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ANNEX E, WATER USE AND RESERVOIR OPERATIONS

E.1. Water Requirement

E.1.1. Reference Crop Evapotranspiration (ETo)

Definltion ~———m-e

‘Calculation ——==~

The rate of evapotranspiration from an
extensive surface of 8 to 15 em tall,
green grass cover of uniform height,
actively growing, completely shading
the ground and not short of water, The
open water evaporation of shallow water
is about 1.1 % ETo.

(1}

(2}

E-4

Modified Penman method as
recommended by the FAO (1977),
which would offer the best results
with minimum possible error. of:
plus or minus 10 percent in summer
and up to 20 percent under low
evaporative conditions.

Haise~Jensen method, with
reference to "Estimating
Evapotrangpilration from Solar
Radiation" by Howard R, Haise and
Marvin E. Jensen, Journal of
Trrigation and Drainage Division,
ASCEV,89, N.IR4, December 1963 and
"Fmpirical Methods of Estimating
or Predicting Evapotranspiration
Using Radiation'" by M.E. Jensen,
December 1966 conference

- proceedings - Evapotranspiration

and Its role in Water Resources
management, Due to the type of
data available and accuracy
required, this empirical method
has been applied in the
Feasibility Report of Nam Mun- - ..
Project”, 1971 prepared by USBR
and "Summary of Monthly and Yearly
Hydro-MeteorologicalData in the
Thail Part of the Lower Mekong
Basin", 1975 prepared by Committee
for Coordination of Investigations
of the Lower Mekong Basin.



Reference ({rop FEvapotranspiration.

(Unit: mm)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total

118 123 164 159 140 126 124 115 102 121 117 115 1,524

Nakhon Ratchashima (1961~1969) in Nam Mun Project, Feasibility Study

Haise— 137 148 188 197 193 176 173 167 151 159 139 131 1,959

Jensen _
Blaney- 147 145 176 180 189 188 187 181 168 164 148 145 2,018

Criddle _
Class "A" 152 158 196 197 174 178 171 165 136 140 135 142 1,944

Pan

Nakhon Ratchashima (197041979) 1n Lower Mun Basin, Feasibility Study

Modified 115 123 156 155 140 125 126 115 100 118 113 113 1,499

Penman.

Class "A'" Pan Evaporation by Meteorological Department
Nakhon Ratchashima (EL 189m) -
-(1962"80)'146 152 193 194 183 173 169 160 132 137 135 141 1,916

Nang Rong (EL 185m) |
(1970-82) 123 128 159 161 154 138 134 124 114 116 110 117 1,578

E-5



E.1.2, Crop Evapotranspiratioﬁ (ETcrop)

To account for the effect of the crop characterisﬁics on crop
water reqpirements, crop ¢coefficients (Ke) are presented. Grop

evapatranspiration (ETcrop) can be found by:
ETerop = ¥Xc x XTo

The Kc vélue1relate§ to evapotranspiration of a diéease¥freé crop
grown in large flelds under optimum soil water and fertility
conditions and_aéhieving full production potential under thé given
growing environment. Procedures for selection of an appropfiate"Kc
values are given taking into account the crop characteristics, time
" of planting or sowing, and stages of crop development and general

climatic condltions.

"Crop Water Requirements", FAD Paper No.24, 1977 gives the Ke
value for paddy rice for different geographical locations and

seasons:

First & Second Mid- Last

~-Humid Asia- Planting Harvest Month season 4 weeks

Wet season (monsoon) Jun to  Nov-

o _ Jul. Dec.
Light to mod. wind 1.1 1.05 0.95
Strong wind 1.15 1.1 1.0
QEI_season«*
Light to mod. wind 1.1 1.25 1.0
Strong wind 1.15 1.35 1.05

/* ... When the minimum relative humidity is more than 70
percent, the Kc values for wet season should be used.

-6



For the fileld and vegetable crops, the K¢ values are given in each of

four stages dufing the crop growing season at different climatic

conditions:

(1) Initiai stage —-=—- germinatipn:énd early grpwth.ﬁhén_the_
soil surface is not or is hardly covered bylthe
crop (ground cover 10%). For'this,-a.gfaph
prepared for’ralétion among the level of ETo, the
frequency of irrigation and/or significant rain

in terms of day and the Kc value.

(2) Crop development stage ---- from end of initial stage to
attainment of effective full groundcover

(groundcover = 70 to 80%). -

(3) Mid-season étage ——~~ from attainment of effective full
groundcover to time of start of maturing as

indicated by discolouring of leaves.

(4) Late season stage —-—-—- from end of mid-season stage until

full maturity or harvest.

Min. Relative Humidity 707 20%
Wind (m/sec) 0 -5 ~5 <8 0 ~5 - 5 -~ 8
811 field Crog:stagé .
crops Initial: 1 Use the graph,
' Crop dev.: 2 By interpolation.
Beans . Mid-season: 3 0.95 0.95 1.0 - 1.05
{green) - At harvest or R :
: maturity: 4 ' 0.85 - 0.85 .9 0.9
Groundnuts | 3 0.95 1.0 11.05 1.1
4 0.55 0,55 0.6 0.6
‘Soybeans 3 1.0 1.05 1.1 1.15
- S ' 4 0.45 0.45 0.45 0.45
Tomato ' 3 1,05 1.1 1.2 125
B 4 © 0.6 0.6 0.65 0.65

E-7



The FAD data as introduced above have been used in the

Feasibility Study on Development of the Lower Mun Basin prepéred by
NEDECO for NEA in 1982,

