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APPENDIX B 
ANALYSIS OF THE AGRICULTURAL VIABILITY OF THE SITE 

California Agricultural Land Evaluation and Site Assessment Model 
An analysis of the project site farming suitability and viability utilizes the 1997 California 
Department of Conservation – California Agricultural Land Evaluation and Site Assessment 
(LESA) Model as an approach for rating and relative quality of land resources based upon 
specific measurable features.  These features include soil resource quality measured by the 
Capability Classification and Storie Index Rating, the project’s size water resource availability, 
surrounding agricultural lands, and surrounding protected resource lands.  In terms of agricultural 
productivity, the size of a farming operation can be considered not just from total acreage, but the 
acreage of different quality lands that comprise the operation.  Each of these factors is rated on a 
100-point scale and then weighted and combined for an overall score out of 100 points possible.  
It is the total score that becomes the basis for making a determination of an area’s potential 
significance or agricultural use.  The California Agricultural LESA Model does not specifically 
consider the issue of pesticide use, crop revenue, or buffer setbacks. 

The four LESA worksheets include the following information. 

Worksheet #1:  The Land Evaluation Worksheet – includes the soil map unit, the soil acres, the 
soil proportion of the project area, the Land Capability Classification, the Land Capability 
Classification Points (provided by LESA), the resultant Land Capability Classification Score, the 
Storie Index, the Storie Score, and the project Size Score.  The Highest Project Size Score is 
provided by LESA where greater than 80 acres would achieve a score of 100 points and less than 
10 acres would receive 0 points.  Soil data were obtained solely from the USDA published Soil 
Survey. 

Worksheet #2:  The Site Assessment Worksheet for Water Resources Availability – includes 
listing existing irrigated crops and the number of acres, existing dryland crops and the number of 
acres, water sources, the proportion of the project area that water could be supplied to, the LESA 
water availability score, and the LESA weighted availability score.  To determine the score a 
number of LESA Options are given ranging from irrigation being feasible with no physical 
restrictions and no economic restrictions for 100 points, to no feasible irrigation for zero points. 

Worksheet #3:  The Site Assessment Worksheet for Surrounding Agricultural Land and 
Surrounding Protected Resource Land – includes determining the Zone of Influence acreage one-
quarter mile outside of all site perimeters, agricultural acres within the ZOI, protected resource 
acres within the ZOI, percent of ZOI in agriculture, percent of ZOI in protected resources and the 
respective LESA agricultural land score, and protected resource land score.  To determine the 
score a number of LESA percentages are given.  For example, 900 to 100 percent equals 100 
points and less than 20 percent equals 0 points.  Protected resource land includes dedicated 
conservation easements, Land Conservation Act land, parks, and established resource areas. 
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Worksheet #4:  The Final LESA Scoresheet for the Land Evaluation and Site Assessment 
Factors – includes determination of LESA Weighted Factor Scores based on the totals from the 
above Land Evaluation and Site Assessment Factors. 

The LESA methodology total from Worksheet #4 is commonly used to determine the significance 
of the conversion of agricultural land to urban use as part of a CEQA analysis Initial Study 
whereby: 

 LESA Scoring Thresholds include the following for agricultural land: 

0 to 39 points Not Considered Significant 

40 to 59 points Considered significant only if the Land Evaluation and Site 
Assessment subscores are each greater than or equal to 20 points 

60 to 79 points Considered significant unless either the Land evaluation or Site 
Assessment subscore is less than 20 points 

80 to 100 points Considered significant 

Because of the Terrace Point complex soils and land use compatibility issues, five agricultural 
production scenarios were evaluated by the LESA methodology. 

The five scenarios include the following: 

1) No Constraints – this scenario assumes that approximately 54 acres of the site could be 
utilized for agricultural production.  Pesticide use would be minimal or organic farming.  
No setbacks would be utilized in order to maximize soil acreage. 

2) ESHA Wetlands Setback – this scenario assumes a 100-foot setback from Environmentally 
Sensitive Habitat Areas containing wetlands and from existing buildings.  Approximately 
6.27 of wetlands, nine acres for recommended 100-foot setbacks, and two acres for 
building setbacks would leave about 36 acres in this scenario.  Pesticide use would be 
minimal or organic farming. 

3) 1995 Agricultural Suitability Study – this scenario includes about 23 acres of remaining 
Terrace Point property that was considered to be lower suitability farmland due to 
previously mentioned constraints.  Pesticide use would be minimal due to proposed 30-foot 
setbacks from buildings. 

4) A 300-foot Pesticide Use Setback – this scenario utilizes a 300-foot interior setback from 
existing habitable structures.  Approximately 17 acres would be available for farming on 
the Terrace Point site.  Pesticide use would be allowed and wetlands would be avoided. 

5) A 500-foot Compatibility Setback – this scenario utilizes a 500-foot interior setback from 
existing habitable structures.  Approximately 5.6 acres would be available for farming on 
the Terrace Point site.  Pesticide use would be allowed and wetlands would be avoided. 

