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ABSTRACf 

Results ofH2S predictions for 1, 3, 8 and 24 hour, monthly and annual concentrations 
for emiss ions from Svartsengi power plant, using the Industrial Source Complex 
Model (ISC3View) and Air Force Toxic Chemical Dispersion Model (AFfOX) are 
presented. In all cases higher concentrations are predicted towards the nonheasl and 
southwest site of the power plant, and concentrations decline with increasing distance. 
Annual predictions are in good agreemenc with the 24 hour measurements averaged 
over the same duration. Short term predictions seemed to overestimate measured 
concentrations. The ISC3View model predicts a maximum 1 hour average of 1720 
j..Iglm3

, 280 j..Iglm3 for 24 hours and annual average of 27 j..Iglm3• The measurements 
done over a short averaging time ( 1 minute) indicate lower maximum concentrations 
(265 j..Iglm3

) than model results. The ~S pattern around Svartsengi follows the 
annual wind pattern with high concentrations in the regions characterised by high 
frequency of wind towards that direction. 

1. INTRODUCfION 

Gaseous modelling studies have been widely used in environmental studies in many parts of the world. 
Gaussian puff models use an equation to describe the dispersion of a puff with time. In these studies, 
the meteorological conditions and emission scenarios are used to predict the expected concentrations or 
wet/dry deposition rates. The lSC3 have been applied extensively throughout the world (US 
Environmental Protection Agency, 1995). Modelling results are used to assess whether pollution 
abatement technology, including stack height selection, adequately satisfy occupational exposure levels 
(OELs) and public exposure levels, i.e. air quality standards (AQSs). 

Modelling studies ha ve also been used in studying the transport of plumes from cooling towers (Salemo 
and Clerici , 1995 ). In all cases, the importance of meteorological conditions and topography, have been 
emphasised. As geothermal development all over the world continues to grow, the environmental impact 
assessment (EIA) has become an important part of the implementation process. This has been partly due 
to the mandatory regulations, acts and statutes of most countries, or requirements by funding agenc ies 
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FIGURE 1: Svartsengi power plant settings, including the Blue Lagoon 

like the World Bank and the European Bank. In some cases, administering agencies have asked for EIA. 

This requirement has often been enhanced by the fact that many geothermal projects are located in 
remote areas, or national parks. like the Olkaria power project in Naivasha, Kenya. The development 
of the Olkaria North East power project was preceded by an environmental impact assessment (Sinclair 
Knight and ESA Ply Ltd ., 1994). 

The main objective of the present study, was to 

1) Predict H2S concentrations from emissions at the Svartsengi geothermal power plant in August -
December 1994, based on the meteorological and emission scenarios then; 

2) Compare the predicted results to the actual measurements made. 

Initially, the study was intended also to cover both the Nesjavellir and Krafla areas, but due to 
insufficient meteorological data, only the Svartsengi area was considered. 

Project description. The site under study, Svartsengi , is shown in Figure l. The grid network was 
1.375 km by 1 km, thus enclosing the power plant and the surroundings, including the Blue Lagoon. 
There are 16 x 11 receptor points, with each grid measuring 100 x 100 m. The origin was set at -718500, 
382200. 
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2. MODEL DESCRIPTION 

This chapter deals with a brief description of the AFfOX and ISC3View models and the mathematical 
formulations involved in both. 

2.1 AFTOX and ISC3View models 

Both the AFTOX and ISC3View models are Gaussian puff/plume dispersion models designed for two 
emission categories; continuous (steady-state) or instantaneous (transient). In steady-state releases, 
source characteristics do not vary with time (i.e, emission rate is constant), and the release duration is 
long compared to advection (travel) time, For transient release, the source characteristics do not vary 
with time but the duration of the release from the source is limited. 

In the AFfOX model, a Gaussian puff model uses an equation to describe the dispersion of a puff with 
time. It assumes that the material is conserved during transport and diffusion, that is, there is no decay 
or deposition, The distribution of the concentration within the puff is assumed to be Gaussian, The 
ISC3View model on the other hand, takes care of the deposition and decay. 

2.2 The Gaussian diffusion equation 

The Gaussian diffusion equation can be written as follows: 

(1) 

where G = Concentration in the puff at a given point (x,y,z) and time (t-t); 
Q = Total mass in the puff; 
o~. ay, 0 : , = Diffusion parameters, which are the standard deviation of the material concentration 

in the x, y, and z directions; it is assumed that o~ = ay, thus producing a circular 
horizontal puff cross-section, 

I = Total elapsed time since the spill; 
( = Time of emission of the puff, thus, (l-t) is the travel time or the elapsed time since 

puff emission; 
u = Wind speed at 10 m elevation; and 
H = Height of the source. 