On the other hand, the K¢ values for representative crops have
been examined in more detail in the World Bank-assisted Northeast
Thailand Irrigatlon lmprovement Project, Stage IT Feasibillty Study
as prepared by Tahal Consulting Engineers in 1976,

Percent of Growing Season

O 10 20 30 40 50 60 70 80 90 100

Paddy rice 0.85 0.87 0.95 1.06 1.15 1.20 1.19 1,15 1.10 1.03 0.90

Maize  0.20 0.30 0.40 0,57 0.90 1,02 1.06 1.06 0.9 0.60 0.50
Groundnuts, '

Tobacco & . . :
 Mungbeans 0.15 0.25 0.40 0.55 0.66 0,70 0.77 0.77 0.70 0.55 0.35
Tomatoas . 0.20 0.20 0;25 0.35 0.56 0.74 0.82 0,72 0.48 (.35 0.20

E.1.3. Deep Percolation for Paddy Rice

The cufrent deep percolation rate in the Study area for wet
season padd? would be neglible small under imperfectly to poofly
drained'conditions and partly because a ;ather impermeable horizontal
layer in the soil isldéveloped'as a result of land preparation
practices. When equipped with a drainage system with the Project,
deep percoiation would be promdted to a certain extent, It is
assumed at 2.0 mm per day which has been taken as a standard value in
tﬁe Noftheast‘Thai region under the RID's Medium Scale Irrigatiop

Project.

E-8



E.l1.4, Effective Rainfall

Not all df the local rainfall covering the ptoposed.irrigation
service area is effective. The amount of rainfall that can be
consldered effective would depend upon many factors such as (1)
intensity and distribution of rainfall, (2) storage avallable at ‘the
time rain falls, (3) water requirements, (4) irrigation method, (53
topography and related drainage characteristics, (6) operation of the

irrigation systems and others.

(1 .As'a mattérlof fact, there would have been no.established theory
for the.computation of effective rainfall. A model which simulates
the inflow into and outflow from the paddy field or.groﬁhdwater body
has been developed in "Summary bf'Monfhiy and Yearly Hydro-
Meteorological Data in the.Thai Part of the Lower Mekong Basin" as
prepared by Commlttee for Coordlnation of Investigations of the Lower
Mekong Basin, 1975. " guch simulation model can only approximate the
‘effective rainfall. THe field water balance equation as used in ‘this

Study is Introduced below:
= WYDn-1 + Rn'— WRn

Whefe, WDn = field water level at the end of the day n (mm)
Whn-1= field water Ievel at the end of the previous day

Cn=1(mm).
Rn = rainfall on the-day n {mm) .
WRn = total field water requlremcnt on the day n (mm)

= ETerop ¥+ N+ LP + P
ETcrop crop evapotranspiratlon (mm)

N = nursery water requirement (mm)
r = land- preparatlon water requirement (wm)
P = deep percolation {mm)

E-9



(2)

" Before arriving at the water balance model which is run

~ day-after-day to account for the carry-over effect, several important

factors should be introduced:

(a)

- The water depth in the field 1s treated in an algebraic

- manner; viz. positive above the ground surface and negative

below.

‘For the case of paddy field, there is water stored on the ground

surface depending upon the height of bund. Fach bund usually
hag a notch which allows water to flow from one field to

another, Taking into account the paddy cultivation practices

prevailing in the Northeast Thai, the following assumptions have

been introduced:

Maximum Water Level + 135 mm ° The water depth is not
{(Wbmax) allowed to rise above
135 mm. ©Eventual excess
water is-assumed to be
drained,
Normal Water Level + 90 mm °® As soon as the water
(WDnor) depth falls below 45 mm,
an irrigation application
: of 45 mm or more is
Minimum Water Level + 45 mm made to maintain the
{(WDmin) normal water depth of
: 90 mm,
Ground Surface ' 0 mm

Tﬁe sfanding wafer in the paddy field is completely drained out
15 days before harveéting. The theoretical minimum limit of
Water:depth coincides with the wilting point. For practical
aﬁpliéation, it 15 set to be the water holding capacity (WHC) of

the soil by using the following equation:

WHC = FC x B x D

where, FC = field capacity (%) = 30%
' B = bulk ratio of seil = 1.65
D = depth of crop root zone = 250 mm

E-10



(a)

Since the roots of a crop are not uniformly distributed

‘throughout this zone, a constant factor denoted by AVE ( 0.5)

1s introduced so that the equivalent uniform:’ root zone may be

written as AVE x D, Thus, the above equation becomes:

UWHC = FC x B x AVE x D
= 0,3 x 1.65 x 0.5 x 250 = 60 mm for paddy.

 Maximum Water level = Ground Surface (WDmax) .= 0 mm

Normal Water Level (WD nor). ~15 mm

Minimum Water Level = WHC (WD min) - 60 mm .

° The water depth on the ground surface is not allowed.

Eventual excess water is assumed to be drained out,

° As soon as the water depth falls below =60 mm, an

irrigation application of 45 mm or more is made to maintain

the noreml water level of -15 mm,
° Deep percolation may be neglected.

For the upland crops, the consideratlon 51milar with the

conditions of paddy rice’ after the standing water on the fleld

_is completely drained out 15 days before harvescing could be

made, The water holding capacity (NHC) for upland crops at a

particu]ar location and a different growth stage would depend

'upon the depth of crop root zone.. The values of WHC for.

dlfferent upland crops are introduced in "Assessment of Rainfed

Irrigatlon in Northeast Thailand" presented by AIT in October

:}981, v1z. 115 mm for sweel corn, 80 mm for groundnuts, 113 mm
‘for sorghnm and 111 mm for mungbeans and soybeans It would be
'considered however, that these WHC Values are too: ‘large because

"the_depth of such crop zone 1s calculated at 330 to 475 mm.