Summary worksheets are included for each of the following five scenarios in the appendices.   
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An example of the LESA methodology is provided below for Scenario #2 – ESHA Wetlands 
Setback.  Of the above scenarios, this particular one would probably be the best case from a 
farming standpoint.   

Worksheet Page 1: The area is 36 acres in size and contains three USDA soil series or types of 
soil.  The soil series are #132 – 11.4 acres, #133 – 5.3 acres, and #178 – 19.3 acres.   

The Land Capability Classifications are I (if irrigated), IIIe, and IIIw, respectively.  Total Land 
Capability Classification Points are 74.3 based on multiplying the proportion of the soil area 
times the LESA LCC Scoring.   

The Storie Index of the soils are 73, 66, and 50, respectively that equal a total Storie Score of 59.8 
based on multiplying the proportion of the soil area times the Storie Index.   

The size score is determined from the other LESA tables on Worksheet Page 1.  For either 11.4 
acres of Capability Class I soil, or 24.6 acres of Class III soils the maximum size score is 30 
points.   

Because of previous controversy on soil classifications, we have taken a very conservative 
approach and have assumed for all scenarios that soil map #132 is Capability Class I event though 
it would only achieve this classification if the soil was under active irrigation which it is not.   

Worksheet Page 2: Continuing for the 36-acres area, the current irrigated crop use is zero acres, 
and for dryland crops is zero acres.  The water sources include City of Santa Cruz water at 
$1,500/acre/year plus $30,400 hook-up fee plus $1,238 yearly readiness fee.  No existing water 
deliver infrastructure exists of the site for crop irrigation.  A further analysis of water use is 
included latter in this section.  A number of LESA-derived options exist for water availability.  
For this site, we have taken a range from zero points where irrigation is not feasible to 30 points 
where irrigation would be feasible but with physical restrictions and economic restrictions.  High 
water costs, a high hook-up fee, a yearly readiness fee, lack of an onsite water deliver 
infrastructure, and future potential water use cost increases all contribute to lower feasibility.  
Well water is not considered feasible because there is no well or water storage reservoir, potential 
well sites are in ESHA wetland areas, and water quality is substandard for agricultural use.   

The water resource score is constant for all scenarios.   

The LESA Model does consider economic restrictions if a rise in the cost of water goes to a level 
that forces a reduction in consumption.  Irrigated agricultural production is considered feasible 
when: 

 There is an existing irrigation system on the project site that can serve the property.  
None exist on Terrace Point for agricultural uses.  

 Physical and/or economic restrictions are not severe enough to halt production.  See 
following analysis.   

 It is possible to achieve a viable economic return on crops through irrigated production.  
See following analysis. 

Worksheet Page 3: This worksheet determines the zone of influence (ZOI) for all scenarios.  A 
one-quarter mile rectangle was drawn around the perimeters of the Terrace Point site and the 
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acreages by land use were planimetered.  Total ZOI area was about 434 acres of which 118 acres 
(28 percent) are currently used for agriculture.  Approximately 214 acres are considered as 
protected resource areas including the Antonelli Pond area, Natural Bridges State Park, Younger 
Lagoon, and the Pacific Ocean.  From the LESA tables the surrounding agricultural land score is 
10 points since 28 percent is in agricultural use.  The protected resource land score is 60 points 
since between 51 percent of the surrounding land is in long-term open space. 

The zone of influence is constant for all scenarios for the overall exterior perimeter Terrace Point 
property footprint.   

Worksheet Page 4: This worksheet totals the scores on the previous worksheets and determines 
the significance of the agricultural resource.   

The Land Evaluation Factors includes a Land Capability Classification score of 74.3 points times 
a factor weight of 0.25 that equals a weighted factor score of 18.6 points.  A Storie Index score of 
59.8 points times a factor with of 0.25 that equals a weighted factor score of 15 points.  These 
scores added together equals a 33.6 point subscore.   

The Site Assessment Factors includes a Project Size of 30 points times a factor weight of 0.15 
that equals 4.5 points.  A Water Resource Availability score of 0 to 30 points times a factor 
weight of 0.15 that equals 0 to 4.5 points.  A Surrounding Agricultural Land score of 10 points 
times a factor weight of 0.15 that equals 1.5 points.  A Protected Resource Land score of 60 
points times a factor weight of 0.05 that equals 3 points.  Totaling the weighted factor scores 
equals a 9 to 13.5 point subscore.   

Adding the Land Evaluation Subtotal of 33.6 points and the Site Assessment Subtotal of 9 to 13.5 
points equals 42.6 to 47.1 points.  Per the LESA Model this point range is to be considered as a 
significant agricultural resource only if both the LE and SA subscores are each greater than or 
equal to 20 points.  The SA subscore is 9 to 13.5 points.   

Summary of LESA Scenarios 

Scenario # Land Evaluation Site Assessment  Final LESA Total Points 
  Subscore   Subscore 

1  35.1   12 to 16.5  46.1 to 51.6 

2  33.6   9 to 13.5  42.6 to 47.1 

3  33.1   9 to 13.5  42.1 to 46.6 

4  35.5   6 to 10.5  41.5 to 46 

5  36.2   4.5 to 9   40.7 to 45.2 

Note: 40 to 59 points are considered significant only if both subscores are each greater than or equal tot 20 
points.   
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In conclusion, the LESA Model would consider none of the five scenarios as a significant 
agricultural resource.   

