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1. INTRODUCTION

The purpose of this study is to develop an updated regulatory model for evaluating
air quality impacts from emission sources located on federal waters on the Outer
Continental Shelf (OCS). The United States Department of the Interior Minerals
Management Service (MMS) is in charge of a national program to develop the
mineral resources, including oil and gas and alternative energy sources (such as wind
power), on the OCS waters of the United States. The areas of development are
located at distances ranging from three miles to more than 100 miles from shore. In
the early 1980s the MMS developed the Offshore & Coastal Dispersion (OCD)
model (Hanna et al., 1985) to evaluate impacts from the so-called “non-reactive”
pollutants (NO,, SO,, CO, PM) emitted from point, line, or area sources located over
water.

Since the science of dispersion modeling has made significant advances over the last
couple of decades, there is a need to develop a model for application to emission
sources on the OCS that incorporates, to the extent feasible, the most current
knowledge and is versatile enough to be used in short-range as well as long-range
applications. The goal of this study is to enhance an existing air quality model for
applications involving overwater transport and coastal interaction effects.

The objectives of the study are:

e To perform a comprehensive review of existing models and to evaluate their
applicability to offshore applications based on current knowledge of
boundary layer and atmospheric dispersion in ocean and shoreline
environments.

e To revise or enhance an existing air quality model to make it suitable for
offshore and coastal applications.

e To develop a software package that includes the needed meteorological
pre-processors, meteorological model, air quality model, source codes, test
cases, and user’s guide.

e To carry out sensitivity testing and evaluate model performance against
available tracer data.

The CALPUFF modeling system CALPUFF (Scire et al., 2000a, 2000b) was selected
as the modeling platform. CALPUFF has been adopted by the U.S. Environmental
Protection Agency (EPA) as a Guideline Model for Class I impact assessments and
other long range transport applications, and, on a case-by-case basis, near-field
applications involving complex flows, such as spatial changes in meteorological
fields due to factors such as the presence of complex terrain or water bodies, plume
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fumigation (coastal fumigation or inversion break-up conditions), light wind speed or
calm wind impacts or other conditions for which a steady-state, straight-line
modeling approach is not appropriate (EPA, Federal Register, April 15, 2003).
CALPUFF is also recommended for regulatory use by the Interagency Workgroup of
Air Quality Modeling IWAQM) in their Phase 2 report (EPA, 1998) and the Federal
Land Managers Air Quality Related Values Workgroup (FLAG, 2000).

This Final Report contains the primary results of the model development program in
terms of describing the modeling system, providing the formulation for new or
revised elements of the model, describing model evaluation procedures and results,
presenting the content of the MMS Standard Dataset for modeling in the Gulf of
Mexico region, and providing detailed documentation and users instructions for the
entire CALPUFF modeling system. It is comprised of three volumes:

Volume 1

e Technical description of those elements of CALMET and CALPUFF that are
either new or revised

e Model evaluation procedures and results

e Description of the Standard Dataset for modeling in the Gulf of Mexico
region

e Documentation for the gridded sea surface temperature dataset for mesoscale
modeling over the Gulf of Mexico

Volume 2 (System Documentation)

e Geophysical Processors
TERREL Terrain Preprocessor
Land Use Data Preprocessors (CTGCOMP and CTGPROC)
MAKEGEO

e Meteorological Data Preprocessors
READG2 Upper Air Preprocessor
PXTRACT Precipitation Data Extraction Program
PMERGE Precipitation Data Preprocessor
SMERGE Surface Meteorological Data Preprocessor
BUOQOY Over-Water Meteorological Data Preprocessor
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e Prognostic Meteorological Model Processors
CALMMS
CALETA
CALRUC
CALRAMS
3D.DAT OUTPUT FILE

e CALMET

Volume 3 (System Documentation)

e CALPUFF

e Meteorological/Concentration Postprocessors
PRTMET
APPEND
CALSUM
POSTUTIL
CALPOST
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2. MODELING SYSTEM FOR OCS APPLICATIONS: OVERVIEW

The new model for OCS applications is an updated version of the CALPUFF (Scire
et al., 2000a, 2000b) modeling system. Individual components had been compared
with other modeling approaches in OCD (DiCristofaro and Hanna, 1989), AERMOD
(Cimorelli et al.,, 2002), and SCIPUFF (EPRI, 2000) during Task 2. These
comparisons included the model formulation equations as well as sensitivity tests
performed on individual modules (e.g., boundary layer parameters, turbulence
profiles over water, plume spread formulations). In Task 3, changes to several
components in CALMET and CALPUFF were formulated (new options provided) on
the basis of these comparisons. Enhancements identified in the Task 3 Report were
implemented, including ease-of-use features as well as new and modified subroutines
in both the CALMET meteorological model and the CALPUFF dispersion model.
The performance evaluation of the new version of the model in Task 4 led to the
formulation of a turbulence advection mechanism in CALPUFF when it was
discovered that advected turbulence is an important feature of the dispersion
documented in the Oresund experiments, when releases were made at the coast
during off-shore flow.

New CALMET features:

e An option is provided to use the COARE (Coupled Ocean Atmosphere
Response Experiment) overwater flux model (Fairall et al., 2002) Version
2.6bw, selected by means of the new model input variable ICOARE:

0 0: OCD-like original flux model

0 10: COARE with no wave parameterization (Charnock parameter for
the open ocean, or “deep water” (default) — can be modified for
“shallow water”)

0 11: COARE with wave option 1 (Oost et al., 2002) and default
equilibrium wave properties

0 -11: COARE with wave option 1 (Oost et al., 2002) and observed
wave properties (provided in revised SEA.DAT input file)

0 12: COARE with wave option 2 (Taylor and Yelland, 2001) and
default equilibrium wave properties

0 -12: COARE with wave option 2 (Taylor and Yelland, 2001) and
observed wave properties (provided in revised SEA.DAT input file)

e Convective (rather than mechanical) overwater boundary layer height is
computed for L.<0 (positive surface heat flux). Note that the mixing height is
computed only when observed values are not provided in a SEA.DAT file.

e New convective mixing height parameterization option is provided, selected
by means of the new model input variable IMIXH:
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0 1: Maul (1980)-Carson (1973)
0 2: Batchvarova and Gryning (1991,1994)

Surface winds are adjusted from anemometer height to the middle of
CALMET Layer 1 (usually 10m)

Consistent similarity profile equations are used throughout system

New CALPUFF features:

A building downwash adjustment is introduced for elevated (platform)
structures with an open area between the surface and the bulk of the
structure. This platform height is provided as the new variable ZPLTFM
(default: 0.0) for point sources, and applies to the ICS downwash option.

An option is provided for computing turbulence profiles using the AERMOD
subroutines, selected by means of the new model input variable MCTURB:

0 1: Standard CALPUFF subroutines (default)
0 2: AERMOD subroutines

A diagnostic option is provided to specify the Lagrangian time-scale for
lateral plume growth functions, selected by means of the new model input
variable MTAULY:

0 0: Draxler 617.284 (s) (default)

0 1: Computed as Horizontal Turbulence Length/(0.75 q) -- after
SCIPUFF

0 10 < Direct user input (s)

0 Only the default setting is recommended at this time.

An option is provided to accept the AERMET version of SURFACE and
PROFILE meteorological data files.

An option is provided to include an adjustment for turbulence advection from
regions of larger turbulence velocity into regions of smaller turbulence
velocity. This adjustment is applied to computed (not measured) turbulence.

The minimum lateral turbulence velocity (o,) allowed is partitioned to
distinguish values appropriate for over-land cells and over-water cells.

BUOQY processor:

This new processor creates revised SEA.DAT files for CALMET with wave
data for COARE overwater flux options —11 and -12.
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Data files readily obtained from NODC and NDBC web sites are read.

Graphical user interface (GUI) updates:

The CALPRO system for geophysical and meteorological preprocessors and
CALPOST and PRTMET postprocessors was extensively revised and
enhanced.

A GUI for the BUOY processor was developed and integrated into
CALPRO.

A GUI option was added to CALPRO for extracting a subset from the
surface meteorological data, precipitation data, and ozone data from the Gulf
of Mexico dataset for a user’s CALMET domain.

The CALVIEW display system for meteorological fields and
concentration/deposition fields using the SURFER® contouring package was
extensively revised and enhanced.

Standard Gulf of Mexico Meteorology and Ozone Dataset:

Meteorological, = geophysical and ozone data  required for
CALMET/CALPUFF simulations within the MMS Gulf of Mexico region
were prepared for year 2003.

USGS terrain elevation files with 90m resolution and USGS land use data
files with 200m resolution were assembled for the domain.

Buoy stations in the domain were processed into 13 SEA.DAT files (1
station/file).

Upper-air stations in the domain were processed into 21 UP.DAT files (1
station/file).

230 NWS hourly surface meteorological stations in the domain were
processed into the SURF.DAT file.

271 NWS precipitation stations in the domain were processed into the
PRECIP.DAT file.

201 ozone data stations in the domain were processed into the OZONE.DAT
file.

One full year (2003) of gridded prognostic meteorological output fields from
the Rapid Update Cycle (RUC) mesoscale weather model were reformatted
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into 50 tiles (90 RUC grid-points/tile), for the portion of the 20km RUC grid
that covers the MMS Gulf of Mexico domain.

e The RUCDECODE program was created to assemble RUC grid cell data
from one or more tiles into a 3D.DAT file for a user’s CALMET domain.
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3. TECHNICAL DESCRIPTION OF SYSTEM UPDATES

3.1 CALMET

Similarity Profiles for Wind and Temperature

Some inconsistencies are found in the Monin-Obukhov similarity profile equations
for wind speed and temperature used in OCD, CALMET, and COARE. The updated
relations used in COARE for the extended surface layer (z/L >1) are implemented
throughout CALMET.

