total iron and hardness {see Table B-10, The Results of Chemical
finalysis of Selected Ponds on Pilot Area in APPENDIX B).

3) Alluvial Formation
The aquifer in the Alluvial Formakion is distributed in the flood
plain of recent river courses and is composed of laterite gravel in
the bottom, silt and clayey fine sand in the middle, and loamy fine
sand ‘in the uppermost. The formation is about 2 m In maximum
thickness and it 1is supportedly subject to contaminate by the
groundwater of high EC from the siltstoné aguifer when piezometric
head of the siltstone aquifer ascends to overlying alluvial beds.
This idea supports by the following fact that great number of ponds
in the alluvial plain show high EC ranging from 1,300 to 20,000
(S/em in comparison with the ponds in the higher places.
As compare with the Terrace Deposit, the groundwater potential of
the alluvial Formation 1is almost equivalent bubt. the quality is
lesser than thatb..

" B-3-#, Groundwater Quality

The groundwater samples from two exploratory wells were analyzed by
the laboratory. The results are shown in Table B-8. The water samples
from ten observation wells were also btested in the field., Tested data
is shown in Table B-9.

As compare with the drinking standard of WHO, water quality of W-1
indicates within the standard except total iron, however, many chemical
items of the sample in W-2 chows ocut of the standard.

The tesbed daba of W-~1 and W-2 are plotted in the trilinear diagram.
The diagram indicates that groundwater from gravel aquifer, ¥W-1, shows
a quality of typical unconfined groundwater of the carbonate hardness
type and groundwater from the siltstone aquifer, W-2, shows mineralized
or saline contaminated water of the noncarbonated hardness type (see
Figure B-42).

The water quality test in the existing wells indicates that a zone
of heavy concentration of TDS locates in the west of Ban Phra Yun
trending north-south direction. The location of this zone is quite
identical with the 2one of low resistivity analyzed by the geo-
resistivity (see Figure B-38, Groundwater Conductivity Map in Siltstone
Aquifer).

B-li, Mechanism of Salt Emergence

B-4-1 Saline Groundwater Flow in the Siltstone
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Although many hypotheses have been put forward to ' explain the
mechanism of salt emergence, a satisfactory interpretation may be
worked out when the detailed study for groundwabter movement in both the
consolidated siltstone and unconsolidated Quaternary aquifers is
carraied out. ' '

The origin of the salt water is of.dissolved groundwater from the
rock salt which is interbedded member of the Siltstone, The rock salt
drilling of K-53 conducted by DMR, on Ban Lao Na Ki along Huai Yai in
the northern end of the study area, heveals'that a layer of: the rock
salt underlies at depth of 180 mugs with 80 m thick, Depth'bf the rock
- salt near Ban Phra Yun is not identified due to lack of drilling data
but it estimates almost same as K-53,

- The siltstone bed which overlies the rock salt, is interbedded with
mudston and fine sandstone and estimated thickness in the study area is
about 170 m. The bed is overlain by thin -unconsolidated Quaternary
beds. The siltstone aquifer is widely exploited. for the groundwater
sources but quality of it indicates local variation. A variation'of'EC
in ‘the siltstone aquifer is shown in Figure B-38, Groundwater
Conductivity Map in Siltstone Aquifer in APPENDIX B. The figure shows
that a zone of high EC ranging from 10,000 to 20,000 S/cm is located
in the west of Ban Phra Yun with trending in a north-southerly
direction EC decreases toward east and west of the zone.

The results of the geo-resistivity sounding is quite in agreement
with EC distribution that a zone of low resistivity is distributed the
west of Ban Phra Yun trending toward north-southerly direction (see
Figure B-U Resistivity Contour Map at depth of 140 M in APPENDIX B).
This figure. shows that the prospected bed indicates extremely low
resistivity from maximum sounding depth of 190 m to the surface. The
feature described above suggests that the salt waber is discharging
through cracky aquifer system in the siltstone from more than 190m
depth to the surface,

Furthermore, a =zonal distribution of resistivity and EC indicates
that the salt water is concentrically discharging through the
particular tectonic =zone, e.g. fault, unconformity ete, - An. upward
potential of discharge can be gained at the recharge area in the west
of the study area where the Khorat Group is  distributed. with an
altitude of more than 200 mamsl. The rain water at the reéharge area
infiltrabtes to the deeper part of the rock of Khorat Group through the
cracks and beddings which mostly trend to eastward, The. infiltrated
recharged groundwater can be retained the upward potential by the
overlying confined layers in the Khorat Group until it encountered said
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tectonic gone in the Siltstone where the recharged groundwater ascend
through cracks and fissures dissolving the rock salt.

The contour map of the groundwater table in the siltstone aquifer is
shown in Figure B-#0 in APPENDIX B,

B-4-2 Saline Groundwater Flow in the Quaternary

When the saline groundwater is discharged to the surface of the
siltstone, it takes two flow ways, lateral flow in the uncousolidated

layers and vertical movement by capillary rise, The velocity and
quantity of flows can be regulated by the permeability of overlying
sediments,

The gravel bed, for instance the Pa Mo Gravel Bed, takes a part in a
lateral flow because of its comparatively high permeability. When a
lateral flow arrive a terminal of the gravel bed it decreased velocilty
and retard in the terminal and finally, it emerge to the surface. The
recrystallization of salt on the ground may be observed during dry
season.

The drilling records of exploratory wWells reveal that outerops of
the Pa Mo Gravel Bed extend to the east end of rolling hill and then it
submerge under the Terrace Deposit.

The location of severely salt-affected land delineated by the soil
survey is guite identical with the terminal of the gravel bed.

Although the Terrace Deposit is interbedded with laterite gravel,
however it seems a bed of low permeability. fccording to the field
permeability test iIn the Terrace Deposit and Alluvial Formation which
conducted by the study, an average permeability of 9 soil samples
indicates 2.8 X 10-5 cm/sec (see Table B-6, Summarized results of
Permeability Test in APPENDIX B)}. Also the results of laboratory test
of a soil sample at site J-6 indicates 5.0 X 10-4 cm/sec.

Based on above data, the Trace Deposit can be categorized into the
semipermeable layer or agquitard (see APPENDIX C).

When the salt water emerge to the semi-permeable layers a vertical
groundwater movement may be activated by a capillary rise instead of a
horizontal movement. However, the groundwakter by a vertical rise could
not attains to the upper part of the Terrace Deposit if a thickness of
the Pepose it is greater than a limit of the capillary rise.

Following field data support above idea that EC in the ponds on the
terrace terrain shows about less than 600 pS/cm in contrast with EC in
the ponds on the alluvial plain shows ranging from 1,300 ko 19,000
pS/em.,

Based on the drilling record of DMR, a distribution of the rock salt
in the Korat Plateau, a depth of rock salt on the Plateau is drawn in
Figure B-43 in APPENDIX B,
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Summarized above idea " is schematically drawn in figure B-04
Schematic idea of Salt Wabter Emergence in APPENDIX B. ‘
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TABLE B-1 TABLE OF FORMATIONS

Geologic Age Formation Lithology

Quaterhgrv Riverhed Deposits Clay,sand and gravel

Terrace Deposits(l) Sand and gravel with clay

Tefrace Deposits(2) Clay,sand and lateritic grave!

Pa Mo Gravel Deposiis [Sand and gravel with clay

Tertiary Siltstone Formation Siltstone,claystone and sandstone

Cretaceous Khok Kruai Formation |{Sandstone,siitstone and shale

Phu Phan Formalion Quartoze sandstone and silistone
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Table B-2

Electrical Conductance of Ponds and Streams

ELECTRICAL CONDUCTANCE OF PONDS AND STREAMS

Site No| EC (uS/cn/25 ) '_d“ Pl
B Jul. 1990 [ Aug. 1990 | Jan, 19921 | Jul, 1990 [ Aug.1990 [Jan. 1991 | . .
- 1 723 598 683 7.2 6.9 7.5 Strean’
- 2 427 899 - 512 7.1 - T.1 1.2 1 Stream
- 3 684 H85 830 7.3 7.5 | 7.3 | -Strean
g- 4 h97 692 494 | 7.1 7.7 1. 6.8 | Strean
- 5§ 589 737 1,861 7.5 1.2 7.3 | Strean
- 6| 709 h99 2,209 7.0 7.5 7.3 1 Strean
- 7 684 556 . 2,002 7.8 7.7 7.4 | Strean
0- 8 728 7 426 | 7.5 7.3 1 | Streaw
Q- 9 554 660 8.9 7.1 Stream
¢- 10 462 380 7.2 7.2 Streaw
- 11 695 444 6,000 7.4 7.6 7.2 Skrean
n- 12 364 . 214 290 6.9 7.3 7.2 | Strean
G- 13 252 206 212 7.2 7.4 7.5 1 Streanm
G- 14 233 241 543 7.5 7.4 7.6 | Strean
Q- 15 209 248 453 7.5 7.2 8.1 | Strean
- 16. 3493 196 .. 5§59 7.1, 7.5 7.3 Strean-
- 17 265 264) 977 | 8.2 7.8 7.2 | Strean
- 18 235 108 311 7.4 7.9 7.5 | Strean
- 19 238 183 353 7.3 7.7 7.7 | Streanm
- 20 245 173 504 7.4 7.6 7.7 1 Strean
G- 21 1,046 1,003 1,107 7.4 8.0 6.9 | Reservolr
0- 22 537 450 632 7.9 7.3 7.3 | Streanm
- 23 224 254 386 7.4 7.1 7.7 | Strean
G- 24 167 153 266 6.6 6.9 7.8 | Streain
I- 25 YA "~ 185 315 7.0 6.8 7.5 | Stream
- 26 4,574 3,880 2,166 7.8 7.8 7.3 | Reservoin
- 27 1,546 1,636 468 7.0 6.8 7.5 | Strean
- 28 444 472 793 6.7 7.7 6.8 | Reservoin
- 29 .49 60 217 7.9 8.7 7.3 | Reservoin
0- 30 203 136 250 7.9 7.0 7.4 | Heservoin
- 31 646 659 621 7.7 7.2 7.2 | Reservoin
- 32 2,348 2,305 7806 7.1 6.5 7.4 | Reservoir
n- 33 &11 430 770 7.3 7.3 7.3 | Reservolr
fl- 34 1,454 1,269 7.3 8.2 SLrean
- 3% 1,350 1,240 7.0 7.8 Strean
- 36 717 958 7.0 6.8 Strean
- 37 37 37 631 8.5 7.4 7.1 1| Reservoln
- 38 1,473 1,418 1,142 7.3 7.3 7.6} Stream
- 39 1,535 1,623 853 7.5 6.6 7.1 | Reservoin
I~ 40 212 224 239 7.0 7.2 7.5 | Reservoir
(- 41 1,381 991 1,671 8.6 7.3 7.4 | Strean
G- 42 1,471 1,311 BT8 T.81 8.3 8.2 | Reservoir

