregate resources are deposits that may meet specifications for construction 


aggregate, are recoverable with existing technology, have no land use overlying them that is 
incompatible with mining, and currently are not permitted for mining. While not shown on Map 
Sheet 52, non-permitted aggregate resources are identified and discussed in each of the mineral 


land classification reports used to compile the map (See Appendix). There are currently an 







DEPARTMENT OF CONSERVATION  CALIFORNIA GEOLOGICAL SURVEY 
 


 9 


estimated 74 billion tons of non-permitted construction aggregate resources in the 31 aggregate 
study areas shown on the map. While this number seems large, it is unlikely that all of these 


resources will ever be mined because of social, environmental, or economic factors. The location 
of aggregate resources too close to urban or environmentally sensitive areas can limit or prevent 
their development. Resources may also be located too far from a potential market to be economic. 


In spite of such possible constraints, non-permitted aggregate resources are the most likely future 
sources of construction aggregate potentially available to meet California’s continuing demand. 
Factors used to calculate non-permitted resource amounts and to determine the aerial extent of 


these resources, are given in each of the aggregate classification reports listed in the Appendix.  


Aggregate Production Areas and Districts  
 


Aggregate production areas are shown on the map by five different sizes of triangle. A triangle 
may represent one or more active aggregate mines. The relative size of each symbol corresponds to 
the amount of yearly production for each mine or group of mines. Yearly production was based on 


data from the Department of Conservation’s Office of Mine Reclamation (OMR) records for the 
calendar year 2010. The smallest triangle represents a production area that produces less than 0.5 
million tons of aggregate in 2010. These triangles represent a single mine operation. About  


90 percent of the production areas on the map fall into this category, and many are located in rural 
parts of the state. The largest triangle represents aggregate mining districts with production of 
more than 5 million tons in 2010. Only two aggregate production districts fall into this category – 


the Temescal Valley District in western Riverside County and the San Gabriel Valley District in 
Los Angeles County. It should be noted that, because of the economic slowdown from 2007 to 
2010, the tonnages represented by the triangles on the 2012 map are different from those on the 


2006 map.  
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PART II COMPARISONS BETWEEN THE PRIOR (2006) AND THE 
UPDATED (2012) MAP SHEET 52  


 


 
The prior version of Map Sheet 52 was completed and published in 2006. Permitted aggregate 
resource data for that map were current as of January 1, 2006. Work conducted for that study took 


place during 2006. The latest aggregate production and location data available for the prior map 
were from 2005 records. The aggregate demand projections for the prior map were based on DOF 
county population projections from the 2000 U.S. census. Fifty-year aggregate demand from 


January 1, 2006 through the year 2055 was determined for 31 study areas. 
 
This updated Map Sheet 52 was completed and published in 2012. Permitted aggregate resource 


data for the updated map is current as of January 1, 2011. All work conducted for the updated 
study also took place during 2012. The latest aggregate production and location data available for 
the updated map are from 2010 records. The aggregate demand projections for the updated map 


were based on DOF county population projections from the 2010 U.S. census. Fifty-year aggregate 
demand from January 1, 2011 through the year 2060 was determined for 31 study areas. 
 


Changes have occurred in both aggregate supplies (permitted aggregate reserves) and in 50-year 
aggregate demand in the five years since the prior Map Sheet 52 update was completed.  Changes 
in permitted aggregate reserves between the prior Map Sheet 52 (2006) and updated Map Sheet 52 


(2012) are shown in Table 2. Table 3 compares the changes in 50-year demand between Map 
Sheet 52 (2006) and the updated 2012 map. 


Aggregate Study Area Changes 
 
Six aggregate study areas on the original (2002) Map Sheet 52 were modified for the 2006 map, 


resulting in three fewer study areas. They included the Southern California P-C regions of Orange 
County, Temescal Valley, San Fernando Valley, Saugus-Newhall, Western Ventura County, and 
Simi Valley.  These regions were combined into three regions when they began to run out of 


permitted reserves and became dependant on aggregate sources from neighboring regions.  The 
importation of aggregate from neighboring regions typically results in longer haul distances, 
higher costs, and increased carbon dioxide emissions, air pollution, traffic congestion, and 


highway maintenance.  The shift in supply area also results in more rapid depletion of permitted 
reserves in neighboring regions. 
 
No additional study areas have been combined in this update.  It is likely that in some future 


update the San Fernando Valley-Saugus Newhall aggregate study area and the Palmdale study area 
may be combined as permitted reserves in the San Fernando Valley-Saugus Newhall aggregate 
study area are depleted. 


Changes in Permitted Aggregate Reserves 
 


Twenty-four of the 31 study areas shown on the updated map experienced a decrease in permitted 
aggregate reserves since the 2006 map was completed (See Table 2). Included in these 24 areas are 
Western Merced County and Southern Tulare County. Permitted reserves for both of these county 


study areas cannot be shown because they are proprietary.  
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AGGREGATE STUDY AREA 
 
 


 


Permitted Aggregate 


Reserves as of 1/1/06 


(million tons) 
Map Sheet 52, 2006 


 


 


Permitted Aggregate 


Reserves as of 1/1/11 


(million tons) 
Map Sheet 52, 2012 


 


Percent 


Difference 


(%) 


Bakersfield P-C Region 115 143 24 


Barstow Victorville P-C Region 133 124 -7 


Claremont-Upland P-C Region 147 109 -26 


Eastern Merced County 53 50 -6 


El Dorado County 19 18 -5 


Fresno P-C Region 71 46 -35 


Glenn County 17 33 94 


Monterey Bay P-C Region 347 323 -7 


Nevada County 31 26 -16 


Northern Tulare County 12 27 125 


North San Francisco Bay P-C Region 49 110 124 


Palmdale P-C Region 181 152 -16 


Palm Springs P-C Region 176 152 -14 


Placer County 45 152 238 


Sacramento County 67 42 -37 


Sacramento-Fairfield P-C Region 164 128 -22 


San Bernardino P-C Region 262 241 -8 


San Fernando Valley-Saugus Newhall * 88 77 -13 


San Gabriel Valley P-C Region 370 322 -13 


San Luis Obispo-Santa Barbara P-C 
Region 77 75 -3 


Shasta County 51 52 2 


Southern Tulare County Proprietary Proprietary Proprietary 


South San Francisco Bay P-C Region 458 404 -12 


Stanislaus County 51 45 -12 


Stockton Lodi P-C Region 196 232 18 


Tehama County 36 32 -11 


Temescal Valley-Orange County* 355 297 -16 


Ventura County (combined Western 
Ventura County and Simi Valley P-C 
Region)* 106 96 -9 


Western Merced County Proprietary Proprietary Proprietary 


Western San Diego County P-C Region 198 167 -16 


Yuba City-Marysville P-C Region 409 392 -4 


Total 4,343 4,067 -6 
 
* Two P-C Regions have been combined into one study area 


 


Table 2.  Comparison of permitted aggregate reserves between Map Sheet 52, 2006 and Map 


Sheet 52, 2012. 
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AGGREGATE STUDY AREA 


50-Year Demand  


as of 1/1/06 


(million tons) 
 Map Sheet 52, 2006 


 


50-Year Demand  


as of 1/1/11 


(million tons) 
 Map Sheet 52, 2012 


 


Percent 


Difference 


(%) 


Bakersfield P-C Region 252 438 74 


Barstow-Victorville P-C Region 179 159 -11 


Claremont-Upland P-C Region 300 203 -32 


Eastern Merced County 106 100 -6 


El Dorado County 91 76 -16 


Fresno P-C Region 629 435 -31 


Glenn County 83 59 -29 


Monterey Bay P-C Region 383 346 -10 


Nevada County 122 100 -18 


Northern Tulare County 117 124 6 


North San Francisco Bay P-C Region 647 521 -19 


Palmdale P-C Region 665 577 -13 


Placer County 171 151 -12 


Palm Springs P-C Region 295 295 0 


Sacramento County 733 670 -9 


Sacramento-Fairfield P-C Region 235 196 -17 


San Bernardino P-C Region 1,074 993 -8 


San Fernando Valley/Saugus Newhall * 457 476 4 


San Gabriel Valley P-C Region 1,148 809 -30 


San Luis Obispo-Santa Barbara P-C Region 243 240 -1 


Shasta County 122 93 -24 


Southern Tulare County 88 73 -17 


Stanislaus County 344 214 -38 


Stockton Lodi P-C Region 728 436 -40 


South San Francisco Bay P-C Region 1,244 1381 11 


Tehama County 72 62 -14 


Temescal Valley-Orange County * 1,122 1,077 -4 


Ventura County (combined Western Ventura 
County and Simi Valley P-C Regions) * 


309 298 -4 


Western Merced County 53 28 -47 


Western San Diego County P-C Region 1,164 1014 -13 


Yuba City-Marysville P-C Region 360 403 12 


Total 13,536 12,047 -11 
 
* Two P-C Regions have been combined into one study area 


 


Table 3. Comparison of 50-year demand between Map Sheet 52, 2006 and Map Sheet 52, 2012. 
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Seven of the study areas shown on the updated map had increases in permitted aggregate reserves. 


Most of these increases are because of newly permitted or expanded mining operations. An 
expansion may increase the footprint of the mine or increase permitted mining depth. Significant 
increases exceeding 50 percent occurred in the Placer County, Glenn County, Northern Tulare 


County, and the North San Francisco Bay aggregate study areas (See Table 2).  
 
Total permitted reserves for all 31 areas decreased from 4,343 million tons to 4,067 million tons – 


an apparent reduction of 276 million tons. Most of this reduction was because of aggregate 
consumption. Other potential reasons for reductions in permitted aggregate reserves include social 
and economic conditions leading to mine closures, regulatory changes, or natural variations in the 


quality of aggregate deposits.  Actual production was greater but was offset in part by increases in 
permitted reserves in some study areas.  


Changes in Fifty-Year Demand 
 


Of the 31 study areas shown on the updated Map Sheet 52 five had increases in 50-year demand, 
one remained constant, and 25 showed decreases in projected 50-year demand (See Table 3).  The 


large number of study areas with decreasing 50-year demand is due in large part to the new 
population projections used in forecasting. The new county population projections (State of 
California Department of Finance, 2012) are based on the 2010 U.S. census and project lower 


growth rates for much of California compared to the projections used in the previous versions of 
this study.  Newly updated per capita consumption numbers may also have contributed to changes 
in projected 50-year demand. 


 
The large increase (74 percent) in the 50-year demand for the Bakersfield study area is due to the 
use of newer population projections than were used in the original study and previous versions of 


this study. 


Changes in Permitted Aggregate Reserves and Demand  
 
Table 4 shows the percentages of permitted reserves compared to the 50-year demand for the 2006 
and updated 2012 Map Sheet 52. These percentages are represented on both maps as pie charts – 


the blue portion of the pie depicting percentage of the 50-year demand met with current permitted 
reserves. Increases occurred in 14 of the 29 study areas that can be compared and no change or 
decreases occurred in 15 study areas.  


