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ANNEX D Geophysical Exploration

D.1 OUTLINE OF THE GEOPHYSICAL EXPLORATION
(1) Purpose of the survey

Obtain the geological and hydro-geological structures by measuring the underground
resistivity.

(2) Term of the survey
August 26, 2003, - October 9, 2003 - -

(3) Investigation quantity

Soums Abbr, Number of Period of

' ' stations measurgments
Airag AR ' 14 9/23 ~ 9/26
Altanshiree AS 11 10/7 ~ 10/8
Dalanjargalan ... D) 11 ' 10/6 - 10/8
Delgrekh DG 10 _ 0/25~'9/26
Erdene : ER 29 - 8/26--9/13
Tkhet ' IH 10 924
Khatanbulag KT ' 17 : 9/4 - 9710
Khuvsgul KV : 21 9/3-9/5
Mandakh - MD . 18 - ~9/10-9/19 -
Saihandulaan SD ' " 13 0/18°— 1.0/9
Sainghand 8§ 9 ' 9/1 - 9/30
Urgun ' __OR Coo1 ©9/12-9/14
Ulaanbadlag o ) T I 38 w8728 - 1037

Zaminuud - i R N
(4) Investigatidn .fnethod_é_ -
1) The outline of the time:domain electromagnetic method

The time domain electromagnetic method (also called Transient Electromagnetic
Method abbreviated as TEM) was introduced to measure the underground resistivity
for this project. This technique has been used not only in Mongolia but many other -

countrzes such as Myanmar (central dry zone), Bangladesh, China, Peru, Argentina '
and many other countries for the groundwater explorations, Judgmg from the fact that
‘this technique has excellent resolution for the deep structures, the method was decided
to be most suitable for the project. The Schiumberger and Wenner methods have been
in_ common use for the groundwater exploration of up to 200 to 300 m depth, but the .
electrode separations of up to 1000m are needed for the survey and measurement of .
one station per day w1ll be the possible average survey rate due to its tedious field
operatlon TEM methiod can operate “more easily and efficiently since the
measurement can be done with only 100m square loop on the surface, and it will take
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[ess than 20 minutes to [ay out, and actual average measurement time for this project
was about 35 minutes including laying out loops, measurements and removal. The
average measuring rate for this project was about 7 measurements per day. Most time
consuming process for this project was the traveling between stations.

The principle of the TEM method and its characteristics

The TEM methods was among relatively new techniques put to practical use in the
late 1960s. The configuration in which TEM systems are commonly used is the central
induction loop sounding mode in which a square single-turn transmitting loop of edge
dimension typically 20 to 200 m for groundwater studies is laid out for each sounding
with the receiving coil located at the loop center. When the transmitter shuts off,
rapidly terminating the primary magnetic field, eddy currents are instantly generated
near the transmitting wire so as to maintain the magnetic field in the earth at the value
that existed just before cut-off . These horizontal eddy currents diffuse to greater
depths and expand in radius with the passage of time, Measurement of the decaying
magnetic field at the loop center as a function of time is equivalent to measurement of
resistivity as a function of time.

A significant problem with many electromagnetic methods is that a small secondary
field must be measured in the presence of a much larger primary field, with a
consequent decrease in accuracy. This problem is overcome in time-domain
electromagnetic method. A series of pulses are applied to the transmitter loop, and the
secondary field induced by the primary is only measured during the interval when the
primary is absent. The eddy currents induced in a subsurface confined conductor tend
to diffuse inwards when the inducing field is removed and gradunally dissipate by
resistive heat loss, Within highly conductive bodies, however, eddy currents circulate
around the boundary of the body and decay more slowly, The decaying magnetic field
at the surface, which is generated during the period that the primary magnetic field is
off, is measured relatively easily to detect subsurface conductive bodies or measure
the conductivity of the earth itself. The absence of the primary field while
measurement is going on causes several advantages over convenient electrical and
electromagnetic methods: ' '

(D Sensitive to the difference of underground resistivities :

@ ~ No need to increase the transmitter-receiver separation for the deep soundmg

'® - For the deeper sounding, it is necessary to measure at the later time, and this can

be done through the increase of the transmitter currents and i 1ncrease the number'

_ of the avéraging time to improve the S/N ratio. '

@. The influence of the near surface structures and the terrain are not s1gmflcant -
for the deeper soundmg

(® The measurements are carried out without direct contact to the earth, and can be
used in the desert and in the area covered with rocks where the set up of the
electrodes is difficult,

® Measurement is rapid and efficient,



3)

4)

3)

Specification of the measurements

Transmitter Canada, Geonics TEM47 and TEMS57 transmitter
Receiver - Canada, Geonics PROTEM-D receiver
Receiver coil Canada, Geonics HF coil '

Transmitting loop 100 X 100m square loop. wire 5.5 mm’*

Transmitting currents 0.6A (TEM47), 12A (TEMS7)

Measurement frequency : 4 frequency ‘
u (285Hz) TiLsec ~. 696 sec
v (75Hz) 35itsec ~ 2792l sec
H (30Hz) 88isec ~ G978 sec
M (7.5Hz) 353 sec ~ 27920 se

The measurement of the position GPS (Garmin etrex VISTA)
~ Measurement

After arriving.the measuring site, the transmitting loop of 100 X100m is laid
ouf, Moreover, a receiving coil is set at the center of the loop at the same time, and
the receiver is put 5m apart, connected with a cable. A transmitter is set up at one
corner of the transmitting loop. Then the receiver is connected to the transmitter with
a reference cable so that transmitter is‘synchronized with receiver,

At first, transmittmg currents of 0.6A is introduced by using the TEM-47
transmitter, and 2 measurements using frequencies of u and v aré done, Next, the

transmitter is replaced to TEM- 57, and measured with the frequency of H and M_

using the currents of about 12A, :
Data are acquired for about 60 seconds and averaged, The results are written into
the memory of the recelver, and taken in the computer Wlth a transfer cable later. - '

Interpretation o

Two inversion’ techmques standard multllayer least square inversion’ and 19
layer Occam’s inversion, are apphed to the obtamcd data,



Picture of TEM measurement
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D.2 OUTLINE OF THE SURVEY RESULTS

(1) Result of the survey

Name of the measurement point,
coordinate, level,- measured date,
inversion results are summarized in
the appendix. Here several resistivity
curves are shown as the examples.

