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ABSTRACT 
The Water Replenishment District of Southern California (WRD) is the groundwater 
management agency for the Central and West Coast Groundwater Basins located in 
southern Los Angeles County.  The WRD administers a database and extensive GIS 
containing information on groundwater quality, groundwater production, and water 
levels.  To better efficiently and effectively disseminate the data, the WRD has developed 
an IMS system that is linked to the MS-Access and GIS data.  ArcIMS 4 is used to 
generate reports, charts, maps and enforces security of the data.  Additionally, ArcIMS is 
equipped to expand and manage a larger data volume with increased tools. 

WRD OVERVIEW 
The Water Replenishment District of Southern California (WRD or District) was formed 
by a vote of the people in 1959 for the purpose of protecting the groundwater resources of 
the Central and West Coast groundwater basins in Southern Los Angeles County. 

WRD provides groundwater for nearly four million residents in 43 cities of Southern Los 
Angeles County.  The 420 square mile service area uses roughly 250,000 acre-feet of 
groundwater per year, which equates to approximately 40% of the total demand for 
water.  Prior to the formation of the District, overpumping of both basins caused many 
wells to go dry and seawater to intrude into the potable water aquifers.  In 1957, the 
accumulated overdraft in the Central Basin was over1 million acre-feet, and groundwater 
levels had dropped to below sea level in both basins.  During the 1950’s, the Los Angeles 
County Flood Control District purchased 500,000 acre-feet of imported water to 
artificially replenish the basins.  The Central Basin Water Association and West Basin 
Water Association, comprised of the major groundwater producers from each basin, 
jointly proposed and obtained voter approval for formation of the Water Replenishment 
District of Southern California to manage the Central and West Coast groundwater 
basins. 

In ensuing years, WRD’s role continued to expand as it developed programs to capture 
storm water, recharge recycled wastewater, monitor water quality and take advantage of 
evolving Metropolitan Water District of Southern California (MWD) water rates.  In 
1990, legislation was passed to strengthen WRD’s role in groundwater quality protection 
and to provide a special assessment ability to WRD to fund clean water programs.  The 
Water Replenishment District Act provides for local financing of the District’s operations 
by empowering WRD to levy and collect a replenishment assessment on water extracted 
from the Central and West Coast groundwater basins. 



GIS AT WRD 
GIS Use at WRD 
With WRD’s continued expansion of projects and programs during the 1990’s, the need 
for effective methods to manage ever increasing amounts of data became apparent.  In the 
mid-1990’s, it was decided that ESRI software combined with an MS-Access database 
would provide the District with the necessary data management tools required to 
efficiently manage and analyze groundwater data. 

The primary software that WRD uses is ESRI’s ArcView 3.x and ArcGIS 8.x and, for 
more sophisticated operations WRD uses ArcGIS ArcInfo.  The majority of the tasks 
performed using GIS involve making maps of water quality and well locations and their 
respective water quality data.  These maps are used to display the water quality data 
graphically and are displayed in water quality reports produced annually by WRD. In 
addition to the map making capabilities the GIS provides, WRD staff also use several 
extensions such as Spatial Analyst and 3-D Analyst.  The primary uses for these 
extensions are to create grids, contours and surfaces of water levels and aquifer depths 
throughout the basin.  The grids generated from water level data are used to perform 
aquifer storage calculations, which in turn, provide the basis for calculating the amount of 
water required to maintain the basins at optimum levels. 

Additionally, ESRI software is used by WRD staff to perform queries and analysis in 
response to the requests of the public.  WRD receives a steady stream of requests for 
information from members of the public, consultants, municipalities and other basin 
stakeholders.  Much of the information requested is site-specific water quality 
information, water level data, well construction information and hydrogeologic 
information (aquifer data, soil composition, specific capacity data etc.).  It is in part due 
to this interest in well and water quality data by the public, that WRD developed the 
interactive data search tool being discussed in this paper. 

