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INTRODUCTION 

The Kings River Conservation District (KRCD) is working with the Upper Kings Water Forum 
to evaluate, develop, and implement a regional conjunctive use program as part of the Kings 
Basin Integrated Regional Water Management Plan (IRWMP).  The regional conjunctive use 
program is to increase the water supply reliability of the region and meet IRWMP goals and 
objectives.  Generally, the following three important factors need to be considered in a 
conjunctive use project: 

� Land – there must be land available with appropriate physical conditions for 
recharge; 

� Conveyance – there must be canals or pipelines with available capacity to 
transport water; and 

� Water – there must be surface water available within the region or for import to 
the region for recharge. 

A feasibility evaluation of regional conjunctive use opportunities was conducted in this study.  
The purpose of this memo is to document the analyses and evaluations conducted to address 
each of these factors at a regional scale to support further definition and evaluation of the 
potential projects.  A summary of data used in this analysis is listed in Table 1.   

LAND SUITABILITY ANALYSIS 

Site condition is a key factor in the success of recharge operations through recharge ponds or 
surface spreading.  This section describes the processes used to pre- qualify lands suitable for 
recharge at a regional scale, based on the physical properties of the soil and subsurface 
conditions.  Properties of near surface soils directly affect the ability of water to infiltrate into 
ground and subsurface aquifer conditions directly affect the quantity of water that can be stored 
in the subsurface.   
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Table 1.  Summary of Data Used in the Analysis 

Purpose of 
Analysis 

Database Description Source 
Spatial and/or Temporal 

Coverage 

Land Use DWR 
Kings County (2003) 
Fresno County (2000) 
Tulare County (1999) 

Hydrologic Soils NRCS 
Fresno Central, Fresno 
West, Kings, Tulare 
Central, and Tulare East 

A Clay and E Clay  KRCD 2004 
Specific Yield* KRCD 2004 

Land Suitability 

Depth to Water  KRCD Spring 2003 
FID facilities FID 2005 

CID facilities 

KRCD 
(Based on Summers 
Engineering Map 
from 1986) 

2003 

AID facilities KRCD 2005 
FID Carrying 
Capacities of Ditches 

FID 1965 

Conveyance 
Capacity 

AID and CID Canal 
Capacities 

KRCD 2005 

Stream flow rates at 
James Weir 

KRWA 1964 - 2001 

Head Gate Diversions 
to CID and AID 

KRWA 1964 - 2001 

Mill Creek Flow 
USGS (11221700) 
Army Corps of 
Engineers 

1964 – 1995 
1995 - 2001 

Kings River Flow KRWA 1964 - 2001 

Water 
Availability 

Friant-Kern Canal 
Deliveries 

KRWA 1964 - 2001 

*Note the Specific Yield coverage does not cover all of the study area, most notably the AID area.  In order for the 
calculation results to cover the whole area, a specific yield value of 10% - 12% was used for areas with missing data. 

In the past, access to lands appropriate for recharge, either through acquisition or easement, 
was constrained by the inability of local irrigation districts to act promptly when property came 
into the market.  The inability to respond to land acquisition opportunities is the result of a 
number of constraints, including: the lack of information on the recharge capabilities of a 
property; limitations in available funds to acquire land; and delays associated with the need to 
comply with environmental requirements.  These constraints can be overcome by pre-qualifying 
areas suitable for recharge operations, evaluating a land acquisition program pursuant to the 
California Environmental Quality Act (CEQA), and establishing a funding mechanism to 
acquire land.   
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DATA SETS 

Five different digital maps and data were collected and used to identify suitable lands in the 
region.  These maps and data, available in Geographic Information Systems (GIS) compatible 
digital files, include:  

1. Land use, 

2. Hydrologic soils, 

3. A and E clay,  

4. Specific yield, and 

5. Depth to groundwater water. 

The data were used to evaluate the recharge feasibility of lands at a regional scale.  Data items 
2 and 3 were used to assess the infiltration ability and permeability of the lands in the region; 
data items 4 and 5 were used to evaluate the aquifer storage capacity.  An index ranking system 
was developed and applied using the GIS.  Different map features were ranked on a scale from 
1 to 5 with 1 being least favorable conditions and 5 being most favorable conditions.  An index 
value of zero was given for situations that would preclude a successful project.  The ranking 
factors and quantification methods are shown in Table 2. 

