CHAPTER 2
HYDROGEOLOGICAL SETTING
2.1 Regional Geology
The volcanic deposits in Ciremai area are the product of 4 eruptions (Suradji, 1993 
and Situmorang, 1995). Historically, Ciremai has recorded 5 eruptions in 1698, 1772, 1775, 1805, and 1937, with 3 -112 years Interval. Those eruptions produced 22 volcanic deposits, consist of: 11 lava flows, 9 pyroclastic materials, and 2 laharic breccias (Situmorang, 1995). The description of each deposits are shown in the map (Figure 2.1).
As stated by IWACO-WASECO (1989), regional aquifer system in Mt.  Ciremai area was divided in to 3 systems: 

1.
Surficial Alluvium with limited productivity 

2.
Quaternary Volcanic (Young Volcanic) with high productivity

3.
Tertiary Sediment system with low productivity

2.2 Regional Hydrogeology

Surficial alluvium system is thin aquifer composed of loose sand. It is located at the foot slope spreading in to the low land. Groundwater is stored in the pore system. Volcanic system is an heterogeneous aquifer with high productivity. The heterogeneity is caused by vertical and lateral variations. This system lies from the top to foot slope, in form of porous soil weathering and fractured fresh rocks. The Tertiary Sediments System lies under the volcanic system. The system is composed of non productive aquifer. Groundwater is stored in porous soil weathering and clayish sand; also micro fractures of fresh rock. It flows in local pattern and limited discharge. 
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Figure 2.1 Geological map of Ciremai (Situmorang, 1995)
IWACO-WASECO (1989) found several facts. The east slope of Mt. Ciremai has spring belt consists of hundreds of springs. The springs are distributed at least in 3 groups. Figure 2.2 below shows springs with discharge more than 5 l/sec compare to elevation. The chart shows 3 spring zones: Zone 1 at 150-250 masl, Zone 2 at 250-750 masl, and Zone 3 at 750-1250 masl. Most springs emerge at 250 – 750 masl. High spring concentration at 250 – 750 masl is interpreted to be controlled by slope break at those elevation range (Irawan, 2001
). According to the author, the formation of slope break is formed by the change of rock formation, from lava at more than 750 masl to laharic breccias at 750 masl.
[image: image6.emf]Discharge Class Spring Discharge (l/sec) Number of Spring %

I > 2830  0 0,00%

II 283 – 2830 6 3,73%

III 28/03/83 44 27,33%

IV 6.3 – 28.3 15 9,32%

V 0.63 – 6.3 40 24,84%

VI 0.063 – 0.63 56 34,78%

VII 0.008 – 0.0063 0 0,00%

VIII < 0.008 0 0,00%

Total 161


Figure 2.2 Chart of spring discharge (more than 5 l/sec) with elevation. The chart shows 3 zones of spring discharge (Irawan, 2001).
The author have characterized 3 productive aquifer units, consist of: pyroclastic breccias, lava, and laharic breccias (Figure 2.3). On all of the aquifer units, there a 2 aquifer systems, soil and fresh rock, except for lava deposit. Soil aquifer is characterized by low spring discharge less than 1 l/sec. Fresh rock aquifer characterized by high spring discharge more than 1 l/sec. 
Geological control is reflected from the difference of spring discharge between rocks. The laharic breccias with porous media has the highest spring potential on the soil parts as well on the fresh rock. Conversely, lava deposit has high potential of groundwater from the fractures, which also can produce high spring discharge, as shown at Cikacu (80 l/sec). 
Then in 2002, Bapeda Kab. Kuningan conducted survey on spring location and some of its parameter, including discharge and quality parameters. They found 161 springs with various discharge (Figure 2.4), with total of 8285,2 l/sec. The survey had also made a spring classification based on Meinzer 1923 (op.cit Todd, 1980
) as shown in Table 2.1 and Figure 2.5. The complete data is attached in Annex 1. 
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Figure 2.3 The 3D block diagram of dominant rock layer at east slope of Mt. Ciremai (Irawan, et.al, 2003)

[image: image7.emf]I II III IV V VI VII VIII

0

10

20

30

40

50

60

0

6

44

15

40

56

0 0

Spring discharge class

Number of spring


Figure 2.4 Groundwater spring map of Ciremai (Bapeda Kuningan, 2002)
Table 2.1 Klasifikasi debit mataair (Meinzer 1923 op.cit Todd 1980)
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I > 2830  0 0,00%
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IV 6.3 – 28.3 15 9,32%

