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ABSTRACT 

Water scarcity in a period of climate uncertainty necessitates exploring new avenues for 

recharging depleted groundwater. The Western United States, including the agriculturally rich San Joaquin 

Valley (SJV), is highly dependent on winter precipitation and accumulated snow pack to refill reservoirs 

for use during peak summer agricultural operations. However, severe weather patterns (such as the current 

drought) have drastically reduced both the amount and longevity of the snow pack resulting in the over-

drafting of groundwater. This study investigated the potential for managed aquifer recharge (MAR) using 

secondary treated wastewater. The approach employs an infiltration basin water balance (WB), soil 

columns (SC) infiltration tests, subsurface simulations (Hydrus modeling), and geographic soil survey data 

(NRCS SSURGO) for regional upscaling. We address the following key questions: i) Is there a correlation 

between a field-scale water balance and a soil column study? ii) What portion of applied wastewater 

effluent leads to recharge?, and iii) What is the overall potential of MAR to supplement regional recharge, 

using the southern SJV as a case study? For the soils of the southern SJV, there were strong correlations 

between soil column study and water balance approach (Slope=0.75 and Intercept=22.35 with r2=0.99). A 

WB method showed that basin infiltration rates dropped from 125.2 mm/day on day 7 to 40.6 mm/day on 

day 330. Given these infiltration rates, we estimated that 225-1220 hectares of land will be required to 

successfully dispose of 0.5-0.6 million m3/day of wastewater (generated from the four regional waste water 

treatment facility in southern SJV). Hydrus 2D simulation package also successfully modeled field 

measurements of water content and the observed water balance percentage with  recharge rates were 9.7-

68.9 mm/day depending on area, soil type, and duration of use of the reclamation basin. Utilizing NRCS 

SSURGO data, recharge rate, and volume of wastewater, it is estimated that 5.8-42.2 % of the incoming 

wastewater could contribute to recharge if directed at all the candidate infiltration zones.  California 

overdrafts approximately 2 million acre feet of groundwater annually, this associated regional MAR in SJV 

would reduce that volume by approximately 0.8-2.5%. It is important to add, however, that health concerns 

associated with reclaimed wastewater remain and need to be addressed before this approach can be fully 

embraced. 
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CHAPTER 1 

INTRODUCTION 

1.1 Background and Motivation 

While agricultural and urban users compete and debate over water use in arid and 

semi-arid regions, agriculture accounts for 80% of developed water resources in 

California (Letey et al, 2002; Rijsberman, 2006;). In the drought prone Western United 

States, groundwater is often used to fill the gap between available surface water and 

water demand for urban, agriculture, environmental, and industrial needs (Gutzler and 

Robbins, 2011). More recently, a National Aeronautical and Space Administration 

(NASA) report suggested that 41,640 million m3 (33.76 million acre feet) of water will be 

required to refill California’s over-drafted aquifers (Argus, 2015; NASA, 2015). To 

replenish depleted groundwater, many cities and counties are forced to look for 

alternative sources of water (Nelson, 2012). Artificial recharge using flood water flows 

and grey water have been widely considered as a viable alternatives (Bischel et al., 2013; 

Lund et al., 2012; Rusteberg et al., 2012).  

This work explores the potential of taking advantage of lands suitable for release 

of secondary treated water in support of recharging the aquifers.  As a test case, we study 

the southern San Joaquin Valley (SJV). On average, the four major population centers in 

the southern SJV, namely Fresno, Tulare, Visalia, and Bakersfield, generate 0.5-0.6 

million m3 (405-486 acre feet) of secondary treated water daily. This is equivalent of 

182-220 million m3 annually or roughly 0.5% of the groundwater refill requirement 

proposed by NASA. While this is a relatively modest fraction, the amount is reliable and 
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may grow over time with population growth in the SJV.  Thus, it seems prudent to 

investigate the potential for supplementing current recharge in valley aquifers using 

treated wastewater effluent. 

It is important to note that there will likely be health safety related reservations 

about water reuse, and there is enough scientific evidence to validate these concerns, 

especially as it relates to pollutants emerging from contaminants such as PPCP’s 

(Mankand et al., 2015; NRC, 2012). However, it is imperative that we start exploring 

alternatives which could potentially address those concerns because water scarcity issues 

are very real, and unfortunately projected to get worse over time.  

1.2 Objectives  

As noted above, the scientific and broader community is gradually recognizing 

the critical need to explore alternatives to traditional groundwater recharge approaches 

(Fernald et al., 2012).The purpose of this work therefore is to address groundwater 

recharge potential for the southern SJV using secondary treated water, the caveat being 

that some of the aforementioned health and safety related concerns are not directly 

addressed in this work. Our estimation method relied upon onsite measurements of 

limited soil, water, and micrometeorological parameters, and model driven predictions. In 

the following chapters we use measurements and modeling techniques to support the 

following research objectives:  

1) Develop a continuous, autonomous monitoring platform for assessing the water 

balance associated with an artificial recharge basin (and compare our monitoring 
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outcomes to those from the cognizant agency’s more rudimentary monitoring 

approach); 

2) Examine the efficacy of site-specific soil column tests for estimating the 

infiltration rate and duty cycle of an artificial recharge basin (compared to the 

full-scale basin estimates); 

3) Estimate the portion of applied wastewater effluent that results in actual 

groundwater recharge (as opposed to evaporative losses or vadose zone storage);  

4) Use the recharge data and available land estimates to upscale our pilot test 

results, providing a more realistic estimate of the potential impact of this 

approach on regional groundwater resources and; 

5) Investigate sustainable options for using the infiltrated water to grow salt tolerant 

crops (like forages, such as alfalfa and sudangrass, or fiber crops). 

1.3 Approach 

This project focuses on the potential use of secondary municipal wastewater 

effluent to enhance aquifer recharge in over-drafted, semi-arid regions.  We studied this 

problem at three scales, using:  (1) experimental soil columns, (2) an instrumented full-

scale recharge basin, and (3) regional scale computations for the southern San Joaquin 

Valley (SJV) as a case study.  We obtained soil samples and operated the full-scale recharge 

test at the Fresno-Clovis Regional Wastewater Reclamation Facility for 465 days (Oct 

2010-Jan 2012).  

  Since this study involved secondary effluent (containing suspended solid 

materials), we used soil columns to estimate the effect of clogging on representative 
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soils’ ability to transmit fluid. Previous studies have also documented the effect of 

clogging, the depth at which clogging occurs, and its onset using soil columns (Talsma 

and van der Lelji, 1976; Dillion et al. 1999; Pavelic et al. 2005). Most studies with treated 

water have reported clogging as a surface phenomenon and showed no significant onset 

of clogging until year 2-5 (Gharaibeh & Ghezzehei under review). To compare the soil column 

findings to basin study results, we used the water balance approach. 

Water balance and soil columns provided infiltration data as a surface 

phenomenon and so we needed an additional approach for translating observed 

infiltration rates to groundwater recharge rates. Because the depth to groundwater may be 

substantial in arid and semi-arid environments, such as the SJV (Delfs, 2013; Hillel, 

2012), we elected to use an unsaturated flow model to simulate the connection between 

infiltration and recharge. Specifically, we chose the Hydrus 1D and 2D models. 

Estimated recharge potential obtained from the method above was used to extrapolate our 

findings to the overall southern SJV (mainly within areas proximate to the RWRFs at 

Tulare, Visalia and Bakersfield). 

1.4 Dissertation Overview 

The subsequent chapters detail our research approach and findings. Chapter 2 

contains a detailed account of the methods for assessing recharge in our columns and the 

test reclamation basins. Chapter 3 provides the results from the column, basin water 

balance, and analysis of these results using computational modeling and explores the 

scale-up potential in the context of the southern SJV, and Chapter 4 summarizes the key 

findings and implications of this work, and proposes next steps from our research agenda.  
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ABSTRACT 

In water-scarce regions, groundwater is often used to close the gap between variable surface 

water supplies and relatively steady urban, agricultural, industrial, and environmental water 

demands. To address this groundwater overdraft problem, artificial recharge using flood water 

flows and grey water have been widely considered as a viable alternative. In this paper, we 

present infiltration results from experimental soil column study using soils from a reclamation 

basin and water balance data from the same reclamation basin (area 69,808 m2 or 17.25-acre) at 

the Fresno-Clovis Regional Wastewater Reclamation Facility (RWRF). The Hydrus computer 

modeling simulating one-dimensional unsaturated soil water movement, was also used to estimate 

deep percolation leading to recharge. The primary concern before the start of this study was the 

potential for basin soil clogging, so laboratory soil columns experiments were setup to understand 

and predict the onset of clogging. Most utilities in-charge of managing grey water desire site-

specific tools for quantify the amounts percolated through the recharge/reclamation basins and 

assessing the need for engineering interventions (e.g. raking). This work describes the methods 

and results obtained from a series of twenty four experimental columns, and water balance results 

from basin study operated over a period of 465 days. The column method consistently reported 

water balance at 33% higher rate in the 40-125 mm/day range, and were closely correlated 

(Slope=0.75 and Intercept=22.35 with r2=0.99). The initial infiltration rates at 7-10 days were 

similar (130 mm/day, S.E=1.2) for all columns and the water balance method. The infiltration 

rate dropped to 43.1%, 60.6%, and 53.1% for soil column control, soil column treated, and water 

balance respectively at the end of day 210, which was 7% lower for the treated soil columns 

compared to the water balance. Utilities could consider the use of small, inexpensive 

column experiments to estimate the infiltration potential of their given soil type using 

secondary treated water. 
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2.1. Introduction 

In water-stressed regions, groundwater is used to narrow the gap between water 

demand and supplies from surface water and inter-basin transfers (Arnell et al. 2001). 

This often results in groundwater overdrafting, which can create short-term (e.g., 

inadequate well depths) as well as longer term water resource sustainability challenges.  

Other problems associated with groundwater overdraft include reductions in streams flow 

and reduced aquatic habitat, degradation of groundwater and surface water quality, and 

increased potential for sea water intrusion and land subsidence (Gallardo, 2009; Harvey 

et al. 2007;Werner, 2009;; Zektser et al. 2005).  

Groundwater overdraft is a problem that is challenging to overcome in a short 

time period. First, recharge is one of the more poorly understood components of the 

hydrologic cycle. Second, the rate of groundwater replenishment (recharge) is slow 

comparative to the rates of groundwater withdrawal. A recent multi-agency map (Figure 

1) chronicles the increasing deficit that we are facing nationwide.  

 

Figure 1: Multi-agency, drought monitor map, shows the impact of drought in the United 
States, predominantly in the west. 
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In snow-dominated watersheds, such as in the semi-arid western U.S., the 

changing climate threatens to aggravate this problem by reducing the amount and 

longevity of our annual snow pack (Lettenmaier et al., 1999; Sophocleous, 2004). To deal 

with threats to the environment and water supply from overdraft of groundwater sources, 

artificial recharge of groundwater is considered a potential option in California and other 

semi-arid regions (Racz et al., 2012). 

Excess stream flow, agricultural runoff or treated wastewater are some of the 

potential sources of water for artificial recharge (Bouwer, 2002; Greskowiak et al., 2005; 

Massmann at al., 2008; Prommer and Stuyfzand, 2005). One common managed aquifer 

recharge (MAR) method is the use of a surface infiltration basin (Racz, 2012). 

Maintaining an efficient surface infiltration basin requires maintaining relatively high 

hydraulic conductivity in the vadose zone. Generally, the hydraulic conductivity is 

relatively high in the beginning but decreases over time because of physical, chemical, 

and biological processes (Bouwer, 2001).  

In a host of studies, accumulation of suspended solids from the wastewater in the 

soil pores caused progressive clogging (Knowles et al. 2011; Ripley and Saleem, 1973; 

Sou et al. 2013; Vigneswaran and Suazo, 1987; Viviani and Iovino 2004; Wood and 

Signor, 1975). Studies in the past have documented the effect of clogging, the depth at 

which clogging occurs, and its onset at various stages of laboratory studies (Talsma and 

van der Lelji, 1976; Winterer, 1922, 1923).  

Early studies using soil columns have documented the variation in water flow 

through soils, where temporal decreases in saturated hydraulic conductivity were 
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observed (Green and Ampt, 1911). Similar studies were done using industrial and 

domestic waste waters as there were practical difficulties with disposal of these waters 

due to the drastic reduction in hydraulic conductivity over time (Goss et al., 1973; Laak, 

1970; Marchand, 1971).  These early studies attest to the importance of temporal changes 

in saturated hydraulic conductivity (Baveye et al., 2010). Restricted flow as a function of 

decreases in soil permeability can be attributed to filtration processes leading to the 

gradual reduction in pore space and changes in friction coefficients in soils (Bear, 2012; 

Dullien 2012; Matthews et al., 2010). These changes in the soil pore structure are not 

purely physical in nature; they are a combination of biological/microbial, chemical, and 

physical factors (Baveye et al., 1998; Chadwick et al., 1974; Jawson, 1976; Kreissl, 1978; 

Metzger et al., 1983; Vandevivere and Baveye 1992; Warner et al., 1994). 

Surface infiltration basin projects are most often operated in arid and semiarid 

climates, where not all of the applied water replenishes the underlying aquifer. Some of 

the water evaporates, some infiltrates but is retained within the vadose zone, and the 

balance continues to the water table through saturated or unsaturated flow processes.  The 

latter portion depends strongly on soil conditions and separation between the inverted 

water table (beneath the spreading basin) and the natural water table below (Heilweil, 

2007; Izbicki, 2008; Racz, 2011). The infiltration process may occur as both conventional 

unsaturated flow (Richards’s equation) and preferential flow following macro-pores or 

fissures in the soil horizon (Hendrick and Flury 2001). Beyond hydraulic considerations, 

surface chemistry and colloidal transport processes also play critical roles as filtration 

tends to clog the soil, reducing the efficiency of the surface infiltration basin operation 

(Bradford and Torkzaban, 2008; Hiemenz and Rajagopalan, 1997).  This is particularly 
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true when storm water or reclaimed wastewater is the source water. Understanding these 

processes is important both in terms of determining the suitability of a surface infiltration 

basin site and managing the site operationally (e.g., basin raking events).     

  Treated municipal or industrial wastewater has long been recognized in terms of 

advantageous second use potential (Asano, 1998; Asano and Levine, 1996; 

Tchobanoglous and Burton 1991).  In recent years, mounting water costs combined with 

the massive shortage of water have provided new incentive for using treated wastewaters 

for reclamation and recharge, but implementation requires knowledge of potential 

recharge rates which may be uncertain (Taylor et al., 2013; Gleeson et al.,2012). It is 

important to add that the amount of treatment required, depends on the specific reuse 

objectives and on the accompanying water quality requirements (Ramalho, 2012).  

In spite of its potential, there remain concerns about the use of secondary treated 

water for recharge.  These concerns are generally related to potentially negative health 

impacts. In recent years, as the use of reclaimed water has become more prevalent, 

research has focused on the retention and transport of colloids, including pathogens, in 

the vadose zone. Under unsaturated flow conditions, reduced colloidal movement and 

reduced water movement has been demonstrated, compared to saturated flows (Auset and 

Keller 2004; Han et al. 2006; Sirivithayapakorn and Keller 2003). Additionally, there are 

growing concerns about presence of emerging contaminants, such as pharmaceutical and 

personal care products (PPCPs), linked to the use of domestic wastewater discharge 

(Drewes et al. 2003). However, as freshwater becomes scarce and we strive to introduce 

reused water into our daily lives, efforts will have to be made to understand and 
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overcome risks, both real and perceived. In other words, broader adoption of reused water 

will require changing the public’s outlook towards reused water, and focus our attention 

towards where and how recycled water is derived from, managed, recycled, used and 

priced (Grant et al., 2012).  

Studies have demonstrated that when adequate hydraulic conditions are achieved, 

surface infiltration under saturated conditions considerably improves infiltrated water 

quality. The extent of improvement depends on the wastewater pretreatment levels, soil 

type, and the depth of the groundwater (although the water will not likely be close to 

drinking water standards without advanced pretreatment). However, the estimated cost 

and energy requirement associated with this process (soil as the bio-filter) is considerably 

less than that of in-plant treatment (Crites et al., 2014). While we recognize these health 

and safety concerns, associated with wastewater reuse, this study was not designed to 

understand how recharge with secondary treated water influences people’s health. As 

noted before, this study was focused more narrowly on estimating the infiltration capacity 

of secondary treated water in a typical Western U.S. semi-arid region.   

This study strives to identify and assess the parameters that influence infiltration 

at a reclamation site using secondary treated effluent.  The study is situated in San 

Joaquin Valley, CA region, one of the worst hit regions in terms of water shortage and 

drought in recent years. Four key aims addressed in this research were: 1) To investigate 

the use of soil columns to estimate duty cycle of a basin long term, 2) To assess the 

correlation between basin water balance and soil column based infiltration rate and duty 

cycle estimates, 3) To compare the cognizant agency’s “simple” infiltration rate 
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observations with our continuously monitored infiltration rates, and 4) To identify 

sustainable options for use of the infiltrated water from reclamation wells.  

2.2. Methods 

In this study, the focus was on understanding the longitudinal (time dependent) 

behavior characteristics of infiltration rates, we used a three-pronged approach to 

measure infiltration rate and recharge potential using secondary treated water. Our 

approach involved: i) conducting experiments with soil columns using soil and water 

from the utility site, ii) taking continuous onsite measurement of inputs to the reclamation 

basin for 465 days, and  iii) conducting 1D modeling exercises using observations from 

the two methods above to estimate basin recharge potential from infiltration rates. The 

soil column data were used to estimate the infiltration rate over an extended period of 

time in order to establish the duty cycle (time between management actions) for the 

infiltration basin. Continuous real-time data from the reclamation basin were used to test 

a modern instrumentation approach (relative to conventional utility assessment 

approaches) for estimating the infiltration rate and to test the relevance of the soil column 

results to the field observations.  This study is innovative as it is among the first to 

compare continuously assessed infiltration rate with the utilities infiltration rate.  

2.2.1 Location 

Data were collected continuously from 17 October 2010 to 25 January 2012 at 

Fresno-Clovis Regional Wastewater Reclamation Facility (RWRF) reclamation basin 

number 3, located southwest of Fresno CA (36 ° 41’ 59.84 “N, 119° 53’ 48.73” W). 

Fresno is the fifth largest city in California, and is in the center of the San Joaquin Valley. 
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At its current capacity, the RWRF (Figure 2) facility is a biological, secondary level 

treatment plant meeting the Title 22 California Code of regulation and can be used to 

grow fiber crops, not crops for human consumption. The secondary effluent discharges 

into 101 reclamation basins varying in size from 49 - to 60 hectares each. The soil acts as 

a filter with the infiltrating water and the consistent infiltration forms a groundwater 

mound underneath the basin. A series of shallow reclamation wells then extract the 

infiltrated water from the mound and discharge the water into Fresno Irrigation District 

canals for supply to farm lands. On average, the Fresno RWRF extracts 29.6 million m3 

of water from the shallow reclamation wells and supplies to Fresno Irrigation District on 

a need per basis.  Additionally, about 12%-15% of the secondary treated water goes 

directly to farmers leasing land within the RWRF or to nearby farmers where they mainly 

grow forage like alfalfa, corn, or sudan grass and the balance is sent to the reclamation 

basin for disposal.   

 
Figure 2: Satellite image of Fresno RWRF obtained from Google Earth, basin #3 marked 
by the black circle is on the South West corner of the treatment facility, located at 5607 
W Jensen Ave, Fresno, Ca 93706. 
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The study basin (number 3) is 6.9 ha or 17.25 acres in area and sits on top of 

sandy loam, loamy sand, and sandy clay loam soil textures with average saturated 

hydraulic conductivity values ranging from 12 to 122 mm/day (National Resources 

Conservation Service (NRCS) SSURGO Soils database and laboratory analysis of site-

specific soil samples). The climate in Fresno is Mediterranean with an average annual 

high temperature of 37 °C and average low of 13 °C.  The average annual precipitation is 

280mm with majority of the rainfall occurring November to April. Reclamation basin 

number 3 was maintained with an average water depth of 90-122 cm during the 465 days 

of the study period.  

Fresno-Clovis RWRF tracks the infiltration rate of their 101 reclamation basins 

throughout the year. This helps them maintain the inventory of their basins and plan the 

movement of the treated water through their network of open canals. To estimate basin 

infiltration rates, they use a simplified water balance approach, which takes into account 

water inflow duration, basin area, assume 70% of evapotranspiration rate from California 

Irrigation Management Information System (CIMIS) as evaporation, and periodically 

(weekly or bi-monthly) estimate the height of water column at staff gauge. Their 

infiltration measurements are not done on a daily basis but normally coincides with the 

dates they take the staff gauge measurements. We reviewed the saturated infiltration rate 

records for Fresno-Clovis from 2010-2013 for all basins in order to estimate their 

maximum and minimum infiltration rates. The highest infiltration rate reported from all 

basins was 152.4 mm/day and lowest was 12.7 mm/day.  Basin 3 was put into operation 

from Oct 17 2010, and the RWRF staff began tracking it on 1 Nov 2010. According to 

their data basin 3 had the highest estimated saturated infiltration rate of 76.2 mm/day for 
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the first 14-150 days (Nov to Mar 2011). The estimated rate dropped to 69.9 mm/day for 

the next 151-210 days (Apr-May 2011), followed by 35.5 mm/day for the next 211-331 

days. The final infiltration rate estimate at the end of Dec 2011(day 440) was with 12.7 

mm/day.  

2.2.2 Soil Column experiments 

  A total of 24 soil columns (height: 61 cm, diameter: 11.4 cm; packed inside clear 

plexi-glass tubes) were used (Figure 3) to test soil samples collected from three locations 

within the reclamation basin (to a depth of 60 cm): east, middle, and west (Table 1). Soils 

were collected in 15 cm increments up to a depth of 150 cm and separated into different 

buckets. The soils were air dried in the laboratory and disaggregated using a laboratory 

soil grinder to aid in packing the soil columns to the same bulk density as the field. A part 

of the homogenized air dried sample was analyzed for soil texture using ASTM D422-

63(2007) e2 method. Also, method ASTM F1815-11 was used to determine porosity and 

bulk density for undisturbed soil cores collected at the same depths as above.  

 
Figure 3: Layout and design of the 24 soil columns. The two tanks on top provided 
constant head of water for the soil columns during the test. 
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Of the 24 soil columns, 18 soil columns (6 each from locations east, middle and 

west) were wrapped in black paper to prevent exposure of light along the length of the 

column, similar to natural environment. The six remaining columns (soil from the middle 

location) were exposed to light in order to ascertain the effect of light on infiltration rate 

if any due to clogging caused by ambient light. These six columns exposed to ambient 

light along the length of the column were split into three replicates each for treatment and 

control respectively. The replicated pairs mentioned above (Figure 3) were split into two 

pairs at the beginning (treated and control) of the experiment, where the first pair 

designated as treated, received treated wastewater from the treatment plant. The other 

pair designated as control, received potable drinking water (Table 2). Two separate tanks 

were used to provide the columns with water. Both tanks were located at an identical 

fixed elevation of 60 cm above the columns to supply a constant pressure head to the 

columns below.  To assess the column discharge rates, the volume of water exiting each 

column was collected individually and measured as a cumulative volume for that column 

every 24 hours. Flow rates were converted to hydraulic conductivity estimates using 

Darcy’s Law (equation 1). 

     Q/A= K (Δh/ΔL)    (1)  

where Q [L3/T] is flow, K [L/T] the hydraulic conductivity of the porous media, Δh/ΔL [-

] the hydraulic gradient, and A [L2] the cross section area. All the recorded flux data 

(collected daily on a 24 hour basis) were averaged to get the everyday values.   

 

 



20 
 

 
 

 

Table 1: Soils classification data for basin 3 at various depths. 

Depth  Porosity Bulk Density % Sand %Silt %Clay ESP USDA Soil Type 
cm % g/cm3 % % % % Classification 
0-60 41.8 1.43 46.8% 22.5% 30.7% 5.95% Sandy Clay Loam 
60-120 47.6 1.34 56.7% 28.3% 14.9% 3.76% Sandy Loam 
120-180 32.6 1.46 86.0% 5.0% 9.0% 2.44% Loamy Sand 
180-240 39.6 1.42 89.5% 1.5% 9.0% 2.27% Sand 
240-300 42.6 1.47 70.0% 9.0% 21.0% 3.66% Sandy Clay Loam 
300-360 53.2 1.52 42.6% 28.5% 29.0% 4.22% Clay Loam 
360-420 43.6 1.46 56.6% 14.5% 29.0% 3.15% Sandy Clay Loam 
420-480 44.3 1.45 54.6% 24.5% 21.0% 2.36% Sandy Clay Loam 
480-540 45.6 1.54 58.3% 20.7% 21.0% 2.04% Sandy Clay Loam 

The maximum and minimum air temperatures at the reclamation basin site for the 

period of the study were 38.7 °C and -2.0 °C, respectively, with an average of 15.83 °C. 

The soil columns had maximum and minimum air temperature of 41.3 °C and -2.35 °C 

respectively, with an average of 16.7 °C. At any given point of time the difference in the 

air temperature of these two locations were between 0.35 and -2.64 ° C (Figure 4).  

 
Figure 4: Air temperature records for the basin and soil column experimental setup 
during the course of the study. The secondary axis shows the difference between the air 
temperature near basin and the soil column experimental setup.   
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It is well documented that temperature has an effect on the viscosity of water, 

which changes by approximately 2%/°C in the of 15-35°C temperature range, and this 

change is responsible for an estimated 40% change of infiltration rate between the 

summer and winter months (Barga et al., 2007; Lin et al., 2003).The basin experiment 

was conducted in the open while the soil column experiment was in a confined 

environment, leading to some difference in temperature between the two location. Our 

record of the measured hourly air temperature at both locations indicate some variation. 

This variation in the air temperature difference between laboratory and field conditions 

(basin) altered the viscosity of water modestly. However, these temperature variations are 

not actual difference in water temperature which directly dictates the change in viscosity 

but rather difference in measured air temperature. Water temperature at these locations 

were more likely to be stable (since we had at least 120 cm of water on top of our soil at 

both locations) than air and the water in the storage tanks possibly buffered some of these 

difference, therefore the resulting effect on viscosity were possibly less drastic. 

Moreover, even if the entire difference in temperature was in air, we it considered to have 

affected the temperature of water on a 1:1 ratio.  The maximum difference in water 

viscosity levels due to temperature variations (maximum and minimum at 0.35 and -2.64 

° C) were found to be very minimal at 5.47 x 10-8 m2/s to 7.3 x 10-9 m2/s, than at the 

standard temperature of 25°C, but we took that into account in our overall infiltration 

calculation.  
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Table 2: Water quality data for secondary treated water and control water used for this 
study. 

Parameters Units 
EPA 

Method 
Source: Secondary 
Treated Water Tap Water 

pH   - 150.1 7.51 7.69 
Conductivity  µmho/cm 120.1 853 222 
TDS        mg/L 160.1 448 104 
TSS          mg/L 160.2 <5 <5 
Ammonia N   mg/L 350 15 0.15 
Nitrate N   mg/L 353 3.6 0.12 
TKN        mg/L 351 17 <2 
Chloride   mg/L 325 89 104 
O-Phosphate  mg/L 365 0.47 <0.02 
Sulfates mg/L 375 35 1.5 
Total Organic Carbon mg/L 415.1 . . 
Alkalinity Total  CaCO3 mg/L 310.1 230 102 
Calcium mg/L 200.7 29.2 16.2 
Iron   mg/L 200.7 0.07 <0.05 
Magnesium    mg/L 200.7 14.6 5.35 
Manganese   mg/L 200.7 0.03 <0.005 
Potassium  mg/L 200.7 19 4 

 

2.2.3 Water Balance 

To estimate the whole basin infiltration rate on a daily basis, we used a water balance 

approach (equation 2): 

I = V + P – E - ΔV      (2) 

Water balance estimates varies with time but do not fluctuate substantially on an 

hour by hour basis for the infiltration basin (beyond the initial flooding period), for this 

large scale study the estimate was limited to daily basis to keep the modeling inputs 

within reasonable means. In a water balance approach, the infiltration (I) is a summation 

of total water input (V), precipitation (P), evaporation (E) and change in the basin volume 

(ΔV).  

To monitor the infiltration rate (I) using water balance method, we installed an 

automated data acquisition system with five CR1000 data loggers (Campbell Scientific 

Inc., CR1000, Logan UT) along with 900 MHz radios (Campbell Scientific Inc., RF401, 
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Logan UT), which communicated to a phone network. Three systems were placed in the 

basin at locations: east, middle, and west, to coincide with the soil cores location used for 

the soil column study.   For each of location, we installed a Hydra Probe II (Stevens 

Water Monitoring Systems, Hydra II, Portland OR) that logged volumetric moisture 

content, temperature, and salinity (soil electrical conductance) at 0.6, 1.5, 3.0 and 5.5 m 

below the basin (Figure 5 & 6) every 15 minutes. The fourth station was installed next to 

the water inlet (SW Corner of the basin) and logged the cumulative volumetric input over 

time (V) to the basin using a magnetic water meter (EuroMag International, MUT220EL, 

Mestrino Italy), basin change in depth for estimating the active volume (ΔV) using 

pressure transducers (Global Water, WL400, College Station TX), rainfall (P) using a 

 
Figure 5: Reclamation Basin 3 at City of Fresno RWRF was instrumented with various 
sensors for the water balance and modeling work. The figure on top shows the aerial view 
of the basis, while the two schematics on the bottom shows the sensor layout.   
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digital tipping rain bucket (Texas electronics, TE525, Dallas TX). Evaporation (E) was 

estimated using Penman 1948 mass transfer equation(2) with the aid of a wind speed 

(RM Young, 5305, Traverse City MI), relative humidity sensor (Campbell Scientific Inc., 

HMP45C, Logan UT), air temperate (Campbell Scientific Inc., FW3, Logan UT) and 

barometric pressure (Campbell Scientific Inc., CS100, Logan UT) (Figures 6). This 

station on site collected data every 15 seconds and averaged it every 15 minutes before 

relaying it to the fifth (the base station) located about 1 km away near the treatment 

facility main office.  The base station relayed the data to the server at California State 

University, Fresno daily at midnight using a phone system and modem (Campbell 

Scientific Inc., COM220, Logan UT). The central server computed the water budget data 

for the day at midnight after receipt of the data transmission and compared that to the 

acceptable high and low values for the soil type from the site. 

 Water flow into the reclamation basin is a key component of the water balance 

calculation. Inadequate installation and design of flow measuring instruments has 

resulted in underestimation of vertical hydraulic conductivity (Bomana et al. 1997). In 

our study site, accurate measurement of inflow of water into the reclamation basin 

provided some additional challenge as treated secondary water is normally moved around 

the RWRF facility using a series of open channel. Some of these channels are lined V-

concrete channels while the rest are unlined earthen drains. Accurate measurement of  

flow in open channels presents some challenges (Bos et al., 1984; Shiono and Knight, 

1991; Chanson, 2004). Our study reclamation basin 3 was connected to the open channel 
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through an underground pipe that interfaced with a screw gate, creating issues with 

construction of a simple flume for flow measurements (Samani and Magallanez, 2000).  

We estimated that we needed a pipe size of over 50 cm to keep up with inflow to the 

basin.  Flow meters for this pipe size were found to be prohibitively expensive. To 

address this issue, we built a standpipe assembly at the end of the underground pipe and 

connected that to two 30 cm diameter pipe for outflow; this also helped stabilize the 

water before it reached the measurement outlet. The two 30 cm diameter pipes were of 

same length and were levelled horizontally at the same elevation (Figure 6).  An 

electronic magnetic meter providing minimal head loss was installed in one of the 30 cm 

diameter outlet pipes for flow measurement (Shinn et al., 2002; Belanger and 

 
 
Figure 6: Instrumentations setup for basin 3, the three pond instrumentation location at 
were West, Middle, and East as shown in the bottom left image. The image on the bottom 
right show the modified standpipe assembly for measurement of water inputs. 
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Montgomery, 1992; Fellows and Brezonik, 1980). We tested and calibrated the magnetic 

flow meter at the International Center for Water Technology (ICWT) laboratory before 

installation and at the end of the study. We then calculated total flow by doubling the 

flow meter value.  

The water supply to basin 3 was managed by the RWRF in consultation with the 

research team. Average flow rate in the basin were maintained at about 4.5 m3/min with 

the aid of the screw gate adjustment.  Once the basin was initially filled, water levels 

were maintained at depths ranging from 90-122 cm.  We tracked the pond level changes 

with the aid of the aforementioned pressure transducers and a barometric sensor.   

To account for direct precipitation on the basin, we used two tipping buckets, one 

located 2 m above the water surface in the middle of the basin and the other along the 

shore 2 m above the ground surface. The tipping buckets were inspected and calibrated 

on a biweekly basis.  Data from the tipping buckets were averaged and compared against 

the National Weather Service (NWS) and CIMIS network for Fresno area. The data from 

the two tipping buckets agreed consistently but the overall data varied by about 7-12% as 

compared to the CIMIS and NWS, which can be attributed to local conditions.  

Evaporation, a major component of water balance studies in arid/semi-arid 

settings like Fresno, involves interaction between components of soil, plants (if any) and 

the micrometeorological conditions (Xu and Singh, 1998). Evaporation primarily 

depends on supply of heat energy and the vapor pressure gradient, which indirectly 

depends on micrometeorological factors like temperature, wind speed, solar radiation, 

water quality, and atmospheric pressure (Stewart, 1976; Morton, 1968; Ferguson, 1952). 
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Evaporation rates from saturated soil surface and free-water evaporation from open 

basins are estimated the same way using potential evaporation (Bartholomeus et al., 

2015; Winter et al., 1995; Panu and Nguyen, 1994). According to Xu and Singh (1998), 

the Penman (1948) method represents the best estimation of evaporation, agreeing most 

closely with pan evaporation.  For this study, we used the Penman approach (3) to 

estimate evaporation from the basin. 

E = 0.35(1 + 0.24u2)(e0 –ea)   (3) 

where, E is free water evaporation, u2 wind speed at 2 m height in m/s, and e0 and ea 

represents saturated and actual vapor pressure in mb respectively. To capture temporal 

changes in evaporation, we instrumented the station in the middle of the basin with, wind 

speed and direction sensors at 2 m height along with relative humidity sensor and 

barometric pressure sensor to calculate the rest of the parameters needed to estimate 

evaporation. Estimated evaporation rates were compared with evaporation rates reported 

by the National Weather Service and the CIMIS network (station #80). On-site estimates 

of evaporation were typically 2.7-6.9 % lower that CIMIS station#80, it is believed that 

the basin’s proximity to other water bodies (basins) led to some cooling effect in the 

micro-climate compared to the CIMIS weather stations. CIMIS weather stations are 

normally located on open fields with no water body in close proximity.   

 When water is added to the reclamation basin, the height of the water in the basin 

either increased or decreased depending on the rate of inflow relative to the infiltration 

and evaporation rates. The change in volume was positive when the height of water in the 



28 
 

 
 

basin increased and negative when the water height decreased. This was captured by the 

level sensor (pressure transducer with an accuracy of ± 0.2% over the 0-150 cm range). 

On a bi-weekly basis, all sensors with the exception of the ones buried in the soil, 

were inspected and tested against known calibration samples/standardized method. Any 

anomalies in the test results were flagged, with these accounting for less than 0.52 % of 

the total data set. Any flagged or missing meteorological data were replaced with data 

from the nearby CIMIS station #80. Flagged or missing underground sensor data were 

replaced with the average from the two other station locations in the basin. 

The total precipitation measured at the site was 69.6 mm which was 11.1% higher 

than the amount of precipitation reported by two nearby CIMIS stations. Similarly, 

Evaporation data estimated using Penman (1948) during our study was 69.32 mm, which 

is 77.31% of the ET reported by nearly CIMIS network. The differences are mainly a 

function of the local conditions, like close proximity to water bodies (reclamation basins) 

and open land area, compared to the urban settings of the CIMIS stations. 

 The 15 minute data for flow rate (V), change in volume (ΔV), precipitation (P), 

and evaporation (E) were aggregated into hourly data to estimate the hourly infiltration 

rates; final data reported for this paper were converted into daily averages. Even though 

the instrumentation was setup to collect data at 15 minutes interval, our estimation 

showed minimal difference with every progressing hour (after the initial wetting period). 

Therefore to keep the number of model inputs reasonable the data was summarized for 

daily basis. Also, given the scale of this study, the emphasis was on estimating on a 

relatively broader timescale rather than estimate it on a minute by minute basis.  
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2.2.4 1D Modeling using Hydrus 

Soil column and water balance method provides estimates on the amounts of 

water that infiltrates the soil surface, however it in not an indicator of the amounts that 

reaches the groundwater. To estimate the amounts of infiltrated water that contributes to 

recharge, computer modeling was needed. The Hydrus 1D version 4.16.0110 (Simunek, 

2005) simulation package was used to simulate water movement at deeper depths using 

van Genuchten-Mualem single porosity soil hydraulic properties model: 

𝑆𝑆𝑒𝑒 =
Ɵ − Ɵ𝑟𝑟
Ɵ𝑠𝑠 − Ɵ𝑟𝑟

= [1 + (𝛼𝛼ℎ)𝑛𝑛]−𝑚𝑚 , h < 0,𝑚𝑚 = 1 −
1
𝑛𝑛

  

𝐾𝐾(𝑆𝑆𝑒𝑒) = 𝐾𝐾𝑠𝑠(𝑆𝑆𝑒𝑒)0.5[1 + (1 − 𝑆𝑆𝑒𝑒1/𝑚𝑚)𝑚𝑚�
2
 

where 𝑆𝑆𝑒𝑒 is dimensionless effective fluid saturation, Ɵ𝑟𝑟 and Ɵ𝑠𝑠 residual and saturated soil 

water content [L3L-3], 𝐾𝐾 is hydraulic conductivity [LT-1], 𝐾𝐾𝑠𝑠 is the saturated hydraulic 

conductivity [LT-1], 𝑛𝑛 and 𝑚𝑚 dimensionless shape parameters, and 𝛼𝛼 is a scale parameter 

inversely proportional to mean pore diameter [L-1] ( van Genuchten 1980). 

To estimate the recharge potential, the bottom of the model domain was set at 18 

m below ground surface (at the average GW level) with observation nodes placed at 0.5, 

1.5, 3 and 5.5 m depths to replicate sensor position in the reclamation basin number 3( 

Figure 7). Time units were set in days, and time- variable boundary conditions for each of 

the 465 days were pressure head (from the level logger), time dependent soil temperature 

at the soil surface boundary, and time dependent temperature of the incoming water (all 

of which were imported from the weather station and pond station middle) (Table 4). 
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Time series for meteorological and soil data were obtained from the middle station only, 

and the results from the three stations were quite similar. 

Soil volumetric water content collected by the Stevens Hydra Probe II at 0.5, 1.5, 

3 and 5.5 m depths was used as part of the inverse solution to optimize the soil hydraulic 

parameters. The soil water content values were corrected for soil type and water quality 

by running calibration equation in the laboratory prior to installation and corrected for in 

the logging program. Even though the soil moisture sensors were logging data every 15 

minutes the input data to the inverse solution was limited to 15 minutes for the first 15 

days then expanded to 3 hours for the next 15 days followed by every 3 hours for the next 

30 days and then to once a day (this was done to keep the inverse data points to under 

9860 records). For the water flow boundary condition, the upper layer was set to variable 

pressure and the lower boundary condition set to deep drainage.  
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Figure 7: The soil profile geometry, soil type, and the location of the observation nodes 
within the profile. The observation nodes denoted by the white circles represents the 
Stevens Hydra Probe II at 0.5, 1.5, 3.0 and 5.5 m below the basin surface. The profile 
shown is not to scale  

 

The total number of soils layers were limited to four (top layer Sandy loam, next 

layer Loamy sand, followed by Sand  and again Loamy Sand as the bottom layer). Table 

3 shows the ranges of hydraulic parameters of the four soils that were fitted. Ks values 

for the top layer was chosen from the soil column experiment (since the height of the soil 

column accurately represented the height of the top soil layer in the basin and in the 

model). For the bottom soil material ( loamy sand), we used the Ks ranges using the sand, 



32 
 

 
 

silt, clay content of the actual soil along with the bulk density (Table 1) used as input to 

the US Salinity labs Rosetta soil parameter estimation model. The hydraulic parameters 

were optimized first for the top layer followed by next layer below the bottom layer, 

sequentially for Ɵ𝑟𝑟 , Ɵ𝑠𝑠, 𝛼𝛼, 𝑛𝑛 , and 𝐾𝐾𝑠𝑠. The optimization process had to be repeated 

several times until no further improvement was noticed for water balance % and model 

residuals. 

Table 3: Hydrus 1D modeling parameters. 