 
The large increases in some of these study areas (Glenn County, North San Francisco Bay, 
Northern Tulare County, Placer County, Shasta County, and Stockton-Lodi) were because of new 


or expanded permits resulting in additional permitted aggregate reserves.  Many of the small 
increases are not due to new or modified permits, but are a result of low production rates during 
the economic slowdown from 2007 to 2010 and the lower projected 50-year demand in many 


study areas based on updated population forecasts used in the 2012 update. Similarly those study 
areas with no change or small decreases may also have been influenced by these factors.  
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Comparison of Areas with Less than 10-Years of Permitted Aggregate Reserves  
 
The 2012 Map Sheet 52 shows four aggregate study areas with less than a 10-year supply of 
permitted aggregate reserves – Sacramento County, Fresno County, San Fernando Valley-Saugus 


Newhall, and the Western San Diego County P-C Regions. The map shows these areas with red 
halos around the pie charts. Compared to the 2006 version of the map, the San Fernando Valley-
Saugus Newhall study area is a new addition to this group while the North San Francisco Bay and 


Northern Tulare County study areas have been removed.  
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AGGREGATE STUDY AREA 


Percentage of 


Permitted Aggregate 


Reserves as 


Compared to 50-Year 


Demand as of 1/1/06 


 Map Sheet 52, 2006 


Percentage of 


Permitted Aggregate 


Reserves as 


Compared to 50-Year 


Demand as of 1/1/11 


 Map Sheet 52, 2012 


Difference 


 


Bakersfield P-C Region 46 33 -13 


Barstow-Victorville P-C Region 74 78 4 


Claremont-Upland P-C Region 49 54 5 


Eastern Merced County 50 50 0 


El Dorado County 21 24 3 


Fresno P-C Region 11 11 0 


Glenn County 21 56 35 


Monterey Bay P-C Region 91 93 2 


Nevada County 25 26 1 


Northern Tulare County 10 22 12 


North San Francisco Bay P-C Region 8 21 13 


Palmdale P-C Region 27 26 -1 


Palm Springs P-C Region 60 52 -8 


Placer County  26 101 75 


Sacramento County 9 6 -3 


Sacramento-Fairfield P-C Region 70 65 -5 


San Bernardino P-C Region 24 24 0 


San Fernando Valley/Saugus Newhall * 19 16 -3 


San Gabriel Valley P-C Region 32 40 8 


San Luis Obispo-Santa Barbara P-C Region 32 31 -1 


Shasta County 42 56 14 


Southern Tulare County Proprietary Proprietary  


Stanislaus County 15 21 6 


Stockton Lodi P-C Region 27 53 26 


South San Francisco Bay P-C Region 37 29 -8 


Tehama County 49 52 3 


Temescal Valley-Orange County * 32 28 -4 


Ventura County (combined Western Ventura 
County and Simi Valley P-C Regions) * 


34 32 -2 


Western Merced County Proprietary Proprietary  


Western San Diego County P-C Region 17 16 -1 


Yuba City-Marysville P-C Region 100 97 -3 
 
* Two P-C Regions have been combined into one study area 


 


Table 4. Percentage of permitted aggregate reserves as compared to 50-year demand for Map 
Sheet 52, 2006 and Map Sheet 52, 2012. 
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PART III:  OVERVIEW OF CONSTRUCTION AGGREGATE 
 
Construction aggregate was the leading non-fuel mineral commodity produced in California in 
2010. Valued at $1.19 billion, aggregate made up about 41 percent of California’s $2.9 billion 


non-fuel mineral production in 2010.  


Aggregate Quality and Use  
 
Aggregate normally makes up 80 to 100 percent of the material volume in PCC and AC and 
provides the bulk and strength to these materials. Rarely, even from the highest-grade deposits, is 


in-place aggregate physically or chemically suited for every type of aggregate use. Every potential 
deposit must be tested to determine how much of the material can meet specifications for a 
particular use, and what processing is required. Specifications for PCC, AC, and various other uses 


of aggregate have been established by several agencies, such as the U.S. Bureau of Reclamation, 
the U.S. Army Corps of Engineers, and the California Department of Transportation to ensure that 
aggregate is satisfactory for specific uses. These agencies and other major consumers test 


aggregate using standard test procedures of the American Society for Testing Materials (ASTM), 
the American Association of State Highway Officials, and other organizations. 
 
Most PCC and AC aggregate specifications have been established to ensure the manufacture of 


strong, durable structures capable of withstanding the physical and chemical effects of weathering 
and use. For example, specifications for PCC and concrete products prohibit or limit the use of 
rock materials containing mineral substances such as gypsum, pyrite, zeolite, opal, chalcedony, 


chert, siliceous shale, volcanic glass, and some high-silica volcanic rocks. Gypsum retards the 
setting time of portland cement; pyrite dissociates to yield sulfuric acid and an iron oxide stain; 
and other substances contain silica in a form that reacts with alkali substances in the cement, 


resulting in cracks and "pop-outs." Alkali reactions in PCC can be minimized by the addition of 
pozzolanic admixtures such as fly ash or naturally occurring pozzolanic materials. Pozzolans are 
siliceous or siliceous and aluminous material of natural or artificial origin that, in the presence of 


moisture, reacts with calcium hydroxide to form cementitious compounds.  
 
Specifications also call for precise particle-size distribution for the various uses of aggregate that is 


commonly classified into two general sizes: coarse and fine. Coarse aggregate is rock retained on a 
3/8-inch or a #4 U.S. sieve. Fine aggregate passes a 3/8-inch sieve and is retained on a #200 U.S. 
sieve (a sieve with 200 weaves per inch). For some uses, such as asphalt paving, particle shape is 


specified. Aggregate material used with bituminous binder (asphalt) 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 (AC) because asphalt adheres better to broken surfaces than to 


rounded surfaces and the interlocking of angular particles strengthens the AC and road base. 
 
The material specifications for PCC and AC aggregate are more restrictive than specifications for 


other applications such as Class II base, subbase, and fill. These restrictive specifications make 
deposits acceptable for use as PCC or AC aggregate, the scarcest and most valuable aggregate 
resources. Aggregate produced from such deposits can be, and commonly is, used in applications 


other than concrete. PCC- and AC-grade aggregate deposits are of major importance when 
planning for future availability of aggregate commodities because of their versatility, value, and 
relative scarcity.  
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Factors Affecting Aggregate Deposit Quality 
 
The major factors that affect the quality of construction aggregate are the rock type and the degree 
of weathering of the deposit. Rock type determines the hardness, durability, and potential chemical 


reactivity of the rock when mixed with cement to make concrete. In alluvial sand and gravel 
deposits, rock type is variable and reflects the rocks present in the drainage basin of the stream or 
river. In crushed stone deposits, rock type is typically less variable, although in some types of 


deposits, such as sandstones or volcanic rocks, there may be significant variability of rock type 
within a deposit. Rock type may also influence aggregate shape. For example, some metamorphic 
rocks such as slates tend to break into thin platy fragments that are unsuitable for many aggregate 


uses, while many volcanic and granitic rocks break into blocky fragments more suited to a wide 
variety of aggregate uses. Deposit type also affects aggregate shape. For example, in alluvial sand 
and gravel deposits, the natural abrasive action of the stream rounds the edges of rock particles, in 


contrast to the sharp edges of particles from crushed stone deposits. 
 
Weathering is the in-place physical or chemical decay of rock materials at or near the Earth’s 


surface. Weathering commonly decreases the physical strength of the rock and may make the 
material unsuitable for high strength and durability uses. Weathering may also alter the chemical 
composition of the aggregate, making it less suitable for some aggregate uses. If weathering is 


severe enough, the material may not be suitable for use as PCC or AC aggregate. Typically, the 
older a deposit is, the more likely it has been subjected to weathering. The severity of weathering 
commonly increases with increasing age of the deposit. 


Comparison of Alluvial Sand and Gravel to Crushed Stone Aggregate 
 
The preferred use of one aggregate material over another in construction practices depends not 


only on specification standards, but also on economic considerations. Alluvial gravel is typically 
preferred to crushed stone for PCC aggregate because the rounded particles of alluvial sand and 
gravel result in a wet mix that is easier to work than a mix made of angular fragments. Also, 


crushed stone is less desirable in applications where the concrete is placed by pumping because 
sharp edges will increase wear and damage to the pumping equipment. The workability of a mix 
consisting of portland cement with crushed stone aggregate can be improved by adding more sand  


and water, but more cement must then be added to the mix to meet concrete durability standards.  
This results in a more expensive concrete mix and a higher cost to the consumer. In addition, 
aggregate from a crushed stone deposit is typically more expensive than that from an alluvial 


deposit due to the additional costs associated with the ripping, drilling and blasting necessary to 
remove material from most quarries and the additional crushing required to produce the various 
sizes of aggregate. Manufacturing sand by crushing is more costly than mining and processing 


naturally occurring sand. Although more care is required in pouring and placing a wet mix 
containing crushed stone, PCC made with this aggregate is as satisfactory as that made with 
alluvial sand and gravel of comparable rock quality. Owing to environmental concerns and 


regulatory constraints in many areas of the state, it is likely that extraction of sand and gravel 
resources from instream and floodplain areas will become less common in the future. If this trend 
continues, crushed stone may become increasingly important to the California market. 







AGGREGATE SUSTAINABILITY IN CALIFORNIA  MAP SHEET 52 (UPDATED 2012) 
 


   18 


 


Aggregate Price  
 


The price of aggregate throughout California varies considerably depending on location, quality, 
and supply and demand. The highest quality aggregate, and typically most costly, is that which 
meets the California Department of Transportation’s specifications for use in Portland Cement 


Concrete (PCC). All prices discussed in this section are for PCC-grade aggregate at the plant site 
or FOB (freight on board). Transportation cost, which adds to the final cost of aggregate, is 
discussed in the next section.  


 
Regional variations make it difficult to estimate the average price of PCC-grade aggregate for the 
state. Over the last decade, prices have varied from $20 per ton or more in areas with depleting or 


depleted aggregate supplies and high demands to $7 to $8 per ton in areas with abundant aggregate 
supplies and low to moderate demands. 
 


In the last decade, the highest prices aggregate in the state have been in the San Diego area, where 
PCC-grade sand is in short supply, causing prices to range up to $20-$22 per ton and in parts of the 
San Francisco Bay area where sand has also been in short supply and prices have ranged from $15 
to $19 per ton. 


 
In the Los Angeles metropolitan areas prices have been in the $13 to $16 per ton range with 
aggregate from the sparsely populated Palmdale area at about $10 per ton.  Aggregate from 


Palmdale is also transported to Ventura County – a haul distance of about 60 miles, and into the 
San Fernando Valley-Saugus Newhall area. The cost of transportation in these cases adds 
significantly to the final cost of the aggregate. 


 
In the Central Valley, prices have ranged from $7 to $8 per ton in the Yuba City-Marysville area 
where aggregate supplies are abundant to $10 to $11 per ton in the Sacramento and Stockton-Lodi 


areas. In the Southern Valley, prices have been somewhat higher, about $12 per ton in the 
Bakersfield region and $14 to $18 per ton in the Fresno and northern Tulare areas. 


Transportation and Increasing Haul Distances 
 
Transportation plays a major role in the cost of aggregate to the consumer. Aggregate is a low-


unit-value, high-bulk-weight commodity, and it must be obtained from nearby sources to minimize 
both the dollar cost to the aggregate consumer and other environmental and economic costs 
associated with transportation. If nearby sources do not exist, then transportation costs may 


significantly increase the cost of the aggregate by the time it reaches the consumer. For straight 
hauls with minimal traffic, the price of aggregate increases about 15 cents per ton for every mile 
that it is hauled from the plant according to industry sources. Currently, transporting aggregate a 


distance of 30 miles will increase the FOB price by about $4.50 per ton. For example, to construct 
one mile of six-lane interstate highway requires about 113,500 tons of aggregate. Transporting this 
amount of aggregate 30 miles adds $510,000 to the base cost of the material at the mine. In major 


metropolitan areas, this rate is often greater because of heavy traffic that increases the haul time. 
Other factors that affect hauling rates include toll bridges and toll roads, road conditions, and 
routes in hilly or mountainous areas. Transportation cost is the principal constraint defining the 


market area for an aggregate mining operation. 
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Throughout California, aggregate haul distances have been gradually increasing as more local 


sources of aggregate diminish. Consequently, older P-C regions, most of which were established in 
the late 1970s have changed considerably since their boundaries were drawn. This is especially 
evident in Los Angeles, Orange, and Ventura counties where aggregate shortages have led to the 


merging of six P-C regions shown on the original (2002) map into three regions for the updated 
maps.   
 


Increased aggregate haul distances not only increase the cost of aggregate to the consumer, but 
also increase environmental and societal impacts such as increased fuel consumption, carbon 
dioxide emissions, air pollution, traffic congestion and road maintenance. 


Factors Affecting Aggregate Demand 
 
Several factors may influence aggregate demand.  In periods of high economic growth, demand 


may increase, depleting permitted reserves more rapidly than expected.  Large projects, such as the 
construction or maintenance of major infrastructure, or rebuilding after a disaster such as an 
earthquake could also deplete permitted reserves more rapidly. Increased demand from 


neighboring regions with dwindling or depleted permitted reserves may also accelerate the 
depletion of permitted reserves in a study area. Conversely, a period of declining economy or of 
low economic growth, such as that during the recession of 2007 to 2009 and the subsequent slow 


economic recovery, can reduce demand for a period of time, extending the life of permitted 
reserves. In some cases, importation of aggregate from other areas may extend the life of a 
region’s permitted reserves.  
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SUMMARY AND CONCLUSIONS 
 


Aggregate is essential to the needs of modern society, providing material for the construction and 
maintenance of roadways, dams, canals, buildings and other parts of California’s infrastructure. 
Aggregate is also found in homes, schools, hospitals and shopping centers.  In the 30-year period 


from 1981 to 2010, Californians consumed an average of more than 180 million tons of 
construction aggregate (all grades) per year or about 5.7 ton per person per year. Demand for 
aggregate is expected to increase as the state’s population continues to grow and infrastructure is 


maintained, improved, and expanded.  Because aggregate is a low unit-value, high bulk weight 
commodity, it must be obtained from nearby sources to minimize the dollar cost to the aggregate 
consumer and other environmental and economic costs associated with transportation. 