(@ Near surface conductive layer
(ER-010)

This investigation point is
close to the very shallow welis in
the wadi in the Erdene soum. The
result of the Occam’s Inversion is
shown here. The square marks of
the left graph show measured
data, and the curve looks like
connecting them is the result of
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Fig-1 ER-010 Smooth Inversion

the numerical calculation for the structure right hand 51de The interpretation is as
accurate as a curve - aligns closer to the square points. Near the surface;, very .
conductive (about 1 ohm-m) layers exist, and the resistivity 'i'ﬁ'crea_sé's with depth. The
resistivity quickly increases to about 50 ohm-mat the depth of 20 m. This surface
conductive layer seems to be loose sand -and silt saturated with not so’'clean water.
From the near by dug well, water can be obtainéd from 0 to 2 m, and it is well

coincide with this TEM results. "Such results are commonly” obtained at the survey_

pomts in the wadl and the p0551b111ty to obtain water through dug Weii is hlgh

@ 'Shallow res'istiv'e' base-
. ment (ER-020) - Nl

: < This -investigation site *
is ‘the .place where "a

- Buddhism temple existed,

- and the ridges of the granite
*exist near by, From the TEM
measurement, very resistive.

- layer is obtained below 20m.

- For such structure, which has

- very high resistivity contrast,

- multj- -layer inversion of 4 to
5. layer. ‘is better . than
Occam’s inversion in general.
Granite is usually. non-
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permeable and sometimes water can be obtained adjacent upper layer or in the
fractures. But in this example, granite is as shallow as 20m, and it will not easy to get
water from the shallower layers. It is necessary to do more detailed geophysical
survey to obtain the information of the structures in the granite.

UL-1890
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Fig.3 UL-1890

® Cretaceous sediments (UL-1890) (IN-3)

This is the drilling site of IN-3 at the Ulaanbatrakh Soum. This TEM survey was
done to decide the location and the depth of the drilling. Figure 3 shows the result of
the Occam’s inversion. The resistivity increases with depth to the depth 20m. From
the geological information, this area is covered with Cretaceous layers, and they
correspond to the conductive layers below 40m. From the results of the electrical
sounding carried by the Ministry of Food and Agriculture (MFA), . it was estimated
that water can be obtained from 21m ‘depth, That means resistive layer from 20 to 40
m are non-permeable, and water can be obtained between 0 to 20 m. In this site there
are two possibleWater-bearing layers, shallow 0 to 20m layers and below 40m. Since
we don’t have enough information to decide the depth of the drilling, the depth of
40m was decided. But from the drilling, enough water can not be obtained from upper
40m. Because Cretaceous layers are the main water resources in:the Gobi area, the
drilling was continued below 40m, and from the gravel, reasonable amount of water
can be obtained. TEM results and drilling results coincide well, but other hydro
geological information was not enough at that time, to decide the actual water bearing
layers. Information of resistivity structure alone is not enough to decide the drilling

- site and depth in general. ' : '



'@ Wadi sediment (ER-1270)  (JN-1)

_ This point was selected based on the requirement from the Erdene soum to get
water near the Erdene sanatorium resort. After completing several TEM surveys few
kilometers east of the resort, this site was selected as the best place for the drilling.
Resistivities of the layers getting smaller with the increase of the depth, and minimum
value of 3 ohm-m at the depth between 50 to 70 m. There are no resistivity sounding |
data near by, and all the decision must be based on this TEM results. The layers below
50m is so conductive that means contents of the clay is high and water quality may
not so good. The aquifer suitable for the project was believed to be 20 to 50m, and
50m drilling was carried out at this site. The drilling results were good accord with
the TEM results, and found two sand layers between 23 to 25 and 40 to 42, could get
reasonable amount of water (2.9 I/sec).
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® North of Erdene Soum (around JN-2)
The TEM surveys were carried out after the requirement from the Erdene Soum

to check the possibility to obtain water from the area, the depth of the drilling. Three
TEM sites were selected, ER-1230, ER-1240 and ER-1250 from the north to south,

At the ER-1230 :
station, the resistivity ER~1230
increases with depth 1000 3 ' ' ' ' 0
from the surface to up ] 1
to 50m. Information
about the relation
between  resistivity
and hydrogeology is
none, but the MFA
believes the
possibility of
acquiring water at the
depth of 50m near this
area. That means they

believe the resistive i —— L -
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impermeable, and can TIME {msd

get water from the - Fig.5 ER-1230
upper layers, This

resistivity structure is

a bit similar to that of
UL-1890, where we | : ER-1240
could  get  water 1000 : T ' ' ' .0
beneath the resistive ]
layers, which
corresponds to below
70m for this site.
~ Fig.6 shows the
~ TEM results at the
~ ER-1240 site, and.
similar “results were
obtained with
ER-1230 but some
~ conductive .layers :
~around 20m depth and - |~
- thicker * resistive e 3 IR N—
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the deep conductive layers, it is high possibility we can get water below 70m, If we
take into account the judgment of MFA at the ER-1230, it looks possible to obtain
water between 20 and 30m. But this was the actual drilling site but could not get
enough water from 20 to 30 m. The reason of these unsuccessful results will be
discussed later,
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Fig.7 ER-1250

Fig._’f shéws the .-’I‘EM results of the ER-1250 s.ite, where MFA_inlterp'reted;t.he‘ |

“aquifer level of 5.5m. The resistivity section shows significant difference to the = -

previous two stations, There are some possibility obtaining water between 10 and 20m-
but if we consider the terrain, it may be difficult to obtain stable water through the
year. It may be possible to get water between 40 and 75m assumlng that relatlvely
resistive basement is 1mpermeable '

