Bectunk Hsd PK BbINYyCK 2, NtoHb 2019

Y[IK 550.34(476)

USSR PEACEFUL NUCLEAR TESTS, GEOPHYSICAL OBSERVATORY “BOROVOYE”

D K.S. Nepeina, 2 V.A. An, 2 T.V. Chelyubeyeva

1 Research Station RAS, Bishkek (RS RAS), Kyrgyzstan
2 Institute of Geosphere Dynamics (IDG RAS), Moscow, Russia

The paper presents a summary of corrected data on the Soviet Peaceful Nuclear Explosions (abbreviated as PNES) with
the author's corrections, taking into account the information on the updated coordinates of the works of the authors Makei,
Fujita, etc. As a result, the article presents the calculated epicentral distances for PNEs, travel-time curves and azimuths
from the Geophysical Observatory “Borovoe” to the geographical coordinates of the PNEs, which were registered in
digital format during the monitoring conducted by Expedition Ne 4 of the Special Sector of the Institute of Physics of the

Earth of the USSR Academy of Sciences since 1966.

Refined coordinates of Soviet PNEs are given in [1,
2]. Using this, we recalculate and acquire new epicentral
distances and azimuths from the “Borovoye”
Geophysical Observatory for the PNEs, which were
digitally recorded during earthquakes’ monitoring since
1966 [3].

At the “Borovoye” Geophysical Observatory
(BRVK), out of 122 national USSR underground PNEs
[4], 98 were registered in digital format (according to the
archive of Expedition No. 4 of the Special Sector of the
Institute of Physics of the Earth (IPE) USSR Academy of
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Figure 1. KODm, 28 August 1973, Meridian-1.
oT = +0.217 sec [6]. The channels are from top to bottom with
channel number: 1 —-SZ, 3-SN, 4 —SE

Sciences). However, when reformatting the archive of
digital seismograms BRVK at the end of the last century,
only 79 seismograms were saved [5]. The table presents
the data of the 79 PNEs database from the Institute of
Geosphere Dynamics (IDG RAS).

Figures 1, 2 show fragments of BRVK three axial
seismograms along the closest and furthest PNEs from
“Borovoye” Observatory: Meridian-1 and Kraton-4 (see
table). Records from digital stations KOD and STsR are
shown here [5].
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Figure 2. STSR-SS, 09 August 1978, Kraton-4.
OT = +0.226 sec [6]. The channels are from top to bottom
with channel number: 7 —SZ, 8 — SN, 9 — SE
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The table shows the travel time of P-wave (tpo) to the
BRVK Observatory from [3], taking into account the
time corrections (0T) of the digital registration stations

Table. USSR Peaceful Nuclear Explosions, registered by “Borovoye” Geophysical Observatory

[6]. An error was found in [3] in the travel time of the
22" August 1988 test named Ruby-2 (corrected in the

table by the underlined bold).