Land Use 

Land use maps were used to evaluate areas less feasible for recharge.  Areas in the urban 
spheres of influence may be excluded for conjunctive use sites; however, spheres of influence 
were not used as an exclusion criteria in this analysis since combined storm water and recharge 
facilities may still be developed.  Lands in urban areas or within a city sphere of influence are 
less feasible for recharge from a cost standpoint and therefore assigned a lower ranking; idle 
and vacant lands are given higher rankings than cropped lands; and annually cropped lands are 
given higher rankings than land with permanent crops.  A map of ranking index for land use is 
shown in Figure 1. 

Soil Permeability 

The United States Department of Agriculture, Natural Resources Conservation Service soils 
maps present classifications of the Hydrologic Soil Groups.  The soils map and the map of 
A-clay and/or E-clay formations were used to define areas that would allow for high rates of 
recharge and would be favorable for downward flow of water to the aquifer.  Areas identified 
as having smallest runoff potential (Type A) are ranked highest, and areas identified as having 
greatest runoff potential (Type D) are ranked lowest.  Runoff potential is inversely proportional 
to infiltration rates (i.e., low runoff potential means high infiltration rates).  Maps of the ranking 
index for Hydrologic Soil Groups and presence of A-clay and/or E-clay are shown in 
Figures 2 and 3, respectively. 
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Table 2.  Ranking Factors and Quantification Methods 

Factor Quantification Method Attribute 
Ranking 

Index 
Appropriate 
land uses 

Land use is quantified by land use 
maps, preferring idle or annual 
crops to urban or habitat areas. 

Land Use 
Idle 
Vacant 
Field Crop, Pasture 
Other Crops 
Urban, Semi Ag 
Riparian, Water, Native 

 
5 
4 
3 
2 
1 
0 

Surface and 
Subsurface 
Conditions  

Soil permeability is quantified 
using soils data from USDA-NRCS 
soil surveys in combination with 
the presence of the a-clay and e-
clay. 

Hydrologic Soil  
Groups 
Type A 
Type B 
Type C 
Type D 
 
A and E Clay 
Neither Clay 
E Clay 
Both Clays 

 
 

5 
* 
* 

1.25 
 
 

5 
3.33 
1.67 

Available 
storage 

Available storage is quantified by 
depth to water and specific yield 
maps 

Specific Yield 
17% - 19% 
14% - 16 % 
13% 
10% - 12% 
8% - 10 % 
 
Depth to Water (ft) 
>100 
76 – 100 
51-75 
26-50 
11 – 25  
0 – 10 

 
5 
4 
3 
2 
1 
 
 

5 
4 
3 
2 
1 
0 

* Hydrologic Soil Groups are ranked in a continuous range from 1.25 to 5 based on the relative percentage of A, B, C, 
and D soils in each mapped area. 

Available Storage 

Available groundwater storage is a function of 1) the distance between the water table and the 
root zone of nearby crops and 2) the ability of the geologic materials to transmit and store 
water, or the specific yield of the formation.  Ranking criteria are based on both of these factors.  
Areas with a thicker unsaturated zone and with higher specific yield are ranked higher.  To be 
conservative, a spring 2003 water levels map was used to calculate the depth to ground water.  
This was a year that followed a number of wet years and had relatively higher water table 
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elevations.  Maps of ranking index for depth to water and specific yield are shown in 
Figures 4 and 5, respectively. 

WEIGHTING 

The resulting rankings were calculated with all factors evenly weighted to keep the analysis 
simple and straightforward.  All of the five data coverages were overlaid in the GIS and the 
ranking indexes were applied to develop a composite score.  A maximum possible value of 
25 would represent land most suitable for recharge and a minimum possible value of 
3.92 would represent land least suitable for recharge.   

RESULTS 

The distribution of the composite index is shown in Figure 6.  The composite index was then 
reclassified to produce more general recharge potential map.  Figure 7 simplifies the recharge 
potential into four categories, identifying areas as having very high, high, medium, or low 
potential for implementation of a successful direct recharge project. 

CONVEYANCE CAPACITY ANALYSIS 

Conveyance facilities, either existing, improved, or new, are needed to move surface water from 
the point of origin to the lands suitable for recharge.  The cost of new conveyance facilities can 
constitute a large portion of overall project cost.  To limit the need for new facilities or rights-of-
way, a study was performed to identify the high potential recharge areas that are in close 
proximity to existing canals.  This analysis helps identifying areas where new facilities would be 
most beneficial and least costly.  The results also can be used to support subsequent evaluation 
of system improvements needs.  This section analyzes canal capacity data to identify the lands 
with a high recharge potential that are in close proximity to existing canals. 

