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Background 

Merced Irrigation District (MID) has obtained a grant from the State of California Department of Water 
Resources (DWR) (Agreement No. 4600012719) under the 2017 Proposition 1, Sustainable Groundwater 
Planning (SGWP) Grant Program on behalf of the three Merced Subbasin Groundwater Sustainability 
Agencies (GSAs) (Merced Irrigation-Urban Groundwater Sustainability Agency, Merced Subbasin 
Groundwater Sustainability Agency, and Turner Island Water District GSA-1). The purpose of the grant is 
to provide funding from the Water Quality, Supply, and Infrastructure Improvement Act of 2014 (Prop. 1) 
to assist the GSAs in financing and planning and/or selecting project activities that will improve 
sustainable groundwater management pursuant to Water Code Section 79700 et. seq. One component of 
the overall grant is the Meadowbrook Water System Intertie Feasibility Study. This project is to evaluate 
the needs and feasibility of connecting the water system to nearby water systems in the cities of Atwater 
of Merced as discussed in this Technical Memorandum. 

The California American Water Company Meadowbrook Water System (Meadowbrook) is located along 
State Route 99 between the cities of Atwater and Merced. This formerly private water system, which was 
formed in the mid-1950s, was purchased by California American Water in 2017. California American 
Water is a division of American Water, an investor-owned utility. The Meadowbrook system operates 
under Water Supply Permit No. 03-11-19P-023 granted by the California State Water Resources Control 
Board, Division of Drinking Water (DDW) on September 3, 2019. A copy of this permit, along with the 
associated engineering report, is included in Appendix A. 

The geographic area of the Meadowbrook system is roughly 3.5 square miles and is currently an 
unincorporated area of Merced County. The Meadowbrook system supplies water to approximately 5,640 
people through 1,670 metered service connections. There are 57 commercial connections and one 
landscape irrigation connection included in the Meadowbrook system. The nonresidential connections 
include service to two elementary schools, three mobile home parks, one migrant housing facility, a meat-
packing company, small retail businesses, and three cement-mixing plants. There are three active 
groundwater wells ranging between 371 feet and 528 feet in depth. The pumping capacities of the active 
wells are shown in Table 1. Wells 1, 2, and 3 have been destroyed due to low capacities or nitrate 
contamination concerns. 

Table 1 Meadowbrook Active Well Pumping Capacity (gpm) 
Well 4 Well 5 Well 6 Total 
1,800 630 1,160 3,590 

There is only minimal water storage in the system consisting of ground-level hydropneumatic tanks at the 
well sites. Well 4 formerly had three pressure tanks ranging in size from 22,000 gallons to 33,000 gallons, 
and Meadowbrook is currently replacing them all at Well 4 with one 20,000-gallon tank. The pressure 
tanks previously were not equipped with air compressors and therefore provided no effective storage 
volume to the system. 

Well 5 formerly had two pressure tanks with an effective volume of 24,750 gallons and is being replaced 
with one 10,000-gallon pressure tank. Well 6 formerly had two pressure tanks ranging in size from 16,000 
to 45,000 gallons and are being replaced with one 15,000-gallon pressure tank. Currently, there is an 
ongoing project to replace the existing tanks with new one that are pressure vessel code rated and have 
compressors and controls to provide proper operational function in the system. A summary of the wells 
and pumping equipment is shown in Table 2. 
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Table 2 Well Pumping Equipment 

 
Well Depth 

(ft) 
Date 

Drilled 

Annular 
Seal Depth 

(in.) Motor HP 

Variable-
Frequency 

Drive 
Emergency 

Power* 
Well 4 371 1992 200 125 Yes No 
Well 5 528 2001 275 60 Yes No 
Well 6 376 2007 210 75 Yes No 

*The Meadowbrook system has the ability to rent and install temporary generators at the wells in the event of a 
power outage. It is also in the process of installing a permanent emergency generator at Well 4. 

The wells pump into one pressure zone throughout the Meadowbrook system, which also includes 
interconnections to two adjoining small subdivisions known as Trinidad and Gurr. Approximately 14 miles 
of distribution mains exist ranging in size from 4 to 12 inches in diameter. The Meadowbrook distribution 
system and well locations are shown in Figure 1. 

The normal system pressures range from 40 to 60 psi throughout most of the distribution system with an 
average pressure of 55 psi. Most of the pipe in the system is polyvinyl chloride (PVC) AWWA C-900, but 
there is approximately 2 to 3 miles of 4-, 6-, and 8-inch-diameter asbestos cement pipes with a few 
thousand feet of 10- and 12-inch ductile iron pipe. Each well is equipped with sodium hypochlorite 
injection that provides a chlorine residual throughout the system. This is the only treatment provided in 
the system. 

The entire service area is sewered and treated at the nearby Franklin County Water District facility. A few 
individual septic tank systems serve residences at the outside edges of the service area. 

 System Demands 

The Meadowbrook water demands taken from the 2018 DDW Electronic Annual Report are reflected in 
Table 3. 

