Journal of Science and Technology Vol. 15, No. 1, 2026 113a173nenmansuazinalulad 77 15 atudi 1 2569

@ o ¢ ! . . a a -3 aa
ﬂ’liLﬂ%B‘ULﬁEl‘]Jﬂ’)’l&lﬁﬂJW%ﬁ"lla\‘lﬂ’l Piezometric Head Tﬂﬂ')%ﬂﬁ‘i’uﬂi’\z‘w’{n\‘]ﬁﬂﬂ
{ (] Q =\ C{
nsabdnyn Wanthanuaans
Comparison of Piezometric Head Relationships Using Statistical Analysis:

A Case Study of Pasak Jolasit Dam

= T A a ¢4 Z & a a%
wWIna VqVWLW{y, 'Ji’)?ﬁ' ;J@I'Jm%ﬂ uagslwginis inwilseans

Peerapon Putipen,” Varawoot Vudhivanich’ and Chaiyapong Thepprasit’
Received 16 October 2025, Revised 5 January 2026, Accepted 12 January 2026

ABSTRACT

The analysis of data from dam behavior monitoring instruments provides an understanding of the
behavior occurring within the dam. Piezometers are widely used instruments to monitor seepage and internal
erosion in earth dams. This study analyzes the data using three statistical methods: Simple Linear Regression
(SLR), Multiple Linear Regression (MLR), and Dummy Variable Regression (DVR), to examine the relationships
between piezometric head, reservoir water levels, and related factors, as well as to identify the most appropriate
analytical method. The results show that SLR provides correlation coefficients (R) ranging from 0.05 to 0.70,
MLR from 0.26 to 0.72, and DVR from 0.43 to 0.81. SLR is a basic and convenient method but yields the lowest
correlations, and is suitable to explain the behavior of upstream piezometers. MLR provides higher correlations,
especially for piezometers influenced by rainfall, but it suffers from multicollinearity. DVR, which analyzes the
relationships based on temporal variations in reservoir water levels, is the most appropriate method, providing
the highest correlations, reducing multicollinearity, and yielding the best AIC and BIC values. However, the
suitability of each analytical method should depend on the location of the piezometers and correspond to the

current behavioral characteristics.
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Figure 1 Cross section of the dam showing the installation of piezometer heads. KM.3+650
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Figure 2 Flowchart of the study procedure.
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NO. Simple Linear Regression Equation
KM.2+450 PI1 = 15.968 + (0.431 * RWL)

Pl4 = 27.947 + (0.0155 * RWL)

PI5 = 31.254 + (0.0112 * RWL)

P16 = 36.207 + (0.00959 * RWL)

P18 = 35.730 + (0.0141 * RWL)
KM.2+950

PI2 = 31.821 + (0.174 * RWL)

PI3 = 39.035 + (0.0246 * RWL)

Pl4 = 36.512 + (0.000690 * RWL)

(
(
(
(
(
PI1 = 27.719 + (0.119 * RWL)
(
(
(
(

PI6 = 38.217 + (0.0156 * RWL)
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Table 1 Results of Simple Linear Regression Analysis (continue)

NO. Simple Linear Regression Equation

KM.3+650 PI1 = 16.262 + (0.0414 * RWL)

Pl2 = 30.115 + (0.0886 * RWL)

(
(
Pl4 = 15.732 + (0.176 * RWL)
PI5 = 18.801 + (0.182 * RWL)

(

(

(

Pl6 = 23.904 + (0.0804 * RWL)

P17 = 15.820 + (0.182 * RWL)

P18 = 22.190 + (0.0161 * RWL)
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Figure 3 Relationship between Reservoir Water Level (RWL) and Piezometric Head
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Table 2 Results of Multiple Regression Analysis

NO. Multiple Regression Equation
KM.2+450 PI1 = 16.676 + (0.41*RWL) + (0.036*RAIN) + (0.76*OW5) - (0.06*OW2.2)

Pl4 = 28.041 + (0.013 * RWL) + (0.017 * OWS5) - (0.057 * OW4) + (0.050 * OW3) -
(0.004 * OW2.2)
PI5 = 31.258 + 0.011* RWL-0.000363*RAIN
PI6 = 36.214 + 0.009* RWL-0.001*RAIN
PI8 = 35.704 + (0.015 * RWL) + (0.001 * RAIN) - (0.006 * OW2.2) + (0.032 * OW3) -
(0.023 * OW4)

KM.2+950 PI1 = 28.835 + (0.088 * RWL)+ (0.143 * OW5) - (0.043 * OW2.2) + (0.011*RAIN) -
(0.098 * OW3)
PI2 = 32.185+0.11*RAIN+0.157*RWL+0.132*OW5-0.116* OW2.2
PI3 = 38.946 + (0.076 * RAIN) + (0.022 * RWL) + (0.08 * OWS5) - (0.0780 * OW2.2)
Pl4 = 36.476 - (0.005 * OW2.2) + (0.015 * OW3) - (0.009 * OWS5) + (0.002 * RWL)

