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A. Project Summary 
 
The Delaware Department of Natural Resources and Environmental Control’s (DNREC) Water 
Allocation Branch collects water use data from major water users and issues allocation permits 
for water use.  DNREC is proposing to enter into a cooperative agreement with the US 
Geological Survey (USGS) to expand water use data collection activities.  
 
The Cooperative Agreement proposes comprehensive water use reporting to be initiated 
nationwide.  DNREC's current program includes a Water Use Data application based on a SQL 
server electronic database which holds historical water use records and an online front end 
application for users to enter their monthly water use and other relevant information.  All 
systems withdrawing more than 50,000 gallons per day (gpd) are required to report.  Many of 
the elements proposed in the Cooperative Agreement can be reported, but it lacks complete 
water cycle tracking and does not report consumptive use.  The current program collects data 
from permitted users, and does not collect or estimate water use by unpermitted entities.   
 
The Water Allocation Branch (WAB) proposes improvements in four priority areas of the water 

use data collection: database improvements, expanded reporting by allocated users, estimate 

water use of unallocated users (using GIS), and allocate unknown facilities withdrawing more 

than 50,000 gpd.  The cost of these improvements exceeds the limit for a single grant cycle, so 

the DNREC is proposing to implement these changes over at least two grant periods.  DNREC’s 

first priority will be included in the proposal for USGS FY2016 application.  This proposal will 

include database improvements and expanded water use reports from allocated users.  With 

these data improvements, the data processing recommendations of the Cooperative 

Agreement, aggregation of data, quality assurance and calculation of consumptive use, can be 

implemented for water use by permitted users. The expanded Water Use Report can be 

delivered to the USGS in electronic format either by a SWUDS compatible spreadsheet or in 

XML format.  The data can be made available to the USGS on demand, through a RestFUL 

Webservice with output in JSON (alternatively XML), and a SSRS Report with table data that can 

be output as XML, CSV, PDF, Excel, Word, etc. 

Upon acceptance of DNREC’s competitive grant proposal and completion of proposed project 
activities, the WAB plans to submit a Water Use Report to USGS that includes the following 
elements: 

▪ Improved data collection, quality assurance, and delivery 
▪ Improved data for irrigation: sources of withdrawals, volumes, and consumptive 

use (includes irrigation for agriculture and golf courses) 
▪ Improved estimation of public supply deliveries to customer groups or classes, 

such as commercial, industrial, and domestic 
▪ Water-tracking and Interbasin transfers (between HUC-8 units and county) 
▪ Consumptive use within public supply systems 
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▪ Industrial self-supplied industries (inventory of facilities) 
▪ Mining: source and commodity defined 
▪ Groundwater use: Identifying aquifer and HUC-8 basin of withdrawal, and 

further refining the definition of saline/brackish water to meet needs of users 
 
The improved water use report will included permitted water users only.  The first phase of the 
proposal and budget includes hiring an application contractor to implement database 
improvements.  The second phase of the proposal details in-kind resource matching by the 
WAB staff (equivalent to approximately 50% of the grant amount) to prepare the expanded 
water use report and to collect and process water use reports for that reporting year. 
 
Future grants will be used to implement DNREC’s second priority: the use of GIS to compile an 

inventory of unallocated water facilities and use the inventory to estimate unreported water 

use in all categories.  The most important types of unallocated water sources are irrigation 

systems, small public systems that fall below the 50,000 gpd threshold for water allocation 

permits, self-supplied domestic wells, borrow pits, and agricultural wells for animal operations 

(e.g. chicken houses).  The use of GIS to identify potential water use sites without field 

verification would be incomplete.  DNREC's proposal for this stage includes site visits by staff of 

the WAB to confirm and collect important information about the use.  As a result of these 

efforts, the yearly report to the USGS described above will be expanded to include non-

reporting users.  This will also allow the inclusion of some new elements in the report: 

 

▪ Estimates of unreported water use in the public, irrigation, industrial, golf course, 

and thermoelectric power plant cooling categories 

▪ Complete aggregate water use totals for each aquifer and surface water source by 

HUC-8 basin and county 

▪ Consumptive use calculations for irrigation, thermoelectric, industrial, golf courses, 

and public supplies 

▪ Estimates of water use by self-supplied domestic users and per capita self-supplied 

domestic use 

▪ Estimates of water use by animal feeding operations, especially chicken houses 

▪ Public supply systems stratified by socioeconomic factors, such as income, 
education, etc. 

 

It is hoped that this priority will accelerate the WAB's efforts to achieve 100% participation in all 

categories of water use.    
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B. Current State Water Use Description 
 
Water withdrawals of more than 50,000 gpd in the State of Delaware require a Water 
Allocation Permit and reporting of monthly withdrawal totals. Water Allocation Permits are 
issued for thirty years and can be renewed upon expiration.  These permits specify maximum 
allowable daily, monthly, and yearly withdrawal rates. Water Allocation Permits also have 
equipment and monthly reporting requirements.  The allocation process includes the location 
and designation of an aquifer; however this information is not currently included in the annual 
USGS report.  Existing data collection activities apply to all water users presently holding a 
Water Allocation Permit.  These permittees are required to meter water withdrawals to 
demonstrate compliance with permit conditions and to file water use reports with DNREC at 
least annually.  The existing Water Use Reporting system is based on a SQL Server electronic 
database which holds historical water use records from 2004 onward.  The application has a 
front end for users to log in and enter their monthly water withdrawals and other required 
information.   
 