COARE adopts the profile expressions provided in Beljaars and Holtslag (1991),
who retain the Paulson (1970) and Dyer(1974) stability functions V¥ for the unstable
surface layer, but propose new functions for the stable surface layer. In addition,
COARE merges the stability function for the unstable surface layer with a free
convection relation for large z/L (L is the Monin-Obukhov length) using a weighting
parameter Fy (Grachev et al., 2000):

Y=(1-F,)¥, +F,¥, (3-1)
— (Z/L)2 3-2
" GLY G2

where subscript K denotes the “Kansas” stability function, and subscript C denotes
the free convection stability function.

The momentum (M) and heat flux (H) relations for the unstable surface layer (L<0)
are:

Wy = 2I[(1+x)/ 2]+ In[(l + x*)/2]- 2Tan " (x)+ 7 /2 (3-3)
W =211+ x?)/2] (3-4)
x=(0-16z/L)" (3-5)
Woo = 15In[(1+y, +y2 )/3]- \/§Tan“(1 +\%VM ]+% (3-6)
P =15+ y, +y2 )/3]-/3Tan 1[1 +j§yH j ; % (3-7)
yy =(1-10.152/L)" (3-8)
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y, =(1-34.15z2/L)" (3-9)

The momentum (M) and heat flux (H) relations for the stable surface layer (L>0) are:

z Z ¢ yA bc
—y, =Lypl Lo AL+ = 3-10
WY (L djeXp( Lj+d G-10)
22\ Z C Z bc
—y, =|1+25 bl £ -~ —dE |+ = 3-11
" (+3LJ +(L d)exp( J*a G-1D

where b=2/3, ¢=5, and d=0.35.

COARE Bulk Flux Algorithm Option

The COARE 2.6bw bulk flux model represents fluxes for momentum, heat, and water
vapor from the sea surface to the atmosphere in terms of the mean profiles as:

wx' = /e, /ey SA, (3-12)
where

X is either wind speed (S), potential temperature (0), or water
vapor mixing ratio (q)

Cx is the bulk transfer coefficient for the variable x
Cd is the bulk transfer coefficient for wind speed
S is the mean wind speed relative to the sea surface at a reference

height, including a gustiness component

Ay is the sea-air difference in the mean value of X at a reference
height, X;-X(z;)

The three flux quantities can also be expressed as the similarity scaling parameters ux,

0, and g

wu' = —u; (3-13)
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w'g' = —u.0. (3-14)
w'q'=-U.Q. (3-15)

The gustiness component of the speed is related to large-scale eddies in the
convective boundary layer, and is proportional to the convective scaling velocity wx:

S?=u’+v’+U; (3-16)

U, =1.25w, (3-17)
g—— u.gz ulz,

W, ==wWeo,z =- 6. +0.61TQ,)=— 3-18
= ( G.)=—— (3-18)

1 g

—= o, +0.61T Q. 3-19

i d.) (3-19)

where z; is the mixing height (m), « is the von Karman constant (0.4), L is the Monin-
Obukhov length (m), and g is the acceleration due to gravity (m/s’) .

The bulk transfer coefficients are defined for the reference height z, in terms of the
neutral (1/L=0) transfer coefficient (c,) and the corresponding empirical stability

function for the mean profile, Py:

Je, = FCX” (3-20)

1- lIJx(zr/l—)

K

K
Ve = In(z, /2,,) o

The stability functions are those given in Equations 3-1 through 3-11, where Py is
used for the wind speed, and Wy is used for 0 and q. Scalar roughness lengths are
related to the roughness Reynolds number R;:

R =u.z,/v (3-22)
Zps = 2, (3-23)
Zop =Zoq = MIN(a, bem) (3-24)

where a=1.1-10"* and b=5.5-107,
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During execution, the bulk algorithm computes the sea-air differences from air
measurements of wind speed, temperature, and humidity (water vapor), and water
temperature, and iterates to find the balanced set of scaling parameters ux, 0+, q«, and
L that satisfy Equation 3-12. Submodels for a cool-skin water surface temperature
and for the diurnal warm-layer temperature structure in the upper few meters of the
water column (Fairall et al., 1996) can be activated to estimate the water surface
temperature from the temperature measured below the surface. The specific
humidity at the water surface is obtained from the vapor pressure of sea water (0.98
times that of pure water) evaluated at the water surface temperature.

An extension has been added in the CALMET implementation of the COARE
algorithm to modify the roughness length z, (m) computed for shallow coastal areas.
The COARE roughness length without wave model adjustments is given by:

2
; :0.llu+au* (3-25)

0 u. g

where v is the kinematic viscosity of dry air (~1.5x10” m?s), g is the acceleration
due to gravity (m/s%), and u- is the friction velocity (m/s). The Charnock parameter a
is held at 0.011 for u;o up to 10m/s and then it increases linearly to its maximum
value of 0.018 at u;;=18m/s. The first term is the aerodynamically smooth limit in
which the thickness of viscous sublayer is inversely proportional to the wind stress.

Sattler et al. (2002) describe a coupled ocean wave model (WAM) with the Danish
Meteorological Institute High Resolution Limited Area Model (DMI-HIRLAM) for
atmospheric forecasting. When the coupling to the wave model is turned off, the
DMI-HIRLAM uses a larger Charnock parameter in shallow coastal waters. They
claim that setting o = o = 0.032 is supported by the measurements of Oost (1998),
Hansen and Larsen (1997), and Maat et al. (1991), although the wave age appears to
be the parameter that controls the increased roughness. Therefore, a modifying factor
for the Charnock parameter F, is introduced in CALMET. It multiplies the COARE
Charnock parameter to create a transition from a coastal value o, to the standard
COARE value a over a length scale for the coastal region, L.:

(e (2] =

This factor is order o./a for distances less than 0.5L., and is order 1 for distances

greater than 1.5L..
Two wave parameterizations are also available in the COARE module:

e wave=1: use the Oost et al. (2002) wave-age parameterization
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4.5
= Qllv  SOL, [U_J (3:27)

e wave=2: use the Taylor and Yelland (2000) wave slope/height model

0.11v
U.

4.5
Z, = +1200H 4 [m] (3-28)
Le

where Lp is the wavelength (m) and cp is the phase speed (m/s) of the dominant wave
at the peak of the spectrum and Hgs/Lp represents the significant wave slope. COARE
2.6bw contains defaults, derived for a fully developed equilibrium wave field in deep
water, for significant wave height Hy and wavelength L, and phase speed c, for the
dominant wave period:

H, = 0.0248*U°, L,=0.829%¥U%, ¢, = 1.14*U (3-29)

The overwater bulk flux model options in CALMET include the original OCD-type
model and six variants of the COARE model:

e 0: OCD-like original flux model

e 10: COARE with no wave parameterization (Charnock parameter for the
open ocean, or “deep water” — can be modified for “shallow water”)

e 10: COARE with no wave parameterization (Charnock parameter modified
for “shallow water”)

e 11: COARE with wave option 1 (Oost et al., 2002) and default equilibrium
wave properties

e -11: COARE with wave option 1 (Oost et al., 2002) and observed wave
properties (provided in revised SEA.DAT input file)

e 12: COARE with wave option 2 (Taylor and Yelland, 2001) and default
equilibrium wave properties

e -12: COARE with wave option 2 (Taylor and Yelland, 2001) and observed
wave properties (provided in revised SEA.DAT input file)

Two changes to COARE 2.6bw identified by MacDonald et al. (2002) are also
implemented in CALMET. The first is a change in the net solar heat absorbed, which
is used in the cool-skin model. This change reduces the leading coefficient applied to
the incoming short-wave radiation from 0.137 to 0.060, which in turn corrects an
observed problem in the computed evaporative cooling. The second change imposes
a minimum wind stress of 0.002N/m’ in the calculation of the warm layer thickness.
The thickness could become exceedingly small in calm or near calm conditions,
leading to unrealistic skin temperature increases.
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Anemometer Height Adjustment for Layer 1

An adjustment to near-surface measured wind speeds is applied to estimate the speed
at the mid-point height of Layer 1 (usually 10m above the surface). Previously, such
an adjustment must be accomplished outside of the CALMET/CALPUFF system.
Anemometer heights are provided for all surface wind stations used in an application,
so similarity theory, or even a simple power law adjustment, can be used to make the
adjustment.

CALMET supports an option to scale the near-surface measured winds to other
layers aloft using either similarity theory, a stability-dependent power law, or a user-
supplied set of multipliers (one for each layer). The same option has been
implemented for adjusting the observed surface data to a height of 10 m, for Layer 1.
In addition, if no extrapolation to layers aloft is selected, a neutral logarithmic wind
profile is applied to estimate the wind speed at 10m from that measured at
anemometer height.

Wind speed extrapolation is controlled by variable IEXTRP. For layer 1, the
following options are available:

IEXTRP =

1 extrapolate vertically using a logarithmic wind
profile
2 extrapolate vertically using a power law equation
3 extrapolate vertically using user-defined scaling factors
4 extrapolate vertically using similarity theory

If z, is the anemometer height (m) of the surface wind observation and u,, is the
measured wind speed (m/s), the extrapolation equation options are:

In(10/z,)
1: u(l0)=u, ———2% -
u(10)=u, n(z.2.) (3-30)
2: u(10)=u, (10/ z,) (3-31)
3: u(10)=u, FEXTRP(1) (3-32)
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4: u(10)=u . (3-33)

Following Douglas and Kessler (1988) in the Diagnostic Wind Model (DWM), a
value of the power-law exponent P of 0.143 is used over land, and P of 0.286 is used
over water. FEXTRP(1) is the user-specified scaling factor for Layer 1.

Batchvarova-Gryning Mixing Height Option

The Batchvarova and Gryning (1991, 1994) model for the height of the mixed layer
is a zero-order model for the height that shares many similarities with the CALMET
modified Carson (1973) model, based on Maul (1980). It differs in that there is a
term for subsidence, and there is a newer formulation for computing the virtual
potential temperature jump across the entrainment zone at the top of the layer. It also
has an explicit term for the “spin-up” growth early in the development of the mixed
layer. The authors state that this term is typically important only when the layer is
less that 100 m.

The subsidence velocity (w;) must be provided from the flow field. This is set to
zero in the current implementation.