Variables Conditions Selection 

 Water flow Yes 
Main Process Heat Transport Yes 
    

Inverse function 
Soil Hydraulic Parameters & Resident 
Concentration Yes & data points 9860 

Geometry Information 
Number of Soil Material 4 
Number of Layers for Mass Balance 4 
Depth 1800cm 

Time Information 

Time Units Days 
Initial time step 0.001 
Final time step 465 
Time Variable Boundary Condition 465 
Meteorological data 465 

Soil Hydraulic Model 
van Genuchten-Maulem, with Air Entry 
and No Hysteresis   

Water Flow Boundary 
Condition 

Upper Boundary Condition 
Atmospheric BC with 
Surface layer 

Lower Boundary Condition Deep Drainage 
Heat Transport 
Boundary Condition 

Upper Boundary Condition Temperature BC 
Lower Boundary Condition Zero Gradient 
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2.3. Results  

2.3.1 Soil Columns 

  Soil column experimental data collected over the 330 day period were analyzed 

for infiltration rates, and compared with the mass balance method; compared within the 

three location and compared for differences in quality of the water used in the infiltration 

experiment (Figures 8-12 and Table 4).  

For the columns blocked from sunlight, there was a considerable difference 

between the treated and control soil after several months of operation. At day 7, the 

behavior of the treated and control columns was roughly the same (Figures 8, 9, 10 & 11; 

Table 4), with the treated column infiltration averaging 129.3, 133.9, and 128.5 mm/day 

(S.E =1.61) for east, middle and west soils respectively. The corresponding control 

column infiltration rates for the same time period were approximately the same: 128.3, 

132.3, and 128.8 mm/day (S.E = 1.27) for east, middle and west soils respectively 

(Figures 8, 9, & 10 and Table 4). The ANOVA analysis, shows that the means of treated 

and control are equal (F< Fcrit) with a P-value of 0.51.  However, at day 150 the 

treatment columns were 75.1 (S.E = 1.04) and control rates with no light were at 91.3 

mm/day (S.E = 1.11), indicating an average declining difference of 12.3% for the treated 

columns. We begin to see the effect of clogging and there is statistical differences 

between treated and control soil columns.  
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Figure 8: Longitudinal comparison of infiltration measurements using soil columns, our 
water balance calculation, and RWRF water balance method. The soils for the column 
experiment were identical for both control and treated, but treated columns received 
secondary treated water while the control columns received tap water. The error bars 
indicate the SE due to the difference in air temperature for the two location, and are very 
negligible.   

 

Similarly, at day 210 the treated soil columns with no light were at 51.2 mm/day (S.E = 

2.87) and control rates with no light were at 74.5 mm/day (S.E = 2.41), with an average 

difference of 17.5% and decline in the rate for the treated side with time. Finally, on day 

330 the values were at 24.3 mm/day (S.E=3.67) and control rates were at 54.4 mm/day 

(S.E=3.89), again a difference of 23.2 % and decline in the rate for the treated side with 

statistical difference ( F> Fcrit) with a p-value of 5 x 10-10. 
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Figure 9: Longitudinal comparison of infiltration measurements between columns treated 
with secondary water and tap water. The primary-axis is for the infiltration rate while the 
secondary-axis is for the air temperature of the column experimental study area. Air 
temperature data is used to see to verify if there were any seasonal fluctuation in the 
infiltration rate due to change in temperature.  

 

The gap between control and treated soil column rates increased as time 

progressed, with differences being negligible in the beginning and increased with time. 

The differences were 0.93, 16.2, 23.3, and 30.1 mm/day for days 7, 150, 210, and 330 

respectively for columns not exposed to light. Aside from the use of treated water versus 

potable tap water, all other factors were same for treated versus control columns. The 

only logical explanation to these differences can be attributed to the presence of total 

suspended solids in the treated water that led to clogging and/or the soils became more 

bio-active due to the nutrient load of the effluent water. The soils packed into the soil 

columns were air dried and not sterilized such that the columns supported biological 
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growth when wetted. Additionally, we believe the control columns also exhibited a 

steady slow down due to bio-active nature of the soils, even though they were exposed to 

potable water (which obviously had minimal nutrient and TSS loads, Table 2).  

 

Figure 10: Longitudinal comparison of infiltration measurements between columns 
treated with secondary water and tap water exposed to ambient light. The graph shows 
the standard error between the two water qualities. 

 

Possible reasons for the clogging in the control columns included (1) biological 

growth of soil microorganisms utilizing soil organic matter as a substrate, (2) 

redistribution of fine materials (silts, clays) so as to restrict soil permeability, and (3) 

gradual accumulation of the low-levels of TSS from the potable water.   
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Figure 11: Longitudinal comparison of averages from soil columns with ambient light 
and no light conditions. 

For the same time period, the columns exposed to light exhibited lower 

infiltration rates (Figure 11 and Table 4). For the treated columns they were 133.3 

(S.E=1.13), 62.3(S.E=0.86), 33.2 (S.E=0.20) and 11.6 (S.E=.17) mm/day for days 7, 

150, 210 and 330 respectively. While the corresponding control infiltration values were at 

126.23, 82.29, 61.25 and 39.14 mm/day for days 7, 150, 210 and 330 respectively. These 

values correspond with ratios for treated to control columns of 1.05, 0.75, 0.54 and 0.29 

for day 7, 150, 210 and 330 respectively.  The columns exposed to light exhibited greater 

reductions in infiltration over time, compared to the columns not exposed to light. We 

believe this increased difference could be attributed to photosynthesizing organisms (e.g. 

algae) from the effluent in the soil. However, we cannot specify the organisms that may 

have caused the reduced infiltration rate, since no biological work was done with this 

column contents. 
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Figure 12: Relationship between control columns and treated columns under no light 
condition. The linear equation provides the correction factor along with the regression.  

 

In spite of the difference in infiltration rate for treated vs control soil columns 

over the period of 330 days, there seems to be a linear relationship to the steady decline 

in the infiltration rate between the two water qualities (Figure 12). 

Table 4: Comparison of Saturated Hydraulic Conductivity in Soil Columns during 
various phases of the study. 

  Location( under no light)   

Days East(mm/day) 
Middle(mm/da
y) West(mm/day) All(Std Err) 

Columns 
fully exposed 
to light 

 Ctrl Trt Ctrl Trt Ctrl Trt Ctrl Trt 
                 
Ctrl     Trt 

7 128.3 129.8 132.3 133.8 128.8 128.5 1.3 1.6 126.2 133.3 
150 90.4 73.2 93.4 76.7 89.9 75.4 1.1 1.0 82.3 62.3 
210 71.3 45.7 79.2 55.4 72.9 52.6 2.4 2.9 61.3 33.2 
330 53.8 17.7 61.4 30.5 48.0 24.6 3.9 3.7 39.1 11.6 
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2.3.2 Water Balance  

 The highest infiltration rate by the water balance approach was 125.2 mm/day 

and min was 17.0 mm/day (Figure 8).  Basin 3 was put into operation from Oct 17 2010, 

however data could not be reliably computed for the first 6 days as the basin was slowly 

filling up, creating a lot of turbulence on the surface for the level gauge to detect the 

change in level. Infiltration rate from basin number 3 using water balance method was 

125.2 mm/day for day 7, compared to 130.7 mm/day for the treated none light exposed 

soil columns. At day 150 the numbers reduced to 77.26 mm/day or 38.3 % reduction 

compared to 35.9 % reduction for the soil columns. Similarly, at day 210 the water 

balance method resulted in infiltration rate of 60.96 mm/day which is a 51.3 % reduction 

compared to 60.8 % reduction for the soil columns. Finally, on day 330 the soil columns 

exhibited a reduction of 81.4 % compared to 67.5 % at 40.6 mm/day for the water 

balance method. In Figure 13, the relationship between soil column infiltration rate and 

water balance-based infiltration rate is summarized.  As we can see from Figure 13, the 

infiltration rates were quite high for both methods in the beginning and slowly declined 

over time. The higher values to the right of the graph as denoted by the annotation are 

from the beginning of the study and shifted to lower values and moved to the left. 

However, irrespective of the decline in the rate, there was a close linear correlation 

between the two methods and is confirmed by the regression equation and r2 values 

(Figure 13).    
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Figure 13: Relationship between soil column infiltration rates versus water balance. The 
linear equation provides the relationship and fit between the two methods as it progressed 
with time. The values being higher in the beginning of the study compared to low values 
towards the end.  

2.3.3 HYDRUS modeling  

Because our infiltration monitoring and the water balance approach test mainly 

assess to surface and shallow subsurface phenomena, we used Hydrus 1D to simulate the 

water flow at deeper depths to groundwater at 18 meters. Since a limited portion of the 

data and analysis was used in 1D simulation of Hydrus, we will limit the findings in this 

chapter to model calibration results to the hydraulic parameters. Hydrus 1D converged 

reasonably well with field measurements of water content (r2 = 0.72). Figure 14 shows 

the model fit and corresponding sensor data for calibration. The time axis of the 

calibration fit (Figure 14) is in log scale. The fitted parameters (α, n and Ks) were forced 

to remain within the range expected for the three soil types used (sandy loam, loamy sand 
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and sand). Table 5 shows the actual soil parameters based on the soil texture 

classification, and Table 6 is the final parameter based on Hydrus model fit. For the best-

fitting simulations, bottom drainage flux values output by Hydrus 1D pointed to a steady 

recharge rate of 12 mm/day at 18 m (at GW level) on day 53 of operating the basin, 

dropping to 9.7 mm/day at day 223.  

Table 5: Hydraulic parameters for the four soils types used in the Hydrus modeling based 
on the soil sample average for basin 3. 

USDA Soil Texture Class Ɵ࢘ Ɵ࢙ ࢙ࡷ ࢔ ࢻ 
Sandy Loam(0-60 cm) 0.053 0.418 0.0172 1.46 42.87 
Loamy Sand (60-180 cm) 0.056 0.419 0.0318 2.04 220.74 
Sand (180-360 cm) 0.060 0.422 0.0294 2.33 320.93 
Loamy Sand (360-1800 cm) 0.057 0.427 0.0311 2.14 267.93 

 

The Hydrus 1D model water balance numerical error for the best-fitting 

simulations was 0.3% with a root mean square weighted error RMSE=0.045. Unlike r2, 

which is a relative measure of a models fit, RMSE is an absolute measure of fit. RMSE is 

also an indicator of samples standard deviation of the observed versus fitted, and is a 

good measure of accuracy.    

Table 6: Hydraulic parameters obtained from best fit of the model. 

USDA Soil Texture Class Ɵ࢘ Ɵ࢙ ࢙ࡷ ࢔ ࢻ R2 
Sandy Loam(0-60 cm) 0.08 0.37 0.039 2.5 36.49 0.78 
Loamy Sand (60-180 cm) 0.08 0.39 0.035 2.42 170.24  
Sand (180-360 cm) 0.03 0.35 0.09 2.75 223.46  
Loamy Sand (360-1800 cm) 0.09 0.32 0.042 2.39 161.54  
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Figure 14: Basin 3, Hydrus 1 D observed and simulated results for water content, 
day 3 ( left) and day 45 ( right). The time on x-axis is logarithmic scale, log scale is 
used to demonstrate the magnitude change appropriately. 
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2.4 Discussion 

The soil column results were roughly the same for all replicates at each location 

and between the three locations (east, middle and west). The soil column infiltration rates 

were comparable but 33% higher than those observed in the basin using the water balance 

approach. Such variations between column and in situ flow behavior is commonly 

attributed to differences in soil structure and are not surprising (Hillel, 1980; Wolf, 1987; 

Mueller, 2013). The soils packed into the columns were disaggregated and homogenized 

to aid in packing, and represent a more idealized, homogenous system in which the flow 

is forced (by the column walls) to infiltrate vertically.  In the basin subsurface, flow will 

tend to move horizontally if barriers or reductions in permeability are encountered in the 

vertical dimension.  

Even though we had differences between water balance and soil columns 

infiltration values, the difference were consistent throughout the test period (Figure 8).  

The results indicate that the basin infiltration rate was consistently between 68-82 % of 

the soil column rate.  This finding is consistent with that of Ollivier et al. (2013), who 

found that basin infiltration rates were approximately 68.3 % of soil column rates.  While 

this result demonstrates the potential for using less expensive approaches such as soil 

columns as physical models of basin behavior, they also point to the limitations of 

simplistic approaches.  Thus, although the correlation is strong in this case, it applies only 

to the single basin test case and should not be taken as a general finding. 

 For the water balance method in our test basin, the overall infiltration rate was 

similar to the potential infiltration rates reported by NRCS/USDA for these loamy soils. 
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The initial infiltration rates started high, followed by a sharp decline for the first 30 days. 

It was followed by a slower decline for the next nine months and reached steady 

infiltration state for the reminder of the test period.  This behavior is consistent with 

previous findings (Sisson et al. 1981; Bear, 2010). The higher infiltration rates is 

observed initially when the moisture content is low, mainly due to the influence of 

macrostructure, preferential pathways and anisotropy (Cislerova et al 1988). As 

infiltration progresses, the moisture content increases, increasing the air entrapment in the 

large pores sealed off by water films severely reducing saturated hydraulic conductivity 

(Parlange and Hill; 1976). Infiltration rates reaches a minimum steady rate, when the soil 

reaches saturated moisture content. Water balance unlike the soil column method (where 

samples were collected from various location in the basin and analyzed separately for 

spatial variability) gives us the overall infiltration rate for the whole basin. We know soils 

vary spatially with different infiltration rate areas within the basin, which in this process 

gets masked and we get an average rate for the whole basin.   

With respect to comparing our continuous monitoring approach with the City of 

Fresno’s current approach, their rate were initially low but after about 150 days their 

observation were within the upper (soil column) and lower (basin water balance) bounds 

(Figure 8). Our water balance estimates were higher than RWRF reported infiltration rate 

for the initial 90-150 day period. The difference amounts to roughly 434,700 m3 of water 

(352.4 acre-ft) of infiltration not accounted for by the city.  We believe this is due to the 

irregularity of the manual 30 cm graduated staff gauge used by the city, and estimation 

error in the evaporation component as they average the evaporation as 70% of ET, which 

is not always true (Popov, 2001). During our study period we noticed the evaporation 
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values to be anywhere within 59-87 % of the local ET, depending on weather conditions 

and time of the year.  CIMIS now maintains an evaporation pan for most of its stations, 

and use of this data would likely improve the City’s estimate. While this data is not 

available on the regular CIMIS download page, it can be obtained by contacting the local 

CIMIS office.  In addition, data is collected by city authorities for their estimation once 

every 7-10 days and averaged for the month.  The irregularity of the observations coupled 

with the inaccurate staff gauge could have contributed to inaccuracy of their estimation 

method.  

The City’s water balance method did not provide an accurate estimation of the 

infiltration rate of the basin’s and thereby reflecting on the duty cycle of the pond. 

Inaccurate and untimely servicing of the reclamation basin due to the poor water balance 

method used by the City adds not only financial cost and manpower but also impacts the 

environment ( since servicing the basin require the use of heavy machinery like a D7 or a 

D9 caterpillar, which consume fuel and has a relatively large carbon footprint).   

   

2.5. Conclusions 

Our laboratory and field data showed close agreement between the fields 

measured data and laboratory data, even after the effects of the temperature was over 

accounted for in our calculation. As secondary treated water becomes a viable alternative 

to enhance aquifer recharge, assuming environmental concerns can be addressed, utilities 

can examine the use of small, inexpensive column experiments to estimate the infiltration 

potential of their given soil type using secondary treated water. This not only provides 

them the infiltration potential, but this extended method provides added information on 
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the duty cycle or time series analysis of these basin for management purposes. The 

column approach also reduces the need for elaborate and expensive water balance 

procedure. Based on our study data on loamy soil conditions, the actual water balance 

infiltration estimates could be derived from the soil columns by using the experimental 

multiplier and offset (for the present case, the multiplier = 0.75 and offset = 22.35). 

However, to obtain good reliable data, the columns needs to be packed carefully to 

maintain the same soil profile and bulk density as in the field conditions. Our estimated 

infiltration data agree with the literature data for these soil types and water quality 

(NRCS and USDA 2014, Pavelic et al. 2005, Dillion et al. 1999).  

The accuracy of the RWRF data is possibly compromised due to the use of a staff 

gauge with 30 cm graduation, rounding off of water run times and lack of on-site 

precipitation data and of daily data collection. Some of the error may be also be attributed 

to the constant 70% of evapotranspiration(ET) value, used for evaporation estimate 

throughout the year regardless of local conditions. This is definitely of concern for the 

utilities as it leads to use inefficient use of man power and machinery, both of which can 

have financial and environmental impact. 

Both water balance and soil column approaches mainly address infiltration of 

water into the shallow subsurface and deeper vadose zone. However, that fails to 

demonstrate groundwater recharge directly, and hence we address this aspect of the 

problem using a detailed computational approach in Chapter 3.  
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CHAPTER 3 

GROUNDWATER RECHARGE POTENTIAL USING SECONDARY TREATED 
WASTEWATER: A CASE STUDY IN THE SOUTHERN SAN JOAQUIN 

VALLEY, CALIFORNIA
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Abstract 

Drought conditions place increasing pressures on groundwater to meet the 

agricultural, industrial and municipal demands. Groundwater overdraft is common in 

such instances, particularly in heavily irrigated arid and semi-arid regions.  Hence, it is 

critical to develop engineered or managed aquifer recharge (MAR) schemes, using 

floodwater during wet years and reusing wastewater whenever safely possible. This work 

explores MAR potential using secondary treated municipal wastewater in unusable or 

fallow lands.  We develop a case study for the South San Joaquin Valley (SJV), where 

the four major population centers (Fresno, Tulare, Visalia, and Bakersfield) generate 0.5-

0.6 million m3 (405-486 acre feet) of effluent daily. The work begins by examining MAR 

at a typical recharge basin at the Fresno-Clovis Regional Wastewater Reclamation 

Facility, using a two-dimensional unsaturated soil hydraulics model (Hydrus 2D) to 

estimate recharged based on the observed recharge basin water balance.  There are 

approximately 28,000 ha of fallow or unusable land in southern SJV that could be 

potentially used for recharge of groundwater.  Given this quantity of potentially available 

land, we scale up these results to the southern SJV using Natural Resource Conservation 

Service (NRCS) Soil Survey Geographic Database (SSURGO) geospatial data. Utilizing 

NRCS SSURGO an area within 10 Km of the wastewater facility were selected to determine 

areas totally suitable for wastewater disposal, and downgrade in elevation from the treatment 

facility were finally separated as potential usable land for recharge purpose. We estimate that 

most soils will have an average infiltration capacity of 50-70 mm/day; especially if the 

land is prepared with some form of deep ripping, resulting in infiltration of 500-700 

m3/day of water for every hectare of land used.  To successfully dispose of 0.5-0.6 
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million m3 of wastewater on a daily basis, we would need approximately 1250 hectares of 

land. While there will likely be reservations about water reuse related to emerging 

contaminants, it is imperative that we start exploring alternatives for addressing water 

scarcity issues in the near future. 

3.1. Introduction 

The latest National Aeronautics and Space Administration (NASA) Gravity 

Recovery Climate Experiment (GRACE) map (Figure 1) illustrates the increasing 

groundwater deficit that we are facing both in California and nationwide. Climate 

projections for the future will likely exacerbate this issue in some regions.  For example, 

California is projected to receive an increasing fraction of its precipitation as rain rather 

than snow (Screen and Simmonds 2012). This will force adaptation with regard to water 

resource management in the region by existing storage capacity in the form of snow pack 

 

Figure 1: Multi-agency Drought and groundwater indicator, showing the extent of 
drought in United States. 
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and placing additional pressure on groundwater. It is clear that we need alternative ways 

to replenish/recharge the groundwater (Biemans et al. 2011). Recharge processes are 

relatively slow (Lee and Lee, 2000), relying mainly on natural processes (e.g., snow melt) 

and incidental recharge (e.g., via irrigation).  These pathways have proven to be 

inadequate to keep pace with demand (Konikow and Kendy, 2005), forcing water 

purveyors to seek alternate sources of water to sustain groundwater levels (Gleick 2014). 

One such alternative is to look at recharge using secondary and tertiary treated 

water from utilities. Reuse of treated municipal or industrial wastewater for recharge (and 

other applications) is known as beneficial second use (Crites et al. 2014). The necessary 

degree of treatment depends on the specific reuse application and on the associated water 

quality requirements (Crittenden 2012, Gupta 2012, Ramalho 2012). For artificial 

recharge, effluent is typically routed through a series of pipes/canals to reclamation 

basins where the water evaporates, infiltrates,  part of it trapped in the vadose zone as soil 

moisture, and the remaining portion eventually reaches the water table and contributes to 

recharge.  There are numerous factors that influence the infiltration rate of artificial 

reclamation basins, such as type of soil, hydraulic conductivity of the underlying soil, 

depth of soil preparation, water holding capacity of the soil, quality of water, and micro-

meteorological conditions (Bhuiyan 2015).  

There are legitimate health concerns regarding the use of secondary treated water 

for recharge. In recent years, as use of reclaimed water has become more prevalent, 

research has focused on the retention and transport of colloids (e.g., bacteria, viruses) in 

the vadose zone (Steinel 2012). Under unsaturated flow conditions, reduced colloidal 
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movement has been demonstrated relative to saturated flows (Auset and Keller 2004; 

Sirivithayapakorn, and Keller 2003; Han et al. 2006). Concerns have also been raised 

about pharmaceutical and personal care products (PPCPs) and other emerging 

contaminants in aquatic environments, which tend to persist at low levels (parts per 

trillion) in conventional secondary effluent (Drewes et al. 2003).   

Given these concerns, direct wastewater reuse for drinking water and food crop 

irrigations is avoided, but reuse may be allowed for other purposes.  For instance, 

wastewater effluent is commonly used to grow crops for forage in spite of the fact that 

certain contaminants tend to bio-concentrate and may still pose a risk to human health 

(Pedersen et al., 2005; Williams and Adamsen, 2006; Chefetz et al., 2008; Siemens et al., 

2008; and Oulton et al., 2010;).  In one specific example, the crop uptake of PPCP  has 

been documented in vegetable crops like tomato, cucumber and sweet potatoes ( Boxall 

et al., 2006; Herklotz et al., Wu et al., 2013; Goldstein et al., 2014; Malchi et al., 2014). 

Although there are significant health concerns, escalating water costs coupled 

with the massive water shortages during droughts have provided for an incentive to 

consider treated wastewaters for reclamation and recharge (Wahl, 2013). For example, 

LOTT Clean Water alliance in Washington started a multi-year study in 2012 to 

understand potential risk from infiltration of reclaimed water. Similarly, in Los Angeles, 

CA, reclaimed water has been in use for recharge since 1962. In one response to these 

health concerns, researchers have investigated improving the water quality through soil 

aquifer treatment (SAT), which is a potential added benefit of artificial recharge. Excess 

stream flows, agricultural runoffs or treated wastewater are some of the sources of water 
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for SAT recharge (Bouwer, 2002; Greskowiak et al., 2005; Prommer and Stuyfzand, 

2005; Massmann at al., 2008). Despite the success of SAT, there are concerns about 

removal of certain compounds like carbamazepine, sulfamethoxazole and metoprolol 

(Arye et al., 2011; Lev et al., 2012).   Another common artificial recharge method is the 

use of a surface infiltration basin called a “managed aquifer recharge” (MAR) system 

(Racz et al., 2012). Maintaining an efficient SAT or MAR system requires maintaining 

relatively high hydraulic conductivity in the vadose zone, so that infiltration conveys 

water efficiently to the subsurface. Generally, the hydraulic conductivity is high in the 

beginning but decreases over time because of physical, chemical, and biological 

processes (e.g., biofilm growth, particle filtration) that lead to soil permeability reduction 

(Bouwer, 2001).  

This study explores the feasibility of using wastewater for recharge in a semi-arid 

region.  We focused first on improving our understanding of recharge rates and recharge 

basin maintenance cycle assessment using observations from a continuously monitored 

MAR test basin and a two-dimensional flow unsaturated flow model.  We then use the 

outcomes from this test basin to estimate potential regional impact of secondary effluent-

based MAR on a regional basis, using the Southern San Joaquin Valley in Central 

California as a case study. Two key questions addressed by the work are: i) What fraction 

of the applied effluent actually serves as recharge? and, ii) What is the potential annual 

contribution to recharge afforded by wastewater effluent, and what land area is needed to 

realize this potential? 
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3.2 Methods 

In this study, we used a three-pronged approach to estimate water recharge at the 

reclamation site. We collected continuous onsite measurement of inputs to the 

reclamation basin to estimate infiltration rate and hydraulic conductivity using: i) heat as 

a tracer to examine flow from the reclamation basin using Hydrus 2D in heat transport 

mode; ii) mass balance method for infiltration rate of the reclamation basin number 3; 

and iii) use of soil columns (see Chapter 2) to calibrate the Hydrus 2D model. The 

outcomes from the three approaches for our study site in Fresno were then scaled up to 

provide a regional estimate of the effluent recharge capacity of the South San Joaquin 

Valley based on soil type and micrometeorological data. 

3.2.1 Location 

Data were collected from 17 October 2010 to 25 January 2012 at the Fresno-

Clovis RWRF, which is located southwest of Fresno, CA (36° 41’ 59.19” N 119° 53’ 

48.26” W) at reclamation basin number 3. Fresno is the fifth largest city in California, 

and is in the center of SJV, one of the worst hit regions in the United States by drought 

and groundwater overdraft (Figure 1). Wastewater generated from residential and 

commercial areas of Fresno and Clovis travels through a network of 1,500 miles of sewer 

lines to this facility. On an average this facility receives 2, 57,408 m3 (68 Million US 

gallons or 208 acre feet) of wastewater daily. At its current capacity, the facility is a 

biological, secondary level treatment plant and meets the Title 22 California Code of 

regulation and its effluent can be used to grow fiber crops not fit for human consumption. 

The secondary treated water is finally disposed of into one hundred and one (101) 
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reclamation basins varying in size from 49,371- 3, 60,170 m2. The soil beneath the 

reclamation basin acts as a filter before the water meets the water table, which forms a 

mound beneath the basin. About 12-15% of the secondary treated water goes for direct 

reuse to farmers leasing land within the RWRF or to nearby farmers where they mainly 

grow forage like alfalfa, corn or sudan grass. The remaining effluent is routed to the 

reclamation basins. The treatment facility is under constant pressure to effectively 

manage these huge amounts of treated water, and with the growth of the Fresno-Clovis 

metro area, the volume of wastewater is expected to increase in the future. The facility is 

also monitored and mandated by the California Water Board (CWB) to assess the impact 

of these waters on drinking water supplies and the groundwater in general (City of 

Fresno, 2015). 

Our study takes place in reclamation basin number 3 (Figure 2), which is 69,808 

m2 or 17.25 acres in area and sits on top of a sandy loam (0-35.5 cm) and loamy sand 

(35.5-550 cm or more) soil structure with an average saturated hydraulic conductivity of 

12 to 122 mm/day (soils data per soils sample collected and NRCS/SSURGO soils 

database). Fresno has a Mediterranean like climate with average high of 37 °C and 

average low of 13 °C, with average precipitation of 280mm/year with majority of the 

rainfall occurring between November to April. The RWRF facility on an average 

processes 68 million gallons of water daily and these numbers fluctuate seasonally.  The 

reclamation basin for this study was maintained with an average depth of 900-1220 mm 

of water during the 465 days of the study period.  
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Fresno-Clovis RWRF tracks the infiltration rate of all their reclamation basins 

(n=101) throughout the year. This helps them maintain the inventory of their basins and 

plan the movement of the treated water through their network of open canals. They have 

a system in place where they use data such as run times of the water inflow, area of the 

reclamation basin, evapotranspiration data from CIMIS as evaporation (they assume 70% 

of ET), and change in water height of water column at staff gauge to estimate infiltration 

rate. We investigated the saturated infiltration rate records for Fresno-Clovis from 2010-

2013 for all basins to estimates of expected infiltration rates, both highs and lows. The 

highest infiltration rate reported from all basins was 152 mm/day and min was 13 

mm/day.  Basin#3 was put into operation from Oct 17 2010, and the RWRF staff began 

tracking it on1st Nov 2010. According to their data, the highest saturated infiltration rate 

of 76.2 mm/day was observed for the first 14-150 days (Nov to Mar 2011). The rate 

dropped to 69.9 mm/day for the next 151-210 days (Apr-May 2011), followed by 35.5 

mm/day for the next 211-331 days. The final infiltration rate at the end of Dec 2011(day 

440) was with 12.7 mm/day.  

3.2.2 Instrumentation and Data Collection 

A detailed description of the water balance instrumentation system was provided 

in Chapter 2.  The system is summarized here and includes three systems installed in the 

middle of the basin (east, middle, and west) to log air temperature (Campbell Scientific 

Inc., FW3 Thermocouple, Logan UT), wind speed & wind direction (RM Young, 5305, 

Traverse City MI), water temperature (Grainger, 10K Thermistors), along with SDI 12 

soil moisture and salinity sensor (Stevens Water Monitoring Systems, Hydra Probe II, 
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Portland, OR) at 0.6, 1.5, 3.0, and 5.49 m below the basin surface (Figures 3 & 4). One 

station was placed right next to the water inlet to calculate the total input (V) to the basin 

using magnetic water meters (EuroMag International, MUT220EL, Mestrino Italy), 

tracked basin change in volume (ΔV) using pressure transducers( Global Water, 

WL400,College Station TX), tracked rainfall  using tipping rain bucket (P) ( Texas 

Electronics, TE525 Rain Gage, Dallas TX), and estimated evaporation (E) using a wind 

speed (RM Young, 5305, Traverse City MI), relative humidity sensor (Campbell 

Scientific Inc., HMP45C, Logan UT), air temperate (Campbell Scientific, FW3, Logan 

UT) and barometric pressure (Campbell Scientific, CS100, Logan UT)(Figures  3). The 

four stations on site collected data every 15 seconds and averaged it every 15 minutes 

before relaying it to the fifth or the base station ½ mile away located near the treatment 

facility office.  The base station relayed the data to the central server at Fresno State 

every day at midnight using the phone system and modem. The central server computed   

 
Figure 2: RWRF aerial view of basin 3 along with instrumentation setup schematics.  
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the water budget data using both mass balance for the day at midnight after receipt of the 

data transmission and compared that to the acceptable high and low values for the soil 

type from the site. The input data for the heat as a tracer was manually entered into the 

Hydrus 2D software at the end of the trial. On a bi-weekly basis, all sensors with the 

exception of the ones buried in the soil, were inspected and tested against known 

calibration samples. Any anomaly in the data were flagged for deletion in the final 

analysis. 

 

Figure 3: Instrumentation layout for basin 3, along with datalogger and sensor layout 
(temperatures, soil moisture, and salinity: Stevens Hydrus II SDI). 

 

3.2.3 Estimating Recharge from Observed Infiltration 

Our scale up approach involves estimating recharge rates over spatially distributed 

soil and meteorological conditions, and determining land area needed for effective 

recharge. To estimate recharge we used computer model (Hydrus 2D) and the infiltration, 

water balance data and Hydrus 1D simulations described in the previous chapter. SPSS 
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(Norušis, & SPSS Inc., 1994) and Microsoft excel macros (Levine et al., 1999) were used 

for data processing, and formatting the data for the computer model. 

 

Figure 4: Overall schematics of the recharge basin number 3. 

3.2.3.1. Computer Modeling-Hydrus 2D:  

We used a 2D simulation model (Hydrus 2D) to estimate recharge or deep 

percolation resulting from the surface infiltration. In most cases, the flow of water is 3 

dimensional (3D), but for most hydraulic modeling studies a 1D or 2D model provides all 

the information required for design and analysis. For our recharge basin number 3 there 

were some differences between east, west and middle section (Figure 6). To cover the 

spatial and temporal variability, a 2D model was employed.     
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Figure 5: Placement of the observation nodes (where the actual sensors were located at 
various depths under basin #3) in the Hydrus 2D model. The top of the model space or 
basin surface was assigned pressure head, while the two sides were assigned seepage space 
and the bottom assigned deep drainage. 

   

The Hydrus 2D modeling environment is a software package for simulating, water 

flow, heat flow and solute movement for various saturated media. HYDRUS uses the 

Richards equation for water flow and advection-dispersion equation for heat and solute 

(Simunek et. al, 1996; Skaggs et. al, 2004). To estimate the recharge potential, the model 

geometry was set to an 18m depth (at the GW level) by 420 m wide to mimic recharge 

basin 3, with observation nodes placed at 0.5, 1.5, 3 and 5.5 m depths for each of the east, 

middle and west section to replicate sensor positions ( Figure 5). Time-variable boundary 

conditions were input for the 465 day period, including precipitation, potential 
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evaporation, wind speed, humidity, time dependent soil temperature at the soil surface 

boundary, and the temperature of the incoming water. However, on running the few 

initial runs it was determined that time dependent pressure head, was a better choice for 

the model fit compared to the environmental inputs of water, like evaporation  and 

precipitation. All of these data were imported from the weather station and three basin 

stations.  

Soil volumetric water content collected by the Stevens Hydra Probe II at 0.5, 1.5, 

3 and 5.5 m depths was used as part of the inverse solution to optimize the soil hydraulic 

parameters for the three locations independently (east, middle, and west). The soil water 

content values were corrected for soil type and water quality after laboratory calibration 

prior to installation and algorithmic corrections were applied in the logging program. 

Even though the soil moisture sensors were logging data every 15 minutes the input data 

to the inverse solution was limited to 15 minutes for the first 15 days then expanded to 3 

hours for the next 15 days followed by every 3 hours for the next 30 days and then to 

once a day. This was allowed because the most dynamic portion of the infiltration front 

behavior occurred within the first 15 days.  

For the water flow boundary condition, the upper layer was set to variable 

pressure and the lower boundary condition set to deep drainage. The total number of soils 

layers was limited to four, based on the soil borings at the site. Table 1 shows the ranges 

of hydraulic parameters for the four soil layers of the model domain, these values are 

based on the soil texture and bulk density of the actual soils obtained during the boring 

process outlines above.  
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Table 1: Initial hydraulic parameter estimates for the four soils types used in the Hydrus 
modeling domain based on the soil sample average for basin 3. 

USDA Soil Texture Class Ɵ𝒓𝒓 Ɵ𝒔𝒔 𝜶𝜶 𝒏𝒏 𝑲𝑲𝒔𝒔 
Sandy Loam(0-60 cm) 0.053 0.418 0.0172 1.46 42.87 
Loamy Sand (60-180 cm) 0.056 0.419 0.0318 2.04 220.74 
Sand (180-360 cm) 0.060 0.422 0.0294 2.33 320.93 
Loamy Sand (360-1800 cm) 0.057 0.427 0.0311 2.14 267.93 

 

Ks values for the top layer for Hydrus 2D model was chosen from the soil column 

experiment (since the height of the soil column accurately represented the height of the 

top soil layer in the basin and in the model). For the remaining soil material , we used the 

Ks ranges using the sand, silt, clay content of the actual soil along with the bulk density 

used as input to the US Salinity labs Rosetta soil parameter estimation model.  

 

 

Figure 6: Soil temperature variation at different depths (0.5, 1.5, 3 and 5.5 m below 
basin) for east, middle, and west location. 
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Tables 1 and 2 show the various settings employed for Hydrus modeling. Hydrus 

modeling included soil hydraulics, profile/geometry, initial and boundary conditions, 

micrometeorological data and inverse data. 

Using heat as a tracer, we also modeled soil temperature changes using Hydrus 

2D. The temperature (Figure 6), moisture, salinity ( conductivity converted to salinity 

using UNESCO 1983) and pressure head data (Figure 9 & 10) for the initial 45 days were 

inputted into the model at 30 minutes interval, for the next 30 days at 4 hours interval and 

for the remainder of the period at an interval of every 8 hours. The data input were 

staggered and spaced to keep the maximum data points to under 10,000 lines, and keep 

the run time and convergence of the model reasonable. The moisture,  temperature, and 

salinity log for the 4 depths (0.5, 1.5, 3.5 and 5.5 m) (Figure 8) were staggered and 

inputted more frequently in the beginning and spaced out with time, as inverse function 

to the model for better model fit. Soil core were collected from the basin floor at 

increments of 60 cm and were analyzed for bulk density; porosity; ESP; and sand, silt and 

sand content. These soils data were inputted into the Hydrus model (Table 1). 

Soil cores collected from various depth of basin 3 at Fresno RWRF were analyzed 

for soil texture using ASTM D422-63(2007) e2 method. The texture data were fed into 

the ROSETTA software model, developed by US Salinity lab (Schaap, et al., 2001) to 

predict the soil moisture retention model parameters (van Genuchten 1980): residual soil 

water content (Ɵr), saturated water content (θs), alpha (α), an empirical parameter η, and 
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saturated hydraulic conductivity (Ks). These parameters were input (Table 1) as initial 

values and then allowed to vary by a reasonable degree (± 5 %) to obtain better model fit. 

Table 2: Hydrus 2D modeling settings and parameters for this work. 

Variables Conditions Selection 

 Water flow Yes 

Main Process Solute Transport 
Standard Solute 
Transport 

  Heat Transport Yes 

Inverse function 
Soil Hydraulic Parameters & Resident 
Concentration 

Yes & data points 
9860 

Geometry Information 
Number of Soil Material 4 
Number of Layers for Mass Balance 4 
Depth 1800cm 

Time Information 

Time Units Days 
Initial time step 0.001 
Final time step 465 
Time Variable Boundary Condition 465 
Meteorological data 465 

Soil Hydraulic Model 
van Genuchten-Maulem, with Air Entry 
and No Hysteresis   

Water Flow Boundary 
Condition 

Upper Boundary Condition 
Time variable 
pressure head 

Lower Boundary Condition Deep Drainage 

 Time Weighted Scheme 
Crank-Nicolson 
Scheme 

Solute Transport Units PSS 
 None equilibrium Solute Transport Models Equilibrium Model 
  Tortuosity Millington & Quirk 
Heat Transport Boundary 
Condition 

Upper Boundary Condition Temperature BC 
Lower Boundary Condition Zero Gradient 

 

The hydraulic parameters were optimized first for the top layer followed by the 

subsequent layers, sequentially. The optimization process used the inverse solution 

function which included soil moisture and salinity data collected by the sensor at 0.5, 

1.5, 3.5 and 5.5 m totaling 9219 records.  The optimization process had to be repeated 
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several times until no further improvement was noticed for water balance % and model 

residuals. To assess the quality of the model optimization, the observed versus fit values 

were compared along with the model fit correlation (r2) values.  

Additionally, the model was run on with forward modeling upto day 550 to 

ascertain model behavior (Figure 10 & 11)). Once the model parameters were optimized, 

it was rerun with twice and half the Ks values for the various soil layers to check if 

change in Ks is directly proportional to recharge rate. 

For the three non-instrumented RWRFs, we ran the Hydrus 2D model using local 

soil data (obtained from NRCS SSURGO), weather data from local CIMIS stations, and 

groundwater levels from USGS wells. Using the same boundary and initial conditions 

used for basin number 3, we developed three simulations model using the NRCS 

saturated hydraulic conductivity value. 

3.2.3.2 Regional Managed Aquifer Recharge Estimates  

To estimate the potential impact of MAR on the Southern San Joaquin Valley 

water resources we identified suitable recharge sites in the region, then applied recharge 

rates scaled from our observations at the Fresno pilot study. The criterion for site 

selection included:  (i) access to canal infrastructure, (ii) proximate to (< 10 km) and (iii) 

down-grade from treatment facility (to support water movement using gravity), and (iv) 

suitability of soil type and crops grown in the area. To scale from the Fresno soils to 

local soils we used USDA-NRCS SSURGO soil survey data. This database contains soil 

information collected by National Cooperative Soil Survey over a course of a century 

(NRCS 2015). The information is available in the form of tables and maps (shape file 
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and vector polygon) for analysis, and served by USDA-NRCS. The map units provide 

soil and other components that have distinctive properties, analyses, and productivity. 

This mapping database in specifically provided free of cost for natural resource 

management and planning by landowners, townships, and counties. Example of 

information available from the database includes soil water holding capacity, soil 

reaction, soil electrical conductivity, frequency of flooding, yields from crops, 

rangeland, pastureland, woodland, building site development and other engineering uses 

(Ford et al. 2015; NRCS 2015). Land use data for recharge potential of south SJV was 

estimated using this database like many other past studies (example Hempel et al., 2016; 

Bratsch et al., 2015; Goldman and Needelman, 2015; Miles and Brad, 2015). 

 

3.2.3.3 Estimation of available land for recharge  

 Soil type data from NRCS SSURGO, satellite data for accessibility and elevation, 

and USBR land use data were used in ArcGIS/NRCS Web online software were used to 

estimate the availability of land suitable for recharge (Figures 15, 16, 17 & 18). Initial 

estimation of land area needed for recharge was performed on the metadata downloaded 

from SSURGO database using Arc MAPS 10.1.However, we found the relatively new 

NRCS soils online website to be GIS enabled and could perform the same task as 

performed on ArcGIS mentioned above (appendix A-C).We believe the NRCS web 

online was a better option and user friendly, especially considering that Utilities and City 

managers are familiar with this site and does not need programming experience. The 

“waste management” feature of the NRCS web-online was used on the downloaded 
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SSURGO database, this tool is designed to guide users in evaluating soil for use of 

wastewater and organic waste as productive resource. Discharge of secondary treated 

water for recharge was evaluated for four different scenarios, namely rapid infiltration, 

slow rate infiltration, disposal of wastewater as municipal sludge and disposal for 

irrigation. 

