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The relevance of fws artcie & beyond doubl snce e groundwater seeouses of e Kygyz Repetdo ae very mporant for
providing e popuieiion with denkeg weler The aicle provides sn anelpst of graundweter mssrves n e Kypye
Repabic. The wolumes and condiions of groundwatier ave given. On e terrlony of Kyrgye Repube over s erfive ares,
sabredl undeground ekes” are wideapread. Determinad the deplh of grosncwelder resarven Groaundwater Satnbuion fows
wen desuribed Croudwatier conamrabon by slvwies end nitiles hes boet derdied. Lropsiemate caston of Sageen!
wilkr indubes. ach of morstorng of her spersion can lead 1 aggravston of e slusion wih Eoendwely eed 0
resapnnd poliuion and depletion processes. Since fes lope hes provicusly Sees Sitle shuded. i rovelty of $es anicl bey
* Be fact hat e st aashed e ceuses of poluben of groundwirtr asd ofied Trer own warys b Soive B roblem

Koywonds: weler reaczeces. pollion. mondonng opeseion warer mlake. dapieton
JEL ClanaMeation 00% Q28; Q28.
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Introdection

A dhstncive featre of the natural condiions of Kyrgyz Republic, as conpaned io oiver Cantral Asian stales (CA)
i3 hat the over Sow of walorcourses 15 Ay fommed within s Somtory. Nofe #iso Dt the iver fow Galls inlo he
ey of rerwwable waler resousces and is of exceplional ireportance boh for the mamlerence of o Me
and for the prosenation of he sstursl sovisonymeed. In addiion % Meewable walir rescurces, oo o also
sl CINQONeS (3paces) in natare Ihat have 3 renewsal period of carfunes and even millerna. The Jol wale
ressourcins of Kyrgryzstan (renewatie and stalic), cakculated in {Onataova 1982), are bsled in Tabie 1|

The data n Table 1 show hal ho share of river waler accounts B no moss Bhan 9% of e Rt wader
resowcas of he feerlory in question Most of o Peshwaler resources e conoakesled i glacin — B3%.
Despiin he melstively small contrbufion of riwe flow, B Importance s enonmoes, copecially n e use of
hydeopower rescurces and the walsr supply of agricultaral secions. River fow is direcly imvoivid in Ihe formabon
of deposable walsr fesources. Kyrgyestan uses 20-29% of the avadable wofer reservess. e nest of e flow goes
1o the nowghboring counbies: Kazakheton, Cluna, Tajhasten, Ubebistan,

Tabie 1 Totel waler reeowrces of Kyrgymatan, knVyear
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Mot * — withoutt leing ks acoops! the rvens of underground power sepply, SUch 88 Warsee”. whose Fow vames dlghty
ot yoar ko yoor and hotels 191 kniyesr, ™ - without oZ. loayh Kl

A for the underground walins of Kyrgyzstan, al the present Sme Bey have nol recened due assesament
and aflerfion, a3 Be most mportant stategic fesoWcs, no ks impodant than o and goid (Cnabaeva 1562,
Borodavchonko 1565; Abdurasulow of of 1960; Kolesk 1970, Anykowa 1960) This i eoplained by Do 522 Dt
beth gowerrement oficials #5d e gaersd pubic do nol have 3 sefScently acosato undorsianding of groundwator
and the probloms associied wih hem. The importance of B hpe of resourcis & svidencad by he fact hal in
the past e asseasment of groundwarter reserves passed fwough the Siate Commission on Minersl Reseres of
the USSR, i thal time the Kyrgye Hythogeoiogosd Epediton was cealied, peromeng even tnday e man
works on the sudy of groundwaler staks. A prosent, the Snencal support of e expedibon is not enowgh o Ally
conbel the qualty and quaniily of groundwiter, Be regime of ther rtional eseo (Pezani of al 2096, Ramsez and
Wolt 2017, Pongano 2017; Setkaney of of 2018, Rosa of of 2018}

To a certain adant, hes shation = axplained by he i Bl groundwalers by the iotal volume of he
repubiic (554 ey’ in e 200-300-meler thich qualemary agaler complex and renesable resowrces ~ 380 mi's)
e ifenx 0 bo surface waler rescurces concomiealed I s, likes, resencas Bt groundwale his
sdvartages el Ry compensale fr e sladvely small volume. Ths b5, et of 3, Do almost uversal
dstibuion within the inleemontane valleys, high quallly and iIndependence Fom seascndal cimate changes and
e accompanying phenomena compicating the infake of surface waltir i Ihw fom of foods, mudions. I
widiion, sarface wabke, in contiasl 1o groundeaber, is aasly subject lo polision.

