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1 - INTRODUCTION   
 
This report provides a feasibility-level study for the proposed Recharge Basin 11 project 
in Laguna Irrigation District (LID or Laguna ID), Fresno County, CA.  The proposed 
project includes a 52-acre site that would be developed into a groundwater recharge 
basin.  The site is currently developed as farmland.  Kings River floodwaters would be 
the primary water source recharged in the basin.  The conveyance capacity of Liberty 
Canal would be improved to increase the quantity of water that could be delivered to the 
site. 
 
The motive for the proposed project is to address groundwater overdraft and beneficially 
use floodwaters that flow out of the region.  In an average year, surface flows from the 
Kings River are insufficient to meet the total water demand of irrigated agriculture.  
Furthermore, some areas do not receive any surface water due to lack of infrastructure 
or water rights.  Landowners are forced to pump groundwater to make up the difference.  
Above average water years mean less groundwater pumping and surface water 
availability can exceed agronomic needs in some areas.  A common strategy in the 
region to increase surface water usage and reduce stress on the groundwater is 
floodwater capture accompanied by groundwater recharge.   
 
The goals of the project include the following: 
 

• Capture floodwater and recharge it into the local aquifer 
• Divert floodwater to reduce flood damage along the Kings River corridor 
• Create a dry-year water supply that can be pumped by private wells and used in 

droughts 
• Provide a regulation reservoir that can temporarily hold water and deliver it to 

irrigators 
• Improve local groundwater quality by recharging high-quality Kings River water 

that originates in the Sierra Nevada mountains 
 
The project is needed for the following reasons: 
 

• Groundwater levels are declining in the area 
• The northern portion of Laguna Irrigation District does not receive surface water 

and is in critical need of a recharge facility to maintain groundwater levels 
• In flood years large volumes of Kings River water flow out of the area and are not 

beneficially used 
• Local communities have serious water quality problems related to arsenic, 

nitrates and other constituents 
 
A reconnaissance-level study performed in 2007 (Appendix A) evaluated the proposed 
project and 15 other sites in the area for groundwater recharge potential.  The proposed 
site was identified as the most favorable out of all sixteen sites based on physical 
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characteristics of surface and subsurface materials, and numerous practical 
considerations. This feasibility study was performed to further verify the technical and 
economic feasibility of the project. 
 
This study documents the site features, local geology, estimated annual recharge 
capacity, preliminary project design, permitting, environmental issues, cost estimate, 
financial analysis, and a project schedule. 
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2 - PREVIOUS STUDIES 
 
In 2007, the Kings River Conservation District, in collaboration with the North Fork 
Group1, performed a study to evaluate potential recharge sites in the area of the North 
Fork of the Kings River.  The study was entitled “Potential Recharge Site Exploration for 
Kings River Conservation District North Fork Group“.  The study was funded with a 
$250,000 grant from the Department of Water Resources Local Groundwater 
Assistance Fund.  Some general sections of the study, and specific sections pertinent to 
Recharge Basin 11, are included in Appendix A.  The entire study is not attached since 
it is voluminous. 
 
The Study included a 4-phase process: 
 

1) Identify Potential Recharge Sites.  These were identified primarily by local water 
managers familiar with sites that had coarse grained soils, landowners that may 
be interested in selling the property, and other favorable characteristics. 

2) Rank Sites Based on Practical Factors and Regional Geology.  The sixteen sites 
were ranked based on 20 practical factors such as whether gravity delivery was 
feasible, proximity to conveyance facilities, facility relocations needed, etc.  The 
geology documented in regional geology studies was also considered. 

3) Subsurface Investigations.  The seven most promising sites were investigated in 
more detail through hollow-stem auger drilling, cone penetration tests, laboratory 
soil classification, and laboratory permeability tests.   

4) Rank for Recharge Potential.  The seven sites were ranked for recharge potential 
based on the 20 practical factors and the subsurface investigations.  The sites 
were ranked as Poor, Fair, Good or Excellent. 

 
Recharge Basin 11 was identified as the most promising of the 16 potential sites, and 
was the only site identified as having ‘Excellent’ recharge potential.  The project site 
included in the study covered about 90 acres.  The area now proposed for development 
only includes about 50 acres. 
 
 

 
 
 
 
   

                                            
1
 The North Fork Group is an informal subdivision of the Kings River Conservation District including eight local 

irrigation districts and canal companies located along the North Fork of the Kings River. 
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3 - SITE DESCRIPTION   

 
 
3.1 - Project Location 
The proposed project is located in Laguna Irrigation District in Fresno County, 
California.  The closest communities are Laton and Riverdale, which are about 3 miles 
to the southeast and 5 miles to the west, respectively.  The project site is also located 
approximately 2.5 miles east of St. Hwy 41 and 1.5 miles south of Elkhorn Avenue.  A 
project location map is shown in Figure 3.1. 
 

 
 

Figure 3.1 – Project Location Map 
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3.2 – Existing Site Features 
The important features on the site are described below: 
 
Liberty Canal.  Liberty Canal is an unlined ditch located just north of the project site.  
The canal has a current capacity of about 60 cfs, but the capacity varies along the 
canal.  The canal is owned and operated by the Liberty Canal Company.  The canal 
delivers irrigation water to local irrigators.  Liberty Canal is higher than the project site 
ground surface allowing water to be delivered by gravity. 
 
Murphy Slough.  Murphy Slough is located along the western edge of the project and 
is operated by the Murphy Slough Association.  The slough is used to deliver Kings 
River water to other irrigation canals.  The invert of Murphy Sough is below the project 
site so water could be delivered from the basin to Murphy Slough.   
 
Depressed Basin.  The main portion of the site includes a depressed basin that is 
currently farmed on and off with grains and alfalfa.  The basin is below the natural 
ground level and appears to have been leveled for agriculture. The landowner has 
previously expressed interest in selling the land because it is too sandy for productive 
farming.  The recharge basin will include a single cell with no interior levees. 
  
Borrow Pile.  A 5-acre borrow pile is found at the southeastern end of the site.  The pile 
likely includes soil material excavated from the basin.  The pile is large enough that it 
will be left in place, but some soil may be used to construct project levees. 
 
Check Structure.  An existing check structure is located on the Liberty Canal about one 
mile downstream from the project site.  The check structure uses a sluice gate and 
boards to control water levels to deliver water upstream.  It does not appear that the 
structure and turnouts immediately upstream are used very frequently due to sediment 
blocking most of the structures.  Because of its distance downstream from the project, a 
new check structure is proposed to be constructed at the basin. 
 
Wells.  An existing well is located in the northwest corner of the proposed project just 
outside the proposed limits of construction.  The well is intended to remain so the 
current owner can continue to farm the land adjacent to the basin. 
 
Powerlines.  Overhead powerlines feed the existing well near the northwest corner of 
the project site. The alignment runs due north from the well until it connects with the 
main road along the Liberty Canal and then follows the road northwesterly. 
 
Pipeline.  A pipeline is connected to the existing well mentioned above. This pipeline 
appears to run north-south along the western edge of the project site, which is divided 
by a dirt road.  This line has alfalfa valves to irrigate the fields on either side of the dirt 
road.  This pipeline section within the basin area will be removed. 
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Farmland Quality.  Figure 3.2 is a Map of Farmland Importance created with data from 
the California Department of Conservation (DOC).  A portion of the property is covered 
by Unique Farmland, which is described by the DOC as ”Farmland of lesser quality soils 
used for the production of the state's leading agricultural crops.” This patch covers the 
same area as the Fresno Fine Sandy Loam (see Section 4 – Geology).  Some portions 
of the property also include Farmland of Local Importance and Farmland of Statewide 
Importance.  However, according to the landowner, none of the farmland is productive 
due to the sandy soils.   
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3.2 – Farmland Importance Map 
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3.3 - Topographic Survey 
A topographic survey was performed in December 2012 to assist with the preliminary 
design.  The survey was performed in North American Datum 1983 (NAD 1983) and 
North American Vertical Datum 1988 (NAVD 88).  The survey data confirmed that water 
could be delivered to the site by gravity from Liberty Canal.  The topographic data is 
shown on preliminary design drawings (Appendix B). 
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4 - LOCAL GEOLOGY 
 
This section discusses the local geology from published reports and maps, and the 
2007 subsurface investigation program.  This data was used to estimate a likely long-
term infiltration rate at the site, and the likely flow path for recharged water. 
 
4.1 - Local Geology 
Soil maps prepared by the USDA-NRCS, 2008, indicate that the majority of site soils 
are Fresno and Traver fine sandy loam with much smaller portions of Hesperia sandy 
Loam and Delhi loamy sand (Figure 4.1).   
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Figure 4.1 – Soils Map 
The Fresno and Traver fine sandy loam are both about 60 inches deep with very slow 
infiltration rates.  The Hesperia and Delhi soils are also 60 inches deep and have 
moderate to high infiltration rates.  The site has been leveled and perhaps as much as 5 
feet of topsoil has been removed in the area being considered for development.  Soil 
boring logs prepared for the 2007 North Fork Group Study indicate that in the southwest 
and eastern portions of the study area silty sands and sands are prevalent in the upper 
most part of the soil profile.  In contrast, the soil log for 11B-6 (completed in the area 
mapped as Fresno Fine Sandy Loam) shows silty sand, clay, silt and clayey sand down 
to about 7 feet bgs.  While this is not an in-depth analysis of the near surface conditions, 
portions of the site appear to have less than ideal surface materials for recharge and 
other areas have suitable materials for recharge in the upper 5 to 10 feet.  Incidentally, 
the information from the initial exploration roughly agrees with the information from the 
soil survey, although much of the soil identified in the NRCS soils surveys has probably 
been excavated to form the existing depression.  Below depths of about 10 feet both the 
boring logs and cone penetration tests performed for the North Fork Group Study 
indicate that sands and silty sands dominate down to about 50 feet bgs.  In order to 
maintain high infiltration rates annual maintenance should include, at a minimum, 
disking and deep ripping to expose the prevalent coarse grained material in the 
subsurface below about 5 feet.  
 
 
4.2 – Long-Term Infiltration Rate 
The long term infiltration rate for the site is not precisely known at this time.  However, 
the infiltration rate was estimated considering the local soils data, regional geology data, 
and recharge rates for other projects in the area.   
 
Davis et al. (1964) prepared a map of the San Joaquin Valley showing areas of 
relatively permeable deposits from 10 to 50 feet below ground surface and the relative 
permeability of soils.  Their mapping separates surface and near surface materials into 
four main categories based on geologic materials.  Areas mapped as young alluvial-fan 
and basin rim soils are permeable to moderately permeable, old alluvial-fan soils are 
moderate to poorly permeable, and basin soils are poorly permeable to nearly 
impermeable.  Lacking in-situ or pilot scale data to estimate a long-term infiltration rate, 
the information provided by Davis, et al., was used to provide context to compare types 
of geologic deposits found at several sites in the San Joaquin Valley with known or 
estimated infiltration rates. General location, type of geologic deposit, and long term 
infiltration rates from several recharge sites in the area have been included in Table 4.1, 
below.   
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Table 4.1 - Summary of Recharge Basins in the Region 

Project1 General Location Geologic Deposits 
Infiltration Rate 

(ft/day) 
 A2 Northern Kings County Young Alluvial-Fan 

Basin Rim Soils 
2.4 to 2.8 

B Western Fresno County Basin Soils 0.25 
C Central Fresno County Basin Soils 0.5 
D Southern Tulare County Young Alluvial-Fan 

Basin Rim Soils 
0.4 

E South-Central Fresno 
County 

Basin Soils 0.5 to 1.03 

Recharge 
Site 11 

Southern Fresno County Basin Soils 0.5 to 1.5 (estimated) 

Notes 
1 – Project names are not given because permission to release this information was not provided 
2 – Site is an abandoned river channel 
3 - Estimated by WRIME, Inc. (2012) 
Projects in bold are in areas of relatively permeable deposits from 10 to 50 feet below ground surface with relatively 
permeable soils 

 
Typically, sites that lie within areas mapped as having relatively permeable soils and 
geologic material from 10 to 50 below ground surface have higher infiltration rates.  The 
project site lies atop an area mapped as basin soils, however it also lies in the area that 
is mapped as having relatively permeable deposits and relatively permeable soils.  This 
would indicate that a conservative estimate of the long term infiltration rate of between 
0.5 to 1.0 feet per day is realistic.  However, based on the 2007 investigations at the 
site, it is known that below a carapace of fine grained materials, coarse grained 
materials dominate in the subsurface, and assuming that the site is properly maintained, 
the long term infiltration rate may be as high as 1.5 ft/day or greater.   
 
In addition to the geologic materials at the site, maintaining a high infiltration rate is 
dependent on several factors.  Infiltration rates will be affected if excessively turbid 
water is used for recharged.  While the site will take water when it is available on the 
system, likely flood waters, efforts should be made to take water with low turbidity.  The 
preliminary design of this facility incorporates a settling channel that should help 
alleviate problems of plugging due to siltation, however, proper maintenance of the 
Liberty Canal upstream of the site to decrease in-channel sources of sediment will also 
help maintain higher infiltration rates.   
 
4.3 – Groundwater Conditions and Direction of Flow   
California Department of Water Resources groundwater elevation contour maps of the 
unconfined to semiconfined aquifer from 2000-2010 were reviewed to estimate the 
regional groundwater flow direction.  Since it is likely that most recharge would occur 
during the spring when flood waters are available, only spring maps were reviewed.  
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Regionally, groundwater flows to the northwest in the area.  Two main features 
dominate the regional groundwater flow pattern.   
 

1. A persistent groundwater depression centered northwest of the proposed site 
has formed.  This is an area of the Kings Groundwater Basin that receives no 
surface water.  Based on the hydrologic flow patterns, groundwater flows toward 
the depression, and added recharge in this area would eventually be a direct 
benefit to the immediate vicinity and the region of the Kings Basin underlain by 
the groundwater depression.  

2. A groundwater ridge has formed from recharge along the Kings River south of 
the project.  Together the depression northwest of the site coupled with the 
groundwater ridge south of the site cause a consistent northwest direction of flow 
in the vicinity of the site.  While this pattern of flow appears to be valid for spring, 
local groundwater flow will likely differ in the summer and fall months.  During 
these months, groundwater will preferentially flow towards localized pumping 
induced depressions.   

 
According to LID staff, one of the local depressions includes a portion of LID that 
receives no surface water.  Figure 4.2 shows the location of this area relative to the 
project site.   
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Figure 4.2 – Area not Receiving Surface Water in Laguna Irrigation District 

 
LID staff indicates that a groundwater depression can form in this area during the 
growing season.  While dependent on several variables such as the amount and timing 
of recharge operations, and pumping demands on groundwater during the growing 
season, it is likely that a percentage of recharged water from the project may flow east 
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into this depression and provide a direct benefit to growers in this area.  Additionally, as 
recharge operations will most likely occur during springs when floodwaters are 
available, both Murphy Slough and the Liberty Canal should be full.  The site is located 
between these two hydrologic features; effectively bounded to the north, west and to a 
lesser extent the south by local hydrologic barriers to groundwater flow formed beneath 
them.  These temporary barriers might induce a higher percentage of flow eastward into 
the local groundwater depression.  The benefit that the project will have on the area to 
the east of the site is not quantifiable at this time, therefore a monitoring well located 
approximately one-quarter mile east of the project is proposed.  This monitoring well will 
need to be on the order of 125 to 150 feet deep and can be used to monitor project 
benefits in this area.   
 

Table 4.2 - Summary of Spring Regional Groundwater Flow Directions  
from 2000 to 2010 

 
Season/Year GW Elevations 

(ft msl) 
Dominant Flow 

Direction 
Secondary 

Flow Direction 
Sp/2010 150-140 NW SE 
Sp/2009 150-140 W W 
Sp/2008 170-140 NW W 
Sp/2007 180-160 NW W 
Sp/2006 180-150 NW W 
Sp/2005 170-150 NW W 
Sp/2004 160 W NW 
Sp/2003 165 NW W 

Sp/2002 180-170 W-NW W 
Sp/2001 190-180 NW W 
Sp/2000 190-180 NW W 

Source-California Department of Water Resources, San Joaquin District, Lines of Equal Elevation of Water in Wells, 
Groundwater Contour Maps of Unconfined Water Table, Unconfined and Semiconfined Aquifers Spring 2010 to 2000. 
 
 

The data in Table 4.2 also shows a downward trend in groundwater levels, which have 
fallen about 40 feet from 2000 to 2010.  This provides further justification for a recharge 
basin in the area. 
 

In order to ensure sufficient vadose zone is available to transmit and store recharged 
water the groundwater elevations provided in Table 4.2 were compared to the 
preliminary floor elevation of the basin.  Based on a basin floor elevation of 240 ft msl, 
the vadose zone may be up to 100 feet thick.  This should provide sufficient vadose 
zone storage to prevent groundwater from mounding into the root zone of local crops.  
In addition, due to the sandy nature of subsurface materials, recharged water should 
readily flow away from the project either to the northwest or to the east, allowing 
relatively rapid decay of the groundwater mound.  Detailed mounding calculations are 
recommended prior to final design to verify these findings. 
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5 - RECHARGE YIELD 
 
5.1 - Kings River Water Availability  
Kings River floodwater would be the primary water source recharged in the basin. Flood 
release events on the Kings River occur on average about every 3 years.   Millions of 
acre-feet of flood water have been lost from the region because insufficient 
infrastructure exists to capture and retain these flows.   
 
Appendix C includes data on the availability of Kings River floodwater at James Bypass 
from 1954 through 2011.  James Bypass is near the terminus of the Kings river where it 
meets the San Joaquin River.  Flows at this location represent real surplus water that 
was not used.  It was assumed that floodwater would only be available to Laguna ID 
when flood releases average at least 200 cfs at James Bypass, since other parties will 
be diverting and using floodwater.   Based on this assumption and the historical data, 
floodwater is available in 35% of years.  During wet years floodwater is available, on 
average, 121 days.  Therefore, over the long term, floodwater is available 35% x 121 
days = 42 days per year. 
 
The primary water supply will be Kings River floodwater.  Other water supplies could be 
recharged, including Kings River annual entitlements, and floodwater from the San 
Joaquin River.  However, it is difficult to estimate their availability and when they would 
be used, so they were not considered in this analysis.  As a result, the project yield may 
be slightly higher than estimated using only Kings River flood water. 
 
5.2 - Canal Capacity Analysis 
Water will be delivered through Liberty Canal which collects water directly from the 
Kings River. The capacity of Liberty Canal varies upstream of the project, but can 
typically convey about 60 cfs.  The canal will need to be enlarged so that it can deliver 
water to the recharge basin while meeting downstream irrigation demands.  The existing 
canal capacity is about 60 cfs, and it will be expanded and additional 70 cfs to 
accommodate 130 cfs. 
 
The Laguna Irrigation District performed a preliminary survey and capacity analysis of 
the Liberty Canal in December 2012 (see Appendix D).  The results show that the 
canal capacity varies and will probably require modifications, likely widening, along 1.5 
miles.  Along a small stretch, some vineyards may have to be removed to widen the 
canal.  In addition, two culvert crossings will need to be replaced and expanded.  A 
more detailed hydraulic analysis using the HEC-RAS modeling program is 
recommended prior to final design. 
 
5.3 - Recharge Potential     
The recharge potential for the project was estimated based on data presented below: 
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Table 5.1 - Project Data used to Determine Recharge Potential 
 

Description Value 
Average duration of flood flows in flood years 121 days 
Percent of years with floodwater 35% 
Existing delivery capacity in Liberty Canal1 70 cfs 
Expanded delivery capacity in Liberty Canal 130 cfs 
Recharge basin turnout capacity 70 cfs 
Project Infiltration capacity 1.5 ft/day 

(31 cfs) 
Basin storage capacity 144 AF 

1 – Extra capacity in canal after expansion is equal to 130 cfs – 60 cfs (existing capacity ) = 70 cfs.  This is the same capacity as the 
proposed turnouts. 

 
The values in Table 5.1 are considered reasonable and some are conservative.  Using 
this data, the average-annual project yield was estimated to be 2,650 AF/year.  This 
values was used in the project financial analysis (Section 9.2).  The calculations used to 
derive this value are provided in Appendix C.   
 
This estimate assumes that evaporation is offset by direct precipitation onto the basin, 
since water will be primarily recharged in the winter and spring.  The infiltration capacity 
is based on a geologic analysis of local materials, and assumes the district is diligent in 
maintaining the basin. 
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6 - PROJECT DESIGN   

 
The preliminary project design is included in Appendix B.  The drawings represent a 
30% design.  The main project features include a check structure in Liberty Canal, 
turnout pipelines, settling basin, levees, outlet structure into Murphy Slough, and 
monitoring wells.  The project has various design parameters that are addressed below: 
 
Liberty Canal Check Structure.   
A new check structure is proposed just downstream of the turnout into the basin in order 
to better control water level at the turnout.  Wooden boards will be placed in the check 
structure when water needs to be diverted.  The closest check structure downstream of 
the site is approximately one mile and would not be able to control water level as 
desired. 
 
Liberty Canal Turnout 
The turnout consists of an inlet box structure, two 48 inch concrete pipes, and an outlet 
structure that can accommodate open flow propeller meters which is the District’s 
preferred measurement device.  The outlet structure also has a set concrete sill that 
would maintain full pipe flow to maintain accuracy of the flow meters.  The diversion 
pipelines were designed to accommodate 70 cfs.  With this flowrate the basin can be 
filled in about one week. 
 
Settling Channel 
A settling channel is proposed to help settle out medium sized silts to better maintain 
infiltration rates in the basin. 
 
Levee Banks 
Levee heights vary with a maximum height of 5 feet.  Exterior slopes are 2:1, Interior 
slopes are 5:1 to minimize erosion from wave action, and levee top widths are set to 16 
ft to provide a more stable levee. 
 
Murphy Slough Drain 
To allow some flexibility in the way in the way water can be delivered to irrigators, a 
drain is proposed at the southwest corner of the basin.  This drain is a single 48 inch 
concrete pipe with a 72-inch diameter standpipe that will house an open flow propeller 
meter.  The measurement standpipe is proposed to accommodate a metal plate or 
boards allowing the pipeline to flow full in order to maintain accuracy of the flow meter.  
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7 - MONITORING, ASSESSMENT AND PERFORMANCE MEASURES 
 
Monitoring equipment for the project will include the following: 
 
Monitoring wells.  Four monitoring wells will be installed for the project.  These include 
one on the west (groundwater downgradient), east (groundwater upgradient), and north 
side of the basin.  One additional monitoring well is proposed in the area of LID not 
receiving surface water. 
 
Flow meters (Inlet Pipe).  A propeller flowmeter will be installed in each of the two 48-
inch diameter inlet pipes.  The meters will measure water deliveries to the recharge 
basin. 
 
Flowmeters (Outlet Pipe).  A propeller flow meter will be installed in the outlet pipe to 
Murphy Slough.  The meter will measure flows that are released from the basin.  Water 
will be released if it is temporarily stored and later delivered to irrigators.  This pipe may 
also be used for emergency releases in case the basin is overtopping, levee stability is 
compromised, etc. 
 
Staff gauges.  Two staff gauges will be installed in the basin to monitor water levels.  
These will be used to assist with operations and help to monitor long-term recharge 
rates.   
 
Performance measures will include the following: 
 
Volume Recharged.  The volume of water recharged will be equal to the volume 
diverted into the recharge basin from Liberty Canal minus evaporation losses, which are 
expected to be small. 
 
Floodwater Diverted.  Floodwater diverted will be equal to the volume of Kings River 
and San Joaquin River floodwater diverted into the basin.  This will reduce floodflow 
peaks in downstream river sections.  In most years, this parameter will be the entire 
volume diverted to the project. 
 
Increase in Groundwater Levels.  Groundwater levels will be monitored in new 
dedicated monitoring wells and other wells in the vicinity.  This data will be used to 
determine the change in groundwater storage and rate of groundwater outflow from the 
area. Improvements in groundwater storage would be evident in the accumulated 
groundwater monitoring efforts within the Kings Basin (KRCD’s monitoring network, 
CASGEM, irrigation district monitoring efforts, etc.). 
 
Volume Regulated.  The volume regulated will be equal to the volume of water 
temporarily stored in the reservoir, and diverted through the outlet structure to Murphy 
Slough.   
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Maintenance of Recharge Rate.  The recharge rate will be measured using staff 
gauges and accounting for new deliveries, outflow and evaporation losses.  The 
success in maintaining the recharge rate with use of the settling channel and annual 
ripping/disking will also be evaluated with this parameter. 
 
Improvement in Groundwater Quality.   Groundwater quality may be periodically 
tested in the four dedicated monitoring wells.  Groundwater quality monitoring required 
under the pending Long Term Irrigated Lands Regulatory Program could potentially 
show the improvements in groundwater quality from the introduction of large volumes of 
Kings River water.  
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8 - ENVIRONMENTAL AND PERMITTING ISSUES 

 
8.1 - Endangered Species  
The California Department of Fish and Game Natural Diversity Database (CNDDB) was 
used to determine if special status species (threatened or endangered species) or signs 
of the species (i.e. burrows, nests, etc) have been seen on or near the site.  Figure 8.1 
is a map showing the records of special status species in the area.  No species are 
known to occur on the site or within a radius of almost two miles.  The site is previously 
disturbed farmland and probably has limited habitat for special status species.  Prior to 
final design, it is recommended that a professional biologist perform a reconnaissance 
level site visit to look for signs of special status species. 
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Figure 8.1 – Records of Special Status Species in Project Vicinity 
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8.2 - Cultural Resources 
A historical and cultural resources records search was performed for the project site and 
surrounding area by the Southern San Joaquin Valley Information Center.  The results 
are presented in a letter dated January 7, 2013 (see Appendix H).  According to the 
Information Center, there has been one previous cultural resource study conducted in 
the project area.  There are no recorded cultural, historical or archeological resources 
within the project area or within a one-half mile radius, and it is not known if any exist 
there.  In addition, there are no known resources within a one-half mile radius of the 
project that are listed in the National Register of Historic Places, the California Register, 
California Inventory of Historical Resources, California Points of Historical Interest, or 
the California State Historic Landmarks.  It is recommended that a professional 
archeologist perform a reconnaissance-level site review prior to verify these findings. 
 
 
8.3 - Contaminated Materials 
The California State Water Resources Control Board maintains a database called 
Geotracker that includes records of known contamination sites.  This database was 
used to look for present or past contamination on or near the project site.  Figure 8.3 
shows that no known contamination exists within one-half miles of the site.  Geotracker 
records show a gasoline tank about 0.6 miles southeast of the project, but the case was 
closed in 2008, so it is assumed to no longer present a risk.  Before the site is 
purchased, it is recommended that an environmental scientist perform a Phase I site 
assessment of the property to identify potential contamination not shown on the 
Geotracker Website.  It is also recommended that newly installed monitoring wells be 
tested for contaminants to establish baseline data. 
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Figure 8.3 – Known Contamination Sites in Project Vicinity 
 



Laguna Irrigation District 
Recharge Basin 11 Feasibility Study 
 
 

  
 
 
 
 
 

\\GOOSE\VSL_Clients\Clients\Laguna ID - 1053\105312V2 - Recharge Basin No. 11\_DOCUMENTS\Reports\Recharge Basin 11 - Feasibility Study.doc 

-23-

9 - COST ESTIMATE AND FINANCIAL ANALYSIS 
 
9.1 - Cost Estimate 
A feasibility-level cost estimate was prepared for the design and construction of the 
project.  The estimate is in 2012 dollars and includes a 15% contingency.  This 
contingency is considered appropriate for the feasibility-level design and accounts for 
uncertainty in dimensions, uncertainty in design, allowance for neglected items, and 
uncertainty in regulatory requirements.  It is assumed that Laguna ID staff will 
perform the construction, except for the monitoring wells which will be installed by 
an experienced well driller.  Unit prices were developed from historical values on 
similar projects and judgment of constructability factors.  The total estimated cost of 
the project is $1,096,000.  This includes estimated land purchase costs of 
$371,000.  A detailed breakdown of the costs is provided in Appendix E.   
 
9.2 - Financial Analysis    
 
Value of Benefit 
The primary benefits of the project include recharge, energy conservation and flood 
damage reduction. 
 
The value of the recharged water is based on the cost to purchase Kings River water in 
the local area.  Data was available on two local transfers and are summarized in Table 
9.1. 
 

Table 9.1 – Recent Sales Data for Kings River Water 
 

Year Price ($/AF) 
Cost after 

Losses Volume 
2009 $50 67 5,000 AF 
2012 $100 133 5,000 AF 

 Average $100  
Notes 
1 - The prices are for water at Pine Flat Dam.  It is assumed that 25% losses occur between the Dam and 
water user. 
2 - The agencies selling and receiving the water were agricultural water contractors.  They did not grant 
permission for their names to be provided 

 
The estimated value of $100/AF was used in the financial analysis.  The value for Kings 
River water could be even higher in a critically dry year.  The value of energy conserved 
from raising groundwater levels is estimated to be $11,000/year.  The value of flood 
damage reduction was not monetized, since it is not possible to know where and when 
the benefits would be realized. 
 
Operation and Maintenance Costs 
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Operation and maintenance will include operating the valves, recording flowmeters,  
maintaining levees, monitoring wells, and disking and ripping the basin interior each 
year to loosen soils and maintain a good recharge rate.  Most of these tasks will require 
minimal effort, and be performed as part of the regular duties of district staff.  The 
primary costs will be levee maintenance and basin disking/ripping, which are estimated 
to cost $5,000/year, based on data provided by Laguna ID.  The water supply would 
come from Kings River floodwater, which is free to members of the Kings River Water 
Association. 
 
Replacement Costs 
Replacement costs will be needed for mechanical equipment (gates, valves, and 
flowmeters) and monitoring wells.  All these items have assumed replacement periods 
of 25 years, based on typical design lives.  These items are estimated to cost $84,000.  
By the designated replacement period, the items will either be obsolete or have 
decreasing output, and high enough maintenance costs to warrant replacement.  These 
items were assumed to have no salvage value.  Other project features such as the 
pipelines, levees, and check structure are assumed to have life expectancies of 50 
years, so no replacement costs were included in the analysis. 
 