Economic Analysis of the Agricultural Viability of the Site 
In addition to the LESA analysis, further analysis of the agricultural viability of crop production 
versus costs is provided below.  Average crop production in tons per acre for Brussels sprouts and 
average gross revenues per acre were determined from the Santa Cruz County Agricultural 
Commissioner’s Office crop reports.  Brussels sprouts were used since this crop appears to be the 
most feasible for the site’s microclimate based on the experience of other farmers.1,2  The average 
gross revenues for LESA Scenario 2’s 36 acres of agricultural production were then estimated.  
Sources included average production costs as determined from the Santa Cruz County Farm 
Advisor cost sheets and from Farm Advisor updates on costs.  Production costs include land 
preparation, fumigation, cultivation, fertilization, planting and harvesting costs.  Materials include 
fertilizers and pesticides.  Cash overhead includes general expenses, management, interest, rent, 
and repairs.  Average gross revenues and production per acre for 2001 were used in the 
calculations as the most recent available data.  Water costs are incorporated below. 

The approximate projected average net income for LESA Scenario 2’s 36 acres is estimated to be 
$45,000 ($1,250 per acre) for Brussels sprouts (excluding water costs and assuming the land is 
rented), with average production at 9.1 tons per acre, production costs at $3,500 per acre, and an 
average gross revenue of $522 per ton.  Average production yields were used as a conservative 
estimate; actual historical site yields may have been lower due to drainage-impaired soils and 
poor irrigation water quality. 

City of Santa Cruz water rates for a two-inch irrigation water meter includes a $26,848 
connection cost, a $3,102 installation cost, a $444 water meter cost, and a $1,238 yearly readiness 
to serve charge.  An actual irrigation water cost of $2.29 for 748 gallons equates to about 
$1,500 per acre per year (1.5 acre-foot – 488,777 gallons of irrigation water per year).  Total 
yearly irrigation-water-only costs for 36 acres would be about $54,000 plus the yearly readiness 
fee of $1,238 would equal $55,238.  Net return including irrigation-water-only costs for 36 acres 
would be a loss of approximately $10,238 for the first year.  Farming under this scenario would 
therefore not be considered viable. Note that the production costs and gross revenues would vary 
yearly.  In addition, the water connection, installation, and meter costs would be a one-time 
$30,394 cost, excluding interest.  The water costs also do not include the cost of water line 
infrastructure within the site, and future cost increases and availability from an urban server. A 
first year loss would actually total $40,632 if the one time hook-up fee was included.  The LESA 
analysis for Worksheet #2 water availability ranges from 0 to 30 points depending on the specific 
production year and actual water availability. 

The agricultural viability report format contained in the Watsonville Municipal Code is also of 
interest, as it analyzes the productivity of agricultural sites and the surrounding areas for the 
preceding five years.  The Watsonville viability report, at a minimum, is to contain an analysis of 
the following factors:  soil types, and Capability Classification, Storie Index, net dollar return for 
crops grown on each soil type, crop types and dollar return, agricultural uses not dependent on 
soil, agricultural constraints (such as climate), management techniques, proximity of agricultural 
and urban uses, water uses-costs-availability, access, production history, risk factors, and 
                                                           
1 Goode, Helen, Owner Younger Ranch, Comment on Monarch Village Draft EIR:  City of Santa Cruz Planning 

Department, October 19, 2001, and personal communication, November 9, 2002. 
2 Roth, Victor, California State Parks Land Agent, personal communication, January 4 and 5, 2002. 
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economics including gross revenues, operational expenses, fixed cost, excluding land costs, and 
cost impact on private and public sectors. 

The above factors, where applicable, were extrapolated for the project site for methodology 
consistency with other jurisdictions, even though no agricultural production has occurred on the 
property since 1988 and thus no agricultural revenues were generated.  The above cost analysis 
provides a reasonable approximation in the absence of actual site-specific production data.  Urban 
services and access infrastructure was established across the property for existing University-
related and other land uses. 

The above generic cost analysis data (excluding water) provides a reasonable regional 
extrapolation for the area (note that the actual production and cost figures for the Younger Ranch 
and the Wilder Ranch were unavailable due to the privacy rights of the farmers on those 
properties).  However, agricultural lands at the Younger and Wilder Ranches are classified as 
both Prime and of Statewide Importance, which is superior to the Unique classification of the 
soils on the project site.  It is apparent from the public record and from state park lease 
arrangements that both the Younger Ranch and Wilder Ranch properties are committed to long-
term, viable agricultural production and therefore constitute significant agricultural resources.  (It 
is noted that the Younger Ranch is not under Land Conservation Act contract at this time and the 
Wilder Ranch is owned by the State of California.)  Based on 2001 crop reporting records, 
together these two ranches constitute about 80 percent of the Brussels sprouts acreage in Santa 
Cruz County. 
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Figure B-2
LESA Scenario 1:  No Constraints

