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1 Introduction

This consequence analysis is prepared for Gren Latvija SIA plant in Riga, Latvia. The accident events of
the consequence analysis were selected according to the Finnish Safety and Chemicals Agency (Tukes)
guides Safety Report' and Plant Location?. The consequences considered are ammonia-water and
natural gas leakages. The effects presented are thermal radiation from the fire, explosion overpressure
and the release of hazardous gas to the environment.

It should be emphasized that this analysis does not assess the actual risk of the analyzed scenarios, but
analyzes the impact of such scenarios, if they take place and continue without any intervention. By
providing several layers of protection to mitigate leakages and to limit their consequences, the residual
risk will be reduced to a tolerable level. The residual risk of these leakage scenarios shall be evaluated
by separate risk assessment procedures, such as HAZIDs or HAZOPs.

2 Legislative background

Chemical safety legislation requires that the effects of potential accidents on health and the environment
be assessed when planning the location of a production facility. Consequence analysis is a key tool for
modelling the impact areas of accident situations, such as thermal radiation, pressure effects and health
risks, and predicting their consequences for the facility's environment.

The conditions for locating a production facility are assessed based on the effects of accidents.
Consequence analysis supports land use planning and ensures that the location of the facility does not
pose a risk to surrounding activities or natural areas. The distance from the facility causing the risk of an
accident must be sufficient for the surrounding land use, especially to sensitive sites for people, such as
schools, daycare centers, densely populated areas and hospitals. The more vulnerable the site, the
further it should be located from the hazardous facility. Sufficient distance is also important for, among
others, industrial plants, critical infrastructure, nature conservation areas and other environmentally
valuable sites.

3 Description of the dispersion modelling

3.1 Plant area

Plant layout is seen in Figure 1.

" Tukes Guide. Safety Report. 542/00.00.02/2021.
2 Tukes Guide. Plant location: https://tukes.fi/tuotantolaitosten-sijoittaminen.

Gren Latvija SIA copyright © AFRY
Consequence analysis for 25% ammonia-water and natural gas leakages
Date 20/04/2026, Rev. 2



Docusign Envelope ID: 4683FBE5-30BC-4D09-BA0C-74C6F44B264A

101032787-001-K001 Consequence analysis report 2026-04-17
t s F R Y (Rev.2).docx

Page 7/27

i}

-1

e

sty — 1~

e

L -

Figure 1. Plant area / Layout.

3.2 Properties of the chemicals

The consequences of a possible accident at the plant were modeled for 25% ammonia-water solution.
The substance properties of pure ammonia are presented in the table below (Table 1).
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Table 1. Ammonia properties. °

Name Ammonia
CAS-number 7664-41-7
Molecular formula NH3

Warning symbols for Ammonia®

SO &8

Hazard Class and Category Code(s) H221: Flam. Gas 2
*H331: Acute Tox. 3 *
*H314: Skin Corr. 1B
H400: Aquatic Acute 1
* Minimum rating

Boiling point -33°C

Flash point Not experimentally determined. Ammonia vapor may burn
but does not ignite easily.

Auto-ignition temperature approximately 650 °C

Flammability limits (UFL, LFL) 16-25%

Odour threshold 5-50 ppm (3,6 - 36 mg/m3);

Odour is not a good warning sign

Table 2. Methane properties. *

Name Methane
CAS-number 74-82-8
Molecular formula CH4

Warning symbols

Hazard Class and Category Code(s) H220:
Extremely flammable gas

Boiling point -162 °C

Flash point Not experimentally determined.
Auto-ignition temperature 595 °C

Flammability limits (UFL, LFL) 44-17%

Odour threshold 200 ppm (133 mg/m?®)

3 OVA-guide: Ammonia
https://www_ttl.fi/ova/ammoni.html
4 OVA-guide: Methane
https://www_ttl.fi/ova/ammoni.html
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25% ammonia-water is stored at the plant for NOx reduction purposes. Pure ammonia is a colorless,
strongly pungent-smelling, highly irritating gas that can be easily liquefied to a colorless liquid. When 1
liter of liquefied ammonia evaporates at atmospheric pressure, about 750 liters of ammonia gas is formed.
3 Ammonia is not easily flammable, but with right circumstances, an explosive air-ammonia mixture can
be formed. Lower flammability Limit (LFL) for ammonia is 16 % and Upper Flammability limit (UFL) of
ammonia is 25 %.% LFL in consequence modelling was defined as 160000 ppm?® and UFL was defined
as 250000 ppm.

Methane (i.e. natural gas) is colourless, odourless and lighter than air. Methane is stored and handled
either compressed (CNG) or liquefied gas (LNG). Methane and air mixture can ignite from any ignition
sources. Flame propagation is a deflagration. If methane leakage is continuous, the fire will burn as flash
fire from the leaking point.

3.3 Weather conditions

The wind rose below (Figure 2) presents the wind conditions of the area. The figure below illustrates the
wind direction at the height of 50 meters. Global Wind Atlas is a coupled mesoscale-to-microscale
numerical model based on 10 years of reanalysis data (2008-2017), where the ERA5 dataset is
downscaled to represent high-resolution average wind climatologies.

0°

906

180°

Figure 2. Wind rose of the Plant location.®

Pasquill stability classes used in this analysis where stable (F) and neutral (D) with the wind speed of 2
m/s and 5 m/s as Tukes guide? recommends. More stability classes are seen in Table 3.

The wind rose shows the statistic direction of the wind at the area, which in this case is wind coming from
the southwest. The average wind speed was 5,5 m/s according to Global Wind Atlas to the area, which
is well in line with Tukes regulations.

The current temperature of the atmosphere was chosen to be 10 °C and the relative humidity 70 %.
These parameters are close annual average values.

5 ppm (Parts Per Million). This is a way of measuring very small amounts of a substance in the air, similar to how use
percentages.

1% is equal to 10,000 ppm.

Therefore, the 16% LFL mentioned in the text is the same as 160,000 ppm.

8 Global Wind atlas, Wind rose from the area of the plant.
https://globalwindatlas.info/en/
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Table 3. Stability Classification.

Surface Day time Incoming Sun Radiation Nighttime Conditions

Wind Strong Moderate Slight Thin overcast < 3/8 cloud

speed or = 4/8 low cover

cloud cover

<2 A A-B B - -

2-3 A-B B C E F

3-5 B B-C C D E

5-6 C C-D D D D

>6 C D D D D
A = Extremely unstable, B = Moderately unstable, C = Slightly unstable, D = Neutral, E = Slightly stable,
F = Stable
3.4 Categorisation of dangers

Tukes Guide? gives instructions for the heat radiation and overpressure wave values to use in
consequence modelling. The presented heat radiation values (Table 4) are limiting values of
consequences for people, buildings and equipment. The recommended values for examining the effect
of heat radiation are 12, 8, 3 and 1.5 kW/m? according to Tukes guide?.

Table 4. Heat radiation effects and consequences.

Heat Consequences Basis for design

radiation,

kW/m?

12-15 Vegetation and buildings can catch fire Fire-resistant or fire-protected buildings
8 The risk of fire spreading increases, Buildings, fire-spreading objects

flammable materials can ignite or break

The highest permissible thermal radiation intensity at the plot boundary, which is the
starting point for design

Human activity becomes difficult, causes  Buildings and other objects where people
burns quickly are present

3 Prolonged exposure causes burns Building exit doors and routes

Buildings outside the production facility that
1.5 Uncomfortable heat are difficult to evacuate or have a high
population density

More thermal radiation consequences can be seen below (Table 5).

Gren Latvija SIA copyright © AFRY
Consequence analysis for 25% ammonia-water and natural gas leakages
Date 20/04/2026, Rev. 2



Docusign Envelope ID: 4683FBE5-30BC-4D09-BA0C-74C6F44B264A

&) AFRY

Table 5. More heat radiation effects and consequences’.

Thermal Effects for Human
Radiation
Level
[kW/m?]
1,5 No long term effects
2,5 Tolerance time 5 min, which after severe pain
8 Rescue possible in 30 seconds
4
5 Action limit of rescue personnel
6 Rescue personnel rescue limit
8-10 With 9.5 kW/m? heat radiation, a second degree
burns in 20 seconds
10-12
12.5-15 First degree burns in 10 seconds, 1% mortality
with 1 minute exposure time
13-15
18-20
20
25 Significant disability in 10 seconds, 100%
lethality in 1 minute exposure time
35-38 1% mortality in 10 seconds
100
200
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Effects for Structures

Glass materials are damaged

TUKES: traffic pipeline with a limit of more than 1,500
cars/day

Equipment damage, flare system design limit 9
kW/m?2, domino effects begin

Fuel ignites in 2 minutes (10 kW/m?), vegetation
burns

Wood materials may catch fire, plastics melt

Normal structures can withstand around 14 kW/m?
Cable insulation breaks down

Fuels ignite in 40 seconds, concrete structures last
for hours

The strength of steel structures begins to fail,
deformations occur

Process equipment such as containers and tanks (30
min) and machines are damaged

Steel structures are disappointing

Concrete structures are disappointing

The effect of explosion is examined by overpressure wave values defined in the table below (Table 6).
The used values are recommended, and the effect are defined by Tukes guide?.

Table 6. Overpressure wave effects and consequences.

Overpressure Consequences for people and

wave, kPa equipment

30 Collapsing of supporting structures,
risk of expansion for the incident

15 Partly collapsing of houses, risk of
permanent damage

10
the design

5 Small damage to structures of houses

and risk of an injury

7 Table a combination of multiple sources such as:
WTP55, Techniques for Assessing Industrial Hazards by World Bank
Hatton, A.P. and Halfdanarson, 1982; Stoll and Chianta, 1969

Possible structure or building types

Industrial equipment and structures

Industrial building and structures,
which have been scaled to last a
certain amount of overpressure

The highest overpressure at the plant boundary, which is the starting point for

Buildings and areas, where people are
normally located

LaChance, J (2009). Sandia National Laboratories, Risk-informed separation distances for hydrogen refuelling stations.