When there is an inversion, Equation 1 can be re-written by adding of the following two expressions to 
the last two terms: 

"<' [1(z-H-2NL),] [1(z >H - 2NL)'1 [1 (z- fl>2NL)'J [1(z>H>2NL),] L exp -- +exp - - +exp - - +exp - - (2) 
2 0, 2 0 l 2 0 l 2 0 t 

where L 
N 

= Mixing layer height; and 
= Number of iterations, 

The computer program considers the series converged when the above expression has a value less than 
0.01 for given N. If there is no inversion, the expression is ignored in the program. When the series 
requires a large number of iterations to converge (>200), the program assumes a uniformly distributed 
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plume between the earth's surface and the inversion height. If this is the case, then the concentration at 
a given point and time in the puff is described by the following equation: 

G(x,y",I - t) = (3) 

The concentration at a point in space depends on; the number of nearby puffs, their size, and the amount 
of material in each puff. Summing up all emission times to get the effect of all these puffs will result in: 

G(x,y" ,I) = L G(x,y", I - I} (4) 
,-0 

For an instantaneous gas release. there is only one e mission time and puff. The refore. summation is not 
necessary. For continuous spill. the summation is performed over puffs whose centres are located within 
four standard deviations of the spill upwind and downwind from the location of interest. It is assumed 
that concentrations from puffs further than four standard deviations contribute little to the concentration 
at the specified location. 

Under steady-state. non-inversion conditions, keeping track of the individual puff is not necessary. A 
simple Gaussian plume will be used instead of Equation 1. The equation has the form 

(5) 

2.2.1 The Gaussian equation for the ISC3View model 

The ISC3View model for stacks uses the steady-state Gaussian plume equation for a continuous elevated 
source. For each source and each hour, the origin of the source's coordinate system is placed at ground 
surface at the base of the stack. The x axi s is positive in the downwind direction. the axis is crosswind 
(normal) to the y axis and the z axis extends vertically. The fixed rece ptor locations are converted to 
each source's coordinate system for each hourly concentration calculation. The hourly concentrations 
calculated for each source at each receptor are sununed up to obtain the total concentration produced at 
each receptor by the combined source emissions. 

For a steady-state Gaussian plume. the hourly concentration at downwind distance x (m) and crosswind 
distance y (m) is given by: 

where Q 
K 

V 
D 

°lOy 

U, 

c = QKVD exp[ _J.(L)2j 
2Ttupyat 2 ay 

= Pollutant emission rate (mass per unit lime); 
= Scaling coefficient to convert calculated concentrations to desired unlts 
(default value for Q of 1 x 1(1 gls and concentration in ~glm3); 
= Vertical term; 
= Decay term; 
= Standard deviation of lateral and vertical concentration di stribution (m); 
= Wind speed at release height (m/s). 

(6) 

A verage removal rates of hydrogen sulphide have been estimated by Cox and Sheppard ( 1980) and Cox 
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and Sandalls (1974). Using an average reaction rate 5xl0-12 cm3 /s and an average hydroxyl concentration 
of3x lif molecules/m), an average removal rate of hydrogen sulphide was estimated to be approximately 
5 % 1 hour. This will give an exponential decay rate of 1.425x 10·5s·\ when used in the ISC3 View model. 

Model runs with and without the decay showed very little difference over the grid for the Olkaria study 
(S inc lair Knight and ESA Pty Ltd, 1994). In the present study, a similar removal rate of 5%1 hour was 
used. 

2.2.2 Atmospheric stability 

Together with the distance from source, the atmospheric stability affects the dispersion parameters (o x, 
Oy). h is often defined by the Pasquill stability categories, which range from category A for a very 
unstable atmosphere to F for a very stable atmosphere. In AFTOX. a continuous stability parameter 
ranging from 0.5 to 6 is used in place of the discrete stability categories. The relationship between the 
Pasquill stability category and the continuous parameter is shown in Tablel . 

TABLE I: The relationship between the Pasquill stability categories, se, 
and the continuous parameter, SP, used in AFrOX 

To define the stability parameter, AFIOX employs one of two methods, using wind speed and solar 
insolation, or using the standard deviation of the wind direction to define the stability parameter. In the 
former case, Golder's nomogram (Golder, 1972) is used to determine stabi lity, where the Monin· 
Obukhov length (L) and surface roughness are related to the Pasquill stability categories. Since L is a 
function of friction velocity, u. and sensible heat flux H, these two parameters must also be calculated. 
In the latter case, stability is obtained by calculation using the Modified Sigma Theta (MST) approach 
(M;tcheU, 1982). 

2.2.3 Determination of u. and L 

To determine u. mls and L. the iterative procedure used has been summarised by Ragland and Dennis 
(1975), for neutral, unstable, and stable conditions. 

Neutral: 

Unstable: 

ku 

u 

where x = (1 - 15Z1L)11~ 

ku Z = In-
u. 20 

_] _] x + l x +1 2(tan x-tan x )+In-- - In--
Q x+l x+l . " 

and x. = (I - 15Z/ L)'". 

(7) 

(8) 



Kollikho 

Stable: 

where u = Measured wind speed; 
= Friction ve locity; 
= Van Karman constant, 
= Anemometer height; 

ku 

u. 

194 

ln~ +5.2a 
Z, 

= Roughness length at the wind measurement site, 
= Monin·Obukhov length (m), and; 
= Z/L when Z< Land er; = 1 when Z> L. 

