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RESEARCH ARTICLE
Rainfall-Runoff analysis by using Runoff-Coefficient and SCS-CN Methods in different approaches with the help of Remote Sensing & GIS techniques

	
	ABSTRACT
Estimation of runoff in a watershed is very important to manage the water resources efficiently. In this regard, surface runoff quantification is an essential study. The main objective of this study is to quantify the surface runoff of the catchment area of a well located in AEC & RI, TNAU, Kumulur, Trichy District in Tamil Nadu. An attempt also made to analyze the précised surface runoff by SCS-CN event and annual basis as well as by runoff-coefficient method modified from rational method. The parameters like land use/ land cover, soil texture, runoff coefficient, Curve Number, intensity of rainfall and catchment area were considered for runoff quantification. This study identified the variation of runoff volume within different approaches of SCS-CN method and runoff coefficient method. By using GPS and with the help of GIS, remote sensing techniques along with field observations an exact catchment area of a well and slope direction was delineated. The land use/ land cover and soil map were delineated for the study area, and seven land use patterns were identified in the catchment area, and most of the area is covered with cultivable land. Sandy loam and sandy clay loam type of soils are predominating and HSG ‘C’ was identified for the study area. The highest CN value is 92 and the maximum runoff coefficient value is 0.95 for the Built-up land, the lowest CN value is 71 and the lowest runoff coefficient is 0.11 for the area covered with trees. Three AMC conditions were considered while estimating runoff volume by SCS-CN event approach.  Among 15 years of rainfall data from 2004 to 2018, the highest runoff 38452.36 m3 generated in the year 2005 and the lowest runoff 8718.29 m3 generated in 2018 by SCS-CN event basis method. From this study between two concepts of SCS-CN and runoff coefficient models, the SCS-CN model with an event basis approach is yielding productive results. For quantifying surface runoff and for planning water conservation structures event basis calculations are more effective.
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INTRODUCTION

A watershed is that contributes runoff water to a common point. There are many methods offered for rainfall-runoff modeling. The Soil Conservation Service and Curve Number (SCS–CN) technique is one of the primogenital and simplest method for rainfall-runoff modeling. The curve number method (SCS–CN, 1972) is adaptable and widely used for runoff estimation. Several models based on SCS–CN are being referred by different researchers worldwide used such as the original SCS–CN, Mishra-Singh (MS) model (2002), 
Michel model (2005), and Sahu model (2007), on the SCS–CN concepts, with some modifications are used. Earlier studies carried out by several researchers such as Sateeshkumar et al. (2017),  Kadam et al. (2012), USDA (1986), 
Mishra et al. (2004), Saravanan and Manjula (2015), Vinithra and Yeshodha (2016) and Bhura et al. (2015). 
The rational method is also widely used to calculate the peak stormwater runoff rate for a variety of storm water management applications (Chandramohan and Vijaya 2017). The runoff coefficient will vary due to different types of physiographic features like vegetation interception, soil infiltration, slope, geo-morphological structure, etc. To estimate surface runoff volume instead of peak discharge the runoff coefficient method is used by using average rainfall intensity. 
The SCS-CN with event and annual as well as runoff coefficient models were adopted in this study for estimating surface runoff from the study area.
Study Area

The study area, a micro watershed of AEC & RI, TNAU
, Kumulur located in Lalgudi Taluk of Thiruchirapally 
District in Tamil Nadu lies in between 10°55'56"–10°55'47" North latitudes and between 78°49’43”–78°49'38” East longitudes. The area of the catchment is about 44,832.3 m2. The catchment area is covered with built-up land, agriculture land, plantation crops, fallow land, wasteland, forestry (cultivable trees) and one open well.  The study area is having third-order stream passing from near the open well. 
With these backgrounds, the objectives of the study are to estimate the runoff catchment area of a well, to find out the runoff coefficients and CN values for runoff coefficient and SCS-CN methods, to estimate and analyze the precise runoff contribution from the catchment area of a well.

MATERIAL AND METHODS

Tools like GPS, total station were used for identifying the catchment area of a well in AEC & RI, Kumulur. International Pipette (Robinson Pipette) laboratory method was used for soil texture analysis at Soil Chemistry Laboratory, AEC&RI, TNAU, Kumulur. Double Ring Infiltrometer was used to identify soil infiltration characteristics of the study area to identify the Hydrologic Soil Groups. Remote Sensing, GIS techniques and Google Earth map were used to delineate catchment area, slope map, land use/land cover and soil map. 15 years of rainfall data from 2004 to 2018 collected from Meteorology Station of AEC&RI, TNAU, Kumulur. Daily average rainfall intensity was estimated by IDF empirical approach (Hydrologic Science and Engineering, Civil and Environmental Engineering Department, Colorado State University model). SCS-CN method and runoff coefficient method were used for the calculation of surface runoff from the catchment area of a well.

Identification of well catchment area: GPS was used to identify the landmarks of latitude and longitude along with elevations. Total station survey was conducted and the readings were superimposed in GIS software to delineate the exact catchment area of a well.

Land use/ land cover: Using the Google earth map interface along with field verifications, the land use/ land cover map of the study area was generated.
Soil map: Soil samples were collected and texture analysis was carried out by International Pipette Method (Robinson Pipette method).

SCS–CN Model
The SCS–CN (1985) method was established in 1954 by the USDA SCS (Rallison1980), defined in the Soil Conservation Service (SCS) by National Engineering Handbook (NEH-4) Section of Hydrology (Ponce and Hawkins 1996). The Soil conversation Service-Curve 
Number approach is based on the water balance calculation and two fundamental hypotheses had been proposed (Jun et al. 2015). 

The first suggestion states that, the ratio of the real quantity of direct runoff to the maximum possible runoff is equal to the ratio of the amount of real infiltration to the quantity of the potential maximum retention. The second hypothesis states that the amount of early abstraction is some fraction of the probable maximum retention. 
The Soil Conservation Service Curve Number approach is frequently used to estimate the direct runoff from a watershed (USDA 1972).
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Where ‘Q’ is the runoff depth in mm, ‘P’ is the rainfall depth in mm, Ia is the initial abstraction in mm, ‘S’ is Potential maximum retention in the watershed in mm. 

Surface storage, interception and infiltration prior to the runoff is defined as initial abstraction Ia and it is given by, 

Ia = 0.3×S                    (2)    (for Indian Conditions)

For Indian condition the form ‘S’ the potential maximum retention is given by,
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Where CN is known as the curve number. Now the equation can be rewritten as

[image: image8.png]


                    (4)
[image: image10.png]Qxa
Q. 1000



                     (5)

Where ‘Qv’ is the runoff volume in m3, ‘A’ is the area of the watershed in m2 and ‘Q’ is the runoff depth in mm.