Table 3 Meadowbrook Water Demand (2018) 

Year 
Yearly Total 

(MG) 

ADD in Max 
Month 
(gpm) 

MDD 
(gpm) 

MDD 
(gallons) 

PHD 
(gpm) 

2018 317.266 871 1,305 1,881,000 1,958 
ADD = average day demand 
MDD = maximum day demand 
PHD = peak hour demand 

The ADD, MDD, and PHD shown in Table 3 for Meadowbrook were estimated by DDW in their 
September 2019 Engineering Report based on peaking factors used for similar small San Joaquin Valley 
water systems as shown below. 

𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝑎𝑎𝑔𝑔𝑔𝑔 𝐷𝐷𝐷𝐷𝐷𝐷 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 𝑀𝑀𝑀𝑀𝑀𝑀 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀ℎ (𝑔𝑔𝑔𝑔𝑔𝑔) =
10𝑦𝑦𝑦𝑦 𝐻𝐻𝐻𝐻𝐻𝐻ℎ𝑒𝑒𝑒𝑒𝑒𝑒 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀ℎ𝑙𝑙𝑙𝑙 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃
(𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 𝑝𝑝𝑝𝑝𝑝𝑝 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚ℎ)(24ℎ𝑟𝑟𝑟𝑟)(60𝑚𝑚𝑚𝑚𝑚𝑚)

 

𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝐷𝐷𝐷𝐷𝐷𝐷 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 (𝑔𝑔𝑔𝑔𝑔𝑔) =
1.5 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝑥𝑥 𝐴𝐴𝐴𝐴𝐴𝐴 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 𝑀𝑀𝑀𝑀𝑀𝑀 𝑀𝑀𝑜𝑜𝑜𝑜𝑜𝑜ℎ

(24ℎ𝑟𝑟𝑟𝑟)(60𝑚𝑚𝑚𝑚𝑚𝑚)
 

𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 (𝑔𝑔𝑔𝑔𝑔𝑔) = (𝑀𝑀𝑀𝑀𝑀𝑀)(1.5 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃) 
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According to the California Water Works Standards Section 64554(a), at all times, a public water system’s 
source(s) shall have the capacity to meet the system’s maximum day demand. Also according to DDW 
criteria and other American Water Works recommendations, a water system should be able to meet 
maximum day demand or peak hour demand with the largest water source out of service. For systems 
with 1,000 or more service connections, the system shall be able to meet four hours of peak hour demand 
with source capacity, storage capacity, and/or emergency source connections. 

Meadowbrook’s total source capacity is 3,590 gpm and 1,790 gpm with the largest well (Well 4) out of 
service. In addition, a reliable water system should have sufficient water supply capacity to meet peak 
demand as well as water requirements during emergencies such as fires, power outages, and natural or 
manmade disasters. Typical evaluation criteria for the water systems include the following: 

• The well supply must be adequate to meet maximum day demand with the largest well out of 
service. 

• If storage is not adequate to provide total emergency, fire, and operational storage combined, the 
well supply must be available to meet the differences. 

• If adequate gravity-supplied storage or storage equipped with booster pumps with auxiliary power 
is not available to meet maximum day demand when there is a power outage, supply wells 
required to meet the difference must be equipped with auxiliary power. 

• If supply from storage in conjunction with wells is not available to meet peak hour demand, the 
deficit in water supply must be met from the well supply. 

• Storage and/or well supply must be adequate to supply fire flows during maximum day demand. 

If supply storage in conjunction with wells is not available to meet PDD during a power outage, the deficit 
in water supply must be met from wells equipped with auxiliary power. Should this occur, loss of power 
alone would reduce the peak hour demand due to closure of businesses, schools, etc. Therefore, meeting 
peak hour demand solely with wells equipped with auxiliary power is not considered necessary. 

It is recommended that this small water system strive to have a sufficient capacity to meet maximum day 
demand concurrent with one fire flow demand. This water demand should be met with the largest well out 
of service to achieve reliable firm capacity. Typically, a fire flow of 1,500 gpm would be required for 
nonsprinklered residential, commercial, and small businesses in this small water system. These criteria 
were used for evaluation of the Meadowbrook water system and determination of the advantages to 
providing an intertie to an adjacent water system as shown in Table 4. 