(BRVK: ¢ °N = 53.05806, A °E = 70.28278)*

TS\ Testname | mo(P) | oot | Tme ” ocoordmates - from rom | BRVK Inst. Type [7]
-9°(N) | Long.A° (E) BRVK BRVK | sec
1 |Tawda 47 | 1967-10-06 | 06:50:57.50 | 57.70 65.20 54797 | 33012 | 84.26 KODb
2 | Pamuk 54 | 19680521 | 03:59:1198 | 38918 63032 145991 | 19645 | 202.70 KODb
3 | Grifon-1 48 | 1969-09-02 | 04505861 | 57.220 55303 94861 | 301.99 | 13568 KODb
4 | Grifon2 48 | 1969-09-08 | 04:50:58.70 | 57.220 55417 94738 | 30202 | 13528 KODb, KODm
5 | Stavropol 56 | 19690926 | 06:50:58.14 | 45848 42.600 193028 | 259.22 | 263.83 KODb, KODm
6 |Mangyshiak-1 | 58 | 1969-12-06 | 07:02:59.85 | 438625 | 547727 137711 | 23431 | 19271 KODb, KODm
7 [ Magistra 49 | 19700625 | 04:59:5550 | 523265 | 557238 88765 | 271.00 | 129.25 KODb
8§ |Mangyshiak2 | 60 | 1970-12-12 | 07:00:59.83 | 439006 | 547937 137322 | 23440 | 192,01 KODb, KODm
9 |Mangyshiak3 | 60 | 19701223 | 07:00:59.76 | 438858 | 54.8973 136990 | 23410 | 19158 KODb, KODm
10 | Taiga 55 | 19710323 | 06:59:58.38 | 61306 56500 110884 | 32358 | 15757 KODb, KODm
11 | Globe-4 47 | 1971-07-02 | 17:00:0113 | 67.283 63.467 146526 | 349.50 | 20291 KODb
12 | Globe-1 45 | 19710919 | 11:00:0108 | 57.508 42643 163024 | 296.87 | 22587 KODb
13 | Globe-2 46 | 1971-10-04 | 10:00:0014 | 61358 48.002 145502 | 313.58 | 203.719 KODb
14 | Azgir A3-1 60 | 1971-1222 | 06:50:50.00 | 47.8080 | 48.1298 149938 | 25676 | 207405 | KODb,KODm
15 | Crater 49 | 19720411 | 06:00:0192 | 374158 | 620508 166626 | 20343 | 230459 KODb
16 | Fakel 48 | 19720709 | 07:00:0125 | 49552 35471 219101 | 27487 | 293.034 KODb
17 | Region-3 57 | 19720820 | 03:00:00.01 | 494169 | 4816155 143130 | 26413 | 199142 | KODb,KODm
17 | Region-3 57 | 19720820 | 03:00:00.01 | 494169 | 48.1615 143130 | 26413 | 199142 | KODb,KODm
18 | Dnepr-1 46 | 19720904 | 07:00:0000 | 67.782 33618 228505 | 32421 | 308.013 KODb
19 | Region-1 50 | 19720021 | 09:00:0031 | 521404 | 520929 111031 | 27253 | 158.143 KODb
20 | Region-4 56 | 19721003 | 09:00:0018 | 46853 44938 173970 | 259.29 | 238325 KODb
21 |Region-2 45 | 19721124 | 09:00:0004 | 519933 | 518826 112614 | 27193 | 161012 KODb
22 | Meridian-3 53 | 19730815 | 02:00:0002 | 427740 | 6740695 104688 | 19173 | 149359 | KODb,KODm,SS
23 | Meridian-1 52 | 19730828 | 03:00:00.04 | 505279 | 6832127 | 28114min | 20645 | 46643 | KODb.KODm,SS
24 | Meridian-2 51 | 19730919 | 03:00:0018 | 457588 | 67.82289 74800 | 19335 | 109.022 | KODb. KODm,SS
25 | Sapphire-2 52 | 19730930 | 05:00:00.35 | 516052 | 545991 97138 | 267.66 | 139674 KODb
26 |Kama-2 48 | 19731026 | 05:50:5050 | 535615 | 5551436 88605 | 279.16 | 127611 KODb
27 | Horizon-1 50 | 19740829 | 15:00:0039 | 67.085 62625 145620 | 348.02 | 203400 ss
28 | Horizon-3 48 | 19750929 | 11:00:0043 | 69.578 90337 189886 | 2171 | 250782 ss
29 | AzgirA32 43 | 1976-0329 | 07.000023 | 47.8980 | 481298 149938 | 258.76 | 20743722 SS.TSG
30 |AzgirAd 59 | 19760729 | 05:00:00.50 | 47.871 48.138 150018 | 258.65 | 207.158 SS.TSG
31 | Oka 53 | 1976-11-05 | 03:50:50.98 | 614608 | 112.8502 241061 | 5271 | 314.878 ss
32 | Meteorite-2 50 | 19770726 | 17:00:0022 | 69.575 90375 189948 | 2175 | 258.899 SS.TSG
33 | Meteorite-3 50 | 19770820 | 22:00:00.78 | 64108 99.558 186478 | 4218 | 255800 1SG
34 | Meteorite-4 48 | 1977-0910 | 16:00:0018 | 572583 | 106.5565 209753 | 6392 | 283447 SS.TSG
35 | Azgir A5 50 | 19770930 | 06:50:58.43 | 47888 48.153 149848 | 256.69 | 207.838 ss
36 | Kraton-4 56 | 19780800 | 18:00:00.79 | 636773 | 1255266 | 20.8783max | 47.33 | 367.406 ss
37 | Kraton-3 51 | 19780824 | 18:00:00.35 | 659254 | 112.3330 243581 | 4177 | 317.681 SS.TSG
38 | Kraton-2 52 | 1978-0921 | 15:00:0019 | 66598 86.210 156834 | 2392 | 215752 SS.TSG
39 |Vyatka 52 | 1978-10-08 | 00:00:00.00 | 615565 | 112.9922 241716 | 5247 | 315919 ss
20 |AzgirAT 58 | 1978-10-17 | 04:50:50.06 | 47.847 48.120 150239 | 25860 | 207.710 ss
41 | Kraton-1 55 | 19781017 | 14:00:0016 | 6385 63432 107732 | 34318 | 152487 ss
42 | AzgirA9 59 | 1978-12-18 | 07:50:58.50 | 47857 48161 149949 | 25858 | 207.855 SS.TSG
43 | AzgirA8 60 | 1979-01-17 | 07:50:58.50 | 47919 48.124 149872 | 256.83 | 207.860 SS.TSG
44 | Azgir A1 56 | 197907-14 | 04:50:58.00 | 47.882 48.120 150072 | 258.71 | 207.254 SS.TSG
45 | Kimberite4 49 | 19790812 | 18:00:0021 | 617997 | 122.4161 286462 | 5147 | 355658 SS.TSG
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'Le:t Testname | m(P) Yeall?-elivtIi-Da hr,m_‘;ec ) ocoordmates - from fl:ozm BRVK Inst. Type [7]
: “mn: at.¢° (N) | Long.A° (E) BRVK BRVK |  sec

