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ABSTRACT

The Cfshore and QCoastal Dispersion (OCD) nodel has been developed to
sinulate the effect of offshore emssions from point, area, or line sources
on the air quality of coastal regions. The QD nodel was adapted from the
EPA guideline nodel MPTER (EPA 19801. Modifications were nade to
incorporate overwater plume transport and dispersion as well as changes that
occur as the plume crosses the shoreline.

Hourly neteorological data are needed from both overwater and overland
| ocati ons. The overwater neasurements include wnd direction and speed,
mxing height, overwater air tenperature and relative humdity, and the sea
surface  tenperature. Overland data include the standard EPA UNAVAP nodel
requirements. Overwater and overland turbulence intensities are used by the
nodel but are not nandatory. For overwater dispersion, the turbul ence
intensities are paraneterized from boundary layer simlarity relationships if
they are not measured.

Specifications of emssion characteristics and receptor locations are
simlar to the standard EPA UNAMAP nodels. Hourly emssion rate, exit
velocity, and stack gas tenperature may also be specified. U to 250 point
sources, 5 area sources, or one line source and 180 receptors nay be used.

Plume reflection off elevated terrain is calculated following the nethod
proposed in the EPA TUPCS nodel (Turner et al., 1986). Plume inpaction on
elevated terrain is calculated followng procedures in the EPA RTDM (Rough
Terrain Dffusion Mdel) (B,  :1902). That is, if the plume is below the
critical dividing streamine height (HJ, the plume inpacts the terrain, and
if the plume is above H,, the plume flows up over the terrain. A revised
platform dowwmash  algorithm based on |aboratory experinents is incorporated
in OCD. Partial plume penetration into elevated inversions is treated using
Briggs' nodel.

A virtual source technique is used to change the rate of plume growh as
the overwater plume intercepts the thermal internal boundary layer (TIBL) at

the shoreline. The TIBL is assumed to be terrain followng.



The revised DD nodel (Version 4) and the previous version of QD
(Version 3) are tested wth neasurements from four offshore tracer
experinents. Considering the overall performance of the nodels, the QD
(Version 4) nodel is shown to be an inprovenent over the OD (Version 3)
model .



EXEQUTT VE SUMWARY

The Cfshore and Coastal Dispersion (OCD) nodel was developed to
simulate plume dispersion and transport from offshore point, area, or line
sources to receptors on land or water. The O nodel is an hour-by-hour
steady state Gaussian nodel wth enhancements that consider the differences
between overwater and overland dispersion characteristics, the sea-land
interface, and platform aerodynamc effects.

Categories of overland turbulence Ilevels have been successfully
paraneterized as a function of solar radiation and wind speed only. This
approach can be wused over land without considering surface tenperature or
humdity because the surface tenperature responds rapidly to changes in solar
radiation, and sensible heat fluxes domnate latent heat fluxes in the
boundary layer. This is not the case for the boundary |ayer over water
surfaces where diurnal tenperature changes are quite small, response tines
long, and latent heat fluxes inportant. Therefore, the traditional methods
of determning stability category and thus atnospheric turbul ence
characteristics are not applicable for overwater sources. Overwater
turbulence levels are largely governed by the air-water tenperature
difference, overwater wnd speed, and the specific humdity. If overwater
turbulence levels are not neasured directly, they must be estinmated from
boundary layer theory wusing bulk aerodynam cs.

The QD nodel requires both overwater and overland meteorol ogical data.
The overwater data include the followng parameters:

. overwater wind direction,
overwater wind speed,
overwater mxing height,
overwater air tenperature,
water surface tenperature,
overwater relative humdity,
overwater wnd direction shear in the vertical,
overwater vertical potential tenperature gradient,
overwater turbulence intensities (y and =z conponents), and

iv



! overland turbulence intensities (y and z components).

The overland meteorological data required by the OCD model are identical
to those required by the standard EPA UNAMAP model. Missing overwater
turbulence intensities are parameterized using bulk aerodynamic wind and
temperature profile relationships as well as the overwater stability category
(defined in terms of the Monin-Obukhov length). Missing overland turbulence
intensity measurements are replaced by the rural Briggs (19731 defaults.

Several options available in the standard EPA UNAMAP models are included
in the model:

‘ terrain adjustments,
stack-tip downwash,
gradual plume rise,
buoyancy-induced dispersion, and
pollutant decay (monthly daytime transformation rates are
user-specified).

The OCD model has incorporated several other features:
Complex terrain is treated as in COMPLEX /1l (EPA, 19861, except

for the consideration of partial reflection and an improved method
to calculate deflection around or over terrain.

. Plume reflection off elevated terrain is treated using a method
proposed in the EPA TUPOS model (Turner et al., 1986).
' Building downwash due to platform influence on the plume is treated

using a revised platform downwash algorithm based on laboratory
experiments, dispersion ‘coefficients are enhanced and final plume
rise is reduced as a result of downwash effects.

’ The effective mixing depth at the shoreline includes mixing that is
effectively unlimited if the plume is in a stable layer.
. The default turbulence intensity is inversely proportional to the

wind speed for all stabilities.
. The Thermal Internal Boundary Layer (TIBL) is terrain following.
. Point, area, or line sources may be modeled.
. Partial penetration of elevated inversions is accounted for.
. Stacks can be oriented at any angle relative to the vertical to



-accommodate a variety of oil platform sources.

The land/sea interface need not be a straight line, a rectangular
grid system is wused to acconmodate any conplex coastline.

A virtual source technique is used to change the rate of plune
growth as the overwater plune intercepts the overland internal
boundary |ayer.

Continuous shoreline fumgation (stable overwater and unstable
overland conditionsl is parameterized using the Turner nethod where
conplete vertical mixing through the TIBL occurs as soon as the
plume intercepts the TIBL.

Hourly source emssion rate, exit velocity, and stack gas
tenperature can be specified.

The QD nodel can provide estimates of pollutant concentrations at a
maxi mum of 180 receptors from a nmaximum of 250 point sources, 5 area sources,
or one line source. Summary tables generated by O nay be used to deternine
the peak nodeled concentrations. Alternatively, nodeled concentrations can
be witten to an output tape or disk file for subsequent postprocessing by
the ANALYSIS program  The postprocessor can provide several statistical
sumari es:

the top N concentrations for each receptor for averaging periods
up to 24 hours in length;

cunul ative frequency distributions of concentrations for each
receptor; and

identification of periods for which threshold concentrations are
exceeded at any receptor.

In addition, the ANALYS'S postprocessor can create new concentration files
which can be used as input to the processes described above:

‘ a file of running averages (up to 24 hours in length), and
a file that is the sum of concentrations from up to five separate
files. (Concentrations from each file sumed are first miltiplied
by a user-specified scale factor.)

A performance evaluation of the OD (Version 4) nodel along with the QD
(Version 3) nodel was conducted wth neasurenents from four different
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offshore tracer experinents. The four experiments included 17 hours of data
from the MMS sponsored experinent at Ventura, CA 31 hours from the MMS
experiment at Pismo Beach, cA 26 hours of data collected at Caneron, LA

in an experinment sponsored by the American Petroleum Institute (APl), and 36
hours from the APl experiment at Carpinteria, CA

The uncertainties associated with the O nodel (Versions 3 and 4) are
examned using a blocked bootstrap or jackknife resanpling nethod to estimate
whether there are significant differences in the fractional hias (FB),
normalized mean square error (NMSE), and correlation (R). 95% confidence
limts are calculated using bootstrap resanpling for FB and R for each nodel,
and the difference in FB, NMSE, and R between models. An arbitrary scoring
scheme is used to conbine all the results into a final "score." Considering
the overall performance of the nodels, the QD (Version 4) nodel is shown to
be an inprovenent over the QD (Version 3) nodel.
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LIST O SYMBOLS

Synbols used in the OD wuser nmanual and all appendices are listed here.
Synbols with more than one meaning are miltiply listed. The units
(dinensionsl for each parameter are listed, except for dinensionless
quantities.

a deviation of the stack angle from the vertical, deg

B: entrainment coefficient wused in plune rise calculations

Cy nmomentum transfer drag coefficient

Cy heat transfer drag coefficient

C.: obser ved concentration

¢ predi ct ed concentration

cP: specific heat of dry air, cal/gm-deg

va: specific heat of water vapor, cal/gm-deg

cq: moi sture transfer drag coefficient

Cos bulk transfer coefficient

Cont bulk transfer coefficient for heat for tenperature profile
calculations, assumng neutral  conditions

CuN’ drag coefficient used in bulk aerodynamc wnd profile calculations,
assumng neutral  conditions

a: stack-top inside diameter or dianeter of the effective source
representing an area 'source, M

de/dz: vertical potential tenperature gradient, °K/m

e water vapor pressure, nb

e saturation water vapor pressure, nb

. L 2,3

€: eddy dissipation rate, m“/s

AE: difference in elevations (m) of the ground or water surface at the

receptor location and at the source |ocation

f Coriolis parameter (1/s), equal to 2 Q sin ¢ where Q is the
angular speed of the earth and ¢ is the latitude

XViii



FB:

FT:

4,3
plume buoyancy flux, m*/s

fractional bi as

terrain correction factor, specified as a function of the overland
stability class

enpirical scaling parameter used in the calculation of the
horizontal turbulence intensity if no neasurement is available

enpirical scaling paraneter used in the calculation of the vertical
turbulence intensity if no nmeasurement is available

acceleration due to gravity, n/s?

average elevation of the well-mxed overland surface [layer, or
turbulent internal boundary layer (TIBL), in which fumgation can
occur, m

building height, m
nmrine mxing depth, m
terrain elevation toward which the source to receptor is aligned, m

plume height above stack base in the absence of terrain effects, m
vertical heat flux, cal/s-n>

effective stack height taking into account downwash, m

plume rise due to buoyancy or nonentum m

critical dividing streantine height, m

effective stack height, m

mxing depth, m

plume rise due to ﬁ;nentum m

height of the stack top above stack base elevation, m
effective height of the plume above terrain, alternative #1, m
effective height of the plune above terrain, alternative #2, m
turbulence intensity, horizontal  conponent

turbulence intensity, vertical  conponent

xix
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NVSE:
NPER:
NSEGS:

RH:
R
yo

zo’

pol lutant chemcal transformation rate, %/hour
Moni n- Coukhov ~ length, m

latent heat of vaporization, cal/g

Moni n- Coukhov  length for noist air, often used interchangeably

wth L, m

Brunt-Vaisala frequency, g
normalized mean square error
tine it takes a ship to travel from start to finish, hrs
number of line source segnents

fraction of plume naterial penetrating mxed |ayer
atnospheric pressure, nb

plume path coefficient

pol lutant decay coefficient, s'1

enpirical scaling parameter used in the calculation of bulk
aerodynamc wnd speed profiles

enpirical scaling parameter used in the calculation of bulk
aerodynamc  tenperature profiles

enpirical scaling parameter used in the conputation of g
enpirical scaling parameter used in the conputation of Yo

emssion rate, ¢/s

line source segnent emssion rate, g@/s

density of air, g/m?'.;_-.
correl ation

relative humdity, or the fraction W/ i N%

initial plume dilution radius in the horizontal due to building

downwash, m

initial plume dilution radius in the vertical due to building
downwash, m

wind direction standard deviation, deg

XX



o'¢' wind elevation angle standard deviation, deg

L standard deviation of the wnd speed, horizontal conponent, nis

o standard deviation of the wnd speed, vertical conponent, m/s

o-Y' standard deviation of the plume concentration distribution in the
horizontal, m

B val ue of oy at the land/sea interface, m

a-yb: conponent  of L due to buoyant plune enhancement, m

oo’ conponent  of o due to structure downwash, m

O’ conponent  of o due to wnd direction shear, m

Tt conponent  of oy due to atmospheric turbulence, m

ot standard deviation of the plunme concentration distribution in the
vertical, m

72B’

L val ue of o, at the land/sea interface,

L conponent  of c, due to buoyant plune enhancement, m

o’ conponent  of c, due to structure downwash, m

Oy conponent  of v, due to atmospheric turbulence, m

S: stability parameter equal to g/6 . desdz, it is the square of the
Brunt - Vai sal a frequency, 1/s

S: terrain slope

R Pasquill stability class

S : enpirical factor used in conputation of e as a function of downw nd

y di stance Y

Sz: enpirical factor used in conputation of o, as a function of downw nd
di stance

T OCD averaging time, s

AT: difference between stack gas and anbient tenperature, °K

AT : critical tenperature difference, °k

AT/Az: rate of change of air tenperature wth height, deg/m

XXi
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t: dinensionless tine (used in fumgation nodel) at which fumgation

begi ns

t*, T dinensionless time (used in fumgation nodel) wusually wused in
reference to t' to give elapsed tine of fumgation

t* dinensionless time of final (conplete) entrainment, wused in
fumgation  nodel

T travel tinme, s

T, Ta: tenperature of anbient air, °K (overland or water).

Ts: stack gas tenperature, °K

Ts: water surface tenperature, ‘K

TLy: Lagrangian time scale of eddy dissipation, crosswind conponent, s

T Lagrangian time scale of eddy dissipation, vertical conponent, s

T virtual  tenperature, °K

s’ virtual tenperature of saturated air, ‘K

Tw; vet-bulb tenperature, °k

8: potential  tenperature, °K

e: wind direction, deg

8’: direction from source to receptor, deg

de/dz: vertical potential tenperature gradient, deg/m

Ae: wind direction shear over the plume depth, deg

K virtual potential tenperature, °X

8, virtua potential tenperature of saturated air, °K

8, proportional to the upward heat and noisture flux in the surface
layer; it is the scaling value of @ used in bulk aerodynamc
tenperature profile calcul ations,

u: horizontal wind speed conponent, m/s

u*: friction velocity, proportional to the wupward nonentum flux in the

surface layer; it is used as a scaling value of u in bulk
aerodynamc wnd oprofile calculations, nis

xxii



stack gas exit velocity, nis

vertical wnd speed conponent, m/s

ratio of water vapor to dry air by mass, referred to as the mxing
ratio, g¢/kg

entrainment or growh rate in the vertical of fumgant, m/s
mxing ratio of saturated air, g¢/kg

convective velocity (vertical conponent) scaling value wused in
bulk aerodynamc profile calculations, m/s

building wdth, m

vertical wnd direction shear, deg/m
dowwind distance along the plume axis, m

distance to final plume rise, m

in the fumgation model x is the distance from the shoreline where
the plunme first enters the well-mxed surface layer, m

inland distance neasured from z,, M

distance from the source to the shoreline, m
virtual distance, m

line source x-coordinate endpoint, wuser units

distance perpendicular to the plume axis, m

line source y-coordinate endpoint, wuser units

height (of a plune or receptor) relative to stack base or ground
level, m

height of the mxed layer, m

surface roughness length, or height at which the wnd speed drops to

Zero, m

elevation of ground, water, or platform base at stack |ocation
relative to the water surface, user height wunits
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1. MDEL OERVMEW

1.1 Introduction

The revised Cfshore and Coastal Dispersion (OCD) nodel (Version 4) was
devel oped by the Mnerals Mnagenent Service (MMS) for applications in which
the onshore inpact of plunes released from offshore sources (e.g., oil
platforns, tankersl nust be calculated. The background and purpose of the
nmodel are presented in Section 1.2 and a general description of the nodel is
presented in Section 1.3. A nore detailed technical description of the nodel
is presented in Section 2. The wuser's instructions for applying the QD
nmodel are presented in Section 3. The revised QD nodel has been eval uated
wth field tracer data from four coastal experinents, three on the California
coast, and one in the Qlf of Mxico. The nodel evaluation and results are
presented in Section 4.

