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1. Addressing regulatory concerns (Phase 1A) 

2. Improving reliability by providing operational redundancy (Phase 1B) 

3. Replacing aging infrastructure (Phase 1C) 

4. Providing capacity for future development (Phase 2A) 

 
The distribution system CIP was prioritized based on the following, in descending order of 
importance: 
 

1. Providing required fire flow for existing demands (Phase 1A) 

2. Meeting hydraulic performance criteria for existing demands (Phase 1B) 

3. Providing required fire flow for future (buildout) demands (Phase 2A) 

4. Meeting hydraulic performance criteria for future (buildout) demands (Phase 2B) 

 
The total CIP cost is approximately $24.3 million, with an average annualized cost of 
$1.22 million. Comparing the projected CIP costs to recent City budgets (e.g., FY 2011-12 CIP 
budget for water of $260,000) indicates that additional revenues will be needed to adequately 
fund the recommended CIP projects. Included as recommended CIP projects are water rate and 
connection fee studies to better assist with determining appropriate project financing.  
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LIST OF ABBREVIATIONS 
 
The following abbreviations are used in this report: 
 
AACE Associated Advancement of Cost Engineering 
ac Acre 
ADD Average Day Demand 
AF Acre-Feet 
AFY Acre-Feet per Year 
AMR Automatic Meter Reading 
ARV Air Release Valve 
AWWA American Water Works Association 
BAE Business Attraction/Expansion 
Cal ISO California Independent System Operator 
CC Community Commercial 
CCWC Calaveras County Water Company 
CCWD  Calaveras County Water District 
CDPH California Department of Public Health 
cfs Cubic Feet Per Second 
CIP Capital Improvement Plan 
CWUA Calaveras Water Users Association 
DE Dunn Environmental 
DWR Department of Water Resources 
EA Each 
ENR Engineering News Record 
EPA United States Environmental Protection Agency 
EWU Equivalent Water Unit 
FERC Federal Energy Regulatory Commission 
fps Feet per Second 
ft Feet or Foot 
ft2 Square Foot 
GHC Greenhorn Creek 
GIS Geographical Information Systems 
gpcd Gallons per Capita per Day 
gpd Gallons per Day 
gpd/ac Gallons per Day per Acre 
gpd/EWU Gallons per Day per Equivalent Water Unit 
gpd/ft2 Gallons per Day per Square Foot 
gpm Gallons per Minute 
HC Historic Commercial 
HDR High-Density Residential 
HDR-WMC Worldmark Club 
I Industrial 
in Inch 
IWA International Water Association 
LF Lineal Feet or Lineal Foot 
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LS Lump Sum 
MDD Maximum Day Demand 
MDR Medium-Density Residential 
MW Megawatt 
MG Million Gallons 
mgd Million Gallons per Day 
MSR Municipal Service Review 
NCPA Northern California Power Agency 
NPDES National Pollutant Discharge Elimination System 
NTU Nephelometric Turbidity Unit 
OS Open Space 
P Public 
PG&E Pacific Gas and Electric Company 
PHD Peak Hour Demand 
PR-Golf Golf Course 
PR Parks and Recreation 
PRV Pressure Reducing Valve 
P-SCH Public School 
PVC Polyvinyl Chloride 
psi Pounds per Square Inch 
RE Residential Estate 
ROW Right-of-Way 
rpm  Revolutions per Minute 
SC Shopping Commercial 
SF-CCI San Francisco Construction Cost Index 
SFR Single-Family Residential 
SOI Sphere of Influence 
SP Special Planning 
SR State Route 
SWRCB State Water Resources Control Board 
TDH  Total Dynamic Head 
UGMC Utica Gold Mining Company 
UPA Utica Power Authority 
UPUD Union Public Utility District 
USGS United States Geological Survey 
UWC Union Water Company 
WTP Water Treatment Plant 
WWTP Wastewater Treatment Plant 
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CONVERSION FACTORS 
 
Volume 
 
1 AF = 43,560 ft3 = 325,851 gallons 
1 ft3 = 7.48 gallons 
1 million gallons = 3.07 AF 
 
Flow Rate 
 
1 cfs = 450 gpm = 646,320 gallons/day 
1,000 gpm = 2.23 cfs = 4.42 AF/day 
1 mgd = 1,120 AFY = 3.07 AF/day 
1 cfs for 24 hours = 1.983 AF 
1 cfs for 30 days = 59.5 AF 
1 cfs for 1 year = 724 AF 
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TABLE 2-1    
CITY OF ANGELS WATER MASTER PLAN 

SUMMARY OF RECOMMENDED PROJECTS IN THE 2011 WATER AUDIT 
 

Project 
Number Project Description Rationale Status 

WTP Projects 

1 Construct Settling Ponds 
and  Discharge Backwash 
Water Properly 

Construct settling ponds. Recycle 
backwash water through headworks, 
obtain discharge permit, or discharge to 
wastewater system. 

Required for regulatory compliance. 
Backwash water is currently being 
discharged without a permit. 

Incomplete. Addressed 
in this Master Plan. 

2 Implement Redundancy 
During Filter Backwash 

Modify system so that at least one filter 
is on-line during backwashing.  

Improves reliability. Allows water 
treatment to continue through backwash 
procedures, eliminating 2.75 hour 
shutdowns. 

Incomplete. Addressed 
in this Master Plan. 

3 Pursue Emergency 
Alternative Water Supply 

Pursue alternative options for providing 
emergency water supply in event that 
flume system is damaged. 

Necessary to provide redundancy if flume 
system is compromised.  

Incomplete. Addressed 
in this Master Plan. 

4 Construct Second Storage 
Tank 

Construct a new 2.0 MG tank at one of 
three proposed locations. 

Needed to meet future maximum day 
scenarios. Improve system reliability and 
security. 

Incomplete. Addressed 
in this Master Plan. 

5 Address Post-Storm 
Turbidity Shutdowns 

Option A: Investigate whether second 
sedimentation basin would prevent 
shutdowns.  
Option B: Investigate feasibility of pre-
filtration or other process to make high 
turbidity water usable. 

Necessary to improve reliability after 
storms. If Option A is feasible, it would 
also improve redundancy. 

Incomplete. Addressed 
in this Master Plan. 

6 Add Fourth Filter Add fourth mixed-media filter to 
provide additional capacity at WTP. 

Provide additional redundancy. Needed to 
accommodate future growth. 

Incomplete. Addressed 
in this Master Plan. 
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TABLE 2-1 (Cont.)   
CITY OF ANGELS WATER MASTER PLAN 

SUMMARY OF RECOMMENDED PROJECTS IN THE 2011 WATER AUDIT 
 

Project 
Number Project Description Rationale Status 

Distribution System Projects 

7 Complete an Inventory of 
the Distribution System 

Complete an inventory of all pipes, 
valves, and hydrants within the system 
and incorporate into geographical 
information systems (GIS). 

Necessary to allow the City to make accurate 
decisions in planning and construction. 
Needed to create hydraulic model. 

Completed as part of this 
Master Plan. See Chapter 8. 

8 Develop a Hydraulic Pipe 
Network Model 

Develop a model of the system 
including the WTP, storage tank, and 
distribution system.  

Can be used to analyze the system for 
compliance, make decisions, prioritize 
projects, and plan for future development. 

Completed as part of this 
Master Plan. See Chapter 8. 

9 Identify and Prioritize 
Infrastructure Upgrades 
using Hydraulic Model 

Use the results of the model to identify 
and prioritize infrastructure upgrades. 

Hydraulic model provides a tool for assessing 
system needs. 

Completed as part of this 
Master Plan. See Chapter 8. 

10 Assess Distribution 
System Compliance 
using Hydraulic Model 

Use the results of the model to assess 
whether regulations are being met. 

Provides a way for the City to demonstrate 
compliance with certain regulations. 

Completed as part of this 
Master Plan. See Chapter 8. 

11 Add Second Water Main 
from WTP to City 

Add 18-inch pipeline parallel to the 
existing pipeline. 

Necessary for redundancy and reliability. The 
existing pipeline is old and a major system 
weakness. 

Incomplete. Addressed in 
this Master Plan. 

12 Loop Dead Ends and 
Install Blowoff 
Assemblies 

Where possible, loop dead ends. 
Otherwise install a blowoff assembly. 

Will improve system reliability and water 
quality. Required for regulatory compliance. 

Incomplete. Addressed in 
this Master Plan. 
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TABLE 2-1 (Cont.)   
CITY OF ANGELS WATER MASTER PLAN 

SUMMARY OF RECOMMENDED PROJECTS IN THE 2011 WATER AUDIT 
 

Project 
Number Project Description Rationale Status 

Water Quality Sampling Projects 

13 Update Bacterial 
Sampling Plan 

Revise City’s Bacterial Sampling Plan 
by 2012 (last updated in 2002). 

