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 INTRODUCTION AND BASIS OF PLANNING 

The Amador Water Agency (Agency or AWA) owns and operates five potable water distribution systems in 
Amador County California. These water distribution systems serve the five incorporated cities of the County, 
the State-owned Mule Creek Correctional Facility, and several unincorporated communities. The water 
supply for these systems consists of three surface water treatment plants (WTPs) and several groundwater 
wells. It should be noted that in addition to the potable water distribution systems, the Agency also serves 
customers off raw water supply lines (i.e. untreated water).  

It is the Agency’s goal to maintain a high-performing water utility, plan prepare for planned future growth, 
and provide quality drinking water to the residents of the County. The purposes of this Water Master Plan 
are to assess the current conditions of the five potable water distribution systems, evaluate the performance 
of the three surface WTPs, and provide recommended improvements needed to accommodate growth for 
the 20-year planning horizon (2040).  

The Agency has completed several previous studies that were limited to looking at portions of the systems 
or supply, that contain outdated or unreliable information, or were completed over a decade ago. This Water 
Master Plan is the first comprehensive report that evaluates all of the Agency’s potable water distribution 
systems and WTPs. This document provides an overall existing system assessment and recommends a 
path moving forward for the 20-year planning horizon. 
 

1.1      LOCATION 

The study area for this Water Master Plan is Amador County shown in Figure 1-1Figure 1-1.  Amador 
County is approximately 30 miles southeast of Sacramento located in the Sierra Nevada Mountains. 
Elevations in the County have a wide range (100 ft in the west to over 9,000 ft in the east) as shown in 
Figure 1-1Figure 1-1. 
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FIGURE 1‐1: STUDY AREA – AMADOR COUNTY, CA 

 

 

The Agency’s five potable water distribution systems and a description of the areas they serve are 
presented below. Figure 1-2 shows the location of these systems.  

- The Amador Water System (AWS) is made up of two distribution and WTP systems:  

o The AWS-Tanner system serves the town of Sutter Creek, Amador City, the 
unincorporated area of Martell, and the wholesale customers of the City of Jackson, 
City of Plymouth, and Drytown. The source of water for this system is Lake Tabeaud. 
From the lake, water is conveyed to the Tanner WTP by a gravity pipeline system. The 
Tanner WTP is located just outside of Sutter Creek by the Westover Field Amador 
County Airport. The Agency’s headquarters are also located adjacent to the Tanner 
WTP site. In addition to supplying the Tanner WTP, water from this raw water supply 
line also supplies water for seasonal irrigation of vineyards and pastures. 

o The AWS-Ione system serves the City of Ione and the State-owned Mule Creek 
Correctional Facility. The source of water for this system is also Lake Tabeaud. Water 
is diverted from the Tanner facility and conveyed by a gravity pipeline system down to 
the Ione Reservoir and from there to the Ione WTP. There are multiple raw water 
customers served off the raw water gravity line from the Tanner WTP to the Ione WTP.  

- The Central Amador Water Project (CAWP) system serves unincorporated developments in 
the upcountry (higher elevations in the more mountainous/forested areas) portion of the 
County. This system is the composite of several smaller systems being combined over the past 
decades. This system also provides water to the wholesale customers of First Mace Meadow 
Water Association Inc. (Mace Meadows) and Pine Grove Community Service District (Pine 
Grove). The source of water for this system is water from the Tiger Creek Regulating Reservoir 
which is conveyed to the Buckhorn WTP by a gravity pipeline system. There is a potential large 
raw water user on the CAWP gravity raw water pipeline system (golf course) that may use raw 
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water for irrigation. The timing of the golf course making this connection and using raw water 
is unknown at this time and has the potential to not occur.  

- The Lake Camanche Village (CAM) system serves a large development in the southwest 
corner of the County near the north shore of Lake Camanche. This system is also located in 
the unincorporated area of the County. The source of water for this system is four groundwater 
wells. 

- The La Mel Heights (LaMel) system is the smallest of the systems owned by the Agency. This 
system serves a small development of about 55 homes in the unincorporated County area. The 
source of water for this system is two groundwater wells. This system is located slightly 
northwest of Volcano near the center of the County.  

FIGURE 1‐2: WATER DISTRIBUTION SYSTEM MAP 
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1.2     POPULATION PROJECTIONS 

Population projections for the 20-year planning period were developed for the five incorporated cities, the 
unincorporated County, and the Mule Creek Correctional Facility in Amador County as shown in Table 1-
1. Current populations were taken from the State of California Department of Finance (DOF) “E-4 Historical 
Population Estimates for Cities, Counties, and the State 2010-2019” (Appendix A) with the exception of  the 
Mule Creek Correctional Facility population which was taken from a population report at the end of October 
2019 that noted an incarcerated population of 4,051 (Appendix A). Estimated individual growth rates for the 
cities, unincorporated areas, and the correctional facility were based on published planning documents from 
various agencies. The estimated growth rates coupled with current populations show an increase of 14,017 
people county wide from 2019 to 2040. The DOF’s 2040 Amador County population estimate is 42,617 
(DOF P-1 Total Estimated and Projected Population for California and Counties) which equates to an 
increase of only 4,323. The sum of the individual population projections for the cities, unincorporated areas, 
and correctional facility is much larger than the DOF 2040 County estimate. However, the population 
projections used in this planning effort (shown in Table 1-1) are based on documented growth rates in 
published planning documents. These larger population projections provide a more conservative approach 
to planning. Where practical, population triggers and phasing considerations are provided for capital 
improvement projects. 
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TABLE 1‐1: POPULATION PROJECTIONS 

 

For this study, the Agency has elected to use a planning household size of 2.30 people for all new residential 
growth within the service area. This was based on the 2010 Census listing an average household size of 
2.30 people for Amador County, and the DOF 2019 “E-5 Population and Housing Estimates for Cities, 
Counties, and the State” listing an average County household size of approximately 2.30 people (Appendix 
A). 

 

1.3     PLANNED FUTURE GROWTH AREAS 

The 20-year growth shown in Table 1-1 equates to an increase of 14,017 people County wide. The majority 
of this growth is expected to occur within the cities; the remainder will be within the unincorporated portion 
of the County. For this Water Master Plan, it was assumed that the Agency will serve 95% of the County’s 
growth on a wholesale or retail basis. The 5% portion of growth that will not be served by the Agency is 
assumed to be within the unincorporated County. Table 1-2Table 1-2 shows the breakdown of total growth, 

2019 Estimated 2020 2030 2040

Population
1

Growth Rate
2

Population Population Population

Amador City 188 0.71% 189 203 218

Ione 3,940 4.00% 4,098 6,065 8,978

Mule Creek 

Correctional Facility
4,051 1.23% 4,101 4,636 5,241

Jackson 4,770 0.70% 4,803 5,150 5,521

Plymouth 1,012 4.00% 1,052 1,558 2,306

Sutter Creek 2,559 0.60% 2,574 2,802 2,966

Unincorporated  21,774 0.71% 21,928 25,241 27,081

Total County 38,294 ‐ 38,745 45,655 52,311

City/Area

a. Amador Ci ty: Ci ty Clerk (Joyce Davidson) advised us ing the Unincorporated County growth rate.

b. Ione: It i s  assumed that the DOF estimate for the Ci ty's  2019 population (7,991) includes  4,051 incarcerated persons  based on 

a  10/31/2019 population report (https ://www.cdcr.ca .gov/research/population‐reports ‐2/). The es timated growth rate for the Ci ty 

comes  from the 2009 City of Ione Genera l  Plan, page 2‐11. It i s  assumed that thi s  growth rate appl ies  to the Ci ty's  non‐

incarcerated population. See i tem c below for the Correctiona l  Faci l i ty's  growth rate source.
c. Mule Creek Correctional  Faci l i ty: The Correctiona l  Faci l i ty had 4,051 incarcerated persons  based on a  10/31/2019 population 

report (https ://www.cdcr.ca .gov/research/population‐reports ‐2/). The population of the Correctiona l  Faci l i ty was  2,865 in 2013 

(2015 Amador County Regional  Transportation Plan; Table 4 (page 56)), and at that time the Correctiona l  Faci l i ty had a  projected 

increase of 2,376 incarcerated persons  over the next twenty years . Since 2013 the Correctional  Faci l i ty has  grown by 1,186 

incarcerated persons  to i ts  current population due to an expans ion project.  For thi s  project, i t i s  assumed that over the next 

twenty years  i t wi l l  grow an additiona l  1,190 to complete the planned expans ion of 2,376 incarcerated persons  to bring the tota l  

Correctional  Faci l i ty population to 5,241. It i s  assumed that the Correctiona l  Faci l i ty wi l l  grow at approximately 1.23% per year 

f. Sutter Creek: Genera l  Plan, Volume I  (July 2019), Page 2‐7.

e. Plymouth: Genera l  Plan Section 2 page 2‐2. This  i s  the growth rate that the Ci ty uses  for planning purposes .

d. Jackson: Ci ty of Jackson DRAFT Energy Action Plan (Jan. 2015), Page 40 in Appendix B. The Draft was  accepted by Ci ty Counci l  on 

February 23, 2015. The Ci ty of Jackson accepted the growth rate from the Amador County Transportation Commiss ion (ACTC) 2015 

Regiona l  Transportation Plan; Table 4 (page 56).

1. Source: Ca l i fornia  Department of Finance "E‐4 Population Es timates  for Ci ties , Counties , and the State 2010‐2019", 

http://dof.ca .gov/Forecasting/Demographics/Estimates/ 

2. Es timated growth rates  based on: 

g. Unincoporated County:  County Genera l  Plan, October 2016, page LU‐13. Rate ca lculated on es timated 2030 population and 

2019 DOF population estimate. 

3. Of the growth in the Countyover the next 20 years , AWA wi l l  serve 95% of that growth (2015 Urban Water Management Plan, 

page 3‐7). 
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growth anticipated to be served by the Agency in the cities, and growth anticipated to be served by the 
Agency in the unincorporated County.  

TABLE 1‐2: ANTICIPATED GROWTH SERVED BY THE AGENCY 

 

Table 1-3Table 1-3 provides a breakdown of the 20-year expected growth per City and unincorporated 
area. Figure 1-3Figure 1-3 through Figure 1-8Figure 1-8Figure 1-6Figure 1-6 show growth areas of where 
the growth is anticipated, full size figures are available in Appendix B. Growth areas were developed with 
input from Agency staff. It should be noted that no growth areas for the cities/communities of Amador 
City, Plymouth, Jackson, Mace Meadows, and Pine Grove are shown as these are wholesale customers; 
increased demands to these customers will be applied to their respective delivery point.  

TABLE 1‐3: GROWTH BREAKDOWN BY CITY AND UNINCOPORATED AREA 

 

Line People

1 14,017

2 13,316

3 701

4 5,307

5 4,606

6 8,710

3. Line 2 less  l ine 5.

Growth Served by Agency in Cities
3

2. Line 4 less  l ine 3.

1. 2040 unincoporated population less  the 2019 unincoporated population. 

Total County Growth

Unincorporated County Growth Served by the Agency
2

Total Unincorporated County Growth
1

Growth not Served by the Agency (5%)

County Growth Served by the Agency (95%)

Growth Description

City / County Subdivision/Growth Area Acres
20‐year Growth 

(people)

Total Growth 

(people)
Notes

Amador City ‐ ‐ 30 Growth is De Minimus and can be spread over City's distribution system. 

30

Ione

Castle Oaks ‐ 580 Assumes Villas 6, 8, 9, and 10 will be added with a total lot count of 252.

Wildflower ‐ 506 Assumes 31 vacant lots in unit 4 and an additional 189 lots in units 1, 2, 3, & 5. 

Gold Village 1 & 2 ‐ 340 Assumes 100 apartments and 48 single family lots. 

Ringer Ranch ‐ 920 Assumes 400 lots based on AWA Connection commitments.

Brickyard 966 1,613

Q Ranch 503 840

Silva 63 105

Preston School of Industry 80 134

5,038

‐ ‐ 1,190 Based on population projections for this facility. 

1,190

Jackson ‐ ‐ 751

751

Plymouth ‐ ‐ 1,294

1,294

Sutter Creek

Area Off Valley View Way 28 50

Area off Hwy 49 111 196

Area near Sutter Crest Estates 91 161

Area near Walgreens 9 ‐ Designated for commercial use only.

407

LaMel ‐ 9 Assumes 4 new connections over the planning period. 

CAM Unit 3B 300 653 County parcel data shows 284 lots in this development (Density of 0.9433 homes per acre). 

CAM Unit 5 644 1,397 Estimated from CAM 3B density development size (acres). 

CAM Unit 7 423 195 Assumes development will occure south of Curran Road (181 acres) with 2.13 acre lots.

CAM Infill ‐ 513 Estimated based on total growth less growth in Units 3B, 5, and 7.

Pine Grove Bluffs (CAWP) ‐ 45 Assumes there is 43 total EDUs, 2 existing and this will be 50% built out in the 20 year planning period.

Petersen Ranch (CAWP) ‐ 101 Assumes there is 122 total EDUs, 17 existing and this will be 50% built out in the 20 year planning period.

Pine Acres Mobile Home Park &

Pine Acres North
‐ 605 Assumes 263 EDUs, 0 existing, and this will be completely built out in 2040. 

Mace Meadows Infill ‐ 89 Estimated to be 8% of infill total.

CAWP Infill  ‐ 999 Estimated to be 92% of infill total.

4,606

Total Growth Served by AWA =  13,316
1. Al l  growth i s  based on 2.3 people per home. 

Mule Creek 

Correctional 

Facility

Unincorporated 

County

Remainder of growth distributed proportionately between Brickyard, Q Ranch, Silva, and Preston School of 

Industry based on their respective development size (acres). 

Based on the population projection for this City. Increased demand will be applied to the delivery point. 

Based on the population projection for this City. Increased demand will be applied to the delivery point. 

Based on the population projection for this City. Growth distributed proportionately between these three 

areas based their respective size (acres). 
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FIGURE 1‐3: SUTTER CREEK GROWTH AREAS AND JACKSON DELIVERY POINT 

 

FIGURE 1‐4: PLYMOUTH DELIVERY POINT 
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FIGURE 1‐5: CITY OF IONE GROWTH AREAS 

 

FIGURE 1‐6: CAWP GROWTH AREAS 
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FIGURE 1‐7: CAM GROWTH AREAS 

 

FIGURE 1‐8: LAMEL GROWTH AREAS 
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For the LaMel system, there is no commercial water use, and no future planned commercial growth areas 
are anticipated. For the CAM and CAWP systems in the unincorporated County, it was assumed that 
commercial water usage will grow proportionately with the population in these systems. The increase in 
commercial demands in these systems was assumed to be located in the Martell area (AWS-Tanner 
system) as shown in Figure 1-3. Commercial growth in the AWS-Tanner and Ione systems is also 
anticipated to grow proportionately with the population in these systems. Commercial growth in the AWS-
Tanner system was assumed to be located in the 9-acre area adjacent to the Walgreens and the 435-acre 
area in Martell as shown in Figure 1-3.  It was assumed that in the AWS-Ione system commercial growth 
will be located in the Preston School of Industry, Gold Village 1 & 2, Brickyard, and Q Ranch Growth areas 
shown in Figure 1-5. Commercial growth areas were developed with input from Agency staff and should be 
reviewed and updated with future planning updates.  

 

1.4     EXISTING AND FUTURE WATER DEMANDS 

This section reviews the existing water demands for each of the five distribution systems, establishes 
planning criteria for future development, and projects future demands for the 20-year planning period.  

1.4.1 Existing Water Demands and Planning Criteria 

Historical production data from 2014 to 2019 was used to estimate the annual average daily demand (ADD) 
and the maximum day demand (MDD) for the Agency’s five distribution systems. This involved reviewing 
well production data for the LaMel and CAM systems and reviewing treatment plant production data for the 
AWS-Tanner, AWS-Ione, and CAWP systems. During the development of this plan, the Agency provided 
the 2020 MDD for the five systems which indicated new maximum ten-year per capita water consumption 
for the LaMel and CAWP systems. For these systems, the 2020 production data is also included. For the 
CAM system, the maximum ten-year per capita use occurred in 2012, thus the 2012 production data is 
included for this system. This section summarizes the demands of each system and recommended planning 
criteria for future the planned growth.   

For the AWS-Tanner and CAWP systems which serve wholesale customers, a “wholesale” component of 
the existing system demand is provided in this section in gallons per capita per day (gpcd). This value is 
calculated based on the total system demand divided by the Agency’s service area population (does not 
include the population of the wholesale customers), multiplied by the percentage of the wholesale demand 
compared to the total demand. The size of each wholesale customer, in terms of connections, is provided 
in Table 1- 4.  For the AWS-Ione system, a similar method was used to provide a demand component for 
the Mule Creek Correctional Facility.  

TABLE 1‐ 4: WHOLESALE CUSTOMER CONNECTIONS 

 

Wholesale Customer

Residential

Connections

Commercial/Industrial 

Connections

Total

Connections

Jackson 1,802 373 2,175

Drytown* 53 12 65

Plymouth 459 61 520

Mace Meadow* 80 2 82

Pine Grove* 328 60 388

Total 2,722 508 3,230
*Res identia l/Commercia l  spl i t es timated
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AWS-Tanner –This system serves over 200 commercial customers and several large (i.e., cities) wholesale 
users. The Tanner system’s Agency’s retail residential connections (1,492 in 2019) have an estimated 
population of 3,432 based on the planning household size established in Section 1.2. Yearly water 
production vs metered consumption for this system is shown in Table 1-5Table 1-4 along with the calculated 
percent water loss. Water loss in this system is approximately 9% over the past six years. This loss is a 
realistic goal moving forward when planning preparing for futureplanned growth. Historical demands, in 
gallons per capita per day (gpcd), in this system are summarized in Table 1-6Table 1-5. Planning criteria 
for future connections in this system are also presented in Table 1-6Table 1-5 based on the average and 
max of the yearly ADDs and MDDs, respectively. This table also shows the breakdown of the main water 
uses that make up the demands such as: backwash water used at the treatment plant; water loss in the 
distribution system; and residential, commercial, and wholesale water use. No reduction in water loss was 
assumed in developing this system planning criteria. The wholesale component of this system’s demand is 
much larger than the other components as the wholesale users served by the Tanner system are large.  
The wholesale component is calculated based on the population within the Agency’s service area.  GPCD 
values shown are for the Agency’s retail residential connections only.   

TABLE 1‐554: AWS TANNER WATER LOSS (GALLONS) 
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TABLE 1‐665: AWS – TANNER HISTORICAL DEMANDS AND PLANNING CRITERIA (GPCD)1 

 

AWS-Ione – The AWS-Ione system’s residential connections (2,000 in 2019) have an estimated population 
of 3,940 based on the population projections established in Section 1.2. In addition to the residents of Ione, 
this system serves over 100 commercial service connections and the Mule Creek Correctional Facility. 
Yearly water production vs metered consumption for this system is shown in Table 1-7Table 1-6 along with 
the calculated percent water loss. Water loss in this system is approximately 8% over the past six years. 
This loss is a realistic goal moving forward when planning preparing for futureplanned growth.  

TABLE 1‐776: IONE WATER LOSS (GALLONS) 

 

The Agency has indicated that newer homes being built in Ione are using significantly more water than 
the existing older homes. Staff believes water use is larger in newer homes due to more landscaping and 
larger homes with additional plumbing fixtures. The Agency provided 2018 water usage for 352 newer 
homes in Ione. A summary of these homes’ water usage is provided in Table 1-8Table 1-7. The ADD and 
MDD for the newer homes in Ione are within 3% of the residential AWA-Tanner planning criteria on a per 
capita basis. Homes in the AWS-Tanner system also have more landscaping compared to older homes in 

Year 2014 2015 2016 2017 2018 2019 Average/Max Planning Criteria
6,7

Service Connections
2,9 1,462 1,462 1,462 1,462 1,477 1,492 ‐ ‐

Population
3 3,363 3,363 3,363 3,363 3,397 3,432 ‐ ‐

ADD
1 611 513 544 603 623 564 576 576

Backwash Water
4 6 6

Water Loss
5 54 54

Residential 167 167

Commercial 65 65

Wholesale 284 284

Residential with Water Loss
8 206 206

Commercial with Water Loss
8 80 80

MDD
1 1,107 853 1,025 1,104 1,081 1,298 1,298 1,298

Backwash Water
4 14 14

Water Loss
5 54 54

Residential 399 399

Commercial 155 155

Wholesale 676 676

Residential with Water Loss
8 438 438

Commercial with Water Loss
8 170 170

1. GPCD = Gal lons  per capi ta  per day, ADD = average day demand, and MDD = max day demand. 

2. Based on s ingle and multi  fami ly res identia l  service connections . 

3. Population based on 2.3 people per home multipl ied by the number of service connections .

4. Includes  1% of backwash water at the treatment plant.

5. Includes  approximately 9% water loss  of water sent to the dis tribution system.

6. Average day demand to max day demand peaking factor i s  2.25 based on the planning cri teria .

7. Planning cri teria  for new development i s  based on 9% water loss .

8. Water loss  was  dis tributed between res identia l  (72%) and commercia l  (28%).

9. The number of service connections  was  assumed to be correct in 2014, 2017, and 2019. The number of service connections  for 2015, 2016, and 2018  

were es timated by l inearly interpolation. 

10. Al l  va l lues  rounded to the nearest ga l lon. 

Year 2014 2015 2016 2017 2018 2019 Average

Production 408,065,988 338,443,636 365,593,640 420,232,260 470,477,056 464,288,160 ‐

Consumption 398,159,652 317,099,640 318,304,668 387,728,792 412,709,374 421,774,499 ‐

% Water Loss 2% 6% 13% 8% 12% 9% 8%
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Ione. For these reasons, the residential planning criteria from the AWS-Tanner system will also be used 
for the AWS-Ione System in estimating future demands from new residential growth. 

TABLE 1‐887: IONE NEWER HOME WATER USE SUMMARY 

 

Historical demands, in gallons per capita per day (gpcd), in this system are summarized in Table 1-9Table 
1-8. Planning criteria for future connections in this system are also presented in Table 1-9Table 1-8 based 
on the average and max of the yearly ADDs and MDDs, respectively, with the exception of the residential 
component as discussed previously. This table also shows the breakdown of the main water uses that 
make up the demands such as backwash water used at the treatment plant, water loss in the distribution 
system, residential, commercial, and wholesale. No reduction in water loss was assumed in developing 
this system planning criteria. This system only serves one city as opposed to serving multiple cities, 
unincorporated county, or wholesale users like the other Agency systems. Thus, a more detailed estimate 
of the average household size was calculated for this system (see footnote 3 of Table 1‐9Table 1‐8) by 
using the DOF population of Ione (less the incarcerated population) divided by the number of residential 
service connections. Planned growth was assumed to be 2.3 people per household consistent with the 
other Agency systems.  

Statistic Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec ADD MMD MDD
1,2

Monthly Average per home (gal) 5,107 3,888 4,969 4,514 6,588 13,511 15,226 18,319 18,754 13,026 11,599 8,467

Daily Average Per Home (gal) 165 139 160 150 213 450 491 591 625 420 387 273

Daily Average Per Capita (gal)
3

84 70 81 76 108 229 249 300 317 213 196 139 172 317 387

2. Based on ADD multipl ied by a  peaking factor of 2.25 to estimate the MDD. 

3. Based on 1.97 people per home. 

4. Information in this  table i s  based on 352 newer homes  in the Ci ty of Ione. 

1. ADD = Average Day Demand; MMD = Max Month Demand; MDD = Max Day Demand

Red Lines - 017
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TABLE 1‐998: AWS – IONE HISTORICAL DEMANDS AND PLANNING CRITERIA (GPCD)1 

 

CAWP – The CAWP system serves about 70 commercial customers and several large (communities) 
wholesale users. The CAWP system’s residential connections (2,719 in 2020) have an estimated population 
of 6,253 based on the planning household size established in Section 1.2. Yearly water production vs. 
metered consumption for this system is shown in Table 1-10Table 1-9 along with the calculated percent 
water loss. Water loss in this system averaged approximately 14% over the past six years and is on the 
larger side of the Agency’s five systems. Leaky old redwood tanks and aged infrastructure in this system 
contribute to this water loss. Historical demands, in gallons per capita per day (gpcd), in this system are 
summarized in Table 1-11Table 1-10. The year 2020 was included as the Agency reported this year as 
having the highest MDD of the last ten years. Planning criteria for future connections in this system are also 
presented in Table 1-11Table 1-10 based on the average and max of the yearly ADDs and MDDs, 
respectively. This table also shows the breakdown of the main water uses that make up the demands such 
as backwash water used at the treatment plant, water loss in the distribution system, residential, 
commercial, and wholesale. Water loss is on the higher side in this system and could likely improve based 
on recommended projects described later in this report (such as replacing leaky tanks), newer infrastructure 
serving the growth, and infill of vacant lots where infrastructure already exists. Therefore, the existing 
demands were held constant with a 14% water loss and future planned growth planning criteria was 
assumed to have a water loss rate of 10%. 

Year 2014 2015 2016 2017 2018 2019 Average/Max Planning Criteria
6,7,11

Service Connections
2,9 1,692 1,719 1,746 1,773 1,888 2,002 ‐ ‐

Population
3 3,330 3,383 3,436 3,489 3,716 3,940 ‐ ‐

ADD
1 352 290 310 352 369 340 336 370

Backwash Water
4 19 19

Water Loss
5 27 27

Residential 133 167

Commercial 35 35

Mule Creek Correctional Facility 122 122

Residential with Water Loss
8 154 188

Commercial with Water Loss
8 41 41

MDD
1 577 475 543 607 659 606 659 785

Backwash Water
4 36 36

Water Loss
5 27 27

Residential 273 399

Commercial 72 72

Mule Creek Correctional Facility 251 251

Residential with Water Loss
8 294 420

Commercial with Water Loss
8 78 78

11. Res identia l  planning cri teria  i s  from AWS ‐ Tanner planning cri teria  based on larger demands  observed in new developments , bolded in this  column. 

9. The number of service connections  was  assumed to be correct in 2014, 2017, and 2019. The number of service connections  for 2015, 2016, and 2018  were 

es timated by l inearly interpolation. 

10. Al l  va lues  rounded to the nearest gal lon. 

8. Water loss  was  di stributed between res identia l  (79%) and commercia l  (21%).

5. Includes  approximately 8% water loss  in water sent to the dis tribution sys tem.

7. Planning cri teria  for new development i s  based on 8% water loss .

6. Average day demand to max day demand peaking factor i s  2.12 based on the planning cri teria .

1. GPCD = Gal lons  per capita  per day, ADD = average day demand, and MDD = max day demand. 

2. Based on s ingle and mul ti  fami ly res identia l  service connections . 

3. Population based on 1.97 people per home multipl ied by the number of service connections.

4. Includes  6% backwash water at the treatment plant.
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TABLE 1‐10109: CAWP WATER LOSS (GALLONS) 

 

 

TABLE 1‐111110: CAWP HISTORICAL DEMANDS AND PLANNING CRITERIA (GPCD)1 

 

CAM – The CAM system is the Agency’s second smallest system serving 725 connections as of 2019. 
The current population served by this system was estimated to be 1,668 people based on the planning 
household size established in Section 1.2. Yearly water production vs. metered consumption for this 
system is shown in Table 1-12Table 1-11 along with the calculated percent water loss. Water loss in the 
CAM system is the highest of all the Agency’s systems averaging approximately 21% over the past six 
years. Leaky old redwood tanks in this system contribute to this water loss. Leaky service laterals in this 
system are reportedly another major contributor to water loss. The Agency has replaced 478 service 
laterals to date and plans to replace several hundred more in upcoming years. Historical demands, in 
gallons per capita per day (gpcd), in this system are summarized in Table 1-13Table 1-12 (note: the year 
of 2012 was included in the demand analysis as this year had the highest MDD per capita use in the last 
ten years as reported by the Agency). This system serves approximately 10 commercial customers; 
however, their use equates to only 1% of the water consumed in this system. Therefore, Table 1-13Table 
1-12 only shows the system demands based on residential use. Planning criteria for future connections in 
this system are also presented in Table 1-13Table 1-12 based on the average and max of the yearly 

Year 2014 2015 2016 2017 2018 2019 Average

Production 253,356,618 220,905,638 221,855,500 253,782,796 260,038,773 243,709,547 ‐

Consumption 222,716,252 190,529,064 195,302,800 215,028,450 217,610,615 209,009,511 ‐

% Water Loss 12% 14% 12% 15% 16% 14% 14%

Year 2014 2015 2016 2017 2018 2019 2020
10 Average/Max Planning Criteria

6,7

Service Connections
2,8 2,543 2,580 2,617 2,653 2,671 2,689 2,719 ‐ ‐

Population
3 5,849 5,934 6,019 6,102 6,143 6,185 6,253 ‐ ‐

ADD
1 124 108 107 121 122 114 160 122 116

Backwash Water
4 6 6

Water Loss
5 16 11

Residential 61 61

Commerical 9 9

Wholesale 29 29

Residental with Water Loss
9

75 71

Commercial with Water Loss
9 11 10

MDD
1 204 164 187 204 197 187 262 262 251

Backwash Water
4 14 13

Water Loss
5 35 24

Residential 131 131

Commerical 20 20

Wholesale 63 63

Residental with Water Loss
9 161 152

Commercial with Water Loss
9 25 23

9. Water loss  was  di s tributed between res identia l  (87%) and commercia l  (13%).

10. 2020 was  included as  i t had the highest MDD in the past ten years  as  reported by the Agency. The 2020 ADD was  estimated with an average ADD to MDD factor of 1.64 

from 2014‐2019.

1. GPCD = Ga l lons  per capita  per day, ADD = average day demand, and MDD = max day demand. 

2. Based on s ingle res identia l  service connections . The 2020 connections  estimated based on the 2020 estimated population.

3. Population based on 2.3 people per home multipl ied by the number of service connections . The 2020 population was  estmated from the growth projections .

4. Includes  approximately 5% backwash water at the treatment plant.

5. Includes  approximately 14% water loss  of water sent to the dis tribution sys tem.

6. Average day demand to max day demand peaking factor i s  2.16 based on the planning cri teria .

7. Planning cri teria  for new development is  based on 10% water loss .

8. The number of connections  in 2014, 2017, and 2019 were assumed to be correct. The number of connections  in 2015, 2016, and 2018 were l inearly interpolated from 

known years . The number of connections  in 2020 were assumed to be equal  to those in 2019.

11. Al l  va lues  were rounded to the nearest gal lon. 
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ADDs and MDDs, respectively. Water loss is high in this system and could likely improve based on 
recommended projects described later in this report (such as replacing leaky tanks and service laterals) 
and newer infrastructure serving the growth. Therefore, the existing demands were held constant with a 
21% water loss and future planned growth planning criteria was assumed to have a water loss rate of 
10%. 

TABLE 1‐121211: CAM WATER LOSS (GALLONS) 

 

 

TABLE 1‐131312: CAM HISTORICAL DEMANDS AND PLANNING CRITERIA (GPCD)1 

 

LaMel – The LaMel system serves 55 residential customers; there is no commercial, industrial, wholesale, 
or other water uses in this system. The current population served by this system was estimated to be 127 
people based on the planning household size established in Section 1.2. Yearly water use for this system 
is shown in Table 1-14Table 1-13 from 2014 to 2019. Water loss in the LaMel system is minimal with some 
years showing a negative water loss (i.e., more water was sold than produced – likely due to inaccuracies 
in the production meter). Historical demands, in gallons per capita per day (gpcd), in this system are 
summarized in Table 1-15Table 1-14. Production data for 2020 was also included as the Agency reported 
its MDD had the highest per capita use in the last ten-years.  Planning criteria for future connections in this 
system are also presented in Table 1-15Table 1-14 based on the average and max of the yearly ADDs and 
MDDs respectively. As water loss is minimal in this small system, no reduction in demand per capita are 
made due to excessive water loss when developing the planning criteria for future planned development.    

 

Year 2014 2015 2016 2017 2018 2019 Average

Production 75,369,760 63,388,559 68,077,100 74,344,700 78,259,432 78,737,363 ‐

Consumption 62,023,412 49,566,968 55,521,796 59,035,900 62,653,976 58,750,912 ‐

% Water Loss 18% 22% 18% 21% 20% 25% 21%

Year 2012
9

2014 2015 2016 2017 2018 2019 Average/Max
4

Planning Criteria
5,6

Service 

Connections
2,7 655 675 685 695 705 715 725 ‐ ‐

Population
3 1,507 1,553 1,576 1,599 1,622 1,645 1,668 ‐ ‐

ADD
1 208 133 110 116 126 130 129 136 120

Water Loss 28 12

Residential 108 108

MDD
1 361 233 160 219 217 215 248 361 345

Water Loss 28 12

Residential 333 333

7. Agency identi fied 725 connections  in 2019, and assumed there were 10 new connections  each year prior. 

6. Planning cri teria  for new development i s  based on 10% water loss .

5. Average day demand to max day demand peaking factor is  2.88 based on the planning cri teria .

4. Includes  approximately 21% water loss .

3. Population based on 2.3 people per home multipl ied by the number of service connections.

2. Based on s ingle fami ly res identia l  connections  (commercia l/ins ti tutional  usage i s  only 1% of tota l  use).

1. GPCD = Gal lons  per capi ta  per day, ADD = average day demand, and MDD = max day demand. 

8. Al l  va lues  are rounded to the nearest ga l lon. 

9. 2012 was  included as  i t had the highest MDD in the past ten years  as  reported by the Agency. ADD for 2012 was  es timated with a  ADD to MDD average 

factor of 1.73 from 2014‐2019.
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TABLE 1‐141413: LAMEL WATER USE (GALLONS) 

 

 

TABLE 1‐151514: LAMEL HISTORICAL DEMANDS AND PLANNING CRITIERIA (GPCD)1 

 

1.4.2 Future Water Demand Projections 

The population projections, growth areas, and flow planning criteria were used to project future demands 
for each of the five distribution systems. This section summarizes the anticipated flows throughout the 20-
year planning period.  

The AWS-Tanner system is expected see growth in residential, commercial, and wholesale customer 
usage. The commercial growth in the County is centered in this area. Future demands for this system are 
summarized in Table 1-16Table 1-15. Demands for the wholesale users of the City of Jackson and the 
City of Plymouth were projected to increase at the same rate of their population growth. It is anticipated 
that minimal growth will occur in the wholesale user of Drytown County Water District; for this study no 
additional population was assigned to this area, but the demands of Drytown were projected to increase 
at the unincorporated County growth rate.   

Year 2014 2015 2016 2017 2018 2019

Production 4,930,729 3,988,099 4,368,431 4,688,239 5,510,962 5,098,405

Consumption 5,110,336 3,929,244 4,693,700 5,043,016 5,273,161 4,772,988

Year 2014 2015 2016 2017 2018 2019 2020
8 Average/Max Planning Criteria

4

Service 

Connections
2,6 55 55 55 55 55 55 55 ‐ ‐

Population
3 127 127 127 127 127 127 127 ‐ ‐

ADD
1 106 86 94 101 119 110 162 111 110

MDD
1 244 151 231 241 241 225 350 350 350

7. Al l  va lues  are rounded to the nearest ga l lon. 

3. Population based on 2.3 people per home multipl ied by the number of service connections .

2. Based on s ingle res identia l  service connections. 

1. GPCD = Gal lons  per capita  per day, ADD = average day demand, and MDD = max day demand. 

8. 2020 was  included as  i t had the highest MDD in the past ten years  as  reported by the Agency. ADD for 2020 was  estimated with an ADD to MDD 

average factor of 2.16 from 2014‐2019.

6. It was  assumed that the number of service connections  has  not changed from 2014 to 2020.

5. Water loss  i s  negl igible in thi s  sys tem, and there i s  no commercia l  in this  sys tem. 

4. Average day demand to max day demand peaking factor i s  3.18 based on the planning cri teria .
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TABLE 1‐161615: AWS – TANNER FUTURE DEMANDS 

 

Year 2019 2020 2030 2040

Service Connections
1 1,492 1,499 1,604 1,682

Service Area Population
2 3,432 3,448 3,690 3,869

City of Jackson Population 4,770 4,803 5,150 5,521

City of Plymouth Population 1,012 1,052 1,558 2,306

ADD 1,976,832 1,995,013 2,212,557 2,455,441

Backwash Water 20,592 21,441 23,780 26,390

Residential w/ Water Loss 706,992 710,288 760,140 797,014

Commercial w/ Water Loss
6 274,560 276,630 304,563 328,821

City of Jackson Wholesale
3 789,598 795,115 852,447 913,914

City of Plymouth Wholesale
4 156,073 162,316 240,262 355,638

Drytown Wholesale
5 29,016 29,223 31,365 33,664

ADD Without Backwash 1,956,240 1,973,571 2,188,777 2,429,051

MDD 4,454,736 4,494,715 4,990,733 5,551,176

Backwash Water 48,048 48,307 53,638 59,662

Residential w/ Water Loss 1,503,216 1,510,224 1,616,220 1,694,622

Commercial w/ Water Loss
6 583,440 587,671 645,262 694,871

City of Jackson Wholesale
3 1,879,466 1,892,597 2,029,065 2,175,373

City of Plymouth Wholesale
4 371,499 386,358 571,891 846,518

Drytown Wholesale
5 69,067 69,558 74,657 80,130

MDD Without Backwash 4,406,688 4,446,408 4,937,095 5,491,515

ADD 1,373 1,385 1,536 1,705

Backwash Water 14 15 17 18

Residential w/ Water Loss 491 493 528 553

Commercial w/ Water Loss
6 191 192 212 228

City of Jackson Wholesale
3 548 552 592 635

City of Plymouth Wholesale
4 108 113 167 247

Drytown Wholesale
5 20 20 22 23

ADD Without Backwash 1,359 1,371 1,520 1,687

MDD 3,094 3,121 3,466 3,855

Backwash Water 33 34 37 41

Residential w/ Water Loss 1,044 1,049 1,122 1,177

Commercial w/ Water Loss
6 405 408 448 483

City of Jackson Wholesale
3 1,305 1,314 1,409 1,511

City of Plymouth Wholesale
4 258 268 397 588

Drytown Wholesale
5 48 48 52 56

MDD Without Backwash 3,060 3,088 3,429 3,814

6. Commercia l  usage a lso conta ins  increased demands  from the CAM and CAWP growth. 

5. The Drytown demand is  3% of the tota l  wholesa le use. No growth ass igned to this  area, but the demand 

was  increased at the unincorporated county growth rate.

1. Based on the number of res identia l  service connections  in the Tanner service area. 

2. Service area  population based on 2.3 people per home multipl ied by the number of service connections  

for 2019. Population for future years  based on population estimates  for Amador Ci ty and Sutter Creek.