©oSource
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EC(;LS/cmfaﬁiglu

EH

Site Ny | - Source
Jul. 1990 Jhug. 1990 Pan 1991 | Jul.1990hug. 1990 MPan 1991 }

- 43 263 178 S 7.5 6.2 1 Strean

1- 44 1,307 2,343 2,697 - 8.8 7.2 8.5 | Reservoin

- 45 868 877 804 8.8 8.2 7.3 | Reservoin

- 46 390 [ 0 971 | 7.9 0.0 7.4 ] Strean

(1- . 47 5,669 | 4,573 1,635 8.5 7.1 7.1 | Reservoin

(- 48 9,056 | 8,488 7,191 9.2 7.0 7.6 | Reservoir

- 49 6,981 5,394 2,895 8.7 8.3 7.4 | Reservoin

- 50 749 1 1,181 478 6.2 6.8 7.1 | Reservoir

- 51 1,419 262 1,419 7.4 7.0 6.8 | Streanm

§- 52 347 - 108 ~ 135 7.5 6.8 7.5 ] Stream

1- 53 3,724 2.367 1,651 7.5 6.8 7.6 | Reservoin

- 54 160 276 268 8.4 8.5 7.7 | Streanm

- 55 : 139 6.9

(- 56 249 167 1,237 7.1 6.9 7.2 | Strean

- 57 196 244 236 7.9 7.8 7.7 | Stream

T 187 304 255 8.0 8.2 7.9 | Reservoin

(- 79 37 B{) 94 9.0 %.9 8.1 | Reservoir

1- 60 3 12 ' 8.5 7.7 Reservoir

- 61 288 318 403 7.3 7.5 7.4 | Strean

- 62 - 310 430 1,763 6.8 7.2 7.5 | Strean

- 63 1,767 491 1,693 8.5 7.3 7.0 | Reservoir

- 64 3,528 1,426 1,777 7.7 7.5 7.8 | Streanm

- 65 364 1,208 7.2 7.5 Stream

- 66 304 294 334 6.9 7.3 8.0 | Reservoin

- 67 301 570 332 7.7 7.0 7.5 | Reservoin

- 68 3,806 30 3,427 8.2 8.6 8.1 ] Strean

= 69 2,083 2,009 h, 5810 7.9 7.9 8.2 | Reservoir

- 70 683 478 632 7.0 8.9 8.0 | Rescrvoirn

- 71 166 149 196 7.0 7.1 7.4 | Reservolr

- 72 551 731 849 7.1 8.4 7.4.| Reservoir

- 73 5,187 4,704 2,071 7.9 7.0 | Reservoir

- 74 973 1,130 779 7.6 8.8 8.0 | Reservoin

- 75 64 118 138 6.4 6.9 7.5 | Reservoir]

- 76 854 858 669 8.0 7.8 7.6 | Reservoin

- 77 1,043 1,198 5,435 7.5 7.4 7.3 | Strean

- 78 306 316 959 7.8 7.4 7.2 | Strean

- 79 748 T42 544 7.0 7.3 7.0 1 Strean

- 80 314 320 917 7.7 7.6 7.4 | Strean

- 81 237 7.9

K- 82 3,346 7.3 | Strean

n-_ 83 ~ 940 6.8 | Stream |
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Table B- 3 Water Quality of the Ex1st1ng Wells
WATER QUALITY OF THE EXISTING WELLS:

o

WELL WELL STRUCTURE BO(mS/om) ! .
_ : : 4 PH  T(°C)

No |Type| TD(m)  H(m) Dia{m) WD(m) Feb.1991:Jul. 1990 _
BH-01) DW | 3.0 0.50 1.20  1.20 | - i 043 |7.24 31.2
2] ™ | 30.0 0.50 0.05  6.00 3,99 2.1 670 33.1
-03| TW | 35.0 0.90 0.05  25.00 1.33 1.248 | 7.89 32.0
03| T™W | 18,0 0,50 0.038 12.00 | - 2.392 |5.99 29.5
-03| TW | 30.0  ©0.50 0.038 14.00 . 2.852 |5.82 28.2
o4 | bW | 10.0  0.30 .20 1.30 0.63 0.797 |9.00 29.3
-05| TH | 25 0.90 0.05  15.00 { >20 9.540 |6.96 33.7
06| TW | 25  0.60 0.125 9.00 | 0.91 0.831 [7.28 29.1
-07| DH | 6.5 0.60 1.20 1.20 0.1 0.215 |6.52 31.8
-08| i | 20,0 0.60 0.05  15.00 0.75'.2 0.797 |7.37 36.3
-09} TW | 15.0 0.60 ©0.05  7.00 | 1.42 1.408 [7.02 32.9
-t0| TW | 14.0 0,30 0.05  10.00 2.27 i 2.198 155 28.3
-11| ™ | 1.0 0.60 0.05 10.00 | 1.69 1.231 |8.57 33.0
-12| ™ | 15.0 0.60 0.10  8.00 5.28 | 5.539 |7.58 30.2
-13] TH | 12.0  0.60 0.05 6.00 2.66 4.117 {7.38 27.9
~t4| TW | 24.0  0.60 0.05  L.00 1.72 1.830 |7.03 30.8
-5 DW | 4.5 050 0.75  2.50 | 1.16 1,565 |6.53 29.0
-6 DW | 5.5  0.50 0.75  5.00 | 0.93 1.091 |7.31 28.8
-17{ DH | 6.0  0.50 1.20 1.00 2.15 1.752 [7.15  31.3
-18) T | 18.3  0.50 0.075  3.66 9.07 9.199 |6.87 35.0
-19| ™ | 18.0 0.50 0.038 11.00 6.54 6.045 16.74 31.4
-20| TW | 36.0 0.50 0.038 12,00 0.86 0.836 [7.38 32.4
-21| ™ | 20.0 0.50 0.05 8,00 3.70 5.060 |6.64 31.6
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(2)

WELL WELL STRUCTURE EC(mS/cm)
- : e ; PH T(°C)
No |Type Th(m) H(m) Dia(m) - WD(m)} Feb.1991§dul.1990
pi-22| W | 30.0  0.50 0.05 15.0 | < 2.56 i 2.483 |6.70 30.2
23| TW | 54.0 0.50 0.10  32.0 7.80 8.215 [6.60 29.2
-24{ W | 30,00 0.50 0.10 72.0 10.73 13.672 [ 6.60  29.2
C =24 bW 6.0 -~ 0.50 0.95 1.50 7.53 8.892 | 7.10 - 28.1
25| TW 180 0.50 0.10  10.0 443 3.927 |7.02 28.5
-25{ DW 6.0 0.80 1.20 1.30 7.90 3.459 {7.68 27.8
26| w | 6.0 0.65 - 1.00 2.30 8.91 %13.025 8.4y 28,7
-26] W | 21,0 0.50 0.10  10.0 | >20 6.379 {7.05 30.0
27| T { 32.0 0.50 0.10 16,0 8.25 11.612 | 7.25 29.9
-28| DW | 6.0 0.0 1.15 1.20 0.96 1.210 |7.97 29.5
-29| DW | 6.0  0.50 0.95 1.75 1.52 1.679 | 6.67 28,2
-30| ™ | 32,0 0.50 0.10  20.0 1.34 1.259 |6.90 30.2
310 ow | 5.0 0.70 0.85  1.30 | 2.88 1 3.367 |7.10 29.5
32| | 18.0 0.70 0.10 120 | H.m: B.925 |6.54 32.1
33| ow | 4.0 o0.50 0.85  1.30 | 3.02 % 1.389 |7.65 29.7
~34| W | 30.0 0.50 0.15  25.0 1.25 1.375 |6.52 31.3
-35| ™ | 12.0 0.50 0.05 9.0 1,90 2.109 |[6.73 29.3
36| ¢ | 40 0.50 0.10 35 2.05 | 0.999 |6.83 29.4
-37| oW | 10.0  0.90 0.90 8.00 0.16 0.492 |7.52 29.2
-38] TW | 5.0 0.70 0.10  36.0 0.97 1.031 {6.53 29.9
-39 W | U3 0.60 0.10 30 9.76 10.046 |6.58 30.1
4ol W | 24 0.70 0.10  16.0 0.5 0.497 |6.08 26.0
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(3)

