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Executive summary

The Final Report of the study describes the location of the monitoring station, its
characteristics, provides a description of the levelling works and shows the levelling
points. Testing and instalion of selected sensors under the road surface have been
described in detail. The data from the winter season of 2019/2020 have been comp
analysed. The report also describes the resbttned by electrical resistivity
tomographyas well as té digital elevation model (DEM) obtained with an unmanned
aerial vehicle (drone) and the discussion of these data. The determination of the ph
parameters of the soil has been completed and the report includes all the results of
testing. Allin all, the tested values of ground frost heave and the total potential pave
frost heave were obtained similar to the calculation of the frost heave values of the
pavement structure in accordance with
Thereport also describes studies carried out in other countries on the frost penetrati
depth and the frost heave and the methods used. It analyses the use of SAR satellit
systems in the monitoring and analysis of the road surface, incl. frost heaea I feat
potential with the development of new satellite platforms, but it is currently only poss
with significant financial resources. Interferometric analysis does not currently provig
100% reliable results, and there are problems in assessiogn$istency of the datin
the annexessummarising recommendations are provided for the establishment of ful
monitoring stations for frost heave, ground temperature and humidity profile, both in
of measuring equipment, data collection and trassion, and site selection. The
possibility of integration with the existing road meteorological stations has also beer
analysed.
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pacUluma un sasaluma profila mUroganU un or
kl Utnes. |zr8dtopy Usal &apagddliuman mUroj umi pa
apjomU, tomUr t0lkia prigak @lviok amiopgrimngu tem
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Tompri rms uzsUkt ¢gUdu plagUka mUroga un
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kl Otnes, nepieciegamUs mUriekUrtu kalibrUci
Latvijas klimatiskajos pst Uk Nos un iespUju robegbUsasvar ¢

bija viens no ¢gajU ziAojumU atainotU pUtdju

segas projektUganas vajadzobUm (2. kUrta)bo

KopumU pUt®rituanai r2. nckr i t Uj usi Noti veik:
pamatojums kU izveidot un aprokot sasal uma
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pUrraidtes Gork®ensoru inskaliB&kiaj agsmumspdaktbi

pUrskat Umomasadalb@atds 11. temati skUs nodaNUs
atkarobU no interesUjogUs tUmas. Kae rrle znuwldta
un secin@jivmUs T U dpskstancecbd dacs egamos sagat a
monitoringa vietU pirmapsaksoot am$t pladaui jva
tros ndédaNad@dNas) at spo gseNsoruwidw(ékstgnciometrs,u i
termi storu kabelis, kombinUtie mitruma un t
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TurpmUkUs zi Aojuma noidaBlasnkaniadat sexc
vairUkiem saistota¢li ekt pditHp Utma, apPedj it mim a
9. nodaNU apkopoti tiegqgi | aboratoriskie gr
LodzogU veidU 19as anloudnmmaN ad zpii Neuwntler guars s al a pa



al st 0s, oOpagi mi su kaimi Aval stds un 11. n
zmantot t.s. fASARO satelotu sistUmas (no a

Gaj U pUtojumu ewrst (p Utr bralird 9heiLa AR met o
acUluma noteikganU klimati sko amadaziégkadu dU

ezonU nebija pietiekami il gstogd aun gmi eeit e
ar Utu drogi izmUginOt.

KopumUO pUtojuma 2. kUrtas rezultUti sn
i eAemgainavar Utu pUrdomUti turpinUt sala p
ovUrojumus un monitoringa tokla izveidi



1. POTQJUMU VI BJNRSKSTURBIUME

PUOojuma sUkumU mopat piné m@dakddsvsaascuizj o atd dlc e |
A7,net Ul u no A7 un Tra8 fe ncoet Nliglokraluis k ® jneisnaA7nt en s
pl Unotais izpUtes tikanp Unacreildtwstr 0 mzkhesmo Rtk t s
krustojumiemA7-P89 un P8PI0.To mxrr i egot pUc geol ogi skaj Un
topogrUfiskajiem materi Uliem M 1:10 000, p
posmU varUtu bit sastopami gl acigUsived nog
mUl smilts. Veicot den ailérz®dkaj gteoviomgk sik ou i zy
i zvUlI Ut U posma garumU tika konstatUta small
past Uv pUr Uk augsts ri sks,gabtaiu ndgdumgsklumu s a
i espUjamais pacUlums var nenotikt, vai ard

Vi sbeiedmoat ,v Uk UFrogt BleéagejPropeties ssessment of the Soils for
the Road Pavement desgn r ezul t Ut us , pamatogbtvies unz
meteostacijas novietojumu, monitoringa stattkai er 0 kot a uz (Va dtzAMeNg ¢
aizSiguldasvi rzi enU uz CUsdm, autodtthsugpsejasU5A
krei s a(LK892836691.3; 5586333 Pr sacHaruu i vs tedlaBc iijzars0l i
ceNa uzbUruma biezums, grUvju dzi Nums un te
veicot LI DAR DEM i zp WteimUukna Ngae oul zobgli r suknos  u(rnbog a
ar sekl Ukajienmt@tBOvjpieeli ukass fALaru@aastot.Uhpk
GgUr spBotkionBtAt Utais ceNg virs pieguNogUs t
Dno 1,1 10dz 2 4, nvsavduk@dez dr af im. U G
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l.at t_(ﬂ/lbrﬁtoringaurbumunovietojns.Skat s no CUsu uz ROogas pl
parUda veikto monitoringa urbumu vietas. Fc
parUda nivel Uganas vietas bl akus
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2.attUI Bsr.i ek gi zipvidttiecse Ny i ¢ dtlrr BwN wrhdudziibnOr uma b
mUroj umAemomUj umi :1g9&r ls;pmdoarikl dmaijzmwsihvEdo U
monitoringa vieta.