The current Water Use Reporting application includes the following water use types: 
 

▪ Public 
▪ Irrigation 
▪ Golf Course Irrigation 
▪ Industrial 
▪ Commercial 
▪ Recovery 

 
The current Water Use Reporting and Water Allocation Permit applications include the 
following information for all water use types: 
 

▪ Site specific monthly withdrawals and annual totals 
▪ Location of facility 
▪ Source aquifer for ground water 
▪ Source water body for surface water 

 
For public wells the following information is also reported: 
 

▪ Population served 
▪ Number of connections in each use category 
▪ Annual use in each use category 
▪ Quantity of water purchased or sold between systems 
▪ Wastewater  facility name 

 
For irrigation wells the following information is also reported: 
 

▪ Acres irrigated 
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▪ Crop type 
▪ Meter type 

 
The data stored for the WAB are contained in two databases, linked together by information 
contained in a third database – the well permitting database.  The current system is difficult to 
query and information requests are handled internally – there is no direct public access to the 
data. 
 

C. State Priorities for Improving Water Use Data 
 
DNREC has four main priorities to improve water use data collection and retrieval.  The first is 
to rewrite existing database applications, second is to issue water allocation permits to 
unpermitted facilities withdrawing more than 50,000 gpd, third is develop methodologies to 
estimate unreported water use for facilities withdrawing less than 50,000 gpd and the fourth is 
expand reporting of allocated water users.  The FY2016 proposal addresses the first two 
priorities for DNREC: database improvements and data processing/reporting improvements.    
All of these improvements will apply to water use reported by current holders of water 
allocation permits.  The priorities included in the 2016 WUDR Program Announcement include 
tasks that will facilitate accomplishment of the Department’s goals.  In particular, use of 
inventories to evaluate unpermitted water use will allow the Water Allocation Branch to 
contact unpermitted users and start the permitting process.  It is hoped that the WUDR 
program, after many years, will have the effect of increasing the participation of large water 
users in the Water Allocation Program. 
 

a. Improved data collection, quality assurance, and delivery  
Priority Ranking: High 

 
The database improvements are being designed to allow users to input additional data 
fields accounting for deliveries to outside HUC-8 basins or other counties, deliveries to 
customer classes or groups, and return flows to wastewater treatment or discharge 
facilities.  These database improvements will allow the staff of the WAB to perform quality 
assurance checks and make estimates of consumptive use. 

 

i. Data Collection Improvements: 
 

The WAB proposes to begin collection of conveyance data.  Rather than require input of 
the water users’ entire distribution network, only the essential elements of water 
withdrawal and water delivery in each HUC-8 basin and each county will be required.   
 
The WAB also proposes to improve reporting of deliveries to categories of customers, 
including: 

a. Residential (domestic) 
b. Commercial 
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c. Industrial 
d. Thermoelectric power generators 
e. Institutional 

 
 Other new data to be collected include: 

a. Industry type (for industrial users) 
b. Cooling system type (for thermoelectric power water users) 
c. Irrigation method (for irrigation users) 
d. Volume of wastewater discharged to treatment facilities 
e. Location of wastewater treatment facilities and receiving bodies for effluent 

 

ii. Quality Assurance Improvements: 
 

Database improvements will allow the inclusion of reports designed to apply quality control 
checks.  The following checks are proposed: 
 

a. Allowing large users to input water use spreadsheets generated by SCADA 
b. Calculation of percent increase or decrease from previous year’s report 
c. Automated detection of omissions 
d. Improved system summary reports 
e. Calculation of expected use and comparison to reported use 

 
Expected water use for irrigation wells is equal to the plants’ water demand.  This will be 
calculated using the following formula:  

 
ETo × Kc = ETcrop 

 
ETcrop is calculated for each day of the growing season and summed for a monthly expected 
irrigation total.  ETo is available for each day of the year from the University of Delaware 
Cooperative Extension.  Crop coefficient (Kc) is available for the various stages of growth for 
each crop in publications.  The Kc used in the calculations will be included in the 
documentation of quality assurance included in each year’s water use report.  Online 
irrigation scheduling software, such as KanSched 2.0 may also be used for this calculation 
(http://www.bae.ksu.edu/mobileirrigationlab/kansched2).  Output from this program can 
be imported into the water use report or provided in spreadsheet format. 

 
Expected water use for public systems is currently calculated using the bulk per capita water 
use:    

Residential per capita water use = total annual water use/permanent population/365 
(for systems serving a year-round constant population)   
 
Transient per capita water use = off-season monthly water use/permanent 
population/30 (for systems serving a seasonably variable population) 
 

http://www.bae.ksu.edu/mobileirrigationlab/kansched2
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The WAB uses these bulk per capita coefficients in permitting public water systems.  Using 
expanded water use reporting, as proposed in this workplan, improved per capita water use 
coefficients for a municipality or privately owned water system will be calculated using only 
the residential (domestic) category of water use. With the improved per capita residential 
water use coefficients, each year’s water use can be checked for consistency with previous 
data and corrected for population growth.   Seasonal transient populations’ water use will 
also be included in the calculation for systems in the coastal resort area, using transient 
population counts provided by the Delaware Office of Drinking Water. 
 
With improved data collection, similar calculations can be done for thermoelectric cooling 
water use (using a per-kilowatt-hour use coefficient) and industrial water use (using a per-
piece water use coefficient). 

 

iii. Improved delivery of water use data: 
 

Earlier deliveries of data to the USGS consisted of raw data dumps from the water use 
database, sorted by facility and month.  With the proposed database improvements and 
quality assurance steps, the WAB proposes to format the data in SWUDS input 
spreadsheets, with additional data fields by user category, aquifer, HUC-8 basin and county 
and an additional report of consumptive use. The site specific, raw data can be made 
available to the USGS on demand, through a RestFUL Webservice with output in JSON 
(alternatively XML) and an SSRS Report with table data that can be output as XML, CSV, PDF, 
Excel, Word, etc. 

