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PREFACE

The 14th Annual Meeting of the U. S, Army Corps of Engineers
Agquatic Plant Control Program was held in Leke Eufaula, Oklahoma, on
26-69 November 1979. The meeting was organized by personnel of the
Aquatic Plant Contrcl Research Program (APCRP), Environmental Labora-
tory (EL), U. S. Army Engineer Waterways Experiment Station (WES).

The organizational activities were carried out and presentations
by WES personnel were prepared under the general supervision of
Dr, John Harrison, Chief, EL, and the direct supervision of Mr. J. Lewis
Decell, Program Manager, APCRP. Mr, W. N, Rushing, APCRP, was respon-
sible for plamnning and chairing the meeting.

COL Nelson P, Conover, CE, was Commander and Director of the WES
et the time of this meeting and during the preparation of the proceed-
ings report. Mr., F. R. Brown was Technical Director.
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AGENDA
1bth ANNUAL MEETING
U. S. ARMY CORPS OF ENGINEERS
AQUATIC PLANT CONTROL RESEARCH PLANNING
AND OPERATIONS REVIEW
Lake Eufauls, Oklahoma

26-29 HWovember 1979

Monday, 26 November 1979

:00 a,m. Registration, Lobby, Fountainhead Lodge

to

:00 p.m.

:30 p.m. FY 81 Civil Works R&D Program Review - R. F. Jackson,

to Office, Chief of Englneers (OCE}, Presiding (Participa-

:00 p.m, tion limited to CE personnel)

130 p.m. Reception, Ballroom {Patio, weather permitting)

Tuesday, 27 November 1979 - Ballroom

:00 a.m. Registration continues, Lobby

130 a.m, Call to Order and Announcements - W, N. Rushing,
Waterways Experiment Station (WES)

135 8.1, Welcome - COL Nelson P. Concver, Commander and Director,
WES

145 a.m. Welcome to Tulsa District - Mr., James P. Jones, Chief,
Operations Division, USAE District, Tulsa, OK¥

:00 a.m. Historizal Sketch of the Aquatic Plant Control Research
Program (APCRP) - COL YNelson P. Conover, WES

115 a.m. Keynote Address - Mr. James Barnett, Executive Director,
Cklahoma Water Resources Board

:45 a.m. Break

:00 a,m. Corps of Engineers Research and Development Program ang

Facilities - R. F, Jackson, Research and Development
Office (RDO), OCE

Presentation not submitted for inclusion in Proceedings.
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10:20 a.m,

10:40 a,m.

11:00 a.m.

11:30 g.m.

1:00 p.m.

3:15 p.m.

3:30 p.m.

4:30 p.m.

Research and Operations Interface in Aquatic Plant
Management - H, R. Hamilton, Recreation Resource
Management Branch, OCE

Initial Plans for Aquatic Weed Research by the U. S.
Environmental Protection Agency - G. E. Walsh, U. S.
Environmental Protection Agency {(EPA), Culf Breeze, FL

The FY 81 Civil Works R&D Program Review, and General
Comments — J. L. Decell, Program Manager, APCRP, WES

Lunch

USAE Pivision/District Presentations - Aquatic Plant
Problems - Operations Activities

Lower Mississippi Valley Division
New Orlieans - Bill Thompson¥®

North Atlantic Division - MAJ Paul Nelson®

North Centiral Divisiocon
St. Paul - Wayne Koerner

North Pacific Division
Seattle - Bob Rawson
Walla Walle - Alden Foote#*

South Atlantic Division - Juwlian Raynes
Jacksonville - Jim McGehee
Mobile - Doug Nester
Mobile (Leke Semincle Reservoir) - Joe Xight
Savannah - Herb DeRigo
Break
USAE Division/District Presentations (Continued)
South Pacific Division - Harry Dotson
Southwestern Division
Galveston - N, Joyce Johnson
Tulsa - Jim Skaggs

Unscheduled Presentations and/or General Question and
Answer Session

Summary of Day's Activities - J. L. Decell, WES

#* Presentation not submitted for inclusion in Proceedings.,
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8:00

8:10

8:40

G:00

9:20

9:L0

10:00

10:10

10:30

10:50

11:10

11:30

11y 50

Wednesday 28 November 1979 - Ballroom

Chemical Control Technology Development - H., E. Westerdahl,
WES, presiding

The Development of Controlled-Release Herbicide Tech-
nology Using Polymers ~ F, W, Harris, Wright State
University, Dayton, OH

Elastomeric Controlled-Release Herbicide Formulations -
G. A. Janes, Creative Biology Laboratory, Barberton, OH

Screening of Chemicals for Aquatic Plant Control -
K. K. Steward, USDA, Fort Lauderdale,.FL

Fate of Fenac in the Aquatic Environment - H, C. Sikka,
Syracuse Research Corporation, Syracuse, NY

Floridone (Sonar) for Hydrilla Contrcl - Russell Theriot,
WES*

Bresgk

Biological Control Technology Development - D. K. Sanders,
WES, presiding

Evaluation of Two Native Insects for Control of Eurssian
Watermilfoil - G. R. Buckingham, USDA, Gainesville, FL

Biological Control of Waterhyacinth, Hydrilla, and
Eurasian Watermilfoil--A Progress Report -~ T. D. Center,
USDA, Fort Lauderdale, FL

Studies on Laboratory Rearing of Arzama densa - P. C.
Quimby, USDA, Stoneville, MS

Biological Control of Waterhyacinth and Hydrilla Using
Plant Pathogens - T, E. Freeman, University of Florida,
Department of Plant Pathology, Gainesville, FL

Biological Control of Aquatic Plants in Puerto Rico -
Leonce Bonnefil, Puerto Rico Department of Natural
Rescurces, San Juan, PR

Lunch

¥ Presentation not subrited for inclusion in Proceedings.
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12:30

8:30

Q:00

G:15

9:L5

1000

10:15

10:30

10:5h5

11205

Ll=15

11:25

11:30

p.m,

Board buses for field trip to R. 5. Kerr Reservoir,
parking lot, front of Lodge. Trip includes Dutch treat
dinner

Thursday, 29 November 1979

Mechanical Control Technolegy Development - H. W. West,
WES, presiding

A Computer Model angd Systems Cost Analysis of the Limnos
Aguatic Plant Harvesting System - John Neil, Limnos,
Itd., Toronto, Canada

Problem Identification and Assessment of Aguatic
Plants - A, M. B. Rekas, WES

Environmental Factors Affecting the Growth and Succession
of Aquatic Plants - J. W, Barko, WES

Break

Large-Scale Operations Management Test Using Insects and
Pathogens in Louisiana - D. R. Sanders, WES, presiding

Progress Report of Field Applications - R. F. Theriot,
WES

Preliminary Studies with Cercospora rodmanii -~ E. A.
Theriot, WES

Large-Scale Operations Mansgement Test of Prevention as
an Aguatic Plant Management Method - R. L. Lazor, WES,
and Florida Department ¢ Natursl Resources

RBarrier Screens for Eurasian Watermilfoil Fragment Con-~
trol - D. Thaeyer, Okanogan County Weed Control,
Oroville, WA¥

Leboretory Evaluations of Eurasian Watermilfoil Fragment
Viability - M. A. Perkins, University of Washington,
Seattle, WA

Discussion

Tunch

* Informa:iion presented by Thayer is included in the paper presented

by Lazor.
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:00 p.m.

100 %

115

130

: 45

100

:19

30

145

:00

15

Pialls

Large—-Scale Operations Management Test Using the White
Amur at Lake Conway, FL - E. G. Buglewicz, WES,
presiding

Aguatic Macrophytes - L. E. Nall, Florida Department of
Natural Resources, Tallahassee, FL

Flsh, Mammals, Waterfowl - Roy Land, Florida Game and
Freshwater Fish Commission, Tallahassee, L

Water Quality - Ray Kaleel, Orange County Pollution
Contrel Board, Orlando, FL

Benthos ~ T. L. Crisman, University of Floride, Depart-
ment of Environmental Engineering, Gainesviile, FL

Herpetofauna - J. S, Godley, University of South Florida,
Tampa, FL

Ecosystem Modeling - K. C. Ewel, University of Florida,
Department of Forest Resources and Conservation,
Gainesville, FL

Radiotelemetry Tracking of White Amur - M. P, Keown, WES

Procedure for Radiotagging of White Amur for Tracking
Studies - J. D. Schardt, Florida Department of Natural
Resources, Tallahassee, FL

Human Factors Study - R. R. Williams, WES

Use of a Recording Fathometer for Determining Distribu~-
tion and Biomass of Hydrilla - Michael Maceina,

University of Florida, Gainesville, FL

Aquatic Plant Control Activities in the Panama Canal
Zone - S. D, Parris, WES

Wrap-up - W, N, Rushing, WES

Final Adjournment
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1hth ANNUAL MEETING

U. S, ARMY CORPS OF ENGINEERS
AQUATIC PLANT CONTROL RESEARCH PROGRAM

INTRODUCTION

As a part of the Corps of Engineers (CE) Agquatic Plant Control
Research Program (APCRP), it is required that a research planning meet-
ing be held each year to provide for professional presentation of
current research projects, review of current operations activities, and
review of new research proposals, The contents of this report include
the presentations at the 1lbth Annual Meeting held in Lake Eufaula,
Oklahoma, during 26-29 November 1979.

Historically, these annual meetings consisted of a series of pre-
sentations of technical papers on research conducted during the previous
year, While these presentations proved very informative, there was a
lack of desirable open exchange, on a discussion level, between re-
searchers and operations personnel. Such an exchange was deemed neces-
sary in order to define mission problems in such a context that future
research objectives could be clearly identified and related to the
operational elements' needs.

The first priority of the APCRP is technology transfer. The APCRP
addresses four specific sectors in effecting this transfer., Each re-
search effort conducted under the APCRP is required to report their
technical findings to the U. S, Army Engineer Waterways Experiment
Station (WES) each year in the form of guarterly progress reports, an
in-progress review, and a final technical report. Each technical report
is given wide distributicn of over L0OO copies as a means of transferring
technology to the technical community. Timely resulte are periodically
rublished and distributed through an APCRP Information Exchange Bulletin
as a means of technology transfer to the general community, with a dis-
tribution of over 1000 copies, In addition, general public-oriented
brochures, movies, and speaking engagements are available. Technology
transfer to the field operations elements is effected through the con-
duct of demeonstration projects in various District Office problem
areas. Field manuals are being assembled to serve as the final product
of technology transfer to this sector.

The printed proceedings of the annual meetings are intended to
provide Corpe management with an annual summary and guide to ensure
that the resezrch is continuelly being focused on current operational
needs on &8 nationwide scale.
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PROCEEDINGS

RESEARCH PLANNING CONFERENCE ON THE
AQUATIC PLANT CONTROL RESEARCH PROGRAM

Historical Sketch of the Aquatic Plant Control Research Program

by

Melson P. Conover¥®

The predecessor to the present Aquatic Plant Control Program
{APCP) was known as the Expanded Project for Aquatic Plant Control,
which was authorized by the Rivers and Harbors Act of 1965. At that
time, research was conducted under the auspices of the expanded program.
This was accomplished by the formation of a research advisory committee

which held their first meeting in Galveston, Texas, on 13-1L October
1966.

In 1966, there were five research studies under way. These five
efforts involved the U. S. Department of Agriculture, Crops and
Entomclogy Division, the U. S. Department of Interior Fish and Wildlife
Service, the Public Health Service of the Federal Water Pollution
Control Administration, and the Universities at Auburn and Southwestern
Louisiana.

These projects continued with no significant changes or additions
until 1968. At that time, two efforts were added: research for the
application of a CO, laser for control of waterhyacinths was initiated
at Redstone Arsenal and Athens College, Alabama; and research for
development of controlled-release herbicides was initiated at Edgewood
Arsenal, Maryland, and Akron University, Ohio. The U. S. Army Engineer
Waterways Experiment Station (WES) constructed the world's largest {and
in all probability the only) floating COp laser, and the field evaluation
of this laser was completed in 1974. The studies to develop controlled-
release herbicides were expanded during that time and now include
Wright State University, the Creative Biology Laboratory, and Southern
Research Institute. In 1969, research on the use of the white amur fish
for control of submersed plants was initiated at Auburn University,
Alsbama. That same year, the Corps sponscred research at the U. 5. Fish
and Wildlife Service's fish farming experimental station at Stuttgart,
Arkansas. This research resulted in the capability to spawn monosex
populations of the white amur. The first such population spawned, as a
result of the new technique, was used to stock Lake Conway in 1977 for

¥ Commander and Director, U. S. Army Engineer Waterways Experiment
Station, CE, Vicksburg, Mississippi.
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the presently continuing large-scale test.

In 1970, efforts were initiated at the U. 8. Fish and Wildlife
Service's pesticide research laboratory at Columbia, Missouri, and fish
control laboratory, Warm Springs, Georgia, to study residues of 2,L4-D in
fish and shellfish. Later, studies pertaining to residues in water
were undertaken at Northwestern University, Louisiana, and Syracuse
Research Corporation, New York, and Virginia Polytechni¢ Institute,
Virginia.

In 1973, the Office, Chief of Engineers {OCE), initiated major
changes in the aquatic plant control program. The first of these changes
resulted in the transfer of responsibility for technical monitering from
the Planning Division of OCE, to the Operations Division, Civil Works
Directorate. Concurrently, the WES was designated as the Corps' lead
laboratory for aquatic plant control research, placing responsibility
for management of research at WES. This was the beginning of what is
presently known as the Aguatic Plant Control Research Program (APCRP).
With these changes came the mandate from OCE to elevate the program to
e level commensurate with the national problem, giving technology
transfer number one priority. Subsequently, major reorganization and
emphasis was implemented for the research program.

The program was organized intc its present structure of technology
development areas with related research efforts, respectively, identi-
fied. Responding to the OCE priority for technology transfer, the
concept of the Large-Scale Operations Management Test (LSOMT} was
implemented. The first of these was the LSOMT for the use of the
white amur, initiated in 1975 for the Jacksonville District. The
second LSOMI was initiated for the New Orleans Distriect in 1977 to
implement the use of insects and pathogens for the control of water-
hyacinths. In 1978, a LSOMT was initiated for the Seattle District to
field test the concept of prevention as an operational control method.
These LSOMT's are proving to be valuable technology transfer tools,
while at the same time enabling operations personnel to initiate scme
level of control operations much earlier than would otherwise be
possgible.

Today the APCRP is conducting a total level of effort that is
slightly more than five times the effort being conducted when WES was
assigned as lead laboratory for aguatic plant control research. The
program 1s now conducting 31 separate research efforts under the
technology development areas. Through the 3 LSOMT's being conducted
for the District Offices, 27 separate technical efforts are being
addressed. Ten other subject areas are being conducted through the
ongoing technology transfer and public information program. These
efforts range from the importation of insects to the distribution of
movies for use by interested civie groups.

Indicative of the significant progress made since 1975 is the fact
that a 5-year research and development plan was formulated to provide
program guidance for the period FY 75-80. Progress was so rapid that
the APCRP reached the 5-year level and objectives in slightly over



2 years. This necessitated the revision of the plan and a new S5-year
plan was developed covering the period FY T77~82. In FY 80, this year,
we are exactly on target level of this present plan. Efforts have been
initiated that will result in a new 5-year plan for the period FY 81-86.
This new plan will reflect the increased capability and technical
expertise that is now readily available to the APCRP as a result of
becoming a part of the Environmental Laboratory at WES.

We expect that the growth of the program will continue for the
next 3 years, but at a lessening rate. Requests from Districts for
assistance are increasing and are expected to continue. This is
believed to be due, at least in part, tc two major factors. First,
there is, in most areas, an increasing spread of many of the problem
species. Second, there is an increasing awareness of the plants and
our ability to recognize a problem. At the same time, the Corps has
increased its capability to control some cf the problems and, in some
areas, can foresee the day when the control operations will become
truly routine.
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KEYNOTE ADDRESS

by
James R. Barnett#

As director of the Oklahoma Water Resources Board, the agency
charged with developing, managing, and protecting this state's water
resources, I'm concerned sbout any potential threat to ocur single most
impertant natursl resource, water. This in turn brings me to the pri-
mary topic of this meeting. FEurasian watermilfoil has exhibited more
than just a potential threat to Oklahoma's waters. This aquatic plant's
appearance here ig of relatively recent vintage and thus most Oklahomans
are not as aware of the problem as are the people of other infested
areas—-North Carolina, British Columbia, Canada, the Chesapeake Bay, and
the Tennessee Valley Authority region. I'm sure that is also the case
today. Many, if not most, of you are no doubt more familiar with this
plant than I am. Even so, I would like to briefly discuss its history so
as to hopefully set the stage not only for a more detailed discussion of
our activities in Oklahoma but alsc for the other speskers that will be
coming up on your program. I particularly hope to address how the plant
can adversely affect our agency's accomplishment of its statutory re-
sponsibility of planning to provide for Oklahoma's future water needs.

Eurasian watermilfoil was discovered in the Tennessee Valley
Authority (TVA) in 1960, and by 1968 it had spread throughout seven TVA
reservoirs and covered approximately 25,000 surface acres of water. It
has also invaded 67,000 acres of Currituck Sound in North Carolina and
seriously damaged the area's previously excellent fishing. This is
only one of the many ways in which this aquatic plant threatens bene-
ficial water uses.