2. MONI TORI NGA PUNKTU | EROKOGANA

Piimsmni tori nga s tSad cgiujl alsa,yiieerooukacii2éhbagada a s 0
6. noe mbr 0 gveeoilkotgai sk Us situUcijas precizUgana
pieturasdi vus ur bumus aiz grUvja no pieturas Z
nivel Uganas | aukumUO (atkl 0tUO | auk @ pdgtewsv gmii

konstatUti glaciof0,uv0 Ut mezbenne glkuunrlimé m 08, €du N
t UdUj Odi apstiprinot kamerUlo pUtojumus re
| ai k @bijaplls Tnt 0t i, tika nol &mus, i eadkatzslkvael

pacUl uma monitorUganu pirms aukstUs sezonas

Lai novUrtUtu ne tikai <ceNa kIl Utnes ver
virsmas izmai Aas aukstajU sekopWdmU ebiidanags
punkti (3. att.)18no ti ematikelrptklbtliaukU uz ZR no pietu

pieturas, viens pUris metrus no potenci Ul o
seguma aptuveni 3 un 10 m 2Ai r zne@nUa WDgcBmba vi di  jau i zve
nivel Uganas monitoringa punktiem, pievienot
LIMAP,UAB veicot | UzerskenUganu.

Apzimeéjumi 0 25 50 75 100m
| — S—

© Nivelesanas punktiuzcela (O Nivelesanas punktiuz zemes @ Monitoringa urbumi

3aat Wissel Uganas monitoringa punktu



3. NIVELUGANAS PUNKTI FIORGUmEMOGAJU TE|

Ni vel Uganas punkti ieNDkbtasekUVal dtas s g
punktu 1508&80mhkorgutaocedNasA2 58. km staba,
assPunkta x, y -B2oTMi s Us a®m0UKDBKB58%00, bat augsturgss 3 3
(LAS2000,5) pUc geometri®kts RieguNggp&d auk

mutisksa vi enoganUs aeviemendr ppdgmieglgd zgames vi

15 cm gari pl astGihdsaa st iidpdab 2ddi@m e(Mt. iat &t § . aut ¢
teritorjlUb | akus as fhelnmoa kIlUFtOheika | auku i zmanto
ganogbUm, kU ardo, lai izvairotos no pagu dg
dzi NOku zemes kUr tmet Uh oA sidkash It iagikalndtontU mo n i
i zveidei i zmantotas meNti Yled U gnai nvaesl U greoma st o ri

pamatinformUcija apkopota 1. pielikumU.

NG | L LB

4.at t PlissguNogaj U J i zmantotie pdarsaimas a

Punktu geogr Ufi skU piReashaRS8G NeN Sv eui zkttvaU r aJj
ni vel UlpaanSprintarrl50M5. att) Fakti skU aprUgi nUt 0O kNI
piesai sttemm | siak@dkidms pUrni mek iyamdldg2gmi t U t
Pagl ai k i egl tmoenidatrii nlgiae cgpaai ket Jpaditeritosijovirsméisu § a s
vari UcbetnsvUrtobas atrodasVimrd g rhuimeing ka0 4
vUrojamas tiegi pieguNoWepgnlad agukjli,e rkaur2 @.Ucm
atseviggi puhbphid,i5r cpnac Blawgikds t moni toringeé
sal gdzinotniaveli Bgai #kigrlg idzd ssn ipauchzkktaossg i r bb al
parimm. Lsi eilzdnai Aas | aukd&itgvilka iwiaetUkj o am@jt w) t bal
kU mototrasi un ar kvadraci kl u cengas p Uc

apzomUjogiem koci Aiem, kuriem blakus isespr :

10



punktu pacUlums ir radies tiegi no kvadrac

monitoringa punktiem.

S5at t WMo toringa punktu nigeddrgfniasK@tpild sa i
laika GNNS (pa labi).

Pagl ai k viteato@tO8s kmmobl Umas saistUmas
nivel Uganas nagl Um un di viaatobusa pietussas mRis amk Wro
nivel Ugana piespagadblbraoktinvtes s jdiezgakr av a
l ai ki eni bp@feathjdladi ard metodi ka 1o peklieka
i zmant ot nosl ogot ppsUcc epNar npag sUnp ss.n i GtgrskKarotr o ¢
atzogmes stabi, kuri parUda pl ast mistisembkdabe N
pagi monitoringa punkt. ir nedaudz i zkusti:
kasbi ja novietota uz auto pieturas piebrauca

Ar nivel Uganas metodi ku i esmpds aknss tn®bnds 0
vUU ka mUr o ga#a smnk Nivdaa rwanmdilly mhdj Nimuet Og an a
precdzUkU metodi ka, | a imieesskpal|taam ssaaiuzsnzgemnieddt
monitoringam.Pr akti ski vi sUs wall satnilro)(dkandat(h ¢ & a Ne |
dati tiek verificUti ar nivel Upadmsu.amhdmor
intensgvas sati ksmes posmos, ja attiecdgai s
ka |iel OkUNI cnawveil Ugm@insatimas mear Umtlemau ¢ dJg O
magonas ar vUja plismu sekmU mUrl atas kust 0
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4 . EKSTENCI OMETRA | EKURTA

4. 1. Ekstenciometra ievietogana

Monitoringas ensoru i na?2@l%cijgamdaei2iBty PIH0twa mh U
s Uk oa s Ugkkit 0z Ugalitksums 1, 2 m garumU un 40 cm
ceNa uzbUarumamkasn ur brbumusleg @k oRu 5% rssodizi Nu
ievietogabat al(i7zUtaa ts HhUma a rrumg unusegunsa vitsmasip e r
pUrvietojuma monitoringa iekUrtu izvietojun

