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Abstract

The U.S. Bureau of Reclamation (USBR), along with other Department of the Interior (DOI) agencies, is in the midst 
of developing an enterprise approach to the application of GIS to their common business practices. One major area of 
focus is actions related to lands. A variety of USBR business activities and programs depend on accurate 
representations of land areas. This includes the representation of land ownership information, areas of restrictions, 
areas of various administrative units, and the capture of information for monitoring and compliance activities. This 
information is involved in contracting with water districts for water deliveries, monitoring and compliance for a 
variety of programs, and the recording of land transactions by USBR. 

The ArcGIS Federal Lands Data Model (NILS) and the ArcGIS Parcel Data Model provide guidance for USBR in 
designing an object model for lands data. The U.S. Bureau of Land Management (BLM) is the official land records 
management organization for federal agencies. The NILS model provides a potential framework for developing the 
USBR geodatabase for land transactions involving land parcels and easements. Other lands data is independent of 
boundaries represented in the NILS model. This data includes boundaries for water districts and other boundaries 
related to water supply contracts and monitoring. The ArcGIS Parcel Data Model provides a basis for developing 
geodatabases for lands related data that is independent of a parcel or ownership data. Design of a lands geodatabase 
provides the opportunity to evaluate the relationships and applications of current lands related data. They also 
provide the opportunity to integrate GIS into the business practices of USBR for land records, water service 
contracts, and other USBR programs. This paper examines both models with respect to USBR business requirements. 

Introduction

The U.S. Bureau of Reclamation (USBR), as well as other agencies of the Department of the Interior 
(DOI), is involved in the development and implementation of enterprise GIS to enable it to meet its 
mission. This was initiated with the adoption of the DOI-wide licensing agreement with ESRI for GIS 
software. The enterprise effort extends to a more fundamental level of integrating GIS and related spatial 
technologies into the common business practices of each agency and where applicable between 
agencies. 



Lands data of critical importance to USBR are those related to USBR facilities management, water 
service contract administration, and monitoring and compliance for various programs. Outside USBR, 
two related geospatial data models on lands are under development. One is the Federal Lands Data 
Model as represented by the National Integrated Land System (NILS) of the U.S. Bureau of Land 
Management and U.S. Forest Service (BLM, 2002 and BLM, 2000). The other is the ArcGIS Parcel 
Data Model (von Meyer, Oppmann, Grise, and Hewitt, 2001). Both of these related models have 
application to USBR business practices. 

To meet the needs of USBR, several data layers related to land issues have developed over time. These 
include parcel level information identifying fee and easements involving USBR, administrative units, 
lands eligible for project water, and layers used in monitoring and compliance. The public land survey 
system (PLSS) provides spatial reference and coordinate control for much but not all of the areas served 
by USBR projects. Many activities performed by USBR involve lands that are in private ownership. 
Some of these lands have never been in the public domain such as Spanish land grants and have no 
relationship to PLSS. 

This discussion will focus on development of geodatabase models to meet business practices within the 
Mid-Pacific Region of USBR. USBR faces the challenge of identifying and developing common 
geodatabase definitions to meet a variety of business requirements both across and outside the 
organization. 

Basic Lands Related Data for the U.S. Bureau of Reclamation

Lands related databases in use by USBR include the following; 

●     Layers associated with the eligibility of lands to receive project water.
●     Layers associated with monitoring and compliance for USBR programs.
●     Layers of administrative units.
●     Land parcel or encumbrance layers for USBR administered lands.

Data from these separate groupings are frequently used together to address issues for USBR. 

Layers associated with eligibility of lands to receive project water - USBR maintains a mix of paper 
maps, and geospatial and tabular databases related to water service contracts. An area must meet several 
criteria to be eligible to receive project water. The land must be within a project service area. The land 
must be within the water rights permitted place of use for the project. Irrigation suitability land 
classification for the project must indicate that the land meets criteria for irrigation. 

A principal data theme is the location and identification of permitted place of use (POU), and diversion 
points associated with water rights. State regulatory authorities determine terms and conditions for the 



water right. Their decision depends on records such as recorded surveys, plat maps, property maps, 
drawing records, and other documents. The water right may be held by the owner, water district, or be 
associated with a USBR project. 

USBR is responsible for classifying lands to determine their irrigation suitability for most water projects. 
Maps of irrigation suitability land classification identify lands that are eligible to receive water based on 
soil and economic criteria for each project. These maps also identify lands that are not eligible to receive 
project irrigation water, usually based on soil characteristics. This land classification is initially 
developed at the time that a water project is authorized by Congress. 