- Sufficient amount water could not be obtained from the drlilmg of ER~1240 site.
The main reason of this failure i¢ due to the lack of the .information as the
p'recondition of the interpretation. According to the previous two drilling (those were
the only information we had to analyze the resistivity and hydro geological .
structures),the key layer is the resistive layer around 50 m depth. In ER-1230, we can
get water from the upper layers of the resistive layer, and in UL-1890 water can be
obtained below the layer. Therefore we hoped to get water from the upper part of the



ER-1240 site also. We thought we would get water below 70m, since it is the main
aquifer of the area, but due to the limitation of the depth of the drilling, we tried to
obtain water from upper layers. ‘

If we combine our TEM results and drilling results, it may be possible to obtain
water there below 70m layers at ER-1240, or we may get water from ER-1250 if we
drill to below 75m (to resistive layers).
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D.3  TEM resulls for 5-layer inversion  Estimated depth to the aquifer
No. Station N.L{deg) El{dog) i Levellm)| Date | o-1]0«2]| o=3] 0-4 1 p=51 t=1| t-2"1 t=3 [ =4 lwerisd] oipn |Powbises
1 |[AR-1290 4541577 ] 10984779 o002 | o723 33 18| 38| 35| 26| 25| 7. 49| 63] 4[ 120] ©
2 AR-1300 45.50202 109.91034 952 9723 65157604 236405| 27E405] 7ome0s| 26| 85 50 90¢ 19 601 - A
3 [AR-1310 4557269 | 109.95946 956 | 9123 17011} to]  Vé| 1130 26| 53] 28] 095357 59 00| O
4 |AR-1320 4560673 | 109.79776 986 | 9/23 28] 12,7] 161 153] aseco[ 11,6] 17| 36,6] 36] 4.5] 100 A |
— 5 |AR-1330 4567798 | 10971126 930 | %23 3317297 60 151 1323 41 88| 152] 23] 150] O
B |AR-1340 4579464 | 109.75520 968 | 9723 170 32[ 42] 03| 75 12|19 18] 116 53] 120] O
7 |AR-1350 4580047 | 10961151 to04| 0723 | 15| 96F 4B 14| 2660 12[ B 18] 431 74} 100] A
[ 8 |aR-1360 46,00076 | 10561222 | 1019 924 27( 14} 271 247 " 51 19| 18] 18] BOJ 6.5; 150[ O
g |AR-1560 4579737 | 109.18378 | 1085 | /26 | 108] 131 32] 68 2] U5 6] 48] 97| 53¢ 120 A
16 |AR-1570 4570634 | 10004078 | 1160 | 926 | 41| 47f 162 71| 47| 68| 45] 85 76]11.8] 150] A
1 |AR-1600 45.50006 | 10885806 | 1124 | O/26 | 453| 88F 289] 2630 430 20| 16] 25| 194] 7.1j 160[ A
i2__|AR-1610 4538073 | 10871236 | 1093 | 9126 85| 37f 40] 80| 3s| si| 3] 63 183} 79 %
13 {AR-1620 4521745 19872394 1062] 9426 13 63t 814] 62| 2490 951 a3] 30] 57 93] BO| A
14 |AR-1630 45.17483 | 10880409 | 10611 926 | 54| 97i d2[ 18| 57| 57 24| 66] 18] s1| 80| A
18 |AS-2030 45.07090 | 11077430 | 1096 1077 | 25 277 33| 24 15[ 17| 24| 106] 64) 49] 160] A
16 |AS-2040 45051611 110.60037 [ 1052 | 16/7 | 64| 1471 921 18 . 10[ 45[ 3| 26/ 35| 3} 100] A
17 [AS-2050 45898611 110502551 1007 | 10/7 | 12.3] 10.5] t50] 51| 46| 91| 29{ 75 178] 2.5} 100] O
18 |AS-2080 4581926 | 11047957 993 | 10/7 iT] 48] 3] 42| 76| 07| 89 79] 129] ‘59 %
9 |AS-2070 45.49346 | 110,52796 053 | 108 | 125 . 8] 89 93l 124 54| 70| 35] B3| 26/ 40| A
20 |AS-2080 4567638 | 110.20752 980 | 1078 3130 77| 39| 7.| 33 38 67 76| 46| 100] O
21 |AS-F080 4555143 | 110,09147 955 | 10/8 | 8.5] 20] 84] &1 19] 12| 16| 40| 110] 34| 120] O
32 |AS-2100 45.54868 | 110.27207 979 | 10/3 17] 3.211500] 9800] zsme04] 48] 19 7.9] 33|18 x
73 |AS-2110 45500971 110575300 983 | 10/ | 7.9 35 . 01[  12] 13| a4; 47] 20[ 53| 32| 40| A
24 |AS~2120 4343994 | 110824365 934 | 10/ 37 751 3] 57 1510( 23 4] 36] 72 85 %
75 IAS-2130 45.34032 | 11084201 | 68| 10/ | 84| 7] 68| %2[ 62[ 331 39[ 17] 155] 4.8 120 O
%6 |DG-1930 4540876 | 11127565 | 1042 | 10/6 | 196 172} 611 0I1] 412] 16{ 26| 64] 83 3.8] 100] SO
27 DG-1940 4563000 | 111260167 1024 | 10/ | 3700 6.3 39|  74] 60| 1.1{ 20] 38] 154 4.5] 80| 80
28 |DG-1850 4573328 ] 1i1,34646 | 1026 | 10/6 85| 73] 53] 78 24 17] 35[ 400 s3] 32| 100 A
25 DG-1960 4585282 | 01127932 | 10551 106 | i2.7] 82{ 18] 131 62[ 73] s2| 26 59| 54| 100| 8O
30 DG-1870 3601311 | 11157266 | 1094 | 10/6 | 234 49| 133]" "8O| s46] 9 1i| 37 109] 7.8] 90[ SO
31__[DG-1980 4607287 11161274 oLl | 10/6 23 21y 63| 28] 60| 18] 21l 73] 83| 44| 80| SO
32 'DG-1800 4605884 | 111,52845( 1048 ] 10/6 5] 3473830 5a4| 55| 13| a4l B80[ 72[ 66 §x
33 |DG-2000 46.01160  11i.19482 | 1134 | 10/7 | 20| 240 68 46| 200! 9.5] 15[ . 51 65| 9.5]" 80| 8A
34 |nG-201d 26.16322 | 11119580 | 1137 K0/ | 16| Us| 16| _U7[ 27| 1] 28 32| 65| 38 5%
35 1DG-2020 4599789 | 111,055081 ~ 1133 | 1077 | 186|471 4] 129\ 830661 3.2 750 12[ 1i[214] s50f 8O