The SCS Curve Number describes the ability of soils to allow infiltration of water concerning to their land use/ land cover (LU/LC) and antecedent soil moisture conditions (AMC) (Amutha and Porchelvan 2009). 

Based on the U.S soil conservation service (SCS), soils are classified into four hydrologic soil groups such as A, B, C & D concerning the rate of runoff and final infiltration as presented in Table 1. By analyzing the land use/ land cover and HSG, curve number values can be obtained from Arc GIS software with digitized boundaries.

Antecedent moisture condition (AMC): Antecedent Moisture Condition (AMC) is considered as the moisture available before the modeled rainfall event. For modeling purposes, AMC II in the watershed is essentially an average moisture condition, for dry condition AMC I and wet condition for AMC III. Antecedent Moisture Condition classes were categorized as I, II, III reported in Table 2. 
The standard and already reported method must be clearly given or cited.  Any modification of the original method must be duly highlighted. This section may be subtitled for clarity. Use standard abbreviations of the various units. ISI units should be used for measurements.
The following equations are used in the cases of AMC-I and AMC-III (Chow et al. 2002):
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Where CNw is the weighted curve number for the whole catchment area, CNi is the curve number from 1 to any number N, Ai is the area with curve number CNi and A is the total area of the watershed.

Runoff Coefficient Method
 Instead of the rational method to calculate peak flow discharge, the runoff coefficient method is used to calculate the runoff volume with average rainfall intensity of a storm (IDF relation, Colorado State University, Dept. of Civil. Eng.). The Rational formula is modified as follows (runoff coefficient method):
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Where: ‘Q’ is maximum runoff (m3/day), ‘C’ is runoff coefficient representing a ratio of runoff to rainfall (unitless) (or) depends on land use, soil properties and topography (unitless), ‘I’ is the average rainfall intensity (mm/day) (IDF relation, Colorado State University, Dept. of Civil. Eng.), and ‘A’ is the catchment area (m2).
RESULTS AND DISCUSSION
Delineation of catchment area of a well: The contour map for the catchment of a well was delineated and the slope direction identified towards the South-East direction as shown in Fig. 1. 
With the help of ground truth verifications and total-station survey final well catchment was delineated as shown in Fig. 2. One open well is exiting in the low-lying part of the study area towards South-East direction. 
Land Use/ Land Cover Classification: The land use and land cover map of the study area obtained as shown in Fig. 3. Fig. 3. shows the land use/ land cover details of the study area constituting of cultivated area (42.27%) followed by plantation crop (21.52%), pasture land (12.45%), tree cultivated area (12.09 %), fallow land (7.4%), built-up land (4.01%) and water body i.e. open well (0.14%). The major area of the watershed was under crop land (cultivable land) plays an important role in producing direct surface runoff. Land use/ land cover details are shown in Table 3.
Soil Classification: Soil texture analysis carried out by Robinson;s Pippette method 
and the study area soils are categorized into two soil groups i.e. sandy clay loam and sandy loam. Majority of the area covered 
with sandy loam soil followed by clay loam soil as shown in Fig. 4
. 
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	Figure 1. Contour map of the study area
	Figure 2. Well catchment area

	
	

	Figure 3. Land use/land cover map of the study area
	Figure 4. Soil map of the study area


3.4 Curve Numbers and Maximum Retention Capacity (SCS-CN Method)
CN values were estimated based on hydrologic soil group and land-use patterns of the study area were presented in Table 3. The weighted values of curve number for the three AMC conditions as well as maximum soil-water retention capacity for three antecedent moisture conditions were calculated as per the USDA SCS-CN method and presented in Table 4. (USSCS, 1964).
3.5 Estimation of Runoff Volume by SCS-CN Method

3.5.1 Estimation of Runoff Volume (annual basis): From the rainfall data for 15 years (2004 to 2018), the annual runoff volume was estimated from annual rainfall depth by the SCS-CN annual basis method. The highest runoff volume generated in 2005 is 63046.09 m3 and the lowest runoff volume amount observed in the year 2018 is 18924.7 m3 as shown in Table 5 [Sateeshkumar et al. (2017), Kadam et al. (2012), USDA (1986), Mishra et al. (2004), Saravanan and Manjula (2015)]. 
Fig. 5. shows the relation between rainfall (mm) and runoff (mm) from 2004 to 2018 years. The maximum runoff depth i.e. 1338.86 mm was obtained in the year 2005 with the highest rainfall of 1476.4 mm. The lowest runoff depth was observed 401.89 in the year 2018 with the lowest rainfall of 524.2 mm.
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Figure 5. Rainfall-runoff (mm) relationship for 2004-2018 years using SCS-CN annual basis
3.5.2 Estimation of Runoff volume (Event Basis): In this concept, the runoff volume was calculated for each rainfall event. The annual runoff volume was computed by summing up each runoff volume of the rainy day throughout the year by considering their AMC conditions and CN values. The runoff volume from 2005
 to 2014
 years is shown in Fig. 6. This approach consumes more time for calculating longer periods of rainfall data, but it is a precise method for gauged watershed and more useful for planning of water conservation structures such as farm ponds, gully plugs, percolation ponds, check dams, and other artificial water recharge structures. [Nhamo Luxon and Chilonda Pius (2013), Latha et.al (2012), TejramNayak et.al (2012)]. 
Fig.6. reveals that the maximum runoff volume determined in the year 2005 is 38,452.36 m3 and the lowest runoff volume determined in the year 2018 is 8718.3 m3.
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Figure 6. Runoff volume for 2004-2018 years from SCS-CN method (Event basis)
3.6 Estimation runoff volume by runoff coefficient method

Runoff coefficient method was adopted to estimate runoff volume by using the runoff coefficient of the catchment, average rainfall intensity, (IDF relationship, Colorado State University paper) and the watershed area. Runoff coefficient values were determined based on their land use, slope, and Hydrologic Soil Groups of the study area (Hydraulics in Civil Engineering, Harlan Bergson, NRCS.USDA.gov). 
Table 6. Shows the highest runoff coefficient values determined for water body i.e. 1 and the next highest value for built-up land is 0.95,  and the lowest value identified for the forest/ the land covered with trees is 0.12 and then after plantation crops (citrus & drum stick) is 0.2. The highest runoff coefficient value tends to produce more surface runoff and the lowest values retain more moisture as abstraction losses hence the runoff volume will be less as compare to the highest runoff coefficient values.

