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SUMMARY 

This section 319(h) project was designed to promote the adoption of best management practices 
(BMPs) to abate nonpoint source pollution from agricultural sources in the Arroyo Colorado 
study area. The project was funded by the U.S. Environmental Protection Agency through 
Texas Natural Resource Conservation Commission (TNRCC) and Texas State Soil and Water 
Conservation Board (TSSWCB), with some matching funding for mathematical modeling efforts 
provided by Texas Water Development Board. Project participants included the Texas 
Agricultural Extension Service (T AEX), the U.S. Department of Agriculture Natural Resources 
Conservation Service (NRCS), Southmost Soil and Water Conservation District (SWCD), and 
Texas Institute for Applied Environmental Research (TIAER) at Tarleton State University. 
Primary tasks of the project included the establishment of coordinating committees, the 
installation of BMPs and monitoring of demonstration sites, mathematical modeling of the study 
area, and education and technology transfer. 

The project's advisory committees selected BMPs appropriate for crops grown in the study area. 
Demonstration sites for the project were implemented with BMPs and were monitored over a 
fifteen-month period for water quality parameters. A multi-layer GIS database for the study area 
was assembled as part of the mathematical modeling efforts, which also used data collected from 
demonstration sites. Average annual loads of nutrients and pesticides were estimated for the 
study area based on the modeling results for the six BMPs listed below: 

I. improved nutrient management, 

2. improved residue management, 

3. improved irrigation water management, 

4. improved irrigation technology, 

5. irrigation land leveling/precision land forming, and 

6. integrated pest management. 

The project accomplished several important objectives: 

• Improved nutrient and residue management, irrigation land leveling/precision land 
forming, crop rotation and integrated pest management were demonstrated through 
implementation on two demonstration sites. Effectiveness of BMP implementation 
was evaluated though edge-of-field monitoring at the demonstration sites. 

• Mathematical modeling efforts, calibrated with monitoring data from the 
demonstration sites, indicated that substantial reductions in nutrient and pesticide 
loadings would be achieved from BMP implementation within the study area. 

• Exchange of information with agricultural interest groups was promoted through 
numerous education and technology transfer activities that had a cumulative 
attendance exceeding one thousand. 

• An Internet site was established which contains environmental information and 
research data, plus agricultural management guides pertinent to the study area. 

• Five publications and a videotape which supply informauon useful to agricultural 
producers in reducing nutrient and pesticide loadings to the watershed were produced 
and made available to area agricultural producers. 
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ADMINISTRATIVE HISTORY OF THE 
PROJECT 

Date Action 

May 25, 1994 TNRCC contract with the TSSWCB for the FY92 Arroyo Colorado Project was executed, 
project period April 15, 1994 through August 31, 1996. 

August 2, 1994 TSSWCB executed subcontract with TAEX. 

August 24, 1994 TSSWCB executed subcontract with TIAER. 

September 9, 1994 TSSWCB executed subcontract with NRCS. 

October 12, 1994 TSSWCB executed subcontract with the Southmost SWCD. 

April 7, 1995 TSSWCB submitted contract amendment revising the project workplan and budget and 
extending the project throughout August 31, 1997. 

July 13, 1995 TSSWCB submits draft QAPP to TNRCC. 

August 28, 1995 TNRCC submits formal letter request for contract amendment. 

September 8, 1995 TNRCC sent comments on the QAPP to be addressed by the TSSWCB. 

October 4, 1995 EPA approves workplan and budget changes in letter to TNRCC. 

November 22, 1995 TSSWCB made revisions to the QAPP and resubmitted it to TNRCC. 

November 30, 1995 QAPP approved by TNRCC and submitted to EPA. 

February 5, 1996 QAPP approved by EPA. 

November 27, 1996 TNRCC submits to TSSWCB the revised contract amendment for signatures. 

December 10, 1996 TSSWCB executed subcontract with TAEX to extend project to August 31, 1997. 

December 16, 1996 TSSWCB executed subcontract with TIAER to extend project to August 31, 1997. 

January 16. 1997 TSSWCB executed subcontract with NRCS to extend project to August 31, 1997. 

January 24, 1997 TSSWCB executed subcontract with Southmost SWCD to extend project to August 31, 1997. 

June 24, 1997 QAPP annual revision sent to TNRCC. 
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INTRODUCTION 

The Arroyo Colorado watershed, located in the coastal border region of southern Texas, has 
experienced numerous water quality problems in recent years. Evidence points to agriculture, a 
primary industry of the area, as one possible source of the pollution. This Clean Water Act 
section 319(h) project serves to demonstrate best management practices (BMPs) to abate 
nonpoint source pollution from agricultural sources in the study area, to promote their adoption 
among area producers, and to estimate the effects of BMP implementation on local water 
quality. 

The project was developed by the Texas Natural Resource Conservation Commission (TNRCC), 
Texas State Soil and Water Conservation Board (TSSWCB) and the Southmost Soil and Water 
Conservation District (SWCD). Cooperating agencies include the Texas Agricultural Extension 
Service (T AEX), Natural Resources Conservation Service (NRCS), and Texas Institute for 
Applied Environmental Research (TIAER). This project addresses the impact of nonpoint source 
pollution resulting from agricultural sources, while the TNRCC has developed a companion 
project addressing nonpoint source pollution resulting from urban runoff to the Arroyo 
Colorado. In addition to the cooperating agencies, local citizens and technical experts were 
involved with the project through coordinating committees established early in the project to 
provide guidance for research and educational activities. 

The overall objective of the project was to promote the adoption of BMPs to abate nonpoint 
source pollution from agricultural sources in the study area. Specific objectives of this project 
include the following: 

demonstrate improved nutrient and pesticide management practices; 

evaluate the effectiveness of selected BMPs through monitoring of edge-of-field 
losses, both surface and subsurface, at the demonstration sites; 

estimate the environmental benefits of widespread BMP implementation through the 
use of mathematical models to predict pollutant load reductions from agricultural 
enterprises in the study area; and 

promote increased cooperation and exchange of information between agricultural 
interest groups through the technical advisory committee and the local advisory 
committee. 

Two fields were selected for implementation and demonstration of BMPs suitable to the study 
area; one employed dryland cropping practices while the other was irrigated. To evaluate the 
effectiveness of selected BMPs in abating nonpoint source pollution associated with agricultural 
drainage, each field was divided into a control section managed according to conventional 
practices and a treatment section utilizing improved management practices. Samples of surface 
runoff and subsurface drainage were collected from the control and treatment sections of the 
fields for chemical analyses. Subsequent modeling analysis of best management practices within 
the Arroyo Colorado study area applied the Environmental Policy Integrated Climate (EPIC) 
model to estimate the effects of BMP implementation throughout the study area. Water quality 
data obtained from the monitoring activities at the demonstration sites were used for calibration 
and testing of the EPIC model prior to its application. 

ARROYO COLORADO WATERSHED NONPOINT SOURCE POLLUTION PROJECT 



PROJECT ACCOMPLISHMENTS BY TASK 

TASK 1. Establish and Sustain Technical Advisory 
and Local Advisory Committees 

Subtask 1.1 

TSSWCB and the Southmost SWCD with assistance from NRCS, TAEX, and TIAER will 
work in concert with TNRCC to sustain a Local Advisory Committee and a Technical 
Advisory Committee. 

Subtask 1.2 

The Local Advisory Committee (LAC) and the Technical Advisory Committee (T AC) 
for the Arroyo Colorado project were formed in 1994. with meetings of the TAC 
continuing through 1997. Thirty people formed the LAC, including local citizens, local 
officials, irrigation district representatives, local agricultural producers, members of 
local environmental conservation organizations, plus representatives of national 
agencies and organizations. Twenty-two people formed the T AC, including 
representatives of the Environmental Protection Agency, Texas State Soil and Water 
Conservation Board, Texas Natural Resource Conservation Commission, and project 
participants. 

TSSWCB and TNRCC will assure that the LAC and TAC are informed of and have an 
opportunity for input into all aspects of the project through regularly scheduled meetings. 

Milestones 

The LAC and TAC took part in project activities, participating in location of project 
demonstration sites, determination of boundaries for the study area for modeling 
efforts, selection of potential BMPs for implementation, recommendations for 
equipment purchase/maintenance and establishing the need for additional data. 

Establish Technical and Local Advisory Committees. 

Both of these committees were formed in 1994. 

Oeliverables 

Minutes ofTAC and LAC committee meetings to be attached to quarterly reports. 

Minutes were attached to quarterly reports as requested. 

list of TA C and LAC members. 

Lists of committee members are included in Appendix A. 

Attendance list ofTAC and LAC meetings. 

Attendance lists are also included in Appendix A. 
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Measure of Success 

Interagency cooperation and coordination at the district level through regularly scheduled 
TAC and LAC meetings. 

Project participants cooperated appropriately with TAC and LAC during the project. 
All meetings were held in the area, with the exception of one T AC meeting in Austin. 
The cooperation among committee members and project participants supported 
modeling and sampling efforts. 

TASK 2. Identify, Design and Install Two 
Demonstration Sites 

Subtask 2.1 

Identification of two demonstration sites. 

Subtask 2.2 

One demonstration site was located on 60 acres of dryland cropland in Cameron 
County. This demonstration site had a control field with conventional practices and an 
adjacent treated field on which BMPs were implemented. The second demonstration 
site occupied 40 acres of irrigated cropland in Cameron County. This site was selected 
to take advantage of existing water quality data collected from the site by the 
Southmost SWCD and NRCS in 1992-93 which could be used as the control data. 
Although an adequate amount of water quality data had been collected on the site, no 
accompanying flow data were obtained. Therefore, counter to the original plan, the 40 
acre site was divided to provide a control field along with a treated field. 

Design and installation of BMPs for treated fields. 

Milestones 

NRCS coordinated the design and installation of BMPs with assistance from the 
Southmost SWCD and TSSWCB. T AEX and NRCS provided technical assistance in 
BMP application. NRCS utilized data from the automated weather station to assist with 
scheduling of irrigation and nutrient management. T AEX provided additional technical 
assistance in nutrient and pesticide management. Nutrient management, pesticide 
management, residue management, and precision land forming were the BMPs 
implemented on the dry land treatment field. Nutrient and pesticide management were 
implemented on the irrigated treatment field. In addition, a subterranean drain tile 
system and land leveling had previously been implemented on the irrigated site. 

Preparation of a detailed plan for the two demonstration sites. 

Members of the TAC and project participants surveyed BMPs to determine those 
appropriate for the demonstration sites. NRCS and Southmost SWCD met with site 
owners several times prior to their September 28. 1995 meeting which finalized the 
BMPs to be installed on the two demonstration sites. Additional plans for the sites 
included the following factors: 

• Hydrologic isolation of sites by construction of perimeter berms, 

• Installation of automatic water samplers in subterranean drain tile system, 
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• Installation of weather station at demonstration site, 

• Precision land forming, 

• Soil sample collection and analysis, 

• Nutrient management recommendations for plants based on soil analysis, 

• Pesticide management based on prevailing field conditions, as determined by 
scouting professionals, 

• Surface irrigation data recommendations based on location, crop, soil type, curve 
number, irrigation system type and design efficiency, 

• Residue management/conservation tillage recommendations based on percent 
surface cover and timing within the annual crop cycle. 

Presentation of the plan to LAC for input. 

Project participants updated members at all LAC meetings regarding BMP 
characteristics and the status of BMP implementation at the demonstration sites. 

Install BMPs on treated fields. 

The BMPs were successfully implemented on the demonstration sites in 1996. 

Deliverables 

Quarterly and annual reports. 

Project reports have been submitted throughout the term of the project. 

Measure of Success 

Establishment of two treated fields exhibiting reductions in pesticide and nutrient loading 
after BMP implementation. 

The two fields implemented with BMPs have been established as described above. 

TASK 3. Evaluate BMP Effectiveness 

Subtask 3.1 

Literature review of existing water quality data in the Arroyo Colorado watershed and of 
current technology for applicable BMPs. The water quality data for stream segment 2202 will 
be compiled into a Paradox database. At the conclusion of this project, this data will be stored 
at the TSSWCB and will be available to the public and other governmental agencies upon 
request. 

The literature review completed by TAEX, included in Appendix B, contains a 
comprehensive survey of water quality problems within stream segment 2202 of the 
Arroyo Colorado Watershed. Current technology for applicable BMPs is presented 
within the educational materials prepared by TAEX, which are also found in Appendix 
B. Existing water quality data has been compiled into a Paradox database and is 
available on the Internet at http://arroyo.tamu.edu/arroyo/database.html. 
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Subtask 3.2 

Quality Assurance Project Plan (QAPP) for the demonstration sites. 

Subtask 3.3 

TSSWCB coordinated the design of the QAPP with the Southmost SWCD, NRCS and 
TIAER. Appendix C contains a copy of the final copy of the project QAPP, with a 
letter indicating its approval by EPA. A copy of the TSSWCB audit of the TIAER 
laboratory is included as Appendix D. 

Purchase and installation of monitoring equipment, collection of samples, and laboratory 
analysis of samples will be completed. 

Subtask 3.4 

Water quality monitoring equipment was procured by the Southmost SWCD. TAEX 
and NRCS worked with the Southmost SWCD in installing the monitoring equipment. 
Sample collection from the demonstration sites was provided by Southmost SWCD. 
Laboratory analyses of the samples were completed by TIAER. Laboratory data from 
analyses of samples are included as Appendix E. Weather data collected from the 
dryland demonstration site is available upon request from Dr. Guy Fipps at Texas 
Agricultural Extension Service and will soon be available on the Arroyo Colorado 
Water Quality Web Site. Weather data collected from the city of Harlingen are found 
on the Texas ET (evapotranspiration) Network and Web Site at 
http://www.agen.tamu.edu/pet. Other sections on this web site provide information 
on how to use the data for determining proper irrigation scheduling. 

Evaluation and interpretation of the monitoring data collected from the demonstration sites. 
The interpretation of the monitoring data will include simple statistical tests and trend 
analysis. 

Subtask 3.5 

Evaluation and interpretation of the monitoring data are included in the final report 
prepared by T AEX which is provided in the first section of Appendix B. This report 
also describes additional project activities completed by T AEX. 

Application of mathematical models to demonstration sites and agricultural regions of the 
study area. The agricultural portion of the study area will be separated into categories based 
on soil type, crop, and farming practices (dry land or irrigation). Individual simulations will 
be performed for each grouping, which will then be aggregated into a representative picture 
of the agricultural portion of the study area. Simulations will be performed to estimate 
changes in edge-of-field loading for scenarios with and without BMPs. 

TIAER has applied the Environmental Policy Integrated Climate (EPIC) mathematical 
model to the demonstration sites and to agricultural regions of the study area. Data 
describing the study area have been incorporated into TIAER · s GRASS geographic 
information system. Data layers include soil type, land use/vegetative cover, 
topographical information, monitoring wells, and geographic/cartographic features. 
Baseline conditions in the study area were characterized. Simulations were run, using 
various combinations of BMP implementation, to estimate loading reductions from 
BMP usage. 
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Subtask 3.6 

Determine the impact of BMPs on agricultural contributions to nonpoint source pollution by 
evaluating the viability of various BMPs. The improvements to water quality in the Arroyo 
Colorado through appropriate BMP implementation will be estimated. 

Milestones 

TIAER prepared a report (Appendix F) detailing the water quality issues in the study 
area, informational requirements for the model, the geographic information system and 
climate database. The report also describes the demonstration sites, the water quality 
monitoring, baseline conditions, the evaluated BMPs, model selection, calibration and 
sensitivity analysis, and the results from the model evaluation of BMP implementation 
in the study area. Section 3.4 of the report details the baseline conditions of the study 
area; section 3.5 describes the BMPs evaluated by the model; and section 5.0 presents 
the results of the modeling analyses. Table 14, on page 40 of the report, enumerates the 
percent change estimates associated with BMP implementation in the Arroyo Colorado 
study area. In addition, TAEX has evaluated the water quality data associated with 
BMP implementation on the project sites. These evaluations are found in Section I of 
Appendix B. 

Draft Quality Assurance Project Plan to TNRCC and EPA. 

The draft QAPP was completed by TSSWCB, in coordination with TIAER, T AEX, 
NRCS, and SWCD. It was sent to the TNRCC in July 1995. 

Final Quality Assurance Project Plan approved by TNRCC and EPA. 

EPA granted final approval of the QAPP in February 1996. The approved QAPP was 
updated and submitted to TNRCC in June 1997 and then submitted to EPA. 

Conduct literature review and compile existing water quality data. 

The literature review is included in Appendix B. This review is available on the 
Internet for agency personnel and the general public at the following address: 
http://arroyo.tamu.edu/arroyo/progrept.htrnJ. T AEX has produced the Arroyo 
Colorado Water Quality Data Base Web Site at http://arroyo.tamu.edu. This web site 
provides details on the substances analyzed and maps showing the locations of all 
monitoring stations. 

Complete project design/ Install monitoring equipment. 

The project design was completed and monitoring equipment was installed by NRCS 
representatives on both demonstration sites in 1996. The criteria used by the LAC and 
TAC to identify and select BMPs for implementation included the ability to 
reduce/prevent NPS pollution, low operating costs and favorable regard from the local 
agricultural community. 

Initiate and complete routine sampling. 

Southmost SWCD representatives have completed water quality sampling at the 
demonstration sites. In addition, laboratory analyses of the samples have been 
completed by TIAER. TIAER's laboratory data are included as Appendix E. 

Review monitoring data with LAC. 

The historical water quality monitoring data were presented to the LAC during the 
January 26, 1995 meeting. 
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Deliverables 

Paradox Database. 

T AEX's water quality database, formatted with Paradox software, is available on the 
Internet at the following address: http://arroyo.tamu.edu/arroyo/database.html. 

Draft and Final Quality Assurance Project Plan approved by TNRCC and EPA. 

The final QAPP for this project is attached as Appendix C. 

Report on evaluation of existing water quality data. 

TAEX's evaluation of existing water quality data is included in Appendix B. 

Quarterly and annual reports. 

TSSWCB has submitted project reports through TNRCC to EPA throughout the 
duration of the project. 

Draft and Final reports on modeling results and BMP effectiveness. 

BMP effectiveness in reducing agricultural contribution to nonpoint source pollution 
was estimated through application of mathematical modeling and is provided in a report 
by TIAER (Appendix F). 

Measures of Success 

Quantify load reduction in pesticide and nutrient contributions from agricultural runoff and 
sub-surface drainage from the demonstration sites. 

Load quantification from the demonstration sites was not possible due to lack of 
sufficient flow data. Both flow meters at the dryland site and the flow meter at the 
irrigated treatment site were not functioning properly, resulting in collection of flow 
data only from the control area of the irrigated demonstration site. The flow meter at 
the irrigated control site collected data during the first two irrigation events, then 
malfunctioned. Southmost SWCD purchased and NRCS installed new flow meters near 
the end of the project, but no samples were collected after their installation. Although 
loads cannot be calculated without flow data, TIAER was able to use the existing flow 
data to calibrate the model and predict load reductions for the study area through 
mathematical modeling. 

TASK 4. Education and Technology Transfer 
This task will emphasize an increased awareness of the problems and solutions associated 
with non point source pollution from agricultural communities. The transfer of technology to 
agricultural communities as well as other interest groups and state and federal agencies will 
be a multi-faceted approach and will be ongoing throughout the project period. TAEX will be 
the lead agency for accomplishing this task. The Southmost SWCD and NRCS will assist in 
this task by participating in the educational seminars and workshops. 

This exchange will include educational seminars and workshops, demonstration tours, 
dissemination of printed material, development of documentary videotape and research 
papers and available use of mass media. Efforts will also include individual technical 
assistance provided by the cooperating agencies as well as assistance from the LAC. 

Milestones 

Provide fact sheets to local community on pesticide/fertilizer usage. 
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The fact sheets listed below were produced by T AEX and made available to the local 
community during seminars. The documents, listed below and included in Appendix B, 
continue to be available at local NRCS and SWCD offices. 

I. Pest and Beneficial Arthropods of Cotton in the Lower Rio Grande Valley 

2. Soil Fertility and Fertilizer Management 

3. Irrigated Grain Sorghum Production 

4. Calibrating Pesticide Application Ground Equipment-Calibration Guide 
and Software 

5. Help Yourself, Help the Environment 

Produce documentary video of demonstrations. 

The documentary video was produced by TAEX. 

Conduct educational seminars (lectures) for agricultural community. 

The educational seminars and hands-on workshops listed below were conducted by 
TAEX for the study area's agricultural community. Additional information about them 
is included in Appendix B. 

1995 Cotton Pre-Plant Clinic 

1995 

1995 

1995 

1996 

1996 

1996 

1997 

1997 

1997 

Conservation Tillage in South Texas ( !995) 

Cotton Production and Physiology Workshop 

Lower Rio Grande Irrigation Conference 

Sprayer Calibration Clinic 

Lower Rio Grande Irrigation Conference 

Irrigation Field Day Tour 

Cotton Pre-Plant Clinic 

No-Till Field Day 

Seminar on the Arroyo Colorado 

The seminars listed below were conducted by NRCS and others for the study area's agricultural 
community. 

Deliverables 

1996 

1996 

No Till Field Demonstration 

Conservation Tillage Field Day 

Fact sheets on pesticide/fertilizer usage. 

The following fact sheets were produced for this project and were made available to 
local agricultural users during the field days. Copies of the fact sheets are included in 
Appendix B. These materials are also available to the community at local NRCS 
offices and SWCD. 

Pest and Beneficial Arthropods of Cotton in the Lower Rio Grande Valley. Provides 
information on the appearance, basic biology and management of major pests of cotton 
and on occasional pests and beneficial organisms in the Lower Rio Grande Valley. 

Soil Fertility and Fertilizer Management. Provides a complete guide to fertilizer 
management, soil fertility, soil testing and interpretation, and nutrient requirements of 
major crops. 

Irrigated Grain Sorghum Production. Provides a complete guide to grain sorghum 
production including proper nutrient, chemical and irrigation water management. 
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Calibrating Pesticide Application Ground Equipment - Calibration Guide and 
Software. This publication and software provides a checklist and a complete guide to 
proper calibration of ground equipment used for applying pesticides and fertilizers. 

Help Yourself, Help the Environment. Links conservation tillage to water quality and 

Registration list for seminars and workshops. 

Copies of materials distributed at seminars and workshops. 

Copies of agendas for seminars and workshops. 

Copies of press release for seminars and workshops. 

Copies of the deliverables listed above are provided in Appendix G. 

Copies of video for presentation to various interest groups. 

A copy of the T AEX video is provided with this report. 

Measure of Success 

Percent of agricultural community exhibiting an increased awareness of the consequences of 
their actions with regard to pesticide and fertilizer applications as measured through the list 
of attendees for each seminar and workshop performed. 

The combined attendance at the seminars and workshops exceeded one thousand, 
representing a substantial percentage of the agricultural community. NRCS has 
provided a video monitor in its local office to encourage agricultural users to view 
videos which present information on environmental/agricultural topics. In addition, 
fact sheets produced by TAEX and information on the TAEX website remain available 
to local agricultural producers. These sources should continue to increase the 
awareness of the agricultural community in the study area. 

TASK 5. Contract Administration 
The TSSWCB will manage the interagency contract from TNRCC as well as prepare and 
administer subcontracts with the cooperating agencies. 

TSSWCB managed the interagency contract with TNRCC and completed and 
administered subcontracts with TIAER, T AEX, Southmost SWCD, and NRCS. 

The TSSWCB staff will provide technical assistance to subcontractors as needed throughout 
the grant period relative to all aspects of work plans. 

Milestones 

All necessary technical assistance to subcontractors was provided throughout the grant 
period. 

Contracts with cooperating agencies in place. 

All contracts with cooperating agencies were completed. 

Quarterly reports and draft annual reports to EPA through TNRCC. 

Reports have been submitted to EPA through TNRCC. 

Final reports to EPA through TNRCC. 

This report represents the project's final report. 
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Technical assistance as needed. 

Technical assistance has been provided to subcontractors as needed. 

Deliverables 

Quarterly, annual and final reports. 

This report represents the only report remaining to be submitted to EPA through 
1NRCC. 

Measure of Success 

Provide technical and contractual guidance to the cooperating agencies to assure a successful 
project. 

Technical and contractual guidance have been provided as evidenced by the successful 
completion of this project. 

ARROYO COLORADO WATERSHED 10 NON POINT SOURCE POLLUTION PROJECT 



APPENDIX A 

List of Technical and Local Advisory Committee 
Members; Meeting Attendance Lists 

ARROYO COLORADO WATERSHED NONPOINT SOURCE POLLUTION PROJECT 



LOCAL ADVISORY COMMITTEE 

Pete Wright 
USDA-NRCS 

Rose Fanner 
National Audobon Society 

Tony Gonzales 
D.C.-NRCS 

Wayne Halbert 
Harlingen Irrigation District 

James Matz 
Cameron Co. Comm. 

Billy Mack Simpson 
local citizen 

Gary Wagennan 
TPWD 

Charlie Webster 
TNRCC 

Cloice Whitley 
Harlingen Waterworks 

Selena Carroll 
The Nature Conservancy 

Jim Chapman 
Sierra Club 

Jim Gamble 
Independent producer 

Alan Moore 
Engineer - NRCS 

Larry Ditto 
U.S. Fish & Wildlife Service 

Noe Garza 
D.C.- NRCS 

Rick Guerrero 
local citizen 

Ken Jones Terry Lockamy 
Lower Rio Grande Development Council County Extension Agent 

Natalie Prim 
Harlingen City Manager 

Bill Thompson 
Irrigation District Director 

Gail Rothe 
TNRCC 

Cloice Coykendall 
Laguna Atascosa WF Refuge 

Lisa Williams 
The Nature Conservancy 

Elaine Lockhart 
Harlingen Proud 

Jose Sanchez 
TDA 

Steve Thompson 
Laguna Atascosa Wildlife Refuge 

Andy Garza 
TSSWCB 

Linda Koch 
Coalition to Save the Arroyo Co. 

David Meinhart 
Harlingen Proud 

Doyle Warren 
TAES 



TECHNICAL ADVISORY COMMITTEE 

Carl Hutcherson 
EPA 

Dick Respess 
TNRCC 

Kerry McCollough 
TNRCC 

Wayne Halbert 
Harlingen Irrigation District 

Bo Spoonts 
TSSWCB 

Ron Jones 
TIAER 

Allan Colwick 
NRCS 

Justin Hester 
TSSWCB 

Guy Fipps 
TAEX 

Larry Hauck 
TIAER 

Tony Gonzales 
D.C.- NRCS 

Terry Lockamy 
TAEX 

Doyle Warren 
TAEX 

Arthur Talley 
TNRCC 

Len Pardee 
EPA 

Petra Sanchez 
EPA 

Bill Harris 
TAES 

Alan Moore 
Engineer- NRCS 

Lennie Winkelman 
TSSWCB 

Stormy Sparks 
TAEX 

James Ratteree 
EPA 

Kelvin Moore 
TNRCC 



.. • • 
Agenda 

FY92 319(h) Projects on Assessing Nonpoint Source Pollution 
in the Arroyo Colorado River Watershed 
Local Coordinating Committee Meeting 

Harlingen Chamber of Commerce 
September 22, 1994 

7:00PM 

Mission Statement: The Local Coordinating Committee (LCC) will provide liaison 
services between the Technical Advisory Committee and the citizens of Cameron County 
and other surrounding counties in addressing nonpoint source pollution in the Arroyo 
Colorado River watershed. Specifically, the LCC will provide guidance concerning the 
historical effects of tested agricultural and urban practices to the managers and scientists 
involved in this program and assist in developing best management practices to be used by 
the local community. 

I. Introductions 

II. Overview of CW A, Section 319 (h)- Gary Fisher, Texas Nonpoint Source Project 
Officer, U.S. Environmental Protection Agency, Region 6 

ill. Overview of the FY92 319(h) Grant- Kerry McCullough, Grant Manager, Texas 
Natural Resource Conservation Commission (TNRCC) 

IV. TNRCC role in project management and discussion of the urban project - Dick 
Respess, Project Manager, TNRCC 

V. Texas State Soil and Water Conservation Board (TSSWCB) role in project 
management and introduction of subcontractors - Bo Spoonts, Director of 
Programs, TSSWCB 

a. Larry Hauck, Research Scientist, Texas Institute for Applied Environmental 
Research 

b. Guy Fipps, Associate Professor and Extension Specialist, Texas Agricultural 
Extension Service 

c. Alan Moore, Civil Engineer, Soil Conservation Service 
d. Wayne Halbert, District Director, Southmost Soil and Water Conservation 

District 

VI. Discussion with the Local Coordinating Committee (LCC) on a proposed site and 
election of a Chair and Co-chair for the LCC . 

VII. Future actions 
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September 27, 1994 

MEETING MINUTES 
of the 

• 
Local Coordinating Committee Meeting 

FY92 319 (h) Projects on Assessing Nonpoint Source Pollution 
in the Arroyo Colorado River Watershed 

Harlingen Chamber of Commerce 
September 22, 1994 

7:00PM 

7:05PM- Meeting convened by Bo Spoonts, Director of Programs, TSSWCB. 

7:05-7: 10 PM - Personal introductions were made and a sign-up sheet was passed around. 

7:10-7:15 PM- Gary Fisher, Texas Nonpoint Source Project Officer from EPA, gave an 
overview of Section 319 funding. Gary gave EPA's definition of nonpoint source 
pollution and explained the mechanism of the 319 funding. He said that on the Arroyo 
Colorado project funds came from EPA to TNRCC to TSSWCB to Subcontractors. He 
also said that TNRCC was handling the urban side while TSSWCB was handling the 
agricultural aspect of the project. Gary stressed how we need a Local Coordinating 
Committee (LCC) to meet the success of the project. 

Gary introduced Carl Hutcherson who is the new liaison between SCS and EPA 

Gary then introduced Kerry McCollough of TNRCC who was next on the agenda. 

7:15-7:16 PM- Kerry McCollough, TNRCC Grant Manager, explained how the Arroyo 
Colorado project bridges agricultural and urban problems in the Arroyo Colorado River 
watershed. The knowledge and BMP's learned from this project can be transfered to other 
local counties. 

Kerry introduced Dick Respess, TNRCC Project Manager on the urban side of the 
project. 

7:16-7:34 PM - Dick Respess said that urban landscaping is a significant contributor to 
non point source pollution. Dick showed and explained many overheads as listed below: 

Overhead #1- Integrated Landscape Management (ILM) 
Explained soil moisture, soil nutrient concentration, and vegetation health 

Overhead #2 - Arroyo Colorado Nonpoint Source Project 
Explained the benefits of ILM of reducing landscape maintenance costs and 
nutrient/pesticide loadings 

Overhead #3 - Goals and Objectives 
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Reduce nutrient loadings, provide training to landscape managers, and increase 
public awareness 

Overhead #4- Project Tasks 
Planning, implementation, and technology transfer 

Dick said that the urban project was to be done on the Tony Butler Golf Course and 
passed out a copy of the urban project workplan. 

Dick then gave the floor back to Bo Spoonts. 

7:34-7:44 PM- Bo explained the difference between TNRCC and TSSWCB's role in the 
project and gave several examples of nonpoint source pollution - cigarette buns on 
ground, gasoline fumes, oil on a driveway, etc. He said that there was no way to 
completely stop non point source pollution but it could be slowed down. 

Bo then explained that in the workplan there are two (2) sites to be studied: A dryland 
cropland, and an irrigated cropland site. 

Bo introduced Larry Hauck, Research Scientist, Texas Institute for Applied 
Environmental Research. 

7:44-7:46 PM - Larry said that TIAER brings two (2) areas of expertise to the project. 
The first area of expertise is the chemistry laboratory analyses to study nutrient and 
bacterial concentrations of Arroyo Colorado River water samples. The second is 
numerical modeling to predict agricultural run-off of the fields chosen. 

Bo then introduced Guy Fipps, Associate Professor, Texas Agricultural Extension Service. 

7:46-8:01 PM - Guy Fipps gave an gave a presentation on several overheads which are 
attached. 

Bo introduced Alan Moore, Soil Conservationist, Soil Conservation Service, San Benito. 

8:01-8:06 PM - Alan explained the mechanism of the SCS within the USDA. SCS's 
responsibility is to provide technical assistance to the landowners in installing best 
management practices. SCS takes a voluntary, non-regulatory approach to assisting 
landowners. On this particular project, SCS will install and monitor the equipment on the 
two (2) sites chosen. 

Bo introduced Wayne Halbert, Harlingen Irrigation District Director, and Director of the 
Southmost Soil and Water Conservation District. 

8:06-8:12 PM- Wayne said the purpose of the Southmost SWCD is to deal with local soil 
and water conservation issues. This project originated in 1989 and is finally starting to try 
to implement BMP's to show nonpoint source pollution improvement Wayne told the 
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LCC not to waste the opportunity to work on this important project to make a difference 
in the community. He stressed how the LCC can influence the success of the project by 
selling it to the local cc mmunity. 

8:12-9:00 PM- Bo had the LCC look at establishing and sustaining an active coordinating 
committee as an important aspect of the workplan. Bo also explained the difference 
between the LCC and Technical Advisory Committee (TAC). 

Wayne Halbert intervened to say that there are not two (2) distinct projects - urban and 
agricultural. The major impact was to better the water quality in the Arroyo Colorado. 

Bo asked the LCC if they would like to elect a Chair and Co-chair on the LCC to be the 
liaison between the LCC and the Technical Advisory Committee. No response from the 
LCC. 

Dick Respess said that the urban side of the project would be done on the Tony Butler 
Golf Course. 

Bo said that the agricultural irrigated site is located near Harlingen and already 
instrumented. Asked whether any one had any suggestions for the dry land site. 

Steve Thompson of the Laguna Atascosa Wildlife Refuge volunteered 150 acres as a 
controlled monitoring site. 

Wayne Halbert said the idea was to take Farms A and B that are the same and install 
BMP's on Farm A to see if it is improved over Farm B. 

Guy Fipps led the discussion back to site selections. He suggested the LCC as a group 
look at the selection of the 2 sites and respond to the T AC with questions. 

Wayne said that the irrigated site was chosen because ofmoney constraints since the 
equipment has already been installed. 

Jim Chapman wanted to know the name of the irrigated site selected or specifics. 

Wayne answered him by saying that on the irrigated cropland cotton and grain would be 
planted on a rotational basis. The dry land site would also be the same. 

Steve Thompson asked that if they weren't given the names of the sites selected then are 
the farmers respected within the community. Bo answered that they were. 

Dick Respess reiterated to the LCC that if anyone had any questions on the urban side of 
the project do not hesitate to call him at TNRCC. He was working on getting the QAPP 
approved before sampling takes place. Dick also said he would send quarterly reports to 
the LCC. 
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Gary Fisher explained the water assessment process. He also stated that EPA's viewpoint 
is that nonpoint source pollution can and will be abated. 

Alan Moore suggested that monitoring on the dryland cropland and the irrigated cropland 
start in February. This means the QAPP must be submitted by December, 1994. 

Terry Lockamy suggested November 17, 1994 as the next meeting date. The LCC agreed 
that this was a good day and 7:00PM was a good time. 

9:00PM - Bo adjourned the meeting. 

sc 
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TEXAS STATE SOIL AND WATER CONSERVATION BOARD 

To: Local Advisory Committee 

From: Lennie Vt'"•:~kelman 

Date: February 23. 1995 

311 North 5th 

P 0 Box 658 

Temple. Texas 76503-0658 

(817) 773-2250 

Fax (817) 773-3311 

Subject: Meetirc tv1inutes of Local Advisory Committee Meeting 

Enc!osed you...-;; find a copy of the attendance list and the minutes from the Local 
Adv1sory Comr.-.-_ee Meeting held in Harlingen on January 26th. 

If you have an:- ::1-lestion please do not hesitate to contact me. 

Sincerely, 

~~ 
Lennie Winkelr-..:.1 
Planner 
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January 26,1995 

MEETING MINUTES 
of the 

Local Coordinating Committee Meeting 
FY92 319 (h) Projects on Assessing Nonpoint Source Pollution 

in the Arroyo Colorado River Watershed 
January 26, 1995 

7:00PM 

7:05 PM - Meeting Convened by Bo Spoonts, Director of Programs, TSSWCB. 

7:05 - 7:10 PM - Personal introductions were made and a attendance sign up 
sheet was passed around. The attendance sheet is attached. 

7:10 - 7:13 PM - Bo Spoonts explained that the role of the Local Coordinating 
Committee (LCC) is of an advisory nature. The LCC would express concerns 
and provide feedback about the activities on the project. The LCC's name would 
be changed to the Local Advisory Committee to more accurately reflect its role. 

7:13-7:40 PM Dick Respess, TNRCC Project Manager, explained that the 
urban component of the project would take place at Tony Butler Golf Course. A 
local engineering firm has been contracted to survey several sites at the golf 
course. The survey will aid in the placement of the sampling sites. TNRCC has 
been working with Dr. Fipps at TAEX on stormwater monitoring and integrated 
landscape management. The staff at the golf course will be trained to help in the 
sampling. The Quality Assurance Project Plan has been submitted to the 
TNRCC and is awaiting approval before sampling can begin. In March, the 
stormwater monitoring equipment and BMP's should be installed so that 
sampling can begin. Samples will be taken at a demonstration site with BMP's 
and at natural site without BMP's. The urban component will mainly look at 
nutrients. 

Someone questioned why the TNRCC removed pesticides from the study. Dick 
responded that previous assessments indicated that nutrients were the main 
problem. 

Wayne Halbert stated that the original idea of the project was not to determine 
what urban and agriculture pollution contributed to the Arroyo Colorado. These 
projects are demonstrations that are used as land management practices to 
control pollution runoff. 

7:40 - 8:12 PM Dr. Fipps from T AEX reported on the water quality database that 
was compiled on the Arroyo. He contacted various state and federal agencies to 
collect this data and has received most of the information he requested. 
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He showed an overhead of the different routine water quality parameters that 
have been sampled for by different state and federal agencies. Some of these 
parameters on this overhead were nitrate nitrogen, dissolved oxygen, and 
several organic and inorganic constituents. 

He showed an overhead map of the Arroyo and described where the segments 
of 2201 and 2202 were located and where previous water samples had been 
taken. 

Finally, he showed an overhead of the water quality data for 1984. He examined 
the data for this year and stated that none of the samples exceeded the safe 
water drinking standards. However, he also noted that there was a high fecal 
coliform count for several of the samples taken in the Arroyo. This could be 
attributed to the wastewater treatment plants that discharge treated effluent into 
the Arroyo. 

He concluded his presentation by stating that he has examined only a portion of 
the water quality data that has been compiled. He hopes to go through all of the 
water quality data and determine if there are trends. 

8:12- 8:20PM Tony Gonzales from NRCS discussed the two demonstration 
sites. The irrigated site is 40 acres and has been field leveled. 

The dryland demonstration area is on FM 1420 and is 60 acres in size. The site 
will be divided into two 30 acre tracts with one being a control site and the other 
implemented with BMPs. The sites will be planted with a crop rotation of cotton 
and sorghum. Cotton will be planted this spring. there will be no water sampling 
on the dryland site this spring. The installation of the BMPs will occur this 
summer and sampling will occur in the fall. 

8:20 - 8:23 PM Lennie Winkelman from the TSSWCB discussed the Quality 
Assurance Project Plan. He has collected information from TIAER on laboratory 
procedures to include in the QAPP. He is also working with the SWCD and 
NRCS in compiling the sampling procedures needed to include in the QAPP. He 
hopes to have a draft QAPP submitted to TNRCC by March 1995. 

8:23 - 8:30 PM Bo Spoonts from the TSSWCB asked for suggestion on when the 
next Local Advisory Meeting should be held. It was decided that the next 
meeting will be held on May 25, 1995 at 7:00P.M. at the Harlingen Chamber of 
Commerce. 

8:30 PM The meeting was adjourned. 

LW 
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TEXAS STATE SOIL AND WATER CONSERVATION BOARD 

To: Local Advisory Committee 

Thru: Dick Respess 

From: Lennie Winkelman 

Date: May 9, 1995 

311 North 5th 

P 0. Box 658 

Temple, Texas 76503-0658 

(817) 773-2250 

Fax (817) 773-3311 

Subject: Local Advisory Committee Meeting on Arroyo Colorado Project 

There will be another meeting of the Local Advisory Committee in Harlingen to discuss 
the Arroyo Colorado Watershed Project. The meeting will be on May 25th at 7:00 p.m. 
at the Harlingen Public Library. To get to the Library go West on Tyler and turn left on 
6th street. The library is at the end of 6th street on 410 76 Drive. 

There are three items on the agenda for discussion. 

1) Overview and update of the Urban component of the project 
2) Overview and update of the Agricultural component of the project 
3) Open Discussion of Arroyo Colorado Watershed Project 

Dick and I hope to see you at the meeting. If you have any questions please contact 
me at (817) 773-2250 or Dick Respess at (512) 239-4550. 

Sincerely, 

Lennie Winkelman 
Planner, Texas State Soil and Water Conservation Board 

I~ & K~ss 
Dick Respess 
Project Manager, Texas Natural Resource Conservation Commission 

cc: Technical Advisory Committee 
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REPORT ON ASSIGNED DUTIES 

Local Advisory Committee and a Technical Advisory Committee 

Three Local Advisory Committee Meetings were held as listed in Table I. At these meeting, 
Guy Fipps, Merritt Taylor, Alton Sparks and Kim Soucek gave presentations on T AEX' s role on 
the project, the potential benefits of recommended BMPs, and what is known about the water 
quality of the Arroyo Colorado. T AEX also participated in 6 Technical Advisory Committee 
Meetings. The date, location and T AEX personnel participating are listed in Table 2. 

Table 1. Meetings of the Local Advisory Committee and T AEX Project Team Personnel 
Participating. 

Date Location T AEX Team Members Attending 

9/22/94 Harlingen Guy Fipps, Terry Lockamy, Anton Sparks, Kim Soucek 

1/26/95 Harlingen Guy Fipps, Doyle Warren, Merritt Taylor 

5/25/95 Harlingen Guy Fipps, Terry Lockamy, Alton Sparks, Merritt Taylor 

Table 2. Meetings of the Technical Advisory Committee and TAEX Project Team Personnel 
Participating. 

Date Location T AEX Team Members Attending 

7/26/94 Harlingen Guy Fipps, Ken Lege, Terry Lockamy, Doyle Warren 

9114/94 Austin Guy Fipps 

1/26/95 Harlingen Guy Fipps, Terry Lockamy, Doyle Warren 

9/28/95 Harlingen Guy Fipps 

9/23/96 Harlingen Guy Fipps, Rod Santa Ana, David Smith 

4/1/97 Harlingen Guy Fipps 

3 
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TECHNICAL ADVISORY MEETING AGENDA ITEMS 9/23/96 

I. Update on previous and upcoming educational activities and workshops (T AEX) 

II. Update on activities for the itTigated and drylaiid demonstration sites (John Lightner, NRCS) 

Ill. Update on modeling efforts for the Arroyo Colorado (TIAER) 

IV. General discussion of coordination efforts and future activities needed to successfully 
complete the last year of the project. 

NOTE: After the meeting, Guy Fipps from TAEX and a video crew will conduct personal 
interviews with the various project participants involved with the project. 

/ 

2. c. ,-(. -( 0 

3. 

y 
~~ ~~-~ 

~__j~~- ~·-~~~­
d}-~ ~ - ,rL. /'~. 

~~~r~ 
.-<}~~~ 

5. 

r:. 

7. ~~;rn- ~~~/ 
.• .-<.-,.r<.£./ ~a? 4--- .fJ-~/,.. •-~ . 

c:?~~~~~~~-

~ ~- /9, /?7b 



~,., ; ~11 ;-e_ 

tJ,(Jf<-e./ I'"AYJ 

ARROYO COLORADO TECHNICAL MEETING NOTES 9/23/96 

I san}pliug event w~ conducted on the dryland site and :Jeveral samples have been collected on 
the irrigated site. 

There ha;~ also been u problem of vandalism and thcfr of lSCO batteries on the demo sites. 

John Lightner has had problems with access to the irrigated sites because the fields are w~t. 
Note: Ne.?d to remind John that samples must be collected no matter hoM: wet thJ fields ure. H . ·' 
need a . ..si~tance pl~a.~e mkfnr help. Andy's office has offered to help with monitoring us needed 

and time permits. 

Little infimnation has been collected on the irrigation and rainfall amounts for lhe sites. 
Dataloggers on the demo sites have not worked effectivdy for a good pcnio;; of the last year. 
Larry Ha.uck slated that the dawloggers need to be upgraded. Guy .Fipps v.ill provide Info 
Campbell dataloggers. The Stale Board should plan on purchasing 4 of the dataloggers . 

.. 
Cotton will be planted on both sites about February. 

MODELING 
TIAER has collected background data and is cYaluating several models includilli!: DR.I\lt>iMUD - - - ~ 

EPTC-WT, and EPTC-4160. 
Have inJi> on several of the GIS layers including: landus::, soils, monitoring wells, etc. Need to 
(.;oordinute with NRCS and others on site specific items including: soil types, nutrient and 
pesticide application dates, amow1ts, etc. 

TIJ\..ER w:ill provide Tony a copy ufthe Lund u~.e mc.p for field verification. 

Also the project needs to obtain a flowmeter and gated pipe~ for the irrigated site. 

Educ-ational activities 
Guy Fipps and others are working several fact sheets and guides for inigatinn, f'ertili7ation, and 
pesticide.>. 
A conservation tillage workshop v.ill be held in January und a regional seminar will be held in 
June orJ,Jiy 1997. 
The I 0 minute informational video is behind schedule and the WQ database was sent to 
TSSWCB, TNRCC, and EPA. 

NEXT .MEETING: NOVEMBER 19TH 3:30 for technical advisory committee and i:OO 
local advisory meeting. Can set the meeting at the Chamber of Commerce or Harlingen 
Library. 

Also should have quurterly meetingll until the end of the project. 
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SUMMARY 

This report summarizes the accomplishments of the Texas Agricultural Extension Service 
(T AEX) on the project NPS Prevention in the Arroyo Colorado Project. Funding for this 
project was provided by the U.S. Environmental Protection Agency (USEPA). T AEX services 
were performed under Contract No. 994-592-713-4200000051 to the Texas State Soil and Water 
Conservation Board (TSSWCB). 

Only a summary of our activities are provided here. Detailed accounting has been provided in 
the form of Quarterly Reports submitted to the TSSWCB during the course of the project. 
Copies of the educational materials produced by T AEX in this project are provided in the 
Appendix of this report. The following agencies cooperated on the project: 

U.S. Environmental Protection Agency (USEPA) 
Texas Natural Resource Conservation Commission (TNRCC) 
Texas State Soil and Water Conservation Board (TSSWCB) 
Southmost Soil and Water Conservation District (SSWCD) 
Natural Resources Conservation Service (NRCS) 
Texas Institute for Applied Environmental Research (TIAER) 
Texas Agricultural Extension Service (T AEX). 

PROJECT RESPONSIBILITIES 

Our major responsibilities on this project were to: 

I. Provide assistance to establish a Local Advisory Committee and a Technical 
Advisory Committee; 

2. Provide technical assistance in planning, locating, designing. installing, and 
evaluating the results of the BMPs (best management practices) implemented for 
two demonstration sites; 

3. Assemble a PARADOX data base of existing water quality data on the Arroyo 
Colorado; 

4. Conduct an education and technology transfer program consisting of: 

a) fact sheets, 
b) documentary video, and 
c) educational workshops and seminars; and 

5. Provide technical assistance to TIAER in BMP modeling. 



PROJECT TEAM 

T AEX assembled a multi-disciplinary team for this project as follows. Dr. Guy Fipps served as 
the T AEX project director. 

Core Team Members 

Dr. John Bremer 
Dr. Guy Fipps 
Dr. Steve Livingston 
Terry Lockamy 
John Norman 
Rod Santa Ana 
Dr. Bryan Shaw 

David Smith 
Dr. Alton Sparks 
Dr. Charles Stichter 
Doyle Warren 
Ed Wilson 

Supporting Team Members 

Brent Batchelor 
Carrie Bausch 
Brad Cowan 
Monty Dozier 
Ken Lege 
Dr. Bruce Lesikar 

Dr. Mark McFarland 
Luis Saldana 
Dr. Julian Sauls 
Kim Soucek 
Dr. Merritt Taylor 

Professor and Extension Weed Scientist 
Associate Professor and Extension Agricultural Engineer 
Professor and Extension Agronomist 
Cameron County Extension Agent 
Extension Entomologist 
Extension Communications Specialist 
Assistant Professor and Extension Agricultural Engineering 
Specialist 
Extension Assistant 
Associate Professor and Extension Entomologist 
Associate Professor and Extension Agronomist 
District 12 Extension Director 
Extension Graduate Assistant (former) 

Atascosa County Extension Agent (former) 
Student Technician 
County Extension Agent 
Extension Graduate Assistant 
Extension Associate (former) 
Assistant Professor and Extension Agricultural Engineering 
Specialist 
Assistant Professor and Extension 
Willacy County Extension Agent 
Professor and Extension Horticulturist 
Student Technician (former) 
Professor and Extension Economist (former) 
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REPORT ON ASSIGNED DUTIES 

Local Advisory Committee and a Technical Advisory Committee 

Three Local Advisory Committee Meetings were held as listed in Table I. At these meeting, 
Guy Fipps, Merritt Taylor, Alton Sparks and Kim Soucek gave presentations on T AEX's role on 
the project, the potential benefits of recommended BMPs, and what is known about the water 
quality of the Arroyo Colorado. T AEX also participated in 6 Technical Advisory Committee 
Meetings. The date, location and T AEX personnel participating are listed in Table 2. 

Table I. Meetings of the Local Advisory Committee and T AEX Project Team Personnel 
Participating. 

Date Location T AEX Team Members Attending 

9/22/94 Harlingen Guy Fipps, Terry Lockamy, Anton Sparks, Kim Soucek 

1/26/95 Harlingen Guy Fipps, Doyle Warren, Merritt Taylor 

5/25/95 Harlingen Guy Fipps, Terry Lockamy, Alton Sparks. Merritt Taylor 

Table 2. Meetings of the Technical Advisory Committee and T AEX Project Team Personnel 
Participating. 

Date Location T AEX Team Members Attending 

7/26/94 Harlingen Guy Fipps, Ken Lege, Terry Lockamy, Doyle Warren 

9/14/94 Austin Guy Fipps 

1/26/95 Harlingen Guy Fipps, Terry Lockamy, Doyle Warren 

9/28/95 Harlingen Guy Fipps 

9/23/96 Harlingen Guy Fipps, Rod Santa Ana, David Smith 

4/1/97 Harlingen Guy Fipps 
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BMPs and Demonstration Program Support 

Demonstration Sites and BMPs 

The T AEX Project Team met on August 29-30, 1995 to tour the demonstration sites and to 
formulate detailed recommendations on BMP design, implementation and evaluation. These 
recommendations were based on the limited amount of information made available to us on the 
sites and demonstration program planned. Our conclusions were summarized in a report 
submitted to TSSWCB on 9/14/97. A copy of this report is provided in Appendix A. 

Direct technical assistance was provided to NRCS by Guy Fipps and Ed Wilson on 
instrumentation, data logging programing, and equipment installation, and through informal 
discussions on BMPs. No other assistance was requested ofT AEX during the remainder of the 
project. 

We also provided technical assistance to NRCS on programming, maintenance and management 
of the weather station located at the dryland demonstration site. This weather station was 
included on the Texas ET (evapotranspiration) Network and Web Site 
(http://www.agen.tamu.edu/pet). We downloaded the weather data daily, calculated PET, and 
posted this information on the Web Site. Other sections on the Web Site provided information 
on how to use this data for determining proper irrigation scheduling. This assistance and project 
support was provided by Guy Fipps and his WQIT project team (see web site for complete listing 
of team members). 

Evaluation of Demonstration Results 

TIAER provided us with diskette and printed copies of the water sample analysis results taken 
from the demonstration sites on 7/23/97 (all data except for June 1997) and on 8/1/97 (all data). 
A paper copy of this data is given in Appendix B. We received very little information on the 
BMPs implemented over the course of the project, and TSSWCB provided us a summary of 
these (Table 3) in September 1997. 

We were not able to do statistical tests and trend analysis of the monitoring data due to the 
limited amount and inconsistency of the data, and experimental errors in the establishments of 
the sites. Instead, we completed a qualitative analysis of BMP benefits which are summarized in 
Tables 4 and 5. For these tables, we made a judgement whether there was evidence of benefits 
from the BMP's for each parameter analyzed. 

For the irrigated site, the BMPs resulted in reductions in the following substances in one or more 
sampling events: ammonia nitrogen, nitrite nitrogen, total phosphorous, atrazine, malathion, and 
trifluraline. The reductions in total suspended solids is probably due to either experimental or 
sampling errors, as we would expect no differences in drain water suspended solids between the 
two treatments. 
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For the drvland site, the BMPs resulted in reductions in the following substances in one or more 
sampling events: nitrite nitrogen, total kjeldahl nitrogen, total suspended solids. COD, atrazine, 
and malathion. 

Table 3. BMPs Implemented on the Irrigated and Dryland Demonstration Sites. 

Irrigated Site: 

• Crop rotation 

• Conventional tillage system - the producer left 25% of the stubble during fallow period 
(crop residue management) 

• Nutrient management- split application of fertilizer and application based on soil 
analysis 

• Pesticide management- the producer had a scout from the chemical company advise him 
on whether or not to apply pesticides for insects. For both insect and weed control. the 
producer follows the label directions. Pesticides are applied at optimum wind conditions. 

Dryland Site: 

• Crop rotation 

• Conservation tillage 

• Precision-land farming (land leveling) 

• Nutrient and Pest Management 
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Table 4. Irrigated Demonstration Site: BMP Effectiveness in Reducing Concentrations in 
Drainage Water 

Substance 
#I 

Ammonia Nitrogen yes 

Nitrate Nitrogen no 

Nitrite Nitrogen yes 

Total Kjeldahl Nitrogen no 

Orthophosphate Phosphorus no 

Total Suspended Solids 
·. 

yes 

Total Phosphorus yes 

Chemical Oxygen Demand no 

Atrazine yes 

Azinphos --

Malathion --

Parathion --

Permethrin --

Prometryn --

Trifluralin yes 

Footnotes: 
Irrigation Sampling Events 
Event Description 
#I 4112-14/96, grain sorghum, post­

irrigation, 30-60 hours, control 
4113-15/96, 60-80 hours 

#2 

#3 

#4 
#5 

5114/96, grain sorghum, post-
irrigation, 6-12 hours, control 
5115/96, 6-12 hours 
6124196, one sample from rainfall, 
6/24/96, irrigated plot only 
8113/96. pre plant seed com 
8/21-26/96, post-irrigation (5 
days) 

#2 

no 

no 

yes 

no 

no 

--

no 

no 

no 

--

--

--

no 

--

--
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#4 

yes 

no 

no 

no 

no 

yes 

no 

no 

no 

no 

no 

--

no 

--

--

#6 

#7 

Key: 

Event 

#5 #6 #7 

no no no 

no -- yes 

no -- --

no -- --

yes -- --

yes yes yes 

no -- --

no -- --

no -- --

-- -- X 

yes -- --

-- -- --

no no --

-- -- --

no no no 

1/97, pre plant irrigation, BMP 
plot 36-60 hours, post irrigation. 
control, 60-80 hour post irrigation 
6114-15/97. post irrigation 
samples, cotton 

yes - BMP treated site shows clear reduction 
in concentration 
no - BMP treated site shows no reduction in 
concentration 
- - - Data is inconclusive 
X- No data 



Table 5. Dryland Demonstration Site: BMP Effectiveness in Reducing 
Concentrations in surface water runoff. 

Substance 

Ammonia Nitrogen 

Nitrate Nitrogen 

Nitrite Nitrogen 

Total Kjeldahl Nitrogen 

Orthophosphate Phosphorus 

Total Suspended Solids 

Total Phosphorus 

Chemical Oxygen Demand 

Atrazine 

Azinphos 

Malathion 

Parathion 

Permethrin 

Prometryn 

Trifluralin 

Footnotes: 
Dryland Sampling Events 
Event Description 
#I 8/31196, sorghum residue, rain 

event 
#2 

#3 

9/27-28/96, sorghum residue, rain 
event 
10/4-5/96, sorghum residue, large 
rain event 

#4 3111/97. sorghum residue, rain 
event 

#I 

--

yes 

--

yes 

no 

yes 

--

yes 

--

--

yes 

--

--

--

--
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Event 

#2 #3 #4 

no no --

X no --

X no --

no no --

X no --

no no --

no no --

no no --

yes -- --

-- -- --

no -- --

-- -- --

-- -- --

-- -- --

-- -- --

Key: 
yes - BMP treated site shows clear reduction 
in concentration 
no - BMP treated site shows no reduction in 
concentration 
- -- Data is inconclusive 
X- No data 



Arroyo Colorado Water Quality Data Base 

The Arroyo Colorado Water Quality Data Base was completed in December 1995 and submitted 
to the TSSWCB on diskette. We also analyzed the data base in order to determine its usefulness 
in assessing the water quality status and trends of the Arroyo Colorado. A progress report on this 
analysis was provided to the TSSWCB in August 1996, along with an updated diskette copy of 
the data base. 

During 1996-1997, we continued our assessment of the data base and created the Arroyo 
Colorado Water Quality Data Base Web Site (http://arroyo.tamu.edu). The Web Site contains 
all the water quality data assembled and a search engine, so that any user can perform his own 
search and analysis of the data base. The Web Site also provides details on the substances 
analyzed for and maps showing the locations of all monitoring stations. 

The Report on the Web Site summarizes our evaluation of both the routine substances and the 
toxic substances data bases. A copy of the main screens and the text of the Report is provided in 
Appendix C of this report. The colored maps and charts. however, are not provided here, but are 
on the Web Site under Charts and Maps at http://arroyo.tamu.edu. 

Education and Technology Transfer Program 

Seminars and Workshops 

We conducted a total of ten educational events as part of the educational program for the project. 
One workshop and seminar conducted each year was used for reporting purposes and to meet the 
contractual obligations. The other events were co-sponsored by the project in order to provide 
additional education opportunities for growers to learn about water quality problems and 
solutions. The T AEX project team planned, conducted, and spoke at these events. Table 6 lists 
the name of the event, date and estimated attendance. 

Fact Sheets 

Four new fact sheets and one 2-page handout were written and published for the project. A short 
description of each follows with copies included in Appendix D of the report. On the back cover 
of each publication is a description of the Arroyo Colorado, documented water quality concerns, 
and the project. 
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Table 6. Educational Programs conducted as part of the Arroyo Colorado Project. 

Event Date Attendance 

Cotton Pre-Plant Clinic 1/13/95 129 

Conservation Tillage in South Texas 10/11/95 65 

Cotton Production and Physiology Workshop 10/25/95 95 

Lower Rio Grande Irrigation Conference 12/12/95 180 

SprayerCalibration Clinic 1117/96 80 

Lower Rio Grande Irrigation Conference 10/29/96 238 

Irrigation Field Day Tour 10/30/96 120 

Cotton Pre-Plant Clinic 1115/97 85 

No-Till Filed Day 4/30/97 250 

Seminar on the Arroyo Colorado 8/28/97 45 

Pest and Beneficial Arthropods of Cotton in the Lower Rio Grande Valley by Alton Sparks and 
John Norman (500 copies, 8/97, 16 pages, 35 color photographs). Provides information on the 
appearance. basic biology and management of major pests of cotton and on occasional pests and 
beneficial organisms in the Lower Rio Grande Valley. 

Soil Fertility and Fertilizer Management by Mark McFarlland and Guy Fipps (I 000 copies, 
8/97, I 0 pages, 3 photographs, 2 tables). Provides a complete guide to fertilizer management, 
soil fertility, soil testing and interpretation, and nutrient requirements of major crops. 

Irrigated Grain Sorghum Production by Charles Stickler and Guy Fipps (I 000 copies, 8/97, 18 
pages, 13 tables, I photograph). Provides a complete guide to grain sorghum production 
including proper nutrient, chemical and irrigation water management. 

Calibrating Pesticide Application Ground Equipment - Calibration Guide and Software by 
Bryan Show and Guy Fipps (500 copies, I 0/96. I 0 papes, 9 tables, 4 figures, software on CD). 
This publication and software provides a checklist and a complete guide to proper calibration of 
ground equipment used for applying pesticides and fertilizers. 
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Help Yourself, Help the Environment (400 copies, 4/97, 2 pages, I photograph, I map). Two­
page handout that links conservation tillage to water quality and summarizes this project. 

A professional paper on the project, water quality issues, and the data base was presented at the 
Texas Water '95 Conference, San Antonio, August 16-17, 1995 (American Society of Civil 
Engineers): Is the Arroyo Colorado Polluted by Guy Fipps and David Smith. 

The documentary video on the Arroyo Colorado Project is approximately 17 minutes long and 
provides an overview of the water quality status of the Arroyo, description of the project and 
BMPs implemented, and a discussion of additional BMPs appropriated for the area. T AEX 
contracted with Rick Steward Productions of Harlingen for filming, editing and production 
services. Rod Santa Ana oversaw filming and production. The script was written by Rod Santa 
Ana, David Smith and Guy Fipps. A copy of the video accompanies this report. 

Technical Assistance to TIAER in BMP Modeling 

Our assistance to TIAER consisted of the following: 

I. instruction on the use of DRA)};.\10D: 
2. design of the overall modeling strategy; 
3. chemical, nutrient, and water usage under the normal year, dry year and 

wet year scenarios; 
4. instruction on some of the limitations and interpretations of simulation 

results using EPIC, and 
5. response to specific information requests, providing referrals as 

appropriate, and participation in brainstorming sessions. 

The following T AEX personnel provided data to TIAER for the modeling effort: Terry Lockamy, 
Guy Fipps, Charles Stichler, John Norman, Julian Sauls, David Smith, Alton Sparks, and Ed 
Wilson. 
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Appendix A: 
Arroyo Colorado Project 

Meeting Report 



ARROYO COLORADO PROJECT i\fEETING 
Holiday Inn Sunspree, 

South Padre Island, Texas 
August 29-30, 1995 

1/6 

The meeting was called to order at I :00 pm by Dr. Guy Fipps. Arrangements were made for the 
tour of the Arroyo Colorado to be held on August 30, 1995. Brad Cowan and Terry Lockamy 
will be responsible for the tour. 

Introduction of the participants followed. The participants were as follows: 

Dr. Guy Fipps, atension Agricultural Engineer 
Tony Gonzales, NRCS 
Dr. John Bremer, Extension Weed Specialist 
Luis Saldana, Willacy County Extension Agent 
Doyle Warren, District 12 Extension Director 
Terry Lockamy, Cameron County Extension Agent 
Dr. Stormy Sparks, Extension Entomologist 
Brad Cowan, Hidalgo County Extension Agent 
Enrique Perez, Starr County Extension Agent 
Dr. Bruce Lesikar, Extension Agricultural Engineer 
Monty Dozier, Extension Associate 
Dr. Bryan Shaw, Extension Agricultural Engineer 
Dr. Steve Li·vingston, Extension Agronomist 
Dr. Merrit Taylor, Extension Economist 
Brent Bachelor, Atascosa County Ex1ension Agent 
Rod Santa Ana, Extension Communications Specialist 
David Smith, Extension Assistant 
Ed Wilson, Extension Graduate Assistant 
Alan Moore, NRCS 

The meeting continued with an overview of the Arroyo Colorado Project from it's beginning to 
the current status. The Texas State Soil and Water Conservation Board (TSSWCB) is 
responsible for overall project management. The Tarleton Institute for Applied Environmental 
Research (TIAER) will analyze the samples and conduct the computer modeling. The Texas 
Agricultural Extension Service will assist with Best Management Practice (B.MP) selection and 
educational programs. The Natural Resource Conservation Service (NRCS) will assist with site 
identification and instrumentation, implementation of the B.MP's (best management practices) and 
education oflocal farmers also interested in the B.MP's. 
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The responsibilities of the project team are to 

a) Provide recommendations on BMP's for the demonstration sites; 
b) Conduct an annual workshop; 
c) Conduct an annual seminar; 
d) distribute fact sheet(s); 
e) evaluate monitoring data; and 
f) produce a documentary video on the demonstrations and project; 

An overview of water quality data for the Arroyo Colorado was presented by David Smith. Ed 
Wilson discussed our current assessment of the data base. 

BMP Selection 

The BMP will be implemented on an irrigated and two dryland sites (one a control) The irrigated 
field was previously instrumented and some information has been collected. However, the Quality 
Assurance Project Plan (QAPP) has not received approval from the TNRCC and USEPA at this 
point, and no monitoring or sampling can begin. 

Irrigated Site 

The irrigated field is leveled and has subsurface drainage perpendicular to the row direction 

Existing BMP's 

a) Subsurface drainage to control salinity and waterlogging from canal seepage 
b) Land leveling 

No other information has been provided, and these are the only BMP's known by NRCS. 

Possible BMP's include but not limited to: 

a) integrated pest management; 
b) residue management; 
c) field scouting for herbicide applications; 
d) fertilizer rates based on pre-plant soil analysis; 
e) split fertilizer applications; 
f) proper irrigation water management: 

- irrigation scheduling by soil moisture status and current ET, 
- use of gated pipe, and 
- use of surge flow irrigation if poor distribution uniformity exists; 

g) proper calibration and operation of sprayer equipment; 
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h) reduced tillage. 

Dryland Site 

The dryland farm is a sixty acre field which will be divided into two fields. One field will be the 
control and the other field will have the BMP's implemented. The BMP field will be leveled with 
no slope across the rows and a slope of one-third of a tenth per one hundred feet with the row 

Planned BMP (known): 

land leveling 

Possible BMP's include but are not limited to: 

a) integrated pest management, 
b) residue management; 
c) field scouting for herbicide applications; 
d) fertilizer rates based on pre-plant soil analysis; 
e) split fertilizer applications; 
g) proper calibration and operation of sprayer equipment; 
h) reduced tillage. 

The effectiveness of the BMP' s will be measured with respect to specific parameters. Water 
Quality Standards should be established to set a target for the water quality to be attained. 

Monitoring 

Irrigated Site (Current) 

a) subsurface drainage water sampling; 
b) rainfalL 

Possible (depending on which BMP's are implemented and evaluated): 

a) irrigation volumes (measured, not estimated) and timing; 
b) irrigation water sampling; 
c) runoff volumes and quality; 
d) drainwater volumes and hydrographs; 
e) soil sampling: 

- nutrients for fertilizer recommendations, 
- deep soil sampling for nutrient movement, 
- hydrologic properties for modeling. 
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f) evapotranspiration; 
g) pest scouting and counts; 
h) document weed presence; 
I) yield and quality of crop; 
j) soil moisture; 
j) expense records/costs of production; 
k) a control for the irrigated site; 
h) shallow water table depth and quality. 

Dryland Site (known) 

Surface water runoff I Quality and Quantity 

Needs 

Sediment in Runoff 

Possible (depending on which 8!1.1P's are implemented and evaluated): 

a) soil sampling 
- nutrients for fertilizer recommendations, 
- deep soil sampling for nutrient movement, 
- hydrologic properties for modeling; 

b) evapotranspiration; 
c) pest scouting and counts; 
d) document weed presence; 
e) yield and quality of crop; 
f) soil moisture; 
g) expense records/costs of production; 

Fact Sheet 

The T AEX will develop a fact sheet to be distributed to the local community on 
pesticide/fertilizer The group conducted a brainstorming session to determine ideas for possible 
fact sheets. 

Series on Nonpoint Source Pollution from the TSSWCB be rewritten 
Crop Production Handbook Information 
Citrus Production Handbook Information 
Sprayer Calibration Fact Sheet 
Potential Sources ofNonpoint Source Pollutants and How to Control Them 



Video 
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Physical Aspect of the Lower Rio Grande Valley which shows the potential source of 
pollutants and the drainage area which goes into the Arroyo Colorado 
(Background Information on the Arroyo Colorado to assist producers understand 
that they are part of the Arroyo Colorado Watershed and how they may be 
impacting the water quality in the Arroyo). Corp of Engineers may have a GIS 
map that describes the Arroyo Colorado Watershed. 

Current Status of the Arroyo Colorado Water Quality 
Existing information Sheet(s) 
Sugarcane publication 

A video will be developed to describe the installation of the demonstration projects Rod Santa 
Ana \\ill serve as the coordinator of the video program. Additional people on the video 
committee will be Luis Saldana, Doyle Warren, Terry Lockamy, Stormy Sparks, and Brad 
Cowan. Bruce Lesikar and Guy Fipps will be advisors. The entire project team will review the 
video script A list of items to be included in the video was described as follows 

Aerial view of the demonstration sites and the Arroyo Colorado along with 
- potential sources of non point source pollution 
- Crop fields 
-Urban Landscape 

Land leveling of the site 
Finished demonstration sites 

Workshops 

I. A residue management workshop will be held on Oct 11 in Willacy County. 
2. A sprayer calibration workshop can be conducted on December 14, 1995 in 

Mercedes. 



Seminar 

Opportunities 

I) Cotton Production Meeting, October 25, 1995, also have a component on 
Nonpoint Source Pollution 

6/6 

2) Irrigation Conference, Jan-Feb, 1996 also have a component on Nonpoint Source 
Pollution 

The irrigation conference will have a program committee consisting of chairman Guy Fipps, 
members include Merrit Taylor, Stormy Sparks, Bruce Lesikar The conference will focus on 
agricultural producers but will also have a component for the Urban irrigators 

Budget 

The current budget was presented and the project team informed that Extension will receive an 
additional funds, pending revised work plan acceptance 

Forward Planning 

Video due in December, 1996 

Another Planning meeting to be held next fall to evaluate the data collected from the 
demonstration project 



AppendixB: 
Arroyo Colorado 
Monitoring Data 



Arroyo Colorado Monitoring Data 

Variable -format: 
Site- alpha numeric site designatiOn (see abbrevial1ons) 5. 
Sample#- numeric 10.0 
Date - mmlddlyy 
Time- hh:mm {military, central standard time j 
NH3-N value- numeric 8.4 
NH3-N remark - alpha numeric 
N02-N value- numeric 6.3 
N02-N remark- alpha numenc 
N03-N value- numeric 7.3 
N03-N remark- alpha numenc 
TKN value- numeric 6.2 
TKN remark - alpha numeric 
P04-P value- numenc 6.3 
P04-P remark- alpha numenc 
TP value - numeric 7.3 
TP remark - alpha nwnenc 
TSS value - numenc 8.2 
TSS remark- alpha numenc 
COD value- numeric 6. I 
COD remark- alpha numenc 
Atiazine value - numeric 8.3 
Atiazine remark - alpha numenc 
Azinphos (methyl) value- numenc 8.3 
Azinphos (methyl) remark- alpha numeric 
MalathiOn value - numeric 8.3 
Malathion remark- alpha numeric 
Parathion (methyl) value- numenc 8.3 
Parathion (methyl) remark - alpha numenc 
Permethrin (us/trans) value - numeric 8.3 
Permethrin (cis/trans) remark- alpha numeric 
Prometryn value - numeric 8. 3 
Prometiyn remark- alpha numenc 
Tritluralin value - numeric 8.3 
Tritluralin remark- alpha numeric 
CommenL~ - alpha numeric field containlllg general commenn relming to the sample 

NOTE: For each constituent, a value field and a remark tield is listed. The value tield contams numeric 
concentration values. Missing daLa is denoted with a period(.). The remark tield conLams explanatory 
notes relating to the daLa point such as the method detection limit. When the analyte concentration was 
below the method detection limit (MDL) for the analytical procedure, the MDL is denoted in the remark 
column. One-half (1/2) the MDL was reported for concentiation values for the following consutuents: NH3-
N, N02-N, N03-N, TKN, P04-P, TP, TSS, COD. When pesticide concentiations were below the MDL, 
concentration values were reported as zero (0). If no concentiation value is reported, the remark field 
usually contains an explanation for the missing daLa. If a quality assurance test fails for a group of samples, 
no value is assigned to the sample for the affected parameters. A period is entered into the value field and 
"est.< MDL" is entered into the remark field. When a reduced sample volume wa~ used for a test, the 
<L~sociated MDL was doubled. 



Abbreviations and Reporting Units: 

Constituent Abbreviation Units Re~orted 
Ammonia Nitrogen NH3-N 
Nitrite Nitrogen N02-N 
Nitrate Nitrogen N03-N 
Total KJeldabl Nitrogen TKN 
Orthophosphate Phosphorus P04-P 
Total Phosphorus TP 
Total Suspended Solids TSS 
Chemical Oxygen Demand COD 
Atrazine ATRAZ 
Azinphos (methyl) AZINP 
Malathion MALAT 
Parathion (methyl) PARAT 
Permethrin (cis/trans) PER ME 
Prometryn PRO ME 
Trilluralin TRIFL 

Abbreviations 
bmpdr =Dry land Site with BMP 
condr = Dry land Site (Control, without BMP) 
bmpir = Irrigated Site with BMP 
conir = Irrigated Site (Control, without BMP) 
HTEF = Holding time exceeded (field) 
EST= Estimated value and/or quality control tcst(s) fail 
IM = Instrument Malfunction 
mg/L = milligram per liter 
J.lg!L = microgram per liter 
STAT= statistically close 

mg!L 
mg/L 
mg!L 
mg!L 
mg!L 
mg!L 
mg!L 
mg/L 

J.lg/L 
J.lg!L 
J.lg!L 
J.lg!L 
J.lg!L 
J.lg!L 
~tg!L 

ND = no detection, i.e., concentration is below method detecuon limit 

C97-### or car97###- indicates the reference number(###) of the corrective actton report submitted for 
the sample 

Inquiries: 
If you have any questions regarding the data reported, please direct inquines to one of the following 
individuals. 

Joan Flowers 
Nancy Easterling 
Larry Hauck 

(254) 968-9554 
(254) 968-9 548 
(254) 968-9561 

!lowers@ tiaer. tarleton.edu 
caster!@ tiacr.tarleton.edu 
hauck@ liaer.tarleton.edu 

Project Manager 
Quality Assurance Officer 
ProJect Administrator 

These data are also available in digital format by directing a written request to: 
Texas Institute for Applied Environmental Re;;earch 
Tarleton State University 
Box T0410, Tarleton Station 
Stephenville, Texas 76402 
Attention: Joan Flowers 
email: !lowers@ tiaer. tarleton.edu 



Results of Water Quality Mor, _ -6- Arroyo Colorado Project 
Nutrient and Conventional Constituents 

NH3-N NH3-N N02-N N02-N N03-N N03-N TKN TKN P04-P P04-P TP TP TSS TSS COD I COD 

1 
Site _ Smnplc !__'-Datt: __ Timt,: -~~~ _-~em ark __ ~~~ rern;':f:k _ -~~Jt __ rt:mark em ark ~:~7t ':l'rnark ~~~ n;rmlfk ~~~ rermlfk ~~~ remark 

- ------- - ----------- ----- ---- --~-

1 bmpdr 1000021631 8/31/96 16:00 0.09 0.001 <002 0.42 036 8.82 8120 204 ------------ - ----- ------ ---- - ---·· --- -- .. ----- -- ----------
brnpdr 1000021727 S/31/96 18:00 0 I 0.001 <.002 0.11 0.72 0.39 0.68 162 22 --- ---------- ~- ---- -------------- ------------ -- ----

brnpdr 1000021728 8/31/96 20:00 012 0.001 <.002 0.1 038 0.64 86 18 -- -- -- ------ . ----- ------ --- --------
1 brnpdr 1000021729 9/l/lJ6 0:00 0.11 0.00 0.1 0.37 0.64 68 22 

------~ --- -------!---- --- -- - --- ------ ------ ---
1brnpdr 1000021730 9/1/96 2:00 0.14 000 011 0.38 0.69 66 16 r------------ ----- --- --- -

brnpdr 1000021731 9/1/96 4:00 0.14 ·~r OOQ 0.09 _ _ 038 0.74 100 8 
bmpdr 1000023114 9/27/96 23:00 _()~28 1---- _ _ __ .___ I _ ____ !-fTEF 8.12 6260 124 
bmpdr 1000023115 9/281')6 1:00 0.15 . . HTEF _ HTEF 2.75 1590 42 
brnJldr 1000023180 1015196 O:OQ _QJ.4 --~-------c)'()Q _____ Qj~~C-=---- - -- -o-4~- __ _ 4.44 ___ 2500 _ 132 

bmpdr 10000231~~1-10/5/9~ 2:00 0.15 ___ Loo() ()06 -~ _ _ ~~~- _ ---=- 301--~ 1920 ___ 68 
brnpdr 1000023~82 I0/5/lJ6 4:00 016 000 _ __ QQ~_ _ ____ ()37 __ ___ 1.6 719 26 

bmpdr 1000023183 10/5/96 6:00 0.16 __ 0.00 _ __Q08_ __ _0.3~------ 2.81 1950 66 1 
bmpdr 1000023184 10/5/96 8:00 0.13 _ 0.00 0.06 

1 

0.3 _ 1.28 781 21 I 
brnpdr 1000023185 10/5/96 10:00 ()]j- f-----: --0~00 ____ _(lQi-_-___ -:~ O~i!_ --- 0.9~-~-- 574 _ 15 I --~ 

1 bmpdr I 000023192 10/5/96 20:00 0.09 0.00 <.002 0.008 0.25 0.57 587 6 
1---- ----- ----1 bmpdr 1000029149 3/11/97 9:00 0.53 0.01 0.08 0.52 2.06 1260 II 

1 ----- ----- t---- ----
bmpdr 1000029150 3/11/97 11:00 0.08 _().01 0.08 __ 0.27 1.19 726 9 1 

1 bmpdr 1000029151 3/11/97 13:00 0.08 0.01 _____ __Q08_ __ _ ___ ()}~_ ___ 0.75 210 8 J. __ _ 
bmpir 100001821014/15/961 4:00 0.03 16.6 0.08 0.055 <.II 21 36 

-- ---- ------ ------- ---- -- ---
bmpir 1000018211 4/15/96 16:00 0.03 TI005 15.7 0.11 0.055 <.II 39 23 

:~;:; ;::; :::;;:~~ :~ 
0f1i' <Oi 

5 ±~ ~ ~ --== -=ii,: u-~-=~ §lt ~J~_: _:- -Of:Y < 

11 ~ ~; > _<I 0 u -:: . 
1 

bmpir 1000018441 5/14/96 12:00 0.09 l 0 02 11.4 1102 0.06 0.14 25 18 
bm_j)ir I000018442 ~114196 18 oo op~--~ _01~ ~Q_os- ---=- -I}.?J-~ _ =:---- ]l;l ----- -QrJ6= ~--__:~-I.21 -~L~ ----- 19 ___ --

bmpir 1000018443 5/15/96 0:00 0.06 _ 0 05 13 __ L -~,()_~_ _ __ ()_.07 0.17 f-----c-: _B____ 21 ____ _ 

bmpir 1000018444 5/15/96 6:00 0 0075 < ()1~ _() 03 - ~~~ I o,~ . ()_()_7 -- - 0.055 <.II - _ _li_- 18 ----
brnpir 1000018445 5/15/96 12:00 00075 dll5 002 ' I 138 I 0.98 t f 008 I 0.11 17 20 
~- ------------- ---------- ,;<}I_ __- 1-- -- .. .. I . -I --_ --__ -----_-__ ------ --------- ---------
brnpir 1000018451 5/15/96 18:00 0.0075 <.015 0.(~--- ___ f-1~2_ _____ -~_?1 ___ 0.07 -------~- ~_____l_l __ __ 22 
bmpir 1000018452 5/16/96 0:00 0.0075 <.015 0.0041' 13.2 0.46 0.07 0.14 12 20 --- ---- -------- ------------------- -------=----- --.,---j------
brnpir 1000018453 5/16/96 6:00 0.0075 <.015 _()_:()_Qi___ _ _132 _ _Jl.55 ___ ()_()_7 _____ 0.055 <.ll_~ _______ J? 
bmpir 1000018454 5/16/96 12:00 0.0075 <.015 0.009 12.7 0.7 0.06 0.055 <.II II 16 

brnpir 1000018465 5116196 18:00 0.0075 _'::()_!~ -~ _ ~~!_::!:" HTEF 0.46 HTEF __ 0.055 <::!I 5 <10 
~ . . -- .... .. .. - HTEF HTEF 053 HTEF 0.055 <.II II 

19 
26 

1 bmpi£ 
bmpir 
bm_j)ir 

I 000018466 5/1 i ND u:uu U U) 

- ~--_:t=~~~~ - -~ ~~~~- -~~~6 -== ~~~~ ~:~~~ :::: ~0 I <I 0 I : ~ I I <.015 
1000018467 5/17/96 6:00 0.06 
1000018468 5117/96 12:00 0.0075 
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R~sults ol Water Quality Monit(l, .-- Arroyo Colorado Pm1~ct 
Nutn~nt and C<Htv~nttonal Consutu~nts 

I I_ -----r I 

i NH3-N NH3-N I N02-N i N02-N I N03-N I N03-N I TKN I TKN ! P04-P i P04-P 'I TP I TP ; TSS I TSS I COD I COD 

Site Sample# Date Time _ value remar~_L__\'<~ue j remark_ f \!aJue/ remark L~<lJuc jr_£~n_<trk I value I remark I value remark value remark value I remark I 
bmpir 1000018459 5117/96 18:00 0.0075 <.015 'I I HTEF 1~-· --+-HTEF --1 ou~ 1_-~-: HTEF I 0.055 <.11 10 -r---- 21 I 

1 bmpir looool846o 5118/96 o,:QCL _g.o()_75 1 2.:o1s o,o_rl~ • _ . 114 : _, o.67 1 __ , ~o2.T _ _1

_QJI ---~ _12____ *21 ___ _ 

bmpir 1000018461 5/18/\l6 12:00 0,0075r<Ql5 +-O_Q_06 \ __________ I l·I·J.·I. -_ ... i 0.5.4 I -- ]_QJJ_:l_)_ - r_Q.0551 <I I_;___l_C)__ - 21 ---
bmpir 1000019617 6/24/96 17:00 1.03 ___ 0.001 1 <002 [_ 0}_ i ___ 1. 2.181--~Jl-_07-+- 024 . 

1 

43 
1 

12 I --I 
bmpir 1000020510 8114/96 8:00 0.12 ' _ HTEF . __ ;HTEF ~99 -=±- [ HTEF_ 0.33_

1 
52 32 

bmpir 1000020511 8/14/96 12:00 0.1 HTEF HTEF I 1.08 . 1 HTEF 0.22 19 24 
bmpir 1000020512 8/14/96 16:00 0.12 0.014 , i 2.69 I I 1.07 [ _ O.OS 0.2 53 23 
bmpir 1000020513 8/14/96 20:00 0.12 0.01 I 247 

1
_ _·. 115 r--- 0.05 0.21 11 17 

bmpir 1000020514 8/15/96 0:00 0.16 0.08 I 1 3.21 ~----(1.28 --~ 0.04 0.2 1 35 21 

bmpir 1000020515 8/15/96 4:00 0.11 ~· 0.04 I I 3.26 I ! 1.09 I _ _ I 0.05 I _ 0.23 18 20 
bmpir 1000020678 8/16/96 9:00 0.11 . HTEF · . ! HTEF I 0.9it= ;~' HTEF 0.16 19 15 
bmpir 1000020679 8/16/96 12:00 0.11 ' 0.001 i < 002 I 4.36 I ·- 0.77 --=----\ 0.09 - 0.14 10 15 

bmpir 1000020680 8/16/96 15:00 0.12 1 0.001 <.002 ! -_4 ... 5. 8 ~~---__ ' ()_~86- ~---_o_ .09 - 0.13 5 <10 15 _' 
bmpir 1000020750 8116/96 20:00 0.13 HTEF _

1

. ---f--':!
1 

HTE;E___ 0.78 4. -------+- _: ; HTEF 0.13 II_· ___ _ 
bmpir 1000020751 8/17/96 2:00 0.07 i HTEF --~~TEF 0.53 1 HTEF 0.16 17 

1 
I 

bmpir 1000020752 8/17/96 8:00 0.06 - - HTEF -- . 1 HTEF 0~79:---- HTEF 0.13 13 

bmpir 1000020753 8117/96 14:00 0.07 0.08 . ~-·. 0.008 ~l1. I 0.89. _- _u -!-¥'- _ - 0055 <.11 14t 13 
bmpir 1000020804 8117/96 20:00 0.08 I 00_'1__, ~J-~-~-~J 0.69_~-~-~ ___ 0.13 16 . 15 
bmpir 1000020805 8/18/96 2:00 0.05 . 0.03 I _: 4.71 r ~69_ • 0.08 0.12 18 I 19 
bmpir _]_000020806 8118/96__8:00 _ _()_JLI_ _____ u

1 
00_12_

1
_ ----1-4721--- j()_~~~~=- ~-2cQ~ _____ 0.11 _ 11 __ ~-J-1_8-+-

bmpir 1000020807 8/18/96 14:00 0.06 1 ~01 1 dl02 4.54 --i __ i _ _(l.~'?_~~---L 009 : ~-- 0.055 <.I I 12 20 
bmpir 1000020863 8/18/96 20:00 0.11 1 00()_1_-+---<.002 .

1
- 4.47 L-.=J 0.86 I I~ ' 0.24 24 9 

bmpir 1000020864 8/19/96 2:00 0.09 0.001 i <.002 4.55 I I 0.76 . . D.09-1- 0.19 14 10 
bmpir 1000020865 8/19/96 14:00 0.1 0.002 432 : lo-:7:Ji- , o.o9 

1 

0.18 28 9 
bmpir 1000020951 8/19/96 20:00 0.0075 <.015 0.004 i I 4.41 I UI094 I ~- 0.08 0.055 <.11 24 13 

bmpir 1000020952 <.015 0.0041 4.48 T _I 0.66 L 0.08 I 0.0551 <.II 21 I 17 I 
bmpir 1000020953 0.003 4.49 T0:681 0.08 0.055 <.11 15 14 

bmpir 1000020954 8/20/96 14:00 0~ ' 0.012 [ 3.98 I _ i 1.07 ! I 0.08 i I 0.0551 <.11 I 27 I I 13 I I 
bmpir 1000021089 8/26/96 18·00___()._1_~ 'OOOI _ _____.c,O_Ql_ -r 598 ~--1 ~32T-- ~ 0071-- 0.26 29 22 
bmpir 1000021090 8/26/96 22.00, . EST.70.oo1 I <002 [ 5.75_j ___ ~_!_(J96 ;________ -~~_;_____- 0.21 ! 16 1 20 
bmpir 1000021091 8/27/96 2:00 EST .56 0.001 <~ ~- I 08+- -- 0.09_j 0.17 II ' 24 
bmpir 1000021092 8/27/96 6·00 . EST 64 0.001 <.002 ' 5 57 I )094 I ----fa~ 0.17 16 22 1 

bmpir 1000021093 8/27/96 10:00 Cl.47 ! 0.001 < 002 ~ 5.82 I f 0 961_ --t--foil I - 0.12 ~- 15 I I 
bmpir 1000021094 8/27/96 14:00 0.61 0.001 <._()02 1 5.43_QJl___ 0.17 0.055 <.11 12 17 
bmpir 1000021135 8/27/96 18:00 0.12 0.001 <.002 6.22 . 0.63 : 0.07 0.17 II 20 1 1 
bmpir 1000021136 8/27/96 22:00 0.3 0.001 <.002 6.32 0.67 I 0.08 0.18 15 21 l I 
bmpir 1000021137 8/28/96 2:00 017 1 0.001 <.002 l 5.86 0.65 I 0.07 0.13 5 <10 21 

Pa~o~ ~ 



Results of Water Quality MoL o ~ Arroyo Colorado Project 

Nutrient and Conventional Constituents 

I NH3-N 

I . 
N03-N N03-N TKN TKN P04-P P04-P TP TP TSS TSS COD COD NH3-N I N02-N N02-N 

Site Sample.; # _Date Time Vi~':!£_ remark value remark value remark value remark value remark value remark value remark value remark 
t--~~- ~~--~-- ·-~~. -------- ------- ·---

bmpir I 000021 13 S S/28/96 6:00 0.16 0.001 <.002 5.97 0.75 0.07 0.12 5 <10 21 
·- ---- -· 

bmpir 1000021139 8/28/96 10:00 0.12 0.001 <.002 5.6 0.88 0.08 0.12 5 <10 21 
. ----~ ---- ·-·-· ------ --· ----·-····----- -- ------- - ·-~ ----

bmpir 1000021140 8/28/96 14:00 045 0.001 <.002 5.64 0.88 0.08 0.2 5 <10 22 
- ----- -~~------------~~ ~~------- ·-----

bmpir 1000021312 8/28/96 18:00 0.07 0011 4.61 0.57 O.OS 0.12 25 25 
~~- ----~--- ~--f---~~~---- ______ ,_ f---~- -~ 

bmpir I 000021313 8/28/96 22:00 0.09 0.011 5.05 0.7 0.08 0.13 14 23 
10000213 i4 

~--- ~-r--~~- ----- -------- - ~ ----··- ----- - ----- -------- --~ ~ r--"- r-----·~---22 bmpir 8/29/96 2:00 0.09 f-~-~--+-0 008~~ 4.89 0.77 0.08 0.055 <.II IS 
·---::cc- 1-- -- - ---- -·-- ---- - -- -

bmpir 1000021315 8/29/96 6:00 O.OS I 0.011 5.08 043 0.08 0.055 <.11 16 22 
-----t----·~- ·----r--~- .... 

ooxt 
-~-~ -

bmpir 1000021316 8/29/96 10:00 0.08 ~.. I 0 ()IX 5.15 0.43 0.26 5 <10 19 
---· -------- --- ---- - -- -· .. - --- - -------

bmpir 1000021317 8/29/96 14:00 0.14 0.011 5.2'! 0.44 0.0'1 0.28 11 18 
------· --~~ --·- --

bmpir 1000021632 8/29/96 20:00 0.03 HTEF 
-····~-

HTEF I ·-·-~ HTEF 0.28 19 17 ----- ----- ·---- --------- r--- ~ 

bmpir 1000021633 8/30/96 2:00 0.03 
--- ... --·-· HTEF HTEF 0.99 . HTEF 0.18 16 17 

·--~--- ------- -~-- -· .. ----- ----- ~-

~--~10 --
bmpir 1000021634 8/30/96 8:00 0.04 HTEF HTEF 0.77 . HTEF 0.15 5 16 

-·- ---
bmpir 1000021635 8/30/96 14:00 0.05 HTEF HTEF 0.73 

.~~-~ 
HTEF 0.13 26 13 ---- ------ ~--~ 

_, __ . ---- -- ----- ·~--~ ~ 
~~-

bmpir 1000026440 1/31/97 18:00 0.1 0.04 

c---~~;1; 
0.71 0.07 0.14 32 17 -------- - - ------- ._ __ .. .--··---12 ------

bmpir 1000026441 1/31/97 22:00 0.08 0.04 0.87 0.09 0.051 <.!OJ 12 
!----~~~~ -~-

bmpir 1000026442 2/1/97 2:00 0.11 0.04 0.79 0.08 0.051 <.101 5 <10 11 
-~-· f--- ~-- ------- -

bmpir 1000026443 2/1/97 6:00 0.1 0.04 ' 5 52 0.62 0.08 0.051 <.101 5 <10 10 
~--- ------ ------ ·-- f--~~-· ----- - ---- -------- .. ... --~~ ----- ---· ·--~ -- ~+---- ------

bmpir 1000026444 2/1/97 10:00 0.15 0.03 5.12 0.53 0.08 0.051 <.101 5 <10 9 
r---~- ---- --~ -·-- --- ---

0.09 ' bmpir 1000026445 2/1/97 14:00 0.09 0.03 4.62 0.73 0.051 <.101 5 <10 7 

bmpir 1000026452 2/1/97 16:00 0.06 0.05 5.89 
---

1.2 
'•' 

0.07 0.19 
·-f--~-

-~·--- r--- 5 <10 17 ------~-.~ ·-
bmgir 1000026453 2/1/97 20:00 0.07 0.06 5.95 1.22 0.09 0.14 10 19 --

~.22 
-~-:-:--f----- ---

bmpir 1000026454 2/2/97 0:00 0.06 0.05 1.31 0.08 0.13 5 <10 20 I 

' bmpir 1000026455 2/2/97 4:00 0.05 0.05 6 1.25 0.08 0.15 5 <10 16 
O.Ouls r---- ~---- --------. ---.. ----- ~· ~ ---

0.08 
-· ·--

_b_l.lljJi~ 1000026456 2/2/97 ll:OO <.(}37 0.05 59 0 69 0.051 <.101 5 <10 12 
----· --------- - .. --- . .-~- ... ---- - ---- ----- . --· ----- -- ---~---

bmpir 1000026457 2/2/97 12:00 0.06 0.05 

~~i 1'"1 ~E~ 
0 72 f- 0.08 0.051 <.101 5 <10 17 

0.0185 
- ---·· ------ ·~~ 

bmpir 1000026462 2/2/97 18:00 < 037 . I Oll HTEF 0.051 <.101 5 <10 15 
--~--- ----

-~~637 I . ----- --------- r---- - -16 ---- --

brnpir 1000026463 2/2/97 20:00 0.0185 I 57 
j ~-- ~-~~~~~ 0.051 <.101 5 <10 

1-------- ·---- ------- ·-
bmpir 1000026464 2/3/97 2:00 0.0185 _<()_37 I _ 0 8'! 0.051 <.101 5 <10 16 ----- --·~----- ---------
bmpir 1000026465 2/3/97 6:00 0.04 HTEF HTEF <Ul2 HTEF 0.051 <101 5 <10 16 --- ~. "~ . . - --- --- --· . ---~c- -- --~- - ------- --

bmpir 1000026466 2/3/97 10:00 0.04 HTEF HTEF O.S6 . HTEF 1-b:b~: <.101 5 <10 19 
-------- ------- ---- -- ~ ------- . ~---

_,_ 
bmpir 1000026467 2/3/97 14:00 0.05 0.05 603 O.ll7 0.13 <.101 5 <10 17 

~- ~--· ---- ---------- - ------ --- ---- ----- . -- . ------ ---

bmpir 1000026468 2/3/97 18:00 0.04 0.05 6.08 O.X I 0.13 0.051 <.101 5 <10 16 ---- ~-- ----- ~-..-·-~ ..... -· - . _, -- -- ------- .~~- .. ~--· ------ -----· ----- --~· 

bmpir 1000026469 2/4/97 0:00 0.0185 -~QJ'). ~-~~~ I ----- j ~.~~ . --- - ;;~: 0.16 0.051 <.101 5 <10 !2_ 
.. --~ ~ ----

bmpir 1000026470 2/4/97 6:00 0.04 0.13 0.051 <.101 5 <10 17 ----- ~------ ------ ---- --------

~ ~!Jjlir:__ 1000026471 2/4/97 12:00 0.05 ~~~ i ~l,os J~~~~?~Cl_tl- .S x -~<ltn~o~tj <: ~'~~ () 14 i 0.051 <.101 5 <10 17 
-l0000326S3 

-----1--~-- --·~·-··· ----- -- ----~ -~---

-~~ 1----
~ bmpir 6113/'!7 Ill 00 007 . car97201 0.039 <.077 22 

---- -- -----
r - car97201 bmpir 1000032684 6/13/97 22:00 0.05 : 

1 
car97201 I . car97201 I OX 0.1 STAT 14 2 <4 

Paue 1 



Results of Water Quality Monito. ,, -Arroyo Colorado Project 
Nutrient and Conventional Constituents 

I I . I - -1 I_ I - I 
I NH3-N NH3-N N02-N N02-N I N03-N N03-N TKN TKN P04-P P04-P TP I TP TSS TSS COD I COD 

Site Sample# Date Time value remark value remark value remark value remark value remark value remark value remark value remark 
bmpir 1000032685 6/14/97 2:00 0.07 . car97201 · . 1 car97201 1.21 . car97201 0.08 5 <10 2 <4 
bmpir 1000032686 6114/97 6:00 , 0.09 -, car97201 car97201 1 0.76 . car97201 0.34 . C97-203 2 <4 

bmpir 1000032687 6114/97 10:00 0.14 -~ +~ -~97201 I _ I car9~~ 0 77 t __ _ I car97201 0.28 . C97-203 2 <4 
bmpir 1000032688 6114/97 14:00 I 0.05 . f car97201 1 ._ car97201 ~2.f= 1 • car97201 0.26 I 5 L__QQ 9 
bmpir 1000032693 6/14/97 22:00 0.07 0.011 1 I 6.04 I 

1 

0 59 0.11 0.16 5 I <10 2 T <4 
bmpir 1000032694 6115/97 2:00 0.04 0.006 5.88 0 57 I 0.13 0.15 16 5 
bmpir 1000032695 6/15/97. 6:00 0.05 -l 0 007 J. I 6.01 l 

1 
0.69- 0.11 1 0.14 5 <10 4 

bmpir 1000032696 6/15/97 10:00 0.08 1_()_.014_\ ___j 4.9 t--- _li_O~~ 0.1 I_ 0.29 5 <10 2 
bmpir 1000032697 6115/97 14:00 0.18 J 0.01 b [__21_1_ _ 0.88 1 0.11 0.45 5 <10 9 

condr. 1000021630 8/31/9 .. 6.16:00 0.~ ; ___ 0 .. 001·--·'- < .. 0.02 __ 1_ 0._77 _____ ~_ _ _- !- 25.2. __ 0.39 _ 10.5 11700 380 
condr ~10000231129/27/9_(\_~()__()}1 __ i =---f _ _!:!'fE_F' ___ : c=-r_!:I_T§F __ ~-~71__'1- -1---~- HTEF 5.48 5760 117 
condr TI000023113 9/28/96• 1:00 _ 0.15 I . ,~ HTEF -~-- 1 HTEF_+_ 4.9---: _ , .~HTEF 2.48 . 1660 53 
condr I 1000023174 10/5/96 0:00] _064 1 _J 0~006 L ----+_QJI_ • _____ :2?_) ____ ~-~7 • --~-- 1 3.83 1 3050 108 
condr 1000023175 10/5/96 200 0.2 -~--- _ 

1

. 0006il_- _ j OJ_\ \4~~- ___ 037 I __ \ 2.5 ____j_I760 I-~--
condr 1000023176 1 10/5/96 · 4:00 I 0.16 . 0.005 . _ ~~--- 3 67f 0.45 T 2.22 1 1600 54 
condr 1000023177 10/5/96 6:00 0.16 I 0.004 0.06 It I 1.81 [ 0.39 1.25 471 16 
condr 1000023178 10/5/96 8:00 0.15 ~4 \ 0.06 L ___ I 89 I ---t-m 1.02 593 8 
condr 1000023179 10/5/96 10:00 0.13 ·Jl:ClQI <002 1 0.05 f-- ---+L46l------\- 0.27 0.98 626 20 
condr 1000023189 10/5/96 20:00 0.13 I 0.001 <.002 I 0.018 I ! 0.47 1 I 0.21 0.29 70 2.5 
~ondr 1000023190 10/6/96 o:oo 0.09 _. _____ ' 0.001 i ·_ <.002 _-;-_!LOl__.l_ _____ !JL:iJ-t-- -t--CJ.23 0.35 110 2.5 
condr 1000023191 10/6/96 4.00 0.09 I ____ , __ ogQI__,i_~()02. l_QcOI~J m -f2J1 I __ ----+.Q.?4 0.31 35 2.5 
condr 1000029148 3/11/97' 8:00, 0.19 ,_ 0.02 j_ ____ 2~ ---•-~---~ I_~ 2.08 1540 13 
conir 1000018214 4116/96 4:00 0.04 

1 
0015 1 _ 115.7 -~ 1

1 0,(5_3_} _ _j_0.07 L___ 0.055 <.11 74 36 
conir 1000018213 4116/96 16:00 0.06 _ 

1 

0.04 G--~ 16.4= ---+_0.2_!_ • _____ ' 0.07 _I 0.13 197 30 1 

conir 1000018215 4/17/96 4:00 0.17 I 0.001 ~.002 • 16 • :_ 0.74 t=:t=:Q:Q! 0.18 176 1 27 1 

conir I 000018455 5/16/96 0:00 0.0075 < 01~ __ 1 _()0Q~-~~ ____ \ _l_:J,~j- __ j 0.84 1----~ 08 I 0.2 119 20 
conir 1000018456 5116/96 3:00 0.0075 <015 1 __()004 _j____!l_4---+- i 0.6~, +- o.ou__ 0.16 60 20 
conir 1000018457 5/16/96i 6:00f0.0075l <.Ol51o.002L _ 112 ·_ _ _ __ 0.98-r-- I 004-f 0.11 31 , 1 20 

conir 1000018458 5/16/9~p2:oo_ 1 _Q.oo __ 7~j_<.:()~ --~--(J0·0-2 __ 1_:::-__ ------_----t--~ i_?,_6 ___ !:-__ -_ ---___ ]_--<--167- ----=! Q __ ,o_s ______ • __ ~---_ -i 0.055 2Jl_ .-- 40~_ ---t- 16

1 

! conir 100001846915/16/96:18001__()~00_72_~0_11_ , ____ j___I:JTEF, __ iJ::!_"j'EF 0.4l_, __ ._[HTEFto:J41 ~ • :::-t 16 
conir 1000018470's717/96[0:0Q _ _(J0075~015 __ U-I"J'fO:F 1 HJEF ,034 j I_· HI HT~F 10.055 <.11__!__2___L~Q---+--2_1 -~ 
conir 1000018471 5117/96' 6:00 0.0075 <Jll1___

1 
---'----· HTE_F'_: ____ :HTE_E_j_063_j ______ j _c_' HTEF L0.055 ~II j_5_ :_-ciO I __ B_ 

conir 1000018472 5/17/96 12:00 0.0075 <.015 j___=-=t:BIEF 1

1 • -+-HTEF -j Jl.:.43-l-- +- I HTEF ! 0.055 <.11 1 10 \ \ 21 
conir 1000018462 5117/96 18:00 0.04 : . __j__H']'EF .1

1 
_ ___: ___ HT~-. 9.:.~~ I --r·---· -l HTEF 0.14 I 27 ! ~m 

conir 1000018463 5/18/96 0:00 0.02 J 0.07 I _ 1 _1~2__ _____ ]_ 06J ___ . 0.09+- 0.12 ~ I 20 
conir 1000018464 5/18/96 12:00 0.0075 <.015 0.003 ----1 14.1 --+()~ l 0.07 i 0.055 <.11 13 i 20 
conir 1000018473 5118/96 18:00 0.0075 <.015 1 0.003 1 11.7 1 0.61 1 0.07 i 0.055 <.11 14 1 34 

<4 

<5 
<5 
<5 
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Results ol Water Quality Mo1. ... ,; - Arroyo Colorado ProJect 
NuLnent anLI Conventional Constituents 

~ I 

NH3-N i N02-N N02-N i N03-N N03-N TKN ' TKN P04-P P04-P TP TP TSS TSS COD I COD 
___ SiL<.: ____ S;unpl~-~- _ _!)ate_ Time _v_<~U£_ _remark 

1

_ v;~ue remark I value n:mar_k vaJ_ut: rem_ar~ value __ remark value remark value remark value remark 
conir 100002mw3 l!/ll!/96 16:00 2!!1 0.07 IJ5 4.4 0.06 0.29 l!l 19 

NH3-N 

conir 1000020858 8118/96 20:00 1.67 0.09 1.92 3.11 0.09 0.2 56 12 -I 
conir 1000020!!59 8/18/96 23:00 1.03 - -u.o!Y- -- -- -- ---iT ------ 2.os --- -- . O.OS - 0.17 16 1- 13 . I 

------- ---- --

conir 1000020860 8/19/96 2:00 0.74 0.014 3.12 1.68 0.08 0.17 5 <10 14 1 

------ ------ --------------------------

conir 1000020861 8/19/96 8:00 0.32 0.008 3.58 1.28 0.07 0.14 5 <10 10 ----- .. --- - ---- - --- - -- --- - ·- -- --- - .. --- ---.. ---- - -- ------ . ----- -- ----1----- -----·-- --- -----j 
conir 1000020862 8/19/96 14:00 0.1 0.003 3.52 O.SS 0.06 0.22 14 11 

--------------- ----------- -----···-----------------

conir 10000209478/19/9620:00 0.07 __ 1---------0006 _____ :l_L _____ 0.8~ ______ 006+ 0.055 <.II 19 10 
conir 1000020948 8/20/96 2:00 0.06 ____ _ _ 2.cQ_()_(i l--- __ 1 },_(l:J___ ___ __ _ _093 _ _____ _()Jl~ _ _____ _ 0.14 ____ 5 __ <:1_() ___ _I_!_ __ _ 
conir 1000020949 8/20/96 8:00 0.37 0.019 · 2.66 1.54 0.06 0.055 <.11 14 II 1 
conir 1000020950 8/20/96 14:00 0.06 -0.009 ______ -2.85 _______ ()j7·-----0.06-- 0.055 <.II 12 11 1 

··+-----
1 conir 1000020966 8/20/96 20:00 0.04 _ 0.001 <.002 2.7S 0.6 . _ 0.07 .. _ 0.055 <.II 5 <10 16 