Layers associated with monitoring and compliance for USBR programs - Increasing demand for 
project water and environmental requirements has created a need to monitor trends and verify 
compliance for several programs. USBR is involved in developing a variety of cropping history and land 
cover databases. These are used for water needs assessment, modeling surface and ground water use, 
and programs for water conservation, water transfers, and mitigating loss in aquatic and upland habitats. 
These monitoring and compliance activities are often tied back to a land base. 

Layers identifying administrative units - A variety of administrative boundaries are in common use by 
USBR. These include projects, units of projects, and other administrative areas internal to USBR. Many 
of these boundaries are dependent on lands held in fee and administered by USBR or by another agency. 
Other boundaries are dependent on the entities served by USBR projects. These are the boundaries of 
water districts or water providers. They are commonly referred to as water districts, but include wildlife 
areas, other agencies, individual organizations, and individuals. Associated with the boundaries of these 
water districts are service areas that are eligible to receive project water. USBR commonly identifies the 
projects and units of the projects that are associated with each of the water districts as well as other 
contract information. 

Parcel and encumbrance data layers - USBR is active in land transactions related to its water projects. 
This includes both the acquisition and disposal of lands related to the projects and acquiring and 
granting of various easements. Parcel data includes lands held in fee by the United States administered 
by USBR or by another agency. Boundaries for these lands are the basis for determining jurisdiction for 
law enforcement and tax assessment purposes. Currently a mix of geospatial and tabular databases are 
maintained of this land parcel and encumbrance information. Project facilities of USBR represent a 
separate but related database. Separate parcel information from various counties and vendors is 
maintained to assist in property appraisal research. 

Conceptual Model for USBR Lands Related Data

The existing GIS lands data are used in a variety of applications to address issues by USBR. An 
understanding of these applications is required for migration of this data into a geodatabase model. This 
includes identifying the features represented, relationships between these features, and other databases 
that are in use by the organization. The NILS model and ArcGIS parcel data model provide guidance for 



similar land applications. The main components in both models are the identification of parcels and 
encumbrances for land ownership including the coordinate control for the spatial representation. These 
have an underlying framework for storing legal descriptions, survey records, and measurement values. 
They also identify feature classes for addressing other lands related data. Other data such as regulated 
uses, restrictions, and various administrative units have boundaries that are independent of parcels. For 
USBR applications, this includes information on the eligibility of lands to receive project water, water 
district boundaries, and monitoring and compliance data. These features are independent of the parcel 
data but associated with it. The parcel models assist in identifying feature classes and databases for these 
associated features that will be consistent with the underlying parcel model. 

For illustration, this conceptual model will discuss requirements for these feature data sets. 

●     Regulated Uses and Restrictions (POU Boundaries in California),
●     Administrative Units (Water Districts and other Water Users),
●     Parcels and Encumbrances (Fee and Easement Lands for USBR),
●     Underlying Spatial Control, Survey, Legal Descriptions.

Feature classes identified for these layers should assist in defining the overall geodatabases. It is 
intended to serve as a guide as the Mid-Pacific Region begins development work on geodatabases for 
lands information. 

Regulated Uses and Restrictions (POU Boundaries in California)

For USBR business needs it is important to recognize water right status, and other requirements for 
delivery of water to a water user. The California State Water Resources Control Board (Board) permits 
areas where the potential for beneficial use of water exists. The Board decisions can include various 
restrictions for water delivery. There are permitted place of use (POU) boundaries for individual 
applicants or water districts. USBR recognizes these as base supply for that water provider. There are 
also permitted POU boundaries for water supplied from federal projects. Boundaries for USBR projects 
are based on USBR drawing records and other records on irrigation status or history. The consolidated 
POU boundary for Central Valley Project (CVP) was originally adopted in 1999 with several 
amendments over time. It is based on individual POU boundaries for separate CVP facilities. Each of 
these boundaries is based on separate drawings compiled at different scales and times. This overall 
boundary does not include all CVP projects within the State. There are multiple POU boundaries for the 
CVP which overlap. 

Figure 1 shows a portion of the consolidated place of use boundary for the CVP. Underlying this 
boundary are the section and Township lines of PLSS. Some portions of the POU boundary are 
coincident with PLSS and other portions are entirely independent. 



 

Contracts for water supply may include special conditions which are separate from regulatory POU 
boundaries or water rights. A service area boundary may be identified that is independent of the water 
district boundary. In addition, USBR land classification for irrigation suitability may identify areas that 
are not suitable for irrigation. As part of the business process, these boundaries must be available for 
review. These boundaries are often coincident to water district boundaries or the POU boundary. An 
example of a boundary showing restrictions required by USBR that apply to water delivery within a 
water district boundary are shown in Figure 2 as the service area boundary. Generally, service area 
boundaries are coincident with water district boundaries. In some cases, service area boundaries are 
independent of the administrative boundary for the water district. Portions of this boundary may follow 
the POU boundary and these sections should be coincident with it. 