GIS Master Plan 
In February 2000, WRD completed its GIS Master Plan based on the defined operation 
and information requirements of WRD and its stakeholders.  The Master Plan provided a 
summary of current GIS capabilities, defined requirements of departments and 
stakeholders, established a vision for GIS, presented a plan for GIS expansion and 
identified resulting benefits and costs. 

The vision statement developed is given below. 

WRD will become the primary repository and provider of 
comprehensive information pertaining to the Central and West 
Coast groundwater basins with a fully developed enterprise wide 
GIS. 

In order to achieve the above stated vision, a three-phase implementation plan was 
developed. 



Phase 1 – Improve Data Organization and Management 
This phase was completed in 2001 and optimized the physical organization of the 
existing GIS and related data to simplify access and maintenance.  As part of this phase 
of work, databases and data processing standards were documented.  Additionally, data 
maintenance processes were defined and basic data maintenance procedures were 
implemented. 

Phase 2 – Increase Data Access and Use 
Phase 2 involved the development of a preliminary ArcIMS site.  This phase built on the 
improvements accomplished during the first phase by providing WRD staff with 
improved accessibility to the GIS through a web based data viewer and network access to 
GIS databases. 

Phase 3 – Provide Enhanced GIS Capabilities 
Phase 3 involves the development of specific GIS applications prioritized by WRD.  The 
stable data management environment developed in Phase 1 plus the increase in staff 
familiarity of GIS data and GIS capabilities developed during Phase 2 form the 
foundation for developing new processing capabilities.  It is intended that this phase of 
the Master Plan will be ongoing as new data is made available and changes in software 
enhance the functionality and user-friendliness of the software.  The web site being 
discussed in this paper is the result of Phase 3 of the GIS Master Plan. 

WRD ARCIMS SITE – WELLS ONLINE 
Purpose 
The purpose for development of the ArcIMS site is to allow the public greater access to 
WRD’s databases and to reduce the amount of staff resources required to satisfy data 
requests. 

Overview 
The district measures the quality of the water within the two basins by sampling wells 
throughout the year.  This program is known as the Regional Groundwater Monitoring 
Program and involves a wide range of activities that include extensive water sampling, 
reporting as well as the construction of monitoring wells.  The latter shall be addressed in 
greater detail in subsequent paragraphs. 

As part of this program, the District publishes annual Regional Groundwater Monitoring 
Reports that summarize the groundwater quality in the Central and West Coast 
groundwater basins.  Additionally, the District develops an annual Engineering Survey 
and Report, which summarizes groundwater quantity and overall hydrologic conditions 
for the current year.  While these reports provide an excellent summary of overall basin 
health and areas of concern, many of the location specific data requests received by the 
District are unable to be satisfied by these reports.  In these cases, the requestor contacts 
WRD staff and the information is generated using WRD’s GIS system.  Currently, the 
handling of data requests account for approximately one third of WRD’s Assistant GIS 
Technician’s time. 



The WRD ArcIMS website known as Wells Online, was created to supplement and 
compliment the extensive MS-Access and ArcGIS database.  The process of designing 
the layout and working with the consultant PSOMAS took approximately 3 years.  
Throughout this time, many components were added to the application, including 
additional water quality data and enhanced graphing tools used to generate line graphs 
and bar charts.  Using this application, members of the public are now able to access 
water quality information, water level data, well construction information and well 
production information that is contained in WRD’s database.  The multiple tools 
provided by the ArcIMS site allow the user to pan around a map of the District boundary, 
browse through the water quality, well production and well construction information and, 
ultimately to create a map, graph or table containing the data of interest. 

The design of the Wells Online site went through several iterations before settling on a 
logical and functional site application flow.  Members of the public, consultants as well 
as WRD staff contributed a great deal of input on the design of the application.  The 
structure of the application includes a login page, a well search by form and a well search 
by map.  More specifically, these methods are: selecting a search area by location by 
drawing a rectangle around the particular area and drawing a circle with a given radius 
around that particular area or location.  Additionally, and similar to a program like 
MapQuest, a user can type in an address or a city name and Wells Online will zoom to the 
address on the map and provide a list of the wells in that area. Finally, the user can also 
type in the name of the well (using any of four commonly used naming conventions) and 
the general well location will be shown as well as the attribute information.  Once the 
map of the area has been shown, the user is able to use tools (pan, zoom, measure, 
identify, select) to navigate around the area and select wells of interest.  The graphic 
shown below is the initial well search page to Wells Online.   

