Quantity of Water

Introduction

· A persons basic physiological requirement for water is about 2.5 L/day although work load and climatic conditions can greatly increase this figure, largely because of the need to replace water lost by respiration

· As the standard of living increases so does the need for water and this brings as a consequence the production of wastewater for which suitable treatment and disposal methods must be provided.

Water Demand

· In addition to the water required for survival, other domestic uses of water are highly desirable, e.g., for personal hygiene, washing of utensils and clothes, etc.

· The amount of water used for these other domestic purposes will be governed by the availability of water in the community judged on both amount and cost bases

· In very primitive communities water demand of around 2.5 L/person/day have been recorded but as life styles develop, a water demand of about 10 L/person/day is normal in the absence of a pipe supply and where water has to be carried some distance to the house

· The provision of a central stand-pipe supply in a village will probably increase the water demand to about 25 L/person/day

· The water demand with an individual house tap in a low-income community is likely to be about 50 L/person/day

· In developed countries and the high-value urban housing areas of developing countries the provision of multiple taps, flush toilets, washing machines and dishwashers will greatly increase water demand for  domestic purposes so that demands of several hundred liters per person day are common
· Industrial processes consume considerable amounts of water and in manufacturing areas industrial water demand may equal or even exceed the domestic demand

· Industrial water demand is closely related to industrial productivity and is therefore likely to be subject to change in different economic circumstances

· Increasing costs of water and charges for wastewater collection and treatment exert considerable pressures for reductions in the water used by industry

· In a complex distribution system it is inevitable that there will be a certain amount of leakage and waste. It is not unusual for about 25% of the water entering the system to be unaccounted for and this loss is made up of leakage, fire-fighting usage, unauthorized connection or illegal connection, etc.

· The treatment plant and their associated collection and distribution systems are expensive items of capital expenditure, which are often design to have a useful life of 30 years or more. For this reason and to enable efficient development and utilization of water resources it is necessary to be able to predict future water demands

· It is self-evident that a large population will use more water than a small one and that water use must be related to population. While this is certainly true, such techniques are not always satisfactory

· Prediction of water demand can be made from two different approach, i.e., typical water demand or population equivalent (see Table 1, Table 2 and Table 3).

Table 1: Typical Water Demand Levels

	Type of establishment
	Water demand 

(L/day)

	Airports (per passenger)
	13

	Apartments, multiple-family (per resident)
	230

	Cottages with seasonal occupancy (per resident)
	190

	Dwellings per resident
	190-280

	Highway rest area (per person)
	20

	Hotels with private bath (per person)
	190-230

	Hospitals (per bed)
	950-1510

	Laundries, self service (per customer)
	190

	Livestock, cattle (per animal, drinking)
	40

	Livestock, goat (per animal, drinking)
	20

	Live stock, horse (per animal, drinking)
	40

	Motels with bath (per bed)
	150-190

	Picnic with toilet facilities only (per picnicker)
	80

	Poultry-Chicken
	20-48

	Restaurants with toilet facilities (per patron)
	30-40

	Schools (per pupil)
	10-80

	Service stations (per vehicle)
	40

	Stores (per toilet room)
	1500

	Swimming pools (per swimmer)
	40

	Theaters (per auditorium seat)
	20

	Workers-construction (per person per shift)
	190


Table 2: Population Equivalent for Various Water Consumption

	Use
	Population Equivalent (Lpcd)
	Percentage

of Total

	
	minimum
	maximum
	

	Domestic
	150
	260
	43

	Industrial
	90
	160
	26

	Commercial
	40
	65
	11

	Public
	25
	45
	7

	Loss and Waste
	45
	70
	13

	Total
	350
	600
	100


Table 3: Water Consumption in Some American Cities

	City
	Average Daily Consumption

(L per capita per day)

	Rochester
	451

	Syracuse
	728

	Hartford
	671

	Albany
	671

	El Paso
	447

	Portland
	572

	Camden
	641

	Albuquerque
	402

	Winston-Salem
	447

	Waterloo
	383

	Passaic
	807

	South Gate
	550

	Fort Smith
	474

	Poughkeepsie
	569

	Tyler
	371

	Monroe
	584

	Spartanburg
	754


Population Growth and its Projection

· Since population is always a relevant factor in estimating future water use, it is necessary to predict, in some manner, what the future population will be

· Estimating population in the future is another matter. It is certain that our estimate will be wrong in some degree and we can only try to be as reasonable as possible in selecting an appropriate technique

· Through knowledge of the community and external factors which may affect population growth are very important in such analysis

· There are 5 methods for the prediction of population growth which usually use regression analysis to observe their adequacy for the population growth models by calculating their respective determination and correlation coefficient

· The methods can be adequately acceptable for the prediction of population growth when their coefficient of determination lay close to 1 or –1 or the coefficient of correlation is greater than 0.75
· The followings are the mathematical expression for the prediction of population growth where Y denotes population, X is the prevailing year, a and b is a constant which  can  be  calculated  by  using Microsoft Excel from a pair of data series.

Arithmetic Method

If the growth is believed to be linear, the following mathematical expression can be used.