Based on this evaluation for the relatively critical conditions shown above, the water system could benefit 
by having an additional 1,000-gpm supply such as from an intertie to a nearby water system. If an 
additional 25 percent is added to this shortage to allow for possible growth (250 gpm), a total of at least 
1,250 gpm is estimated as an intertie capacity that would benefit the Meadowbrook system. Design and 
operation of this type of intertie emergency supply is discussed in the following sections. 
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Table 4 Criteria for Meadowbrook Water System Evaluation 

Criteria 

Meadowbrook System 
Flow Rate 

(gpm) Comments 
Average day demand in maximum month 871 -- 
Maximum day demand 1,305 -- 
Peak hour demand 1,958 -- 
Fire flow demand 1,500 -- 
Maximum day demand plus 1,500-gpm fire 
flow 

2,805 -- 

Total well supply capacity 3,590 available Meets all required demands 
Total well supply capacity with largest well 
offline 

1,790 available 168 gpm short of meeting peak hour 
demand 
1,015 gpm short of meeting maximum 
day demand plus fire flow 

Storage capacity 0 available No storage available 
Power loss, well supply with auxiliary 
power  

1,800 available* 158-gpm capacity short of meeting 
peak hour demand 
1,005 gpm short of meeting maximum 
day demand plus fire flow 

Emergency supply required to meet ADD in 
maximum month with all wells off during a 
disaster scenario 

871 required 
0 available 

871 gpm short 

*Assuming Well 4 is equipped with permanent generator, rented generator may supply additional water from Wells 5 and 6  
(1,790 gpm).  

 Benefits/Purpose of Intertie 

• Emergency Supply: In the case of a disaster (earthquake, fire, terrorist action) that disables all 
wells, an intertie of 1,250 gpm would satisfy average daily demands for a maximum month for life 
safety uses. 

• Peak Day/Hour Supply: An intertie would provide the shortage of approximately 170 gpm during 
peak hour demands plus some capacity for growth. 

• System Redundancy: An intertie to an entirely separate larger water system with excess 
capacity is advantageous for a small water system with only three wells that could be vulnerable 
to mechanical or structural failures. 

• Fire Flow: An intertie of 1,250 gpm plus existing Wells 5 and 6 (total 3,040 gpm) will provide fire 
flow capacity of 1,500 gpm during maximum day demands (total 3,805 gpm) with the largest well 
out of service. 

• Supply Future Connections: An intertie of 1,250 gpm would provide an additional 250 gpm for 
growth and would accommodate approximately 200 additional service connections at 1.17 gpm 
each during peak hour conditions. 

• Pressure Increase: An intertie connection of 1,250 gpm would maintain system pressures to 
customers during critical maximum day demands with a 1,500-gpm fire flow with the largest well 
out of service. A minimum of 20 psi is required by fire codes.  
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• Water Quality: Should one or more of the three existing wells be impacted by a groundwater 
contaminant (nitrates, TCP, PCE, DBCP, arsenic, etc.) requiring it to be shut down for an 
extended period and/or treated, an intertie that can be readily opened would be important.  

 City of Atwater Intertie Scenarios 

The city of Atwater is located along State Route 99 roughly 6 miles west of Meadowbrook. Currently, the 
City of Atwater provides water to approximately 31,235 people through 8,323 mostly unmetered service 
connections. The 2017 DDW Electronic Annual Report discloses that 5,463 service connections are 
unmetered, and 2,860 connections are metered. The City of Atwater has eight active wells, one inactive 
well in the process of being equipped, three storage tanks, one GAC treatment facility, and the 
distribution system comprised of approximately 97 miles of 4-inch- through 14-inch-diameter pipelines. An 
inventory of the City of Atwater’s wells is shown in Table 5 as taken from the City of Atwater 2019 Water 
Master Plan Update prepared by AECOM. The distribution system consists of one pressure zone that 
operates generally between 45 and 65 psi throughout the system. The nominal combined source capacity 
of active wells in the Atwater system per the DDW permit is 15,500 gpm. 

Table 5 Inventory for Atwater’s Groundwater Wells 

       Perforations     

W
el

l N
o.

 

D
at

e 
D

ril
le

d 

C
ur

re
nt

 S
ta

tu
s 

N
om

in
al

 R
at

ed
 

C
ap

ac
ity

 p
er

 D
D

W
 

Pe
rm

it 
(g

pm
) 

M
ot

or
 S

iz
e 

(h
p)

 

M
ot

or
 M

fr
. 

C
as

in
g 

D
ia

m
et

er
 

(in
.) 

D
ep

th
 to

 to
p 

(ft
) 

D
ep

th
 to

 b
ot

to
m

 
(ft

) 

Le
ng

th
 (f

t) 

A
nn

ul
ar

 S
ea

l 
D

ep
th

 (f
t) 

A
ux

ili
ar

y 
Po

w
er

 

W
el

l R
eh

ab
 

1 - Destroyed - - - - - - - - - - 

2 - Destroyed - - - - - - - - - - 

3 - Destroyed - - - - - - - - - - 

4 - Abandoned - - - - - - - - - - 

5 - Destroyed - - - - - - - - - - 

6 - Destroyed           

7 - Destroyed - - - - - - - - - - 

8 - Abandoned - - - - - - - - - - 

9 - Destroyed          - 

10 - Destroyed - - - - - - - - - - 

11 - Destroyed - - - - - - - - - - 

12 - Destroyed - - - - - - - - - - 

13 1976 Active1 1,500 200 Submersible 16 120 265 145 65 No 2003 

14 1976 Active1 2,100 200 Submersible 16 110 273 163 50 Yes - 

15 1976 Active1 2,000 200 
Allis 

Chambers 16 120 306 186 50 Yes - 

16 1988 Active1 2,000 200 US Electric  18 330 600 270 300 Yes - 
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17 1990 Active1 2,500 200 US Electric  18 305 515 210 305 Yes 2003 