State regulations require a minimum number 
of samples per month based on number of 
connections. Because the number of 
connections in the distribution system has 
increased, a minimum of six samples per 
month is now required rather than the five 
samples per month required in the 2002 plan. 
Regulations also require the plan be updated 
every 10 years. 

Completed. 

Administration and Planning Projects 

14 Develop City Planning 
Criteria in Next Water 
Master Plan 

Incorporate all related water codes into 
a list of criteria for future planning. 

Useful planning tool for assessing criteria for 
future infrastructure and existing 
deficiencies. 

Completed as part of this 
Master Plan. See Chapter 4. 

15 Submit Permit 
Amendment Following 
Major Upgrades at WTP 

Submit application for a permit 
amendment following major 
improvements at the WTP. 

Necessary for compliance with regulations. Will be submitted 
concurrent with completion 
of design activities. 

16 Update Operations and 
Maintenance Plan 

Update the plan to reflect upgrades to 
the WTP. 

Required by Water Supply Permit. Completed by City Engineer 
in May 2012. 

17 Pursue Shortage Plan 
with UPA 

City should work with UPA to develop 
a plan to allocate water to all users 
during a drought. 

Essential to securing a reliable water supply 
and the ability to meet maximum day 
scenarios at all times. 

Ongoing. 

18 Develop an Alternative 
Supply for GHC 
Development 

Explore options for alternative supplies 
for GHC. 

Necessary to ensure that the entire water 
supply allocation from UPA is available for 
the City. 

Ongoing. 

19 Staffing Level 
Recommendation 

Hire one full-time and one part-time 
staff member. 

Current staffing levels are below other 
comparable water purveyors by 
approximately 20 percent. 

Under consideration. 
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As part of the master planning process, a computer model of the distribution system was 
developed. Computer simulations were used to evaluate the distribution system and identify 
necessary improvement projects. Evaluation and design criteria are summarized in Table 4-2. 
 

TABLE 4-2    
CITY OF ANGELS WATER MASTER PLAN 

DISTRIBUTION SYSTEM EVALUATION AND DESIGN CRITERIA 
 

Criteria Value Source 

Minimum pressure – ADDa 40 psib 2010 Improvement Standards [16] 

Minimum pressure – MDD 35 psi Typical design standard 

Minimum pressure – PHD 20 psi California Waterworks Standards [10] 

Minimum pressure – fire flow 
plus MDD 

20 psi 2010 Improvement Standards [16], 
California Waterworks Standards [10] 

Maximum pressure at service 
connection 

150 psi (PRV required 
at 80 psi) 

2010 Improvement Standards [16] 

Maximum velocity 8 fpsc (typical) 
12 fps (short durations) 

Typical design standards 

Maximum head loss gradient 10 ft per 1,000 ft Typical design standard 

Minimum main size 4-inches California Waterworks Standards [10] 
a ADD = average day demand 
b psi = pounds per square inch 
c fps = feet per second 
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TABLE 5-2    
CITY OF ANGELS WATER MASTER PLAN 

SUMMARY OF EXISTING LAND USES 
 

Land Use 
Number of 

Parcelsa 

Total 
Developed 
Areaa (ac) 

Residential 

HDR 128 80 

MDR 68 51 

RE 10 14 

SFR 1,190 372 

HDR-WMC 19 21 

Commercial 

BAE 21 26 

CC 101 65 

HC 79 16 

SC 39 32 

Industrial 

I 5 16 

Public 

P 22 28 

P (WWTP) 2 18 

P-SCH 8 50 

PR 9 18 

PR-Golf 5 144 

Other 

SP 1 4 

OS 5 12 

ROW 154 216 

Total 1,866 1,183 
a Includes partially-developed land uses. 
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TABLE 5-6    
CITY OF ANGELS WATER MASTER PLAN 

METERED WATER SERVICE CONNECTIONS BY USER TYPE FOR 2011 
 

User Type 
Number of Metered 

Connections 

Single Family Residential 1,469 

Multi-Family Residentiala 33 

Commercial/Institutionalb 211 

Industrial 3 

Landscape Irrigationc 47 

Otherd 3 

Agricultural Irrigatione 3 

Total 1,769 
a “Multi-Family Residential” includes condominiums, apartment complexes, and 

mobile home parks. 
b “Commercial” includes general businesses, restaurants, hotels/motels, markets, 

laundromats, and car washes. The GHC Timeshare has 7 commercial accounts 
for their restaurant, pools, restrooms, spa lockers, and a lift station. 
“Institutional” includes schools, City buildings (such as City Hall, the 
Firehouse, and the Police Department), City parks, and process water for the 
WTP and WWTP [19]. 

c “Landscape Irrigation” represents areas where the meter is used strictly for 
landscaping and includes subdivision and business landscaping, but excludes 
City parks. The GHC Timeshare has 3 landscape irrigation accounts [19]. 

d “Other” includes construction meters. 
e “Agricultural Irrigation” represents areas for crops and raising cattle/animals 

[19]. 

 
Historical metered water usage by user type is presented in Table 5-7. As shown in Table 5-7, 
the metered water usage from 2007 to 2011 ranged from 260 MG to 325 MG. The 2007-2011 
average annual water usage is 293 MG which corresponds to an ADD of 0.80 mgd. 
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TABLE 5-12  
CITY OF ANGELS WATER MASTER PLAN 

SUMMARY OF EWU CONVERSION FACTORS 
 

Conversion Factora (EWU/ac) 

Land Use Existing Futureb 

Residential 

HDR 5.0 15.0 

MDR 3.0 10.0 

RE 2.0 0.5 

SFR 4.0 6.0 

HDR-WMC 9.5 9.5 

Commercial 

BAE 2.0 1.0 

CC 2.0 15.0 

HC 2.0 15.0 

SC 2.0 15.0 

Industrial 

I 2.0 2.0 

Public 

P 5.0 5.0 

P (WWTP)c 5.0 0.0 

P-SCH 10.0 10.0 

PR 4.0 4.0 

Other 

SP 1.5 1.5 
a Existing and future conversion factors from the City Wastewater Master Plan [18]. 

OS and ROW land uses are excluded from the table and the development of a 
water demand factor because no water demands are assumed for these land uses. 
The PR-Golf land use is also excluded from the table because irrigation demands 
associated with GHC Golf Course were evaluated separately. 

b Future conversion factors based on projected General Plan [1] densities. 
c Water demands are not anticipated for future WWTP areas. Potential increases in 

water demands at the existing 18 ac WWTP site associated with future expansions 
are assumed to be met with Title 22 recycled water. 

 
As shown in Table 5-12, future EWU conversion factors for RE and BAE are lower than existing 
EWU conversion factors. The existing EWU conversion factor for RE was based on an analysis 
of existing parcel sizes for areas with the RE land use designation [18]. The existing EWU 
conversion factor for BAE was based on an analysis of existing developed commercial parcel 
areas [18]. The future EWU conversion factors, including the factors for RE and BAE, are from 
the General Plan [1, 18].  
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TABLE 5-13  
CITY OF ANGELS WATER MASTER PLAN 

CALCULATION OF WATER DEMAND FACTOR 
 

Land Use 

Total 
Developed 
Areaa (ac) 

Existing 
Densityb 

(EWU/ac) 

Total 
Existing 

EWU 
Residential 

HDR 80 5.0 400 

MDR 51 3.0 153 

RE 14 2.0 28 

SFR 372 4.0 1,488 

HDR-WMC 21 9.5 200 

Commercial 

BAE 26 2.0 52 

CC 65 2.0 130 

HC 16 2.0 32 

SC 32 2.0 64 

Industrial 

I 16 2.0 32 

Public 

P 28 5.0 140 

P (WWTP) 18 5.0 90 

P-SCH 50 10.0 500 

PR 18 4.0 72 

Other 

SP 4 1.5 6 

Total  811   3,387  

Total Existing Productionc (gpd) 860,000 

Water Demand Factor (gpd/EWU) (rounded) 255 
a See Table 5-2. Excludes ROW, OS, and PR-Golf. 
b Existing EWU conversion factor (see Table 5-12). 
c 2007-2012 average day production (see Table 5-4). 

 
A water demand factor of 255 gpd/EWU results from using the method described in this chapter. 
It should be noted that the water demand factor is based on an EWU, not per capita or per 
dwelling unit, and is to be used only with the EWU conversion factors presented in Table 5-12. 
For context, there are a total of 1,769 existing water meter connections in the City and a total of 
3,387 existing EWUs as calculated in Table 5-13. The number of water meters is not comparable 
to the number of EWUs. 
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3. The settlement agreement clarifies issues relating to the ownership and operation of 
CCWD-owned/NCPA-operated facilities, UPA owned and operated facilities, and 
physical access to those respective facilities. 
 