 According the Wastewater management tool, each area/polygon is distinguished 

for the disposal method in various ratings. The rating class indicates the extent to which 

the soils are limited by soil properties. “Not limited” is an indicator that the soil favors 

the specific use, where as “somewhat limited” indicates the soil properties favor the 

specific use moderately. Similarly, “very limited” indicates that one or more feature of 

the soil are unfavorable for that specific use. Some of the unfavorable limitations could 

be overcome by soil reclamation, special design, or elaborate and expensive installation 

methods. A complete analysis report for the various ratings at each of the four RWRF’s at 

Fresno, Visalia, Tulare and Bakersfield is provided in appendices A-C. 

 It should also be noted that the four different recharge option (irrigation, slow & 

rapid infiltration and land application) will lead to different recharge rate.  
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3.2.4 Model reanalysis 

 We estimated infiltration rate from the water balance data using equation 1, where 

the mean value of each parameter was averaged over 15 minutes. Daily values were 

generated from the cumulative of the 15 minutes data over a day.  

I=V+P-E- ΔV     (1) 

The daily values were compared against previous readings to look for unusual 

increasing or decreasing trends. The results were also compared against published 

infiltration rates for the soil type.  

We estimated the land use requirements using equation 2, where A is area of the 

recharge basin/pond (L2), Q is volumetric flow rate of wastewater (L3/T), E is 

evaporation rate (L/T) and I is the infiltration rate (L/T). We ran equation 2 using the 

maximum and minimum infiltration rate of the soils selected for that area (within each 

specific RWRF), this gave us an estimate of the range of land area required to dispose-off 

all the secondary treated water. Additionally, equation 3 was used to calculate the 

recharge fraction based on land areas used.   

   A = Q / (E+I)     (2) 

   Recharge fraction= 1-(EA / Q)   (3) 

In the total land use required estimation (eqn 2 & 3), precipitation was ignored as 

it is negligible compared to the volume of the wastewater for the SJV climate. 

Potential minimum and maximum recharge were calculated as the product of recharge 

rate (Hydrus model) times the land required (minimum and maximum) resulting in 
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potential minimum and maximum recharge per day. Similarly, the % wastewater that 

leads to recharge factor was calculated as fraction of recharge to incoming wastewater. 

Equation 4 is an indicator of recharge fraction, if we use the stipulated amount of land as 

described in Table 3, we would achieve 100% infiltration capacity (volume of water 

infiltrated will equal volume of wastewater), if lesser amounts of land is used the 

recharge fraction will reduce and exact figures could be computer using this equation.         

3.3. Results 

3.3.1 Water Balance 

 For the RWRF the total precipitation measured at the site using the average of two 

tipping buckets rain gauge were 69.6 mm which was 11.1% higher than the amount of 

precipitation reported by two nearby CIMIS stations. Similarly, Evaporation data 

estimated using Penman (1948) during our study was 69.32 mm, which averaged 77.31% 

of the ET reported by nearly CIMIS network. 

The 15 minute data for flow rate (V), change in volume (ΔV), precipitation (P), 

and evaporation (E) were aggregated into hourly data to estimate the hourly infiltration 

rate using water balance approach; final data reported for this paper were converted into 

daily averages. The highest infiltration rate by the water balance approach was 125.2 

mm/day and the minimum was 17.0 mm/day.  Basin 3 was put into operation from Oct 17 

2010, however data could not be reliably computed for the first 6 days as the basin was 

slowly filling, creating a lot of turbulence on the surface for the level gauge to accurately 

detect the change in level. Infiltration data for basin 3 for the time period of first 7-150 

days (Oct 24, 2010 to 1st Mar 2011) was as high as 125.2 mm/day and steadily dropped to 
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79.2 mm/day. The rate dropped to 60.9 mm/day for the next 210 days (1st June 2011), and 

was about 40.6 mm/day for the by 331 days. The final infiltration rate at the end of Dec 

2011(day 440) was at 17.02 mm/day (Figure 7). 

 

Figure 7: Comparison of infiltration rate from three different methods for reclamation 
basin number 3 at City of Fresno RWRF. 

 

3.3.2 Hydrus Modeling 

 Hydrus 2D modeling was performed on the data collected from 10/25/2010 to 

1/10/2012 at basin number 3 using the pressure head, groundwater level, moisture, 

temperature, conductivity (converted to salinity), and other parameters (Tables 2 and 3). 

We used the Hydrus-2D simulation to estimate groundwater recharge (as opposed to 

infiltration). The mean of maximum infiltration rate at basin 3 was 130 mm/day and 

minimum of 20 mm/day over the 465 day period at the soil-water interface as reported by 
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Hydrus model. However the average infiltration estimated by Hydrus were 82 mm/day 

compared to 66 mm/day reported by the water balance method for basin 3. To estimate 

recharge the cumulative bottom flux was taken from the Hydrus output at the bottom of 

the simulation domain (18 m depth), at the water table (Figure 5 & 12).   

Table 3: Hydraulic parameters obtained from best fit of the model. 

USDA Soil Texture 
Class 

Ɵ࢘ Ɵ࢙ ࢙ࡷ ࢔ ࢻ R2 

Sandy Loam(0-.6m) 0.072 [0.053] 0.39[0.42] 0.018[0.017]  1.42[1.46] 36.5[42.8] 0.75 
Loamy Sand (.6-1.8m) 0.064 [0.056] 0.39[0.42] 0.04[0.034] 2.24[2.04] 170.2[220.7]  
Sand (1.8-3.6m) 0.044 [0.060] 0.36[0.42] 0.018[0.03] 2.23[2.33] 223.5[320.9]  
Loamy Sand (3.6-18m) 0.074 [0.057] 0.38[0.43] 0.033[0.03] 2.20[2.14] 161.5[267.9]  

 

On increasing the pressure head at the surface by 500mm (day 35-62, 71-110 and 112-

150) (Figure 10 & 11), did not show a significant change in the recharge rate. However 

on day 350-362 when pressure head was increased again there was a temporary increase 

over a short duration of time. After the initial 62 days, drastic change in pressure head did 

not yield any significant change to the infiltration rate since the soils under the basin were 

all close to saturation and had reached steady state. Prior to the first 62 days the 

infiltration rate increased by 6.8% for every 30 cm increase in pressure head at the 

surface. Thereafter, the boundary pressure head was relatively constant (averaging 80 

cm) and did not affect infiltration rate substantially. The water balance error derived from 

the inverse solution was 0.112% and the r2 for the regression of predicted vs observed 

was 0.75 with an average residual of -0.0725.The model runs exhibited similar fit ( r2, 

lower residual and WB%), when ran for a shorter period of 50 days and then for the 

whole 465 days ( Figure 13 & 14). This reinforced the robustness of the model.  

Additionally, the values within parenthesis in Table 3 represents the actual hydraulic 
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parameters predicted by US Salinity labs ROSSETTA model, while the values outside 

the parameters are as obtained from best fit of the model. The actual and fitted values 

were within reasonable values for these soils types. The model observation and fit were 

very closely correlated for the wetting front, however there was a consistent and 

difference between fitted and observed at the saturated end.  

 

Figure 8: Temperature profile for the different observation nodes at Fresno RWRF basin 
3. 

Daily recharge values estimated from 10/25/2010 to 1/10/2012 demonstrated a 

fast decline in the infiltration during the first 15-20 days, followed by a steady decline 

over the next 210 days and attained steady state, there was a slight increase at day 221 

and maintained that steady state after that. This observation concurs with other studies on 

infiltration rate, demonstrating a fast decline initially and demonstrating towards a steady 



82 
 

 
 

state eventually. The infiltration rate were below 100 mm/day past the 210 days period 

and were at 50mm/day beyond 300 days with a slight decline over time .This helps us 

make the assumption that beyond 330 days, infiltration starts slowing down but without 

effecting recharge rate. At the end of the 450 days when water supply was cut off, we 

saw a steady increase in recharge rate (Figure 9& 10) as flow transitioned from a 

saturated to unsaturated flow.

 

Figure 9: Average soil temperature and pressure head for basin from the 3 locations 
(west, middle, and north) at basin 3 Fresno RWRF. 
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Figure 10: Actual surface pressure head for basin 3 and the resulting pressure head at the 

observation nodes at various depths. 

 

Figure 11: For the purposes of forward modeling, beyond day 465, the data was expanded 
with historic data to run a forward model simulation for 500 days. 
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Figure 12: The Ks value limits were rerun after the optimal model fit (1:1 Ks) were 
obtained that illustrated the optimal Ks values with the aid of inverse solution data. Ks 
values were reinitialized to have values between 0.5 to 1.0 times of the actual value; and 
again 1.0 to 2.0 times actual value to show the recharge values changed accordingly. 

 

To test the robustness of the model, the fits were compared for an initial period of 

50 days and then compared to the full 465 days, for location west and middle respectively 

(Figure 13 & 14), both runs produced similar fit with r2 of 0.75. Also, as illustrate in 

figure 12, the model recharge values increased or decreased proportional to the change in 

Ks values of the various soil layers. This also confirms that, not only is the model fit 

consistent over the initial or full spectrum of the data, but any change in the model 

parameters is directly proportional to the output. 

For the other 3 RWRF’s we modeled Hydrus 2D with constant pressure head (900 

mm), online soils survey data for soil textures, GW levels from USGS, and weather 
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parameters from local weather stations. Based on the Hydrus modeling cumulative 

bottom flux for Tulare, Visalia and Bakersfield RWRFs, we found the average recharge 

rate to be 30.12-41.56 mm/day, 43.12-64.58 mm/day, and 41.56-68.97 for Tulare, Visalia 

and Bakersfield respectively (Table 4). The higher recharge range for each site is during 

the initial unsaturated flow conditions. The lower numbers of recharge are steady state 

rate. Since on-site data was not available for these 3 RWRF’s, to perform inverse 

solution, no water balance regression or r2 fit could be performed.   

3.3.3 Available land for recharge 

 To quantify the regional potential for MAR using reclaimed water, we 

extrapolated our findings to the overall south SJV (mainly within the confines of the 

other three RWRF’s at Visalia, Tulare and Bakersfield).  

Wastewater treatment facilities are normally located outside of the populated 

areas of the communities to meet National Pollutant Discharge Elimination System 

(NPDES) and Water Pollution Control Facilities (WPCF) requirements among other 

factors (Qasim 1998). In addition they are located down gradient of the city to use gravity 

for flow. We found this to be true for the four RWRF we used for our study (Table 7). 

Using the parameters described in equation 3, we found the minimum and 

maximum land requirement for Fresno RWRF to be 193 and 119 ha respectively (Table 

4).Similarly for Tulare, Visalia and Bakersfield the minimum and maximum figures were 

14.9-44.1, 7.5-22.6 and 10.1-34.8 ha respectively.   
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Figure 13: Basin 3, Hydrus 2D observed and simulated results for water content, for west 
station at day 50 (top to bottom: 0-60, 60-180, 180-540 & 540-1800 cm). The x-axis is 
time scale in log units. 
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Figure 14: Basin 3, Hydrus 2 D observed and simulated results for water content, for 
middle station at day 465 (top to bottom: 0-60, 60-180, 180-540 & 540-1800 cm). The x-
axis is time scale in log units. 
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It should be noted that there is a significant amount of differences in the amounts 

of land needed for each of the RWRFs and the corresponding percentage recharge. These 

numbers are indicative of the infiltration rate and the amounts of water available for 

recharge (quantity of wastewater available at each RWRF is also a function of the 

population size being serviced by each of these RWRF).   

Table 4: Recharge land required per RWRF and recharge potential 

Location 

Wastewater 

(MM 

m3/day) 

Avg 

Infiltration 

rate of soil 

(mm/day) 

Steady State 

Recharge 

Rate of soil ( 

mm/day) 

Land Required to 

recharge 

efficiently(ha) 

Potential 

minimum 

recharge 

(m3/day) 

Potential 

maximum 

recharge 

(m3/day) 

As % of 

Wastewater 

received  

Fresno (model) 0.2574 20-130 9.70-19.10 193-1119 36863 108543 14.3-42.2 

Tulare (NRCS) 0.055 121.9-365.8 30.12-41.56 14.9-44.1 6192 13282 11.3-24.2 

Visalia (NRCS) 0.0833 365-1100 43.21-64.58 7.5-22.6 4843 9765 5.8-11.7 

Bakersfield (NRCS) 0.1211 345.6-1200 41.56-68.97 10.1-34.8 6965 27840 5.8-11.9 

 

 Based on the location of Fresno RWRF, it was ascertained from GIS and 

Satellite data, that areas immediately south and south west of the treatment facility were 

down gradient of the Fresno metropolis area. The treatment facility is at 76.8 m meters 

above sea level (city elevation 93.87 m) and areas up to 10 km south and south-west of 

facility steadily dropped to between 59.5-70.2 m above sea level from 76.8 m (Table 7 & 

Figure 15). To investigate potential areas for recharge with the four different disposal 

method (irrigation, rapid infiltration, slow infiltration and land application of wastewater) 

we focused on these portions of land. We narrowed our recharge area in this vicinity with 

access to existing canal infrastructure and selected an area of 21,027 ha and found 2185 

ha (10.4 %), 1092(5.2%), 2139(10.2%) and 8457(40.2%) suitable for disposal by 

irrigation, rapid infiltration, land application and slow infiltration respectively (Table 5 
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and Figure 15). These numbers are in access of the maximum area (1119 ha) needed to 

successfully dispose-off 0.2574 x 106 m3/day of waste water, except for land application 

method. Using either of the four disposal method we can expect recharge to be around 

14.2-42.2 % of the total incoming wastewater ( Figure 19).   
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Figure 15: Fresno RWRF proposed recharge area potential for wastewater discharge using Irrigation, Rapid Infiltration, Sewage Sludge and  

Slow Rate Treatment of WW (RWRF: top right corner of the selected area).The areas designated by ,  , ,and  represents 
very limited, somewhat limited, not limited, and not rated areas for discharge within the selected polygon.       
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Figure 16: Tulare RWRF proposed recharge area potential for wastewater discharge using Irrigation, Rapid Infiltration, Sewage Sludge and 

Slow Rate Treatment of WW (RWRF: top right corner of the selected area). The areas designated by ,  , ,and  represents 
very limited, somewhat limited, not limited, and not rated areas for discharge within the selected polygon.       
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Figure 17: Visalia RWRF proposed recharge area potential for wastewater discharge using Irrigation, Rapid Infiltration, Sewage Sludge and 

Slow Rate Treatment of WW (RWRF: top right corner of the selected area). The areas designated by ,  , ,and  represents 
very limited, somewhat limited, not limited, and not rated areas for discharge within the selected polygon.       
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Figure 18: Bakersfield RWRF proposed recharge area potential for wastewater discharge using Irrigation, Rapid Infiltration, Sewage Sludge 

and  Slow Rate Treatment of WW (RWRF: top right corner of the selected area). The areas designated by ,  , ,and  
represents very limited, somewhat limited, not limited, and not rated areas for discharge within the selected polygon.       
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Table 5: Total land area potentially available to attain efficient recharge at Fresno and Tulare RWRF’s. Figures within the 
parenthesis indicates the percentage available within the total area of interest (AOI). 

Location and Area Selected ( hectares and [percentage]) 

 Fresno Tulare 

Rating 
Disposal by 
Irrigation Rapid Infiltration Land Application 

Slow 
Infiltration 

Disposal by 
Irrigation 

Rapid 
Infiltration Land Application Slow Infiltration 

Very limited 18392 [87.5%] 18972 [90.2%] 18392 [87.5%] 10365 [49.3%] 2100 [10.7%] 18543 [94%] 2100 [10.7%] 2529 [12.8%] 

Not limited 2185 [10.4%] 1092 [5.2%] 2139 [10.2%] 8457 [40.2%] 687 [3.5%] 153 [0.8%] 0 [0%] 687 [3.5%] 

Somewhat limited 430 [2%] 942 [4.5%] 475 [2.3%] 2184 [10.4%] 16621 [84.3%] 713 [3.6%] 17309 [87.8%] 16192 [82.1%] 

Null or Not Rated 19 [0.1%] 19 [0.1%] 19 [0.1%] 19 [0.1%] 310 [1.6%] 310 [1.6%] 310 [1.6%] 310 [1.6%] 

Total for AOI 21027 21027 21027 21027 19720 19720 19720 19720 
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Table 6: Total land area potentially available to attain efficient recharge at Visalia and Bakersfield RWRF’s. Figures within the 
parenthesis indicates the percentage available within the total area of interest (AOI). 

 

  Location and Area Selected ( hectares and [percentage]) 

 Visalia Bakersfield 

Rating 
Disposal by 
Irrigation 

Rapid 
Infiltration 

Land 
Application 

Slow 
Infiltration 

Disposal by 
Irrigation 

Rapid 
Infiltration 

Land 
Application 

Slow 
Infiltration 

Very limited 
6452[55.2%] 10624[90.9%] 6451[55.2%] 5165[44.2%] 13236[87.2%] 14066[92.7%] 13236[87.2%] 10555[69.6%] 

Not limited 
1934[6.7%] 0[0%] 782[6.7%] 782[6.7%] 1321[8.7%] 0[0%] 0[0%] 1321[8.7%] 

Somewhat 
limited 

4195[35.9%] 804[6.9%] 4195[35.9%] 5480[46.9%] 583[3.8%] 1073[7.15] 1904[12.6%] 32[21.5%] 

Null or Not 
Rated 

260[2.2%] 260[2.2%] 260[2.2%] 260[2.2%] 32[0.2%] 32[0.2%] 32[0.2%] 32[0.2%] 

Total for AOI 
11689 11689 11689 11689 15171 15171 15171 15171 
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Figure 19: Fresno RWRF proposed recharge area potential for wastewater discharge using 
Irrigation, Rapid Infiltration, Sewage Sludge and  Slow Rate Treatment of WW. 

 

 

Figure 20: Bakersfield RWRF proposed recharge area potential for wastewater discharge using 
Irrigation, Rapid Infiltration, Sewage Sludge and  Slow Rate Treatment of WW. 
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For, Tulare RWRF areas west and south-west of the facility were down gradient 

and went from 78.33 m above sea level at the facility to 65-67 m above sea level in areas 

mentioned above with a steady decline in elevation (city elevation 88.09 m)( Table 7 and 

Figure 16). To investigate potential areas for recharge, we focused on these portions of 

land. We selected an area of 19720 ha and found 687 ha (3.5 %), 153(0.8%), 0(0%) and 

687 (3.5%) suitable for disposal by irrigation, rapid infiltration, land application and slow 

infiltration respectively (Table 5 and Figure 16). These numbers are in access of the 

maximum area (44.1 ha) needed to successfully dispose-off 0.55 x 106 m3/day of waste 

water, except for land application method. This will potentially contribute to 11.3-24.2 % 

of the incoming wastewater leading to recharge. These numbers are slightly lower than 

Fresno, as the soils in Tulare area had higher conductivities leading to less land required 

but did not have relatively comparable recharge rate (Table 4).  

Table 7: Elevation of Study area cities and treatment facility (RWRF) 

 

RWRF 
Elevation of City above 
Sea level (m) 

Elevation of RWRF 
above Sea level (m) 

Fresno RWRF 93.87 76.8 
Tulare RWRF 88.09 78.33 
Visalia RWRF 100.89 85.64 
Bakersfield-B 
RWRF 132.14 108 

 

At, Visalia RWRF the treatment facility is at 85.64 m above sea level and areas 

west and south-west of the facility were down gradient and were at 69-71 m above sea 

level at 20 km from the facility with gradual decline in elevation (city elevation 100.89 

m) ( Table 7 and Figure 17). We narrowed our recharge area in this vicinity and selected 
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an area of 11689 ha and found 1934 ha (3.5 %), 0(0%), 782(6.7%) and 782 (6.7%) 

suitable for disposal by irrigation, rapid infiltration, land application and slow infiltration 

respectively (Table 7 and Figure 17). For this RWRF we selected a triangular area due to 

the canal infrastructure, compared to a rectangular polygon for the other RWRFs. This 

will potentially contribute to 5.8-11.7 % of the incoming wastewater leading to recharge. 

These numbers are again slightly lower than Fresno and Tulare, as the soils in Visalia 

area had higher conductivities compared to Fresno and Tulare needing less land for 

infiltration but had comparatively less recharge potential (Table 4). This may be 

attributed to the saturated mound that formed underneath the basin, for soils with higher 

infiltration rate the mounds would develop sooner, restricting flow from top. 

Lastly, at Bakersfield RWRF-B the treatment facility is at 108 m above sea level 

and areas west and south of the facility were down gradient and were from 91-101 m 

above sea level at 10 km from the facility with gradual decline in elevation (city elevation 

132 m) ( Table 7 and Figure 18). Lastly, for Bakersfield area we selected an area of 

15171 ha and found 1321 ha (8.7 %), 0(0%), 0(0%) and 1321 (8.7%) suitable for disposal 

by irrigation, rapid infiltration, land application and slow infiltration respectively (Table 

7 and Figure 18). This will potentially contribute to 5.8-11.9 % of the incoming 

wastewater leading to recharge. These numbers are again slightly lower than Fresno and 

Tulare, but comparable to Visalia. This area exhibited favorable criterion for disposal by 

Irrigation and slow infiltration but were totally unfavorable for rapid infiltration and land 

application. This could be attributed to the high infiltration rate, where rapid infiltration 

and land application could lead to contaminants present in the wastewater to pass through 

the soil without getting filtered through the soil, leading to health hazard. Again, this is a 
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prime example of how the model is able to filter out one disposal method from another 

based on soil features.   

Based on the Hydrus modeling for Fresno, Tulare, Visalia and Bakersfield 

RWRF’s recharge rate and the infiltration capacity of the soil, the estimated land needed 

to achieve maximum recharge was estimated at 193-1119 ha, 14.9-44.1 ha, 7.5-22.6 ha, 

and 10.1-34.8 ha for Fresno, Tulare, Visalia and Bakersfield respectively (Table 6 & 7). 

Priority should be on the maximum land area needed as it represents a steady state of 

recharge which is achieved after 10-30 days (Figure 19 & 20). Again, the numbers are 

based on the actual land area needed, but to implement this we will likely need additional 

land to be able to cycle through different parcels and keep the recharge process ongoing 

(or move to other areas if agronomic/management practices does not permit immediate 

reuse for the site for the next cycle). We estimated the recharge percentage (%) as a 

function of the volume of the incoming wastewater, these figures vary from location to 

location based on the soil hydrology. The percentage recharge for the four RWRF 

locations were 14.3-42.2%, 11.3-24.2%, 5.8-11.7%, and 5.8-11.9 % for Fresno, Tulare, 

Visalia and Bakersfield respectively( Table 4). The variation is in direct correlation to the 

hydraulic conductivity of the local soils; the soils were much coarser as we moved south 

of Fresno, leading to a mound being formed faster in the coarser soil.  

In this study the effort was mainly focused on demonstrating the recharge 

potential, and to show that land areas could be available if needed. Additionally, we 

factored in four different disposal method for recharge so utilities could mix and match 

based on need. These four study sites are in the heart of America’s agricultural operation; 
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cropping pattern, and crop rotation for row crops vary every year based on market 

demand, water availability, and agronomic practices. So it is very hard to accurately 

predict, which parcel of land could be potentially available. But our land area analysis 

shows (Table 5 and Figures 15-18), shows that we have sufficient amount of land 

potentially available for recharge compared to the actual acreage needed, this is very 

promising and should not create any bottlenecks in the process.     

3.4 Discussion 

In this section we limit our discussion mainly to cover Hydrus modeling and land 

use data. 

3.4.1 Hydrus modeling 

 Our Hydrus modeling primarily focused on the Fresno RWRF basin. We expected 

our data set to demonstrate infiltration rates lower than the ones reported by 

USDA/NRCS: SSURGO soils survey. USDA/NRCS soils survey indicated an infiltration 

capacity of 78-106 mm/day, however our soil columns and water balance showed the 

infiltration capacity to be around 20-130mm/day. Past research has demonstrated these 

differences as well, which is attributed mainly to variability in soil type, map scale, 

spatial location, and specific soil property (Muttiah and Wurbs 2002, Lin et al. 2005, 

Beaudette and O’Geen 2009).The initial infiltration rate is slightly higher than the 

USDA/NRCS data, which again may be attributed to soil variability, however the lower 

infiltration rate over time is mainly accredited to the quality of the secondary treated 

water (Arye, Tarchitzky and Chen 2011; Bekele 2011;Knowles, Dotro, Nivala and Garcia 

2011; Pesco and Arar 2013 ).   
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Once the Hydrus flow/transport model was calibrated with our field data (Figure 

8-9), various scenarios were run to be able to port the model for the other three RWRF’s 

(Abbasi,Feyen and van Genuchten 2004; Moriasi et al. 2012) . The model showed no 

long term increase in recharge rate if the pressure head were increased by 500 mm after 

the onset of inverted table at 330 days. But recharge rates demonstrated a slight increase 

when the pressure head was increased again (Sophocleous 2002; Racz,Fisher,Schmidt, 

and Lockwood 2012); we maintained the head at 800-1400 mm in the actual field 

condition. The model also indicated that recharge capacity would remain the same as 

long as a minimum head of 800 mm was maintained. However, the infiltration rate 

increased to 6.8% for every 300 mm increase in head (Bear 2012; Schmidt, Fisher, Racz 

and Wheat 2012). From a recharge point of view, this could be really beneficial as the 

water could be spread out to bigger areas rather than have a pond with maximum 

allowable head; however this could also be detrimental for utilities as it reduces the 

infiltration capacity. Utilities are mostly concerned with infiltration rate rather than 

recharge, as disposing off the water in a quicker fashion helps them maintain a steady 

flow of water out of the treatment plant. Nonetheless, having this new information could 

be helpful in deciding if recharge or infiltration takes precedence based on availability of 

access land. 

With the current drought scenario, we don’t have too many exposed water bodies. 

Even lakes and reservoirs are at its all-time low, this leads to reduced evaporation which 

eventually affects the hydrological cycle. Maintaining low water heads allows for the 

water to be spread over a larger area which not only aids in recharge but also the 
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evaporation of water, which is greatly needed to alleviate drought conditions (Sun and 

Chen 2012; Monteith and Unsworth 2013)  . 

3.4.2 Estimation of available land for recharge 

 USBR data and our data computation of unusable or fallow land from these 

sources show that we have over 28,700 ha of fallow or unusable not suitable for 

agriculture in Central SJV. Recent CA SJV land use data shows that these numbers are 

growing due to CA State Water project’s inability to supply water to farmers (Howitt, 

Medelln-Azuara, Lund and MacEwan 2014). Our estimates were similar to the previous 

study above, but we also included range lands belonging to USBR and land designated 

for the Central Valley Basin reclamation project similar to the concept proposed by 

Esnault and colleagues (2014).  

We expected the infiltration and recharge process to be slow, however our model 

parameters indicate that if the recharge scheme were to be implemented in reality, we can 

estimate the recharge to be anywhere from 5.8-42.2% of the daily wastewater generated. 

In these times of drought and groundwater depletion, these numbers could over time help 

minimize the depleting groundwater. Again our work is similar effort as illustrated by 

(Racz 2012), but accounts for extrapolation of this method over a bigger geographical-

area using secondary treated water. Again, the whole concept of this premise is to look 

for alternatives to recharging groundwater, provided we can comprehensively address the 

real health concerns that are associated with the reuse of wastewater.   

Moreover, we focused on recharge using four methods of disposal. For example 

in under these drought conditions, where farmers are struggling to grow more with 
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depleting water supplies, some of the irrigation water could be sourced as “ disposal by 

irrigation”. Disposal by irrigation will allow for crops like cotton, alfalfa, sudan grass and 

other salt (TDS) tolerant crops to be grown with wastewater, freeing up much needed 

fresh water for other crops fit for human consumption( Deinlein et al., 2014; Roy, 

Negrão,  and Tester,2014;Yamaguchi and Blumwald, 2005). Not all areas have similar 

soils and access to land for disposal using a single method of disposal for recharge, 

having more than one option allows for beneficial second use and still aid with recharge.  

Additionally, to frequently flush some of these recharge areas of the bio 

contaminates, we could periodically introduce fresh water or blend freshwater with the 

treated water. For example for every 1 m3 of wastewater treated at the treatment plant the 

City of Fresno has 0.75 m3 of fresh water left over from the SJ and KR water rights. 

Fresno-Clovis RWWTF treats about 90 MM m3 of wastewater annually, while the city 

has left over of or unappropriated 60 MM m3 of fresh water form SJ and KR. This could 

be used for either blending the wastewater or to periodically flush the recharge areas 

(Fresno Bee, 2015). 

3.4.4 Health Concerns 

Fortunately, researchers have recently developed relatively cheaper and more 

innovative alternatives to further scrub wastewater based on the contaminants to be 

removed so it could be safely reused for purposes like recharge. Recently developed  

polymer-soil composite compound can absorb specific target compounds more efficiently 

than conventional sorbents such as active carbon (Bleiman and Mishael,2010; Ganigar et 

al., 2010; Radian et al., 2011, Zadaka-Amir et al.,2012;Radian and Mishael, 2012). 
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Polymer-soil compounds have been used in the past as sorbents without much success 

because it primarily focused on contaminant as a function of clay flocculation (Theng 

1979).  Conversely, these new polymer-soils are specifically tailored based on 

contaminants to be removed, but research regarding this process is still in its infancy 

stage (Radian and Mishael, 2008; and Zhu et al 2011). These specific sorbents hold great 

promise but have not yet been tried and tested on treatment of the wastewater as it passes 

through the vadose zone to the aquifer (Lim et al., 2008 ; Dickenson et al., 2011;.Jasper 

and Sedlak, 2013; Grebel et al., 2013)  

3.4.5 Salinity Built Up 

 For this study we have discounted the health concern arising out of the use of 

secondary treated water for recharge, but salinity is another issue that needs to address. 

We know the salinity of the secondary treated water is not significantly high and is under 

1dS/m, however overtime it could add up if we don’t pay attention to the salt balance. 

Salt balance is governed by three principle: 1) salt added should be equal to salts 

removed, 2) and the buildup could be less abrupt in shallow groundwater areas due to 

intermixing of incoming water and old water and, 3) due to slow movement of salts it 

takes a relatively extended period of time for these salts to reach groundwater (Latey, 

2000; Schopas et al., 2005). In our current proposed system, since the recharge sites will 

be moved around based on availability of water, and land use type available, its still 

conceivable that salinity build up in the soil or salt reaching groundwater might be an 

issue. But the hope is that some scientific breakthrough in the current polymer membrane 

technology might be able to harness the salts in the vadose zone so it could be extracted 
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out of the system before it reached groundwater(Dickenson et al., 2011; Grebel et al., 

2013). 

3.5. Conclusions 

 The water balance method describe here provides for direct and accurate 

measurement of infiltration rate at water reclamation ponds. While this method is 

accurate it needs significant instrumentation and data processing capability to analyze the 

data. City utilities could use a simplified version of this method by deploying a simplified 

flume to estimate water delivered to the basins and using a graduated staff gauge or 

inexpensive level loggers to keep track of level changes. The rest of the parameters 

needed for water balance can be obtained from local weather stations. The Fresno facility 

currently uses 80% of the reported evapotranspiration value in estimating infiltration. 

This assumption is generally not true and can be off by ±15%.  A simple pan evaporation 

setup like the University of Georgia EASY PAN could be constructed and maintained at 

the utility site for accurate estimates. These will help utilities immensely in deciding the 

duty cycle of these ponds and minimize the error in the computation of their infiltration 

rate which is as high as 200% at times.   

Modeling software like Hydrus and MODFLOW are great tools to estimate 

recharge from these utilities, this not only helps manage these basins better but could aid 

in the recharge process and keep a track of the groundwater health.   

User friendly USDA/NRCS SSURGO driven online websites makes it relatively 

easy for utilities and city manager to plan recharge options and land use pattern. 
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Finally the modeling effort indicate that if the recharge scheme were to be 

implemented in reality, we can estimate the recharge to be anywhere from 5.8-42.2% of 

the daily wastewater generated, which is roughly 0.5% of the groundwater refill 

requirement proposed by NASA for the central valley. 
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CHAPTER 4 

CONCLUSIONS 

This work was driven by the on-going drought in California and other parts of the 

world. Groundwater is often overused to close the gap between inconsistent surface water 

supplies and somewhat steady urban, agricultural, industrial, and environmental water 

demands. This practice leads to the problem of over-drafted groundwater basins. Due to 

unpredictable climatic conditions our current water supply versus demand will only 

become worse. We investigated the prospect of using secondary treated wastewater as an 

alternative to help recharge regional groundwater levels, and estimated the potential for 

such recharge to impact the Southern SJV as a test case. 

4.1 “Easy Tool” for Utilities to accurately estimate infiltration 

The first objective for this research was to develop a continuous, autonomous 

monitoring platform for assessing an infiltration basin water balance artificial recharge 

and to compare the resulting infiltration estimates to those estimated using the agency’s 

current approach. For the soils of southern SJV, there were strong correlations between 

soil column study and water balance (WB) approach, with the soil columns results being 

about 33% higher than the WB rate.  However, our results differed drastically from the 

Fresno-RWRF agency estimates. The Fresno-RWRF rates were lower by as much as 

200% in the beginning and end of the experiment. We believe the anomaly in the Fresno-

RWRF data is due to some of their measurement methods. First, their incoming water 

volume calculation is a simplistic estimate based on the timing of open gates and a rough 

channel flow rate estimate. We recommend using some form of a calibrated flume or 

weir system (equipped with a stage sensor) to more accurately measure flow volumes. 
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Second, the Fresno-RWRF basin water column/height estimate is based on a visual 

gauging staff estimate.  We believe Fresno-RWRF can improve their accuracy and 

compute temporal fluctuations (which are typically missed) using relatively inexpensive 

pressure transducers (e.g., level loggers). This will not only accurately log data at 

frequent interval but will also take away the need for manual readings. Lastly, 

evaporation component is used as a fixed % of local evapotranspiration throughout the 

year, which is not always correct. A simple pan evaporation setup like the University of 

Georgia EASY PAN could be constructed and maintained at the utility site for accurate 

estimates. These will help utilities immensely in deciding the duty cycle of these ponds 

and minimize the error in the computation of their infiltration rate which is as high as 

200% at times.   

We think these recommendation will incur minimal cost but will provide greater 

accuracy and returns on investment. RWRF’s current water balance spreadsheet does not 

need any modification, the error lies not in the spreadsheet but in the estimation of the 

parameters needed for water balance.     

 

4.2 Soil texture and recharge 

The second and third objectives of this research were to examine the efficacy of site-

specific soil columns for estimating infiltration rate and duty cycle of an artificial 

recharge basin and estimate the portion of the applied effluent that results in recharge.  

As mentioned earlier in the previous section, the water balance and soil column exhibited 

a close correlation, making soil columns an ideal candidate to estimate basin infiltration 

rate and duty cycle. Soil texture, hydraulic conductivity, and depth of soil profile, are a 
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good indicator of recharge potential, however soils are spatially variable. When these 

estimates are done over a larger domain and soils with multiple soil texture profile, they 

reveal the variability in recharge potential. For example in our study area the soil got 

coarser and exhibited higher hydraulic conductivity as we moved south from Fresno. 

Fresno RWRF recharge potential was 3.2-6.4% while for Bakersfield it was 13.9-23 % of 

the total incoming wastewater. But for each of the four RWRF’s, the recharge potential 

and approach were different, this was primarily due to the soils texture and distribution. 

For example Fresno RWRF area had 40.2 % available land (within the Area of Interest 

(AOI), < 10 KM for the treatment plant) suitable for recharge using slow infiltration 

compared to 3.5, 6.7 and 8.7 % for Tulare, Visalia and Bakersfield respectively. 

Fortunately, for each of these four RWRFs the total land required to implement the 

recharge scheme is much lower then what is available. As an example Fresno will only 

need 13.2 % of the land within the area of interest to implement the recharge scheme. 

Similarly, Tulare will only need 6.4 %, followed by 2.8% for Visalia and 2.6% for 

Bakersfield. This indicates we have sufficient amounts of land potentially available to 

implement this recharge approach.   

These numbers agree with our finding of 41-69 mm/day for coarser soils in 

Bakersfield/Visalia area and 9-42 mm/day for medium textured soil in Fresno and Tulare 

(Knapton et al. 2004). 

California currently overdrafts approximately 2 million acre feet of groundwater 

annually (CA DWR 2015), this associated regional MAR in SJV would reduce that 

volume by approximately 0.8-2.5%.  Additionally, this recharge estimate is roughly 0.5% 

of the groundwater refill requirement proposed by NASA for the central valley (NASA 
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2015). While not a substantial amount, these MAR volumes could be significant with 

steady use over a decade or more, using readily available effluent. 

4.3  Hybrid approach  

One of the last objective of the research was to investigate sustainable options for 

using the infiltrated water to grow salt tolerant crops (like forages, such as alfalfa and 

sudangrass, or fiber crops). As the effluent water infiltrates through the vadose zone some 

of contaminants, micro-nutrients and macro nutrients are filtered out or bio degraded 

(Adriaens et. al. 2002, and Chege, 2014). During the course of this study, limited 

amounts of soil-water samples were collected from the suction lysimeters located at 0.5, 

1.5, 3.5 and 5.5 m below the basin. Laboratory analysis of the lysimeter water samples 

indicated the electrical conductivity of the water to be under 0.9 dS/m, and NPK levels 

(nitrogen, phosphorus and potassium) within sufficiency limits for most crops. Due to 

health concerns, crops suitable for human consumption cannot be grown with these water 

quality, however crop like cotton which accounts for over 173,000 ha of farming in 

California depletes 283 x 106 m3 (2300 x 106 ac/feet) of good quality irrigation water ( 

CCGGA, 2015, and Hansen, 2012). Similarly, alfalfa another major crop in California, 

requires 653 x 106 m3 (5300 x 106 ac/feet) of irrigated water. Other forages accounts for 

407 x 106 m3 (3300 x 106 ac/feet) of irrigated water (Hansen, 2012). These three 

candidate crops are salt tolerant ( except for some variety of corn) and  could be grown 

with the water derived from the reclamation wells, this approach will contribute to 3.3 % 

of the groundwater refill requirement proposed by NASA ( Chu et. al. 2015). 
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4.4 Future work 

There are numerous water treatment options like membrane bioreactors (MBR), and 

biologically aerated filters (BAF) being currently researched that could safely treat water 

for reuse, however they are constrained by their tendency to foul and economically not 

viable (Gander, Jefferson, and Judd, 2000; Jerrerson et al. 2000). Polymer-soil composite 

that can absorb specific target compounds could be an alternative to economically treat 

wastewater before it infiltrates through the vadose zone for recharge (Grebel et al., 2013; 

Jasper and Sedlak, 2013).   

Another viable option would be to explore crops that’s tolerant to these wastewater, 

and could potentially scrub or bio degrade some of the contaminants in the wastewater. 

Future studies could include contaminants study past the root zone to explore the fate of 

these contaminants in the vadose zone in conjunction with the recharge work. 

Insights gained about the recharge potential may also accelerate research in other 

fields of engineering and soil sciences. Research investigation into alternative to 

groundwater recharge and estimation of recharge assessment may perhaps benefit from 

the findings of this research.  
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Preface
Soil surveys contain information that affects land use planning in survey areas. They
highlight soil limitations that affect various land uses and provide information about
the properties of the soils in the survey areas. Soil surveys are designed for many
different users, including farmers, ranchers, foresters, agronomists, urban planners,
community officials, engineers, developers, builders, and home buyers. Also,
conservationists, teachers, students, and specialists in recreation, waste disposal,
and pollution control can use the surveys to help them understand, protect, or enhance
the environment.

Various land use regulations of Federal, State, and local governments may impose
special restrictions on land use or land treatment. Soil surveys identify soil properties
that are used in making various land use or land treatment decisions. The information
is intended to help the land users identify and reduce the effects of soil limitations on
various land uses. The landowner or user is responsible for identifying and complying
with existing laws and regulations.

Although soil survey information can be used for general farm, local, and wider area
planning, onsite investigation is needed to supplement this information in some cases.
Examples include soil quality assessments (http://www.nrcs.usda.gov/wps/portal/
nrcs/main/soils/health/) and certain conservation and engineering applications. For
more detailed information, contact your local USDA Service Center (http://
offices.sc.egov.usda.gov/locator/app?agency=nrcs) or your NRCS State Soil
Scientist (http://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/contactus/?
cid=nrcs142p2_053951).

Great differences in soil properties can occur within short distances. Some soils are
seasonally wet or subject to flooding. Some are too unstable to be used as a
foundation for buildings or roads. Clayey or wet soils are poorly suited to use as septic
tank absorption fields. A high water table makes a soil poorly suited to basements or
underground installations.

The National Cooperative Soil Survey is a joint effort of the United States Department
of Agriculture and other Federal agencies, State agencies including the Agricultural
Experiment Stations, and local agencies. The Natural Resources Conservation
Service (NRCS) has leadership for the Federal part of the National Cooperative Soil
Survey.

Information about soils is updated periodically. Updated information is available
through the NRCS Web Soil Survey, the site for official soil survey information.

