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DRAFT SURFACE WATER SUPPLY WHITE PAPER 

 

1.0 Introduction 

There are seven components to Groundwater Sustainability Plan (GSP) coordinating agreements. 

These components will be described in the Department of Water Resources’ (DWR) GSP 

regulations, expected to be released in draft form in December 2015. The components are: 

a. Groundwater elevation data; 

b. Groundwater extraction data; 

c. Surface water supply; 

d. Total water use; 

e. Change in groundwater storage; 

f. Water budget, and 

g. Sustainable yield. 

 

This white paper was prepared by the Buena Vista Water Storage District (BVWSD) and 

addresses Item c of the preceding list – Surface Water Supply. The information presented in this 

paper provides an approach for incorporating data on surface water supplies entering the Buena 

Vista Groundwater Sustainability Agency (BVGSA) and for assessing the influence of these 

supplies on the agency’s water budget. The information presented in this document is intended to 

serve three purposes: 

• serve as guidance for the BVGSA;  

• present a rationale for the importance of accounting for surface water in development and 

implementation of GSPs, and 

• provide an accounting framework for surface water supplies that can be applied 

cooperatively by the BVGSA and other GSAs in Kern County.  

2.0 Role of Surface Water Accounting in SGMA  

An important underpinning of sustainable groundwater management is diligent management of 

surface water. This is particularly apparent in conjunctively managed areas such as the BVGSA 

where water crossing into the agency is conveyed almost exclusively as surface water (Kern 

River Rights, SWP contract or recovered banked water) while, once brought into the agency, 

surface water supply follows a number of pathways leading either to consumptive use, storage 

within the Agency’s boundaries for future use or movement beyond the GSA’s boundaries.  
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2.1  Surface Water Supply Inflows 

Surface water flows into a GSA generally fall into two categories 1) inflows in measured canals 

and streams, and 2) inflows in unmeasured channels. In the case of the BVGSA, because the 

GSA’s boundaries are defined by the East Side Canal and the West Side Canal and because the 

agency’s western flank is bounded by the Kern River Flood Channel, no unmeasured streams 

cross these features to carry water into the agency. Therefore all surface water inflows are 

entitlements or occasional flood flows brought into the agency in two measured conveyances 1) 

the Kern River; and 2) the California Aqueduct. While water from various sources including the 

Central Valley Project and external water banks can be directed into the BVGSA, all surface 

water inflows are conveyed through one of these two avenues.   

 

The BVGSA has developed an accounting worksheet for recording data to be included when 

calculating the GSA’s water budget. This worksheet is presented in Appendix A. Published data 

available from the Kern River Watermaster Report, KCWA’s annual Water Supply Reports and 

other sources will be used to document surface water deliveries into the BVGSA; these estimates 

will be confirmed using measurements of surface flows made by the District.  
 

2.2  Surface Water Supply Destinations 

Most surface water supplies delivered to the BVGSA are either consumed by crops or follow 

pathways that lead to groundwater storage where the water may be recovered for future use.  The 

location and availability of the water stored for future use is influenced by groundwater 

movement in response to gradients within the GSA and between the BVGSA and neighboring 

areas. Pathways surface water supplies follow within the BVGSA are described below.    

 2.2.1. Deliveries to Turnouts  

As noted above, surface water inflows to the BVGSA are measured.  In addition, deliveries 

from BVWSD canals and pipelines to turnouts are also measured and reported in compliance 

with SBx 7-7.  While the accuracy of the District’s delivery measurements now meets the 

requirements of the legislation, the on-going program to replace gated turnouts with propeller 

and magnetic flow meters is further improving the accuracy of these measurements.  

Appendix B presents information on SBx 7-7 and on steps that may be followed to comply 

with the measurement standards included in the legislation. 

2.2.2. Main Drain Outflow 

As well as measurement at turnouts, flows leaving the GSA in the Main Drain Canal are also 

measured.  These flows combine stormwater, tailwater from irrigation applications of both 

surface water supplies and groundwater supplies and channel accretion from areas having 

high groundwater elevations. Thus, while measured flows entering the GSA are distinctly 

surface water, measured outflows in the Main Drain Canal are fed by a number of sources. 
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Other flow paths taken by surface water supply entering the BVGSA are generally not 

measured.  These unmeasured flow paths characterize the relation between surface water 

supplies and groundwater, and are therefore important when considering how management of 

surface water supplies affects implementation of SGMA. 

