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ABSTRACT

The behavior of two wells located in Georgia is compared: Oni and Nakalakevi. A stable relationship (coupling
coefficient) between the reactions of water in these wells to earthquakes is found. It is indicated that the coupling
coefficients are different for remote and nearby earthquakes.
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1. Introduction

Well coordinates. Oni well: 42.573° N 43.437° E. Nakalakevi well: 41.424° N 43.317° E.

The distance between the wells is 125 km.

Well parameters. Oni well: length 255 m, screen 70-250 m. Confined sub-artesian aquifer; fractured shale
and basalts. Nakalakevi well: length 600 m, screen 255-367 m. Confined sub-artesian aquifer; fractured
andesite-basalts.

The water level was recorded every 1 minute.

2. Data Analysis

If there is a reaction of water to an earthquake in the Oni and Nakalakevi wells, then:

1. The result of dividing “amplitude of water in Oni” / “amplitude of water in Nakalakevi” is 2.7-2.8
provided: a) remote earthquake (distance >1000 km); b) earthquake depth < 40 km.

2. “Amplitude of water in Oni” / “Amplitude of water in Nakalakevi” is 5.7-6.2 if the earthquake is close
(distance <600 km).

Remote earthquakes

The table and the graph based on it make it possible to assert that under certain conditions the
“amplitude of water in Oni” / “amplitude of water in Nakalakevi” is 2.7-2.8.

7

6 L

Oni, water, cm

o ﬁ 60 km

Fig.1. Amplitude ratio of Nakalakevi & Oni water as a reaction to remote earthquakes in 2020-2021.
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Table 1. Remote earthquakes

Date Magnitude Dislier:]]ce, Diﬁ:h’ Place Nﬁ';f; ﬁk:r\;]i’ waf()err],i ’cm
14/3;’;819 7.5 11876 10 R';'g;’c‘)’n'?gfaNif‘G 0.7 2.15
28/33:/12820 7.7 11013 10 Cuba Region 0.6 2
25/83:/5820 7.5 8094 60 East Kuril Islands 1.55 2.5
02/35:/52520 6.6 1742 10 Crete, Greece 0.8 2.1
23/?;5:/58 20 7.4 12368 10 Oaxaca, Mexico 2.0 59
22lor/2020 7.8 9079 30 | Alaska, Peninsula 1.94 6
19/218:/5220 7.5 9103 40 South of Alaska 1.59 4
30/113:/53 % 7.0 1460 10 IsI[;ﬁgi,caGnriSeece 181 5
11/211:/5321 6.7 4326 10 R“SSig(')';’é‘;?go"a 0.61 1.48
13/0212021 71 4866 60 Nﬁgiﬁ%ggio‘c 0.96 245
04/?5’:/22221 8.1 16123 29 Ke,{{:j‘vd;z ;f;gds 1.97 5.82

Nearby earthquakes

Water response (or lack thereof) to earthquakes in Turkey at a distance <= 600 km from the well.

Conclusion for close earthquakes at a distance of < 600 km

- If the magnitude is M = 5.0-5.5, then there is no reaction of water to earthquakes.

- If the magnitude is M > 6, then the water reaction is observed and Oni / Nakalakevi is 5.73 or 6.12,
which is twice the expected 2.7-2.8.

Remark. In [1, Fig. 1.5], coseismic jumps are noted at a distance from earthquakes < 400 km, if the
magnitude is Mw> 6, as well as their absence at a lower magnitude.
Example 1 (distance < 600 km)

1. 24/01/2020 17:55, M=6.8, D=587 km, H=15 km, Eastern Turkey. Oni/Nakalakevi=5.73.
2. 25/01/2020 16:30, M=5.1, D=599 km, H=7 km, Eastern Turkey. No water reaction.
3. 23/02/2020 05:53, M=5.7, D=346 km, H=10 km, Turkey-Iran Region,

Oni=0.22 cm, Nakalakevi=0.0 cm.
4. 23/02/2020 16:00, M=6.0, D=471 km, H=10 km, Turkey-Iran border,
Oni=3 cm, Nakalakevi=0.49 cm. Oni/Nakalakevi=6.12.
15/06/2020 06:51, M=5.5, D=423 km, H=5 km, Eastern Turkey. No water reaction.
25/06/2020 10:03, M=5.4, D=457 km, H=10 km, Turkey-Iran border. No water reaction.
03/12/2020 05:45, M=5.0, D=529 km, H=14 km, Eastern Turkey. No water reaction.
27112/2020 06:37, M=5.5, D=577 km, H=2 km, Eastern Turkey. No water reaction.

CONo O

Example 2 (distance > 1000 km)

1 26/06/2017 12:28, M=6.3, D=1498 km, Az=254°, H=9 km, Near the Coast of Turkey,
Oni=1.22 cm, Nakalakevi=0.6 cm. Oni/Nakalakevi=1.22/0.6=2.03.

Remark for nearby earthquakes at a distance of < 600 km

When comparing the reaction of wells Oni and Nakalakevi under the condition: distances <= 600 km and
Oni/Nakalakevi> 5.5, note that the well Oni, reacting more strongly, is at the same time further down the
well Nakalakevi per 100 km for earthquakes in Turkey.
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3. Conclusion
Well resonance period as a possible cause of different well response to remote/nearby earthquakes

Let us calculate the resonance period P of the well, but previously simplify the calculations.

P =
The formula for the resonance frequency of a pendulum is f = = E. Since *£ &~ 0.996 % 1 and period

m A T
1 . . - . .
P = - then numerically (!) resonance period P = 2+/H, where P is measured in seconds and pendulum’s

length H is in meters. For wells H=Hsolid+3/8*Hscreen, [1, p.96].

For well Oni H=138 m, for Nakalakevi H=530 m. Consequently, Oni have a resonance period P=23.5 sec.
and for Nakalakevi P=46 sec.

For comparison, the sensitive well YuZ-5 located in Kamchatka [1] has a resonance period of 44.6 sec.

The length of the period of the incoming wave from remote earthquakes can be 13-30 sec. Nearby
earthquakes have a shorter period of waves. Since the well Oni resonance period is 2 times less than
Nakalakevi, then Oni react more noticeably. This difference sharply manifests itself at short distances from
earthquakes, but affects differently at distant ones.

Remark. The length of the incoming wave’s period was estimated based on the data of the TBLG, Delisi,
Georgia seismic station, given in http://ds.iris.edu/wilber3, Station Monitor.
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Peakuus ckBaxxul ['py3un Ha najnexkue u 0J1M3KHE 3eMJICTPACCHUS.
CxoacrBa u pazandus
I'.H. Ko03eB, .. Meauxkan3ze, T.[xk. /Lxkummenanze

Pe3rome

CpaBHHMBaeTcs TMOBEACHHE ABYX CKBaKHH, pacmojiokeHHBIX B ['pysum: Onm m HakanakeBu. Brrasinena
ycToiunBast cBs3b (KO3(pUIMEHT CBS3M) MEXKIY pEaKIHUsSIMU BOJBI 3TUX CKBXHH HAa 3EMIIETPSCCHUSI.
VYkazbIBaeTCsl, 4TO IS JANbHUX M OJIM3KHUX 3eMJIETpsICeHIH KO3 (UIIMEHTHI CBSI3H pa3HbIe.
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