~~~:~ :~~~~~~~~;~;~:;~~ }55---~~!-~_:____l-&~~i ~~~i -Br __ -~= t~~~~---~=~6t-~--~-~~~:~~~ :::: ~ ::~ :~ 3 
conir 1000020969 8/21/96 14:00 Q_06____ [ O.QQI <.()_01_ ~.!!2 _ 092 Q.Q6 Q:,Q55 _s II _ --~-- <:_l_(l__ __ _!l_ __ _ 
conir 1000021095 l!/26/96 1!!:00 0.54 , 0.001 <.002 6.41 1.13 0.2 0.18 S6 II 1 --- --- 1-·---- -1- -------- ------- I -- - -- · · ----- -·--·--
conir 1000021096 8/26/96 22:00 0.51 · 0.001 <002 6.31 1.01 021 0.19 18 20 1 

------- ---- ----·--- .. ----- ----- ---- --- ........ --- -·---- ----- --·--· -----,--
conir 1000021097 S/27/96 2:00 __ 0.34 -r----- _ __Q.OO~_ ~002 _ __(iJ_J_ ________ __()~\) ______ QJ_il_ 0.27 12 ___ IS I 
conir 1000021098 8/27/96 6:00 0.25 0.001 <.002 6.16 0.9S O.OS 0.24 16 20 .. r----- -- --------
conir 1000021099 8/27/96 10:00 0.13 _ ___ __ 0.00! __ _.::.00~- __ _(i_ ___ f ___ . _ _ QJ6 _______ _ 0.0~--- 0.2 __ 5 <10 21 
conir 1000021100 8/27/96 14:00 0.27 0.07 5.5 I 0.09 0.17 II 21 

----- ---1----- --------- ------ ·------- ------·---------- ------ ----1-------------·---
conir 1000021141 8/27/96 18:00 0.17 0.001 <.002 5.2S 07S O.OS 0.14 II 20 --1-------

, conir 1000021142 S/27/96 22:00 0.17 ____ 0001 __ _<::_,00~ -~c!2.. ___ _ _Q~~ . ______ Q.08 __ __ 0.055 <.11 5 <10 22 1 

_conir 1000021143 8/28/96 2:00 0.08 0.001 <.002 5.02 06:3_ 0.08 0.055 <.II 5 <10 18 I 
conir 1000021144 8/28/96 6:00 0.14 0.001 <.002 5.33 0.65 O.OS 0.055 <.II 36 18 

-- --··· ---- -~ ---
conir 1000021145 8/28/96 10:00 0.1 0.001 <.002 5.13 0.6 O.OS 0.055 <.II 16 18 

----- --- ---- ----
conir 1000021146 8/28/96 14:00 0.0075 <.015 0.001 <.002 5.05 0.71 0.08 0.055 <II 12 23 

------ --- ----- ~ ---- --------- ----- -----
conir 1000021306 S/28/96 18:00 0.11 0.014 5.94 0.59 0,07 0.27 5 <10 23 
conir 1000021307 8/28/96 22:00 0.14 0.014 5.79 0.78 0.07 0.22 24 25 
conir 1000021308 8/29/96 2:00 0.12 0011 5.45 ~I- 0.08 0.17 5 <10 22 1 

conir 1000021309 8/29/96 6:00 0.09 0.008 5.75 0.9 0.08 0.15 5 <10 22 1 
----- ------

1 conir 1000021310 8/29/96 10:00 0.12 _ 0.011 5.S9 0.41 _ O.OS 0.13 5 <10 20 1 
1 conir 1000021311 S/29/96 14:00 0.11 - -- 0.01 I 5.42 -0.47 -- 0.08 0.13 5 <10 21 I 

1 
conir 1000021637 -8/29/96 20:00 -o.o3- -~-=~-- ---- -iHEF- _=.._....:..= -HTEF~ -6.85 ----- - HTEF 0.12 5 <10 15 

conir 100002163!! 8/30/96 2:00 0.02 HTEF . HTEF 1.03 HTEF 0.055 <.II 5 <10 17 
-----.--- ------- . -------- -- ---- .. --- ---- ---------------

conir 1000021639 S/30/96 8:00 O.OIS HTEF HTEF 085 HTEF 0.15 5 <10 18 --------- --r---r------- i" --- -------- ----- ------- ------ --- ---------- ·------- ---------- ---- -----------------~ 
conir 1000021640 S/30/96 14:00 0.0075 <.015 . HTEF . HTEF 1.14 . HTEF 0.15 16 16 -- ------- ---------. - --· ·--- -- - ----

conir I 000026427 1/29/97 18:00 0.09 0.13 5.43 1.76 0.13 0.73 490 31 
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R~sults of Water Quality Monito •... ;;-Arroyo Colorado ProJ~Ct 
Nutncnt and Conventional Constituents 

' II •, : !I -I I I 
: ! NH3-N NH3-N I N02-N! N02-N N03-N I N03-N I TKN I TKN P04-P! P04-P . TP TP I TSS TSS COD I COD 
' ' ' I I I I 

Site I Sample# Date Time· value _r_e.mar_lc __ ,valut;.j_rerl1ark __ ... va.l[J~_. rem;_u_-~ __ -- v_;_.lll)e~remar~- value_j_ remark value remark value remark value remark 
conir ~ 1000026428 I/29/Y7 22:00 0.1 1_011 ! --t- 5,1_5_+-- . _ J_l._?!i_: ___ 0.1 ! 0.33 198 13 
conir j 1000026429 1/30/97 2:00 0.09 ---, 0 I , 6.38 : : 1.271 1 0.12 0.27 156 14 

conir \1000026430 1/30/97 6:00 0.07 ---- I 0.12-\ -~--~ ... ----5(;··-~-~-----~ _L_ -1-:-5-t····· ----+0:26-1------ 0.25 STAT __ l_rc _____ -itt-~ 
__QJl_ 1- I_ 6.57 .,_____j _ll2__L ~ 0.12 I 0.24 126 29 

conir 1 1000026432 1/30/97 14:00 0.05 ___ l_ 0.11 ---~~~ -----·~1_. __ _() 112 0.24 119 12 
conir 1000026434 1/30/97\18:00 0.01854 <.037 m ' 5.25 I_.. 11.42_ -~ 0.09 I 0.37 ---==l330 16 I I 
conir 1000026435 1/30/97 22:00 0.11 0.07 · I 4:381 ;U&-1 0.1 0.31 , i 207 14 
conir 1000026436 1/31/97 2:00 0.1 0.06 ! 5.67 L . ~- 0.1 i 0.6 515 15 
conir 1000026437 1/31/97 6:00 0.16 0.05 l--.s.74-:j ___ 138- 0.1 0.44 356 12 
conir 1000026438 1/31/97 10:00 0.11 5.31 0.9 0.1 \ 0.28 205 13 
conir 1000026439 1/31/97 14:00 0.13 I 5.3 0.84 . 0.1 I 0.46 438 10 
conir 1oooo26M6 1131197 18:oo o.o9 4.63-. .. I o&=+o.o8 ! o.24 2s1 19 

conir 1000026447 1/31/97 22:00 0.09 .

1 

4.3.9 r-------~ 1.39 '..... :0.09 I 0.19 114 25 
conir 1000026448 2/1/97 2:00 0.12 4.4!__ 1 _ : 1.441 0.09 0.34 I 245 I 22 
conir 1000026449 2/1/97 6:00 0.1 : _54+= ! 1,5_~ 0.09 I 0.35 , · 226 19 
conir 1000026450 2/1/97 10:00 0.09 @6 ' : 1.41 I I 0.08 0.29 107 20 
oo"'' 1000026451 211197 14oOO o 11 - o.ii4 1 - . l-121 ; o.1 t , o 19 I 69 19 , 
conir 1000026458 2/1/97 18:00 0.0185 <.037 --, 7.1-1 - i 0.92 ~--~ 0.08 - 0.051' <.101 1 14 16 

conir 1000026459 2/2197 0:00 0.04 I 7.06 
1 

1 !____(__ 0.08 I 0.051 <.101 22 17 
conir 1000026460 2/2/97 6:00 0.08 ----+ 7.35 __ J-_0.95 i r 0.08 1 0.051 <.101 5 <10 18 
conir 1000026461 2/2/97 12:00 0.0185 <.037 i 7==-t_ . 1 0.97L 0.08 _· 0.051 <.101 5 <10 18 
conir 1000032689 6114/97 2:00 0.11 car97201 ' . car97201 I 0.82 

1 

1 

car97201 0.29 1 13 9 
conir 1000032690 6/14/97 6:00 0.07 car97201L ___ jcar9~201 d0.71: ----~ 1 car97201 0.25 STAT. 45 j 12 I I 
conir . 1000032691 6/14/97 10:00 0.06 I car97201 ~- j_e<u9nol( 0.79-1. _ . . . ·-.1 car97201 

1 

0.16

1 1 

12 ·--- _2 , <4 
conir 1000032698 6/14/97 14:00 0.36 1 5.28 

1 

____ • 1.18 1 _ _ ----f--cQ I . ' 0.38 5 I ~10 6 

conir 1000032699 6/14/97 18:00 0.09 L7_s_. _______ l __ o_.9_3_(__. __ t_JJ_L_1 _ _j ____ i 0.391 i ~-- H'. <4 
conir 1000032700 6/14/97 22:00 0.1 _, + 7.4 ~- ___ : _0 86 .L _ j__Q:_l1 1 I 0.4 

1 
-?'?-+-- 7 

conir 1000032701 6/15/97 10:00 0.1 I 0.008 ! 7.18 · I 0.81 0.12 ) I 0.32 i 44 1 : 4 I 
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R~sults of Water Quality Mo , - Arroyo Colorado Project 
Pesticides 

Azinphos Azinphos Parathion Parathion Permethrin Pennethrin 

Atrazine Atrazine (methyl) (methyl) Malathion Malathion (methyl) (methyl) (cis/trans) (cis/trans) 
Site S;unple # Date Time value r~mark valu~ r~mark value remark value remark valu~ remark -----

~/L 
-

Jlg/L 
f--

Jlg!L 
---

Jlg!L Jlg!L -------
bmpd~ 1000021631 8/31/96 16:00 0 <.50 0 <.00'! 0 <.011 0 <.OIX 0 <.2 

--- ---~- -----. ---·- .. - --- ------ -- ---- -- ~--- -
bmpdr 1000021727 8/31/96 18:00 l.Oll7 0 <.00'! 0 <.011 0 <.OIS 0 <.2 ------ ---------- ----- 1---- --------- -------- -- ----~--

bmpdr 1000021728 8/31196 20:00 0.638 0 <.009 0 . <.011 0 < 018 0 <.2 
-----~- ------- - -- -- -------- ------------- ------- -----------. ------·- - ------------ ---------

bmpdr_ 1000021729 9/1 1'!6 0:00 I. IX () <.009 () < 0 II 0 <.OIR () <.2 ------------
bmpdr 1000021730 9/1/96 2:00 0.522 0 <.00'! 0 <.(JI I () <.OIS 0 <.2 ------------- ----- r-----·--- --------- - ---- ---- r------ ·--- ----
bmpdr 1000021731 9/1/96 4:00 0 <1.00 0 <.009 0 <.022 0 <.036 0 <.4 ----------
bmpdr 1000023114 9/27/96 23:00 0 <.5 0 <.009 0.016 0 <.018 0 <.2 

9/28!96 
------ -. -- -- - ---- :·- ------ ------- --- -- -- ---·-

bmpdr 1000023115 1:00 0 <.5 0 <.00'! 0.016 0 <.01S 0 <.2 
---- -

bmpdr 1000023180 10/5/96 0:00 0 <.5 EST<.009 . -----
EST< 011 EST<.018 0 <.2 

-----

bmpdr 1000023181 10/5/96 2:00 1.056 EST< 018 EST< 022 EST<.036 0 <.4 ----- - - -- ·-·· ------ - -- --------·-· -- - --- --------- ---------

bmpdr 1000023182 10/5/96 4:00 0.994 0 <.00'! 0 <.011 0 <.OIS 0 <.2 -- ------ ------- r--------- ---------- --------
bmpdr 1000023183 I 0/5/96 6:00 0 <.5 0.055 0.016 0.019 0.506 ---- --------- ---------- -------- --
bmpdr 1000023184 10/5/96 8:00 2.063 0 <.00'! 0.014 0 <.OIS 0.548 

-- - --- - - ------- -- ------- ----- -----------
bmpdr 10000231S5 I 0/5/96 10:00 0.'! 12 0 <.00'! 0.016 () <.OIS 0.5 

--- ---- ----- - -- ---------- --- ----- -----
bmpdr 1000023192 10/5/96 20:00 0 <.5 0 < 009 0 <.011 0 < 018 0.478 

·-·- --- --------- ------f-·----- - -
bmpdr 1000029149 3111197 9:00 1.45 0 <.00'! 0 <.011 0 <.OIS 0 <.20 

--- ------- - --- - ------·-·-- ----- --------- ---------------------·-- -----
brnpdr 1000029150 3/11/97 II :00 IO.S () <.009 0 <.011 0 <.018 0 <.20 --------,--- ----c-- ---------- ------,----
bmpdr 1000029151 3/11197 13:00 6.33 () <.009 0 <.011 0 <.018 0 <.20 

-
bmpir 1000018210 4115/96 4:00 0 <.86 0 <.016 0 <.019 0 <.031 0 <.34 -- ------- ------ ----
bmpir 1000018211 4/15/96 16:00 0 <.50 () <.00\! 0 <.011 0 <.018 0 <.20 ---- - --- --
bmpir 1000018212 4/16/96 4:00 0 <.50 0 <.009 0 <.011 0 <.018 0 <.20 --- ------- ---
bmpir 1000018439 5/14/96 6:00 5.94 0 <.018 0 <.022 IM 1.1 -------- ------------- ---·--
bmpir IOOOOIS440 5/14/96 9:00 7.76 0 <.009 0 <.011 1M 2.04 ------- ------- -------- -------
bmpir 1000018441 5114/96 12:00 4.69 ~ --

<.009 0 <.011 IM 1.05 
1--

bmpir 1000018442 5114196 18:00 2.77 <.009 0 <.011 IM 1.24 - ---- -------------- - -- -·--· -·-- --- ----·------- --- -·· ---·------ -----

bmpir 1000018443 5115196 0:00 2.77 0 <.009 0 <.011 IM 0 <.2 us . --- j . _6 ____ ----- ----

bmp_i_r_ 1000018444 5115196 6:00 <.00\! 0 <.011 IM 0 <.2 I - - ........ --- ----------- .. ----- -----r--------
_!>_r!l p i r _ IOOOOIS445 5/15/96 12:00 1.~ j 0 

<.00'! 0 <.011 IM 0.\!6 
------- . . -- - - - ---- - -------- --· -----

bmpir 100001S451 5115196 IS:OO 4.S5 0 <.009 0 <.011 IM 0 <.2 -- ----- - --------
bmpir IOOOOIS452 5/16/96 0:00 0 <.5 0 <.009 0 <.011 IM 0 <.2 --j ---- - - ------ --·- - -------- -
bmpir IOOOOIS453 5/16/96 6:00 0 . ~l.(J___ Q ____ <.018 () <.022 1M 0 <.4 ------ - . ---- -- -------~ -··- -
bmpir 1000018454 5116/96 12:00 

~~ ~}--~-~--r : - <.01S 0 <.022 IM 1.12 
------ -----~-

bmpir 1000018465 5/16/96 18:00 <.018 0 <.022 IM 1.17 -------- --------
bmpir 1000018466 5117/96 0:00 <.009 () <.011 !-------· ----- IM 2.7 

·------ - - --- -- - - ~--- --------------
bmpir IOOOOIS467 5117/96 6:00 I 63 0 <.009 0 <.011 1M 1.16 - -- - ------ ----- ----
bmpir 1000018468 5117/96 12:00 I 56 0 <.009 0 <.011 1M 1.98 
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Results of Water Quality Monito. -·IS- Arroyo Colorado Project 
Pesticides 

'I '[ 'I Azinphos '1 Azinphos I I I Parathion 1 Paratl1ion [ Perrnet11rin Perrnetl1rin 
Atrazine , Atrazinc 

1 

(methyl) 
1 

(met11yl) 1 Malathion Malathion [ (metl1yl) j (methyl) (cis/trans) (cis/trans) 

Site S;unple # I Date Time __ valu~_+__!:_t!l11_<lf~-+-_'_'-alue _______ l remark + value+_rem~uk -i_-__ valuc 1 remark value . _remark 
bmpir 10000!l;459 5/17/96 18:00 0 +--<_-_5_. __ 0_ _ <OQ(j__l ~-0 __ +- <.011 i __ · I IM _ 0_ -~~-
bmpir 1000018460 5/18/96 0:00 ___ _Q__ +~ r _____ . ()_ -_-_-_1 _<_ .00. 9_t_-- __ -0 ___________ -- -j· __ sQI_l ___ ; ____ -_. -~--- _!_M

8
_ __Cl2L__j __ 

bmpir 1000018461 5/18/96 12:00 0 <)_ · _ _Q__ j_<009 1 __ () __ _.__<_:2_1_1_ -+---- IM _ 0 ' <.2 
bmpir 1000019617 6/24/96 17:00 0 ==l=::;_tt ___ _()___I <0!~ ___ 0_ I <.022 i·-0 . <2 __ 0 I <0.4 

------- - - -- - -- 11.4 ' __ : ___ o . <0009 1 o --r-<0.011 _ o j <0.018 I 

bmpir 10ooo2o511' 8/14/96 12:oo 6MI ~--~_j_=~ o ---_r~o~oo9 -~-~-o--r-~~ T --o-1--:(Q.OlST"R. o 
bmpir 1000020512 8/14/96 16:00 3.2 0 ' <0.009 , 0 · <0.011 , 0 <0.018 0 

bmpir 1000020513 8/14/96 20:00- 2.2]__ ______ o _ ___:~o9 -+--0 __ j_<0.011 +---H' <0.018 o ,. 
bmpir 1000020514 8/15/96 0:00 1 5.9. 1 I· _ l 0 <0.009 _ 0 i <0.011 · 0 <0.018 0 -
bmpir 1000020515 8/15/96 4:00 5.17 0 <0.009 I 0 <0.011 0 <0.018 0 
bmpir 1000020678 8/16/96 9:00 -1- - I 0 <0.009 I 0 - <0.011 0 <0.018 0 
bmpir 1000020679 8/16/96 12:00 0.645 I 0 <0.009 I 0 <0.011 0 <0.018 0 .J .. 

~ - -r---
bmpir 1000020680 8/16/96 15:00 0.552 ' i 0 <0.009 ~- 0 <0.011 0 <0.018 0 
bmpir 1000020750 8/16/96 20:00 _()+_1 _ _[ __ _Q_ __ -~<0.01_8~"-~0 ___ . <0 .. 022 __ 

1 

0 <0.036 -l----0.222 
bmpir 1000020751 8/17/96 2:00 0 i <.50 +---0.298 I __ ~ 0 --L.::_0011 0 <0.018 I 0 
bmpir 1000020752 8/17/96 8:00 0 l <.50 . 0 I <0.009 _ 0.028 1 ' 0 <0.018 0 
bmpir 1000020753 8!17/96 14:00 0 -+--~50 -1 _ _Q_ j <0.009 ~--0-- ~0.011 - 0 <0.018 0 .l _ 

bmpir 1oooo2o8o4 8117196 2o:oo 3.95 1 -+- o ; <O.o~ o,o28 _I ---+- o.019 0.212 [ 
bmpir 1000020805 8/18/96 2:00 2.36 I_ I __ 0 _ _j <0.009_=t=' 0 ~I 0 <0.018 0.292 
bmpir 1000020806 8/18/96 · 8:00 1 -f_e_st<0.50 I' __ 0_ ; <0.009_; __ 0_ ---+- <0.011 W <0.018 . ___ _ 
bmpir 1000020807 8/18/96 14:00 2.46 __ -1--- _____ Q__ j <0.0~ ___ _() _ , <0,011 · 0 <0.018 0 : 
bmpir 1000020863 8/18/96 20:00 2.32 .l ~-0 j <O.oo;-+-0 p 011 . est<.018 ___ : 
bmp1r 1000020864 8/19/96 2:00 i 2.1 ! · 0 , <0.009 , 0 f-<0.011 est<.018 , . ~ 
bmpir loooo2o865 8119tlJ6 14:oo s.9sl___--_:==t=cJ ]-<o.oo9 r=!J-~, _<oo!L-t- - est<OI8--r------

bmpir ~~~~~~~~;~ ~;~~;;~~-~~-2~~g[_ ~ 0=r--=J=-~-~ j_ :~-~~~ -~- --~----f _:~-~-~ ~~--L- ::~~~ -o.~68 
bmpir \1000020953 8/20~'!61 8:00. __ 1.4 ___ , ___ 

1
_()2J_I ------~---.9.:_0]_?_~ ____ 1___0 <.018 0 

bmpir I 1000020954 8/20196J14:00 ]_l89_ 
1
___ __ ' () J _ <O.OQY__ 0.027_ _ _ ___ __ 0 <018 0.333 

bmp1r 
1 

1000021089
1 
8/2§!96_(18,()()

1 
803 ! 0 _ [ ~(~0_9 I 0 j <QJE I _l__o_ I __ <0.018 1.77 

bmpir i I 000021090 8/26/<)6 i 22'00 I 3.4 ' 0 I dJ.0225 cst<.027 0! <0.045 
bmpir ! 1000021091 8/27/96 2:00 ~--0-- i ~~ 2~ _ _9 -~1 <0.02if]::__ __ est<.027 0 <0.045 . .l ~"· 
bmpir 1000021092 8/27/96 6.00 2.51 -- -~ t <0 018 ~~- o ___ r--<0.022 0 <0.036 . ~"· 
bmpir 1000021093 8/27/96 10:00 0 =t= < 5 L___()_ <0.009 · est< Oil 0 <0.018 
bmpir 1000021094 8/27/96 14.00 0 <5 i 0 <0 009 1-~ est<.011 0 <0.018 
bmpir 1000021135 8/27/96 18:00 1.92 I j __ O <.009 -+est<.Oil 0 <.018 
bmpir 1000021136 8/27/96 22:00 1.77 -L----t-. _ 0 <.0225 i est<.027 0 <.045 
bll1£j_r 1000021137 8/28/96, 2:00 I .463- I - 0 <.0225 J est<.027 I 0 <.045 

Pao~ ~ 
" 



R~sults of Wat~r Quality Mo. . ... g- Arroyo Colorado Projt:ct 
P~sticidcs 

Atrazinc MalatJ1ion Malatl1ion 
Paratl1ion 
(methyl) 

Permet11rin I Pennetl~rin 
(cis/trans) (cis/trans) 

Azinphos 
(metl1yl) 

ParatJ1ion 
(met11yl) 

value 

Azinphos 
(metJlyl) 

value _J remark , __ "'" Time value remark value remark value remark I value I remark I value I remark 
Atrazinc 
remark 

-------------~----- --
8/21l/96 6:00 0.954 0 <.009 esl<.011 0 <.018 . est<.20 . ~ -- --- ----r---~- -~ 

1 
bmpir 1000021139 8/28/96 10:00 0 __ _____s)O ___ ___ _Q__ _ <.009~+ . ___ est<.011 0 <.018 . _ est<.20 
bmpir 1000021140 8/28/96 14:00 0 <.50 _ _ __ 0 <.009 esl<.011 0 <.018 . est<.20 

1 
bmpir 1000021312 8/28/96 1~:QQ __ Q}Q~~ --- --== :--__ Q -- _ <.009__ g_ ____2.011_~r- 0 <.018 0 _ <.20 I 
bmpir !000021313 8/28/96 22:00 Q_ _2_1_._0()__ _ _Q _SO!~~ _ Q ____ <022~f-- 0 <.036 0 <.40 
bmpir 1000021314 8/29/96 2:00 0 f <.50 0.10() 0.033 0 <.018 0 <.20 

-t-- ~--- ... --- ----··- - .. ---------- -- - --- ------- ------ ---·--

1 
Smnple # Da•• 

1000021138 
value 

bmpir 1000021315 8/29/()6 6:00 0 j--- <I 25 0 603 _ _ 0 __ <.027 _ 0 <.045 0.665 
bmpir 1000021316 8/29/9610:00 0.542 ____ ~=~~:---~~~---~.00~-= o§25 _______ -=0 <.018 0 ~20_--1 
bmpir 1000021317 8/29/96 14:00 0 j <.50 _ 0 <.009 0 __ _ <.011 0 <.018 0 <.20 
bmpir 1000021632 8/29/96 20:00 _ _!_! .4~6-- -- ~ ~ ___ T- --<.009- - ()- _ - - <.01[-="-~ __ Q _ _ ___sQ~? -c-----0 - - f---<.2 

bmpir 1000021633 8/30/()6 _1_:00 ___!!~7_31 ____ 0 <;,QQ~ Q _____ <0!_! ___ Q ~--<,018_ 0.266 ___ -~I 
~pir_ 1000021634 8/30~~J!:OO _0 , _<.~()_ ___ <l -f---<:009_ _() -~Q~I__ 1 _Q __ <.018 0~.2 
1-~pir 1000021635 8/30/96 14:00 __ 0 __ i <IQQ_ 0 _<018__ _()_ _:::,Q~~- _ _()_ __ <.036 __ 0_ -~--

-~~ir_!Q<~002~40 li:Jll97 1~~!0 0 /ND<.50 0 ND<OII 0 ND<014 0 f'JJ:)_<0~2 ______ 0 __ 1-JJ:)<:~5_ 
hmpir I 000026441 I /3 !J'Y2B:OO _ 17 j ()_ N[) <ill ! _0 1 1-J~~OI..j -I ___Q_ _ ND <.022 L- 0.22 
bmpir 1000026442 2/1/97 2:00 2.88_) _ _ _ _Q ___ _!.JD <:.0_!_1_ Q_ J'l~-~ 0 ND <.022 0 -~D <.25 1 
bmpir 1000026443 2/1/97 6:00 3.4 I____ _ _ _()__ _ ND <.011 Q __ ND <:-014 0 ND <.022 0 ND <.2Lj 
bmpir 1000026444 2/1/97 10:00 1.06 0 ND <.011 0 ND <.014 0 ND <.022 0 ND <.25 

-- ----- ------- ------ - -
bmpir 1000026445 2/1/97 14:00 1.08 0 ND < 011 0 ND <.014 0 ND <.022 0 ND <.25 ----- ~ ----------- ------ ----- -------- - ~---~ ---

1 bm~ir _ 1000026452 2/1/97 16:00 1.75 __ _ ~ _() __ ND <.009 0 _____ !'JD < 011 0 ND <.018 0.22 _ -~I 
!000026453 2/1/97 20:00 1.12 0 ND dl09 0 ND <.011 0 ND <.018 0 ND <.20 - - -----t-----~--

bmpir 1000026454 2/2/97 0:00 0.87 0 ND <.009 0 ND <.011 0 ND <.018 0 ND <.20 
-~- ---- t--------

bmpir 1000026455 2/2/97 4:00 081 -------~0~-- ND<.009 O __ ND<.O!_l_ __ O ND<.018 0.24 I 
bmpir 1000026456 2/2/97 8:00 0.82 ____ ~------ EST<009 _() ____ ND<011 _ 0 ND<.018 ~,---i~D<.20_ 
bmpir 1000026457 2/2/97 12:00 0.89 . EST <.0 II 0 ND <.022 0 ND <.036 0.22 

--- -- - -~--

bmpir 1000026462 2/2/97 18:00 1.07 . EST<.009 0 ND <.011 0 ND <.018 0.26 
-----

bmpir 1000026463 2/2/97 20:00 1.06 _ -~--- __ EST< 009 Q___ ND <.011 ' 0 ND <.018 0.3 t 
1 

bmpir 1000026464 2/3/97 2:00 1.12 EST<.009 0 ND <.011 0 ND <.018 0.23 --- - -~t---------
bmpir 1000026465 2/3/97 6:00 __ 1_.1'!_i _____ -~ __ ~ ~ EST<.~I9 Qu UD <011_~ __ 0 __ ND <.018 0.28 

1 bmpir 1000026466 2/3/97 10:00 128 __ --~-~-- EST<.009 0__ NJ:)<.Oil 0 ND<.018 0.22 
bmpir 1000026467 2/3/97 14:00 _ !09 _ 0 ND <.011 . EST<.022 0 __ ND <.018 0.28 

~:~:~ :~~~~~~~-1i~%~:~~5o0 ~-i}~- ~-- -= _-- <> -~ft~_66~ o ~f;~"~tC ()_~=- :~:·~~~ c- ~ --~ &~-:~~ 
bmpjr I 000026472_ ~~~'!_7 ~:00 c Ul5 0 ND dlO'J EST<.O II 0 .. N!_) <,_21~ 0 24 
hmpi! _100002647_!_~/~/\1'7_ _12:00_ l.lJ7 _ ___ 0. _l'JD <Jl<l'J_ ... IOSI_<J!_!_I_ 0 ND <.018 __QE_ 
bmpir 1000032683 61131':J7 18:00 0 <3.28 C97-228 0 <.022 EST1.48 0 ---- ----~~ - - -------

~~-

<.40 
bmpir 1000032684 6113/97 22:00 0 <I 65 C97-228 0 < 011 . EST.724 0 <.20 

Pa~e 'J 



Results or Water Quality Monitc s- Arroyo Colorado Project 
Pesticides 

A1.inphos ! Azinphos 1 ! I ParaU1ion [ ParaU1ion I PenneUuin -~ Perrnethrin 

1 

1 Atr<V.Hle ' Atrazine ' (mctllyl) (methyl) Malatllion MalaUJion i (rnetllyl) 1 (rneUJyl) I (cis/trans) I (cis/trans) 

b~~ir 1 g~~~Jf6:5 6g~;t7 1 i~~j _ va6ue i r~1;1~k i value ' ~~~~-·;;g _ "'~t 1_ ~~6~k_ ~- __ value -HF~~3 ~-~ue 
1 

___ re<rn~k 
brnpir 1000032686 6/!4/97 6:00 --oi -dtisl-- -- 1 C97-l2S: 0--- ~--~Oil ' -- -- EST.684- ------a ' <.20 
brnpir !000032687 6/14/SI7 !0:00 O=i-~1:'65 1~~- ___:-~_Jc97-l2S-j- -_ __()_ ~--<.01 l--- - ----- 1 EST.396 ---0 --T--<.20 

bmpir 1000032688 6/14/97 14:00 0 <1.65 . ' C97-228 I 0 <.011 EST.583 0 <.20 
bmpir 1000032693 6/14/97 22:00 o_____L5345 ~~--- ~C:97-228 !___ ! ESTdl22 . _ EST<.036 0 <.40 
brnpir !000032694 6/!5/97 2:00 . O _ ___i___:cl.65 _ . i C97-228 I . EST<.OII . 1 EST.36 0 <.20 
bmpir 1000032695 6/15/97 6:00 8.45 ___ 

1 
__ • __ , C97-228 ' __ 0 : <011 0.265 0 <.20 

bmpir looo032696 6/!5/97 Io:ool 12~6_J ___ ! _

1 
.f:_27-2_2s I o J <.022 1-- o __ ~ <.03? _____ _Q__ <AO _ 

bmpir 1000032697 6/!5/97 14:00 5.78 i C97-22g · 0 ' <.011 · 0 . <.018 0 <.20 
condr !000021630 8/31/96 16:00 ----.- bt <.5 ! __ • 0 _ -[----:zGo9 J -0027 ___ J 0 <.018 est<.20 

condr 1000023112 9/27/96 23:00 1.005 -+---0,051 -~---=f-= __ 0__ <.022 0 <.036 0 <.4 1 

condr 1000023113 9/28/96 I :00 2.853 j 0 <.009 j 0 <.011 0 <.018 0.318 1 

condr 1000023174 10/5/96 0:00 1.968 0 I <.009 0 <.011 0 <.018 0 I <.2 
condr 1000023175 10/5/96 2:00 1.274 I +0.014 j I 0.018 0.02 1 0 <.2 
condr 1000023176 10/5/96 4:00 0.855 - I -- ·- --0--1_, <.009 c.Ol4 - 0.018 0 <.2 
condr !000023177 10/5/96 6:00 0 · <.5 I 0 ' <009 -1----c- 0 <.Oil 0 <.018 0 <.2 
condr 1000023178 10/5/96 8:00 0 I <.5 i 0 J <.009 : 0.014 [ ' 0 <.018 0 : <.2_

1 
condr 1000023179 10/5/96 10:00 0 ----+.-< 5 - I EST< 009J- .- _ _ EST.OI6 _I , EST<.018 0 I <.2 
condr 1000023189 10/5/96 20:00 0 , <.5 I 0 · <.009 +-- 0 =t <.011 1 0 <.018 1 0.698_ '1 

condr !000023190 10/6/96 · 0:00 2.089 I . 0 I <.009 , 0 l <.Oil 0 1 <.018 0.649 
condr 1000023191 10/6/96 4:00 2.422_J_ ___ J- 0 --+-_<009 L 0-1 <.O!I_ 0 <.018 0.257 
condr 1000029148 3/11/97 8:00 1.!5 I 1 0 I <.011 I 0 <.022 0 <.036 0 <.40 
conir 1000018214[4/16/961 4:00 I 2.29 I 0 I <.009 r----0--_ - J <.011 --H- <.018 0 <.20 
conir 1000018213 4/16/96 16:00 4.54 ~ 0 <.009 , 0 <.011 0 <.018 0 <.20 

-------r- ------
conir 1000018215 4/17/96 · 4:00 I 10.9 · 0 <.009 1 0 <.011 0 <.018 0 <.20 
conir 1000018455 5/16/96 0:00 7.27 [ . 0 +- <.009 ~ 0 I <.011 ' IM 0.95 
comr 1000018456 5/16/96 3:00 176 _i_ ~ 0 • <.009 1 0. <Oil :, . IM 0 <.2 
conir !000018457 5/16/96 6:00 1.33 ~=- _Q_I <.009 _ i- (J __ -=J __ <.011 l IM 1.01 

1 conir 1000018458 5/16/9612:00 0 1 ___ <::5__[_ ___ _()__+~~-J ____ Q__ +----<011 ! IM 0.95 
1 conir 1000018469 5/!6/96 18:00' 1.3 I • 0 <.009 j 0 [ <.011 I . IM 1.23 

conir 1000018470 5/17/96 0:00 1.15 _ _ 0 __ <.00tt9 ! 0 I <.011 ._ IM 0.85 1 

conir 1000018471 5/17/96 6:00 0.93 0 <.009 0 <.011 IM 0.86 - ---~ -----. -
conir 1000018472 5/17/96 12:00 1.06 0 <.009 0 <.011 . IM 0.85 

+------~ 

conir 1 I 000018462 5/17/96 18:00 j 0 L <.5 0 <.009 0 <.011 . IM 0 I <.2 
conir !000018463 5/18/9~=-0:00 -l.36_ ~--- i 0 _ <.009·---t--- 0 - <.011 IM !.99 I 

conir 1000018464 5/18/96 12:001 128 --+---=r= __ O__ j <.009 I 0 =1. <.Oil . IM 1.33 
conir !000018473 5/18/96 18:00 0.92 I i 0 <.009 , 0 T <.011 ' IM 1.98 1 ----' 

Pa~; .b 



Atrazine 
Site 

conir 

Results of Wawr Quality Moni _, - Arroyo Colorado Project 
Pesticides 

Azinphos Azinphos ParaU1ion Parathion 
Atrazine (methyl) (methyl) MalaU1ion MalaU1ion (meU1yl) (methyl) 

PermeU1rin I PermeU1rin 
(cis/trans) (cis/trans) 

rernark 1g;;g;;;'~8~3 81~~~~6 ~~~~~ ~w8~~=r-~_e~narkJ=j~~~ __:_--~em<~~ ;~~~ _ _remark _ v{t :~~o~: ;·~~~ 
conir 1000020858 8/18/96 20:00 1.25 0 <0.009 0 <0.011 0 <.018 0 <0.20 ----- --- -----·- ------· ------· ·-- ---

conir 1000020859 8/18/96 23:00 _0 _ _ <1,00 _(J ~xs __ 
1 

o _~ell__~? 0 <.036 <0.40 

1 conir 1000020860 8/19/96 2:00 0 <0.50 0.428 0.025 est<.011l est0.739 --· ·----- --- . -- -- --- ----- -1----- -
conir I 000020861 8/19/96 8:00 0.551 0 <0.009 O.o25 est<.018 est0.202 ----,--- ----- -- - . ---------- . ----- ------
conir 1000020862 8/19/96 14:00 2.109 _ _ ____ _ 0 <0.009 __ _()____ <0.011 _____ est<.018 ___ .__ estdl.20 J 

I conir 1000020947 8/19/96 20:00 1.9 0 <0.009 0 <0.011 est<.018 est0.369 

conir 1000020948 8/20/96 2:00 0 <O.~Q__ ____ Q ___ l-_<9..:.009 ________ 9___ <0.011 __ · ---+--=e:::.st:.c<:.:.:.Oc.,:1-;:8--+ _ __:___--+_e::.:'sc:_t<~0:.:.:.2:=-=-0 
conir 1000020949 8/20/96 8:00 4.74 0 <0.009 0.023 est<.018 est0.434 
conir 1000020950 8/20/96 14:00 5.9 0 <0.018 0 <0.022 est<.036 cst<0.40 

-~-- ·--

1 conir 1000020966 8/20/96 20:00 0 ____ _.,:.9.:50 ___ 0 <0.009 ____ _(~_3~ __ _ _Q_ <0.018 ~l 
conir 1000020967 8/21/96 2:00 0 <0.50 0 <0.009 0.025 0 <0.018 0 <0.20 ---- ------ -- ----- -----·--. --- -
conir 1000020968 8/21/96 8:00 0.722 0 <0 009 003 +- 0 <0 018 _0--:.2_12_+-------:-~ 
conir 1000020969 8/21/96 14:00 0.924 _ _ ____ Q _ __ <0.009 _()025 _ _ __ j 0 <0.Q_!8 0 _ <0.20 __ 
conir 1000021095 8/26/96 18:00 0.531 0 <0.009 est<.011 0 <0.018 est<.2 

--~- -- -- -------
conir 1000021096 8/26/96 22:00 3.06 0 <0.009 est<.011 0 <0.018 est<.2 
conir 1000021097 8/27/96 2:00 1.299 0 <0.009 est<.011 0 <0.018 est<.2 

1 
conir 1000021098 8/27/96 6:00 0 _ <.5 0 <0.009 __ . esl<.011 0 <0.018 est<.2 
conir 1000021099 8/27/96 10:00 0 <1.25 0 <0.0225 est<.027 0 <0.045 est<.5 

1 conir 1000021100 8/27/96 14:00 0 -<1.00 ---- 0 <0.018 -- ---- est<.022 0 <0.036 est<.4 
- r 

conir 1000021141 8/27/96 18:00 0 <.50 0 <.009 est<.011 0 <.018 est<.20 --- ----

conir 1000021142 8/27/96 22:00 0 <.50 j 0 <.009 esl<.OIJ 0 <.018 est<.20 

1 

conir 1000021143 8/28/96 2:00- ___ _Q__ __ <l.OO_ 0 <.009 -c- --'- est<.022 0 <.036 est<.40 
conir 1000021144 8/28/96 6:00 0 <1.25 0 <.009 est< 027 0 <.045 . est<.50 

- ------------ ------·---- ---------- ----------- ... _____________ - ---- - ---
conir 1000021145 8/28/96 10:00 1.51 0 < 009 0 <.011 0 <.018 est<.20 -------- --------- --- ------- - - ---- .. ---- ------ ---

~~~:~ :~~~~~:~~~ ~~~~~~~:~~-H*~- ------~- --}---- -~:~~~------~- ~:~~~ ~ ~:~~~ o e~~~o 
conir 10000213078/28/9622:00 ()--~~50- -o--,--zoo9 ___ 0 __ <011 --()-· <.018 0 <.20 

~;;::~- ·{~~~6~:~~f0i~~~~ ~rb* ----~- ~~~ r ()(:>
79 E:--~-~09 1 °~)65 - -- _ ~ _ ~~:~:~-__:- ~- =~~=_:_:~-~--

conir 1000021310 8/29/96 10:00 0 <.50 0 < 009 0.127 0 <.018 0 <.20 - -- - - - ----.. I --- - -- - ---------. 
conir 1000021311 8/29/96 14:00 0 <.50 0 <009 0.036 0.019 0 <.20 

------- -------- I----------- - -- ---- -- --

conir 1000021637 8/29/96 20:00 0 < ~ _ _ _ -~ est<.009 _ _ 0 <.2 
conir 1000021638 8/30/96 2:00 1.904 0 < 009 0 0 <.2 ------ --- -- -- - --- -

1 conir 1000021639 8/30/96 8:00 0 __ --~ __ __0__ _ <.009 -~- ___ 9_ 0 ~ 
conir 1000021640 8/30/96 14:00 0 < 5 / 0 882 0 085 0 <.2 
conir 1000026427 1/29/97 18:00 2.29 - --- --0- -ND<O'Jil ----fJ-- 0 ND<.40 

f'a~t· I I 



Results of Water Quality Monitlh---6- Arroyo Colorado Project 
Pesticides 

Site 
conir 
conir 

I 
I 

S;unple # 

1000026428 
1000026429 

I Azinphos I Azinphos j Parat11ion 

1

1 Parathion Pennethrin j Pennet11rin 
: Atrazine Atrazine i (met11yl) .. (met11yl) MalatlJion , Malathion (methyl) (met11yl) (cis/trans) (cis/trans) 

Date Time value . remar~ I val_u_e---+- remark __ '.'_aJue remark value l remark value remark 1 

1129/97 22:00 0 . NO <.50 0 1 NO <.02 0 NO <.025 0 lND <.040 0 NO <.44 1 

1130/97 2:00 I 2.69 0 I NO <.011 0 NO <.014 0 l NO <.022 i 0 NO <.25 
conir 11000026430 I 1130/97 I 6:00 I 2.77 0 NO <.011 0 NO <.014 0 NO <.022 0 NO <.25 
conir I 10000264311 1/30/97 I 10:00 I 1.63 0 NO <.011 0 NO <.014 0 NO <.022 0 NO <.25 
conir 
conir 

1000026432 1130197 J4:oo 1.31 -~ _ 1 o 1. ND <OJ IL __ o__ i ND <.014 o No <.022 o ~o <.25 
1000026434 1130/97 18:00 2.22 I ! 0 I NO <.D_I__!__L_ 0 NO <.014 0 NO <.022 0 I NO <.25 

conir 11000026435 1/30/97 22:00 1.21 1

• -------+- 0 
1 

NO <:011 I -0 1 NO <.014 0 NO <.022 0 NO <.25 

conir 1000026436 1/31/97 2:00 0.99 : ___ J _ 0 ~ 1'-/D <.0-~ __ 0 __ IND <.014 
1 

0 :NO <.022 0 NO <.25 
conir i 1000026437 1131197 6:00 \ 0 _j NO <.50 ! 0 ; NO <.0181 __ 0 1 NO <.022 0 NO <.036 · 0 NO <.40 

conir 1000026438 1131/97 10:00 2.02 i ·--f 0 NO <.011 0 _ NO <.014 I 0 NO <.022 0 1 NO <.25 
conir 1000026439 1/31/97 14:00' 2.55 I . 0 NO< 011 0 NO <.014 0 NO <.022 0 NO <.25 
conir 1000026446-1/31/97 18:00 2.8~__j___ 0 ND<.Oll 0 ND<.014 0 ND<.022 0 ND<.25 
conir 1000026447 1131197 22:00 1.2?_--\-_____l 0 NO <.018 0 NO <.022 0 NO <.036 0 NO <.40 

con_lf_ 1 _1000_2_~64481_1_1_{')?._ __ ~:00 _1.1 i -~ ()_ ___ N[)__<.01.!_1_ 0 __ 
1 
ND<.O~Lj_ _____ 0 ND<.022 0 , ND<.2~ 

con~r 1000026449 2/li'J7 . 6:Q()j__()_.79 --1- ---- -r ___ Q__ - J'IQ < o_I_ii_L _()__ ~NO< 022 - 0 NO <.036 0 ~ 
conir 1000026450 2/1197 I 10:00 I 1.85 -+-----~-- _Q__ j ND <Oil +------ _0_ ~D <.014 I 0 NO <.022 0 1 NO <.25 
conir 1000026451 2/119~- 14:00 0.73 .. j : ___ O __ ND<011 ! __ Q_ ND<014 1

, 0 ND<.022 1 0 1 ND<.25 
conir 1000026458 2/1/97 · 18:00 0.89 · ____ · . j I:OST<.009 : _g _ ___JEQ <.011 0 NO <.018 0.24 
conir 1000026459 2/2/97 0:00 1.18 I ! _· •EST<.009\ 0 iND<Oll I 0 ND<.018 0 I ND<.20 
conir 1000026460 2/2/97 6:00 0.85 1 1 -. I EST<.009\ 0 ~<.011 0 NO <.018 0.25 
conir 1000026461 2/2/97 12:00 0 -~ ND <.?9 ~ ) EST<.009 ---0---- --~ ND <.011 0 NO <.018 0.25 

conir 1000032689 6/14/97 2:00 0 i <1.6~-~- C97-228 i 0 <.011 . EST.099 0 I <.20 
conir 1000032690 6/14/97 6:00 .i 0 _ ~----<1_78 1 - _· --~- C97-228 ~ _0 ~ ' . EST.306 0 1 <.20 
conir 1000032691 6/14/971 10:00 __ 0 _ <1.65 I . C97-228 1 0 i <.011 EST. ISI 0.646 
conir 1000032698 6/14/97 1_~:00 _ _l_Q! __ ; _______ : _______ · ____ , C97-~2L _ _() __ ___j_ <.011 I 0 <.018 0 I _ <.20 

conir 1000032?99 6114/97118:0~ 8.4_9_, _______ _[ _c __ [C97-228_f ___ O ____ ~-~-; 0.071 0.515 1 

1 conir . 1000032700 6114/~m~:OOI o _J___<l64 +- -'---- 1_ C97-~28-:-m _()_ __ +_<_:_0_1_1_ l 0 <.018 _ 0 -+ <.20 I 
conir 11000032701 6/15/97110:00 5.65 : I 

1 C97-228 I 0 <011 · 0.097 
1 

I 0 i <.20 

I 
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Results of Water Quality Mor ... g- Arroyo Colorado Project 
Pcsucidcs 

Prorncrryn I Promcrryn I Trilluralin I Trilluralin 

... ~~te _ ... S;une~ _ _!! ____ ()arc_ '!'ime vatu<.: remark value remark ComrncnL' 

I ··-· . -_c______ --- ---- --------- -1---------
brnpdr 1000021631 8/31/96 1600 0 <06 O.OS4 

f 

11g/L ~g/L 

:~~: :::;~; ::;:~: ~~-· + -~61 -• r=l-~6l 
bmpdr 1000021729 9/1/96 0:00 __ __Q_ <.06 _ _Q__ <.OS 

I bmpdr 1000021730 9/1/96 2:00 0 ___ 0 __ -~05 I =! 
bmpdr 1000021731 9/1/96 4:00 0 0 <.10 

--1- ----- ---
bmpdr 1000023114 9/27/96 23:00 0 <.06 0 <.05 

. ----- .. . .... -- . ---- . . -

_0npdr 1 00002~!_!~ 'j/2'0/96 I :OQ _ 0 0 _ ..:.:_0~ 

~~r.~~ !_000023~Q_ !QjS/96 . Q 00_ . 0 <.05 
bmpdr I 000023181 I 0/5/96 2:00 _ E:~! <: ! 2 [' Jl. 
bmpdr 100002318210/S/96 4:00 _ 0 _::::~ ___ __Q __ J 

bmpdr I 000023183 I 0/S/96 6:00 · 0 <06 0 

<.1 
<.OS 
<.OS 

--- ----- -----

-----------

---

----------------[ ~mpdr 1000023184 10/S/96 8:00 
hmpdr I 00002318S I 0/S/96 I 0:00 

_ bmpdr 1000023192 I 0/S/96 20:00 
0 < 06 0 <.05 ·- ----·- ------ ------ ----- 1- -- ---- -- ----- -----
0 <06 fl j <05 

0 < 06 0 <OS -- -- --
< 06 0 

--- --- - --_ bmpdr 110000291491 3/11/971 9:00 0 <.OS 
--------------------

bmpir ~
<OS ---- - ------ -i 

< 06 <OS --1 
1000018210 4/lS/96 4:00 0 < 103 < 086 

I hmpi< [1000018211 4115/Y6 1600' -0·-=~Mo- =~ 05 _j _ -=---_ _ _ ___ _ 
bm__Eir 11000018212 4/16/96 4:00 0 [-~060 <OS 

<06 10000291SO 11:00 

I 0000291 S I 13:00 
----''-'---+ 

0 
0 

bmpir 110000184391 S/14/961 6:00 I IM 0 <.10 
bmpir 11000018440 I 5/14/961 9:00 I IM 0 <.OS 

I bmpir 1000018441 5/14/96 12:00 . IM m--~-1 I 
hrnpir 1000018442 S/14196 18:00 IM 0 <.05 ---- .. t---. ·-·-·-- ----- ------- - --···-
hmpir 1000018443 5/15/96 0:00 IM 0 <.05 , 
b~~pir 1000018444 SllS/96 6:00 ~ ----,--~--- 0 - <.05 

-t----+---1 - -- I ---- - -- --- -··---· I -- ----
hmpir 1000018445.5115/96 12:00·!· c._ ' ____ Jl'v-·1H= ..... ·.-_Q _____ .. <<.l5·. I _______ _ brnpir 1000018451 S/15/96 18:00 . IM 0 < 05 . ----f---'---1·· -- ··- -·. ---- -----·---- .. ---------------
hm[li_!:_ 1000018452 2£~6/96 O:OQ_ _ _ _ u- _ If'v1___ _ _Q _ _ <05 .. 
hmpir 1000018453 5/16/96 6:00 _ __!f'v1 ________ Q___ _ _ <.:J() _ -1 
bmpir 1000018454 5/16/96 12:00 . IM 0 <.10 
bmpir 1000018465 5/16/96 18:00 IM 0 <.10 
bmpir 1000018466 S117/96 0:00 IM 0 <.05 
hmpir 1000018467 5117/96 6:00 l IM 0 <.OS 

-hm_Q;-;- 1000018468 Sll7/96 12:00 IM 0 <OS·-
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Results of Water Quality Monito .... g- Arroyo Colorado Project 
Pesticides 

-r . . ·. . 
1 

1 1 

Prometryn I Prometryn i Tritluralin J Tritluralin I 

~---· S;unple # I Date ' Time'_. _v_alu(;__ j_r_e_mark __ \'_aluc ~ rcm<l!'_l<__ j ____ _ _ _ CommenLs 

bmpir 1000018459 5/17/96 18:oo\ ____ --l----1~ -~Q--1~--1 ------- ----l 
bmpir 1000018460 5/18/96 0:00 i 1 IM , 0 <OS --- '------t -- ---r- -- ~------

bmpir 1000018461 S/18196 12:00J . -f IM ---+---0-~~ 
bmpir 1000019617 6/24/96 17:0~-__ . , e. s.t<.?q_c_·_ .. ' __ o .

1

. .<0 I j . I 
bmpir __ I0000205IO 8/14/96 _8:ooC __ -oo __ [ <OQ_~ _ __(lQ0__ _ __ _ ----------------
bmpir I000020SII 8/14/96 12:ool _____ ()_ __ ,_ <O~~u 0.053 _ ._ __ I 

bmpir 1000020512 8/14/96 I6:oor- o r-::o.o.L_J o l<o.os ~-----------------1 
bmpir 1000020S13 8/14/96 20:00 0 'j- <0.0~~-- 007 __ J----+ 
bmpir _1000020SI4 8/IS/96 0:00 i 0 <0.06 ~· 0.094 -~ [j' 
bmpir 1000020S1S 8/IS/96 4:00 0 I <0.06 . 0 . <O.OS 

1oooo2o678 8/16/96 9:oo o , <O.o6 I o ± <o.os bmpir 
L bmpir L1000020679 8/16/96 12:00 0 1 <0.06 I 0 --<0.05 

bmpir ]1000020680 8/16/96 1S:OO 0 1 <0.06 0 <U.OS 
bmpir 
bmpir 
bmpir 
bmpir 
bmpir 
bmpir 
bmpir 
bmpir 
bmpir 
bmpir 
bmpir 
bmpir 
bmpir 
bmpir 
bmpir 
bmpir 
bmpir 
bmpir 
bmpir 
bmpir 
bmpir 
bmpir 
bmpir 
bmpir 

10000207SOI8/16/96I20:ool o <0.12 T o I <0.10 
1 1oooo2o7si 8117/96 · 2:oo o I <o.o6 f o ____ I_ <o.o5 r----

10ooo2o7s2 8117/96 8:oo o .

1

· <0.06 I' o I' <O.os ------1 
, 1oooo2o7s3 8117196 14:oo o . &o6 o _<_o.-'-os __ -1----- ~I 

1000020804 8117/96 20:00 0.09 I' - I 0 I' <O.OS 
10()()()2()8()5 8/18/96 2;()() () , <0.06 () I <0.QS 

1000020806 8/18/96 8:00 1 0 ---+- <0.06 --1·-- . ~--- est<O_~_-- ----~ 
1000020807 8/18/96 14:001 0 I <0.06 I 0 __J <O.OS _J______ -----1 
1000020863 8118/96 2o:oo I o <0.06 ! o ___j__ <O.os --+-· _ 
1000020864 8/19/96 2:00 - 0 ___ \ <0.06 -~ 0 _ j___<O 05- -~ ______________ _ 

1000020865 8/19/96 14:00 0 <0.06 i 0.066 I I . ... =i 
1oooo2o9sJ 8119196 2o:oo o I <0.06 ! o·------r- <O.os __ _, _____ -- ... 

i 10000209S2 8/20/96 2:00 _()___~t <0 06_J 0.066 - . ·----··------· --j 

[10000209S3 8/20/96 8:00 0 <0.06 1 O.OS2 r=__= __ _j __ _ 
10000209S4 8/20/96 14:00 0 I <0 06 I O.OS8 I ' 

Ioooo21089 8126196 I8:oo--o---=_i __ <:QL ~oo62 ]--=:_ _ _:_Ts~--=- --
1oooo2I09o 8/26/96 22:00· . o i_<_Is __ od!_!lS__ \Broken 
1000021091 8/27/96 2:00 0 <.IS 0 ~-:Bro~n j 

1000021092 8/27/96 6:00 ---0 __-::._1_2_- 0 OS8_- -- --1 --
1000021093 8/27/96 10:00 0 1__2:Q_<?__ 0 ~0-'-S-+1-------------------j 
1000021094 8n7N6 "''" _ll ( <.06 I _<05_ I------
100002113S 8/27/96 18:00 0 ND< .. 06 ,,:.,~ I 

1000021136 8/27/96 22:00 0 ND<.IS 
--+---

0 <.U) 
---- -

ll <. 125 Broken 
-· 

1000021137 8/28/96 2:00 0 I ND <.IS 0 <. 125 Broken 

) 
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Results of Water Quality M01 .g - Arroyo Coloralio ProJect 
Pesllcilles 

Prornclryn Pro rn e try n Tritluralin Tritluralin 
Site _Sample# Date Time vaJut: remark value n;mark CmnrnenL' --- ---- - .--- ..... --------- ----- ..... ------------- --··- ----------------

bmpir 1000021138 8/28/96 6:00 0 ND <.06 0 <.05 
. - ----- '--------- -~-- -- - ----·- - ---- --------

bmpir 1000021139 8/28/96 10:00 0 <.06 0 <.05 
---- --- ------ -- -~------ --- --------- - ------------------------- ------ -----

brnpir 1000021140 8/28/96 14:00 0 <.06 0 <.05 
-·- .. ---- ----------------- -~-

bmpir 1000021312 8/28/96 18:00 0 <.06 0 <.05 ----------- ·- ---------- -------
bmpir 1000021313 8/28/96 22:00 0 <.12 0 <.10 

----~---f---··· .. - ------ -------
bmpir 1000021314 8/29/96 2:00 0 <.06 0 <.05 ----- ----- --- +-~--- ------ --------~------

brnpir I 000021315 8/29/96 6:00 0 <.15 0 < 125 ------- -------- -- ------- ------ ----
brnpir 1000021316 8/29/96 IO:OQ_ 0 <.06 0 <.05 

-. -- - ----- . --- -- -- ---- - -- -

bmpir 1000021317 8/29/96 14:00 0 <.06 0 <.05 
- -------- ---- -- -·------ ---------------------- ----

bmpir 1000021632 8/29/96 20:00 0 <.06 0 <.05 -------- ------ . ---- -- ------
brnpir 1000021633 8/30/96 2:00 0 <.06 0 <.05 

-- -- ·---- .... ----------- t--·--- .... --------- --- --· --------~--- ------

brnpir 1000021634 8/30/96 8:00 0 <.06 -- 0 <.05 
- ------ ------------------ -----

bmpir 1000021635 8/30/96 14:00 0 <.12 0 . _ _Sj_D __ +-----~------------ ---------- -· ----
J2!..Tipir 1000026440 1/31/97 18:00 0 ND <.075 0 ND <06 

-·---- - ------ ~-- ------- --- ------- -- - ---

bmpir 1000026441 1/31/97 22:00 0 ND <.075 0 ND dl6 ------- -- ---------- ----- ----- _._ -------- - ---- ------- - --- ----------~ 

bmpir 1000026442 2/1/97 2:00 0 ND <.075 0 ND<06 - ------ ------ ------ ---- -------
brnpir 1000026443 2/1197 6:00 0 ND <.075 0 ND <.06 1------- --- --·- ------ ------- - ~---- -- - --- ----~------·------- -------

bmpir 1000026444 2/1/97 10:00 0 t-j_[>_<.07~ 0 ND dl6 ----
14:00 

------ ------ --~----
_______ , ______ -- -~---------------~--~-~ 

bmpir 1000026445 2/1197 0 ND <.075 0 ND <.06 
bmpir 1000026452 2/1/97 16:00 0 ND <.06 0 ND <.05 ----- ---~ -----
bmpir 1000026453 2/1/97 20:00 0 ND <.06 0 ND <.05 
bmpir 1000026454 2/2/97 0:00 0 ND <.06 0 ND <.05 

-
bmpir 1000026455 2/2/97 4:00 0 ND <.06 0 ND <.05 

.. ------ - ---------
bmpir 1000026456 2/2/97 8:00 0 ND <.06 0 ND <.05 ---- ------ ------ I ... ----- -·----- ---- -------~--

bmpir 1000026457 2/2/97 12:00 0 ND <.12 0 ND <.10 -- - --
bmpir 1000026462 2/2197 18:00 0 ND <.06 0 ND <.05 RECEIVED PAST HOLDING TIME 

--------- --- - ------
bmpir 1000026463 2/2/97 20:00 0 ND <.06 0 ND <.05 RECEIVED PAST HOLDING TIME 

------- -· --· 
bmpir 1000026464 2/3/97 2:00 0 ND<06 0 ND <.05 RECEIVED PAST HOLDING TIME 

-- ----------·- -------
bmpir 1000026465 2/3/97 6:00 0 ND < 06 0 ND <.05 RECIEVED PAST HOLDING TIME 

- ------ ---- --~- ------ ·---- ----------- ----- .. -------------

bmpir 1000026466 2/3/97 10:00 0 ND <.06 0 ND <.05 RECEIVED PAST HOLDING TIME 
---~ -- . -:-------

bmpir 1000026467 2/3/97 14:00 0 ND<.12 0 ND < 10 __ -- ------ ----------- --
bmpir 1000026468 2/3/97 18:00 0 ND <.06 0.25 

-----···-·---· ·--~- ·----- -- -- --- -----------· - --
bmpir 1000026469 2/4/97 0:00 EST<.06 0.25 

- - --------· 

brnpir 1000026470 2/4/97 6:00 0 ND <.06 0.19 
. -- --- -·-- ---- -- -- ------------ -----------

bmpir 1000026471 2/4/97 12:00 0 ND < 06 0.16 
----~---- ------- ----- -- .. -- - ----- . -- ---··------·-- ------------

~[Jl!l_Ir- 1000032683 6/13197 18:00 0 <.12 0.247 1RECEIVED WARM 
-----------

i;;J:i/97 
- -- - --. -------- ----

!REcEiVED WARM 
·---------

hmpir 1000032684 22:00 0 <.06 0.292 
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Results of Water Quality Monito, D- Arroyo Colorado Project 
Pesticides 

I Prometryn Prometryn I Trilluralin I Trilluralin \ 

Site Sample# Date Time I value remark J value I rem_4 Commenl> 
bmpir 1000032685 6/14/97 2:00 0 l______<:::.06 I 0.15 . ~RECEIVED WARM I 

bmpir 1000032686 6/14/97 6:00 
1 
___ 0__ I <.06 Ll§~_ r--- ==+RE=-=C.::E_::__IV.c..:E:::.:D=---W__:.AR_::_::Mc_:_ ___________ -l 

bmpir 1000032687 6/14/97 10:00 1--_-0 ___ --t-----<-:06. t. ----0-_._212 ___ -,_-_-__ _ ___ ___ +RECEIVED W ARI\1 
bmpir 1000032688 6/14/97114:00 1 0 ~~ 0.1_5~

1
, ____ 3CEIVED WARM ------l 

1 
bmpir 1000032693 6/14/97 22:00 __ . __ ' ~ST<JL _ 035~ ___ _ j 

bmpir 1000032694 6/15/97 2:00 __ . ____ 

1

. EST<06 i 0.14'J 

bmpir 1000032695 6/15/97 6:00 0 <.06 0.083 --+-------1-------------------1 
bmpir 1000032696,6/15/97 10:00 0 1 <.12 1 0.162 
bmpir 110000326971 6/15/97\14:00 I 0 <.06 0.081 

condr \1000021630 8/31/96 116:00 __ O __ l <06 I . _ I est<.05 J 
2 9/27/96 23:00 0 : <-~ 0 <I j I 

3 9128196 l:oo o ~06L -o-~ZOS I 
4 10/5/96 0:00 +-- 0 _l < 06 I 0 ~--<.05 : I 

5. 10/5/96 2.00 
1 

__ _()__ --1--:::-06 1 _Q_-+ <05 1 
76 I 0/5/96 4:00 ' 0 I < 06 0 'I < 05 I I 

100002311 
100002311 

100002311 
100002311 
100002311 

7 7 10/5/96 6:00 - 0 <.06 I 0 I <.05 I 

8 10/5/96 8:00 -0 I <.06 0 <.05 1-- I 

condr I 000023179 I 0/5/96 10:00 . i EST <.06 i 0 <.05 J 1 

condr I 000023189' 10/5/96 20:00 0 l <.06 l 0 <.05 ! - 1 t· 

100002311 
100002311 

condr 1000023190 10/6/96 O:OOI 0 . _ <.06 _ i 0 <.05 1 

condr 1 1000023191 I 0/6/96 4:00 i __ _Q_ -+___::,_06 __ +==- 0 I <.05 I 
condr 1000029148 3/11/97 8:00 0 · <.12 . 0 , <.10 

conir 1000018214 4/16/96 4:00 1 ___ 0 -~--1-~_()6Q_( __ -0 _T-- <-051~-~ -=-~~ __ 
conir '1000018213 4/16/96 16:oo;- ___ 0_ , _ ____:::_()_~0 --~--_()_ I<05_ , ____ n I 
conir 1000018215 4117/96 i 4:00 1 0 <.060___l__Q.109 I ~ 
conir _ 1_000018455 .2!.!_6/96( 0,0(~~ _____ ( IM_[ __ _Q__ _<_0~ 1 ______ ___ _ _______ _ 

conir 1000018456 5/16/96+-B~~-~------ IM · 0 J-_:::_.QH---

--~-~~-~:-~ -1_:~-~~-~-:~-~~-~lt:_~-~~-~~~62~fu:~---- -· _I :~~~~=~~- -~-- ~ }1~----· ------ ---
conir 100001846'.11 5!16/'J6118:00i- i--~-+---Q_--+-_,c•O~ 
conir 1000018470 5117/96 0:00\-----' _ _I_M __ , __ _Q_ _<05 __ 1

1 

___ __ 

:;:: :=:::;; :;:;;:r ~~: -I m :~-~1 ·- : 1~%} 
conir 1000018462 5117/96 18:00 ____ · ___ -IM :t 0 =~----11---==----_-- 1 
conir 1000018463 5/18/96 0:00 . [ IM _ 0 =c~_5 -i 
conir I 000018464 5/18/96 12:00 I I IM K I 

<.05 
18:00 I IM <.05 conir 110000184731 5/18/96 

) 
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Results of Water Quality M01 .g- Arroyo Colorado Project 
Pesticides 

I Prometryn I Prometryn i Trilluralin I Trilluralin 
remark remark value 

·-·- ----- ----
Comments Date i Tune -~<Uil]_)le # _ Site vaJue 

conir I 0000208031 S/1 SN6 I 16:00 0 <ll.06 0 <0.05 --- ---~--

conir 
conir 

<().06 <0.05 

I 000020SSY <0.12 -<o}QJ== ---I 

100002085S I 8118/96120:00 

1 nnomo~,;o <0.06 <0.05 
1 conir . ~~~~-~~~~ 

conir 1000020861 8/19/96 8:00 
conir 1000020862 8/19/96 14:00 

----- <0.06 . <0 05-+---_ .. 
0 <0.06 <0.05 

Cll_lllr __!000020\14~ ~/19/96 20:00 __ Q ..2_0_06_ _ ____ _ 
conir I 00002094ll 8/20/96 2:00 0 <0 06 r <0.05 , 
--~-- ~--- ~---------- -- -- -----. I ---- ~------ ---------------------

~OIH _ _r_ 100002094\1 ~2019Q 8:00 0 - ; _<::(~06 -I Q()~3 i ------- ------------

~::~:~ :~~~~~~~~~ :;~~;~~ ~~:~~~ -- ~ --~~;~~1--} -t~~ -~~~~-~---~=------~-==----- ------
conir 1000020967 S/21/96 2:00 ___ 0 ___s()~()(j__ __Q __ __ :5()__02.._ ______ _____ 

1 
conir 1000020968 S/21/96 8:00 0 <0.06 0 <0.05 

-----
conir 1000020969 8/21/96 14:00 0 <ll.06 0 <0.05 I COil!~-~ I 0000210\.15 X/~6N0_ I s:o() - _!l _< 00 _jl <.05 
conir I 000021096 8/26/\.16 22:00 0 <.06 0 <.05 
~- - ~------ ----
conir 1000021097 8/27/96 2:00 0 <.06 0 <.05 

~~::;~ i ~~~~~: ~~~ ~;~;;~~ It~~ot~~-_J_ _ j : c~ _ -~- ~ f _-_-_ <~_: __ ~_c~-5s_ 
conir 1000021100 8/27/96 14:00 0 < 12 0 ( <.10 

~~~:~ :~~~~~: ::~ ~;~;;~~ ~~:~6 -- ~ I :.~~ - - u6 + :~6~ 
----- ----·- ---

conir I 000021143 8/28/96 2:00 0 <.12 0 <.1 
conir 1000021144 8/28/96 6:00 _ 0 '--~ ___ 0 < 125 __ 1--- _____ ----
conir 1000021145 8/28/96 10:00 0 <.06 0 <.05 

-~ --- --- -+-
conir 1000021146 8/28/96 14:00 0 1 <.15 0 <.125 

_£ll_~llf 1000021306 8/28/96 18:00 _Q_~1~ <c06- -_- _ _Q- =~-~~!~ 
corm Ioooo21307 812BI96 22:o0 ____ o~--j-_____:5_:()_6 o_ --f-sQ5~_L 

-~mir 1000021308 8/29/96 _2:0(~- Q - _sQ0__ _Q_ - s~JS I' 

conir I 000021309 8/29/96 6:00 0 < 06 0 <.05 , 
- -~---- --C--------- ----- . 1 ---

conir 1000021310 8/29/96 10:00 0 <.06 0 <.OS 

--------------------------------1 

-------------- -- --·· ------

------ ·---- ··-

----------------

conir 1000021311 8/29/96 14:00 0 <.06 0 <.05 
----- --- ----

1 conir 1000021637 8/29/96 20:00 _ est<.06 0 <.0~--+------------------------1 
1 conir 1000021638 8/30/96 ~:OO ___ () __ __2.0_(j___ __ __Q ____ .;:.QS 

conir I 000021639 8/30/96 S:OO 0 <.06 0 <.05 
-------. -- ~------.- -- ------------------ ---------- ---

conir 1000021640 S/30/96 14:00 0 dl6 0 <.05 
conir- l000026427 1/29/97 ~S:-00 -- __ 0 ___ -- ND ~~~2- --0 - -ND <10 f<JNEBOTTLE RECEIVED BROKEN CAR# lJ7-0024 
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Results of Water Qu:ilily Monilt>. ,!, -Arroyo Color:1do ProJeCI 

Pesticides 
I - I ~-- I ~~ 

I . 1 PromeLryn 1 PromeLryn 
1 

Tntluraltn [ Tnfluraltn I 

C~::;;~,&;i;;~'\.1 ~~:::,[JJ"o:;t- '6"' 1 N'fi";j'~ '~"' 1-J~"}T-,j= ~ ____ -_ CommcnLs ---1 

~:;.;: j+::i~;:,l%2%11-!~j ~ l~f~~~i J ~~~;::_~~------~-~- ---~-
conir 1000026431 1/30/97 10:00, __ 0 ____ 1 ND <_~75_, ___ 0 ___ l- ND ~06+- _____ ----------------1 

conir 1000026432' 1/30/97 14:00 0 _j_ND <075] ... Q__~J_ND ..:5:~-' __________________ _ 
conir 1000026434 1/30/97 18:00 0 ' ND <.075 I 0 -+.ND <.06 r 
conir 1000026435 1130/97 22:00 0 I ND <.075 -~ 0 1 ND <.06 I ---4 
conir 1000026436 1/31/97 2:00 0 I ND <.075 , 0 I ND <.06 
conir 11000026437111311971 6:00 I 0 I ND <.12 I 0 I ND <.10 
conir f1000026438j1131/97110:00I 0 IND<075 0 jND<06l ___ _ 
conir 1000026439

1

1/31197 14:00 0 ! ND<.075-+ ___ 0 --+ND_<.06_t==-----------
conir 1000026446 1131/97 18:00 0 I ND <.0751 0 _: ND. <.06 .