18 1992 Active1 2,2004 200 US Electric  18 380 600 220 360 Yes - 

19 1992 Active1 2,000 200 US Electric  18 485 660 175 460 Yes 2003 

20  Inactive3 0        Yes - 

21 2000 Active2 1,700 100 Peerless 16 360 670 360 320 Yes - 

Total 15,500  
1Water disinfection treatment is gaseous chlorination. 
2Water disinfection treatment is on-site hypochlorite generation. 
3Redrilled new Well 20 on site; not yet equipped. 
4Based on City meter readings. 

Figure 2 (also taken from the Master Plan Update prepared by AECOM) shows the locations of the water 
system facilities as well as proposed future pipelines, wells, and storage reservoirs. Figure 3 (also taken 
from the Master Plan Update) shows proposed future developments as of 2018. One of these proposed 
developments (the Ferrari Ranch located in southeast Atwater in the vicinity of the Meadowbrook water 
system) is shown in Figure 4 with a conceptual water system layout and proposed future well. This 
development, which is just west of Meadowbrook, has been approved by is not under way at this time. 

An evaluation of the City of Atwater’s water facilities, as taken from the 2019 Water Master Plan Update is 
shown in Table 6. 

Table 6 Atwater’s Existing and Projected Water Demand 

Demand Type 2018 
Midterm 

(Figure 2) 
Buildout 
(Figure 2) 

Average Day (gpm) 6,060 11,846 14,443 
Maximum Day1 (gpm) 10,910 21,323 25,997 
Peak Hour2 (gpm) 17,570 34,354 41,885 

1 Based on 1.8 peaking factor. 
2 Based on 2.9 peaking factor. 
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 Existing Supply and Storage in Atwater 

Storage Reservoirs: Based on the municipal standards for minimum supply and water storage and the 
evaluation criteria detailed in the Master Plan Update, a minimum storage volume required for the City of 
Atwater is estimated at 2.3 million gallons (MG). Table 7 summarizes the results obtained from applying 
the requirements of the evaluation criteria to the City’s current water demand. 

Table 7 Water Storage Requirements for Current (2018) Demand 

Demand Type 
Period  

(hr) 
% of Average 
Day Demand 

Demand  
(gpm) 

Volume  
(gal) 

Operational Storage (difference in 
peak hour and max day demand)1 4 - 6,660 1,598,400 
Emergency Storage2 24 25 1,515 2,181,600 
Fire Storage 3 - 3,000 540,000 

Total Storage Required 4,320,000 

Less Atwater Available Storage Volume3 1,500,000 

Less Atwater Available Excess Well Supply Volume Over 24-hour Period4,5 561,600 

Net Storage Volume Deficit  (-)2,258,400 
1 Based on PHD of 17,570 gpm and MDD of 10,910 gpm. 
2 Based on ADD of 6,060 gpm. 
3  Includes 1-MG elevated tank plus one of the two 0.5-MG reservoirs at prison. Assumes one 0.5-MG reservoir would be dedicated 

to the federal prison. 
4 Based on a 390-gpm well supply in excess of MDD. (Firm supply 11,300 gpm – MDD (10,910 gpm). DDW permitted capacity of 

15,500 gpm used for well supply. 
5 Firm well supplies include active wells minus Well 21 and largest active Well 17 out of service. 

It should be noted that the existing booster station, Well 21, and the two 0.5-MG storage reservoirs at the 
federal prison are interconnected to the City’s system via a 12-inch main. In case of emergency, one of 
the redundant 0.5-MG reservoirs could be used to supply the City. 

Well Supply: Results indicate that the City does not have sufficient firm well capacity to meet the City’s 
current peak hour demand (17,570 gpm) with the largest well (Well 17 at 2,500 gpm) out of service. 
Table 8 summarizes the results for water required versus total available for a peak hour demand 
scenario. The assumed limitations in supply from the elevated storage tank and the ground-level tanks at 
the federal prison are also shown in Table 8. The deficit of approximately 3,270 gpm can be met by just 
getting existing Well 20 online (2,000 gpm) and supplying more water from the 12-inch main connected to 
the federal prison water system (1,270 gpm) or drilling a combination of new wells and storage tanks. 

Table 8 Water Supply Requirements for Current (2018) Peak Hour Demand (gpm) 

City’s Existing Peak Hour Demand 17,570  

Firm Available Well Supply1  11,300  

Available Storage Supply2 3,000  

City’s Deficit Supply Capacity (-)3,270  
1 Well supply does not include Well 21 and Well 17 (largest active well). 
2 Includes 1-MG elevated tank supplying 2,500 gpm plus one of the two 0.5-MG reservoirs at prison supplying 500 

gpm. Assumes one 0.5-MG MG reservoir would be dedicated to the federal prison. 