An overview of the QD code and the source listing of the model code are
presented in Appendix A Instructions for the use of the postprocessing
program ANALYSIS along wth the source code are presented in Appendix B.
Finally, Appendix C discusses offshore neteorological data collection
instrumentation.

This revised edition of the the QD UWser's Qide has been prepared to
provide the wuser wth a full set of updated docurmentation describing the
mathematical fornmulations, nodel evaluation results, and procedures for
conputer  applications. The new User's Qide (an edited version of the first
editionl is conprehensive and self-contained so that users of the new QOCD
model will not need to refer back 'to the original User's Guide. Portions of
this new Wser's Qide are based on the original QD Version 3 lker's Quide
(Hanna et al., 19841 and the OXD APl (Arerican Petroleum Institutel User's
Qui de (Hanna and DiCristofaro, 19881. My changes have been nade to this new
version of the User's Quide, although sone sections have been left verbatim
from the previous versions.
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1.2 Background and Purpose

In Septenber 19'78, the US. (Congress passed the Quter Continental Shelf
(ocs) Lands Act Amendnents, directing the US. Secretary of the Interior to
inplenent a program to inventory and develop the mineral resources, including
oil and gas, on the OCS areas of the United States. These areas lie in the
ocean between 3 mles (10 mles off Texas and parts of FHorida) and 200 mles
from the coastline. The responsibility for the developnent and inplenentation
of this program was delegated to the Mnerals Management Service (MMS).

Section s(a) (8) of the Quter Continental Shelf Land Act (OCSLA)
anendnents directed the Secretary to promulgate regulations for air quality
emssions "for conpliance with the national anbient air quality standards
(NAAQS)..., to the extent that activities authorized under this [Act]
significantly affect the air quality of any State.” Under this authority, on
March 7, 1980, the MMS published a final rule establishing a regulatory
program concerning the control of air emssions from oil and gas operations on
the QCS (45 FR 15128, Mirch 7, 1980). The final rule recognized that no air
quality nodel was available for regulatory use for overwater applications. To
remedy this situation, the agency outlined a process which would lead to the
devel opment of an acceptable overwater nodel and encourage further scientific
work (45 FR 37816, June 5, 1980). First the US  Environmental Protection
Agency's (EPA) CRSTER and PTMIP nodels were identified for tenporary use, but
with the nodification that stability class A and B conditions determned from
overland data would be nodeled as stability class C  Second, a nodel nore
appropriate for overwater applications would be developed by the agency and
validated wth actual offshore field data. The M5 sponsored two field
studies to gather data at Ventura 'and Pismo Beach, California and supported
the field study by the Anmerican Petroleum Institute (API) at Caneron,
Loui si ana.

Following the conpletion of the field studies in 1982, the new nodel,
called the Cfshore and QCoastal Dispersion Mdel (OCD), was devel oped.
Following extensive peer review and coment, the MMS officially approved the
model's use for the evaluation of onshore inpacts from OCS facilities in
March 1985 (50 FR 12248, Mrch 28, 19851. The US SPA formally approved the
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use of the oOCD nodel, wth mnor restrictions, in January 1988 (53 FR 392,
January 6, 1988) as part of its Quidelines on Air Quality Models (EPA, 1987).

The QD nodel was originally developed and evaluated by Hanna et al.
(1984, 1985) wusing tracer data from three flat coastal areas (Ventura and
Pismo Beach, CA and Cameron, LA). However, the vast mgjority of
applications of the QD nodel in the 1985 to 1987 period have been in the
Santa Barbara Channel area, where terrain is often very steep near the coast.
The original OXD nodel (Version 3) contains a highly sinplified and untested
complex terrain algorithm  Interactions wth various agencies wth
jurisdiction in the Santa Barbara Channel area (EPA Region IX M5, Santa
Barbara County Ar Pollution Control District, California Ar Resources
Board) led to the conclusion that several -portions of the O code should
be revised.

A the same time as these regulatory agency activities were taking
place, research on overwater and coastal turbulence and dispersion nodeling
has continued. For exanple, Stunder and Sethuraman (19861 conpared the
predictions of several coastal fumgation nodels. Petersen (19861 conducted
| aboratory experiments on dispersion around oil platforns. The final report
on the EPA's Conplex Terrain Mdel Developnent program (Strimaitis et al.,
19881 indicates the inportance of the dividing streanine height, H_, concept
in stable conditions, where a plume located below H, will be forced around the
sides of an obstacle and a plune located above H, will pass up and over the
obstacl e. Tracer experinments sponsored by the Anerican Petroleum Institute
(API) were conducted at a coastal/conplex terrain site at Carpinteria, CA
(Johnson and Spangler, 1986). Based on new research, agency use, comments
from nodel wusers, and the additional field data from Carpinteria, work was
begun in My 1988 to revise the nodel and streamine its operating code.

1.3 (eneral Description of QD

The QD nodel is an hourly, steady-state Gaussian nodel built on the
framework of the US EPA-approved MPTER nodel (EPA 19801, with appropriate
modifications to accommodate the unique dispersion regime and source
characteristics of overwater pollutant releases. The nodel consists of three
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major  conponents:  the overwater subroutines which are new algorithns based on
overwater boundary layer dynamcs, the overland subroutines borrowed from the
MPTER nodel to describe dispersion over flat to rolling terrain, and the
subroutines borrowed from existing nodels to describe dispersion in conplex
terrain.

Dfferences in mxing depth and stability between the overwater and
overland boundary layers are of inportance to dispersion processes. The
overwater mxing depth is relatively shallow due to the lack of strong
sensible heat flux from the surface. LeMone (19781 shows that the average
mxing depth is about 500 m over |owlatitude oceans. In over half of the
hours from the tracer studies used to test and develop the QD nodel, the
mxing depth was observed to be 100 m or less. These limted mxing depths
can cause trapping of plunes near the surface.

The other major difference between the overwater and overland boundary
layers is in the diurnal and annual variation of stability, which is
conpletely unrelated to typical overland behavior. For exanple, air and
water tenperature observations from the North Sea (Neuwstadt, 19771 show
that tenperature inversions typically persist nost of the day in June and
unstable conditions persist all day in January. The data also show that in
March or April, conditions are stable in the afternoon and unstable at night.
Qher seasonal and diurnal stability patterns would be evident in other
geographic areas, and these effects can be nodeled accurately only if air and
water tenperatures and turbulence intensities are directly observed.

To develop the initial version of ‘the OXD nodel (Hanna, 1984), the MTER
nodel was nodified to include overwater boundary |layer dynamcs, |and-sea
nmapping required by the differing overland and overwater dynamcs, and the
inclusion of conplex terrain subroutines. The nodifications are sumarized
in Table 1-1 and are nore fully described in the Wser's Qide to the OD
Model (Hanna et al., 19841 or in Hana et al. (1985). These two references
also fully explain and document the theoretical and physical bases for the
initial QD nodel including the assunptions regarding the overwater boundary
layer and provide an extensive discussion of the performance evaluation for
the original nodel and the data needs of the nodel.
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SUWMARY CF DI FFERENCES BETWEEN MPTER

s 0oCD/3, AND OCD/4 MIDELS
Component MPTER 0OCD/3 0CD/4
- Patform Downwash Not  Considered BLP or ISC/API Petersen (19861
For nul as Wnd  Tunnel
Results, with
Modi fications
~ TI BL Not  Consi der ed Hanna (1987) Hanna (1987)
Linear Gowh Linear Gowth
Fum gation Not  Consi dered Deardorff-Wllis Turner (1969)
- (1982)  Convective  Virtual  Source
Scal i ng
- oy Standard EPA (hser ved 1y‘ (bser ved Cor
' Daxler f
Bri ggs fY v
e c, Standard EPA Cbser ved i, Parameterized i
Qitical Streamine Not  Considered Not  Consi dered RTDM  approach
Plume  Reflection Standard EPA RTDM (ERT, 19821 Snple TW®
conplex  nethod (Turner et al.,
- 1986) formila
Line and Area Not  Consi dered Not  Considered Virtual  Source
Sour ces Appr oach
o Definitions: TI BL: Thermal  Internal Boundary Layer
¥ 1 Lateral and vertical turbulence intensities
- fY D mensionless function applied to ey
LA Standard deviation of wnd direction fluctuations (in
radi ans)
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Since its regulatory approval, Version 3 of the OD nodel has been used
by the Department of the Interior (DOI), by local agencies, and by the oil and
gas industry to determne onshore inpacts from OCS activities. Mst of the
emssions from these facilities are from point sources, such as exhaust vents
and stacks for power generation equipnent. Estimations of source emssion and
stack parameters are readily available for the nodel's input run stream
Meteorol ogical data for these sources are nore difficult to acquire, offshore
data are sparse, and turbulence intensity data are not routinely neasured.

The nodel has been nost often applied using offshore sea surface and air
tenperature data, along with wnd data taken from buoys nmaintained jointly by
the DAL and the National Qeanic and Atnospheric Admnistration (NOAA).

The O nodel has been nodified based on comments from agency and
private users of the nodel. The focus of these nodifications has been the
streamining of the nodel code, the expansion of the capabilities of the
model to assess line, area, and intermttent sources, and the incorporation
of recent field and theoretical work into the relevant algorithns of the
model.  Also, anong the nodifications incorporated were the restructuring of
the algorithm to nore realistically represent the inpact of the plume on
shoreline terrain and a standardization of the size of the grid cells used in
the shoreline mpping routine. Mny of the nodifications are based on the
work of Hanna and DiCristofaro (1988) and are summarized in Table [-1 along
with a conparison of QD (Version 3) and MPTER.
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2. TECHNI CAL DESCRI PTI ON

The Cffshore and Coastal Diffusion (OCD) nodel is an hourly, steady-state
Gaussian nodel built on the framework of the EPA MPTER nodel (EPA  1980). The
MW required that the new nodel adhere as closely as possible to the structure
of existing regulatory nodels. Because of fundanental differences in the
factors determning atnospheric turbulence characteristics over water and over
land, nodified schemes were developed to calculate plume dispersion. Specific
model conponents are discussed in detail in this chapter.

2.1 Mdel Input Data

2.1.1 Source Input Data

The QD nodel wll accept point, line, or area source infornmation as
input. The source input data requirements of the OOD nodel are sunmarized in
Table 2-1. The relationships of the various source and receptor heights used

in the nodel are presented in Figure 2-1. It is seen that the QD nodel
requires the same source variables as nost EPA air quality dispersion nodels
except for the followng variables: the stack angle from the vertical and the
height of the building at or near the stack location. O some offshore
platforms, stacks may protrude from a building at an angle that is not
vertical. In such a case, the vertical conponent of the plume rise due to
initial jet nonentum wll be a function of the stack angle, but the vertical
conponent of the plume rise due to initial plume buoyancy will not be
affected. The height of the top of a tilted stack is specified in terns of
height above the reference base height. For exanple, for a horizontal stack
protruding from a building from an opening 15 m above a platform level, the
stack top height would be set equal to 15 m The height of the building
itself is wused in building downwash calculations.

The Universal Transverse Mercator (UTM) coordinate system can be used to
define source locations if a Cartesian receptor array is used and it enploys
the UTM system If a polar receptor array is specified, then the origin is
specified as input to the nodel. The x and y coordinates of other sources, if
nodel ed, are then obtained from a map drawn to scale. The x axis is positive

2-1
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TABLE 2-|
SORCE INPUTS REQURED BY THE OCD MODEL

Definition

Pollutant emssion rate for concentration calculations (mass
per unit tine)

Pollutant  decay coefficient s H

Point Source: x and y coordinates of stack (user units)

Area Source: x and y coordinates of circle center (user units)
Line Source: x and y coordinates of starting point (user
units)

Line Source: x and y coordinates of ending point (user units)

Bevation of ground, water, or platform base at stack |ocation
relative to the water surface (user height units)

Stack height (m) above zelp

Stack gas exit velocity (m/s)

Stack-top inside diameter (m) for point or line sources.
Dameter (m) of the effective circle representing area source.

Sack gas temperature (°K)
Height of building or obstacle at or near stack location (m)
Building width used to conpute platform downwash (m)

Deviation of stack angle from the vertical (degreesl

2-2
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RECEPTOR

Height of building or obstacle near stack location
Building width used to compute platform downwash
Stack height above 2

elp

Elevation of platform base at stack location relative to
the water surface

Receptor terrain elevation

Terrain elevation toward which the source to receptor is
aligned

Relationships of various source and receptor heights used as
inputs to the OCD model.



P,

el

Ty

to the east and the y axis is positive to the north. When using a polar
coordinate system, only one origin of the receptor array can be specified.

The pollutant emission rate is required for each source. If a line
source is being nodeled, the emssion rate is for the total distance traveled
by the line source. For area sources, the emssion rate represents the total
emssions from each of the represented circular depictions (see Section 2.
for more details). Hourly emssion information, if available or necessary,
consists of pollutant emssion rate, stack gas exit velocity, and stack gas
tenperature. Hourly emssion data may only be used with point or area
sour ces. Results of stack test neasurements should be wused to determne how
these paraneters vary as a percentage of full capacity if significant (10
to 20% load variations are common. If a source has a constant emssion
paraneter value, hourly information is not necessary. Hourly emssion data
should only be used if stack testing has been perforned.

Additional information concerning the emssions data input requirenents
of the O nodel is found in Chapter 3, User's Instructions.

2.1.2 Receptor Data
The OD nodel allows the user to select either a Cartesian (x,y) or a

polar (r,e) receptor grid system In the Cartesian system the x-axis is
positive to the east of a wuser-specified origin and the y-axis is positive to

the north. In the wpolar system, r is the radial distance neasured from the
origin (x=y=0) and the angle e (azimuith bearingl is neasured clockwse from
north. If concentrations are to be calculated for inpacts on elevated

terrain, receptor terrain elevations (z) nmust be input for each receptor.
The QD nodel permts receptorground-level elevations to be above the
elevations of stack tops.

In the polar coordinate system, receptor points are wusually spaced at
10° intervals on concentric rings. Therefore, there are 36 receptors for
each ring. The radial distances from the origin to the receptor rings are
user selected and are generally set equal to the distances to the expected
maxi mum concentrations for the mjor pollutant sources under the nost frequent
stability and wind-speed conbination. The maximum nunber of radial distances

2-4
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is five; therefore, the maximum nunber of receptors that can be nodeled at any
one time is 180.

