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1. INTRODUCTION 

Puerto Rico is a tropical island with mountainous topography and diverse climatic 

and hydrologic conditions, with annual rainfall ranging from 30 to 180 inches per 

year1, depending on the location. Despite generally abundant rainfall, the island is 

subject to severe drought conditions when rains decreases and streams dry up. The 

Department of Natural and Environmental Resources (DNER) is the state entity in 

charge of protecting and promoting the proper use of the water resources in Puerto 

Rico. 

Fresh water availability in Puerto Rico was severely affected during 2015 by severe 

drought which affected the most populous eastern part of the island. Water 

rationing was widespread, and became so severe that the portions of the San Juan 

metropolitan area served by the Loíza reservoir were reduced to having pressurized 

water supply only 2 days per week because of critically low reservoir levels. Areas 

served by the La Plata reservoir were subject to alternating days of water 

availability.  

Residential, public, irrigation and industrial users on Puerto Rico’s semi-arid south 

coast are heavily dependent on wells tapping the coastal alluvial aquifer. Because 

this is a relatively small aquifer, it responds rapidly to changes in the water balance. 

The south coastal aquifer has been affected by a long-term unfavorable water 

balance. This, coupled with generally dry conditions since 2012, has resulted in the 

continuous reduction in ground water levels. Due to a multi-year trend of declining 

groundwater levels, in 2014 DNER declared the South Coast aquifer (fig. 1) to be a 

“Critical Area”, which effectively halts new well construction. With the onset of 

severe drought conditions in 2015 and further declines in water levels, the 

Department ordered a 30% reduction in groundwater extraction from public-water 

supply wellfields in the south coast municipalities of Santa Isabel and Salinas, the 

most critical area in the south coast aquifer.  

                                                      
1. Calvesbert, R.J., 1990 Climate of Puerto Rico and the U.S. Virgin Islands: U.S. Department of Commerce 

Environmental Science Services Administration, 29 p. 



Work Plan for Cooperative Agreements – Fiscal Year 2015 

Program Announcement/Funding Opportunity G16AS00062 
 

2 

 

Figure 1. Location map of the South Coast aquifer, Puerto Rico. 

When seeking to manage and allocate scarce water resources, and better evaluate 

the causes and possible solutions for the unfavorable water balance on the south 

coast, a severe deficiency in water use data was encountered. The most severe 

deficiency was the lack of information on pumping from irrigation wells, a principal 

user of ground water in the area. A total of 209 irrigation wells are registered in 

Salinas and Santa Isabel. The recent drought experience highlighted the lack of 

annual data on water use in Puerto Rico, which hindered management activities.  

DNER is pursuing funding for the cooperative agreement opportunity offered by the 

Water Availability and Use Science Program (WAUSP) of the U.S. Geological Survey 

(USGS) under the Water Use Data and Research (WUDR) program. The Department 

is interested in the collection and reporting of water use data for the WUDR 

program for the improvement of water use data in Puerto Rico. 

2. PUERTO RICO WATER USE PROGRAM 

2.1. State Program Entity - DNER 

The principal water uses in Puerto Rico are: 

 Agriculture (irrigation and livestock) 

 Public-Municipal water supply  

 Hydroelectric power production  

 Thermal power production (fresh make-up and salt cooling water) 

  Self-supplied commercial and industrial users 
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 Other minor uses including self-supplied domestic users 

In accordance with the Puerto Rico Water Law2, DNER is responsible for compiling 

and making available information registered on the use of surface water, ground 

water, and wells, and requires that such information shall be publically available. 

However, the DNER and its water franchise system is heavily dependent on self-

reporting users for the collection of this data, and further suffers from the lack of a 

database to organize the available data.  

The availability of information on water withdrawals from different sectors is 

summarized below. In each category include the current baseline standard Tier 

number described in Attachment A of the USGS Proposal:  

 Public supply. Municipal supply data are generally available from the P.R. 