International Journal of Hydrogen Energy, Vol. 34, pp. 5838-5845.
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More overpressure related consequences can been seen under (Table 7).

Table 7. More overpressure related consequences®.

Effects starting overpressure

Bar Pa

0.003
0.01
0.03
0.03
0.04
0.05
0.07
0.07
0.07

0.01
0.15
0.15
0.16
0.17
0.17
0.20
0.35
0.35
0.50
0.60
0.70
1

3

300
1000
3000
3000
3500
5000
7000
7000
7000

10000
15000
15000
16000
17000
17000
20000
35000
35000
50000
60000
70000
100000

300000

Expected Damage

Loud noise (143 db); sonic boom glass failure.

Typical pressure for glass failure.

Limited minor structural damage.

50% glasses broken

Windows usually shattered; some window frame damage.

Minor damage to house structures.

Partial demolition of houses; made uninhabitable.

Corrugated metal panels fail and buckle. Housing wood panels blown in.
Range for slight to serious laceration injuries from flying glass and other
missiles.

Hearing damage

Partial collapse of walls and roofs of houses.

Non-reinforced concrete or cinder block walls shattered.

1% mortality

Range for 1-90% eardrum rupture among exposed populations.
50% destruction of home brickwork.

Steel frame buildings distorted and pulled away from foundation.
Wooden utility poles snapped.

Nearly complete destruction of houses.

Loaded train cars overturned.

Loaded train box cars demolished.

Probable total building destruction.

Range for 1-99% fatalities among exposed populations due to direct
blast effects.

95% mortality

For dispersion modelling, the recommended values to examine are AEGL (Acute Exposure Guideline
Levels) values. The definitions of AEGL values are presented in Table 8. AEGL values are defined for
three different concentrations and five different exposure time (10 min, 30 min, 1 h, 4 h and 8 h) for each
substance. Tukes guide? recommends using the AEGL-2 and AEGL-3 with the exposure time of 10 and
30 minutes in the consequence analysis.

Table 8. Acute Exposure Guideline Levels (AEGLs) and their effect on general population.

Acute Exposure
Guideline Levels

AEGL-1

AEGL-2

AEGL-3

Injurious effect

Notable discomfort, irritation, or certain asymptomatic non-sensory
effects. However, the effects are not disabling and are transient and
reversible upon cessation of exposure

Irreversible or other serious, long-lasting adverse health effects or an
impaired ability to escape.

Life-threatening health effects or death

AEGL values for ammonia are presented in below (Table 9).

8 Table a combination of multiple sources such as:

American Institute of Chemical Engineers (1994)

Lees, Frank P. 1980. Loss Prevention in the Process Industries, Vol. 1. London and Boston: Butterworths

The Effects of Nuclear Weapons, Third Edition, 1977, Compiled and edited by Samuel Glasstone and Philip J. Dolan
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Table 9. AEGL values for ammonia.?

AEGL values for ammonia Concentration
AEGL-1 30 ppm /10 min
30 ppm /10 min
AEGL-2 220 ppm / 10 min
220 ppm / 30 min
AEGL-3 2700 ppm/ 10 min

1600 ppm / 30 min

The AEGL-2 value is used for areas where there are regularly large numbers of people (shopping malls,
apartment buildings, sports halls, etc.) or where there are sites in the area where people may have limited
ability to protect themselves from gas exposure, such as in healthcare facilities, schools and daycare
centers.

The AEGL-3 value is applied to less sensitive areas where people have better conditions to seek shelter
indoors or leave the area affected by the gas cloud. In such situations, serious health effects of exposure
can often be avoided more effectively.

3.5 Modelling software

Dispersion modelling was executed via Phast software version 9.1 created by DNV GL. Phast is
considered as accurate software used for the consequence modelling in the process industry. The
weather conditions, landscape, material, process conditions, wanted pressure and heat radiation levels
etc. can be taken into account in the modelling with the software.

3.6 Consequence analysis
The input data entered into the modeling program include, among others:

- diameter of the leak hole

- leak height

- observation height

- degree of filling

- dimensions of the leak basin

- density of obstacles and limited space or similar factors that significantly affect the results.

As a result of consequence modeling, these output values can be found:

- emission/evaporation rates
- mass of the flammable or toxic substance in the gas cloud
- time elapsed since the flammable or toxic cloud was formed (leak time).

The viewing height for the results is generally chosen to be 1.5-2 meters, corresponding to the height of
an average person. In this modeling, the viewing height was chosen to be 1.5 m.

3.7 Accident scenarios and results

Two different scenarios were modelled, ammonia-water leakage and natural gas leakage. Natural gas
leakage was modelled as 100 % methane leakage.
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3.71 Case 1. Ammonia-water leakage

Ammonia water solution (60 m?) was assumed to have 25 % concentration. This leakage was assumed
to be collected with 5.4 m x 8.6 m = 46.4 m? bund. Ammonia was evaporating from the pool with these
rates, with maximum evaporation times (60m?3 ammonia is fully evaporated):

Table 10. Ammonia evaporation rates and total evaporation times for different wind velocities.

Wind Velocity Evaporation rate [kg/s] Total evaporation time [h]
2mls 0.125 122
5m/s 0.254 60

Higher wind velocity increases ammonia evaporation rate. Ammonia dispersion cloud concentrations as
distances from the leakage are seen in Figure 3-Figure 6. With 2 m/s wind, dispersed cloud rises up but

with 5 m/s wind it disperses along the wind. In Table 11, different concentrations are seen with different
wind conditions.

User defined source 2mjs wind

I I
1 — Category 2/F @ 220 ppm [User conc. 1] [Flammable (18.75 )]
S

~ Category 2/F @ 2700 ppm [User conc. 3] [Flammable (18.75 5]
/‘_'____'_____.__.-1 gory ppm [ 11 ( )|
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Figure 3: Ammonia AEGL-related concentrations (AEGL-2 10 min: 220 ppm and AEGL-3 10 min: 2700 ppm)
with 2 m/s wind.
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User defined source 2m/s wind

T T
g — Category 2/F @ 220 ppm [User conc. 1] [Flammable (12.755)]
2
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Figure 4: Ammonia AEGL-related concentrations (AEGL-2 30 min: 220 ppm and AEGL-3 30 min: 1600 ppm)
with 2 m/s wind.

User defined source 5m/s wind

— Category 5/D @ 220 ppm [User conc. 1] [Flammable (18.75 5)]
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Figure 5: Ammonia AEGL-related concentrations (AEGL-2: 10 min: 220 ppm and AEGL-3 10 min: 2700 ppm)
with 5 m/s wind.

Gren Latvija SIA

Consequence analysis for 25% ammonia-water and natural gas leakages
Date 20/04/2026, Rev. 2

copyright © AFRY



Docusign Envelope ID: 4683FBE5-30BC-4D09-BA0C-74C6F44B264A

101032787-001-K001 Consequence analysis report 2026-04-17
(Rev.2).docx
Page 16/27

User defined source 5my/s wind

— Category 5/D @ 220 ppm [User conc. 1] [Flammable (18.75 5]]
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Figure 6: Ammonia AEGL-related concentrations (AEGL-2 30 min: 220 ppm and AEGL-3 30 min: 1600 ppm)
with 5 m/s wind.

Table 11: Ammonia-water leakage AEGL-related concentrations (30 min: 220 ppm and 1600 ppm) with two
different wind /stability classes (2F= stable with 2 m/s wind, 5F = neutral with 5 m/s wind).

Distance from the release location at ground level

AEGL-level & Acute Exposure 1.5 meters [m]
Exposure time Level [ppm]
2/F 5/D
AEGL-2 (10 min) 220 24 176
AEGL-2 (30 min) 220 24 176
AEGL-3 (10 min) 2700 14 40
AEGL-3 (30 min) 1600 17 55

Ammonia dispersion can be shown as probability of death. 1% probability of death is possible 10 m away
from the leakage location with 2 m/s wind and 19 m away with 5 m/s wind (Figure 7, Figure 8, Figure 9,
Figure 10 and Table 12).

User defined source 2m/s wind

T T
= Category 2/F AMMONIA (Outdoor)

N

=
o

=
o

, \
N

=)
=
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B
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1 2 3 4 5 [ 7 ) 9 10 n 12
Distance downwind [m]
Figure 7: Probability of death due to ammonia dispersion (2 m/s wind).
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User defined source 5m/s wind
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Figure 8: Probability of death due to ammonia dispersion (5 m/s wind).

Table 12: Distances to 1 % lethality from ammonia release in different wind /stability classes (2F= stable with
2 m/s wind, 5F = neutral with 5 m/s wind).

Distance from the release location at ground level 1.5 meters [m]
Probability of death
2/F 5/D

1% 10 19

Figure 9: Distance (blue = 10 m) to 1 % lethality from ammonia release with 2 m/s wind. Smaller
blue area is showing probability with one wind direction only (wind from west to east).
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Ammonia-
water
storage

Figure 10: Distance (green = 19 m) to 1 % lethality from ammonia release with 5 m/s wind. Smaller green area
is showing probability with one wind direction only (wind from west to east).

3.7.2 Case 2. Natural gas leakage

Natural gas was assumed to leak from 202 mm (internal) diameter pipe. 10% cross sectional are of this
pipe is equivalent of the round leakage hole of 64 mm. Pressure of the gas was 5 barg, and temperature
15°C. Leakage was modelled as 100 % methane. Methane 100% LFL (lower flammability limit) reaches
11-13 meters away from the leakage (observation height 1 m, Figure 11).