In the Cartesian coordinate system the x and y coordinates of the
receptors are specified by the user. The spacing of the grid points is not
required to be uniform so that the density of grid points can be greatest in
the area of the expected maximum concentrations.

2.1.3 Meteorological Input Data

The hourly overland and overwater neteorological inputs which nay be
input to the QD nodel are listed in Table 2-2. nhless specified, the
reconmended neasurement height is at stack top. Those paraneters which are
mandatory for the nodel to run are specified. The overland neteorol ogical
data include the stability class, wnd speed, anbient air tenperature, W nd
direction (from which the wnd blows), and the mxing height. In general,
these inputs are developed from concurrent surface and upper-air
neteorol ogical data by the RAMMET preprocessor program as used by the Single
Source (CRSTER) Model (EPA 1977 and Catalano, 19861. The overland data nay
also include the horizontal and wvertical turbulence intensity data. The
overwater neteorological input data include wnd direction, wnd speed, mxing
height, relative humdity, air tenperature, surface tenperature, wind
direction shear, turbulence intensity, and vertical potential tenperature
gradient data. nly four overwater data paraneters are nmandatory (mxing
height, humdity, air tenperature, and surface water tenperature).
Sensitivity tests have shown that the humdity variable is of |esser
inportance than the other required overwater input data. The local MMS agency
should be contacted concerning what values should be substituted for mssing
data. dimatological data or long-term averages of neteorological data (as
reconmended in ocbs3) should NOT be used anyway, since they can lead to
spurious  estimates.

Although the QD nodel can be run with only limted neteorological data,
the user is urged to obtain as much representative overwater data as possible

to inprove the accuracy of the nodel results. In regards to onsite versus
airport data for land neasurenents, the MMS nay require an onsite
met eor ol ogi cal tower. It is up to the local MMS agency to nake the

appropriate  decision.

2-5



TABLE 2-2
HORLY METECRALGE CAL INPUTS TO THE OD MXDEL

Par anet er Definition Mandatory I nput?
Qver  Land
SC Pasqul I1  Stability Qass Yes
(1 = A 2=2B etc. )
U Wnd Speed (m/s) Yes
T, Anbient Air Tenperature (°K) Yes
8 Wnd Direction (degrees) Yes
z Mxing Height (m) No
lY Horizontal ~ Turbul ence Intensity" No
i, Vertical  Turbulence Intensity’ No
Qver \éter .
e Wnd Drection (degrees)
u Wnd Speed (m/s) No
z, Mxing height (m) Yes
RH Rel ative Humidity (%), Vet Bulb . _ Yes
Tenperature ("), or Dew Point Tenperature ( K)
T, Anbient Ar Tenperature (°K) Yes
T Witer Surface Tenmperature (°K) or Ar Yes
Tenperature Mnus \Véter Tenperature ( K)
AWD Verticalk Wnd Direction Shear (degrees/m No
(Reconmended layer of surface to stack top)
i, Horizontal Turbulence Intensity’ No
i Vertical Turbulence I ntensity’ No
de

— Vertical Potential Tenperature Gadient (°k/m) No
(Recommended layer of surface to stacktop)

1. 1 =6 /u=tan ¢
y v
fluctuations.

0’ wher e Ty is standard deviation of wind direction

2. i :ow/u = tan Ty where'% is standard deviation of wnd elevation angle
fluctuations.

2-6



o

e

fram

In general, the hierarchy of neteorological data measurenents are as
fol | ows:

1) Onsite overwater neteorological data
2) Representative overwater neteorol ogical data
3) Representative overland neteorological data

Details concerning the availability of offshore meteorological data and the
available offshore neteorological instrumentation and collection systens are
presented in Appendix C Volune Il of this UWser's Qide. Specifications  for
the format of the overland and overwater neteorological data are given in
Section 3.

2.2 Platform Downwash

The oil platform or ship presents an obstacle to the flow over the
water and creates a turbulent wake that can "downwash" the pollutant
plumes.  This downwash leads to two effects: (1) increased initial plume
diffusion in the turbulent wake, and (2) reduced plunme rise. Ql or gas
platforms sit on stilts at a height of about 20 m above the water surface.
The APl sponsored a series of wnd tunnel tests of the flow and dispersion
around nodel oil platforns, from which enpirical fornulas for dispersion
enhancenent were derived by Petersen (19861. These formulas were used as a
basis for developing the ocDs4 nodel platform downwash algorithm  Some
additional work was required so that the formulas covered the follow ng
condi tions:

' Al stabilities.
Al values of H_sH, ,-where H, is effective plune height
and H_ 1is building height.
Inclusion of initial oy and . by quadratic summation.

The new formulas for the initial dispersion paraneters o~y<') and e, ‘.
which as stated above are nodifications by Hanna and DiCristofaro (19881 to

formilas suggested by Petersen (19861, are given as:

2-7
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- Ly 1/2
o = 0.071 x (Ay + By (x/Ly) - 1) (2-1)
0.81 C, 1/2
0,y = 0.11 X (A, + B, (/L) % = 1) (2-2)
wher e
= = 482 L = W2 C = -1.4
Ay =1.9 B, Y y
A,=308B,=40.2L,=H C =-14

The parameter W is the platform width in neters, H is the total platform
height above water surface in neters, and x is the dowwind distance in
meters. Equations (2-1) and (2-2) are valid for 2.2 < x/H < 12.6.  For x/H
less than 2.2, use the solutions at 2.2, and for X/ H greater than 12.6, use
the solutions at 12.6.

b

| f H, is the effective height of the plune (stack height plus plume
rise), then the effective "initial plume size' used by the OD nodel at
various heights above the oil platform can be calculated as follows:

H/H <1 vo = o' (2-3)
o = %00’ (2-4)

1.0 <H/H < 1.2 o - 0.5 (6-5 H_/H,) °'yo' (2-5)
20 - 0-5 (3-H/H ) e, (2-6)

1.2 < H/H < 3.0 o = 0 (2-7)
°, = 0.5 (3-H /H)) o, (2-8)

H/H > 3.0 Cvo =5 = 0 (2-9)

2-8
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Field evaluation of these new platform downwash formulas wth the
tracer data from OCS field experinents is not possible, since many of the
field experinments used boats or tethersondes for tracer releases. In the case
of the few experinents that used a platform for tracer releases, the
concentration sanpling instrunents were several kiloneters from the platform
where the conponent of dispersion due to platform downwash iS a mnor
perturbation to the total plume spread. The sanpling instrument should be
located within about 200 m of the tower to permt satisfactory testing of the
formulas in the OCD code.

2.3 Pume Rse
2.3.1 Neutral and Unstable Conditions

Final buoyancy rise in neutral or unstable conditions is conputed in the
QD nodel as

AH = 21.425 FO P F < 55 n¥/s® (2-10)
AH =38.71 26, F > 55 nl/sd (2-11)
wher e AH is the plure rise (m),
F I s buoyancy flux (m?/e3) = (gvsdz AT)/(4TS),
u is stack-top wind speed (m/s),

AT is the difference between stack gas and anbient
t enperat ures,
T is the stack gas tenperature (°K).

These formulas are based on Bfiggs' (1969) recomendations. The effects of
the initial size of the source are not accounted for in this section.

Moentum rise in neutral/unstable conditions is conputed, wth the
additional consideration of the stack angle from the vertical, a:

AH = [3dvs/u) . cosine {(a) , (2-12)
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where .d  is the stack dianeter (m),
v is. the stack gas exit velocity (m/s),
a is the stack angle (0° for upward pointing stacks,
90° for horizontal stacks, and 180° for downward
poi nting  stacks).

A critical tenperature difference, AT, between the stack gas and anbient air
can be defined such that if the actual tenperature difference exceeds AT
then buoyancy rise domnates; otherwise, nonentum rise is used. The val uce of
ATC for neutral and unstable conditions can be derived from Equations (2-10),

(2-11), and (2-12) for a < 90° from the definition of the buoyancy flux, F:

aT, = (0.0297 Ty 0-333470-687)  (cosine@)?-3%3, F < 55 n¥ss® . (2-13)

aT_ = (0.00575 T v 287470333 (cosine(@)? 67, F 5 55 mi/s . (2-10)

If ais less than 90° and the value of AT for a given hour is greater than
ATC, buoyancy rise is conputed using Eguation (2-10) or (2-11); otherwse
Equation (2-12) is wused. If a is greater than 90° (dowmard pointing stack),
the total plume rise is assuned to be equal to the sum of the (negative)
nomentum rise and the buoyancy rise.

2.3.2 Sable conditions

Final buoyancy rise for a bent-over plume in stable conditions is
computed in the OCD nodel as:

AH = 2.6 (F/us)/3 (2-15)

where s is a stability paraneter equal to (g/T) desdz, and e is the potential
tenperature (Briggs, 1969). Final buoyancy rise for calm stable
conditions is conputed using the formila:

F.1/4 5—3/8

AH = 4 (2-16)
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where Equation (2-16) is used only if the stack-top wind speed is less than
174 1/8
0.2746 F s 7.

Mrmentum rise in stable conditions is conputed as
AH = 150y 2aPny/ et 1P 8T8 L cosine (o) (2-17)

The value of the critical tenperature difference AT that separate the use of
Equations (2-15) and (2-17) in stable conditions is given below

AT_ = (0.01958 v_ T s°*5) .(cosine(a))? . (2-18)

If a is less than 90° and the value of AT for a given hour is greater
t han AT, buoyancy rise is conputed; otherwise nonentum rise is used. If ais
greater than 90°, the sum of nomentum and buoyancy rise is used.

2.3.3 Plune Penetration

If the top of the plume (located at 1.6 AH) after final rise approaches
or exceeds the height of the mxed |ayer, z,, then plune penetration of
elevated stable layers is considered using the nodel proposed by Briggs (1975)
and inplenented by Wil and Brower (1984). The following equation describes
this scenario:

AH 2 0.62 (z, - H), (2-19)

where H is the effective initial stack height taking into account downwash.
If the criterion in Egquation (2-19) is satisfied, final plume rise is
reconputed using the stable plume rise Equations (2-15) and (2-16) assumng an
isothermal atnosphere (88/8z = 0.01 °cs/m). This is a conservative assunption
since the atnosphere in the mxed layer is usually less stable and would |ead
to a higher plume rise. Briggs (1975 1984) recommends this approach rather
than integrating through layers of different stabilities for the sake of
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conplicated approach constantly  overpredicted.

The fraction of plune nmaterial penetrating into the stable layer aloft
(P) is estimted as:

P=0 if z‘/8H, > 1.5 ,
1 1

P=I if z,’/8H, < 0.5 | (2-20)
P=15 - zi’/AH1 if 0.5 ¢ zi'/AHi <15,
wher e
z,’ = z, = H (2-21)
and AH, is the plume rise conputed assumng an isothermal |apse rate. | f

partial penetration occurs (0 < P < 1, where P is a weighting factor), the
plumte is split into parts below and above the nixing height. The plune above
the mxing height nmust be considered because it may become entrained into the
rising mxing height over land as the plunme noves inland.

The source strength of each plume is given by:

Q=P QS above z; (2-22)

Q=0 =P)Q,  below z,. (2-23)

The plune height bel ow z; Is determned by linear interpolation between the

limts, P=20and P=1  The lower limt (P = Q) is when the height of the

top of the plume equals z,. Assuming the radius of the plume is given by:

R =8 AH (2-24)

where B is the entrainment coefficient (equal to 0.6 for bent-over plunes),
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where B is the entrainment coefficient (equal to 0.6 for bent-over plunes),
then as P approaches zero the limt to AH is

M=1+g7? z; = 0.62 z, . (2-25)

As P approaches unity, the limt to AH is z;, Thus for 0 < P < 1,

MH, = (0.62 + 0.38 P) z, . (2- 26)
The height of the plume above z, IS given by
8H, = (1 +P) z . (2-27)

For plumes that only partially penetrate the inversion, initia
dispersion due to buoyant plume rise (see Equation (2-34)) is weighted by the
fraction of mass penetrating the inversion. The weighting factor P applies to
the part of the plume above the mxed layer and the weighting factor 1-P
applies to the part of the plume wthin the mxed layer. Subsequent
dispersion is controlled by the stability and turbulence intensities of each
layer. Note that plunes above the marine mxed layer are nodeled as
stability class E

2.3.4 Qadual Pume Rse

Wless specified in the oCD nodel, gradual rise is not considered, and
final rise is assumed to occur very close to the source. This assunption is
usual ly walIid for determning the inpact of offshore sources on onshore
receptors, since the sources are often located several kilometers offshore
However, if buoyancy rise domnates, gradual rise can be conputed if the user
selects this option. For wunstable and neutral conditions, the distance to
final rise, Xes is given by

x, = 0.049 p0-625  F (55 pt/g3 (2-28)
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Xe = 0.119 F0'4 , F > 55 m4/<s3 (2-29)

wher e Xe is in kilonmeters (Briggs, 1969).

In stable conditions, the distance to final rise is

x, = 0.00207 u s0.5 (2-30)

For all conditions, the gradual buoyancy rise formila is
AH =160 F 173 x 273, (2-31)

where x is in kilometers and AH is in meters. Followng the recommendations
of the EPA users are advised not to select the gradual plume rise option
since it has been found to occasionally produce large overpredictions close to
the stack.

2.4 Chem cal Transformation

The OD nodel can account for the renoval of pollutant mass by chemcal
transformation or decay. In the calculation of pollutant concentrations, the
chemcal transformation term is assuned to be linear. . The concentration
predicted by the Gaussian equation is miltiplied by the following term

Chemi cal kx
Transformation = exp {— (W)] (2-32)
term ' u

where x is the downwind distance from source to receptor {(m}, k is the
transformation rate (%/hr), and u is the stack-top wind speed (m/s).

Exanples of pollutants anong the criteria pollutants commonly involved in

of fshore emssions include so, and NO,.. Emssions of oxides of nitrogen (NO, )
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are comonly in the form of NQ which is gradually converted to N® (Cole and
Summer hays, 1979). Subsequent photochemcal reactions can lead to
transformation of NO, to nitrate conpounds. For applications of the QD

2
nmodel , all NO_ enmtted is conservatively assumed to be NO

o
Several investigators have analyzed data concerning chenical
transformation rates of S® (Table 2-3) and NO (Table 2-4). In general, it
is found that the transformation rate is highly correlated wth incomng solar
radiation. At night, the decay rate is negligible conpared to the daytine
rate. Use of a uniform transformation rate for day and night or for all
seasons can be significantly in error. Therefore, the O nodel wuses nonthly
transformation rates of reactive pollutants, and assunes that the nighttine
decay rate is zero. The period of daylight is conputed from the |latitude,
longitude, and tinme zone of the source location. The references cited above
can be consulted to estimate typical decay rates for S0, and NO,. For
exanpl e, typical S0, decay rates can range from 1% per hour in wnter to 4%
per hour in sunmer for a typical continental US. [ocation. The effect of
transformation is small for transport distances of the order of 10 km or |ess.

