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The paper considers special aspects of well construction and drilling technology aiming to produce thermal water. The practice of
exploration, prospecting and production of thermal water in challenging geological conditions of Central Mongolia and analysis of the
results from earlier drilled wells suggest that the approved and implemented ground water well construction and drilling technology does
not provide reliable protection of opened thermal springs from cooling in the course of water movement along the wellbore from its
bottom to the wellhead. The reason for this is a significant heat loss due to high thermal conductivity of well construction elements (steel
pipes). The developed and proposed promising well construction includes several sequentially run casing strings with mandatory
cementing of outer annulus with cement slurry. This helps reduce total heat flow loss and increase wellhead temperature of thermal
springs by 1015 °C. It is also suggested to use double-wall casing (“pipe-in-pipe” system) with heat insulating material (polyurethane
foam) filling the interstring annulus. Use of this technology will help reduce heat loss along wellbore by 20-30 %. For drilling in this
region, it is advisable to use pneumatic and hydraulic hammers for drilling a pilot wellbore and further expand it using a roller-cone bit.
URB-2A-2 drilling rig can be advised as a drilling machine. Successful thermal water exploration and prospecting operations in the
territory of Mongolia is an important future-oriented goal. The technology of well casing with pipes using polyurethane foam will help
reduce heat loss along wellbore by 20-30 %, thereby enabling production of water with wellhead temperature approximating formation
temperature. The suggested groundwater well construction improves cost effectiveness of production.

PaccMarpuBaroTcst 0COOCHHOCTH KOHCTPYKIMH M TEXHOJIOTHH OypEHHs CKBaKUH JUIS JOOBIMM TEPMAIbHBIX BOJ. IIPaKTHKOI! IOKCKOB,
Pa3BEKH 1 100BIMH TEPMATBHBIX BOJL B CJIOXHBIX TOPHO-TEONOrMYECKUX YCIOBHSX LIeHTpabHO# MOHIOIMI U aHAIHM30M PE3yJIbTaToB
0 paHee NPOOYPEHHBIM CKBOKHHAM YCTAHOBJICHO, YTO HPHHSTOH M PeaM3yeMOM KOHCTPYKUHeil M TexHoJorueil OypeHws
THJIPOTEOJIOTMYECKUX CKBAKUH HE 00ECTIEUNBACTCS HAJIEKHAS 3allUTa BCKPBITBIX TEPM OT OXJIAK/IEHHS NPH JBMKEHHH U3 HUX BOJI 110
CTBOJly CKBXMHBI OT 3a00s 10 ycThs. IIpiumHON 3TOMy SIBIAIOTCS 3HAYMTENBHBIC TEIUIONOTEPH BCICICTBHE BBICOKOH
TEMIIEPaTyPOIPOBOTHOCTH 3MIEMEHTOB KOHCTPYKLMH CKBaKUHBI (CTalbHbIC TPyObl). PaspaboTaHa M mpeuiaraercs NnepcreKTUBHAs
KOHCTPYKLIMSI CKBAKHHBI, BK/IFOYAIOIIAs HECKONIBKO IIOC/IENOBATEIBHO ~CIyIICHHBIX OOCAIHBIX KOJOHH C OOSI3aTEIbHBIM
LIEMEHTHPOBAHHEM 3aKOJIOHHOTO IPOCTPAHCTBA TAMIIOHAKHBIM PAacTBOPOM. TIpH 3TOM CHIIKAOTCS CyMMapHbIE OTEPH TEILIONOTOKA U
Ha 10-15 °C noBbImaeTcs TemMIepaTypa TepM Ha YCThe CKBaKHHBL [Ipesutaraercs Takoke HCromb30BaTh 00CaIHbIE KOJIOHHBI C JIBOHHON
CTEHKOH (TEeXHOJIOTHSI «Tpyba B TpyOe»), B MEKKOIOHHOM IMPOCTPAHCTBE KOTOPBIX HAXOMTCS TEIUIOM3OIMPYIONIMI Matepuan —
TIeHonomMypeTaH. Vcrons30BaHne 3TOH TEXHONOTMH TI03BOJIMT YMEHBLIMTh TEIUIONOTEPH 10 CTBONY CKBaxHHBI Ha 20-30 %. Jlna
OypeHHsl B JaHHOM PETHOHE LENIeCO00pasHO NPUMEHEHHE ITHEBMO- M TMIPOYNAPHUKOB C HENbI0 OypeHHs HMIIOTHOTO CTBONA C
JTABHEHIIIM PACIIMPEHHEM €r0 IapOIICYHBIM J0JI0TOM. BypoBbIM cTaHKOM MOXeET ObITh HpHHsATa OypoBasi ycTaHoBKa YPB-2A-2.
VeneniHoe npoBezieHHe padoT 10 MOMCKAM U PasBEJIKe TePMaIbHBIX BOJL Ha TEPPUTOPHH MOHIONIMH SBIISETCs KpaifHe NepCreKTUBHON
1 BOKHOM 11eN1b10. TeXHONOr s KPETUICHHsI CKBXKHHBI TPYOaMH € TIPUMEHEHUEM TIEHOTIONMYPETaHa MO3BOJIMT COKPATHTh TETLIONOTEPH
no creoy ckBaxkuHbl Ha 20-30 %, 4TO 0OECHEYMT BOSMOXKHOCTb IONYHECHMS HA YCThE TEMIIEPATypy BOZBI, MAKCHMAIBHO
MPUOTMKEHHYO K TIacToBOM. ITpeioykeHHass KOHCTPYKIIHS THIPOreONIOrHYECKON CKBAKIHBI TTOBBIIIACT SKOHOMIIECKHUI S heKT.
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Introduction

