JOINT INSTITUTE

The results of the preliminary

SO ATEY geological engineering surveys — _ gagem
i S along the supposed route of the

NS U International Linear Collider (ILC) o
e in Taldom area of Moscow region.

V.S. Sokolov, A.A. Krestinin, A.G. Cherniatin, 1.0. Gusakov
JSC «GSPI»




JINR-GSPI: DECADES OF COLLABORATION

GSPI
State Specialized Projecting Institute (Moscow)
P Founded in 1948
POCAT® Today GSPI is a commercial engineering company
1/ in structure of State Corporation ROSATOM
This survey is performed by GSPI Department of
geological engineering survey

JOINT INSTITUTE

JINR
Joint Institute for Nuclear Research (Dubna)
International intergovernmental organization
Founded in 1956

FOR NUCLEAR
RESEARCH



ILC location in Taldom area of the Moscow region

* Close to Joint Institute for Nuclear Research (JINR) in Dubna

* The area is sparsely populated

* Route of the accelerator crosses 2 small populated points
and railway between the cities Taldom and Kimry

» Moderately-continental climate

- Average temperature in January -10.7°C, in July +17.8 °C

* Annual rainfall is 630 mm
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Relief of the investigated area

e (S | Main features:

T [ » practically flat surface

« existing hills are smooth

~een | [=)s| e the altitudes are varying from 120 to 150m
Mg o s (in Baltic system of the heights)
/“’  mainly woodland, grassland and cropland
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Orohydrographic scheme of Moscow region

/ Track of assumed ILC placement within
upper Volga lowland.
1 - lowlands and hollows,
2 - heights (higher than 200m),
3 - frontier of Moscow region.




Preliminary geological engineering surveys
(October - November 2008)

* drilling of 3 wells in depth of 36.0-47.0 m * gamma-ray logging;
with full core extraction; » thermometry;
* selection of 40 monoliths of soil, 16 samples » vertical seismic profiling;
of disturbed soil for laboratory investigations « 35 points of vertical electric sounding;
of their physical-mechanical properties; * high-resolution surface seismic survey
* selection of 10 probes of ground water using shear wave reflection method

for chemical analysis;
The aim: to confirm the presence of thick solid stratum of moraine loam
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Methods and techniques

Vertical Electric Sounding (VES)

A and B — current source probes (/,5),
M and N — measuring probes (AU,,)
Investigation depth ~AB/2

v

~AB/2

current lines / | investigated area
— K . Al]MN
pa - ]
AB

where K — coefficient, depending on the
distance between electrodes A, B, M, N.
p,- apparent resistance of medium.

It depends on the structure of strata with
different resistance.

Using set of measurements it is possible
{define the structure of soll Iayers./

Laboratory investigations
of soil and water probes
* grain-size composition;
* natural moisture;

~

/Gamma-ray logging,
thermometry and
vertical seismic profiling

All these logging methods || - density;
are done by lowering of * liquid limit and limit of plasticity;
* flow limit;

corresponding instrument !
* porosity factor;

* modulus of deformation;

MEASUTNNGMNECESSany * chemical analysis of water probes

physical quantity

down the hole and
K at each depth.

AN

High-resolution prospecting seismology
based on reflected SH-waves

Source of
exciting waves

Sensors system ] N\
Analysis N

A reflection experiment is carried out by initiating a seismic source

(dynamite or hummer in our case), recording the reflected
waves using set of seismometers, collecting and analyzing w




Seismic investigations on the profile 1 Drilling of well 3-08 in the 7
region of Khrabrovo village.

near the village Miakishevo
-
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eological column of well 1-08 °
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Core samples from well 1-08

Description of the Dnieper moraine loam

Heavy pulverescent loam , sometimes sandy,
sometimes light pulverescent clay, solid, sometimes
semisolid, dense, dark grey, olive-brown, with
inclusions up to 10-15% of gravel, grit and rubble of
sedimentary and igneous rocks, rarely with lenses of
semi-gravel.

It is found in middle and bottom part of stratum of the
Dnieper moraine sediments.

Power of a layer is 2.8-27.2 m.