Aqueduct and Sewer Authority (PRASA), although information on the 

pumping rate from wells is of poor quality due to the lack of or non-

functioning flow meters. About 10%3 of all public water supply is obtained 

from wells.  

o Data Reporting: Daily and Monthly data reports are generated for 

most of the filter plants of PRASA. PRASA also provides data on 

population served per each system, and water use per region. 

o Current Baseline Standard Tier Level: Tier 1 and Tire 2 

 Irrigation from reservoirs. Farmers, primarily on the semi-arid south coast, 

use a combination of water from wells plus the reservoirs and irrigation 

canals operated by the P.R. Electric Energy Authority (PREPA). Deliveries 

from reservoirs into the irrigation canals are measured and reported by the 

USGS, but the data are not always of high quality because at times 

operational conditions have made it necessary to by-pass water around the 

measurement point. The amount of water used by individual farmers and 

other users (e.g. industrial use) is less-precisely known and not regularly 

reported.  

o Data Reporting: Daily data is recorded on each of the irrigation 

systems supplied by reservoirs. Reports are available upon request. 

o Current Baseline Standard: Tier 1 

                                                      
2.  Article 5(l) of Law 136 of 1976, as amended. 

3. Molina-Rivera, W.L, 2014, Estimated water use in Puerto Rico, 2010: U.S. Geological Survey Open-File Report 

2014–1117.  
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 Irrigation from wells. Irrigation wells constitute one of the largest 

withdrawal from the south coast aquifer, the most critical water resource in 

Puerto Rico. Although measurement and reporting of water use is required 

by regulation, it does not happen: many wells do not have functioning 

meters, and many users do not report their water use withdrawals. This is 

the single most important water use data gap.  

o Data Reporting: N/A 

o Current Baseline Standard: N/A 

 Industrial and commercial wells. The self-supplied industrial wells generally 

make reliable and timely reports of water use.  Much of the industrial use is 

also regularly checked by DNER personnel as part of the monitoring and 

billing of franchise fees (from which public supplies and agricultural users 

are exempt). Small commercial users lack the financial resources of larger 

industries and frequently have meters that do not function properly. 

o Data Reporting: Most data is reported in a monthly basis and 

submitted to the DRNA Water Franchise Office, and stored as paper 

form files. 

o Current Baseline Standard: Tier 1  (Partially) 

 Hydropower. Hydroelectric power is generated by PREPA, but they do not 

provide or compute information on water use, only power generated. It is 

necessary to back-calculate water use based on assumed generation 

efficiency and the varying reservoir levels. As a result, these data are 

computed only on an as-needed basis. 

o Data Reporting: N/A 

o Current Baseline Standard: N/A 

 Thermal power. Thermoelectric power uses fresh water for boiler make-up 

and other industrial uses. Data on these uses are available. Thermoelectric 

power use of seawater for cooling is reported on an as-needed basis. 

o Data Reporting: Data is recorded but not reported, it can be available 

upon request. 

o Current Baseline Standard: Tier 1 

 Livestock. Livestock water use is not recorded. Current water use data is 

available based on estimates.  

o Data Reporting: N/A 
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o Current Baseline Standard: N/A 

 Aquaculture. Aquaculture water use is not recorded. Current water use data 

is available based on estimates.  

o Data Reporting: N/A 

o Current Baseline Standard: N/A 

 Mining. Mining water use is not recorded. Current water use data is available 

based on estimates.  

o Data Reporting: N/A 

o Current Baseline Standard: N/A 

 Other. Other smaller water uses include self-supplied domestic users, either 

individuals or communities (non-PRASA supplies). This group has been 

estimated to comprise less than 3% of municipal/domestic water use 

islandwide. Most of these entities do not regularly report water use. 

o Data Reporting: N/A 

o Current Baseline Standard: N/A 

 

In addition to the problem of having significant data gaps, DNER does not have a 

functional water use database, and it also lacks the ability to track and update water 

use data on a regular basis.  

Data compilation is time-intensive, since most of the data other than public water 

supply is not digitalized, and in many cases not even recorded. The PRASA records 

public water supply data in electronic format and provide this data to DNER and the 

USGS for the water use program. However, crop irrigation and industrial water use 

both represent a challenge since there is no electronic record of the water use, and 

many agricultural users do not even record their water use, or when recorded there 

is no quality control. However, even when users report their data, the reports are 

received in the format of individual monthly PDF water reports, which must then be 

processed with data entry by hand. There are currently 1,421 active water use 

franchises.  