Leak

— Category 2/F @ 44000 ppm [User conc. 1] [Flammable (18.75 5)]
— Category 5/D @ 4000 ppm [User conc. 1] [Flammable (18.755)]

T I IRN

L
N
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Distance downwind [m]

Figure 11: Methane dispersion cloud as 100% lower flammability limit (44 000 ppm).
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Methane leakage may ignite and form a jet fire. Jet fire can cause thermal radiation that reaches 24-29

meters (Figure 12 and Table 13, 3-8 kW/m?). 1% death probability is possible at 24-meter distance (Figure
13).

Leak

-+ Category 2/F

me'i\ = Category /0
200 I \

P

=
2

Radiation Level [K\W/m2]

50

S~

25 30 35 40

Distance along transect [m]

Figure 12: Methane jet fire thermal radiation levels as side profile (2 m/s and 5 m/s wind).

Table 13: Jet fire thermal radiation distances with two different wind /stability classes (2F= stable with 2 m/s
wind, 5F = neutral with 5 m/s wind).

Thermal Radiation Distance from the release location at ground level 1.5 meters [m]
[kW/m?] 2/F 5/D
3 29 29
5 26 26
8 24 24

Leak

| Z1EEN

— Category 2/F 1%
— Category 5/D 1%
B

Wiclth [m]

15 -10 5 0 5 10 15
Release Direction [m]

Figure 13: Methane jet fire caused 1% probability of death distance (2 m/s and 5 m/s wind).
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Figure 14: Methane jet fire caused 1% probability of death distance (2 m/s wind). Smaller blue circle is showing
probability with one wind direction only (wind from west to east).

Dispersed methane cloud can ignite and cause explosion. Explosion overpressure may reach 25 meters
as 5 kPa pressure (Figure 15).
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Figure 15: Methane explosion overpressure as distance from leakage (2 m/s and 5 m/s wind).

3.7.3 Case 2. Natural gas leakage of TEC-2 gas pipelines

At the request, the impact of a possible natural gas leakage within the site of Riga TEC-2 gas fired power
plant on the Gren Latvija SIA plant. Natural gas was assumed to leak from 600 mm diameter pipe (TEC-
2 gas pipelines in Figure 16). 10% cross sectional area of this pipe is equivalent of the round leakage
hole of 190 mm. Pressure of the gas was 16 barg, and temperature 15°C. Leakage was modelled as 100
% methane. Methane 100% LFL (lower flammability limit) reaches 94-100 meters away from the leakage
(Figure 17 and Figure 18).
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Figure 16: TEC-2 gas pipelines (red) and site and Gren Latvija SIA plant (yellow circle).
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Figure 17: TEC-2 leakage related methane dispersion cloud as 100% lower flammability limit (44 000 ppm).
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Figure 18: TEC-2 leakage related methane dispersion cloud as 100% lower flammability limit (44 000 ppm)
seen above.
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Methane leakage may ignite and form a jet fire. Jet fire can cause thermal radiation that reaches 119-
154 meters (Figure 19, Figure 20 and Table 14, 3-8 kW/m?). 1% death probability is possible at 115-
meter distance (Figure 21).

1 -8 Category 2/F
150 -& Category 5/D
300 \

N
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Radiation Level [kW/m2]
8
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Figure 19: TEC-2 leakage related methane jet fire thermal radiation levels as side profile (2 m/s and 5 m/s
wind).

Figure 20: Jet fire thermal radiation distances (red = 8 kW/m?, green = 5 kW/m? and blue = 3 kW/m?) with 2
m/s wind.

Table 14: Jet fire thermal radiation distances with two different wind /stability classes (2F= stable with 2 m/s
wind, 5F = neutral with 5 m/s wind).

Thermal Radiation Distance from the release location at ground level 1.5 meters [m]
[kW/m?] 2IF 5/D
3 154 153
5 134 134
8 119 120
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23

Figure 21: TEC-2 leakage related methane jet fire caused 1% probability of death distance (2 m/s and 5 m/s
wind).

Dispersed methane cloud can ignite and cause explosion. Explosion overpressure may reach 72 meters
as 5 kPa pressure (Figure 22 and Figure 23).
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Figure 22: TEC-2 leakage related methane explosion overpressure as distance from leakage (2 m/s and 5 m/s
wind).

Gren Latvija SIA

Consequence analysis for 25% ammonia-water and natural gas leakages
Date 20/04/2026, Rev. 2

copyright © AFRY



Docusign Envelope ID: 4683FBE5-30BC-4D09-BA0C-74C6F44B264A

101032787-001-K001 Consequence analysis report 2026-04-17
(Rev.2).docx
Page 24/27

Figure 23: TEC-2 leakage related methane explosion overpressure as distance from leakage (2 m/s wind)
seen above.
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4 Summary

In this consequence analysis, ammonia-water and natural gas leakage were analysed at Gren Latvija
SIA plant in Riga, Latvia. Ammonia-water was 25% solution that was covered by the bund. In an
Ammonia-water leakage, ammonia evaporates from the liquid surface in the bund and was higher with 5
m/s. 1 % death probability was possible at 10—19-meter distances due the wind conditions.

Natural gas leakage was modelled as methane leakage. Methane leakage can cause a jet fire or
explosion. Jet fire can cause 1 % death probability at 24-meter distance and explosion overpressure may
reach 25 meters from the leakage location as 5 kPa overpressure.

It should be emphasized that this analysis does not assess the actual risk of the analyzed scenarios, but
analyzes the impact of such scenarios, if they take place and continue without any intervention. By
providing several layers of protection to mitigate leakages and to limit their consequences, the residual
risk will be reduced to a tolerable level. The residual risk of these leakage scenarios shall be evaluated
by separate risk assessment procedures, such as HAZIDs or HAZOPs.

However, based on the results of this analysis, it can be already concluded that a scenario, in which a
gas leakage (that could result in jet fire or gas vapour cloud explosion) would cause a leak in the
ammonia-water storage due to mechanical damage thus impacting outside of the site boundaries
(“domino effect”), is very unlikely.

Furthermore, the impact of a possible TEC-2 related natural gas leakage on Gren Latvija SIA plant was
also evaluated. Jet fire can cause 1 % death probability at 115-meter distance and explosion
overpressure may reach 72 meters from the leakage location as 5 kPa overpressure. These consequence
distances do not reach Gren Latvija SIA plant location.
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Appendix 1. Author of the document

Ismo Talka

HSE SPECIALIST

Ismo Talka has developed CFD simulations of major accident hazards based on calculation and modeling.
These customer projects have included assessments of thermal radiation in fire events, chemical
dispersion, explosion venting sizing, and overpressure levels.

Ismo graduated as an applied physicist from the University of Jyvdskyld's Renewable Energy degree

program and has worked, among other things, as a consultant in industry. Consequence modeling
projects from over 7 years of work are presented below.

AFRY Finland Oy, HSE Specialist 2023-04 ->

. Sulphur dioxide gas dispersion

. Refrigerant R1234 ATEX modeling

. Hydrogen and methane leaks (pool/jet fire thermal radiation, gas dispersion, explosion)

. Biogas storage plant chemical safety modeling

. Ammonia, chlorine, chlorine dioxide dispersions analysis

. 1,3-Butadiene, acrylonitrile, n-Butyl acrylate and styrene reactor fire and dispersion analysis

. Green steel related consequences analyses for multiple customers, hydrogen

. H-Flex-E plant consequence modeling

. Transformer factory risk analysis and consequence analysis, transformer oil, kerosene pool
fires

. Hydrogen pipeline leaks and emergency flare consequences analysis

. LBG consequence analysis for biogas plant

. Gas turbine plant explosion and consequences, estimating city planning options

e  Assessment of major accident hazards of the hydrogen project

. Accident hazard modeling of the PEKILO mycoprotein production facility

. Consequence analysis for nitric acid storage and unloading

e Qil storage fire and explosion modeling (3000/2x5000 m?®) for power plant site

. Cobalt refinery consequence modeling (sulfuric acid, hydrogen chloride, kerosene and

hydrogen peroxide) and preliminary space classifications NFPA70, 497 and 499
New transformer factory HSE lead and consequence analysis

Preliminary hazard distances for P2X hydrogen production

Consequence modeling of the two new biogas plants according to the chemical permit
Explosion in gas collection system

Process pump detonation

Thermal radiation modeling of a whiskey warehouse fire

Thermal radiation for garbage heap fire

Styrene bund fire

Consequence analysis for hydrogen leakages (tanks, pipeline)

Thermal radiation levels from two flares

Direct reduced iron-electric steel plant consequence analysis for hydrogen
Consequence analysis for LNG terminal

Shipyard acetylene gas station major accident modeling

Consequence analysis for sulphur concentrate fire

Dust explosion of PVA silo

Ground flare toxic cloud dispersion modeling

Natural gas pipeline leakages and consequence modeling

Compressed air tank rupture, indoor overpressures

Reactor explosion

Consequence analysis for methane and hydrogen

Consequence analysis for e-methane and e-SAF process plants

Train unloading of ammonia, gas dispersion analysis
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Consequence analysis for methane, hydrogen and methanol
Landfill waste fire and its thermal radiation consequences
CO2 pipeline leakage modelling

Ammonia leakage consequences

Projects 2018-10 - 2021-03

Gas spread analysis of the terminal area using CFD, MTBE cloud, various wind and structural
assessments.

