CHAPTER 5
ASSESSMENT OF GROUNDWATER RECHARGE

5.1 Groundwater recharge pattern

Groundwater recharge pattern describes the duration and time needed for
recharge water to reach the aquifer. The pattern serves as additional information to
the groundwater management.

5.1.1 Duration of groundwater recharge
Duration for recharge water to infiltrate and reach groundwater
table can be studied from the available meteorological data, namely: actual rainfall
(P) and evapotranspiration (PE7 ) which have been described in Section 4.1.

During recharge period, when actual rainfall is higher than evapotranspiration,
effective rainfall will be available. The effective rainfall is defined as the actual
rainfall less evapotranspiration. The effective rainfall will infiltrate into the ground.
The water will be stored in the unsaturated zone as soil moisture. When soil moisture
deficits is fully satisfied, excess rain water will then percolate to the groundwater
zone, causing the water table to rise. Having established monthly actual rainfall and
monthly evapotranspiration, the groundwater recharge pattern of the study area can
then be made. The calculation procedure of effective rainfall is illustrated in Table
5.1. Average monthly actual rainfall, evapotranspiration and effective rainfall are
plotted in Figure 5.1. From Table 5.1 and Figure 5.1, it is apparent that aquifer of the
study area are dominantly recharge through the period of July-September months.
The average annual effective rainfall in the study area, as a whole, is 218.56 mm/y or
18.85 % of actual rainfall. However, monthly actual rainfall and monthly
evapotranspiration are varying from year to year. Table 5.2 shows the pattern of
effective rainfall during 1967-2001. It is evident that effective rainfall confined itself
mainly in July-Aug-September. Maximum effective rainfall is generally recognized
to be in August.

5.1.2 Time of groundwater recharge

Rises in groundwater level is due to the effective rainfall but with
a time-lag. Time-lag is the time taken for effective rainfall to infiltrate downward
until it reaches the water table. It depends on various causes, such as the duration and
intensity of the effective rainfall, thickness of the unsaturated zone, vertical
unsaturated hydraulic conductivity and others. Time-lag can be estimated from well
hydrograph analysis where monthly effective rainfall and monthly groundwater level
are plotted and correlated. Time-lag is roughly the difference between the time of
highest effective rainfall and the time of peak rises in groundwater level. Example of
time-lag analysis is shown in Figure 5.2., where groundwater level records of well
GO135 at year 2000-2001 are considered. In year 2000, time-lag of one month is
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Table 5.1 Calculation of effective rainfall in the study area (period 1967-2001).

Soil Moisture Effective
Month i KD Rl (o) Deficits (mm) Rainfall (mm)
Jan 7.02 92.16 85.14 -
Feb 7.94 116.39 108.45 -
Mar 19.89 150.85 130.96 -
Apr 54.41 177.13 122.72 -
May 161.35 165.38 4.03 -
Jun 126.79 144.05 17.26 -
Jul 159.24 130.89 - 28.35
Aug 236.22 123.63 - 112.59
Sep 207.85 130.24 - 77.61
Oct 113.39 129.47 16.08 -
Nov 48.48 107.76 59.28 -
Dec 1712 88.84 TFing2 -
Total 1,159.70 1,556.79 615.66 218.55
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Figure 5.1 Average monthly actual rainfall, evapotranspiration, soil moisture deficits,
and effective rainfall for Chiang Mai basin (1967-2001).
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year 2000-2001.
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observed. However, in 2001, no time-lag is evident. This demonstrates that time-lag
can be different and the amount of effective rainfall can be the explanation of this
phenomenon. The 2001 effective rainfall is much higher than in 2000. Time-lag
analysis were made on all 19 monitoring wells for the period of 1967-2001, and
presented in Table 5.3. Table 5.4 shows average time-lag of groundwater recharge in
various part of Chiang Mai basin. These time-lag can serve as a general guide line for
groundwater management.

5.2 Groundwater recharge calculation

Using groundwater table fluctuation method, as previously mentioned,
groundwater recharge can be calculated by multiply specific yield with total rises in
groundwater table over a specific period. Specific yield of the aquifers are obtained
by the water budget approach and the pumping test approach as previously described.
Total rises of groundwater table can be measured by the recession curve method and
the horizontal method. However, error of the total rises, due to the groundwater table
rises without effective rainfall, can be observed throughout. The total rises of
groundwater table that respond to effective rainfall are then analyzed. It is apparent
that groundwater recharge calculation, using groundwater table fluctuation method,
can be obtained under many different conditions. These conditions, however, can be
grouped into two groups based on analysis of error of the total rises. These are (1)
groundwater recharge calculated using all measured groundwater table rises (real
groundwater recharge) and (2) groundwater recharge calculated using only measured
groundwater table rises that respond to effective rainfall (hypothesis groundwater
recharge). Each group can be subdivided into four conditions, as follows:

Group 1: Real groundwater recharge. Calculation of recharge can be made
from the following equations.

Using parameters S, ,;,, and Ak

act,rec *

Ah

R = Sy(WBA) Z;m (5.1

Using parameters S, and Ak

Ah

VAT )y Ath (5.2)

.
act ,hor *

Using parameters S, ,,, and A#

act,rec *

Ah

R, =8 Y(PTA) Z\:m (2:3)

Using parameters S, and Ak, .
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Table 5.4 Time-lag of groundwater recharge of Chiang Mai basin.

Aquifer unit Time-lag (month)
Central Alluvial Channel 1-3
Colluvial and Alluvial Deposits 1
Colluvial Deposits 2-3
Mae Kuang Alluvial Fan 1-2
Nam Wang-Nam Mae Khan Subbasin 2
Ris S}'(PTA) Ahz;fmr (5.4)

Group 2: Hypothesis groundwater recharge. Calculation of recharge can be
made from the following equations.