It would be assumed that the depth of upland crop zone is 250 mm
on an average among vavious crops and during the growth stage,
and the WHC value is 60 mm with ¥C (0.30), B(1.6) and AVE (0.5).

For the upland crops, there should not be the ponded water on

the ground surface,

Maximum Water Level = Ground Surface (Whmax) O mm

Normal Water Level (Wbnor) . -15 mm

Minihum Water Level = WHC {(Whmin) . ~-60 mm

An irrigation application of 45 mm or more is made to keep
the normal water level at -15 mm, as soon as the water
depth falls below —60 mm.

The water depth on the ground surface is not allowed.

Eventual excess water is assumed to be drained out.
Deep percolation may be neglected.

(3) The watef balance analysis to estimate the effective rainfall

can be carried out in the following manner:

~  When the field water level at the end of the day n is
higher than the maximum water level (WDmax), the effective

rainfall for the day n (Rn) is taken:

= WDmax + WRn - WDn-1 and

WD 1is corrected to WDmax.

- When the tentatively comﬁuted WDn is smaller than, or equal
tb-WDmax, the effective rainfall for the day n is taken
équél'to Rn and WDn is taken equal to the tentatively
VComputed WDn unlesé the tentatively computed WDn is smaller
than WDmin in which case WDn is set equal to WDnor with

irrigation application.
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E.1.5. Land Preparation

Seedbed

' Lﬂnd Pl‘e )al‘at'. T Sowin -_",-‘ i, b —‘_.'.' PO - ..
! ron & Uprooting — S , ’;39 20 -

20 _ Main Field

Land Soaking -
1st Plowing

2nd Plowing =~

(1) Seedbed for Paddy Rice

The seedbed would be prepared 35 days before the transplantlng

to the main field., The seedbed water demand includes those of
soaking for shallow plow1ng and hatrowing, malntaining a water depth
of about 50 mm during most of the period, applying this again after
each drainage to encourage, ‘the growth of vigorous seedllngq and
supplylng the evapotranspiratlon and deep percolation losses. It is
assumed that about 600 mm of water is required during the total

period covering about 5 percent of the transplanted main field.

Total seedbed demand excluding the losses of water conveyance

and abplication would be as follows:

dB cu.m per day x 35 days 600 mm x 5% x 4 ha
=0, 001 A

_ﬁhéfé; dB = Séédbed‘dgmand:in cu.m per day.

E-13
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Under the above conditions, the net seedbed demand in cu.m per day
would be numerically equal to the transplanted area in 1,000 sq.m,
giv1ng:the_seedbed demand o{ approx. 1 mm per day taken over the
whole transplanted main fleld. In view of the relatively small
quantities involved and the approximate nature of the other
assumpﬁions in estimating fhe land pfeparation demand, this

calculation method would be practically justifiable.
(2) Main Field

Water supplied during the land boak{ng and preparatlon period is
used to saturate new field and to maintain the water layer in the
already saturated area. The transplanting would begin about 20 days
" after the start of land ooaking and progress at a constant rate,
Because of this overlapping demand, a water conveyance program for
constant land ﬁreparétion progress in any area would show a minimum
flow in the beginning to a maximum that would be beyond the canal |
capacity for that area.

Van de.Godril and Zijlstrali, Wenig, C‘n:mi3 and others have
~ suggested a constant rate of water delivery for this period even
thoﬁgh'it results in a variable rate and speeding up of land

| preparation progress in the beginning of the period.’

/1 ... Van de goor, G.A.W. and A Zijlstra, "International Land
‘Reclamation Improvement (Wageningen, the
Netherlands)}", Pub. No. 14, 1968,

/2 ... L.J. Wen, "The Journal of Chinese Agricultural Engineering

- Vol. 18, No.l, 1972.

/3 ... L.T. Chin, "Water Management in Philippines Irrigation

B ' Systems: Research and Operatioms", IRRIL, 1973.
The following equations have been developed by Goor and
Zijlstra:

1= M s (1)
MT
1 - e g

t T XN e 2)

7~ 7 108 (777 Y I-M

A

L (3)
T -M



Where: - ..
I ... Supply required during land preparation perlod
' expressed :in mm per day over the total area.
A" to be irrigated.
t ... Time in days taken from the start of the 1and
soaking: and preparation period.
M ... Supply required for maintaining the water layer
after land preparatlou is completed (in mm per
day). . .
... Land preparation area completed in time "t"
. Water required for soil saturation in ‘mm,
... Duration of land preparation period in days.

=W

Multiplying Equation (1) by the area "A" and adding the cofiveyance

and application efficiency "Ef", Equation (1) becowes:

AM
Ef.(l - e

~MT
s )

Where:

Q ... Canal capacity in cu.m per day.

°  "M": Ponding replenishment demand
g p

A 40 to160 mm water layer should be képt contihuously over
the newly plowed soil (1) to induce detomposition of stubble?_
‘weeds and other organic.matters, (2) to prevent the weed gr0ﬁth,

::(3) to prevent the oxidation of ammonia into nitrogen gas, (4)
to make plowing and harrowing prior to transplanting and (5) to

maintain ‘the newly'tranSplanted seedlings.