Analysis of multiple pool and tank fires in the new terminal, CFD

Thermal radiation of pool and tank fire

Thermal analysis of diesel pool

Analysis of multiple pool and tank fires in the new terminal, CFD

Thermal radiation of pool and tank fire

Thermal radiation of pool and tank fire, diesel, petrol

Thermal load of a hydrocarbon fire on thermal protection (pump station), CFD

Assessment and modelling of a fire and gas explosion accident in a butyl acrylate tank, CFD
Consequence analysis of a chemical leak (outdoor) and a chemical tank explosion, CFD+laser
scanning

Radiation intensity estimates of a pool and tank fire, CFD

Projects 2012-01 - 2014-12

3x2000 m?3 wood pellet tank hazard assessment studly, fire, flue gas, thermal radiation,
explosion studies using CFD

4x1000 m?® wood pellet tank hazard assessment studly, fire, flue gas, thermal radiation,
explosion studies using CFD

7500 m? heavy oil tank conversion to light oil, hazard assessment study, fire, flue gas, thermal
radiation, explosion studies

1000 m? cold water tank conversion to light oil tank, hazard assessment studly, fire, flue gas,
thermal radiation, explosion studies

4000 m? light oil tank explosion study, ventilated explosion, minimizing the effects of external
pressure waves in an urban area

1500 m?® wood pellet tank hazard assessment study, fire, flue gas, thermal radiation, explosion
studies

1000 m?® wood pellet tank hazard assessment study, fire, flue gas, thermal radiation, explosion
studies

Positions
2023 - AFRY Finland Oy, HSE Specialist
2021-2023 Rand Simulation Oy, Senior CFD Specialist
2018 - 2021 Pinja Oy, Project Engineer
2017 - 2018 Ericsson, Senior Thermal Developer
2014 - 2017 ABB, Senior Design Engineer R&D
201 -2014 Elomatic Oy, Modeling Specialist CFD
2007 -20M Numerola Oy, CFD Specialist
2006 - 2007 University of Jyvaskyld, Researcher
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13. attéls. Metana striklveida ugunsgréka izraisitas 1 % letalitates varbatibas attalums (v€j$ 2 m/s un 5
07 T ORI 19

14. attéls. Metana striklveida ugunsgréka izraisitas 1 % letalitates varbdtibas attdlums (v&jS 2 m/s).
Mazakais zilais aplis parada varbatibu tikai ar vienu véja virzienu (v€j$ no rietumiem uz austrumiem).20

15. attéls. Metana spradziena parspiediens atkariba no attaluma Iidz noplides vietai (v€jS 2 m/s un 5
107 TR PP PTPTPPRPIIN 20

16.attéls: TEC-2 gazesvads (sarkans) un Gren Latvija SIA raZotne (dzeltenais rinkis)............. 21

17 attéls: Ar TEC-2 nopladi saistits metana izkliedes makonis ka 100% zemaka uzliesmojamibas

rODEZA (44 000 PPIM). ..ttt 21
18.attels: Ar TEC-2 nopludi saistits metana dispersijas makonis ka 100% zemaka uzliesmojamibas
robeza (44 000 ppm), kas redzama iepriekS. ...........ooiuiriiii e 21
19.attéls: Ar TEC-2 nopladi saistiti metana struklas liesmu siltumstarojuma limeni sanskata (2 m/s un 5
L0V T PPN 22
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20.attéls: Ugunsstriklas siltumstarojuma iedarbibas attalumi (sarkans = 8 kW/m2, zal$ = 5 kW/m2 un
Zils = 3 KW/M2) ar 2 M/IS VEJU. oo 22

14.tabula: Ugunsstraklas siltumstarojuma iedarbibas attalumi pie divam atSkirigam véja / atmosféras
stabilitates klasém (2F = stabila atmosféra ar véja atrumu 2 m/s, 5F = neitrala atmosféra ar véja atrumu
D M8 ). e e 22

21.attéls: Attalums, kura ar TEC2 saistitas noplides gadijuma metana striklas liesma rada 1 %
letalitates varbatibu (VEja Gtrums 2 m/S UN S M/S)......cuiiiiiiiiiiii e 23

22.attéls : Ar TEC-2 saistitd noplidé metana spradziena virsspiediens atkariba no attdluma no
nopliides vietas (VEja atrums 2 m/S UN S M/S) ....ueiii e 23

23.attéls: Ar TEC-2 saistita noplidé metana spradziena virsspiediens atkariba no attdluma no noplides
vietas (v€ja atrums 2 m/s), ka paradits iepriekS ........coveiriiiii i 24
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Zinojumu vésture

Parsk.

Orig.

ATRUNA

Datums/autors

20/01/2026
I. Talka

25/02/2026
I. Talka
14/04/2026
I. Talka

Datums/parbaudits

23/01/2026
V. Ukkonen

25/02/2026
V. Ukkonen
20/04/2026
V. Ukkonen
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AFRY Finland Oy (“AFRY”) patur visas tiesibas uz $o zinojumu. Sis zinojums ir konfidencials un
sagatavots tikai Gren Latvija SIA (“Klients”) izmantoSanai. Zinojuma izmanto8ana jebkurai citai personai,
iznemot Klientu, un citiem mérkiem, iznemot Klienta un AFRY savstarpéja lfguma noradttos, ir iesp&jama
tikai ar AFRY iepriek8&ju rakstisku piekriS8anu. Zinojums ir sagatavots saskana ar AFRY un Klienta
savstarpéja liguma noteikumiem. AFRY atbildibu saistiba ar So zinojumu vai uz T zinojuma pamata

Datums/apstiprinats

29/01/2026
E-M. Lantta

25/02/2026
E-M. Lantta
20/04/2026
E-M. Lantta

regulé tikai attieciga Liguma noteikumi un nosacijumi.

AFRY neuznemas atbildibu ne par kadu kaité&jumu, ne arT par tieSiem vai netieSiem zaud&jumiem, kas

Datumsl/izdots

13/02/2026
|. Talka

06/03/2026
|. Talka

20/04/2026
|. Talka

radusies kadai treSajai pusei, izmantojot So zinojumu vai palaujoties uz to.
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1 levads

ST seku analize ir sagatavota Gren Latvija SIA rGipnicai Riga, Latvija. Seku analizes negadijumu notikumi
tika izvéleti saskana ar Somijas DroSibas un kimisko vielu agentdras (Tukes) vadiinijam Drosibas
zinojums' un Rapnicas atrasanas vieta?. Apsvértajas sekas ir modelétas 25% amonija hidroksida
Skiduma un dabasgazes noplides. Analizétas sekas ietver ugunsgréka siltuma starojumu, spradziena
parspiedienu un bistamas gazes izpludi apkartéja vidée.

Jauzsver, ka Saja analizé nav novértéts analizéto scenariju faktiskais risks, bet gan analizéta $adu
scendriju ietekme, ja tie notiek un turpinds bez jebkadas iejaukSanads. NodroSinot vairaklimenu
aizsardzibu nopldZu mazinasanai un to seku ierobezoSanai, atlikuSais risks tiks samazinats Idz
pielaujamam Ilimenim. So noplides scenariju atlikuie riski janovérts, izmantojot atseviskas riska
novértéSanas proceddras, pieméram, HAZID vai HAZOP.

2 Tiesiskais pamatojums

Kimiskas droSibas tiesibu akti paredz, ka, planojot raZzotnes atraSanas vietu, ir janovérté iesp&jamo
negadijumu ietekme uz veselibu un apkartéjo vidi. Seku analize ir svarigs instruments, lai modelétu
negadijumu situaciju ietekmes zonas, pieméram, termisko starojumu, spiediena ietekmi un veselibas
riskus, ka art prognozétu to sekas razotnes videi.

RaZotnes izvietoSanas apstaklus novérté, pamatojoties uz negadijumu sekam. Seku analize atbalsta
zemes izmantojuma planoSanu un nodroSina to, ka razotnes atraSanas vieta nerada risku darbibam
apkartné vai dabas teritorijam. Attalumam no negadijuma risku izraiso$as razotnes jabat pietiekamam,
lai nodroSinatu apkartéjas zemes izmantoSanu, jo TpaSi attieciba uz cilvékiem sensitivam vietam,
pieméram, skolam, dienas apripes centriem, blivi apdzivotam zonam un slimnicam. Jo neaizsargataka
ir vieta, jo tai jaatrodas talak no bistama objekta. Pietiekams attdlums ir svarigs rdpniecibas
uznémumiem, kritiskajai infrastruktirai, dabas aizsardzibas teritorijam un citam videi vértigdm vietam.

3 Izkliedes modeléSanas apraksts

3.1 Rdpnicas teritorija

Rapnicas izvietojums ir redzams 1.attéla.

! Tukes vadlinijas. Droibas zinojums. 542/00.00.02/2021.
2 Tukes vadlinijas. Ripnicas atra$anas vieta: https://tukes.fi/tuotantolaitosten-sijoittaminen.
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1. attéls. R

Sibas

Tpa

aliju

Kimik

3.2

Tira

1da 25% Skidumam un metanam.

a tika modelétas amonija hidroks

Cc
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arijas sekas r

Ejamas av.
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amonjaka un metana kimiskas vielu Tpasibas ir paraditas 1.un 2.tabula.
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1. tabula. Amonjaka ipasibas. °

Nosaukums
CAS numurs
Molekulara formula

Amonjaka bridinajuma simboli®

Bistamibas klase un kategorijas
kods(-i)

Virsanas punkts

Uzliesmosanas punkts

PasaizdegSanas temperatiira

Uzliesmosanas robezvértibas (UFL,
LFL)

Smarzas slieksnis

2. tabula. Metana ipa$ibas®.