3§ [DJ-1470 A5.00481 | 109,16516 | 1075 9725 | 6.7 72| 24.7| 7501 26| 7.6 15, 49| 75| " d| %
37 |DJ-1480 4507883 | 109.20371 ] 1086 | 9725 37 43 53] 35T 93 QB[ 41 51y 36; 70 A
38 [6J-1490 3601164 | 10914063 | 11201, 925 | 961 [I| 648! 20807 27, 81| .21} 53].140] 3.8 M0, A
39 [HJ~1500 4605443 | 109,10210°" 1202 | 9725 67; 48| 90| 230] 36] 12| Uit 104 03] 3.5 160] A
40 10J-1510 3600201 [ 108.83917 | 1255 | 9/25 1 332 1040] 78] 170] 1580} 42| 94f 631 170) 961 140] A
41 1DJ-1520 4550620 | 10RE9645 | 1955 | O/s | 430 16| 73] F070] 241 63[ 2.1 251 70[1al] 801 O
32 |0J-1530 | 4585030 | 10877189 1167 9/25 | 860] &4| 348 119] "440| 20] 15] 62[ 148| 5.t 100 O
43 jDJ-1540 4584236 | i0B67EIT | 1157 | 915 O1|-1700| 392| a8Es0s dagwel (7] .17 4.9 78| 43, | X
44 DJ-7650 4579877 | 108.58083 [ 1068 | 9/23 | 13.9] 92] 162 55[  siit6d] 165. 547 Si111.5] 90! A
45 iDJ-1680 4580573 | 10888030 1172 | 926 65| 62 3120f — 44] 19] 23] 63} 83l -86(.47 X
46 |pJ-1800 | 4550970 | 10BBS5I6 | 1145| 926 1213 o8f  u8[" 30l BI] 12| 26 41| 4 X
47__|ER-0070 1463754 111.05319 |, 961 | 836 | 16! 17,51 165} 242| 8.5] 66| 34 134] 551 ~6] 10/ 8@
48 |ER-00Z0 44.64559 |- 111.01901 004 | B/26 | 32.1| 12,21 3280} 8170] -owe| 98] 201 9.87 5131 20 % |
49 |ER-0030 4468233 | 10110766 |~ 948 |  &26 | 112 89 971 161 S04 83| 11,7} 644l 39| 23| 120] o
50 __|[ER-0040 44719861 11018008 | 1029 | ®&26 | 72| 907 131[ 248 7.6] 66| 98| 5367287/ 3.2] 100] O |
61 |ER-0050 44704171 11124231 | 1030°| 8/26 | 28500  91] 32,2| 13.1] 11,8(12.6[- 44| 23.2[ 40.1{ 2.7] - 40| O
52 |ER-0000 43.72466 | 11162914 977 | 27 | 96,3 4831 90| 234 6.7 61[13.2] 1541 258 32 80 A
53 |ER-0i00 43706481 11153719 997 | 8/28 [ 43.2] 100i. 6| 10| 78| 5.1l 14.2[ 2460 479] 41| 100} A
54 [ER-0N0 | 4371363 "T11.48649 | 1000 | &/28 33[ 468] 17| 7.8 i72] 9.6[11.5[ 13.8[379] 3.2 80} A |
55 - |ER-0120. | 4374010 11145738 090 | 8728 | 35.2] 871 857 "430]  89.1]13.6] B.6[ 46.8] 855] 39| 30 O
56 |ER-D136 43.75191 | 111.39532 960 |_ 838 | o4l "138] 544 138] 044]154) 157] 35321 909 85| 100] O |
57 |ER-0140 43,77063 | 111350007 968 | - R/2B | 21.3] 35.2| 287| 2447 311] BA4|11.9] 153]-337] 45 60| A
58 [ER-0150 - | 4377118 111,24839 976 | - B/28 . 29.8] 43| T68| 93] 300[31.5 249] 23.5[ 455} 33| &0 O
58 [ER-D160 4375015 111.15708 056 | 828 | 14.6 69| 97| 236! 2591119/ 20;7| 153] 120] 62) 50| O
60 (ER-0100 | . 44.24123 | 11075658 | 1009 | 829 | 5641 1] 6.0 191 2957 9.5/ 16,5] 486 69.3] 27| 80| &
61 [ER-0200 4435530 110.83398 959 838 | 77,6; 282] 67| A1l 142} $21102] 17.2] 131 4.6] 100] A
62 - [ER-0210 44.30254 I 110.73004 944 [ 829 | 40.6; 9.7 S0 4] 287 50| 88| 614] 548 48[ 150} A
63 |ER-0220 14283371 11064594 549 | &8 | 973 25| 75[ 48| 183} 39)19.5] 36.1] 178 29! 100] A
84 |ER-0230 4435368 1 11052750 907 | - 8/29 1| 12| 638] 462[ 6| 15.7| 17.5] 20.3| 453 3.7] 40| O
65 |ER-0830 44.62875 1 11103007 964 | 9/12 | 1060] 061 i09] 88| 3390 3.8] 17| 43| 245 85| 30[ 54
66 |ER-0840 44.66927 1 11106823 970 | oz | 2.4 1.6 81} 27| amem| 32] 2] 220 291355 30 SO
87 |ER-0B50 4468517 | 11106794 9%l w2 64 34] 16] 4760 ysewosl 30] 31 46 201263 30] SA
68 _|ER-0860 ZiTmo62 T 1169529 | 1004 | 97iZ | 3420 227 39| 560 3400f 24 27) 10.3] 129] 75| 30/ A
89 [ER-0af0 44.62878 | 111.03008 964 | 9N13 1 2980| 3: 30} 64| 3700 18] 1| 7.6/ 233] 95| 30, A
70, [ER-1230 4481661 | 11147228 o085 | 922 | sieo| 4.3 7] 103  5.8] 0.8] 3.1] 204|937 29] B0} x
71_|ER-1240 44.81000 [ 11146550 086 | 9722 | 26.6] 1121 76| 10] 6A| 09]13.9] 186] 761 27| RO| O
72 |ER~1250 44,80617 | 11145301 587 | 922 | wooe] 5.1 13| 93] 1300 0.4[ 24.6] 47.6] 54.2] 38| 80| SA
78 {ER-1260 | 4423984 | 110.88066 9781 922 | 274 1871 36| 1.If 34| 99 O.1[ 269[ 657 3| 40[ A
74 |ER-1210 4473525 | 11085834 5791 622 | 448 135 6| 41f 77 69[132] 381 186] 26| 40| ©
76 [ER-1280 4472518 | 110,83969 S8i1 /22 | 358 o) aa&l 18] 73 51] 79| 58] . 70] 25 50} A
76 [1H-1370 4606362 | 109767881~ 1033 ! Oi2d 7' 23] 14| 27| 05| 87| 331 61| 35 3.5 &0] O
17 IH-1380 46.10723 | - 109.85073 | 1039 /24 | 187, -1k9] 901 92} B6| 161 145 86] 67] 3.5 80| 8A
78 |IH-1380 36,1700 10061777 | . 1104 | 924 | 349 148] 47{- 20| &6] 1F[ 11] 94] 208 361 100; A
79 |IH-1400 46.22600 1 11002536 . 1133 | 924 | 347 17} 43] 108] "s4] 56| 571 93| 53] 443 Pox
80 H-1410 4633006 . 110,10093 | 11391 9724 | 1871 581 &t 56| 34 47/109] 42.2] 159 26] 140, A |
81 1IH-1420 630499 V10.18875 1 11sL| 924 139] 51 26| 43| 37| &9 105 24| 63 24] 120 SA