 
For the last 33 years, under the Surface Mining and Reclamation Act, CGS has conducted on-
going studies that identify and evaluate aggregate resources throughout the state. Map Sheet 52 


(2012) is an updated summary of supply and demand data from these studies. The map presents a 
statewide overview of future aggregate needs and currently permitted reserves. 


 


The following conclusions can be drawn from Map Sheet 52 (2012) and this accompanying report: 
 


 In the next 50 years, the 31 study areas identified on Map sheet 52 (2012) will need 


approximately 12 billion tons of aggregate.  
 


 The 31 study areas currently have about 4 billion tons of permitted reserves, which is about 
one third of the total projected 50-year aggregate demand identified for these study areas. 


This is about 5.5 percent of the total aggregate resources located within the 31 study areas. 
 


 Four of the aggregate study areas are projected to have 10 or fewer years of permitted 


aggregate reserves remaining as of January 2011 (pie charts highlighted with red borders). 
 


 Thirteen of the 31 aggregate study areas have between 11 and 20 years of aggregate reserves 


remaining. 
 


 Eight of the 31 aggregate study areas have between 21 and 30 years of aggregate reserves 


remaining. 
 


 Three of the 31 aggregate study areas have between 31 and 40 years of aggregate reserves 
remaining. 


 


 Two of the 31 aggregate study areas have between 41 and 50 years of aggregate reserves 


remaining 
 


 One of the 31 aggregate study areas (Placer County) has more than 50 years of aggregate 


reserves remaining. 
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The information presented on Map Sheet 52 (2012) and in the referenced reports is provided to 


assist land use planners and decision makers in identifying those areas containing construction 
aggregate resources, and to quantify potential future demand for these resources in different 
regions of the state. This information is intended to help planners and decision makers balance the 


need for construction aggregate with the many other competing land use issues in their 
jurisdictions, and to provide for adequate supplies of construction aggregate to meet future needs. 
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APPENDIX: MINERAL LAND CLASSIFICATION REPORTS BY THE 
CALIFORNIA GEOLOGICAL SURVEY (Special Reports and Open-File 


Reports, with information on aggregate resources) 
 


SPECIAL REPORTS 


 


 SR 132: Mineral Land Classification: Portland Cement Concrete-Grade Aggregate in the 
Yuba City-Marysville Production-Consumption Region. 


 By Habel, R.S., and Campion, L.F., 1986. 


 


*SR 143: Part I: Mineral Land Classification of the Greater Los Angeles Area: Description of 


the Mineral Land Classification Project of the Greater  
 Los Angeles Area.  
 By Anderson T. P., Loyd, R.C., Clark, W.B., Miller, R.M., Corbaley, R., Kohler, 


S.L., and Bushnell, M.M., 1979. 
 
*SR 143: Part II: Mineral Land Classification of the Greater Los Angeles Area: Classification 


of Sand and Gravel Resource Areas, San Fernando Valley Production-Consumption 
Region.  


 By Anderson T.P., Loyd, R.C., Clark, W.B., Miller, R.M., Corbaley, R., Kohler, 


S.L., and Bushnell, M.M., 1979. 
 
*SR 143: Part III: Mineral Land Classification of the Greater Los Angeles Area: 


Classification of Sand and Gravel Resource Areas, Orange County-Temescal 
Valley Production-Consumption Region. 


 By Miller, R.V., and Corbaley, R., 1981. 


 
*SR 143: Part IV: Mineral Land Classification of the Greater Los Angeles Area: 


Classification of Sand and Gravel Resource Areas, San Gabriel Valley Production-


Consumption Region. 
By Kohler, S.L., 1982. 


 


*SR 143: Part V: Mineral Land Classification of the Greater Los Angeles Area: Classification 
of Sand and Gravel Resource Areas, Saugus-Newhall Production-Consumption 
Region and Palmdale Production-Consumption Region. 


 By Joseph, S.E, Miller, R.V., Tan, S.S., and Goodman, R.W., 1987. 
 
*SR 143: Part VI: Mineral Land Classification of the Greater Los Angeles Area: 


Classification of Sand and Gravel Resource Areas, Claremont-Upland Production-
Consumption Region. 
By Cole, J.W., 1987. 


 
*SR 143: Part VII: Mineral Land Classification of the Greater Los Angeles Area: 


Classification of Sand and Gravel Resource Areas, San Bernardino Production-


Consumption Region. 
By Miller, R.V., 1987. 
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*SR 145: Part I: Mineral Land Classification of Ventura County: Description of the Mineral 
Land Classification Project of Ventura County. 
By Anderson,T.P., Loyd, R.C., Kiessling, E.W., Kohler, S.L., and  


Miller, R.V., 1981. 
 


*SR 145: Part II: Mineral Land Classification of Ventura County: Classification of the Sand, 


Gravel, and Crushed Rock Resource Areas, Simi Production-Consumption Region.  
By Anderson,T.P., Loyd, R.C., Kiessling, E.W., Kohler, S.L., and  
Miller, R.V., 1981. 


 
*SR 145: Part III: Mineral Land Classification of Ventura County: Classification of the Sand 


and Gravel, and Crushed Rock Resource Areas, Western Ventura County 


Production-Consumption Region.  
By Anderson,T.P., Loyd, R.C., Kiessling, E.W., Kohler, S.L., and  
Miller, R. V., 1981. 


 
*SR 146: Part I: Mineral Land Classification: Project Description: Mineral Land 


Classification for Construction Aggregate in the San Francisco-Monterey Bay Area. 


By Stinson, M.C., Manson, M.W., and Plappert, J.J., 1987. 
 
*SR 146: Part II: Mineral Land Classification: Aggregate Materials in the South  


 San Francisco Bay Production-Consumption Region. 
By Stinson, M.C., Manson, M.W., and Plappert, J.J., 1987. 


 


*SR 146: Part III: Mineral Land Classification: Aggregate Materials in the North  
 San Francisco Bay Production-Consumption Region. 


By Stinson, M.C., Manson, M.W., and Plappert, J.J., 1987. 


 


*SR 146: Part IV: Mineral Land Classification: Aggregate Materials in the Monterey Bay 
Production-Consumption Region. 


By Stinson, M.C., Manson, M.W., and Plappert, J.J., 1987. 


 


 *SR 147: Mineral Land Classification: Aggregate Materials in the Bakersfield Production-


Consumption Region. 
By Cole, J.W., 1988. 


 


*SR 153: Mineral Land Classification: Aggregate Materials in the Western San Diego County 
Production-Consumption Region. 
By Kohler, S.L., and Miller, R.V., 1982. 


 
  SR 156: Mineral Land Classification: Portland Cement Concrete-Grade  


Aggregate in the Sacramento-Fairfield Production-Consumption Region. 


By Dupras, D.L., 1988. 
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 *SR 158: Mineral Land Classification: Aggregate Materials in the Fresno Production-
Consumption Region. 


By Cole, J.W., and Fuller, D.R., 1986. 
 


 *SR 159: Mineral Land Classification: Aggregate Materials in the Palm Springs Production-


Consumption Region. 
By Miller, R.V., 1987. 


 


 *SR 160: Mineral Land Classification: Portland Cement Concrete-Grade Aggregate in the 
Stockton-Lodi Production-Consumption Region. 
By Jensen, L.S., and Silva, M.A., 1989. 


 
 *SR 162: Mineral Land Classification: Portland Cement Concrete Aggregate and Active 


Mines of All Other Mineral Commodities in the San Luis Obispo-Santa Barbara 


Production-Consumption Region. 
By Miller, R.V., Cole, J.W., and Clinkenbeard, J.P., 1989. 


 


 SR 164: Mineral Land Classification of Nevada County, California. 
By Loyd, R.C., and Clinkenbeard, J.P., 1990. 
 


SR 165: Mineral Land Classification of the Temescal Valley Area, Riverside County, 
California. 
By Miller, R.V., Shumway, D.O., and Hill, R.L., 1991. 


 
 SR 173: Mineral Land Classification of Stanislaus County, California. 


By Higgins, C.T., and Dupras, D.L., 1993. 


  
 SR 198: Update of Mineral Land Classification for Portland Cement Concrete-Grade 


Aggregate in the Palm Springs Production-Consumption Region, Riverside County, 


California. Busch, L.L., 2007. 
 
 SR 199: Update of Mineral Land Classification for Portland Cement Concrete-Grade 


Aggregate in the Stockton-Lodi Production-Consumption Region, San Joaquin and 
Stanislaus Counties, California. Smith, J.D. and Clinkenbeard J.P., 2012. 


 


SR202 Update of Mineral Land Classification for Portland Cement Concrete-Grade 
Aggregate in the Claremont-Upland Production-Consumption Region, Los Angeles 
and San Bernardino Counties, California. Miller, R.V. and Busch, L.L., 2007. 


 
SR 205 Update of Mineral Land Classification of Aggregate Resources in the North San 


Francisco Bay P-C Region: Sonoma, Napa, and Marin Counties and Southwestern 


Solano County, California. Miller, R.V. and Busch, L.L., 2012 (in progress)  
 
SR206 Update of Mineral Land Classification for Portland Cement Concrete-Grade 


Aggregate in the San Bernardino Production-Consumption Region, San Bernardino 
and Riverside Counties, California. Miller, R.V. and Busch, L.L., 2008. 
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SR 209 Update of Mineral Land Classification for Portland Cement Concrete-Grade 
Aggregate in the San Gabriel Valley Production-Consumption Region, Los Angeles 


County, California. Kohler, S.L., 2010. 
 
SR 210 Update of Mineral Land Classification: Aggregate Materials in the Bakersfield 


Production-Consumption Region, Kern County, California. Busch, L.L., 2009. 
 
SR 215 Update of Mineral Land Classification: Aggregate Materials in the San Luis 


Obispo-Santa Barbara Production-Consumption Region, California. Busch, L.L. 
and Miller, R.V., 2011. 


 


* These Mineral Land Classification reports have been updated and are not shown on the index 
map (lower left-hand corner of Map Sheet 52). 


 


 


 


OPEN-FILE REPORTS 


 
OFR 92-06: Mineral Land Classification of Concrete Aggregate Resources in the Barstow-


Victorville Area. By Miller, R.V., 1993. 


 
OFR 93-10: Update of Mineral Land Classification of Portland Cement Concrete Aggregate in 


Ventura, Los Angeles, and Orange Counties, California: Part I - Ventura County. 


By Miller, R.V., 1993. 
 
OFR 94-14: Update of Mineral Land Classification of Portland Cement Concrete Aggregate in 


Ventura, Los Angeles, and Orange Counties, California: Part II - Los Angeles 
County. By Miller, R.V., 1994. 


 


OFR 94-15: Update of Mineral Land Classification of Portland Cement Concrete Aggregate in 
Ventura, Los Angeles, and Orange Counties, California: Part III - Orange County. 
By Miller, R.V., 1995. 


 
OFR 95-10: Mineral Land Classification of Placer County, California. By Loyd, R.C., 1995. 
 


OFR 96-03: Update of Mineral Land Classification: Aggregate Materials in the South  
 San Francisco Bay Production-Consumption Region. 


By Kohler-Antablin, S.L., 1996. 


 
OFR 96-04: Update of Mineral Land Classification: Aggregate Materials in the Western  


San Diego County Production-Consumption Region. By Miller, R.V., 1996. 


 
OFR 97-01: Mineral Land Classification of Concrete Aggregate Resources in the Tulare County 


Production-Consumption Region, California. By Taylor, G.C., 1997. 