For the maximum day demand scenario with the largest well out of service and during a power outage, 
the City’s supply capacity appears to be more than enough to meet this water supply requirement. 
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Table 9 summarizes the results for water volume required versus total volume available for a maximum 
day demand scenario during a power outage. 

Table 9 Supply Requirements for Current (2018) Demand 
(Maximum Day Without Largest Well) During Power Outage (gpm) 

City’s Existing Maximum Day Demand 10,910  

Approximate Available Well Supply (10,100 gpm)1 10,100  

Approximate Available Storage Supply2 3,000  

City’s Excess Supply Capacity 2,190  
1 Well supply does not include the supply from Well 21 and the largest well (Well 17) and the wells without auxiliary 

generators (Well 13). 
2 Includes 1-MG elevated tank plus one of the two 0.5-MG reservoirs at the prison. Assumes one 0.5-MG reservoir 

would be dedicated to the federal prison. 

The system should also be able to meet the water supply requirements for a maximum day demand with 
a 3,000-gpm fire flow requirement. The total demand is approximately 13,910 gpm, and the total available 
firm well supply (11,300 gpm) and storage supply (3,000 gpm) is approximately 14,300 gpm. This 
indicates sufficient water for maximum day demand and fire flow. 

Summary of Atwater Capacity for Intertie 

Based on this evaluation of Atwater’s water system, Atwater would have excess supply capacity of 
approximately 2,190 gpm during maximum day demands with their largest well out of service. Details of 
operation, capacity, and timing of an intertie would have to be worked out to the satisfaction of the City of 
Atwater prior to committing to allowing an intertie of this type. 

Atwater Intertie Locations 

The three potential tie-in points to the Meadowbrook water system, along with the closest tie-in point to 
Atwater’s 12-inch water main on Green Sands Road east of Buhach Road, is shown in Figure 5. The 
three optional alignments (A-1, A-2, and A-3) to connect these tie-in points are shown in Figure 5. A 
12-inch-diameter pipeline would be capable of supplying the 1,250-gpm maximum flow rate at a velocity
of approximately 3.5 feet per second with a friction headloss of approximately 0.15 psi per 100 feet of
pipeline plus approximately 5 psi for backflow prevention and metering. The three options are
summarized in Table 10.

Table 10 Parameters for Intertie to City of Atwater 

Option 
Size 
(in.) 

Length 
(ft) 

Pressure Loss 
at 1,250 gpm 

(psi) 
Pipe Size at 
Connection 

A-1 12 8,310 18 One 8-in. dia. 

A-2 12 7,176 16 Two 6-in. dia. 

A-3 12 9,413 19 One 8-in. dia. 
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The intertie would likely need to contain the following items at the connection point in order to satisfy the 
City of Atwater and Meadowbrook: 

• Flowmeter
• Backflow prevention
• Valving with SCADA connection
• SCADA connection to City for monitoring
• Security fencing and lighting
• Possibly a booster pump

City of Merced Intertie Scenarios

The city of Merced is located along State Route 99 roughly 3.4 miles east of Meadowbrook. The system 
serves a population of approximately 86,750 people through 21,523 metered connections (Note: all of 
Merced’s service connections are metered). There are 20 active wells, two storage tanks with a combined 
capacity of approximately 1 MG, and a GAC treatment facility. All of Merced’s wells are equipped with 
auxiliary diesel generators to provide significant water supply during long-term power outages or public 
emergencies. The combined source capacity of the active wells in the Merced system is 54,400 gpm. Two 
additional wells are now under construction, which will bring the total source capacity to approximately 
59,400 gpm when completed. The water demand for Merced is shown in Table 11. 

Table 11 City of Merced Historical Water Demand 

Year 
ADD 

(gpm) 
MDD 
Date 

MDD 
(gpm) 

MDD 
(gal) 

PHD 
(gpm) 

2018 12,082 7/18/2018 19,146 27,571,000 28,719 
2017 11,588 7/10/2017 19,763 28,460,000 29,645 
2016* 11,043 7/29/2016 18,347 26,421,000 27,521 
2015* 11,068 6/30/2015 16,583 23,880,000 24,875 
2014* 15,644 8/3/2014 28,312 40,770,000 42,468 
2013* 17,029 7/26/2013 29,165 41,998,000 43,747 
2012 16,057 -- 30,508 43,932,000 44,960 

*Drought period.

Figure 6, as taken from the 2015 City of Merced Water Master Plan prepared by AECOM, shows the 
locations of the water system facilities as well as proposed future pipelines, wells, and storage reservoirs. 

An evaluation of the City of Merced’s water facilities, as taken from the 2015 Water Master Plan, follows. 