SOURCE:  Sage Associates
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Figure B-3
LESA Scenario 2:  100-Foot Wetland ESHA Setback

SOURCE:  Sage Associates
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Figure B-4
LESA Scenario 3:  1995 Agricultural Suitability Study

SOURCE:  Sage Associates



UCSC Marine Science Campus CLRDP Draft EIR / 200385

Figure B-5
LESA Scenario 5:  300-Foot Pesticide Use Setback

SOURCE:  Sage Associates
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Figure B-6
LESA Scenario 5:  500-Foot Land Use Compatibility Setback

SOURCE:  Sage Associates
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APPENDIX C 
MODELING OF TAC EMISSIONS FROM DEVELOPMENT 
UNDER THE CLRDP 

INTRODUCTION 

The incremental health risks from the project would be due to increased toxic air contaminant 
(TAC) emissions from the various project components.  This includes TAC emissions during 
construction and emissions during operations.  With regard to construction, emissions of TAC 
emissions would be released from diesel engines on construction equipment and from fugitive 
emissions of contaminated soil during clearing and grading activities.  During operations, TAC 
emissions would occur from diesel vehicles servicing the site (buses and delivery trucks), from 
laboratory fume hoods, and from back-up diesel generators.  Impacts from construction and 
operations were determined by conducting dispersion modeling of TAC emissions from sources 
related to the CLRDP and estimating the health risks at offsite receptors from the predicted TAC 
concentrations. 

Health risks from the CLRDP were determined by conducting dispersion modeling of the TAC 
emissions to determine exposure levels at offsite receptors.  Local meteorological data that are 
representative of the area were used in the dispersion modeling.  The health risks for carcinogens 
were then estimated by multiplying the exposure concentrations by unit risk values for the toxic 
species of concern.  These unit risk values are expressed as the probability of contracting cancer 
if the exposure level is one microgram per cubic meter over 24 hours per day, 365 days per year, 
and 70 years.  The unit risk values that are used in the study were established by California Office 
of Environmental Health Hazard Assessment (OEHHA).  This appendix presents the 
methodology and assumptions used to estimate exposure concentrations of TACs. 

METEOROLOGICAL DATA FOR THE DISPERSION MODELING 

The project site is located within the North Central Coast Air Basin, which is comprised of Santa 
Cruz, Monterey, and San Benito Counties.  The site is situated in the northwest sector of the 
Basin, in an area topographically dominated by the Santa Cruz Mountains.  

The topography and climate of the Basin combine to make it an area of smog potential.  During 
summer and fall months, onshore air currents push a marine layer of fog and relatively cool air 
into the coastal valleys.  A warm air mass -- known as an inversion layer -- will frequently 
descend over the lower marine air layer, acting as a cap and inhibiting air pollutants generated 
near the ground from dispersing upward.  Light summer and fall winds and surrounding 
mountains further limit the horizontal disbursement of the pollutants.  Concentrating volumes of 
pollutants in this manner allows the summer and fall sunlight to generate high levels of smog.  In 
the winter and spring, the general absence of deep, persistent inversion layers and occasional 
storms usually result in good air quality for the Basin.   
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The primary factors that determine air quality are the locations of air pollutant sources and the 
amounts of pollutants emitted.  Meteorological and topographical conditions are also important 
factors.  Atmospheric conditions such as wind speed, wind direction, and air temperature 
gradients interact with the physical features of the landscape to determine the movement and 
dispersal of air pollutants. The Monterey Bay Area climate is Mediterranean in character, with 
mild, rainy winter weather from November through March, variable weather from April to June, 
and warm, dry weather from June through October.  A high percentage of sunshine prevails away 
from the immediate coast, particularly in the summer.  Movements of marine air, which in large 
part determine the temperature, humidity, wind, and precipitation throughout the year, depend 
upon the location and strength of the dominant Pacific high-pressure system and the coastal 
temperature gradient.  Within the Monterey Bay Area, average air temperature tends to increase 
as distance from the coast increases.  Coastal fog is common to the project area. 

In the summer, the Pacific high-pressure system typically remains near the coast of California, 
diverting storms to the north.  Subsidence of warm air associated with the Pacific high creates 
frequent summer atmospheric temperature inversions.  Subsidence inversions may be several 
hundred to several thousand feet deep, effectively trapping pollutants in a small volume of air 
near the ground.  In the winter, the Pacific high-pressure system moves southward, allowing 
ocean-formed storms to move through the region.  Stagnant atmospheric conditions can exist for 
several days between storms.  During this time, frequent storms and infrequent periods of 
sustained sunny weather are not conducive to smog formation.  Radiation cooling during the 
winter evenings, however, sometimes creates thin inversion layers and concentrates air pollutant 
emissions near the ground. 

UCSC operates a meteorological tower (Figure 1), 
collecting wind and temperature data. The station is located 
within the southwest portion of the UCSC Marine Science 
Campus.  Three years of meteorological data from this 
location were processed for use by dispersion models. Data 
from 1999 through 2001 were used. The average 
temperature was approximately 52.4ºF with an average wind 
speed of 7.38 miles per hour and hourly maximum wind 
speeds of 40 miles per hour. The windiest period is during 
April and May. Temperatures ranged from a maximum of 
75ºF during August and a minimum of 36ºF during 
December. Approximately 30 inches of precipitation occurs 
at this location, primarily during the months of November 
through March, and relative humidity tends to be greater 
than 60 percent. 