46 |Kimberlite3 | 49 | 19790906 | 18:00:0031 | 64110 99.562 186502 | 4218 | 257.024 SS.TSG
47 |Kimberlite1 | 54 | 19791004 | 16:00:0003 | 60.675 71.455 7.6641 433 | 107615 SS.TSG
48 | Sheksna 50 | 19791007 | 21:00:0022 | 617679 | 1131554 242500 | 5196 | 316473 S8, TSG
49 | AzgrA10 58 | 19791024 | 05:50:50.00 | 48852 48.143 150079 | 25858 | 208.281 SS,1SG
50 |Vega-1 52 | 1980-1008 | 06:00:0029 | 467565 | 482738 154846 | 25481 | 213473 ss

51 | Batholith-1 52 | 1980-11-01 | 13:00:0042 | 60.80 9755 166751 | 5153 | 231578 sG
52 | Pyrite 55 | 19810525 | 05:00:0032 | 68.20 53.50 171684 | 338.57 | 236342 ss
53 | Helium-1 44 | 19810002 | 03:59:59.99 | 60.2751 57.2991 101514 | 32056 | 145379 1sG
54 |Vega 2-1 52 | 19810026 | 05:00:0028 | 467936 | 483088 154445 | 254.88 | 212732 1sG
55 |Vega2-2 53 | 19810926 | 05:03:5094 | 467760 | 483012 154583 | 254.84 | 214682 TSG
56 | Shpat2 51 | 19811022 | 14:00:0036 | 63.80 97.55 177117 | 4195 | 244801 156
57 |Rift-3 50 | 1982:07-30 | 21:00:0000 | 53.80 104.15 200877 | 7425 | 273192 156
58 | Rift-4 52 | 19820925 | 18:00:0018 | 64.35 91.80 158005 | 3589 | 218.070 sG
59 |Lira 1-1 53 | 1983-07-10 | 03:59:5099 | 513627 53306 105577 | 26754 | 150648 ss
60 |Lira1-2 53 | 19830710 | 04:04:5094 | 513660 | 533258 105449 | 26754 | 151.245 ss

61 |Lia1-3 53 | 19830710 | 04:09:5985 | 513802 | 533388 105332 | 26761 | 149.695 ss
62 |Vega d-1 52 | 19830024 | 05:00:0003 | 467812 | 483197 164447 | 254.83 | 212555 ss
63 |Vega4-2 51 | 19830024 | 05:05:0003 | 467872 | 482966 154550 | 254.88 | 212964 ss
64 |Vegad-3 50 | 19830024 | 05:10:0008 | 467671 | 483079 154501 | 254.80 | 212417 ss
65 |Vega 44 52 | 19830024 | 05:15:00.14 | 467500 | 48.3006 164724 | 25476 | 213.069 ss
66 |Vegad-5 54 | 19830024 | 05:19:5093 | 467538 | 482877 164779 | 25479 | 213677 ss
67 |Vegad-6 53 | 19830024 | 05:25:0000 | 467657 | 482740 154796 | 254.84 | 213489 ss
68 |Lira 2-1 54 | 19840721 | 02:59:50.81 | 513584 | 533198 105506 | 26751 | 150022 ss
69 |Lira2-2 53 | 19840721 | 03:04:5071 | 513717 | 533357 105374 | 267.56 | 149.769 ss
70 |Lia2-3 54 | 19840721 | 03:09:5985 | 513916 | 533497 105235 | 267.66 | 151319 ss