_';Thellbssés:due to open water'eﬁapbrationséf shallow water
~and deep_pefédlatiOn.would be taken into account.. When part‘of
the area under conéideration.is already transplaﬁted, the water
demand for that part would‘be'calculated according to the crop

7'_evapotran§piration of newly transplatend éeedlings.
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"T": Length of land preparation period

 The land preparation period in an area of paddy fields is
.from the first flooding to the final harrowing and puddling of
the last day just prior to traﬁsplanting. In practice, én
average time would be usually three weeks. The following three

aspects would be taken into account:

- An average farmer with one buffalo can plow his averégé
" holding of 15 rai (2.4 ha) in 7 to 14 days gilven a land
. preparation period for the whole farm holding of 28 to 35
days. It is not usual for an indiﬁidual farmer to extend
“the ﬁransplanting time eveﬁ longer taking into account a

logical time in harvesting.

- It cannot be.expected thé;.all the farmers in a project as
a wholé.will start and finish the land preparation at the
same_fime, bécause of various sizes of plots,.
non-uniformity in water deliveries, availaﬁility of seed
énd implementé, several modes of preparedness and other

soclal factors.
"Operation and Maintenance Manual, Northeast Thailand
Irrigation Improvement Project', October 1979 explains the

following:

Approx. Size of an Irrigation Block Total Land Preparation Period

(ha) (day).
100 - 250 - 35
250 - 1,000 42
1,000 - 2,000 | 49

This would be in agreement with the present practices and
customs observed in the fields. Lower values would give

larger discharges than required and then waste if these are

not'realistic.



- When the total water demand during this perilod-is found to
be greater.than the canal capacity, then lengthening of the
land pfeparation'period to a value larger should be
considered. Attention should be paid not to lengfhen the
period too long that would not allow full growth Or proper

ripening of the ¢rop before harvest.

© "g":; Yater Required for Soil Saturation

The water émount needed to saturate the soil in order to

_facilitate the plowing and harrowing would depend upon the
$0il characteristics, its'moisture content at the time of
land preparation and the depth to be saturated. This can

be calculated from the following formula:

S={(n-wD-+H

where: 7
§ ... Soil saturation demand in mm.
n ... Porosity of soil as a fraction of the volume,
w ... Soil moisture content as a fraction of the
volume.

D ... Depth of soil to be saturated in mm,
150 to 300 mm depending upon soil charac-
teristics, crop variety and local plows,
implements and practices.

h ... Depth of pondiﬁg water in mm,
40 to 60 mm.for transplanted rice, while

no ponding water for field crops.

In practicé,';é5 am of S for the transplantéd paddy and 80

mm for the field crops would be assumed.
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E.1.6., Water Losses

The water losses encountered in the operation of irrigation

systems are (1) farm waste, (2) tertiary or farm ditch losses and (3)

maln and lateral losses:

- Tield applicatioﬁ efficlency (Ea)
Ratio between water directly available to the crop and that

received at the field inlet.

Farm waste —---~ quantity of water lost in the farm due to seepage
and leakages in the paddy dikes, uvneven levelling of paddy
leading to:excess ponding.in low spots and demand
oﬁer—application of the irrigation water to cover sufficiently
‘the high. spots, unscheduled drainage and spillage In the case
of upland crop cultivation on the paddy field, low application
efficiency would occur when the water rate applied exceeds the
infiltration rate and excess is lost by runoff; when the water
depth applied exceeds the storage capacity of the root zone,
‘excess is lost by deep drainage. With surface irrigation, field
layout'aﬁd land grading is most essential; uneven distribution
of water causes'drainage losses in one part and possibly
under-irrigatin in other part of the fileld resulting in very
flow éfficiency. Ea may vary during the growing season usually

with the highest efficiency'during peak demand perilocd.
-~ Field canal efficiency (Eb)

Ratio between water received at tertiary inlet and that received

at the inlet of the block of fields.
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Tertiary and farm ditch losses —-- quantlty of water lost due to
seepages and leakageb in the ditches and through illegal water
take-offs by the farmers. Eb may be affected primarily by the
method and control of operation, the soil type in respect of
seepage lossee, length of ditches, size of the irrigation

service unit and field blocks.

~ Conveyance efficiency (Ec)

Ratio between water received at turnout to the tertiary canals

and that released at the Project headworks,

Main. and lateral losses —-- quantity of water lost due to
seepages and evaporation during conveyance. and through breaks in
lining, jllegal diversions and 1eakages through gates.
Operation losses would occur when water supply is not attuned to
the demand, partly depending upon the sklll of the operatlon
personnel. Adjustment of the water supply in rather long canal
systems would take several hours, during Wﬁich'much'water nay
have.to be spilled Opetaticn'efficiency also accounte for

" unavoidable 1osses durlng the wet season when a qulck adjustment
of the water supply to local rainfall would not often be
possible.' A consideration would be involved in the proposed
Project on maximum utilization of existing large pohds:and'SSIP
reservoirs Whicﬁ are located within the irrigation'systems and
are connected_fe main and lateral canals in order to absorb the

operation losses,

.Ccnveyance efficiénc§'(Ec) and field canal efficiency (Eb) are
sometimes-combined as distribution efficlency (Ed'" Ec.Eb); field

© canal eff1c1ency (Eb) and fleld application efficiency (Ea) are

combined_as farm efficiency (Ef Eb. Ea) _ The distrlbutlon
.'efficieﬁcy (Eﬁ) would be shown to be particulariy sensitive to
quantity of technical as Well as organizational cperation procedures.
The farm efficiency (Ef} would be much dictated by the operation of
_the main supply system in meeting the actual field supp]y