Cost Analysis 
A financial analysis was performed over a 50-year period using a six percent discount 
rate.  The costs (initial, maintenance and replacement) and benefits (recharged water 
and energy conservation) were calculated over a 50-year period.  The project benefit 
cost ratio is provided below: 
 
Project Benefits = $4,619,600  =   3.1 
Project Costs   $1,488,400 
 
Details of the financial analysis are provided in Appendix E. 
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10 - PROJECT SCHEDULE 
 
A Gantt chart schedule for the project is included as Appendix F.  The schedule shows 
the major tasks needed to complete the project and linkages between each task.  The 
schedule assumes that Laguna ID applies for an Integrated Regional Water 
Management Implementation Grant.  These grant funds will probably be awarded in 
September 2013. The first task will include purchasing the land.  The design and 
construction will require approximately 9 months.  Canal work will have to be performed 
outside of the irrigation season so it does not interfere with normal water deliveries.  
Basin work could be performed any time of year, but may be best in the winter or spring 
when the soils have some residual moisture to assist with levee compaction.  The 
District will perform most of the construction work and only the monitoring wells will be 
competitively bid.  No major delays due to environmental documentation or permitting 
are anticipated.   
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11 - PUBLIC OUTREACH 

 
Laguna ID performed extensive public outreach to educate the local community about 
the project, solicit their comments, and gain their support.  The public outreach efforts 
are described below.  Proof of some public outreach efforts is found in Appendix G. 
 
City of Lemoore 
In April 2012, the Laguna ID General Manager presented the project to the Lemoore 
City Manager and Finance Manager.  Additional project information has been sent to 
Lemoore since then. 
 
Liberty Canal Company 
The LID General Manager gave a presentation on the project to the Liberty Canal 
Company Board of Directors in August 2012.  A copy of draft minutes from the meeting 
is included in Appendix F.  The Canal Company has since supported the project and 
agreed to let LID use the Liberty Canal to convey water to the proposed recharge 
project.   
 
Liberty Water District 
The LID General Manager presented the project to District Engineer for the neighboring 
Liberty Water District in September 2012.  
 
North Fork Group 
The North Fork Group is an informal subdivision the Kings River Conservation District.  
The group includes eight local irrigation districts and canal companies located in the 
North Fork of the Kings River.  The group performed the 2007 study that identified the 
proposed site as the most promising recharge site in the area (Provost & Pritchard, 
2007).  The LID Manager and LID Consulting Engineer gave a presentation to the group 
on November 8, 2012 to describe the project, solicit support, and explain the grant 
application process.  The members showed widespread support for the project.   Copies 
of the meeting agenda, list of attendees, and presentation are included in Appendix G. 
 
Riverdale Public Utilities District 
The LID General Manager and LID consulting engineer gave a presentation on the 
project to the Riverdale Public Utilities District (PUD) on December 4, 2012.  The project 
was described including the potential benefits to the Riverdale Area.  The PUD 
members voted to endorse the project and agreed to write a letter of support.  An 
agenda for the meeting is provided in Appendix G. 
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12 - CONCLUSIONS AND RECOMENDATIONS 
 
Favorable Project Characteristics 
The project has many favorable characteristics for a groundwater recharge project 
including: 
 

1. Favorable soils.  The soils have a high sand content.  Some clay and silt layers 
were found, but they do not appear to be laterally continuous and will not be the 
primary control of infiltration. 

2. Better land use.  The property is marginal farmland due to its sandy soils.  The 
land is not cropped every year since it has a high water demand due to high 
infiltration rates.  Some of the farmland is designated ‘Unique Farmland’, which is 
defined by the California Department of Conservation as “Farmland of lesser 
quality soils“.  A recharge basin is considered a better use of the land. 

3. Liberty Canal. The project is located adjacent to Liberty Canal which can deliver 
water directly to the site. 

4. Murphy Slough.  The project is also located adjacent to Murphy Slough. Murphy 
slough has an invert below the ground level and can be used for overflow spills, 
or to collect water that is temporarily stored in the basin for delivery to irrigators. 

5. Topographic depression.  The site is located in an excavated depression that 
allows water to be delivered by gravity, and will reduce the height of levees 
needed to develop the project.  Groundwater mounding in adjacent areas is a 
small concern since the water will be percolated below the natural ground 
surface. 

6. Area not served by surface water.  The project will recharge water in an area of 
Laguna ID that does not receive surface water (see Figure 4.2). 

7. Groundwater Recharge Study.  In a 2007 study the site was identified as the best 
of sixteen potential sites in the area, and was the only sited rated as having 
‘Excellent’ potential for groundwater recharge. 

8. Local and regional support.  The project has widespread support from local and 
regional agencies including neighboring landowners, neighboring districts, 
nearby cities, the Kings River Conservation District, and all of the agencies in the 
North Fork Group. 

9. Multi-agency collaboration.  The project was identified through a collaborative 
multi-agency effort when the North Fork Group performed a regional groundwater 
recharge study in 2007. 

 
Project Benefits 
The project will provide the following benefits: 
 
Groundwater Recharge.  A simulation of historical Kings River floodwater shows that 
an average of 2,650 AF/year could be recharged in the basin.  Total recharge may be 
higher if Kings River entitlement water and San Joaquin River water are also recharged.  
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This recharged water will help to raise groundwater levels, lower pumping costs, and 
provide a dry-year water supply. 
 
Regulation reservoir.  The project could also be used as a temporary regulation 
reservoir.  The reservoir could temporarily store 144 AF of water, and deliver it to 
Murphy Slough for delivery to irrigators. 
 
Floodwater.  The project will have the capacity to divert up to 70 cfs of floodwater.  
Average annual floodwater diversions are estimated to be 2,650 AF.  In very wet years, 
such as 1968-1969, 1979-1980 and 1982-1983, flood water was available for over 180 
days each year.  With six months of floodwater, diversions could be as high as 11,000 
AF/year.  This will reduce water levels and peak flows on the Kings River during flood 
periods, and thereby potentially reduce flood damage. 
 
Habitat creation.  The project will create temporary habitat for waterfowl and a water 
supply for terrestrial creatures when it is filled with water. 
 
Water quality improvement.  The project will recharge high quality Kings River water 
in an area with known water quality problems including elevated levels of nitrates and 
arsenic. 
 
Disadvantaged Communities.  The project will have secondary benefits to 
disadvantaged Communities including the Camden Mobile Home Park and Community 
of Riverdale.  The recharged water will eventually flow to these communities and help to 
improve their water quality and raise groundwater levels. 
 
Increased Conveyance Capacity.  The project will include increasing the capacity of 
Liberty Canal (from 60 cfs to 110 cfs) for 1.5 miles along a 3.5 mile reach.  This will 
allow delivery to the recharge basin, while meeting full irrigation demands.  This 
increased conveyance capacity will provide other benefits, especially if infrastructure is 
ever built to deliver surface water to the northern portion of Laguna ID that does not 
currently receive surface water. 
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EXECUTIVE SUMMARY 
 
The Kings River Conservation District (KRCD) was awarded a grant from the Local 
Groundwater Management Assistance Act of 2000 (Grant No. 4600004078) to identify 
and evaluate potential groundwater recharge sites in the North Fork area of the Kings 
River.  The North Fork Conjunctive Management Group (North Fork Group) consists of 
six water agencies in western Fresno and Kings Counties that work collectively to 
advance water management projects in their area.  This study was limited to the area 
served by the North Fork Group member agencies.  The motive for this study is the 
groundwater overdraft condition in the North Fork area.  This report includes the data, 
findings, and conclusions from the study.  
 
The original goals of the study included the following: 1) Characterize the local geology 
through a literature review; 2) Identify potential sites for future development of recharge 
basins; 3) Develop and implement a subsurface exploration program to evaluate 
promising sites; 4) Evaluate and rank the prospective sites according to their potential 
for groundwater recharge; 5) Install piezometers in exploratory holes and new 
monitoring wells near existing groundwater recharge basins; and 6) Engage 
stakeholders throughout the project. 
 
Sixteen potential sites were identified by local growers and water agencies (see Figure 
ES-1).  Each site was evaluated through site visits, discussions with landowners, and an 
evaluation of physical characteristics, regional geology and local geology.  Nine of these 
sites were identified as promising, and seven of the landowners agreed to allow 
subsurface investigations.  Subsurface investigations were subsequently performed at 
Site No.’s 1, 2, 3, 4, 5, 11 and 16.  The piezometer and monitoring well installations 
were eliminated to allow subsurface investigations in greater detail and at a greater 
number of sites.  The exploration program included 2,523 feet of hollow-stem auger 
drilling, 1,904 feet of cone penetration tests, 51 laboratory grain size analysis tests, and 
45 laboratory permeability tests.   
 
Important information gained from subsurface investigations included lithology, soil 
permeability, soil grain sizes, and groundwater levels. The subsurface investigations 
also allowed for the general correlation and identification of fine-grained sedimentary 
sequences that could potentially impede groundwater recharge.  Although numerous 
fine-grained sequences were found, few, if any, appear to be laterally extensive, and 
hence they only present a minor or moderate barrier to groundwater recharge.  

 
The following conclusions and recommendations are provided for each of the seven 
sites: 
 
Site No. 1: Recharge potential appears good but the site has limited room for 
groundwater recharge basins.  The existing stormwater basin could be used for 
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groundwater recharge through the installation of a small pipe connecting the basin to 
Liberty Canal.  A small feasibility study is recommended to evaluate this option. 
 
Site No. 2:  Site No. 2, also called Zonneveld Pond, is an existing groundwater recharge 
basin.  The site appears fair for recharge, but infiltration could be improved by 
excavating a fine grained layer at a depth of 5 to 18 feet below ground surface (bgs). 
 
Site No. 3:  Site No. 3, also called Dias Pond, is an existing borrow pit.  The pit is 
currently 18 feet deep and will be excavated as long as sandy sediments prevail, which 
is probably to a depth of 25 feet.  The site has good potential for groundwater recharge, 
particularly through lateral infiltration at the edges of the excavated pit.  If practical, 
excavation of a clay lens at about 35-40 feet bgs could help to improve vertical 
recharge. 
 
Site No. 4:  This site has only fair potential for groundwater recharge, but could be an 
excellent site for development of wetlands next to an existing slough. 
 
Site No. 5:  This site is not suitable for groundwater recharge and no actions are 
proposed. 
 
Site No. 11:  This site appears good to excellent for groundwater recharge and a 
comprehensive groundwater-recharge feasibility study is recommended. 
 
Site No. 16:  This site appears good for groundwater recharge although groundwater 
recharge may be limited to minor or moderate amounts to prevent groundwater 
mounding.  A comprehensive groundwater-recharge feasibility study is recommended 
for this site. 
 
As a consequence of this study, KRCD has a greater understanding of the local geology 
and suitability of specific sites for groundwater recharge.  It is recommended that KRCD 
and the North Fork Group investigate alternatives to fund feasibility studies for Site 
No.’s 11 and 16. 
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1 - INTRODUCTION 

 
The Kings River Conservation District (KRCD) was awarded a grant (Grant No. 
4600004078) in June 2005 from the Local Groundwater Management Assistance Act of 
2000 to perform a groundwater recharge study.  KRCD submitted the grant proposal on 
behalf of the North Fork Conjunctive Management Project Group (North Fork Group), a 
subdivision of KRCD comprised of water agencies that work collectively to manage the 
regional water resources in western Fresno and Kings Counties, California. The North 
Fork Group members include: Murphy Slough Association, Crescent Canal Company, 
Stinson Canal and Irrigation Company, Burrel Ditch Company, Liberty Canal Company, 
and Laguna Irrigation District.  This study was limited to the area served by the North 
Fork Group member agencies (see Base Map in Appendix A). 
 
KRCD is responsible for regional groundwater management within their District.  As part 
of these efforts, KRCD initiated this study to help address groundwater overdraft 
problems in the study area.  The general goals of this study are to identify and 
investigate sites for their groundwater recharge potential, and ultimately recommend the 
best sites for comprehensive groundwater-recharge feasibility studies.   
 
This report documents findings from five phases of the study: 1) hydrogeologic literature 
review; 2) preliminary evaluation of sixteen prospective sites; 3) development of a 
recommended drilling and exploration program; 4) drilling and exploration at seven 
sites; and 5) evaluation of the results of the exploration program and the suitability of 
each site for groundwater recharge.  This report does not include a comprehensive 
groundwater-recharge feasibility study; rather the study includes subsurface 
investigations and a reconnaissance-level evaluation of physical site conditions.     
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2 - HYDROGEOLOGY OF THE NORTH FORK KINGS RIVER AREA 

 
A literature review was conducted to analyze the feasibility of using 16 preliminary sites 
for intentional groundwater recharge in the North Fork Kings River Area based on the 
geologic and hydrogeologic conditions. The information presented herein is from 
various published reports from the United States Geological Survey, California 
Department of Water Resources, Kings River Conservation District, and several other 
agencies.  The relationship between water bearing formations and the various confining 
clay beds of the Tulare Formation is shown in two new geologic cross sections.  Refer 
to Appendix A for the cross sections (A-A’ and B-B’), and a map showing the locations 
of the cross sections in the study area.  The new cross sections were developed from 
cross-sectional material in Page (1986) and Croft (1972), and where practical correlated 
with Well Completion Reports from the area.  Successful intentional recharge in the 
area will be dependent on the location of the proposed sites in relation to the 
widespread clay beds and the recharge capabilities of the upper approximately 100 feet 
of soil.    
 
Geology/Hydrogeology  
 
Regional Geology and Hydrogeology 
The Central Valley—comprised of the Sacramento Valley to the north and the San 
Joaquin Valley to the south—is a large, northwestward-trending, asymmetric structural 
trough. The project area is within the San Joaquin Valley portion of the Central Valley 
and lies roughly atop the axis of the trough. Continental and marine deposits are up to 6 
miles thick in the area and overlie granitic, metamorphic, mafic, and ultra-mafic 
crystalline basement rocks of the Sierra-Nevada and Coast Ranges.  For the purpose of 
this study, only the near surface Quaternary deposits and the extensive lacustrine clay 
deposits are examined.  
 
The asymmetric structural trough is the principle feature that controls the movement and 
occurrence of groundwater in the area. Along the flanks of the valley, which are the 
flanks of the trough, deposits are much thinner than those underlying the topographic 
axis of the trough (spatially, roughly equal to the Fresno Slough).  In general, because 
the flanks of the valley are higher than the axis, recharge is primarily along the flanks of 
the valley with groundwater flowing towards the axis of the trough. Historically, the 
preferential movement of groundwater towards the axis of the trough caused 
groundwater to be confined under the extensive clay beds of the area, especially the A-
clay and E-clay. In recent times, pumping of groundwater has caused a marked 
decrease in head in the aquifer between the A-clay and E-clay resulting in decreased 
confined conditions there. In addition, large pumping depressions have caused local 
changes in groundwater gradients, resulting in local groundwater movements that differ 
from the regional west-southwest gradient.    
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Quaternary Units 
Near surface deposits in the study area include flood-basin deposits (Qb), river deposits 
(Qr), lacustrine and marsh deposits (Qti), and continental rocks and deposits (Qtcd) 
(descriptions after Page, 1986). Flood-basin deposits are composed of clay, silt, and 
some fine sand. In the project area, the flood-basin deposits crop out as a narrow belt 
along the Fresno Slough Bypass.  In the subsurface, the flood-basin deposits overlie 
and probably grade into the A-clay. Because of their fine-grained nature, the flood-basin 
deposits would not yield much water to wells and would impede the vertical movement 
of water (Page, 1986).  River deposits are composed of gravel, sand, silt, and minor 
amounts of clay. The river deposits, including channel and flood plain deposits, are 
considered the most permeable deposits in the valley and recharge sites located in 
them will likely be the most successful.  Lacustrine and marsh deposits are composed 
of clay, silt, and some sand; this unit includes the widespread A-E clays. The continental 
rocks and deposits are a heterogeneous mix of unconsolidated clay, silt, sand, and 
gravels; and consolidated beds of claystone, siltstone, and conglomerate.  
 
Lacustrine and Marsh Deposits (Confining Clays) 
The lacustrine and marsh deposits (Qti), especially the A-clay and E-clay, are of major 
significance to potential recharge in the North Fork Kings River Area (see cross sections 
in Appendix A). A description of the lacustrine clays is excluded here, but they are 
discussed at length in Page (1986) and Croft (1972). In the subsurface, at various 
depths, the edge of these deposits trend roughly northwest to southeast across the 
study area and they cover the southwestern 2/3 of it. The lowest deposit of concern is 
the E-clay, which underlies the area at depths between 200 to 650 feet below the 
ground surface (bgs), in general deepening southwestward. Several sources indicate 
that the northeastern extent of the E-clay is roughly contiguous with the northeastern 
edge of the A- and C-clays.  However, Page (1986) extends the northeastern boundary 
of the E-clay approximately 5.5 miles northeasterly, which could have significant 
ramifications to recharge operations at several of the proposed recharge locations 
(Sites 1, 2, 3, 11, 12, and 13, discussed below). At this location, approximately 2.5 miles 
northeast of Laton, the E-clay, as mapped by Page (1986), is approximately 200 feet 
bgs.  If the E-clay extends further northeast than previously thought, then recharged 
water from potential Sites 1, 2, 3, 11, 12, and 13 would most likely be recharged into the 
existing aquifer between the A-clay and E-clay. This scenario would be a major benefit 
to users in this area, as the aquifer between the A- and E-clays contains water of high 
quality and is tapped by numerous domestic, municipal, and agricultural wells. In 
addition to the E-clay, the C-clay is a potential concern to recharge operations in the 
area, but it is not as laterally extensive as the E-clay, pinching out to the northwest in 
the central portion of T. 16S, R. 18E and to the northeast at approximately the same 
location as the A-clay.  The C-clay is not discussed further here. 
 
The A-clay underlies the southwestern 2/3 of the study area at depths between 30 to 90 
feet bgs. There is some uncertainty as to the depth to the top of the A-clay, as the 
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shallow depths were based on Well Completion Reports, however, Page and Leblanc 
(1969) give a similar depth in this area. In general, the A-clay parallels the land surface, 
and deepens southwestward. A concern for intentional recharge above the A-clay is that 
the water quality in some locations has been negatively impacted by various land-use 
practices.  Another concern for recharge on top of the A-clay is the possibility of 
inducing a water table that could encroach into the root zone of the surrounding crops. 
In addition, recharge operations could become less efficient over time, if the relatively 
shallow zone between the top of the A-clay and the local ground surface becomes 
saturated. However, Page and Leblanc (1969) indicate that because of the large 
quantities of water being pumped today from above and below the A-clay and the 
general decline of water levels, waterlogging conditions would probably not occur for 
some time. At present in the study area, only Riverdale Irrigation District is operating 
limited recharge facilities atop the A-clay. The efficiency of recharge and affect of these 
facilities on local groundwater conditions is not known.  
 
Recharge and Cyclic Storage 
Areas underlain by coarse-grained material of moderate to high permeability and 
specific yield are favorable for recharge and cyclic storage of groundwater. Highly 
permeable materials permit relatively rapid recharge and high specific yield ensures 
adequate storage capacity. Locally, such areas are underlain by the d, e, and f facies of 
the older alluvium as defined by Page and Leblanc (1969).  A composite map of surface 
(USDA-SCS soils) and subsurface materials (from Page and Leblanc, 1969) favorable 
for recharge compiled by the Kings River Conservation District (Exhibit 3 in Ground 
Water Recharge Study, 1979) shows that conditions favorable for recharge are limited 
to a swath of land in T. 16S, R. 20E, which is located just northwest of the study area. 
The linear nature of the composite surface indicates that conditions favorable for 
recharge are located in an area of old stream or wind-laid deposits. 
 
Geology/Hydrology of Proposed Recharge Sites 
The geology and hydrogeology of the proposed recharge sites falls into two main 
categories, 1) sites with a high recharge potential, and 2) sites with low or unknown 
recharge potential. Sites with high recharge potential include those that fall outside of 
the areal extent of the A-clay. Within this category, Sites 1, 4, 5, 12, and 13 are within 
the facies considered favorable for recharge by Page and Leblanc (1969).  From Page 
and Leblanc’s facies, sites 2, 3, and 11 are not in areas considered favorable for 
recharge, while the recharge potential of Site 6 is unknown based on the Page and 
LeBlanc facies. However, none of these sites falls within the boundary of sites 
considered favorable for recharge based on the composite surface compiled by Kings 
River Conservation District, which is based on surface and subsurface materials. 
 
Based on the literature review, the remaining sites have low or unknown recharge 
potential. These sites lie atop the A-clay and the recharge potential based on Page and 
Leblanc facies is unknown (with the exception of sites 14 and 15). Sites 14 and 15 are 
both located in areas underline by Page and Leblanc d-facies, making them—at least 
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surficially—acceptable for recharge. In addition to sites 14 and 15, sites 7 and 9 may 
also have high recharge potential--as they lie outside of the area containing flood-basin 
deposits. However, sites 8 and 10, while atop the flood-basin deposits, could be 
acceptable locations, if the underlying recent deposits of the North Fork of the Kings 
River are permeable. 
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3 - EVALUATION OF POTENTIAL RECHARGE SITES 

 
Members of the North Fork Group identified 16 sites for evaluation and possible future 
development as groundwater recharge basins (see Figure 1).  Data was collected on 
each of these sites through a literature review (see Section 2) and site visits.  This 
chapter presents the criteria used to evaluate and compare the sites, specific 
information on each site, and a list of the sites considered the most promising and 
recommended for subsurface explorations. 
 
3.1 - Criteria for Site Selection 
The following set of criteria were developed to rank potential groundwater recharge 
sites in the North Fork Kings River area. These criteria are comprised of pertinent 
information about the land, site location, hydrogeologic setting, existing facilities, and 
environmental issues.  The following is a description and explanation of each criterion.   
 
Land 
Approximate Potential Wetted Area: This is the area that would be covered by water 
when the recharge basin is in operation.  A larger wetted area equates to more 
recharge potential.  The ‘potential wetted area’ was calculated as the area of the 
parcel(s) minus the area of permanent facilities (houses, barns, etc.) and the area 
needed for boundary setbacks and recharge basin levees.  These areas are 
approximate, and pending review by landowners they may change.  
 
Shape: The shape of a site has an affect on its recharge capabilities. In general, an 
elongated site results in a larger perimeter to area ratio.  This results in more outflow 
from the basin than could be obtained from a more compact shape of the same 
acreage.  More outflow equates to less mounding effects and higher recharge potential.  
This effect is magnified if the long axis of the site is perpendicular to the local 
groundwater flow direction and may be negated if the long axis is parallel to the local 
groundwater flow direction. 
 
Number of Landowners: Sites with fewer landowners will be easier to develop and 
operate since each landowner would have their own individual issues, concerns, 
negotiations, and contract.  
 
Current Land Use: The current land use will have an affect on the cost of site 
development.  If a site is currently planted with orchards then tree removal could be cost 
prohibitive. On the other hand, if the site is not actively farmed or is planted to row 
crops, site-clearing costs will be minimal. In addition, if a site is currently used as a 
borrow pit, it will need less excavation, thereby reducing construction cost.    
 
Accessibility: Sites that have paved roads for the ingress and egress of large earth 
moving equipment will be easier to develop.  Well-packed dirt or aggregate roads will 
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work for this purpose in dry conditions but may become problematic in wet conditions.  
In addition, sites that are accessible from County roads will be easier to develop 
because permission from private landowners will not be needed to gain access during 
construction and operation. 
 
Favorable for Gravity Flow: Sites that can be filled with water under the influence of 
gravity are favorable to sites that would require new excavation to permit gravity 
deliveries, or require the construction and operation of pumping facilities to fill a 
recharge basin.  Existing sites can be favorable for gravity flow if they are already 
excavated, fed by an above-grade canal, or are located downgradient from the water 
source based on the current topography.     
 
Proximity to Standing Water Bodies: Water bodies in close proximity to a site can 
possibly reduce the infiltration potential and volume of water that can be recharged. If 
the body of water has been there for an extended period, the potential for a high water 
table is increased, and thus the unsaturated zone available for recharge could be 
smaller.  In addition, a standing water body could indicate an impervious stratum that 
could hinder the vertical migration of recharged water. 
 
Hydrogeology 
Topsoils: Surface materials with a high permeability and porosity are favorable for 
recharge. If the surface materials are fine silts and clays, which are generally 
unfavorable for recharge, they may need to be excavated before the site efficiently 
recharges groundwater. In addition, some soils have hardpans that greatly reduce the 
vertical movement of groundwater. Costs for deep ripping or removal of the hardpan will 
add to the cost of site development. However, if the upper soil layer contains clay, this 
material can be used to construct the basin levees, reducing the cost of importing soils 
appropriate for basin-levee construction.  A topsoil map of the project area can be found 
in Appendix A. 
 
Geologic Facies:  Page and Leblanc (1969) generated a map of subsurface materials to 
depths of 300 feet.  The geologic materials were classified as different facies that are 
either favorable or unfavorable for groundwater recharge.  Not all of the prospective 
sites are covered by Page and Leblanc’s map.  See Section 2 for more discussion on 
these facies. 
 
Lacustrine Clay Layers: The project area is partially underlain by a laterally extensive 
clay layer (A-clay) that can have a potential negative affect on groundwater recharge. 
Water recharged atop the A-clay has an increased possibility of creating mounded 
conditions and/or a water table that encroaches into the root zone of the local crops.  In 
addition, some of the waters in the upper aquifer (above the A-clay) have poor quality, 
and, even when mixed with recharged water, may be unsuitable for extraction and use. 
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Groundwater Levels: The depth to groundwater has significant implications on recharge 
operations. The area between the bottom of the recharge basin and the water table 
(called the unsaturated zone) can be used for groundwater storage. A larger 
unsaturated zone will provide more storage potential and also reduce the possibility of 
groundwater mounding problems. 
 
Potential for Groundwater Outflow:  Groundwater in the study area generally flows to 
the southwest.  Water that is recharged in the southwestern portion of the study area—
especially near the boundary—will likely flow along the regional gradient and be lost to 
project participants. Conversely, a site located upgradient from the project area will 
make water available to down gradient users, i.e. North Fork Group members.  This 
criterion is based on the regional flow direction of groundwater.  It should be noted that 
local flow directions may vary.  Therefore, groundwater contour maps should be 
prepared for the area surrounding sites that are being seriously considered for 
development.  
   
Facilities 
Proximity to Conveyance Facilities: Sites that are in close proximity to existing canals or 
other conveyance facilities will have a lower construction cost. Development of these 
sites can avoid the time and costs for permitting, right-of way access, land acquisition, 
and design and construction of new conveyance facilities.  
 
Capacity of Nearby Conveyance Facilities: The capacity of nearby conveyance facilities 
is an important factor in site selection. The canals, rivers, sloughs, or pipelines used to 
deliver surface water to the site will need to have a sufficient capacity to fill the recharge 
basin and still be able to supply water to downstream users. If the conveyance facilities 
are undersized, the cost of expansion will need to be included in the price of site 
development. 
 
Existing Infrastructure: The use of existing on-site infrastructure can reduce the cost of 
initial site development. If canals, turnouts, basins, etc. have to be built then costs will 
escalate accordingly.   
 
Relocations Needed for Development:  Facilities that are located on the footprint of a 
new recharge basin will need to be relocated or abandoned.  This will add to the cost of 
site development. These facilities could include powerlines, small structures, wells, 
roads, etc. 
 
Underground Utilities: Underground utilities can be very costly to relocate and gaining 
location information from the utility companies can be time consuming. Sites that are 
located in an area with fewer underground utilities will be less expensive to develop. 
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Regulatory Issues 
Environmental Issues: Environmental reviews for this study only included an evaluation 
of surficial features that might indicate potential soil and groundwater contamination.  
Sites that are in close proximity to known contamination sites—especially down gradient 
from the source of contamination—may not be viable for development. 
 
Proximity to Dairies: Sites that are in close proximity to dairies may experience 
degraded water quality due to leakage from dairy lagoons or improper application of 
manure water to crops. If a potential recharge site is located near a dairy then a more 
detailed environmental assessment may be necessary.  
  
3.2 - Description of Prospective Sites 
The Kings River Conservation District solicited input from local water agencies and 
landowners on prospective groundwater recharge sites.  Sixteen sites were 
recommended for evaluation (see Figure 1).  These initial recommendations were 
based primarily on visual observations and anecdotal evidence.  Each location was 
visited to collect information on the site characteristics (see Attachment B-1 in 
Appendix B), take photographs, and identify any potential fatal flaws.  Some general 
features of the sixteen sites are described below: 
• 15 of the sites are in Fresno County and 1 site is in Kings County 
• The sites range in size from 5 to 400 acres 
• The average area of the sites is about 65 acres 
• Current land uses include the cultivation of annual crops, abandoned vineyards, 

borrow pits, groundwater recharge, terminal reservoirs and flood control basins 
• All of the sites are easily accessible 
• Soils in the area are generally loamy (see Soils map in Appendix A) 
• Groundwater depth varies but averages approximately 100 to 120 feet  
• Numerous dairies are located throughout the project area, particularly in the 

northeast 
• Most of the prospective sites are located adjacent to operating conveyance 

facilities 
 
3.3 - Sites Recommended for Subsurface Exploration 
The prospective recharge sites were evaluated and ranked based on the literature 
review (Section 2) and the summary of site characteristics (see Attachment B-1 in 
Appendix B).  All of these criteria were used to rank the prospective sites, but the 
location of the sites in relation to the A-clay was the most important factor.  
Consequently, all of the recommended sites are located outside the boundary of the A-
clay.  These sites are located in the northeast part of the study area.  With regional 
groundwater flow to the southwest, these sites also have the lowest potential for 
groundwater outflow from the study area.  Lastly, the northeast area generally has 
coarser soils and canals with higher capacities than the remainder of the study area. A 
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total of 9 sites were initially recommended for subsurface geologic exploration and are 
described below. 
 
Site No. 1.  Site No. 1 is a 37-acre bus yard owned by Southwest Education Support 
Center.  A small stormwater basin covering about 0.5 acres is located in the southwest 
corner of the site and adjacent to Liberty Canal.  Southwest Transportation staff have 
observed rapid infiltration in the basin.  The landowner also identified a 0.3-acre area 
just north of the stormwater basin where it could be expanded for groundwater 
recharge. 
 
Site No. 2.  Site No. 2 is a 25-acre parcel currently used as a terminal reservoir and 
groundwater recharge basin.  The site is owned by Laguna Irrigation District, a North 
Fork Group member.  Laguna Irrigation District has named the site Zonneveld Pond.  
Murphy Slough borders the northern end of the site and an irrigation canal terminates 
near the southern end.  A surficial clay layer was excavated in the northern 8 acres 
(northern 1/3 of site) of the site.  The clay layer was about 5-8 feet thick, according to 
Laguna Irrigation District staff.  Infiltration rates were observed to increase dramatically 
after removal of the clay layer.  Caltrans is expected to expand Highway 41, which will 
remove an 80-100 feet strip of land from the eastern end the site within the next few 
years. 
 
Site No. 3.  Site No. 3, called Dias Pond, is a 19-acre terminal reservoir/groundwater 
recharge basin owned by Laguna Irrigation District.  The site was being used as a 
borrow pit during the exploration program.  As of March 2007, the site was excavated to 
a depth of 18 feet, and Laguna Irrigation District planned to continue excavation to a 
depth of 20 feet.  Water is delivered to the site from the Little B Ditch/Pipeline.   
 