VELL "WELL STRUGTURE T e tm/om)
efr —————— P T(°C)
No [Type| TD(m) H(m) Dia(m) WD(m) |Feb.1991idul.1gg0l
BH-41) DW |- 6.0 0.60 1.1. 250 | 005 0.172 |6.72° 28.9
Wil ow | 5.0 060 075  3.60 | 1.28 0 1.066 [6.96 26.3
yiow | 55 - 075 300 127 0.623 [7.78 267
b2| T | ¥2.0  0.50 0,10 32 8.42 9.701 |6.73  28.0
3l {21 o060 0.10 23 | 2.84_%. 3.506. |6.65 28.0
Wil m |25 060 0.0 20 3.05 | 3.838 |6.74 30.4
5| W [ M0 0.60 0.10 32 3.08 | 3.221 [6.97 214
46| pw | 5.0 oMo 1.20 .50 |  1.56 | 1.303 |6.70 28.1
w| m |25 0.60 0.10 15 332 3.177 |7.05 27.5
481 DW | 5.0 0.40 0.75  2.00 | 1.70 2.218 |7.03 26.1
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TABLE B-4 Summary of Aquifer Test
‘in the Exploratory HWells

Transmissivity (me/day)

Specific Capacity

Well _ i, cifie C
' Jacob'Method | Recovery (lit/min/m)
W-1 704 97.2 5.0
W-2 - 0.7 0.5
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OBSERVED DATA FOR ELECTRICAL MAGNETIC SURVEY

ool

Table B-5

SITE |  EMV EMH1 EMv2 | EMH2 EMV3 EMH3

M1 11.60 7.10 38.00] 48,00 38.00| = 42,00
M2 18.50|  12.00 36.00{  43.00|  42.00{  48.00
M3 22,00 13.00 60.00 ee;oq«_- 53.00| . uM,

bl 0.00 0.00 64.00 J2.000 69,00 70,00
M5 1.00 | 0.00 56.00| 72.00|  64.00| = 66.00
M6 0.00 0.00 20.00|  30.00 38.00 57.00
M7 5.00 0.00 62.00 63.00 58.00 42.00
M8 0.00 0.00 10.00 11.00 12.00 18.00
M9 19.00 11.00 66.00 62.00|  75.00 60.00
M10 6.00 4.00 18,00|  29.50 28.00 40,00
M11 6.00 5.00 16.00 26.00 24.00 42.00
M12 51.00 35.00 96.00|  110.00 92.00 86.00
M13 10,60 5.40 44,00 60.00 59.00 62.00
M14 5.00 1.40 26.00 38.00 40.00 4400
M15 0.00 0.00 11.50 18.00 18.00 26.00
M16 5.00 5.00 16.50 25.50 21450 27.50
M1T 30.00 12.00 90.00 86.00|  115.00 75.00
M18 2480 10.60 69.00 78.00 49.00 64.00
M19 152.00 91.00|  205.00 64.00|  180.00 43.00
M20 24.60 26.20 74,00 80.00 90.00 80.00
M21 68.80 37.00|  145.00 74.00|  160.00 41.00
M22 24 .40 4.20|  110.00 90.00]  140.00 74,00
M23 124,00  120.00|  145.00 13.00(  140.00 34.00
M2y 44,00 18.00 100.00 92.00 140.00 54,00
M25 9.00 7.00 39.50 42.00 62.00 60.00
M6 20.60 10.60 80.00 82.00|  100.00 70.00
M2 53.00 30.00|  135.00 H4.00| 150.000 59.00
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OBSERUED DATA FOR ELECTRICAL MAGNETIC SURVEY

Tahle B-5
ste | Eavi o | B EMV2 EMH?2 EMV3 EMH3
M8 |  35.00|  20.00| 125.00  74.00| 150.00|  68.00
M29 12.00] 5.60 52.00 70.00 88.00 76.00
M30 | 79.60|  16.00 170.00 55.00 145,00 67.00
M31 | 0.00 0.00|  150.00 16,00 170.00 43,00
M32 35.00 20.00 60.00 71.00 70.00 74.00
M33 . 10.00 5.00 66.00 76.00 85.00 67.00
M3Y 54,00 29.80 130.00 110.00 134.00 78.00
M35 | 260.00 211.00 175.00 38.00 165.00 nz2.00f
1u36 39.40 27.40 105.00 96.00 125,00 93.00
M37 78.40 59.80|  125.00 70.00 130.00 59.00
M38 30,00 20.00 110.00 78.00 149,00 71.00
M39 6.20 2.00 '70.00 74.00 88.00 64.00
MU 9.40 4,00 48.00 63.00 78.00 72.00
ME1 19.80 10.60 60.00 72.00 85.00 64,00
My 112,00 116,001  135.00 84 .00 135.00 85.00
MU3 16,40 o1, 80 130.00 86.00 130,00 82.00
Ml 3.20 0.00 60.00 70.00 80.00 69.00
MU - 81.20 43.20 155.00 48.00 155.00 43.00
wh6 66.140 32.80 125.00 110.00 145,00 92.00
M4T 98.40 60.00 5.00|  80.00 155.00 140,00
MU 35.50° 26.80 72.00 76.00 135.00 70.00
M4g 3.00 0,00 34,00 50.00 68.00 65.00
M50 40,00 22,00 110.00 100.00 135.00 TH.00
M51 ~1.00| . 1.00 35.00 52.00 60.00 72.00
M52 242,00 26800 200.00 4.00 180.00 20.00
M53 165.00 141.00 170.00 100.00 165.00 64,00
M5 132.00|  130.00| - 165.00 s0.00]  170.00 87.00
HS5 90,00 511.'00 160.00 83.00 150.00 35.00
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OBSERVED DATA FOR ELECTRICAL MAGNETIC SURVEY

Table B-5 3

SITE | EMVI . | EMH1 EMV2 | EMd2 | EWV3 | EMH3
M56 140,00|  101.00|  170.00| 62,00  170.00|  :30.00
M57 | 121.00  1o4.00]  135.00|  72.00|  150.00| ~ 37.00
M58 127.00|  87.60| 200.00| ~ 55.00{ - 195.00|  17.00
M59 - 0,00 0.00 13.50| - 24.00] - 30.00 'uu.op
M60 75.00 51.80 94.00 66.00 110,00 6800
M6 1 45.00|  25.00| 115.00|  86.00| 120.00|  66.00
M62 43.80 25.00 100.QQ ~ 91.00 130.00| :79;90
M63 100,60 63.00]  165.00 -~ 110.00| - 175.00 92.00
Mk 29.20 16.20 83.00|  37.00| 100.00|  78.00
M65 17,00 13.00 50.00 69.00|  73.00 87.00
MG6 116.00 60.00| 19000 34.00]  195.00]  100.00
MGT 173.00  160.00  170.00|  62.00|  150.00 51.00
M68 16.80 8.90 169.00 "10.00 100,00 | 57.00
M69 90.80 57.20{  125.00 ~ 76.00|  120.00  76.00
MT70 110,00 100.00 170.00 70.00 160.00 52,00
M71 101,00 71:00|  1%0.00|  76.00  130.00 52.00
M72 66,140 35.20|  120.00|  84.00|  120.00 68.00
MT73 194.00 116.00 175.00 94.00 150.00 70.00
M7l 53.60 30.20|  110.00 96.00]  125.00{  91.00
M75 50.00 27.00|  145.00 92.00 160.00 75.00
M76 17.00 13.60 62.00 81100 82.00 68.00
M7 50.00 40.00] 100,00 64.00|  115.00{  76.00
M78 90.00 75.00|  200:00 80.00|  195.00]  44.00
M79 230.00|  140.00| 180.00|  84.00[  170.00 57.50
MBO 27.00 17.00{  175.00 86.00|  170.00 43.00
M81 101,00 66.00|  170.00|  96.00|  170.00| - 66.00
M82 34,00 20.00| 110.00|  82.00]  120.00 86.00
M83 35.20 15.60|  100.00 87.00| 105.00|  81.00
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Table B-5  OBSERVED DATA FOR ELECTRICAL MAGNETIC SURVEY

SITE | EMV1 | EMHI EMv2 | EMH2 | EMV3 | EMH3
Mt | 15.200 . 9.60 45.00]  60.00 59.00 60.00
M85 15.60|  11.80 36.00 57.00 50.00 62.00
MB6 40.00{  19.00 91.00 100.00 100.00 78.00]
M87 48,00  29.00 125.00 125,00 140,00 100.00
88 216.00 193.0 195.00 67.00 180.00 17,00
M8 ©10.20 1.60 120.00 94,00 135.00 91.00
MgO 39.20 . 22.60 72.00 76.00 90.00 73.00
M1 61.00  39.00 186,00 98.00 105.00 96.00
M92 81.00 50.00 130.00 86.00 120.00 63.00
M93 16.00 9,20 64.00 75.00 94 . GO 72.00
MOl 54,80 36.20 95.00 88.00 110,00 71.00
M95 24.00 21.00 90.00 99.00 100,00 76.00
M36 |  -29.60 19.40 61.00 62.00 82.00 68.00
M7 215.00|  218.00 175.00 50.00 125.00 51400
M98 29.00 26.00 65.00 68.00 82.00 70.00
M99 50.00 35.00 95.00 110.00 110.00 93.00
M100 48.00 12,00 72.00 68.00 83.00 74,00
M101 40.00 25,00 63.00 81§00 85,00 814.00
M102 27.00 14,60 115,00 105.00 130.00 73.00
M103 16.60 8.80 110.00 88.00 130.00 68.00
M104 73.00 49.00 120,00 77.00|  120.00 78.00
M105 18.60 11.80 63.00 80.00 80.00 74,00
M106 16 .40 22.00 110,00 76.00]  115.00 62.00
M107 14.20 14,20 65.00 77.00 84,00 77.00
M108 72,40 39.60 130.00 78.00 120,00 67.00
109 0.00 0.00 100.00 80.00|  100.00 78.00
M110 53.00 34,00 100.00 74,00 100,00 71.00
M111 12.60 8.60 68.00 86.00 84.00 68.00
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Table B-5