The Monin-Obukhov length L is a measure of atmospheric stabi lity and is defined as 

where p 
e, 
T 
k 
g 
H 

= Ambient air density; 
= Specific heat of air; 
= Air temperature; 
= Van Karman constant; 

L 

= Acceleration due to gravity (ms''2), and; 
= Sensible heat flux (W/m2), 

Equation 10 can be rewriuen as 

where p 

L 
pu. ) 

O.oI 12H 

= Atmospheric pressure (mbar). 

To start the iteration , an estimate of u. is required. This is calculated from Equation 11 

u = _I (u + 0.8H ) 
12 H + I()()() 

were wind speed, u, at IQ m is estimated from the measured wind. u: using the power law; 

10 0.1 
u (-) 

, Z 
u = 
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(9) 

(10) 

( 11) 

(12) 

(13) 

The iteration continues until successive values of u .Ill differ by less than 0.001. L is then calculated from 
this value of u .. Once u. is derived, the wind speed at 10 m is determined and used in the Gaussian puff 
equation (Equation l )/or the plume equation (Equation 5). 
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2.2.4 Calculating tbe sensible beat flux 

Sensible heat flux, H, is needed for calculating the Monin-Obukhov length, L, and for detennining the 
appropriate wind profi le equation. A positive heat flux greater than 1 W/m 2 is unstable (Equation 8). 
while a negative heat flux less than -1 W/m2 is stable (Equation 9). A heat flux between 1 and -1 W/m 2 

is neutral (Equation 10). The sens ible heat flux is also used to determine the initial estimates of u .. 
Holtslag and Van Ulden (1983) describe a method for determining it for daytime conditions. 

Under clear skies, the incoming solar radiation al ground level, SR, a function of the solar elevation 
angle, <p, can be determined from the following empirical formula: 

(14) 

The turbidity coefficients. 01 and 0 2' descri be the average atmospheric attenuation by water vapour and 
dust for a gives site. These coefficients will vary from one location to another and from one period to 
another because ofthe variation in the turbidity ofthe atmosphere. In this model, 01 = 990 W/m2 and ~ 
= -30 W/m2 were used since they represent a reasonable average of coefficients determined at various 
locations. 

The effect of the clouds is reduction of incoming solar radiation. Kasten and Czeplak (1980) have 
proposed the following: 

(15) 

where N = Fraction of sky covered with clouds, 
b l , bz = Empirical coeffic ients. 

From ten years of observation at Hamburg, they obtained b l = -0.75 and b2 = 3.4 on average. This means 
that the solar radiation reaching the ground under overcast conditions is 25 percent of that reaching the 
ground under clear skies. They also showed that the transmittances, TR, of cirrus, altus, cumulus, stratus, 
and nimbostratus are 0.61 , 0.27, 0.25, 0.18, and 0.16, respectively. To take into account the type of 
cloud, Equation 15 has been modified to read 

In the model. three cloud groups for high, medium and low clouds are used as shown in Table 2. 

TABLE 2: Transmittances for high, medium and low clouds 

High Ci,Cc,Cs 0.61 

Medium Ac, As, Sc, Cu 0.26 

Low St, Ns, Fo. 0.17 

The net radiation is determined from the following equation: 

(l - r)SR +C, T' -aT' + Cl' 
Q = -----:---;:---=-

L + C3 

(16) 

( 17) 
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where r 

T 
o 
CI ,C2 

C, 
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= Albedo of surface. equal to 0.25, except when there is snow cover, when set at 0.75; 
= Air temperature (K); 
= Stefan-Boltzmann constant, equal to 5.67 x 10-8 W/m2 K4; 
= Empirical constants, equal to 5.31 x 10-13 W/m2 K-ti and 60 W/m2, respectively; 
= Surface heat ing coefficients that varies from 0.12 for a wet surface to 0.38 for dry, 
bare soil. In the model, ~ is equaJ to 0. 12 for a wet surface and 0.25 for a dry surface. 

The surface energy budget relates the net radiation, Q. to the various heat fluxes at the earth's surface. 

H +AE+G = Q (18) 

= Sensible heat flux; 
= Latent heat flux, and; 

where H 
AE 
G = Soil heal flux which is set to equal 0. 1 Q. [f the surface is covered with snow, G = 0 

to reflect poor conductivity of snow. 

A simplified parameterization fo r the sensible heat flux, H, and latent heat flux, E is presented by 
DeBruin and Holt,lag (1982) 

where 

H 1- " +y/, (Q -G) - P'y 
1 +y/s 

E = -"-(Q-G)+P'y 
I +yls 

s = q/ T, and qs is the saturation spec ific humidity; 

(19) 

(20) 

y = C/J... where Cp is the specific heat of air at constant pressure and J... the latent heat of 
vaporization, and; 

et and P'= Empirical parameters. 

A regression line has been fitted into the data by Holts lag and Van Ulden ( 1983) as shown by Equation 
21, 

y/, 119.S6 - 0.7843T + 1.2887x 10-l T ' (2 1) 

where T is the temperature, (K). 