METEOROLOGICAL DATA PROCESSING 

The UCSC meteorological monitoring station provides information including: 

• Wind speed 
• Wind direction 
• Ambient temperature 
• Sigma theta (δθ) or standard deviation of the horizontal wind direction (degrees), which was 

used to compute atmospheric stability 
 

Figure 1. Meteorological Tower
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The meteorological data required by the dispersion model includes hourly, sequential values of 
wind speed, flow vector (direction toward which the wind is blowing), ambient temperature, 
atmospheric stability, and mixing height.  The data processing was based on the procedures 
within On-Site Meteorological Program Guidance for Regulatory Modeling Applications.  To 
process onsite meteorological data, the following general steps were conducted: 

1. Substitution of missing data in durations of one or two hours. 
2. Identification of calm wind speed hours. 
3. Calculation of atmospheric stability. 
4. Determination of the mixing height. 
 
Missing Data.  Periods of one or two consecutive hours of a missing parameter were replaced by 
linear interpolation.  There were several periods of large blocks of missing data, most notably 
November and December of 2001, and these periods were left as missing.  The missing program 
(MSGPRO) control option was set to perform dispersion modeling to account for some missing 
data after processing.  Predicted concentrations during missing hours were set to zero by the 
model per EPA guidance. 

Calm Wind Speeds.  Identification of calm hours for modeling purposes was done considering 
the characteristics of the meteorological instrumentation.  Winds were considered calm if the 
reported speeds were less than the instrument starting-threshold (e.g., 0.5 meters per second).  
The dispersion model does not calculate a concentration for hours with calm wind speeds.  For 
any hour in which the wind speed was between the sensor starting threshold and 1 meter per 
second, the wind speed was set to one meter per second. Less than 3 percent of the period was 
reported as calm wind conditions. 

Atmospheric Stability.  A turbulence-based method was used for determining atmospheric 
stability.  Sigma theta (the deviation in the horizontal wind direction) and wind speed 
measurements from the 20-meter level tower were used as the stability classification technique.  
Classification was based on EPA guidelines, including day, night, and wind speed correction 
factors.  In accordance with EPA guidelines, hourly stability classes were smoothed so that the 
stability does not change by more than one category from one hour to the next. 

Mixing Height.  The depth of the mixed layer, or mixing height, is an important variable in 
dispersion models.  The mixing height determines the vertical extent of the dispersion process for 
releases below the mixing height, while releases above the mixing height are assumed to have no 
ground-level impacts.  Nocturnal inversions generally form at approximately sunset and dissipate 
about one to two hours after sunrise. Generally, the height of the mixed layer rises and falls in a 
diurnal cycle (highest during the early afternoon and lowest before sunrise).  The mixing heights 
are generally lower during the fall and winter which usually results in higher impacts of 
constituents due to less dilution and dispersion.  Estimates for morning and afternoon mixing 
heights (Table 1) are based on Holzworth’s method, which interpolates mixing heights using the 
afternoon mixing heights from the preceding day and the morning and afternoon mixing heights 
from the following day (Holzworth, 1972). 
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TABLE 1 
AVERAGE SEASONAL MIXING HEIGHTS 

  
 Winter Spring Summer Fall Annual 

  
 

Morning 453 763 527 508 563 
Afternoon 709 1121 644 770 811 

  
 

Additional assumptions in order to process the meteorological data include: 

• Station Latitude of 36.95 
• Station Longitude of 122.06 
• Station Time Zone of 10 
• Station Height of 20 meters 
• Roughness Length of 0.0001 meters, based on a water surface environment 
 

METEOROLOGICAL DATA SUMMARY 

A wind rose is a graphical presentation of wind speed and direction frequency distribution.  Wind 
direction is the true bearing when facing the wind (the direction from which the wind is blowing).  
As seen in Figure 2, wind directions are predominately from the west (off the Pacific Ocean).  
This figure is a three-year (1999 through 2001) composite windrose for the station. The winds 
from the easterly direction tend to be during the nighttime. 

 
Figure 2.  Windrose for UCSC during 1999 through 2001 
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The rate at which emissions are dispersed in the atmosphere depends upon the intensity of the 
ambient turbulence, the velocity of the wind, the position relative to obstacles in the flow field, 
and any dilutions attributable to the source itself.  The most important factor leading to plume 
spread in the atmosphere is the amount of ambient turbulence.  In a stable atmosphere, the 
horizontal and vertical turbulence is very limited.  The plume remains near its emission height 
and undergoes minimal mixing.  This situation is common during the nighttime and early 
morning hours.  If the layer below the plume height becomes neutral to unstable, the plume mixes 
rapidly to the surface.  This is known as a fumigation condition and can cause high 
concentrations.  This occurs for short duration during the early morning.  As heating of the 
surface persists, a fully unstable mixing layer develops, and the plume loops up and down in 
response to large-scale convective eddies.  A neutral stability atmosphere yields moderate 
amounts of turbulence and results in a cone-shaped plume.  Finally, if an inversion is present 
below the emission height, a lofting condition exists and the plume is cut off from ground level 
impacts. 