The plant can completely cover a body of water less than 15 ft in
depth. Milfoil can damage or destroy a lake's recreational opportuni-
ties, rendering it unusable for boating, waterskiiing, and swimming and
meking it aesthetically unappealing. Fishing is difficult in infested
waters, since lures can be lost if not retrieved fast enough. This is
not to say that aguatic plants are not good for fishing--they are--
it's Just that you can have too much of a good thing! Another negative
aspect is the fact that dense aquatic plant mats can and do retard fish
growth resulting in stunted fish populations. Watermilfoil also inter-
fers with water intakes and is a particular threat to cooling water
intakes for power plants.

Furasian watermilfoil was first discovered in Oklahoma in 1964
growing in Lake Humphrey in the southwestern corner of the state. By
31966, it had completely taken over the lake. Other early infestations
were reported in Medicine Creek, Fort Cobb Reservoir, and Elmer Thomas,

¥ (Oklahoma Water Resources Board, Oklahoma City, Oklahoma.
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Carl Etling, Shawnee, and Chandler Lakes--mainly in lakes in the western
part of Oklahoma,

To date, watermilfoil has spread to meny more lakes, but exactly
how many and which ones remains a question. A 1978 survey showed 13
Oklahoma lakes infested with the plant. This question of how many are
currently infested and to what degree is currently being addressed by
the Corps of Engineers in a statewide study. The Corps’' survey should
reveal the distribution of watermilfoil to date and perhaps during this
conference they can advise as to the current status of the study.

Since watermilfoil has already spread into the McClellan-Kerr
navigation system, it is conceivable that it could continue to spread
all the way from Tulsa to New Orleans via the waterway's barge traffic,
if it hasn't already done so.

It should be noted that with the natural aging process of lakes
associated with sedimentation, the lakes will become shallow and even
more vulnerable to invasion by watermilfoil. The continuous threat of
such infestations and the plant's adverse effect on variocus beneficial
uses of water will undoubtedly result in immense economic losses. This
of course raises the question, "How can the economic importance of mil-
foil control be evaluated?" It is my understanding that this is also
a primary concern of the Corps of Engineers and they are currently de-
veloping a methodology for determining the economics of aquatic plant
control. Perhaps we can also receive more detailed information on this
issue during this meeting.

The Oklahoma Water Resources Board has been directly involved
with two milfoil control programs: one on Fort Cobb Reservoir (a
Bureau of Reclamation lske) in 197L, and another at Robert S. Kerr
Reservoir on the McClellan-Kerr navigation system for the last 3 years.
In each case, the Board's primary function was to evaluate the control
program with regard to its impact on water guality. Both the responsi-
ble Federal Agency and the Oklahoma Water Resources Board wanted to
know if the chemical control procedure using the herbicide 2,4-D had
an adverse impact on water gquality of the reservoirs.

After careful study, we reached the conclusion in three separate
publications, copies of which are available in the rear of the room,
that the use of 2,4-D did not adversely affect water quality. Thus,
the results were deemed favorable for the continued use of the chemical
in controlling the plant.

In January the Oklshoms Water Resources Board will submit to the
legislature the Oklahoma Comprehensive Water Plan, This plan will
propose distribution of water via a system of reservoirs and canals.

I believe that with the development of a system that utilizes open
canals and increases the exposure of water surfaces must also come the
planning of an organized program for the control of watermilfoil.
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CORPS OF ENGINEERS RESEARCH AND
DEVELOPMENT CONTRIBUTIONS

by

R. . Jackson*

Altheough the agenda indicates that I am to present a brief re-
view of the Corps' Research and Development (R&D) Program and Facilities,
a change in plan has been necessary and, instead, my remarks will con-
sist of & short summary of some of the contributions that R&D is making
and will make to the execution of the Corps' Civil Works program. The
Civil Works R&D program addresses six functional areas as it seeks to
completely underpin the Corps' Civil Works program. Approximately
1 percent of the Civil Works budget is devoted to R&D. Five Corps of
Engineers laboratories, the Institute for Water Resources, and the
Hydrologic Engineering Center perform R&D to solve pressing technical
prcblems facing our Divisions and Districts. In every aspect of our
Civil Works effort, we seek opportunities to apply R&D results.

ILet me illustrate some of the ways in which R&D has contributed
and will contribute to the execuvion of the Civil Works program. Re-
search in support of the dam safety program has continued on a high-
precision survey procedure that will detect movements as small as 3 mm
in monolitic structures. Tests of this procedure were conducted at
Grand Coulee Dam in July 1979. The first prototype instrument will be
manufactured and installed at the Dworshak Dam in Idaho by June 1981.
The present R&D effort is directed toward automation of the procedure
with an expected capability of monitoring on command the upstream and
downstream movement of up to 50 monoliths a day.

We are beginning to obtain results from the analysis and study of
the large quantity of data collected in late 1978 during the DUCK-X
coastal field experiment to gather ground-truth data with the NASA
SEASAT Satellite. The experiment proved that spaceborn sensors can
provide data for the coastal region for wave current and Gulf Stream
effects, inlet hydraulics, and wind wave interactiomns.

Field, numerical, and analytical studies of research data on
coastal inlets are being used to develop a physical model for the study
of the shoaling problem at Little Lake Harbor for the Detroit District.
Results of this model test will provide the basis for recommended inlet
entrance modifications and possible Jetty construction.

Results for the Coestal Engineering Research Center's (CERC) weir
Jetty study and the Murrels Inlet monitoring effort have been used to

¥ Research and Development Office, Office, Chief of Engineers, Wash-
ington, D. C.



design a terminal groin structure for Tybee Island, Georgia. Shifting
of the shoals in the Tybee Creek Inlet caused accelerated erosion of
the restored beach.

Research on module system floating tire breskwaters in the CERC
Large Wave Tank produced design guidance being used at Lake City,
Minnesota, to design a floating tire breskwater for the marina on
Lake Pepin. The lake is too deep and the bottom too soft for s con-
ventional stone or steel structure.

The Ice Engineering Facility was completed in FY 79. The research
program for FY 80 and model studies for Distriects will fully utilize
this faecility. The large test basin is currently being used to inves-
tigate severe ice jam problems at the entrance to the St. Clair River
from Lake Huron. Early results indicate that ice control siructures
such as ice booms will allow ships to transit this point and will sub-
stantially control the ice drift into the St. Clair River. The flume
test facility has been used successfully to provide the Great Lake-

St. Lawrence Seaway Winter Navigation Board with design for a water
intake structure that is not effected by the accumulation of frazil

ice., Laboratory developed underwater high flow air screens have

been installed at Poe Lock, Saulte Ste. Marie, Michigan; at the Bonne-
ville Lock on the Columbia River, Portland, Oregon; and at Lock 21 on
the Mississippi River at Quincy, Illinois, to reduce passage of ice
through the locks. The results of this initisl ice engineering research
will be published in Office, Chief of Engineers, Engineering Manuals in

1980.

A simple and inexpensive soil moisture sensor has been developed
to improve our ability to predict spring snow melt runoff and flooding.
Installation of the sensors can be tied to the GOES satellite system
for obtaining the predictive data.

Results of research to determine causes of flow concentration and
downstream scour have led to design modification for the stilling basins
at the St. Francis Lake Control Structure and the Ditch 81 Structure in
Arkansas.

Laboratory results of tests of riprap gradations are being trans-
ferred to the field for use such as a riprap channel on the Tennessee-
Tombigbee Navigation Waterwsy Project. New research is directed at
determining discharge, pressure, and water surface characteristics for
spillway crest design not addressed in current hydraulic design cri-
teria. Tests were performed on new fixed cone valves at the New Melones
Dam, California, that operate under high heads to determine valve per-
formance and to establish field operating procedures. In FY 80 the
culmination of several years of hydraulic design R&D will be published
in the revised Engineer Manual on the hydraulic design of reservoir
outlet works.

The annual cost of corrosion damage to Civil Works structures is
estimated to be $60 million. The Construction Engineering Research
Leboratory (CERL) developed guidance that was used by the Walle Walla
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District to design cathodic protection corrosion control systems for
McNary, Little Goose, and lower Granite Locks and Dams. The cathodic
Protection system is also being developed by CERL to arrest the severe
corrosion damage at the Thomas J, O'Brien lock on the Illinois Water-
way. Simultaneously, CERL is conducting a structural analysis to
assess the structural integrity of the damaged lock walls. These ac-
tions will assist in rehabilitation of the structure to restore its
normal life span., A repair and replacement cost approaching $5 million
will be avoided by this timely correction of the corrosion problem.

The CERL Paint Laboratory evaluated the cause of paint failure on
the Bourne Bridge over the Cape Cod Canal for the New England Division
and recommended a conventional paint system to arrest the problem in
lieu of an extremely expensive vinyl system. The recommended paint was
especially formulated to remove a lead primer to eliminate any possible
contemination of the oyster beds in the area. The CERL Paint Labora-
tory continues to provide extensive consulting services for the Corps
District and Division Qffices. This past year the CERL Paint Lsbora-
tory responded to approximately 200 consulting calls and made 3 onsite
evaluations.

In the early 1960's, CERL developed the existing coal tar epoxy
specification accepted and published by the Steel Structures Painting
Council, Recent research has developed an improved specification that
will further reduce the cost and the availability of this product. This
new specification has been accepted by the advisory committee of the
Steel Structures Painting Council and will be adopted by the Council
in the near future.

The Corps is committed to the use of airborne and spacecraft re-
mote sensing technology to significantly reduce costs for the acquisi-
tion and monitoring of data. A new Remote Sensing Manual is scheduled
for distribution in November 1979. This manuval will present simplified
guidance for managing and planning remote sensing missions., It will
also provide an extensive summary of remote sensing principles, equip-
ment, and image analysis with a cross-reference of past applications
to assist new users in finding assistance for solving their problems.
An example of the use of remote sensing technology to rapidly provide
information at reduced costs is in the Corps' Aquatic Plant Control
Research Program. The magnitude of a site-specific problem can be
logically determined through the use of low altitude, high altitude, or
satellite imagery missions. Imagery can then be automatically pro-
cessed and maps produced showing species composition and distribution
of plant infestations for use in planning control measures.

The Vicksburg District spplied LANDSAT data for mapping water
bedies, forests, and cleared areas in planning studies in the Yazoo
and Tensas River basins to calculate the relationship of river stage
to the area flooded. Historical trends were developed for land clear-
ing using land-use data from aerial photographs from 1941 to 1969 and
from LANDSAT data for the period 1972 to 1978. These data were then
used to develop a computer program that simulates basin flooding and
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stage-area flooded relations for nine separate flood stages. Flooded
boundaries for each of the flood stages were plotted on overlays for
standard topographic maps. These data overlays have been invaluable in
determining the economic benefits of project alternatives and for
presentation at public hearings. This flcood simulation model represents
& quantum leap in reducing costs and response time for Corps water re-
source planning studies.

An Airborne Laser Profiler System also is being developed to col-
lect valley and stream cross-sectional data for use in flood forecast-
ing and floodplain management. This system can reduce costs while
gathering accurate data rapidly. The system could become operational
early in 1980 if problems can be overcome with precise positioning of
the aircraft.

The structural analyses of Civil Works projects have previously
been hampered by complex loadings of earthquakes, intricate geometric
configurations, and complex material behavior. The Finite Element
Method is now being used for these analyses resulting in more reliable
and economical designs. Examples of use of the Finite Element Method
include verifying the seismic safety of the Savannsh District's design
for the Richard B. Russell Dam, eliminating the uncertainty about the
earthquake security of the service bridge for the Uniontown Daem of the
Louisville District, and establishing the structural safety of an
seration slot in the lower sluice of the Libby Dam to relieve a serious
cavitation problem. The Finite Element Method was used efficiently and
economically to design the chamber of the John N. Overton Lock and Dam
for the New Orleans District to include a comprehensive analysis of the
interaction between the structure and its pile foundation for varicus
design load cases. A unique application of the Finite Element Method
has been its use to establish temperature control plans for the con~
struction of wvarious concrete dams and navigation structures.

Cost savings will be realized in the Tennessee-Tombigbee Corridor
Study for allocation of State and Federal resources to implement eco-
nomic and human resource development programs by using the results of
the McClellan-Kerr Arkansas River Navigation System Study, an area with
similar social and economic circumstances.

Modeling efforts have produced design measures such as fins to
straighten inflow, umbrellas to streamline inflow, and grids to elimi-
nate severe air-entraining vortexes that rapidly damage pumps. The
generglized pumping station research facility is being used to produce
improved design criteria for arrangements and numbers of pumps for
proper inflow and discharge hydraulics at typical small pumping stations
and approach pump geometries. A model study of the Cache River Pumping
Station verified the Memphis District design and recommended no major
modifications. Extensive technology transfer is being made of this new
information, mainly through the conduct of design conferences.

Assistance provided the Panama Canal Company to control and manage
hydrilla in the Panama Canal determined that herbicides were extremely
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effective to control the hydrilla infestations. The use of herbicides
eliminated the use of copper sulfate which is toxic to aquatic animal
life forms and much more expensive to apply.

Assistance was also provided to the Seattle District for testing
methods to prevent the growth and spread of Eurasian watermilfoil. As
mechanical harvesting operations are conducted in Canadiaen waters,
watermilfoil is transported downstream into Washington. A barrier
was installed in the Okanogan River designed to trap this floating
watermilfoil,

The Dredged Material Research Program (DMRP) was successfully
completed in March 1978. Since that time, technology transfer of pro-
gram results has been accomplished by the Dredging Operation Technical
Support Program. To date, over 100 requests from 27 Districts, Divi-
sions, and OCE for assistance have been answered. The Chief of Engi-
neers transmitted his final report to Congress in August 1979. Then
OCE dispatched the final report to the State Governors and State Agen-
cies to bring to their attention the availability of this advanced
technology.

A Corps handbook was published in June 1979 describing techniques
for conducting visitation swrveys and for calculating attendance at
Corps-managed recreational areas. These techniques will provide more
uniform and consistent visitation data on which to support Corps rec-
reation planning, management, and research functions. A& report was
also published providing guidelines for establishing carrying capacity
levels and identifying techniques that address carrying capacity
problems.

The Ohio Department of Natural Resources is preparing to construct
recreational housing for 150 people at Deer Creek Lake. Our research
with land treatment of wastewater at the Deer Creek Lake demonstration
lagoon revealed a larger than expected treatment capacity. As s
result, the existing lagoon system will be used by the State of Ohio
with an expected savings of $350,000.

The Process Design Manual for the Land Treatment of Wastewater,
published jointly by the Corps, the Department of Agriculture, and the
Environmental Protection Agency (EPA) in 1978 has been revised to in-
corporate the latest research technology related to phosphorus and
nitrogen removal, applications in forest ecosystems, and for determin-
ing infiltration rates.

A special report published in 1979 on "Building Salt Marshes Along
the Coasts of the Continental United States" has provided guidance now
being used by 8 Corps Districts to establish over 30 marshes. These
marshes will provide wildlife habitat and afford bank stabilization for
the coastline., A special report published in September 1978 on "Dune
Building and Stabilization with Vegetation" provided a state-of-the-art
technique that is now a fully operational engineering practice. Our
Districets and Divisions are using this guidance to plant beachgrass in
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conjunction with beach nourishment and sand stabilization projects and
with hurricane protection projects.

The Environmental and Water Quality Operational Studies (EWQOS)
continue to focus on the environmental effects of alternative designs
and operational techniques for Civil Works projects. Physical models
such as the Dickey-Lincoln School Lake project are used to obtain in-
formation during the preliminary design phase of a reservoir project.
Studies of flow requirements and effects of flow and quality variations
from hydropower projects on downstream fisheries are being conducted
at Gilliam Lake (Arkansas), Hartwell Leke (Georgia/South Carolina),
and other field study sites. The use of vegetation to reduce the
environmental impacts of fluctuating reservoir pool elevations has been
studied at Leke Wallula (McNary Dam in Washington) and other field
sites., An Engineer Technical Letter will be published and distributed
to Corps Field Offices in FY 80 summarizing guidance for the use of
flood-tolerant plants for revegetation. Reaeration characteristics of
outlet structures have been studied at Enid Lake (Mississippi), DeGray
Lake (Arkensas), and J. Percy Preist Lake (Tennessee) with predictive
equations developed and published for use in design. Technigues have
been modeled to prevent nitrogen supersaturation at the Harry S. Truman
Lake and to study various selective withdrawal configurations with a
resulting improved predictative capability on their performance. The
study of vertical Jjets in reservoirs in physical models provides data
related to the use of destratification for improving reservoir water
guality. Similar results were obtained from model studies of mixing
and destratification techniques to improve reservoir water quality.
Field studies at Clark Hill, Georgia, investigated aeration techniques
for improving reservoir water quality. Field studies of Civil Works
projects in waterways such as dikes and revetments on the Lower Missis-
sippi River and navigation projects such as the Tennessee-Tombigbee
Waterway continue to provide important information on environmental
effects, Results of this research are being incorporated into hydrau-
lic engineering manuals and into guidance for determining environmental
impacts of water resources projects.

The Section 32 Program continues to investigate the nationwide
streambank erosion problem. The U. S. Army Engineer Waterways Experi-
ment Station (WES) published and distributed in July 1979 the interim
report to Congress which outlines the effectiveness of a wide wvariety
of bank protection methods. This program not only investigates the
adverse effects of wave gttacks and channel flow but research is de-
voted to determine the effects navigation ecraft have on streambank
stability. Initial accomplishments in FY 79 include the completion of
& model channel test facility and preliminary testing with a& model
twin-screw towboat and barges. Technology transfer of this research is
accomplished twice annually through the Section 32 Steering Committee
which has a representative from each Corps Division.
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RESEARCH AND OPERATIONS INTERFACE
IN AQUATIC PLANT MANAGEMENT

by

H. Roger Hamilton¥*

Questions facing aquatic plant control problem solvers include:

a. Are results of our research effort reaching the proper
people?

b. Are the results of our research being distributed in a
timely menner?