Site No. 4.  Site No. 4 covers 35 acres and is privately owned.  The land is used for 
periodic grazing.  A meandering slough bisects the site.  The slough is in a quasi-natural 
state with riparian vegetation and wildlife and is in sharp contrast to the canals 
connected to the northern and southern ends of the slough.  Both the landowner and 
California Department of Fish and Game have expressed interest in habitat 
enhancement in and around the slough, possibly in combination with groundwater 
recharge basins. 
 
Site No. 5.  Site No. 5 includes seven privately owned parcels covering 447 acres.  
Murphy Slough borders the northern end of the site.  Active and abandoned oil and gas 
wells, pipelines and storage tanks are scattered throughout the site.  The remainder of 
the land is used to grow row crops. 
 
Site No. 11.  Site No. 11 is privately owned and covers 91 acres.  Most of the land is 
used to grow field crops and a portion on the southern end is a borrow pit.  Liberty 
Canal borders the northern end and Murphy Slough borders the western end.  Most of 
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the site is several feet below the Liberty Canal and therefore can easily be served water 
under gravity flow. 
 
Site No.’s 12 and 13.  Site No.’s 12 and 13 are privately owned agricultural land 
covering 464 acres.  The sites include a dairy, but most of the land is used to grow field 
crops.  The Kings River borders the southern end of the site, and Grant Canal traverses 
both sites.  However, no subsurface investigations were performed since the 
landowners were not interested in participating. 
 
Site No. 16.  Site No. 16 is a privately-owned abandoned vineyard.  The landowners 
plan to plant new crops, but identified a 6-acre area on the southern end of the parcel 
that they could reserve for groundwater recharge.  Liberty/Mill Race Canal is located 
just south of the site. 
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4 - SUBSURFACE EXPLORATION PROGRAM 

 
The subsurface exploration program included a combination of hollow-stem auger 
drilling, cone penetration testing, and laboratory soils testing at seven different sites.  
This chapter provides a brief description of each investigation methods.  The technical 
specifications for the subsurface investigations are provided in Appendix D, and 
Section 5 includes an interpretation of the results.   
 
The following conventions were used for naming the exploratory holes: 
 
Hollow-stem auger soil borings: The soil borings are named as ‘Site Number’ B - ‘Hole 
Number’.  For instance, the third soil boring at Site No. 4 would be called 4B-3. 
 
Cone Penetration Tests:  The cone penetration tests are named as CPT ’Site Number’-
‘Hole Number’.  For instance, the second CPT at Site No. 3 would be CPT3-2. 
 
4.1 - Planning for Subsurface Explorations 
The original scope of work included construction of two monitoring wells and two 
piezometers, and exploration using deep mud-rotary holes, borehole geophysics, and 
cone penetration tests.  After prospective sites were identified the initial exploration 
program was re-evaluated and several changes were proposed to be more compatible 
with the physical site conditions.  The monitoring wells and piezometers were removed 
from the program and replaced with exploratory holes in greater detail and at a greater 
number of sites, which were determined to be a greater value to the North Fork Group 
participants.  Borehole geophysics was eliminated since the method provides 
questionable results in the unsaturated zone, which is the primary zone of interest.  The 
deep mud-rotary holes were replaced with hollow-stem auger drilling, which could reach 
the desired hole depths (100 to 150 feet) at a lower cost. The revised scope of work 
was approved by KRCD, the North Fork Group members, and the California 
Department of Water Resources.   
 
Drilling locations were generally selected in an attempt to achieve a uniform spatial 
distribution across each site.  However, some areas could not be accessed due to poor 
road conditions, saturated soils, buried utilities, or low power lines.  As a result, the 
spatial distribution of exploratory holes is not uniform or ideal at several of the sites. 
 
Permits were obtained from the Fresno County Health Department to drill soil borings 
and CPTs.  The holes were also backfilled according to Fresno County guidelines.  
Utility maps were obtained prior to subsurface explorations, and soil borings and CPTs 
were placed at least 20 feet away from any buried utilities.  Underground Service Alert 
(USA) was also contacted just prior to drilling to verify the locations of underground 
utilities. 
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4.2 - Cone Penetration Tests 
Cone penetration tests (CPT) involve the advancement of standard piezocones into the 
ground under a known load while measuring the tip resistance and sleeve friction.  
Background information on the CPT method can be found in Appendix E.  The CPT 
provides a rapid and fairly reliable means of determining subsurface stratigraphic and 
hydrogeologic information.  The CPTs were performed by Gregg Drilling and Testing, 
Inc. of Signal Hill, California.  Table 4.1 summarizes the quantity of cone penetration 
testing that was performed. 
 

Table 4.1 – Cone Penetration Test Quantities 
 

Description Value 
No. Sites Investigated 6 
No. Holes Drilled 15 
Total Lineal Footage 1,904 ft 
Average Depth/Hole 127 ft 

 
Piezocones were advanced to the groundwater table in each CPT hole.  At various 
depths pore pressure dissipation tests were performed to determine the potentiometric 
surface.  CPTs were performed at six of the seven sites; they could not be performed at 
Site 16 since the site was volunteered by a landowner towards the end of the 
exploratory program after the CPT rig had demobilized.  CPT logs can be found in 
Appendices F-L for the seven sites.  The CPT logs were used in conjunction with the 
hollow-stem auger logs to characterize the subsurface geology. 
 
The CPT provides a continuous log, which is only possible with a hollow-stem auger if a 
relatively slow process is used.  For the exploratory holes drilled on this project, the 
CPTs were about 25% less expensive than continuously sampled soil borings.  The 
higher costs for soil borings are primarily from the need to have a full time geologist on-
site to log soils and later type a boring log.  CPT logs, on the other hand, are 
automatically generated.   
 
A disadvantage of CPTs is potential problems and delays with finding an available CPT 
rig.  The rigs are not common and only a few are in operation in California.  They may 
have to mobilize from far away and often have a backlog of several months. 
 
4.3 - Hollow-Stem Auger Drilling 
A hollow-stem auger rotates as it drills into the ground and a series of flights lift the soil 
up and out of the borehole along the outside of the auger.   Hollow-stem auger drilling 
also allows for the collection of relatively undisturbed samples using a split-spoon 
sampler.  The hollow-stem auger method is generally simpler, faster and cleaner than 
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the mud rotary method for shallow holes.  Table 4.2 summarizes the quantity of hollow 
stem auger drilling that was performed. 
 

Table 4.2 – Hollow-Stem Auger Drilling Quantities 
 

Description Value 
No. Sites Investigated 7 
No. Holes Drilled 23 
Total Lineal Footage 2,523 ft 
Average Depth/Hole 110 ft 

 
The holes were drilled to a few feet below the groundwater table; however it was difficult 
to discern the groundwater table in some holes.  Soils were logged at 5-foot intervals at 
20 holes and continuous logging was performed at 3 holes.  The boreholes were drilled 
by Technicon Engineering Services, Inc. of Fresno, California.  Soil boring logs for each 
hole are provided in Appendices F-L for the seven sites.   
 
4.4 - Laboratory Soils Testing 
Laboratory soils testing included permeability and grain size distribution tests (sieve 
analysis and/or hydrometer tests).  Samples were collected with split-spoon samplers 
during the hollow-stem auger drilling.  All samples were collected at the discretion of a 
field geologist with the goal of characterizing the variety of conditions at each site.  The 
number of samples collected at each boring varied due to differences in boring depth 
and heterogeneity.  However, on average about two grain-size analysis and two 
permeability samples were collected at each soil boring.  Table 4.3 summarizes the 
number of laboratory tests that were performed. 
 

Table 4.3 - Soil Laboratory Testing Quantities 
 

Description No. 
Grain Size Analysis Tests 51 
Laboratory Permeability Tests 51 

 
The soil testing was performed by Technicon Engineering Services, Inc. of Fresno, 
California.  The results of the tests are found in Appendices F-L for the seven sites.  An 
interpretation of the test results is presented in Section 5. 
 
Laboratory permeability tests were primarily performed on fine-grained layers that could 
impede recharge.  Therefore, the permeability tests for a specific site or soil boring are 
not indicative of average permeabilities, but rather represent some of the lower 
permeability values that are locally present. 
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Some additional permeability values were calculated using the Hazen method 
(Attachment B-5 in Appendix B).   
 
Hazen Method 
The Hazen Method provides an approximate permeability for coarse grained soils.  The 
formula is provided below: 
 
Permeability (cm/sec) = C x (D10)2 
 
The coefficient C is a constant and is based on the grain size and sorting.  The 
coefficient is not dimensionless and has the units of 1/(length x time).  D10 is the 
effective grain size and represents the size corresponding to the 10% passing line on a 
grain-size distribution curve.  To use the Hazen method, D10 must be between 0.1 and 
3.0 mm, so the formula can only be used for samples consisting primarily of sand.   
Only five of the grain size samples met this criterion.  Refer to Attachment B-5 in 
Appendix B for the permeability calculations using the Hazen method.  This formula is 
empirical and therefore the results are considered approximate at best.   
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5 - SITE EVALUATIONS BASED ON SUBSURFACE EXPLORATION 

 
This section describes the results of the subsurface investigations performed at the 
seven sites (No.’s 1, 2, 3, 4, 5, 11 and 16).  Details of the subsurface investigations can 
be found in Appendices F-L.  Each appendix contains the results for one site including: 
a summary of the subsurface investigations, map of drilling locations, soil boring logs, 
permeability tests, grain size analysis tests, and cone penetration test logs.  Below is an 
evaluation of the results from each site, followed by some general observations. 
 
The evaluations provided below are general and the sites were evaluated relative to 
each other.  In addition, the evaluations looked at each site as a whole, without detailed 
scrutiny of different parts of each site.  If feasibility studies or design are eventually 
pursued, then the information in the appendices can be used to identify the best 
location(s) on a site to place recharge basins.    
 
5.1 - Site No. 1: Southwest Education Support Center Stormwater Basin 
Site No. 1 is a bus yard owned by Southwest Education Support Center.  The site 
includes a small 0.5 acre stormwater basin that may be available for recharging 
groundwater. It is located north of Elkhorn Ave and west of Highway 41 in Fresno 
County. The following table summarizes the subsurface explorations at the site: 
 

Table 5.1 - Summary of Subsurface Explorations (Site No. 1) 

Method No. 
Soil Borings 2 
Cone Penetration Tests 2 
Grain Size Analysis 4 
Permeability Tests 4 

 
Refer to Appendix F for copies of the soil boring logs, CPT logs, and soil testing results 
for Site No. 1. 
 
Permeability.  The following table summarizes the permeability tests for Site No. 1: 
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Table 5.2 - Summary of Permeability Tests (Site No. 1) 
 

Boring 
Number 

Sample 
Depth (ft) 

Soil 
Description 

Permeability1 
(cm/s) Rating 

1B-1 36 Sandy clay 1.40E-05 Low 
1B-1 96 Sandy clay 1.10E-06 Very low 
1B-2 30 Sandy clay 5.30E-07 Very low 
1B-2 40 Sandy clay 6.70E-07 Very low 
1B-2 60 Poorly graded sand 7.29E-022 Medium 

1 – Permeability samples are not representative of average stratigraphy but were focused on the confining 
layers with only a few samples from the coarse grained layers. 
2 – Permeability calculated with the Hazen Method. 
 
Stratigraphy.  The subsurface at Site No. 1 is characterized by sands, silts, clays and 
mixtures of these three components.  CPT1-1 met refusal at 35 feet below ground 
surface (bgs) due to dense and possibly cemented sands, thus below this depth, Site 
No. 1 is characterized using the two boreholes and CPT1-2. 
 
0-50 feet 
This interval is dominated by sands and silty sands with minor amounts of clay. Several 
dense, possibly cemented sand and silty sand lenses are prominent at a depth of 30 to 
40 feet bgs, and silt and clay are found between 40 and 50 feet. These layers are 
probably laterally continuous over the area investigated and probably would reduce 
groundwater recharge.  
 
50-100 feet 
This interval is mostly sand but has appreciable quantities of silt and clay.  Sands and 
silty sands dominate down to 75 feet bgs and interbedded silt, clay and fine sand 
mixtures from 75 to 100 feet bgs. The interval from 75 to 100 feet bgs, being dominated 
by dense and hard, very fine-grained materials would probably be a recharge barrier.    
 
100+ feet 
Sands and silty/clayey sands are abundant over this interval.  Some clay layers and 
stiff, hard, fine-grained deposits occur in this interval, but their lateral continuity is 
unknown. 
 
Groundwater Levels.  Site No. 1 has variable groundwater levels ranging from 76 to 
115 feet bgs.  Groundwater levels are higher on the south side of the site near the 
Liberty Canal and progressively deeper away from the canal. This is probably caused 
by canal seepage.  
 
Other Factors.  The limiting factor at this site is space to expand the existing storm 
water detention basin.  The existing basin is about 0.5 acres and only about 0.3 acres is 
available to expand the basin.  
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Suitability for Groundwater Recharge. High percentages of sand would indicate that 
Site No. 1 is fair to good for recharge, but the above mentioned low permeability 
intervals could form a recharge barrier beginning at a depth of about 30 feet. The owner 
of the property noted that the existing basin readily percolates water, indicating that the 
sands in the upper approximately 30 ft probably have high horizontal permeability.  
 
5.2 - Site No. 2: Zonneveld Pond 
Site No. 2 is a terminal reservoir/recharge basin for Laguna Irrigation District called 
Zonneveld Pond.  It is located between Highway 41 and Elm Avenue about one-eight of 
a mile north of Harlan Avenue in Fresno County. The site is bounded to the north by 
Murphy Slough. The following table summarizes the subsurface explorations at the site: 
 

Table 5.3 - Summary of Subsurface Explorations (Site No. 2) 

Method No. 
Soil Borings 3 
Cone Penetration Tests 2 
Grain Size Analysis 7 
Permeability Tests 5 

 
Refer to Appendix G for copies of the soil boring logs, CPT logs and soil testing results 
for Site No. 2. 
 
Permeability.  The following table summarizes the permeability tests for Site No. 2: 
 

Table 5.4 - Summary of Permeability Tests  (Site No. 2) 
 

Boring 
Number 

Sample 
Depth (ft) 

Soil 
Description 

Permeability1 
(cm/s) Rating 

2B-1 46 Clay with sand 7.80E-06 Very low 
2B-1 66 Sand 2.52E-03 Medium 
2B-2 41 Sandy clay 4.50E-07 Very low 
2B-2 116 Silty sand 1.00E-05 Low 
2B-3 16 Silty sand 3.60E-06 Very low 
2B-3 91 Clay with sand 8.00E-07 Very low 

1 – Permeability samples are not representative of average stratigraphy but were focused on the confining 
layers with only a few samples from the coarse grained layers. 
 
Stratigraphy.  The subsurface at Site No. 2 is characterized by sands, silts, clays and 
mixtures of these three components.   
 
0-50 feet 
This interval is dominated by silty sands, sands, and silts, with minor quantities of clay. 
A silt/silty sand layer is evident under the site at approximately 5 to 18 feet bgs. This 
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unit could likely form a near-surface recharge barrier. Moist to saturated cuttings above 
this layer at 2B-2 suggests that, at least locally, water perches on this fine-grained 
material.  A low permeability layer is found in most of the exploratory holes at a depth of 
about 45 to 55 feet bgs. 
 
50-100 feet 
This interval is similar in composition to the 0-50 feet interval.  A low permeability layer 
is found in most of the holes from about 50 to 60 feet bgs. 
 
100+ feet 
This interval has a prominent sand lens from approximately 100 to 110 feet bgs. Below 
this lens, the site is dominated by finer grained and possibly cemented materials that 
could be a recharge barrier. However, waters recharged to this depth would likely be at 
or near the groundwater table. 
 
Groundwater Levels.  Groundwater levels at Site No. 2 are consistent at around 100 
feet bgs. They vary from 96 feet to 109 feet bgs.  At the time of exploration, there did 
not appear to be any residual affect on the local groundwater gradient from waters 
being recharged on site or from Murphy Slough to the north of the site.  
 
Other Factors.  Site No. 2 has potentially two sources of water: Murphy Slough and the 
current ditch that delivers water to the existing basins. As this site is already partially 
developed excavation and full development could be relatively inexpensive. 
 
Suitability for Groundwater Recharge.   
The manager of Laguna Irrigation District noted that water is slow to percolate in the 
existing basin, but some recent shallow excavation helped to notably improve 
percolation.  The rate of recharge would probably be increased with the excavation of 
the near-surface fine-grained material in the 5 to 17 bgs interval. The affect of the 
deeper low permeability layers could be ascertained after the above fine-grained 
material was excavated. In its current state, the site is only fair for recharge, but 
excavation, as mentioned above, could increase the recharge capabilities. 
 
5.3 - Site No. 3: Dias Pond 
Site No. 3 is a borrow pit and terminal reservoir/recharge basin called Dias Pond and is 
owned by Laguna Irrigation District.  The site is located south of Harlan Avenue and 
east of State Highway 41 in Fresno County. The site is currently excavated to a depth of 
about 18 feet.  The following table summarizes the subsurface explorations at the site: 
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Table 5.5 - Summary of Subsurface Explorations  (Site No. 3) 

Method No. 
Soil Borings 1 
Cone Penetration Tests 1 
Grain Size Analysis 2 
Permeability Tests 2 

 
Refer to Appendix H for copies of the soil boring logs, CPT logs, and soil testing results 
for Site No. 3. 
 
Permeability.  The following table summarizes the permeability tests for Site No. 3: 
 

Table 5.6 - Summary of Permeability Tests (Site No. 3) 
 

Boring 
Number 

Sample 
Depth (ft) 

Soil 
Description 

Permeability1 
(cm/s) Rating 

3B-1 40 Silty sand with clay 1.09E-05 Low 
3B-1 60 Poorly graded sand 4.00E-022 Medium 
3B-1 75 Sandy silt 1.30E-07 Very low 

1 – Permeability samples are not representative of average stratigraphy but were focused on the confining 
layers with only a few samples from the coarse grained layers. 
2 – Permeability calculated with the Hazen Method. 
 
Stratigraphy.  The subsurface at Site No. 3 is characterized by mixtures of sands, silts, 
and clays that vary with depth and between the two exploratory holes.   
 
The intervals below are based on depth from the point of drilling.  The soil boring and 
CPT were both performed inside the borrow pit at about 5 feet below the adjacent 
ground surface. 
 
0-50 feet 
This interval is dominated by silt, silty sand, and sand with minor amounts of clay.  The 
upper 25 feet is predominantly sand.  The CPT log shows a clayey layer from 30-40 feet 
deep.   This layer was not encountered in the soil boring so it is probably an isolated 
lens.  
 
50-100 feet 
The results of the soil boring log and CPT log vary considerably in this interval.  The soil 
boring shows high sand content (67%) and the remaining sediments as silty sands and 
silt, but no clay.  The CPT log shows a fairly even mixture of sand, silt and clay. 
 
100+ feet 
This interval is only characterized with the CPT3-1. Silts are the dominant material with 
lower amounts of sand and silty sand. Of note is the relatively high percent of clay at 
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24%. The CPT log shows several dense, cemented, sand lenses within the interval. 
These dense sands in conjunction with high amounts of silt and clay could be a 
recharge barrier. 
 
Groundwater Levels.  Groundwater levels at the site were consistent at 98 feet bgs. 
Numerous perched water zones indicate the presences of low permeable layers at 
approximately 40, 60 and 85 feet bgs. 
 
Suitability for Groundwater Recharge.  After excavation is complete, the site will have 
a high potential for lateral recharge due to the high percentage of sand in the upper 20 
to 30 feet.  Vertical infiltration is probably only fair, but could be enhanced by excavating 
a clay lens found at a depth of about 35 to 45 feet below ground surface. 
 
5.4 - Site No. 4: Murphy Slough 
Site No. 4 includes two north-south trending parcels bisected from the north to south by 
Murphy Slough. It is located north of Harlan Avenue, midway between south Brawley 
Avenue and the south Blythe alignment. The following table summarizes the subsurface 
explorations at the site: 
 

Table 5.7 - Summary of Subsurface Explorations (Site No. 4) 

Method No. 
Soil Borings 5 
Cone Penetration Tests 2 
Grain Size Analysis 11 
Permeability Tests 12 

 
Refer to Appendix I for copies of the soil boring logs, CPT logs, and soil testing results 
for Site No. 4. 
 
Permeability.  The following table summarizes the permeability tests from Site No. 4: 
 

G:\Clients\Kings River Conservation Dist - 1364\DOCUMENTS\NF Group AB 303 Project\Reports\Technical Report\Final Technical Report.doc 

-22-



Kings River Conservation District 
Investigation of Groundwater Recharge Potential in the North Fork Area  
of the Kings River 

 
 

Table 5.8 - Summary of Permeability Tests (Site No. 4) 
 

Boring 
Number 

Sample 
Depth (ft) Soil Description 

Permeability1 

(cm/s) Rating 
4B-1 46 Clay 2.10E-07 Very low 
4B-1 71 Silty sand 2.70E-06 Very low 
4B-2 3 Sandy silt 9.20E-07 Very low 
4B-2 71 Clayey silt 5.50E-06 Very low 
4B-3 50 Clayey silt 4.20E-06 Very low 
4B-3 55 Poorly graded sand 1.69E-022 Medium 
4B-3 115 Clayey silt 1.10E-07 Very low 
4B-4 16 Silt 3.09E-03 Medium 
4B-4 111 Sand with silt and clay 7.10E-07 Very low 
4B-5 11 Silty clay 1.6E-06 Very low  
4B-5 26 Sand 3.94E-03 Medium 
4B-5 41 Sand 2.35E-02 Medium 
4B-5 51 Sandy silt 4.80E-06 Very low 

1 – Permeability samples are not representative of average stratigraphy but were focused on the confining 
layers with only a few samples from the coarse grained layers. 
2 – Permeability calculated with the Hazen Method 
 
Stratigraphy.  The subsurface at Site No. 4 is characterized by sands, silts, clays and 
mixtures of these three components.  
 
0-50 feet 
This interval is comprised mainly of sand and sandy silt/silty sand, with smaller 
quantities of silt and clay.  The upper 20 feet generally has the most permeable 
materials.  Some low permeability layers are present, but they do not appear to be 
laterally continuous. 
 
50-100 feet 
This interval is similar in composition to the 0-50 feet interval.  Some low permeability 
layers are present, especially between 60 and 70 feet bgs, but their laterally continuity is 
uncertain. 
 
100-150 feet 
This interval is also similar in composition to the 0-50 and 50-100 feet intervals. The 
CPT logs indicate the presence of numerous cemented sand layers from 100 to 110 
feet bgs, however the boring logs indicate that these sands are dense to very dense 
sands with no cementation. Based on the CPT logs, fine-grained materials increase in 
percentage from approximately 130 feet to 160 feet bgs. 
 
Groundwater Levels.  Groundwater levels at this site range from 106 to 120 feet bgs. 
Perched groundwater was encountered in each boring, but at differing depths. This 
might indicate that the perched water lenses are not continuous. 
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Other Factors.  This site has a limited amount of area to develop into a traditional 
recharge basin. However, with Murphy Slough traversing it, development of a recharge 
facility with an enhanced wetland component could be an efficient use for this site. The 
affects of the dairy immediately to east on the local water quality will need to be 
ascertained.  
 
Suitability for Groundwater Recharge.  The relatively high percentages of coarse-
grained materials in the upper 20 to 30 of the site, plus the apparent lack of continuity 
between sequences of fine-grained deposits would indicate that this site is fair to good 
for recharge. However, there are a fair number of silt and clay layers, with clay content 
in some intervals as high 30%.  Overall, this site is considered to have fair to good 
potential for groundwater recharge.  If the area is developed for wetlands habitat, the 
low permeability soils might be acceptable or even beneficial.  
 
5.5 - Site No. 5: Monteiro Dairy 
Site No. 5 is located one-half mile north of Harlan Avenue and is bounded to the north 
by Murphy Slough, to the east by Polk Avenue and to the west by the Grantland Avenue 
alignment. Oil and gas wells, pipelines, and storage tanks are on the site. The following 
table summarizes the subsurface explorations at the site: 
 

Table 5.9 - Summary of Subsurface Explorations  (Site No. 5) 

Method No. 
Soil Borings 3 
Cone Penetration Tests 4 
Grain Size Analysis 5 
Permeability Tests 6 

 
Refer to Appendix J for copies of the soil boring logs, CPT logs, and soil testing results 
for Site No. 5. 
 
Permeability.  The following table summarizes the permeability tests for Site No. 5: 
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Table 5.10 - Summary of Permeability Tests (Site No.  5) 
 

Boring 
Number 

Sample 
Depth (ft) 

Soil 
Description 

Permeability1 
(cm/s) Rating 

5B-1 25  Silty sand 1.4E-06  Very low 
5B-1 120  Silty clayey sand 5.2E-07  Very low 
5B-2 31 Silty clayey sand 2.70E-07 Very low 
5B-2 121 Clayey sand 1.20E-07 Very low 
5B-3 6 Silty sand 6.88E-04 Low 
5B-3 36 Sandy silt 2.40E-05 Low 

1 – Permeability samples are not representative of average stratigraphy but were focused on the confining 
layers with only a few samples from the coarse grained layers. 
 
Stratigraphy.  The subsurface at Site No. 5 is characterized by a mixture of sand, silt 
and clay, with silt and sandy silt comprising most of the sediment.  
 
0-50 feet 
This interval is composed primarily of sand, silt and mixtures of these, with minor 
amounts of clay.  Some low permeability layers were encountered, but they don’t 
appear to be laterally continuous. 
 
50-100 feet 
This interval is composed primarily of sandy silt and silt, with smaller quantities of sand 
and clay.  Low permeability layers were found in most of the holes at a depth of about 
60 to 70 feet bgs. 
 
100-150 feet 
This interval is comprised of roughly equal amounts of sand, silt and clay.  The clay 
content is considerably higher than the 50-100 feet interval.  Several low permeable 
layers were identified, but they don’t appear to be laterally continuous. 
 
Groundwater Levels.  Groundwater levels are between 120 feet to 147 feet bgs. There 
does not appear to be any influence from Murphy Slough on the local groundwater 
gradient.  
 
Other Factors.  This site is adjacent to and below grade from Murphy Slough making 
for efficient delivery of water. In addition, there is a large amount of area available to 
develop into a recharge facility. However, placing groundwater recharge facilities near 
the existing oil and gas facilities could present permitting and technical challenges, as 
well as possible expensive, time consuming efforts to decommission any abandoned 
equipment.   
 
Suitability for Groundwater Recharge.  This site appears fair for groundwater 
recharge.  The near surface materials do have a considerable quantity of sand, but the 
percentage of fines increases rapidly with depth. 
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5.6 - Site No. 11: Silva Farm 
Site No. 11 is a privately owned farm used to grow field crops.  The site covers 91 acres 
and is located near Coleman Avenue and Chestnut Avenue in Fresno county.  The 
following table summarizes the subsurface explorations at the site: 
 

Table 5.11 - Summary of Subsurface Explorations (Site No. 11) 

Method No. 
Soil Boring 6 
Cone Penetration Tests 4 
Grain Size Analysis 6 
Permeability Tests 6 

 
Refer to Appendix K for copies of the soil boring logs, CPT logs, and soil testing results 
for Site No. 11. 
 
Permeability.  The following table summarizes the permeability tests from Site  No. 11: 
 

Table 5.12 - Summary of Permeability Tests (Site No. 11) 
 

Boring 
Number 

Sample 
Depth (ft) Soil Description 

Permeability1 

(cm/s) Rating 
11B-1 21 Poorly graded sand 2.25E-022 Medium 
11B-1 31 Silt 2.45E-04 Low 
11B-1 51 Sand 1.14E-02 Medium 
11B-2 31 Sandy silt 3.92E-04 Low 
11B-2 46 Poorly graded sand w/ silt 1.58E-022 Medium 
11B-2 61 Sand 3.94E-02 Medium 
11B-3 26 Sandy silt 1.50E-06 Very low 
11B-3 36 Silty clayey sand 1.34E-04 Low 
11B-4 76 Silty sand 2.80E-05 Low 
11B-5 41 Clay 9.50E-09 Practically impermeable 
11B-5 56 Sand 1.99E-03 Medium 
11B-6 2.5 Clayey sand/sandy clay 1.30E-06 Very low 
11B-6 4 Silty clayey sand 1.90E-07 Very low 

1 – Permeability samples are not representative of average stratigraphy but were focused on the confining 
layers with only a few samples from the coarse grained layers. 
2 – Permeability calculated with the Hazen Method 
 
Stratigraphy.  The subsurface at Site No. 11 is primarily sand with lesser quantities of 
silt and minor quantities of clay.  
 
0-50 feet 
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This interval consists mainly of sand, silt, clay and mixtures of these.  Sand was the 
most common sediment type and comprised about 50% of the materials.  The soil 
borings show several silt layers between 20 and about 40 feet bgs, although the CPT 
logs primarily show sand, silty sand and sandy silt at this depth.  The silt layers do not 
appear to be laterally continuous. 
 
50-100 feet 
This interval consists mainly of sand, silt, clay and mixtures of these.  Sand represents 
the largest group and comprises about 45-50% of the sediment.  Some low permeability 
layers are present but they do not appear to be laterally continuous. 
 
100+ feet 
This interval contains roughly even quantities of sand, silt and clay, but this varies 
widely between the three CPT holes that penetrated below 100 feet. 
 
Groundwater Levels.  Groundwater depths ranged from 70 feet to 94 feet bgs.  This 
site had the shallowest groundwater of all the sites investigated. 
 
Suitability for Groundwater Recharge.   This site appears good for groundwater 
recharge based on the high sand content, low clay content, and possible absence of 
laterally continuous low permeability layers. 
 
5.7 - Site No. 16: Batth Farm 
Site No. 16 is privately owned agricultural land located on Clarkson Avenue, in between 
Chateau Fresno and West Lawn alignments in Fresno County.  The site covers 6-acres 
and is currently an abandoned vineyard.  The following table summarizes the 
subsurface explorations at Site No. 16. 
 

Table 5.13 - Summary of Subsurface Explorations (Site No. 16) 

Method No. 
Soil Borings 3 
Cone Penetration Tests 0 
Grain Size Analysis 8 
Permeability Tests 6 

 
No CPTs could be performed because the site was not identified until late in the 
exploratory program after the CPT rig had demobilized.  Refer to Appendix L for copies 
of the soil boring logs and soil testing results for Site No. 16. 
 
Permeability.  The following table summarizes the permeability tests for Site No. 16. 
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Table 5.14 - Summary of Permeability Tests (Site No. 16) 
 

Boring 
Number 

Sample 
Depth (ft) 

Soil 
Description 

Permeability1 
(cm/s) Rating 

16B-1 11 Sandy silt 2.60E-05 Low 
16B-1 106 Silty sand 5.50E-06 Very low 
16B-2 11 Silty sand 5.60E-04 Low 
16B-2 31 Sand 1.22E-01 Medium 
16B-2 46 Sandy silt/clay 4.50E-06 Very low 
16B-2 71 Silty sand 4.87E-04 Low 
16B-3 3 Sandy silt 1.40E-04 Low 

1 – Permeability samples are not representative of average stratigraphy but were focused on the confining 
layers with only a few samples from the coarse grained layers. 
 