 
OFR 97-02: Mineral Land Classification of Concrete-Grade Aggregate Resources in Glenn 


County, California. By Shumway, D.O., 1997. 
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OFR 97-03: Mineral Land Classification of Alluvial Sand and Gravel, Crushed Stone, Volcanic 
Cinders, Limestone, and Diatomite within Shasta County, California. 


By Dupras, D.L, 1997. 
 
OFR 99-01: Update of Mineral Land Classification: Aggregate Materials in the Monterey Bay 


Production-Consumption Region, California. By Kohler-Antablin, S.L., 1999. 
 


OFR 99-02: Update of Mineral Land Classification: Aggregate Materials in the Fresno 


Production-Consumption Region, California. 
By Youngs, L.G. and Miller, R.V., 1999. 
 


OFR 99-08: Mineral Land Classification of Merced County, California. 
 By Clinkenbeard, J.P., 1999. 
 


OFR 99-09: Mineral Land Classification: Portland Cement Concrete-Grade Aggregate and Clay 
Resources in Sacramento County, California. By Dupras, D.L., 1999. 


 


OFR 2000-03:      Mineral Land Classification of El Dorado County, California.  
 By Busch L.L., 2001  


 


OFR 2000-18: Mineral Land Classification of Concrete-Grade Aggregate Resources in Tehama 
County, California.  By Foster, B.D., 2001  
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specific noise measurement report and 
vehicle noise emission levels. 


Paperwork Reduction Act 


Under the Paperwork Reduction Act 
of 1995 (PRA) (44 U.S.C. 3501, et seq.), 
Federal agencies must obtain approval 
from the Office of Management and 
Budget (OMB) for each collection of 
information they conduct, sponsor, or 
require through regulations. The FHWA 
determined that this final rule would 
affect a currently approved information 
collection for OMB Control Number 
2125–0622, titled ‘‘Noise Barrier 
Inventory Request.’’ The OMB approved 
this information collection on July 30, 
2008, at a total of 416 burden hours, 
with an expiration date of July 31, 2011. 


Executive Order 13175 (Tribal 
Consultation) 


The FHWA has analyzed this final 
rule under Executive Order 13175, 
dated November 6, 2000, and believes 
that it would not have substantial direct 
effects on one or more Indian tribes; 
would not impose substantial direct 
compliance costs on Indian tribal 
governments; and would not preempt 
tribal law. This rulemaking primarily 
applies to noise prediction on State 
highway projects and would not impose 
any direct compliance requirements on 
Indian tribal governments; nor would it 
have any economic or other impacts on 
the viability of Indian tribes. Therefore, 
a tribal summary impact statement is 
not required. 


Executive Order 13211 (Energy Effects) 


The FHWA has analyzed this final 
rule under Executive Order 13211, 
Actions Concerning Regulations that 
Significantly Affect Energy Supply, 
Distribution or Use. We have 
determined that this final rule would 
not be a significant energy action under 
that order because any action 
contemplated would not be likely to 
have a significant adverse effect on the 
supply, distribution, or use of energy. 
Therefore, the FHWA certifies that a 
Statement of Energy Effects under 
Executive Order 13211 is not required. 


Executive Order 12630 (Taking of 
Private Property) 


The FHWA has analyzed this final 
rule under Executive Order 12630, 
Governmental Actions and Interference 
with Constitutionally Protected Property 
Rights. The FHWA does not anticipate 
that this final rule would affect a taking 
of private property or otherwise have 
taking implications under Executive 
Order 12630. 


Executive Order 12988 (Civil Justice 
Reform) 


This action meets applicable 
standards in sections 3(a) and 3(b)(2) of 
Executive Order 12988, Civil Justice 
Reform, to minimize litigation, 
eliminate ambiguity and reduce burden. 


Executive Order 13045 (Protection of 
Children) 


The FHWA has analyzed this final 
rule under Executive Order 13045, 
Protection of Children from 
Environmental Health Risks and Safety 
Risks. The FHWA certifies that this final 
rule would not cause an environmental 
risk to health or safety that may 
disproportionately affect children. 


Regulation Identification Number 


A regulation identification number 
(RIN) is assigned to each regulatory 
action listed in the Unified Agenda of 
Federal Regulations. The Regulatory 
Information Service Center publishes 
the Unified Agenda in April and 
October of each year. The RIN number 
contained in the heading of this 
document can be used to cross-reference 
this action with the Unified Agenda. 


List of Subjects in 23 CFR Part 772 


Highways and roads, Incorporation by 
reference, Noise control. 


Issued on: June 21, 2010. 


Victor M. Mendez, 


Administrator. 


n In consideration of the foregoing, the 
FHWA revises part 772 of title 23, Code 
of Federal Regulations, to read as 
follows: 


PART 772—PROCEDURES FOR 
ABATEMENT OF HIGHWAY TRAFFIC 
NOISE AND CONSTRUCTION NOISE 


Sec. 
772.1 Purpose. 
772.3 Noise standards. 
772.5 Definitions. 
772.7 Applicability. 
772.9 Traffic noise prediction. 
772.11 Analysis of traffic noise impacts. 
772.13 Analysis of noise abatement. 
772.15 Federal participation. 
772.17 Information for local officials. 
772.19 Construction noise. 
Table 1 to Part 772—Noise Abatement 


Criteria 


Authority: 23 U.S.C. 109(h) and (i); 42 
U.S.C. 4331, 4332; sec. 339(b), Pub. L. 104– 
59, 109 Stat. 568, 605; 49 CFR 1.48(b). 


§ 772.1 Purpose. 


To provide procedures for noise 
studies and noise abatement measures 
to help protect the public’s health, 
welfare and livability, to supply noise 
abatement criteria, and to establish 
requirements for information to be given 


to local officials for use in the planning 
and design of highways approved 
pursuant to title 23 U.S.C. 


§ 772.3 Noise standards. 


The highway traffic noise prediction 
requirements, noise analyses, noise 
abatement criteria, and requirements for 
informing local officials in this 
regulation constitute the noise standards 
mandated by 23 U.S.C. 109(1). All 
highway projects which are developed 
in conformance with this regulation 
shall be deemed to be in accordance 
with the FHWA noise standards. 


§ 772.5 Definitions. 


Benefited Receptor. The recipient of 
an abatement measure that receives a 
noise reduction at or above the 
minimum threshold of 5 dB(A), but not 
to exceed the highway agency’s 
reasonableness design goal. 


Common Noise Environment. A group 
of receptors within the same Activity 
Category in Table 1 that are exposed to 
similar noise sources and levels; traffic 
volumes, traffic mix, and speed; and 
topographic features. Generally, 
common noise environments occur 
between two secondary noise sources, 
such as interchanges, intersections, 
cross-roads. 


Date of Public Knowledge. The date of 
approval of the Categorical Exclusion 
(CE), the Finding of No Significant 
Impact (FONSI), or the Record of 
Decision (ROD), as defined in 23 CFR 
part 771. 


Design Year. The future year used to 
estimate the probable traffic volume for 
which a highway is designed. 


Existing Noise Levels. The worst noise 
hour resulting from the combination of 
natural and mechanical sources and 
human activity usually present in a 
particular area. 


Feasibility. The combination of 
acoustical and engineering factors 
considered in the evaluation of a noise 
abatement measure. 


Impacted Receptor. The recipient that 
has a traffic noise impact. 


L10. The sound level that is exceeded 
10 percent of the time (the 90th 
percentile) for the period under 
consideration, with L10(h) being the 
hourly value of L10. 


Leq. The equivalent steady-state 
sound level which in a stated period of 
time contains the same acoustic energy 
as the time-varying sound level during 
the same time period, with Leq(h) being 
the hourly value of Leq. 


Multifamily Dwelling. A residential 
structure containing more than one 
residence. Each residence in a 
multifamily dwelling shall be counted 
as one receptor when determining 
impacted and benefited receptors. 
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Noise Barrier. A physical obstruction 
that is constructed between the highway 
noise source and the noise sensitive 
receptor(s) that lowers the noise level, 
including stand alone noise walls, noise 
berms (earth or other material), and 
combination berm/wall systems. 


Noise Reduction Design Goal. The 
optimum desired dB(A) noise reduction 
determined from calculating the 
difference between future build noise 
levels with abatement, to future build 
noise levels without abatement. The 
noise reduction design goal shall be at 
least 7 dB(A), but not more than 10 
dB(A). 


Permitted. A definite commitment to 
develop land with an approved specific 
design of land use activities as 
evidenced by the issuance of a building 
permit. 


Property Owner. An individual or 
group of individuals that holds a title, 
deed, or other legal documentation of 
ownership of a property or a residence. 


Reasonableness. The combination of 
social, economic, and environmental 
factors considered in the evaluation of 
a noise abatement measure. 


Receptor. A discrete or representative 
location of a noise sensitive area(s), for 
any of the land uses listed in Table 1. 


Residence. A dwelling unit. Either a 
single family residence or each dwelling 
unit in a multifamily dwelling. 


Statement of Likelihood. A statement 
provided in the environmental 
clearance document based on the 
feasibility and reasonableness analysis 
completed at the time the 
environmental document is being 
approved. 


Substantial Construction. The 
granting of a building permit, prior to 
right-of-way acquisition or construction 
approval for the highway. 


Substantial noise increase. One of two 
types of highway traffic noise impacts. 
For a Type I project, an increase in noise 
levels of 5 to 15 dB(A) in the design year 
over the existing noise level. 


Traffic Noise Impacts. Design year 
build condition noise levels that 
approach or exceed the NAC listed in 
Table 1 for the future build condition; 
or design year build condition noise 
levels that create a substantial noise 
increase over existing noise levels. 


Type I Project. (1) The construction of 
a highway on new location; or, 


(2) The physical alteration of an 
existing highway where there is either: 


(i) Substantial Horizontal Alteration. 
A project that halves the distance 
between the traffic noise source and the 
closest receptor between the existing 
condition to the future build condition; 
or, 


(ii) Substantial Vertical Alteration. A 
project that removes shielding therefore 
exposing the line-of-sight between the 
receptor and the traffic noise source. 
This is done by either altering the 
vertical alignment of the highway or by 
altering the topography between the 
highway traffic noise source and the 
receptor; or, 


(3) The addition of a through-traffic 
lane(s). This includes the addition of a 
through-traffic lane that functions as a 
HOV lane, High-Occupancy Toll (HOT) 
lane, bus lane, or truck climbing lane; 
or, 


(4) The addition of an auxiliary lane, 
except for when the auxiliary lane is a 
turn lane; or, 


(5) The addition or relocation of 
interchange lanes or ramps added to a 
quadrant to complete an existing partial 
interchange; or, 


(6) Restriping existing pavement for 
the purpose of adding a through-traffic 
lane or an auxiliary lane; or, 


(7) The addition of a new or 
substantial alteration of a weigh station, 
rest stop, ride-share lot or toll plaza. 


(8) If a project is determined to be a 
Type I project under this definition then 
the entire project area as defined in the 
environmental document is a Type I 
project. 


Type II Project. A Federal or Federal- 
aid highway project for noise abatement 
on an existing highway. For a Type II 
project to be eligible for Federal-aid 
funding, the highway agency must 
develop and implement a Type II 
program in accordance with section 
772.7(e). 


Type III Project. A Federal or Federal- 
aid highway project that does not meet 
the classifications of a Type I or Type 
II project. Type III projects do not 
require a noise analysis. 


§ 772.7 Applicability. 


(a) This regulation applies to all 
Federal or Federal-aid Highway Projects 
authorized under title 23, United States 
Code. Therefore, this regulation applies 
to any highway project or multimodal 
project that: 


(1) Requires FHWA approval 
regardless of funding sources, or 


(2) Is funded with Federal-aid 
highway funds. 


(b) In order to obtain FHWA approval, 
the highway agency shall develop noise 
policies in conformance with this 
regulation and shall apply these policies 
uniformly and consistently statewide. 


(c) This regulation applies to all Type 
I projects unless the regulation 
specifically indicates that a section only 
applies to Type II or Type III projects. 


(d) The development and 
implementation of Type II projects are 


not mandatory requirements of section 
109(i) of title 23, United States Code. 


(e) If a highway agency chooses to 
participate in a Type II program, the 
highway agency shall develop a priority 
system, based on a variety of factors, to 
rank the projects in the program. This 
priority system shall be submitted to 
and approved by FHWA before the 
highway agency is allowed to use 
Federal-aid funds for a project in the 
program. The highway agency shall re- 
analyze the priority system on a regular 
interval, not to exceed 5 years. 