1 

. -----------------! 

1 conir 1000026447 1/31/97 22:00 _ 0 : ND<.12 '-~~])...SJ_O . 
1 conir 1000026448 2/1/97 2:00 0 .=J. ND <.075 [ __ 0 ___ ND <.06-_+. --_ _ ·--j 

conir 1000026449 2/1/97 1 6:00 0 i ND <.12 i 0 J ND <.10 JONE BOTTLE IN TRANSIT 
conir 11000026450 I 211/97 110:00 I 0 I ND <.075 I 0 I ND <.06 

1 conir 11000026451 2/1/97 j14:0~j-----O __ lND<.075 ~~_0__ _ ND_:::06 -\-- _________ _ ______ _ 
conir i_ 1000026458 2/1197 · 18:00, . __ 0 _ -~!-'> <.06 _

1

, __ Q__ ND <.05 --t----
conir \1000026459 2/2/97 0:00 I 0 ! ND <.06 , 0 ND <.05 , 

I ~~::::; +:~~~~~~~Tr-~~~~~~- 16~~0: ~ 6 _ __] ~~ :~~~ J __ -~ -. f~~ ~ ~} ~--_----__-~-__ _:::_:::_:::=_-_-_-_-_--=_-_-_-__ ------1 

conir 1000032689 6114/97 2:~~ --o-_!---<~i- OT65~-~_:::__ __:::=_IREcErv~o-wARM____ ---· --=--J 
~::::> ;~~~~~i~~~ 1;::;~~ -~~~%- ~- ---;-::~- ~~----~{~~ ·-I 1~2~-~~6 ~~~---------- ---· 
conir 1000032698 6114/97 14:00 0 i <.06 0.081 
conir 110000326991 6114/97118:00 0 
conir I 1000032700 I 6114/97122:00 0 
conir 110000327011 6115/97110:00 0 

<.06 
<.06 
<.06 

0.103 
0.069 
o.115 I 

) 
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AppendixC: 
Arroyo Colorado 

Water Quality 
WebSite and 

Report 



Arroyo Colorado Water Quality Database 

HIDALGO 

~ 

' 

CAMERON 
COUNTY 

SCALE 
(mil•ot) 

? I ¥ ? " 

As part of the project, NPS Prevention in the Arroyo Colorado Watershed. the Texas 
Agricultural Extension Service, under the direction of Dr. Guy Fipps, assembled a database of 
available water quality data on the Arroyo Colorado. This report summarizes the contents of 
the database and it's suitability for accessing the water quality status and trends of the Arroyo 
Colorado. This web site is located qn computers of the Agricultural Engineering Department 
at Texas A&M University. 

___j___j__j__j 
Questions? Comments? Email us at g-fipps@tamu.edu 

Texas A&M University System 

Texas Agricultural Extension Service 
Agriculture Engineering Department 
Dr. Guy Fipps 
217 Scoates Hall 
College Station. TX 77843-2121 

Office: ( 409) 845-7454 



Maps of the Arroyo Colorado River 

The following maps were created by Craig Pope at Texas A&M University. These maps 
detail the Arroyo, it's tributaries, and the tidal and non-tidal sections. 

MAP 1 -ARROYO COLORADO 

MAP 2 - ARROYO COLORADO, EASTERN PORTION 

MAP 3 -ARROYO COLORADO, WESTERN PORTION 

MAP 4 - ARROYO COLORADO. STATION LOCATIONS 



Water Quality Indicators 

Water Quality Indicators were analyzed for each of the three stations listed below. For 
Station 13036, data for each parameter was availabld()r years I 984 to I 993. For Station 
13071 and I3074, data for each parameter was availatelfor years 1984 to 1994. Graphical 
charts for seven parameters are listed under the respective station. 

Station 13036 Station 13071 Station 13074 

(on Tributary Segment 2200) (on Tidal Segment 2201) (on Non-Tidal Segement 2202) 
Dissolved Oxygen Dissolved Oxygen Dissolved Oxygen 

Nitrate Nitrate Nitrate 
Dissolved Phosphorous 

Total Phosphorous 
Sulfate 

Fecal Coliform 
Chloride 

Dissolved Phosphorous 
Total Phosphorous 

Sulfate 
Fecal Coliform 

Chloride 

Dissolved Phosphorous 
Total Phosphorous 

Sulfate 
Fecal Coliform 

Chloride 



Arroyo Colorado River Water Quality Database 

The Arroyo Colorado River Water Quality Database is now currently available as queriable 
on-line program or as a file that can be downloaded. The downloaded files are the original 
database files that were created with Paradox 4.0 and can be easily read with this version or a 
later version such as Paradox 7 for Windows 95 and Windows NT. 

The water quality data is split into four databases, including one for each tidal and non-tidal 
segment of the river, one for the tributaries to the Arroyo Colorado River and one for a 
subsequent toxic study. The following links detail the information found in these databases. 

Watershed Station Listing by Location and Segment Identification 
Field Descriptions of Files in Databases 

List of Routine Water Quality Parameters in Database 

DATABASES 

For On-line Query 

Database for Segment 2200 

Database for Station Location for 
Segment 2200 

Database for Segment 220I 

Database for Station Location for 
Segment 220 I 

Database for Segment 2202 

Database for Station Location for 
Segment 2202 

For Downloading 

Database for Segment 2200 

Database for Station Location for Segment 
2200 

Database for Segment 220 I 

Database for Station Location for Segment 
220I 

Database for Segment 2202 

Database for Station Location for Segment 
2202 

Database for Toxin Study 

Database for Station Location for Toxin Study 
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EXECUTIVE SUMMARY 

As part of the project: NPS Prevention in the Arroyo Colorado Watershed, the Texas Agricultural 
Extension Service assembled a database of available water quality data on the Arroyo Colorado. 
which is included on this Web Site. This report summarizes our analysis of the data base to 
determine its usefulness in defining water quality problems and trends in the Arroyo. Here we 
report on the long-term trends of 7 water quality indicators: 

dissolved oxygen, 
sulfate, 
nitrate, 

fecal coliform, 
dissolved phosphorous, 

total phosphorous, 
and chloride; 

and we review the toxic substance data. 

While approximately 48 monitoring stations were used on the Arroyo during the period of record 
( 1982-1994 ). only a few were used consistently and have complete sets of data. For this first 
analysis. we chose the three stations that had the most complete and longest periods of record. 
One station is located in the non-tidal reach, one in the tidal reach, and the third on the North 
Floodway, a tributary to the Arroyo. 

We first compared the detected levels to the Surface Water Quality Criteria (SWQC). Since 
SWQC do not exist for phosphorous and nitrate. we used the Texas Natural Resource 
Conservation Commission's screening levels for total and dissolved phosphorous, nitrogen. and 
the safe drinking water standards for nitrate. The results were that all 7 parameters may be 
potential water quality problems in the Arroyo based on this criteria. 

For the toxic substance data base, we found that most of the data is useless for determining water 
quality due to the sensitivity of the testing methods used; i.e., the lowest limit of the testing 
method is above the concentration found and above the standards established for aquatic life and 
human health protection. While the presence of about 55 substances were detected in the Arroyo 
during approximately I 0 years of sampling and analysis, there were only two substances that 
exceeded standards, lead and cadmium, which occurred once in 1986 at one location. 

Numerous analysis results from sediment and fish tissue samples are included in the database for 
which no standards exists. However, concentrations of 13 toxic substances appear elevated in the 
sediment and tissue samples. Sampling and analysis for toxic substances were performed 
erratically during the I 0 year period considered here: and no trends can be determined. 



INTRODUCTION 

This study was conducted as part of the project NPS Prevention in the Arroyo Colorado 
Watershed, funded by the U.S. Environmental Protection Agency (EPA) through the Texas 
Natural Resource Conservation Commission (TNRCC) and the Texas State Soil and Water 
Conservation Board (TSSWCB). In addition to the Texas Agricultural Extension Service 
(T AEX), other participating agencies were the Texas Institute for Applied Environmental 
Research (TlAER), the Natural Resources Conservation Service (NRCS) and the Southmost Soil 
and Water Conservation District. 

The project was better known as the "Section 319 Arroyo Colorado Project." Task 3.1 of the 
project work plan directed T AEX to organize available water quality data on the Arroyo 
Colorado into a database. This task was completed and the database is provided on this Web Site. 
The database is divided into two sections: routine water quality parameters and toxic substances. 
In this report, we examine 7 parameters which are often used as water quality indicators and for 
which sufficient analysis results were completed: 

dissolved oxygen, 
sulfate, 
nitrate. 

fecal coliform. 
dissolved phosphorous. 
total phosphorous, and 

chloride. 

In addition, we provide a summary analysis of the Toxic Substances Data Base. 

WATER QUALITY DATA BASE 

In assembling the Arroyo Colorado Database. we first contacted a number of state and federal 
agencies and requested any and all available water quality data collected for the Arroyo Colorado 
including data in electronic format and any written reports or publications. These contacts then 
lead to others. However, we limited our search to data files and publications that contain actual 
data that were not duplicated elsewhere. 

The most extensive bibliography on water resources in the Lower Rio Grande Valley was put 
together by Judd ( 1994). A number of publications were found that contain actual water quality 
data and are included in Bibliography section of this progress report. Additional data requested 
but not provided to us: the Coastal Monitoring Impact Study conducted by the General Land 
Office. and 1993-94 Shrimp Fann Impacts Swdv and Coastal Fisheries Database from the 
Texas Parks and Wildlife Department. 

We found that most of the water quality data that has been collected since 1982 is already 
contained in the Surface Water Quality Monitoring (SWQM) Paradox database. This 



database is a consolidation of water quality data collected by the TNRCC, USGS and 
International Boundary and Water Commission (IBWC), which is maintained by the TNRCC. 
From SWQM, we extracted the water quality data for the Arroyo Colorado and its tributaries and 
reorganized it into our database which is also in Paradox format which is located on this web 
site. In doing so, we simplified the database structure in order to facilitate the analysis of the 
information and developed a series of maps and tables to aid in its use. 

Similarly the TNRCC's database on the Rio Grande Toxic Substances Study for the Arroyo 
Colorado was simplified and included in our database. It contains toxic substance data collected 
by the TNRCC from ten monitoring stations. The database contains some data from 1983, and 
data from 1986 to through 1994. 

THE ARROYO COLORADO 

The Arroyo Colorado flows through Hidalgo, Cameron and Willacy County in the Lower Rio 
Grande Valley of Texas into the Laguna Madre. The Arroyo Colorado waters include possible 
base flow from the Rio Grande River, urbaH runoff, agricultural runoff, irrigation return flow, 
municipal and industrial wastewater and effluent. Perennial flow is supported by municipal 
discharges from the cities of Mission, McAllen, Pharr. Donna, Harlingen, and San Benito 
(TDWR. 1981 ). During flood events, water is diverted from the Rio Grande into the Arroyo and 
North Floodway 

Segment Numbers 

See the Maps section of this Web Site for the location of the Arroyo and its three segments. The 
segment descriptions are as follows: 

Segment 2200 identifies the tributaries to the Arroyo along segments 220 I and 220 I, including 
the North Floodway. The North Floodway forks from the Arroyo in Hidalgo County below 
Weslaco, flows through the northwest portion of Cameron County into Willacy County, and joins 
the Arroyo near the Laguna Madre. 

Segment 2201 (tidal segment) is east of FM. 510 and runs from a point I 00 m downstream of 
Cemetery Road, south of Port Harlingen to the confluence with the Laguna Madre. 

Segment 2202 (non-tidal segment) is west of F.M. 510. It runs from F.M. 2602 in Hidalgo 
County to a point I 00 m downstream of Cemetery Road, south of Port Harlingen Monitoring 

Stations 

For routine monitoring, some 48 locations have been used for sampling of the Arroyo Colorado 
and tributaries over the period of record (see Appendix A and Table E-1 ). However, most of 
these locations were used for only for short periods of time and, in some cases, for single 
sampling events. Currently, 4 stations are being used for routine sampling and analysis: stations 



13071, 13074, 13081 and 13782. For toxic analysis, a total of 10 stations have been used for 
various durations, although only 2 have been used consistently. 

For this analysis, we chose the 3 stations that had the longest and most complete data sets of 
routine (i.e., not toxic) water quality data. These are: 

Station 13036 on tributary segment 2200, 
Station 13071 on tidal segment 2201, and 
Station 13074 on non-tidal segment 2202. 

WATER QUALITY PARAMETERS AND LEVELS IN THE ARROYO COLORADO 

Routine Water Quality Parameters 

Texas has established Surface Water Quality Criteria (SWQC) for many water bodies in the state 
based on designated uses (see Title 30, Chapter 307 of the Texas Administrative Code). The 
Arroyo Colorado is designated as "contact recreational," and SWQC have been established for 5 
parameters on segment 220 I and for 7 parameters on 2202 (Table I). Segment 2200, a tributary. 
has no SWQC. On the charts for Segment 2200 (see Charts section of this Web Site), we sho"" 
the SWQC of segment 2202 to facilitate comparison of levels with other two segments of the 
Arroyo. 

For a number of other parameters, the TNRCC has established "screening levels" which are used 
as a general indicator of potential water quality concerns. These are based on best professional 
judgement. For the parameters considered here. these are 0.1 mgll for dissolved phosphorus. 0.01 
for total phosphorus. and I mg/1 for total nitrogen. For nitrates. we also used the EPA Safe 
Drinking Water Standard of 10 mg/1 in our analysis .. 

Analysis Results by Individual Stations 

In the Charts Section of this Web Site are figures which show the levels of each of the 7 
parameters by station and sampling event during the period of record between 1982-1994. The 
actual sampling dates at each station varied from year to year. Location of the bars on these 
figures correspond to the dates the samples were taken. The results of this analysis are 
summarized below and in Table 2 and 3. 



TABLE 1: Surface Water Quality Criteria (SWQC) for the Arroyo Colorado on Segment 2201 
(Tidal) and Segment 2202 (Non-Tidal). 

Parameter 
Segment 2201 Segment 2202 

Dissolved Oxygen (mg!L) 4.0 4.0 

Temperature (F) 95.0 95.0 

PH 6.5-9.0 6.5-9.0 

Chloride (mg!L) ------ 1200 

Sulfate (mg!L) ------ 1000 

Total Dissolved Solids 
4000 ------

(mg!L) 

Fecal Coliform (#II 00 mL) 200 200 

TABLE 2: Potential water quality problems in the Arroyo Colorado by segment number for 7 
parameters considered in this report. 

SEGMENT 2200 
SEGME:'IJT 2201 SEGMENT 2202 

(NORTH FLOODWA Y) 
(TIDAL) (NON-TIDAL) 

Nitrate Nitrate Nitrate 

Dissolved Phosphorous Dissolved Phosphorous Dissolved Phosphorous 

Total Phosphorous Total Phosphorous Total Phosphorous 

Sulfate Sulfate Sulfate 

Chloride Chloride ------

------ Dissolved Oxygen Dissolved Oxygen 

Fecal Coliform ------ Fecal Coliform 



Table 3: Comparison of 7 water Quality indicators to established screening criteria and 
standards in the Arroyo Colorado. 

Sulfate levels at station 13036 (Floodway) exceeded the SWQC (non-tidal) in 8 of the 26 
samples taken over the I 0 years of record. Station 13074 had lower sulfate levels which 
exceeded the SWQC in only 3 of the 50 samples taken from 1982- 1994. Sulfate levels for 
Station 13071 (tidal segment) had very high peeks, wide fluctuations in levels, and exceeded 
the SWQC 1000 mg/1 (non-tidal criteria) in 37 of the 53 samples over the 13 years of record. 

Chloride followed a similar pattern as sulfate. The non-tidal station 13074 only exceeded the 
SWQC two times during the 13 years of record. High chloride levels wide side fluctuations 
occurred at station 13071 (tidal), where only 5 of the samples were below the 1200 mgll 
SWQC. Station 13036 (Floodway) had 12 out of 27 samples above the non-tidal SWQC. 

Fecal coliform levels at station 13036 have fallen from peak levels (2000 to 3000 counts/1 00 
ml) in 1985 and 1986 to well below the SWQC 1991 and 1992, but then rose again in 1993. At 
the tidal station 13071, only three samples were higher than the SWQC, the last occurring in 
early 1987. However, station 13074 (non-tidal) continues to show very high spikes of above 
5000 counts/100 ml and large fluctuations. 

Total nitrogen levels (ammonia+ nitrate) nearly always exceed the TNRCC screening level of 
1 mg/1. However. when compared to the EPA Safe Drinking \\' ater Standards. nitrate values 
were are almost always well below the I 0 mg/1 standard. Station 13036 recorded the highest 
nitrate levels and greatest fluctuations when compared to the other two stations. 

Dissolved oxygen values never fell below the SWQC of 4 mg!l at station 13036 (Flood way) or 
station 13074 (non-tidal). However, at station 13071 (tidal). low dissolved oxygen levels 
occurred in 35 of the 132 samples taken over the 13 year period. and levels fluctuated from 
almost 0 to over 17 mg/1. A high frequency of low oxygen le\ els occurred most recently in 
1992. 

Dissolved phosphorous levels are compared to TNRCC screening levels since no SWQC or 
drinking waters standards exist for phosphorous. Relative low levels of dissolved phosphorous 
occurred at stations 13036 and 13071 (Flood way and tidal), although most samples exceeded 
this screening level. Station 13074 (non-tidal) saw consistently higher dissolved phosphorous 
levels, whose peaks have remained fairly constant since 1986. 

Total phosphorous followed the same pattern as with disso]Yed phosphorous, with the lowest 
levels occurring at stations 13036 and 13071 (Floodway and tidal). Station 13074 (non-tidal) 
had the highest levels, with a single very high spike occurring in 1985, 1990, and 1994. 



Correlation with Flow 

We also examined the correlation of flow in the Arroyo to the detection levels of each parameter. 
We obtained flow measurement data from the International Boundary and Water Commission 
(IBWC) for stations 13071 (tidal) and 13074 (non-tidal). As no exact flow data is available for 
station 13036 (Fioodway), we used the scale reported with the samples: 0 (no flow) to 5 (high 
flow). 

This analysis was run for dissolved oxygen, fecal coliform, nitrate, sulfate, dissolved 
phosphorous and total phosphorous. The results are given in Table 3. No correlation existed (R2 
< 0.1, correlation > ±0.4) between flow and nitrate, dissolved and total phosphate, and fecal 
coliform. 

Dissolved oxygen showed some correlation to flow at station 13036 with R2 =0.19 and 
correlation coefficient of 0.44. Flow vs. sulfate regression statistics give an R2 =0.55 and 
correlation coefficient of -0.75 suggesting that sulfate levels are consistent, thus concentrations 
increase with decreasing flow and vise-versa. However, to fully investigate the effect of flow on 
substance concentrations, a more rigorous sampling protocol should be implemented. 



Table 4: Summary Table of Regression and Correlation Analysis for the Arroyo Colorado 
(flow may be correlated to level detected for R2 > 0.1 and correlation>+ 0.4). 

Station Number 

13036 13071 13074 

R sguare Correlation R sguare Correlation R sguare Correlation 

Flow vs 
Dissolved 0.1948 0.4414 0.0001 -0.0086 0.0868 -0.2946 
Oxygen 

Flow vs 
Fecal 0.0521 0.2283 0.0006 0.0257 0.0208 0.1444 
Coliform 

Flow vs 
0.0417 0.2041 0.0172 0.1313 0.0013 -0.036 

Nitrate 

Flow vs 
0.0054 0.0732 0.3656 -0.6~6 0.5602 -0.7485 

Sulfate 

Flow vs 
Dissolved 

0.0009 0.0311 0.0001 -0.0032 0.0008 0.0286 
Phosphoro 
us 

Flow vs 
Total 

0.1176 -0.3429 0.0004 -0.0206 0.0072 0.0849 
Phosphoro 
us 

TOXIC SUBSTANCES DATA BASE 

The Toxic Substances Data Base (included on this Web Site) contains data collected by the 
TNRCC's Rio Grande Toxic Substances Study for the Arrovo Colorado. The data base contains 
data collected from tern monitoring stations in 1983 and 1986 through 1994. Here, we have 
restructured the data base to facilitate it's use. Tables 5. 6 and 7 summarized our review of this 
data base. 

For toxic substances, Texas has established standards for aquatic life protection (criteria in water 
for 34 substances) and for human health protection (criteria in water for water and fish for 60 
substances). These can be found in Title 30. chapter 307 of the Texas Administrative Code (these 
regulations may be accessed through the INTERNET at TNRCC's \\'eb Site). 



Use of this data for evaluating the water quality status of the Arroyo is limited by the same 
factors discussed above for the surface water data. These include improper analytic method (i.e., 
lowest detection limit being above the standard) and erratic sampling frequency. For example, 
only 8 of the 37 substances analyzed for in Segment 2200 exceeded the test detection lower limit, 
18 out of 49 for Segment 220 I, and about 20 out of 55 for segment 2202. Of these, only 2 
substances exceeded established standards: lead and cadmium, during one sampling event in 
1986. 

Numerous sediment and tissue samples were also taken and are reported in the data base. While 
no standards exist, the following substances appear elevated: for sediment, chlordane, DDE, 
PCB, oil and grease, Nickel, lead, DDT, dieldrin, zinc, silver; for tissue, chlordane, DDE, DDT. 

Table 5. Toxic Substance Standards and Number of Substances Analyzed in the Arroyo 
Colorado Toxic Substance Data Base. 

STANDARDS EXIST FOR: 

Aquatic life protection- criteria in water 

34 substances 

Human health protection -criteria in water for water and fish 
60 substances 

SUBSTANCES TESTED FOR: 

Segment 2202 -non-tidal segment 

55 substances 

Segment 220 I -tidal segment 

-19 substances 

Segment 2200- tributaries 
37 substances 



Table 6. Analysis Results of the Arroyo Colorado Toxic Substance Data Base. 

Substances exceeding test detection "lower" limits 

Sediment Tissue 

Segment 2202 18 20 
Segment 220 I 18 Q 
Segment 2200 8 0 

Toxic concentrations, in water, that exceed standards 

Lead (07/14/1986 
Cadmium (07/14/1986) 

Table 7. Toxic Substances in Sediment and Tissue Samples that Appear Elevated. 

Sediment Tissue 

Chlordane Lead Chlordane 
DDEDDT DOE 
PCB's Dieldrin DDT 
Oil & Grease Zinc 
Nickel Silver 

ACKt'IOWLEDGME!\TS 

The following T AEX personnel contributed to this report: 

Carrie Bausch, Student Worker 
David Smith, Extension Assistant 
Kim Sucek, former Student Worker 
Ed Wilson, former Extension Graduate Assistant 

We also wish to express our appreciation to the following individuals and agencies for their 
assistance in providing data and information used in this study: 

Blucher Institute 
Nick Kraus 

Bureau of Economic Geologv 
Tom Tremblay 



General Land Office 
Bruce Smith 

International Boundary and Water Commission 
Yvette McKenna 

Texas Department of Health 
R. J. Hutton 
Kirk Wiles 

Texas Institute for Applied Environmental Research 
Larry Hauck 

Texas Natural Resource Conservation Commission 
Kerry McCullough 
Gayle Rothe 
Angela Miller 
Alisha Reinmund 
James McKinney 
Steve Neimeyer 
Jack Davis 
Trey Murph 
Jim Davenport 
Charles Bear 
Patrick Roques 
John Hinijosa 
Steve Tidwell 
Charles Webster 
Jerry Blizzard 

Texas Natural Resources Information System 
Charlotte Aanstoos 
Charles Palmer 

Texas Parks, Fish and Wildlife Department 
Roy Kleinsasser 
Dave Buzan 
Charles Sanchez 
Tom Shultz 
Paul Fore 
Larry Ditto 



Texas State Soil and Water Conservation Board 
Lupe Pinto 
Lennie Winkelman 
Suzanne Cardwell 
Bo Spoonts 

United States Geological Service 
Lloyd Woolsey 
George Ozuna 

University of Texas-Pam American 
Armando Lopez 
Dorene Garza 
Dr. Frank Judd 
Don Hockaday 

U.S. Bureau of Reclamation 
Nick Palacios 

U.S. Environmental Protection Agency 
Evan Homing 

BIBLIOGRAPHY 
Baker, Roger C. and 0. C. Dale. Groundwater Resources of the Lower Rio Grande Valley Area. 
Texas. Bulletin 6014. Volume I. February 1961. Texas Board of Water Engineers. pp. 81. 

Davis, Jack R. Intensive Survey of the Arroyo Colorado Segment 220 l, August 22-25, 1983. 
IS-69. Texas Department of Water Resources. January 1985. 41 pp. + appendices. 

Davis, Jack R. Intensive Survey of the Arroyo Colorado Segment 220 l. IS-61. Texas Department 
of Water Resources. May !984. 22 pp. + appendices. 

Eaton, David J. and David Hurlbut. Challenges in the Binational Management of Water 
Resources in the Rio Grande/Rio Bravo. U.S.- Mexican Policy Studies Program, Policy Report 
No. 2, 1992. Lyndon B. Johnson School of Public Affairs, The University of Texas at Austin. 
138 pp. 

Gamble, Lawrence R., Gerry Jackson and others. Organochlorine, Trace Element, and Petroleum 
Hydrocarbon Contaminants Investigation of the Lower Rio Grande Valley, Texas, 1985-1986. U. 
S. Fish and Wildlife Service. October 1988. 34 pp. +appendices. 

International Water and Boundary Commission. Binational Study Regarding the Presence of 
Toxic Substances in the Rio Grande/Rio Bravo and Its Tributaries Along the Boundary Portion 
Between the United States and Mexico. November 13, 1992. 246 pp. 



International Boundary and Water Commission. Flow of the Rio Grande and Related Data, 1993. 
Water Bulletin Number 63. IDWC. 132 pp. 

International Boundary and Water Commission (IDWC). Binational Study Regarding the 
Presence of Toxic Substances in the Rio Grande/Rio Bravo and its Tributaries Along the 
Boundary Portion Between the United States and Mexico. Final Report, September 1994. 250 pp. 

Judd, F. W. Final Project Report: Report of Literature Review on Discharges from the Rio 
Grande and Arroyo Colorado and Their Impact. The University of Texas-Pan American Coastal 
Studies Laboratory. April 1994. 59 pp. 

Judd, F. W. Water-Related Natural Resources of the Lower Rio Grande Valley of Texas: An 
Annotated Bibliography. University of Texas-Pan American. April 1994. 219 pp. 

Lacewell, Ronald D., John R.C. Robinson and others. Estimated Agricultural Benefits 
Attributable to Drainage and Flood Control in Cameron County, Texas. Final Report prepared for 
the U.S. Department of Agriculture, Soil Conservation Service, Temple, and U.S. Army Corps 
of Engineers, Galveston. February 19. 1990. 131 pp. 

Miyamoto, S. LB. Fenn, and D. Swietlik. Flow. Salts, and Trace Elements in the Rio Grande: A 
Review. Texas Water Resources Institution (TWRI), Texas A&M Cniversity System, College 
Station. MP 1764, July 1995. 30 pp. 

Texas Water Commission. Regional Assessment of Water Quality in the Rio Grande Basin. 
Texas Water Commission. GP 92-02. ~ovember 1992. 207 pp. +appendices. 

Texas Department of Water Resources. Report 245, Chemical and Physical Characteristics of 
Water in Estuaries of Texas. October 1974- September 1975. April 1980. 224 pp. 

Texas Water Commission. The State oi Texas Water Quality Inventory. II th Ed. Texas Water 
Commission. LP 92-16, August 1992. 682 pp. 

Texas Department of Health. Fish Tissue Sampling Data: 1980- 1993. 224 pp. 

Texas Water Commission and Texas State Soil and Water Conservation Board. 1990 Update to 
the Nonpoint Source Water Pollution Assessment Report for the State of Texas. Texas Water 
Commission. March 1991. 61 pp. + appendices. 

Texas State Soil and Water Conservation Board. Executive Summary: A Comprehensive Study 
of Texas Watersheds and Their Impacts on Water Quality and Water Quantity. January 1991. 
Texas State Soil and Water Conservation Board. 311 North 5th, Temple, Texas 76503. 208 pp. 

Texas State Soil and Water Conservation Board and Soil and Water Conservation Districts. 1988 
& 1990 Agriculturai/Silvicultural Nonpoint Source Assessment. 1990. 



Twidell, Steve R. Intensive Surface Water Monitoring Survey for Segment 220 I, Arroyo 
Colorado-Tidal. IMS-72. Texas Department of Water Resources. February 1979 (reprinted 
March 1984 ). 24 pp + appendices. 

U.S. Department of the Interior, Bureau of Reclamation. Lower Rio Grande Basin Study, 
Working Document. Fiscal Year 1993. 56 pp. +appendices. 

U. S. Department of the Interior, Bureau of Reclamation. Lower Rio Grande Basin Study, 
Working Document, Economic Data. November 1993. 34 pp. 

U.S. Environmental Protection Agency. R-EMAP, Regional Environmental Monitoring and 
Assessment Program. EPN625/R-93/012. September 1993. 82 pp. 

U.S. Environmental Protection Agency. Region 6 State/EPA Ambient Toxicity Monitoring 
Program. Region 6 Environmental Services Division. Dallas, Texas 75202-2733. July 1994. 43 
pp. 

U.S. Geological Survey. Reconnaissance Investigatwn of Water Quality, Bottom Sediment, and 
Biota Association with Irrigation Drainage in the Lower Rio Grande Valley and Laguna Atascosa 
National Wildlife Refuge. Texas. 1986-87. U.S. Geological Survey. Water- Resources 
Investigations Report 87-~277. 1988. 89 pp. 



AppendixD: 
Fact Sheets and 

Educational Materials 



AppendixD: 
Fact Sheets and 

Educational Materials 



Today, you are learning about the benefits of no-till and reduced tillage for improving crop yields, 
reducing costs and maintaining soil productivity. However, there are other benefits- like helping our 
environment. Conservation tillage helps reduce runoff from agricultural land. Such runoff can carry 
with it sediment, nutrients and certain crop protection chemicals. By adopting a program including 
conservation tillage, and proper water and nutrient management, you will be doing your part to help 
protect the water quality in the Valley. 

The Arroyo Colorado 

The Arroyo Colorado and its tributary, the North Floodway is the principle drainage outlet for the 
Valley. The water quality of the Arroyo is a major concern, particularly due to its potential impact on 
wildlife and the Laguna Madre. Elevated levels of nitrate, phosphorous, sulfate, chloride and fecal 
coliform have been detected. Urban and agricultural runoff, municipal wastewater, septic tanks, and 
industrial discharges are all suspected of contributing to the problem. 
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The US Environmental Protection Agency has provided funding for the Non-point Source Prevention in 
the Arroyo Colorado Project. The purpose of this project is provide education and to demonstrate 
management practices which will help prevent nutrients and chemicals from leaving cultivated fields 
and urban landscapes. Today' s meeting is one of several educational events supported, in part, from 
these project funds. 

Cooperating agencies include the Texas State Soil and Water Conservation Board, Southmost Soil and 
Water Conservation District, Natural Resources Conservation Service, the Texas Institute for Applied 
Environmental Research, Texas Natural Resource Conservation Commission, and the Texas 
Agricultural Extension Service. For more information, contact any of the above agencies, or the visit 
the Arroyo Colorado web site at http://arroyo.tamu.edu. 

Texas Agricultural Extension Service e Zerle L. Carpenter, Director e The Texas A&M University System e College Station, Texas 
Extension programs serve people of all ages regardless of socioeconomic level, race, color, sex, religion, disability or national origin. 
The Texas A&M University System. U.S. Department of Agriculture, and the County Commissioners Courts of Texas Cooperating 



Soil Fertility and 
Fertilizer Management 
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SOIL FERTILITY AND FERTILIZER MANAGEMENT1 

Mark L. McFarland and Guy Fipps 

A sound soil fertility program is the 
foundation upon which a profitable farming 
business must be built. Agricultural 
fertilizers are necessary for producing 
abundant, high quality food, feed and fiber 
crops. Using fertilizer nutrients in the proper 
amounts and applying them correctly are both 
economically and environmentally important 
to the long-term profitability and 
sustainability of crop production. The 
fertilizer nutrients that have potential to 
become groundwater or surface water 
pollutants are nitrogen and phosphorus. In 
general, other commonly used fertilizer 
nutrients do not cause concern as pollutants. 

Nitrogen 

Nitrogen (N) is a part of all plant and animal 
proteins. Therefore, human survival depends 
on an abundant supply of N in nature. A crop 
well supplied with N can produce yields 
many times greater, with the same amount of 
water, than one starved for N. Properly 
fertilized crops use both N and water more 
efficiently, thus improving environmental 
quality and profitability. 

The only part of the soil that supplies N to a 
crop is organic matter, since soil minerals do 
not contain N. In general, only 20 to 30 
pounds per acre of N are supplied annually 

for each 1 percent of organic matter in the 
soil. Since this N is released slowly and 
generally is not matched to crop needs, 
additional N is required. Soil testing is 
important to determine additional N needs. 
Relying on generalized recommendations for 
crop N requirements often results in poor N 
use efficiency and excessive application. 

Decomposition of organic matter results in 
simpler inorganic N forms such as 
ammonium (NH4 +) and nitrate (NQ3·). 

Commercial inorganic fertilizers containing 
nitrogen also contain one or both of these 
forms. Both forms of nitrogen are soluble 
in soil water and readily available for plant 
uptake. Since clay soil particles are 
negatively charged and attract positively 
charged nutrients, much like a magnet. 

Ammonium is positively charged and is 
attracted to and held by negatively charged 
soil particles, it does not readily move down 
through the soil with rainfall or irrigation 
water. Nitrates, on the other hand, are not 
attracted to soil particles, move downward 
with soil water and can be leached into 
groundwater. 

Soil microbes can convert ammonium -N 
fertilizer to the nitrate form. Thus if 
nitrogen fertilizer is improperly applied to 
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soils that have high infiltration rates, it can be 
leached through the root zone to contaminate 
groundwater. In addition these fertilizers can 
be dissolved and transported in rainfall runoff 
to contaminate surface waters. Excessive 
nitrate concentrations in water can accelerate 
algae and herbaceous plant growth in streams 
and lakes, resulting in oxygen depletion. 
Nitrate concentrations above a certain level in 
drinking water may be injurious to the health 
of some animals or human infants. 

Even nontoxic nitrate levels may lower 
human resistance to environmental stresses 
and interfere with normal metabolism. 
Likewise, ammonia (NH3) from fertilization, 
or from the natural breakdown of organic 
matter in lake bottoms, can kill fish. 

Phosphorus 

Phosphorus (P), like nitrogen, is essential for 
plant growth. Naturally occurring P exists as 
soluble inorganic phosphate ions, soluble 
phosphate, particulate phosphate or mineral 
phosphate. The mineral forms of phosphorus 
(calcium, iron and aluminum phosphates) are 
low in solubility and are readily adsorbed to 
clay particles. 

The immediate source of phosphorus for 
plants is that which is dissolved in the soil 
solution. A soil solution containing only a 
few parts per million of phosphate ions is 
usually considered adequate for plant growth. 
The phosphate ions are absorbed from the 
soil solution and used by plants. These ions 
may be replaced from soil minerals, soil 
organic matter decomposition or applied 
fertilizers. Many soils have too little 
available P to support the needs of modem, 
high yielding crops without additional P 
fertilization. 
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Phosphate ions are not readily soluble. Most 
of the ions are either used by living plants or 
adsorbed to sediment, so the potential of 
their leaching to groundwater is low. That 
portion of phosphate bound to sediment 
particles is virtually unavailable to living 
organisms, but becomes available as it 
detaches from sediment. Only a small part 
of the phosphate moved with sediment into 
surface water is immediately available to 
aquatic organisms. However, additional 
phosphate can slowly become available 
through biochemical reactions. The slow 
release of large amounts of phosphate from 
sediment layers in lakes and streams could 
cause excessive algae blooms and excessive 
growth of herbaceous plants, thereby 
affecting water quality. 

Nutrient Best Management Practices 

Best management practices (BMPs) are 
defined as those practices or combinations 
of practices which are the most effective 
practical means of preventing pollution 
generated by nonpoint sources, or reducing it 
to a level compatible with good water 
quality. Because erosion and runoff are the 
two major ways nonpoint source pollutants 
move into surface water resources, practices 
which reduce erosion or runoff are 
considered BMPs. Similarly, practices 
which limit the buildup of nutrients that 
leach to groundwater and practices which 
ensure the safe use of agricultural chemicals 
also are considered best management 
practices. Both economic and environmental 
concerns should be considered. 

1. Test the soil for nutrient status and pH to: 

• determine the amounts of 
additional nutrients needed to 
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reach designated yield goals, and 
the amount of lime needed to 
correct soil acidity problems; 

• avoid excessive fertilization and 
reduce nutrient losses via leaching 
and runoff; and identify other yield 
limiting factors such as high levels 
of salts or sodium which may 
affect soil structure, infiltration 
rates, surface runoff and, 
ultimately, groundwater quality. 

2. Base fertilizer applications on: 

• realistic yield goals and moisture 
prospects; 

• past fertilization practices; and 
previous cropping history. 

3. Manage low soil pH by liming according 
to the soil test to: 

• reduce soil acidity; 

• improve fertilizer use efficiency; 

• improve decomposition of crop 
residues and soil aggregate 
formation; and 

• enhance the effectiveness of certain 
soil applied herbicides. 

4. Time nitrogen applications to: 

• correspond closely with crop 
uptake patterns; 

• increase nutrient use efficiency; nd 

• minimize leaching and runoff 
losses. 
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5. Inject fertilizers or incorporate surface 
applications when possible to: 

• increase accessibility of fertilizer 
nutrients to plant roots; 

• reduce volatilization losses of 
ammonia N sources; and 

• reduce nutrient losses from 
erosion and runoff. 

6. Use animal manure and organic materials: 

• when available and economically 
feasible; 

• to improve soil tilth, water 
holding capacity, and soil 
structure; and 

• to recycle nutrients and reduce the 
need for inorganic fertilizers. 

7. Rotate crops when feasible to: 

• improve total nutrient recovery 
with different crop rooting 
patterns; 

• reduce erosion and runoff; and 

• reduce diseases, insects and 
weeds. 

8. Use cover crops and legumes where 
possible to: 

• reduce erosion and nutrient losses; 

• maintain residue cover on the soil 
surface; and 



• replace part or all of crop needs for 
supplemental N fertilizer. 

9. Control nutrient losses in erosion and 
runoff by: 

• using appropriate structural 
controls; 

• adopting conservation tillage 
practices where appropriate; 

• properly managing crop residues; 
• implementing other soil and water 

conservation practices where 
possible. 

I 0. Skillfully handle and apply fertilizer by: 

• properly calibrating and 
maintaining application equipment; 

• properly cleaning equipment and 
disposing of excess fertilizers, 
containers and wash water; and 

• storing fertilizers in a safe place. 

Benefits of Soil Testing 

Soil testing is the key to a sound fertility 
management program. A soil test is a 
chemical analysis of the soil which 
determines whether levels of essential plant 
nutrients are sufficient to produce a desired 
yield. When not taken up by a crop, some 
nutrients, particularly nitrogen, can remain in 
the soil or be lost from the soil by leaching or 
volatilization. 

Soil Sampling 
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Proper soil sample collection is the most 
important step in obtaining a useful soil test. 
Samples must be taken very carefully to be 

representative of the area sampled. 
Generally one "composite" soil sample 
should be collected from each uniform area 
(field or part of a field) of 10 to 40 acres. A 
composite sample is obtained by combining 
10 to 15 individual soil cores taken 
randomly across each uniform area. These 
cores are placed in a clean plastic bucket, 
thoroughly mixed and then about I pint is 
sent to the laboratory for testing. 

Individual soil cores can be taken using a 
regular spade, soil auger or soil sampling 
tube. First, scrape any plant litter from the 
surface and then make the core or boring 6 
inches deep. When using a spade, dig a V­
shaped hole and take a l-inch slice from the 
smooth side of the hole. Next take a I by l­
inch core from the center of the shovel slice. 
By collecting 10 to 15 individual cores 
across the area, one can ensure that the soil 
test results will be representative of the site. 

Clearly label each sample with a sample 
identification number. That number should 
correspond to the one listed on the sample 
identification sheet submitted with the 
sample to the laboratory. Place all samples, 
information sheets and payment into a sturdy 
paper box for shipment to the laboratory. Be 
sure to keep a record of the dates and 
locations the samples were collected. 
Complete sampling instructions and sample 
bags can be obtained from your local County 
Extension office. 

To ensure good results, follow these 
recommendations: 

• Submit samples immediately after 
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collection or allow them to air dry before 
storing. 

• Never use heat to dry a sample. 

• Keep accurate records of the area 
represented by each sample. 

• A void sampling areas such as small 
gullies, depressions, terraced waterways 
and unusual spots. 

• When sampling fertilized fields, do not 
sample in the fertilized band. 

• Do not use metal buckets or containers 
with any residue in them since it might 
affect test results. 

Soil test bags and instruction sheets may be 
obtained from the Texas Agricultural 
Extension Service Soil, Water and Forage 
Testing Laboratory in College Station, Texas, 
or from various private laboratories across 
the state. Contact your local County 
Extension Agent for more information. 

Interpreting Soil Test Results 

On a typical soil test analysis, values for each 
nutrient are reported "very low", "low", 
"medium", "high" or "very high". These 
ratings do not evaluate the soil's capacity to 
produce yields, but indicate the relative 
availability of the nutrient and likelihood of a 
crop response to fertilization. An economic 
response to fertilization can usually be 
expected for soils with very low nutrient 
levels, while those with high or very high 
levels will generally show little or no 
response. 

The nutrient requirements of crops depend 
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largely on the type of crop and the yield 
goal. Based on many years of research, the 
average nutrient demands of most crops per 
unit of yield are reasonably well known. 
Table 1 shows the typical nitrogen fertilizer 
requirements for several major crops. When 
a crop and yield goal are specified on the 
soil information sheet, a fertilizer 
recommendation is provided. 

Table 2 provides typical fertilizer 
recommendations for most major crops. 
These are maximum rates which would be 
recommended for a soil testing very low in 
nitrogen, phosphorus and potassium. Most 
fields will have higher residual levels of 
some nutrients, and fertilizer 
recommendations provided by the laboratory 
will be adjusted accordingly based on the 
soil test. 

Other best management practices which 
should be followed when utilizing any 
fertilizer material include: 

1. Time applications as closely as possible 
to periods of crop nutrient need. 

2. A void applications when the ground is 
saturated or when the potential for heavy 
rainfall is great. 

3. Band or incorporate fertilizers into the 
soil if possible to conserve nutrients and 
improve availability. 

4. Avoid applications on steep (15%) 
slopes. 

5. Uses practices to control sediment 
losses. 



Table I. Suggested Nitrogen Fertilization Versus Crop Yield (Minus Nitrate­
Nitrogen Identified by Soil Test) 

Crop 

Com 

Cotton 

Grain Sorghum 

Wheat 

Coastal Bermuda 

Yield Goal/ Acre 

75-99 bu 
100- 149 bu 
150- 200 bu 

0.5 - 2.5 bales 

1500- 8000 lbs 

20- 100 bu 

1 - 6 cuttings 
(2- 12 tons) 

Pounds N/Unit Weight 

1.0/bu 
1.1/bu 
1.2/bu1 

0.1/lb of linf 

2.0/cwt3 

1.5/bu grain only4 
2.0/bu grazing/grain 

100/cutting 
50/ton5 

10ne bushel of 8.4 and 9.0% crude protein com would remove 0.75 and 0.80 lbs N, 
respectively. However, greater N recommendations (1.2lbs) are required because of 
inefficiencies of N uptake and utilization. 

2 Actual fertilizer recommendations for cotton are 25% higher than crop requirements 
because of inefficiencies. (1 bale or 500 lbs x 0.1 = 50 lbs N, etc.) 

30ne cwt of 10.0 and 11.0% crude protein grain sorghum would remove 1.60 and 1.76 
lbs N, respectively. However, recommendations are based on 2.0 lbs N/cwt. 

40ne bushel of 12.5% crude protein wheat removes about 1.2lbs N. Because of 
inefficiencies of N uptake and utilization, 1.5 lbs N/bu is recommended for grain 
production only. However, 2.0 lbs N/bu is recommended for both grazing and grain 
production, followed by topdressing additional nitrogen at approximately 0.75 to 1.0 
lb N/bu after livestock removal and prior to jointing. 

50ne ton of 12.5% crude protein hay contains 40 lbs ofN (2000 x 2.0% N). However, 
higher N fertilization (50 lbs N/ton) is suggested because of inefficiencies of N uptake 
and utilization. Recommendations are based on the assumption that two (2) tons of 
forage are produced per cutting. If this is not the case, it may be better to base N 
fertilization on 50 lbs N/ton. 

6 
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Table 2. Crop Yield Goals Versus Suggested Fertilization 

Suggested Fertilization1 

CROP Yield Goal N PzOs K20 

(lbs/A) (lbs/A) (lbs/A) 
Corn 75-99 bu/A 75- 100 60 80 

100- 149 bu/A 110- 165 80 130 
150- 200 bu/A 180- 240 80 140 

Cotton 1.0 bale/A 40 40 30 
1.5 bales/A 60 60 50 
2.0 bales/A 80 80 80 
2.5 bales/A 100 80 80 

Grain Sorghum 1500 - 2000 lbs/ A 30-40 20 20 
2000 - 4000 lbs/ A 40-80 40 80 
4000 - 6000 lbs/ A 80- 120 60 100 
6000 - 8000 lbs/ A 120- 160 80 120 

Peanuts dry land 20 40 40 
Irrigated 20 60 60 

Soybeans dry land/irrigated 10 40 125 

Wheat (grain only) 20-30 bu/A 30-452 20 20 
30-40 bu/A 45-60 40 30 
40-60 bu/A 60-90 40 40 
60-80 bu/A 90- 120 60 60 
80- lOObu/A 120- 150 60 60 

1Soils testing high in both phosphorus and potassium may require supplemental nitrogen 
only to attain yield goals. (Generally, no economic response to potassium fertilization 
would be expected west of I-35. Exceptions may be under intensively managed irrigated 
cropping systems or crops grown on sandy soils.) 

2Grain Production Only: The above N rates for wheat are based on 1.5 lbs Nlbushel. 
Apply approximately 113 of the total N suggested above preplant and topdress the 
remaining N prior to jointing. 
Grazing and Grain Production: Apply 2.0 lbs Nlbu preplant (for higher yield goals or on 
sandy soils, split N between preplant and late fall applications). Topdress with an 
additional 0.75-1.0 lb Nlbu after livestock removal and prior to jointing. 
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Table 2. (cont.) Crop Yield Goals Versus Suggested Fertilization 

Suggested Fertilization1 

CROP Yield Goal N P20s K20 

(Lbs/A) (Lbs/A (Lbs/A) 
Alfalfa Non-irrigated, annually 20 60 120 

Irrigated; 6T/A 20 100 160 
Irrigated; 8- 12 T/A 20 140 200 

Clover Annually 20 80 120 
Sod seeded 20 80 120 
With ryegrass/small grains 40 80 120 

Wheat Light grazing 6Q2 60 60 
Moderate grazing 80 80 120 
Heavy grazing 80 80 120 

Sorghum! 1 cutting or light grazing 803 40 40 
Sudan 2 cuttings or med. grazing 80 60 60 

3 cuttings or heavy grazing 80 80 80 

1Generally, no economic response to potassium fertilization would be expected west of 1-
35. Exceptions may be under intensively managed irrigated forage systems or crops -
grown on sandy soils. 

2Fertilizer rates suggested for grazing wheat pastures are for the higher rainfall, eastern 
one-third of Texas or where irrigation is possible. Dryland rates for all grazing 
intensities should be reduced by approximately 10% for each 50-mile increment west of 
1-35 to compensate for decreasing annual rainfall. Topdress with additional N in late fall 
and again in late winter at the following rates per acre per application: Light (50 lbs N), 
Moderate (60 lbs N) and Heavy grazing (80 lbs N) with adjustments for available 
moisture as suggested above for dry land production. 

3 Adjust fertilizer rates according to rainfall expectations as suggested above for wheat. 
For 2 cuttings of hay or moderate grazing, top dress with an additional 60 lbs N/ A after 
first cutting or graze down. Where a third cutting or heavy grazing is possible, topdress 
with another 40 lbs N/ A. 
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PEST AND BENEFICIAL ARTHROPODS 
OF COTTON 

IN THE LOWER RIO GRANDE VALLEY 

Alton N. Sparks, Jr. and John W. Norman, Jr. 1 

Cotton is an important agricultural crop in the Lower Rio Grande Valley (LRGV). Our environment 
is well suited for cotton production and, unfortunately, is also well suited for the numerous arthropod 
pests that attack cotton and can severely impact yield. Cotton is subject to attack and damage by 
arthropods from planting through harvest; although the greatest potential for damage in the LRGV 
is from early squaring through boll maturity. In addition to the many arthropods that can damage 
cotton, cotton fields are also home to numerous arthropods which attack these pests. Although 
control of pests with insecticides is sometimes needed, good pest management relies on correct 
identification and a thorough understanding of the pests' biologies combined with a coordinated 
implementation of multiple management strategies. Insecticides generally are an effective tool in a 
management plan, but should be viewed as a last resort and used only when necessary. 

Proper selection and use of pesticides, only when needed, will result in better control and lower 
production costs. However, there are other benefits - like helping our environment. Integrated pest 
management combined with proper pesticide application practices will ensure that the chemicals go 
and stay where they are needed, so as not to contribute to runoff 1from agricultural land. Such runoff 
can carry with it sediment, nutrients and certain crop protection chemicals. By adopting a program 
including integrated pest management, proper chemical application, and sprayer calibration, you will 
be doing your part to help protect the water quality in the LRGV. 

The purpose of this publication is to familiarize the reader with the appearance, basic biology and 
management of the major pests of cotton in the LRGV. Additional sections on occasional pests and 
beneficial organisms are included to aid in the identification of some of the more common of these 
organisms. For additional information on the pests of cotton and insecticide selection, should 
insecticide use become necessary, refer to Texas Agricultural Extension Service publications B-1210 
(Managing Cotton Insects in the LRGV) and B-121 OA (Suggested Insecticides for Managing Cotton 
Insects in the LRGV). 

Early-season Pests 

Early-season is the first few weeks of the season from planting until the first appearance of 113-
grown squares. The major early-season insect pests of cotton in the LRGV are overwintered boll 
weevils, fleahoppers, and occasionally silverleaf whiteflies. Management of pests during the early 
season is targeted at obtaining early fruit set, which leads to early maturity and avoidance of 
potentially severe late season pest pressure. Occasional early-season pests include aphids, cutworms, 
thrips and spider mites. 

1Associate Professor and Extension Entomologist, and Extension Agent-IPM, Texas 
A&M university Agricultural Research and Extension Center, Weslaco, 78596-8344 



Mid-season and Late-season Pests 

Mid-season is the 6-week fruiting period following the appearance of the first 1/3-grown squares. 
Proper crop management and frequent field inspection for pests and beneficials will eliminate 
unnecessary insecticide applications during this period. The major concern during this period is 
maintaining adequate fruit set and preserving beneficial insect populations. 

Late-season is the remainder of the production season when the major concern is boll protection. 
Monitoring boll set and maturity will aid in making pest management decisions in the late-season 
period. The primary concern during this period is protection of immature bolls, that eventually will 
be harvested, but are young enough to still be susceptible to damage by insects. 

The major mid- and late-season pests of cotton in the LRGV are the boll weevil and silverleaf 
whitefly. The bollwormlbudworm complex is also considered a potential major pest at these times, 
but does not occur with the frequency of boll weevils and whiteflies. Occasional mid- and late­
season pests include aphids, spider mites, beet armyworm, and loopers. 

Fruit Development and Susceptibility to Damage 

Cotton will generally start setting fruit at the fourth to sixth true 
leaf node. The process of fruit development starts in the terminal 
with the initiation of the development of squares. The size of 
square gives an indication of the age and susceptibility of the 
individual square to damage by certain pests. Square sizes 
generally referred to in pest management are pinhead squares, 
matchhead squares and 113 grown squares. Approximately 21 days 
after initiation of a square, blooming and fertilization occurs, 
resulting in formation of a boll. Once a boll is formed, it requires 
approximately 45 days for the fiber to develop and mature and the 
boll to open. Boll age also effects the susceptibility to damage by 
pests, with the greatest potential for damage occurring early in boll 
development. 

MAJOR PESTS 

Boll Weevil 

Figure 1. Small square 
shown relative to pin head 
and match head. 

Figure 2. Adult boll 
weevil on a cotton 
square. 

The adult weevil is about 1/4-inch long, grayish brown, and has a 
prolonged snout with chewing mouthparts at its tip. The presence of 
two distinct spurs on the lower part of the first segment of the front leg 
will distinguish the boll weevil from other weevils with which it might 
be confused. Both adult and immature weevils damage cotton. Adults 
cause damage by feeding on fruiting structures and through oviposition 
in these structures. Female weevils oviposit eggs in squares and young 
bolls. The female chews a hole into the square or boll (similar to 



feeding) and then places an egg inside the fruit and refills the hole. 
This generally results in a characteristic 'wart' at the oviposition site. 
The egg hatches in about three days, and the legless white grub begins 

Figure 3. Boll weevil 
grub inside of a cotton 
square. 

feeding within the fruit. Bracts on damaged 
squares typically open, which is referred to 
as flaring. Flared squares usually fall off the 
plant after the first molt of the grub, but 
may wither and dry while stuck on the 
plant. Grubs develop through three instars 
and a pupal stage within the fruit. The adult 
emerges inside the fruit and chews its way 
out. The complete life cycle requires 15 to 

25 days. In managing weevils it is important to be aware that only the 
adults are exposed to potential control with insecticides. Thus, weevil 
management generally emphasizes cultural manipulations to reduce the 

Figure 4. Boll 
weevil oviposition 

density of overwintering adults and prevention or delay of damaging puncture on a 
populations until late in the season. Once weevils become well established cotton square. 
in a field, multiple insecticide applications generally are required to 
prevent severe economic damage. 

Overwintered boll weevil 

Overwintered boll weevils enter cotton early in the season. They occur 
in very low numbers and successful oviposition and development of 
larvae does not occur until the first squares are about 1/4-inch in 
diameter (1/3-grown). Insecticides applied at this time will help suppress 
boll weevil population buildup until after peak bloom. This allows the 
plant to set a large number of bolls early, while minimizing adverse 
effects on mid- and late-season beneficial insects. 

Management and decision making. The value of making automatic 
insecticide applications for overwintered weevils has not been 
demonstrated in all areas of the Valley. Research has shown that 40 
overwintered boll weevils per acre can produce a damaging first 
generation population. The first generation of boll weevils emerges and 
becomes active during the early fruiting period. 

Figure S. Flared 
cotton square. 

If weevils are noticed and the field has a history of heavy weevil infestation, early-season control 
applications may be economically feasible. The first application should be applied no earlier than 1/3-
grown squares. The second application should be applied 3 to 5 days later if weevils continue 
moving into the field. When two early-season applications of insecticides were made in research and 
field tests in areas with heavy weevil pressure, damaging boll weevil levels were delayed 10 to 12 
days. However, in other areas where similar spray tests were conducted, subsequent damaging 
weevil levels were not delayed because of unknown factors. These applications should not be made 
in fields where population buildup in past years has not occurred and weevils are not found. A void 



making the final overwintered boll weevil insecticide application within I 0 days of bloom to allow 
beneficial insect and spider populations time to reestablish in anticipation of bollworm infestations. 
Also, as bo II weevils move into the edges of fields from overwintering sites, insecticide treatments 
may be effective when limited to treating along brush lines or corners where boll weevils are 
concentrating. By treating only these "hot spots," producers provide a refuge for beneficials in the 
non-treated areas and these beneficials can move back into treated areas more quickly. 

Mid- and Late-season Boll Weevil 

Management and decision making. To monitor damage by weevils, make weekly inspections of 
I 00 I/3-grown squares randomly collected from four or more representative locations in the field 
from various portions of the plant. H boll weevil-damaged square levels reach 15 to 25 percent 
from the time of squaring to peak bloom, the economic threshold level has been reached and 
an insecticide application is necessary. Because insecticides only control adult weevils, established 
populations may require repeated treatments at 5-day intervals. This can also occur when weevil 
populations are high in a general area and field-to-field movement allows for rapid reinfestation. 
Under extremely heavy populations, it may be necessary to shorten application intervals to 3 days. 
However, if proper cultural considerations have been made under the short -season production system, 
the number of mid- to late-season insecticide applications can be greatly reduced and insecticide use 
may not be necessary. 

Although boll weevils 
show a distinct preference 
for squares. they will also 
attack developing bolls. In 
late-season when few 
squares are present, young 
bolls can be damaged by 
weevils. The potential for Figure 6. Cotton boll size relative to days after bloom. (R. Parker) 
damage to bolls decreases 
with the age of the individual boll. Relatively little damage by weevils occurs in bolls more than 12 
days old, particularly if an adequate supply of younger fruit forms is available. Thus, once the latest 
bolls targeted for harvest have reached 12 days, there no longer exists a reason to control weevils (for 
that years crop). 

Cotton Stalk Destruction 

One of the most useful tools available to cotton producers for management of boll weevils is the 
complete, timely destruction of cotton at the end of the season. Research has repeatedly shown that 
weevils entering overwintering at the end of the normal production season have much less chance 
of surviving the winter and infesting the next season's crop as compared to weevils that are allowed 
to feed on cotton in the fall and early winter months. Although adult weevils can feed on pollens 
from a variety of plants, only cotton provides the large acreage needed for development of large 
overwintering populations. Thus, through complete destruction of the crop residue at the end of the 
growing season. combined with elimination of escapes and volunteer cotton throughout the winter, 



LRGV cotton producers can reduce the level of weevil populations they will battle the following 
season. 

Silverleaf Whitefly 

Silverleaf whitefly (SLWF), formerly known as sweetpotato whitefly 
(strain B), has been a pest of cotton in the LRGV since 1990. As adult 
whiteflies move into cotton fields, they congregate near the terminal 
of plants where most eggs are layed. The whitefly life cycle begins as 
a tiny yellow-orange, cigar-shaped egg laid on end in groups or clusters 
usually on the underside of leaves. The tip of the egg turns tan or dark 
prior to hatching. A small, nearly clear crawler stage emerges from the 
egg, finds a suitable place on the leaf, and inserts its needle-like 
mouthparts into the tissue and begins to feed. The crawler is the only Figure 7. Silverleaf 

Figure 8. Silverleaf 
whitefly immatures on 
the underside of a 
cotton leaf. 

mobile immature. The scale-like whitefly adult. 
immatures continue to feed, molt and 
grow as immobile insects until they emerge as adults (there is a short 
non-feeding pupal stage prior to adult emergence). The entire life cycle 
of SL WF lasts from 12 to 30 days, or longer, depending on temperature. 
On cotton, in the heat of the summer, SL WF can complete its life cycle 
in about 2 weeks. Because of its high reproductive rate (short life cycle, 
high egg production, high survival), SL WF can build large populations 
over a relatively short period. 

Damage by SL WF ranges from honeydew deposits on open cotton lint, 
to reduced plant vigor, premature defoliation and reduced quantity and 
quality of lint. Experience in the LRGV has shown that in the heaviest 
infestations, yield reductions can be severe with losses of more than 500 
pounds of lint per acre. Whiteflies also affect lint quality parameters such 

as reduced micronaire and length. Viral disease transmitted to cotton by SL WF has been a 
severe problem in some countries, but has not been a problem in Texas. 

Management and decision making. 
Sampling for SL WF is generally conducted by examrnmg the 
underside of the third leaf from the top of the plant and counting 
adults, and/or counting immatures on the underside of the fifth leaf 
from the top. Older leaves are used for sampling irnmatures because 
whitefly immatures do not move during development and the plant 
continues to grow, thus, older nymphs are generally found lower on 
the plant than eggs and adults. Currently, thresholds for whitefly 
treatment in cotton are not set. However, adult SLWF Figure 9. Sooty mold 
populations that have been observed to cause damage have fungus on cotton lint. 
ranged from 5 to 15 adults per leaf. Immature populations of 1 
per square inch maintained for at least 6 weeks have been shown 
to cause yield losses of approximately 20 pounds per acre. 



Cultural controls have provided the best approaches to management of the SL WF in the LRGV and 
form the foundation for effective integrated management of this pest. Proper management of SL WF 
in cotton actually starts in winter and spring vegetables and planting of the cotton. Management of 
the pest on alternate host crops (e.g. melons and cabbage) and separation of cotton from these source 
populations plays a key role in reducing potential problems in cotton. Timely destruction of 
vegetable crop residue that harbors active SL WF populations is one of the simplest methods of 
lowering potential levels of SL WF infestations in nearby cotton fields. 

Host plant resistance is another key element of managing SL WF in cotton. In general, smooth-leafed 
varieties have far fewer whiteflies than hairy-leafed cotton varieties. Yield data from tests conducted 
in the LRGV show that higher yields can be achieved if smooth-leafed varieties are grown when 
SL WF are a threat to the crop. 

Several species of naturally occurring parasites and predators will attack SL WF and can aid in the 
management of infestations. However, these beneficials must be preserved to maximize impact on 
SL WF populations. Applications of broad spectrum insecticides decrease the role of beneficial 
insects in managing SL WF. The impact of beneficials can also be easily overwhelmed by the 
presence of a nearby, large source population of SL WF. 

Tests conducted in the LRGV during the last several years have shown that insecticidal control of 
SL WF populations is achievable, but is most efficacious and cost effective when used as part of an 
integrated management program. Insecticides alone have been found to be ineffective, or cost 
prohibitive, when populations are large and other management strategies are not being employed. 
Insecticidal control is not an effective stand-alone strategy for management of this pest. However, 
with a proper integrated management approach, it has been possible to manage SL WF in cotton in 
the LRGV with minimal insecticidal inputs. 

Cotton Fleahopper 

Adult cotton fleahoppers are about 1/8-inch long and pale green. 
Nymphs resemble adults but lack wings and are light green. They move 
very rapidly when disturbed. Adults move into cotton from host weeds 
when cotton begins to square. In the LRGV, wooly croton likely serves 
as the primary spring host for t1eahoppers and elimination of these 
weeds can reduce pest pressure. Adults insert small yellowish-white eggs 
under the bark of the cotton plant. These eggs hatch in about one week. 
Both adults and nymphs suck sap from tender portions of the plant, 
including the terminal and small squares. Generally, squares are most 
susceptible to damage from pinhead through matchhead size. Small 
squares fed on by fleahoppers turn bronze to black and are shed by the 
plant. These are referred to as blasted squares. 

Management and decision making. After cotton begins producing the 

Figure 10. Cotton 
fleahopper adult: (W. 
Sterling) 

tirst small squares (4-to 6-leaf stage), examine the main stem terminal buds (about 3 to 4 inches of 



Figure 11. Cotton 
fleahopper nymph on 
a small square. 

plant top) of25 randomly selected plants at each offour or more locations 
across the field. Examine 
plants closely as fleahoppers are highly mobile and will move around 
sterns, effectively hiding from detection. During the first 3 weeks of 
squaring, 15 to 25 cotton fleahoppers 
(nymphs and adults) per 100 terminals 
may cause economic damage. As plants 
grow and increase fruit load, larger 
populations of fleahoppers may be 
tolerated without economic yield 
reduction. Fleahoppers are not 
considered a threat to cotton once 
sufficient bolls and large squares are 
present to produce the desired crop. Care 

should be taken not to apply insecticides early in the blooming 
period as this will result in destruction of beneficial insects, 
possibly inducing an outbreak of bollworm or tobacco bud worm. 

Figure 12. Small square 
damaged (blasted) by 
cotton fleahopper. 

Bollworm and Tobacco Budworm 

Bollworm and tobacco budworm larvae are similar in appearance and cause similar damage. Full 
grown larvae are about 3/4 inches long and vary in color from pale green to pink or brownish to 
black, with longitudinal stripes along the back. They can 
be distinguished from other caterpillars attacking cotton 
by the presence of micro spines covering their cuticle or 
skin. These microspines, which look like tiny spines 
under magnification, give these larvae a generally rough 
appearance. 

Tobacco budworm and bollworm moths are attracted to 

Figure 14. 
Bollworm/tobacco 

and lay eggs in cotton that is 
producing an abundance of Figure 13. Bollworm/tobacco 
new growth. Moths usually budworm larvae on cotton leaf. 
lay eggs singly on the top of 
young, tender terminal leaves in the upper third of the plant. Sometimes 
moths deposit eggs on squares, bolls, sterns and, in general, on lower 
portions of the plant. This may occur when cotton plants are stressed 
and have little new growth or during periods of high temperatures and 
low humidity. Detection and control of eggs and small larvae are more 
difficult when eggs are deposited in these locations. Eggs are pearly 
white to cream colored and about half the size of a pinhead. These 
should not be confused with looper eggs which are flatter and usually 
laid singly on the underside of leaves. Eggs hatch in 3 to 4 days, turning 

bud worm eggs in cotton light brown before hatching. Young larvae usually feed for a day or two 
terminal. on tender leaves, leafbuds and small squares in the plant terminal before 



moving down the plant to attack larger squares and bolls. When small larvae are in the upper third 
of the plant they are most vulnerable to natural mortality and to insecticides. 

Budworms are less susceptible to certain insecticides than bollworms, 
but generally are less numerous than bollworms until mid-June. Once 
applications of certain insecticides are used to control bollworms and 
budworms, the percentage of budworms in the population increases 
with each additional application because of higher mortality in the 
bollworm population. Aphid and other secondary pest infestations 
may increase following bollworrnlbudworm sprays, especially when 
pyrethroids are used. 

Management and decision making. A major objective of a well­
planned IPM program is to avoid having to treat for bollworm and Figure 15. Cotton square 
tobacco budworm. Naturally occurring parasites, predators and, to a damaged by larvae. 
certain extent, weather conditions often suppress bollworm and 
budworm populations. Making applications of broad spectrum insecticides, for any reason, can 
eliminate beneficial arthropods and lead to the outbreak or resurgence of a variety of secondary or 
induced pests, including bollworm and budworm. 

To monitor bollworm and budworm populations and damage, examine I 00 green squares for larvae 
and damage, and 100 plant terminals for eggs and small larvae. In addition. examine a few plants in 
each field for eggs, larvae and damage on lower leaves, stems and fruiting forms. If eggs or larvae 
are found in these lower structures, intensify sampling in these areas. 

Prior to initial chemical application. Fields should be scouted at least once a week prior to bloom 
and twice weekly thereafter. Fields should be divided into four quadrants and 25 green squares ( 1/2-
grown or larger) should be selected at random in each quadrant. If fields are larger than 100 acres, 
additional scouting sites should be added to the sample. 

Before bloom, the economic threshold is reached when larvae are present and 15 to 25 percent 
of the green squares are worm-damaged. 

After bolls are present, the economic threshold has been reached when larvae are present and 
8 to 10 percent of the green squares have been worm-damaged. When sampling, avoid selecting 
flared or yellowed squares. 

After initiation of insecticide applications. The fields should be checked closely 2 to 3 days 
following the first application. The economic threshold level has been reached when bollworm 
eggs and 6 to 10 young larvae are found per 100 terminals (3,000 to 4,000 young larvae/acre) 
and 5 percent of the squares and small bolls have been injured by small bollworms and 
budworms. If control has not been obtained, another application will be necessary immediately. 

Bt Transgenic cotton management. Research trials have determined the Bollgard® 
transgenic Bt gene technology to be highly effective against tobacco budworms. Bollgard® cottons 



are also effective against cotton bollworm, but under heavy pressure from this species, insecticide 
treatment may be needed. In Bt-cotton, the entire plant should be searched for tobacco budwonn 
and bollwonn larvae and injury. Treatment should not be triggered by the presence of eggs alone, 
because hatching larvae must first feed on the cotton plant to receive a toxic dose. As in non-Bt 
cotton, predators and parasites are very important in reducing the number of eggs and larvae, and 
they complement the control provided by these varieties. 

The use of a non-Bt cotton refuge is a requirement for planting Bt cotton and is an important 
component of resistance management. For additional information on the management of Bt cotton, 
refer to L-5169, "Bt Cotton Technology in Texas: A Practical View," available from your county 
Extension office. 

OCCASIONAL PESTS 

This section is not intended to provide the detailed information provided for major pests, but should 
serve to familiarize readers with some of the more common occasional pests and the type of damage 
they cause. These pests generally are considered to be secondary or induced pests, but can occur 
without any apparent causal factor. 

Aphids 

Two species of aphids, or plant lice, feed on cotton plants: the 
cotton or melon aphid and the black cowpea aphid. Aphids are 
small, mobile, soft bodied insects with piercing-sucking 
mouthparts for feeding on the sap of plants. They are usually found 
in colonies on the underside of leaves, on stems and in terminals. 
Aphids can be recognized by their pear-like shape and the pair of 
cornicles at the end of their abdomen. The cornicles are tube-like 
structures from which aphids excrete honeydew as they feed. Most 
adults do not have wings. Immature stages look like small adults. Figure 16. Cotton aphids on 
The cowpea aphids are shiny black with white patches on the legs underside of cotton leaf. 
and are common on seedling plants. Cotton aphids range in color 
from light yellow to dark green to almost black. Cotton aphids are also generally an early-season 
problem, but can occur at any time in the season. Aphid populations can increase rapidly following 
applications of certain insecticides, particularly the pyrethroid insecticides. 

Heavy prolonged infestations of aphids can cause younger leaves to curl downward, older leaves to 
turn yellow and shed, and can reduce yield quality and quantity. The honeydew associated with 
infestations occurring after bolls open can result in stained, sticky cotton of lower quality. This cotton 
can be difficult to harvest and process at the mill. 

Fortunately, natural control by unfavorable weather, predators, parasites and pathogens generally are 



effective at holding aphid populations below damaging levels, and can be effective at eliminating 
heavy infestations. Parasites and pathogens associated with aphids can be particularly effective in 
reducing or eliminating heavy populations, but may require more time to affect these populations 
than is acceptable. 

Cutworms 

The first sign of cutworm damage generally is a reduction in seedling stand, with plants cut off near 
the soil surface. The caterpillars are often missed because they feed primarily at night and hide in the 
soil during the day. Cutworms which attack cotton are brownish caterpillars that grow to about one 
inch long. Control of cutworms is only needed if plant stand density is threatened during the seedling 
stage. Cutworms are more of a problem in previously fallow fields, and keeping fields as weed-free 
as possible for 3 weeks prior to planting will minimize cutworm problems. 

Thrips 

Thrips are minute (about 1116 inch), slender-bodied insects. Adults have 
four long wings fringed with long hairs. Immatures look like adults 
without wings. Thrips can attack cotton at any point in the season. 
Problems in seedling cotton in the LRGV generally occur in fields 
planted near maturing onion fields. As the onions mature and dry down, 
the thrips move into nearby fields in large numbers and can stunt 
seedling plants. This situation may justify use of a protective application 
of a systemic insecticide at planting. Later in the season, thrips are 
frequently encountered in the blooms and can be extremely difficult to 
control. Fortunately, thrips generally are not of economic importance 
late in the season. 

Figure 17. Cotton 
seedlings damaged by 
thrips.(A. Knutson) 

Figure 18. Spidermites 
and associated leaf 
speckling damage on 
underside of cotton leaf. 

Spider mites 

Spider mites are not insects. They are minute arthropods (about 1160 
inch in length). Like their close relatives, the spiders, spider mites 
have eight legs. They also produce silk threads which can form a web 
over entire plants when they reach heavy densities. Spider mites infest 
the underside of leaves where they feed on plant sap, and they may 
also infest bracts of squares and bolls. The damage they cause to plant 
cells first appears as yellowish-brown speckling of leaves. Heavy 
infestations can cause leaf discoloration (bronzing) and defoliation 
and cause bracts to desiccate and squares or small bolls to shed. Spider 
mites generally are more of a problem in dry weather and along field 
margins, particularly near dusty roads. 



Loopers 

Loopers are large caterpillars which get their common name 
from the characteristic looping action as they crawl. They can 
be distinguished from most other caterpillars by the presence 
of only two pairs of abdominal prolegs (plus the anal pair), 
whereas, most other common caterpillars in cotton will have 
four pair of abdominal prolegs (plus the anal pair). Their eggs 
are laid singly, mainly on the lower surfaces of the leaves. The 
eggs are commonly confused with bollworm/bud worm eggs but 

Figure 19. Looper larvae on 
are more flattened. Loopers are defoliators, with feeding cotton leaf. 
damage characterized by leaf ragging or large holes in the 
leaves. Loopers are primarily a late-season pest in the LRGV, 
but can occur throughout the season. Looper larvae are often killed by disease before economic 
foliage loss occurs. Removal of leaf tissue by loopers just prior to application of defoliants can 
interfere with crop termination. 

Figure 20. BA W egg 
mass on underside of 
cotton leaf. 

Beet Armyworm 

Beet armyworm (BA W) eggs generally are 
laid on the underside of cotton leaves in 
masses and are covered by whitish scales 
from the moths abdomen The early instar 
larvae feed together on leaves causing 
characteristic damage symptom often 
referred to as a "hit". The third ins tar larvae 
begin to disperse and become more solitary. 

Larvae skeletonize leaves rather than chewing large holes in them. During 
early-season infestations, larvae feed on leaves and terminals. During 
late-season infestations, larvae will feed on leaves, terminals, squares, 
blooms and young bolls. Recent history with this pest has shown that 
severe BA W outbreaks depend on a variety of factors, with the one factor 

under producer control being the use of 
early season organophosphate or 
pyrethroid insecticides. These broad 

Figure 21. BA W 
larvae and damage on 
large cotton 
square.(A. Knutson) 

spectrum insecticides eliminate the beneficial arthropods that 
apparently keep BA W under control, and if other conditions are 
favorable for the BA W, can lead to large pest population increases. 

Figure 22. Young BA W 
larvae and feeding damage 
("hit"). 

-



BENEFICIAL ORGANISMS 

There are a variety of beneficial organisms that play key roles in management of pests in cotton. These 
organisms can prevent outbreaks of occasional pests and aid producers in management of most key 
pests. This section is intended to provide aid in identifying some of the more common beneficial 
organisms that play a role in the cotton ecosystem in the LRGV. For a more complete reference on 
this subject, refer to Texas Agricultural Extension Service publication no. B-6046, Recognizing the 
Good Bugs in Cotton: Field Guide to Predators, Parasites and Pathogens Attacking Insect and Mite 
Pests of Cotton. 

The beneficial organisms discussed can be divided into three categories - predators, parasites and 
pathogens. Predators are organisms that kill and consume more than one prey to complete their 
development, and they are free-living as immatures and adults. Predators typically are not host-specific 
and may attack both pest and beneficial prey. Parasites destroy a single prey (host) to complete 
development, living in or on their host during immature development and are free-living only as adults. 
Many of the flies and wasps found in cotton fields are parasites of other arthropods in cotton. Most 
parasites are host-specific. attacking only a single species or a small closely related group of host 
species. In addition to parasitization of hosts, many parasite adults will kill and feed on hosts. 
Pathogens are organisms that cause disease. Most insect pathogens are fungi or viruses. Some 
pathogens are host-specific while others affect large groups of insects (i.e. caterpillars). 

Predators 

Lady beetles 

There are several species of lady beetles found in 
cotton, with most being brightly colored round or 
oval beetles. Clusters of bright yellow, 118-inch long, 
football-shaped eggs are layed on the plant or on 
debris on the soil. Larvae are alligator-shaped with 
blue to black bodies with yellow or orange markings, 
except for one group which have white fuzzy 
appearing larvae. Both adults and larvae feed 
primarily on aphids, but will also prey on eggs and Figure 23. Lady beetle adults and larvae. 
small caterpillars. 

Figure 24. Big-eyed bug 
adult. 

Big-eyed bugs 

The big-eyed bugs' name comes from its characteristic broad head and 
large, bulging eyes. The color varies with species and age, but both 
adults and nymphs are readily identified by their eyes. Adults are about 
1/8 inch long. Both adults and nymphs are predaceous and feed on a 
variety of cotton pests including moth eggs and small larvae, aphids, 
whiteflies, and spider mites. 



Figure 25. Green lacewing 
adult and larvae. 

Green lacewings 

Adults are delicate, slender green insects (about 3/4-inch long) with 
long antennae and clear wings laced with veins. Eggs are laid on long 
slender stalks attached to leaves or sterns. The larvae are alligator­
shaped with long sickle-shaped mandibles projecting from the head. 
They pupate inside a spherical, white cocoon, which is often 
mistaken for a spider egg mass. Larvae of green lacewings prey on 
aphids, mites, whiteflies, and eggs and small larvae of lepidopterous 
pests. They will also feed on other beneficial organisms, including 
other lacewing larvae. 

Minute pirate bug and insidious flower bug 

Adults are small (1/8-inch long). They are black with a white 
X pattern on the back, and have a prominent, forward­
projecting beak. Young nymphs are yellow-orange with a 
distinct orange gland in the abdomen. Later instar nymphs are 
tan to dark brown. Both adults and nymphs prey on aphids, 
thrips, mites, whiteflies, and eggs and small larvae of 
caterpillar pests. 

Figure 26. Minute pirate bug 
adult. (W. Sterling) 

Damsel Bugs and Assassin Bugs 

Damsel bugs and assassin bugs are predatory bugs. They have piercing­
sucking mouthparts and front legs modified for grasping prey (slightly 
enlarged femora and raptorial). Damsel bugs generally are smaller and 
less colorful than assassin bugs, but 

Figure 27. Damsel bug 
adult. 

both predators can inflict a painful 
bite. Damsel bugs feed on a wide 
variety of prey including moth eggs 
and small larvae, aphids, fleahoppers, 
and whiteflies. Assassin bugs feed on 

mobile prey including caterpillars, aphids and fleahoppers. Assassin 
bugs are one of the few predators that can prey on large caterpillars 
and adult boll weevils. Both damsel bugs ,and assassin bugs will Figure 28. Assassin bug 
attack other predators. adult. 

-



Figure 29. Syrphid fly 
larvae and aphids. 

Spiders 

Syrphid flies 

Adult syrphid flies most commonly encountered in cotton in the LRGV 
are small (about 1/4 inch) black flies with yellow markings (striped 
abdomen). The predaceous larvae are green to brown slug-like 
maggots. The head is located at the small end of the tapered body. 
Syrphid fly larvae pierce their prey and suck out body fluids. They are 
generally found feeding on aphids, but may also consume moth eggs 
and small larvae. 

A wide variety of spiders can be found in cotton, including lynx spiders, 
crab spiders and jumping spiders. The key predatory spiders in cotton do 
not catch their prey in a web, but are active, aggressive hunters which 
chase their prey or hide in wait and ambush their prey. Spiders feed on 
a variety of pests including fleahoppers, caterpillars and boll weevil 
adults, and they will occasionally feed on beneficial arthropods as well. 

Figure 30. Spider. 

Parasites 

Aphid parasites 

Figure 31. Parasitized 
aphids (mummies) on 
cotton. 

The most common parasite of aphids in cotton is Lysiphlebus 
testaceipes. The presence of aphid parasites is most readily seen in 
the development of aphid mummies in the field. Aphid mummies 
are dead swollen aphids stuck to leaves. The mummies are tan to 
gold in color and contain a developing parasite or have a circular 
hole cut in the top from which the adult wasp emerged. This parasite 
often plays an important role in reducing or eliminating aphid 
populations. 

Moth egg parasites 

Trichogramma wasps are extremely small parasites which 
develop inside the eggs of moths and butterflies, and are 
the most abundant egg parasites of moths in cotton. They 
lay their eggs inside of the eggs of a variety of moths 
including bollworm, budworm and loopers. Parasitized 
eggs turn black as the wasp develops within. In healthy 
eggs, the dark head capsule of the developing larvae is 
seen as a dark spot, but can be distinguished from a 
parasitized egg which turns a uniform dark color. 

Figure 32. Healthy (white) and 
parasitized (dark) caterpillar eggs. 



Caterpillar parasites 

A wide variety of wasps and flies parasitize caterpillars in cotton. Most are internal parasites, which 
means that the larvae develop inside of the host. Estimation of parasite activity within a field is 
generally difficult, as parasitized larvae do not always show external signs of parasitism 

Silverleaf whitefly parasites 

A variety of native and introduced parasites attack whiteflies in cotton in 
the LRGV. The most abundant are Eretmocerus and Encarsia species. 
The adult parasites are extremely small and are not likely to be noticed. 
The most apparent signs of parasite activity are seen by observing older 
whitefly nymphs and pupal cases. Parasitized whiteflies will tum black 
or the developing parasite can be seen through the cuticle of the whitefly, 
depending on the parasite involved. Pupal cases of parasitized whiteflies 
will have a hole chewed through the top where the adult parasite 
emerged. Significant whitefly mortality can also occur from host feeding, 
where the parasite stings the whitefly nymph and feeds on the fluids that 
flow out. 

Diseases 

Cotton Aphid Fungus 

Figure 33. Silverleaf 
whitefly nymph with 
parasite exit hole. 

Given enough time, a fungus disease generally breaks out in high density aphid populations. This 
fungus disease can eliminate infestations in 7 to 10 days. Aphids recently killed by the fungus, 
Neo:zygites fresenii, are covered with a velvety white to light gray growth. Aphid infestations should 
be monitored for presence of this disease prior to any pesticide application to evaluate the potential 
for avoiding the application. 

Figure 34. Caterpillars 
showing disease 
symptoms.(W. 
Sterling) 

Diseases of Caterpillars 

Caterpillars can be attacked by a variety of fungal and viral diseases. 
Common fungi attacking caterpillars include Beauveria bassiana, 
Nomuraea rileyi, and Erynia species. Caterpillars infected by these fungi 
die within a few days as the fungi grow throughout their bodies. These 
larvae remain attached to the plant and the fungi grows and sporulates 
externally, giving the dead larvae a fuzzy appearance. In general, fungal 
diseases attack a variety of caterpillars, and Beauveria will attack other 
types of insects as well. Common viral diseases of caterpillars are nuclear 
polyhedrosis viruses (NPV), also called baculoviruses. Larvae killed by 
NPV's are dark and limp and generally hang from near the top of the plant. 

The cuticle of these larvae is easily ruptured, releasing a cloudy liquid which contains millions 
of virus particles. NPV's are generally host specific, attacking only one or a few species. 



THE ARROYO COLORADO 

The Arroyo Colorado and its tributary, the North Floodway is the principle drainage outlet for the 
LRGV. The water quality of the Arroyo is a major concern, particularly due to its potential impact 
on wildlife and the Laguna Madre. Elevated levels of nitrate, phosphorous, sulfate, chloride and 
fecal coliform have been detected. Urban and agricultural runoff, municipal wastewater, septic 
tanks, and industrial discharges are all suspected of contributing to the problem. 

The US Environmental Protection Agency has provided funding for the Non-point Source Prevention 
in the Arroyo Colorado Project. The purpose of this project is to provide education and to 
demonstrate management practices which will help prevent nutrients and chemicals from leaving 
cultivated fields and urban landscapes. This is one of several publications supported, in part, from 
these project funds. 

Cooperating agencies include the Texas State Soil and Water Conservation Board, Southmost Soil 
and Water Conservation District, Natural Resources Conservation Service, the Tarleton Institute for 
Applied Environmental Research, Texas Natural Resource Conservation Commission, and the Texas 
Agricultural Extension Service. For more information, contact any of the above agencies, or the visit 
the Arroyo Colorado web site at http://www.agen.tamu.edu/arroyo. 