3. Ci ty of Jackson demand is  81% of the total  wholesa le use and is  projected to increase by 0.7% s imi lar to 

the population growth rate.

4. Ci ty of Plymouth demand is  16% of the tota l  wholesa le use and is  projected to increase by 4% s imi lar to 

the population growth rate.

GPM

GPD
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The AWS-Ione system’s city population is expected to see 4% growth annually, 1.23% growth at the Mule 
Creek Correctional Facility, and proportionate commercial growth. Future demands for this system are 
summarized in Table 1-17Table 1-16. The Agency has several contract commitments for planned projects 
(i.e. “will serves” and other similar agreements). However, the anticipated growth during the planning 
period exceeds these contract commitments. One of the “will serve” contracts the Agency has is with the 
Mule Creek Correctional Facility which obligates the Agency to provide an ADD of 1.085 MGD and an 
MDD of 1.334 MGD. Based on the incarcerated population projection and planning criteria it is not 
anticipated that this contract will be in full force at the end of the planning period. However, if the 
correctional facility were to see more than anticipated growth and exercise their full contract demands this 
system would have the total demand as shown in the last column on the right of Table 1-17Table 1-16.  

TABLE 1‐171716: AWS ‐ IONE FUTURE DEMANDS 

 

Over the planning period it is expected that the CAWP system will have a population increase of 1,839 
people. The majority of this increase is expected to be infill in undeveloped lots or in vacant homes. The 
CAWP system serves two large wholesale users (Mace Meadows and Pine Grove). Future demands for 
this system are summarized in Table 1-18Table 1-17. Approximately 9% of current water use in this 

Year
1

2019 2020 2030 2040 2040 with Contract Obligations
4

Service Connections
2 2,002 2,071 2,926 4,192 4,192

Service Area Population
3 3,940 4,098 6,065 8,978 8,978

Mule Creek Correctional Facility
3 4,051 4,101 4,636 5,241 5,241

ADD 1,323,840 1,366,701 1,910,733 2,692,855 3,183,094

Backwash Water 74,860 75,607 105,703 148,971 176,092

Residential w/ Water Loss 606,760 636,464 1,006,260 1,553,904 1,553,904

Commercial w/ Water Loss 161,540 168,018 248,665 368,098 368,098

Mule Creek Correctional Facility 480,680 486,611 550,104 621,882 1,085,000

ADD Without Backwash 1,248,980 1,291,093 1,805,029 2,543,884 3,007,002

MDD 2,596,460 2,694,573 3,869,782 5,561,730 5,619,479

Backwash Water 141,840 149,066 214,080 307,680 310,875

Residential w/ Water Loss 1,158,360 1,224,720 2,050,860 3,274,320 3,274,320

Commercial w/ Water Loss 307,320 319,644 473,070 700,284 700,284

Mule Creek Correctional Facility 988,940 1,001,143 1,131,772 1,279,446 1,334,000

MDD Without Backwash 2,454,620 2,545,507 3,655,702 5,254,050 5,308,604

ADD 919 949 1,327 1,870 2,210

Backwash Water 52 53 73 103 122

Residential w/ Water Loss 421 442 699 1,079 1,079

Commercial w/ Water Loss 112 117 173 256 256

Mule Creek Correctional Facility 334 338 382 432 753

ADD Without Backwash 867 897 1,253 1,767 2,088

MDD 1,803 1,871 2,687 3,862 3,902

Backwash Water 99 104 149 214 216

Residential w/ Water Loss 804 851 1,424 2,274 2,274

Commercial w/ Water Loss 213 222 329 486 486

Mule Creek Correctional Facility 687 695 786 889 926

MDD Without Backwash 1,705 1,768 2,539 3,649 3,687

4. Mule Creek Correctional  Faci l i ty has  a  contract obl igation of 1.085 MGD for ADD, and 1.334 MGD for MDD. 

3. Based on population projections . 

2. Service connections based on existing service connections in 2019, plus the increase in population divided by 2.3 people per household 

1. Demands  in 2019 were based on actual  ADD and MDDs, and 2020‐2040 demands  were based on the planning cri teria . 

GPD

GPM

Red Lines - 023
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system is for commercial purposes. With the population increase, commercial usage is expected to 
proportionality grow as well, however the Agency feels that commercial development within the 
unincorporated County will mostly occur in the Martell area (within the AWS-Tanner system see Table 1-
16Table 1-15). For this reason, the commercial component of the future water demands in this system 
remain relatively constant. The Agency has several contract commitments for planned projects (i.e. “will 
serves” and other similar agreements). However, the anticipated growth during the planning period 
exceeds these contract commitments. Therefore Table 1-18Table 1-17 does not contain a column for 
2040 demands with contract obligations.  

Near the CAWP system there are a number of homes that purchase untreated or raw water from one of 
the Agency’s surface water canals, see Canal User Area in Figure 1-6. Attempts to include these users 
on the CAWP potable water distribution system have been made but have been unsuccessful. It is 
unlikely that these users will be incorporated into the CAWP potable water distribution system within the 
planning period, but this area will be incorporated into the model. There are approximately 108 homes in 
this area that if incorporated into the CAWP system would increase WTP demands (including backwash) 
by approximately 19,000 and 40,000 gallons per day for ADD and MDD, respectively. As this area is 
unlikely to be included in the system by 2040 these demands are excluded from Table 1-18Table 1-17.  
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TABLE 1‐181817: CAWP FUTURE WATER DEMANDS 

 

Approximately 60% of the unincorporated County growth to be served by the Agency is expected to be 
within the service area of the CAM system. Future demands for the CAM distribution system are 
summarized in Table 1-19Table 1-18.  

Year 2020 2030 2040

Service Area Population
1 6,253 6,979 7,789

Pine Grove Population Increase
1 ‐ 76 146

Mace Meadows Population Increase
1 ‐ 47 89

ADD 762,866 829,515 906,026

Backwash Water 37,518 44,111 48,180

Residential w/ Water Loss 468,975 520,521 578,031

Commercial w/ Water Loss
2 68,783 76,043 84,143

Pine Groves Wholesale
3 112,197 116,833 121,103

Mace Meadows Wholesale
3 69,140 72,007 74,569

ADD Without Backwash 719,095 785,404 857,846

MDD 1,638,286 1,795,648 1,960,855

Backwash Water 87,542 95,488 104,273

Residential w/ Water Loss 1,006,733 1,117,085 1,240,205

Commercial w/ Water Loss
2 156,325 173,023 191,653

Pine Groves Wholesale
3 243,738 253,694 262,864

Mace Meadows Wholesale
3 150,201 156,358 161,860

MDD Without Backwash 1,556,997 1,700,160 1,856,582

ADD 530 576 629

Backwash Water 26 31 33

Residential w/ Water Loss 326 361 401

Commercial w/ Water Loss
2 48 53 58

Pine Groves Wholesale
3 78 81 84

Mace Meadows Wholesale
3 48 50 52

ADD Without Backwash 499 545 596

MDD 1,138 1,247 1,362

Backwash Water 61 66 72

Residential w/ Water Loss 699 776 861

Commercial w/ Water Loss
2 109 120 133

Pine Groves Wholesale
3 169 176 183

Mace Meadows Wholesale
3 104 109 112

MDD Without Backwash 1,081 1,181 1,289

3. Wholesa le in 2020‐2040 estimated based on the increase in population of the wholesa le ares  and 

the res identia l  planning cri teria . The Pine Grove and Mace Meadows  Wholesa le areas  acount for 62% 

and 38% of the wholesa le usage respectively.

2. Commercia l  growth associated with this  sys tem wi l l  be mostly located in Martel l  (AWS‐Tanner 

System). An increase in commercia l  demand of 11 gpm and 25 gpm to the 2040 ADD and MDD 

1. Population based on population projections . 

GPD

GPM
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TABLE 1‐191918: CAM FUTURE DEMANDS 

 

The LaMel system is expected to only grow by a few connections. Flows in this system at the end of the 
planning period are expected to remain essentially the same as they are now. Table 1-20Table 1-19 
summarizes the future demands for this system.  

TABLE 1‐202019: LAMEL DEMAND PROJECTIONS 

 

A summary of the projected distribution system demands for each system is presented in Table 1- 
21Table 1- 20. 

 

Year 2019 2020 2030 2040

Service Connections
2 725 760 1,209 1,924

Population
3 1,668 1,747 2,781 4,426

ADD
1 226,900 236,400 360,500 557,900

MDD
1 602,200 629,500 986,200 1,553,800

ADD
1 160 165 250 385

MDD
1 420 435 685 1,080

5. 2019 ADD and MDD based on 136 and 361 gpcd respectivley.

6. 2020 ‐ 2040 ADD and MDD based on 120 and 345 gpcd respectivley with the increased population.

1. GPD = ga l lons  per day, ADD = average day demand, and MDD = max day demand. 

2. Agency identi fi ted a  tota l  of 1,199 addi tional  connections  during the planning period

3. Population based on 2.3 people per home multipl ied by the number of service connections .
4. GPD va lues  rounded up to nearest 100 ga l lons , and GPM values  rounded to nearest 5 ga l lons . 

GPD
1

GPM
1

Year 2020 2030 2040

Service Connections
2 55 57 59

Population
3 127 131 136

ADD
1 13,970 14,410 14,960

MDD
1 44,450 45,850 47,600

ADD
1 10 10 10

MDD
1 31 32 33

GPD
1,4

GPM
1,4

3. Population based on 2.3 people per home multipl ied by the number of service connections .

2. Agency identi fi ted a  tota l  of 4 additiona l  connections  during the planning period.

1. GPD = ga l lons  per day, ADD = average day demand, MDD = max day demand, and GPM = ga l lons  

5. Flows  based on a  ADD and MDD planning cri teria  of 110 and 350 gpcd respectively.

4. GPD va lues  rounded to nearest 5 ga l lons , and GPM va lues  rounded to neares t ga l lon. 
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TABLE 1‐ 212120: DISTRIBUTION SYSTEM DEMANDS SUMMARY 

 

1.5     PEAK HOUR ANALYSIS 

The Agency has criteria that establishes the minimum peak hour flow as 167% of the average flow of the 
max day (see the Agency’s “Standard Design and Construction Specification for Treated Water System” 
section 3.4). For this study, system specific max day to peak hour factors were developed by reviewing 
SCADA data for select peak day usage periods during July 2019. From the SCADA data, a diurnal 24-hour 
usage pattern was developed and a max day to peak hour factor was established. This approach is more 
accurate in calculating system specific peak hour flows.  

SCADA data is not collected at the LaMel system, and complete SCADA data was not available for the 
CAM system. Keller Associates utilized past planning projects for small towns and pump stations with small 
service areas as a benchmark for estimating an MDD to PHD factor for the LaMel System. The CAM system 
is most similar to the CAWP system as there is mostly residential use, little commercial use, and there is 
little irrigation. Therefore, the CAWP 24-hour diurnal curve was assumed to be applicable for the CAM 
system as well. The AWS-Tanner system’s SCADA data for tank levels was intermittent for the Plymouth 
and Trent Tanks, and did not include data for the City of Jackson’s tank. A look at the 24-hour curve of flow 
out of the Tanner WTP that feeds Sutter Creek was very similar to the City of Ione’s curve. Therefore, the 
Ione curve was used for the Tanner system. A summary of the MDD to PHD factors is presented in Table 
1- 22Table 1- 21, and system 2020 and 2040 PHDs that were modeled are shown in Table 1-23Table 1-
22. The 24-hour diurnal curves for the Tanner, Ione, CAWP, and CAM systems are shown in Figure 1-9 & 
Figure 1-10. See Appendix C for supporting data for the peak hour analysis.   

 TABLE 1‐ 222221: PEAK HOUR DEMAND PEAKING FACTORS 

 

 

Year AWS‐Tanner AWS‐Ione CAWP CAM LaMel

2019 1,359 867 499 160 10

2020 1,371 897 499 165 10

2030 1,520 1,253 545 250 10

2040
1

1,687 2,088 596 385 10

2019 3,060 1,705 1,081 420 31

2020 3,088 1,768 1,081 435 31

2030 3,429 2,539 1,181 685 32

2040
1

3,814 3,687 1,289 1,080 33

A
D
D

M
D
D

1. The 2040 demand projection include contract obl igations . 

Distribution System Projected Flows (gpm)

System MDD to PHD Factor

AWS‐Tanner 2.06

AWS‐Ione 2.06

CAWP 1.67

CAM 1.67

LaMel 4.84

Peak Hour Factor Summary
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TABLE 1‐232322: SYSTEM 2020 AND 2040 PHDS 

 

 

FIGURE 1‐9: AWS‐TANNER & IONE 24‐HOUR DIURNAL PATTERN 

 

 

FIGURE 1‐10: CAWP AND CAM 24‐HOUR DIURNAL PATTERN 

 

 

Year AWS ‐ Tanner AWS ‐ Ione CAWP CAM LaMel

2020 6,361 3,642 1,805 726 150

2040 7,857 7,595 2,153 1,804 160

Distribution System PHD (gpm)

Red Lines - 028
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1.6     FIRE FLOW, PRESSURE, AND VELOCITY PLANNING CRITERIA 

Based on recommendations from the Amador Fire Protection District, the Agency has elected to use the 
fire flow planning criteria shown in Table 1-24Table 1-23 for the purpose of this study. The Agency has an 
agreement to provide at least 750 gpm of fire flow for Amador City, but as this is below the Agency’s goal 
it is not shown in Table 1-24Table 1-23. Some of the systems are not capable of providing the fire flow 
criteria at this time. Major infrastructure improvements would be needed to achieve these flows. The Agency 
has an interim goal of providing at least 500 gpm to areas currently experiencing low fire flows. Many of the 
distribution system improvements recommended in this plan are to help achieve this interim goal.  

TABLE 1‐242423: FIRE FLOW PLANNING CRITERIA 

 

Pressure and velocity planning criteria have also been established by the Agency for this study. These 
are listed below:  

 MDD + Fire Flow ≥ 20 psi in the main distribution lines 
 Max pressure for service line = 100 psi (if over 100 psi customer to provide PRV) 
 Peak hour pressure ≥ 40 psi 
 Max Peak Hour Velocity = 7 feet/second (MDD + fire flow = 11 feet/second)  

 
 

1.7     WTP PLANNING CRITERIA  

Drinking water within the United States is regulated by minimum federal standards enforced by the US 
Environmental Protection Agency (US EPA). The State of California has primacy authority to govern 
drinking water within the State and in some cases enforces drinking water standards which are more 
stringent than the minimum federal standards. At minimum, all public water systems using surface water 
sources or groundwater sources under the direct influence of surface water (GWUDI) must comply with 
provisions within the US EPAs Surface Water Treatment Rules (US EPA, 2020)(US EPA, 2020).   

The US EPA began establishing treatment standards in the 1989 Surface Water Treatment Rule which 
required, at minimum, filtration and disinfection and establishes maximum contaminant level goals 
(MCLGs) for pathogens. The 1989 rule was enhanced in 1998 which established more stringent 
treatment requirements including minimum pathogen removal rates and watershed protection 
requirements for systems using surface waters and serving a population greater than 10,000 persons. 
Additional enhancements to the original Surface Water Treatment Rule were released in 2001, 2002, and 
2006. 

Drinking water within the State of California is governed under Title 17 and 22 of the California Code of 
Regulations (CCR) and the provisions detailed within Section 40 of the Code of Federal Regulations. 
Specifically, surface water treatment requirements can be referenced within Chapter 17 of Title 22 of the 
CCR and several notable requirements are detailed herein (State of California, 2020)(State of California, 
2020): 

 A [water] supplier using an approved surface water shall provide multibarrier treatment that meets 
the requirements of [Chapter 17 of Title 22 of the CCR] and reliably ensures at least, between a 

Area Required Flow (gpm) Duration (hrs)

Residential Areas 1,000 2

Commercial Areas 1,500 4
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point where the raw water is not subject to recontamination by surface water runoff and a point 
downstream before or at the first customer [that]: 

o A total of 99.9 percent reduction of Giardia lamblia cysts through filtration and disinfection; 
o A total of 99.99 percent reduction of viruses through filtration and disinfection; and  
o A total of 99 percent removal of Cryptosporidium through filtration. 

 All approved surface water utilized by a supplier shall be treated using one of the following filtration 
technologies unless an alternative process has been approved by the State Board. 

o Conventional filtration treatment provides credits of:  
 99.7 percent removal of Giardia lamblia cysts  
 99 percent removal of viruses  
 99 percent removal of Cryptosporidium  
 when operated in compliance with Section 64660 and Table 64653 

o Direct filtration treatment provides credits of:  
 99 percent removal of Giardia lamblia cysts  
 90 percent removal of viruses  
 99 percent removal of Cryptosporidium  
 when operated in compliance with Section 64660 and Table 64653 

o Diatomaceous Earth filtration treatment provides credits of: 
 99 percent removal of Giardia lamblia cysts 
 90 percent removal of viruses 
 99 percent removal of Cryptosporidium  
 when operated in compliance with Section 64660 and Table 64653. 

o Slow sand filtration treatment provides credits of: 
 99 percent removal of Giardia lamblia cysts 
 90 percent removal of viruses  
 99 percent removal of Cryptosporidium  
 when operated in compliance with Section 64660 and Table 64653. 

 A supplier that uses conventional filtration or direct filtration and recycles spent filter backwash 
water, thickener supernatant, or liquids from dewatering processes shall: 

o Provide the State Board with plant schematics showing the origin of all recycle flows, the 
hydraulic conveyance, and point of reintroduction into the treatment plant. The supplier 
shall also provide the typical recycle flow in gallons per minute, the highest observed plant 
flow experienced in the previous year, the design flow for the treatment plant, and the 
approved operating capacity for the plant if the State Board has specified one. 

o Return all recycle flows to the headworks of the treatment plant or an alternative location 
approved by the State Board. 

o Collect and retain information required by the State Board in Section 64653.5 of 22CCR. 
 Disinfection.  

o All approved surface water utilized by a supplier shall be provided with continuous 
disinfection treatment sufficient to ensure that the total treatment process provides 
inactivation of Giardia lamblia cysts and viruses, in conjunction with the removals 
obtained through filtration, to meet the reduction requirements specified in section 
64652(a).  

o Disinfection treatment shall comply with the following performance standards:  
 Water delivered to the distribution system shall not contain a disinfectant residual 

of less than 0.2 mg/l for more than four hours in any 24-hour period.  
 The residual disinfectant concentrations of samples collected from the distribution 

system shall be detectable in at least 95 percent of the samples taken each month 
that the system serves water to the public, except as provided in 22CCR. At any 
sample point in the distribution system, the presence of heterotrophic plate count 
(HPC) at concentrations less than or equal to 500 colony forming units per 
milliliter shall be considered equivalent to a detectable disinfectant residual. 

 Operating Criteria 
o Filtration facilities shall be operated in accordance with the following requirements:  
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 Conventional and direct filtration treatment plants shall be operated at filtration 
rates not to exceed 3.0 gallons per minute per square foot (gpm/sq. ft.) for single 
media filters and 6.0 gpm/sq. ft. for deep bed, dual or mixed media filters under 
gravity flow conditions. For pressure filters, filtration rates shall not exceed 2.0 
gpm/sq. ft. for single media filters and 3.0 gpm/sq. ft. for dual, mixed media, or 
deep bed filters; 

 To obtain approval for filtration rates higher than, but not more than twice, those 
specified above, a water supplier shall demonstrate to the State Board that the 
filters can comply with the performance requirements of section 64653 of 22CCR; 

 To obtain approval for filtration rates greater than twice those specified above, a 
water supplier shall demonstrate to the State Board that the filters do the 
following: 

 Provide a minimum of 99 percent Giardia lamblia cyst removal, 90 
percent virus removal, and 99 percent Cryptosporidium removal; and  

 Meet the turbidity performance standards established in section 
64653(c);  

 Filtration rates shall be increased gradually when placing filters back into service 
following backwashing or any other interruption in the operation of the filter;  

 When any individual filter in a conventional or direct filtration treatment plant is 
placed back into service following backwashing or other interruption event, the 
filtered water turbidity of the effluent from that filter shall not exceed any of the 
individual filter turbidity performance triggers in Table 64660 

o Disinfection facilities shall be operated in accordance with the following requirements:  
 A supply of chemicals necessary to provide continuous operation of disinfection 

facilities shall be maintained as a reserve or demonstrated to be available; and  
 An emergency plan shall be developed prior to initiating operation of the 

disinfection facilities. The plan shall be implemented in the event of disinfection 
failure to prevent delivery to the distribution system of any undisinfected or 
inadequately disinfected water. The plan shall be posted in the treatment plant or 
other place readily accessible to the plant operator. 

In addition to the requirements set forth within Title 17 and 22 of the CCR and 40CFR, AWA calculated 
treatment plant capacities will be considered with projected demands within each treatment plant service 
area. Discussion of treatment facilities, potential deficiencies, and recommended improvements is provided 
in Chapter 6 and Chapter 7 of this report. 
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CHAPTER 2 ‐ Distribution System Inventory, Capacity, and Replacement 

Budgets 

As mentioned in Chapter 1, the Agency owns and operates five potable water distribution systems. These 
distribution system pipeline networks range in size from 1.2 to 92.5 miles of pipe. This chapter provides a 
summary of each system and provides an analysis of their capacity to meet current and future demands 
with respect to supply, delivery, and storage.  This chapter also provides annual replacement budgets and 
recommendations for maintaining and replacing key infrastructure. Chapter 4 of this report discusses the 
existing distribution systems’ hydraulic capacity and Chapter 5 will discuss the distribution systems’ future 
hydraulic capacity. Chapter 6 provides a summary of the treatment plants’ capacities. 

 

2.1     SYSTEM INVENTORY 

In October 2019, Keller Associates visited each tank, well, and pump station in the distribution system to 
observe overall conditions and understand how each facility operated. During the visit, Keller Associates 
documented characteristics of each site along with known issues and concerns from the Agency’s staff. 
These notes were consolidated into inventory sheets and are provided in Appendix D of this report.  

 

2.2     SUPPLY 

The LaMel and CAM systems are served by multiple groundwater wells. The AWS-Tanner and AWS-Ione 
systems are supplied by surface water from Lake Tabeaud. The CAWP system is also supplied by surface 
water but from the Tiger Creek Regulation Reservoir. This section provides a supply analysis of the LaMel 
and CAM systems. A supply analysis of the three systems that utilize surface water is provided in Chapter 
6, which discusses the water treatment plants and their capacities.  

It is critical for the supply source of a water system to be able to meet the system’s maximum day demand 
(MDD) with its firm capacity (largest source or treatment train offline). This provides a level of redundancy 
in being able to provide sufficient water each day of the year, even if the system is experiencing an 
equipment or source failure. In this section, the system’s capacity will be compared to its current and 
projected MDD.  

As shown in Table 2-1, the LaMel system’s firm supply capacity (largest well offline) is very near the existing 
and projected MDD for this system. Additional monitoring is recommended before another source (i.e., well) 
is added. If additional supply is needed, improvements to the existing wells should be explored prior to 
developing a new source and installing new infrastructure.   
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TABLE 2‐1: LAMEL SUPPY ANALYSIS 

 

The CAM system has four groundwater supply wells. Historically, there has been some uncertainty 
regarding these wells’ capacity, and at one time, a moratorium was issued against new service connections 
due to the uncertainty of water availability from the wells. A California Department of Public Health letter 
dated May 15, 2013, was issued rescinding the service connection moratorium imposed on the CAM 
system. In this letter, reference is made to the system’s total well capacity being 920 gpm, and Well 14’s 
capacity was reported to be 320 gpm. In 2010, Well 14 received turbidity and odor complaints. The 
complaints were traced back to excessive use of Well 14. The May 15, 2013 letter restricts the use of Well 
14 at its full capacity of 320 gpm to no more than 600 minutes per day (the equivalent of 133 gpm over a 
24-hour period). The letter does not specify if the well can be used at a lower rate for the remainder of the 
day. Currently, the Agency is operating the well at 170 gpm and has not received additional complaints. For 
the purpose of this study, Well 14’s capacity was taken to be 170 gpm. The other three wells’ capacities 
were taken from the latest groundwater study completed for this system (Groundwater Supply Study and 
Integrated Regional Groundwater Management Plan, Dunn Environmental, Inc, June 2012).  

As shown in Table 2-2, the wells’ firm capacity is near the current MDD of the system and will be in a deficit 
of over 600 gpm in 2040. With the anticipated growth in this system, an additional source is recommended 
now, and additional sources will be needed as development in this area occurs. A general rule of thumb is 
to begin adding an additional source as the MDD approaches 85% of the systems’ firm capacity.   

 

TABLE 2‐2: CAM SUPPLY ANALYSIS  

 

Year 2020 2040

Well #1 Capacity (gpm) 30 30

Well #2 Capacity (gpm) 40 40

Total Well Capacity (gpm) 70 70

Firm Capacity
1
 (gpm) 30 30

Max Day Demand (gpm) 31 33

Capacity Surplus / (Deficit ) (gpm) (1) (3)

1. Tota l  capaci ty with the largest wel l  offl ine

Year 2020 2040

Well #6 Capacity (gpm) 150 150

Well #9 Capacity (gpm) 320 320

Well #12 Capacity (gpm) 150 150

Well #14 Capacity (gpm) 170 170

Total Well Capacity (gpm) 790 790

Firm Well Capacity
1
 (gpm) 470 470

Max Day Demand (gpm) 435 1,080

Capacity Surplus/ (Deficit) (gpm) 35 (610)

1. Tota l  capaci ty with the largest wel l  offl ine.

2. Wel l  capaci ties  taken from "Groundwater Supply Study and Integrated Regional  

Groundwater Management Plan" from Dunn Envi ronmenta l  June 2012 except for Wel l  

#14. The Capaci ty of Wel l  #14 i s  reduced to the flow rate the Agency currently operates  

the wel l  to avoid bacteria  violations  and customer compla ints . 
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It should also be noted that the wells in this system experience positive bacteria test results when they 
are operated at higher flow rates. These bacteria hits have occurred for both wells in the Front System, 
and wells in the Back system. Historically, when the wells were operated at higher flow rates in summer 
months, bacteria hits were a monthly occurrence. More recently, bacteria hits have occurred at a lesser 
frequency (i.e., once-a-year) by reducing the wells’ flow rates. Currently the wells are operated at lower 
flow rates of 150 gpm (Well 6), 170 gpm (Well 9), 105 gpm (Well 12), and 170 gpm (Well 14) to reduce 
the risk of bacteria hits. The lower operating flow rates suggest that there is an existing supply deficit of 
10 gpm, and a 2040 deficit of 655 gpm.  

 

2.3     TREATMENT  

A detailed description of water treatment at each system is discussed in Chapter 6, except for the CAM 
system. The CAM system has relatively good water quality from its groundwater wells and only disinfection 
treatment is required. In summary, the treatment at each system is as follows:  

 AWS-Tanner  
o Coagulation, flocculation, clarification, and filtration to remove organics, inorganics, and 

taste and odor contaminants 
o Sodium hypochlorite addition for disinfection 

 AWS-Ione 
o Coagulation, flocculation, clarification, and filtration to remove organics, inorganics, and 

taste and odor contaminants 
o Sodium hypochlorite addition for disinfection 

 CAWP 
o Coagulation and membrane filtration to remove organics, inorganics, and taste and odor 

contaminants 
o Sodium hypochlorite addition for disinfection 

 CAM 
o Sodium hypochlorite addition for disinfection 

 LaMel  
o Caustic Soda addition for pH adjustment 
o Lime addition for alkalinity adjustment 
o Sodium hypochlorite addition for disinfection 

 

2.4     EXISTING PRESSURE ZONES  

Pressure zones are areas in the distribution systems that have the same hydraulic grade or energy 
(consisting predominantly of potential energy based on the ground elevation plus the line pressure).  The 
hydraulic grade within a pressure zone is typically controlled by boundaries that separate the pressure 
zones. Examples of pressure zone boundaries include closed valves, water tanks, booster pumps (which 
increase the hydraulic grade), and pressure-reducing valves (which reduce the hydraulic grade). The five 
distribution systems have a wide range of complexity regarding the number of pressure zones in each 
system. This section provides a summary of the systems’ pressure zones.  

AWS-Tanner – This system is comprised of approximately 12a dozen pressure zones: the majority of which 
are fed by gravity from the Tanner Water Treatment Plant (WTP) Clearwell. The exceptions to this are the 
Trent Pump Station, Trent Tank, and Airport Pump Station pressure zones, which have service area 
elevations similar to or greater than the WTP’s elevation. Table 2-3 provides the details of the pressure 
zones within this system, and Figure 2-1 shows the extent of each of these zones.   
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TABLE 2‐3: AWS‐TANNER PRESSURE ZONES SUMMARY 

 

 

Pressure Zone Controlling Feature Elevation (ft) Setting
1
 (psi/ft)

Hydraulic Grade 

(ft)

Trent PS Trent PS 1,816 123 2,099

Trent Tank Trent Tank 1,881 24 1,905

Tanner Clearwell Tank Tanner Clearwell Tank 1,704 16 1,720

Church PRV Church PRV 1,203 103 1,441

Greenstone PRV Greenstone PRV 1,235 90 1,443

Amador Rd PRV Amador RD PRV 1,346 90 1,554

Amador City PRV 1 Amador City 1 PRV 1,216 25 1,274

Last Chance Alley PRV Last Chance Alley PRV 1,119 120 1,396

Amador Central PRV Amador Central PRV 1,424 50 1,540

Plymouth PRV Plymouth PRV 1,235 90 1,443

Airport PS Airport PS 1,660 70 1,822

Hillside PRV Hillside PRV 1,422 30 1,491
1. Settings  for tanks  are in feet and settings  for pump s tations  are in PSI. For pump s tations  the average PSI 

setting for pressure tanks  i s  reported.

2. PS = Pump Station; PRV = Pressure Reducing Va lve.
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FIGURE 2‐1: AWS‐TANNER PRESSURE ZONES 
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AWS-Ione –This system is comprised of four pressure zones. The Ione Clearwell and Wildflower Pump 
Station zones are transmission only zones which do not directly serve customers. The Prison Tank and 
Wildflower Tank pressure zones serve all the system’s customers. Water is pumped from the Ione WTP to 
both of these tanks that establish these zones' hydraulic grades. Pumping is required even though the raw 
water supply is significantly higher than this system’s service area because the WTP breaks head when 
treated water is placed into the clearwell, and the clearwell is not at the right elevation to provide gravity 
service to this system. Table 2-4 provides the details for each of the pressure zones, and Figure 2-2 shows 
the extent of each zone.  

TABLE 2‐4: AWS‐IONE PRESSURE ZONES SUMMARY 

 

 

FIGURE 2‐2: AWS‐IONE PRESSURE ZONES 

 

Pressure Zone Controlling Feature Elevation (ft) Setting (ft)
Hydraulic Grade 

(ft)

Ione Clearwell Ione Clearwell 414 16 430

Prison Tank Preston Tank 575 23 598

Wildflower PS Wildflower PS
1

332 N/A 482

Wildflower Tank Wildflower Tank 452 30 482
1. Reported HGL is  the high water level  for the Wi ldflower Tank.

2. PS = Pump Station.
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CAWP – This system is comprised of over 40 46 pressure zones. The terrain in this system is mountainous, 
resulting in the need to adjust the hydraulic grade often to keep pressures within an acceptable range for 
customers. Many of the zones are small areas served by single PRVs. Table 2-5 provides a summary of 
each pressure zone, and Figure 2-3 shows each zone’s location.  

TABLE 2‐5: CAWP PRESSURE ZONE SUMMARY 

 

Se
rv
ic
e
 

A
re
a

Pressure Zone Controlling Feature Elevation (ft) Setting (psi/ft)
Hydraulic Grade 

(ft)

Mt. Crossman PS Mt. Crossman PS
1

3,430 ‐ ~3,740

Ridgeway PS Ridgeway PS 3,676 40 3,768

Ridgeway 1‐2 Tanks Ridgeway Tank 2 3,673 16 3,689

Sugar Pine PRV 1 Sugar Pine PRV 1 3,497 42 3,594

Deer Ct PRV Deer Ct PRV 3,412 50 3,528

Ashland View PRV Ashland View PRV 3,448 50 3,564

Sugar Pine PRV 2 Sugar Pine PRV 2 3,454 50 3,570

Franks Tank Franks Tank  3,690 19 3,709

Mace Dr PS Mace Dr PS 3,688 32 3,762

Rabb Park Tank Rabb Park Tank 3,538 14 3,552

Canyon View PRV Canyon View PRV 3,505 47 3,614

Alpine 1 PRV Alpine 1 PRV 3,366 54 3,491

Alpine 1 Tank Alpine 1 Tank PRV 3,366 10 3,389

Pine Needle PS Pine Needle PS 3,300 40 3,392

McKenzie PS McKenzie PS 3,342 30 3,411

Forest Oak PRV Forest Oak PRV 3,163 45 3,267

Madrone Tank Madrone Tank 3,185 22 3,207

McKenzie PRV McKenzie PRV 2,940 53 3,062

Madrone PRV Madrone PRV 3,185 40 3,277

Tanks A‐B Tanks A‐B 3,528 33 3,561

Giuli PS Giuli PS 3,455 45 3,559

Tank B PS Tank B Pump
2

3,528 65 3,678

Fairway PRV Fairway PRV 3,333 64 3,481

Cedar Heights PRV Cedar Heights PRV
3

3,366 30 3,435

Tank C Deadwood PRV
4

3,169 45 3,273

Lower Tank C Carson Dr PRV
5

2,949 112 3,208

Tank D Tank D PRV 3,047 22 3,069

Alaire and Red Corrals PRVs Alaire PRV 2,796 45 2,900

Rocky Lane PRV Rocky Lane PRV 2,713 32 2,787

Ranch House Tank Ranch House Tank 2,731 8 2,739

Meadowbrook PS Meadowbrook Pump 2,683 58 2,817

Pine Acres Tanks Pine Acres Tanks 2,832 28 2,860

Pine Acres PRV Pine Acres PRV 2,832 50 2,948

Big Oak and Golden View PRV Big Oak PRV and Golden View PRV
6

2,607 56 2,736

Jackson Pines Tank Jackson Pines Tank 2,450 10 2,460

Irishtown PRV Irishtown PRV 2,260 29 2,327

Pine Grove Tanks Pine Grove Tanks
7

2,705 30 2,735

Petersen Ranch PRV Petersen Ranch PRV
8

2,490 30 2,559

Sunset Heights PRV Sunset Heights PRV 2,480 50 2,596

S.H.T. Sunset Heights Tank Sunset Heights Tank 2,480 15 2,495

WTP Finish PS Buckhorn WTP Finish Water PS
9

3,453 ‐ ~3,710

Cedar Mill PRV Cedar Mill PRV 3,030 78 3,210

Tank D PRV Tank D PRV
10

3,047 N/A N/A

88 Red Corral PRV 88 Red Corral PRV 2,630 160 3,000

Ranch House PRV Ranch House PRV 2,539 130 2,839

Tank Dr PRV Tank Dr PRV 2,734 16 2,771

10. This  4‐inch PRV is  not in use but s ti l l  on the transmiss ion l ine.

1. Pump Station is  not on a  VFD. HGL reported at ~530 gpm flow. 

2. Elevation of discharge reported (i .e., downstream model  junction).

3. There are three Cedar Heights  PRVs . This  zone is  normal ly control led by the new 4‐inch PRV and this  table reports  thi s  PRVs  information. 

4. This  zone was  control led by old Tank C, which was  abandoned and is  now control led by the Deadwood PRV. 

5. This  area  was  control led by old Tank C, which was  abandoned and is  now control led by the Carson Dr PRV. 

11. PS = Pump Station; PRV = Pressure Reducing Va lve; WTP = Water Treatment Plant.
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6. Both PRVs  are located at the same elevation and have the same setting. 

7. This  i s  a  Whole Sa le Customer's  sys tem, however the Agency's  Sunset Heights  PRV, Tank zones, and the Toma Lane area  are suppl ied by this  

zone. 

8. This  i s  a  Whole Sa le Customer's  sys tem. 

9. This  pump s tation i s  not on a  VFD HGL reported at ~1,450 gpm flow.
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FIGURE 2‐3: CAWP PRESSURE ZONES 

 

CAM – This system is comprised of two pressure zones, referred to as the “Front System” and the “Back 
System.” The Front System’s hydraulic grade is controlled by pressure supplied by a pneumatic tank at Site 
6, which is pressurized by the Booster Stations at Site 6 and Site 12. The Back System’s hydraulic grade 
is controlled by the level in Tank 9. Table 2-6 provides the details of these pressure zones, and the extent 
of each of these zones is shown in Figure 2-4.  

TABLE 2‐6: CAM PRESSURE ZONES SUMMARY 

 

 

Pressure Zone Controlling Feature Elevation (ft) Setting
1
 (psi/ft)

Hydraulic Grade 

(ft)

Front System Pressure Tank at Site 6 418 35 499

Back System Tank 9 474 28 502
1. Pressure setting of the pressure tank at Si te 6 i s  the average of the on and off setpoint of the lead booster 

pump at Si te 6. Setting for Tank 9 i s  in feet and i s  the high water level  of the tank.
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FIGURE 2‐4: CAM PRESSURE ZONES 

 

LaMel – This system is the smallest of the five distribution systems and is comprised of a single pressure 
zone. This single zone is controlled by the booster pump station feeding the system. Table 2-7 provides the 
details of this pressure zone, and the pressure zone is shown in Figure 2-5.  

TABLE 2‐7: LAMEL PRESSURE ZONE SUMMARY 

 

 

Pressure Zone Controlling Feature Elevation
1
 (ft) Setting (psi)

Hydraulic Grade 

(ft)

LaMel LaMel Booster Station 2,795 47 2,904

1. Elevation of discharge location. 
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FIGURE 2‐5: LAMEL PRESSURE ZONE 

 

2.5     PUMP STATION SUMMARY 

Each of the Agency’s five systems have pump stations. The size and number of pump stations per system 
vary. Unlike a system’s source, pump stations (combined with gravity feed tanks) must meet peak hour 
demands (PHDs) and provide adequate fire flow during maximum day demands to ensure sufficient water 
is available and at acceptable pressures. This section provides a summary of each pump station’s firm 
capacity and compares it to the PHD and/or MDD plus required fire flow.  

AWS-Tanner – This system has three pump stations: the Ridge Pump Station, the Trent Pump Station, 
and the Airport Pump Station. This section provides a brief description of these pump stations and an 
analysis of their ability to meet current and future demands.  