 

Feature classes and relationships - Water rights or place of use are polygon feature classes. 
Boundaries are line feature classes that are often coincident with other features. These include 
subdivisions of PLSS, and water district boundaries. 

The underlying control for portions of these boundaries is PLSS. Water rights of the same type and same 
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permit holder should not overlap. However, different types of water rights or separate permit holder 
boundaries can overlap. Where line features for boundaries are intended to be coincident, errors 
represent exceptions until reviewed and adopted by the State authority. Boundaries for features that are 
internal to USBR such as a service area boundary that are intended to be coincident to PLSS or water 
district boundaries represent errors. These errors would be resolved internally between USBR and the 
water district. 

Related databases - To effectively manage this data, related tables are required that identify source 
documents or data used to define line segments of the boundaries. These tables are similar to the parcel 
reference table identified in the NILS model. In addition, stipulations or decisions that affect particular 
areas need to be identified and related to the appropriate boundary for that area. 

Administrative Units (Water Districts)

Among the set of administrative boundaries of interest to USBR are the boundaries of water districts. 
USBR coordinates with the California Department of Water Resources in the capture and maintenance 
of water district boundaries. These are commonly special districts organized under State regulations but 
also include municipalities, wildlife refuges, other public agencies, and independent parcels. These 
boundaries are used to assist in tracking water supply contracts, sub contracts, and water transfers 
between entities. USBR is responsible for reporting on the area and inclusion or exclusion of areas for 
the water districts. Figure 3 shows a portion of a water district boundary. Portions of these boundaries 
are coincident with PLSS. Other portions of the boundaries are independent. The service area boundary 
should be entirely within the district boundary and should be coincident with the POU boundary except 
where the service area boundary is based on other criteria. 

 

There is an increasing need to monitor trends in water and land use. This includes monitoring irrigation 
status, identifying lands participating in water conservation programs, or other programs. Changes in 
land cover types are being reported for water districts in support of biological opinions by the U.S. Fish 
and Wildlife Service on the Central Valley Project. Monitoring land cover, land use, and irrigation status 
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have relied on field border polygons for capture of the appropriate information. These are usually nested 
within section or parcel boundaries and are independent of those boundaries. Figure 4 shows field 
borders for a portion of the Sacramento Valley, California. Field borders are nested within sections and 
follow other landscape features such as roads, and irrigation systems. 

 

Feature classes and relationships- Water districts and other water providers are represented by 
polygon features. These polygon features are not continuous, have holes, and overlap. Service areas 
generally correspond to water districts, but some service areas nest within portions of a water district. 
The boundaries are line feature classes that are often coincident with subdivisions of PLSS. These line 
features may be split into subtypes to identify boundaries which are dependent on PLSS. Where 
boundary features are intended to be coincident, errors represent errors that require resolution by USBR 
with the water district. 

Field borders are polygon features which do not overlap and are not continuous. Boundaries of field 
borders nest within subdivisions of PLSS or parcels and are generally independent of those boundaries. 
Line features representing boundaries may be split into subtypes to identify the source of the boundary 
and the date and reason for updating the boundary. Topological validation for field borders will identify 
areas of overlap for review and correction. 

Related databases - All water providers recognized by USBR have a unique identifier known as the 
IDCON number. This identifier provides a link to other databases for contract administration. Other 
information maintained with the boundaries for water districts include names identifying the water 
district, and divisions or units of projects associated with the water district. In many cases, these are one 
to many relationships. For example, a given water district may be recognized as receiving water from 
several different units of the Central Valley Project as well as the State Water Project. The water district 
may also be recognized by different names. USBR has an increasing need to identify water districts 
affected by changes in water supply, water transfers, and subcontracts. 

Field border polygons exist primarily to relate to other data containing monitoring, compliance, or land 
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cover and land use information. The field border polygons are collected from a variety of sources and a 
database table needs to identify those sources. These sources include USBR, NRCS, California 
Department of Water Resources, and local County Agricultural Commissioners. 

Parcels and Encumbrances (Fee and Easements for USBR)

Parcels maintained by USBR are those held in fee by the United States and administered by USBR. 
USBR does have access to parcel data features from some counties. The parcel data from the individual 
counties is frequently used to identify particular parcels where land actions are to take place. These land 
actions are typically easement acquisition, land acquisition, or land exchanges with a non federal entity. 