From this runoff coefficient method among 15 years of rainfall data (2004 to 2018), the highest runoff was determined in the year 2005 as 38,499.81 m3 and the lowest runoff was determined in the year 2018 as 10,011.89 3 m3 as shown in Fig. 7.
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Figure 7. 
Runoff volume for 2004-2018 years from runoff coefficient method

3.7 Comparison of runoff volume by SCS-CN method and runoff coefficient method

In most cases, the SCS-CN method was used for gauged and un-gauged watersheds to estimate runoff volume for a shorter and longer period. The large catchment area’s annual runoff volume estimating by considering the average AMC condition and avg. CN value with SCS-CN annual basis approach as annual basis approach. But in the event basis approach, three AMC conditions were followed. From Table 5 and Figures 7 and 8 among 15 years of rainfall data from 2004 to 2018, the highest runoff volume found in the year 2005 
is 63,046 m3 by SCS-CN annual basis method, 38452.36 m3 by SCS-CN event basis method, and 38,499.81 m3 by runoff coefficient method. The lowest runoff volume found in 2005 
is 18924.87 m3 by SCS-CN annual basis, and 8718.29 m3 by event basis, and 10,011.89 m3 by the runoff coefficient method as shown in Table 7. 

Table 7 shows that, a significant difference in runoff volume within the SCS-CN model of the event and annual basis. The maximum runoff volume determined in the year 2005 is 63046.09 m3 for an annual basis and 38452.36 m3 for event basis. The lowest runoff volume is about 18924.87 m3 in the case of the annual method, and 8718.30 m3 in the case of event basis. Within two values from the event and annual basis, the lowest values were considered as correct runoff amount i.e. event basis calculations. Because in annual basis method 30% abstraction losses are neglecting from the total rainfall depth as a whole, only once in a year so that it may not give the accurate abstraction losses. In the case of event basis, the same 30% abstraction losses are neglecting for each rainfall event i.e. all abstraction losses due to each dry-spell are considering, as well as three AMC conditions are considering for runoff estimation. There is no much significant difference between the runoff values of SCS-CN event basis and runoff coefficient values. The runoff values of the runoff coefficient method and SCS-CN event basis are almost nearer to each other as shown in Fig. 8. 
Therefore, the event basis calculations are considered accurate and precise techniques as compare to the annual basis concept of the SCS-CN method. Hence, the SCS-CN event basis approach is more productive as compared to SCS-CN annual basis calculations and runoff coefficient method.
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Figure 8. Comparisons of three different approaches of runoff calculations for 2005 and 2018 years 
(SCS-CN and runoff coefficient methods)
CONCLUSION 

From this study, a catchment area of a well 4.48 ha 
was delineated in the AEC & RI, Kumulur, TNAU. The majority of the catchment area constitutes cultivable cropland (42.27%) followed by plantation crop (21.52%), wasteland (12.45%), tress cultivation (12.09 %), fallow land (7.4%), built-up land (4.01%) and water body i.e. open well (0.14%). Based on the results of soil classification and land use data, the study area identified in hydrologic soil group ‘C’. 
The highest CN value and runoff coefficient values were determined for built-up land i.e. 92 and 0.91. The lowest CN value and runoff coefficient value estimated for forest land (tree cultivation). The composite curve number for the normal condition is 77.78, whereas for the dry and wet conditions are 62.95 and 89.12 respectively. Surface runoff computed by using three concepts i.e. SCS-CN with annual, event basis, and runoff-coefficient method. A significant difference was found within the SCS-CN model of event and annual basis calculations as well as the runoff coefficient model. The results revealed that SCS-CN event basis and runoff coefficient method values are almost nearer to each other, and significant difference found in SCS-CN annual basis method with event basis and runoff coefficient methods. In the SCS-CN event basis method and runoff coefficient methods, considering all the surface abstraction losses for each rainfall event, as well as considering three AMC conditions whereas that is not possible in the case of the SCS-CN annual method. Therefore, among these three methods, the lowest values found in the SCS-CN event basis method hence, the SCS-CN event basis method is more fruitful as compared to SCS-CN annual basis method and runoff coefficient method.

This study analysis revealed an appropriate model for precise runoff estimation for any watershed and is more useful for the students and research scholars as well as for watershed development programs. From this study, the highest runoff volume of the catchment among the past 15 years (2004-2018) is found 38452.36 m3 in 2005 and the lowest is 8718.3 m3 in 2018 according to the SCS-CN event basis method. A Significant amount of surface runoff generating from the study area, hence a suitable water harvesting structure should be provided at the low-lying part of the catchment area of a well to arrest the surface runoff as well as to improve groundwater resources.
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List of Tables

Table 1. Soil Conservation Service Classification (USDA 1974)

	Hydrological Soil Group(HSG)
	Soil Textures
	Runoff potential
	Water transmission
	Final infiltration (mm)

	Group A
	Deep, well-drained sands and gravels
	Low
	High rate
	>7.5

	Group B
	Moderately deep, well- drained with moderate
	Moderate
	Moderate rate
	3.8-7.5

	Group C
	Clay loams, shallow sandy loam, soils with moderate to fine textures
	Moderate
	Moderate rate
	1.3-3.8

	Group D
	Clay soils that swell significantly when wet
	High
	Low rate
	<1.3


Table 2. Group of Antecedent soil moisture classes (USDA 1985)

	AMC group
	Total 5-day antecedent rainfall (mm):

	
	Dormant season
	Growing season

	I
	Less than 13
	Less than 36

	II
	13 to 28
	36 to 53

	III
	More than 28
	More than 53


Table 3. Spatial distribution of land use and land cover and CN values for HSGs

	S. No
	Land use/ land cover
	Area

(m²)
	Percentage

(%)
	Hydrologic Soil Group

(C)

	1
	Built-Up land
	1802
	4.01
	92

	2
	Plantation crop
	9651
	21.52
	71

	3
	Fallow land/ Pasture
	5583
	12.45
	79

	4
	Long fallow
	3356
	7.4
	82

	5
	Cropland
	18954
	42.27
	81

	6
	Waterbody
	64.3
	0.14
	100

	7
	Trees/ forest
	5422
	12.09
	70


Table 4. Curve Number and ‘S’ values for Three Antecedent Moisture Conditions

	S. No
	Antecedent Moisture Condition
	Weighted CN value for the catchment area
	Max. retention capacity ‘S’ (mm)

	1
	AMC-I
	62.958
	149.443

	2
	AMC-II
	77.78
	72.56

	3
	AMC-III
	89.127
	30.98


Table 5. Annual Rainfall and Runoff Values (2004-2018)

	Year
	Rainfall

	Runoff Depth (mm)
	Runoff Volume (m3)