The surface moisture parameter is set at 1.0 for wet conditions and 0.45 for dry conditions. The 
parameter P' is set at 20 W/m2

• 

For nighuime, the sensible heat flux, H, (Wm2) is related to the total cloud cover, N, as shown by Smith 
(1972). 

H = -40(l - N) (22) 
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2.2.5 Calculating the solar elevation angle 

The solar elevation angle for a given time and location may be calculated by the following method as 
described by Woolf(1980). 

where LA 
D 
H 

sin4l :: sinLA sinD + cosLA cosDcosH 

= Station latitude; 
= Solar declination angle, and; 
= Solar hour angle. 

(23) 

Solar declination angle is a sinusoidal function of lime with maximum and minimum angles occurring 
during summer and winter, respectively. There is a slight asymmetry, due to the ellipticity of the earth' s 
orbit, which is accounted for in the following expression for calcu lating decl ination: 

sinD = sin23 .4438 sino (24) 

where 

a(deg) = a +279.9348 + 1.914827 ,ina - 0.079525cosa +0.0 19938sin20 - 0.001620cos20 (25) 

The angular fraction of a year, a, for a particular date is given by 

a = 36O(JO - J)l365.242 (26) 

where 10 = 1ulian date. 

The solar hour angle, H, a measure of the longitudinal distance to the sun from the point for which the 
calculation is made, is given by 

where 20 
M 
LO 

H(deg ) 15(ZO - M) - LO 

= Greenwich mean time (GMT) of the calculation (hour); 
= Time of the meridian passage, or true solar noon (hour), and; 
= Station longitude, positive being west of Greenwich (deg). 

M is deri ved from 

M = 12 +0.12357sina - 0.004289cosa +0. 153809 sin20 +0.06078co,20 

2.2.6 Calculating tbe stability parameter 

(27) 

(28) 

Method 1 is based on a mathematical relationship of the Monin·Obukhov length, L, and surface 
roughness. Zoo to the Pasquill stability categories. Golder ( 1972). by using data developed over fi ve 
years, developed a nomogram relating the Monin·Obukhov length, L. (m) and surface roughness. 20 , (m) 
lothe Pasquill stability categones, a mathematical relationship between L, Z(>. and the stability parameter, 
SP. The following relationship was found: 
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SP • A + 8Iog,,(lOOZ,J (29) 

where A = 3.5 +21.67/L 
8 = 0.48 when IIILI > 0.015; = 43.631I1LI'" when IIILI < 0.015; = -8 when ilL < 0 
Zo and L are in m. and Zo is restricted to the 0,001-0,40 m range in the model. 

Values of SP are allowed to vary from 0.5 to 6.0. Extrapolating below 0.5 is not very reliable, and using 
0.5 as the minimum value is a conservati ve approach. For SP value of 6, which happens at nighaime 
under light wind conditions, the model assumes that horizontal meandering occurs. When concentration 
averaging times are greater than 1 minute, the model assumes a stability parameter for horizontal 
diffusion of 3.5, or a neutral condition. Concentrations taken over averaging times of I minute or less 
are considered to be unaffected by the rather large oscillation period of the meandering wind. Since 
meandering does not affect vertical diffusion, the stability parameter of the vertical diffusion remains at 
6. For an inversion based less than 50 m above the ground during day or night, the stability parameter 
is set at 6.0. At night, when meandering may be occurring, the SP for horizontal diffusion is set at 3.5 
when the concentration averaging time is greater than I minute. 

The approach of method 2 is based on the Modified Sigma Theta (MST) by Mitchell (I982). If the 
standard deviation of the horizontal wind direction 0 0 is known. For nighttime, when 0 0 is greater than 
12.5 degrees, Mitchell assumes that the large 00 is due to meandering and not instability. Since 
meandering does not affect vertical diffusion , an adjustment is made in the stability classes for vertical 
diffusion. The MST method is summarized in Table 3. 

TABLE 3: Modified sigma theta (MST) method to determine atmospheric stability class 
(from Mitchell, 1982) 

~i 
Daytime Wind speed Nighttime1 

stabilitv class2 (ms·') stabilitv class3 

0 0 > 22.5 A u < 2.4 G 
2.4 < u <2.9 F 

2.9 < u <3.6 E 

3.6 < u D 

22.5 > 0 , > 17.5 B u < 2.4 F 

2.4 < u < 3.0 E 

3.0 < u D 

17.5> 0 0 > 12.5 C u < 2.4 E 

2.4 < u D 

12.5> 0 0 ,. 7.5 D All wind speeds D 

7.5> 06>3.8 E all windspeeds E 

3.8> o&> 2.1 F all windspeeds F 

2.1> 0 G all windsoeeds G 

lNighltime is defined as the period from 1 hour before sunset to 1 hour after sunrise. 
'lMore applicable to describing horizontal dispersion parameter Oy at night. 
)More applicable to describing vertical dispersion parameter 0, at night. 