 2.2.3. Groundwater Recharge (District component) 

Surface water supplies crossing into the BVGSA are conveyed to turnouts delivering water to 

farm fields and to dedicated recharge facilities. This conveyance takes place in canals that are 

deliberately not lined to encourage seepage as an element of BVWSD’s conjunctive 

management program.  The District is evaluating all the unlined canals and replacing unlined 

canals that do not effectively recharge with pipelines.  At the scale of a particular canal reach, 

the accuracy of the seepage estimate depends greatly on the technique used to make the 

estimate.  However, at the level of the BVGSA, a good approximation of seepage from the 

canal system can be made from the difference between water entering the canal system and 

water delivered to farm fields less an evaporation component.  The evaporation component 

will be estimated through weather data and a calculated wetted area.  Evapotranspiration of 

vegetation will be ignored as the District has an active maintenance program.  As BVWSD 

replaces gated turnouts with flow meters, the accuracy of measurement of deliveries to fields 

is improving and with that, the accuracy of the estimate of seepage losses. The estimate of 

water supply delivered by canals to fields and recharge facilities can be adjusted to account 

for groundwater pumped into canals for conveyance to turnouts to arrive at an accurate 

estimate of seepage directly attributable to surface water supply.  This flow path indicates a 

deliberate effort by BVWSD to use the District’s surface water supply to recharge 

groundwater for future us within the service area.    

A flow path taken by surface water supplies that parallels canal seepage is intentional 

recharge of groundwater through delivery of surface water supply to recharge ponds.  Here 

the volume of surface water being recharged is computed based on deliveries to the recharge 

ponds after adjustment for evaporation from the ponds’ surfaces.  This flow path represents 

an investment on the part of the District to store surface water supply for future use. 

Both canal seepage and recharge ponds are analogous to surface water storage in being 

District-supported facilities and operational practices that enable the BVWSD to carry over 

surface water supplies from periods when the supply exceeds demand for use during times 

when surface water inflows are inadequate to satisfy demand. 

 

 2.2.4. Groundwater Recharge (On-farm component) 

In addition to movement of surface water supply to groundwater through District-owned and 

maintained facilities, deep percolation of applied irrigation water is another important aspect 

of conjunctive management.  Accounting for deep percolation of applied surface water 

supply differs from accounting for seepage of surface water supply conveyed in canals or 
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delivered to spreading ponds in several respects.  The primary difference is that both surface 

water and groundwater entering the District’s conveyance system are measured making it 

possible to apportion seepage between surface water supply and groundwater.  By contrast, 

while the volume of water delivered through turnouts to farmlands is measured, the volume 

of groundwater pumped from private wells to augment deliveries from District facilities is 

not. Other distinctions are that deep percolation    

• occurs on farmland (land not managed by the District ); 

• is governed by irrigation application practices (e.g., flood irrigation versus drip) and 

management of these practices, and 

• has a relation to water quality (leaching fractions for high TDS applied water are 

higher than for better quality water). 
 
The Board of the BVWSD has approved installation of meters on wells within the District 

and meters have been purchased and are now being installed on private wells. This step will 

enable direct comparison of the volume of District-supplied water and privately-pumped 

groundwater applied to farmlands. Knowing the volume and timing of both surface water and 

groundwater applications will facilitate estimation of the total volume of deep percolation 

and determination of the contribution surface water supply makes to that total.   

 

Absent measured volumes for private pumping, the contribution of surface water supply to 

deep percolation is approximated based on another estimated value, actual crop consumptive 

use (ETa). 

 Estimation of Consumptive Use 

The main pathway for surface water supplies to leave the BVGSA is through crop 

consumptive use. Techniques for estimating consumptive use will be discussed in the white 

paper on total water use. The following section addresses how estimates of crop consumptive 

use, when combined with estimates of applied water, can be used to approximate the quantity 

of surface water supply that passes to groundwater through deep percolation.   