(f) For a Type III project, a highway 
agency is not required to complete a 
noise analysis or consider abatement 
measures. 


§ 772.9 Traffic noise prediction. 


(a) Any analysis required by this 
subpart must use the FHWA Traffic 
Noise Model (TNM), which is described 
in ‘‘FHWA Traffic Noise Model’’ Report 
No. FHWA–PD–96–010, including 
Revision No. 1, dated April 14, 2004, or 
any other model determined by the 
FHWA to be consistent with the 
methodology of the FHWA TNM. These 
publications are incorporated by 
reference in accordance with section 
552(a) of title 5, U.S.C. and part 51 of 
title 1, CFR, and are on file at the 
National Archives and Record 
Administration (NARA). For 
information on the availability of this 
material at NARA, call (202) 741–6030 
or go to http://www.archives.gov/ 
federal_register/ 
code_of_federal_regulations/ 
ibr_locations.html. These documents are 
available for copying and inspection at 
the Federal Highway Administration, 
1200 New Jersey Avenue, SE., 
Washington, DC 20590, as provided in 
part 7 of title 49, CFR. These documents 
are also available on the FHWA’s Traffic 
Noise Model Web site at the following 
URL: http://www.fhwa.dot.gov/ 
environment/noise/index.htm. 


(b) Average pavement type shall be 
used in the FHWA TNM for future noise 
level prediction unless a highway 
agency substantiates the use of a 
different pavement type for approval by 
the FHWA. 


(c) Noise contour lines may be used 
for project alternative screening or for 
land use planning to comply with 
§ 772.17 of this part, but shall not be 
used for determining highway traffic 
noise impacts. 


(d) In predicting noise levels and 
assessing noise impacts, traffic 
characteristics that would yield the 
worst traffic noise impact for the design 
year shall be used. 
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§ 772.11 Analysis of traffic noise impacts. 


(a) The highway agency shall 
determine and analyze expected traffic 
noise impacts. 


(1) For projects on new alignments, 
determine traffic noise impacts by field 
measurements. 


(2) For projects on existing 
alignments, predict existing and design 
year traffic noise impacts. 


(b) In determining traffic noise 
impacts, a highway agency shall give 
primary consideration to exterior areas 
where frequent human use occurs. 


(c) A traffic noise analysis shall be 
completed for: 


(1) Each alternative under detailed 
study; 


(2) Each Activity Category of the NAC 
listed in Table 1 that is present in the 
study area; 


(i) Activity Category A. This activity 
category includes the exterior impact 
criteria for lands on which serenity and 
quiet are of extraordinary significance 
and serve an important public need, and 
where the preservation of those qualities 
is essential for the area to continue to 
serve its intended purpose. Highway 
agencies shall submit justifications to 
the FHWA on a case-by-case basis for 
approval of an Activity Category A 
designation. 


(ii) Activity Category B. This activity 
category includes the exterior impact 
criteria for single-family and 
multifamily residences. 


(iii) Activity Category C. This activity 
category includes the exterior impact 
criteria for a variety of land use 
facilities. Each highway agency shall 
adopt a standard practice for analyzing 
these land use facilities that is 
consistent and uniformly applied 
statewide. 


(iv) Activity Category D. This activity 
category includes the interior impact 
criteria for certain land use facilities 
listed in Activity Category C that may 
have interior uses. A highway agency 
shall conduct an indoor analysis after a 
determination is made that exterior 
abatement measures will not be feasible 
and reasonable. An indoor analysis shall 
only be done after exhausting all 
outdoor analysis options. In situations 
where no exterior activities are to be 
affected by the traffic noise, or where 
the exterior activities are far from or 
physically shielded from the roadway in 
a manner that prevents an impact on 
exterior activities, the highway agency 
shall use Activity Category D as the 
basis of determining noise impacts. 
Each highway agency shall adopt a 
standard practice for analyzing these 
land use facilities that is consistent and 
uniformly applied statewide. 


(v) Activity Category E. This activity 
category includes the exterior impact 
criteria for developed lands that are less 
sensitive to highway noise. Each 
highway agency shall adopt a standard 
practice for analyzing these land use 
facilities that is consistent and 
uniformly applied statewide. 


(vi) Activity Category F. This activity 
category includes developed lands that 
are not sensitive to highway traffic 
noise. There is no impact criteria for the 
land use facilities in this activity 
category and no analysis of noise 
impacts is required. 


(vii) Activity Category G. This activity 
includes undeveloped lands. 


(A) A highway agency shall determine 
if undeveloped land is permitted for 
development. The milestone and its 
associated date for acknowledging when 
undeveloped land is considered 
permitted shall be the date of issuance 
of a building permit by the local 
jurisdiction or by the appropriate 
governing entity. 


(B) If undeveloped land is determined 
to be perrmitted, then the highway 
agency shall assign the land to the 
appropriate Activity Category and 
analyze it in the same manner as 
developed lands in that Activity 
Category. 


(C) If undeveloped land is not 
permitted for development by the date 
of public knowledge, the highway 
agency shall determine noise levels in 
accordance with 772.17(a) and 
document the results in the project’s 
environmental clearance documents and 
noise analysis documents. Federal 
participation in noise abatement 
measures will not be considered for 
lands that are not permitted by the date 
of public knowledge. 


(d) The analysis of traffic noise 
impacts shall include: 


(1) Identification of existing activities, 
developed lands, and undeveloped 
lands, which may be affected by noise 
from the highway; 


(2) For projects on new or existing 
alignments, validate predicted noise 
level through comparison between 
measured and predicted levels; 


(3) Measurement of noise levels. Use 
an ANSI Type I or Type II integrating 
sound level meter; 


(4) Identification of project limits to 
determine all traffic noise impacts for 
the design year for the build alternative. 
For Type II projects, traffic noise 
impacts shall be determined from 
current year conditions; 


(e) Highway agencies shall establish 
an approach level to be used when 
determining a traffic noise impact. The 
approach level shall be at least 1 dB(A) 
less than the Noise Abatement Criteria 


for Activity Categories A to E listed in 
Table 1 to part 772; 


(f) Highway agencies shall define 
substantial noise increase between 5 
dB(A) to 15 dB(A) over existing noise 
levels. The substantial noise increase 
criterion is independent of the absolute 
noise level. 


(g) A highway agency proposing to 
use Federal-aid highway funds for a 
Type II project shall perform a noise 
analysis in accordance with § 772.11 of 
this part in order to provide information 
needed to make the determination 
required by § 772.13(a) of this part. 


§ 772.13 Analysis of noise abatement. 


(a) When traffic noise impacts are 
identified, noise abatement shall be 
considered and evaluated for feasibility 
and reasonableness. The highway 
agency shall determine and analyze 
alternative noise abatement measures to 
abate identified impacts by giving 
weight to the benefits and costs of 
abatement and the overall social, 
economic, and environmental effects by 
using feasible and reasonable noise 
abatement measures for decision- 
making. 


(b) In abating traffic noise impacts, a 
highway agency shall give primary 
consideration to exterior areas where 
frequent human use occurs. 


(c) If a noise impact is identified, a 
highway agency shall consider 
abatement measures. The abatement 
measures listed in § 772.15(c) of this 
part are eligible for Federal funding. 


(1) At a minimum, the highway 
agency shall consider noise abatement 
in the form of a noise barrier. 


(2) If a highway agency chooses to use 
absorptive treatments as a functional 
enhancement, the highway agency shall 
adopt a standard practice for using 
absorptive treatment that is consistent 
and uniformly applied statewide. 


(d) Examination and evaluation of 
feasible and reasonable noise abatement 
measures for reducing the traffic noise 
impacts. Each highway agency, with 
FHWA approval, shall develop 
feasibility and reasonableness factors. 


(1) Feasibility: 
(i) Achievement of at least a 5 dB(A) 


highway traffic noise reduction at 
impacted receptors. The highway 
agency shall define, and receive FHWA 
approval for, the number of receptors 
that must achieve this reduction for the 
noise abatement measure to be 
acoustically feasible and explain the 
basis for this determination; and 


(ii) Determination that it is possible to 
design and construct the noise 
abatement measure. Factors to consider 
are safety, barrier height, topography, 
drainage, utilities, and maintenance of 
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the abatement measure, maintenance 
access to adjacent properties, and access 
to adjacent properties (i.e. arterial 
widening projects). 


(2) Reasonableness: 
(i) Consideration of the viewpoints of 


the property owners and residents of the 
benefited receptors. The highway 
agency shall solicit the viewpoints of all 
of the benefited receptors and obtain 
enough responses to document a 
decision on either desiring or not 
desiring the noise abatement measure. 
The highway agency shall define, and 
receive FHWA approval for, the number 
of receptors that are needed to 
constitute a decision and explain the 
basis for this determination. 


(ii) Cost effectiveness of the highway 
traffic noise abatement measures. Each 
highway agency shall determine, and 
receive FHWA approval for, the 
allowable cost of abatement by 
determining a baseline cost 
reasonableness value. This 
determination may include the actual 
construction cost of noise abatement, 
cost per square foot of abatement, the 
maximum square footage of abatement/ 
benefited receptor and either the cost/ 
benefited receptor or cost/benefited 
receptor/dB(A) reduction. The highway 
agency shall re-analyze the allowable 
cost for abatement on a regular interval, 
not to exceed 5 years. A highway agency 
has the option of justifying, for FHWA 
approval, different cost allowances for a 
particular geographic area(s) within the 
State, however, the highway agancy 
must use the same cost reasonableness/ 
construction cost ratio statewide. 


(iii) Noise reduction design goals for 
highway traffic noise abatement 
measures. When noise abatement 
measure(s) are being considered, a 
highway agency shall achieve a noise 
reduction design goal. The highway 
agency shall define, and receive FHWA 
approval for, the design goal of at least 
7 dB(A) but not more than 10 dB(A), 
and shall define the number of benefited 
receptors that must achieve this design 
goal and explain the basis for this 
determination. 


(iv) The reasonableness factors listed 
in § 772.13(d)(5)(i), (ii) and (iii), must 
collectively be achieved in order for a 
noise abatement measure to be deemed 
reasonable. Failure to achieve 
§ 772.13(d)(5)(i), (ii) or (iii), will result 
in the noise abatement measure being 
deemed not reasonable. 


(v) In addition to the required 
reasonableness factors listed in 
§ 772.13(d)(5)(i), (ii), and (iii), a highway 
agency has the option to also include 
the following reasonableness factors: 
Date of development, length of time 
receivers have been exposed to highway 


traffic noise impacts, exposure to higher 
absolute highway traffic noise levels, 
changes between existing and future 
build conditions, percentage of mixed 
zoning development, and use of noise 
compatible planning concepts by the 
local government. No single optional 
reasonableness factor can be used to 
determine reasonableness. 


(e) Assessment of Benefited 
Receptors. Each highway agency shall 
define the threshold for the noise 
reduction which determines a benefited 
receptor as at or above the 5 dB(A), but 
not to exceed the highway agency’s 
reasonableness design goal. 


(f) Abatement Measure Reporting: 
Each highway agency shall maintain an 
inventory of all constructed noise 
abatement measures. The inventory 
shall include the following parameters: 
type of abatement; cost (overall cost, 
unit cost per/sq. ft.); average height; 
length; area; location (State, county, 
city, route); year of construction; 
average insertion loss/noise reduction as 
reported by the model in the noise 
analysis; NAC category(s) protected; 
material(s) used (precast concrete, berm, 
block, cast in place concrete, brick, 
metal, wood, fiberglass, combination, 
plastic (transparent, opaque, other); 
features (absorptive, reflective, surface 
texture); foundation (ground mounted, 
on structure); project type (Type I, Type 
II, and optional project types such as 
State funded, county funded, tollway/ 
turnpike funded, other, unknown). The 
FHWA will collect this information, in 
accordance with OMB’s Information 
Collection requirements. 


(g) Before adoption of a CE, FONSI, or 
ROD, the highway agency shall identify: 


(1) Noise abatement measures which 
are feasible and reasonable, and which 
are likely to be incorporated in the 
project; and 


(2) Noise impacts for which no noise 
abatement measures are feasible and 
reasonable. 