Existing Water Supply and Pumping Capacity Evaluation in Merced 

The water supply and pumping capacity criteria for the City of Merced require the existing water system to 
have sufficient firm pumping capacity to meet maximum day demand plus fire flow or peak hour demand, 
whichever is greater. Firm pumping capacity should account for pumps that are out of service at any 
given time due to mechanical breakdowns, maintenance, water quality, or other operational issues. For 
this analysis, it was assumed that the largest well pump will be out of service to calculate firm pumping 
capacity. The results of the pumping capacity evaluation are summarized in Table 12. 
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As shown in Table 12, the City’s existing pumping capacity exceeds the pumping capacity criteria for the 
existing service area. It should be noted that wells at Pump Stations 1, 2, 3, and 7 that supply the water 
distribution system through onsite elevated tanks were counted among the reliable pumping capacity 
because they can be reconfigured to bypass the elevated tanks to pump directly into the water distribution 
system. 

Existing Water Storage Capacity Evaluation for Merced 

To comply with the design and operational criteria, three storage components should be met by the 
existing water system: 

• Operational Storage: 30 percent of maximum day demand

• Emergency Storage: 100 percent of average day demand

• Fire flow Storage: The required maximum fire flow times the fire flow duration period

As presented in Table 13, the existing storage capacity in the City is approximately 45 MG. This is entirely 
ground storage in wells. This storage volume assumes that all wells have standby power and accounts for 
80 percent of the wells operating minus average day demand. The existing storage in wells is adequate to 
meet the existing operational, emergency and fire flow storage as shown in Table 13.  

Existing Water Distribution System Evaluation 

The City’s existing water distribution system was evaluated using a hydraulic model. The evaluation 
focused on the ability of the existing water distribution system to supply existing customer demands at 
adequate pressures and within allowable pipeline velocities as specified in the planning criteria. 

Steady-state hydraulic conditions of the water system for average day, maximum day, maximum day plus 
fire flow, and peak hour demand were simulated. Areas within the existing water service area that did not 
meet the pressure and velocity criteria were identified. Additional model simulations were conducted to 
evaluate potential water system improvements to correct existing deficiencies. The results of the model 
simulations are discussed as follows. 

Average Day Demand Analysis 

The City’s 2012 average day demand allocated in the model was used for this simulation. It was assumed 
that the existing average day demand would be met from some of the existing wells. The service area has 
pressures above the required minimum pressure of 40 psi. Pipeline velocities are below the 5-fps 
maximum velocity criterion for all areas. 

Maximum Day Demand Analysis 

The City’s 2012 maximum day demand was simulated in the model by applying the peaking factor of 1.9 
to the allocated average day demand. It was assumed that the existing maximum day demand would be 
met from the existing elevated tanks and City wells. 

The southeastern portion of the existing water distribution system has pressures at approximately 40 psi, 
close to the minimum pressure criterion of 40 psi. All pipeline velocities were below the 5-fps maximum 
criterion. Even though the southeastern portion falling slightly below 40 psi is close to Well 10R2, the VFD 
of this well is operated at a lower pressure because of Tank 2. A higher pressure would increase water 
system pressures, thus preventing water in Tank 2 from flowing via gravity into the distribution system. 
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Table 12 Existing City of Merced Water Supply and Pumping Capacity 

Well No. 
Existing Pumping 

Capacity, gpm 

Existing Maximum Day 
Demand Plus 

Fire Flow, gpm1 
Existing Peak Hour 

Demand, gpm 
1A 2,200 
1C 2,200 
2A 2,200 
2B 2,200 
2C 2,500 
3C 3,000 
5B 3,000 
7C 2,800 
8 2,000 
9 1,800 

10R2 3,000 
11 3,000 
13 3,000 
14 4,000 
15 3,500 
16 3,500 
17 2,500 
18 3,000 
19 2,500 
20  

(under construction) 
(2.500) 

21 2,500 
22 

(under construction) 
(2,500) 

Total Capacity 54,4003 

Total Firm Capacity2 50,400 34,508 44,960 
1 Based on a maximum day demand of 30,508 gpm and a fire flow of 4,000 gpm in 2012. 
2 Defined as the total capacity of the individual wells with the largest well pump out of service. For this case Well 14 is the largest 

well and so was not considered in calculating firm pumping capacity. 
3 59,400-gpm total capacity when construction is completed. 

Table 13 Comparison of Existing Available and Required Storage Capacity for Merced 

Available Storage 
Capacity, MG 

Required Storage Capacity, MG 
Excess Capacity3 

(MG) Operational Fire Flow Emergency Total 
44.961 13.35 0.962 23.40 37.71 7.25 

1 Available storage from groundwater wells. Based on the production of 80% of City wells minus Average Day Demand. 20% of 
City wells assumed out of service. 