Of course, e capitl costs of oblainng growndwaler re fge enoogh, Bt wilh prope messlsnancs of
wolls, pumping equpmant, wa Dut 2 stablo source of qualily waler, &8 o s possitle 1o the consumer. The
bser s associsied with Be rain problen of groundsssier pollulion, Since, 25 2 Tule, groundwake inbaks i kcatind
i tha Somiiory of setfements and all ypes of poliuind schslions formed on thow lantkry, I some exlent, seep ko
&gmmuuamumwm 1960, Umurczabow and Vienk 167%

1606).

1. Chamcteristic of e Formed Grouadwater

Croundwater i of greal impordance for the waler supply of seSloments, Inigtion of agriostural land, and
Sibslaction of wial, ndusirial and ofher noods. The Mpubic s ssinesl weters of 2 types and varietes. They
W0 Wiy umed for medonal parposes and for drinking. Groundwater i e lomory of Kyrgyzstan 1 used dor
VOous hpes of waler supply, aTigation of nd, as well 3 1o baneckopical puposes. With the increase  the
oy 30 of groundwstr, he scae of conducing mamees hydwgackogical sackes ahe eeressed. The
o o groundwaler i Kyrgyzstan = determined by & Jocalion in M betory of B mountsn-folded aress
ST 190 20d Pamar Als The peciliaies of e hydrogesiogal condiions and e (roundwatr esoetes of
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Po mpatic e cosely connecied With peclogical and sicharsd Iaciors, mied and chmale, a3 well as wih the
Nhaince of human eagiesssnng aciely

i Kyrgyastan, 3 man stuchal and hydropeciogical foors are msulsled. the wpper one. whch nciudes,
tespactvely. poe grousdwaler 0 Ko0se QUalemary seiments, mediurm — edominanty porus-$35ura walsrs n
SnHock Neogans-Paleogone 850 Mesazow rocks, lower — femure, kias 008N — fssus-voin and fasuro-kanst
walors b Paldaacic and Proserczor: rocky josmations. By cominng these floors in the newest structirs! looms
e modan reled, 2 mam hydOQecOgCal STUCANG ave dietinguished — hydropaciogionsl massis and artisian
bazins. They ame most clearly mandesied fostures of Be fomaton and accamubsbon n he depths of the
poundaie, (howr tormiori distrbution and intormal mdka uion along the path of moverment.

Hydrogeciogical massiy e prolnusions on e surface of e wer sucheaipdrogeciogesl foor,
confined 1 dided-biock slnatons - mountain ndges, whase Fackred groundsaier juncorfined) walers croulale
N 3parsle zones 1 D weabering 2one 2l dapths of severad na 1D 150200, The sbuctural and peciogical
ndiions within the repubiic delngussh the Iolowing hpes of hpdogeciogicl muassly:. composed mamly of
greoes rcks (Kyunguyaly, Teskeysky Ala-Too, Sussamyr ranges of al ), compased mamly of metamerphic
focks (Tdes, Zhoterbel fd0es of &l ), foomed By lermigenous, cabonale and volcamogenic rocks (A-Basdwrnky
Kypyz, Kakshaal, Ada, Tusbesian ndges of af), bult and Tukestsn ndges of af rocks (Ferpase Rangel
Hydogeokgicsl et have & deeply dssecing selel, rge siopes of D sicpas of De haleps. 50 he
precpiation Sllag herw i only Mgty used ©0 recharpe groundwaier, andd or T most part they Row lelo the
aver fow . In view of this, proendwalcr resenves, both natural and operational, are rebstvely simall here.

Artosian besins are grosndweier reservors confined 1 comples fidad-block depression — inlermmountse
depressons, where the upper and maddie struchral-bydrogeological foors, especailly Bhe upper ones, which bave
sigrificant beshmaler ies0urtes most acoissible for practionl wse. ane of primary Imporiance. Is Kpgyzsten Pere
e sevecel doven basing of difieront lovels with differert condiiors of accumuistion of the cover and with
dfferert dogroes of flow cpenness. Pooks of sestained subsidence have the most compilete section of Paleogene
Nacgens and Quatemary secimsnts. Powsr cover 4-5 in. The power of oy Quatiemary sccumsdalions is mon
han 300 tons. Such a2 cover struciure croaties favorable opportundies for the formation of groandwator resources.