	2004
	1192.9
	1057.56
	49799.76

	2005
	1476.4
	1338.86
	63046.09

	2006
	675.1
	547.90
	25800.18

	2007
	745.7
	616.81
	29044.94

	2008
	1083.5
	949.29
	44701.33

	2009
	783.9
	654.20
	30805.89

	2010
	921.2
	789.11
	37158.45

	2011
	1006.4
	873.12
	41114.48

	2012
	747.9
	618.96
	29146.27

	2013
	709.4
	581.34
	27374.87

	2014
	613.6
	488.15
	22986.42

	2015
	855.6
	724.57
	34119.26

	2016
	700.6
	572.75
	26970.54

	2017
	861.9
	730.76
	34410.84

	2018
	524.2
	401.89
	18924.87



Table 6. Topography and existing Runoff coefficient (c) values of the study area

	S. No
	Land Use/Cover
	Area (m²)
	Topography
	Runoff Coefficient

©

	1
	Built-Up land
	1802
	Nearly level
	0.95

	2
	Plantation crop
	9651
	Moderate
	0.2

	3
	Current fallow/ Pasture
	5583
	Moderate
	0.3

	4
	Current fallow
	3356
	Gentle
	0.68

	5
	Cropland
	18954
	Gentle
	0.4

	6
	Waterbody
	64.3
	-
	1

	7
	Tress/ forest
	5422
	Gentle
	0.12


Table 7. Comparisons of lowest and highest runoff volumes by the three approaches

	Year
	Annual runoff volume (mᴲ)

	
	SCS-CN Method
	Runoff Coefficient Method

	
	Annual Basis
	Event Basis
	

	2005
	63046.09
	38452.36
	38,499.81

	2018
	18924.87
	8718.29
	10,011.89
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Sheet1

		

				Year		Janurary		Febrary		March		April		May		June		July		August		September		October		November		December		TOTAL				Year		Janurary		Febrary		March		April		May		June		July		August		September		October		November		December

				2004		0		0		1		1		297.4		1		52.8		14.2		261.6		293.8		269.1		1		1192.9				2004										275.632				31.032				239.832		272.032		247.332

				2005		0		0		27.3		66.7		102.9		0		63.4		62.8		123.6		468.9		411.9		148.9		1476.4				2005						5.532		44.932		81.132				41.632		41.032		101.832		447.132		390.132		127.132

				2006		13.4		0		45.6		10.8		107.4		34.5		0		0		190.3		93.1		140.5		39.5		675.1				2006						23.832				85.632		12.732						168.532		71.332		118.732		17.732

				2007		0		0		0		62.4		28.5		18.8		14.9		181.8		19		146.1		9.8		264.4		745.7				2007								40.632		6.732						160.032				124.332				242.632

				2008		0		43.2		85.1		26.8		39.4		16.4		149.4		59.7		28.4		126		442.7		66.4		1083.5				2008				21.432		63.332		5.032		17.632				127.632		37.932		6.632		104.232		420.932		44.632

				2009		3		0		4.8		9.4		12.4		12		11.4		266.6		116.2		28.2		220.1		99.8		783.9				2009																244.832		94.432		6.432		198.332		78.032

				2010		11		0		0		0		93.1		20.5		45.6		54.1		115		169.8		330.8		81.3		921.2				2010										71.332				23.832		32.332		93.232		148.032		309.032		59.532

				2011		0		0		0		61.7		37.2		0		29		132.9		169.2		182.3		325.7		68.4		1006.4				2011								39.932		15.432				7.232		111.132		147.432		160.532		303.932		46.632

				2012		8		0		5		7.4		77.1		33.5		45.7		97.6		113.1		244.5		116		0		747.9				2012										55.332		11.732		23.932		75.832		91.332		222.732		94.232

				2013		0		10.9		31.7		11.3		53.2		0		0		51.8		175.6		155.2		157.5		62.2		709.4				2013						9.932				31.432						30.032		153.832		133.432		135.732		40.432

				2014		0		6		0		0		147.4		13.2		17.2		31.2		33.6		156.8		149.9		58.3		613.6				2014										125.632						9.432		11.832		135.032		128.132		36.532

				2015		3.6		0		0		61.6		58.2		51.4		15.6		81.2		101.6		162.4		239.6		80.4		855.6				2015								39.832		36.432		29.632				59.432		79.832		140.632		217.832		58.632

				2016		0		0		0		0		226.9		76		155.9		51		46.2		99.8		2.6		42.2		700.6				2016										205.132		54.232		134.132		29.232		24.432		78.032				20.432

				2017		34.6		0		49.4		0		77.2		0		0		243.3		110.2		187.4		103.4		56.4		861.9				2017		12.832				27.632				55.432						221.532		88.432		165.632		81.632		34.632

				2018		3.4		0		0		11.2		75.6		7.8		53.6		0		30.6		113.6		222.8		5.6		524.2				2018										53.832				31.832				8.832		91.832		201.032

																						Year		Rainfall		R.D(mm)		Run.Vol.						Year		Janurary		Febrary		March		April		May		June		July		August		September		October		November		December		Total (mm)

																						2004		1192.9		1057.56		49799.76						2004		0		0		0		0		188.9828596901		0		6.1176864494		0		157.066678201		185.7418463994		163.6914137272		0		701.60

																						2005		1476.4		1338.86		63046.09						2005		0		0		0.2319992722		11.78497825		31.7208877837		0		10.3161920362		10.0568963861		45.4395347443		348.6025098499		294.6757612128		63.7550606446		816.58

																						2006		675.1		547.90		25800.18						2006		0		0		3.7811345716		0		34.5872337343		1.1652923873		0		0		96.3108576311		25.7359477214		57.5141276325		2.1818321005		221.28

																						2007		745.7		616.81		29044.94						2007		0		0		0		9.8853926352		0.3404689655		0		0		89.418110485		0		61.6586742611		0		159.5357508577		320.84

																						2008		1083.5		949.29		44701.33						2008		0		3.1075747514		21.1424923515		0.1926871928		2.1587905284		0		64.131047691		8.7568414826		0.3306775731		47.11118262		323.7356317699		11.6485318052		482.32

																						2009		783.9		654.20		30805.89						2009		0		0		0		0		0		0		0		161.4792387705		40.3849582175		0.3115023266		121.1406554279		29.7881367056		353.10

																						2010		921.2		789.11		37158.45						2010		0		0		0		0		25.7359477214		0		3.7811345716		6.5865933086		39.5801913574		79.8566853395		219.335286337		19.063304954		393.94

																						2011		1006.4		873.12		41114.48						2011		0		0		0		9.5879058625		1.6793359001		0		0.3914514183		51.9991639257		79.3842249151		89.820929992		214.6700300342		12.5688886423		460.10