Stratigraphy.  Site No. 16 consists mostly of sand and silt with smaller quantities of 
clay. 
 
0-50 feet   
This interval is comprised of sand, silt and sandy silt/silty sand.  Very little clay was 
encountered.  A low permeability layer was found in all three soil borings at a depth of 
about 50 feet.   
 
50-100 feet 
This interval includes mixtures of sand, silt, and clay, and has more clay than the 0-50 
feet interval.  The upper portion of the interval (about 50 to 65 feet) is comprised of clay 
and silt and could be a recharge barrier.  This layer appears to be continuous over the 
small 6-acre area designated for groundwater recharge. 
 
100+ feet   
This interval has a fairly even mixture of sand, silt and clay, with clay over 30% in all 
three soil borings.  Several layers that probably have low permeability were identified.  
These layers could be laterally continuous. 
 
Groundwater Levels.  Groundwater was not encountered in any of the three soil 
borings which extended to depths of 120 to 150 feet.  Based on regional groundwater 
contour maps, the groundwater level should be in the vicinity of 150 feet bgs. 
 
Suitability for Groundwater Recharge.   The first 50 feet of the site would be fair to 
good for recharge.  However, below 50 feet the clay content increases and there are 
numerous low permeability layers that are possibly continuous over the 6-acre area.  
Recharge would be feasible only if lateral groundwater flow in the first 50 feet bgs is 
sufficient to prevent mounding. 

 
5.8 - General Observations 
General observations on the subsurface investigation results are provided below. 
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Groundwater Depth 
Groundwater depths at each soil boring and CPT are summarized in Attachment B-3 in 
Appendix B.  Groundwater depths ranged from 70 feet to greater than 150 feet, and 
generally increase in a southwest direction.  Site No. 11, the most northeasterly site, 
had groundwater depths averaging about 75 feet, while Site No. 5, the most 
southwesterly site, had some depths greater than 150 feet.  These values are 
consistent with groundwater depths shown on regional groundwater contour maps.  The 
soil boring groundwater depths represent first encountered groundwater.  In some 
cases, the groundwater level rose after the initial reading indicating that the 
potentiometric surface was higher than the first encountered groundwater.  The CPT 
groundwater depths were calculated from pore-pressure dissipation tests.  This method 
is approximate and is more representative of the potentiometric surface. 
 
Groundwater storage is limited to the unsaturated (vadose) zone, which extends from 
the ground surface to the groundwater table.  However, the ability to recharge and store 
groundwater is also based on the ability of the water to spread out laterally.  Horizontal 
hydraulic conductivity is generally an order of magnitude greater than vertical hydraulic 
conductivity.  During recharge, groundwater levels would probably not be allowed to rise 
higher than 20 feet below ground surface to prevent waterlogging of crops.  In fact, 
waterlogging does not occur until groundwater levels are less than 10 feet from the 
surface, but 20 feet would provide a comfortable buffer zone.  Consequently, at least 50 
feet of soil profile would be available for storing groundwater at each of the sites.  Site 
11, while probably the best site for infiltration potential, has the smallest space for 
groundwater storage.  Groundwater mounding can restrict groundwater recharge, so the 
ability of the recharged water to flow laterally will be important when determining the 
water volume that can be recharged. 
 
Permeability 
The permeability of the soils was determined through laboratory tests as well as 
calculations using the Hazen Method (see Section 4.4 for more details).  A summary of 
all the permeability tests at all of the sites is included in Attachment B-1 in Appendix 
B.  These tests are not intended to provide average results for any one site or soil 
boring, because they were focused on fine-grained layers, with a lesser number of tests 
performed in coarse grained layers.  The tests, however, do provide a range of 
permeabilities for the different soil types encountered.  Sediments that comprise a 
mixture of sand and silt or sand and clay generally have fairly low permeabilities.  
Therefore, it is believed that the recharge potential is largely dependent on the 
percentage of sediments classified as sand. 
 
Lateral Continuity of Low Permeability Layers 
All of the sites include some fine-grained low permeability layers.  Only a few of the low 
permeability layers appear to be laterally continuous across a single site.  This is not 
unexpected considering the depositional environment (primarily fluvial and floodplain 
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deposits), which would have created isolated pockets of coarse and fine grained 
materials.  When the layers are not continuous groundwater can flow around them and 
they would only be a minor or moderate impediment to groundwater recharge.  
 
Accuracy of Cone Penetration Test Results 
The CPT method is considered slightly less reliable than hollow-stem auger soil borings 
for characterizing the lithology.   The CPT method estimates lithology from physical 
parameters such as sleeve friction and tip resistance, whereas the soil boring logs are 
based on physical observations of the geologic materials. Geologists naturally place 
greater trust in samples that they have physically seen.   
 
Two hollow-stem auger soil borings were drilled within 20 feet of two CPT holes to help 
calibrate the CPT logs (4B-2 versus CPT 4-1, and 11B-6 versus CPT 11-4).  A 
comparison of these logs shows that they are fairly similar.  The minor discrepancies 
could be attributed to variations in geology, which may be notable in the 20 feet gap 
between the exploratory holes being compared.  In summary, the CPTs were found to 
give a reasonable description of the subsurface geology.   
 
Blow Counts 
Blow counts are the number of blows, caused by dropping a specific weight a specific 
height, to advance a soil sampler a specific distance.  The blow counts measure the 
relative density in coarse-grained sediments, and relative consistency in fine-grained 
sediments.  Blow counts were recorded for most of the soil borings by advancing a 
California sampler.  Blow counts could not be recorded for the three soil borings that 
were sampled continuously, since the sampler was advanced under hydraulic pressure 
instead of by hammer blows.  Estimated blow counts were also shown on the CPT logs.  
These were estimated from the resistance encountered while advancing the piezocone 
and are reported as Standard Penetration Test (SPT) blow counts.  The California and 
SPT methods use a different size sampler, therefore the blow count values are  
interpreted differently. 
 
The range of blow counts for each exploratory hole (minimum, average and maximum) 
are provided in the summary tables at the beginning of Appendices F-L.  These results 
provide little insight into the lithology, except that the density and consistency vary 
widely in almost every hole.  To be useful, the blow count information should be 
reviewed on the individual soil boring and CPT logs with respect to its variation with 
depth. 
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6 - CONCLUSIONS AND RECOMMENDATIONS 

 
The conclusions from the study and specific recommendations for each of the seven 
sites are provided below.  The recommendations are based on the results of the 
subsurface investigations and the criteria described in Section 2. 
 
Site No. 1: Southwest Education Support Center Stormwater Basin.  Site No. 1 is 
considered fair to good for groundwater recharge based on the geology.  The site is 
conveniently located next to Liberty Canal, and an existing stormwater basin could be 
used or expanded to accept water for recharge.  In addition, the landowner has 
expressed interest in allowing groundwater recharge, partly so they can develop a 
positive relationship with neighboring entities, including local water agencies.  However, 
the existing stormwater basin is only about 0.5 acres and there is only an additional 0.3 
acres of land for expansion of the basin.  The volume of water that could be recharged 
may be small, even if the basin is expanded.  Furthermore, without expansion, water 
could only be delivered when the basin is not needed for stormwater retention.  
Nevertheless, a pipe and valve could be installed to deliver water to the existing 
stormwater basin for little cost.  Therefore, a small study is recommended to explore this 
option. 
 
Site No. 2: Zonneveld Pond.  Site No. 2 is currently used as a terminal reservoir and 
groundwater recharge basin by Laguna Irrigation District (LID).  LID observed very low 
infiltration rates in the basin and subsequently excavated some near-surface fine-
grained layers in a portion of the site.  This was found to substantially improve 
infiltration.  Subsurface investigations were performed to determine if further shallow 
excavation would help improve infiltration.  The investigations were also performed to 
characterize the suitability of deeper sediments for infiltration. The deep soils are only 
fair for groundwater recharge.  However, the site is already developed, and excavation 
of a fine grained layer at about 5 to 18 feet bgs could help to improve groundwater 
recharge.  The depth and extent of the fine grained layer varies and would need to be 
determined from the exploratory program results and during actual excavation. 
 
Site No. 3: Dias Pond.  Site No. 3 is a borrow pit and terminal reservoir owned by LID.  
The site was being actively excavated during the subsurface exploration program.  The 
purpose of investigating this site was to determine if any additional excavation (to 
remove fine-grained layers) would be beneficial to promote recharge.  The current depth 
of the pit is about 18 feet, and LID plans to excavate the pit as long as they can retrieve 
substantial quantities of sand.  The soil boring log and CPT log indicate sandy 
sediments to a depth of about 25 feet, with underlying materials comprised of sandy silt 
and silty sand.  If the excavation is pursued to a greater depth, then excavation of a clay 
lens at a depth of about 35-45 feet bgs could help to improve vertical infiltration.  The pit 
will have considerable ability to recharge water laterally due to the preponderance of 
sand in the upper 25 feet of the soil profile.   
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Site No. 4: Murphy Slough.  The geology at Site No. 4 consists of mixtures of sand 
and clay and is considered only fair for groundwater recharge.  This site is located next 
to a ½-mile reach of slough that is still in a quasi-natural state.  The slough serves as an 
irrigation water conveyance facility, and on its north and south ends the slough is 
connected to channelized sections.  As a result, the slough is in sharp contrast to the 
surrounding area, and is the only portion of the slough resembling a natural feature in 
the local area.  The landowner and California Department of Fish and Game have 
expressed interest in developing additional wildlife habitat along the slough, possibly in 
combination with groundwater recharge basins.  The low permeability layers that would 
restrict groundwater recharge could be acceptable or even beneficial for wetlands 
habitat.  It is recommended that discussions be held with the Department of Fish and 
Game and other agencies, such as Ducks Unlimited or the United States Department of 
Agriculture, that could fund a wetland enhancement project. 
 
Site No. 5: Monteiro Dairy.  The geology at Site No. 5 includes mixtures of clay, silt 
and sand.   The clay and silt contents are high enough to substantially impede 
groundwater recharge.  In addition, existing and abandoned oilfield facilities on the site 
could present problems with permitting and developing a groundwater recharge site.  As 
a result, it is recommended that groundwater recharge not be pursued at this site. 
 
Site No. 11: Silva Farm.  Several years ago, Site No. 11 was identified by KRCD as a 
potentially promising site for groundwater recharge.  Subsurface investigations also 
show this site to have good potential for groundwater recharge.  This site has the most 
favorable geology of all seven sites investigated.  Furthermore, this site has the added 
advantage of being adjacent to two conveyance facilities, Murphy Slough and Liberty 
Canal.  Much of the site is lower than the flow line in Liberty Canal and water could be 
delivered to recharge basins by gravity.  In conclusion, a comprehensive groundwater-
recharge feasibility study is recommended at this site.  The feasibility study should 
include the following topics: surface water sources, water rights, conceptual layout and 
design, groundwater mounding, land acquisition, community interest, permitting and 
regulations, environmental issues, capital and operation and maintenance costs, and a 
financial analysis.  In addition, construction of a pilot basin should be considered. 
 
Site No. 16: Batth Farm. 
Site No. 16 is favorable for groundwater recharge in the upper 50 feet of the soil profile.  
Below about 50 feet fine-grained sediments increase substantially, which would likely 
impede groundwater recharge.  Groundwater recharge could be feasible if lateral 
groundwater flow is sufficient to prevent a groundwater mound from forming.  As a 
result, it is possible that only small to moderate quantities of water could be recharged.  
Site No. 16 is only a few miles east of the A-clay boundary.  Water that is recharged 
may flow laterally to the west and deposit on top of the A-Clay where it would mix with 
poor quality perched groundwater.  Nevertheless, this site has many favorable 
characteristics and a comprehensive groundwater-recharge feasibility study is 
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recommended.  The feasibility study should include the following topics: surface water 
sources, water rights, conceptual layout and design, groundwater mounding, land 
acquisition, community interest, permitting and regulations, environmental issues, 
capital and operation and maintenance costs, and a financial analysis.  In addition, 
construction of a pilot basin should be considered. 
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LAGUNA IRRIGATION DISTRICT

RECHARGE BASIN 11 FEASIBILITY STUDY

LIBERTY CANAL HYDRAULICS

Laguna ID Liberty Canal Hydraulics

STA 

(Mi)

Elevation 

(ft)

Width Top 

1' Down 

(ft)

Width Bottom 

(ft)

Ave. Depth 

(ft)

Area 

(ft^2) W.P. (ft) R (ft) Q (cfs)

Sides 

(ft)

Slope 

(ft/ft)

0.0 245.63 23 9 4.0 64.0 26.80 2.39 204 7.0 0.000701

0.1 245.26 22 15 3.0 55.5 33.81 1.64 126 3.5 0.000587

0.2 245.57 21 7 2.5 35.0 22.30 1.57 292 7.0 0.008352

0.3 249.98 31 15 4.0 92.0 38.00 2.42 460 8.0 0.001686

Xing1 218

0.4 249.09 29 12 4.0 82.0 33.41 2.45 646 8.5 0.004110

0.5 246.92 26 15 3.0 61.5 34.95 1.76 156 5.5 0.000663

0.6 246.57 23 13 2.5 45.0 30.36 1.48 129 5.0 0.001061

0.7 247.13 22 15 3.0 55.5 33.81 1.64 119 3.5 0.000521

Xing2 297

0.8 246.86 15 6 2.5 26.3 17.50 1.50 113 4.5 0.002358

0.9 248.10 18 7 3.3 41.7 21.14 1.97 36 5.5 0.000066

1.0 248.14 20 9 3.3 47.5 23.86 1.99 157 5.8 0.000956

1.1 248.64 20 9 3.2 45.9 24.26 1.89 252 5.5 0.002822

1.2 250.13 18 8 4.0 51.0 22.31 2.29 221 5.3 0.001364

1.3 249.41 24 6 6.0 90.0 27.63 3.26 82 9.0 0.000038

1.4 249.39 20 9 4.0 57.0 24.52 2.32 166 5.8 0.000606

1.5 249.71 18 7 3.6 44.2 21.08 2.10 149 5.7 0.000928

1.6 250.20 19 6 4.0 50.0 21.69 2.31 289 6.5 0.002405

1.7 248.93 17 7 2.7 32.0 19.87 1.61 72 5.0 0.000587

1.8 249.24 16 7 2.7 30.7 19.31 1.59 41 4.5 0.000208

1.9 249.13 16 8 2.7 32.0 20.56 1.56 36 4.0 0.000152

2.0 249.21 14 6 2.5 24.8 16.74 1.48 170 4.1 0.006117

2.1 252.44 20 14 5.5 93.5 34.14 2.74 434 3.0 0.001231

Clovis 80.0 26.00 3.08 401

2.2 251.79 19 7 4.2 54.2 22.61 2.40 107 6.0 0.000265

2.3 251.93 18 7 4.0 50.0 21.80 2.29 173 5.5 0.000871

2.4 251.47 18 7 3.5 43.8 21.30 2.05 88 5.5 0.0003412.4 251.47 18 7 3.5 43.8 21.30 2.05 88 5.5 0.000341

2.5 251.29 16 6 3.3 36.7 18.95 1.93 84 5.0 0.000473

2.6 251.54 17 6 3.5 40.3 19.78 2.04 151 5.5 0.001193

R.R. 96.0 28.00 3.43 2065

2.7 252.17 20 6 3.5 45.5 21.94 2.07 212 7.0 0.001799

2.8 251.22 16 6 2.7 29.3 18.29 1.60 103 5.0 0.001439

2.9 251.98 16 7 3.3 38.3 19.98 1.92 101 4.5 0.000644

3.0 252.32 16 6 3.5 38.5 19.12 2.01 169 5.0 0.001667

Fowler 62.3 22.42 2.78 339

3.1 253.20 29 12 3.7 75.2 33.08 2.27 232 8.5 0.000701

3.2 252.83 19 6 3.7 45.8 21.36 2.15 50 6.5 0.000095

3.3 252.88 18 7 3.5 43.8 21.30 2.05 161 5.5 0.001136

3.4 253.48 19 7 3.8 49.8 22.27 2.24 83 6.0 0.000208

3.5 253.59 21 10 3.7 56.8 26.49 2.15 180 5.5 0.000795

3.6 253.17

3.7 253.27

3.8 254.00

3.9 254.06

4.0 253.31

4.1 254.94

4.2 255.53

Harlan 121.0 44.17 2.74 616

4.3 254.75

4.4 256.17

4.5 257.41

4.6 255.55

4.7 256.95

4.8 257.69

4.9 259.37

Notes: 1) Survey and hydraulic calculations performed by Laguna ID December 2012.

2) Station 0.0 is the hub set at the northeast location of the proposed recharge basin site.























































































DESCRIPTION
Badger Meter offers the Recordall Disc meter in Cast Bronze and a Lead-Free 
Alloy.  The Lead-Free Alloy (Trade designation: M170-LL) version  has been 
certified to comply with NSF/ANSI Standard 61, Annex G and carries the NSF-
61 Mark on the housing.  All components of the Lead-Free Alloy meter, i.e., 
disc, chamber, housing, seals, etc. comprise the certified system.

APPLICATIONS: For use in measurement of potable cold water in residential, 
commercial and industrial services where flow is in one direction only.

OPERATION: Water flows through the meter's strainer and into the measuring 
chamber where it causes the disc to nutate. The disc, which moves freely, 
nutates on its own ball, guided by a thrust roller. A drive magnet transmits 
the motion of the disc to a follower magnet located within the permanently-
sealed register. The follower magnet is connected to the register gear train. 
The gear train reduces the disc nutations into volume totalization units 
displayed on the register dial face.

OPERATING PERFORMANCE: The Badger Meter Recordall Disc meters meet 
or exceed registration accuracy for the low flow rates (95%), normal operating 
flow rates (100 ± 1.5%), and maximum continuous operation flow rates as 
specifically stated by AWWA Standard C700.

CONSTRUCTION: Badger Meter Recordall Disc meter construction, which 
complies with ANSI/AWWA standard C700, consists of three basic components: 
bronze meter housing, measuring chamber, and permanently, sealed register. 
A corrosion-resistant engineered polymer material is used for the measuring 
chamber.

To simplify maintenance, the register, measuring chamber, and strainer can 
be replaced without removing the meter housing from the installation. No 
change gears are required for accuracy calibration. Interchangeability of parts 
among like-sized meters also minimizes spare parts inventory investment. 
The built-in strainer has an effective straining area of twice the inlet size.

MAGNETIC DRIVE: Direct magnetic drive, through the use of high-strength 
magnets, provides positive, reliable and dependable register coupling for 
straight-reading, remote or automatic meter reading options.

SEALED REGISTER: The standard register consists of a straight-reading, 
odometer-type totalization display, 360° test circle with center sweep hand 
and flow finder to detect leaks. Register gearing consists of self-lubricating 
engineered polymer gears to minimize friction and provides long life. 
Permanently sealed; dirt, moisture, tampering and lens fogging problems are 
eliminated. Multi-position register simplifies meter installation and reading. 
Automatic meter reading systems are available for all Recordall Disc meters. 
All reading options are removable from the meter without disrupting water 
service.

TAMPER-PROOF FEATURES: Customer removal of the register to obtain 
free water can be prevented when the optional tamper detection seal wire 
screw/or Torx® tamper seal resistant screw is added to the meter. Both can 
be installed at the meter site or at the factory.

MAINTENANCE: Badger Meter Recordall Disc meters are designed and 
manufactured to provide long-term service with minimal maintenance. 
When maintenance is required, it can be performed easily either at the meter 
installation or at any other convenient location. As an alternative to repair by 
the utility, Badger Meter offers various maintenance and meter component 
exchange programs to fit the needs of the utility.

CONNECTIONS: Tailpieces/Flanges for installations of meters on various 
pipe types and sizes, including misaligned pipes, are available as an option.

SPECIFICATIONS
 Typical Operating 2 1/2 -170 GPM (.57 to 39 m3/hr)
 Range (100% ± 1.5%) 
 Low Flow 1 1/2 GPM (.34 m3/hr)
 (Min. 95%) 
 Maximum 100 GPM (23 m3/hr) 
 Continuous Operation 
 Pressure Loss 3.3 PSI at 100 GPM
 at Maximum (.23 bar at 23 m3/hr)  
 Continuous Operation
 Maximum Operating 80°F (26°C)
 Temperature 
 Maximum Operating 150 PSI (10 bar)
 Pressure  
 Measuring Element Nutating disc, positive displacement

 Register Type Straight reading, permanently
  sealed magnetic drive standard.
  Remote reading or Automatic Meter
  Reading units optional.
 Registration 100 Gallons, 10 Cubic Feet, 1 m3

 Register Capacity 100,000,000 Gallons,
  10,000,000 Cubic Feet, 1,000,000 m3.
  6 odometer wheels.

 Meter Connections 2" AWWA two bolt elliptical flange,
  drilled, or 2" - 11 1/2 NPT
  internal pipe threads.
 Optional Test Plug 1" NPT test plug (TP) available on elliptical
  long and short versions.

Model 170 shown with optional 1" Test Plug

MATERIALS
 Meter Housing Cast Bronze, Lead-Free Alloy  

 Housing Top Plates Bronze, Lead-Free Alloy

 Measuring Chamber Engineered Polymer
 Disc Engineered Polymer
 Trim Stainless Steel/Bronze
 Strainer Engineered Polymer
 Disc Spindle Stainless Steel
 Magnet Ceramic
 Magnet Spindle Stainless Steel
 Register Lid and Box Engineered Polymer or Bronze
 Generator Housing Engineered Polymer

Recordall® Cold Water Top Load Bronze Disc Meter 
Size 2" (DN 50mm)
NSF/ANSI Standard 61 Certified, Annex G

Technical BriefRD-T-2 (4-11)



 PRESSURE LOSS CHART ACCURACY CHART

 Rate of Flow, in Gallons per Minute Rate of Flow, in Gallons per Minute

Sweep Hand Registration

 MODEL GALLON CU.FT. CU. METER
 M170 100 10 1

   A B C D  APPROX.
 METER METER LAYING HEIGHT HEIGHT CENTERLINE  SHIPPING
 SIZE MODEL LENGTH REG./RTR GEN. BASE WIDTH WEIGHT

 2" 170 EL, Hex. 151/4" 8" 93/8" 27/8" 91/2" 30 lb.
 (50mm) 170 EL, TP (387mm) (203mm) (238mm) (73mm) (241mm) (13.6kg)

 2" 170 ELL, 17" 8" 93/8" 27/8" 91/2" 30 lb.
 (50mm) 170 ELL, TP (432mm) (203mm) (238mm) (73mm) (241mm) (13.6kg)

EL = Elliptical ELL = Elliptical Long Hex = Hexagon, 2" - 111/2 NPT Thread TP=Test Plug 1"
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RTR and Recordall are registered trademarks of Badger Meter, Inc.

Other trademarks appearing in this document are the property of their respective entities.

Copyright 2011 Badger Meter, Inc. All rights reserved. 

Due to continuous research, product improvements and 
enhancements, Badger Meter reserves the right to change 
product or system specifications without notice, except to the 
extent an outstanding contractual obligation exists.

Badger Meter  |  P.O.  Box 245036, Milwaukee, Wisconsin 53224-9536 
800-876-3837 | infocentral@badgermeter.com | www.badgermeter.com

































































May 25 2010

Mr Tim Przybyla Finance Director

City of Kerman

850 South Madera Avenue

Kerman CA 93630

RE Final Report Water and Sewer Rate Study

Dear Mr Przybyla

This final report summarizes the results of the water and sewer rate analysis HDR

prepared for the City of Kerman City In addition to preparing costofservice based rates

this study addressed the transitioning of the Citys water system from a partiallymetered
to a completelymetered system and the Citys water conservation objectives

Due to Proposition 218 requirements we have proposed several changes to the current

rates including eliminating subsidies to senior residential and school district accounts

eliminating lot size factors reducing water and sewer rates for multifamily customers and

providing new commercial sewer rates that reflect effluent strength characteristics

We have also outlined a longerterm approach to accommodate the eventual metering of all

customers including the need to review both revenue requirements and consumption data

on an annual basis followed by the adoption of inclining block rates for singlefamily
residential customers once fully metered consumption levels have been verified

We appreciate the opportunity to work with you on this significant change to the Citys
water and sewer rates as well as all the assistance you and your staff have provided during
this study If you have any questions about this report please call me at 916 8174873 We

look forward to working with you again in the future

Sincerely
I

I
Gregory C Clumpner
Project Manager

CCCpk451529130987141

HDR Engineering Inc 2365 Iron Point Road Suite 300 Phone 916 8174700

Folsom CA 95630 Fax 916 8174747

wwwhdrinccom
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SECTION 1 INTRODUCTION

Overview of the Rate Analyses

The City of Kerman City retained HDR Engineering Inc HDR to prepare rate studies for the

Citys water and sewer utilities As a part of these rate studies HDR evaluated projected
revenues and expenditures developed net revenue requirements performed costofservice rate

analyses and recommended new water and sewer rates The water rate analysis also reviewed

current customer classes and rate structure alternatives with the intent of improving the

efficiency and equity of the water rates This report presents an overview of the results of these

rate studies

Rate Design Criteria and Considerations

Several criteria should be considered in setting rates and developing sound rate structures The

fundamentals of this process have been documented in a number of ratesetting manuals

although the foundation for evaluating rate structures is generally credited to James C

Sonbright in the Principles of Public Utility Ratcs1 This manual outlines pricing policies theories

and economic concepts along with various rate designs A simplified list of the attributes of a

sound rate structure which apply to both water and sewer rates is provided below

Rates should be easy to understand from the customers perspective

Rates should be easy to administer from the utilitys perspective

Rates should promote the efficient allocation of the resource

Rate should be equitable andnondiscriminatingie cost based

There should be continuity in the ratemaking philosophy over time

Other utility policies should be considered eg encouraging conservation economic

development etc

Rates should consider the customers ability to pay

Rates should provide revenue stability from month to month and year to year

Many rate economists and regulatory agencies including HDR feel the costbased attribute

should be of primary importance in guiding utilities on rate structure and policy issues For a

number of reasons ie drought population growth and infrastructure deficiencies the

California Water Conservation Plan encourages water utilities to emphasize water conservation

and reducing their average longtermpercapita usageie 20 percent by year 2020

1 James C Bonbright Albert L Danielsen and David R Kamerschen Principles of Public Utility Rates Arlington VA Public

Utilities Report Inc Second Edition 1988 p 383384
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It is important for water utilities to send proper price signals to its customers about the actual

cost of their water usage and likewise sewer costs This objective may be approached through
both the magnitude and structure of the rates In other words both the amount of revenue

collected ie 10 million per year and the way in which the revenue is collected from the

customers are important

Key Study Objectives

The City is in the process of installing water meters on all singlefamily residential SFR
accounts and converting these customers from flat rates which do not reflect individual water

use to a fullymetered system where monthly charges for all SFR users reflect their actual

consumption In light of this transition some of the Citys key objectives for this study are

Completing this transitioning of residential customers to a fullymetered system and

volumetric rates

Achieving revenues that are sufficient and stable during this transition

Adequately funding capital improvement projects

Maintaining adequate financial reserves meeting debt service coverage ratios and

observing appropriate financial management policies

Reducing peak summer time and total annual water consumption with the intent of

reducing annual system costs and the average customer cost for water service

HDR believes this study and our recommendations meet these key objectives

Proposition 218

Proposition 218 which was adopted in 1996 and dubbed the citizens right to vote on new

taxes provides the opportunity for the public to vote on changes to any propertyrelated
fees Following passage of this law various court decisions have defined water and sewer

service charges to be propertyrelated fees2 Proposition 218 essentially requires a utility to

provide public notification of proposed rate changes inform property ownerscustomers of the

protest mechanism and the time frame for response and provide a public hearing on the

proposed rates The public hearing must be held not less than 45 days after the mailing of the

notice The City should consult their legal counsel regarding the details of their notification

protest ballots and public hearing process

Rate Structure Terminology

Some basic terminology related to rate structures and rate designs is helpful in understanding
this rate study Although other water utilities across California and the United States use a wide

2 For example BighornDesert View Water Agency v Verjil 2006 Richmond v Shasta Community Services District 2004 and

Apartment Association of Los Angeles County Inc v City of Los Angeles 2001

City of Kerman
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variety of structures today in reality they are all based upon a few basic rate design concepts
A brief discussion of these basic rate design concepts is

provided below

The starting point in considering rate structures is the

relationship between fixed costs and variable costs Most

rate structures contain a fixed or minimum charge and a

volumetric charge

Fixed Charges

Fixed charges can be called base charges minimum charges customer charges meter charges
etc and typically do not vary with the amount of water produced or the amount of effluent

handled by a sewer system Debt service is an example of a fixed cost

Although fixed charges are typically a significant percentage of the utilitys overall cost

structure utilities rarely collect 10000 of their fixed costs through fixed charges customers

generally prefer to be charged on a volumetric basis

A 2007 survey conducted by the CaliforniaNevada Section of the American Water Works

Association AWWA indicated that 9600 of the water utilities surveyed had some form of fixed

charge At a minimum most fixed charges reflect the cost of meter reading billingaccounting
and collection costs

Fixed charges for water utilities typically increase by meter size For example a customer with a

2 meter may have a fixed meter charge that is eight times greater than the 58 or 34 meter

charges based on the meters safe operating capacity Because a large portion of water utilities

costs are typically related to meeting capacity requirements reflecting individual demands for

capacity are important in establishing rates for customers

The Citys fixed monthly charges for water are a combination of administrative costs eg
meter reading and billing plus capacityrelated costs that increase with meter size Fixed

charges for SFR sewer customers and nonmetered SFR water customers include essentially all

their costs rolled into a monthly flat rate whereas nonresidential sewer customers are

charged a much smaller fixed charge for a minimal level of administrative costs

Variable Consumption Charges

In contrast variable costs tend to change with the quantity of water produced or effluent

handled such as the cost of chemicals and electricity For a water utility variable charges are

generally based on metered consumption and charged on a dollarperunit cost onethousand