¢, Are the results of our research being distributed in a
format which the intended audience can understand?

d. Are the research results being applied properly?

It all comes back to the basic questions that each problem solver must
ask: who, what, where, when, why, and how? Technology transfer must
be accomplished in & timely, informative, and skillful manner if it is
to be successful.

What is technology transfer? Simply put, technology transfer is
communication, Effective communication requires two parties. There
must be a sender and the receiver for effective communication to
QCCUr,

Technology transfer forms the research and operations interface
in the Corps of Engineers Aguatic Plant Control Research Program.
Technology transfer also is accomplished in several forms. Some of
the forms include:

a. Technical reports.

b. DNewsletters or information exchange bulletins.
¢. Brochures.

4. Movies.

e. Large-scale operations management tests.

f. Meetings.

The U, S. Army Engineer Waterways Experiment Station has published
46 technical reports to date. Currently, 12 more reports are in the
publication process, making a total of 58 technical reports in the
Aquatic Plant Control Research Program.

*¥ (Chief, Natural Resources Management, Recreation-Resource Management
Branch, Office, Chief of Engineers, Washington, D. C.
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Two movies have been produced. Information exchange bulletins
and brochures have received wide circulation. Additionally, certain
Districts have published brochures and technical papers, conducted
public meetings, and provided technology transfer in a number of ways.
Seattle, Jacksonville, New Orleans, and Tulsa have been particularly
innovative in this area.

The Corps' Aguatic Plant Control Program can be broken down into
three distinct elements: research, planning, and operations. Each is
a separate element, but each relates to the others. The interface, the
need for effective technology transfer, is inescapable.

The Corps' organization within the continental United States is
composed of the Chief's Office in Washington, 10 Division Offices, and
36 District Offices, We also manage LLO lakes, 22,000 miles of inland
waterways, over 400 small boat harbors, and 3,000 miles of intracoastal
channels, We also have laborastories such as WES which has been desig-
nated as the lead laboratory for aquatiec plant control research.

We coordinate with other Federal, State, and local agencies,
private entrepreneurs; conservation and environmental organizations;
wniversities; and other interested groups and individuals.

We are in business for one purpose: to serve the public. Effec-
tive technology transfer is essential if we are to effectively and ef-
ficiently manage our program in the best interest of the public.

My feeling is that the interface between the various elements of
the aquatic plant control program is operating in a satisfactory manner.
But I do not like to operate on feelings alone. No matter how gocd a
Jjob we are doing, we still have room for improvement. I, therefore,
have designed a questionnaire which I would now like to distribute to
you., If you will complete this questionnaire and return it to me imme-
diately it will be very helpful in ensuring that ocur program is managed
in the public interest,
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Questionnaire
Aquatic Plant Control Research, Planning, and
Operations Meeting - Lake Eufaula, Oklahoma
26-29 November 1979

I represent:

U. 8. Army Corps of Engineers
Other Federal Agency

State Agency

Local Agency

Private Company

University or College

Other {Describe)

The method of control with which I am most concerned is:

My work pertains primarily to:

I receive aguatic plant control research publications produced by

the Corps of Engineers:

I read these publications:

Chemical

Mechanical
Biological
Integrated

Physical Manipulation
Other (Describe)

Planning

Research

Control Operations
Policy/Administration
Marketing

Engineering and Design
Other (Describe)

As they are published (I am on the

mailing list)
Frequently
Occasionally
Not at all

75-100% of the time
50-75% of the time
25-50% of the time
0-25% of the time
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10.

11.

12.

13.

1k,

I find the material in the publications informative and useful in
my work:

75-100% of the time
50-75% of the time
25-50% of the time
0-25% of the time

I am familiar with the Large-Scale Operations Management Tests
(LSOMT) being conducted by the Corps in cooperation with others.

Tes
No
If the answer to question #7 is yes, respond to questions 8 thru 11.

I think the LSOMT is an effective means of technology transfer:

Yes
No, because:

I, or my orgenization, have benefited from LSOMT:

Yes
o

Research and operations problems being addressed currently by LSOMT
are appropriate for this type of technology transfer:

Yes
No

Other topics which should be addressed by LSOMT include: (List
below)

Cverall management of the aquatic plant control program by the
Corps is:

Excellent
Adequate
Less than adequate
Totally inadequate

Current legislation for the Corps' aquatic plant control program is:

Adequate
Inadequate
I am not familiar with legislation

The following legislative changes should be made:
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15. Curfent policy for the Corps' aguatic plant control program is:

Adequate
Inadequate
I am not familiar with policy

16. The following policy changes should be made:

17. The Corps should establish a Center of Competence for aguatic
rlant control:

Yes
No

18. The following aspects of aguatic plant control should receive
greater emphasis from the Corps:

19. The current technology transfer aspect of the Corps’' agquatic
piant control problem is;

Excellent

Adequate

Less than sadequate
Totally inadequate

20. Please rate the technology transfer aspect of the Corps' aquatic
plant control progrem below by placing a checkmark on the line
which, in your mind, best reflects the performance.

Totally Fully
Inadecuate Average Responsive
1 2 3 4 5 6 T 3 9 16

21. Additional comments. Use another sheet of paper if needed:

Please return to:

H. ROGER HAMITZON

Chief, Natural rResource Mansgement
U, S. Army Corps of Engineers
Washington, D. C.
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INITTAL PLANS FOR AQUATIC WEED RESEARCH BY THE
U. 8. ENVIRONMENTAL PROTECTION AGENCY

by
Gerald E. Walsh*

Introduction

The Environmental Protection Agency {EPA) has been suthorized,
under the Federal Water Pollution Control Act, to "develop environmen-
tally sound methods to control aguatic weeds" (H. R. 2676; Congressional
Record, Nov. 9, 1979). Proponents of the bill further stated: "The
conferees intend that a research program be conducted with the purpose
of eventually providing environmentally sound solutions to the problems
of aquatic weed control.” We plan to approach the provlem from several
agpects with a view toward testing and developing environmentally sound
methods for weed control. The aspects include chemical, biological,
mechanical, integrated, and sequential control methods and their effects
upon aquetic systems.

Development and testing of methods for aquatic weed control have
been carried out by the U. S. Army Corps of Engineers, the U. 5. De-
partment of Agriculture, and other Federal and State agencies for many
years. However, research is needed with regard to environmental impacts
of weed control practices, and EPA, under its broad congressional man-
date, can work closely with Federal, State, county, and university
versonnel on the problems of weed control.

The EPA has little experience in control of aquatic weeds, except
in registration of herbicides for aguatic use. It has been necessary
to learn what has been done, what the current problems are, and what
the future needs will be with regard to weed control. With help from
leaders in the field, we have developed a comprehensive research plan
that is nationwide in scope. The plan is designed to (a) complement
and extend current work by other Federal and State agencies, and (b)
initiate research programs unique to EPA that promote and assist de-
velopment of environmentally safe methods of aguatic weed control.

ObJjective

The EPA research plan is designed to develop environmentally ac-
ceptable methods for agquatic weed control for practical application at

* U. S. Environmental Protection Agency, Environmental Research Labo-

ratory, Gulf Breeze, Florida,
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the loczal level., This objective will be achieved through a series of
subobjectives:

a. Evaluate new and existing methods through laboratory studies
and literature searches.

=3

Identify the methods that appear to be efficacious and en-
vironmentally acceptable.

c. Identify those methods that can be used in integrated pest
management schemes.

d., Identify, through field studies, environmentally acceptable
netheods of control for each locality and weed species.

e, Communicate knowledge gained and its practical application
to personnel involved in weed control.

Although EPA certifies certain herbicides as safe for specific
aguatic uses through its pesticide registration activities, more work
needs to be done that relates weed control practices to environmental
quality. It is clearly time to do so because, for example, new formu-
lations of controlled-release herbicides are under development, and the
sterile hybrid of the white amur {grass carp) and bighead carp are being
considered possibly for wide usage. By testing environmental impacts
of weed control measures, EPA can aid its own regulatory function by
recommending specific measures for specific problems.

Information Gaps

The EFA program will address scme of the major information gaps
in research on aguatic weed control, such as why plants occur as weeds
in some areas but not in others. Little is known about their hasic
biology, and research needs to be done in that area. Also, if more is
kriown about their basic biology, perhaps specific control measures
could be developed for each species.

Another major problem is related to long-term control. We need
to find methods that will inhibit repid reestablishment of plants.
Perhaps integrated control will be best here in order to avoid chronic
effects of chemicals on nontarget species. Controlled-release herbi-
cides may also be of great importance for long-term control.

RBiclogical control methods, such as plant pathogens and phyto-
Phagous fishes, may be studied in-depth because, if developed, such
methods may cobviate the need for extensive chemical control.

General Approach

Initially, a substantial amount of the EPA program will be carried
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out by other Federal agencies, but support will be given to research
rrojects of individuals in universities or in State regulatory and con-
trol agencies. PFProjects funded will cover the areas of chemical, bio-
logical, mechanical, and integrated control. All, except basic re-
search, will provide data with regard to environmental safety. It is
expected that, over the next few years, the program will become less
broad in scope with emphasis on development of environmentally sound
control procedures based on information gained during the program's
initial years. It is projected that the EPA program, over the next few
years, will place less importance on chemical control and more emphasis
on btiological and integrated control.

Applications of EPA Research

At present, methods are needed to control weeds safely, effi-
ciently, and economically without harm to (a) sportfishing, boating,
or recreational sites; (b) irrigation canals, reservoirs, and ditch-
banks without affecting water quality as it relates to drinking and
irrigational use; and (c) aesthetics. Knowledge gained from the EPA
program will be published and disseminated widely for judicious use
of control methods resulting in minimal negative environmental impact
in relation to water use.
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USAE DIVISION/DISTRICT PRESENTATIONS
AQUATIC PLANT PROBLEMS-—-QPERATIONS ACTIVITIES

North Central Division, St. Paul

by
Weyne Koerner®

St. Paul District's Aquatic Plant Control Program serves the
states of North Dekota, Minnesota, and Wisconsin., While the District
has been involved in the Aquatic Plant Control Program for some time
and has attempted to implement it, most of these attempts have failed
for lack of local interest. In many cases, the supply of water bodies
suitable for recreation or other uses has exceeded the demand to the
extent that problem areass could be avoided or ignored.

North Dakota is a 'water-poor" state because it has few natural
lakes, The lakes are concentrated in the north-central and central
portions of the state. Most of the bodies of water in the remainder
of the state are reservoirs. Of the approximately 200 lakes in North
Dakota with significant recreation use or potential, about 30 have scme
type of plant overgrowth or accelerated eutrophicetion.

In addition to improving the state's recreation resources, North
Dakota has an additiocnal interest in pursuing the Agquatic Plant Control
Program. If North Dakota is to increase its supply of surface water
for recreation and other purposes, additional reservoirs are needed.
However, some existing reservoirs are experiencing problems before it
was expected. Visitor attendance at existing reservoir sites is not as
high as expected because of eutrophication or weed conditions. Thus,
the reliability of attendance estimates for other planned lske develop-
ments is in question.

Wisconsin and Minnesota, on the other hand, have a rich natural
resource in their numerous lakes and streams. The inland lakes are most
numerous in the glaciel outwash areas along the southern edze of the
Great Lakes. MNumerous lakes, in lesser density, are located throughout
both states, The problem most often brought to our attention is with
lakes that are experiencing recreation pressure and becoming eutrophic
or overgrown with rooted aquatic planits. Blue-green algae (aphonizomi-
non) and the submergent rooted aquatics (Potamogeton, Vallismeria, and
Ceratophyllum) are the most typical problem plants in the midwestern
States.

With increasing development and pressure for water-based recrea-
tion, hunting, and fishing, lakes that had been inaccessible or unusable

* U. 8, Army Engineer Division, North Central; St. Paul, Minnesota.
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in prior years are now needed to meet the demand. Wisconsin has recog-
nized this problem and the problem of the lakes becoming eutrophic and
has instituted State programs to deal with them. The Inland Lakes Re-
newal Program was established to rehabilitate degraded lakes and, if
possible, preserve the conditions of others not yet in dsnger of
infestation.

The St. Pauwl District's most recent effort in the Aquatic Plant
Control Program is a reconnaissance study for Buffalo Lake which is a
2500-acre impoundment on the Upper Fox River in Marquette County,
Wisconsin. Buffalo Lake is centrally located in the southern half of
the state spproximately 50 miles north of Madison, Wisconsin's State
capital,

Buffalo Leke was formed in 1871 when the level of a natural basin
was increased by 4 ft., The Corps of Engineers constructed & low-head
dam and lock structure at the outlet of Buffalo Lake as part of a
navigation system connecting the Wisconsin River to Lake Michigen. A
canal was constructed across a 2-mile gdivide at Portage, Wisconsin,
completing the project. In 1962 the project was turned over to the
State of Wisconsin,

Buffalo Lake is one of over 90 lakes in Marquette County and
accounts Tor almost 50 percent of the county's available surface water
area, It has a mean depth of 4.5 ft with a meximum depth of 8 ft. It
is about 12 miles long and has a maximum width of 0.5 mile. The lake
would make a fine recreation attraction to nearby population centers if
the subwmergent vegetative growth were controlled. Several resorts are
along the lake which has about 16 miles of developable shoreline, Out-
of-state residents fishing in the region exceed local participants by
4 to 1. If Buffalo Lake were not kept accessible, tourism in the area
would suffer dramatically.

Prior to 1970, an overabundance of rough fish, predominantly carp,
and wind and wave action combined to decrease water quality and the game
fishery. In 1970, a successful rough fish control and restocking proj-
ect was carried out by the Wisconsin Department of Natural Resources.
Since then, excellent, self-sustaining populations of northern pike,
largemouth bass, bluegill, perch, and bullhead have been established.
However, without the carp disturbing the lake bottom and clouding the
water, the native aquatic plant population increased to the point of
infesting the entire lake and severely restricting water-based recrea-
tional activities,

The species of submerged aquatic plant$ considered to be a prob-
lem in the lake are coontail (Ceratophyllum demerswm), Canada water-
veed (Elodea canadensis), curly-leaved pondweed (Potamogeton crispus),
sago pondweed (Potamogeton pectinatus), flatstem pondweed (Potamogeton
zosteriformis), common naiad (Najas flexilis), and wild celery (Vallis-
neria americana). All of the above, with the exception of the unat-
tached mats of coontail, are rooted submerged aquatic plants, are common
in other areas, and are natives to the upper midwest (curly-leaved
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pondweed was introduced from Europe). Their method of reproduction is
mostly vegetative, often by fragmentation of the stem. Wild celery,
sago, pondweed, and common naiad are important wildlife and waterfowl
plants. In less choking densities, all of these plants are important
beneficial members of the aquatic ecosystem. However, the growth rate
and conditions in Buffalo Lake are such that, if left uncontrolled, all
2500 acres of the lake will be choked to the water surface with sub-
merged aguatic vegetation.

Since the summer of 197h, the Buffalo Lake Improvement Association
has been involved in a mechanical weed harvesting program in an attempt
to improve the lake. Five small cutting machines are used to cut the
aquatic vegetation. In 1975, the University of Wisconsin Mechanical
Engineering Department designed a stationary removal system for flosting
vegetation which is located upstream ¢f the dam at Mcentello. The cut
aquatic vegetation floats downstream to the removal system where it is
loaded onto dump trucks,

These harvesting efforts have been unsatisfactory, in pari because
of the magnitude of the problem, present technology, and lack of funds.
Therefore, the Department of Natural Resources requested, on behalf of
the Buffalo Lake Property Owners Association and Marquette County, that
the U. S. Army Corps of Engineers perform an aquatic plant control
reconnaissance study on Buffalo Lake.

The preliminsry plan developed for the reconnaissance study recom—
mends the use of a large mechanical harvester which would be used to
maintain approximately 500 acres or zbout 20 percent of the total lake
area, The plan calls for maintaining a channel down each side of the
lake with side channels and spot clearing at selected locations. The
harvesting would begin in early spring before the problem becomes too
great and would continue through the growing season. Preliminary es-
timates of benefits and costs indicate = favorable benefit-cost ratio.

Public attitudes favor a solution other than the use of herbicides.
In addition, a herbicide control plan would probably be less efficient
than the recommended method because:

a. Current patterns within the impoundment would make appli-
cation areas difficult to pinpoint and manage.

b. Drift and dilution of the herbicide could render applica-
tion ineffective.

c. Heterogeneous plant populations such as those in Buffalo
Lake (seven species) may require more than one type of
chemical control method to achieve the desired response.

The Buffalo Lake reccnnaissance study will be forwarded to higher
authority later this year. We hope to learn from the review of this
study whether application of the Aguatic Plant Control Program is appro-
priate for this type of problem.

Inclusion of this type of problem in the program would not
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significantly increase our workload even though there are many lakes
experiencing similar weed problems. The two main reasons for this are
the 30 percent state-provided cost and the historical reluctance of
the states to get involved unless the problem has widespread signifi-
cance in the state.
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USAE DIVISION/DISTRICT PRESENTATIONS
AQUATIC PLANT PROBLEMS--QPERATIONS ACTIVITIES

North Pacific Division, Seattle

by

Robert M. Rawson*

The Seattle District is relatively new to the field of aquatic
plant control. It has only been in the last few years that we've had
a serious problem. Our problem species is Furasian watermilfoil.

Presently, the problem is restricted to a few arcas of the state.
Milfoil has not yet caused problems at any Corps of Engineers projects
in the state, but could if it continues to spread. The Seattle Distriet
became involved in the milfoil problem when the Washington State Depart-
ment of Ecology requested that we establish a statewide management pro-
gram, Our proposed management program, which would be on a 70:30 cost
share basis, includes the control of existing milfoil problem areas and
prevention of further spread.