D3  TEM results for 5-layer inversion  Estimated depth to the aquifer

No, Statian N.l{deg} Elldeg) Llevellm) Date | 0-1! 0-2] 0-3; p-41 p-5 | t=1 | 2| t=3 | ¥4 'wcim] vum [rosatsn
82 [IH-1430 46,2539 TI017935 | 1101 D724 | 2300] 307] 5901 2250] 1560 15| 27| 48] 82 32 %
| B3 TiH-1440 4611935 1 (10212831 109G | 934 | 1571 iv0] B3] o80| ébool Fo| 33| 53 ®O| 13 §%
B4 Iw-{450 46000161 110100161 10611 o4 12 581930 14l eRU E6l vi| 4t se| vg| 46| 8A
85 Tin=1480 . 4500217 11013881 962 ] 04 1] 64] 35 HR[ 2B 13| i4] 701 150] 4.5 300) SA
86 |Ki-0580 4323077 | . 10966804 | 1143 O/ 50] 78} B2 153 142] 2], 201 39} 57| 34| 80 A
87 jKT-0570 43.76836 | 10972135 | "T197] " oM 1] 9551 26/ 557 a4 Ji[ 12] " sU {7} 47 §x
88 IKT-0B60 4332575 Tig9.14496 | 1139 98 86| 484 7.1 18] 126] 23] 21| 38| 259 42| i0df ©
89 |KT-0470 4333566 | [09.12600 | 10381 /8 | 184 30| 9| 37| 17| 75| 1| 24| 53] a4 100] O
90 [KT-0680 4331045 | 100.15570 1042 08 2] 887 34| 15| 5T 74l 24] 79 145] 390 100] O
81 [KT-0680 4317115 | 10951800 1141] 99 s6] 19 IR[ 75 1487] s i2] 15| 62] 28] 120 A
42 |[KT-0700 04172 10933831 gkl 9 98] sal 1350 7290 Gayl 9] 16| Azl V73] 47 %
§3__|KT-0710 3387803 | 10946016 1104 99 6] G330 227 107 13| 24| ‘177] 238 3(130] A
64 [KT-0720 4384551 T 10941402 | 10931 99 30{ 13 5.0 186] 12l 13| 31 168 150] 28[ 100] A
95 |Ki-0730 42.76506 | 109.00510 | 1057 99 Wi 7158 wI[ 47 16| vs| 117] 88 24! 140| A
96 |KT-0740 4287445 | 1GBRIBT0 | 1098 [ 9/ 50| 178] 721 37] 84| 14| 18] 12[ 73| 33 80| 5A
97 |KT-0760 42.85195 | 108.73361 1088|979 67] 80 301 42| 668 2] 85| 142 376] 34 ER
08 |KT-0760 42.95474 | 108.85501 1691|919 9] 89 69 18] 13| 14| 31} 170[ 130 35 | %
08 |KT-0770 4325285 | 10916837 | 1103 9/10 16l 23] 23] "d4d[ " T0[ 61| 24] 16| 97 49| 10| A
160 |KT-0780 4334832 109126631 1000 910 | 29 73] 8] 8] 94| D) 67| 238| 387, 56| 100] A
101 |KT-0780 4342767 | 109.03862 525| 910 17| 820 14 6| 19| 15 10| 80| 115] 24 100 A
102 [KT-Ga0D 1351046 | 10201751 513 |_9/0 12[ 10| $8[” 181] 263| 94| B 59| 60| 65 x
103 [KV-0430 4354240 11006739 | 1036| 94 64| s0i 36; 17| 20| 25| 23] 35| 48 29] 100[ A
104 [KV-0440 4355040 10098175 1689 9 28 46) 13730 157 13| 881 29 21s| 5351 100] O
105 |Kv-0450 A4 [ 109932321 1036 oM 3T 39 NFUs[ 10p i B 7| 32f 130 ©
108 |Kv-0460 4349511 | 109.96100 | 1047 | 9A4 15] o] 16| 3025 ekwal 11 13| 56i 17| 28 %
107 [KV-0470 4346157} 109081841 1043 | oM 20 36| isl a5y 178 vdl 12[ 17] 15| 48] 120] A
168 JKv-Dazd e A R S ) 350 86] 204 102] 557 7| 251 44 48| 16 %
109 [Kv-0450 A341307 | 109887 [ W61 94 | 1361 318] op0l 3211 2458 24| i8] &3] 158] 44 X
110 [KV-0500 4340680 | 10983378 | 1074 94 23| 58| 83) 3190] 971 14| 6.1 t| 355 10 §%
111 [KV-0510 1346974 | "109.76596 | 1071 9M 23 52| 15[ 150 1t 871 14 17} i56] 33 X
112 [KV-0520 3434330 10991422 | 1044 | 9M 46] 9| 420 32l 718! 32] S| 831 3i[ 7.3] 1001 A
113 KV-0530 340774 1 10964200 1097 9M | 36| 667 1621, 78] 251] 241 20] 45] 23561 11| S0 A
14 KV-0840 4335599 109634017 1138 oM | 115] 123] 370{ 173, 104] 27| 16| 37 87 25| | %
115 Kv=0850 4330510 | 10965081 ]  1iiL[ OM 93] -1,2) 52| 900| 1320{ 3. 2.2] 34| 131 30 | 8%
116 [KV-0580 1355874 | 109.64900 953 | 9IS $2) 15| 35] 471 154) 281 0] 270 sy a3 *
117 [KV-0590 | 4353643 | 10946974 910 95 37] A1 84| B3] 1470 1.6] 551 23] 61| 65 x
i IKV-0600 43.63145 T 109.43038 o1R |95 26] 32 05 67 €4 30 64] 521 133|_ 3i 1000 A"
118 [KV-0810 4369727 1 109.29289 847 9is EENEE] I I T I F 1 A T X
| 030 TKV-D630. | 4380567 | 10972846 3041975 [ 30f 17 0] 7.6 7.6 11| 33] &7] 63 100] A
P31 [KV-0830 4386202 109.38267 856 | ors A 900 B9 4] 69| 88[T 47| 66 3.1 1007 A
172 'KV-0640 4388337 | 10948847 8601 WS 27 M 7 120 TAo] FEU 4s] 104 461567 100] AT