Educational programs conducted by the Texas Agricultural Extension Service serve people of all ages regardless of 
socioeconomic level, race, color, sex, religion, handicap. or national origin. 
Cooperative Extension work in agriculture and family and consumer sciences, The Texas A&M University System, and 
the United States Department of Agriculture cooperative. Distributed in furtherance of the acts of Congress of May 8, 
1914, as amended June 30, 1914. 
8/97 
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Table 2. (cont.) Fertilization of Warm Season Perennial Grasses. Note: Spring topdress 

Forage Crop 

Coastal Bermuda (grazing) 

Coastal Bermuda (I hay cutting 
plus grazing) 

Coastal Bermuda (3 hay cuttings) 

Coastal Bermuda ( 4 to 6 hay 
cuttings 

Common Bermuda (I A.U. per 
1.5-2.0 A) 

Common Bermuda (I A.U. per 
1.0-1.5 A) 

Common Bermuda (I hay cutting 
plus grazing) 

Common Bermuda (3 hay 
cuttings) 

Common Bermuda ( 4-6 hay 
cuttings) 

Bahia Grass (I A.U. per 1.5-2.0 
A) 

Bahia Grass (I A.U. per 1.0-1.5 
A) 

Bahia (I hay cutting plus grazing 

Bahia (3 hay cuttings 

Bahia (4-6 hay cuttings) 

Topdress in Spring 
N-P20.-K20 

Lbs/A 
60-50-90 

100-50-150 

100-100-300. 

I 00-130-400* 

60-30-50 

60-50-80 

70-50-90 

70-60-180 

70-80-250* 

60-30-50 

60-50-80 

70-50-90 

70-60-180 

70-80-250* 

Additional Fertilizer 

Topdress with 60 lbs N/ A after each 4-6 
week graze down 

Topdress with 60 lbs N/ A after each 4-6 
week graze down 

Topdress with I 00 lbs N/ A after each hay 
cutting 

Topdress with I 00 lbs N/ A after each hay 
cutting 

Topdress with additional 40 lbs N/ A as 
needed. 

Topdress with 60 lbs N/ A after each 4-6 
week graze down 

Topdress with 60 lbs N/ A after each 4-6 
week graze down 

Topdress with 70 lbs N/A after each hay 
cutting 

Topdress with 70 lbs N/A after each hay 
cutting 

Topdress with additional 40 lbs N/ A as 
needed 

Topdress with 60 lbs N/ A after each 4-6 
week graze down 

Topdress with 60 lbs N/A after each 4-6 
week graze down 

Topdress with 70 lbs N/A after hay cutting 

Topdress with 70 lbs N/A after each hay 
cutting 

*At spring growth, apply all of the suggested nitrogen and phosphorus and 1/2 or more of the suggested 
potassium. Apply the remaining potassium with topdress nitrogen after the second cutting. Alternatively, all 
nutrients could be applied proportionally for each cutting. 

9 



Table 2. (cont.) Suggested Fertilization For Silage Production. 

Fertilizer Rate (lbs/A) 

CROP (Yield Goal) N P20/ 

Silage-Com (7-10 T/A) 100 60 
(11-15 T/A) 150 80 
(16-20 T/A) 2003 80 
(21-25 T/A) 25oJ 80 
(26-30 T/A) 3003 100 

Silage-Sorghum (7-10 T/A) 70 60 
(11-15 T/A) 130 80 
(16-20 T/A) 1803 80 
(21-25 T/A) 22oJ 80 
(26-30 T/A) 2603 100 

1If soil test P- 1 ppm; then crop gets 100% Pz05 recommendation 
11 ppm; then crop gets 50% Pp5 recommendation 
~22 ppm; then crop gets No P20 5 recommendation 

2If soil test K - 1 ppm; then crop gets 100% KP recommendation 
63 ppm; then crop gets 50% KP recommendation 
~ 126 ppm; then crop gets No K20 recommendation 

K02 
2 

55 
100 
120 
120 
160 

55 
100 
120 
120 
160 

For other soil test values, take 1 minus ratio of soil test value to value if no fertilizer is 
recommended (P - 22 or K- 126 ppm). 

EXAMPLE: If making phosphorus and potassium recommendations for silage-com (7-
10 T/A) and soil test values are P- 15 and K- 45 ppm; the suggested rates after rounding 
to the nearest 5 lb. increment would be: 

P20 5 = 1- (15/22) = 0.32 x 60 = 20 lbs PpsfA 
KP = 1 - (451126) = 0.64 x 55= 35 lbs KPIA 

3Split nitrogen: '12 preplant along with all of phosphorus and potassium if recommended. 
Sidedress remainder of nitrogen prior to initiation of 5th leaf. 

10 
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THE ARROYO COLORADO 

The Arroyo Colorado and its tributary, the North Floodway is the principle drainage outlet for the 
LRGV. The water quality of the Arroyo is a major concern, particularly due to its potential 
impact on wildlife and the Laguna Madre. Elevated levels of nitrate, phosphorous, sulfate, 
chloride and fecal coliform have been detected. Urban and agricultural runoff, municipal 
wastewater, septic tanks, and industrial discharges are all suspected of contributing to the 
problem. 

The US Environmental Protection Agency has provided funding for the Non-point Source 
Prevention in the A"oyo Colorado Project. The purpose of this project is to provide education 
and to demonstrate management practices which will help prevent nutrients and chemicals from 
leaving cultivated fields and urban landscapes. This is one of several publications supported, in 
part, from these project funds. 

Cooperating agencies include the Texas State Soil and Water Conservation Board, Southmost 
Soil and Water Conservation District, Natural Resources Conservation Service, the Tarleton 
Institute for Applied Environmental Research, Texas Natural Resource Conservation 
Commission, and the Texas Agricultural Extension Service. For more information, contact any of 
the above agencies, or the visit the Arroyo Colorado web site at 
http://www.agen.tamu.edu/arroyo. 

Educational programs conducted by the Texas Agricultural Extension Service serve people of all ages regardless of 
socioeconomic level. race, color, sex. religion, handicap, or national origin. 
Cooperative Extension work in agriculture and family and consumer sciences, The Texas A&M University System, 
and the United States Department of Agriculture cooperative. Distributed in furtherance of the acts of Congress of 
May 8, 1914, as amended June 30, 1914. 
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IRRIGATED GRAIN SORGHUM PRODUCTION 

Charles Stichler and Guy Fipps' 

Water Requirements and Growth Stages 

Water is the first factor limiting production 
in any crop. Up to a point, the more water 
made available to grains, the higher the 
production with adequate fertility to fully 
utilize the water. Grain sorghum is a very 
drought tolerant crop. It has the capacity to 
survive water stress better than corn. 
Sorghum develops a diffuse root system that 
may extend to a depth of 4-6 feet. Table 1 
shows the typical amount of water used by a 
sorghum crop from the various soil depths 
during a season. 

Moisture stress early in the season will limit 
head size (number of seed per head) and 
delay maturity, requiring more time to 
complete the plant's life cycle. If stress 
occurs later in the season, the seed size is 
greatly reduced. The number of heads per 
acre is not effected by moisture stress unless 
there is not enough to produce a head. 

During the seedling stage, only a small 
amount of moisture in the soil surface is 
required to establish the crop. More 
moisture is lost during this stage through 
evaporation from the soil surface than 
through the crop canopy. Water conserving 
practices such as residue management, 
timely planting for quick establishment, 
narrow row spacing and weed control will 
minimize soil moisture losses. 

About 30-35 days after emergence, five to 
six true leaves are visible and the plant 
begins rapid growth. Nearly half of the total 
seasonal water will be used during this stage 
prior to heading. Near the end of this 
period, daily water use will be near 
maximum (about 0.35 inches/day/acre). 

The most critical period for water 
availability for a sorghum plant begins about 
a week before head emergence or the "boot" 
stage, and continues two weeks past 
flowering. Sorghum plants require good soil 
moisture during this period for maximum 
yields. Adequate soil moisture prior to the 
"boot" stage will assure the highest potential 
seed set. The actual seed number and seed 
size depends on the availability of soil 
moisture following flowering. 

Moisture demand drops rapidly after the 
grain has reached the "soft-dough" stage. 
The "soft-dough" stage has occurred when 
immature seeds squeezed between the 
thumb-nail and the index finger do not 
exude a "milk" or white juice. The 
combined drop in moisture demand, natural 
drought tolerance in sorghum, and the 
extensive root system generally make late 
irrigations unprofitable. 

Since water is the first limiting factor to 
crop production in South Texas, yield goals 
should be based upon the amount of water 
available during the season. Research in 

'Extension Agronomist and Extension Agricultural Engineer, Texas Agricultural 
Extension Service, Uvalde and College Station, respectively. 



Texas indicates that a minimum of 10 
inches of available water are required for 
sorghum plants to produce a head. Each 
additional inch will yield approximately 
500 pounds of grain. In other words, a 
sorghum crop that receives 20 inches of 
usable water during the growing season will 
use 10 inches to produce the head, while the 
other 10 inches will produce approximately 
5,000 pounds of grain. 

Maturity selection of hybrids is also 
important in water management. Table 2 
suggests the maturity type based on the 
amount of expected water available to the 
crop. 

Irrigation/Rainfall Timing 

Besides the total amount of available water, 
the timing of irrigation (or rainfall) is also 
important. Research done on the Texas 
High Plains indicates that as the amount of 
water received by the crop increases, the 
grain yield/inch of water applied decreases. 
Results of two years of field studies at the 
Etter Experiment Station on the High Plains 
to determine the best combinations for 
irrigation timing are shown in Table 3. 
Sixteen irrigation treatments were used. In 
the first year of the test, 10.5 inches of rain 
fell in the growing season with 6.1 
accumulating late during bloom and grain 
fill. During the second year of the test, 8. 9 
inches fell early in the growing season with 
6 inches falling prior to and during bloom. 

The average yields for the two years shows 
increasing yields with additional water. The 
results also show important year to year 
yield differences with the same irrigation 
timings when rain fell early or late. 
Irrigation timing is just as important as the 
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amount of water applied. 

More recently, in the first year of 
experiments conducted at the Uvalde 
Research and Extension Center, support the 
Etter findings (Table 4). At Uvalde in 
1966, no effective rain fell during the 
growing season. Results indicate only the 
effect of irrigations. 

Not only is the amount of water applied 
important, but also the timing relative to the 
developmental stage of the crop. Based on 
the results of the experiments at Etter and 
Uvalde, several important conclusions can 
be drawn. 

• 

• 

• 

• 

• 

• 

Preplant irrigations alone did not 
provide sufficient yield. 

One irrigation at any time was equal 
in yield to two irrigations at heading 
and dough. If an irrigation is 
missed during head initiation ( 45 
DAE), later irrigations will not 
increase yields substantially. 

If two in-season irrigations are 
possible, 45 DAE and heading will 
produce the highest yields. 

If three in-season irrigations are 
possible, 30, 45 DAE and heading 
produce higher yields than 45 DAE, 
heading and dough. 

Irrigations at the dough stage failed 
to substantially increase yields. 

Adequate water with 4 irrigations 
produced the highest yields. 

-
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Table 1. Total water withdrawn from various soil depths for sorghum growing in a 
deep, well-watered soil. 

Soil Depth Inches of Water Percent of 
(feet) Absorbed Total 

0- 1 8.9 35 

1 - 2 6.6 26 

2-3 4.0 16 

3-4 2.8 11 

5-6 1.3 5 

*USDNARS Report No. 29 

Table 2. Approximate maturity and water use by seasonal types. 

Maturity Days to Number of Plant Days to Inches of 
Range Bloom Leaves Height Maturity* Water 

Early 55-60 6-9 30-36 90- 105 10- 15 

Medium 65-75 9- 12 36-45 110-115 15-20 

Medium 75-85 12- 16 40-50 115-120 20-25 
Late 

Full season 75-85 14- 18 50-60 120- 125 25+ 
or late 

*Physiological maturity - the point after which there is no increase in seed weight. 

3 
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Table 3. Two year sorghum grain yield responses irrigations; 4 inch irrigations other than 
preplant ('69 late rains; '72 early rains). 

Pre plant 6-8 Mid to Heading! Milk to 1969 1972 2Yr 
Leaf Late Flowering Dough Yield Yield Average 

Boot 

X 1441 2786 2113 

X X 799 2842 1820 

X X 4019 4249 4134 

X X 3167 4908 4037 

X X 1141 3268 2204 

X X X 3659 3907 3783 

X X X 4181 5710 4945 

X X X 1260 4201 2730 

X X X 5237 5582 5409 

X X X 3677 5097 4387 

X X X 3954 4727 4340 

X X X X 6396 5990 6193 

X X X X 3716 5573 4644 

X X X X 4417 5932 5174 

X X X X 5956 5960 5958 

X X X X X 6800 6782 6791 

(Early= 6-8 Leaf; Boot = flag leaf; Heading = flowering to soft dough; 
M =milk to soft dough) 
*Source: Texas Agricultural Experiment Station - Etter, Texas 

-
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Table 4. Yield Response of Sorghum to Irrigation at Uvalde. 

Pre plant 30 45 Heading Dough Grain Heads/ Grains/ Weight/ 
DAE DAE Yield Acre Head Grain 

per Acre 

X 1079 31914 627 22.6 

X X 2811 48076 1277 20.2 

X X 2890 51653 1406 17.5 

X X 3016 48283 1043 26.5 

X X X 3387 50277 1548 19.1 

X X X 4905 53923 1560 25.9 

X X X 2704 47663 883 28.9 

X X X X 5404 52006 1746 26.2 

X X X X 5116 52478 1698 25.4 

X X X X X 5773 53028 1804 27 

DAE = days after emergence 30 DAE =head initiation: 45 DAE =rapid growth; Heading 
=Boot-Flowering: Dough = Soft dough stage 

Table 5. The effects of furrow diking and subsoiling on sorghum grain yields. 

Tillage 1979 1980 1981 Average Yield %of 
Treatment Lbs/A % Lbs/A % Lbs/A % (Pounds/ Acre) Check 

Undiked 4353 100 547 100 1038 100 1979 100 

Subsoiled 4941 114 580 106 1116 108 2212 112 

Diked 4865 112 751 138 2240 216 2619 132 

Subsoiled 5136 119 791 145 2248 217 2725 138 
and Diked 
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Furrow Diking 

If the response of sorghum plants to an inch 
of irrigation water is an additional 500 
pounds/acre of grain, every effort should be 
made to reduce water runoff. Not only do 
water conservation practices such as furrow 
diking reduce the chances of erosion and 
nutrient loss, they also increases grain 
yields. Three years of research on the Texas 
Rolling Plains demonstrate the potential for 
furrow diking to increase sorghum yields 
(Table 5). 

The greatest impact from furrow diking was 
observed in the dry years (1980, 1981). 
Six years of studies in Uvalde on dryland 
grain sorghum production produced up to 
72% higher yields in dry years when fields 
were diked. Table 6 shows the effects of 
various tillage systems on the average 
production between 1984 and 1990 which 
included wet and dry years. 

Growth and Development of the Plant 

Seedling Development 

The seedling development stage begins at 
germination and ends 30-35 days after 
emergence when plants have five to six 
mature (fully expanded) leaves. Emergence 
and early plant growth are highly dependent 
upon growing conditions. Plant growth 
requires energy, but it takes time to produce 
carbohydrates with a few small leaves which 
are subject to destruction by wind, insects 
and pests. As plants slowly develop their 
root systems and absorb water and nutrients, 
leaf tissue expands and produces 
carbohydrate energy for future growth. 
During this period of development, water 
and nutrient uptake are low and only about 

6 

25% of the total crop nutrient demand will be 
absorbed. 

Rapid Growth 

In the rapid growth stage, growing point 
differentiation occurs and the panicle or head 
begins to develop. This stage continues 
through head exertion. Plants are especially 
sensitive to any type of stress during this 
period such as temperature extremes, nutrient 
deficiencies or water deficits or excesses, any 
of which may reduce potential seed numbers. 
Some herbicides (e.g., phenoxy or atrazine) 
applied at this time may cause florets to abort 
resulting in a "blasted" head. The rate of 
water and nutrient uptake increases rapidly 
during this period with about 70% of the 
nitrogen, 60% of the phosphorus and 80% of 
the potassium being absorbed into the plant. 

Plants use a portion of these nutrients for 
growth while the remainder is stored in the 
leaves and stalks for later use. By the time 
the "flag leaf' is visible in the whorl, 80% of 
the total leaf area is capturing sunlight and 
converting it into energy. This stage is the 
most critical stage of plant development and 
the period during which growing conditions 
ultimately determine yield. 

Reproduction 

The final growth stage begins with booting or 
head expertion and ends with mature grain. 
Water stress during this period reduces the 
manufacturing of carbohydrates and yield. 
Water usage peaks shortly after flowering at 
0.30 to 0.35 inches of water per day. The 
remaining portion of nutrients is absorbed 
during this high water use period. (R. L. 
Vanderlop describes in detail nine stages in 
How a Sorghum Plant Develops, Bulletin 
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No. S-3, Kansas State University.) 

Fertility Needs of Sorghum 

Like other grains, seed production in 
sorghum is a one time event and all root, 
leaf and stem development are directed 
toward completion of the reproductive cycle. 
Since both the number and weight of seed 
determine yield, it is important to understand 
the plant processes that influence seed 
development. Plant growth in each stage of 
development is dependent on the previous 
stage. Stress in any stage of development 
will reduce yield potential. 

Many producers falsely believe that sorghum 
is "tough" and requires little management. 
Although sorghum can survive and produce 
seed under adverse conditions, yields can be 
greatly reduced by environmental stress and 
poor management. Like any other crop, 
sorghum responds to optimum growing 
conditions and good management. 

The fertility needs of sorghum must be met 
in order to meet the yield goals relative to 
the amount of moisture available during the 
growing season. Table 7 indicates the 
approximate level of nutrients needed to 
produce a grain yield of 5,600 pounds per 
acre (100 bu/ac). 

Table 8 shows the amount of nitrogen, 
phosphorus and potassium absorbed by grain 
sorghum plants during various stages of 
development in the process of producing 
7,500 pounds of 14% moisture grain per 
acre. Nutrient distribution in dry matter 
between grain and stover is presented in 
Table 9. Note that very little phosphorus 
and potassium are present in the sorghum 
grain, relative to the amount of nitrogen. 
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Conversely, a substantial amount of 
potassium is contained in sorghum stover 
relative to nitrogen and phosphorus. If 
stover is removed repeatedly, soil phosphorus 
and potassium levels may be depleted. 

Nitrogen 

The standard nitrogen (N) recommendation 
for grain sorghum in Texas is 2 pounds per 
acre of elemental N for each 100 pounds per 
acre of grain production expected. Thus a 
5,000-pound grain yield would need about 
100 pounds of elemental nitrogen per acre. 
Nitrogen is by far the most important nutrient 
for sorghum to maximize production. 
Nitrogen is normally used by plants for 
chlorophyll and protein production, which in 
tum are used in formation of new plant cells. 
The seed also store N to enable early growth 
after germination. Fifty-six percent of theN 
absorbed by sorghum plants may be found in 
the seed at harvest (Table 9). For maximum 
yields relative to the available water, N 
should not be lacking or grain development 
will be reduced. 

Side-dress N applications should be made by 
20 days after emergence. Later applications 
may excessively prune feeder roots; but more 
importantly, developmental potential of the 
grain head is determined between 30-40 days 
after emergence. Nitrogen stress during this 
period will greatly influence yield. Under 
center pivot irrigation, N fertilizer may be 
applied several times during the early part of 
the growing season. 

Because N is relatively mobile in the soil, 
fertilizer placement is not as critical for N as 
it is most for other nutrients. Nonetheless, N 
must be absorbed into the plant before it is 
supportive of plant growth and grain 



Table 6. Effect of furrow diking on dry land sorghum production. 

Treatment Average Yield Percent of Bedded & 
no dikes 

Bedded and no dikes 1747 a 

Flat (no beds formed) 1821 a 104 

Bedded and diked during the growing season 1826 a 105 

Bedded and diked during the fallow season 2128 b 122 

Bedded and diked continuously 2321 b 133 

Table 7. Approximate nutrient content of a 5,600 pounds/acre sorghum crop. 

Plant Nutrient Pounds in Pounds in Stover 
Grain 

Nitrogen (N) 84 95 

Phosphorus (P205) 42 20 

Potassium (K20) 22 107 

Sulfur (S) 8 13 

Magnesium (Mg) 7 10 

Calcium (Ca) 1.4 19 

Copper (Cu) .01 .02 

Manganese (Mn) .06 .11 

Zinc (Zn) .07 .14 

*Source: Kansas State University 
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Table 8. Approximate amounts of nutrients absorbed by sorghum plants yielding 7,500 
pounds of grain per acre during various growth stages. 

Growth Stage Days after Nitrogen Phosl!horus Potassium 
Planting N (lb/A) % P20s (lb/A) % K20 (lb/A) % 

Seedling 0-20 9 5 2 3 18 7 

Rapid Growth 21-40 61 33 18 3 103 40 

Early Bloom 41-60 60 32 28 33 85 33 

Grain Fill 61 - 85 27 15 21 26 39 15 

Maturity 86-95 ...2..8._ 15 _u_ 14 _jJ_ 5 

TOTALS Harvest 185 80 285 

Table 9. Approximate nutrient distribution between grain and stover for a 7,500 lb/ A sorghum 
crop. 

Plant Dry Matter Nitrogen Phomhorus Potassium 
Part distribution %of %of %of 

% (lbs/A) Total (lbs/A) Total (lbs/A) Total 

Grain 56 84 47 42 68 22 20 

Stover 44 95 53 20 32 230 80 

*Source: Kansas State University 
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production. Nitrate-nitrogen (N0.3, the form 
most available to plants) dissolves in soil 
water, but is negatively charged and thus not 
attracted to negatively-charged clay and 
organic matter particles . Hence, nitrate­
nitrogen will move with water and can be 
readily brought into contact with crop roots 
for quick absorption. Ammonium-nitrogen 
(NH\, also available to plants) is positively 
charged and is held by negatively-charged 
clay and organic matter particles in the soil 
until it is converted by soil bacterial action 
into the nitrate form. 

The conversion of N from the ammonium 
form to the nitrate form in the soil is 
referredto as "nitrification", and is be most 
likely to occur when fields are arable. When 
fields are "water-Jogged", nitrate can be 
converted to nitrogen gas (referred to as 
"denitrification"), and lost from the soil by 
volatilization. Whether fertilizer N is 
applied as liquid or dry, ammonia, urea, 
ammonium sulfate, or N-32 should be 
incorporated into the soil as soon as possible 
to reduce potential loss of N to the 
atmosphere, especially where soil pH is 
above 7. 

Phosphorus 

Phosphorus (P) is the most controversial 
nutrient. Different soil testing laboratories 
utilize different chemical extractants to 
estimate "available P". As a result, there 
may be large differences between soil test 
values for the same soil sample obtained 
from different laboratories. fu addition, 
fertilizer recommendations from different 
laboratories may also vary considerably. 

fu most cases, soil P levels are sufficient to 
meet early season needs of grain sorghum 
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plants. However, grain sorghum seed are 
small and contain only enough P to nourish 
young seedlings until emergence. If young 
seedlings develop under favorable 
conditions, P-deficiency symptoms often do 
not occur. Also, if growing conditions are 
unfavorable (i.e., cool and/or wet), seedlings 
may show temporary P-deficiency 
symptoms. fu years where the planting 
environment is unfavorable for rapid growth 
and development, banding P fertilizer at 
low rates in the seed row may be beneficial. 
Also banding P two to three inches below 
and two to three inches to the side of the 
expected seed placement may be beneficial. 

One key point to remember is that P is less 
available in cold soils. Most growers plant 
as early as possible to reduce sorghum 
midge damage and to minimize the effects 
of hot, stressful weather normally 
experienced later in the season. By doing 
so, sorghum seedlings often must establish 
and grow in much cooler soils than if 
planted later in the spring. 
Since soil P is relatively immobile, or 
"fixed" in soils, placement in a concentrated 
form is particular! y important in soils testing 
low to medium. By banding P near the seed, 
2-4 inches below and 2-4 inches to the side, 
developing roots contact the fertilizer shortly 
after emergence. Placing P fertilizer in 
direct contact with sorghum seed at planting 
may cause emergence problems due to the 
salt effects caused by nitrogen in the 
fertilizer material. Research has shown that 
plants obtain a higher proportion of the 
needed P from soil reserves. Only about 30 
percent of applied P is used by the crop 
following fertilization, even though it may 
have been banded. Once soils are warm, 
some of the "reserve" P becomes available 
for plant use. The rate at which fertilizer P 
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is converted to soil or "reserve" P depends 
upon several factors, but most important is 
the fertilizer P-to-soil contact. Confining P 
fertilizer to a band reduces fertilizer-to-soil 
contact and slows the rate of conversion, 
compared to mixing the same amount 
throughout the soil as with broadcast 
applications. 

Phosphorus can also be applied as a "pop­
up" fertilizer, sprayed in the seed furrow at 
planting. Com and sorghum usually respond 
better than cotton to "pop-ups". However, 
when using a product like 10-34-0 or 11-53-
0 as a "pop-up", it is important not to exceed 
the equivalent of 5 pounds of elemental N 
per acre in the seed furrow, or salt injury 
from the N is likely to occur. Under 
irrigated or high rainfall conditions, up to 10 
pounds of N/acre may be applied without 
injury. A rain following planting will dilute 
the nitrogen and also lessen the chance of 
injury. High P to low N ratio specialty 
fertilizers, such as 4-29-2 or similar 
products, lend themselves to "pop-up" 
applications with minimal injury risk. 

Potassium 

Potassium (K) is needed in all plant parts for 
maintenance of water balance, disease 
resistance and stalk strength. However, as 
indicated in Table 5, very little K is removed 
from the field if only grain is harvested. If 
the stover is harvested for forage, then a 
much larger amount of potassium is 
removed. Most high pH soils in Texas are 
inherently high in potassium. Soil test levels 
should be monitored over years to look for 
any trends of reduced K. 
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Other Nutrients 

Two of the other most important nutrients 
for grain sorghum production in Texas are 
zinc and iron. Where soil phosphorus levels 
are "high" or "very high" and zinc levels are 
"low" to "medium", application of 
additional phosphorus may induce a zinc 
deficiency. If soil test results indicate a 
possible zinc deficiency, zinc fertilizer 
should be broadcast and incorporated 
preplant or banded at planting. Foliar 
applications of zinc should be used as a 
salvage measure since this will only prevent 
symptoms on new growth. 

If iron chlorosis has been observed during 
previous years in a field, iron fertilizer 
materials should be applied to the foliage 
through multiple sprayings early in the 
season. Information on specific application 
rates of micro nutrients can be found in the 
following Texas Agricultural Extension 
Service manuscripts: Correcting Iron and 
Zinc Deficiencies in Corn and Grain 
Sorghum ('W. Gass, Soil and Crop Science 
Dept.) and Correcting Iron Deficiencies n 
Grain Sorghum, L-5155. 

Irrigation Scheduling Based on Potential 
Evapotranspiration (PET) 

Evapotranspiration (ET) is a measurement 
of the total amount of water needed to grow 
plants and crops. This term comes from the 
words evaporation (i.e., evaporation of 
water from the soil) and transpiration (i.e., 
transpiration of water by plants). Different 
plants have different water requirements, so 
they have different ET rates. 



Table 10. Sorghum Crop Coefficients. 

Growth State1 Kc Days After 
Plantingl 

Seeding 0.40 3-4 

Em erg 0.40 5-8 

3-leaf 0.55 19-24 

4-leaf 0.60 28-33 

5-leaf 0.70 32-37 

GPD 0.80 35-40 

Flag 0.95 52-58 

Boot 1.10 57-61 

Heading 1.10 60-65 

Flower 1.00 68-75 

S Dough 0.95 85-95 

HDough 0.90 95- 100 

Blk lyr 0.85 110- 120 

Harvest 0.00 125 - 140 

1 Sorghum will bloom at different times depending on locating, planting date, and 
maturity of the variety. 
2The Days After Planting are for a medium-early to medium-late variety. 
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Crop Coefficients for Sorghum 
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FIGURE 1. Crop Coefficient Curve for Sorghum. 
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Table 11. Typical overall on-farm efficiencies for various types of irrigation systems. 

System 

common 

land leveling and water volume per row 
meeting design standards 

surge 

Sprinkler 

Center Pivot 

LEPA 

Dripffrickle 

Overall Efficiency 

.50- .80 

.50 

.70- .80 

.60- .901 

.55- .753 

.55- .903 

.90- .95 

.80- .902 

1Surge has been found to increase efficiencies 8 to 28% over non-surge furrow systems. 
2Trickle systems are typically designed at 80 to 90% efficiency. 
'Higher efficiencies are for low wind conditions. 
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Since there are thousands of cultivated 
plants, we have tried to simplified matters 
by establishing a standard ET rate for 
general reference and use. The standard is 
coefficient (Kc). Crop coefficients depend 
on the type of crop and its stage of growth. 
The North High Plains crop coefficients for 
sorghum are listed by stage of growth in 
Table 10 and illustrated in Figure 1. Please 
note that these dates are provided as a 
general 'guide only, as crop growth rate is 
affected by many factors including variety, 
current weather, soil moisture conditions, 
etc. 

How to Use PET 

To calculate the water requirements of a 
crop, we multiply the PET times the crop 
coefficient using the following equation: 

PET x Kc = crop water requirements 
(equation 1) 

where: 

PET is the sum of daily PET over the time 
period of interest, such as the 3-day total, the 
weekly total, etc. 

Kc is the crop coefficient corresponding to 
the current stage of crop growth. 

Example 1 : the 5-day PET total is 1.32 
inches. My sorghum is in the "heading" 
growth stage. What are the water 
requirements? (Note: from Table 10, the 
"heading" crop coefficient is 1.1 0) 

1.32 inches x 1.10 = 1.45 inches 

Thus, I need to apply 1.45 inches to replace 
the water used by the sorghum in the last 5 
days. 
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Adjusting for Irrigation System Efficiency 

It may be necessary to increase the amount 
of irrigation water in order to compensate 
for poor irrigation system efficiency. Table 
11 gives the typical ranges of on-farm 
irrigation systems. To adjust for irrigation 
system efficiency, use the following 
equation: 

PET x Kc 7 Eff = irrigation water 
requirements 
(equation 2) 

where: 

Eff is the overall efficiency of the irrigation 
system. 

Example 2. I am irrigating with a low­
pressure center pivot. I estimate that my 
overall system efficiency is 85%. What are 
my irrigation water requirements for the 
sorghum in example 1 ? 

1.32 inches x 1.10 7 0.85 = 1.71 inches. 

Adjusting for Rainfall and Soil Moisture 

Rainfall reduces the amount of water we 
must supply by irrigation to meet plant water 
requirements. However, not all rainfall 
becomes available for use by plants and 
crops. Depending on such factors as soil 
type, duration and intensity of rainfall, soil 
moisture levels, etc., a portion of the rainfall 
will be lost to runoff and deep percolation 
(water moving below the root zone). In 
irrigation scheduling, the term "effective 
rainfalf' refers to that portion of rainfall 
which infiltrates and is stored in the root 
zone. Effective rainfall must be estimated 
for each field and rainfall event. The 
irrigation requirement determined with 
equations ( 1) or (2) should be reduced by the 

-
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amount of effective rainfall. 

Alternatively, soil moisture monitoring 
devices can be use to determine soil 
moisture levels and to determine when 
irrigations should be re-started following 
rains. The following two publications by the 
Texas Agricultural Extension Service 
discuss this in detail: Soil Moisture 
Management B-1670, and Soil Moisture 
Monitoring-161 0. 

Where to Find PET Information 

For persons with Internet access, PET and 
weather information is provided for about 12 
locations in Central and South Texas, 
including 3 locations in the Lower Rio ande 
Valley, on the Texas PET Web Site. The 
address is: 

http://www.agen.tamu.edu/pet 

Persons without Internet access should 
contact their water district or County 
Extension Agent to see if this information is 
being provided locally in another way. 

Irrigation Volumes and Soil Types 

The amount or depth of water that is applied 
at each irrigation depends greatly on soil 
type. This is because soils vary in their 
ability to hold or store water. For example, 
clays can hold about 2 inches of water per 
foot, while sands hold less than an inch. 
This is referred to on the "available holding 
capacity". Table 12 provides 
recommended irrigation depths in terms of 
inches of water per foot of root zone. Note 
from Table 1, the majority of water is 
withdrawn from the top two feet of the root 
zone. 
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Maximizing Irrigation Water Use 
Efficiency 

"Irrigation return flow" is that portion of 
water which returns to its source after being 
used to irrigate crops. A good example is 
found in the Texas rice industry, where 
water is usually diverted from a river, used 
to flood the field and then released back into 
the river before harvest. With increasing 
environmental concern, the term "irrigation 
return flow" has been extended to include 
irrigation water that makes its way to any 
body of water after its use on a crop. 

There are many examples of this broader 
definition in Texas. Tail water from furrow 
irrigation and runoff caused by excessive 
irrigation or poor system design can make its 
way into small creeks and draws which 
eventually lead to our major rivers and 
reservoirs. Water from irrigated land that is 
artificially drained must go somewhere, 
often into the same river it was taken from 
or to major drainage outlets which flow into 
coastal bays. 

Irrigation return flow is becoming an 
important issue because of its potential to be 
a nonpoint source of pollution. However, 
this is not the only reason irrigators should 
use return flow management practices. 
Excessive runoff is a symptom of poor 
irrigation system design or poor 
management of irrigation water. It is also 
water wasted Wasting water not only has 
immediate financial ramifications, but also 
threatens the long-term availability of water 
for irrigation. Sound management practices 
can reduce irrigation return flow while 
ensuring the most efficient use of our water 
resources. 



The major concern is the direct runoff which 
may occur from irrigated land. Many of the 
fertilizer nutrients and chemicals used in 
agriculture, as well as soluble salts contained 
in the irrigation water, are easily adsorbed 
onto soil particles. When runoff occurs, soil 
particles containing these adsorbed 
pollutants are picked up and transported out 
of the field. Eroded sediments constitute the 
major potential for pollution from surface 
return flows. In addition, soluble chemicals 
are dissolved by runoff and carried with the 
water as it flows over the soil. 

Preventing Return Flow 

There are three basic approaches to 
eliminating pollutants in surface return 
flows: 

• eliminating or reducing surface 
runoff; 

• eliminating or reducing soil loss; and 

• removing pollutants from irrigation 
return flow. 

The first two approaches are achieved by 
properly designing, operating and managing 
irrigation systems. Following the directions 
on the pesticide label will usually solve any 
problems associated with chemigation (the 
application of agricultural chemicals 
through the irrigation system). The third 
approach involves the use of grass buffer 
strips, artificial wetlands, settling basins and 
ponds, and similar structures to remove 
pollutant bearing sediments. Treating return 
flow is more costly and troublesome than 
preventing it. 

Practices which may be used to reduce 
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subsurface return flow include: 

1. proper leaching; and 
2. Impervious conveyance systems. 

Irrigation System Design 

Sprinkler and Drip Irrigation 

Emitters and nozzles should be sized so that 
the irrigation application rate does not 
exceed the water intake rate of the soil. For 
center pivot systems, conservation practices 
such as furrow diking and planting in a 
circle may be needed. 

Furrow Irrigation 

Furrow irrigation is used on more than half 
the total irrigated land in Texas. Proper 
system design improves the distribution and 
uniformity of applied water, reduces water 
use and produces higher yields. The U.S. 
Natural Resources Soil Conservation 
Service (NRCS) has developed furrow 
system design standards and guidelines, 
based on soil type, for most areas of the 
state. The important factors are proper 
slopes, proper stream size and proper furrow 
run length. Furrow run length and stream 
size both depend on the slope, and should be 
selected to minimize tail water while 
providing a good distribution of water in the 
entire furrow. 

Proper slopes - Excessive slopes may cause 
severe erosion that transports sediment and 
adsorbed pollutants. Slope 
recommendations for reducing return flows 
vary from location to location because of 
differences in soils and rainfall conditions. 
Generally, furrow grade should not exceed 
0.8 percent. In areas of intense rainfall, 

-
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furrow grades may need to be 0.5 percent or 
less. Proper slopes sometimes can be 
obtained by changing the direction of the 
furrows. On smooth, uniformly sloping 
fields, furrows may be run across the slope 
of the field as long as they are deep enough 
and the soil stable enough so that irrigation 
water or rainfall runoff does not break over 
one furrow to another. In other situations, 
land leveling may be the only method of 
obtaining proper slopes. 

·Proper stream size- Proper stream size 
may prevent potential erosion. For graded 
furrows, the stream size should be kept as 
small as possible to provide reasonable 
efficiency while minimizing the soil loss. 
From an erosion standpoint, the maximum 
stream size in gallons per minute (not to 
exceed 50 gpm) can be calculated as: 

stream (gpm) = 10 
percent furrow slope 

Cut back irrigation and surge - An 
effective practice for reducing tailwater is 
the use of cut back irrigation. A greater 
initial flow is normally required to push the 
water to the end of the furrow. Once the 
water has reached the end of the furrow, the 
stream size is reduced or cut back so that the 
flow correspond more closely to the intake 
rate of the soil. A less labor intensive 
practice is to use automatic surge valves to 
release water into the furrow in a series of 
on-off cycles; this can reduce tail water and 
improve distribution efficiencies. Surge 
irrigation appears to work because of the 
natural surface sealing properties of many 
soils during wetting and drying cycles. 
Properly managed surge irrigation has been 
found to increase efficiencies from 6 to 30 
percent over nonsurge furrow irrigation, 
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depending on soil type. 

Transporting irrigation water through 
pipelines has proven to be the most trouble 
free and cost effective method. Gated pipe 
in furrow irrigation can reduce water and 
labor costs 35 to 50 percent over siphon 
tubes and unlined canals. As with other 
return flow management practices, reducing 
seepage losses not only helps prevent 
pollution problems, but has direct economic 
benefits. 

Irrigation Water Management 

Proper irrigation water management means 
timing and regulating water applications in a 
way that will satisfy the needs of a crop and 
efficiently distribute the water without 
applying excessive amounts of water or 
causing erosion, runoff or percolatiion 
losses. Good irrigation water management 
can reduce moisture extremes and associated 
plant disease problems, which in tum may 
reduce the need for pesticides. The irrigator 
should have a good understanding of the 
factors influencing proper irrigation 
scheduling and water management (Table 
13). The timing of irrigation and the total 
amount applied per irrigation should be 
based on both the crop's water use and the 
moisture content of the soil, as well as on 
expected rainfall and any additional amounts 
needed for leaching to maintain a specific 
salt balance. Monitoring soil moisture with 
gypsum blocks or tensiometers can help take 
the guess work out of irrigation scheduling. 



Table 12. Approximate Water Holding Capacity of soils in inches of water per foot of soil and 
recommended depth of irrigation in inches of water per foot of root zone and total inches. 

Soil Texture 

Sands 

SandyLoams 

Loams 

SiltLoams 

ClayLoams 

Clays 

Available 
Moisture 

(in/ft) 

0.8- 1.0 

1.3 - 1.5 

1.6 - 1.8 

1.7- 1.9 

1.9-2.1 

2.0-2.2 

Water to be re(!Iaced at each irrigation* 
per ft 2-ft root zone 4-ft root zone 
(inlft) (in) (in) 

0.5-0.8 1.3 2.8 

0.8- 1.2 2 4 

1.1-1.3 2.4 4.8 

1.2- 1.5 2.8 5.4 

1.3 - 1.7 3.0 6 

1.4 - 1.8 3.2 6.4 

*based on application of irrigation when 50 to 60 percent of the available water in the root zone has 
been depleted assuming 75 percent overall irrigation efficiency. 

Table 13. Factors important in proper irrigation water management and irrigation scheduling. 

Soil Factors Crop Factors 

Soil water holding capacity Rooting depth 

Soil intake rate Water depletion tolerance 

Current moisture deficit Peak consumptive use 

Depth of soil profile Variations in consumptive use during each growth stage 
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THE ARROYO COLORADO 

The Arroyo Colorado and its tributary, the North Floodway is the principle drainage outlet for the 
LRGV. The water quality of the Arroyo is a major concern, particularly due to its potential 
impact on wildlife and the Laguna Madre. Elevated levels of nitrate, phosphorous, sulfate, 
chloride and fecal coliform have been detected. Urban and agricultural runoff, municipal 
wastewater, septic tanks, and industrial discharges are all suspected of contributing to the 
problem. 

The US Environmental Protection Agency has provided funding for the Non-point Source 
Prevention in the A"oyo Colorado Project. The purpose of this project is to provide education 
and to demonstrate management practices which will help prevent nutrients and chemicals from 
leaving cultivated fields and urban landscapes. This is one of several publications supported, in 
part, from these project funds. 

Cooperating agencies include the Texas State Soil and Water Conservation Board, Southmost 
Soil and Water Conservation District, Natural Resources Conservation Service, the Tarleton 
Institute for Applied Environmental Research, Texas Natural Resource Conservation 
Commission, and the Texas Agricultural Extension Service. For more information, contact any of 
the above agencies, or the visit the Arroyo Colorado web site at 
http://www.agen.tamu.edu/arroyo. 

Educational programs conducted by the Texas Agricultural Extension Service serve people of all ages regardless of 
socioeconomic level, race, color, sex, religion, handicap, or national origin. 
Cooperative Extension work in agriculture and family and consumer sciences, The Texas A&M University System, 
and the United States Department of Agriculture cooperative. Distributed in furtherance of the acts of Congress of 
May 8, 1914, as amended June 30, 1914. 
8/97 
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PESTICIDE APPLICATION GROUND EQillPMENT CALIBRATION 

GUIDE 

Bryan W. Shaw and Guy Fipps1 

Precise application of a specific rate of pesticides is an important factor in efficient, economical pest 
control. This guide includes suggested methods for equipment calibration in a convenient, easy-to-use form. 
Calibrate equipment carefully and accurately as a part of your pesticide application program. 

!Application Program Checklist 

• Maintain a complete record of the operation. 

• Inform those working with the pesticide and others in the area of the precautions necessary in handling 
the chemical. 

• Begin with clean equipment. Residues in the spray rig can cause serious problems. To clean the rig, 
use either a strong household detergent or a commercial decontaminate formulation (most contain a 
combination of soda ash, detergent, and alkaline chlorine). Rinse thoroughly with clean water. Remove 
nozzles to clean screens and tips. Dispose of rinse water safely. Clean and lubricate pump. 

IMPORTANT: Equipment used to apply cenain pesticides should not be used to apply others. EXAMPLE: 
Do not use equipment used to apply 2,4-D, MCPA, 2,4-DP, MCPP, and 2,4-DB for any other purpose 
because of difficulty in removing all traces of the pesticide. 

• Check all hoses. Hoses in good condition save time and eliminate possible spray mixture losses. 

• Use screens upstream of the pump and each nozzle. Check screens often to avoid clogged nozzles. 

• Use recommended nozzle types and attach nozzles firmly, using the correct height and angle to ensure 
proper application. 

• Calibrate the sprayer and check each nozzle for output uniformity. Replace any nozzle that varies more 
than 10% from the average flow rate. For application of some chemicals (e.g., certain potent sulfonyl urea 
herbicides), nozzles should be replaced if they deviate more than 5% from the average flow rate. 

Nozzle pressure should follow nozzle manufacturer's recommendation for each application type. 
Operating near the lower recommended pressure will produce larger droplets and minimize drift potential. 
Recommended nozzle pressure ranges from 10 to 60 psi for weed control. For insect control, pressure 
between 50 and 60 psi is typically recommended. Disease control typically requires that a pressure of 100 
psi be maintained. Select nozzles which will deliver the calculated volume at the recommended pressure. 
If the sprayer is already equipped and the nozzles will not deliver the gallons per acre in the desired time, 
changing speed, gallons per acre (GPA) or nozzles will allow a desired nozzle pressure. 

1 Extension Agricultural Engineers, Department of Agricultural Engineering, Texas A&M University System, College 
Station, Texas 77843-2117 



I Calibration of Ground Sprayers 

Method/ 

Step 1: 
Fill the tank with water to a predetermined level. 

Step 2: 
Drive in a straight line for 660 feet, operating at the same pressure and tractor speed planned for 

field use. Record the tractor throttle and gear settings. 

Step 3: 
Stop spraying at the 660 foot mark and measure the gallons of water needed to refill the tank. 

Step 4: 
Measure the width of actual area sprayed. For band applications, this equals the sum of the width of all 

bands. 

Calculate as follows: 

--:-:-~ga-:l-:lo'-n.;;.s_cu:..:.s7ed_x_6_6-:---:-- ll = ga ons per acre 
width of sprayed area in feet 

EXAMPLE: 
When 7 gallons of water are required to refill tank to predetermined level for a boom sprayer (14 feet 

wide) after spraying a 660 feet long swath, the calculations are as follows: 

7 gallons x 66 = 33 gallons per acre 
14 feet 

After calibrating the sprayer, add the correct amount of pesticide to the sprayer tank in the correct amount 
of carrier for the area to be sprayed. Tables 4-9 provide forms to assist with mixing calculations. 

Recalibrate the sprayer after each 10 hours of operation or anytime there is a change in the formulation 
of pesticide used. Recalibrate more often when using wettable powders than when liquid formulations are 
used. Wettable powders cause wear of pumps and nozzles made of soft metals. 

Method II (See Tables 1-3 for calibration forms) 

Step 1: 
With the sprayer and other attachments (planters, applicators, etc.) mounted on the tractor, you are ready 

to calibrate. 

Step 2: 
In the field, with all attachments in operation, determine the speed you wish to travel. For tractors with 

accurate speed sensors, skip to step "5." Speed indicators that do not directly measure ground speed may 
indicate speed with as much as 30% error due to variation in tire slip, tire size, etc. If in doubt, perform 
steps "3" and "4." 



Step 3: 
Measure and mark off a course. A longer course gives more accurate speed determination. A course 300 

feet long is adequate. Measure in seconds how long it takes to travel the distance. Mark throttle and gear 
setting. NOTE: A tractor travels slower in a soft field than on hard ground under the same settings. 

Step 4: 
Substitute the number of seconds to travel the course and the length of the course in the following 

formula to determine MPH. 

MPH= 

EXAMPLE: 

feet traveled x 60 
seconds traveled x 88 

(}Time 

If it requires 51 seconds to cross a course 300 feet long. the speed is calculated as follows: 

300 x 60 = 4 MPH 
5J X 88 

If the desired speed is selected, the seconds to travel the course can be determined as follows: 

nd l d 
feet traveled x 60 

seco s trave e = "-------­
MPH X 88 



Step 5: 
Determine spray delivery from each nozzle in gallons per minute (GPM) for the desired speed, effective 

spray width, and gallons per acre (GPA). Effective spray width is determined as follows: nozzle spacing 
for boom spraying, band width for band spraying, spray swath for broadcast boomless spraying, width of 
band divided by number of nozzles for multi-nozzle band spraying, measured in inches. 

2-PIIr- 3-Pw-

r4HHt '~ 1MHF'1 
Multi-Nozzle Broadcast boomless 

~ 
Boom 

Calculate the nozzle delivery rate with the following formula 

GPM per nozzle = GPA x MPH x W 
5940 (constant) 

GPA = gallons per acre on the area treated 
W = effective spray width in INCHES 

Band 

Nozzle pressure should follow nozzle manufacturer's recommendation for each application type. 
Operating near the lower recommended pressure will produce larger droplets and minimize drift potential. 
Recommended nozzle pressure ranges from 10 to 60 psi for weed control. For insect control, pressure 
between 50 and 60 psi is typically recommended. Disease control typically requires that a pressure of 100 
psi be maintained. Select nozzles which will deliver the calculated volume at the recommended pressure. 
If the sprayer is already equipped and the nozzle will not deliver the gallons per acre in the desired time, a 
change in speed, GPA or change to a larger nozzle will allow a desired nozzle pressure. 



Step 6: 
With tractor out of gear and engine running at the throttle setting selected, adjust the pressure regulator 

so that each nozzle delivers the calculated flow rate. 

The flow rate can be measured with a tip tester that indicates flow rate in gallons per minute or by 
measuring the time required to collect one quart from the nozzles. 

The number of seconds to collect a quart of spray mixture, or 32 fluid ounces, is determined by the following 
formula. 
Step 7: 

15 
sec lqt /nozzle = ----=.::......-­

GPM per nozzle 

Adjust height and direction of nozzles to give the desired spray pattern overlap or band width as 
recommended by the nozzle manufacturer. 

Step 8: 
You must recalibrate if you change speed or pressure. Nozzles wear and sprayers should be recalibrated 

after each I 0 hours of operation or anytime there is a change in the formulation of pesticide used. 

Step 9: 
After calibrating the sprayer, add the correct amount of pesticide to the sprayer tank in the correct 

amount of carrier for the area to be sprayed. Tables 4-9 provide forms to assist with mixing calculations. 



EXAMPLES 

1. Boom spraying, broadcast. Spray 30 GPA at 5 mph with a 20-inch nozzle spacing on the boom. 

a. 

b. 

30 X 5 X 20 
GPM per nozzle = = 0.51 

5940 

Select an 80' or 90' flat spray nozzle 
to deliver 0.51 GPM at suggested psi. 

15 (constant) sec /qt /nozzle = __:.:_=c:.:..:c=:..,_ 
GPM per nozzle 

15 
sec lqt /nozzle = -- = 29.4 

0.51 

Adjust the pressure regulator to deliver 0.38 GPM per nozzle or to deliver one quart in 40 seconds. 

2. Band spraying with one nozzle. GPA is the amount applied to the area actually treated. If the 40 
GPA rate is applied at 4 MPH on a 14-inch band, the 40 GPA would be used with 4 MPH and 14-inch band 
width in the formula given below. 

a. 40 X 4 X 14 
GPM per nozzle = = 0.38 

5940 
Select an SO' even spray nozzle 

to deliver .38 GPM at suggested psi. 

b. 15 sec /qt /nozzle = - = 40 
.38 

3. Band spraying with two or more nozzles per band. If two nozzles are used to spray the 40-gallon per 
acre rate on a 14 inch band, calibrate by using width (W) of7 inches (14 inches.;. 2) in formula given in Step 
5 above. Collect the quart from one nozzle in the time calculated with the formula given in step 6 above. 

4. Boomless spraying, broadcast. Spray 20 GPA at 4 MPH and cover a 40-foot swath (40 feet X 12 
inches/foot). 

With the tractor out of gear and the engine running at the throttle setting selected, adjust the pressure 
regulator so that 6.5 gallons is sprayed in one minute from the nozzle assembly. Follow steps 7 through 9 
to complete calibration. 

GPM per nozzle = 20 x 4 x (40 x 12) = 6.5 
5940 

Select a single assembly of nozzles 
to deliver 6.5 GPM at suggested psi. 



5. Spraying at a broadcast rate above 40 GPA. Spray 50 GPA at 40 MPH with nozzles spaced 20 inches 
apart on the boom. 

a. 50 X 4 X 20 
GPM per nozzle = = .67 

5940 
Select an 80° or 95o flat spray nozzle 
to deliver .67 GPM at suggested psi. 

The time in seconds to catch one gallon from each nozzle may be determined by this formula: 

b. 
60 (constant) 60 Sec /gal /nozzle = -:-'::':-:.:..:.:..:.::c.;c....c:..,- = - = 89.6 

GPM per nozzle .67 

With the tractor out of gear and the engine running at the throttle setting selected, adjust the pressure 
regulator so that one gallon of spray mixture is sprayed by each nozzle in 90 seconds. Follow steps 7 through 
9 to complete calibration. 

Table I. Determine Speed of Application 

Step Example (Yours) 

I. Mark off and measure length of course (Feet Traveled) 300 feet 

2. Time the spray rig as it crosses the course. Use gear and throule setting you 
plan to use during application. (Seconds Traveled) 51 seconds 

3. Calculate Speed (MPH)= (#I x 60) + (#2 x 88), or 

MPH= 
Feet Traveled x 60 4mph 

Seconds Traveled x 88 

Table 2. Determine Aow Rate Needed 

Step Example (Yours) 

I. Gallons per acre of spray solution to be applied (GPA) 30 gpa 

2. Application speed (Table 1, Step 3) 4mph 

3. Effective width (W) 
(Effective width: nozzle spacing for boom spraying, band width for 
banding, spray swath for broadcast boomless, width of band divided by 
number of nozzles for multi-nozzle banding) 

20in 
4. Aow rate needed from each tip (GPM) =(#I x #2 x #3 + 5940), or 

GPM = 
GPA X MPH X w 

5940 0.4 gpm 



Table 3. Calibration 

Step Example (Yours) 

1. Flow rate needed from each tip (GPM) (Table II, Step 4) 0.4gpm 

2. Time required to collect I quart (32 ounces) (15 .;.. #I), or 

15 37 sec sec /qt /nozzle = --
GPM 

3. With tractor out of gear and engine running at the throttle setting selected, 
adjust pressure regulator to deliver flow rate calculated in steps I & 2 above. 

Table 4. Calculating amount of pesticide to add to tank for liquid pesticide (given pints per I 00 gal recommended by label) 

Step Example (Yours) 

1. Gallons in tank (GAL) 200 gal 

2. Pints per I 00 gallon recommended by label (pt/1 OOgal wanted) 2 pints 

3. Pints pesticide needed per tank (#I x #2.;.. 100), or 

GAL x pt/100 gal wanted = 200 X 2 
= 4 pints needed 4 pints 

100 gal 100 

Table 5. Calculating amount of pesticide to add to tank (given pints per acre recommended by label) 

Step Example (Yours) 

1. Gallons in tank (GAL) 300 gal 

2. Pints per acre pesticide recommended by label (pt/acre wanted) 2 pt/acre 

3. Gallons spray per acre to be applied (gal/acre) 20 gal/acre 

4. Acres sprayed per tank (#1 .;.. #3), or 

GAL 300 15 acres /tank 15 acres/tank = -- = 
gal/acre 20 

5. Pints pesticide needed per tank (#4 x #2), or 

pints needed = Acres /tank x ptlacre 30 pints needed 
15 x 2 = 30 pints needed (3 gal, 6 pints) 



Table 6. Calculating amount of pesticide to add to tank for wettable powders (given lbs per acre recommended by label) 

Step Example (Yours) 

I. Gallons in tank (GAL) 300 gal 

2. Pounds per acre recommended by label (lb/acre) 2lb/acre 

3. Gallons spray per acre to be applied (gal/acre) 20 gal/acre 

4. Acres sprayed per tank (#I + #3), or 

GAU(gal /acre) = 300/20 = 15 acres /tank 15 acres/tank 

5. Pounds needed (#4 x #2), or 

lb needed = Acres /tank x lb /acre = 15 x 2 = 30 lb needed 30 lb needed 

Table 7. Calculating amount of pesticide to add to tank for wettable powders (given lbs per I 00 gal recommended by label) 

Step Example (Yours) 

I. Gallons in tank (GAL) 300 gal 

2. Pounds per I 00 gal recommended by label (lb/1 00 gal) 2lb/IOO gal 

3. Pounds needed (#I x #2 + I 00), or 

lb needed= GAL x lb /100 gal 300 X 2 
= 6 lb needed 6lb needed = 

100 gal 100 

Table 8. Calculating amount of pesticide to add to tank for wettable powders (given percent active ingredient recommended 
by label) 

Step Example (Yours) 

I. Gallons in tank (GAL) 200 gal 

2. Percent active ingredient recommended by label(% a.i. wanted) 3.5% 

3. Specific weight of carrier (water- 8.34 lblgal) 8.34lb/gal 

4. Percent active ingredient in formulation, from label (o/oa.i. form.) 80% 

5. Pounds needed (#I x #2 x #3 + #4), or 

GAL x % a.i. wanted x lb /gal 

% a.i. form. 

lb needed= 
200 X 3.5 X 8.34 = 73 lb needed 73 lb needed 

80 



Table 9. Calculating amount of pesticide to add to tank (given percent active ingredient recommended by label) 

Step Example (Yours) 

I. Gallons in tank (GAL) 100 gal 

2. Percent active ingredient recommended by label (% a.i. wanted) 1% 

3. Specific weight of carrier (water - 8.34 lb/gal) 8.34lblgal 

4. Pounds active ingredient per gallon in formulation, from label (lb a.i./gal 
form.) 2 lb a.i./gal 

5. Gallons emulsifiable concentrate needed (#I x #2 x #3) + (#4 x 100), or 

llo d d GAL x % a.i. wanted x lb /gal = ga ns nee e = 
lb /gal a.i. form. x 100 

100 X 1 X 8.34 = 4.17 gal needed 4.17 gal needed 
2 X 100 

4 gal, 22 ounces 
6. Need 4 gallons plus (0.17 gal x 128 ounces/gal =22 ounces) 



THE ARROYO COLORADO 

The Arroyo Colorado and its tributary, the North Floodway is the principle drainage outlet for the 
Valley. The water quality of the Arroyo is a major concern, particularly due to its potential impact 
on wildlife and the Laguna Madre. Elevated levels of nitrate, phosphorous, sulfate, chloride and 
fecal coliform have been detected. Urban and agricultural runoff, municipal wastewater, septic 
tanks, and industrial discharges are all suspected of contributing to the problem. 

The US Environmental Protection Agency has provided funding for the Non-point Source Prevention 
in the Arroyo Colorado Project. The purpose of this project is to provide education and to 
demonstrate management practices which will help prevent nutrients and chemicals from leaving 
cultivated fields and urban landscapes. This is one of several publications supported, in part, from 
these project funds. 

Cooperating agencies include the Texas State Soil and Water Conservation Board, Southmost Soil 
and Water Conservation District, Natural Resources Conservation Service, the Tarleton Institute for 
Applied Environmental Research, Texas Natural Resource Conservation Commission, and the Texas 
Agricultural Extension Service. For more information, contact any of the above agencies, or the visit 
the Arroyo Colorado web site at http://www.agen.tamu.edu/arroyo. 

Educational programs conducted by the Texas Agricultural Extension Service serve people of all ages regardless of socioeconomic 
level, race, color, sex, religion. handicap. or national origin. 

Cooperative Extension work in agriculture and family and consumer sciences, The Texas A&M University System, and the United 
States Department of Agriculture cooperative. Distributed in furtherance of the acts of Congress of May 8, 1914, as amended June 
30, 1914. 
10/96 
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Approved Quality Assurance Project Plan 

ARROYO COLORADO WATERSHED NONPOINT SOURCE POLLUTION PROJECT 



I •' ll"TEO STATES ENVIRONME:NT AL PROTECTION AGENCY 
HEGION 6 

1445 ness AV(NUt-=. sum: 1200 
DAllAS, fX 75202-2733 

FEB 5 199S 

Mr. Arthur Talley, T~am Leader 
Nonpoint Sourcg Program (MC 150) 
Water Planning and Assessment Division 
TQxas Hatural Resource ConsQrvation Commission 
P.O. Box 13087 
Austin, TX 78711~3087 

Olf17~~~ll;; 1/ 1 

Re: Approval of the Quality Assurance Project Plans (QAPPs) for 
the Pace Bend Park Watershea Restoration, Assistance ID No. 
C9-996146-02-0 FY 94 Nonpoint Source Grant and Tha Arroyo 
colorado Project, Assistance ID No. C9-006975-92-2, FY 9l 

Dear Mr. Talley: 

The above QAPPs which were sent to u~ on November 28 and 
November 30, 1996, respectively hava been raviewed and are 
approved. Any extra copies o! the QAPPs we received, and the 
~ompleted signature pages are enclosed. 

We apprQciate your aCforts in support of generating quality 
data for the Nonpoint Source Proqra~. If you have any questions, 
please call me at (214) 665-8086. 

Enclosures (4) 

cc: carol Whittington, TNRCC 

Sinm;&raly yours, 
/' ' 
{A {,,.-(.JUt._ 

'"-· I 

Len A. Pardee 
Texas Nonpoint Source Program 
U.S. EPA Region 6 



TEXAS STATE SOIL AND WATER CONSERVATION BOARD 

Mr. Kelvin Moore 
Program Administrator (MC-1 50) 

311 North 5th 

P.O. Box 658 

Temple, Texas 76503-0658 

(817) 773-2250 

Fax (817) 773-3311 

June 24, 1997 

Watershed Assessments and Planning Section 
Texas Natural Resource Conservation Commission 
P.O. Box 13087 
Austin, TX 78711-3087 

RE: Annual QAPP Revision for FY92 319(h) Project Entitled "Arroyo Colorado 
NPS Project" 

Dear Mr. Moore: 

Enclosed for your review and approval is the annual QAPP revision for above-referenced 
project along with (4) signed approval pages. I believe this QAPP meets all of the 
requirements for a Category III QAPP as outlined in the EPA QAIR-5 document issued 
by Region 6. 

In addition, I have not received an official reply to my letter sent to you on April 21, 1997 
regarding the last date that bills can be processed for this project. Please respond to this 
letter as soon as possible. 

Thank you for your assistance in this matter. Please call if you have any questions. 

Sincerely, 

~ 
Planner I 

Enclosures 
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1'' Annual Revision to the Quality Assurance Project Plan for the 

Environmental Measurement Activities Relating to 

Arroyo Colorado NPS Project Located in 

Cameron County, Texas 

Texas State Soil and \Vater Conservation Board 

Temple, Texas 

Quality Assurance Management Plan (Q-97-102) 

Texas State Soil and Water Conservation Board 

United States Environmental Protection Agency, Region VI 

Name: Len Pardee 

Title: Texas Nonpoint Source Project Manager 

Signature: _______________ Date: _____ _ 

Name: Richard G. Hoppers 

Title: Quality Assurance Manager 

Signature: ________________ Date:. _____ _ 

Texas Natural Resources Conservation Commission 

Name: Kelvin Moore 

Title: Grant Manager 

Signature:. ________________ Date: _____ _ 

Name: Clyde E. Bohmfalk 

Title: Quality Assurance Officer 

Signature: ________________ Date: _____ _ 
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Title: Agricult 
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Signature:·~~~rz-_~6.~~~:.-r;:;LL'C_ ___ Date: 

Name: Justin Hester 

Texas Institute for App ied Environmental Research 

Name: Larry Hauck 

Title: Assistant Director of Environmental Sciences 

Signature: 

Name: Mark Murphy 

Date: 5 /'2 £jJ9 7 
I I 

Titloo L•bomtory M"''"" /7! /}. ('/ r {! fc? 
S1gnature: ~~ Date:_.)___,(_'L___,(_,_ lt_ 

Name: Joan Flowers 

Title: Project Manager 

Signature: ~w. ??latc..)-t}l.s.... 

Name: Nancy Easterling 

Date: .S /N ?)q 7 
I 

T~tle: Quality ?surance M?er , ~ 

S•gn''"'" -\~CJL~o"" S/ctg/97 

Southrnost Soil and Water Conservation District 

Name: Wayne Halbert 



Texas State Soil and Water Conservation Board 

Name: Byron Spoonts 

Name: Justin Hester 

Texas Institute for Applied Environmental Research 

Name: Larry Hauck 
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Title: Assistant Director of Environmental Sciences 

Signature: 
- ---.....,-··c=· ·=·=0/1F!-'--'1-:L"'"-V-"""'44'1-1..C..L-b....___ Date: .s I z. 9, ) 9 __., ~F!--1-~ ) J 7 

Name: Mark Murphy 

Titk L•borotory M"'L UK 
Signature: L Jr;... Date: 

Name: Joan Flowers 

Title: Project Manager 

Signature: ~..._ 0: ::{I Q[ '~ Date: .::r/ £) col q 7 

Name: Nancy Easterling 

Title: Quality~~surance Manager ~ 

Sign•ture _jj ~ G,~ 
\ 

Southrnost Soil and Water Conservation District 

Name: Bailey Dunlap, Jr. 

Title: Quality Assurance Coordinator 

Date: ?I&'S (grz _ 
r I 

Signature: ~ a{ A .. /..,v ~ Date: 6 -/X., -~1 
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Organizations, and individuals within, which will receive copies of the approved QAPP and any 
subsequent revisions include: 

• United States Environmental Protection Agency, Region VI 
Name: Len Pardee 
Title: Texas Nonpoint Source Project Manager 

Name: Richard G. Hoppers 
Title: Quality Assurance Manager 

• Texas Natural Resource Conservation Commission 
Name: Kelvin Moore 
Title: Grant Manager 

Name: Clyde E. Bohmfalk 
Title: Quality Assurance Officer 

• Texas State Soil and Water Conservation Board 
Name: Byron Spoonts 
Title: Agricultural Project Administrator 

Name: Justin Hester 
Title: Agricultural Project Manager 

Name: Bobbie Stephens 
Title: Contract Manager 

• Texas Institute for Applied Environmental Research 
Name: Larry Hauck 
Title: Assitant Director of Environmental Sciences 

Name: Mark Murphy 
Title: Laboratory Manager 

Name: Joan Flowers 
Title: Project Manager 

Name Nancy Easterling 
Title: Quality Assurance Manager 

• Southmost Soil and Water Conservation District 
Name: Wayne Halbert 
Title: Quality Assurance Coordinator 
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The following is a list of individuals and organizations participating in the project with 
their specific roles and responsibilities: 

Len Pardee, Nonpoint Source Project Manager 
United States Environmental Protection Agency (EPA) 
Region VI, Dallas 

Responsible for overall performance and direction of the project at the Federal level. 
Approves the final products and deliverables. 

Richard G. Hoppers, Quality Assurance Manager 
United States Environmental Protection Agency (EPA) 
Region VI, Dallas 

Responsible for determining that the Project Plan meets the Federal requirements for 
planning, quality control, quality assessment, and reporting. 

Kelvin Moore, Grant Manager (512) 239-4548 
Texas Natural Resource Conservation Commission (TNRCC) 
Water Planning and Assessment Division 

Responsible for tracking project progress and expenditures. 
Reports project status to the EPA. 

Clyde Bohmfalk, Quality Assurance Officer (512) 239-4623 
Texas Natural Resource Conservation Commission (TNRCC) 
Water Planning and Assessment Division 

Responsible for determining that the project activities meet the 
federal Quality Assurance Project Plan (QAPP) requirements. 

Bo Spoonts, Agricultural Project Administrator (817) 773-2250 
Texas State Soil and Water Conservation Board (TSSWCB) 

Responsible for tracking project administration. 

Justin Hester, Agricultural Project Manager (817) 773-2250 
Texas State Soil and Water Conservation Board (TSSWCB) 

Responsible for overseeing the implementation of the proposed demonstration sites. 

Bobbie Stephens, Contract Manager (817) 773-2250 
Texas State Soil and Water Conservation Board (TSSWCB) 

Responsible for tracking project progress and expenditures 



Larry Hauck, Assistant Director of Environmental Sciences (817) 968-9561 
Texas Institute for Applied Environmental Research (TIAER) 
Tarleton State University 

.Responsible for projeq administration. 

Joan Flowers, Project Manager 
Texas Institute for Applied Environmental Research 

Section A4 
Revision No.1 

5/21197 
Page 6 of 39 

Responsible for coordination of field sampling, monitoring, laboratory analysis and 
modeling portions of project. 

Nancy Easterling, Quality Assurance Manager (817) 968-9548 
Texas Institute for Applied Environmental Research (TIAER) 
Tarleton State University 

Responsible for determining that the Project Plan meets the requirements for 
planning, quality control, quality assessment and reporting. 

Mark Murphy, Laboratory Manager (817) 968-9564 
Texas Institute for Applied Environmental Research (TIAER) 
Tarleton State University 

Responsible for TIAER analytical laboratory operations for this project. 

Wayne Halbert, Quality Assurance Coordinator (210) 423-7015 
Southmost Soil and Water Conservation District (SWCD) 

Responsible for overseeing the performance of water sampling and shipment of water 
samples on the demonstration sites in Cameron county according to guidelines outlined in 
the QAPP. 

Allan Moore, Engineer (210) 399-2522 
Natural Resources Conservation Service (NRCS) 

Responsible for overseeing the location, design, and installation of monitoring equipment on 
the demonstration sites. 

Guy Fipps, Extension Specialist (409) 845-3977 
Texas Agricultural Extension Service (T AEX) 

Responsible for overseeing the evaluation ofBMP effectiveness and implementation of 
educational workshops and seminars. 

Technical Advisory Committee 
This committee was formed to ensure that the technical activities of this project are properly 
addressed. 

Local Advisory Committee 
This committee was formed to ensure that the citizens along the Arroyo are informed on the 
progress of the project and have a opportunity to provide input and express concerns on the 
activities and direction of the project. 
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The Lower Rio Grande Valley serves as an intensive agricultural region of Texas. Major 
crops, grown predominantly under irrigation, include citrus, grain, sugar cane, cotton and 
vegetables. The source of irrigation water is the Rio Grande River. Area soils are 
naturally saline and this problem is complicated by a shallow, saline water table (five to 
seven feet). Drawdown of the water table is conducted by sub-surface drainage systems 
which have been installed to much of the irrigated land to mitigate toxic salt buildup. 
This water is then released to the Arroyo Colorado. 

The Arroyo Colorado is one of the more complex watercourses in the state. From its 
headwaters to its mouth, it has been extensively modified by the activities of man, which 
is reflected in both its hydrology and its water quality. Its lowest reach is estuarine, and 
issues into the Laguna Madre, an extremely productive, high-salinity embayment lying 
behind the barrier of Padre Island. The lower reach of the Arroyo is terminated by a 
fluvial delta system. However, the main channel of the Arroyo itself has been dredged 
for navigation, accommodating light draft traffic such as commercial fishing boats, 
barges and pleasure craft. 

The watershed of the Arroyo Colorado is principally agricultural, though the Arroyo also 
drains the urban areas of Harlingen, McAllen and intervening areas, and therefore is 
subject to urban runoff as well. Under low flows, the river is dominated by municipal 
effluents from these communities. Under storm flow, it receives runoff from both 
municipal and agricultural areas. Both types of runoff are highly influenced by 
alterations to the watershed. The low-relief, arid region is artificially plumbed by canals, 
aqueducts, siphons and pumping stations to provide irrigation water for the vast 
agricultural enterprises of the region. This same plumbing greatly influences the timing 
and volume ofrunoff. Similarly, the drainage ofthe urbanized areas consists of rectified, 
levied, intersecting channels with gates for controlling and directing the flow. The runoff 
response of the Arroyo is therefore quite different from what one would expect on the 
basis of natural runoff processes. 

This is further complicated by the extreme events which create flood stages on the Rio 
Grande River. Such events activate flood way systems that divert floodwaters through the 
upper Arroyo Colorado channel, making the Arroyo watershed, effectively, that of the 
Rio Grande. Quality of water in the Arroyo has been historically variable. At low stage, 
it exhibits all the problems expected of an effluent-dominated system in a hot, arid 
climate: high coliforms, low dissolved oxygen and high algal concentrations. In the 
estuarine reach these are exacerbated by the circulations associated with salinity intrusion 
in a deepened channel. These same areas act as sinks for silt and muds, which frequently 
bind hygroscopic contaminants. During flood events, the water may be affected 
(depending upon the characteristics of the storm and the operations of the drainageways) 
by urban and agricultural contaminants, especially pesticides. Past studies of the Corps 
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of Engineers and Texas Water Development Board have demonstrated the accumulation 
of pesticides in the deltaic sediments such as Malathion degradation products. 

There are several agricultural BMPs that are commonly used on agricultural fields in the 
Arroyo Colorado Watershed which include: 

• The use of conservation cropping rotations to maintain or improve soil conditions. 

• The use of crop plant residues to protect fields during critical erosion periods. 

• The use of pest management to control agricultural pest infestations such as weeds 
and insects that effect plant growth and crop production. 

• The use of nutrient management to control the amount, form, and placement of 
nutrients applied to agricultural fields. 

This project will encourage the voluntary adoption of best management practices (BMPs) 
for controlling and preventing non-point source pollution from dryland and irrigated 
croplands. The approach is to establish demonstration sites on area dryland and irrigated 
farms where local farmers and organizations can observe the benefits and effectiveness of 
specific BMPs. 

There will be three best management practices implemented on the dryland 
demonstration site. The first BMP that will be used is nutrient management which 
prescribes split-application of nutrients and determination of residual amount of nutrients 
in the soil. The second BMP that will be utilized is crop plant residue management. The 
project will determine if crop plant residues left on the treated ~eld result in less 
constituents leaving the site. The final BMP that will be utilized is precision land forming 
which is reshaping the surface of a field into planned grades. 

There will be two best management practices implemented on the irrigated demonstration 
site. The first BMP that will be used is irrigation management. This management practice 
will focus on how improved irrigation technology, the frequency that the fields are 
irrigated, and the volume of water placed on the fields affect the quality and quantity of 
water discharged from site. The other BMP that will be used is nutrient management and 
will utilize split -application of nutrients and determine the residual amount of nutrients in 
the soil. 

The project will also develop educational materials and support the transfer of 
demonstration results to other sites and areas. 



Section A6: Projectrfask Description 

Section A6 
Revision No.1 

5/21/97 
Page 10 of 39 

The NPS Prevention in the Arroyo Colorado Watershed Project will be a multidiscipline 
effort to demonstrate and evaluate the effectiveness of selected BMPs to reduce nutrient 
and pesticide loading of the Arroyo Colorado Watershed. 

The purpose of this project is to collect sufficient data on two demonstration sites to 
determine if the installation of BMPs significantly improves water quality. The 
concentration of nutrient and pesticide levels before and after installation of BMPs will 
be used to determine the effectiveness of selected BMPs in reducing nutrient and 
pesticide loading to the Arroyo Colorado Watershed. 

The Arroyo Colorado project will implement two demonstration sites and determine their 
effectiveness in abating nonpoint source pollution associated with agricultural runoff. The 
first demonstration site will be on 60 acres of dry land cropland in Cameron County. A map 
of the dryland demonstration site (Attachment Bl-4) is shown on page 22 of the QAPP. 
This demonstration site will have a control field with conventional practices and a treated 
field with the benefit ofBMPs. 

There will be three best management practices implemented on the dryland 
demonstration site. The first BMP to be used is nutrient management. On the control site 
standard nutrient application methods will be utilized. On the treated site split-application 
of nutrients will be applied and the residual amount of nutrients in the soil will be 
identified to determine correct nutrient application rates. The use of split-applications of 
nutrients allows the application to occur during a plants growing cycle when the plants 
can use the nutrients most efficiently. The second BMP that will be utilized is crop plant 
residue management. At the dryland demonstration site, crop plant residue management 
will be utilized on the treated fields at a minimum rate of 2000 pounds per acre. On the 
control field, the crops will be tilled into the soil and will not be left remaining on the 
surface of the field as a residue. The final BMP that will be utilized is precision land 
forming which is reshaping the surface of a field into planned grades. The control site 
will not have precision land forming implemented on the site. However, the treated site 
will have precision land forming implemented on the site which will control erosion and 
constituents leaving the site. 

The second demonstration site will be on 40 acres of irrigated cropland in Cameron County. 
A map of the irrigated demonstration site (Attachment Bl-5) is shown on page 23 of the 
QAPP. This demonstration site will have a control field with conventional practices and a 
treated field with the benefit of BMPs. The project will utilize a subsurface drainage 
monitoring system located on the treated and control field to monitor the impact of BMPs 
on the irrigated cropland. 

There will be two best management practices implemented on the irrigated demonstration 
site. The first BMP that will be used is irrigation management. This management practice 



Section A6 
Revision No.1 

5/21197 
Page 11 of 39 

will focus on how improved irrigation technology, the frequency that the fields are 
irrigated, and the volume of water placed on the fields effect the quality of water 
discharged from site. The other BMP that will be used is nutrient management. On the 
control site standard nutrient application methods will be utilized on the site. On the 
treated site split-applications of nutrients will be applied to the site and the residual 
amount of nutrients in the soil will be identified to determine correct application rates of 
nutrients. The use of split-applications ofnutrients allows the application of nutrients to 
occur during a plants growing cycle when the plants can use the nutrients most 
efficiently. 

Water samples collected from the two demonstration sites in Arroyo Colorado Watershed 
will be analyzed for the presence of nitrates, orthophosphates, pesticides, and total 
suspended solids. The pesticides that will be analyzed during this project have been used 
on the dryland and irrigated demonstration sites in the past few years and will be used on 
these sites during the project. Water samples will be collected on the dryland site when a 
rainfall runoff event occurs and on the irrigated site when an irrigation or rainfall event 
results in subsurface drainage. 

During the course of the project, BMPs will be designed and implemented prior to water 
sampling. At the conclusion of water sampling, BMPs will be evaluated to determine 
their effectiveness in limiting NPS pollution. Mathematical model(s) will also be applied 
to individual fields and agriculturally dominated regions of the project area to show B:MP 
system efficiency. The models that will be used include EPIC, EPIC-WT, and 
DRAINMOD and the models will be verified using data from the demonstration sites. The 
model(s) used in the final analysis will depend upon the validated individual model(s) 
performance. Edge-of-field load reductions for nutrients, pesticides and sediment will be 
calculated for the demonstration sites and estimated for the project area. 

The Southmost SWCD will be primarily responsible for the installation of demonstration 
sites. The NRCS will be primarily responsible for the installation of monitoring equipment. 
Water sample collection will be performed by the Southmost SWCD. TIAER will be 
primarily responsible for laboratory analysis of water samples. T AEX will analyze the 
monitoring data and determine the effectiveness of the BMPs. TIAER will apply 
mathematical model(s) to individual fields and agriculturally dominated regions of the 
project area. Edge-of-field load reductions for nutrients, pesticides and sediment from 
BMPs will be calculated for the demonstration sites and estimated for the project area. The 
educational and technology activities will be done by T AEX. Table A6-l lists the 
monitoring plan milestones. 
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Table A6-1 Monitoring Plan Milestones 

Nov 1995 

Nov 1995 

July 1997 

July 1997 

Aug 1997 

Install BMPs on treated fields 

Monitoring equipment installed and monitoring initiated 

Conclusion of water quality sampling 

Draft Project reports on modeling results and BMP effectiveness 
submitted. 

Final Project reports on modeling results and BMP effectiveness 
submitted. 
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Nonpoint source pollution generated from the agriculture industry has the potential for 
contaminating surface water resources in the Arroyo Colorado Watershed. The project's 
data quality objective is to demonstrate water quality improvements from BMPs 
designed to reduce nutrient and pesticide stormwater loadings from agricultural fields. 
BMPs will be evaluated in their effectiveness to a confidence level of 90 percent. The 
project hosts a number of participants including: 

1) US Environmental Protection Agency, Region VI (EPA) 

2) Texas State Soil and Water Conservation Board (TSSWCB) 

3) Texas Natural Resource Conservation Commission (TNRCC) 

4) Texas Institute for Applied Environmental Research (TIAER) 

5) Texas Agricultural Extension Service (T AEX) 

6) Natural Resources Conservation Service (NRCS) 

7) Southmost Soil and Water Conservation District (SWCD) 

8) Local landowners 

This project will demonstrate the effectiveness of selected agricultural BMPs to reduce 
nutrient and pesticide loading in the Arroyo Colorado Watershed. For the two 
demonstration sites, when sufficient overland water flow exists, water samples will be 
collected from the sites. To aid in evaluating BMPs, mathematical model(s) will be used. 
Edge-of-field load reductions for nutrients, pesticides and sediment will be calculated for 
the demonstration sites and estimated for the project area. 

Automatic ISCO water samplers will be utilized to collect water samples during 
stormwater runoff events. Water samples will be collected from the demonstration sites 
(a maximum of 8 runoff events or 48 samples I year and a minimum of 3 runoff events or 
18 samples I year for each demonstration site). However, the number of samples that can 
be collected at the demonstration sites is totally dependent upon the weather conditions. 
Concurrent flow data will provide information to locate the beginning, peak and end of 
storm water runoff events at each site. Concurrent flow data will be estimated from water 
levels with standard open-channel flow equations such as the Chezy-Manning equation 
for the irrigated demonstration site and wier discharge equations for the dryland 
demonstration sites. The ISCO 3700 water samplers will be set up to catch the first flush 
of runoff from the demonstration sites when sufficient flow exist. The automatic sampler 
timers will be programmed with different time sampling regimes for each demonstration 
site (Table B1-3). Samples for analysis will be selected based on the following criteria: 
Samples will be analyzed within the estimated accuracy and precision limits of measured 
parameters to insure data quality (Table A7-1). The accuracy limits shown in (Table A 7-) 
are for the laboratory data quality and not water quality. 
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Because generalized fertilizer recommendations often result in an increased risk in 
excessive fertilizer application, soil samples \>,!ill be taken at each treatment site and 
analyzed for nutrients and texture in order to determine the appropriate fertilizer rates. 
These soil samples will be analyzed by the Texas Agricultural Extension Service Soil, 
Water and Forage Testing Laboratory. Estimated determinations for precision and 
accuracy for laboratory analyses, based on an extensive database, are outlined in Table 
A7-2. 
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Table A7-1 Estimated Accuracy and Precision Limits of Measured Water Parameters 

·Nutrient/pollutant Processing Precision Limits Accuracy Limits Estimated Practical 

Agency (PD)* ** Quantity Limits * * * 

Conductivity TIAER 10% 90-110% I 0 f.!mhos/cm 

Total Suspended TIAER 10% NA 50 mg!L 

Solids 

Chemical Oxygen TIAER 10% 80-120% 30 mg!L 

Demand 

Nitrate-Nitrite TlAER 10% 80-120% 0.030 mg!L 

Nitrogen 

Orthophosphate - TIAER 10% 80-120% 0.050 mg!L 

Phosphorous 

Ammonia Nitrogen TlAER 10% 80-120% 0.185 mg!L 

Total Kjeldahl TlAER 10% 80-120% 0.97 mg!L 

Nitrogen 

Total Phosphorus TIAER 10% 80-120% 0.505 mg!L 

Parathion (methyl) TlAER 12% 61- 123% 0.059 J.lg/L 

Azinphos-methyl TIAER 10% 37- 127% O.Q3 J.lg/L 

Malathion TIAER 10% 66- 118% 0.036J.1g/L 

Permethrin (cis) TIAER 29% 41- 157% 0.66 J.lg/L 

Permethrin (trans) TIAER 29% 41- 157% 0.66 J.lg/L 

Triflura1in TlAER 15% 3- 177% 0.16 J.lg/L 

Prometryn TIAER 30% 10-110%t 0.20 J.lg/L 

Atrazine TlAER 20% 31- 132% 0.500 J.lg!L 

Percent Deviation NA Not applicable 

•• These represent the maximum al1owable accuracy limits. mg!L milligrams per liter 
Typically the actual accuracy limits will be narrower. I' giL micrograms per liter 

• • • PQL determined by multiplying MDL by 5.0 11mhos/cm miromhos per centimeter 
t Determined in the TIAER laboratory 
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Table A7-2 Accuracy and Precision Limits of Measured Soil Parameters 

Parameter Processing Precision Limits Accuracy Limits PQL 

Agency 

Nitrate-nitrogen TAEX 4% 30% 0.05 

mg!kg 

Phosphorus TAEX 4% 5% (acid soils) 0.05 

mg!kg 

pH TAEX 0.3% 1% 4-10 

Potassium TAEX 22% 8% 5 mg!kg 

Calcium TAEX 2% 15% (acid soils) I mg!kg 

Magnesium TAEX 4% 6% (acid soils) I mg/kg 

Sodium TAEX 25% 9% 5 mg!kg 

Sulfate TAEX 14% not determined 0.500 !lg/L 

PQL = Practical Quantity Limits 

Data collection and analyses will meet an 90 percent data completeness. These data will 
be presented as mean levels for evaluation. Statistical comparison ofBMPs will include 
analysis of variance with a 90 percent level of confidence. Although 100 percent of 
collected data should be available, accidents, insufficient sample volume, or other 
problems must be expected. A goal of 90 percent data completeness will be required for 
data usage. If less than 90 percent data completeness occurs, the Program Manager will 
initiate corrective action. Data completeness will be calculated as a percent value and 
evaluated with the following formula: 

% completeness 

Where: 

SV X 100 
ST 

SV =number of samples with a valid analytical report 
ST =total number of samples collected 

The TIAER Laboratory will determine the precision of its analyses. This will be 
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accomplished by repeating the entire analysis of a sample once per batch or once per I 0 
samples which ever is the greater frequency. Percent deviation of duplicate analyses (X 1 

and X2) will be calculated using the formula: 

Percent Deviation = .(X1 - XI) x I 00% 
(X1+X2) 

Where: X 1 = larger of the two observed values 
x2 =smaller of the two observed values 

The accuracy of the analytical process will be monitored by determining the percent 
recovery of a spike quantity of the parameter in question once per batch or once per I 0 
samples which ever is the greater frequency. The following formula will be utilized to 
determine percent recovery: 

%Recovery 

Where: 

SSR-SR 
SA 

X ]00 

SSR = spiked sample result 
SA = spike added 
SR = sample un-spiked result 

The accuracy of water samples collected will be reviewed by taking equipment blanks on 
5% ofthe samples collected. This would amount to collecting a equipment blank once per 
20 samples collected at each demonstration site. This will be accomplished by taking 
samples of deionized water through the ISCO samplers and sending the samples to the 
TIAER Laboratory for analyzes. 

The Quality Assurance Manager will review the data for abnormalities or any unusual 
results. Any of these that occur will be traced back looking for sources of error. In the 
event no error is found, the data will be assumed normal and appropriate for decision 
determinations. If an error is found and cannot be resolved then the data will be 
discarded. 

The Quality Assurance Manager will coordinate with the Project Manager and the 
laboratory supervisor to ensure that proper protocols are utilized. Table A7-l shows the 
study limits established for accuracy and precision. 
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Reporting will. include quarterly progress reports, reimbursement requests, and a final 
report at the culmination of the project. 

Quarterly progress reports will note activities conducted throughout the quarter, items or 
areas identified as potential problems. Any changes or amendments to the QAPP will be 
submitted for approval prior to implementation. Corrective Action Report forms( CARs) will 
be utilized by TIAER when necessary (Attachment Al0-1). CARs will be included in 
TIAER's annual quality assurance report and will be available to project participants, upon 
request. 

Laboratory results with a summary of data to date will be prepared periodically and 
distributed to project participants upon request. Variations from the QAPP and subsequent 
CARs will be filed by the responsible agency. CARs relating to analysis of water samples 
will be filed by the TIAER laboratory manager. 

Reimbursement requests for TIAER will be handled by the Tarleton State University 
accounting office in Stephenville. Reimbursement requests for NRCS will be handled by 
the NRCS Financial Management Section in Temple. Reimbursement requests for SWCD 
will be handled by the SWCD staff in Harlingen. 

The final report will include results of laboratory and statistical analyses with a summary 
of the data that was collected during the course of the project. Hard copies of all raw 
data, laboratory analyses, documentation records, calibration logs, and other pertinent 
information will be available for inspection. All original data, both hardcopy and 
electronic forms, will be archived by TIAER for at least 5 years. 