Qur proposed control program would be centered in the Seattle area,
Three lakes there, Washington, Sammamish, and Union, are infested. The
main impacts to date have been to aesthetics and public recreation., Our
objective in these lakes is to eliminate the major obstructions to ree-
reational use without causing an unacceptable impact to the environment.
Because of the large number ¢f possible control techniques, and local
disputes as to the advantages and disadvantages of each, our approach
was to give the maximum amount of flexibility possible to the local
sponsor to choose treatment methods for their areas. The alternatives
for the Seattle area lskes range from mechanical harvesting to 2,4-D
application. In addition, we would approve fiberglass bottom screens,
or the chemicals endothall, diquat, and dichlobenil for public swimming
beaches, The final choice will be up te the local sponsor.

The other part of our proposed program, the prevention portion,
is state-wide in scope but would be initlally concentrated in the
Okanogen area. British Columbia has had serious milfoil problems for
several years and it has moved down the Okanogen lake chain into the
U, 8. portion of Osoyoos Lake., The British Columbia Ministry of the
Environment helped us all they could in slowing down the milfoil spread,
but now we have pioneer colonies not only in the lake bul also in the
Okanc:izn River. The main objective of our prevention program is to keep
the milfoil from becoming established in the Columbia River system.

¥ Environmental Resources Section, U. S. Army Engineer District,

Seattle; Seattle, Washington.
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Work has been going on for a couple of years in the Okanogan ares,

paid for mainly by the State Department of Ecology and Ckanogan County.
We propcse to continuz and expand their work. The barrier structure
which is located on the river just below Osoyoos Lake would be maintained
to decrease ihe number of fragments floating downstream. Alsc, spot
treatments would be done to limit the sources of fragments. The pro-
posed treatment methods for spot treatment are hand removal, 2,4-D, suc~
tion dredge, and rotovating. Aerial and ground surveillance would be
maintained in these areas and also in the high risk Columbia River
reservoirs to identify new colonies for treatment. A publiic information
program will be implemented to reduce the amount of spread caused by
recreational boaters and aquarium owners.

A third problem area in the state, the Columbia Basin, is not
inecluded in our program. This area is managed by the Bureau of Recla-
mation and has several irrigation reservoirs and weterways infested
with milfoil. This area is not included in our program because it is
part of an authorized Federal project and cannot be treated under our
authority. Any work done there would have to be funded by Bureau opera-
tions and maintenance money. We are very interested in their problems,
however, and are working closely with them because of their proximity
to the Columbia River and the large source of milfeil fragments.

The main problems remaining are the public opposition due to the
inclusion of chemical alternatives and the amount of coordination re~
guired among the three levels of government. The way our program is
set up, the Washington State Department of Ecology is the umbrells
sponsor. They, however, probably will not provide matching funds for
local control efforts. Local governments or other potentisl sponsors
must propose the treatment to the Department of Ecology. The Depart-
ment will then submit a combined State proposal to the Seattle District
for funding.

Since our requested funding was cut for FY 80, some priorities of
treatment may be required. Our first commitment would be to continue
the funding for research by WES. OQur second priority would be the
program to prevent the spread of milfoil into uninfested waters. The
third priority would be the treatment of public recreation areas, and
the final priority would be the treatment of high-use public waters
which do not front public recreation areas. Within those last two
categories, which make up the control program, further prioritization
may be required. This would be done jeointly by the state and local
SpONsors.
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USAE DIVISION/DISTRICT PRESENTATIONS
AQUATIC PLANT PROBLEMS--QPERATIONS ACTIVITIES

South Atlantic Division

by
Julisn J. Raynes*

It is believed that the waterhyacinth was imported from South
America about 188h. According to popular belief, this beautiful plant
with its lovely lavender flower was given away to visitors at the World
Exposition held in New Orleans, Louisiana. The story is that somecne
near Palatka, Florida, had placed the hyacinth in a tub and that when
the plants had multiplied sufficiently to fill the tub, the tub was
emptied into the St. Johns River.

In 1896, a Mr. Creel from Palatka, Florida, petitioned the Congress
for assistance with the waterhyacinth problem in the St. Johns River.
The hyacinth was creating havoc with navigation, often pushing the river
boats out of the channel whenever the winds shifted. Oftentimes, fisher-
men were trapped by rafts of hyscinths and held stranded until the rafts
were broken up by river currents or the winds. Similar occurrences in
the rivers and bayous of Louisiana also resulted in petitions to Congress
for assistance.

The Corps of Engineers Office in St. Augustine, Florida, made a
number of reports on the problem and even had the Department of Agri-
culture make a botanical report on the hyacinth.

Tn 1899, the River and Harbors Bill authorized the Corps to remove
aquatic growths which presented an obstruction to navigation in Florida
and Louisiana, It was later modified to include Alabama, Mississippi,
and Texeas.

Congress, recognizing that 2,4-D herbicide might eliminate the
waterhyacinth, enacted the 1958 River and Harbors Act which authorized
the expanded Aquatic Plant Control Program. This act authorized con-
trol to extend into the rivers, streams, and other waters allied to
navigation. It also recognized that the program was also to be con-
ducted in the combined interest of navigation, flood control, drainage,
agriculture, fish and wildlife conservation, public health, and related
purposes including continued research for development of the most ef-
fective and economical control measures within the South Atlantic and
Gulf Coastal regions with the Corps providing 70 percent and the states
30 percent.

¥ U, S. Army Engineer Division, South Atlantic; Atlanta, Georgia.
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In 1965, Congress extended the program to the entire 50 states of
the United States, It should be noted that sbout that time the total
program was about $800,000 to $900,000. Today its about three to four
times that much and the need is growing.

The Wilmington District, which covers North Carolina, does not
have an active control progrem at this time. The state has requested
the Wilmington District to withheld field operations. It does not pro-
vide the funding for any cost-sharing operations. However, the District
does maintain a very limited amount of field surveillance.

It is interesting to note that Currituck Sound which had about
70,000-80,000 acres of Eurasian watermilfoil was under study by
Dr. Graham Davis of East Carolina University under the Sea Grant program
during 1977 and 1978. His studies seem to indicate a correlation be-
tween turbidities created by meteorological conditions and biomass
reductions,

The decline of submerged aquatic plants in the Chesapeske Bay,
reported in 1975 and in 1979, apparently has stimulated more research
under the Sea Grant Program in its effort to determine what is causing
the decline. Dr. Robert J. Orth of the Virginia Marine Science Insti-
tute is performing the study under this grant.

In South Carolina, the Charleston District has been maintaining
a surveillance program on the alligatorweed problem. Field operations
on alligetorweed were halted several years ago because alligatorweed
was not listed on the 2,L-D label for use in slow-moving waters. 'This
has been cleared up by EPA Region IV in its interpretation that 2,4-D
DMA could be used against alligatorweed in similar amounts as used for
waterhyacinth control, i.e. 2 to 4 1b/acre.

The Charleston District is now being faced with a new problem
plant, common reed (Phragmitis communis). It was first identified in
South Carolina in 1961 even though it is widespread in this country.

Due to the wide variety of habitats invaded by common reed, f{rom saline
to fresh and from standing water to nearly dry sites, it may pose serious
problems for most of South Carolina marshes. Charleston is currently
preparing a reconnaissance type report on the extent and seriousness of
this problem plant for submission to OCE., We anticipate that Charleston
will also prepare a problem statement for inclusion in the Corps' re-
search prograw if approved.

Another provlem, reported by the Georgia Game and Fish authorities,
involves a filamentous blue-green algae called Lyngbya. It was stated
that in areas of high nutrient input, tremendous blooms can occur that
mgy render the infested waters useless. About 400 acres of the Lake
Blackshear reservoir has been affected. Over 20 acres in Lake Worth
and 200 acres in Lake 3eminole (a2 Corps impoundment) were also reported.
The state reported that several repeat applications of aquazine were
made in small areas last summer with limited success. We hope to have
more on this problem later., I feel that the Charleston program will
become involved in some form of algae control in the future.
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USAE DIVISION/DISTRICT PRESENTATIONS
AQUATTIC PLANT PROBLEMS-—-OPERATIONS ACTIVITIES

South Atlantic Division, Jacksonville

by

James T. McGehee* angd Joseph C. Joyce¥*

Introduction

The Jacksonville District Corps of Engineers in cooperation with
the State of Florida, Department of Natural Resources (DNR), conducts
aquatic plant control operations under two separate authorizstions, i.e.
the Rivers and Harbors Act of 3 March 1899 and Public Law 89-298, dated
27 October 1965. Historically, this progrem has attempted to maintain
an acceptable level of control on those aguatic plant species that ex-
hibit a major economic impact on a regional basis. The aquatic plants
which fell into this category were waterhyacinth, water lettuce, alli-
gatorweed, and hydrilla. This approach was dictated by (a) the limited
funds that have been allocated to the program in past years, and (b)
the apparent lack of significant problems assoclated with other aquatic
species in water bodies under the Corps' program.

Program Authorization

After receiving numerous reguests for the treatment of minor
aguatic plant species from the general public and the agencies conduct-
ing control operations under the Corps-DWNR aquatic plant control pro-
gram, it became obvious that the problems being caused by these species
were collectively gresater than anticipated and were impacting upon the
public benefits previously derived from the treatment of the major
problem species. Additionally, other exotic plants which have shown
the potential of creating serious problems were being introduced and
the existing control program was not authorized to attack these species
upon discovery. Thus, on 13 September 1978, authority to include these
additional species into the control program was requested from the
Office, Chief of Engineers {OCE), in Washington, D. C. In this request,

¥ Recreation-Resource Mansgement Section, U. 3. Army Engineer District,
Jacksonville; Jacksonville, Florida.

*¥% Chief, Recreation-Resource Management Section, U. S. Army Engineer
District, Jacksonville; Jacksonville, Florida.
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it was noted that House Document 251, 89th U. S. Congress, lst Session
(the report which justified Public Law 89-298), stated that during an
ongoing aquatic plant control program "other obnoxious aquatic plants
will require control to prevent invasion into areas cleared of hyacinth
and alligatorweed, if full benefit of the control programs on these two
plants is to be realized." It was also recognized in this document
that a '"real need for general legislation authorizing the Secretery of
the Army to take early action to bring under control serious infesta-
tions of obnoxious aquatic plants of any type, whenever and wherever
they may occur," existed. In a letter dated 15 December 1978, OCE
granted approval to the Jackscnville District for such treatments on a
case-by-case basis; however, approval of each such treatment was to be
made by OCE.

Prior to initiation of this program, it was determined that the
treatment of these additional species was not a significant departure
from the overall program of the Environmental Protection Agency. Thus,
on 27 April 1979, an Environmental Assessment was prepared in compliance
with the National Environmental Policy Act of 1972.

Justification Procedure

In order for a given problem species to be included in the control
program, the following information must be provided to the Jacksonville
District aguatic plant control personnel:

a., Name and major watershed where plant is located.

b. Location including a map of the specific area of infestation
and the specific area to be treated.

¢. Speciles scientific and common name,

d. The principal uses of the water body in priority order.

€. The magnitude of the infestation (area) and the number of

acres to be controlled,

« The method of control, i.e, mechanical, chemical, or
biclogical,

g. If herbicidal control is selected, the name of the herbicide,
the active ingredient rate and application, and the fre-
quency of treatment.

123

. Estimated cost of control.

i. A brief statement of the nature of the physical and economic
damages caused by plant.

Once this information is received, the District staff will review
the request and, depending upon the nature of the request, &n onsite
inspection may or may not be required. After a determination is made ,




control operations can commence upon receipt of notification by the
State.

Resulis to Date

Since receiving approval to include these additional species in
the program, 28 requests (Table 1} have been received for the treatment
of 18 different species in 21 separate water bodies. Of these 28 re-
quests, 18 were approved, 4 were disapproved, and 6 were approved if an
alternate herbicide was used. The approved treatments involved 831
acres of plants at an estimated cost of $113,871 or 2.2 percent of the
overall Corps-DNR control program. The average approval time for the
requests received was 31 days.

Conclusions

In conclusion, it is felt that this minor expansion in the Corps-
DNR program filled a critical gap in the overall management of aquatic
plants and provided a substantial increase in the quality and quantity
of benefits to the public at a minor cost.
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Table 1

Minor Problem Aquatic Plant Control Program

Figcal Year 1979

Estimated

Species Water Body Acreage Costs
Myriophyllun heterophyllum E. Lake Toho 20 5,000
Alligator Leake 12 3,125

Lake Lizzie 12 3,125

Myriophyllum pinnatum Lake Stone 50 5,731
Bear Lake 25 3,540

Egeria Lake Harris 5 1,500
Suwannee-Santa Fe 15 2,403

Lake Yale 5 1,500

Leman and Salvinia Julington Creek T 210
Cabomba sp. E. Lake 'Toho 20 5,000
Alligator Lake 13 3125

Lake Lizzie 13 3,125

Suwannee~-Sante Fe 15 2,403

Potamogeton spp. Lake Marion 100 10,000
Lake Eva 4o 4,000

Winter Park Lake 15 12,094

Limnmophila sesst flora* Lake Pierce L 640
Leke Wecohyakapa Y 640

Dead Lake 1 1,000

Ceratophylium demersum Caloosahatchee River 8 1,132
Alternanthera philoxeroides  Caloosshatchee River 7 o1 32
Lake Tarpon 10 1,188

Withlacoochee River 90 7,822

Nupkor Tuteum Caloosahatchee River 8 1,132
Nelwmbo lutea Lake Jackson¥*#¥ 25 T00
Nymphaea odorata Lake Iamonia#*# 100 2,800
Lake Miccosukke¥# 100 2,800

Hydrocotyle Caloosahatchee River T 1,132
Spriogyra algae Winter Park Lsake 100 25,872
Panicum repens Lake Tarpon 25+ 885
Panicum hemitomon Withlacoochee River 120+ 9,548

¥ PEradication efforts for
*%¥ Mechanical control.
t Disapproved.

new infestations.
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USAE DIVISION/DISTRICT PRESENTATIONS
AQUATIC PLANT PROBLEMS-~OPERATIONS ACTIVITIES

South Atlantic Division, Mobile

by
Douglas H. Powell™® and R. Douglas Nester*¥

The State of Alsbama, Department of Conservation, coordinated and
funded in part by the Mobile District, conducted a comprehensive aquatic
plant survey of the Mobile Bay Delta. The survey covered those waters
from the Tombigbee River below Coffeeville Lock and Dam and the Alsbama
River below Miller's Ferry Lock and Dam, through the waterways and bays
of the Mobile Delta, to several of the major tidal streams in the upper
Mobile Bay area., The survey was initiated in August of 1979 and, due
to Hurricane Frederic, was completed in mid-October 1979. Major aquatic
plant species were identified and noted with regard to their relative
abundance. Approximate acreage or percent infestation of obunoxious
plant species was alsoc recorded in areas where serious infestations
were found.

The survey team did not locate any infestations of Hydrilla
verticillata Royle in the Mobile Delta or major river systems below
the known infestation in Coffeeville Reservoir on the Tombigbee River.
This aquatic plant has probably not had sufficient time to establish
in any of these areas. However, further survelliance of the Mobile
Delta below the known infestation will be necessary to monitor this
aquatic threat. The infestation in Coffeeville Reservoir presents a
serious threat to the entire Mobile Delts.

Wo sericus infestations of aguatic plants were found in the upper
regions of the survey area. The number and relative abundance of
agquatic plant species increased as the survey progressed southwerd
throughout the Delta. The marginal plants Zizaniopsis miliacea {Michx.)
Doell and Asch., giant cutgrass, and Zizania aquatica L., wild rice,
vere gbundant in numercus areas of the Delta but did not present prob-
lems, The ¢olonies of these plants were confined to the shallow or
shoreline areas and did not interfere with navigation or water flow,
Several other species of aquatic plants were abundant in certain lo-
calities, but nore presented any problems to navigation or water flow.

Serious problems with obnoxious aquatic plants did not become ev-
ident until the lower portion of the Mobile Delta and several arms of

¥ Game and Fish Division, Alasbama Department of Conservation and
Natural Resources, Marion, Alabama.
¥¥ U. S. Army Engineer District, Mobile; Mobile, Alabama.
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the Basin Negro were reached. PBrazilian elodea or anacharis was abun-
dant enough to cause problems in Six Bits Creek, Smith Bayou, Duck Bayou,
and Squirrel Bayou. All these waterways are located off the main body
of the Basin Negro. Significant infestations of Brazilian elodea or
anacharis made navigation by a small outboard powered bost very diffi-
cult. The percentage infestations of Brazilian elodea or anacharis found
in these locations were from 40O to 60 percent.

Burasian watermilfoil is a serious problem in several bays and
waterways of the lower Mobile Delta. A total of over 2600 acres are
presently heavily infested. The majority of these heavily infested
areas were completely lacking in navigability, except by airbeat.
Eurasien vwatermilfoil was the predominant submersed plant species found
in the lower Delta. The amount of the Eurasian milfoil will continue
to increase and replace the existing aguatic plant species now in the
Delta unless a plant management program 1s enacied scon. Major infes-
tations are as follows: Bay Minette, 288 acres (60 percent); Bay Minette
Basin, 20h acres (85 percent); Chocalata Bay, 995 acres (55 percent);
and Delvon Bay, 469 acres (55 percent).

A vast and complex aguatic community is found in the Mobile Delta.
Many different plant species were encountered as the survey team
travelled southward from the upper reaches of the Mobile Delta; these
species were grouped as follows: 2 species floating plants, 32 species
shoreline or emersed plants, and 17T submersed plant species.