(3) Documentation of highway traffic 
noise abatement: The environmental 
document shall identify locations where 
noise impacts are predicted to occur, 
where noise abatement is feasible and 
reasonable, and locations with impacts 
that have no feasible or reasonable noise 
abatement alternative. For 
environmental clearance, this analysis 
shall be completed to the extent that 
design information on the alterative(s) 
under study in the environmental 
document is available at the time the 
environmental clearance document is 
completed. A statement of likelihood 
shall be included in the environmental 
document since feasibility and 
reasonableness determinations may 
change due to changes in project design 


after approval of the environmental 
document. The statement of likelihood 
shall include the preliminary location 
and physical description of noise 
abatement measures determined feasible 
and reasonable in the preliminary 
analysis. The statement of likelihood 
shall also indicate that final 
recommendations on the construction of 
an abatement measure(s) is determined 
during the completion of the project’s 
final design and the public involvement 
processes. 


(h) The FHWA will not approve 
project plans and specifications unless 
feasible and reasonable noise abatement 
measures are incorporated into the 
plans and specifications to reduce the 
noise impact on existing activities, 
developed lands, or undeveloped lands 
for which development is permitted. 


(i) For design-build projects, the 
preliminary technical noise study shall 
document all considered and proposed 
noise abatement measures for inclusion 
in the NEPA document. Final design of 
design-build noise abatement measures 
shall be based on the preliminary noise 
abatement design developed in the 
technical noise analysis. Noise 
abatement measures shall be 
considered, developed, and constructed 
in accordance with this standard and in 
conformance with the provisions of 40 
CFR 1506.5(c) and 23 CFR 636.109. 


(j) Third party funding is not allowed 
on a Federal or Federal-aid Type I or 
Type II project if the noise abatement 
measure would require the additional 
funding from the third party to be 
considered feasible and/or reasonable. 
Third party funding is acceptable on a 
Federal or Federal-aid highway Type I 
or Type II project to make functional 
enhancements, such as absorptive 
treatment and access doors or aesthetic 
enhancements, to a noise abatement 
measure already determined feasible 
and reasonable. 


(k) On a Type I or Type II projects, a 
highway agency has the option to cost 
average noise abatement among 
benefited receptors within common 
noise environments if no single 
common noise environment exceeds 
two times the highway agency’s cost 
reasonableness criteria and collectively 
all common noise environments being 
averaged do not exceed the highway 
agency’s cost reasonableness criteria. 


§ 772.15 Federal participation. 


(a) Type I and Type II projects. 
Federal funds may be used for noise 
abatement measures when: 


(1) Traffic noise impacts have been 
identified; and 


(2) Abatement measures have been 
determined to be feasible and 
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reasonable pursuant to § 772.13(d) of 
this chapter. 


(b) For Type II projects. (1) No funds 
made available out of the Highway Trust 
Fund may be used to construct Type II 
noise barriers, as defined by this 
regulation, if such noise barriers were 
not part of a project approved by the 
FHWA before the November 28, 1995. 


(2) Federal funds are available for 
Type II noise barriers along lands that 
were developed or were under 
substantial construction before approval 
of the acquisition of the rights-of-ways 
for, or construction of, the existing 
highway. 


(3) FHWA will not approve noise 
abatement measures for locations where 
such measures were previously 
determined not to be feasible and 
reasonable for a Type I project. 


(c) Noise Abatement Measures. The 
following noise abatement measures 
may be considered for incorporation 
into a Type I or Type II project to reduce 
traffic noise impacts. The costs of such 
measures may be included in Federal- 
aid participating project costs with the 
Federal share being the same as that for 
the system on which the project is 
located. 


(1) Construction of noise barriers, 
including acquisition of property rights, 
either within or outside the highway 
right-of-way. Landscaping is not a viable 
noise abatement measure. 


(2) Traffic management measures 
including, but not limited to, traffic 


control devices and signing for 
prohibition of certain vehicle types, 
time-use restrictions for certain vehicle 
types, modified speed limits, and 
exclusive lane designations. 


(3) Alteration of horizontal and 
vertical alignments. 


(4) Acquisition of real property or 
interests therein (predominantly 
unimproved property) to serve as a 
buffer zone to preempt development 
which would be adversely impacted by 
traffic noise. This measure may be 
included in Type I projects only. 


(5) Noise insulation of Activity 
Category D land use facilities listed in 
Table 1. Post-installation maintenance 
and operational costs for noise 
insulation are not eligible for Federal- 
aid funding. 


§ 772.17 Information for local officials. 


(a) To minimize future traffic noise 
impacts on currently undeveloped lands 
of Type I projects, a highway agency 
shall inform local officials within whose 
jurisdiction the highway project is 
located of: 


(1) Noise compatible planning 
concepts; 


(2) The best estimation of the future 
design year noise levels at various 
distances from the edge of the nearest 
travel lane of the highway improvement 
where the future noise levels meet the 
highway agency’s definition of 
‘‘approach’’ for undeveloped lands or 
properties within the project limits. At 


a minimum, identify the distance to the 
exterior noise abatement criteria in 
Table 1; 


(3) Non-eligibility for Federal-aid 
participation for a Type II project as 
described in § 772.15(b). 


(b) If a highway agency chooses to 
participate in a Type II noise program or 
to use the date of development as one 
of the factors in determining the 
reasonableness of a Type I noise 
abatement measure, the highway agency 
shall have a statewide outreach program 
to inform local officials and the public 
of the items in § 772.17(a)(1) through 
(3). 


§ 772.19 Construction noise. 


For all Type I and II projects, a 
highway agency shall: 


(a) Identify land uses or activities that 
may be affected by noise from 
construction of the project. The 
identification is to be performed during 
the project development studies. 


(b) Determine the measures that are 
needed in the plans and specifications 
to minimize or eliminate adverse 
construction noise impacts to the 
community. This determination shall 
include a weighing of the benefits 
achieved and the overall adverse social, 
economic, and environmental effects 
and costs of the abatement measures. 


(c) Incorporate the needed abatement 
measures in the plans and 
specifications. 


TABLE 1 TO PART 772—NOISE ABATEMENT CRITERIA 


[Hourly A–Weighted Sound Level_decibels (dB(A)) 1] 


Activity 
category 


Activity Leq(h) 
Criteria 2 
L10(h) 


Evaluation 
location 


Activity description 


A .................. 57 60 Exterior ........ Lands on which serenity and quiet are of extraordinary significance and serve 
an important public need and where the preservation of those qualities is 
essential if the area is to continue to serve its intended purpose. 


B 3 ................ 67 70 Exterior ........ Residential. 
C 3 ................ 67 70 Exterior ........ Active sport areas, amphitheaters, auditoriums, campgrounds, cemeteries, day 


care centers, hospitals, libraries, medical facilities, parks, picnic areas, 
places of worship, playgrounds, public meeting rooms, public or nonprofit in-
stitutional structures, radio studios, recording studios, recreation areas, Sec-
tion 4(f) sites, schools, television studios, trails, and trail crossings. 


D .................. 52 55 Interior ......... Auditoriums, day care centers, hospitals, libraries, medical facilities, places of 
worship, public meeting rooms, public or nonprofit institutional structures, 
radio studios, recording studios, schools, and television studios. 


E 3 ................ 72 75 Exterior ........ Hotels, motels, offices, restaurants/bars, and other developed lands, prop-
erties or activities not included in A–D or F. 


F .................. ........................ ........................ ..................... Agriculture, airports, bus yards, emergency services, industrial, logging, main-
tenance facilities, manufacturing, mining, rail yards, retail facilities, ship-
yards, utilities (water resources, water treatment, electrical), and 
warehousing. 


G .................. ........................ ........................ ..................... Undeveloped lands that are not permitted. 