The U.S. Department of Agriculture (USDA) prohibits discrimination in all its programs
and activities on the basis of race, color, national origin, age, disability, and where
applicable, sex, marital status, familial status, parental status, religion, sexual
orientation, genetic information, political beliefs, reprisal, or because all or a part of an
individual's income is derived from any public assistance program. (Not all prohibited
bases apply to all programs.) Persons with disabilities who require alternative means
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for communication of program information (Braille, large print, audiotape, etc.) should
contact USDA's TARGET Center at (202) 720-2600 (voice and TDD). To file a
complaint of discrimination, write to USDA, Director, Office of Civil Rights, 1400
Independence Avenue, S.W., Washington, D.C. 20250-9410 or call (800) 795-3272
(voice) or (202) 720-6382 (TDD). USDA is an equal opportunity provider and
employer.
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Soil Map
The soil map section includes the soil map for the defined area of interest, a list of soil
map units on the map and extent of each map unit, and cartographic symbols
displayed on the map. Also presented are various metadata about data used to
produce the map, and a description of each soil map unit.
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MAP LEGEND MAP INFORMATION

Area of Interest (AOI)
Area of Interest (AOI)

Soils
Soil Map Unit Polygons

Soil Map Unit Lines

Soil Map Unit Points

Special Point Features
Blowout

Borrow Pit

Clay Spot

Closed Depression

Gravel Pit

Gravelly Spot

Landfill

Lava Flow

Marsh or swamp

Mine or Quarry

Miscellaneous Water

Perennial Water

Rock Outcrop

Saline Spot

Sandy Spot

Severely Eroded Spot

Sinkhole

Slide or Slip

Sodic Spot

Spoil Area

Stony Spot

Very Stony Spot

Wet Spot

Other

Special Line Features

Water Features
Streams and Canals

Transportation
Rails

Interstate Highways

US Routes

Major Roads

Local Roads

Background
Aerial Photography

The soil surveys that comprise your AOI were mapped at 1:24,000.

Please rely on the bar scale on each map sheet for map
measurements.

Source of Map:  Natural Resources Conservation Service
Web Soil Survey URL:  http://websoilsurvey.nrcs.usda.gov
Coordinate System:  Web Mercator (EPSG:3857)

Maps from the Web Soil Survey are based on the Web Mercator
projection, which preserves direction and shape but distorts
distance and area. A projection that preserves area, such as the
Albers equal-area conic projection, should be used if more accurate
calculations of distance or area are required.

This product is generated from the USDA-NRCS certified data as of
the version date(s) listed below.

Soil Survey Area:  Eastern Fresno Area, California
Survey Area Data:  Version 7, Sep 30, 2014

Soil map units are labeled (as space allows) for map scales 1:50,000
or larger.

Date(s) aerial images were photographed:  May 12, 2010—Aug
20, 2013

The orthophoto or other base map on which the soil lines were
compiled and digitized probably differs from the background
imagery displayed on these maps. As a result, some minor shifting
of map unit boundaries may be evident.
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Map Unit Legend

Eastern Fresno Area, California (CA654)

Map Unit Symbol Map Unit Name Acres in AOI Percent of AOI

AoA Atwater loamy sand, 0 to 3
percent slopes

118.8 0.2%

ArA Atwater sandy loam, 0 to 3
percent slopes

24.0 0.0%

Bn Borden loam 50.5 0.1%

Bs Borden loam, saline-alkali 11.1 0.0%

Bt Borden loam, moderately deep 397.6 0.8%

Bu Borden loam, moderately deep,
saline alkali

480.7 0.9%

Ca Cajon loamy coarse sand 166.7 0.3%

Cc Cajon coarse sandy loam 16.8 0.0%

Cd Cajon coarse sandy loam, saline
alkali

25.4 0.0%

Ce Cajon coarse sandy loam,
moderately deep, saline alkali

44.4 0.1%

CfA Calhi loamy sand, 0 to 3 percent
slopes

1,612.0 3.1%

CfB Calhi loamy sand, 3 to 9 percent
slopes

53.3 0.1%

CgA Calhi loamy sand, moderately
deep, 0 to 3 percent slopes

861.1 1.7%

DeA Delhi sand, 0 to 3 percent slopes,
MLRA 17

30.6 0.1%

DeB Delhi sand, 3 to 9 percent slopes 10.8 0.0%

DhA Delhi loamy sand, 0 to 3 percent
slopes, MLRA 17

892.3 1.7%

DhB Delhi loamy sand, 3 to 9 percent
slopes

32.7 0.1%

DlA Delhi loamy sand, moderately
deep, 0 to 3 percent slopes

227.1 0.4%

Ec El Peco sandy loam 28.4 0.1%

Ed El Peco fine sandy loam 3,983.6 7.7%

Ep El Peco loam 731.7 1.4%

Es Exeter sandy loam 192.6 0.4%

Fs Fresno sandy loam 492.5 0.9%

Ft Fresno sandy loam, shallow 516.8 1.0%

Fu Fresno fine sandy loam 6,538.6 12.6%

Fv Fresno fine sandy loam, shallow 3,744.4 7.2%

Fw Fresno clay loam 302.0 0.6%

Fx Fresno-Traver complex 223.1 0.4%
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Eastern Fresno Area, California (CA654)

Map Unit Symbol Map Unit Name Acres in AOI Percent of AOI

GuA Greenfield sandy loam,
moderately deep, 0 to 3
percent slopes

43.6 0.1%

Ha Hanford coarse sandy loam 481.3 0.9%

Hc Hanford sandy loam 447.7 0.9%

Hg Hanford sandy loam, silty
substratum

221.1 0.4%

Hk Hanford sandy loam, hard
substratum

220.1 0.4%

Hm Hanford fine sandy loam 42.0 0.1%

Ho Hanford fine sandy loam, silty
substratum

85.3 0.2%

Hsa Hesperia coarse sandy loam 111.1 0.2%

Hsd Hesperia sandy loam 2,080.8 4.0%

Hse Hesperia sandy loam, saline-
alkali

476.3 0.9%

Hsm Hesperia sandy loam,
moderately deep

6,322.0 12.2%

Hsn Hesperia sandy loam,
moderately deep, saline-alkali

1,127.7 2.2%

Hso Hesperia sandy loam, shallow 272.2 0.5%

Hsp Hesperia sandy loam, shallow,
saline-alkali

928.5 1.8%

Hsr Hesperia fine sandy loam 837.5 1.6%

Hss Hesperia fine sandy loam, saline
alkali

97.6 0.2%

Hst Hesperia fine sandy loam
moderately deep

4,160.3 8.0%

Hsy Hesperia fine sandy loam,
moderately deep, saline-alkali

3,314.7 6.4%

Ma Madera sandy loam 36.0 0.1%

Mc Madera loam 62.8 0.1%

Md Madera loam, saline-alkali 78.7 0.2%

Pa Pachappa loam 92.1 0.2%

Pc Pachappa loam, saline alkali 61.3 0.1%

Pd Pachappa loam, moderately
deep

1,246.6 2.4%

Pe Pachappa loam, moderately
deep, saline-alkali

2,957.6 5.7%

Pl Playas 46.9 0.1%

Ps Pond sandy loam, moderately
deep

89.0 0.2%

Pt Pond fine sandy loam 163.1 0.3%

Pu Pond fine sandy loam,
moderately deep

81.0 0.2%
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Eastern Fresno Area, California (CA654)

Map Unit Symbol Map Unit Name Acres in AOI Percent of AOI

Pw Pond loam, moderately deep 1,183.6 2.3%

Rb Ramona sandy loam, hard
substratum

4.1 0.0%

Rc Ramona loam 41.4 0.1%

Re Ramona loam, hard substratum 25.9 0.0%

Tr Traver sandy loam 86.1 0.2%

Ts Traver sandy loam, moderately
deep

972.2 1.9%

Tt Traver fine sandy loam 30.6 0.1%

Tu Traver fine sandy loam,
moderately deep

1,136.5 2.2%

TzbA Tujunga loamy sand, 0 to 3
percent slopes

491.1 0.9%

Ws Wunjey fine sandy loam 22.4 0.0%

Totals for Area of Interest 51,988.5 100.0%
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Soil Information for All Uses

Suitabilities and Limitations for Use
The Suitabilities and Limitations for Use section includes various soil interpretations
displayed as thematic maps with a summary table for the soil map units in the selected
area of interest. A single value or rating for each map unit is generated by aggregating
the interpretive ratings of individual map unit components. This aggregation process
is defined for each interpretation.

Waste Management

Waste Management interpretations are tools designed to guide the user in evaluating
soils for use of organic wastes and wastewater as productive resources. Example
interpretations include land application of manure, food processing waste, and
municipal sewage sludge, and disposal of wastewater by irrigation or overland flow
process.

Disposal of Wastewater by Irrigation (Fresno RWRF WW
Disposal by Irrigation)

Wastewater includes municipal and food-processing wastewater and effluent from
lagoons or storage ponds. Municipal wastewater is the waste stream from a
municipality. It contains domestic waste and may contain industrial waste. It may have
received primary or secondary treatment. It is rarely untreated sewage. Food-
processing wastewater results from the preparation of fruits, vegetables, milk, cheese,
and meats for public consumption. In places it is high in content of sodium and chloride.
The effluent in lagoons and storage ponds is from facilities used to treat or store food-
processing wastewater or domestic or animal waste. Domestic and food-processing
wastewater is very dilute, and the effluent from the facilities that treat or store it
commonly is very low in content of carbonaceous and nitrogenous material; the
content of nitrogen commonly ranges from 10 to 30 milligrams per liter. The
wastewater from animal waste treatment lagoons or storage ponds, however, has
much higher concentrations of these materials, mainly because the manure has not
been diluted as much as the domestic waste. The content of nitrogen in this
wastewater generally ranges from 50 to 2,000 milligrams per liter. When wastewater
is applied, checks should be made to ensure that nitrogen, heavy metals, and salts
are not added in excessive amounts.
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Disposal of wastewater by irrigation not only disposes of municipal wastewater and
wastewater from food-processing plants, lagoons, and storage ponds but also can
improve crop production by increasing the amount of water available to crops. The
ratings are based on the soil properties that affect the design, construction,
management, and performance of the irrigation system. The properties that affect
design and management include the sodium adsorption ratio, depth to a water table,
ponding, available water capacity, saturated hydraulic conductivity (Ksat), slope, and
flooding. The properties that affect construction include stones, cobbles, depth to
bedrock or a cemented pan, depth to a water table, and ponding. The properties that
affect performance include depth to bedrock or a cemented pan, bulk density, the
sodium adsorption ratio, salinity, reaction, and the cation-exchange capacity, which is
used to estimate the capacity of a soil to adsorb heavy metals. Permanently frozen
soils are not suitable for disposal of wastewater by irrigation.

The ratings are both verbal and numerical. Rating class terms indicate the extent to
which the soils are limited by all of the soil features that affect agricultural waste
management. "Not limited" indicates that the soil has features that are very favorable
for the specified use. Good performance and very low maintenance can be expected.
"Somewhat limited" indicates that the soil has features that are moderately favorable
for the specified use. The limitations can be overcome or minimized by special
planning, design, or installation. Fair performance and moderate maintenance can be
expected. "Very limited" indicates that the soil has one or more features that are
unfavorable for the specified use. The limitations generally cannot be overcome
without major soil reclamation, special design, or expensive installation procedures.
Poor performance and high maintenance can be expected.

Numerical ratings indicate the severity of individual limitations. The ratings are shown
as decimal fractions ranging from 0.01 to 1.00. They indicate gradations between the
point at which a soil feature has the greatest negative impact on the use (1.00) and
the point at which the soil feature is not a limitation (0.00).

The map unit components listed for each map unit in the accompanying Summary by
Map Unit table in Web Soil Survey or the Aggregation Report in Soil Data Viewer are
determined by the aggregation method chosen. An aggregated rating class is shown
for each map unit. The components listed for each map unit are only those that have
the same rating class as listed for the map unit. The percent composition of each
component in a particular map unit is presented to help the user better understand the
percentage of each map unit that has the rating presented.

Other components with different ratings may be present in each map unit. The ratings
for all components, regardless of the map unit aggregated rating, can be viewed by
generating the equivalent report from the Soil Reports tab in Web Soil Survey or from
the Soil Data Mart site. Onsite investigation may be needed to validate these
interpretations and to confirm the identity of the soil on a given site.

Custom Soil Resource Report
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Custom Soil Resource Report
Map—Disposal of Wastewater by Irrigation (Fresno RWRF WW Disposal by Irrigation)
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MAP LEGEND MAP INFORMATION

Area of Interest (AOI)
Area of Interest (AOI)

Soils
Soil Rating Polygons

Very limited

Somewhat limited

Not limited

Not rated or not available

Soil Rating Lines
Very limited

Somewhat limited

Not limited

Not rated or not available

Soil Rating Points
Very limited

Somewhat limited

Not limited

Not rated or not available

Water Features
Streams and Canals

Transportation
Rails

Interstate Highways

US Routes

Major Roads

Local Roads

Background
Aerial Photography

The soil surveys that comprise your AOI were mapped at 1:24,000.

Please rely on the bar scale on each map sheet for map
measurements.

Source of Map:  Natural Resources Conservation Service
Web Soil Survey URL:  http://websoilsurvey.nrcs.usda.gov
Coordinate System:  Web Mercator (EPSG:3857)

Maps from the Web Soil Survey are based on the Web Mercator
projection, which preserves direction and shape but distorts
distance and area. A projection that preserves area, such as the
Albers equal-area conic projection, should be used if more accurate
calculations of distance or area are required.

This product is generated from the USDA-NRCS certified data as of
the version date(s) listed below.

Soil Survey Area:  Eastern Fresno Area, California
Survey Area Data:  Version 7, Sep 30, 2014

Soil map units are labeled (as space allows) for map scales 1:50,000
or larger.

Date(s) aerial images were photographed:  May 12, 2010—Aug
20, 2013

The orthophoto or other base map on which the soil lines were
compiled and digitized probably differs from the background
imagery displayed on these maps. As a result, some minor shifting
of map unit boundaries may be evident.
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Tables—Disposal of Wastewater by Irrigation (Fresno RWRF WW
Disposal by Irrigation)

Disposal of Wastewater by Irrigation— Summary by Map Unit — Eastern Fresno Area, California (CA654)

Map unit symbol Map unit name Rating Component
name (percent)

Rating reasons
(numeric values)

Acres in AOI Percent of AOI

AoA Atwater loamy
sand, 0 to 3
percent slopes

Very limited Atwater (85%) Filtering capacity
(1.00)

118.8 0.2%

ArA Atwater sandy
loam, 0 to 3
percent slopes

Not limited Atwater (85%) 24.0 0.0%

Bn Borden loam Somewhat limited Borden (85%) Slow water
movement
(0.37)

50.5 0.1%

Bs Borden loam,
saline-alkali

Somewhat limited Borden (85%) Slow water
movement
(0.37)

11.1 0.0%

Bt Borden loam,
moderately
deep

Very limited Borden (85%) Slow water
movement
(1.00)

397.6 0.8%

Bu Borden loam,
moderately
deep, saline
alkali

Very limited Borden (85%) Slow water
movement
(1.00)

480.7 0.9%

Ca Cajon loamy
coarse sand

Very limited Cajon (85%) Filtering capacity
(1.00)

166.7 0.3%

Droughty (0.30)

Cc Cajon coarse
sandy loam

Very limited Cajon (85%) Filtering capacity
(1.00)

16.8 0.0%

Droughty (0.13)

Cd Cajon coarse
sandy loam,
saline alkali

Very limited Cajon (85%) Filtering capacity
(1.00)

25.4 0.0%

Droughty (0.13)

Ce Cajon coarse
sandy loam,
moderately
deep, saline
alkali

Very limited Cajon (85%) Filtering capacity
(1.00)

44.4 0.1%

Slow water
movement
(1.00)

CfA Calhi loamy sand,
0 to 3 percent
slopes

Very limited Calhi (85%) Filtering capacity
(1.00)

1,612.0 3.1%

Droughty (0.68)

CfB Calhi loamy sand,
3 to 9 percent
slopes

Very limited Calhi (80%) Filtering capacity
(1.00)

53.3 0.1%

Droughty (0.68)

Too steep for
surface
application
(0.68)
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Disposal of Wastewater by Irrigation— Summary by Map Unit — Eastern Fresno Area, California (CA654)

Map unit symbol Map unit name Rating Component
name (percent)

Rating reasons
(numeric values)

Acres in AOI Percent of AOI

CgA Calhi loamy sand,
moderately
deep, 0 to 3
percent slopes

Very limited Calhi (85%) Filtering capacity
(1.00)

861.1 1.7%

Slow water
movement
(1.00)

DeA Delhi sand, 0 to 3
percent slopes,
MLRA 17

Very limited Delhi (85%) Filtering capacity
(1.00)

30.6 0.1%

Droughty (0.65)

DeB Delhi sand, 3 to 9
percent slopes

Very limited Delhi (85%) Filtering capacity
(1.00)

10.8 0.0%

Too steep for
surface
application
(0.68)

Droughty (0.32)

DhA Delhi loamy sand,
0 to 3 percent
slopes, MLRA
17

Very limited Delhi (85%) Filtering capacity
(1.00)

892.3 1.7%

Droughty (0.65)

DhB Delhi loamy sand,
3 to 9 percent
slopes

Very limited Delhi (85%) Filtering capacity
(1.00)

32.7 0.1%

Too steep for
surface
application
(0.68)

Droughty (0.29)

DlA Delhi loamy sand,
moderately
deep, 0 to 3
percent slopes

Very limited Delhi (85%) Filtering capacity
(1.00)

227.1 0.4%

Slow water
movement
(1.00)

Ec El Peco sandy
loam

Very limited El Peco (85%) Salinity (1.00) 28.4 0.1%

Droughty (1.00)

Slow water
movement
(1.00)

Depth to
cemented pan
(0.95)

Ed El Peco fine
sandy loam

Very limited El Peco (85%) Salinity (1.00) 3,983.6 7.7%

Droughty (1.00)

Slow water
movement
(1.00)

Depth to
cemented pan
(0.95)

Ep El Peco loam Very limited El Peco (85%) Salinity (1.00) 731.7 1.4%

Droughty (1.00)
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Disposal of Wastewater by Irrigation— Summary by Map Unit — Eastern Fresno Area, California (CA654)

Map unit symbol Map unit name Rating Component
name (percent)

Rating reasons
(numeric values)

Acres in AOI Percent of AOI

Slow water
movement
(1.00)

Depth to
cemented pan
(0.95)

Es Exeter sandy
loam

Somewhat limited Exeter (85%) Droughty (0.65) 192.6 0.4%

Depth to
cemented pan
(0.46)

Fs Fresno sandy
loam

Very limited Fresno (85%) Slow water
movement
(1.00)

492.5 0.9%

Droughty (1.00)

Sodium content
(1.00)

Salinity (1.00)

Depth to
cemented pan
(0.99)

Ft Fresno sandy
loam, shallow

Very limited Fresno (85%) Slow water
movement
(1.00)

516.8 1.0%

Depth to
cemented pan
(1.00)

Droughty (1.00)

Sodium content
(1.00)

Salinity (1.00)

Fu Fresno fine sandy
loam

Very limited Fresno (80%) Slow water
movement
(1.00)

6,538.6 12.6%

Droughty (1.00)

Sodium content
(1.00)

Salinity (1.00)

Depth to
cemented pan
(0.99)

Fv Fresno fine sandy
loam, shallow

Very limited Fresno (85%) Slow water
movement
(1.00)

3,744.4 7.2%

Depth to
cemented pan
(1.00)

Salinity (1.00)

Droughty (1.00)
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Disposal of Wastewater by Irrigation— Summary by Map Unit — Eastern Fresno Area, California (CA654)

Map unit symbol Map unit name Rating Component
name (percent)

Rating reasons
(numeric values)

Acres in AOI Percent of AOI

Sodium content
(1.00)

Fw Fresno clay loam Very limited Fresno (85%) Slow water
movement
(1.00)

302.0 0.6%

Depth to
cemented pan
(1.00)

Droughty (1.00)

Sodium content
(1.00)

Salinity (1.00)

Fx Fresno-Traver
complex

Very limited Fresno (50%) Slow water
movement
(1.00)

223.1 0.4%

Droughty (1.00)

Sodium content
(1.00)

Salinity (1.00)

Depth to
cemented pan
(0.99)

Traver (35%) Sodium content
(1.00)

Slow water
movement
(1.00)

Salinity (1.00)

GuA Greenfield sandy
loam,
moderately
deep, 0 to 3
percent slopes

Somewhat limited Greenfield (85%) Droughty (0.12) 43.6 0.1%

Depth to
cemented pan
(0.01)

Ha Hanford coarse
sandy loam

Not limited Hanford (85%) 481.3 0.9%

Hc Hanford sandy
loam

Not limited Hanford (85%) 447.7 0.9%

Hg Hanford sandy
loam, silty
substratum

Very limited Hanford (85%) Slow water
movement
(1.00)

221.1 0.4%

Hk Hanford sandy
loam, hard
substratum

Somewhat limited Hanford (85%) Droughty (0.36) 220.1 0.4%

Depth to
cemented pan
(0.06)

Hm Hanford fine
sandy loam

Not limited Hanford (85%) 42.0 0.1%

Ho Hanford fine
sandy loam,
silty substratum

Very limited Hanford (85%) Slow water
movement
(1.00)

85.3 0.2%
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Disposal of Wastewater by Irrigation— Summary by Map Unit — Eastern Fresno Area, California (CA654)

Map unit symbol Map unit name Rating Component
name (percent)

Rating reasons
(numeric values)

Acres in AOI Percent of AOI

Hsa Hesperia coarse
sandy loam

Not limited Hesperia (85%) 111.1 0.2%

Hsd Hesperia sandy
loam

Very limited Hesperia (85%) Slow water
movement
(1.00)

2,080.8 4.0%

Hse Hesperia sandy
loam, saline-
alkali

Somewhat limited Hesperia (85%) Salinity (0.50) 476.3 0.9%

Hsm Hesperia sandy
loam,
moderately
deep

Very limited Hesperia (85%) Slow water
movement
(1.00)

6,322.0 12.2%

Hsn Hesperia sandy
loam,
moderately
deep, saline-
alkali

Very limited Hesperia (85%) Slow water
movement
(1.00)

1,127.7 2.2%

Salinity (0.50)

Hso Hesperia sandy
loam, shallow

Very limited Hesperia (85%) Slow water
movement
(1.00)

272.2 0.5%

Hsp Hesperia sandy
loam, shallow,
saline-alkali

Very limited Hesperia (85%) Slow water
movement
(1.00)

928.5 1.8%

Salinity (0.50)

Hsr Hesperia fine
sandy loam

Very limited Hesperia (85%) Slow water
movement
(1.00)

837.5 1.6%

Hss Hesperia fine
sandy loam,
saline alkali

Very limited Hesperia (85%) Slow water
movement
(1.00)

97.6 0.2%

Salinity (0.50)

Hst Hesperia fine
sandy loam
moderately
deep

Very limited Hesperia (85%) Slow water
movement
(1.00)

4,160.3 8.0%

Hsy Hesperia fine
sandy loam,
moderately
deep, saline-
alkali

Very limited Hesperia (85%) Slow water
movement
(1.00)

3,314.7 6.4%

Salinity (0.50)

Ma Madera sandy
loam

Very limited Madera (85%) Slow water
movement
(1.00)

36.0 0.1%

Droughty (1.00)

Depth to
cemented pan
(0.20)

Mc Madera loam Very limited Madera (85%) Slow water
movement
(1.00)

62.8 0.1%

Droughty (0.84)
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Disposal of Wastewater by Irrigation— Summary by Map Unit — Eastern Fresno Area, California (CA654)

Map unit symbol Map unit name Rating Component
name (percent)

Rating reasons
(numeric values)

Acres in AOI Percent of AOI

Depth to
cemented pan
(0.20)

Md Madera loam,
saline-alkali

Very limited Madera (85%) Slow water
movement
(1.00)

78.7 0.2%

Droughty (0.84)

Sodium content
(0.68)

Depth to
cemented pan
(0.20)

Salinity (0.13)

Pa Pachappa loam Not limited Pachappa (85%) 92.1 0.2%

Pc Pachappa loam,
saline alkali

Very limited Pachappa (85%) Salinity (1.00) 61.3 0.1%

Pd Pachappa loam,
moderately
deep

Not limited Pachappa (85%) 1,246.6 2.4%

Pe Pachappa loam,
moderately
deep, saline-
alkali

Not limited Pachappa (85%) 2,957.6 5.7%

Pl Playas Not rated Playas (95%) 46.9 0.1%

Unnamed (5%)

Ps Pond sandy loam,
moderately
deep

Very limited Pond (85%) Slow water
movement
(1.00)

89.0 0.2%

Sodium content
(1.00)

Salinity (1.00)

Droughty (0.01)

Pt Pond fine sandy
loam

Very limited Pond (85%) Filtering capacity
(1.00)

163.1 0.3%

Slow water
movement
(1.00)

Sodium content
(1.00)

Salinity (1.00)

Droughty (0.28)

Pu Pond fine sandy
loam,
moderately
deep

Very limited Pond (85%) Slow water
movement
(1.00)

81.0 0.2%

Sodium content
(1.00)

Salinity (1.00)
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Disposal of Wastewater by Irrigation— Summary by Map Unit — Eastern Fresno Area, California (CA654)

Map unit symbol Map unit name Rating Component
name (percent)

Rating reasons
(numeric values)

Acres in AOI Percent of AOI

Droughty (0.28)

Pw Pond loam,
moderately
deep

Very limited Pond (85%) Slow water
movement
(1.00)

1,183.6 2.3%

Sodium content
(1.00)

Salinity (1.00)

Droughty (0.21)

Rb Ramona sandy
loam, hard
substratum

Somewhat limited Ramona (80%) Slow water
movement
(0.37)

4.1 0.0%

Droughty (0.02)

Ramona,
moderately
deep (15%)

Slow water
movement
(0.37)

Droughty (0.23)

Depth to
cemented pan
(0.06)

Rc Ramona loam Somewhat limited Ramona (80%) Slow water
movement
(0.37)

41.4 0.1%

Droughty (0.04)

Re Ramona loam,
hard
substratum

Somewhat limited Ramona (85%) Slow water
movement
(0.37)

25.9 0.0%

Droughty (0.14)

Depth to
cemented pan
(0.06)

Ramona (10%) Slow water
movement
(0.37)

Droughty (0.00)

Tr Traver sandy
loam

Very limited Traver (85%) Sodium content
(1.00)

86.1 0.2%

Slow water
movement
(1.00)

Salinity (1.00)

Droughty (0.09)

Ts Traver sandy
loam,
moderately
deep

Very limited Traver (85%) Sodium content
(1.00)

972.2 1.9%

Slow water
movement
(1.00)

Salinity (1.00)
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Disposal of Wastewater by Irrigation— Summary by Map Unit — Eastern Fresno Area, California (CA654)

Map unit symbol Map unit name Rating Component
name (percent)

Rating reasons
(numeric values)

Acres in AOI Percent of AOI

Tt Traver fine sandy
loam

Very limited Traver (85%) Sodium content
(1.00)

30.6 0.1%

Slow water
movement
(1.00)

Salinity (1.00)

Droughty (0.09)

Tu Traver fine sandy
loam,
moderately
deep

Very limited Traver (85%) Sodium content
(1.00)

1,136.5 2.2%

Slow water
movement
(1.00)

Salinity (1.00)

TzbA Tujunga loamy
sand, 0 to 3
percent slopes

Very limited Tujunga (85%) Filtering capacity
(1.00)

491.1 0.9%

Droughty (0.65)

Flooding (0.60)

Ws Wunjey fine
sandy loam

Very limited Wunjey (85%) Salinity (1.00) 22.4 0.0%

Totals for Area of Interest 51,988.5 100.0%

Disposal of Wastewater by Irrigation— Summary by Rating Value

Rating Acres in AOI Percent of AOI

Very limited 45,473.8 87.5%

Not limited 5,402.3 10.4%

Somewhat limited 1,065.5 2.0%

Null or Not Rated 46.9 0.1%

Totals for Area of Interest 51,988.5 100.0%

Rating Options—Disposal of Wastewater by Irrigation (Fresno
RWRF WW Disposal by Irrigation)

Aggregation Method:  Dominant Condition

Aggregation is the process by which a set of component attribute values is reduced
to a single value that represents the map unit as a whole.

A map unit is typically composed of one or more "components". A component is either
some type of soil or some nonsoil entity, e.g., rock outcrop. For the attribute being
aggregated, the first step of the aggregation process is to derive one attribute value
for each of a map unit's components. From this set of component attributes, the next
step of the aggregation process derives a single value that represents the map unit
as a whole. Once a single value for each map unit is derived, a thematic map for soil
map units can be rendered. Aggregation must be done because, on any soil map, map
units are delineated but components are not.
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For each of a map unit's components, a corresponding percent composition is
recorded. A percent composition of 60 indicates that the corresponding component
typically makes up approximately 60% of the map unit. Percent composition is a critical
factor in some, but not all, aggregation methods.

The aggregation method "Dominant Condition" first groups like attribute values for the
components in a map unit. For each group, percent composition is set to the sum of
the percent composition of all components participating in that group. These groups
now represent "conditions" rather than components. The attribute value associated
with the group with the highest cumulative percent composition is returned. If more
than one group shares the highest cumulative percent composition, the corresponding
"tie-break" rule determines which value should be returned. The "tie-break" rule
indicates whether the lower or higher group value should be returned in the case of a
percent composition tie. The result returned by this aggregation method represents
the dominant condition throughout the map unit only when no tie has occurred.

Component Percent Cutoff:  None Specified

Components whose percent composition is below the cutoff value will not be
considered. If no cutoff value is specified, all components in the database will be
considered. The data for some contrasting soils of minor extent may not be in the
database, and therefore are not considered.

Tie-break Rule:  Higher

The tie-break rule indicates which value should be selected from a set of multiple
candidate values, or which value should be selected in the event of a percent
composition tie.

Disposal of Wastewater by Rapid Infiltration (Fresno
RWRF WW Disposal by Rapid Infiltration)

Rapid infiltration of wastewater is a process in which wastewater applied in a level
basin at a rate of 4 to 120 inches per week percolates through the soil. The wastewater
may eventually reach the ground water. The application rate commonly exceeds the
rate needed for irrigation of cropland. Vegetation is not a necessary part of the
treatment; thus, the basins may or may not be vegetated. The thickness of the soil
material needed for proper treatment of the wastewater is more than 72 inches. As a
result, geologic and hydrologic investigation is needed to ensure proper design and
performance and to determine the risk of ground-water pollution.

Soil properties are important considerations in areas where soils are used as sites for
the treatment and disposal of organic waste and wastewater. Selection of soils with
properties that favor waste management can help to prevent environmental damage.

Municipal wastewater is the waste stream from a municipality. It contains domestic
waste and may contain industrial waste. It may have received primary or secondary
treatment. It is rarely untreated sewage. Food-processing wastewater results from the
preparation of fruits, vegetables, milk, cheese, and meats for public consumption. In
places it is high in content of sodium and chloride. The effluent in lagoons and storage
ponds is from facilities used to treat or store food-processing wastewater or domestic
or animal waste. Domestic and food-processing wastewater is very dilute, and the
effluent from the facilities that treat or store it commonly is very low in content of
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carbonaceous and nitrogenous material; the content of nitrogen commonly ranges
from 10 to 30 milligrams per liter. The wastewater from animal waste treatment
lagoons or storage ponds, however, has much higher concentrations of these
materials, mainly because the manure has not been diluted as much as the domestic
waste. The content of nitrogen in this wastewater generally ranges from 50 to 2,000
milligrams per liter. When wastewater is applied, checks should be made to ensure
that nitrogen, heavy metals, and salts are not added in excessive amounts.

The ratings are based on the soil properties that affect the risk of pollution and the
design, construction, and performance of the system. Depth to a water table, ponding,
flooding, and depth to bedrock or a cemented pan affect the risk of pollution and the
design and construction of the system. Slope, stones, and cobbles also affect design
and construction. Saturated hydraulic conductivity (Ksat) and reaction affect
performance. Permanently frozen soils are unsuitable for waste treatment.

The ratings are both verbal and numerical. Rating class terms indicate the extent to
which the soils are limited by all of the soil features that affect agricultural waste
management. "Not limited" indicates that the soil has features that are very favorable
for the specified use. Good performance and very low maintenance can be expected.
"Somewhat limited" indicates that the soil has features that are moderately favorable
for the specified use. The limitations can be overcome or minimized by special
planning, design, or installation. Fair performance and moderate maintenance can be
expected. "Very limited" indicates that the soil has one or more features that are
unfavorable for the specified use. The limitations generally cannot be overcome
without major soil reclamation, special design, or expensive installation procedures.
Poor performance and high maintenance can be expected.

Numerical ratings indicate the severity of individual limitations. The ratings are shown
as decimal fractions ranging from 0.01 to 1.00. They indicate gradations between the
point at which a soil feature has the greatest negative impact on the use (1.00) and
the point at which the soil feature is not a limitation (0.00).

The map unit components listed for each map unit in the accompanying Summary by
Map Unit table in Web Soil Survey or the Aggregation Report in Soil Data Viewer are
determined by the aggregation method chosen. An aggregated rating class is shown
for each map unit. The components listed for each map unit are only those that have
the same rating class as listed for the map unit. The percent composition of each
component in a particular map unit is presented to help the user better understand the
percentage of each map unit that has the rating presented.

Other components with different ratings may be present in each map unit. The ratings
for all components, regardless of the map unit aggregated rating, can be viewed by
generating the equivalent report from the Soil Reports tab in Web Soil Survey or from
the Soil Data Mart site. Onsite investigation may be needed to validate these
interpretations and to confirm the identity of the soil on a given site.
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Custom Soil Resource Report
Map—Disposal of Wastewater by Rapid Infiltration (Fresno RWRF WW Disposal by Rapid Infiltration)
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MAP LEGEND MAP INFORMATION

Area of Interest (AOI)
Area of Interest (AOI)

Soils
Soil Rating Polygons

Very limited

Somewhat limited

Not limited

Not rated or not available

Soil Rating Lines
Very limited

Somewhat limited

Not limited

Not rated or not available

Soil Rating Points
Very limited

Somewhat limited

Not limited

Not rated or not available

Water Features
Streams and Canals

Transportation
Rails

Interstate Highways

US Routes

Major Roads

Local Roads

Background
Aerial Photography

The soil surveys that comprise your AOI were mapped at 1:24,000.

Please rely on the bar scale on each map sheet for map
measurements.

Source of Map:  Natural Resources Conservation Service
Web Soil Survey URL:  http://websoilsurvey.nrcs.usda.gov
Coordinate System:  Web Mercator (EPSG:3857)

Maps from the Web Soil Survey are based on the Web Mercator
projection, which preserves direction and shape but distorts
distance and area. A projection that preserves area, such as the
Albers equal-area conic projection, should be used if more accurate
calculations of distance or area are required.

This product is generated from the USDA-NRCS certified data as of
the version date(s) listed below.

Soil Survey Area:  Eastern Fresno Area, California
Survey Area Data:  Version 7, Sep 30, 2014

Soil map units are labeled (as space allows) for map scales 1:50,000
or larger.