																						2012		747.9		618.96		29146.27						2012		0		0		0		0		16.8489913819		0.9965956412		3.8103960082		28.4382188022		38.3148878049		142.1029011601		40.2505318163		0		270.76

																						2013		709.4		581.34		27374.87						2013		0		0		0.7236785562		0		6.2605070908		0		0		5.7663897705		84.4519618286		68.5273801008		70.2879547671		9.8000516995		245.82

																						2014		613.6		488.15		22986.42						2014		0		0		0		0		62.6300520773		0		0		0.6550520875		1.0129239852		69.7511228492		64.5075219991		8.1921737401		206.75

																						2015		855.6		724.57		34119.26						2015		0		0		0		9.5456845196		8.1523900498		5.6281996282		0		19.0095399817		30.9061065128		74.0697330587		137.8541594492		18.5812195233		303.75

																						2016		700.6		572.75		26970.54						2016		0		0		0		0		126.9317288287		16.2843132938		69.0621988561		5.4913554656		3.958110364		29.7881367056		0		2.843584388		254.36

																						2017		861.9		730.76		34410.84						2017		1.1828189354		0		4.9576483605		0		16.9006469611		0		0		141.0606968009		36.4052819887		93.9486984144		32.0358801211		7.4490741196		333.94

																						2018		524.2		401.89		18924.87						2018		0		0		0		0		16.0805961045		0		6.4046281777		0		0.5769116485		38.6467908162		123.4350356556		0		185.14

																																		Year		Janurary		Febrary		March		April		May		June		July		August		September		October		November		December		Total (mᴲ)

																																		2004		0		0		0		0		8899.07		0		288.08		0		7396.2		8746.45		7708.11		0		33037.88

																																		2005		0		0		10.9246833299		554.9463763057		1493.71		0		485.78		473.5722109948		2139.7		16415.45		13876.08		3002.1811772094		38452.36

																																		2006		0		0		178.0509801824		0		1628.69		54.8728028142		0.00		0		4535.2		1211.89		2708.30		102.7409463291		10419.75

																																		2007		0		0		0		465.4962194154		16.03		0		0.00		4210.6362300599		0.0		2903.46		0.00		7512.4268328635		15108.06

																																		2008		0		146.3335197397		995.5851650867		9.0735050258		101.66		0		3019.89		412.3535356249		15.6		2218.43		15244.48		548.5212087326		22711.90

																																		2009		0		0		0		0		0.00		0		0.00		7603.9443182361		1901.7		14.67		5704.43		1402.7025057729		16627.44

																																		2010		0		0		0		0		1211.89		0		178.05		310.1580682843		1863.8		3760.40		10328.35		897.6776859709		18550.32

																																		2011		0		0		0		451.4877755332		79.08		0		18.43		2448.6042298479		3738.1		4229.60		10108.66		591.8601679427		21665.88

																																		2012		0		0		0		0		793.41		46.9289911251		179.43		1339.1358166441		1804.2		6691.53		1895.37		0		12750.02

																																		2013		0		0		34.077516638		0		294.80		0		0.00		271.5352578188		3976.8		3226.91		3309.81		461.4775744951		11575.39

																																		2014		0		0		0		0		2949.21		0		0.00		30.8459442627		47.7		3284.53		3037.61		385.7637268998		9735.66

																																		2015		0		0		0		449.499602048		383.89		265.0279807536		0.00		895.1459310603		1455.3		3487.89		6491.46		874.9766204971		14303.24

																																		2016		0		0		0		0		5977.13		766.8169139875		3252.09		258.5840849257		186.4		1402.70		0.00		133.9023983211		11977.61

																																		2017		55.6981156957		0		233.4521909419		0		795.84		0		0.00		6642.4494698665		1714.3		4423.98		1508.55		350.771685941		15725.04

																																		2018		0		0		0		0		757.22		0		301.59		0		27.2		1819.85		5812.47		0		8718.30





Sheet2

																												AMC-1		AMC-I		AMC-II		AMC-II		AMC-III		AMC-III

		Date		2014		AMC		P-0.3S		P+0.7S		(P-0.3S)²/(p+0.7s)		ratinal method		2005		AMC		p-0.3s		p+0.7s		R.depth (mm)		R. vol		0.3S		0.7S		0.3S		0.7S		0.3S		0.7S

		1-Jan		0										0		vol												44.83		104.61		21.77		50.79		9.29		21.69

		2-Jan		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		3-Jan		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		4-Jan		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		5-Jan		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		6-Jan		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		7-Jan		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		8-Jan		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		9-Jan		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		10-Jan		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		11-Jan		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		12-Jan		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		13-Jan		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		14-Jan		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		15-Jan		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		16-Jan		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		17-Jan		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		18-Jan		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		19-Jan		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		20-Jan		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		21-Jan		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		22-Jan		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		23-Jan		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		24-Jan		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		25-Jan		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		26-Jan		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		27-Jan		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		28-Jan		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		29-Jan		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		30-Jan		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		31-Jan		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		total		0										0												0.0		44.83		104.61		21.77		50.79		9.29		21.69

		1-Feb		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		2-Feb		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		3-Feb		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		4-Feb		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		5-Feb		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		6-Feb		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		7-Feb		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		8-Feb		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		9-Feb		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		10-Feb		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		11-Feb		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		12-Feb		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		13-Feb		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		14-Feb		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		15-Feb		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		16-Feb		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		17-Feb		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		18-Feb		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		19-Feb		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		20-Feb		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		21-Feb		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		22-Feb		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		23-Feb		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		24-Feb		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		25-Feb		6		i		0						98.20944408		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		26-Feb		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		27-Feb		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		28-Feb		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		total		6										98.20944408												0.0		44.83		104.61		21.77		50.79		9.29		21.69

		1-Mar		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		2-Mar		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		3-Mar		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		4-Mar		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		5-Mar		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		6-Mar		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		7-Mar		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		8-Mar		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		9-Mar		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		10-Mar		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		11-Mar		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		12-Mar		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		13-Mar		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		14-Mar		0										0		27.3		i								0.0		44.83		104.61		21.77		50.79		9.29		21.69

		15-Mar		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		16-Mar		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		17-Mar		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		18-Mar		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		19-Mar		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		20-Mar		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		21-Mar		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		22-Mar		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		23-Mar		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		24-Mar		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		25-Mar		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		26-Mar		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		27-Mar		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		28-Mar		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		29-Mar		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		30-Mar		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		31-Mar		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		total												0												0.0		44.83		104.61		21.77		50.79		9.29		21.69

		1-Apr		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		2-Apr		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		3-Apr		0										0		4.5		i								0.0		44.83		104.61		21.77		50.79		9.29		21.69

		4-Apr		0										0		26.8		iii		17.5		48.5		6.3		297.8		44.83		104.61		21.77		50.79		9.29		21.69

