Fe9IUNITIVERUUANY 58] UnARED

lasen15n1539ednenInuaza1ufaensidinwanIsusuIsIanIsnsnens1g 19898y

UNANED

e

v

unguiheduguumdnnanamieovesssnealve Sille?l 23,948.15 n3.ny. ATOUARUAUN 11

v '

=),

v v v
[ Y ' ° 1 o

JmiauarasauaauauuIaIv) 11 quun laun quuiwiuisunouuy witdiadu wid wiiunen

oY

(%
o 1

WHLNPURDUNAT LUAE WFT oAU WNen LS LazuluIeNABUaNY FeiuifIng

Uszaulgmdouds Wi wazlaaunauludrmais@ulaniuu wazwuininisasundasnisly

' v '
faa =]

Usglevinaunuiintudeudiadaenunlnduiuigursuwazinunsnssy uenaniin1svinauna

1% v

sgrinuyuliiismesanudesanisuiluiuiguianvsigeg Ineanizntinas deulunisfing
13finNsUNTFUIUNINIENNINGNABYIUINITVBINS MavetnEIRukaz I UIAanslus Ul Aves
natazanuNsNiuNaveIn siUisuwlasaninnsidnfauesiun Fwaann1sfnuildlunis
f5UIEUUIM TTnInSnensun luguineuegededuld  TnguszasAvoaukueuide
Usznause

1. WefnwiransynurainsiUisuwuainsidusslosinfauuinaguiivudonnanyy

5 L A

Wi Nundnw

1%
o a a

2. \flevssdiudnenmussunasinfiafuuaziiuiaialudsliiuuazaman
anunsaiemnudoanmsldthinfusaziiuinavesdininen Welaueiuamisnisdani
ffunariuinasnluiuiidmieudiesestumiudosnsilusuian

3. Uizqﬂﬂi’ﬁwmﬁ’mmLﬁaa%mawqamiwwq‘mfﬁ‘wmihmz‘mfN‘f’]ﬂaammzﬁﬂﬁﬁu
dieTinszaunatilufiuiidnulugasnaise

4. WolauouuIneNTUis ANt AaAuLastUInTe wardarhuauTIINTUIMg

Jan1snineniwuuysannMshuiuiguiey

HAN13ANEINUI USunaunieiesieUvesquineusian 221.18 uy. (5,647.63 41U au.

A a < LY & A S A Y a S a A ' 5
1.) waztilefnludndiusenud auindesiineliiimivinunfign Ae quuiniu (439.61 w.)

warduihdeniineliimiviiosiian A duihuaisiu (161,92 ww) WeRarsanadulsedn’
i sudguiheuiiedulssAvsivinads 0.185 dmsuguihdesfifidussAvatvinanniian
waztioniian Tiun duirauuazguivhewiauien 0.387 uaz 0.138 mudidu Tuduaunm
imuiuinasuivessiiien aunminlassueglunasit ausnsguauniRaAy
Usziandl 2 ienseudnddaitiuaznisuszas demvinunarsiunasirdauamneld
aunmilngsmdneglunnsguuwdaiifulssond 3 Wenisineas vinadaetives
wihesuagluusitiidng aunmiilaerudaeglunasidesing aunasgruauamiiafu
Ussiandl 4 ansnsolduselomiiiensgaamnsy Jymndnvesnnudenlnsuvesamniming
wuluwshioursuinauaeiedluwdiihidesiu s Jgmanuandsnlusudled (BoD)
Tnelutrsgauuuauiunusuaelimea suaelnsuseiudng fminfitng uazduneuisse