The rate of change of the mixing height, dh/dt, is given by:

'&'
M _w, - wer) /r (3-34)
dt h? Cu’T/ig

_l_
(1+2A)h—2Bxl  (1+ A)h— Bl

where the symbols are defined as:
v (°K/m) potential temperature lapse rate above the mixed layer

w’0,” (°(Km/s) kinematic heat flux at the surface

0, (°K) virtual potential temperature

K von Karman constant

L (m) Monin-Obukhov length

us (m/s) surface friction velocity
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T (°K) temperature
g (m/s?) gravitational acceleration

The constants A, B, and C have suggested values of 0.2, 2.5, and 8, respectively.

Adjustments to Heat Flux in Convective Mixing Height

'8 —(w'a’
dh ((vzv ) —(w )méy (3.35)
dt h N CuT /g

(1+2A)h—2Bxl  (1+Ah-Bxl

where (w’0,)y is the threshold kinematic heat flux at the surface.

Observed positive values of the surface buoyancy flux over the Gulf of Mexico
during summer time when the overwater mixing layer is at equilibrium suggest that
the warm surface destabilizing effect is balanced by dissipation.

Although the equilibrium might be owing to various processes such as turbulence
dissipation, radiative cooling at the top of marine stratocumulus layer, or large scale
subsidence, it is best modeled with a threshold surface buoyancy flux required to
sustain convective mixing height growth over warm waters. Moreover it is intuitive
that this threshold should increase with the convective mixing height. Therefore this
threshold is expressed as a surface heat flux required to sustain convective mixing
growth, per meter of mixing height. This ensures that the convective mixing heights
never grow ad infinitum and reach an equilibrium.

A default value for the threshold parameter overwater (THRESHW), based on the
observed surface buoyancy flux at equilibrium state during summer months in the
Gulf of Mexico, is set to 0.05 W/m®>. THRESHW is related to (w’6,")s by (W0, )
= (THRESHW)(h.,)/(pc,) where hy, is the convective mixing height at the previous
time step. THRESHW is an user-input parameter and can therefore be adjusted so
that observed equilibrium conditions are best represented in the model. The threshold
is implemented both in the Gryning and Batchvarova method (Equation 3-35) and in
the Maul-Carson method.

A similar threshold (THRESHL) was implemented overland, although with the
diurnal surface heating/cooling cycle and generally much larger values of surface
heat flux over land surfaces, the threshold effect is normally much less important
than over water where the positive heat fluxes may persist under cold air advection
situations for days at a time.
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3.2 CALPUFF

Platform Downwash

The existing CALPUFF Huber-Snyder/Schulman-Scire (HS/SS) downwash modules
are used to model downwash effects due to elevated structures by using that portion
of the structure that is “solid”. A platform height (z,,) is added to the list of
variables that describe the effective building dimensions The effective building
width H,, and building height Hy, are prepared for each of 36 wind directions (10-
degree intervals) by neglecting the gap below z,,.. That is, the structure is defined as
if the solid portion rests on the “ground”, and the EPA Building Profile Input
Program (BPIP) can be used to develop the direction-specific effective height and
width. Any point-source emission released on or near the structure is prescribed
using the full release height hy above the “ground”, not the height above the platform
deck.

The full release elevation above ground is adjusted by subtracting the platform height
prior to any tests that define the downwash potential (e.g., the 2.5 building-height
rule for GEP), and any downwash plume enhancements that depends on the effective
stack height. This adjusted stack height is not used as the physical release height in
any other calculations.

The Huber-Snyder (Huber and Snyder, 1976; Huber, 1977) technique is used for

hy = Z g > Hy + T Ly (3-36)

where L, is the lesser of the effective building height and width, and Tyy has a default
value of 0.5. A negative value of T, indicates the Huber-Snyder method is used for
all stacks, and a value of 1.5 results in the Schulman-Scire (Scire and Schulman,
1980; Schulman and Hanna, 1986) method always being used. If Ty, is set equal to

0.5 (its default value), the CALPUFF treatment will be equivalent to that in ISC3.

When the Huber-Snyder technique is used, the first step is to compute the effective
plume height H. due to momentum rise at a downwind distance of 2 H,. This rise
uses the wind speed at the full stack height, hy. If (He—zp10) exceeds Hy, + 1.5 Ly,
building downwash effects are assumed to be negligible. Otherwise, building-
induced enhancement of the plume dispersion coefficients is evaluated. For adjusted
stack heights hg=z,, less than 1.2H,, both o, and o, are enhanced. Only o, is
enhanced for adjusted stack heights above 1.2 H, (but below H, + 1.5 Ly).
Enhancements to o, and o, are not functions of hy or hy-za.

When the Schulman-Scire technique is used, a linear decay factor is applied to the
building-induced enhancement of the vertical dispersion coefficient, and plume rise is
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adjusted to account for the effect of downwash. The plume rise equations are not
functions of h or hs-z,,. The linear decay factor for o, is determined as:

o, =Ao, (3-37)
where o, is determined from the HS downwash equations, and

1
He S(Hb -z Iat)
Hb_(He_zplat) "

A= o +1 Hy < (H, = 2,q) < H, +2L, (3-38)
° Hy +2L, < (H, = Z,)

AERMOD Turbulence Profile Option

The turbulence velocity for horizontal fluctuations is computed from contributions
from shear and buoyancy. The total turbulence velocity is obtained by summing the
component variances:

O, =\oR+0y (3-39)

The shear component is modeled with a variance that is a maximum at the ground
(64s=3.6u+"), and decreases linearly through the depth of the mechanically mixed
layer to a residual value of 0.25 m?/s’, if this residual value is less than the value at
the ground. If the residual value is larger, the value at the ground is used for all
heights. The buoyancy component is constant (6,,°=0.35w-") up to z;, and decreases
linearly to the residual value at 1.2z, Again, the value at the ground is used at all
heights if it is less than the residual value.

The turbulence velocity for vertical fluctuations is also computed from shear and
buoyancy contributions. The buoyancy component of the variance is computed as:

O =1.6W.7(2/2)"° (2<0.1z) (3-40)
o, =035w2 (z2=0.1zt0z,) (3-41)
o, =0.35wW2 e A (257, (3-42)

The shear component has both a surface-driven contribution (from u+) and a residual
contribution from turbulence aloft that is assumed to have an intensity of order 2% of
the wind speed at z;:

0. =130 (1-2/2)+(0.02u,2/2) (z<7) (3-43)
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o, =002u,;, (z>17) (3-44)

The total turbulence velocity is obtained from the sum of these components:

Gy =\ + Oy (3-45)

Minimum Turbulence Velocities

CALPUFF accepts minimum lateral turbulence velocities o, as a function of stability
class (6 values). A minimum value establishes a floor, so that any computed lateral
turbulence less than the minimum is replaced. The default value for each stability
class had been set to 0.5m/s. An additional set of minimum values for overwater
cells has been added, so now there are 12 values, two for each stability class. The
original set of six is now used for overland cells, and the default of 0.5m/s is retained.
The AERMOD minimum lateral variance, 0.25 m?/s’, is equivalent. The new set of
six used for overwater cells is set to a default of 0.37 m/s, a value originally used in
the OCD model for overwater dispersion, and one that performed well in the model
evaluations with the offshore tracer data sets.

Similarly, a set of overland and overwater minimum vertical turbulence velocities o,
are also accepted, two for each stability class (12 values). The default values for
overwater cells are equal to those for overland cells.

—————————— LAND —-——————— ————————— WATER -————-—————

Stability Class : A B C D E F A B C D E F
Default SVMIN : .50, .50, .50, .50, .50, .50, .37, .37, .37, .37, .37, .37
Default SWMIN : .20, .12, .08, .06, .03, .016, .20, .12, .08, .06, .03, .016

Lateral Puff Timescale Diagnostic Option

For steady homogeneous dispersion, Taylor’s (1921) original expression for lateral
plume spread oy as a function of time is:

05 =20lt(t—7 +rexp(-t/7)) (3-46)

where 71 is the Lagrangian timescale and o, is the lateral turbulence intensity. This is
typically approximated as:

o, =O'Vt/(1+\/t/22') (3-47)

which has the same limits as Equation 3-46 for small and large t/t. Lateral growth in
CALPUFF uses Draxler’s (1976) expression, which is equal to Equation 3-47 when
1=617.3s.
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Two methods of supplying the timescale T were implemented for testing:
e direct numeric input as a constant, and

o selection of a timescale that is proportional to a characteristic length scale in
the boundary layer divided by the lateral turbulence velocity.

For the second option, a timescale estimate based on that in SCIPUFF (EPRI, 2000)
is used:

T= Ay
0.75q

(3-48)

where q is the turbulence velocity scale and Ay is approximately 0.3z; within much of
the surface layer, and may be of order 1000m or larger outside the surface layer. In
the CALPUFF implementation, testing will be limited to near-surface tracer releases
so the mesoscale limit for Ay 1s not included.

SCIPUFF explicitly considers the effects of shear-driven eddies and buoyancy-driven
eddies separately. Their length scales in the boundary layer (z<zi) are

Ag =0.3z,

1 1 1 (3-49)
N2 2t 2
Ay (0.3z,)° (0.652)

A single length scale is formed for CALPUFF that retains the linear behavior of Ag
near the surface, and 0.3 z; aloft, by weighting the shear and buoyancy scales by the
associated turbulence velocity variances. In neutral and stable boundary layers, the
scale is simply Ay = As. In convective boundary layers (L<0) the scale is :

2 2
_ Os\s +OopAg

Ay > > (3-50)
O-VS + GVB
where the SCIPUFF equations for the lateral turbulence are:
2 2
o5 =U:2.5(1-12/z,
vS ( / i ) ( 3.5 1)

oL =W 0.13(1+1.577'%)

Performance results using this computed lateral timescale that is proportional to a
characteristic length scale in the boundary layer divided by the turbulence velocity
have not been acceptable. Reasons for this have not been determined.
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Turbulence Advection Option

Gryning (1985) presents an overview of the Oresund experiments, and comments on
particular features of the boundary layer resolved by measurements made during the
June 5 experiment. There is evidence of vertical motion in the flow over the Oresund
strait that may be associated with the changes in surface properties across the land-
sea boundary. There are also direct measurements of turbulence dissipation at a
number of elevations along transects that cross the strait. One transect at about 270m
on June 5 cited by Gryning shows a distinct and gradual lowering of the turbulence
with distance across the strait, and an abrupt rise downwind of the far shoreline (over
Copenhagen).