PI6 = 38.217 + (0.016 * RWL)
KM.3+650 PI1 = 16.392 + (0.038 * RWL) + (0.009 * OW5) - (0.007 * OW2.2
PI2 = 30.471 + (0.078 * RWL) + (0.014 * RAIN) + (0.039 * OW5) - (0.033 * OW2.2)

(
(
(
Pl4 = 17.315 + (0.132 * RWL) + (1.635 * OW4) - (0.1705 * OW3) + (0.013 * RAIN) -
(0.063 * OW2.2)
(
)
(
(

PI5 = 20.373 + (0.138 * RWL) + (1.615 * OW4)- (1.683 * OW3) + (0.013 * RAIN) -
(0.063 * OW2.2
PI6 = 25.281 + (0.0428 * RWL) + (1.268 * OW4) - (1.318 * OW3) - (0.052 * OW2.2)

PI7 = 17.562 + (0.134 * RWL) + (1.577 * OW4) - (1.617 * OW3) - (0.08 * OW2.2) +
(0.0141 * RAIN)
PI8 = 22.121 + (0.018 * RWL) + (0.017 * RAIN) + (0.279 * OW4) - (0.278 * OW3) +
(0.0152 * OW5)

3. HAMTILATIERANUF NN UT LAB AT AR ENTENFUNUS (R) ﬁ@hLﬁM‘fuaglu"ﬁ’m
JienzimInanasdiuaiulssnasd (DVR) 0.43 - 0.81 uEadlu Table 46’?i'\1mﬂ"?i'q@‘luﬂ'15
HeUsuaszausinlusafuinlaiinns 5712919 2 3% SwBanmat VIF, AIC uaz BIC
Lﬂﬁlmmmmqugma wuuToLdon) taldln a1y Table 5 13uud Rlodiaas7 KM.3+650 7

ﬂ’ﬁaLﬂiﬁ:ﬁLLﬁJ‘U@T’JLLﬂTﬁ’mﬂG NAMINARDLWLIN ALy P4 ﬁ\‘i P8 Nﬂﬂ’ﬁ%mi’]zﬁuﬁ@d@v\i Table 3
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Table 3 Results of Dummy Variable Regression

NO. Dummy Variable Regression Equation

KM.2+450 P1 =-8.486 +(1.02*RWL) + (4.622*SEP) + (4.674*AUG) + (4.252*JUL) + (3.87*JUN) +
(2.854*MAY) + (1.707*APR) + (0.838*MAR) - (1.236*DEC) - (0.963*NOV) - (0.364*JAN)
P4 = 27.644 + (0.023*RWL) + (0.06*SEP) + (0.066*JUL) + (0.061*JUN) - (0.033*NOV) -
(0.023*JAN) + (0.031*MAY) + (0.025*APR)

P5 = 31.105 + (0.015*RWL) - (0.048*OCT) - (0.041*NOV) + (0.013*JUL) + (0.01*JUN)
P6 = 36.397 + (0.004*RWL) + (0.06*JAN) + (0.052*FEB) + (0.062*DEC) + (0.031*MAR)
+ (0.035*NOV) + (0.022*APR) + (0.015*OCT) - (0.01*JUL) - (0.006*JUN)

P8 = 35.665 + (0.016*RWL) + (0.058*SEP) - (0.023*OCT) - (0.015*NOV) - (0.015*MAY)
+ (0.018*AUG) + (0.022*JAN) + (0.018*FEB) + (0.012*DEC)

KM.2+950 P1 =16.951 + (0.376*RWL) + (1.911*SEP) + (2.185*AUG) + (2.207*JUL) + (1.925*JUN)
+ (1.254*MAY) + (0.704*APR) - (0.527*NOV) - (0.269*DEC) + (0.363*MAR) +
(0.217*OCT)
P2 = 14.358 + (1.787*SEP) - (2.264*OCT) - (4.028*MAR) - (4.682*FEB) - (4.932*JAN)
+ (0.679*RWL) + (0.996*AUG) - (4.756*DEC) - (2.793*APR) - (3.711*NOV) -
(0.843*MAY) + (0.396*JUL)
P3 = 34.967 + (2.823*SEP) + (1.521*OCT) + (1.244*AUG) + (0.356*NOV) + (0.958*MAY)
+ (0.717*JUN) + (0.768*JUL) + (0.112*RWL) + (0.332*APR) - (0.303*DEC)
P4 = 36.532 + (0.047*FEB) - (0.029*NOV) + (0.033*JAN) + (0.027*MAR) + (0.025*DEC)
+ (0.019*APR) - (0.012*JUN) - (0.011*JUL) - (0.007*AUG)
P6 = 37.576 + (0.033*RWL) - (0.17*NQOV) - (0.15*OCT) - (0.107*DEC) - (0.078*JAN) +
(0.035*AUG) + (0.024*JUL) - (0.036*MAY) - (0.029*FEB) - (0.023*JUN)