Date(s) aerial images were photographed:  May 12, 2010—Aug
20, 2013

The orthophoto or other base map on which the soil lines were
compiled and digitized probably differs from the background
imagery displayed on these maps. As a result, some minor shifting
of map unit boundaries may be evident.
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Tables—Disposal of Wastewater by Rapid Infiltration (Fresno
RWRF WW Disposal by Rapid Infiltration)

Disposal of Wastewater by Rapid Infiltration— Summary by Map Unit — Eastern Fresno Area, California (CA654)

Map unit symbol Map unit name Rating Component
name (percent)

Rating reasons
(numeric values)

Acres in AOI Percent of AOI

AoA Atwater loamy
sand, 0 to 3
percent slopes

Somewhat limited Atwater (85%) Slow water
movement
(0.32)

118.8 0.2%

ArA Atwater sandy
loam, 0 to 3
percent slopes

Somewhat limited Atwater (85%) Slow water
movement
(0.32)

24.0 0.0%

Bn Borden loam Very limited Borden (85%) Slow water
movement
(1.00)

50.5 0.1%

Bs Borden loam,
saline-alkali

Very limited Borden (85%) Slow water
movement
(1.00)

11.1 0.0%

Bt Borden loam,
moderately
deep

Very limited Borden (85%) Slow water
movement
(1.00)

397.6 0.8%

Bu Borden loam,
moderately
deep, saline
alkali

Very limited Borden (85%) Slow water
movement
(1.00)

480.7 0.9%

Ca Cajon loamy
coarse sand

Not limited Cajon (85%) 166.7 0.3%

Cc Cajon coarse
sandy loam

Somewhat limited Cajon (85%) Slow water
movement
(0.32)

16.8 0.0%

Cd Cajon coarse
sandy loam,
saline alkali

Somewhat limited Cajon (85%) Slow water
movement
(0.32)

25.4 0.0%

Ce Cajon coarse
sandy loam,
moderately
deep, saline
alkali

Very limited Cajon (85%) Slow water
movement
(1.00)

44.4 0.1%

CfA Calhi loamy sand,
0 to 3 percent
slopes

Not limited Calhi (85%) 1,612.0 3.1%

CfB Calhi loamy sand,
3 to 9 percent
slopes

Somewhat limited Calhi (80%) Slope (0.50) 53.3 0.1%

CgA Calhi loamy sand,
moderately
deep, 0 to 3
percent slopes

Very limited Calhi (85%) Slow water
movement
(1.00)

861.1 1.7%

DeA Delhi sand, 0 to 3
percent slopes,
MLRA 17

Not limited Delhi (85%) 30.6 0.1%

DeB Delhi sand, 3 to 9
percent slopes

Somewhat limited Delhi (85%) Slope (0.50) 10.8 0.0%
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Disposal of Wastewater by Rapid Infiltration— Summary by Map Unit — Eastern Fresno Area, California (CA654)

Map unit symbol Map unit name Rating Component
name (percent)

Rating reasons
(numeric values)

Acres in AOI Percent of AOI

DhA Delhi loamy sand,
0 to 3 percent
slopes, MLRA
17

Not limited Delhi (85%) 892.3 1.7%

DhB Delhi loamy sand,
3 to 9 percent
slopes

Somewhat limited Delhi (85%) Slope (0.50) 32.7 0.1%

DlA Delhi loamy sand,
moderately
deep, 0 to 3
percent slopes

Very limited Delhi (85%) Slow water
movement
(1.00)

227.1 0.4%

Ec El Peco sandy
loam

Very limited El Peco (85%) Slow water
movement
(1.00)

28.4 0.1%

Depth to
cemented pan
(1.00)

Ed El Peco fine
sandy loam

Very limited El Peco (85%) Slow water
movement
(1.00)

3,983.6 7.7%

Depth to
cemented pan
(1.00)

Ep El Peco loam Very limited El Peco (85%) Slow water
movement
(1.00)

731.7 1.4%

Depth to
cemented pan
(1.00)

Es Exeter sandy
loam

Very limited Exeter (85%) Depth to
cemented pan
(1.00)

192.6 0.4%

Slow water
movement
(1.00)

Fs Fresno sandy
loam

Very limited Fresno (85%) Slow water
movement
(1.00)

492.5 0.9%

Depth to
cemented pan
(1.00)

Ft Fresno sandy
loam, shallow

Very limited Fresno (85%) Slow water
movement
(1.00)

516.8 1.0%

Depth to
cemented pan
(1.00)

Fu Fresno fine sandy
loam

Very limited Fresno (80%) Slow water
movement
(1.00)

6,538.6 12.6%
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Disposal of Wastewater by Rapid Infiltration— Summary by Map Unit — Eastern Fresno Area, California (CA654)

Map unit symbol Map unit name Rating Component
name (percent)

Rating reasons
(numeric values)

Acres in AOI Percent of AOI

Depth to
cemented pan
(1.00)

Fv Fresno fine sandy
loam, shallow

Very limited Fresno (85%) Slow water
movement
(1.00)

3,744.4 7.2%

Depth to
cemented pan
(1.00)

Fw Fresno clay loam Very limited Fresno (85%) Slow water
movement
(1.00)

302.0 0.6%

Depth to
cemented pan
(1.00)

Fx Fresno-Traver
complex

Very limited Fresno (50%) Slow water
movement
(1.00)

223.1 0.4%

Depth to
cemented pan
(1.00)

Traver (35%) Slow water
movement
(1.00)

GuA Greenfield sandy
loam,
moderately
deep, 0 to 3
percent slopes

Very limited Greenfield (85%) Depth to
cemented pan
(1.00)

43.6 0.1%

Slow water
movement
(0.32)

Ha Hanford coarse
sandy loam

Somewhat limited Hanford (85%) Slow water
movement
(0.32)

481.3 0.9%

Hc Hanford sandy
loam

Somewhat limited Hanford (85%) Slow water
movement
(0.32)

447.7 0.9%

Hg Hanford sandy
loam, silty
substratum

Very limited Hanford (85%) Slow water
movement
(1.00)

221.1 0.4%

Hk Hanford sandy
loam, hard
substratum

Very limited Hanford (85%) Depth to
cemented pan
(1.00)

220.1 0.4%

Slow water
movement
(0.32)

Hm Hanford fine
sandy loam

Somewhat limited Hanford (85%) Slow water
movement
(0.32)

42.0 0.1%

Ho Hanford fine
sandy loam,
silty substratum

Very limited Hanford (85%) Slow water
movement
(1.00)

85.3 0.2%
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Disposal of Wastewater by Rapid Infiltration— Summary by Map Unit — Eastern Fresno Area, California (CA654)

Map unit symbol Map unit name Rating Component
name (percent)

Rating reasons
(numeric values)

Acres in AOI Percent of AOI

Hsa Hesperia coarse
sandy loam

Somewhat limited Hesperia (85%) Slow water
movement
(0.32)

111.1 0.2%

Hsd Hesperia sandy
loam

Very limited Hesperia (85%) Slow water
movement
(1.00)

2,080.8 4.0%

Hse Hesperia sandy
loam, saline-
alkali

Somewhat limited Hesperia (85%) Slow water
movement
(0.32)

476.3 0.9%

Hsm Hesperia sandy
loam,
moderately
deep

Very limited Hesperia (85%) Slow water
movement
(1.00)

6,322.0 12.2%

Hsn Hesperia sandy
loam,
moderately
deep, saline-
alkali

Very limited Hesperia (85%) Slow water
movement
(1.00)

1,127.7 2.2%

Hso Hesperia sandy
loam, shallow

Very limited Hesperia (85%) Slow water
movement
(1.00)

272.2 0.5%

Hsp Hesperia sandy
loam, shallow,
saline-alkali

Very limited Hesperia (85%) Slow water
movement
(1.00)

928.5 1.8%

Hsr Hesperia fine
sandy loam

Very limited Hesperia (85%) Slow water
movement
(1.00)

837.5 1.6%

Hss Hesperia fine
sandy loam,
saline alkali

Very limited Hesperia (85%) Slow water
movement
(1.00)

97.6 0.2%

Hst Hesperia fine
sandy loam
moderately
deep

Very limited Hesperia (85%) Slow water
movement
(1.00)

4,160.3 8.0%

Hsy Hesperia fine
sandy loam,
moderately
deep, saline-
alkali

Very limited Hesperia (85%) Slow water
movement
(1.00)

3,314.7 6.4%

Ma Madera sandy
loam

Very limited Madera (85%) Slow water
movement
(1.00)

36.0 0.1%

Depth to
cemented pan
(1.00)

Mc Madera loam Very limited Madera (85%) Slow water
movement
(1.00)

62.8 0.1%

Depth to
cemented pan
(1.00)
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Disposal of Wastewater by Rapid Infiltration— Summary by Map Unit — Eastern Fresno Area, California (CA654)

Map unit symbol Map unit name Rating Component
name (percent)

Rating reasons
(numeric values)

Acres in AOI Percent of AOI

Md Madera loam,
saline-alkali

Very limited Madera (85%) Slow water
movement
(1.00)

78.7 0.2%

Depth to
cemented pan
(1.00)

Pa Pachappa loam Very limited Pachappa (85%) Slow water
movement
(1.00)

92.1 0.2%

Pc Pachappa loam,
saline alkali

Very limited Pachappa (85%) Slow water
movement
(1.00)

61.3 0.1%

Pd Pachappa loam,
moderately
deep

Very limited Pachappa (85%) Slow water
movement
(1.00)

1,246.6 2.4%

Pe Pachappa loam,
moderately
deep, saline-
alkali

Very limited Pachappa (85%) Slow water
movement
(1.00)

2,957.6 5.7%

Pl Playas Not rated Playas (95%) 46.9 0.1%

Unnamed (5%)

Ps Pond sandy loam,
moderately
deep

Very limited Pond (85%) Slow water
movement
(1.00)

89.0 0.2%

Pt Pond fine sandy
loam

Very limited Pond (85%) Slow water
movement
(1.00)

163.1 0.3%

Pu Pond fine sandy
loam,
moderately
deep

Very limited Pond (85%) Slow water
movement
(1.00)

81.0 0.2%

Pw Pond loam,
moderately
deep

Very limited Pond (85%) Slow water
movement
(1.00)

1,183.6 2.3%

Rb Ramona sandy
loam, hard
substratum

Very limited Ramona (80%) Slow water
movement
(1.00)

4.1 0.0%

Depth to
cemented pan
(1.00)

Ramona,
moderately
deep (15%)

Slow water
movement
(1.00)

Depth to
cemented pan
(1.00)

Rc Ramona loam Very limited Ramona (80%) Slow water
movement
(1.00)

41.4 0.1%

Re Ramona loam,
hard
substratum

Very limited Ramona (85%) Slow water
movement
(1.00)

25.9 0.0%
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Disposal of Wastewater by Rapid Infiltration— Summary by Map Unit — Eastern Fresno Area, California (CA654)

Map unit symbol Map unit name Rating Component
name (percent)

Rating reasons
(numeric values)

Acres in AOI Percent of AOI

Depth to
cemented pan
(1.00)

Ramona (10%) Slow water
movement
(1.00)

Depth to
cemented pan
(1.00)

Tr Traver sandy
loam

Very limited Traver (85%) Slow water
movement
(1.00)

86.1 0.2%

Ts Traver sandy
loam,
moderately
deep

Very limited Traver (85%) Slow water
movement
(1.00)

972.2 1.9%

Tt Traver fine sandy
loam

Very limited Traver (85%) Slow water
movement
(1.00)

30.6 0.1%

Tu Traver fine sandy
loam,
moderately
deep

Very limited Traver (85%) Slow water
movement
(1.00)

1,136.5 2.2%

TzbA Tujunga loamy
sand, 0 to 3
percent slopes

Somewhat limited Tujunga (85%) Flooding (0.60) 491.1 0.9%

Ws Wunjey fine
sandy loam

Very limited Wunjey (85%) Slow water
movement
(1.00)

22.4 0.0%

Totals for Area of Interest 51,988.5 100.0%

Disposal of Wastewater by Rapid Infiltration— Summary by Rating Value

Rating Acres in AOI Percent of AOI

Very limited 46,908.7 90.2%

Not limited 2,701.6 5.2%

Somewhat limited 2,331.3 4.5%

Null or Not Rated 46.9 0.1%

Totals for Area of Interest 51,988.5 100.0%

Rating Options—Disposal of Wastewater by Rapid Infiltration
(Fresno RWRF WW Disposal by Rapid Infiltration)

Aggregation Method:  Dominant Condition

Aggregation is the process by which a set of component attribute values is reduced
to a single value that represents the map unit as a whole.
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A map unit is typically composed of one or more "components". A component is either
some type of soil or some nonsoil entity, e.g., rock outcrop. For the attribute being
aggregated, the first step of the aggregation process is to derive one attribute value
for each of a map unit's components. From this set of component attributes, the next
step of the aggregation process derives a single value that represents the map unit
as a whole. Once a single value for each map unit is derived, a thematic map for soil
map units can be rendered. Aggregation must be done because, on any soil map, map
units are delineated but components are not.

For each of a map unit's components, a corresponding percent composition is
recorded. A percent composition of 60 indicates that the corresponding component
typically makes up approximately 60% of the map unit. Percent composition is a critical
factor in some, but not all, aggregation methods.

The aggregation method "Dominant Condition" first groups like attribute values for the
components in a map unit. For each group, percent composition is set to the sum of
the percent composition of all components participating in that group. These groups
now represent "conditions" rather than components. The attribute value associated
with the group with the highest cumulative percent composition is returned. If more
than one group shares the highest cumulative percent composition, the corresponding
"tie-break" rule determines which value should be returned. The "tie-break" rule
indicates whether the lower or higher group value should be returned in the case of a
percent composition tie. The result returned by this aggregation method represents
the dominant condition throughout the map unit only when no tie has occurred.

Component Percent Cutoff:  None Specified

Components whose percent composition is below the cutoff value will not be
considered. If no cutoff value is specified, all components in the database will be
considered. The data for some contrasting soils of minor extent may not be in the
database, and therefore are not considered.

Tie-break Rule:  Higher

The tie-break rule indicates which value should be selected from a set of multiple
candidate values, or which value should be selected in the event of a percent
composition tie.

Land Application of Municipal Sewage Sludge (Fresno
RWRF WW Disposal by Application of Municipal Sewage
Sludge)

Application of sewage sludge not only disposes of waste material but also can improve
crop production by increasing the supply of nutrients in the soils where the material is
applied. Sewage sludge is the residual product of the treatment of municipal sewage.
The solid component consists mainly of cell mass, primarily bacteria cells that
developed during secondary treatment and have incorporated soluble organics into
their own bodies. The sludge has small amounts of sand, silt, and other solid debris.
The content of nitrogen varies. Some sludge has constituents that are toxic to plants
or hazardous to the food chain, such as heavy metals and exotic organic compounds,
and should be analyzed chemically prior to use.
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The content of water in the sludge ranges from about 98 percent to less than 40
percent. The sludge is considered liquid if it is more than about 90 percent water, slurry
if it is about 50 to 90 percent water, and solid if it is less than about 50 percent water.

The ratings are based on the soil properties that affect absorption, plant growth,
microbial activity, erodibility, the rate at which the sludge is applied, and the method
by which the sludge is applied. The properties that affect absorption, plant growth, and
microbial activity include saturated hydraulic conductivity (Ksat), depth to a water
table, ponding, the sodium adsorption ratio, depth to bedrock or a cemented pan,
available water capacity, reaction, salinity, and bulk density. The wind erodibility
group, soil erosion factor K, and slope are considered in estimating the likelihood that
wind erosion or water erosion will transport the waste material from the application
site. Stones, cobbles, a water table, ponding, and flooding can hinder the application
of sludge. Permanently frozen soils are unsuitable for waste treatment.

The ratings are both verbal and numerical. Rating class terms indicate the extent to
which the soils are limited by all of the soil features that affect agricultural waste
management. "Not limited" indicates that the soil has features that are very favorable
for the specified use. Good performance and very low maintenance can be expected.
"Somewhat limited" indicates that the soil has features that are moderately favorable
for the specified use. The limitations can be overcome or minimized by special
planning, design, or installation. Fair performance and moderate maintenance can be
expected. "Very limited" indicates that the soil has one or more features that are
unfavorable for the specified use. The limitations generally cannot be overcome
without major soil reclamation, special design, or expensive installation procedures.
Poor performance and high maintenance can be expected.

Numerical ratings indicate the severity of individual limitations. The ratings are shown
as decimal fractions ranging from 0.01 to 1.00. They indicate gradations between the
point at which a soil feature has the greatest negative impact on the use (1.00) and
the point at which the soil feature is not a limitation (0.00).

The map unit components listed for each map unit in the accompanying Summary by
Map Unit table in Web Soil Survey or the Aggregation Report in Soil Data Viewer are
determined by the aggregation method chosen. An aggregated rating class is shown
for each map unit. The components listed for each map unit are only those that have
the same rating class as listed for the map unit. The percent composition of each
component in a particular map unit is presented to help the user better understand the
percentage of each map unit that has the rating presented.

Other components with different ratings may be present in each map unit. The ratings
for all components, regardless of the map unit aggregated rating, can be viewed by
generating the equivalent report from the Soil Reports tab in Web Soil Survey or from
the Soil Data Mart site. Onsite investigation may be needed to validate these
interpretations and to confirm the identity of the soil on a given site.
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Custom Soil Resource Report
Map—Land Application of Municipal Sewage Sludge (Fresno RWRF WW Disposal by Application of Municipal Sewage Sludge)
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MAP LEGEND MAP INFORMATION

Area of Interest (AOI)
Area of Interest (AOI)

Soils
Soil Rating Polygons

Very limited

Somewhat limited

Not limited

Not rated or not available

Soil Rating Lines
Very limited

Somewhat limited

Not limited

Not rated or not available

Soil Rating Points
Very limited

Somewhat limited

Not limited

Not rated or not available

Water Features
Streams and Canals

Transportation
Rails

Interstate Highways

US Routes

Major Roads

Local Roads

Background
Aerial Photography

The soil surveys that comprise your AOI were mapped at 1:24,000.

Please rely on the bar scale on each map sheet for map
measurements.

Source of Map:  Natural Resources Conservation Service
Web Soil Survey URL:  http://websoilsurvey.nrcs.usda.gov
Coordinate System:  Web Mercator (EPSG:3857)

Maps from the Web Soil Survey are based on the Web Mercator
projection, which preserves direction and shape but distorts
distance and area. A projection that preserves area, such as the
Albers equal-area conic projection, should be used if more accurate
calculations of distance or area are required.

This product is generated from the USDA-NRCS certified data as of
the version date(s) listed below.

Soil Survey Area:  Eastern Fresno Area, California
Survey Area Data:  Version 7, Sep 30, 2014

Soil map units are labeled (as space allows) for map scales 1:50,000
or larger.

Date(s) aerial images were photographed:  May 12, 2010—Aug
20, 2013

The orthophoto or other base map on which the soil lines were
compiled and digitized probably differs from the background
imagery displayed on these maps. As a result, some minor shifting
of map unit boundaries may be evident.
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Tables—Land Application of Municipal Sewage Sludge (Fresno
RWRF WW Disposal by Application of Municipal Sewage Sludge)

Land Application of Municipal Sewage Sludge— Summary by Map Unit — Eastern Fresno Area, California (CA654)

Map unit symbol Map unit name Rating Component
name (percent)

Rating reasons
(numeric values)

Acres in AOI Percent of AOI

AoA Atwater loamy
sand, 0 to 3
percent slopes

Very limited Atwater (85%) Filtering capacity
(1.00)

118.8 0.2%

ArA Atwater sandy
loam, 0 to 3
percent slopes

Not limited Atwater (85%) 24.0 0.0%

Bn Borden loam Somewhat limited Borden (85%) Slow water
movement
(0.37)

50.5 0.1%

Bs Borden loam,
saline-alkali

Somewhat limited Borden (85%) Slow water
movement
(0.37)

11.1 0.0%

Bt Borden loam,
moderately
deep

Very limited Borden (85%) Slow water
movement
(1.00)

397.6 0.8%

Bu Borden loam,
moderately
deep, saline
alkali

Very limited Borden (85%) Slow water
movement
(1.00)

480.7 0.9%

Ca Cajon loamy
coarse sand

Very limited Cajon (85%) Filtering capacity
(1.00)

166.7 0.3%

Droughty (0.30)

Cc Cajon coarse
sandy loam

Very limited Cajon (85%) Filtering capacity
(1.00)

16.8 0.0%

Droughty (0.13)

Cd Cajon coarse
sandy loam,
saline alkali

Very limited Cajon (85%) Filtering capacity
(1.00)

25.4 0.0%

Droughty (0.13)

Ce Cajon coarse
sandy loam,
moderately
deep, saline
alkali

Very limited Cajon (85%) Filtering capacity
(1.00)

44.4 0.1%

Slow water
movement
(1.00)

CfA Calhi loamy sand,
0 to 3 percent
slopes

Very limited Calhi (85%) Filtering capacity
(1.00)

1,612.0 3.1%

Droughty (0.68)

CfB Calhi loamy sand,
3 to 9 percent
slopes

Very limited Calhi (80%) Filtering capacity
(1.00)

53.3 0.1%

Droughty (0.68)

CgA Calhi loamy sand,
moderately
deep, 0 to 3
percent slopes

Very limited Calhi (85%) Filtering capacity
(1.00)

861.1 1.7%

Slow water
movement
(1.00)
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Land Application of Municipal Sewage Sludge— Summary by Map Unit — Eastern Fresno Area, California (CA654)

Map unit symbol Map unit name Rating Component
name (percent)

Rating reasons
(numeric values)

Acres in AOI Percent of AOI

DeA Delhi sand, 0 to 3
percent slopes,
MLRA 17

Very limited Delhi (85%) Filtering capacity
(1.00)

30.6 0.1%

Droughty (0.65)

DeB Delhi sand, 3 to 9
percent slopes

Very limited Delhi (85%) Filtering capacity
(1.00)

10.8 0.0%

Droughty (0.32)

DhA Delhi loamy sand,
0 to 3 percent
slopes, MLRA
17

Very limited Delhi (85%) Filtering capacity
(1.00)

892.3 1.7%

Droughty (0.65)

DhB Delhi loamy sand,
3 to 9 percent
slopes

Very limited Delhi (85%) Filtering capacity
(1.00)

32.7 0.1%

Droughty (0.29)

DlA Delhi loamy sand,
moderately
deep, 0 to 3
percent slopes

Very limited Delhi (85%) Filtering capacity
(1.00)

227.1 0.4%

Slow water
movement
(1.00)

Ec El Peco sandy
loam

Very limited El Peco (85%) Salinity (1.00) 28.4 0.1%

Droughty (1.00)

Slow water
movement
(1.00)

Depth to
cemented pan
(0.95)

Flooding (0.40)

Ed El Peco fine
sandy loam

Very limited El Peco (85%) Salinity (1.00) 3,983.6 7.7%

Droughty (1.00)

Slow water
movement
(1.00)

Depth to
cemented pan
(0.95)

Flooding (0.40)

Ep El Peco loam Very limited El Peco (85%) Salinity (1.00) 731.7 1.4%

Droughty (1.00)

Slow water
movement
(1.00)

Depth to
cemented pan
(0.95)

Flooding (0.40)

Es Exeter sandy
loam

Somewhat limited Exeter (85%) Droughty (0.65) 192.6 0.4%
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Land Application of Municipal Sewage Sludge— Summary by Map Unit — Eastern Fresno Area, California (CA654)

Map unit symbol Map unit name Rating Component
name (percent)

Rating reasons
(numeric values)

Acres in AOI Percent of AOI

Depth to
cemented pan
(0.46)

Fs Fresno sandy
loam

Very limited Fresno (85%) Slow water
movement
(1.00)

492.5 0.9%

Droughty (1.00)

Sodium content
(1.00)

Salinity (1.00)

Depth to
cemented pan
(0.99)

Ft Fresno sandy
loam, shallow

Very limited Fresno (85%) Slow water
movement
(1.00)

516.8 1.0%

Depth to
cemented pan
(1.00)

Droughty (1.00)

Sodium content
(1.00)

Salinity (1.00)

Fu Fresno fine sandy
loam

Very limited Fresno (80%) Slow water
movement
(1.00)

6,538.6 12.6%

Droughty (1.00)

Sodium content
(1.00)

Salinity (1.00)

Depth to
cemented pan
(0.99)

Fv Fresno fine sandy
loam, shallow

Very limited Fresno (85%) Slow water
movement
(1.00)

3,744.4 7.2%

Depth to
cemented pan
(1.00)

Salinity (1.00)

Droughty (1.00)

Sodium content
(1.00)

Fw Fresno clay loam Very limited Fresno (85%) Slow water
movement
(1.00)

302.0 0.6%

Depth to
cemented pan
(1.00)

Custom Soil Resource Report
164



Land Application of Municipal Sewage Sludge— Summary by Map Unit — Eastern Fresno Area, California (CA654)

Map unit symbol Map unit name Rating Component
name (percent)

Rating reasons
(numeric values)

Acres in AOI Percent of AOI

Droughty (1.00)

Sodium content
(1.00)

Salinity (1.00)

Fx Fresno-Traver
complex

Very limited Fresno (50%) Slow water
movement
(1.00)

223.1 0.4%

Droughty (1.00)

Sodium content
(1.00)

Salinity (1.00)

Depth to
cemented pan
(0.99)

Traver (35%) Sodium content
(1.00)

Slow water
movement
(1.00)

Salinity (1.00)

GuA Greenfield sandy
loam,
moderately
deep, 0 to 3
percent slopes

Somewhat limited Greenfield (85%) Droughty (0.12) 43.6 0.1%

Depth to
cemented pan
(0.01)

Ha Hanford coarse
sandy loam

Not limited Hanford (85%) 481.3 0.9%

Hc Hanford sandy
loam

Not limited Hanford (85%) 447.7 0.9%

Hg Hanford sandy
loam, silty
substratum

Very limited Hanford (85%) Slow water
movement
(1.00)

221.1 0.4%

Hk Hanford sandy
loam, hard
substratum

Somewhat limited Hanford (85%) Droughty (0.36) 220.1 0.4%

Depth to
cemented pan
(0.06)

Hm Hanford fine
sandy loam

Not limited Hanford (85%) 42.0 0.1%

Ho Hanford fine
sandy loam,
silty substratum

Very limited Hanford (85%) Slow water
movement
(1.00)

85.3 0.2%

Hsa Hesperia coarse
sandy loam

Somewhat limited Hesperia (85%) Flooding (0.40) 111.1 0.2%

Hsd Hesperia sandy
loam

Very limited Hesperia (85%) Slow water
movement
(1.00)

2,080.8 4.0%

Flooding (0.40)
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Land Application of Municipal Sewage Sludge— Summary by Map Unit — Eastern Fresno Area, California (CA654)

Map unit symbol Map unit name Rating Component
name (percent)

Rating reasons
(numeric values)

Acres in AOI Percent of AOI

Hse Hesperia sandy
loam, saline-
alkali

Somewhat limited Hesperia (85%) Salinity (0.50) 476.3 0.9%

Flooding (0.40)

Hsm Hesperia sandy
loam,
moderately
deep

Very limited Hesperia (85%) Slow water
movement
(1.00)

6,322.0 12.2%

Flooding (0.40)

Hsn Hesperia sandy
loam,
moderately
deep, saline-
alkali

Very limited Hesperia (85%) Slow water
movement
(1.00)

1,127.7 2.2%

Salinity (0.50)

Flooding (0.40)

Hso Hesperia sandy
loam, shallow

Very limited Hesperia (85%) Slow water
movement
(1.00)

272.2 0.5%

Flooding (0.40)

Hsp Hesperia sandy
loam, shallow,
saline-alkali

Very limited Hesperia (85%) Slow water
movement
(1.00)

928.5 1.8%

Salinity (0.50)

Flooding (0.40)

Hsr Hesperia fine
sandy loam

Very limited Hesperia (85%) Slow water
movement
(1.00)

837.5 1.6%

Flooding (0.40)

Hss Hesperia fine
sandy loam,
saline alkali

Very limited Hesperia (85%) Slow water
movement
(1.00)

97.6 0.2%

Salinity (0.50)

Flooding (0.40)

Hst Hesperia fine
sandy loam
moderately
deep

Very limited Hesperia (85%) Slow water
movement
(1.00)

4,160.3 8.0%

Flooding (0.40)

Hsy Hesperia fine
sandy loam,
moderately
deep, saline-
alkali

Very limited Hesperia (85%) Slow water
movement
(1.00)

3,314.7 6.4%

Salinity (0.50)

Flooding (0.40)

Ma Madera sandy
loam

Very limited Madera (85%) Slow water
movement
(1.00)

36.0 0.1%

Droughty (1.00)

Depth to
cemented pan
(0.20)
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Land Application of Municipal Sewage Sludge— Summary by Map Unit — Eastern Fresno Area, California (CA654)

Map unit symbol Map unit name Rating Component
name (percent)

Rating reasons
(numeric values)

Acres in AOI Percent of AOI

Mc Madera loam Very limited Madera (85%) Slow water
movement
(1.00)

62.8 0.1%

Droughty (0.84)

Depth to
cemented pan
(0.20)

Md Madera loam,
saline-alkali

Very limited Madera (85%) Slow water
movement
(1.00)

78.7 0.2%

Droughty (0.84)

Sodium content
(0.68)

Depth to
cemented pan
(0.20)

Salinity (0.13)

Pa Pachappa loam Not limited Pachappa (85%) 92.1 0.2%

Pc Pachappa loam,
saline alkali

Very limited Pachappa (85%) Salinity (1.00) 61.3 0.1%

Pd Pachappa loam,
moderately
deep

Not limited Pachappa (85%) 1,246.6 2.4%

Pe Pachappa loam,
moderately
deep, saline-
alkali

Not limited Pachappa (85%) 2,957.6 5.7%

Pl Playas Not rated Playas (95%) 46.9 0.1%

Unnamed (5%)

Ps Pond sandy loam,
moderately
deep

Very limited Pond (85%) Slow water
movement
(1.00)

89.0 0.2%

Sodium content
(1.00)

Salinity (1.00)

Flooding (0.40)

Strongly
contrasting
textural
stratification
(0.10)

Pt Pond fine sandy
loam

Very limited Pond (85%) Filtering capacity
(1.00)

163.1 0.3%

Slow water
movement
(1.00)

Sodium content
(1.00)

Salinity (1.00)
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Land Application of Municipal Sewage Sludge— Summary by Map Unit — Eastern Fresno Area, California (CA654)

Map unit symbol Map unit name Rating Component
name (percent)

Rating reasons
(numeric values)

Acres in AOI Percent of AOI

Flooding (0.40)

Pu Pond fine sandy
loam,
moderately
deep

Very limited Pond (85%) Slow water
movement
(1.00)

81.0 0.2%

Sodium content
(1.00)

Salinity (1.00)

Flooding (0.40)

Droughty (0.28)

Pw Pond loam,
moderately
deep

Very limited Pond (85%) Slow water
movement
(1.00)

1,183.6 2.3%

Sodium content
(1.00)

Salinity (1.00)

Flooding (0.40)

Droughty (0.21)

Rb Ramona sandy
loam, hard
substratum

Somewhat limited Ramona (80%) Slow water
movement
(0.37)

4.1 0.0%

Droughty (0.02)

Ramona,
moderately
deep (15%)

Slow water
movement
(0.37)

Droughty (0.23)

Depth to
cemented pan
(0.06)

Rc Ramona loam Somewhat limited Ramona (80%) Slow water
movement
(0.37)

41.4 0.1%

Droughty (0.04)

Re Ramona loam,
hard
substratum

Somewhat limited Ramona (85%) Slow water
movement
(0.37)

25.9 0.0%

Droughty (0.14)

Depth to
cemented pan
(0.06)

Ramona (10%) Slow water
movement
(0.37)

Droughty (0.00)

Tr Traver sandy
loam

Very limited Traver (85%) Sodium content
(1.00)

86.1 0.2%
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Land Application of Municipal Sewage Sludge— Summary by Map Unit — Eastern Fresno Area, California (CA654)

Map unit symbol Map unit name Rating Component
name (percent)

Rating reasons
(numeric values)

Acres in AOI Percent of AOI

Slow water
movement
(1.00)

Salinity (1.00)

Flooding (0.40)

Droughty (0.09)

Ts Traver sandy
loam,
moderately
deep

Very limited Traver (85%) Sodium content
(1.00)

972.2 1.9%

Slow water
movement
(1.00)

Salinity (1.00)

Flooding (0.40)

Tt Traver fine sandy
loam

Very limited Traver (85%) Sodium content
(1.00)

30.6 0.1%

Slow water
movement
(1.00)

Salinity (1.00)

Flooding (0.40)

Droughty (0.09)

Tu Traver fine sandy
loam,
moderately
deep

Very limited Traver (85%) Sodium content
(1.00)

1,136.5 2.2%

Slow water
movement
(1.00)

Salinity (1.00)

Flooding (0.40)

TzbA Tujunga loamy
sand, 0 to 3
percent slopes

Very limited Tujunga (85%) Filtering capacity
(1.00)

491.1 0.9%

Flooding (1.00)

Droughty (0.65)

Ws Wunjey fine
sandy loam

Very limited Wunjey (85%) Salinity (1.00) 22.4 0.0%

Flooding (0.40)

Totals for Area of Interest 51,988.5 100.0%

Land Application of Municipal Sewage Sludge— Summary by Rating Value

Rating Acres in AOI Percent of AOI

Very limited 45,473.8 87.5%

Not limited 5,291.3 10.2%

Somewhat limited 1,176.5 2.3%

Null or Not Rated 46.9 0.1%

Totals for Area of Interest 51,988.5 100.0%
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Rating Options—Land Application of Municipal Sewage Sludge
(Fresno RWRF WW Disposal by Application of Municipal Sewage
Sludge)

Aggregation Method:  Dominant Condition

Aggregation is the process by which a set of component attribute values is reduced
to a single value that represents the map unit as a whole.

A map unit is typically composed of one or more "components". A component is either
some type of soil or some nonsoil entity, e.g., rock outcrop. For the attribute being
aggregated, the first step of the aggregation process is to derive one attribute value
for each of a map unit's components. From this set of component attributes, the next
step of the aggregation process derives a single value that represents the map unit
as a whole. Once a single value for each map unit is derived, a thematic map for soil
map units can be rendered. Aggregation must be done because, on any soil map, map
units are delineated but components are not.

For each of a map unit's components, a corresponding percent composition is
recorded. A percent composition of 60 indicates that the corresponding component
typically makes up approximately 60% of the map unit. Percent composition is a critical
factor in some, but not all, aggregation methods.

The aggregation method "Dominant Condition" first groups like attribute values for the
components in a map unit. For each group, percent composition is set to the sum of
the percent composition of all components participating in that group. These groups
now represent "conditions" rather than components. The attribute value associated
with the group with the highest cumulative percent composition is returned. If more
than one group shares the highest cumulative percent composition, the corresponding
"tie-break" rule determines which value should be returned. The "tie-break" rule
indicates whether the lower or higher group value should be returned in the case of a
percent composition tie. The result returned by this aggregation method represents
the dominant condition throughout the map unit only when no tie has occurred.

Component Percent Cutoff:  None Specified

Components whose percent composition is below the cutoff value will not be
considered. If no cutoff value is specified, all components in the database will be
considered. The data for some contrasting soils of minor extent may not be in the
database, and therefore are not considered.

Tie-break Rule:  Higher

The tie-break rule indicates which value should be selected from a set of multiple
candidate values, or which value should be selected in the event of a percent
composition tie.

Slow Rate Treatment of Wastewater (Fresno RWRF WW
Disposal by Slow Rate Treatment)

Slow rate treatment of wastewater is a process in which wastewater is applied to land
at a rate normally between 0.5 inch and 4.0 inches per week. The application rate
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commonly exceeds the rate needed for irrigation of cropland. The applied wastewater
is treated as it moves through the soil. Much of the treated water may percolate to the
ground water, and some enters the atmosphere through evapotranspiration. The
applied water generally is not allowed to run off the surface. Waterlogging is prevented
either through control of the application rate or through the use of tile drains, or both.

Soil properties are important considerations in areas where soils are used as sites for
the treatment and disposal of organic waste and wastewater. Selection of soils with
properties that favor waste management can help to prevent environmental damage.

Municipal wastewater is the waste stream from a municipality. It contains domestic
waste and may contain industrial waste. It may have received primary or secondary
treatment. It is rarely untreated sewage. Food-processing wastewater results from the
preparation of fruits, vegetables, milk, cheese, and meats for public consumption. In
places it is high in content of sodium and chloride. The effluent in lagoons and storage
ponds is from facilities used to treat or store food-processing wastewater or domestic
or animal waste. Domestic and food-processing wastewater is very dilute, and the
effluent from the facilities that treat or store it commonly is very low in content of
carbonaceous and nitrogenous material; the content of nitrogen commonly ranges
from 10 to 30 milligrams per liter. The wastewater from animal waste treatment
lagoons or storage ponds, however, has much higher concentrations of these
materials, mainly because the manure has not been diluted as much as the domestic
waste. The content of nitrogen in this wastewater generally ranges from 50 to 2,000
milligrams per liter. When wastewater is applied, checks should be made to ensure
that nitrogen, heavy metals, and salts are not added in excessive amounts.

The ratings are based on the soil properties that affect absorption, plant growth,
microbial activity, erodibility, and the application of waste. The properties that affect
absorption include the sodium adsorption ratio, depth to a water table, ponding,
available water capacity, saturated hydraulic conductivity (Ksat), depth to bedrock or
a cemented pan, reaction, the cation-exchange capacity, and slope. Reaction, the
sodium adsorption ratio, salinity, and bulk density affect plant growth and microbial
activity. The wind erodibility group, soil erosion factor K, and slope are considered in
estimating the likelihood of wind erosion or water erosion. Stones, cobbles, a water
table, ponding, and flooding can hinder the application of waste. Permanently frozen
soils are unsuitable for waste treatment.

The ratings are both verbal and numerical. Rating class terms indicate the extent to
which the soils are limited by all of the soil features that affect agricultural waste
management. "Not limited" indicates that the soil has features that are very favorable
for the specified use. Good performance and very low maintenance can be expected.
"Somewhat limited" indicates that the soil has features that are moderately favorable
for the specified use. The limitations can be overcome or minimized by special
planning, design, or installation. Fair performance and moderate maintenance can be
expected. "Very limited" indicates that the soil has one or more features that are
unfavorable for the specified use. The limitations generally cannot be overcome
without major soil reclamation, special design, or expensive installation procedures.
Poor performance and high maintenance can be expected.

Numerical ratings indicate the severity of individual limitations. The ratings are shown
as decimal fractions ranging from 0.01 to 1.00. They indicate gradations between the
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point at which a soil feature has the greatest negative impact on the use (1.00) and
the point at which the soil feature is not a limitation (0.00).

The map unit components listed for each map unit in the accompanying Summary by
Map Unit table in Web Soil Survey or the Aggregation Report in Soil Data Viewer are
determined by the aggregation method chosen. An aggregated rating class is shown
for each map unit. The components listed for each map unit are only those that have
the same rating class as listed for the map unit. The percent composition of each
component in a particular map unit is presented to help the user better understand the
percentage of each map unit that has the rating presented.

Other components with different ratings may be present in each map unit. The ratings
for all components, regardless of the map unit aggregated rating, can be viewed by
generating the equivalent report from the Soil Reports tab in Web Soil Survey or from
the Soil Data Mart site. Onsite investigation may be needed to validate these
interpretations and to confirm the identity of the soil on a given site.
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Custom Soil Resource Report
Map—Slow Rate Treatment of Wastewater (Fresno RWRF WW Disposal by Slow Rate Treatment)
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MAP LEGEND MAP INFORMATION

Area of Interest (AOI)
Area of Interest (AOI)

Soils
Soil Rating Polygons

Very limited

Somewhat limited

Not limited

Not rated or not available

Soil Rating Lines
Very limited

Somewhat limited

Not limited

Not rated or not available

Soil Rating Points
Very limited

Somewhat limited

Not limited

Not rated or not available

Water Features
Streams and Canals

Transportation
Rails

Interstate Highways

US Routes

Major Roads

Local Roads

Background
Aerial Photography

The soil surveys that comprise your AOI were mapped at 1:24,000.

Please rely on the bar scale on each map sheet for map
measurements.

Source of Map:  Natural Resources Conservation Service
Web Soil Survey URL:  http://websoilsurvey.nrcs.usda.gov
Coordinate System:  Web Mercator (EPSG:3857)

Maps from the Web Soil Survey are based on the Web Mercator
projection, which preserves direction and shape but distorts
distance and area. A projection that preserves area, such as the
Albers equal-area conic projection, should be used if more accurate
calculations of distance or area are required.

This product is generated from the USDA-NRCS certified data as of
the version date(s) listed below.

Soil Survey Area:  Eastern Fresno Area, California
Survey Area Data:  Version 7, Sep 30, 2014

Soil map units are labeled (as space allows) for map scales 1:50,000
or larger.

Date(s) aerial images were photographed:  May 12, 2010—Aug
20, 2013

The orthophoto or other base map on which the soil lines were
compiled and digitized probably differs from the background
imagery displayed on these maps. As a result, some minor shifting
of map unit boundaries may be evident.
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Tables—Slow Rate Treatment of Wastewater (Fresno RWRF WW
Disposal by Slow Rate Treatment)

Slow Rate Treatment of Wastewater— Summary by Map Unit — Eastern Fresno Area, California (CA654)

Map unit symbol Map unit name Rating Component
name (percent)

Rating reasons
(numeric values)

Acres in AOI Percent of AOI

AoA Atwater loamy
sand, 0 to 3
percent slopes

Very limited Atwater (85%) Filtering capacity
(1.00)

118.8 0.2%

ArA Atwater sandy
loam, 0 to 3
percent slopes

Not limited Atwater (85%) 24.0 0.0%

Bn Borden loam Somewhat limited Borden (85%) Slow water
movement
(0.26)

50.5 0.1%

Bs Borden loam,
saline-alkali

Somewhat limited Borden (85%) Slow water
movement
(0.26)

11.1 0.0%

Bt Borden loam,
moderately
deep

Somewhat limited Borden (85%) Slow water
movement
(0.96)

397.6 0.8%

Bu Borden loam,
moderately
deep, saline
alkali

Somewhat limited Borden (85%) Slow water
movement
(0.96)

480.7 0.9%

Ca Cajon loamy
coarse sand

Very limited Cajon (85%) Filtering capacity
(1.00)

166.7 0.3%

Cc Cajon coarse
sandy loam

Very limited Cajon (85%) Filtering capacity
(1.00)

16.8 0.0%

Cd Cajon coarse
sandy loam,
saline alkali

Very limited Cajon (85%) Filtering capacity
(1.00)

25.4 0.0%

Ce Cajon coarse
sandy loam,
moderately
deep, saline
alkali

Very limited Cajon (85%) Filtering capacity
(1.00)

44.4 0.1%

Slow water
movement
(0.96)

CfA Calhi loamy sand,
0 to 3 percent
slopes

Very limited Calhi (85%) Filtering capacity
(1.00)

1,612.0 3.1%

CfB Calhi loamy sand,
3 to 9 percent
slopes

Very limited Calhi (80%) Filtering capacity
(1.00)

53.3 0.1%

Too steep for
surface
application
(0.68)

CgA Calhi loamy sand,
moderately
deep, 0 to 3
percent slopes

Very limited Calhi (85%) Filtering capacity
(1.00)

861.1 1.7%

Slow water
movement
(0.96)
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Slow Rate Treatment of Wastewater— Summary by Map Unit — Eastern Fresno Area, California (CA654)

Map unit symbol Map unit name Rating Component
name (percent)

Rating reasons
(numeric values)

Acres in AOI Percent of AOI

DeA Delhi sand, 0 to 3
percent slopes,
MLRA 17

Very limited Delhi (85%) Filtering capacity
(1.00)

30.6 0.1%

DeB Delhi sand, 3 to 9
percent slopes

Very limited Delhi (85%) Filtering capacity
(1.00)

10.8 0.0%

Too steep for
surface
application
(0.68)

DhA Delhi loamy sand,
0 to 3 percent
slopes, MLRA
17

Very limited Delhi (85%) Filtering capacity
(1.00)

892.3 1.7%

DhB Delhi loamy sand,
3 to 9 percent
slopes

Very limited Delhi (85%) Filtering capacity
(1.00)

32.7 0.1%

Too steep for
surface
application
(0.68)

DlA Delhi loamy sand,
moderately
deep, 0 to 3
percent slopes

Very limited Delhi (85%) Filtering capacity
(1.00)

227.1 0.4%

Slow water
movement
(0.96)

Ec El Peco sandy
loam

Very limited El Peco (85%) Depth to
cemented pan
(1.00)

28.4 0.1%

Salinity (1.00)

Slow water
movement
(0.96)

Ed El Peco fine
sandy loam

Very limited El Peco (85%) Depth to
cemented pan
(1.00)

3,983.6 7.7%

Salinity (1.00)

Slow water
movement
(0.96)

Ep El Peco loam Very limited El Peco (85%) Depth to
cemented pan
(1.00)

731.7 1.4%

Salinity (1.00)

Slow water
movement
(0.96)

Es Exeter sandy
loam

Very limited Exeter (85%) Depth to
cemented pan
(1.00)

192.6 0.4%

Fs Fresno sandy
loam

Very limited Fresno (85%) Slow water
movement
(1.00)

492.5 0.9%
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Slow Rate Treatment of Wastewater— Summary by Map Unit — Eastern Fresno Area, California (CA654)

Map unit symbol Map unit name Rating Component
name (percent)

Rating reasons
(numeric values)

Acres in AOI Percent of AOI

Depth to
cemented pan
(1.00)

Sodium content
(1.00)

Salinity (1.00)

Ft Fresno sandy
loam, shallow

Very limited Fresno (85%) Slow water
movement
(1.00)

516.8 1.0%

Depth to
cemented pan
(1.00)

Sodium content
(1.00)

Salinity (1.00)

Fu Fresno fine sandy
loam

Very limited Fresno (80%) Slow water
movement
(1.00)

6,538.6 12.6%

Depth to
cemented pan
(1.00)

Sodium content
(1.00)

Salinity (1.00)

Fv Fresno fine sandy
loam, shallow

Very limited Fresno (85%) Slow water
movement
(1.00)

3,744.4 7.2%

Depth to
cemented pan
(1.00)

Salinity (1.00)

Sodium content
(1.00)

Fw Fresno clay loam Very limited Fresno (85%) Slow water
movement
(1.00)

302.0 0.6%

Depth to
cemented pan
(1.00)

Sodium content
(1.00)

Salinity (1.00)

Fx Fresno-Traver
complex

Very limited Fresno (50%) Slow water
movement
(1.00)

223.1 0.4%

Depth to
cemented pan
(1.00)
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Slow Rate Treatment of Wastewater— Summary by Map Unit — Eastern Fresno Area, California (CA654)

Map unit symbol Map unit name Rating Component
name (percent)

Rating reasons
(numeric values)

Acres in AOI Percent of AOI

Sodium content
(1.00)

Salinity (1.00)

Traver (35%) Sodium content
(1.00)

Salinity (1.00)

Slow water
movement
(0.96)