For averaging periods of I minute or less, concentrations are less affected by the rather large oscillation 
period of the meandering wind. Hence, the stability parameter for the horizontal diffusion is set to equal 
the more stable stability parameter for vertical diffusion. 
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Since 0 9 values in Table 3 are for a 10 m level and a 60 minute time period, measured 0 9 fo r a height 
other than 10 m and time period other than 1 hour, must be adjusted to a IO m height and a 60 minute 
time period. This is done by adjusti ng the 00 to th e 10 m height as follows: 

(0,)10 = 0,(102)-0.' 

then adjusting the 10 m 0 0 to the 60 minute time period using 

(0 ,)", = (0 ,)10(60/1)°·' 

where Z is the wind measurement height and 1 is the time period over which 0 0 is measured. 

(30) 

(3 1) 

The following equation in AFTOX is used for detennining of all stability parameters (SP) in all cases 
except for the stability parameter for vertical dispersion at night when oa > 12.5°: 

SP = 6.46 - 0.3410, +0.00450,' (32) 

where 0 0 is now the corrected 0 0 for a 10 m height and 6O-minute period. 

Determination of stabi lity parameters by the model for nighttime when 0 9 > 12.5 degrees is shown in 
Table 4. 

TABLE 4: The nighuime stability parameter for vertical dispersion as a function of 0 9 
and wind speed 

0, Wind speed Vertical stability parameter 
(deorees) (mls) (SP) 

0 0> 22.5 U > 4 .1 SP = 3.5 

2.4 < u <4. 1 SP = 14.41u 
u<2.4 SP=6.0 

22.5> 00 > 17.5 u > 3.4 SP = 3.5 

2.0 < u < 3.4 SP = 121u 
u < 2.0 SP=6.0 

17.5> 00 u > 2.7 SP = 3.5 

1.9<u<2.7 SP = 9.6", 

u < 1.9 SP= 5.0 

The AFTOX mode l makes three exceptions to the MST method: 

1) During daytime, no matter how small the oas are, the model does not allow, as in Method 1, the 
stability parameters to exceed 3.5 (0 stability class). In other words, onl y unstable or neutral 
conditions exist during the daytime. 

2) Any time. day or night, that the height of the invers ion base is less than 50 m above the ground, 
the stability parameter for vertical diffusion is adjusted to 6.0. 

3) As in Method 1, during meandering wi nd or low inversion conditions, the stability parameter for 
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the horizontal diffusion is set equal to the more stable stability parameter for concentration 
averaging periods of I minute or less. 

2.3 Estimation of plume rise 

The plume height is used in the calculation of the vertical term. The Briggs plume rise equations are 
discussed below. The description follows Appendix B of the Addendum to the MPTER User's Guide 
(Chico and Catalano, 1986) for plumes unaffected by building wakes. The distance dependent 
momentum plume rise equations, as described in Bowers, et al. (1979) are used to determine if the plume 
is affected by the wake region for building downwash calculations. These plume rise calculations for 
wake determination are made assuming no stack-tip down wash for both the Huber-Snyder and the 
Schulman-Scire methods. 

2.3.1 Stack4ip downwash 

In order to consider stack-tip downwash, modification of the physical stack height, lis> is performed 
fOllowing Briggs (1974). The modified physical stack height, h. " is found from: 

For v, < 1.5v 

and for v, O!: 1.5 

, 
h' = h + 2d [--' - 1.5] 

~ oS S U s 

h ' • h , , 

= Physical stack height Cm); 
= Stack gas ex it velocity (mls), and; 
= Inside stack top diameter (m). 

(33) 

This h, ' is used throughout the remainder of the plume height computation. If stack tip downwash is not 
considered, h,' = h, in the following equations. 

2.3.2 Buoyancy and momentum fluxes 

For most plume rise situations. the value of the Briggs buoyancy flux parameter, Fb (m4/s) , is needed. 

where t1T 
T. 

2 t1T 
F = 8' d (-) 

b J oS 4T , 
= T, - Ta> T, is stack gas temperature (K), and; 
= Ambient air temperature (K). 

(34) 

For determining plume rise due to the momentum of the plume, the momentum flux parameter, Fm 
(m4/s2), is calculated based on the following formula: 

(35) 
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2.3.4 Unstablc- or neutral-crossover between momentum and buoyancy 

For cases with stack gas temperature greater than or equal to ambient temperature, it must be determined 
whether the plume rise is dominated by momentum or buoyancy. The crossover temperature difference 
(.6.Te), is determined by setting Briggs' (1969) Equation 5.2 equal to the combination ofBriggs' (1972) 
Equations 6 and 7, and solving for .6.T, as follows: 

For F" < 55, 

and for F" ~ 55, 

O.0297T,v,1/) 
= -----''-!.

d'" , 

v'" 
(117), = 0.00575 T,-'

dIn , 

(36) 

(37) 

If the difference between stack gas and ambient temperature, 6.T. exceeds or equals (Ll1) ... plume rise 
is assumed to be buoyancy dominated, otherwise plume ri se is assumed to be momentum dominated. 