 

Estimation of Deep Percolation of Surface Water 

As with outflow in the Main Drain Canal, ETa from irrigated lands includes components of 

applied surface water and applied groundwater. However, because private pumping is not 

currently measured, the sources of consumed water cannot now be distinguished directly.  As 

a result, the current approach generally taken to estimate deep percolation of surface water 

supply is the following: 

 

1) Determine the measured volume of water delivered through District facilities to irrigated 

lands.  As noted above deliveries are measured and, as a greater number of propeller and 

magnetic flow meters are installed on canals and pipelines, the accuracy of this delivery 
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data will improve. Further, since groundwater discharged for conveyance in canals is also 

measured, the volume of surface water supply delivered to farmland is known.  The types 

of improvements in measurement of deliveries being implemented by the BVWSD are 

being put in place by many districts to comply with SBx7-7.       

2) Because the volume of “effective precipitation” during the irrigation season is generally 

negligible, there is no need to account for precipitation when assessing flow paths taken 

by surface water supply. 

3) Estimate ETa.  There are a number of techniques for accomplishing this including: 

• Use of published values; 

• Computation based on crop type, soil conditions and meteorological data, and 

• Use of remote sensing (e.g., satellite imagery). 

4) Subtract the volume of applied surface water from the ETa estimate to approximate the 

amount of supplemental water supplied by private pumping.   

5) Estimate the percentage of applied water from all sources that goes to deep percolation.  

This percentage can be determined from: 

• Published sources describing ranges of on-farm efficiency of various application 

methods; 

• Root zone water balances such as the Independent Demand Calculator (IDC) that 

compute monthly estimates of deep percolation. 

6) Apply the monthly or seasonal estimates of deep percolation and the monthly or seasonal 

estimates of applied surface water and applied groundwater to determine the volume of 

applied surface water that flows past the root zone and contributes to aquifer recharge 

through deep percolation.   

   

2.3  Recommendations for Surface Water Accounting 

With respect to SGMA, a central objective of the water budget is to quantify the contribution of 

surface water supply to achieving sustainable groundwater management. In the case of the 

BVGSA, the most accurately defined quantities in the water budget are the volumes of surface 

water supply entering the GSA and the volumes of water delivered to farm turnouts. Once within 

the GSA, surface water supplies take a number of pathways.  Water delivered at turnouts 

ultimately goes to ETa and the leaching fraction, pathways necessary for BVWSDs’ growers to 

attain their crop production goals. Other pathways, such as various avenues that convey surface 

water supplies to aquifers underlying the District, enable the District to maintain a long-term 

balance of supply and demand within the District’s service area.  Decisions to invest in recharge 

ponds as well as decisions not to invest in lining of canals rest on the premise that water seeping 

from District facilities and water percolating from irrigated lands are resources that, if carefully 

managed, will secure the District’s viability long into the future and enable the BVGSA to 

demonstrate the sustainability of its water management practices. 
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Another aspect of surface water supply not discussed in this white paper is the high quality of 

supply from the SWP and the Kern River. The high quality of these inflows enables surface 

water to be used as a tool in managing groundwater quality and for blending with lower quality 

groundwater to augment irrigation water supplies.        

 

3.0  Quality Control and Quality Assurance 

Data on surface water supply are reported values drawn from published sources including the 

Kern County Water Agency, the State Water Project and the Kern River Water Master. 

Examples of these reports are included in Appendix C and D respectively.  Computed values of 

ETa, canal seepage, and deep percolation will be checked to confirm that they follow standard 

methodologies.  Lastly, changes in groundwater storage determined based on estimates of 

groundwater recharge and pumping will be checked for consistency with changes in storage 

determined from measured changes in groundwater elevations.   
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Appendix A – Water Budget Accounting Spreadsheet 
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Appendix B – SBx7-7 Flow Rate Measurement Compliance 
for Agricultural Irrigation Districts  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



D R A F T  G R O U N D W A T E R  E X T R A C T I O N  D A T A  

F O R  B V W S D  

 

BVWSD  

Appendix C – Kern River Watermaster Report and KCWA 
Report on State Water Project Supplies  

 

 

 