 

2.2. Federal Program Entity – USGS  

The current State Water Use Program is maintained and performed by the USGS 

local office. The water used program started in 1980 in Puerto Rico, and since then 

has provided valuable information for local agencies, which lack a consistent and 
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quality-controlled basis for estimating and monitoring water use. The Puerto Rico 

Water use program compiles data on public-supply water withdrawals and 

deliveries, domestic and industrial self-supplied water use, crop-irrigation water 

use, thermoelectric-power freshwater use, and non-consumptive use of water for 

hydroelectric power generation. A report compiling all water use data is prepared 

every 5 years and is used as a basis for water use projections, planning and 

management. 

However, as previously mentioned, data collection is hindered because the only data 

that are available in a readily-usable format are the public water supply data 

supplied by PRASA.  The largest data uncertainty is related to agricultural water use, 

especially the wells in the south coast aquifer.  Also, given the 5-year data collection 

cycle, this does not provide current (annual) water use data which may be useful to 

guide management decisions during drought. 

3. STATE PRIORITIES FOR IMPROVING WATER USE DATA 

Data on crop irrigation and industrial use are the main target areas for improving 

water use data compilation to improve the Water Use Program. DNER, in 

cooperation with USGS personnel, have defined the main tasks to be performed 

under the WAUSP cooperative agreement opportunity. These main tasks are defined 

below: 

 Water Franchise Office Web-based Data Form. DNER currently compiles 

water use data through the Water Franchise Office. The self-supplied users 

report to this office, including industries. On a monthly basis each entity that 

has a water franchise permit is required to submit a form with water 

consumption information. This form originally was required in hard copy, 

but DNER has recently required that the form be submitted in PDF format. 

The received information has not been compiled in a electronic format or any 

database. The main difficulty for the Water Use Program personnel is that 

they are required to digitalize all the monthly data they receive, a time 

consuming task since there are 1,421 water franchise permits currently 

active on the island. 

DNER’s main goal is to develop a Web-based Application to enable franchise 

holders to submit their water use information in digitalized format, which 

will enter directly into a water use database. This database will provide, for 

the first time, an up-to-date record of water use data. DNER will provide this 

data periodically to the USGS personnel for use in the water use program.  
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 Electric Consumption vs Groundwater Withdrawals Relationship for 

Irrigation Wells. Withdrawals for crop irrigation purposes were estimated 

at 38.2 Mgal/d, and in the critical south coast aquifer it is the largest water 

user.  Many irrigation wells do not have an installed or operable flow meter. 

However, all wells are run by electric pumps and have electric meters 

installed. With the proper correlation function, pumping rate can be 

estimated based on monthly power consumption.  

The DNER desires to develop a relationship between energy consumption and water 

withdrawals for irrigation wells to provide a more reliable estimate on water use 

from those wells, particularly in the critical south coast aquifer. The USGS Water Use 

program will be beneficiated with this program that will facilitate the water use data 

collection primarily on water franchise users, and in the estimation on irrigation 

water use based on a calibrated correlation function based on water withdrawal and 

electric consumption. These objectives will provide USGS personnel the tools to 

provide a more detailed reliable water use data. 

All compiled data will be delivered to the USGS in electronic format. This data 

transfer will be coordinated with local USGS office to determine the of electronic 

format and frequency of delivery. 

4. STEPS TO ADDRESS STATE PRIORITIES  

4.1. Water Franchise Office Web-based Data Form 

Task 1A: Web-based Form Definition 

Under this task DNER will define the information required for the web-based 

form. This task will be performed in collaboration with Water Franchise 

Office Personnel.  

The web-based form will include basic information for the franchise holder, 

including name, address, location (geographic coordinate), franchise number 

and type, and photographs of the installation. There will also be a section to 

update water withdrawal on a monthly basis. Water withdrawal parameters 

to be reported will consist of both the water meter reading and the electrical 

meter reading for pumps. The sample form will be reviewed internally.  