The QD nodel does not consider dry deposition of suspended
particul ates. Mdel results wusing particulates may be conservative
(overestimates) if long transport distances are involved.

2.5 Dispersion Paraneters o Y‘md o, Over \ter

Standard  Pasquill-Afford-Turner stability classification schemes, as
used in EPA nodels are not valid over water because the surface boundary |ayer
structure does not depend much on diurnal changes in solar intensity and
cl oudi ness. In coastal areas shere inhonogeneities in sea surface tenperature
exist, the boundary layer structure may be determned by advection (e.g., the
QIf of Mxico coast in wnter). The sea surface tenperature has a snall
diurnal range, and over honogeneous surfaces nuch of the buoyancy in the
boundary layer is due to vertical noisture fluxes rather than sensible heat
fluxes. Positive buoyancy fluxes can occur during light wnd nighttine
condi tions. It is shown in Section 2.6 that the domnant stability paraneter
Is the Monin-Coukhov length L, (including effects of noisture). D spersion
coefficients oy and , can be estimated from this stability paraneter.
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Sour ce

Forrest and
Newran (1977)

Husar et al.
(1978)

Lusis et al.
(1978)

Di tt enhoef er
and de Pena
(1979)

Forrest et al.
(1979)

Forrest et al.

(1981)

TABLE 2-3

TRANSFCRVATI N RATES* CF so

2F(lJ\DIN

RURAL POWERPLANT AND SMELTERPLUMES

S® idation Rate

-1

(% h )

<1.5

1 to 4 (noontine)
<0.5 (night)

1 to 3 (June, noon
and p.m )

<0.5 (wnter, or

sumer early aml

0 (<65% RH)
-1 (65 to 90% RH)
2 to 6 (90% RH)

<2

0.1 to 0.8 (night,
early aml

1 to 4 (late a.m

and afternoon)

2-16

Comment s

four coal-tired pover plants
(30 to 40 N)

no correlation could be found
between conversion and
tenperature (10 to 25°C),
humdity or time of day

- &. Louis (38°N)

pover plant
photochem stry nay be the
dom nant nechani sm

- Fort McMurray (57°N)

pover plant

evidence of photochem cal
activity during relatively high
conversion rates

tenperature varied from -13 to
23 C

Pennsyl vania (41°N)

pover plant

evidence that both gas phase
and aqueous phase oxidation are
i mpor t ant

Tarpon Springs, Florida (28°N)
oil-fired power plant

no correlation was found be-
tween individual  meteorol ogical
paraneters and extent of

oxi dation, although higher
conversions were observed in
August than in February

Cumberland coal-fired pover
plant (35 N)

reactions are correlated wth
solar radiation



- TABLE 2-3 ((OONCLUDED)

TRANSFORVATI ON RATES® CF S0, FOND IN
RURAL POVERPL ANTANDSVEL TERPL UVES

S® &idation Rate

-1

e Sour ce (% h 7) Comment s
Garber et al. <1 - Northport oil-fired power
- (1980) plant (41°N)

- a wde range of nmeteorological
conditions were examned. The
data suggest a weak positive

- correlation of conversion rate
with tenperature, water vapor
partial pressure and insolation

Hegg and Hobbs 0 to 5.7 - five coal-fired power plants,
(1980) Vest  and Mdwest U S A

- various tines of year

- evidence of photochen cal
reactions; conversion  depended
on wu.v. light intensity

Gllani et al. rate = 0.3 ReH<O - plumes from Labadie, Qunberland
(1981) R= solar rad?ation and Johnsonville power plants
- H= mxing height - for dry conditions only
0, = background ozone
Chan et al. <0.5 - Sudoury snelter plume (47°N)

- (1980) - no correlation of rate wth
tenperature, relative humdity

= Eatough et al. <0.5t0 6 - \Vestern US snelter and

(1981) pover plant plumes
- positive tenperature dependence
of oxidation rate; data are
consistent wth a honogeneous
mechani sm

References and comrents compiled by MA Lusis and L. Shenfeld, 1982.
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Compound

MM()3

MMO3 and
particulates,

nitrates

*Reference and

e}

TRANSFORMATION RATES* OF NOX COMPOUNDS FOUND IN

TABLE 2-4

RURAL POWER PLANT PLUMES

Parameter Rate
Conversion  rate 3 to 10 times SO2
from NO, conversion  rate

i _—
Conversion 0.1 to 3% h
from NOx (nighttime)

3 to 12% b
(daytime)

Reference

Richards et al.

(1980)

Forrest et al.
(1980)

comments compiled by M.A. Lusis and L. Shenfeld, 1982.

Comments

Daytime measurements, Navajo
generating station plune (Arizona);
June-July and December

Cumberland coal-fired generating
station, August.

NOx conversion rate Was 2 to 4
times S§0. rate.
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Tot al oy -is made up of contributions from turbul ence, Tt buoyant  pl une

enhancenent , "yb’ wind direction shear, °'ys’ and structure downwash, °‘yo

2 2 2 2
0y _ cyt + cyb + 0ys + oyo , (2-33a)

Smlarly, total o

- 2
O, = O YO O, (2-33b)

is made up of contributions from turbul ence, L buoyant  plume enhancenent,
o ., and downwash, ¢_ . The downwash values of o¢__and o_ are given in
zb p{o) 0 zo

Section 2.2.

The reconmendations of Pasquill (1976) are used for the buoyant plune

enhancenent s, oyb and T b

c p - AH/3.5 (2-34)

yb =%

where AH is local plume rise above stack top.

The shear contribution, Tos is also based on a reconmendation by
Pasqui Il (1976):

s = 0.17 (AWD/Az) X c, (2-35)

where AWD/Az is the wnd direction shear (in radians per neter) over the depth
of the plume, and x and o, are in neters. The nodel requires AWD/Az to be
input in degrees/neter.  Cbservations of wnd direction shear are not usually
available, but shear diffusion is an option in the OD nodel because of its
potential effect on oy where plumes enter stable layers wth strong wnd
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shears (Pasquill,. 19761. In some overwater research experinents, the wind
shear can Dbe estimated from the platform tower or radiosonde observations.

To estimate the turbulence contributions to a-Yand . the QCD nodel
follows the recommendations of the AMS Wrkshop on Stability Qassification
Schemes and Signa Qurves (Hanna et al., 1977) and uses the approxinations:

Ty = iy X fy (x) (2-36)
o =1 X £ (x) (2-37)
where i, = e su and i, = o su are turbulence intensities and f and f_ are
Y v I W Y Z

dinensionless functions that equal unity at x = 0, where x is the doww nd
distance in meters. The function fy decreases slowy to about 0.6 + 0.3 at x
= 10 km independent of stability. The standard averaging tinme for these
paraneters is one hour and input paraneters also represent one-hour averages.

2.5.1 Lateral Dspersion Paraneter o
As noted in FEquation (2-36), lateral dispersion is paraneterized by the
downwind distance, the dimensionless function (fy). and the horizontal
turbulence intensity (iy). Several studies of fy(x) have been published,
including those by Irwn (19831, Briggs (19731, CQaner (19641 and Draxler
(19761.  Irwin (1983) of the US EPA reconmends the Draxler fy formulation of

£,0¢) = (1 + 0.9 (x/1000 w3yt (2-38)

where x is in meters and u is in ms. In order to nmake the QD nodel
consistent wth observations of oy (Heffter, 19651 at nmesoscale distances, f
evaluated at 10 km is used in the nodel for x greater than 10 km  The
original OO nodel used the Briggs (1973) formulation for fY‘ but  recent

studies have shown that Equation (2-38) provides better agreement wth
overwater data (Hanna and DiCristofaro, 1988l

Y
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2.5.2 \Vertical Dspersion Paraneter c,

In the absence of wvertical profiles of tracer concentration, formilas for
¢, cannot be directly evaluated. Their evaluation is wusually conducted
inplicitly through analysis of observed ground level concentration patterns.
However, in this case, other parameters such as the plune rise and the mxing
depth also strongly influence the ground level concentration but are not
usually observed directly. The authors know of no offshore or coastal
experiments in which all of these parameters have been observed.

For overland sources, the Briggs (1973) £, formilation as a function of
overland stability has been adopted for the OO nodel:

Pasquill  Stability Type f_(x)
A and B 1
c (1 + 0.,0002 x)~172
D (1 + 0.0015 x)~1/2
E and F (1 + 0.0003 x) .

For overwater sources, the Briggs (1973) £, formulation as a function of
overwater stability class with the correction that Briggs' £, curve for class
D is used for overwater classes A° B, C and D are:

Pasquill  Stability Type fz(x)
A B C and D (1 + 0.0015 x)~1/2
E and F .. (1+00003 x)!

These formulas for £, are based upon observations from wdely scattered data
bases over land, and have not yet been thoroughly evaluated over water. These
formilas wll be retained in the OD nodel wuntil direct plunme observations are
avail abl e. The leading coefficient for c, IS i, as derived from
site-specific measurenments.  Methods of estimating the stability category are
discussed further in Section 2.6.

2-21



PER

e

)

)

The OCD model uses a special formulation for T4 for very stable
conditions because of frequent observations of high concentrations near
shorelines during periods when warm air is advected over cold water surfaces.
The very stable formula is triggered in the O nodel when the observed de/dz
in the lowest 100 m of the marine boundary layer is greater than or equal to
0.04°C/m. This "trigger" for stability class G is changed from 0.05°C/m in
ocp/3. This change provides better agreement wth data from very stable
conditions at the seven experiment sites analyzed by Hanna et al. (1984). |t
was found that several of the hourly observed des/dz values ranged from 0.04 to
0.05°C/m, and if the trigger was shifted slightly, many nore data would fall
into class G \Vertical dispersion was observed to be very slight for those
runs.  This criterion is also used by the MNiuclear Regulatory Commssion to
define their stability class G  The followng formula is used for f, in these
conditions (Strimaitis et al., 1983L

£,=(1+s72 x/0. 32u) 2. (2-39)

where the constant, 0.32, has been shown to provide a best fit to a set of EPA
observations during stable conditions at Gnder Cone Butte, Idaho. In

addition, it is necessary to set the vertical turbulence intensity, 1, equal

to its theoretical value as conputed wthin the nodel (Section 2.6.6), 0.02,

during these extreme stabilities, since observations of i, are highly
uncertain.

h the basis of analyses of ground level concentrations, the follow ng
QD wvertical dispersion procedures are used:

. The wuse of overland or overwater observed vertical turbul ence
intensity, L, is not recommended, since experience by a wide
variety of wusers (e.g., Dugway Proving Qound and Hectric Power
Research Institute) has shown that these data are highly uncertain
(especially for stable conditions). The option to use observed
val ues of i is still retained in the nodel, in case instruments
becone more reliable in the future.
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The default value of overwater 12 for neutral and unstable
conditions is assumed to equal (0.2 m/s)/u(m/s), which is the nedian
value of 12 observed at the Carpinteria field experinent for those
stabilities.

The stability class D £, formila is used for overwater dispersion if
the overwater stability class equals A B C or D This assunption
reflects the fact that wvertical dispersion is less intense over

water than land, and can be approximated by the vertical shape

factor appropriate for neutral conditions (Hanna and DiCristofaro,
1988).

The “"trigger" for stability class G is dés/dz > to 0.04°C/m.

vertical dispersion procedures nake sense based on an understanding

of the nmeteorological data and of the basic scientific principles of vertical

turbul ence

and dispersion. However, as pointed out earlier, the vertical term

in the dispersion equation also involves the mxing depth, the plune

el evati on,

and fumgation rate. If vertical data from field experinments

becone available, the algorithms can be tested and possibly further inproved.

2.5.3

Dspersion Paraneters at Land/Sea Interface

A the land/sea interface, where stabilities and turbulence intensities

my change,

the new dispersion rates are accounted for by neans of a virtual

source.  This calculation is perforned in the followng steps:

1)

2)

The values of oy and v, due to overwater dispersion and calculated
at the land/water or TIBL interface are denoted as °yB and L |
a source is not located in the narine environment, these values are

set to zero.

The overland formulations for y and o, are determned on the basis
of the stability class and the availability of turbulence intensity
data. The formulations can be based wupon turbulence intensity data
(Equations (2-36) and (2-37)) or upon the Pasquill-Gfford curves

These formulations all vyield o, and c, a8 a function of x. To find
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-the wvirtual distances for ’yB and B the equations are inverted to
solve'for x. The solutions for virtual distances are conputed

separately for ¢

VB and o,

B

3) The QD nodel simulates a source located at a virtual distance, x_,
upwind from the land/sea interface. A different value of X, is used
for calculation of overland ¢ than is used for calculation of .
Plume dispersion from the virtual source locations is then similated
with overland oy and . equations, which yield results consistent

with ¢ o and e at the land/sea interface.
yB zB

2.6 Calculation of the Boundary Layer Qver \éter

Turbulence intensities and stability stratification are estimated from
observations and from theoretical results for the overwater surface boundary

layer. If available, observed turbulence intensities can be substituted
directly into Egquations (2-36) and (2-37). As stated earlier, only observed
val ues of iy are recomended for use when running the QD nodel. Otherw se

turbulence intensities can be estimated wthin the nodel from bulk aerodynamc
principles and boundary layer formulas using observations of u, T, RH and Ts.
Boundary layer formulas are also used to estimate stability classes in order

to define fz(x) and to define inputs for the coastal funmgation nodule. The

following sections describe the details of the QO boundary |ayer

paranet eri zations.

2.6.1 Humdity

The humdity is expressed in terns of the mass ratio of water vapor to
dry air, referred to as the mi')"c:ing' ratio, w The relative humdity at the
water surface is assumed to be 100% The mxing ratio, w is usually not
observed directly but can be conputed from the following formlas:

w = 0622 e/(p-e) (2-40 )

e=RH ¢« e
s

where e is the water vapor partial pressure (mb),
p is the total atnospheric pressure (assuned to be 1000 mb),
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w is the mxing ratio, and
es is the saturation water vapor pressure.

An enpirical equation for e, was developed by Lowe (19771 for the specific
purpose of conputer applications:

eg =@_ 7 T(a1 + T(a2 + T(ay + T(a44+ T(ag + a,T))))) (2-41)
wher e ag = 6.107799961 nb
a, = 4436518521 x 107" mb/°K
a, = 1.428045805 X 1072 mb/°k?
a, = 2.650648471 X 1072 mp/ k3
a, = 3.03124039 X 107® mb/°k?
ag = 2034080948 x 1078 mb/°K°
a, = 6136820029 x 10" b/ k8
°C.

[t is assunmed that T is in@)and eg is in nb.