Attachment Al0-1 Corrective Action Report (CAR) Form 

Corrective Action Report 

CAR#: ____________ __ 

Date: _____ _ Area/Location: 
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---------

Reported by: ________ _ Activity: __________ _ 

State the nature of the problem, nonconformance or out-of-control situation: 

Possible causes: 

Recommended Corrective Actions: 

CAR routed to: ---------------
Received by: ___________ _ 

Corrective Actions taken: 

Has problem been corrected: YES NO 

Quality Assurance Coordinator: ____________ _ 

Project Manager: ___________________ _ 

Quality Assurance Officer: ___________ __ 

Laboratory Manager: ______________ _ 
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This project is designed to target two demonstrations sites within segment 2202 of the 
Arroyo Colorado Watershed. Work to be completed on the demonstration sites includes: 
implementing appropriate NPS pollution control BMPs, identifying the levels of 
contamination after BMP implementation, and demonstrating any resultant changes in 
water quality. The waterborne constituents which will be measured to demonstrate BMP 
effectiveness are shown in Table B 1-1. 

Two demonstration sites will be installed and their effectiveness in abating nonpoint source 
pollution associated with agricultural runoff will be determined. The first demonstration site 
will be on 60 acres of dryland cropland. A map of the dryland demonstration site 
(Attachment Bl-4) is shown on page 22 of the QAPP. This demonstration site will have a 
control field with conventional practices and a treated field with the benefit of BMPs (see 
section A -6 for list of BMPs) . 

The second demonstration site will be on 40 acres of irrigated cropland in Cameron County. 
A map ofthe irrigated demonstration site (Attachment Bl-5) is shown on page 23 of the 
QAPP. This demonstration site will have a control field with conventional practices and a 
treated field with the benefit of BMPs. The project will utilize a subsurface drainage 
monitoring system located on the treated and control field to monitor the application of 
BMPs on the irrigated cropland (see section A-6 for list of BMPs). 

In order to assess whether selected BMPs will reduce nutrient and pesticide loading of the 
Arroyo Colorado Watershed, water samples will be taken at the two demonstration sites. 
Stormwater runoff will be collected in these locations with ISCO automatic sampling 
devices during each rainfall event that is of sufficient intensity and duration to trigger the 
automatic sampling devices. Stormwater runoff samples will be collected from each 
demonstration site up to a maximum of 8 runoff events or 48 samples I year and a 
minimum of 3 runoff events or 18 samples I year for each demonstration site(Table B 1-
2). Sampling on the demonstration sites will be completely weather dependent so fewer 
than 48 samples may occur. The automatic sampler timers will be programmed with 
different time sampling regimes for each demonstration site (Table B 1-3). The timing of 
when samples are collected may be adjusted based upon individual site response. The 
dryland demonstration site will have earthen berms separating the site from other adjacent 
fields and a earthen berm separating the control and treated fields from each other. 

In order to determine appropriate fertilizer application rates at the two treatment sites, soil 
samples will be collected and analyzed. Approximately 30 random samples will be taken 
per treatment site for a total of 60 samples each year and a 120 samples for two years. 
Samples will be taken at depths ofO to 6", 6- 12", 12- 18", 18 -24", and 24-36". 
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This project will evaluate BMP effectiveness at a confidence level of90 percent over the 
sampling period. Water quality data collected from the irrigated and dryland sites with 
and without BMP implementation will be compared to demonstrate BMP effectiveness. 

Table Bl-1 Waterborne Constituents 

Parameter Reporting Units 

Conductivity flmhos/cm 

Chemical Oxygen Demand mg/L 

Total Suspended Solids mg/L 

Ammonia Nitrogen mg/L 

Total Kjeldahl Nitrogen mg/L 

Nitrate-Nitrite Nitrogen mg/L 

Orthophosphate Phosphorous mg/L 

Total Phosphorous mg/L 

Methyl Parathion flg/L 

Azinphos-methyl flg/L 

Malathion flg/L 

Permethrin (cis/trans) flg/L 

Trifluralin flg/L 

Prometryn flg/L 

Atrazine Jlg/L 

Table Bl-2 Number of Samples 

Sample Type Agency Maximum Number of Minimum Number of 
Samples per Year Samples per Year 

Runoff Treated Irrigated Site SWCD 48/year 18/year 

Runoff Control Irrigated Site SWCD 48/year 18/year 

Runoff Treated Dryland Site SWCD 48/year 18/year 

Runoff Control Dry land Site SWCD 48/year 18/year 

* Minimum desired number of samples; however, actual number of samples is dependent 
upon weather conditions. 
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Sample Number Dryland Site Overland Flow * Irrigated Site Subsurface Flow * 
# 1 Time 0.0 Hours Time 0.0 Hours 

#2 Time 1.0 Hours Time 3.0 Hours 

#3 Time 3.0 Hours Time 6.0 Hours 

#4 Time 6.0 Hours Time 12.0 Hours 

#5 Time 9.0 Hours Time 18.0 Hours 

#6 Time 12.0 Hours Time 24.0 Hours 

* All times referenced to sampler activation time of 0.0 hours. 



Attachment Bl-4 Location Map for Dryland Demonstration Site 
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Attachment Bl-5 Location Map for Irrigated Demonstration Site 
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Emphasis during this project will be placed on sampling stormwater runoff from two 
agricultural demonstration sites. Stormwater runoff samples will be collected with 
automatic sampling equipment. Each unit will consist of a weatherproof, lockable 
instrument shelter; a solar I battery powered system and a timer controlled ISCO Model 
3 700 Water Sampler. A pressure transducer will be used on the dry land demonstration 
sites to activate the samplers when the water rises to a predetermined level. The pressure 
transducers will be used to measure the elevation of water above the transducer and this 
data will be stored on a data logger on a continual basis. A float and pulley system will be 
used on the irrigated demonstration site to activate the samplers when the water rises to a 
predetermined level. The float and pulley system will be connected to a data logger which 
will record the water level elevation within the drainage tile on a continual basis. 

Up to 6 samples may be collected as the ISCO 3700 water sampler contains a set of 12 
one liter glass bottles. For the laboratory to analyze the samples received one liter of 
water must be collected for pesticides and one liter of water for other constituents, i.e., 
two one liter bottles comprise a single sample. 

Water samples will be collected with the automated water samplers when the water level 
rises to a predetermined point. Concurrent flow data will provide information to locate 
the beginning, peak and end of stormwater runoff events at each site. Flow will be 
estimated from water levels with standard open-channel flow equations such as the 
Chezy-Manning equation for the irrigated demonstration site and wier discharge 
equations for the dryland demonstration sites. The ISCO 3700 water samplers will be set 
up to catch the first flush of runoff from the demonstration sites when sufficient flow 
exist. The automatic sampler timers will be programmed with different time sampling 
regimes for each demonstration site (Table Bl-3). 

Soil samples will be taken at depths of0-6", 6-12", 12-18", 18-24" and 24-36". Samples 
will be mailed to the T AMU Soil Testing Lab at College Station for analysis. Soil 
samples will be collected following recommendations made by TAEX (attachment B2-1) 

All automatic sampling equipment will be inspected at least once every two weeks and 
serviced as needed. Sample collection at the demonstration sites will be performed by the 
Southmost SWCD Quality Assurance Coordinator or his representative. After a rainfall 
event, the ISCO samplers will be inspected within 24 hours to see if water samples have 
been collected. If the ISCO samplers properly collected water samples, then the samples 
will be transported to the TIAER laboratory for analysis. 

Any problems encountered during the collection of water samples will be documented 
with a Corrective Action Report (See Attachment Al0-1). Corrective Action Reports 
must be documented in writing and is the responsibility of the Southmost SWCD Quality 
Assurance Coordinator or his representative. 
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Attachment B2-l Procedure for Taking Soil Samples 

Step 1. 

Procedure For Taking Soil Samples 
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Requirements for sample handling include collection, preservation, shipping, transfer of 
sample custody, and storage in a manner that does not compromise sample integrity or 
exceed holding times for analyses. Table B3-1 delineates sample container, preservation 
and holding time information for parameters of interest in this project. A sample COC is 
included in Attachment B3-2. The sampling team will, upon collection, labeling and 
preservation of the samples, complete the sample description, date/time of collection 
information and sign the COC to transfer custody. The COC, sealed in a water proof bag, 
will be packed with the samples in coolers with ice, sealed with tape and shipped to the 
laboratory. Custody seals on sample bottles and shipping coolers will not be used on this 
project because the potential for litigation or fines is not expected to exist. Shipment of 
samples from the Harlingen area will be accomplished overnight to the Stephenville 
laboratory using Greyhound Bus Lines as the primary carrier. Federal Express and 
United Parcel Service priority shipments will be used as backup methods. 

Once the samples are received at the laboratory, they will be inventoried against the 
accompanying COC, any discrepancies noted, and the COC will be signed for acceptance 
of custody. The sample numbers will then be recorded into a laboratory sample log, 
checked for preservation (as allowed by the specific analytical procedure), filtered or 
pretreated as necessary, and placed in a refrigerated cooler dedicated to sample storage. 

The Laboratory Manager has the responsibility to ensure that all holding times are met. 
This is documented on COC for sample dates and times and on analytical run logs for 
analysis dates and times. 



Table B3-1 Sample Preservation and Holding Times 

Parameter Method Sample Size 

Ammonia Nitrogen EPA 350.1 1 liter 

Nitrate-Nitrite Nitrogen EPA 353.2 1 liter 

Total Kjeldahl Nitrogen EPA 351.1, 1 liter 
EPA 351.2 

Orthophosphate Phosphorus EPA 365.2 I liter 

Total Phosphorus EPA 365.4, I liter" 
EPA 365.2 

Total Suspended Solids EPA 160.2 1 liter 

Conductivity EPA 120.1 1 liter 

Chemical Oxygen Demand Hach 8000 1 liter 

Azinphos (methyl) EPA 1657 I liter 

Malathion EPA 1657 I liter 

Parathion (methyl) EPA 1657 1 liter 

Prometryn EPA 1657 1 liter 

Atrazine EPA 1656 1 liter 

Trifluralin EPA 1656 1 liter 

Permethrin (cis/trans) EPA 1656 1 liter 

A W-GB=aluminum foil wrapped glass bottles 
H2S04=concentrated sulfuric acid 
4 °C= 4 degrees centigrade 

Container 

AW-GB 

AW-GB 

AW-GB 

AW-GB 

AW-GB 

AW-GB 

AW-GB 

AW-GB 

AW-GTLL 

AW-GTLL 

AW-GTLL 

AW-GTLL 

AW-GTLL 

AW-GTLL 

AW-GTLL 

A W-GTLL=aluminum foil wrapped glass with Teflon lined lid 

Preservation 

pH<2 H2SO,, 4°C 

pH<2 H,SO,, 4°C 

pH<2 H,SO,, 4°C 

4°C 

pH<2 H,SO,, 4°C 

4°C 

4°C 

pH<2 H2S04 , 4°C 

4°C • 

4°C • 

4°C • 

4°C • 

4°C • 

4°C * 

4°C • 

* sodium thiosulfate must be added to 0.008% if sample contains chlorine residual 
* * 7 days until extraction, 40 days to analyze after extraction 
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Holding Time 

28 days 

28 days 

28 days 

28 days 

28 days 

7 days 

28 days 

28 days 

7 days •• 

7 days •• 

7 days •• 

7 days •• 

7 days** 

7 days •• 

7 days** 



Chain of Custody Form (Attachment B3-2) 
(located on the following pages) 
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llrlll~~ll 
Project Name/No. 

~ 

f 
~ 

10000 

10000 

10000 

10000 

10000 

10000 

10000 

10000 

10000 

10000 

10000 

10000 

10000 

10000 

10000 

10000 

Relinquished By: 

Relinquished By: 

SAMPLE TYPES 
t"'('H,JTAIN~R TVPF!;· 

g ~ . ~ • ~ c 
~ .3 

. 

Dale 

Date 

V • Volunteer 
M • muniple containers 

(Attachment B3-2) 

CHAIN OF CUSTODY 
tojed ManagoriPerson Request1ng Sample 

! l . p . 
t ~ 
~ ~ 

Time: 

Time 

r - r lOW Based Compos 
P • plastic 

·-

t 
·~ K 

F 

Received By: 

Rece1vod By: 

T- TO - Based Compos1te 
G • glass 

-r_amplers Name 

S " SeQuential 
0 :r dark 

Comments 

,... - P--~ G =Grab 

-
Page of 

I . I 

I 

I 

I 



=m=lll~~~ 

~ ~ 
~ 

i 
0 0111 

~ 

~ 
, 
~ 0 

10000 

10000 

10000 

10000 

10000 

10000 

10000 

10000 

10000 

10000 

10000 

10000 

10000 

10000 

10000 

10000 

Received By: Date: 
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Water Quality Data Entry Sheet (for all samples} 
FIELD PARAMETERS ONLY!!III 

! ] 
H\ ~ ~ Sample Oep Weier Trm Cond 

Sh I ! ~~ 8~ n ·c 1Jmhos 

~ • " ~ 

; 

Time: S1gnature 

I Entered by: 

D.O. zso 
pH Re<lo• 

moll n 

.. 

COMMENTS FOR ENTR '' ............... 0 COLUMNS 

1M .. Instrument malfunction 
EF = Equipment failure 

TE =Technician Error 
HTE·F =Holding Time Exceeded. Field 

-
" 

Page of 

Verified by: 

. 



Will~~~ 

~ ~ -! ~ 
~ 

Oa!t 

! ! 0 
u 

10000 

10000 

10000 

10000 

10000 

' 
10000 

10000 

10000 

10000 

10000 

10000 

10000 

10000 

10000 

10000 

10000 

Rece1ved By Oate 

(Attachment B3-2) 

Water Quality Data Entry Sheet (for all samples) 
LABORATORY ANALYSIS ONLY!!!! 

~ I ... 
' K ~ s~, • t . . N02-N N03-N o-P04 .... ... 
~ w 

T.mo S•gnature 

TP NHJ-N 

COMMENTS FOR ENTRY IN DATA COLUMNS 

TKN 

EF :EQuipment Fa•ture 
TE • Techmc•an Error 

OC,. Quality Control failed HTE-l ~ Hold•ng Time E•ceedod ·lab 
STAT: Sta\ISI•call}•close HTE-F,. Holdw•y l1me £~cceded. Fu~ld 

Page of -
!Entered by: Verified by: 

Chi-a BOO TSS coo Fecal Coliform 
mg/mJ 5-day 

-

IN T ,. lnlcrlorcnce 

TNTC,. Too Numerous To Count 



Section B4: Analytical Methods Requirements 
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Only EPA approved methods shall be used for analytical data collection in accordance 
with 40 CFR 136. Documentary logs shall be maintained for instrument maintenance and 
calibration, sample extractions, standard and matrix spiking preparations. Table B4-l 
delineates specific methods of analyses with equipment and instruments to be used and 
estimated method detection limits. Sample analysis will be performed by the Texas 
Institute for Applied Environmental Research, Tarleton State University, Stephenville, 
Texas. Glassware and labware shall be cleaned according to the specific method 
requirements. Corrective actions shall be initiated and resolved as described in section 
B5. 

Table B4-1 Laboratory Analytical Methods 

Parameter Method Equipment Used Estimated MDL • 

Ammonia Nitrogen EPA 350.1 Perstorp Analytical Autoanalyzer 0.037 mg!L 

Nitrate-Nitrite Nitrogen EPA 353.2 Perstorp Analytical Autoanalyzer 0.006 mg!L 

Total Kjeldahl Nitrogen EPA351.1, Perstorp Analytical Autoanalyzer 0.194 mg!L 
351.2 with Tecator block digester 

Orthophosphate Phosphorus EPA 365.2 Bechman DU64 Spectrophotometer 0.010 mg!L 

Total Phosphorus EPA 365.4, Perstorp Analytical Autoanalyzer 0.101 mg!L 
365.2 with Tecator block digester 

Total Suspended Solids EPA 160.2 Sartorius AC2JP or Mettler A T261 10 mg!L 
Analytical Balance, Oven 

Conductivity EPA 120.1 Platinum electrode, Hach conductivity 2.0 J.imhos/cm 
meter, model 44600 

Chemical Oxygen Demand Hach 8000 Hach DR2000 6 mg!L 

Azinphos (methyl) EPA 1657 Thermionic Bead Nitrogen- Phosphorus 0.009 J.lg/L 
Malathion Detector 5% carbowax packed primary 0.0 II J.ig!L 
Parathion (methyl) with % carbowax Gas Chrom Q 0.018 J.lg/L 
Prometryn confmnation column 0.020 J.lg/L 

Trifluralin EPA 1656 Electron Capture Detector, DB-608 0.05 J.lg/L 
Permethrin (cis/trans) primary column with a DB 170 I 0.02 J.lg/L 
Atrazine confirmation column 0.50 J.lg/L 

* MDL- Method Detection Limit, redetermined periodically. 
MDLs determined October 1996 
Pesticide MDLs determined September 1996 

Soil samples collected during this project will be analyzed by the Texas Agricultural 
Extension Service Soil, Water and Forage Testing Laboratory in College Station, TX. 
There are no EPA approved methods for these sample matrices. Accepted procedures are 
listed in Table B4-2. 



Table B4-2 Soil Analytical Methods 

Parameter Method Equipment Used 

Nitrate-nitrogen Colorimeter, 41 Onm TRAACS2 
Phosphorus tcp3,4 Perkin-Elmer 
pH Electometric Orion Digital 
Potassium ICP Perkin-Elmer or Spectro 
Calcium ICP Perkin-Elmer or Spectro 
Magnesium ICP Perkin-Elmer or Spectro 
Sodium ICP Perkin-Elmer or Spectro 
Sulfate ICP Perkin-Elmer or Spectro 
Conductivity Conductivity Horizon Ecology 

bridge 

1 MDL is the Method Detection Limit. 
2 TRAACS autoanalyzer by Braun and Luebe. 
3 ICP is Inductively Coupled Plasma Spectroscopy. 
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Estimated MDL I 

0.1 

10 ug!L 
30 ug/L 
29 ug!L 

N/A 

4 Analysis of P using ICP has comparable results to colorimeter analysis, as per Donaho 
and Alto, 1992. 



Section BS: Quality Control Requirements 
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Samples shall be acquired using automated ISCO samplers with glass bottles and silicon 
tubing to assure integrity of pesticide analytes. 

Data acceptance criteria shall be based upon precision and accuracy monitoring as 
described in Table 85-1. Method Detection Limit (MDL) estimates are listed in Table 
B4-1 above. MDLs are determined by analyzing a low level standard at 3-5 times the 
estimated MDL. This standard is analyzed 7 times using normal calibration and 
instrument operating conditions. The standard deviation of the 7 readings is determined 
and multiplied by 3.14 to obtain the MDL for the parameter of interest. Analytical 
precision shall be determined through the use oflaboratory duplicate samples. For 
pesticides, matrix spikes (MS) and matrix spike duplicates (MSD) are used. The Percent 
Deviation is determined from the duplicate values. Sample matrix spiking, the addition 
of a known amount of the analyte of interest to a sample aliquot, is used to determine 
interferences present in the sample matrix. Accuracy is determined by percent recoveries 
of matrix spikes and of a Laboratory Control Sample (known spike of deionized water). 
Acceptance limits are listed in Table 85-1. In the event that a pesticide is detected in a 
sample from an unfamiliar site, the use of a secondary column analysis is required. This 
is a separate gas chromatographic column with different operating parameters used to 
confirm the presence of the pesticide. In the analysis of pesticides, surrogates standards 
are also added to all samples, calibration standards and method blanks. Surrogates are 
similar in chemical composition to the pesticides of interest, but are not likely to be 
present. This method shows that no pesticide loss occurs during sample preparation steps 
or GC operation. The use of method blanks, deionized water carried through all · 
processes, will demonstrate that no contamination of samples occurs through laboratory 
handling or operation. Method blanks shall be used with every parameter in this project 
except conductivity and will be done on a 10% basis. Spikes and duplicate analyses will 
be performed will be done on a 10% basis for each set of samples collected .. 

In the event that a situation arises which may indicate a compromise of sample integrity 
or data quality, a Corrective Action Report (CAR) shall be initiated (Attachment Al0-1). 
The person who first identifies the out-of-control situation shall initiate a Corrective 
Action by completing the first portion of the form and presenting it to his/her immediate 
supervisor. Out-of-control situations include, but are not limited to, automated 
stormwater sampler malfunction, broken sample bottles, missed holding times, 
instrument malfunction, improper preservation, or acceptance criteria for precision and 
accuracy not met. An attempt shall be made to correct the problem at the source level, 
supervisory levels, or the Project Manager may decide on what action to take if further 
action is deemed necessary. CARs initiated by TIAER Laboratory Manager will be 
included in TIAER's annual quality assurance report and will be available to project 
participants, upon request. 



Table BS-1 QC Acceptance Criteria 

Parameter Percent 
Deviation (PD) 

Ammonia Nitrogen 
Nitrate-Nitrite Nitrogen 
Total Kjeldahl Nitrogen 
Orthophosphate Phosphorus 
Total Phosphorus 
Total Suspended Solids 
Conductivity 
Chemical Oxygen Demand 
Azinphos (methyl) 
Malathion 
Parathion (methyl) 
Prometryn 
Atrazine 
Trifluralin 
Permethrin (cis) 
Permethrin (trans) 

DBC= dibutyl chlorendate 
TBP= tributyl phosphate 
TPP= triphenyl phosphate 

10% 
10% 
10% 
10% 
10% 
10% 
10% 
10% 
10% 
10% 
12% 
30% 
20% 
15% 
29% 
29% 

Spike 
Recovery 

SurroJate 
Use 

80-120% NA 
80-120% NA 
80-120% NA 
80-120% NA 
80-120% NA 
NA NA 
NA NA 
80-120% NA 
37-127% TBP,TPP 
66-118% TBP,TPP 
70-130% TBP,TPP 
10-110% t TBP,TPP 
31-132% DBC 
3-177% DBC 
41-157% DBC 
41-157% DBC 
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Surrogate LCS 
Recovery Recovery 

NA 80-120% 
NA 80-120% 
NA 80-120% 
NA 80-120% 
NA 80-120% 
NA 80-120% 
NA 80-120% 
NA 80-120% 
40-120%83-119% 
40-120%82-108% 
40-120%89-114% 
40-120%70-130% 
40-120%70-130% 
40-120%47-134% 
40-120%70-130% 
40-120%80-120% 

t Determined m the TIAER laboratory 
Once matrix effects have been established forparameters, control charts will be used to 
establish more narrow acceptance criteria for LCS, duplicates and spikes. 



Section B7: Instrument Calibration and Frequency 
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Instruments and laboratory equipment used in the analyses of these samples are listed in 
table B4-l above. All instruments are calibrated prior to use with the exception of the 
COD system which maintains a stored calibration curve and is functionally checked with 
a laboratory control standard prior to use. Calibration is normally performed with a 5 
point standard curve. The exception is for conductivity which uses a two point LCS 
check for the platinum cell electrode. ISS also requires no standard other than class "S" 
weights used to check the balance. Stock standards are made from ACS certified 
materials where possible. Pesticides standards are made from NIST traceable sources. 
All certified standards are maintained traceable with certificates on file in the laboratory. 
Dilutions from all standards are recorded in the standards Jog book and given unique 
identification numbers. The date, analyst initials, stock sources with Jot number and 
manufacturer, and how dilutions are made are also recorded in the standards Jog book. 
The flow meters used on the irrigated and dry land demonstration sites will be calibrated 
according to manufacturers directions. 

All automatic sampling equipment will be inspected at least once every two weeks and 
serviced as needed. After a rainfall event, the ISCO samplers will be inspected within 24 
hours to see if water samples have been collected. If the ISCO samplers properly 
collected water samples, then the samples will be transported to the TIAER laboratory for 
analysis. 
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Section B9: Data Acquisition Requirements (Non-direct Measurements) 

There is a weather station located on the irrigated demonstration site. This project will 
make use of weather data collected at this site as an input for the mathematical models. 
The mathematical models will determine the effectiveness of the BMPs in reducing edge­
of-field loadings. 



Section Cl: Assessments and Response Actions 
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The commitment to use approved equipment and approved methods when obtaining 
environmental samples and when producing field or laboratory measurements requires 
periodic verification that the equipment and methods are, in fact, being employed and 
being employed properly. This verification will be provided through an annual field 
performance audit performed by TSSWCB. Individual field personnel will be observed 
during the actual field investigation to verify that equipment and procedures are properly 
applied. If any problems are discovered in the monitoring procedures that would affect 
the quality of data collected at the demonstration sites than the problems will be 
addressed by the project participants and followed up with a Corrective Action Report. 
The TIAER laboratory will not undergo a performance audit by TSSWCB. The TIAER 
laboratory has an internal system of quality assurance and assessment to ensure the 
quality of data produced. Also, TNRCC and EPA may conduct a performance audit for 
this project. 

All laboratory analyses will have the precision and accuracy of data determined on the 
particular day that the data were generated. Depending on the analysis, certain 
methodologies require that water blanks, standards, and reagent blanks be analyzed to 
verify that no instrument or chemical problem will affect the quality of the data. The 
specific requirements are presented in Section B5 of the QAPP. 

To minimize downtime of all measurement systems, all field measurement and sampling 
equipment, and all laboratory equipment must be maintained in a working condition. 
Also, backup equipment or common spare parts will be available if any piece of 
equipment fails during use so that repairs or replacement can be made quickly and the 
measurement tasks resumed. 



Section C2: Reports to Management 
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The field measurement and sampling for the project will be done according to the QAPP. 
However, if the procedures and guidelines established in this QAPP are not successful, 
corrective action is required to ensure that conditions adverse to quality data are 
identified promptly and corrected as soon as possible. Corrective actions include 
identification of root causes of problems and successful correction of identified problem. 
Corrective Action Reports will be filled out to document the problems and the remedial 
action taken. Laboratory CARs initiated by TIAER Laboratory Manager will be included 
in TIAER's annual quality assurance report and will be made available to project 
participants, upon request. 



Section DI: Data Review, Validation, and Verification 
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The project manager, laboratory manager and monitoring team personnel will be 
responsible for reviewing, validating, and verifying the measurement and sample data and 
the routine assessment of measurement procedures for precision and accuracy. 

The Laboratory Manager shall be responsible for reviewing raw data produced by the 
TIAER laboratory. The Laboratory Manager shall check calculations on a 10% basis to 
verify that data is entered into the database correctly and be responsible for internal lab 
error corrections. Corrective Action Reports will be initiated in cases where invalid or 
incorrect data has been determined to have left the laboratory. Data outlier will be 
determined by constructing box plots and all data points that fall outside the inner fence 
will be considered outliers. The outliers will be checked for error in data transmission. 
Since most water quality data is not normally distributed, a natural log transformation on 
the data will be completed before construction of the box plots. Extreme outliers from the 
dataset (data points outside the outer fence) will be removed only if an error in data 
transmission can not be found. Nutrient data determined to be non-detected shall be 
reported as one-half the method detection limit. Pesticide data determined to be non­
detected shall be reported as zero. The Quality Assurance Manager will review the 
project data prior to its usage in modeling and determination ofBMP effectiveness for 
abnormalities or any unusual results. Any of these that occur will be traced back looking 
for sources of error. In the event no error is found, the data will be assumed normal and 
appropriate for decision determinations. If an error is found and cannot be resolved then 
the data will be discarded. 

Whenever the procedures and guidelines established in this QAPP do not meet the 
specified levels of data quality, corrective actions will be required. Corrective action 
shall be initiated if variances from proper protocol are noted. Implementation of 
corrective actions will be the responsibility of the Quality Assurance Coordinator or the 
Laboratory Manager. Each manager may also initiate corrective action on his own 
initiative, if situations arise that require immediate attention. Documentation of any 
corrective action procedures through the Corrective Action Report (Attachment Al 0-1) 
will be provided by the appropriate manager, along with the results of implemented 
changes. 



Section D3: Reconciliation with Data Quality Objectives 
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Data completeness in this project will be relative to the number of storm water and 
irrigation events sampled as compared to the number of proposed sampling events. 
Unforeseen weather conditions or equipment unreliability may reduce the number of 
events sampled. Accidents in handling, shipping, and laboratory analysis may also 
reduce the completeness of the sampling program. It will be the goal of this project to 
achieve 90% completeness in data collected. The validity of data collected will be 
analyzed using at-test. However the data may need to be transformed using a natural log 
transformation since most water quality data contains unequal variances (variances that 
increase with the size of the mean). Nonparametric test such as the Wilcoxon test on 
median values could be used if there is a concern that the data does not meet the 
assumptions for parametric analysis even after transformation. 

Representativeness and comparability of data, while unique to each individual collection 
site, is the responsibility of the Project Manager and the General Manager. By following 
the guidelines described in this QAPP, and through careful sampling design, the data 
collected in this project will be representative of the actual field conditions and 
comparable to similar applications. Representativeness and comparability of laboratory 
analyses is the responsibility of the Laboratory Manager. 

The Project Manager will review the final data to ensure that it meets requirements as 
described in this QAPP. 
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Data completeness in this project will be relative to the number of storm water and 
irrigation events sampled as compared to the number of proposed sampling events. 
Unforeseen weather conditions or equipment unreliability may reduce the number of 
events sampled. Accidents in handling, shipping, and laboratory analysis may also 
reduce the completeness of the sampling program. It will be the goal of this projectto 
achieve 90% completeness in data collected. The validity of data collected will be 
analyzed using at-test. However the data may need to be transformed using a natural log 
transformation since most water quality data contains unequal variances (variances that 
increase with the size of the mean). Nonparametric test such as the Wilcoxon test on 
median values could be used if there is a concern that the data does not meet the 
assumptions for parametric analysis even after transformation. 

Representativeness and comparability of data, while unique to each individual collection 
site, is the responsibility of the Project Manager and the General Manager. By following 
the guidelines described in this QAPP, and through careful sampling design, the data 
collected in this project will be representative of the actual field conditions and 
comparable to similar applications. Representativeness and comparability of laboratory 
analyses is the responsibility of the Laboratory Manager. 

The Project Manager will review the final data to ensure that it meets requirements as 
described in this QAPP. 



APPENDIX D 

TIAER Laboratory Audit 

ARROYO COLORADO WATERSHED NONPOINT SOURCE POLLUTION PROJECT 



TEXAS STATE SOIL & WATER CONSERVATION BOARD 
319 NPS PROJECT QUAPP AUDIT 

Effective utility services and ideal environmental conditions such as proper 
lighting, ventilation, temperature and minimum noise levels were observed. Lab 
equipment was observed to be in good condition with thermometers where 
necessary (refrigerator and incubator) temperature log books are also kept by 
personnel, clean sinks and counters. Lab personnel is responsible for lab 
maintenance and warranties are always kept on expensive equipment. Lab safety is 
currently practiced: safety glasses, safety signs, emergency shower, etc. are 
available. The Lab uses standard "A" equipment. Since my last visit in November 
1995, the lab has added a new piece of equipment that improves the data handling 
process, that is the PE Nelson 1022 which increases test results accuracy and might 
save up to half the time compared to the old method. This equipment is being used 
for the analysis of pesticides listed on the project's QAPP. The lab follows a QA/QC 
procedures manual approved by Mark Murphy (Lab Manager) and Nancy Easterling 
(0/A Manager), approved SOP Manual, and EPA-Methods for the Determination of 
Non conventional Pesticides in Municipal and Industrial Wastewater, EPA 821 RR-
92-002. The lab has improved the statistical analyses of the data by developing and 
incorporating a macro in the Microsoft excel spreadsheet software. 

TSS, COD, Nitrate-Nitrite Nitrogen, Orthophosphate-Phosphorus, Ammonia 
Nitrogen, Total Kjeldahl Nitrogen, Total Phosphorus, Methyl Parathion, etc. as listed 

Table A7-1 Estimated Accuracy and Precision Limits of Measured Parameters on 
.14, rev. No. 1, are being analyzed at this location as mentioned in the project 

QAPP, except for Conductivity. It is a matter of concern whether such parameter 
needs to be determined at the Lab or out in the field, the QAPP needs to be 

rrected to show which processing agency is responsible for Conductivity. 
All parameters are tested using the equipment and the EPA approved methods 

isted on Table 84-1 Laboratory Analytical Methods on p.28, QAPP revision No. 1, 
the exception of COD which is determined by using the Hach 8000 instead of 

e Hach 2000, EPA method 410.4. The method used is equivalent to the EPA 
10.4 listed on the Table 84-1. QA/QC is ensured by following QC requirement. The 

standard is analyzed 7 times using normal calibration every 6 months as instructed 
the Lab Manager. Sample Matrix spiking is performed every 10 samples. Method 

used for eve and are done on a 1 0% basis. Lo books are 



kept on every procedure. Additional practices such as always keeping ovens at right 
temperature, running blanks, preventing loose data sheets by recording data in log 
books, running duplicates at least every 1Oth sample to calculate deviation, using 
statistical methods to accept data are all QC practices followed by lab personnel. 

The lab manger has expressed concern on the current sample handling 
procedures being followed by the contractor. The lab has received samples past the 
allowable preservation time, whether it is due to shipping, preservation or transfer of 
sample custody problems is yet to be investigated. The lab still analyzes such 
samples but the results are not being considered statistically. Corrective action 
report forms (CARs) are being utilized but are not being submitted every quarter as 
part of the project quarterly reports (which are not being submitted either) as stated 
on Section A 10: Documentation and Records p. 17 rev. No.1, but annually, as part 
of an annual report. The CAR form displayed on p.18 is currently being used to 
document such actions. The lab follows Sample handling and custody procedures as 
stated on p. 25 revision No. 1 and uses the Chain of Custody form-Attachment 83-2, 
on p. 27. 

C. Corrective Action 

Another lab audit will be performed to ensure that current problems are 
corrected. Such problems to be addressed are: 

1. Conductivity test - responsible agency 
2. Quarterly reports - are not being turned in 
3. Sample handlinQ procedures by contractor- preservation times 

/o -;<.)--/£ 
DATE 

--------------- --~---
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TIAER Laboratory Data from Monitoring 
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Arroyo Colorado Monitoring Data 

Variable- format: 
Site- alpha numeric site designation (see abbreviations) 5. 
Sample#- numeric 10.0 
Date - mmlddlyy 
Time - hh:mm {military, central standard time] 
NH3-N value- numeric 8.4 
NH3-N remark- alpha numeric 
N02-N value- numeric 6.3 
N02-N remark- alpha numeric 
N03-N value- numeric 7.3 
N03-N remark- alpha numeric 
TKN value- numeric 6.2 
TKN remark- alpha numeric 
P04-P value- numeric 6.3 
P04-P remark - alpha numeric 
TP value- numeric 7.3 
TP remark- alpha numenc 
TSS value- numeric 8.2 
TSS remark - alpha numeric 
COD value - numeric 6.1 
COD remark- alpha n11meric 
Atrazine value- n11meric 8.3 
Atrazine remark- alpha numeric 
Azinphos (methyl) value- numeric 8.3 
Azinphos (methyl) remark- alpha numeric 
Malathion value- numeric 8.3 
Malathion remark- alpha numeric 
Parathion (methyl) value- numeric 8.3 
Parathion (methyl) remark - alpha numeric 
Permethrin (cis/trans) value- numeric 8.3 
Permethrin (cis/trans) remark- alpha mtmeric 
Prometryn value- numenc 8.3 
Prometryn remark - alpha numeric 
Trifluralin value- numeric 8.3 
Tritluralin remark - alpha numenc 
Comment~ - alpha numericfield co11tairung general comments relating to the sample 

NOTE: For each constituent, a value field and a remark field is listed. The value field contains numeric 
concentration values. Missing data is denoted with a period(.). The remark tield contains explanatory 
notes relating to the data point such as the method detecuon limit. When the analyte concentration was 
below the method detection limit (MDL) for the analytical procedure. t11e MDL is denoted in the remark 
column. One-half (1/2) the MDL was reported for concentration values for the followmg constituents: NH3-
N, N02-N, N03-N, TKN, P04-P. TP, TSS, COD. When pesticide concentrations were below the MDL, 
concentration values were reported as zero (0). If no concentration value is reported, the remark field 
usually contains an explanation for the missing data. If a quality assurance test fails for a group of samples, 
no value is assigned to the sample for the affected parameters. A period is entered into the value field and 
"'est. < MDL" is entered into the remark field. When a reduced sample volume was used for a test, the 
associated MDL was doubled. 



Abbreviations and Reporting Units: 

Constituent Abbreviation Units ReJ:!orted 
Ammonia Nitrogen NH3-N 
Nitrite Nitrogen N02-N 
Nitrate Nitrogen N03-N 
Total Kjeldahl Nitrogen TKN 
Orthophosphate Phosphorus P04-P 
Total Phosphorus TP 
Total Suspended Solids TSS 
Chemical Oxygen Demand COD 
Atrazine ATRAZ 
Azinphos (methyl) AZINP 
Malathion MALAT 
Parathion (methyl) PARAT 
Permethrin (cis/trans) PERME 
Prometryn PRO ME 
Trit1uralin TRIFL 

Abbreviations 
bmpdr =Dry land Site with BMP 
condr = Dry land Site (Control, without BMP) 
bmpir = Irrigated Site with BMP 
conir = Irrigated Site (Control, without BMP) 
HTEF = Holding time exceeded (field) 
EST = Estimated value and/or quality control test(s) fail 
1M = Instrument Malfunction 
mg!L = milligram per liter 
11g1L = microgram per liter 
STAT= statistically close 

mg!L 
mg!L 
mg!L 
mg!L 
mg!L 
mg!L 
mg/L 
mg!L 

I-! giL 
I-! giL 
I-! giL 
I-! giL 
I-! giL 
I-! giL 
I-! giL 

ND = no detection, i.e., concentration is below method detection limit 

C97-### or car97###- indicates the reference number(###) of the corrective action report submitted for 
the sample 

Inquiries: 
If you have any questions regarding the data reported, please direct inquiries to one of the following 
individuals. 

Joan Flowers 
Nancy Easterling 
Larry Hauck 

(254) 968-9554 
(254) 968-9548 
(254) 968-9561 

t1owers@ tiaer. tarleton .edu 
easterl@ tiaer .tarleton.edu 
hauck@ tiaer. tarleton.edu 

Project Manager 
Quality Assurance Officer 
Project Administrator 

These data are also available in digital format by directing a written request to: 
Texas Institute for Applied Environmental Research 
Tarleton State University 
Box T04l0, Tarleton Station 
Stephenville, Texas 76402 
Attention: Joan Flowers 
email: t1owers @tiaer. tarleton.edu 



Results of Water Quality Monitor •. o- Arroyo Colorado Project 
Nutrielll and Conventional Constituents 

NH3-N NH3-N N02-N N02-N N03-N N03-N TKN TKN I P04-P P04-P TP TP TSS TSS COD COD 
Site S;unplc # Dale Time value remark value remark value remark 

1

value remark value remark value remark value ~mark value remark .. .. ----- ---~ 

--·---- - -- ---- mg/L ... mg/L- mg/L 
---

mg/L ---- mg/L 
r-

mg!L mg!L 
. - mg/L 

_i:l_mpdr 1000021631 8/31/96 16:00 0.09 0.001 <.002 0.42 16.5 0.36 8.82 8120 204 
------- ----- - - -· ---- ----- -------- ---- ----- -- I - ---~ 

~lll_lldr:_ 1000021727 8/3 I/\)()__ 18:00 0.1 0.001 <.()02 .. 0.11 0.72 0.39 0.68 --- 162 22 --- ------ ----- -- -c-- f----- --- --
~mpdr:__ 1000021728 8/31/96 20:00 0.12 0.001 <.002 0.1 0.91 0.38 0.64 86 18 - ·- --
~!!\p~r 1000021729 9/1/96 0:00 0.11 0.001 <.002 0.1 0.9 0.37 0.64 68 22 -------- ------- f-------t---O~ll 

---- . --
1 b m Jl<lr:__ 1000021730 9/1/96 2;00 0.14 0.001 <.002 0.9 0.38 0.69 66 16 ,-- ~--- ---

~!!lr~r 1000021731 9/1/96 4:00 0.14 0.001 <.002 0.09 0.93 0.38 0.74 100 8 --------
9/27/96 

---- ------ ------::- ------- . -- -------- ~---- -
_ hmpdr_ _! 000023114 23:00 0.28 HTEF HTEF 15.8 HTEF 8.12 6260 124 

hm!l_~ 1000023115 9/28/96 1:00 0.15 HTEF HTEF 3.lJ5 HTEF 2.75 1590 42 
- - ------ --

bmpdr 1000023180 10/5/96 0:00 0.14 0.008 0.12 8.71 0.45 4.44 2500 132 -- ---
bmpdr 1000023181 10/5/96 2:00 0.15 0.004 0.06 4.71 0.42 3.01 1920 68 

1000023182 
- --- ----- -- --- - -·· 

:bmpdr 10/5/96 4:00 0.16 0.005 0.05 2.26 0.37 1.6 719 26 -- - --l hmpdr 1000023183 10/5/96 6:00 0.16 0.006 0.08 4.58 0.36 2.81 1950 66 ----[---------- ----- ---
hmpd! 1000023184 10/5/96 8:00 0.13 0.004 0.06 1.9 OJ 1.28 781 21 

To -:GO 
--- ----- - --

bmpdr 1000023185 10/5/96 0.13 0.003 0.03 1.77 0.21 0.96 574 15 
I b~p-;k -- --

0.001 
-----

1000023192 10/5/96 20:00 0.09 
--~ 

<.002 0.008 - <.0~~ 0.91 0.25 0.57 587 6 
_!Jmpd!_ 1000029149 3/11/97 9:00 t---o:53 ·- 0.01 0.08 4.53 0.52 2.06 1260 II 

------- ---------- - -- ... ------ -----r---- . ----
hmpdr 1000029150 3/11/97 11:00 0.08 1------- 0.014 0.08 l.lJ6 0.27 

--- 1.19 726 9 
r--0.08 

------- --- ---- --------
bmpdr_ 1000029151 3/11/97 13:00 O.QII 0.08 1.21 0.35 0.75 210 8 

-· 

!JmrJ!._ 1000018210 4/15/96 4:00 0.03 0.005 16.6 ,.!2·1 0.08 0.055 <.II 21 ~ 
16:00 

-- ------- ,---- ---,-,--f----- -- --'-:-:-- -c- f--· --- ---

J>!!lEir 1000018211 4115/96 0.03 0.005 15.7 O.S4 0.11 0.055 <.II 39 23 
f------ -------1------. 1------

bmpir 1000018212 4/16/96 4:00 0.0075 <.015 0.02 13.2 0.75 0.08 0.055 <.II 18.7 24 
---- -- --f---·------------

bmpir 1000018439 5114196 6:00 0.11 0.04 11.6 0.78 0.06 0.19 17 19 
'_bmpJ~-

----- ---- f----· --- --- --·-- ---- -- ... ---
I 00001 8440 5/14/lJ6 9:00 0.31 0.05 12 0.85 0.06 0.15 5 <10 15 ' 

------ ------ ------- ------ ------- I 
i _!l!!!(lir IOOOOIS441 5/14/96 12:00 0.09 0.02 11.4 1.02 0.06 0.14 25 18 

----------- ------ - ----- ---- .. -------- --- -- . ···-:---- ----
~~npir 1000018442 5/14/96 18:00 0.0075 <.01 5 0.05 12.9 0.81 0.06 1.21 26 19 -------------- ---------r--o.u- ---- _, _________ ---

_ bmp~~-- 1000018443 5/15/\)6 0:00 0.06 0.05 13 1.09 0.07 32 21 ------- --- ----------····--- ---- r~- ------ ---- --~ ----
hmp~_ 1000018444 5/15/96 6:00 0.0075 <.015 0.03 12.8 0.84 0.07 0.055 <.II 14 18 -----t----~-
bmpir 1000018445 5/15/96 12:00 0.0075 <.015 0.02 13.8 0.98 0.08 0.11 17 20 . 
--~ - ---t---· --
hmiJir 1000018451 5/15/96 18:00 0.0075 <.015 O.oJ8 13.5 0.51 0.07 0.16 12 22 --- -------- --- f-----··· 
bmpir_ 1000018452 5/16/96 0:00 0.0075 <.015 0.004 13.2 0.46 0.07 0.14 12 20 
hmpi!__ 1000018453 5116/96 6:00 0.0075 <.015 0.004 13.2 0.55 0.07 0.055 <.11 84 18 

--- ---- ----- -
bmpir 1000018454 5/16/96 12:00 0.0075 <.015 0.009 12.7 0.7 0.06 0.055 <.11 11 16 ---- -----

bmiJ!~- 1000018465 5/16/96 18:00 0.0075 <.015 HTEF HTEF 0.46 HTEF 0.055 <.II 5 <10 19 
------ ----- -- ... --

_lll!!IJi~ - 1000018466 5/17/96 0:00 0.05 HTEF HTEF 0.53 HTEF 0.055 <.II II 26 
------- -- -·-~--- --- ---

bmpir 1000018467 5117/96 6:00 0.06 _ _:_______ HTEF HTEF 0.36 HTEF 0.055 <.II 20 16 ------ ----~-- - ··---

bmpir 1000018468 5117/96 12:00 0.0075 <.0 15 HTEF HTEF 0.7 HTEF 0.055 <.II 5 -- <10 16 
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NH3-N 
Site __ Sample# Date Time value ---- _,_ 

bmpir 100001ll459 5/17/96 18:00 0.0075 
bmpir 1000018460 5118/96 0:00 0.0075 
bmpir 1000018461 511 ll/96 12:00 0.0075 ----
bmpir 1000019617 6/24/96 17:00 1.03 
bmpir 1000020510 8/14/96 8:00 0.12 
bmpir 1000020511 8/14/96 12:00 0.1 

bmpir 1000020512 8/14/96 16:00 0.12 
bmpir 1000020513 8/14/96 20:00 0.12 
bmpir 1000020514 8115/96 0:00 0.16 
bmpir 1000020515 8/15/96 4:00 0.11 

Results of Water Quality Monitoring - Arroyo Colorado Project 
Nutrient and Conventional Constituents 

I 

NH3-N I N02-N N02-N N03-N N03-N TKN TKN P04-P 
remark value remark value remark value remark value --- -----

<.015 HTEF HTEF 0.47 
<.015 0.003 11.4 0.67 0.07 

. --- ··-:-r- 6.54 
. 

. <015_1 ::i ~.002- 11.5 0.07 
f-· --

~ 2.18 0.07 
-·-f-· ·-f--

, . HTEF HTEF 0.99 
---··--

. HTEF HTEF 1.08 
o.oi4 f--

·---· 

2.69 1.07 0.05 

.. Q.Ql_ 2.47 1.15 0.05 
0.08 3.21 1.28 0.04 -
0.04 l 3.26 1.09 0.05 

bmpir 1000020678 8116/96 9:00 0.11___ . -~ HTEF I· . HTEF 
1 

0.91 .l . 

hmpi< I 000020679 8/16196 12'00 0.11 I ~~~ dl02 : 4 36~ 0.77 0.09 

bmpi< 10000206801 ~16/96115'00t.JC12 --: . . [.Je1101 I < (1(]2 14.58. __ ·-_···I 0 "I-· r 1109 
bmpir 1000020750 

1 
8/1_6/96 20:00 0.13 ----+- . _ HTEF , __ ·_ HTEF __Q.78 ·- . _ 

bmpir . 1000020751 8117/96 · 2:00' o.o;+= _)___. . HTEF [ . . HTEr,--+* ___ .. . 
bmpir 1 1000020752 8117/96 8:00~ ____ . . +=BfEF . HTEF 0.79 . . . 
bmpir 1000020753 8117/96_ 14:00' 0.07 . I 0.08. 0.008 <.015 0.89 4.17 
bmpir 1000020804 8117/96 20:00 0.08 _ 1 0.04 4.56 _ 0.69 ' 0.08 
bmpir 1000020805 8/18/96 2:00 0.05 0.03 4.71 0.69 0.08 

bmpir 1000020806 8/18/96 8:00 0.14 i 0.017 4.72 ~- 0.08 
bmpir 1000020807 8/18/96 14:00 0.06 0.001 <.002 4.54 0.67 ' 0.09 

--

·=l-0·~ bmpir 1000020863 8118/96 20:00 0.11 0.001 <.()02 4.47 0.08 
bmpir 1000020864 8/19/96 2:00 0.09 I 0.001 <.002 4.55 0.76 0.09 

---
r- 0.73 bmpir 1000020865 8119/96 14:00 0.1 0.002 

4.32 r-· 0.09 
:- .. -

bmpir 1000020951 8/19/96 20:00 0.0075 <.015 0.004 4.41 0.94 0.08 

bmpir 1000020952 8/20/96 2:00 0.0075 <.015 0.004 4.48 0.66 0.08 
.. 

bmpir 1000020953 8/20/96 8:00 0.05 0.003 4.49 0.68 0.08 
bmpir 1000020954 8/20/96 14:00 0.16 0.012 3.98 1.07 0.08 
bmpir 1000021089 8/26/96 18:00 0.1 ;+ 0.001 <.002 5.9ll 1.32 0.07 

f--· -
bmpir 1000021090 8/26/96 22:00 EST .72 (),()01 <.002 5.75 0.96 O.Oll 

bmpir 1 000021091 I 8/2 7196 2:00 EST .56 0.001 <.002 5.69 0.81 0.09 

bmpir 1000021092 8/27/96 6:00 EST .64 0.001 <.002 5.57 0.94 0.08 

bmpir 1000021093 8/27/96 10:00 0.47 0.001 <.002 5.82 0.96 0.08 

bmpir 1000021094 8127/96 14:00 0.61 0.001 <.002 5.43 0.9 0.17 
. . 

bmpir 1000021135 I 8/27/96 18:00 0.12 0.001 <.002 6.22 0.63 0.07 
. .. 

bmpir 1000021136 8/27/96 22:00 0.3 0.001 <.002 6.32 0.67 0.08 
. . 

bmpir . 100002113 7[ 8/28/_9~ _1:00 . 0.17 0.001 <.002 5.86 0.65 0.07 

Pag 

P04-P TP TP TSS TSS COD COD 
remark value remark value remark value remark 
HTEF 0.055 <.11 10 21 

0.11 12 21 
0.055 <.11 19 21 
0.24 43 12 

HTEF 0.33 52 32 
HTEF 0.22 19 24 

0.2 53 23 
0.21 11 17 
0.2 35 21 

0.23 18 20 
HTEF 0.16 19 15 

0.14 10 15 

0.13 5 <10 15 
HTEF 0.13 26 11 
HTEF 0.16 14 17 
HTEF 0.13 10 13 

0.055 <.11 14 13 _I 

0.13 16 15 
0.12 18 19 
0.11 11 18 

0.055 <.11 12 20 
0.24 24 9 
0.19 14 10 
0.18 28 9 

0.055 <.11 24 13 
0.055 <.11 21 17 
0.055 <.11 15 14 
0.055 <.11 27 13 
0.26 29 22 
0.21 16 20 

0.17 11 24 I 

0.17 16 22 
0.12 16 15 

0.055 <.11 12 17 
0.17 11 20 
0.18 15 21 
0.13 5 <10 21 



Results or Water Quality Monito. ~ - Arroyo Colorado Project 
Nutrient and Conventional Constituents 

NH3-N NH3-N N02-N N02-N N03-N N03-N TKN TKN P04-P P04-P TP TP TSS TSS COD COD 
Site S;unple # Date Time value remark value remark value remark value remark value remark value remark value remark value remark 

------ ------- -- --- -- ------ ------f---
bmpir 1000021138 8/28/96 6:00 0.16 0.001 <.002 5.97 0.75 0.07 0.12 5 _ <10 21 
~bmpir 1000021139 8/28/96 10:00 0.12 1-0_,QQ!_ <.002 5.6 0.88 0.08 0.12 5 <!-'-0--+---=-2::__1 +---

_tJI''Pi_r:_ 1000021140 8/28/96 14:00 0.45 __ ().ll()_l_l-_<_.0_02___ __ ~.64 0.88 _ 0.08 0.2 5 ___ <_10_+ __ 22_t-----
- bm]Jir 1000021312 8/28/96 18:00 _0.07 0.011 4.61 0.57 0.08 0.12 25 --+--25:---lf----
bmpir 1000021313 8/28/96 22:00 0.09 0.011 5.05 0.7 0.08 0.13 14 23 
t;;;;-p;-;: 1000021314 8/29/96 2:00 0.09 0.008 -··· 4.89 -0.7-71---- 0.08 0.055 <.11 15 22 ---- --- --f------------ ------- ---- ------ - =--+---
bmpir 1000021315 8/29/96 6:00 0.08 0.011 5.08 0.43 0.08 0.055 <.11 16 22 ----- - - ----r-- ----- ---

_bm_j)ir__ 1000021316 8/29/96 10:00 0.08 0.018 1--_5._15_ 0.43 ___ 0.08 ___ 0.26 5 _ <10 1"-9--+---
bmpir 1000021317 8/29/96 14:00 0.14 0.011 5.29 0.44 0.09 0.28 II 18 -- -- --- - -------- -- - ----r-- --

_bmpir _ 1000021632 8/29/96 20:00 0.03 J-!!EF HTEF 1 HTEF 0.28 19 __ 17 
bmpir 1000021633 8/30/96 2:00 0.03 HTEF HTEF 0.99 HTEF 0.18 16 17 
bmpir 1000021634 8/30/96 8:00 0.04 __ HTEF __ HTEF 0.77 HTEF 0.15 5 <10 -t----16--+-----
bmpir 1000021635 8/30/96 14:00 0.05 HTEF HTEF 0.73 . HTEF 0.13 26 13 
--- --- --- - ---~------

-~flljlj_r:_ 1000026440 1/31/97 18:00 0.1 ().(J4 -- -- -- 4.27 0.71 --- 0.07 0.14 32 17 
-~_m_pi_r _ !0_()_0026441 1/31/97 22:00 0.08 f---- _ _Q.04__ _ ___ 4.78 _ 0.87 ____ 0.09 0.051 <.101 12 _ __ 12 
bmpir 1000026442 2/1/97 2:00 __ 0.11 _().04 5.1 0.7~- __ 0.08 0.051 <.101 5 <10 11 

b!ll(J~~- 1000026443 2/1/97 6:00 0.1 --------r--Q:94 __ c--- 5.52 ------ 0.62 --- _(),_()~_ -- 0.051 <.101 5 <10 -j---"1_::_0-+------
bmpir 1000026444 211/97 10:00 0.15 0.03 5.12 0.53 0.08 0.051 <.101 5 <10 9 - ------ I - --

-bmri~ 1000026445 21!197 14:oo o.o9 _______ ().()~ 4.62 o.n o.o9 o.o51 <.101 5 <!Q __ -+----'-7 -+---
bmpir 1000026452 211/97 16:00 0.06 0.05 5.89 1.2 0.07 0.19 5 <10 17 ------ -------r-------- ------------ ------------------- -------- -------- ----
bmpir 1000026453 211/97 20:00 0.07 0.06 5.95 1.22 0.09 0.14 10 19 ------ ----- -------- -------- - ------ ------------- ---- ------- ----t---:-c:--t---
bmpir 1000026454 2/2/97 0:00 0.06 0.05 6.22 1.31 0.08 0.13 5 <10 20 : ----- - ------ -------- ---- ---- ---- ------ ---- --- - - ------ -- --- ---- ------ ---------1 

_bmpir 1Q(l00264_5_5 21_21_97_ 4:00 ___ ()._05 _ _ _ _ 0.05 ___ .. ~-- _ 1,~5 ____ 0_0~ __ 0.15 5 ~10 16 ___ , 
bmpir _ I 000_0_264_56 _2:_12_/9_7 8:00 (]:9_1~5 <.037 0.05 __ _2,~_ _ _(_).6_9 _ _(),_(lli_ 0.051 <.101 5 t-<10 12 __ 
bmpir 1000026457 2/2/97 12:00 0.06 0.05 5.93 0.72 0.08 0.051 <.101 5 <10 17 1 

bm;;;;:-- toooo26462 212m 18:oo o.o1s5 <.oi7 - - HTEF --- -HTEF- l.o8 - HTEF o.o51 <.1o1 5 <Io ~5 · 
t,;~pi~ 100002646:3 2/2/97 20:00 00185 <037 HTEF HTEF0 1.57 . HTEF- 0.051 <.101_5_ ~~0-- 16 1---
---- ---- --- -- ------ ----- ------ - --- f----
_bm_IJi~ 10_00_0_264_64 _ _ p3197 2:00 0.0185 _<:c_03_7_ __ __ t:!TE_F ___ _HTEF 0.89 ______ HTEF 0.051 <.101 5 <10 16 
bmpi~ _ _!_00_00_2~~~ _2_/_3/_9_7 _ ~:0_()_ _()_.C_J4 _ ______ _ HTEF _____ _!:!_T_I!_f"_ 0 82 HTEF 0_.0_5_1 <.10!__ 5 <10 _!~-t---
bmp_i£__ 1000026466 2/3/97 _ 10:00 0.04 _ HTEF HTEF O.S6 HTEF 0.051 <.101 5 <10 19 
bm!'ir__ 1000026467 2/3/97 14:00 0.05 _______ 0.05 _ _ 6.03 __ 0.87 __ 0.13 0.051 <.101 5 <10 17 
bmpir _ 1000026468 2/3/97 1S:OO 0.04 0.05 __ _ 6.08 _ _ 0.81 _ 0.13 0.051 <.101 5 <10 16 
bmpir 1000026469 2/4/97 0:00 0.0185 <.037 0.05 6.05 0.78 0.16 0.051 <.101 5 <10 17 

_b_m_pi£__ 1000026470 2/4/97 6:00 0.04 _0.05 5.84 0.84 0.13 0.051 <.101 5 <10 17 
bmpir 1000026471 2/4/97 12:00 0.05 0.05 5.8 0.66 0.14 0.051 <.101 5 <10 17 

' - b~eir__ 1000032683 6/13/97 18:00 0.07 car97201 car97201 1.17 car97201 0.039 <.077 22 11 
bm_pir 1000032684 6/13/97 22:00 0.05 car97201 car97201 1.08 car97201 0.1 STAT 14 2 <4 
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Site Sample# Date Time 
bmpir 1000032685 6/14/97 2:00 
bmpir 1000032686 6/14/97 6:00 
bmpir 1000032687 6/14/97 10:00 
bmpir 1000032688 6/14/97 14:00 
bmpir 1000032693 6/14/97 22:00 

bm~r __ ,]_00003269_~ 6/15/97 2:00 
~----

bmpir 1000032695 6/15/97 6:00 
bmpir 1000032696 6/15/97 10:00 

---· ---
bmpir 1000032697 6/15/97 14:00 
condr 1000021630 8/31/96 16:00 
condr 1000023112 9/27/96 23:00 
condr 1000023113 9/28/96 1:00 
condr 1000023174 10/5/96 0:00 
condr 1000023175 10/5/96 2:00 
condr 1000023176 10/5/96 4:00 

. - ----
condr 1000023177 10/5/96 6:00 
condr 1000023178 10/5/96 8:00 
condr I 000023179 · I 0/5/96 10:00 
condr 1000023189 10/5/96 20:00 -----
condr 1000023190 10/6/96 0:00 
condr 1000023191 10/6/96 4:00 
condr 1000029148 3/11/97 8:00 
conir 1000018214 4/16/96 4:00 
conir I 1000018213 4/16/96 16:00 
conir I 1000018215 4/17/96 4:00 
conir 1000018455 5/16/96 0:00 
conir i 1000018456 5/16/96 3:00 
conir 1000018457 5/16/96 6:00 
conir 1000018458 5/16/96 i 12:00 

100001846915/16/96,18:00 cunir 
cunir 1000018470 5/17/96 0:00 
conir I 1000018471 5/17/96 6:00 
conir 1000018472 5/17/96 12:00 
conir 1000018462 5/17/96! 18:00 

------ ----·-----·-- - --. .. ---1------
conir I 000018463 5/18/96 i 0:00 

---------- ---~----- . 

s;i87~<5 [~:0 conir 1000018464 
conir 1000018473 5/18/96! 18:00 

Results of Water Quality Monitoring - Arroyo Colorado Project 
Nutrient and Conventional Constituents 

NH3-N NH3-N N02-N N02-N N03-N N03-N TKN TKN P04-P P04-P 
value remark value remark value remark value remark value remark 
0.07 car97201 car97201 1.21 car97201 
0.09 car97201 car97201 0.76 car97201 
0.14 car97201 car97201 0.77 car97201 
0.05 car97201 car97201 0.67 car97201 
0.07 0.011 6.04 0.59 0.11 - -------· - --------~ 

0.04 0.006 5.88 0.57 0.13 
0.05 0.007 6.01 0.69 0.11 

~----- !----- ---- --
0.08 0.014 4.9 0.76 0.1 

1---
0.18 i O.QI 5.31 I 0.88 0.11 

------

! 25.2 
------

~6j9l 0.11 I 0.001 <.002 0.77 
0.31 HTEF HTEF 17.2 . HTEF 
0.15 HTEF HTEF 4.9 HTEF 
0.64 0.006 0.11 7.6 0.37 
0.2 0.006 0.1 4.45 0.37 

0.16 1 0.005 0.06 3.67 0.45 
------- --- ---

I o~o04 0.16 0.06 1.81 0.39 
0.15 0.004 0.06 1.89 0.35 
0.13 0.001 <.002 0.05 1.46 

t------
0.27 

0.13 0.001 <.002 0.018 0.47 0.21 
----- - - -·-------- -----

0.09 0.001 <.002 0.02 0.59 0.23 
-- --------- . . -----· --------

0.09 0.001 <.002 0.016 0.51 0.23 
0.19 0.02 0.18 3.77 0.38 
0.04 0.015 15.7 1 0.63 0.07 
0.06 0.04 16.4 0.91 I 0.07 

0.17 -+ 0.001 <.002 16 0.74. i 0.08 
0.0075 <.015 0.003 1 I 13.6 I 0.84 I 0.08 
0.0075 <.015 0.004 : 13.4 ' 0.65 0.07 
0.0075 <.015 l 0.002 13.2 ! 0.9~- 0.08 
0.0075 __<(_:2_12__~ o. 002 1 

12.6 0.67 0.08 
------

0.0075 <.015 1 . HTEF HTEF 0.42 HTEF 
0.0075 <.015 i . HTEF HTEF 0.34 HTEF --- I --· -- --· ----------

0.0075 <.015 I . HTEF 
. . ---

HTEF 0.63 HTEF 
. --. ------------- - - --- ------

0.0075 <c215_ +-- _. ___ HTEF HTEF 0.43 I HTEF 
-·--·-----· 

0.04 
~----

HTEF HTEF , 0.79 ! HTEF 
0.02 0.07 12.5 i 0.6 0.09 

-------

0.0075 __ <.()1_5_ __ O.()Q_3_ 14.1 0.46 0.07 
------------- 1--· 

I o.61 0.0075 <.015 0.003 11.7 0.07 

Pagt 

TP TP TSS TSS COD COD 
value remark value remark value remark 
0.08 5 <10 2 <4 
0.34 C97-203 2 <4 
0.28 C97-203 2 <4 
0.26 5 <10 9 
0.16 5 <10 2 <4 
0.15 16 5 
0.14 5 <10 4 
0.29 5 <10 2 <4 
0.45 5 <10 9 
10.5 11700 380 
5.48 5760 117 
2.48 1660 53 
3.83 3050 108 
2.5 1760 55 
2.22 1600 54 
1.25 471 16 
1.02 593 8 
0.98 626 20 
0.29 70 2.5 <5 
0.35 110 2.5 <5 
0.31 35 2.5 <5 
2.08 1540 13 

0.055 <.II 74 36 
0.13 197 30 
0.18 176 27 
0.2 119 20 

0.16 60 20 
1 O.JI 31 20 

0.055 <.II 40 16 
0.14 16 16 

0.055 <.II 5 <10 21 
0.055 <.II 5 <10 22 
0.055 <.II 10 21 
0.14 27 23 
0.12 14 20 

0.055 <.11 13 20 
0.055 <.II 14 34 



Site SanJ(lk # Date Time 
-·- - ------ ----

conir 1000020S03 S/IS/96 16:00 
------

conir 1000020S5S 8/IS/96 20:00 
--------- ---------

Cllllir 1000020S59 S/18/96 23:00 
--·--

conir 1000020860 8119/96 2:00 
--

conir 1000020861 8/19/96 8:00 ------ ---------1------
conir 1000020862 S/ 19/96 14:00 

---- --- ------
conir 1000020947 8/19/96 20:00 --- ------
conir 1000020948 8/20/96 2:00 

- ----------
conir 1000020949 8/20/96 8:00 --- ------
conir 1000020950 8/20/96 14:00 
-------
conir 1000020966 8/20/96 20:00 -------
conir 1000020967 8/21/96 2:00 
conir 1000020968 8/21/96 8:00 
conir 1000020969 8/21/96 14:00 -----
conir 1000021095 8/26/96 18:00 ---------
conir 1000021096 8/26/96 22:00 

------

conir 1000021097 8/27/96 2:00 ----
conir I 00002109 8 8/27/96 6:00 --------- -~-~---~-

conir 1000021099 '0/27/96 10:00 --- .. -~----

conir 1000021100 8/27/96 14:00 
-----

conir 1000021141 '0/27/96 18:00 
--- ------- ----
etmir 1000021142 8/27/96 22:00 
---- -------
conir 1000021143 8/28/96 2:00 
--- -~-·-- -- ---

conir 1000021144 8/28/96 6:00 
-~----

I oooo21 i45 
--------

conir 8/2S/96 10:00 
------·· ----

i4:<)o conir 1000021146 8/28/96 ------ -------
conir 1000021306 S/28/96 IS:OO 
--- -----

conir 1000021307 8/28/96 22:00 
conir 1000021308 '0/29/96 2:00 

-----------

conir 1000021309 '13129!')6 6:00 ---- --~----· ------ ------
conir 1000021310 S/29/96 I 0:00 

1---- -------
conir 1000021311 8/29/96 14:00 
·--------- ----------- -·------ ---

conir 1000021637 S/29/lJ6 20:00 
----·-~- ------
conir 1000021638 8/30/96 2:00 ----
conir 1000021639 8/30/96 8:00 

---- ----

conir 1000021640 8/30/96 14:00 
---- --- -----

conir 1000026427 1/29/97 18:00 

NH3-N NH3-N 
value remark 

------

2.S1 
. -

1.67 
1.03 

- -
0.74 
0.32 

- --· - - - -----~----

0.1 
--------- ------

0.07 
----------- --

0.06 
0.37 

----·. -------

0.06 ------ -

0.04 
··---

0.11 ----- -------
0.06 
0.06 
0.54 
0.51 
0.34 

0.25 
----------

0.13 
0.27 

--

0.17 
·-------- ~-----

0.17 
-- -------

0.0'0 -------- ---------
0.14 
0.1 --------

0.0075 <.015 
-------

011 -- --
0.14 
0.12 
... --

O.OlJ 
- - -------

0.12 
-----

0 I I 
0.03 

-------

0.02 
---

O.oJ'd 
---- f- --

Results of Water Quality Monitt,_ .. g- Arroyo Colorado Project 
Nutrient and Conventional Constituents 

N02-N N02-N N03-N N03-N TKN TKN P04-P 
value remark value remark value remark value 

--------- ---------· .. ---- --- --- ----------
0.07 1.35 4.4 0.06 
0.09 1.92 3.11 0.09 ----- - --

0.019 2.S 2.05 0.08 
----- ---- ----

0.014 3.12 1.68 0.08 

P04-P 
remark 

f----- ---- ---- ----
0.008 3.58 1.28 0.07 

TP TP 
value remark 
0.29 
0.2 

0.17 

0.17 
0.14 ------- -------- ------- ---------- ------- - -------- 1-------- ----

0.003 3.52 O.SS 0.06 0.22 
-------------- ---------- --------- -- ---- - -- --

0.006 3.2 O.S5 0.06 0.055 <.11 - .. -----
0.006 3.03 0.93 0.06 0.14 
··-------- ---------- ------
0.019 2.66 1.54 0.06 0.055 <.II -------- ----------- -----1---- ----

_._ __ 
0.009 2.85 0.57 0.06 0.055 <.11 - -

0.001 <.002 2.78 0.6 0.07 0.055 <.11 ----- ----- --.. 2.75 ----- --- ----

0.001 <.002 059 0.06 0.055 <.II ------ --- ---- -- ----- -------- ---- -- ------

0.001 <.002 2.79 0.91 0.06 0.055 <.II ----- -- ----f---- ---·-
0.001 <.002 2.82 0.92 0.06 0.055 <.II ----
0.001 <.002 6.41 1.13 0.2 0.18 

--
0.001 <.002 6.31 1.01 0.21 0.19 
0.001 <.002 6.11 0.9 0.18 0.27 
0.001 <.002 6.16 0.98 0.08 0.24 

-----
0.001 <.002 6 0.76 0.09 0.2 -- ··- --
0.07 5.5 I 0.09 0.17 

.. -
0.001 <.002 5.28 0.78 0.08 0.14 

------ ------- -------- ·----- --
0.001 <002 5.19 0.86 0.08 0.055 <.II ------
0.001 <.002 5.02 0.63 0.08 0.055 <.11 ----- -------- -~---- --------- ----- -----

0.00 I <.002 5.33 0.65 O.OS 0.055 <.II 
--- --- - -- -- -- ---- I --- -·---

0.001 <.002 5.13 0.6 O.OS 0.055 <.II 
- ------- - ------ -- ----- - -·-----

Q.OOI <.002 5.05 0.71 0.08 0.055 <.II ----------- ----
ii.o7 

-----
0.014 5.94__ 0.5'! 0.27 ----

r-il.78 
----

0.014 5.79 0.07 0.22 
-----·---- ----- -------- ----

0.17-0.0 II 5.45 0.34 0.08 I -- . -----

o om; 5.75 OlJ o.os 0.15 ----- --- ----- ------ - -· ------- ----
0011 5.S9 041 0.0'0 0.13 
-------- ----- ----- --- --

0.0 II 5.42 0.47 0.08 0.13 
- ---. ----- - -- - --- --- ---- - - -----c--------

HTEF HTEF 0.85 HTEF 0.12 
----- -------

-HTEF ---~ 
-----

HTEF 1.03 HTEF 0.055 <.II -----·-· ·---- ------ -----

HTEF HTEF 0.85 HTEF 0.15 
------- --------- --- - ---

0.0075 <.015 
~-

HTEF HTEF 1.14 HTEF 0.15 ---- ------ -- ------- --

0.09 0.13 5.43 1.76 0.13 0.73 

TSS TSS COD COD 
value remark value remark 

Sl 19 
---

56 12 ---- ---
16 13 

---
5 <10 14 

-~-- -
5 <10 10 

--- -- ------ ----· 
14 II 

- f----- --·· 
19 10 

------
5 <10 11 

-------
14 II 

- . --11 ---
12 

---
5 <10 16 ---------
5 <10 14 

----

5 <10 18 

5 <10 12 

86 11 
.. 

18 20 
12 18 _,. __ -------
16 20 

5 <10 21 
11 21 ---
II 20 

-- ----
5 <10 22 

.. 

5 <10 18 t---- -- ----
36 18 

7- ----
IS 

12 
!---·-·-

23 
-----r--ZIO r---- -

5 23 
24 25 
5 <10 22 
5 <10 22 

----

5 <10 20 

5 <10 21 
-----------

5 <10 15 
5 <10 17 
5 <10 18 

--
16 16 

490 31 



I 
NH3-N NH3-N 

Site Sample # Date Time value remark --- --

conir 1000026428 1129/97 22:00 0.1 ------- -

conir 1000026429 1130/97 2:00 0.09 
- - ~ 

conir 1000026430 1/30/97 6:00 0.07 - -----

conir 1000026431 1130/97 10:00 0.06 
~-

conir 1000026432 1/30/97 14:00 0.05 ----
conir 1000026434 1130/97 18:00 0.0185 <.037 - ~~ 

conir 1000026435 1130/97 22:00 0.11 
conir 1000026436 1131/97 2:00 0.1 
conir 1000026437 1131/97 6:00 0.16 
conir 1000026438 1131/97 10:00 0.11 

conir 1000026439 1131/97 14:00 0.13 
conir 1000026446 1131/97 18:00 0.09 
conir 1000026447 1131197 22:00 0.09 
conir 1000026448 2/1197 2:00 0.12 I 

-
conir 1000026449 2/1197 6:00 0.1 
conir 1000026450 2/1197 10:00 0.09 
conir 1000026451 2/1197 14:00 0.11 
conir 1000026458 2/1/97 18:00 0.0185 <.037 
conir 1000026459 2/2/97 0:00 0.04 
conir 1000026460 2/2/97 6:00 0.08 
conir 1000026461 2/2/97 12:00 0.0185 <.037 
conir 1000032689 6/14/97 2:00 0.11 
conir 1000032690 6/14/97 6:00 0.07 
conir 1000032691 6/14/97 10:00 0.06 
conir 1000032698 6/14/97 14:00 0.36 
conir 1000032699 6/14/97 18:00 0.09 

~ --
conir 1000032700 6/14/97 22:00 0.1 

~-~ 

conir 1000032701 6/15/97 10:00 0.1 

Results of Water Quality Monitoring - Arroyo Colorado Project 
Nutrient and Conventional Constituents 

N02-N N02-N N03-N N03-N TKN TKN P04-P P04-P 
value remark value remark value remark value remark 

- ~ -- --
0.11 I 5.15 1.28 0.1 
0.1 6.38 1.27 0.12 
0.12 ~ t ----

5.9 1.5 0.26 
657 

---- -~ 

0.12 1.57 0.12 
--·-

0.11 6.45 1.45 I 0.12 
--

0.08 5.25 1.42 0.09 
0.07 4.38 1.38 0.1 
0.06 5.67 1.09 0.1 
0.05 5.74 1.38 0.1 
0.04 5.31 0.9 0.1 
0.04 5.3 0.84 0.1 
0.03 4.63 0.77 0.08 
0.03 4.39 1.39 0.09 
0.03 4.41 1.44 0.09 
0.03 5.33 1.52 0.09 
0.05 6.46 1.41 0.08 
0.05 6.84 1.27 0.1 
0.05 7.1 0.92 0.08 
0.04 7.06 I 0.08 
0.04 7.35 0.95 0.08 
0.04 7.38 0.97 0.08 

car97201 car97201 0.82 car97201 
car97201 car97201 0.71 car97201 
car97201 car97201 0.79 car97201 

----·----
0.03 5.28 1.18 0.1 

-~ 

0.011 7.45 0.93 0.11 
-- ·-----

0.017 7.4 0.86 0.11 
0.008 7.18 0.81 0.12 

Pagt' ) 

TP TP TSS TSS COD COD 
value remark value remark value remark 
0.33 198 13 
0.27 !56 14 
0.25 STAT 137 13 

~-

0.24 126 29 
0.24 119 12 

-~ 

0.37 330 16 
0.31 207 14 
0.6 515 15 

0.44 356 12 
0.28 205 13 
0.46 438 10 
0.24 251 19 
0.19 114 25 
0.34 245 22 
0.35 226 19 
0.29 107 20 
0.19 69 19 
0.051 <.101 14 16 

0.051 <.101 22 17 
0.051 <.101 5 <10 18 
0.051 <.101 5 <10 18 
0.29 13 9 
0.25 STAT 45 12 
0.16 12 2 <4 -
0.38 5 <10 6 
0.39 48 2 <4 
0.4 90 7 
0.32 44 4 



Results of Water Quality Monilc 6 - Arroyo Colorado Project 
Pesticides 

Azinphos Azinphos Parathion Parathion Permetluin Permethrin 
Atrazine Atrazine (methyl) (methyl) Malathion MalatlJion (methyl) (methyl) (cis/trans) (cis/trans) 

_ ~~!'::._ __ -~~npl~_!__ __ [.)~[(!___ Time __ \I;~U_(!_ remark v<~u~ ___ r~;~·~- _ value remark value __ remark value remark 

---+-----+------i----i--'1-l~.,g,c/L= __ __ __ _ _ __ !_lg/L Jlg/L Jlg/L Jlg/L 
hmpdr 1000021631 8/31/96 16:00 Q _<:,50 ____ 0 <.009 0 <.011 0 <.018 0 <.2 

_b_m_Lpd_r--+lc-:0-::-0-::-00::-:2c-:-1-=-72::-:7+--8-:-:/3c-:-l-c:/9--,64_18_:-,-00+---:I_.( ___ l8_7_1_______ 0 <.009 0 <.Og ___ r-_ 0 <.018 0 <.2 
~~Il_r~~ !QQQQ~!72~ !lf~ll~~ 2o:oo 0.638 o <.009 _Q ___ __ <:-Ql~--t----:-o __ --+_<--,.0_1-=-8--+---=o---+ __ <_.2 __ 
bmpdr 1000021729 9/1/96 0:00 I.IX 0 <.009 0 <.011 0 <.018 0 <.2 ----- ------ ---- f--- --- -------+---:--:--+---:-:-::--t--::---1----,--
bmpdr 1000021730 9/1196 2:00 0.522 __ 0 <.009 _ 0 <.011 0 <.018 0 <.2 

~lllrdr:_ 10_9.Q02!Zll ~1112~ 4:00 _ _Q_ ____ <_l_.oo__ _ o <.009 o~~-- <.022 o <.036 o __ <_.4_ 
bmpdr 1000023114 9/27/96 23:00 0 <.5 0 <.009 0.016 __ 0 <.018 0 <.2 
~clllpdr _ !000023115 9/28/96 1:00 0 <.5 0 <.009 0.016 0 <.018 0 <.2 
bmpdr 1000023180 10/5/96 _Q:OO_ 0 <.5 EST<.009 EST<.Oll EST<.018 0 <.2 
hmpdr 1000023181 10/5/96 2:00 1.056 _____ ?l'!<:,Q~ ______ EST<.022 EST<.036 0 <.4 

bmpdr 1000023182 10/5/96 4:00 0.994 o <.009 -----::-::-.oc-c_-+_<.'-'-0_11'---+------::-co~--+-<-"-.o:...:1-=8--r---::-:o-::-:---+---'-<=.2-
-~~p_dr _10_00021!~~ _!_(ll~{~~ 6:00 0 <.5 0.055 0.016 --f---2:()1_9____ ___ _ 0.506 
hmpdr 1000023184 10/5/96 8:00 2.063 0 <.009 0.014 0 <.018 0.548 --- -------- ----- --. --- - ------------ ---
hrn_!lllr:__ 1oooo23185 to/5/96 10:oo _Q~!L ______ o <.Oo9 ()J)1(l_ _ o <.018 o.5 
bmpdr 1000023192 10/5/96 20:00 0 <.5 0 <.009 0 <.011 0 <.018 0.478 
h;;;-pdr- 1000029149 3/11/97 9:00 I 45 ~--------r----0 --- -<.669 ___ - -0- <.011 0 <.018 0 <.20 

h--~rd~-~ioooo291lQ: 3/tt{'!_7_ tt:oo --liJ.il·.-:-_
1 
__ ~-~~- --=--g_---- .-:-_<.o69 ___ --- o <oi1 - o <.ot8 o <.2o 

h_m_p_dr:__~029151 3/11197 13:00 6.33 -i--- r-- 0 <.009 0 ___ <:-Q!I __ 0 <.018 0 <.20 
hmpir 100001S210 4/15/96 4:00 0 dl6 0 <.016 0 <019 0 <.031 0 <.34 
bmpir 10000l821-l 4115/96 16:00 0 I <SO 0 <.009 0 ;,:_()]]--o <.018 0 <.20 
hmpir- J00001821l- -4116196 -4:00- -0 --- j· -;,:.50 - 0 <.009 () <.011 0 <.018 0 <.20 

----------- --------------r-------c- ----- --------------------------
hl!l!J.ir I(J()O()l!l:l39 ~14{~ 6:00 ---~2~-- _ _ __ 0 ___ <.01_8 _ 0 ___ <:.022__ IM 1.1 _____ _ 
h1_np_ir_ 1000018440 5/14/96 9:00 7.76 0 <.009_ 0 <.011 IM 2.04 
bmpir 1000018441 5114/96 12:00 4.69 0 <.009 ()_ ___ <.011 IM 1.05 _____ _ 

JllliE~~- lOOQQI~~?- 5/1~~ 18:00 __ 2_._77 _________ 0 ____ <.0_02_ ___ () _ _ 1- <.011 IM 1.24 
hmpir 1000018443 5/15{~ 0:00 2.77 0 --f---<.009 __ Q _____ _c<.c.=-0::..11=----+----'-----+---=IM-=----+---=0- <.2 

_bmpir cJ __ oo_o_oJ8444 5115/96 6:00 ____ !:1~- _ ___ o <.009 o <.ou_ IM o <.2 
bmpi_r_ 1000018445 5/15/96 12:00 1.0_§__ _ Q __ _ <.009 0 <.011 IM 0.96 _ 
hrnpi_r__ 1000018451 5/15/96 18:00~c_85 ________ o_ <.009 _Q_ <.011 IM o <.2 

-~_m_pi_r l_00_00_!_84_52 ~_6{~ 0:00 ____ Q ___ _ __ <:-~ _ 0 ___ <.0_0_9 __ __ ()_ ___ <.011 __ I_M_ 0 <.2 
bmpir 1000018453 5/16/96 6:00 0 <1.0 0 <.018 _Q _____ _ <.022 IM 0 <.4 
bmpir 1000018454 5116/96 12:00 9.11 0 <.018 0 <.022 IM 1.12 

_ bmpi_r_ 1000018465 5/16/96 18:00 1.18 0 <.018 _ Q_ <.022 IM 1.17 ___ _ 
bmpir 1000018466 ~{lZ!'!_~ 0:00 __ ___!_.i__ 0 <.009 ____ 0__ <.011 IM 2.7 
_tliilpir I 000018467 ~~~I~§_ 6:00 1.63 ___ 0 <.009 0 __ <::2I I IM 1.16 
hmpir 1000018468 5117/96 12:00 1.56 0 <.009 0 <.011 IM 1.98 
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Results of Water Quality Monitoring - Arroyo Colorado Project 
Pesticides 

Azinphos Azinphos Parathion Parathion Permethrin Permethrin 
Atrazine Atrazine (methyl) (methyl) Malathion Malathion (methyl) (methyl) (cis/trans) (cis/trans) 

Site Sample# Date Time value remark value remark value remark value remark value remark 
bmpir 1000018459 5/17/96 18:00 0 <.5 0 <.009 0 <.011 IM 0 <.2 
bmpir 1000018460 5/18/96 0:00 0 <.5 0 <.009 0 <.011 IM 0.95 

c-----'---- -
bmpir 1000018461 5/18/96 12:00 0 <.5 . 0 <.009 0 <.011 IM 0 <.2 
bmpir 1000019617 6/24/96 17:00 0 <1.0 0 <.018 0 <.022 0 <.2 0 <0.4 
bmpir 1000020510 8/14/96 8:00 11.4 0 <0.009 0 <0.011 0 <0.018 0 <0.20 
bmpir 1000020511 8/14/96 12:00 6.44 0 <0.009 0 <0.011 _ 0 <0.018 0 <0.20 
bmpir 1000020512 8/14/96 16:00 3.2 0 <0.009 0 <0.011 0 <0.018 0 <0.20 
bmpir 1000020513 8/14/96 20:00 2.27 0 <0.009 0 <0.011 0 <0.018 0 <0.20 
bmpir 1000020514 8/15/96 0:00 5.93 0 <0.009 0 <0.011 0 <0.018 0 <0.20 
bmpir 1000020515 8/15/96 4:00 5.17 0 <0.009 0 <0.011 0 <0.018 0 <0.20 
bmpir 1000020678 8/16/96 9:00 I 0 <0.009 0 <0.011 0 <0.018 0 <0.20 
bmpir 1000020679 8/16/96 12:00 0.645 0 <0.009 0 <0.011 0 <0.018 0 <0.20 
bmpir 1000020680 8/16/96 15:00 0.552 0 <0.009 0 <0.011 0 <0.018 0 <0.20 
bmpir 1000020750 8/16/96 2Q:OO 0 __ !_____ 0 <0.018 0 _ <0.022 0 <0.036 0.222 
bmpir 1000020751 8117/96 2:00 0 <.50 L 0.298 0 <0.011 0 <0.018 0 0.2 
bmpir 1000020752 8/17/96 8:00 0 <.50 0 <0.009 0.028 0 <0.018 0 0.2 
bmpir 1000020753 8117/96 14:00 0 <.50 0 <0.009 0 <0.011 0 <0.018 0 0.2 
bmpir 1000020804 8/17/96 · 20:00 3.95 0 <0.009 0.028 0.019 0.212 
bmpir 1000020805 8/18/96 2:00 2.36 0 <0.009 0 <0.011 0 <0.018 0.292 
bmpir 1000020806 8/18/96 8:00 cst<0.50 0 _ <0.009 0 . <0.011 .. 0 <0.018 cst<0.20 
bmp_ir 10000?0807 8/18/96 l4:00·_ ?.46 . __ __;__ 0 <0.009 0 <0.011 0 <0.018 0 <0.20 
bmpir 1000020863 8/18/96 20:00 2}_2_+_-_ I 0 <0.009 0 <0.011 est<.018 est<0.20 
bmpir 1000020864 8/19/96 2:00 2.1 --~-- 0 <0.009 0 <0.011 est<.018 est<0.20 
bmpir 1000020865 8119/96 J4:00 _ ·_5_(_~5~- -- _ -l ... 0 __ ' <0.009 0 <O.Q! I est<.018 est<0.20 

bmpir_ 1000020951 8119/96 20:00; 1.~L4=-----.·-_ 0 <0.009 0 <0.011 0 <.018 0 <0.20 
bmpir_ 1000020952 8/20/96 2:00 2.19- _ 1-_- I 0 ___ <0.009 -r---:-_Q___· ~0.011 _ 0 <.018 0.368 
bmpir 1000020953 8/20/96 8:00 ...li_ • 0.211 0.022 0 <.018 0 <0.20 

bmpi' 1000020954 sno/96 14,00. 1.8~: I o <1l.009 0.027 o <.018 0.331 
bmpir 1000021089 8/26/96 18:00 8-9~-- I o <0.009 o <0.011 o <0.018 1.77 
bmpir 1000021090 8/26/96 22:00 3.4 i 0 <0.0225 est<.027 0 <0.045 est<.5 
bmpir 1000021091 8/27/96 2:00 0 .. <1.25 ! 0 <0.0225 est<.027 0 <0.045 est<.5 
bmpir 1000021092 8/27/96 6:00 2.51 0 <0.018 0 <0.022 0 <0.036 cst<.2 
bmpir 1000021093 8/27/96 10:00 0 <.5 0 <0.009 est<.OII 0 <0.018 est<.2 
bmpir 1000021094 8/27/96 14:00 0 <.5 0 <0.009 est<.OII 0 <0.018 est<.2 
bmpir 1000021135 8/27/96 18:00 1.92 0 <.009 est<.011 0 <.018 est<.20 
bmpir 1000021136 8/27/96 22:00 1.77 0 <.0225 est<.027 0 <.045 est<.50 
bmpir 1000021137 8/28/96 2:00 1.463 _ _ __ 0_ <.0225 est<.027 0 <.045 est<.50 

Pag 



Site _ S<unpk II_ __ Date Time --- -

~mpir 100002113S S/2S/<J6 6:00 

~IT!£~- 100002113'! S/28/96 10:00 
---- --

bmpir 1000021140 8/2S/96 14:00 

bmpir __ 1000021312 8/28/'!6 18:00 

bmpir 1000021313 8/28/'!6 22:00 

bmpir_ 1000021314 8/2<J/<J6 2:00 --
bmpir 1000021315 8/29/96 6:00 

bmpir 1000021316 8/29/96 10:00 

bmpir 1000021317 8/2'!/96 14:00 

~f!!E.i~ 1000021632 8/2'!/96 20:00 r--------
~~Tlpir 1000021633 8/30/'!6 2:00 
bmpir 1000021634 8/30/'!6 8:00 

bmpir 1000021635 8/30/96 14:00 

_ bmpir _ 1000026440 1131/97 18:00 

bmpir 1000026441 1131197 22:00 

bmpir 1000026442 2111'!7 2:00 

_bmpir 1000026443 2/1197 6:00 

_ bmpir _ 1000026444 211/'!7 10:00 

bmpi_I:_ 1000026445 211/97 14:00 
----~-- ---------- ----

bmpir 1000026452 2/1/97 16:00 

bmpir 1000026453 211/'!7 20:00 
----- ·----- ---

bmpir 1000026454 2121'!7 0:00 
---------

_IJ_mpir _ 1000026455 2121'!7 4:00 
-

bmpir 1000026456 2/21<)7 8:00 
----

bmpir 1000026457 2/21'!7 12:00 

b_lllri~ 1000026462 2/2/97 18:00 
----

bmpir 1000026463 2/2/<J7 20:00 

bmpir 1000026464 2/3/97 2:00 

_l_J~£.!!._ 1000026465 2/3/<J7 6:00 
bmpir 1000026466 2/3/'!7 10:00 

bmpir 1000026467 2/3/97 14:00 

bmpir 1000026468 2/3/97 18:00 

bmpir 1000026469 2/4/<J7 0:00 
bmpir 1000026470 2/4/97 6:00 
bmpir 1000026471 2/4/'!7 12:00 

--
bmpir 1000032683 6/13/97 18:00 

bmpir 1000032684 6/13/97 22:00 

Atrazine 
value 

~-------

0.'!54 
0 

Results ol Water Quality Monitor. c- Arroyo Colorado Project 

Pesticides 

Azinphos Azinphos 

Atrazine (meUJyl) (mcUJyl) MalaUJion MalaUJion 
remark value remark value remark 

·---------- -- --- -- --------- --~----

0 <.00'! cst<.Oil 
--- - --- ----------

<.50 0 <.009 est<.O II 
---~- -----~--- . ---

0 <.50 0 <.00'! cst<.011 --- -
0.705 0 <.009 0 <.011 

---
0 <1.00 0 <.018 0 <.022 

·--

0 <.50 0. IO<J 0.033 

0 <1.25 0.603 0 <.027 -----
0.542 0 <.OO<J 0.025 

-. 

