CHAPTER 5

ANALYSIS AND INTERPRETATION

5.1 Geomorphological Analysis

Preliminary observations on 116 springs (86 at east slope and 30 at west slope), on the Mt. Ciremai, indicates that the aquifer system is a combination of porous and fractured rock. Groundwater infiltrates into the soil, which ranges from 2 m up to 10 m thickness, and then flows through the fractured rock, that is built up of lava and volcanic breccias. These fractured volcanic layers form ridges in the landscape. The groundwater emerges at the foot of the ridge in form of springs at elevation between 250-750 masl. Several springs were also found at 1200 masl. The locations of the springs are apparently controlled by the radial flow pattern of the volcanic deposits. The recharge area is thought to be located above the 750 m contour-line. Areas of Quaternary volcanic deposits and Tertiary sedimentary rock at four quadrants have been calculated as follow: 

1.Quadrant 1 (Northeast area): 37 springs, lahar 39%, lava flow 28%, pyroclastic 33%; 

2.Quadrant 2 (Southeast area): 49 springs, lahar 37.5%, lava flow 33.2%, pyroclastic 29.3%; 

3.Quadrant 3 (Northwest area): 7 springs, lahar 30%, lava flow 10%, Tertiary sedimentary rock 50%, pyroclastic flow & fall 10%; 

4.Quadrant 4 (Southwest area): 23 springs, lahar 25%, lava flow 10.5%, pyroclastic 64.5%.

Comparison chart below shows that east slope has more spring potential, compared to west slope, respectively (Figure 5.1). In contrast, west slope has more unvarying spring distribution along elevation, while east slope shows no spring at 800 – 1000 masl and 1200 – 1400 masl. The chart and geological sections shows correlation of spring outlet with pyroclastic deposits at west slope. Few springs emerge at 1200-1400 masl come from lava flow. On the other flanks, many spring outlets correlate with laharic breccias at 200 – 800 masl.
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Figure 5.1 Comparison of number of spring between west slope (filled bar) and east slope (blank bar) based on elevation
Moreover, geological sections (north-south and west-east) has been made and analyzed to identify rock distribution and slope angle (Figure 5.2). North – south section shows gently slope northward, 10o, 15o, 30o, and 42o. Pyroclastic fall is distributed at higher than 2500 masl, sequence of lava flow at 500 – 2500 masl, and volcanic breccias at 100 – 500 masl. On south flanks, the section shows sharp difference of slope, 10o and 35o. Pyroclastic fall is distributed at more than 2500 masl, while layers of lava flow occur at 750 to 2500 masl. West flank shows gradual slope with angle of 10o, 20o, and 35o and indication of normal fault. Pyroclastic fall is distributed at higher than 1750 to 3000 masl, lava flow at 1250 – 1750 masl, and pyroclastic flow at 750 – 1250 masl. East slope shows gradual angle from 2o, 10o, 33o, and 48o. Pyroclastic is distributed at 1750 – 3000 masl, laharic breccias at 200 – 1750 masl.

There are 86 spring observations has been conducted at east slope with spring distributed at 1000-1200 masl 1 spring, 600-800 masl 22 springs, 400-600 masl 27 springs, 200-400 masl 28 springs, and 0-200 masl 8 springs. On the other side, 30 spring has been observed at west slope with spring distributed at 1200-1400 masl 2 springs, 1000-1200 masl 1 spring, 800-1000 masl 3 springs, 600-800 masl 3 springs, 400-600 masl 10 springs, 200-400 masl 9 springs, and 0-200 masl 2 springs. 
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Figure 5.2 Geological section of Mt. Ciremai: north-south (upper), west-east (lower)
5.2 Physical and Chemical Parameters

5.2.1 Correlation Analysis

Correlation analysis is used to extract important parameters and their relationship with other parameters (Table 5.1). The analysis have been conducted separately between east (upper table) and west slope (lower data) spring data. Based on the table, the east slope shows stronger correlation between elevation with air temperature, TDS and EC. On the other slope, west slope shows correlation (a) between elevation with discharge, water temperature, air temperature, (b) discharge with water temperature and air temperature, (c) TDS with EC and water temperature, and (d) water temperature with air temperature. Each correlation is plotterd on different scatter plots chart.