Meonormueckas KoONOHKO CKeOxMHbl 2-08
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logical column of well 2-08

1. Recommended soils for
accelerator placement: firm
loamy soils, dense including
grus and rubbles up to 15%.

2. Recommended depth
of tunnel placement is
24,0m (absolute mark is
110,0m).
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- Core samples from well 2-08 i

Between strata of different age moraine the
stratum of water saturated sands was
found. Therefore it was decided to perform
electrical investigation of geological profile
between wells 1-08 and 2-08 as well as to
drill third well.
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[Meonorunueckast KONOHKA CKBAXMHL  3-08

Geological column of well 3-08 '3
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Schematic geological engineering section
of the ILC route
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20 engineering-geological elements (EGE) were

\—

The main characteristics of soils

selected during area investigation
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.ms | [1€COK Menkuii, cpemHell TIOTHOCTH, MauoW, CpefHel  CTemeHH
| 1 |l » CPeR THOCTH, » CpeR 0,65 - 200 132 2 28] 30 -
BOIOHACKHIIIEHHS H HACHIIEHHBIHA BOJIO
.ms | [IeCOK  cpemHell  KpyNHOCTH, MPOCIOSAMH  KPYIHBIH, cpenHeit
2| 12 | pex pynHoctd, - 1ip PYTHBIH, - CPEMHCHT o 65| 200 |35 1|30 s0] -
TUIOTHOCTH, HACHIIICHHBII BOJIOM.
-ms | [ PABUIHBIH TPYHT U3 00JIOMKOB M3BEPIKEHHBIX M OCAJ[0YHBIX TIOPO]
13| 13 || P Py  H3BCP 1 ocal PO 244 | - | - |s0) 250] -
3aI0JIHUTENIb — IIECOK IbUIEBATHIM, HACBIIICHHBIHA BOJIOM.
14] 14 gQ“d" CyTIIMHOK JIETKHH, Y9acT. TSOKENbIH, TeCYaHUCTBI, IOy TBEPABIIL. 0,411]0,24 2,21 26 | 41 | 33 107 -
15)0 15 gQ”d" CyriMHOK TsOKENBIN [BUIEBATHIH, Y4ACT. NIECYaHUCThIH, TBEPIBIA. 0,43] <0 2,20 22159 |54 10° -
16| 16 gQ“d" [lecok mbLTeBaTHIH, CpeHel MIIOTHOCTH, HACHIIIEHHBII BOTOH. 0,60] - 2,04 32 5 23 1,0 -
- TIMHA JIETKas MblIeBaTas, MONyTBEPAAs. , , , B -
17] 17 | 0| yTBED 0,66]0,18 2,01 24134120 10
18] 18 fQ”‘"d" ITecok MblIEBATHIM, TIOTHBIMA, HACKIIICHHBII BOIOM. 059 - 2,04 32 5 23 1,0 -
191 19 fQ““'d" Cymech ecyaHHCTas, IIIACTHYHAS, YYaCTKAMH TBEPIAsL. 0,341 0,32 2,02 22124 1381] 05 -
-an | IIecok Menkuit YaCTKAMU CpPEJHEH KPYIMHOCTH, IUIOTHbIH
20] 20 | fQ® R pel Py g los9] - 205 |34 3 33| 20 y

HACHILICHHBIH BOJIOM.
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Properties of soils, which
are important from point of
view of Building Code:

~ ° Porosity factor

* Flow index

* Density

> . Angle of internal friction
* Specific cohesion

* Modulus of deformation
» Filtration coefficient




Physical-mechanical properties of soil

Properties of EGE 15:

(for example)

* Soil grain-size composition
* Densities

* Deformation behavior
 Deformation moduli

* Shear resistance

* Angle of internal friction

O6nekT: Tpacca pasMelIeHns MeKTyHapOIHOTO KOILIaiaepa
Howmep Bbipabotkn: 1-08 JlaGopaTopHslit HOMep: 2667
HWnrepsan orbopa, m: 19,00 — 19,30 CrpyKkTypa IpyHTa: HEHapyIIeHa
HID Ne: 15 CocrosHue 00pasia: BOJOHACHIIIECHHbII
HanmenoBanue rpynTa: CyriMHOK TsKEJbIi TbLICBATHIH, TBEPbIH, He3aconeHHbIH (g Qp )
Hcnbitanue npoussejieHo Ha npubopax "TUPOITPOEKT" TOCT 12536-79. TOCT 5180-84
Jlumerp kobia — 87,5 Mm. (cxkarue) u 72 Mm. (cpe3) TOCT 12248-96
Beicota konbia — 25 mm. (cxxatie) u 35 mm. (cpes) TOCT 24143-80