0 <.50 0 <.009 0 <.011 _______ ,_ 

11.486 0 <.00'! 0 <.011 
-- -- ------[------

11.373 0 <.00'! 0 <.011 

Parathion ParaUJion 

(meUJyl) (methyl) 

value remark 
----

0 <.018 

0 <.018 
0 <.018 

-
0 <.018 
0 <.036 

0 <.018 

0 <.045 

0 <.018 
--

0 <.018 
---

0 <.018 
-

0 - . --- - - - ---~- ------- -------------- ------
- <.018 

0 <.50 0 <.OO<J () <.011 0 <.018 
------- -- -----

0 <1.00 0 <.018 0 <.022 0 <.036 
---- ---- --- - ·-. 

0 ND <.50 0 ND <.011 0 ND <.014 0 NO <.022 
---

1.7 0 ND <.011 0 ND <.014 0 ND <.022 
------

2.88 0 ND <.011 0 ND <.014 0 ND<.022 
----

3.4 0 ND <.011 0 ND <.014 0 ND <.022 
---

1.06 0 NO <.011 0 ND <.014 0 ND <.022 
------- -------·· -- ----------

1.08 0 NO <.011 0 NO <.014 0 N0<.022 
-------- -- ------- f------- - ---------·--·-·----

1.75 0 ND <.009 0 ND <.011 0 ND <.018 
----

1.12 0 ND <.009 0 NO <.011 0 ND <.018 
----- ------ - . -

0.87 0 ND <.OO<J 0 ND <.011 0 NO <.018 
-----

_____ ,_ ---------- ~-------·-· ------
0.81 0 NO <.OO<J 0 NO <.011 0 ND <.018 

- - ------ ---------- ------- ---- ---------- -- --- ----- --- -- ---- ----1--
O.S2 ESTdlO<J 0 NO <.011 0 ND <.018 

-------- - -----

0.89 EST<.OII 0 N0<.022 0 ND<.036 ----- ----
1.07 EST<.009 0 ND <.011 0 ND <.018 

------- --------- ----- -
1.06 EST<.OO<J 0 ND <.011 0 NO <.018 

1.12 EST<.009 0 NO <.011 0 ND <.018 
-------· -----

1.14 _ __ .__ __ ,_ EST<.009 0 ND <.011 0 ND <.018 
--c-:-:------·--- -----

1.2ll EST<.OO<J 0 ND <.011 0 ND <.018 
----·-

1.09 0 ND <.011 . ---- EST<.022 0 ND <.018 
-"-----

2.14 0 ND <.009 0 ND <.011 0 ND<.018 
-- -------- -----

2.16 EST<.009 EST<.OII EST<.018 
·-
1.85 0 ND<.009 EST<.Oil 0 ND <.018 

1.'!7 0 ND <.009 EST<.OII 0 ND <.018 
. - ----

0 <3.28 C97-228 0 <.022 ESTI.48 
- ·----

0 <1.65 C97-228 0 <.011 EST.724 
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PermeU1rin Permethrin 
(cis/trans) (cis/trans) 

value remark 

CSt<.20 

est<.20 
CSI<.20 

0 <.20 
0 <.40 
0 <.20 

0.665 

0 <.20 
0 <.20 

0 <.2 
0.266 

0 <.2 

0 <.4 
0 ND <.25 

0.22 

0 ND <.25 

0 ND <.25 

0 N0<.25 

0 -- NO <.25 -----
0.22 

-
0 ND <.20 

-
0 N0<.20 

--· 

0.24 r-------· ·---· 
0 NO <.20 

0.22 

0.26 
- ---

0.3 
0.23 

0.28 

0.22 

0.28 
0 ND <.20 

0 ND<.20 

0.24 
0.22 

0 <.40 

0 <.20 



Site Sample# Date Time -
bmpir 1000032685 6/14/97 2:00 
bmpir 1000032686 6/14/97 6:00 
bmpir 1000032687 6/14/97 10:00 
bmpir 1000032688 6/14/97 14:00 
bmpir 1000032693 6/14/97 22:00 
bmpir 1000032694 6/15/97 2:00 
bmpir 1000032695 6/15/97 6:00 
bmpir 1000032696 6/15/97 10:00 
bmpir 1000032697 6/15/97 14:00 
condr 1000021630 8/31/96 16:00 
condr 1000023112 9/27/96 23:00 
condr 1000023113 9/28/96 1;00 

condr 1000023174 1015196 0:00 
condr 1000023175 1015196 2:00 
condr 1000023176 10/5/96 4:00 
condr 1000023177 10/5/96 6:00 
condr 1000023178 1015196 8:00 
condr 1000023179 10/5/96 10:00 
condr 1000023189 1015196 20:00 
condr 1000023190 1016196 0:00 
condr 1000023191 10/6/96 4:00 
condr 1000029148 3111197 8:00 
conir 1000018214 4/16/96 4:00 
conir 1000018213 4116/96 16:00 
conir 1000018215 4/17/96 4:00 
conir 1000018455 5/16/96 0:00 
conir 1000018456 5/16/96 3:00 
conir 1000018457 5116196 6:00 
conir 1000018458 5116196 12:00 
conir !000018469 5/16/96 18:00 
conir 1000018470 5/17/96 0:00 
conir 1000018471 5117196 6:00 
conir 1000018472 5/17/96 12:00 
conir 1000018462 5117196 18:00 
conir !000018463 5118/96 0:00 
conir 1000018464 5/18/96 12:00 
conir 1000018473 5118/96 18:00' 

Results of Water Quality Monitoring - Arroyo Colorado Project 
Pesticides 

Azinphos Azinphos 

Atrazine Atrazine (methyl) (methyl) Malathion Malathion 
value remark value remark value remark 

0 <1.65 C97-228 0 <.011 
0 <1.65 C97-228 0 <.011 
0 <1.65 C97-228 0 <.011 
0 <1.65 C97-228 0 <.011 
0 <3.45 C97-228 EST<.022 
0 <1.65 C97-228 

~---·--~ f--
EST<.011 

8.45 C97-228 0 <.011 
12.6 C97-228 0 <.022 ----
5.78 C97-228 0 <.011 .
4

est<.5 0 <.009 0.027 
0.051 0 <.022 1.005 

2.853 0 <.009 0 <.011 
1.968 0 <.009 0 <.011 
1.274 0.014 0.018 
0.855 0 <.009 0.014 

0 <.5 0 <.009 0 <.011 

0 ~- 0 <.009 0.014 

0 <.5 EST<.009 EST.016 
0 <.5 0 <.009 0 <.011 

2.089 --~ -· - 0 <.009 0 <.011 
2.427 . 0 <.009 0 <.011 
1.15 0 <.011 0 <.022 
2.29 0 <.009 0 <.011 
4.54 0 <.009 0 <.011 
10.9 0 <.009 0 <.011 
7.27 0 <.009 0 <.011 .. -
1.76 0 <.009 0 <.011 

-
1.33 0 <.009 0 <.011 

·-
0 <.5 0 <.009 0 <.011 

1.3 0 <.009 0 <.011 

1.15 0 <.009 0 <.011 
0.93 0 <.009 0 <.011 
1.06 0 <.009 0 <.011 

0 <.5 0 <.009 0 <.011 
2.36 0 <.009 0 <.011 
1.28 0 <.009 0 <.011 
0.92 0 0 <.011 

Parathion 
(methyl) 

value 

0.265 

0 
0 
0 
0 
0 
0 

0.02 
0.018 

0 

0 

0 
0 
0 
0 
0 
0 
0 

.. <.009 --I - -
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Parathion Permethrin Permethrin 
(methyl) (cis/trans) (cis/trans) 
remark value remark 

EST.733 0 <.20 
EST.684 0 <.20 
EST.396 0 <.20 
EST.583 0 <.20 

EST<.036 0 <.40 
EST.36 0 <.20 

0 <.20 
<.036 0 <.40 
<.018 0 <.20 
<.018 est<.20 
<.036 0 <.4 
<.018 0.318 
<.018 0 <.2 

0 <.2 
0 <.2 

<.018 0 <.2 
<.018 0 <.2 

EST<.018 0 <.2 
<.018 0.698 

<.018 0.649 
<.018 0.257 
<.036 0 <.40 
<.018 0 <.20 
<.018 0 <.20 
<.018 0 <.20 

IM 0.95 
IM 0 <.2 
IM 1.01 
IM 0.95 
IM 1.23 
IM 0.85 
IM 0.86 
IM 0.85 
IM 0 <.2 
IM 1.99 
IM 1.33 

i_IM_ . _1.98_ ----



Site __ Sampl_t! # _ Date Time 
------ -

cunir 1000020S03 S/1 S/96 16:00 
- --
conir 1000020S5S 8/IS/96 20:00 ------ ------ --
umir 1000020S59 S/1 S1'!6 23:00 
-- ------ ----------
conir 1000020860 8/l'J/96 2:00 

------- ------ -------
conir 1000020861 8/19/96 S:OO 

- ---------
conir 1000020862 8/I9/96 14:00 

conir I000020947 8/19/96 20:00 
-~- -----
conir 1000020948 8/20/96 2:00 
conir 1000020949 8/20/96 8:00 ---
conir 1000020950 8/20/96 I4:00 
--- -

conir 1000020966 8/20/96 20:00 
--- --- ------
conir 1000020967 8/21/96 2:00 

I---- --
conir 1000020968 8/21/96 8:00 
conir 1000020969 8/21/96 14:00 
conir 1000021095 8/26/96 18:00 
cunir 100002I096 8/26/96 22:00 
conir I000021097 8/27/96 2:00 
conir 1000021098 8/27/96 6:00 
conir 100002I099 8127/96 I 0:00 
conir 1000021100 8/27/96 14:00 -----
conir 100002114I 8/27/96 I8:00 

conir 1000021142 8/27/96 22:00 

conir 1000021 I43 8/28/96 2:00 
10000211M 

-
conir 8/28/96 6:00 
conir 100002I I45 8/28/96 10:00 
conir I 000021146 8/28/96 14:00 
conir 1000021306 8/28/96 18:00 

---------
conir 1000021307 8/28/96 22:00 
conir I000021308 8/29/96 2:00 

-~ -
conir 1000021309 8/29/96 6:00 ---- ---

conir 100002131 () 8/29/96 10:00 

conir 1000021311 8/29/96 I4:00 
--

conir 1000021637 8/29/96 20:00 
----
conir 100002I638 8/30/96 2:00 

-
conir 1000021639 8/30/96 8:00 -----

14:00 conir 1000021640 8/30/96 
1---- --------

conir 1000026427 1/29/97 18:00 

Results of Water Quality Monito. ~-Arroyo Colorado Project 
Pesticides 

Azinphos Azinphos Parathion 
Atrazinc Atrazine (methyl) (methyl) Malathion Malathion (methyl) 

value remark value remark value remark value 
-~-r------- --- ------- ---------- ·-

l.S3 0.217 0.024 0 ---
1.25 0 <0.009 0 <0.011 -- 0 - -- ---- -------- -

() <1.00 O.IS5 0 <0.022 0 
------ - ---- --------------·-- -- -- --- -------

0 <0.50 0.428 0.025 
-- - ------ --- --- ------- -------------- ---

0.551 0 <0.009 0.~25 ---- --------
2.109 0 <0.009 <0.011 

1.9 0 <0.009 0 <0.01 I ---- -------- --------- ------ ------------- ------ ------
() <0.50 0 <0.009 () <O.OII --

4.74 0 <0.009 0.023 

5.9 () <0.0I8 () <0.022 ---- ----
0 <0.50 0 <0.009 0.032 0 

------- -------------- ----- I····· --- - t-------- - -------
0 <0.50 () <0.009 0.025 0 ---- ------ -- ---- r-------------

0.722 () <0.009 0.03 0 
---

0.924 0 <0.009 0.025 () 
----------- --

0.53I 0 <0.009 cst<.OI I 0 --- --
3.06 0 <0.009 est<.OII () 

1.299 0 <0.009 est<.OII () 
-- - - ---------

0 <.5 0 <0.009 est<.OII () 
-------

() <1.25 () <0.0225 est<.027 0 
() <1.00 0 <0.018 est<.022 0 

. -------- ------- --- --
0 <.50 0 <.009 est<.OII () 

- ----
0 <.50 0 <.009 est<.OI I 0 ---
0 <1.00 0 <.009 est<.022 () 

() <1.25 0 <.009 CSl<.027 0 
- - -----------

1.51 0 <.009 0 <.01 I () 
--

1.194 0 <.009 0 <.027 0 
1--~--- ------ f- ----- ---

I .163 0 <.009 0 <.011 0 -- ------ - - - -------

() <.50 () <.009 0 <.01 I 0 
---
() <.50 0.079 0.065 0 

-- --· - -- --- ~-~- ------~- -----~---- ---
() <.50 0 <.009 0 <.01 I 0 t------- - -- 1------- -· -- I - --- ---
() <.50 0 <.009 0.127 0 

.. --- --- ------ --- -----
0 <.50 0 <.009 0.036 0.019 

------- --
0 <.5 est<.009 est<.OI I --- ------

1.904 () <.009 () <.Oil 0 
-- . -- ---

() <.5 0 <.009 () t--~OII - () 
-~- - - ----- -- -~------

0 <.5 0.~~2 O.OS5 () 
--~------ -------- -----

2.29 () ND <.018 () ND <.022 () 

Page II 

Parathion Perrnethrin Perrnethrin 
(methyl) (cis/trans) (cis/tnms) 
remark value remark 
<0.018 0.212 
<.01S 0 <0.20 
<.036 0 <0.40 ----- ------- -·----

cst<.OH; cst0.739 
----- --------

est<.018 est0.202 
est<.OI8 est<0.20 
est<.018 est0.369 

-- ---
est<.OI8 est<0.20 
est<.OI8 cst0.434 
est<.036 est<0.40 
<0.018 0.281 -- --
<0.0I8 0 <0.20 
<0.018 0.212 
<0.018 0 <0.20 
<0.0I8 cst<.2 
<0.018 est<.2 
<0.0I8 est<.2 
<0.0I8 est<.2 ---
<0.045 est<.5 
<0.036 est<.4 

' 

<.018 cst<.20 
<.0I8 est<.20 
<.036 est<.40 
<.045 est<.50 
<.0I8 est<.20 
<.045 est<.50 
<.0I8 0 <.20 
<.0I8 0 <.20 
<.0I8 0 <.20 
<.018 0 <.20 
<.0I8 0 <.20 