3
CaliforniaNevada AWWA and Raftelis Financial Consultants Inc CaliforniaNevada Water Rate Survey 2007

4
American Water Works Association Principles of Water Rates Fees and Charges M1 Manual p 202
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gallons in the Citys case They are generally one of four basic rate structures a declining
block charge a uniform charge an inverted increasing block charge and seasonal

charges as seen in Figure 1

Per

Unit

Cost

Usage

Per

Unit

Cost

Usage

Per

Unit

Cost

Usage

Per

Unit Peak Season

Cost

NanPeak

Usage

DECLINING BLOCK RATE STRUCTURE

The cost per unit of consumption under a declining
block rate structure decreases with additional units

of consumption

UNIFORM RATE STRUCTURE

The cost per unit of consumption under a uniform

rate structure does not increase or decrease with

additional units of consumption

INCREASING BLOCK RATE STRUCTURE

The cost per unit of consumption under an inverted

block rate structure increases with additional units

of consumption

SEASONAL RATE STRUCTURE

The cost per unit of consumption under a

seasonal rate structure changes with time periods
The peak is the most expensive time period

Figure 1 also illustrates the significant variation in the basic philosophy of each of these variable

charge rate structures Under a uniform rate structure the cost per unit does not change with

consumption and provides a simple and straightforward approach from the perspective of

customer understanding and rate administrationbilling

In contrast the declining block rate structure is more complex since both the number of blocks

eg three stepped blocks and size of the blocks eg 0 to 10000 gallons can vary
5 However

the number of blocks should be reasonableie two to five blocks for both of simplicity and

ease of administration A declining block rate structure implies there are certain economies of

scale with additional consumption and do not necessarily entail a volume discount

5
Blocks or Consumption Blocks is used in a declining block or inverted block rate structure and refers to the amount of

consumption allowed before the price changes to a succeeding price block The initial block refers to the first price block eg 0

to5000 gallons
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An inverted or inclining tiered block rate structure attempts to send a price signal to

consumers that their consumption costs more as more water is consumed Finally a seasonal

rate structure is a form of a timedifferentiated rate structure in which water consumed in the

summer is priced higher than winter water consumption This structure typically reflects the

higher costs associated with peak period usage when water supplies may be constrained

Figure 2 provides a comparison of the volumetric rate structures as surveyed by the California

Nevada AWWA 2007 Water Rate Survey

Declining 2

Figure 2 indicates that inclining block rate structures are the most predominate followed by the

uniform rate structure However across the US volumetric rate structures are roughly split
equally among inclining declining and uniform rate structures The predominance of inclining
block rate structures in California reflects water resource constraints and Californias focus on

conservation and efficient use

The rate structures noted above may be combined to form different rate structures As an

example a seasonal inverted block rate structure combines the seasonal rate structure concept
with the inverted block rate structure A more recent innovation in water rate design is the

concept of a water budget rate structure which is a form of an inverted block structure where

the block sizes are tailored for each individual customer The water budget allocation may be

based upon one or several of the following

Lot size or size of landscaped area The type of land useie residential landscape
and commercialNumber of occupants

Evapotranspiration rate for the billing periodType and size of business

City of Kerman
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It should be noted that water budgets have had limited implementation within the water utility
industry to date primarily because of the administrative complexity and billing system
software issues Because of this City staff and HDR have not considered water budgets

Current Industry Thinking and Trends

The California Urban Water Conservation Council CUWCC
was created to increase efficient water use across California

CUWCCs goal is to integrate urban water conservation Best

Management Practices BMPs into the planning and

management of Californias water agenciesutilities

CUWCC notes that there currently is no industry benchmark

to determine whether or not a water utilitys rate structure is conservationoriented However

CUWCCsbest management practices on pricing BMP 11 define a conservationbased rate

structure as one that provides economic incentives a price signal to customers to use water

efficiently It also notes the following volumetric rate designs are potentially consistent with

this definition

Uniform Rates in which the volumetric rate is constant regardless of the quantity
consumed

Seasonal Rates in which the volumetric rate reflects seasonal variation in water delivery
costs

Tiered Rates in which the volumetric rate increases as the quantity used increases

AllocationBased Water Budget Rates in which consumption tiers and respective
volumetric rates are based on water use norms for each individual customer as well as water

delivery costs established by the utility

In essence the CUWCC recommends using A quantifiable performance target of 70 that

defines a minimum percentage of water sales revenue from volumetric rates

We note that HDR is not recommending using this target of 700 of revenue from volumetric

rates for two reasons the City does not yet have complete data on the water consumption
patterns of its largest customer class SFR users and E revenue stability needs to be established

and take priority at this time under the new fullymetered system until sufficient data is

available so that the City could reliably implement a more aggressive conservationoriented

water rate structure

6 For example while the Irvine Ranch Water District has had water budget rates since 1991 only a handful of other

municipalities in California have adopted this rate structure since then

I Revising BMP 77 Conservation Pricing Memo to All Signatories to the MOU from CUWCC Executive Director April 9 2007
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SECTION 2 SEWER RATE STUDY

As background to this analysis we note that any comprehensive utility rate study typically
analyzes the three components shown in Figure 3 the overall revenue requirements of the

utility the cost to serve each customer class and finally the appropriateness of the rate

structure design

Compares the sources of funds revenues to the

expenses of the utility to determine the overall

sufficiency of current rates and determine the future

rate adjustments needed

Allocates the revenue requirements to the various

customer classes of service in a fair and equitable
manner and ensures rates meet Proposition 218

requirements

Considers how fixed charges and volumebased rates

are designed to collect the target level of revenues

This sewer rate analysis provides these three components but note that the design of the sewer

rates incorporated additional factors such as an overall rate philosophy that emphasizes
revenue stability and equity among different types of customers The following are some of the

basic components included in this analysis

Unit Costs The revenue requirements were functionalized into customer service costs

and flowrelated costs Unit costs for these functions were determined based on water

consumption and the estimated effluent received at the Citys treatment facility

Revenue Requirements by Customer Class The total revenue collected from each customer

class was determined using the unit costs times the total units such as water use and

number of accounts or dwelling units used by each class

Fixed vs Variable Costs and Rates The revenue requirements for each customer class are

collected through a combination of fixed monthly charges and variable rates although the

revenues from SFR customers are rolled into a single monthly flat rate In contrast

commercial revenue requirements are collected through fixed monthly charges and a

volumebased rate tied to their water consumption

The fixed and volumebased charges were calculated based on the net revenue requirements
number of customer accounts water consumption and other Cityprovided information Figure
4 on the following page summarizes the recommended water rates resulting from this costof

service rate analysis
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Revenue Requirements Sewer Utility

To provide for the Citys longterm financial needs HDR has developed a financial plan

extending through June 30 2016 This financial plan projects sewer revenues and expenditures
including reserves based on discussions with City staff and data provided by the City Figure 5

on the following page presents a summary of this fiveyear financial plan showing revenue

requirements revenue sources including rate revenue and necessary rate increases

Rate increases are required for three aspects of the sewer utilitys financial health

Meeting Operations Costs The sewer utility must generate enough revenue to cover the

expenses of sewer operations including administration and accounting collections

operations and the wastewater treatment plant operations For Fiscal Year FY 20102011
the net revenue requirement total annual expenses including debt service less nonrate

revenues is estimated to be1098414

Maintaining Adequate Bond Coverage The City is legally required to maintain a debt

service coverage ratio of at least 120 However HDR recommends a target coverage ratio of

140 which better supports the Citys credit rating may lower the cost of future longterm
debt and better supports the overall financial health of the Citys sewer utility

City of Kerman
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Figure is Summary of the Revenue Requirements for Sewer Rate Study

Operations and Maintenance OM Expense

Sewer Administration and Accounting 333030 340000 347000 354000 361000 368000 375000

Sewer Collections Operations

Utilities 2300 2000 2000 2000 2000 2000 2000

SalariesBenefits 201510 204000 236000 238000 240000 242000 244000

Miscellaneous 50293 51000 52000 53000 54000 55000 56000

Sewer Wastewater Treatment Plant Operation s

Utilities 81000 83000 150000 155000 160000 165000 170000

SalariesBenefits 134864 136000 167000 169000 171000 173000 175000

Miscellaneous 96158 98000 100000 102000 104000 106000 108000

Total Expenses 899155 914000 1054000 1073000 1092000 1111000 1130000

Annual Debt Service 217414 215414 109622 148580 146330 149080 146580

Total Revenue Requirement 1116569 1129414 1163622 1221580 1238330 1260080 1276580

Less NonRate Revenues 84000 31000 81000 81405 81812 82630 83456

Less Current Rate Revenues 1074286 1074286 1074286 1079657 1085056 1095906 1106865

SurpluslDeficiency of Rate Revenue 41717 24128 8336 60518 71462 81544 86258

Deficiency as a Percent of Rate Revenue N A 22 08 56 66 74 78

Proposed Rate Adjustment 00 60 40 20 20 20 20

Additional Rate Revenue from Increase 64457 110007 134361 159435 186168 139166

SurpluslDeficiency Adjusted 41717 40329 101671 73843 87972 104624 52907

Ending Operating Reserve Balance 498943 228500 263500 268250 273000 277750 282500

Minimum 25 ofAnnual Operating Budget 224769 226500 263500 266250 273000 277750 262500

Ending CIP Reserve Balance 874829 1379937 1152951 1365095 1625508 1673356 1678082

Debt Service Coverage Ratio

Before Rate Adjustment 12 09 09 06 05 05 04

After Proposed Rate Adjustment 12 12 19 15 16 17 14

Sustaining Reserve Funds The utility should maintain operating and capital improvement
reserve funds The operating reserve acts as a rate stabilization fund in which excesssurplus
funds from rate revenues are transferred Good management practice is to keep the balance

at a minimum of three months 25 of the operating budget For FY 201011 this target
amount is 228500 Funds in excess of the 2500 target amount can be transferred into the

capital improvement reserve which must be built up to fund future capital improvements
and repair and replacement RR costs

In light of these requirements and recommended

practices HDR proposes the City adopt an increase in

the sewer utility rate of 6O for FY 201011 4O for FY

201112 and 2O each year for years FY 201213 through
FY 201516 respectively
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CostofService Seger Rate Analysis

The overall methodologies used in this analysis follow generallyaccepted industry standards

and methodologies ie Water Environment Federation WEF with the intent of equitably
allocating costs to the various functional categories related to the sewer utility eg customer

costs fixed costs and flow and strengthrelated costs The fixed and volumebased charges
were calculated based on the net revenue requirements the number of customer accounts

water consumption and other information provided by the City In light of these generally
accepted practices several specific changes in the sewer rate design should be noted

LotSize Factors are Eliminated Current rates assign service units based on lot size for
both water and sewer rates These factors have little justification in a costofservice

analysis and were therefore eliminated In other words there is no data supporting the

practice of assigning higher costs to customers based on lot size

School Discount Rates are Eliminated The Citys current rate structure includes a discount

of 2000 for Tier 2 water consumption and 5000 for Tier 3 consumption This discount is

eliminated as well

MultiFamily Rates are Reduced As a result of the costofservice analysis the estimated

effluent generation for multifamily residential MFR customers was less than previously
reflected in MFR rates Current rates which were 8400 of SFR rates were reduced to 60 of

SFR rates This change is now more in line withcostofservice principles

Commercial Rates Now Reflect Effluent Strength Current rates do not attempt to allocate

a higher share of costs to commercial customers that generate higher levels of biochemical

oxygen demand SOD and total suspended solids TSS However since those components
cost more to treat HDR assigned higher volumebased rates to higher strength customers

such as restaurants and lower costs to lower strength customers such as car washes and

professional offices

Comparison of Current and Proposes Sewer Rate Structures

A summary of the recommended sewer rates resulting from the costofservice rate analysis
were presented above in Figure 4 The current and proposed amounts of revenue collected from

each customer class are shown in Figure 6 on the following page
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Current Sewer Rate Revenue FY 200910

Commercial 5

School 2

Proposed Sewer Rate Revenue FY 201011

I Commercial 7

School 2

In the rate study workshop with the City Council the council asked about the number of

accounts by customer class Therefore we have provided this information in Figure 7 on the

following page along with the current rates by customer class The projected rates for FY

201112 and FY 201213 assume acrosstheboard rate increases based on the recommended four

percent 4O and two percent 2O increases respectively

8 This was the May 19 2010 rate study workshop at 530 PM in Council Chambers

9 As shown in Figure 5 on the line Proposed Rate Adjustment
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SingleFamily Residential

MultiFamily Residential per unit

MultiFamily Residential accounts

2997

1016

24

2350

1964

merciall Customers
Customer

Current

Minimum Current Volume Cha rg

200000 to

VolumeBased Rate based on water use 200 000 2 million

gallons gallons MG
2 MG

School Districts reflects total monthly bill 19 2350 2350 1880 1175

Commercial

Low Strength 81 2350 2350 2350 2350

Medium Strength 24 2350 2350 2350 2350

High Strength 22 2350 2350 2350 2350

Figure 7 Current Sewer Customer Accounts and Rates

SingleFamily Residential

The City currently charges a monthly flat rate of 2350 per

SFR account and gives seniors a discounted rate of 1965 per

month HDR recommends a fixed monthly sewer charge of

2401 for all SFR customers eliminating the senior discount

Figures 8 and 9 on the following page show the Citys current and proposed monthly SFR sewer

bills compared to sewer bills of selected surrounding communities

As noted earlier the discount for seniors was eliminated since it conflicts with Proposition 218

requirements The basis of the proposed charge is an assumed average monthly consumption of

19000 gallons of water per SFR customer When the Citys metering implementation is

complete anticipated end of FY 201112 actual consumption can be tracked and analyzed to

update this value
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2750

2500

2250

2000

1750

Monthly 1500
Sewer

Bill 1250

1000

750

500

250

000

2547

OW1
Present 0910 Proposed 1011 Proposed 1112 Proposed 1213

Rates Rates Rates Rates

Figure S Monthly Sewer Rill Comparison for SFR Customers

Figure 9 Monthly SFR Sewer Rills of Surrounding Communities
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MultiFamily Residential

The City currently charges metered andnonmetered MFR accounts differently

Nonmetered accounts are charged 75 of the SFR rate currently 1763 per unit

Metered accounts are charged 2455 per 20000 gallons of water consumed with a

minimum of 1964 per unit

Figure 10 compares current and recommended monthly sewer bills for MFR customers

22

20

18

16

14

Monthly 12
Sewer

Bill 10

8

6

4

2

0

Figure 10 Monthly Sewer Sill Comparison for MFR Customers

HDR proposes a fixed monthly sewer charge of 1435 per
HDR proposes a fixed

apartment unit for all accounts metered or nonmetered The

monthly sewer charge of
basis of this charge includes a fixed customer cost of553 per

1435 per apartment unit
account this averages out across all MFR customers to be

for all accounts metered

ornonmetered 015 per MFR unit as well as the proportional costs

associated with flow SOD and TSS which total 1420 per

MFR unit This is based on an assumed average monthly consumption of approximately 12000

gallons of water per MFR unit and state guidelines for typical strength factorsie SOD and

TSS contributed into wastewater influent When the Citys metering implementation is

complete anticipated FY 201112 actual consumption can be tracked to update this assumed

water use and the recommended rates
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Commercial

The City bills commercial customers based on a twotier declining block consumption basis

Customers are charged a base monthly fee of 2455 which includes water consumption up to

20000 gallons plus 2455 per additional 20000 gallons water consumed up to 200000 gallons
of water and then 2350 per 20000 gallons of water consumed in excess of 200000 gallons
Figure 11 shows the monthly bill comparison for sewer commercial customers

300

275 Present0910Rates

250 Proposed 1011 Rates

225 in Proposed 11 12 Rates

200 Proposed 1213 Rates
0

175 C5
v

Monthly 150
Bill

125
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100 n o
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T N CD N
o N CO

M

50
CD

M M C4
00 M M CI

N N 44

oo
25

n a

0
0 10 30 60

Water Consumption 1000 gallons

100

Figure 11 Monthly Severer Bill Comparison for Commercial Customers

HDR proposes to charge fixed customer cost of 553 per

month plus a variable charge based on water

consumption and recommends classifying each

commercial account as a high medium or low

strength customer which will be identified from

anticipated loadings to the wastewater treatment plant
The proposed volume charges for high medium and

lowstrength customers are 226 118 and 091 per

1000 gallons respectively
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School District Sites

The City currently bills school districts on a threetier declining block consumption basis

2455 per 20000 gallons up to 200000 gallons 1964 8000 of the first tier per 20000

gallons between 200000 and2000000 gallons 1228 50 of the first tier per 20000 gallons
over2000000 gallons of water used This is essentially a

HDR proposes a fixed subsidy under Proposition 218

800

700

600

500

Monthly 400
Bill

The proposed rates are a fixed customer cost charge of 553

per account or facility billed plus a variable charge of118

per 1000 gallons consumed Figure 12 shows the monthly
bill comparisons for a 350student school at various

consumption levels
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6
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Figure 12 Monthly Suer Bill Comparison for a 350Student School

HDR also considered establishing rates for school district accounts based on average daily
attendance ADA for students faculty and staff at each school district site as well as the state

guidelines of effluent generation per student 10 gallons per day per student Rates using this

method will include the fixed customer cost charge of553 per account or facility billed plus a

charge of 079 per ADA A bill comparison using the ADA method is presented in Figure 13 on

the following page and reflects the bill of a school with 350 ADA
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Figure 13 Monthly Sewer Sill Comparison for 350Student School Using
Average Daily Attendance Method

The City has been negotiating with the school district regarding the new sewer and water rate

structure Whatever the City and schools ultimately agree upon the new rate structure for

schools should

Be based on costofservice principles consistent with this rate analysis

Encourage a greater level of conservation which would also be consistent with the overall

objectives of new rates for other customer classes

Comply with Proposition 218 requirements regarding subsidies

Actual monthly bills for schools will obviously be determined by either their metered

consumption or number of ADA depending on what the City council chooses
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SECTION 3 WATER RATE STUDY

This section outlines the water rate analysis and discusses how proposed rates were developed

As previously noted in Figure 3 the three things a comprehensive rate study typically
analyzes which are addressed in this study are the overall financial requirements of the

utility the cost to serve each customer class and the appropriateness of the rate structure

The proposed City rates were developed by evaluating specific components including

Unit Costs The water revenue requirements were functionalized into three categories

including customer service costs fixed capacity costs and variable or volumebased costs

Unit costs for each of these functions were determined based on allocations to functional

areas water consumption and number of accounts by meter size and customer class

Revenue Requirements by Customer Class The total revenue that should be collected from

each customer class was determined using the unit costs and the total units that each class

uses For example customer costs are allocated based on number of accounts while

volumerelated costs are allocated based on the water consumption for each class by meter

size

Fixed vs Variable Costs and Rates The revenue requirements for each customer class are

collected through a combination of fixed monthly charges and variable rates Fixed costs

such as customer service billing and general administrative costs are typically collected

through a fixed monthly charge while pumping costs and water supply are typically
collected through volume charges However more aggressive water conservation goals
would necessitate a higher percentage of costs being allocated to variable volumebased

charges

The fixed and volumebased charges were calculated based on the net revenue requirements
number of customer accounts water consumption and other Cityprovided information Figure
14 on the following page summarizes the recommended water rates resulting from this costof

service rate analysis

As shown in Figure 14 all metered accounts regardless of customer class are charged a fixed

rate based on meter size plus a variable volumebased rate Projected rates after FY 201011

assume an acrosstheboard rate increase based on the recommended percent increases

10 The CUWCC recommends recovering 70 of rate revenue through volumebased rates However water utilities generally
develop their own policy and conservation objectives
11 The percent increases in FY 201011 indicate the changes from current rates and reflect the combination of administrative

costs eg meter reading and billing and the hydraulic capacity of each meter size whereas FY 201112 and 201213 are

acrosstheboard increases of the previous years rates
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Figure 14 Summary of Proposed Water Rates

NonMetered Customers

SingleFamily Residential 19000 gallonsmonth 2622customer

MultiFamily Residential 1628dwelling unit

Commercial 4431account

Metered Customers

Average Metered Customer

SingleFamily Residential 16000 gallonsmonth 2497customer

MultiFamily Residential 1403unit

Meter Charges Fixed Monthly Charges

34 Meter 1777

1 Meter 2821

15 Meter 5428

2 Meter 12730

3 Meter 23683

4 Meter 39330

6 Meter 78446

Volume Charge per 1000 gallons 045

Revenue Requirements Water Utility

Figure 15 on the following page presents a summary of the proposed water utility financial plan
and shows revenue requirements the introduction of a rate stabilization fund revenue sources

and necessary rate increases

As described in Section 2 rate increases are governed by meeting operating costs maintaining
adequate debt coverage and sustaining appropriate reserve funds The Citys water utility
current state with regards to these three aspects is summarized below

Meeting Operating Costs For FY 201011 the net revenue requirement total annual

expenses including debt service less nonrate revenues is estimated to be1356260

Maintaining Adequate Debt Coverage The City is legally required to maintain a debt

service coverage ratio of at least 120 To be conservative it is recommended to have a

coverage ratio of 140 which better supports the Citys credit rating may lower the cost of

future longterm debt and better supports the overall financial health of the Citys water

utility Not increasing rates in FY 201011 will result in a ratio of 072
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Figure 15 Summary of the Revenue Requirements for Water Rate Study

Projected
77

Operating Expenses

Water Administration and Accounting S385024 S388874 S392763 S396691 5400658 S404664 S408711

Water Operations

Utilities 272000 280160 288565 297222 306138 315323 324782

SalariesBenefits 330099 333400 366000 369660 373357 377090 380861

Miscellaneous 175204 176956 178726 180513 182318 184141 185983

Debt SerNce 203870 203870 203870 203870 203870 165000 165000

Total Expenses 1366197 1383260 1429923 1447955 1466340 1446218 1465337

Less Miscellaneous Revenues 57000 27000 27000 27135 27271 27543 27819

Net Revenue Requirement S 1309197 S 1356260 S 1402923 S 1420820 S 1439070 S 1418675 S 1437518

Less Current Rate Revenues S 1300000 S 1300000 S 1300000 1306500 S 1313033 S 1326163 S 1339424

SurplustDeficiencyof Rate Revenue S 9197 S 56260 S 102923 S 114320 S 126037 S 92512 S 98093

Deciciency as a Percent of Rate Revenue 07 43 79 88 96 70 73

Proposed Rate Adjustment 0 80 50 20 20 20 20

Additional Rate Revenue from Increase S S 104000 S 174200 S 204702 S 236101 S 269755 S 182903

SurplustDeficiencyAdjusted S 9197 S 47740 S 71277 S 90382 S 110064 S 177243 S 84810

Proposed Adjusted Net Revenue 1404000 1474200 1511202 1549134 1595917 1522328

Ending Rate Stab Reserve Balance 195000 211000 221000 227000 232000 239000 228000

Minimum 15 of Ra to Revenue 195000 211000 221000 227000 232000 239000 228000

Ending Operating Reserve Balance 1269367 294848 306513 311021 315618 320304 325084

Minimum 25 of Annual Operating Budget 290582 294848 306513 311021 315618 320304 325084

Ending CIP Reserve Balance 558562 992123 124144 83619 261010 282683 236373

Debt Service Coverage Ratio

Before Rate Adjustment 095 072 050 044 038 044 041

After Proposed Rate Adjustment 095 123 135 144 154 207 151

Sustaining Reserve Fluids The water utility should maintain rate stabilization operating
and capital improvement reserve funds The rate stabilization reserve has been introduced

to help cover operating costs when the City experiences lowerthananticipated rate

revenues This is especially important in the water utility because much of the revenue is

based on water consumption which can vary significantly from month to month HDR

proposes a one time transfer of 215000 from the capital improvement reserve to initiate

this fund Good management practice is to keep this balance at a minimum of 1500 of

anticipated water rate revenue Excesssurplus funds from operations will be transferred

tofrom the operating reserve which targets to have a balance of at least three months 250
of the operating budget Excess of this target can be transferred into the capital
improvement reserve which must be built up to fund future capital improvements and

RR costs
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In light of these requirements and recommended practices
HDR proposes the City adopt an increase in the water utility
rate of 8 for FY 201011 5O for FY 201112 and 2O in FY

201213 through FY 201516

CostofService Water Rate Analysis

As previously discussed in the sewer rate analysis a comprehensive rate study is typically used

for three purposes to evaluate the overall financial requirements of the utility to analyze
the cost to serve each customer class and finally to evaluate the appropriateness of the rate

structure

The overall methodologies used in this analysis follow generallyaccepted industry standards

and methodologies ie WEF and are intended to equitably allocate the Citys costs to the

various functional categories related to the water utility However in light of generally
accepted practices several specific changes in the proposed water rates should be noted

Lot Size Factors Were Eliminated Current water rates assign service units based on lot

size These factors were eliminated because they are unnecessary once metered

consumption is available and they have little justification based on actual data In other

words there is no data supporting the practice of assigning higher costs to customers based

on lot size

MeterSize Factors Were Added The Citys current water rates do not appropriately reflect

the cost of providing capacity in the system in that fixed costs are the same regardless of

meter size However because larger meters impose a larger demand on the system and

the costs of meeting larger demand is higher we have incorporated fixed charges that

increase with meter size This is a more equitable and industry standard for allocating fixed

capacity costs

Senior Discount Rates Are Eliminated Current Rates include a 200 discount for seniors

Proposition 218 does not allow a subsidy of one customer class at the expense of other

customers Therefore seniors are now treated exactly the same as other SFR customers

School Discount Rates are Eliminated The Citys current rate structure includes a discount

of 2000 for Tier 2 water consumption and 500 for Tier 3 consumption This discount which

is another form of a subsidy is eliminated for similar reasons

MultiFamily Rates Are Reduced As a result of the costofservice analysis the estimated

water consumption for MFR customers was lower than currently reflected in MFR rates

which are75 to 80 of SFR rates 12 The proposed MFR rates are 62 of the SFR unmetered

rate and 5600 of the SFR metered rate see Figure 14 above

12 Minimum MFR rates1964unit is 80 of the SFR rate while Unmetered MFR rates 1841 is 75 of SFR
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Comparison of Current and Proposed Water Rate Structures

Figure 16 provides a comparison of the revenue collected from each customer class under the

current versus proposed water rates and indicates there were some adjustments to the amount

of rate revenue collected from customer classes based on the costofservice analysis

Current Water Rate Revenue FY 200910

Commercial 5

PSchool 4

Landscape 3

Proposed Water Rate Revenue FY 201011

hool 7

ape 5

In response to City Council inquiries about the number of customers by class and meter size we

have summarized this data in Figure 17 on the following page As this figure indicates the vast

majority over 90 percent of customers are singlefamily residential although in terms of meter

size all meters larger than oneinch are in nonsingle family accounts

MultiFamily
Residential

11
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Figure 17 Number of Water Accounts by Meter Size

SFR Accounts NonMetered 1357 1357

SFR Accounts Metered 1622 18 1640

MFR Accounts NonMetered 9 4 13 4 30

MFR Meters 2 5 3 11 4 1 26

Commercial Accounts NonMetered 66 66

Commercial Accounts metered 26 41 20 33 1 7 128

Landscape Accounts 9 2 16 1 2 30

School Accounts 7 1 2 2 1 8 2 23

SingleFamily Residential

The City currently charges a monthly flat rate of 2455 and 1965 for unmetered SFR and

senior accounts respectively Metered customers are charged on a declining twotier block

2455 per 20000 gallons up to 200000 gallons and 2350 per additional 20000 gallons Figure
18 shows the monthly water bill comparison for SFR customers which include unmetered flat

rates and average metered rates

35
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Res
2455 2455

Monthly 20
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Bill

15

10

5

2754 2809

0

Present Bill Proposed 2010111 Bill Proposed 2011112 Bill Proposed 201213 Bill

Figure 18 Monthly Water Bill Comparison for SFR Customers

13 Until all SFR customers are metered the City will continue billing unmetered accounts using a flat monthly rate Monthly bills

for metered SFR accounts will be higher or lower than the average shown here based on their actual consumption
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HDR recommends a flat monthly rate of 2622 fornonmetered

SFR customers Metered customers will be charge per the rate

schedule previously shown in Figure 14 with the average SFR

customer having a monthly bill of 2497 assuming a 14inch

meter The difference in bills is due to anticipated additional

conservation of metered customers

Figure 19 shows the monthly SFR water bills in surrounding communities
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Figure 19 Monthly SFR Water Rills in Surrounding Communities

As noted earlier the discount for seniors was eliminated because it is inconsistent with

Proposition 218 requirements The basis of the proposed unmetered charge is an assumed

average monthly consumption of 19000 gallons of water per nonmetered SFR customer 14

Once the Citys metering implementation program is completed this is anticipated by the end

of FY 201112 actual consumption will be used to track consumption and all residents will be

billed on actual water usage We expect the rates will need to be adjusted once this occurs to

more accurately reflect residential consumption patterns

14 Based on HDRs review of the Citys water system average singlefamily consumption is expected to be approximately 20000

gallonsmonth However due to expected conservation and a response of residents to higher water rates referred to as the

price elasticity of demand an averaged consumption of about 19000 gallons for unmetered residents and closer to 16000

gallons for metered customers was estimated
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MultiFamily Residential

The City currently charges metered and nonmetered MFR accounts differently

Nonmetered accounts are charged per apartment unit at 75 of the SFR rate currently
1841 per unit

Metered accounts are charged 2455 per 20000 gallons of water consumed or at least the

minimum of 1964 per unit

Figure 20 shows the monthly water bill comparison for MFR customers which include

unmetered flat rates and average metered rates

25

20
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15

Monthly
Bill
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5

0

Flat Rate

Unmetered
1628

Metered

1403

Proposed 201011 Bill Proposed 201112 Bill Proposed 201213 Bill

Figure 20 Monthly Water Rill Comparison for MFR Customers

HDR proposes a fixed monthly water charge of 1628 per

apartment unit for unmetered accounts However a typical
monthly water bill per metered MFR dwelling unit can range

from 934 and 1641 depending on the size of apartment

complex and the number of meters it has installed The average

metered MFR unit monthly bill is estimated to be closer to

1403 The basis of this charge includes the assumption that MFR units use an average monthly
consumption of approximately 12000 gallons of water per MFR unit As with SFR customers

once the Citysmetering implementation is completed and better consumption data is available

this estimated consumption and rates should bereevaluated
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Commercial

The City currently bills commercial customers based on a twotier declining block consumption
basis Customers are charged a base monthly fee of 2455 which includes water consumption
up to 20000 gallons plus 2455 for every additional 20000 gallons of water consumed up to

200000 gallons of water and then 2350 per 20000 gallons of water consumed in excess of

200000 gallons Figure 21 shows a monthly water bill comparison for commercial customers

90

80

70

60 d

Present 200910 Bill

Proposed 201011 Bill

N Proposed 201112 Bill

Proposed 201213 Bill

CO

LO
r M I

v

LO

M

I CR
rn o

N

Pla V
Ln

50

Monthly
v

d
Bill M

o

M 64
40

N
0

LO
1n CO

N

rn
N

30 N
Efl Efl

20

10

0

0 15 30 45

Water Consumption1000 gallons

60

Figure 21 Monthly Water Bill Comparison for Commercial Customers

HDR proposes the same commercial rates as presented
previously in Figure 14 a fixed charge based on meter size

plus a consumption charge of 045 per 1000 gallons of

water consumed A typical commercial bill for a 1 meter

and consumption of 36000 gallons will be 4450

Landscape

The City bills landscape accounts based on a twotier declining block consumption basis

Accounts are charged a base monthly fee of 2455 which includes water consumption up to

20000 gallons plus 2455 for every additional 20000 gallons of water consumed up to 200000

gallons of water and then 2350 per 20000 gallons of water consumed in excess of 200000

gallons Figure 22 on the following page shows a monthly water bill comparison for landscape
accounts based on 2 meter
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Figure 22 Monthly Water Bill Comparison
for Landscape Accounts 2 Meter

HDR proposes to charge landscape accounts on the fixed

monthly and volume charges presented previously in Figure
14 Based on a fixed meter charge plus a consumption charge
of 045 per 1000 gallons a typical landscape bill will be

about 172 assuming a 2 meter and consumption of 100000

gallons

School District Sites

The City currently bills school districts using a threetier declining block consumption rate

structure that reflects a subsidy not offered other customers

2455 per 20000 gallons up to 200000 gallons

1964 80 of the first tier per 20000 gallons between 200000 and2000000 gallons

1228 5000 of the first tier per 20000 gallons over2000000 gallons

Figure 23 on the following page shows a monthly water bill comparison for school district

accounts based on 2 meter
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Figure 23 Monthly Water Sill Comparison for School District Accounts

HDR proposes to charge schools on the same rate schedule

as presented above in Figure 14 a fixed charge based on

meter size plus a consumption charge of 045 per 1000

gallons A typical school bill assuming a 2 meter and

consumption of 300000 gallons will be about 248
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SECTION 4 RECOMMENDATIONS

HDR proposes the City take the following actions

City Council Presentation and Review Both utilities rate study and proposed rates should

be thoroughly reviewed by the City staff and Council

Adopt Recommended Rates and Study Report Based on the water and sewer rate analysis
provided the City Council should select adopt and implement the recommended rate

structures

Complete Public Hearing and Proposition 218 Noticing To move ahead with adoption of

the proposed rates the City will need to meet the public noticing requirements and hold a

public hearing in compliance with Proposition 218

Transition to More ConservationOriented Water Rates After implementing the proposed
rates and completing the Citys metering program the City should begin planning on

phasing in more conservationoriented water rates once new metered consumption data has

been monitored for a year or two

Review Rates and Revenue Annually Any time a utility adopts new rates or rate

structures the utility should closely monitor annual rate revenue generated to ensure

sufficient revenues are being generated Changing economic and water consumption
patterns underscore this concept as well as potential changing revenue requirements

particularly those related to capital improvements and RR costs Additionally since the

City is in the process of completing its metering program both water and sewer rates will

need to be reevaluated once this metering is complete and more comprehensive data is

available

Principal Assumptions and Considerations

In preparing this report and opinions and recommendations included herein HDR has relied

on a number of principal assumptions and considerations with regard to financial matters

conditions and events that may occur in the future This information and assumptions
including the Citys budgets and information from City staff were provided by sources we

believe to be reliable

While we believe HDRs use of such information and assumptions is reasonable for the purpose

of this report some assumptions will invariably not materialize as stated herein and may vary

significantly due to unanticipated events and circumstances Therefore the actual results can be

expected to vary from those projected to the extent that actual future conditions differ from

those assumed by us or provided to us by others
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CITY OF KERMAN 
 

REQUEST FOR PROPOSALS FOR PROCUREMENT AND INSTALLATION OF 
AUTOMATED METER READING SYSTEM EQUIPMENT, SOFTWARE 

AND RELATED SUPPORT SERVICES 
 

THE KERMAN COMMUNITY AND WATER SYSTEM 
 
The City of Kerman provides water service to approximately 3,000 residential and commercial 
connections.  The majority of these connections are 1-inch services.  For approximately three 
and a half years, the City has been installing meter-setters with no meters, in new residential 
construction.  These meter-setters are located in meter boxes in the alley adjacent to the 
residences or in the sidewalk in front of the residences. 
  