6.at t Wisd.al t e mdJmutndgkaabe Nu novada izvei

7.at t WleN.a uz b Ur isorbumgpa habé) undrakas arbis (pa kreisi).
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Lai veiktu tiegus sala pacUluma mUr oj umu
e

ekstenci omeXUHNE1100 R SIT. tINSTRUMENTS Ltd. |, Ka rPithts a

ekstenciometra ievietoganas monitori skpsa urb
apst UkNos, lai pUrliecinUtos vai iekUrta d
etapU veiktas iekUrtas grunts enkura iest.i

vai rUkkUrtogi atbrovots wrs dtak &«lU d aluiklkat sa,p s
kNT das, kuru dUN iekUrta tiktu nostiprinUta
OtrajU etapU iekUrta | aboratorijas apst |
pUrbauddots, vai iiresil@&gpUjeams ekdlirk amgwan p e
patiesais izstiepums atbilst t am, ko iekU
ekstenciometra mUroj umu stienis tika gan
konstatUtsnpi kgt UskUWBOtadbas atbilst patiesaj
PUc |l aboratorisko testu veikganas i ekU0Ur
urbuMothi toringa urbumu sienas virsUjU@aNU
att) | ai s anigzainmbbtuy ikeaspur bums ai zbUWjukasd. ot Ur
ekstenciometra darbobas traucUjumus.

gatt Wirbuma nosti pri nUt Weis)anekstercinomBth Enkuwrsgpar u | i
labi).

Ekstenciometraenkar8. at t . ) u zredtpUrdigitht a $ (N giaikUm)
igur fa grsfakiskimmadk sikmUl ai s i espUj amaies pdi iaNs
nostiprinUOt. Veicot iestiprinUganu, iekUrte
virskUrtas kastamp!l mOr,¢ ptubhilez0pldy acoms nomUr o
pacUJkunuar o 3 cm ceNa virskUrtas pazeminUga
stiprinUj(@mu)atpdaddkesm ed z zeMasfalla TUOd Uj O0di  ti ek
pacef anUs i m28cem vIZG@dm ndz i Numa m.
13



9.at t Elkst enci ometra stiprinUjuma pl

nemot vUrU pi evreeidczoit, lkaabso riaetgoirtigg as t est u
apst UkNos, jUsecina, ka iekUiklas ipr ocshall Hndazs n
ar precgzu dzi Numa izvUOIl i, kurU enkurs ti

pUrsedaanagtbldk @stfas thl ovUgana, jo ¢gd procesa
virsUjUs plUksnes iespVvelgmta il 2maiOkd =@k Ntun
novietojumu. LielUkais risks saistUms ar n
dzi NumUO, jo gUdU gaddojumU ir jUOUizveido gur
at kOrtoti

4.2.Ar eksterciometrui e g mUr @ j u mi

MUr oj umi ar ekstenci gmatar (2 8t. iLA)AD peszrd®W IOt |
martamm U r § fikaveiktiikp08 0 mi n1t Um. GUds liant erav Ult a1t id
i espUjamu autotranspekbUntuetke&kmUruas mQUkoun
mm, nevis 0(10. att) Tas sai stUms ar to, ka uzstUdog
netraucUtu mUriekUrtas ievietoganu grunto.
interpretlddisj aviUr tjogdbaiseg i ks apskatotas rel af

legiti e (MWUatthjou ida wmmnelgireint s( sUganos no
SUganUs saistUma ar virs un ap mUrodojumu pu
nobl o v(Ilgty, skaidriredzms, ka virs ekstenciometra ur
dagu mm robegUs. TUdUj UOdi drogi var seci nUt
pat nelielas nemoUk@! Ust i Zim@k Aeszaaklst ur u,
sUglhs drozumU (1 90dz g¢gim iegltie dati neNaltl

14



|l espUjBmdz am novUrot e Ngimath @mas kar Uauo

sUganosar letunarso enkura finostiprinUganos?o

per

vVir

Lddgz m grunts ir atdzisusi | gdz sasal gan

v

i

i 0dU (-10.82.2029).A2®m2y@ i ka intervUlu ekstenci ol
grunts pacel ganbsatddtspat Gt ydadtempepgttier a aqrls
skUrtvisnil&l gblldiam var Ut sarbhietl i s&kidinanr at lanr
at ggiadddmur bumos. Urbums, kumdélikaai kbhUijtew, e

i espUjeiemiggar unts virskUrtaspesasar@anu.UdDi kiimd

sensora sUk palielinUties, eksten@d2 atetr s

JUpiezomU, ka izpUtes periodU nav konstat Ut

-2.5

-2

=
n

N

o

Ekstenciometra izstiepums (mm)
o ,
w

o
v

1.5

10.

2 %, Z, 2, %,
Z % %
s <

% 2 S5 B, %, 2,
90{9 /90{9 901‘9 9090 Mérijums f’ot)o 92’0 JQ)O 9%0
EtktsWlesn.ci ometra andrpg und . 1 i X@1 Pp.osimidz

negatovas izstiepuma vUrtobas nor Uda
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50 0 76 3 3
5_
4_
£l O .
3_
=} H
% @
6 4
10 < >
780
1M
765 44
400
>
120
11. aiotnWitooringa urbumu izvietojuma shUma (

25. maet Dabi) .i AmWrOJ i0e m@b &g ensr Udgt as mm ur
nomUroto aukstU asfalta sUgAmpmbps mUisimapizidzi no
termi storu kabeNaempreums ] rasNains maplriusna se
aplisi ekstet i o met r a ur bu#esk s tpeen clkoaniest raap Isitsi pr i n