Stability class frequencies were calculated from the deviation of the horizontal wind direction 
(sigma theta).  The Sigma Theta method was used to categorize stability class as a function of 
wind speed and time of day.  Stability classes range from extremely unstable (A) to moderately 
stable (F).  These classes are used in dispersion models to estimate how much a plume will spread 
over time and space.  In general, the more stable the atmosphere is, the less potential for plume 
spread, creating higher plume concentrations. 

When wind speeds exceed 6.0 meters per second, the stability class defaults to D, E, and F 
stabilities occur only during the night.  A majority of the hours involve neutral stability (D) with a 
predominance of stable conditions.  The station shows greater frequency (Figure 3) of 
moderately stable conditions and extremely unstable conditions due to its ocean location and 
shallower surface roughness. 

DISPERSION MODELING 

Dispersion is the process by which atmospheric pollutants disseminate due to wind and vertical 
stability.  The results of a dispersion analysis are used to access pollutant concentrations at or 
near an emission source.  The results of an analysis allow a direct comparison of predicted 
concentrations of pollutants to air quality standards. 

A rising pollutant plume reacts with the environment in several ways before it levels off.  First, 
the plume’s own turbulence interacts with atmospheric turbulence to entrain ambient air.  This 
mixing process reduces and eventually eliminates the density and momentum differences that 
cause the plume to rise.  Second, the wind transports the plume during its rise and entrainment 
process.  Higher winds mix the plume more rapidly, resulting in a lower final rise.  Third, the 
plume interacts with the vertical temperature stratification of the atmosphere, rising as a result of 
buoyancy in the unstable-to-neutrally stratified mixed layer.  However, after the plume 
encounters the mixing lid and the stably stratified air above, its vertical motion is dampened. 

Dispersion modeling uses hourly averaged meteorological data, terrain elevation data, and 
emissions and source release data to compute downwind pollutant concentrations over averaging 
periods ranging from one hour to one year.  This section presents the methodology used for the 
dispersion modeling analysis. The methodology is consistent with procedures documented in the 
EPA Guideline on Air Quality Models (Revised, 1993). 
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Figure 3.  Wind Speed and Stability Class Frequency Distribution 

 

Molecules of gas or small particles injected into the atmosphere will separate from each other as 
they are acted on by turbulent eddies.  The Gaussian mathematical model simulates the dispersion 
of the gas or particles within the atmosphere.  The formulation of the Gaussian model is based on 
the following assumptions: 

• The predictions are not time dependent (all conditions remain unchanging with time); 
• The wind speed and direction are uniform, both horizontally and vertically throughout the 

region of concern; 
• The rate of diffusion is not a function of position; and 
• Diffusion in the direction of the transporting wind is negligible when compared to the 

transport flow. 
 
The Gaussian dispersion model algorithm provides a simple analytical method of estimating 
downwind concentrations, where concentration is a function of several basic elements: 
 
• Initial plume height (sum of the physical stack height and the plume rise); 
• The source emission rate; 
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• The horizontal and vertical plume distribution (based on atmospheric stability); 
• The wind speed at source height; 
• The height of the receptor; 
• The off-centerline of the receptor; and 
• The downwind distance from the source to the receptor. 
 
This section addresses all of the fundamental components of an air dispersion modeling analysis 
including: 

• Model selection and options; 
• Receptor spacing and location; 
• Building wake effects; and 
• Source release characteristics. 
 

Model Selection and Options 

The Industrial Source Complex-3 (ISC3) model was used for the modeling analysis. The ISC3 
model is an appropriate model for this analysis based on the coverage of simple, intermediate, 
and complex terrain. It also predicts both short-term and long-term (annual) average 
concentrations. The model was executed using the regulatory default options (stack-tip 
downwash, buoyancy induced dispersion, final plume rise), default wind speed profile categories, 
default potential temperature gradients, no deposition/depletion of particulate matter, and no 
pollutant decay. Building wake effects were also addressed. 

The selection of the appropriate dispersion coefficients used in the modeling depends on the land 
use within three kilometers (km) of the project. The land use typing was based on the 
classification method defined by Auer (1978); using pertinent United States Geological Survey 
(USGS) 1:24,000 scale (7.5 minute) topographic maps of the area. If the Auer land use types of 
heavy industrial, light-to-moderate industrial, commercial, and compact residential account for 
50% or more of the total area, the Guideline on Air Quality Models recommends using urban 
dispersion coefficients; otherwise, the appropriate rural coefficients were used. Based on visual 
observation of the area, rural dispersion coefficients were applied in the analysis. 

RECEPTOR SPACING AND LOCATION 

A Cartesian receptor grid was used in the analysis. Receptors were placed at 50-meter intervals 
along the UCSC fence line. Outside the fence line, additional receptors were placed at distances 
from the fence line out to a distance of 10 kilometers in all directions from the facility. This 
receptor grid is adequate to determine the maximum impact location and to account for the 
sensitive receptors at such locations as churches, schools, and residences including the De Anza 
Santa Cruz residential community neighboring the campus.  This receptor grid provides more 
than 950 receptor points within the modeling analysis. 