OBSERVED DATA FOR ELECTRICAL MAGNETIC SURVEY -
SITE | EMV EMH1 | EMV2 | EMH2 | EMV3 EMH3
M112 69.80 41.80]  120.00 84,00 100.00| 58,00
M113 0.00 0.00|  110.00 80.00|  140.00 58.00
M11Y 22.10 12.60 69.00| - 69.00| - 90.00 68.00
Note : EM-38 - EMVi=Vertical Dipole
' ' EMHi=Horizontal Dipole
EM-34-3 - EMV?:Horizontal Dipole by Coil Space 1O m

EMH2=Vertical Dipole by Coil Space 10 m
EMV3sHorizontal Dipole by Coil Space 20 m
EMH3=Vertical Dipole by Coil Space 20 m
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Table B=6  SUMMARIZED RESULTS OF PERMEABILITY TEST

Hole | D(m) | Tex. | Q(cm3/sec) [GHWL(mbg) h(m) | H(m) | k(cm/s)

a-01| 1.86] s [6.8 x10-2 | 2,77 | 1.88| 1.883.1x10~5

3
a-02| 0.94| SCL ' |1.4626 x10- 487 | 1.96| 1.96|6.2x10-5
b

oo 2,08 16 |23 x1073 4.87 3.98| 3.98|4.9x10-7
02] 2.98| sic |0.517 .87 | 3.99] 3.99|1.1x10-H
a-04| 1.50| SL [0.0506 2.63 | 1.92| 1.92|2.2x10-5
a-05{ o.u9| Ls [0.03 w87 | 1.91| 1.91]1.3x10-5
a-06| 3.70| L.G ]0.2837 - 3.99| 3.99|6.0x10-5

a-15| 1.70| Ls fo.02 .04 | 1.90| 1.90[8.9x10-6
a-22| 3.10} gSL }1.6  xi0-% 1.59 | 3.7%| 2.23}6.1x10-8
A-31| 0.97| gSC |2.53 x10-H4 0.99 1,931 1.93(1.1x710-7

31| 1.51| ss¢ [1.9 = x10-% 0.99 1.97 1.44[1.1x10-5
A-34| 1.04|vgsC [0.018 1.48 1,911 1.91(8.0x10-6
£-36| 0.50| LS |[3.45 x10-3 0.92 0.94%] 0.942.2%10-5
8-38) 0.87}sgsc |7.9  x10-4 1.10 | 1.91] 1.91{3.5x10-7
A-831 0.90|sgSC |0.25 - 1,96 1.96[1.1x10-4
a100| ©0.30] . LS [1.39 =xio-4 0.67 | 0.92] 0.92{1.3x10~7
A101| 0.57] SiS |3.18  x10-3 1.20 0.94| 0.94[2,9x10-6
A103| o.24| Sis |0.025 1.12 | 0.95} 0.95]2.2x10-5

Note : h= depth of GWL. H=shead, from bottom to const. WL or height
from GWL to const. WL, if GWL locate above bottom of hole.
Dz=depth of tested soil
Q=injected flow rate
K=permeability
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Table B-7  DATA SUMMARY FOR AQUIFER TEST IN EXISTING DUG.WELLS

Name ‘ Well Struc. Results of Test Specific.| ..
wery | "OCAHAOM I pepth | Dia. | (wbgs) | Q| T | B/D | PR (uS/cm)
T |y | b /m) | Gwin) | (my § C1/mERm) T
DH-1|Ban Pa Mo| 8.39|1.20| W.77{26.10] 33]6.91|  3.80| 470
DW-3 |Ban Phra | 4.88]1.32| 2.78|22.50| = 76[4.30 5.20| 1,800
" Yun b
DW-5 |Ban Chat | 4.B0|1.20| 3.21|22.50| 32|4.27 5.30| 290
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Table B-8 The Results of Water Quality Test in the Exploratory Wells

Name of Well H-1i W-2
Sample Date’ Sep. 6,1990 Sep. 3, 1990
Prepared Date’ Sep. 13,1990 | Sep. 13, 1990
pH 6.19 6.94
Specific Conductance (us/cm) 171 1760
Chioride {(ppm as €1) 20 230
Sulphate (ppm as S04) 8.2 17.31
Nitrate {ppwm as NOg). 0,33 94.26
Total Iron (ppm as Fe) 2.01- .65
Sodium (ppm as Na) 9.6 107.5
Potassium (ppm as K) 2.3 3.7
Calcium (ppm as Ca) 9.6 134,40
Magnesium (ppm as Mg) 7.78 35.74
Total Hardness (ppm as CaClj) 56 ng3
Noncarbonate Hardness (ppm as CaCOz) nil 228
Carbonate (ppm as CO3) nil nil
Bicarbonate (ppm as HCO3) 80 255

Total Dissolved Solid {mg/1) 146 1176
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Table B-9 The results of Field Water Quality Test

in The Exploratory Wells

Nell | fested Date watilcieht (pgfim) (mégfit) pH
-1 © 6/9/90 31.1 181 | 92 5.6
W2 3/9/90 32.5 1,625 810 | 6
P-1. | 21/8/90 32.5 17,710 8,850 7.
p-D 179790 33,1 3,070 1,540 6
P-3 | 3/9/90 31.5 17,330 8,670 61
P-4 4/9/90 32,2 8,930 I, 470 -
P-5 5/9/90 31.1 65T 310 6-7
P-6 4/9/90 31.5 20,000+ 18,000 7
P-7 5/9/90 32.8 4,780 2,380 7
p-8 5/9/90 32.5 2,940 1,860 v
P-9 3/9/90 31.9 20,000+ 1o,u30 7
P-10 18/9/90 32.7 1,780 7,340 7.8
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‘Table B-10 RESULTS OF CHEMICAL ANALYSIS OF SELECTED PONDS ON PILOT AREA

: & Total
No. of ) Topographic Fet2 Total Fe
sp . Loeation . Hardness :
Sites | . ~ Units (ppu) {ppm) (ppm)
PP-1 |Nong Bua Lower 72 0.12 0.15
Ban Phra Yun Terrace
PP-l . |Nong Bai Sri  |Lower 38 1.31 1.38
Ban Phra Yun Terrace
PP-7 [Nong No Lower TH 0.02 0.04
~ |Ban Bo Kae | Terrace ' '
"DH-5 |Dug Well Depth 4.4m 63 6.42 25.17
Ban Chet |L., Tarrace -
P -78 |Nong, West of = [Lower 81 1.69 18.76
-|Ban Pa San Terrace

B-33



[3IwE o veien e

JUGIFYII Pt uTiopIes HZeITN) -“0
L uelaYWIO uwyg fHd v’ﬁa
: - DOAAS

") §pOIS
volyTmAsgdiienEN HOMMN--

I
vO’Q““

AONFOY  NOLLYYId00D TYNOLYNYIINI Nvdvr

! Py s

vTiyewIe s FULY LIS

L BN LA [BATAT R TS
ti|sodag tdavism ow vd

([BART 311192497 pue quTatANED,
. Do ipsipeedag »3es3L

L1 Q1A (IR N TS
(pt1j1eodagy w23l

19MLT U pueatREDD
$1.[¥063g pagd3aiy

avoe b0 v P
T QNYIIVHL ISYIHLIHON NI
AMYONNOD YUY CAOALS —
WYL pm—— ONYT 0319343V LTvS 40
i AR RN LNZWJ0N3AZ0 WY A3L¥U23 LN 3HL
@ [} e fo) @ e o™
e®,2 0 o 0 o5
2@ .0 0 o _08, 9%
* © 6 o ©_.0 0
I T T - I DY
020202 5%46%5%%¢
@ 0,00, ©.0,0
0.9 0 0 9@
& 0 0. %0 @ ® ol
o ®_ 049 o, &
0 52 5%, %0 0
@ @ ° <) @ Q@ 5 avs,
29.°% q0-.€p% o
2% 060 00 ¢
e & D
w w fdo o 2
. o Q0
b T

ONZoF1
L T LA Juet™T)
-.u-...al...ﬂ : l.l..Hu.l...l.. . .. e, Tt uun..o\n.l
R AR V.~
R A o 42
Y . SN
P P
NN y
AN =
AN . )
e
RN
]