The City wishes to generate monthly bills, detect leaks in a timely manner and enhance water 
conservation potential.  Currently, certain water usage data collected by Public Works 
Department staff is entered into the City’s billing software by Finance Department staff.  The 
City wishes to eliminate manual data entry and streamline the billing process by moving to an 
automated meter-reading system (AMRS). 
 
The City of Kerman is seeking proposals from qualified firms interested in contracting with the 
City of Kerman to provide procurement and installation services for 500 water meters and 
related equipment with AMRS capability that will improve the efficiency of the City’s water meter 
reading and utility billing practices.  After this first phase of 500 meters is completed and the 
AMRS has been tested, the City of Kerman will schedule future meter installation and retro-
fitting phases. 
 
Proposals for meters, radio-read equipment, software and billing interfaces will be rated based 
on criteria developed by the City and will include equipment, software and installation services 
that meet the needs of the City of Kerman. 
 
Qualified firms shall have extensive experience in the manufacture and implementation of 
AMRS.  The successful candidate will supply all equipment necessary to install the preferred 
system, as well as act as system implementation specialists.  Installation shall be performed by 
a qualified contractor.  Tasks shall include coordination of all aspects of the system integration 
with the City’s utility billing system, pre-testing and troubleshooting of the system during the field 
installation process, and all training of both field and office personnel. 
 
The City is also seeking proposals for financing of the project as part of this qualifications 
package. 
 
This proposal includes a project description, scope of work, submission requirements, selection 
process and criteria, insurance requirements, and Professional Services Agreement.  
Prospective firms are encouraged to carefully read this Request for Proposals in its entirety. 
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The City of Kerman reserves the right to reject any or all Proposals, to waive any irregularities or 
informalities not affected by law, to evaluate the Proposals submitted and to award the contract 
according to the proposal which best serves the interests of the City of Kerman.   The City of 
Kerman also reserves the right to change or limit the scope of this project at anytime. 
 
 

SCOPE OF WORK 
This contract would consist of the following tasks: 
 
This scope of work consists of several parts: 1) procurement of meters, registers and radio 
transmitters, and 2) installation of meters and AMR equipment, 3) software system integration, 
testing, and 4) start-up training and on-going support. 
 
At least 500 electronic registers and radio transmitters may need to be purchased by the City to 
partially upgrade the manual read system to an automated radio read system.  An unknown 
number of the City meters will also need to be replaced in phases subsequent to this project.  
The number of replacement meters will depend on the approach presented by the successful 
team.  Information on the type, size and approximate age of the existing meters will be available 
upon request at a later date. 
 
The City is requesting that all devices be powered independently.  The existing meter pits do not 
have access to a power source, fiber optic cable or telephone line, so each unit must be 
independently powered and have the ability to communicate without a hard line connection to a 
reading location or device.  Water usage data must be transferred remotely without cost 
prohibitive installation of fiber or copper wire. 
 
While the primary function shall be to provide accurate and timely meter reading data for billing 
purposes, the system shall also furnish consumption and other pertinent data to facilitate 
enhanced operation and management of the total water distribution system.  The AMRS must 
be capable of providing an easy, effective way of detecting water leaks between reads.   
 

Meter Details 
 
The quantity of water meters to be installed in this initial phase is 500 1-inch AMR-equipped 
water meters.  Future meter replacements and installations will be handled separately. 
  
All new meters shall meet or exceed all current City of Kerman and AWWA standards for cold 
water meters.  The proposal will include a submittal of an electronic copy of the proposed 
specifications for the water meters and the AMR system, as well as specifications for installation 
in the field.  
 

Automatic Meter Reading System 
The Automatic Meter Reading System shall be a one-way radio frequency system.  The system 
shall use an FCC non-licensed radio frequency band to communicate water usage data to a 
fixed-base receiver and/or a vehicle-based mobile receiver.  A transmitter located at the meter 
will be used to transmit readings and alarm signals to the receiver.  The system shall be capable 
of storing and processing the information in a portable or fixed-base database format. 
 
The AMR shall record usage through the meter to the closest one gallon increment on 
residential meters.  The AMR shall record to the nearest ten gallons for 1.5-inch meters and 
larger.  Leak detection capability shall be available at all times.  The equipment and system 
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shall have the capacity to be connected to an individual meter monitor allowing the customer to 
read their own meter remotely and alert the customer of potential leaks. 
 
The automated meter reading system shall include a receiver that will receive data from the 
meter reads and transmitters that will transfer data to the receiver.  This data shall, at a 
minimum, include the meter ID, meter location, the water usage reading, tamper alerts and leak 
detection status.  The system shall maintain records of unread meters during and after the read. 
 
The City of Kerman is seeking a fixed base automated meter reading system that has been 
tested and proven to be fully-functional in other cities.  However, the City of Kerman may be 
willing to consider portable drive-by AMRS’s if it can be demonstrated that such a system would 
be more reliable and effective than existing fixed-base systems and the meters would be readily 
convertible to a fixed base AMRS once a dependable fixed-base system becomes available. 
 
Any proposed portable drive-by AMRS’s shall include a laptop computer and receiver that are 
portable and adaptable to any vehicle with a 12VDC cigarette lighter.  The speed of the read 
shall be limited only by the speed of the vehicle transporting the receiver.  Any handheld radio 
read equipment must be of rugged design and be fully-capable of receiving and recording all 
data sent from the transmitters.  The handheld display shall provide a minimum of eight rows of 
twenty characters each, and be powered by a long life lithium-ion battery. 
 
Data shall be transferred between devices via USB, serial connections and recordable CDs. 
 

Software 
The route management software and the billing software shall communicate with each other via 
an interface program.  This interface software shall have the capacity to be easily upgraded to 
conform to the needs of the billing software and changes in the billing software. 
 
The Proposer  shall own all right, title or license, and interest in and to: (i) any and all computer 
hardware, equipment, and other physical assets used by Proposer in performing the work; (ii) 
any and all software, software configurations, source code, databases, and database schema 
used by Proposer to perform the work or to otherwise create, modify, host, serve, and/or 
maintain the interface program and other software programs, whether or not created before or in 
the course of providing the work; and (iii) and any and all intellectual property rights in any of the 
foregoing. 
 
Furthermore, Proposer shall grant to City a non-exclusive, worldwide, non-transferable, royalty 
free license under all of Proposer's intellectual property rights to use, or permit a third party to 
use or modify, any software, designs, configurations, databases, and database schema 
developed and used by Proposer for the City’s AMR operations, solely for the purpose of 
maintaining, upgrading or replacing the procured software systems. The City and a temporarily-
licensed third party shall maintain the confidentiality of the Proposer’s software code and 
applications, and shall not use such information for the purpose of redistribution or sale.”  
 

Installation Coordination 
The proposal shall contain information on how the firm shall provide on-site construction 
coordination during all AMR installation activities.  Coordination with the City shall occur 
throughout the installation and implementation of the AMR system.  No delay in the water 
service billing schedule shall occur. 
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tility billing system.  The 
ity is requesting a proposal that has an option of the consultant inputting data into the City’s 

d 
cting/management systems and interface with billing systems until 

e system is fully-operational and produces accurate readings and invoices for all customers 

sed 

 will 
rovide an actual meter installation schedule at a later time.  The manufacturer, supplier and 

ll materials shall be covered under a minimum full 10-year warranty by the manufacturer and 
upported locally by the manufacturer’s representative. 

 
 

Each submittal shall consist of two separate parts, each in a sealed envelope: 1) Statement of 

 
de of 

the sheet).  Information should address how the successful candidate will address the City’s 

ppendix to the proposal.  Brochures and marketing materials not directly related to 
specific experience with the proposed scope of work shall not be submitted as part of this 

The City is currently using a utility billing system with a current customer data base.  The 
proposal shall provide a methodology for trouble-free integration of existing customer data.  The
successful bidder will need to coordinate with the Finance Department to ensure a smooth 
transition of the new meter reading and billing system with the City’s u
C
utility billing system during the meter change-out and radio upgrade. 
 
The proposal shall include full-system commissioning and testing of meters, implementation an
trouble-shooting of data colle
th
provided with AMR meters. 
 
The project will commence during budget year 08/09, which started July 1, 2008.  The propo
installation schedule is approximately 200 meters per week.  The proposal shall state that all 
meters and AMR equipment will be available to meet the proposed schedule.  The City
p
installation contractors must state that they can support the 200 meter per week plan. 
 
A
s

QUALIFICATIONS SUBMISSION REQUIREMENTS 
 

Qualifications; and 2) Statement of Compensation. 

Statements of Qualifications should be as concise as possible, at a minimum shall contain the
information presented below, and should not exceed 25 pages in length (printed on one si

needs as identified in the scope of work and the criteria listed under “Selection Process.” 

Additional materials, including detailed resumes and brochures may be submitted as an 
attached a

proposal. 

Statement of Qualifications shall include the following: 

1. An introductory letter, addressed to the Finance Director, shall contain mailing a
telephone number, fax number, type of ownership, and the name of the person to contac
regarding the qualifications.  The

ddress, 
t 

 letter should also provide a statement of any 
manufacturer’s or vendor’s interest in the work and clearly identify any sub-contractors, 

ld also include the 
information about how the products will be installed and maintained, including an approach 

ardware for the reading, collection, collation, 

including the installation firm(s). 

2. Scope of Work; A statement of understanding of the City’s needs as stated in the RFP. 

3. The proposal should explain how the AMR system operates, how it is read automatically, 
and how it has performed in other locations.  The proposal shou

or approaches for retrofit and replacement of existing meters.  

4. Information about necessary software and/or h
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d 

electronic components, high visibility (no 
fog) of registers, high availability of replacement parts including batteries, compatibility with 

or 

m 
 of 

ty of 
e the hand-held in 

the field, power to transmit and receive long distances (extent of coverage), ability to 

 of interface with the City billing system. 

f existing improvements, including meters, meter 
boxes, and appurtenances. 

8. Approach to delivery of a turn-key project. 

10. Approach to providing prompt service during the warrantee period and ability of the 

um 

nd 

h the consultant has provided similar work during the previous ten years.  
If the project team includes subcontractors, please clearly state which manufacturer was 

t were 

rance coverage 
noted in the attached Insurance Requirements for Consultants.  The statement should also 
address the acceptability of the Professional Services Agreement.  Any proposed deviations 
or modifications to the agreement should be noted, with reasons given.  

computation and storage of billing data.  The system must have a compatible interface with 
the City’s existing AVR utility billing platform. 

5. A description of the proposed approach to meeting the City’s needs, including meeting an
exceeding standards for laying length, operating accuracy, normal flow range, accuracy at 
low flow, maximum continuous flow, nutations/oscillations per gallon, pressure loss at 
AWWA maximum flow rate, water resistance of 

existing meters to remain in operation, easy availability of replacement parts, and ability f
manufacturer to supply combo-type meters. 

6. A description of the proposed automated meter reading system detailing the automated 
meter reading system capacity for leak detection, reverse flow sensing capacity, GIS syste
interface, ability to upgrade to future technology, speed and accuracy during collection
information, flexibility to use both hand-held and lap top-based receivers, maneuverabili
placement of the transmitter inside the meter box, the ability to recharg

transmit without outside interference and/or through solid and metal objects (lids, RVs, 
walls), compatibility and ease

7. Approach to evaluation and repair/retrofit o

9. Approach to training (initial and on-going) for public works and finance department staff. 

manufacturer to supply equipment within the time limitations of the construction project and 
in the future. 

11. Actual warrantees of equipment, and software. All labor shall be warranteed for a minim
of one year. 

12. Relevant Experience, References, and Key Personnel Qualifications: References and 
experience of key individuals with similar projects, including installation, including a brief 
narrative of the experience and resources of the proposing company, ownership, history, 
primary contact, information relating to financial viability, etc.  Identification and role of key 
personnel to be assigned to all phases of the project and their background and experience.  
Be specific in identifying the nature and the extent of each subconsultant’s participation, a
provide a project team organization chart.  The proposal shall include a minimum of three 
references for whic

responsible for each specific project reference, and identify any previous projects tha
jointly completed. 

13. Work Schedule: A statement of the contractor’s ability to perform services within the 
required time of completion, along with a preliminary schedule of work. 

14. A statement that all parties involved have or will have the necessary insu
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The Statement of Compensati

 

on shall include the following:  

Budget and Schedule of Charges 
 

Note the requirement to submit this information separate from the proposal. One sealed 
copy of the Statement of Compensation shall be provided in the manner prescribed herein, with 
‘Statement of Compensation’, and the consultant name and project name clearly shown on the 

l 

tal 
rates 

apply to preconstruction work, such as inspection and land surveying, for public works 

 
 that require upgrading to allow a successful installation at the existing location, 

and a unit price for meter and/or meter box replacement to be relocated within the property 

 classification of personnel to be assigned to the 
project, plus any related direct project expenses, including photocopies, telephone, travel, 

st include both a 
lump sum fee assuming no financing is needed by the City as well as a second fee proposal 

 

 subcontracts as set forth in 
Exhibit “A” which is attached hereto and incorporated by reference herein.  The cost of such 

ultant services agreement is attached as 
Exhibit “B”.  Please identify if your firm would have any issues with the provisions of the 

 consulting services agreement. 

front of the envelope. 

1. Provide a “Not to Exceed” amount and a list of Personnel Rates, Equipment Charges, Trave
Reimbursement Costs, and Job Descriptions for Personnel.  Provide an itemized budget to 
complete the work as identified in the Scope of Work.  A statement of a not-to-exceed to
cost shall be indicated with the itemized budget.  Please be aware that prevailing wage 

projects.  The itemized budget shall be good for 120 days from the proposal due date. 

2. The successful proposal will provide a unit price for the procurement and installation of new 
meters and automated meter reading equipment.  Mobilization, coordination and training 
during installation, and system implementation shall be included in the unit price proposal.  
Also, the proposal shall include a separate unit price for providing a new meter box for those
installations

boundary. 

3. A statement of hourly billing rates for each

office expenses, and overhead markups. 

4.   At the proposer’s option, prospective vendors may also submit project financing 
information.  The City is willing to contemplate a two to ten year amortization schedule for 
this project.  Vendors interested in submitting this additional information mu

and amortization schedule with the proposed financing method and terms. 

5. Insurance: The individual or firm receiving the contract shall procure and maintain for the 
duration of the contract, insurance against claims for injuries to persons or damages to
property that may arise from or in connection with the performance of the work hereunder by 
the Consultant, his agents, representatives, employees or

insurance shall be included in the consultant’s proposal. 

6. Consultant Agreement: The City’s standard cons

City’s standard

Additional Efforts 

If, in the professional judgment of the qualifying manufacturer, additional work over and above 
that presented in the Scope of Services is necessary, indicate this in a separate section of the 
qualifications. 
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PROPOSAL SUBMITTAL REQUIREMENTS 

 
1. Proposers should send four (4) copies of the completed proposals and cost bid so 

that it is received by the City no later than 4:00 p.m. on August 8, 2008 to: 

City of Kerman 
Attention:  Renee Holdcroft, City Clerk 
850 S Madera Ave. 
Kerman, CA 93630 

 
2. Format:  Proposal should be 8 ½ x 11 inches, printed two-sided on recyclable paper 

with removable bindings, bound in a single document and organized in sections 
following the order specified under contents. 

3. Proposer’s Proprietary Information:  The proposals received shall become the 
property of the City of Kerman and are subject to public disclosure.  Proposers are to 
indicate any restrictions on the use of data contained in their responses.  Materials 
must be clearly identified and the Proposer must include a brief statement that sets 
out the reasons for confidentiality.  Those parts of a proposal which are defined by 
the Proposer as confidential, proprietary or, business or trade secrets, as that term is 
defined in California Government Code, Section 6254.7, and are determined by the 
City to be reasonably marked as “Trade Secrets”, “Confidential” or “Proprietary” shall 
only be disclosed to the public if such disclosure is required or permitted under the 
California Public Records Act or otherwise by law.  Marking the entire proposal as 
proprietary will neither be accepted nor honored.  Failure by Proposer to label 
materials as proprietary shall be deemed a waiver by the Proposer of any claim 
against the City of Kerman for release of said materials. 

4. Maintenance of Confidential City/Ratepayer Information: All Proposers shall sign the 
attached Exhibit “C”-Confidentiality Agreement before receiving confidential and 
sensitive statistical, personal or financial data from the City.  Confidential or sensitive 
information shall be so marked by the City. 
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SELECTION PROCESS 

The Selection Committee will evaluate each Statement of Qualifications based upon the criteria 
listed below: 

Responsiveness to the City’s requirements for meter accuracy, low head 
loss, water resistance of electronic components, visibility of (no fog) 
registers, availability of replacement parts including batteries, compatibility 
with existing meters to remain in operation, availability of replacement 
parts, ability to supply combo-type meters,  

20 

Automated meter reading system capacity for leak detection, reverse flow 
sensing capacity, ability to upgrade to future technology, speed and 
accuracy during collection of information, capability to transmit and receive 
long distances (coverage), ability to transmit without outside interference 
and through solid and metal objects (lids, RVs, walls), compatibility and 
ease of interface with City billing system and maneuverability of placement 
of transmitter inside meter box.   

Portable AMRS proposals (if any) must demonstrate flexibility to use both 
hand-held and lap top-based receivers and the ability to recharge hand-
held in the field. 

20 

Ability to deliver a turn-key project, provide training initial and on-going for 
public works and finance department staff, provide prompt service during 
the warrantee period and ability of the manufacturer to supply equipment 
within the time limitations. 

20 

Warrantees of equipment, software and labor 10 

References; experience and competence of key individuals with similar 
projects 

20 

Approach to evaluation and repair of existing improvements, including 
meter boxes, meters and appurtenances. 

10 

                 Total 100 

 

The above selection criteria are provided to assist proposers and are not meant to limit other 
considerations that may become apparent during the course of the selection process. 
 

A Selection Committee will evaluate and rank all complete Statements of Qualifications on the 
above criteria.  Interviews may be scheduled with up to four of the highest scoring 
manufacturers, and information derived therefore shall be treated on a confidential basis. 
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The sealed Statement of Compensation envelopes of the highest-rated proposals shall be 
opened and evaluated.  Final selection will be made based on the lowest responsive cost 
quotation between the selected highest-rated proposals.   

The selected firm will be asked to enter into negotiations for the services and equipment to be 
contracted.  If negotiations are successful, the manufacturer will be requested to enter into an 
agreement with the City of Kerman for the proposed services.  The required insurance must 
also be procured and maintained for the duration of the contract.   A contract will be considered 
in effect only after approval by the City Council and execution by both parties. 

Proposals will be reviewed and evaluated by the City of Kerman and a recommendation for 
award of contract will be presented to the Kerman City Council. 

OTHER CONSIDERATIONS 
The City of Kerman reserves the right to reject any and all proposals.  This Request for 
Proposals does not commit the City to award contract, pay any costs incurred in the preparation 
of proposals, or to procure or contract for supplies or services. 

The City of Kerman reserves the right to negotiate with any qualified source or to cancel, in part 
of or in its entirety, this Request for Proposals, if it is in the best interest of the City to do so.  
The City may require the selected consultant to participate in negotiations, and submit such 
price, technical or other revisions of the proposal that may result from negotiations. 

QUESTIONS 
Questions should be directed to: 

Tim Przybyla, Finance Director 
City of Kerman 
850 S. Madera Ave. 
Kerman, CA 93630 
(559) 846-9382 
tprzybyla@cityofkerman.org 
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CITY OF SAN JOAQUIN 
 

EXECUTIVE SUMMARY 
 
 
The purpose of this report is to analyze updates to the existing sewer and water utility service 
rates in the City of San Joaquin.  The existing rates were established by City Council Resolution 
02-02 in March 2002.   
 
The City’s Wastewater Treatment Plant (WWTP) has a capacity of 0.252 million gallons per day 
(mgd).  Monitoring of the wastewater flows to the WWTP as early as 2000 showed that the 
average daily flows were exceeding the WWTP’s operating capacity, and were measured as high 
as 0.376 mgd in 2007.  On June 7, 2002 (shortly after the last utility rate increase adoption), the 
Central Valley Regional Water Quality Control Board (Regional Water Board) issued waste 
discharge requirements (WDR) for the City’s Wastewater Treatment Facility by adopting Order 
No. R5-2002-0103.  The Regional Water Board also adopted Cease and Desist Order (CDO) No. 
R5-2002-0104 requiring the City to: 1) Cease and desist discharges of waste in violation of the 
new WDR limits, and 2) Develop a wastewater treatment facility expansion in accordance with 
the time schedule specified in the CDO.  If the requirements of the CDO are not met, the City 
faces stiff fines from the Regional Water Board. 
 
The City has contracted Carollo Engineers to prepare the construction contract documents for the 
WWTP expansion project, which will include construction of an oxidation ditch, new clarifiers, 
rehabilitation of an existing sewer lift station, and expansion of the current disposal pond 
facilities by purchasing 23 acres of adjacent property to provide for current and future 
wastewater storage demand.  No upgrades have been made to the WWTP since 1990, due to lack 
of funding.  The proposed improvements will expand the capacity of the Plant to 0.50 mgd, 
which will provide adequate operating capacity for another 15-20 years.  This capacity is vital, 
not just to prevent hazardous sanitary sewer overflows, but also to accommodate city growth and 
development and provide for business expansion and attraction.   
 
The City has filed applications with several Federal and State agencies including the United 
States Department of Agriculture (USDA), the California State Water Resources Control Board 
(SWRCB), Economic Development Administration (EDA), and others to receive grants and low 
interest loans to construct the facility expansion.  These upgrades are planned to cost 
approximately $8.1 million.  The USDA is expected to provide a $2,000,000 grant and a 
$331,022 loan, with an interest rate of 4.375% and a term of 40 years.  The SWRCB has 
approved a $2,000,000 Small Communities Wastewater Grant and the Department of Housing 
and Urban Development (HUD) has established a Community Development Block Grant 
(CDBG) in the amount of $1,000,000.  EDA and the Environmental Protection Agency (EPA) 
are currently reviewing application information for grants totaling $2,100,000 and $485,000, 
respectively.  The feedback from both agencies has been very favorable relative to the prospects 
of award to the City.  The project funding summary is shown below: 
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Funding Source Amount 
  
USDA Rural Development Grant  $         2,000,000  
USDA Rural Development Loan  $            331,022  
SWRCB Small Communities Wastewater Grant  $         2,000,000  
Community Development Block Grant  $         1,000,000  
EDA Grant  $         2,100,000  
EPA Grant  $            485,000  
City Funds  $            183,978  
TOTAL  $         8,100,000  

 
 
The City’s contribution will come from the Sewer Major Facilities Impact Fee fund which was 
set up to pay for major capital expenditures, such as this project.  Although the expansion project 
will result in a large capital outlay, the vast majority of the funds will come through grants, as 
described above.  Additionally, the project will help to control future energy costs, due to the 
construction of newer, more energy efficient machinery and equipment.  Lastly, the project will 
have a strong environmental benefit, as the quality of the treatment plant effluent will be greatly 
improved.   
 
There are no current improvements planned to the City water system, but recent accounting 
reviews show the City of San Joaquin operating in a deficit in the Water Fund.  Therefore, the 
existing water rates were analyzed, in addition to the existing sewer rates, against historical, 
budgeted and projected expenditures from each of the Funds.  These expenditures are shown for 
the Sewer and Water Funds in Table 1 and 2, respectively. The analysis, based on financial 
planning criteria, shows that rate increases for both utility services will be required.  The criteria 
include debt service requirements for the proposed USDA loan, including principal and interest 
(P&I) payments, a debt service reserve (equal to 10% of the annual P&I payment), and a 
depreciation reserve for short-lived assets.  Additionally, the target fund balances over the next 5 
years were established to develop a $50,000 capital reserve, as well as to sufficiently cover 90 
days of operations and maintenance expenses.  Finally, the revenue was analyzed to project a 
balanced budget for each fund in the last year of the study period (Fiscal Year (FY) 13/14).  
Based on these criteria, annual adjustments in service revenues have been prepared for multiple 
alternatives for each of the Utility Funds, as follows: 
 

 Alternative 1:  A one-time increase to utility rates, effective immediately. 
 Alternative 1A:  A one-time increase to utility rates, effective immediately (as in 

Alternative 1, but with a partial subsidy from the General Fund to offset the initial 
burden to the rate-payers, which decreases annually, and phases out in FY 11/12. 

 Alternative 2:  A stepped increase, effective immediately, which increases 
annually through FY 11/12. 

 Alternative 3:  A stepped increase, effective in the second half of FY 09/10, which 
increases every 6 months thereafter through FY 11/12.   

 
The proposed increases to each of the Utility Funds are presented below, as well as the new rates 
for average residential users as of the effective date shown. 
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  ALTERNATIVE 1  
 

 
 
 
 
 
 
The Flow of Funds calculations and informational graph for Alternative 1 in the Sewer Fund are 
shown in Tables 3 and 4, respectively.  The same information for the Water Fund is represented 
in Tables 5 and 6, respectively. 
 
   
  ALTERNATIVE 1A 
 
As mentioned above, this alternative proposes a subsidy from the City of San Joaquin’s General 
Fund to help offset the initial cost of the rate increases to the ratepayers.  Based on this scenario, 
the rate paid into the Sewer Fund will be as shown above in Alternative 1, but the monthly 
contributions per average residential account will be broken down as follows between Fiscal 
Years 09/10 and 11/12: 
 
 
 
 
 
   
   
 
   
 
   
The Flow of Funds calculations and informational graph for Alternative 1A is the same as 
Alternative 1 and can be seen in the tables discussed above. 
 
   
  ALTERNATIVE 2 
 
 

  Effective Date % Increase Prior Rate New Rate 
Sewer Utility August 1, 2009 25%  $   20.50   $     25.63  

 June 1, 2010 22.5%  $   25.63   $     31.40  
 June 1, 2011 20%  $   31.40   $     37.68  
         

Water Utility August 1, 2009 20%  $   26.00   $     31.20  
 June 1, 2010 20%  $   31.20   $     37.44  
 June 1, 2011 20%  $   37.44   $     44.93  

  Effective Date % Increase Prior Rate New Rate 
Sewer Utility August 1, 2009 80%  $   20.50   $     36.90  

         
Water Utility August 1, 2009 72%  $   26.00   $     44.72  

  Effective Date New Rate Gen. Fund Residents 
Sewer Utility August 1, 2009 $     36.90  $   10.90   $     26.00 

 June 1, 2010    $     5.00  $     31.50 
 June 1, 2011   $          0  $     36.90 
     

Water Utility August 1, 2009 $     44.72  $   12.47   $     32.25  
 June 1, 2010   $     6.22  $     38.50 
 June 1, 2011   $          0  $     44.72 
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The Flow of Funds calculations and informational graph for Alternative 2 in the Sewer Fund are 
shown in Tables 7 and 8, respectively.  The same information for the Water Fund is represented 
in Tables 9 and 10, respectively. 
 