Histograms have been made for each variables in order to see the homogenity or central tendency of the variables (Figure 5.3). Generally, the histograms show normal distribution patterns except TDS. TDS histogram shows high distribution of TDS at 0 to 200 ppm and low distribution of TDS at 1000 ppm. 

Table 5.1 Correlation analysis (R2 value) on groundwater spring sample from east slope (upper table) and west slope (lower table)
	 
	Elevation (Masl)
	Discharge (Q) (l/s)
	TDS (ppm)
	EC (mS/cm)
	pH
	Water temp (oC)
	Air temp (oC)

	Elevation (Masl)
	1.00
	
	
	
	
	
	

	Discharge (Q) (l/s)
	0.18
	1.00
	
	
	
	
	

	TDS (ppm)
	0.08
	0.06
	1.00
	
	
	
	

	EC (mS/cm)
	0.09
	0.06
	0.96
	1.00
	
	
	

	pH
	0.002
	0.00
	0.04
	0.01
	1.00
	
	

	Water temp (oC)
	0.19
	0.01
	0.33
	0.30
	0.06
	1.00
	

	Air temp (oC)
	0.62
	0.03
	0.29
	0.29
	0.01
	0.35
	1.00


	 
	Elevation (Masl)
	Discharge (Q) (l/s)
	TDS (ppm)
	EC (mS/cm)
	pH
	Water temp (oC)
	Air temp (oC)

	Elevation (Masl)
	1.00
	
	
	
	
	
	

	Discharge (Q) (l/s)
	0.91
	1.00
	
	
	
	
	

	TDS (ppm)
	0.29
	0.36
	1.00
	
	
	
	

	EC (mS/cm)
	0.17
	0.23
	0.60
	1.00
	
	
	

	pH
	0.36
	0.38
	0.22
	0.21
	1.00
	
	

	Water temp (oC)
	0.60
	0.58
	0.56
	0.17
	0.18
	1.00
	

	Air temp (oC)
	0.77
	0.83
	0.44
	0.24
	0.31
	0.70
	1.00
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Figure 5.3 Histogram of measured parameters: east slope (upper), west slope (lower)
A. Elevation vs Spring Discharge
East slope shows more varying correlation between elevation and spring discharge (Figure 5.4 left). This condition is interpreted to be created by groundwater circulation in shallow unconfined aquifer. The shallow groundwater flows is likely to be influenced by surficial recharge during short period of rain or water recharge from river streams. This leads to the varying discharges between groundwater springs.
The opposite is shown by west slope data (Figure 5.4 right). Scatter plot of the area seems to present two populations of data plots. One group ranges at 900 to 1400 masl, while the other group ranges at 500 – 750 masl of elevation. There is a break at eleation aroung 800 masl. The author suggests that there is a hydraulic boundary in this elevation range.
[image: image1.emf]Elevation vs Spring Discharge (East Slope)
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Figure 5.4 Elevation vs spring discharge chart: east slope (left), west slope (right)
B. Elevation vs Temperature
Distribution of elevation and temperature shows differences, between east slope (Figure 5.5) left and west slope (Figure 5.5 right). The smooth correlation between water temperature and elevation shows that the groundwater is affected by air temperature. This is caused by shallow aquifer as host. More varying relationship is shown by west slope data. Data plots scaterred with no pattern. This is interpreted to be the influence of groundwater circulation in more captive aquifer, which is sealing the groundwater temperature with air temperature outside the system.
[image: image3.emf]Elevation vs Air temp and Water temp (East slope)
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[image: image4.emf]Elevation vs Air temp and Water temp (West slope)
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Figure 5.5 Elevation vs air temp and water temp chart: east slope (left), west slope (right). Symbols: ( ) for air temperature and (■) for groundwater temperature
C. Elevation vs TDS and Electro-Conductivity (EC)
East slope chart (Figure 5.6 left) shows no obvious relationship. However, there is a steep pattern between elevation with TDS. Similarly at the west slope, (Figure 5.6 right), which is also not showing distinct correlation. This random plots is brought by shallow aquifer characteristic, which is not allowing surficial contamination to groundwater. The equivalent condition is shown by elevation and EC relationship (see Figure 5.7). 
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[image: image6.emf]Elevation vs TDS (West slope)
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Figure 5.6 Elevation vs TDS chart: east slope (left), west slope (right)
[image: image7.emf]Elevasi vs EC (East slope)