2.3.5 Unstablc- or neutral-buoyancy rise 

For situations where .6.T exceeds (.6.1) .. as determined above, buoyancy is assumed to dominate. The 
final effective plume height,"~ (m), is determined from the equivalent of the combination of Equations 
36 and 37 (Briggs, 1972): 

For F" < 55: 

and for F" ~ 55: 

F 3" 
h, 0: h', +21.425-'., 

F'" 
h, = h', + 38.71 - '., 

2.3.6 Unstable - or neutral-momentum rise 

(38) 

(39) 

For situations where the stack gas temperature is less than or equal to the ambient air temperature, the 
assumption is made that the plume rise is dominated by momentum. If IlT is less than (ll1)e from 
Equation 36 or 37, the assumption is also made that the plume ri se is dominated by momentum. The 
plume height is calculated from Equation 40 (Briggs, 1969): 

• v, 
h = h +3d-. . , ., 

Briggs (1969) suggests that this equation is most applicable when v/ u
J 

is greater than 4. 

(40) 
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3. METEOROLOGICAL PARAMETERS AND CHOICE OF SITES FOR 
METEOROLOGICAL INFORMA nON 

Report 7 

The meteorological parameters required by both models are surface observation data and the upper air 
observation data which are obtained by sending a sensor attached to a balloon into the atmosphere. The 
sensor sends signals to the computer at the surface. The model requires hourly surface data for 
temperature, dry bulb temperature, cloud cover, cloud height, wind speed and direction. Upper air data 
that is required is the mixing layer height. Isc3View can estimate the mixing layer heights from the 
hourly surface data. 

Keflavik airport was chosen as the site for the meteorological information, that representative of the 
meteorological conditions at Svartsengi power plant. This was in view ofthe fact that at the airport, there 
is a regular hourly collection of surface observation data, and upper air data twice a day. It is located 
about 12 km from Svartsengi and the topography between these two areas is fairly flat. The wind speed 
and direction at Svartsengi can therefore be expected to be similar to that at the airport. 

3.1 Wind patterns at Svartsengi 

The meteorological information for Svartsengi was obtained from Keflavik Airport where a 24 hour 
meteorological weather station is run. 

Wind analysis was done for the period between August 1994 to February 1995, representing the period 
that H2S measurements were taken. Figure 2 shows the average wind patterns from August to December 
1994. It is evident that the dominant wind patterns are northerly and northeasterly. This means that 
transport ofH2S is to the south and southwesterly sectors. Month to month wind roses are shown in 
Figures 3·7. 
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FIGURE 5: Wind rose plot for Keflavik, October 1994 

.... 

" 

.. ....... ..... 
.... .... 

. .... .. .. -. 
. .. -., 

" ...... 

..... 
. , .... 

" , 

"- " 

.. -...... . . 
.... 

.... .. -. 

" 

.. , 
_ ..... 

. : ... ' 

.. ; ........ 

..-

. ......... . 

,,' 

.. ,' 
" 

. .... ' 
. ... ... ~ .!I!?~ - ..... . 

FIGURE 6: Wind rose plot for Keflavik, November 1994 
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In August, the winds are quite variable , but mainly north· northeasterly and south-southwesterly, During 
this period the most frequent wind speeds are in the range 7· 10 knots. In September, just like August, 
winds are variable, a northerly wind is dominant with southwest·southerly winds prevailing, Wind 
speeds are in the range of 11·16 knots, The month of October is generally characterised by north· 
northeasterly flow patterns, with relatively low wind speeds, 4-6 knots. In November, the flow is mainly 
north-northeasterly, while December exhibits some variable winds, north-northeasterly and south
southeasterly. In January, the main flow is easterly, with wind speeds of the range 7- 10 knots 
dominating. 

3.2 Missing data 

Since the model uses hourly observation data, in cases where there is no data for a given hour, the 
average of the two readings one before the hour with missing information, and the other after the missing 
hour data, is taken. For the case where there are three hourly observations like cloud height and cover, 
data for hours without observations were taken as those nearest to the observed hour. 

3.3 H2S collection and measurement method 

The H1S collection for the Svartsengi power plant was done under the auspices of the Hitaveita 
Reykjavikur company and National Energy Authority, Orkustofnun. In the study carried out in 1994, 
long term measurements were done over a period of about 6 months, from August 1994 to February 
1995 . During this time the sampling collection period was over 24 hours . 
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3.3.1 24 bour collection 

Whatman 40 paper filters are soaked in 0.5 rnl of 2% Ag2NO) solution. put on glass filters (Whatrnan 
OF/D), and dried under vacuum overnight. After that, they are put in the filter holders. During 
collection H2S is bound to silver as silver sulphide (Ag2S). Leftover silver, all silver that does not bind 
to HlS is rinsed out from the fi lters with 10 ml of 0. 1 M NaCN solution for approximately 2 hours. Silver 
sulphide is then dissolved with niLric acid (conc. liNO) in a hot sand bath. The si lver is then analysed 
in an Atomic Absorption Spectrophotometer. Silver ( Ag) is recalculated as ~g H1S. The comparison 
filters are treated in the same way as the collection filters. Air sampling was done by using a sampler, 
where a given volume of air was collected over the 24 hour duration. 