4. Neither party can, without prior written consent, use or occupy any property nor facilities 
owned by the other party, nor apply for a grant or loan that would require use of the other 
party’s water rights or facilities [26]. 

 
Because of CCWD’s contracts with NCPA, the water available for use within the Ebbetts Pass-
Murphys-Angels area is limited to the following: 
 

1. The water UPA is contractually entitled to under Attachment A. The water is supplied by 
NCPA but the entitlement is based upon UPA’s pre-1914 water rights in the North Fork 
of the Stanislaus River-Mill Creek-Angels Creek system. 

 
2. The maximum volume of 8,000 AF that CCWD is allowed to divert for consumptive 

purposes from the North Fork of the Stanislaus River system is subject to the following 
restrictions: 
 
a. The water must be diverted “from points upstream of the existing Mill Creek Tap 

butterfly valve” and CCWD cannot “cause this water to directly or indirectly enter 
any of the PG&E Project facilities without prior written agreement from NCPA.”  
 

b. Under State Water Resources Control Board (SWRCB) Order No. 97-05 issued in 
September 1997, CCWD has until December 1, 2015, to put the entire 8,000 AFY to 
full beneficial use. Failure to do so could result in a partial revocation of CCWD’s 
SWRCB water rights permits; i.e., that portion of the 8,000 AF not put to full 
beneficial use by December 1, 2015 … “Use It or Lose It” [27]. 

 
Because of the above 2015 permit deadline, CCWD and UPA agreed in the November 2009 
settlement agreement to use their best efforts to negotiate an agreement by December 31, 2014, 
for CCWD to transfer water to UPA for consumptive use in the UPA, City, and/or UPUD service 
areas. The settlement agreement does not identify the amount of water to be transferred but it 
could be approximately 4,000 to 5,000 AFY. Such water would be in addition to the water 
delivered to UPA under Attachment A, which is further defined in the following sections [27]. 
 
In 1985, CCWD entered into a Revised Power Purchase Contract and the 1995 Restated 
Agreement with the NCPA wherein CCWD gave control of most of the water in the North Fork 
of the Stanislaus River system to NCPA for power generation at the Collierville Powerhouse. 
 
Excerpts from the Asset Sale Agreement By and Between PG&E and Calaveras County Water 
District, August 18, 1995 and the Assignment and Assumption Agreement between CCWD and 
UPA are included as Appendix F. 



 
 
Angels WM
July 2013 

 A6.4
 
Historica
Fork of th
reservoir
Canal. A
28 cfs of 
were dee
60 cfs, U
 
UPA is c
Attachme
combined
May 1 fo
from wet
allocation
year; ther
Appendix
 
As menti
years and
firm agre
allotment
 
It should
deliverie
1995 Am
accuratel
UPUD.  
 
UPA has
the origin
for dome
diversion
miners-in
1,000 AF

 A6.5
 
As discu
adequate
 
The UPA
and deliv

MP 

Available Su

al water right
he Stanislau

rs; and senior
As a result of 
f PG&E’s his
eded to UPA
UPA only rec

contractually
ent A is a sc
d flow of the

orecast of tot
t to driest ye
n each year o
refore, the a
x E. 

ioned previo
d decreasing
eement to rec
t under Atta

d be noted, ho
s to UPA an

mended and R
ly reflect the

s assumed th
nal assumed 
estic and irrig
ns to UPUD 
nch. Pursuan
FY at $15.00

Alternate W

ssed previou
 quantities o

A is restricted
very restricti

urface Wate

ts for the Ut
us River, Bea
r rights to th
the 1995 Am

storical 88 c
and is deliv

ceives 46 cfs

y entitled to r
hedule of m
e Mill Creek
tal unimpaire
ars are defin
on May 1. F
llocation is 2

ously, the ent
g in steps to a
ceive 1,600 A
chment A. 

owever, that
nd the memb
Restated Agr
e reality of th

e previous P
agreement w

gation water
for domestic

nt to that pre
0 per AF [28

ater Suppli

usly, the City
of water to th

d in volumes
ons due to A

er Supplies

tica System i
aver Creek, a
he flow of An
mended and 
fs water righ

vered through
s in the wette

receive the v
maximum del
k Tap and M
ed runoff in 
ned in the tab
For example,
26,830 AF. T

titled volum
a volume of 
AFY, and th

t during a ve
er agencies. 
reement betw
he decreasing

PG&E contra
with a subse
r supply at no
c and irrigati
vious contra
]. 

es 

y is complete
he Angels Fo

s of water th
Attachment A

Chapter

6-8
N:\MTB0

included 88 
and Mill Cre
ngels Creek 
Restated Ag

hts were con
h the Tunnel
est year.  

volume of wa
ivery of wat
ill Creek. Th
the Stanislau
ble. DWR m
 May 1, 201
The Amende

e is a maxim
16,107 AF i

his amount h

ery dry year t
The existing

ween NCPA
g water deliv

acts that wer
equent amend
o charge unt
ion water su
act with PG&

ely dependen
orebay for tr

hat can be de
A. During ve

r 6: Current

020401\Documen

cfs of the co
eek; the righ
sufficient to

greement bet
nveyed to NC
l Tap. Altho

ater as outlin
ter to the Uti
he deliveries
us River. Th

makes the det
2, was defin
ed Attachme

mum of 33,5
in the driest 

has not been 

there is the p
g contracts w

A, CCWD, an
veries in dry

re with UPU
dment, the C
til further mo

upply cannot
&E, UPUD c

nt on the abi
reatment and

elivered base
ery dry years

Wa
t and Future

nts\_Water Master 

ombined flow
ht to store wa
o fully suppl
tween NCPA

CPA. The rem
ough the wate

ned under A
ica/Angels p
s are based o
he six steps o
termination 
ned to be a L
ent A table is

14 AF in nor
water years.
reduced reg

possibility o
were written
nd UPA and
y years to the

UD and the C
City can rece
odified. The
t exceed 6.75
can obtain an

ility of UPA
d distribution

ed on multip
s, delivery o

City of A
Water Master 

e Water Sup

MTB0
Plan\Final\0713 M

w of the Nor
ater in the up
ly the Angels
A and CCW
maining 60 
er rights are 

Attachment A
project from 
on the DWR 
of reduced fl
of the level 

Level III wat
s provided in

rmal to wett
. The City ha

gardless of th

f reduced wa
n prior to the
d therefore do
e City and 

City. Pursuan
eive 1,600 A
e combined 
5 cfs at $0.05
n additional 

A to deliver 
n. 

le agreemen
f supplies ca

ngels 
Plan 

pplies 
 
 

020401 
MP.docx 

rth 
pper 
s 
D, 
cfs 

A. 
the 

low 
of 
ter 
n 

test 
as a 

he 

ater 
 
o not 

nt to 
AFY 

5 per 

nts 
an be 



 
 
Angels WM
July 2013 

reduced t
disrupt th
3,000 ft o
 
Because 
emergenc
 
A discus
reduction
non-pota

 Ga.
 
An altern
or more w
 
Groundw
flows hav
Formatio
Bear Mo
gold min
movemen
To furthe
conducte
Appendix
(see Figu
 

1. P
pr
li
p
m
ov
D
in
 

2. P
th
w
an
S
re
y
 

MP 

to 52 percen
he City wate
of the woode

of these pos
cy use only o

sion of altern
n in surface w
able demands

Groundwater 

nate water su
wells to pum

water flow in
ve been foun

ons and throu
untain and M

nes are presen
nt. Review o
er assess con
ed by Dunn E
x G. Based o
ure 6-1). Eac

otential Wel
revious test 
ikely high-yi
otential. Wa

meet the wate
ver three we

DWR well lo
nvestigations

otential Wel
he tertiary gr

water quality 
nticipated to
ite A (Area 
eference, one
ield.  

nt of normal. 
er supply. As
en flume. 

ssibilities, the
or for supple

nate water su
water divisio
s. 

upply to the 
mp groundwa

n the area of 
nd in some o
ugh natural s
Melones Fau
nt in the area
of the area in
nceptually th
Environment
on this “desk
ch is describe

ll Site A (Ar
well investig
ielding area.
ater quality c
er supply sho
ell completio
g search, the
s, if possible

ll Site B (Ar
ravels and lim
concerns m

o be significa
1). To meet 
e well was id

In addition,
s an example

e City is inv
ementing dem

upplies follo
ons to GHC 

current surfa
ater into the 

the City is p
of the alluvia
streams. Reg
ult zones and
a that may si
ndicates a lim
his alternativ
tal (DE). Th
ktop” evalua
ed below. 