Initial modeling of the Oresund experiments with CALMET/CALPUFF substantially
overpredicts peak concentrations in five of the nine experiments, four of these by
about a factor of 10. Peak concentrations predicted for the remaining four
experiments are well within a factor of two. No application issues have been
identified that can account for the overpredictions, but they are all associated with
elevated (95m-high) non-buoyant tracer releases from a shoreline tower on the
upwind side of the strait. The initial dispersion of these releases across the 20km
distance to the opposite shore is controlled by the calculated overwater turbulence,
which is much smaller than the turbulence calculated over land both upwind and
downwind of the strait.

This suggests that advected turbulence energy is an important factor to include in
these simulations. CALMET includes the effect of advection on mixing heights and
temperatures, but turbulence velocities are computed locally in CALPUFF. This
local calculation can be broadened to incorporate a contribution from upwind cells.

Vickers et al. (2001) discuss the decay of turbulence energy with downwind distance
in offshore flow in terms of the local value of the friction velocity at a given height.
They define an advective-decay timescale t over which the friction velocity
transitions from the (larger) overland value ux to the (smaller) overwater equilibrium
value uxq with transport time from the coast, t, and write:

ul =ul, + (uf0 — U2, )e‘“f (3-52)

We approximate the exponential decay as a linear decay to limit the number of
upwind cells to process each sampling step and write:

Cuy =Cuy + (02 — O Xl ~0.7t/7) (3-53)

w w,vU

where the oy, refers to either o, or o,, subscript L identifies the local value at puff
height, and subscript U identifies the upwind value at the same puff height. The local
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cell is the cell that determines the current puff properties. The time t is determined
by the wind speed at puff height in the local cell and the distance from the center of
the local cell to the particular upwind cell being processed. Only cells that are
upwind and within the time horizon t = 1/0.7, and that have a turbulence velocity
larger that the local turbulence velocity are processed, and only the largest increase in
o° (the second term on the right including the decay factor) is retained.

The advective-decay timescale T is entered as a control file input to CALPUFF. A
value that is representative of the Oresund experiments can be estimated from aircraft
measurements. Turbulence dissipation profiles at several heights during three of the
experiments are shown in Figures 3-1 through 3-3. The upwind shoreline is at about
grid coordinate 370 km and the transport is to the west or from right to left in these
figures. A linear decay in turbulence is approximated by eye to obtain a subjective
decay distance across the strait that ranges from 12-14 km on May 29 and June 4, and
14-16 km on June 5. CALMET wind speeds in the layer between 90m and 120m
during the hour in which the flights were made are extracted near the upwind shore
and halfway across the strait to estimate average transport speeds near the release
height (95m). The easting component of these speeds average 11.4 m/s on May 29,
12.8 m/s on June 4, and 11.8 m/s on June 5. The corresponding decay times average
1145s, so the inferred timescale (Tt = 0.7 t) is about 800s.

The performance evaluation of CALPUFF using the 800s turbulence advective-decay
timescale shows a substantial improvement.
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May 29 (1140-1220 CET)
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Figure 3-1. Longitudinal turbulence dissipation &
transects that cross the strait of Oresund in the study area. The east coast of the strait at Barseback is
located at about 370000m Easting (UTM 33N: datum EUR-M), and the west coast is located at about
349000 Easting. The wind is from the east (right side). Altitudes listed are approximate, as the aircraft

elevation varied along the transect.
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June 4 (1130-1230 CET)
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Figure 3-2. Longitudinal turbulence dissipation £ (cm**/s) measured by aircraft on June 4, 1984 along
transects that cross the strait of Oresund in the study area. The east coast of the strait at Barseback is
located at about 370000m Easting (UTM 33N: datum EUR-M), and the west coast is located at about
349000 Easting. The wind is from the east (right side). Altitudes listed are approximate, as the aircraft
elevation varied along the transect.
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June 5 (1100-1200 CET)
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Figure 3-3. Longitudinal turbulence dissipation £ (cm**/s) measured by aircraft on June 5, 1984 along

transects that cross the strait of Oresund in the study area. The east coast of the strait at Barseback is
located at about 370000m Easting (UTM 33N: datum EUR-M), and the west coast is located at about
349000 Easting. The wind is from the east (right side). Altitudes listed are approximate, as the aircraft
elevation varied along the transect.
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4. MODEL PERFORMANCE EVALUATION

The model performance evaluation performed in Task 4 assessed overall model
performance, focusing on five tracer dispersion datasets described in Task 2 that
emphasize overwater transport with shoreline impact. These datasets include short-
range (1 km — 8 km) overwater dispersion experiments for on-shore flow, and longer-
range (22 km — 42 km) dispersion experiments with both off-shore and on-shore flow
transitions. The short-range experiments test the over-water boundary layer and
shoreline transition components of CALMET and CALPUFF with geophysical
characteristics resolved to the limit of the 200-m land use dataset, and meteorological
data developed for the overwater release locations. The longer-range experiments
test both over-land and over-water components with land-water and water-land
transitions, resolve geophysical features with a resolution of 1 km, and incorporate
meteorological data obtained at locations across the study area. None of these
datasets address model performance for transport distances on the order of 100 km to
300 km. Simulations on this scale will be made for OCS areas using the full
modeling system that couples the output from a mesoscale meteorological model
with the CALMET/CALPUFF system. Such simulations will depend on the
transport and dispersion components of CALMET/CALPUFF evaluated here as well
as the circulation features captured by the mesoscale model.

The sensitivity of simulations to the new features developed for the system is also
assessed in the evaluation. Alternative CALMET simulations are made with each of
the COARE and mixing height options. Alternative CALPUFF simulations are made
with each turbulence profiling option, and with lateral Lagrangian timescale options
0 and 1. Note that not all options are tested for each evaluation dataset. In addition,
CALPUFF simulations are made with two choices for the minimum lateral
turbulence velocity: 0.37m/s and 0.5m/s. This is a user-configured property. The
CALPUFF default setting is 0.5m/s, but the OCD evaluations had indicated that
0.37m/s provided better results for overwater dispersion experiments. Because
CALPUFF performance for the overwater evaluation datasets improves when the
minimum lateral turbulence velocity is 0.37m/s, a new overwater set of minimums
has been added to the model, and the default for these is set to 0.37m/s.

4.1 Evaluation Datasets

Cameron, Louisiana

Description

The over water dispersion study in the Cameron, Louisiana area was conducted along
the coast of the Gulf of Mexico during four test days in July 1981 and five test days
in December 1982 (Dabberdt et al., 1982). The area is very flat and typically wet,
with numerous swamps, lakes, fens, and bayous extending inland from the coast.
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Chevron Platform 28A served as the SF¢ tracer release site on seven of the test days,
and a 20m boat was used on two of the days due to the prevailing wind direction.
Platform 28A 1is located 6.75 km from shore, and the tracer was released 13m above
mean low water. The boat locations used are about four km from shore, and the
tracer release was from a mast 13m above the water. Thirty-five (35) samplers
placed in a single arc along the coast over a span of about 17 km provide sequential
hour-averaged concentrations.

Meteorological data were obtained at Platform 28A, at a 10m mast installed on the
shore 5Sm to 20m from the water, and at a 25m tower located 2 km inland. Horizontal
and vertical profiles of temperature, dew-point temperature and turbulence were
obtained by aircraft. The OCD4 evaluation dataset (DiCristofaro and Hanna, 1989)
uses meteorological data from these sources in the following way:

Aircraft estimated mixing height and overwater dT/dz
Platform 28A  water temperature, wind speed (18m), air temperature (18m)
10 m Mast oe(10m), RH(10m), wind speed (10m), air temperature (10m)

Wind speed and temperature measurements at the 10m mast are used only to replace
missing values at Platform 28A. No air temperatures were measured at Platform 28A
during the July 1981 experiments, so the air temperature measured at the shoreline
10m mast is used for the air-sea temperature difference in July.

Geophysical Processing

Gridded land use and terrain elevation data for the CALMET geophysical file are
obtained from the United States Geological Survey (USGS). The terrain data are
from the one-degree 1:250,000-scale DEM dataset, with an approximate resolution of
90m. Land use data are from the 1:250,000-scale Composite Grid Theme (CTG)
dataset, with a resolution of 200m. Because the spatial variation in land use is the
primary geophysical property for this application, a modeling grid is chosen that
places each land use datapoint in the center of a model grid cell. The modeling grid
chosen to cover the area is defined by:

Map Projection: UTM (Zone 15N)
Datum: NAS-C (North American 1927)
SW Corner Coordinates (km): (464.9,3285.7)
Number of cells (nx,ny): (135,65)
Cell Size (km): 0.200
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The CALMET preprocessors TERREL, CTGPROC, and MAKEGEO are applied to
convert the geophysical datasets to this modeling grid, creating the CALMET
GEO.DAT file.

Coordinate transformations are applied to the source and receptor locations listed in
the OCD4 model runs in order to register these features to land use and terrain data in
the GEO.DAT file. The OCD4 dataset references all of these locations to
Platform 28A, which is located at approximately (29°43' N and 93°14' W). This
location is transformed to UTM Zone 15 (NAS-C) and all sampler locations are
translated accordingly. The model grid of land use, an aerial photograph of the
Louisiana coast in the Cameron area in the same map projection and datum, the
coastline data points contained in the World Vector Shoreline dataset, and the release
and sampler positions are plotted and compared to the map of sampler positions to
refine the coordinate transformations needed to place the samplers along the coast.
This process places Platform 28A at (477.850, 3287.225) in UTM zone 15 (NAS-C).
A difference in the shape of the coastline from that shown on the experiment layout
diagram requires an additional nonlinear adjustment of the samplers in the north-
south direction of 330m or less in the center of the arc.