The Ridge Pump station pulls water directly from the Tanner Clearwell and pumps it to the Trent Tank, 
located approximately three miles to the northeast along Ridge Road. There are several commercial and 
domestic users along the line from the pump station to the tank. When the pump station is not running, 
these services are fed by gravity from the Trent Tank. In addition to the tank’s fill/supply line from the Ridge 
Pump Station, the Trent Tank also has a separate gravity feed line to other domestic users and the Jackson 
Rancheria Casino. Where this pump station’s primary purpose is to fill the Trent Tank, the pump station’s 
analysis to meet demands was limited to the MDD (the Trent Tank can assist with meeting PHD and MDD). 
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The pump station’s excess available pumping capacity was considered in the Trent Tank storage analysis. 
As shown in Table 2-8, this pump station is well equipped to meet current and future demands. It is 
recommended that permanent standby power be installed for this pump station so emergency storage can 
be provided to this service area.  

The Trent Pump Station is located on the separate gravity feed line from the Trent Tank. This pump station 
draws water directly from the tank and supplies water to a group of approximately 20 homes. This pump 
station has a pneumatic tank that calls on the pumps when the pressure reaches a lower setpoint and calls 
the pumps off when the tank reaches its high-pressure setpoint. There are two duty pumps and a larger fire 
pump at this pump station. As shown in Table 2-8, this station is not able to meet the MDD plus fire flow 
requirements with total or firm capacity. The Agency’s practice is to provide redundant fire pumps on pump 
stations serving 100 homes or more. It is recommended that the smaller fire pump be replaced with a single, 
larger fire pump capable of providing 1,000 gpm. Note: no additional growth was assigned to this portion of 
the system; therefore, the current and future demands are equal.   

The Airport Pump Station draws water from the Tanner Clearwell and supplies the commercial facilities 
around the airport. There are two duty pumps and a larger fire pump at this station. This pump station also 
has a pneumatic pressure tank that calls on the pumps when the pressure reaches a lower setpoint and 
calls the pumps off when the pressure tank reaches its high-pressure setpoint. As shown in Table 2-8, the 
pump station is not able to meet the MDD plus fire flow requirement with firm capacity. Similar to the Trent 
Pump Station, this pump station serves a relatively small area and would not be a candidate for a redundant 
fire pump. Although the Agency does not intend to provide a redundant fire pump, a consideration for when 
the fire pump does need replacing is to replace it with two smaller pumps capable of supplying what the 
larger one supplies. With this setup, the firm capacity would be much greater and provide some level of 
redundancy.  

TABLE 2‐8: AWS‐TANNER PUMP STATION SUMMARY 

 

Part of this distribution system is a long transmission line to the City of Plymouth’s storage tank. The 
Agency is responsible for maintenance and upgrades on this transmission line related to growth and 
increased demands. A pump station may be required on this transmission line in the future when 
demands increase, and gravity filling the City’s tank becomes impossible at higher flows. However, this is 
not anticipated to occur within the next 20 years. Chapter 5 provides additional detail on this subject.   

Capacity
1
 (gpm) Capacity

1
(gpm) Capacity

1
(gpm)

350 50 180

350 50 180

350 350 1,800

1,050 450 2,160

700 100 360

140 1,012 1,522

N/A 24 45

560 (912) (1,162)

161 1,166 1,522

N/A 24 45

539 (1,066) (1,162)

3. Fi re flow o 1,500 gpm 3. Fi re flow o 1,000 gpm 3. Fi re flow o 1,500 gpm

5. Al though no growth was  ass igned to this  service 

area , for this  eva luation i t was  assumed the demands  

grew at the unincorporated county rate of 0.71%. 

2. Tota l  capaci ty with the larges t pump offl ine.  2. Tota l  capaci ty wi th the largest pump offl ine.  2. Tota l  capaci ty with the largest pump offl ine. 

2040 Delivery Surplus / (Deficit) 2040 Delivery Surplus / (Deficit) 2040 Delivery Surplus / (Deficit)
1. Capaci ty for pumps taken from Model  des ign points  

or pump name plates .

1. Capaci ty for pumps taken from Model  des ign points  

or pump name plates .

1. Capaci ty for pumps taken from Model  des ign points  

or pump name plates .

4. Fi re flow and peak hour demands  can be provided by 

the Trent Tank. 

4. Al though no growth was  ass igned to this  service area , 

for this  eva luation i t was  assumed the demands  grew 

at the unincorporated county rate of 0.71%. 

2040 MDD
4,5

2040 MDD + FF
3,4

2040 MDD + FF
3

2040 PHD
4

2040 PHD 2040 PHD

2020 PHD
4

2020 PHD 2020 PHD

2020 Delivery Surplus / (Deficit) 2020 Delivery Surplus / (Deficit) 2020 Delivery Surplus / (Deficit)

Firm Capacity
2

Firm Capacity
2

Firm Capacity
2

2020 MDD
4

2020 MDD + FF
3

2020 MDD + FF
3

Pump 3 Pump 3 Pump 3

Total Capacity Total Capacity Total Capacity

Pump 1 Pump 1 Pump 1

Pump 2 Pump 2 Pump 2

Trent PS Delivery AnalysisRidge PS Delivery Analysis Airport PS Delivery Analysis

Pump  Pump  Pump 
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AWS-Ione – There are two large pump stations in this system that draw water from the Ione WTP Clearwell 
and pump water to tanks that feed the system by gravity. This section provides a brief description of these 
pump stations and an analysis of their ability to meet current and future demands. 

The Prison Pump station is located at the Ione WTP. This pump station draws water from the clearwell and 
pumps it up to the Prison Tank located north of town. The transmission line from the pump station to the 
tank does not have any services on it prior to tying into the Prison Tank’s distribution piping. This pump 
station supplies water to a small portion of the City by area but serves approximately half of the system’s 
demand; this is due to the tank serving the Mule Creek Correctional Facility, which is located in this pressure 
zone and has a large demand. As there are essentially no services on the transmission line, the analysis 
was limited to comparing the MDD to the pump station’s firm capacity as fire flows and peak hour demands 
will be served from the tank. As shown in Table 2-9, this pump station is well suited to meet current and 
estimated 2040 demands.  

The Ione WTP is slated recommended to be relocated to the Ione Reservoir; see Chapter 7 for more details. 
The Prison Pump Station will still be required when the Ione WTP is relocated as the Prison Tank is higher 
in elevation than the Ione Reservoir. However, when the Ione WTP is relocated, pump station improvements 
will be required as the suction pressure will increase with the new WTP at a higher elevation.  

The Wildflower Pump Station pumps water from the clearwell to the Wildflower Tank located on the 
southeast side of the City. This pump station is situated in the Wildflower residential development and has 
space for four pumps, but currently, only three pumps are installed. There are no services on the 
transmission line from the clearwell to the pump station or from the pump station to the tank. This tank 
supplies water to the majority of the City by area but serves approximately half of the total system demand. 
As there are no services on the transmission line, the analysis was limited to comparing the MDD to the 
pump station’s firm capacity as fire flows and peak hour demands will be served from the tank. As shown 
in Table 2-9, the MDD is approximately at the pump station’s firm capacity. A fourth pump should be 
installed in the near future. Most of the growth in this system will be located within the Wildflower Tank’s 
service area; this pump station will be in a deficit of approximately 1,000 gpm at the estimated 2040 
demands.  

The Wildflower Pump Station can potentially be displaced with the relocation of the Ione WTP to the Ione 
Reservoir, as the Wildflower Tank is lower in elevation than the Ione Reservoir. As the relocation and 
construction of the new Ione WTP may take several years, it is recommended to install the fourth pump in 
this pump station now and monitor demands in the Wildflower Tank service area. If max day demands in 
this service area exceed 85% of the pump station’s firm capacity prior to the Ione WTP relocation being 
completed, additional upgrades to this pump station may be needed.  
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TABLE 2‐9: AWS‐IONE PUMP STATION SUMMARY 

 

CAWP – The CAWP system has two large pump stations (Buckhorn Finish Water Pump Station and Mt. 
Crossman Pump Station) that are dedicated transmission pump stations to fill tanks. Several other smaller 
pump stations in this system are strategically placed to increase pressure to customers who would 
otherwise not be able to be served or would receive very low pressures. The Agency does not require these 
smaller pump stations to provide fire flow as their service areas are relatively small, their distribution piping 
is comprised of smaller piping, and fire flow is available relatively close by. The CAWP system also has one 
medium-sized pump station at Toma Lane to help boost flows and pressures during peak periods of use 
and fire flow. Table 2-10 provides a summary of the CAWP system booster pump stations and an analysis 
of their ability to meet current and future demands. 

Tanks A & B, Mace Meadows #2 Tank (private), and the Alpine #2 Tank are all filled by the Buckhorn Finish 
Water Pump Station. However, only a low water level in Tanks A & B call the pump station on. This control 
strategy potentially allows the Mace Meadows #2 and Alpine #2 to drain to lower levels, especially if there 
are large demands in their service areas (i.e., a fire). It is recommended that this operational strategy be 
corrected, so the Buckhorn Finish Water Pump Station be called on with a low water level in any of the 
three tanks.  

The Mt. Crossman Pump Station provides water to six small tanks, two of which are private. Similar to the 
Buckhorn Finish Water Pump Station, the Mt. Crossman pump station is only called on with a low water 
level in one of these tanks. Communication for controls is difficult in this area due to the mountains and 
thick forest. Another deficiency this pump station has is that there is only a single pump installed. It is 
recommended that the Agency install a second pump to provide a redundant supply to this large service 
area. 

A planned future project to consolidate the six small tanks fed by the Mt. Crossman Pump Station would 
include constructing a new larger storage tank (Mt. Crossman Tank) to service the whole Mt. Crossman 
area. When this project is completed, the controls issues will be resolved. Also, with the completion of this 
project, the Agency could ultimately abandon seven small tanks and the Ridgeway and Mace Drive Pump 
Stations. Upgrades to the Mt. Crossman Pump Station would be needed for this project as it would be 
pumping to a tank at a higher elevation. Land acquisition and funding challenges have delayed the 
implementation of these improvements. 

Capacity
1
(gpm) Capacity

1
 (gpm)

750 475

750 475

750 475

‐ ‐

2,250 1,425

1,500 950

834 933

N/A N/A

666 17

1,292 1,969

N/A N/A

208 (1,019)

‐

Prison Pump Station Delivery Analysis

1. Capaci ty for pumps taken from model  des ign points  or 

pump name plates .

2. Tota l  capacity with the largest pump offl ine. 

Wildflower Pump Station Delivery Analysis

1. Capaci ty for pumps  taken from model  des ign points  or 

pump name plates .

2. Tota l  capaci ty with the largest pump offl ine. 

2040 Delivery Surplus / (Deficit)

2040 PHD
3

2040 MDD
3

Pump 3

Pump 2

Pump 1

Pump 

2020 Delivery Surplus / (Deficit)

2020 PHD
3

2020 MDD
3

Firm Capacity
2

Total Capacity

2040 Delivery Surplus / (Deficit)

2040 PHD
3

2040 MDD
3

2020 Delivery Surplus / (Deficit)

2020 PHD
3

Pump 1

Pump 

2020 MDD
3

Firm Capacity
2

Total Capacity

Pump 2

Pump 3

Pump 4
4

3. Fi re flow and PHD can be del ivered by the Pri son Tank.  3. Fi re flow and PHD can be del ivered by the Wi ldflower Tank. 

4. There i s  space for a  fourth pump but, i t i s  not insta l led yet. 

Red Lines - 044
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TABLE 2‐10: CAWP PUMP STATION SUMMARY 

 

 

Pump Station Name
No. Of EDUs 

Served
No. of Pumps

Total 

Capacity
1 Firm Capacity

Fire 

Demands
2 MDD

3
PHD

3
MDD

3
PHD

3
Deficit

4 Notes

Buckhorn Finish Water
Whole 

System
2 3,600 1,800 N/A 1,081 1,805 1,289 2,153 0 Transmission only.

Mount Crossman
Mt. Crossman 

Service Area
1 410 0 N/A 156 261 191 318 191

Transmission only.  Highest priority for redundancy. 

Need for redundancy will be partially mitigated with 

Mt. Crossman Tank project.

Giuli (Julie)  8 1 200 0 N/A 2.1 3.4 2.1 3.5 100 There are hydrants nearby that could provide FF.

Mace Drive  16 1 100 0 N/A 3.4 5.6 3.9 6.6 100

There are hydrants nearby that could provide FF.  This 

pump station can be abandoned with Mt. Crossman 

Tank project. 

McKenzie 4 1 100 0 N/A 0.3 0.4 0.3 0.4 100 There is a hydrant nearby that could provide FF. 

Meadowbrook  10 1 100 0 N/A 1.3 2.2 1.3 2.2 100 There is a hydrant nearby that could provide FF. 

Pine Acres 7 1 100 0 N/A 1.8 3.0 1.8 3.0 100
There are hydrants nearby that could provide FF. This 

pump station is a backup to the gravity supply.  

Pine Needle 12 1 100 0 N/A 2.1 3.5 2.4 3.9 100 There is a hydrant nearby that could provide FF. 

Ridgeway  37 1 200 0 1,000 8.1 13.5 8.6 14.4 1,014
There are hydrants off this loop.  This pump station 

can be abandoned with the Mt. Crossman Tank 

Tank A & B 35 3 450 300 1,000 6.5 10.9 17.2 28.8 729

There are hydrants off this loop.  Current plans in 

place to expand pumping capacity.  Undersized pipes 

in system would need replaced to deliver FF.

Toma Lane 14 1 800 0 1,000 ‐ ‐ ‐ ‐ 1,000 This is a fire pump and is normally not operating.

3. MDD = Max Day Demand; PHD = Peak Hour Demand; the MDD to PHD factor i s  1.67 from the 24‐hour diurnal  curve developed for thi s  system. 

5. FF= Fire Flow

4. Defici t assumes  the MDD less  the fi rm capaci ty for the transmiss ion pump stations . For smal l  pump stations , the defici t i s  assumed to be the PHD + FF less  the fi rm capacity; i f fi rm capaci ty and FF Demands  are 0, then the defici t i s  assumed to be 

100 gpm as  the model  demands  do not account for peak ins tantaneous  flows  for smal l  systems . Grey'd out defici ts  indicate that the pump station i s  s lated for abandonment or the pump station i s  a  backup to normal  operating condi tions . 

2020 2040

Model Demands

1. Capaci ty taken from the model  pump des ign points . 

2. N/A indicates  that there is  a  hydrant nearby that could provide fi re flow to the customers  served from the pump s tation. 
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CAM – The Front System pressure zone has two booster pump stations (Site 6 and Site 12) that deliver 
water to this pressure zone. The Site 6 booster station has two duty pumps, and the Site 12 booster pump 
station has three duty pumps and a larger fire pump. Table 2-11 summarizes the pumps’ capacities and an 
analysis of their ability to meet current demands. The Front System’s booster stations are well-positioned 
to meet current max day plus fire flow and peak hour demands.  

The Back System is supplied by gravity flow from Tank 9 during normal operations. There is also a booster 
station at Site 10 equipped with two duty pumps and a larger fire pump that are called on during low 
pressure or fire flow events. Table 2-11 summarizes the zone’s delivery capacity and an analysis of its 
ability to meet current demands. Note, the gravity delivery capacity of Tank 9 is limited to the Back System’s 
max day demand with supplementing 115 gpm to the front system and maintaining 25 psi throughout the 
Back System. The Agency reported that historically, the Back System's supplemental supply to the Front 
System has been as high as 150 gpm. This supplemental flow rate will not be sustainable during max days 
and peak hour demands, especially as growth occurs. The delivery capacity of Tank 9 is currently limited 
by the pipe network’s lack of larger diameter mains and looping. The delivery deficit can be corrected by 
pipeline improvements discussed in other chapters of this report.  

The Agency’s plan for this system is to consolidate the system into a single pressure zone fed by gravity 
flow from the Tank 9 site. The system’s ability to meet max day plus fire flow and peak hour demands in 
2040 were evaluated with the hydraulic model and the pipe network, see Chapter 5. 

TABLE 2‐11: CAM BOOSTER PUMP STATION SUMMARY 

 

LaMel – This system has a single booster station comprised of a 3 hp pump and a 5 hp pump that service 
the whole system. Table 2-12 summarizes the pumps’ capacity and an analysis of their ability to meet 
current and future demands. This analysis shows that the pumps’ firm capacity cannot meet current 
domestic demands (i.e., PHD) or the Agency’s fire flow goal of 1,000 gpm during the MDD. It is 

Pump  Capacity
1
(gpm) Pump  Capacity

1
(gpm)

Pump 6‐1 240

Pump 6‐2 240

Pump 12‐1 550 Pump 10‐1 250

Pump 12‐2 550 Pump 10‐2 250

Pump 12‐3 550 Pump 10‐3 250

Pump 12‐Fire 1,125 Pump 10‐Fire 500

Total Capacity 3,255 Total Capacity 1,575

Firm Capacity
2

2,130 Firm Capacity
2

1,075

2020 MDD + FF 1,222 2020 MDD + FF 1,213

2020 PHD 370 2020 PHD 356

2020 Delivery Surplus / (Deficit) 908 2020 Delivery Surplus / (Deficit) (138)

3. Gravi ty capaci ty of Tank 9 i s  the Back System 2020 MDD 

plus  providing Si te 12 with 115 gpm whi le mainta ining 25 

ps i  throughout the pressure zone.

Front System Delivery Analysis Back System Delivery Analysis

1. Capacity for pumps  taken from Model  des ign points  or 

pump name plates .

2. Tota l  capaci ty with the largest pump offl ine. 

Tank 9 Gravity (2020MDD and 

Supply to Front System)
3  325

2. Tota l  capacity wi th the largest pump offl ine. 

1. Capaci ty for pumps  taken from Model  des ign points  or 

pump name plates .
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recommended that the Agency provide firm pumping capacity for the domestic demands (i.e., peak hour) 
and install a larger fire pump capable of delivering 1,000 gpm.   

TABLE 2‐12: LAMEL PUMP STATION SUMMARY 

 

2.6     STORAGE 

Each of the Agency’s systems have storage facilities to store treated water for use during peak hour, 
emergency, and fire flow demands. The Agency has three standard components for required storage: 1) 
33% of the MDD for peaking and operational storage, 2) 48 hours of the average day demand (ADD) for 
emergency storage, and 3) fire suppression storage. This section summarizes each system’s storage 
facilities and their ability to meet current and future storage requirements.  

AWS-Tanner – The Agency owns two storage facilities in this system: the Tanner Clearwell and the Trent 
Tank. In addition to these storage facilities, this system supplies water to the City of Jackson and the City 
of Plymouth wholesale customers’ storage tanks, which are individually responsible for storage within their 
respective jurisdictions. This analysis is limited to the Agency-owned storage facilities.  

The Tanner Clearwell is located at the Tanner WTP adjacent to the Agency’s headquarters. This is a 
ground-level storage facility with an aged hypalon cover that has passed its useful life. Although the 
clearwell is approximately 15 feet deep, the Agency reported that only the top 6 feet are available to offset 
system storage needs. If the hypalon cover descends more than 6 feet, there is a risk of damaging the 
cover and compromising the clearwell.  

The Trent Tank is located approximately three miles northeast of the WTP. It is a 350,000-gallon welded 
steel tank that is approximately 20 years old. The bottom panels of this tank have a bulge near the base of 
the tank (also referred to as elephant foot syndrome); see Figure 2-6. Rehabilitation of this tank is a 
possibility; however, the Agency has indicated that the preferred option is to replace the tank given the 
tank's age and cost to rehabilitate vs. replace. The service area of this tank has a storage requirement of 
just over 1.0 MG. However, supplemental storage from the clearwell is available to this tank via the Ridge 
Pump Station, which has an excess firm pumping capacity of 341 gpm.  

Year 2020 2040

3 hp Pump Capacity (gpm) 50 50

5 hp Pump Capacity (gpm) 250 250

Total Pumping Capacity (gpm) 300 300

Firm Capacity
1
 (gpm) 50 50

Peak Hour Demand
2 150 160

Capacity Surplus/ (Deficit ) (100) (110)

MDD + Fire Demand 1,031 1,033

Capacity Surplus/ (Deficit ) (981) (983)
1. Tota l  capaci ty with the largest pump offl ine

2. Peak hour demand based 4.84 times  the max day demand. 
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FIGURE 2‐6: TRENT TANK ELEPHANT FOOT SYNDROM 

 

Available storage is compared to the 2020 storage requirements in Table 2-13. Keller Associates agrees 
with the Agency staff’s recommendation to locate the majority of the needed storage at the clearwell site 
(rather than oversizing the Trent Tank) and utilize available pumping capacity to offset emergency storage 
requirements for the Trent Tank service area. Based on this approach, the clearwell service area (and the 
Tanner System as a whole) is in a storage deficit of about 2.2 MG.  

TABLE 2‐13: AWS‐TANNER 2020 STORAGE ANALYSIS 

 

 

Demands Trent Tank
4,5

Tanner Clearwell
6,7

Total
8

ADD (gpm) 169 537 ‐

MDD (gpm) 359 1,145 ‐

ADD (gpm) ‐ Plymouth and Jackson 665 ‐

MDD (gpm) ‐ Plymouth and Jackson 1,583 ‐

Peaking and Operational Storage
1

170,597 1,296,346 1,466,942

Emergency
2

486,720 1,546,560 2,033,280

Fire
3

360,000 360,000 360,000

Total Storage Required (rounded) 1,017,000 3,203,000 3,860,000

Total Storage Available (rounded) 919,000 1,330,000 1,680,000

Storage Surplus / (Deficiency) (98,000) (1,873,000) (2,180,000)

8. The tota l  s torage required includes  only one fi re s torage requi rement of 360,000 gal lons . 

Storage Analysis (all values in gal)

4. Trent Tank volume includes  a  fi re s torage credi t of 81,800 ga l lons  from the Ridge Pump Station's  excess  fi rm capacity (341 gpm for 4 

hours ).

6. Tanner Clearwel l  volume based on 6 feet of hypa lon cover travel .

3. Fi re flow stoarge based on 1500 gpm for 4 hours .

2. Emergency storage i s  48 hours  of the ADD. Does  not include Plymouth and Jackson demands.

1. Peaking and operational  s torage is  33% of the MDD. Includes  Plymouth and Jackson demands.

7. Tota l  s torage requi rement for the Clearwel l  ca lculated with Plymouth and Jackson peaking and operational  s torage requi rement but 

does  not include thei r emergency storage requi rement. 

5. Trent Tank volume includes  a  s torage credi t of  486,700 MG for emergency s torage as  the Ridge Pump Station's  fi rm capacity excceds  

the tanks  ADD.
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Keller Associates recommends that the Trent Tank be replaced with a 600,000-gallon tank, which is 
sufficient to cover the service area’s peaking/operational storage and the fire suppression storage. 
Emergency storage can continue to be supplied via the Ridge Pump Station. Table 2-14 compares the 
2040 storage requirements to the available storage (assuming a new 600,000-gallon Trent Tank 
replacement). The Tanner Clearwell is slated recommended to be replaced. The new clearwell volume 
should provide 4.0 MG (4.49 MG total required storage – 0.60 MG of new Trent Tank storage = 3.89 MG 
of needed clearwell storage – rounding up a nominal size of 4.0 MG) of distribution system storage in 
addition to the required treatment contact time and backwash volumes. Keller Associates recommends that 
this be met with two tanks to allow a measure of redundancy in the event that one of the tanks needs to be 
taken out of service for maintenance. 

TABLE 2‐14: AWS‐TANNER 2040 STORAGE ANALYSIS 

 

AWS-Ione – This system has three storage facilities: The Ione WTP Clearwell, the Wildflower Tank, and 
the Prison Tank. There are two pump stations, which deliver water from the clearwell to the Wildflower and 
Prison tanks, supplementing their storage. As all the flow serving the system comes from the Wildflower or 
Prison tanks, this analysis focuses on these two facilities. The clearwell is a ground-level storage facility 
with a hypalon cover. Although the clearwell is approximately 16 feet deep, the hypalon cover is limited to 
six feet of travel, limiting its effective storage. The clearwell’s effective storage for the 2020 analysis was 
split proportionally based on demands between the Wildflower and Prison tanks. Table 2-15 compares the 
available storage to the current storage requirements. Both service areas are currently in a storage deficit.  

Demands Trent Tank
4,5,6

Tanner Clearwell
7,8

Total
9

ADD (gpm) 169 636 ‐

MDD (gpm) 359 1,355 ‐

ADD (gpm) ‐ Plymouth and Jackson 882 ‐

MDD (gpm) ‐ Plymouth and Jackson 2,099 ‐

Peaking and Operational Storage
1

170,597 1,641,341 1,811,938

Emergency
2

486,720 1,831,680 2,318,400

Fire
3

360,000 360,000 360,000

Total Storage Required (rounded) 1,017,000 3,833,000 4,490,000

Total Storage Available (rounded) 1,169,000 1,330,000 1,930,000

Storage Surplus / (Deficiency) 152,000 (2,503,000) (2,560,000)

9. The tota l  s torage requi red includes  only one fi re s torage requirement of 360,000.

Storage Analysis (all values in gal)

3. Fi re flow s toarge based on 1500 gpm for 4 hours .

2. Emergency s torage i s  48 hours  of the ADD. Does  not include Plymouth and Jackson demands .

1. Peaking and operationa l  s torage is  33% of the MDD. Includes  Plymouth and Jackson demands .

4. Trent Tank volume includes  a  fi re s torage credit of 81,800 gal lons  from the Ridge Pump Station's  excess  fi rm capaci ty (341 gpm for 4 

hours ).

7. Tanner Clearwel l  volume based on 6 feet of hypa lon cover travel .

8. Tota l  s torage requirement for the Clearwel l  ca lculated wi th Plymouth and Jackson peaking and operationa l  s torage requi rement but 

does  not include thei r emergency s torage requi rement. 

5. Trent Tank volume includes  a  s torage credi t of  486,700 MG for emergency s torage as  the Ridge Pump Station's  fi rm capacity excceds  

the tanks  ADD.

6. Assumes  a  new 600,000 ga l lon tank has  replaced the exis ting Trent Tank. 
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TABLE 2‐15: AWS‐IONE 2020 STORAGE ANAYSIS 

 

The Ione WTP is undersized to meet the future demands of this system. The Agency’s preferred option for 
correcting this deficiency is to relocate the WTP to the Ione Reservoir southeast of town. For the 2040 
storage analysis of this system, it was assumed the existing Ione Clearwell would be abandoned. Also, with 
the relocation of the Ione WTP, the majority of the Brickyard development area could be served via a new 
pump station pulling water from the clearwell at the new Ione WTP. Thus, additional clearwell storage is 
also included in the 2040 storage analysis. Table 2-16 compares the available storage to the 2040 storage 
requirements. The Wildflower and Prison tank service areas are in a total storage deficit of approximately 
5.0 MG (2.40 MG Wildflower deficit + 2.95 MG Prison deficit – 0.36 MG single fire flow credit = 4.99 MG 
total deficit). It is recommended that an additional 5.0 MG of storage be constructed at the Prison Tank site. 
The Prison Tank site is higher in elevation and can service the Wildflower zone through several PRVs; for 
this reason, the additional 5.0 MG should be placed at this location so it can be available to either service 
area. The upper portion of the Brickyard development has a total storage requirement of over 1.0 MG. The 
new clearwell volume should provide 1.25 MG of distribution system storage in addition to the required 
treatment contact time and backwash volumes. 

Demands Wildflower Tank Prison Tank

ADD (gpm) 485 410

MDD (gpm) 933 834

Peaking and Operational Storage
1

443,362 396,317

Emergency
2

1,396,800 1,180,800

Fire
3

360,000 360,000

Total Storage Required (rounded) 2,200,000 1,937,000

Total Storage Available (rounded) 1,861,000 895,000

Storage Deficiency  (339,000) (1,042,000)

Storage Analysis (all values in gal)

5. Ione Clearwel l  volume based on 6 feet of hypolon cover travel .

4. The Ione Clearwel l  volume of 0.399 MG is  spl i t between the Wi ldflower and Pri son 

tanks  proportinal ly wi th the 2020 MDDs at 53% and 47% respectively.

3. Fi re flow stoarge based on 1500 gpm for 4 hours  for the Wi ldflower Tank, and 3000 

gpm for 2 hours  for the pri son in the Prison Tank.

2. Emergency s torage i s  48 hours  of the ADD. 

1. Peaking and operationa l  s torage is  33% of the MDD. 
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TABLE 2‐16: AWS‐IONE 2040 STORAGE ANALYSIS 

 

CAWP – The CAWP system currently supplies water to 24 distribution storage tanks. Four additional tanks 
located at the Buckhorn WTP are not counted in this section. The Agency owns the majority of these tanks; 
seven are owned by private entities, including the Mace Meadows tanks and the Pine Grove tanks. With 
the exception of the Mace Meadows 2, Alpine 2, and Madrone tanks, the remainder of the tanks are 
ultimately fed with water from Tanks A & B through transmission lines. Available storage is compared to 
current and future storage requirements in Table 2-17 and Table 2-18. The private tanks were included in 
this storage analysis as the Agency is contemplating plans to consolidate storage that could displace some 
of these tanks; also, the Sunset Heights tank and service area are owned by the Agency but is fed from the 
private Pine Grove tank.  For tanks that have a storage deficit, it should be noted that additional storage 
from upstream tanks can be supplied to offset a portion of their deficits.  

Demands Wildflower Tank Prison Tank
Additional 

Clearwell Volume
6

ADD (gpm) 956 932 198

MDD (gpm) 1,969 1,292 424

Peaking and Operational Storage
1

935,669 613,958 201,485

Emergency
2

2,753,280 2,684,160 570,240

Fire
3

360,000 360,000 360,000

Total Storage Required (rounded) 4,049,000 3,658,000 1,132,000

Total Storage Available (rounded) 1,650,000 707,000 0

Storage Deficiency  (2,399,000) (2,951,000) (1,132,000)

6. The additiona l  Clearwel l  volume i s  needed for servicing the upper portion of the Brickyard development. 

5. Ione Clearwel l  volume based on 6 feet of hypolon cover travel .

4. The Ione Clearwel l  volume of 0.399 MG was  assumed to be abandoned and not included in the 2040 

eva luation.

3. Fi re flow s toarge based on 1500 gpm for 4 hours  for the Wi ldflower Tank, and 3000 gpm for 2 hours  for the 

prison in the Pri son Tank.

2. Emergency s torage i s  48 hours  of the ADD. 

1. Peaking and operational  s torage i s  33% of the MDD. 

Storage Analysis (all values in gal)
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TABLE 2‐17: 2020 CAWP STORAGE ANALYSIS 

 

 

TABLE 2‐18: 2040 CAWP STORAGE ANALYSIS 

 

 

Tank
Ridgeway 

1 & 2
4 Franks  Rabb Park

Mace 

Meadows 

3 & 4

Mace 

Meadows 5

Tanks 

A & B
5

Mace 

Meadows 2
Alpine #2 Madrone

Tank C

(Abandoned)
6 Tank D Ranch House

Pine Acres 

1, 2, & 3
7

Jackson 

Pines

Pine 

Grove
8

Sunset 

Heights 

ADD (gpm) 14.1 20.4 7.2 30.6 7.7 135.0 8.7 44.2 16.9 ‐ 28.8 29.9 59.1 9.6 79.6 6.5

MDD (gpm) 30.1 43.4 15.3 67.2 16.9 293.5 19.0 94.5 36.1 ‐ 63.3 64.0 125.9 20.5 174.5 13.8

Fire Flow Demand (gpm) 1,000 1,000 1,000 1,000 1,000 1,500 1,000 1,000 1,000 ‐ 1,500 1,000 1,000 1,000 1,000 1,000

Peaking and Operational Storage
1

14,304 20,614 7,280 31,933 8,045 139,490 9,019 44,883 17,159 ‐ 30,080 30,399 59,818 9,746 82,927 6,548

Emergency
2

40,723 58,608 20,707 88,214 22,234 388,915 24,941 127,210 48,787 ‐ 82,858 85,968 170,266 27,734 229,248 18,634

Fire
3

120,000 120,000 120,000 120,000 120,000 360,000 120,000 120,000 120,000 ‐ 360,000 120,000 120,000 120,000 120,000 120,000

Total Storage Required (rounded) 175,000 199,200 148,000 240,100 150,300 888,400 154,000 292,100 185,900 ‐ 472,900 236,400 350,100 157,500 432,200 145,200

Total Storage Available (rounded) 84,300 23,000 37,300 159,500 103,700 1,876,400 23,300 129,400 49,000 ‐ 203,700 279,100 452,296 110,500 504,000 27,000

Additional Storage Needed / Supplemented 

from Upstream Storage (rounded)
90,700 176,200 110,700 80,600 46,600 0 130,700 162,700 136,900 ‐ 269,200 0 0 47,000 0 118,200

Storage Analysis

1. Peaking and operational  s torage i s  33% of the MDD. 

2. Emergency storage is  48 hours  of the ADD. 

3. Fi re  Storage is  the fi re demand for 2 hours , except for the Tanks  A&B and Tank D where i t i s  for 4 hours . 

4. Assumes Ridgeway 1 Tank (redwood) has  been replaced with the planned new welded steel  Tank (CAWP Redwood Tanks  Retrofi t Project).

5. Assumes the exis ting Tanks  A & B have been replaced with two new welded s teel  tanks  (Pioneer Water Rehabi l i tation Phase III ). Demands  for the Tank C service area are included as  i t i s  assumed Tank C has  been abandoned. 

6. Assumes Tank C is  abandoned (Pioneer Water Rehabi l i tation Project Phase II). 

7. Assumes the Pine Acres  Tanks  1 & 2 (redwood) have been replaced with the planned s ingle new welded steel  tank (CAWP Redwood Tanks  Retrofi t Project).

8. Assumes the Pine Grove Tanks  have been replaced wi th a  s ingle new welded steel  tank (Water Storage Tanks  Replacement Project). 

Tank
Ridgeway 

1 & 2
4 Franks  Rabb Park

Mace 

Meadows 

3 & 4

Mace 

Meadows 5

Tanks 

A & B
5

Mace 

Meadows 2
Alpine #2

6
Madrone

7
Tank C

(Abandoned)
8 Tank D

12 Ranch House
Pine Acres 

1, 2, & 3
9

Jackson 

Pines

Pine 

Grove
10

Sunset 

Heights
11

ADD (gpm) 17.3 22.5 7.2 33.2 8.3 161.1 8.7 73.9 ‐ ‐ 41.9 33.5 91.9 10.3 93.0 ‐

MDD (gpm) 36.9 47.9 15.3 72.3 18.2 350.4 19.0 157.4 ‐ ‐ 91.7 71.8 196.0 21.9 203.3 ‐

Fire Flow Demand (gpm) 1,000 1,000 1,000 1,000 1,000 1,500 1,000 1,000 ‐ ‐ 1,500 1,000 1,000 1,000 1,000 ‐

Peaking and Operational Storage
1

17,525 22,762 7,290 34,366 8,658 166,486 9,019 74,796 ‐ ‐ 43,581 34,110 93,149 10,426 96,594 ‐

Emergency
2

49,766 64,685 20,765 95,587 23,962 463,882 24,941 212,890 ‐ ‐ 120,730 96,422 264,557 29,635 267,725 ‐

Fire
3

120,000 120,000 120,000 120,000 120,000 360,000 120,000 120,000 ‐ ‐ 360,000 120,000 120,000 120,000 120,000 ‐

Total Storage Required (rounded) 187,300 207,400 148,100 250,000 152,600 990,400 154,000 407,700 ‐ ‐ 524,300 250,500 477,700 160,100 484,300 ‐

Total Storage Available (rounded) 84,300 23,000 37,300 159,500 103,700 1,876,400 23,300 129,400 ‐ ‐ 203,700 279,100 452,296 110,500 504,000 ‐

Additional Storage Needed / Supplemented 

from Upstream Storage (rounded)
103,000 184,400 110,800 90,500 48,900 0 130,700 278,300 ‐ ‐ 320,600 0 25,404 49,600 0 ‐

Storage Analysis

1. Peaking and operational  s torage is  33% of the MDD. 

2. Emergency s torage is  48 hours  of the ADD. 

3. Fi re Storage is  the fi re demand for 2 hours , except for the Tanks  A&B and Tank D where i t i s  for 4 hours . 

4. Assumes Ridgeway 1 Tank (redwood) has  been replaced with the planned new welded s teel  Tank (CAWP Redwood Tanks  Retrofi t Project).

5. Assumes the exi sting Tanks  A & B have been replaced with two new welded s teel  tanks  (Pioneer Water Rehabi l i ta tion Phase III ). Demands  for the Tank C servi ce area are included as  i t i s  as sumed Tank C has  been abandoned. 

6. Demands  for the Madrone servi ce area  are included as  i t i s  assumed that the Madrone Tank is  abandoned by 2040.

7. Assumes the Madrone Tank has  been abandoned by 2040.

8. Assumes Tank C is  abandoned (Pioneer Water Rehabi l i tation Project Phase II ). 

9. Assumes the Pine Acres  Tanks  1  & 2 (redwood) have been replaced with the planned s ingle new welded s teel  tank (CAWP Redwood Tanks  Retrofi t Project).

10. Assumes  the Pine Grove Tanks  have been replaced with a  s ingle new welded s teel  tank (Water Storage Tanks  Replacement Project). Demands  for the Sunset Heights  servi ce area  are included as  i t i s  assumed that the Sunset Heights  tank has  been abandoned by 2040. 

11. Assumes  the Sunset Heights  Tank has  been abandoned by 2040. 

12. Tank D includes  the Riverview demands for the 2040 scenario as  the tank wi l l  be relocated so the Riverview area can be taken off the CAWP trans is s ion main. 
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As mentioned in the pump station summary, the Agency’s goal is to consolidate the small storage tanks in 
the Mt. Crossman service area. This includes the Ridgeway 1 & 2; Franks; Rabb Park; Mace Meadows 3, 
4, & 5 tanks, and the recently abandoned CAWP Tank. These storage tanks could be displaced with a new 
500,000-gallon storage tank. To displace these seven storage tanks several distribution system 
improvements such as PRVs and waterline looping are needed. Chapter 5 discusses these improvements 
in more detail. Also mentioned previously, land acquisition and funding challenges will need to be 
addressed before proceeding with this project.  