rea 1) – This
gations, incl
 Fractured b

concerns are 
ortfall and b
ons may be n
e well site sh
e.  

rea 3) – This
mestone pac

may be identif
antly higher 
the water su
dentified dur

Chapter

6-9
N:\MTB0

, problems w
e, in 2001 th

vestigating al
mands. 

ows below in
Golf Course

ace water su
City’s water

primarily rela
al units of th
gional faults 
d the Calaver
ignificantly 
mited numbe
ve, an initial h
he results of t
ation, three p

s potential w
uding test w

bedrock cond
not anticipa
ased upon th

necessary. B
hould be loca

 potential w
ckage. Yield
fied. Produc
and may req

upply short f
ring the DW

r 6: Current

020401\Documen

with the trans
he Darby Fire

lternate wate

ncluding gro
e, and use of

upply would 
r system.  

ated to flow 
e Valley Spr
are located 

ras Shoo-Fly
influence gr

er of monitor
hydrogeolog
the investiga

potential wel

well site area 
wells and pas
ditions, howe
ated other tha
he reported r
ased on high
ated to the e

ell site comb
ds are anticip
ction capacity
quire fewer w
fall, only one

WR well log r

Wa
t and Future

nts\_Water Master 

smission sys
e demolished

er supplies, w

oundwater, a
f recycled wa

be the devel

through frac
rings and M
in the area a

y Thrust Fau
roundwater o
ring and pro
gical investig
ation are pre
ll sites were 

has been co
st surface geo
ever, may lo
an septic tan
results of Te
h-yield wells
east of the or

bines the sto
pated to be hi
y within lim
wells than P
e well may b
review with 

City of A
Water Master 

e Water Sup

MTB0
Plan\Final\0713 M

stem can sev
d approxima

whether for 

abandoned m
ater for 

lopment of o

ctures. Limit
ehrten 

and include t
ult. Many his
occurrence a
oduction wel
gation was 

esented in 
identified by

nfirmed by 
ophysics, to 

ower the 
nk locations.
est Hole No. 
s identified i
riginal testho

orage potenti
igh; howeve

mestone is 
otential Wel

be necessary
over 100 gp

ngels 
Plan 

pplies 
 
 

020401 
MP.docx 

verely 
ately 

mines, 

one 

ted 

the 
storic 
and 
lls. 

y DE 

be a 

 To 
2, 

in the 
ole 

ial of 
er, 

ll 
y. For 
pm 



City of Angels 
Water Master Plan 

Chapter 6: Current and Future Water Supplies 
 
 

 
 
Angels WMP 6-10 MTB020401 
July 2013 N:\MTB020401\Documents\_Water Master Plan\Final\0713 MP.docx 

3. Potential Well Site C (Area 3) – DE suggests exploring this location for high potential 
due to the proximity of Mehrten Gravels in conjunction with limestone deposits. Yields 
are anticipated to be high; however, water quality concerns may be identified. To meet 
the water supply short fall, only one well may be necessary. Two wells highlighted 
during the DWR well log search were identified with yields over 100 gpm close to this 
location.  
 

4. Potential Well Site D (Area 2) – This location was selected as a potential location if the 
City pursues water well drilling and permitting efforts with the City of Murphys. The site 
is located in proximity to high-yield wells identified during DWR well log review and in 
the preferred geology package of tertiary gravels and Mehrten Formation close to 
limestone.  
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TABLE 6-2    

CITY OF ANGELS WATER MASTER PLAN 
2007-2012 HISTORICAL MONTHLY PERCENTAGE OF  

ANNUAL TREATED WATER PRODUCTION 
 

2007-2012 Monthly Percentage of Annual 
Production, %a 

Month 
Monthly 

Productionb 
Baseline 
Demandc 

Non-potable 
Demandd 

January 4.8 4.8  

February 4.3 4.8  

March 5.0 4.8  

April 6.2  1.4 

May 9.3  4.5 

June 11.2  6.4 

July 13.9  9.1 

August 14.2  9.4 

September 11.8  7.0 

October 8.5  3.7 

November 5.8  1.0 

December 5.0 4.8  

Total 100.0  42.5 
a Per Table 5-4. 
b Monthly production as a percentage of annual production. 
c 2007-2012 average December-March demand (rounded). 
d 2007-2012 April-November non-potable demand = monthly production – 
baseline demand. 

 
Months with the lowest production can be correlated to the rainy season when irrigation demands 
are low. As shown in Table 6-2, the lowest monthly demands for 2007-2012 occurred from 
December through March, with an average winter monthly demand of 4.8 percent of yearly 
production. The 2007-2012 estimated non-potable demand for April through November is the 
additional percentage above the monthly 4.8 percent identified as the base potable water demand. 
The additional non-potable or irrigation demand in the summer months adds to approximately 
43 percent (42.5 percent) of the annual demand. Using this factor, the estimate of non-potable 
demands for the City is summarized in Table 6-3.  
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TABLE 6-5    
CITY OF ANGELS WATER MASTER PLAN 

COMPARISON OF WATER SUPPLY VERSUS DEMAND PROJECTIONS 
GHC GOLF COURSE SURFACE WATER IRRIGATION DEMANDS 

 

Projection (Year) 

Annual 
Supplya 
(AFY) 

Projected Annual Demandb (AFY) Supply – 
Demand 
(AFY) City 

GHC Golf 
Course Total 

Base Year (2011) 1,600 967 264 1,231 369 

10-year Projection (2021) 1,600 1,197 319 1,516 84 

20-year Projection (2031) 1,600 1,482 319 1,801 -201 

Buildout (2051) 1,600 2,336 319 2,655 -1,055 
a Assuming no recycled water deliveries to GHC Golf Course. 
b Per Table 6-1. 

 
If approximately 43 percent of the City’s water demands is non-potable, then the opportunity 
exists to provide recycled water for the majority of these uses. For comparison purposes, 
Table 6-6 displays the balance of supply vs. demand using only City potable water demands, but 
keeping the GHC Golf Course surface water diversions in place. In this scenario, an additional 
supply of 62 AFY is required at buildout. 
 

TABLE 6-6    
CITY OF ANGELS WATER MASTER PLAN 

COMPARISON OF WATER SUPPLY VERSUS DEMAND PROJECTIONS 
ASSUMING ONLY CITY POTABLE WATER DEMANDS AND 

GHC GOLF COURSE SURFACE WATER IRRIGATION DEMANDS 
 

Projection (Year) 

Annual 
Supplya 
(AFY) 

Projected Annual Demand (AFY) Supply – 
Demand 
(AFY) 

City 
Potableb 

GHC Golf 
Coursec Total 

Base Year (2011) 1,600 556 264 820 780 

10-year Projection (2021) 1,600 688 319 1,007 593 

20-year Projection (2031) 1,600 852 319 1,171 429 

Buildout (2051) 1,600 1,343 319 1,662 -62 
a Assuming no recycled water deliveries to GHC Golf Course. 
b Assumes potable demand is 57.5 percent of City demand (see Table 6-4). 
c Per Table 6-1. 

 
Separating the GHC Golf Course demand for surface water supply from the City’s water demand 
(potable and non-potable) provides the City with adequate supply through the 20-year projected 
growth, but not to buildout. This scenario is presented in Table 6-7. At buildout, an additional 
supply of 736 AFY is required.  
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TABLE 6-11  
CITY OF ANGELS WATER MASTER PLAN 

EVALUATION CRITERIA FOR ALTERNATE WATER SUPPLY STRATEGIES 
 

Evaluation Criteria Description 
Importance 

Factor 

Meet 10-year Projection Capacity to deliver 10-year projected demands. 1.0 

Meet Buildout Projection Capacity to deliver buildout projected demands. 0.5 

WTP Expansion Need to expand existing WTP. 0.5 

Second WTP Need to construct second WTP. 1.0 

Minimize Impact of a Single Point of 
Failure (Single Pipeline) 

Level of redundancy in key transmission pipelines. 1.0 

Provisions for Emergency Conditions 
(Failure of Upstream Conveyance) 

Ability to tolerate interruptions in raw water supply. 0.7 

Impact from Drought Potential reduction in supply due to drought. 0.7 

Capital Cost Relative magnitude of capital investment. 1.0 

Operational Cost Relative magnitude of annual operation and 
maintenance costs. 

1.0 

Ease of Implementation Number/complexity of agreements, permits, approvals 
required for implementation. 