The resulting map of the experiment region is shown in Figure 4-1. The moist
character of much of this region is reflected in the “wetland” classification that is
assigned to over half of the land area in the grid. The sampler locations follow the
coastline well, both as resolved by the gridded land use and as contained in the World
Vector Shoreline dataset.

Source & Receptor Characterization

Three source locations are used in this experiment. These are characterized as
modeled in the OCD4 evaluation. Platform 28A is modeled without downwash due to
the lack of significant structures on the platform. The boat releases are modeled with
downwash, using the boat dimensions as a solid building with the length
perpendicular to the wind. A minimal exit velocity is used to remove any momentum

rise.
Table 4-1
Source Characterization for Cameron, LA Tracer Releases

Ht.  Elev. Diam. W T Ho Lb
Source X* (km)  Y*(km) (m) (m) (m) (m/s)  (°K) (m) (m)

Platform 28 A 477.85 3287.225 13.0 0.0 2 0.01 270.0 0.0 0.0
Boat 2/15/1982  482.557  3290.166 13.0 0.0 2 0.01 270.0 7.0 20.0
Boat 2/24/1982  482.524  3289.505 13.0 0.0 2 0.01 270.0 7.0 20.0

* Locations are in the UTM (Zone 15N) map projection with datum NAS-C

Final Report Vol.1 27



UTK Marth (km) Zone 15N, Datum: MAS-C

CAMERON, LA

100

"9 Snowlce
~ S0

~55 Tundra
- a0

75 Barren
~70

BS atland
=]

55 YWater
&0

45 Forest
40

35 FHange
- 30

Log  Agriculture
475 480 485 -20

UTM East (km) Zane 15N, Datum; NAS-C - 15
10

Land Use

Urban/Built-Lp

¥ Sampler Locations
A Tracer Releases

Figure 4-1. Geophysical properties of the site of the 1981/1982 Cameron, Louisiana tracer experiment, as
gridded for use in the CALMET/CALPUFF simulations. The grid cell size is 200m. Tracer concentrations
were measured at the indicated sampler locations. Tracer release locations indicate boat positions used on
2/15/1982 and 2/24/1982, and Platform 28A used for all other periods.
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All sampler locations are used as receptors, but additional ones are added to increase
the density of receptor spacing along the shoreline. Intermediate receptors are placed
at approximately 50m intervals, with elevations interpolated from the actual sampler
elevations. In this case, all elevations are 1.5m MSL. A total of 380 receptors are
used in the CALPUFF modeling.

Meteorological Processing

Meteorological data files for applying CALMET/CALPUFF to the Cameron study
are developed primarily from files used to run OCD4. The “release” meteorology
identified for OCD4 is used to construct representative SEA.DAT (over water) and
SURF.DAT (over land) input files for CALMET. Cloud observations made at the
Cameron shoreline during the study are included in the SURF.DAT file. The
SEA.DAT station is placed at Platform 28A, while the SURF.DAT station is placed
onshore at (480, 3295).

The original OCD4 evaluation files indicate that air temperature and wind speed are
measured at 18m for all of the hours. This is true most of the time, but there are
periods when data from 10m at the shoreline mast are substituted for the 18m data at
Platform 28A. This occurs on:

Temperature at 10m

7/**%/1981 all hours (platform did not measure air temperature in July)
2/15/1982 all hours

2/17/1982 1300-1400

2/23/1982 1000-1100

Wind Speed at 10m

7/20/1981 all hours
2/15/1982 all hours
2/17/1982 1300-1400

The anemometer height associated with the SURF.DAT wind data during these
periods is set to 10m. Because CALMET accepts a single measurement height for the
speed and temperature in the SEA.DAT file, that height is reset to 10m whenever the
temperature measurement height is 10m. Wind speed is profiled from the actual
anemometer height to the temperature measurement height when these are different.
Boundary layer parameters computed by OCD are used with Monin-Obukhov
similarity profiles to compute the wind speed adjustment.

Wind directions used in the OCD4 datasets are those that align the source and the
sampler with the peak concentration each hour. This allows the evaluation to focus
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on processes other than the net transport direction. These directions replace measured
wind directions during the hours contained in the evaluation dataset. Measured wind
directions are not altered for hours that are not part of the evaluation dataset.

Table 4-2 lists meteorological data used in the SEA.DAT file after the adjustments
are made. The hours that correspond to the evaluation dataset are marked as bold.

The lateral turbulence intensity (Iy) is used in the CALPUFF turbulence profile file.

Table 4-2a
Over-water Meteorological Data for Cameron, Louisiana
1981
Tair-
Julian Height WS wbD Tair Tsea RH Mixing dT/dz
Year Month Day Day Hour (m) (m/s) (deg) (°K) (°K) (%) Ht(m) (°K/m) ly
81 7 20 201 14 10.0 4.60 202 3024 -2.7 63.0 800.0 -0.0098 0.112
81 7 20 201 15 10.0 4.80 210 302.6 -26 64.0 800.0 -0.0098 0.086
81 7 20 201 16 10.0 480 240.0 302.7 -23  65.0 800.0 -0.0098 0.141
81 7 20 201 17 10.0 5.00 243.0 302.8 -2.1  66.0 800.0 -0.0098 -999
81 7 20 201 18 10.0 480 243.0 302.7 -2.1  67.0 800.0 -0.0098 0.087
81 7 23 204 15 10.0 3.72 236.0 3033 -1.8 74.0 225.0 -0.0098 0.083
81 7 23 204 16 10.0 352 230.0 3034 -1.6 74.0 225.0 -0.0098 0.086
81 7 23 204 17 10.0 4.19 232 303.6 -14 73.0 225.0 -0.0098 0.083
81 7 23 204 18 10.0 4.95 229 303.7 -1.2 740 225.0 -0.0098 0.083
81 7 27 208 20 10.0 2.06 176  300.2 -4.4 82.0 400.0 -0.0098 -999
81 7 27 208 21 10.0 274 163.0 300.0 -45 80.0 4250 -0.0098 -999
81 7 27 208 22 100 4.40 151 300.0 -45 820 4500 -0.0098 -999
81 7 29 210 14 10.0 391 237.0 302.6 -2.1 70.0 400.0 -0.0098 0.113
81 7 29 210 15 10.0 439 232.0 3028 -23 70.0 410.0 -0.0098 0.141
81 7 29 210 16 10.0 4.49 218 303.0 -22 69.0 420.0 -0.0098 0.169
81 7 29 210 17 100 4.89 240 303.0 -2 68.0 4300 -0.0098 0.113
81 7 29 210 18 10.0 5.63 252.0 303.1 -1.8  67.0 440.0 -0.0098 0.141
81 7 29 210 19 10.0 4.88 241 303.1 -1.7 68.0 450.0 -0.0098 0.169

Note: Bold identifies hours in the evaluation dataset
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Table 4-2b

Over-water Meteorological Data for Cameron, LA

1982
Tair-
Julian Height WS wbD Tair Tsea RH Mixing dT/dz
Year Month Day Day Hour (m) (m/s) (deg) (°K) (°K) (%) Ht(m) (°K/m) ly
82 2 15 46 14 10.0 590 140.0 286.3 -0.5 90.0 200.0 0.0502 -999
82 2 15 46 15 10.0 5.80 146.0 286.5 -0.7 89.0 200.0 0.0502 -999
82 2 15 46 16 10.0 5.70 142 2874 0 89.0 200.0 0.0502 -999
82 2 15 46 17 10.0 5.60 134 287.1 -0.8 88.0 200.0 0.0502 -999
82 2 15 46 18 10.0 7.40 1420 287.1 -1 88.0 200.0 0.0502 -999
82 2 15 46 19 10.0 6.40 140.0 287.5 -0.4 88.0 200.0 0.0502 -999
82 2 15 46 20 10.0 5.90 147 2874 -04 87.0 200.0 0.0502 -999
82 2 17 48 14 10.0 3.30 178 288.8 21 93.0 200.0 0.0202 0.043
82 2 17 48 15 18.0 3.70 195 288.1 09 93.0 200.0 0.0202 0.134
82 2 17 48 16 18.0 4.30 210 288.0 0.6 93.0 200.0 0.0202 0.068
82 2 17 48 17 18.0 3.50 206 287.7 -0.2 93.0 200.0 0.0202 0.066
82 2 17 48 18 18.0 3.50 193 2874 -0.7 93.0 200.0 0.0202 0.036
82 2 17 48 19 18.0 3.80 160.0 287.1 -0.8 93.0 200.0 0.0202 0.078
82 2 22 53 13 18.0 4.00 157.0 290.0 1 750 100.0 0.0202 0.318
82 2 22 53 14 18.0 5.20 171 290.6 1.3 75.0 100.0 0.0202 0.047
82 2 22 53 15 18.0 5.60 177.0 291.0 1.4 81.0 100.0 0.0202 0.048
82 2 22 53 16 18.0 4.70 172 290.6 09 76.0 100.0 0.0202 0.042
82 2 22 53 17 18.0 450 182  290.9 0.8 76.0 100.0 0.0202 0.049
82 2 22 53 18 18.0 5.60 187.0 290.6 0.5 80.0 100.0 0.0202 0.053
82 2 22 53 19 18.0 5.10 192.0 289.5 -0.6  83.0 100.0 0.0202 0.059
82 2 23 54 11 18.0 4.00 147.0 291.0 32 85.0 50.0 0.0152 0.101
82 2 23 54 12 18.0 3.80 150.0 290.8 3 850 50.0 0.0152 0.06
82 2 23 54 13 18.0 420 141.0 2913 3.7 86.0 50.0 0.0152 0.099
82 2 23 54 14 18.0 4.80 152 2915 3.7 84.0 50.0 0.0152 0.011
82 2 23 54 15 18.0 490 145.0 2915 33 84.0 60.0 0.0152 0.069
82 2 23 54 16 18.0 540 1440 291.0 24  86.0 70.0 0.0152 0.048
82 2 23 54 17 18.0 6.20 165 291.2 2.3 88.0 80.0 0.0152 0.056
82 2 23 54 18 18.0 6.00 155.0 2904 2 88.0 90.0 0.0152 0.061
82 2 23 54 19 18.0 6.10 155.0 290.2 1.8 88.0 100.0 0.0152 0.059
82 2 24 55 15 18.0 3.70 143 293.1 5 490 50.0 0.0372 0.048
82 2 24 55 16 18.0 3.70 143 292.9 46 50.0 50.0 0.0372 0.056
82 2 24 55 17 18.0 3.50 140 292.9 4.7 50.0 50.0 0.0372 0.057
82 2 24 55 18 18.0 3.30 130.0 2925 3.8 47.0 50.0 0.0372 0.04
82 2 24 55 19 18.0 4.10 156  290.7 2.7 520 50.0 0.0372 0.046
82 2 24 55 20 18.0 440 148.0 290.7 26 520 50.0 0.0372 0.043