 
  ALTERNATIVE 3 
 
 

  Effective Date % Increase Prior Rate New Rate 
Sewer Utility December 1, 2009 25%  $   20.50   $     25.63  

 June 1, 2010 20%  $   25.63   $     30.75  
 December 1, 2010 10%  $   30.75   $     33.83  
 June 1, 2011 5%  $   33.83   $     35.52  
 December 1, 2011 5%  $   35.52   $     37.29  
         

Water Utility December 1, 2009 15%  $   26.00   $     29.90  
 June 1, 2010 15%  $   29.90   $     34.39  
 December 1, 2010 10%  $   34.39   $     37.82  
 June 1, 2011 10%  $   37.82   $     41.61  
 December 1, 2011 7.5%  $   41.61   $     44.73  

 
 
The Flow of Funds calculations and informational graph for Alternative 3 in the Sewer Fund are 
shown in Tables 11 and 12, respectively.  The same information for the Water Fund is 
represented in Tables 13 and 14, respectively. 
 
The effective dates are determined using an expected one-month billing lag between rate 
increase and fee collection.  Rate increases are planned to be incorporated within the same 
current rate structure.  
 
Affordability of utility service rates is a very important criterion to consider when analyzing any 
increase.  A key benchmark for this analysis is suggested by the EPA, which uses 2% of the 
median household income (MHI) for the City for each utility, or 4% combined for both utilities.  
Based on the 2000 Census MHI information for the City of San Joaquin, the maximum monthly 
bill for either water or sewer service would be $41.56, or $83.12 for both bills combined.  Under 
any alternative, the ultimate water rate will exceed this threshold, while the sewer rate will 
remain below it.  The combined maximum ultimate bill under any alternative is $82.61, which 
would be considered affordable, although very close to exceeding the affordability standard. 
 
Comparison of the average single family residential sewer and water rates for other similar 
communities in the area are shown in Tables 15 and 16, respectively.  The tables indicate that the 
ultimate proposed sewer rate would be second-highest of any of the other communities listed 
(under any alternative), and that the proposed water rate would be the fourth-highest (under any 
alternative).  Please note that all calculations and comparisons of utility rates for the basis of this 
study are made using residential rates.  When an alternative is selected, all user rate 
classifications will be increased by the same percentage as the residential rates. 
 



Table 1
City of San Joaquin

Sewer Utility
Historical and Projected Expenditures

Line No. Description 2004-05* 2005-06* 2006-07* 2007-08** 2008-09** 2009-10*** 2010-11*** 2011-12*** 2012-13*** 2013-14***
1 Salaries 62,445$      72,564$      77,185$      122,558$    122,616$    137,616$     144,497$     151,722$     159,308$     167,273$     
2 Employee Benefits 17,490$      30,694$      18,441$      33,591$      38,915$      43,915$       48,307$       53,137$       58,451$       64,296$       

    Total Personnel Cost 79,935$      103,258$    95,606$      156,149$    161,531$    181,531$     192,803$     204,859$     217,759$     231,569$     

3 Accounting Fees 4,250$        4,649$        3,968$        5,000$        4,000$        4,120$         4,244$         4,371$         4,502$         4,637$         
4 Advertising & Promotions -$           -$           -$           50$             50$             52$              53$              55$              56$              58$              
5 Continuing Education 474$           1,316$        1,418$        2,000$        1,000$        1,030$         1,061$         1,093$         1,126$         1,159$         
6 Contract Services 250 9,320$        7,825$        10,000$      9,500$        19,322$       22,731$       26,743$       31,463$       37,014$       
7 Depreciation 34,631$      31,472$      31,304$      34,000$      31,000$      31,930$       32,888$       33,875$       34,891$       35,937$       
8 Dues & Subscriptions 340$           277$           52$             250$           250$           5,000$         5,150$         5,305$         5,464$         5,628$         
9 Engineering Fee 3,002$        709$           185$           10,000$      10,000$      10,300$       10,609$       10,927$       11,255$       11,593$       
10 Equipment Rental -$           -$           -$           500$           500$           515$            530$            546$            563$            580$            
11 Food 42$             100$           179$           100$           100$           103$            106$            109$            113$            116$            
12 Gas, Lube & Oil 3,323$        4,541$        4,725$        7,000$        7,800$        8,034$         8,275$         8,523$         8,779$         9,042$         
13 Insurance 8,879$        10,459$      10,550$      12,000$      14,000$      14,420$       14,853$       15,298$       15,757$       16,230$       
14 Interest Expense 17,874$      11,919$      10,727$      21,572$      21,572$      -$             -$             -$             -$             -$             
15 Janitorial 569$           2,669$        555$           2,500$        1,000$        1,030$         1,061$         1,093$         1,126$         1,159$         
16 Lease Payments 315$           236$           414$           350$           450$           464$            477$            492$            506$            522$            
17 Legal Fees -$           -$           412$           -$           2,000$        2,060$         2,122$         2,185$         2,251$         2,319$         
18 Miscellaneous 167$           -$           5$               -$           100$           103$            106$            109$            113$            116$            
19 Office Supplies 1,397$        1,682$        1,240$        1,500$        2,000$        2,060$         2,122$         2,185$         2,251$         2,319$         
20 Other Professional Fees 466$           8,229$        1,609$        3,000$        2,000$        2,060$         2,122$         2,185$         2,251$         2,319$         
21 Rents 2,371$        2,454$        3,055$        2,500$        2,500$        2,575$         2,652$         2,732$         2,814$         2,898$         
22 Repairs & Maintenance 6,786$        14,259$      24,360$      15,000$      20,000$      20,600$       21,218$       21,855$       22,510$       23,185$       
23 Supplies 11,119$      9,431$        9,346$        12,000$      13,000$      13,390$       13,792$       14,205$       14,632$       15,071$       
24 Telephone 4,606$        4,145$        4,106$        4,500$        4,500$        4,635$         4,774$         4,917$         5,065$         5,217$         
25 Travel -$           632$           -$           2,000$        1,000$        1,030$         1,061$         1,093$         1,126$         1,159$         
26 Utilities 15,520$      16,243$      16,679$      20,000$      17,000$      18,700$       43,700$       48,070$       52,877$       58,165$       
27 Improvements -$           -$           -$           5,000$        -$           -$             -$             -$             -$             -$             

    Total Other Cost 116,381$    134,742$    132,714$    170,822$    165,322$    163,532$     195,706$     207,967$     221,488$     236,441$     

28 Machinery & Equipment -$           1,200$        -$           7,900$        3,000$        8,000$         8,000$         8,000$         8,000$         8,000$         
    Total Expenditures 196,316$    239,200$    228,320$    334,871$    329,853$    353,063$     396,510$     420,825$     447,247$     476,010$     

Notes: 1)  Salaries inflated at 5% annually
* Actual 2)  Benefits inflated at 10% annually
** Budgeted 3)  Utilities costs inflated at 10% annually
*** Projected 4)  All other costs inflated at 3% annually

5)  Contract Services estimated by current provider.  City is examining possibility of 
     providing these services with City staff at some time within study period.



Table 2
City of San Joaquin

Water Utility
Historical and Projected Expenditures

Line No. Description 2004-05* 2005-06* 2006-07* 2007-08** 2008-09** 2009-10*** 2010-11*** 2011-12*** 2012-13*** 2013-14***
1 Salaries 66,158$     76,747$     78,700$     122,558$   122,616$   137,616$   144,497$   151,722$   159,308$     167,273$     
2 Employee Benefits 18,939$     30,966$     18,676$     33,591$     38,915$     43,915$     48,307$     53,137$     58,451$       64,296$       

    Total Personnel Cost 85,097$     107,713$   97,376$     156,149$   161,531$   181,531$   192,803$   204,859$   217,759$     231,569$     

3 Accounting Fees 4,250$       4,649$       3,968$       5,000$       4,000$       4,120$       4,244$       4,371$       4,502$         4,637$         
4 Advertising & Promotions 825$          -$           -$           650$          650$          670$          690$          710$          732$            754$            
5 Bank Charges 720$          5$              35$            100$          100$          103$          106$          109$          113$            116$            
6 Continuing Education 194$          1,839$       1,496$       1,500$       1,500$       1,545$       1,591$       1,639$       1,688$         1,739$         
7 Contract Services 16,509$     7,359$       5,950$       10,000$     8,500$       19,322$     22,731$     26,743$     31,463$       37,014$       
8 Depreciation 14,403$     11,218$     12,283$     10,000$     10,000$     10,300$     10,609$     10,927$     11,255$       11,593$       
9 Dues & Subscriptions 278$          2,501$       1,705$       1,800$       2,100$       7,500$       7,725$       7,957$       8,195$         8,441$         
10 Engineering Fee 8,707$       2,097$       35$            7,000$       3,000$       3,090$       3,183$       3,278$       3,377$         3,478$         
11 Equipment Rental 1,189$       -$           1,250$       1,000$       1,000$       1,030$       1,061$       1,093$       1,126$         1,159$         
12 Food 41$            238$          179$          300$          300$          309$          318$          328$          338$            348$            
13 Gas, Lube & Oil 3,324$       3,925$       4,636$       6,000$       7,000$       7,210$       7,426$       7,649$       7,879$         8,115$         
14 Insurance 8,879$       10,459$     10,550$     12,000$     13,000$     13,390$     13,792$     14,205$     14,632$       15,071$       
15 Interest Expense 20,802$     14,861$     12,304$     25,000$     25,000$     20,000$     20,000$     20,000$     20,000$       20,000$       
16 Janitorial 569$          2,714$       865$          2,200$       1,000$       1,030$       1,061$       1,093$       1,126$         1,159$         
17 Lease Payments 315$          236$          414$          350$          350$          361$          371$          382$          394$            406$            
18 Legal Feees -$           -$           412$          -$           2,000$       2,060$       2,122$       2,185$       2,251$         2,319$         
19 Miscellaneous 170$          10,421$     105$          2,000$       1,000$       1,030$       1,061$       1,093$       1,126$         1,159$         
20 Office Supplies 1,397$       1,683$       1,330$       1,600$       1,800$       1,854$       1,910$       1,967$       2,026$         2,087$         
21 Other Professional Fees 7,980$       2,337$       8,078$       8,000$       5,000$       5,150$       5,305$       5,464$       5,628$         5,796$         
22 Rents 2,524$       2,454$       3,055$       3,000$       3,000$       3,090$       3,183$       3,278$       3,377$         3,478$         
23 Repairs & Maintenance 65,823$     44,736$     18,860$     35,000$     25,000$     35,000$     36,050$     37,132$     38,245$       39,393$       
24 Supplies 14,819$     16,120$     15,693$     15,000$     18,000$     18,540$     19,096$     19,669$     20,259$       20,867$       
25 Telephone 4,643$       4,172$       4,148$       4,000$       4,000$       4,120$       4,244$       4,371$       4,502$         4,637$         
26 Travel -$           82$            200$          300$          300$          309$          318$          328$          338$            348$            
27 Utilities 50,850$     51,644$     70,104$     65,000$     65,000$     71,500$     78,650$     86,515$     95,167$       104,683$     
28 Improvements -$           -$           -$           18,000$     -$           15,000$     -$           -$           -$             -$             
29 Machinery & Equipment -$           1,200$       -$           5,000$       2,500$       8,000$       8,000$       8,000$       8,000$         8,000$         

    Total Other Cost 229,211$   196,950$   177,655$   239,800$   205,100$   255,632$   254,845$   270,486$   287,735$     306,795$     

    Total Expenditures 314,308$   304,663$   275,031$   395,949$   366,631$   437,163$   447,649$   475,345$   505,493$     538,364$     

* Actual Notes: 1)  Salaries inflated at 5% annually
** Budgeted 2)  Benefits inflated at 10% annually
*** Projected 3)  Utilities costs inflated at 10% annually

4)  All other costs inflated at 3% annually
5)  Contract Services estimated by current provider.  City is examining possibility of 
     providing these services with City staff at some time within study period.



Table 3
City of San Joaquin

Sewer Utility
Flow of Funds

Alternative 1 and 1A

Fiscal Year
Line No. Description 2008-09 2009-10 2010-11 2011-12 2012-13 2013-14

1 Sewer Service Operating Income 290,000$     290,000$     290,000$       290,000$       290,000$       290,000$        
Changes to Service Charges Required:

Fiscal Year % Increase
2 2008-09 0 -$             -$             -$               -$               -$               -$                
3 2009-10 80 174,000$     * 232,000$       232,000$       232,000$       232,000$        
4 2010-11 0 -$               -$               -$               -$                
5 2011-12 0 -$               -$               -$                
6 2012-13 0 -$               -$                
7 Total Change in Service Charge Revenue -$             174,000$     232,000$       232,000$       232,000$       232,000$        
8 Total Sewer Service Operating Income 290,000$     464,000$     522,000$       522,000$       522,000$       522,000$        
9 Impact/Connection Fee Income -$             -$             -$               -$               -$               -$                

10 Total Revenue 290,000$     464,000$     522,000$       522,000$       522,000$       522,000$        

Revenue Requirements
11 Operation and Maintenance Expenses (143,750)$    (163,532)$    (195,706)$      (207,967)$      (221,488)$      (236,441)$       
12 Existing Debt Service (21,572)$      -$             -$               -$               -$               -$                
13 Employee Services (161,531)$    (181,531)$    (192,803)$      (204,859)$      (217,759)$      (231,569)$       
14 Machinery & Equipment Expenditures (3,000)$        (8,000)$        (8,000)$          (8,000)$          (8,000)$          (8,000)$           

Proposed USDA Debt Service
15     Loan Principal & Interest -$             -$             (17,540)$        (17,540)$        (17,540)$        (17,540)$         
16     Debt Service Reserve -$             -$             (1,754)$          (1,754)$          (1,754)$          (1,754)$           
17     Depreciation Reserve for Short-Lived Assets -$             -$             (27,067)$        (27,067)$        (27,067)$        (27,067)$         
18 Total Revenue Requirements (329,853)$    (353,063)$    (442,870)$      (467,186)$      (493,608)$      (522,371)$       
19 Net Funds (39,853)$      110,937$     79,130$         54,814$         28,392$         (371)$              

20 Beginning Sewer Fund Balance 44,674$       4,821$         115,758$       194,888$       249,701$       278,094$        
21 Ending Sewer Fund Balance 4,821$         115,758$     194,888$       249,701$       278,094$       277,722$        

22 Target Sewer Fund Balance after 5 years** (109,110)$       < 277,722$     
CHECK

*  Represents 9 months of additional revenue collection.
** Represents 90 days of Operation and Maintenance Expense + $50,000 Capital Reserve



Table 4
Sewer Fund - Alternative 1 & 1A
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Table 5
City of San Joaquin

Water Utility
Flow of Funds

Alternative 1 and 1A

Fiscal Year
Line No. Description 2008-09 2009-10 2010-11 2011-12 2012-13 2013-14

1 Water Service Operating Income 313,000$     313,000$     313,000$       313,000$       313,000$       313,000$       
Changes to Service Charges Required:

Fiscal Year % Increase
2 2008-09 0 -$             -$             -$               -$               -$               -$               
3 2009-10 72 169,020$     * 225,360$       225,360$       225,360$       225,360$       
4 2010-11 0 -$               -$               -$               -$               
5 2011-12 0 -$               -$               -$               
6 2012-13 0 -$               -$               
7 Total Change in Service Charge Revenue -$             169,020$     225,360$       225,360$       225,360$       225,360$       
8 Total Water Service Operating Income 313,000$     482,020$     538,360$       538,360$       538,360$       538,360$       
9 Impact/Connection Fee Income -$             -$             -$               -$               -$               -$               

10 Total Revenue 313,000$     482,020$     538,360$       538,360$       538,360$       538,360$       

Revenue Requirements
11 Operation and Maintenance Expenses (177,600)$    (227,632)$    (226,845)$      (242,486)$      (259,735)$      (278,795)$      
12 Existing Debt Service (25,000)$      (20,000)$      (20,000)$        (20,000)$        (20,000)$        (20,000)$        
13 Employee Services (161,531)$    (181,531)$    (192,803)$      (204,859)$      (217,759)$      (231,569)$      
14 Machinery & Equipment Expenditures (2,500)$        (8,000)$        (8,000)$          (8,000)$          (8,000)$          (8,000)$          
15 Total Revenue Requirements (366,631)$    (437,163)$    (447,649)$      (475,345)$      (505,493)$      (538,364)$      
16 Net Funds (53,631)$      44,857$       90,711$         63,015$         32,867$         (4)$                 

17 Beginning Water Fund Balance 238,510$     184,879$     229,736$       320,447$       383,462$       416,329$       
18 Ending Water Fund Balance 184,879$     229,736$     320,447$       383,462$       416,329$       416,325$       

19 Target Water Fund Balance after 5 years** (119,699)$      < 416,325$     

*  Represents 9 months of additional revenue collection. CHECK
** Represents 90 days of Operation and Maintenance Expense + $50,000 Capital Reserve



Table 6
Water Fund - Alternative 1 & 1A
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Table 7
City of San Joaquin

Sewer Utility
Flow of Funds
Alternative 2

Fiscal Year
Line No. Description 2008-09 2009-10 2010-11 2011-12 2012-13 2013-14

1 Sewer Service Operating Income 290,000$     290,000$     290,000$       290,000$       290,000$       290,000$        
Changes to Service Charges Required:

Fiscal Year % Increase
2 2008-09 0 -$             -$             -$               -$               -$               -$                
3 2009-10 25 54,375$       * 72,500$         72,500$         72,500$         72,500$          
4 2010-11 22.5 81,563$         81,563$         81,563$         81,563$          
5 2011-12 20 88,813$         88,813$         88,813$          
6 2012-13 0 -$               -$                
7 Total Change in Service Charge Revenue -$             54,375$       154,063$       242,875$       242,875$       242,875$        
8 Total Sewer Service Operating Income 290,000$     344,375$     444,063$       532,875$       532,875$       532,875$        
9 Impact/Connection Fee Income -$             -$             -$               -$               -$               -$                

10 Total Revenue 290,000$     344,375$     444,063$       532,875$       532,875$       532,875$        

Revenue Requirements
11 Operation and Maintenance Expenses (143,750)$    (163,532)$    (195,706)$      (207,967)$      (221,488)$      (236,441)$       
12 Existing Debt Service (21,572)$      -$             -$               -$               -$               -$                
13 Employee Services (161,531)$    (181,531)$    (192,803)$      (204,859)$      (217,759)$      (231,569)$       
14 Machinery & Equipment Expenditures (3,000)$        (8,000)$        (8,000)$          (8,000)$          (8,000)$          (8,000)$           

Proposed USDA Debt Service
15     Loan Principal & Interest -$             -$             (17,540)$        (17,540)$        (17,540)$        (17,540)$         
16     Debt Service Reserve -$             -$             (1,754)$          (1,754)$          (1,754)$          (1,754)$           
17     Depreciation Reserve for Short-Lived Assets -$             -$             (27,067)$        (27,067)$        (27,067)$        (27,067)$         
18 Total Revenue Requirements (329,853)$    (353,063)$    (442,870)$      (467,186)$      (493,608)$      (522,371)$       
19 Net Funds (39,853)$      (8,688)$        1,192$           65,689$         39,267$         10,504$          

20 Beginning Sewer Fund Balance 44,674$       4,821$         (3,867)$          (2,675)$          63,014$         102,281$        
21 Ending Sewer Fund Balance 4,821$         (3,867)$        (2,675)$          63,014$         102,281$       112,785$        

22 Target Sewer Fund Balance after 5 years** (109,110)$       < 112,785$     
CHECK

*  Represents 9 months of additional revenue collection.
** Represents 90 days of Operation and Maintenance Expense + $50,000 Capital Reserve



Table 8
Sewer Fund - Alternative 2
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Table 9
City of San Joaquin

Water Utility
Flow of Funds
Alternative 2

Fiscal Year
Line No. Description 2008-09 2009-10 2010-11 2011-12 2012-13 2013-14

1 Water Service Operating Income 313,000$     313,000$     313,000$       313,000$       313,000$       313,000$       
Changes to Service Charges Required:

Fiscal Year % Increase
2 2008-09 0 -$             -$             -$               -$               -$               -$               
3 2009-10 20 46,950$       * 62,600$         62,600$         62,600$         62,600$         
4 2010-11 20 75,120$         75,120$         75,120$         75,120$         
5 2011-12 20 90,144$         90,144$         90,144$         
6 2012-13 0 -$               -$               
7 Total Change in Service Charge Revenue -$             46,950$       137,720$       227,864$       227,864$       227,864$       
8 Total Water Service Operating Income 313,000$     359,950$     450,720$       540,864$       540,864$       540,864$       
9 Impact/Connection Fee Income -$             -$             -$               -$               -$               -$               

10 Total Revenue 313,000$     359,950$     450,720$       540,864$       540,864$       540,864$       

Revenue Requirements
11 Operation and Maintenance Expenses (177,600)$    (227,632)$    (226,845)$      (242,486)$      (259,735)$      (278,795)$      
12 Existing Debt Service (25,000)$      (20,000)$      (20,000)$        (20,000)$        (20,000)$        (20,000)$        
13 Employee Services (161,531)$    (181,531)$    (192,803)$      (204,859)$      (217,759)$      (231,569)$      
14 Machinery & Equipment Expenditures (2,500)$        (8,000)$        (8,000)$          (8,000)$          (8,000)$          (8,000)$          
15 Total Revenue Requirements (366,631)$    (437,163)$    (447,649)$      (475,345)$      (505,493)$      (538,364)$      
16 Net Funds (53,631)$      (77,213)$      3,071$           65,519$         35,371$         2,500$           

17 Beginning Water Fund Balance 238,510$     184,879$     107,666$       110,737$       176,256$       211,627$       
18 Ending Water Fund Balance 184,879$     107,666$     110,737$       176,256$       211,627$       214,127$       

19 Target Water Fund Balance after 5 years** (119,699)$      < 214,127$     

*  Represents 9 months of additional revenue collection. CHECK
** Represents 90 days of Operation and Maintenance Expense + $50,000 Capital Reserve



Table 10
Water Fund - Alternative 2
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Table 11
City of San Joaquin

Sewer Utility
Flow of Funds
Alternative 3

Fiscal Year
Line No. Description 2008-09 2009-10 2010-11 2011-12 2012-13 2013-14

1 Sewer Service Operating Income 290,000$     290,000$     290,000$       290,000$       290,000$       290,000$        
Changes to Service Charges Required:

Fiscal Year 6 mon. term % Increase
2 2008-09 0 -$             -$             -$               -$               -$               -$                
3 2009-10 1st (3 mon.) 0 -$             * -$               -$               -$               -$                

2nd 25 36,250$       72,500$         72,500$         72,500$         72,500$          
4 2010-11 1st 20 72,500$         72,500$         72,500$         72,500$          

2nd 10 43,500$         43,500$         43,500$         43,500$          
5 2011-12 1st 5 23,925$         23,925$         23,925$          

2nd 5 25,121$         25,121$         25,121$          
6 2012-13 -$               -$                
7 Total Change in Service Charge Revenue -$             36,250$       188,500$       237,546$       237,546$       237,546$        
8 Total Sewer Service Operating Income 290,000$     326,250$     478,500$       527,546$       527,546$       527,546$        
9 Impact/Connection Fee Income -$             -$             -$               -$               -$               -$                

10 Total Revenue 290,000$     326,250$     478,500$       527,546$       527,546$       527,546$        

Revenue Requirements
11 Operation and Maintenance Expenses (143,750)$    (163,532)$    (195,706)$      (207,967)$      (221,488)$      (236,441)$       
12 Existing Debt Service (21,572)$      -$             -$               -$               -$               -$                
13 Employee Services (161,531)$    (181,531)$    (192,803)$      (204,859)$      (217,759)$      (231,569)$       
14 Machinery & Equipment Expenditures (3,000)$        (8,000)$        (8,000)$          (8,000)$          (8,000)$          (8,000)$           

Proposed USDA Debt Service
15     Loan Principal & Interest -$             -$             (17,540)$        (17,540)$        (17,540)$        (17,540)$         
16     Debt Service Reserve -$             -$             (1,754)$          (1,754)$          (1,754)$          (1,754)$           
17     Depreciation Reserve for Short-Lived Assets -$             -$             (27,067)$        (27,067)$        (27,067)$        (27,067)$         
18 Total Revenue Requirements (329,853)$    (353,063)$    (442,870)$      (467,186)$      (493,608)$      (522,371)$       
19 Net Funds (39,853)$      (26,813)$      35,630$         60,360$         33,939$         5,175$            

20 Beginning Sewer Fund Balance 44,674$       4,821$         (21,992)$        13,638$         73,998$         107,936$        
21 Ending Sewer Fund Balance 4,821$         (21,992)$      13,638$         73,998$         107,936$       113,111$        

22 Target Sewer Fund Balance after 5 years** (109,110)$       < 113,111$     
CHECK

*  Represents 9 months of additional revenue collection.
** Represents 90 days of Operation and Maintenance Expense + $50,000 Capital Reserve
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Sewer Fund - Alternative 3
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Table 13
City of San Joaquin

Water Utility
Flow of Funds
Alternative 3

Fiscal Year
Line No. Description 2008-09 2009-10 2010-11 2011-12 2012-13 2013-14

1 Water Service Operating Income 313,000$     313,000$     313,000$       313,000$       313,000$       313,000$       
Changes to Service Charges Required:

Fiscal Year 6 mon. term % Increase
2 2008-09 0 -$             -$             -$               -$               -$               -$               
3 2009-10 1st (3 mon.) 0 -$             * -$               -$               -$               -$               

2nd 15 23,475$       46,950$         46,950$         46,950$         46,950$         
4 2010-11 1st 15 53,993$         53,993$         53,993$         53,993$         

2nd 10 41,394$         41,394$         41,394$         41,394$         
5 2011-12 1st 10 45,534$         45,534$         45,534$         

2nd 7.5 37,565$         37,565$         37,565$         
6 2012-13 -$               -$               
7 Total Change in Service Charge Revenue -$             23,475$       142,337$       225,436$       225,436$       225,436$       
8 Total Water Service Operating Income 313,000$     336,475$     455,337$       538,436$       538,436$       538,436$       
9 Impact/Connection Fee Income -$             -$             -$               -$               -$               -$               

10 Total Revenue 313,000$     336,475$     455,337$       538,436$       538,436$       538,436$       

Revenue Requirements
11 Operation and Maintenance Expenses (177,600)$    (227,632)$    (226,845)$      (242,486)$      (259,735)$      (278,795)$      
12 Existing Debt Service (25,000)$      (20,000)$      (20,000)$        (20,000)$        (20,000)$        (20,000)$        
13 Employee Services (161,531)$    (181,531)$    (192,803)$      (204,859)$      (217,759)$      (231,569)$      
14 Machinery & Equipment Expenditures (2,500)$        (8,000)$        (8,000)$          (8,000)$          (8,000)$          (8,000)$          
15 Total Revenue Requirements (366,631)$    (437,163)$    (447,649)$      (475,345)$      (505,493)$      (538,364)$      
16 Net Funds (53,631)$      (100,688)$    7,688$           63,091$         32,943$         71$                

17 Beginning Water Fund Balance 238,510$     184,879$     84,191$         91,879$         154,970$       187,912$       
18 Ending Water Fund Balance 184,879$     84,191$       91,879$         154,970$       187,912$       187,984$       

19 Target Water Fund Balance after 5 years** (119,699)$      < 187,984$     

*  Represents 9 months of additional revenue collection. CHECK
** Represents 90 days of Operation and Maintenance Expense + $50,000 Capital Reserve
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Table 15
City of San Joaquin

Comparison of Proposed Single Family Residential Sewer Rates with Other Local 
Communities in Effect as of July 2009

Community Basis Ultimate Rate
Firebaugh DU 47.64$                          

San Joaquin DU 36.90$                          Alternative 1 & 1A
37.68$                          Alternative 2
37.29$                          Alternative 3

Mendota DU 31.00$                          

Huron DU 26.00$                          

Orange Cove DU 24.20$                          

Kerman DU 23.50$                          

Selma DU 23.28$                          



Table 16
City of San Joaquin

Comparison of Proposed Single Family Residential Water Rates with Other Local 
Communities in Effect as of July 2009

Community Meter Size Rate Volume (gal) Charge Cost at 20,400 gal
Firebaugh None 45.31$          None -$                        

All sizes 36.74$          First 12,000 $0.00/1000 gal 62.44$                
Next 10,000 $3.06/1000 gal
Next 10,000 $3.34/1000 gal
Over 32,000 $3.63/1000 gal

Huron 3/4 in 15.15$          First 8,000 -$                        
Over 8,000 $3.20/1000 gal

1 in 18.95$          First 10,000 -$                        52.23$                
Over 10,000 $3.20/1000 gal

1 1/2 in 23.70$          First 12,500 -$                        
Over 12,500 $3.20/1000 gal

2 in 33.15$          First 17,500 -$                        
Over 17,500 $3.20/1000 gal

3 in 56.85$          First 30,000 -$                        
Over 30,000 $3.20/1000 gal

Mendota 3/4 in 32.40$          First 12,000 -$                        
Over 12,000 $1.40/1000 gal

1 in 34.45$          First 12,000 -$                        46.21$                
Over 12,000 $1.40/1000 gal

1 1/2 in 62.64$          First 12,000 -$                        
Over 12,000 $1.40/1000 gal

2 in 84.96$          First 12,000 -$                        
Over 12,000 $1.40/1000 gal

3 in 140.22$        First 12,000 -$                        
Over 12,000 $1.40/1000 gal

San Joaquin None 44.72$          None -$                        44.72$                Alternative 1 & 1A
46.80$          44.93$                Alternative 2

44.73$                Alternative 3

Orange Cove None 36.50$          None -$                        36.50$                

Selma 1 in 35.21$          * None -$                        * 35.21$                

Kerman None 24.55$          None -$                        24.55$                

      * Applies to single family residences with premises between 6001 and 10000 sq. ft.