1.0 

Coordinated with Other City Plans Consistency with other City master plans or programs. 0.5 

 
In evaluating a strategy, a score of 1-5 was selected for each criterion. Lower scores reflected an 
inferior alternate while a score of 5 signified a superior strategy when considering a specific 
evaluation criteria. As an example, for the criterion, WTP Expansion, if the strategy required an 
expansion of the existing WTP, the strategy would be assigned a low score. In contrast, strategies 
that do not incorporate improvements to the existing WTP would receive a higher score. By then 
applying the importance factor to each criterion score, a weighted score could be calculated and 
aggregated to identify a preferred alternate. This process is summarized in Table 6-12. 
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TABLE 6-12  
CITY OF ANGELS WATER MASTER PLAN 

EVALUATION MATRIX FOR ALTERNATE WATER SUPPLY STRATEGIES 
 

Criteriab Im
p

or
ta

n
ce

 
F

ac
to

r Water Supply Strategya 

        1                 2                 3                 4                 5                 6                 7         

Valuec Weightedd Value Weighted Value Weighted Value Weighted Value Weighted Value Weighted Value Weighted 

Meet 10-year Projection 1 5 5 5 5 3 3 5 5 5 5 3 3 3 3 

Meet Buildout Projection 0.5 3 1.5 3 1.5 3 1.5 5 2.5 1 0.5 1 0.5 5 2.5 

WTP Expansion 0.5 1 0.5 5 2.5 5 2.5 5 2.5 3 1.5 3 1.5 3 1.5 

Second WTP 1 5 5 1 1 5 5 5 5 5 5 5 5 5 5 

Minimize Impact of a Single 
Point of Failure (Single 
Pipeline) 

1 1 1 3 3 3 3 3 3 1 1 1 1 1 1 

Provisions for Emergency 
Conditions (Failure of 
Upstream Conveyance) 

0.7 1 0.7 3 2.1 3 2.1 3 2.1 1 0.7 1 0.7 1 0.7 

Impact from Drought 0.7 5 3.5 5 3.5 1 0.7 3 2.1 5 3.5 3 2.1 3 2.1 

Capital Coste 1 3 3 1 1 5 5 3 3 3 3 3 3 1 1 

Operational Cost 1 5 5 1 1 3 3 3 3 5 5 5 5 1 1 

Ease of Implementation 1 5 5 1 1 3 3 3 3 5 5 3 3 3 3 

Coordinated with Other City 
Plans 

0.5 3 1.5 3 1.5 3 1.5 3 1.5 5 2.5 1 0.5 1 0.5 

Totals  32  23  30  33  33  25  21 
a See Table 6-10 for description. 
b See Table 6-11 for description. 
c Value of 1 represents least favorable, value of 5 represents best or superior alternate. 
d Weighted = Value x Importance Factor. 
e Strategies with capital costs greater than $10M were considered least favorable.  The strategy with the lowest capital cost was considered superior. 
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TABLE 8-1    
CITY OF ANGELS WATER MASTER PLAN 

DEVELOPED LAND USE SUMMARY 
 

Land Use Description 
Number of 

Parcelsa 

Total 
Developed 
Areaa (ac) 

Residential 

HDR High-Density Residential 128 80 

MDR Medium-Density Residential 68 51 

RE Residential Estates 10 14 

SFR Single-Family Residential 1,190 372 

HDR-WMC Worldmark Club 19 21 

Commercial 

BAE Business Attraction/Expansion 21 26 

CC Community Commercial 101 65 

HC Historic Commercial 79 16 

SC Shopping Commercial 39 32 

Industrial 

I Industrial 5 16 

Public 

P Public 22 28 

P (WWTP) Public (Wastewater Treatment Plant) 2 18 

P-SCH Public School 8 50 

PR Parks and Recreation 9 18 

PR-Golf Golf Course 5 144 

Other 

SP Special Planning 1 4 

OS Open Space 5 12 

ROW Right-of-Way 154 216 

Total 1,866 1,183 
a Includes partially-developed land uses. 
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TABLE 8-4    
CITY OF ANGELS WATER MASTER PLAN 

FIRE HYDRANT FLOW TEST AND MODEL CALIBRATION DATA 
 

Hydrant ID 
Test 

Month 
Pressure

Zone 
Test 

Value 

Model % Diff. 

ADDa MDDb ADDa MDDb 

Static Pressure (psi) 
  

A1-FH-113 Oct. 2010 B 120 psi 108 psi 102 psi -9.9% -14.8% 

C2-FH-100 Aug. 2012 B 108 psi 98 psi 92 psi -9.4% -14.8% 

C2-FH-117 Sep. 2012 B 87 psi 90 psi 79 psi 3.9% -9.8% 

Hydrant Flow (gpm) c 
   

A1-FH-113 Oct. 2010 B 2,165 gpm 2,132 gpm 1,796 gpm -1.5% -17.0% 
a ADD conditions. 
b MDD conditions. 
c Hydrant flow only available for Oct. 2010 test of Hydrant A1-FH-113. 

 
Based on the results presented in Table 8-4, it is likely that ADD flow conditions were present 
for the October 2010 and August 2012 hydrant flow tests. ADD or MDD flow conditions were 
likely present for the September 2012 hydrant flow test.  
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TABLE 8-6    
CITY OF ANGELS WATER MASTER PLAN 

EXECUTED HYDRAULIC MODEL SCENARIOS 
 

Demand  Scenario Scenario  Description 

Existing Conditions 

Existing ADD ADD for existing parcels; based on demand factors 
presented in Table 8-2 

Existing MDD Existing ADD scenario with an applied MDD 
peaking factor of 2.2 (per Section 5.4) 

Existing PHD Existing MDD scenario with an applied PHD 
peaking factor of 1.7 (per Section 5.4) 

Existing MDD 
Plus Fire Flowa 

Existing MDD scenario with fire flow demands 
applied and analyzed independently at each hydrant 
location 

Buildout Conditionsb  

Buildout ADD ADD for buildout parcels; based on demand factors 
presented in Table 8-2 

Buildout MDD Buildout ADD scenario with an applied MDD 
peaking factor of 2.2 (per Section 5.4) 

Buildout PHD Buildout MDD scenario with an applied PHD 
peaking factor of 1.7 (per Section 5.4) 

Buildout MDD 
Plus Fire Flowa 

Buildout MDD scenario with fire flow demands 
applied and analyzed independently at each hydrant 

a Fire flow requirements presented in Table 8-7. 
b Buildout Conditions based on ultimate General Plan [1] land uses. 

 
The results of scenarios presented in Table 8-6 were analyzed to evaluate the distribution 
system for areas with excessively low or high pressures and the effectiveness of future 
infrastructure improvements. Fire flow requirements, previously presented in Table 4-1, are also 
presented in Table 8-7 for reference. 
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MOOSE TRAIL

All Scenarios

GOLDEN CHAIN HIGHWAY

MDD and PHD Scenarios

MURPHY'S GRADE ROAD

PHD Scenario

GOLDEN CHAIN HIGHWAY

PHD Scenario

GREENHORN CREEK RD

ADD and MDD Scenarios

STANISLAUS AVENUE

PHD Scenario

ONEIDA STREET

PHD Scenario

ZONE E

ZONE D

ZONE B

ZONE C

MARK TWAIN ROAD

MDD and PHD Scenarios

HILLCREST STREET

PHD Scenario

MARK TWAIN ROAD

PHD Scenario

ZONE A

DEMAND SCENARIOS (EXISTING CONDITIONS):

1. ADD: AVERAGE DAY DEMAND SCENARIO

2. MDD: MAXIMUM DAY DEMAND SCENARIO

3. PHD: PEAK HOURLY DEMAND SCENARIO

LEGEND

PRESSURE ZONE BOUNDARY

WATER DISTRIBUTION SYSTEM NETWORK

PIPELINE DEFICIENCIES

MAXIMUM HEADLOSS EXCEEDED (ADD, MDD, AND PHD SCENARIOS)

MAXIMUM HEADLOSS EXCEEDED (PHD SCENARIO ONLY)

PIPELINE DEFICIENCIES

MAXIMUM PRESSURE EXCEEDED (ADD, MDD, AND PHD SCENARIOS)
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ZONE E

ZONE D

ZONE B

ZONE C

MARK TWAIN ROAD

D3-FH-105

D3-FH-107

FAIRVIEW STREET

D3-FH-106

GOLD CLIFF ROAD

D2-FH-116

MONTE VERDE STREET

B2-FH-119

MONTE VERDE STREET

B2-FH-121

GOLDEN CHAIN HIGHWAY

B2-FH-131

BRUNNER HILL ROAD

A1-FH-114

COPELLO ROAD

A1-FH-101

GOLDEN CHAIN HIGHWAY

A1-FH-102

A1-FH-103

A1-FH-104

LEE LANE

B2-FH-130

ZONE A

JUMPING FROG WAY

D2-FH-112

MINER'S CIRCLE

D2-FH-113

LEGEND

PRESSURE ZONE BOUNDARY

WATER DISTRIBUTION SYSTEM NETWORK

FIRE HYDRANT DEFICIENCIES

FAILURE TO MEET REQUIRED FLOW (500 GPM)