2 Based on required institutional fire flow of 4,000 gpm flowing for four hours. 
3 Calculated as required storage minus available storage. 
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Maximum Day Demand plus Fire Flow Analysis 

The 2012 maximum day demand was simulated concurrently with fire flows within the existing water 
service area. Fire flows were simulated at all fire hydrants within the distribution system. A fire flow of 
1,500 gpm was simulated for residential land uses. Simulations of 2,500 gpm and 3,000 gpm, 
respectively, were used for commercial and industrial land uses. It is assumed that commercial and 
industrial facilities would be sprinklered. For many of the locations, the required fire flows could be 
satisfied by using one or two hydrants. Pipeline improvements to improve fire flows, where feasible, were 
recommended. 

Peak Hour Demand Analysis 

The 2012 peak hour demand was simulated by applying a demand peaking factor of 2.8 to the existing 
average day demands allocated in the model. This peak hour demand is expected to be met from all 
existing water supply sources including the elevated storage tanks. 

The peak hour demand pressure distribution shows that only one portion of the distribution system to the 
east is slightly below the 40-psi minimum pressure criterion. Pipelines are adequately sized with pipeline 
velocities well below the maximum 7 fps as required by the City’s design and performance criterion.   

Summary of Merced Capacity for Intertie 

Based on the evaluation of Merced’s water system, Merced would have excess firm supply capacity of 
(50,400 gpm – 34,508 gpm) 15,892 gpm (20,892 gpm when Wells 20 and 22 are completed) during 
maximum day demand plus fire flow with the largest well out of service. They would also have an excess 
firm supply capacity of (50,400 gpm – 44,960 gpm) 5,440 gpm (10,440 gpm when Wells 20 and 22 are 
completed) during peak hour demands.  

As can be seen in Table 10, the maximum day demand for Merced has been dropping significantly since 
2013 due to water conservation. Details of the operation, capacity, and timing of an intertie would have to 
be worked out to the satisfaction of the City of Merced prior to committing to allowing an intertie of this 
type. 

Merced Intertie Locations 

The two potential tie-in points to the Meadowbrook water system, along with the two closest tie-in points 
the Merced water system on Santa Fe Drive and on Copper Avenue, are shown in Figure 7. The two 
optional alignments (M-1 and M-2) to connect to these tie-in points are shown in Figure 7. A 12-inch-
diameter pipeline would be capable of supplying the 1,250-gpm maximum flow rate at a velocity of 
approximately 3.5 feet per second with a friction headloss of approximately 0.15 psi per 100 feet of 
pipeline plus approximately 5 psi for backflow prevention and metering. The two options are summarized 
in Table 14. 

Table 14 Parameters for Intertie to City of Atwater 

Option 
Size 
(in.) 

Length 
(ft) 

Pressure Loss 
at 1,250 gpm 

(psi) 
Pipe Sizes at 
Connection 

M-1 12 3,612 10 One 10-in. dia 

M-2 12 1,511 7 Two 6-in. dia 

The intertie would likely need to contain the following items at the connection point in order to satisfy the 
City of Merced and Meadowbrook: 
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• Flowmeter
• Backflow prevention
• Valving with SCADA connection
• SCADA connection to City for monitoring
• Security fencing and lighting

Estimate of Probable Construction Cost for Interties

The detailed estimates of probable construction cost for the intertie connections to Atwater and Merced 
can be found in Appendix B. A summary of these estimates is as follows: 

Atwater 
Option A-1 $2,257,400 
Option A-2 $1,994,500 
Option A-3 $2,601,500 

Merced 

Option M-1 $1,185,800 
Option M-2 $   764,300 

Based on these estimated costs and the apparent larger water supply surplus of Merced compared to 
Atwater, an intertie to the City of Merced appears to be more advantageous to Meadowbrook. Option M-1 
is somewhat more expensive than M-2 due to pipe length; however, it does connect to a larger City of 
Merced water main (16 inches) as well as to a larger Meadowbrook water main (10 inches). From an 
operational standpoint for Merced and Meadowbrook, a water main extension along Santa Fe Drive may 
also be more advantageous for future growth and access for maintenance. 
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Appendix A 
Water Supply Permit No. 03-11-19P-023 

and Engineering Report 
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Appendix B 
Opinion of Probable Construction Costs 



Option A-1

Item Description Quantity Unit
Unit Cost

($)
Amount

($)
1 Furnish and install 12" C-900 PVC pipeline 8,310     LF 130            1,080,300    
2 Trench repaving 8,310     LF 30              249,300       
3 Isolation valves 6            EA 4,000         24,000         
4 Fire hydrants 16          EA 8,000         128,000       
5 Air-release valves 2            EA 4,000         8,000           
6 Metering station with backflow prevention and 

SCADA connection
1            LS 100,000     100,000       

7 Security fencing and lighting with electrical service 1            LS 40,000       40,000         
8 Property acquisition for metering station 1            LS 30,000       30,000         
9 Miscellaneous permits 1            LS 25,000       25,000         