V 0.63 – 6.3 40 24,84%

VI 0.063 – 0.63 56 34,78%

VII 0.008 – 0.0063 0 0,00%

VIII < 0.008 0 0,00%
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Figure 2.5 Chart of spring discharge class 
There were 3 thermal groups of spring, based on 23 spring observations, consists of: hypothermic, mesothermic, and hyperthermic (Figure 2.6). Springs emerge from laharic breccias unit were in the hypothermic and mesothermic. Springs emerge from lava were classified as mesotermic, while springs from pyroclastic breccias were in transition zone. 
From the groupings, it can be interpreted that thermal difference was caused by different interaction between groundwater temperature and environmental temperature. The hypothermic group shows the close system of groundwater. Mesothermic group shows the interaction between groundwater and surface temperature. Hyperthermic groups were characterized by the interaction of groundwater with specific subsurface heat source.
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Figure 2.6 Chart of thermal radient of groundwater at Ciremai (Irawan, 2001).
Thermal anomaly were also followed by physical and chemical properties. The general mesothermic and hypothermic springs has low conductivity, range from 83 to 215 S/cm, and bicarbonate type. The low conductivity was interpreted from local groundwater flow system.
On the other hand, hyperthermal springs has high conductivity of 3800 S/cm and sulphate or chloric type. The high conductivity was brought by interaction between water with minerals in the aquifer. The rate of interaction was supported by high temperature as catalytic (Hem, 1970
, Matthess, 1982
). Piper plot is presented in Figure 2.7.
Based on physical and chemical properties and spring mapping, Irawan (2005) proposed 2 recharge zone:

· Recharge zone I at higher than 750 masl. It produced spring belt at 250 – 750 masl.

· Recharge zone II at higher than 1250 masl. The zone produced spring belt at 1250 masl. There were possibilities that the groundwater was also emerge in spring belt at 250 – 750 masl).
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Figure 2.7 Piper Diagram of Groundwater Chemical Composition
2.5 Groundwater Flow
More quantitative approach was conducted by IWACO-WASECO in 1989. They simulated 2D at NW-SE and W-E slope of Mt. Ciremai (Figure 2.8). In the simulation, the aquifer system is simplified in to 2 systems: 
1. Productive Young Volcanic System 
2. Impermeable Tertiary Sediment System as basement. 
According to the simulation on SW-NE section, the high concentration of spring discharge is at 100 to 400 masl, with local and subregional flow system. Low concentration is emerged at below 100 masl. The high concentration of spring at 250-650 masl is controlled by the occurence of slope break at the elevation of 800 masl. The slope break is formed by lithological change, from lava (at elevation higher than 750 masl) to laharic breccia (at elevation lower than 750 masl). 
Rather similar situation can be seen at W-E section, the figure shows spring zone at 100 masl to 750 masl. This zone is controlled by slope break somewhere at 750 – 800 masl. Groundwater flow is presumably local flow system. All of the flow system shows normal pH and high EC, according to IWACO-WASECO (1989), this is the character of meteoric water interact with highly mineralized aquifers. 
[image: image4.emf]
Figure 2.8 Groundwater 2D simulation by IWACO – WASECO (1989). The figure shows north – south section (above) and west – east section (below).
Observation has been done on 21 spring location, which all of them are fracture spring. Based on spring and exposure observation, it can be found 3 aquifer units: pyroclastic breccia, lava, and laharic breccia unit. The distribution of aquifer units is shown in 
Table 2.2 The Distribution of Aquifer Units (Irawan, D.E., et.al., 2003)
	Volcanic facies (according to McPhie, 1993
)
	Description
	Slope
	Spring
	Physical and hydraulic properties

	
	Symbol
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Lithology
	
	Zone
	Number
	Discharge (L/s)
	

	Volcanic Core

(3050 masl-estimated 

3100 masl)
	Volcanic neck, consists of andesites to dacite 


	
	-
	0
	0
	Impermeable rock with less, no other data is available

	Volcanic Proximal

(650 – 3050 masl)

Volcanic Proximal 1

(1250 – 3050 masl)

Volcanic Proximal 2

(650 – 1250 masl)
	Pyroclastic fall and pyroclastic flow. Consists of andesite boulder and tuff matrices

Lava flow. Consists of andesite to dacite lava
	
	-

1
	0

3
	0

98 

(class 1-3)*
	Impermeable rock, high infiltration rate of soil 1.5 cm/min, no other data is available

Permeable, secondary permeability: cooling/sheeting joint with unsystematic pattern, thick residual soil (2-5 m), final infiltration rate of 0.5 – 1.2 cm/min 

	Volcanic Distal

(100 – 650 masl)
	Laharic breccia. Consists of andesite to dacite boulder with tuff and volcanic sand matrices.


	
	2
	18
	1063

(class 1-3)*
	Permeable, secondary permeability: fractured with isolated pattern, thick residual soil (2-5 m), final infiltration rate of 1.26 – 2.53 cm/min


