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Conjunctive Surface Runoff and Groundwater
Management in Salinity Soils

S. Chuenchooklin, T. Ichikawa, and P. Mekpruksawong

Abstract—This research was conducted in the Lower Namkam
Irrigation Project situated in the Namkam River iBa® Thailand.
Degradation of groundwater quality in some areasissed by saline
soil spots beneath ground surface. However, tHerdgulated gate
structure on the Namkam River, a lateral streanthef Mekong
River. It is aimed for maintaining water level etriver at +137.5 to “ |
+138.5 m (MSL) and flow to the irrigation canalsbd on a gravity S e or amphoc
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system since July 2009. It might leach some saiespots from 5 Water leve gange station
*

Discharge gauge station /*
Sakor
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underground to soil surface if lack of understagdiof the 2 Scdiment gauge station QakorrNck
. . . — Regulating Gate - =
conjunctive surface water and groundwater behavibhgs research o7 LowerNam Kam busa /. Nong Han

""" Flow direction ke

has been conducted by continuously the observingodf shallow
and deep groundwater level and quality from existobservation
wells. The simulation of surface water was carrmat using a

hydrologic modeling system (HEC-HMS) to compute thmauged KJ"“ Y i o
side flow catchments as the lateral flows for tiverrsystem model - Tg;gzgiﬂgS“M 225 sakm

(HEC-RAS). The constant water levels in the upstreaf the

operated gate caused a slight rising up of shagjmundwater level

when compared to the water table. However, thergitaater levels  Fig. 1 Map of study area in the Namkam River Balimrological
in the confined aquifers remained less impacted thahe shallow observation stations, and regulated-structuretuilysarea
aquifers but groundwater levels in late of wet seai;m some wells

were higher than the phreatic surface. This casalisization of th.e The major existing water resources developmeneptsjin
groundwater at the soil surface and might affeehes@rops. ThiS ¢ pagin include a big dam, a lake and 5-regdlataictures.
research aims for the balance of water stage imi¢iee and efficient . .
groundwater utilization in this area. The Nam Phung Dam (with a storage capacity of 158l&n
cubic meters: MCM) and the Nong Han Lake (266.9 MCM
Keywords—Surface water, groundwater observation, irrigationar® operated for downstream water utilization atmbd
water balance. control. Suratsawadee is a gate structure desigakzhse
water from the Nong Han Lake to the Namkam Rivepitee
|. INTRODUCTION flowing to the Mekong River via 4-regulated strues :
HE Namkam River, one of the Mekong River's tribigay Nongbueng (97 km), Nakham (71 km), Nakhu (46 kmj an
is located in Sakhon Nakhon and Nakhon Phanofamkam (1.7 km). The proposed maintaining of wieeel in
provinces in Northeast region of Thailand with dachenent the Namkam river upstream of the tail gate willdperated at
area of 3440 square kilometers @ras shown in Fig. 1. The +137.5 to +138.5 m (above mean sea level: MSL) laicn
study area, the Lower Namkam Basin in Nakhon Phanol@f inundated irrigation of paddy field since JuB009.
Province covers an area of 1570 knApart of this area However, the irrigation systems are not finishetl[$e2].
located in Na Kae, Renu Nakhon, and That Phanoiniatiis During dry season, there is insufficient surfaceew#or the
was chosen for study with emphasize on floods arfltivated areas. Therefore, many shallow groundwaibe-
groundwater levels change. The Lam Nam Kam (Namkam)Wells have been drilled and pumped as the wateplgup
the main river used as the water source for adurailin this System for irrigation and drinking purposes. Obatons of
area, but there is a high variation of flow betweaimy and groundwater quality in this area reported thatehare some
dry season. The direction of water flow is from test in Problems of groundwater salinity which might affester
Sakhon Nakhon to the east and meets the Mekong Rive quality for irrigation purposes [1, 3]. The geologii map
Nakhon Phanom_ The Nam Bang (Nambang) iS the |Brg@‘lows tthk |ayerS Of mudStone, Shale, and S”Btmer'
lateral river of the Namkam which flows from thertioin Pla  bedded with rock salt which significant influencegndwater

Pak district to the south in Renu Nakhon and Na t¢iagicts. ~ Salinity as shown in Fig. 2 and Fig. 3 [3, 4, SheTresearch
reported in this paper was undertaken to analyze th
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Fig. 2 Map of the interpreted geological explanadioccross-sectional
lines, and the location of observation wells in shedy ared3]
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Fig. 3 Cross-sectional profiles of geological maps log data [4]