Nosaukums
CAS numurs
Molekulara formula

Bridinajumu simboli

Bistamibas klase un kategorijas
kods(-i)

VirSanas punkts
Uzliesmosanas punkts
Pasaizdeg$anas temperatira

Uzliesmosanas robezvértibas (UFL,
LFL)

Smarzas slieksnis

3 OVA vadlinijas: Amonjaks
https://www_ttl.fi/ova/ammoni.html
4 OVA vadlinijas: Metans
https://www_ttl.fi/ova/ammoni.html

Gren Latvija SIA

Amonjaks

7664-41-7

SE@®

H221: Uzliesm. gaze 2

* H331: Akdts toks. 3 *

* H314: Adas kairin. 1B

H400: Akdti toksisks Gdens organismiem 1
* Minimalais vértéjums

-33°C

Nav eksperimentali noteikts. Amonjaka tvaiki var degt, bet
grati aizdegas.

apméram 650 °C
16-25 %

5-50 ppm (3,6—36 mg/md);
Smarza nav laba bridingjuma zime

Metans
74-82-8
CH4

H220:

Tpasi viegli uzliesmojosa gaze
-162 °C

Nav eksperimentali noteikts.
595 °C

4,4-17 %

200 ppm (133 mg/m?®)
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NOy reducéSanas noliikos rapnica tiek glabats amonija hidroksids. Tirs amonjaks ir bezkrasaina un loti
kairino8a gaze ar stipri kodigu aromatu, ko var viegli saskidrinat I1dz bezkrasainam Skidrumam. 1 litram
saskidrinata amonjaka iztvaikojot atmosféras spiediena, veidojas aptuveni 750 litru amonjaka gazes®.
Amonjaks nav viegli uzliesmojoSs, bet noteiktos apstaklos var veidoties spradzienbistams gaisa-
amonjaka maistjums. Amonjaka apak3$éja uzliesmoSanas robezvértiba (LFL) ir 16 %, bet augséja
uzliesmoganas robezvértiba (UFL) ir 25 %°. Seku modeléSana LFL tika definéta ka 160 000 ppm® un
UFL ka 250 000 ppm.

Metans (proti, dabasgaze) ir bezkrasaina, bez smarzas un vieglaka par gaisu. Metanu glaba un apstrada
ka saspiestu (CNG) vai saskidrinatu (LNG) gazi. Metana un gaisa maisijums var aizdegties jebkura
aizdegSanas avota ietekmé. Liesmas izplatiSanas ir deflagracija. Ja metana noplide ir nepartraukta,
uguns degs ka uzplaiksnijuma ugunsgréks (flash fire) no noplides vietas.

3.3 Laikapstakli
Talak redzama véjaroze 2.attéla parada apgabala véja apstaklus. Attéla paradits véja virziens 50 metru
augstuma. Global Wind Atlas (Globalais véja atlants) ir savienots mezoskalas un mikroskalas skaitliskais

modelis, kas balstits uz 10 gadu atkartotas analizes datiem (2008.-2017. g.), kur ERA5 datu kopa ir
samazinata, lai attélotu augstas izSkirtspéjas vidéjos véja klimatiskos apstaklus.

0°

900

180°

2. attéls. Vgjaroze rijpnicas atrasanas vieta®.

Saja analizé izmantotas Pasquill stabilitates klases — stabila (F) un neitrala (D) — ar véja atrumu attiecigi
2 m/s un 5 m/s, ka to iesaka Tukes vadlinijas?. Vairak stabilitates klasu redzamas 3. tabula.

V&jroze rada vé&ja statistisko virzienu apgabala, kas Saja gadijuma ir véj$ no dienvidrietumiem. Saskana
ar Global Wind Atlas datiem vidéjais véja atrums $aja apgabala bija 5,5 m/s, kas atbilst Tukes
noteikumiem.

Aktuala atmosféras temperatira tika izvélata 10 °C un relativais mitrums 70 %. Sie parametri ir tuvu gada
vidéjam vértibam.

5 ppm (miljondalas). Sadi var izmérit [oti mazu vielas daudzumu gaisa, Iidzigi procentu izmanto$anai.
1 % ir vienads ar 10 000 ppm.
Tapéc teksta minétais 16 % LFL ir tas pats, kas 160 000 ppm.

6 Global Wind atlas, véjroze no rapnicas teritorijas.
https://globalwindatlas.info/en/
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3. tabula. Stabilitates klasifikacija.

Virszemes Dienas laika ienako$a saules radiacija Nakts apstakli
Véja Spéciga Mérena Nenozimiga Viegla < 3/8 makonu
atrums makonainiba sega
vai = 4/8 zema
makonu sega
<2 A A-B B - -
2-3 A-B B C E F
3-5 B B-C C D E
5-6 C C-D D D D
> 6 C D D D D
A = arkartigi nestabils, B = vidgji nestabils, C = nedaudz nestabils, D = neitrals, E = nedaudz stabils, F =
stabils
3.4 Bistamibas kategorizacija

Tukes vadlinijas? ir sniegtas norades par seku modelé$ana izmantojamam siltuma starojuma un
parspiediena vilnu vértibam. Noraditas siltuma starojuma vértibas (4. tabuld) ir seku robezvértibas
cilvékiem, ékam un iekartam. Siltumstarojuma ietekmes parbaudei ieteicamas vértibas ir 12, 8, 3 un

1,5 kW/m? saskana ar Tukes vadlinijam?2.

4. tabula. Siltuma starojuma ietekme un sekas.

Siltuma Sekas

starojums,

kW/m?

12-15 Var aizdegties vegetacija un ékas

8 Pieaug degSanas izplatibas risks, viegli
uzliesmojoSi materiali var aizdegties vai
saplist

Konstrukcijas pamats

UgunsdroSas vai pret degSanu aizsargatas
ékas

Ekas, deg$anu izplatosi objekti

Augstaka pielaujama siltuma starojuma intensitate pie zemes gabala robezam, kas ir

projektéSanas sakumpunkts

Tiek apgratinata cilvéku darbiba, atri

5

veidojas apdegumi
3 ligstoSa ekspozicija izraisa apdegumus
1,5 Nepatikams karstums

Citas siltumstarojuma sekas var redzét talak (5. tabula).

Gren Latvija SIA
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Ekas un citi objekti, kuros ir cilveki
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bltivums
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5. tabula. Citas siltumstarojuma ietekmes un sekas’.

Termiska
starojuma
limenis
[kW/m?]

1,5
2,5

3

8-10

10-12
12,5-15
13-15
18-20
20
25
35-38
100
200

letekme uz cilvekiem

Nav ilgtermina ietekmes
Tolerances laiks 5 mindtes, péc tam stipras

sapes
Glabsana iespéjama 30 sekunzu laika

Glabsanas personala ricibas robeza

Glabsanas personala glabSanas robezvértiba

Ar 9,5 kW/m? siltuma starojumu otras pakapes
apdegumi rodas 20 sekundés

Pirmas pakapes apdegumi 10 sekundés, 1 %
letalitate péc 1 mindti ilgas ekspozicijas

levérojama invaliditate 10 sekundés, 100 %
letalitate péc 1 mindti ilgas ekspozicijas
1 % mirstiba péc 10 sekundém

letekme uz struktiram

Tiek bojati stikla materiali

TUKES: satiksmes plisma ar robezvértibu vairak
neka 1500 automas$inu diena

lekartu bojajumi, uzliesmosanas sistémas
projektétais ierobezojums ir 9 kW/m?, sdkas domino
efekti

Degviela aizdegas 2 minatés (10 kW/m?), deg
vegetacija

Var aizdegties koka materiali, kst plastmasa

Parastas konstrukcijas var izturét apméram 14 kW/m?
Sadalas kabelu izolacija

Degviela aizdegas 40 sekundés, betona
konstrukcijas saglabajas stundam ilgi

Sak samazinaties térauda konstrukciju izturiba, rodas
deformacijas

Tiek bojatas tehniskas iekartas, pieméram, konteineri
un tvertnes (30 min), ka art masinas

Térauda konstrukcijas izjak

Betona konstrukcijas izjok

Spradziena ietekmi parbauda ar nakamaja tabula definétajam parspiediena vilnu vértibam (6. tabula).
Izmantotas vértibas ir ieteicamas, un efekts ir definéts Tukes vadlinijas?.

6. tabula. Parspiediena vilnu ietekme un sekas.

Parspiediena

vilnis, kPa

30

15

10

Sekas cilvekiem un iekartam

Atbalsta konstrukciju sabrukSana,

negadijuma izplatiSanas risks

Eku dalgja sabruksana,
neatgriezenisku bojajumu risks

lespéjamie konstrukciju vai éku veidi

Rupnieciskas iekartas un konstrukcijas

Noteiktam parspiediena llmenim
pielagotas ripnieciskas €kas un buves

Augstakais parspiediens pie ripnicas robezam, kas ir projektéSanas sakumpunkts

7 Tabula ir ieklauta kombinacija no vairakiem avotiem, pieméram:

WTP55, Techniques for Assessing Industrial Hazards by World Bank
Hatton, A.P. and Halfdanarson, 1982; Stoll and Chianta, 1969
LaChance, J (2009). Sandia National Laboratories, Risk-informed separation distances for hydrogen refuelling stations.

International Journal of Hydrogen Energy, 34. s€j., 5838.-5845. Ipp.
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Nelieli bojajumi éku konstrukcijam un Ekas un zonas, kur parasti uzturas cilvéki

traumu risks

Citas ar parspiedienu saistitas sekas var redzét 7.tabula.