Note: Bold identifies hours in the evaluation dataset
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The UP.DAT (upper-air) input file is designed to provide CALMET with vertical
profiles of wind and temperature representative of the onshore flow at 00Z (mid to
late afternoon) during the tracer sampling. Both 00Z and 12Z vertical profiles of
wind and temperature are developed for four levels: surface, 10m, overwater mixing
height, and model-top (3000m). The 00Z wind speed at release height is extended to
levels up to the mixing height using a stability-class-dependent power-law profile
(A,B=0.07; C=0.10; D,E,F=0.15) and the speed at the model-top is set to that at the
mixing height. The surface wind speed is set to that at 10m, which has been adjusted
from the anemometer height to 10m. Wind direction at all levels equals the release
wind direction. Temperature at the surface equals the air temperature in the
SEA.DAT file, and temperature aloft is computed from this using the temperature
gradient dT/dz (in the SEA.DAT file) up to the overwater mixing height. The default
CALMET temperature gradient -0.0045 °K/m is used above the mixing height.
Pressure is assumed to be 1013 mb at the surface, and decreases with height at 0.1
mb/m.

Carpinteria, California

Description

The tracer dispersion study in the Carpinteria, California area was conducted along
the California coast during 10 test days in September and October 1985 (Johnson and
Spangler, 1986). The area is complex in that there are abrupt changes in land use and
terrain elevation. There is a sharp bluff at the coast that rises about 30m above the
ocean, and the first line of samplers is placed along the top of this bluff. The western
portion of the study area is relatively flat beyond the bluff face, with the elevation
rising from 30m to 50m in about 2 km. At this point the terrain rises steadily inland at
a rate of about 200 m/km. Terrain in the eastern portion of the study area rises to an
elevation of about 60m within 400m of the coast, and about 80m within 1 km of the
coast.

Two distinct dispersion experiments make up this dataset. The first is a complex
terrain study conducted in the eastern portion of the study area. Samplers were
located along two primary arcs atop the shoreline bluff and at twice the elevation
about 400m inland, with supplementary sampler locations 500m to 1 km inland at
elevations as high as 80m. SF¢ releases were made from a boat 300m to 700m from
shore at elevations between 18m and 30m. A second tracer, CF;Br, was released at
elevations between 24m and 61m. The second is a fumigation study conducted in the
western portion of the study area. Samplers were also located along two primary arcs
atop the shoreline bluff and about 400m inland. SFg releases were made from a boat
about 1 km from shore at elevations between 64m and 91m. Concentration data were
obtained between 0800 and 1300 as one-hour averages in the complex terrain study
and between 0900 and 1100 as %2 hour averages in the fumigation study.
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Meteorological data used in the OCD4 evaluation dataset includes wind speed and
temperature measured by tethersonde at the release location, and air-sea temperature
difference obtained at a nearby oil platform.

Geophysical Processing

Gridded land use and terrain elevation data for the CALMET geophysical file are
obtained from the USGS. The terrain data are from the one-degree 1:250,000-scale
DEM dataset, with an approximate resolution of 90m, and from the 1:100,000-scale
DEM dataset with 30m resolution. Land use data are from the 1:250,000-scale CTG
dataset, with a resolution of 200m. Because the spatial variation in terrain elevation is
important at this site, a 100m grid cell is selected for the modeling grid. This grid is
positioned so that a single 200m land use cell is centered on a cluster of four of the
100m grid cells. The modeling grid chosen to cover the area is defined by:

Map Projection: UTM (Zone 11N)

Datum: NAS-C (North American 1927)
SW Corner Coordinates (km): (267.0,3805.0)

Number of cells (nx,ny): (100,100)

Cell Size (km): 0.100

The CALMET preprocessors TERREL, CTGPROC, and MAKEGEO are applied to
convert the geophysical datasets to this modeling grid, creating the CALMET
GEO.DAT file.

No coordinate transformations are required for the source and receptor locations
listed in the OCD4 model runs because they are already in this projection. The
resulting map of the experiment region is shown in Figure 4-2.

Source & Receptor Characterization

Tracer releases are characterized as modeled in the OCD4 evaluation. All are
modeled without downwash.

All sampler locations are used as receptors, but additional ones are added to increase
the density of receptor spacing along the two primary arcs in each experiment.
Intermediate receptors are placed at approximately 50m intervals, with elevations
interpolated from the actual sampler elevations. 93 receptors are used in modeling
the complex terrain study periods, and 75 are used in modeling the fumigation study
periods.
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Table 4-3

Source Characterization for Carpinteria, California Tracer Releases

Hokk

X* Ht.  Elev. Diam. W T Hb  Lb

Tracer: Date (km) Y* (km) (m) (m) (m) (m/s) (CK) (m) (m)
Complex Terrain Study
SFq: 9/19/1985  270.343 3806910 3048 0.0 01 1.0 2700 0.0 0.0
SFg: 9/22/1985  270.133  3806.518 1829 0.0 01 1.0 2700 00 0.0
CF;Br: 36.58
SF¢: 9/25/1985 271.024  3806.663 24.38 0.0 .01 1.0 270.0 0.0 0.0
CF;Br: 45.72
CF;Br: 9/26/1985 269.524  3807.333 24.38 0.0 .01 1.0 270.0 0.0 0.0
SFq: 9/28/1985 ** 271289  3806.343 2438 0.0 01 10 2700 00 00
CF;Br: 42.67
SF¢: 9/28/1985 **  270.133  3806.518 24.38 0.0 .01 1.0 270.0 0.0 0.0
CF;Br: 39.62
SFs: 9/29/1985 270.133  3806.518 30.48 0.0 .01 1.0 270.0 0.0 0.0
CF;Br: 60.96
Fumigation Study
SF¢: 10/1/1985 269.783  3806.518 88.39 0.0 .01 1.0 270.0 0.0 0.0
SF¢: 10/3/1985 269.572  3806.777 64.00 0.0 .01 1.0 270.0 0.0 0.0
SF¢: 10/4/1985 269.693  3806.831 79.25 0.0 .01 1.0 270.0 0.0 0.0
SFs: 10/5/1985 269.747  3806.657 91.44 0.0 .01 1.0 270.0 0.0 0.0

* Locations are in the UTM (Zone 11N) map projection with datum NAS-C

** Location was repositioned after 1100

*#* Temperature set below ambient to simulate a non-buoyant release.
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Figure 4-2. Geophysical properties of the site of the 1985 Carpinteria, CA tracer experiment, as gridded
for use in the CALMET/CALPUFF simulations. The grid cell size is 100m. Tracer concentrations were
measured at the indicated sampler locations during distinct “complex terrain” and “fumigation”
experiments. Tracer release locations indicate boat positions used during each type of experiment.
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Meteorological Processing

Meteorological data files for applying CALMET/CALPUFF to the Carpinteria study
are developed primarily from files used to run OCD4, with supplemental data from
the Santa Barbara Municipal Airport located about 1 km from the coast about 32 km
to the west. The “release” meteorology identified for OCD4 is used to construct
representative SEA.DAT (over water) and SURF.DAT (over land) input files for the
tracer-release periods. Temperatures are measured at 9m above the water, and wind
speed is measured by tethersonde at heights ranging from 24m to 91m, depending on
the tracer release height. Because CALMET accepts a single measurement height for
the speed and temperature in the SEA.DAT file, the wind speed is profiled from the
anemometer height to 9m for use in both the SEA.DAT and SURF.DAT files.
Boundary layer parameters computed by OCD are used with Monin-Obukhov
similarity profiles to compute the wind speed adjustment.

Wind directions used in the OCD4 datasets are those that align the source and the
sampler with the peak concentration each hour. This allows the evaluation to focus
on processes other than the net transport direction. These directions are used for all
CALMET input files.

Data from the airport reported September 19 through midday on October 5 are
processed using SMERGE to create another SURF.DAT file that covers the complete
period. Local winds for the release replace the airport observations for the tracer-
release periods. This creates a continuous hourly meteorological record with winds
that are consistent with the SEA.DAT file during the tracer periods. Temperature,
relative humidity, and cloud cover data from the airport remain in the file to
characterize conditions over land.

The SEA.DAT station is placed at the release location appropriate for the time
period, while the SURF.DAT station is placed onshore at (271, 3808).