 

b. Improved data for irrigation: sources of withdrawals, volumes, and 
consumptive use (includes irrigation for agriculture and golf courses) 
Priority Ranking: High 

 
Following the steps outlined in the next section, the WAB will be able to deliver more 
detailed and comprehensive reports of irrigation water use to the USGS.  During the first 
phase of grant activities, the database improvements will allow us to prepare a SWUDS 
compatible spreadsheet report of irrigation withdrawal site locations, system withdrawal 
monthly and annual volumes, conveyance of water, and salinity data, where available.  This 
report will include only permitted irrigation systems who report water use.  The same 
information will be made available to the USGS and other state and regional organizations 
through a Webservice and a SSRS Report viewer.  An additional report of consumptive 
irrigation use will also be prepared. 
 
Future grant awards will address water use estimations for non-reporting systems.  The 
activities proposed under future grant proposals include a GIS task searching for irrigation 
wells from the State’s well permitting database and matching them to irrigation systems 
identifiable on aerial photography.  Using the resulting inventory of active irrigation wells, 
WAB staff will estimate consumptive use using daily evapotranspiration data from the 
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Cooperative Extension service.  Using consumptive use estimates and actual withdrawals of 
reporting wells from the first phase, we will prepare estimates of the water use that are 
consistent with the practices of those farmers who report. 
 
The inventories prepared under this grant will be valuable to the WAB in its efforts to 
increase participation in the Water Allocation Program.  This is another priority, unrelated 
to water use reporting, that would be advanced by our approach to the water use system 
improvements. 
 

c. Improved estimation of public supply deliveries to customer groups or classes, 
such as commercial, industrial, and domestic 
Priority Ranking: Medium 

 
The current water use reporting system includes, in its system summary reports, public 
supply deliveries to customer groups.  The volumes reported are annual totals, and there 
have been issues with the storage of this data.  As part of the database improvements and 
enhanced reporting in the first phase of the grant activities, this information will be 
collected from the reporting systems as monthly totals and reported as a new field in the 
annual water use submittal in SWUDS spreadsheet in electronic format for public water 
supply use.  The report will be linked to the site locational data in the SWUDS database 
through the site number. 
 
Future grant awards will address water use estimations for non-reporting systems.    The 
activities proposed under future grant proposals include a GIS task to identify the 
approximately 591 non-reporting public systems, using information provided by the 
Delaware Office of Drinking Water and DNREC’s Source Water Program.  The GIS 
component of this inventory will be used to categorize the non-reporting systems by the 
amount of commercial or industrial use so that appropriate per capita water use factors can 
be used to estimate their water use. 
 
The following additional topics will also be addressed by making use of the improvements 
outlined above: 

i. Eight-digit unit code (HUC-8)-scale water-use reporting. 
(http://water.usgs.gov/GIS/huc.html) 
Priority Ranking: Medium 
 

In the first grant award, water use by permitted users can be categorized by 
HUC-8 basin of the withdrawal point.  All permitted facilities are currently 
located by differentially corrected GPS. 
 
In future grant awards, non-reporting water users will also be categorized by 
HUC-8 basin, but at a lower precision.  These facilities will be located by map 
interpolation.  At that time, more comprehensive information of water use 

http://water.usgs.gov/GIS/huc.htmlhttp:/water.usgs.gov/GIS/huc.html
http://water.usgs.gov/GIS/huc.html
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by HUC-8 basin will be available to the USGS and other agencies in the 
region. 

 
ii. Water-tracking and Interbasin transfer (between HUC-8 units) 

Priority Ranking: Medium 
 

Through the use of conveyance reporting, the WAB will report interbasin and 
intercounty transfers of water for all permitted water users in the first phase 
of grant activities.  In a second grant period, interbasin transfers by non-
reporting water users can also be reported, although the amounts will be 
estimated by population information and visual inspection of maps in the GIS 
investigation.  This information will be included in the Conveyance tab of the 
SWUCS-compatible spreadsheet submitted annually, and through a 
conveyance data set, accessible through a RestFUL Webservice or SSRS 
report site. 

 
iii. Consumptive use within public supply systems 

Priority Ranking: Medium 
 

Consumptive use in public systems will be estimated as the difference 
between the volume of water withdrawn and wastewater flow to the WWTP.  
The expanded water use reporting format that will be prepared for the public 
water suppliers will include monthly wastewater flow to the WWTP.  The 
disposal of wastewater effluent is reported to other sections within DNREC, 
and steps will be taken to import those data into the water use database.  
The Surface Water Discharges section collects monthly reports on treated 
effluent discharges into surface water from wastewater treatment facilities.  
The Groundwater Discharges Section collects monthly data on treated 
effluent discharges to groundwater from wastewater treatment facilities 
through large septic systems, spray irrigation and rapid infiltration basins.  
Each public water supplier’s share of the return flow of effluent will be 
subtracted from the volume of water withdrawn to estimate consumptive 
use. 

 
iv. Industrial self-supplied industries (inventory of facilities) 

Priority Ranking: Medium 
 

In the first grant award, water users who are permitted under the Water 
Allocation Program and who currently report water use will be asked to 
provide more complete water use reports.  There are approximately 35 self-
supplied industrial facilities under this category.  This inventory will be 
provided with each annual water use report to the USGS. 
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In future grant awards, non-reporting water users will also be included in 
these records.  The inventory will be part of the GIS task to identify non-
reporting water users, and will rely heavily on the well permitting database 
for the identities of the industrial users. 