Currently, the State of Alabama has no approved statewide aquatic
plant control program, The Mobile District, State of Alabama, Dept. of
Conservation, and a local environmental consultant are presently engaged
in the development of such a control program. This program, as planned,
will provide for the control of obnoxious plant growth by means of chem-
ical spraying and a suitable monitoring effort to document the adverse
and beneficial effects of the treatment on the Mobile Delta ecosystem,
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USAE DIVISION/DISTRICT PRESENTATIORS
AQUATIC PLANT PROBLEMS--OFPERATIONS ACTIVITIES

Soutn Atlantic Division, Mobile, Lake Semincle Reservoir

by
Joe Kight¥

Leke Seminole is a 22-year-old, 37,500-acre reservoir on the
Georgia-Florida-Alabama border. It is fed by the Flint and Chattahoo-
chee Rivers, Spring Creek, and Fish Pond Drain. There are four rather
separate areas of the lake: Chattahoochee River with the heaviest silt
load; Flint River, less silt load and high nutrients; Spring Creek,
spring fed and high in carbonates; and Fish Pond Drain, clear water fed
from old seepage ponds.

Many species of aquatic plants were present in lime sink ponds
that were flooded when the lake was impounded. In addition, some
10,000 acres of trees were left uncleared. This provided cover for
fish and wildlife and also mads excellent habitat for the production
of aguatic plants., I might point out that most of our problem plants
are exotics.

Waterhyacinths were first noted on the Flint River arm of the lake
in the spring of 1955, This was treated with 2,4-D from boats, which
resulted in goocd control. Very little follow-up work was done until
the summer of 1958. At this time, it was estimated that 1200 acres of
hyacinths were on the Flint River arm and that they were coming down-
stream from hydroelectric impoundments.

Two contracts were let, one in July and one in September of 1958,
Helicopters sprayed the hyacinths with 2,4-D, again with good results,
over some 3000 acres.

Following the hyacinth control program, alligatorweed (Alternan-
thera philoxeroides) became established. Again, the source of infesta-
tion was upstresm impoundments. The weed was first noted in the summer
of 1960 and its spread was very rapid. Waterhyacinths were apparently
unable to successfully compete with alligatorweed and were somevwhat held
in check. Research work by the U. S. Department of Agriculture (USDA)
Research Service, supported by the Corps of Engineers, was under way.
Biolegical control was the subject of the study. The potential use of
manatees and snails, as well as plant pathogens, was studied; however,
most of the biological control research was devoted to arthropods, prin-
cipally insects.

¥ Lake Seminole Resource Managers Office, U. S. Army Engineer District,
Mobile; Chattahoochee, Florida.
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The alligatorweed flea beetle, 4dgasicles hygrophila, was selected
for introduction after extensive studies. This beetle is in the family
Chrysomelidae, order Coleoptera. It is host specific. The first re-
lease involved approximately 800 flea beetles at two sites about 5 miles
apart on the Chattghoochee River arm in 1966. Although the beetles
became established, they never developed large populations. The second
release of 100 beetles was in May and July 1967 on the Flint River arm.
By November they had increased in numbers and had spread about 15 miles
upstream from the release site. By October 1968, they were well estab-
lished and were causing considerable damage. By August 1969, reduction
of vegetation was estimated at 77 percent.

By the end of 1970, only patches of marginally rooted alligator-
weed that showed beetle damage remained. At the start of the program,
alligatorweed mats averaged 28 ft wide. Agasiecles activity reduced
these mats by 97 percent over a b-year period. Alligatorweed is not
now considered a problem at Lake Seminole. However, with the reduction
of alligatorweed, wsterhyacinths reacted quickly to f£ill the niche.

We used wooden spray boats and aluminum skiff boats and were only
able to contain the mats. We finally got an air boat and were able to
do a better job.

The hyacinths got ahead of us again and another helicopter con-
tract in the summer of 1978 slowed them down. The helicopter operated
off a barge, the barge being under way most all the time. This was the
least expensive way to treat hyacinths. Total cost was a little over
$7.00 per acre, approximately $1.00 less than the air boat. The rental
rate was rather steep--$225.00 per hour--but operating from the barge
practically eliminated dead-heading or ferrying time. The helicopter
operator started spraying hyacinths Jjust about as soon as he was air-
borne, This was followed up with spot treatment by a fixed wing air-
craft approximately a month later. Right now, we are ahead again.

Eurasian watermilfoil, Myriophyllum spicatum, was first noted in
the Spring Creek arm of the lake in 1965. This rapidly expanded to
2000 acres in 1972, 4500 acres in 1973, 5000 acres in 1974, and peaked
out at 8000 acres in 1975. It has somewhat stabilized at this acreage.
This is probably due to the plant heving filled the available habitat
in the lake-~either having established itself or is unsble to compete
with other plant species. It doesn't seem to grow at water depths much
greater than about 12 ft.

In the summer of 1976, 18,000 1b of Aquakleen, a pelletized form
of 2,4-D, was applied at a rate of 100 lb/acre of material which egquates
to 20 1b active ingredient per acre. An additional 20,000 1b was ap-
plied to 200 acres in the summer of 1977. The treatment was effective,
but the treated areas have again become invaded and the plant is re-
established.

Hydrilla, Hydrilla verticillata, was first noted in the lake in
1968, This was & small patch adjacent to a boat ramp. Ry the summer
of 1973, the infestation had expanded to S acres and we began to work
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on it. Three different plots were treated with the equivalent of 200 1b
of Hydout per acre; 10 gal of Komeen per acre, and a combination of
4 gal of K-Lox with 2 gal of diquat per acre,

Tn 1975 there was an estimated 800 acres of hydrilla, of which
80 acres was treated. The areas treated were high use areas and we
knew that all we were doing was chemically mowing the weeds, that they
would come back, but at least the pecple could use the areas for boating,
skiing, swimming, and other water activities.

Later, we hired an Emair airplszne, an agricultural airplane built
in Texas. It had a 1200-hp engine and could haul all the material we
could put into its hopper. Our crew loaded the chemical from the
storage building into & hydraulic-operated, truck-mounted hopper. The
truck then drove down the ramp to the airplane and loaded the plane.
While the pilot was applying the material, ocur crew would be loading
the truck hopper. The losded plane would take off, apply the material
to the site., be back on the ground and loaded again in less than 10 min.

Coverage was excellent., Total cost of the truck and driver and
airplane and pilot totaled out to $1.98/1b or $L.L45/acre. Our labor and
equipment cost another $1.00/acre for a grand total of $5.L45/acre.

In 1976 there was an estimated 1200 acres of hydrilla; 90 acres
in the high use areas was treated. In 1977 there was 2000 acres; 180
acres was treated. The annual plant survey for 1978 indicated that
there was some 2500 acres of hydrilla. Today, I would guess that there
is probably close to 3500 acres.

We've tried Komeen, K-Lox, diguat, cutrine, Hydrothol, Aquathol-K,
Hydout, Aquekleen, and Banvel with dicamba. Most of these, excepting
the 2,k-D formulations, will more or less mow the plant to where the
recreating public can use the area. HNone, however, hasgs prevented the
plant from coming back, presumably from the tubers. We use Hydout be-
cause of its ease, speed, and low cost of application.

An interesting phenomenon occurred on one area. Dr. Jchn Gallager,
who is with Union Carbide, is working with us experimenting with .fenac.
Part of & cove in Rays Lake, which is a 235-acre lake connected to Lake
Seminole by & narrow channel, was treated. This cove contained 5 sur-
face acres or 50 acre-feet of water, and was treated with fenac at a
rate of 2 ppm. 'This was on 26 April 1979. The entire 235 acres was
infested with hydrilla with scattered patches of pondweed (Potomogeton
1llincensis). On 9 July 1979 the hydrilla in the entire area was
covered with a dark brown crusty substance. Condition of the plants
was deteriorating., By 20 August the hydrilla was gone, both inside the
plot and over the entire 235 acres. A very few scattered individual
stems of pondweed could be found, perhaps 10 percent of what was present
at the time of treatment.

The one thing that had happened to the area that we know about
vas the inflow of water that was high in tamnnins. There was a series
of beaver dams, perhaps a dozen, at the headwaters of the lake. A
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survey crew was remarking a boundary line which ran through the beaver
ponds. They broke a number of dams and partially drained the area.
The water in Rays Laske took on a brown, 'swamp water' appearance.

Dr. Gallagher said that he wished that the fenac could take credit
for this effect, but that it could not, After careful analysis of the
situation and much discussion, it was generally agreed that "God done
it." Samples of hydrilla from within, on the fringe, and outside the
affected area have been collected and delivered to the USDA Biocontrol
Laboratory in Gainesville., They have not had time to analyze the sam-
ples. HNeedless to sgy, we are all keeping cur fingers crossed.

To date, hydvilla has increased from a few sprigs to approximately
3500 acres. It has disseppeared from 235 acres, but we don't know why.

Giant cutgrass (Zizaniopsis miliaceae) is a little bit different.
It just keeps spreading. From an estimated 3 acres in 1960, we have
approximately 5700 acres now. It seems to spread only by vegetative
means. We know that a stalk of it will fall over and send out roots
and leaves from each node. This can and often dcoes represent a S5-ft
latersl spread each time a stalk falls over.

Giant cutgrass is an excellent silt trap. It can form a barrier
across the mouth of shallow coves (it can grow in water up to about
4 ft deep)., ©5ilt and debris soon form a bar which prevents the ex-
change of water. Then eutrophication really begins.

The big problem with cutgrass is that it literally builds land.
Of our 5700 acres of cubgrass, probably 5000 acres of it is on dry
land-~land that used to be water, This is creating problems on the
Chattshoochee River arm, The main river channel is rather sinuous with
assorted shallow sloughs on either side, The Chattahoochee carries a
rather high silt load during high water in the spring. The river would
flood these areas and deposit most of the gravel, sand, and ¢ilt in
these backwater areas. Cutgrass has, in effect, built dikes on each
side of the river on top of the natural river levees. This tends to
keep the silt load in the river channel until it gets to the lake
proper.

We have used dowpon, 2,4-D, and banvel 720 with dicambia on the
cutgrass. None of these chemicals were very effective.

Dr. Larry Hawf obtained an experimental use permit and some
Roundup; three plots were treated with 1, 2, and 3 gal of Roundup.
Application was made with a handgun with & single 8010 nozzle tip
on 20 June 1978. Application was made to runoff with an estimated
total volume of 80 to 100 gal/acre. This figures out on paper to 2,
4, and 6 gal of Roundup per acre. Checks of the plots on 26 September
1978 indicated control at 97 percent on the 1-gal plot, 98 percent on
the 2-gal plot, and 94 percent on the 3-gal plot.

Checks on 21 June 1979 indicated TO percent control on the l-gal
plot, 85 percent on the 2-gal plot, and 75 percent on the 3-gal plot.
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It is felt that most of this growth resulted from fragmented plants
washed ashore from other stands,

On 21 June 1979, application was made to three plots with a solo
backpack mistblower. Application rate was 1/2 gal/acre, 2.25 1b or 3/b
gal/acre, and 3.0 1b or 1 gal/acre., Percent control as of 20 September
1979 was 60, 60, and 70, respectively. This is the l-gal/acre plot.

As you can see, Roundup was quite effective in controlling cut-
grass. If a water label is obtesined, I think we can stop further en-
croachment of giant cutgrass.

We've tried mechanical means of plant removal. This will work
until the wind blows them back in. We'we tried cutting them and loading
them in the water. This didn't work either. We've tried mowing them
and leaving them in the water. We've tried mowing “hem on the hiil.

As a point of interest giant cutgrass will produce 16 in. of new growth
in 10 days. We've tried digging them up by the roots. A machine,
called a cookie cubter, would cut down to & depth of about 18 in.,
which was-great for deepening the shoreline. It would remove weeds,
muck , mud, sand, etc.; it would not, however, remove lightered pine
stumps.,

Of all the biological contrels, weevils, moths, a siray cow or
two, only the Agasicles flea beetle is a success. Hopefully, the
hydrillae is under attack by some organism that will at least control
the stuff.

Of the mechanical means, anything smaller than 1-1/2-yd drag
bucket is rather marginal.

Of the herbicides, we know that 2,4%-D will economically control
hyacinths and FEurasian wetermilfoil. Roundup will control cutgrass and
will be a viable solution if it is cleared for use in water. A number
of herbicides will effectively mow hydrilla. We use Hydout for the
reasons already mentioned.

In conclusion, we feel confident that new products will be de-
veloped to control our problem weeds. We are also confident that when
one weed is controlled, three or four more will take its place.
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USAE DIVISION/DISTRICT PRESENTATIONS
AQUATIC PLANT PROBLEMS-~OPERATIONS ACTIVITIES

South Atlantic Division, Savannah

by
Herbert T. DeRigo*

The establishment of a cooperative aguatic plant control program
between the Savannah District, Corps of Engineers, and the State of
Georgia has not been easy. District records show that a contract for
the control and eradication of obnoxious plant growth was in effect as
early as 1965 and amended in 1970. However, up to the present time, no
work has been done by the State under this contract.

The reason for the lack of interest in the aguatic plant control
program by the State was the fact that the aguatic plant infestations
in the main rivers and tributaries of Georgia, at that time, contributed
no major problems to the objectives of the control program. I released
the alligatorweed flea beetles (Agasicles) on the Savannah River and
Satilla River in the mid-1960's while employed by the U. S. Department
of Agriculture. At that time I was doing some research on the physiol-
ogy of alligatorweed,

In 1968 when T became employed by the Savannash District, I pre-
pared the General Design Memorandum for Georgia, outlining s comprehen-
sive progrem for aquatic plant control.

In the past 2 to 3 years, the State of Georgia began to show
some interest in the aquatic plant control program. It asppeared that
the State was receiving pressure from the public to control aguatic
growth in public places; however, the State did not have the funds to
do an adequate job. A meeting was held with the Fish and Game Division
of Georgia Department of Natural Resources {DNR) in which the State ex-
pressed an interest in the aquatic plant control program. The Savannah
District proceeded then to prepare and process an environmental impact
statement (EIS) for the aguatic plant control for the State of Georgia,
The final EIS was filed in August 1979. Another meeting was held with
the Georgia DNR in September 1979. Mr. Joe Joyce from the Jacksonville
District was present at that meeting to answer operational questions
posed by the State. Savannah District will model its program after
Jacksonville, The State was not clear as to the extent and purposes
for aquatic plant control in Georgia water bodies. We referred to the
authorization, pointing out the various purposes, but also noting that
areas of major significant impact must be affected.

* U. 8. Army Engineer District, Savannah; Savannah, Georgia.
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The Savannash District is currently adapting Jacksonville District's
computer program and contract. We will have to reach an agreement on
the contract and format of the weekly worksheet. Also an environmental
assessment will be prepared to allow for the use of cther EPA-approved
herbicides besides 2,4-D. When these last few items of agreement are
cleared, we expect to be cost-sharing with the State shortly. The pro-
gram is envisioned to represent an initial $42,000 effort for FY 80,
but is expected to expand as the program develops. A particular prob-
lem in the State is the algee Lyngbya. We expect to work with WES on
this situation.

63



USAE DIVISION/DISTRICT PRESENTATIONS
AQUATIC PLANT PROBLEMS-~OPERATIONS ACTIVITIES

South Pacific Division

by

Haxrry W. Dotson*

Introduction

We have been considerably more fortunate than some of the other
Divisions, especially those in the Southeast, in that our problems with
aquatic weeds have been fairly limited. There has been no evidence to
date that current problems within the South Pacific Division (SPD) are of
major economic significance or significantly affect Federal facilities.
It is obvious that having only minimal problems has led to the relatively
minor role SPD has played in the Corps' Agquatic Weed Control Research
Program. However, I would like to share information concerning current
conditions in SPD with you so that you can better understand what the
aquatic weed control program in SPD involves.

Ares Problems

In the San Joaquin River Delta, there has been & recurring prob-
lem in the last several years with waterhyacinth. This area is located
about 60 miles northeast of San Francisco. The San Francisco-San Joaquin
Delta contains about 1000 miles of channels and sloughs and is used
extensively by recreational boaters. The waterhyscinth has creazct a
nuisance to recreational boaters in isolated areas and has troubled some
resort marina operators in the area. The problem has not affected com-
mercial navigation, flood control, or Federal facilities other than
minor instances when the weed has caused problems at the Water and Power
Resources Service pumping plant near Tracy, California. This plant
pumps water to the Delta Mendota Canal which supplies water to Southern
California. The Sacramento District has received several requests from
recreation marina operators for assistance in controlling the problem.
The District is now planning to study the current situation to determine
if there is a Federal interest. If remedial actions show economic
Justification, a project will be recommended under the aquatic weed
control program authority.

¥ U. S. Army Engineer Division, South Pacific; San Francisco,

California.
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In Marysville, California, there has been a relatively moderate
problem with hydrilla in Lake Ellis. Lake Ellils is a small, fairly
shallow lake that was constructed by the WPA in the 1920's. ZLocal
interests have requested assistance, but a Federal interest is not
evident. Local interests have expressed some concern that the weed
could spread into nearby irrigated rice fields and cause significant
problems, but there has been no evidence of this to date. The State is
currently looking into assisting the City of Marysville in alleviating
the problem at Lake Ellis.

In San Gabriel River Basin, there has been a moderate problem
with alligatorweed in the San Gabriel River Corps flood control channel.
The channel 1s located in the northeastern suburbs of Los Angeles. The
soft-bottom flood control channel is used for groundwater recharge. A
good portion of the water used for recharge is sanitary treatment plant
effluent which contributes significantly to a favorable environment for
alligatorweed. At the present time, the Los Angeles District finances
& spraying program carried out by the Los Angeles County Agricultural
Commission. The latest situation is that the problem is about 80 per-
cent under control.