PUc novUrotU sala pacUdnmlwra)jiuand u gnaonralsd ae |
virskUOrtas | Unu sUganos, kas uzskatUma par

tur pmn.UjQs| ai cogais sala pacUlums nav i zmai

22 -1

-0.8

t(2C)

Ekstenciometra izstiepums (mm)

2 Merijums 08
12.  a tEksténciemetranUr 0 ( s ani k a kW lag i jte)mper atdirlal 40
| Onligiaka posmam no 05.02.2020. 1 @gdz 15.02.:

noUda uz grunts virskUrtas pacel
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Lodz ¢gim vei kti partngo vklar og kusnti e niciieocmentar a d ¢

darbobas traucUjumi, turkl Ot ieglitie mUrdju
nelielas izmai Aass,ark ugrawsnttsi etgd mpkeor riacadliljass i
ekstenciometra kopUjU sUganUs par 3 mm, to
posmU no 28.11.2019. | 0d,z alt9s.t0Bj.o2t02d . crhzwv &
sUganUs garadjtamdnosesi, jo bez kopUjUs 3 mn
2 mm sUganUs, ievietojot iNeokWrtoy uum asfhlt=tcii m

bl ovbdgana ewkdnjuzsk st enci oméodra. dgrdab@2hga mai j
urbumu vieta tika izolUta ar bitumenu un s
smilti (13. att.)

Tur pmUk Us r eukzosmelhddoltc iejkasst enci omet ru, ir
arkarstoasfaltu j o pagl ai k aWlogtoaissmiddfialitrs ners Uga
(1latt) Ja ti ks atrasts veiksmogs risinUjums
monitoringa stacijas apsekoganu rei zi dagos
asfaltas Ugano o pwj ot Utk k Bi) kW ¢atru elkespwe.nci oment
tehniskajienp ar ametri em, kU ar i eWKamlU pasmaneptiu

un potenci Ul aj &gr Desp&@j Uamr e swokgatjddtm 4.e Nui are

17
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5. TERMISTORU KABE LIS

5.1. Termistoru kabeNa ievietogana

Termi storu kabelis uzstU#lgtast t2,)4 irhacddivh
i egiltos datus ar centrUlajU urbumU ievietot
temperatiras mUrdjumi notiek no 40 |1 0dz 233
mUr ot Oj i (@ur fpa ed n ik el 2znistm ka temistore kabelis irvokbnslai to
noturUtu taisnUO | ogmendo, pie tU @hamhpnt kas NUk
kabeli ievietot pilndggi taisf@Bathomendo, kU a

14. atTteI.t‘ou akraabeabf\'l'i(ena)glabi) un kabe

PUc kabeNa urbuesy i teit loa) amiazspi | dgs5 amt frpakct &
urbums tika pilnobU aizpildogts utnU tweemtisk (
kust OQbRasgli enkh opirsmje@mbi | dUt aiparf faucUpuntds Us r
ai z pialieteknj ua faktiskajiemt e mper at Tiema\si srtUdcdgnulhk i et e k m
Aemottovikral kabelis tika piespiests pie urbu

Viendgai sinUjums datu verificUganai ir e

Eksperimenta gaitU bltu jUizveido divas pa

trangejas pamatnU ievietotu termi smilokum kabe
pUrkl Otu ar dabisko izralkto zmamenitll d.r akav u
termistoru kabel. nosegtuPagri ddlanbi skoi eikzr

nepi ecipeljca npplbdha t e or Ujo diezkvdl mazek 8lpair s mictmigsal td 9 |

vUrltasi noskaidrotu mindtmdrlp &bkltrhekamidg &jsUrh a

verti kUl U urbumU gUda tipa eksperimentu pra

Pir ms faktisko monitoringa ubUbaoubanui zve,

ai zpildot ar dabi § &ueitbiexsmpletr ot neeaptedidauUll ruas  un

sensor u ui gWwi.etnodaarNron Ukt s pdabiskus encU | nal j nuumag, r uk
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papil du bnlaivet Ugamp&$ ams v iutsumm UPradpgiil d @i zbpliiled
eksperimenta gainpdsljét ipkdavike mlutgisid taas apoj Ut

no sensoriem SavukUOrt, aizpil dot ur bumu ar dabi
kavernas, kurUs var umzbkreWUtdioegs e p amiplsd Wk Nid e
apkUrtesogajam grunts masogvam.

Paglaik viendggais teorUtiskais risinUjun
materi UOlu tU aizpildgganai, ir iczimeatiansdtu zml(
md k s@lud.as konsistences grunts dabi ski ai zpi
noblietUtos, tomUr jUOAem vUr0O, kaist &@AwvwdIOu
ai zpildotu ar atbilstogu mat,bii @l k], bétnel poki

neiespUjami realizOUt.

- . o < L. . :
15. atTteWlms st oru kabeNa auggUj ais sensors at
auggUjais att.). Urbuma aizbUrgana ar frak
ur bums unaisrkabslis.i pri nUt

Gal venai s i er arhiksg odjdozg agirsu nftask tiazrmeai na kon:
| 0dz -mokstai, lai varUtu turpinUt aizpil doq
materi Ulu, nenogaidot kosnslnsot,enwceisdoitzonsai IAa

nogulumu inversijai, siuebmQlaueseftyitklpi §dohiie
20



materi Uls nebltu tUds pats knainatigstkensisteacgii e n
mai nUs T dens sattuirlsp,unkaasi ztmae gliasi,e tkeaksmCh oz o m
ar asfaltu varUs pUrkl Ot UtrUOkais tikai pU
urbumu aizpildogais materi Uls turpivailht u s a

vei dotosvaies&®ddgmsukgums starp asfaltu un ur

52leglitie dati no termistoru kabeNa mUr 0]

MUr o0jumi ar termistora kabeli tika uzsUk
05.12.2019mUr o [1&at)veiktiikp0@ mi nTt UmU hmnemotkav Urn ka Kk
temperatiras i zmai Aas iespUjams detalizUti

| Umunss pmUk mUrojumus VeiktOvipBlAemev i Ust ki
diezgani er obegot s davtaur aspg goknasty U s Gitmisls ms sat Ut &

termi storu kabeNa trl kums.