I parynomempuyeckuii cocmag ghpaxyuii, %

>10 | 10-5 5-2 [ 2-1 [ 1-05 [05-025]025-0.1 | 0.1-0,05 [0.05-0.01 [0.01-0005] <0,005 |
77|04 | o6 | 09 | 13 | 54 | 99 | 153 | 286 | 105 | 194 |
Dusuyeckue c6oucmea 2pyHma
MiotHocTs BitasHocts, % ucno
Motoers [ SOWOW> | Tnowocrs | Kood. nopuc- [ Creners acTHy- Tokasatens
rpynta, r/en’ | Y OI_OCNE’(V &1 qactnu, r/em’ TOCTH BIUKHOCTH, 1Le. | ppupomuas | 10 TPAHALUC | Ha rpaniue HoctTH, TekyyecTn
TekyuecTn packar. %
2,13 1,84 2,72 0,480 0,90 159 32,2 18,1 14,1 -0,16
Tpadux g, 8 = f(P)
Beprne | Om, | Koo, | Koo, | Mon | Ot | Kosp [ Koog. | Mox, 0
faBiI-e ned nophet. | ymori ned., ned. | mopuer. | ymmotH. | med.
‘ U 1 "l MIla (3am.) (3am.) (3am.) (3am.) 0,05 -
P & e a E € e a, E,
0,0 0,0000 | 0.480 01 ¢--
0,025 0,0000 | 0.480 0.00 015
0.05 0,0000 | 0.480 0,00 5
0.1 0.0004 | 0480 | 001 | 84,70 £02
02 0,0087 | 0.467 0,12 7,16 -
03 0,0159 | 0457 0,11 8,20 0,254--
04 0,0206 | 0.450 0.07 12,63
0,5 0,0259 | 0.442 0,08 11,25 03
0.6 0,0302 | 0.435 0.06 13.78
035 4--
Moy obmeit gepopmaumn Eg .o,, MITa: 04
Moy gepopmarun ¢ yaeroM My Eg |, MITa: 1]
Mouyib 06uieii aedopmaimu(Bogonacsiir) Eg .9, MITa: 7,16
Mouyib gedopmarmu(Bogonacsiur) ¢ yaerom My Eq 1.0, MITa: 35,8
OtHocutenbHas npocanounocts npu P=0,3 MIla:
HauanbHoe npocagoynoe gasieHue P, MITa:
OrnocurenbHoe HaOyxanue (ITHD), m.e.:
Bunaxxnocts HaOyxanus (ITHT), %:
JlaBnenne Habyxaunus (ITHI), MITa:
Cocronnne rpynta T'pacpuk © = f(P)
Bo10HACHILIEHHOE 0,7 T T T
Bu cpesa MeJUIeHHbII
P KOHCOITPOBAHHETH cpe3 g 06
HOPMABHOE faBICHHE cpesaromas COﬂ‘pO‘TMRJ. cpesaromas con‘po‘mnn. =
P, MITa Harpyska, cpesy Harpyska, cpesy 2
’ Kr 7, MITa Kr T, MITa E
0.1 4.0 0.1 )
03 6.6 0.165 g
0.5 11.6 0.29 ]
0,6 132 033 B
Q
Tasrenc yra sayTp. Tperms 0.479 E
o
VYron BHYTp. TpeHHs, Tpajl. 26
i Y ienbH. cueriesne, MIa 0,042

0 01 0203 04 05 085 07
Naznesae, MIa
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EGE 15 (for example)

Statistical investigation of soils

18

(T'OCT 20522- 96)