GuA Greenfield sandy
loam,
moderately
deep, 0 to 3
percent slopes

Very limited Greenfield (85%) Depth to
cemented pan
(1.00)

43.6 0.1%

Ha Hanford coarse
sandy loam

Not limited Hanford (85%) 481.3 0.9%

Hc Hanford sandy
loam

Not limited Hanford (85%) 447.7 0.9%

Hg Hanford sandy
loam, silty
substratum

Somewhat limited Hanford (85%) Slow water
movement
(0.96)

221.1 0.4%

Hk Hanford sandy
loam, hard
substratum

Very limited Hanford (85%) Depth to
cemented pan
(1.00)

220.1 0.4%

Hm Hanford fine
sandy loam

Not limited Hanford (85%) 42.0 0.1%

Ho Hanford fine
sandy loam,
silty substratum

Somewhat limited Hanford (85%) Slow water
movement
(0.96)

85.3 0.2%

Hsa Hesperia coarse
sandy loam

Not limited Hesperia (85%) 111.1 0.2%

Hsd Hesperia sandy
loam

Somewhat limited Hesperia (85%) Slow water
movement
(0.96)

2,080.8 4.0%

Hse Hesperia sandy
loam, saline-
alkali

Somewhat limited Hesperia (85%) Salinity (0.50) 476.3 0.9%

Hsm Hesperia sandy
loam,
moderately
deep

Somewhat limited Hesperia (85%) Slow water
movement
(0.96)

6,322.0 12.2%

Hsn Hesperia sandy
loam,
moderately
deep, saline-
alkali

Somewhat limited Hesperia (85%) Slow water
movement
(0.96)

1,127.7 2.2%

Salinity (0.50)

Hso Hesperia sandy
loam, shallow

Somewhat limited Hesperia (85%) Slow water
movement
(0.96)

272.2 0.5%
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Slow Rate Treatment of Wastewater— Summary by Map Unit — Eastern Fresno Area, California (CA654)

Map unit symbol Map unit name Rating Component
name (percent)

Rating reasons
(numeric values)

Acres in AOI Percent of AOI

Hsp Hesperia sandy
loam, shallow,
saline-alkali

Somewhat limited Hesperia (85%) Slow water
movement
(0.96)

928.5 1.8%

Salinity (0.50)

Hsr Hesperia fine
sandy loam

Somewhat limited Hesperia (85%) Slow water
movement
(0.96)

837.5 1.6%

Hss Hesperia fine
sandy loam,
saline alkali

Somewhat limited Hesperia (85%) Slow water
movement
(0.96)

97.6 0.2%

Salinity (0.50)

Hst Hesperia fine
sandy loam
moderately
deep

Somewhat limited Hesperia (85%) Slow water
movement
(0.96)

4,160.3 8.0%

Hsy Hesperia fine
sandy loam,
moderately
deep, saline-
alkali

Somewhat limited Hesperia (85%) Slow water
movement
(0.96)

3,314.7 6.4%

Salinity (0.50)

Ma Madera sandy
loam

Very limited Madera (85%) Slow water
movement
(1.00)

36.0 0.1%

Depth to
cemented pan
(1.00)

Mc Madera loam Very limited Madera (85%) Slow water
movement
(1.00)

62.8 0.1%

Depth to
cemented pan
(1.00)

Md Madera loam,
saline-alkali

Very limited Madera (85%) Slow water
movement
(1.00)

78.7 0.2%

Depth to
cemented pan
(1.00)

Sodium content
(0.68)

Salinity (0.13)

Pa Pachappa loam Not limited Pachappa (85%) 92.1 0.2%

Pc Pachappa loam,
saline alkali

Very limited Pachappa (85%) Salinity (1.00) 61.3 0.1%

Pd Pachappa loam,
moderately
deep

Not limited Pachappa (85%) 1,246.6 2.4%

Pe Pachappa loam,
moderately
deep, saline-
alkali

Not limited Pachappa (85%) 2,957.6 5.7%
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Slow Rate Treatment of Wastewater— Summary by Map Unit — Eastern Fresno Area, California (CA654)

Map unit symbol Map unit name Rating Component
name (percent)

Rating reasons
(numeric values)

Acres in AOI Percent of AOI

Pl Playas Not rated Playas (95%) 46.9 0.1%

Unnamed (5%)

Ps Pond sandy loam,
moderately
deep

Very limited Pond (85%) Slow water
movement
(1.00)

89.0 0.2%

Sodium content
(1.00)

Salinity (1.00)

Pt Pond fine sandy
loam

Very limited Pond (85%) Filtering capacity
(1.00)

163.1 0.3%

Sodium content
(1.00)

Salinity (1.00)

Slow water
movement
(0.96)

Pu Pond fine sandy
loam,
moderately
deep

Very limited Pond (85%) Slow water
movement
(1.00)

81.0 0.2%

Sodium content
(1.00)

Salinity (1.00)

Pw Pond loam,
moderately
deep

Very limited Pond (85%) Slow water
movement
(1.00)

1,183.6 2.3%

Sodium content
(1.00)

Salinity (1.00)

Rb Ramona sandy
loam, hard
substratum

Somewhat limited Ramona (80%) Depth to
cemented pan
(1.00)

4.1 0.0%

Slow water
movement
(0.26)

Rc Ramona loam Somewhat limited Ramona (80%) Slow water
movement
(0.26)

41.4 0.1%

Re Ramona loam,
hard
substratum

Very limited Ramona (85%) Depth to
cemented pan
(1.00)

25.9 0.0%

Slow water
movement
(0.26)

Tr Traver sandy
loam

Very limited Traver (85%) Sodium content
(1.00)

86.1 0.2%

Salinity (1.00)

Slow water
movement
(0.96)
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Slow Rate Treatment of Wastewater— Summary by Map Unit — Eastern Fresno Area, California (CA654)

Map unit symbol Map unit name Rating Component
name (percent)

Rating reasons
(numeric values)

Acres in AOI Percent of AOI

Ts Traver sandy
loam,
moderately
deep

Very limited Traver (85%) Sodium content
(1.00)

972.2 1.9%

Salinity (1.00)

Slow water
movement
(0.96)

Tt Traver fine sandy
loam

Very limited Traver (85%) Sodium content
(1.00)

30.6 0.1%

Salinity (1.00)

Slow water
movement
(0.96)

Tu Traver fine sandy
loam,
moderately
deep

Very limited Traver (85%) Sodium content
(1.00)

1,136.5 2.2%

Salinity (1.00)

Slow water
movement
(0.96)

TzbA Tujunga loamy
sand, 0 to 3
percent slopes

Very limited Tujunga (85%) Filtering capacity
(1.00)

491.1 0.9%

Flooding (0.60)

Ws Wunjey fine
sandy loam

Very limited Wunjey (85%) Salinity (1.00) 22.4 0.0%

Totals for Area of Interest 51,988.5 100.0%

Slow Rate Treatment of Wastewater— Summary by Rating Value

Rating Acres in AOI Percent of AOI

Very limited 25,629.8 49.3%

Somewhat limited 20,909.4 40.2%

Not limited 5,402.3 10.4%

Null or Not Rated 46.9 0.1%

Totals for Area of Interest 51,988.5 100.0%

Rating Options—Slow Rate Treatment of Wastewater (Fresno
RWRF WW Disposal by Slow Rate Treatment)

Aggregation Method:  Dominant Condition

Aggregation is the process by which a set of component attribute values is reduced
to a single value that represents the map unit as a whole.

A map unit is typically composed of one or more "components". A component is either
some type of soil or some nonsoil entity, e.g., rock outcrop. For the attribute being
aggregated, the first step of the aggregation process is to derive one attribute value
for each of a map unit's components. From this set of component attributes, the next
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step of the aggregation process derives a single value that represents the map unit
as a whole. Once a single value for each map unit is derived, a thematic map for soil
map units can be rendered. Aggregation must be done because, on any soil map, map
units are delineated but components are not.

For each of a map unit's components, a corresponding percent composition is
recorded. A percent composition of 60 indicates that the corresponding component
typically makes up approximately 60% of the map unit. Percent composition is a critical
factor in some, but not all, aggregation methods.

The aggregation method "Dominant Condition" first groups like attribute values for the
components in a map unit. For each group, percent composition is set to the sum of
the percent composition of all components participating in that group. These groups
now represent "conditions" rather than components. The attribute value associated
with the group with the highest cumulative percent composition is returned. If more
than one group shares the highest cumulative percent composition, the corresponding
"tie-break" rule determines which value should be returned. The "tie-break" rule
indicates whether the lower or higher group value should be returned in the case of a
percent composition tie. The result returned by this aggregation method represents
the dominant condition throughout the map unit only when no tie has occurred.

Component Percent Cutoff:  None Specified

Components whose percent composition is below the cutoff value will not be
considered. If no cutoff value is specified, all components in the database will be
considered. The data for some contrasting soils of minor extent may not be in the
database, and therefore are not considered.

Tie-break Rule:  Higher

The tie-break rule indicates which value should be selected from a set of multiple
candidate values, or which value should be selected in the event of a percent
composition tie.
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Preface
Soil surveys contain information that affects land use planning in survey areas. They
highlight soil limitations that affect various land uses and provide information about
the properties of the soils in the survey areas. Soil surveys are designed for many
different users, including farmers, ranchers, foresters, agronomists, urban planners,
community officials, engineers, developers, builders, and home buyers. Also,
conservationists, teachers, students, and specialists in recreation, waste disposal,
and pollution control can use the surveys to help them understand, protect, or enhance
the environment.

Various land use regulations of Federal, State, and local governments may impose
special restrictions on land use or land treatment. Soil surveys identify soil properties
that are used in making various land use or land treatment decisions. The information
is intended to help the land users identify and reduce the effects of soil limitations on
various land uses. The landowner or user is responsible for identifying and complying
with existing laws and regulations.

Although soil survey information can be used for general farm, local, and wider area
planning, onsite investigation is needed to supplement this information in some cases.
Examples include soil quality assessments (http://www.nrcs.usda.gov/wps/portal/
nrcs/main/soils/health/) and certain conservation and engineering applications. For
more detailed information, contact your local USDA Service Center (http://
offices.sc.egov.usda.gov/locator/app?agency=nrcs) or your NRCS State Soil
Scientist (http://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/contactus/?
cid=nrcs142p2_053951).

Great differences in soil properties can occur within short distances. Some soils are
seasonally wet or subject to flooding. Some are too unstable to be used as a
foundation for buildings or roads. Clayey or wet soils are poorly suited to use as septic
tank absorption fields. A high water table makes a soil poorly suited to basements or
underground installations.

The National Cooperative Soil Survey is a joint effort of the United States Department
of Agriculture and other Federal agencies, State agencies including the Agricultural
Experiment Stations, and local agencies. The Natural Resources Conservation
Service (NRCS) has leadership for the Federal part of the National Cooperative Soil
Survey.

Information about soils is updated periodically. Updated information is available
through the NRCS Web Soil Survey, the site for official soil survey information.

The U.S. Department of Agriculture (USDA) prohibits discrimination in all its programs
and activities on the basis of race, color, national origin, age, disability, and where
applicable, sex, marital status, familial status, parental status, religion, sexual
orientation, genetic information, political beliefs, reprisal, or because all or a part of an
individual's income is derived from any public assistance program. (Not all prohibited
bases apply to all programs.) Persons with disabilities who require alternative means
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for communication of program information (Braille, large print, audiotape, etc.) should
contact USDA's TARGET Center at (202) 720-2600 (voice and TDD). To file a
complaint of discrimination, write to USDA, Director, Office of Civil Rights, 1400
Independence Avenue, S.W., Washington, D.C. 20250-9410 or call (800) 795-3272
(voice) or (202) 720-6382 (TDD). USDA is an equal opportunity provider and
employer.
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Soil Map
The soil map section includes the soil map for the defined area of interest, a list of soil
map units on the map and extent of each map unit, and cartographic symbols
displayed on the map. Also presented are various metadata about data used to
produce the map, and a description of each soil map unit.
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MAP LEGEND MAP INFORMATION

Area of Interest (AOI)
Area of Interest (AOI)

Soils
Soil Map Unit Polygons

Soil Map Unit Lines

Soil Map Unit Points

Special Point Features
Blowout

Borrow Pit

Clay Spot

Closed Depression

Gravel Pit

Gravelly Spot

Landfill

Lava Flow

Marsh or swamp

Mine or Quarry

Miscellaneous Water

Perennial Water

Rock Outcrop

Saline Spot

Sandy Spot

Severely Eroded Spot

Sinkhole

Slide or Slip

Sodic Spot

Spoil Area

Stony Spot

Very Stony Spot

Wet Spot

Other

Special Line Features

Water Features
Streams and Canals

Transportation
Rails

Interstate Highways

US Routes

Major Roads

Local Roads

Background
Aerial Photography

The soil surveys that comprise your AOI were mapped at 1:24,000.

Please rely on the bar scale on each map sheet for map
measurements.

Source of Map:  Natural Resources Conservation Service
Web Soil Survey URL:  http://websoilsurvey.nrcs.usda.gov
Coordinate System:  Web Mercator (EPSG:3857)

Maps from the Web Soil Survey are based on the Web Mercator
projection, which preserves direction and shape but distorts
distance and area. A projection that preserves area, such as the
Albers equal-area conic projection, should be used if more accurate
calculations of distance or area are required.

This product is generated from the USDA-NRCS certified data as of
the version date(s) listed below.

Soil Survey Area:  Tulare County, Western Part, California
Survey Area Data:  Version 8, Sep 30, 2014

Soil map units are labeled (as space allows) for map scales 1:50,000
or larger.

Date(s) aerial images were photographed:  Aug 27, 2010—Jul 3,
2011

The orthophoto or other base map on which the soil lines were
compiled and digitized probably differs from the background
imagery displayed on these maps. As a result, some minor shifting
of map unit boundaries may be evident.
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Map Unit Legend

Tulare County, Western Part, California (CA659)

Map Unit Symbol Map Unit Name Acres in AOI Percent of AOI

101 Akers-Akers, saline-Sodic,
complex, 0 to 2 percent slopes

2,834.8 5.8%

104 Biggriz-Biggriz, saline-Sodic,
complex, 0 to 2 percent slopes

3,322.4 6.8%

105 Calgro-Calgro, saline-Sodic,
complex, 0 to 2 percent slopes

1,059.7 2.2%

108 Colpien loam, 0 to 2 percent
slopes

17,349.6 35.6%

109 Crosscreek-Kai association, 0 to
2 percent slopes

8,187.8 16.8%

112 Dumps 78.5 0.2%

116 Flamen loam, 0 to 2 percent
slopes

3,260.4 6.7%

124 Hanford sandy loam, 0 to 2
percent slopes

64.0 0.1%

130 Nord fine sandy loam, 0 to 2
percent slopes

4,210.1 8.6%

131 Pits 67.7 0.1%

132 Quonal-Lewis association, 0 to 2
percent slopes

4,750.8 9.7%

134 Riverwash 620.8 1.3%

137 Tagus loam, 0 to 2 percent
slopes

870.9 1.8%

138 Tujunga loamy sand, 0 to 2
percent slopes

378.6 0.8%

143 Yettem sandy loam, 0 to 2
percent slopes

1,699.0 3.5%

Totals for Area of Interest 48,755.2 100.0%
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Soil Information for All Uses

Suitabilities and Limitations for Use
The Suitabilities and Limitations for Use section includes various soil interpretations
displayed as thematic maps with a summary table for the soil map units in the selected
area of interest. A single value or rating for each map unit is generated by aggregating
the interpretive ratings of individual map unit components. This aggregation process
is defined for each interpretation.

Waste Management

Waste Management interpretations are tools designed to guide the user in evaluating
soils for use of organic wastes and wastewater as productive resources. Example
interpretations include land application of manure, food processing waste, and
municipal sewage sludge, and disposal of wastewater by irrigation or overland flow
process.

Disposal of Wastewater by Irrigation (Tulare RWRF WW
Disposal by Irrigation)

Wastewater includes municipal and food-processing wastewater and effluent from
lagoons or storage ponds. Municipal wastewater is the waste stream from a
municipality. It contains domestic waste and may contain industrial waste. It may have
received primary or secondary treatment. It is rarely untreated sewage. Food-
processing wastewater results from the preparation of fruits, vegetables, milk, cheese,
and meats for public consumption. In places it is high in content of sodium and chloride.
The effluent in lagoons and storage ponds is from facilities used to treat or store food-
processing wastewater or domestic or animal waste. Domestic and food-processing
wastewater is very dilute, and the effluent from the facilities that treat or store it
commonly is very low in content of carbonaceous and nitrogenous material; the
content of nitrogen commonly ranges from 10 to 30 milligrams per liter. The
wastewater from animal waste treatment lagoons or storage ponds, however, has
much higher concentrations of these materials, mainly because the manure has not
been diluted as much as the domestic waste. The content of nitrogen in this
wastewater generally ranges from 50 to 2,000 milligrams per liter. When wastewater
is applied, checks should be made to ensure that nitrogen, heavy metals, and salts
are not added in excessive amounts.
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Disposal of wastewater by irrigation not only disposes of municipal wastewater and
wastewater from food-processing plants, lagoons, and storage ponds but also can
improve crop production by increasing the amount of water available to crops. The
ratings are based on the soil properties that affect the design, construction,
management, and performance of the irrigation system. The properties that affect
design and management include the sodium adsorption ratio, depth to a water table,
ponding, available water capacity, saturated hydraulic conductivity (Ksat), slope, and
flooding. The properties that affect construction include stones, cobbles, depth to
bedrock or a cemented pan, depth to a water table, and ponding. The properties that
affect performance include depth to bedrock or a cemented pan, bulk density, the
sodium adsorption ratio, salinity, reaction, and the cation-exchange capacity, which is
used to estimate the capacity of a soil to adsorb heavy metals. Permanently frozen
soils are not suitable for disposal of wastewater by irrigation.

The ratings are both verbal and numerical. Rating class terms indicate the extent to
which the soils are limited by all of the soil features that affect agricultural waste
management. "Not limited" indicates that the soil has features that are very favorable
for the specified use. Good performance and very low maintenance can be expected.
"Somewhat limited" indicates that the soil has features that are moderately favorable
for the specified use. The limitations can be overcome or minimized by special
planning, design, or installation. Fair performance and moderate maintenance can be
expected. "Very limited" indicates that the soil has one or more features that are
unfavorable for the specified use. The limitations generally cannot be overcome
without major soil reclamation, special design, or expensive installation procedures.
Poor performance and high maintenance can be expected.

Numerical ratings indicate the severity of individual limitations. The ratings are shown
as decimal fractions ranging from 0.01 to 1.00. They indicate gradations between the
point at which a soil feature has the greatest negative impact on the use (1.00) and
the point at which the soil feature is not a limitation (0.00).

The map unit components listed for each map unit in the accompanying Summary by
Map Unit table in Web Soil Survey or the Aggregation Report in Soil Data Viewer are
determined by the aggregation method chosen. An aggregated rating class is shown
for each map unit. The components listed for each map unit are only those that have
the same rating class as listed for the map unit. The percent composition of each
component in a particular map unit is presented to help the user better understand the
percentage of each map unit that has the rating presented.

Other components with different ratings may be present in each map unit. The ratings
for all components, regardless of the map unit aggregated rating, can be viewed by
generating the equivalent report from the Soil Reports tab in Web Soil Survey or from
the Soil Data Mart site. Onsite investigation may be needed to validate these
interpretations and to confirm the identity of the soil on a given site.
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MAP LEGEND MAP INFORMATION

Area of Interest (AOI)
Area of Interest (AOI)

Soils
Soil Rating Polygons

Very limited

Somewhat limited

Not limited

Not rated or not available

Soil Rating Lines
Very limited

Somewhat limited

Not limited

Not rated or not available

Soil Rating Points
Very limited

Somewhat limited

Not limited

Not rated or not available

Water Features
Streams and Canals

Transportation
Rails

Interstate Highways

US Routes

Major Roads

Local Roads

Background
Aerial Photography

The soil surveys that comprise your AOI were mapped at 1:24,000.

Please rely on the bar scale on each map sheet for map
measurements.

Source of Map:  Natural Resources Conservation Service
Web Soil Survey URL:  http://websoilsurvey.nrcs.usda.gov
Coordinate System:  Web Mercator (EPSG:3857)

Maps from the Web Soil Survey are based on the Web Mercator
projection, which preserves direction and shape but distorts
distance and area. A projection that preserves area, such as the
Albers equal-area conic projection, should be used if more accurate
calculations of distance or area are required.

This product is generated from the USDA-NRCS certified data as of
the version date(s) listed below.

Soil Survey Area:  Tulare County, Western Part, California
Survey Area Data:  Version 8, Sep 30, 2014

Soil map units are labeled (as space allows) for map scales 1:50,000
or larger.

Date(s) aerial images were photographed:  Aug 27, 2010—Jul 3,
2011

The orthophoto or other base map on which the soil lines were
compiled and digitized probably differs from the background
imagery displayed on these maps. As a result, some minor shifting
of map unit boundaries may be evident.
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Tables—Disposal of Wastewater by Irrigation (Tulare RWRF WW
Disposal by Irrigation)

Disposal of Wastewater by Irrigation— Summary by Map Unit — Tulare County, Western Part, California (CA659)

Map unit symbol Map unit name Rating Component
name (percent)

Rating reasons
(numeric values)

Acres in AOI Percent of AOI

101 Akers-Akers,
saline-Sodic,
complex, 0 to 2
percent slopes

Somewhat limited Akers (60%) Sodium content
(0.32)

2,834.8 5.8%

104 Biggriz-Biggriz,
saline-Sodic,
complex, 0 to 2
percent slopes

Somewhat limited Biggriz (55%) Sodium content
(0.32)

3,322.4 6.8%

Slow water
movement
(0.31)

105 Calgro-Calgro,
saline-Sodic,
complex, 0 to 2
percent slopes

Somewhat limited Calgro (60%) Droughty (0.91) 1,059.7 2.2%

Depth to
cemented pan
(0.84)

Sodium content
(0.32)

108 Colpien loam, 0 to
2 percent
slopes

Somewhat limited Colpien (85%) Sodium content
(0.32)

17,349.6 35.6%

Slow water
movement
(0.31)

109 Crosscreek-Kai
association, 0
to 2 percent
slopes

Somewhat limited Crosscreek
(70%)

Salinity (0.72) 8,187.8 16.8%

Sodium content
(0.32)

Slow water
movement
(0.31)

112 Dumps Not rated Dumps (100%) 78.5 0.2%

116 Flamen loam, 0 to
2 percent
slopes

Somewhat limited Flamen (85%) Sodium content
(0.32)

3,260.4 6.7%

124 Hanford sandy
loam, 0 to 2
percent slopes

Very limited Hanford (85%) Filtering capacity
(1.00)

64.0 0.1%

Sodium content
(0.02)

130 Nord fine sandy
loam, 0 to 2
percent slopes

Somewhat limited Nord (85%) Sodium content
(0.18)

4,210.1 8.6%

131 Pits Not rated Pits (100%) 67.7 0.1%

132 Quonal-Lewis
association, 0
to 2 percent
slopes

Very limited Quonal (70%) Slow water
movement
(1.00)

4,750.8 9.7%

Sodium content
(1.00)

Droughty (0.06)
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Disposal of Wastewater by Irrigation— Summary by Map Unit — Tulare County, Western Part, California (CA659)

Map unit symbol Map unit name Rating Component
name (percent)

Rating reasons
(numeric values)

Acres in AOI Percent of AOI

Lewis (15%) Sodium content
(1.00)

Slow water
movement
(1.00)

Droughty (1.00)

Salinity (1.00)

Depth to
cemented pan
(0.84)

134 Riverwash Not rated Riverwash
(100%)

620.8 1.3%

137 Tagus loam, 0 to
2 percent
slopes

Somewhat limited Tagus (85%) Sodium content
(0.18)

870.9 1.8%

138 Tujunga loamy
sand, 0 to 2
percent slopes

Very limited Tujunga (85%) Filtering capacity
(1.00)

378.6 0.8%

Droughty (0.89)

143 Yettem sandy
loam, 0 to 2
percent slopes

Not limited Yettem (85%) 1,699.0 3.5%

Totals for Area of Interest 48,755.2 100.0%

Disposal of Wastewater by Irrigation— Summary by Rating Value

Rating Acres in AOI Percent of AOI

Somewhat limited 41,095.7 84.3%

Very limited 5,193.3 10.7%

Not limited 1,699.0 3.5%

Null or Not Rated 767.1 1.6%

Totals for Area of Interest 48,755.2 100.0%

Rating Options—Disposal of Wastewater by Irrigation (Tulare
RWRF WW Disposal by Irrigation)

Aggregation Method:  Dominant Condition

Aggregation is the process by which a set of component attribute values is reduced
to a single value that represents the map unit as a whole.

A map unit is typically composed of one or more "components". A component is either
some type of soil or some nonsoil entity, e.g., rock outcrop. For the attribute being
aggregated, the first step of the aggregation process is to derive one attribute value
for each of a map unit's components. From this set of component attributes, the next
step of the aggregation process derives a single value that represents the map unit
as a whole. Once a single value for each map unit is derived, a thematic map for soil
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map units can be rendered. Aggregation must be done because, on any soil map, map
units are delineated but components are not.

For each of a map unit's components, a corresponding percent composition is
recorded. A percent composition of 60 indicates that the corresponding component
typically makes up approximately 60% of the map unit. Percent composition is a critical
factor in some, but not all, aggregation methods.

The aggregation method "Dominant Condition" first groups like attribute values for the
components in a map unit. For each group, percent composition is set to the sum of
the percent composition of all components participating in that group. These groups
now represent "conditions" rather than components. The attribute value associated
with the group with the highest cumulative percent composition is returned. If more
than one group shares the highest cumulative percent composition, the corresponding
"tie-break" rule determines which value should be returned. The "tie-break" rule
indicates whether the lower or higher group value should be returned in the case of a
percent composition tie. The result returned by this aggregation method represents
the dominant condition throughout the map unit only when no tie has occurred.

Component Percent Cutoff:  None Specified

Components whose percent composition is below the cutoff value will not be
considered. If no cutoff value is specified, all components in the database will be
considered. The data for some contrasting soils of minor extent may not be in the
database, and therefore are not considered.

Tie-break Rule:  Higher

The tie-break rule indicates which value should be selected from a set of multiple
candidate values, or which value should be selected in the event of a percent
composition tie.

Disposal of Wastewater by Rapid Infiltration (Tulare
RWRF WW Disposal by Rapid Infiltration)

Rapid infiltration of wastewater is a process in which wastewater applied in a level
basin at a rate of 4 to 120 inches per week percolates through the soil. The wastewater
may eventually reach the ground water. The application rate commonly exceeds the
rate needed for irrigation of cropland. Vegetation is not a necessary part of the
treatment; thus, the basins may or may not be vegetated. The thickness of the soil
material needed for proper treatment of the wastewater is more than 72 inches. As a
result, geologic and hydrologic investigation is needed to ensure proper design and
performance and to determine the risk of ground-water pollution.

Soil properties are important considerations in areas where soils are used as sites for
the treatment and disposal of organic waste and wastewater. Selection of soils with
properties that favor waste management can help to prevent environmental damage.

Municipal wastewater is the waste stream from a municipality. It contains domestic
waste and may contain industrial waste. It may have received primary or secondary
treatment. It is rarely untreated sewage. Food-processing wastewater results from the
preparation of fruits, vegetables, milk, cheese, and meats for public consumption. In
places it is high in content of sodium and chloride. The effluent in lagoons and storage
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ponds is from facilities used to treat or store food-processing wastewater or domestic
or animal waste. Domestic and food-processing wastewater is very dilute, and the
effluent from the facilities that treat or store it commonly is very low in content of
carbonaceous and nitrogenous material; the content of nitrogen commonly ranges
from 10 to 30 milligrams per liter. The wastewater from animal waste treatment
lagoons or storage ponds, however, has much higher concentrations of these
materials, mainly because the manure has not been diluted as much as the domestic
waste. The content of nitrogen in this wastewater generally ranges from 50 to 2,000
milligrams per liter. When wastewater is applied, checks should be made to ensure
that nitrogen, heavy metals, and salts are not added in excessive amounts.

The ratings are based on the soil properties that affect the risk of pollution and the
design, construction, and performance of the system. Depth to a water table, ponding,
flooding, and depth to bedrock or a cemented pan affect the risk of pollution and the
design and construction of the system. Slope, stones, and cobbles also affect design
and construction. Saturated hydraulic conductivity (Ksat) and reaction affect
performance. Permanently frozen soils are unsuitable for waste treatment.

The ratings are both verbal and numerical. Rating class terms indicate the extent to
which the soils are limited by all of the soil features that affect agricultural waste
management. "Not limited" indicates that the soil has features that are very favorable
for the specified use. Good performance and very low maintenance can be expected.
"Somewhat limited" indicates that the soil has features that are moderately favorable
for the specified use. The limitations can be overcome or minimized by special
planning, design, or installation. Fair performance and moderate maintenance can be
expected. "Very limited" indicates that the soil has one or more features that are
unfavorable for the specified use. The limitations generally cannot be overcome
without major soil reclamation, special design, or expensive installation procedures.
Poor performance and high maintenance can be expected.

Numerical ratings indicate the severity of individual limitations. The ratings are shown
as decimal fractions ranging from 0.01 to 1.00. They indicate gradations between the
point at which a soil feature has the greatest negative impact on the use (1.00) and
the point at which the soil feature is not a limitation (0.00).

The map unit components listed for each map unit in the accompanying Summary by
Map Unit table in Web Soil Survey or the Aggregation Report in Soil Data Viewer are
determined by the aggregation method chosen. An aggregated rating class is shown
for each map unit. The components listed for each map unit are only those that have
the same rating class as listed for the map unit. The percent composition of each
component in a particular map unit is presented to help the user better understand the
percentage of each map unit that has the rating presented.

Other components with different ratings may be present in each map unit. The ratings
for all components, regardless of the map unit aggregated rating, can be viewed by
generating the equivalent report from the Soil Reports tab in Web Soil Survey or from
the Soil Data Mart site. Onsite investigation may be needed to validate these
interpretations and to confirm the identity of the soil on a given site.
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Custom Soil Resource Report
Map—Disposal of Wastewater by Rapid Infiltration (Tulare RWRF WW Disposal by Rapid Infiltration)
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MAP LEGEND MAP INFORMATION

Area of Interest (AOI)
Area of Interest (AOI)

Soils
Soil Rating Polygons

Very limited

Somewhat limited

Not limited

Not rated or not available

Soil Rating Lines
Very limited

Somewhat limited

Not limited

Not rated or not available

Soil Rating Points
Very limited

Somewhat limited

Not limited

Not rated or not available

Water Features
Streams and Canals

Transportation
Rails

Interstate Highways

US Routes

Major Roads

Local Roads

Background
Aerial Photography

The soil surveys that comprise your AOI were mapped at 1:24,000.

Please rely on the bar scale on each map sheet for map
measurements.

Source of Map:  Natural Resources Conservation Service
Web Soil Survey URL:  http://websoilsurvey.nrcs.usda.gov
Coordinate System:  Web Mercator (EPSG:3857)

Maps from the Web Soil Survey are based on the Web Mercator
projection, which preserves direction and shape but distorts
distance and area. A projection that preserves area, such as the
Albers equal-area conic projection, should be used if more accurate
calculations of distance or area are required.

This product is generated from the USDA-NRCS certified data as of
the version date(s) listed below.

Soil Survey Area:  Tulare County, Western Part, California
Survey Area Data:  Version 8, Sep 30, 2014

Soil map units are labeled (as space allows) for map scales 1:50,000
or larger.

Date(s) aerial images were photographed:  Aug 27, 2010—Jul 3,
2011

The orthophoto or other base map on which the soil lines were
compiled and digitized probably differs from the background
imagery displayed on these maps. As a result, some minor shifting
of map unit boundaries may be evident.
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Tables—Disposal of Wastewater by Rapid Infiltration (Tulare
RWRF WW Disposal by Rapid Infiltration)

Disposal of Wastewater by Rapid Infiltration— Summary by Map Unit — Tulare County, Western Part, California (CA659)

Map unit symbol Map unit name Rating Component
name (percent)

Rating reasons
(numeric values)

Acres in AOI Percent of AOI

101 Akers-Akers,
saline-Sodic,
complex, 0 to 2
percent slopes

Very limited Akers (60%) Slow water
movement
(1.00)

2,834.8 5.8%

Akers, saline-
sodic (25%)

Slow water
movement
(1.00)

104 Biggriz-Biggriz,
saline-Sodic,
complex, 0 to 2
percent slopes

Very limited Biggriz (55%) Slow water
movement
(1.00)

3,322.4 6.8%

Biggriz, saline-
sodic (30%)

Slow water
movement
(1.00)

105 Calgro-Calgro,
saline-Sodic,
complex, 0 to 2
percent slopes

Very limited Calgro (60%) Depth to
cemented pan
(1.00)

1,059.7 2.2%

Slow water
movement
(1.00)

Calgro, saline-
sodic (25%)

Depth to
cemented pan
(1.00)

Slow water
movement
(1.00)

108 Colpien loam, 0 to
2 percent
slopes

Very limited Colpien (85%) Slow water
movement
(1.00)

17,349.6 35.6%

109 Crosscreek-Kai
association, 0
to 2 percent
slopes

Very limited Crosscreek
(70%)

Slow water
movement
(1.00)

8,187.8 16.8%

Depth to
cemented pan
(1.00)

Kai (15%) Slow water
movement
(1.00)

Depth to
cemented pan
(1.00)

112 Dumps Not rated Dumps (100%) 78.5 0.2%

116 Flamen loam, 0 to
2 percent
slopes

Very limited Flamen (85%) Depth to
cemented pan
(1.00)

3,260.4 6.7%

Slow water
movement
(1.00)
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Disposal of Wastewater by Rapid Infiltration— Summary by Map Unit — Tulare County, Western Part, California (CA659)

Map unit symbol Map unit name Rating Component
name (percent)

Rating reasons
(numeric values)

Acres in AOI Percent of AOI

124 Hanford sandy
loam, 0 to 2
percent slopes

Somewhat limited Hanford (85%) Slow water
movement
(0.31)

64.0 0.1%

130 Nord fine sandy
loam, 0 to 2
percent slopes

Very limited Nord (85%) Slow water
movement
(1.00)

4,210.1 8.6%

131 Pits Not rated Pits (100%) 67.7 0.1%

132 Quonal-Lewis
association, 0
to 2 percent
slopes

Very limited Quonal (70%) Slow water
movement
(1.00)

4,750.8 9.7%

Depth to
cemented pan
(1.00)

Lewis (15%) Slow water
movement
(1.00)

Depth to
cemented pan
(1.00)

134 Riverwash Not rated Riverwash
(100%)

620.8 1.3%

137 Tagus loam, 0 to
2 percent
slopes

Very limited Tagus (85%) Slow water
movement
(1.00)

870.9 1.8%

138 Tujunga loamy
sand, 0 to 2
percent slopes

Not limited Tujunga (85%) 378.6 0.8%

143 Yettem sandy
loam, 0 to 2
percent slopes

Somewhat limited Yettem (85%) Slow water
movement
(0.31)

1,699.0 3.5%

Totals for Area of Interest 48,755.2 100.0%

Disposal of Wastewater by Rapid Infiltration— Summary by Rating Value

Rating Acres in AOI Percent of AOI

Very limited 45,846.5 94.0%

Somewhat limited 1,763.0 3.6%

Not limited 378.6 0.8%

Null or Not Rated 767.1 1.6%

Totals for Area of Interest 48,755.2 100.0%

Rating Options—Disposal of Wastewater by Rapid Infiltration
(Tulare RWRF WW Disposal by Rapid Infiltration)

Aggregation Method:  Dominant Condition

Aggregation is the process by which a set of component attribute values is reduced
to a single value that represents the map unit as a whole.
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A map unit is typically composed of one or more "components". A component is either
some type of soil or some nonsoil entity, e.g., rock outcrop. For the attribute being
aggregated, the first step of the aggregation process is to derive one attribute value
for each of a map unit's components. From this set of component attributes, the next
step of the aggregation process derives a single value that represents the map unit
as a whole. Once a single value for each map unit is derived, a thematic map for soil
map units can be rendered. Aggregation must be done because, on any soil map, map
units are delineated but components are not.

For each of a map unit's components, a corresponding percent composition is
recorded. A percent composition of 60 indicates that the corresponding component
typically makes up approximately 60% of the map unit. Percent composition is a critical
factor in some, but not all, aggregation methods.

The aggregation method "Dominant Condition" first groups like attribute values for the
components in a map unit. For each group, percent composition is set to the sum of
the percent composition of all components participating in that group. These groups
now represent "conditions" rather than components. The attribute value associated
with the group with the highest cumulative percent composition is returned. If more
than one group shares the highest cumulative percent composition, the corresponding
"tie-break" rule determines which value should be returned. The "tie-break" rule
indicates whether the lower or higher group value should be returned in the case of a
percent composition tie. The result returned by this aggregation method represents
the dominant condition throughout the map unit only when no tie has occurred.

Component Percent Cutoff:  None Specified

Components whose percent composition is below the cutoff value will not be
considered. If no cutoff value is specified, all components in the database will be
considered. The data for some contrasting soils of minor extent may not be in the
database, and therefore are not considered.

Tie-break Rule:  Higher

The tie-break rule indicates which value should be selected from a set of multiple
candidate values, or which value should be selected in the event of a percent
composition tie.

Land Application of Municipal Sewage Sludge (Tulare
RWRF WW Disposal by Land Application Of Municipal
Sewage Sludge)

Application of sewage sludge not only disposes of waste material but also can improve
crop production by increasing the supply of nutrients in the soils where the material is
applied. Sewage sludge is the residual product of the treatment of municipal sewage.
The solid component consists mainly of cell mass, primarily bacteria cells that
developed during secondary treatment and have incorporated soluble organics into
their own bodies. The sludge has small amounts of sand, silt, and other solid debris.
The content of nitrogen varies. Some sludge has constituents that are toxic to plants
or hazardous to the food chain, such as heavy metals and exotic organic compounds,
and should be analyzed chemically prior to use.
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The content of water in the sludge ranges from about 98 percent to less than 40
percent. The sludge is considered liquid if it is more than about 90 percent water, slurry
if it is about 50 to 90 percent water, and solid if it is less than about 50 percent water.

The ratings are based on the soil properties that affect absorption, plant growth,
microbial activity, erodibility, the rate at which the sludge is applied, and the method
by which the sludge is applied. The properties that affect absorption, plant growth, and
microbial activity include saturated hydraulic conductivity (Ksat), depth to a water
table, ponding, the sodium adsorption ratio, depth to bedrock or a cemented pan,
available water capacity, reaction, salinity, and bulk density. The wind erodibility
group, soil erosion factor K, and slope are considered in estimating the likelihood that
wind erosion or water erosion will transport the waste material from the application
site. Stones, cobbles, a water table, ponding, and flooding can hinder the application
of sludge. Permanently frozen soils are unsuitable for waste treatment.

The ratings are both verbal and numerical. Rating class terms indicate the extent to
which the soils are limited by all of the soil features that affect agricultural waste
management. "Not limited" indicates that the soil has features that are very favorable
for the specified use. Good performance and very low maintenance can be expected.
"Somewhat limited" indicates that the soil has features that are moderately favorable
for the specified use. The limitations can be overcome or minimized by special
planning, design, or installation. Fair performance and moderate maintenance can be
expected. "Very limited" indicates that the soil has one or more features that are
unfavorable for the specified use. The limitations generally cannot be overcome
without major soil reclamation, special design, or expensive installation procedures.
Poor performance and high maintenance can be expected.

Numerical ratings indicate the severity of individual limitations. The ratings are shown
as decimal fractions ranging from 0.01 to 1.00. They indicate gradations between the
point at which a soil feature has the greatest negative impact on the use (1.00) and
the point at which the soil feature is not a limitation (0.00).

The map unit components listed for each map unit in the accompanying Summary by
Map Unit table in Web Soil Survey or the Aggregation Report in Soil Data Viewer are
determined by the aggregation method chosen. An aggregated rating class is shown
for each map unit. The components listed for each map unit are only those that have
the same rating class as listed for the map unit. The percent composition of each
component in a particular map unit is presented to help the user better understand the
percentage of each map unit that has the rating presented.

Other components with different ratings may be present in each map unit. The ratings
for all components, regardless of the map unit aggregated rating, can be viewed by
generating the equivalent report from the Soil Reports tab in Web Soil Survey or from
the Soil Data Mart site. Onsite investigation may be needed to validate these
interpretations and to confirm the identity of the soil on a given site.
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Custom Soil Resource Report
Map—Land Application of Municipal Sewage Sludge (Tulare RWRF WW Disposal by Land Application Of Municipal Sewage Sludge)
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MAP LEGEND MAP INFORMATION

Area of Interest (AOI)
Area of Interest (AOI)

Soils
Soil Rating Polygons

Very limited

Somewhat limited

Not limited

Not rated or not available

Soil Rating Lines
Very limited

Somewhat limited

Not limited

Not rated or not available

Soil Rating Points
Very limited

Somewhat limited

Not limited

Not rated or not available

Water Features
Streams and Canals

Transportation
Rails

Interstate Highways

US Routes

Major Roads

Local Roads

Background
Aerial Photography

The soil surveys that comprise your AOI were mapped at 1:24,000.