71 | Quartz3 53 | 19840825 | 19:00:0033 | 61.90 7210 8.9200 556 | 123723 ss
72 | Quartz-4 50 | 19840917 | 21:00:0003 | 55834 87526 104174 | 6765 | 149.494 1sG
73 | Vega 51 50 | 1984-10-27 | 06:00:0010 | 46.90 4815 154811 | 25544 | 213504 S8, TSG
74 |Vega5-2 50 | 19841027 | 06:05:0000 | 4695 4810 154842 | 255.67 | 214.404 S8, TSG
75 | Neva 2:2 514 | 19870724 | 02:00:0000 | 614172 | 1128927 241215 | 5281 | 314.981 ss
76 |Neva2-3 50 | 1987-08-12 | 01:30:00.50 | 614266 | 112.8879 241193 | 5279 | 315.007 ss
77 | Batholith-2 53 | 1987-10-03 | 15:15:0003 | 47.60 56.20 105241 | 24437 | 149.077 S8, TSG
78 | Ruby-2 53 | 1988-08-22 | 16:20:00.07 | 66280 78.491 138757 | 1394 | 192.197 S8, TSG
79 | Ruby-1 48 | 1988-09-06 | 16:19:50.94 | 61361 48.002 145515 | 313.60 | 202637 SS.TSG

*In the table, the parameters according to [4] are marked in bold, according to [1, 2] - ordinary, according to Institute of Geosphere Dynamics (IDG RAS) - underlined.

Three different sets of recording systems were
operated at Borovoye, each using several different
seismometers and different gain levels. Digital data were
recorded by three different Russian registration systems,
called KOD, STsR-SS, and STsR-TSG; Inst. Type =
instrument used; KODb = three-component high-gain
and a vertical-component low-gain; KODm = three-
component low-gain and a vertical-component high-gain
system; seismic station SS = STsR-SS system; typical
seismic station TSG=STsR-TSG system [5].

The regional travel-time curve tp = F (A°) up to on
the traces USSR PNEs — BRVK is presented in Figure 3.
It was built under data from the table. Axis X shows the
distance between PNE and BRVK, axis Y—P-wave travel
time. Note, that the points well fit with a linear function
both for regional (Figure 3) either for local distances
(Figures 4-6). However, the gradient of the line at the

close areas (2—12° shown in Figure 4) is greater than at
the further intervals (as 13—18° in Figure 5 and 18-30° in
Figure 6 with the same slope of the travel-time curve).

The Azgir A-3-1 and Azgir A-3-2 explosions were
performed in the same well. The first is 1971-12-22 with
a capacity of 64 kT at a depth of 986 meters with m, =
6.0, the second is 1976-03-29 with a capacity of 10 kT
with my = 4.3 [4, 8]. The P-wave travel time of the second
explosion according to the archive of Expedition No. 4 of
the Special Sector of the IPE of the USSR Academy of
Sciences was determined with a small accuracy due to the
high level of microseisms.

When reformatting digital seismograms, sometimes
there was a failure in the date and time. In this case, a
time lapse of —1 min was detected in the record of the
explosion of 27 October 1984 named Vega 5-1 at the
STsR-SS. At STSR-TSG time is correct.
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Figure 3. Travel-time curve tpo = F (A°) P-wave

for « USSR Peaceful Nuclear Explosions — observatory
«Borovoyey (symbols 1 — after [4], 2 — after [1, 2])
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Figure 4. Local travel-time curve tpo = F (A°) P-wave
for «USSR Peaceful Nuclear Explosions — observatory
«Borovoyey, A° =2 —12 (symbols 1 — after [4],

2 —after [1, 2])

It is possible to document the time of occurrence of
failures: in the process of registration or reformatting.
According to the regulations of registration of
underground nuclear explosions established by
Expedition No. 4 of the Special Sector of the IPE of the
USSR Academy of Sciences (now Geophysical
Observatory “Borovoye”), magnetic digital recording
was duplicated in three copies for storage. But, most
importantly, the entry of a signal on the vertical
component of each short-period set of equipment was
necessarily decoded at a high sweep speed: up to 28 mm/s
for STSR-TSG and 9 mm/s for KOD and STsR-SS. At the
same time, it was bound to real-time and the uniformity
of the decoding speed control within 0.2 sec on the STsR-
TSG and 0.6 sec on the records of the KOD and STsR-
SS. These decoded records are stored in the archive
“Borovoye”. Due to modern technology, it is sufficient
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to simply digitize, measure, and make corrections to the
records of the modern PNEs database.