In the Imperial Valley, there has been an intermitiant problem
with hydrilla in non-Federal irrigation channels and ditches approxi-
mately 100 miles east of San Diego. Problems aere have not been sig-
nificant and a Federal interest is not evident.

There has been some concern expressed that the moderate infesta-
tion of Eurasian watermilfoil that is currently causing problems in the
Pacific Northwest, particularly in Lske Washington, will spread south
to California. To date, there has been no evidence that this is occur-
ring or will occur. It appears that the problem is relatively site
specific depending on factors such as age of the water body, nutrient
loadings, and water surface fluctuation. However, T have very limited
knowledge aboul the extent of tre infestation of watermilfoil in the
Pacific Northwest or how it has progressed. Fortunately, it is evident
that conditions in Corps reservoirs in the North Pacific Division and
the South Pacific Division have not been suitsble for watermilfoil
infestation.

Conclusions

In conclusion, based on current authority and since it is not
apparent that aquatic weed related problems are creating major economic
impacts or significantly affecting Federal facilities in SPD at this
time, SFD is not recommending an aquatic weed control program. The
Sacramentoc District will investigate the problem in the San Joaquin
Delta and meke appropriate recommendations based on that study. The
Districts will continue to monitor conditions involving aquatic weed
infestations and their associated impact and initiate studies for



recommending remedial measures where it is evident that impacts are
or have potential for becoming significant.

66



USAE DIVISION/DISTRICT PRESENTATIONS
AQUATIC PLANT PROBLEMS--OPERATIONS ACTIVITIES

Southwestern Division, Gslveston

by
N. Joyce Johnson¥*

Introduction

The current aqualtic plant control prograem for the Galveston Dis-
trict consisis of the eradication and control of waterhyacinth
{Bichhornia crassipes) and alligatorweed (Alternanthera philoxeroides).
Hydrilla (Hydrilla vertieillata) has become a serious problem in por-
tions of Texas; however, control of this species is not presently
authorized as part of the Galveston District's Aquatic Plant Control
Program.

The Galveston District program is a cocoperative cost-sharing and
contractusl agreement between the Federal Government and local interests.
The Galveston District represents the Federal Government, and the Texas
Parks and Wildlife Department represents the State of Texas as the
local cooperating agency. Field operations are carried out by the
Texes Parks and Wildlife Department under the supervision of Mr. L. V.
Guerra, Director, Noxious Vegetation Control Program for the State of
Texas,

Eradication and control activities are performed in 18 designated
work areas in accordance with mubtually established geographical priori-
ties. These areas are oriented to the watersheds of major river basins
and coastel drainage systems. OQur program is primarily limited to
activities in the lower portions of the following 10 work areas
(Figure 1):

a. Nueces River Basin

b. Guadalupe River Basin
¢. North Coastal Area

d. BSabine River Basin

e. Trinity River Basin
f. VNeches River Basin

g&. Cypress Creeck Basin

¥ U, S. Army Engineer District, Galveston; Galveston, Texas.
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h. South Ceastal Area
i. San Jacinto River Basin
J. Rio Grande Basin

CYPRESS CREEK BASIN

»
SABINE RIVER BASIN )

NECHES RIVER BASIN

rﬂ

TRINITY RIVER BASIN

SAN JACINTO

GUADALUPE RIVER BASIN RIVER BASIN ‘

»

H v 7
A NORTH
NUECES RIVER BASIN COASTAL
AREA
RIO GRANDE 77
BASIN /

"\ SOUTH COASTAL AREA

Figure 1. Texas work areas
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Status and Control

Waterhyacinth

Waterhyacinth continues to be a serious aguatic plant pest in
Texas. A total of 6820 acres (Table 1) of hyacinth were estimated for
the 10 work areas in May 1979 compared with 5815 acres reported in June
1978, Control measures for waterhyacinth involve the use of EPA-
approved formulations of 2,4-D (Dimethylamine salt of 2,b-Dichlorophen-
oxyacetic Acid).

Waterhyacinth infestations are presently most criticsl in the
North Coastal Area and Sabine River Basin. The San Jacinto, Trinity,
Guadalupe, and Nueces River Basins are also problem areas which require
frequent herbicide treatment. Fewer than 100 acres occur in each of
the remaining four work areas, but these infestations must be treated
pericdiecally to control the spread of hyacinth in these regions.

Aligatorweed

Iufestations of alligatorweed have increased in recent years
throughout much of southeast Texas (Figure 2}. Available informatiocn
indicates that the species has expanded its range to the southwest and
northeast from previous localities.

The estimated acreage of alligatorweed occurring in Texas for
1971 to May 1979 has increased from 8,400 acres in 1971 to approximately
11,410 acres at present (Table 2). The Trinity and Sabine River Basins
and North Coastal Area are the most critically infested regions at this
time. However, extensive infestations alsoc occur in the Neches and San
Jacinto River Basins.

Alligatorweed control methods to date have involveg the use of
Agasicles flea beetles (Agasicles hygrophilla).

Hydrilla

Hydrills was first discovered in Texas in 1970 in the reflection
pool of the Houston Zoo., Hydrilla infestations have continued to in-
crease substantially in portions of Texas (Figure 3). Approximately
8000 acres of hydrilla was reported in Texas in 1979, compared with
2900 acres in 1977 and 1200 acres in 1976. The most sericus problem
presently occurs in Lake Conroe in the San Jacinto River Basin, where
32 percent of the 21,000-acre lake is infested. Estimates of hydrills
infestations reported by location in May 1979 are as follows:

Lake Conroe 6800 acres Raven Lake, Sam Houston
Lake Livingston LOO acres Stake fark £0 HEEES
San Marcos River 15 =acres

Toledo Bend Reserwveir 500 acres

; , South Texas, irrigation 0 acres
Lewis Reservoir, r == 2

adjacent to Lake dlisucH
Conroe 200 acres Black Creek, near San
Antonio 2 acres
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Table 1

Estimated Acreages of Waterhyacinth

In Texas (1971-1979)

Work 197k 1975 1976
Order Area or River Basin 1971 Aug Aug Jul
1 Nueces River Basin 200 25 150 50

2 Guadalupe River Basin 2,000 1,000 150 100

3 North Coastal Area 3,000 2,000 300 500

Y Sabine Riwver Basin 5,000 5,000 500 1,000

5 Trinity River Basin 2,450 2,000 2,500 1,000

6 Neches River Basin 800 800 500 200

7 Cypress Creek Basin 100 95 100 50

8 South Coastal Area 500 500 (5] 50

9 San Jacinto River Basin 700 700 2,000 3,000
10 Rio Grande Basin 5 5 10 25
TOTAL ACREAGE 1bh,755 12,125 6,285 5,975

1977 1978 1979
Aug Jun May
600 500 500
100 150 150
3,000 1,500 2,500
3,000 3,000 3,000
1,500 300 300
300 100 100
100 30 30
150 25 30
1,200 200 200
50 10 10
10,000 5,815 6,820
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Alligatorweed infestations in Texas
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Table 2

Estimated Acreages of Alligatorweed

In Texas (1971-1979)

Work 1974 18T 1976 127% 1978 1979
Order Area or Riwver Basin 1971 Aug Aug Jul Aug Jun May
1 Nueces River Basin —-— - —— —— - - -
2 Guadalupe River Basin —— —_— " — - — .

3 North Coastal Area 2,000 1,800 4,000 4,000 5,000 4 000 4,000

L Sabine River Basin 1,500 1,500 2,000 3,000 3,000 2,000 2,000

5 Trinity River Basin 3,000 3,000 3,000 6,000 6,000 3,000 3,000

é Neches River Basin L00 400 750 2,400 3,000 1,200 1,200

T Cypress Creek Basin = — - —_ - 10 10
8 South Coastal Area — - — _— e — -

9 San Jacinto River 1,500 1,500 1,500 3,000 3,000 1,200 1,200
10 Rio Grande Basin - - - - - - -

TOTAL ACREAGE 8,400 8,200 11,250 18,400 20,000 11,410 11,410
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LAKE LIVINGSTON

- 400 ACRES

RAVEN LAKE, SAM HOUSTON STATE PARK - 25 ACRES
FTOLEDO BEND RESERVOIR - 500 ACRES
LEWIS CREEK RESERVOIR - 200 ACRES
LAKE CONRQE - 6,800 ACRES
SAN MARCOS RIVER - 15 ACRES
BLACK CREEK - 2 ACRES
SOUTH TEXAS, IHRIGATION DITCHES - 50 ACRES

Figure 3.

Distribution of hydrills in Texas, May 1979



Considerable interest has been generated to include hydrilla con-
trol as part of Galveston District's Aquatic Plant Control Program.
In order to accomplish this task, economic and environmental studies
are presently being conducted in order to revise the General Design
Memorandum and supplement the Environmental Impact Statement to include
control of this gpecies. Treatment to date in Texas has primarily in-
volved experimental control on Lake Conroe and Lake Livingston by the
Texas Parks and Wildlife Department.

Considerable problems are expected with the extremely high cost
of most of the herbicides being tested. Although the Galveston Dis-
trict is presently under considersble pressure to initiate a hydrilia
control program in Texas, the effort is constrained at this time by
current technological and persconnel limitations. The Galveston Dis-
trict is interested, however, and is exploring all available avenues
to accelerate environmental and economic studies necessary to include
the control of hydrilla as part of our program. The thrust of these
studies is directed toward identifying the effective and economical
control methods for hydrilla in Texas.

Summary

The Galveston District administers an active aguatic plant con-
trol program for the State of Texas. This is a T0:30 percent cost-
sharing program with the Texas Parks and Wildlife Department.

Primary activities currently consist of control of waterhyacinth
and alligatorweed in southern and southeastern Texas. Most of this
work is performed within 100 miles of the Texas coast.

We are currently performing control operations in 10 Texas work
areas. Work orders were issued for the San Jacinto River Basin and
Rio Grande Basin during 1977 because of increased problems with noxious
plants in these regions, especially in the San Jacinto River Basin.
This compares with work in eight areas in 1976, six areas in 1973,
and only three areas in 1972.

Waterhyacinth continues to be our biggest problem. Although we
consider waterhyacinth to be basically under control, intensive efforts
are required annually to effectively control infestations.

Infestations of alligatorweed have increased in recent years
throughout much of southeast Texas. Control methods to date have in-
volved the use of Agasicles flea beetles, which have only been mar-
ginally successful in Texas.

A comprehensive survey of the extent of aquatic week infesta-
tions in the Galveston District has not been conducted since 1971. A
resurvey of problem areas is needed in order to determine the effec-
tiveness of our present program and to document the spread of certain
species.

Th




Considerable efforts will be required in order to incorporate
hydrilla control into the existing program. However, the lack of
technological information and the present manpower shortage has severely
limited the capability of the Galveston District to perform the planning
tasks expected to make the necessary changes to its program.
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USAE DIVISION/DISTRICT PRESENTATIONS
AQUATIC PLANT PROBLEMS-—-OPERATIONS ACTIVITIES

Southwestern Division, Tulsa

by
James R. Skaggs, Jr.*

The Tulsa District has three projects with significent infesta-
tions of Eurasian watermilfoil (Myriophyllum epicatum): Millwood, Pat
Mayse, and Robert S. Kerr Lakes. In Tulsa District alone, the range
and flexibility of this plant is evident when you compare the charac-
teristics of these three lakes. They are in three separate river
basins, three different states, and are quite different in their physi-
cal characteristics.

Millwood Lake, located in southwest Arkansas, is a medium size
like with 29,500 surface acres and average water quality. Millwood is
a swampy lake that is relatively shallow with an average depth of 6 ft.
The majority of the lake is covered by dense standing timber. This
lake provides an excellent habitat for aquatic plants and has numerous
species of floating, submerged, and emergent aguatic plents. Eurasien
watermilfoil was first identified in Milliwood in 1977 and remote sens-
ing has revealed that there is approximately 200 acres of watermilfoil
in the lake. In late summer and early fall, 40 to 50 percent of the
surface area is covered by a combination of these aquatic plant species.
The Arkansas Fish and Game Commission initiated a drawdown program in
1970 for both fishery and aguatic plant mansgement. However, this pro-
gram was unsuccessful in controlling the aguatic vegetation. As a re-
sult, the Arkansas Fish and Game Commission initiated stocking of white
amur (Stenopharyngodon idella) in 1977 to control the asguatic vegetation.
The Corps will maintain the boat lanes, boat ramps, and marine, if
necessary, by utilizing 2,h-Dichlorophenoxyaretic acid, butoxyethanol
ester (2,4-D BEE)}. This would result in an integrated aquatic plant
control program of biological and chemical control.

Pat Mayse Lake, located in northeast Texas, is a smaller lake
with 6000 surface acres of water. Pat Mayse is deeper than the other
two lakes with few shallow areas and has excellent water quality. Eura-
sian watermilfoil was first observed in this lake in June 1978. There
was approximately 50 acres of infestation at that time. Remote sensing
conducted in August and November 1978 revealed 150 and 360 acres of
watermilfoil, respectively. It was theorized that this rapid expansion
resulted from a drastic drawdown of the lake due to drought conditions

¥ U. S. Army Engineer District, Tulsa; Tulsa, Oklahoma.
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which exposed more shallow areas for plant growth. The same pattern
was experienced this year with 50 acres or less of watermilfeil in the
spring that bloomed to approximately 175 acres in late swmer. Several
boat ramps and swimming beaches were affected this year. As a result,
a control program wiil be initiated in 1980.

Robert S, Kerr Leke (Lock and Dam 15) is located on the McClellan-
Kerr Navigation System in eastern Oklahoma. Kerr is the largest of the
three lakes with 12,000 surface acres, and has a considerable amount of
shallow mud flat areas and relatively poor water quality. Eurasian
watermilfoll was first discovered in the Illinois River arm of the lake
in 1972, There was gpproximately 50 acres of watermilfoil. The infes-
tation expanded and spread throughout the lake until it peaked at ap-
proximately 1600 acres in October 1977. At that time the Eurasian
watermilfoil was located in almost all areas of the lake with the major
concentration located at the mouth of the South Canadian River, the
Sandtown Bottom, the Sanbois Islands, and the Illinois River.

A limited control program utilizing 2,4-D BEE was initiated on
Robert S, Kerr in June 1977. The program was confined to recreation
areas with 65 acres of watermilfoil being treated. In 1978 the control
program was expanded to include treatment of LOO acres. However, a
regression of the watermilfoil had begun and only 190 acres was actually
treated. In 1979, only a minimal spot treatment was conducted because
the plant had regressed to the point that only 250 acres remained in
the lake, The Illinois River arm is the only area that seems to have
been totally unaffected by the regression.

It is planned to continue remote sensing on Kerr in an attempt to
detect any reversal of the regrescion that might lead to a similar
bloom of the Furasian watermilfoll that was experienced in 1977. Tulsa
District will continue monitoring the water gquality conditions of Kerr
and is planning to initiate physiclogical and ecological studies of the
watermilfoil. It is fel®t that, if another bloom occurs, the information
from these studies might indicate what condition or conditicns cause the
drastic fluctuationg in plant population. That information could lead
to development of new control technigues.
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CHEMICAL CONTROL TECHNOLOGY DEVELOPMENT

An Overview

by
Howard E. Westerdshl*®

Introduction

The Aquatic Plant Control Research Program's (APCRP) Chemical
Control Technology Development Project (CCTDP) was organized into spe-
cific tasks representing vital research areas. This approach provides
Corps of Engineer (CE) District Offices, Federal and State agencies,
and chemical corporations with a concise summary of the rationale and
proposed research for specific tasks within the CCTDP.

The objective of the CCTDP is to identify, eveluate, and provide
nev herbicide formulations and application technigues for the control
of both emergent and submergent aguatic plants. Six interrelated task
arcas were identified as major components required to meet this
objective:

Task I: Research Identification, Management, and Technology
Transfer

Task TI: Identification and Development 0f New Herbicide
Formulations and Chemical Plant Growith Inhibitors

Task II1: Screening and Evaluation of New Herbicide Formulations
and Chemical Plant Growth Inhibitors

Task 1IV: Field Demonstrations
Task V: Herbicide Application Technigues and Equipment Design

Task VI: Legsal and Economic Constraints to New Herbicide
Development

These tasks carefully integrate research approaches to ensure adequate
coordination and evaluation of results prior to field testing new herbi-
cide formulations or initiating production of a promising new formula-
tion., Each task area is comprised of several interrelated work units,
each addressing specific research objectives. Work units can be added
and deleted based on research accomplishmert and identification of new
or coentinuing research needs.

¥ U. 8. Army Engineer Waterways Experiment Station, CE, Vicksburg,

Mississippi.
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Task T: Research Identification, Management,
and Technology Transfer

Rationale

Past aquatic herbicide research and testing has been undertaken
with limited coordination between developer and user. Many potentially
useful products and techniques have not been effectively evaluated be-
cause of inadequate technology transfer. Technology evaluation and
transfer is especially lacking for small companies and universities in
development and testing of herbicides. Moreover, many companies are
discouraged from developing new herbicide products because of insuffi-
cient or insccurate guidance concerning present and proposed Government
regulations and evaluation requirements.

Objective

The objectives of Task I are: +to identify pertinent research
needs; to coordinate with industry and other Federal and State agencies
on current research progress and testing thus minimizing duplication of
research; to provide technolegy evaluation and transfer of relevant in-
formation concerning new herbicide formulations and application tech-
niques to CE Districts; and to coordinate task area investigations.