1 Either Leq(h) or L10(h) (but not both) may be used on a project. 
2 The Leq(h) and L10(h) Activity Criteria values are for impact determination only, and are not design standards for noise abatement measures. 
3 Includes undeveloped lands permitted for this activity category. 
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á ê ÷ ï õ ó ï ì õ ó é � Û 8 � ê ë í ì õ � ð � ö ê í ñ ë ö ì ê î ê ó ì õ õ ó ê í ë ð ð ñ ê é õ ô ë é é ê î ê é � ÷ ï î ê ó ð ñ ë ð i ë ó ì õ ó� ÷ ÷ í ê ÷ ë ð ê ì í ê ô ê ó ð é � ë ö ö é ï ê ø ð õ ð ñ ê å õ � ó ð � ð õ ê H ö ë ó ø ï ð ì í ê ì ê í î ê ì Ü Þ ð ô ë ó õ ò ð ê ó ð ë : ê } � ê ë í ì õ í� õ í ê ð õ ö ê í � ï ð ë ó ë ÷ ÷ í ê ÷ ë ð ê h � ë í í � ò í õ � ì ð ë í ð ð õ ò ï ó ï ì ñ � ð ë : ï ó ÷ ï ó ð õ ë ô ô õ � ó ð ð ñ ê å G l �ö í õ ô ê ì ì � ó ê ï ÷ ñ ! õ í ñ õ õ ø õ ö ö õ ì ï ð ï õ ó � ë ó ø ö õ ð ê ó ð ï ë é é ï ð ï ÷ ë ð ï õ ó Ü � ô ô õ í ø ï ó ÷ é � � ï ð ï ì ï � ö ê í ë ð ï î ê ð ñ ë ðé õ ô ë é ÷ õ î ê í ó � ê ó ð ì ó õ ð é õ ì ê ì ï ÷ ñ ð õ ò ð ñ ê é õ ó ÷ æ í ë ó ÷ ê ö ï ô ð � í ê � ë ó ø ô õ ó ì ð ë ó ð é � é õ õ : ì ê î ê í ë éø ê ô ë ø ê ì õ � ð õ ó ë í õ é é ï ó ÷ ! ë ì ï ì ù ñ ê ó ô õ ó ì ï ø ê í ï ó ÷ ë î ë ï é ë ! é ê ë ÷ ÷ í ê ÷ ë ð ê ì � ö ö é � ë ó ø ó ê ù ö ê í � ï ðë ö ö é ï ô ë ð ï õ ó ì Ü à ñ ê k ë ì è ï é ï ð ë ì l � ë í í � ù ï é é ì � ö ö é � ë í õ � ó ø Û  Ü ; � ï é é ï õ ó ð õ ó ì õ ò ë ÷ ÷ í ê ÷ ë ð ê ð õ ð ñ êé õ ô ë é � ë í : ê ð õ î ê í ï ð ì é ï ò ê ì ö ë ó � ! � ð ð ñ ï ì ë é õ ó ê ù ï é é ó õ ð ! ê ê ó õ � ÷ ñ ð õ ì ë ð ï ì ò � ð ñ ê ; Ý æ � ê ë í � ë í : ê ðø ê � ë ó ø � ó õ � õ í ê ð ñ ë ó ð ñ ê i ë ó ì õ ó ê H ö ë ó ì ï õ ó ë é õ ó ê ô õ � é ø ì ë ð ï ì ò � ï ð Ü à ñ ê � õ ì ð í ê ì ö õ ó ì ï ! é êð ñ ï ó ÷ ë é õ ô ë é ÷ õ î ê í ó � ê ó ð ô ë ó ø õ ð õ ì ë ò ê ÷ � ë í ø ï ð ì é õ ô ë é ê ô õ ó õ � � ï ì ê ó ì � í ê ð ñ ë ð ï ð ù ï é é ! ê ì ê é ò æì � ì ð ë ï ó ï ó ÷ ò õ í ë ÷ ÷ í ê ÷ ë ð ê ì � ö ö é ï ê ì ò õ í ð ñ ê ó ê H ð ; Ý � ê ë í ì ï ó ë ô ô õ í ø ë ó ô ê ù ï ð ñ ð ñ ê ó � � ! ê í ìö í õ � ê ô ð ê ø ! � ð ñ ê I ð ë ð ê Ü Þ ò ó ê ù ö ê í � ï ð ì ë í ê ì ñ ê é î ê ø � ó ð ï é ë é é ê H ï ì ð ï ó ÷ h � ë í í ï ê ì ë í ê õ ö ê í ë ð ï ó ÷ ë ð� ë H ï � � � ö ê í � ï ð ð ê ø ô ë ö ë ô ï ð � � ð ñ ê ì � ö ö é � æ ø ê � ë ó ø ê h � ï é ï ! í ï � � ù ï é é ñ ë î ê ë é í ê ë ø � ! ê ê óð ñ í õ ù ó õ � ð õ ò ! ë é ë ó ô ê Ü à ñ ê ÷ õ ë é ì ñ õ � é ø ! ê ð õ ñ ë î ê ë ù ê é é æ ! ë é ë ó ô ê ø � ë í : ê ð ù ñ ê í ê ø ê � ë ó øê ë ð ì ë ù ë � ë ð ì � ö ö é � ë ð ë ì ð ê ë ø � � ô õ ó ì ï ì ð ê ó ð í ë ð ê � ë î õ ï ø ï ó ÷ ì ñ ë í ö ö ê ë : ì ë ó ø î ë é é ê � ì Üà í � ô : à í ï ö ì ò õ í G � ê í ÷ ê ó ô � è í õ � ê ô ð ì� ì ö ë í ð õ ò ø ï ì ô é õ ì ï ó ÷ ð ñ ê í ê ë ì õ ó ë ! é � æ ò õ í ê ì ê ê ë ! é ê ù õ í ì ð ô ë ì ê ì ô ê ó ë í ï õ � ð ñ ê G Þ á ì ñ õ � é ø ë é ì õô é ë í ï ò � ð ñ ê ì ð ë ð ê � ê ó ð õ ó ö ë ÷ ê  æ q ð ñ ë ð � ö ð õ n Ý Ý ð í � ô : ð í ï ö ì ö ê í ø ë � ô õ � é ø ! ê ë ó ð ï ô ï ö ë ð ê ø ò õ í ëé ë í ÷ ê ö í õ � ê ô ð Ü p ñ ï é ê ï ð ï ì ð ñ ê õ í ê ð ï ô ë é é � ô õ ó ô ê ï î ë ! é ê ð ñ ë ð ð ñ ê h � ë í í � ô õ � é ø é õ ë ø ð ñ ë ð � ë ó �ð í � ô : ì J � Ý Ý K ï ó ì ï ó ÷ é ê ø ë � � ï ð ï ì ï � ö õ í ð ë ó ð ð ñ ë ð ð ñ ê G Þ á ö � ð ð ñ ë ð ì ð ë ð ê � ê ó ð ï ó ô õ ó ð ê H ð Ü Þ ò ð ñ êö í õ � ê ô ð ø õ ê ì é õ ë ø � Ý Ý ð í � ô : ì ï ó õ ó ê ø ë � � ì � ô ñ ë ì ð õ í ê ì ö õ ó ø ð õ ë ó ê � ê í ÷ ê ó ô � í ê ö ë ï í ö í õ � ê ô ð �ò õ í ï ó ì ð ë ó ô ê � ð ñ ï ì ù õ � é ø � ê ë ó ð ñ ë ð ð ñ ê ö í õ � ê ô ð ù õ � é ø ñ ë î ê ì õ é ø õ î ê í n � Ý Ý Ý ð õ ó ì õ ò � ë ð ê í ï ë éð ñ ë ð ø ë � õ � ð õ ò ï ð ì ; Ý Ý � Ý Ý Ý ë ó ó � ë é ë é é õ ð � ê ó ð Ü à ñ ê í ê ò õ í ê � ï ó õ í ø ê í ò õ í ð ñ ê ö í õ � ê ô ð ð õ ì ð ë �ù ï ð ñ ï ó ï ð ì ë ó ó � ë é ö ê í � ï ð ð ê ø é ï � ï ð � ð ñ ê í ê ù õ � é ø ó ê ê ø ð õ ! ê ë ö í õ ö õ í ð ï õ ó ë é ó � � ! ê í õ ò ø ë � ìù ñ ê ó ð ñ ê í ê ù ê í ê ó õ ð í � ô : ì ð í ï ö ì � õ í ò ê ù ê í ð ñ ë ó ë î ê í ë ÷ ê ð í � ô : ð í ï ö ì Ü � ô ô õ í ø ï ó ÷ é � � ð ñ ê 9 G Þ áì ñ õ � é ø ë ø ø ë ì ê ó ð ê ó ô ê ð õ ð ñ ê ê ò ò ê ô ð ð ñ ë ð � ù ñ ï é ê ð ñ ê ö í ê ô ï ì ê ó � � ! ê í õ ò ø ë ï é � ð í � ô : ð í ï ö ì � ë �ò é � ô ð � ë ð ê � ð ñ ê ë ó ó � ë é � ë H ï � � � ë é é õ ù ë ! é ê � ï ê é ø ù ï é é ê ó ì � í ê ð ñ ë ð ð ñ ê ø ë ï é � ð í � ô : ð í ï ö ìê H ö ê í ï ê ó ô ê ø ! � ð ñ ê ô õ � � � ó ï ð � ù ï é é ì ð ë � ë ð õ í � ó ø ê í ð ñ ê ë ö ö í õ ö í ï ë ð ê ë î ê í ë ÷ ê J ë ì ì ð ë ð ê ø ! ê é õ ù �ð ñ ê ë î ê í ë ÷ ê õ ò  } 8 � ð ï é ï � ê ø ï ó ð ñ ê ã G Þ á ï ì � ó í ê ë é ï ì ð ï ô ë é é � ñ ï ÷ ñ K Ü







 ® ¯ ° ± ² ³ ´ ² µ ² ´ ¶ · ¸ ¸ ® ´ ¹ ² º» » ¼ ½ ¾ ¿ À Á Â Ã ± ¹ ® Ä ² Â À ¶  Â ¹ ¸ Â Å Â ´ Æ Â ´ ± ¸ Â ¶ Á · ¼ Ç È ¾ Ç½ É ¾ Ê È Ç ½ Ê ¾ È Ç ¾ Ë Ì Ì ± Í ² Î ¸ ´ ² µ ² ´ Ï ¸ ´ ² µ ² ´ À Â Ð Ê Í ® Ã