BUILDING WAKE EFFECTS 

Obstructions in the flow, either upwind or downwind of the emission point, can affect both plume 
trajectory and dispersion rates.  For an obstacle to significantly influence a plume, it must be 
within five to ten “obstruction heights” upwind of the emission point.  For example, a building 50 
feet tall could be expected to influence the flow for distances of 250 to 500 feet.  Generally, the 
effect of the obstacle in the flow is to create an aerodynamic downwash in its wake, bringing the 
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plume rapidly to the surface.  As the flow approaches an obstruction, the air is initially displaced 
upwards and those layers nearest the obstruction become caught in the aerodynamic cavity zone 
with high turbulence and recirculating flow pattern. 

Emissions into the cavity zone tend to become rapidly mixed throughout the zone and remain 
trapped, creating high concentrations within the cavity zone.  Above the cavity zone, in the wake 
zone, dispersion is characterized by increased turbulence without the recirculation characteristics 
of the cavity zone.  A plume emitted into either of the obstacle influenced zones will have a 
trajectory that brings it rapidly to the surface.  To escape the downwash influences of a flow 
obstacle, a plume should be emitted or should rise due to momentum to a height of at least the 
obstacle height plus 1.5 times the height or width of the obstacle, whichever is less.  This is 
known as the “good engineering practice” stack height. 

To determine the potential for building wake effects, a good engineering practice (GEP) stack 
height evaluation was conducted. The procedures used in this analysis were according to those 
described in EPA’s Good Engineering Practice Stack Height (Technical Support Documentation 
for the Stack Height Regulations—Revised, 1985). 

Building wake effects influence emissions from stacks with heights less than GEP. The model 
required input of building heights and projected building widths for 36 wind directions. The EPA 
Building Profile Input Program was used to determine the direction-specific building dimensions. 
Buildings or other structures located within a distance of 5 times the building height from each 
emission source were considered.  Building heights within the UCSC campus were estimated as 
high as 11 meters with lateral dimensions based on facility drawings. 

SOURCE RELEASE CHARACTERISTICS 

The dispersion modeling was completed to assess pollutant impacts from three conditions: 
construction, diesel emitting equipment during operations, and laboratory operations. 
Construction included the operation of grading and surface preparation equipment and the release 
of fugitive dust from the soil during preparation.  The second condition represents the operation 
of diesel emitting equipment during facility operations, such as emergency generators and 
delivery/bus traffic.  Lastly, the operation of laboratory facility and the emission of toxic air 
pollutants were analyzed. 

Construction emissions are due to the use of grading equipment (producing diesel particulate 
matter) and fugitive emissions from the disturbance area (producing particulate matter only). 
Table 2 displays the disturbance areas included in the analysis. The construction equipment 
emission factor is based on EPA Compilation of Air Pollutant Emission Factors (AP-42). 
Emissions assume the use of a wheeled loader (0.17 pounds per hour) for duration of eight hours 
per day. 

In addition to construction vehicle emissions, fugitive dust would also be generated during 
grading and construction activities.  Dust is generated when grading equipment breaks down 
surface materials.  The resulting dust is entrained into the air by wind and vehicle tires.  While 
much of this airborne dust would settle out on, or near, the project site, smaller particles would 
remain in the atmosphere, increasing existing particulate levels. 
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TABLE 2 
MODELING EMISSION PARAMETERS (CONSTRUCTION CONDITION) 

  

Year Terrace 
Area of 

Disturbance 
Size 

(acre) 
Diesel PM 
(lbs/day) 

PM 
(lbs/day) 

UTM-X 
(m) 

UTM-Y 
(m) 

  
 

2010 Upper Laydown 1.96 1.36 0.98 583,327 4,089,969 
 Middle USGS 4.16 1.36 2.08 583,260 4,089,678 
 Lower Ocean Health 0.20 1.36 0.10 583,201 4,089,438 
        

2020 Upper Housing 1.37 1.36 0.69 583,363 4,089,930 
 Middle Marine Research 3.59 1.36 1.80 583,266 4,089,765 
 Lower Marine Research 0.51 1.36 0.26 583,248 4,089,432 

___________________________ 
 
PM = particulate matter 
lbs = pounds 
m = meters 
  
 

The acreage of disturbance is assumed to be equal to twice the size of each building’s square 
footage, but only 25 percent of the total acreage to be disturbed will actually be disturbed on the 
worst-case day.  Fugitive emissions are based on an emission factor of 220 pounds per acre-
month. The acres graded per day are based on the same acreage estimates generated for the 
grading equipment exhaust.  Fugitive particulate emissions account for a control efficiency of 
80% due to watering and dust suppression applications.  Construction is expected to be completed 
within two periods, 2010 (short-term) and 2020 (long-term). 