JIVESE

VIUV AGNLS IHL 40 dVIH TVOIH0T7039

L~8 3YN9I4

B~34



poobs s 1 YR v .
e 6 8 L v s 1. & & 1 ~F | ASNIOY  NOLVHIJO0D TYNOLVNYILING Nvdvr
. onod w0 bvy G I e , _
. ! . f Ny, ONYIIVHL .40 ISVIHLNON N
AMYONIOR YIOY' ATUS  meeee ooy —--- \/\ py. 271 o
RYRILS S IR e ,,/ ,ﬁ)ﬁ & m, T NV GIioad4v 1vS 0
. T I INZWOT3AIQ IvHENY QRIVHSELINT 3HL
/.?l‘ htq.“.wu
. L
Alagns " TIm ONLSINI = 2-___;
. Al u -3
2.3 7-0a% Limmg
151 WA @Y 31 @ ﬁ\\@* ? n..\aw -
e T ¥5-3 13 293 R e lz2-3
vsu_...mu..: v f.su wd. =, 3 I Ly sema N
BHILIMSON  ALIALISIS3Y 030 ¥ @ sl Y u.d.u S~ u_‘u ~.,
2 o, 573 .q. 0 "mbu Sy oo; -1 e '
g %3 . =M1 4. i) iy
™A NOLYAEISSD @ o . G ), o3, M: g : L
L B 0503 \ -
TIIA AHOIYEOTdXT Aﬁ.ru B - .t«,. } . femg ...
mf& 18] ﬂ.a& g . -0 3
! L, . el "
_Tz.u\_l@........ RS P
aHze37 I 2 R R p . YA R
901-3 B u?_ u " .-..z..u - .w - ...f
Y ma ) . RN LA
0037 m_...—n o ) . i 0 .. “ .
: 3 - i . H e g 1y
¥ _"T%_. Z @u. ¥ e ndJ h ; \ s
Yy ‘1, o 18 mﬂéu..:.xm e PR 4
£ ' ’
S?u Rt . o __...; 5= uf@ A e 5T re L 1 rd
- ¥ -. 2 - .....1. 430 e ! L
an—u ..lu.l‘ln!.\u;ld.. on“..{.m“..wuluur et " Whllqnn.:\u) - ,\,\;)rn.. - m.\
[TITF S Y e . 4
! . s.a 92 ' Nt e
i oo — on=y¥ ,.., T et i
| / = i PETIAN
-l Y =3, e
\ ¥, ¥ ¢
B Ln\ Sh— :w..n -~
; % : : 43 -0 @ g e
. - _d B e et a -
Py L -~ 193 ! i
" B e @02 " Y .. o HrOn s 5
1 L3 S N W V 5
_n.o!.i o m...-w-.lﬂ.._:(.l....l‘.f. 793 443 -\.rﬂu «w 05-M]
e LRGN Ve oY .\.ul \W,hn:f-ld..\!l..eif
Ry T 2143 f fe-nd I =
Y

M3 -5 AL)tienD

B-35

"
__
" $1-K1 M e “
i Y
et Y
- . .,_.
!
Fa ) =43 [t zr 7/
- /Nn”ﬂn T :Ma\.«v: 6 .
- * .
n‘_.“.o % v -
< 1
Li-3 ? AR
&~ (LY
" o ) :
i Ya
r Al
~
} .
ILEY] H

Adnls

IVII9CN039080AH 40 dVA

NOLLY201

Z-9 ¥n9Id



obobs i1 31vag ! .
we & ¢ ¢t 3% 5 v & 1 1 PN o AONIOY  NOIIVHIH00D TIWNOILYNYIINT NvEvr
aHod o wvr D UIARS e a / 4
\/\J “, i ANYIIYRL LSVIHLHON N}
AMYONTOE YRIY “ANLS  =rmeem OYOY  aram 1y g L SR i ]
[r T S s —— | Y ,f.,..Qen .%.,..._...!...- I GNYT 310344y LS H0
LY Y St N INIWGOTIABA Tveng GILVEOIING 3HL
75 ! °~,
d J /.f
. .&-
’-
WOl TYARIINT :
Tk M IROLSAUS U0 FOINGD 3Iwaens \
. . N,
N by
&, -,
, \
P S
" N\, N
I-
N
THIM NOLYAZISE0 1uL. ™
. l,v.m;\i .a.
T AIVITWR A ! ,..
r....lll..u.)us.. kY
T kY
" N o
\ g e e e
Y . TN
| N P
/ e i
B [ N ! N,
! 1 .
3 H -
/ 4 v 1 - €£LD
.nu-lllllll.l o .\ F [ 4 .— \\ o«
PO S et VoS 1
-t - ...-(L..H”.‘..\. La ,\.ﬁft(..\.rl.. w\\ 3]
\\\ l/r I .L......‘._
\\\\ I.I.l.l.l.\w . I..I.I.l.\.
.mv..!.:
;
LT
s
.l._._‘l..\q\..\l\ '
p
5

ol et . .
o T e o 5 e

(\.)Mw... "oty e ", .

. / . \)tuT ol _

rﬂ.V,._\ (:I). ! .
.\\AI‘.
o
5

s

INOLSLTTS dHL 40 AHLYYD0d0Ll HFOVHHUANS

€4

Bl HRAE




4 i TS .
Wwe & % & % s % & 3z 1 .)\v u AINZOV  NOIIVHIL00S TUNOIIVNYSINI Nvdvr

T { !
owed w0 m G YA A / i ,
. J .u i QNYTI9HL LSYIHIEON NI
MYORAO2 YIOY AOLS  =eaem [T p— o T IR
: HYIHLE e IVAHOIH  maemase .,..,, A@ﬂ%f;k.l.i. i ONVYT 0310344y 0vs 40

LINIWA0TIAI0 TVENY OSIvHO3LNL IHL

u-7 Ut
$hU1| 4ROGUC)

aN35T

1.|.Ha\ru..l.l.
cemrt .

. /
/r:: \\‘.
L
.
el T
—_
._..P\LS..\.\ hY !.All
\
= TN
« \
i 3 ! T ~ ,.
s Iz-m.,te.?l. . ) . s N i .
/..c.- 1...&.1:('!.\ \ LNy A __, . /.,
Feinm, H - ipmy - ol [ N .
T L R - ~,
(e et A v/ o "y . ;
Py 2N ' - ———
RURS T T A - :
]
|

B-37

[ : WOovI 40 HLdAQ LY VW ¥NOLNOD ALIAILSISAY
¥-8 34n91d




o5k

Q0I -

ost -

ooz ~
jswoL

o

ol

O wey

- t ivo-z
- - 2o~
£-d 2-d AomyBiy -3
zr
oOFT~ oW
¥
os b o oW
o
/ 4
Q01 i b /
A oW oW
L
ogl | Lz Z LLLLLL B L LA
1£0-3 1o 920-3 4
og lony
[ele A
[SBW

.m l.l’l.l’ll:llll‘+ ’ o

NN

e

.VWVIVV/.IIIVVIVVVVV

.

[ SN

- I,wl.welmoM
— ALiAlSISaY MO

...il..._ll

ek iy

>10=-3

Hog o

S3ATH40Hd ALIAILSIS3H G-

wyoZ ot W

0y

8 3dNoid

oS

001

051

ola]]




0 -

001

oW

ogt - VV_VV;VVVEVVVVVVVVVK AN

+

ooz L
|SwpLW

oS —

o0 -

0S|+~

ooz L
|SWow

gzp-3 D WO

oW

=1y

620-32

801-3 4
BupAy 100K

|

# 6103

100-3 Aomybyy 900-3 £v-3 t

Susayd |5 1onH

A
o §00-3

(2}

{00t

—0s1

=002
{swow

051

B-39



05 -

001

00Z

[Swp

o_z.

oA

o

[ | ./
o 9/ ¥
A |

€2C-3 8GO-2 €13

O£0-3

t~ -

—_— —_—

I

auoz |
IATISTE R Mom

UOIIDWIOS  BUOLSY| (S

UOHIOWIOS IDMUM  HOUM . .

©odnetg iodouy

: R

i

;o dy

&
g

—_——

S, 4

&

el

oS

oo2

0se

1S LD

B-40



A mosn._ L ¥R .
000 — QCSL ¢« ¢+ 1 s s v ¢ 1 1 AONIOV  NCIVHIH00D TYNOLYNHIINI Nyavr
aod ¥ wvi g HIAE S ..%. —
CosL — 008 S . { QNYTIVHL 1SYIHIYON NI
AUYOHD0S Y2HY ADA1S = LOVOY. e " 1., 5
009 ~ Q0% WIS e WHIH e ﬂ%.r.m: - JRSEE EN GNY1 0210344 WS &0
- b - - LNIHdOT3AZQ Tvuny O3IvHOBLNI 3HL
Q0¢ =
>0008
-
000S — 0001 - N
....,.
4.
‘-
ow
».