 
v. Mining: source and commodity defined 

Priority Ranking: Medium 
 

The only mining operations currently active in Delaware are borrow pits.  The 
WAB will attempt at both phases of the grant activities to convince the 
borrow pit operators to report water use and return flow.  It is the goal of 
the program to use owner-generated water use reports for these operations 
rather than estimation methods. 

 
vi. Improvements of the domestic per capita coefficients 

Priority Ranking: Medium 
 

The WAB has used per capita water use as a measure of water conservation 
for public water supplies for many years.  The bulk water use divided by 
population is a measure of per capita water use that divides commercial, 
industrial, and institutional and irrigation use of the public water supply 
among the population.  This “bulk per capita” water use has been recorded 
for each public water supply at the time of permitting and maintained as a 
water conservation goal.  The WAB proposes to use the breakdown of water 
use by customer categories and groups, as described in the third goal above, 
to calculate an improved estimate of per capita water use that excludes 
water used by other categories of customers.  This improvement will be 
applied to reporting public water supply systems in the first phase of grant 
activities.  It is anticipated that this improvement will be valuable in 
permitting decisions where water conservation goals are applied. 

 
vii. Groundwater use: Identifying aquifer and HUC8 area of 

withdrawal, and further refining the definition of saline/brackish 
water to meet needs of users 
Priority Ranking: High 
 

In the first grant award, water use by permitted users can be categorized by 
HUC-8 basin of the withdrawal point.  All permitted facilities are currently 
located by differentially corrected GPS and the facilities can be accurately 
located in the basin.  The use of brackish water by permitted users is 
currently limited to cooling water withdrawn downstream of the “salt front” 
in the Delaware River/Bay, as well as in the estuaries of the coastal zone.  
The WAB has not kept records of the location of the salt front, but this 
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information is reported weekly by the Delaware River Basin Commission’s 
Water Resources Operations Division.  Through cooperation with the DRBC, 
the use of brackish water by several users near the salt front will be tracked 
so that the use of brackish water by industrial users can be accurately 
recorded. 
 
In future grant awards, non-reporting water users will also be categorized by 
HUC-8 basin, but at a lower precision.  These facilities will be located by map 
interpolation.  At that time, more comprehensive information of water use 
by HUC-8 basin will be available to the USGS and other agencies in the 
region.  Among these non-reporting users there may be several smaller users 
of brackish water. 
 
The use of brackish water by any user can be reported by including the 
chloride concentration of the water in the water use report.  This field is in 
the SWUDS input spreadsheet that will be used as a report for the USGS.  By 
integrating the WAB’s existing stand-alone saltwater intrusion monitoring 
database into the improved database, historical brackish groundwater 
information will be available to the USGS and other agencies.  This step is 
proposed as part of the database improvements. 

 
viii. Public supply systems stratified by socioeconomic factors, such as 

income, education, etc. 
Priority Ranking: Low 
 

Socioeconomic stratification of public water supply has not been investigated 
by the WAB in the past.  The information is not included in the water 
allocation permit application or in our files.  This step will not be attempted 
during the first phase of the grant activities. 
 
In future grant awards, non-reporting public water supplies and self-supplied 
domestic water users will be categorized by population information provided 
by the US Census.  During this phase of the grant activities, the population 
data will be used to estimate improved per capita water use coefficients, 
calculated individually for each census block.  The census data for each block 
include income data per household.  The per capita water use coefficients 
that will be used to estimate water use for small public systems and self-
supplied domestic use will be compared to mean per household income in a 
separate chart or spreadsheet tab in the SWUDS-compatible annual water 
use report.  This will be done for the first annual report to the USGS in the 
second grant period.  The last US Census was done in 2010, and this report 
should be made using 2010 water use data.  After the population changes in 
the census blocks have been updated for the reporting of small public water 
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use and self-supplied domestic water use, the information will be in place to 
prepare an updated correlation with income data for the 2020 census.  The 
data table and chart for this step can be updated at that time.  If the USGS 
would like to see other correlations, new tables of correlation and 
accompanying charts can be prepared upon request. 

 
D. Steps Proposed to Address Priorities 
 

a. Improved Data Collection 
 

The WAB proposes to initiate improved water use reporting.  Working with the IT database 
contractor, the online water use reporting application will be expanded. 
 

i. Public Supply: In the first competitive grant award, water users who are 
permitted under the Water Allocation Program and who currently report 
water use will be asked to provide more complete water use reports. 
 

1. Tier 1: Water withdrawal locations, sources, aquifers and types 
are already reported in the current system.  Deliveries to 
residential users and population served are also included. 

2. Tier 2: Site specific water withdrawals, including water source and 
type are already included in the current system, as are sales and 
purchases of water between systems, and deliveries of water to 
groups or classes of customers.  The residential (domestic) use 
category will be used to refine the per capita water use factor 
reported for each facility, so that the bulk per capita water use 
coefficients used by the WAB in the past will no longer be used in 
the estimates of use by non-reporting facilities. 

3. Tier 3: Through the use of reporting of conveyances (see 
improvement 4, below), deliveries to locations outside the source 
basin or source county will be included in the annual water use 
report to the USGS.  For the special cases of deliveries to 
industrial or thermoelectric power facilities, which are also to be 
reported as monthly water use amounts, the public water supply 
will be asked to report those deliveries as monthly totals.   The 
use of reclaimed wastewater by public water providers has not 
yet begun, but it is expected in the near future in small public 
systems and municipalities where wastewater disposal is close to 
the water distribution network.  At that time, the WAB will begin 
reporting use of reclaimed water in the water supply service area.  
In the period of a possible second grant award, water use in 
census blocks will be divided among public systems and self-
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supplied domestic use, and more detailed reporting of population 
served for public systems will be included. 