The graphic below shows the Search by Wells Name / Owner option of locating a well.  
As shown, there are four distinct methods of selecting a particular well or wells. 

 

The graphic below shows the Search by Location option of locating a well. 



 

After the well(s) have been identified and if the user selects to view the Results by Map, 
a graphic similar to the one show below appears.  The panel in the lower half of the 
screen displays a tabular list of all wells that have been selected.  The upper portion of the 
screen contains a map of the selected wells with a map label that corresponds to the Map 
Label field shown on the lower half of the screen.  Additionally, a full suite of GIS tools 
are provided in the left panel. 

 



After the well(s) have been identified, the user is then able to choose what type of 
information they would like on the wells.  The options for this are water quality 
information, water level information, well construction information (for full access users) 
and water production information. The water quality information is organized so that the 
user can select a particular constituent and view the concentrations found of that 
constituent in the water drawn from that particular well.  Included in this list are the units 
and detection limits of these concentrations per DHS standards. The production 
information is available and is given as a value of acre-feet.  The user can select the time 
range for which they are interested (ex. Fiscal year, water year and month). The water 
level information is also displayed in a graph for each well with the date of measurement 
listed for each reading.  Well construction information for production wells is currently 
only available only to District staff due to security concerns.  Well construction 
information contains specific well information such as the latitude/longitude, well depth, 
casing diameter as well as the method of construction (ex. reverse bit drilling method as a 
method of drilling the well). 

The graphic shown below shows the menu that a user is taken to upon selecting the 
button under the Report field for a particular well.  It is from this screen that a user can 
access specific information for that well.  As shown on the graphic, the user can select to 
view Well Construction, Water Level, Well Production or Water Quality information.  A 
description of each of these options is provided in subsequent sections of this paper. 

 



Well Construction 
Part of the Regional Groundwater Monitoring Program discussed above involves the 
construction of actual monitoring wells throughout the basin.  WRD works in conjunction 
with organizations such as the USGS to construct monitoring wells throughout the 
Central and West Coast Basins.  Much information is garnered from the construction of 
these wells including soil composition and aquifer data.  These data are obtained by 
analyzing the electronic well logs, the USGS logs and the driller’s logs.  In addition to 
this, specific information about the well itself (for example well casing data, well name, 
depth of well, perforation intervals and surrounding soil composition) is also part of the 
information included on the well log.  All the data are obtained from a variety of sources 
and are input into WRD’s MS-Access database.  The graphic below summarizes the well 
construction information that is available.  Because it is against California law to release 
well construction information unless the owner agrees to it, Wells Online is designed to 
display only the well construction reports for WRD owned monitoring wells. 

 

Water Level Data 
In addition to Well Construction information, Water Level Data are monitored and 
analyzed throughout the year.  The actual water level readings are obtained using an 
electronic data logger as well as a manual water level reader.  Using Insitu software, 
water levels are monitored electronically and are stored as binary files.  These files are 
then downloaded from the well itself using a PDA or a laptop. Once back at the office, 



the binary files are converted into an excel spreadsheet document.  Water levels that are 
collected manually are done so using a Water Level Meter or an E-line; these samples are 
collected every other month and are input into an MS-Access database.  Analysis of 
trends occurring in the basin are analyzed and reported when water levels are plotted into 
MS-Excel.  In the annual report on groundwater mentioned above (RGWMR) the water 
levels are measured semiannually during the spring and fall and seasonal fluctuations are 
analyzed.   Not only does this provide a visual method for determining changes in 
groundwater levels throughout the basin but it can also be used to determine the amount 
of available storage space that remains in the basin from year to year.  The graphic shown 
below shows the water level information for the currently selected well. 