,requirements as well as by the irrigation skill of the farmers,
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In the planning stage, efficiency values for the various stages
of water distribution and application are estimated on the basis of
experience., When estimated too high, water deficlenoies would occur
and either selective irrigation and/or improvement in. operational and
technicl control would be required When estimated too low, the
irrlgation area is reduced, and the system i{s therefore over-designed
and probably wasteful.irrigation 1s practised. For the proposed
Prbjedt after full development in the case of well designed, built
and operated system for some years, the following efficiencies waﬁld
be applicable in reference to Bos M.G. and Nugteren J. "On Trrigation
Efficiencies", publication 19, International Institute for Lanﬂ
Reclamation and Improvement, 1974 which are based maiﬁly upon a

recent comprehensive ICID/ILRI survey and USDA and US (SCS) sources:

Field application efficiency (Ea):
Paddy cultivation ......... 85%
Upland crop cultivation.... 85% in the case of furrow
method and much higher by
hand.

Field canal efficiency (Eb).......... 85%

Conveyance efficiency (Ec):

Tined canal,...vveivinansn. 85%
Unlined canal..... e .. 70%

The main canal and about a half of the laterals
passing through permeable soils are concrete
lined: 80%

Overall efficiencies (Ea.Eb.Ec):
‘Paddy cultivation.......... 0.58%
Upland crop cultivation.... 0.58%

E.1.7. Other Water Requirements

Village pond for fisheries and domestic water supply as well as

with a function of a night storage reservoir.

3-20



It 1s.envissged_thst in the wet season, the paddy crop would
occupy 100 percent of the.net irrigable area and the irrigation water
would be supplied 24 hours a day. Apart from adjustments in supply
to account for rainfall on the Prsject service area, -the system
operations would not be complicated. In the dry season, part .of . the
area so—calied.a-special service unit in each of mubans would be
planted with upland crops ﬁhich should preferably be ifrigsted in the
daytime only. Conaequently, there wouid be a difference.between the
daytime and night~tine irrigation supply which depends upon the water
vequirements and the area planted with each crop. Since a constant

flow a day in the main and lateral canals is.a prerequisite for

efficient management, a night storage reservolr is required.

- & concept of a v1llage pond is a possible magnificatlon of the
night storage reservoir for multjple use of the village fisheries and
domestic water suPply. Total water requirements for this village
pdnds as a whole would_be'usually only a small fraction of irfigation
requiréménfs and fall within the accuracy limits of the calculations

of irrigation requirements.
Per capita water demand is given as follows:

Ltem - Requirement per day Supply Period

I. Domestic Use _ o o
-~ For Drinking 5 1. per capita/l Dec. to 20th May
- For Other Use 40 1. per capita/l

2, Livestock
— For Drinking - o .
Buffalo: = . 50 1. per capita/l Dec. to 20th May

Cattle 57 1. per capita/l
- Bathing of Buffalo -~ . 8 mm,of evaporation

(3m bathing pond/three head)

.3._Fish.quturé ' ' Evaporation and other Throughout
' - waer loss’ - - the year

.Water demand of the muban water supply is shown in Table E~1-1.
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E.1.8. Malntenance Work

The cropping calendar takes the
account. Large maintenance work can
June. Small maintenance 1s possible

rice 1s belng harvested,.
In the irrigation service units

not introduced, all maintenance work

. season,
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Pable E-1-1. Plan of Water Supply (1)

Sub-System : Direct Diversion from Lam Plai Mat Dam (Unit 1000 m3)
Drinking =~ Water Supply for Water Supply for Total Net
Period Water Buffale Cattle Fish Breeding Water Supply
apr. 1% 7.3 1.2 0.2 5.5 14.2
2 29,2 4,9 0.6 - 17.9 52.6
3 - : - ’ - - . . -
May 1 - - - - =
3 - - - 3.8 3.8
Jun. 1 - - - 3.3 3.3
2 - - - 3.3_ 3.3
3 ~ - - 3.3 3.3
Jul., 1 - - - 3.1 3.1
2 - - - 3.1 3.1
3 - - - 3.5 3.5 .
aug. 1 - - - 3.0 3.0
2 - - - 3.0 3.0
3 - - - 3.3 3.3
_ Sep. 1 - - - 2.8 2.8
' 2 - - - 2.8 2.8
3 - - - 2.8 2.8
oct. 1 - - - 3.1 3.1
2 - - - 3.1 3.1
3 - - - 3.4 3.4
Nov., 1 - - - 5.5 5,5
2 - - - 5.5 5.5
3 - - - 5.5 5.5
pec.. 1 7.3 1.3 0.2 6.8 15.5
2 7.3 1.3 0.2 6.8 15.5
3 8.0 1.4 0.2 7.5 17.1
Jan. 1 7.3 1.3 0.2 7.0 15.7
2 7.3 1.3 0.2 7.0 15.7
3 8.0 1.4 0.2 7.7 17.3
Feb. 1 7.3 . 1.3 0.2 7.3 16.0
L2 7.3 1.3 0.2 7.3 16.0
3 5.8 1.0 0.2 5.8 12.8
Mar. 1 ~7.3 1.3 0.2 6.9 15.6
2 7.3 1.3 0.2 6.9 15.6
3 8.0 1.4 0.2 7.6 17.2

/l':i,_z;'3 : " Farly, Middle and End of each month.
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Table E-1-1. Plan of Water Supply (2)