: 0001 = 0% E“:
Oow > M

ptbl Tkt ve TEAIHWTTST  TOORE

ONZ931

. A
My fz..fll\.r...l..n..l _._
N WS - £ )
. .w, _ﬁ}yx M...\(;!r =N . i
i m ./f ..:, = 5 TR
,/J.. @ ..v oy < -/.\\11\-
, 3 a3 )
5 A, ¥ L _
), > FE
\ o

SONCd dNV SWVYIYLS NI

28 40 NOl1LNEIYLSIA

9-9 IN9Id

B-41



FIGURE. B-7  STANDARD DESIGN OF EXPLORATION'WELL_"
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FIGURE. B-8 STANDARD DESIGN OF OBSERVATION WEL.L
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FIGURE B-9 GEOLOGIC LOG OF EXPLORATION WELL,W-1

WELL No. ¢ =1 SITE ALT.:_202.99 (sans1)$.W.L.:_2:90  (abes)

WELL DEPTH: 30.0 (m) DRILLING DIA.:_ 225 (mm) WELL DIA.: /0o (mm)
DISCHARGE : 20,4 _(1it/min) DRAWDOUM: Ao (m) DATE.CGMPLETED: 179 /40

LOCATION : Scheol yard, Ban PaMo Phya Yo, Chdhgu!a'i Khon Kaen
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FIGURE B-11 GEOLOGIC LOG OF OBSERVATION WELL,P-1
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FIGURE B-12 GEOLOGIC LOG OF OBSERVATION WELL,P-2
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FIGURE B-13 GEOLOGIC LOG OF OBSERVATION WELL,P-3
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FIGURE B-14 GEOLOGIC LOG OF OBSERVATION WELL,P-4
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FIGURE B-16 GEOLOGIC LOG OF OBSERVATION WELL,P-6
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FIGURE B-17 GEOLOGIC L.OG OF OBSERVATION WELL,P-7
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FIGURE B-18 GEOLOGIC LOG OF OBSERVATION WELL,P-8
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FIGURE B-19 GEOLOGIC LOG OF OBSERVATION WELL,P-9
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FIGURE B-~20 GEGLOGIC 1.0G OF OBSERVATION WELL,P-10
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FIGURE B-25 APPARENT CONDUCTIVITY MAP BY COIL SPACE 1 M in PILOT AREA IN mS/m

grid data = B:PL-EMH1.FIL ' obs.data = B:PL-EMH1.Xy2 Horizontal Dipole

~ . ' , \\\\<: 6

AN\

Nominal Depth 0.75 m

grid data = B:PL-EMV1.FIL obs.data = B:PL-EMV1.XY2 Vertical Dipole.
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FIGURE B-26 APPARENT CONDUCTIVITY MAP BY COIL SPACE_1O M IN PILOT AREA IN mS/m
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FIGURE B-27 APPARENT CONDUCTIVITY MAP BY COIL SPACE 20 M IN PILOT AREA IN mS/m
B:PL-EMV3.FIL ' EM by COiL SPACE 20 m -~ - ~ Horizontal Dipole

X 100 m

Neominal Depth 15 m
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FIGURE B-28 APPARENT RESISTIVITY CONTOUR MAP AT a = 1 m ON PILOT AREA

BiPL-GI.FIL  RESISTIVITY 4T a = 1 m in mo

B:PL-G10.FIL RESISTIVITY AT a = 10 m in mf

B-63 X 100 m



I'IGURE B-29 APPARENT RESISTIVITY CONTOUR MAP AT a=16 m AND a=30 m ON- PILOT AREA
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FIGURE B-30 RESULTS OF AQUIFER TEST IN DW-1
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FIGURE B-31 RESULTS OF AQUIFER TEST DW-3 .
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FIGURE B~32 RESULTS OF AQUIFER TEST IN DW~5
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FIGURE B-34 WELL-HYDROGRAPH

OF EXPLORATORY WELLS, W-1 AND W-2

WL : EL tmams|)
o He1
0( : - =L ]209.39
A 2
1740 1 {192.0
Y2 S list0
. .b...:.c..‘-.ttio..no--. .
176k S : li91.8
.- ...."...
17.7¢ e, J191.7
...II...
17.8¢ ",°.,"' J191.6
17.9 : : Ceteenn, . {1915
t !l...'
18.0¢ “Aigl.4
Y T PR SYTPS SUNTE I 7Y FUTY FTTWE T PUTOS | ...:....l.l...:._“.i....;....l,
paTE W22 92 2o o2 o201 1 17 1 12 2 2 2 2
21 5 10 15 20 25 301 5 10 15 20 25 301 5 10 1520 .
y-2
\a‘VL EL imamst}
m} 2
0WW#W'1?&.‘3
N B : . -3
5% e h72.2
- "..
60k .”"_-oli;uuu‘ ".go:n_ 4
’ " ‘...-.
6.1 e, 4172.0
N ‘l »
&2 Teeee.. )
‘GJL -.“... |
64 ]
65 - |
65t .. Hinis
6.7r J
68 ]
6_9_ -
20 )
pA ' 170
2 ]
73 .
A
741 . ]
75 |
T8 7.5
77 -]
' slsestbernalanaatvoardygyatyaantedauntaaradaaasboy e baagylavaadalyoebonuaboprabaartis
w2z o292 92 92 1211 1 1 1 1 12 o2 2 2 2
DATESS: 5 10 15 20 25 301 5 10 15 20 25 301 6 10 15 20

B-69



% o g g 9z Ll £ A 12 g 0T 2L
. : 4 L i i £ ] AUv3
‘962718l ; ; O 4 SR S— = q“p O %
9687Z0L ' )
.S68Z8U loe
oeaeel oz
96878l oL
m@,w.mwr, 0
- — tun
{sueny 73 f~d TM
. og oL e g oz L oz g z L
Z 4 [ iogr 2L k1 Li oL oL . ﬁmwﬁmg
_ : : ; . ST L) e
ov6 sl * J
ovv..m.mm.. o
OPETSL . ]
Orr gLt : . ) oz
ore9sit . |
Ok LGir 107L
ovresLt % 0
M [{U)]
{meri3 ~d T M

h-d Ny €-d ‘2-d

oz o oz oL =N oz 8 7z L Lzl
Z g | /S S B G o ee¥™
L ]
[Setepels 0
SeoSSLr ’ . . i or4
S50'96Lk 1oL
geoisit Ig
fush
{swean 73 T
2-d
o=
T
m
oz ol 9 8 5Z L oz ) 2 g 1zl
z z L i L 7L i 0 oL oL 6 630
T 1] T N ] N N T N I T N N
ee
oL 0og
SOLLLLE i°r
gozzLLY . o'
SOLELI ! . . SL
59z oLl . . . "ol
GRLCLLE g0
s{=TA AL - 0
, I-d tw)
(|pws0) 73 TM

f-d ‘QTTEM NOIILVAYASEO NI HJYMOOHAAH-TIAM &E-€ JUNDIA



ot 9c

8¢ o % ] ; LL L i 4 oz
z z i L Zi ! £ gL 61 §63Lva
A T " T " ¥
Rsta=L-TI {67
ot =t-TE 10%€
15T Lol . ° . 10
g1 40
L
(a3 1-3 M
AN 92 L 92 L Iz L Qzél
e g2 L i gL ZL oL @ & 63Lvd
T L T T T T 1 T
9L9LLI- C . oe
919'8LLf 0e
9LYSLLE oL
gLo0aL Iy
O {un)
¢|sweam 3 9-d T AA
L-d aQuy

‘g~d ‘G~d ‘STIEM NOILYVAMASED NI HAVEDOWAXH-TIEM 9£-4 FHADTJ

% o] 2 or % L 9z g 2 g 1Ll
Z 4 L L Zl ZL Ll i oL oL § g3vd
vegol 109
rEGoLE 08
ptcot o7 m
i -
vSGOLE e
yGotr . 02
bLSOLF 101
peGaL LY
. [ITeY;
LR R ] TM
G-d



% oL 9 o 22 Lt 9z 2 @ L gLl
[4 z l i 2Lzl 1L 1! gL 8i & 531va
T B T T Y T T ’
BLO9LF 10E
sliLe . : {10z
o - - L
sreolr . fol
grgoth ig
w)
{}sweny13 ﬁ T

%€ 9w o & wow 8 kS oz
z z b L gL zZL Li Ll oL oL § 6 3lvd
v T T T T 7 ¥ T T
zoLeoL R 10¢
NONMQ_‘. * - - .|O.N
20Lpelr 10°L
zoL et e
(u)
(5w 13 mlm M
EH ol 9z ol Lz L % g gz L 124
F4 Z L { 43 4} UL t ol oL & 531w
T T 7 T L T T T
] ™
| N
soneit los &
S9%SLr . o
SEESIr 104
sovsi ’ 109
9551 . . los
—_ “i
m@._o% Y0
tsen 3 g-d (un M

0l-d QN¥ ‘6-d ‘g~d4 ‘STIEIM NOIIYAYISEO NI HAVIDOUQAH-TIIM LE-2 mMnoTd



w50 Ul 33

N399I

(10 SR T . ) .
e s . 8 ¢ 9 s b Tt ' A m AONIOY  NOIWHILO0D TWNOHWNMIINI Nvdvyr
v ol
‘x.\wa.ﬁ e AYRHOTH % ,

aNYT 0340344y LTvs 40
INZWdOT3A30 VMY J2ivHO3INI 3HL

Py - ¥ \
e, .
|l-|4.w.... ooy ~z—mc|m2malf...r / .\..x. 5 \._ “.‘_ 1 7/

e

:

i h ﬁA. 4 ._. P4
Pk ke W /\u.‘.l:-\.}..:..\.u )Af....\:\.\i.) m..\
.\lﬁ\u Jll/ .\hm
" LT AT - ¢
o

/ L g ool
-

3 i
«1 ﬁ\”__ /./ \\\
\ .
NS ¥
e~
— —
/ WaseuihN !
et .. 5\
’ - \
e, ~ N
/)
A R SN ™,
{ % H
- /’(-.ln!). ".
i
—— . /
AR
4
'
Y ;
Ag . lrfﬂ\\\f.l...!\
Yoo
-
]
o
[N
7