Y = a X + b

Logarithmic Method

If the growth is believed to be logarithmic, the following mathematical expression can be used.

Y = a ln X + b

Geometric Method

If the growth is believed to be geometric, the following mathematical expression can be used.

Y = a Xb 

Exponential Method

If the growth is believed to be exponential, the following mathematical expression can be used.

Y = a  e bX 

Polynomial Method

If the growth is believed to be polynomial, the following mathematical expression can be used.

Y = a Xn + b Xn-1 + c Xn-2 + …….. + z 

Regression Analysis Using MS-Excel-97

for Population Projection

1. Open MS-Excel 97

2. Breakdown a pair of data on population growth for at least the last five years, years vs population (X vs Y), for example:

	Year
	Population

	1996
	647912

	1997
	655006

	1998
	665006

	1999
	680514

	2000
	690050

	2001
	705031


3. From main menus, click Insert, click Chart….., and at Standard Types: click XY (scatter), then click scatter with data points connected by lines, click Next.

4. At data range, highlight the pair of data X vs Y, click next, click next once again, click Finish. You will get a graph of the population growth.

5. On the graph, click the curve (or line), put cursor on the line, click right mouse, click Add Trend Line ….., click linear, then click OK. You will get the second curve of straight line for Linear regression.

6. Put cursor on the linear line, click right mouse, click Format Trend Line, click Option, click Display equation on chart, click Display R-squared value on chart, then OK.

7. Click the equation, click right mouse, click Format Data Labels, click Number, click Number again, put Decimal places at 5, 6 , 7, etc., then OK.

8. Write the equation and coefficient of correlation for further analysis, e.g., y = 11606.71429 X – 22522098.66667 with coefficient of correlation R2 = 0.98841.

9. Click the regression line, click right mouse, click Format Trend Line, click Type, click Logarithmic, then OK. You will get equation for Logarithmic Regression. Write the equation and coefficient of correlation for further analysis.

10. In a like manner, you can find the equation and its coefficient of correlation for Geometric Regression (Power Regression), and Exponential Regression.

[image: image1.wmf]Table 4: Population Growth and its projection for the City X, 1995 - 2020

Year

Data

Arithmatic

Logarithmic

Geometric

Exponential

Polynomial

1995

647,912

1996

655,006

1997

665,006

1998

680,514

1999

690,050

2000

705,031

2001

714,600

714,700

715,600

715,500

731,700

2002

726,200

726,300

728,000

727,900

748,700

2003

737,800

737,800

740,600

740,500

767,000

2004

749,400

749,400

753,400

753,300

786,700

2005

761,000

761,000

766,400

766,400

807,700

2010

819,000

818,700

834,900

835,200

932,800

2015

877,100

876,300

909,200

910,200

1,091,500

2020

935,100

933,800

990,000

991,900

1,283,800

Growth rate

1.63%

1.52%

1.51%

1.75%

1.76%

2.86%

0.9884

0.9883

0.9900

0.9901

0.9955

Correlation Coefficient   R

2

Method of Projection

Figure 1: Projection of Population for the City X
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 Variations in Flow

· Although the average water demand may be determined for a community as say 150 L/person per day, there will be considerable variations over a 24 hours period

· The magnitude of these variations depends upon the size of the population concerned. The ratio of peak hourly rate to  annual  average  rate  can  very  from  about  3  for          a population of a few hundred to about 2.2 for a community of 50.000 and about 1.9 for a population of half a million

· Water consumption also varies from day to day during the week, from week to week during the month, and from month to month during the year

· Water treatment plants can often operate at a constant rate of average water demands, while the distribution system and service reservoirs are designed for the peak consumption to balance the fluctuating water demand

Remarks
· Average Water Demands, Q-av

· Minimum Water Demands, Q-min

· Peak Hour Water Demands, Q-peak

· Maximum Day Water Demands, Q-max

· Q-min = (0.40 – 0.5) * Q-av

· Q-peak = (1.75 – 5) * Q-av

· Q-max = (1.2 – 1.4) * Q-av

Table 5: An Example of Variation in Water Demands

	Time
	Water Demands

(L/s)
	Average Demand

(L/s)

	00.00-01.00
	200
	417

	01.00-02.00
	200
	417

	02.00-03.00
	200
	417

	03.00-04.00
	230
	417

	04.00-05.00
	270
	417

	05.00-06.00
	320
	417

	06.00-07.00
	450
	417

	07.00-08.00
	580
	417

	08.00-09.00
	670
	417

	09.00-10.00
	690
	417

	10.00-11.00
	670
	417

	11.00-12.00
	640
	417

	12.00-13.00
	600
	417

	13.00-14.00
	580
	417

	14.00-15.00
	560
	417

	15.00-16.00
	550
	417

	16.00-17.00
	530
	417

	17.00-18.00
	480
	417

	18.00-19.00
	380
	417

	19.00-20.00
	300
	417

	20.00-21.00
	260
	417

	21.00-22.00
	230
	417

	22.00-23.00
	210
	417

	23.00-24.00
	200
	417
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