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Gran Mutual Water Company 

Water Use – Fire Flow Calculations

Date: 3/18/2005

By: RMS

This report intends to help aid the Gran Mutual Water Company Board in dealing with the loss of one of the company’s water tanks.  Efficiency tests were conducted by Durham Pump on 2-24-05 showing that for every Kwh of energy used 408 gallons of water were pumped.  The 50 HP pump is capable of delivering 1.442 Acre Feet of water in 24 hours.  Thus the total water used in each billing period can be determined by multiplying the Kwh used by 408 gallons.  The total water used can be divided by the number of days in the billing period to determine the average daily water use for the system.  This can then be broken down further into individual connection’s average daily and hourly use.  Finally the peak hourly demand can be conservatively estimated to be (based on the small system size) approximately 3 times the average hourly demand.  
The peak hour demand shown in red of 445 gal/hr/res is approximately 7.4 gpm, or equivalent to 1 set of yard sprinklers (5 gpm)  and average indoors use (2.5 gpm) (no shower or laundry).  Though it is not likely that every residence will run sprinklers at the same time, it is likely some residences will be running either multiple lines of sprinklers, showering, doing laundry, dishes, or washing a car.  This accumulation of demands typically occurs during prime irrigation times in the morning around 5-8 PM.  A second peak usage can also be seen after typical work hours due mostly to laundry, showers, diner preparation, and car washing.
	Existing Water System: - 94 Services
	Individual Residential Connections

	 
	 
	Electric
	Total 
	Total Avg
	Avg Use
	Avg. 
	Peak Gal

	 
	 
	Use
	Water Use
	Use Per Day
	Per Day
	Per Hour
	Per Hour

	Month
	days
	   (Kwh)
	(Gallons)
	 (Gallons)
	(Gal/Res.)
	(Gal/hr/Res)
	(Gal/hr/Res)

	Jan-04
	30
	5,288
	2,157,504
	71,917
	765
	31.9
	96

	Feb-04
	33
	8,857
	3,613,656
	109,505
	1,165
	48.5
	146

	Mar-04
	30
	8,130
	3,317,040
	110,568
	1,176
	49.0
	147

	Apr-04
	29
	11,802
	4,815,216
	166,042
	1,766
	73.6
	221

	May-04
	32
	18,710
	7,633,680
	238,553
	2,538
	105.7
	317

	Jun-04
	31
	20,576
	8,395,008
	270,807
	2,881
	120.0
	360

	Jul-04
	31
	23,414
	9,552,912
	308,158
	3,278
	136.6
	410

	Aug-04
	29
	23,766
	9,696,528
	334,363
	3,557
	148.2
	445

	Sep-04
	30
	17,040
	6,952,320
	231,744
	2,465
	102.7
	308

	Oct-04
	29
	7,674
	3,130,992
	107,965
	1,149
	47.9
	144

	Nov-04
	29
	12,590
	5,136,720
	177,128
	1,884
	78.5
	236

	Dec-04
	33
	5,683
	2,318,664
	70,263
	747
	31.1
	93

	Totals
	366
	163,530
	66,720,240
	182,296
	1,939
	80.8
	242


Water Usage:  The water users in the Gran Mutual coverage area use over 3 times the national average for water consumption in public water system.  Typical national use is 150 gallons/person/day.  Assuming every house has 4 occupants this equates to an average of 600 gallons per day.  Gran Mutual’s average use per house as shown above in blue above was almost 2,000 gallons/house.  The differences are due primarily to the large lot size and presence of lawns and landscaping as well as the un-metered flat rate system which doesn’t encourage conservation.  The presence of the temperature and landscape watering is seen in the use fluctuation between winter and summer.  The average daily use ranged from a low of 750 gallons/ house in the winter to a high of 3,550 gallons/house in the summer.    
Water System Build Out:  The water chart below depicts the expected system build out water usage.  The projections were made on a linear scale or in other words a straight percentage increase of around 13% more houses equates to 13% more water use.  These additional houses do not effect the minimum fire flow requirements as 1,000 GPM is still needed regardless of their construction.  All calculations to obtain average uses and peak flows remain the same as detailed above.
	Water System Build Out: - 106 Services
	Individual Residential Connections

	 
	 
	Electric
	Total 
	Total Avg
	Avg Use
	Avg. 
	Peak Gal

	 
	 
	Use
	Water Use
	Use Per Day
	Per Day
	Per Hour
	Per Hour

	Month
	days
	   (Kwh)
	(Gallons)
	 (Gallons)
	(Gal/Res.)
	(Gal/hr/Res)
	(Gal/hr/Res)