3.3.2 Short term measurements 

The short term measurements were performed by using the Jerome 621 sampler. A pump draws air into 
the flow system and through a sc rubber. The sample bypass opens, shunting unfiltered sample air onto 
the gold fi lm ~S sensor. The sensor absorbs and integrates the hydrogen sulphide from the sample, the 
sample bypass closes, and the additional filtered air passes over the sensor sweeping any sample carry
over from the sensor chamber. The measured concentration of H2S is displayed, in ppb, on the metre. 
This value remains displayed on the metre until the next sample is initiated. The in-situ measurements 
were taken by averaging the five measurements taken at 14 s puff. Therefore. the average readings can 
be taken to be representative of I minute H2S concentration. 

4. MEASURED CONCENTRATIONS AND RESULTS FROM 
METEOROLOGICAL MODELLING 

4.1 Statistical analysis of the H2S analysis at Svartsengi 

Daily HlS data for the Svartsengi area, collected over the period August - December 1994, were analysed 
for percentiles. First the data for the whole collection period was analysed, then monthly analytical data . 
Results of the analysis for the mean values, 50th and 90th percentiles are shown in Table 6. The same 
results are expressed on a histogram (Figure 8). 

TABLE 6: HzS concenLrations (~glm) at Svartsengi power plant 

Period August- August September October November December January 
December 1994 1994 1994 1994 1994 1995 

50111 percentiles 10.4 6.27 10.81 11.39 10.4 13.14 9.67 

90111 percentiles 15.38 11.94 15.83 15.24 13.56 16.34 15.52 

Maximum 20.63 13.3 18.07 17.37 16.42 20.25 20.63 

It can be noted from the above results that generally there is an increasing trend in H1S concentrations 
from August. where lower values were recorded, to maximum values in December. There is very little 
variation in monthly concentrations. 

Results of point measurements carried out under the auspices ofOrkustofnun and Hitaveita Reykjavikur 
(tvarsson et al .,1993) on August lOll! 1993, found concenLrations in the range of 0-265 j.lglm3

. However. 
this was done on just a single day, and at each point, sampling was done for a very short time. This, 
therefore. does not reflect the expected average H2S concentrations. 
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FIGURE 8: HzS histogram for Svartsengi power plant 

4.2 Isc3View predictions 

The model was used to predict 1, 3, 8 and 24 hourly HzS concentrations. Monthly and 5 month 
concentrations were also considered. In the Isc3View model, the following emission parameters were 
used: 

(i) Stack height 18 rn; 
(ii) Stack exit diameter 0.5 rn; 
(iii) Stack exit temperature 368K; 
(iv) Gas exit velocity 5 mls; 
(v) HzS flow rate 10.75 g/s. 

Results for short term predictions are shown in Figures 9-14, showing the model simulations at different 
averaging times. From Figure 9, it is evident that 1 hour average concen trations do not occur evenly 
distributed around Lhe power station. The maximum concentration is located further away from the 
power station. almost 200 m. The model simulates maximum concentrations of 1720 J-1g1m3• The 
northeastern and the southern sectors of the power plant show higher concentrations than the other 
sectors. This can be explained by the 5 month wind rose plots which clearly show dominant northerly 
and southerly winds. Higher concentrations are. therefore. expected to be in these zones . 

Concentrations over a 3 hour averaging period depict a similar pattern, whereby high concentrations 
occur in the southern and northern sectors. It is also clear that the highest concentration is not at the 
power plant, but about 200 m away. This is because the source is at an elevated site. 18 m in thi s case, 
and the plume rises, before touching the ground at a distance from the source. The maximum 
concentration is 1190 J-1g1m3

. 

Concentrations averaged over an 8 hour period are similar in the distribution pattern, but the maximum 
concentration is much smaller (680 Jlglm3). The model predicts higher daily averages (maxima 264 
Jlglm3

) than were observed during the measurement period, between August 1994 - February 1995. 
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FIGURE 9: Average 1 hour hydrogen sulphide concentration (~glm3) at Svartsengi power plant 
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FIGURE 11: Average 8 hour hydrogen sulphide concentration (J.lglrn3
) at Svartsengi power plant 
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FIGURE 12: Average 24 hour hydrogen sulphide concentration (J.lglm3) at Svartsengi power plant 
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FIGURE 14: Average hydrogen sulphide concentration (llglm3) for August-December 1994 
at Svartsengi power plant 
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During this period, the maximum daily concentration was about 20 ~glm)· However it should be noted 
that the instrument for the collection of air for H2S analysis at Svartsengi for 24 hour periods, was always 
closer to the power plant building. The siting, therefore, could hardly allow for recording of maximum 
probable concentrations. Location of the equipment was such that it gets a constant power supply. The 
building has the effect of generally blocking the flow. Turbulent wakes also generated by the building 
can lead to high groundlevel concentrations a few metres from the building in the down-wind direction. 

The monthly and 5 month average concentrations are considerably smaller than the short tenn averages. 
The maximum concentration over a 5 month period was 28 ~glml. This compares well to the 90th 

percentile value (15 ~g!m), measured over the same period. 