During facility operations, diesel emissions would be produced through the emergency generators 
and delivery/bus traffic. Diesel emissions from the generators were based on an equipment size of 
388 hp-hr and an emission factor of 0.08 grams/hp-hr. Generators were located near the Marine 
Research within the middle terrace, the USGS Labs within the middle terrace, and the Marine 
Research within the lower terrace. The emission exhaust parameters for the generators are shown 
in Table 3. Delivery and bus traffic used an emission rate of 0.134 grams per mile based on 
URBEMIS2001, urban diesel buses, and a baseline year of 2010. Traffic was simulated as five 
area sources from the northeast portion of campus (Shaffer Road), along the middle terrace, to the 
southwest portion of campus (along McAllister Way). 

Toxic air pollutants would be released during operations of several research laboratories. A series 
of emission points were developed to simulate laboratory emissions.  These emission points 
included the Marine Research, USGS, and Ocean Health Laboratories.  The Marine Research and 
USGS Laboratories were further portioned into large and small complexes.  Table 4 displays the 
source exhaust parameters for laboratory operations. Impacts also include the cumulative effect of 
the Texas Instruments facility, located approximately 1 kilometer to the east of UCSC.  Building 
dimensions of each laboratory structure were included to account for potential downwash effects. 
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TABLE 3 
MODELING EMISSION PARAMETERS (OPERATION CONDITION) 

  

Generator 
Height 

(m) 
Diameter 

(m) 
Velocity 

(m/s) 
Temperature

(K) 
UTM-X 

(m) 
UTM-Y 

(m) 
  
 
Middle Terrace Marine 
Research 

3.35 0.076 150 763 583,328 4,089,785 

Middle Terrace USGS Labs 3.35 0.076 150 763 583,328 4,089,701 

Lower Terrace Marine 
Research 

3.35 0.076 150 763 583,286 4,089,451 

______________________________ 
 
m = meters 
m/s = meters per second 
K = Kelvin 
  
 

TABLE 4 
MODELING EMISSION PARAMETERS (LABORATORY OPERATION) 

  

Laboratory 
Height 

(m) 
Diameter 

(m) 
Velocity 

(m/s) 
Temperature 

(K) 
  
 

Marine Research (Large) 12.0 1.0 15.0 293 
Marine Research (Small) 12.0 1.0 12.0 293 
USGS (Large) 12.0 1.0 12.0 293 
USGS (Small) 12.0 1.0 12.0 293 
Ocean Health 12.0 1.0 12.0 293 
Texas Instruments 7.0 1.0 15.0 293 

______________________________ 
 
m = meters 
m/s = meters per second 
K = Kelvin 
  
 

Modeling Results 
The objective of the dispersion modeling analysis was to determine the particulate matter, diesel 
particulate, and toxic air pollutant impacts at nearby receptors.  All dispersion modeling was 
performed using the ISC3 model.  Three conditions were analyzed: construction, diesel emitting 
equipment during operations, and laboratory operations. Cumulative impacts included the 
operations of the Texas Instruments facility, located approximately 1 kilometer to the northeast of 
UCSC, on Delaware and Natural Bridges roads. Given the prevailing winds, maximum impacts 
occur due east of the Marine Science Campus. 
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Table 5 presents the predicted concentrations due to construction scenario. Impacts were adjusted 
based on anticipated construction schedules (12 hours per day, 6 days per week) and duration 
(2 months per year) for each construction area.  Maximum impacts occur along the eastern fence 
line. 

TABLE 5 
DISPERSION MODELING RESULTS (CONSTRUCTION CONDITION) 

  
Pollutant Averaging Period Impact (µg/m3) 

  
 

Respirable Particulate Matter 24 hour 26.3 
 Annual 1.04 
   

Diesel Particulate Matter Max. Lifetime Avg. 0.007 

______________________________ 
 
µg/m3 = micrograms per cubic meter 
  
 

Table 6 presents the predicted concentration due to the operation of emergency generators and 
delivery/bus traffic along campus roads.  It was assumed that there would be three emergency 
generators, with a total of 30 hrs. per year of testing.  A majority of the impacts are due to the 
diesel buses and delivery trucks related to the project. 

TABLE 6 
DISPERSION MODELING RESULTS (OPERATION CONDITION) 

  

Pollutant Source 
Annual Avg.  

(µg/m3) 
  
 

Diesel Particulate Matter Emergency Gen. Tests 0.0011 
 Buses and Trucks 0.017 
 Total 0.0181 

______________________________ 
 
µg/m3 = micrograms per cubic meter 
  
 

Concentration impacts were predicted due to laboratory operations.  These results are based on a 
unit emission rate for each of the emission points.  Actual impacts were determined for each 
pollutant of concern based on their actual emission rate.  The impacts include operation of the 
Texas Instruments facility. 
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APPENDIX D 
TRANSPORTATION TECHNICAL DOCUMENTATION 

 




















































































































































































































































































































































































































































































































































	UCSC Marine Science Campus CLRDP DEIR
	Appendices
	List of Appendices
	A. Notice of Preparation
	B. Agricultural Resources LESA Study Worksheets and Maps and Agricultural Viability Analysis
	C. Modeling of TAC Emissions from Development Under the CLRDP
	D. Transportation Technical Documentation




