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SIDE FLASH IS ONE OF THE MOST IMPORTANT PROBLEMS
OF HUMAN DAMAGES BY LIGHTNING. THOUGH SEVERAL
GUIDELINES STATE THAT YOU SHOULD NOT BE NEAR A
TREE WHEN THUNDERSTORM ACTIVITY IS HIGH, LITTLE IS
KNOWN ABOUT THE NECESSARY CLEARANCE

JUANTITATIVELY. THERE ARE DIFFERENT STATEMENTS OF
SAFE DISTANCE NEEDED TO AVOID SIDE FLASH, e.g.:

* “A side flash of roughly 5 m Ie/pgth may occur” [ V. Rakov, M.A. Umnan,

“Lightning — Physics and Effects”, Cambridge University Press,
Cambridge, UK, 2006.]

**"Do not go close to or under trees — safe distance is similar to the
height, or at least a few meters from the longest branches” [ "Lightning is
threating — what to do?” Draft of the Lightning Safety Brochure, COST P-

18]

**xx YCone of protection’ from trees and cliffs is an arguable concept and
has no place in lightning safety education anymore. ...Instead we need to
teach the 50 m leader search distance concept...If someone is within 50 m
of a significantly higher obf'ect, they have a greatly reduced chance of being
struck directly. You can still be struck, especially indirectly, but the
chances are reduced. The 50 m concept works best with cliffs... The 50 m
concept does not work well for trees because the base of the tree
may send out surface arcs” [NOLS’ "Backcountry Lightning Safety
Guidelines’, Internet].




NOLS” "Backcountry Lightning Safety
Guidelines”

A
Figure 2: Left: tree with a streamer and a stepped leader.
Right: tree with return stroke, surface arcs, and electrostatic field.




NOLS” "Backcountry Lightning Safety
Guidelines (very restrictive)

Avoid frees because they are taller than their swrrounndings.
Tall trees are especlally adept at generating streamers that
attract strikes. If voun need to move through a forest while
seeking safer terrain, stav away from the tree trunks as wvou
move. ¥ o should alse avold open areas that are 100 m wide or
wider. Lone trees are especially dangerous: the laws of
probability sav vou are hundreds of numes safer in a forest with
hundreds of trees than you are near a lone tree In an open
space.

“Cone of protection™ from trees and cliffs 1s an arguable
concept and has no place In lightning safety education
anyvmore. Lightning has been photographed striking 10800 m
from 200 m towers, and surface arcs have been photographed
exactly where “cones of protection™ inferred we were all safe.
Instead we need to teach the 50 m leader search distance
concept {see the first paragraph of this paper.) If somecne is
within 50 m of a significantly higher object, thev have a greatlw
reduced chance of being stuck directlv. You can stll be strucls,
especially indirectly, but the chances are reduced. The 50 m
concept worlks best with cliffs and other steep terrain that
provide protecticon without directing the strike toward yvou. The
50 m concept does not work well for trees because the base of
the tree may send out surface arcs. (see figure 2)




Defandorf, F.M. Electrical resistance to the earth of a live
tree. Power Applications Systems,1956:1-4
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Figurae 5: Model-based tree resistance vralee estimates
from leaf surface to the zround.  (Cefuded 192563




The Defandorf’s parameters are right
BEFORE the lightning strike...

But AFTER the lightning strike?




Resistive voltage drop along the current
path...




m T. G. ENGEL, A.L. DONALDSON, M. KRISTIANSEN

The Pulsed Discharge Arc Resistance and its

Functional Behavior, IEEE TRANSACTIONS ON
PLASMA SCIENCE, VOL. 17, NO. 2, APRIL 1989




LL 21}

THHCE [ak

#RL RESIS

3
TR W

=

)

T IME  Drm o o e orecshi ]
Thee £upeeriare risl S oSl s s e By SAdhivasia o7

=

Y I — .
a u

IiL=E Lrm 5 oo o = b

2. Ao -curmesl wases Mo uesd i the Sagermrrenial 1] ard teareuical

FsEs 1 owal gl b of ey G pecedsnce 0 = 0,88 = HF PFa, a =
ARl




Ll B 1 1 gl

L]

E
£

o
(]
L
=
-«
=
L
=
¥y}
Lt
vl
[
o
-

L

£
TIME [microseconds]

Fig. 9. Toepler's [B] calculated arc resistance (s0lid line) compared to the
experimental arc resistance [1] {dashed line).
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ﬁ— current, t— time, ly— const, ky— const,

Dy~ pressure,

A - cross-sectional area of the discharge,
I(t) - radis of the discharge channel,
0o— air density at atmospheric pressire




O FZ{esistive voltage drop along the current path of
m

UR(Zm) = 200 k'/... 400 kl/

m Inductive voltage drop along the current path

Uy omy = UP to 400 kV
(L=2:2-10°H, current derivate = 10114sZ, as 5% quantile)




Resistance of grounding?
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Programme for simulation of touch and step voltage
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Programme for simulation of touch and step voltage
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m Streamer discharges in soil phenomena
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RADIUS OF

CURRENT THE
RESISTIVITY | DENSITY | STREAMERS | RESISTANCE | SAFE
OF SOIL FOR RANGE OF DISTANCE
STREAMERS | HEMISPHERE | GROUNDING |  (for I=36
INSOIL | (forI=36 kd) A)
p Ik r R, d

[Cm] [Amrd] [m] 9] [m]
30 = 6000 0.98 5.1 0.58
100 = 3000 138 115 0.83
500 =600 3.09 25.8 1,85
1000 =300 437 36.4 2,62
S000 =60 9.7 82.0 3.90




CONCLUSIONS

1. Safe distance is strictly determined by soil resistivity and
DENSITY; are possible streamer discharges or not...

2. There is neither any quantitative formula nor general solution of
the problem

3. The guidelines ought (must?) make allowances for kind of the
terrain and soil.

4. The quantitative recommendations must be based on statistics of
fatalities and lightning electric shock accidents.
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