contiaunes @alribation of Qualemary formatons, wilh & powsr racsly ssaching 100 lora. These croumiancss
deferminod Smled favorable opporitndes for the formakon of groundwaler resowrtes i such bostss. These
nciude e Alibugs-Naryn, Suusamgr, Aumgal, Tegu-Teros, Tokdogul, Chon-Xems, Chathad, Chatyr-Kubsiy, Ak-
Sei pocls. rversion Basine have 3 shordened secion of Paleogens-Neogiee sedmends. the tuckress of
Qualemary sediments in them rarely readhes 50 m. Such a strucre causes unfavorable possbiltes o he
Somnalion of groundwalir nescurcs. Tha pools of Bis hyps iInchuds Son-Kielsky, Arpinsky, Xaztysapsly, Ars-Bel -
in tofx, aboot 50 aresen basies are allocaled oo e Selory of Kyrgyzstan, of which about 30 are laepe
and meckum, As o nde, Bey have a Bree-siorey siucire and e divded indo exdenal, mamly Mesozoic
Cenozoic, whch dunng the newest stage doveloped agamat e background of folded-block subsdance. and
Intemial-Cenaaoic, which In the Qualemary period undarwent a process of sevalion 10sler wilh hyd ogeoioges
massfs. The gresles! rescurces are conceniraled in the exdemnal ardesan Basns: Chul, Yayh Kalsiey, Talas,
Fergana (withn the torders of the republc), elc. In fe mlemal basins hey e n mosl cases much ks
Mabugs Naryn. Toguz-Toms, Arperaky. Al-Bastynaky, Kochhorsky, Jurmgal of
Thw ot value of the rofural resources of fresh groundwaler of hhe repablic & 330 s, In addiion, in the
haciosas of Ouatiomary wator deanng rocks Pere e about 650 k' of slalc (Capachive) Qroundaier ssenvs,
of which 200 ki ame asseckaied wih e Chil aviessn basin. The pavcentage of axploled rserves n dfferent
faichs varies 1 diferent warys. The total opertional water intaka of groandwater & & 2 méion mYday, of which 2 0
'S ¥ housebold nd danking consumpion, 2.3 fr imigation, 0.8 for indusial and lechaical conswrption. 0.1 foe
Tst0n of pastures (Atabey of & 2005). Acconding b the anomalous composiion and lsmpecture, 2 brge
P of Bermomireest walers stands out among he groundeater of Xyegyzstan which are sulabie ko e &8
monyy o ndetral. The total number of wess of occarmence and deposts of such walers 1 be
“&“biﬁ.
WS of he plaine of Kpgyzstan, natoral endenpound “likes” ae und Secughout ek e
,m.“m*-mm.mmwamdmmm
sl Tocks {gravel, sand, clay nioriayers) seursied with waler (quaternary aquerous comgler) The dest
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0 e leved of oundwater (Pors he sufics of e aarly b the surtice of complele saturation of De troesd
“pongs”) Vs in dfesnt party of D valleys, 38 8 N6, 4 i lrpe in the Rothills. For semmple. naar e oolhils
of he Chus depression, to the scuth of Bishhok. the depth 10 e weler 5 within 150-200 mefers. in the cenkal
part of the oy — 30.50 mefers, 11 D northam parl — wilin 2 fow moters. and I 30000 places, 1 e hollown
undivpround wat comes o Be srfacs in Be formn of sprngs. Thus, the entioe Chul deprssaion rpresents 2
bowl, e botlom and sides of which are fomed by rocky rocks. @iad with loose rocks - pabbles, sand. day,
safirabed with waler.

N shodd be noted that the Mevdmum thckness of the layer of detital rocks sslesied with enderground
waker in e Chd dapromsion is #UE 5000 paeders I the southam part and decreases 1o he noch 1o De frst tons
of mkers i Do valley of e Chu River. The above-menionsd layer with 3 Beciness of J00 melars is only the
uppermosl, most 100se and mast waletrich layer from which groundwater is manfy obtaned. Al grealer deplhs —
W} o 1000 melsrs — frosh groundwaler iy siso confaned, Dot with iniressing deph he Smperatus of
groudwaler rees by 30°C for every 100 meters of doplh due o e mlemal heat of he Eary. Therodore, o 2
doplh of 1,500 melers or more, the groundwatr s healied 1o 2 femperakse of 50 degrees or mora; boy are
called el and i o case of e precence of sleveled contanbeabons of solbl salls in De rocks, e
fomnal ones are el In addton, Wi increasing depth. compaction of rocks mcroases, Fagments are
comeniod by catonales and sicales ot cament), for axampie. sand decomes sandsione. herefome,
porosty, and hence waler sahuralion, deceems. Such 2 shalion wilh some visations & hpecal for o kege
deprassions of Kyrgyestan