 
In future grant awards, water use by non-reporting systems will be 
estimated.  There are 713 active public water systems in the databases of 
DNREC’s Source Water Protection Program, and 122 systems known to 
pump over 50,000 gpd that are in the program’s permitting system and 
report their water use.  The other statewide databases containing 
information on public water systems can be used to rapidly make an 
inventory of unallocated public systems and the populations served so that 
unreported public water use can be estimated.  The GIS component of this 
inventory will be used to categorize the non-reporting systems by the 
amount of commercial or industrial use so that appropriate per capita water 
use factors can be used in the estimates, and reported populations can be 
categorized by socioeconomic factors. 

 

ii. Industrial: In the first competitive grant award, water users who are 
permitted under the Water Allocation Program and who currently report 
water use will be asked to provide more complete water use reports. 
 

1. Tier 1: Water withdrawal locations, sources, aquifers and types 
are already reported in the current system.  Collection of more 
extensive ancillary information, such as industry classification for 
industrial facilities, will be included in expanded water use 
reports. 

2. Tier 2: Site-specific (by intake and/or well) annual and monthly 
withdrawals, reported by water source and type, are reported in 
the current system.   Deliveries from public supply to Industrial 
are currently reported in the report of the supplier and can be 
made available for inclusion in industrial water use reports. 

3. Tier 3: Site-specific volume of wastewater discharged to 
wastewater treatment facilities, and discharge of effluent to 
surface water or land application will be included in expanded 
water use reports.  Consumptive use will be calculated by 
subtracting wastewater discharge from volume of water 
withdrawn. 

 
In future grant awards, water use small self-supplied industrial water 
systems will be estimated. 

 

iii. Irrigation: In the first competitive grant award, water users who are 
permitted under the Water Allocation Program and who currently report 
water use will be asked to provide more complete water use reports. 
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These reports will include irrigation system type, and will allow the 
efficiency of system types to be compared. 
 

1. Tier 1: Water withdrawal locations, sources, aquifers and types 
are already reported in the current system, as are crop type and 
acres irrigated.  Aggregation of irrigation water use by water 
source, water type and acres irrigated can be accomplished by 
processing the data in current water use reports.  Information 
about method of irrigation is not currently collected and will be 
included in the expanded water use reports. 

2. Tier 2: Site-specific withdrawals by wells and surface water 
intakes are already included in current water use reports.  
Irrigation using reclaimed wastewater is currently tracked by the 
Groundwater Discharges Section of our Department.  This 
information will be copied to the new water use database for 
inclusion in the annual water use report. 

3. Tier 3: Water demand by plants is 100% consumptive and it will 
be estimated using the quality assurance calculation listed above.  
Water use that exceeds consumption by the plants will return to 
the aquifer as a return flow. 
 

In future grant awards, water use by non-reporting systems will be 
estimated.  There are 1,177 permitted irrigation wells in the program, 
and 3,828 irrigation wells listed as “Active” in the Well Permitting 
database.  Of these 31% that are permitted, less than half reported their 
water use in 2015.  Of the remaining 69%, many wells are currently 
unused or abandoned.  Estimating water use by unallocated and non-
reporting irrigators will be one of the biggest tasks of the data use and 
research program.   
 
▪ A GIS task by the WAB staff where unallocated irrigators can be 

identified by visual inspection of current aerial photography.  This will 

also require extensive field verification 

▪ Site visits by WAB staff to confirm the crop type and method of 

irrigation 

▪ The GIS task will be used to make annual inventories of unallocated 

(non-reporting) irrigation systems, estimates of their consumptive use 

using daily evapotranspiration data from the Cooperative Extension 

service, and estimates of the water use 

▪ Database improvements in Phase 1 will allow WAB to process the 
new data inputs and combine reported water use data with estimates of 
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unreported water use, and reuse irrigation data from the Groundwater 
Discharges Section and provide reports in the required SWUDS format 

 
iv. Thermoelectric: The small number of thermoelectric power generating 

facilities in the state use either self-supplied cooling water or cooling 

water withdrawn from a large public water supply. Both of these types 

are in currently allocated facilities and will be addressed in the first phase 

of the project. 

1. Tier 1: Water withdrawal locations, sources, aquifers and types 

are already reported in the current system.  Collection of more 

extensive ancillary information, such as cooling system type and 

power produced will be included in the expanded water use 

report.  Return flow data are reported to the Surface Water 

Discharges Section of our Department, and can be incorporated 

into the annual water use report. 

2. Tier 2: Site-specific withdrawals by wells and surface water 

intakes are recorded monthly and reported annually in the 

current water use system.  Monthly consumptive use, equal to the 

difference between volume withdrawn and volume discharged, 

will be calculated for the annual water use report.  For those 

facilities that use the public drinking water supply for cooling, the 

water supplier will be asked to provide the volume of deliveries to 

the power plant as monthly totals. 

 

v. Self-Supplied Domestic: The WAP currently does not track water usage 
from this water user. 

1. Tier 1: Domestic water use is not subject to the water allocation 
regulations, and will not be addressed in the first phase of the 
proposed improvements.  In a possible second grant award, it is 
proposed to estimate water use by self-supplied domestic users 
by comparing populations within each census block to the 
populations served by public water supplies. Previous work by the 
Delaware Geological Survey (AQUIFERS AND GROUNDWATER 
WITHDRAWALS, KENT AND SUSSEX COUNTIES, DELAWARE, DGS 
Contract Report prepared for DNREC, McLaughlin, PP, April 2015) 
used small public supply systems with predominantly domestic 
use to calculate a value of domestic per capita water use, in an 
approach similar to that used by Horn et al of the USGS (Methods 
for and estimates of 2003 and projected water use in the Seacoast 
region, southeastern New Hampshire, U.S. Geological Survey 
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Scientific Investigations Report 2007-5157). The WAB hopes to 
work with the DGS to implement a variation of this approach on 
an annual basis to provide estimates of self-supplied domestic 
water use by basin and by county. 