The Alpine service area is served by the Alpine #2 Tank and the Madrone Tank. The Madrone Tank is 
downstream of the Alpine #2 tank and can be displaced with the installation of a PRV, discussed in Chapter 
5.  The total Alpine service area has a 2040 deficit of over 275,000 gallons with the exclusion of the Madrone 
Tank volume. This deficit can be overcome with excess storage in Tanks A & B through transmission 
improvements from the Tanks A & B zone to the Alpine #2 tank. These transmission improvements are also 
needed for improving available fire flow in the Tanks A & B zone. As these waterline improvements benefit 
both zones, it is recommended to improve the transmission from the Tanks A & B zone to the Alpine #2 
tank rather than constructing additional storage at the Alpine #2 site. If additional storage were constructed 
rather than improving the transmission, an additional 300,000 gallons would be needed.  

The Tank D service area is served by Tank D. This tank is in poor condition and needs replaced; it also has 
a current and future storage deficit. This service area has a total 2040 storage requirement of 524,300 
gallons (this requirement includes the demands in the Riverview area that is slated recommended to be 
removed from the CAWP transmission main and serviced from Tank D). It is recommended that this tank 
be replaced with a new 600,000-gallon tank. The location of this proposed new tank is discussed in Chapter 
5. 

The Ranch House service area is served by the Ranch House tank that is oversized. This tank was built 
too large for development that never occurred and is very unlikely to occur within the planning period. This 
tank also has a hypalon liner and cover that has surpassed its useful life. This tank needs replaced in its 
entirety. This service area has a 2040 storage requirement of just over 250,000. The existing storage tank 
is operated at a lower level that corresponds to approximately 280,000 gallons of storage. It is 
recommended to replace this with a new 280,000-gallon tank.  

The Pine Acres service area is served by two Pine Acres Tanks. The Agency constructed a replacement 
tank of the Pine Acres Tanks 1 & 2 (redwood tanks) in 2020. The total storage available is sufficient to meet 
the storage needs of this service area in 2020. However, there is a storage deficit of approximately 25,000 
gallons in 2040. This storage deficit is less than 20 gpm and can be met with supply from the CAWP main. 
No additional storage at this location is recommended.  

The Jackson Pines service area is served by the Jackson Pines tank that has the same concerns as the 
Ranch House tank (oversized and an old hypalon liner and cover). This service area has a 2040 storage 
requirement of just over 160,000 gallons. Although unlikely, if the canal users discussed in Chapter 1 were 
to be incorporated into the CAWP system, this tank would be used to serve that area, bringing the total 
storage requirement in 2040 to close to 200,000 gallons. Where the storage requirement has exceeded 
150,000 gallons, and there is a chance for plannedfuture growth in this service area, it is recommended 
that a new 200,000-gal tank be constructed to replace the Jackson Pines Tank.  

The Sunset Heights service area is served by the Sunset Heights tank. This is a small tank that has a 2020 
storage deficit of over 100,000 gallons. The upstream private Pine Grove Tank has sufficient storage to 
service the Sunset Heights service area. For this reason, it is recommended that the Sunset Heights tank 
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be abandoned. Note: distribution system improvements (i.e., PRVs, and waterline looping) are needed to 
abandon this tank. These improvements are discussed in further detail in Chapter 5.  

CAM – The CAM system has five operational storage tanks, four of which are old redwood tanks. Tank 9 
is a newer welded steel tank. The capacity of each of these tanks is provided in Table 2-19. The old redwood 
tanks had hypalon liners installed in 2013 to reduce the leaking. Even with the hypalon liners, all of the 
redwood tanks still leak, contributing to this system having the highest water loss. Figure 2-7 shows typical 
leaking of these redwood tanks. Keller Associates recommends that the existing redwood tanks be 
abandoned, and that additional storage be completed.  The most cost-effective location for the additional 
storage is at the existing Tank 9 site. An alternative storage location for this system is discussed in Chapter 
5.  

TABLE 2‐19: CAM TANK STORAGE CAPACITY SUMMARY 

 

 

FIGURE 2‐7: CAM LEAKY REDWOOD TANKS 

 

 

 

Tank Zone Storage Capacity (gal)

Tank #6 Front System 10,400

Tank #12A Front System 114,500

Tank #12B Front System 114,500

Tank #9 Back System 488,300

Tank #10 Back System 148,500

Total Storage Capacity ‐ 876,200
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Table 2-20 and Table 2-21 show the total available storage for current and future conditions compared to 
the required storage. The storage deficit shown for the Front System can partially be overcome by using 
the Back System to supply water to the Site 12 tanks. The Agency reported that approximately 150 gpm 
from the Back System can be supplied to the Front System. Note: this supplemental flow from the back 
system is limited during maximum days and peak hour demands and it will become increasingly difficult to 
count on this supplemental flow as growth in this system continues. As mentioned previously, the Agency 
Agency’s goal is to abandon the redwood tanks in this system as they are undersized and leaking. In 
addition to abandoning the redwood tanks, the Agency would like to combine the two zones into a single 
pressure zone fed by gravity from the Tank #9 site. Under current conditions, without the redwood tanks, 
the only storage available would be from Tank #9, and the whole system would have a storage deficit of 
approximately 300,000 gallons. Future demands show that with only Tank #9, the entire system would have 
a storage deficit of just over 1.25 MG. It is recommended that an additional 1.5 MG of storage be 
constructed at the Tank #9 site to overcome the current storage deficit and accommodate plannedfuture 
growth. Note: distribution system looping pipeline projects are needed to make this storage available to the 
entire system (see Chapter 5 for a discussion on these pipeline projects).  

TABLE 2‐20: CAM 2020 STORAGE ANALYSIS 

 

TABLE 2‐21: CAM 2040 STORAGE ANALYSIS 

 

Demands Front System Back System Total

ADD (gpm) 81 78 159

MDD (gpm) 222 213 435

Peaking and Operational Storage
1

105,319 101,156 206,474

Emergency
2

233,942 224,554 458,496

Fire
3

120,000 120,000 120,000

Total Storage Required (rounded) 459,300 445,700 785,000

Total Storage Available (rounded) 239,400 636,800 876,200

Storage Surplus / (Deficiency) (219,900) 191,100 91,200

Total Storage Available w/out Redwood Tanks (rounded)
4 0 488,300 488,300

Storage Surplus / (Deficiency) w/out Redwood Tanks
4

(459,300) 42,600 (296,700)

4. Assumes  the old redwood tanks  have been abandoned. 

3. Fi re s torage i s  1,000 gpm for two hours . 

Storage Analysis (all values in gal)

1. Peaking and operational  s torage i s  33% of the MDD. 

2. Emergency s torage i s  48 hours  of the ADD. 

Demands Total System

ADD (gpm) 384

MDD (gpm) 1,079

Peaking and Operational Storage
1

512,765

Emergency
2

1,105,718

Fire
3

120,000

Total Storage Required (rounded) 1,738,500

Total Storage Available (rounded)
4

488,300

Storage Surplus / (Deficiency) (Rounded) (1,250,200)
1. Peaking and operational  s torage i s  33% of the MDD. 

4. Assumes  the old redwood tanks  have been abandoned. 

2. Emergency s torage i s  48 hours  of the ADD. 

3. Fi re s torage i s  1,000 gpm for two hours . 

Storage Analysis (all values in gal)
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LaMel – This system has a single bolted steel tank with a capacity of approximately 97,000 gallons. This is 
the Agency’s smallest system with minimal growth expected over the planning period. Table 2-22 compares 
the available storage to current and future storage requirements. This system is in a storage deficit of 
approximately 67,000 gallons. An additional storage volume of 70,000 gallons is recommended to meet the 
target fire storage.  

TABLE 2‐22: LAMEL 2020 & 2040 STORAGE ANALYSIS 

 

2.7     EXISTING DISTRIBUTION SYSTEM PIPING  

The five distribution systems range from a small community water system servicing 55 customers to large 
systems servicing multiple cities, communities, and large users. The distribution system piping for each of 
these systems is summarized in Table 2-23Table 2-27 through Table 2-27. An analysis of the existing 
distribution system’s capacity was completed using a hydraulic model and is provided in Chapter 4. 

TABLE 2‐23: AWS‐TANNER DISTRIBUTION PIPE SUMMARY 

 

 

Demands 2020 2020

ADD (gpm) 10 10

MDD (gpm) 31 33

Peaking and Operational Storage
1

14,731 15,682

Emergency
2

28,800 28,800

Fire
3

120,000 120,000

Total Storage Required (rounded) 163,500 164,500

Total Storage Available (rounded) 97,300 97,300

Storage Surplus / (Deficiency) (66,200) (67,200)

Storage Analysis (all values in gal)

LaMel Storage Analysis

3. Fi re Storage i s  1,000 gpm for two hours . 

2. Emergency s torage i s  48 hours  of the ADD. 

1. Peaking and operational  s torage i s  33% of the MDD. 
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TABLE 2‐24: AWS‐IONE DISTRIBUTION PIPE SUMMARY 

 

 

TABLE 2‐25: CAWP DISTRIBUTION PIPE SUMMARY 

 

 

TABLE 2‐26: CAM DISTRIBUTION PIPE SUMMARY 
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TABLE 2‐27: LAMEL DISTRIBUTION PIPE SUMMARY 

 

2.8     ANNUAL SYSTEM REPLACEMENT BUDGETS  

Annual replacement budgets were estimated for the following system components: 
1. Water Service Meters 
2. Fire Hydrants 
3. Wells 
4. Pump Stations 
5. Storage Tanks 
6. Pipelines 
7. Water Treatment Plants 

The annual cost of each component was estimated by dividing the total component replacement cost by 
the approximate useful life of the component. For the water treatment plants, the annual replacement 
budget was assumed to be approximately 1.5% of the replacement budget.  A summary of the annual 
replacement budget is provided in Table 2-28. Appendix E includes breakdowns of how each cost was 
estimated as well as the AWA Capital Asset Policy that was used to estimate the useful life of the system 
components. Several components are identified in the CIP to be replaced and/or abandoned as discussed 
in Chapter 8. These components were not included when estimating the annual replacement budget.  
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TABLE 2‐28 ANNUAL REPLACEMENT BUDGET 

 

As shown, the total annual replacement budget is approximately $10.12 million. To mitigate potential rate 
increases necessary to fully fund the needed replacement budget, replacement budgets can be phased in 
over time.  If phasing replacement budgets, Keller Associates recommends prioritizing meter, well, pump 
station, storage tank, and WTP budgets over distribution piping and hydrant improvements. Additionally, 
the Agency may choose to use annual replacement budgets to assist in funding priority projects identified 
in the capital improvement plan. 

Meters – The Agency owns and maintains approximately 7,800 water meters. In the Amador Water Agency 
Capital Asset Policy, a typical life of 15-years was given to water meters. Using the typical meter life, it is 
estimated that the Agency will need to replace 260 water meters per year. The original service lines in the 
CAM system are in poor condition and are leaking. The Agency has been replacing these service lines over 
the years. There are 353 original service lines still to be replaced. Replacement of these services is 
recommended in the capital improvement plan under project CAM-1A.1 in Chapter 8. Targeting the 
replacement of these 353 water meters first may result in a combined lower cost than replacing the meter 
and service line separately.  

Hydrants - The Agency owns and maintains approximately 1,600 hydrants. In the Amador Water Agency 
Capital Asset Policy, a typical life of 30-years was given to hydrants. Using the typical hydrant life, it is 
estimated that the Agency will need to replace 53 hydrants per year. Many of the existing hydrants are 
wharf type hydrants or stand pipes. It is recommended that the Agency target replacing these hydrants first 
with steamer hydrants. It was also assumed that approximately half the existing hydrants are dry barrel 
type hydrants, with the other half of hydrants being wet barrel hydrant. In addition, AWWA M17 
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recommends that hydrants be inspected and exercised annually to identify hydrants that need to be 
repaired or replaced. 

Wells – The Agency currently operates six wells: two in the LaMel system and the remaining four in the 
CAM system. Typical well replacement budgets and activities (pump, building, well hole rehab, etc.) are 
listed in Appendix E, along with assigned useful lives according to the AWA Capital Asset Policy adopted 
in 2020. A total replacement cost was estimated for each replacement activity and used to approximate the 
annual replacement budget for the Agency’s wells. The recommended annual well replacement budget is 
$65,000. 

Pump Stations – There are currently 12 operating pump stations maintained by the Agency. These pump 
stations vary widely in size and pumping capacity. As such, the replacement costs of the pump stations 
also vary with the size of the equipment. As shown in Table 2-28, the pump stations were divided into four 
sizes: very small, small, medium, and large. This allowed replacement costs to be more accurately 
estimated for each pump station size. Similar to the annual well replacement budgets, typical booster station 
replacement activities were summarized for each pump station size. The annual pump station replacement 
budget was approximated for each pump station using estimated useful lives and replacement costs. A part 
of this budget included site work to provide fencing at each site. The total recommended pump station 
replacement budget is $122,000 per year. The complete breakdown of the recommended annual pump 
station replacement budget is provided in Appendix E. 

Storage Tanks – The Agency owns a few dozen distribution water storage tanks ranging in capacity from 
20,000 gallons to 2,000,000 gallons. Similar to the pump stations, the storage tanks were divided into three 
sizes: small, medium, and large, based on tank volume. Grouping the tanks by size allows for the 
replacement budgets to be estimated more accurately. By estimating the useful life and cost of typical 
storage tank replacement activities, annual preventative maintenance budgets were estimated for each 
tank size. A part of this budget included site work to provide fencing at each site. The total recommended 
annual storage tank preventative maintenance budget is $241,000. A breakdown of the recommended 
storage tank replacement budget and typical replacement activities is provided in Appendix E. 

Pipeline Replacements – The pipelines for each water system were summarized by size and material, as 
presented in Table 2-23 through Table 2-27. In accordance with the AWA Capital Asset Policy, an 80-year 
useful life for pipelines was used to estimate the required length of pipe to be replaced each year. The 
annual pipeline replacement budget was estimated by adding approximate pipe installation and road repair 
costs with other construction costs (mobilization, contingency, engineering, permitting, etc.). These items 
were used to estimate the total installed pipe cost per linear foot for each pipe size. It was assumed that 
half the pipeline replacement project could be coordinated with road repair projects. Therefore, the road 
repair cost was only applied to 50% of the pipeline replacements. It was also assumed that all 3-inch, 4-
inch, and 6-inch diameter pipelines are replaced with 8-inch pipelines that will be capable of providing the 
minimum required fire flows. The total recommended annual pipeline replacement budget is $7,2162,000. 
A sample of the pipeline replacement costs for the AWS-Tanner system is presented in Table 2-29. The 
pipeline replacement costs tables for the other systems (including the raw pipelines) are provided in 
Appendix E. 
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TABLE 2‐29 AWS‐TANNER DISTRIBUTION SYSTEM ANNUAL REPLACEMENT BUDGET 
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The estimated $7.23 million annual pipeline replacement budget replaces approximately 12,800 ft (2.4 
miles) of pipe each year. Depending on funding constraints, the pipeline replacement budget can be phased 
in over time.  The pipes identified in the CIP projects were not included in total pipe lengths used to calculate 
the annual pipeline replacement budget.  

Keller Associates recommends that the Agency prioritize pipeline replacement activities based on risk and 
cost/benefit considerations. Higher risk pipelines include older pipelines and pipe materials with known 
issues (i.e., cast iron (CI), cast lined (CL), and asbestos cement (AC) pipelines). Other risk considerations 
may include the number of users impacted in the event of a failure.  Cost/benefit considerations include fire 
protection and transmission improvements as well as potential cost savings that can be realized by 
coordinating the project with other planned improvements such as a roadway project.   

Water Treatment Plant Replacements – The WTP short-lived replacement budgets were estimated based 
on the plant’s approximate construction costs (estimated at $13 to $15 per gallon of capacity, depending 
on the size). This cost was used to estimate the total WTP cost of the Ione, Tanner, and Buckhorn WTPs. 
LaMel is being replaced as a capital improvement project and was not included in this evaluation. Based 
on Keller Associates’ experience with other treatment plants, the annual WTP short-lived replacement 
budget is approximately 1.5% of the total WTP replacement cost. This results in a total WTP annual short-
lived replacement budget of approximately $1.9 million. The annual WTP replacement budget is provided 
in Table 2-30.  Keller Associates recommends that as part of future, more detailed evaluations of the 
treatment plants, the short-lived asset replacement budgets should be refined. 

TABLE 2‐30 ANNUAL WTP REPLACEMENT BUDGET 

 

Preventative Maintenance – Fire hydrant flushing and valve exercising are important to maintain and 
identify components that need replaced. Keller Associates’ recommends the Agency inspect and exercise 
hydrants annually as directed in AWWA M17. In addition, the State Water Resource Control Board directs 
that valves should be exercised every other year. All metal transmission pipelines and storage tanks will 
also need cathodic protection to prevent corrosion. The transmission lines and storage tanks identified by 
the Agency without cathodic protection are included as capital improvement projects in Chapter 8. The 
cathodic protection installed in these projects, and any existing cathodic protection will need to be 
maintained in order to continue preventing corrosion of the metal pipelines and storage tanks. 
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 Model Development and Calibration 

This chapter includes a description of the computer model development, loading, and calibration used for 
the existing and future analysis of each distribution system. Results of the existing and future evaluations 
can be found in the following chapters.  

 

3.1     MODEL DEVELOPMENT 

The Agency maintains a computer hydraulic model of each of the five systems. These modes are in an 
H20NET format from Innovyze. This is a hydraulic modeling software that works with a CAD drawing of the 
water system and a database file that stores the hydraulic modeling information. Innovyze has more 
recently been developing a newer hydraulic modeling software called InfoWater Pro that runs within ESRI’s 
ArcGIS Pro as apposed to a CAD drawing. Keller Associates converted the Agency’s exiting H20NET 
models to InfoWater Pro and utilized this software for the evaluation of each system.  

Several general identifying characteristics for model features (reservoirs, tanks, pumps, junctions, pipes, 
and valves) were missing in the new InfoWater Pro models such as pipe material, pressure zone 
designations, year of installation/retirement. Keller Associates utilized the Agency’s current CAD records to 
assign pipe material to the existing pipes and also checked that the model pipe diameters matched the 
CAD records. Pressure zone designations were added to pipes and junctions. The model scenario facilities 
(what part of the system is active for that scenario) are queried based on the year of installation and 
retirement. See Appendix F for year of installation and year of retirement assignments for the queries. The 
year of installation and retirement format should be maintained in the models moving forward to preserve 
the model scenarios. Alternatively, if the Agency starts tracking year of installation and retirement specific 
years could be incorporated into the model, knowing that the queries that define the facilities would need 
adjusted.  

Many other model information fields were added to aid in performing queries and selections for convenience 
in working with the models. For example, a water type designation (potable or raw) was assigned to all the 
pipes and junctions in the AWS model as there were several stretches of raw water pipes with raw water 
demands. Another example is in the CAM model; an information field of Front System or Back System was 
included to aid in quantifying demands for each sub-area within the CAM system. 

 

3.2     WHOLESALE SYSTEM MODELED AND NOT MODELED  

As mentioned in Chapter 1, the Agency provides water to serval finished water wholesale customers. These 
wholesale customers include the First Mace Meadow Water Association, the Pine Grove Community 
Services District, Drytown County Water District, the City of Jackson, and the City of Plymouth. These 
customers are served at the end of a water line or dedicated transmission lines except for the Pine Grove 
Community Services District. This evaluation only modeled up to the delivery point for each of these 
wholesale customers (i.e. the distribution system of these customers was not modeled) with the exception 
of the Pine Grove Community Services District. 

The Pine Grove Community Services District’s water distribution system was included in the CAWP model 
as a small portion of the Agency owned system, referred to as the Sunset Heights service area, is fed off 
the Pine Grove distribution system, see Figure 3-1. It was necessary to include the Pine Grove distribution 
system to accurately model the Sunset Heights service area. Model development in the Pine Grove 
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system’s distribution system was minimal, only including the addition of information such as year of 
install/retirement and pressure zone designations. An evaluation of the Pine Grove distribution system (i.e. 
high/low pressures, available fire flow, etc.) was not completed, although transmission through the Pine 
Grove system was considered when evaluating the Sunset Heights service area.  

FIGURE 3‐1: SUNSET HEIGHTS SERVICE AREA FED FROM PINE GROVE DISTRIBUTION 

 

3.3     MODEL LOADS 

A summary of the existing and future demands for each system was provided in Chapter 1. The 2020 and 
2040 ADD, MDD, and PHD were loaded into each model. This section provides a description of how the 
model demands were loaded.  

The Agency’s CAD records include a water meters layer. CAD also designates the difference between 
meters on the Agency’s system, meters on the Agency’s system that were empty (i.e. no customer or an 
empty lot), and meters within wholesale customer’s jurisdictions. This layer was exported to GIS and 
assigned attributes for which type of meter. Aerial imagery was used to identify and assign commercial 
meters for the CAWP and AWS (Ione and Tanner) systems. Usage data from the Agency identified the 
number of commercial customers in each system. The number of meters assigned commercial designations 
based on aerial imagery agreed well with the number of commercial users identified in the usage data (i.e.in 
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the CAWP system, there were 73 commercial meters assigned based on aerial imagery compared to 72 
customers identified in the usage data in 2019).  

The 2020 demands were spread evenly between the meters for each use and location with the exception 
of a few key large users in the AWS systems including: the Mule Creek Correctional Facility; the Jackson 
Rancheria Casino; CAL FIRE Academy; Specialty Granules, and the wholesale customers of Jackson; 
Plymouth; and Drytown. The wholesale users and the Mule Creek Correctional Facility were assigned 
demands based on projected demands. The other large customers’ demands were assigned based on 3 
years of past usage. The evenly spread demands assigned to the meters shapefile was used with the 
Allocation Manager tool in the modeling software to assign the demands to the closest model junction. A 
visual illustration of this is provided in Figure 3-1. The larger user demands were assigned to the appropriate 
model junction manually.  

FIGURE 3‐2: MODEL LOADING WITH CLOSET JUNCTION METHOD 

 

Future 2040 demands were loaded to the model in the same manner as described for the 2020 demands 
except that new growth areas without meter coverage was spread evenly on the future junctions within the 
growth area.  

Keller Associates feels that the allocation method used is accurate and acceptable for planning purposes. 
To obtain higher accuracy in model loading, the Agency could make an effort to accurately track each 
meter’s use with a unique identifier such as physical address, assessor’s parcel number, or meter ID that 
could be linked to a meter shapefile that has the same unique identifier. 

 

3.4     MODEL CALIBRATION 

For a detailed discussion of the model calibration refer to Appendix G.  
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 Existing Distribution Hydraulic Evaluation 

This chapter includes a summary of the existing 2020 distribution systems’ hydraulic evaluation to meet 
pressure, pipe velocity, and fire flow requirements under current demands. This evaluation was completed 
with the hydraulic models that were developed, loaded, and calibrated, as described in Chapter 3. 

The planning criteria for pressure, pipe velocity, and fire flow are provided in Chapter 1 (Section 1.6). Some 
of the Agency’s systems are in mountainous terrain; thus, keeping pressures below 100 psi and above 40 
psi is not always practical. When pressures are over 80 psi, the Agency requires customers to provide 
individual pressure reducers on their service line. When pressures are below 40 psi, the Agency requires 
customers to provide individual booster pumps on their service line. The majority of the discussion in this 
chapter pertains to the systems’ ability to meet minimum pressures of 40 psi during peak hour demands 
(PHD), and target fire flows under maximum day demands (MDD). The target fire flow for residential areas 
is 1,000 gpm and the target fire flow for commercial areas is 1,500 gpm for a duration of 2 hours and 4 
hours, respectively. Where these fire flows are not available in areas of the Agency’s systems, the Agency 
has an interim goal of providing 500 gpm to corridors experiencing lower fire flows. Some of the Agency’s 
systems also have large quantities of small diameter distribution piping (e.g., diameters of 6-inches and 
smaller). Meeting the Agency’s fire flow planning criteria (Chapter 1, Section 1.6) is difficult with smaller 
distribution system piping. Note, realizing 500 gpm of fire protection at all locations in the systems with 
smaller diameter piping would require replacement of almost the entire system. For this study, corridors 
were identified where pipelines could strategically be upsized, making fire flow more available to the 
majority of the service area.  

 

4.1     AWS-TANNER 

The Tanner system's hydraulic model was exercised to evaluate pressures in the distribution system under 
PHD and available fire flow under MDD. The system PHD (peak hour demand) pressures are shown in 
Figure 4-1. Pipe velocities during PHD are under 6 ft/sec in this system. There are several locations with 
pressures under 40 psi, mostly at tank inlet/outlets, pump suction lines, downstream sides of PRVs, and on 
raw water lines. These are acceptable as there are not services adjacent to these locations. There are 
several other locations with less than 40 psi that do serve customers. This includes the location just 
downstream of the WTP that serves a couple of homes who reportedly received permission for these 
connections knowing their pressures would be low. Another location is on the Sutter Ione Road. This is 
more of a transmission line to a small community lower in elevation and has adequate pressure at their 
actual service location. The last location is seen in Amador City at a service at the top of Bunker Hill Road.  

The MDD available fire flows are shown in Figure 4-2. There are several locations with less than 500 gpm 
of available fire flow. The western half of Amador City has approximately 200-300 gpm of available fire flow. 
The fire flow in this area is limited due to a handful of individual services located at higher elevations; 
maintaining residual pressure (>20 psi) at these services limits this area’s fire flow. Several locations in the 
center of this system have less than 500 gpm of available fire flow. These areas with low available fire flows 
are limited due to pipelines with smaller diameters (i.e., 6-inches and less), lack of system looping, and 
pipes in poor condition with low friction factors. The Trent Pump station service area has an available fire 
flow of less than 500 gpm; this is due to the lack of fire pumping capacity at the pump station (see Chapter 
2).   
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FIGURE 4‐1: TANNER 2020 PHD PRESSURES 
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FIGURE 4‐2: TANNER 2020 MDD AVAILABLE FIRE FLOWS 
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4.2     AWS-IONE 

The Ione system's hydraulic model was exercised to evaluate pressures in the distribution system under 
PHD and available fire flow under MDD. Pressures during PHD are shown in Figure 4-3. Velocities in this 
system under PHD are below 6 ft/sec. Low-pressure is noted near the Wildflower and Prison Tanks, but 
there are currently no services adjacent to these tanks. Low pressures were also observed in the downtown 
area along Summit Street. The low pressures along this road are observed in the transmission pipeline 
from the Wildflower Tank pressure zone; however, services along the low-pressure corridor are fed from a 
parallel line from the Prison Tank pressure zone, which provides adequate pressure. Pressures below 40 
psi are also seen on, and around, Oak Ridge Drive. This area is at the further end of the pressure zone 
from the tank and has some of the higher elevations in this zone. There are two PRVs near this area that 
can open to supplement the Wildflower Tank zone from the Prison Tank zone, but their setting cannot be 
increased without the Prison Tank zone dumping excessively into the Wildflower Tank zone during peak 
periods of use (or overflowing the Wildflower Tank during lower demand periods).  

FIGURE 4‐3: IONE 2020 PHD PRESSURES 

 

The available fire flow under MDD is shown in Figure 4-4. Fire flow is generally over 1,000 gpm in most 
areas of this system, with a few exceptions. The downtown area has several locations where dead-end 
lines or smaller pipes (i.e., 6-inches and less) restrict the available fire flow. Less than 500 gpm is available 
at the end of Oak Ridge Drive (due to the low pressures in this area discussed previously) and on the 
Plymouth Highway and Raymond Drive (due to piping 6-inches in diameter and less). A single 6-inch line 
heads northwest out of town towards the Eagles Nest area that has available fire flows less than 500 gpm. 
Providing 500+ gpm of fire flow off a single 6-inch line with this length is not possible; at least a portion of 
the 6-inch transmission main would need to be replaced to realize 500 gpm available fire flows.  
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FIGURE 4‐4: IONE 2020 MDD AVAILABLE FIRE FLOWS 

 

4.3     CAWP 

The hydraulic model of the CAWP system was exercised to evaluate pressures in the distribution system 
under PHD and available fire flow under MDD. At the time of this analysis, several projects in this system 
were under construction or anticipated to be constructed soon. These include the replacement of Tanks A 
& B (Pioneer Rehabilitation Project Phase III), improved transmission from Tank A & B (Pioneer 
Rehabilitation Project Phase II & III), replacement of Tank A & B Pump Station (Pioneer Rehabilitation 
Project Phase II), Abandonment of Tank C (Pioneer Rehabilitation Project Phase II), and the replacement 
of the redwood tanks at the Ridgway Pines and Pine Acres sites. For this study, these projects were 
assumed to be complete, and the model was updated to include the changes to the system from these 
projects.  

Velocities in this system under PHD are below 7 ft/sec except for at the Tank D PRV, Cedar Mill PRV, and 
Red Corral PRV on the CAWP main, where it is upwards of 20 ft/sec. These are 4-inch valves on the 10-
inch transmission line. These 4-inch bottlenecks need replaced with larger valves/piping.   

Tanks A & B are the heart of this system. Water from these tanks is transported through transmission lines 
to nearly all the other tanks which feed their respective service areas. During peak periods of use, large 
flow rates are experienced in the CAWP transmission main that feeds five downstream tank sites and 
service areas. For this study, it was assumed that these tanks were filling at the same time to simulate a 
worst-case scenario.  

Mt. Crossman Service Area. This service area is fed from the Mt. Crossman Pump Station, which is also 
fed from Tanks A & B, and fills several small tanks. These small tanks then serve their respective small 
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service areas. The 2020 PHD pressures for this area are shown in Figure 4-5. Low pressures are seen 
near tanks and at the downstream side of PRVs. Low pressures around the tanks in some areas are not of 
concern as parallel lines from higher pressure zones serve users in these areas. However, some areas still 
have service pressures of less than 40 psi, with a few less than 20 psi. 

In addition to low-pressure concerns, higher pressures can also be a concern.  A PRV on Antelope Drive 
has been opened permanently, allowing pressures at the southern end of this system to rise over 130 psi.  

FIGURE 4‐5: MT. CROSSMAN SERVICE AREA 2020 PHD PRESSURES 

 

The distribution piping in this service area is mostly comprised of 4-inch diameter and smaller piping. This 
area also has many dead-end water lines where looping is not practical. These two factors restrict the 
available fire flow. Under the MDD scenario, available fire flow is limited from less than 100 gpm to 200 
gpm in most areas, see Figure 4-6.  
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FIGURE 4‐6: MT. CROSSMAN SERVICE AREA 2020 MDD AVAILABLE FIRE FLOW 

 

Alpine Service Area. This service area is fed from the Alpine 2 Tank by gravity. This is a mountainous 
area with a large range of pressures. Pressure reducing valves cut the hydraulic grade as the water 
generally flows to lower elevations. There is a second smaller tank (Madrone Tank) in this area, which 
supplies a sub area by gravity. Two pump stations (Pine Needle and McKenzie Pump Stations) boost the 
pressures to customers who would otherwise not be able to be served.  

One low-pressure area in this service area is on Alpine Drive, but a parallel line is adjacent with higher 
pressures available. Low pressure is also observed within the two pump station service areas; however, 
this is more of an operational issue than a system deficiency.  Pressures in these service areas fluctuate 
as the pressure tank in the pump station empties and fills. It is recommended that the low-pressure tank 
setpoints be adjusted to keep at least 40 psi available to customers. The 2020 PHD pressures in this area 
are shown in Figure 4-7.  
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FIGURE 4‐7: ALPINE SERVICE AREA 2020 PHD PRESSURES 

 

This service area is comprised mostly of 6-inch and smaller pipe. The lower half of the service area is 
comprised of 4-inch and smaller pipe. The pressure zones in this area are also not looped well.  Additionally, 
upper-pressure zones cannot deliver significant flows to lower zones during fire flow events. For these 
reasons, the fire flows in this area are restricted to 200 gpm and less in the northwest corner and in the 
bottom half of this service area. Available fire flows in the middle portion of this service area are capable of 
providing 500+ gpm. See Figure 4-8 for available fire flow. 
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FIGURE 4‐8: ALPINE SERVICE AREA 2020 MDD AVAILABLE FIRE FLOW 

 

Tanks A & B, and Tank A & B Pump Station Service Areas. The Tanks A & B service area is fed by 
gravity out of Tanks A & B. The immediate surrounding area near these tanks is supplied by the Tank A & 
B Pump Station, which draws water out of Tank B. Although low pressures are seen around these tanks in 
the Tank A & B pipelines, the Tank A & B Pump Station provides adequate pressures to customers in this 
area (pipes shown in red in Figure 4-9) by paralleling lower-pressure pipelines. Many areas directly fed 
from Tanks A & B show lower pressures (e.g., Doolittle Lane, Buckhorn Ridge Road, Sylvan Road, and 
Deer Trail). The PHD pressures for this area are shown in Figure 4-9. 
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FIGURE 4‐9: TANKS A & B, AND TANK A & B PUMP STATION PHD PRESSURES 

 

Pipelines in the Tank A & B service area are also generally smaller in diameter (6-inches and smaller). At 
the Mt. Misery Lane and Buckhorn Ridge Road intersection the model only shows 27 psi available under 
PHD. These low pressures limit the amount of fire flow available while maintaining a 20 psi residual pressure 
in the system. This system is capable of providing 500+ gpm along Buckhorn Ridge Road and north near 
the golf course, but the other locations in this service area are limited to less than 500 gpm. The 2020 MDD 
available fire flows are shown in Figure 4-10. 
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FIGURE 4‐10: TANKS A & B, AND TANK A & B PUMP STATION MDD AVAILABLE FIRE FLOW 

 

Tank C and Cedar Heights Service Areas. These service areas are supplied by the gravity pipeline from 
the Tank A & B distribution system. They are lower in elevation, and pressure reducing valves are used to 
provide more manageable pressures. Lower pressures are noted at the downstream side of PRVs near 
Cedar Heights Drive. While possible, raising the pressures at this location by adjusting the PRV setpoints 
is not desired as the pressure at the lower end of the Cedar Heights zone is already approaching 130 psi. 
If possible, it is recommended that the affected customers be served off the high side of the PRV.  

Tank C was abandoned and replaced with a PRV in 2020. The PRV raised the hydraulic grade of this zone 
by approximately 25 psi. Prior to this increase, pressures on Meadow Crest Drive were near 25 psi. The 
lower portion of the zone was kept at the same hydraulic grade with the installation of three new PRVs on 
Bonanza Road, Lodestar Way, and the intersection of Carson Drive and Highway 88 (part of the Pioneer 
Rehabilitation Project, Phase II). Some areas in the upper portion of this zone with the hydraulic grade 
increase are now exceeding 150 psi. The PHD pressures for these service areas are shown in Figure 4-11. 
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FIGURE 4‐11: TANK C AND CEDAR HEIGHTS SERVICE AREA PHD PRESSURES 

 

The Cedar Heights service area and the upper and lower portions of the Tank C service Area are mostly 
comprised of small diameter pipes (4-inch and less). The middle portion of the Tank C service area has 
mostly 6-inch diameter pipe and has a 12-inch diameter pipeline feeding it from the Deadwood PRV that 
replaced Tank C (part of the Pioneer Rehabilitation Project, Phase I). The Middle portion of the Tank C 
service area is generally capable of providing 500+ gpm of fire flow. The Cedar Heights and upper and 
lower Tank C service areas generally have fire flows ranging from 100-300 gpm. The 2020 MDD available 
fire flows for these areas is shown in Figure 4-12. 
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FIGURE 4‐12: TANK C AND CEDAR HEIGHTS SERVICE AREA MDD AVAILABLE FIRE FLOWS 

 

Tank D and Riverview Service Areas. Tank D is served off the CAWP Main from Tanks A & B. Tank D 
then provides water by gravity to its service area. There is a low-pressure area just downstream of Tank 
D. These users’ pressures can be corrected to be above 40 psi with the Tank D replacement project 
described in Chapter 5. There is one low-pressure node just downstream of a PRV on Rocky Lane and 
Highway 88. This lower pressure area is necessary to keep pressures from exceeding 150 psi on this 
zone's lower elevation areas.  The other low-pressure node is on a 2-inch service line on Highway 88.   

The Riverview service area is fed directly off the CAWP Main and is highly influenced by the flowrate 
going down the CAWP main to fill downstream tanks. For this study, it was assumed all the tanks 
downstream of Tanks A & B were filling. Under this worst-case scenario, water cannot flow up to the 
Riverview service area; the model shows negative pressures here. This is consistent with reports 
provided by the Agency. The PHD pressures for these service areas are shown in Figure 4-13.  

 

Red Lines - 078



Jan. 2021  DRAFT WATER MASTER PLAN  

 

AMADOR WATER AGENCY | KA 219117  4 ‐ 14 

FIGURE 4‐13: TANK D AND RIVERVIEW SERVICE AREA PHD PRESSURES 

 

Tank D has a small 6-inch diameter outlet pipe that feeds this entire service area; this 6-inch pipe is 
approximately 2,500 feet long. Pipelines this small with long lengths cause excessive headloss when 
conveying fire suppression flows. The model shows that the entire Tank D service area has an available 
fire flow of approximately 350 gpm, see Figure 4-14. 

As mentioned before, the Riverview area is served off the CAWP main (not from Tank D). Fire flows are 
very sensitive to the amount of flow going down the CAWP main. For this study, it was assumed that all 
the tanks fed off the CAWP main were filling. Under this worst-case scenario, there is no available fire 
flow in this area (see Figure 4-14). 
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FIGURE 4‐14: TANK D AND RIVERVIEW SERVICE AREA MDD AVAILABLE FIRE FLOW 

 

Ranch House Service Area. Pressures in this service area range from approximately 40-140. No pressure 
concerns were identified in this area. The PHD pressures for these service areas are shown in Figure 4-15.  
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FIGURE 4‐15: RANCH HOUSE SERVICE AREA PHD PRESSURES 

 

Fire flows west of Highway 88 are all over 500 gpm in this service area. This portion of the system is 
comprised mainly of 8-inch piping. Fire flows east of Highway 88 are approximately 200-300 gpm due to 
small 4-inch to 2-inch diameter pipe restricting the available fire flows. Figure 4-16 shows the 2020 MDD 
available fire flows for this service area.  
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FIGURE 4‐16: RANCH HOUSE SERVICE AREA MDD AVAILABLE FIRE FLOWS 

 

Pine Acres and Jackson Pines Service Areas. These service areas, similar to the Ranch House 
service area, have pressures ranging from approximately 40 psi to 100+ psi. The low-pressure areas in 
the Pine Acres area are model nodes adjacent to the Tanks that do not serve customers. There is also 
one location in the Pine Acres areas at 40 psi and one area at 39 psi in the Jackson pines service area. It 
is recommended that the PRV servicing the Jackson Pines service area be adjusted to at least provide 40 
psi to all areas. The PHD pressures for these service areas are shown in Figure 4-17. 
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FIGURE 4‐17: PINE ACRES AND JACKSON PINES SERVICE AREA PHD PRESSURES 

 

The Pine Acres service area has low available fire flows due to pipelines 4-inch in diameter and smaller 
making up most of this distribution system. Fire flows near the Pine Acres Tanks can provide 500+ gpm, 
but most of this area is restricted to approximately 200-400 gpm.  