Janinfiwalanluditneuianisl YO01, YOO02 uaz YOO4 a1uaay wenaniuvaauniins




Fe9IUNITIVERUUANY 58] UnARED

lasan15n15398dnenInuaza1ufaensidinwanIsusuIsIanIsnsnens1ag 1988y

JudloununiiBonguladviesuiammn (TCB) wuuSumnniiand YO05 uinmsuasd sune
los favdagludte Wesmnmsudestidenngueuiuuii Wefinnsaneudesnsliilugy
Yo wutuanndagdu (w.m.2554) flaugesmsldtngu 5932 &1y au.a/A Tneildndau
auipsnisliingean e arwdesnisldduiionisinensnssusddunauazuanias
Yausenu 5,853.34 a1 au.u./U mméfaqmﬂ%ﬁﬂLﬁamiqﬂimuﬁm 49.37 a7 aU.8./U
arudesnsliiifiomsgeanunsay 28.74 $1u av.a/d uaranudeamsldiiitensviondien
0.55 &1u av.u./D wagwnfinnsmaudesnisléinsudaamefiuiinunsnssuluiae
yausgmuilasenisene Addneninlunsdaildivindy aedianudesnsliimuluguien
2,470.02 814 au.4./U fhuwamﬂmsmmmizﬁmméfaqmﬂ%’ﬁ;ﬂswiuamﬂmaqdmﬁwsJa,fLu?J
we. 2574 Uszunm 5,720 814 av.a/Y Favudnisaanisaiannudesnisliindenis
NEATNTIUTIN I ULUALAZUDNLURTAUSENUUT ¥ 5,630 &1 aua/A ie 2,700 &1y av.
1/ wrnsiuiineasnssaluwaraUseny msmensalaudesnisldihdusun Weud o
nsgulnauslng granynssy wavmsvieadisniiuseanal 53, 36 waz 0.7 & av.a/A) adsy
arwgesmslihluiufiguihesluneguihaomuihduiudesmmeudisiinnudesnislii
awndonas 71 wovsesnsnfoguinuidiy Sovay 13 nadsuntasnislivsslevdiinulugy
theuseyrinaln . 2531-2552 dulvgifaniaiasuiasnniigauiuiuuuresiud deiiud
thusnuduuudndngldnaeduiuiinuasnss dududvesduiddnuusduiisgs

wwhufedinsdsuwlasnisldusslevinauaniiuinuasnssuluduiuiies (ufiegende

&

waglssugnannssy) iunvilulna. 2531 wWisuldduiuiilsludne. 2552 uiniige Ao

886.13 n13.nu. (Fewaz 3.7 vosiuiigquin) NunUrmuaswdunuiinunsnssuianun (w191 iy
13 Wi8udu) 1,359.09 snsedlawns (Gevaz 5.67 vesiungul) Tuvaeiiunviuasiug

NeAsNIIY W Awls lEudu) Tl wa 2531 lulduiudidiedud wa. 2552 (Huiiud

(% ' 1%
=~ a1 o

333.34 13 9RlanT (Segay 2.26 vesituiiguu) Benevain1sdnasinisivaresivinaigle

aneNinsasunUaInsiauseleosinauseninet 2531 way 2552 wudusunaudnving

Ysunageiuluguiianvising lnsanig duiiuldeuneuuy guuiaiu guinudduy gudiuiien

1% 1% [% [%
o

q

1 Ly

LAz AN
nundnenInuInIavegulney anansaagulafell duuneuinunvavue 14.96 auls

(%

ad oo ?:’ a % go/ d’lj a (% ¢ o v !
wariiundnenmiuiaalagldfnladeamunimihuinia uagiuieysny Nivan 14.90 a1uls
fnunnfidnenmihuiniatosndt 2 aua. fe vu. duszana 9.42 duls wuduiuiigauaz
G
Y

USuianefieng TuoantasaziunnvesunAny) wazdmulununsuguusom duns

Zo
©
e

an)