Ñ Ò Ó Ô Ó Ò Õ Ö × Ô Õ Ö Ø Ù Ö Ú Ó


à í � ô : à í ï ö ì � ì ì õ ô ï ë ð ê ø p ï ð ñ á ê ô � ô é ê ø � ÷ ÷ í ê ÷ ë ð ê9 ï ó ë é é � � ï ð ï ì ó õ ð í ê ë ì õ ó ë ! é ê ò õ í ð ñ ê G Þ á ð õ ë ì ì � � ê } ; ø ë ï é � ð í � ô : ð í ï ö ì ë ð ð í ï ! � ð ë ! é ê ð õ í ê ô � ô é ê ø� ë ð ê í ï ë é ø í õ ö æ - 0 0 7 F + % ' d e 1 3 $ ( % \ \ $ % ( & ' - 3 $ 3 % & $ . - d ' + $ \ ( - 4 $ 5 ' m & . % ) # s ( $ 5 s 5 # $ . 1 % ' $ ( ) % #é ï � ï ð õ ò Û � ; Ý Ý ð õ ó ì � ì ê ð ! � ð ñ ê å ë é á ê ô � ô é ê ö ê í � ï ð Ü i õ ù ê î ê í � ï ò ð ñ ï ì ö í õ � ê ô ð ù ê í ê ð õ ë ô ô ê ö ðÛ � ; Ý Ý ð õ ó ì ö ê í ø ë � õ ò í ê ô � ô é ê ø � ë ð ê í ï ë é �  ; Ý ø ë � ì ö ê í � ê ë í � ï ð ù õ � é ø ! ê í ê ô � ô é ï ó ÷ 8 } ; � Ý Ý Ý ð õ ó ìõ ò ë ÷ ÷ í ê ÷ ë ð ê ë ó ó � ë é é � Ü � ô ô õ í ø ï ó ÷ ð õ I ö ê ô ï ë é á ê ö õ í ð  Û ; � õ ó é �  ; Ý � Ý Ý Ý ð õ ó ì õ ò ë ÷ ÷ í ê ÷ ë ð ê ù ë ìí ê ô � ô é ê ø � ý ÿ 
 � � ý ÿ � � � � / û V � � � ü ý J I ë ó ð ë � ë í ! ë í ë ë ó ø I ë ó k � ï ì â ! ï ì ö õ å õ � ó ð � ô õ � ! ï ó ê ø K ï ó Ý Ý q Ü J I ê ê ã G Þ á � ö ö ê ó ø ï H ã � I ö ê ô ï ë é á ê ö õ í ð  Û ; � ö ÷ Ü  8 K � ì ì � � ï ó ÷ ð ñ ë ð I ë ó k � ï ì â ! ï ì ö õå õ � ó ð � ë ô ô õ � ó ð ê ø ò õ í í õ � ÷ ñ é � ñ ë é ò õ ò ð ñ ë ð ë � õ � ó ð � ë ô õ ó ì ê í î ë ð ï î ê ê ì ð ï � ë ð ê ÷ ï î ê ó ð ñ ë ð I ë ók � ï ì â ! ï ì ö õ å õ � ó ð � ñ ë ì ë � � ô ñ ì � ë é é ê í ö õ ö � é ë ð ï õ ó � ð ñ ë ð � ê ë ó ì ð ñ ë ð ð ñ ê ê ó ð ï í ê å õ � ó ð �í ê ô � ô é ê ø Û  ; � Ý Ý Ý ð õ ó ì õ ò ë ÷ ÷ í ê ÷ ë ð ê ï ó  Ý Ý q Ü à ñ ê í ê ë í ê ô � í í ê ó ð é � } ò ë ô ï é ï ð ï ê ì ï ó ð ñ ê å õ � ó ð �ð ñ ë ð ë í ê ö ê í � ï ð ð ê ø ð õ ë ô ô ê ö ð í ê ô � ô é ê ø ë ÷ ÷ í ê ÷ ë ð ê � ï ò ì ö í ê ë ø õ � ð ê î ê ó é � ë � õ ó ÷ ð ñ õ ì ê ò ë ô ï é ï ð ï ê ì �ð ñ ï ì � ê ë ó ì ð ñ ë ð ê ë ô ñ ò ë ô ï é ï ð � ö í õ ô ê ì ì ê ø í õ � ÷ ñ é � Û } � n ; } ð õ ó ì õ ò í ê ô � ô é ê ø ë ÷ ÷ í ê ÷ ë ð ê ï ó  Ý Ý q Üå é ê ë í é � � ï ð ï ì ó õ ð í ê ë ì õ ó ë ! é ê ò õ í ð ñ ê G Þ á ð õ ë ì ì � � ê ð ñ ë ð ð ñ ê k ë ì è ï é ï ð ë ì l � ë í í � ë é õ ó ê ù õ � é øö í õ ô ê ì ì 8 } ; � Ý Ý Ý ð õ ó ì ö ê í � ê ë í õ ò í ê ô � ô é ê ø � ë ð ê í ï ë é � A ÿ � � � þ ÿ 
 � û ü � ý ÿ � ÿ ü ÿ �  � ï ó õ ó ê � ê ë í Ü Þ ðï ì ø õ � ! ð ò � é ð ñ ë ð ð ñ ê h � ë í í � � ë ì ø ê ì ï ÷ ó ê ø � ê î ê ó ñ ë ì ð ñ ê í õ õ � ð õ ì ð õ ô : ö ï é ê ð ñ ë ð ë � õ � ó ð õ ò� ë ð ê í ï ë é Ü{ õ í ê õ î ê í � ï ð ï ì ó õ ð í ê ë ì õ ó ë ! é ê ð õ ë ì ì � � ê ë ñ ï ÷ ñ í ê ô � ô é ï ó ÷ í ë ð ê ù ï ð ñ õ � ð ø ê ô í ê ë ì ï ó ÷ ð ñ ê í ë ù� ë ð ê í ï ë é ì ì ë é ê ì ë ó ø ë ì ì õ ô ï ë ð ê ø ð í � ô : ð í ï ö ì ô õ í í ê ì ö õ ó ø ï ó ÷ é � Ü á ê ô � ô é ê ø � ë ð ê í ï ë é � � ì ð ! ê ì õ é øù ï ð ñ ï ó ë í ê é ë ð ï î ê é � ì ñ õ í ð ö ê í ï õ ø õ ò ð ï � ê J ì ê ê ã G Þ á è ë ÷ ê  æ � K � ë ó ø ë ó � í ê ô � ô é ê ø � ë ð ê í ï ë é ì õ é ø! � ð ñ ê ö í õ � ê ô ð � � ì ð ò ï ð ù ï ð ñ ï ó ð ñ ê \ ( - 4 $ 5 ' m & ; Ý Ý � Ý Ý Ý ð õ ó ë ó ó � ë é é ï � ï ð Ü à ñ ê í ê ò õ í ê � ï ò ð ñ ê ö í õ � ê ô ðC � � � ð õ ö í õ ô ê ì ì ë ó ø ì ê é é 8 } ; � Ý Ý Ý ð õ ó ì õ ò í ê ô � ô é ê ø � ë ð ê í ï ë é ï ó õ ó ê � ê ë í � ï ð ô õ � é ø ð ñ ê ó õ ó é � ì ê é éÛ  ; � Ý Ý Ý ð õ ó ì õ ò í ë ù � ë ð ê í ï ë é � ù ñ ï ô ñ ù õ � é ø í ê ø � ô ê ÿ 
 ü þ � ð í � ô : ð í ï ö ì ë ô ô õ í ø ï ó ÷ é � Ü I ï � ö é � ö � ð �ï ð ù ï é é ! ê ï � ö õ ì ì ï ! é ê ò õ í ð ñ ê ö í õ � ê ô ð ð õ ê î ê í ë î ê í ë ÷ ê  } 8 ð í � ô : ð í ï ö ì J Û q n ë ð ð í ï ! � ð ë ! é ê ð õ í ë ù� ë ð ê í ï ë é � ë ó ø } ; ë ð ð í ï ! � ð ë ! é ê ð õ í ê ô � ô é ê ø � ë ð ê í ï ë é K Ü� � õ í ê í ê ë ì õ ó ë ! é ê ë ì ì � � ö ð ï õ ó ù õ � é ø ! ê ð ñ ë ð ð ñ ê ö í õ � ê ô ð ù ï é é ë ô ô ê ö ð ë ö í õ ö õ í ð ï õ ó ë ð ê ì ñ ë í ê õ òð ñ ê ð õ ð ë é í ê ô � ô é ê ø ë ÷ ÷ í ê ÷ ë ð ê ï ó ð ñ ê å õ � ó ð � Ü � ì ì ð ë ð ê ø ï ó I ö ê ô ï ë é á ê ö õ í ð  Û ; � I ë ó ð ë � ë í ! ë í ëå õ � ó ð � ë ó ø I ë ó k � ï ì â ! ï ì ö õ å õ � ó ð � ô õ � ! ï ó ê ø í ê ô � ô é ê ø ë ð õ ð ë é õ ò  ; Ý � Ý Ý Ý ð õ ó ì õ ò ë ÷ ÷ í ê ÷ ë ð êï ó  Ý Ý q Ü � é ð ñ õ � ÷ ñ I ö ê ô ï ë é á ê ö õ í ð  Û ; ê ì ð ï � ë ð ê ø ð ñ ë ð ð ñ ï ì ï ì ó õ ð é ï : ê é � ð õ ì ï ÷ ó ï ò ï ô ë ó ð é �
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ï ó ô í ê ë ì ê õ î ê í ð ñ ê ó ê H ð ; Ý � ê ë í ì J ï ð ô õ ó ô é � ø ê ø ð ñ ë ð í ê ô � ô é ê ø ë ÷ ÷ í ê ÷ ë ð ê ù õ � é ø ó õ ð ì � ö ö é ë ó ð ð ñ êø ê � ë ó ø ò õ í í ë ù ë ÷ ÷ í ê ÷ ë ð ê K � ÷ ï î ê ó ð ñ ê ï ó ô í ê ë ì ê ø é õ ô ë é ï ó ô ê ó ð ï î ê ì ë ó ø í ê h � ï í ê � ê ó ð ì ð õ í ê ô � ô é ê �ï ð � ï ÷ ñ ð ! ê í ê ë ì õ ó ë ! é ê ð õ ê H ö ê ô ð ð ñ ï ì ó � � ! ê í ð õ í ï ì ê ð õ 8 ; Ý � Ý Ý Ý ð õ ó ì õ î ê í ð ñ ê é ï ò ê õ ò ð ñ êö í õ � ê ô ð Ü � ì ì � � ï ó ÷ ð ñ ë ð I ë ó k � ï ì â ! ï ì ö õ å õ � ó ð � ë ô ô õ � ó ð ì ò õ í ñ ë é ò õ ò ð ñ ë ð ë � õ � ó ð J ë ÷ ë ï ó � ëî ê í � ô õ ó ì ê í î ë ð ï î ê ê ì ð ï � ë ð ê � ÷ ï î ê ó ð ñ ë ð I ë ó ð ë � ë í ! ë í ë å õ � ó ð � ñ ë ì ë � � ô ñ é ë í ÷ ê í ö õ ö � é ë ð ï õ ó K �ð ñ ë ð ù õ � é ø � ê ë ó ð ñ ë ð ð ñ ê ê ó ð ï í ê å õ � ó ð � ô õ � é ø ! ê ê H ö ê ô ð ê ø ð õ í ê ô � ô é ê Û } ; � Ý Ý Ý ð õ ó ì ö ê í � ê ë í Üà ñ ê k ë ì è ï é ï ð ë ì l � ë í í � ù õ � é ø ! ê ð ñ ê n ð ñ ö ê í � ï ð ð ê ø í ê ô � ô é ï ó ÷ ì ð ë ð ï õ ó ï ó ð ñ ê å õ � ó ð � � ë ó ø ð ñ � ìô õ � é ø í ê ë ì õ ó ë ! é � ! ê ê H ö ê ô ð ê ø ð õ ñ ë ó ø é ê õ ó ê æ ê ï ÷ ñ ð ñ õ ò ð ñ ë ð � ë í : ê ð � õ í  Û � n } ; ð õ ó ì ö ê í � ê ë í Üâ ö ê í ë ð ï ó ÷  ; Ý ø ë � ì ö ê í � ê ë í � ð ñ ê ö í õ � ê ô ð � ï ÷ ñ ð ë ô ô ê ö ð n } Ü ; ð õ ó ì ö ê í ø ë � Ü � ð  Ý Ü  ð õ ó ì ö ê íð í � ô : � ð ñ ï ì ë � õ � ó ð ì ð õ � Ü 8 8 ð í � ô : ì ö ê í ø ë � � õ í n Ü � � ð í ï ö ì ö ê í ø ë � ë ð ð í ï ! � ð ê ø ð õ í ê ô � ô é ê øë ÷ ÷ í ê ÷ ë ð ê Ü � ì ì � � ï ó ÷ ë ; Ý r ! ë ô : ñ ë � é í ë ð ê � ó ø ê í ó õ í � ë é ï ó ø � ì ð í � ô õ ó ø ï ð ï õ ó ì J ì ê ê è ë ÷ ê  æ n õ òð ñ ê ã G Þ á K ë ÷ ë ï ó í ê ø � ô ê ì ð ñ ï ì ó � � ! ê í ð õ � Ü 8 8 ð í � ô : ð í ï ö ì ö ê í ø ë � � õ ó ë î ê í ë ÷ ê Ü à ñ ï ì ó � � ! ê íô õ � é ø í ê ë ì õ ó ë ! é � ! ê í õ � ó ø ê ø � ö ð õ ; ð í ï ö ì ö ê í ø ë � ð õ ë ô ô õ � ó ð ò õ í ð ñ ê ò ë ô ð ð ñ ë ð � ù ñ ê ó ! ê ï ó ÷ð í � ô : ê ø ï ó ò í õ � ð ñ ê ò ï ê é ø � ë ! ï ð é ê ì ì ð ñ ë ó  Ý Ü  ð õ ó ì õ ò � ë ð ê í ï ë é � ï ÷ ñ ð ò ï ð ï ó ë ð í � ô : � ø � ê ð õ ð ñ êö í ê ì ê ó ô ê õ ò é ë í ÷ ê ô ñ � ó : ì ë ó ø ö ï ê ô ê ì ÜI � � � ë í � õ ò á ê î ï ì ê ø à í � ô : à í ë ò ò ï ôo ï î ê ó ð ñ ê ò õ í ê ÷ õ ï ó ÷ ë ó ë é � ì ï ì � ð ñ ê ó � � ! ê í õ ò ð í � ô : ð í ï ö ì ï ó ð ñ ê 9 G Þ á ì ñ õ � é ø ! ê í ê î ï ì ê ø ð õ ëø ë ï é � ë î ê í ë ÷ ê õ ò Û � � � Û 8 q ë ð ð í ï ! � ð ë ! é ê ð õ � ë ð ê í ï ë é ì ë é ê ì � ë ó ø ; ë ð ð í ï ! � ð ë ! é ê ð õ ø í õ ö æ õ ò ò ì õ òí ê ô � ô é ê ø � ë ð ê í ï ë é Ü à ñ ê 9 G Þ á ì ñ õ � é ø ì ð ï é é ø ï ì ô é õ ì ê ð ñ ë ð � ó ø ê í ð ñ ê í ê ë ì õ ó ë ! é � ò õ í ê ì ê ê ë ! é ê ù õ í ì ðô ë ì ê ì ô ê ó ë í ï õ J ï Ü ê Ü õ ö ê í ë ð ï ó ÷ ë ð � ë H ï � � � ö ê í � ï ð ð ê ø ô ë ö ë ô ï ð � K � ð ñ ê í ê ô õ � é ø ! ê ë ó ë ó ó � ë éë î ê í ë ÷ ê ë ì ñ ï ÷ ñ ë ì  Ý n ø ë ï é � ð ï ö ì J Û q n ò õ í � ë ð ê í ï ë é ì ë é ê ì ë ó ø Û Ý ò õ í í ê ô � ô é ê ø � ë ð ê í ï ë é � ð ñ êé ë ð ð ê í ó � � ! ê í ë ì ì � � ê ì ó õ ! ë ô : ñ ë � é ï ó ÷ õ ò � ë ð ê í ï ë é � ô õ ó ì ï ì ð ê ó ð ù ï ð ñ ë í ê ë ì õ ó ë ! é � ò õ í ê ì ê ê ë ! é êù õ í ì ð ô ë ì ê ì ô ê ó ë í ï õ K Ü à ñ ê 9 G Þ á ô ë ó � ì ê ð ñ ë ð ì ô ê ó ë í ï õ ò õ í ô ë é ô � é ë ð ï ó ÷ ù õ í ì ð æ ô ë ì ê ð í ë ò ò ï ô ë ó ø ë ï íï � ö ë ô ð ì ë ì ù ê é é Ü � � ð ò õ í ö � í ö õ ì ê ì õ ò ð ñ ê è í õ � ê ô ð ã ê ì ô í ï ö ð ï õ ó � ë ó ø ø ï ì ô é õ ì ï ó ÷ ð õ ð ñ ê ö � ! é ï ôù ñ ë ð ð ñ ê é ï : ê é � ï � ö ë ô ð ì õ ò ð ñ ê ö í õ � ê ô ð ù ï é é ! ê õ ó ë ó ë î ê í ë ÷ ê � ø ë � æ ð õ æ ø ë � ! ë ì ï ì � ï ð ï ì ï � ö õ í ð ë ó ðð ñ ë ð ð ñ ê � ö ô õ � ï ó ÷ 9 G Þ á ô é ë í ï ò � ð ñ ë ð ø ë ï é � ð í � ô : ð í ï ö ì ò í õ � ð ñ ï ì ö í õ � ê ô ð ù õ � é ø ! ê ê H ö ê ô ð ê ø ð õë î ê í ë ÷ ê ë í õ � ó ø Û � � ð í ï ö ì ö ê í ø ë � � ý ü ÿ  } 8 ð í ï ö ì Ü à ñ ê ë ó ë é � ì ï ì � ó ø ê í ð ñ ê � ï í � ß õ ï ì ê � ë ó øà í ë ò ò ï ô ì ê ô ð ï õ ó ì ï ó ð ñ ê 9 G Þ á ì ñ õ � é ø ! ê í ê î ï ì ê ø ð õ í ê ò é ê ô ð ë í ê ë ì õ ó ë ! é � æ ò õ í ê ì ê ê ë ! é ê ù õ í ì ð ô ë ì êì ô ê ó ë í ï õ õ ò  Ý n ë î ê í ë ÷ ê ø ë ï é � ð í ï ö ì ë ì ø ï ì ô � ì ì ê ø ï ó ð ñ õ ì ê ì ê ô ð ï õ ó ì Ü
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