233.1

515.0

515.0

515.5

515.0

515.0

515.0

106.4

290.3

468.8

126.1

124.2 116.6

107.1

108.2

129.1

113.6

101.8

111.3

116.5

119.9

153.9

182.8

93.0

120

260.6

94

136.3

95.3

93.9

145.3

146

128

96 96

178 170.4

102.0

96.4

155.9

89.5

130.1

97.1

111.7

92.0

114.3

85.6

83

112.9

145.0

116.6

110 110

89.5

96 96 82.0

51 51

158.5

58 58

98 98

175.5

107.6

115.7

99

113.4

84.9

75

120.5

94.4

135.8

79.5

67.0

107.0

107.5

59

97

100.4

72.8

142.0

95.8

82.8

142

64.5

102.5

103.6

92.0

69.5

64.4

85.1

77.7

68.4

46

57.5

69.3

114.0

116.6

120.5

102.2

107.1

139

137.8

80.1

139

122

96.4

70.3

63.1

129.1

34.9

128.3

93.2

44

34

102.2

y = -0.6829x + 580.6

R

2

 = 0.0878

0

200

400

600

800

1000

1200

1400

19.0 119.0 219.0 319.0 419.0 519.0 619.0

EC (mikroSiemens/cm)

Elevasi (masl)


[image: image8.emf]Elevation vs EC (West slope)
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Figure 5.7 Elevation vs EC chart: east slope (left), west slope (right)
E. TDS vs Water Temperature and Electro-Conductivity
Similar relationship is also shown by TDS with water temperature and EC (Figure 5.8 and Figure 5.9). There is a pattern between low TDS with low water temperature and with EC. Contraryly, high TDS correlate with high water temperature and high EC, although the plot position is still scateredly the same 
[image: image9.emf]TDS vs Water temp (East slope)
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[image: image10.emf]TDS vs Water temp (West slope)
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Figure 5.8 TDS vs water temp chart: east slope (left), west slope (right)
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[image: image12.emf]TDS vs EC (West slope)
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Figure 5.9 TDS vs EC chart: east slope (left), west slope (right)
5.2.2 Groundwater Facies Analysis

Piper diagram in Figure 5.10 (left) shows that the main facies is no dominant ion bicarbonate facies. The dominant lithological type of the facies is laharic breccia and lavas.
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Figure 5.10 Piper diagram of groundwater spring of Mt. Ciremai (left) and their lithological type (right)

5.2.3 Cluster Analysis

Cluster analysis, with Minitab has successfully extracted 3 clusters. Cluster 1 consists of 112 observations, cluster 2 comprises of 5 observations, cluster 3 consists of 2 observations (see Figure 5.11). Cluster 1 has small average distance from centroid of 1.99 and large maximum distance from centroid (9.23). Cluster 2 has small average distance from centroid of 1.55 and closer maximum distance from centroid of 3.05. Cluster 3 does not have the 2 distance measurements since they only consist of 2 observations. 

Cluster 1 with large members (112 spring points) is occupied by spring data from heterogeneous rocks, pyroclastic breccias, lava flows, and laharic breccias. The heterogeneous lithology also gives various chemical characteristics as shown by maximum distance from centroid. Based on the same parameter, cluster 2 shows more homogeneous data characteristics as shown by closer distance from centroid. Cluster 3 cannot be analysed with only 2 members.

Centroid distance between cluster 1 and cluster 3 is 15.68. This is the farthest distance, affected by entirely different spring characteristics of the 2 clusters. Cluster 1 and cluster 2 have 13.97 of Euclidean distance, while cluster 2 and cluster 3 has the closest distance of 9.28. This value indicates that cluster 2 and cluster 3 have rather similar characteristics. They both have high temperature, TDS, and EC, but different concentration of chloride.