The basic sets of parcel information for the lands administered by USBR were developed by the three 
methods identified in the ArcGIS Parcel Data Model (von Meyer, Oppmann, Grise, and Hewitt, 2001). 
Some are based on cartographic construction from plat maps. Others were constructed with COGO using 
computations off of the available PLSS. A few are based on adjustments with survey data. In California, 
USBR typically relies on private surveyors to resolve boundary locations for reporting to the County 
Recorder. It is assumed that the County parcel data available to USBR also falls into these three 
categories. 

Encumbrances are typically rights of way easements across USBR administered lands for access by 
other entities or for access by USBR across private lands. Other encumbrances that also fit into these 
models are the acquisition of easements by USBR for other uses. This includes flood easements and sites 
for radio telemetry facilities. An increasingly significant land action in the Mid-Pacific Region is the 
acquisition of easements excluding land from irrigation in the San Joaquin Valley. These easements are 
directly tied to particular parcels. Easements must at some point be reported to BLM. Easements on 
private land are also reported to the local County Recorder. 

Figure 5 shows an area with easements that will be acquired by USBR related to a court settlement on 
drainage affected lands. The initial spatial representation for these easements is provided by County 
parcel data. The control for the location of these parcels is dependent on County records and the 
methods followed by the particular County. Currently, easements held by USBR are embedded in the 
parcel data for USBR lands. 



 

Lands held or easements held by the United States fall into the NILS data model. The area of these 
parcels and encumbrances are not continuous. They include areas that are not part of the public land 
survey system. 

Other parcel transactions that USBR is involved in which are held in fee by non federal agencies are 
reported back to and maintained by the separate Counties. Typically, USBR is involved in the 
transaction to meet requirements for the operation or mitigation of a project but title or easement is held 
by a third party. The parcel layers maintained by USBR provide reference information for these 
transactions. They are not part of the normal business process for land transactions. 

It is not expected that USBR will be maintaining copies of County parcel data in the USBR lands 
database. Data that various Counties provide to USBR will be maintained separately with any 
restrictions that the County may require for this data. It is recognized that this data can only be provided 
on an intermittent basis by individual Counties and may not be current. 

Feature classes and relationships- Fee lands administered by USBR or another agency and 
encumbrances or easements are polygon feature classes. These polygon features are not continuous and 
have holes. Polygon features of parcels or ownership should not overlap. Easements or encumbrances 
are a separate feature class and may overlap. Boundaries are line feature classes that are often coincident 
with subdivisions of PLSS. These features are dependent on the components of PLSS as defined in the 
NILS data model. For parcels and encumbrances captured from Counties or other sources, the 
representation from the source follows the NILS data model. 

Related databases - As identified in the NILS model, a parcel reference table is a key table for 
identifying the source for the parcel and encumbrance representation. 

There are two major databases for maintaining land records information internal to USBR which are 
independent of the geospatial representation of parcels. These are the Foundation Information for Real 
Property Management (FIRM) and the Federal Financial System (FFS) for recording land costs (USBR, 
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2002). FIRM represents the original acquisition cost for both fee and easement transactions as well as 
the reported area. Land costs and other real property must be reconciled between these two systems as 
part of the business process. The supporting documentation for this reconciliation includes the same 
documents that support the spatial representation of the lands. These include (USBR, 2002): 

●     Plat books,
●     Deeds,
●     Transfer documents,
●     Rights of way notices,
●     County Clerk records,
●     Hand posted plant ledgers.

Figure 6 shows a portion of the USBR parcel database. This is an area of acquired and withdrawn lands 
for the New Melones Dam, California. The spatial database of USBR parcels links to the FIRM 
database. The linkage between the spatial representation of these lands and FIRM needs to be developed. 
The parcel database should nest within the PLSS boundaries. This figure shows that there is a visible 
offset between the parcel database and PLSS. 

 

Underlying Survey or Spatial Control

The underlying control for most lands administered by USBR is the public land survey system and the 
associated geodetic control database. Some areas fall outside of this network. These are lands in Spanish 
land grants or other lands recorded by local government. The method of construction for each parcel or 
easement needs to be retained with the spatial representation. For those developed by cartographic 
construction from plat maps or other sources, the appropriate documents will need to be identified for 
entry following the NILS model. Those developed using COGO or from survey data should fit easily 
into the database following the NILS model. Geodetic coordinate control may not be available for some 
surveyed parcels. For those parcels recognized as held in fee by the United States from separate County 
sources, documentation for the boundary may be limited. 
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Geodatabases of USBR Lands Data

There are several issues in migrating existing lands data into geodatabases. Initially, it is expected that 
there will be three geodatabases that follow separate business processes. These databases are related and 
at some point may be combined. One geodatabase would carry water districts and water contracting 
information. It would contain features representing regulatory restrictions or contract requirements for 
water service. This would include water rights or the POU boundaries recognized for the project area as 
well as any other boundaries affecting water service areas. A related geodatabase would maintain field 
borders for monitoring or compliance programs. A basic lands geodatabase would carry land 
transactions. PLSS would be an underlying layer for coordinate control and reference for these 
geodatabases. 