2. Tier 2: The method proposed for Tier 1 estimates utilizes data 
from small public systems as recommended in the Tier 2 effort.  
There is no known instance of actual metered self-supplied 
domestic use at this time.  During the study period, the WAB will 
look for a representative group of homes with metered water use, 
and attempt to maintain a data set for study.  Previous studies by 
the DGS found a wide range of water use (from 51 to 246 gpd) in 
small public systems, and the sample of homes with metered 
water supply would have to be sufficiently large to represent the 
full range of users.  Finally, always open to suggestions, the WAB 
will seek input from other states as they tackle this task and 
request to share their methods 
 

vi. Golf Course Irrigation: The small number of golf courses in the state use 

either self-supplied water or they use reclaimed wastewater. Both of 

these types are in currently allocated facilities and will be addressed in 

the first phase of the project. 

1. Tier 1: Water withdrawal locations, sources, aquifers and types 

are already reported in the current system, as are acres irrigated.  

Irrigation using reclaimed wastewater is currently tracked by the 

Groundwater Discharges Section of our Department.  This 

information will be copied to the new water use database for 

inclusion in the annual water use report. 

2. Tier 2: Consumptive use: Water demand by plants is 100% 

consumptive and it will be estimated using the quality assurance 

calculation listed above.  Consumptive use estimates will be made 

for each course monthly as part of the quality assurance step, and 

will also be included in the annual water use report. 

 

vii. Livestock:  Water use for livestock generally falls below the 50,000 gpd 

requirement, has not been included in the Water Allocation Program (in 

error, in some cases), and will not be addressed in the first phase of the 

proposed improvements.  A study done by the University of Georgia 

Cooperative Extension found that chicken houses for broilers that 

monitored water use for one flock in the summer months consumed 

about 0.1875 gallons per bird on the peak day.  Using that measurement 
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to estimate water use for poultry, operations that produce more than 

267,000 birds would require an allocation permit under Delaware law.  At 

least 20 chicken operations in the state exceed that population and 

probably should have applied for water allocation permits. 

1. Tier 1: Annual water use estimates, reported by water source and 

water type will be included in the report using these inventories. 

2. Tier 2:  Site-specific annual and monthly withdrawals and animal 

counts will also be estimated for each well or intake.  For a sample 

of wells with flow-measuring devices, a monthly survey of water 

use will be done, and consumption per animal will be tabulated 

for the statewide estimates. 

In future grants awards, it is proposed to estimate water use by livestock 
operations by building an inventory of unallocated facilities and 
estimating water use at each facility based on animal populations.  
Current facilities that withdraw more than 50,000 gpd should have water 
allocation permits and report water use.  By enforcing the permit 
requirement for those facilities, water use reporting can be used to 
estimate the range of per-animal water use to be used in water use 
estimates.  New facilities that exceed 50,000 gpd will also be required to 
install flow-measuring devices during construction to provide additional 
water use information for animal operations. 

 

viii. Mining: The only mining operations currently active in Delaware are 

borrow pits.  Only two of at least 6 known borrow pits report their water 

use annually.  In the first phase of the grant project, water users who are 

permitted under the Water Allocation Program and who currently report 

water use will be asked to provide more complete water use reports.   

These reports will include identification of processes requiring water use, 

and will allow the process types to be compared. 

1. Tier 1: Water withdrawal locations, sources, aquifers and types 

are already reported in the current system.  Borrow pits withdraw 

water whose source is an aquifer, but the withdrawal point looks 

like a lake.  The facilities are moving dredges and small mobile 

pump stations.  The use of the water resembles a high-volume in-

stream use of surface water.  The statewide withdrawals from 

borrow pits will be aggregated by HUC-8 basin and by county in 

the annual water use report submitted to the USGS. 
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2. Tier 2: Site-specific annual and monthly withdrawals will be 

reported for allocated facilities in the first phase of the grant-

funded project.  Each facility produces sand and gravel, but the 

WAB staff will look into varieties of products to compare to the 

water use. 

3. Tier 3: The WAB staff will request information on the individual 

processes performed at each site and associate each pump station 

with these processes.  The staff will also look into measurement 

of return flow at new sites.  Site visits to currently allocated 

facilities have not found a measuring point where return flows 

can be estimated.  Both facilities return water through diffuse 

overland sheet flow to ponds, where return flow is allowed to re-

enter the aquifer. 

In future grant awards, water use by non-reporting systems will be 

estimated.  The WAB staff will attempt to solicit permit applications from 

each of the non-reporting systems.  Using the improved water use 

database application, new information about individual processes within 

the operation and return flows will be investigated during the permitting 

process. 

ix. Aquaculture: The only established aquaculture facility reporting their 

water use has been inactive for several years.  There were no reports of 

water use for aquaculture in the past several years and it will not be 

addressed in the first phase of the proposed improvements.  The NASS 

2012 census indicated that 2 aquaculture facilities were active in 

Delaware that year.  The locations of these facilities are not known. 

1. Tier 1: Water withdrawal locations, sources, aquifers and types 

are already reported in the current system, and will be included in 

water use reports for future allocated systems.  For those systems 

who do not participate in the program, water use will be 

estimated using information gathered from reporting systems. 