Il. MATERIALS AND METHODS

The recorded daily data of rainfall and river se@é&/SL)
along the Namkam River, the Nam Bang River and t
Mekong River, conducted by the RID, the Departmeht
Water Resources (DWR)
Department (TMD) were used in this study. This gtuded
daily stage and discharge records in the riveiostatnamely :
Kh69a (57.3 km), Nakhu regulator (49.0 km), Namkal
regulator (1.7 km) and Kh17 (0.0 km) which measuireen
the river mouth in That Phanom and Na Kae distastshown
in Fig. 1 and Fig. 2, respectively. The aerial fainbased on
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Thiessen polygons was applied to generate fromt painfall

to aerial rainfall. The most side-flows of the wvare
ungauged catchments; therefore a hydrologic moglaistem

: HEC-HMS [6] using daily rainfall recorded at Khivas
applied as the uniform lateral inflow based on Smg
synthetic hydrograph [7] for each specific reacimethe river
system model : HEC-RAS [8] from 2009 to 2011. The
hydrological and river analysis map shows in Figwhereas
Reach-1 to Reach-4 is the Namkam River at each lngde
portions. The gauging stations namely : Upper aaiud are
located at upstream and a lateral stream which nmegh
stream at Pakbang village for the calibration ofifejogical
parameters i.e. peak coefficienG,), peak lagstf), and loss
rates etc. The remaining lateral inflows of the Ram are
ungauged catchments namely : Namseong, Bang, Noagdu
Kudcan (north catchments), and Al, A2, and A3 (sout
catchments) which were modeled using those hydizdbg
parameters. Initial transposing unit hygrographé&sameters
for Mekong sub-basins in Thailand [9] were appliedHEC-
HMS'’s Snyder transformed model shown in (1) and. (2)
Finally, the hydrological parameters from modelimiation
are presented and fitted with observed data forgedu
catchments. The upstream and downstream regulated gre
located at the end portion of Reach-1 and Readh+eg or
Namkam Reg. in Fig. 1) before the outlet to the bhek
River, respectively.

Mongdu

Kudean

Reach-4

Fig. 4 Map of using HEC-HMS and HEC-RAS models
t, = 0.75G(LL)*%and o, - 2.78 41, (1)

he t,=ClLLS S9" @)

and Thailand Meteorologyhereas L, Lc are channel and mid stream lengths in &g

the channel slopeA is catchment's area in Km l, 1, are
rTt]Jasin lag and adjust duration in hQ, is peak discharge in
m/s, C, andn are basin coefficient and exponent values with
the 0.2837 and 0.3979 for this regional study, eegpely.

264



International Journal of Earth, Energy and Environmental Sciences
ISSN: 2517-942X
Vol:6, No:5, 2012

The river analysis model using existing 51-cresstional
profiles with length step of 1.1 km, and 2-reguigtstructures
at km46 and km1.7 were modeled shown in Fig. 5.

in Fig. 9 and Fig. 10. Daily WSL in Namkam resultbg
amount of rainfall and influenced from backwatefieef from
the change of water stages in Mekong River. Theaaesl
WSL in years 2009-2011 was higher than 2006-20@@& e

namkam_2gates - Plan: Plan9  21/03/2012 there has no tail gate operated in previous tinie ye
Legend
WS 16AUG2009 2400
e TABLE |
Levee HYDROLOGICAL PARAMETERS FOR EACH SUBBASIN IN HEC-HMS
Bank Sta Area, L, Le, tp, Infiltration,
e Suk-basir  km®>  km  km S hr G mm/ht
o Upper* 2204 128 64 00013 48 0.1 1.2
985.33
105865 Namseong 135 30 15 0.0014 12 03 0.1
Bang 120 22 11 00014 9 03 0.1
- , _ Nabua* 443 50 25 0.0009 12 0.2 0.05
Fig. 5 Plan view of the Namkam geometry in HEC-RA&del i
Nongdt 85 20 10 0.0007 4 0.2t 0.5
The upstream boundary condition at km57 was digghar Al e 14 0013¢ 4 0.2¢ 08
which releases from Nam Phung Dam, Nong Han Lakd, a A2 4C 15 7& 0003 4 0.2f 0.£
upstream of the Namkam river. A big later inflow the A3 120 13 65 00072 4 025 0.5
735 24 12 0.0003 12 0.4 0.2

Namkam is the Nambang River where meets at km3# frq_Kudcan _ _
river mouth. The remaining side-flows were usecumorm Vo' " ih gauging station
lateral inflows to Namkam. Thus, WSL for each smttwas

computed based on previous calibrated roughnedfciests e | j ' 1%

in years 2005 to 2007 [10, 11]. This WSL will beedsto 400 ‘ mﬂm 140
compare observed groundwater levels (GWL). Flooglle |3 3o | . obs fow, mals |—|—kain,mm |50 £
above ground surface level (NGL) will be used asttbad for s 20 1100 g
estimating seepage flow as direct recharge to tleonfined |& 1501 +140 &
aquifer. The main crop for study water requireminthis e t J'\ M NM\ T oo
basin is paddy of 88% of total land use which estéd using o [ S e SR—
climatologically data and CROPWAT program [12] and o & ¢ & o & W@
modified in weekly basis. The amount of water fadgy use » v > i N

covered land preparation of 270 mm/2weeks, pelicolaif 3
mm/d, and evapotranspiration using Penman-Moniedtude
delivery losses which is total water of 14208hm/year [2].
The existing GWL recorded from each observationsvel 450
NK2, NK3, NK8, NKOW14 and DM6 located in both
unconfined and confined aquifers. The electric cmtigity
(EC) from DM6, NKOW14 and NK3 were observed and
analyze according to the fluctuated of daily RWL. 100