4.3 The AFTOX model 

This was used to predict short tenn concentrations of I minute, I hour and 24 hour concentrations. Since 
this model does not use continuous meteorological conditions over the averaging time, average 
meteorological conditions were used. The following meteorological conditions are assumed: 

(i) Stability class D; 
(ii) Surface atmospheric 

pressure 1004 mbar; 
(iii) Average temperature of 

5°C; 
(iv) Average wind speed of 4 

knots; 
(v) Wind direction of 225 

degrees. 

These conditions were assumed 
to be average conditions 
expected in July-August. lbis 
was the time when short tenn 
sampling was done under the 
auspices of Hitaveita 
Reykjavikur and Orkustofnun. 
In detennining short term 
averages, the roughness length 
was chosen to be 0.03 m (this 
describes terrain of runway, 
open flat terrain, grass, and a 
few isolated obstacles, AFTOX 
4.0,1991). Results for I minute 
predictions, assuming different 
emission scenarios and 
roughness lengths, are shown in 
Figures 15-17. 

The maximum concentrations 
for I minute averag ing times are 
similar for both cases, reaching 
a maximum of 1400 ~glm) for 
the worst case scenario, stability 
class F, roughness length, 0.03 
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FIGURE 15: One minute H2S centre line concentration at 
Svartsengi, stability class F and roughness length, 0.03 m 
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FIGURE 16: One minute H2S centre line concentration at 
Svartsengi, stability class D and roughness length, 0.03 m 
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m (Figure 15). While using the 
same roughness length, but 
assuming stability class D, 
roughness length, 0.03 rn, the 
results follow a similar pattern 
(Figure 16), but the peak 
concentration is slightly lower 
(1330 ~g!m') . Figure 17 shows 
the case for stability class D, 
and roughness length, 0.01 m.In 
this scenario. the maximum 
concentration attained is 1290 
Ilglm3

. For the case of lower 
ro ughness length, highe r 

'---------------------------' downwind concentrations are 
FIGURE 17: One minute H2S centre line concentration at 
Svartsengi. stability class 0 and roughness length, 0.1 m 
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experienced than when using 
higher roughness length. The 
overall effect of increasing the 
roughness length is to retard the 
horizontal buoyancy-induced 
spreading of the plume and to 
enhance the mixing between 
plume and the environment. For 
low ground sources, increasing 
the roughness length will 
s ignificantl y reduce the 
concentrations. For the case of 
Svartsengi, however, a release 
height of 18 m is the point at 
which the gas is vented to the 
atmosphere. This he ight does 

L ___________________ ____ ---' not seem to have a large impact 

AGURE 18: One hour HzS centre line concentration at Svartsengi , 0 nth e g r 0 un die ve l 
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OS 98.10.0300 PiKo Hourly averages (Figure 18), 
showed a similar pattern, with 
maximum ( 590 )Jg/m3) 
occurring about 180 m down 
wind. Concenlrations then 
decrease at a lmost an 
exponential rate as one moves 
away from the source. 
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FIGURE 19: 3 hour H.zS centre line concentration at Svartsengi, 
stability class 0 and roughness length, 0.03 m 

A similar concentration pattern 
is shown on a 3 hour average 
curve (FigureI9), with maxima 
of 380 )Jglm3 occurring and 
similar results we see for the 8 
hour average (Figure 20). In the 
Isc3View model, the maximum 
I -hour concentration was 1200 
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~glmJ . This shows an 
underestimation by a factor of 
about two. Concentrations 
decline as the averaging time 
increases just like the case of 
the Isc3View model. The 
AFTOX model predicts 
maximum concentrations of31 0 
IJglmJ for a 24 hour averaging 
time (Figure 21), which 
compares quite well with results 
obtained while using the 
Isc3View model 280 IJglm3
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FIGURE 20: 8 hour H1S centre line concentration at Svartsengi, 
stabil ity class D and roughness length, 0.03 m 
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HGVRE 21: 24 hour H1S centre line concentration at Svartsengi, 
stability class D and roughness length. 0.03 m 

5. SUMMARY AND CONCLUSIONS 

Based on the results obtained from the two models and the data obtained during the sampling period, the 
following conclusions and recorrunendations can be made. 

(i) Both the Isc3View and AFTOX models prodict maximum concentrations away from the source 
point; 

(ii) Long term H:zS measurements at Svartsengi are in agreement with the Isc3View model results, but 
the model gives higher predictions for the short term averaging period; 

(iii) The Isc3View model gives more representative results; 
(iv) Svartsengi is generally characterised by high wind speeds. thus diluting the H1S from the plume. 

In order to predict H2S at Svartsengi with more precision, I would like to make the following 
recommendations; 
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(i) Long tenn monitoring of H2S should be done at Svartsengi to give average concentrations; a 
continuous data log could be more useful than a 24-hour sampler, since it would give 
concentrations averaged over a longer time , and would, therefore, smooth out the peak 
concentrations; 

(ii) There is need to have representative sampling points generally away from obstacles that hinder 
smooth air flow; 

(iii) Future work studies should include larger areas; 
(iv) There is a need to ascertain the representativeness ofKeflavikmeteorological data to the Svartsengi 

area. 
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