2. Tier 2: Site-specific annual and monthly withdrawals will be 

reported for allocated facilities and estimated for non-reporting 

systems.  Process details, such as type of facilities and species 

raised will be included in the water use report. 

In future grant awards, water use by non-reporting systems will be 
estimated.  The WAB staff will attempt to solicit permit applications from 
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each of the non-reporting systems.  Using the improved water use 
database application, new information about the facilities, such as 
culture methods and species raised will be investigated during the 
permitting process.  
 

x. Commercial: Commercial establishments in Delaware can get their water 

supplies from public water suppliers, or by self-supply using the well type 

“Miscellaneous Public”.  Miscellaneous Public wells can serve commercial 

establishments with less than 25 employees, as well as churches, small 

offices, construction sites, and even new housing developments not yet 

connected to the public supply distribution network.  Water used by 

those establishments supplied by public water supplies is currently 

reported as a total commercial water use by the public water suppliers.  

These establishments can be included in the first phase of the grant 

activities.  Miscellaneous public wells serving commercial establishments 

do not report water use and will not be addressed in the first phase. 

1. Tier 1: Water withdrawal locations, sources, aquifers and types 

are already reported in the current system.  Deliveries to 

commercial establishments are aggregated and reported as a 

total commercial use annually by each public water supplier. 

2. Tier 2: Site-specific annual and monthly withdrawals for self-

supplied establishments will be estimated using a technique to be 

determined. 

If a second grant is awarded, water use by self-supplied commercial 
systems will be estimated.  The WAB staff will develop a system to 
estimate water use. 
 

xi. Hydroelectric Power – There are no facilities in Delaware.  

 

xii. Wastewater Treatment - The disposal of wastewater effluent is reported 

to other sections within DNREC, and steps will be taken to import those 

data into the water use database.  The Surface Water Discharges section 

collects monthly reports on treated effluent discharges into surface water 

from wastewater treatment facilities.  The Groundwater Discharges 

Section collects monthly data on treated effluent discharges to 

groundwater from wastewater treatment facilities through large septic 

systems, spray irrigation and rapid infiltration basins. 
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1. Tier 1: Annual discharge or reuse of wastewater effluent is 

currently tracked by the Groundwater Discharges and Surface 

Water Discharges sections.  The monthly total volumes discharged 

through each facility are reported in monthly operating reports.  

This information will be collected and reported with the annual 

water use report to the USGS. 

2. Tier 2: The monthly and annual discharge volumes will be 

aggregated to provide totals discharged to each receiving body or 

land area. 

 

xiii. Conveyance Data: The WAB proposes to begin collection of conveyance 

data.  Rather than require input of the water users’ entire distribution 

network, only the essential elements of water withdrawal and water 

delivery in each HUC-8 basin, county, or state will be required.  Each 

water user whose water sources or distribution network are in two HUC-

8 basins will report its withdrawals from the each source basin and 

deliveries to each basin.  Likewise, each water user whose water sources 

or distribution network are in two counties will report withdrawals and 

deliveries to each county – using the conveyance site points as reference.  

The non-Delaware counties will be reported as county, state.   

 

In the two examples below, water supply systems that straddle two counties 

(Smyrna) and two basins (Middletown) use the conveyance structure to 

identify the withdrawals and deliveries in schematic fashion.  Site names 

have been entered in place of site numbers in the conveyance table. The 

collection of conveyance data will facilitate the reporting of water use 

within a HUC-8 basin and inter-basin transfers of water.  It will likewise 

facilitate the reporting of in-county and inter-county water use. 

 
  
Figure 1 models the conveyance between the withdrawal site (wells), the 
treatment plant, and the distribution system to the public at the county 
level. The city of Smyrna, Delaware lies on the border of Kent and New 
Castle County, therefore requiring conveyance within the two counties to be 
analyzed. Figure 2 illustrates the same principle, but on a HUC-8 basin level. 
The city of Middletown, Delaware lies between the Brandywine-Christina 
and Smyrna-Broadkill basins, also requiring analysis of conveyance between 
the two basins. 
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Figure 1 Two-County Water System 

 
 

 

 

Figure 2 Two-Basin Water System 

Table 1 Example of SWUD Conveyance Data Table 

From 
Agency 
Code 

From Site 
Number 

To 
Agency 
Code 

To Site 
Number 

Delete 
Record 

Indicator 
(Modify) 

Conveyance 
Type Code 

Capacity 
Value 

Capacity 
Reporting 

Unit 
Name 

DNREC 
Smyrna Well 1 

County 1   
Smyrna WTP   

  
     

1,000,000  gpd 

DNREC 
Smyrna Well 2 

County 2   
Smyrna WTP   

  
      

1,000,000  gpd 

DNREC 
Smyrna Well 3 

County 2   
Smyrna WTP   

  
       

1,000,000  gpd 

DNREC 
Smyrna Well 4 

County 2   
Smyrna WTP   

  
       

1,000,000  gpd 

DNREC 
Middletown Well 1 

Basin 1   
Middletown 

WTP 
  

  
       

1,000,000  gpd 

DNREC 
Middletown Well 2 

Basin 1   
Middletown 

WTP 
  

  
       

1,000,000  gpd 

DNREC 
Middletown Well 3 

Basin 2   
Middletown 

WTP 
  

  
       

1,000,000  gpd 
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DNREC 
Middletown Well 4 

Basin 2   
Middletown 

WTP 
  

  
       

1,000,000  gpd 

DNREC 
Middletown Well 5 

Basin 2   
Middletown 

WTP 
  

  
       

1,000,000  gpd 

DNREC 
Middletown Well 6 

Basin 2   
Middletown 

WTP 
  

  
       

1,000,000  gpd 

DNREC 
Middletown WTP 

  
Basin 1 Use   

  
       

4,000,000  gpd 

DNREC 
Middletown WTP 

  
Basin 2 Use   

  
       

4,000,000  gpd 

DNREC Smyrna WTP   County 1 Use 
  

  
                 

7,000,000  gpd 

DNREC Smyrna WTP   County 2 Use     1,000,000  gpd 

 
 

b. Quality Assurance Improvements 
 

The proposed database improvements will allow the WAB staff to query the data and 
perform quality assurance checks that are not readily available in the current system. 