Fig. 6 Observed rainfalls, river flow and simulafexniv of Upper
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Ill. RESULTS AND DISCUSSION
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The optimization of gauged hydrological parametefs, 7, d
in HEC-HMS and result of 3-year observed rainfafida Fig. 7 Observed rainfalls, river flow and simulateniv of Nabua
comparison between simulated and observed flow ppet

and Nabua were shown in Table 1. Daily record affa in I kil e el e S
2009, 2010, and 2011 (Fig. 8) was used as inptitsrmodel | 7. | :&tb’;ﬂmgﬁe _ eLkmer, - 450
with average annually rainfall at Kh17 of 1203, 33and % — - Qkheda QKH68 ,g&_
1843 mm, respectively. The WSL during flood perigds g‘m’ : 3oo§
July-310ctober) in 2009 to 2011 (Fig. 8) were usesl |31 | LI Eed]
boundary conditions in HEC-RAS model. The roughnes: $is{ M. i | m | ﬁg
coefficients in HEC-RAS ranged from 0.025 to 0.05 fain glzg, ‘1 O I "I O et T 10 T
channel, and 0.06 to 0.09 for flood plain. The epemesults | = A ol v _5-.::;,-\@:-,\;}1#344@4 iy
of maximum flood for each year were summarized abl& 2 ® ) & R &

with plan view of maximum flood in 2009 shown ingFi5, P A & Y &

profiles and plan view of maximum flood in 2011 weshown

Fig. 8 WSL and river discharge in the Namkam Rine2006-2011
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TABLE Il
SUMMARY OF FLOOD INFORMATION IN YEARS200970 2011
Mean WSL, Date of max Max WSL, % flood area Inundated

Yeal m(MSL) WSL m(MSL) perstudy are days
200¢ 137.3: 16 Augus 138.9: 3.62 22
2010 137.91  3Septembe  139.7: 9.5t 61
2011 139.23 12 August 140.59 16.25 90

Note : simulated WSL from km1.7 to km46, with stiatea of 390 ki
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Fig. 9 Profile of max. flooded in the Namkam Riwer 13/08/2011
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Fig. 10 Plan view of flooded area in the Namkani8/08/2011

The comparison of mean WSL in the river at eactiostan
Fig. 8 and Fig. 9 were used to compare GWL at NKR3,
and DM6 shown in Fig. 11 and Fig. 12, respectivalie
slight raising of GWL at DM6 and NK3 has been falkd by
the WSL in the Namkam. But NK2 is not much chanded
to less water use for irrigation surrounding thidlis area.
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Fig. 11 GWL changes from observation wells in 2@038-1

The rising limbs of GWL result by high recharge nfro
flooded water from gate control in wet season. Tdeession
limbs of GWL are caused by high amounts of grouridwa
withdrawal during drought periods for crops and eoth
consumptions. Both of the minimum GWL and maximum
GWL are trended to be rising up from 2009 to 20dllofved
by the rising of WSL in the Namkam River from tlieerbed
to the constant level with +137.5 to +138.5 m(MSfjer
completed gate operation since 2009. The evidehowed
the GWL in shallow aquifers i.e. at NK3 (in Fig. ahd Fig.
12) slight rising up with the rate of 0.10 m perageThe
reason causes to bring saline groundwater to soface if
GWL becomes to NGL and cause saline soil at NGL and
might affect some crops. The observations of GWId an
electric conductivity (EC) at DM6 and NK3 in 200611
(Fig. 12) showed the EC-values slight rising uphwvite rate of
10 and 240 mS/m per year, respectively.
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144 £ —DMBGWL = = = NK3GWL O DMBEC X NK3E

GWL, m MSL
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Fig. 12 GWL and EC-values at DM6 and NK3 in 200812

IV. CONCLUSION

The results showed that both river levels (WSL) and
groundwater levels (GWL) in recently after compietgate
operation at downstream end of the Namkam Riveresf®09
have been rising compared to 2006-2008. The stightg of
saline groundwater is measured by mean of EC-vadgelts
by rising of GWL and WSL. Moreover, the backwatesnt
tail gate operation and from the Mekong River tatigam of
the Namkam River is caused to rising of GWL tooe Thil
gate operated in the Namkam River and the Nambawner R
should be carefully regulated with awareness ofdilspersion
of saline groundwater from some salt spots andrgibtential
sources.
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