		5-Apr		0										0		4.2		iii								0.0		44.83		104.61		21.77		50.79		9.29		21.69

		6-Apr		0										0		3.0		iii								0.0		44.83		104.61		21.77		50.79		9.29		21.69

		7-Apr		0										0		10.8		iii		1.5		32.5		0.1		3.3		44.83		104.61		21.77		50.79		9.29		21.69

		8-Apr		0										0		15.4		iii		6.1		37.1		1.0		47.4		44.83		104.61		21.77		50.79		9.29		21.69

		9-Apr		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		10-Apr		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		11-Apr		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		12-Apr		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		13-Apr		0										0		2.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		14-Apr		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		15-Apr		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		16-Apr		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		17-Apr		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		18-Apr		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		19-Apr		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		20-Apr		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		21-Apr		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		22-Apr		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		23-Apr		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		24-Apr		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		25-Apr		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		26-Apr		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		27-Apr		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		28-Apr		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		29-Apr		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		30-Apr		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		total		0										0												0.0		44.83		104.61		21.77		50.79		9.29		21.69

		1-May		0										0		12.6										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		2-May		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		3-May		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		4-May		0										0		11.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		5-May		16.4		ii		0						268.439147152		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		6-May		14		ii		0.00						229.15536952		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		7-May		27.2		iii		17.91		48.89		308.98		445.216146496		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		8-May		29		iii		19.71		50.69		360.92		474.67897972		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		9-May		0								0.00		0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		10-May		0								0.00		0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		11-May		0								0.00		0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		12-May		0								0.00		0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		13-May		4.1		i		0		0		0.00		67.109786788		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		14-May		0								0.00		0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		15-May		0								0.00		0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		16-May		7		i		0		0		0.00		114.57768476		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		17-May		0								0.00		0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		18-May		0								0.00		0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		19-May		0								0.00		0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		20-May		0								0.00		0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		21-May		0								0.00		0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		22-May		0								0.00		0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		23-May		0								0.00		0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		24-May		1.3		i						0.00		21.278712884		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		25-May		41.6		iii		32.31		63.29		776.76		680.918812288		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		26-May		0								0.00		0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		27-May		6.8		iii								111.304036624		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		28-May		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		29-May		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		30-May		0										0		79.3								48.5		2284.8		44.83		104.61		21.77		50.79		9.29		21.69

		31-May		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		total												0												0.0		44.83		104.61		21.77		50.79		9.29		21.69

		1-Jun		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		2-Jun		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		3-Jun		1.5		i								24.55236102		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		4-Jun		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		5-Jun		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		6-Jun		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		7-Jun		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		8-Jun		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		9-Jun		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		10-Jun		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		11-Jun		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		12-Jun		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		13-Jun		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		14-Jun		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		15-Jun		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		16-Jun		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		17-Jun		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		18-Jun		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		19-Jun		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		20-Jun		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		21-Jun		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		22-Jun		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		23-Jun		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		24-Jun		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		25-Jun		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		26-Jun		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		27-Jun		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		28-Jun		8.3		i								135.856397644		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		29-Jun		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		30-Jun		3.4		i								55.652018312		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		total		13.2										216.060776976												0.0		44.83		104.61		21.77		50.79		9.29		21.69

		1-Jul		4		i								65.47296272		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		2-Jul		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		3-Jul		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		4-Jul		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		5-Jul		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		6-Jul		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		7-Jul		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		8-Jul		13.2		i		0		0				216.060776976		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		9-Jul		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		10-Jul		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		11-Jul		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		12-Jul		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		13-Jul		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		14-Jul		0										0		8.2										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		15-Jul		0										0		55.2								27.4		1290.2		44.83		104.61		21.77		50.79		9.29		21.69

		16-Jul		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		17-Jul		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		18-Jul		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		19-Jul		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		20-Jul		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		21-Jul		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		22-Jul		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		23-Jul		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		24-Jul		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		25-Jul		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		26-Jul		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		27-Jul		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		28-Jul		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		29-Jul		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		30-Jul		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		31-Jul		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		total												0												0.0		44.83		104.61		21.77		50.79		9.29		21.69

		1-Aug		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		2-Aug		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		3-Aug		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		4-Aug		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		5-Aug		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		6-Aug		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		7-Aug		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		8-Aug		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		9-Aug		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		10-Aug		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		11-Aug		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		12-Aug		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		13-Aug		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		14-Aug		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		15-Aug		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		16-Aug		0.8		i		0		0				13.094592544		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		17-Aug		8		i		0		0				130.94592544		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		18-Aug		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		19-Aug		18		i		0		0				294.62833224		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		20-Aug		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		21-Aug		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		22-Aug		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		23-Aug		0										0		22.2		i						0.5		24.2		44.83		104.61		21.77		50.79		9.29		21.69

		24-Aug		4.4		i		0		0				72.020258992		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		25-Aug		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		26-Aug		0										0		11.2		i								0.0		44.83		104.61		21.77		50.79		9.29		21.69

		27-Aug		0										0		19.4		iii		10.1		41.1		2.5		117.1		44.83		104.61		21.77		50.79		9.29		21.69

		28-Aug		0										0		10.0		ii								0.0		44.83		104.61		21.77		50.79		9.29		21.69

		29-Aug		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		30-Aug		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		31-Aug		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		total												0												0.0		44.83		104.61		21.77		50.79		9.29		21.69

		1-Sep		0										0		11.2		ii						0.0		0.0		44.83		104.61		21.77		50.79		9.29		21.69

		2-Sep		0										0		0.0								0.0		0.0		44.83		104.61		21.77		50.79		9.29		21.69

		3-Sep		0										0		0.0								0.0		0.0		44.83		104.61		21.77		50.79		9.29		21.69

		4-Sep		0										0		0.0								0.0		0.0		44.83		104.61		21.77		50.79		9.29		21.69

		5-Sep		0										0		0.0								0.0		0.0		44.83		104.61		21.77		50.79		9.29		21.69

		6-Sep		0										0		0.0								0.0		0.0		44.83		104.61		21.77		50.79		9.29		21.69

		7-Sep		0										0		1.0		i						0.0		0.0		44.83		104.61		21.77		50.79		9.29		21.69

		8-Sep		0										0		0.0								0.0		0.0		44.83		104.61		21.77		50.79		9.29		21.69

		9-Sep		0										0		0.0								0.0		0.0		44.83		104.61		21.77		50.79		9.29		21.69

		10-Sep		0										0		0.0								0.0		0.0		44.83		104.61		21.77		50.79		9.29		21.69

		11-Sep		0										0		0.0								0.0		0.0		44.83		104.61		21.77		50.79		9.29		21.69