Addt'l Volume Charge



 
 
 
 
 
 
 

City of San Joaquin 
 

Water Conservation Strategy 
 
 
 
 
 
 
 
 

Prepared by 

 
Victoria Doyle & Justin Dunning  

October 2, 2009 
 
 
 
 
 



DRAFT 

Table of Contents 
 

EXECUTIVE SUMMARY ........................................................................................................................................... 3 
INTRODUCTION .......................................................................................................................................................... 3 
GOALS ...................................................................................................................................................................... 3 

ANALYSIS ................................................................................................................................................................... 4 
WATER BASELINE .................................................................................................................................................... 4 

Figure 1. City of San Joaquin Water Supply 1999-2008 ........................................................................ 4 
DEMAND FORECAST ................................................................................................................................................. 5 
DESCRIPTION OF WATER USE ................................................................................................................................. 5 

Figure 2. Water End Source (Residential vs. Commercial) .................................................................. 5 
Figure 3.  Average US Residential Water Use .......................................................................................... 6 
Figure 4. Percentage of Non-Sewage Water ............................................................................................ 7 
Table 1. Recent Estimates of Indoor Water Use With and Without Conservation  ........................ 7 

EVALUATION OF CONSERVATION MEASURES .............................................................................................. 8 
WATER METERS ....................................................................................................................................................... 8 

Table 2:  Water Meter Worksheet ................................................................................................................ 8 
SHOWERHEAD AND FAUCET REPLACEMENT ........................................................................................................... 9 

Table 3: Showerhead and Faucet Worksheet .......................................................................................... 9 
TOILET REPLACEMENT ........................................................................................................................................... 10 

Table 4: Toilet Replacement Worksheet .................................................................................................. 10 
LANDSCAPING ORDINANCE THIS SECTION NEEDS TO BE REORGANIZED ............................................................. 11 

Table 5:  Watering Schedule Worksheet ................................................................................................. 12 
EDUCATIONAL PROGRAM ....................................................................................................................................... 12 

Table 6:  Classroom Education Worksheet ............................................................................................ 13 
SUMMARY ................................................................................................................................................................ 14 

EVALUATION OF CONSERVATION MEASURES ................................................. ERROR! BOOKMARK NOT DEFINED. 
Table 7:  Conservation Measure Summary ............................................................................................ 14 

IMPLEMENTATION STRATEGY ................................................................................................................................. 14 
COMMUNITY INVOLVEMENT .................................................................................................................................... 16 

APPENDIX A: EPA WATER SYSTEM PROFILE WORKSHEET .................................................................... 17 
APPENDIX B: DEMAND FORECAST WORKSHEET ....................................................................................... 18 
APPENDIX C:  EPA LIST OF POTENTIAL FUNDING SOURCES ................................................................. 19 
APPENDIX D:  SAMPLE WATER CHECKLIST PREPARED BY DWR FOR CLASSROOM EDUCATION
 ..................................................................................................................................................................................... 25 
 

City of San Joaquin Water Conservation Strategy 
2 

 



DRAFT 

Executive Summary 
The Water Conservation Strategy for the City of San Joaquin (the City) was developed 
to ensure the City’s compliance with funding requirements from the United States 
Environmental Protection Agency (EPA) for its wastewater treatment expansion project. 
This strategy includes a plan of actions that will result in measurable water savings for 
the City. This document was prepared using the US EPA’s Water Conservation Plan 
Guidelines and the California Green Building Standards Code (2011 Title 24-Part 11)  
 
Introduction 
The City is currently in the enviable position of having enough water capacity to meet its 
demand.  Statewide, however, concerns over the availability of water continue to grow.  
The Water Conservation Strategy will be used not only as the City’s support for 
continued sustainable water usage but as a model for other California communities.  
 
The City’s current wastewater treatment facility is also a major factor in the decision to 
create a water conservation strategy. While the current facility is able to meet capacity, 
the deteriorating infrastructure poses a challenge in terms of maintenance and potential 
failure. The waste water facility receives waters from the City’s residents, commercial 
buildings, and runoff. Improvements to the management of the City’s water supply will 
result in less wastewater due to conservation. Using less water puts less pressure on 
the wastewater facility  
 
Goals  
There are two goals of this conservation strategy.  The first is a citywide reduction in 
water use of 20% by the year 2011. A 20% reduction in water usage by 2011 mirrors 
the reduction goals of the current California Green Building Standards Code. These 
savings will be accomplished through two primary means: equipment upgrades and a 
targeted education and community outreach programs. 
 
The second goal is to have installed water meters on all service accounts by the year 
2020.  California state law requires meters on all service accounts by the year 2025.  
Installing meters can also lead to reduced water use, and will enable the city to charge 
residents based on actual water usage.  The cost of installing meters, however, is quite 
high, and the city will likely need to find grant funding in order to carry out the 
installations. 
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Analysis 
 
Water Baseline 
In 2007, the City supplied 261.7 million gallons of waters. There was a 3 million gallon 
(1.2%) reduction in 2008 when water demand decreased to 258.7 million gallons of 
water. The net total water supply does not account for the total City’s population. A 
common metric for the water use of public water supplies is gallon per capita per day 
(gpcd). The gpcd shows the average water supply per person. The 2008 population of 
4,062 resulted in a 181 gpcd. The City’s gpcd is identical with the national average of 
181 gpcd1.  Figure 1 below shows the total water supply of the City, as well as the gpcd 
over the past 10 years.  Fluctuations in gpcd from year to year can be explained by a 
variety of economic, demographic, and climate factors. 
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Figure 1. City of San Joaquin Water Supply 1999-2008 

 
Significant components for water analysis include the average demand and peak 
demand.  Peak demand is the governing factor when determining future water supply 
due to the need to distribute a greater capacity of water in a given time frame. The City 
is serviced by three ground-water wells. Combined, these wells have a maximum 
capacity of 3,500 gallons per minute (gpm) and 5 million gallons per day (gpd.) In 2008, 
49% (1,723 gpm) of the maximum ground-water well capacity was supplied during peak 
consumption for the City.   
 

                                                 
1 Figure calculated from 2000 US Census figures and data from the USGS indicating 85% of the 
population was served by public water supplies and the 2000 public water supply was 43,300 million 
gallons per day. (http://ga.water.usgs.gov/edu/wups.html) 

City of San Joaquin Water Conservation Strategy 
4 

 



DRAFT 

Appendix A provides a completed copy of the water systems profile worksheet 
contained in the US EPA Water Conservation Plan Guidelines. 
 
Demand Forecast 
Based on current analysis, the City is not expected to outstrip its supply capacity or lose 
ability to met peak demand over the next 10 years. The water conservation strategy will 
assist with fulfilling this outcome by providing a buffering water capacity. Using a 
projected growth rate of 2.6% and target water reduction goal of 20%, the US EPA 
demand forecast worksheet has been filled out and is available in Appendix B.   
 
Description of Water Use 
Public water includes both commercial and residential uses. In the City, 48 of the 953 
(5%) service accounts are for commercial uses.  Approximately 20% of these 
commercial accounts are metered. Of the metered accounts, they average 
approximately 210,000 gallons of water per year.  Extrapolating this water usage to the 
entire commercial sector results in yearly water usage of approximately 12 million 
gallons, which is slightly less than 5% of the total city supply.  When commercial water 
use is separated from the residential water accounts, the resulting residential supply is 
166 gpcd.  
 

Water Use by End Source
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Figure 2. Water End Source (Residential vs. Commercial) 
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The majority of water use in the City is by residential accounts. Figure 3 below shows 
the result of a 1999 national residential water use survey. 
 

US Average Residential Water Use
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Figure 3.  Average US Residential Water Use2 

 
In the United States, residential water use is typically dominated by landscape water 
use, and the City is no exception.  The ratio of water received in the sewer system can 
provide an estimate of the amount of water used on landscaping. Essentially, sewers 
capture all the water that goes down a drain:  showers, sinks, toilets, etc, and also some 
runoff from outdoor water use.  However, the bulk of landscaping water is lost to 
evaporation.  Figure 5 shows the percentage of the water supply that is not returned 
through the sewer system. Landscape water use peaks in the summer months when 
landscaping demands the most water due to raised temperatures and reduced rainfall.  
Over the course of the year, 61% of the city’s water supply goes to landscaping.  This is 
slightly more than the national average, which is consistent with the lower precipitation 
and longer growing season found in the Central Valley relative to the rest of the country, 
as well as the hard soil conditions in San Joaquin which lead to increased run off.   
 

                                                 
2 http://www.aquacraft.com/Publications/resident.htm 
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Figure 4. Percentage of Non-Sewage Water 

 
As a factor of the whole water supply, if the water used to landscape was removed or 
reduced to an insignificant value, the City’s residential water use will decrease to 65 
gpcd. The baseline water use provided by the US EPA is identical to the City’s reduced 
gpcd (Appendix B: Demand Forecast Worksheet).The US EPA recommended baseline 
water use can be seen in Table 1.  
 
 

 
Table 1. Recent Estimates of Indoor Water Use With and Without Conservation 3 

 

                                                 
3 Source: AWWA Water Wiser, “Household End Use of Water Without and With Conservation,” 1997 
Residential Water Use Summary-Typical Single Family Home- Table B1 
(http://www.waterwiser.org/wateruse/tables.html).  

City of San Joaquin Water Conservation Strategy 
7 

 

http://www.waterwiser.org/wateruse/tables.html


DRAFT 

Evaluation of Conservation Measures  
 
Water Meters 
This section will include a quantitative and qualitative discussion of potential 
conservation measures.  The first measure to be evaluated will be the installation of 
water meters on all service accounts.  Installing water meters is one of the first steps 
recommended by the EPA, and state law requires that meters be installed by 2025.  
Studies have shown that cities with metered water use up to 15% less water than cities 
without meters. When meters are used to institute a tiered pricing structure, another 
10% savings occurs.  In addition to providing customers with feedback on their 
consumption levels, service meters in conjunction with supply meters, enable a system 
to better account for leaks in the system.  The guidance from the EPA estimates that by 
installing meters water use can be reduced by 20%. 
 
The difficulty arises in the cost of the installation.  The cost to install water meters on 
existing homes ranges between $1200 and $2000.  The city of Sacramento recently 
approved funding of $20 million to install 13,000 meters ($1,538 per meter.)4  In cases 
where access to the water main requires excavation through cement, the cost of meter 
installation is even more prohibitive. 
 

Conservation Measure Worksheet - Water Meters   
Typical Water Savings (% reduction | GPC/year) 20% 33,149 
Number of Planned Installations 905  
Number of Years 10  
   
Line Item Amount Amount 
A Budget for Measure Per Unit Total Cost 

1 Materials  $              800   $   724,000  
2 Labor  $              800   $   724,000  
8 Total Program Cost  $           1,600   $1,448,000  

B Total Savings     
9 Number of Units Installed 905  

10 Per unit Water Savings (gal.) 33,149  
11 Total Annual Savings for Measure (gal.) 29,999,845  
12 Expected Life Span of Measure (years) 20  
13 Total Life Span Savings (gal.) 599,996,900  
14 Cost per gallon of Water Saved $         0.0024  

Table 2:  Water Meter Worksheet 
  
A ten year program installing 100 meter per year would cost $160,000 per year.  This is 
equal to $168 per service account per year, or an additional $14 per month per service 
account.  There are however, potential alternate funding sources, both public and 
private.  A list of potential public funding sources can be found in Appendix E of the EPA 
Water Conservation Plan Guidelines and is reproduced as Appendix C of this 

                                                 
4 http://www.sacramentopress.com/headline/13363/Water_Meter_Installation_in_Sacramento 

City of San Joaquin Water Conservation Strategy 
8 

 

http://www.sacramentopress.com/headline/13363/Water_Meter_Installation_in_Sacramento


DRAFT 

document.  The most promising source of funding is through the Department of Housing 
and Urban Developments Community Block Grant Program.   
 
Ultimately, the installation of water meters city wide would cost approximately $1.5 
million and has the potential to save 30 million gallons of water per year.  Over the 20 
year life span of the water meters, the savings would be 600 million gallons, making the 
total cost of the program approximately one-quarter of one cent per gallon.  
 
Showerhead and Faucet Replacement 
From Table 1, showers and faucet account for one quarter of indoor water use.  The 
Energy Policy Act of 1992 set the maximum flow rate of any showerhead or faucet 
manufactured in 1994 or later at 2.5 gallons per minute (gpm.)  Showerheads installed 
before this time could have flow rates up to 5 gallons per minute. For the purposes of 
this analysis, the average flow rate will be assumed to be 3.4 gpm.  Faucet flow rates 
will be assumed to be 2.5 gpm.  California Green Building Standards Code estimates 
the average shower length at 8 minutes per person and kitchen and lavatory faucet use 
at 4.25 minutes per person5.  Replacing showerheads with 2.0 gpm showerheads and 
installing aerators in the faucets to bring the flow rate to 1.8 gpm, could save an 
average of 17.75 gallons per capita per day.  Citywide, the savings potential is over 26 
million gallons per year. 
 
Replacement showerheads can be purchased for approximately $18, and aerators for 
the faucets are approximately $3 each.  The average home is assumed to have one 
showerhead and three faucets.  The installation of the showerhead and aerator is a 
quick process and can be left up to the homeowner or can be installed by a city 
employee.  These fixture upgrades are already planned to be part of the upgrades 
installed as part of the city’s low income housing rehabilitation program. 
 

Conservation Measure Worksheet - Showerheads and Faucets 
Typical Water Savings (% reduction | Gallons/year) 10% 32,394 
Number of Planned installations 905  
Number of Years 1  
    
Line Item Amount Amount 
A Budget for Measure Per Unit Total Cost 

1 Materials  $                27  $     24,435 
2 Labor  $                27  $     24,435 
8 Total Program Cost  $                54  $     48,870 

B Total Savings     
9 Number of Units Installed 905  

10 Per unit Water Savings (gallons) 32,394  
11 Total Annual Savings for Measure       29,316,344  
12 Expected Life Span of Measure 10  
13 Total Life Span Savings     293,163,438  
14 Cost per gallon of Water Saved  $         0.0002  

Table 3: Showerhead and Faucet Worksheet 
                                                 
5 http://www.documents.dgs.ca.gov/bsc/2009/part11_2008_calgreen_code.pdf  page 68 
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Replacing fixtures is over ten times more cost-effective than installing water meters.  
For an investment of less than $50,000, the City of San Joaquin could save nearly 30 
million gallons per year.  If the cost of the program is spread over five years, an 
increase in water rates by $1 per month would be able to cover the upgrade.  These 
installations are also subject to the same assistance as the water meters which could 
bring the cost to the city and ratepayers down even further.   
 
Toilet Replacement 
The other large block of water use inside the home comes from toilets.  Like 
showerheads and faucets, the maximum flow rate of toilets was fixed by the Energy 
Policy Act of 1992.   Toilets manufactured after 1994 have a flow rate of 1.6 gallons per 
flush (gpf) or less.  Toilets installed between 1980 and 1994 generally had a capacity of 
3.5 gpf and toilets installed before 1980 have capacities of 5 gpf.  For the purposes of 
this plan, the average flow rate city wide is assumed to be 3.5 gpf, and the flush rate is 
four times per person per day. 
 
Toilets vary in cost from $50 to $200 and installation costs fall in a similar range For the 
purpose of this analysis, the total cost for purchase and installation will be assumed to 
be $200.  Like the fixtures, upgrading toilets will also be a required step to 
participate in San Joaquin’s low-income housing rehabilitation program. 
   

Conservation Measure Worksheet - Toilet Replacement 
Typical Water Savings (% reduction | Gallons/year) 10% 13,870 
Number of Planned installations 905  
Number of Years 1  
    
Line Item Amount Amount 
A Budget for Measure Per Unit Total Cost 

1 Materials  $              100  $     90,500 
2 Labor  $              100  $     90,500 
8 Total Program Cost  $              200  $   181,000 

B Total Savings     
9 Number of Units Installed 905  

10 Per unit Water Savings (gallons) 13,870  
11 Total Annual Savings for Measure       12,552,350  
12 Expected Life Span of Measure 20  
13 Total Life Span Savings     251,047,000  
14 Cost per gallon of Water Saved  $         0.0007  

Table 4: Toilet Replacement Worksheet 
 
Replacing toilets has a savings potential of nearly 14,000 gallons per household per 
year with a citywide savings of 12.5 million gallons per year.  The cost to replace toilets 
would be $181,000.  Spread over five years, toilet retrofits would add $3.33 to a 
customer’s water bill.  Toilet replacement is also an activity eligible for funding 
assistance from the sources listed in Appendix C. 
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Landscaping Ordinance  
The largest single source of residential water use is landscaping.  There are several 
steps that can be taken to reduce water use for landscaping:  Selecting plants that use 
less water, providing plants with the correct amount of water, and irrigating more 
efficiently.  
 
Many species of turf grass lose as much water per day as an uncovered swimming 
pool.  By using drought tolerant species of grass or planting low water use shrubs and 
plants, the overall water needs of the landscape can be minimized.  
 
A study of Southern California homeowners done by the Irvine Ranch Water District 
showed that the average homeowner over-watered their landscaping by 40 to 60 
percent.  Plants lose water throughout the day through a process called 
evapotranspiration. This value depends on the climactic conditions and the type of 
plant. The purpose of watering a landscape is to replace the water lost through this 
process. There is no benefit to providing plants with more water than they lose.     
 
In order to minimize over-watering, the city can make watering schedules available.   
Publicizing, through postcards or flyers or city websites, how much certain plants need 
to be watered at certain times during the year has been shown to reduce the amount of 
landscape water used by up to 15%.  The City’s current ordinance that allows watering 
only on certain days is a fairly effective method of preventing over watering. Providing a 
more detailed schedule, however, would increase water savings.  Unfortunately, many 
of these gains are lost after the first year as homeowners revert to their old habits.  For 
reductions to be maintained, guidance and reminders should be an annual occurrence.   
 
A more expensive, but more effective method is the installation of a weather-based 
irrigation controller (WBIC.)  WBICs utilize real time weather data, either from in-ground 
moisture sensors or from a radio or satellite feed, to adjust the water schedule to match 
climactic conditions automatically.  These controllers are $150-$500, and require an 
irrigation system.  
 
Irrigating more efficiently can be accomplished in two ways: by using appropriately 
placed, efficient sprinkler systems and by watering at the correct time of day.  By 
irrigating during the day, a larger portion of the water used will evaporate before it can 
be absorbed by the plant or turf.  The City already has an ordinance limiting when 
residents can water.  Another factor is the placement and adjustments of sprinkler 
systems.  Incidentally, many irrigation systems also water sidewalks and driveways.  An 
audit program to adjust spray heads so they are delivering water only where it is needed 
will also help irrigation efficiency. 
 
The California Department of Water Resources recently released a model landscape 
ordinance.  The ordinance is primarily focused on new construction with landscaped 
areas greater than 2,500 square feet and existing landscapes greater than one acre.  
The ordinance provides a methodology for determining the water needs of a particular 
landscape design and requires the design to use less water than a maximum allowable 
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amount.   The ordinance also has requirements for the irrigation system, included the 
mandatory inclusion of WBIC. 
 
Below is an evaluation of a program to send out watering schedules to all 905 
residential accounts in the service area.  The assumed savings are 10% of the irrigation 
water, and the cost of the program is assumed to be $2000:  $1000 to develop the 
watering schedule and $1000 to produce and distribute the schedule.  For these 
savings to become permanent, the distribution of the schedule will need to be repeated 
every year. This effort can be funded by an $0.18 per month increase to the utility bill.  
However, with the current state of the economy, and the recent water and sewer 
rate increase, raising rates, even by this amount, is unlikely.  
 

Conservation Measure Worksheet – Watering Schedules 
Typical Water Savings (% reduction | Gallons/year) 10% 18,480 
Number of Planned installations 905  
Number of Years 10  
    
Line Item Amount Amount 
A Budget for Measure Per Unit Total Cost 

1 Materials  $             1.10  $       1,000 
2 Labor  $             1.10  $       1,000 
8 Total Program Cost  $             2.21  $       2,000 

B Total Savings     
9 Number of Units Installed 905  

10 Per unit Water Savings (gallons) 18,480  
11 Total Annual Savings for Measure       16,724,355  
12 Expected Life Span of Measure 1  
13 Total Life Span Savings       16,724,355  
14 Cost per gallon of Water Saved  $         0.0001  

Table 5:  Watering Schedule Worksheet 
 
 
Educational Program 
Homeowner behavior is the final and perhaps most important piece of the puzzle.  
Turing off the bathroom sink when brushing teeth, not leaving the kitchen sink running 
while washing dishes, and taking shorter showers are just a few behaviors, that when 
spread across an entire community, can lead to significant water savings.  
 
The ideal situation is to reinforce these conserving behaviors early.  To that end, the 
Department of Water Resources has a variety of educational materials available to 
California Teachers free of charge.  An example of a Parent/Student Water Checklist is 
provided in Appendix D6.  The checklists are often included as the capstone to a 
classroom module concerning issues surrounding water conservation.  Teachers can 
browse a variety of workbooks, activity sheets and classroom aides at the Department 
of Water Resources website.  
 
                                                 
6 http://www.water.ca.gov/education/wffcatalog.cfm 
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It is difficult to quantify exact savings from educational programs, but the EPA guidance 
suggests a 2-5% reduction is reasonable.  An evaluation of the savings potential of an 
educational program is listed below.  The potential savings is 8.2 million gallons per 
year. 
 
 
 
 

Conservation Measure Worksheet – Education 
Typical Water Savings (% reduction | Gallons/year) 3% 9,089 
Number of Planned installations 905  
Number of Years 10  
    
Line Item Amount Amount 
A Budget for Measure Per Unit Total Cost 

1 Materials  $                -     $            -    
2 Labor  $                -     $            -    
8 Total Program Cost  $                -     $            -    

B Total Savings     
9 Number of Units Installed 905  

10 Per unit Water Savings (gallons) 9,089  
11 Total Annual Savings for Measure         8,225,093  
12 Expected Life Span of Measure 1  
13 Total Life Span Savings         8,225,093  
14 Cost per gallon of Water Saved  $                -     

Table 6:  Classroom Education Worksheet 
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Summary 
 
Table 7 below displays the program cost and annual savings for each of the measures 
detailed above.   There is a wide discrepancy in the cost effectiveness of the measures.  
The City could achieve its water use reduction goal by focusing on the three most cost 
effective measures:  Classroom education, watering schedules, and shower and faucet 
retrofits.   Replacing old toilets and installing water meters have great water use 
reduction potential, but the higher cost of these measures make them impractical to 
implement in a short time frame.  If, however, outside funding for these measures can 
be secured, they should help the City exceed its water use goals.   

 
Conservation Measure Summary Sheet  
    

Measure 
Annual  Savings 

(gallons) 
Total Program 

Cost 
Gallons Saved 

per Dollar 
Water Meters 29,999,845 $1,448,000                  21  
Showers and Faucets 29,316,344 $48,870                600  
Toilets 12,552,350 $181,000                  69  
Watering Schedule 16,724,355 $2,000             8,362  
Classroom Education 8,225,093 $0  ---  
Total 96,817,987 1,679,870                  58  

Table 7:  Conservation Measure Summary 
 
 
Implementation Strategy 
 
The size of the City affords it opportunities that may not be available to a larger, more 
populous city.  It is easier to reach a greater percentage of the population and for that 
reason; a water conservation strategy can be enacted more quickly.  The City will spend 
the next 12 months laying the groundwork for its water conservation activities with the 
goal of reducing the city wide water use in 2011 to 206 million gallons (a 20% reduction 
from 2008 levels.)  
 
As a first step, the City of San Joaquin should sign up as a Promotional Partner for the 
U.S. Environmental Protection Agency’s WaterSense Program.  Becoming a partner is 
free of charge, and will give the city access to a variety of promotional materials and 
public service announcements.  Additionally, becoming a promotional partner will allow 
San Joaquin to learn what other communities are doing to reduce water use.  Additional 
information as well as the sign-up form can be found at 
http://www.epa.gov/WaterSense/partners/join/promote.htm. 
 
Beginning in the 2010-2011 academic year, students at San Joaquin Elementary School 
will receive water conservation education.  The school faculty and administration will be 
consulted about the best way to handle this, whether through in-class modules tailored 
to the different grade levels or a school wide assembly.  Every student at San Joaquin 
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Elementary will be given the Parent/Student Water Conservation Checklist (copy 
provided in Appendix D) to complete at home.  To reach those households that do not 
have children attending the elementary school, the city will host a community outreach 
event, where it will make the checklist available to any interested party.  This education 
session and the checklist will become a yearly event, by the time a child has 
matriculated to high school, they will have filled out several water conservation 
checklists with the hope that they have developed many water conserving habits.   
 
The landscape watering schedules will be distributed as bi-annual inserts in the 
resident’s utility bill.  The inserts should be included in the last bill before the beginning 
of April and the last bill before the beginning of October.  The April bill should provide a 
summer watering schedule and the October bill should provide a winter schedule.  The 
first insert to be sent out will be in the fall of 2010.  The fall insert, at a minimum, will 
provide a reminder to the homeowner to water less, regardless of whether they water by 
hand or with an automated irrigation controller.  There will, however, be more detailed 
information provided.  Specially, the insert will detail how much water should be used 
per week.  This information will be given in inches of water needed per week and in 
terms of how long an average sprinkler system will need to run.  This data can be found 
at watertight.org, a website run by the Center for Irrigation Technology at the California 
State University, Fresno.   
 
The replacement showerhead and aerator program will plan to distribute the fixtures to 
homeowners right before the holiday season of 2010.  The goal is to have provided 
replacements to every household by the start of 2011.  The overall cost of the fixtures is 
estimated to be approximately $50,000, before any rebates or grants are factored in.  
The city should investigate partnering with EPA, Pacific Gas and Electric, and the 
California Urban Water Conservation Council.  The aerator and showerhead installation 
is fairly straightforward; however, the city should make staff available on an appointment 
basis for homeowners who need assistance with the replacement.   
 
In the October 2011 bill insert, the city will include information on the city wide water use 
over the first sixth months of 2011, and compare that water use to the baseline year of 
2008.  The April 2012 bill insert will report on the water use for the entire year of 2011.  
 
Along with the above activities, the city will begin looking for funding sources for 
community wide installation of water meters.  The federal sources listed in Appendix C 
as well as state and private sources should be investigated.   
 
Most of the above is focused on existing homes.  For any future construction in San 
Joaquin, the impact on the city’s water resources could be minimized by adopting the 
Department of Water Resources Landscape Ordinance7.  Additionally, the city can 
require all new construction to be built to accommodate a greywater system.  Greywater 
systems divert water from clothes washers, bathtubs, showers, and lavatory sinks from 
the sewer in order to be used to water the landscape.  Greywater systems can save 
upwards of 10,000 gallons of water per year for an average household.  The City of 
                                                 
7 http://www.water.ca.gov/wateruseefficiency/docs/MWELO09-10-09.doc 
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Tucson has such an ordinance in place8 and can be used as a template by San 
Joaquin. 
 
Community Involvement 
Changes in individual’s behavior can often have the largest impact on reducing water 
consumption.  The ultimate success of programs aimed at changing behavior often 
depend on how effective they are at bringing about a permanent change:  in many 
cases, individuals will adopt conservative habits immediately after the program, but will 
soon revert to their original behavior.  In order to effect lasting change, it is not only 
important to change behavior, but to change the individual’s perspective. It is important 
the individuals know not only what they should do but why they are doing it.   
 
To this end, involving the community as a whole in the development of the conservation 
strategy becomes very important.   Without elevating the perceived need for water 
conservation, any change brought about through education programs would likely be 
short lived. 
 
The city can also use community outreach to assist in workforce training.  San Joaquin 
should contact government agencies and non-profit organizations in order to provide 
residents training to become water efficiency professionals.  One such organization is 
GreywaterAction.org, which offers training open to individuals of all experience and skill 
levels.  The training covers the installation of Greywater systems in existing homes.      
 

                                                 
8 http://www.ci.tucson.az.us/water/docs/graywaterord.pdf 
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Appendix A: EPA Water System Profile Worksheet 
 

Worksheet 3-1:  Water System 
Profile       

Summarize System Characteristics 
A Service Characteristics Number 
1 Estimated Service Population 4,062 
2 Estimated Service Area (square miles) 1 square mile 

B Annual Water Supply 
Annual Volume 

(gal) Percent Metered 
3 Total Annual Water Supply 258,700,000 0.12% 
C Service Connections Connections Percent Metered 
4 Residential, Single-family 598 0.00% 
5 Other 355 2.54% 
6 Total Connections 953 0.94% 

D Water Demand 
Annual 
Volume Percent of Total Per Connection 

7 Metered Residential Sales 0 0 0 
8 Metered Non-Residential Sales 2,159,630  1% 2,266  
9 Other Metered Sales 0 0 0 
10 Other Unmetered Sales 0 0 0 
11 Nonaccount Water 256,540,370  99% 269,192  
12 Total System Demand (total use) 258,700,000    271,459  

E Average & Peak Demand Volume 
Total Supply 

Capacity 
Percent of Total 

Capacity 
13 Average-Day Demand 708,767  5,040,000  14% 
14 Maximum-Day Demand 1,416,900  5,040,000  28% 

F Pricing  
Rate 

Structure Metering Schedule Billing Schedule 
15 Residential Rate $31.20  N/A monthly 
16 Non-Residential Rate $31.20  Monthly monthly 
17 Other Rate N/A N/A N/A 

G Planning 
Prepared a 

Plan Date Filed with State 
18 Capital, Facility, or Supply Plan No N/A N/A 
19 Drought or Emergency Plan No N/A N/A 
20 Water Conservation Plan No N/A N/A 
H Planning Questions Yes No Comment 

21 
Is the system in a designated critical water 
supply area?   X   

22 
Does the system experience frequency 
shortages or supply emergencies?   X   

23 
Does the system have a substantial 
unaccounted for and lost water?   X   

24 
Is the system experiencing a high rate of 
population and or demand growth?   X   

25 
Is the system planning substantial 
improvements or additions?   X   
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Appendix B: Demand Forecast Worksheet 
 

Worksheet 3.2 – Demand Forecast       

Line Item Current Year 
5- Year 

Forecast 
10 – Year 
Forecast 

A Total Annual Water Demand       
1 Current Total Annual Demand 258,700,000      
2 Current Population Served 4,062     
3 Total Demand per Capita 63,688      
4 Projected Population   4,618  5,251  

5 Projected Total Annual Water Demand   
      
294,125,875  

       
334,402,901  

6 Adjustments to forecast   
       
(25,870,000) 

       
(25,870,000) 

7 Adjusted Total annual water demand   
      
268,255,875  

       
308,532,901  

8 Current annual demand and forecast 
         

258,700,000  
      
268,255,875  

       
308,532,901  

9 Current and projected annual supply capacity 
      
1,839,600,000 

   
1,839,600,000 

    
1,839,600,000 

10 Difference between demand and supply 1,580,900,000 1,571,344,125 1,531,067,099 
B Average-Day and Maximum-Day Demand       

11 Current and forecast average day demand 
                
708,767  

             
734,948  

              
845,296  

12 Current maximum day demand 
             
1,416,900      

13 Maximum-day to average day demand ratio 
                        
2.0      

14 Projected maximum-day demand   
          
1,469,238  

           
1,689,835  

15 Adjustment to maximum-day demand forecast       

16 Current and adjusted maximum day demand forecast 
             
1,416,900  

          
1,469,238  

           
1,689,835  

17 Daily supply capacity 
             
5,040,000  

          
5,040,000  

           
5,040,000  

18 Ratio of maximum-day demand to daily supply capacity 28.1% 29.2% 33.5%
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Appendix C:  EPA List of Potential Funding Sources 
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Appendix D:  Sample Water Checklist Prepared by DWR for Classroom Education 
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