If the wet bulb tenperature T _is reported rather than relative hunidity,
the followng equation suggested by Hess (19591 is wused to estimate the mxing

ratio:

C
P
- (T-T.)
w(T) = Ws (Tw)- Lh "
C . : (2-42)
1 + BY (T-Tw)

I..h

where the latent heat L, (cal'/'é'i equal s 593 - 0.566T for T in degrees C in the
range from 0°c to 100°c, the specific heat cp equal s 0.240 cal/g°c, and va
equals 0.441 cal/g’C. The paraneter w (T ) is the value of the saturation
mxing ratio at tenperature T,

2.6.2  \Mirtual Tenperature

The equation of state for noist air, an ideal gas, can be expressed in
terns of the dry air gas constant by defining a new tenperature denoted as the
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"virtual". tenperature:
T, = (1 +0.61 w)T, (2-43)

Ty = (1 + 0.61 w)T . (2-44)

In these equations, the mxing ratio is used to approxinate specific humdity.
The virtual tenperature is the tenperature that dry air would have if its
pressure and volume were equal to those of a given sanple of noist air. The
use of the wvirtual tenperature in the QD formulation accounts for the effects
of noisture while retaining the common application of the equation of state
for dry air and its associated constants. In many of our equations the
virtual potential tenperature, 6, is used, approxinated by e, =T, +0.0lz
where tenperature is in °K and height in meters.

2.6.3 Drag Coefficient and Bulk Transfer Coefficient for Heat

The concept of the "drag coefficient" becones inportant in quantifying
the transfer (flux) of heat and nomentum within the surface layer of the
at msphere. These fluxes are then used to determne profiles of wnd speed
and tenperature in the surface layer. The drag coefficient, o is defined as
the ratio of the nomentum flux to the kinetic energy of the atmosphere:

wrd® (2-45)

1]

C
u

* where u is normally neasured at a 'height of 10 m The neutral nomentum drag

coefficient, CUN' over water is observed to depend upon the 10 m wnd speed as
follows (Garratt, 19771,

C. = (0.75 + 0.067 w) * 10°° (2-46)

uN

where u is in ms.
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The bulk-transfer coefficient for heat, Crs is defined by using the
ratio of the heat flux to the product of u and (TS_T),

CT = w'T'/[u(es -90)], (2-47)

where u and @ are observed at a height of 10 m The enpirical relation used

for cp for nearly-neutral conditions is Cpy = 1.3 x 10°%, where the subscript
N refers to neutral conditions. (bservations show that C is not a function

N
of wind speed.

2.6.4 Calculation of the Mnin-Coukhov Length

Determnation of the Mnin-Coukhov length L requires wnd, tenperature,
and humdity observations. The Monin-Coukhov length, defined as

L = (u>/0.2)/(-gw T7/T), (2-48)

my be witten in drag coefficient form by conbining Equation (2-48) with

Equations (2-46) and (2-47) such that,

_ 3/2 2 - 2-49 )
L = (cuN u /0.4)/(gcTN ((av evs)/ev) : (

Wth substitution of constants for g and Crne this equation can be
approxi mted as:

-V u (2-50)
L 36 -6

where L is in meters, u is in ms, and @ is in ‘K. This relation is
valid only if wnd and tenperature observations are taken at the 10-m height.
A general procedure used to estimate L given observations at an arbitrary

hei ght z, involves several steps including an iteration:
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1) Estimate the 10-m wnd speed using a scaling factor representative
of neutral conditions and a typical z, val ue of 10'4 m by neans of
Equation (2-53) in the next subsection:

_ 11.51
u(lO m) - u(zl) (ln z ¥ 0. 21) (2-51)

1

2) Smlarly, the tenperature profile is obtained from
Equation (2-54):

11,51
FU.2T) (2-52)

ev(lo m) - 8, ~ (Bv(zl) - evs) I zZ,

3) e Eguation (2-49) to calculate L.
41 Wse FEquation (2-e66) to calculate z,

5) Reconpute u, and e, using L conputed in step 3 and z conput ed
in step 4.

6) Reconpute u (10 m) and e (10 m) using the new u, and e,.

71 Iterate through entire procedure again resulting in new nore
accurate values for L, wu, and @, until the desired precision is
obt ai ned.

For low values of |L|, the above procedures lead to exceptionally strong
vertical potential tenperature gradient values. Such values are confined by
theory to a very shallow layer roughly equal to L Conditions in such a
shal low layer, often less than 10 m in depth, are not representative of
heights for which typical offshore pollutant releases wll occur.

Consequently the formulas should not be extrapolated to stack height during
hours when |L} is less than about 5 m In the QD nodel arbitrary limtations
are inposed on the possible values of L: positive values below 5 neters are
set to 5 meters, and negative values between -5 neters and zero are set to -5
meters.  Qherwise, the boundary layer formulas would lead to wunrealistic
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predictions at. stack height. L is small and negative (about -10 m) on
strongly convective days, about -100 m on wndy days wth sone solar heating,
and approaches infinity in purely nechanical turbulence. A night, wth
dowwmerd heat flux, L is positive and small in light-wind stable conditions
(Panofsky and Dutton, 1984).

2.6.5 Wnd and Tenperature Profiles

Wnd and tenperature profiles in the overwater boundary layer are nodeled
using the surface fluxes ui and u,e, calculated from the bulk aerodynamc
nethods discussed above. Schacher et al. (1982) report that, on the basis of
several years of wverification, this nethod appears valid for determning
surface layer fluxes over water. These formulas replace the assunptions
concerning wnd speed profile power laws and vertical potential tenperature
gradients found in MPTER. The discrete, sSix-class stability system is
replaced in the QD nodel by the continuous variable L.

Relationships for wnd speed and the air-sea tenperature difference as a
function of height are given by:

u .
u = f; [ln ;— - Wu [ ﬂ] , (2-53)
0
_ ev* z
ev-evs = 0.74 —:—4— [ln 'z—o- - \I’e [fl y (2-54)

where 0.4 is the von Karman constant and z, is the roughness length (Lo and
McBean, 19781. These expressions are obtained by integration of the follow ng
differential equations:

qw_ (e (255
dz .4z "u |L *

de ) ev, s 2 (2-56)
dz =~ T4z Ye |\L] -
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The paraneter=@, is the virtual potential tenperature at height z. The
di nensi onl ess functions Wu, \Ite, ¢u, and ¢'e are defined bel ow The scaling
tenperature 0 . is equal to the heat and noisture flux (87w’) divided by -u,.

The stability of the atmospheric narine boundary layer is primarily
determned by the anount of sensible and latent heat released to the
atnosphere from the water surface. The scaling virtual tenperature, 8 x: and
the friction velocity, u,, are the two nost inportant parameters for
quantification of the atnospheric turbulence in the boundary layer. These two
paraneters can be conbined to calculate the Mnin-Cbukhov length, L, in terns
of u,and @_,:

L = 9Vu,2/o. 486, . (2-57)

The dimensionl ess functions ‘Ifu, \Ile. ¢u, and ¢9 are defined as follows
(Businger, 1973):

z] _ _ -1/4 z _
4 [E] = (1-15 z/L] Z <0 (2-58)
=1+ 47 7/L §_>_o (2-59)
z _ -1/72 2
% [t] = 0.74 [1—9 z/L] Z <0 (2-60)
= 0.74 [1 + 6.5 z/L] %g 0 (2-61)
v [t <0 =21 Ty 1 1n 1+¢“—2 —2tan i L1+ T (2-62)
u |T n an ¢, 2
z —3 —
¥, [t] >0 =-4.7 z/L (2-63)
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1+ 4’9_1

—_— (2-64)
I
Yo 0r2 <0 2 1n 2 1

z — - —
v [E] >0 =-6.52/L (2-65)

The “roughness length" z_ s defined at the height at which the wnd
speed goes to zero when it is linearly extrapolated in a graph in which
observed u is plotted versus &n z. In OD it is calculated from

-6 2.5

zo(m) =2.0x 10 Ui

(m/s), (2-66)

a formula derived by Hosker (19741 to represent the effective roughness |ength
of a deep-water surface as a function of a 10-m wnd speed.

2.6.6° Calculation of Turbulence Intensities and Wnd Speed at Stack Top

[f it is not measured directly, the wnd speed at stack-top height is
calculated from the boundary layer profile equations listed above. Suppose
the wind speed is observed at height z,. The value of w,, the friction
velocity, is calculated from Equation (2-53) after L has been determ ned.
Equation (2-53) is then used to conpute the wnd speed at the release height
Z, recognizing that this procedure is valid only if z, IS not mch greater
than |L[. If =z, is greater than L, then the wnd speed at z, is assumed to
equal the wnd speed at L.

If turbulence intensity observations are not available, then iy and i
are calculated for the release height from formilas suggested by Hanna (1981)

o u,F (z,7L)
i = V. tyi (2-67)
vy~ a U

o u,F _(z/L)
W Tz (2-68)
z°- 0 U
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FY = 17 L >0 u»> 10 nis (Neutral) (2-69)
FY = (4.9-0.5 zi/L)l/B L ¢ 0 (Unstablel (2-70)
F,= 13 L > 0 (Stable/Neutral) (2-71)
F,= 13 (1-3 z71)1° L < 0 (lhstable) (2-72)

The paraneter z is the mxing depth, which is observed to average about
500 m over water (see Appendix C). The leading constant, 4.9, in Equation
(2-70) is different from that recommended by Panofsky et al. (1977), but is
used so that Fy given by FEquation (2-70) approaches 1.7 as L approaches
zero. The variation of Fy and F, with L during unstable conditions in
Equations (2-70) and (2-72) follows recormendations of Panofsky et al. (1977)
directly.

The special case of stable light-wind conditions is not included in
Equations (2-69) through (2-72) because experience has shown (Hanna, 19831
that iY is observed to be much larger than predicted by boundary layer theory
under these conditions. This increase in iy Is caused by neandering

nesoscale  eddies.

Based on an analysis of wnd speed and lateral turbulence data from RV
Acania (see Figure 2-2), Hanna et al. (1985) found that o, # 0.5 nis provided
a best fit to the data (with much scatter). They also found that o =~ 0.18
ms provided a lower bound to the data points. The o, = 0.5 nis relation has
been verified at a nunber of other sites (e.g., Huna (1983) demonstrated its
validity at Gnder Cone Butte, Idaho). Consequently, this relation was built
into the default formula for iY in the OCD/3 nodel.

Recent analyses of the field data from several coastal tracer
experinments (Ventura Fall and Wnter, Pismo Beach Sumer and Wnter, Caneron
Surmer and Wnter, and Carpinteria SF., CF.Br and Fumgation) suggest that
the o, = 0.5 nis relation may be valid, on the average, but is not
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sufficiently conservative to capture the set of worst case conditions for air
quality. In order to provide a better-estimate of the default o, for
worst-case air quality conditions, the neteorological data from the highest
four observed concentration hours at each of the above field experinents were
analyzed.  The nedian o, Was found to be 0.37 mis for these hours. The [|owest
concentrations observed during these experiments were also examned, for which
the nedian o, Was found to be 0.77 nmis. It can be concluded that the observed
concentrations are correlated wth the observed ¢, and that if an air quality
nodel S required to nore accurately simulate the highest concentrations, then

a default o, = 0.37 ms or iY: . 37/u where u is in nms should be used in the
model. The formula is limted to conditions with wnd speed less than

8 m/s, since the data for u > 8 ms in the figure suggest that iY or oy IS
constant with a value of about 0.05 at high wind speeds. In the nodel, the

naxi mim iY predicted by the two equations (.37/u or (u,/u) Fy) IS used, in
order to assure that there are no discontinuities in iy

If turbulence intensity neasurements are taken at a height of z which is

not equal to the release height z,, then the observations are scaled to z
using the theoretical ratio of the wnd speeds at the two heights:

2

IY(22) = iy(zl) u(zl)/u(zz) (2-73)
u(z,) i} In(z,sz ) _ ¥, (z,/L) (2-70)
u(zz) ln(zz/zo) - \Ilu(zz/L)
and it is assuned that o is constant. From Equation (2-74), with u,
constant, it can be shown that the followng formula can be used to
extrapol ate i:
12(22) = 12(21)(u(zl)/u(zz))(Fz(zz/L)/Fz(zl/L)), (2-75)

where F, relationships are obtained from Equations (2-69) to (2-72). These
formulas are all built into the O nodel.
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2.6.7 Determnation of Stability dass

In order to specify overwater fz(x) in Eguation (2-39) and to trigger
stable plume rise formulas and coastline fumgation, it 1is necessary to
estimte the overwater stability class followng a classification scheme
simlar to the Pasquill-Gfford-Turner schene in EPA nodels. older's (1972)
nmethods are wused, in which roughness length z, and Monin-Coukhov length L are
used to estimate stability class followng the boundary layer formulas given
above.  For z, in the range from 10'4 to 10°m (corresponding to the typical
overwater 5 nmis to 10 nmis wnd speeds), the followng relations are valid:

Stability
Cl ass
-10m <L < Om B
-25m<L<-10m C
IL] > 25 m D
10 <L <25m E
0<KL<10m F
Note that L nust include virtual tenperature in this procedure. In practice,

the OD nodel will replace any calculated |L| whose nagnitude is less than 5 m
with a value of -5 mor 5 m depending upon the sign of L, since the profile
Equations (2-53) and (2-54) wll produce unreasonable wnd and tenperature
profiles as L approaches zero. This procedure is followed in order to avoid
erroneous wnd and tenperature profiles during extrene stabilities. L is also
used to calculate the overwater vertical potential tenperature gradient
(desdz) if the input value of desdz is unstable or if there are no observed
values, using the followng formilation:

desdz = 0 for L =0
de/dz = 12.037 e,/L for L > 5
desdz = 0.05 for L =5

A very stable condition is also defined which is triggered by dersdz
greater than or egual to 4°C/100 m a value which occurs only with advection
of warm air over a cold water surface. These extreme stabilities cause o, to
be very small, as described in Section 2.5.
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2.7 Changes in Pume Dspersion Over Land

Turbulence intensities over water and land are probably different at any
given tine, due to differences in underlying surface roughnessand surface
heating. For exanple, Sethuraman et al. (1982) found that turbul ence
intensities increased from 0.05 to 0.30 as the air passed from the ocean over
Long Island on a summer afternoon. Therefore, the QD nodel permts the rate
of plune dispersion to change as the plume crosses the internal boundary |ayer
generated at the shoreline.

For non-fumgation conditions, the overland oy and c, val ues are
determned wusing either

a) Daxler (for e ) and Pasquill-Gfford (for oz) curves, based upon
the overland stability class, or

b) on-site 1y and iz values, from which oy and o, are derived. The
values of i, and iz at stack-top height (22) are derived from
observations at height z, by multiplying by a scaling factor
assumng near-neutral  conditions:
in (zl/zo)/ln(zz/zo).

If mssing, overland values of i, are defaulted to Briggs’ (19731 rural i, as
function of stability. The transition between overwater and overland
dispersion is handled by a virtual source technique, described in Section 2.5.
The exact location of the land/water transition depends upon the shape of a
sloping internal boundary layer, as pictured schematically in Figure 2-3 for a
fumgation exanple. Fumigatiam will occur if the followng conditions are met
(assumng that flow is onshore):

. overwater stability class is E or greater;
overland stability class is A B or C

The overland friction velocity can be calculated from Equation (2-53),
given a user-specified value of z and an estinmated value of the overland
Moni n- Coukhov  length L. The overland value of L is obtained from Colder's
(1972) graph, which has been sinplified for the OXD nodel as shown in Table
2-5.
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2-3.