		12-Sep		0										0		0.0								0.0		0.0		44.83		104.61		21.77		50.79		9.29		21.69

		13-Sep		4		i		0		0				65.47296272		0.0								0.0		0.0		44.83		104.61		21.77		50.79		9.29		21.69

		14-Sep		0										0		0.0								0.0		0.0		44.83		104.61		21.77		50.79		9.29		21.69

		15-Sep		7.2		i		0		0				117.851332896		0.0								0.0		0.0		44.83		104.61		21.77		50.79		9.29		21.69

		16-Sep		0										0		1.7		i						0.0		0.0		44.83		104.61		21.77		50.79		9.29		21.69

		17-Sep		0										0		0.0								0.0		0.0		44.83		104.61		21.77		50.79		9.29		21.69

		18-Sep		0										0		0.0								0.0		0.0		44.83		104.61		21.77		50.79		9.29		21.69

		19-Sep		0										0		0.0								0.0		0.0		44.83		104.61		21.77		50.79		9.29		21.69

		20-Sep		0										0		0.0								0.0		0.0		44.83		104.61		21.77		50.79		9.29		21.69

		21-Sep		0										0		0.0								0.0		0.0		44.83		104.61		21.77		50.79		9.29		21.69

		22-Sep		0.8		i		0		0				13.094592544		0.0								0.0		0.0		44.83		104.61		21.77		50.79		9.29		21.69

		23-Sep		0										0		13.2		i						0.0		0.0		44.83		104.61		21.77		50.79		9.29		21.69

		24-Sep		1.6		i		0		0				26.189185088		0.0								0.0		0.0		44.83		104.61		21.77		50.79		9.29		21.69

		25-Sep		0										0		0.0								0.0		0.0		44.83		104.61		21.77		50.79		9.29		21.69

		26-Sep		0										0		50.7		iii		41.4		72.4		23.7		1115.5		44.83		104.61		21.77		50.79		9.29		21.69

		27-Sep		17		i		0		0				278.26009156		35.6		iii		26.3		57.3		12.1		569.0		44.83		104.61		21.77		50.79		9.29		21.69

		28-Sep		0										0		3.9		iii								0.0		44.83		104.61		21.77		50.79		9.29		21.69

		29-Sep		0										0		6.2		iii								0.0		44.83		104.61		21.77		50.79		9.29		21.69

		30-Sep		3		i		0		0				49.10472204		0.1		iii								0.0		44.83		104.61		21.77		50.79		9.29		21.69

		total												0												0.0		44.83		104.61		21.77		50.79		9.29		21.69

		1-Oct		31		i		0		0				507.41546108		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		2-Oct		8.8		ii		0		0				144.040517984		19.7		iii		10.4		41.4		2.6		123.3		44.83		104.61		21.77		50.79		9.29		21.69

		3-Oct		0										0		0.0								0.0		0.0		44.83		104.61		21.77		50.79		9.29		21.69

		4-Oct		0										0		17.1		ii						0.0		0.0		44.83		104.61		21.77		50.79		9.29		21.69

		5-Oct		0										0		0.0								0.0		0.0		44.83		104.61		21.77		50.79		9.29		21.69

		6-Oct		0										0		0.0								0.0		0.0		44.83		104.61		21.77		50.79		9.29		21.69

		7-Oct		0										0		0.0								0.0		0.0		44.83		104.61		21.77		50.79		9.29		21.69

		8-Oct		4.8		i		0		0				78.567555264		0.0								0.0		0.0		44.83		104.61		21.77		50.79		9.29		21.69

		9-Oct		0										0		41.6		ii		19.8		92.4		4.3		200.5		44.83		104.61		21.77		50.79		9.29		21.69

		10-Oct		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		11-Oct		0										0		6.8		ii								0.0		44.83		104.61		21.77		50.79		9.29		21.69

		12-Oct		0										0		67.8		iii		58.5		89.5		38.3		1801.5		44.83		104.61		21.77		50.79		9.29		21.69

		13-Oct		0										0		6.8		iii				0.0				0.0		44.83		104.61		21.77		50.79		9.29		21.69

		14-Oct		0										0		0.0						0.0				0.0		44.83		104.61		21.77		50.79		9.29		21.69

		15-Oct		13.1		i		0		0				214.423952908		0.0						0.0				0.0		44.83		104.61		21.77		50.79		9.29		21.69

		16-Oct		0										0		0.0						0.0				0.0		44.83		104.61		21.77		50.79		9.29		21.69

		17-Oct		13.7		i								224.244897316		0.0						0.0				0.0		44.83		104.61		21.77		50.79		9.29		21.69

		18-Oct		13.6		ii								222.608073248		0.0						0.0				0.0		44.83		104.61		21.77		50.79		9.29		21.69

		19-Oct		4.7		ii								76.930731196		5.6		i				0.0				0.0		44.83		104.61		21.77		50.79		9.29		21.69

		20-Oct		26.4		iii		17.11		4.71		805.70		432.121553952		1.2		i				0.0				0.0		44.83		104.61		21.77		50.79		9.29		21.69

		21-Oct		4.5		iii						0.00		73.65708306		0.0						0.0				0.0		44.83		104.61		21.77		50.79		9.29		21.69

		22-Oct		4.4		iii						0.00		72.020258992		59.0		iii		49.7		80.7				0.0		44.83		104.61		21.77		50.79		9.29		21.69

		23-Oct		1.6		ii						0.00		26.189185088		77.9		iii		68.6		99.6				0.0		44.83		104.61		21.77		50.79		9.29		21.69

		24-Oct		4		ii						0.00		65.47296272		1.9		iii								0.0		44.83		104.61		21.77		50.79		9.29		21.69

		25-Oct		0								0.00		0		115.2		iii		105.9		136.9				0.0		44.83		104.61		21.77		50.79		9.29		21.69

		26-Oct		1.2		i						0.00		19.641888816		9.0		iii								0.0		44.83		104.61		21.77		50.79		9.29		21.69

		27-Oct		0								0.00		0		14.8		iii		5.5		36.5				0.0		44.83		104.61		21.77		50.79		9.29		21.69

		28-Oct		0								0.00		0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		29-Oct		25		i						0.00		409.206017		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		30-Oct		0								0.00		0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		31-Oct		0								0.00		0		24.5		ii		2.7		75.3		0.1		4.7		44.83		104.61		21.77		50.79		9.29		21.69

		total										0.00		0												0.0		44.83		104.61		21.77		50.79		9.29		21.69

		1-Nov		0								0.00		0		26.0		iii		16.7		38.4		7.3		342.4		44.83		104.61		21.77		50.79		9.29		21.69