CANAL CAPACITIES 

Canal location and capacity data were obtained from Fresno Irrigation District (FID), 
Consolidated Irrigation District (CID), Alta Irrigation District (AID), and KRCD.  Based on the 
available data, canal capacities for CID, AID, and FID are shown in Figures 8, 9, and 10, 
respectively. 

CANAL BUFFER 

Using the GIS, a buffer was mapped around each canal based on the canal capacity.  The buffer 
was used to define the reasonable distances to a canal that could deliver surface water.  It is 
assumed that the larger the canal capacity, the more feasible and cost effective it would be to 
deliver water farther away from the canal.  However, it is preferable to not make diversions 
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directly from the major canals so canals over 250 cfs were not buffered.  Table 3 summarizes the 
buffering criteria. 

Table 3.  Criteria for Creating Canal Buffers 

Canal Capacity (cfs) Buffer Size (miles) 
0 – 50 1/4 

50 – 100 1/2 
100 – 250 1 

250+ No Buffer 

The resulting canal buffers for CID, AID, and FID are shown in Figures 11, 12, and 
13, respectively. 

CANAL BUFFER AND RECHARGE POTENTIAL OVERLAY 

The canal buffer zones from Figures 11-13 were overlaid with the recharge potential coverage 
developed in the previous section in Figure 7.  The resulting coverage shows the recharge 
potential and the most feasible areas for delivering surface water and conjunctive use.  The 
results are shown for CID, AID, and FID in Figures 14, 15, and 16, respectively.   

SURFACE WATER AVAILABILITY ANALYSIS 

The availability of surface water from known sources was assessed for the Kings River regional 
conjunctive use program.  The primary sources of surface water potentially available in this 
region include:  the Kings River (flood flows, entitlement flows, and conserved releases), east 
side Fresno streams, and San Joaquin River through the Friant Kern Canal of the Central Valley 
Project (CVP), including Class 1, Class 2 and 215 flood water.   

The Kings River is a fully appropriated stream.  This means that water rights have been granted 
for the entire year round flow of the Kings River.  Even with the full appropriation of surface 
water supplies, there are times when Pine Flat Reservoir and existing facilities cannot store or 
manage all of the available water in the Kings River.  Flood flows which are not stored behind 
Pine Flat Dam or diverted into AID, CID, or FID canals, will run down the Kings River to the 
Lower Basin where they may be directed to either the North Fork of the Kings River and the 
James Bypass flood channel; or to the South Fork of the Kings River and Tulare Lake Basin.  
These uncontrolled flood flows could be captured and used for groundwater recharge.  

Other water that could be available for recharge to improve the yield of any proposed recharge 
facilities includes purchase of CVP 215 flood waters from the San Joaquin River that could be 
conveyed down the Friant Kern Canal; percolation of CVP Class 1 or Class 2 water by the City 
of Fresno or FID, respectively; or purchase, exchange or transfer of other waters from areas 
outside the Kings basin.  However, this analysis is limited to the analysis of Kings River flood 
waters.  Other potential water sources have not been evaluated at this time due to the limited 
availability of historical data; changing conditions related to CVP operations associated with the 
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San Joaquin Settlement Agreement; pending water rights filing for the Fresno streams group; 
and the need for further discussions with stakeholders both within and outside of the Upper 
Kings Region regarding groundwater banking opportunities.  

The purposes of this analysis were to evaluate: 

� The relationship between historical operations, canal capacity, and existing 
facility conveyance capacities;  

� Kings River flood water currently leaving the Kings Basin through the James 
Bypass; and  

� Evaluate opportunities to further divert Kings River flood water for groundwater 
recharge and banking, and quantify available yields through recharging this 
water in the upper Kings Basin. 

This section analyzes only the Kings River flood water that may be conveyed through existing 
or improved AID, FID and CID conveyance facilities to lands with a high recharge potential.  
The historical flow in the Kings River and available capacities of the AID, FID, CID, and 
combined FID and CID canals were evaluated to determine how often excess Kings River flood 
water could be used to increase groundwater recharge at times when there was available canal 
capacity. 