The Jackson Pines service distribution system is comprised of 8-inch piping and can deliver 500+ gpm of 
available fire flow throughout this service area. See Figure 4-18 for available fire flow. 
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FIGURE 4‐18: PINE ACRES AND JACKSON PINES SERVICE AREA MDD AVAILABLE FIRE FLOW 

 

Sunset Heights Service Area. This service area is fed through the Pine Grove Community Service 
District’s water distribution system by gravity. It consists of a few customers fed off the supply line from the 
Pine Grove system at Toma Lane, most of the customers being fed off a tank (by gravity) filled by the supply 
line, and a few customers being fed off the end of the supply line via a PRV and small 2-inch service line. 
Pressures in the Toma Lane area fed off the supply line range from approximately 60-110 psi. No pressure 
concerns were identified at Toma Lane. The portion of the service area fed by the Sunset Heights tank has 
low pressures near the tank, but this section is considered transmission main, and services in this area are 
supplied by a parallel line with higher pressures in the 2-inch service line supplied via the PRV from the 
Pine Grove system. There is also low-pressure on Windmill Court fed by the Sunset Heights Tank. Low-
pressure is also noted at the intersection of Lynn Way and Marc Drive when the tank is not full. The PHD 
pressures for this service area are shown in Figure 4-19. 
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FIGURE 4‐19: SUNSET HEIGHTS SERVICE AREA PHD PRESSURES 

 

Available fire flow at Toma Lane is above 500 gpm as there is a pump station on this road that boosts 
flows during high demands and fire flow events. Available fire flow in the Sunset Heights Tank service 
area is above 500 gpm except for the area on Windmill Court, where it is approximately 300-400 gpm. 
This low fire flow area corresponds to the low-pressure area, which restricts fire flows. Also, fire flows are 
minimal in the 2-inch service line, but the Sunset Height system's nearby supply was assumed to provide 
fire flows to this area. See Figure 4-20 for available fire flow. 
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FIGURE 4‐20: SUNSET HIGHTS SERVICE AREA AVAILABLE FIRE FLOW 

 

4.4     CAM 

The hydraulic model of the CAM system was exercised to evaluate pressures in the distribution system 
under PHD and available fire flow under MDD. The Agency has a goal to abandon the tank and pump 
station at Site 10, and filling of the Site 10 tank will become increasingly difficult as growth occurs in this 
system (see Chapter 2 for more details). For these reasons two fire flow scenarios were evaluated: one 
with the Site 10 tank and pump station active, and the other with it inactive.  

Pipe velocities in this system are under 5 ft/sec under the PHD. This system struggles with low pressure in 
two locations during PHD. One of the locations is in the Back System at Yolo Court, where pressures drop 
as low as 25 psi, and the surrounding area can drop below 40 psi during PHD. The second location is in 
the Front System along Camanche Parkway, near the west intersection of Camanche Parkway and 
Lakeview Drive, where pressures can drop to 30 psi during PHD. Pressures for the entire system under the 
current PHD are shown in Figure 4-21. Note, pressures shown in this figure for the Front System are based 
on the pressure tank setting of 30 psi at Site 6.  

The low-pressure area at and near Yolo Court is due to the long, small diameter, un-looped distribution 
piping from Tank 9 to this area. Looping the back system (i.e., from near Goose Creek Road to Site 10) 
can help improve pressures in this zone. The low-pressure area in the Front system can be corrected by 
adjusting the setpoints of the pressure tank at Site 6 to keep pressures above 40 psi. It is recommended 
that the pressure setting at the Site 6 and Site 12 pump stations be adjusted to maintain 40 psi in the Front 
System. 
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FIGURE 4‐21: CAM 2020 PHD PRESSURES 

 

The Front system is capable of meeting the Agency’s interim fire flow goal of 500 gpm. The Back System 
is also capable of providing 500 gpm of available fire flow to the majority of this service area, but the far 
reaches and higher elevations have less than 500 gpm. When Site 10 is inactive (i.e., when the pump 
station and tank are abandoned, or out of service) the available fire flow is between 100-200 gpm for the 
majority of this service area.  Available fire flows for the entire system under current MDD are shown in 
Figure 4-22 and Figure 4-23. The Back System’s poor fire flows when Site 10 is inactive are due to the 
long, small diameter, un-looped distribution piping that limits the delivery capacity of Tank 9. Looping the 
back system (i.e., from near Goose Creek Road to Site 10) can help improve available fire flows in this 
zone. 
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FIGURE 4‐22: CAM 2020 MDD AVAILABLE FIRE FLOW (SITE 10 ACTIVE) 

 

FIGURE 4‐23: CAM 2020 MDD AVAILABLE FIRE FLOW (SITE 10 INACTIVE) 
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4.5     LAMEL 

The hydraulic model of the LaMel system was exercised to evaluate pressures in the distribution system 
under PHD and available fire flow under MDD. Pressures under the current PHD range from 55 psi at the 
LaMel Pump Station discharge connection to the distribution system to 94 psi at the southern end of the 
system, see Figure 4-24. Pipe velocities in the distribution system are under 4 ft/sec (the highest velocity is 
in a 4-inch pipe at the pump station). The model shows that this system is capable of providing adequate 
pressures and velocities under the existing PHD.  

FIGURE 4‐24: LAMEL 2020 PHD PRESSURES 

 

Available fire flow under MDD is approximately 380 gpm except along the 2-inch water line on the east side 
of the system, where it is approximately 200 gpm (see Figure 4-25). The available fire flows are well below 
the Agency’s goal of 1,000 gpm. The low fire flows in this system can be traced back to the pump station 
that does not have adequate pumping capacity (see Chapter 2).  Also, the small 2-inch pipe on the east 
side of the system limits the fire flow; 11 ft/sec flow in a 2-inch pipe is approximately 100 gpm. These 
deficiencies can be overcome by providing a fire pump in the pump station and replacing the small 2-inch 
pipe with a larger one.  
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FIGURE 4‐25: LAMEL 2020 MDD AVAILABLE FIRE FLOW 
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 Future Distribution Hydraulic Evaluation 

This chapter summarizes the future distribution system’s hydraulic evaluation to meet pressure, pipe 
velocity, and fire flow requirements under 2040 demands with proposed improvements. This evaluation 
was completed with the hydraulic models that were developed, loaded, and calibrated, as described in 
Chapter 3. 

The planning criteria for pressure, pipe velocity, and fire flow are provided in Chapter 1 (Section 1.6). This 
section discusses the system’s ability to meet these established planning criteria. See Chapter 2 for a 
discussion on this system’s supply, storage, and delivery capacity, and refer to Chapter 4 for existing 
distribution system deficiencies under current demands. Recommended improvements and associated 
costs are summarized in Chapter 8, and more detailed figures and project information sheets can be found 
in Appendix I.  

Some of the Agency’s systems are in mountainous terrain; thus, keeping pressures below 100 psi and 
above 40 psi is not always practical. When pressures are over 80 psi, the Agency requires customers to 
provide individual pressure reducers on their service line. When pressures are below 40 psi, the Agency 
requires customers to provide individual booster pumps on their service line. Some of the Agency’s systems 
also have large quantities of small distribution piping (i.e., diameters of 6-inches and smaller). Meeting the 
Agency’s fire flow planning criteria (Chapter 1, Section 1.6) of 1,000 gpm is difficult with smaller distribution 
system piping. For a more realistic interim goal (with respect to finance and timing), a target available fire 
flow of 500+ gpm was used. Note that realizing 500 gpm of fire protection at all locations would require 
replacement of almost the entire system in some areas. For this study, corridors were identified where 
pipelines could strategically be upsized, making fire flow more available to a majority of the service area.  

 

5.1     AWS-TANNER 

The Tanner system’s hydraulic model was exercised to evaluate pressures in the distribution system under 
future peak hour demand (PHD) conditions and available fire flow under future max day demand (MDD) 
conditions.  

Pipe velocities under the future PHDs are under 6 ft/sec, which meets the Agency’s planning criteria 
(Chapter 1, Section 1.6). Pressures under the future PHD are nearly identical, as seen in 2020 discussed 
in Chapter 4; there are no new locations under 40 psi.  

The 2040 PHD pressures and MDD available fire flows with recommended improvements and growth are 
shown in Figure 5-1 and Figure 5-2. Capital improvement project figures are provided in Appendix I, which 
shows individual project objectives and additional details for the proposed improvements for this system.  
Chapter 8 provides ranking criteria and a table prioritizing these improvements. This section includes a brief 
description of recommended improvements provided for service areas within the AWS-Tanner System. 
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FIGURE 5‐1: TANNER 2040 PHD PRESSURES 

 

Red Lines - 092



Jan. 2021  DRAFT WATER MASTER PLAN  

 

AMADOR WATER AGENCY | KA 219117  5 ‐ 3 

FIGURE 5‐2: TANNER 2040 MDD AVAILABLE FIRE FLOW 
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Amador City. There are a few services at higher elevations that struggle to maintain desired pressures 
during peak demand periods.  During fire events, these locations drop below 20 psi, limiting how much flow 
can be safely delivered to the system.  For these few customers, individual booster pumps are 
recommended.  

The 8-inch supply pipeline with the primary pressure reducing valve (PRV) feeding Amador City reportedly 
has frequent breaks and is in poor condition. It is recommended that this PRV and pipeline be abandoned 
and a new PRV be installed off the Plymouth transmission line on School Street.  

Several pipelines 6-inches in diameter and smaller are recommended to be replaced with 8-inch diameter 
piping to increase fire flows in this area. Some of these pipelines to be replaced were identified due to the 
available fire flow exceeding the Agency’s velocity constraint of 11 ft/sec.  

Downtown Sutter Creek Pressure Zone. This zone is in the center of the AWS-Tanner system and 
contains many locations with less than 500 gpm of available fire flow. Many pipelines 6-inch diameter and 
smaller are recommended to be replaced and looped with new 8-inch diameter piping to improve fire flows. 
Pipelines in poor conditions in this area should be replaced first. Some of these pipelines to be replaced 
were identified due to the available fire flow exceeding the Agency’s velocity constraint of 11 ft/sec. 

Amador Pressure Zone. This zone only has one supply source off the Plymouth transmission line. A PRV 
(with backflow capability) from the higher Amador pressure zone to the lower Downtown Sutter Creek 
pressure zone is recommended on Oro Madre Way to provide an emergency lower pressure backup source 
to the majority of this pressure zone and to improve fire flows on Oro Madre Way in the Downtown Sutter 
Creek zone. This zone has one area that provides less than 500 gpm of available fire flow. It is 
recommended the 4-inch diameter pipe in this area be upsized to 8-inch piping.  

Trent Pump Station Zone. As discussed in Chapters 2 and 4, the primary deficiency in this area is the 
lack of a fire pump. A fire pump that can provide 1,000 gpm is recommended at this site.  

Future Development. Future commercial development is anticipated in the Martell area and near the 
intersections of Highways 104, 88, and 49. It is recommended that 12-inch piping be installed in the Martell 
area to complete the 12-inch loop and install a new PRV to match the existing Amador Central PRV and 
provide an additional source to serve this area. Pipeline extensions from existing lines into the anticipated 
commercial growth areas near the highway intersection should be sufficient for the commercial growth 
areas at this location.  

The Allen Ranch development, located on the east side of Highway 49 in Sutter Creek, is anticipated to be 
fed off the Tanner Clearwell zone. It is recommended that with the development of this area, the long 4-
inch pipe on Patricia Lane should be upsized to provide the Agency’s fire flow criteria of 1,000 gpm to this 
development without exceeding the 11 ft/sec velocity constraint. Two PRVs, one on Badger Street and one 
on Allen Ranch Road, are recommended to improve fire flows on these dead-end lines.  

The Powder House development located in Sutter Creek (between Gopher Flat Road and Eureka Street) 
is recommended to be fed off the Tanner Clearwell zone through two PRVs. One PRV is anticipated to be 
located off Gopher Flat Road, and the other is anticipated to be located on an 8-inch line extension off the 
16-inch Tanner Clearwell zone pipe in Broad Street. A third connection to the Clearwell zone on Sutter 
Crest West with a normally closed valve is also recommended.  
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The Panner Creek development is located east of the Powder House development and is a continuation 
down Golden Hills Drive. It is recommended that the upper portion of this development be served off the 
Tanner Clearwell zone looped with the waterline on Ridgecrest Court, and the Hillside PRV be relocated 
into this development to serve the lower portion.  

With growth in the City of Plymouth, demands in the Plymouth transmission line will increase. Although not 
expected during this planning period, demands may become too large to gravity fill the City's tank at some 
point in Plymouth's future. When this point comes, a new pump station between Amador City and the 
Plymouth Tank will be needed to augment flows during peak demand periods.  

 

5.2     AWS-IONE 

The hydraulic model of the Ione system was exercised to evaluate pressures in the distribution system 
under future PHD conditions and available fire flow under future max day demand (MDD) conditions.  

Pipe velocities under the future PHDs are under 6 ft/sec, which meets the Agency’s planning criteria 
(Chapter 1, Section 1.6). Pressures under the future PHD are nearly identical, as seen in 2020 discussed 
in Chapter 4; there are no new locations under 40 psi.  

The 2040 PHD pressures and MDD available fire flows with recommended improvements and growth are 
shown in Figure 5-3 and Figure 5-4. Note the low pressures are on the new WTP transmission line, tank 
inlet/outlets, and along Summit Street (where this is a parallel line from the Prison Tank zone with adequate 
service pressures). Also note, fire flows of less than 500 gpm in the long 6-inch line out to the Eagles Nest 
area; while other identified improvements provide some modest increases in available fire flows in this area, 
given the high cost to correct the low flows and limited benefiting users, no additional improvements for this 
area were identified by the Agency for this planning period. Capital improvement project figures are 
provided in Appendix I, which shows individual project objectives and additional details for the proposed 
improvements for this system.  Chapter 8 provides ranking criteria and a table prioritizing these 
improvements. This section includes a brief description of recommended improvements provided for areas 
within the AWS-Tanner System. 
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FIGURE 5‐3: IONE 2040 PHD PRESSURES 
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FIGURE 5‐4: IONE 2040 MDD AVAILABLE FIRE FLOW 
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New Ione WTP. The existing Ione WTP does not have the capacity to meet the projected demands of this 
system. It is recommended that the Ione WTP be relocated to the Ione Reservoir southeast of town where 
there is more land for a plant expansion and is at a higher elevation allowing for gravity flow to the Wildflower 
Tank service area. See additional details regarding the Ione WTP in Chapter 7. Relocating the WTP to this 
location will require a new potable transmission line to the Wildflower Tank and Prison Pump Station. 
Assuming a hydraulic grade of the new clearwell at 495 feet, gravity flow to the Wildflower Tank (482 feet 
high water elevation) appears possible but does not leave much room for headloss (about 13 feet). It is 
estimated that the first portion of this transmission line could see flows of approximately 5,500 gpm 
(assuming both tanks are filling and a 1,500 gpm fire flow event in the upper Brickyard development). 
Headloss should be minimized along the transmission line from the new clearwell to the Wildflower Tank. 
This project will allow the abandonment of the Wildflower Pump Station and require Prison Pump Station 
upgrades due to the different suction head conditions. Note, the model shows low pressures along this 
transmission line, especially on the leg to the Wildflower Tank. Alternative routes should be vetted during 
pre-design to avoid high spots, or over excavation can be considered to keep more pressure in the 
transmission line.  

Oak Ridge Drive. This area sees pressures under 40 psi during peak hour demands, see Chapter 4. A 
pressure zone modification is recommended here. With the installation of a new PRV and 8-inch loop 
between Pleasant Valley Drive and Sutter Lane, the two existing PRVs can be adjusted to have a higher 
downstream pressure setting, and valves on Ashworth Drive and Along Highway 104 can be closed to 
create a medium pressure zone to improve the pressures in the red highlighted area shown in Figure 5-5. 

FIGURE 5‐5: IONE OAK RIDGE PRESSURE ZONE CREATION 
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Wildflower Tank Service Area. Several pipeline projects were identified in this service area to replace 
pipelines 6-inches in diameter and smaller. These projects are recommended to increase available fire 
flow, replace pipes in poor conditions, and eliminate dead-end waterlines.  

One of the pipeline projects in this service area is located along Marlette Street and is needed to remove 
6-inch and 4-inch bottlenecks in a 12-inch pipeline corridor near the Ione Mobile Home Park. 

PlannedFuture Development. The Ione system is anticipated to see the majority of growth for the County 
during the planning period. This section provides a summary of needed improvements to be included with 
development of the anticipated development areas.  

The Gold Village development is located on the north end of the Wildflower development along Highway 
104. Elevations on the east side of this development prohibit this area from being served off the Wildflower 
Tank zone. It is recommended that the 8-inch waterline in the Prison Tank zone on Bacon Road be 
extended across the Highway to service this area. This line will need to be equipped with a PRV to bring 
pressures down to approximately 60-80 psi to serve this area. It is also recommended a PRV (with backflow 
capability) be installed between this area and the Wildflower Tank zone to provide an additional backup 
supply source to the Wildflower Tank Zone and improve available fire flows within the development.  

The Wildflower Unit 5 development is adjacent to the Wildflower Tank. A new pump station pulling water 
from the tank’s outlet pipeline will be needed here to provide adequate pressure to serve this area. The 
new pump station will also need to be equipped with a fire pump.  

The majority of the Brickyard development is too high in elevation to be serviced off of the Wildflower Tank. 
The upper portion of this development will need to be supplied with a new pump station pulling water from 
the new WTP transmission line. The new pump station will also need to be equipped with fire pumps.  The 
lower portion of this development can be supplied with gravity flow from the Wildflower Tank. A PRV 
between the upper and lower portions of this development is needed to improve fire flows in the lower 
portion of this development. This development also triggers additional storage requirements at the new 
clearwell, see Chapter 2. 

The Silva, Ringer Ranch, and Castle Oaks Villages Phases 9 and 10 are located on the west side of town. 
These developments will be served off the Wildflower Tank zone. It is recommended that these 
developments continue the 12-inch pipeline loop along the outer limits of their developments to improve fire 
flows and to accommodate plannedfuture development. A PRV connection (with backflow supply option) 
between the Prison Tank zone and the Ringer Ranch development at Five Mile Drive and Highway 104 is 
also recommended to provide an additional supply source to the development area. This PRV is to have 
backflow capability so the Wildflower Tank zone can provide backup supply to the Prison Tank zone, if 
needed.  

The Q Ranch development is located west of town on the north side of Highway 104. The majority of this 
development can be served off the Wildflower Tank zone. A 12-inch waterline from the Ringer Ranch loop 
is required to bring service to this development. A PRV connection to the Prison Tank zone water line in 
Highway 104 on the west end of the development is also required to supplement fire flows and provide a 
backup supply source. The upper east corner of this development has elevations that prohibit service from 
the Wildflower Tank zone. An 8-inch water line off the Prison Tank zone water line in Highway 104 is 
required for service to this portion of the development. A connection with a check valve to the lower portion 
of the development is also recommended to supplement fire flows.  
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A future industrial park may be located west of town near the intersection of Highway 104 and Michigan 
Bar Road. The existing 12, 8, and 6-inch diameter piping out to this site will need to be upsized.  It is 
recommended that the Agency continue the existing 18-inch transmission pipeline along Highway 104 to 
provide adequate flows and fire protection to this area.  

5.3     CAWP 

The hydraulic model of the CAWP system was exercised to evaluate pressures in the distribution system 
under future PHD conditions and available fire flow under future max day demand (MDD) conditions.  

Pipeline flow velocities under the future PHDs are under 7 ft/sec (which meets the Agency’s planning 
criteria, [Chapter 1, Section 1.6]) There are no new locations under 40 psi.  

The 2040 PHD pressures and MDD available fire flows with recommended improvements and growth are 
shown in the figures of this section. Capital improvement project figures are provided in Appendix I, which 
show individual project objectives and additional details for the proposed improvements for this system.  
Chapter 8 provides ranking criteria and a table prioritizing these improvements. There are over 30 
recommended projects in the CAWP system. This section includes a brief description of the larger and 
more complex projects; simple pipe upsizing projects to meet fire flow requirements are not discussed here.  

Mt. Crossman Service Area. As mentioned in Chapters 2 and 4, the primary deficiencies in this service 
area are the lack of firm pumping capacity at the Mt. Crossman Pump Station, storage deficits, peak hour 
pressures under 40 psi, and poor available fire flows. The larger recommended projects here are to provide 
a second pump in the Mt. Crossman Pump Station to provide firm pumping capacity in the immediate 
planning phase and eventually to consolidate the storage at one site. This project is referred to as the Mt. 
Crossman Tank project. This tank would be located at an elevation that would be conducive to service this 
entire area without the need for additional tanks or small booster stations. When the tank is installed, the 
three private tanks and the Ridgeway Pines, Franks, and Rabb Park tanks can be abandoned. Also, the 
Ridgway Pines and Mace Drive pump stations can be abandoned. PRVs will need to be installed on 
pipelines to set the hydraulic grades currently governed by the smaller tanks. With the implementation of 
this project, the pressures are above 40 psi for all locations except for on the downstream side of PRVs 
and at the end of Mace Drive. It is recommended that customers at these locations be serviced off the high 
side of the PRV or off adjacent higher-pressure waterlines.  Other pipeline upsizing and looping projects 
are proposed for this system to improve system looping and improve fire protection. See the CIP list in 
Chapter 8 and the project cost sheets provided in Appendix I for more details. These improvements were 
added to the model, and the 2040 PHDs and MDD available fire flows are shown in Figure 5-6 and Figure 
5-7.    
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FIGURE 5‐6: MT. CROSSMAN SERVICE AREA 2040 PHD PRESSURES 

 

FIGURE 5‐7: MT. CROSSMAN 2040 MDD AVAILABLE FIRE FLOW 
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Alpine Service Area. As discussed in Chapters 2 and 4, this service area’s primary deficiencies are a 
large storage deficit and poor fire flows, especially towards the lower end of the service area. Rather than 
constructing additional storage, the storage deficit can be overcome by providing transmission from the 
Tanks A & B service area that can provide excess storage in Tanks A & B to the Alpine 2 Tank service 
area. This involves upsizing existing 3, 4, and 6-inch piping on Buckhorn Ridge Road, Highway 88, and 
Wagon Wheel Drive with 8-inch and 10-inch piping. It also includes installing a segment of new 10-inch 
pipe on Wagon Wheel Drive to the Alpine 2 Tank. This alternative was selected over constructing 
additional storage at the Alpine 2 Tank site because the pipeline improvements in the Tanks A & B 
service area were already needed for improving fire flows; this project provides benefit to both areas. With 
the transmission improvements from Tanks A & B to Alpine #2, the Madrone tank can be abandoned. 

The other recommended projects in the system deal with providing firm capacity at small pump stations 
and pipeline and PRV improvements to increase the available fire flow. These improvements were added 
to the model, and the 2040 PHDs and MDD available fire flows are shown in Figure 5-8 and Figure 5-9.  

FIGURE 5‐8: ALPINE SERVICE AREA 2040 PHD PRESSURES 
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FIGURE 5‐9: ALPINE SERVICE AREA 2040 MDD AVAILABLE FIRE FLOW 

 

Tanks A & B, and Tank A & B Pump Station. As discussed in Chapters 2 and 4, the main deficiencies in 
these service areas are: low pressures around Tank A & B that are not serviced by the Tank A & B Pump 
Station, low fire flow availability, and tank fill control flaws with Tanks A & B, Mace Meadows 2, and Alpine 
2 tanks. Currently, the Buckhorn Finish Water Pump Station is called on only based on levels in Tanks A & 
B. It is recommended that the programing of the Buckhorn Finish Water Pump Station be updated to call 
with a low tank level in any of these tanks to prevent the Mace Meadows 2 or the Alpine 2 tank from 
emptying too low during large demands (i.e., fire flows). It is also recommended that the Tank A & B Pump 
Station eventually be upgraded with a fire pump that can provide desired fire flows. At the same time, the 
existing 3-inch pipe loop of the Tank A & B Pump Station needs to be upsized to be able to deliver the 
desired fire flows. Tying a portion of the Tanks A & B gravity distribution system into the Tank A & B Pump 
Station is also recommended as the pump station can provide better pressures to these areas. See the red 
pipes in Figure 5-10 for the expanded Tank A & B Pump Station service area.  

Pipe upsizing for a portion of this area was discussed previously in the Alpine service area section. Other 
pipeline upsizing and looping projects are proposed for this system. See the CIP list in Chapter 8 and the 
project cost sheets provided in Appendix I for more details. These improvements were added to the model, 
and the 2040 PHDs and MDD available fire flows are shown in Figure 5-10 and Figure 5-11.  
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FIGURE 5‐10: TANKS A & B AND TANK A & B PUMP STATION 2040 PHD PRESSURES 
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FIGURE 5‐11: TANKS A & B AND TANK A & B PUMP STATION 2040 MDD AVAILABLE FIRE FLOWS 

 

Tank C and Cedar Heights Service Areas. As discussed in Chapters 2 and 4, the main deficiencies in 
these service areas are low available fire flows and some higher pressure areas (due to the Tank C 
replacement with the Deadwood PRV that raised pressures in the Tank C service area up approximately 
25 psi). It is recommended to install individual service PRVs on the services that now have excessive 
pressure due to the hydraulic grade increase in the Tank C service area. It may be that many of these 
individuals already had pressure regulators on their service and no action is required by the Agency.  For 
budgeting purposes, excessive pressures were assumed to include the areas of Sunrise Terrace Road and 
the ends of Fortress Court and Schaffer Ranch Road.   

Other pipeline upsizing and looping projects are proposed for this system primarily to improve available fire 
flows. See the CIP list in Chapter 8 and the project cost sheets provided in Appendix I for more details. 
These improvements were added to the model, and the 2040 PHDs and MDD available fire flows are shown 
in Figure 5-12 and Figure 5-13. Again, pipeline replacements intended to improve fire protection focused 
on making higher flows available to regions.  Pipe upsizing to Creekside Lane was not included in the CIP 
(because of high cost and limited services), but should be considered as part of the Agency’s long-term 
pipeline replacement program, as is the case with all smaller diameter pipelines.  
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FIGURE 5‐12: TANK C AND CEDAR HEIGHTS 2040 PHD PRESSURES 

 

FIGURE 5‐13: TANK C AND HEDAR HEIGHTS 2040 MDD AVAILABLE FIRE FLOW 
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Tank D and Riverview Service Areas. As discussed in Chapters 2 and 4, the main deficiencies with these 
service areas are low pressures in the Riverview area, service connections off of a transmission pipeline, 
an aged Tank D in poor condition, and low available fire flows in both areas. The Agency has had several 
issues with keeping sufficient water pressure in the Riverview area this year and in years past. This is due 
to this area being served off the CAWP transmission main. Pressures drop in this area when flows are 
larger in the transmission main.  Low fire flow availability is correlated to this issue as well. Low fire flow 
availability in the Tank D service area is due to the long, small 6-inch diameter tank outlet pipe that reduces 
the tank’s delivery capacity. An alternative was developed to address these deficiencies that involved 
transmission line upgrades to improve pressures in the Riverview area, but fire flows were still highly 
variable. The Agency’s preferred alternative is to disconnect this area from the transmission main and 
connect it with the Tank D service area.  

To do this, it is recommended that Tank D be re-located to a higher elevation, as it is in need of replacement, 
and as shown in Figure 5-14. Transmission line upgrades are also needed, including replacing the Cedar 
Mill (4-inch) PRV with a new 10-inch PRV and removing the Tank D (4-inch) PRV to reduce headloss. Also 
recommended is that the existing 10-inch transmission line between Tank D and the Riverview service line 
be converted into Tank D distribution (parallel to the existing 6-inch distribution line), and a new 12-inch 
CAWP transmission line be constructed in its place. Two new PRVs, located on the existing 6-inch and 
converted 10-inch Tank D distribution lines, will be needed to reduce head back down to the existing Tank 
D hydraulic grade. If desired, the relocation of Tank D will also provide the Williams Road community, 
adjacent to Riverview, the chance to be serviced by the Agency via a future booster station that could be 
located adjacent to the new Tank D.  
Other pipeline and PRV projects are proposed for this system. See the CIP list in Chapter 8 and the project 
cost sheets provided in Appendix I for more details. These improvements were added to the model, and 
the 2040 PHDs and MDD available fire flows are shown in Figure 5-14 and Figure 5-15. 
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FIGURE 5‐14: TANK D 2040 PHD PRESSURE 
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FIGURE 5‐15: TANK D 2040 MDD AVAILABLE FIRE FLOW 

 

Ranch House Service Area. As discussed in Chapters 2 and 4, the main deficiencies with this service 
areas are the tank is oversized and needs replacing (hypalon cover), and low fire flows on the east side of 
the highway. Also, the Meadow brook pump station lacks adequate backup capacity. It is recommended 
that a second source off the CAWP main be installed to provide this area with service if the tank is offline 
and supplement fire flows. This can be accomplished by installing a PRV (with pressure sustaining feature) 
off the CAWP main at Blackberry Lane.  

Other pipeline and projects are proposed for this system. See the CIP list in Chapter 8 and the project cost 
sheets provided in Appendix I for more details. These improvements were added to the model, and the 
2040 PHDs and MDD available fire flows are shown in Figure 5-16 and Figure 5-17. 
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FIGURE 5‐16: RANCH HOUSE 2040 PHD PRESSURES 
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FIGURE 5‐17: RANCH HOUSE 2040 MDD AVAILABLE FIRE FLOW 

 

Pine Acres and Jackson Pines Service Areas. As discussed in Chapters 2 and 4, the Pine Acres service 
area's main deficiencies are low available fire flows. Several pipeline improvements are recommended in 
this system to increase available fire flows. There is a plannedfuture growth area north of this service area 
that will be served off the Pine Acres system. When developed, this area will need a looped system with 
PRVs targeting approximately 115 psi on the upstream side and 40 psi (hydraulic grade of approximately 
2,684 feet) on the downstream side of the valves. See the CIP list in Chapter 8 and the project cost sheets 
provided in Appendix I for more details. 

The Jackson Pines service area’s main deficiency is its oversized tank that needs replacing (hypalon cover). 
Also, there is a possibility of approximately 100 raw water customers being incorporated into this system at 
a future date. Although this is not anticipated to occur during this planning period, when they are 
incorporated into this system, it will require piping with an effective 8-inch inside diameter pipe tying into 
the Jackson Pines service area at Clinton Road and Ellinwood Way with PRVs. A third PRV is also 
anticipated at the southern end of this area. See the project cost sheets provided in Appendix I for more 
details (this project is not included in the overall CIP list but is included only for reference).  

These improvements were added to the model, and the 2040 PHDs and MDD available fire flows are shown 
in Figure 5-16 and Figure 5-17. 
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FIGURE 5‐18: PINE ACRS AND JACKSON PINES PHD PRESSURES 
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FIGURE 5‐19: PINE ACRS AND JACKSON PINES MDD AVAILABLE FIRE FLOW 

 

Sunset Heights Service Area. As discussed in Chapters 2 and 4, this service area's main deficiencies are 
low pressures and fire flows around the Windmill Court area. It is recommended to install a new pipe and 
PRVs on Windmill Court and loop the 2-inch dead-end line to Windmill Court to improve pressures and 
available fire flows in this area. It is also recommended when the Sunset Heights Tank is at the end of its 
useful life that it be abandoned. This service area can be supplied off the Pine Grove distribution and supply 
line. When the Tank is abandoned, it is recommended that a small jockey pump be installed at Toma Lane 
to boost pressures in the event that there is a large downstream demand (i.e., fire flow).   

Pipeline upsizing and projects to increase fire flow are proposed for this system. See the CIP list in Chapter 
8 and the project cost sheets provided in Appendix I for more details. These improvements were added to 
the model, and the 2040 PHDs and MDD available fire flows are shown in Figure 5-20 and Figure 5-21. 
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FIGURE 5‐20: SUNSET HEIGHTS PHD PRESSURS 

 

FIGURE 5‐21: SUNSET HEIGHTS MDD AVAILABLE FIRE FLOW 
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5.4     CAM 

As discussed in Chapters 2 and 4, the main deficiencies of this system are the limited delivery capacity of 
Tank 9 to the Back System (causing low pressures and limited fire flows), low pressures along Camanche 
Parkway in the Front System, a source deficit, and a storage deficit to meet current and projected demands. 
The Agency’s goal for this system is to combine the two zones. Combining the two zones into one and 
overcoming the deficiencies can be achieved with two pipeline loops, constructing additional storage, and 
completing well modifications. 

Constructing a new 12-inch loop near Goose Creek Road to Site 10, and a new 12-inch loop from the Tank 
9 discharge line across Camanche Reservoir to Lakeview Drive in the Front System will improve system 
looping, increase the delivery capacity of Tank 9, and allow the entire system to be combined into a single 
pressure zone fed by gravity from Tank 9. These loops are shown in red in Figure 5-22. Combining the 
pressure zones will also require some additional modifications to the system, such as opening the pipe 
separating the Back and Front Systems, near Site 12, and modifying Wells 6 and 12 to pump (via a 
pressurized treatment contact pipe) directly into the distribution system. With the entire system being fed 
by gravity from the Tank 9 site, the pump stations and tanks at Sites 6, 8, 10, and 12 can be abandoned.  

FIGURE 5‐22: CAM LOOPS FOR COMBINING PRESSURE ZONES 
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As documented in Chapter 2, the CAM system needs an additional 1.5 MG of storage to meet projected 
demands. The preferred site for the additional storage is at the Tank 9 site as the Agency owns the land, 
there is space for a new tank, and constructing here would require minimal piping improvements. However, 
an alternative site for additional storage was identified on the other side of the system off Camanche 
Parkway near Well 6; where a tank with the same hydraulic grade as Tank 9 could be constructed (see 
Figure 5-23). Constructing a new Tank here would require a land purchase, offsite transmission piping 
improvements, and well supply fill line improvements making this alternative more costly than adding 
storage at the existing Tank 9 site. However, adding a second gravity supply source to the other side of the 
system could improve system pressures and available fire flows.  Prior to constructing additional storage at 
the Tank 9 site, the Agency may wish to further evaluate tank siting alternatives, including the option of 
completing a portion of the required additional storage at Site 9 and the remainder being at the alternative 
location. For this study, it was assumed that the additional 1.5 MG of storage would be located at the Tank 
9 site.  

FIGURE 5‐23: CAM ADDITIONAL STORAGE ALTERNATIVE SITE 

 

Under the 2040 PHD with proposed improvements, the model shows system pressures above 40 psi, 
except at the intersection of Camanche Parkway and Lakeview Drive, where pressures drop to 
approximately 37 psi. This area is the highest elevation in the distribution system; thus, maintaining 40 psi 
at this location during peak hour demands will be difficult with the system at its current hydraulic grade (or 
existing tank elevation constraints). It is recommended that the Agency work with customers affected at this 
location and install private service boosters if needed in the future. PlannedFuture development in the 
Camanche Village Unit 5 area should be limited to a maximum elevation of approximately 385 feet to 
maintain pressures greater than 40 psi during PHD. The model also shows that some locations slated for 
development may have pressures greater than 100 psi; customers in these areas will require individual 
pressure reducing valves on their services.  
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The 2040 MDD available fire flow scenario was exercised with Well 12 off for redundancy. This system with 
the proposed improvements can meet the Agency’s interim fire flow goal of 500 gpm. Most of the system 
can provide at least 900 gpm of available fire flow except for the northeast portion of the system near Yolo 
Court, where approximately 700 gpm is available.  

For development, an additional source is needed. A potential source to meet future demands is the 
Camanche Area Regional Water Supply Plant (CARWSP) located on the opposite side of Camanche 
Reservoir, see Figure 5-24. A supply line across the reservoir has already been constructed, but this 
EBMUD WTP on the south shore, although expandable, lacks the capacity to treat additional water. 
Upgrades to the treatment system would be needed, and a new pump station and waterline to the CAM 
system would need to be constructed by the Agency. There are many challenges associated with this 
project, such as the Agency may need to assume cost or ownership of the WTP operations and 
maintenance, the unknowns of obtaining water rights, and the EBMUD North Shore water and wastewater 
systems that have several outstanding compliance issues that would need to be addressed.   

FIGURE 5‐24: CARWSP AND PIPE ACCROS CAMANCHE RESERVOIR 

 

The 2040 PHDs and MDD available fire flows are shown in Figure 5-25 and Figure 5-26. See the CIP list 
in Chapter 8 and the project cost sheets provided in Appendix I for more details. 
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FIGURE 5‐25: CAM 2040 PHD PRESSURES 

 

FIGURE 5‐26: CAM 2040 MDD AVAILABLE FIRE FLOW 
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5.5     LAMEL 

As discussed in Chapters 2 and 4, this system’s primary deficiency is its low available fire flow due to the 
lack of fire pumping capacity at the pump station and a small 2-inch distribution pipe. The existing pump 
station is in very poor condition as well. The 2040 model scenarios were updated with a future fire pump at 
the pump station, an 8-inch pump station discharge line, and a new 6-inch pipe to replace the undersized 
2-inch pipe in the distribution system (see red CIP pipes in Figure 5-27 and Figure 5-28). The hydraulic 
model of the LaMel system was then exercised to evaluate pressures in the distribution system under the 
2040 projected PHD and available fire flow under the 2040 projected MDD. This section discusses the 
system’s ability to meet the established planning criteria (Chapter 1, Section 1.6) with the proposed 
improvements.  

Pressures under the 2040 PHD are essentially identical to the current PHD pressures ranging from 55 psi 
at the location of the LaMel Pump Station discharge connection to the distribution system to 94 psi at the 
southern end of the system, see Figure 5-27. Pipe velocities in the distribution system are under 2 ft/sec. 
The model shows that this system can provide adequate pressures and velocities under the future PHD.  

FIGURE 5‐27: LAMEL 2040 PHD PRESSURES 

 

For this pipe network, this system's available fire flow can be met with the velocity constraint of 11 ft/sec. 
With the proposed improvements, the available fire flow during the 2040 MDD exceeds 1,000 gpm (see 
Figure 5-28).  
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FIGURE 5‐28: LAMEL 2020 MDD AVAILABLE FIRE FLOW 

 

The existing 2-inch distribution pipe runs along the back-lot line of homes along Shake Ridge Road. It is 
recommended that the new 6-inch pipe, replacing the 2-inch pipe, be installed in Shake Ridge Road to 
provide better access for maintenance. This will involve re-routing services from back yards to front yards.  