[image: image15.emf]
Figure 5.12 Dendogram of cluster analysis (Minitab trial version). The lower dendogram is the continuation of the upper dendogram. There are 3 clusters: cluster 1 (112 observations. Cluster 2 (5 observations). and cluster 3 (2 observations).
5.2.4 Principal Component Analysis

Principal Component Analysis (PCA) have been done with Minitab trial version. The result in Figure 5.13 (left) shows there are 4 quadrants (clockwise): Quadrant 1 consists of Q; Quadrant 2 consists of pH, air and water temp, TDS; Quadrant 3 consists of 7 major elements, and Quadrant 4 consists of elevation. Further analysis in Figure 5.13 (right) shows that there are dominant ltihology in each quadrant: Quadrant 1, Quadrant 2, and Quadrant 3 consists of laharic breccia, while Quadrant 4 consists mainly of lava.
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Figure 5.13 Principal component analysis of groundwater spring of Mt. Ciremai based on physical and chemical properties (left) and the distribution of lithological type (right)
5.3 Synthesis of Hydrogeological System

The outline of hydrogeological system is based on analysis of groundwater, cluster, and principal component analysis (Table 5.2). The interpretations lead to 3 hydrogeological (Hgl) systems (Figure 5.14): Hgl 1 related to cluster 1, Hgl 2 related to cluster 2, and Hgl 3 related to cluster 3. Hgl 1 (112 observations) is characterized by large variations of data with normal water temperature, TDS, EC, and major elements concentrations. This condition is due to the many chemical influences as the groundwater flow from recharge area to discharge area in unconfined aquifer system of 3 lithological type (from up to down): pyroclastic breccias, lava, and laharic breccias. The groundwater characteristic is still dominated by meteoric water. Based on triangular plot from Herdianita and Priadi (2008), Hgl 1 data points are classified in immature waters.

Hgl 2 (5 observations) is described as more homogeneous observations with anomalous values: high water temperature, TDS, and EC. The groundwater is interpreted as the result of interaction between normal meteoric water and hot water of volcanic origin. 

Hydrogeological system 3 (Hgl 3 – 2 observations) is separated by 2 other  clusters due to the homogeneous characters (spring number 65 and 100) with deeper flow system, compared to Hgl 2. The 2 springs, Cikalamayan (65) and Liang Panas (100), have high concentrations of chloride along with high water temperature. Major element’s concentration is interpreted to be the effect of interaction between hot water with sedimentary layers of Fm. Kaliwungu, which deposited in sea environment. Layers of sand and clay in the formation below Ciremai’s volcanic deposits, contribute to the high chloride content in the groundwater samples. Both Hgl 2 and Hgl 3 data points are occupying mature waters region in the triangular plot from Herdianita and Priadi (2008).

Table 5.2 Resume of Multivariate Analysis
	Groundwater Facies Analysis with 

Piper Diagram
	Groundwater Spring Grouping with 

Cluster Analysis
	Extraction of Principal Variable sith Principal Component Analysis

	Facies 1
Non dominant ions-bicarbonate: meteoric dominant, shallow unconfined aquifer.
	Cluster 1 
Normal temperature, TDS, and EC, meteoric dominant, shallow unconfined aquifer.
	PC 1 and PC 4 
Dominant discharge (Q) and elevation (elev)

Meteoric water, shallow unconfined aquifer become important

	Facies 2 
Magnesium-sulfate
	Cluster 2 Moderately high temperature, TDS, and EC.
	PC 2 and PC 3
Major elements (Cl), T, TDS, EC, dominant influence of formation water and contact with deeper formation contributing to anomalous value of T, TDS, and EC.

	Facies 3 Magnesium-chloride
	Cluster 3 Anomalous high temperature, TDS, and EC.
	


[image: image18.emf]
Figure 5.15 The schematization of 3 hydrogeological systems. the schematization is based on the cluster analysis and principal component analysis.
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