The expanse of Mongolian territory is abundant in
fresh and mineral ground thermal waters with different
compositions [1-10 and others]. Multiple nitric mineral
thermal springs are mostly located in its western and
north-western parts, whereas cold springs prevail in the
north-eastern and eastern parts of the country.
Hydrogeology, hydrogeochemistry, thermal water
genesis are vastly debatable and require further research
[3-10, 11-27]. Presented below is some information
concerning geothermal fields and occurrences in the
Central Mongolia, identified and surveyed within
Khangai arched uplift [6, 7, 10].

General information
concerning thermal water fields.
Geological structure

Saikhan Khulzh thermal water field

The field is located 350 km to the west and north-
west of Ulaanbaatar, in the territory of Bulgan aimag,
2 km to the west and south-west of the Mogot somon
administrative center [2, 3, 8]. The field area’s absolute
elevation is about 1450 m. Occurrences of sodium-
sulfate thermal springs in Saikhan Khulzh were first
described by V.A. Smirnov in 1927. Over the years the
springs have been visited by F.K. Shipulin (1941),
V.N. Popov (1946), O. Namnandorzh, Sh. Tseren (1958)
and G.M. Shpeiser, B.I. Pisarsky (1973), Narangerel,
N. Lkhagva (1974) and others. During exploration and
prospecting drilling operations, new information
concerning this field was obtained, which can be
summarized as follows.

Geological structure of the Saikhan Khulzh
thermal water field profile involves Upper Triassic
and Lower Jurassic effusive and undivided
quaternary deposits. Effusive rocks comprise light-
gray to dark-gray andesite-basalts and andesite-
porphyries, tuffs, which are drilled to the depth of
36.0-62.0 m in the prospecting area. Quaternary
deposits comprise mostly inequigranular sands with
inclusions and individual beds of boulders, gravel
and pebbles up to 2.0-4.0 m thick. It has been
established [7, 8] that thermal waters are associated
with the tectonic fracturing zone of Upper Triassic
and Lower Jurassic effusive rocks. The total area of
mineral water discharge focus and spread area
reaches 0.3 km®.

Exploratory thermal water wells have been
drilled at the depths of 6.0 (in unconsolidated
deposits) to 202.0 m (in parent rock) with the
temperature of 20-55 °C and yields of 0.3—4.6 L/s, at
drawdowns of 2.0-2.6 m respectively. Thermal waters
of Saikhan Khulzh field belong to the so-called khulzh
type [5, 14, 18] and exhibit low salinity (maximum
0.83 g/L), sodium sulfate composition, high
temperature (45-57 °C) and alkaline reaction
(pH = 8.45-8.65). Presently these sodium sulfate
thermal springs provide a basis for a seasonal local
health resort. High therapeutic value and significant
estimated reserves of thermal waters, along with
favorable natural and economic conditions of the
location, are prerequisites for further expansion of
Khulzhi mineral water facility [8].

Otgontenger thermal water field

The reservoir is located in the territory of
Dzabkhan aimag, 75 km to the east of aimag’s
administrative center Uliastai, in a strongly broken
mountainous area of Khangai. The deposit area lies
at the northern foot of Mount Otgontenger whose
summit is the highest elevation point in the Khangai
range (4031 m above sea level). First information
about occurrence of Otgontenger thermal waters was
recorded by chemist V.A. Smimnov (1926). Later
the reservoir was explored by O. Namnandorzh,
Sh. Tseren (1957), Z.P. Kozlovskaya (1964),
G.M. Shpeizer, B.I. Pisarsky (1973), Z. Narangerel,
N. Lkhagva and others.

Geological structure of Otgontenger mineral
water field [1-3, 7] consists of Paleozoic intrusive
rocks and quaternary deposits. The intrusive rocks
comprise granites, subalkaline granites and medium-
and coarse-grained clearly porphyraceous leucocratic
granites. The rock mass exhibits an intensive erosive
breakdown and overlapping fracturing [3, 10, 16 and
others]. Quaternary deposits are represented by
gravel and pebble material and micaceous sand with
boulders of glacial origin. Visible thickness of glacial
deposits is 1015 m [1, 8].