[lTustration of the shoreline fumgation situation: a conpact
snmoke plume from a stack at effective height H_ drifts above a
shal low boundary layer over water. Its intercgption by the mxed
| ayer over heated ground does not conmence until h (y..) .= H
and is not conpleted aloft until a distance X.- ’fyur?her. A
sketch of the dinensionless surface concentrafiof along the
fumgant axis, C(0.0) as a function of x is show below the
internal boundary layer (Deardorff and WIlis, 19821
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TABLE ' 2-5

REPRESENTATIVE VALLES CGF THE OVERLAND

- MON N CBKKHOV LENGTH L (m) (FROM QLDER 19721
Stability Surface Roughness Length, m
- Class 0.003 0.003-0. 03 0.03-0.3 >0.
A -4, -6. -8. -10.
B -8, -10. - 16. - 20.
C 15, .25, =50, -100.
D 9999. 9999. 9999. 9999.
E 15. 25. 50. 100.
F 5. 10. 15. 20,
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2.7.1 Thermal Internal Boundary Layer (TIBL)

Stunder and Sethuraman (1985) have tested several theoretical and
enpirical formulas for the TIBL height, and Venkatram (1986) has presented a
physical framework for the description of the TIBL height, hy. He suggested
a generalized theoretical equation for hp, but pointed out that nmore work is
needed to better define the paraneters in the equation. The underlying
physical principle is that the heat added to the boundary layer as it flows
over the land is used to warm the air and form an adiabatic layer at the base
of the initial stable overwater tenperature profile. However, it is
difficult to estimte the nagnitude of the surface heat flux. Data on the
overwater tenperature profile are hardly ever available.

In the original developnent of the OCD/3 model in 1983, a search was
conducted for an equation for by that would be theoretically correct, would
agree wth available data, and would be capable of producing reasonable
predictions for all hours of the year. Like the EPA regulatory nodels, the
0D nodel was intended to be applied to a year or nore of hourly data.

Several of the formulas mentioned by Stunder and Sethuraman (1985) tended to
produce reasonable results for a limted range of conditions, but tended to
"blow up" (i.e., produce very small or very large values of h.r] during sone
hours.  For exanple, if the overwater potential tenperature gradient
approaches zero, the TIBL height prediction becones very large. Smlarly, if
the overland sensible heat flux is small, the TIBL height prediction is very
smll. It was concluded that these nodels were not robust, since they
permtted large variations in the value of h.. and were quite sensitive to
uncertainties in input parameters such as the overwater potential tenperature
gradient.

It was discovered during the course of that investigation that many of
the available data could be fit by a nodel that permts no variation in hy
with neteorological conditions at a given dowwmind distance. The O nodel
uses the followng enpirical formulas for the TIBL height:

0.1x (x < 2000 m) (2-76)

Py

=2
1

200 + 0.03 (x-20001 (x > 2000 m) (2-77)
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where x is the distance inland from the shoreline.

Mre recent data from Australia (Rayner, 1987) further justify this TIBL
height  assunption, as shown in Figure 2-4, which sumarizes data from three
coastal experiments at wdely scattered locations:

Long Island, NY (BNL) Raynor et al. (1979)
Lake Erie, tario (Nanticoke) Kerman et al. (1982)
Bunbury, Australia Rayner (19871
Further discussions of these results are given in Hanna (19881 [t is seen

that the robust nodel given by FEquations (2-76) and (2-77) passes through the
mddle of the data, and that nost of the data are wthin a factor of two of
the prediction. The new Australian data are in very good agreement (+ 20%
with the curve at distances ranging from 1 to 14 km The data from the BN\
BL6 experinent are consistently a factor of tw above the predicted curve, but
are said to be associated wth vigorous convection over Long Island (Raynor et
al., 1979). Perhaps a future nodification to this curve could account for the
slight variability of by with intensity of overland convection or wth wnd
speed.

There are no observations of TIBL height over coastal areas wth conplex
terrain. (Consequently, there are no observational or theoretical

justifications for any conplex assunptions concerning the TIBL height. In the
OCbh/4 nodel, the sinplest assunption is nade that the TIBL is terrain
followng, i.e., the TIBL height above the local terrain at a given distance

inland equals that over flat terrain at the same distance inland.

It is also possible that .narine air with a neutral or unstable
stratification can flow onto the land on a clear night, resulting in a stable
layer that develops at the surface. A the base of this stable layer is a
mxed layer that begins at the shoreline and deepens wth increasing distance
inland.  The depth h of this mxed layer wll approach a constant value
derived by Zlitinkevich (19751,

h= 04 (uLs)/? (2-78)
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where f is the Coriolis parameter (f = 2Q sin (latitudel and Q@ is the angular

velocity of the earth's rotation). The paraneters u, and L refer to the

overland boundary layer. Therefore, for stable conditions over land the

stable internal boundary layer (SIBL) is capped at the height defined by

- Equation (2-78), such that hy = min(hT. h). As the plume travels into the
stable layer above the land surface, the overland dispersion wll decrease.

2.7.2 Fumgation
The ocCcD/3 nodel contains two alternative methods for calculating
fumogation (i.e., vertical dispersion after the plume passes through the
= TIBL); one nethod involves the Deardorff and WIIlis (19821 fumgation
algorithm which is based on observations of mxed layer growth in a
|aboratory convection tank. After testing this enpirical algorithm in
several specific real-world applications, it was discovered that the TIBL
slopes for which the model was derived were wusually less than those that
would occur in nost coastal areas. Consequently the QD (Version 4) nodel
elimnates this option.

The other alternative nethod for calculating fumgation in the QD
oo nmdel is a virtual source method, where the vertical dispersion over |and
proceeds as if the atnosphere is unstable. But a virtual source distance is
calculated as the distance upwind from the point of TIBL intersection where
the source would be if an unstable dispersion rate were present in the
overwater atnosphere, and o, had its given value at the point of TIBL
I ntersection.

The nmodel currently uses the naxinmum of concentrations predicted by (1)
the Turner (1969) conplete vertical mxi ng assunption and (2) the QD virtual
source assunption.  This procedure involving the maxima is necessary for plune
sources near the ground, where vertical plune growh in the overland boundary
- layer is governed by anbient turbulence rather than TIBL growh (see Figure
2-5). The point at which a plume enters the TIBL, which is inportant for
defining the transition from overwater dispersion to overland dispersion,
followns a straight-line path from source to receptor (see Figure 2-6). The
Turner formula assunes that after the plume centerline intersects the TIBL it
is uniformy mxed vertically between the surface and the mxing depth hT'
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The EPA's Shoreline Dispersion Mdel (PEI, 19881 was tested as a
candidate for use as an QD fumgation algorithm but it was discovered that
it was not applicable to sources wth small buoyancy fluxes.

2.8 Overland Mxing Height

Mst coastal regions wll show a conplex variation of mxing depth, wth
different values well out to sea and well inland, and a sloping interface
|layer (TIBL) near the coastline. There are several assunptions that nust be
made in the nodel regarding the effective mxing depth for the plume as it
passes through this conplex region. Snce the OCD/3 nodel contained a conplex
and scientifically wunproven nethod to account for the variation of mxing
depth in conplex terrain, some changes to the code were made.  These changes
are made to correct logical errors and are not justified by any observations.
It is noted that the mxing depth, h, IS a very inportant factor in
determning the ground level concentration, since the concentration approaches
an inverse proportionality to h ~as mxing proceeds.

Some of the factors inportant to this problem are shown schenatically in
Figure 2-7. First consider the plune while it is still overwater:

(a) | f H,>h, then vertical mxing is assumed to be unlimted

(b) | f H,<h, then vertical mxing is assumed to be capped or
limted by h,

wher e H is the effective plume height and h_ is the mrine mxing depth.
The wunlimted mxing assunption in part (a) generally has little effect,
since the atnosphere is stable-at that elevation and vertical mxing of the
plume by turbulence is mninal.

Wien the plume cones onshore during conditions when the overland
stability class is stable, unlinmted vertica mxing is assumed. If the
overland stability is unstable or neutral, and if the plume centerline
trajectory intersects the TIBL (whose height is referred to as hg), the mxing
depth (hm) is given by the maximum of the plume top at the point it enters the
TIBL and the TIBL height at the location of the receptor,
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a) Stable overland and H, > h -- UWlimted mxing is assumed, since the
the plume is always in stake air.

T

gReceptor
Zr
la ~
[~ X2 1
b) Not stable overland and H. << h -- Mxing is limted by either hy or
[ m
H 20 = Sx..
p+  z 1
H: Punme centerline height above water
hS: Marine nmixing depth
H': Plum@ centerline height above nean sea |evel
h?: TIBL height above terrain surface
z_: Recept or el evation
) s : Terrain slope
Figure 2-7. Schematic diagram of possible mxing depth scenarios.
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hm = nmax (Hp: + 2 c, (xl) -S Xy hT (xz)) ) (2-79)

The plume top is assuned to be located at an elevation of 20, above HP’
which is the plume centerline height above mean sea level. The paraneter X
is the distance from the shore to the point of TIBL interception by the plune
centerline, Xy is the distance from the shore to the receptor, and S is the
nmean slope of the terrain between the shore and the receptor (see Figure
2-7). Note that the plune height Hp is calculated for these conditions from

the fornulas

HP = 0.5 H + X for z > H (2-80)
H =H + 0.5 S for z_ < H (2-81)
P e r-= e

wher e z is the elevation of the receptor. It is assumed in Equations (2-80)

and (2-81) that the "half-height" correction applies over terrain, as wused in
the EPA's OOWLEX | and Il nodels.

The purpose of the "max" specification in FEquation (2-79) is to avoid
squeezing the plume wunrealistically into a shallow layer as it passes through
the TIBL, which would violate principles of mass conservation. The revised
formulation in OCDs/4 is an inprovement over the OCD/3 formulation, which did
not account for the plume path correction for terrain or the fact that mxing
is effectively unlimted if the plune is in a stable layer.

2.9 Pume Behavior Near Terrain (bstacles

Several conponents of the ocD model treatnent of i spersion over conpl ex
terrain have been nodified, and detailed discussions are given in the report
by Hanna and DiCristofaro (19881

2.9.1 Qitical Sreamine Height in Conplex Terrain

The OCD/3 nodel calculates the plume trajectory in conplex terrain in a

simlar nanner as the EPA nodels Valley and COMPLEX | and 1I, which enploy an
enpirical assunption for the lifting of the plune centerline. The standard
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option for PG _stability classes E and F similates the plune trajectory
calculated by the Valley (Burt, 1977) nodel. The Valley nodel (and the
QOWLEX nodel s1 assumes that, for stability classes E and F, the plume travels
toward nearby terrain wth no vertical deflection until the centerline of the
plume comes to within 10 m of the local terrain surface. Thereafter, the
centerline is deflected to maintain a stand-off distance of 10 m from the
terrain surface. For neutral or wunstable conditions, OOWLEX | and Il permt
different (noninpingenent) plune trajectory assunptions than the Valley nodel.
For stability classes A through D, the nodel allows the plune centerline to
rise over the terrain but at a height less than its initial height over flat
terrain. Its actual height at any point is conputed from its initial height,
the local terrain height, and a plume path coefficient (PPC).

The OCDs/4 version uses an inproved nethod to calculate deflection around
or over terrain. This procedure is not based on specific observations in
coastal zones but is taken from recent theories and observations of transport
over sinmple hill shapes. Mch theoretical, laboratory, and field research
over the past few years supports the use of the concept of the critical
streamine height (Snyder et al., 1985). dven the terrain height, H o the
wind speed, u, and the tenperature gradient at plume height, desdz, a critical

streamine height, H,, Is calculated:

_ _ 142 _
H, = H__ W ((g/T)desdaS (2-82a)
or H = H - u/N (2-82b)
c ter
where N is the Brunt-Vaisala frequency. If the initial plume elevation, H_,

I's bel ow H,, then no lifting of' t‘he plume is assumed to occur and the plume
path coefficient (PPC) equals ©0.The plune path coefficient (PPC), which
varies from 0.0 to 1.0, describes the relative anount of vertical deflection
of the plunme centerline by the terrain. Consequently, the plume experiences
no vertical deflection if PPCCQO and is "terrain followng" if PPC=1.0.

These paraneters are drawn in Figure 2-7. |If H, is above H,, then PPC equal s
0.5 and partial lifting of the plume occurs (see Figure Z-81.  This lifting is
calculated with respect to H, rather than wth respect to the ground surface
under HC.
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a) H < H: No vertical deflection of the plume (PPC = 0.0).

b) E = H: \ertical deflection of the plune, assuming PPC = 0.5
€ ‘referred to H.

Figure 2-8. Plume deflection near terrain, as assumed in the OD nodel.
H = plume elevation, H = hill height, H, = critical dividing
streamline height.
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If }Leoig the effective plunme height over the water, then the adjusted
plume height above local terrain (referred to msl), Ha’ is given by the
foll ow ng:

==}
1

a PPC .(Heo - HC) for H(x) > Heo {2-83)

==
[}

o = Hy, = (1-PPC)+(H(x) + H) for H(x) = H__ (2-84)
where H(x) is the local terrain height and PPC is the plume path coefficient.
[f the tenperature gradient, desdz, iS not available (i.e., H cannot be
calculated or N < 0), the nodel reverts to the followng assunptions:

PPC = 0.0 for overland stability classes E F, and G

PPC = 0.5 for overland stability classes A B C and D

These PPC conventions are simlar to default assunptions in the EPA UNAVAP
nodel s MPTER and OOWPLEX 1.

As with the Valley and OOWLEX nodels, OOD assunes that the plume travels
toward nearby terrain wth no vertical deflection until the centerline of the

plune comes to wthin Z i @ "mss distance” that is an input to the nodel.
Qurrently, EPA recommends setting Z in to 10 m Before running QXD in conplex
terrain, the local MW agency should be contacted for guidance in setting a
value for Zei

For those cases when the local terrain height is greater than the
effective plume height (H(x) > Heo) and the plume is released below H,, then
the nodel conservatively assumes that the plume stays a distance of Zin above
the hill surface. Receptors lacated above plumes flowng over large nountains
and receptors in the lee of ‘the terrain will conservatively have large
concentrations calculated. Users are cautioned when applying the OD nodel in

these situations.
2.9.2 Reflection in Conplex Terrain
The 0OCD/3 nodel contains the RIDM (ERT, 1982) algorithm for cal culating

reflection from the ground surface in conplex terrain. This procedure is
quite long since it contains nany nathematical procedures and is
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tine-consumng on the conputer. The revised OCD/4 nodel has greatly
sinplified this procedure by conpletely elimnating the old methodology and
replacing it wth a sinple but equivalent procedure from the EPA's TUPOS
program (Turner et al., 1986):

1) Calculate ground-level concentration C, with conplete reflection
using terrain height and plunme path correction factor (PPC) (i.e.,

PPC = 0.5 for classes A-D, PPC = 0 for classes E and F).