. . Koag. Hagexnoctu mo | PacuerHble 3HaueHHUS
USIng 3 1 sam ple Of SOII Kon-Bo 3HaueHuit (br'pyHTy npu XapaKTEePUCTHKH TIPH
XapaKTEePUCTUKH 3HadenHs XapakTepHCTHI Kosd. JIOBEPUTEIBHOI JIOBEPUTEIBHOMH
HanmenoBanue XapaKTECpUCTUKH Bapua-
- BEPOSITHOCTH BEPOSITHOCTH
obmree B3ATOC B MUH. Makc. ‘ CpeqH. 0,85 0,95 0,85 0,95
pacuer
NI 15. CyriaMHOK TsKeJIbIi MbLIeBaThIi, TBepABIii (g Qn d")
JIa6. NeNe 2629, 2630, 2631, 2632, 2633, 2634, 2635, 2636, 2637, 2638, 2639, 2640, 2641, 2642, 2644, 2658, 2660, 2662, 2663, 2664, 2665, 2666, 2667,
. - q . 4 - 2668, 2669, 2670, 2671, 2672, 2692, 2710, 2711
Graln Slze dIStrIbUtlon' 1. Yactuu >10 mm 31 31 0,3 17,7 4,9
2. Yacrun 10-5 Mmm 31 31 0,1 10,1 1,0
3. Yacrun 5-2 MM 31 31 0,2 3,1 1,1
From > 1 O mm 4. Yactur 2-1mm 31 31 0,5 8,3 1,4
5. Yacrur 1-0.5 MM 31 31 0,8 9,0 1,9
TO < 1 pm 6. Yacruu 0.5-0.25 mm 31 31 4,1 18,1 6,9
7. Yacruu 0.25-0.1 Mmm 31 31 7,5 17,5 12,6
8. UYactum 0.1-0.05 mm 31 31 1,6 48,4 14,3
9. Yacrun 0.05-0.01 mm 31 31 0,0 43,7 27,0
10. Yactui 0.01-0.005Mm 31 31 3,6 17,9 9,9
11. Yacrun 0.005-0.00 Imm 31 31 2,9 32,5 19,0
12. Yacrui < 0.001mm 31 31 0,0 0,0 0,0
( 13. TI10THOCTH YaCTHIL TPYHTA, I/cM3 30 30 2,68 2,76 2,72 0,007 1,001 1,002 2,72 2,71
14. BnaxkHocTb npUpoaHast, % 30 30 10,0 17,4 14,2 0,15
15. II10THOCTH TPYHTA HPHP. CIOXKEHHS, T/cM3 30 30 2,10 2,30 2,17 0,024 1,005 1,007 2,16 2,16
16. I1OTHOCT CYXOro IpyHTa, r/cmM3 30 30 1,81 2,09 1,90 0,041
17. IIn0THOCTH BOJOHAC. TPYHTA, I/cM3 30 30 2,14 2,32 2,20 0,021
B 18. KoadpuumeHt mopuctocTy mpup. 30 30 0,301 0,517 0,432 0,142
Other phySICal_ 19. BraskKHOCTb Ha IpaHHIIC TeKy4ecTH, Yo 30 30 18,2 38,0 29,7
g 20. BrmakHOCTh Ha IpaHHUIE pacKaTbiBaHus, % 30 30 10,5 19,8 15,5
meChanlcaI < 21. Yucno miacTHIHOCTH 30 30 7,2 18,3 14,2
2 22. Tloka3atenb TEKy4eCTH 30 30 -0,39 0,23 -0,09
propertles 23. CreneHp BJ[EDKH(}),:)']'M 30 30 0,75 0,97 0,89 0,056
24. CreneHb HEOJHOPOJHOCTH IPAHCOCTABA 1 1 18,62 18,62 18,62
25. Monuyib nedopmarin Emk Bosionac., MITa 27 24 19,8 134,8 53,5 0,597
26. VnenpHoe creruieHue, MIla (BooHac., KOHC.) 29 29 0,005 0,125 0,059 0,408 1,087 1,149 0,054 0,051
& 27. TanreHc yria (yroi) BHYT. TpeHHs (BOJIOHAC., KOHC.) 29 29 0,23 (13°) 0,60 (31°) 0,41 (22°) 0,234 1,048 1,08 0,39 (21°) | 0,38 (21°)




Conclusions 19

The results of preliminary geological engineering survey

Route of the International Linear Collider passes in sparsely populated area near
existent scientific center JINR (Joint Institute for Nuclear Research, Dubna)

Climatic conditions are comfortable.

Relief of the area is flat with soft outlines and small excess. The most part of the track
is forest, the smaller part is meadows and tillage, partly i1s swamp land.

The route passes through the stable, steady structural element of the earth’s crust —
Russian plate. This territory is related to the 5-point zone under the MSK-64 scale.
Geological structure, hydrogeological conditions, geotechnical properties of soil are
suitable for the ILC construction.

The ILC is planned to be placed at a shallow depth (13-24m) in layer of firm dense
drift clay, partly in layer of water-field sand. Under the further researches of the region
it 1s possible to place the route in drift clay entirely.

In general, the assumed route is favorable for the ILC construction. There is a positive

experience of automated tunneling in similar soils in the Russian Federation.