Irmidie the sarth, underground wasler arfiers from the surface of the earlh, seoping bom mvers, conals, and
ofther bodes of waker. Basically, £ ccours in e ol of the depressions, where the mvers fow odd of e
mountain posges 10 e plaies. I an undseground Msarvok, wale fows siowly, M spesds bom Pe Frsl melers lo
Bactions of & mler par yair, Detwsen Gabeis Fom B foed ans. whine the groundwitey kvel s highe 1o he
dischargo aea al the lowest part of he basin; in the Chus depression, this cument ocours hom soulh to norks 1o
e valley of B Chu River, in e Bayh-Kuf deprension ol indsground waler s decharped 1o syl Laks,
nauding m the form of undensater spoings. The wasker from the nvers, being filered frough be stala of ocks, =
pusfied, Derelee, @3 & nde, b natud condions De groundealer i clean (Pelov and Movchan 2017)
Excephons can onfy be cases where e rocks $rough which waster is fltesed. penetrating bom he surface of the
corh, or Sowing under Be ground, contain vanous soluble manerals and salts. s s he way ralural pollaton of
Wit wih chloring, astale, Ruoring ocoiss

The fow of groundwaler fiows under any sellement and af he solutions thal form on £s fesrdory con leak
L the level of groondwater and confamiraric Bham, mainly oaks fom sewers, seplc Snks and ofhar SO
{Shriindkoy 9560, Umutzakoy and Yienk 1675, Kadyrov 1968). As 2 rule, poliuton is delecied by the appearance
of elevaled concentations of reales i underground walor due 0 domesto wastewaters, a5 well a3 oy
cloments associsiod with mdusingl achly — chvomium of 3l In e ripubiic &5 A whils. Wit sy setiermenl,
e goundwsler b pallulod 1o 0%e degres o ancher; e luger he setfermont. e more eslerprses hat produce
politid rancf withn R e grealer e avea of fod of poliution and he conceniration of polltasts. Filyasen om
Sekds under smigation due & diution of Saiwes. pasicides contibules io the pollion of growdwaler, espacaaly
N condiions of shallow Qroundwitsr kreels wetn the frst melers.

2. Problems of Usage the Geoundwater

Groundweter has smost ubiquicus Gribution wihn e intermontane valioys, s characlerzod by fagh qualty
and is ndapendent of sessonal cimate change and he accompanying phenomend n Be farm of fosds wnd
matiows, which complicatie e inte of surtace waber Capilal (st for the exrachon of groundheter e e
snough, ut with proper Mnbenancs of wells and pumping equpmant - 1 5 & stable source of qually waler, &s
m.”hxm

The capacly explotnd aquiers i dffend pogoioga Tores vanes Por 20 b SO0 m Explorod
by mdustal catagories. e 0peratonal reseres of bash groundealer Wi cortinuous wate witdrawa Porn 44
fedds ara 168 mifs (Gorwick and Zhang 2015, Mian of of 2018). A deposts of hesh groundwater sr wsed Sor
drinking, houschold. industowd #nd Wechnacal (srgaten) needs. Vokumes of satura reserves of enderground fow
pocks are shown in Tabie 2. The Sramics of tes: groundwater sbstacson stows Tl in e sarly 19908 n
some years the walkr intahe reached 1.1 o0 per yuar, sincs 1952 1 b decrased from 900 fo 300 millon m’
o in ecent years amounts 10 2965304 svllon m About 85% of waler supply ysfoms i Kyrgyzstan wse

 The U of groundnaien eserves s 20.00% N
m oped iy reafead dagres of use of groundwarler deposds in

w7
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Table 2. The mae basin of undergroord fow of Kgyestan
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Currently, inesufficient Anding for the cparation and manierance of waler wolls and the waler supply
natwork beads 10 e abandonment of the wie of groundwaler sources and & focus on the coection of ke sefe
waler hom rvers and wells. Sigrvicanty seduced groundwalor use for agricaliural waler sepply. The decroase n
P i5a of grousdwaler for ITGation weh the L of &P IMQABon contrbudés 1 B eaparaion of De ks of
submerged and salee lands.

3 Causes of Geoundwater Pollution and Bs Solutions

I Kyvgyzsten, out of e lolal rusber of srveyed waler bodbes, e Bird gart of fivers is classibed as “dirty” and
“weey dirty”. One of the fachns for ncreesing e concentrafion of poliuion = e deferiorabion of the qustng
Feaiment plasl and the conlinuing Gachanme of unbeaiad sewage N0 wilst bockes. The main polulants enler
waker bodies with wasle walrs of enlecprises of the machne-bulideg industry and non femous metabugy Walsr
poliuiion In ol nver basna, exacedialod by Inappropriate e, leads 1 ervieonmantal degeadation and dying up
of Ik and rived acosyslems.