Approach

Personal, telephone, and written communications will be made
routinely with pertinent CE Districts to identify research needs and to
develop mutual cooperation in field demonstrations of new herbicide
formulations. Likewise, other Federal and State agencies responsible
for agquatic plant research and control will be notified for coordination
of research needs and field evaluabtion. Mutual cooperation will reduce
costs to each agency and provide thorough fate and effect evaluations
of selected herbicide formulations. Those chemicsgl companies which have
submitted, during FY 80, herbicide formulations to the USDA Aquatic Plant
Management Laboratory for evaluation will be notified to assess the po-
tential for cooperative research efforts, possibly leading to registra-
tion of the formulation.

The results of in-house and contracted research from other tasks
will be presented through scheduled workshops, input to the APCRP In-
formation Exchange Bulletin, symposia and professional society input,
Engineer Technical Letters, and production of an Aquatic Herbicide
Handbook during FY 82. The Aguatic Herbicide Handbook will include
specific information on the chemical and toxicological characteristics
of each herbicide and guidance on application techniques and equipment
necessary for environmentally safe treatment of nuisance aquatic plants.
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Task IJ: Identification and Development of New Herbicide
Pormulations and Chemical Plant Growth Inhibitors

Rationsale

The development, registration, and marketing of new agquatic her-
bicide formwlations have been hindered by increased testing requirements
for new product registration, escalating costs for research and develop-
ment, and significant regulatory constraints at the Federsl and State
levels. Furthermore, the technology and basic research presently exist
for developing new, envirommentally compatible herbicide formulations,
however, the uncertainty associated with projections of long-term prof-
its and product demand often hinders new product development.

Objective

The objective of this task is to identify and evaluate new herbi-
cide formulations for their potential as effective aquatic plant control
agents. Research emphasis is on developing new formulations of regis-
tered herbicides and naturally occurring chemical plant growth
inhibitors.

Approach

Research and development of new agquatic herbicide formulations
will be initiated by: identifying research and development activities
by industry, Government agencies, and universities; funding basic re-
search in promising areas; and funding preliminary laboratory testing
of new formulations. Major research emphasis will be: (a) the de-
velopment of controlled-release herbicide formulations; (b} the isola-
tion and development of naturally occurring plant growth regulators/
inhibitors; and (c) the evaluation of integrated aguatic plant manage-
ment methods which consider herbicide treatment in combination with
biological or mechanical control methods. Controlled-reiease herbicide
formulations being eveluated include encapsulation of herbicides in
sclid granular or fibrous polymeric matrices, microencapsulation in
simple or complex emulsions, and bonding of herbicides onto assorted
active surfaces. The modes of herbicide release from the various
matrices include rate-controlled diffusion, hydrolysis of ester links,
chemical breasking of ionic or covalent bonds, desorption by ion ex-
change mechanisms, biodegradation, rate-controlled matrix erosion, and
solubility-controlled removal of a solid matrix material. The herbi-
cides are in either solid or liquid form with single or multiple-layered
matrices. Other areas of interest include: isolation, identification,
and synthesis of naturally occurring plant growth regulators; and inte-
grated management of aquatic plants, using combinations of chemical,
biological, and mechanical control methods.
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Task III: Screening and Evaluation of New Herbicide
Pormulations and Chemical Plant Growth Inhibitors

Rationale

Recent amendments {October 1978) to the Federal Insecticide,
Fungicide, and Rodenticide Act (FIFRA) of 1976 no longer require regis-
tration submission of herbicide efficacy data on target and nontarget
plants. These dats are required for establishing ecological effects.
The U. S. Environmental Protection Agency (EPA) may request this infor-
mation during the review of a petition for herbicide registration. The
Toxic Substances Control Act {TSCA) requires chemical companies to sub-
mit a premanufacture notification to EPA whenever a previously inven—
toried toxic substance is employed in a manner significantly different
from the existing use. This notification applies to new herbicide
formulations and registered herbicides whenever an approved use is ex-
panded. The FIFRA and TSCA are ambiguous cencerning specific data re-
quirements. Consequently, a chemical compaeny may not commit a new prod-
uct development or expansion of s herbicide's use without completing
extensive efficacy screening on target and nontarget plants and conduct-
ing limited laboratory or field evaluations to assess the product's
environmental fete and effects.

Only a few of the major chemical companies have ongoing efficacy
screening programs. The smaller companies may have contractors perform
this function. Consequently, no uniform procedure has been developed
for screening herbicides. The results from different groups involved
in asquatic herbicide screening may vary considerably. In general,
present screening programs rely on long-term (approximately 2 to 3
months) monitoring of gross physiological changes in target and nontar-
get aquatic plants. The initial screening is usually conducted in
small contuiners under artificial lighting or in smsll containers
located in greenhouses. The long-term monitoring limits the number of
test replications and products that can be evaluated annually.

Guidance for aquatic toxicology and environmental fate and effects
testing of new herbicide formulations is similarly ambiguous under
FIFRA. As a result, chemical companies invest millions of dollars and
several years in laboratory and field testing to obtain requisite data
only to discover still other tests to be run following review of the
data by regulatory agencies. As listed in the FIFRA, multiple organ-
isms and procedures for a specific test are referenced for selection by
chemical companies, Many times the chemical companies discover that
the regulatory agencies will request the test repeated with different
organisms or procedures. Consequently, the lack of specific guidance
may preclude economic considerations as the main obstruction to
companies involved in new product development.

Objective

The objectives of this task are: %o evaluate efficacy data on
target aquatic plants resulting from new herbicide treatments; to
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determine herbicide effects on select nontarget organisms; to determine
effective threshold concentrations of the existing and new herbicide
formulations, to evaluate chronic toxicities of selected controlled-
release herbicide formulstions; to obtain, when feasible, requisite
test data for Pedersl and State registration of the most promising
aguatic herbicides; and to recommend the most promising new herbicide
formulations for field testing or further laboratory evalustion.

Approach

A concerted effort will be made through interagency meetings and
workshops with leading authorities and researchers to recommend an im-
proved, standardized, agquatic herbicide screening program. Major em-
phasis of the screening program will be toward interlaboratory (i.e.,
Federal, State, and private) standardization of methods. Development
of short-term, cost-effective evaluation procedures for conventional
and controlled-release herbicide formulations and herbicide/adjuvant
combinations will be an important objective of the improved screening
program. Currently, the most promising approach for evaluating short-
term herbicide efficacy is to develop direct micro-scale detection pro-
cedures, e.g., assessing damage to apical tissues and cellular orga-
nelles. Indirect methods may include monitoring of plant respiration
rate, carbon fixation, and/or chlorophyll assays.

The development of controlled-release herbicide formulations
which are capable of delivering low levels of herbicides over several
months into the aquatic environment has presented new testing require-
ments: {a) the threshold herbicide concentration required to kill
apical meristems, roct crowns, and other reproductive structures must
be determined prior to field testing; and {b) the chronic toxicity of
various herbicides to select nontarget organisms, which is associated
with prolonged, low-level herbicide exposure, must be evaluated.

When advantageous to both the herbicide developer and the APCRP,
mutual cooperation may be feasible for conducting toxicological and
general environmental fate and effects testing as required under the
FIFRA for herbicide registration.

Task IV: Field Demonstrations

Rationale

Specific guidance for test site selection and experimental design
of field demonstrations for evaluating herbicides is not generslly avail-
able, Consequently, field test plans and site conditions have varied
significantly. Furtherwore, there has been slow development of aquatic
plant control management strategies which consider multiple herbicide
applications, frequency of application, and alternate spplication tech-
niques for optimizing plant control and minimizing costs. Clear, con-
cise guidance is needed concerning test site selection and development
of technically sound research plans. Permits from Federsl and State
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reguletory agencies are rapidly processed if test results from well-
designed research describe the environmental fate and effects of new
herbicide formulations,

Objective

Through cooperation with privaete industry, the appropriste test
Plans and requisite field data will be developed to describe the envi-
ronmental fate and effects of new herbicide formwlations. Also, the
feasibility for optimizing aquatic plant contrel through multiple her-
bicide combinations, frequency of application, and alternate application
techniques will be assessed.

Approach

Mutual cooperation among the U. S. Army Engineer Waterways Experi-
ment Station, CE, Districts/Divisions, chemical companies, and other
Government agencies will be continued to ensure that field demonstra-
tions satisfy most of the requirements for TFederal and State registra-
tion. Cooperative efforts will include preparation of documentation
for field test plans and evaluation of test results. The CE Districts/
Divisions may be requested to assist in locating field sites, providing
field assistance, and coordinating activities with concerned local
citizenry. The field demonstrations will be developed to provide in-
formation on application rates, rate of herbicide dispersion, nontarget
plant interactions, plant degradation rates, and water quality impacts.

Recommendations from Task V concerning application techniques and
multiple herbicide treatments for optimizing squetic plant control will
be evaluated. The best combination of herbicides and application
techniques will be field tested following recommendetions by licensed
aquatic herbicide applicators in verious states and chemical companies,
Specific recommendations will be provided in the Aquatic Herbicide Hand-
book, technical reports, and through the APCRP Information Exchange
Bulletin.

Task V: Herbicide Application Technigues
and Equipment Design

Retionsale

Equipment designs and application techniques used {or agricul-
tural and horticultural crops 2lso have been used to apply herbicide
formulations to floating, emergent, and submergent aquatic plants.
Liquid herbicides may be dispersed by airplane or helicopter, hand
spraying from a boat, or injected into the water through weighted
trailing hoses, Likewise, granular formuwlations may be dispersed by
plane or helicopter, cyclone-type spreaders from & boat, or motorized
blower units from a boat. Wind drift is a severe problem for liquid
herbicide application. Hand dispersal of liquid and granular herbi-
cides reguires a constant boat speed through weed-infested areas and

83



rigid control of the herbicide amount being dispersed toc ensure the
approprialte rate of application and areal coverage.

A lack of adeguate design criteria and performance standards for
aquatic herbicide application equipment that may be applied industry-
wide has resulted in a serious lack of uniformity in equipment designs
and application techniques. Most of the granular application equipment
is bullt by the individual licensed applicators. Consequently, many
variations of similar equipment are in use, The quality conirol asso-
ciated with uniform herbicide dispersal over a given area at diflerent
rates of application is a function of how conscientious the applicator
is in eguipment calibration, quality of eguipment design, and control
of boat speed through infested areas. Consequently, the variability in
herbicide efficacy may be due to the variability in application equip-
ment and technigues used by individual applicators and less attributable
to the herbicide and characteristic environment in which the herbicide
was applied.

Objective

The objectives of this task are to evaluate existing equipment
and application technigues for improving equipment design, herbicide
efficacy, and manpower efficiency; and to reduce the potential for
adverse health effects to applicators.

Approach

An extensive review and evsluation {see Task IV) will be conducted
of equipment specifications and application techniques which are cur-
rently in use for applying aquatic herbicides. Specific recommenda-
tions and guidance will be provided in the Aquatic Herbicide Handbook.
As new equipment, application techniques, and chemical adjuvents are
developed and identified, these will be added to the Aquatic Herbiceide
Handbook and to research summeries for the APCRP Information Exchange
Bulletin. Information from licensed herbicide applicators from selected
states will be obtained via telephone and letter questionnaires. They
will be requested to provide descriptions of application technigues
for diverse aquatic environments and relative costs for the type of
applications.

Task VI: Legal Economic Constraints to New
Herbicide Development

Rationsle

Corporate decisions concerning new herbicide development, regis-
tration, and marketing are primarily influenced by existing legal and
economic constraints. The often ambiguous and rapidly changing en-
vircrmental regulatory criteria and registration procedures make herbi-
cide development and marketing a very laborious, time-consuming, and
expensive endeavor. For example, as of October 1978, the FIFRA was
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amended to provide for generic registration of each active ingredient

in a herbicide formulation. Following selection of appropriate testing
requirements, all herbicide formulations must be resubmitied to the EPA
for re-registration. Also, the indefinite and complicated interrela-
tionships of many Government regulations are unclear to those manufac-
turers and potential users with active research and herbicide develop-
ment programs. This creates high investment risks and tends to prohibit
development of new herbicide formulations.

Objective

The primary objectives of this task are: +to identify and dissemi-
nate new and improved guidance from Federal sand State zgencies concern-—
ing testing, registration, and field application of new herbicide formu-
lations: and to svaluate economic constraints influencing herbicide
research and development.

Approach

Through routine communication via telephone, meetings, and/or
workshops with State and Federal regulatory agency personnel, the de-
velopment of simplified flow diagrams, tables, etc., will be provided
for clarifying regulations cited in the FIFRA and/or subsequent legis-
lation. In conJunction with model substance profiles, being generated
by the Toxic Substances Control Act Interagency Testing Committee,
these summaries will provide an incentive to chemical companies by
clarifying requirements. These summaries will not guarantee correct-
ness, but rather will serve as guides. Specific 2reas to be included
in these summaries are Federal and State guidelines for registering
herbicides for aquatic use.
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CHEMICAL CONTROL TECHNOLOGY DEVELOPMENT

Development of Controlled-Release Herbicide
Technology Using Polymers

by
Frank W. Harris* and Chike 0. Arah*

Introduction

Controlled-release herbicides that may afford extended control of
aquatic weeds have been developed.:~9 One route to such formulations
has been the synthesis of hydrophilic copolymers containing herbicides
as pendent substituents. The herbicides are slowly released from these
systems by the hydrolysis of the herbicide-polymer bonds; however, the
rates of release do increase as the hydrolysis proceeds. The autoac-
celerations in rates are accompanied by the graduail dissolution of the
copolymers., Recently, a c¢cross-linked copolymer has been prepared that
slowly releases its herbicide at a nearly constant rate.3 The material
swells slightly but does not dissolve as the hydrolysis proceeds.

The major goals of the study were to further investigate the ef-
fect of cross-lipking on the rates of hydrolysis of copolymers of this
type and to investigate the copolymerizsation of a previously prepared
herbicidal monomer with a new hydrophilic comonomer, i.e., glyceryl
methacrylate (GMA), The specific objectives of this work were: (a)
to copolymerize 2-acryloyloxyethyl 2,hk-dichlorophenoxyacetate (AOE
2,4-D) with 2-hydroxyethyl methacrylate (HEMA) in the presence of vary-
ing amounts of the trifunctional cross-linking agent, pentaerythritol
triacrylate (PETA)}, and the difunctional cross-linking agent, 2,2-
dimethylpropanediol dimethacrylate (DPDM); (b) to copolymerize 2-
methacryloyloxyethyl 2,4-dichlorophenoxyacetate (MOE 2,4-D) with vary-
ing amounts of GMA; and (c¢) to determine the hydrolysis rates of all
the polymers perpared under slightly alkaline conditions (pH = 8.00) at
ambient temperature.

Results and Discussion

Monomers

AOE 2,4-D and MOE 2,4-D were prepared by the reaction of 2,4-
dichlorophenoxyacetyl chloride with HEA {2-hydroxyethyl acrylate) and

¥ Department of Chemistry, Wright State University, Dayton, Ohio.
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HEMA, respectively.l Both reactions were carried out in the presence

of N, N-dimethylaniline (DMA), which was used to neutralize the liber-
ated hydrochloric acid. The reaction is as follows:

|
0
Ci 0-CHz-C-Cl + HO-CHz-CHz2-0-C-C=CHz

R
Ci

0 0
— c;@o-CHg-&-o-CHz—CHz—o—c-q=CHz
&

H  AOE 2,4-D
CHz MOE 2,4-D

GMA was prepared by acid hydrolysis of EPMA:

/0\ 9 K QH 91
HpC—CH-CHz-0-C~C=CHa—® HpC-CH-CHp-0-C-C=CHp
CHs OH CHs
EPMA GMA

R
R

T R

10

Cross-linked AQOE
2,4-D/HEMA copolymers

A series of copolymerizations of AOE 2,k-D and HEMA was carried
out with equimolar amounts of the two monomers in the presence of 2,
4, and 8 percent (w/w) PETA and 2, 4, and 8 percent (w/w) DPDM (Tables
1 and 2). The polymerizations, which were conducted in varying amounts
of MEK (methyl ethyl ketone) at T09C, were run until gelation occurred.
The white polymers were isclated by precipitation in hexane and then
extracted overnight with ether in order to remove any unreacted monomers
and initiator residues. The yields of the polymers ranged from 26 to
9l percent.

The cross-linked products (Figures 1 and 2) are insoluble in
organic solvents. The Tg's (glass transition temperatures) of the net-
works range from L50 to 50°C, with the Tg's of the trifunctionally
cross—-linked polymers being higher than their difunctionally cross-
linked counterparts (Tables 1 and 2).

Linear MOE 2,L4-D copolymers

MOE 2,4-D was then copolymerized with HEMA and GMA. The MOE
2,4-D/comoncmer molar feed ratios used were 70:30, 60:40, and 50:50.
The copolymerizations were conducted in MEK at T70°C with AIBN* (0.016 g)

* AIBN = azobisbutyronitrite.
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Figure 1. AOE 2,4-D/HEMA/PETA (3)
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Figure 2. AOE 2,k-D/HEMA/DPDM (L)
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as the initiator. The products were iscolated by precipitation in
hexane and then extracted overnight with ether., The yields of the
copolymers ranged from 50 to 95 percent (Table 3).

0 ?H3 9H3
2 t HO-CH-CHp-0-C-C=CHp —p ~MC~CHali=(G-CHa)~
R (:P13 (?=() (?:()
0 0

5 R=H MOE 2,4-D/HEMA CH2  CHa
CH-OH CHz
R 0

6 R=-CH2-OH MOE 2,4-D/GMA C=0

éHz

!
0
Cl_~

Cl

An attempt was also made to copolymerize MOE 2,4-D with crotonic
acid. In this case, however, only MOE 2,4-D homopolymer could be iso-
lated from the reaction mixture.