KM.3+650 P1 = 16.631 + (0.031*RWL) + (0.119*OCT) + (0.059*SEP) + (0.08*JAN) + (0.084*DEC)

+ (0.065*NOV) + (0.036*FEB)

P2 = 24.839 + (0.211*RWL) + (1.222*SEP) + (1.156*AUG) + (1.112*JUL) + (1.02*JUN)
+ (0.834*MAY) + (0.368*OCT) + (0.473*APR) + (0.278*MAR) - (0.093*DEC)

P4 = 9.038 + (0.33*RWL) + (1.079*OCT) + (1.697*SEP) + (1.746*AUG) - (0.559*DEC)
+ (1.351%JUL) + (1.154*JUN) + (0.884*MAY) + (0.653*APR) + (0.457*MAR) +
(0.251*FEB)

P5 = 11.008 + (0.362*RWL) + (1.087*OCT) + (1.877*SEP) + (1.973*AUG) - (0.545*DEC)
+ (1.591*JUL) + (1.372*JUN) + (1.048"MAY) + (0.782*APR) + (0.543*MAR) +
(0.292*FEB)

P6 = 23.397 + (0.613*OCT) + (0.092*RWL) + (0.401*SEP) - (0.433*DEC) + (0.276*AUG)
- (0.232*JAN) - (0.141*FEB)

P7 = 8.933 + (0.34*RWL) + (1.15*OCT) + (1.833*SEP) + (1.845*AUG) - (0.461*DEC) +
(1.444*JUL) + (1.239*JUN) + (0.943*MAY) + (0.698*APR) + (0.491*MAR) + (0.275*FEB)

P8 = 21.937 + (0.553*SEP) + (0.249*OCT) + (0.021*RWL) + (0.072*AUG)
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Table 4 Results of Regression Analysis

95

No. Site. Simple Linear Multiple Linear Dummy Variable
Regression Regression Regression
R Std. Sig. R Std. Sig. R Std.  Sig.
Error Error Error

2+450 P1 Foundation 0.55 1.91 0.00 057 188 000 0.79 140 0.00

2+450 P4 Foundation 0.38 0.11 0.00 043 0.11 000 043 0.11 0.00

2+450_P5 Blanket Drain 0.61 0.04 0.00 062 0.04 0.00 068 0.04 0.00

2+450_P6 D/S Random 0.67 0.03 0.00 0.68 0.03 000 0.81 0.03 0.00
Zone

2+450 P8 D/S Random 0.69 0.04 0.00 0.72 0.04 0.00 0.77 0.04 0.00
Zone

2+950_P1 Foundation 0.31 1.03 0.00 038 1.01 000 063 084 0.00

2+950 P2 Core Zone 022 229 000 04 213 0.00 0.79 144 0.00

2+950_P3 Core Zone 0.07 1.09 0.02 051 094 000 0.72 0.76 0.00

2+950_P4 Foundation 0.05 0.04 0.07 026 004 0.00 055 0.03 0.00

2+950_P6 D/S Random 049 0.08 0.00 049 0.08 000 066 0.07 0.00
Zone

3+650_P1 Foundation 0.70 0.12 0.00 071 012 0.00 0.72 0.12 0.00

3+650_P2 Core Zone 0.48 047 0.00 055 045 000 0.78 034 0.00

3+650_P4 Foundation 0.46 0.98 0.00 0.72 0.77 0.00 0.67 0.82 0.00

3+650_P5 Blanket Drain 0.47 0.99 0.00 071 079 000 069 082 0.00

3+650_ P6 D/S Random 0.31 0.70 0.00 071 052 0.00 048 064 0.00
Zone

3+650_P7 Blanket Drain 0.46 1.03 0.00 070 082 0.00 066 0.87 0.00

3+650_P8 D/S Random 0.16 0.33 0.00 053 026 000 050 029 0.00

Zone
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Table 5 Model Diagnostics and Information Criteria for SLR, MLR, and DVR.