 

Well Production Information 
Well Production Information is obtained directly from individual well owners.  The well 
production information is important to WRD since it is the basis of much of the revenue 



received by the District since the District levies an assessment on all groundwater 
production in the Central and West Coast Basins.  Additionally, since both Central and 
West Coast Basins are adjudicated, the quantity of water that each pumper can produce 
must be accurately monitored.  WRD works closely with the California Department of 
Water Resources, which is charged with administering the adjudication, in order to 
ensure all groundwater production values are reported accurately.  The Wells Online site 
also provides pumpers with a simple means to periodically check groundwater production 
throughout the year to ensure compliance with the adjudication. 

Well production information is available on the Wells Online web site.  The graphic 
below shows the historical groundwater production.  The data can be displayed for Fiscal 
Year, Water Year or for a particular month. 

Water Quality 
The Water Quality Information is gathered in a number of ways.  The Regional 
Groundwater Monitoring Program coordinates the sampling of more than 200 wells 
located throughout the basins.  This sampling takes place at regular intervals throughout 



the year, roughly divided up into fall and spring sampling seasons.  The water samples 
are sent to and analyzed by a number of chemical laboratories and the results of the data 
are reported back to the district. The constituents that are monitored on a regular basis 
have water quality guidelines that are established for the state of California by the 
Department of Health Services (DHS).  The data input process is also an automated series 
of steps by which the lab sends the data to WRD in the form of electronic data 
deliverables, or EDD’s and then WRD uploads the data using a database loader software 
program.   

Additionally, WRD obtains water quality information from the DHS.  This is data that 
well owners are required to provide to the DHS and which in turn the DHS provides to 
the public.  WRD receives the complete data set for the state of California and does a 
considerable amount of data parsing before data specific to Los Angeles County are 
obtained.   The purpose of this data set is to obtain a more extensive set of water quality 
information for the two basins.  The primary purpose of maintaining such an extensive 
dataset is the production of reports such as the Regional Groundwater Monitoring Report 
that discuss and analyze the water quality of the basin in both a textual and graphical 
(maps) manner. 

The graphic shown below is the water quality screen from WRD’s Wells Online site.  
After a particular well is selected, a dropdown list of groundwater quality constituents is 
provided for the user to select from.  Upon selection of a constituent, the user can select 
to view the data in either tabular form or graphical form. 

 

Conclusion 
The construction of the Wells Online came as a response to the growing demand and need 
for WRD to implement a better method of displaying and managing data.  The water 
quality data are obtained through various projects and programs such as the Regional 
Groundwater Monitoring Program as well as through other agencies in the area.  
Additionally, the water level data are garnered from regular water level readings that are 



taken by staff from the many WRD owned monitoring wells constructed at choice 
locations throughout the two basins.  As key players in water management and, as part of 
the adjudication mentioned earlier, WRD monitors the production levels of wells in the 
district. Not only are these data are of great importance in the management of the basin 
health but, they are also useful for hydrogeologic analysis as well as general public 
information.  These combined factors provided the impetus for the creation of the Wells 
Online site being discussed in this paper.  

While the reasons for the creation of Wells Online was clear from the onset of the project, 
a series of discussions and meetings took place with groundwater basin stakeholders and 
board members with the goal of receiving feedback and approval for the eventual public 
release of the Wells Online. Prior to rolling the site out to the public, the following 
sequence of reviews of the site occurred events took place: 

1. Review by WRD Water Resources Committee, a subcommittee composes 
of two WRD Board members. 

2. Review by WRD Technical Advisory Committee, a committee composed 
of six basin stakeholders, three representing the Central Basin and three 
representing the West Coast Basin. 

3. Re-review by WRD Water Resources Committee 
4. Review by WRD Board of Directors 

In addition to this internal review, the site has also been through a review process by 
members of the public and their comments have been incorporated into the design of the 
project.  One of the points raised by these discussions is the concern and desire to more 
stringently regulate and monitor the access to the Wells Online data.  In response to these 
concerns, WRD is modifying the security and the accessibility of the site to incorporate a 
more formal procedure of requesting a password to the site and incorporating a time limit 
to such a password.  The ultimate goal being that the district knows who is requesting the 
data and can monitor the level of activity and hits on the website. 
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