Sub-System : Pa Khaw Diversion Dam Weir (Unit 1000 m)
- brinking — Water Supply for Water Swply for  Total Net
Period Water Buffalo Cattle Fish Breeding Water Supply
/1 .
Apr. 1/ 18.1 6.0 1.1 12.1 37.3
2 72.4 23,7 4,3 39.6 139.9
3 - = - - —
May 1 - - - - 3
2 - - - - w
3 - - - 8.5 8.5
Jun. l - - - 7.4 7.4
z - - - 7.4 7.4
3 - - - 7.4 7.4
Jul. 1 i - - 5.9 6.9
2 - - - 6.9 6.9
3 - - - 7.6 7.6
_ aug, 1 - . - - 6.6 6.6
2 - -~ - 6.6 6.6
3 - - - 7.3 7.3
Sep. 1 - - - 6.3 6.3
2 - - - 6.3 6.3
3 - - - 6.3 6.3
Oct.-l - - - 6.8 6.8
2 - - - 6.8 6.8
3 - - - 7.5 7.5
Nov. 1 - - - 12.2 12.2
2 - - - 12.2 12,2
3 - _ - - 12.2 12.2
Dec. 1 18.1 6.1 1.1 15.1 40.3
-2 18.1 6.1 1.1 15.1 40.3
3 19,9 6.7 1.2 16.6 40.3
Jan. 1 18.1 6.1 1.1 15.5 40.8
2 18.1 6.1 1.1 15.5 40.8
3 19.9 6.7 1.2 17.0 40.8
Feb. 1 18.1 6.1 1.1 16.1 41.4
2 18.1 6.1 1.1 16,1 41.4
3 14.5 4.9 0.9 12.9 33.1
Mar. 1 18.1 6.1 1.1 15,3 40.6
2 18.1 6.1 1.1 15.3 40.6
3 19,9 6.7 1.2 16.8 44.6

/1 1, 2, 3 : Early, Middle and End of each month.
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fable E-1-1.Plan of Water Supply (3)

Sub-fiystem : Nong Lum Puk - {tmit 1000 m7)
Drinking Water Supply for Water Su?ply for 'Total Net
rariod Water Buffalo Cattle Fish Breeding Water Supply
Al -
Apr. L 2.8 0.2 0.1 1.7 4.6
' 2 10.3 0.8 0.3 5.7 17.1
3 - - - ' -
May l. - - - - -
2 —_ - — . -
3 - - - 1.2 1.2
Jun, 1 - - - 1.1 1.1
2 - - - 1.1 1.1
k] - - - 1.1 1.1
Jul. 1 - - - 1.6 1.0
2 - - - 1.0 1.0
3 - - - 1.1 1.1
aug. 1 - - - 1.0 1.0
2 - - - 1.0 i.0
3 - - - 1.0 1.0
Sep. 1 - - - 0.9 0.9
2 - - - 0.9 0.9
3 - - - 0.9 0.9
Qct. 1 - - - 1.0 1.0
2 - - - 1.0 1.1
3 - - - 1.1 1.1
Nov. } - - - 1.7 1.7
2 - - - 1.7 1.7
-3 - - - 1.7 1.7
Dec. 1 2.6 0.2 0.1 2.2 2.2
2 2.6 0.2 0.1 2.2 2.2
3 2.8 0.2 0.1 2.4 2.4
Jan. 1 2.6 0.2 0.1 2.2 2.2
2 2.6 0.2 0.1 2.2 2.2
3 2.8 0.2 0.1 2.4 2.4
Feb. 1 2.6 T 0.2 0.1 2.3 2.3
2 2.6 0.2 0.1 2.3 2.3
3 2.1 0.2 0.1 1.8 1.8
Mar.il. 2.6 0.2 0.1 2.2 2.2
2 2.6 0.2 0.1 2.2 2.2
3 2.8 0.2 0.1 2.4 2.4

/1 ';1',:_ 2, 3.: Early, Middle and End of each month.
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Table E-1-1,

Plan of Water SQBEthiEL

[-26

Sub-System : Huai Phlu (Unit 1000 m3)
. Drinking Water Supply for Water Supply for Total Nét
Period Water Buffalo Cattle _Fish Breeding Water Supply
' 1
Apr. ]:,‘{__ 2.8 0.8 0.1 2.4 6.0
2 11.0 3.0 0.3 7.7 22.0
3 - - 3
May 1 - - - - _
2 - - ha —
3 - - 1.6 1.6
Jun. 1 - - 1.4 1.4
2 - = 1.4 1.4
3 - - 1.4 1.4
Jul. 1 - - 1.3 1:3
2 - - 1.3 1.3
? - - 1.5 1.5
Aug. 1 - - 1.3 1.3
2 - - 1.3 1.3
3 - - 1.4 1.4
sep. 1 - - 1.2 1.2
2 - - 1.2 1.2
3 - - 1.2 1.2
Oct. 1 - - 1.3 1.3
2 - - 1.3 1.3
3 - - 1.4 1.4
Nov. 1 - - 2.4 2.4
2 - - 2.4 2.4
3 - - 2.4 2.4
Dec. 1 2.8 0.8 0.1 2.9 2.9
2 2.8 0.8 0.1 2.9 2.9
3 3.0 6.8 0.1 _3.2 3.2
“Jan. 1 2.8 0.8 - 0.1 2.9 2.9
2 2.8 0.8 0.1 2.9 2.9
3 3.0 0.8 0.1 3.2 3.2
Feb. 1 2.8 - 0.8 0.1 2.9 2.9
2 2.8 0.8 0.1 2.9 2.9
3 2:2 0.6 0.1 2.3 2.3
Mar. 1 2.8 0.8 0.1 3.4 3.4
-2 2.8 0.8 0.1 3.4 3.4 .
3 3.0 0.9 0.1 3.8 3.8
/11,2, 3 Zarly, Middle and End of cach month.