FAILURE TO MEET REQUIRED FLOW (1,500 GPM)

FAILURE TO MEET REQUIRED FLOW (2,000 GPM)

NOTE:

1. FIRE FLOW ANALYSIS PERFORMED UNDER MAXIMUM DAY

DEMAND (MDD) SCENARIO.
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ANGELS CAMP

POTENTIAL WELL SITE C

Near Well 32B

POTENTIAL TANK SITE

(Zone B)

MURPHY'S GRADE ROAD

SR4

VALLECITO

MURPHYS

DOUGLAS

FLAT

POTENTIAL WELL SITE D

Near Well 17J

VALLECITO BYPASS

POTENTIAL

TANK SITE

(Zone A)

POTENTIAL TANK SITE

(Zone C)

POTENTIAL WELL SITE A

Near Well 23M

CONNECT TO

8" PIPELINE

AREA 2

AREA 3

CONNECT TO

14" PIPELINE

AREA 1

POTENTIAL WELL SITE B

Near Well 29P

PARROT'S FERRY ROAD

LEGEND

POTENTIAL SUPPLY PIPELINE ROUTE

APPROXIMATE TERTIARY GRAVEL CHANNEL

COUNTY PARCEL

TOWNSHIP BOUNDARY

COUNTY ROAD

LIMESTONE FORMATION

AREA OF INTEREST FOR DWR WELL LOG REVIEW

POTENTIAL WELL SITE

POTENTIAL TANK SITE
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TABLE 9-4    
CITY OF ANGELS WATER MASTER PLAN 

DISTRIBUTION SYSTEM HYDRAULIC PERFORMANCE CRITERIA 
 

Criteria Value Source 

Minimum pressure – ADD 40 psi 2010 Improvement Standards [16] 

Minimum pressure – MDD 35 psi Typical design standard 

Minimum pressure – PHD 20 psi California Waterworks Standards [10] 

Minimum pressure – fire flow 
plus MDD 

20 psi 2010 Improvement Standards [16], 
California Waterworks Standards [10] 

Maximum pressure at service 
connection 

150 psi (PRV required 
at 80 psi) 

2010 Improvement Standards [16] 

Maximum velocity 8 fps (typical) 
12 fps (short durations) 

Typical design standards 

Maximum head loss gradient 10 ft per 1,000 ft Typical design standard 

 
Generally, the existing distribution network has sufficient capacity for buildout ADD and MDD 
demand conditions. However, under buildout PHD demand conditions, there are a number of 
areas that fail to meet the minimum pressure specified in Table 9-4 and the fire flow 
requirements identified previously in Table 8-7. Based on the hydraulic analyses, approximately 
27,400 LF of existing distribution mains were identified for upsizing to facilitate buildout 
demands. Recommended distribution main improvements are summarized in Table 9-5 and 
presented in Figure 9-2. 
 
The remaining segments of the SR-49 Pipeline Replacement (from Stanislaus Street to Altaville 
Post Office), identified in Section 2.2, are included in the Golden Chain Highway 8-inch to 
10-inch improvement (upsize) project. 
 
Phasing of distribution system improvements are suggested considering the following priorities: 
 

a. Provide required fire flow for existing demands (Phase 1A) 
b. Meet hydraulic performance criteria for existing demands (Phase 1B) 
c. Provide required fire flow for future demands (Phase 2A) 
d. Meet hydraulic performance criteria for future demands (Phase 2B) 
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TABLE 9-5    
CITY OF ANGELS WATER MASTER PLAN 

RECOMMENDED DISTRIBUTION MAIN IMPROVEMENTS 
 

Location Project Description Length (ft) 

Phase 1A - Meet Fire Flow Requirements (Existing Demand) 

Gold Cliff Road Upsize 8-inch to 10-inch 1,144 

Golden Chain Highway New 6-inch main 49 

Upsize 6-inch to 10-inch 47 

Upsize 8-inch to 10-inch 3,316 

Hillcrest Street Upsize 6-inch to 10-inch 175 

Upsize 8-inch to 10-inch 108 

Mark Twain Road Upsize 6-inch to 10-inch 1,740 

McCauley Ranch Road Upsize 8-inch to 10-inch 294 

Monte Verde Street Upsize 4-inch to 6-inch 281 

Phase 1B - Meet Hydraulic Performance Criteria (Existing Demand) 

Depot Road Upsize 6-inch to 10-inch 225 

Moose Trail Upsize 4-inch to 10-inch 958 

Murphy's Grade Road Upsize 10-inch to 16-inch 995 

Upsize 6-inch to 16-inch 1,289 

Upsize 8-inch to 16-inch 2,673 

Valecito Road Upsize 4-inch to 6-inch 476 

Phase 2A - Meet Fire Flow Requirements (Buildout Demand) 

Replace Principal 
Transmission Main 

Upsize 14-inch to 18-inch 3,508 

Golden Chain Highway Upsize 4-inch to 6-inch 857 

Mark Twain Road Upsize 4-inch to 6-inch 681 

Phase 2B - Meet Hydraulic Performance Criteria (Buildout Demand) 

12-inch Transmission Main Upsize 12-inch to 16-inch 2,718 

Bret Harte Drive Upsize 4-inch to 6-inch 186 

Depot Road Upsize 6-inch to 8-inch 797 

Dogtown Road Upsize 4-inch to 6-inch 1,278 

Fairview Drive Upsize 4-inch to 6-inch 237 

Gardner Lane Upsize 6-inch to 8-inch 529 

Kurt Drive Upsize 8-inch to 10-inch 355 

Mark Twain Road Upsize 4-inch to 6-inch 583 

McCauley Ranch Upsize 8-inch to 10-inch 914 

S. Baker Road Upsize 4-inch to 6-inch 353 

Suzanne Drive Upsize 6-inch to 8-inch 648 

Total   27,414 

 



ZONE E

ZONE D

ZONE B

ZONE C

GOLDEN CHAIN HIGHWAY

1A: New Construction

(See Detail)

DOGTOWN ROAD

2B: Main Upsize

MONTE VERDE STREET

1A: Main Upsize

GARDNER LANE

2B: Main Upsize

MURPHY'S GRADE ROAD

1B: Main Upsize

(E) 12-INCH TRANSMISSION MAIN

2B: Main Upsize

PRINCIPAL TRANSMISSION MAIN

UPSIZE (E) 14-INCH  MAIN TO 18-INCH

2A: Main Upsize

GOLDEN CHAIN HIGHWAY

1A: Main Upsize

GOLDEN CHAIN HIGHWAY

1A: Main Upsize

MARK TWAIN ROAD

1A: Main Upsize

GOLD CLIFF ROAD

1A: Main Upsize

McCAULEY RANCH ROAD

1A: Main Upsize

MARK TWAIN ROAD

2A: Main Upsize

FAIRVIEW DRIVE

2B: Main Upsize

GOLDEN CHAIN HIGHWAY

2A: Main Upsize

S. BAKER ROAD

2B: Main Upsize

SUZANNE DRIVE

2B: Main Upsize

BRET HARTE DRIVE

2B: Main Upsize

KURT DRIVE

2B: Main Upsize

MOOSE TRAIL

1B: Main Upsize

DEPOT ROAD

2B: Main Upsize

VALECITO ROAD

1B: Main Upsize

HILLCREST STREET

1A: Main Upsize

ZONE A

A1-FH-114

Required Flow: 1,500 gpm

Available Flow: 1,170 gpm

MARK TWAIN ROAD

2B: Main Upsize

McCAULEY RANCH ROAD

2B: Main Upsize

DEPOT ROAD

1B: Main Upsize

C2-111: 151 psi

Buildout, ADD Scenario

E3-100: 152 psi

Buildout, ADD Scenario

E3-112: 152 psi

Buildout, ADD Scenario

LEGEND

6-INCH DIAMETER IMPROVEMENT

8-INCH DIAMETER IMPROVEMENT

10-INCH DIAMETER IMPROVEMENT

16-INCH DIAMETER IMPROVEMENT

18-INCH DIAMETER IMPROVEMENT

NEW CONSTRUCTION

PRESSURE ZONE BOUNDARY

PHASING

1A

MEET FIRE FLOW REQUIREMENTS (EXISTING DEMAND)

1B

MEET HYDRAULIC PERFORMANCE CRITERIA (EXISTING DEMAND)

2A

MEET FIRE FLOW REQUIREMENTS (BUILDOUT DEMAND)

2B

MEET HYDRAULIC PERFORMANCE CRITERIA (BUILDOUT DEMAND)

GOLDEN CHAIN HIGHWAY - New Construction

Detail - Not to Scale
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ZONE E

ZONE D

ZONE B

ZONE A

ZONE C

POTENTIAL TANK SITE

(Zone B)

POTENTIAL TANK SITE

(Zone A)

POTENTIAL TANK SITE

(Zone C)

SUPPLY LINE

BOOSTER PUMP STATION

DISCHARGE LINE

SUPPLY LINE

DISCHARGE LINE

POTENTIAL SUPPLY PIPELINE

Routes B, C, and D

POTENTIAL SUPPLY PIPELINE

Route A

LEGEND

POTENTIAL SUPPLY PIPELINE ROUTE

STORAGE TANK SUPPLY AND DISCHARGE PIPELINE

EXISTING DISTRIBUTION SYSTEM

PRESSURE ZONE BOUNDARY

POTENTIAL TANK SITE

BOOSTER PUMP STATION
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Total project costs for each distribution system improvement project, identified in Table 9-5, are 
provided in Table 10-5. 
 