Y3AINDY INOLSLTIS NI d¥W ALIAILINANOD YILYMINNOYWD

LALELLES

B-73



TAT V5 HYIW 300V 8303 KL OV3IW HILYM

oeobe: L 1w . y
w6 ¢ L 3§ % & T % AL AJNIOV NOIVYAL003. TVNOLWNYZINT NYdvr
& i .
aned wo wv YINY A / " g
f /,/ 1 ’ TQNYIVHL LEVIHLIHON NI
AUYCHAOR YIHY JOOLS =i [r1[" Jp— 7 g ‘u\._ \
HYIELS e FORHOTH ] Y M‘F.v < Nodpem., p—————— GNYY Q3L03d44Y 9S40
YOS Yoo et I LNIWJO0TIZAZA Svany Q3LVHOIING ZHL
Al : SN
@ -~ .\k B
§ ! kY
{473 N H kY
. : .__. ._" IV
Y Y, LY
., ke #04 ",
™~ ..\@q & e o Py M
. . C . ) . . i cin (.\!\.J ~ = N N
W i : : = i RNt o o T ~. p N
: : e b of Tomopnf e \ ,
~ S ~,
71 O -
/ P : . - -
TIIH NOICTARESE0 o 2 4 T e, ~ \
. e i o oo, T \
. Y _.J?l./ oy H { { 3
" i S ! 0% el ~ Y
Btk % ey T & b i X !
! “y = —3 3
_J J.lw/ » T 9 i ,..,._. ._..-,.,..l. "
s - ., S o .
| , [ Cog S S T TN
an3937 p L oA iy N ¥ - ~
: ~y, f - S
- . S gL N g i A " ._,
_ ) % ’ ™ Nl FSm e, i
— ro..ear IW\ - rk./r r..;w\ A ~._. - <— .{-\4
B I O] nud S i .
Rl 5 - : /!
~— g& e fred L y . .\. s w— .\\
RIS g . S ...”.....,I\ }L e k_ y
N e 2 Ty
3 : et
. .\ z.. _._ _w \.\\ ./....-\pl.l.l.r. .....l,.\\
, 3 I T kit
// . o \ A._....w ] S . \.\
/
S \\ | 8 ~ e
;
|
. Y
2 \..\\ _r-.f 4 .‘/
PN, Y .
v .H T, _—r. - Canl h z/...
.. ﬁl{“ Q‘H\w TR » A o ety | IU..
A S A |
AR A ."
it e fi e ) |

s, .....v
i g
1,

| Y3JINDV 3NOLSLIIS IHL 40 IOVAUNS JIULIWOZIT4 Op~9 JdN9Id

B~74



FIGURE B-41 SPECIFIC CAPACITY OF EXISTING WELL IN SILTSTONE AQUIFER
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FIGURE B-42 TRILINEAR DIAGRAM OF THE EXPLORATION WELLS
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FIGURE B-43 TOP OF ROCK SALT ON KORAT PLATEAU IN mams 1
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1)

2)

3)

Maps

C-1, List of Maps, Aerophotos, and References

Topographical Map, scale 1:50,000
Detailed Reconnissance Soil Map of Khon Kaen
Province scale 1:100,000, DLD (1973)

- Salt-fAffected firea Map. of Khon Kaen
‘Province scale 1:100,000, DLD (1989)

Land Form, Soil and Land Suitability Map for Agriculture of Khon
Kaen Province scale 1:100,000, DLD (1989)

Land Suitability Map for Smali Reservoir Development in Amphoe Phra
Yun, Khon Kaen Province seale 1:50,000

Soil Survey Div, ADRC (1990)

Forest Area Data from Remote Sensing 2528 in the Northeast Region,
scale 1:250,000, RED (1985)

Aerophotos -and Satellite Imagery

Aerophotos (scale 1:15,000) taken in April and August 1976
Aerophotos (scale 1:15,000) Eaken in November 1983

LANDSAT imagery (seale 1:200,000) 1978, 198Y4 and 1990

SPOT imagery {seale 1:50,000) Sept. - Dec. 1988

Data and Publiecations

Qutline of Soils of the Northeast Plateau Thailand Their
Charactefistics and Constraints, M. Mitsuchi, Pichai Wichaidit, ADRC
Tech Paper No. 1, 1986

Disﬁribution of Salt Affected Se¢ils in the Northeast Region, Pichai
Wichaidit

Problems and Research Strategies of Cropping in the Problem Soils in
the Northeast, ARDC (1987)



C~2 Methods ot Soil Survey
The following works were carried out during the soll survey peried:

-~ Data and maps collection and review
- Soil profile investigation (M/P and F/S)
- Soil analyses (F/S)

1) Data and Maps Collection and Review

Existing data and maps concerning soil and laud use were collected
at the Soll Survey Division of DLD at Bangkok and ADRC at Khon Kaen.
And topographical maps, aerophotos; satellite imagery and soll maps were
- collected and analyzed in order to prepare the database maps.

2) Soil Profile Investigatioh'.
(1) For the Study Area.

During the rainy season, soil survey for oily upland area was
conducted becavuse most paddy fields were flooded for rice cultivation.
The soil profiles were investigated by auger boring as deep as 7.5 m at
20 representative sites. For every soil profile, soil. texture, color,
moisture status, mottlings, concretions, gravels and pH were checked on
the site in accordance with the FAD guidelines, Electrical conductivity
{EC) of soll samples taken from each layer was measured at ADRC
laboratory at Khon Kaen.

After rice harvest, soill survey for lowland area was carried out,
The soil profiles mainly in paddy field were investigated by auger
boring as deep as 4.0 m at 27 sites. The observation and description of
soil profiles were made similarily to those for upland area.

(2) For the Pilot Area

During the dry season, soil survey for the pilot area was
conducted., Firstly, 143 soil profiles were surveyed at a grid of 500 m
apart. Soil profile survey were made by auger boring as deep as. 1.8 m.
For every soil profile, similar observation and descriptien to those for
the study area were made, Then, additional soil profile survey were
made in order to collect soil samples for soil analyses at 16
representative sites.

3) Scoil Analyses

" Soil analyses on chemical and physical properties, and clay
mineralogy vere carried out at the DLD labouratories at Khon Kaen and
Bangkok. Totally 75 disturbed soil samples for chemical analysis and 68
801l cores for physical analysis were delivered to the laboratories.
Analytical method for each ditem is given in the following page.



Method

Analytical Ttem

Particle-size distrihution Sieving, hydrogen peroxide dispersion,
o ) Pipette method

pH (saturated paste) pH meter with glass electrode
EC (saturation extract) EC meter with direct indicating bridge
Cation exchange capacity (CEC) Ammonium acetate extraction

Exchangeable cations Ammonium acetate extraction

Ca - EDTA titration
Mg T
Na - Flame photometry
) K 1]
Soluble ions -Ca Atomic absorption
Mg m
Na . 1"
K 1
Ci Titration with silver nitrate
HCO Titration with acid
S0 - Precipitation as barium sulfate

Modified Walkley-Black wet oxidation
Bray No.2 method

Ofganic matter
Extractable phosphate
Total nitrogen

Bulk density

Semi-micro Kjeldahl distillation

Direct oven-drying of 100 cc soil core

Particle density
Moisture retention 1/3 bar
15 bar

Permeability of soil to water

Pycnometer method
Pressure-plate method
Pressure -membrane method

Constant hydraulic head nethod

Exchangeable sodium percantage (ESP)

Exchangeable sodium (meq/100g soil)

ESP =

Cation exchange capacity (meq/100g soil}

Sodic soil : ESP more than 15.
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Soil Characteristics in Khon Kaen Province