E.2. Water Operations Study

E.E.L‘Basic Conditions

Simolation of the irrigation water balances and operations has
been undertaken by using the information on.the damsite hydrology and
irrigation watey requirement in ctrder to ildentify an optimal size of
the reservelr and irrigable area for each Sub~Project, under the

following conditions:

{1} Reservoir H-V and H-A Relations:
- see Figures E-2-1, E-2-2, and E-2-3,
- low water level of the reservoir has been given taking

into account the sediment storage for 100 years.

(2) 1Irrigable Area:
- The net irrigable area of existing paddy field with the
Project is assumed at 90 percent of the gross area

planimetered as described previously.

- In principle, the existing paddy field which would be
irrigable through the gravity canals from the dam and/ox
diversion dam(s) has been incorporated in the proposed

projécts.
(3) Lowflow Availability at Diversion Dams:

- For the Sub~Project of Lam Plai Mat, an irrigation scheme
with a diversioﬁ.dam has been introduced taking into
account (1) the removal of disédﬁaﬁtage due to
‘extraordinary extension of the main/feeder canal directly
from the-da@ as well és (2) tﬁe effective usé of runoff
from thg dowﬁstream.dfainage'basin”in addition to the

damsite runoff.



(4)

- As:is shown in Section 3-2, the ten-days runoff from the
downstream drainage basin has been taken at 70 percent of

the damsite runoff,

- In addition, 90 percent of the ten-days runoff has been

considered to be possibly diverted into the wain canal when
the canal has enough conveyance capacity; takiﬁg into
consideration (1) daily fluctuation of the average ten—days
runoff at M82 as wgll as (2)‘possible water diversion

efficiency at the diversion dam and intake facilities.

Reservoir Losses

Due to creation_of'the reservoir, the runoff from reservolr area
would change, Without the reservelr, a part of rainfall would
replenish groundwater storage especially in the wet season and

another part would evépo—transpire through the vegetation or

_evaporate on the surface; thus, the balance would be the runoff.

Once the reservoir is constfucted, all rainfall would be
converted into runoff, but water would evaporaté from the
reservoir surface. The "E-ET" as given below neglects
variations in groundwater storage. It is clear that thié
estimation method could give only rough approximations of the

increase in losses after construction of the reservoir.
(a) Evaporation Losses (EL)
- Losses without Reservoir:

Actual evapotranspiration (E) would be equal to ETP or

R, whichever is small.

ETP: Potential evapotranspiration for natural vegeta-
tion, generally taken at about 70 percent of the
crop reference evapotranspiration (ETo) by the
Modified Penman method.

R: Average rainfall.
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- Losses with Reservolr:

Open water evaporation (E) would be conservatively
" taken at 110 percent of ETo.

- Evaporation Losses (El} = E - ET

(b) Percolation and Leakages Losses {PL) --- Assumed at
15 mm/month or 0.5 mm/day.

{¢) Total Losses: EL + PL

Reservolr losses are given on monthly basis in the Prelilminary

Study and are compiled in Tables E-2-1 to E-2-2.
{3) Initial Conditions of Reservoir Capacity

There wbuld be a problem with respect to an initial reservolr
capacity for 30-year water operations, In.thiS'StUdy, the first
calculation for 30 years has been made based upon the conditions that
the initial storage is full of water, thén'the:second calcﬁiation for
30—yeaf'water operations has been carried out with the initial
condition that is equivalent to the storage at the end of March 1982
as obtained in the first calculation. The water operations explain

the results of ﬁhe above-mentioned second calculation,
(6) Period of Water Balance and Operation

‘These water balance and operation simulation have been carried

out for 30 years from 1952_to 1981 on ten-days basis,
. E.2.2. Water Balance Study

The resérvoir.waﬁer baléﬁce study has been carried out to
'examine an”oﬁtimuﬁ:siées of the proposed reservoir and relatéd
_irrigation area taklng into calculation the reservolr inflow and 100
ﬁpercent of the dowustream water demand together with such relevant
¥factors as various ‘water losses and’ additional water availablllty in

4its downstream.
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Several alternative study on the basis of various combination of
reservoir capaclty and service area has been examined, however,
optimum both size could not be found out in the achievement which
have index of B per ¢ ratlp (benefit producing by irrigation for the
service area per direct construction cost), then optimum size of the
proposed reservolr has been fixed taking the following ltems into

consideration:

i) water shortage occurrence in three to five years is

permitted.

ii) to store water resource effectiveiy, effective capacity is
deemed to be 1.2 to 1.3 times as much as annual average

inflow at the damsites.

Based on the.above conditions, case studies having variable of
irrigation area and index of C per A ratio (direct construction cost
per average irrigated area) have been made as shown in Table E-2-3
and selected combination of both =zizes of each sub-project is shown

brief as follwos:

Effective Storage Irrigation Area
(MCM) {ha)
Lam Piai Mat 90.0 9,000
Nong Lum Puk 4,0 350
Huai Phlu 6.0 700

Moreover, attention should be paid to the conditions of the

exlsting paddy field and topography and finally, the sizes of the

proposed reéervoir and related irrigation area are declded as

follows:
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Effective Storage Irrigatioﬁ Area

ae) (ha)
Lam Plai Mat 190.0 9,100
Nong Lum Puk 4.0 B 300
Huai Phlu 6.0 .. 100

Computed water balances of case studies and decided case as

shown in Table E»de.