7. tabula. Citas ar parspiedienu saistitas sekas®.

letekme, sakoties parspiedienam

Bar Pa

0,003
0,01
0,03
0,03
0,04
0,05
0,07
0,07

0,07
0,01
0,15
0,15
0,16
0,17

0,17
0,20
0,35
0,35
0,50
0,60
0,70
1

3

300
1000
3000
3000
3500
5000
7000
7000

7000
10000
15000
15000
16000
17000

17000
20000
35000
35000
50000
60000
70000
100000

300000

Paredzamie bojajumi

Skals$ troksnis (143 dB); skanas triecienvilna izraisita stikla plisana.
Tipisks spiediens stikla pliSanai.

lerobezoti nelieli strukturali bojajumi.

Saplist 50 % stiklu

Logi parasti saplisusi; dazi logu ramju bojajumi.

Nelieli bojajumi €kas konstrukcijam.

Dal€ja éku sagrausana; nav derigas dzivo$anai.

Gofréti metala paneli neiztur un saliecas. leliecas dzivojamo éku
koka paneli.

LidojoSu stiklu un citu lausku raditas vieglas lldz smagas brices.
Dzirdes bojajumi

Eku sienu un jumtu dal&ja sabruk3ana.

Sagrautas nestiegrota betona vai izdedzu betona bloku sienas.
Mirstiba 1 %

Bungadinu plisuma bieZzums ekspozicijai paklautajiem iedzivotajiem
1-90 %.

Eku kiegelu mira sagrasana 50 %.

Térauda karkasa ékas deformétas un atrautas no pamatiem.
Last koka elektribas stabi.

Gandriz pilntba sagrist ékas.

Apgazas piekrauti vilciena vagoni.

Sagrist piekrauti vilciena vagoni.

lespéjama pilniga éku iznicinadana.

spradziena iedarbibas dél

Letalitate 95 %

Izkliedes modeléSanai ieteicams izmantot AEGL (akatas ekspozicijas orientg&joSie Tmeni) vértibas. AEGL
vértibu definicijas ir sniegtas 8. tabula. AEGL vértibas katrai vielai ir noteiktas trim dazadam
koncentracijam un pieciem dazadiem ekspozicijas laikiem (10 min, 30 min, 1 h, 4 h un 8 h). Tukes
vadlinijas? ieteikts seku analizé izmantot AEGL-2 un AEGL-3 ar ekspozicijas laiku 10 un 30 mindtes.

8 Tabula ir ieklauta kombinacija no vairakiem avotiem, pieméram:

American Institute of Chemical Engineers (1994)

Lees, Frank P. 1980. Loss Prevention in the Process Industries, Vol. 1. London and Boston: Butterworths

The Effects of Nuclear Weapons, Third Edition, 1977, Compiled and edited by Samuel Glasstone and Philip J. Dolan
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8. tabula. Akitas ekspozicijas orientéjosie imeni (AEGL) un to ietekme uz visparéjo populaciju.
Akitas ekspozicijas Kaitiga ietekme
orientéjosie limeni
AEGL-1 levérojams diskomforts, kairindjums vai noteikta asimptomatiska,

nejitama ietekme. Tomér 81 ietekme neizraisa invaliditati, ir parejoSa un
atgriezeniska péc ekspozicijas partraukSanas

AEGL-2 Neatgriezeniska vai cita smaga un ilgstoSa nelabvéliga ietekme uz
veselibu vai traucéta spéja izglabties.

AEGL-3 Dzivibai bistama ietekme uz veselibu vai nave

Amonjaka AEGL vértibas ir noraditas talak (9.tabula).

9. tabula. AEGL vértibas amonjakam?®.

AEGL vértibas amonjakam Koncentracija
AEGL-1 30 ppm / 10 min
30 ppm / 10 min
AEGL-2 220 ppm /10 min
220 ppm / 30 min
AEGL-3 2700 ppm /10 min

1600 ppm / 30 min

AEGL-2 vértibu izmanto vietas, kur regulari uzturas daudz cilvéku (tirdzniecibas centri, daudzdzivoklu
majas, sporta zales u. c.) vai teritorijas vietas, kur cilvékiem var blt ierobezZotas iespéjas pasargaties no
gazes iedarbibas, pieméram, veselibas apripes iestadés, skolas un dienas apripes centros.

AEGL-3 vértibu pieméro mazak sensitivam zonam, kur cilvékiem ir labakas iesp&jas meklét patvérumu
telpas vai pamest gazes makona ietekméto zonu. Sadas situacijas bieZi vien var efektivak novérst smagu
ietekmi uz veselibu.

3.5 ModeléSanas programmatira

Izkliedes modeléSana tika veikta, izmantojot DNV GL izstradato programmatidras Phast versiju 9.1. Phast
tiek uzskatita par precizu programmatiru, ko izmanto seku modeléSanai apstrades rdpnieciba.
ModeléSana ar programmatdiru var nemt véra, pieméram, laikapstaklus, ainavu, materialus, apstrades
apstaklus, vélamo spiediena un siltuma starojuma lTmeni.

3.6 Seku analize
ModeléSanas programma ievadttie ievades dati cita starpa ietver:

- nopliides cauruma diametru;
- nopludes augstumu;

- novéro$anas augstumu;

- uzpildes pakapi;
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- nopludes tvertnes izmérus;
- 8kérslu blivumu, ierobezotu telpu vai lidzigus faktorus, kas batiski ietekmé rezultatus.

Izejas vértibas, ko var iegit seku modeléSanas rezultata:

- emisijas/iztvaikoSanas atrumi;
- viegli uzliesmojoSas vai toksiskas vielas masa gazes makonr;
- laiks, kas pagajis kops$ viegli uzliesmojoSa vai toksiska makona (noplades laiks).

Ka rezultatu skatiSanas augstumu parasti izvélas 1,5-2 metrus, kas atbilst vidéja cilvéka auguma
garumam. Saja modelé$ana tika izvél&ts 1,5 m skati$anas augstums.

3.7 Negadijumu scenariji un rezultati

Tika modeléti divi dazadi scenariji: amonija hidroksida noplide un dabasgazes noplide. Dabasgazes
nopldde tika modeléta ka 100 % metana noplade.

3.71 1. situacija. Amonija hidroksida noplude

Pienemts, ka amonija hidroksids (60 m®) ir ar 25 % koncentraciju Pienemts, ka noplide tiek savakta
54 m x 8,6 m=46,4 m? padzilindjuma apkart tvertnei. 10.tab. parada amonjaka iztvaiko$anas atrumus
no baseina, pie maksimalajiem iztvaikoSanas laikiem (60 m® amonjaka pilniba iztvaikojis).

10. tabula. Amonjaka iztvaikoSanas atrumi un kopéjais iztvaikoSanas laiks atskirigiem véja atrumiem.

Véja atrums IztvaikoSanas atrums [kg/s] Kopéjais iztvaikosanas laiks [h]
2m/s 0,125 122
5mis 0,254 60

Lielaks véja atrums palielina amonjaka iztvaiko$anas atrumu. Error! Reference source not found..—
Error! Reference source not found..attélos ir redzama amonjaka izkliedes makona koncentracija
atbilstosi attdlumam no noplades vietas. Ar 2 m/s véju izkliedétais makonis pacelas augsup, bet ar

5 m/s véju tas tiek izkliedéts I1dzi véjam. 11.tabula ir redzamas dazadas koncentracijas dazados véja

apstak|os.
User defined source 2m/s wind
I I
— Category 2/F @ 220 ppm [User conc. 1] [Flammable (18.75 )]
25 1 -‘—_‘____'___ — Category 2/F @ 2700 ppm [User conc. 3] [Flammable (18.75 5)]
20
1 0 "(\\T\

T
=15
o ]
2 /
B
2
C

10 -

1 \
'\Q
5.
’
5 V\/
%
0

0 50 100 150 200 250 300 350
Distance downwind [m]

3. attéls. Ar amonjaku AEGL saistitas koncentracijas (AEGL-2 10 min: 220 ppm un AEGL-3 10 min:
2700 ppm) ar véja atrumu 2 my/s.
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User defined source 2m/s wind

J T T
1 — Category 2/F @ 220 ppm [User conc. 1] [Flammable (175 5)]
27 EE— — Category 2/F @ 1600 ppm [User conc. 2] [Flammable (18.75 5]]
» -
1 2 20 mn
£
=15
5
B
= 4 /
3
3
R
o
10
5
0
0 50 100 150 200 250 300 350

Distance downwind [m]

4. attéls. Ar amonjaku AEGL saistitas koncentracijas (AEGL-2 30 min: 220 ppm un AEGL-3 30 min:
1600 ppm) ar véja atrumu 2 my/s.

User defined source 5m/s wind
1 T T T

1 — Category 5/D @ 220 ppm [User conc. 1] [Flammable (18.75 5)]
] ~— Category 5/D @ 2700 ppm [User conc. 3] [Flammable (18.75 5)]

/ AEGL-2: 10 min\
] %EGL-& 10 min )
2 ’ /
Y

40 60 20 100 120 140 160 180
Distance downwind [m]

Cloud height [m]

=
o
=

5. attéls. Ar amonjaku AEGL saistitas koncentracijas (AEGL-2: 10 min: 220 ppm un AEGL-3 10 min:
2700 ppm) ar véja atrumu 5 m/s.
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User defined source 5my/s wind

— Category 5/D @ 220 ppm [User conc. 1] [Flammable (18.75 5]]
~— Category 5/D @ 1600 ppm [User conc. 2] [Flammable (18.75 5)]

@

A

L— | |
AEGL-2] 30 min

] 3\
:/ AEGL-3130 min\ )

| / /

0 20 40 60 80 100 120 140 160 180
Distance downwind [m]

Cloud height [m]

N

6. attéls. Ar amonjaku AEGL saistitas koncentracijas (AEGL-2 30 min: 220 ppm un AEGL-3 30 min:
1600 ppm) ar véja atrumu 5 my/s.