The coordinates of 82 Peaceful Underground
Explosions as a result of the analysis of satellite images,
regional seismic data, and visits to the epicenters are
specified in [1, 2]. Figures 4-6 show that, according to
[4], the parameters of the USSR PNEs epicenters
practically do not misfire from the refined local travel-
time curves according to [1, 2]. Unfortunately, there are
still quite a lot of USSR PNEs epicenters require the
refinement of coordinates.
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KCPO BEUBIT SIJIPOJIBIK CBIHAYJIAPHI, «BYPABAI» TEO®U3UKAJIBIK OBCEPBATOPUSCHI

1 K.C. Henenna, 2 B.A. An, ? T.B. Ueto06eeBa

D PAK 3epmmeynix cmanyuscol, Buwxex, Kvipzvizcman
2 Feocpepanap ounamuxacst uncmumymot, Mackey, Peceii

Kymbicta keHecTik 0eiOiT saponsik ceiHaynap (BSC) Typansl Ty3eTUIr€H >KUBIHTBIK jAepekTepl Oepinren, Makei,
®ymxuTa K.0. aBTOPIAPIBIH KYMBICTapbIHAH HAKThUIAHFAH KOOPAMHATTAp TYpajbl aKIapaTThl €CelKe aja OTBHIPHII.
Hotmxe perinne makanazna, bSC ymin ecenTenares sMMOpTaNbIKTHIK KAIIBIKTAPhl KENTIPUITeH, rogorpadraps! cajablHFaH
xoHe «bypabait» reodusnkanbsik odcepBaropusichiHal, 1966 xbunan KCPO Feuibiv Axagemuscel XKep duznkace
WHCTUTYTHIHBIH ~ApHaiibl CekTopblHbIH No 4  DKCIeAWIMSACHl JKYPri3reH MOHHMTOPHMHTI YaKbITBIHAA IHQPPIBIK
¢dopmatbinaa TipkenereH bSC reorpadusiiblk KoopAMHATTapbIHA JIEHiH a3UMYTTapbl KOPCETIIIEH.

MHWPHBIE AJEPHBIE UCHIBITAHUA CCCP, TEOPUZNYECKASA OBCEPBATOPHUSA «BOPOBOE»

1) Henenna K.C., 2 An B.A., ? Yemo6eea T.B.

D Hecneoosamensvckan cmanyus PAH, Buwikek, Kuvipzvizcman
2 Hucmumym ounamuxu zeocgpep, Mockea, Poccus

[IpuBeneHbl CBOJHBIE BBIIIPABICHHBIE JaHHBIE O COBETCKMX MHUPHBIX sIepHBIX B3pbiBax (MSIB) ¢ aBTropckumm
MOMpaBKaMu M C y4eToM HH(pOpMaIuu 00 YTOYHCHHBIX KOOpAMHATaX W3 paboT aBTOpoB Makei, Dymkuta U ap.
B kauecTBe pe3ynmpTaTa B CTaTbe NMPHUBEICHBI PACCUUTAHHBIC SIMUICHTPAJbHBIC paccTOsHUSA it MAB, moctpoeHs
rogorpadsl W yKa3zaHBl a3uMyTHl OT [eodmsmueckoit obcepBatopmm «bopoBoe» Ha MSB (¢ yTOYHEHHBIMHU
reorpauUECKIMH KOOPAMHATAMH), KOTOPBIE OBUIH 3apETUCTPUPOBAHEI B IIUPPOBOM (hopMaTe BO BpeMsi MOHHTOPHHTA,
npoBoxumoro Dkcnenunpei Ne 4 CriertmansHoro Cexropa UHcTHTyTa usuku 3emin Akanemun Hayk CCCP ¢ 1966 T.
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