The man ressons & e delercrabon of warker quaiy and deplebon of reserves i the region ane:

*  saliny and haedneas of warlor, 25 & COnequence of T wse of wabe Tor arigation of land.

¢ dincharge of wiesled Dhnirid snd housshold wasie o the 2one of formation of sartace and
grounchealer lonses;

* migralion of nirogen and phoaphorus fertilize, balledt slerments, heavy metsls.

*  Face sloments, pealicides in the rone of lormation of surtace and grourdwalsr,

* non-compiance with the firaton requaments of iIndustral wisste sccumubaton lacilties

* uneconomical eae of walkr 1 IegaSion and e use of warler for lechoological needs.

* e lack of offiecive economc mochaniams o sSmadale walie conservaion and mekeing of waler
consumplon

Theve are more [han 90 groves coslainng wanum and Yoxc scbetances i the leriioey of he Xppy?
Rapubic - a legacy jefl by the millbry industry and indusinies related 1o he miitary producton of the USSR Ths
shusbon i harbher complicaied by e facl Bt many tural sites are localed i achve seemc aress, MUdiow
ess, arvas prone o Sooding and high groundier lovals, 25 well a3 near mver banks Mat Lom e e of e
vat Candral Asian Sasin (Benced and Maddalena 2018, Kitwwl of of 20100

Sclubons:

A0, 1o prewerd contamingdion of dieking groundwator . thar 200ng & noceasary accondng 1 T G
:ow d:uuhm-n:: e <
made d indsrgpound flow basm of 0 e
- u A . Kppyastan accordeg
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Figre 1. Schemat g of Bhe protecion of groundwelsr bosrs & Kyngyavien

3
’
“

Nets 1 — snprotecied. 2 — poorly profecied. 3 — condiionally profected. 4 — eradional perts of e pocts § — el parts
of e pocks; 6 — externad parts of fhe pocks

The resuls of T mapping show hal groundwater of Be Quatomary age 15 not prolecied from polisbon n
10% of the distrbebion arsa. condiionally profecied — By 3%, poody prolecied — n B7% of he Salution sva. A
subsequent assessment of e protecton of groundwaler weihin spociic dasns wil allow e fonmedation of basic
princpies Gy e susianedio use of wates resowrces. Differseiiation of B termiory acconding 1o e degres of
peotoction of groundwaler from poliuion will make £ possible © formulale Basic solubions for the prolecion of
grounchealer hom dopietion and polluBon and 1o propose 3 aumber of proventive measures for speciic lemiiones
Zoneg e prodechon of groundealer dickns albo plinys 8 ey soks i seling priotities for walsr Qually mondoning.
ervionmenial suding of ndusinal enferprises, denddying posabie activites at an accaplable lovel of nsk of
poliution for grouncheater and polistion conbrol withn agricuiiural production,
Conciusiomn

The cument stale of groundwaler in Kyrgyasian as @ whole darng 2001, he begiming of 2050, &d nof sndwgo 2
significant change in companison wilh the peviod 19051990 I can be slated ueguivocally il 00 changes have
Ik place for e befier, snce the main segabve fackors confrue %0 act. Despiie the fact hat the ioad on
groundwaler, both In pollulion and i conmumplion, has decreasad doe 10 3 Sacresse N PIoduchon, howewsr, i
modem condiions, il s necessary 1o pay alienhon o the stafio control awer the dnlling of new wator wolls, the
technology of thesr equpment and cperation mode. Unsysiematic creaton of froquast walsr intakes, lack of
monlioring of Dol oporation can Mad 1 sggravation of e silustion with groundwaster, lead 1 increased pollulion
d depheon [rocesses

The most arporianl sialepc reeowce of fesh dinking walts should be onder s contrl. This by
wspecialy rslsrant I connacion wih Be chimels lndency 1 desccalion and deseriicalion n the Cenlral Asian
regon, which is vividly confirmad By e degradedion of the Tien Shan glacers. Taking nio account thes beand, £ &
necessary 1o casy oul moniiosing of the quality and resernves of groundeater under De stale-widd scale and with
approprate knding, 23 woll 23 moasures 10 Craate profecied arees withn which a sinct segime of prolection of
groundwarer from pollBSon and depietion will operae. These walers wil sorve a3 sratogic reserves with possibia
N the near hture, adweise CRnalic Ahenges
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