123 |KV-0650 4352129 102.59(88 B9 @58 28 23] 36 01y 7T 30) 36 a3 5| X
754 |MD-0B10 58310 | 10836394 B32| W0 | 28 T4 4] 18] 11| 10| 13| 202|139 29] 100] A
135 [MD-0820 43701767 10868613 BST| o0 | 370 Taj 30] | 347-41] 4] 29] "85 7.8 120 A
126 |MD-(580 44.19017 | 109.11583 BIO| 916 | 28 15| B3I 16| 29 51 20| -40[ 136 31150} O
127 _|MD-1000 44073527 109.0432] 82t | 916 |10700] . 40] &0] 3.8] 18.4] 22|258] S9! 61| 3.1 04 O
126 |MD-1010 | 43.91861 | 10858403 86| O/16 | 63, 937 25| 15| 12| 13| 30] 40| 50[ 290 146 A
125 [MD-1020 4383240 108,8225] 8397 616 | 28" 16{- 39 193] F4] -13[- 18] 3|7 65 ar 140l &
130 |MD=1030 | 43.69934 | T 108.55824 9331016 | 251 70, i04] i20|  400] 38 74| 47 97| 53 Rl
137 [MD-1040 | 43.68350 | 108.45243 972 [ 9716 | - 73] 6A| 46| 17.9] 1380|108]  21] - 41| 23| 701] -B0I. X
132 |MD-TT80 | - 43717945 | 10825657 816 W17 | 24 oo} 381360  14)-1.8] 42 14.3] 168 37| Qo] A
133 |MD-1080 | 43.75404 | 108.42644 949 | o/17 © 11.6] 34,5 123] 84| - 22 77| 58] 33.8] 138] 3] 100] A
34 [MD=1070 | 4384385 | 10840498 9191 /17 | 361| 81| 320] 109] 290 I8 17i 65, 282 48| 120] ©
135 (MD-1080 | 4436618 | 108072621 1348 918 | 33| 138] 246] 16| saevos] 11| 280 4] 7i.122 %
138 |MD-1090_| 4432548 | 107.76196 | 1206 | 0718 { 21 29] 62| 542|2i000] 971 12| ' 43| 64| 986 X
137 _[MD-1100 | 4437442 | 107.70785| 1230 O/I8 | 791 105 181 123 6&13f 19 19| I138] W] 44l [ %
138 MD-1110 | 4433001 0834164 | 1370 9118 T3 B[ 15| s} #86| 7.2] 138 138[ 86| 67 126] A |.
139 [MD-1180 4423353 10904837 | 833 919 | 200 13| E3[ K[ &3] 97| 24| 27| 235 52 x
140 [MD-1150 | 4423474 | 10850815 8841 o119 | 30 1) 19 107 4] BEI 27) 427 05 33) 140] A
141 |MD-1260 | 4434187 | 108.92783 9261 9N9 | 74| 83| 50| 47| 89 8 37] 36[ 78 31j 140 A
142__|OR-0870 4480117, T11.12604 990 oMz 10T 58] 12| 6] 628] 9| 82[ 11| 102] 5 40| A
143 jOR-0880 4489644 | LI.17121 D43 9NZ |20y 23| 30| 38| 49| 4] 17| 54| 69 4.5] 80, A
144 'OR-0500 44.72202 | 110.50854 D68 | oN4 | 3df 73] 59| 347 2350 83| i0] 27| 56] 86 80| A |
t46  [OR-0910 44,65830 110.56385 971 914 115] 867 asg«p4] LIE+0s! 1.3Ev0s] 20 102 18] S50{ 21 B
148 [OR-0920- | 44.69508 | 110.69307 977 | 9ft4 | 94 4] 78| 24 33 94| 14] e8] 76| 32| 100{ O |
147 IOR-0930 | 4476536 | 110.8434] 97| 9/14 | 331 4] 2] 38| 260 92] 18 78] 73| 45| 80 ©
148 |DR-0940 3478435 | 110.97590 974 | 9/14 | 20) 140| 3801 1070] 33001 141 131 220[ G4i 113 X
148 [OR-0850 4484209 | i11.02969 952 [ 9/14 100 3351 38| 32, 7400 15 65| 20| 6I] 35. 100 A
150 |OR-0860 4438526 | 111.09775 935 | 9/l M] 7.7 67 1.8 27[123] i8] 35| 105] 4] 150] O
1651 JOR-0§70 | 44.97893 | 11116005 1005 | 9/id M| 123 3970 05| s§| 17| 45] 65| 57| 46] 120 A
152 |OR-0880_ | 4508507 | [11.2i780 995 ofld |~ 19 11 17, 14l 7.5 167 20) 477 133 32[ Ti0; O
153 [30-1120 44,6396 | 108,65646 | 1225 | /18 18] 96] 44| 20 3911] 12 14| 29] 39] 63| 50| &
154 |5D-1130 4465656 | 108.820202 | 1135 9N8 1o 430 1290 G4 1344 19] 18] 51 39] 59! Bol A
185 [S0-1140 4461556 | 10903228 Ti7e| 919 | 13| 18| 43| 4t:  212] 64| 32] 94] 60| 62! 1201 A ]
66 [SD-1i50 | 44.524407 09021407 7098 O/19 | 36! 34| 38 371 18| T8I 17| 26| 159, 2.8] 150, A
157 [8D-1740 4445256 | 109.0379%4 953 D19 | 131 R3] 15| 96| 658 147 11| 16| 1t6] 197 140] A |
158 |8D-1170 4436684 | 10907835 902 | 9N | 52, 89 21| 57 -73] 09] 34| 5.6/ 7] 2317500 A
156 'S0-1210 4445025 | 10894566 ] 1019 919 | 18| &7, 7.1 49, 28 83| 24 151 124] 26" 1400 A
160 1S0-1220 4458255 . 00138371 1085 | 9/19 | 22| 51| 96 150, 233 BS| 4 11] 711 38 30/ SA
181 |SD-1720 4487328 109.75420 961 | 9/30 171 ) 372 96l 39l i3 32l 46| EN
| iB2§D-1730 4383680 | 100.3389G | 993 | 9/30 i 100 331 871 76 6.6 3.0 48] 47[ 39