The CIP figures for this system showing the proposed improvements can be found in Appendix I. 

 

Red Lines - 120



Jan. 2021  DRAFT  WATER MASTER PLAN  

 

AMADOR WATER AGENCY | KA 219117  6 ‐ 1 

CHAPTER 6 ‐ WATER TREATMENT PLANT EVALUATION 

Of the five public water systems owned and operated by the AWA, three are fed from surface water 
treatment plants (WTPs) and a fourth is fed from groundwater that receives some treatment before entering 
the water distribution system. The four treatment systems are the Ione Water Treatment Plant (WTP), 
Tanner WTP, Buckhorn WTP, and the LaMel Heights treatment system. Each of these facilities is described 
in the following paragraphs. 

6.1 IONE WATER TREATMENT PLANT 
Background & Summary of Supply 

The Ione Water Treatment Plant was originally installed in 1986-1987 as part of the California Department 
of Corrections Mule Creek State Prison Project. The treatment plant is comprised of a flocculator tube 
clarifier, four mixed media (anthracite/sand/garnet) filters, appurtenant filter backwash systems (including 
rotating surface wash arms), and a finished water clear well as shown in Figure 6-1. A detailed treatment 
process description is provided in Appendix H taken from the original design drawings for the facility 
(Richardson Voinovich, Inc., 1986). The finished water clear well is covered with a floating Hypalon cover 
supported by cables attached to steel posts placed at intervals around the perimeter of the clear well, see 
Figure 6-5. The bottom of the finished water clear well is conical in shape. The State Prison maintains a 1.3 
MGD assured water supply agreement from the Ione Treatment Plant that can be called into use at any 
time. The water is delivered by the Prison Pump Station, located at the Ione WTP site. 

FIGURE 6‐1 – IONE TREATMENT PLANT LAYOUT 

 

Source water for the facility ultimately flows from the Mokelumne River which is diverted into Lake Tabeaud. 
A series of transmission lines then convey raw water from Lake Tabeaud to the Tanner Raw Water Bowl 
at which point a diversion line routes flow to the Ione Treatment Plant through a second transmission line 
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to the Ione Pelton-Wheel style hydro turbine facility and into the Ione Reservoir. The Ione Reservoir feeds 
the Ione Treatment Plant through a 14-inch raw water line. However, the Agency reports that the 14-inch 
line is only pressure class 100 pipe and is currently operating above the manufacturers recommended 
pressure. Service pressure within the pipe should not be increased which limits overall capacity. A State of 
California-owned 10-inch line is routed parallel to the 14-inch line and is leased by the Agency to 
supplement flows from the 14-inch pipe. The conditions for the Agency’s use of the 10-inch pipe, designated 
by the State, only allows the agency to use the 10-pipe when it will not negatively impact the State’s raw 
water delivery, limiting its usefulness. A possible raw water pump station to serve the State may better 
serve its needs in the future. 

Based on discussions with Agency personnel, it appears that sufficient raw water volume can be delivered 
to the treatment facility for current needs; however, recently installed hydro-turbines complicate delivery by 
requiring specific volumes of water for power generation that do not necessarily coincide with demanded 
flow through the treatment plant. During a 1991 plant test, it was determined that only 3.3 MGD of raw water 
could be delivered to the treatment plant of the total 4.5 MGD calculated theoretical rate (Dewante and 
Stowell Consulting Engineers, 1992). The theoretical raw water delivery rate is based on a Hazen-Williams 
‘C’ coefficient of 120, 8,100 feet of 14-Inch raw water pipe, and the estimated head available between the 
water surface of the Ione Reservoir and the Ione Treatment Plant Inlet. Because the 3.3 MGD value is an 
actual measurement of raw water feed capacity, it is assumed that this value more accurately represents 
actual raw water availability than the theoretical value. 

Based on an August 2019 operational memorandum compiled by the Agency, the Ione hydro-facility was 
planned to operate at a constant 5.65 CFS (3.65 MGD) during peak energy periods (1200 – 1800 hrs) 
(Cook, 2019). Additionally, the operational memorandum specifies that the Ione reservoir should be 
operated with as low of a daily fluctuation as possible, which would require the reservoir feed to be able to 
deliver a similar flow rate to that being fed to the Ione Treatment Plant. Assuming 3.3 MGD can be fed to 
the Ione Treatment Plant, the 3.65 MGD that can be delivered through the turbine is sufficient for current 
needs; however, with growth anticipated in the future, it is likely that both flow through the turbine and flow 
to the treatment plant will ultimately limit finish water delivery capacity. In 1992, the maximum flow that 
could be delivered to the Ione Reservoir through the existing pipeline, without the turbine, was estimated 
to be 9.6 MGD (Dewante and Stowell Consulting Engineers, 1992). Based on this, a turbine bypass was 
installed which could allow greater flows to reach the Ione Reservoir without interfering with the operation 
of the turbine. 

The primary limitation on raw water delivery currently faced by the Agency is a lack of source redundancy. 
Specifically, if any of the infrastructure upstream of the Ione Water Treatment Plant must be taken offline 
for any reason, raw water delivery to Ione would be significantly impacted. If this happened, stored water, 
within the Ione Reservoir, would be depleted within a relatively short amount of time. In order to mitigate 
this potential issue, the Agency is considering the installation of a raw water delivery line from Lake Pardee 
to the Ione Reservoir as a long-term solution. Not only would this provide a redundant water supply, it would 
also increase the quantity of raw water that could ultimately be available to the treatment plant. 

Additionally, routing raw water through multiple open-air raw water bowls/reservoirs is likely contributing to 
the reported taste and odor issues by influencing the microbiological production of MIB and geosmin. The 
Agency has communicated that the utilization of several large raw water storage tanks, rather than open-
air raw water reservoirs may be pursued in the future to limit the formation of taste and odor causing 
compounds as well as to limit losses due to evaporation and infiltration. The Ione Reservoir is shown in 
Figure 6-2. 
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Since its construction, the Ione Water Treatment Plant has remained unchanged with relatively minor 
upgrades being completed in 2006, 2017, and 2020 when the filter media was replaced, pipelines were 
rerouted to improve hydraulic conditions, and electrical systems were upgraded. The plant has been 
evaluated for expansion multiple times and at one time was also proposed to be decommissioned and 
replaced with upgrades to the Tanner WTP. With this change the raw water delivery would be converted or 
replaced with finished water delivery to Ione; however, the Agency is concerned with the short-term funding 
considerations of this proposal, even though in the long-term it is likely a more cost-effective option. A more 
feasible long-term improvement solution would be to increase treatment capacity using modular filtration 
units which could be relocated as part of future plans for a treatment facility adjacent to the Ione Reservoir. 

FIGURE 6‐2 – IONE RAW WATER RESERVOIR 

 

Treatment Evaluation 

The Ione Treatment plant was designed as a conventional process beginning with the flocculator clarifier 
where polymer and chlorine are dosed for flocculation assistance and pre-oxidation, respectively. Lime was 
also intended to be fed to form a sludge blanket within the clarifier; however, this practice was suspended 
after two years of operation due to difficulties associated with the process (Amador Water Agency, 2020). 
The flocculator clarifier is comprised of a flocculation zone and tube settlers which encourage the formation 
and settling of floc particles. Additional polymer is dosed within the clarifier. The clarifier is shown in Figure 
6-3. 
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FIGURE 6‐3 – IONE FLOCCULATOR CLARIFIER 

 

After the clarifier, clarified water passes through one of four mixed media filters before being dosed with 
additional chlorine for disinfection. Orthophosphate is also dosed immediately prior to the finished water 
clear well to reduce the corrosivity of the water entering the distribution system. Media filters are shown in 
Figure 6-4. 

FIGURE 6‐4 – IONE MEDIA FILTERS 

 

The Ione mixed media filters are backwashed following 16-20 hours of accumulative run time at a rate of 
approximately 2,000 gpm (~16-17 gpm/ft2). The approximate 15-minute backwash cycle requires between 
25,000 and 30,000 gallons of treated water per filter per backwash cycle. This is roughly equivalent to a 
loss of 120,000 gallons a day of finish water assuming backwash cycles are staggered every six hours and 
4 filter backwashes per 24-hour period. Based on this information, it appears that there is sufficient 
backwash flushing capacity available for the existing filters. However, with the planned expansion of the 
facility the entire backwash system (backwash and recovery) is anticipated to need expansion. When it is 
expanded, it is also recommended that a more complete evaluation, which includes onsite bed expansion 
measurements, a backwash turbidity analysis, and solids retention measurements, be conducted to 
quantify the backwash effectiveness and provide background information necessary for optimization of the 
filter backwash. Backwash rates vary and are a function of influent water quality and characteristics, filter 
media characteristics and bed configuration, and underdrain design. The following table provides typical 
backwash rates based on the type of backwash being utilized (American Water Works Association, 1990). 
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TABLE 6‐1 TYPICAL BACKWASH RATES BY BACKWASH CLASS 

Backwash Type 
Wash Rate 
(gpm/ft2) 

Duration 
(min) 

Upflow water wash w/o auxiliary scour 15 to 25 3 to 15 

Upflow water wash w/ air scour Air 2 to 5 ft3/min/ft2

Water 15 to 23 

3 to 5  

3 to 15 

Upflow water wash w/ surface wash  

 Surface wash 

 Low wash rate w/ surface wash 

 High wash rate only 

0.5 to 2 – 2 to 4 

5 to 10

15 to 23

 

1 to 3 

5 to 10 

3 to 15 

Settled floc within the flocculator clarifier is removed from the clarifier floor using a scraper arm that moves 
settled material to the center of the clarifier. Settled clarifier solids, and solids removed during backwash of 
the media filters, are transferred to the waste detention tank where clarified water is decanted from the top 
of the tank and sent to the sanitary sewer. Solids accumulate within the tanks and are removed as needed 
at infrequent intervals. The agency is currently limited in their means of sludge and recycle disposal due to 
restrictions on discharge to the City sewer collection system. Moving forward the agency should identify a 
method of storage and disposal to address problematic process scenarios as well as to allow for routine 
maintenance and offline periods. 

Several deficiencies were identified by the SWRCB in their 2019 Inspection Summary included in Appendix 
H (California SWRCB, 2019). Notable deficiencies include: 

 Filter piping should be re-coated and labeled including the raw water, treated water, backwash 
water, and filter to waste pipes. 

 Control room floor drain should be adjusted such that spilled chemicals or plumbing issues are not 
recycled to the head of the plant. Only instrumentation drain water should be recycled. (This has 
been addressed). 

 The water level gauges within the plant storage tanks were inoperable and should be replaced. 
(This has been addressed). 

 The Agency was required to begin monitoring for pH, total alkalinity, and orthophosphate at 
specified intervals at the entry point to the distribution system and in the distribution system in April 
2019. 

 The floating clear well cover should be replaced as part of future upgrades to the treatment plant 
with a solid metal or wood cover. The Division will consider other materials if proposed by the 
Agency. 
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The Ione WTP is serviced by old SCADA components which were partially upgraded in 2020 to improve 
overall control and operation of the facility. Of greatest concern are reports that the treatment plant is 
capacity restricted and needs to be expanded to meet the peak capacity and future capacity of the areas it 
serves. These restrictions include hydraulic bottlenecks, treatment capacity limits, and finished water 
storage limitations all of which need to be addressed to increase the finished water production of the facility. 
The Ione service area is reported to be a high growth area and the Agency has signed ‘Will Serve’ 
commitments for planned development in the area. Finished water capacity and anticipated future needs 
will be discussed in the ‘Finished Water Capacity & Future Demands’ subsection. The clarifier solids and 
backwash residual management system is also in need of upgrades. 

The plant backwash system should be evaluated as discussed previously to optimize its effectiveness and 
minimize the amount of water that is required and produced for each filter backwash. The evaluation should 
include visual inspection of the distribution of the backwash water and scour of the filter bed during each 
cycle. The stages of the backwash process should then be monitored to confirm that optimum flow rates 
and times are being used. This will change seasonally as the density of the water and turbidity loads vary 
with the seasons. 

The treatment deficiencies noted herein are largely due to the age of the facility and anticipated future 
demands. Almost all major treatment components have reached the end of their useful life and all are 
operating at or near their maximum production capacity. While significant upgrades are required at the Ione 
Treatment Plant, the nature of these improvements should be evaluated against the Agency’s long-term 
plans for the facility. In the event that the Agency were to ultimately abandon the Ione treatment facility, it 
may be prudent to perform only routine maintenance at the Ione Treatment Plant while implementing long-
term facility plans.  

Finished Water Capacity & Future Demands 

The Ione treatment plant is reported to produce 2.07 MGD reliably and have a maximum peak production 
rate of 2.75 MGD according to AWA calculations included in Appendix H (Amador Water Agency, 2020). 
The current MDD within the Ione distribution system is 2.69 MGD which is 0.61 MGD above the reported 
reliable capacity of the Ione WTP. Of the anticipated growth in the planning period that the Agency will 
serve, the majority will be within the service area of the Ione WTP. The 2040 MDD is estimated to be 5.62 
MGD (including a contract obligation to the Mule Creek Correctional Facility). With this plannedfuture growth 
the Ione WTP would be facing a reliable production deficit of 3.55 MGD.  

Exacerbating the capacity issue is the floating clear well cover which impedes the full use of stored finished 
water volumes. The cover has exceeded its useful life and is showing signs of degradation and pinhole 
leaks. The floating Hypalon cover was installed using steel anchors connected, in many cases, to a hole 
punched through a double layer of the cover material via a steel cable. In the event a high demand period 
drops the water level within the clear well below the minimum elevation at which the cover can be supported 
(floating) on the water surface, the steel anchors would need to hold the weight of the covers. Additionally, 
during the winter months, rain water accumulates on the clear well cover which the multiple “sump” style 
pumps placed strategically on the cover are unable to remove. Allowing water to accumulate on the surface 
of the Hypalon cover and around the perimeter, causes additional strain and creates the potential for a 
cover failure similar to what would occur during a high demand time. Considering a single gallon of water 
weighs 8.34 pounds, this additional weight could prove to be catastrophic during one of these events. 

The Agency has observed events that have nearly drawn the water level of the clear well below the travel 
range provided by the cover. During these events, the operators observed that the support posts began to 
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bend until the cover tears or the steel support stanchions are pulled into the basin. Due to the water 
elevation limits imposed upon the Agency by the floating cover, treatment plant operators are forced to 
operate the system by utilizing a minimal amount of the total clear well storage available which drastically 
reduces the peaking storage that can be supplied. The clear well is shown in Figure 6-5 and it is worth 
noting that the Agency had planned to replace the cover in 2021, but due to budget cuts the project was 
not approved. It is anticipated that this would be a temporary solution until such time that a permanent fix 
could be implemented. 

FIGURE 6‐5 – IONE FINISH WATER CLEAR WELL 

 

Physical Site Limitations 

The Ione Treatment Plant is located on a highly restricted parcel that, due to development and geography, 
has become land locked since its original construction. The treatment plant is bordered by development on 
the east, west, and south; and while some expansion to the north may be possible if land could be acquired, 
the elevation begins to fall steeply adjacent to the treatment plant. It is possible that any significant 
expansions of the Ione Treatment Plant will need to be planned at another location or phased to allow 
demolition of treatment structures so new structures can be built within their footprint. Even with phasing, 
the current plant location is land restricted and has a definite build-out limitation. 

Because of the proximity of the treatment plant to development in the area, there have been some historical 
issues with vandalism and significant amounts of garbage are routinely thrown onto the Agency’s property, 
both of which could be reduced if fencing were installed along the lower portion of the property boundary. 

Agency operators have also indicated that the soils in the area seem to be aggressive and that they have 
seen evidence of this when repairing buried infrastructure. Any new improvements should address this by 
utilizing concrete structures or including cathodic protection on metallic improvements that are in contact 
with the soil. If cathodic protection is used, regular inspections should be conducted including to the 
sacrificial anode beds.  
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Summary of Ione Deficiencies 

The Agency should focus on addressing any deficiencies which have been identified by the California 
SWRCB with other priority deficiencies (California SWRCB, 2019). As discussed previously, these 
deficiencies include: 

 Filter piping should be re-coated and labeled including the raw water, treated water, backwash 
water, and filter to waste pipes. 

 The Agency was required to begin monitoring for pH, total alkalinity, and orthophosphate at 
specified intervals at the entry point to and in the distribution system in April 2019. 

 The floating clear well cover should be replaced as part of future upgrades to the treatment plant 
with a solid metal or wood cover. The Division will consider other materials if proposed by the 
Agency. 

Other deficiencies identified have been summarized below: 

 The treatment plant is capacity restricted and significant growth is anticipated. Capacity expansion 
is needed for both process and delivery (raw and finish water) systems to provide for upcoming 
demands. 

 The treatment plant is serviced by electrical and SCADA equipment which has long passed its 
useful service life and should be improved. The electrical and SCADA systems were partially 
upgraded in 2020 but approximately $500,000 in unfunded upgrade work remains to complete the 
project. 

 Recurring taste and odor issues associated with microbiological production of MIB & geosmin have 
been reported. 

 Finish water clear well cover interferes with operation of the system and the clear well needs 
replaced due to suspected structural concerns that are manifesting and significant soil cracking 
around the clear well.  

 The physical site is restrictive; future expansion is limited. 

 The existing clarifier and filters are nearing the end of their life. The units should either be replaced 
or rehabilitated if the Agency intends to continue using them.  

 There are hydraulic restrictions within the process piping that will need to be corrected with any 
treatment capacity expansion that might occur. 

 Redundant raw water supply is lacking. 

 Inadequate fencing along property line allows for continued vandalism and littering. Potentially 
significant legal and financial liability also exists due to the possibility a citizen/child is injured while 
on the property. 
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 Existing backwash tanks are not large enough. An alternative solution is needed, a pond system 
for backwash water would avoid the cost associated with discharging backwash water to the City 
Sewer at a cost. The backwash system will need to be sized to accommodate any treatment 
capacity expansion that might occur. 

 Prison pump station electrical, PLC, pumps, motors are all 1988 or earlier, there are No VFD’s, 
high electric cost.  

 Site access is via a steep and narrow driveway with sharp turns. Chemical deliveries for the facility 
are limited due to the lack of access for large trucks to enter and exit the facility. Staff have reported 
that on multiple occasions chemical companies have been unable to deliver products and drivers 
have nearly rolled their chemical and hazardous material delivery trucks attempting to access the 
WTP area.  

6.2 TANNER WATER TREATMENT PLANT 
Background & Summary of Supply 

The raw water for the Tanner Water Treatment Plant ultimately flows from the Mokelumne River which is 
diverted into Lake Tabeaud. A transmission line then conveys raw water from Lake Tabeaud to the Tanner 
Raw Bowl (Tanner Reservoir) for treatment in the plant or diversion to the Ione Treatment Plant. This flow 
regime was modified when the hydro-electric facility at Tanner was built and put into service in 2016. The 
raw bowl has been bypassed to allow the Tanner Hydro-Plant to take advantage of the head in the raw 
water transmission pipeline before it is delivered to the treatment process and raw bowl. Therefore, rather 
than feeding from the raw water bowl at a consistent head, raw water feeds into the plant through the 
Tanner hydro turbine(s) which require specific flow rates be maintained to produce the correct 60-hertz 
cycle power. This in-turn requires operators to maintain treatment plant production rates that support power 
generation, rather than solely operating the treatment plant based on operational requirements like system 
demands and best operating efficiencies for the treatment processes. It is possible that the turbine could 
instead feed into the existing raw water bowl; however, the bowl is reported to leak at approximately 25 
gpm, and operational depths within the storage structure are limited to between 5 feet and 3 feet because 
of depth requirements for the Ione diversion. These raw bowl limitations amplify other Agency concerns 
including decreased influent head available which could reduce the maximum plant capacity, deterioration 
of raw water quality within the raw bowl, and limiting roughing filter backwash volume since this is done 
with raw water. 

The remainder of the existing raw water bowl storage capacity that could be available to the Tanner 
Treatment Plant is not accessible due to the hydro-turbines. Current and future operation of the plant could 
be improved by providing 10 million gallons of above ground raw water storage to the plant intake, 
potentially in several large raw water storage tanks, to provide a more consistent operating head.  

It should also be noted that a general lack of raw water source redundancy has been identified by the 
Agency. Several options which are being considered by Operational Staff to mitigate this deficiency include 
utilizing a nearby canal to provide water to the Tanner Raw Bowl if needed, as well as tying in to the existing 
CAWP water system. Neither of these alternatives is likely to provide a sufficient volume of water to meet 
the needs of the Tanner and Ione Systems. These alternatives need to be explored in depth to evaluate 
their feasibility and cost. 
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FIGURE 6‐6 – TANNER TREATMENT PLANT LAYOUT 

 

The current configuration of the Tanner WTP as shown in Figure 6-6 dates back to upgrades which were 
completed in 1988 when the packaged coagulation/flocculation units and media filters were installed; 
however, record drawings for the original facility could not be located so it remains unclear what engineering 
design parameters were utilized. Additional filtration units were added in the 1990’s to increase the plant’s 
capacity. More recently (2018), several backwash reclaim improvements were partially completed which, 
with additional programming, could allow operation of 2/3 of the plant capacity during a backwash cycle. 
The reclaim system is comprised of two welded steel backwash water settling tanks with swing arm 
decanters to decant settled backwash water from the upper portion of each tank and recycle the flow back 
into the raw water feed of the treatment process. A backwash solids dewatering system was also installed 
in 2018 and is comprised of a polymer feed system, two roll-off dewatering units, and a drain system. A 
treatment system layout is provided showing the relative layout and interconnections of process 
components in Appendix H. The roll off dewatering units and settling tanks are shown in Error! Reference 
source not found. and Figure 6-8. 

Despite the recent backwash reclaim and dewatering improvements, the Agency continues to discharge 
backwash solids to the nearby Ione Canal. Moving forward, the Agency would prefer to fully abandon the 
canal and this practice as well as move towards a better solids handling system. This may not be possible 
without expanding or constructing additional emergency settling ponds to provide redundant capacity for 
emergency needs. 
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FIGURE 6‐7 – ROLL OFF DEWATERING SYSTEM 
FIGURE 6‐8 – BACKWASH TANKS AND RECYLE 

PUMPS 

 

 

Filtered water is pumped to the finished water clear well. The clear well, like the Ione location, is a partial 
concrete basin with a Hypalon liner that acts as a bladder. The Tanner Clear Well has similar challenges 
to what has been described for the Ione Plant, including issues with rainwater accumulating on and around 
the cover and that the storage volumes are effectively reduced due to limitations imposed by the floating 
cover. Replacement of the cover was recommended again by the SWRCB as part of the February 2019 
Inspection Summary of the Tanner WTP despite it being replaced in 2010. The finished water clear well is 
shown in Figure 6-9 and Figure 6-10. The cover limitation significantly reduces the useable volume of the 
clear well, which directly impacts backwash water availability as well as distribution system operational 
volumes. 

FIGURE 6‐9 – TANNER CLEAR WELL  FIGURE 6‐10 – CLEAR WELL COVER 

  

Treatment Evaluation 

Raw water enters the flocculation/clarification units before passing into the filtration units. Polymer 
coagulant aid, caustic soda, and orthophosphate are dosed at various points within the treatment process 
for coagulation, pH adjustment, and corrosion control. Chlorine is also dosed at various stages for pre-
oxidation and disinfection. As described earlier, significant limitations exist in the delivery of raw water to 
the treatment facility because raw water is fed from the Tanner hydro-turbine rather than directly from the 
raw water source (raw water bowl or similar storage structure). With the Tanner hydro-turbine installed on 
the plant intake, operators have limited ability to manipulate raw water flows into the treatment process due 
to the flow rates required for power generation. This means that operational conditions cannot be easily 
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adjusted based on raw water quality or finished water quantity without upsetting operation of the turbine. 
As the raw water enters the plant from the hydro facility it receives doses of polymer and then enters one 
of the six roughing filters and receives a small dose of sodium hypochlorite as it flows to the respective 
media filter. The filtered water is stored in a pump gallery where it is pumped to the clear well. Sodium 
hydroxide is fed to raise the pH of the water, orthophosphate is added as a corrosion inhibitor, and sodium 
hypochlorite is added for disinfection prior to entering the clear well. 

The sedimentation (roughing filters) and media filtration units are shown in Figure 6-11. 

FIGURE 6‐11 – TANNER SEDIMENTATION & FILTRATION UNITS 

 

A majority of the filtration units were installed as previously used components in the 1980’s and are now 
nearly 40 years old. The filters themselves are serviced by PVC pipe which is exposed to sunlight and UV 
degradation that causes the pipes to become brittle. PVC piping does not comply to Industry standards for 
outdoor exposed piping and replacement is recommended. Because the treatment units are outdoors and 
uncovered, Agency Operators report finding dead birds, mice, and honey bees in the filtration units and 
winter temperatures cause issues with valve operation (Amador Water Agency, 2020). The strong winds, 
which are also common in the area, also cause turbulence in the process basins causing malfunctions of 
the filter level controllers which increases operational wear of the equipment (Amador Water Agency, 2020). 
Operations staff have expressed a preference to enclose the treatment basins in a steel, or similar framed, 
building. 

The Tanner sedimentation basins (roughing filters or clarifiers) are flushed every 12 to 24 hours of 
accumulative run time depending on seasonal raw water conditions and demands. The basin flushing is 
conducted at a rate of 5,000 gpm for approximately 30 to 40 minutes and consumes approximately 180,000 
gallons of raw water per cycle. The sedimentation basins have a surface area of 136 ft2 giving a backwash 
rate of approximately 22 gpm/ft2. The mixed media filters are then backwashed, with the longest run times 
being between 108 and 144 hours, at a rate of approximately 2,400 gpm (~17 to 18 gpm/ft2). The 
approximate 10 to 30-minute filter backwash cycle requires between 25,000 and 30,000 gallons of treated 
water per filter per backwash cycle. It has been noted by operators that significant deficiencies are 
experienced with the existing backwash system, largely due to the age and condition of critical backwash 
components.  

While the backwash water reclaim system (solids dewatering containers, reclaim tanks, & reclaim pumps) 
is relatively new, the facility’s blowers and backwash pumps that actually provide the filter backwash are 
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estimated to be 23 years old and 15 years old, respectively. The airlines that provide air scour for backwash 
are also reported to leak which greatly reduces backwash effectiveness, and the overall backwash system 
is undersized for the facility’s needs now that production is nearing the Agency confirmed sustainable plant 
capacity. Currently the backwash dewatering system is not being used as designed because the plant staff 
has found that they can more efficiently collect and thicken the backwash solids in the backwash tanks 
which reduces the solids wasting rate and subsequently the polymer use to dewater the solids. 

Due to the known capacity issues with the Tanner Backwash system, it is again recommended that as 
expansion occurs, a more complete evaluation and optimization of the washing system be completed 
including, but not limited to, onsite bed expansion measurements, a backwash turbidity analysis, and solids 
retention measurements. 

The configuration of the sedimentation (roughing filters or clarifiers) and filtration units also limits the plant 
capacity because each sedimentation unit is piped to a matching filter. Therefore, if one sedimentation or 
filtration unit is removed from service for maintenance, the capacity for the matching component is also lost. 
The Agency is considering plans to drain, sandblast, and re-apply the epoxy coating of each sedimentation 
and filtration unit as well as replace the filter media that has been in use since approximately 2005. 

The electrical MCC and control system is antiquated, and a majority of the components are either obsolete 
or nearing obsolescence and should be upgraded to allow for more efficient, streamlined operational control 
of critical treatment components. It is reported that the PLC was installed in the 1990’s and has had multiple 
processes patched in as improvements have been made (Amador Water Agency, 2020). The PLC has 
historically failed 1-2 times annually; however, more recently it has begun to fail on a weekly basis. 
Additionally, the control programming limits operational effectiveness and the facility could benefit from a 
detailed staffing plan to help coordinate their efforts. 

Finished water from the media filters is stored in the finished water clear well, immediately adjacent to the 
raw water bowl. The Hypalon bladder is beyond its manufacturer recommended useful life and is showing 
signs of UV degradation. The clear well’s proximity to the raw water feed line also make it susceptible to 
contamination if its operating level were to fall below the level of the raw water bowl or if the raw water line 
were to fail.  

Finish Water Capacity & Future Demands 

The AWA has reported in the Tanner Connection Commitments Calculations provided in Appendix H that 
the Tanner Water Treatment Plant can currently provide an actual maximum finish water capacity of 4.4 
MGD (3.7 MGD reliable capacity with one filter out of service) based on actual flow testing results as 
documented in a November 5, 2020 Memorandum provided by AWA. The current MDD in this system is 
4.49 MGD but moderate growth is anticipated in the service area. The projected 2040 MDD is 5.55 MGD 
(with a contractual obligation to the City of Plymouth and other “will serve” type commitments). This 
projected 2040 MDD also includes commercial development anticipated due to growth in the CAWP and 
CAM systems. It appears that the current capacity of this WTP has a deficit of at least 1.15 MGD compared 
to the 2040 MDD with contractual obligations.  

A majority of the increase in future demands is due to planned development within the Tanner Treatment 
Plant service area. The Agency anticipates this region to be a significant growth center within the Amador 
Water service area. Additional demands above those reported here would be required if the Agency were 
to move towards consolidating the Ione and Tanner treatment plant service areas into a single regional 
facility. Operating a single regional facility rather than two smaller plants would reduce the complexity of 
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the system and simplify overall operations, thereby reducing the demand on operations and the long-term 
capital and operation and maintenance costs. If the two treatment plants and service areas were combined, 
the anticipated future demand would likely reach 12.1 MGD (with contractual obligations). The current plant 
reliable capacity of 5 MGD would have a deficit of 7.1 MGD in 2040 if the two service areas were combined. 

Physical Site Limitations 

The Tanner Water Treatment Plant is located in a relatively undeveloped area on the outskirts of Sutter Hill, 
and several empty fields adjacent to the current treatment works could house plant expansions. The 
Westover Field Airport is located just west of the treatment plant and any improvements made towards the 
airport would have to comply with FAA restrictions. The Agency’s property boundary also extends south of 
the plant down a rolling hill to a field in the bottom of a small valley. This area could be utilized for residuals 
management as well as backwash water disposal through irrigation. 

Summary of Tanner Deficiencies 

A summary of the identified deficiencies associated with the treatment and production capacity of the 
Tanner WTP is included below. These deficiencies were identified using State of California standards and 
best engineering practices. Specific deficiencies were noted by the SWRCB within the 2019 Inspection 
Letter provided in Appendix H (California SWRCB, 2019): 

 Improvements to the clear well per California SWRCB direction should be considered. Additionally, 
Keller Associates would recommend the Agency consider moving the clear well further away from 
the raw water bowl to reduce the likelihood of potential contamination. There is also no redundancy 
for emergency and/or maintenance scenarios. 

 Significant modernization is required for the operation and controls systems at the treatment plant. 

 The facility does not have the capacity to meet upcoming demands, significant expansion of the 
hydraulic and treatment capacities is needed. 

 PVC piping is used to interconnect the treatment processes and is exposed to sunlight which will 
degrade the PVC. 

 The Agency is considering replacing the filter media as well as sand blasting and re-coating the 
filter basins. 

 The filter backwash system is undersized and should be replaced. Operators have expressed a 
preference for dedicated backwash storage to prevent limitations in treatment capacity during 
emergencies and high demand periods. The backwash should incorporate both adequate hydraulic 
capacity and air assistance.  

 A residual (sludge) handling system which meets the Agency’s needs should be installed and 
discharge of solids to the Ione Canal should be abandoned or replaced with a better solution. 

 Because of the manner in which the plant has been designed, removing a filter for backwash also 
reduces clarification capacity, thereby reducing overall plant capacity by a factor greater than would 
be expected by just removing a filter from service.  
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 Redundant raw water supply should be considered. 

 Exposed sedimentation/filtration basins allow for potential contamination and increase operational 
and maintenance needs. 

 Inadequate fencing around site boundary does not restrict access to site and poses security 
concerns. 

 Emergency power supply needs upgraded. 

 An inlet screen should be installed on the Ione Transmission Line inlet to protect the Ione Hydro 
Turbine from potential debris. 

6.3 BUCKHORN WATER TREATMENT PLANT 
Background & Summary of Supply 

The Buckhorn Treatment Plant was constructed in its current form in 2005 and is the Agency’s newest 
treatment facility. The plant layout is shown in Figure 6-12 and a flow schematic is provided in Appendix H.  

FIGURE 6‐12 – BUCKHORN WTP 

 

Raw water originally flowed to the facility from PG&E’s Tiger Creek Afterbay on the North Fork of the 
Mokelumne River. The primary source now comes from the Tiger Creek Regulator which provides 5 cfs of 
gravity flow to the treatment plant. The gravity feed is controlled by a flow and pressure control station from 
the Tiger Creek Regulator that sits at the entrance to the plant as shown in Figure 6-13.  

In the past, a pair of high-pressure booster stations operated in series to convey raw water to the treatment 
plant from the Afterbay. When the primary water diversion was changed to the Tiger Creek Regulator, it 
was intended that the Afterbay remain as a secondary raw water source. However, due to its severely 
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deteriorated state, the agency should determine if the extensive measures required to rehabilitate these 
facilities is warranted or if an alternative secondary source would be of greater benefit. The Agency is 
considering the rehabilitation of the Afterbay raw water pump stations and transmission piping or the 
installation of a low-level floating pump at the Regulator to provide redundant raw water delivery capacity 
to the Buckhorn Treatment Plant. 

FIGURE 6‐13 BUCKHORN RAW WATER FLOW CONTROL STATION 

 

The flow control station bypasses the original raw water surge tank and directly pressurizes the membrane 
filtration system. Aluminum Chlorohydrate (ACH) is fed as a filtration aid coagulant ahead of the membrane 
filtration process. Two automatic 400-micron strainers provide initial treatment of the water and remove 
larger material to protect the membranes from damage. The water is then fed to one of three Pall 
microfiltration (0.1-micron Microza®) membrane filter racks comprised of 52 filter modules each. Each of 
the racks is designed to hold 68 modules and the plant is designed for four racks total. The membranes are 
manually backwashed when required and a manual clean in place (CIP) is completed quarterly with caustic 
being fed one day and citric acid being fed the next. The membrane filters and feed piping are shown in 
Figure 6-14. 
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FIGURE 6‐14 – BUCKHORN MEDIA FILTERS 

 

Downstream of the membrane filters, sodium hypochlorite is dosed for disinfection followed by pH 
adjustment using sodium hydroxide and finally orthophosphate is added to reduce the corrosivity of the 
water. Two steel tanks store the finished water until it is pumped into the distribution system. Chemical 
storage and spill containment is provided for as shown in Figure 6-15 and Figure 6-16. 

FIGURE 6‐15 – SODIUM HYPOCHLORITE  FIGURE 6‐16 – CAUSTIC SODA 

  

Treatment Evaluation 

The treatment plant was constructed and placed into service in 2005 and a majority of the components 
associated with its operation remain in serviceable condition. Additionally, the treatment plant has plenty of 
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reserve capacity which can be utilized by installing additional membrane modules to fill the existing racks 
to capacity and by adding a fourth filter rack to increase production to 5 MGD.  

The original plant sits adjacent to the new plant. The treatment building and a storage Quonset are still in 
serviceable condition, but they need significant repairs including a new roof on the plant building, interior 
sheetrock repairs in the Quonset, and they would both need to be cleaned and maintained if they are to 
continue to be assets for the Agency. The raw water feed within the old plant is still active and isolated by 
a closed valve. This supply line should be disconnected at the main pipeline and the piping demolished to 
allow the building to be reused or demolished to free up space on the site that could be used for other 
improvements. 

The maintenance associated with a membrane plant is proving to be an issue as the membrane clean in 
place is completed manually rather than by the typical automated process. Automated clean in place 
systems are standard for membrane processes, because of their complexity and the tedious nature of the 
extensive valve manipulation. The manual clean in place involves a multi-day effort manipulating the pumps 
and valving required to flush the cleaning reagents through the membrane modules and requires 
significantly more operator-hours than an automated system. Overall, the manual system is a significant 
burden on plant operators and undermines their ability to perform their other duties. The manual process 
also produces more backwash solution that needs to be disposed of due to the inefficiency of manually 
manipulating the treatment skid valving. After the clean in place is complete, the neutralized backwash 
solution must be hauled away and disposed of in Jackson. It appears that the 10,000 gallons of 
neutralization tank capacity is sufficient for automated CIPs; however, additional tankage would be required 
to continue using manual cleaning at facility buildout. 

Routine filter backwashing (return flow or RF) produces residuals that are sent to the recently completed 
residuals management system. The membrane filters are washed at a return flow of between 400 and 800 
gpm for 2 minutes, producing between 1,000 and 1,200 gallons of backwash per filter rack. Each rack is 
backwashed after between 12,000 and 20,000 gallons of treated water production depending on raw water 
quality and seasonal conditions. 

Backwash solids are dewatered and dried in Deskins drying beds and disposed of at the Tanner Treatment 
Plant. The drying process uses a WesTech Lamella plate settling package to recover a significant amount 
of water before polymer is added to the solids and they are pumped to the Deskins beds. Due to the nature 
of the solids and the climate at the Buckhorn plant, drying is only possible during the summer months when 
temperatures and conditions are favorable. To mitigate the impact of seasonal challenges and reduce the 
amount of pine needles that enter the dewatering beds, a steel cover was built in March of 2020. The cover 
should minimize environmental impacts on the drying beds and operators anticipate better winter season 
drying conditions in the future. 

The backwash solids dewatering system appears to have been designed around a solids loading rate of 2 
lbs per square-foot of bed area based on samples collected and analyzed by Deskins at the time of 
construction (Peterson, Brustad, Inc., 2014). Three beds were constructed and an additional two beds could 
be constructed in the future in order to increase dewatering capacity. The capacity increase would be 
required at the theoretical treatment plant capacity. Decant water from the plate settler and filtrate from the 
drying beds can be returned to the head of the treatment plant. As additional drying beds are constructed 
to accommodate additional solids from the treatment process, it is likely that pumps and other recovery 
system components will need to be upgraded to accommodate the additional flow volume. Additionally, the 
Agency reports that the Mace Meadows pond system is still utilized several times each year to dispose of 
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backwash water generated during emergency failures or routine maintenance. Consideration should be 
provided for redundancy provisions that meet the Agency’s operational backwash needs. 