		2-Nov		16.1		i						0.00		263.528674948		26.6		iii		17.3		39.0		7.7		361.8		44.83		104.61		21.77		50.79		9.29		21.69

		3-Nov		0								0.00		0		36.6		iii		27.3		49.0		15.2		716.8		44.83		104.61		21.77		50.79		9.29		21.69

		4-Nov		2.2		i						0.00		36.010129496		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		5-Nov		0								0.00		0		46.6		iii		37.3		59.0		23.6		1111.1		44.83		104.61		21.77		50.79		9.29		21.69

		6-Nov		0								0.00		0		11.3		iii		2.0		23.7		0.2		8.0		44.83		104.61		21.77		50.79		9.29		21.69

		7-Nov		0								0.00		0		8.1		iii								0.0		44.83		104.61		21.77		50.79		9.29		21.69

		8-Nov		0								0.00		0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		9-Nov		0								0.00		0		26.5		iii		17.2		38.9		7.6		358.6		44.83		104.61		21.77		50.79		9.29		21.69

		10-Nov		67		iii		57.71		88.69		1768.35		1096.67212556		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		11-Nov		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		12-Nov		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		13-Nov		7.5		iii								122.7618051		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		14-Nov		22.6		iii		13.31		44.29		188.37		369.922239368		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		15-Nov		1.3		i								21.278712884		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		16-Nov		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		17-Nov		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		18-Nov		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		19-Nov		9.6		i								157.135110528		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		20-Nov		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		21-Nov		0										0		4.0		i								0.0		44.83		104.61		21.77		50.79		9.29		21.69

		22-Nov		0										0		11.3		i								0.0		44.83		104.61		21.77		50.79		9.29		21.69

		23-Nov		6		i								98.20944408		97.3		iii		88.0		119.0		65.1		3065.4		44.83		104.61		21.77		50.79		9.29		21.69

		24-Nov		0.6		i								9.820944408		107.6		iii		98.3		129.3		74.8		3520.2		44.83		104.61		21.77		50.79		9.29		21.69

		25-Nov		0										0		9.2		iii		0.0						0.0		44.83		104.61		21.77		50.79		9.29		21.69

		26-Nov		0										0		0.0				0.0						0.0		44.83		104.61		21.77		50.79		9.29		21.69

		27-Nov		0										0		0.8		iii		0.0						0.0		44.83		104.61		21.77		50.79		9.29		21.69

		28-Nov		2		i								32.73648136		0.0				0.0						0.0		44.83		104.61		21.77		50.79		9.29		21.69

		29-Nov		15		i								245.5236102		0.0				0.0						0.0		44.83		104.61		21.77		50.79		9.29		21.69

		30-Nov		0										0		0.0				0.0						0.0		44.83		104.61		21.77		50.79		9.29		21.69

														0						0.0						0.0		44.83		104.61		21.77		50.79		9.29		21.69

		1-Dec		0										0		0.0				0.0						0.0		44.83		104.61		21.77		50.79		9.29		21.69

		2-Dec		1		i								16.36824068		0.0				0.0						0.0		44.83		104.61		21.77		50.79		9.29		21.69

		3-Dec		0										0		0.0				0.0						0.0		44.83		104.61		21.77		50.79		9.29		21.69

		4-Dec		0										0		79.4		iii		70.1		101.1		48.6		2289.8		44.83		104.61		21.77		50.79		9.29		21.69

		5-Dec		0										0		9.0		iii								0.0		44.83		104.61		21.77		50.79		9.29		21.69

		6-Dec		0										0		0.7		iii								0.0		44.83		104.61		21.77		50.79		9.29		21.69

		7-Dec		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		8-Dec		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		9-Dec		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		10-Dec		0										0		30.8		i								0.0		44.83		104.61		21.77		50.79		9.29		21.69

		11-Dec		0										0		20.6		ii								0.0		44.83		104.61		21.77		50.79		9.29		21.69

		12-Dec		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		13-Dec		7		i								114.57768476		3.1		iii								0.0		44.83		104.61		21.77		50.79		9.29		21.69

		14-Dec		8.2		i								134.219573576		5.3		iii								0.0		44.83		104.61		21.77		50.79		9.29		21.69

		15-Dec		10.4		i								170.229703072		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		16-Dec		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		17-Dec		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		18-Dec		14.5		i								237.33948986		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		19-Dec		10.2		ii								166.956054936		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		20-Dec		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		21-Dec		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		22-Dec		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		23-Dec		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		24-Dec		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		25-Dec		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		26-Dec		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		27-Dec		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		28-Dec		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		29-Dec		5.8		i								94.935795944		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		30-Dec		0										0		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		31-Dec		1.2		i								19.641888816		0.0										0.0		44.83		104.61		21.77		50.79		9.29		21.69

		total										4209.08		10357.82		1476.4										19653.4





Sheet3

		Year		Rainfall Depth (mm)		Runoff Depth (mm)		Runoff Volume (m3)

		2004		1192.9		1057.56		49799.76

		2005		1476.4		1338.86		63046.09

		2006		675.1		547.90		25800.18

		2007		745.7		616.81		29044.94

		2008		1083.5		949.29		44701.33

		2009		783.9		654.20		30805.89

		2010		921.2		789.11		37158.45

		2011		1006.4		873.12		41114.48

		2012		747.9		618.96		29146.27

		2013		709.4		581.34		27374.87

		2014		613.6		488.15		22986.42

		2015		855.6		724.57		34119.26

		2016		700.6		572.75		26970.54

		2017		861.9		730.76		34410.84

		2018		524.2		401.89		18924.87
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Annual basis runoff volume (m3)



		Year		Rainfall		R.D(mm)		Run.Vol.		Runoff Volume (mᴲ)

		2004		1192.9		1057.56		49799.76		33037.8756932189

		2005		1476.4		1338.86		63046.09		38452.3604835882

		2006		675.1		547.90		25800.18		10419.7519964209

		2007		745.7		616.81		29044.94		15108.0555374798

		2008		1083.5		949.29		44701.33		22711.8972853736

		2009		783.9		654.20		30805.89		16627.4433291504

		2010		921.2		789.11		37158.45		18550.3185142266

		2011		1006.4		873.12		41114.48		21665.8778448518

		2012		747.9		618.96		29146.27		12750.0176561656

		2013		709.4		581.34		27374.87		11575.393959836

		2014		613.6		488.15		22986.42		9735.6584687193

		2015		855.6		724.57		34119.26		14303.2351480113

		2016		700.6		572.75		26970.54		11977.6074082994

		2017		861.9		730.76		34410.84		15725.0359565789

		2018		524.2		401.89		18924.87		8718.2995887655
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