96

No. Simple Linear Regression Multiple Linear Regression Dummy Variable
Regression

VIF AlC BIC VIF <10 AIC BIC VIF AlC BIC

<10 <10
2+450_P1 1.00 1777.64 5684.95 22.20 174352 5647.83 3.46 931.70 4829.01
2+450_P4 1.00 -6018.75 -2182.41 135045 -6067.43 -2235.09 2.01 -6068.31 -2238.97
2+450_P5 1.00 -8612.79 -4776.45 1.01 -8616.13 -4780.78 1.79 -8785.56 -4953.22
2+450_P6 1.00 -9542.35 -5637.88 1.01 -9575.13 -5671.66 3.81 -10168.47 -6273.00
2+450_P8 1.00 -8581.47  -4699.71 1316.26 -8680.58 -4802.82 3.28 -8890.42 -5016.66
2+950_P1 1.00 88.79 3913.78 162.30 26.23 3847.22 3.65 -443.34 3371.64
2+950 P2 1.00 2279.13 6194.95 22.21 2091.84 6004.67 3.89 1014.30 4919.12
2+950_P3 1.00 236.87 4152.69 22.21 -169.73 3743.10 3.65 -763.77 3143.06
2+950_P4 1.00 -8580.32 -4820.62 158.30 -8659.88 -4903.18 1.22 -9029.08 -5277.38
2+950_P6 1.00 -6928.09 -3026.46 1.00 -6928.09 -3026.46 3.77 -7304.35 -3411.72
3+650_P1 1.00 -5560.37 -1800.67 20.28 -5616.33 -1858.64 2.98 -5627.56 -1873.87
3+650_P2 1.00 -2053.24 1797.29 22.10 -2170.52  1677.01 3.15 -2949.32 892.22
3+650_P4 1.00 -66.03 3770.31 1275.61 -700.67 3131.67 3.48 -512.17 3314.17
3+650_P5 1.00 -31.69 3804.65 127561 -633.79 3198.55 3.48 -536.12 3290.22
3+650_P6 1.00 -976.91 2870.78 1311.90 -1770.73 2073.97 1.68 -1185.02 2656.68
3+650_P7 1.00 67.95 3918.48 131240 -525.61 3320.92 3.50 -372.24 3468.30
3+650_P8 1.00 -2972.15 864.19 899.70  -3631.09 201.25 1.27 -3316.95 516.39

(9
[

4. mswSpuisumyenzimeriiang 3
Fuuy
MNMILATER NN UENS 3 Uiy
wui13% DVR Lﬂuﬁ’ﬁ'ﬁmmzauﬁqmﬁa WATTH
Tagldani9afd R, Std. Eror, VIF, AIC uaz BIC
@14 Table 4 and Table 5 lasazldinmains
AadananIanlien R ﬁﬁﬁq@ W&z @1 Std. Error,

VIF,AIC U8 BIC g9 Lxa4a3 Table 6 LI ULATN

KM.3+650 A lmdiaasludaugiumnaiurinesin
(P4) futuIzLNEIn (P5, P7) L EIRNALTD B%
furhesin (P6, P8) snauss AN anaunuEle
MYUATZHEY MLR 928907175 DVR 1unaan
PNANBAENANTINAAN KM.3+650 97N Figure
4 (a) D14 (e) W (g) D19 (h) AN MUAN Piezometric
Head 2:8maiasuuasmuszausinlugraiuin

o AAUIBAIIATIER G283 DVR azlwwdn



133N maasuasina lulad yniingnansasmans 107 15 aUun 1 2569 97

o a af v o A i\ aad o ' o o X . =) Y
FulszAntanduiusngininitaug tiwud UTudgslin au Figure 4 () waz (i) 9w
~a a o ] dl e 1 a v ad Y Qs a Q€ ™ >
NITHLaasd LN P4 D9 PE NANB AN 10712 % @283 5 DVR IRa1auUssANTanaunus
Piezometric Head 3:i MU o ubUasauszauiin TINDINUH AIC 1as BIC dni73T MLR

a9 AU WIZTIIIANTZA U a9 A LN

Table 6 Summary of Regression Model Selection Using Statistical Criteria

No. R Std. Error VIF <10 AlC BIC
2+450_P1 DVR DVR DVR DVR DVR
2+450_P4 DVR DVR DVR DVR DVR
2+450_P5 DVR DVR MLR DVR DVR
2+450_P6 DVR DVR MLR DVR DVR
2+450_P8 DVR DVR DVR DVR DVR
2+950_P1 DVR DVR DVR DVR DVR
2+950_P2 DVR DVR DVR DVR DVR
2+950_P3 DVR DVR DVR DVR DVR
2+950_P4 DVR DVR DVR DVR DVR
2+950_P6 DVR DVR MLR DVR DVR
3+650_P1 DVR DVR DVR DVR DVR
3+650_P2 DVR DVR DVR DVR DVR
3+650_P4 MLR MLR DVR MLR MLR
3+650_P5 MLR MLR DVR MLR MLR
3+650_P6 MLR MLR DVR MLR MLR
3+650_P7 MLR MLR DVR MLR MLR
3+650_P8 MLR MLR DVR MLR MLR
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Figure 4 Graph showing the Piezometric Head and reservoir water level according to the positions of the

piezometers.
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