1,684,600    
Engineering and construction 
management/inspection 

14% 235,900       

Legal and environmental 5% 84,200         
Contingencies 15% 252,700       

2,257,400    

Option A-2

Item Description Quantity Unit
Unit Cost

($)
Amount

($)
1 Furnish and install 12" C-900 PVC pipeline 7,176     LF 130            932,880       
2 Trench repaving 6,000     LF 30              180,000       
3 Isolation valves 5            EA 4,000         20,000         
4 Fire hydrants 14          EA 8,000         112,000       
5 Air-release valves 2            EA 4,000         8,000           
6 Metering station with backflow prevention and 

SCADA connection
1            LS 100,000     100,000       

7 Security fencing and lighting with electrical service 1            LS 40,000       40,000         
8 Canal crossing 1            LS 40,000       40,000         
9 Property acquisition for metering station 1            LS 30,000       30,000         

10 Miscellaneous permits 1            LS 25,000       25,000         
1,487,880    

Engineering and construction 14% 208,400       
Legal and environmental 5% 75,000         
Contingencies 15% 223,200       

1,994,500    

Option A-3

Item Description Quantity Unit
Unit Cost

($)
Amount

($)
1 Furnish and install 12" C-900 PVC pipeline 9,413     LF 130            1,223,690    
2 Trench repaving 8,200     LF 30              246,000       
3 Isolation valves 8            EA 4,000         32,000         
4 Fire hydrants 19          EA 8,000         152,000       
5 Air-release valves 3            EA 4,000         12,000         
6 Metering station with backflow prevention and 

SCADA connection
1            LS 100,000     100,000       

7 Security fencing and lighting with electrical service 1            LS 40,000       40,000         
8 Canal crossing 2            EA 40,000       80,000         
9 Property acquisition for metering station 1            LS 30,000       30,000         

10 Miscellaneous permits 1            LS 25,000       25,000         
1,940,690    

Engineering and construction 
management/inspection 

14% 271,700       
Legal and environmental 5% 98,000         
Contingencies 15% 291,100       

2,601,500    

Subtotal

Total

Subtotal

Total

Opinion of Probable Construction Cost
Atwater to Meadowbrook Intertie

Subtotal

Total
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Option M-1

Item Description Quantity Unit
Unit Cost

($)
Amount

($)
1 Furnish and install 12" C-900 PVC pipeline 3,612     LF 130            469,560       
2 Trench repaving 3,612     LF 30              108,360       
3 Isolation valves 3            EA 4,000         12,000         
4 Fire hydrants 7            EA 8,000         56,000         
5 Air-release valves 1            EA 4,000         4,000           
6 Metering station with backflow prevention and SCADA 

connection
1            LS 100,000     100,000       

7 Security fencing and lighting with electrical service 1            LS 40,000       40,000         
8 Canal crossing 1            EA 40,000       40,000         
9 Property acquisition for metering station 1            LS 30,000       30,000         

10 Miscellaneous permits 1            LS 25,000       25,000         
884,920       

Engineering and construction management/inspection 14% 123,900       

Legal and environmental 5% 44,200         
Contingencies 15% 132,700       

1,185,800    

Option M-2

Item Description Quantity Unit
Unit Cost

($)
Amount

($)
1 Furnish and install 12" C-900 PVC pipeline 1,511     LF 130            196,430       
2 Trench repaving 550        LF 30              16,500         
3 Isolation valves 2            EA 4,000         8,000           
4 Fire hydrants 2            EA 8,000         16,000         
5 Air-release valves 1            EA 4,000         4,000           
6 Metering station with backflow prevention and SCADA 

connection
1            LS 100,000     100,000       

7 Security fencing and lighting with electrical service 1            LS 40,000       40,000         
8 Canal crossing 2            EA 40,000       80,000         
9 Property acquisition for metering station 1            LS 60,000       60,000         

10 Miscellaneous permits 1            LS 25,000       25,000         
545,930       

Engineering and construction management/inspection 20% 109,186       

Legal and environmental 5% 27,300         
Contingencies 15% 81,900         

764,300       Total

Estimate of Probable Construction Cost
Merced to Meadowbrook Intertie

Subtotal

Total

Subtotal

K:\Projects\Merced Irrigation District\60612644_Meadowbrook Intertie Study\400_Technical\Task 500 - Report\Cost Estimate.xlsx


	1. Background
	2. System Demands
	3. Benefits/Purpose of Intertie
	4. City of Atwater Intertie Scenarios
	4.1 Existing Supply and Storage in Atwater
	4.2 Summary of Atwater Capacity for Intertie
	4.3 Atwater Intertie Locations

	5. City of Merced Intertie Scenarios
	5.1 Existing Water Supply and Pumping Capacity Evaluation in Merced
	5.2 Existing Water Storage Capacity Evaluation for Merced
	5.3 Existing Water Distribution System Evaluation
	5.3.1 Average Day Demand Analysis
	5.3.2 Maximum Day Demand Analysis
	5.3.3 Maximum Day Demand plus Fire Flow Analysis
	5.3.4 Peak Hour Demand Analysis

	5.4 Summary of Merced Capacity for Intertie
	5.5 Merced Intertie Locations

	6. Estimate of Probable Construction Cost for Interties