Please rely on the bar scale on each map sheet for map
measurements.

Source of Map:  Natural Resources Conservation Service
Web Soil Survey URL:  http://websoilsurvey.nrcs.usda.gov
Coordinate System:  Web Mercator (EPSG:3857)

Maps from the Web Soil Survey are based on the Web Mercator
projection, which preserves direction and shape but distorts
distance and area. A projection that preserves area, such as the
Albers equal-area conic projection, should be used if more accurate
calculations of distance or area are required.

This product is generated from the USDA-NRCS certified data as of
the version date(s) listed below.

Soil Survey Area:  Tulare County, Western Part, California
Survey Area Data:  Version 8, Sep 30, 2014

Soil map units are labeled (as space allows) for map scales 1:50,000
or larger.

Date(s) aerial images were photographed:  Aug 27, 2010—Jul 3,
2011

The orthophoto or other base map on which the soil lines were
compiled and digitized probably differs from the background
imagery displayed on these maps. As a result, some minor shifting
of map unit boundaries may be evident.
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Tables—Land Application of Municipal Sewage Sludge (Tulare
RWRF WW Disposal by Land Application Of Municipal Sewage
Sludge)

Land Application of Municipal Sewage Sludge— Summary by Map Unit — Tulare County, Western Part, California (CA659)

Map unit symbol Map unit name Rating Component
name (percent)

Rating reasons
(numeric values)

Acres in AOI Percent of AOI

101 Akers-Akers,
saline-Sodic,
complex, 0 to 2
percent slopes

Somewhat limited Akers (60%) Sodium content
(0.32)

2,834.8 5.8%

Flooding (0.20)

104 Biggriz-Biggriz,
saline-Sodic,
complex, 0 to 2
percent slopes

Somewhat limited Biggriz (55%) Flooding (0.40) 3,322.4 6.8%

Sodium content
(0.32)

Slow water
movement
(0.31)

105 Calgro-Calgro,
saline-Sodic,
complex, 0 to 2
percent slopes

Somewhat limited Calgro (60%) Droughty (0.91) 1,059.7 2.2%

Depth to
cemented pan
(0.84)

Sodium content
(0.32)

Flooding (0.20)

108 Colpien loam, 0 to
2 percent
slopes

Somewhat limited Colpien (85%) Flooding (0.40) 17,349.6 35.6%

Sodium content
(0.32)

Slow water
movement
(0.31)

109 Crosscreek-Kai
association, 0
to 2 percent
slopes

Somewhat limited Crosscreek
(70%)

Salinity (0.72) 8,187.8 16.8%

Sodium content
(0.32)

Slow water
movement
(0.31)

Flooding (0.20)

112 Dumps Not rated Dumps (100%) 78.5 0.2%

116 Flamen loam, 0 to
2 percent
slopes

Somewhat limited Flamen (85%) Sodium content
(0.32)

3,260.4 6.7%

Flooding (0.20)

124 Hanford sandy
loam, 0 to 2
percent slopes

Very limited Hanford (85%) Filtering capacity
(1.00)

64.0 0.1%

Flooding (0.20)

Sodium content
(0.02)

130 Nord fine sandy
loam, 0 to 2
percent slopes

Somewhat limited Nord (85%) Flooding (0.20) 4,210.1 8.6%
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Land Application of Municipal Sewage Sludge— Summary by Map Unit — Tulare County, Western Part, California (CA659)

Map unit symbol Map unit name Rating Component
name (percent)

Rating reasons
(numeric values)

Acres in AOI Percent of AOI

Sodium content
(0.18)

131 Pits Not rated Pits (100%) 67.7 0.1%

132 Quonal-Lewis
association, 0
to 2 percent
slopes

Very limited Quonal (70%) Slow water
movement
(1.00)

4,750.8 9.7%

Sodium content
(1.00)

Flooding (0.20)

Droughty (0.06)

Lewis (15%) Sodium content
(1.00)

Slow water
movement
(1.00)

Droughty (1.00)

Salinity (1.00)

Depth to
cemented pan
(0.84)

134 Riverwash Not rated Riverwash
(100%)

620.8 1.3%

137 Tagus loam, 0 to
2 percent
slopes

Somewhat limited Tagus (85%) Flooding (0.20) 870.9 1.8%

Sodium content
(0.18)

138 Tujunga loamy
sand, 0 to 2
percent slopes

Very limited Tujunga (85%) Filtering capacity
(1.00)

378.6 0.8%

Droughty (0.89)

Flooding (0.40)

143 Yettem sandy
loam, 0 to 2
percent slopes

Somewhat limited Yettem (85%) Flooding (0.20) 1,699.0 3.5%

Totals for Area of Interest 48,755.2 100.0%

Land Application of Municipal Sewage Sludge— Summary by Rating Value

Rating Acres in AOI Percent of AOI

Somewhat limited 42,794.7 87.8%

Very limited 5,193.3 10.7%

Null or Not Rated 767.1 1.6%

Totals for Area of Interest 48,755.2 100.0%
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Rating Options—Land Application of Municipal Sewage Sludge
(Tulare RWRF WW Disposal by Land Application Of Municipal
Sewage Sludge)

Aggregation Method:  Dominant Condition

Aggregation is the process by which a set of component attribute values is reduced
to a single value that represents the map unit as a whole.

A map unit is typically composed of one or more "components". A component is either
some type of soil or some nonsoil entity, e.g., rock outcrop. For the attribute being
aggregated, the first step of the aggregation process is to derive one attribute value
for each of a map unit's components. From this set of component attributes, the next
step of the aggregation process derives a single value that represents the map unit
as a whole. Once a single value for each map unit is derived, a thematic map for soil
map units can be rendered. Aggregation must be done because, on any soil map, map
units are delineated but components are not.

For each of a map unit's components, a corresponding percent composition is
recorded. A percent composition of 60 indicates that the corresponding component
typically makes up approximately 60% of the map unit. Percent composition is a critical
factor in some, but not all, aggregation methods.

The aggregation method "Dominant Condition" first groups like attribute values for the
components in a map unit. For each group, percent composition is set to the sum of
the percent composition of all components participating in that group. These groups
now represent "conditions" rather than components. The attribute value associated
with the group with the highest cumulative percent composition is returned. If more
than one group shares the highest cumulative percent composition, the corresponding
"tie-break" rule determines which value should be returned. The "tie-break" rule
indicates whether the lower or higher group value should be returned in the case of a
percent composition tie. The result returned by this aggregation method represents
the dominant condition throughout the map unit only when no tie has occurred.

Component Percent Cutoff:  None Specified

Components whose percent composition is below the cutoff value will not be
considered. If no cutoff value is specified, all components in the database will be
considered. The data for some contrasting soils of minor extent may not be in the
database, and therefore are not considered.

Tie-break Rule:  Higher

The tie-break rule indicates which value should be selected from a set of multiple
candidate values, or which value should be selected in the event of a percent
composition tie.

Slow Rate Treatment of Wastewater (Tulare RWRF WW
Disposal by Slow Rate Treattment )

Slow rate treatment of wastewater is a process in which wastewater is applied to land
at a rate normally between 0.5 inch and 4.0 inches per week. The application rate
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commonly exceeds the rate needed for irrigation of cropland. The applied wastewater
is treated as it moves through the soil. Much of the treated water may percolate to the
ground water, and some enters the atmosphere through evapotranspiration. The
applied water generally is not allowed to run off the surface. Waterlogging is prevented
either through control of the application rate or through the use of tile drains, or both.

Soil properties are important considerations in areas where soils are used as sites for
the treatment and disposal of organic waste and wastewater. Selection of soils with
properties that favor waste management can help to prevent environmental damage.

Municipal wastewater is the waste stream from a municipality. It contains domestic
waste and may contain industrial waste. It may have received primary or secondary
treatment. It is rarely untreated sewage. Food-processing wastewater results from the
preparation of fruits, vegetables, milk, cheese, and meats for public consumption. In
places it is high in content of sodium and chloride. The effluent in lagoons and storage
ponds is from facilities used to treat or store food-processing wastewater or domestic
or animal waste. Domestic and food-processing wastewater is very dilute, and the
effluent from the facilities that treat or store it commonly is very low in content of
carbonaceous and nitrogenous material; the content of nitrogen commonly ranges
from 10 to 30 milligrams per liter. The wastewater from animal waste treatment
lagoons or storage ponds, however, has much higher concentrations of these
materials, mainly because the manure has not been diluted as much as the domestic
waste. The content of nitrogen in this wastewater generally ranges from 50 to 2,000
milligrams per liter. When wastewater is applied, checks should be made to ensure
that nitrogen, heavy metals, and salts are not added in excessive amounts.

The ratings are based on the soil properties that affect absorption, plant growth,
microbial activity, erodibility, and the application of waste. The properties that affect
absorption include the sodium adsorption ratio, depth to a water table, ponding,
available water capacity, saturated hydraulic conductivity (Ksat), depth to bedrock or
a cemented pan, reaction, the cation-exchange capacity, and slope. Reaction, the
sodium adsorption ratio, salinity, and bulk density affect plant growth and microbial
activity. The wind erodibility group, soil erosion factor K, and slope are considered in
estimating the likelihood of wind erosion or water erosion. Stones, cobbles, a water
table, ponding, and flooding can hinder the application of waste. Permanently frozen
soils are unsuitable for waste treatment.

The ratings are both verbal and numerical. Rating class terms indicate the extent to
which the soils are limited by all of the soil features that affect agricultural waste
management. "Not limited" indicates that the soil has features that are very favorable
for the specified use. Good performance and very low maintenance can be expected.
"Somewhat limited" indicates that the soil has features that are moderately favorable
for the specified use. The limitations can be overcome or minimized by special
planning, design, or installation. Fair performance and moderate maintenance can be
expected. "Very limited" indicates that the soil has one or more features that are
unfavorable for the specified use. The limitations generally cannot be overcome
without major soil reclamation, special design, or expensive installation procedures.
Poor performance and high maintenance can be expected.

Numerical ratings indicate the severity of individual limitations. The ratings are shown
as decimal fractions ranging from 0.01 to 1.00. They indicate gradations between the
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point at which a soil feature has the greatest negative impact on the use (1.00) and
the point at which the soil feature is not a limitation (0.00).

The map unit components listed for each map unit in the accompanying Summary by
Map Unit table in Web Soil Survey or the Aggregation Report in Soil Data Viewer are
determined by the aggregation method chosen. An aggregated rating class is shown
for each map unit. The components listed for each map unit are only those that have
the same rating class as listed for the map unit. The percent composition of each
component in a particular map unit is presented to help the user better understand the
percentage of each map unit that has the rating presented.

Other components with different ratings may be present in each map unit. The ratings
for all components, regardless of the map unit aggregated rating, can be viewed by
generating the equivalent report from the Soil Reports tab in Web Soil Survey or from
the Soil Data Mart site. Onsite investigation may be needed to validate these
interpretations and to confirm the identity of the soil on a given site.
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Custom Soil Resource Report
Map—Slow Rate Treatment of Wastewater (Tulare RWRF WW Disposal by Slow Rate Treattment )
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MAP LEGEND MAP INFORMATION

Area of Interest (AOI)
Area of Interest (AOI)

Soils
Soil Rating Polygons

Very limited

Somewhat limited

Not limited

Not rated or not available

Soil Rating Lines
Very limited

Somewhat limited

Not limited

Not rated or not available

Soil Rating Points
Very limited

Somewhat limited

Not limited

Not rated or not available

Water Features
Streams and Canals

Transportation
Rails

Interstate Highways

US Routes

Major Roads

Local Roads

Background
Aerial Photography

The soil surveys that comprise your AOI were mapped at 1:24,000.

Please rely on the bar scale on each map sheet for map
measurements.

Source of Map:  Natural Resources Conservation Service
Web Soil Survey URL:  http://websoilsurvey.nrcs.usda.gov
Coordinate System:  Web Mercator (EPSG:3857)

Maps from the Web Soil Survey are based on the Web Mercator
projection, which preserves direction and shape but distorts
distance and area. A projection that preserves area, such as the
Albers equal-area conic projection, should be used if more accurate
calculations of distance or area are required.

This product is generated from the USDA-NRCS certified data as of
the version date(s) listed below.

Soil Survey Area:  Tulare County, Western Part, California
Survey Area Data:  Version 8, Sep 30, 2014

Soil map units are labeled (as space allows) for map scales 1:50,000
or larger.

Date(s) aerial images were photographed:  Aug 27, 2010—Jul 3,
2011

The orthophoto or other base map on which the soil lines were
compiled and digitized probably differs from the background
imagery displayed on these maps. As a result, some minor shifting
of map unit boundaries may be evident.
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Tables—Slow Rate Treatment of Wastewater (Tulare RWRF WW
Disposal by Slow Rate Treattment )

Slow Rate Treatment of Wastewater— Summary by Map Unit — Tulare County, Western Part, California (CA659)

Map unit symbol Map unit name Rating Component
name (percent)

Rating reasons
(numeric values)

Acres in AOI Percent of AOI

101 Akers-Akers,
saline-Sodic,
complex, 0 to 2
percent slopes

Somewhat limited Akers (60%) Sodium content
(0.32)

2,834.8 5.8%

104 Biggriz-Biggriz,
saline-Sodic,
complex, 0 to 2
percent slopes

Somewhat limited Biggriz (55%) Sodium content
(0.32)

3,322.4 6.8%

Slow water
movement
(0.21)

105 Calgro-Calgro,
saline-Sodic,
complex, 0 to 2
percent slopes

Very limited Calgro (60%) Depth to
cemented pan
(1.00)

1,059.7 2.2%

Sodium content
(0.32)

Calgro, saline-
sodic (25%)

Depth to
cemented pan
(1.00)

Sodium content
(1.00)

Salinity (0.13)

108 Colpien loam, 0 to
2 percent
slopes

Somewhat limited Colpien (85%) Sodium content
(0.32)

17,349.6 35.6%

Slow water
movement
(0.21)

109 Crosscreek-Kai
association, 0
to 2 percent
slopes

Somewhat limited Crosscreek
(70%)

Salinity (0.72) 8,187.8 16.8%

Sodium content
(0.32)

Slow water
movement
(0.21)

Depth to
cemented pan
(0.08)

112 Dumps Not rated Dumps (100%) 78.5 0.2%

116 Flamen loam, 0 to
2 percent
slopes

Somewhat limited Flamen (85%) Depth to
cemented pan
(0.94)

3,260.4 6.7%

Sodium content
(0.32)

124 Hanford sandy
loam, 0 to 2
percent slopes

Very limited Hanford (85%) Filtering capacity
(1.00)

64.0 0.1%

Sodium content
(0.02)

Custom Soil Resource Report
217



Slow Rate Treatment of Wastewater— Summary by Map Unit — Tulare County, Western Part, California (CA659)

Map unit symbol Map unit name Rating Component
name (percent)

Rating reasons
(numeric values)

Acres in AOI Percent of AOI

130 Nord fine sandy
loam, 0 to 2
percent slopes

Somewhat limited Nord (85%) Sodium content
(0.18)

4,210.1 8.6%

131 Pits Not rated Pits (100%) 67.7 0.1%

132 Quonal-Lewis
association, 0
to 2 percent
slopes

Very limited Quonal (70%) Slow water
movement
(1.00)

4,750.8 9.7%

Sodium content
(1.00)

Depth to
cemented pan
(0.99)

Lewis (15%) Depth to
cemented pan
(1.00)

Sodium content
(1.00)

Salinity (1.00)

Slow water
movement
(1.00)

134 Riverwash Not rated Riverwash
(100%)

620.8 1.3%

137 Tagus loam, 0 to
2 percent
slopes

Somewhat limited Tagus (85%) Sodium content
(0.18)

870.9 1.8%

138 Tujunga loamy
sand, 0 to 2
percent slopes

Very limited Tujunga (85%) Filtering capacity
(1.00)

378.6 0.8%

143 Yettem sandy
loam, 0 to 2
percent slopes

Not limited Yettem (85%) 1,699.0 3.5%

Totals for Area of Interest 48,755.2 100.0%

Slow Rate Treatment of Wastewater— Summary by Rating Value

Rating Acres in AOI Percent of AOI

Somewhat limited 40,036.0 82.1%

Very limited 6,253.1 12.8%

Not limited 1,699.0 3.5%

Null or Not Rated 767.1 1.6%

Totals for Area of Interest 48,755.2 100.0%

Rating Options—Slow Rate Treatment of Wastewater (Tulare
RWRF WW Disposal by Slow Rate Treattment )

Aggregation Method:  Dominant Condition
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Aggregation is the process by which a set of component attribute values is reduced
to a single value that represents the map unit as a whole.

A map unit is typically composed of one or more "components". A component is either
some type of soil or some nonsoil entity, e.g., rock outcrop. For the attribute being
aggregated, the first step of the aggregation process is to derive one attribute value
for each of a map unit's components. From this set of component attributes, the next
step of the aggregation process derives a single value that represents the map unit
as a whole. Once a single value for each map unit is derived, a thematic map for soil
map units can be rendered. Aggregation must be done because, on any soil map, map
units are delineated but components are not.

For each of a map unit's components, a corresponding percent composition is
recorded. A percent composition of 60 indicates that the corresponding component
typically makes up approximately 60% of the map unit. Percent composition is a critical
factor in some, but not all, aggregation methods.

The aggregation method "Dominant Condition" first groups like attribute values for the
components in a map unit. For each group, percent composition is set to the sum of
the percent composition of all components participating in that group. These groups
now represent "conditions" rather than components. The attribute value associated
with the group with the highest cumulative percent composition is returned. If more
than one group shares the highest cumulative percent composition, the corresponding
"tie-break" rule determines which value should be returned. The "tie-break" rule
indicates whether the lower or higher group value should be returned in the case of a
percent composition tie. The result returned by this aggregation method represents
the dominant condition throughout the map unit only when no tie has occurred.

Component Percent Cutoff:  None Specified

Components whose percent composition is below the cutoff value will not be
considered. If no cutoff value is specified, all components in the database will be
considered. The data for some contrasting soils of minor extent may not be in the
database, and therefore are not considered.

Tie-break Rule:  Higher

The tie-break rule indicates which value should be selected from a set of multiple
candidate values, or which value should be selected in the event of a percent
composition tie.
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Preface
Soil surveys contain information that affects land use planning in survey areas. They
highlight soil limitations that affect various land uses and provide information about
the properties of the soils in the survey areas. Soil surveys are designed for many
different users, including farmers, ranchers, foresters, agronomists, urban planners,
community officials, engineers, developers, builders, and home buyers. Also,
conservationists, teachers, students, and specialists in recreation, waste disposal,
and pollution control can use the surveys to help them understand, protect, or enhance
the environment.

Various land use regulations of Federal, State, and local governments may impose
special restrictions on land use or land treatment. Soil surveys identify soil properties
that are used in making various land use or land treatment decisions. The information
is intended to help the land users identify and reduce the effects of soil limitations on
various land uses. The landowner or user is responsible for identifying and complying
with existing laws and regulations.

Although soil survey information can be used for general farm, local, and wider area
planning, onsite investigation is needed to supplement this information in some cases.
Examples include soil quality assessments (http://www.nrcs.usda.gov/wps/portal/
nrcs/main/soils/health/) and certain conservation and engineering applications. For
more detailed information, contact your local USDA Service Center (http://
offices.sc.egov.usda.gov/locator/app?agency=nrcs) or your NRCS State Soil
Scientist (http://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/contactus/?
cid=nrcs142p2_053951).

Great differences in soil properties can occur within short distances. Some soils are
seasonally wet or subject to flooding. Some are too unstable to be used as a
foundation for buildings or roads. Clayey or wet soils are poorly suited to use as septic
tank absorption fields. A high water table makes a soil poorly suited to basements or
underground installations.

The National Cooperative Soil Survey is a joint effort of the United States Department
of Agriculture and other Federal agencies, State agencies including the Agricultural
Experiment Stations, and local agencies. The Natural Resources Conservation
Service (NRCS) has leadership for the Federal part of the National Cooperative Soil
Survey.

Information about soils is updated periodically. Updated information is available
through the NRCS Web Soil Survey, the site for official soil survey information.

The U.S. Department of Agriculture (USDA) prohibits discrimination in all its programs
and activities on the basis of race, color, national origin, age, disability, and where
applicable, sex, marital status, familial status, parental status, religion, sexual
orientation, genetic information, political beliefs, reprisal, or because all or a part of an
individual's income is derived from any public assistance program. (Not all prohibited
bases apply to all programs.) Persons with disabilities who require alternative means
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for communication of program information (Braille, large print, audiotape, etc.) should
contact USDA's TARGET Center at (202) 720-2600 (voice and TDD). To file a
complaint of discrimination, write to USDA, Director, Office of Civil Rights, 1400
Independence Avenue, S.W., Washington, D.C. 20250-9410 or call (800) 795-3272
(voice) or (202) 720-6382 (TDD). USDA is an equal opportunity provider and
employer.
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Soil Map
The soil map section includes the soil map for the defined area of interest, a list of soil
map units on the map and extent of each map unit, and cartographic symbols
displayed on the map. Also presented are various metadata about data used to
produce the map, and a description of each soil map unit.
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MAP LEGEND MAP INFORMATION

Area of Interest (AOI)
Area of Interest (AOI)

Soils
Soil Map Unit Polygons

Soil Map Unit Lines

Soil Map Unit Points

Special Point Features
Blowout

Borrow Pit

Clay Spot

Closed Depression

Gravel Pit

Gravelly Spot

Landfill

Lava Flow

Marsh or swamp

Mine or Quarry

Miscellaneous Water

Perennial Water

Rock Outcrop

Saline Spot

Sandy Spot

Severely Eroded Spot

Sinkhole

Slide or Slip

Sodic Spot

Spoil Area

Stony Spot

Very Stony Spot

Wet Spot

Other

Special Line Features

Water Features
Streams and Canals

Transportation
Rails

Interstate Highways

US Routes

Major Roads

Local Roads

Background
Aerial Photography

The soil surveys that comprise your AOI were mapped at 1:24,000.

Please rely on the bar scale on each map sheet for map
measurements.

Source of Map:  Natural Resources Conservation Service
Web Soil Survey URL:  http://websoilsurvey.nrcs.usda.gov
Coordinate System:  Web Mercator (EPSG:3857)

Maps from the Web Soil Survey are based on the Web Mercator
projection, which preserves direction and shape but distorts
distance and area. A projection that preserves area, such as the
Albers equal-area conic projection, should be used if more accurate
calculations of distance or area are required.

This product is generated from the USDA-NRCS certified data as of
the version date(s) listed below.

Soil Survey Area:  Kings County, California
Survey Area Data:  Version 10, Sep 15, 2014

Soil Survey Area:  Tulare County, Western Part, California
Survey Area Data:  Version 8, Sep 30, 2014

Your area of interest (AOI) includes more than one soil survey area.
These survey areas may have been mapped at different scales, with
a different land use in mind, at different times, or at different levels
of detail. This may result in map unit symbols, soil properties, and
interpretations that do not completely agree across soil survey area
boundaries.

Soil map units are labeled (as space allows) for map scales 1:50,000
or larger.

Date(s) aerial images were photographed:  Aug 27, 2010—Jul 3,
2011

The orthophoto or other base map on which the soil lines were
compiled and digitized probably differs from the background
imagery displayed on these maps. As a result, some minor shifting
of map unit boundaries may be evident.
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Map Unit Legend

Kings County, California (CA031)

Map Unit Symbol Map Unit Name Acres in AOI Percent of AOI

101tw Akers-Akers, saline-Sodic,
complex, 0 to 2 percent slopes

737.4 2.6%

104 Cajon sandy loam 579.5 2.0%

108 Corona silt loam 275.8 1.0%

108tw Colpien loam, 0 to 2 percent
slopes

459.4 1.6%

112 Excelsior sandy loam 1,576.6 5.5%

113 Garces loam 1,419.6 4.9%

117tw Gambogy loam, drained, 0 to 1
percent slopes

3,686.9 12.8%

120 Grangeville fine sandy loam,
partially drained

675.5 2.3%

121 Grangeville fine sandy loam,
saline-alkali, partially d rained

529.6 1.8%

130 Kimberlina fine sandy loam,
saline-alkali

5,883.6 20.4%

132 Kimberlina saline alkali-Garces
complex

2,551.7 8.8%

135 Lakeside clay loam, drained 819.9 2.8%

140 Melga silt loam 264.0 0.9%

149 Nord complex 528.6 1.8%

154 Pits and Dumps 136.9 0.5%

158 Remnoy very fine sandy loam 44.7 0.2%

167 Urban land 110.2 0.4%

174 Wasco sandy loam, 0 to 5
percent slopes

1,405.5 4.9%

178 Westhaven clay loam, saline-
alkali, 0 to 2 percent slop es

1,328.0 4.6%

179 Whitewolf coarse sandy loam 3.3 0.0%

181 Water 296.0 1.0%

Subtotals for Soil Survey Area 23,312.8 80.7%

Totals for Area of Interest 28,899.3 100.0%

Tulare County, Western Part, California (CA659)

Map Unit Symbol Map Unit Name Acres in AOI Percent of AOI

101 Akers-Akers, saline-Sodic,
complex, 0 to 2 percent slopes

725.9 2.5%

108 Colpien loam, 0 to 2 percent
slopes

1,352.8 4.7%
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Tulare County, Western Part, California (CA659)

Map Unit Symbol Map Unit Name Acres in AOI Percent of AOI

117 Gambogy loam, drained, 0 to 1
percent slopes

1,085.5 3.8%

130 Nord fine sandy loam, 0 to 2
percent slopes

1,378.2 4.8%

137 Tagus loam, 0 to 2 percent
slopes

944.8 3.3%

145 Water-perennial 99.4 0.3%

Subtotals for Soil Survey Area 5,586.5 19.3%

Totals for Area of Interest 28,899.3 100.0%
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Soil Information for All Uses

Suitabilities and Limitations for Use
The Suitabilities and Limitations for Use section includes various soil interpretations
displayed as thematic maps with a summary table for the soil map units in the selected
area of interest. A single value or rating for each map unit is generated by aggregating
the interpretive ratings of individual map unit components. This aggregation process
is defined for each interpretation.

Waste Management

Waste Management interpretations are tools designed to guide the user in evaluating
soils for use of organic wastes and wastewater as productive resources. Example
interpretations include land application of manure, food processing waste, and
municipal sewage sludge, and disposal of wastewater by irrigation or overland flow
process.

Disposal of Wastewater by Irrigation (Visalia RWRF WW
Disposal by Irrigation)

Wastewater includes municipal and food-processing wastewater and effluent from
lagoons or storage ponds. Municipal wastewater is the waste stream from a
municipality. It contains domestic waste and may contain industrial waste. It may have
received primary or secondary treatment. It is rarely untreated sewage. Food-
processing wastewater results from the preparation of fruits, vegetables, milk, cheese,
and meats for public consumption. In places it is high in content of sodium and chloride.
The effluent in lagoons and storage ponds is from facilities used to treat or store food-
processing wastewater or domestic or animal waste. Domestic and food-processing
wastewater is very dilute, and the effluent from the facilities that treat or store it
commonly is very low in content of carbonaceous and nitrogenous material; the
content of nitrogen commonly ranges from 10 to 30 milligrams per liter. The
wastewater from animal waste treatment lagoons or storage ponds, however, has
much higher concentrations of these materials, mainly because the manure has not
been diluted as much as the domestic waste. The content of nitrogen in this
wastewater generally ranges from 50 to 2,000 milligrams per liter. When wastewater
is applied, checks should be made to ensure that nitrogen, heavy metals, and salts
are not added in excessive amounts.
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Disposal of wastewater by irrigation not only disposes of municipal wastewater and
wastewater from food-processing plants, lagoons, and storage ponds but also can
improve crop production by increasing the amount of water available to crops. The
ratings are based on the soil properties that affect the design, construction,
management, and performance of the irrigation system. The properties that affect
design and management include the sodium adsorption ratio, depth to a water table,
ponding, available water capacity, saturated hydraulic conductivity (Ksat), slope, and
flooding. The properties that affect construction include stones, cobbles, depth to
bedrock or a cemented pan, depth to a water table, and ponding. The properties that
affect performance include depth to bedrock or a cemented pan, bulk density, the
sodium adsorption ratio, salinity, reaction, and the cation-exchange capacity, which is
used to estimate the capacity of a soil to adsorb heavy metals. Permanently frozen
soils are not suitable for disposal of wastewater by irrigation.

The ratings are both verbal and numerical. Rating class terms indicate the extent to
which the soils are limited by all of the soil features that affect agricultural waste
management. "Not limited" indicates that the soil has features that are very favorable
for the specified use. Good performance and very low maintenance can be expected.
"Somewhat limited" indicates that the soil has features that are moderately favorable
for the specified use. The limitations can be overcome or minimized by special
planning, design, or installation. Fair performance and moderate maintenance can be
expected. "Very limited" indicates that the soil has one or more features that are
unfavorable for the specified use. The limitations generally cannot be overcome
without major soil reclamation, special design, or expensive installation procedures.
Poor performance and high maintenance can be expected.

Numerical ratings indicate the severity of individual limitations. The ratings are shown
as decimal fractions ranging from 0.01 to 1.00. They indicate gradations between the
point at which a soil feature has the greatest negative impact on the use (1.00) and
the point at which the soil feature is not a limitation (0.00).

The map unit components listed for each map unit in the accompanying Summary by
Map Unit table in Web Soil Survey or the Aggregation Report in Soil Data Viewer are
determined by the aggregation method chosen. An aggregated rating class is shown
for each map unit. The components listed for each map unit are only those that have
the same rating class as listed for the map unit. The percent composition of each
component in a particular map unit is presented to help the user better understand the
percentage of each map unit that has the rating presented.

Other components with different ratings may be present in each map unit. The ratings
for all components, regardless of the map unit aggregated rating, can be viewed by
generating the equivalent report from the Soil Reports tab in Web Soil Survey or from
the Soil Data Mart site. Onsite investigation may be needed to validate these
interpretations and to confirm the identity of the soil on a given site.
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Map—Disposal of Wastewater by Irrigation (Visalia RWRF WW Disposal by Irrigation)
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MAP LEGEND MAP INFORMATION

Area of Interest (AOI)
Area of Interest (AOI)

Soils
Soil Rating Polygons

Very limited

Somewhat limited

Not limited

Not rated or not available

Soil Rating Lines
Very limited

Somewhat limited

Not limited

Not rated or not available

Soil Rating Points
Very limited

Somewhat limited

Not limited

Not rated or not available

Water Features
Streams and Canals

Transportation
Rails

Interstate Highways

US Routes

Major Roads

Local Roads

Background
Aerial Photography

The soil surveys that comprise your AOI were mapped at 1:24,000.

Please rely on the bar scale on each map sheet for map
measurements.

Source of Map:  Natural Resources Conservation Service
Web Soil Survey URL:  http://websoilsurvey.nrcs.usda.gov
Coordinate System:  Web Mercator (EPSG:3857)

Maps from the Web Soil Survey are based on the Web Mercator
projection, which preserves direction and shape but distorts
distance and area. A projection that preserves area, such as the
Albers equal-area conic projection, should be used if more accurate
calculations of distance or area are required.

This product is generated from the USDA-NRCS certified data as of
the version date(s) listed below.

Soil Survey Area:  Kings County, California
Survey Area Data:  Version 10, Sep 15, 2014

Soil Survey Area:  Tulare County, Western Part, California
Survey Area Data:  Version 8, Sep 30, 2014

Your area of interest (AOI) includes more than one soil survey area.
These survey areas may have been mapped at different scales, with
a different land use in mind, at different times, or at different levels
of detail. This may result in map unit symbols, soil properties, and
interpretations that do not completely agree across soil survey area
boundaries.

Soil map units are labeled (as space allows) for map scales 1:50,000
or larger.

Date(s) aerial images were photographed:  Aug 27, 2010—Jul 3,
2011

The orthophoto or other base map on which the soil lines were
compiled and digitized probably differs from the background
imagery displayed on these maps. As a result, some minor shifting
of map unit boundaries may be evident.
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Tables—Disposal of Wastewater by Irrigation (Visalia RWRF WW
Disposal by Irrigation)

Disposal of Wastewater by Irrigation— Summary by Map Unit — Kings County, California (CA031)

Map unit symbol Map unit name Rating Component
name (percent)

Rating reasons
(numeric values)

Acres in AOI Percent of AOI

101tw Akers-Akers,
saline-Sodic,
complex, 0 to 2
percent slopes

Somewhat limited Akers (60%) Sodium content
(0.32)

737.4 2.6%

104 Cajon sandy loam Very limited Cajon (85%) Filtering capacity
(1.00)

579.5 2.0%

108 Corona silt loam Very limited Corona (85%) Slow water
movement
(1.00)

275.8 1.0%

108tw Colpien loam, 0 to
2 percent
slopes

Somewhat limited Colpien (85%) Sodium content
(0.32)

459.4 1.6%

Slow water
movement
(0.31)

112 Excelsior sandy
loam

Very limited Excelsior (85%) Slow water
movement
(1.00)

1,576.6 5.5%

113 Garces loam Very limited Garces (85%) Slow water
movement
(1.00)

1,419.6 4.9%

Sodium content
(1.00)

Salinity (0.13)

117tw Gambogy loam,
drained, 0 to 1
percent slopes

Somewhat limited Gambogy (85%) Sodium content
(0.32)

3,686.9 12.8%

Slow water
movement
(0.31)

120 Grangeville fine
sandy loam,
partially
drained

Very limited Grangeville
(85%)

Depth to
saturated zone
(1.00)

675.5 2.3%

121 Grangeville fine
sandy loam,
saline-alkali,
partially d
rained

Very limited Grangeville
(85%)

Depth to
saturated zone
(1.00)

529.6 1.8%

Sodium content
(1.00)

Salinity (0.50)

130 Kimberlina fine
sandy loam,
saline-alkali

Very limited Kimberlina (85%) Sodium content
(1.00)

5,883.6 20.4%

Droughty (1.00)

Salinity (0.50)

Slow water
movement
(0.37)
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Disposal of Wastewater by Irrigation— Summary by Map Unit — Kings County, California (CA031)

Map unit symbol Map unit name Rating Component
name (percent)

Rating reasons
(numeric values)

Acres in AOI Percent of AOI

132 Kimberlina saline
alkali-Garces
complex

Very limited Kimberlina (50%) Sodium content
(1.00)

2,551.7 8.8%

Droughty (1.00)

Salinity (0.50)

Slow water
movement
(0.37)

Garces (35%) Slow water
movement
(1.00)

Sodium content
(1.00)

Salinity (0.13)

135 Lakeside clay
loam, drained

Very limited Lakeside (85%) Sodium content
(1.00)

819.9 2.8%

Salinity (1.00)

Slow water
movement
(0.37)

140 Melga silt loam Very limited Melga (85%) Slow water
movement
(1.00)

264.0 0.9%

Depth to
cemented pan
(1.00)

Sodium content
(1.00)

Droughty (1.00)

Flooding (0.60)

149 Nord complex Not limited Nord (50%) 528.6 1.8%

154 Pits and Dumps Not rated Pits (45%) 136.9 0.5%

Dumps (45%)

Kimberlina (1%)

Panoche (1%)

Nord (1%)

Wasco (1%)

Unnamed, rare
flooding (1%)

Cajon (1%)

Delgado (1%)

Henneke (1%)

158 Remnoy very fine
sandy loam

Very limited Remnoy (85%) Depth to
cemented pan
(1.00)

44.7 0.2%

Droughty (1.00)

Custom Soil Resource Report
237



Disposal of Wastewater by Irrigation— Summary by Map Unit — Kings County, California (CA031)

Map unit symbol Map unit name Rating Component
name (percent)

Rating reasons
(numeric values)

Acres in AOI Percent of AOI

Sodium content
(1.00)

Slow water
movement
(1.00)

Salinity (1.00)

167 Urban land Not rated Urban land (85%) 110.2 0.4%

Nord (2%)

Kimberlina (2%)

Grangeville (2%)

Lemoore (2%)

Lethent (1%)

Lakeside (1%)

Wasco (1%)

Unnamed, rare
flooding (1%)

Panoche (1%)

174 Wasco sandy
loam, 0 to 5
percent slopes

Not limited Wasco (85%) 1,405.5 4.9%

178 Westhaven clay
loam, saline-
alkali, 0 to 2
percent slop es

Very limited Westhaven (85%) Slow water
movement
(1.00)

1,328.0 4.6%

Salinity (0.50)

179 Whitewolf coarse
sandy loam

Very limited Whitewolf (85%) Filtering capacity
(1.00)

3.3 0.0%

Droughty (0.76)

181 Water Not rated Water (100%) 296.0 1.0%

Subtotals for Soil Survey Area 23,312.8 80.7%

Totals for Area of Interest 28,899.3 100.0%

Disposal of Wastewater by Irrigation— Summary by Map Unit — Tulare County, Western Part, California (CA659)

Map unit symbol Map unit name Rating Component
name (percent)

Rating reasons
(numeric values)

Acres in AOI Percent of AOI

101 Akers-Akers,
saline-Sodic,
complex, 0 to 2
percent slopes

Somewhat limited Akers (60%) Sodium content
(0.32)

725.9 2.5%

108 Colpien loam, 0 to
2 percent
slopes

Somewhat limited Colpien (85%) Sodium content
(0.32)

1,352.8 4.7%

Slow water
movement
(0.31)

117 Gambogy loam,
drained, 0 to 1
percent slopes

Somewhat limited Gambogy (85%) Sodium content
(0.32)

1,085.5 3.8%
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Disposal of Wastewater by Irrigation— Summary by Map Unit — Tulare County, Western Part, California (CA659)

Map unit symbol Map unit name Rating Component
name (percent)

Rating reasons
(numeric values)

Acres in AOI Percent of AOI

Slow water
movement
(0.31)

130 Nord fine sandy
loam, 0 to 2
percent slopes

Somewhat limited Nord (85%) Sodium content
(0.18)

1,378.2 4.8%

137 Tagus loam, 0 to
2 percent
slopes

Somewhat limited Tagus (85%) Sodium content
(0.18)

944.8 3.3%

145 Water-perennial Not rated Water (100%) 99.4 0.3%

Subtotals for Soil Survey Area 5,586.5 19.3%

Totals for Area of Interest 28,899.3 100.0%

Disposal of Wastewater by Irrigation— Summary by Rating Value

Rating Acres in AOI Percent of AOI

Very limited 15,951.8 55.2%

Somewhat limited 10,370.8 35.9%

Not limited 1,934.1 6.7%

Null or Not Rated 642.6 2.2%

Totals for Area of Interest 28,899.3 100.0%

Rating Options—Disposal of Wastewater by Irrigation (Visalia
RWRF WW Disposal by Irrigation)

Aggregation Method:  Dominant Condition

Aggregation is the process by which a set of component attribute values is reduced
to a single value that represents the map unit as a whole.

A map unit is typically composed of one or more "components". A component is either
some type of soil or some nonsoil entity, e.g., rock outcrop. For the attribute being
aggregated, the first step of the aggregation process is to derive one attribute value
for each of a map unit's components. From this set of component attributes, the next
step of the aggregation process derives a single value that represents the map unit
as a whole. Once a single value for each map unit is derived, a thematic map for soil
map units can be rendered. Aggregation must be done because, on any soil map, map
units are delineated but components are not.

For each of a map unit's components, a corresponding percent composition is
recorded. A percent composition of 60 indicates that the corresponding component
typically makes up approximately 60% of the map unit. Percent composition is a critical
factor in some, but not all, aggregation methods.

The aggregation method "Dominant Condition" first groups like attribute values for the
components in a map unit. For each group, percent composition is set to the sum of
the percent composition of all components participating in that group. These groups
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now represent "conditions" rather than components. The attribute value associated
with the group with the highest cumulative percent composition is returned. If more
than one group shares the highest cumulative percent composition, the corresponding
"tie-break" rule determines which value should be returned. The "tie-break" rule
indicates whether the lower or higher group value should be returned in the case of a
percent composition tie. The result returned by this aggregation method represents
the dominant condition throughout the map unit only when no tie has occurred.

Component Percent Cutoff:  None Specified

Components whose percent composition is below the cutoff value will not be
considered. If no cutoff value is specified, all components in the database will be
considered. The data for some contrasting soils of minor extent may not be in the
database, and therefore are not considered.

Tie-break Rule:  Higher

The tie-break rule indicates which value should be selected from a set of multiple
candidate values, or which value should be selected in the event of a percent
composition tie.

Disposal of Wastewater by Rapid Infiltration (Visalia
RWRF WW Disposal by Rapid Infiltration)

Rapid infiltration of wastewater is a process in which wastewater applied in a level
basin at a rate of 4 to 120 inches per week percolates through the soil. The wastewater
may eventually reach the ground water. The application rate commonly exceeds the
rate needed for irrigation of cropland. Vegetation is not a necessary part of the
treatment; thus, the basins may or may not be vegetated. The thickness of the soil
material needed for proper treatment of the wastewater is more than 72 inches. As a
result, geologic and hydrologic investigation is needed to ensure proper design and
performance and to determine the risk of ground-water pollution.