D.3  TEM results for 5-layer inversion  Estimated depth to the aquifer
No. Station N.L{dag) El(deg) [Lavellm}| Date | o-1[p =3 p-4 ] p-6 111 t-2 1 t-3 | t~4 lenwtsd] oo | rorans)
183 |SD~17140 4516102 109,53146 907 | 9/30 28 13) 5.0; 31] 166 7.7] 68] 43| 26] 3| 88 O
164 |5D-2140 44,75245 | 10896537 | 1193 | 10/9 19| 40| 388 37 7300] 897 66] 22| 241117 %
165 _|S0~2150 4499331 | 10879224 | 1073 | 10/ ] 57 15| 48| 200 93] 43] 81| 71 6 10 A
186 |55-0240 4445524 | 110.13110 AED 13 93] 32 16| 41| 12| 18| 24| 76| 46| 8| A
187 155-1040 4448355 [ 11012911 736 | 9129 27] 3] 38] 22 231 11[ 19 27 J1f 330 100] A
168 |56-1650 A4ATETT ] 110.06995 748 | 929 | 33| 29| 42] I3[ 12 o8l sl 37| 63 3 x
69 |S5-1660 4450087 1 109.57713 808 | 9729 54| 23| 3&[ 131 i3] 63; 25} 22| 259] 22 X
170 |55-1670 44.51665 | 109.89864 §821 o0 Te| 2a] 21| 34] 83 Jo| 35| 86| 60f 95| 140 O
171 |S§-1680 44.54346 | 109.80523 953 | o129 27| 12} &8 s2[ 13[ 15[ 30| 37 35 18] [ A
172 |55-1630 44.58561 | 100.68955 | 1051 | §/29 30| 24 13] Al 62| 230 2G| 123} 88] 3.6; 140| A
173 |55-1700 4474361 | 11012873 8ad | 96 | 15| 24| 11 22| 205 19 18! &0) 6B 45 140] O
174 |S5-1710 44.89427 | 110,02083 9611 9/30 27| 1] 23] BB| s4| s; 2&] 63| 15| 3l Too[ O
176 [UL-G170 4370858 | 111.05564 543 | 828 0 13 22 A 11| 13| 17| 22| B3] 19] i46] A
176 [UL-0180 4367236 | 111.06069 98% | 828 14] 28] 19 85] 3% 53] 77| 10[ 45 24 ®
177 |UL-0360 4432742 | 110.30347 14| 9 54| I1) [067] 7724]3E+05[ (3| 16| 89| 16| 1.5 3
178 [UL-0260 4410521 | 110.35384 868 91 75| 5] 28] 44 i) 73] 33] oo | sz [ x
179 |UL-0270 [ - 43.78094 | 110.68314 9541 o 34 34T 12 36| 337 24| 35| 31| 38| 57| ma| A
150 |UL-0280 4380543 | 110.72658 531 on A1) 890 77 50/ 2gs| 151 36f 35 301 30 @0l A
181 [UL-0290 4384736 | 110,76933 933 | 9N 227 34| 890 42| 31| 78 36] e8| 124] 367 80| A
82 |UL-0300 4372628 | 110.92720 950 | o 66] 39| 85 A5|" 333] 22| 48] 42| 04| 42 X
183 |UL-0310 43.69050 | 110.92853 948 { 972 | &771] 27|-3600] 46| 2240 38[ 16| 54| 73] 92| 130| A
184 1UL-0320 1366403 | 11095098 080 | 7972 | 24| 17| 68| 24] B0l 17| 311 4] 163] 4| 100] A
185 |UL-0330 4363043 | 110960921 1013 | 972 31 7q[ SR 7 387377 Za) 36| 123 36l 140 A
186 |UL-0340 | 43,6167 | 11101958 1046 | 972 3B N [ ex[ 22| 62 17 31| 142] zATU {d0| A
187 |UL-0350 4357801 | ITI.06486 | 1052 | 92 | S040] 11| 3.7] 3| 2000 &3] 15| 13| 11 15 X
188 |UL-0360 4348788 | 111,05722] 1058 | on 4] 11} 17| 13i_780 74| 95| 34| 130 23| 1400 A
189 |UL-0370 4138633 | t11,07028] 1031 | 92 697 83 40| 34 1ol 621 88| 331 74[ 2.1 X
750 JUL-0380 4334136 111,03717 ] 1iio| 92 44] 15/ 7400) 673] B1] 20| 44| 98] 245] 53] 160: . A
191 UL-0380 4348037 | 111,00004 | 1070 | 72 | 03| 139 171| 147] 400 2t 44| 175 249 7.3 X
192 |UL-0400 4372484 | 110.60471 963 | 9/ | 28] 107} 33| 821 @71] 10| 23| 23] 135] 35 §x
192 |UL-0410 (4364656 | 11066541 981|913 10|50 5.5] 90 s6lT66[ 19] 35| 126 29| 140 A
194 [UL-0420 | 4346840 [ 11074736 | 1171 ©/3 | 172| 288 594| 338] 846| 35 - 28| 107( 199] 13 %
195 |[UL-1750 | 43.88993 | 11070059 984 |10 32) 15| 59| 74| 5.1 63| 39| B3[ 139 43] 140] A
198 |UL-1760 | 43.88358| 110.67188 - 963 | 1071 | 30! 17| ARB| 60| 11| 42| 57| 81| 344] 2,5 140] A
797 [UL-1770 1 43900361 11073123 | 1004 | 10/ 39| T16; s3] T23[- 14 72 14] 53 97 31 150) BA
198 |UL-1780 4406852 11067365 . 992 10/t | 20] 10( 13| . 14| &7 ‘14! 18| 138] 120. 48] 140 SO
109 [ULS1780 7 4406642 | 110.66120 996 | T0/1 - 4] 411 12 300 43| 95 18| 146[ 617 3.6 140; A |
200 |UL-1800 | 4388737 [ 1107621 996! 1072 | 146] 36, tO®| 431 33| 37 4, 215 304, 532 [ 7%
201 (UL-1810 T 43868311 110,33735 995 102 | 17| 23] 73] 1334] 2423] 21} 24] S0} 1020 432[ 100 O
202 [UL-1830 | 43,86330 | 11040494 968 | 1072 16| 44| 13| 75| 1230] | 197 3| 26 63| 86| A
703 |UL-1830 4387974 | 11042371 985 1072 | 489 19| 2600 70! 157 431 44| 60, 35] 931 80! ©Q
204 (UL-1840 . 43.88675 | 11042322 | - 1000 | 1072 | 464| 127! 833] 6332{73200] 38] 25| ~22] dq4] 15! 100] A
705 JUL-1850° | - 43.00400 | 11047083 | 1003 | 10/2 | 700] 16| 118| 2seeed| vanros| 96| 3.97 68 31| 38] 40 SO |-
306 |UL-1860 4389617 | 11610270} 1042 1072 36] 1191 18Z| 136 S| 21] 22; 41| 557 67| %
207 |UL-1870 43941301 11001324 - 990 1072 | 200 30| "14] 62| 420 10] 4] 41| 17 280 148 ©
208 |UL-18B0. | 43.98857.| 1]0.19515 569 [ 1072 7] 70 790 2307 4N7| 88 12 32 61 4| 80 A
209 |UL-1880 4081711 170.28637 874 | 1072 18] - 39] 87 0.8 11| 87 17 21| 37| 57| 60 O |
Zi0 U900 | 4390360 | 11046883 | 993 10/3 77| “316] 725] 4434|11220] 18 27| 23 40| .26 X
211 |UL=1910 43869771 11042842 985 | 1073 T2 S8[ 3] & 74 17[ oa] 28[ Sii - 3[ 166 A |
‘31z 1UL-1920 4437164 10986819 ~ 732| 10/3 | 691 18] 02 84l 12, 54| 73] 3| 146] 29| 40| O
213 (ZU-0DB0 | . 43.79935 | 11179708 | __ 961 | 827 | 48.5] 38,3 12.3] - 63| 0.1, 192| [4.8] 30| 34 2.8] 140] O
214 |ZU-0070 | 43.72343 | 173767 962 | B/27 | 703 25.7] 22.9] &3] 7.8 125] 10.2] 481 83.2; 3.9/ " 80] A
216 [2U-0080 | 43729791 11168179 .960]_8f27 ]_35 4211 83| 4390 62 B[ 5.2[205] 37| 29% g0 O