All of the observed-aquifers are unconfined. Based on its elevation, springs in the east slope of Gunung Ciremai can be divided into 3 zones as follows (Irawan, 2003):
1. Volcanic core facies is distributed at 3050-3100 masl, consists of andesites to dacite rock. This facies is impermeable; 
2. Volcanic Proximal facies is distributed at 650-3050 masl, consist of:
1. Proximal 1 at 1250 – 3050 masl, composed of impermeabel Pyroclastic flow and fall deposit with andesite boulder and tuff matrices; 
2. Proximal 2, composed of permeable andesite to dacite lava flow at 650 – 1250 masl. On Proximal 2 facies, there is Spring Zone 1 with three springs which are discharge a total of 98 l/sec. The estimated thickness is at least 100 m (IWACO-WASECO, 1989).
3. Volcanic Distal facies is distributed at 100 – 650 masl, consist of permeable laharic breccia, with small to large andesite to dacite boulders planted in tuff and volcanic sand matrices. The rock is fractured with unidentified dimension and geometry, which set up a good permeability. On this facies, there is Spring Zone 2 which consists of 18 springs with total discharge 1063 l/sec. The estimated thickness is at least 100 m (IWACO-WASECO, 1989).
Morphology of Gunung Ciremai is controlled by change of rock distribution. Such condition forms 2 slope breaks at 750 masl (4o difference) and 1350 masl (19o difference). The summary of hydrogeological condition at Cibulan Spring is presented in Figure 2.9).
1) The intensity of weathering processes in the study area is very high, resulting in thick residual soil. The thickness of residual soil is ranging from 2 m to nearly 10 m. Such thick residual soil is very potential to store and to infiltrate rain and surface water in to the aquifer. Infiltration test (according to Chow et.al., 1964
; Miyazaki, 1993
) is carried out to verify the final infiltration rate of residual soils. Residual soil from lahar shows the largest values of 1.26 – 2.53 cm/min, followed by residual soil from pyroclastic breccias 1.5 cm/min, and from lava flow 0.5 – 1.2 cm/min. High final infiltration rate (Linsley & Franzini, 1978) indicates the high capacity of residual soil to be infiltrated by rain water and surface water.
Fracture zone controls the level of spring discharge. There are 2 genetic types of fractures: 
a) Fractures on lava flow 
The fractures are constituted of cooling joints which form narrow openings in rock. The pattern of the joints is unsystematic, with many orientations as follows: N630E, N900E, N1170E. 
b) Fractures on laharic breccia 
The fractures stretch continuously to rock distribution with. At Cibulan spring, the orientation of fracture is N930E, which is in the same direction as the ridge. 
Based on the graph, it can be seen that spring emergences are concentrated on elevation of 250 – 750 masl, controlled by slope break. The slope break is made by lithological change, from lava flow at 750 masl to laharic breccia at less than 750 masl.
At Gunung Ciremai, the change of slope angle controls the hydraulic of unconfined groundwater to develops spring belt in the area, with the largest spring at Zone 2 (250 – 650 masl). On the other hand, at the upper slope (1250 – 3100 masl), there are no spring occurrences. Therefore, it can be concluded that the elevation lower than 1250 masl is discharge area, while the elevation higher than 1250 masl is recharge area. 

In more detailed scale, the volcanic deposit distribution forms morphological feature of ridges and valleys. Such features functions as passageway of groundwater  The analysis is proven by some springs discharge from ridge edges, with potential lines matche the topographical contour. The ridge consists of 10 m thick of Laharic breccia deposit, which play role as productive aquifer.
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Figure 2.9 The 3 figures show the situation of Cibulan spring area, the isophreatic map, and the section of groundwater flow. 9A. Location of Cibulan spring; 9B. The isophreatic and groundwater flow at the ridge; 9C. The cross section of Cibulan spring (400 l/sec).
Based on the observations, there are three hydrogeological factors which controls spring distribution, spring discharge, and groundwater flow pattern as follows: the distribution of lithology and morphology; the intensity of macro fracture; the thickness and final infiltration rate of residual soil. The details of each factors are described below.
Fractures on lava flow The fractures are constituted of cooling joints which form narrow openings in rock. The pattern of the joints is unsystematic, with many orientations as follows: N630E, N900E, N1170E. The orientation of the fracture controls the deviated groundwater flow pattern.
Fractures on laharic breccia The fractures is in form of micro canals, formed by large and continuous inter-boulder voids. This canal stretches following rock distribution. At Cibulan spring, the orientation of canal is N930E, which is in the same direction as the ridge. The unidirection fracture controls isolated groundwater flow pattern.
Results from 21 observations had shown that spring distribution, spring discharge, and groundwater flow pattern are controlled by three hydrogeological factors as follows: distribution of lithology and morphology; intensity of macro fracture; thickness and final infiltration rate of residual soil. 
First factor, the change of rock distribution from lava to laharic breccia produces slope breaks at 750 masl (4o difference), while change from pyroclastic flow and fall generates slope break at 1350 masl (19o difference). The change of slope angle controls the hydraulic of unconfined groundwater to develops the largest spring distribution at Zone 2 (250 – 650 masl). Elevation lower than 1250 masl is discharge area, while higher than 1250 masl is recharge area. Another morphological features of ridges and valleys controls groundwater flow pattern. This fact is indicate by similarity of topographical contour and potential contour. The similarity controls parallel groundwater flow with ridge orientation.
Second factor, fracture and continuous voids zone controls the level of spring discharge in volcanic terrain. The fracture of large and continuous inter-boulder voids occurs on Laharic Breccia. The voids forming micro canal stretch consecutively to rock distribution, which also controls the isolated groundwater flow. On the other hand, fractures on Lava flow are in form of cooling joints with unsystematic pattern, which controls the divergent groundwater water flow. 
Third factor, the weathering processes in the study area is very intensive, resulting in thick residual soil and high final infiltration rate, which is very potential to store and to be infiltrated by rain water  and surface water.
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