Deliverable: Draft web-based form template 

Task 1B: Agency Review  

Submit the web-based form template to the USGS local office and DNER 

directors for review and comments. This task will also include review by 
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several users to solicit additional comments and suggestions. The 

suggestions and comments will be addressed and incorporated in a final web 

based form template. 

Deliverable: Final web-based form template 

Task 1C: Web Page Development  

Prepare a web page to acquire the web-based form information submitted by 

the user and store it into a database. This database will store water use 

information on a monthly basis. 

Deliverable: Web page incorporating the water franchise web-based form. 

Task 1D: Web Page Beta Test  

Submit the web page link containing the water franchise web-based form to 

the related agencies for testing and comments. Several users will be asked to 

use the web page to receive user feedback and address any programing 

issues. After 2 months of testing and compiling suggestions and feedback a 

final product will be released.  

Deliverable: Final web page incorporating the water franchise web-based 

form. 

4.2. Crop Irrigation Withdrawals from Electrical Energy Use 

An activity will be undertaken to obtain accurate water use information for 

irrigation wells in the most critical area of the south coast. Due to time and funds 

limitation, this activity will be initially limited to a Pilot Area using wells 

withdrawing from the south coastal aquifer, to develop a procedure that can be 

replicated in the rest of the island. The main objective of this task is to be able to 

obtain a reliable water withdrawal rate of irrigation wells, which in most cases do 

not have an operable flow meter, while simultaneously obtaining better water use 

information for the most critically-affected water resource in Puerto Rico.  

This task will be performed over a period of one year, and can be extended to 

additional areas in the case that additional funds are available. 

Task 2A: Identify Wells in Pilot Area  

DNER has identified the coastal areas of the municipalities of Guayama, 

Salinas and Santa Isabel as the pilot area. The DNER database has registered 

the following number of irrigation wells in these municipalities: 

Santa Isabel ..............................................  107 
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Salinas ........................................................  102 

Guayama ....................................................  29 

Not all of these wells are in active use.  

This area will be used to develop the methodology that can be implemented 

in the rest of the island. All active irrigation wells will be identified and 

located in ARC-GIS platform. This task will be performed in cooperation with 

USGS personnel.  

Deliverable: Well location map showing status (active/inactive/closed/not 

found) 

Task 2B: Data Collection and Site Visits to Wells   

Each well will be visited, photographed, and a clamp-on type flow meter will be attached 

for monitoring the well to determine the flow, and to correlate this  to 

electrical energy consumption. It is anticipated that the clamp-on meter will 

be operated for a period of approximately 24 hours of pumping at each well, 

but this may require adjustment based on potential security and vandalism 

issues in some areas. Electric meter readings will be registered at the 

beginning and end of the monitoring period. If the well has a flow meter 

installed, the flow meter will also be read at the start and the end of the test. 

The operating head and aquifer level will also be recorded. Based on this 

information, the relationship or correlation function between energy use and 

water pumped will be determined for each well for the current operating 

condition (operating head). An electronic database will be generated 

including the following information: 

o Well Name 

o Geographic Coordinates  

o Pump Information 

o Initial Electric meter reading 

o Final electric meter reading 

o Water level and pumping head data 

o Cumulative flow based on clamp-on meter 

o Cumulative flow based on installed meter 

o Energy-water relationship for the well 

o Type of Crop 
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o Irrigation Method 

Deliverable: Well database 

Task 2C: Incorporate Data into Database  

Obtain electrical readings periodically from the wells in the Pilot Area, and 

from this data develop information on the water withdrawal patterns. Where 

a water meter exists that was found to be operating properly during the 

correlation test, also record this information to check the accuracy of the 

energy-water correlation. Revise the correlation function for a sub-set of the 

wells using the clamp-on meter for quality control purposes.  

Work with well owners to start providing monthly data on the energy use for 

their well, along with any water meter data, using the web interface 

developed in Task #1. This will provide the means to obtain a regular 

updating of water use data in the Pilot Area. Monthly reporting will also 

provide information on the seasonality of water use for irrigation on the 

south coast area, information which heretofore has not been available.  

Deliverable: Data delivered to database, and completion report. 

 