9

8

tec

Merijums

16. atTteWlmi stora kabeNa mUr ¢j umil90B a2 0k2a0 .p oSsamaki
| oni j a27actnbidzsitNumam. Z7a,8c0m | doznii N wam dag rbiiABsitat b i
cm dzi Numam. MelnU | onija atbilst

leglitie mUroj umi liecina par temperatil
palielinot(i6eatt) dkaBNumam ti ka sagai dots. Gru

pakUp&nigogkis, kas saistUms ar vidUjUs gai s:
periodU. TUpat novUrojams, ka Qslaicdga ten
temperatiras izmai Au tendenci lielOkU dzi Nu

21
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17. atTteWImd st orrag jkuarnie N anDd®220. | (¢fniikjsalt a emUk U
grunts virskUrtuU). SarkanU | onija 25. 12 20

Apskat ot t e mp(skatalt &ttr) sedamp o fkial U emper at | r a
dzi Numael i pad prak kideltli tsiké . mUr 0j umi | i ecina
| i el OkU dzi NumU ietekmU tikai ilglaicdgas t
strauj Ukas par dagUm nedUNUm, kopmnemtek mfiper

Sal gdzinot temperatiras mUr 0j umus grun
moni tori nga,redzamasckag &)z elmiOn20t i es gai sa temper e

samazinUs ar o (Brathnt s t emperatlr a

15
10
| | 0 !
N ’h Mﬂ &*‘\ fﬂ‘ﬂ Ly “‘I)h | A rﬂ\ | | | f‘\‘ | ‘a" “ / L ‘ |
s 1 B AT ML L SR R ML () ”‘HW’ i
= H‘ ,\'/‘rﬁ,l\k T\\Mf[{/fﬂ ‘w ‘\N b M‘ /?lw \_‘m 'fl I\ V%AL#\JJ || A *\I‘ \;F ‘\.‘",“I \\I‘ |‘ ‘ v‘ Y ‘l"} ﬁ“.ﬂ l‘\bur l‘ Aw | ﬁl\ “/Il'j'ui
0. Wl ! I \”I] ! ’ I w \« V |J ¥ R‘ 1 4 TTU l_J\\ ...... | ‘|I,J‘ ‘ ‘ B |‘ i N
THI“‘ | l‘,gj ! |I | | || 'A | |’| \ ,"‘J\ "‘
|- - Il B
s N \l\l‘ l‘ ' I}\ W‘| 1'
10 2019/12/11 2019/12/25 2020/01/08 2020/01/22 2020/02/05 2020/02/19 2020/03/04

18. atGtalllsma. tempenasitampenagiras ns0812@am9.i n U]
l gdz 19. A3. 202@ I Qniju attUlota gaisa tem
stacijU LV02. Ar sarkanu | oniju att Ol

Nobgde saistUma ar ttroo,daka 4mi rcrma idsz i sNeunsUo rt

| 0dz ¢gim dzi Numam nenonUk momentUni. Laika

mi ni mUl o grunts temperatiru novUrojumu per.
22



ai ztures laiks ataatéompénatrprantcsd Ut grWdi em
pazemi nUj usi es 18gatt). sa temperatira (

Apskatot | aika posmu, kurU npailsaottse mper :
pazemi nUganUsle@ oddandiens (19. ath) @ pietiekana, | ai gwnts Okt o
sal a paablkdovtUr oj umi liecina par to, ka g

nepUrtraukts. NovUrotais sgasahempebhtuisai dv e
nokritusiesCzem&dk opmradpPmgpmt epsl aicdgi ir
temperiaat)Kap({Uj ais dominUjogi negatovUs gai ¢
gruntst emper atiras pa&Gkimi aa Ujeadawsdd oidlzg ks par

15

10

2020/02/03 2020/02/04 2020/02/06 2020/02/07 2020/02/08 2020/02/10 2020/02/11 2020/02/13 2020/02/14
-10

19. atGtalllss. t @spemagiunts temper atndd1.852020.al ¢d :
l gdz 15. 2. 202@ I Qgniju attUlota gaisa tem
stacijU LV02. Ar sarkanu I 9oniju att Ul

Sala pacUl umalvenov & i candgaukstirsp periodailguma un grunts

sUkotnUjUs temperatiras. PiemUram, mUr dj umt
temperatiras pazeminUganUs, talu ,g0umr$ gdk
temperat inmlhgsanpasz ebmij a pUr Uk osl aicdoga, | ai

dzi Numam.

NovUrojumu periodU netika novUrot.i ter |
nei zskaidroj amas temperatiras svUrstobas.
met eoirsokllbsg st acijas gaisa tempeVNathdgaiante]
termi storu kabel i m, sal gdzinot ar temper al

nolasdogana, tUdUjUdi faktiskie novUrojumi n
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6.KOMBI| NUMITRUMA UNTEMPERATT RAS UN SENSOF

6.1.Sensoru ievietogana

VidUpWi tmoringa urbumO@mbi mBt fiemd eupnt it emmp
sensori(2. pielikumsi gur f u gPiI emsmMsgnsoru i eviet,wmganas
ievietogana girambgi matsadvilauka& aapst UkNos. S
mor Unas smil gmUl U, kas at s eekisasl aia gpvail ikea i
sensorus iespUjams iespraust sal @gdzinogi b
kongtsat (ka, gadojumU, | a i evaugstaoaramiatsg bvai eit d
sensor u nveskiv ap att astadlviiekt vienu no adat Um