Ongoing maintenance of the facility and especially the purchase of new filter membranes is reported to 
pose a challenge to the AWA. Membranes must be replaced as they age and this is typically assessed by 
membrane fouling or membrane fiber breaks. Increased system demands due to growth in the future will 
also require the purchase of additional membranes to fill the racks currently left empty. It has been reported 
that in the past used membranes from other treatment facilities have been repurposed and put into 
operation in the Buckhorn facility. This practice can lead to unpredictable failure of the reused membranes 
and could lead to costly replacements. If new membranes are purchased and installed, the Agency will 
have an opportunity to predictably manage their membrane replacement expenditures over time. This is 
typically done by staggering membrane replacement to avoid needing to replace all of the membranes at 
one time. 

Agency Operators have also observed that water temperatures within the finish water tanks increase during 
the summer months due to warmer temperatures. This increase in temperature can cause stratification 
within the above grade tanks which reduces mixing and contributes to the formation of the disinfection 
byproducts within the distribution system that have been observed by the Agency. Currently no mixing is 
available within the tanks and the tank inlet is comprised of a 90-degree elbow turned horizontally. It is 
recommended that the Agency consider the installation of either active or passive (hydrodynamic) tank 
mixing systems. A more detailed analysis should be completed to identify if reorienting the inlet elbow so 
the water discharges vertically would help resolve the problem. This will be a function of the entrance 
velocity of the water and its temperature. Typical passive hydrodynamic mixing systems utilize nozzles that 
concentrate the inlet flow into jets that causing mixing in the tank. 

Finish Water Capacity & Future Demands 

The Buckhorn Treatment Plant is well positioned to expand to meet future demands by adding filter modules 
or an additional membrane rack as needed. Significant increases are not anticipated within the Buckhorn 
service area as MDD is anticipated to only increase from 1.64 MGD currently to 1.96 MGD by 2040; 
however, the treatment system does have several bottle necks that should be addressed before they 
become limiting factors as demand increases; these primarily involve the manual clean in place system.  

Physical Site Limitations 

The Buckhorn treatment plant is surrounded by developed land, so space is at a premium. By moving 
towards a membrane filtration process rather than a conventional coagulation, flocculation, and media 
filtration system, the Agency has allowed for relatively high production rates in a reasonably small-footprint. 
The recently completed drying bed process converted a significant parcel of the Agency’s available land on 
the site. The land lost by using drying beds over a smaller footprint alternative such as a screw press, belt 
press, or fan press could be offset by demolishing remnants of the original treatment plant as additional 
space is needed. 

It is also worth noting that the treatment building is oriented such that the entrance to the facility faces north 
and the ridgeline of the building runs east to west. This orientation in a setting that receives significant 
snowfall contributes to icing on the entrance side of the building. Additionally, because the facility is housed 
inside a steel building with a steel roof, a potentially dangerous condition has been created due to the 
possibility for snow and ice slides. Modifications could be made to the building to protect the entrances and 
ensure that ice does not build up in front of the entrances. 
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Summary of Buckhorn Deficiencies 

While the Buckhorn WTP is the newest treatment facility operated by the Agency and appeared to be well 
maintained and in good condition, several items were identified which could improve overall operation of 
the facility. The SWRCB also provided several minor comments in its 2019 Inspection Letter included in 
Appendix H (California SWRCB, 2019). 

 Raw water delivery system should be improved to allow for additional redundancy, including 
potential improvements to the existing pumping capability or the installation of a floating pump to 
provide low-level capacity. 

 The raw water flow control station is exposed and should be enclosed within a building to protect it 
from the elements. The valve system also presents a single point of failure and redundancy for this 
critical component should be provided.  

 It is recommended that the Agency consider installing an automated clean in place process to 
eliminate the operational burden and imprecision of the manual clean in place process. 

 Backwash solids drying beds take up a significant amount of space on the constrained site. As 
demands increase it is recommended that supplementary solids dewatering technologies be 
considered rather than expansion of the drying beds (i.e. screw presses, etc.) 

 Backwash recovery system components will need to be expanded concurrent with future treatment 
expansions 

 Membranes that fail should be replaced with new membranes from PALL Corporation. Used 
membranes should not be introduced to the Buckhorn treatment plant. 

 Finish water tanks lack mixing systems which would help reduce the likelihood of summertime 
stratification and reduce the formation of DBPs in the distribution system. 

 Building snow and ice concerns should be addressed with building modifications. 

6.4 LAMEL HEIGHTS  
Background & Summary of Supply 

The LaMel Heights Water Treatment System treats flows from two groundwater wells that service the LaMel 
Heights area. Both wells are serviced by submersible pumps and are shown in -17 and Figure 6-18. 
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FIGURE 6‐17 – LAMEL WELL #1  FIGURE 6‐18 – LAMEL WELL #2 

Well #1 has a wishing well facade for aesthetic purposes and has a reported production capacity of 30 gpm. 
Well drilling and other appurtenant well information is provided in Appendix H. During the site visits 
conducted by Keller Associates, frogs were observed on the well head within the wishing well cover and it 
is possible that the covering is creating a habitat for other unwanted pests. The outlet piping is exposed 
and has been wrapped with insulation and heat-tape to reduce the likelihood of freezing. The condition of 
the pump and well casing are unknown because it has been some time since this well was serviced. No 
emergency power generation is available for the well and no provision to operate the well using a portable 
generator is currently available. The well site is also not fenced and significant tree cover is of concern due 
to the high fire risk present in the area. An auto-dialer has been installed in the chemical feed building to 
notify operators of operational issues; however, the SCADA system does not report the cause of failure.  

Well #2 is in close proximity to Well #1 and is reported to have been installed around 2005 to act as a 
primary supplemental well to Well #1. The two wells produce similar water quality and quantity, suggesting 
that the two wells draw from the same, or a similar, aquifer. Well #2 reportedly produces approximately 45 
gpm and is located adjacent to the tank and booster station inside of a 5-foot chain link fence. Well #2 is 
also located beneath a significant tree canopy and fire risk is a concern for this facility. The well outlet piping 
is exposed and has been wrapped with insulation and heat-tape to reduce the likelihood of freezing. No 
onsite power generation capacity is available; however, the electrical system does allow for the facility to 
be operated using a portable generator if needed. Well #2 has been operating in a corrosive environment 
without service or inspection since its installation, the condition of the pump and well casing are unknown. 
The Well Completion Report is provided in Appendix H. 

The wells are operated using contact relays which energize based on water level in the storage tank. The 
two wells feed into a common pipeline which passes through the nearby pump station where treatment 
chemicals are added before water enters the above ground storage tank. The water is then drawn from the 
tank by the booster pumps and is pumped into the distribution system. Due to the size of the emergency 
generator, only one pump can be operated during power outages. 

Both wells produce water with relatively low pH that could be corrosive to the well casing, well column 
piping, and submersible pump components and it is recommended that both wells be serviced and 
inspected in the near future before any major upgrades are planned or undertaken for the facility. It is also 
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recommended that the well pumps be pulled out of the wells and inspected every five years. In the event 
one or both wells are offline for an extended period, the entire distribution system would be operating without 
redundancy and at a significant reduction in production capacity. The critical nature of the wells to the LaMel 
water supply warrants this frequency of well inspection. The site layout of the LaMel treatment system is 
shown in Figure 6-19. 

FIGURE 6‐19 ‐ LAMEL SITE LAYOUT 

 

Treatment Evaluation 

The natural pH of the water produced by the two submersible wells range between 5.5 and 5.7 and must 
be adjusted prior to entering the distribution system. The pH is adjusted in a nearby pump station using 
caustic soda (sodium hydroxide) to raise the pH. After pH is raised, alkalinity is increased by adding lime 
to stabilize the water by providing some bicarbonate buffer capacity. Immediately after the addition of the 
lime, liquid chlorine (sodium hypochlorite) is added as a disinfectant to maintain a residual chlorine dose in 
the distribution system. The water is then conveyed into the nearby storage tank that feeds the LaMel 
booster pumps. 

The facility’s small footprint presents significant limitations to chemical addition and reaction times. 
Insufficient mixing and reaction time are provided between each treatment chemical addition which leads 
to overfeeding of lime and contributes to lime precipitation within the tank and distribution system. The 
dosage rates of all the chemicals are hard programmed into the chemical dosing pumps because of a lack 
of SCADA integration required to control them. These hard-programmed feed rates do not allow for dosing 
adjustments due to variances in raw water quantity or quality, and the system is programmed for both wells 
to run when the tank calls for water. Therefore, in situations where one well fails to start, such as a power 
outage or similar event, the system will overfeed all three chemicals until operators are able to manually 
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adjust the feed rate set points. The dosing points of each chemical, and relative lack of reaction time, is 
shown in Figure 6-20. As can be seen, the injection of all three treatment chemicals into the tank feed line 
is completed within a pipe run of only 18-inches and little to no mixing is provided. 

FIGURE 6‐20 – LAMEL CHEMICAL DOSING POINT 

 

In addition to the issues associated with dosing of treatment chemicals, the booster station does not have 
adequate chemical storage, chemical receiving facilities, or secondary containment. Although the facility 
was well cared for and clean, evidence of chemical spills spreading generally throughout the structure were 
observed and is indicative of hazardous working conditions for operators. The chemical spills have 
reportedly occurred due to equipment failure when the station is unmanned. Filling of the chemical storage 
containers is problematic and must be accomplished by routing hoses from the delivery truck, through a 
nearby window or other confined space, and into the storage container. This process requires operators to 
expose themselves to the dangers associated with chemical splashes, spills, and irritant vapors. The bulk 
lime storage tanks are shown in Figure 6-21. 

The lime used in water treatment is a saturated solution of dissolved calcium oxides. Along with the 
operational and health hazards associated with the lime storage facility, it is also unheated and uninsulated 
and therefore subject to significant temperature variations. As the solution temperature changes, the 
solubility of the solution also changes, causing the dissolved lime to precipitate out of solution. As lime 
precipitates, the solution strength of the chemical also changes and a sludge is left behind that must be 
removed from the storage tanks. Figure 6-21 illustrates the confined and difficult access of the lime storage 
tanks.  

   

Sodium‐Hypochlorite  

(black feed line) 

Caustic Soda  

(small diameter clear feed line)
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FIGURE 6‐21 – LIME STORAGE 

 

An additional drawback to the small footprint of the facility is that chemical storage, dosing, and water 
pumping all occur in the same room and in close proximity to the electrical and control panels that operate 
the facility. Interior piping is entirely PVC, increasing the potential for breaks or leaks caused by inadvertent 
impacts to the piping by operators carrying out their routine duties. In addition, PVC that is exposed and 
subject to pressure fluctuations caused by pumps turning on and off, may fatigue and crack over time as 
the pipe material flexes based on pressure differential. The exposed piping in the booster station is 
susceptible to this type of fatigue. 

An alternative of interest for the Agency is to transition away from using caustic soda and lime addition as 
a method to adjust pH and add alkalinity and instead use an air stripper (Amador Water Agency, 2020). 
Doing so is anticipated to reduce operational costs associated with purchasing the treatment chemicals; 
however, an air stripper will also likely increase costs associated with electrical consumption due to the use 
of blowers/fans to facilitate stripping and may also increase overall costs if supplemental carbon dioxide 
(CO2) gas is required to control pH from raising above acceptable levels. Before any plans are made to 
transition between treatment technologies, it is recommended that a pre-design evaluation be completed 
to evaluate the costs associated with this alternative as well as the potential implications of a loss in 
alkalinity (lime) and therefore buffering capacity of the finished water. Pilot testing of any new treatment 
alternatives would also be advisable.  

The combined booster station and treatment building is located off of Mella Dr. Access to the facility is 
through a shared driveway with a nearby residence. The pump station building that houses the treatment 
process is located very close to the adjacent property line and no fencing is present to provide a physical 
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barrier to site access. Additionally, intrusion alarms are not present to alert operators to unauthorized entry 
of the facility. 

The structure itself shows evidence of insect damage or dry rot and the building does not have a floor drain. 
Water damage was observed in a corner of the structure beneath a small desk where water naturally 
collects due to the slope of the floor. Emergency power generation is provided by a portable generator that 
can supply power to the booster facility. In the event of a power outage, an alarm is sent via auto-dialer, 
but no notification is sent if power is restored before an operator arrives onsite. Additionally, adjusting 
chemical dosages is reported by operators to be problematic under normal conditions and especially 
challenging during a power outage. The treatment structure itself is shown in Figure 6-22 and specific 
structural concerns are shown in Figure 6-23 and Figure 6-24. 

FIGURE 6‐22 – LAMEL PUMP & TREATMENT BUILDING 

 

The LaMel Heights area has been identified as a high fire risk area and the water production infrastructure 
is set within a stand of trees. Although fire hydrants are located along Mella Dr., it is unclear whether 
firefighting equipment would be able to reach far enough off the road to protect the facility in the event of a 
fire. It is also worth noting that the fire hydrants are connected to the distribution system that is supplied by 
the water production facility and that the entire area could be without sufficient water to fight a fire if an 
event were to impact the wells, tank, and booster station. The capacity of the existing booster pumps and 
wells to meet system demands was discussed in Chapter 2. In short, the wells are capable of meeting 
system demands through the planning period, and the booster pumps have sufficient capacity to meet MDD 
but do not have firm capacity to meet PHD or MDD + fire. 
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FIGURE 6‐23 – LAMEL INSECT DAMAGE/DRY ROT  FIGURE 6‐24 – LAMEL WATER DAMAGE 

  

Finish Water Capacity & Future Demands 

Finish water from the treatment facility enters the nearby storage tank which appears to be in good 
condition. However, due to a lack of inspection reports and cathodic protection, the condition of the tank 
interior is unknown. Agency staff have indicated that significant amounts of lime have precipitated and 
accumulated within the tank and evidence of lime precipitation is reportedly observed at locations 
throughout the distribution system.  

pH monitors on the tank inlet and outlet report an average pH into the tank of 7.1 and average outlet pH of 
between 7.3 and 7.4. As pH appears to increase within the tank, it is likely that insufficient reaction time is 
provided between pH adjustment and alkalinity addition using lime. This contributes to overfeeding of lime 
which in turn results in lime precipitate accumulating within the tank and distribution system. Because 
chlorination is also highly dependent on pH, it is possible that the Agency is consistently over- or under-
feeding chlorine. 

The two finished water booster pumps located within the booster station building provide water from the 
ground level tank, at the required system pressures, to the distribution system. Both of the booster pumps 
are VFD controlled and modulate to maintain a system pressure set point. Finished water capacity is 
currently limited by the booster pumps’ firm capacity to meet PHD and MDD+fire.  

Relatively minor future growth is anticipated within the LaMel Heights service area based on currently 
available information. The anticipated 2040 MDD is estimated to be 33 gpm which can be met with the 
currently available supply and treatment capacity; however, similar to current conditions, finished water 
capacity will be limited by the booster pumps’ firm capacity to meet PHD and MDD+fire. Provisions and 
recommendations for improving this limitation will be discussed in subsequent chapters of this master plan. 

Physical Site Limitations 

The remoteness of the site is a concern for Agency operators who travel significant distances to and from 
the facility to address any alarms which are sent from the facility’s auto-dialer. An improved SCADA system 
would allow for better remote monitoring, detailed alarm notices, and more efficient operation of the facility. 
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The small footprint of the booster building limits improvements that can be made in the existing footprint to 
address the issues associated with insufficient reaction times and separation of the electrical control 
components from the chemical storage, dosing, and pump area. 

The booster station, tank, and Well #2 are located on the same site between two residential lots. The site 
is moderately sloped and old piping remains that may or may not have been disconnected from the current 
system when it was abandoned. While it appears that there is sufficient space to install reaction loops to 
provide for necessary reaction times following the chemical additions, exploratory excavations or 
specialized utility locate services may be required due to the reported unmarked piping onsite. 

Summary of LaMel Deficiencies 

A summary of the identified deficiencies associated with the treatment and production capacity of the LaMel 
system is included below and a copy of the California State Water Resources Control Board (SWRCB) 
2019 Inspection Letter is provided in Appendix H (California SWRCB, 2019). These deficiencies were 
identified using State of California standards and best engineering practices: 

 The Agency has expressed interest in transitioning from the current lime softening system to an air 
scrubber. Pre-design evaluation of potential impacts due to lost buffering capacity should be 
evaluated. 

 The condition of Well #1, Well #2, and the storage tank is unknown. Storage tank does not have 
any cathodic protection. 

 Well #1 has no provision for operation during a power outage. 

 The well, tank, and treatment/pump building sites should all be cleared of trees and brush and 
protected, to the extent possible, from fire risk. Facilities should also be properly enclosed and 
fenced to decrease the potential for pests, influence of elements, and the likelihood of tampering 
or vandalism. 

 Only rudimentary alarms have been installed at the wells, tank, and treatment/pump building and 
inadequate SCADA control is provided. 

 Small footprint of the facility contributes to the following: 

o Inadequate mixing and reaction times for each of the three chemicals before the next 
injection point. 

o Dosage rates are hard set and are not easily adjusted, particularly during a power outage, 
this leads to inaccurate chemical dosing. 

o Inadequate and incorrect chemical storage and hazards associated with chemical filling 
and storage. 

o Crucial electrical controls are located adjacent to chemicals and pumping equipment 

 Treatment and pumping facility interior piping is largely PVC 
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 Structural issues related to termite and water damage, no floor drain. The existing structure should 
be replaced to meet the long-term needs of the Agency. 

 Finished water/fire flow capacity chokepoint due to booster pump sizing 

 Inadequate fencing does not restrict access to pump station or well sites 
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CHAPTER 7 ‐ Water Treatment Plant Alternatives 

Numerous alternatives could be considered to address the deficiencies noted for each of the water 
treatment plants discussed in Chapter 6. The alternatives that met the Agency’s goals the best, therefore 
having the highest likelihood of being used by the Agency were considered for evaluation. Alternatives were 
developed based on the following guidelines: 

• Find solutions that are practical and cost-effective 

• Provide facilities capable of reliably meeting demands  

• Maximize use of existing facilities 

• Identify solutions that could be phased to reduce debt and minimize user rate increases 

The advantages, disadvantages, and estimated costs of the treatment plant alternatives are presented in 
this chapter. The cost estimates are a Class 5 cost opinion, as defined by the American Association for the 
Advancement of Cost Engineering. They include estimated construction costs with markups of 10% for 
general conditions, a contingency of 30% (unless otherwise noted), 15% contractor overhead and profit 
(OH&P), and general and administrative services (including design administration, construction 
observation, loan support, legal services, etc.) of 25% based on total construction cost.  

In all cases, the cost estimates herein are concept level only based on our perception of current conditions 
at the respective project locations and their accuracy is subject to significant variability depending upon 
project definition and other factors. These estimates reflect our opinion of probable costs at this time and 
they are subject to change as the project design matures. The cost opinions are in 2020 dollars and do not 
include escalation to time of actual construction. Keller Associates has no control over variances in the cost 
of labor, materials, equipment, services provided by others, contractor's methods of determining prices, 
competitive bidding or market conditions, practices or bidding strategies. Additionally, Keller Associates 
cannot and does not warrant or guarantee that proposals, bids, or actual construction costs will not vary 
from the costs presented herein. It should be noted that the capital improvement summary table in Appendix 
I includes several projects and cost estimates that were previously identified by the Agency. Detailed cost 
estimates were not included for these projects. In addition, these projects are not discussed in this chapter 
of the report.  

7.1  IONE TREATMENT PLANT 
Raw Water Supply Improvements 

Raw water source redundancy is an ongoing concern for the Agency and several alternatives to address 
the discussed deficiencies have been proposed by operations staff, two of these include constructing an 
additional raw water line linking Lake Pardee to the Ione Raw Water Bowl or linking the Tanner (and 
therefore Ione) system to the Buckhorn system. Other alternatives proposed included exploring 
groundwater solutions; however, this alternative was not pursued due to the unknowns associated with 
locating a source of sufficient quality and quantity and the unknowns of obtaining water rights to allow 
withdrawals. 

Following the input from Agency Staff, it was assumed that raw water source redundancy for the Ione 
Treatment Plant would be improved using either the Pardee Pipeline or Buckhorn/Tanner Interconnection 
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option. In either case a large diameter pipeline would be required, but it is likely that the Pardee Pipeline 
alternative would also require a large capacity pumping station to provide sufficient volume to meet future 
demands.  

For the Pardee Pipeline alternative, it was assumed that a 24-Inch diameter pipeline would be installed 
from Lake Pardee, along Pardee Dam Rd., Buena Vista Rd., and Jackson Valley Rd. to link Lake Pardee 
to the Ione Reservoir. It was assumed that the pipeline would be routed along existing transportation 
corridors rather than overland to facilitate operator oversight and future maintenance of the pipeline. A large 
capacity pump station with an associated surge tank was also planned for in the cost estimate. It should be 
noted that it may be possible to divert flows out of the north arm of Lake Pardee into Lake Amador and feed 
the Ione Raw Water Bowl from Lake Amador thereby reducing the length of pipeline required and the cost 
associated with this alternative, due to the political and regulatory uncertainty around this option it was not 
evaluated further.  

In order to provide redundancy for Tanner and Ione from Buckhorn, a similar large diameter pipeline would 
be installed from the Buckhorn flow control station to the Tanner Raw Bowl along Ridge Rd. and the Carson 
Pass Hwy. Installing an interconnection between the Buckhorn and Tanner distribution systems was not 
anticipated to be sufficient because the Buckhorn Treatment Plant does not have the buildout capacity to 
feed both the CAWP and AWS. Additionally, because the Ione Reservoir is currently fed from the Tanner 
Raw Bowl, this alternative would provide redundant source capacity to both the Tanner and Ione treatment 
plants. Due to the elevation difference between the Buckhorn treatment plant and the Tanner treatment 
plant no pumping facilities are anticipated to be required; however, several pressure reducing valves would 
be needed to maintain safe operating pressures between Buckhorn and Tanner.   

Preliminary cost estimates for both the Pardee Pipeline and Buckhorn/Tanner Interconnection are provided 
in Table 7-1. The Buckhorn/Tanner Interconnection is anticipated to be cost prohibitive.  

TABLE 7‐1 IONE RAW WATER SUPPLY IMPROVEMENTS 

 

Raw Water Delivery Improvements 

RW Alt. 1: RW Alt. 2:

Pardee Pipeline Buckhorn/Tanner 
Interconnection

24" Piping, Valves, & Fittings $15,444,000 $29,172,000

Pardee Pump Station $2,134,000 $0

Subtotal $17,578,000 $29,172,000

Mobilization, Bonding & Insurance (10% ) $1,760,000 $2,920,000

Contingency (30% ) $5,280,000 $8,760,000

Subtotal $24,618,000 $40,852,000

Contractor OH&P (15% ) $3,700,000 $6,130,000

Total Construction Cost (2020 Dollars) $28,318,000 $46,982,000

Engineering, CMS, Legal, & Adminstrative (25% ) $7,080,000 $11,750,000

Permitting (2% ) $570,000 $940,000

California Environmental CEQA $250,000 $250,000

Total Project Cost (2020 Dollars) $36,218,000 $59,922,000

Item
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As noted in Chapter 6, with increasing demands in the Ione Service area, the treatment plant feed line 
running from Ione Reservoir to the existing treatment plant is undersized for future needs. It is 
recommended that a larger diameter pipeline be installed adjacent to the existing pipeline that will allow for 
additional volume to flow by gravity to the facility; however, it is also recommended that this pipeline be 
considered a finish water pipeline and be connected to the Ione Clear Well rather than the existing treatment 
plant raw water intake. Once the pipeline is complete, treatment units can be constructed at the Ione 
Reservoir to begin transitioning treatment ability away from the highly restricted existing site until the entire 
plant can be relocated. In this manner phased expansion and relocation of the treatment plant can be 
conducted concurrently. The cost for this improvement is therefore provided within Table 7-4. However it is 
also worth noting that, because the cost associated with the installation of a finish water or an upgraded 
raw water line from the Ione Reservoir to the existing Ione Treatment Plant is considered to be the same, 
the cost shown in Table 7-4 is representative of both delivery alternatives. 

Recurring taste and odor issues have also been reported during certain times of year. The practice of 
routing raw water through multiple open-air reservoirs/raw water bowls allows for sunlight to fuel autotrophic 
microbiological growth which contributes to the issue. As more urgent needs are addressed, it is anticipated 
that enclosing the raw water storage systems in tanks will significantly reduce the number of organisms 
which produce MIB and geosmin, the principle compounds responsible for taste and odor issues. 
Additionally, utilizing storage tanks is also anticipated to reduce raw water losses due to evaporation and 
infiltration, which over time could provide substantial water savings to the Agency. At this time, it is assumed 
that approximately 10 million gallons of storage would be constructed initially, adjacent to the existing Ione 
Reservoir and primarily used to feed the treatment plant. The existing Ione Reservoir could be utilized for 
additional emergency storage or repurposed for another use. A cost for this alternative is provided within 
Table 7-2. 

TABLE 7‐2 IONE RAW WATER DELIVERY IMPROVEMENTS 

 

 

 

 

I tem Ione Raw Water Tanks

Raw Water Storage Tanks (10 MG) $8,648,000

Subtotal $8,648,000

Mobilization, Bonding & Insurance (10% ) $870,000

Contingency (30% ) $2,600,000

Subtotal $12,118,000

Contractor OH&P (15% ) $1,820,000

Total Construction Cost (2020 Dollars) $13,938,000

Engineering, CMS, Legal, & Adminstrative (25% ) $3,490,000

Permitting (2%) $280,000

California Environmental CEQA $75,000

Total Project Cost (2020 Dollars) $17,783,000
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Treatment Plant Improvements 

Agency Operators have identified fencing at the Ione WTP and temporary improvement of the Ione Clear 
Well, until such time as the structure can be entirely replace, as significant facility needs. It is worth noting 
that the expense associated with fencing can vary widely based on materials, security features such as 
barbed or razor wire, and convenience features such as automated security gates, etc. However, the 
estimated cost for a basic 6-foot chain-link fence topped with three strands of barbed wire and up to two 
vehicle access gates is estimated in Table 7-3.  

TABLE 7‐3 EXISTING IONE TP SITE FENCING 

  

With increasing system demands, the Agency also needs to begin planning to increase the reliable 
treatment capacity of the facility, which includes expansion of the treatment support systems backwash, 
residuals handling, and the electrical and controls at the facility. It is recommended that the Agency initially 
focus on installing the infrastructure that will be required to increase the capacity over the short-term. 
Additional treatment units can be located at the Ione Reservoir until sufficient capacity is available there to 
relocate the existing process entirely to the new site.  

The new treatment facility could use numerous treatment technologies, including membrane filtration, as is 
employed at the Buckhorn Treatment Plant, or any number of conventional approaches with augmentations 
to adjust to raw water quality. It is assumed that, because the Agency has expressed an interest in reusing 
the filtration units employed at the existing Ione Facility, the treatment technology will remain consistent 
with what is currently utilized with the exception of the flocculation clarifier.  

Because the existing flocculator clarifier is not operated as it was originally designed, a more conventional 
roughing filter or contact clarifier ahead of the mixed media filters may simplify operations of the improved 
facility. An additional alternative could be to transition to direct filtration since the typical raw water turbidities 
are relatively low (< 2 NTU, peaks up to ~5 NTU); however, this alternative would need to be considered in 
additional detail before a recommendation could be made. It is worth noting that direct filtration has the 

Ione Fencing $52,500

Security Modifications, Grading & Ancillary items $22,500

Subtotal $75,000

Mobilization, Bonding & Insurance (10% ) $7,500

Contingency (30% ) $22,500

Subtotal $105,000

Contractor OH&P (15% ) $15,750

Total Construction Cost (2020 Dollars) $120,750

Engineering, CMS, Legal, & Adminstrative (25% ) $30,200

Total Project Cost (2020 Dollars) $151,000

Item Ione Fencing
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potential to simplify operations, lower capital costs, and also reduce treatment residuals and their 
associated dewatering and disposal costs. 

For the purposes of the cost estimate provided in Table 7-4, it was assumed that the Agency would install 
package treatment systems comprised of a buoyant media roughing filter followed by a dual media filter, to 
limit upfront capital costs and to meet the rapidly increasing demands as quickly as possible. It was also 
assumed that the new treatment infrastructure would be constructed on a ‘green field’ site near the Ione 
Reservoir and that any improvements to the existing backwash and residuals management system at the 
existing treatment plant could be postponed and addressed as treatment units are relocated from the 
existing site to the new location at the Ione Reservoir. A clear well sized to service the total treatment 
capacity of the final plant (new units plus relocated units) would be constructed on ground previously 
prepared at the Ione Reservoir and the upsized pipeline discussed within the Raw Water Delivery 
Improvements Section would deliver flows from the new facility to the existing Agency distribution system. 

TABLE 7‐4 IONE TREATMENT & CLEAR WELL IMPROVEMENTS 

 

At a minimum, the Hypalon cover of the Ione Clear Well should also be replaced. This will add the needed 
additional useful life to the clear well until a new clear well can be constructed at the new site. It is currently 
estimated that a new Hypalon cover for the Ione Clearwell would be approximately $300,000 and it should 
be noted that this does not include any other structural repairs as it may not be worth expending a significant 
effort to improve a facility that will be replaced in the near-term. In the event the Agency postpones the 
needed Ione Treatment Improvements at the Ione Reservoir location, more substantial upgrades to the 
existing clear well may be required. 

7.2 TANNER TREATMENT PLANT 
Raw Water Supply Improvements 

I tem
Ione Treatment 
Improvements

Ione Relocation
Existing Clear Well 

Liner

4.5 MGD Ione Reservoir Treatment Expansion $15,445,000 $0 $0

New Clearwell at Ione Reservoir $2,076,000 $0 $0

Upsized line from Ione Reservoir $2,268,000 $0 $0

Ione Treatment Relocation $0 $11,045,000 $0

Hypalon Liner $0 $0 $120,000

Subtotal $19,789,000 $11,045,000 $120,000

Mobilization, Bonding & Insurance (10% ) $1,980,000 $1,110,000 $20,000

Contingency (50% ) $9,900,000 $5,530,000 $60,000

Subtotal $31,669,000 $17,685,000 $200,000

Contractor OH&P (15% ) $4,760,000 $2,660,000 $30,000

Total Construction Cost (2020 Dollars) $36,429,000 $20,345,000 $230,000

Engineering, CMS, Legal, & Adminstrative (25% ) $9,110,000 $5,090,000 $60,000

Permitting (2% ) $730,000 $410,000 $10,000

California Environmental CEQA $250,000 $75,000 $0

Total Project Cost (2020 Dollars) $46,519,000 $25,920,000 $300,000
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Similar to the Ione Treatment Plant, raw water source redundancy for the Tanner Treatment Plant is an 
ongoing concern for the Agency. However, unlike Ione, the Tanner system is located high enough in 
elevation and far enough from other potential surface water sources, that source redundancy is potentially 
cost prohibitive. The alternatives proposed by operations staff included linking the Tanner and Buckhorn 
systems and exploring groundwater sources in the area. 

The requirements for linking the Buckhorn, Tanner, and Ione treatment plants were discussed in Section 
7.1 and may be cost prohibitive; however, while linking the three water treatment plants carries a significant 
capital cost, redundancy could be afforded to all three systems by making improvements to the raw water 
delivery at Buckhorn and this may prove to be the overall preferred alternative. 

Utilizing a groundwater source would require the Agency to identify an aquifer of sufficient quality and 
quantity to satisfy system demands. Groundwater rights to cover the withdrawal of the water would also 
need to be obtained and additional water rights have been increasingly difficult to obtain in recent years. 
Due to the unknowns associated with the feasibility and cost associated with obtaining groundwater rights, 
identifying a viable groundwater source, and developing the source in order to utilize it during an 
emergency, this alternative is not considered further.  

Therefore, based on the input from the Agency, the only alternative identified herein is to interconnect the 
three treatment plants by installing a large diameter pipeline from the Buckhorn flow control station to the 
Tanner Raw Bowl along Ridge Rd. and the Carson Pass Hwy. Because the Ione Reservoir is currently fed 
from the Tanner Raw Bowl, this alternative would provide redundant source capacity to both the Tanner 
and Ione Treatment Plants. Due to the elevation difference between the Buckhorn Treatment Plant and the 
Tanner Treatment Plant no pumping facilities are anticipated to be required; however, several pressure 
reducing valves would be needed to maintain safe operating pressures between Buckhorn and Tanner. 
Preliminary cost estimates are provided in Table 7-5, the high cost of this improvement may make it 
prohibitive for the benefit it provides. 

TABLE 7‐5 TANNER RAW WATER SUPPLY IMPROVEMENTS 

 

 

RW Alt. 1:

Buckhorn/Tanner 
Interconnection

24" Piping, Valves, & Fittings $29,172,000

Subtotal $29,172,000

Mobilization, Bonding & Insurance (10% ) $2,920,000

Contingency (30% ) $8,760,000

Subtotal $40,852,000

Contractor OH&P (15% ) $6,130,000

Total Construction Cost (2020 Dollars) $46,982,000

Engineering, CMS, Legal, & Adminstrative (25% ) $11,750,000

Permitting (2%) $940,000

California Environmental CEQA $250,000

Total Project Cost (2020 Dollars) $59,922,000

Item
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Raw Water Delivery Improvements 

The most significant concern with the Tanner raw water delivery to the plant is the conflict created by the 
installed hydro-turbine on the plant intake. Because typical system demands vary based on daily and 
seasonal patterns, limiting plant flow rates to those favorable for hydropower generation significantly limits 
operational flexibility. 

As was the case for the Ione Plant, the practice of routing raw water through multiple open-air reservoirs/raw 
water bowls once again allows for sunlight to fuel autotrophic microbiological growth which contributes to 
taste and odor issues. As more urgent needs are addressed, it is anticipated that transitioning from the raw 
water bowl to enclosed tanks will significantly reduce the number of organisms which produce compounds 
responsible for taste and odor issues while also reducing raw water losses to evaporation and infiltration. It 
was assumed that approximately 10 million gallons of storage would be initially constructed adjacent to the 
existing Tanner Raw Bowl and primarily used to feed the treatment plant. At such time that the raw water 
tanks are constructed, it is recommended that the turbine be hydraulically relocated from the plant intake 
to the raw storage inlet to provide operational flexibility to meet potable water demands moving forward. 
The existing Tanner Raw Bowl could be utilized for additional emergency storage or repurposed for another 
use. Costs for the improvements discussed are shown in Table 7-6. 

TABLE 7‐6 TANNER RAW WATER DELIVERY IMPROVEMENTS 

 

Treatment Plant Improvements 

Agency Operators have developed budgetary estimates for PLC upgrades ($250,000), filter media 
replacement ($430,000), and a steel building enclosure for the filters and roughing filters ($250,000) as part 
of past budget priorities. Therefore, costs for these improvements will defer to Agency estimates. An 
upgraded bulk storage tank was also identified as an Agency priority; however, it is recommended that if 
possible, this be evaluated and incorporated into the treatment plant evaluation and future Tanner 
Treatment Expansion discussed herein in order to consolidate the entire chemical storage needs of the 
expanded facility into a central location. 

With increasing system demands, the Agency also needs to begin planning to increase the reliable 
treatment capacity of the facility. This requires expansion of appurtenant systems including backwash, 

I tem
Tanner Raw Water 

Tanks

Raw Water Storage Tanks (10 MG) $8,648,000

Subtotal $8,648,000

Mobilization, Bonding & Insurance (10% ) $870,000

Contingency (30% ) $2,600,000

Subtotal $12,118,000

Contractor OH&P (15% ) $1,820,000

Total Construction Cost (2020 Dollars) $13,938,000

Engineering, CMS, Legal, & Adminstrative (25% ) $3,490,000

Permitting (2% ) $280,000

California Environmental CEQA $75,000

Total Project Cost (2020 Dollars) $17,783,000

Red Lines - 155



Jan. 2021  DRAFT  WATER MASTER PLAN  

 

AMADOR WATER AGENCY | KA 219117  7 ‐ 8 

residuals handling, and the electrical and controls at the facility. It is recommended that as the Agency 
upgrades these secondary systems which support water treatment, all improvements are planned with 
sufficient capacity to accommodate additional filter units in the near future (oversized pumps to 
accommodate backwash of additional filters, oversized panels to accommodate additional electrical, etc.).  

The new treatment facility could use numerous treatment technologies, including membrane filtration, as is 
employed at the Buckhorn Treatment Plant, or any number of conventional approaches with augmentations 
to adjust to raw water quality. Agency preference should be included int eh selection of treatment 
technologies as the plant is improved in the future. 

The way the current process trains are organized, overall treatment capacity is lost due to the single pipe 
feed configuration of the existing sedimentation/filtration unit pairs. More specifically, when one filter is 
backwashed, the pre-filtration portion of the train is out of service as well.  A centralized primary treatment 
process (roughing filter or solids contact clarifier) ahead of the mixed media filters may simplify operations 
and provide additional treatment flexibility and capacity for the improved facility. Additionally, as was 
discussed for Ione, an additional alternative could be to transition to direct filtration since the typical raw 
water turbidities are relatively low, but before a treatment change of this magnitude is implemented it should 
be thoroughly vetted with the regulatory agency. This change would further simplify operations and also 
could reduce backwash solids and their associated dewatering and disposal costs. It is recommended that 
an in-depth lifecycle analysis be conducted prior to beginning pre-design of the improvements to evaluate 
any potential cost benefit from any of these alternatives. 

Backwash solids dewatering is also a priority for the Agency and the existing dewatering roll off containers 
do not meet the needs of the facility. Many alternatives exist and an evaluation could identify alternatives 
that could be considered in depth during a pre-design analysis. Notable options worth considering at a high 
level are mechanical dewatering processes such as a screw press, belt press, or centrifuge and physical 
dewatering processes such as drying beds. Enhanced drying beds (Deskins beds) are currently utilized at 
the Buckhorn treatment plant and it is anticipated that additional basic beds could be accommodated at the 
Tanner site due to the space available; however, the agency may prefer a mechanical system that can be 
operated and monitored remotely through a SCADA System. Mechanical dewatering will also have a 
significantly smaller footprint, can be entirely enclosed in a structure to protect the process from seasonal 
influences and maintain consistent performance throughout the calendar year, and easily scaled as 
expansion occurs. 

For the purposes of the cost estimate in this document, it was assumed that the Agency would elect to 
initially improve the existing electrical and backwash systems and later, as demands increase, install an 
additional 2 MGD worth of package treatment systems comprised of buoyant media roughing filters followed 
by a dual media filters to reduce upfront capital costs. It was assumed that the new treatment infrastructure 
would be constructed on a currently undeveloped portion of the existing Tanner Treatment Plant Site. An 
additional $1,000,000 was included within the initial treatment improvement for possible backwash 
dewatering alternatives which would be sufficient to install and enclose a small mechanical dewatering 
process in a heated building. 