Table 4-4 lists meteorological data used in the SEA.DAT file after the adjustments
are made. The lateral turbulence intensity (Iy) is used in the CALPUFF turbulence
profile file.
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Table 4-4

Over-water Meteorological Data for Carpinteria, California

1985
Tair-
Julian Height WS wbD Tair Tsea RH Mixing dT/dz
Year Month Day Day Hour (m) (m/s) (deg) (°K) (°K) (%) Ht(m) (°K/m) ly
85 9 19 262 9 9.0 126 259.7 28945 -1.10 79.0 500.0 -0.0098 0.506
85 9 19 262 10 9.0 126 2354 28995 -0.80 79.0 500.0 -0.0098 0.541
85 9 19 262 11 9.0 249 214.1 290.15 -0.70 80.0 500.0 -0.0098 0.454
85 9 19 262 12 9.0 295 2529 290.25 -0.70 80.0 500.0 -0.0098 0.646
85 9 22 265 9 9.0 091 220.8 290.55 0.50 71.0 500.0 0.0102 0.628
85 9 22 265 10 9.0 1.02 251.1 290.15 0.30 81.0 500.0 0.0102 0.314
85 9 22 265 11 9.0 126 253.8 289.55 1.00 92.0 500.0 0.0102 0.140
85 9 22 265 12 9.0 145 248.4 289.45 1.10 91.0 500.0 0.0102 0.314
85 9 25 268 10 9.0 0.62 163.8 29435 2.80 60.0 500.0 0.0002 0.890
85 9 25 268 11 9.0 0.65 163.8 294.15 230 70.0 500.0 0.0002 0.174
85 9 25 268 12 9.0 042 165.6 294.05 2.10 90.0 500.0 0.0002 0.489
85 9 25 268 13 9.0 042 175.0 294.55 2.70  90.0 500.0 0.0002 0.332
85 9 26 269 12 9.0 354 265.1 29185 -0.70 84.0 500.0 -0.0098 0.192
85 9 26 269 13 9.0 373 2574 29195 -1.00 81.0 500.0 -0.0098 0.209
85 9 28 271 10 9.0 5.09 1558 291.25 -0.60 85.0 500.0 -0.0098 0.157
85 9 28 271 11 9.0 3.07 1747 291.15 -0.80 84.0 500.0 -0.0098 0.192
85 9 28 271 13 9.0 146 2345 29145 -0.60 82.0 500.0 -0.0098 0.192
85 9 28 271 14 9.0 203 2150 291.65 -0.30 82.0 500.0 -0.0098 0.200
85 9 29 272 11 9.0 321 2437 29135 -030 86.0 500.0 -0.0098 0.332
85 9 29 272 12 9.0 294 2389 291.25 -040 88.0 500.0 -0.0098 0.087
85 10 1 274 10 9.0 190 2155 289.65 -090 92.0 500.0 -0.0098 0.349
85 10 3 276 9.5 9.0 034 164.6 29945 2.10 89.0 500.0 0.0602 0.227
85 10 3 276 11 9.0 0.60 2155 29795 340 96.0 500.0 0.1202 0.646
85 10 4 277 10 9.0 048 2169 294.75 330 70.0 500.0 0.0002 0.262
85 10 4 277 10.5 9.0 0.72 231.2 29485 330 72.0 500.0 0.0002 0.209
85 10 4 277 11 9.0 048 186.4 29445 330 76.0 500.0 0.0002 0.244
85 10 5 278 10 9.0 1.18 171.3 294.05 0.70 67.0 500.0 0.0102 0.541
85 10 5 278 10.5 9.0 139 208.2 29445 0.70 65.0 500.0 0.0102 0.349
85 10 5 278 11 9.0 094 1952 294.65 0.70 63.0 500.0 0.0002 0.541
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The UP.DAT (upper-air) input file is designed to provide CALMET with vertical
profiles of wind and temperature representative of the onshore flow at 00Z (mid to
late afternoon) during the tracer sampling. Both 00Z and 12Z vertical profiles of
wind and temperature are developed for four levels: surface, 10m, overwater mixing
height, and model-top (3000m). The 00Z wind speed at 9m is extended to levels up to
the mixing height using a stability-class-dependent power-law profile (A,B=0.07;
C=0.10; D,E,F=0.15) and the speed at the model-top is set to that at the mixing
height. The surface wind speed is set to that at 10m, which has been adjusted from
the anemometer height to 10m.. Wind direction at all levels equals the release wind
direction. Temperature at the surface equals the air temperature in the SEA.DAT file,
and temperature aloft is computed from this using the temperature gradient dT/dz (in
the SEA.DAT file) up to the overwater mixing height. The default CALMET
temperature gradient -0.0045 °K/m is used above the mixing height. Pressure is
assumed to be 1013 mb at the surface, and decreases with height at 0.1 mb/m.

Pismo Beach, California

Description

The tracer dispersion study in the Pismo Beach, California area was conducted along
the California coast during five test days in December 1981 and five test days in June
1982 (Dabberdt et al., 1983, Brodzinsky et al., 1982, and Schacher et al., 1982). SFq
tracer was released about 13m above the water from a boat located 6 to 8 km from
shore, and sampled along an arc that covered about 15 km of the shoreline. Several
samplers were also located along a shorter secondary arc approximately 7 km inland.
Evaluation of OCD4 with this dataset focused on the one-hour average
concentrations measured at the shoreline.

Meteorological data used in the OCD4 evaluation dataset includes wind at 20.5m,
temperature at 7m, and air-sea temperature difference measured at the release
location, and vertical temperature gradient measured over the water by an aircraft.

Geophysical Processing

Gridded land use and terrain elevation data for the CALMET geophysical file are
obtained from the USGS. The terrain data are from the one-degree 1:250,000-scale
DEM dataset, with an approximate resolution of 90m. Land use data are from the
1:250,000-scale CTG dataset, with a resolution of 200m. Because the spatial
variation in land use is the primary geophysical property for this application, a
modeling grid is chosen that places each land use datapoint in the center of a model
grid cell. The modeling grid chosen to cover the area is defined by:

Map Projection: UTM (Zone 10N)
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Datum: NAS-C (North American 1927)

SW Corner Coordinates (km): (708.1, 3864.1)
Number of cells (nx,ny): (100,130)
Cell Size (km): 0.200

The CALMET preprocessors TERREL, CTGPROC, and MAKEGEO are applied to
convert the geophysical datasets to this modeling grid, creating the CALMET
GEO.DAT file.

Coordinate transformations are applied to the source and receptor locations listed in
the OCD4 model runs in order to register these features to land use and terrain data in
the GEO.DAT file. The OCD4 dataset uses a grid system that is referenced to a local
latitude/longitude grid, as depicted in the OCD4 Users Guide (Dicristofaro and
Hanna, 1989). These (x,y) coordinates are scaled to latitude/longitude by matching
sampler location (x,y) coordinates with their position on the site map. The
latitude/longitude positions obtained in this way are then transformed to the UTM
(Zone 10N) map projection in datum NAS-C.

The resulting map of the experiment region is shown in Figure 4-3. The beach area
where nearly all of the coastline samplers are located falls into the barren
classification, and this is consistent with area photographs. Significant terrain
features do not influence these sampler locations, and probably do not affect the
secondary samplers located further inland.

Source & Receptor Characterization

Tracer releases are characterized as modeled in the OCD4 evaluation. All are
modeled with downwash, using the boat dimensions as a solid building with the
length perpendicular to the wind. A minimal exit velocity is used to remove any
momentum rise.

All sampler locations are used as receptors, but additional ones are added to increase
the density of receptor spacing along the two arcs in each experiment. Intermediate
receptors are placed at approximately 100m intervals along the shoreline arc and
250m along the inland arc, with elevations interpolated from the actual sampler
elevations. Two hundred forty-one (241) receptors are used in all.
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Pismo Beach, CA
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Figure 4-3. Geophysical properties of the site of the 1981/1982 Pismo Beach, CA tracer experiments, as
gridded for use in the CALMET/CALPUFF simulations. The grid cell size is 200m. Tracer concentrations
were measured at the indicated sampler locations. Tracer release locations indicate boat positions used
during each of the 10 experiment-days.
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Table 4-5
Source Characterization for Pismo Beach, California Tracer Releases

Ht. Elev.  Diam. w T Hb Lb

Date X*(km) Y* (km) (m) (m) (m) (mfs) (K) (m) (m)
12/8/1981 709.633  3880.150 13.1 0.0 .02 0.01 270.0 7.0 20.0
12/11/1981 709.889  3882.651 13.1 0.0 .02 0.01 2700 7.0 20.0
12/13/1981 709.778  3880.685 13.1 0.0 .02 0.01 270.0 7.0 20.0
12/14/1981 710.065 3881.406 13.1 0.0 .02 0.01 270.0 7.0 20.0
12/15/1981 710.057 3881.759 13.1 0.0 .02 0.01 2700 7.0 20.0
6/21/1982 709.620  3880.682 13.6 0.0 .02 0.01 270.0 7.0 20.0
6/22/1982 709.415 3876.411 13.6 0.0 .02 0.01 2700 7.0 20.0
6/24/1982 709.811  3879.268 13.6 0.0 .02 0.01 270.0 7.0 20.0
6/25/1982 709.649  3879.445 13.6 0.0 .02 0.01 2700 7.0 20.0
6/27/1982 709.754  3881.752 13.6 0.0 .02 0.01 2700 7.0 20.0

* Locations are in the UTM (Zone 10N) map projection with datum NAS-C

Meteorological Processing

Meteorological data files for applying CALMET/CALPUFF to the Pismo Beach
study are developed primarily from files used to run OCD4, with supplemental cloud
observations from the Santa Maria Airport located about 19 km to the ESE. The
“release” meteorology identified for OCD4 is used to construct representative
SEA.DAT (over water) and SURF.DAT (over land) input files for the tracer-release
days. Temperatures are measured at 7m above the water, and wind speed is measured
at 20.5m. Because CALMET accepts a single measurement height for the speed and
temperature in the SEA.DAT file, the wind speed is profiled from the anemometer
height to 7m for use in the SEA.DAT file. Boundary layer parameters computed by
OCD are used with Monin-Obukhov similarity profiles to compute the wind speed
adjustment. Wind speeds at 20.5m are used in the SURF.DAT file.

Wind directions used in the OCD4 datasets are those that align the source and the
sampler with the peak concentration each hour. This allows the evaluation to focus
on processes other than the net transport direction. These directions are used for all
CALMET input files.

The SEA.DAT station is placed at the release location appropriate for the time
period, while the SURF.DAT station is placed onshore at (719, 3879).
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Table 4-6 lists meteorological data used in the SEA.DAT file after the adjustments
are made. The lateral turbulence intensity (Iy) is used in the CALPUFF turbulence
profile file.