DATA, METHODOLOGY AND ASSUMPTIONS 

Daily data was used to evaluate surface water availability from Kings River flood flows.  This 
evaluation used the following daily data for the period of 1/1/1964 through 9/30/2001:  

� Pine Flat Dam releases to Kings River, Mill Creek flows at Piedra, and Friant-
Kern Canal deliveries into Kings River.  Data were obtained from KRCD.  The 
sum of above flows together with flows of Hughes Creek define the Kings River 
surface water entering the Upper Kings Basin;  

� Stream flows at the James Bypass gaging station were obtained from USGS 
(11253500) records.  This flow represents surface water that has been historically 
lost from the Kings Basin; and 

� Head gate diversion records to AID’s Alta Main Channel, CID’s Consolidated 
Canal, and FID’s Fresno Canal and Gould Canal were obtained from the Kings 
River Water Association. 

Canal capacity data for the major AID, CID, and FID canals is summarized in Table 4. 

Table 4.  Canal Capacity 

Canal Name District Capacity (cfs) 

Alta Main Channel AID 850 
Consolidated Canal CID 2,100 
Fresno Canal FID 1,500 
Gould Canal FID 500 
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The Friant-Kern Canal delivery data were available on a monthly time step.  The following 
steps were conducted to estimate daily Friant-Kern Canal diversions: 

� Collected daily flow records from USGS 11250000, Friant-Kern Canal at Friant; 

� Converted USGS daily flows into monthly flows; 

� Calculated the ratios of monthly Friant-Kern Canal diversions to monthly USGS 
flows for each month; 

� Assumed the ratio for the month is the same for every day of the month; and 

� Multiplied USGS daily flows by the ratios to obtain the estimated daily 
diversions. 

Frequency analysis of the daily data and diversion potentials were conducted for purposes of 
determining the availability and timing of flows and diversion opportunities at times when 
canal capacity was available.   

Available canal capacities were determined by evaluating the daily difference between a canal 
capacity and the head gate diversion.  To evaluate only the water lost through the James 
Bypass, summation of daily diversion and daily James Bypass flow is compared with the canal 
capacity.  If the summation is larger than or equal to the canal capacity for the day, the canal 
capacity minus the diversion is the amount of recoverable James Bypass loss through the canal 
of interest.  If the summation is less than the canal capacity for the day, the entire James Bypass 
loss is considered recoverable.  This methodology was applied to Alta Main Channel of AID, 
Consolidated Canal of CID, combined Fresno Canal and Gould Canal of FID, as well as all three 
canals of combined CID and FID.  Historical availability of recoverable James losses were 
analyzed and presented in the following section.   

RESULTS AND DISCUSSIONS 

Kings River flood flows are highly variable from year to year as shown in Figure 17, which 
presents the daily flows at the James Bypass gaging station for the period of record.  Daily 
analysis of flow and the frequency of occurrence help to quantify diversion and recharge 
opportunities.  Figure 18 shows a frequency analysis including the flows at the James Bypass.  It 
shows that measured flows at James Bypass occurred less than 15% of the time from 1964 to 
2001.  As shown in Figure 17, these flows typically occur at high rates over relatively short 
periods of time.   

Figures 19a through 19c demonstrate the temporal distribution of recoverable and non-
recoverable flood water (in a daily time scale) for the years 2000, 1983 and 1977, which represent 
the average (A), wet (W), and dry (D) years, respectively.  Annual summary of recoverable and 
non-recoverable flood water for these three years is shown in Figure 19d.  The figures are for 
the CID facilities and are used to provide examples of the analysis of the other facilities, and to 
explain the basic analysis concepts and observations.  The red line on the figures shows the total 
CID canal capacity of 2,100 cfs.  Total Kings River flows (black line); the flows past the James 
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Bypass (blue area in the figure) and the actual CID diversions (green area in the figure) are also 
shown.   

Note that there are flows at the James Bypass only in wet years (Figures 19c and 19d), and there 
is typically no flow at the James Bypass, even at times when there is significant flow on the 
Kings River and diversion at the CID canal in dry year (Figure 19a) and above normal years 
(Figure 19b). 

Figure 19c for 1983, a wet year, shows that there were times when there were flows past the 
James Bypass gage.  This water could have been recovered if there was improved conveyance 
capacity.  Note that there were times even in wet years when CID was diverting less than the 
full canal capacity.  This capacity could be utilized if additional water were available.   