In addition to improving the treatment systems, it would also be prudent for the Agency to plan for the 
replacement of the existing Tanner Clear Well with a more adequate clear well structure and also plan to 
install a separate storage tank to feed the distribution system. The timing of this improvement would depend 
on how quickly the condition of the clear well continues to deteriorate and how demands increase in the 
future. Costs for the improvements discussed are shown in Table 7-7. 
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TABLE 7‐7 TANNER TREATMENT & CLEAR WELL IMPROVEMENTS 

 

7.3 BUCKHORN TREATMENT PLANT 

The Buckhorn Treatment Plant is the newest of the Agency’s facilities and largely remains in acceptable 
condition. Agency Operators have already included Pall membrane module replacement as part of their 
2020-2021 budget priorities. Therefore, costs for these improvements will defer to Agency estimates.  

Raw Water Supply Improvements 

Buckhorn raw water source redundancy is an ongoing concern for the Agency and several alternatives to 
address the deficiency have been proposed by operational staff including improvement of the two original 
pumping stations which were utilized until the intake was moved to the Tiger Creek Regulator, or the 
installation of a new redundant low level pumping system at the Tiger Creek Regulator to supply the gravity 
supply line (GSL).  

Based on the condition of the facilities as documented in the February 9th, 2012 Staff Report to the Agency 
Board, the rehabilitation of the existing Afterbay Pump Stations will likely be a cost prohibitive alternative 
and it is anticipated that the low-level Regulator pump would provide the most cost effective solution 
(Amador Water Agency, 2012). Due to the limited size of the Tiger Creek Watershed, severe drought could 
significantly limit the amount of flow available to the Agency for use in the Buckhorn System. Insufficient 
information is available to develop a cost for this alternative. It is therefore recommended that a feasibility 
study be completed for the pipeline and pumping system to establish the cost and identify project 
challenges. However, for planning purposes, a $750,000 sum will be used as a placeholder, at the request 
of the Agency, until a more adequate cost estimate can be developed. 

Because little is known regarding what would be required to install a low-level pump system to feed the 
GSL at the Tiger Creek Regulator, a cost has not been developed for this alternative.  

 

I tem
Tanner Treatment 

Improvements
Tanner Treatment 

Expansion
Tanner Clearwell 

Replacement

Existing Upgrades (Electrical, Backwash) $3,367,000 $0 $0

2.0 MGD Treatment Expansion $0 $10,294,000 $0

New Clearwell & Finish Water Tanks on Plant Site $0 $0 $4,151,000

Subtotal $3,367,000 $10,294,000 $4,151,000

Mobilization, Bonding & Insurance (10% ) $340,000 $1,030,000 $420,000

Contingency (50% ) $1,690,000 $5,150,000 $2,080,000

Subtotal $5,397,000 $16,474,000 $6,651,000

Contractor OH&P (15% ) $810,000 $2,480,000 $1,000,000

Total Construction Cost (2020 Dollars) $6,207,000 $18,954,000 $7,651,000

Engineering, CMS, Legal, & Adminstrative (25% ) $1,560,000 $4,740,000 $1,920,000

Permitting (2% ) $130,000 $380,000 $160,000

California Environmental CEQA $150,000 $75,000 $75,000

Total Project Cost (2020 Dollars) $8,047,000 $24,149,000 $9,806,000
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Raw Water Delivery Improvements 

No raw water delivery improvements are recommended at the Buckhorn Treatment Plant. 

Treatment Plant Improvements 

Because the Buckhorn Treatment Plant is the newest facility within the Amador Water Agency, a majority 
of its components remain in acceptable condition, with the exception of several old membrane modules 
which should be replaced, and are identified as a $100,000 priority within the Agency’s Annual Operational 
Priorities Budget. While no other significant improvements are required to meet current demands, the 
installation of an automated clean in place process will greatly simplify existing operations and may become 
an operational necessity as the facility is expanded and additional treatment racks are installed. With 
additional facility expansions, the existing residuals management system will also need to be expanded 
and it is recommended that the Agency consider the installation of a mechanical solids dewatering system 
(I.E. Screw Press) with an overall smaller footprint that the drying beds currently used due to the site 
restrictions at the Buckhorn Treatment Plant. 

The cost associated with the installation of an automated clean in place system could vary significantly 
depending on when it is installed, the number of automated valves required, and whether the existing 
control panels and PLCs can accommodate the additional programming required to control the automated 
system. A cost to transition to an automated clean in place system, assuming panels do not need to be 
replaced, is provided in Table 7-8 along with the estimated cost of an expanded treatment residuals 
dewatering system comprised of a new CMU structure to house one initial screw press. The structure and 
associated electrical systems would initially be oversized in order to accommodate the installation of future 
presses within the existing building footprint. However, it should also be noted that expanding the existing 
solids dewatering system is not considered a high priority due to the relatively low growth which is 
anticipated in the CAWP service area over the next twenty years. 

TABLE 7‐8 BUCKHORN TREATMENT IMPROVEMENTS 

 

I tem
Buckhorn Automated 

Clean in Place
Buckhorn Residuals 

Dewatering Expansion

Automated Valving & Programming $625,000 $0

Precast Structure $0 $2,625,000

Subtotal $625,000 $2,625,000

Mobilization, Bonding & Insurance (10% ) $70,000 $270,000

Contingency (30%  - 50% ) $190,000 $1,320,000

Subtotal $885,000 $4,215,000

Contractor OH&P (15% ) $140,000 $640,000

Total Construction Cost (2020 Dollars) $1,025,000 $4,855,000

Engineering, CMS, Legal, & Adminstrative (25% ) $260,000 $1,220,000

Permitting (2% ) $30,000 $100,000

California Environmental CEQA $0 $75,000

Total Project Cost (2020 Dollars) $1,315,000 $6,250,000
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7.4 LAMEL HEIGHTS 

Due to frequent winter-time power outages and new policies regarding PG&E’s summer-time rolling 
blackouts due to wildfires, the Agency Operators have identified a new emergency backup generator as a 
priority for the LaMel Heights system in their 2020-2021 budget list. Additionally, Operators have also 
prioritized beginning an air stripping pilot test at the LaMel Heights pump house to study whether it is a 
viable treatment alternative to replace the existing lime addition process at the LaMel Heights Pump House.  

Raw Water Supply Improvements 

Raw water for the LaMel System comes from two groundwater wells that produce similar quality and 
quantities of water. The two wells appear to be able to provide redundant capacity for each other; however, 
it is unclear how long it has been since the two well pumps were pulled and the pumps and wells were 
cleaned and inspected. Because the two wells provide the sole source of water for the LaMel system, it is 
critical that proper maintenance at frequent intervals be provided for all of the installed equipment. This is 
anticipated to be addressed as an ongoing maintenance item and will therefore not be discussed further in 
this plan.  

Raw Water Delivery Improvements 

No significant concerns with raw water delivery were identified for the LaMel System. 

Treatment Plant Improvements 

Operators with the Amador Water Agency are interested in transitioning away from the current treatment 
process to an air stripping system to adjust the water’s pH, which they believe will provide the same benefit 
while reducing the existing chemical dosage requirements and lime precipitation issues. Operational Staff 
has identified $25,000 as a priority item to begin piloting a system that could be used to adjust the waters 
pH. Additionally, operators have also expressed interest in installing a permanent generator and automatic 
transfer switch that could be used to power both of the system wells and the booster station, and have 
identified a 2020-2021 budget of $15,000 to do this. Depending on the specifics of the project, $15,000 may 
not cover the costs associated with the procurement and installation of the generator and transfer switch. 

In addition to these improvements, it is recommended that the entire facility be improved to address the 
treatment deficiencies identified in Chapter 6. Depending on the outcome of the air stripping pilot, the 
Agency can plan to improve mixing and allow for sufficient chemical reaction times in order to correct the 
issues with the existing process or transition to the new air stripping system. Another option to be 
considered is drilling a new well to find water of better quality.  Due to the unknowns associated with this 
alternative, particularly in regard to the aquifer system underlying the LaMel area, a cost cannot be 
developed for this alternative. 

For the purposes of the cost estimate herein, it is assumed that the Agency would elect to correct the 
existing treatment deficiencies by installing a new process similar to the existing but which allows for 
adequate mixing and reaction times. This was assumed because it is known that the existing process can 
provide adequate treatment and through optimization, the negative impacts currently experienced can be 
reduced or eliminated.  

Due to the lack of redundancy within the existing treatment process, it is recommended that a parallel 
treatment system be constructed adjacent to the existing pump house in a new pre-cast concrete structure. 
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Pre-cast concrete is recommended due to its anticipated longevity and relatively low construction cost when 
compared to other options such as a CMU building constructed in such a remote area. The new structure 
would likely consist of at least three building modules, one to house the chemical storage with easy access 
for deliveries, one to house the treatment system and finish water pumps, and the other to house the 
sensitive electrical and controls components. As part of the improvements, a new SCADA system is also 
recommended which will provide operators with additional remote supervision and control ability. As part 
of the improvements, the new facilities can be adequately fenced and potential fire fuel sources mitigated 
to reduce wildfire risk. Upon completion of the parallel treatment system, the existing process can be 
phased out and removed from service. Based on these assumptions, an associated cost for the 
improvements is provided in Table 7-9. 

TABLE 7‐9 LAMEL TREATMENT IMPROVEMENTS 

 

 

I tem
LaMel Treatment 

Improvements

Precast Structure $68,750

Site Electrical, Panels, Programming, and SCADA $250,000

Improved Treatment Equipment $187,500

Instrumentation (Flow Meters, Sensors, etc.) $18,750

Fencing and Fuel Mitigation $43,750

Subtotal $569,000

Mobilization, Bonding & Insurance (10% ) $60,000

Contingency (30% ) $180,000

Subtotal $809,000

Contractor OH&P (15% ) $130,000

Total Construction Cost (2020 Dollars) $939,000

Engineering, CMS, Legal, & Adminstrative (25% ) $240,000

Permitting (2%) $20,000

California Environmental CEQA $150,000

Total Project Cost (2020 Dollars) $1,349,000
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 Capital Improvement Plan 

This chapter summarizes the recommended capital improvements to address deficiencies in the water 
treatment and distribution systems. Capital improvements have been identified based on the capacity and 
condition of the various system components. In addition, priorities have been assigned to each project 
based on the criteria presented in Table 8-1. 

TABLE 8‐1: CAPITAL PROJECT PRIORITIZATION CRITERIA  

Priority Description 

1A 

 

‐ Begin data collection for the identification and planning of future WTP improvements, such as O&M 
tasks, pilot studies, and schedules 

‐ Correct urgent California SWRCB identified deficiencies at WTPs and security needs 
‐ Correct WTP treatment capacity deficiencies that limit ability to meet existing peak demands 
‐ Address imminent failure of asset (based on physical conditions) 
‐ Provide cathodic protection to tanks and transmission lines 
‐ Provide firm peak hour demand pumping capacity and standby power for domestic demands for pump 

stations serving greater than 50 users 
‐ Correct insufficient pressures for potable peak hour demands and address higher pressures created by 

Agency projects 
‐ Correct operational/peaking storage deficiencies 
‐ Make operational adjustments 
‐ High health and safety risks 
‐ Complete opportunity/time sensitive projects that are required because of or directly connected to 

ongoing projects 

1B 

 

‐ Address existing WTP commitment capacity and existing deficiencies requiring long implementation 
schedules 

‐ Provide firm pumping capacity for pump stations serving less than 50 users  
‐ Complete conditions repairs requiring replacement within 5‐10 years 

2A 

 

‐ Provide minimum emergency and fire storage for more than 100 users 
‐ Complete conditions repairs requiring replacement within 10‐15 years  
‐ Complete improvements needed to address WTP capacity needs within the next 10‐15 year planning 

period, including provisions for expansions.   
‐ Complete priority WTP operational improvements 
‐ Construction additional priority transmission pipelines 

2B 

 

‐ Improve raw water delivery efficiency and flexibility 
‐ Distribution pipelines and pumps for fire flow (target ~500 gpm to general areas) and priority looping 
‐ Complete conditions repairs requiring replacement within 10‐15 years  

3 

 

‐ Provide additional available fire flow coverage above 500 gpm 
‐ Treatment plant improvements which may be necessary after the implementation of Priority 2 

Improvements to continue improving the quality and operation efficiency of finished water production 
‐ Complete conditions repairs requiring replacement within 15‐20 years 
‐ Provide minimum emergency and fire storage for less than 100 users 

Future 
‐ Continued WTP improvements to address long‐term needs 
‐ Development dependent future projects  

  

8.1     TOTAL PROJECT COST ESTIMATE  

Each of the capital improvement projects was reviewed and given a planning level cost estimate. Actual 
costs can vary depending on market conditions. The cost estimates include estimated construction costs 
including permitting, contingency, contractor mobilization and bonding, and other soft costs (engineering 
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fees, construction management services, legal fees, and administrative costs). These cost estimates should 
be updated as the projects are further refined in the pre-design and design phases. The number of lots 
benefitted by each project was approximated to estimate the project cost per lot to help the Agency in 
prioritizing improvement projects. In addition, the portion each project benefitting projected growth was also 
estimated. A summary of the capital improvements and estimated project costs presented in Table 8-2.  For 
a more detailed breakdown of how these costs were estimated, including project descriptions, location 
graphic, project objectives, and design considerations, refer to Appendix I. 

TABLE 8‐2: 20‐YEAR CAPITAL IMPROVEMENTS 

 

Agency 

Ranking
Project ID#1 Project Name Project Trigger

Total Estimated Cost

(2020 Dollars)

Cost Allocated to 

AWA2

1 AWA 1A.1 (WTP) Tanner and Ione Treatment Plant Capacity Study WTP Planning $150,000 $75,000

2 IONE 1A.1 (WTP) Ione Clearwell Cover Hypalon Replacement Poor Conditions  $300,000 $300,000

3 TAN 1A.1 (WTP)
5 Tanner WTP PLC Upgrade WTP Current Deficiencies $250,000 $250,000

4 TAN 1A.2 (WTP)
5 Tanner WTP Filter Media Replacement WTP Current Deficiencies $430,000 $430,000

5 TAN 1A.3 (WTP) Tanner WTP Clearwell Replacement
Urgent California SWRCB identified 

Deficiencies
$9,806,000 $4,928,000

6 CAWP 1A.1 (B)
Mt. Crossman Pump Station Firm Capacity and Ridgeway Pump 

Station Generator
Firm Capacity 50+ Users  $247,000 $175,000

7 TAN 1A.4 (B) Ridge Pump Station Generator Firm Capacity 50+ Users and Generator $229,000 $229,000

8 TAN 1A.5 (P) Amador City PRV Relocation Poor Conditions  $213,000 $213,000

9 CAWP 1A.2 (WTP)
5 Buckhorn Membrane Replacement WTP Current Deficiencies $100,000 $71,000

10 CAWP 1A.3 (S) Buckhorn WTP Finish Water Pumps Control Upgrade Operational Adjustments $15,000 $11,000

11 LAMEL 1A.1 (WTP)
5 LaMel Air Stripper Pilot WTP Planning $25,000 $23,000

12 LAMEL 1A.2 (B & WTP) LaMel Booster Station and Water Treatment Upgrades Firm Capacity 50+ Users and Conditions $2,398,000 $2,235,000

13 CAWP 1A.4 (P) Tank C Service Area Individual PRV Installation High Pressures $79,000 $79,000

14 IONE 1A.2 (P) Tanner to Ione Transmission Line Cathodic Protection Cathodic Protection $1,696,000 $1,696,000

15 TAN 1A.6 (P) Tanner Raw Water Transmission Line Cathodic Protection Cathodic Protection $2,384,000 $2,384,000

16 IONE 1A.3 (T) Prison and Wildflower Tanks Cathodic Protection Upgrades Cathodic Protection $120,000 $120,000

17 CAWP 1A.5 (T) CAWP System Tanks Cathodic Protection Upgrades Cathodic Protection $399,000 $399,000

18 TAN 1A.7 (T) Trent Tank Cathodic Protection Upgrades Cathodic Protection $56,000 $56,000

19 IONE 1A.4 (WTP) Ione WTP Fencing Security $151,000 $151,000

20 TAN 1A.8 (P)
Hayden Alley, Broadway, Borgh, Eureka, and Tucker Hill Pipeline 

Replacements
Poor Conditions  $1,838,000 $1,532,000

21 CAWP 1A.6 (P) Lynn Way Service Line Replacement Poor Conditions  $63,000 $63,000

22 CAWP 1A.7 (P) Robin Lane Pipe Replacement Poor Conditions  $892,000 $892,000

23 CAWP 1A.8 (P) Upsize Madrone Tank Fill Line and McKenzie PRV Operational and Peaking Storage $369,000 $262,000

24 IONE 1A.5 (P) Arroyo Seco and Amador Street Pipeline Replacements Poor Conditions  $598,000 $598,000

25 CAM 1A.1 (P) Camanche Service Lateral Replacement Poor Conditions  $2,328,000 $2,328,000

26 TAN 1A.9 (B) Amador City High Service Individual Boosters Low Pressures $223,000 $223,000

27 IONE 1A.6 (P) Oak Ridge Pressure Zone Creation Low Pressures $422,000 $422,000

28 CAWP 1A.9 (P) CAWP Transmission Main Improvements and Tank D Replacement Low Pressures $7,073,000 $5,022,000

$32,854,000 $25,167,000

1 IONE 1B.1 (P) New WTP Transmission Line
Address Existing WTP Commitments, 

Existing Capacity
$10,720,000 $5,120,000

2 IONE 1B.2 (WTP) Ione Treatment Improvements
Address Existing WTP Commitments, 

Existing Capacity
$46,519,000 $26,829,000

3 TAN 1B.1 (WTP) Tanner WTP Improvements WTP Current Deficiencies $8,047,000 $8,047,000

4 CAWP 1B.1 (B)
Replacement of the McKenzie PS; Pine Needle, Meadowbrook and 

Guili Firm Capacity Upgrades; Toma Ln PS Improvements

Firm Capacity Less than 50 Users and 

Conditions
$984,000 $699,000

5 CAWP 1B.2 (T) Replace Ranch House Tank Physical Conditions $1,502,000 $1,066,000

6 CAWP 1B.3 (T) Replace Jackson Pines Tank Physical Conditions $970,000 $689,000

$68,742,000 $42,450,000

1 TAN 2A.1 (WTP) Tanner Treatment Expansion
Address Existing WTP Commitments and 

Growth
$24,149,000 $12,136,000

2 CAWP 2A.1 (T)
New Mt. Crossman Tank, PRVs and Tank Abandonment, and Old 

Rabb Tank Discharge Line Interties
Emergency and Fire Storage $7,094,000 $5,037,000

3 IONE 2A.1 (WTP) Ione Treatment Relocation Physical Conditions, WTP Consolidation $25,920,000 $25,920,000

4 CAWP 2A.2 (P)
Buckhorn Ridge Road and Highway 88 Water line and Tie to Alpine 

Storage
Emergency and Fire Storage $5,034,000 $3,574,000

5 IONE 2A.2 (T) Additional Storage at the Prison Tank Emergency and Fire Storage $12,185,000 $3,534,000

6 CAWP 2A.3 (WTP) Buckhorn Automated Clean in Place WTP Operations $1,315,000 $934,000

7 CAM 2A.1 (T) Construct a New 1.5 MG Storage Tank at Camanche Tank 9 Emergency and Fire Storage $4,099,000 $820,000

8 TAN 2A.2 (T) Trent Tank Replacement Physical Conditions $2,503,000 $2,503,000

$82,299,000 $54,458,000

Priority 1B Improvements (2025-2030)

Amador Water Agency Capital Improvement Project Summary

Total Priority 1A Improvements (rounded)

Priority 1A Improvements (2021-2025)

Total Priority 2A Improvements (rounded)

Total Priority 1B Improvements (rounded)

Priority 2A Improvements (2030-2035)
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Agency 

Ranking
Project ID#1 Project Name Project Trigger

Total Estimated Cost

(2020 Dollars)

Cost Allocated to 

AWA2

1 CAWP 2B.1 (WTP)
5 Tiger Creek Regulator Low Level Pump System Improve Raw Water Delivery $750,000 $532,000

2 CAWP 2B.2 (P) Big Oak PRV Upgrade Poor Conditions  $116,000 $116,000

3 IONE 2B.1 (P) Ione Junior High School Pipeline Upsize Improve Fire Flows to 500+ gpm $287,000 $287,000

4 CAM 2B.1 (P) 12" Waterline Loop to Site 10
Improve Fire Flows to 500+ gpm, Improve 

Transmission
$3,487,000 $1,314,000

5 CAM 2B.2 (P) 12" Waterline Loop Across Camanche Reservoir
Improve Fire Flows to 500+ gpm, Improve 

Transmission
$10,277,000 $3,873,000

6 CAM 2B.3 (P)
Combine Front and Back Systems and Abandon Redwood Tanks and 

Pump Stations
Physical Conditions $1,989,000 $749,000

7 IONE 2B.2 (P) Highway 124 Pipeline Upsize Improve Fire Flows to 500+ gpm $1,335,000 $1,335,000

8 TAN 2B.1 (P) Anna and Dennis Pipeline Replacements Improve Fire Flows to 500+ gpm $1,212,000 $1,212,000

9 TAN 2B.2 (P) Columbia Pipelines Improve Fire Flows to 500+ gpm $727,000 $727,000

10 TAN 2B.3 (B) Trent Pump Station Fire Pump Improve Fire Flows to 500+ gpm $208,000 $208,000

11 TAN 2B.4 (P) Sutter Ione and Oro Madre PRV Improve Fire Flows to 500+ gpm $447,000 $447,000

12 TAN 2B.5 (P) Old Hwy 49, Church, Fleehart, Gods Hill, and Bunker Hill Pipelines Improve Fire Flows to 500+ gpm $2,722,000 $2,722,000

13 TAN 2B.6 (P) Greenstone Pipeline Loop Improve Fire Flows to 500+ gpm $586,000 $586,000

14 CAWP 2B.3 (P)
Alpine PRVs, McKenzie Dr Water Line, and Madrone Tank 

Abandonment
Improve Fire Flows to 500+ gpm $862,000 $612,000

15 CAWP 2B.4 (P) Alpine South Water Lines Improve Fire Flows to 500+ gpm $2,292,000 $1,627,000

16 CAWP 2B.5 (P) Antelope Dr, Jacqueline Dr, and Stella Ct Water Lines Improve Fire Flows to 500+ gpm $1,899,000 $1,348,000

17 CAWP 2B.6 (P) Sugar Pine Dr and Conifer Ct Water Line Improve Fire Flows to 500+ gpm $2,191,000 $1,556,000

18 CAWP 2B.7 (P) Cedar Heights Dr and Mt Misery Ln Water Lines Improve Fire Flows to 500+ gpm $2,041,000 $1,449,000

19 CAWP 2B.8 (P) Pioneer Creek Rd and Sunny Dr Water Lines Improve Fire Flows to 500+ gpm $1,903,000 $1,351,000

20 CAWP 2B.9 (P) Tank C Service Area Waterline Upsizing Improve Fire Flows to 500+ gpm $3,235,000 $2,297,000

21 CAWP 2B.10 (P) Arrowhead Rd and Tabeaud Rd Water Lines Improve Fire Flows to 500+ gpm $2,355,000 $1,672,000

22 CAWP 2B.11 (P) Pine Acres North Water Lines Improve Fire Flows to 500+ gpm $5,005,000 $3,554,000

23 CAWP 2B.12 (P) Pine Acres South Water Line Corridor Upsizing Improve Fire Flows to 500+ gpm $4,817,000 $3,420,000

24 CAWP 2B.13 (B) Tank B PS and Pipeline Improvements Improve Fire Flows to 500+ gpm $2,415,000 $1,715,000

25 CAWP 2B.14 (P) Highway 88 and Pioneer Volcano Rd and Rocky Ln PRVs Improve Fire Flows to 500+ gpm $492,000 $349,000

26 CAWP 2B.15 (P) Meadowbrook Dr & Shadow Glenn Ct Water Lines Improve Fire Flows to 500+ gpm $1,566,000 $1,112,000

27 CAWP 2B.16 (P) Windmill Ct and Marc Dr Pipelines and PRVs Improve Fire Flows to 500+ gpm $543,000 $386,000
$55,759,000 $36,556,000

1 IONE 3.1 (WTP) Ione Raw Water Tanks WTP Lower Priority Improvements $17,783,000 $10,256,000

2 TAN 3.1 (WTP) Tanner Raw Water Tanks WTP Lower Priority Improvements $17,783,000 $8,937,000

3 TAN 3.2 (WTP)
5 Tanner Metal Building WTP Lower Priority Improvements $250,000 $126,000

4 IONE 3.2 (P) Downtown Pipe Replacement and Looping Expanded 500+ gpm Fire Flow Corridors $286,000 $286,000

5 IONE 3.3 (P) Cemetery Service Replacement Agency Contract Agreements $100,000 $100,000

6 CAWP 3.1 (P) Upsize Alpine Pipelines Expanded 500+ gpm Fire Flow Corridors $2,289,000 $1,625,000

7 CAWP 3.2 (P) Upsize Cedar Heights Service Area Pipelines Expanded 500+ gpm Fire Flow Corridors $1,627,000 $1,155,000

8 IONE 3.4 (P) Marlette St Pipeline Replacement Expanded 500+ gpm Fire Flow Corridors $947,000 $297,000

9 LAMEL 3.1 (T) Additional LaMel Storage Tank
Emergency and Fire Storage Less than 

100 Users
$548,000 $511,000

10 LAMEL 3.2 (P) Upsize Existing 2" Pipeline Expanded 500+ gpm Fire Flow Corridors $1,015,000 $946,000

11 CAWP 3.3 (T & B) Sunset Heights Tank Retirement Physical Conditions $354,000 $251,000
$42,982,000 $24,490,000

1 AWA F.1
Water Master Plan Updates (2 Plan updates, one in 2030 and one in 

2040 depending on development)
Projects for Future development  $700,000 $0

2 CAM F.1 (S) New Well #1 Projects for Future development  $3,513,000 $0

3 CAM F.2 (S) New Well #2 Projects for Future development  $4,816,000 $0

4 CAM F.3 (S) New Well #3 Projects for Future development  $2,340,000 $0

5 IONE F.1 (B) Wildflower Pump Station Upgrades Projects for Future development  $166,000 $0

6 IONE F.2 (P) Gold Village Development Pipeline and PRVs Projects for Future development  $615,000 $0

7 IONE F.3 (B) Brickyard Pump Station, Storage, and PRV Projects for Future development  $6,235,000 $0

8 IONE F.4 (B) Wildflower Unit 5 Pump Station Projects for Future development  $1,059,000 $0

9 IONE F.5 (P) Ringer Ranch, Silva, and Castle Oaks 8 12" Water Line and PRV Projects for Future development  $5,315,000 $0

10 IONE F.6 (P) Q‐Ranch Prison Tank Service Area Pipelines and PRV Projects for Future development  $3,925,000 $0

11 IONE F.7 (P) Industrial Park Transmission Line Extension Projects for Future development  $9,526,000 $0

12 TAN F.1 (P) Patricia Pipeline and Allen Ranch PRVs Projects for Future development  $1,629,000 $1,165,000

13 TAN F.2 (P) Martell Business Park PRV and Pipeline Projects for Future development  $574,000 $0

14 TAN F.3 (P) Powder House Eureka Waterline and 2 PRVs Projects for Future development  $1,060,000 $0

15 TAN F.4 (P) Hillside PRV Relocation Projects for Future development  $368,000 $0

16 TAN F.5 (B) New Plymouth Pump Station Projects for Future development  $2,205,000 $0

17 CAWP F.1 (P) Pine Acres Growth Area PRVs Projects for Future development  $117,000 $0

18 CAWP F.2 (WTP) Buckhorn Backwash Handling Expansion
Continued WTP Improvements to 

Address Long‐term Needs
$6,250,000 $4,437,000

$50,413,000 $5,602,000

$333,049,000 $188,723,000

Notes
1
Priori ty defini tions:

P = Pipel ines

B = Booster Pump Stations

S = Water Source/Supply

T = Storage Tank

WTP = Water Treatment Plant

3
Timing of these capita l  improvement projects  depends  on when growth occurs . It is  anticipated the future development wi l l  participate in capi ta l  improvement projects  as  required.

4
The cos t estimate herein i s  based on our perception of current condi tions  at the project location. This  estimate reflects  our opinion of probable costs  at this  time and i s  subject to change as  

the project des ign matures . Kel ler Associates  has  no control  over variances  in the cos t of labor, materia l s , equipment, services  provided by others , contractor’s  methods  of determining prices , 

competi tive bidding or market conditions , practices  or bidding s trategies . Kel ler Associates  cannot and does  not warrant or guarantee that proposa ls , bids  or actua l  construction costs  wi l l  not 
5
These projects  and thei r as sociated costs  were previous ly identi fied by AWA and provided for this  cos t estimate. There are no detai led cost sheets  included in this  report for these projects .

2
The cos t a l located to AWA was  es timated by subtracting the portion of the cos t a l located to projected development. Development was  projected based on input from the Agency and 

his torical  growth patterns  in the area. Severa l  locations  have planned development that were a lso used to estimate the percentage of cos ts  attributed to growth. For the water treatment 

plants , exis ting demand and wi l l  serve contracts  were subtracted from the projected growth to determine the percentage of growth.

TOTAL DISTRIBUTION SYSTEM IMPROVEMENTS COSTS (rounded)

Total Priority 2 Improvements (rounded)

Total Priority 3 Improvements (rounded)

Total Future Improvements (rounded)

Future / Developer Driven Improvements

Priority 3 Improvements (2035 - 2040)

Priority 2B Improvements (2030-2035)
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AWS-Tanner – The primary objective of the Tanner capital improvements is to replace aged and failing 
pipes and to increase available fire flows. Upgrades to the Trent and Ridge Pump stations are also included 
in the capital improvements to improve system fire flows and to provide service with power outages. The 
Trent tank is starting to wear (elephant foot syndrome) and will need to be replaced with a new, 600,000-
gallon storage tank.  

The capital improvements also outline the recommended improvements to service anticipated areas of 
development. These projects will be developer driven with costs being allocated primarily to development. 
The future improvements include the construction of new pipelines, replacement of existing pipelines with 
larger pipelines, and new pressure reducing valves (PRVs). Figures 1 and 2 (Appendix I) shows the 
locations and priorities of each of the distribution system projects in the AWS-Tanner system. 

Recommended Tanner Treatment Plant improvements will initially focus on correcting existing plant 
deficiencies followed by expanding treatment capacity to meet future demands. As part of the 
improvements, a new clear well is recommended which corrects the deficiencies discussed within Chapter 
6 and separates the clear well from distribution storage. 

AWS-Ione – The primary objective of the Ione capital improvements is to improve system pressures and 
to replace portions of the distribution system in poor condition. The new Oak Ridge Drive pressure zone 
will be created to increase pressures to existing users who currently see pressures below 40 psi during 
peak hour demands. Several pipelines in downtown Ione that are in poor condition, undersized, and lack 
looping have been identified to be replaced and looped. These pipes will be replaced with new, larger 
diameter waterlines.  

The majority of the growth in the County is anticipated to occur in this system. The capital improvements 
for this system outline needed projects (that are in addition to normal pipeline extensions) to service the 
anticipated growth areas in this system. The larger anticipated growth areas include Brickyard, Ringer 
Ranch, and Q-Ranch developments. These developments will require several new system components 
such as PRV connections to lower and higher-pressure zones, new pump stations, and installation of 12-
inch mainline. These projects will be developer driven with costs being allocated primarily to the new 
developments. Figures 3 and 4 (Appendix I) shows the locations and priorities of each of the distribution 
system projects in the AWS-Ione system. 

Recommended Ione Treatment Plant improvements will initially focus on expanding treatment capacity at 
the Ione Reservoir site, followed by relocating and consolidating treatment at that site for the AWA system. 
The relocating of the treatment plant to the Ione reservoir will also necessitate the need for a new potable 
water transmission line from the plant down to the existing distribution system. Existing plant deficiencies 
will be corrected as part of the relocation efforts. The Agency has also expressed concern with the lack of 
raw water redundancy for the Amador Water System and has proposed a pipeline from Lake Pardee to the 
Ione Reservoir to provide flows on an as needed basis. However, it is anticipated that expanding the 
treatment plant capacity is a higher priority based on the approximated timing of demand increases. There 
are several obstacles with this project that would need to be addressed. It is not anticipated that this project 
will occur in this planning period. 

CAWP – The primary objective of the CAWP capital improvements is to improve existing system 
deficiencies in pumping capacity, storage, and pressure. To complete this objective, several pipelines will 
be upsized, new PRVs installed, storage tanks replaced, and pump stations upgraded. One of the most 
notable of these projects is to relocate the existing Tank D (in poor condition) to a higher elevation that can 
serve the Riverview area by gravity. This will allow the Riverview area to not be served off the CAWP 
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transmission main; under the existing conditions low pressures in the Riverview area are common due to 
high demands in the CAWP transmission main.  

The other main focus of the CAWP capital improvements is to replace a significant number of pipes that 
are 6-inches in diameter and smaller. Small pipes reduce the system’s ability to deliver fire flows. The 
improvements target establishing corridors where 500+ gpm of fire flow can be delivered in each service 
area of this system. This system has large amounts of smaller diameter pipelines which need replaced. It 
is recommended that these be targeted with the annual replacement budget. Figures 5 and 6 (Appendix I) 
shows the locations and priorities of each of the distribution system projects in the CAWP system. 

Recommended improvements at the Buckhorn Treatment Plant will initially focus on correcting existing 
plant deficiencies to reduce the burden on treatment plant staff followed by expanding residual management 
capacity and adding redundancy improvements to raw water delivery. 

CAM – The primary objective of the capital improvements recommended for the CAM system is to 
consolidate the front and back pressure zones into a single pressure zone. As discussed in Chapter 4, 
there are areas in the existing system that do not maintain pressures over 40 psi during PHD. Consolidating 
the CAM system into a single pressure zone will be done by constructing two pipeline loops to improve 
transmission (and thereby pressures and fire flows) between the systems. Additional storage is needed at 
the Tank 9 site to correct existing storage deficiencies and accommodate the anticipated growth in this 
system. After the single pressure zone has been created, it is recommended that the existing redwood 
tanks and the associated pump stations be removed. 

The second capital improvement objective is to expand the existing system to provide water to the expected 
growth in the area. It is anticipated that three new wells will be needed to meet the supply needs as growth 
occurs.  Ultimately, a future improvement may include connecting to the Camanche Area Regional Water 
Supply Plant (CARWSP). This is a significant project and will require the construction of a new pump station 
and pipeline, as well as increasing the capacity of the CARWSP by 1 MGD. There are several obstacles 
with this project including: the Agency may need to assume ownership of the WTP operations and 
maintenance, the unknowns of obtaining water rights, and the camp water and wastewater systems that 
have several outstanding compliance issues that would need to be addressed. It is not anticipated that this 
project will occur in this planning period.  Figure 7 (Appendix I) shows the locations and priorities of each 
of the distribution system projects in the CAM system. 

LaMel – The LaMel capital improvements mainly involve upgrades to the system’s supply, storage, and 
pumping. The pump station lacks redundant capacity to meet domestic demands and cannot meet the 
Agency’s fire flow goal. In addition to these deficiencies, the existing pump station is in very poor condition. 
The capital improvements for this system recommend the pump station be replaced in addition to the 
construction of additional storage. Figure 8 (Appendix I) shows the locations and priorities of each of the 
distribution system projects in the LaMel system. 

Recommended improvements to the LaMel Treatment System initially focus on implementing treatment 
upgrades, including integration of treatment facilities into a new building that will also serve as the booster 
station for this system.  

Annual Replacement Budgets – As discussed in Chapter 2, replacement budgets were estimated for 
each of the major components in the water distribution system. The annual cost of each component was 
estimated by dividing the total component replacement cost by the approximate useful life of the component 
as defined in the AWA Capital Asset Policy. A summary of the annual replacement budget is provided in 
Table 8-3. As discussed in Chapter 2, components identified by the CIP to be replaced or abandoned were 
not included when estimating the annual replacement budget. 
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TABLE 8‐3: ANNUAL REPLACEMENT BUDGET 

 

Providing the necessary funding for system replacements is critical to maintain a high level of service to 
the Agency’s customers. If the annual replacement budget is implemented in phases, Keller Associates 
recommends prioritizing meter, well, pump station, storage tank, and WTP budgets over distribution 
piping and hydrant improvements. If possible, replacement projects can coincide with capital, roadway, or 
other improvement projects to reduce costs.  

 

8.2     CONCLUSIONS  

The Amador Water Agency system is complex and suffers from many challenges resulting from older and 
undersized assets.  Significant investments will be needed to provide needed system capacity and to meet 
Agency goals.  The size of the system also requires significant annual investments to maintain and replace 
assets as they near the end of their design life.  Keller Associates recommends that the Agency begin 
immediately to implement Priority 1A projects.  Ideally, these would be completed in the next five years. In 
addition, building up the Agency’s annual replacement budget over the next several years will be important 
to ensure necessary preventative maintenance and replacement activities can be funded. The Agency may 
wish to target identified capital improvement projects with initial replacement budgets.  Where possible the 
Agency should seek grant funding, developer participation, and coordination with planned roadway 
improvements to realize cost savings. 

This water master plan provides the Agency with a high level, comprehensive view of their water system 
and identifies many improvements that are needed to meet the Agency’s goals of providing reliable water 

Category Annual Budget

Water Service Meters 156,000$                        

Fire Hydrants 424,000$                        

Wells: 65,000$                          

Pump Stations
1
:

Very Small 49,000$                          

Small 19,000$                          

Medium 13,000$                          

Large 41,000$                          

Storage Tanks
2
:

Small 11,000$                          

Medium 98,000$                          

Large 132,000$                        

Subtotal 1,008,000$                    

Pipeline Replacements Subtotal 7,162,000$                    

WTP Replacement Subtotal 1,922,000$                    

Total Annual Replacement Budget 10,092,000$                  
1
Pump Station s izes :

2
Tank s izes :

Very Smal l : <200 gpm; <10 hp Smal l : 26k ‐ 100k ga l

Smal l : 200 ‐ 500 gpm; 10 ‐ 20 hp Medium: 101k ‐ 500k ga l

Medium: 500 ‐ 2,000 gpm; 20 ‐ 40 hp Large: >500k ga l

Large: >2,000 gpm; >40 hp

Annual Replacem ent  Budget  Sum m ary
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supply, treatment, adequate pressures, and improved fire flows. This master plan should also be reviewed 
and updated every five years to reflect current conditions and priority needs. 
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