2) Calculate concentration c, with conplete reflection using the
Gaussian formula with flat terrain at the height rH,, wher e H, IS
the smaller of H, and H,-H_, and H, is the initial plume centerline

height above the ground surface upstream of the hill and H, is the

i
mxing depth. The factor r is given in TUPCS by the followng
formul as:

r =1 for crz/He =071
r = 201428 - 1.42857 (o /H ) for 0.71 < o /H, = 0.85
r = 2.925 - 2.5 (crz/He) for 0.85 < o /H, = 0.93
r =525 -50 (c_/H) for 0.93 < o_sH_ s 0.97

zZ e zZ e
r = 13.3333 (1 - o_s/H_) for 0.97 < o_./H < |

z € Z e

r =10 for wz/Hezl

3) Let concentration C = mn (Cl’ Cz)

The new procedure requires much less conputer time (by several orders of

magni t ude) . The purpose of both sets of procedures is to prevent the plunme
centerline concentration from increasing wth dowwnd distance due to
reflection from the ground surface. In nost terrain situations these

calculations result in a mnor correction to the basic dispersion formila.
2.10 QD Concentration Equation

2.10.1 Point  Sources

The QD concentration equation, based on the standard Gaussian diffusion
nmodel (Gifford, 19681, accounts for the miltiple eddy reflections from both

the ground and the stable layer (Bierly and Hewson, 1962, Turner, 1970):
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where z is the receptor height above ground |evel, h, is the effective plune
height, and zi is the mxing height. The first exponential term

;2
o exp[--zl— [ea. 9] ] makes use of a polar coordinate system where g’ is the
e
c
direction from the source to receptor, @ is the wnd direction, and q IS
- c
given by
= c
oy = 9 (2-86)

¢ 1+0.9(1/1000)2

where g is neasured at the source and T is the travel tine. Equation (2-86)

e represents the Draxler oy equation as formulated for a polar system

. The concentration equation presented in (2-85) is used for point, area,
and line source em sSsions.

2.10.2 Area Sources

For an area source (Figure 2-9a), the source region is approxinmated by
the user by a series of just touching circular areas (Figure 2-9b), such that
= the emssion rate in each area is Q. Each area source as approximated by an
effective circle wth radius, ri, is nodeled as a point source using Equation
- (2-85). The nmaximum nunber of circles that may be used is five. It is
recoomended that the diameter associated with the total area source be kept to
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Figure 2-9a.

Figure 2-9b.

| and

wat er

shorel i ne
Area Source
Overwater area source example.
| and
wat er
shoreline

Use of 5 effective circles to model an Overwater area source.
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10 km or less, A virtual source procedure with ¢~ ri/fz‘ is used to
calculate distance for the appropriate overwater stability class. Further
details of how a nodel run should be set up for an area source are presented
in Section 3.

The area source calculations from OD should be used for guidance
purposes only. This sinplified area source calculation does not account for
an area source such as an oil-spill fire which would vary in diameter and

surface tenperature through time. It also does not account for the
predomnant pollutant type of soot particulates and the fire-induced buoyancy
which differ from typical stack emssions. In order to nodel an oil-spill

fire, it is recommended that several OCD runs be made in screening node for a
variety of area source parameters and the results wused for guidance only.

2.10.3 Line Sources

The emssions from a line source or noving ship (Figure 2-10) are
represented as a series of point sources for N segments along the path of the
ship. The QD nodel autonmatically sets N to ten. As discussed in Section 3
in nore detail, the wuser is required to input the starting and ending X, vy
coordinates of the ship, the emssion rate (Q), the meteorology associated
with each segment, and the nunber of hours it takes the ship to travel from
start to end (NPER).

A virtual source procedure with

X - X
s = 1.5 %05 (2-87)

y V2

is used to calculate the virtual source distance. The concentration at each
receptor is represented by the sum of each concentration using Equation (2-85)
calculated for the mdpoint of each of the N line segments.

For line sources, the emssion rate input to the nodel is the sane for
each segment.  However, the concentrations nust be adjusted within the nodel
to account for time averaging. This is acconplished by adjusting the Iline
source emssion rate, such that:
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Qseg Q (NPER*60)/ (NSEGS*T) (2-88)
where t is the ocp averaging time or 60 mnutes, NPER is the number of hours
it takes the ship to travel from start to finish, and NEGS is the nunber of
segments. Therefore, Q for a line source segment taking into account the tine
averaging adjustment reduces to

Qgeg = Q (NPER/NSEGS) . (2-89 )

The representation of line sources in O has been developed only for use
in screening or worst-case nodeling analyses. The typical travel time of a
ship traveling from port to an offshore oil facility is less than 24 hours;
therefore, line sources can only be nodeled for a maxinmum of 24-hours using
OCD.  For line sources, the nodel is set up such that the user nust input the
meteorology for each line segment. Thus, since NSEGS is set to ten wthin the
model, the user nust supply ten "segment" inputs for overland and overwater
met eor ol ogy. If it takes the boat twenty hours to travel from the port to the
platform then each "segnent" of neteorology input to the nodel represents a
two-hour average. Likewse, the "segment" neteorology for a five-hour boat
trip represents 30-minute averages. Snce the line source option should only
be wused for screening nodeling purposes, it is reconmended that the overland
and overwater neteorology be kept the sane for all segnents wthin an QD run.
Separate OOD runs can then be made for different worst case (screening)
net eor ol ogi cal conditions. Before wusing OCD for regulatory permtting
applications, the local M5 agency should be contacted for guidance.
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3. UWERS  INSTRUCTIONS

Section 3.1 of this chapter presents a detailed discussion of the QD
model input stream  Section 3.2 contains a general discussion of the data
requirements of the O nodel including emssions data, receptor data,
overland and overwater neteorological data, and specifications of the Iand-sea
interface. Users preparing to nake an QD run should use Section 3.1 as the
primary guide for constructing the input run stream Henents  requiring
further explanation are discussed in Section 3.2, A discussion of the O
output files is presented in Section 3.3. Program nodification  suggestions
for other conputers are presented in Section 3.4 and job control
considerations are presented in Section 3.5, Finally, sanple QOO input and
output files for the test cases supplied with the nodel are presented in
Section 3.6.

3.1 OD Mdel Input Stream

The QD input run stream involves 16 groups of input paraneters. For any
particular run some of these groups may be omtted depending upon program
options selected. In any case, the groups are ordered sequentially from type
1 to type 16 followed by formats for hourly input data. Goups that nust be
presented are labeled "nmandatory" while those that are present depending upon
an option setting are labeled "conditional." They are discussed in detail
bel ow.

QD Qoups 1, 2, and 3: Title Lines (Mndatory)

The QD nodel reads 3 title lines to be used as page headers in the
printed output. These lines ate referred to as OOD Goups 1, 2, and 3. Up to
80 characters may be included in each line. The three header lines nust be
present, even if one or nore lines are to be left blank.

OCD Goup 4  Control Paraneters and Constants (Mandatory)
QD Qoup 4 consists of one line of control paraneters and constants

separated by spaces or commas, as defined by the order of variables |isted
bel ow:
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+ . starting year for this run (last 2 digits);

starting Julian day for this runm;

starting hour for this run;

nunber of averaging periods to be run;

nunber of hours in an averaging period (not to exceed 24);
- . pol lutant indicator (3 = S0,, 4 =TSP, § = NO_, 6 = GO 7 = blank)

nunber of significant point sources (O 25);

: a fifth averaging tine to be included in the high five tables
(other than 1, 3, 8 and 24 hours; an input of O wll not add a
fifth averaging period);
conversion factor that converts user horizontal length wunits (by
mitiplication] to kiloneters; and
conversion factor that converts wuser height wunits (by
mul tiplicationl to nmeters.

FrE

The pollutant indicator is only used for header labels. The nunber of
— significant point sources are only used for output purposes. For exanple, if
the user is nodeling three sources and only one is identified as a significant
source, then additional output wll only be produced for that one specified
source.

e

QD Goup s: Min Mdel Otions (Mandatory)

R In O Qoup 5, the main nodel options are specified on one input line
by means of a series of *“0" or "1" entries. For each option, a "1" neans to
- use an option, a "O" neans that the option is not used. The user must use

caution; some options are worded such that a "1" neans to delete printout or
not to activate a technical feature. The options, which are entered in free
. format, are described in Table 3-1.

otion 24 (IOPT(24)) indicates that a source is on land and that
the wnd speeds would not be nodified As is discussed in Section 3.2.4, if
the overwater wnd speed is not know, then the default wnd speed is a
nodified land wnd speed. For overland sources, the default wnd speed
= should not be modified. If there are mssing wnd speeds, QD should not be

run for both overland and water sources at the same tine. Separate runs
. should be made.
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TABLE 3-1

CONTENTS OF OCD GROUP S5%*: MAIN MODEL OPTIONS

Variable Description

10PT(1) Use terrain edjustmants

10PT(2) Do NOT use stack-tip downwash

10PT(3) Do NOT use gradual plum? rise

10PT(4) Use buoyancy-induced dispersion

10PT(5) Overland meteorological data is formatted
(group 16)

10PT(6) Read hourly emissions. Filename is "EMIS.DAT™

10PT(7) Specify significant  sources

10PT(8) Input radial distances, generate polar
coordinate receptors

10PT(9) DELETE emissions with height table

10PT(10) DELETE resultant meteorological data summary for
averaging period

I0PT(11) DELETE hourly contributions of significant sources

10PT(12) DELETE meteorological data on hourly contributions

10PT(13) DELETE case-study printout of plume transport and
dispersion on hourly contributions

10PT(14) DELETE hourly summary of receptor concentrations

10PT(15) DELETE meteorological data on hourly Summary

10PT(16) DELETE case-study printout of ptune transport and
dispersion on hourly summary

10PT(17) DELETE  averaging period contributions

10PT(18) DELETE averaging period Ssummary

I0PT(19) DELETE average concentrations and high-five table
for the entire run

10PT(20) Source  Type
0 = Point Source

1 = Area Source

2 = Line Source

10PT(21) CREATE summary output file called "EXTRA.OUT™

10PT(22) Urit_e,.hou('ly concentrations to disk or tape.
FEIename is "“CONC.BIN®

10PT(23) CREATE table of annual impact assessment from
non-permanent activities

10PT(24) Land Source (Do Not Wodify Wind Speed)

10PT(25) Specify pollutant decay rate via chemical
transformation

® 1 line, values entered in free format: 1 = use, 0 = do not use
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QD Group-6: .-Overland Wnd and Terrain Mandatoryl

0D Qoup 6 consists of one line that describes the overland anenometer
height, the surface roughness length, the mnimum mss distance, and the
latitude of the source region. These values are entered in free format, in the
order listed below

' overland anenoneter height (m;
surface roughness length (m);

mnimum mss distance for a plune above the ground at the receptor
location (m); and

latitude of source region (deg).
OCD Goup 7. Source Description (Mandatory)

0D Goup 7 includes up to three lines for each source, plus a final Iline
consisting of the delimter word “ENDP." Lines one and two are nandatory for
each source. If nodeling a line source (IOPT(20) = 2 of QOO group S), a
third line of data containing the x and y coordinates of the end point nust be
supplied before the line containing the delimter word "ENDP." Details of
format specifications for group 7 are given in Table 3-2. The source "ground"
level elevation should be the height above water level, which is not
necessarily at mean sea level elevation for inland bodies of water. This
elevation should be the height of a platform above the water for structures on
“stilts," For ships or other overwater structures in contact wth the water,
this elevation should be zero. Stack-top and building height are then
referenced relative to this base elevation for the source. Variable SOURCE(7,
NPT) is the stack inside diameter (m) for point or line sources and the
diameter (m) of a circle for area sources.

QD Goup 8: Specified Sgnificant  Sources (Conditional)

QD Goup 8 consists of one line and is used only if option 7 (specify
significant sources) in Qoup 5 is set to 1. A significant source is defined
as one for which a printout of its contribution to an hourly or averaging
period concentration is desired. The nunber of significant sources is
specified and the significant point source nunbers (obtained from the order
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Table 3-2

CONTENTS OF OCD GROUP 7*: SOURCE DESCRIPTION

Variable Description

LINE ONE: FORMAT(3A4)

RNAME 12-character point source name

LINE TWO: FREE FORMAT

SOURCE(1, NPT)

x

coordinate of point source, user units
coordinate of circle center for area source, user units
coordinate of starting point for line source, user units

szCE(Z, NPT) y coordinate of stack, user units
coordinate of circle center for area source, user units
y coordinate of starting point for line source, user units

SOURCE(3, NPT) pollutant emission rate (g/s)

SOURCE(4, NPT) height of building or obstacle at or near stack location {m}
relative to platform or water level, depending upon base
elevation specified below (ELP).

SOURCE(5, NPT)  height of stack-top {(m) above ground (if on land),
or above platform Level (if at see on Y“stijlts"), or above sea
level (if floating on the water)

o
SOURCE(6, NPT) stack gas temperature ( K)

SOURCE(7, NPT)  stack-top inside diameter (m) for point-or line sources
circle diameter (m) for area sources

SOURCE(8, NPT)  stack gas exit velocity (m/s)
SOURCE(9, NPT)  deviation of stack angle from the vertical (degrees)

ELP (NPT) elevation of"érourid, water, or platform base at stack location,
relative to the water surface (see text)

SOURCE(11, NPT) building width used to compute platform downwash (m)

LINE THREE: FREE FORMAT (FOR LINE SWRCES ONLY)

xSTOP, ysTOP x and y coordinates of ending point for line source, USER UNITS

*Up to three lines of data are input for each stack. The last card contains WENDPM
in colums 1-4.
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used in Group .7 Source Descriptionl are identified. The contents of the
source group are given in Table 3-3. The input data are free formatted.

OCD Goup 9: Overland Meteorological Data ldentifiers (Conditional)

QD Qoup 9 consists of one line and is required if overland
neteorological data are supplied in binary form (if option 5 (overland
neteorological data is formattedl in Goup 5 is set to Q). The followng
variables are specified in the order given, separated by spaces or comas:

1) surface station identifier code (5 digits),
21 year of surface data (2 digits),

31 upper air station identifier code (5 digits),
4) year of wupper air data (2 digits).

OCD Goup 10: Polar Coordinate Receptors (Conditional)

QD Goup 10 is wused to define ring distances for polar coordinate
receptors. It consists of one line and is required only if option 8 (polar
coordinate systenl in Goup 5 is set to 1. The line consists of the followng
information, with data itens separated by a conmma or a space in the order
speci fied:

. 5 radial distances (user units) for the rings (for fewer than 5
rings, use zeros after the distances desired to conplete the 5 input
val ues);

. x coordinate of the center of the concentric rings (user
coor di nat es); and

’ y coordinate of the center of the concentric rings (user
coor di nat es). .

To mnimze confusion, the ring distances should be specified in increasing
magni t ude.