a [ v o

By Janindiune wagluranednnevesdningleie laun s1uneasdvunds dnnevaaiey

g1natuAUa el BnaLiiadgluriy §1nNeA3UNA karUINEINTDITUNBNINTANR BLNOAS

1%
[ o

YAT LAY DILNDEITIALAN AIUNUNTNLANYAINUIUIAIATENING 2 - 10 aU.4. A8 4. JUsEun




Fe9IUNITIVERUUANY 58] UnARED

lasen15n1539ednenInuaza1ufaensidinwanIsusuIsIanIsnsnens1g 19898y

2.30 a1uls NUUSIULDIUIUIAIABNSNBUNINUA LAZTINUNINBULAVDINUNANBIUSLIA

gNoNIIUNIEAE SNNaMsNN Tiniunanas wag dnnonslnsana Janinglevie Tuvaesi

IR 1%
Aaa o o

NURATFANENINEIUIN1ATENING 10 — 20 aU.Y. #8 4. HUssunal 0.69 a1uls nuluiunusim

De

Sunounszi Ymiaivalon uarundiuvessneauim sunelnduseiiuing Sminfdng
way vdruvassunedianding fmdatunanes wasiudifiidnenimiuiaamnn 20 av,
U, glo u. Suszan 2.09 &l numemeuldvesituiidnureglndfumisiidiasuidney
U neadsIalan 8nersdalse Jandnaluie Sunensnuiisd ginewlies 81neUNTEM
Fiafiwalan Sunoamdiy sunelnsuseiuing wae sunelnmsia Sminfidng Wef arsan
ammvesgunwiunaluiiuiiguiheuvemnduth wut Taertluiuiiguienieuii
ansfuaiazansld eglunasidmuaiivanzan sncuiiuiifmiaglofe vinasinetuu
aumes snewlesaluviy Sunemssalan snenidlss uay SUNeY  L@RsLLAYUIIEILYS
Suneriduudy fusiumstamuafiazansldiiunarisinunfiangay udegluinmsioylax
gean uenanddamufunasininsgiuiisinedss Smiauns luvaiiduihszdudnmuiiu
NEiNATTIaYNEsLnaIlEaiL Sneds Smiangien Sunesn Smiadiune s1neaes
Faviauns uagdnneduna Samiagluvio uagiisnounssein Swmdaivalan dmiudiunm
aaslsinueglunasitmunivngauiitaiuiiguine
MnmsAnwmeasUdadiunnuesnislihnaluiuiiduien Sanadesnislidhiby
Jfionsinuasdonas 68.80 vaanudBIMsRIUNEAYRSTINe wagldiaaiaiulssu
$ovay 31.20 wagmnfinnsanuBinuenudesmstsumnaiadaunuiiinudesnisliini,
fufenas 68 uarliihuimaidiudoray 32 anmaugavosnhluwsagiuiifnuuandsiuly
Ui Tasguiheumswoudrsduualiunaiduanmnniian fuuahvaunaulseao
2,200 &1 AUl duiuiiguiheimmeuvudnlgwutgmemunmihvaaluiiuiivenas
yadszymunardgymiivann dulunsuimsianisudaiifielifismonnaudesnisues
madausaY uasifierrudBurminenaififukariina msthnnsnisveonuanienis

whlvlgymnuizauvesunazauiviwuuldlassairnaz ildlassadwsamans nsdnwille

q

% o o &

Lﬂ‘uaLLNULﬁ@USiL%W{]QJW}ﬂ’]T{J’]ﬂLLﬂﬁuﬁWIﬂﬁﬁﬂ’ﬁﬁWﬂ’]LmdﬂLﬂ‘Uﬂﬂ‘NWSU‘Ll’]ﬂﬂﬁ’NLLaﬁ"UuWﬂLaﬂi‘u

nunwanzasluldazguuiav1gasie wagiiuiununudaddanumanvaslunisaing

1%
| o

Toganizlufiufsunauas Aanunsaiuniniisnlussazauingasvuinlssunad 50-150 a1u

|
au.y. sadumsihuinaunlgldiniu 25 % wagliiiy 40 % vesdnen nvesuvaadtuInaly
HuneuneuUULazeunoudns uanantdalamauedaviuauuimsdanisuiiuuysannisiagnis
susndUrudnarUgniiinidulagamegluiunindonlnsy wagn1smrualssinnvoaiy

Wismu,a33383LamLW'1zUQfﬂ,uLwiaﬁﬂﬁmmzauﬁ’uﬂ%mmﬁwﬁLLazU%mmﬁmummmsai

a

14aNANTLAITINITINVDNNUALALLNUNNNT IHUNRIAULAZUIAAVDILA ALY

AdAgY: Anan1nin, ANABINISLEN, WAy, Uuiaa, duiiey, Msldusslevuisu




Fe9IUNITIVERUUANY 58] UnARED

lasan15n15398dnenInuaza1ufaensidinwanIsusuIsIanIsnsnens1ag 1988y

Abstract

The Yom river basin is the main river basin in the north of Thailand with an area of
23,948.15 square kilometers and covers 11 provinces, and 11 sub-watersheds, which are
Upper Yom River Basin, Khuan River Basin, Pee River Basin, Ngao River Basin, Middle Yom
River Basin, Kam mee River Basin, Tha River Basin, Huay Mae Sin River Basin, Mae Mok
River Basin, Mae Ram Phan River Basin and Lower Yom River Basin. In recent years, this
area has long been drought, floods and debris flow problems. It has found that the land
use in this area has been highly converted from forest areas to urban and agricultural
areas. Moreover, the water imbalance where there are water resources in each sub-
watershed is insufficient to meet water demands, especially for the summer season.
Therefore, this study considered hydrological process coupled surface with groundwater
flow in term of temporal and spatial distribution, concerning with the effects of land use
changes. Consequently, the results have been used to address the sustainable water
management plan in the Yom River Basin. The objectives of this study are:

1. to determine the impacts of land use changes on flow characteristics in the
Yom  River Basin

2. to evaluate surface water and groundwater potential in term quantity and
quality in and determine water demand (both surface water and groundwater) in
the Yom River Basin in order to purpose an integrated plan to simultaneous supply of
surface water and groundwater to meet water requirements in the future

3. to apply model to describe the hydrological interaction between surface water
and  groundwater to evaluate temporal variation in water balance in the area

4. to purpose the surface water and groundwater management guideline and
formulate the master plan for sustainable water resources management in the Yom

River Basin

The results reviewed that mean annual runoff in Yom River Basin is 221.18 mm or
5647.63 MCM. According to runoff efficiency (runoff volume per unit area), we found that
sub-river basins generated the highest and lowest runoff are Khuan River Basin (439.61
mm.) and Mae Ram Phan River basins (161.92), respectively. The Yom River Basin has an
average runoff coefficient at 0.185. Sub-basins have the highest and lowest runoff
coefficients are Khuan (0.387) and Mae Sin River Basin (0.138), respectively. The water
quality of the Upper Yom River is considered good quality, classified as Type 2 of the

Thailand water quality standard, which can be properly used for aquatic organism of
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conservation and fisheries. As for the middle part of the river, the water quality is
considered satisfactory as Type 3 of the Thailand water quality standard, which can be
used for agricultural purpose. As for the Lower Yom River and Pichit River, the water
quality is considered poor as Type 4 of the Thailand water quality standard, which can
be used for industrial purpose. Water quality problem in Yom River Basin mainly occurs
in the Lower Yom River Basin and Pichit River, when passing Pho Talae (YO01), Pho Pra
thap Chang (YOO02) in Phichit and Bang ra kum (YOO04) in Phitsanulok province, which has
relatively high BOD. Moreover, total coliform has been detected at Muang Sukhotai
(YOO05) in relatively high level, caused by the discharged community wastewater along
the river. The water demand in the Yom River Basin is approximately 5,932 MCM/year.
The highest category of total water demand is agricultural use for both irrigating and
non-irrigating areas approximately 5,853.34 MCM/year. According to purposes of water
use, domestic water consumption, industrial water demand and tourism water
consumption are approximately 49.37, 28.74 and 0.55 MCM/year, respectively. The water
demand of agricultural areas in irrigating areas reveals that the total water use of 2470.02
MCM/year in the study area. The future water demand (2031) in the Yom River will
increase to 5,720 MCM/year. The future water demand of agricultural use for both
irrigating and non- irrigating areas will be 5,630 MCM/year while the future water demand
for irrigating areas will increase to 2,700 MCM/year. Moreover, in the future (2031),
domestic water consumption, industrial water demand and tourism water consumption
will increased to 53, 36 and 0.70 MCM/year, respectively. The highest water demand of
sub-basin in the basin is the Lower Yom River (71 percent) and Mae Ram Phan has the
second highest water demand in the basin (13 percent).

The land use in the upper Yom River has been substantially changed from forest
land to agricultural areas between 1981 and 2009, while in the Lower Yom River the
agricultural areas have been changed to urban areas (residential and industrial areas).
The forest land has undergone a relatively substantial change to agriculture areas about
1359.09 km’ (or 5.67%) while the forest land and agricultural areas have been changed
to urban and build-up land approximately 333.34 km” (or 2.26%). Then, land use changes
have caused a significant increase of runoff, particularly in Upper Yom River Basin, Khuan
River Basin, Huay Mae Sin River basin, Mae Mok River basin and Mae Ram Phan River