It has been established that thermal waters are
associated with the intrusive rocks’ tectonic
fracturing zone [16, 28, 29]. Discharge of thermal
waters is associated with waterlogged feathering and
transverse secondary multidirectional fractures
[7, 10, 28, 30-32]. The main fault passes across
Arshaan River valley, has a north-western direction
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and is accompanied by a fracturing zone. Total area
of thermal water discharge in the daylight surface
reaches 0.13 km® (650x200 m). The most high-
temperature zones (5055 °C — discharges No. 9, 23)
are associated with intersections of tectonic faults
waterlogged by thermal springs and are located in the
central part of the area.

The field area has 40 registered hot discharges
with a temperature of 28-55 °C. Water temperature
in 60 % registered springs amounts to 42—47 °C on
average, and in the rest does not exceed 23-38 °C.
Total yield of hot springs with the temperature of
42-55 °C equals 6.0 L/s.

As a result of monitoring observations within one-
year cycle, no changes have been registered in the
chemical composition, temperature, or yield, as a
function of atmospheric precipitation. Hot water
discharges are located at an altitude of up to 40 m over
the river’s edge at a distance of 0.5 km from the
riverbed. In terms of chemical composition, thermal
waters belong to the khulzh type of sodium sulfate
thermal springs and exhibit low salinity (up to 0.29 g/L)
and alkaline reaction (pH = 7.0-9.0) with silicic acid
content of 32—74 mg/L.

Presently the Otgontenger thermal waters are
used as seasonal republican health resort based on
natural discharges of thermal springs with
temperature up to 57 °C [7, 8, 10]. Mineral waters of
Otgontenger field are used for treating disorders of
joints, nervous system, blood circulation organs,
gastrointestinal tract, skin, and gynecological
diseases.

Shargalzhuut thermal water field

The field is located in the territory of
Bayankhongor aimag, 60 km to the north-east from
the aimag’s administrative center Bayankhongor,
30 km to the east of the somon center Erdenetsogt.
Absolute elevation of the arshan’s discharge is
2500 m.

In terms of its hydrogeological structure,
Shargalzhuut nitric springs field [30, 32] is
associated with the hydrogeological massif of the
slope [6, 8] comprising pervasive intrusive Triassic
and Permian rocks. It has been established that
nitric mineral waters are associated with the Lower
Permian rock techtonic fracturing zone. Discharge
of nitric springs is related to the regional fault of
east-west trending and transverse waterlogged faults

[6]. The waterlogged fracturing zone width within
the field area amounts to 20-30 m. Total discharge
focus area is about 0.25 km?. Exploration thermal
water wells are drilled at the depths from 3.0 m
(in alluvial deposits) to 120.0 m (in parent rocks)
with temperatures 648 °C and yields 1.10-1.92 L/s
at drawdowns of 16.0 and 17.7 m respectively.
Nitric springs of Shargalzhuut field have sodium
bicarbonate chemical composition. They exhibit low
salinity (0.2—0.49 g/L), are hyperthermal according
to O.K. Lange (above 42 °C), have alkaline reaction
(pH = 8.5-9.3) and abnormal content of silicic acid
(94.46-174.0 mg/L) and other elements.

Total yield of hot springs with temperature
48-90 °C amounts to 51.0 L/s.

Survey methods.
Well drilling technology
for thermal water production

Technological aspects of drilling [33-37] in
regard to wells intended for production of thermal
waters are driven by a number of natural factors that
have to be taken into account in design of a
hydrogeological well [6, 10, 12, 13, 21, 22, 29, 36,
38-42]. These factors include thermal water
temperature, formation pressure in the natural
reservoir, stratum depth and salinity of thermal
waters, and drillability of rocks in which the
groundwater well is to be made.

Considered below are the temperature conditions
for drilling of ground water wells intended for
production of thermal waters (fig. 1). In the
conditions of chilled profile of the upper sedimentary
sheath of Meso-Cenozoic depressions and river
valleys of Mongolia [3, 7-10, 22], the hot
underground fluid stream of thermal waters
inevitably meets the cold stream of alluvial fresh
ground waters of river valleys or streams of cold
ground waters of sub-mountain fans.

For the most part, these are the main types of
ground water fields which are being studied for
decades with the purpose of water supply [3, 6-10,
12, 13, 33, 38, 39, 41, 43 and others]. In some
instances, field hydrogeological tests have proven
the presence of localized streams of cold ground
waters belonging to fissure-vein type and
associated with waterlogged faults [6-10, 28,
30-32]. Here one must not exclude concentrated
discharge in alluvial deposits of hot thermal and
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cold potable or nitric mineral waters in certain
parts of waterlogged transit fault zones. The
existing instances of combined discharge of hot

and cold ground waters suggest that hot thermal
waters are inevitably diluted and chilled in the
zones where they are mixed with cold waters.