0 <.20 
est<.OI8 0 <.2 

<.0I8 () <.2 
<.0I8 () <.2 
<.018 0 <.2 

ND <.036 0 ND <.40 



Atrazinc 
Site Sample# Date Time value 

conir 1000026428 1129/97 22:00 0 
conir 1000026429 1130/97 2:00 2.69 
conir 1000026430 1130/97 6:00 2.77 
conir 1000026431 1130/97 10:00 1.63 
conir 1000026432 1130/97 14:00 1.31 
conir 1000026434 1/30/97 18:00 2.22 
conir 1000026435 1130/97 22:00 1.21 
conir 1000026436 1131/97 2:00 0.99 
conir 1000026437 1131197 6:00 0 
conir 1000026438 1/31/97 10:00 2.02 
conir 1000026439 1131/97 14:00 2.55 
conir 1000026446 1/31/97 18:00 2.83 
conir 1000026447 1131/97 22:00 1.28 
conir 1000026448 2/1197 2:00 1.1 
conir 1000026449 2/1/97 6:00 0.79 
conir 1000026450 2/1/97 10:00 1.85 
conir 

~~~~~~~;t 2/1/97 14:00 0.73 
1-----~-

conir 2/1/97 18:00 0.89 
conir 1000026459 2/2/97 0:00 1 l.l8 
conir 1000026460 2/2/97 6:00 0.85 

··--------·---
conir 1000026461 2/2/97 12:00 0 
conir 1000032689 6/14/97 2:00 0 
conir 1000032690 6/14/97 6:00 0 
conir 1000032691 6/14/97 10:00 0 
conir 1000032698 6114/97 14:00 10.1 
conir 1000032699 6/14/97 18:00 8.49 
conir 1000032700 6/14/97 22:00 0 
conir 1000032701 6/15/97 10:00 5.65 

Results of Water Quality Monitoring -Arroyo Colorado Project 
Pesticides 

Azinphos Azinphos 
Atrazine (methyl) (methyl) Malathion Malathion 
remark value remark value remark 

ND<.50 0 ND<.02 0 ND<.025 
0 ND <.011 0 ND <.014 
0 ND <.011 0 ND <.014 
0 ND <.011 0 ND <.014 
0 ND <.011 0 ND <.014 
0 ND <.011 0 ND <.014 
0 ND <.011 0 ND <.014 
0 ND <.011 0 ND <.014 

ND<.50 0 ND <.018 0 ND<.022 

' 
0 ND <.011 0 ND <.014 
0 ND <.011 0 ND <.014 
0 ND <.011 0 ND <.014 
0 ND <.018 0 ND <.022 
0 ND <.011 0 ND <.014 
0 ND <.018 0 ND <.022 
0 ND <.011 0 ND <.014 
0 ND <.011 0 ND <.014 

EST<.009 0 ND <.011 
EST<.009 0 ND <.011 
EST<.009 0 ND <.011 

-~~~~-

ND <.50 EST<.009 0 ND <.011 
<1.65 C97-228 0 <.011 
<1.78 C97-228 0 <.Oll 
<1.65 C97-228 0 <.Oll 

C97-228 0 <.Oll 
C97-228 0 <.Oll 

<1.64 C97-228 0 <.Oll 
C97-228 0 <.Oll 
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Parathion Parathion Permethrin Permethrin 
(methyl) (methyl) (cis/trans) (cis/trans) 

value remark value remark 
0 ND <.040 0 ND<.44 
0 ND <.022 0 ND<.25 
0 ND <.022 0 ND<.25 
0 ND <.022 0 ND<.25 
0 ND <.022 0 ND <.25 
0 ND <.022 0 ND <.25 
0 ND <.022 0 ND<.25 
0 ND <.022 0 ND<.25 
0 ND <.036 0 ND <.40 
0 ND <.022 0 ND <.25 
0 ND <.022 0 ND <.25 
0 ND <.022 0 ND <.25 
0 ND<.036 0 ND <.40 
0 ND<.022 0 ND <.25 
0 ND<.036 0 ND<.40 
0 ND<.022 0 ND<.25 
0 ND<.022 0 ND<.25 
0 ND <.018 0.24 
0 ND <.018 0 ND<.20 
0 ND <.018 0.25 
0 ND <.018 0.25 

EST.099 0 <.20 
EST.306 0 <.20 
EST. I 51 0.646 

0 <.018 0 <.20 
0.071 0.515 

0 <.018 0 <.20 
0.097 0 <.20 



Site S;unple # Date -----

bmpdr 1000021631 8/31/96 
bmpdr 1000021727 8/31/96 
bmpdr 1000021728 8/31/96 

~mpdr 1000021729 9/1/96 
bmpdr 1000021730 9/1/96 

_!l!!i_pdr 1000021731 9/1/96 
bmpdr 1000023114 9127/96 
bmpt!r 1000023115 9/28/96 

-
bmpdr 1000023180 10/5/96 
~mpdr 1000023181 10/5/96 
bmpdr 1000023182 10/5/96 
bmpdr _ 1000023183 10/5/96 
bmpdr 1000023184 10/5/96 
bmpdr 1000023185 10/5/96 

·------
bmpdr 1000023192 10/5/96 
bmpdr 1000029149 3/11/97 
bmpdr 1000029150 3/11/97 
bmpdr 1000029151 3/11/97 
bmpir 1000018210 4/15/96 
bmpir 1000018211 4/15/96 
bm{lit:_ 1000018212 4/16/96 
bmpir 1000018439 5/14/96 
bmpir 1000018440 5/14/96 
bmpir 1000018441 5/14/96 
bmpir 1000018442 5/14/96 
bmpir 1000018443 5/15/96 

_tl!!~_pir 1000018444 5/15/96 
hmpir 1000018445 5/15/96 
bmpir 1000018451 5/15/96 
bmpir 1000018452 5/16/96 
bmpir 1000018453 5/16/96 

_ bmpir 1000018454 5/16/96 ·-
bmpir 1000018465 5/16/96 

r---· 
bmpir 1000018466 5117/96 
bmpir 1000018467 5117/96 
bmpir 1000018468 5117/96 

Time 
--

16:00 
18:00 
20:00 
0:00 
2:00 
4:00 

23:00 
1:00 
0:00 

----'--

2:00 
4:00 
6:00 
8:00 
10:00 
-----:-::-
20:00 
9:00 
11:00 
13:00 
4:00 
16:00 
4:00 
6:00 ----
9:00 
12:00 

18:00 
0:00 
6:00 

12:00 
18:00 
0:00 

--
6:00 

Results of Water Quality Monito. 6 - Arroyo Colorado Project 
Pesticides 

Prometryn Prometryn Trilluralin Trilluralin 
value remark value remark 

~------------- ----·-
flg:'L !J:g!L 

0 <.06 0.054 
- ---------- -- --- --· -

0 <.06 0 <.05 
0 <.06 0 <.05 
--···---

0 <.()6 0 <.05 
. ---

0 <.06 0 <.05 
----· ---- .. . - ----------

0 <.12 0 <.10 
.... -------

0 <.06 0 <.05 
--------- ------ -

0 <.06 0 <.05 
--. ·--

EST<.06 0 <.05 
----- -

EST<.12 0 <.1 
----- --- ~---·---f------ -----

0 <.06 0 <.05 - -------------r------ --· 
0 <.06 0 <.05 -- -
0 <.06 0 <.05 

----- --- --------- --------- ----

0 <.06 0 <.05 ---------- --------- --- ------ -·--------------

0 <.06 0 <.05 
--- -

0 <.06 0 <.05 

Comments 
-

-

-------- ------------ ---------... ---------
0 <.06 0 <.05 ---- -· r---- ------
0 <.06 0 <.05 ----
0 <.103 0 <.086 

-- ------ ------ .... ·--- ------ - --- --

0 <.060 0 <.05 --
0 <.060 0 <.05 
-- 0--- ---

IM <.10 
------· -------- -------r--------· 

IM 0 <,Q~ ------ --------
IM 0 <.05 

--
IM 0 <.05 

·-- -· --- ----- ---- ---------

IM 0 <.05 
---- ----

IM 0 <.05 --- . --- r--
IM 0 <.05 

----- ------
IM 0 <.05 

------ --------- -----· 
IM 0 <.05 

.. .. 

IM 0 <.10 
------ ----- -------- ---

12:00 r----'------ IM 0 <.10 
-- -- ---------· ----- ------·---
18:00 1M 0 <.10 

---· -

0:00 IM 0 <.05 
---

6:00 1M 0 <.05 ------
12:00 IM 0 <.05 

---·· 
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-------

-----· -----1 
_ ____j 

---, 
-- .. ---

--

-·-

--

·--

----

--

----



Site Smnplc # Date 
bmpir 1000018459 5/17/96 
bmpir 1000018460 5/18/96 
bmpir 1000018461 5/18/96 
bmpir 1000019617 6/24/96 
bmpir 1000020510 8/14/96 
bmpir 1000020511 8/14/96 
bmpir 1000020512 8/14/96 
bmpir 1000020513 8/14/96 
bmpir 1000020514 8/15/96 
bmpir 1000020515 8/15/96 
bmpir 1000020678 8/16/96 
bmpir 1000020679 8/16/96 
bmpir 1000020680 8/16/96 
bmpir 1000020750 8/16/96 
bmpir 1000020751 8/17/96 
bmpir 1000020752 8/17/96 
bmpir 1000020753 8117/96 
bmpir 1000020804 8/17/96 
bmpir 1000020805 8/18/96 
bmpir 1000020806 8/18/96 

--~-

bmpir 1000020807 8118/96 
bmpir 1000020863 8/18/96 
bmpir 1000020864 8119/96 
bmpir 1000020865 8/19/96 
bmpir 1000020951 8119/96 
bmpir 1000020952 8/20/96 
bmpir 1000020953 8/20/96 
bmpir 1000020954 8/20/96 
bmpir 1000021089 8/26/96 
bmpir 1000021090 8/26/96 
bmpir 1000021091 8/27/96 
bmpir 1000021092 8/27/96 
bmpir 1000021093 8/27/96 
bmpir 1000021094 8/27/96 
bmpir 1000021135 8/27/96 
bmpir 1000021136 8/27/96 
bmpir 1000021137 8/28/96 

Time 
18:00 
0:00 
12:00 
17:00 
8:00 
12:00 
16:00 
20:00 
0:00 
4:00 
9:00 

Results of Water Quality Monitoring -Arroyo Colorado Project 
Pesticides 

Prometryn Prometryn Tritluralin Tritluralin 
value remark value remark ·---------

IM 0 <.05 
IM 0 <.05 
IM 0 <.05 

est<.2qc 0 <0.1 
0 <0.06 0.065 
0 <0.06 0.053 
0 <0.06 0 <0.05 
0 <0.06 0.07 
0 <0.06 0.094 
0 <0.06 0 <0.05 
0 <0.06 0 <0.05 

-----· 
12:00 0 <0.06 0 <0.05 
15:00 0 <0.06 0 <0.05 
20:00 0 <0.12 0 <0.10 
2:00 0 <0.06 0 <0.05 
8:00 0 <0.06 0 <0.05 
14:00 0 <0.06 0 <0.05 
20:00 0.09 0 <0.05 
2:00 0 <0.06 0 <0.05 
8:00 0 <0.06 est<0.05 ---------- - -
14:00 0 <0.06 0 <0.05 

--~-~----~-~~ -· ----------- -----------~-
20:00 0 <0.06 0 <0.05 
2:00 0 <0.06 0 <0.05 
14:00 0 <0.06 0.066 
20:00 0 <0.06 0 <0.05 
2:00 0 <0.06 0.066 I 

8:00 0 <0.06 0.052 
14:00 0 <0.06 0.058 
18:00 0 <.06 0.062 Broken 
22:00 0 <.15 0 <.125 Broken 
2:00 0 <.15 0 <.125 Broken 

~-

6:00 0 <.12 0.058 
10:00 0 <.06 0 <.05 

-
14:00 0 <.06 0 <.05 
18:00 0 ND <.06 0 <.05 
22:00 0 ND <.15 0 <.125 Broken 
-
2:00 0 : ND <.15 0 <.125 Broken 
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Results of Water Quality Monito. _,-Arroyo Colorado Project 
Pesticides 

Prumetryn j Prometryn Trilluralin Tritluralin 
u•.llue remark --

(\ <.05 
u <.05 

___ Si_te ___ S_w_np_l_etl _P<!l!::_ Ti_m_e ___ v_al_u_e __ remark 
1 

·--=-
bmpir 1000021138 ~28/96 6:00 0 ~Q<:,Q~ ! ~--+ 
bmpir 1000021139 8/28/96 10:00 0 <.06 
-------- --- '.. ---

1'1 <.05 

Comments 

bmpir 1000021140 8/28/96 14:00 U <.06 1 ~ t 
bmpir 1000021312 8/28/96 18:00 0 - <.06 - . --- --J 0 <.05 

-+------
~~ir 1000021313 8/28/96 ?2:Q_Q __ 0 <.12 f--' 
bmpir 1000021314 8/29/96 ~:00_ __ 0 <.06 

0 
-

0 ----

<.10 
<.05 ----

bmpir 1 OOQ021315 8/29/96 6:00 0 _ ___ <.15 " 0 
- <.125 --

hmpir 1000021316 8/29/96 10:00 0 <.06 
bmpir I 000021317 8/29/96 !~:00 0 <.06 

0 -
0 
-

--+- <.05 
<.05 

hmpir 1000021632 8/29/96 20:00 0 <.06 0 -
0 
-

1) 
-

') 
-

0 --
0 -
0 
-

<.05 r- <.05 
<.05 

r-· ----

- 1-- <.10 
ND dl6 

~mpir 1000021633 8/30/96 2:00 _ Q _ <.06 
_ bmpir__ 1000021634 8/30/96 ~:00 0 <.06 t----c 
~!!lpir _1 000021635 8/30/96 ! 4:00 _ _ Q _ __ <.12 I : 
!J.!!!~!!:- 1000026440 !1~1~97 !~:00 - Q- r-/Q_<:::,()7~ 
bmpir 1000026441 1/31/97 22:00 0 ND <.075 r 0 I ··- ~.w I 1 

_!:Jmpir 1000026442 2/1/97 2:00 () ND <.075 I a -- - . 

---------

0 
-
) 
-
0 
-
0 -

hmpir 1000026443 2/1/97 6:00 0 ND <.075 0 . ·- --~~-+ 
bmpir 1000026444 2/1/97 !0_:0_0 r------0 ___ ND <.075 C ·- ·· · 

bmpir 1000026445 2/1197 14:QQ 0 ND <.075 0 I . -- ~.w I 1 
bmp!!: 1000026452 2/1197 !6_:00 ___ 0__ ND <.06 0 -- --

) 
-

!J_Ill!l!! !000026453 2/1/97 20:00 --- Q -· ~Q <.()6 ___ ( 
hmpir 1000026454 2/2/97 0:00 0 ND <.06 ( ) 

- - -----------

) __ h_m_pi_r __ 1000026455 2/2/97 4:00 ___ 0 ____ NQ <.0~_ ( t- __ -----1-----------

- hmp_i_l' 1000026456 2/2197 ~:QO ____ ()_ ___ ND <_,{)~ ____ ( __ _ 
I bmpir 1000026457 2/2197 12:00 _ _() __ r-l'D _5._12_ _____ ( 
_IJ__~~~ 1000026462 2/2/97 ]8:00 ____ 0__ ND <.06 ( __ 

bmpir 1000026463 2/2/97 20:00 0 _ !'!Q<.06 0 --- ~-~- +=-~--.. -- .. ·~. ··--- ... _ ..... - 1 
~!!!flit:_ I 000026464 2/3/97 2:QQ_ __ ()_ ____ + !'JD_<_.0_6 __ ~ 

bmpir I 000026465 2/3/97 _ ~:QQ _()___ _ f'l~ <::96 __ ( 
I bmpir I 000026466 2/3197 10:00 _ 0 _ ~D <:cO~ ___ ( 

bmpir I 000026467 2/3/97 !4:00 () ND <:! ~-- 0 r -- .. -- I 
bmpir 1000026468 2/3197 18:Q_9 0 ND <.06 0.25 . -~ . 
bmp_!~_ 1000026469 2/4/97 0:00 __ _ EST<.06 0.25 
bmpir 1000026470 2/4/97 6:00 _ __()_ _ ND <.06 0.19 +---- 1 
hmpir 1000026471 2/4/97 12:00 0 ND <.06 0.16 1 

. - ... -- <.12 0.247 1-- !RECEIVED WARM 
<.06 0.292 ~ RECE~I-c:V::-E:::-D-:-'WC.CAR-:::=M,-:------------I 

bmpir t1000032683\ 011 J/'J/ Jli:UU I . U 

bmpir I 000032684 6113/97 22:00 0 
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Site Sample# Date Time 
bmpir 1000032685 6/14/97 2:00 
bmpir 1000032686 6/14/9Z_ 6:00 --
bmpir 1000032687 6/14/97 10:00 
bmpir 1 1000032688 6/14/97 14:00 
bmpir 1000032693 6/14/97 22:00 
bmpir 1000032694 6/15/97 2:00 
bmpir 1000032695 6/15/97 6:00 
bmpir 1000032696 6/15/97 10:00 
bmpir 1000032697 6/15/97 14:00 
condr 1000021630 8/31/96 16:00 
condr 1000023112 9/27/96 23:00 
condr 1000023113 9/28/96 1:00 
condr 1000023174 10/5/96 0:00 
condr 1000023175 10/5/96 2:00 
condr 1000023176 10/5/96 4:00 
condr 1000023177 10/5/96 6:00 
condr 1000023178 10/5/96 8:00 
condr 1000023179 10/5/96 10:00 
condr 1000023189 10/5/96 20:00 
condr 1000023190 10/6/96 0:00 
condr 1000023191 10/6/96 4:00 
condr 1000029148 3/11/97 8:00 
conir 1000018214 4/16/96 4:00 
conir 1000018213 4/16/96 16:00 
conir 1000018215 4/17/96 4:00 
conir 1000018455 5/16/96 0:00 
conir 1000018456 5/16/96 3:00 
conir 1000018457 5/16/96 6:00 
conir 1000018458 5/16/96 12:00 

---
conir 1000018469 5/16/96 18:00 
conir 1000018470 5117/96 0:00 
conir 1000018471 5117/96 6:00 
conir 1000018472 5117/96 12:00 
conir 1000018462 5117/96 18:00 
conir 1000018463 5/18/96 0:00 
conir 1000018464 5/18/96 12:00 

conir 1000018473 5/18/96 18:00 

Results of Water Quality Monitoring - Arroyo Colorado Project 
Pesticides 

Prometryn Prometryn Trifluralin Tril1uralin 
value remark value remark 

0 <.06 0.15 RECEIVED WARM 
0 <.06 0.182 RECEIVED WARM 

~----·-

0 i <.06 0.212 RECEIVED WARM ------
0 <.06 0.154 RECEIVED WARM 

--------
EST<.l2 0.352 

--------·-
EST<.06 0.149 

0 <.06 0.083 
0 <.12 0.162 

0 <.06 0.081 

0 <.06 est<.05 
0 <.12 0 <.1 ------
0 <.06 0 <.05 
0 <.06 0 <.05 
0 <.06 0 <.05 
0 <.06 0 <.05 
0 <.06 0 <.05 
0 <.06 0 <.05 

EST<.06 0 <.05 
0 <.06 0 <.05 
0 <.06 0 <.05 
0 <.06 0 <.05 
0 <.12 0 <.10 
0 <.060 0 <.05 
0 <.060 0 <.05 
0 <.060 0.109 

IM 0 <.05 
IM 0 <.05 ' 
IM 0 <.05 
IM 0 <.05 --------- -· 
IM 0 <.05 

------------- -·--
IM 0 <.05 
IM 0 <.05 

-
IM 0 <.05 
IM 0 <.05 
IM 0 <.05 
IM 0 <.05 
IM 0 <.05 
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Site Sample# Date 
conir 1000020S03 8/IS/96 
conir 100002085S 8118/96 ------ --~ 
conir 1000020S5\J S/IS/96 
conir 1000020S60 S/19/96 
--··· 

conir 1000020861 S/19/96 
conir 1000020S62 S/19/96 
conir 1000020947 8119/96 
conir 1000020948 8/20/96 
conir 1000020949 8/20/96 
conir 1000020950 8/20/96 
conir 1000020966 8/20/96 
conir 1000020967 8/21/96 
conir 1000020968 8/21/96 
conir 1000020969 8/21/96 
conir 1000021095 8/26/96 
conir 1000021096 8/26/96 
conir 1000021097 8/27/96 

---
conir 10000210\JS 8/27/96 
-~---

~oooo2lo99 
----------

conir 8/27/96 -------
conir I 0000211 00 8/27/96 

----------- ·------

conir 1000021 141 8/27/96 
conir 1000021142 8/27/96 
conir 1000021143 8/28/96 
---

conir 1000021144 8/28/96 
conir 1000021145 8/28/96 
conir 1000021146 8/28/96 ----------
conir 1000021306 8/2S/96 
conir 1000021307 8/28/96 ---
conir 100002130S 8/29/96 
conir 1000021309 8/29/96 
conir 1000021310 8/29/96 
conir 1000021311 8/29/96 
conir 1000021637 8/29/96 
conir 1000021638 8/30/96 
conir 1000021639 8/30/96 
conir 1000021640 8/30/96 

conir 1000026427 '--1/29/97 

Results of Water Quality Monitot. v - Arroyo Colorado Project 
Pesticides 

Prometryn Prometryn Tritluralin Tritluralin 
Time value remark value remark 

---~-- ----------
16:00 0 I <0.06 __ 0 <0.05 ----------- . ----
20:00 0 <0.06 0 <0.05 

-------- --- -------
23:00 0 <0.12 0 <0.10 

-----· 
2:00 0 <0.06 0 <0.05 

-~------ -----~ 

8:00 0 <0.06 0 <0.05 
.. ------------ ------- ---- . ------ ------

14:00 0 <0.06 0 <0.05 -- - ------------

20:00 0 <0.06 0.107 
2:00 0 <0.06 0 <0.05 

. -------------- ---
8:00 0 <0.06 0.053 

--------- -- - ------------ --
14:00 0 <0.12 0 <0.10 

- -------
20:00 0 <0.06 0 <0.05 

- ----- -----
2:00 0 <0.06 0 <0.05 

- --- ~----

8:00 0 <0.06 0 <0.05 
-----

14:00 0 <0.06 0 <005 
----

18:00 0 <.06 0 <.05 
22:00 0 <.06 0 <.05 
2:00 0 <.06 0 <.05 

----~--- -.-.----- --
6:00 0 <.06 0 <.05 
-~-- -- -------- ---- - ------- ... -----
10:00 0 <.15 0 <.125 

-----~-- ---------
14:00 0 <.12 0 <.10 

Comments 

-

---·· - -- I ------ --------- ------------~ ----- . 

18:00 0 <.06 0 <.05 
---- -- ----~---- f-- ----

22:00 0 <.06 0 <.05 
2:00 0 <.12 0 <.1 - -
6:00 0 <.15 0 <.125 

------ - --------- -- ------- - --------
10:00 0 <.06 0 <.05 
14:00 0 <.15 0 <.125 

--- - ---- -- ----
18:00 0 <.06 0 <.05 

---- --------- ----
22:00 0 <.06 0 <.05 

----

2:00 0 <.06 0 <.05 
-- ---------- -----

6:00 0 <.06 0 <.05 .. 

10:00 0 <.06 0 <.05 
----·-

14:00 0 <.06 0 <.05 
20:00 est<.06 0 <.05 

-
2:00 0 <.06 0 <.05 
8:00 0 <.06 0 <.05 
14:00 0 <.06 0 <.05 

---

18:00 0 ND <.12 0 ND <.10 ONE BOTTLE RECEIVED BROKEN CAR# 97-0024_ 
---
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Site Sample# Date Time 
conir 1000026428 1129/97 22:00 
conir 1000026429 1130/97 2:00 
conir 1000026430 1130/97 6:00 
conir 1000026431 1130/97 10:001 
conir 1000026432 1130/97 14:00 
conir 1000026434 1130/97 18:00 
conir 1000026435 1130/97 22:00 
conir 1000026436 1/31/97 2:00' 

conir 1000026437 1/31197 6:00 
conir 1000026438 1131197 10:00 
conir 1000026439 1131197 14:00 
conir 1000026446 1131/97 18:00 
conir 1000026447 1131197 22:00 
conir 1000026448 2/1197 2:00 
conir 1000026449 2/1197 6:00 
conir 1000026450 2/1197 10:00 
conir 1000026451 2/1197 14:00 
conir 1000026458 . 2/1/97 18:00 
conir 1000026459 2/2/97 0:00 
conir 1000026460 2/2197 6:00 
conir 1000026461 2/2/97 12:00 
conir 1000032689 6/14/97 2:00 
conir 1000032690 6/14/97 6:00 
conir 1000032691 6/14/97 10:00 
conir 1000032698 6/14/97 14:00 
conir 1000032699 6/14/97 18:00 
conir 1000032700 6/14/97 22:00 
conir 1000032701 6/15/97 10:00 

Results of Water Quality Monitoring - Arroyo Colorado Project 
Pesticides 

Prometryn Prometryn Trifluralin Trifluralin 
value remark value remark 

-
0 ND <.15 0 ND<.ll 

-· 
0 ND <.075 0 ND<.06 --
0 ND <.075 0 ND <.06 
0 ND<.075 0 ND <.06 --
0 ND<.075 0 ND<.06 
0 ND <.075 0 ND<.06 -- -
0 ND <.075 0 ND <.06 

--· 
0 ND <.075 0 ND <.06 

·-- .. --
0 ND <.12 0 ND <.10 
0 ND<.075 0 ND<.06 

0 ND<.075 0 ND<.06 
0 ND <.075 0 ND<.06 

0 ND <.12 0 ND <.10 

0 ND<.075 0 ND <.06 

Comments 

0 ND <.12 0 ND <.10 ONE BOTTLE IN TRANSIT 

0 ND<.075 0 ND <.06 
0 ND<.075 0 ND<.06 
0 ND<.06 0 ND<.05 
0 ND <.06 0 ND<.05 
0 ND <.06 0 ND<.05 
0 ND <.06 0 ND <.05 
0 <.06 0.165 RECEIVED WARM 

--- --· 
0 <.06 0.187 RECEIVED WARM 
0 <.06 0.144 RECEIVED WARM 
-~·-- f-- ·-· 

0 <.06 0.081 
--

0 <.06 0.103 
--- --

0 <.06 0.069 

0 <.06 0.115 
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EXECUTIVE SUMMARY 

This section 319(h) project was designed to promote the adoption of best management practices 
(BMPs) to abate nonpoint source pollution from agricultural sources in the Arroyo Colorado 
study area. The project was funded by the U.S. Environmental Protection Agency through 
Texas Natural Resource Conservation Commission (TNRCC) and Texas State Soil and Water 
Conservation Board (TSSWCB), with some matching funding for mathematical modeling efforts 
provided by Texas Water Development Board. Project participants included the Texas 
Agricultural Extension Service (TAEX), the U.S. Department of Agriculture Natural Resources 
Conservation Service (NRCS), Southmost Soil and Water Conservation District (SWCD), and 
Texas Institute for Applied Environmental Research (TIAER) at Tarleton State University. 
Primary tasks of the project included the establishment of coordinating committees, the 
installation of BMPs and monitoring of demonstration sites, mathematical modeling of the study 
area. and education and technology transfer. 

TIAER's involvement, in addition to performing laboratory analyses on water samples collected 
at the demonstration sites, dealt primarily with the fate and transport modeling component of the 
project and is the main focus of this report. The modeling analysis of best management practices 
within the Arroyo Colorado study area applied the Environmental Policy Integrated Climate 
(EPIC) model to estimate the effects of BMP implementation throughout the study area. The 
EPIC model was applied to the demonstration sites and to agricultural regions of the study area. 
Water quality data obtained from the monitoring activities at the demonstration sites were used 
for calibration and testing of the EPIC model prior to its application. 

A multi-layer GIS database for the study area was assembled as part of the mathematical 
modeling efforts. Data layers included soil type, land use/vegetative cover, topographical 
information, monitoring wells, and geographic/cartographic features. The agricultural portion of 
the study area was separated into categories based on soil type. crop, and farming practices 
(dryland or irrigation). Individual simulations were performed for each grouping, which were 
then aggregated into a representative picture of the agricultural portion of the study area. 
Simulations were performed to estimate changes in edge-of-field loading for scenarios with and 
without BMPs. BMPs appropriate for crops grown in the study area were selected by the 
project's advisory committees. Average annual loads of nutrients. pesticides and sediment were 
estimated for the study area based on the modeling results for the six BMPs listed below: 

I. improved nutrient management. 

2. improved residue management. 

3. improved irrigation water management. 

4. improved irrigation technology. 

5. irrigation land leveling/precision land forming. and 

6. integrated pest management (!PM). 

A seventh scenario represented the implementation of appropriate combinations of the six 
BMPs for each category. 

Mathematical modeling results, presented 1n the following table. mdicated that substantial 
reductions in nutrient and pesticide loadings would be achieved from BMP implementation 
within the study area. Percent reductions in total nitrogen loads exceeding 30 percent were 

Prediction of Effects of BMPs on Agncultural NPS Pollution in the Arroyo Colorado Watershed 



estimated for improved nutrient management, improved irrigation water management and 
improved irrigation technology. Improved nutrient management also had the greatest impact on 
total phosphorus loads with an estimated 15 percent reduction attributed to this BMP. With 
respect to pesticide and sediment losses from cropland areas, the two BMPs dealing with 
irrigation practices (improved irrigation water management and improved irrigation technology) 
showed the greatest potential in reducing contributions from the study area. Percent reductions 
estimated for total nitrogen, pesticide and sediment losses exceeded 60 percent for all BMPs 
combined. 

Although BMPs dealing with land leveling practices and integrated pest management (!PM) 
practices both displayed rather minor reductions in constituent loads, it should be kept in mind 
that these practices are largely implemented under the baseline condition, and this evaluation 
merely dealt with increasing the implementation in each case to 95 percent. It cannot and should 
not be concluded that these BMPs are not successful in reducing nonpoint pollution, but rather 
than much of the environmental benefits associated with these BMPs has already been realized. 
It would appear that educational and planning efforts by T AEX, NRCS, TSSWCB and other 
organizations in promoting integrated pest management and land leveling practices have been 
largely successful in effecting implementation among area producers. 

Percent Reduction in Losses1 From BMP Implementation in the Arroyo Colorado Study Area 

BMP 

Improved Nutrient Management 

Improved Residue Management 

Improved Irrigation Water Management 

Improved Irrigation Technology 

Increase in Land Leveling to 95% 

Increase in IPM Implementation to 95% 

Implementation of all applicable BMPs 

Nitrogen Loss 

34 

0 

30 

45 

0 

0 

64 

Phosphorus Loss 

15 

2 

4 

5 

5 

0 

27 
1Represents total edge-of-field losses including surface and subsurface transport pathways 
2Represents loss due to water erosion 

Pesticide Loss 

0 

8 

30 

28 

5 

62 

Sediment Loss2 

0 

18 

30 

43 

21 

0 

62 
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Evaluation of Best Management Practices for Reduction of 
Nonpoint Source Pollution in the Arroyo Colorado 

Watershed 

1.0 INTRODUCTION 

The Arroyo Colorado watershed, located in the coastal border region of southern 
Texas, has experienced numerous water quality problems in recent years. 
Evidence points to agriculture, one of the primary industries of the area, as one 
possible source of the pollution. This U.S. Environmental Protection Agency 
(USEPA) funded section 319(h) project serves to demonstrate best management 
practices (BMPs) to abate nonpoint source pollution from agricultural sources in 
the project area, to promote their adoption among area producers. and to 
estimate the effects of BMP implementation on local water quality. 

The project was developed by the Texas Natural Resource Conservation 
Commission (TNRCC). Texas State Soil and Water Conservation Board 
(TSSWCB) and the Southmost Soil and Water Conservation District. 
Cooperating agencies include the Texas Agricultural Extension Service (TAEX), 
the U.S. Department of Agriculture Natural Resources Conservation Service 
(NRCS), and Texas Institute for Applied Environmental Research (TlAER) at 
Tarleton State University. The project was funded by the USEPA through 
TNRCC and TSSWCB. with some matching funding for modeling efforts 
provided by Texas Water Development Board (TWDB). This project addresses 
the impact of nonpoint source pollution resulting from agricultural sources, while 
the TNRCC has also developed a companion project addressing nonpoint source 
pollution resulting from urban runoff to the Arroyo Colorado. In addition to the 
cooperating agencies, local citizens and technical experts were involved with the 
project through coordinating committees established early in the project. Local 
and technical advisory committees were established to provtde guidance for 
research and educational activities. 

The overall objective of the project was to promote the adoption of BMPs to 
abate nonpoint source pollution from agricultural sources in the project area. 
Specific objectives of this project were to: 

• demonstrate improved nutrient and pesticide management practices: 

• evaluate the effectiveness of selected BMPs through monitoring of 
cdge-of-field losses, both surface and subsurface. at the demonstration 
sites: 

• estimate the environmental benelits of widespread BMP 
implementation through the use of mathematical models to predict 
pollutant load reductions for the study area: and 

• promote increased cooperation and exchange of information between 
agricultural interest groups through the technical advisory committee 
and the local advisory committee. 
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Two fields were selected for implementation and demonstration of BMPs 
suitable to the project area. One demonstration field employed dry land cropping 
practices while the other was irrigated. To evaluate the effectiveness of selected 
BMPs in abating nonpoint source pollution associated with agricultural drainage, 
each field was divided into a control section which was managed according to 
conventional practices and a treatment section utilizing improved management 
practices. Samples of surface runoff and subsurface drainage were collected 
from the control and treatment sections of the fields for chemical analyses. 

This report addresses TrAER's work elements which dealt specifically with the 
modeling analysis of best management practices within the Arroyo Colorado 
study area. The Environmental Policy Integrated Climate (EPIC) model, version 
5300, formerly known as the Erosion Productivity Impact Calculator (Williams, 
1995) was applied to estimate the effects of BMP implementation throughout the 
project area. Water quality data obtained from the monitoring activities at the 
demonstration sites were used for calibration and testing of the EPIC model prior 
to its application to the study area. Companion reports prepared by T AEX 
address the demonstration and educational activities associated with this project. 

BACKGROUND 

The Arroyo Colorado River (Figure I) drains the flat coastal plain in 
southernmost Texas, as part of the Nueces-Rio Grande Coastal basin. 
Approximately 143 kilometers (89 miles long), the river stretches from its 
headwaters in Hidalgo County, across Cameron County, and empties into the 
Laguna Madre, just north of the Cameron-Willacy County line. The land in the 
Arroyo Colorado watershed was originally deposited by the ancient Rio Grande. 
Unlike other areas of the Texas coastal plain, the Arroyo Colorado watershed is 
not characterized by swamps and marshes (Brown et a/., 1980). Resacas, i.e., 
shallow abandoned meandering watercourses, are distinguishing features of the 
landscape. 

Rainfall across the watershed averages 56 to 66 centimeters (22 to 26 inches) 
annually, categorizing it as a semi-arid region (TDWR, 1984 ). Municipal 
wastewater treatment plant effluent and irrigation return flows supersede rainfall 
runoff as the major contributors to the river's flow. Average annual lake 
evaporation in the Arroyo Colorado watershed is approximately 81 centimeters 
(32 inches) greater than average annual precipitation (USDA. 1977). 

Much of the soil in the Arroyo Colorado watershed is fertile, easily cultivated, 
and suitable for irrigation if adequate drainage is available (USACE, 1990a). 
The alluvial soils of the watershed serve to make the area one of the most 
productive agricultural regions of Texas. According to the 1992 Census of 
Agriculture, one-third of Cameron County's 300,190 hectares (741,760 acres) 
are used as cropland. Cotton and grain sorghum are the most prominent crops in 
the county (Texas Agricultural Statistics, 1996). Corn, sugarcane. and citrus 
fruits represent other important crops in the area. 

Although agriculture is the major economic activity, oil and gas production also 
support the area's economy. Harlingen, Mission, Donna, San Benito and other 
communities add urban influences within the watershed. 
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Surface water serves almost exclusively as the source of irrigation water for the 
vast agricultural enterprises of the area. The surface water derives primarily 
from streamflow diverted from the Rio Grande through leveed tloodways and 
stored in constructed reservoirs in the Arroyo Colorado watershed. A limited 
amount of groundwater is used in the western part of the watershed, although it 
is typically of poorer quality than is the surface water (USACE, 1990a). In years 
of insufficient flow in the Rio Grande, however, up to 25 percent of the total 
water demand has been supplied by groundwater (USACE. 1990a). The western 
half of the Arroyo Colorado watershed is underlain by the shallow Gulf Coast 
aquifer. No major nor minor aquifers underlie the eastern half of the Arroyo 
Colorado watershed, although shallow, variably saline groundwater is found in 
the area. A review of the Texas Water Development Board's Ground Water 
Data System from 1990- 1996 reveals that water table depths varied from 3.8 to 
4.8 meters (12.5 to 15.6 feet) for area wells. 

The Arroyo Colorado is one of the more complex watercourses in the state. 
From its headwaters to its mouth, it has been extensively modified by human 
activity, which affects both its hydrology and water quality. The low-relief, arid 
watershed is artificially plumbed by canals, aqueducts. siphons and pumping 
stations to provide irrigation water for the vast agricultural enterprises of the 
region. Similarly, the drainage of the basin's urban areas consists of rectified. 
leveed intersecting channels with gates for controlling and directing flow to 
alleviate chronic flooding problems common to the region. Numerous reservoirs 
have been constructed as catchment basins for irrigation water. Leveed 
floodways divert excess water caused by upland flooding from the Rio Grande to 
the Arroyo Colorado channel. The runoff response of the river is, therefore, 
quite different from what would be expected on the basis of natural runoff 
processes. 

This system of floodways, in fact, complicates designation of the headwaters of 
the Arroyo Colorado. The floodway system begins in western Hidalgo County 
near Mission, Texas where water flows from the Rio Grande to the Main 
Floodway. The Main Floodway widens to become the Llano Grande Lake near 
Mercedes, Texas, in eastern Hidalgo County. A constructed channel sends flow 
from the lake to the Arroyo Colorado. In times of high water and flood 
conditions, a divisor dike also diverts flood water to the North Flood way, which 
traverses the northern part of Cameron County to Willacy County and empties 
into the Laguna Madre near the mouth of the Arroyo Colorado. The U.S. Army 
Corps of Engineers (USACE) and the USDA Natural Resources Conservation 
Service (NRCS) refer to the Arroyo Colorado as the waterway beginning east of 
the Llano Grande Lake. For regulatory purposes, the Texas Natural Resources 
Conservation Commission (TNRCC), however. considers the Arroyo Colorado 
to begin as the Main Floodway near Mission in western Hidalgo County. 
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The TNRCC recognizes three designated segments of the river: Segment 2200, 
the North Floodway, Segment 2201, Arroyo Colorado Tidal, and Segment 2202, 
Arroyo Colorado above Tidal. Segment 2201 extends approximately 42 
kilometers (26 miles) from the Laguna Madre to roughly Port Harlingen, just 
east of the city of Harlingen. This segment, which is tidally influenced, has been 
dredged to accommodate barge traffic. Segment 2202 encompasses the 
remaining river from Port Harlingen to the headwaters. The North Floodway, 
designated at Segment 2200, is a distributary of the Arroyo Colorado river 
extending from the divisor dike near Llano Grande Lake to its terminus in the 
Laguna Madre. 

Hidalgo 

11exico 

' ; 

\ 
l 
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Figure l. The Arroyo Colorado River and its Tributaries 

2.1 Water Quality Issues in the Area 

4 

A review of the literature documents the numerous water quality problems 
plaguing the region. Over the years, various State agencies have investigated 
water quality-related issues in the Arroyo Colorado. Water quality problems in 
the Arroyo Colorado derive from various sources. The tidal segment 
experiences the expected saltwater intrusion and concomitant lower dissolved 
oxygen and higher salt content (Twidwell, 1978). Agricultural applications of 
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pesticides and fertilizers, in conjunction with the irrigation and drainage systems 
of the area, have been implicated by various studies as contributing to water 
quality problems. Urban runoff and effluent from 26 wastewater treatment 
facilities in Segment 2202 and 6 facilities in Segment 220 I have also been cited 
as contributing to lower water quality in the Arroyo Colorado. It should be 
noted that some of these facilities receive wastewater that has been used to 
process agricultural products, further complicating the "source" issue. In fact, 
the 1990 Update to the Nonpoint Source Water Pollution Assessment Report for 
the State of Texas (TWC & TSSWCB, 1991) listed the status of Segment 2202 
as "Known Concern" due to elevated phosphorus, nitrogen, nutrients, fecal 
coliform, and chlordane in fish tissue. The potential sources identified for the 
segment were irrigated crop production, septic tanks, and urban sewers. A 1987 
intensive priority monitoring of the Arroyo Colorado concluded that nonpoint 
sources, primarily agriculture, contribute the majority of the toxic pollutants to 
the Arroyo Colorado (TWC, 1989b). 

Data collected from Segment 2201 by the Texas Department of Water Resources 
in 1976 indicated eutrophic conditions and the presence of pesticides in 
sediments (Twidwell, 1978). In 1980, the Texas Department of Health issued an 
advisory recommending restricted consumption of all fish from the Arroyo 
Colorado above Port Harlingen. Intensive surveys of Segment 2201, conducted 
by the Texas Department of Water Resources in the early to mid 1980s, 
consistently found evidence of eutrophication and pesticides. National Oceanic 
and Atmospheric Administration has reported that the Lower Laguna Madre 
watershed, which consists primarily of the Arroyo Colorado watershed, has the 
most intensively applied herbicides and insecticides of any watershed in Texas 
(TNRCC, 1994a). In addition. soil loss from cropland in the Lower Laguna 
Madre watershed exceeds that of the U.S. side of the Rio Grande Watershed, a 
decidedly larger area (TNRCC, 1994a). 

The U.S. Army Corps of Engineers (USACE) performed a feasibility 
investigation during the late 1980s to determine the potential for reducing flood 
damage in the Cameron County, Texas (USACE, 1990a). Factors contributing 
to the area's frequent flooding include flat topography and poorly defined 
drainage courses. Human activities frequently increase the amount of 
accumulated rainfall remaining on the land for extended periods. Standing water 
can cause a subsequent rise in the water table which ultimately increases soil 
salinity. leading to non-producttve soils. (USACE, 1990a). Corps engineers 
analyzed a full array of plans to provide flood damage reduction for the urban 
watersheds and agricultural watersheds, but determined that Federal participation 
would not be economically justified at that time (USACE, 1990a). The study 
found that 

[p]esticide contamination has been identified as a widespread problem 
of inland waters of the project area. The quality is also influenced by 
sewage effluent. cannery and food processing wastes. canal seepage 
and storm run-off. Increased runoff associated with any tlood control 
or drainage project has the potential to increase these problems if 
proper planning efforts are not accomplished. Proper drainage design 
of agricultural land and implementation of various farming practices 
could significantly improve water quality of the area (USACE. 
1990a). 

The numerous above-ground irrigation canals in the watershed block natural 
drainage and increase tlooding potential. The Corps recommends water 
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conservation techniques and farming practices which could reduce the level of 
pesticides and improve water quality. 

After a cluster of neural tube deficient babies were born in Cameron County in 
1991, an evaluation by the Texas Department of Health (TDH) of data 
concerning air quality, soil constituents, drinking water quality, surface water 
quality and pesticide use revealed no clear causative agent (TNRCC, 1994a). A 
subsequent intensive small-scale pilot project conducted by the TDH in 1993 on 
nine families in the area found higher-than-average urinary arsenic levels yet 
relatively low levels of pesticides in participant blood and urine. Analysis of 
participants' food samples during this pilot project revealed that one fish caught 
in Donna Reservoir in the Arroyo Colorado watershed contained polychlorinated 
biphenyl (PCB) levels of 500 parts per million (ppm), well above the U.S. Food 
and Drug Administration action level of 2 ppm. Donna Reservoir receives water 
from the Rio Grande which is used for irrigation in the Arroyo Colorado 
watershed. Continuing investigations have consistently found PCBs in fish from 
the Arroyo Colorado but not from the Rio Grande (TNRCC, 1994a). 

Water quality data have been collected by the TNRCC since 1982. Designated 
river segments were assigned to one of the following four categories with respect 
to each parameter: Concern, Possible Concern, No Concern and Insufficient 
Data. Table I presents all the parameters designated as a Concern or a Possible 
Concern for either of the two Arroyo Colorado segments for data collected from 
January 1983 through December 1992. Note: Insufficient data were collected 
from the Arroyo segments for all analyzed toxic substances, which accounts for 
their absence from this table. 

Table 1. TNRCC Water Quality Concerns for the Arroyo Colorado Segments 

Parameter 

Ammonia Nitrogen 

Nitrate Nitrogen 

Total Kjeldahl Nitrogen 

Orthophosphate Phosphorus 

Total Phosphorus 

Dissolved Phosphorus 

Dissolved Oxygen 

Fecal Coliform 

From TNRCC, 1994a 

6 

Segment 220 I Segment 2202 

Concern Possible Concern 

Concern Concern 

Not applicable to marine segments Concern 

Concern Concern 

Possible Concern Concern 

Concern Concern 

Concern Possible Concern 

No Concern Possible Concern 

A 1987 intensive monitoring study conducted by the Texas Water Commission 
(TWC, predecessor to the TNRCC) found relatively poor conditions for 
macrobenthic integrity in the above-tidal segment of the Arroyo Colorado, with 
pollution-tolerant species predominating and sensitive species absent (TWC, 
1989b). Most sampling stations were rated as having "limited" aquatic life uses. 
The TWC researchers judged that the macrobenthic community was affected 
more by toxic chemicals found in the water and sediments in the upper portion of 
the watershed, rather than by the generally poor habitat conditions (TWC, 
!989b). The tidal section of the river did not appear to have the toxic chemical 
effects of the upper portion. The 1987 study found that fish communities 
exhibited characteristics similar to those of macro invertebrate communities, with 
physical habitat limitations and toxic conditions at sampling sites in the upper 
section of the river but more healthy fish communities in the lower section. 
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Fewer types of chemicals were detected in water, tissue, and sediment samples 
than were detected in a similar 1981 study. Concentrations of some of those 
chemicals decreased over time between the two studies. while concentrations of 
others increased. Toxicity tests were performed on water samples from various 
river sites and wastewater treatment plant effluent outfalls. Poor survival rates 
resulted from elevated chlorine and ammonia in effluent from Harlingen 
Wastewater Treatment Plant #2. The causative agent in the zero survival rate in 
a Ceriodaphnia dubia test from the Llano Grande Lake, however, could not be 
determined, although pesticides were suspected (TWC, l989b ). Concentrations 
of the following toxic chemicals found in tissue samples from the Arroyo 
Colorado fish present human health implications: methylene chloride, dieldrin, 
DOE, and chlordane. In addition, dacthal, a suspected human carcinogen, was 
found in very high levels in several tissue samples (TWC, l989b ). 

In 1994, the Texas State Soil and Water Conservation Board named the Arroyo 
Colorado as one of only nine watersheds in the State identified with agricultural 
or silvicultural nonpoint source pollution concerns (TNRCC, l994a). Segments 
2201 and 2202 are both included on the State's 1996 303(d) list of priority 
watersheds (TNRCC, 1997). The 303(d) list notes that neither segment supports 
its designated aquatic life use and that Segment 2202 does not support its contact 
recreation use. In the 1994 State of Texas Water Qua/in· Inventory, Segment 
2202 was designated as number 7 out of 366 State watersheds with respect to 
priority action, while Segment 220 I was designated as number 20. The 
Inventory listed five fish kills from 1989 through 1992 in Segment 2202 and 
noted that fish contain elevated levels of chlordane, toxaphene and DDT. The 
summary for Segment 2202 in the 1994 State /nvemon- is as follows: 

This segment is not supporting its use for contact recreation due to the 
high fecal coliform levels. Phosphorus, nitrate and chlorophyll-a 
levels exceed the screening criteria in almost all of the samples 
collected in the segment. Elevated phosphorus and nitrogen levels 
promote excessive algal growth as indicated by elevated chlorophyll­
a levels. Domestic effluents are the major contributor of nutrients to 
the segment during periods of normal flow. A wastcload evaluation 
has been completed and recommends advanced waste treatment to 
maintain stream standards. Concerns about toxic substances include 
manganese, selenium and ODE (a byproduct of DDT decomposition) 
in sediment and PCBs in fish tissue (TNRCC. 1994b ). 

The /994 Regional Assessmelll of Water QualitY in the Rio Grande Basin 
(TNRCC, 1994a) noted that of all the segments of the Rio Grande basin and 
associated watersheds. only Segments 2202 and 2201 indicated dissolved 
oxygen problems. In a TNRCC ranking of the Rio Grande basin. including the 
Arroyo Colorado, the pollutants/stressors listed for both Arroyo segments were 
fish kills, relatively large number of permitted point source discharges, toxic 
conditions, depressed dissolved oxygen. and elevated levels of chlorophyll-a + 

pheophytin-a, nitrogen, and phosphorus (TNRCC. 1994a). 

The summary for segment 2202 in the 1996 Stale of Texas Water Qua/in 
lnvemory states: 

Nitrate plus nitrite nitrogen, orthophosphate. and total phosphorus 
concentrations exceed screening levels throughout the segment. 
promoting high primary productivity in the lower 35 miles, as 
indicated by elevated chlorophyll-a concentrations. In sediment. 
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angles. A 1990 feasibility report concerning flood damage prevention conducted 
by U.S. Army Corps (USACE. 1990a) contains detailed maps of the area's 
drainage channels and elevated irrigation canals. These maps were used to 
delineate the border of the project area. 
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Figure 2. Arroyo Colorado Project Study Area 

2.3 Demonstration Sites 

In order to demonstrate best management practices that enable area farmers to 
reduce their contributions of pollutants to surface and ground water, project staff 
established two demonstration ticlds. Row crop operations in the project area 
include both irrigated and dryland farming. so one demonstration site of each 
type was implemented. On both sites. gram sorghum was grown for the first year 
and cotton was grown during the second year. Half of each site was set aside to 
serve as a control for compansons of BMP effectiveness. The treatment and 
control fields were separated from surrounding fields and from each other by 
earthen berms. The location of the irrigated and dryland demonstration sites are 
denoted in Figure 3. 
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2.3.1 Dryland Demonstration Site 

The dryland site was located on 24 hectares (60 acres) north of Rio Hondo off 
FM 1420, near Fort Perry in Segment 2202 (Figure 4 ). The site was divided into 
two fields of 12 hectares (30 acres) each, one field to demonstrate BMPs and the 
other to serve as a control. Both fields were underlain by Hidalgo silty clay 
loam and Raymondville clay loam. The Raymondville loam predominated in the 
control field, while the Hidalgo loam predominated in the BMP field. Atrazine 
was applied to the site for weed control during the spring of the first year. 
Roundup was applied to the grain sorghum in the fall to control post-harvest 
regrowth. 

The BMPs employed on the dry land treatment site were the following: 

• nutrient management utilizing split fertilizer applications, based on soil 
test results. 

• crop residue management, and 

• precision land forming. 

Nutrient management includes soil tests to determine the correct amount of 
nutrients to use and splitting the applications of the nutrients. Two applications 
of nutrients (fertilizer) were applied during the plants' growing cycle on the 
treated field, one prior to planting and the other as a side dressing after crops had 
emerged. Split application of nutrients allows plants to use the nutrients more 
efficiently, resulting in optimum forage and crop yields, while minimizing the 
loss of nutrients to surface and groundwater. On the control field, all nutrients 
were applied prior to planting. Analyses of nutrients in surface runoff from this 
site were used to demonstrate the efficacy of this management practice. 

The fertilizer applied to the field both years was a 32-0-0 commercial fertilizer, 
which was 32 percent nitrogen (!/2 urea and Y2 ammonium-nitrate). Based on soil 
test analysis of the 0 to 30.5 centimeter (0-to-12 inch) layer for the first year's 
grain sorghum crop, 67 kilograms per hectare (60 pounds per acre) of nitrogen 
were recommended for the BMP area. For the control area, 90 kilograms per 
hectare (80 pounds per acre) of nitrogen were recommended as a typical rate 
used by producers without benefit of a soil test. For the second year's crop, with 
a projected cotton yield of 4.9 bales per hectare (two bales per acre), 101 
kilograms per hectare (90 pounds per acre) of nitrogen, with no phosphorus nor 
potassium, were recommended for the dryland BMP field, with 56 kilograms per 
hectare (50 pounds per acre) applied at planting and 45 kilograms per hectare 
( 40 pounds per acre) applied as the side dressing. The recommended rate of 
nitrogen for the dry land control area was 123 to 134 kilograms per hectare (II 0 
to 120 pounds per acre) in a single application at planting, which was considered 
to be the normal application, wtthout benefit of a soil sample. 

Crop residue management was another BMP implemented on the dryland site to 
demonstrate the benefits of crop residues in reducing soil loss from both wind 
and water erosion. This practice involves the delaying of fall tillage operations 
to allow crop residues to remain on the field following harvest. By providing 
soil cover between growing seasons. crop residues serve to reduce both the 
runoff and sediment losses from cropland areas. Consequently a reduction In 

soluble and sediment-bound pollutants may be realized. To demonstrate this 
BMP. crop residues remaining after harvesting of the 1996 grain sorghum crop 
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were allowed to remain on the treated field, while the residues were tilled into 
the soil of the control field. 

Precision land forming refers to reshaping the surface of the field into planned, 
uniform grades. Land forming is designed to reduce the amount of excess 
surface water standing on the land, which can lead to elevated ground water and 
subsequent increased soil salinity. Reduction in surface ponding provides more 
uniform distribution of rainfall to subsurface soils. Precision land forming also 
helps to control erosion and reduce the amount of pesticides and nutrients 
leaving the site. The natural grade (slope) of the control side was 0.0013 (0.13 
meters per I 00 meters), while the slope on the BMP field was 0.00025 (0.025 
meters per 100 meters). 

/A 
Not to Scale 

BMP Site 
12 hectares 

(30 acres) 

12 hectares 
{3D acres) 

493m (1617ft) 

Rio Hondo 

Figure 4. Dryland Demonstration Site 
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2.3.2 Irrigated Demonstration Site 

The irrigated site was located on 16 hectares (40 acres) near Las Rusias off U.S. 
281 and FMI479 in Segment 2202 (Figure 5). A subsurface drainage 
monitoring system was in place on this field prior to the project. Harlingen clay 
and Olmito silty clay are the dominant soils underlying the irrigated site, which 
was divided into two equal sections to serve as the BMP demonstration 
(treatment) and control sites. 

The BMPs identified by project participants and recommended for irrigated 
cropland areas were the following: 

• nutrient management by split fertilizer applications, based on soil test 
results, 

• irrigation land leveling, 

• proper irrigation water management, and 

• improved irrigation technology. 

Nutrient management was practiced on the irrigated site in the same manner as 
on the dryland site: split applications before and after plant emergence on the 
BMP plot and only prior to planting on the control plot. Residual amounts of 
nutrients in the soil were measured to determine fertilizer needs based on 
expected crop yields. For the first year's grain sorghum crop, based on the soil 
test, 56 kilograms per hectare (50 pounds per acre) of nitrogen were applied 
before planting the irrigated BMP area and 34 kilograms per hectare (30 pounds 
per acre) of nitrogen were applied as a side dress after the plants emerged. The 
irrigated control area was fertilized with 112 kilograms per hectare (I 00 pounds 
per acre) of nitrogen, considered as a typical rate, i.e., not based on a soil test. 
for grain sorghum. For an expected cotton yield of 4.9 bales per hectare (2 bales 
per acre) the second year, 67 kilograms per hectare (60 pounds per acre) of 
nitrogen were recommended for pre-planting and 45 kilograms per hectare (40 
pounds per acre) of nitrogen as a side dressing on the irrigated BMP area. The 
recommended rate for the irrigated control area was 123 to 134 kilograms per 
hectare (II 0 to 120 pounds per acre) of nitrogen for the cotton crop. 

Irrigation land leveling, is similar to the practice of precision land forming of 
dryland areas, which involves reshaping the land surface to planned. uniform 
grades. While the objective of precision land forming is to improve surface 
drainage of excess rainfall thereby reducing ponding of water in low lying areas, 
irrigation land leveling aids in the uniform distribution of irrigation water. 
Irrigation land leveling improves the efficiency of furrow irrigation systems 
which may reduce the amount of irrigation water required for crop production. 
Irrigation land leveling was implemented at this demonstration field prior to 
initiation of monitoring for this project and had been implemented for the entire 
field, both the treatment and control sections. Although this site demonstrates 
the practice of irrigation land leveling, monitoring activities could not be used to 
demonstrate the effectiveness of this practice in reducing pollutant losses since 
both the treatment and control sections were affected by this practice. 

Two irrigation management practices which were evaluated for this project 
include improved irrigation water management and improved irrigation 
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technology. Both practices influence the frequency, timing and volume of 
irrigation water applied to cropland areas. Improved irrigation water 
management typically involves a reduction in the irrigation volume applied 
during a single application. The timing of irrigation applications may also be 
adjusted based on crop water needs and soil moisture. Improved irrigation 
technology encompasses several newer irrigation methods which have been 
proven to increase system efficiency by reducing surface and subsurface losses 
including cut back irrigation, surge flow irrigation, and the use of gated pipe 
instead of siphon tubes for furrow irrigation systems. These irrigation BMPs are 
discussed in educational material developed by T AEX as part of this project 
(Stichter and Fipps, 1997). 

Of the four practices recommended for irrigated cropland areas, only nutrient 
management and irrigation land leveling were implemented at this site. 
Although, the use of proper irrigation water management and improved irrigation 
technology were not demonstrated, these BMPs were evaluated through 
modeling analyses as part of this project. 

402 m (1320 It) 

N 

A 
Not to Scale 

Figure 5. Irrigated Demonstration Site 
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3.0 INFORMATIONAL REQUIREMENTS FOR MODEL 
APPLICATION 

Data assembled for the project model consisted of three types of data which were 
stored in digital format in TIAER databases. These data include geographically 
referenced data that were assembled to characterize the Arroyo Colorado study 
area. historical weather data for the area and water quality data collected during 
the course of this study. The methodology used to generate these data and the 
software and hardware configurations that were used to store and manipulate 
these data are discussed in the following sections. 

3.1 Geographical Information System (GIS) Database 

3.1.1 Soils 

The geographic information system (GIS) employed by TIAER for the Arroyo 
Colorado project was the Geographical Resources Analysis Support System 
(GRASS), version 4.1.4 (U.S. Army, 1988). The GRASS system is a public 
domain GIS package developed by the Environmental Division of the U.S. Army 
Construction Engineering Research Laboratory (USA-CERL). GIS data 
assembled for this project include vector and rastor map layers describing area 
soils, land use, vegetative cover, topography, topology, hydrography and the 
location of groundwater monitoring wells. The most current data available for 
the study area was obtained from appropriate sources, then each layer was 
converted into a consistent projection system. All project GIS data were 
converted to Albers Equals-Area Conic projection. 

The soil data for the Arroyo Colorado study area were obtained from the U.S. 
Army Corps of Engineers (USACE, l990b). The soil data, digitized from 
county soil maps at a I :24,000 scale, is comparable to the Soil Survey 
Geographic (SSURGO) database maintained by the USDA-Natural Resources 
Conservation Service (NRCS). With the assistance of local NRCS personnel, 
the 21 soil series occurring in the study area were grouped according to their 
textural properties, intake curve and moisture holding capacity. The resulting 
GIS soil layer for the project contained seven general soil categories and is 
depicted in Figure 6 (see Appendix A for soils and characteristics included in 
each category). 

Supplemental soil information characterizing the soil horizons, such as horizon 
thickness, depth, texture, and water holding capacity, are components used by 
the EPIC model in determining rainfall runoff, drain flow, and the movement of 
nutrients and pesticides. These data were obtained from the NRCS Soil 
Interpretations Record (SIR or SOIL-5) database and NRCS Map Unit 
Interpretive Database (MUIR). The soil extraction program, Map Unit Use File 
(MUUF, version 2.14, Baumer eta/., 1997), was used to extract and process soil 
information from the databases and to generate soil input required by the EPIC 
model. These data are also included in Appendix A. 
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Figure 6. Soil Classifications for the Arroyo Colorado Project Area -
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3.1.2 Land-UseNegetative Cover Classification 

Runoff from rainfall and irrigation are affected by land use and vegetative cover. 
Since land use is generally defined by broad categories such as urban, industriaL 
and agricultural, this information is often combined with vegetative cover 
information into a single GIS data layer. The most recently updated land-use 
data from the USACE, Galveston Office, at a I :24,000 scale, provided the basis 
for the land-use/vegetative cover layer. 

As the objective of the GIS data collection efforts was to characterize pertinent 
features of the study area for use in the modeling analysis, it was desirable to 
identify specific crop types and rotational patterns which could be used to 
generate EPIC datasets. Areas which were not targeted for modeling analysis of 
BMP implementation, including rangeland and pastureland, were lumped into a 
single category (non-row crop agriculture). 

The original land-use coverage obtained from the USACE did not identify 
vegetable crops in any of their categories. Based on discussions with local 
project participants, it was determined that vegetables represent a very minor 
portion of the cropland in Cameron County. Acreage of all vegetables listed for 
Cameron County in the 1992 Agricultural Statistics database (Census of 
Agriculture, 1992), i.e., cantaloupes, watermelons, cabbages, onions, and bell 
peppers, represented less than one percent of the county's agricultural land in 
1992. Furthermore, because soil types occurring in the study area are less 
suitable to cultivation of vegetables, it was assumed that most of the county's 
vegetable crops are grown outside of the project study area (Moore, 1997). For 
this reason, vegetable crops were not included in the modeling for the study area. 

With the assistance of local NRCS personnel from the district office in San 
Benito, the land-use categories were modified to re!lect current vegetative cover. 
The land-use/vegetative cover layer was also revised to re!lect updated 
information on the location of citrus orchards in Cameron County using data 
obtained from the USDA-ARS Remote Sensing Lab in Weslaco. Five categories 
based on crop type, and one non-agricultural category comprise the land­
use/vegetative cover GIS layer depicted in Figure 7. These categories include 
the following: 

• irrigated cotton in rotation with either grain sorghum or corn, 

• dry land cotton in rotation with either gram sorghum or corn, 

• irrigated sugarcane, 

• irrigated citrus, 

• non-row crop agriculture/perennial vegetation (includes rangeland and 
pastureland), and 

• non-agricultural areas (includes urban areas. surface water and 
excavated areas). 
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Although the amount of dryland fanning in the region is very small in 
comparison to the amount of irrigated farmland, these areas were included in 
the modeling because of their potential to impact the results of Best 
Management Practice (BMP) analyses. The management practices 
characteristic of the two types of fanning can result in large differences in 
response to runoff events. Furrows of irrigated farmland are berrned to block 
the ends and retain irrigation water, minimizing the required volume of 
irrigation water. The water percolates through the soil to the subsurface 
drainage system, then empties into drainage canals. The blocked ends also 
maximize soil moisture from rainfall, while the subsurface drainage system 
diminishes potential oversaturation. 
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Figure 7. Land Use/Vegetative Cover Classifications for the Arroyo Colorado Project Area 
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The Non-Row Crop Agriculture/Perennial Vegetation category includes native 
and improved pastureland and rangeland maintaining a combination of perennial 
grasses, trees and shrubs. Vegetation in this category include forage sorghum, 
buffalograss, grama, blue grama, bluestem, guinea grass, bermuda grass, 
greasewood, big sage, acacia, granjeno, mesquite, saltbush. and willows. 

GIS data relating to crop cover and soil type were used to identify selected crop 
production areas and the extent of their occurrence on various soil types within 
the study area. Based on crop cover and soil data, cropland acreages within the 
study area were calculated (see Appendix B). Non-cropland areas such as urban 
areas, rangeland and pastureland were excluded in the modeling of the effect of 
BMP implementation on nutrient and pesticide losses from intensively cultivated 
cropland areas (i.e., row crops) in the study area. Based on recommendations 
from the Project Technical Advisory Committee, a land-use assumption 
designated that 85 percent of area cotton crops were rotated with grain sorghum 
and the remaining 15 percent were rotated with corn (Moore. 1997). 

Land uses in the Arroyo Colorado study area are summarized in Table 2. The 
vast majority of land (89 percent) in the Arroyo Colorado study area is used for 
crop production. Irrigated row crop production accounts for more than 68 
percent of the study area land use, while dryland row crops occupy less than I 
percent. Cotton is the most widely grown crop, representing approximately 59 
percent of the study area. Non-agricultural applications include urban areas, 
which occupy approximately 7 percent of the area. and water and excavation 
pits, which occupy almost 4 percent. 

Table 2. Land Uses in the Arroyo Colorado Study Area 

Agricultural Land Uses 

Row crops 

Irrigated 

Cotton-Grain Sorghum 49% 

Cotton-Corn 9% 

Sugar Cane 8% 

Citrus 2% 

Total Irrigated 68% 

Dry land 

Cotton-Grain Sorghum 0.7% 

Cotton-Corn 0.1 o/c 

Total Dryland 0.8% 

Total Row Crops 69% 

Non-row crops 20% 

Total Agricultural Land Uses 89% 

Non-agricultural Land Uses II% 

Total Land Uses ]00% 
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3.1.3 Topographical Data 

3.1.4 Monitoring Wells 

Topographical data traditionally is one of the determining factors in predicting 
rainfall runoff. A topographical GIS layer comprised of USGS DEM (digital 
elevation model) in the form of elevation contour lines on a I :250,000 scale was 
obtained for the project study area. The units of measure for OEM data are 3 
arc-seconds (300 meter grid cells). These data arc commonly used to define 
drainage basins and determine land slopes. However, the artificial plumbing of 
the watershed renders topographical data ineffective in predicting runoff 
direction. The topographical GIS layer was therefore not used in the modeling 
efforts. 

Monitoring well data were used to estimate depth to groundwater. Location 
(latitude and longitude) of groundwater monitoring wells in the study area were 
obtained from Texas Water Development Board UM-50 Ground-Water Data 
System (Nordstrom and Quincy, 1993). Nineteen wells for which groundwater 
level data are available for 1990 through 1996 were identified and plotted to 
examine the occurrence of groundwater encroachment into the crop root zone. 

3.1.5 Geographic and Cartographic Features 

This GIS data layer consists of highways, roads, streets, streams, rivers, county 
lines and irrigation networks for the project study area. U.S. Census Bureau 
TIGER/Line~ Files (Topologically Integrated Geographic Encoding and 
Referencing system) depict the basic 1990 Census geography including census 
tract and block boundaries, transportation routes, political boundaries and 
limited water features. TIGER files at a 1:100,000 scale were used for the three 
county area, i.e., Hidalgo, Cameron and Willacy Counties. 

3.2 Climatic Database 

20 

Climatic data from various sources were compiled and stored in a SAS database 
(version 6.09, SAS Institute, Inc., Cary, North Carolina, USA) for use in the 
modeling analysis. Historical weather data for the Harlingen area were obtained 
from the National Climatic Data Center's (NCDC's) Summary of the Day West2 
CD-ROM, (NOAA, 1993). The data set consists of daily minimum and 
maximum temperatures and accumulated daily rainfall for the Harlingen 
National Weather Service station. 

Historical weather data for the period of record ( 1948-1992) contained on the 
CD-ROM were supplemented with data collected by the NRCS for a weather 
station located at the project's dryland demonstration site. In order to generate a 
continuous weather data set for the modeling analysis, missing data points were 
replaced by information collected at the closest station (NOAA, 1993-1996). 
The daily climatic dataset assembled for 1948-1997 represents (in order of 
preference) NRCS weather data collected at the dry land demonstration site, 
NCDC data for Harlingen, and NCDC data for Weslaco. 

Based on discussions with TAEX experts, it was determined that the amount of 
pesticides applied to various crops within the study area would be influenced by 
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climatic conditions due to an increase in pest pressure during wet years (Fipps, 
1997a). For this reason, an analysis of annual precipitation was performed for 
the Harlingen area based on assembled data for the period of record from 1948 
through 1996. Since rainfall data for 1997 constituted only a partial record it 
was not used in the climatic analysis. A frequency analysis of annual rainfall 
data for the 49-year period of record was performed to categorize years as either 
wet, dry or normal rainfall years. The analysis was performed based on rainfall 
during the growing season of crops grown in the study area. Classification of 
years into wet, dry and normal rainfall years was based on the following: 

• Wet Year (accumulated rainfall during growing season > 75% 
quartile), 

• Normal Year (25% quartile $ accumulated rainfall during growing 
season~ 75% quartile), and 

• Dry Year (accumulated rainfall during growmg season < 25% 
quartile). 

For cotton, grain sorghum and corn, the growing season was defined as February 
through July. February was included as part of the growing season because the 
preplan! soil moisture determines the need for a preplan! irrigation of these 
crops. The classification scheme used to categorize the growing season 
(February- July) with respect to rainfall for these crops are as follows: 

• Wet year> 379.9 mm of rain in growing season. 

• Normal year receives between 186.5 mm and 379.9 mm of rain in 
growing season. and 

• Dry year< 186.5 mm of rain in growin& season. 

For citrus and sugarcane, a 365-day growing season (January-December) was 
used to determine wet, dry and normal conditions. The classification scheme 
used to categorize the growing season with respect to rainfall for these crops arc 
as follows: 

• Wet year> 767.9 mm of rain in growing season. 

• Normal year receives between 546.1 mm and 767.9 mm of rain in 
growing season. and 

• Dry year< 546.1 mm of rain in growing season. 

As a result of these analyses, a 24 year period extending from 1954 through 
1977 was selected for the model application to the study area to estimate the 
benefits of BMP implementation. This shorter period reflected a frequency of 
wet, dry and normal years similar to the 49-year period of record. This 
information was also used to specify the crop management/pesticide applications 
under wet, dry and normal rainfall conditions with crop management varying on 
an annual basis depending on the rainfall condition. As EPIC limits the number 
of individual crop rotations within a given simulation run to 30. a 24-year 
simulation period was determined to be of sufficient length to compute average 
annual losses while accommodating the differing crop rotational patterns. 
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The results of climatic analysis are depicted in Figures 8 and 9. Monthly 
summaries of temperature minimum and maximums and rainfall for the selected 
simulation period (1954-1977) are included in Appendix C. 
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Figure 8. Climatic Analysis of Harlingen Rainfall Data 
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Figure 9. Climatic Analysis of Harlingen Rainfall Data 
(24-Year Simulation Period, January- December Growing Season) 

3.3 Water Quality Monitoring 

22 

Water samples were collected from the treated and control sides of both 
demonstration sites whenever runoff or subsurface drainage from the fields 
occurred. The orientation of demonstration sites and the location of sampling 
equipment are depicted in Figures 4 and 5, for the dryland and irrigated sites, 
respectively. Water quality monitoring was performed as specified in the 
USEPA-approved quality assurance project plan (TSSWCB, 1994 and 1997). 

For the dryland site, surface runoff flowed down the furrows to the down slope 
border where it was diverted through a control structure to a drainage channel. 
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Two fabricated sharp-crested weirs were installed on site to measure flow. The 
level of water exiting the treatment and control sections of the field was 
monitored through the weirs. Pressure transducers connected to dataloggers 
recorded water level at the sites. Problems with the dataloggers installed at the 
treatment and control sections. however, limited the water level data available 
from the dryland site. 

For the irrigated site, samples were collected following irrigation applications 
and rainfall events which resulted in subsurface drainage. The drainage system 
at the irrigated site (Figure 5) consisted of 10-centimeter (4-inch) corrugated 
polyethylene pipes with nylon sock filters. Each pipe was 366 meters (1200 
feet) long and was buried at a depth of 1.7 meters (5.5 feet). The drainage 
lateral lines run east to west, 46 meters (150 feet) apart. Each lateral drains an 
area approximately 46 meters by 402 meters or 1.8 hectares (150 feet by 1320 
feet or 4.4 acres). The lateral lines drain to a ditch on the western border which 
discharges to a constructed drainage channel. A single lateral line in the field 
was instrumented with automatic samplers. The two monitoring sites are not 
hydraulically distinct. The subsurface drainage from the BMP portion of the 
field, after being sampled, flows through the drain line under the control portion 
of the field before being discharged into the drainage ditch. During this time the 
drainage from the BMP portion may mix with drainage from the control portion 
and may be sampled again if the control sampler is triggered. 

Automated water samplers (ISCO 3700) 1 were utilized to collect the water 
samples at both demonstration sites during the monitoring period which 
extended from April I, 1996 through June 30. 1997. Each ISCO sampler was 
housed in a weatherproof, lockable instrument shelter to which a solar-powered 
battery was connected. The ISCO samplers were programmed to begin taking 
samples when moisture was detected by a level actuator. A datalogger, also 
housed within the shelter, recorded water levels within the subsurface drains at 
the irrigated sites and the depth of runoff through weirs at the outlet of the 
dryland sites. The original dataloggers installed at the demonstration sites were 
replaced with new Campbell Scientific, Inc. Model 21 X dataloggers due to 
problems encountered early in the project. 

Each ISCO sampler holds 12 liter-sized (0.264 gallon) glass sample bottles. 
Because pesticides were being analyzed, the sample bottles were glass, rather 
than plastic, were wrapped in foil to exclude light, and had Teflon-lined lids. 
The number of analyses performed on each sample required more than one liter 
of water; therefore, two bottles were required per sample. Thus, six samples 
could be obtained prior to refilling the sampler. The automatic samplers were 
programmed to take samples according to the regimes shown in Table 3. 

Mention or display of a trademark. proprietary product. or firm in the text or figures does not constitute an 
endorsement by TIAER. and does not imply approval to the exclusion of other suitable products or firms. 
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Table 3. Automatic Sampling Regimes 

Sample# 

2 

3 

4 

5 

6 

Dryland Site* 

0.0 hours 

L.O hours 

3.0 hours 

6.0 hours 

9.0 hours 

12.0 hours 

Irrigated Site* 

0.0 hours 

3.0 hours 

6.0 hours 

12.0 hours 

18.0 hours 

24.0 hours 

*A11 times referenced to a sampler activation time of 0.0 hours 

The automatic samplers were inspected within 24 hours following rainfall events 
by representatives of the Southmost Soil and Water Conservation District. Water 
samples were preserved as necessary, sealed and labeled appropriately, packed 
in ice, and shipped to the TIAER laboratory for analysis. Chain-of-custody 
documentation was included, as required by the project's quality assurance 
project plan. 

The TIAER laboratory, upon receipt of the samples, continued the appropriate 
chain-of-custody procedures, and took measures to meet holding times of the 
analytical procedures being performed. Table 4 lists the required container, 
preservation, and holding time for analysis of each parameter measured for this 
project. 

Table 4. Sample Collection, Preservation, and Holding Times 

Parameter Container 

Ammonia Nitrogen AW-GB 

Nitrate-Nitrite Nitrogen AW-GB 

Total Kjeldahl Nitrogen AW-GB 

Orthophosphate Phosphorus AW-GB 

Total Phosphorus AW-GB 

Total Suspended Solids AW-GB 

Chemical Oxygen Demand AW-GB 

Azinphos (methyl) AW-GT 

Malathion AW-GT 

Parathion (methyl) AW-GT 

Prometryn AW-GT 

Atrazine AW-GT 

Trifluralin AW-GT 

Permethrin (cis/trans) AW-GT 

A W -GB~aluminum foil wrapped glass bottles 
H2S04=concentrated sulfuric acid 
4 °C:::: 4 degrees centigrade 
AW-GT::::aluminum foil wrapped glass with Teflon lined lid 

Preservation 

pH<2 H,SO,, 4°C 

pH<2 H,SO,, 4°C 

pH<2 H,so,. 4°C 

4°C 

pH<2 H 2SO,, 4°C 

4°C 

pH <2 H,so,, 4 oc 

4°C' 

4°C * 

4°C * 

4°C * 

4°C * 

4°C * 

4°C * 

sodium thiosulfate must be added to 0.008% if sample contains chlorine residual 
** 7 days until extraction, 40 days to analyze after extraction 

Holding Time 

28 days 

28 days 

28 days 

28 days 

28 days 

7 days 

28 days 

7 days ** 

7 days** 

7 days ** 

7 days** 

?days** 

7 days** 

7 days** 
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The approved EPA method, estimated detection limit, and the equipment used 
for analysis of each parameter are listed in Table 5. 

Table 5. Laboratory Analytical Methods 

Parameter 

Ammonia Nitrogen 

Nitrate-NiUite Nitrogen 

Total Kjeldahl Nitrogen 

Orthophosphate Phosphorus 

Total Phosphorus 

Total Suspended Solids 

Chemtcal Oxygen Demand 

Azmphos (methyl) 

Malathion 

Parathion (methyl) 

Prometryn 

Trifluralin 

Permethrin (cis/trans) 

Atrazine 

Method 

EPA 350.1 

EPA 353.2 

EPA 351.1. 

EPA351.2 

EPA 365.2 

EPA 365.4, 

EPA 365.2 

EPA 160.2 

Hach 8000 

EPA 1657 

EPA 1656 

Equipment Used Estimated MDL • 

Perstorp Analytical Autoanalyzer 0.037 mg/L 

Perstorp Analytical Autoanalyzer 0.006 mg/L 

Perstorp Analytical Autoanalyzer with Tecator block 0.194 mg/L 
digester 

Bechman DU64 Spectrophotometer 0.010 mg!L 

Perstorp Analytical Autoanalyzer with Tecator block 0.101 mg!L 
digester 

Sartorius AC21 P or Mettler A T261 I 0 mg/L 

Analytical Balance. Oven 

Hach DR 2000 

Thermionic Bead Nitrogen - Phosphorus 

Detector 5% carbowax packed primary 

w1th % carbowax Gas Chrom Q 

confirmation column 

Electron Capture Detector. DB-608 

primary column wnh a DBI701 

confirmation column 

6 mg!L 

0.009 J.lg/L 

0.011 J.lg/L 

0.018 J.lg/L 

0.020 J.lg/L 

0.05 J.lg/L 

0.02 J.lg/L 

0.50 J.lg/L 

" MDL- Method Detection Limit. redetermined periodically . 
. \1DLs determined October 1996 
Pesticide MDLs determmed September 1996 

A water quality database for the project was maintained in SAS (version 6.09). 
This database contains the results of laboratory analyses conducted on water 
samples collected from the demonstration sites. The precision, accuracy, 
estimated practical quantity limits and data completeness for the TIAER 
chemistry laboratory can be found in the annual TlAER Laboratory Quality 
Assurance Reports, which are available from TIAER upon request. Copies of all 
raw data, laboratory analyses. documentation records. calibration logs, and other 
pertinent information are available for inspection upon request. All original 
data, both hardcopy and electronic forms. will be archived by TIAER for at least 
five years. 

The number of events monitored for each of the demonstration sites during the 
study period ( 4/1/96 - 6/30/97) are listed in Table 6. The number of water 
samples collected and the time frame of sampled events are also noted. A total of 
seven sampling events were monitored at the BMP portion of the irrigated 
demonstration site. Five of the seven sampling events (event numbers one. two. 
four, six and seven) represent subsurface drainage resulting from furrow 
irrigation. Two of the events (event numbers three and five) resulted from 
infiltration of rainfall at the site. The irrigated control site did not receive 
sufficient infiltration from event number three to trigger the sampler, so that site 
has data for only six events. Four rainfall runoff events were monitored at the 
dry land sites during the monitoring period. 
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Chemical constituent concentrations monitored during each of these events were 
used in model calibration. Water quality results are presented in this report as 
they relate to model calibration and testing. Results of laboratory analyses for 
individual samples are included in a companion report prepared by T AEX which 
also includes a qualitative analysis of the monitoring data for evaluation of BMP 
effectiveness. 

Table 6. Events Monitored at the Dryland and Irrigated Demonstration Sites 

Site Treatment Sampling Beginning Time of Ending Time of #of Water Accompanying Flow 
Event Sample Collection Sample Collection Samples Collected Data 

Available 

Irrigated BMP I 4/15/96 4:00 4/16/96 4:00 3 NO 

2 5/14/96 6:00 5/18/96 12:00 18 NO 

3 6/24/96 17:00 6/24/96 17:00 I NO 

4 8/14/96 8:00 8/20/96 14:00 24 NO 

5 8/26/96 18:00 8/30/96 14:00 22 NO 

6 1/31/97 18:00 214/97 12:00 22 NO 

7 6/13/97 18:00 6/15/97 14:00 II NO 

Irrigated Control I 4/16/96 4:00 4/17/96 4:00 3 YES 

2 5/16/96 0:00 5/18/96 18:00 15 YES 

3 No samples were collected from control portion 

4 8/18/96 16:00 8/21/96 14:00 14 NO 

5 8/26/96 18:00 8/30/96 14:00 22 NO 

6 1/29/97 18:00 212197 12:00 22 NO 

7 6/14/97 2:00 6115/97 I 0:00 7 NO 

Dry land BMP I 8/31/96 16:00 9/1/96 4:00 6 NO 

2 9/27/96 23:00 9/28/96 I :00 2 NO 

3 I 0/5/96 0:00 I 0/5/96 20:00 7 NO 

4 3/11/97 9:00 3/11/97 13:00 3 NO 

Dry land Control I 8/31/96 16:00 8131/96 16:00 I NO 

2 9/27/96 23:00 9/28/96 I :00 2 NO 

3 I 0/5/96 0:00 10/6/96 4:00 9 NO 

4 3/11/97 8:00 3/11/97 8:00 I NO 

3.4 Characterization of Baseline Conditions 

26 

In preparation for the modeling assessment of BMP implementation, it was 
necessary to define the current conditions and crop management practices 
employed in the study area. Numerous assumptions were made based on 
discussions with experts familiar with local farming practices (Moore, 1997; 
Fipps, 1997b; Norman, 1997; Sauls, 1997; Sparks, 1997; Bremer, 1997; Rozeff, 
1997). These assumptions were used to define current conditions as a baseline 
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for BMP implementation comparisons. These assumptions are outlined in the 
following sections. 

Irrigation Practices. Several assumptions were made regarding irrigation 
methods for different types of irrigated crops. It was assumed that furrow 
irrigation with blocked ends is the most commonly used method of irrigating 
cotton, grain sorghum, corn and sugarcane crops in the study area. Flood 
irrigation or level border irrigation is the most prevalent method of irrigating 
citrus. A six-inch irrigation volume was assumed to be standard for furrow 
irrigation systems and a five-inch volume was assumed for flood irrigation. The 
number of applications per year varied based on the annual rainfall conditions 
and were defined for wet, dry and normal rainfall years. (See Table 9.) 

Crop Rotations. As stated earlier, it was assumed that 85 percent of the cotton 
produced in the area was rotated with grain sorghum and 15 percent was rotated 
with corn. These percentages were assumed for both irrigated and dryland 
cotton production. A two-year crop rotation was assumed for cotton with cotton 
being produced the first year and grain sorghum or corn the next, then alternating 
every year. Thus, for the 24-year simulation period, cotton production was 
simulated for 12 years. and either grain sorghum or corn for the alternate 12 
years. 

For sugarcane, a six year crop rotation was assumed. It was assumed that 
sugarcane would be planted the first year, followed by three years of ratoon 
cane. Cotton would be cultivated during the fifth and sixth years of the rotation. 
after which sugarcane would be planted again. Based on this crop rotation, 4 full 
rotations were simulated during the 24-year period. The modeling results 
represent simulations of 16 years of sugarcane production and 8 years of cotton 
production. 

For citrus production. it was assumed that the trees were planted during the first 
year and began producing in the third year of a 24-year simulation period. 

Residue Management. In defining the current (baseline) conditions, it was 
assumed that crop residues from corn and grain sorghum crops were shredded 
and disked into the soil shortly after harvest. This practice was assumed to 
apply only to the corn and grain sorghum crops. Since mandatory plow down 
dates are set annually as a measure to control overwintering boll weevils, this 
practice is not applicable to the cotton rotation. Residue management is also not 
applicable to sugarcane production due to the method used to harvest sugarcane 
which involves burning of fields prior to harvesting of the cane. 

Fertilization. It was assumed that baseline crop fertilization occured as a single 
fertilizer application before or during planting with the amount based on 
anticipated yields and crop utilization without regard to soil nutrient levels. It 
was further assumed that fertilizer application rates would remain relatively 
constant from year to year. Annual fertilization rates assumed for baseline 
conditions are listed in Table 7. 
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Table 7. Current Fertilization Practices 

Crop Management 
I Crop Stage 

Cotton Irrigated 

Dry land 

Grain Sorghum Irrigated 

Dry land 

Com Irrigated 

Dry land 

Sugarcane Plant Cane 

Ratoon Cane 

Citrus 

hl=hectohter 
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Yield Goal Nitrogen Phosphorus Potassium 
per Hectare (Acre) N P,o, KzO 

kglha (lb/ac) kglha (lblac) kglha 
(lblac) 

140I kg (2.5 bales) 140(I25) 90 (80) 0 

II21 kg(2.0bales) 112 (100) 90 (80) 0 

6727 kg 6000 Ibs 135 (120) 90 (80) 0 

5605 kg(5000 lbs ) II2(100) 67 (60) 0 

122 hi (140 bu) 168(150) 90 (80) 0 

65 hi (75 bu) 84 (75) 67 (60) 0 

123,318 kg (55 tons) 90 (80) 49 (44) 0 

112,108 kg (50 tons) 202 (ISO) 0 0 

See recommended rates for each year of growth in Table 8. 

Irrigation Land Leveling/Precision Land Forming. Based on discussions with 
local project participants during Technical Advisory Committe meetings, it was 
estimated that approximately 80 percent of the farmed soils in the study area 
have been leveled. This assumption was applied to both irrigated and dryland 
cotton in rotation with either grain sorghum or corn. It was also assumed that 80 
percent of the sugarcane acreage had implemented irrigation land leveling. For 
citrus production under flood irrigation management, it was assumed that 100 
percent of the acreage had been leveled prior to establishment of the orchard. 

Integrated Pest Management (/PM). As integrated pest management (!PM) 
practices have been promoted through educational programs ofT AEX and other 
entities, it was necessary to determine the extent to which area producers were 
currently utilizing these practices. It was assumed that !PM was already being 
utilized in dryland agriculture because the profit margin is much narrower under 
dryland production requiring the farmer to pay particular attention to pesticide 
applications (Norman, 1997). Likewise, the practice of !PM has been quite 
common in citrus production for many years (Sauls, 1997). Therefore, the 
environmental benefits of !PM implementation on these areas have already been 
realized. 

!PM implementation to sugarcane grown in the area is also not likely to yield 
much benefit. According to Norman Rozeff, agriculturist employed by the Rio 
Grande Valley Sugar Growers, Inc., insecticides are rarely applied to sugarcane 
grown in the Valley (Rozeff, 1997). Of the cropping systems evaluated, only 
irrigated cotton in rotation with either grain sorghum or corn is likely to show an 
environmental benefit from implementation of this BMP. 

A survey of Texas cotton producers, conducted by Smith eta/. (1996), compiled 
information on pesticide usage in the cotton industry. Survey results noted that 
the tactic ranked as the most important aspect of !PM is the practice of 
"scouting" acreage for the presence of insects, weeds, and disease. Survey 
results indicated that 99 percent of the cotton acreage in the Lower Rio Grande 
Valley (LRGV) was scouted, suggesting that some level of !PM was employed 
on almost all cotton acreage. Scouting was performed by farmers (34%), by 
dealers of farm supplies and/or chemicals (II%), and by consultants and 
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specialists (50%) in the LRGV. Theory holds that pesticide application 
decisions are based on an economic threshold (ET), i.e., the point at which crops 
need treatment before pest populations cause economic crop loss, and scouting 
helps to determine the ET. 

To determine the degree of IPM implementation by the area's cotton producers, 
participants in the Arroyo Colorado project evaluated the survey results as to 
which entity had performed the scouting. Although the survey results reported 
apply to the four county region comprising the LRGV, it was assumed these 
percentages are also representative of cotton production within the Arroyo 
Colorado Study Area and as such characterize the baseline conditions. The 
following percentages were assumed to represent baseline conditions for the 
irrigated cotton acreage in the Arroyo Colorado study area. 

• Fully Implemented IPM Program 50% 

• Mid-level IPM Program 45% 

• Low-level !PM Program 5% 

3.5 BMPs Evaluated 

Through the project's technical advisory committee, BMPs suitable for crops 
grown in the study area were selected for evaluation. Six BMPs were selected 
for evaluation; however, some of the BMPs were not applicable to a particular 
crop or soil type. Assumptions regarding the BMPs selected and how each of 
the BMPs would be represented m the modeling analyses are discussed in the 
following sections. 

BMP #1 - Improved Nutrient Management 

The first BMP evaluated was improved nutrient management. The primary 
difference between this BMP and the baseline condition is that fertilization rates 
would be based on soil test results with annual rates split into two applications 
rather than a single application. Annual fertilizer applications were based on 
expected yields and residual soil nutrient levels. Annual applications of nitrogen 
fertilizer to cotton, grain sorghum and corn crops were split, with one-half of the 
annual rate being applied during preplant or at planting and other one-half side­
dressed approximately 30 days after plantmg. All of the phosphorus fertilizer 
requirement was applied in a single pre-plant application. 

For flood-irrigated citrus. two-thirds of the annual nitrogen fertilizer requirement 
was applied in February and the remaining one-third was applied in May. For 
citrus groves utilizing microspray irrigation. it was assumed that liquid fertilizer 
was injected once per month. at the end of an irrigation application, with the 
annual fertilizer requirement reduced by 20 percent of that utilized by flood 
irrigated citrus. 

Split nutrient applications arc not recommended for sugarcane (Rozell, 1997). 
however, soil testing would prove beneficial to sugarcane production. In 
simulating this BMP for sugarcane, fertilizer applications consisted of a single 
application with rates dependent on the stage of growth or ratoon cycle. The 
recommended fertilization rates used to simulated this BMP are listed in Table 8. 
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Table 8. Recommended Fertilization Rates Under BMP #1 - Improved Nutrient Management 

Crop Management/ Average Crop Nitrogen Phosphorus Potassium 
Crop Stage Yield/Hectare (Acre) N p,o, K,O' 

kg/ba (lblac) kg/ba (lblac) kg/ba (lblac) 
(P=PzOs x 0.44) 

Cotton Irrigated 841 kg (750 lb.lint, 1.5 bales) 67 (60) 67 (60) 0 

Dry land 561 kg (500 lb. lint, 1.0 bales) 45 (40) 45 (40) 0 

Grain Sorghum Irrigated 5605 kg (5000 lb). 112 (100) 67 (60) 0 

Dry land 4484 kg (4000 lb.) 90 (80) 45 (40) 0 

Com Irrigated 65 hi (75 bu) 84 (75) 67 (60) 0 

Dry land 37 hi (42 bu) 47 (42) 67 (60) 0 

Sugarcane Plant Cane 67,265 kg (30 tons) 25 (22) 83 (74) 0 

I st Ratoon Cane 67,265 kg (30 tons) 112 (100) 0 0 

2nd Ratoon Cane 67,265 kg (30 tons) 157 ( 140) 0 0 

3rd Ratoon Cane 67,265 kg (30 tons) 168 (150) 0 0 

Citrus I yr. 39 (35) 0 0 

2 yr. 56 (50) 0 0 

3 yr. 4,484-6,726 kg (2-3 tons) 84 (75) 0 0 

4 yr. 11,211-13,453 kg (5-6 tons) 112 (100) 0 0 

5 yr 15,695-20,179 kg (7-9 tons) 118 (lOS) 0 0 

6 yr. 22,422-31,390 kg (10-14 tons) 123(110) () 0 

7 yr. 29,148-40,359 kg ( 13-18 tons) 129(115) () 0 

8 yr. 33,632-44,843 kg (I S-20 tons) 140 (125) 0 0 

9 yr. 38,117-49,327 kg (17-22 tons) 157 (140) 0 0 

10+ yr. 40,359-51.570 kg (18-23 ton)s 168 (ISO) 0 0 
1 Area sotls are generally htgh 1n potassiUm, Potash tS not apphed 

RateS should be reduced as appropriate based on soil test results 

BMP #2 - Improved Residue Management 

Residue management is appropriate only for grain sorghum and corn crops. In 
simulating this BMP, it was assumed that crop residues left after harvesting of 
grain sorghum and corn crops were shredded and maintained on the surface of 
the field until seedbed preparation. The residue was plowed under and disked 
into the 'soil in December prior to bedding in preparation for cotton planting in 
the spring. 

BMP #3 - Improved Irrigation Water Management 
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It was assumed that improved irrigation water management, which consists of 
furrow irrigation, would result in the same number of irrigation applications with 
a reduction in irrigation volume from 152.4 mm (6 in.) per application to 101.6 
mm (4 in.) per application (Fipps, I 997b). The number and volume of 
irrigations assumed for each crop are listed in Table 9. 
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Table 9. Number and Volume of Irrigation Applications for Irrigation BMPs (BMP#3 and BMP #4) 

Crop BMP \Vet Year Nonnal Year Dry Year 

Number Volume Number Volume Number Volume 
(mm) 

(mm) (mm) 

Cotton Baseline Condition/Furrow Irrigation 2 152.4 4 152.4 6 152.4 

Improved Irrigation Water Management 2 101.6 4 101.6 6 101.6 

Improved Irrigation Technology 2 50.8 5 50.8 8 50.8 

Grain Sorghum I Baseline Condition/Furrow Irrigation 0 2 152.4 3 152.4 

Com Improved Irrigation Water Management 0 2 101.6 3 101.6 

Improved Irrigation Technology 0 3 50.8 4 50.8 

Sugarcane Baseline Condition/Furrow Irrigation 4 152.4 8 152.4 10 152.4 

Improved Irrigation Water Management 3 101.6 7 101.6 9 101.6 

Citrus Baseline Condition/Flood Irrigation 4 127.0 5 127.0 6 127.0 

Improved lmgation Technology Variable, weekly applications ba...<:ted on evapotranspiration 

BMP #4 - Improved Irrigation Technology 

Improved irrigation technology includes surge flow irrigation of cotton, grain 
sorghum, and corn and microjet spray irrigation of citrus. Surge flow technology 
has not proven successful for sugarcane due to the large amounts of plant debris 
that accumulates in the cane furrows (Fipps, 1997b). The number and volume of 
irrigations assumed for each crop are also listed in Table 9. 

The irrigation strategy used by microspray irrigators of citrus is usually 
determined by the estimated evapotranspiration rates for the LRGV area (Sauls, 
1997). Timed weekly applications are made to citrus groves, provided no 
rainfall has occurred in the previous week. If rainfall occurs, citrus producers 
forego the scheduled weekly application until the following week. Based on 
information provided by Extension specialists the following weekly irrigation 
application rates were calculated as denoted in Table I 0. The weekly 
applications were based on an assumed flow rate of 61 liters (16 gallons) per 
hour per tree for the microjet spray nozzles and an assumed tree spacing of 
approximately 59 trees per hectare ( 145 trees per acre). 

Table 10. Microspray Irrigation Schedule for Citrus 

Month Weekly Irrigation Timing Weekly Irrigation Application 

February and March 8 hr/wk 17J mm 

April and May 9 hr/wk 19.6 mm 

June 10 hr/week 21.6 mm 

July II hr/week 2J.9 mm 

August 12 hr/week 26.2 mm 

OclOber and November II hr/wk 23.9 mm 
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BMP #5 - Irrigation Land Leveling/Precision Land Forming 

Since partial implementation of this BMP has already been realized in the study 
area, this BMP was evaluated based on an increase in the percentage of leveled 
cropland in the study area from 80 percent to 95 percent. 

BMP #6 -Integrated Pest Management 

This BMP, similar to land leveling practices, is in partial implementation in the 
study area. Based on baseline characterizations of !PM implementation, this 
BMP was evaluated through an increase in the cotton acreage under full 
implementation of !PM practices from 50 percent to 95 percent with 5 percent of 
the acreage remaining under a low-level !PM program. 

Increased implementation of !PM from a mid-level to an almost fully 
implemented program on irrigated cotton acreage in rotation with either grain 
sorghum or corn, impacted roughly 58 percent of the study area on a bi-annual 
basis. Based on the crop management assumptions outlined for the baseline 
conditions, the modeled level of influence was limited to a reduction in the 
number of insecticide applications from I 0 to 8 per year for the cotton rotation 
under normal rainfall conditions. Over the 24-year simulation period, this 
impacted 12 years, eliminating a total of 24 pesticide applications during this 
period. 

This assessment, while addressing the benefits of increased implementation of 
!PM practices, has a very small impact on the total application of pesticides 
because the baseline condition already has a relatively high level of !PM 
implementation. During a normal year, this represents a 0.56 kg!ha (I I%) 
reduction in pesticides applied to irrigated cotton from 4.96 kg!ha under a mid­
level implementation to 4.40 kg/ha under the fully implemented program. 

4.0 MODEL SELECTION AND TESTING 

4.1 Model Selection 

Three models were initially considered for evaluation of BMP effectiveness 
implemented throughout the Arroyo Colorado Project study area including 
DRAINMOD/CREAMS, EPIC-WT and the most recent version of EPIC, 
version 5300. The DRAINMOD/CREAMS model consists of DRAINMOD 
(version 4.6) linked with the CREAMS model and was developed by Parsons 
and Skaggs ( 1988) at North Carolina State University. The Erosion Productivity 
Impact Calculator - Water Table, EPIC-WT model, was developed by 
researchers at Louisiana State University (Sabbagh, era!., 1991 ). The EPIC-WT 
model combines the EPIC model (version 3657) with a drainage model which 
utiltzes the same approach as the DRAINMOD model. The Environmental 
Policy Integrated Climate, EPIC model (version 5300) is the most recent version 
of the field-scale model developed by the USDA-ARS at the Grassland, Soil and 
Water Research Laboratory, collocated with the Blackland Research Center in 
Temple, Texas (Mitchell et al., undated). 
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Although the DRAINMOD/CREAMS and EPIC-WT models incorporate a more 
sophisticated drainage model and are capable of simulating the movement of 
nutrients and pesticides within the soil profile, the method used by these models 
to calculate tile flow rates is limited to flow resulting from ·high water table 
encroachment into the drain tiles. In the study area, however, flow in drain tiles 
can result from irrigation or rainfall events. Based on the application of 
Hooghoudt's steady state equation in DRAINMOD, the tile flow rate is set to 
zero when the water table is below the drainage depth even if sufficient 
precipitation or irrigation is applied to cause outflow through the tile drains. 
Deficiencies associated with the use of Hooghoudt' s equation to predict 
subsurface tile flow (when water table depths are below the drainage depth) have 
been noted by several researchers (Sanoja, et al., 1988; Kanwar, 1981; Rogers, 
1985). This problem was observed during preliminary evaluation of the models 
based on test datasets generated for the Arroyo Project Area and was confirmed 
through conversations with model developers at Louisiana State University and 
North Carolina State University. 

An additional drawback to these models is the limitation associated with crop 
growth, nutrient and pesticide components of the older versions of the USDA­
ARS CREAMS and EPIC models. Modification and enhancement of the 
original CREAMS and GLEAMS models in the evolution of the current EPIC 
model and its multi-field version APEX have increased the level of 
sophistication of these models. Continual testing, development and refinement 
of these models by ARS researchers at the Grassland, Soil and Water Research 
Laboratory have led to increased capabilities and improved accuracy compared 
to earlier versions. Enhancements of the EPIC/ APEX models since the release 
of CREAMS and EPIC (version 3657) include an improved crop growth model. 
upgrade of the pesticide model components, the addition of ammonia 
volatilization subroutines, new erosion equations and the addition of TR-55 peak 
rate estimator. 

Given the limitations of the DRAINMOD/CREAMS and EPIC-WT models and 
the fact that BMPs selected for evaluation relate to management and 
conservation practices rather than the structural design of tile drainage system 
(e.g., tile spacing, placement. depth, etc.), it seems appropriate to base model 
selection on the level of sophistication of the crop growth/management 
components of the model rather than the drainage components. EPIC (version 
5300) while utilizing simplified drainage calculations, has been extensively 
tested and validated in many areas of the nation. Performance testing of EPIC's 
crop growth components as well as the hydrology, nutrient and pesticide 
subroutines have indicated that EPIC performs well even with limited 
calibration. For these reasons, EPIC5300 was selected for use in evaluating the 
effects of BMP implementation within the Arroyo Colorado study area. 

4.2 Model Calibration/Sensitivity Analysis 

Model calibration was performed through comparisons of model predictions to 
measured data collected at the irrigated and dryland demonstration sites. 
Available crop management data (tillage and harvest dates, fertilization. 
irrigation, and pesticide applications) for activities during the study period were 
obtained from NRCS and Agro-Synergetics, Inc. All available weather and 
water level data for the demonstration sites were also obtained from NRCS. 
Based on acquired information, input datasets for the EPIC model were 
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generated to characterize grain sorghum and cotton production during the 1996 
and 1997 growing seasons. EPIC datasets for the demonstration sites are 
included in Appendix D. Daily weather data and hourly water level data utilized 
for model calibration are included in Appendices E and F, respectively. 

Water level data' collected by NRCS was converted to flow based on the 
following equations supplied by NRCS: 

D= d -4.11" 
12 

Q = O.IOis-JD 

where 

D =depth of water in the drain in feet, 

d = the water level recorded by datalogger in inches, and 

Q =drain flow in cfs. 

The hourly drain flow calculated was converted to metric units (m3/s) and 
accumulated on a daily basis for comparison to daily drain flow predicted by the 
EPIC model. 

Illustrated in Figure I 0 is a comparison of subsurface drain flow predicted by 
EPIC for the irrigated demonstration site to that measured during the two 
irrigation events for which flow data were available. 
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Figure 10. Comparison of Predicted to Measured Subsurface Drain Flow at the Irrigated Demonstration Site 
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The results indicate good correspondence between the subsurface drain flow 
predicted by the calibrated EPIC model and the measured data observed for two 
irrigation events at the irrigated control site. Comparisons of drained volume 