This study has revealed that the optimum reseryoir.caﬁacity
would have the water shortage to a considereblevextent in the Lower
Northeast basins. This water shortage meens that a portion of 100
percent of the downstream water demand could not be delivered during
the course of stored water releese due to lack of water Iin the

reservoir,
E.Z2.3. Water Operation Study

Actual water releese from the reservoir should'Be made in.such
manner not to be in short supply for the downstream water demand
scheduled in advance, In order to achieve thlS obJective, the
downstream weter demand should be reduced to a suitable extent in
accordance with the residual reservoir capacity after:thellast season
and the predicted rainfall during the next season. A deteiled etudy
has identifjed that three would be no method and procedure to
estimate the rainfall during the next wet season on the basis of any
record JUSt before, hence, it has been viewed ‘that the water
_operations rule for reservoir should be given on the basis of

residual water storage after the last season.
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Attention should be made to proper distribution of the schedule
irrigable area after reduction of the irrigation service area when it

15 in the poor situation of reservoir water. Appropriate procedures
should be 1ntroducéd in a simple node to apply a yearly rotational
irrigation scheduling on the basis of the given zones in case of the
.Lam Plai Mat suhprﬂject and of some groups of service units in the

subprojects of Wong Lum Puk and Huai Phlu.

The water 6perations concluded are shown in Table E—2~5.
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Table E-2-1

Table E-2-1

" Reservoir Losses - Lam Plal Mat & Nong Lum Puk

{Unit: mm)

© change.

Evaporation Losses Total
S Losses w/ Losses
Losses w/0 Reservoir Reservoir
Potential
Evapo- .
Month Transpira- Actual Cpen Percola-
tion for REvapo-. Water & tion and
Natural Trans—  Evapora- Laakage
Vegetation Rainfall .piration tion E-ET Losses
v 2/ 3/ 4/ o/ 5/
(TP) (R) (ET) (E) (BL) (PL) EL + PL
Apr. 111 82 82 175 93 15 108
May 98 153 98- 154 56 _15 71
Jun. 88 103 88 139 51 15 66
Jul. 87 121 87 136 49 15 64
Aug. 81 118 81 127 46 15 61
Sep. 71 227 71 112 41 15 56
Oct. 85 151 85 133 48 15 63
Nov, 82 35 35 129 94 15 109
Dec. 81 3 3 127 124 15 . 139
Jan. 83 2 2 130 128 15 143
Feb. 86 16 16 135 119 15 134
Mar. 115 54 54 180 126 15 . 141
Total 1,068 ‘1,065 702 1,677 975 180 ' 1;155
1/ .. Generally taken at about 0.7 x Crop Reference Evapotranspifation (ETO)
by the modified Penman at N.R. (1951 - 80).
2/ Average rainfall at Lam Plai Mat (1952 - 81).
'2/ .- Equal td_ETP'or R, whichever is smaller.
4/ . Conservatively taken at 1.1 x ETO.
5/ . ‘assumed at 15 mm/month or 0.5 mm/day.
o/ . Due to creation:of the reservoir, the runoff from reservoir area would

. Without the reservoir case, a part of rainfall will replenish
groundwater storage esp. in the wet season and another part will evapo-

transpiration through the vegetation or evaporatée on the surface; thus,
- the balance would run off. . Once the reservoir is constructed, all
_ralnfall would be converted into runoff, but water would evaporate from
“the reservoir siurface.
groundwater storage.

The above "E-ET" neglects variations in
-oung 5 It is ‘clear that this estimation method could give
only rough approximations of the increase in losses after construction

..of the reservoir.
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Table [-2-2  Reservoir Tosses - Huai Phlu

(Unit: wmw)
Evaporation Losses Total
. ) Losses w?ﬁﬁ“ﬁﬁm Losses
‘Logses w/o Reservolr Reservoir T
Potential
. Evapo- .
Month Transpira- Actual Open Percola—
tion for Evapo- Water & tion and
Natural . Trang- Evapora- Leakage
' Vegetation Rainfall piration tion E-ET wLosses
1/ 2/
(ETP) Ry (ET) (E) {E1) {PL) EL + PL
ApE . 111 78 78 175 97 15 112
May 98 160 98 154 56 15 71
Jun. 88 170 88 139 51 15 66
Jul. 87 165 87 136 a9 15 64
Aug . 81 171 81 127 46 15 61
Sep. 71 305 71 112 41 15 56
oct. 85 172 85 133 48 15 63
~ Howv., ‘82 31 31 129 98 . 5 113
pec. 8l 1 1 127 126 15 141
Jan. 83 5 5 130 125 15 140
Feb. 86 25 25 135 110 15 125
Mar . _ 115 29 29 180 151 15 166
- Total 1,068 1,312 679 1,677 998 180 1,178
1/ ... Generally taken at about 0.7 x Crop Reference Evapoltranspiration (ETO)

by the modified Penman at N.R. (1951 - 80}.

2/ ... Average rainfall at Huali Seo (1952 - 81).
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Table E-2-4

Water Balances for the PrOPOSEd:Reserﬁoirs

(Yearly Summary on ten days basis
for the years 1952 to 1981)
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Water Balances for the Proposed Reservoirs
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