Table C-~3-2 Major
X Classification Range |Effective gail tructure ; g:::::i:ilily Period of water saturalion Qeganic matter Base saturation C.E.Clmeq/190 %) A“ﬂﬂlble, phosghucus [ Available Potassium Heaction (ptl £ : 1 H20)
Soil series, ype Mapping |, oy of [depth Textural profile Calor profils a. Upper A-horfon ¢ Gurfacs run-off - |8 Suifece . Hmearbon X 1.724) w. 0-30¢m A 1.30em LFP;‘:;?JH [."Pa";g‘:" 2, 0-30em .
phase, & vaciant Unit to's 2, National i | stope 2 b, Subsoil ar 4 |b Subiwiface & [0:30cm & [b >30cm 2 b, 2300m % b >30em o b >';mc.: \of [b. >30em
Phimai 3 1. YerticTropaguepts <1 |verydecp clay thropghout dark graylshbrown oe dark geay over ]a. weak cosrsa prismaticand messiva | | n. pootly u, Neoded by river waler snd reinweter | modeeately low 3. medium 5. moderately low x. moderately low a. high 5 5.5.80
2. lydromorphic Alluvial Soils dark gray to gray: yellgwishaed or b. weak coatet prismnticatbeginning {1, slow inthawetsesson, ground welee Lable b. medium b. high b, very lowtglow b. hights very high b, 55.69
brownlsh yellow or deck reddish - ‘of subsoil and weak fine to medium & tlow fuilabelow 1S cnindey sesnan
browa or geay mattles throwgheut subangular blocky atlowee b, groundwater table within | m, for at
lesst d manths and falls below 1.3 m,
inthe dry staron
Ratchaburi T 1. Aeric Tropaquepts <b  {verydeep silty sy or clay over ciey; some |darkbrownlobrownoverbrowaor  la. massive towesk fine and medium a. semewhat paotly {». flooded by river water up to 50 em, for | moderately tow a. medivm a, high a. low a. high o 50-55
2. Hydtomaorphic ABuvia! Soils phasganess concretion below 80 | teddish beownidark yellowish brown subangul blocky b. slow 3-4months b. medium b. high b. moderately lowin  |b. highto very high b, 55-60
em ot strong brownor dark grayordack  {b. weak to modecate fine to medivm e wlow b. groundwaler table fasly below 1.5, tow
teddish brown or grayishbrownor red gubengular blecky duting the dry keason
matthes throughowt
Tn:im 14 1. Aeric Palecquuls <2 |verydeea sandy loamor loamy sand over |dsrkbrowntobrownorlightgrayto [e. very weakfine subsclarblockyand | u. poarly 8. Noodedby impousded rain waterup | very low to medium a. medium a. low 1. verylowto a. high 2. 5.0-55
2. Low Humic Gley Soils loazuor sandy clay loemorclsy gray overbrown gending to light gray mnssive ) b moderats’ te 30 em, deep for 3.4 months b. medjum b. mederately low g moderately high b. low b. 4.5-3.0
loars grading Lo clay orIigh‘lﬁbr_swni:hgu)’urr:ddish b. medecate fing to medivm subsngular [e. slow b, groundwalez Lable jsbelow I m, very low b. vecy low tohigh
gray; yellowish ced or light ceddish blocky and weak coarse prismntic during the peak ofthe dry season
brown er strang browa orlight
reddish brawn Lo reddish brown
mottfes throughoul
Roi Et, lsamy 15 1. AericPaleaguuits <2 [verydetp kosmoverchay loam gradingto  [light gray to gray overbzawnorlight |a. moderate fing to medium subangulsr |, poorly & Noaded by imponnded cainwatecup |ow 4. medium a. modarataly fow a. low 3. low 3. 55-G0
variant 2. Low Humic Gley Soils ¢1ay with few iron concretionin | brownish geay; bzownish yellow ar red blecky b. modecats to 59 cm. for 4 - 5 monthe 5. medive b, mediun ta b, low b low b, 50-55
the subsail niotifes throughaut b. moderate imedium e coarae o slow b. groundwates table withinl m, for 5 maderstely high
subangular blocky maonths
Rai Et, 1alinz 16 1. Typie Nalrequells <2 |verydeey sandy lonmm over beavy sandy lightbrawn 1o brown sver light brown |a. weak fine plaly and weak fine 8. paotly e. Neoded by impounded rainwaterup |verylow a, medium s verylow a. verylaw a. very lom 3. 65.75
varinnt 2. Solonchak? leam ar sandy clay lsam with o light gray sirong biown or reddish subangular blocky b. modecate to20cm deep for 2. 3 months b. high b. moderately lox b, verylow b, law b. 7.0-80
many geay and black yellow motites vhroughgut b. weak finz to medivin subangular ¢ slow b. groundweler table deop bo 1.5 meters
torecetions in subsofl blocky in the dry season
Uben 19 1. AquicDyslropepts <2 ldaep tosmy sand over lowmy sandor | light brawnish gray over very dark a, very weak fine subangularblosky 4. somewhat #. Nocded by impounded rain wetez up flow a. medivin a. low 3. verylow a. Tow 2 5.0.55
2. HydremorphicRegosols sandy loan or sand greyoclight brown intergrade Lo b. weak fine granulatzand weak fine excessivelyor ta20emdeepfor 2. I months b mediun b, very low lalow b, very low b, verylow b 5.5-65
brown; yellowish red and durk brown subangularblocky well b. groundwaler level rops to d m,or
o brown intergrade Lo slreng brawn b. repid mere inthe dry g2ason
enddack yellowish brown or brewnish < slow
yellow and black moltles throughaut
Rei Et, high phase 2l 1. Aeric Palesquules 1.3 [veeydeep sandy loam or sandy clay oam  Jdark gray with dark brownand 2. moderate fine and mediva z. poorly 1. rainwelerisimpounded up W 25 cen, freay low a. medium a, voylow a. verylow A low a. 5.0-55
2. Lav Elumic Gley Soils qver sandy clay loam greading to | yellowish brawn mottles avér light subangular blocky b. tepidever for 3 - denonths b. low b. iizedecately low 5. very low b. kigh L. 55-6.0
oy Lrownish gray grading to pinkish b moderate mediunitocoarse moderale tr. groundwaler tevel falls below I m,
gray withdark biown gr yellowish subangulsr blocky c. slow during dry season
brown matiles
Koral 25 1. Oxic Poloustulzg 26 |verydeep sandy loemover loant to sandy | dark brownor dark grayish brown 5. weak fine lomediun subangulag o. moderatelywell |a. nena miederately low 1o a. ruwedium a. lowiomuwlerately  Ja. law a. medium tahigh 2 5.0.G0
2. Gray PodrolicSoits cayloam over brown grading o strong brown in blecky b. moderote ) b. groundwales Lable within 1.5 m, medium b. low low b low b, low b 15.55
very deepsubsail with few Anegray  [b. weak tomederate fing to medivm ¢ rapid during the peok of wet scason b, low tosnodecately
niotlies below 60 aiu subangulne Ylocky fow
Phon Mhisai 30 1. i'linthustufts 2.6 |shallowln sandy lagmor leamoves snndy | brownlo dark brewu gyer sirong a. weak fine gronulorand/er 5. moderately well [n, nane very low to madsuan a. law to medium n, Iowinmelecately  {a. Jowtomoderately  |a. low tyinedium s GO-63
2. Red Yellow Podralic Soils latedilic clay lgnin which inluraaverlics |bLrown or yellowish ced which inturn subnngularblocky Y. suoderate over b. groundwotes toble within 1. b. low low law L. low to mailivm b, 1.5.50
canceetionlayer ] gravelly sandy clny loam aver lieslight gray or light brownish |1 weak lamederate fine Lo medivn thosr during the welstason b low iz mederalely  Ib. very low 1o law
grading Lo inoltfed clay peay with reddisk, brownishior subnngulne Llecky . rapid low
yellowish miotiles
E'hen az 1, Plinthaquulta 1.3 [shallowio sendy laam or lgan ever dack beawn tn beown aver light brows fn. weak fine tomedicm subangulae a. pearly a, waleratsuefaceuptodQ@omfor2-3  |very lowtotow A medivm a. munleentlylawla  |a, law a. medinm A 5050
2. Law lumic Gley Soils Iaterilic gravelly sandy clay lsamar ar dight reddish brawn prading to blacky L. moderoteover manths in the wet season L. o o cdinn Taw b, law I very high h. 4.5.50
concrction Inyer | gravelly clny Inau whicltintarn flight geay witl stoung brown or It wenk medium Lo coarse sohaugular tlow b, groundwater iabie fnlisbelow 1, b very ot low
overlies silty clay orelny yritnwizh brown moltles aLsurface bingky c. slow during the dry scusen
al yellowish red and souse stennyy
Lrowim in the subsail
Nawm Ihong a3 L. Untoxic Quartzipsamments 340 {verydeep Teatmy sand pr sand over sambor Jverydnrk browner dark brewn to . very weak sery fine gronstac awd a, sgmewlial a, tone lew a medivn o higle a. wery low ta law A, isderntely lawto [a. very b bl w, 5.0-70
2. Heposolie Sofly laawy aand grading to sonly hrgwn over lightbea hgeny wenk fina subangularblocky excessively b, geoundwales table falls Selow 4, b, needivn W high L. wery dow towr b, very luw L. 5.0-5.4
Toan prading to very pale browner pink ar  fb. wenk ling Lo medivn subangulne B, rapid during Lhie ¢ry saason b, very lnw talny
tight redilish brownac reddish yeblaw Llacky . <. dapid
Satuk AT 1. OxicPalcustuiie 33 very deep Tonuy snisd or saady lanmover  |Lcowen ba light Lrown gver stroig n. weak fine wnlar a. well A, NGus modecately low a. medium . o a. law a. edium A GO-G5
2. Hed Yellow P'odzalic Soils zaudy ¢lay Jamuns grading ta licown with yellowish red aod pink o [b. weak fiste la incdium subangutsr b. moederate b, groundwntcs tablebelow .50 fer 12 b, wedium b, moderntelylowea b verylgw B, law It. 5.6-55%
saudy clny pinkial gray moltlesin very decp blocky . ropid “Tanths low B
subsail :
Warin aA 1. Oxicialowstiuila 25 |vecydeep saudy Jamus or lanmsy sandaver  |daik brown ta brawn over yellowish & weak fine subangulac blocky 8, well 4. hona low a. tnedisnn a. very law o low a. moderntely law n. low a. 55.60
2. Ned Yellow Pudeslic Soils saudy lgas groding to sandy ced or reddish yellow b. weok tomuedecate fine subangular b. rapid b growndwates table below B3 pufor [2 L. low o paedivin b. very law talow b, very low Lo low b, veryfow L. 4.5-55
clay leam lacky c. rapid nionths .
Yasolhon a1 1. Typic Haplestox 3-8 |verydeep Toamy sand tosandy laamover | dack reddish brown over red . weak very fine sibongularblecky  'n. well a. nane low 2. needium a. very low 2. medium 5. low a. $.5-G.0
2. Red Yellow Latosol sandy lamin to sondy clny loaen ' andfer single grain b, rapid b. groundwsler lable below 4w, for 12 = Jow Lo medivm b, veey low b. very lgw o low b, very low la Taw b 4.5-5%
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