Soil properties are important considerations in areas where soils are used as sites for
the treatment and disposal of organic waste and wastewater. Selection of soils with
properties that favor waste management can help to prevent environmental damage.

Municipal wastewater is the waste stream from a municipality. It contains domestic
waste and may contain industrial waste. It may have received primary or secondary
treatment. It is rarely untreated sewage. Food-processing wastewater results from the
preparation of fruits, vegetables, milk, cheese, and meats for public consumption. In
places it is high in content of sodium and chloride. The effluent in lagoons and storage
ponds is from facilities used to treat or store food-processing wastewater or domestic
or animal waste. Domestic and food-processing wastewater is very dilute, and the
effluent from the facilities that treat or store it commonly is very low in content of
carbonaceous and nitrogenous material; the content of nitrogen commonly ranges
from 10 to 30 milligrams per liter. The wastewater from animal waste treatment
lagoons or storage ponds, however, has much higher concentrations of these
materials, mainly because the manure has not been diluted as much as the domestic
waste. The content of nitrogen in this wastewater generally ranges from 50 to 2,000
milligrams per liter. When wastewater is applied, checks should be made to ensure
that nitrogen, heavy metals, and salts are not added in excessive amounts.
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The ratings are based on the soil properties that affect the risk of pollution and the
design, construction, and performance of the system. Depth to a water table, ponding,
flooding, and depth to bedrock or a cemented pan affect the risk of pollution and the
design and construction of the system. Slope, stones, and cobbles also affect design
and construction. Saturated hydraulic conductivity (Ksat) and reaction affect
performance. Permanently frozen soils are unsuitable for waste treatment.

The ratings are both verbal and numerical. Rating class terms indicate the extent to
which the soils are limited by all of the soil features that affect agricultural waste
management. "Not limited" indicates that the soil has features that are very favorable
for the specified use. Good performance and very low maintenance can be expected.
"Somewhat limited" indicates that the soil has features that are moderately favorable
for the specified use. The limitations can be overcome or minimized by special
planning, design, or installation. Fair performance and moderate maintenance can be
expected. "Very limited" indicates that the soil has one or more features that are
unfavorable for the specified use. The limitations generally cannot be overcome
without major soil reclamation, special design, or expensive installation procedures.
Poor performance and high maintenance can be expected.

Numerical ratings indicate the severity of individual limitations. The ratings are shown
as decimal fractions ranging from 0.01 to 1.00. They indicate gradations between the
point at which a soil feature has the greatest negative impact on the use (1.00) and
the point at which the soil feature is not a limitation (0.00).

The map unit components listed for each map unit in the accompanying Summary by
Map Unit table in Web Soil Survey or the Aggregation Report in Soil Data Viewer are
determined by the aggregation method chosen. An aggregated rating class is shown
for each map unit. The components listed for each map unit are only those that have
the same rating class as listed for the map unit. The percent composition of each
component in a particular map unit is presented to help the user better understand the
percentage of each map unit that has the rating presented.

Other components with different ratings may be present in each map unit. The ratings
for all components, regardless of the map unit aggregated rating, can be viewed by
generating the equivalent report from the Soil Reports tab in Web Soil Survey or from
the Soil Data Mart site. Onsite investigation may be needed to validate these
interpretations and to confirm the identity of the soil on a given site.
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MAP LEGEND MAP INFORMATION

Area of Interest (AOI)
Area of Interest (AOI)

Soils
Soil Rating Polygons

Very limited

Somewhat limited

Not limited

Not rated or not available

Soil Rating Lines
Very limited

Somewhat limited

Not limited

Not rated or not available

Soil Rating Points
Very limited

Somewhat limited

Not limited

Not rated or not available

Water Features
Streams and Canals

Transportation
Rails

Interstate Highways

US Routes

Major Roads

Local Roads

Background
Aerial Photography

The soil surveys that comprise your AOI were mapped at 1:24,000.

Please rely on the bar scale on each map sheet for map
measurements.

Source of Map:  Natural Resources Conservation Service
Web Soil Survey URL:  http://websoilsurvey.nrcs.usda.gov
Coordinate System:  Web Mercator (EPSG:3857)

Maps from the Web Soil Survey are based on the Web Mercator
projection, which preserves direction and shape but distorts
distance and area. A projection that preserves area, such as the
Albers equal-area conic projection, should be used if more accurate
calculations of distance or area are required.

This product is generated from the USDA-NRCS certified data as of
the version date(s) listed below.

Soil Survey Area:  Kings County, California
Survey Area Data:  Version 10, Sep 15, 2014

Soil Survey Area:  Tulare County, Western Part, California
Survey Area Data:  Version 8, Sep 30, 2014

Your area of interest (AOI) includes more than one soil survey area.
These survey areas may have been mapped at different scales, with
a different land use in mind, at different times, or at different levels
of detail. This may result in map unit symbols, soil properties, and
interpretations that do not completely agree across soil survey area
boundaries.

Soil map units are labeled (as space allows) for map scales 1:50,000
or larger.

Date(s) aerial images were photographed:  Aug 27, 2010—Jul 3,
2011

The orthophoto or other base map on which the soil lines were
compiled and digitized probably differs from the background
imagery displayed on these maps. As a result, some minor shifting
of map unit boundaries may be evident.
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Tables—Disposal of Wastewater by Rapid Infiltration (Visalia
RWRF WW Disposal by Rapid Infiltration)

Disposal of Wastewater by Rapid Infiltration— Summary by Map Unit — Kings County, California (CA031)

Map unit symbol Map unit name Rating Component
name (percent)

Rating reasons
(numeric values)

Acres in AOI Percent of AOI

101tw Akers-Akers,
saline-Sodic,
complex, 0 to 2
percent slopes

Very limited Akers (60%) Slow water
movement
(1.00)

737.4 2.6%

Akers, saline-
sodic (25%)

Slow water
movement
(1.00)

104 Cajon sandy loam Somewhat limited Cajon (85%) Slow water
movement
(0.32)

579.5 2.0%

108 Corona silt loam Very limited Corona (85%) Slow water
movement
(1.00)

275.8 1.0%

108tw Colpien loam, 0 to
2 percent
slopes

Very limited Colpien (85%) Slow water
movement
(1.00)

459.4 1.6%

112 Excelsior sandy
loam

Very limited Excelsior (85%) Slow water
movement
(1.00)

1,576.6 5.5%

113 Garces loam Very limited Garces (85%) Slow water
movement
(1.00)

1,419.6 4.9%

117tw Gambogy loam,
drained, 0 to 1
percent slopes

Very limited Gambogy (85%) Slow water
movement
(1.00)

3,686.9 12.8%

120 Grangeville fine
sandy loam,
partially
drained

Very limited Grangeville
(85%)

Depth to
saturated zone
(1.00)

675.5 2.3%

Slow water
movement
(0.32)

121 Grangeville fine
sandy loam,
saline-alkali,
partially d
rained

Very limited Grangeville
(85%)

Depth to
saturated zone
(1.00)

529.6 1.8%

Slow water
movement
(1.00)

130 Kimberlina fine
sandy loam,
saline-alkali

Very limited Kimberlina (85%) Slow water
movement
(1.00)

5,883.6 20.4%

132 Kimberlina saline
alkali-Garces
complex

Very limited Kimberlina (50%) Slow water
movement
(1.00)

2,551.7 8.8%

Garces (35%) Slow water
movement
(1.00)
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Disposal of Wastewater by Rapid Infiltration— Summary by Map Unit — Kings County, California (CA031)

Map unit symbol Map unit name Rating Component
name (percent)

Rating reasons
(numeric values)

Acres in AOI Percent of AOI

135 Lakeside clay
loam, drained

Very limited Lakeside (85%) Slow water
movement
(1.00)

819.9 2.8%

140 Melga silt loam Very limited Melga (85%) Slow water
movement
(1.00)

264.0 0.9%

Depth to
cemented pan
(1.00)

Flooding (0.60)

149 Nord complex Very limited Nord (50%) Slow water
movement
(1.00)

528.6 1.8%

Nord (40%) Slow water
movement
(1.00)

154 Pits and Dumps Not rated Pits (45%) 136.9 0.5%

Dumps (45%)

Kimberlina (1%)

Panoche (1%)

Nord (1%)

Wasco (1%)

Unnamed, rare
flooding (1%)

Cajon (1%)

Delgado (1%)

Henneke (1%)

158 Remnoy very fine
sandy loam

Very limited Remnoy (85%) Slow water
movement
(1.00)

44.7 0.2%

Depth to
cemented pan
(1.00)

167 Urban land Not rated Urban land (85%) 110.2 0.4%

Nord (2%)

Kimberlina (2%)

Grangeville (2%)

Lemoore (2%)

Lethent (1%)

Lakeside (1%)

Wasco (1%)

Unnamed, rare
flooding (1%)

Panoche (1%)
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Disposal of Wastewater by Rapid Infiltration— Summary by Map Unit — Kings County, California (CA031)

Map unit symbol Map unit name Rating Component
name (percent)

Rating reasons
(numeric values)

Acres in AOI Percent of AOI

174 Wasco sandy
loam, 0 to 5
percent slopes

Somewhat limited Wasco (85%) Slow water
movement
(0.32)

1,405.5 4.9%

178 Westhaven clay
loam, saline-
alkali, 0 to 2
percent slop es

Very limited Westhaven (85%) Slow water
movement
(1.00)

1,328.0 4.6%

179 Whitewolf coarse
sandy loam

Somewhat limited Whitewolf (85%) Slow water
movement
(0.32)

3.3 0.0%

181 Water Not rated Water (100%) 296.0 1.0%

Subtotals for Soil Survey Area 23,312.8 80.7%

Totals for Area of Interest 28,899.3 100.0%

Disposal of Wastewater by Rapid Infiltration— Summary by Map Unit — Tulare County, Western Part, California (CA659)

Map unit symbol Map unit name Rating Component
name (percent)

Rating reasons
(numeric values)

Acres in AOI Percent of AOI

101 Akers-Akers,
saline-Sodic,
complex, 0 to 2
percent slopes

Very limited Akers (60%) Slow water
movement
(1.00)

725.9 2.5%

Akers, saline-
sodic (25%)

Slow water
movement
(1.00)

108 Colpien loam, 0 to
2 percent
slopes

Very limited Colpien (85%) Slow water
movement
(1.00)

1,352.8 4.7%

117 Gambogy loam,
drained, 0 to 1
percent slopes

Very limited Gambogy (85%) Slow water
movement
(1.00)

1,085.5 3.8%

130 Nord fine sandy
loam, 0 to 2
percent slopes

Very limited Nord (85%) Slow water
movement
(1.00)

1,378.2 4.8%

137 Tagus loam, 0 to
2 percent
slopes

Very limited Tagus (85%) Slow water
movement
(1.00)

944.8 3.3%

145 Water-perennial Not rated Water (100%) 99.4 0.3%

Subtotals for Soil Survey Area 5,586.5 19.3%

Totals for Area of Interest 28,899.3 100.0%

Disposal of Wastewater by Rapid Infiltration— Summary by Rating Value

Rating Acres in AOI Percent of AOI

Very limited 26,268.4 90.9%

Somewhat limited 1,988.3 6.9%

Null or Not Rated 642.6 2.2%

Totals for Area of Interest 28,899.3 100.0%
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Rating Options—Disposal of Wastewater by Rapid Infiltration
(Visalia RWRF WW Disposal by Rapid Infiltration)

Aggregation Method:  Dominant Condition

Aggregation is the process by which a set of component attribute values is reduced
to a single value that represents the map unit as a whole.

A map unit is typically composed of one or more "components". A component is either
some type of soil or some nonsoil entity, e.g., rock outcrop. For the attribute being
aggregated, the first step of the aggregation process is to derive one attribute value
for each of a map unit's components. From this set of component attributes, the next
step of the aggregation process derives a single value that represents the map unit
as a whole. Once a single value for each map unit is derived, a thematic map for soil
map units can be rendered. Aggregation must be done because, on any soil map, map
units are delineated but components are not.

For each of a map unit's components, a corresponding percent composition is
recorded. A percent composition of 60 indicates that the corresponding component
typically makes up approximately 60% of the map unit. Percent composition is a critical
factor in some, but not all, aggregation methods.

The aggregation method "Dominant Condition" first groups like attribute values for the
components in a map unit. For each group, percent composition is set to the sum of
the percent composition of all components participating in that group. These groups
now represent "conditions" rather than components. The attribute value associated
with the group with the highest cumulative percent composition is returned. If more
than one group shares the highest cumulative percent composition, the corresponding
"tie-break" rule determines which value should be returned. The "tie-break" rule
indicates whether the lower or higher group value should be returned in the case of a
percent composition tie. The result returned by this aggregation method represents
the dominant condition throughout the map unit only when no tie has occurred.

Component Percent Cutoff:  None Specified

Components whose percent composition is below the cutoff value will not be
considered. If no cutoff value is specified, all components in the database will be
considered. The data for some contrasting soils of minor extent may not be in the
database, and therefore are not considered.

Tie-break Rule:  Higher

The tie-break rule indicates which value should be selected from a set of multiple
candidate values, or which value should be selected in the event of a percent
composition tie.

Land Application of Municipal Sewage Sludge (Visalia
RWRF WW Disposal by Land Application of Municipal
Sewage Sludge)

Application of sewage sludge not only disposes of waste material but also can improve
crop production by increasing the supply of nutrients in the soils where the material is
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applied. Sewage sludge is the residual product of the treatment of municipal sewage.
The solid component consists mainly of cell mass, primarily bacteria cells that
developed during secondary treatment and have incorporated soluble organics into
their own bodies. The sludge has small amounts of sand, silt, and other solid debris.
The content of nitrogen varies. Some sludge has constituents that are toxic to plants
or hazardous to the food chain, such as heavy metals and exotic organic compounds,
and should be analyzed chemically prior to use.

The content of water in the sludge ranges from about 98 percent to less than 40
percent. The sludge is considered liquid if it is more than about 90 percent water, slurry
if it is about 50 to 90 percent water, and solid if it is less than about 50 percent water.

The ratings are based on the soil properties that affect absorption, plant growth,
microbial activity, erodibility, the rate at which the sludge is applied, and the method
by which the sludge is applied. The properties that affect absorption, plant growth, and
microbial activity include saturated hydraulic conductivity (Ksat), depth to a water
table, ponding, the sodium adsorption ratio, depth to bedrock or a cemented pan,
available water capacity, reaction, salinity, and bulk density. The wind erodibility
group, soil erosion factor K, and slope are considered in estimating the likelihood that
wind erosion or water erosion will transport the waste material from the application
site. Stones, cobbles, a water table, ponding, and flooding can hinder the application
of sludge. Permanently frozen soils are unsuitable for waste treatment.

The ratings are both verbal and numerical. Rating class terms indicate the extent to
which the soils are limited by all of the soil features that affect agricultural waste
management. "Not limited" indicates that the soil has features that are very favorable
for the specified use. Good performance and very low maintenance can be expected.
"Somewhat limited" indicates that the soil has features that are moderately favorable
for the specified use. The limitations can be overcome or minimized by special
planning, design, or installation. Fair performance and moderate maintenance can be
expected. "Very limited" indicates that the soil has one or more features that are
unfavorable for the specified use. The limitations generally cannot be overcome
without major soil reclamation, special design, or expensive installation procedures.
Poor performance and high maintenance can be expected.

Numerical ratings indicate the severity of individual limitations. The ratings are shown
as decimal fractions ranging from 0.01 to 1.00. They indicate gradations between the
point at which a soil feature has the greatest negative impact on the use (1.00) and
the point at which the soil feature is not a limitation (0.00).

The map unit components listed for each map unit in the accompanying Summary by
Map Unit table in Web Soil Survey or the Aggregation Report in Soil Data Viewer are
determined by the aggregation method chosen. An aggregated rating class is shown
for each map unit. The components listed for each map unit are only those that have
the same rating class as listed for the map unit. The percent composition of each
component in a particular map unit is presented to help the user better understand the
percentage of each map unit that has the rating presented.

Other components with different ratings may be present in each map unit. The ratings
for all components, regardless of the map unit aggregated rating, can be viewed by
generating the equivalent report from the Soil Reports tab in Web Soil Survey or from
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the Soil Data Mart site. Onsite investigation may be needed to validate these
interpretations and to confirm the identity of the soil on a given site.
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MAP LEGEND MAP INFORMATION

Area of Interest (AOI)
Area of Interest (AOI)

Soils
Soil Rating Polygons

Very limited

Somewhat limited

Not limited

Not rated or not available

Soil Rating Lines
Very limited

Somewhat limited

Not limited

Not rated or not available

Soil Rating Points
Very limited

Somewhat limited

Not limited

Not rated or not available

Water Features
Streams and Canals

Transportation
Rails

Interstate Highways

US Routes

Major Roads

Local Roads

Background
Aerial Photography

The soil surveys that comprise your AOI were mapped at 1:24,000.

Please rely on the bar scale on each map sheet for map
measurements.

Source of Map:  Natural Resources Conservation Service
Web Soil Survey URL:  http://websoilsurvey.nrcs.usda.gov
Coordinate System:  Web Mercator (EPSG:3857)

Maps from the Web Soil Survey are based on the Web Mercator
projection, which preserves direction and shape but distorts
distance and area. A projection that preserves area, such as the
Albers equal-area conic projection, should be used if more accurate
calculations of distance or area are required.

This product is generated from the USDA-NRCS certified data as of
the version date(s) listed below.

Soil Survey Area:  Kings County, California
Survey Area Data:  Version 10, Sep 15, 2014

Soil Survey Area:  Tulare County, Western Part, California
Survey Area Data:  Version 8, Sep 30, 2014

Your area of interest (AOI) includes more than one soil survey area.
These survey areas may have been mapped at different scales, with
a different land use in mind, at different times, or at different levels
of detail. This may result in map unit symbols, soil properties, and
interpretations that do not completely agree across soil survey area
boundaries.

Soil map units are labeled (as space allows) for map scales 1:50,000
or larger.

Date(s) aerial images were photographed:  Aug 27, 2010—Jul 3,
2011

The orthophoto or other base map on which the soil lines were
compiled and digitized probably differs from the background
imagery displayed on these maps. As a result, some minor shifting
of map unit boundaries may be evident.
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Tables—Land Application of Municipal Sewage Sludge (Visalia
RWRF WW Disposal by Land Application of Municipal Sewage
Sludge)

Land Application of Municipal Sewage Sludge— Summary by Map Unit — Kings County, California (CA031)

Map unit symbol Map unit name Rating Component
name (percent)

Rating reasons
(numeric values)

Acres in AOI Percent of AOI

101tw Akers-Akers,
saline-Sodic,
complex, 0 to 2
percent slopes

Somewhat limited Akers (60%) Sodium content
(0.32)

737.4 2.6%

Flooding (0.20)

104 Cajon sandy loam Very limited Cajon (85%) Filtering capacity
(1.00)

579.5 2.0%

108 Corona silt loam Very limited Corona (85%) Slow water
movement
(1.00)

275.8 1.0%

108tw Colpien loam, 0 to
2 percent
slopes

Somewhat limited Colpien (85%) Flooding (0.40) 459.4 1.6%

Sodium content
(0.32)

Slow water
movement
(0.31)

112 Excelsior sandy
loam

Very limited Excelsior (85%) Slow water
movement
(1.00)

1,576.6 5.5%

113 Garces loam Very limited Garces (85%) Slow water
movement
(1.00)

1,419.6 4.9%

Sodium content
(1.00)

Salinity (0.13)

117tw Gambogy loam,
drained, 0 to 1
percent slopes

Somewhat limited Gambogy (85%) Flooding (0.40) 3,686.9 12.8%

Sodium content
(0.32)

Slow water
movement
(0.31)

120 Grangeville fine
sandy loam,
partially
drained

Very limited Grangeville
(85%)

Depth to
saturated zone
(1.00)

675.5 2.3%

121 Grangeville fine
sandy loam,
saline-alkali,
partially d
rained

Very limited Grangeville
(85%)

Depth to
saturated zone
(1.00)

529.6 1.8%

Sodium content
(1.00)

Salinity (0.50)

130 Kimberlina fine
sandy loam,
saline-alkali

Very limited Kimberlina (85%) Sodium content
(1.00)

5,883.6 20.4%

Droughty (1.00)
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Land Application of Municipal Sewage Sludge— Summary by Map Unit — Kings County, California (CA031)

Map unit symbol Map unit name Rating Component
name (percent)

Rating reasons
(numeric values)

Acres in AOI Percent of AOI

Salinity (0.50)

Slow water
movement
(0.37)

132 Kimberlina saline
alkali-Garces
complex

Very limited Kimberlina (50%) Sodium content
(1.00)

2,551.7 8.8%

Droughty (1.00)

Salinity (0.50)

Slow water
movement
(0.37)

Garces (35%) Slow water
movement
(1.00)

Sodium content
(1.00)

Salinity (0.13)

135 Lakeside clay
loam, drained

Very limited Lakeside (85%) Sodium content
(1.00)

819.9 2.8%

Salinity (1.00)

Slow water
movement
(0.37)

140 Melga silt loam Very limited Melga (85%) Slow water
movement
(1.00)

264.0 0.9%

Depth to
cemented pan
(1.00)

Sodium content
(1.00)

Flooding (1.00)

Droughty (1.00)

149 Nord complex Not limited Nord (50%) 528.6 1.8%

154 Pits and Dumps Not rated Pits (45%) 136.9 0.5%

Dumps (45%)

Kimberlina (1%)

Panoche (1%)

Nord (1%)

Wasco (1%)

Unnamed, rare
flooding (1%)

Cajon (1%)

Delgado (1%)

Henneke (1%)
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Land Application of Municipal Sewage Sludge— Summary by Map Unit — Kings County, California (CA031)

Map unit symbol Map unit name Rating Component
name (percent)

Rating reasons
(numeric values)

Acres in AOI Percent of AOI

158 Remnoy very fine
sandy loam

Very limited Remnoy (85%) Depth to
cemented pan
(1.00)

44.7 0.2%

Sodium content
(1.00)

Droughty (1.00)

Slow water
movement
(1.00)

Salinity (1.00)

167 Urban land Not rated Urban land (85%) 110.2 0.4%

Nord (2%)

Kimberlina (2%)

Grangeville (2%)

Lemoore (2%)

Lethent (1%)

Lakeside (1%)

Wasco (1%)

Unnamed, rare
flooding (1%)

Panoche (1%)

174 Wasco sandy
loam, 0 to 5
percent slopes

Not limited Wasco (85%) 1,405.5 4.9%

178 Westhaven clay
loam, saline-
alkali, 0 to 2
percent slop es

Very limited Westhaven (85%) Slow water
movement
(1.00)

1,328.0 4.6%

Salinity (0.50)

179 Whitewolf coarse
sandy loam

Very limited Whitewolf (85%) Filtering capacity
(1.00)

3.3 0.0%

Droughty (0.76)

181 Water Not rated Water (100%) 296.0 1.0%

Subtotals for Soil Survey Area 23,312.8 80.7%

Totals for Area of Interest 28,899.3 100.0%

Land Application of Municipal Sewage Sludge— Summary by Map Unit — Tulare County, Western Part, California (CA659)

Map unit symbol Map unit name Rating Component
name (percent)

Rating reasons
(numeric values)

Acres in AOI Percent of AOI

101 Akers-Akers,
saline-Sodic,
complex, 0 to 2
percent slopes

Somewhat limited Akers (60%) Sodium content
(0.32)

725.9 2.5%

Flooding (0.20)

108 Colpien loam, 0 to
2 percent
slopes

Somewhat limited Colpien (85%) Flooding (0.40) 1,352.8 4.7%

Sodium content
(0.32)
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Land Application of Municipal Sewage Sludge— Summary by Map Unit — Tulare County, Western Part, California (CA659)

Map unit symbol Map unit name Rating Component
name (percent)

Rating reasons
(numeric values)

Acres in AOI Percent of AOI

Slow water
movement
(0.31)

117 Gambogy loam,
drained, 0 to 1
percent slopes

Somewhat limited Gambogy (85%) Flooding (0.40) 1,085.5 3.8%

Sodium content
(0.32)

Slow water
movement
(0.31)

130 Nord fine sandy
loam, 0 to 2
percent slopes

Somewhat limited Nord (85%) Flooding (0.20) 1,378.2 4.8%

Sodium content
(0.18)

137 Tagus loam, 0 to
2 percent
slopes

Somewhat limited Tagus (85%) Flooding (0.20) 944.8 3.3%

Sodium content
(0.18)

145 Water-perennial Not rated Water (100%) 99.4 0.3%

Subtotals for Soil Survey Area 5,586.5 19.3%

Totals for Area of Interest 28,899.3 100.0%

Land Application of Municipal Sewage Sludge— Summary by Rating Value

Rating Acres in AOI Percent of AOI

Very limited 15,951.8 55.2%

Somewhat limited 10,370.8 35.9%

Not limited 1,934.1 6.7%

Null or Not Rated 642.6 2.2%

Totals for Area of Interest 28,899.3 100.0%

Rating Options—Land Application of Municipal Sewage Sludge
(Visalia RWRF WW Disposal by Land Application of Municipal
Sewage Sludge)

Aggregation Method:  Dominant Condition

Aggregation is the process by which a set of component attribute values is reduced
to a single value that represents the map unit as a whole.

A map unit is typically composed of one or more "components". A component is either
some type of soil or some nonsoil entity, e.g., rock outcrop. For the attribute being
aggregated, the first step of the aggregation process is to derive one attribute value
for each of a map unit's components. From this set of component attributes, the next
step of the aggregation process derives a single value that represents the map unit
as a whole. Once a single value for each map unit is derived, a thematic map for soil
map units can be rendered. Aggregation must be done because, on any soil map, map
units are delineated but components are not.
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For each of a map unit's components, a corresponding percent composition is
recorded. A percent composition of 60 indicates that the corresponding component
typically makes up approximately 60% of the map unit. Percent composition is a critical
factor in some, but not all, aggregation methods.

The aggregation method "Dominant Condition" first groups like attribute values for the
components in a map unit. For each group, percent composition is set to the sum of
the percent composition of all components participating in that group. These groups
now represent "conditions" rather than components. The attribute value associated
with the group with the highest cumulative percent composition is returned. If more
than one group shares the highest cumulative percent composition, the corresponding
"tie-break" rule determines which value should be returned. The "tie-break" rule
indicates whether the lower or higher group value should be returned in the case of a
percent composition tie. The result returned by this aggregation method represents
the dominant condition throughout the map unit only when no tie has occurred.

Component Percent Cutoff:  None Specified

Components whose percent composition is below the cutoff value will not be
considered. If no cutoff value is specified, all components in the database will be
considered. The data for some contrasting soils of minor extent may not be in the
database, and therefore are not considered.

Tie-break Rule:  Higher

The tie-break rule indicates which value should be selected from a set of multiple
candidate values, or which value should be selected in the event of a percent
composition tie.

Slow Rate Treatment of Wastewater (Visalia RWRF WW
Disposal by Slow Rate Treatment)

Slow rate treatment of wastewater is a process in which wastewater is applied to land
at a rate normally between 0.5 inch and 4.0 inches per week. The application rate
commonly exceeds the rate needed for irrigation of cropland. The applied wastewater
is treated as it moves through the soil. Much of the treated water may percolate to the
ground water, and some enters the atmosphere through evapotranspiration. The
applied water generally is not allowed to run off the surface. Waterlogging is prevented
either through control of the application rate or through the use of tile drains, or both.

Soil properties are important considerations in areas where soils are used as sites for
the treatment and disposal of organic waste and wastewater. Selection of soils with
properties that favor waste management can help to prevent environmental damage.

Municipal wastewater is the waste stream from a municipality. It contains domestic
waste and may contain industrial waste. It may have received primary or secondary
treatment. It is rarely untreated sewage. Food-processing wastewater results from the
preparation of fruits, vegetables, milk, cheese, and meats for public consumption. In
places it is high in content of sodium and chloride. The effluent in lagoons and storage
ponds is from facilities used to treat or store food-processing wastewater or domestic
or animal waste. Domestic and food-processing wastewater is very dilute, and the
effluent from the facilities that treat or store it commonly is very low in content of
carbonaceous and nitrogenous material; the content of nitrogen commonly ranges
from 10 to 30 milligrams per liter. The wastewater from animal waste treatment
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lagoons or storage ponds, however, has much higher concentrations of these
materials, mainly because the manure has not been diluted as much as the domestic
waste. The content of nitrogen in this wastewater generally ranges from 50 to 2,000
milligrams per liter. When wastewater is applied, checks should be made to ensure
that nitrogen, heavy metals, and salts are not added in excessive amounts.

The ratings are based on the soil properties that affect absorption, plant growth,
microbial activity, erodibility, and the application of waste. The properties that affect
absorption include the sodium adsorption ratio, depth to a water table, ponding,
available water capacity, saturated hydraulic conductivity (Ksat), depth to bedrock or
a cemented pan, reaction, the cation-exchange capacity, and slope. Reaction, the
sodium adsorption ratio, salinity, and bulk density affect plant growth and microbial
activity. The wind erodibility group, soil erosion factor K, and slope are considered in
estimating the likelihood of wind erosion or water erosion. Stones, cobbles, a water
table, ponding, and flooding can hinder the application of waste. Permanently frozen
soils are unsuitable for waste treatment.

The ratings are both verbal and numerical. Rating class terms indicate the extent to
which the soils are limited by all of the soil features that affect agricultural waste
management. "Not limited" indicates that the soil has features that are very favorable
for the specified use. Good performance and very low maintenance can be expected.
"Somewhat limited" indicates that the soil has features that are moderately favorable
for the specified use. The limitations can be overcome or minimized by special
planning, design, or installation. Fair performance and moderate maintenance can be
expected. "Very limited" indicates that the soil has one or more features that are
unfavorable for the specified use. The limitations generally cannot be overcome
without major soil reclamation, special design, or expensive installation procedures.
Poor performance and high maintenance can be expected.

Numerical ratings indicate the severity of individual limitations. The ratings are shown
as decimal fractions ranging from 0.01 to 1.00. They indicate gradations between the
point at which a soil feature has the greatest negative impact on the use (1.00) and
the point at which the soil feature is not a limitation (0.00).

The map unit components listed for each map unit in the accompanying Summary by
Map Unit table in Web Soil Survey or the Aggregation Report in Soil Data Viewer are
determined by the aggregation method chosen. An aggregated rating class is shown
for each map unit. The components listed for each map unit are only those that have
the same rating class as listed for the map unit. The percent composition of each
component in a particular map unit is presented to help the user better understand the
percentage of each map unit that has the rating presented.

Other components with different ratings may be present in each map unit. The ratings
for all components, regardless of the map unit aggregated rating, can be viewed by
generating the equivalent report from the Soil Reports tab in Web Soil Survey or from
the Soil Data Mart site. Onsite investigation may be needed to validate these
interpretations and to confirm the identity of the soil on a given site.
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Custom Soil Resource Report
Map—Slow Rate Treatment of Wastewater (Visalia RWRF WW Disposal by Slow Rate Treatment)
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MAP LEGEND MAP INFORMATION

Area of Interest (AOI)
Area of Interest (AOI)

Soils
Soil Rating Polygons

Very limited

Somewhat limited

Not limited

Not rated or not available

Soil Rating Lines
Very limited

Somewhat limited

Not limited

Not rated or not available

Soil Rating Points
Very limited

Somewhat limited

Not limited

Not rated or not available

Water Features
Streams and Canals

Transportation
Rails

Interstate Highways

US Routes

Major Roads

Local Roads

Background
Aerial Photography

The soil surveys that comprise your AOI were mapped at 1:24,000.

Please rely on the bar scale on each map sheet for map
measurements.

Source of Map:  Natural Resources Conservation Service
Web Soil Survey URL:  http://websoilsurvey.nrcs.usda.gov
Coordinate System:  Web Mercator (EPSG:3857)

Maps from the Web Soil Survey are based on the Web Mercator
projection, which preserves direction and shape but distorts
distance and area. A projection that preserves area, such as the
Albers equal-area conic projection, should be used if more accurate
calculations of distance or area are required.

This product is generated from the USDA-NRCS certified data as of
the version date(s) listed below.

Soil Survey Area:  Kings County, California
Survey Area Data:  Version 10, Sep 15, 2014

Soil Survey Area:  Tulare County, Western Part, California
Survey Area Data:  Version 8, Sep 30, 2014

Your area of interest (AOI) includes more than one soil survey area.
These survey areas may have been mapped at different scales, with
a different land use in mind, at different times, or at different levels
of detail. This may result in map unit symbols, soil properties, and
interpretations that do not completely agree across soil survey area
boundaries.

Soil map units are labeled (as space allows) for map scales 1:50,000
or larger.

Date(s) aerial images were photographed:  Aug 27, 2010—Jul 3,
2011

The orthophoto or other base map on which the soil lines were
compiled and digitized probably differs from the background
imagery displayed on these maps. As a result, some minor shifting
of map unit boundaries may be evident.
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Tables—Slow Rate Treatment of Wastewater (Visalia RWRF WW
Disposal by Slow Rate Treatment)

Slow Rate Treatment of Wastewater— Summary by Map Unit — Kings County, California (CA031)

Map unit symbol Map unit name Rating Component
name (percent)

Rating reasons
(numeric values)

Acres in AOI Percent of AOI

101tw Akers-Akers,
saline-Sodic,
complex, 0 to 2
percent slopes

Somewhat limited Akers (60%) Sodium content
(0.32)

737.4 2.6%

104 Cajon sandy loam Very limited Cajon (85%) Filtering capacity
(1.00)

579.5 2.0%

108 Corona silt loam Somewhat limited Corona (85%) Slow water
movement
(0.96)

275.8 1.0%

108tw Colpien loam, 0 to
2 percent
slopes

Somewhat limited Colpien (85%) Sodium content
(0.32)

459.4 1.6%

Slow water
movement
(0.21)

112 Excelsior sandy
loam

Somewhat limited Excelsior (85%) Slow water
movement
(0.96)

1,576.6 5.5%

113 Garces loam Very limited Garces (85%) Slow water
movement
(1.00)

1,419.6 4.9%

Sodium content
(1.00)

Salinity (0.13)

117tw Gambogy loam,
drained, 0 to 1
percent slopes

Somewhat limited Gambogy (85%) Sodium content
(0.32)

3,686.9 12.8%

Slow water
movement
(0.21)

120 Grangeville fine
sandy loam,
partially
drained

Very limited Grangeville
(85%)

Depth to
saturated zone
(1.00)

675.5 2.3%

121 Grangeville fine
sandy loam,
saline-alkali,
partially d
rained

Very limited Grangeville
(85%)

Depth to
saturated zone
(1.00)

529.6 1.8%

Sodium content
(1.00)

Salinity (0.50)

130 Kimberlina fine
sandy loam,
saline-alkali

Very limited Kimberlina (85%) Sodium content
(1.00)

5,883.6 20.4%

Salinity (0.50)

Slow water
movement
(0.26)
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Slow Rate Treatment of Wastewater— Summary by Map Unit — Kings County, California (CA031)

Map unit symbol Map unit name Rating Component
name (percent)

Rating reasons
(numeric values)

Acres in AOI Percent of AOI

132 Kimberlina saline
alkali-Garces
complex

Very limited Kimberlina (50%) Sodium content
(1.00)

2,551.7 8.8%

Salinity (0.50)

Slow water
movement
(0.26)

Garces (35%) Slow water
movement
(1.00)

Sodium content
(1.00)

Salinity (0.13)

135 Lakeside clay
loam, drained

Very limited Lakeside (85%) Sodium content
(1.00)

819.9 2.8%

Salinity (1.00)

Slow water
movement
(0.26)

140 Melga silt loam Very limited Melga (85%) Slow water
movement
(1.00)

264.0 0.9%

Depth to
cemented pan
(1.00)

Sodium content
(1.00)

Flooding (0.60)

149 Nord complex Not limited Nord (50%) 528.6 1.8%

154 Pits and Dumps Not rated Pits (45%) 136.9 0.5%

Dumps (45%)

Kimberlina (1%)

Panoche (1%)

Nord (1%)

Wasco (1%)

Unnamed, rare
flooding (1%)

Cajon (1%)

Delgado (1%)

Henneke (1%)

158 Remnoy very fine
sandy loam

Very limited Remnoy (85%) Depth to
cemented pan
(1.00)

44.7 0.2%

Sodium content
(1.00)

Salinity (1.00)
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Slow Rate Treatment of Wastewater— Summary by Map Unit — Kings County, California (CA031)

Map unit symbol Map unit name Rating Component
name (percent)

Rating reasons
(numeric values)

Acres in AOI Percent of AOI

Slow water
movement
(0.96)

167 Urban land Not rated Urban land (85%) 110.2 0.4%

Nord (2%)

Kimberlina (2%)

Grangeville (2%)

Lemoore (2%)

Lethent (1%)

Lakeside (1%)

Wasco (1%)

Unnamed, rare
flooding (1%)

Panoche (1%)

174 Wasco sandy
loam, 0 to 5
percent slopes

Not limited Wasco (85%) 1,405.5 4.9%

178 Westhaven clay
loam, saline-
alkali, 0 to 2
percent slop es

Somewhat limited Westhaven (85%) Slow water
movement
(0.96)

1,328.0 4.6%

Salinity (0.50)

179 Whitewolf coarse
sandy loam

Very limited Whitewolf (85%) Filtering capacity
(1.00)

3.3 0.0%

181 Water Not rated Water (100%) 296.0 1.0%

Subtotals for Soil Survey Area 23,312.8 80.7%

Totals for Area of Interest 28,899.3 100.0%

Slow Rate Treatment of Wastewater— Summary by Map Unit — Tulare County, Western Part, California (CA659)

Map unit symbol Map unit name Rating Component
name (percent)

Rating reasons
(numeric values)

Acres in AOI Percent of AOI

101 Akers-Akers,
saline-Sodic,
complex, 0 to 2
percent slopes

Somewhat limited Akers (60%) Sodium content
(0.32)

725.9 2.5%

108 Colpien loam, 0 to
2 percent
slopes

Somewhat limited Colpien (85%) Sodium content
(0.32)

1,352.8 4.7%

Slow water
movement
(0.21)

117 Gambogy loam,
drained, 0 to 1
percent slopes

Somewhat limited Gambogy (85%) Sodium content
(0.32)

1,085.5 3.8%

Slow water
movement
(0.21)

130 Nord fine sandy
loam, 0 to 2
percent slopes

Somewhat limited Nord (85%) Sodium content
(0.18)

1,378.2 4.8%
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Slow Rate Treatment of Wastewater— Summary by Map Unit — Tulare County, Western Part, California (CA659)

Map unit symbol Map unit name Rating Component
name (percent)

Rating reasons
(numeric values)

Acres in AOI Percent of AOI

137 Tagus loam, 0 to
2 percent
slopes

Somewhat limited Tagus (85%) Sodium content
(0.18)

944.8 3.3%

145 Water-perennial Not rated Water (100%) 99.4 0.3%

Subtotals for Soil Survey Area 5,586.5 19.3%

Totals for Area of Interest 28,899.3 100.0%

Slow Rate Treatment of Wastewater— Summary by Rating Value

Rating Acres in AOI Percent of AOI

Somewhat limited 13,551.2 46.9%

Very limited 12,771.4 44.2%

Not limited 1,934.1 6.7%

Null or Not Rated 642.6 2.2%

Totals for Area of Interest 28,899.3 100.0%

Rating Options—Slow Rate Treatment of Wastewater (Visalia
RWRF WW Disposal by Slow Rate Treatment)

Aggregation Method:  Dominant Condition

Aggregation is the process by which a set of component attribute values is reduced
to a single value that represents the map unit as a whole.

A map unit is typically composed of one or more "components". A component is either
some type of soil or some nonsoil entity, e.g., rock outcrop. For the attribute being
aggregated, the first step of the aggregation process is to derive one attribute value
for each of a map unit's components. From this set of component attributes, the next
step of the aggregation process derives a single value that represents the map unit
as a whole. Once a single value for each map unit is derived, a thematic map for soil
map units can be rendered. Aggregation must be done because, on any soil map, map
units are delineated but components are not.

For each of a map unit's components, a corresponding percent composition is
recorded. A percent composition of 60 indicates that the corresponding component
typically makes up approximately 60% of the map unit. Percent composition is a critical
factor in some, but not all, aggregation methods.

The aggregation method "Dominant Condition" first groups like attribute values for the
components in a map unit. For each group, percent composition is set to the sum of
the percent composition of all components participating in that group. These groups
now represent "conditions" rather than components. The attribute value associated
with the group with the highest cumulative percent composition is returned. If more
than one group shares the highest cumulative percent composition, the corresponding
"tie-break" rule determines which value should be returned. The "tie-break" rule
indicates whether the lower or higher group value should be returned in the case of a
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percent composition tie. The result returned by this aggregation method represents
the dominant condition throughout the map unit only when no tie has occurred.

Component Percent Cutoff:  None Specified

Components whose percent composition is below the cutoff value will not be
considered. If no cutoff value is specified, all components in the database will be
considered. The data for some contrasting soils of minor extent may not be in the
database, and therefore are not considered.

Tie-break Rule:  Higher

The tie-break rule indicates which value should be selected from a set of multiple
candidate values, or which value should be selected in the event of a percent
composition tie.
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