Using parameters S, ;,, and Ak, .-

Ah p,rec
R, = Sy(WBA) Z; (8.5)

Using parameters S, ,,,, and Ak,

Ah or
Ry = Sy(WBA} }Z;J (5.6)

Using parameters S, ., and Ak, .

Ahhyp,rec (57)

R, =5, pra) Ty

Using parameters S pr,, and Ak, .

Ah

- hyp,hor
Ry = Sy(PTA) AL (5.8)
where
R, is real groundwater recharge calculated using parameters S,

and Ah

act,rec

(mm),
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£ is real groundwater recharge calculated using parameters S,
and A, ,, (mm),

R, is real groundwater recharge calculated using parameters S,
and Ak, . (mm),

R, is real groundwater recharge calculated using parameters S, 57,
and Ah,, .. (mm),

R, 1s hypothesis groundwater recharge calculated using parameters
Sy(WB ) and Ahhyp,rec (mm),

R, 1s hypothesis groundwater recharge calculated using parameters
Sy(WBA) and Ahm,p,,wr (mm),

J o is hypothesis groundwater recharge calculated using parameters
S (PTA) and Ah,wmec (mm),

Ry is hypothesis groundwater recharge calculated using parameters
Sy(PTA) and Ah}ryp,hor (mm)s

ST | 18 _the sp.eciﬁc yield determined by the water budget approach
(dimensionless),

Sopeg | 15 Fhe sp§c1ﬁc yield determined by the pumping test approach
(dimensionless),

Ah,, . 1sthe actual rises or summation of all groundwater table rises
measured by the recession curve method (m),

Ah,, ,, isthe actual rises or summation of all groundwater table rises
measured by the horizontal line method (m),

Ahy, .. 18 the hypothesis rises or total rises in groundwater table that
respond to effective rainfall and measured by the recession curve
method (m),

Al 4, 18 the hypothesis rises or total rises in groundwater table that
respond to effective rainfall and measured by the horizontal line
method (m), and

At is time (y).

Table 5.5 shows real groundwater recharge as calculated by Equation 5.1-
5.4. Table 5.6 shows hypothesis groundwater recharge as calculated by Equation 5.5-
5.8. Calculated groundwater recharge (R,-R,) for each year of Chiang Mai basin

aquifers are shown in Appendix G. From Table 5.5 and Table 5.6, it is apparent that
R >R, AR >R End R, 2R, >R, >R, .

5.3 Discussions

As mentioned earlier, specific yield of each deposits as calculated from the
water budget approach and the pumping test approach varies to a certain degree
(Table 4.3 and Table 4.10). However, calculated specific yield using the water
budget approach is believed to be more reliable than the pumping test approach.
Considering the hydrogeologic properties of the Central Alluvial Channel which is
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generally the best aquifer, the specific yield as calculated by the water budget
approach yielded the highest value that conform with the hydrogeologic properties.
On the contrary, the specific yield as calculated by the pumping test approach gave
the highest specific yield over the Colluvial Deposits instead. In Section 4.3.2, it is
found that measurement of groundwater table rises using the horizontal line method
gives lower error value (8.15 %) than the recession curve method (8.73 %). The
lower error value indicates that the horizontal line method is more accurate than the
recession curve method. Moreover, the hypothesis groundwater recharge is more
reliable than real groundwater recharge. This is because all the errors involved with
groundwater table rises have been analyzed. Therefore, it is concluded that
groundwater recharge calculation using Equation 5.6 is the best method and that R; is

the most reliable value.
Theoretically, the calculated groundwater recharge from Equation 5.6 or R,

should not be higher than the effective rainfall. From Table 5.7, however, it is found
that there are several calculated groundwater recharge of R, which is higher than the

effective rainfall. These are the results of well G0244, MW0187, and MW0244 (only
the maximum calculated recharge). These are unreliable and ignored. It is difficult to
explain the situation where groundwater table rises without effective rainfall. The
possible explanation for the case is leakage from other aquifer. Moreover, the rises in
well G0244 and MWO0187 maybe effected from nearby unknown pumped wells. The
average hypothesis groundwater table rises that measured by the horizontal line
method (A#, ) in well G0244 (4.79 m.) and MWO187 (7.72 m.) are too high

yp,hor
values for Colluvial Deposits compared with the rises in the other wells including
Well MW0244 over the same deposits that range from 0.32 to 2.82 m. (Table 4.5).

Ranges of mean calculated groundwater recharge calculation of Chiang Mai
basin aquifers are 1-15 % of the annual rainfall (Table 5.7). These are 1 % in Nam
Wang-Nam Mae Khan subbasin, 2 % in Colluvial and Alluvial deposits, 6 % in Mae
Kuang Alluvial Fan, 13 % in Central Alluvial Channel, and 15 % in Colluvial
deposits, respectively. The mean calculated groundwater recharge of Chiang Mai
basin as a whole is approximately 11 % of the annual rainfall (349.48x10° m’/y or
126.12 mm/y) and is comparable to that 6-21 % of the annual rainfall (Table 5.8)
from other previous studies with different approaches (Suvagondha, 1979;
Suvagondha and Jitapunkul, 1982; Intrasuta, 1983; Wongpornchai, 1990 and Tatong,
2000). It can be concluded that groundwater recharge of Chiang Mai basin is around
6-21 % of the annual rainfall. The mean value of groundwater recharge can then be
taken as 14 % of the annual rainfall.
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