Geodatabase for Water Contracting

The geodatabase of representing water districts would contain boundaries representing water districts, 
water rights, POU, water service areas, and other restrictions. A key component of the geodatabase 
would be the table of unique identifiers or IDCON numbers. This set of numbers link to legacy records. 
They do not get recycled. This table would identify all water providers recognized in contracting 
including entities that are not currently in the set of water districts. Separate tables would identify USBR 
projects or units associated with the water provider. A separate document reference table would identify 
sources for POU boundaries or water rights. It would contain other administrative boundaries such as the 
legal boundary for the Sacramento - San Joaquin Delta. 

This geodatabase would support contract renewal and compliance activities. It would track changes in 
water user organizations and the inclusion or exclusion of lands within these units. It would identify two 
main components for determining the eligibility of lands to receive project water. This would be POU 
boundaries for the project and service areas for the project. Initially, it would not contain irrigation 
suitability for land classification. Boundaries for this land classification are generally independent of 
other feature classes in this geodatabase and it can be developed independently. 

Portions of boundaries in this geodatabase are intended to be coincident with subdivisions of PLSS or 
other components of the geodatabase. None of the boundaries have any direct linkage to survey records. 
Many of the boundaries do require recognition of lineage to source documents. This is particularly true 
for the POU boundaries which have associated drawing records or other information presented to the 
Water Resources Control Board. 

Geodatabase for Monitoring and Compliance Activities

Monitoring and compliance activities for USBR represent a subset of activities that are related to water 
districts, contracts, and other USBR programs. Information for these activities is most easily captured 
from field border databases. Information captured by field borders include fallow areas, irrigation status, 



and other land cover or land use information. Field borders are not dependent on subdivisions of PLSS 
or other boundaries. PLSS and water district boundaries provide general reference for the location of the 
field border polygons. 

The field border database is expected to link to a large set of related attribute information. Basic 
information with the field borders are sources of boundaries and reasons for boundary updates. These 
base polygon features are used for capturing other information. Much of this information represents time 
dependent data such as change in land cover status based on image analysis or from field visits. 

Geodatabase for Lands Transactions

USBR will rely primarily on the NILS data model for representing parcels and encumbrances. This 
database would include parcels and easements that are in the process of a lands transaction involving 
USBR. The major set of parcels maintained by USBR are those that are held in fee and administered by 
USBR. Encumbrances acquired by USBR on private lands will be represented by the encumbrance 
feature layer that would be reported back to BLM as well as to the local County. Polygons representing 
these transactions would be captured from the best available source. This source will often be a subset of 
parcels captured from a County database. 

Part of the information contained in this geodatabase will be the method of capture such as cartographic, 
computations, or adjustments. For all three methods, supporting documentation would be captured 
following the NILS model. This geodatabase will be designed to link to FIRM and FFS for real property 
management. It is intended to provide an accurate spatial reference back to legal documents which 
define the parcel or encumbrance. It is not intended to replace actual surveys performed by a licensed 
surveyor or the legal record. 

Summary

NILS and the ArcGIS parcel data models provide useful frameworks for developing geodatabases for 
USBR lands data. NILS provides the basic model for lands and easements administered or acquired by 
USBR. The ArcGIS parcel data model provides the opportunity to include other boundaries required in 
common business practices of USBR such as water contracts. This includes recognizing administrative 
units, identifying areas eligible for water deliveries, and identifying lands participating in special 
programs such as water transfers, or water conservation. 

Initially, three separate geodatabases are planned. These are geodatabases for water contracting, 
monitoring and compliance, and land transactions. The geodatabase for water contracting contains 
feature classes that are related to each other and features that are dependent on each other. The 
geodatabase for monitoring and compliance is based on a feature class of field borders which is largely 
independent of features in the other geodatabases. The lands transactions geodatabase is intended to 
conform to the NILS model. This should assist in transferring information between BLM and USBR for 
updates and maintenance. All three geodatabases contain PLSS as the underlying control. 
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