11. tabula. Ar amonija hidroksida noplidi AEGL saistitas koncentracijas (30 min: 220 ppm un 1600 ppm) ar
divam dazadam véja/stabilitates klasém (2F = stabils ar 2 m/s véju, 5F = neitrals ar 5 m/s véju).

Akiitas Attalums no izplides vietas zemes liment 1,5 metri
AEGL limenis un -
L . ekspozicijas [m]
ekspozicijas laiks - .
limenis [ppm] 2IF 5/D
AEGL-2 (10 min) 220 24 176
AEGL-2 (30 min) 220 24 176
AEGL-3 (10 min) 2700 14 40
AEGL-3 (30 min) 1600 17 55

Amonjaka izkliedes sekas var tikt raksturotas ar letalitates varbatibu. 1 % letalitates varbatiba iespéjama
— 10 m attdluma no noplides vietas pie 2 m/s véja atruma un 19 m attdluma pie 5 m/s véja atruma
(7.attéls, 8.attéls, 9. attéls, 10. attéls un 12.tabula).

User defined source 2m/s wind

T T
= Category 2/F AMMONIA (Outdoor)

N

=
o

=
o

, \
N

=)
=

Probability of Death [fraction]

B

\‘_—
1 2 3 4 5 [ 7 ) 9 10 n 12
Distance downwind [m]
7. attéls. Letalitates varbdtiba amonjaka izkliedes ietekmé (vgj$ 2 m/s).
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User defined source 5m/s wind

T T T
4 — Category 5/0 AMMONIA (Qutdoor)

e

8

e

6

Probability of Death [fraction]

o
=

| i

] ]

1 e

02

2 4 6 2 10 12 14 16 18 20 2 24 2%
Distance downwind [m]

8. attéls. Letalitates varbatiba amonjaka izkliedes ietekmé (véjs 5 m/s).

12. tabula. Attalumi lidz 1 % letalitatei no amonjaka izkliedes vietas dazadam véja/stabilitates klasém (2F =
stabils ar véja atrumu 2 m/s, 5F = neitrals ar véja atrumu 5 m/s).

Attalums no izplides vietas zemes limeni 1,5 metri [m]
Letalitates varbatiba
2/F 5/D

1% 10 19

Amonjaka Gdens
Skiduma glabatuve

9. attéls. Attalums (zils = 10 m) lidz 1 % letalitatei no amonjaka izkliedes vietas ar véja atrumu 2 m/s. Mazakais
zilais laukums parada varbditibu tikai ar vienu véja virzienu (véj§ no rietumiem uz austrumiem).
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Amonija hidroksida
Skiduma glabatuve

10. attéls. Attalums (zals = 19 m) Idz 1 % letalitdtei no amonjaka izkliedes vietas ar véja atrumu 5 m/s.
Mazakais zalais laukums parada varbdtibu tikai ar vienu véja virzienu (v&j$ no rietumiem uz austrumiem).

3.7.2 2. situacija. Dabasgazes noplude

Tika pienemts, ka dabasgaze noplist no caurules ar 202 mm (iek8&jo) diametru. 10 % §is caurules
Skérsgriezuma laukuma atbilst 64 mm apalam noplides caurumam. Gazes spiediens bija 5 barig un
temperatidra 15 9C. Noplade tika modeléta kd 100 % metans. Metans, sasniedzot 100 % LFL (apak$éjo
uzliesmosanas robezvértibu), izplatds 11-10 metru attaluma no noplides vietas (novéroSanas augstums
1 m, 11.attéls).

Leak

— Category 2/F @ 44000 ppm [User conc. 1] [Flammable (1875 5)]
— Category 5/D @ 44000 ppm [User conc. 1] [Flammable (18.755)]

T | TN

e
N

Cloud height [m]

ﬁ\
0s
0
0 1 2 3 4 5 6 7 8 9 10 1 12 13 14

Distance downwind [m]

11. attéls. Metana izkliedes makonis ka 100 % apak$éja uzliesmoSanas robezvértiba (44 000 ppm).
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Metana noplide var aizdegties un veidot strikllveida ugunsgréku. Striklveida ugunsgréks var izraistt
termisku starojumu, kas sasniedz 24-29 metrus (12. attéls un Error! Reference source not found..
tabula, 3-8 kW/m?). 24 metru attaluma ir iesp&jama 1 % letalitates varbatiba (13. tabula).

Leak

-+ Category 2/F
- Category 5/D

| 3

P

=
2

Radiation Level [K\W/m2]

50

S~

25

Distance along transect [m]

40

12. attéls. Metana striklveida ugunsgréka termiska starojuma limeni sanprofila (véjs 2 m/s un 5 m/s).

13. tabula. Striklveida ugunsgréka termiska starojuma attalumi ar divam dazadam véja/stabilitates klasém

(2F = stabils ar 2 m/s véju, 5F = neitrals ar 5 m/s véju).

Termiskais starojums
[kW/m?]

2/F
3 29
5 26
8 24

Leak

5/D
29
26
24

Attalums no izplides vietas zemes limeni 1,5 metri [m]

— Category 2/F 1%

| /

— Category 5/D 1%
B

Wiclth [m]

-13 -10 -3 0 5 10

13 20 23

Release Direction [m]

40

13. attéls. Metana striklveida ugunsgréka izraisitas 1 % letalitates varbitibas attalums (véj$ 2 m/s un 5 m/s).
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14. attéls. Metana striklveida ugunsgréka izraisitas 1 % letalitates gadijumu iespéjamibas attalums (véj$
2 m/s). Mazakais zilais aplis parada varbitibu tikai ar vienu véja virzienu (v&j$ no rietumiem uz austrumiem).

Izkliedéts metana makonis var aizdegties un izraisit spradzienu. Spradziena parspiediens var sasniegt
25 metrus 5 kPa spiediena apstaklos (15.attéls).

Leak

007 /4 [ - Category 2/F (005 bar) ’»

- Category 5/D (0.05 bar)

\

A\

e
=
3

va
Vi

=
=

Overpressure (gauge) [bar]

=
3

,«fﬁy

0.02

1

0 2 4 6 8 10 12 14 16 18 20 22 24

Distance downwind [m]

15. attéls. Metana spradziena parspiediens atkariba no attaluma lidz noplides vietai (véj$ 2 m/s un 5 m/s).

3.7.3 2.situacija. Dabasgazes noplude no TEC-2 gazes caurulvadiem

Péc pieprasijuma tika novértéta iespéjamas dabasgazes noplides ietekme no Rigas TEC-2 ar dabasgazi
darbinamas elektrostacijas teritorija uz Gren Latvija SIA raZotni. Pienemts, ka dabasgaze nopldst no
caurulvada ar 600 mm diametru (TEC-2 gazes caurulvadi attéloti Error! Reference source not
found..attéls). 10 % no 8T caurulvada Skérsgriezuma laukuma atbilst apalai noplades atverei ar 190 mm
diametru. Gazes spiediens bija 16 bar(g), bet temperatira — 15 °C. Noplude tika modeléta kd 100 %
metans. Metana koncentracija, kas atbilst 100 % no zemakas uzliesmojamibas robezas (LFL), sasniedz
94—-100 m attalumu no noplides vietas (17.attéls un 18.attéls).
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Ropazu nov.

16.attéls: TEC-2 gazesvads (sarkana linija) un Gren Latvija SIA raZotne (dzeltenais aplis).

— Category 2/F @ 44000 ppm [User conc. 1] [Flammable (18.755]]
— Category /D @ 44000 ppm [User cone. 1] [Flammable (18.755]]

//

N

N\

Cloud height [m]

ra

0 0

20 30 40

50 60

Distance downwind [m]

70 80

90

100

17.attéls: Ar TEC-2 nopladi saistits metana izkliedes makonis k& 100% zemaka uzliesmojamibas robeza

(44 000 ppm).

1o

18.attéls: Ar TEC-2 noplddi saistits metana dispersijas makonis ka 100% zemaka uzliesmojamibas robezZa
(44 000 ppm), kas redzama ieprieks.
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Metana noplide var aizdegties un izraisit ugunsstriklu. Striklas liesmas var izraisit siltumstarojumu,
kas sasniedz 119-154 metrus (19. attéls, 20. attéls un 14. tabula, 3-8 kW/ m?). 1% letalitates varbatiba
ir 115 metru attdluma (21.att.).

1 -8 Category 2/F
] -8 Category 5/D
350 f \

g g
R —
——

/

5
N
i \

LN
i._.__.....f“

0 10 20 0 0 50 &0 0 a0 20 100 110 120 130 140 150 160
Distance along transect [m]

Radiation Level [kW/m2]
8

g

h""""l-b--!r-*

19.attéls: Ar TEC-2 nopladi saistiti metana striiklas liesmu siltumstarojuma limeni sanskata (2 m/s un 5 m/s
VEjs).

20. attéls: Ugunsstriklas siltumstarojuma iedarbibas attalumi (sarkans = 8 kW/m2, zal$ = 5 kW/m? un
zils = 3 kW/m?) ar 2 m/s véju.

13. tabula: Ugunsstriklas siltumstarojuma iedarbibas attalumi pie divam atskirigdm véja / atmosféras
stabilitates klasém (2F = stabila atmosféra ar véja atrumu 2 m/s, 5F = neitrala atmosféra ar véja atrumu
5m/s).

Termiskais starojums Attalums no noplides vietas zemes limeni 1,5 metri [m]

2
Lot 2IF 5/D
3 154 153
5 134 134
8 119 120
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21. attéls: Ar TEC-2 saistita noplidé metana ugunsstriklas izraisitas 1% letalitates varbitibas attalums (véja
atrums 2m/s un 5m/s).

