Configuring HYSPLIT for the Particle Release Number

The 3D particle simulation (INITD=0) is the most sensitive to particle number. To
estimate the number of particles required to simulate an instantaneous release follow the
steps indicated in the next paragraph. This value would then be corrected for other
release scenarios.

1) From the “Quick Long-Range Dispersion Estimate” nomogram determine the
normalized concentration at the required downwind distance (by travel time). For
instance, if sampling is planned at 2 days downwind of the source for a ground-
level release, the normalized concentration is 10™ particles per cubic meter.

2) Estimate the minimum volume of the HYSPLIT sampling grid in cubic meters as
was set in the CONTROL file. For instance, if the concentration grid consisted of
a one by one degree grid (1 deg = 100 km) of one layer with a depth of 100 m,
then the approximate volume of a grid cell is 10° x 10° x 10 or 10** m°.

3) The maximum grid cell particle number is then estimated from the product of the
two previous results or in the case of the example 0.01 particles (10™ x 10'?).

4) Because one would want at least 100 particles per concentration grid cell, the
number of particles that should be released would be 100/0.01 or 10,000 in the
example calculation.

As a first approximation, the hybrid puff simulation (INITD=4) can be set to
release about 1/100 of the 3D simulation rate because hybrid puffs will split horizontally
as they expand beyond the size of the meteorological grid. Only enough puffs are
required to properly sample the vertical distribution.

In the case of a continuous release, with non-steady state meteorological
conditions, adjust the above instantaneous release estimate by the following steps.

1) Determine the particle residence time in the sampling grid. In the previous
example, the concentration grid length was about 10° meters. If we assume an
average transport wind speed of 10 m/s, then the residence time is 10* seconds.

2) Compute the particle release rate required to give the minimum particle number
for the residence time. In the case of the example 10,000 particles in 10,000
seconds, or the release rate should be around 3600 particles per hour.

In the case of steady-state meteorology, the continuous particle release rate can be
comparable to the number of particles required for an instantaneous release. Also note
that the particle number requirements can be lowered by increasing the grid-cell size. For
instance, in well mixed conditions, concentrations may be very similar at 100 m and 500
m, if the boundary-layer depth is large. In that situation, a larger vertical grid-cell
dimension would require fewer particles.
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Obj ecti ve

To produce a quick estimate of the nmaxi mum ground-level air
concentrations and deposition that can be expected for a given
rel ease amobunt at downwi nd di stances after travel tines of one to
five days after rel ease.

Gui dance

The procedure used is a result of analytical and experinental
studies and is sumuarized in a sinple nonbgram giving the
normal i zed concentration as a function of travel tine for arel ease
wi thin the atnospheric boundary | ayer and for a rel ease above the
boundary | ayer.

QUI CK DI SPERSI ON ESTI MATE REFERENCE
| NTRODUCTI ON

Al ong-range tracer experiment, conducted during the nont hs of
January through March of 1987, showed that the maxinum
concentrations neasured (Fig. 10 in ref. 1) during any 24 hour
sanpling period followed the sinple Gaussian nodel form for an
I nst ant aneous rel ease (see Eq. 5.21 in ref. 2) as shown bel ow

x/ Q=1 0.5 (2n)¥? o, o, O, 1%
where we will assume that o, = (2Kt)” and that the vertical mixing
coefficient K has an average value of 5 nfs'' in the atnospheric
boundary | ayer (near the ground) and about 1 nfs'' in the upper
regions of the atnosphere?® The along-wnd and cross-w nd
di spersion coefficients are assuned both to be equal to 0.5 tines
t he downwi nd travel time in seconds* The equationin this formhas
each exponential termfor the al ong-w nd, cross-w nd, and verti cal
of fset set to one, toyieldthe maxi numground-| evel concentrati on.

If the rel ease occurs above the boundary | ayer, a correction
of the form

exp [ -0.5 ( H/ o,)”]

is appliedto the normalized concentration to obtain an esti mate of
t he ground-1|evel concentration.

An estimate of the nmaxi mrumdeposition can be obtained fromthe
nonmogram by multiplying the air concentration by the vertical
di spersion paraneter. This result would then assune that all the
material in the air is renoved at that tine.
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PROCEDURE

(1) Determine if the release is ground-|evel or elevated. An
el evated rel ease is assuned to be due to a | arge thermal source or
explosion resulting in nost of the materi al being ej ected above t he
boundary | ayer. The cal cul ations assune an average el evated
rel ease to be about 1500 m above ground. Normal stack emn ssions
are to be considered as a ground-level release.

(2) Determine the tinme after the accidental rel ease for which
the concentration estimate is desired in units of days. O her
anal ysi s nmet hods nust be enpl oyed to determ ne the | ocation of this
estimate. For instance a sinple trajectory or projection based
upon wnd speed mght be sufficient depending upon the
ci rcunst ances.

(3) Go along the abscissa of Fig. 1 to the desired downw nd

travel time and read the normalized concentration from the
anropriate rel ease hei ght curve. The concentrationis inunits of
m-.

(4) Determne the total anmount of material emtted in mass

units and nmultiply this by the previous result. Do not use a
rel ease rate (nmass/tinme) as the nonogramis based upon the total
emission. |If the release was givenin C the result is now G m?

(5) The dashed line on the nonbgram gi ves an estinmate of the
deposition (use the sanme ordi nate val ues but units are per square
nmeter). It is assuned that all the airborne material is avail able
for ground deposit at each downwi nd tine. Fractional renova
requi res subsequent deposition and air concentrations to be
adj usted accordingly.

QUALI FI CATI ONS

It should be clear from Fig. 1 that there can be large
variations in the estimate if the height of release is incorrect.
These cal cul ati ons assune a non-depositing material and therefore
the ground-1| evel estimate will al ways be the nore conservative. It
shoul d be noted that el evated rel eases of depositing material can
show nuch hi gher concentrati ons downw nd t han ground-1| evel rel eases
due to their initial lack of deposition

The estimates fromFig. 1 are nuch nore appropriate at | onger
downw nd distances, when the spreading of the material 1is
conparable to the 24 hour sanpling time that was used to verify
thi s approach. At travel tines less than one day the average
di spersion paraneters that were used are difficult to justify.
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Figure 1. Normalized peak concentrations as a function of
downwi nd travel tinme for a near-ground and el evated rel ease.
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