TABLE 10-5  
CITY OF ANGELS WATER MASTER PLAN 

PROJECT COSTS FOR DISTRIBUTION SYSTEM IMPROVEMENTS 
 

Location Project Description 
Length

(ft) 

Unit 
Cost 

($/LF) 

Base 
Cost 
($) 

Construction
Costa 

($) 

Project 
Costb 

($) 

Phase 1A - Meet Fire Flow Requirements (Existing Demand) 

Gold Cliff Road Upsize 8-inch to 10-inch 1,144 134 154,000 185,000 232,000 

Golden Chain Highway New 6-inch main 49 67 4,000 5,000 7,000 

Upsize 6-inch to 10-inch 47 134 7,000 9,000 12,000 

Upsize 8-inch to 10-inch 3,316 134 445,000 534,000 668,000 

Hillcrest Street Upsize 6-inch to 10-inch 175 134 24,000 29,000 37,000 

Upsize 8-inch to 10-inch 108 134 15,000 18,000 23,000 

Mark Twain Road Upsize 6-inch to 10-inch 1,740 134 234,000 281,000 352,000 

McCauley Ranch Road Upsize 8-inch to 10-inch 294 134 40,000 48,000 60,000 

Monte Verde Street Upsize 4-inch to 6-inch 281 67 19,000 23,000 29,000 

Phase 1A, Subtotal           1,420,000 

Phase 1B - Meet Hydraulic Performance Criteria (Existing Demand) 

Depot Road Upsize 6-inch to 10-inch 225 134 31,000 38,000 48,000 

Moose Trail Upsize 4-inch to 10-inch 958 134 129,000 155,000 194,000 

Murphy's Grade Road Upsize 10-inch to 16-inch 995 236 235,000 282,000 353,000 

Upsize 6-inch to 16-inch 1,289 236 305,000 366,000 458,000 

Upsize 8-inch to 16-inch 2,673 236 631,000 758,000 948,000 

Valecito Road Upsize 4-inch to 6-inch 476 67 32,000 39,000 49,000 

Phase 1B, Subtotal           2,050,000 

Phase 2A - Meet Fire Flow Requirements (Buildout Demand) 

Replace Principal 
Transmission Main 

Upsize 14-inch to 18-inch 3,508 258 906,000 1,088,000 1,360,000 

Golden Chain Highway Upsize 4-inch to 6-inch 857 67 58,000 70,000 88,000 

Mark Twain Road Upsize 4-inch to 6-inch 681 67 46,000 56,000 70,000 

Phase 2A, Subtotal           1,518,000 
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TABLE 10-8  
CITY OF ANGELS WATER MASTER PLAN 

PROJECT COSTS FOR METER SYSTEM UPGRADE 
 

Item Quantity Unit Unit Cost ($) Total Cost ($) 

Meter Boxesa 1,790 EA 90 161,100 

Meters with Encoder Registers and Radio 
Transmittersb    

5/8-inch 1,644 EA 320 525,300 

3/4-inch 34 EA 379 12,900 

1-inch 50 EA 440 22,000 

1-1/2-inch 27 EA 752 20,300 

2-inch 35 EA 944 33,000 

3-inch 8 EA 2,832 22,700 

4-inch 2 EA 3,795 7,600 

6-inch 1 EA 7,082 7,100 

AMR System Hardwarec 1 LS 20,750 20,800 

AMR System Software 1 LS 6,820 6,800 

AMR Fixed Network Transceiver 1 LS 6,880 6,900 

Cellular Backhauld 1 LS 910 900 

On-Site Training 1 LS 2,200 2,200 

Total Base Cost 850,000 

Total Construction Coste 1,020,000 

Total Project Costf 1,275,000 
a Assume new boxes for 2-inch and smaller meters and existing vaults to remain for 3-inch and larger meters. 
b Meter quantities by size provided by City Account Clerk on 01/31/13. 
c Includes one handheld data collector and one laptop for AMR system in mobile (drive-by) mode. 
d Annual cellular charge for fixed network to backhaul hourly meter reads to main computer. 
e Includes 20 percent contingency for construction. 

f Includes 25 percent contingency for engineering, construction management, and administration. 

 
Project costs for a leak detection survey of the distribution system were based on input from a 
local leak detection contractor and include labor costs plus a 20 percent contingency. Project 
costs for the leak detection survey are provided in Table 10-9. 
 

TABLE 10-9  
CITY OF ANGELS WATER MASTER PLAN 

PROJECT COSTS FOR LEAK DETECTION SURVEY 
 

Project Project Cost ($) 

Leak Detection Survey 12,000 
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TABLE 11-1  
CITY OF ANGELS WATER MASTER PLAN 

CAPITAL IMPROVEMENT PROJECTS FOR TREATMENT, STORAGE, AND SUPPLY SYSTEMS 
  

Description Phase Quantity 
Unit of 

Measure 
Unit Cost
($/unit) 

  Base 
Cost ($) 

  Construction 
Cost ($) 

  Project 
Cost ($)       

Water Treatment Plant Improvements 

Install Fourth Pressure Filter 1A 1 LS 885,000 
 

885,000 
 

1,065,000 
 

1,335,000 

Construct Sludge Lagoons and 
Recycle Pump Station 

1A 1 LS 520,000 
 

520,000 
 

625,000 
 

785,000 

Replace Existing Sedimentation Basin 1C 1 LS 990,000 
 

990,000 
 

1,190,000 
 

1,490,000 

Construct Second Flocculation Basin 1C 1 LS 500,000 500,000 600,000 750,000 

Construct Second Sedimentation Basin 1C 1 LS 990,000 990,000 1,190,000 1,490,000 

3,885,000 4,670,000 5,850,000 

Water Supply Improvements - Well Site and Water Supply Route B 

Construct and Equip Municipal Well(s) 

1B 

2 EA 400,000 800,000 960,000 1,200,000 

Construct 12-inch Transmission Main 30,600 LF 100 3,060,000 3,672,000 4,590,000 

Install Air Release Valves 17 EA 2,000 34,000 41,000 52,000 

Construct 135-ft TDH Booster Pump Station 1 LS 525,000 525,000 630,000 790,000 

Construct Pressure Reducing Station 1 LS 40,000 40,000 48,000 60,000 

4,459,000 5,351,000 6,692,000 

Water Storage Improvements - Zone C Storage Tank 

Construct 1.4 MG Storage Tank 

1B 

1 LS 1,400,000 1,400,000 1,680,000 2,100,000 

Construct Storage Tank Supply Line 1,800 LF 150 270,000 324,000 405,000 

Construct Storage Tank Discharge Line 3,640 LF 150 546,000 656,000 820,000 

2,216,000 2,660,000 3,325,000 

Reports, Studies, and Miscellaneous Projects 

Leak Detection Survey 1 LS 12,000 - - 12,000 

Meter System Upgrade 1 LS 850,000 850,000 1,020,000 1,275,000 

Water Rate and Connection Fee Study, FY2013-2014 1 LS 40,000 - - 40,000 

Water Master Plan, FY2020-2021 1 LS 100,000 - - 100,000 

Water Rate and Connection Fee Study, FY2021-2022 1 LS 40,000 - - 40,000 

Water Master Plan, FY2028-2029 1 LS 100,000 - - 100,000 

Water Rate and Connection Fee Study, FY2029-2030 1 LS 40,000 - - 40,000 

850,000 1,020,000 1,607,000 

Total, Treatment, Supply, and Storage CIP           11,410,000   13,701,000   17,474,000 
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TABLE 11-2  
CITY OF ANGELS WATER MASTER PLAN 

CAPITAL IMPROVEMENT PROJECTS FOR DISTRIBUTION SYSTEM 
 

Location 
Project 

Description 

Unit 
Cost 

($/LF)
 

Length
(LF) 

 
Base 

Cost ($) 
 

Construction 
Cost ($) 