Izkliedéts metana makonis var aizdegties un izraisTt spradzienu. Spradziena radrtais virsspiediens
5 kPa ITmenT var sasniegt [1dz 72 m attalumu (22. attéls un 23. attéls)

——

\ & Category 2/F (0.05 bar)
007 i\

| - Category 5/D (005 bar)
0,065 / \
055 / \\

s
&

Overpressure (gauge) [bar]

A
//

0.045

0.04

%

[} 5 10 15 2 k5 30 35 20 45 50 55 60
Distance dewnwind [m]

22. attéls: Ar TEC-2 saistita noplidé metana spradziena virsspiediens atkariba no attaluma no noplides
vietas (véja atrums 2 m/s un 5m/s).

Gren Latvija SIA

Seku analize amonija hidroksida (25%) un dabasgazes nopladém
Datums 20/04/2026, Rev2

autortiesibas © AFRY

Lpp. 23/27



v*.—x:;:a.vu-"l.:k‘

23. attéls: Ar TEC-2 saistita noplidé metana spradziena virsspiediens atkariba no attaluma no noplides
vietas (véja atrums 2 m/s), ka paradits ieprieks.
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4 Kopsavilkums

Saja seku analizé tika analizéta amonija hidroksida un dabasgazes nopliides Gren Latvija SIA ripnica
R1ga, Latvija. Amonija hidroksTds, kas ir 25% koncentracija, atrodas noslégta tvertné€. Amonija hidroksida
noplades rezultata, amonjaks iztvaikotu no 8kidruma virsmas un tas izkliedes atrums bija lielaks ar véju
5 m/s. Model1 véja apstaklu ietekmé iespé&jama 1 % letalitates varbatiba bija 10—19 metru attaluma.

Dabasgazes noplide tika modeléta k& metana noplide. Metana noplide var izraisit striklveida
ugunsgréku vai spradzienu. Striklveida ugunsgréks var izraisit 1 % letalitates varbdtibu 24 metru
attaluma, un spradziena parspiediens var sasniegt 25 metrus no noplldes vietas ka 5 kPa parspiediens.

Jauzsver, ka Saja analizé nav novértéts analizéto scenariju faktiskais risks, bet gan analizéta Sadu
scenariju ietekme, ja tie notiek un turpinds bez jebkadas iejauk8anas. NodroSinot vairaklimenu
aizsardzibu nopldZu mazinasanai un to seku ierobezoSanai, atlikuSais risks tiks samazinats I1dz
pielaujamam Iimenim. So noplides scenariju atlikuie riski janovérts, izmantojot atseviskas riska
novértéSanas proceddras, pieméram, HAZID vai HAZOP.

Pamatojoties uz §1s analizes rezultatiem, var secinat, ka scenarijs, kura gazes noplade (kas varétu izraisit
striklas ugunsgréku vai gazes tvaika makona spradzienu) mehanisku bojajumu dé| izraisttu nopladi
amonija hidroksida kratuvé, tadéjadi ietekméjot arpus objekta robezam (“domino efekts”), ir loti maz
ticams.

Tika novértéta arT iespéjama ar TEC-2 saistita dabasgazes noplides ietekme uz Gren Latvija SIA razotni.
Ugunstriklas gadijuma 1 % letalitates varbadtiba ir Ildz 115 m attaluma, savukart spradziena radrttais
virsspiediens 5 kPa ITmenT var sasniegt 72 m attalumu no noplides vietas. Sie seku iedarbibas attalumi
Gren Latvija SIA razotnes teritoriju nesasniedz.
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Ismo Talka

HSE SPECIALISTS

Pamatojoties uz aprékiniem un modelésanu, Ismo Talka ir izstradajis CFD simulacijas lielas avarijas riskam. Sajos klienta
projektos ir iekJauti termiska starojuma novértéjumi ugunsgréka gadijumos, kimisko vielu izkliede, spradziena izpausmes
izméru noteikSana un parspiediena limeni.

Ismo ir ieguvis lietiska fizika gradu Jiveskiles Universitates atjaunojamas energijas studiju programma un cita starpa
stradajis par konsultantu rdpnieciba. Talak ir noraditi vairak neka 7 darba gadu laika izstradatie seku modelésanas

projekti.

AFRY Finland Oy, HSE specialists 04.2023. ->

Séra dioksida gazes izkliede

Aukstumagenta R1234 ATEX modelésana

UdenraZa un metana nopliides (baseina/striklveida ugunsgréka termiskais starojums, gazes izkliede,
spradziens)

. Biogazes glabasanas stacijas kimiskas drosibas modelésana
. Amonjaka, hlora, hlora dioksida dispersiju analize
. 1,3-butadiéna, akrilnitrila, n-butilakrilata un stirola reaktora ugunsgréka un dispersijas analize
. Ar zalo téraudu saistito seku analizes vairakiem klientiem, Gdenradis
. H-Flex-E rGpnicas seku modelésana
. Transformatoru rapnicas risku analize un seku analize, transformatoru e|la, petrolejas baseinu ugunsgréki
. Udenraza caurulvada noplGzu un avarijas aizdeg$anas seku analize
. LBG seku analize biogazes stacijai
. Spradziens gazes turbinas elektrostacija un sekas, pilsétas planosanas opciju novértésana
. Udenraza projekta lielas avarijas riska novértéjums
. PEKILO mikoproteinu raZzoSanas iekartas negadijumu bistamibas modelésana
. Slapek|skabes glabasanas un izkrausanas seku analize
. Naftas kratuves ugunsgréka un spradziena modelé3ana (3000/2x5000 m?) spékstacijas objektam
. Kobalta parstrades rapnicas seku modelésana (sérskabe, Gdenraza hlorids, petroleja un Gdenraza peroksids)
un provizoriska telpu klasifikacija NFPA70, 497 un 499
. Jaunas transformatoru ripnicas HSE ievada un seku analize
. Provizoriskie bistamibas attalumi P2X Gdenraza razosanai
. Divu jauno biogazes ripnicu seku modelésana saskana ar kimisko vielu atlauju
. Spradziens gazes savaksanas sistéma
. Procesa sukna detonacija
. Viskija noliktavas ugunsgréka termiska starojuma modelésana
° Termiskais starojums atkritumu kaudzes ugunsgréka gadijuma
. Stirola apvalna ugunsgréks
. UdenraZa noplizu (tvertnu, caurulvadu) seku analize
. Divu degSanu termiska starojuma limeni
. Udenraza izmanto$anas seku analize tie$as reducé3anas dzelzs un elektrotérauda rapnica
. LNG terminala seku analize
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Kugu biuvétavas acetiléna degvielas uzpildes stacijas smagu negadijumu modelésana
Séra koncentrata degsanas seku analize

PVA tvertnes putek|u eksplozija

Toksisko makonu izkliedes modelésana no zemes uzliesmojumiem
Dabasgazes caurulvadu noplides un seku modelésana

Saspiesta gaisa tvertnes plisums, parspiediens telpas

Reaktora spradziens

Metana un Gdenraza seku analize

Seku analize e-metana un e-SAF procesu riipnicam

Amonjaka izkrausana no vilciena, gazes dispersijas analize
Metana, tdenraZa un metanola seku analize

Atkritumu poligona ugunsgréks un ta termiska starojuma sekas
CO; caurujvada noplides modelésana

Amonjaka noplides sekas

Projekti 10.2018.-03.2021.

Terminala zonas gazes izplatibas analize, izmantojot CFD, MTBE makoni, dazadus véja un konstrukciju
novertejumus.

Vairaku baseinu un tvertnu ugunsgréku analize jaunaja terminali, CFD

Baseina un tvertnes ugunsgréka termiskais starojums

Dize|degvielas baseina termiska analize

Vairaku baseinu un tvertnu ugunsgréku analize jaunaja terminali, CFD

Baseina un tvertnes ugunsgréka termiskais starojums

Baseina un tvertnes ugunsgréka termiskais starojums, dizeldegviela, benzins

OgludenraZza degsanas termiska slodze uz termisko aizsardzibu (siknu stacija), CFD

Degsanas un gazes spradziena negadijuma butilakrilata tvertné novértéjums un modelésana, CFD
Kimiskas noplades (ara) un kimiskas tvertnes spradziena seku analize, CFD+lazera skenésana
Baseina un tvertnes ugunsgréka starojuma intensitates aprékini, CFD

Projekti 01.2012.-12.2014.

3x2000 m3 koksnes granulu tvertnes bistamibas novértéjuma pétijums, degdanas, dimgazu, termiska
starojuma, spradzienu pétijumi, izmantojot CFD
4x1000 m? koksnes granulu tvertnes bistamibas novértéjuma pétijums, degsanas, dimgazu, termiska
starojuma, spradzienu pétijumi, izmantojot CFD

7500 m3 smagas naftas tvertnes parveido$ana par vieglas naftas tvertni, bistamibas novértéjuma pétijums,

degsanas, dimgazu, termiska starojuma, spradzienu pétijumi

1000 m? auksta Gdens tvertnes parveido$ana par vieglas naftas tvertni, bistamibas novértéjuma pétijums,

degsanas, dimgazu, termiska starojuma, spradzienu pétijumi

4000 m?* vieglas naftas tvertnes spradziena pétijums, ventil&jams spradziens, aréju spiediena vilnu ietekmes

samazinasana pilsétvide

1500 m?3 koksnes granulu tvertnu bistamibas novértéjuma pétijums, degsanas, dimgazu, termiska
starojuma, spradzienu pétijumi

1000 m? koksnes granulu tvertnu bistamibas novértéjuma pétijums, degsanas, dimgazu, termiska
starojuma, spradzienu pétijumi
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