Well drilling programme

=
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Fig

. 1. The approved ground water well construction intended for extraction

of thermal waters at Saikhan Khulzh, Mongolia (1974)

The process of dilution and chilling of hot
thermal streams when mixed with cold fresh and
mineral waters in natural conditions impedes gaining
full benefit from the energy potential of a thermal
water discharge focus [36, 40]. The task of
preserving maximum possible natural temperatures
of thermal waters requires a solid package of
engineering and technological solutions for practical
implementation. In terms of well construction
improvement [17, 33-35], this task can be solved by
suggesting that each intermediate casing string in the
ground water well bore should perform a double
function. Apart from securing the wellbore walls
against caving-in or collapsing in unconsolidated and

semi-consolidated deposits, the casing string isolates
the working space of the well and natural ground
water reservoirs from the zones already drilled and
can be regarded as a heat-insulating well casing
element which separates heat flows of the hot and
cold fluid hydrogeological systems.

Results of the study

In natural reservoirs with high wvalues of
filtration environment parameters (filtration factor,
pressure conductivity etc. [12, 33, 38]) it is of
special importance to ensure reliable separation of
the two types of hydrogeological structures: alluvial
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deposits that contain and redistribute the flows of
cold fresh waters, and thermal mineral waters
contained in waterlogged faults. Apparently, several
sequentially run casing strings with mandatory
cementing of the outer annulus with cement slurry
help reduce total loss of heat flow obtained from the
well. In order to additionally reduce the loss of
thermal mineral water temperature on the way
along the wellbore to the surface within the well
construction, it is suggested to use casing strings
(including production casing) manufactured from
composite heat insulation materials. This will result
in up to 10-15 °C higher temperature values of the
thermal springs captured by the well compared to
temperature values in the natural discharge focus
passing through alluvial deposits. Use of thermal
cases (heat insulation solution) has proved to be
highly effective in construction of wells in the
interval of permafrost rocks in the oil and gas field
of the Tyumen Oblast, the Sakha Republic
(Yakutia) and in the north of Krasnoyarsk Krai.
In these instances, the permafrost rock masses are
isolated from heating due to the contact through
casing with the drilling mud in the well [23].
Conversely, the authors of this paper propose using
thermal cases to avoid chilling of thermal waters
in the wellbore on the way from its bottom to
the wellhead.

One of the promising directions of reducing the
thermal conductivity of well casing is use of
polyurethane-based polymeric materials in its
structure. The authors suggest using double-
wall casing strings (“pipe-in-pipe technology”),
with a heat insulating filler material (polyurethane
foam). It helps achieve the established goal mainly
due to the low thermal conductivity factor
(0.019— 0.03 W/m-'K), whereas for the steel
of the casing string it amounts to 27-40 W/m'K,
and low weight of polyurethane foam does
not require any additional equipment to run
the casing.

Use of this technology will help reduce heat loss
along the wellbore by 20-30 %, ensuring that surface
temperature is as close as possible to the formation
temperature.

Generally, the geologic conditions of
Shargalzhuut field are favorable for drilling
thermal water producing wells [6]. The only
challenge in drilling such wells is quartz
diorites which are a common occurrence

throughout the thermal water field area. In these
conditions, it is advisable to use pneumatic
and hydraulic hammers for drilling a pilot
wellbore and further expand it using a roller-cone
bit. [43]. URB-2A-2 drilling rig mounted on
all-terrain chassis (URAL, KAMAZ) with a
drilling capacity of 200-250 m can be advised
as a drilling machine. The well construction
can be as follows (fig. 2).

S5m

Aquifer =5 °C

Boulder
and pebble deposits
38 m 4
— 5
Well bottom e
100-120 m

Fig. 2. New hydrogeological well construction for thermal

water extraction in Mongolia: / — surface casing, 324 mm,

with cemented casing shoe; 2 — intermediate casing

[-219 mm, cemented; 3 — intermediate casing II-168 mm,

cemented; 4 — slotted filter in the producing formation;
5 — production string, 127 mm, drilling diameter 151 mm

Fig. 2 shows an interval of unconsolidated
reservoir rocks, top of crystalline rock, and fault
zone logged with thermal waters. The proposed new
hydrogeological well construction solves the above
mentioned tasks of effective geothermal resources
development for reservoirs with overlying alluvial
deposits.

Conclusion

The technological solutions proposed above help
reduce heat loss along the wellbore by 20-30 %.
Further research in this area will be undertaken.
The technological solutions integrated in the cycle
of drilling and casing the hydrogeological well
for production of thermal waters bring real
economic effect measured in heat flow units and in
cash equivalent.
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