Depth: Estlmatad drilling depth to the aquifer

Pussnhlllly 1 _high possibility

'O -1 possible.
A 1 uncertain

*® : low possibility, not snough data
S . passible shallow well
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D.4

Figures of the results of smooth inversion (Occam’s inversion)
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ANNEX E: ,
RESULTS OF WATER QUALITY SURVEY
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ANNEX E  Results of Water Quality Survey

E.l SAMPLES FOR WATER QUALITY ANALYSES

E.l.1  The samples for water quality analyses

The water samples were collected from 20 points in Erdene Soum, I8 points in Ulaanbadrakh
Soum, 18 points in Khuvsgul Soum where are covered by the Pilot project and 4 points in each

other 11 Soums (all togsther 100 watery points).

It was not possible to get same amount of water from every water points, due to different
condition of each point. In other words, most of the engineering wells and other constructions

in water points have been out of order and that made it impossible to get any sample.

" Especially, there were very limited. possibilities to get samples from the production wells, so
had to get samples from those production wells which are in working order in settled areas and

pastureland as well as other wells nearly.

In additionally above samplmg, 27 water samples from constructed or rehabilitated wells in the

Pilot project were also measured Thus total number of samples become 127

E.12  The water quallty analyses

| These samples have been sent to the Chemlcal Insntute Smence Academy of Mongolla for water
quality analyses, Quantlty of each sample was 2 llters from each point, However, the results of
' thern are doubtful, for example all resuIt of Chrommm is over the WHO standard Thus, all

‘samples were analyzed in J apan agam-.
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Table E1 Results of Groundwater Qualily Analysis in Dornogobi Aimag
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