	Jan-04
	30
	5,963
	2,432,930
	81,098
	765
	31.9
	96

	Feb-04
	33
	9,988
	4,074,974
	123,484
	1,165
	48.5
	146

	Mar-04
	30
	9,168
	3,740,492
	124,683
	1,176
	49.0
	147

	Apr-04
	29
	13,309
	5,429,924
	187,239
	1,766
	73.6
	221

	May-04
	32
	21,099
	8,608,192
	269,006
	2,538
	105.7
	317

	Jun-04
	31
	23,203
	9,466,711
	305,378
	2,881
	120.0
	360

	Jul-04
	31
	26,403
	10,772,433
	347,498
	3,278
	136.6
	410

	Aug-04
	29
	26,800
	10,934,383
	377,048
	3,557
	148.2
	445

	Sep-04
	30
	19,215
	7,839,850
	261,328
	2,465
	102.7
	308

	Oct-04
	29
	8,654
	3,530,693
	121,748
	1,149
	47.9
	144

	Nov-04
	29
	14,197
	5,792,471
	199,740
	1,884
	78.5
	236

	Dec-04
	33
	6,408
	2,614,664
	79,232
	747
	31.1
	93

	Totals
	366
	184,406
	75,237,717
	205,568
	1,939
	80.8
	242


Fire Flow Calculations:  There exist several options for meeting the minimum fire flows as required by the state and county of Butte.  All options have varying costs as well as differing secondary benefits beyond meeting fire flow capacities.  Note that the county requires 1,000 gallons per minute for 2 hours from a single hydrant.  This means that if two or more houses were to catch fire at the same time the water company would not have the capacity to supply the county’s minimum fire flow to both houses.  In the case of a large wildfire the maximum the system could supply is what the well could produce minus any domestic uses occuring.  The options for meeting the county minimum requirements are detailed on the following pages.
Additional Storage Option #1:  Recently one of the company’s two water tanks has essentially failed.  This has reduced the storage capacity from approximately 140,000 gallons to 80,000 gallons.  Below is detailed the calculation to determine to total needed storage.
Demands:

· Peak hourly demand for 2 hours – (445 gphr)*(2 hr)*106 connections = 94,340 g

· Minimum fire flow for 2 hours – (1000 gpm)*(60 min/hr)*(2 hr) = 120,000 g

Total demand = 214,340 gallons

Supply:
· Well production from pump tests – (326.5 gpm)*(60 min/hr)*(2 hr) = 39,180 g
· Existing storage tank assumed to be full – 80,000 g
Total Supply = 119,180 gallons
Recommendation:
· Net total water in system – ( 119,180 g -214,340 g ) = -95,160 gallons
· Construct a new storage tank of approximately 100,000 gallons
Additional Well Capacity Option #2:  The idea of a new well has been proposed to establish a second source of water as well as increase to total capacity of the system.  Below is detailed the calculation to determine the total production needed from a new well (assuming that nothing is done to increase capacity at the existing well).

Demands:

· Peak hourly demand for 2 hours – (445 gphr)*(2 hr)*106 connections = 94,340 g

· Minimum fire flow for 2 hours – (1000 gpm)*(60 min/hr)*(2 hr) = 120,000 g

Total demand = 214,340 gallons

Supply:
· Well production from pump tests – (326.5 gpm)*(60 min/hr)*(2 hr) = 39,180 g
· Existing storage tank assumed to be full – 80,000 g
Total Supply = 119,180 gallons

Recommendation:
· Net total water in system – ( 119,180 g -214,340 g ) = -95,160 gallons
· Amount required from new well -  (95,160 g)/((60 min/hr)*(2 hr)) = 793 GPM
· Construct new well with a minimum capacity of 800 GPM
Alternative Recommendation:  The total capacity of the existing well has been established to be in excess of 500 GPM even though it currently pumps only 326.5 GPM.  A larger pump could be installed in the well to increase its production to 500 GPM.
· Increase existing well production to 500 GPM and install new well with production equal to 630 GPM for a total of 1,300 GPM production from the two wells.
Additional Storage & Well Capacity Option #3:  Even though the system demands can be met by increasing just storage or just capacity a third option of increasing both storage and capacity provides advantages of both.

Demands:

· Peak hourly demand for 2 hours – (445 gphr)*(2 hr)*106 connections = 94,340 g

· Minimum fire flow for 2 hours – (1000 gpm)*(60 min/hr)*(2 hr) = 120,000 g

Total demand = 214,340 gallons

Supply:
· Expanded well production – (500 gpm)*(60 min/hr)*(2 hr) = 60,000 g
· Existing storage tank assumed to be full – 80,000 g
Total Supply = 140,000 gallons

Recommendation #1:  One option is increasing the capacity of the existing well to 500 GPM by installing a larger pump, then install additional storage to meet the demands.  
· Net total water in system – ( 140,000 g -214,340 g ) = -74,340 gallons
· Construct a new storage tank of approximately 75,000 gallons
· Install a new pump capable of 500 GPM in the existing well
Recommendation #2:  Another similar option is to construct an additional well  in conjunction with increasing the storage.  Given the potential capacity of the existing well we can safely assume that a new well could produce 400 GPM.  The additional calculations are shown below.

 Supply:
· Well production from pump tests – (326.5 gpm)*(60 min/hr)*(2 hr) = 39,180 g
· New well production – (400 gpm)*(60 min/hr)*(2 hr) = 48,000 g
· Existing storage tank assumed to be full – 80,000 g
Total Supply = 167,180 gallons
· Net total water in system – ( 167,180 g -214,340 g ) = -47,160 gallons
· Construct a new storage tank of approximately 50,000 gallons
· Construct a new well capable of 400 GPM
Conclusions:  This report offers several options to upgrade the existing system to met the required fire flow and peak flow demands.  There are many combinations of storage and increased production capacity that will met the requirements, an effort was made to select the most cost effective and practical, though there may be more cost effective or practical options available.

Each option has numerous advantages as well as disadvantages for specific scenarios.  For example if power were to fail to the water system it would be advantageous to have more storage volume rather than minimum storage.  Alternately if the well had a generator or power back up it could continue to supply water through any length of black out regardless of storage available.  Typically it is best to have duplicates of system components in case one component fails or needs to be taken off line for servicing the entire system can continue to function even if at a reduced capacity.  This principle works  for wells, pumps, and storage tanks given that proper piping is installed to allow individual components to be isolated while the rest of the system can still operate.
When selecting an alternative it is important to consult with professionals to determine what the additional advantages and disadvantages of the system are.  There are too many different scenarios to list for all alternatives above, but any water system installer would be able to give a general idea of these advantages. 
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