OCD Goup 11: Polar Coordinate Receptor Hevations (Conditional)
QD Goup 11 consists of 36 lines and is used only if options 1 (use
terrain adjustnentsl and 8 (polar coordinates) in Qoup 5 (main nodel options)

are set to 1. (Qne line of data is input for each of 36 azimiths (separated by
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TABLE 3-3

CONTENTS OF OCD GROUP 8  SIGNFICANT  SORCES

Vari abl e

NPT

MPS(1)

MPS (NPT)

1]
1]

MPS (NPT)

Description

Number of  user-specified significant
point sources (I-251

Point source number of the first
significant point source

Point source nunber of the second
significant point source

Point source nunber of the [ast
significant point source

iAI | data are free formatted separated by blanks or commas.
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10°). For each azimith, the ground elevations for the receptors along that
radial are specified in user height units in the order that the ring distances
are specified in group 10 (polar coordinate receptors). The elevations should
be referenced from water level, which may not be sea level for inland bodies
of water. If all 5 rings are not used, zeros or blanks can be used for
elevations of the extra rings. The values to be entered for each azinuth
direction are described in Table 3-4. Al data entered per line are free
formtted.

OCD Goup 12: CQher Receptor Locations and End Delimter (Conditional)

Any polar coordinate receptors generated using OCD Goups 10 and 11 can
be supplemented by discrete (arbitrarily-placed) receptors described in QD
Goup 12. (ne line is wused for each receptor. The total of the polar
coordinate receptors and the arbitrarily-placed receptors cannot exceed 180.
After the last discrete receptor is specified (if any), a line containing the
end delimter "ENDR" nust be supplied. The format of this discrete receptor
information is shown in Table 3-5. Note that the receptor height (ZR) above
local ground level (i.e., flagpole receptor) and the terrain elevation toward
which the source to receptor is aligned (HTER) are in neters. Care should be
taken in selecting flagpole receptors such that ZR should not be greater than
plume height. The VDF subroutine which calculates the vertical distribution
function does not accurately account for flagpole receptor heights greater
than plume height. Specification of HIER nmust be made relative to a par-
ticular source. Thus, if two or nore offshore sources are a significant
distance apart, the sane value of HIER may not apply to each source depending
on the alignment. For such cases, in order to examne the effects of miltiple
sources, it may be necessary to make multiple runs, each with a different hill
height for the receptor or receptors of interest. The local M&S agency should
be contacted for advice.

OCD Goup 13: Special Qptions Concerning Additional Meteorological Data
(Mandat ory)

Code settings for the 9 special options concerning additional
neteorol ogical data are set on the one line of input that is referred to as
OCD Goup 13. In addition, the elevations of overwater anemoneter and
tenperature sensors are specified. See Table 3-6 for details.
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TABLE 3-4

CONTENTS OF OCD GROUP 11:
POLAR  OOCRDINATE  RECEPTCR  ELEVATI ONS*

o

. Variabl e Description
| DUM azimith indicator of receptor radial for

which elevations are given, 1-36
(e.g., 18 refers to receptors to the south)

ELRDUM(1) ground-level elevation (user height units)
- relative to the water surface at |ocation
of first receptor along the radial (order
of receptors along radial depends upon
the order of ring distances specified in

type 10)
ELRDUM(2) ground-level elevation (user height units)
relative to the water surface at |location
of second receptor along the radial
ground- | evel el evation
- L]
L]
ELRDUM(S)“ ground-level elevation (user height units)
relative to the water surface at |ocation
of the tenth receptor along the radial
*
Al data per line are free formatted separated by blanks or conmas.

A total of 36 lines are entered for this group.

*% . .
If 5 rings are not used, zeros can be entered for colums pertaining
to unused rings.
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Vari abl e

RNAVE
RREC

SREC

ZR

ELR

HTER

TABLE 3-5

CONTENTS OF OCD GROUP 12: DISCRETE RECEPTCR  LOCATI ONS*
For mat Col umms Descri ption
2A4 |-8 8-character receptor nane
F10.3 9-18 x-coordinate of receptor (user units)
F10. 3 19-28 y-coordinate of receptor (user units)
F10. 3 29- 38 receptor height above |ocal
ground level (m)
F10. 3 39-48 ground elevation relative to the
water surface at receptor |ocation
(user height units)
F10.3 49-58 terrain elevation toward which source
to receptor is aligned (used for H
calculationl (m)
¢ last receptor line (if any), an end delimter card nust be included wth
colums |-4.
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Option codes:

Variable
JOPT(I)

JOPT(Z)

JOPT(3)

JOPT(4)

JOPT(S)

JOPT(6)

JOPT(7)
JOPT(8)
JOPT(9)

HWANE

- HWT

TABLE 3-6

CONTECTS O 0D GROP 13: SPEOAL CPTIONS FCR
ADDITIONAL  METECROLOG CAL  DATA

not provided or do not use
provided, unless otherw se specified

— O

Descri ption

Overwater wnd direction provided
Overwater wind speed provided

Qverwater vertical potential tenperature data (°K/m) are
provi ded

Overwater humdity, specified as follows:
| relative humdity (%) is provided
2 wet bulb tenperature ( K) Is provided
3 dew point tenperature (°K) is provided

Overland horizontal and wvertical turbulence intensity data is
provi ded

VWater surface tenperature, specified as follows:

vater surface tenperature ( K) is provided
air mnus water tenperature (°K) is provided

1 =
2 =
Overwater wnd direction shear (degrees/nm) is provided
Overwater horizontal turbulence intensity data is provided
Overwater vertical turbulence intensity data is provided

Height above water Ilevel of overwater anenoneter

Height above water |evel of overwater air tenperature sensor

* e line only is included in this group, values are entered in free fornat
separated by commas or spaces.
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OCD Goup 14: Chemcal  Transformation Rates (Conditional)

OCD Group 14 consists of 2i nput linesandisindudedonl y if opti on 25
(specify pollutant decay rate via chemcal transformation) from QGoup S (main
model options) is set to 1. The first line contains the latitude, |ongitude,
and tinme zone of the site, separated by spaces or commas. The latitude and
longitude are expressed in degrees (including fraction) and are both positive
north of the equator and west of Geenwich, England. The time zone indicates
the nunber of hours that the tine standard used for the hourly data input is
behind GMI,  This nunber is positive in the United States (e.g., equals 5 for
Eastern Standard' Tinme).

The second line contains 12 nonthly climtological values of the
pol lutant decay rate (%hour) separated by spaces or comvas. The decay rate
used should be representative of daytinme hours; it is assuned to be zero at
ni ght.

OCD Goup 150 Shoreline  Geonetry  (Mandatory)

This mandatory OD Qoup 15 describing shoreline geometry consists of an
initial paraneter followed by one line per row of grid rectangles on the area
to be mapped. The last line contains the end delimter word "ENDS." Values
contained on the first line, in free format, are specified in the follow ng
order:

. x coordinate of the northwest corner of the napped area (user
units);
' y coordinate of the northwest corner of the napped area (user
units); S
. the number of grid rectangles along the x axis (map colums not to
.exceed 60);
. the nunber of grid rectangles along the y axis (map rows not to
exceed 60);
. the length of each grid Ax (user units) (See Section 3.2.5);
the length of each grid Ay (user units) (See Section 3.2.5);
. the mninum along wind width (user units) for a land or water body

to be considered significant; and
average distance from source to shoreline (user units).
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As discussed in Section 3.2.5 the average distance from the source to
the shoreline is only used to determne the range of acceptable values for Ax
and Ay. QOne only needs to determne whether the average distance is less than
or greater than 2 km

For each row of grid rectangles to be mapped, a line of input follows
starting at the top [north edge) of the mapped area. Starting in colum 1,
each input colum represents one grid rectangle, proceeding from left to
right. In each colum, an "L" signifies domnance by land, and a "W" is used
for water. A blank persists the previous significant character (either "“L" or
“W*) found to the left. The first character nust always be an "L" or "W.

For further details see Section 3.2.5.

After the last row of characters is specified, an end delimter line
containing "ENDS' in colums [|-4 must be included.

OCD Goup 16: CQverland Meteorology in Card-lmage Format  (Conditional)

QD Qoup 16 is included if option S (overland neteorological data is on
cards) in Goup 5 is set to 1.  ne line is included for each hour of
met eor ol 0gy. The data for each hour is entered in free format wth each value
separated from adjacent values by spaces or commas. The neteorological input
data are discussed in Section 2.1.3. The order of the hourly input data is as
fol I ows:

year,
Julian day,

hour,

overland stability class,

‘overland wnd speed (m/s),

overland anbient air tenperature (°KJ,

overland wnd direction (degrees from North, from which the wnd
blows ), and

overland nmixing height (m).
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Formats for Hourly Input Data

Hourly Overwater Meteorological Data (Mandatory)

Qverwater data are free formatted one line per hour as shown in Table
3-7.  Mssing values are denoted by a wuser-provided value of -999. However,
the OD nodel wll treat a value that is clearly out of range as mssing (see
Table 3-7) and wll use a substitute value. The choice of a substitute for
each neteorol ogical parameter is noted in Table 3-7. MNote that there are no
substitution values for overwater mxing height, overwater humdity, overwater

air tenperature, and surface water tenperature. If any of these paranmeters
have values outside the valid ranges listed in Table 3-7, execution of the
code will stop. If any of these values are mssing, the nodel wll stop,

producing an error nessage. The filename containing the hourly overwater
meteorol ogical data nust be "WMET.DAT."

Hourly Emssions Data (Conditional)

For each pollutant source specified in the OD input run stream one
emssions rate per hour may be input to the nodel if option 6 (read hourly
emssionsl of Goup 5 is set to 1. (One line of input should be provided for
each stack on an hourly basis, in the order that the stacks are listed in the
input run stream The filename containing the hourly emssions data nust be
"EMIS.DAT." FEach line is free formatted wth data separated by blanks or
coomas listed in the followng order:

Year,

Julian Day,

Hour ,

Pollutant emssion rate (g¢/s),
Stack gas exit velocity (m/s), and
Sack gas tenmperaturé” (" °K).

3.2 Data Requirenents

The data needs of the OOD nodel are more conplex than those of nost air
quality nodels, since neteorological data that are representative of both
overland and overwater conditions nust be provided. In addition, geographic
locations of land and water-covered areas must be input to QOO  Emssions and
receptor data specifications are relatively routine, although the user has the
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TABLE 3-7

QONTENTS O HORLY OVERMTER METECROLQGY AND
OERAND TURBULENCE DATA H LEf

Valid Data Range

Data H enent
Year
Julian Day
Hour

Wnd Drection (deg)

Wnd Speed (m/s)

Mxing Height (m)

Himdity (see JOPT(4) in Qoup 13)
Qverwater air tenperature (°K)

Surface water tenperature (see
JOPT(6) in Goup 13)

Vertical wnd direction shear
(deg/m)
OQverwater  turbulence intensity,
i component
y
Qverwater  turbulence intensity,
i conponent
4
Qverland  turbulence intensity,
i conponent
y
Qverland  turbulence intensity,
i_ conponent
z
Qverwater vertical potential
tenperature gradient (  K/m)

00-99

| - 366

| -24

| -360

I-99
|-10,000
0-100% RH
200- 330

260- 320

0-180

0.0-2.0

0.0-1.0

0.0-2.0

0.0-1.0

»
Al data are free formatted separated by spaces or

3-15

Substitute if Missing

Overland  val ue

Mdified overland value

Zero

Paraneterized (see Section 2)

Paraneterized (see Section 2)
Briggs (1973) rural default
def aul t

Briggs (1973) rural

Parameterized (see Section 2)

comas.
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option of-providing hourly emssions for input to OQOD. (he is able to nodel
point, area, or line sources wth the O nmodel. Users preparing to make an
QD run should use Section 3.1 as the primary guide for constructing the input
run stream In this section, elements requiring further explanation are

di scussed. The user can refer to this section as a reference for

trouble shooting.

3.2.1 Source Data

The point source information required by the OD nodel is the same as
that used in nost air quality dispersion nodels except for the followng input
variabl es: the stack angle from the vertical, the height of the stack top
above its base, and the height of the building at or near the stack location.
In sone situations on offshore platforns, stacks nay protrude from a building
at an angle that departs from the vertical. In such a case, monentum plune
rise is a function of the stack angle, but buoyancy rise is not affected. The
height of the stack top for a tilted stack is not specified in terns of the
stack length, but rather the height above the reference base height. For a
horizontal stack protruding from a building from an opening 15 neters above a
platform level, the stack top height would be 15 neters. The height of the
building itself is wused in building downwash calculations.

Miltiple sources can be handled by the O nodel, and the followng
information is required for each stack:

' The x and y coordinates of the point source, circle center for area
source, or starting location for line source (user units). The x and y
coordinates of the ending location for line source (user wunits). The QD
nodel limts line sources to one per nodel run.

' Pollutant emssion rate (g/s).

. Wdth and height of a building or simlar obstacle (m) at or near
the stack location. If on land, this value is the height of the top of
the building above base elevation. If over water, this value is the
height of the top of the building above platform base (if on stilts) or
above water level (if the obstacle is in contact wth the water).

' Area source height or stack-top height (m) for point or line source. For
a vertical stack, this is the sane as the stack height; that is, the
height above ground level or platform level. For a non-vertical stack,
the value input should be the height of the center of the stack top above
ground or platform Ilevel.

. Dameter (m) of the effective circle representing the area source.
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. Ending 1line source position (user units).
Stack gas tenperature (°K).

’ Stack inside diameter (m) for point or line sources or
circle dianeter (m) for area sources.

. Stack gas exit velocity (m/s).

' Angle of the stack from the vertical (degrees). A value of zero degrees
refers to a vertical stack, 90" to a horizontal stack, and angles greater
than 90 to dowwind pointing exhaust vents.

‘ BHevation of the stack base above the water surface (user height wunits).
This value refers to the elevation of the ground level above the water
surface if over land or to the height of the platform if over water. It
should be'provided for overwater sources whether or not terrain is to be
considered so that the proper wnd speed and turbulence intensity values
are calculated by the QD nodel.

The format specifications for the above source information are presented in
Section 3.1 (Table 3-2). A sanmple of QD GQoup 7 for two point sources is
given in Figure 3-la and for a line source in Figure 3-1b.

Hourly emssions information, if available or necessary, consists of the
input of pollutant emssion rate, stack gas exit velocity, and stack gas
tenperature. The data are free formatted and the specifications for hourly
emssions information are presented in Section 3.1. Results of stack test
neasurements should be used to determne how these parameters vary as a
percentage of full capacity if significant load variations are common. If a
source has constant emssion paraneter values, hourly information is not
necessary.

A graphical depiction of how an area and line source are nodeled by QD
is presented in Section 2. 10.

Regulated pollutants of interest for QD nodel applications include
sul fur dioxide (SOZ), total suspended particulates (TSP}, nitrogen oxides
(No_), and carbon nonoxi de (CO). These pollutants are assigned nunerical
codes ranging from 3 for S0, to 6 for QQ nly one pollutant is nodeled in a
single OCD run.  However, concentrations due to inpacts from a single source
can be scaled by an appropriate factor by the ANALYSIS postproces