 
▪ Allowing large users to input water use spreadsheets generated by SCADA will reduce 

transcription errors and improve the public supply systems' institutional memories of 
correct reporting procedures. 

▪ Calculation of percent increase or decrease from previous year’s report, as well as 
increase or decrease in per capita or per acre water use will serve to flag procedural 
errors that happen from time to time. 

▪ Automated detection of omissions will speed up the process of getting complete reports 
from the users. 

▪ Public water systems' system summary reports add together withdrawals from various 
sources and are used for accounting of water use – water sales and purchases, 
unaccounted for water losses, deliveries to classes or groups of users, etc.  Many of the 
quality assurance procedures for public supply systems depend on expanded system 
summary reports. 

▪ Calculation of expected use and comparison to reported use. 
 

E. Description of Collaboration Efforts 
 
The development of this work plan included several collaborative pieces to improve the water 

use data collection for the Water Allocation Branch.  Within the State, Branch staff conducted 

several meetings with the Department of Technology and Information (DTI) to discuss the 

current state of our Water Use Data application and review our options to enhance our data 

collection and analysis activities.  DTI over the course of a year and a half evaluated our 

databases and determined that these applications did not meet the day to day business needs 

of WAB.  We plan to consult and collaborate with DTI further with our future competitive grant 
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proposals that address our State’s top priority of improved data collection and delivery.   A 

portion of the funding for the FY15 non-competitive grant was used for one Branch staff 

member to attend the USGS/ICWP stakeholder meeting in Chicago.  There, the staff member 

met with several states and exchanged information about our current data collection activities 

and areas for improvement.  Also in attendance was the Northeast Water-Use Specialist with 

the Water Science Center.  The Water Allocation Branch staff member met with this regional 

representative to discuss our State’s water use data and research priorities.  Continued 

collaboration with USGS occurred while developing the work plan.  The content of this work 

plan was based on the 2015 Financial Assistance Guidance document which was provided by 

USGS.  This USGS guidance document established baseline standards for water use data and 

research.  This work plan and future grant proposals will be based on these standards. 

The Water Allocation Branch has an ongoing collaboration with the Delaware Geological Survey 

(DGS) related to aquifer nomenclature and lithology.  In 2015, the DGS submitted a report of 

water use in Kent and Sussex counties in which they developed methodologies for estimating 

un-allocated irrigation, livestock, small public and domestic water use.  During preparation of 

this workplan, the DGS provided input on these methods.  Additional resources are available 

from the University of Delaware Cooperative Extension’s Delaware Irrigation Management 

System (DIMS).  This GIS-based web application automates some steps in estimating irrigation 

water use.  The Water Allocation Branch plans to increase efforts of collaboration with 

Delaware’s Department of Agriculture (DDA).  This effort primarily consists of requesting DDA’s 

support to increase participation in the Water Allocation Program. 

The Water Allocation Branch would like to continue and expand our collaborative efforts with 

these relevant agencies and it will guide the Water Allocation Branch to meet as many of the 

baseline goals as possible. 

 

F. Description of Additional Tasks and Products Proposed in the 2015 WUDR 
Cooperative Agreements Application 
 
The remaining task in the 2015 Cooperative Agreement is the verification of some of the 

assumptions used in preparation of this workplan.  The contractor hired with FY15 grant 

funding has begun analyzing existing data relating to unallocated irrigation permits as they 

represent some of the largest unreported water use sites in the state. The State of Delaware is 

comprised of 11 HUC-8 basins and roughly 2,600 unallocated irrigation facilities. To efficiently 

analyze the data, we have focused on the Smyrna-Broadkill basin which is also the only basin 

that lies completely within Delaware boundaries and also boasts the highest concentration of 

irrigation demand. All test wells, abandoned, and voided wells have been eliminated from the 

data to be analyzed. The remaining wells have been mapped onto the Smyrna-Broadkill basin 
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with the help of GIS software. This employee has begun using the map to visually check all 

unallocated irrigation wells ensuring they are properly classified, accurately located, and 

appropriately documented. Once the GIS-assisted visual checks are complete the employee will 

begin the field verification process. This task was begun in July 2016 because it requires the 

irrigation systems to be under operation, which only occurs during the summer months.  The 

contractor is continuing the field verification of 2016 water use even though irrigation has 

stopped.  

 

The field verification process entails comparing available direct water use measurements to the 

benchmark estimates, testing of the irrigation hour meters, and comparison to reported well 

capacities for quality control of the hour meter as a flow measuring device. If an elapsed time 

meter is found, the accuracy of the assumed well capacity will be verified using a clamp on 

flowmeter. By doing so we hope to garner a more precise estimate of the amount of water 

used by irrigators and ensuring the crops are not being over-irrigated. In the end, we anticipate 

our quality assurance checks will enable WAB to provide a more accurate depiction of our 

irrigation water demands to the USGS while simultaneously increasing participation in the 

Water Allocation Program. 

 