and soluble nitrogen loads for each event also yielded good correspondence as 
indicated in Table II. For event number one, EPIC predicted a drain volume of 
6,251 cubic meters compared to 6,412 cubic meters which was computed based 
on water level measurements in the drain. The soluble nitrogen load predicted 
by EPIC for the event was 97 kilograms compared to 98 kilograms computed 
from the flow and constituent concentration data. 

For event number two. close agreement between the predicted and measured 
drain volume was observed. EPIC predicted a drain volume of 3,24 7 cubic 
meters which compares well with the computed drain volume of 3,611 cubic 
meters. The soluble nitrogen load predicted by EPIC for event number 2 was 
slightly greater (53 kilograms) than the 44 kilograms calculated based on the 
monitoring data. 

Table 11. Comparison of Predicted to Measured Subsurface Data for the Irrigated Demonstration Site 

Measured Predicted 

Event# I 

4/8/1996 12 02:00AM. 5/4/1996 II :02:00PM 

Drain Volume (cubic meters) 6.412 6.251 

Mass of Soluble N (kg) 98 97 

Event# 2 

5/8/1996 12:02:00 AM. 5/28/1996 II :02:00PM 

Drain Volume (cubic meters) 1.611 3.247 

Mass of Soluble N (kg) 44 53 

Since accompanying flow data were not available for sampling events three 
through seven at either the BMP or control sections of the irrigated 
demonstration site. model testing for these events was limited to comparisons of 
soluble nitrogen concentrations predicted by the EPIC model to measured 
concentrations of soluble nitrogen. For both the BMP and control sites, the 
predicted and measured soluble nitrogen concentrations in the drain flow were 
plotted over time (Figures II and 12). 

Comparisons were made for two time periods. Figures II a) and 12 a) examine 
a two-month period from April I. 1996 through May 31, 1996 for the grain 
sorghum rotation. Measured data represent concentrations observed in 
subsurface drainage following two irrigation events. Geometric mean daily 
concentrauons were computed from sample concentrations for comparison to 
daily predicted values. Figures II b) and 12 b) depict a three-month period from 
January I, 1997 through March 31. 1997. This timeframe depicts measured and 
predicted soluble nitrogen concentrations for the 1997 pre-plant period for the 
cotton rotation. This period primarily encompasses irrigation and fertilizer 
applications prior to planting of the cotton crop on March 20. 1997 with 
measured data representing subsurface drain concentrations during a single pre­
plant irrigation event. As can be seen in Figures I I and 12, concentrations of 

Prediction of Effects of BMPs on Agricultural NPS Pollution in the Arroyo Colorado Watershed 35 



a) 

:J 

"" E 
c 
-~ 
'§ 
c 
~ 
u c 
0 
u 
z 
u 

:;; 
~ 

0 
"' 

18 
16 ¢ 

14 <> 12 
10 
8 ---·· 

6 ... 

4 
2 
0 
~ ~ ~ ~ 

"' "' "' ~ ::; "' 
~ 

~ ::; t' 
.y 

~ 

"' ~ t' 
~ 

soluble nitrogen predicted by the EPIC model generally are within the range of 
values observed in the monitoring data. 

···~-

-\ -9>-
<>-{J 

--

~ ~ ~ ~ 

~ ~ "' "' 0 ~ 

t' t' 
~ ~ ~ 

b) 

~ 14,-----------------------~ 
~ 12 •. 

-~ 10 

" c 
~ 
u § 6 '--- -------

u 4 z 
2 

~ ~ ~ 

"' "' "' "' ~ 

~ ~ 

~ "' ~ s t' 

~ ~ ~ ~ ~ ~ ~ ~ 

"' ;s ;s ;; "' "' "' ;s "' ~ 

~ ~ 

~ 
~ "' ;; ;:; ~. s: 

Date Date 

\--Predicted (BMP) (> Measured Concentrations E-- Predicted (BMP) 0 _ M~;~~red Con~entrations I 

Figure 11. Soluble Nitrogen Concentrations Predicted for Subsurface Drain Flow, Irrigated BMP Site 
a) 411/96- 5/31196 b) 111/97- 3/31/97 

a) b) 

~ 18 
:J 

"' 14 
3 16 .J---~ 

2 14 <><> e 12 

g 
12 c 

2 10 e 
" 10 
~ 8 c 
0 

6 ..... u 
z 4 

" 8 ! . 

" u 
6 c 

0 
u 4 z 

~ 

2 .... :0 " 2 :0 
" 0 0 

"' ~ ~ ~ ~ ~ '3; ~ G ~ 

~ ~ g;, ~ 

~ >. ~ 

~ C; ~ "' .y ;;, ;;, ;;: t' ~ ~ .y ~ ~-

" 0 0 
"' ~ ~ 

~ 

~ 
~ ~ ~ ~ ~ ~ ~ ~ 

~ 
~ ~ 

~ ~ ~ "' ~ ~ 
~ 

~ ~ 
@. ;; ~ c• N ~. 

Date Date 

['-.:::.-=..-P-r-ed-i-ct-ed_(_C_o_nt_ro_l_) -0--M-;~-;~~-ed_C_o_nc_e_nt-ra-tions E
-~~--· -· ----··· -~ 

--. Predicted (Control) 0 Measured Concentrations 
-----------~~~-- ·- ----~--

Figure 12. Soluble Nitrogen Concentrations Predicted for Subsurface Drain Flow, Irrigated Control Site 
a)411/96- 5131196 b) 111/97-3/31/97 

36 

The limited amount of water level data available for the demonstration silcs 
precluded an exhaustive calibration of the EPIC model. Calibration was 
performed for the irrigated demonstration site based on data collected during the 
first two irrigation events for which accompanying flow data was available. 

Without accompanying flow data for the runoff events monitored at the dryland 
site, attempts to calibrate the controlling input variables to more closely correlate 
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predicted concentrations with observed values was not possible. A cursory 
comparison of predicted concentrations to those observed at the demonstrations 
sites was performed. The model output including predicted flow, concentrations 
and crop yields were inspected for reasonableness based on "best professional 
judgment." If the predicted results appeared to be reasonable, i.e., displaying an 
acceptable range of values, no further adjustments were made. If input 
adjustments were deemed necessary, initial soil moisture or runoff curve 
numbers were modified to predict flow (runoff or subsurface drainage) that 
corresponded more closely with the timing of observed flow events. 

Due to a lack of site specific rainfall data for the dryland site beyond February 
1997, comparisons of predicted to measured concentrations for the dry land 
demonstration sites were conducted for a shorter period, extending from April l, 
1996 through March 31,1997. As a check of model fidelity, predicted and 
measured concentrations were compared. For several important water quality 
parameters, geometric mean concentrations computed based on measured and 
predicted data for corresponding time periods are listed in Table 12. Measured 
data from runoff events one through three were used for comparisons. The 
results indicated that the mean concentrations predicted by EPIC were 
comparable to those computed from observed data. With the exception of 
organic and total nitrogen, the predicted concentrations were slightly higher that 
those observed. Predicted organic and total nitrogen concentrations were 
slightly lower than measured values. Overall, the concentrations predicted by 
EPIC for these comparisons were considered to be within acceptable ranges and, 
given the limited calibration that was possible, provided reasonable estimates of 
nutrient and sediment concentrations in surface runoff from the dryland 
demonstration site. 

Table 12. Measured and Predicted Geometric Mean Concentrations in Surface Runoff from the Dryland 
Demonstration Site 

BMPSite Control Site 

Constituent (units) Measured Predicted Measured Predicted 

Soluble N in Surface Runoff (mg/L) 0.220 0.567 0.243 0.580 

Organic N in Surface Runoff (mg/L) 1.865 1.008 1.928 1.606 

Total N in Surface Runoff (mg/L) 2156 1585 2.225 2.198 

Soluble Pin Surface Runoff (mg/Ll 0.349 0.511 0.316 0.549 

Organtc Pin Surface Runoff (rng/L) 0.860 0.917 0.727 1.413 

Total Pin Surface Runoff (mg/Ll 1357 1.764 1.243 1.986 

Sediment ConcentratiOn m Surface Runoff (mg/L) 488 522 586 735 

A sensitivity analysis was also completed for key input parameters to the EPIC 
model using the datasets developed for the demonstration sites. The sensitivity 
of model output to the runoff curve number (EPIC variable CN2), initial nitrate 
concentration in the soil (EPIC variable WN03 ). and the time required for the 
drainage system to reduce plant stress (EPIC variable DRT) was determined. 
These key calibration parameters were selected based on a sensitivity analysts 
performed on an earlier release of EPIC5300 (Chung and Gu, 1997) and 
discussions with model developers at the Blackland Research Center. Results of 
the sensitivity analysis. included in Appendix G, aided in the calibration of EPIC 
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for the two events monitored at the irrigated control site. The values for DRT 
used in the model application were determined through the model calibration 
process. A DRT value of 3.5 days yielded the best correspondence with 
measured drain flow for calibration events number one and two. 

As noted by Chung and Gu ( 1997), calibration of initial nitrate nitrogen 
concentration (WN03) in the soil improves model predictions for the first year 
of the simulation but has little effect on subsequent years. Measured soil 
nitrogen levels were used for model calibration based on soil samples collected 
at the demonstration sites. In applying the EPIC model for long-term 
simulations of the study areas, initial soil nutrient levels were estimated based on 
program defaults. 

While minor adjustments in the runoff curve number (CN2), within the published 
range for the soil and crop category, were made for calibration of the EPIC 
model to specific conditions at the BMP demonstration sites, no attempts were 
made to adjust the selected curve numbers used in model applications. Curve 
numbers used in application runs were selected from standard tables published 
by the NRCS (USDA-SCS, 1972, 1986). NRCS project participants provided 
assistance in selection of runoff curve numbers based on their knowledge of 
local soil and crop conditions. 

EVALUATION OF BMP IMPLEMENTATION 

Through the project's technical advisory committee, BMPs suitable for crops 
grown in the study area were selected for evaluation. Evaluation of the 
environmental impacts of BMP implementation for the study area was performed 
based on a modeling analysis. The methodology used for these evaluations are 
documented in the following sections. 

Input datasets characterizing crop production areas within the Arroyo Colorado 
study area were developed with the assistance of extension specialists at the 
TAMU Research and Extension Center in Weslaco, who provided information 
on pesticide use in Cameron County including typical timing and application 
rates for the crops of interest. Representative crop management schedules 
developed for the modeling analyses arc included in Appendix H. Assumptions 
relating to BMP implementation within the watershed were also defined and arc 
included in Appendix I. Pesticides which were identified in the representative 
crop management schedules included I 0 herbicides, 13 insecticides and 2 
defoliants. The specific pesticides considered in the modeling analysis of BMPs 
are listed in Table 13. 

Prediction of Effects of BMPs on Agricultural NPS Pollution in the Arroyo Colorado Watershed 



Table 13 . List of Pesticides Considered in the Modeling Analysis 

Common Name Trade Name Common Name Trade Name 

HERBICIDES: * Atrazine Aatrex INSECTICIDES: Benomyl Benlate 

Dicambra Soluble Salt Ban vel Dicrotophos Bidrin 

Ametryn 

Bromacil 

Simazine 

Pendmimethalin 

* Triflurahn 

Glyphosate amine 

Oryzalin 

Norflurazon 

DEFOLIANTS: Tribufos 

Thidiazuron 

* Monitored at Demonstration Fields 

Evik • Azinphos-methyl Guthion 

Hyvar X Cyhalothrin Karate 

Princep Dicofol Kelthane 

Prowl Copper hydroxide Kocide 

Treflan Chlorpyrifos Lorsban 

Roundup Acephate Orthene 

Surflan • Permethrin Pounce 

Evital/Solicarn Aldicarb Temik 

Fenbutatin oxide Vendex 

DEF Oxamyl Vydate 

Dropp Petroleum Oil Spray 

Model simulations were performed for each of the crop/soil/BMP combinations. 
Average annual loads of nutrients and pesticides were calculated for the study 
area based on the modeling results. In calculating load reductions for the study 
area, individual pesticide loads were summed representing a total pesticide load. 
Percent reductions of surface, subsurface and total constituent losses were 
estimated for each of the six BMPs evaluated. Also evaluated was the condition 
in which all of the applicable BMPs were implemented within the study area. 
Percent change for the study area was calculated as: 

L(ABI)- L(BC) x lOO 

L(BC) 

Where: 

L(ABI) =Total constituent load after BMP implementation, and 

L(BC) =Total constituent load at baseline condition. 

Results of BMP evaluations (Table 14) indicated significant reductions in 
nutrient and pesticide loads from implementation within the study area. Percent 
reductions in total nitrogen loads exceeding 30 percent were estimated for 
improved nutrient management, improved irrigation water management and 
improved irrigation technology. Improved nutrient management also had the 
greatest impact on total phosphorus loads with an estimated 15 percent reduction 
attributed to this BMP. With respect to pesticide and sediment losses from 
cropland areas. the two BMPs dealing with irrigation practices (improved 
irrigation water management and improved irrigation technology) showed the 
greatest potential for reducing contributions from the study area. Based on the 
modeling analysis, BMP number 2. improved residue management. displayed 
only minor reductions in nutrient loads but effected an estimated 18 percent 
reduction in sediment loss due to water erosion. Improved nutrient management 
resulted in an estimated 34 percent reduction in total nitrogen losses and an 
estimated 15 percent reduction in total phosphorus; however. it showed no 
change in pesticide contributions. 
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Table 14. Percent Change 1 Associated with BMP Implementation in the Arroyo Colorado Study Area 

Nitrogen Phosphorus Pesticide Sediment Loss 
Losses Losses Losses Due to Water 

BMP Surface Subsurface Total Total Surface Subsurface Total Erosion 

BMP# I -Improved Nutrient -5 -40 -34 -15 0 0 0 0 
Management 

BMP# 2 - Improved Residue -4 0 0 -2 -13 0 -8 -18 
Management 

BMP# 3 -Improved Irrigation Water -2 -36 -30 -4 -28 -33 -30 -30 
Management 

BMP# 4 - Improved Irrigation 4 -56 -45 -5 -31 -22 -28 -43 
Technology 

BMP# 5 - Increase in Irrigation Land -9 2 0 -5 -8 I -5 -21 
Leveling/Precision Land Forming to 
95% 

BMP# 6 - Increase in IPM 0 0 0 0 -I 0 -I 0 
Implementation to 95% 

Implementation of all applicable BMPs -21 -76 -64 -27 -78 -28 -62 -62 
1Negauve values represent a percent decrease tn the constttuent, whereas a postttve value represents a percem mcrease 
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Although BMPs number 5 and 6, dealing with land leveling practices and 
integrated pest management (IPM) practices, both displayed rather minor 
reductions in constituent loads, it should be kept in mind that these practices are 
largely implemented under the baseline condition, and this evaluation merely 
dealt with increasing the implementation in each case to 95 percent It cannot 
and should not be concluded that these BMPs are not successful in reducing 
nonpoint pollution, but rather than much of the environmental benefits 
associated with these BMPs has already been realized. It would appear that 
educational and planning efforts by T AEX, NRCS, TSSWCB and other 
organizations in promoting integrated pest management and land leveling 
practices have been largely successful in effecting implementation among area 
producers. 

Relatively low pesticide reductions were predicted for BMP number 6, i.e., 
increased IPM implementation, because a high level of !PM implementation is 
already occurring. However, the actual environmental benefits associated with 
these practices may be demonstrated by the differences in surface and subsurface 
pesticide losses predicted for a single field under the low and full 
implementation schemes. The average annual pesticide loss predicted for 
surface runoff from a cotton-grain sorghum rotation on a soil representative of 
Group 2 decreased from 5.9 glha under a low-level IPM program to 4.4 glha 
under the full implemented !PM program. Similarly, the subsurface pesticide 
losses decreased from 3.4 g/ha to 0.01 g/ha. 

The evaluation considering implementation of all applicable BMPs to cropland 
within the study area displayed percent reductions ranging from 21 percent to 78 
percent Percent reductions estimated for total nitrogen, pesticide and sediment 
losses exceeded 60 percent for all BMPs combined. 
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APPENDIX A 

General Soil Categories Defined for the Arroyo Colorado Project 
General Soil Soil Intake Slope Average 

Category' Curve z Range Slope Soil Mapping Unit 
(Inches/hour) (%) (%) 

I <0.06 0- I 0.50 BE - Benito clay 
0- I 0.50 GR - Grulla clay 
0- I 0.50 HA - Harlingen clay 
0- I 0.50 HC- Harlingen clay, saline 
0- I 0.50 MEA- Mercedes clay, 0 to I percent slope 
I - 3 2.00 MEB - Mercedes clay, I to 3 percent slope 
I- 5 3.00 MGC - Mercedes clay, loamy substratum, I to 5 percent slope 
0- I 0.50 OR - Orelia clay loam, clayey subsoil variant 

2 0.3 0- I 0.50 CE - Cameron silty clay 
0- I 0.50 MA - Matamoros silty clay 
0- I 0.50 MC - Matamoros-Rio Grande complex 
0- I 0.50 OM - Olmito silty clay 
0- I 0.50 RE - Raymondville clay loam 
0- I 0.50 RG - Raymondville clay loam. saline 
0- I 0.50 RO - Rio clay loam 

3 0.5 0- I 0.50 CA - Camargo silt loam 
0- I 0.50 CC - Camargo silty clay loam 
0- I 0.50 LAA - Laredo silty clay loam. 0 to I percent slopes 
0-3 2.00 LAB - Laredo silty clay loam. I to 3 percent slopes 
0- I 0.50 LC - Laredo silty clay loam. saline 
0- I 0.50 LD - Laredo-Olmito complex 
0- I 0.50 LEA - Laredo-Reynosa complex. 0 to I percent slopes 
I -:1 2.00 LEB - Laredo- Reynosa complex. I to 3 percent slopes 

4 0.5 0- I 0.50 HGA - Hidalgo fine sandv loam. 0 to I percent slopes 
I - _1 2.00 HGB - Hidalgo fine sandy loam. I to 3 percent slopes 

0.2-0.3 0.25 HO - Hidalgo sandy clay loam 
0.3 - 0.5 0.40 L Y - Lyford sandy clay loam 
0.1-0.2 0.15 RA - Racombes sandy clay loam 

5 0.5 0- I 0.50 W AA - Willacy fine sandy loam. 0 to I percent slopes 
I - 3 2.00 W AB - Willacy fine sandy loam. I to 3 percent slopes 

6 1.0 0- I 0.50 RR - Rio Grande silt loam 
I - 3 2.00 RT- Rio Grande silty clay loam 
0- I 0.50 RZ - Rio Grande-Zalla complex 

7 > 1.0 0- 12 6.00 GA- Galveston fine sand. hummocky 

(Not Farmed) non-typical 0- I 0.50 TC - Tiocano clay 
> 1.0 0- I 0.50 ZA - Zalla loamy fine sand 

I Basts for sot! groupmgs. Sotl tntake curve, water holdmg capacity. and crop suttabtlHy. 
'Lower Rio Grande Plain Irrigation Guide. USDA-NRCS (June 1983). 
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DOMINANT SOILJREPRESENTATIVE OF SOIL GROUP 1 
(without subsurface drains) 

Execution Mode :EPIC 
SOIL NAME :HARLINGEN 
Horizons :3 
Execution Date :7-07-1997 
Execution Time : 19:36:35 

*** INPUTS *** 
State :TX 
S5 Number : TX0412 
Soil Survey Area :061 
Map Unit Symbol :HA 
Map Unit Kind : Consociation 
Component Number :I 
Component Percentage : 100.00000 
Number of Components :I 
Hydrological Group :D 
Soil Surface Texture :C 
Slope% : .00- 1.00 
SALB .02 .II .18 
z .01 .28 .89 1.80 
BD 1.12 1.12 1.15 1.23 
u .34 .34 .42 .40 
FC .48 .48 .50 48 
SAN 17.19 17.19 9.61 II II 
SIL 27.81 27.81 22.39 25.89 
PH 8.15 8.15 8 15 8.15 
CBN I 16 1.16 39 .13 
CEC 49.93 49.93 56.38 51.06 
ROK .00 .00 00 00 
BDD I. 71 1.71 1.90 190 
sc .20 .20 04 .06 

Definition of soil variables: 
SALB Soil albedo 
Z Depth from the surface to the bottom of the soil layer (m) 
BD Bulk density of the soil layer (t/m3) 
U Wilting point. 1500 kPa (mlm) 
FC Field capacity. 33 kPa (mlm) 
SAN Sand content(%) 
SIL Silt content(%) 
PH Soil pH 
CBN Organic carbon(%) 
CEC Cation exchange capacity (cmo/kg) 
ROK Coarse fragment content(% val) 
BDD Bulk density, oven dry (t/m3) 
SC Saturated conductivity (mmlhr) 
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DOMINANT SOIUREPRESENTATIVE OF SOIL GROUP 1 
(with subsurface drains) 

Execution Mode :EPIC 
SOIL NAME :MERCEDES 
Horizons :3 
Execution Date . 7-07-1997 
Execution Time . 19:43:01 

***INPUTS*** 
State :TX 
S5 Number : TX0477 
Soil Survey Area :061 
Map Unit Symbol :MEA 
Map Unit Kind : Consociation 
Component Number . l 
Component Percentage : 100.00000 
Number of Components :I 
Hydrological Group D 
Soil Surface Texture ·c 
Slope% .00- 1.00 
SALB .02 II .18 
z .01 .46 1.19 1.88 
BD 118 118 1.32 1.37 
u .30 .30 33 .31 
FC .44 .44 43 .41 
SAN 22.23 22.23 18.14 22.23 
SIL 27.77 27.77 29 36 27.77 
PH 8.15 8.15 8.45 8.45 
CBN 116 116 39 .13 
CEC 45.93 45.93 43.98 40.66 
ROK 6.27 6.27 6.38 6.68 
BDD 1.68 1.68 1.83 1.84 
sc .38 .38 .17 .23 

Definition of soil variables· 
SALB Soil albedo 
Z Depth from the surface to the bottom of the soil layer (m) 
BD Bulk density of the smllayer (t/m3) 
U Wilting pomt. 1500 kPa (m/m) 
FC Field capacity. 33 kPa (m/m) 
SAN Sand content(% I 
SIL Silt content(%) 
PH Soil pH 
CBN Organic carbon( 'lc) 

CEC Cation exchange capacity (cmo/kg) 
ROK Coarse fragment content(% vol) 
BDD Bulk density. oven dry (tim)) 

SC Saturated conductivity (mmlhr) 
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DOMINANT SOIUREPRESENTATIVE OF SOIL GROUP 2 

Execution Mode :EPIC 
SOIL NAME : RAYMONDVILLE 
Horizons :3 
Execution Date . 7-07-1997 
Execution Time : 19:37:54 

***INPUTS*** 
State :TX 
S5 Number : TXOI69 
Soil Survey Area :061 
Map Unit Symbol :RE 
Map Unit Kind : Consociation 
Component Number :I 
Component Percentage : 100.00000 
Number of Components :I 
Hydrological Group :D 
Soil Surface Texture :CL 
Slope% .00- LOO 
SALB .02 .II .18 
z .01 .36 .94 1.98 
BD 1.34 1.34 1.49 LSI 
u .23 .23 .25 .25 
FC .41 .41 .41 .39 
SAN 3044 30.44 29.23 29.23 
SIL 32.56 32.56 31.27 31.27 
PH 8.15 8.15 8.15 8.15 
CBN 1.16 1.16 .39 .13 
CEC 24.43 24.43 21.73 20.41 
ROK .00 .00 1.29 3.97 
BDD 1.57 1.57 1.72 1.74 
sc 2.81 2.81 1.28 1.15 

Definition of soil variables: 
SALB Soil albedo 
Z Depth from the surface to the bottom of the soil layer (m) 
BD Bulk density of the soil layer (tlm3) 
U Wilting point, 1500 kPa (nt/m) 
FC Field capacity, 33 kPa (nt/m) 
SAN Sand content(%) 
SIL Silt content(%) 

PH Soil pH 
CBN Organic carbon(%) 
CEC Cation exchange capacity (cmo/kg) 
ROK Coarse fragment content(% vol) 
BDD Bulk density, oven dry (tlm3) 
SC Saturated conductivity (mmlhr) 
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DOMINANT SOIUREPRESENTATIVE OF SOIL GROUP 2 

Execution Mode :EPIC 
SOIL NAME :OLMITO 
Horizons :2 
Execution Date :7-07-1997 
Execution Time : 19:43:40 

*** INPUTS *** 
State :TX 
S5 Number : TX0518 
Soil Survey Area :061 
Map Unit Symbol :OM 
Map Unit Kind : Consociation 
Component Number . I 

Component Percentage 100.00000 
Number of Components :I 
Hydrological Group D 
Soil Surface Texture SIC 
Slope% 00- 1.00 
SALB .02 .II 
z .01 .86 1.60 
BD 1.27 1.27 1.35 
u .32 32 30 
FC 48 .48 44 
SAN 5.52 5.52 7 37 
SIL 46.98 46.98 47.63 
PH 8.15 8.15 815 
CBN I 16 1.16 39 
CEC 43.93 43.93 37.98 
ROK 00 .00 2.89 
BOD 1.70 1.70 175 
sc .15 .15 14 

Definition of soil variables: 
SALB Soil albedo 
Z Depth from the surface to the bottom of the soil layer (m) 
BD Bulk density of the sot! layer (tlm.ll 
U Wilting point, 1500 kPa im/m) 
FC Field capacity. 33 kPa (m/m) 
SAN Sand content(%) 
SIL Stlt content(%) 
PH Soil pH 
CBN Organic carbon(%) 
CEC Cation exchange capacity (cmo/kg:J 
ROK Coarse fragment content (% val) 
BOD Bulk density. oven dry (t/m3) 
SC Saturated conductivity (mm/hr) 
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DOMINANT SOIUREPRESENTATIVE OF SOIL GROUP 3 

Execution Mode :EPIC 
SOIL NAME :LAREDO 
Horizons :2 
Execution Date :7-07-1997 
Execution Time : 19:38:46 

***INPUTS*** 
State :TX 
S5 Number : TX0446 
Soil Survey Area :061 
Map Unit Symbol :LAA 
Map Unit Kind : Consociation 
Component Number :I 
Component Percentage : 100.00000 
Number of Components :I 
Hydrological Group :B 
Soil Surface Texture SICL 
Slope% : .00- 1.00 
SALB .02 .13 
z .01 .46 1.83 
BD 1.30 1.30 1.46 
u .15 .15 .18 
FC .37 .37 .39 
SAN 7.16 7.16 6.82 
SIL 65.34 65.34 61.68 
PH 8.15 8.15 8.15 
CBN Ll6 L16 .29 
CEC 1006 10.06 6.21 
ROK .00 .00 1.34 
BDD 1.36 1.36 1.52 
sc 1.36 1.36 .92 

Definition of soil variables: 
SALB Soil albedo 
Z Depth from the surface to the bottom of the soil layer (m) 
BD Bulk density of the soil layer (t/m3) 
U Wilting point, 1500 kPa (ntlm) 
FC Field capacity, 33 kPa (ntlm) 
SAN Sand content (%) 
SIL Silt content(%) 
PH Soil pH 
CBN Organic carbon(%) 
CEC Cation exchange capacity (cmo/kg) 
ROK Coarse fragment content(% val) 
BDD Bulk density, oven dry (t/m3) 
SC Saturated conductivity (mmlhr) 
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DOMINANT SOILJREPRESENTATIVE OF SOIL GROUP 4 

Execution Mode :EPIC 
SOIL NAME :HIDALGO 
Horizons :3 
Execution Date : 7-07-I997 
Execution Time : 19:39:44 

*** lNPUTS *** 
State :TX 
55 Number : TX0226 
Soil Survey Area :061 
Map Unit Symbol :HO 
Map Unit Kind : Consociation 
Component Number :I 
Component Percentage : 100.00000 
Number of Components :I 
Hydrological Group :B 
Soil Surface Texture SCL 
Slope% .00- 1.00 
SALB .02 II .I8 
z 01 43 .71 2.03 
BD 1.43 1.43 1.58 1.60 
u .17 17 .19 .19 
FC 31 31 .31 .31 
SAN 56.98 56.98 55.46 53.94 
SIL 18.02 18.02 17.54 17.06 
PH 8 15 8.15 8.15 8.15 
CBN 1.16 1.16 .39 13 
CEC 18.43 18.43 15.48 15.16 
ROK 1..13 1.43 1.27 5.36 
BDD 1.57 1.57 1.72 1.75 
sc 11.76 11.76 5.93 4.57 

Definition of soil variables: 
SALB Sod albedo 
Z Depth from the surface to the bottom of the soil layer (m) 
BD Bulk density of the soil layer (tim) I 
U Wilting point. 1500 kPa (ntlm) 
FC Field capacity. 33 kPa (ntlm) 
SAN Sand content(%) 
SIL S11t content(%) 
PH Sod pH 
CBN Organic carbon(%) 
CEC Cation exchange capacity (cmolkg) 
ROK Coarse fragment content(% vol) 
BDD Bulk density. oven dry (t/m3) 
SC Saturated conductivity (mntlhr) 
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DOMINANT SOIUREPRESENTATIVE OF SOIL GROUP 5 

Execution Mode :EPIC 
SOIL NAME :WILLACY 
Horizons :2 
Execution Date : 7-07-1997 
Execution Time : 19:40:38 

***INPUTS*** 
State :TX 
55 Number : TX0156 
Soil Survey Area :061 
Map Unit Symbol :WAA 
Map Unit Kind : Consociation 
Component Number :I 
Component Percentage : 100.00000 
Number of Components :I 
Hydrological Group :B 
Soil Surface Texture FSL 
Slope% : .00- 1.00 
SALB .02 .II 
z .01 .36 1.88 
BD 1.46 1.46 1.58 
u .II .II .17 
FC .24 .24 .30 
SAN 65.33 65.33 56.60 
SIL 19.67 19.67 1790 
PH 7.20 7.20 7.50 
CBN 1.16 1.16 39 
CEC 13.43 13.43 14.73 
ROK .00 .00 2.89 
BDD 1.54 1.54 1.71 
sc 36 93 36.93 6.59 

Definition of soil variables: 
SALB Soil albedo 
Z Depth from the surface to the bottom of the soil layer (m) 
BD Bulk density of the soil layer (t/m3) 
U Wilting point, 1500 kPa (nt/m) 
FC Fteld capacity, 33 kPa (nt/m) 
SAN Sand content(%) 
SIL Silt content(%) 
PH Soil pH 
CBN Organic carbon(%) 
CEC Cation exchange capacity (cmofkg) 
ROK Coarse fragment content(% vol) 
BDD Bulk density, oven dry (tlm3) 
SC Saturated conductivity (mm/hr) 
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DOMINANT SOIUREPRESENTATIVE OF SOIL GROUP 6 

Execution Mode :EPIC 
SOIL NAME :RIO GRANDE 
Horizons :2 
Execution Date :7-07-1997 
Execution Time : 19:41:32 

***INPUTS**"' 
State :TX 
S5 Number : TX0542 
Soil Survey Area :061 
Map Unit Symbol :RR 
Map Unit Kind : Consociation 
Component Number : l 
Component Percentage : 100.00000 
Number of Components :1 
Hydrological Group :B 
Soil Surface Texture SIL 
Slope% : .00- 1.00 
SALB .10 .10 
z 01 .18 1.60 
BD 1.43 143 1.52 
u 07 .07 .08 
FC .27 27 .28 
SAN 20.98 20.98 20.75 
SIL 68.02 68.02 67.25 
PH 8.15 8.15 8.15 
CBN .44 .44 .44 
CEC 3.87 3.87 4.02 
ROK 00 00 .00 
BOD 1.46 1.46 1.55 
sc 5.76 5.76 3.94 

Definition of soil variables: 
SALB Soil albedo 
Z Depth from the surface to the bottom of the soil layer (m) 
BD Bulk density of the soil layer (tlm3) 
U Wilting point. 1500 kPa (mim) 
FC Field capacity. 33 kPa (mim) 
SAN Sand content(%) 
SII.. Silt content(%) 
PH Soil pH 
CBN Organic carbon(%) 
CEC Cation exchange capacity (cmolkg) 
ROK Coarse fragment content(% val) 
BOD Bulk density, oven dry (tlm3) 
SC Saturated conductivity (mrnlhr) 

Prediction of Effects of BMPs on Agricultural NPS Pollution in the Arroyo Colorado Watershed 53 
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Data Description; 
Survey Area - A three-digit number which uniquely identifies a survey area and is usually the county FIPS code. 
Map Unit -The symbol used on the soil map to identify the soil type. 

i 

Soil Group- The soil grouping determined for this project based on soil intake curve, water holding capacity, and crop suitability. 
Series Name - The name of the soil series or component of a soil complex. 
ID Number- The Soil Interpretations Record (SOI-5) identification number. 
Slope min -The minimum value for the range of slope of a soil component. Units= percent 
Slope max -The maximum value for the range of slope of a soil component. Units= percent 
Average Slope- Calculated from minimum and maximum slopes for the map unit. (Slope min+ Slope max )/2 Units= percent 
Surface Texture -Code for the USDA texture for the surface layer or horizon. 

C - Clay CL - Clay loam SIC -Silty clay SIL- Silty loam 

1-

2S 
2S 
2S 
I 

2S 
2S 
4S 
3W 

I 
2E 
JS 
I 

2S 

I 
2E 

2E 
I 

2W 
-2W-

2E 

2E 

4W 

4W 

SICL- Silty clay loam FSL- Fine sandy loam SCL- Sandy clay loam VFSL- Very fine sandy loam 
LFS - Loamy fine sand FS - Fine sand 

Acreage- Acreage of the soil component of the map unit in Cameron County. Units= acres 
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Average Depth to Water Table- Calculated from the minimum and maximum value for the range in depth to the seasonally high water table 
(Depth mm +Depth mul/2. Units= feet 

Hydrowgic Soil Group - The hydrologic soil group for the soil. 
Natural Drainage Condition Code - Code describing the natural drainage condition of the soil referring to the frequency and duration of periods 

when the soil is free of saturation. 
P poorly drained 

SP somewhat poorly drained 
MW moderately well drained 
W well drained 
SE somewhat excessively drained 

Hydril: Soil- The symbol Y (yes) or N (no) identifying hydric soils. 
Non·lrrigated Capability Class and Subclass Rating - A rating of the soil for non-irrigated agricultural use. The number indicates 

progressively greater limitations and narrower choices for use. 
Irrigated Capability Class and Subclass Rating - A rating of the soil for irrigated agricultural use. The number indicates progressively greater 

limitations and narrower choices for use. 

A detailed description of capability classes is available in the Cameron County Soli Survey (USDA-SCS, 1977). 
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APPENDIX 8 

Land Use in the Arroyo Colorado Study Area 
Irrigation 

Hydrologic Land Leveling 
Cropping Soil Dominant SoiV Soil Runoff Subsurface (Precision Acreage Acreage 
System Group Representative of Soil Grouping Group Curve# Drainage Land Forming) (Ac) (Ha) 

Irrigated Cotton-Grain Sorghum (85% of cotton rotated wtth Grain Sorghum) 44,599 18,049 

I Mercedes Clay (MEA) D 89 No 80% I 1,945 4,834 
I Mercedes Clay (MEA) D 89 Yes 80% 10,434 4,223 
2 Raymondville Clay Loam (RE) D 89 Yes 80% 7.766 3,143 
3 Laredo Silty Clay Loam (LAA) B 78 Yes 80% 3,078 1,246 
4 Hidalgo Sandy Clay Loam (HO) B 78 Yes 80% 8,656 3,503 
5 Willacy Fine Sandy Loam (W AA) B 78 Yes 80% 2,128 861 
6 Rio Grande Silt Loam (RR) B 78 Yes 80% 592 239 

Irrigated Cotton-Com ( 15% of colton rotated with Com) 7,870 3,185 

I Harlingen Clay (HA) D 89 No 80% 2,108 853 
I Mercedes Clay (MEA) D 89 Yes 80% 1,841 745 
2 Raymondville Clay Loam ( RE) D 89 Yes 80% 1,370 555 
3 Laredo Silty Clay Loam (LAA) B 78 Yes 80% 543 220 
4 Hidalgo Sandy Clay Loam (HO) B 78 Yes 80% 1,528 618 
5 Willacy Fine Sandy Loam (W AA) B 78 Yes 80% 376 152 
6 Rio Grande Silt Loam (RR) B 78 Yes 80% 104 42 

Dryland Cotton-Grain Sorghum ( 85% of cotton rotated with Grain Sorghum) 628 254 

I Mercedes Clay (MEA) D 89 No 80% 598 242 
4 Hidalgo Sandy Clav Loam tHO) B 78 No 80% 30 12 

Dryland Cotton-Com ( 15% of con on rotated with Com) 111 45 

I Mercedes Clay (MEA) D 89 No 80% 106 43 
4 Hidalgo Sandy Clay Loam (HO) B 78 No 80% 5 2 

lrrigared Sugar Cane 7,658 3,099 

I Harlingen Clay (HA) D 82 No 80% 1,407 569 
I Mercedes Clay (MEA) D 82 Yes 80% 419 170 
2 Olmito Silty Clay (OM) D 82 Yes 80% 1.909 773 
3 Laredo Silty Clay Loam tLAA) B 65 Yes 80% 3,304 1,337 
4 Hidalgo Sandy Clay Loam (HO) B 65 Yes 80% 524 212 
5 Willacy Fine Sandy Loam (WAA) B 65 Yes 80% 28 II 
6 Rio Grande Silt Loam (RR) B 65 Yes 80% 67 27 

Irrigated Citrus 1,984 803 

I Mercedes Clay (MEA) D 83 No 100% 14 6 
2 Raymondville Clay Loam (RE) D 83 No 100% 158 64 
3 Laredo Silty Clay Loam (LAA) B 66 No 100% 45 18 
4 Hidalgo Sandy Clay Loam (HO) B 66 No 100% 1,357 549 
5 Willacy Fine Sandy Loam (WAA) B 66 No 100% 410 166 

Non-Row Crop Agriculture/Perennial Vegetation 17,566 7,109 

I Harlingen Clay (HA) 5.368 2.172 
2 Raymondville Clay Loam (RE) 3.959 1.602 
3 Laredo Silty Clay Loam (LAA) 1,984 803 
4 Hidalgo Sandy Clay Loam tHO) 3.051 1.235 
5 Willacy Fine Sandy Loam (W AA) 258 104 
6 Rio Grande Silt Loam (RR) 949 384 
7 Tiocano 

I farmed 
Clay (TCl not typically 1.997 808 

Non-Agricultural Areas 9,700 3,926 

Water/Pits 3,462 I ,40 I 
Urban Areas 6,238 2,525 

TOTAL 90,116 36,470 
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APPENDIX C 

Monthly Climatic Summaries for Harlingen 

Monthly Temperature Data for Harlingen 
MINT MAXT MINT MAXT MINT MAXT MINT MAXT 

YEAR MO. (C) (C) YEAR MO. (C) (C) YEAR MO. (C) (C) YEAR MO. (C) (C) 

1954 I I 31 1955 I 0 30 1956 I I 30 1957 I 0 32 
2 3 36 2 -2 31 2 I 32 2 8 34 

3 3 39 3 3 34 3 3 37 3 6 33 
4 12 37 4 13 41 4 13 36 4 II 35 
5 10 38 5 18 38 5 14 36 5 15 37 
6 20 37 6 19 38 6 19 41 6 19 37 
7 21 42 7 21 37 7 21 39 7 22 40 

8 21 40 8 20 _18 8 19 41 8 21 39 

9 18 37 9 20 34 9 17 38 9 16 39 

10 9 35 10 9 34 10 12 37 10 7 36 

II 4 31 II 5 32 II I 34 II 2 32 

12 2 31 12 2 31 12 4 31 12 -2 28 

1958 I 2 27 1959 I -I 28 1960 I I 31 1961 I I 27 
. 

2 I 31 2 3 32 2 -I 32 2 I 30 

3 4 32 3 4 32 3 2 32 3 9 36 

4 II 37 4 II 35 4 7 33 4 7 37 

5 16 35 5 18 37 5 II 37 5 12 36 

6 21 38 6 19 36 6 20 38 6 20 37 

7 22 38 7 21 39 7 23 40 7 21 38 

8 17 40 8 23 40 8 21 39 8 19 38 

9 20 38 9 17 39 9 14 35 9 17 38 

10 10 34 10 10 37 10 II 36 10 9 34 

II 4 31 II 0 33 II 6 31 II 7 33 

12 -2 28 12 2 28 12 2 28 12 2 31 

1962 I -10 29 1963 I -6 32 1964 I -2 28 1965 I I 31 
2 3 35 2 -I 37 2 2 27 2 0 30 

3 I 31 3 J 33 3 4 35 3 I 31 

4 4 36 4 14 38 4 10 38 4 12 37 

5 16 35 5 17 34 5 16 37 5 13 34 

6 21 38 6 20 38 6 16 36 6 20 37 

7 20 38 7 16 37 7 22 38 7 20 38 

8 21 41 8 21 39 8 22 38 8 20 37 

9 16 37 9 16 36 9 18 37 9 17 38 

10 10 37 10 14 32 10 7 34 10 8 }? 

II 5 31 II 3 32 II 5 .33 II 9 34 

12 2 29 12 -3 26 12 -I 32 12 4 27 
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MINT MAXT MINT MAXT MINT MAXT MINT MAXT 
YEAR MO. (C) (C) YEAR MO. (C) (C) YEAR MO. (C) (C) YEAR MO. (C) (C) 

1966 l .[ 27 1967 l -2 29 1968 l .[ 27 1969 l -2 31 
2 0 27 2 .[ 30 2 ·I 29 2 6 30 
3 0 33 3 6 33 3 l 30 3 3 33 
4 9 34 4 14 35 4 8 33 4 12 35 
5 16 34 5 14 37 5 14 34 5 15 35 

6 14 36 6 17 38 6 19 36 6 16 38 

7 18 36 7 19 37 7 21 37 7 21 38 

8 21 38 8 16 38 8 21 38 8 21 39 

9 16 38 9 12 34 9 15 36 9 17 36 

lO 9 36 lO 9 32 10 10 36 lO ll 34 

ll l 32 ll 6 31 ll 3 33 ll -2 34 

12 -3 29 12 l 30 12 l 33 12 3 28 

1970 l -3 27 1971 l .[ 34 1972 l l 32 1973 l -4 27 
2 l 27 2 -I 33 2 l 31 2 -3 30 

3 2 33 3 l 38 3 6 38 3 7 32 

4 7 35 4 6 35 4 8 36 4 6 36 

5 9 33 5 13 36 5 16 33 5 14 40 

6 14 35 6 20 34 6 19 36 6 18 36 

7 20 36 7 21 36 7 20 35 7 21 37 

8 18 38 8 20 37 8 21 37 8 21 38 

9 14 38 9 16 38 9 21 37 9 18 36 

10 7 34 10 13 33 10 ll 34 10 14 34 

ll -I 31 ll 8 32 ll 4 34 ll 0 0 

12 6 31 12 4 29 12 l 32 12 -4 30 

1974 l l 29 1975 l -4 29 1976 l -2 28 1977 l -2 27 
2 0 30 2 2 31 2 l 29 2 2 28 

3 6 37 3 7 34 3 6 32 3 4 31 

4 7 37 4 9 34 4 9 30 4 8 34 

5 19 41 5 17 34 5 8 32 5 18 35 

6 15 37 6 14 34 6 17 35 6 19 35 

7 21 37 7 21 34 7 20 33 7 20 37 

8 21 38 8 21 35 8 19 35 8 21 37 

9 15 37 9 12 33 9 18 36 9 19 38 

10 9 32 10 ll 32 10 7 32 10 9 36 

ll 2 30 ll 3 31 II -I 28 II 6 33 

12 3 29 12 2 28 12 I 27 12 0 33 
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Monthly Rainfall Data for Harlingen 

Monthly Rain Monthly Rain Monthly Rain Monthly Rain 

YEAR MO. (mm) (in.) YEAR MO. (mm) (in.) YEAR MO. (mm) (in.) YEAR MO. (mm) (in.) 

1954 I 8.1 0.32 1955 I 19.1 0.75 1956 I 0.3 O.QI 1957 I 4.4 0.17 

2 0.3 0.01 2 7.1 0.28 2 29.7 1.17 2 61.6 2.43 

3 9.7 0.38 3 0.8 0.03 3 5.9 0.23 3 66.5 2.62 

4 106.2 4.18 4 9.1 0.36 4 61.9 2.44 4 110.3 4.34 

5 11.9 0.47 5 24.6 0.97 5 6.6 0.26 5 59.0 2.32 

6 61.7 2.43 6 0.0 0.00 6 50.3 1.98 6 169.5 6.67 

7 4.6 0.18 7 144.9 5.70 7 16.3 0.64 7 1.8 0.07 

8 86.7 3.41 8 51.1 2.01 8 7.6 0.30 8 8.6 0.34 

9 30.8 1.21 9 312.6 12.31 9 42.3 1.67 9 11.1 0.44 

10 172.1 6.78 10 68.7 2.70 10 39.4 !.55 10 7.8 0.31 

II 35.1 1.38 II 47.0 1.85 II 8.2 0.32 II 75.1 2.96 

12 2.3 0.09 12 6.4 0.25 12 1.8 0.07 12 8.5 0.33 

1958 I 130.1 5.12 1959 I 39.1 1.54 1960 I 5.6 0.22 1961 I 35.2 1.39 

2 181.1 7.13 2 60.8 2.39 2 25.6 1.01 2 6.5 0.26 

3 18.9 0.74 3 8.1 0.32 3 27.2 1.07 3 0.0 0.00 

4 2.1 0.08 4 44.8 1.76 4 58.0 2.28 4 63.3 2.49 

5 64.2 2.53 5 136.6 5.38 5 34.0 1.34 5 10.7 0.42 

6 59.5 2.34 6 113.3 4.46 6 44.7 1.76 6 45.6 1.80 

7 36.9 1.45 7 16.3 0.64 7 10.6 0.42 7 68.3 2.69 

8 0.0 0.00 8 29.1 1.15 8 159.4 6.28 8 115.0 4.53 

9 204.5 8.05 9 2.3 0.09 9 189.1 7.44 9 210.9 8.30 

10 272.8 10.74 10 135.4 5.33 10 91.0 3.58 10 22.9 0.90 

II 44.0 1.73 II 69.4 2.73 II 29.0 1.14 II 40.9 1.61 

12 42.2 1.66 12 8.6 0.34 12 72.1 2.84 12 18.0 0.71 

1962 I 8.6 0.34 1963 I 5.0 0.20 1964 I 4.4 0.17 1965 I 8.2 0.32 

2 3.3 0.13 2 11.2 0.44 2 38.4 1.51 2 68.5 2.70 

3 33.0 1.30 3 1.3 0.05 3 2.1 0.08 3 17.2 0.68 

4 21.6 0.85 4 9.9 0.39 4 191 0.75 4 7.9 0.31 

5 17.6 0.69 5 154.2 6.07 5 67.2 2.65 5 28.2 1.11 

6 75.7 2.98 6 47.7 1.88 6 75.2 2.96 6 23.6 0.93 

7 0.0 0.00 7 48.7 1.92 7 10.7 0.42 7 5.I 0.20 

8 22.4 0.88 8 69.9 2.75 8 6.9 0.27 8 70.7 2.78 

9 58.0 2.28 9 !09.0 4.29 9 70.2 2.76 9 73.6 2.90 

IO 34.3 1.35 10 95.3 3.75 \0 12.2 0.48 10 29.5 1.16 

II 49.5 1.95 II I09.6 4.3I II 16.5 0.65 II 95.6 3.76 

I2 41.7 1.64 12 64.8 2.55 12 42 8 1.69 12 108.3 4.26 
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Monthly Rain Monthly Rain Monthly Rain Monthly Rain 

YEAR MO. (mm) (in.) YEAR MO. (mm) (in.) YEAR MO. (mm) (in.) YEAR MO. (mm) (in.) 

1966 I 89.6 3.53 1967 I 36.3 1.43 1968 I 94.0 3.70 1969 I 9.9 0.39 

2 23.6 0.93 2 26.2 1.03 2 39.8 1.57 2 53.1 2.09 

3 20.4 0.80 3 28.6 1.13 3 24.1 0.95 3 21.3 0.84 

4 89.3 3.52 4 2.0 0.08 4 19.6 0.77 4 3.3 0.13 

5 203.1 8.00 5 47.7 1.88 5 122.7 4.83 5 103.1 4.06 

6 130.9 5.15 6 21.9 0.86 6 63.3 2.49 6 15.8 0.62 

7 37.6 1.48 7 14.2 0.56 7 69.7 2.74 7 4.8 0.19 

8 76.2 3.00 8 143.6 5.65 8 68.9 2.71 8 94.8 3.73 

9 65.0 2.56 9 364.8 14.36 9 177.3 6.98 9 148.4 5.84 

10 106.4 4.19 10 133.1 5.24 10 47.6 1.87 10 11.2 0.44 

II 2.3 0.09 II 85.3 3.36 II 12.5 0.49 II 46.8 1.84 

12 8.9 0.35 12 92.7 3.65 12 24.1 0.95 12 7.9 0.31 

1970 I 97.1 3.82 1971 I 2.8 0.11 1972 I 10.1 0.40 1973 I 115.8 4.56 

2 22.1 0.87 2 30.8 1.21 2 23.4 0.92 2 185.0 7.28 

3 18.3 0.72 3 0.3 0.01 3 80.5 3.17 3 7.9 0.31 

4 40.7 1.60 4 23.6 0.93 4 26.4 1.04 4 18.1 0.71 

5 111.7 4.40 5 9.9 0.39 5 66.4 2.61 5 11.4 0.45 

6 97.8 3.85 6 59.2 2.33 6 120.2 4.73 6 191.1 7.52 

7 49.8 1.96 7 49.8 1.96 7 72.3 2.85 7 41.8 1.65 

8 33.6 1.32 8 65.1 2.56 8 14.7 0.58 8 227.6 8.96 

9 199.2 7.84 9 303.7 11.96 9 114.1 4.49 9 122.7 4.83 

10 141.2 5.56 10 29.1 1.15 10 13.0 0.51 10 111.8 4.40 

II 8.1 0.32 II 6.1 0.24 II 32.3 1.27 II 42.7 1.68 

12 7.8 0.31 12 35.3 1.39 12 9.3 0.37 12 4.4 0.17 

1974 I 30.7 1.21 1975 I 39.5 1.56 1976 I 15.6 0.61 1977 I 45.3 1.78 

2 0.5 0.02 2 14.7 0.58 2 0.0 0.00 2 41.8 1.65 

3 6.1 0.24 3 3.1 0.12 3 20.6 0.81 3 4.5 0.18 

4 25.9 1.02 4 0.0 0.00 4 263.7 10.38 4 85.2 3 35 

5 27.9 1.10 5 50.3 1.98 5 53.9 2.12 5 31.5 1.24 

6 48.8 1.92 6 57.7 2.27 6 94.6 3.72 6 184.7 7.27 

7 31.6 1.24 7 219.6 8.65 7 178.6 7.03 7 47.8 1.88 

8 106.9 4.21 8 112.8 4.44 8 141.0 5.55 8 10.8 0.43 

9 265.7 10.46 9 218.6 8.61 9 83.6 3.29 9 70.6 2.78 

10 94.3 3.71 10 26.4 1.04 10 161.5 6.36 10 55.9 2.20 

II 10.8 0.43 II 7.0 0.28 II 95.2 3.75 II 55.7 2.19 

12 23.1 0.91 12 40.9 1.61 12 43.3 1.70 12 9.2 0.36 
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.PPENDIX D 

EPIC Input Data sets for the BMP Demonstration Sites 

EPIC5300 DATA ASSEMBLY FORM 
II 
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" " 4l 
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' ' 46 
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4R 
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4. II 
4 I~ 
411 

'" 4 l.~ 

'" 417 

"' 4 19 
4 20 
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" ~ 2 

" " 'i'i 

" " " " ~Ill 

6.1 
62 
61 
64 

"' '" 07 
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7.1 
7 2 
71 

" 
" 
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H-1 

Atm~<l ( 'olor:ul<l l'r<Ojn·t ltn!!.Llt'd l')o.·m<m,tr;rtion Slit• IN ~X 1'1o<'!017 
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Wc-.1 'I TX IHHlWNSVILtFW"i '1-1 X IIHIIWr"SVII I I· W 
Numt>.·r '''\<'.if'"! "rrnti:ll~<lll 
"L.Irtinr<Lolt' Yt'M 

Munth 

ll~y 

l'rinh>Ut intcn:.tl 
Output print cotk 

Wc..tth~·r("tk 

Numt><.:r o! fllllC'> gc-rwr,ttor cylk' 
l>;ty \\,CJ.thn gcnt:r:.ttw ''"P' ~~·nnat1nf~ '"me '":.tthn 
J..._·..tp )l"Jf c·on,tJacd 
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St;ttK '><ltlo>dc 
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l'c>hdJe Output in M.t" anrl/nr C<1!t<" 
W:~tn,h~:rl t.lr;titm!!c arc·;~ th.1t 

Runoff curv~: numhcr 
Channd Lcn)"!thl IKml 

Avn:~gc ch:.tnnd 'l"po: (Ill/ Ill) 

Ctmnncl roughn"" f.u:hn(rn.lnmng·s r-.it 
Surfa._.c roughnc'' f.tl"lor(m.<nning", Nt 
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TIT LEt I I 
TITI.Et2t 
IIIU;t\J 
NI!YR 

l'l<l(> IYR 
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IDA 
NIP[) 
IPD 

I' NGN 

" IGN 
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lET 
lSC~ 

IGRAF 
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IHL'S 
NCOW 
NVC:-.l 
!NFL 
MASP 

"~ WSA 
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4<1 C!IL 
(J007'i CHS 
0250 CHN 
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I !I APM 
~(, 10 YLT 
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0 SNO 

' RCN 
~0_0 RTN 
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I CNO'H 
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1 ~2 \liD 
()()() DALG 
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(1()()7"i s 
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1(1() DRV 

BUSt I) 
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"'' YWI 
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762 80 193 Kl 222.21 5.39 21983 32004 74079 13.95 388 26.56 0.59 25.25 28.32 84.00 3.38 0.03 0.01 15.51 5.50 381.74 62.25 16.92 5.51 2.33 I --• 5 762 80 193 

76280 I~ 
92 21927' 8.00 217.44 320.04 741.05 1397 388 26.31 0.96 25.01 28.32 84.00 3.38 0.03 0.02 15.52 5.52 381.62 62.22 16.94 5.50 2.33 

94 21653 1055 215.04 32004 741.18 14.00 3.88 25.98 1.27 24.77 28.32 84.00 3.39 0.03 0.03 15.52 5.58 381.47 62.17 1695 5_50 233 

l>e~cription of Variahles 
CN2 Runoff curve numbo::r. ante-cedent moisture comlth<~n 2 
COTP Crop yield for picker cotton (1/ha) 
DN N loss by denurification (kg/hal 

I !'I 96 21391 1305 21267 320.04 741.22 14.09 388 2567 157 2454 28.32 84.00 3.41 0_03 0_03 15.52 5.72 381.28 62.13 1696 5.50 2.33 DRNN Mineral N los~ in sub~urface drain flow tkglhat 

3 

-,, 
''t21140 15.48 210.33 320.04 74122 1420 3.88 2537 186 2431 28_32 84.00 344 0.03 004 15.53 5.89 381.10 62.08 16.97 5.49 2.32 

99 208.9? 1787 20B03 32004 741.17 1427 3.88 2508 2.14 2409 2832 84.00 346 0.03 0.05 15.53 599 380.90 62.04 16.98 5.49 2.32 

DRT Drain time. days required fur drainage to reduce plant >trc<<; tda~'l 
ET Evapotranspiration (mrn) 
FNHJ fenilizer N applied in rhe fonn NH,-N tkg!h:rl 
FNOJ FcnrliTer N apphcd in the fonn NO,.N fkg!IJa) 

4 00 206.61 2020 205_78 32004 74111 1432 388 24.79 2.42 2387 28.32 8400 3.47 0.03 0.05 15.53 6.07 380.69 61.99 16.99 5.49 2.32 GRSG Crop yreld for grain sorghum (l/hn) 

lRGA lnigation w;rter applied (mm) 
~ ~ 01 20432 224B 20357 320.04 74102 1431 3.88 24.52 2.70 23.65 28.32 84.00 3.47 0.03 0.06 15.54 6.05 380.48 61.94 17.01 5.48 2.32 MUSS Soil loss from watercrn.>ion usmg a modrficd ~li_I.SLE Pp!lon 1nr 'nr.tll "atcr,he<h 

02 20208 2471 201.40 32004 740.91 14.30 3.88 24.25 2.97 23.43 2832 84.00 346 003 006 1554 6.04 380.25 61.89 17.02 5.48 2.32 
PRCP Precipit;rtinn (mm) 
PRK Percolation below the root zone (mrn) 

J4 19990 2699 19927 32004 740.80 14.30 3.88 23.99 3.23 23.22 28.32 84.00 3.46 0.03 0.07 15.54 6.03 380_03 61.84 17.03 5.48 232 PRKN Mineral N lo'' in po:rcnl;~tc (kg/ha) 
PRKP Percolation of P ht.:low the root moe !k.cflJ;J) 

1 762 so 

I""' 762 80 

1762 80 194 

'•. !""'!'~ 762 80 194 

)5 19777 2903 19719 320.04 740.68 1429 388 2373 348 2301 2832 8400 3.46 003 0_08 1555 602 379.80 6179 17.05 5.47 231 

~~/ 10s; 31 ,, 195.15 320,04 74<J.56 1429 3.88 2348 3.74 2281 2832 84.00 346 003 0.08 15.55 6.01 379.58 61.74 1706 547 2.31 

J7 193.66 33.18 193.15 32004 740.43 14.29 388 2324 3_98 2261 28_32 84.00 3.46 0.03 009 15.55 6.01 37935 61.69 17.07 5.47 2.31 

JB 19167 3519 19119 32004 740.29 1429 398 2300 4.22 22.41 28.32 84.00 346 003 0.09 15.55 6.01 379.14 61.64 17.09 5.46 2.31 

J~j ls9); 3716 18928 32004 74<)16 1429 3.88 2277 446 2221 28.32 84.00 3.46 0.03 0.10 15.56 6.00 378.91 61.60 17.10 5.46 231 

10 18781 3909 187.39 32004 740.02 14.29 3.88 22.54 4.69 22.02 28.32 84.00 3.46 0.03 0.10 15.56 6.00 378.70 61.55 17.11 5.46 2.30 

11 18594 40.98 18555 32004 739.89 14.30 3.88 22.31 4.92 21.83 28.32 84.00 3.46 0.03 0.11 15.56 6.00 378.47 61.50 17.12 5.45 2.30 

Q Runoff(mml 
QDRN Subsurface dram fltJW ttmn) 
SSF Lateral '>Uhsurfacc flow fmml 
SSFN Mrneral N lo~s in ~uhsurface flov. tlglha) 
UN0.1 N uptake b) the cmp tkglha) 
UPP P uptake t>y the crop (kg/h;J) 
WNOJ Initial mtrare conccntrauon in the soil lppml 
YAP Soluble Ploss in runo1f tkglhal 
YN<B NO] loss in surface runoff (kgih;r) 
YON Organic N loss with sediment tkgfha) 
YP P lo~s with :<.ediment (kg/hal ,-w Smlloss frmn wtmi ero~ron ttlh:r! 
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EPIC Variable DRT, Days Required for Drainage to Reduce Plant Stress 
%Change 

ORT [ PRCP a SSF I PRK I ODRN I !RGA I ET YON I YN03 I SSFN I PRKN I DRNN I FN03 I FNH3 I YP YAP I PAKP I MUSS I YW I UN03 I UPP I ON I GASG I COTP 

94~·. o o•.. -0.1% 8.7% -93.9% 7.4% o.o% -0.1% -2.2% -D-1% a.7% -94.4% 6.3% o.o% o.o% ·22% -o.1% -93.8% -0.2% ·7.9% 0.3% o.4% -0.5% o.4% 0.3% 

-86"o oo~;, -o1•·o 7.8% -848% 67% o.o% -0.1% 2.2% -D-1% 78% -860% 57% ooo;. ooo;. -2.2% -0.1% -84.8% -02% -79% o.3% 0.4% -0.4% 0.4% 03% 

-71".. 0 0~:, 0.0% 6 3~-. -69 8% 57% 0 0% ·0.1% ·2.2% 0.0% 6.3% ·72 3% 4.8% 0 0% 0 0% ·2 2% 0.0% 69.9% ·0.1% ·8 2% 0 2% 0.4% ·0.3% 0.3% 0.2% 

57°o 00~-;, 0.0% 49% -552% 45% 0_0% 0_0% ·2.1% 00% 49% ·55.2% 3.8% 00% 00% ·21% 00% ·55.1% -0.1% ·7.9% 0.2% 0.3% -0.2% 0.2% 0.2% 

43% o o•.;, o.o~o 3.6% 40 9% 3 4% o o~o o.o~. ·1 B% o O% 3 6% ·40.9% 2 8% o.o% o.o% -1 9% o O% -41.0% ·0.1% -6.9% 0.1% 0.2% -o2o;. o 2% 0.2% 

-29"·· 00°·0 00% 24% ·27.0% 2.2% 0.0% 0.0% ·12% 00% 24% ·27.0% 19% 0.0% 0.0% ·12% 0.0% ·26.9% 0.0% -4.6% 0.1% 0.1% -01% 0.1% 0.1% 

w. o o~-. o o~o 1.2% -13.3% 1 1% o o~;, o.o% -0.4% o o~. 1 2% -13.3% o.9% o oo;. o.o% -o 5% o.oo;. -13.5% o.o% ·1.7% 0.1% o.1% o.o% 0.1% o.1% 

o·. o o~. o o•.;, o_oo;. o o% o_o% o o% o.o% o O% o O% o.o% o.o% o oo;. o o% o_o% o oo;. o.oo;. o.oo;. o.o% o.o% o.o% o_O% o.o% o.o% o.O% 

14°. oo•. oo~. -11~0 no~;, -11% oo•o o_O% 04% OO% -11% 13.0% --o.9~-. 00% o.O% 0_4% 0.0% 13.0% 0.0% 1.4% -0.1% --01% 01% .0.1% -0.1% 

29•. ow. oo~. 2.2% 258% ·21% ooo,o oo~. o_3% oo~. -2.2% 258% -1.8% o.o% o.o% 03% o_oo;. 256% o.o% 1.0% ·01% -0.2% o_2% -0.1% -0.1% 

43•, 0 0", 0 0~0 3 3"'• 38 3% 3.2% 0 0% 0 0% 0 2~. 0 0% -3 3% 38 3% ·2.7% 0.0"'• 0.0% 0 2% 0 0% 38 2% 0 1% 0.8% --D.2% ·0.2% 0 3% -0_2% --D-2% 

57~. o o~~ o.o•;. 4.3% 50.5% 4.2% o.o% --o.1% o 2% o O% -4 3% 50.5% ·3 6% o.o% o.O% 0.2% o.O% 504% 0.1% o.6% -o.2% ·0.3% 0.3% -0.2% -0.3% 

,,, I oo% I o.o% 
1

., .. o;, 
1

62.5% 
1

-5.2% I o.o% I 0.1% I "" I o.o% I ,,% 
1

62.5% I ~5% I oo% I o.o% I o.2% I oo% I'"% I o.1% I o.5% 
1

-03% 
1

-0.4% I 0.4% 
1

-0.3% 
1

-0.4% 
as"', oo~. oo% -64% 742% -s.z<r. o.o% -0.1% o.2% oo•.. -6.4% 74.2% -sJ% o.o% o.o% 0.1% o.O% 74.1% o.1% 0.4% -0.3% -o.s% o.s% -0.4% -04% 

100', 0 o•,, 0 0% -7 3% 85 7% -7.2% 0 0% -0.1% 0.2% 0.0~. 7.3% 85.7"/o ·6 2% 0 0% 0.0% 0.1% 0.0% 85.5% 0.1% 0.3% -0.4% .0.6% 0.6% -0.4% ·0.5% 

114~~ o o•o o O% -a J% 96 9% -8.1% o.o% .(J 1% 0.2% o.o% a J% 96 9% -7 0''• o.o% o O% o 1% o.O% 96.8% 0.2% 02% -o_s% -0.6% o.G% -0.5% o 6% 

129', oo•.-. o.1~~ -9.2% 1oao% -90% oo•.o -o.1% o.2% Ol% -92'-o lOBO~. -78% oo% oo% 01% 0.1% 107.7% 0.2% 02% -o_s% -0.7% 0.7% o.s% -07% 

143'~ 00' .• 0.1% ·101% 1188% -9.9% 0.0% .()2% 0.2% 0.1•,. 10.1% 1188% -8.6% 00% 00% 01% 0.1% 118.6% 0.2% 02% ·0.6% -0.8% 0.8% -0.6% {)8% 

157~. 00% 01% ·110% 1293% ·108% 00% -{)2% 0.2% 01% -110% 1293% -94% 00% 00% 01% 01% 129.1% 0.2% 02% ·0.6% ·0_9% 0.8% ·0.6% 0.8% 
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PIC Variable WN03, Initial Nitrate Concentration (ppm) in Soil Layers 1 - 3 
':';·:) 

I'" 

I<J 

11 

12 

'3 

" 
15 

16 

1i 

18 

19 

. ' ~ 

I "·=' I 0 ssr PPK OOPN 1nGA ET YON YN03 SSFN PRKN 

I '"' mm mm mm mm mm mm kg.'l1a kg.'11a kg/ha '""'' 
762.80 193 98 208 96 17.87 208 02 320 04 741 13 12.98 388 14 63 125 

762 80 193 98 208 96 17.87 208 02 320 04 741 15 13 37 3.88 16 72 143 
-

762 80 193 98 208 96 17.87 208.02 320 04 741 16 1368 388 18.81 161 
--

762 80 193.99 208 97 1787 208 03 320 04 741 17 14 05 388 20.90 179 

762 80 193 99 208 97 17 87 20B 03 320 04 741.17 14 27 388 25 08 214 

762 80 193 99 208 94 17AA ?nR 01 ~?0 04 741 21 14.38 388 27 16 232 

762~~ 1_19.198 208 75 17.85 207.81 320 04 741.43 1444 388 29.22 250 

762 so 193 97 208 63 1784 207 69 320 04 741 56 14 50 582 31.29 268 

762 80 193 97 208 58 17.83 207 64 320 04 741 62 14 57 582 35 46 3.03 

76'2 80 193.97 208 57 17 83 207_63 320 04 74163 14.66 582 3754 321 

762 80 193 97 208.57 17 83 207 63 320 04 741 64 14.74 5.82 39.63 339 

762 60 193 97 208 57 17 83 207 63 320 04 741 64 14.81 582 43.80 357 

762 80 193 97 208 57 1783 207.63 320 04 741.64 14.88 582 45 89 3.92 
--

762 80 193 97 208 57 17 83 207 €3 320 04 741 64 1490 582 50 06 4.28 

762 80 193 97 208 57 17 83 207 63 320 04 741.64 1490 582 56 31 481 

762 80 193 97 208 57 17 83 207 63 320 04 741 64 14.9Q 582 62 57 5 35 

762 80 193 97 208 57 17 83 207 63 320.04 741 64 1490 5.82 58 83 5.68 

762 80 193 97 208 57 17.83 207 53 320 04 741 64 1490 5 82 7500 642 

;s2ao 1 19397!2aa.s1 17.83 ! 207.63 320 04 741 64 '"" 5 82 "" 695 

! tr'--,~·-; c-.j f".'r's ~n A:Jrir•:'tur~l NPS P"II•JI;01l in thr> Arrnyo C:n\nmdn WA!Pr~h~d 

DRNN FN03 FNHJ yp YAP PRKP 

'""'' . .,. '""' '""' '""' '""' 14.65 28.32 84.00 3.14 0.03 0.05 

16.!!5 2632 84.00 324 003 0.05 

19.12 2632 84.00 3.32 0.03 0.05 

21 52 2632 84.00 3.41 0.03 005 

24.09 2632 84.00 3.46 0.03 0.05 

26.65 26.32 84.00 348 O.QJ 0.05 

29.14 2632 84.00 3.48 0,04 0.05 

31n 2832 8400 3.49 004 0.05 

34 51 2832 84.00 3.50 0.04 0.05 

37.19 28.32 84.00 3_51 0.04 0.05 

39 87 28.32 84.00 3.52 0.04 0.05 

42 56 2832 84.00 3.53 004 0.05 

45.25 28 32 84.00 3.53 0.04 0.05 

50 32 2832 8400 353 0.04 0.05 

56.25 2832 8400 3.53 0.04 0.05 

62 17 28.32 8400 3_53 004 0.05 

6800 28.32 84.00 3.53 0.04 0.05 

74 01 28.32 84.00 3.53 0.04 0.05 

79.94 28.32 84.00 3.53 0.04 0.05 

B3 

MUSS YW UN03 UPP DN 

"" "" '""' '""' '""' 14.06 5.69 321.83 60.41 10.61 

14.53 5.79 336.12 61.23 12.06 

14.88 5.87 350.60 61.69 13.57 

15.30 5.95 365.61 61.91 15 21 

15.53 599 380.90 62.04 16.98 

15.61 6.01 391_65 62.10 18.75 

15 62 6.02 399.19 6213 20.51 

15 63 6 02 407.08 62.56 2231 

15.66 603 415.13 62.94 24.13 

15.69 604 423.19 63.05 26.02 

15.73 6.04 431 24 63_05 27.89 

15.75 6.05 439.30 63.05 29_76 

15_78 6.05 447.36 63.05 31 63 

15.78 6_05 449.48 63.05 32.88 

15.78 605 449.48 63.05 33.91 

15.78 6.05 449.48 63.05 34.95 

15.78 605 449.48 63 05 35.98 

15.78 6.05 449.48 63.05 37.01 

15.78 6.06 449.48 63.05 38.04 

GASG COTP 

"" ""' 
5.08 2.32 

5.27 2.32 

5.39 2.32 

5.45 2.32 

549 2.32 

5.51 2.32 

552 2.32 

5 53 2.32 

5 53 2.32 

5.53 2.32 

5.53 2.32 

5.53 2.32 

5_53 2.32 

5 53 2.32 

5.53 2.32 

5.53 232 

5.53 2.32 

5.53 2.32 

5.53 2.32 

Description of Variables 
CN2 
COTP 
DN 
DRNN 
DRT 
ET 
FNH3 
FNm 
GRSG 
IRGA 
MUSS 
PRCP 
PRK 
PRKN 
PRKP 
Q 
QDRN 
SSF 
SSFN 
UNOJ 
UPP 
WN<B 

YAP 
YNO.~ 

YON 
yp 
YW 

Runoff curve number. antecedentrnm~ture wndttinn 2 
Crop yield fur ptcker cotlon (t/ha) 
N Jo~< by denitrilk;uion (kg/hal 
Mmcral N !01~~ in <ub~urfnl'e drain nnw I kg/hal 
Drain time. dU)'S rcqui«:d fur drain<~gt' I<J reduce pl:!nr ~lre<.s tday<J 
Evapotranspiraunn (mm) 
Fcr1ililcr N applied in the fnrrn NH,-N tkg:lhal 
Fer1ilircr N applied in the fom1 N(),.N O...g/hal 
Crop yield for grain sorghum rlfba) 
Irrigation water applied (111m) 
Soil loss from Y.atcrcrosion u~mg a modified MlTSJ.E np!Hm for <mall ..,.JI.:r:.bnh 
Precipitation (mm) 
Percolation below the rootmne (mml 
Mineral N los~ in percolate tkg/ha) 
Pt:rcolarion of P ht'lnw the rnoltonc t~phal 
Runofftmrn) 
Subsurface drain flow (rnm) 
Lateral suh~urfacc now lmml 
Mineral N loss m subsurfac<: flnw tkg/h;ol 
N uptake by the crop tkg/ha) 
P uptake by the crop (kg/ha) 
Initial nitrate concentration in the 'ml I ppm) 
Soluble Ploss in runnfftkg/haJ 
NO] los< in surface runoff (k):"lha) 
Organic N loss with <;ediment (kg/hal 
Ploss with sediment (kg/ha) 
Smlloss frum wind erosion 0/h.t) 



EPIC Variable WN03, Initial Nitrate Concentration (ppm) in Soil Layers 1 - 3 
%Change 
WNOJ I PRCP a SSF PRK QDRN IRGA ET I YON I YNOJ I SSFN I PRKN I DRNN I FN03 I FNHJ YP I YAP PRKP ! MUSS I YW I UNOJ I UPP 

-88% I o_O% o o~. 0.2% 0.2% 0.2% 0.0% ·0.1% /-10.5% 1·33.3"/o/·53.3% /-53.3% 1·53.9"/o I 0.0% I 0.0% -10.1% 1·16.5% 0.2% 1-tO.l% I -5.5% I-20.9C'k I -3.4% 

ON I GRSG / COTP 

·52-4% I -8.1% I o.D% 

-75". oo~. oo% 0.2% 02% 02% o.o% -0.1% -7.8% -33.3% -466% -46.6% -470% oo% o.o% 7.1% -110% o.2% -7.1% -3.9% -17.4% -2.1% 459% -4.6% o.O% 

sJ•. oo% oo•,. 02% o2% 02% oo% -o.t% -5.7% 333% -39.9% ·39.9% -39.8% o.o% o.o% -4.9% -s.so;. 0.2% -48% -2.6% -139% -1.4% 39.1% -2.5% o.o% 

-so~o o.o•,. o.o% 02% o.2% o.2% o_o% -0.1% -Jt% -33.3% 33.2% -33.2% -32.2% oo% o.o% -2.4% -s.so;. 0.2% -2.1% -13% -to.~. -to% -Jt.B% -1.3% o.o% 

-38% 00~~ 00% 0.2% 0.2% 0.2% 0.0% ·01% ·16% -33_3% ·199% ·19.9% 24.2% 00% 0.0% ·1.0% ·5.5% 0.2% ·0.6% -0.5% -6.4% ·0.8% -23.9% ·0.7% 0.0% 

25~o 0.0% 00% 0.2% 02% 0.2% 0.0% 0.0% ·09% •33.3% ·13.2"k ·13.2"k ·16.1% 0.0% 0.0% ·0.5% ·5.5% 02% ·0.1% -0.3% 3.8% ·0.7% ·15.9% ·0.3% 0.0% 

13°~ 0 0~0 0 0% 0 1% 0 1% 0 1% 0 0% 0.0% -0.4% 33 3% ·6 6%" ·6.6% ·8_3% 0 0% 0.0% -0.3% 0.0% 0.0% ·0.1% -0.1% ·1.9% --0.7% 8.1% 0.0% 0.0% 

o~. o.o% o o~. o.o% o O% o o% o.o% o.o% o.o% o.o% o.o% o O% o.o% o_o% o.o% o.o% o.oo;. o.o% o.o% o.o% o.o% o.o% o.o% o.o% o.o% 

13"·· o.o•o 00% 00% 00% 00% 00% 0.0% 0.5% 0.0% 13.3% 13.3% 8.6% 0.0% 0_0% 0.3% 5.5% 0.2% 0.2% 0.1% 2_0% 0.6% 8.2"/o 0.0% 0.0% 

25% 0.0% 0.0% 0.0% 0 0% 0.0% 0 0% 0.0% 1.1% 0 0% 20.0% 20.0% 17.1% 0.0% 0.0% 0 6% 5.5% 0.2% 0.4% 0.2% 4.0% 0 8% 16.6% 0.0% 0.0% 

3!l 0 'o 0 0% 0 0% 0.0% 0.0% 0.0% 0.0% 0.0% 1.6% 00% 26.6% 26.6% 25.5% 0.0% O.O'Yo 0.8% 55% 0.2% 0.6% 0.3% 5.9% 0.8% 25.0% 0.0% 0.0% 

SO% o o•.;, o O% o O% o.o% o.o% o.o% 0.0% 2.1% o O% 40_0% 33.3% 34 O% o.o% 0.0% 1.0% 5.5% o 2% 0.8% 0.4% 7.9% 0.8% 33.4% o O% o.O% 

63% 0 0% 0 0% 0.0% 0 0% 0 0% 0 0% 0.0% 2.6% 0 0% 46 6% 46.6% 42.4% 0.0% 0.0% 1.1% 55% 0.2% 0.9% 0.5% 9.9% 0.8% 41.8% O.O'Yo 0.0% 

75~o 0 0% 0 0~ 0.0% 0 0% 0 0% 0.0% 0.0% 2.7% 0.0% 60.0% 60 0% 58.4% 00% 0 0% 1.1% 5.5% 0.2% 1 0% 0_5% 10.4% 0.8% 47.4% 0.0% 0.0% 

88~0 0.0~0 0 0% 0 0% 0 0% 00% 0.0% 0.0% 2.7% 0.0% 79 9% 79.9% 771% 0 0% 0.0% 1.2% 5.5% 0.2% 1.0% 0.5% 10 4% 0.8% 52.0% 0.0% 0.0% 

100~. o o•.. o.o% o.o% o.o% o O% o O"'o o.o% 2.7% o.o% 99.9% 99.9% 95.7'% o O% o O% 1 2% 5.5% 0.2% 1.0% 0.5% 10_4% 0.8% 56.7% o.o% 0.0% 

113°0 0 0°~ 0.0% 0 0% 0 0% 0 0% 0.0% 0_0% 2 7% 0 0% 119.9% 119.9% 114.3% 0 0% 0 0% 1.2% 5.5% 0.2% 1.0% 0.5% 10.4% 0.8% 61.3% 0.0% 0.0% 

125~-. 0 0% 0 0% 0.0% 0.0% 0 0% 0.0% 00% 2 7% 0.0% 139 9% 139.9% 133.0% 0.0% 0 0% 1 2% 55% 0.2% 1.0% 0.5% 10.4% 0 8% 65_9% 0.0% 0.0% 

138% 0 0°0 0 0% 0.0% 0 0% 0.0% 0.0% 0.0% 2 7% 0 0% 153 3% 159.9% 151.6% 0.0% 0.0% 1 2% 55% 0.2% 1.0% 0.5% 10.4% 0.8% 70.5% 0.0% 0.0% 
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EPIC Variable CN2, Runoff Curve Number- Antecedent Moisture Condition 2 

CN? I PRCP I o I ssr I ' 
mmmmmmm 

lK 

1 
QDR;r,RGft. ET YON YNOJ SSFN PRKN ORNN FNOJ FNHJ yp YAP PRKP MUSS 

m mm mm mm ,.,.,. ,.,.,. ,.,.,. 
'""' 

,.,.,. 
'""' '""' 

,.,.,. 
'""' 

,.,.,. 
""' 

74 762801131.41 90 243.35 320.04 758.59 10.10 1.31 2934 251 30.09 28.32 84.00 2.43 0.02 0.05 9.83 
--

75 762 80 08 245 40 32004 759.03 1006 1.29 29 59 253 3042 28.32 84.00 2.42 0.02 0.06 9.86 

76 762 80 91 243.49 320.04 758.86 10.19 1.31 2936 2.51 30.14 28.32 84.00 2.45 0.02 0.06 10.06 
... - --

77 762 60 76 241 71 320.04 758 51 1032 134 29.14 2.49 29.88 28.32 84.00 2.49 0.02 0.05 10.27 

7B 762 80 62 240 07 320 04 757.98 10 45 1.36 26.94 247 29.84 28.32 84.00 2.52 0.02 0.05 10.48 

79 1762 80 
---~-

4S 238.16 320.04 756.30 10.72 140 28 71 245 29.35 2B32 8400 259 0.03 0.05 10.84 

80 I"' 80 81 762 80 145 07 236 62 20 

--- --·~ --
3J 236 68 320 04 755 52 10.87 143 28 53 24< 29.13 28.32 84.00 2.62 0.03 005 11.06 

--
23 235 52 320.04 7YI68 10 98 1.45 28.39 243 28 97 28.32 84.00 2.65 0.03 0.05 11.26 

82 762 80 147 22 235 32 20 12 234 23 320.04 754.13 11.10 1.47 28 24 2.41 28.78 28.32 84.00 2.68 003 0.05 11.44 

83 762 80 149 14 234 17 20 02 233 10 320.04 753 30 11 15 149 28.10 240 28.63 2832 8400 269 0.03 005 11.59 
-- ---

84 762 80 151.00 233 09 19 93 232 02 320 04 752 30 1120 151 27.97 2.39 28 49 2832 84.00 270 0.03 0.05 11.74 

85 762 80 152 84 232 29 19 86 231 23 320.04 751 20 11 25 I 53 27 87 238 28.39 28.32 84.00 2.72 0.03 0.05 11.89 

86 762 80 186 19 213 89 18 29 212 93 320 04 743.47 13.65 3.72 25.67 2.19 24.73 28.32 84.00 3.30 0.03 0.05 14.81 
-

87 762 80 188 78 212 10 18 13 211 15 320 04 742.83 13.85 3.78 25 45 2.18 24.46 28.32 84.00 3.35 0.03 0.05 15.05 

88 762 80 191 38 210 36 17 99 209.42 320.04 742 17 1400 3.83 25.24 2.16 24 31 28.32 84.00 3.39 0.03 0.05 1529 

89 ""' I , 9399 ,, " 
17 

90 76280 1%50 1207 56 17 

91 76280 /'"'0 205 93 17 

" 76280 20161 20440 17 

37 208 03 320 04 741 17 14 27 388 2500 214 24.09 2832 84.00 3.46 0.03 0.05 15.53 

75 200 63 320 04 740 19 14 07 3.93 24 91 2.13 23.87 2832 8400 341 0.03 0.05 IS.n 

ll 205 01 320 04 739 43 1400 398 24 71 211 23 63 2832 8400 3.41 0.03 0.05 16.02 
-- --- ------ -- f~ 

"' 203 49 321) 04 738 74 14 17 6 05 24 53 210 23 40 28.32 84.00 3.43 0.03 0.05 16.25 
----~ 

.,d;, li:;rr ,f F!f.,, I·, "I f1~Jr·. r'" A\>,;,-~,l:u,.ll NI"S Pu!lu:i"'' in tiHJ Anuyu Culurc.HJIJ Watershed 85 

YW UNOJ UPP DN 

''" '""' '""' '""' 
5.05 371.75 60.75 17.19 

5.05 371.98 60.78 17.14 

5.06 37221 60.81 17.17 

5.07 372.41 60.84 17.18 

506 372.61 60.87 17.20 

507 372.82 60.90 17.23 

5.oa 373.04 60.93 17.24 

5.08 373.28 60 97 17.25 

5.09 373.52 61.00 17.25 

5.02 373.33 60.98 17.26 

494 372.89 60.91 17.27 

4.90 372.70 60.88 17.27 

5.67 380.57 62.00 17.18 

5.75 380.61 62.00 17.18 

5.79 380.73 62.01 16.98 

5.99 380.90 62.04 16.98 

5.45 381.13 62.07 1698 

5.24 381.26 62.09 16.96 

5.18 381.40 62.11 16.96 

GRSG COTP 

"'' ""' 
5.49 2.21 

5.49 2.22 

5.49 222 

5.49 222 

5.49 2.22 

549 2.23 

5.49 2.23 

5.49 2.23 

549 2.23 

5.49 2.23 

5.49 2.23 

5.49 2.22 

5.49 2.32 1 

5.49 2.32 

5.49 2.32 

5.49 2.32 

5.49 2.32 

5.49 2.33 

5.49 2.33 

Description of Variables 
CN2 
COTP 
DN 
IJRN:'>J 
DRT 

ET 

FNH.l 
FNO.l 

GRSG 
IRGA 
MUSS 
PRCP 
PRK 
PRKN 
PRKP 
Q 
QDRN 
SSF 
SSFN 
UNOJ 
UPP 
WNOJ 
YAP 
YNOJ 
YON 
yp 

YW 

Runoff cur\le numhcr. ;rnlccedcnt nm1~1urc rondinon ~ 
Crop yield for picker cotton (lfha) 
N los.~ by denitrification (kg/ha) 

Mmcral N loss in subsurface dr~m How tkgn1~) 
l>ram time. days required lor drainage 1<1 rcJu,·c planl 'lll."" t.Jay~l 
Evapotranspiration fmml 
Fertilizer N applied in the form Nlh-N lkg!ha) 
Fertih~er N applied in the form NO,-N fkg/ha! 
Crop yield for grain sorghum (t/ha) 
lrrig~tion waler applied (mml 
Soil loss from water erm.ion u.•ing a modified MUSLE opnon for small w~tcr~hL·d, 
Prec1pila!ion (mm) 
Percolation below !he root zone (mm) 
Mineral N loss in percolate (kg/hal 
Percolation of P hclow !he runt zone O..g/ha) 
Runoff(mm) 
Subsurface drain flow (mm) 
Lateral subsurface flow (mml 
Mineral N loss in subsurface tluw (kg/h~) 
N uptake by the crop (kgfha) 
P uptake by the crop Ckgfha) 
lmual nitrate concentration in rhe ~oillppml 
Solut>le P lo~s in runofflkg/ha) 
NOJ loss in surface runoff I kg/hal 
Organic N loss with sedimenl Ck!!l'hal 
Ploss with sediment (kg/hal 
Soillo~~ from wind ero~inn (t/hJI 
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\PPENDIX H 

· :epresentatlve Crop Management Schedules 

urrow Irrigated Cotton - Baseline BMP, Current Conditions 
llr))'"·" 
".',,, ,,,,,! )"·" 
\\'c·l )~J.r I l'kh'f C~·~!-'_'!' EI'IC Cr"!' #in t!"'JAlROP DAT :o ~. PIIL'-~'X~l 

•;,\\' I lro -~I'.E!J pn.·c·ml·~p·n! hcrtJiLidc, "nl incorp<•ra!cc.l (!~'.EJ_ 
~I! AI•rl,:._ ft:_T]!!_i~n idr). 'llrLltc .lrPI•n!) 

EPIC 
TJibJ,':c# 

lrrig~linn 

Volume 

EPIC 
Pc,licidc I Pesticide Trade Name 

(C'ommon Name) 

2:'i~ [Trell:m (Tnlluralin) 

Pe~t•cide 

AJ'II"I. Rates 
(Active In r<:d1cntl 

tx/lm lb/m· 

r.n!l r l . .'io 

N 

67.25 I 60 

P Application 
Rates ta~ PJ 
p,o,- 2.27P 

k.~tiw I /Mu 

:>9 w r ~6-~ 

Mo f)u_\'1 (Jpr~~!l!•_"!__ 

I Honlcr Duching, funning hind cmh m orcoar:lltnn lilf furrow irncat1on 

·." ~~ ji~~-~~~~~rriEil.'~"~"'~:~::~!!iO~:::""~~:~==l=*=~JI=j=:J!=+==+===========~==t:==t==t==:±==::i==~ 
·;,v. 
'-.,\1. 

-,·_w 

'·" ·" 

-.;_w 
·-.\\ 

·," 
·," 
·,_y., 
•,_\\ 

·,_v, 

'·" \;\\ 

w 

'" ','\\ 

'·" 
'" ·,_\\ 

·,_\\ 

·;_\\ 

· .. \\ 

I, 
21) \Plant pider tnnnn "'11h rn" rLmln, Pol ... nli~! Hc·.ttUnih for crop= 29(Xl 

I~ Cull'''*' 
I '.4B'"'kr.Ditt:_h_.!nf.:_lnrnllng hlod. cnJ, m prc·p.1ration fllr furrow irng:won 
I_!> Furrow 1m Jtlon 

~ ~pi)' lm.cdl~ldc to <.'omt111l ovc~t!:!_t;:nng!ln>ca'nl1 cn11n11 hoi! wcc,ll' 

19 

~ 
72 
II 

14 IHordcr_!]j_tchmg. fom11ing hl11d: cnJ, in prcpo.~r,tlion for fun ow irrigo.~tinn RO 
15 IFurruwl~lion 

1--1 CuJti,M<· 19 

152 

152 

1--1 Rordcr Duchi11 •, for111111' t,Jod cnJ, in 'IL' ;~r~ttOI1 for furrow mi .tlio11 !!0 

I~ Furro"' l_rr_i_g_:_111011 72 I 1 ~2 11 I 

122 IGU!hJOn(Azmlho>-mcth}11 

I'" IGU!h!on lArin ho~-me1h~·l) 

... ~ '--'""""" '"''-"' ""~''''"'"~!) 
122 -f-Guthion (Allnpho,·mclhyll 

152 l 
2fl App1 in,cdicidclouullru1in,c.t'llllLOitonho!!"'Cl''ih 11 I '"" ,... __ .L --L 

'i ~1: dU.1J UT ''C llli,C(!ILhk 10 c'Oll1f1ll WC~VIh J 1 

!--I AorJ~r Dlt.dung, 11'11Tl~l.l£J>Io'<.l.. <:nJ, tn re M.l\illn f,r furrn" ~rri~.Jiim1 !!0 

6 J_~ Furm"' lrri~:atwn 72 

!52 

122 
IJ() 
IJ(l 

122 
1]0 ,. 

6 j I<; Appl)· ~u;~! p_llT'l<oe Jn<.cl'licitk '''control "c.:vil.; 11 
6 -~~ ,\ppl Ju,,J purpo<.e (p)rcthroidl _imn·t.iciJ.: 10 wntml both "'cc;·~h and "Onn< II '-f.<; ~>.II)' 1 dual pu1 ll!;c lp)'rCt!UOiJiin,Cc'1KI<k to lOI1tn>J hoth WCC-'lb and "'<>rlll', 11 

7_ 14 ~tkr DIIChi~OTTllln h1oo:k cnd' in prcpara!JO!l fnr furrow Hrig_ati<Jil KO 

1 1 ~?- Funow lrri~ahon _ 71 
7 15 Appl_y du~_I!!JJ'l)O<.e m<.ecllcl<k tol control wccvtl~ II 

7 ._2_!:1 __ Apply dual purpo-.c (pyrclhroid) in;cltilidc lo contrul both \loCC\Ih and wonn; 11 

_§_ ~ Appl~ okfoli.tnt t29'l u<>c l>ropp/7!<;1; u<e DEFl 11 
f\11( "- ,.,,,-.. »rr. J1 5 IAppl)' <.kfolianl (~9<;1; "" '""'''" • • r m~ '"-', 83 

lQ_hbnc'l- pid.c_! c'~!ll<>ll l .'il 

~(\ ~Uli\<Hl"<'l' I 41 
:~ Shrcddin• 57 

I Plowing 24 
5 S~!>eqJ Chi~cl .32 

<J 15 l_)isc~n&_!lffsct 33 

0.28 I 0 25 

0.28 0.25 

0.28 0.25 
IL~S 0 25 

0.25 
0.03 
003 

0.25 
003 
0.15 
1.10 

·,_v., 
·.;,v. 

'·'' 

_ 9110 Di'c ing nff,cl 33 

~ .. '1._ _~ll Dl'dn_g-off,ct ]_1 
t~~ l'ilk<ld•n· 15 I 

... .,., -,rplk 1'l••n, ._.r irri,~;.~ot<•"" 111fc·_J,,r~inf.>ll .""lhlitinn< 
r .1inl ,II~ 1 •n·J•t•• •11< ok n••to·,! r ".t ). H lfl'<'c'llc·irk "I'Pll,·:uinn' ar ~· ~···nn .Ill: ,llrfic·lo'nl In cnnlrnl ' "linn ~'" 

l ••<II ifll[.tli<·'" llf(," ,-,~c h lllj'pl) ~--l" nf irrif.lTinn \1,\t,·r ,ll :'-'' l'ffic'ICncy = 16" nfwatn 'llP!'licd In nnp 
• lnL picTiJIII l!,·rbi, iok f.•r "ccd l"llnln•l 

''L· "•'I )• .~.-~1• .1 (\\'\ '"'' :~olditi•'11~1 Jfpli.:.lllf'l1'. ( 1\ nf<rntl1inn ond ( 11 ,f K:tr.Til'. m~y tx· rc-qttir('.i 
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· 1: .:. 1 J' , :I" ,- 1,, r:~,r'.i.HT Jpr·li,-Jti,Hl rn.') No ,,,ffi,·irnt 
'" Hllf .tll,n·. 'lf (,"' < lc'h <11pp1~ ~(, .. llf irrir .tliolfl ".Tin ;11 ~/1 dfkinK)' -- ~ 1" ,,f \I :llc'r 'illrphc·d \II cwp 

I!-, jj )I l I 1! -~~t·o r nl,lf'.-, ,-r-, li!J:r,-.,;lturil: t~r:, rotlut:-Jn in tho Arroyo Colcrado Wat0:shcd 

Thi' rc-pre,ents IPM (Full Implementation) 
For mi(f-leve! !PM. add I Guthion and 1 Kar.ue applkarion (6/1 and tll10\ 
For 1ow-1cvci1PM, add 2 moreGuthion applications (711 and 7110) 
ami t Orthene application for aphid~ at 0 4 lh/acre ('5/1) 
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Dryland Cotton - Baseline BMP, Current Conditions 
U=l>ry }'ear 

:\:=!'1/urnMI_n~ar 

W=Wdn·ar 

~ 
I> N \\ 
D.NW 
ll ~ \\ 
D.N \\ 

ll.NW 
ll.N.W 

N.W 

IJNW 

D.N.\V 
D.NW 
ll.NW 

ll N.\\ 

l>.N.W 
ll.N.W 

~ 
llN.W 
ll.N.V.' 
DN.W 

D.NW 
I>.N.W 

l'id..cr Cntlnn - EI'IC Crop II in t:SDACKOP.VAT = 5, Plfll=l900 

.\fo111h I fJ/1\ oeem/1!11/ 
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:.:o 
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Culuvall' 

Annlv m,.;c:uc:hk hl con1rol c:onon tkahonn.;r~ 
Cuhiv~uc 

5 ;\,;h· dl"fohanl {:.:9',1 u~e Dr-;:;-;;;;I7J'il uo;e DEF) 
5 A t dduli:m1 1::!<J<N use Dmp[\1 71'-" u~e DEFf 

:>o llar'e'J · 1c:l.:• ~·nuon 
20 Kilt cnnun<:rol 
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VoJume 

88 PredtC!IOn of Effects ol BMPs on Agricul!urat NPS Pollution tn !he Arroyo Colorado Watershed 
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Pe>tldde 
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(Common N11me) 

255 ITrcnan \Trifluralin) 

4J IHidnn Wicrotopho~) 

122 
122 
IJO 
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Pesticide 
Application Rllle!i 

(Aclive In rt-dient) 
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LOll l .50 
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() 2!! Cl2'i 
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Dryland Grain Sorghum -Baseline BMP, Current Conditions 
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urrow Irrigated Corn - Baseline BMP, Current Conditions 
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Dryland Corn- Baseline BMP, Current Conditions 
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urrow Irrigated Sugarcane (Plant Cane)- Baseline BMP, Current Conditions 
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Furrow Irrigated Sugarcane (Plant Cane)- BMP #1, Nutrient Management 
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:c:p; .::s.:nt:;tive Management for Furrow Irrigated Sugarcane (Ratoon Cane)- Baseline BMP, current conditions 
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Furrow Irrigated Sugarcane (Ratoon Cane)- BMP #1, Nutrient Management 
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APPENDIX I 

Assumptions Used in Modeling Analysis 

I. Non-row crop areas consisting of perennial vegetation including native pastures and rangeland (native 
grasses, trees and shrubs) do not utilize subsurface drains or land leveling. 

2. Dry land cropping systems (cotton rotated with either grain sorghum or corn) do not utilize subsurface 
drainage systems. 

3. Most of the irrigated cropland acreage (cotton in rotation with either grain sorghum or corn, sugarcane 
rotated with cotton) have subsurface drains installed except for the very heavy clays such as Grulla clay and 
Harlingen clay. 

Based on assumptions I. 2 and 3, i£ was calculated that 44,667 acres. approximate!\' 72 percent of the 
irriga1ed cropland in the study area have subsurface drainaf?e systems installed. 

4. All of the irrigated citrus acreage (regardless of soil type) has been leveled. 

5. Approximately 80 percent of the cropland in the study area, has had irrigation land leveling [or precision 
land forming of dryland areas] implemented as a management practice for improved distribution of 
irrigation and rain water. 

6. The land slopes assumed for areas which have been leveled. 

Citrus- 0% slope (used 0.0001) 

All other cropland areas- (0.075'1100') = 0.075% slope (used 0.00075) 

7. The natural slopes for cropland areas which have not been leveled were assumed to be: 

Soil Group I = 0.58 'k 

Soil Group 2 = 0.50 % 

Soil Group 3 = 0.55 % 

Soil Group 4 = 0.27 '7r 

Soil Group 5 = 0.65 % 

Soil Group 6 = 0. 71 '7c 

These are based on area weighted slopes calculated for the study area us1ng slopes designated in the 
Cameron County Soil Survey. In some instances, the specified slopes were adjusted based on the 
professional judgment of local NRCS personnel. 

8. Vegetable crops were not considered in the modeling analysis. Only 25.090 acres of vegetable crops were 
grown in Cameron County in 1989 (TWDB. 1991 ). comprising less than I 0% of the cropland acreage 
countywide. Vegetable crops are not prevalent in the Arroyo Colorado study area due to the soil types 
occurring in the area. 

9. Approximately I 0-15'7c of the cotton in the study area is rotated with corn. The majority (85-90%) of the 
cotton is rotated with grain sorghum. Assumption: 15'7r of the cotton rotated with corn and 85'7c rotated 
with grain sorghum. 

10. The majority (>90%) of the cotton grown in the area (both dry land and irrigated) is picker cotton. Less than 
I 0'7o of the cotton is stripper cotton. For the modeling analysis, it was assumed that all of the cotton grown 
in the study area was picker cotton. 
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APPENDIX G 

Registration Lists and Materials Prepared for 
Seminars and Workshops 

ARROYO COLORADO WATERSHED NONPOINT SOURCE POLLUTION PROJECT 



·I' L\1"-LRS 

arrit· Bausch 

,, . Guy Fipp> 
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lfl)' GunDtk::; 

' ' 'j ')' ! !_1\ f\dfll) 

i rm i\1 nnre 

, llll P ,trdLc 

Bryan Shaw 

,._,j,l \\' Smith 

Stormy Sparks 

'lUI! Spuullb 

Student Technician, Agricultural Engineering 
Department, Texas Agricultural Extension Service, 
College Station 
Associate Professor and Extension Agricultural 
Engineer, Texas Agricultural Extension Service, 
College Station 
Senior Research Associate, Texas Institute for 
Applied Environmental Research, Stephenville 
Conservationist, Natural Resources Conservation 
Service, San Benito 
Cameron County Extension Agent, San Benito 
Agricultural Engineer, Natural Resources 
Conservation Service, San Benito 
USEP A Project Manager- Region 6, lJ .S 
Environmental Protection Agency, Dallas 
Assistant Professor and Extension Agricultural 
Engineer, Texas Agricultural Extension Service, 
College Station 
Extension Associate, Texas Agricultural Extension 
Service, College Station 
Associate Professor and Extension Entomologist, 
Texas Agricultural Extension Service, Weslaco 
Texas State Sui! and Water Conservation Board, 
Temple 

Seminar on the 
Arroyo Colorado 

Harlingen Public Library 
August 28, 1997 
7:00-9:30 p.m. 

presented by 
The Texas Agricultural Extension Service 

in cooperation with the 
City of Harlingen 

This seminar is funded through a grant from the United States Environmental 
Protection Agency through the Texas Natural Resource Conservation 

Commission 



Semi:n ~~ "f''"(ln the 
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Arro)f:o-\G.Qlorado 

I'\ '\I'. I( ON 1"0( , I , 

'\ 
" 

MExico presented by , ~r 
The Texas Agricultu. ral Extension S ice 

in cooperation with the 
City of Harlingen 

Description 
The Seminar will present the results of the multi-agency project: Non-point Source Pollution 
Prevention in the Arroyo Colorado Watershed. The project was funded by the U.S. 
Environmental Protection Agency (EPA) through the Texas Natural Resource Conservation 
Commission (TNRCC) and the Texas State Soil and Water Conservation Board (TSSWCB). 
Cooperating agencies included the Natural Resources Conservation Service (NRCS), the 
Southmost Soil and Water Conservation District, the Texas Institute for Applied Environmental 
Research (TIAER), and the Texas Agricultural Extension Service (TAEX). 

Program 
7:00p.m 

7:30 

8:00 

8:30 

9:00 

9:30 

Welcome, Project Overview 
T. Lockamy, G. Fipps, B. Spoonts, L. Pardee (invited) 

The Arroyo Colorado Water Quality Data Base- What do we know? 
C. Bausch, G. Fipps 

Demonstration Sites and Results 
T. Gonzales, A. Moore 

Best Management Practices- Modeling and Projected Benefits 
J. Flowers 

Educational Program Outcomes 
G. Fipps, D. Smith, S. Sparks, B. Shaw 

Adjourn 

This seminar is funded through a grant from the United States Environmental Protection 
Agency through the Texas Natural Resource Conservation Commission. 



Texas Agricultural Extension Service 
The Texas A&M University System 

August 13, 1997 

RE: Local Advisory Committee - Arroyo Colorado Project 

Dear 

RECEIVED 
SEP J 8 1997 

TEXA 
V'·'T·-, rS STATE SOiL AND 
'''' Eh t:ON\fD''ATr · ~ '' 1 .. ,QN BOARD 

Several years ago, you were asked by the then Texas Water Commission (now the Texas Natural 
Resource Conservation Commission) and the Texas State Soil and Water Conservation Board 
(TSSWCB) to serve on the Local Advisory Committee for the Section 319 Project: Non-point 
Source Prevention in the Arroyo Colorado Watershed. You may be aware that this project 
officially ends on August 31, 1997. 

The Texas Agricultural Extension Service invites you to participate in a Seminar on the Arroyo 
Colorado to be held on August 28, 7:00p.m. to 9:30p.m. at the Harlingen City Library (see 
enclosed flyer). For the Seminar, we have asked representatives from all participating agencies 
to provide a brief overview of their roles in the project and the results of their efforts. 

Please join us for this informative program. 

Sincerely, 

Guy Fipps 
Associate Professor and 
Extension Agricultural Engineer 

enclosure 

Extension programs serve people of all ages regardless of socioeconomic level. race, color, sex, religion, disability or national origin. 

The Texas A&M University System, U.S. Department of Agriculture, and the County Commissioners Courts of Texas Cooperatmg 
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sented by: Cameron County Crops Committee 

Committed to the future of agriculture. 

perating Sponsors: 

Cameron County Extension Office 
Natural Resource Conservation Service 
Southern Regional Sustainable Agricultural 

Research and Education Program 
Southmost Soil & Water Conservation District 
Texas Agricultural Extension Service 
USDA-Agricultural Research Service 
U.S.E.P.A. -Arroyo Colorado Project 

caaueron Countv Field Crops Commlttel 

2nd Annual 
No-Till Field Day & 

Farm Show 
Rangerville Coop Gin 

April 30, 1997 
9:00 a.m. - Noon 

Lunch Provided 

... 
3 CEU's and Door Prtzes 

Committed to Ute luture 61 agrfcutture. 



FROM : Cameron Count<j ExtenSion Ser'''· PHCNO: 1·10. : 2103610034 r1ar. 04 190'l7 10:57hl'1 P2 

Texas Agricultural Extension Service 
The Texas A&M University System 

2nd Annual 
No - Till Field Day 

Rangervi lie Coop Gin 
April 30, 1997 
9:00- Noon 

Presented By: CAMERON COUNTY FIELD CROP 
COMMITTEE 

FEA TIJRING: 
PLANTING EQUIPMENT FOR CONSERVATION TlLLAGE 

COULTERS, RESlDUE FINGERS, RIDGE RUNNER 

CA TOLACCUS AND CONTROL OF THE BOLL WEEVIL 

CROP CUL TIVA TrON TN HIGH RESIDUE CONDITIONS 

FERTILIZER PLACEMENT FOR CONSERVATION TILLAGE 

HOODED SPRAYERS FOR CONSERVATION TILLAGE 

OTHER CONSER VA TfON TILLAGE EQUIPMENT 
STALK PULLER FERTILIZER APPLICATORS 
SHREDDER CULTIVATORS 
PLANTERS 

CHEMICAL PRECISION APPLICATORS AND SAFETY CONCERNS 

IMPROVING FERTILIZER EFFICIENCY THROUGH BEST 
MANAGEMENT PRACTICES 

EQUIPMENT OISPLA Y & FIELD DEMONSTRATION 

LUNCH PROVIDED 

TECHNICAL ASSISTANCE PROVIDED BY: 
TEXAS AGR1CULTURAL EXTENSION SERVICE 
NATURAL RESOURCE CONSERVATION SERVICE 
USDA- AGRlCULTURAL RESEARCH SERVICE 

2 CEU'S AVAILABLE 
Extensjon prog.r..lfl'IS serve pl£'0pie of all ages regardless of socioeconomic level, race, <;olor~ sex. religion, dis.abiity or national origirJ. 

The Te><a> A&M U:tiversity S~tem, U.S. Dep;~rtmenc of Agriculture, a rod the County Commissioners Courts of Te~as Cooperatinr; 



2 

3 

4 

:5 

6 

7 

8 

9 

10 

I I 

12 

13 

14 

RECERTIFICATION CREDITS ATTENDANCE RECORD )'' 

to TILL FIELn nAy II·APRJUo, r "' I ~ J• ~ 
Activity or Event Date :f!J(\11'-

1 B06l II 1 I + I 0 I +l 1 11 l ! =i 3 hrs. l 
C"ur!~ l'lunw•r Cme!"oll L&R IP~1 11r1tl 'Tolai 

fKINT CLEAII.l- \' 

I N•mc TDA Licen~e or Addrcs! Cih Zip 
s~ctal Sccurit~ 

I 
Tcrr~· A. U>ckamy 1211-19 65~ E. H ")' 77. San B"nito, T~ 78586 

llill Mcl\'lurra~ I 453-46-996-l Rt. I Box 33S San Benito, Tx. 78586 

I ~an~~-.McMurraJ --
463-17-7197 Rt. 1 Box 335M San !J~nitl!o Tx 78586 

1453087() 1826 W. Jcffcnon, llarllngon, r, 78550 Chns r\.ni,.altiU<i 

Chuck McCu:chen R-151003 Rt. 2, Box I 20 Mercedes, Tx 78570 

Bob JJI,rman 135963 1327 Tl••iss Mnil Rd. Spring, Tx 17379 

Juan Arturo Salazar 142711 Rt. 4, Box I 07 San Ben ito, Tx 78586 
-· 

Dcnni> Burre-ll 463-76-ll G8 P.O. Box247 D'H"-nis, Tx 78850 

Scott Campbell 168178 6516 N. 35th McAllen, T:t 78504 

Eugene L. ,\.snley 18S3li Rt. 1 Box 268 Harling<m , Tx 78552 

Rl\ndall S. A~hl"')' 128624 618 Pinehunt 81\'d. Harlingen, h 78552 

Glenn R. Sturrn ol59..Ql..{)842 14~4 Cr. 341 Hnnd(J, T~ 78861-6812 
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J I O.t Old Port Isabel Rd. Browns••ille, Tx 78511 
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Help Yourself, Help the Environtnent 
Today, you are learning about the benefits of no-till and reduced tillage for improving crop yields, 
reducing costs and maintaining soil productivity. However, there are other benefits - like helping our 
environment. Conservation tillage helps reduce runoff from a!:,rricultural land. Such runotT can carry 
With it sediment, nutrients and certain crop protection chemicals. By adopting a program including 
conservation tillage, and proper water and nutrient management, you will be doing your part to help 
protect the water quality in the Valley. 

The Arroyo Colorado 

The Arroyo Colorado and its tributary, the North Floodway Is the pnnc1ple drainage outlet for the 
Valley. The water quality of the Arroyo is a major concern, particularlv due to its potential impact on 
wildlife and the Laguna Madre. Elevated levels of nitrate, phosphorous, sulfate, chloride and fecal 
coliform have been detected. Urban and a!:,rricultural runotl. municipal wastewater. septic tanks. and 
industrial discharges are all suspected of contributing to the problem 
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TEXAS WATER '95 SESSIONS CONTINUED 

Buffalo Bayou Erosion Control And Bank Stabilization 
Study: DAVID PARKHILL, Brown&Root, Inc., Houston, TX 
and GREG DICIOCCIO. Harris County Flood Control District. 
Houston, TX. 
Application 01 The Unit Hydrograph Method To The Hill 
Country Region Of South-Central Texas: KELLY J. KAATZ 
and DAVID A. DICKERSON. HDR Engineering,lnc .. Austin, TX 

SESSION T 7 Nueces 
TEXAS WATER PLANNING 
Moderator: JOHN GROUNDS, Albert Half! & Associates. 

Inc .• Houston, TX 
Development of Reservoir Operating Rule to Meet Bay 
And Estuary Needs: STEPHEN DENSMORE, Texas Water 
Development Board, Austin, TX 
Urban Hydrology Information For Stormwater Manage­
ment Planning In Texas: MARSHALL E. JENNINGS, U.S. 
Geological Survey, Austin. TX and WILLIAM H. ESPEY. JR., 
AMI, Inc., Austin, TX 
Lower Colorado River Authority Water Management Plan: 
QUENTIN MARTIN, Lower Colorado River Authority, Austin, TX 
Lower Colorado River Authority Clean Rivers Act Pro­
gram: KEN MANNING. Lower Colorado River Authority. 
Austin, TX 

SESSION T 8 Frio 
TEXAS WATER RESOURCES II 
Moderator: SHERYL FRANKLIN, Brazos River Authority, 

Waco, TX 
City of Austin Water and Wastewater Utility - Use Of 
Reclaimed Water At The New Austin Airport Location: 
REBECCA COBOS, City of Austin, Austin, TX 
Flood Forecasting In The Lower Colorado River Basin -
A Cooperative Effort Between LCRA and National Weather 
Service: RANDY RIEMAN, Lower Colorado River Authority, 
Austin, TX and DAVID REED, National Weather Service, 
Slidell, LA 
Use Of Labyrinth Weir Dam For Flood Control And Im­
proved Operation And Maintenance At Elemendorf Lake, 
San Antonio, Texas: DORIAN FRENCH, Brown& Root, Inc .• 
San Antonio, TX and STEVE RAMSEY. San Antonio River 
Authority. San Antonio. TX 
Hydrogeologic Investigations By The U.S. Geological 
Survey In The Edwards Aquifer Region: REBECCA LAM­
BERT, U.S. Geological Survey. San Antonio, TX 

SESSION T9 Blanco 
TEXAS HYDROLOGY I 
Moderator: QUENTIN MARTIN. Lower Colorado River 

Authority, Austin, TX 
LCRA Hydrologic Studies Related To Dam Safety Of 
Highland Lakes: RICK FRITHIOF. Lower Colorado River 
Authority, Austin, TX 
Modeling Surface Runoff To Playa Lakes: DAVID THOMP­
SON and KEN RAINWATER, Texas Tech University, Lubbock, 
TX and ALAN J. REED. Parkhill, Smith, and Cooper,lnc., 
Lubbock, TX 
Reservoir Management Using Conditional Probability 
Analysis: ALFREDO RODRIGUEZ and STEPHEN 
DENSMORE, Texas Water Development Board, Austin, TX 
Modeling Irrigation Districts With IRDDSS - A Tool For 
Conservation And Planning: D.M. ENDALE and GUY 
FIPPS, Texas A&M University. College Station. TX 

THURSDAY, AUGUST 17, 1995 

8:30am -10:00am 

CONCURRENT SESSIONS 

SESSION T 10 Nueces 
TRANS-TEXAS WATER PLAN I 
Moderator: STEVEN J. RAABE. San Antonio River Authority, 

San Antonio, TX 
Overview And State of Texas Perspective on The Trans­
Texas Water Program: MIKE PERSONETT, Texas Water 
Development Board. Austin. TX 
The Trans-Texas Water Program- South-Central Study 
Area: JAMES DODSON, City of Corpus Christi, Texas and 
HERB GRUBB and DAVID C. WHEELOCK, HDR Engineer­
ing, Inc., Austin, TX 
The Trans-Texas Water Program - West-Central Study 
Area: STEVEN J. RAABE, San Antonio River Authority, San 
Antonio, TX and DAVID C. WHEELOCK, HDR Engineering, 
Inc., Austin, TX 
Potential Introduction of Aquatic Organisms From 
lnterbasln Water Transfers In Southeast, South-Central 
and West-Central Texas: JOSEPH KASBEY AND ROSS 
RASMUSSEN, Gee-Marine, Inc., Plano, TX 

SESSION T 11 Frio 
TEXAS RIVER-QUALITY 
Moderator: CINDY LOEFFLER. Texas Parks&Wildlife 

Department, Austin, TX 
Contributions of the U.S. Geological Survey's National 
Water-Quality Assessment Program In Assessing The 
Quality of Water In Texas' Streams and Aquifers: LARRY 
F.LAND and MARSHALL E. JENNINGS, U.S. Geological 
Survey, Austin, TX 
The TMDL Process: A Partnership To Achieve Texas' 
Water Quality Goals: TROY C. HILL and R. BRAD 
JENNINGS, U.S. Environmental Protection Agency VI, 
Dallas. TX 
Is The Arroyo Colorado In Texas Polluted?: GUY FIPPS 
and DAVID W. SMITH, Texas A&M University, College 
Station. TX 
Streamflow Data Collection and Water-Quality Monitor­
Ing By The U.S. Geological Survey In Texas: FRANK C. 
WELLS, U.S. Geological Survey, Austin, TX 

SESSION T 12 Blanco 
TEXAS HYDROLOGY II 
Moderator: JACK FURLONG, HDR Engineering, Inc .. 

Dallas. TX 
Freshwater Inflows To Corpus Christl Bay National 
Estuary Program Study Area: J.GREG MOSIER. WILLIAM 
ASQUITH and MARSHALL E. JENNINGS. U.S. Geological 
Survey, San Antonio and Austin, TX 
Intersection Of The Houston Ship Channel and Gulf 
Intracoastal Waterway, A Marine Simulator Navigation 
Study: DENNIS W. WEBB, U.S.Army, Waterways Experiment 
Station, Vicksburg, MS 
Potential Of Improved Irrigation Technologies For Reduc­
Ing Irrigation Water Use: GUY FIPPS and R.M.SEYMOUR, 
Texas A&M University, College Station, TX 
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The Lower Rio Grande 
Irrigation Conference 

Registration Form 

mpnny 

yTimePhone 

.dress 

y State __ Zip 

.EASE REGISTER 

,___ Persons at $15 per person 
I 

6st lie ~jved by December 8, 1995. After pcembci"> regJstrntion fee will be $20. 
I 
I 

Total Enclosed ($) _____ _ 

fAKE CHECKS PAY ABLE TO: 

!rlgatlon Conference 
I 

r
TURN TO THE: 

Cameron County Extension Office, 
I Hidalgo County Eitenslon Office, or 

Starr County Extension Office 

TO: 

"""" Pamela Baker 
Agricultural Engineering Depar1ment 
Texu A&M University 
Colltge Statton, TX 77843-2117 

Speakers 
Joo BlllTcra. Ma!Ulger, Brownsville Irrigation and Drainage I>Utrict 
Dr. Ouy Fipptl, A>sociate Prof =or and Extension Agricultural 
Engin=, Texas A&M Univcnity, College Station. 
Gordon Hill, Ma!Ulger, Bayview Irrigation District 
John Hinojo.a, Rio Orando River Water Muter, TNRCC, McAllen 
Glenn Jarvis, Attorney, McAllen 
Alan Moore, Engineer, Natun.l Resourceo Conservation Service, San 
Benito 
Leon New, Prof=or and Extension Agricultural Engineer, Texas 
A&M Center, Amarillo 
Ray Prewett, General Ma!Ulger, Texas Citrus Mutual 
Jack Rabe, Ma!Ulger, Don!Ullrrigation District 
Dr. Julian Saul., Professor and Extemion Horticulturiot, Texas A&M 
Center, w .. taco 
David Smith, Extension A!socim.Landacape Irrigation. Texas A&M 
Univeraity, College Station 
Dr. Charlco Stidtler, Prof.,..,.. and Extctlllion Agrooomiot, Texas 
A&M Cenur, Uvald<o 
Dr. Merritt Taylor, Extension Econorniot, Texu A&M Cenur, 
We.laco 
Bill Thompson, Ma!Ulger, United Irrigation District, Mission 
Don Thompson. Pr.,ident, TNT A>sociates, GArland 
Jolm Walker, Wataman Industrioa, Lubbock 
Dr. Bob Wiedenfeld. A>socim Prof=or. Soil Science, Texu A&M 
Cenur, Weslaco 

Conference Hotels 
Reservatioru must be m.ad<o by D<:oember ~. 1995 (mention tho 

"Irrigation Conference" when making reservatioru). Free shuttle 
service to the civic center will bo provided by both hotels. 

The Doubldrtt Oub-C ... de Palrruu • 101 N. Ma.in. McAllen. 
(800)274-1102; (210) 631·1101): $49.95 single and SSS double. 

The Fall"fl'ay Rnort • 2105 S. TenU1 Streot, McAllen 
(800) 432-4792; (21 0) 682·244~): SSO for a single or double. 
The Fairway can aceommodate trailers and other large vehicles. 

For More Information 
Contact: 

Brad Cowan 
Hidalgo County Extension Agent, Edinburg 
(210) 383-1026 

or 

Dr. Guy Fipps 
Associate Professor and Extension Agricu1turn1 Engineer, 
Texas A&M Univenity. College Station 
(40?) 84~-74~4 

THE 
LOWER RIO GRANDE 

IRRIGATION 
CONFERENCE 

December 12, 1995 
McAllen Civic Center 

Presented By the 

Texas Agricultural Extension Service 
LRGV Irrigation District Managers' 

Association 

Sponsored by the 

Texas Water Development Board 
Texas Agricultural Irrigation 

Association 
Southmost Soil and Water 

Conservation District 
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Texas Ag icultural Extension Service 
The Texas &M University System 

ENDANCE RECORD 

RIO GRANDE VALLEY I RIGATION CONFERENCE 

Extended Page 4. 1 

DECEMBER 12,1995 
Date 
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Texas A :cultural Extension ~er'r1 (e 
&M University System 

TENDANCE RECORD 

RIO GRANDE VALLEY RIGATION CONFERENCE 

Extended Page 4. 3 

DECEMBER 12,1995 
Date 



Rio Grande Valley 

Cotton Production & Physiology 
Workshop 

7:30 · 8:00 a.m. 

8:00. 12:00 

12:00 · 1 :00 p.m. 

1:00 

Hoblitzelle Auditorium 
Texas Agricultural Research & Extension Center - Weslaco 

October 25, 1995 
7:30a.m. 

Registration Fee: $5.00 at the door 

Registration ($5.00 at the door) 

Water Situation Update ·John Hinojosa 

Water Oualitv Issues · Dr. Guy Fipps, Extension Irrigation Specialist 

Manaaina for Earliness· Dr. Charles Stichler, Extension Aeronomist 

Cotton Insect ID & Thresholds -John Norman. Extension Cotton Entomologist 

Stalk Destruction Update -Jimmy Day, Texas Department of Agriculture 

New Chemistries · Dr. Stormy Sparks, Extension Entomologist 

Budgeting the Cotton Crop · Dr. Merritt Taylor, Extension Economist 

Market Outlook · Dr. Carl Anderson, Extension Economist 

Lunch ion your own) 

• • • • • • •optional Afternoon Session • • • • • • 

Disaster Program Update - Marcos Garza, Consolidated Farm Services Agency 

Cotton Physiology Workshop -Dr. Charles Stichler, Extension Agronomist 

Sponsored by: 

Texas Agricultural Extension Service 
Cameron County Row Crops Committee 
Hidalgo County Row Crops Committee 
Willacy County Row Crops Committee 

This program is worth three (31 hours of CEU's for commercial, non-commercial, and private applicators. 
For more information contact: Terry Lockamy· Cameron County 1399-4412); Brad Cowan- Hidalgo County 
1383·1 0261; or Luis Saldana -Willacy County 1689-24121 77n 

Extension programs serve people of all ages regardless of socioeconomic level, race, color, sex, religion, disability 
or national origin. 
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The Texas A&M University System /o 

ATTENDANCE RECORD 

ACTIVITY_:d~v~~:....!.!-:..::: .... ~e~,..!CP.a.J..,_.,L.< J:.J..<__,""',J:.:::.'.,-...,L/h.::....l.....J~~------ DATE Lt?-t ) ~ '> 5 
PLEASE SIGN INFdR OUR RECORDS. 

I 
NAME AODAESS CITY ZIP PHONf 

lka--/!, J/arr.:.s JrsL.k.-.~:..-~ ~- '-~~ [J,~+, J f/1" 71!t-t )97- a<~-
,~ 

/~ ~/ .. /d_, /'f{.l I r.url) rJllrJ.~- /Jr~1#f1 ~,,,il -rx 7i.J.L) I5?J 1- 6-J i/ :.L. /), -~7 Vlo'"')'/ t6 .,..., s v KM'--- ~~J.Q I'~ ?-9~J-J ~I--'1J1 
;J:.! d;:/r/9? d"' d 7 .5 · ti..Jd<~n-r;t o~~l J..6; lx 7cr'5.;ff WJ rLrt 

#&-./! L ~ Jilt!/ .P 11wr %5 /d,.,/-.,-v /x 7 ,f't;~ 7t:. 76t·S'!:, 
v:a:_ -~· r?' .' // . ,:;&-......; /.//~..??1 _.,.,::; .£.'":~ h ;?.Ts;> /'J ;~;;, 

[p_~£.,_ I P .... :; R L ~~oc_ l/J . .o· ... s¢ ~ t'7 'l ~ ..E/c;A- 7...- 1~~ 1R?--J-t.t 
. A~.b &t::ck££ /' (/. ££x 32 8 4~/~/:,__ l/?99( 7.81-S. 
tJ _,.,;~>: .. "'d-.1 /? 4 L£ 1 '1. t..J ..L.. ~-' ~ _..._ /~ '1'-v '] Cl"\Q.t'! o~'3-' 
71l~" J ~v:.J ~/v 

, , -../ c P't:?. I 
3~0 rJuA.hW>s,-1'1 ~ :;!/7 .·· lrl-" 7R.5r?<+ t.gc..-Fr 

((1 c ~ ~~:~ P.o. {)o,.;. S 1\ H ",., T ,c. 7&-.s S"o II Jo -1.; z_ 
- /~" 'I 

c~."' r" '<) 1 Rlv .... , '2-v.2.. o ~.,.\ ult..V\ .~ v~ r'Jl·"' 6 ... ,.. ... fk >n;·J ., CIJ-~1 l 
J 

-

. -

--
{t H- F 
)0 

~ ~ ,, 
I) /1. 6-

~* 
I 

., ( u 



SENT BY: T"xas AG. Ext. Se-•-c• ice 03-12--96 11: 14r:i'1 5123831735~0984539321300099038 ~ 2 

rit:'"Gt~~i:"~·~" Texas Agricultural Extension Set v 1ce 
The Texas A&M University System 
Hidalgo County Ex(~nsion Office P.O. Box (I)(] Edinburg, TX 7854{) 2101383·1026 

C~TTQN PRE-PLANT MEETINGand 
SPRAYER CALIBRATION CLINIC J\ u p 

w®~ l"i1h 
Wednesday, 1anuary 17, j.m 
Hoblir.zelle Auditorium, A&M Research & Extension Center, Weslaco 
3 IDA Recertification Credits to Be Offered for Private, Commercial and Non-Commercial 
Licenscholders 

8:00. 8:30 
8:30- Noon 

Registration ($10.00 per person) 
Program 

SPEAKERS AND TOPICS ----------
Update on Section 18's for Cotion in 1996 
Terry Mitchell, Program Specialist- Texas DeparTnJet!l of Agriculture, AilS/in 

Moisture Management St.-ategies for the 19% Crop 
Kaur Hake, Extension Agrorwmisr, Lubbock 

Calibration or Sprayers 
Dr. Bryan Shaw. Extension Ag Engineering Speciolist, College Sration 

Review of Cotton Variety Trials Conducted During the 199.5 Crop 
Brad Cowan, Counry Exrenslon Agent~ Agn"culwre, Edinburg 

Drift Minimization Practices 
Dr. Bryan Shaw, Extension Ag Enginurlng Specialist, College Srmion 

Resistance Manazement, New Chemistries for Cotton 
Dr. Stormy Sparki, Extension Enromologisr. Weslaco 

Farm Program Update 
Wayne Lafxlr, Executive Director, Cotton &: Grain Producers Association 

I look fOJWard 10 suin8 you on the 17th. 

Bnad Cowan 
County hl<nsioo Agent· Agticulrurc, Hidalgo County 

h:r.;.n~;,ton ptogr.am-s 'i4?n.·e- p(·ople of aU age-s iflgdrdless of soc:Klf'Conomic lf'~o•~l. r~c~, <olor, SE'If, 1eligion. di'S.CJbi1ir)' or national oti(!.lrl. 

rhe le'-J'i ~S..\1 Uni\"eriit'1.' S~-s~em. U.S. D('pcrtment or o\g,.-F<:vft.Jr€>. J~od thE" County Commissionen Co•.Jrli nf T"'l(~'i. Covp~:-.atmli!, 
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COURSE I 
2404 

COtJNn' CO DEl' I COURSE ()ATE 
11...,.,m ~ •:<:t. .. -t 6ll6ll JANUARY 17 , 1996 

HUMB£R Of APPROVED CONTINUlNC EDUCAnON CREDITS 

• 

E m;r.;J,:R,\1. L\\\'lL \.'\;I> Jtt't~ IJ_-\ THINS INlHiK..\TJ:O I'D>Oili~IT J)llln I\ UN lt.l1l.\l1U" -
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C. PRUKOP JR 186096 RT a sex 160 MJSSION. TX I7B572 

L. ·SALDANA 142596 975 W GEM AVE RAYMONDVILLE TX 78580 
E. HERErtAMDEZ 460-90-7Z98 2415 E. BUS_._ l:!lO'_ Jn WJ:<:JArn Tll 17lu:o.t::. 

J. PEREZ 449-66-1299 RT 2 BOX 117 MERCEOE~ TX 17857.0..____ 
E. CASTAflEDA 136096 108 BRUCE MERCEDES, TX 78570 
C. BAUER 456-62-7048 P 0 BOX 1908 . LA FERIA. TX 78559 
J. L. WILL.IAMS 122693 P 0 BOX 149 LOS-FRESNOS ... TX 78566 
C. EUBANKS 455-90-1029 P 0 BOX 343 SAIITA ROSA. ~-X 78593 
D. MCDANIEL 464-96-8830 1900 CITRUS WESLACO, TX 78596 

N. L VNN 457-60-6046 RT l ..lli2LJ]A AlAMO TX 7At;l(\ .. 
L. BECK 480-74-2523 P 0 BOX 720425 MCALLEN TX 7H504 

M VJ:'llD'I l41t.1.- ?Q'; '17R1. It~ n Rill' 2.l.R :n TY 7$11;70 

L. JONES ' 449-27-7400 BOX 1560 I-1ISSION. TX 78572 -
D. SHATLEY 571-88-2947 BOX 40 I nr.KNEY n: 7Qnt -
B. COWAN 124558 P 0 BOX 600 EDINBURG, TX 78540 
P. AI~HMANTROUT 369-14-9890 RT 1 BOX 98K ALAMO. TX 78516 
D. G. WARREN 122867 2401 E HWY 83 WESLACO, TX 78596 
D. PETERS···------------ T" H - ~---- --- - --- RT":; ·;o,-835 
W. H~RRISON -- 461-40-1683 1202 EL~ 

I SAN BENITO. TX 

MISSION 1 TX 
178586 
za~z~ 
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COURSE I COONTV CODEI I COURSE DATE 
2404 ~fo'·.«~- JANUARY 11. 1996 

NUMBER OF APPROVED CONTINUING EDUCATION CREDITS 
(;t::l'I:R..U. L\l'.'S .\:-.;URJ:tll'I.\TIUI'IS INH<JIHH: P l't~'iT Mll~l r Uk 1FT ~ IINI~IIZ. \TIOI" 

TillS I~UIK:IHT" ~~ :1-ll":oil Mf. n l'f.ll TillS I~UIK:IHT" ~~ :1-ll":oil Mf. n·n:p 
. \rl'l.ll' .\TOR'S '\.\~If (.h.c ..,,,...,""_.._r..,._.J l.ll't:"-""'· " S'!liiS;. . \llllRt!i.'i l'll\".ST.\H /II' -

MANUEL V£6A 172674 2415 E HWY 8~ WI=C::I 4£:0. l:( 7tu::a.c:. 

B. FELOING 125956 P 0 BOK 4448 BROWNSVIllE, TX 78523 
J. KIMBRIEL 2342 S. 25HI ST. HARI.INGEN. TX 78550 
B.StUDER 430-54-3029 113 E COOL DGE HARliNGEN. TX 78550 

W. ALLEtl COHRS 454-04-3004 RT 4 BOX 4360 DONNA 1 TX 7853Z 
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1996 NO-TILL FIELD DEMONSTRATION 
CAMERON COUNT\' Flf:LD CHOPS COl\11VtriTEE 

nl WILBUR-ELLIS, 1110 liON DO -(foliO\\' signs) 

REGISTRATION: 8:30 A.1\l. 

.JUNE 12, 1996 HEGISTRTION: 1!:30 A.!\ I. 
2 U:U CREDITS LUNCII PHOVIDED 

FF:A I UHING: llcrnonslr:tliolls of No-Till l'l:rnlrr' & Clllliv!llrll·s 
.lohrr Dccr·c Yr.llrr· 

Buff:1lo I )!l \\'II 

Croft 
1\ l!lr·l i 11 

Culfiv:1ling lo uc!llc a \\'nrn· Furrow 

\Vntcr· Consrrvnlion Displays 
Bo" \\'ccvil P:1rasitc llispl:ly- Calol:r~:cu.~ gr·:rmlis 

TECHNICAL 
ASSISTANCE: USDA-AHS, NHCS, TAF:X-TAES & BARBEE NEliiiAUS 

SI'ECIAL 

GUESTS: TAI\IAULII'AS GHOWF:HS ASSOCIATION 

The follo\\ing sponsors made !his day possihlr: 

IUppk 

Tcx:1s Sl:1lc Bani< 

I'CA 
Smr Benito B:wl<& 'I nrsl 

l'ir·st Nntion:1l B:tnl< 

of S:1n Bcuilo 

First V:1llry lbnl< 

Brow11svillr N:1l'l B:111i< 

ll:ulingcrr lnig!llicur Dislrid Ill 

San Bcnilo lnig:1lion Dislr·id 112 
I .:1 Fcri:1 '·' ig:1!in11 l>isrr·kr 113 

\':rico 
Soulhmos( ~oil & \Vnlcr· 

Cons<TY!l(ion Dislrid 

ASOUt\1 ION AGIU< OLA DE 1\1,\ L\1\IUHOS 
\\'I Lllllll- ELl ,IS 

llublJic 
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2315 W EXPWY 83 :J~!TED STATES 
DEPARTMENT OF 
AGRICULTURE 

NATURAL RESOURCES 
CONSERVATION 
SERVICE 

SAN BENITO, TEXAS 78586 
PHONE: <210> 399-2522 

To: Justin Hester Date: 
TSSWCB Project O££icer 
Texas State Soil and Water Conservation Board 
P.O. Box 658 
Temple, Texas 76501 

Subject: NPS Prevention in Arroyo Colorado Watershed 

February 13, 1997 

NRCS Quarterly Report-September thru November 1996 

TASK 4.0 Annual Education Workshop Conducted 

The Extension Service in cooperation with NRCS, SWCD and Cameron County 
Crops Committee sponsored a conservation field day at the Gearge Labar £arm 
in Rio Hondo. Alan Moore, Ag Engineer, NRCS, San Benito spoke about and 
demonstrated the monitoring equipment and sampling procedures at the 
demonstration site. Tony Gonzales, DC, NRCS spoke on BMP's including 
rotation cropping system, conservation tillage, precision land £arming, 
,nutrient management and pest management. Jim Childers, Agronomist, NRCS 
~lso spoke on conservation tillage and BJ1P's as applicable to dryland 
£arming. Planting in heavy standing residue was demonstrated. About 100 
producers attended. The field day was held on October 23, 1996 (agenda 
attached>. 

Other NRCS activities during this quarter included: 

1. Visited with producers Wayne Halbert and George Labar about managing 
crop residues, fertilizer application and irrigation water management. 

2. Coordinated sample collection and equipment maintenance with Agro­
Synergetics, John Lightner. 

3. Ordered new set of bottles for sample collecting. 

4. Ordered new data loggers for all sites. 

5. Assisted SWCD with clerical duties relating to the project. 

Sincerely, 

~.62-~ 
'Antolin Gonzales 

' ,District Conservationist 



Presented by: Cameron County Crops Committee 

Committed to the future of agriculture. 

Cooperating Sponsors: 

Cameron County Extension Office 
Natural Resource Conservation Service 
Southern Regional Sustainable Agricultural 

Research and Education Program 
Southmost Soil & Water Conservation District 
Texas Agricultural Extension Service 
USDA-Agricultural Research Service 
U.S.E.P.A.- Arroyo Colorado Project 

cameron Countv Field Crops commh..ee 

2nd Annual 
No-Till Field Day & 

Farm Show 
Rangerville Coop Gin 

April 30, 1 997 
9:00 a.m. - Noon 

Lunch Provided 

3 CEU's and Door Prizes 



CEU 1 S 

Conservation Tillage Field Day 

October 23, 1996 
Registration and coffee 8:00 a.m. 

Tour starts at 8:30 
George Labar Farm Headquarters 

(FM 1420, across from Camp Perry on West side of Road) 

Managing Soil Moisture: 

-Estimating .wailable moisture 

-Estimating crop usage rate 

-Impacts on decision making 

Best Management Practices: 

-reduce Nitrt"lben lc.,sses 

-reduce tlll'lislure ft,_::~es 
-reduce land prep;uati,,n CL'sts · 

-reduce tllln pt."~inl St"~urce pol1ulic.111 [H.llenticd 

-Water Quality ls~ut's 
-Senate Bill503- requirements and inccnti,·es 

Equipment Denwmlr,lti,,ll & Displc.ys: 

-Plelntin~ in Le,l\;; re5iJue 

-Fertilizer ''l'l'lic.lli,,m in resiJu" 

-Residue tn.1n.tsers f,,, pLmting, cultivatin~. and,,[[ season weed control 

-Herbicide applicaliLm 

Ho.ted Ly: 

Catneron County Field Cr0p~ C('l.'""ittec 

Soutluuo:;1l Soil & \\7 ilh .. ·r Con::er·:..\tion Oi~trid 

Texas ~ricu\tur.tl Extcn::iotl Scr\'it:c 

Natural Re::~ourcc Ct""'~tt:o<en·,tti<.ln 3\·rvic 

USDA-~r. Rc~c.Hc\1 .5cr.·icc 

Eqt.tip1uenl provided Ly: 

Barbee-Neu!t<lll~ ltuple,..e,.l Co 

Sponeored Ly: 

t'-1 on~~nto 
Soutlu11o~t Soil & W ntcr Con~ervntion Oi~trict 
A_.,.ociaccion ~ricoL\ De i'-.LlL'llllOrO:l 

13rown,._;llc National 13.nb 
S.=tn Benito lrri~,1tion Oi::=t. #2 

Fir::~l i':tttional Bilnk- Snn Benito 

Fir;t V,lley Bank 
H'"'rlin~eu lrri~..ttion Oi~t. # l 
La Fcri• lrri~•tion OiA # 3 
Productiou Credit fu::~ociolion 
S..tn Benito Bank & T ru::~t 
Soutll1H0:-il Soil & W i\lcr Con::~crv-1lion Oi~trid 
TexA::~ _::L.tc Gctnk-
Vallcy Co-Op Oil ,\1;11 

B.B.Q. Lunch 



Semin~r ~~· ~he . l . ..· . 
"'" .... Arroyo {=qlorado 

. -· Harling~~i;;Library 

Description 

~-August 28,'f9~ 
'7 00 9 30 p ~ ,·,_:\Ll'_C•S t',;-l, !I : - : .m. . 

\ 
\ ·., 

MEXIco ·presented by '-----, 
The Texas Agricultural Extension S~hrice 

in cooperation with the 1 

City of Harlingen 

j. 
7 

The Seminar will present the results of the multi-agency project: Non-point Source Pollution 
Prevention in the Arroyo Colorado Watershed. The project was funded by the U.S. 
Environmental Protection Agency (EPA) through the Texas Natural Resource Conservation 
Commission (TNRCC) and the Texas State Soil and Water Conservation Board (TSSWCB). 
Cooperating agencies included the Natural Resources Conservation Service (NRCS), the 
Southmost Soil and Water Conservation District, the Texas Institute for Applied Environmental 
Research (TIAER), and the Texas Agricultural Extension Service (T AEX). 

Program 
7:00p.m. 

7:30 

8:00 

8:30 

\Velcome, Project Overview 
T Lo,.Jr~mv r. J;";pps Q s~Aonts r P~rrloo (t'~,;•erl\ . ...,~ ............. .!,'-'· ..... ,LJ. pv 1•~ ,~ .... u.u ...... .._. ~. .... ,,. ..... ) 

The Arroyo Colorado Water Quality Data Base- What do we know? 
C. Bausch, G. Fipps 

Demonstration Sites and Results 
T Gonzales, A. Moore 

Best Management Practices- Modeling and Projected Benefits 
J. Flowers 

9:00 Educational Program Outcomes 
G. Fipps, D. Smith, S. Sparks, B. Shaw 

9:30 Adjourn 

This seminar is funded through a grant from the United States Environmental Protection 
Agency through the Texas Natural Resource Conservation Commission. 



I 
'·' i! 
' ' ~ . i 

~Irs /9'5 

5 {-;)- Lf fa "3-7 CC?;3 
S"! )_ l/k ~ ..- 79!/0 

(ts tl.)j 11 r«~ .:JV. 

%e-~ ~-- /:i.e,//~0 

?~ DQ....~c.~ ~ J2..L-.S S I U.' -z. "S '1- Y. -p ... 7 

B v-A\> G uJ o...-v-..._ 

\\\c.."'-- \Y\ C> 0 {'-<-

tb,££Y fto lJu,ifLAp .Jk 

{{JA '11/t-1/fit-&£ I 
_,---
/eYY7 Locfam1 . 
Lenny Ou.bef'.sJe_;;_ 
;;;,7 GOJ?Z.cz/r?...-5 

~J;~ 
~J;11 1-J,St.A.Jr&z..~ 

::JP.i"\. ts +< 0 v-.3 ; s 

!__;~.~ r.::,;:r- m~ANr::_ 6 2...-

Gv) F:if~) 
5· I I T/lo;JJr -v 

;}J;ff!tuJZ- S w/t; Lrk 

1!/ltif P~.u&~ 

l ~"-5 A
7

,(o.- {-/v.-..f. F~·IIY\. 5zx>JJa:: 35.? 3 -[ ~b 

\\:) '?_ CS ;)JD -3" f 't-.;;t 5 .J.-: 

T ~ 5 jill C fj - £c/-n6VVJ 

7/Jc-'/ --
ij £>:! /Yp; Cc-1(~ $ ~Tf... 
IX tf C'f c;;. ) ..,-;__ SJ2r'...,~ T I A- ?lttt. u:.,. 

-1 Nf2...<:..c. I Av-_s.f.(.,.J 

2 )Q '39'9 Sl$))2. 

Lf~-2 '17- 770/ 

,;z /o - 3 <( 9 - 2 5 z. z._ 

Zt 0 - 3 ~ I - uC. I '/ 

J. J o '1 ~ Y s-.s- 91 

Eforj.?fr- 7<cs-t 

(JE I?) Z ..3 9 - 4-7 0 6 

.__jlC.-2~ ?_:__ ~01(7 

A5 EJ 
1 
7Af1~/T~cz=.X 40'£ r9ttl-_l't'ffJ-

t1.-n(lrl -Zr-r-lJIJf;f>N d-ID S8{"-Cf818 

/v# /Jj M-K:«ys(/(lk C~ ~ :J;o-9&tf-;. 
/l-<JD 'b ~rz~,~ 3- '86C I 

. ----------- ___ .. ___ , ......... .. 