OtrajU testtiOanasmbddgirn@W a iekUrta, kas
urbumU. Aptatwm®dihw2@! Unot Us monikat er ik @a sumub
kurU ar us pkpb atijsenstts i ka i esprausts urbuma si

gurfs, | ai, akUylarud sieengsi®uw atrtu.n)t sl p@o mamgarsi
Testa |l ai kU tika konstatUts, ka specializU
nogulumos

20. ateloq ievi et i i szgi
noAemgana | aboratoriskajiem pUt o

leglitie mogiUntmisk@airzmantoti sensoru kal.
paraugs tika kvartUts un piesUtinUts ar 1d
mitruma no kopUjas parauga ma pamggiraulds uikkau gi t

nol asodots mitr umalsethsoraldi nateikts paraonga flakéiskd netiuroutliels
parauga daudzums pUc temperatiras kmUp@jrvin®v o ers k gn@n

24



i zgUosCt sFakti skai s mitr umsensouviJa tusydlugidkza nsUet ss
kalibrUcijas vienUdoj ums.

l zveidot aj U mamndiametru lilhngfeo pu m mtUi ka i evi et
(2. pielikumsi gur f u gbeéeegdmsori tika uzstUdoti dzi N
pUdUj ai sviseetnostosr sO ,i% m dzi Blasnlk mto sesrd a@lt @ ive

att) tika konstatUts, ka vienU urbumU ieviet

21 atStelhlsors ielikts sensor u ieetoanas i

i evi egrog@@aNuml0 (pa kreisi apakgUjais attlC
sensora uzstUdg@ganas (pa | abi)

Li el UkUs probl Umas rada vadi(2Latt)avsi nsUaviiee |
vadi biltiski tr auc o, ipvictojotjaunssemssrpa sit Ve vi es b g a
vadu, kas savieno kUdu no jau ievietotajien
|l ai kU viens no sensoriem gUdU0O veidO tika
ievietotajiem sensemb i ¢ §ika i zrauts, jo ar ievietogan
savienojuma vaddzraubs ensoru at kUrtota ieviehegBnaob
pirmreizUjJoisepsavgahiNjlk jplireyiaet o edi et ot t
Lai sensoup Uc uzsbOdaeagndk atbrogvot no uzst(
smUrUta ar vazel gmu,r ikadsx &fi BlitaiNSKkkd sp rpo albl Miun:

nogul umudbi Suntaesr vUI U no 1,3 | o.depr ik mnnio
25



dzi Nuzmdle vUs i evisensond a itsitkgab U varemijap Or Wla inodgeh
sensoritajos e vam bjua. Ut i es

Lai atrisinUtldtwaadepj eact @jgams | i el Oka di
vUr U, ka ¢gUdd@rgadeyuetlogemas iekUrta bltu
l i el Ukiem urbumiem par 110 mm. Teor Uti ski
divos urbumos.

Pagl ai k biti sikzOkiUe tportiaejkigerno csgebnas or i iemUt ©
datu nolasogganas iespUja, kas plagUka moni't
monitoringa vietu22. att) , att Ul i nUOti konf i2gatt) Ut alpastkraud 0
faktisko baterij2sat)kild saems ared zOtt Uf k(@5 sk o
att) un mitrumu(26. att).

Manage Devices Manage Users Device Inventory Manage Calibrati

v /i Plot s
@ 2603710

@ z6-03711

22 atTtepe.r-at f r ama sensor u daguno[asogana:s
att Ul ojums ragotUja mUjas | apduU

~ Home Manage Devices Manage Users Device Inven|
. . Device Measurement Gommunication GPS Device
A Site EaRE 1 T
Identity Coniiguration Setiings Location Logs
~ Al Pl e

Device Infarmation
@ 2803710

@ Device Hierarchy Site Plot
@ 2605711 y
Device Name 26-03710
Device Height (cm) Not Set
Device State Active {Device will upload data) -
Device Type 218
Serial Number 26-03710
Firmware Version 204
Batlery Chemisiry Autodetected Rechargeable

23 atbtalllus .uzkr Uj Uja at tpljiansUt Us konfi
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A Site

¥ i Plot

@ 2603710

@ =6-03711 Z6-03710

TEROS 11
TEROS 11
TEROS 11
TERDS 11
TEROS 11
TEROS 11
Battary

Barometer

+ Add new

24, atltn®log .mOci j a

Manage Devices Manage Users

Dashboard

© Map

-l

Noresponse fromse...  No response from se...

0.222 m¥mé

az2°c

48°c

Na response from se... Ho response from se...

Noresponse fromse..  No response from se...
Noresponse fromse... N response from se...
8200 mv

100.66 kPa 28°C

dat u

uzkrOjU

par

Device Inventary Manage Calibrations

ja bater.i

@ Site

List | @ Detal

3 Dashboard Q Map

~ 4 Plot Report: Plot

@ z6-08710 DAC-1-T

— TEROS 11- 8ol Temperature. —

TEROS 11 - Soll Temperstue — TEROS 11 - Sol Tempersture — TEROS 11 - Soll Temperature

— TEROS 11 - Soll Temperatun:

25.