 
Project 
Cost ($) 

Phase 1A - Existing Fire Flow Deficiencies 

Gold Cliff Road 

Upsize 8-inch to 10-inch 134 1,144 154,000 185,000 232,000 

Golden Chain Highway 

Upsize 6-inch to 10-inch 134 47 7,000 9,000 12,000 

Upsize 8-inch to 10-inch 134 3,316 445,000 534,000 668,000 

New 6-inch main 67 49 4,000 5,000 7,000 

Hillcrest Street 

Upsize 6-inch to 10-inch 134 175 24,000 29,000 37,000 

Upsize 8-inch to 10-inch 134 108 15,000 18,000 23,000 

Mark Twain Road 

Upsize 6-inch to 10-inch 134 1,740 234,000 281,000 352,000 

McCauley Ranch Road 

Upsize 8-inch to 10-inch 134 294 40,000 48,000 60,000 

Monte Verde Street 

Upsize 4-inch to 6-inch 67 281 19,000 23,000 29,000 

Subtotal, Phase 1A 7,154 942,000 1,132,000 1,420,000 

Phase 1B - Existing Hydraulic Deficiencies 

Depot Road 

Upsize 6-inch to 10-inch 134 225 31,000 38,000 48,000 

Moose Trail 

Upsize 4-inch to 10-inch 134 958 129,000 155,000 194,000 

Murphy's Grade Road 

Upsize 10-inch to 16-inch 236 995 235,000 282,000 353,000 

Upsize 6-inch to 16-inch 236 1,289 305,000 366,000 458,000 

Upsize 8-inch to 16-inch 236 2,673 631,000 758,000 948,000 

Valecito Road 

Upsize 4-inch to 6-inch 67 476 32,000 39,000 49,000 

  Subtotal, Phase 1B   6,616   1,363,000   1,638,000   2,050,000 
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TABLE 11-2 (CONT.) 
CITY OF ANGELS WATER MASTER PLAN 

CAPITAL IMPROVEMENT PROJECTS FOR DISTRIBUTION SYSTEM 
 

Location 
Project 

Description 

Unit 
Cost 

($/LF)
 

Length
(LF) 

 
Base 

Cost ($) 
 

Construction 
Cost ($) 

 
Project 
Cost ($) 

Phase 2A - Buildout Fire Flow Deficiencies 

Replace Principal Transmission Main 

Upsize 14-inch to 18-inch 258 3,508 906,000 1,088,000 1,360,000 

Golden Chain Highway 

Upsize 4-inch to 6-inch 67 857 58,000 70,000 88,000 

Mark Twain Road 

Upsize 4-inch to 6-inch 67 681 46,000 56,000 70,000 

Subtotal, Phase 2A 5,046 1,010,000 1,214,000 1,518,000 

Phase 2B - Buildout Fire Flow Deficiencies 

12-inch Transmission Main 

Upsize 12-inch to 16-inch 236 2,718 642,000 771,000 964,000 

Bret Harte Drive 

Upsize 4-inch to 6-inch 67 186 13,000 16,000 20,000 

Depot Road 

Upsize 6-inch to 8-inch 100 797 80,000 96,000 120,000 

Dogtown Road 

Upsize 4-inch to 6-inch 67 1,278 86,000 104,000 130,000 

Fairview Drive 

Upsize 4-inch to 6-inch 67 237 16,000 20,000 25,000 

Gardner Lane 

Upsize 6-inch to 8-inch 100 529 53,000 64,000 80,000 

Kurt Drive 

Upsize 8-inch to 10-inch 134 355 48,000 58,000 73,000 

Mark Twain Road 

Upsize 4-inch to 6-inch 67 583 40,000 48,000 60,000 

McCauley Ranch 

Upsize 8-inch to 10-inch 134 914 123,000 148,000 185,000 

S. Baker Road 

Upsize 4-inch to 6-inch 67 353 24,000 29,000 37,000 

Suzanne Drive 

Upsize 6-inch to 8-inch 100 648 65,000 78,000 98,000 

Subtotal, Phase 2B 8,598 1,190,000 1,432,000 1,792,000 

Total, Distribution System CIP     27,414   4,505,000   5,416,000   6,780,000 
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TABLE 11-3  
CITY OF ANGELS WATER MASTER PLAN 
20-YEAR CAPITAL IMPROVEMENT PLAN 

 

Description 

Project Cost Allocation ($) 
Project Total 

($) FY2013-2015 
(Phase 1A) 

FY2015-2018 
(Phase 1B) 

FY2018-2023 
(Phases 1C, 2A) 

FY2023-2033 
(Phase 2B) 

Water Treatment Plant Improvements 

Install Fourth Pressure Filter 1,335,000 - - - 1,335,000 

Construct Sludge Lagoons and Recycle Pump Station 785,000 - - - 785,000 

Replace Existing Sedimentation Basin - - 1,490,000 - 1,490,000 

Construct Second Flocculation Basin - - 750,000 - 750,000 

Construct Second Sedimentation Basin - - 1,490,000 - 1,490,000 

Water Supply Improvements - Well Site and Water Supply Route B 

Construct and Equip Municipal Well(s) - 1,200,000 - - 1,200,000 

Construct 12-inch Transmission Main - 4,590,000 - - 4,590,000 

Install Air Release Valves - 52,000 - - 52,000 

Construct 135-ft TDH Booster Pump Station - 790,000 - - 790,000 

Construct Pressure Reducing Station - 60,000 - - 60,000 

Water Storage Improvements - Zone C Storage Tank 

Construct 1.4 MG Storage Tank - 2,100,000 - - 2,100,000 

Construct Storage Tank Supply Line - 405,000 - - 405,000 

Construct Storage Tank Discharge Line - 820,000 - - 820,000 

Reports, Studies, and Miscellaneous Projects 

Leak Detection Survey 12,000 - - - 12,000 

Meter System Upgrade 1,275,000 - - - 1,275,000 

Water Rate and Connection Fee Study, FY2013-2014 40,000 - - - 40,000 

Water Master Plan, FY2020-2021 - - 100,000 - 100,000 

Water Rate and Connection Fee Study, FY2021-2022 - - 40,000 - 40,000 

Water Master Plan, FY2028-2029 - - - 100,000 100,000 

Water Rate and Connection Fee Study, FY2029-2030 - - - 40,000 40,000 

 
  



City of Angels 
Water Master Plan 

Chapter 11: Capital Improvement Plan 
 
 

 
 
Angels WMP 11-6 MTB020401 
July 2013 n:\mtb020401\documents\_water master plan\final\0713 mp.docx 

TABLE 11-3 (CONT.) 
CITY OF ANGELS WATER MASTER PLAN 
20-YEAR CAPITAL IMPROVEMENT PLAN 

 

Description 

Project Cost Allocation ($) 
Project Total 

($) FY2013-2015 
(Phase 1A) 

FY2015-2018 
(Phase 1B) 

FY2018-2023 
(Phases 1C, 2A) 

FY2023-2033 
(Phase 2B) 

Distribution System Projects 

Replace Principal Transmission Main - - 1,360,000 - 1,360,000 

12-inch Transmission Main - - - 964,000 964,000 

Bret Harte Drive - - - 20,000 20,000 

Depot Road - 48,000 - 120,000 168,000 

Dogtown Road - - - 130,000 130,000 

Fairview Drive - - - 25,000 25,000 

Gardner Lane - - - 80,000 80,000 

Gold Cliff Road 232,000 - - - 232,000 

Golden Chain Highway 687,000 - 88,000 - 775,000 

Hillcrest Street 60,000 - - - 60,000 

Kurt Drive - - - 73,000 73,000 

Mark Twain Road 352,000 - 70,000 60,000 482,000 

McCauley Ranch Road 60,000 - - 185,000 245,000 

Monte Verde Street 29,000 - - - 29,000 

Moose Trail - 194,000 - - 194,000 

Murphy's Grade Road - 1,759,000 - - 1,759,000 

S. Baker Road - - - 37,000 37,000 

Suzanne Drive - - - 98,000 98,000 

Valecito Road - 49,000 - - 49,000 

Fiscal Year Total 4,867,000 12,067,000 5,388,000 1,932,000 24,254,000 
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Total CIP costs for treatment, supply, storage, and distribution systems are summarized in Table 
11-4. 
 

TABLE 11-4  
CITY OF ANGELS WATER MASTER PLAN 

SUMMARY OF CAPITAL IMPROVEMENT PLAN COSTS 
 

Component Total Cost ($) 

Treatment System Improvements 5,850,000 

Supply System Improvements 6,692,000 

Storage System Improvements 3,325,000 

Distribution System Improvements 6,780,000 

Reports, Studies, and Miscellaneous Projects 1,607,000 

Total Cost 24,254,000 
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