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Abstract: Based on related models, the damage area after ammonia leakage has been assessed. The calculation of
severely hazardous radius and area of the leaky ammonia provides theoretically basis for working out emergency
succor plan. Person mistake behaviors, equipment danger condition and mistake management are three major
causes for the leakage of ammonia tank from the man-machine system. This paper provides not only important
information to prevent ammonia leakage to control and disposal accident, but also emergency succor plan.
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1 Introduction

The quantity of ammonia consumption increases rapidly with the development of chemical industries. The
pressure inside ammonia storage tank is stronger than outside. The ammonia which leaks from tanks if the defensive
measures don't work correctly, will hurt people and damage objects, pollute environment. Based on Gauss model,
the damage range area, where leakage ammonia affects human, can be calculated in the paper. Further the other
model is established in the paper. The two models are correct by comparison with the other models in journals. So,
the leaky sequence of liquid ammonia is very serious. This paper puts forward to not only important information to

prevent ammonia leakage and to control and disposal accident, but alse emergency succor plan.

2 Gauss Leakage Model

(1)Leakage Mechanism. There are some fire, explosion and person toxic accidents in chemical industries due
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to person mistake behaviors, which include operation mistake, neglect danger and wam, equipment danger condi—

tion, which are unreliable equipment, inferior material, no safety devices, and mistake management, in which man
agement system and safe operation regulations have not been constituted, or workers do not comply with them, as man-
agers do not trictly administer superintendence system. Ammonia, for instance, probably happens to leak during the
course of production, storagé, transportation, loading and discharging ammonia. Then, ammonia leakage and diffu—
sion which are related to not only ammonia characteristic but also geometry shape of leakage gape, as well as local
weather and local environment, are so complexity that some hypothesis is put forward in quantity analysis leakage
model. This hypothesis is as follows:(DLeakage distribution submits to Gauss model.@ Damage area is defined poison
concentration excess death concentration.(3) Leakage velocity is constant during the course of ammonia leakage.

(2) Leakage Damage Area of Calculation Model. There are lots of mathematics models which depict leakage dif—
fuseness. Based on different leakage mediator diffuse characteristic, models are divided into middle cloud model and
heavy cloud model. Middle cloud model depicts leakage gas whose density is nearly the same as that of atmosphere, while
heavy cloud model depicts leakage gas whose density is heavier than that of atmosphere. Gauss model belongs to middle
cloud model. This paper introduces Gauss model because ammonia leakage model belongs to middle cloud model.

Based on Gauss model™, distribution of ammonia concentration is as follows:

Cl,y,2)=V xexp[-0.5(x AL 42N, )] + (mxuxaxA,xA,) 1)
Where: C(x,y,2)—concentration /g*m=>; Vg~evaporation volume of ammonia /m*;
w-wind of velocity /m*s™; t~time of leakage/s;
%, ¥, z—propitious wind, crosswind, perpendicularity distance.
Pervasion parameter can be calculated by formula®*
A=ax A= o (2)
Where: a,, a,,8, ,B.—related to weather stability. Gifford had put forward their parameters.

V, can be determined as follows: The quality of leakage ammonia in the tank is W(kg). The temperature of am~
monia in tank before the tank broken is T( °C ). The pressure of ammonia in tank before the tank broken is P(MPa).
The boiling point of ammonia is £4(t:=—33 °C )¥ and boiloff hot of ammonia is Q (Q=1.37 x 10%k;j/kg)".The average
specific heat of ammonia is C(C=4.6kj*kg™+ “C™)¥. The molecular weight of ammonia is M (M=17). V, can be can

be calculated by formula*:
V, = [224xWxCx(T-to) x (273+ 1,)] + [273 x MxQ) (3)
Ammonia concentration of level ground can be calculated by formula(1) (z=0):
Cx,y )=V xeap[-0.5 x (y/A, )] + (mouxexd, xA,) (4)
Based on formula(2) and (4), it can be calculated by formula:
Cx,y)=V xexpl-0.5 x (A} )] + (mruxexhxar) (5)

where: k=axa,, n=8,+p8,.
Ammonia concentration in damage area exceeds LCx according to hypothesis. Namely C(x,y) =LCx.
Ammonia concentration equals to LCy at propitious winds. It can be calculated with the formula:

x=[V g+ (mutk LCx)]™ (6)
Based on formula (5) and(6),supposing C(x,y) =LCx, it can be calculated by formula:
y=(2n)"A 2P In(x/x )] (7)
Damage area of ammonia can be calculated by the formula:
A=2 ] . ydy
Namely:A=(27rxn)"‘xa,xxfm +(BA1)'s (8)

Where: A-the damage area
(3) Damage Area Calculation. There are five ammonia storage tanks which is full volume of 60.9 m*in a metallurgy
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chemical limit company. Due to some reason, if all of the ammonia which is 9653 kg in the tank, happens to leak on the
sunny day,how can the ammonia poison area be calculated? Ammonia is poison gas. When ammonia concentra-
tion is 3500~7000 mg/m* ®in the atmosphere, human will immediately die without breathing apparatus. Let us
suppose that wind velocity is 1m/s (p=1m/s) ,time of leakage is 224 (:=224 s), temperature of ammonia in
tank before the tank broken is 25C  (T=25TC), LCx=3500 mg/m®. According to Gifford putting forward diffuse
parameter, they can be calculated with formulas®:

A=ax=0.2818x A= aaf=0.1272% ' (9)
The damage area of 9653kg leaky ammeonia can be calculated as follow:

V,=[22.4 x WxCx(T-t,) x (273+1,))273 x MxQ}=

[22.4 x 9653 x 4.6 x (25+33) x(273-33))(273x17x1.37 x 10°)= 2177.62 m® (10)
x=[ Vo+ (mutk LCy)]"=
[2177.62 + (3.14 x 1 x 224 x 0.2818 x 0.127 x 3500 x 10)]1 0914090 218 36 (11)
A=(27xn )" x a,x xfy“ +(B+1) =
[2x3.14x (0.914+0.964)]* x 0.2818 x 218.360.914+1 + (0.914+1 )= 10964.92 m* (12)

When all of the ammonia which is 9653 kg in the tank , happens to leak on the sunny day, the perpendicularity
distance is 218.36 m, and damage area is 10964.92m?, where most of persons without protection facility will die.

3 Toxic Estimation Model

This hypothesis is that the leakage ammonia, which is in the tank, diffuses on the ground by half-ball, then
the toxic estimation radius can be calculated with formula as follows"
R=[V, /(0.5 x 4/3 x wxC,)]"*=[ V, /(2.0944 C,)]** (13)
Where: R—ammonia gas radius /m;  V,~evaporation volume of ammonia /m*, by the formula (14);
Ce—death of ammonia concentration(% ) ; (Ce =0.5%")
Then the leakage ammonia diffuses on the ground by half-ball, the toxic estimation area can be calculated
with formulas follow:
SzarxR%=q x [ V,1(2.0944 Ce)P? (14)
Where: S-the toxic estimation area
The damage radius and area of 9653 kg ammonia can be calculated respectively as follow: Based on formula
(14),V,=2177.62 m*
R=[V, /(2.0944 Ce)]*=[2177.62 + (2.0944 x 0.5%)]**=59.24 m
S=mrxR?=1 x [ V,1(2.0944 Ce )P =mrx59.2422=11021.26 m?
The calculation damage area (A )of 9653 kg leakage ammonia, which is 10964.92 m? by Gauss leakage mod-
el, almost is equal to the toxic estimation area(S), which is 11021.26 m%on the basis of the toxic estimation model.

This indicates that Gauss leakage model and the toxic estimation model are not only correct, but also rational.

4 Comparisons with Other Models

When ammonia was charged from the ammonia storage tank which was full volume of 20 m* to the other ammonia stora
ge tank which was volume of 18.2m*in a chemical fertilizer limit company in Shandong, the ammonia was leaking from the
flexible pipe which was broken' . For another example, assuming the leaky tank had liquefied ammonia 50t, the pressure

and the temperature were 2.5 Table 1 Comparisons of Ammonia Leakage T=25C
MPa and 25 C respectively, Quality of Leaky Gause Leakage Model Toxic Eetimation Model  Other Model
the radius was calculated Mby Ammoniakg et ¢fs  x/m A/ R/m  Shw'  rim s/
different model asfollow: 9653 1 224 21836 1096492 59.24  11021.26

From the Table 1, the 11102 2 115 23195 1230858 62.07 1209829 141982.69

50000 1 390 39000 3330952 102.51 329094.11 1087
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calculation number of poison radius and area, where most of person will die, by Gauss leakage mode and the toxic

estimation model respectively, are nearly equal to that by other models. The results once again indicate that these
models are not only correct, but also rational.

5 Emergency Succor Plan

The calculation severe hazard radius and area of the leaky ammonia provide theoretically basis for working out
emergency succor plan. Because of some reason all measures do not prevent accident. So, we should do our best to
prevent accident from magnification, reduce human injury and object damage by the emergency help plan. -

It is very important to protect project safety by safe measures, which include the essence safety which is con—
sidered the best method by technology and design measure, and management measure. Lots of responsibility system
and safe management organization should be constituted, and workers must comply with them. All level workers
should take part in safe education and training. Management measure of dynamic embodiment is supervise and ex—
amination. As so do, they can ensure effectively ammonia not to leak. Not only the ammonia tank but also loaded and
unloaded place should be inspected to find hidden trouble and be taken measures in order to prevent ammonia
leakage.

I it is misfortune to happen ammonia in tank leakage, the project will send out sound and light signal by in—
spected equipment, and turn on automation spray water. The corresponding technical measures are taken and pre—

vented accident spread by emergency help plan.

6 Conclusion

Leakage ammonia from broken tank or pipe is major danger diathesis in ammonia storage tanks. The damage
area and radius of leakage ammonia, in which persons will die when he breaths ammonia in 5-10 min, can be cal-
culated by Gauss leakage model and the toxic estimation model, which are not only correct, but also rational. The
leaky consequence of liquid ammonia is very serious. It is necessary to take preventive measures during the course
of production, storage, transportation and using of ammonia. Person mistake behavior, equipment danger condition
and mistake management are major causes for ammonia tank of leakage and broken tank. Safety measures are put
forward to preventing accidents. Emergency help plan is a system engineering, which need be sustained and coop-
erated by all levels workers. All of the employer and employees should understand “safety primacy, prevention pri—

ority” guideline and execute it in employment.
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