Manage Devices Manage Users

@ z6-08711 6
3
—
g e T "
:
£ e —
% e .fr
£ I
2
|
i
1 |
|
I
R : o ® ® »
i e e A e ™
o <o ™ & A
L3
=
DAC-2-T

atFtalktlts s k o

Device Inventory

[ PO -

Soil Temperalre — TERDS 11 - Soi Temperalure — TERDS 11 - Soil Temperalure. — TEROS 11 - Sail Temperalure

temperatlras

Manage Calibrations

A Site PR Dashboard Q Map B Last Week
~ A Plat ’
26-03710 wal £
@ z6-03710
@ 7
& 037 Water Gontant (m#m?)
— o2 TEROS 11 — Puri 3 TEROS 11
015
TIMMIILLL AL L L L
024
0
L
ML o .
M1 ™
£
3/15/2000 1312612020 3T 03/287 2000 0372972020 03/30/2020 053172020
Sail Temperature (*C)
— Port2: TEROS 11 — Por: % TEROS 11
H
_—
J
s
— L —

26. atFtaltlt §

Sko mitruma |

0

k Au

| Ok Au att |

att Ul oj u
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621 eglti e dat i summitrumasepseiemat | r a

Sal gdzinot ter mi st emtumakensoeuNend zuanmst ,e mkpae r att
ir Not @7 uneglaitXFlaks i ski | i el OkUs atggirobas,
dzi Nintikéi 0,2C (29.att.) At ggl vebakUmgta sai st Umas ar

levietojot sensorus nepieci earamaan pdazri.eNduznilt,
e

l espUjams, ka kUda no tr 0s grangn skoarsa paodtaet nlcm C
i zrmi spmdipasatliras @alg@dzigmats .arlL gtdezr meirs ttoa u
ka ar abUm izmantotajUm iekUrtUOm tiek iegl"
iekUrtas izvUle, visticamUkais, neietekmUs

tec
I

1

]
01/12/2019 21/12/2019 10/01/2020 30/01/2020 19/02/2020 10/03/2020
-1

Merijums

27. atTtelnper at i ras mUrlggiukmeu pscad madm i moJj Quams1 2
19.03.2020. Ar zilu 1 gniju attUlots sensora mUr g
attUlots termistoru kabeNa mUr oj um

03/12/2019 23/12/2019 12/01/2020 01/02/2020 21/02/2020 12/03/2020

-1

Meérijums

28. atTteWnperatlragdzmbhrljguivhey pasmam no 03. 12
19.03.2020. Ar zilu 1 Qgniju attUlots sensora mUr g
attUlots termistora kabeNa mUr dj um

28



0
03/12/2019
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23/12/20
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12/01/2020 01/02/2020 21/02/2020

Merijjums

12/03/2020

29.

19.03.2020. At

attUl ot s

At zomUj ams,
grunt si7akt OAusat dsilgasai gmai Aas80 ar

G o bizsl@idrotkmUmBc i ar gr €t ini st or a
temperat,iriaes plhjzaenmsi, mM3tyamrUshd ¢ luai scadigsu

Qslcapga
att Ul s).
grunts

pi eaugumu

atTtenlpse.r atiras

zi |l

pUc

att Ul
stor a

ot
k

u | gniju

t er mi

ka mUr oj umu

pirm0U (@lsdthi cdgU

peri oda

S ~
abeNa

sasal

s UkumU

uma

mU r 1gika posmam s@®3 .00 Z.i 2d)F U.ms| ¢
sensor a
mUr 90j ums

mUr ¢

a
S
kabel.

peri

01/12/2018 21/12/2019

1

10/01/2020 30/01/2020 19/02/2020

Merijums

10/03/2020

a tSte W ls ©
200
dzi Numam

30.

Te

varblitoba,

un sensor

pieaugumy | ai
zem ceNa

zemUk a,

cm dzi
) Vi

Ju

j UAem vUrU
k a

S,

ga

k1 Ot

nekU gruntsideni m.

Numam.

mUr ¢j umi | ai ka
SarkanU
l oni j a

I 0

ol et U

k a

, mi tr uma
Nais T dens,

s U
kas mUr a

n reUlais Tdens

nes
L o

posmam

at bil

n
ni j a

st 1

aaemb i |

03.12
st 1
cm d:

(0]

40

pi eaug.unsaxtoldv

elektrovaddotspUju, i

saturs

dz ar

ldapime i mi paamg s inl

n

ir i Z ma

vard(ijal ¢perep, Ttsad sgdid alra nisd e
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iesprausti mazcaurl aiddogos mUl ainos nogul unm

viena puse ir piespiesppi € ur buma sienas, savukUrt otra

0.5
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. ———————= e — - — — S —
; 0.25 L [ L\\_ﬁ—*~ﬁ—k44ﬁ_ e 2m
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0.05

0 500 1000 1500 2000 2500
Meérijums
3. atMtilrsuma sensoru Urgjumi 1 aika posmam
|l Oni j a norUda 1,95 m dzi Numu.
Mitruma izmai Aas visos sensomts$(akat@ Ur oj 1
att) | i el OkUs vadi®Bttpa¥si vunr essrigamsida titnilesc ol g

izvietoti1,8un 0, 9 nSedkzliNumUno di viem sensoriem V.
atraganos smil gal p thepghrolntod ,grkiunrtsa ugad ke f
t UdUj Odi marumai t meil AassaemUuinjppdanasngai t 0 ne
grunt sl densmUrd merkias,novUrots, ka | 0dz ar dzi
tika sasniegta kapiUr U T dens pacel ganUs zonas auggUj O
dagmest rus. Lodz ar to ir skaidrojams, kUpUc
uni | gt er mi fal 9s ksatadbtiileass, bet 1,8 m dzi NumU i

hemt wUr Wa temperatiras atggirobas-star
mitruma sensoriem prakdils,ki meeaismOwm), kale
ai zpildogais materi Uls nébet exlordlk & ¥ mp esreantsic

bl ti skUkais trikums ir korkosakeggdewneeiefd
bl ovums, sastopamie oNi .uana wrzztkua Uij sejad d
pievienoganu, ja urbumU izviemst vesd&ns ool s
|l 9dz 1,7 m dzi Numam, pie nosacdojuma, ja 1.