Figure 19d shows that in the wet year of 1983, if CID had diverted all recoverable water that 
flowed by James Bypass at times when their canals had capacity, there was a maximum 
theoretical recovery or yield of 801 TAF (blue areas in the figure).  The grey areas indicate 
unused canal capacity.  Note that in the years 1977 (below normal) and 2000 (above normal) 
there was plenty of unused capacity.  This available unused capacity could be used to convey 
and recharge other sources of water to recharge facilities should such water be available 
through import, purchase, exchange or transfer.   

Figure 20 presents the results for the recent ten year time period from 1991 through 2001.  In this 
figure the red line shows the combined FID and CID diversion capacity of 4,100 cfs.  The blue 
line at the top of the figure shows the times when the Army Corp of Engineers declared flood 
release.  Note that in 4 of the 10 years there was recoverable water and available canal capacities 
that could have been used to divert water to groundwater recharge ponds or for spreading.  The 
same analysis for the full period of 1964 – 2001 for AID, CID, FID, and the combined FID and 
CID diversions is provided in Appendix A.  The data was used to describe the potential yields 
from diversion and conjunctive use of Kings River flood flows as discussed further below.  

The exceedance chart of James flows and recoverable water at AID, CID, FID, and combined 
CID and FID facilities are shown in Figure 21.  The water lost through the James Bypass 
exceeded 875 cfs roughly 10% of time.  The 10% flow frequency can be used to establish 
preliminary target design specifications and sizes for the recharge facilities area that would be 
needed to capture the flood flow.  Table 5 provides a summary of the design flows and recharge 
areas required to percolate water that can be conveyed through available canal capacities.   

For the historical period 1964 through 2001, Table 6 shows that the maximum recoverable James 
Bypass flows could be 22, 95, 92, and 174 TAF using AID, CID, FID, and the combined CID and 
FID facilities, respectively.  These recoverable losses would only consume about 4 – 6% of the 
respective canal capacity.  When the actual diversion and recoverable losses were considered, 
the canals would have 83%, 75%, 59%, and 67% of capacity available for AID, CID, FID, and 
combined CID and FID cases, respectively, that could be used to convey water from other 
sources.  
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Table 5.  Design Flows and Area 

Irrigation District 
Design 

Flow (cfs) 
Land Area Needed for 

Recharge1 (Acres) 
AID 100 400 
CID 470 1,900 
FID 320 1,300 

CID & FID 660 2,600 

1 Assumes .5 acre-feet per day percolation rate.  This is relatively conservative given 
 the soil conditions and operational experience at some existing facilities. 

Table 6.  Categorized Total Average Annual Volume (TAF/Year)  
and Percentage of Canal Capacity of Potential Water Use, 1964-2001 

Constrained Canal 
Capacity of 

Diversion 
Recoverable 
James Loss 

Unused Capacity 
for Extra Water 

Canal Capacity 
Full Usage 

AID 83 (13%) 22 (4%) 511 (83%) 616 (100%) 
CID  291 (19%) 95 (6%) 1,135 (75%) 1,521 (100%) 
FID  507 (35%) 92 (6%) 850 (59%) 1,449 (100%) 
CID and FID 798 (27%) 174 (6%) 1,998 (67%) 2,970 (100%) 

FINDINGS, OBSERVATIONS AND ADDITIONAL CONSIDERATIONS 

The following findings and observations are made as a result of this analysis. 

� There are lands within proximity to existing canals that are suitable for 
development of groundwater recharge and spreading facilities and operations; 

� There is a substantial amount of Kings River flood water that is lost through 
James Bypass but such water is available only 15% of the time; 

� There is available canal capacity to convey Kings River flood water, or water 
from other sources obtained through purchase, exchange or transfer and 
imported into the region, for purposes of groundwater recharge and banking; 

� There is a significant theoretical yield should land be acquired for recharge 
facilities based on the preliminary design flows evaluated;   

� Up to 2600 acres of land would be needed to take advantage of the available 
flood flows and canal capacities; and 

� Further feasibility evaluation of site specific conditions, individual canal reaches, 
and project concepts should be undertaken to further evaluate costs and benefits.  

There are other factors beyond what was analyzed in this memo that determine conjunctive use 
feasibility.  Examples of additional information that will be considered include: 

� Water quality of recharge surface water and receiving groundwater; 

� Institutional and political factors; 

� Local “on the ground” field conditions; and  

� Economic costs and benefits and funding sources. 
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APPENDIX A DAILY RESULTS FOR AID, CID, FID  
 AND COMBINED CID AND FID 