basin during 1998 - 2009.
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The potential area for groundwater development in the Yom River Basin can be
remarked here that : the total of Yom River basin is about 14.96 million rais and the
potential area for groundwater development, in terms of quality and quantity, is about
14.90 million rais. The area that groundwater yields less than 2 m’/hrs is about 9.42
million rais. They are high land and high mountainous area on the east and the west of
the study area which are on Amphoe Ngao, Lampang Province and some part of
Amphoe Pong, Phra Yao Province, Amphoe Ban Luang, Nan Province as well as the flood
plain area of Amphoe Thoen, Lampang Province and Amphoe Si Satchanalai, Amphoe
Thung Saliam, Amphoe Ban Dan Lan Hoi, Amphoe Muang Sukhothai, Amphoe Khiri Mat,
some part of Amphoe Kong Krailat, Amphoe Sri Nakhon and Amphoe Sawankhalok,
Sukhothai Province. The area that produced the groundwater yield between 2-10 m/hr
is approximately 2.30 million rais, which occupied almost all of the Phrae Basin. They are
Amphoe Pong, Amphoe Chiang Muan, Pha Yao Province, Amphoe Ban Luang, Nan
Province and most parts of Phrae Province. Moreover, it is included the area of the
southern part of the study area which are Amphoe Phran Kratai, Amphoe Sai Ngam,
KamPhraeng Phet Province and Amphoe Kong krailat, Sukhothai Province. The
groundwater yield between 10-20 m’/hr is existed in the area of 0.69 million rais of
Amphoe Bang Rakam , Phitsanulok Province and some areas of Amphoe Sam Ngam,
Amphoe Pho Prathap Chang, Phichit Province and some area of Amphoe Bueng
Samakkhi, KamPhraeng Phet Province whereas the groundwater yield more than 20
m’/hr is existed in the area of 2.49 million rais of the area of Amphoe Sawankhalok,
Amphoe Sri Samrong, Sukhothai Province, Amphoe Phrom Phiram, Amphoe Muang,
Amphoe Bang Rakam, Phitsanulok Province, Amphoe Sam Ngam, Amphoe Pho Prathap
Chang, and Amphoe Pho Thale, Phichit Province.

In terms of overall quality of the aquifer system in the Yom River Basin, it was
found out that, in general, the total dissolved solids;, TDS, were recorded within the
standard of drinking water limit, except in the area of Amphoe Ban Dan Lan Hoi,
Amphoe Muang Sukhothai, Amphoe Sawankhalok, Amphoe Sri Samrong and Amphoe
Thung Saliam, and some part of Amphoe Sri Satchanalai, Sukhothai Province and
Amphoe Song, Phrae Province which demonstrated the concentration of TDS exceeded
the standard of drinking water limit. However, it fell within the range of maximum
allowable limit. In terms of hardness of groundwater, it was higher than the standard of

drinking water limit but it still was within the range of maximum allowable limit which
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distributed in Amphoe Thung Saliam and Amphoe Ban Dan Lan Hoi, Sukhothai Province,
Amphoe Ngao, Lampang Province, Amphoe Rong Khwang, Phrae Province. However, the
high hardness concentration was found in some area of Amphoe Ngao, Lampang
Province and Amphoe Rong Wang, Phrae Province which exceeded the standard of
drinking water limit. In terms of Chloride concentration, it was found varying within the
range of standard of drinking water limit all over the Yom River Basin.

According to above results, the percentage of agricultural surface water use in
the basin is about 68.80 percent of total water demand and the other source of
agricultural water use of 31.20 percent is supplemented by groundwater resources. The
total water demand for all sectors obtains from 2 main sources: surface water (68
percent) and groundwater (32 percent).

The water balance in each sub-basin is relative different amount of water. The Lower
Yom River Basin has experienced water shortages about 2,200 MCM, the highest amount
of insufficient water availability to meet the water requirement in the basin. Most areas
in the Upper Yom River have faced floods and groundwater quality problems, particular
in non-irrigating areas.

Therefore, the water resources management plan should compose of proper non-
structural and structural measures, locally addressed specific problems for each sub-
basin, in order to supply water demand of all sectors and to sustainable surface water
and groundwater. This study purpose a plan formulated to mitigate water shortage
problems with small- and medium-scale water resources development projects in the
Upper Yom River Basin as well as with detention ponds suggested to develop especially
in the Lower Yom River Basin, with the total volume ranged from 50 — 150 MCM. Such
development projects will be recommended to satisfy the water requirement by
groundwater resources, which should not be higher than 25 and 40 percent of the
groundwater potential within the Upper and Lower Yom River Basin. In addition, the
integrated water management plans is suggested that a restoration plan by conservation
of the remaining forest and rehabilitation of the denuaded forest, as well as the runoff

and effective rainfall, which can provide in each sub-basin, are available to meet

consumption water requirement according to types of crops and their planting periods.
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Furthermore, the draft regulations and criteria for surface water and groundwater in

specific areas should be established.

Key words: water potential, water demand, surface water, groundwater, Yom River Basin,

land use changes
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