The UP.DAT (upper-air) input file is designed to provide CALMET with vertical
profiles of wind and temperature representative of the onshore flow at 00Z (mid to
late afternoon) during the tracer sampling. Both 00Z and 12Z vertical profiles of
wind and temperature are developed for four levels: surface, 10m, overwater mixing
height, and model-top (3000m). The 00Z wind speed at 7m is extended to levels up to
the mixing height using a stability-class-dependent power-law profile (A,B=0.07;
C=0.10; D,E,F=0.15) and the speed at the model-top is set to that at the mixing
height. The surface wind speed is set to that at 10m, which has been adjusted from
the anemometer height to 10m. Wind direction at all levels equals the release wind
direction. Temperature at the surface equals the air temperature in the SEA.DAT file,
and temperature aloft is computed from this using the temperature gradient dT/dz (in
the SEA.DAT file) up to the overwater mixing height. The default CALMET
temperature gradient -0.0045 °K/m is used above the mixing height. Pressure is
assumed to be 1013 mb at the surface, and decreases with height at 0.1 mb/m.

Ventura, California

Description

The tracer dispersion study in the Ventura, California area was conducted along the
California coast during four test days in September 1980 and four test days in
January 1981 (Areovironment, 1980 and 1981, Zanetti et al., 1981, and Schacher et
al., 1982). Data from all four of the test days in September and three of the four test
days in January are in the dataset. SF; tracer was released about 8m above the water
from a boat located 6 to 8 km from shore, and sampled along two arcs about 10 to 12
km long. The first arc is 2 km to 1 km from the shoreline and the second arc is about
7 km from the shoreline. Evaluation of OCD4 with this dataset focused on the one-
hour average concentrations measured close the shoreline in Arc 1.

Meteorological data used in the OCD4 evaluation dataset includes wind at 20.5m,
temperature at 7m, and air-sea temperature difference measured at the release
location, and vertical temperature gradient measured over the water by an aircraft.
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Table 4-6a
Over-water Meteorological Data for Pismo Beach, California

1981
Tair- Mix
Julian Ht ws wp Tair Tsea RH Ht dT/dz
Year Month Day Day Hour (m) (m/s) (deg) (CK) (CK) (%) (@m) (°K/im) ly
81 12 8 342 14 7 1.60 265.0 2874 09 66.0 100.0 0.0202 0.120
81 12 8 342 15 7 132 2610 287.7 1.3 67.0 100.0 0.0202 0.166
81 12 8 342 16 7 097 284.0 2875 1.2 750 100.0 0.0202 0.229
81 12 8 342 17 7 0.50 284.0 287.7 1.4 72.0 100.0 0.0202 0.422
81 12 8 342 18 7 040 241.0 287.6 1.5 72.0 100.0 0.0202 1.000
81 12 11 345 14 7 422 275.0 285.6 -04 740 600.0 0.0002 0.098
81 12 11 345 15 7 5.00 283.0 286.1 0.0 73.0 600.0 0.0002 0.080
81 12 11 345 16 7 7.20 283.0 286.2 0.2 80.0 700.0 0.0002 0.061
81 12 11 345 17 7 7.78 289.0 286.0 0.1 84.0 700.0 0.0002 0.037
81 12 11 345 18 7 7.30 290.0 286.0 0.1 80.0 800.0 0.0002 0.661
81 12 11 345 19 7 7.14 3050 286.1 0.2 81.0 900.0 0.0002 1.000
81 12 13 347 14 7 5.05 289.0 2855 -0.8 95.0 50.0 -0.0098 0.016
81 12 13 347 15 7 5.67 280.0 285.3 -0.8 97.0 50.0 -0.0098 0.042
81 12 13 347 16 7 7.10 287.0 285.6 -04 950 50.0 -0.0098 0.061
81 12 13 347 17 7 7.06 3010 286.2 03 920 50.0 0.0502 0.033
81 12 13 347 18 7 590 2920 2864 0.5 91.0 50.0 0.0502 0.040
81 12 13 347 19 7 6.00 3020 2864 0.6 90.0 50.0 0.0502 0.113
81 12 14 348 13 7 6.63 2920 2872 1.3 79.0 50.0 0.0102 0.021
81 12 14 348 14 7 7.70  293.0 286.7 0.6 86.0 50.0 0.0102 0.021
81 12 14 348 15 7 9.70 2920 286.4 0.4 90.0 50.0 0.0102 0.021
81 12 14 348 16 7 9.30 2920 286.7 0.8 89.0 50.0 0.0102 0.040
81 12 14 348 17 7 8.71 296.0 286.7 09 88.0 50.0 0.0102 0.031
81 12 14 348 18 7 8.40 303.0 286.9 0.8 87.0 50.0 0.0102 0.129
81 12 14 348 19 7 7.70  306.0 286.4 04 90.0 50.0 0.0102 0.140
81 12 15 349 13 7 5.01 304.0 286.1 0.3 88.0 50.0 0.0002 0.257
81 12 15 349 14 7 5.14 299.0 287.7 11 83.0 50.0 0.0002 1.000
81 12 15 349 16 7 6.80 2940 288.7 29 73.0 50.0 0.0002 0.169
81 12 15 349 17 7 7.60 301.0 2883 22 77.0 50.0 0.0002 0.072
81 12 15 349 18 7 5.70 301.0 2884 24 77.0 50.0 0.0102 0.068
81 12 15 349 19 7 0.97 321.0 2894 3.4 70.0 50.0 0.0202 1.000

Note: Bold identifies hours in the evaluation dataset
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Table 4-6b

Over-water Meteorological Data for Pismo Beach, California

1982
Tair-
Julian Ht WS wbD Tair Tsea RH Mixing dT/dz
Year Month Day Day Hour (m) (m/s) (deg) (°K) (°K) (%) Ht(m) (°K/m) ly
82 6 21 172 14 7 270 280.0 287.7 2.0 83.0 800.0 -0.0018 0.073
82 6 21 172 15 7 3.11 2760 2875 15 84.0 800.0 -0.0018 0.024
82 6 21 172 16 7 261 269.0 2873 14 86.0 800.0 -0.0018 0.037
82 6 21 172 17 7 160 261.0 287.3 15 87.0 800.0 -0.0018 0.120
82 6 21 172 18 7 186 276.0 286.9 1.2 89.0 800.0 -0.0018 0.358
82 6 22 173 15 7 242 2740 288.6 1.7 80.0 700.0 -0.0048 0.106
82 6 22 173 16 7 382 2680 2888 21 780 700.0 -0.0048 0.058
82 6 22 173 17 7 290 268.0 288.7 24 77.0 700.0 -0.0048 0.049
82 6 22 173 18 7 2.80 2740 2879 2.0 81.0 700.0 -0.0048 0.072
82 6 22 173 19 7 206 289.0 287.2 1.3 84.0 700.0 -0.0048 0.187
82 6 22 173 20 7 1.90 280.0 286.6 0.8 87.0 700.0 -0.0048 0.175
82 6 24 175 13 7 3.07 269.0 2881 09 820 600.0 0.0002 0.527
82 6 24 175 14 7 2.80 271.0 288.2 0.8 83.0 600.0 0.0002  0.290
82 6 24 175 15 7 462 269.0 2881 06 84.0 600.0 0.0002 0.131
82 6 24 175 16 7 4.60 272.0 2884 0.8 83.0 600.0 0.0002 0.026
82 6 24 175 17 7 440 268.0 2884 0.9 83.0 600.0 0.0002  0.037
82 6 24 175 17 7 4.60 262.0 2884 1.0 84.0 600.0 0.0002  0.037
82 6 25 176 12 7 422 286.0 288.9 22 76.0 100.0 0.0002 0.024
82 6 25 176 13 7 498 280.0 2885 2.6 80.0 100.0 0.0002 0.028
82 6 25 176 14 7 6.60 278.0 288.3 2.3 83.0 100.0 0.0002 0.031
82 6 25 176 15 7 825 286.0 2883 26 820 100.0  0.0002 0.096
82 6 25 176 16 7 751 2880 2883 29 820 100.0 0.0002 0.016
82 6 25 176 17 7 7.83 290.0 288.4 3.2 810 100.0 0.0002 0.021
82 6 25 176 18 7 820 294.0 288.8 3.8 78.0 100.0 0.0002 0.051
82 6 27 178 12 7 7.00 290.0 286.9 29 940 100.0 0.0002 0.061
82 6 27 178 13 7 10.50 284.0 286.8 3.0 95.0 100.0 0.0002 0.016
82 6 27 178 14 7 10.10 284.0 286.8 3.0 95.0 100.0 0.0002 0.019
82 6 27 178 15 7 1030 283.0 286.8 3.0 95.0 100.0 0.0002  0.035
82 6 27 178 16 7 1079 287.0 287.0 34 93.0 100.0 0.0002 0.019
82 6 27 178 17 7 1040 2850 287.5 3.8 93.0 100.0 0.0002  0.021
82 6 27 178 18 7 835 2850 2877 3.7 94.0 100.0  0.0002 0.136

Note: Bold identifies hours in the evaluation dataset
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Geophysical Processing

Gridded land use and terrain elevation data for the CALMET geophysical file are
obtained from the USGS. The terrain data are from the one-degree 1:250,000-scale
DEM dataset, with an approximate resolution of 90m. Land use data are from the
1:250,000-scale Composite Grid Theme (CTG) dataset, with a resolution of 200m.
Because the spatial variation in land use is the primary geophysical property for this
application, a modeling grid is chosen that places each land use datapoint in the
center of a model grid cell. The modeling grid chosen to cover the area is defined by:

Map Projection: UTM (Zone 11N)

Datum: NAS-C (North American 1927)
SW Corner Coordinates (km): (282.1,3779.1)

Number of cells (nx,ny): (115,100)

Cell Size (km): 0.200

The CALMET preprocessors TERREL, CTGPROC, and MAKEGEO are applied to
convert the geophysical datasets to this modeling grid, creating the CALMET
GEO.DAT file.

Coordinate transformations are applied to the source and receptor locations listed in
the OCD4 model runs in order to register these features to land use and terrain data in
the GEO.DAT file. The OCD4 dataset uses a local grid system that is not referenced
to UTM coordinates. These (X,y) coordinates are translated to align the sampler
locations with roadway features that are discernable on aerial photographs and that
are indicated on the experiment site map.

The resulting map of the experiment region is shown in Figure 4-4. Sampling Arc 1,
nearest the coast, lie