metodi ka varUtu tikt pielodzinUta pagl aik i
JUpiezomU, ka kopg monitoringa uRrmdsk gana
no tiem darbdobu pUrtrauca 4. janvUri wun otr

un datu wuzkrUjUjam nav konstatUti vizuUIli

30



grunto ievietotie sensroatdc tijawmiboijrOtsk aibdertoj
vadu starpposma pagarinUjumU st32math)Kbdatku Uk dl
probl Uma tika konstatUta momentUni, tomUr
atrakganu, konta@tUcpjladbanmddrogi hOdavouzpaga

pavasarim neriskUsi atrUmopUjo monitoringa

32 atPtalglag.i nUjuma atraganUs vieta apz
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7. ELEKTROI ZPUTE

PUtojuma | ai kU eksperiment Uloidetsi kiaz nalirt ko
i espUjas grunts sasaluma dzi Numa novUrt Ug
elektrovadotspUja ir ievUrojami zemUka nek
det alriwnlttss el ektrovadotspUjas mUrdjumi var
l zpUtes teritorijU0 tika ierdgkaoebkelbkt reamsa diotn
mUr gjpuam al Ul | grunts PWitrog mand Syszcatiedn Shickdaa i
elektroi z@3datt)es i ekUrt a

33a t MUs .0j umu, velb k § & p au z‘nsgtzﬁllsbl?aarsyi/itd:hfﬂ
el ektroizpUtes iekUrta.

Uz izveidotU monitoringa profi matstam.pumU
TUdUjrOdgi2tms gparofils. leraksts veikts izman
konf i gundaldi jaw sRes2dingxBd at arapstr Udes progr ammt

2019-11-13.bin

Depth Iteration 6 RMS error = 0.85 %
0.0
0.0 f

0500 —v_
1.00

1.50

4.00 £.00 120 16.0

2.00
2.50
3.00

Inverse Model Resistivity Section

N N ) (N (N ) ([ -
12 139 206 253 300 347 394 441

Inverse Model Resistivity Section Unit electrode spacing 1.00 m.

Depth Tteration 6 RMS error = 0.85 %
0.0 4.00 8.00 120 16.0

0.0 +
0.500
1.00
1.50
2.00

2.50
3.00

0561 0.704 0.884 - 2. A
Model resistivity inty section (with smoothness constrain) Unit electrode spacing 1.00 m.

34  a.t2018ghdal3. novembrkd o el ektrovadotspUj as
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Lodz @i mveikiill red jr irdskat.3iatt)ee.s | egl ti e rekaul t Ut
pUtojumu teritorijU grunts virskUOrtUO ir sl1UI
zem kura ieguN sl Uniimoabtlnasl amgl i mbemg r pme ts
atbist novUrojumiem, kas tika veikti net Ul u i

hemot vUrU to, ka grunts virskUrtas sas:
kO ar9o atseviggaj Us aukst ajdlkadding rslksdai ndeatrib
operat gvia doztpolgtaljl, @ utkaedzonU nei zdevUs novUrc

i zmai Aas, kas saistUmas ar grunts sasal ganu
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8 . PGTQJUMI AR BEZPILOTA LI DAPARUTU (

Ortomozaka (35. att)undi gi t Ul ai s mosdlig (86f att.) iavéidots ma s

izmantojotf ot ogr ammetri jas metodol ogi j uDJiRavitcof ot

2Probezpilota |idaparUts (drons) .DronéHhmpny ma Kk
kas automUti ski aprUgina |lidojuma trpaj ekt
uzAemt Um fotogrUfijUOm. Lidoganas augstums t
GUdisdolj uma augstums tika izvUIUts, lai dro

PieAemot ¢gUdu |k atorjau mpi kauggha upfdabtUd b aF oa tolgir |0
pUrkl Ujuma iggsBa®tdpumt BO%bi Ludojuma Ut r ums
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35 atltzWled wWoatzUa okka no bezpilota lidaparOta
punktitni vel Uganas punkti udinzeekbBksiasimpere Nz
sar kani &mdaito@ndarukbdmii.

3. atltzWles dot ai s digitUIaig zemes Virsmas
nivel Uganas punkti uinzceeke®ganasmpsenktzaNu:
k v a di rmortitaringa urburm
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FotogrUfiju piesaistei koordi nUdgmoundt k! a

control point, kastikai zvi et oti visU izpUtes teritori]j |
KopU tika izvietdthi nb0 tatebnaltsitkaa ipeusnakatsit ¢ {) &
koordinUgu telpai, savukOUrt pUrUjie 5 tika

nomUr 0t aspaeciapoigs Ut es r e (Emlal RéachiRERar @bdIStStika e k U
i zmantots RTK tokls LATROSr okwr Kk omao dirmdigme
~7/mm.

Fot ogr amme t veiktpparso garpagioit Wetashape 1.6.Par pamatu tika

i zmantota apstrUdes procedira, ko iesaka
ortomozadka (skat.35. att.)u n  d i g ljefa Uitsraas modalie(DSMEkat. 3. att.)
lr zinUms, ka fotogrammetrijas procesa i

atl ases nejaugdbas P0Udakatibgrieidopisl amede leits ailr. @
tiek izmantots noteist punkt u skaits, kU ar9 noteikta
aprUginUt kNidas vUrtobu, kas attiecUs uz
i zmantota punktu precizitUtes noteikganas r
ti ka mainoti uwmr eno dzeiItiUst etsi kraa dpiii 4000eniU¢ o h ] u K
kU rezul t0OtUO tika ie@/ath pebktkarpreecikaist Btae
virsmas modoedNag kiNd idta$ | voa rijialbicajwd 0 j u mU .

37. atPtulhlkg u precizitUtes kdnteel Bgagatlj pmnKk
Virsmas,; s a’irnhoaitaringa urbumia d r Ut i
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