Copolymers 5 and é are soluble in several organic solvents, such
as THF (tetrahydrofuran), DMF (dimethylformamide), and aliphatic ketones,
but are insoluble in aliphatic hydrocarbons, ethyl ether, and water.

The Tg's of these polymers range from 50 to 689C (Table 3).

Hydrolysis studies

Three 0.5-g samples of each copolymer were immersed in a buffer
gsolution (pH = 8.00) of boric acid and sodium hydroxide and stored at
ambient temperature. The amount of 2,4-~D released from each replicate
was periodically determined by spectrophotometric analysis.

The MOE 2,4-D/HEMA copolymers did not undergo hydrolysis under
these conditions. The hydrolysis data for the other linear and cross-
linked copolymers are summarized in Tables L-8 and Figures 3-6.

The hydrolysis data suggest that the release rates of the cross-
linked copolymers are strongly dependent upon hydrophilicity. As with
the previously studied linear copolymers, the rates increase with in-
creases in the degree of hydrophilieity.3 Although there is some evi-
dence that an increase in the degree of c¢ross-linking may result in a
slight decrease in the rate of hydrolysis, the hydrophilicity, as
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Figure 3. Hydrolysis of polymer 3 prepared in 25 ml MEK
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determined by the copolymer's composition at the time of gelation,
appears to be the major factor governing the rate at which a given
copolymer undergoes hydrolysis. For example, copolymer 3a hydrolyzes
more than twice as fast as 3b although it has a considerably higher
degree of cross-linking {Table 1). This can be attributed to its

higher HEMA content, i.e., its higher HEMA/ACE 2,4-D ratio. Another
contributing factor may be the hydrophilicity of the cross-linking agent
itself. Since PETA contains & free hydroxyl group, the incorporation of
this molecule into the network mey result in an increase in
hydrophilicity.

An additional example of the overriding effect of composition can
be found by comparing polymers 3a, 3c, and 3e. These copolymers undergo
hydrolysis at similar rates despite their large differences in degree of
cross-linking. Their hydrophilicities, as determined by their HEMA and
PETA contents, however, are very similar.

There is some indication that the degree of cross-linking may be
more important in less hydrophilic copolymers, i.e., copolymers contain-
ing lower HEMA/AQOE 2,4-D ratios. For example, polymers 3b, 3d, and 3f
have similar composition but slightly different release rates. In fact,
the release rates do decrease as the degree of cross-linking increases
(Table 1).

Interesting examples of the effects of composition and cross-
linking can also be found by examining the results of the cross-linking
studies with DPDM (Table 2). Since DPDM contains two methyl groups,
the incorporation of this molecule in a network should result in a de-
crease in hydrophilicity. This may partially explain why 35 releases
2,L-D at one half the rate of La. Of course, the reduced rate may be
due to Eg's significantly higher cross-link density. Considering the
results of the PETA studies, however, it is more likely that the large
difference in rates is due to the difference in composition.

A1l of the cross-linked systems release 2,4-D at nearly constant
rates. This is in contrast to linear AQE 2,4-D/HEMA copolymers which
undergo autoaccelerating hydrolysis. The explanation for this differ-
ence in behavior is not apparent.

In contrast to all the previously prepared MOE 2,4-D copolymers
and the MOE 2,L-D/HEMA copolymers, the MOE 2,L-D/GMA copolymers under-
went hydrolysis under the mild alkaline conditions. Evidently, the
extra hydroxyl group in GMA imparted enough hydrolysis to the copolymers
to permit hydrolysis to proceed., The rate of hydrolysis did increase as
the amount of GMA in the copolymer increased (Table 8 and Figure 7).
Surprisingly, the rates remained relatively linear throughout the study.
This is similar to the behavior of the cross-linked systems and may be
related to the fact that the copolymers did not go into solution as the
hydrolyses proceeded. (The autoaccelerations in the hydrolyses of AOE
2,L-D/HEMA copolymers are accompanied by the polymers' gradual
dissolution.)

The nearly constant releesse rates of the MOE 2,L-D/GMA copolymers
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Figure 7. Hydrolysis of MOE 2,4-D/GMA copolymers
and their relatively high Tg's make them excellent candidates for use in

aquatic weed control, These systems will be studied extensively in this
laboratory in the near future,

Experimental

Reagents

The HEA, HEMA, 2,3-epoxypropyl methacrylate (EPMA), and DPDM were
purchased from Polysciences, Inc., The DPDM and HEMA used in
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polymerization were distilled under reduced pressure immediately before
use. The PETA was obtained from Celanese Chemical Company and was used
without further purification. The 2,4-D was purchased from Aldrich
Chemical Company and Eastman Kodek Company and used without further puri-
fication., The AIBN was purchased from Matheson Coleman and Bell Company
and was recrystallized from methanol. The MEK was purchased from Fisher
Bcientific Company. Crotonic acid was purchased from Aldrich Chemical
Company and sublimed before use,

Instrumentation

Infrared (IR) spectra were recorded with Perkin-Elmer T735B and 457
Grating spectrophotometers. Ultraviolet (UV) spectra were obtained with
a Cary model 1k recording spectrophotometer, Inherent viscosities were
determined with a Cannon number T5 viscometer in a constant temperature
bath maintained at 300C. Differential scanning calorimeter (DSC) ther-
mograms were obtained with a Dupont 900 thermal analyzer equipped with
a differential scanning calorimeter cell, Elemental analyses were
performed by Galbraith Laboratories, Inc., Knoxville, Tennessee.

Monomer preparation

The AOE 2,4-D and MOE 2,4-D were prepared according to the known
procedure.l The GMA was prepared by acid hydrolysis of EPMA according
tc the known procedure,l0

General copolymerization procedure

Copolymerizations wers conducted in an Ace glassware polymeriza-
tion vessel equipped with & hollow trubore stirrer that permitted nitro-
gen to be introduced below the surface of the reaction mixture. The
copolymerizations were carried out in MEK at 70°C for the designated
time period (Tables 2 and 3). The GMA copolymerizations were conducted
in 80 ml of MEK for 30 hr. AIBN (0.016 g) was used as the initiator.
Cross-linked systems were run until gelation occurred. The reaction
mixtures were added to hexane, and the resulting suspensions agitated
in a Waring blender. The polymers were collected by filtration, ex-
tracted overnight with anhydrous ethyl ether to remove unreacted monomer
and initiator residues, and then dried under vacuum at 3LOC,

Hydrolysis study

The copolymers were sieved to obtain a uniform particle size (125
to 420 p). Three 0,5-g replicates of each sample were placed in individ-
ual 500-ml flasks containing 300 ml of a boric acid/sodium hydroxide
buffer (pH = 8.00). The flasks were equipped with sintered glass sam-
pling tubes that allowed the buffer solutions to be removed free of any
polymer particles. The amount of 2,4-D released was determined periodi-
cally by spectrorhotometric analysis at 198 nm.
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Table 1
Cross~Linking Studies with PETA

Volume Average mg
Solvent Weight 2,4-D Re-
Used in Percent Copolymer Composition*¥ leased per
Polymer Preparation PETA in Reaction Conversion Tg¥ Percent Molar Ratios of g of Poly-
o, ml Feed Time, hr percent  ©C cl ACE 2,4-D HEMA PETA mer per dayt
3a 25 2 3+t 28 L8 10.77 29 66 5 1.9
3o 80 2 23+ 91 L7 1h.6h4 45 53 2 0.8
3c 25 L ot 27 k9 11.09 33 58 9 1.6
3d 80 Y 23% 85 49 13.8% Lo gl by 0.7
3e 25 8 i 32 50 9.00 26 58 16 1.6
3f 80 8 23% 86 ho 13,2k 41 53 6 0.4

* Determined from differential scanning calorimeter data.
¥¥  Caleculated from chlorine analysis assuming complete incorporation of the used PETA,
t Average for a period of about 60 days.

t+ Actual time of polymerization, i.e. the time at which gelation occurred.

¥ Actual time of polymerization, i.e. reaction was allowed to run overnight during which time

gelation occurred.
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Table 2
Cross-Linking Studies with DPDM

Volume Average mg
Solvent Weight 2,4-D Re-
Used in Percent Con- Copolymer Compositiont leased per
Polymer Preparation DPDM in Reaction  version Tg¥¥ Percent Molar Ratios of g of Poly-

No. il Feed Time, hr*¥ percent ©C Gl ACE 2,4-D HEMA DPDM mer per daytt

ba 25 2 b 28 L6 10.57 28 66 6 2.2

Lp 50 2 LY 8L L5 15.35 L9 49 2 1.8

Le 75 2 192 90 45 12.62 35 62 3 ¥

4a 25 Y 3 Lk L7 12.96 39 48 13 0.9

he 50 I s 58 47 12.02 34 60 6 0.8

hr T5 i 120 89 46 10.39 27 70

hg 25 8 2 26 48 9.30 27 48 25

Lh 50 8 19 53 L7 11.92 36 52 12 .

4i 75 8 17 76 W7 11.02 30 61 9

Actual time of polymerization, i.e. the time at which gelation occurred.

Determined from differential scanning calorimeter data.
Calculated from chlorine analysis assuming complete incorporation of the used DPDM.

Average for a period of about 60 days.

No hydrolysis data were obtained.
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Table 3

Physical Properties of MOE 2.4-D Copolymers

Mole Mole Average mg
Percent Percent 2,4-D Re-~
MOE Elemental Analysis MOE leagsed per g
2,4-D  Conversion percent 2,4-D in of Polymer Tgt+ -1
Comonomer in Feed percent g H Gk Copolymer¥*  per dayX* nt o¢ IR, em
HEMA 60% 50 51.35 5.1L4 16.77 59 0.0 0.79 60 3430 (OH)
1720 (C=0j
HEMA 50% 54 52.64 5.58 15,62 A 0.0 0.7+ 65 3400 (OH)
1710 (C=0)
GMA TO%% ok 51:T3. 5.8 1T7.43 68 0.1 0.16 50 3460 (0H)
1730 (¢=0)
GMA 604+ Gh 50.70 5.39 15,45 56 0.4 0.18 53  34Lko (OH)
1720 {(C=0)
GMA 5044 95 50.75 5.68 13.49 45 2.5 0.25 68 3420 (OH)
1720 {C=0)
Note: IR = infrared,

¥ Determined from chlorine analysis.

**%  Average for a period of about 60 days.
+ Inherent viscosity (0.50 g/dl in DMF at 30°C).

t+ Determined from differential scanning calorimeter data.
¥ 35 ml MEK used in polymerization.

% 80 ml MEK used in polymerization.



Table 4
Hydrolysis Data for AQE 2,4-D/HEMA Copolymer
Cross-Linked with PETA¥

2 Percent PETA Yy Percent PETA 8 Percent PETA
mg, ng ug
2,4-D Percent 2,4-D Percent 2,4-D Percent
per g 2,4-D per g 2,4-D per g 2,4-D
Days Polymer Released Days Polymer Released Dagys FPolymer Released
2 2.8 0.8 T 12.1 3:5 2 2.0 0.7
T 2.9 3,0 13 23.7 6.9 7 7.7 2.7
15 20.4 6.1 18 29.1 8.4 15 15.9 5.7
22 32.1 9.6 23 5.3 13.1 22 26.4 9.4
28 42,9 12.8 28 54,4 15.8 28 35.0 12.5
36 65.7 19.6 L3 75.4 21.8 36 52.7 18.8
ho 68.1 20.3 57 90.2 26.1 L2 63.1 22.5
50 89.5 26.7 63 102.9 29.8 49 49.7 28.4
53 95.9 28.7 71 113.6 32.9 55 85.7 30.5
57 103.3 30.8 88 120.3 34.8 62 90.9 32.4

* 25 m1 MEK used in polymerization.
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Table 5
Hydrolysis Data for AOE 2,4-D/HEMA Copolymer
Cross-Linked with PETA¥*

2 Percent PETA L Percent FETA 8 Percent PETA
ng ng mg

2,4-D Percent 2 LD Percent 2,4-D Percent
per g 2,4-D per g 2,4-D per g 2,L-D

Days Polymer Released Days Polymer Released Days Polymer Released

2 1.5 s 3 2 0.5 o | 2 0.0 0.0
9 6.2 1.b 9 3.8 0.8 9 1.1 0.3
15 12.3 2.7 15 8.5 1.8 15 2.4 0.6
22 15.6 3.h 22 11.h4 2.4 22 3.8 0.9
29 22.3 4.9 29 17.9 3.8 28 6.4 1.6
36 33.0 7.2 39 32.9 6.9 36 9.0 2.2
k3 Lki.2 9.0 L2 85.5 T+5 L6 13.2 3.2
61 L5.} 10.0 61 41.2 8.7 53 1k4.5 3.5
Th 51.6 113 Th e % | 9.9 61 20.2 k.9
83 63.7 14.0 83 56.4 11.9 83 32.3 7.8
95 1.7 15.7 95 6L.1 13.5 95 40.9 9.9

* 80 ml MEK used in polymerization.
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Table 6

Hydrolysis Data for AOE 2,L-D/HEMA Copolymer
Cross-Linked with DPDM¥

2 Percent DPDM L Percent DPDM 8 Percent DPDM
mg mg mg
2,4-D Percent 2 ,4-D Percent 2,4-D Percent
per g 2,4-D per g 2, 4=-D per g 2,4-D
Days Polymer Released Days Polymer Released Days Polymer Released
2 2.7 0.8 T 5.3 1.3 L 2L 0.8
T 9.9 3.0 13 11.7 2.9 9 6.3 2.2
15 20.0 6.1 18 1Ll 3.6 1h 12.0 h,2
22 34,2 10.4 23 2.0 5.9 22 19.2 6.6
28 L 13.8 28 27.6 6.8 29 25.1 8.7
30 56.8 17.2 L3 38.5 9.0 35 31.9 11.0
36 70.6 21,4 o7 51.0 12.6 43 Y 15.4
Lo 8h. 7 o5 T 63 56.8 1h.1 L9 53.0 18.3
5l 104.0 3.6 il 6U.T 16.0 57 5T.1 19.2
55 118.8 36.1 76 71.6 17T 62 69.8 24.0

¥ 25 ml MEK used in polymerization.
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Table T

Hydrolysis Data for AOE 2,4-D/HEMA Copolymer

Cross-Linked with DPDM¥

2 Percent DPDM i Percent DPDM 8 Percent DPDM
ng ng ng
2,4-D Percent 2,L-D Percent 2,4-D Percent
per g 2,4-D per g 2,4-D per g 2,4-D
Days Polymer FReleased Days Polymer Released Days Polymer Released
2 6.0 1.3 L 2.1 0.6 T 50 1.k
8 13.1 2.7 10 6.4 1.7 13 8.2 2.2
17 21.4 4.5 19 14,9 L.o 22 14.9 4.0
29 3h.7 7.3 31 2L, 7 6.6 3b 22.6 6.1

79 8lL.s 17.7 81 57.0 15.2 84 46 .6 12.6

¥ 50 m! #FK used in polymerization.
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Table 8
Hydrolysis Data for MOE 2.4-D/GMA Copolymers*

Molar Molar Molar
Feed Ratio MOE Peed Ratio MOE Feed Ratio MOE
2,4-D/GMA TO/30 2,4-D/GMA 60/40 _2,4-D/GMA 50/50
ng ng ng
2,k-D Percent 2,b-D Percent 2,4-D Percent
per g 2,4-D per g 2,4-D per g 2,4-D
Days Polymer Released Days Polymer Released Days Polymer Released
1 0.3 0.1 Tl 0.5 0.1 1 L, 2 1.0
0.5 0.1 Y 1.8 0.4 g 19.2 6
5 0.9 0.2 8 2.8 0.6 17 ha.7 10.2
10 i 0.2 16 7.5 1.6 25 63.7 15.2
17 1.k 0.3 29 9.7 2.0 38 82.4 18.6
25 2.3 0.4 38 16.4 3.4 g 106.3 25.3
38 2.4 0.k% 50 22.1 4.7 59 139.8 33.3
59 2.7 0.5 100 56.0 11.6 109 219.1 52.1

¥ 80 ml MEK used in polymerization,
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CHEMICAL CONTROL TECHNOLOGY DEVELOPMENT

Elastomeric Controlled-Release Herbicide Formulations

by
George A. Janes¥ and C. A, Cogley*

Introduction

The Creative Biology Laboratory is & nonprofit corporation
chartered under the laws of the State of Ohio to do scientific research.
Qur expertise lies in the aresa of controlled release, Company research
has included many interestirz areas including snails, msrine fouling,
fertilizers, sun screens, mosguitoes, and mildew. We have also derived
a lot of humor from efforts on serious projects with woodpeckers,
coyotes, pigs, and varpire bats.

The objective ¢ our Corps of Engineer funded research is the in-
vestigation of the application of controlled release to the problems of
agquatic plants. The following controclled-release methods have been em-
ployed in *his research effort:

a. Diffusion-dissolution.
b. Exfoliation.
¢. Leaching.

Polymers have been used as controlled-release (CR) carriers in almost all
of this effort with particular emphasis on the elastomers, or rubberlike
materials. These carriers have proven uniquely suitable for controlled-
release applications, They have many physical properties that make them
well suited for this function, but perhaps most important is their
ability to accept large loadings of biocactive materials, good weathering
properties, and adaptability to a variety of final product forums.

The objective of our current Corps-funded research is the evalua-
tion of controlled-release formulations currently in development and to
refine and modify these compounds for projected field evaluations.

Background

The initial evaluation of controlled release for use against
aquatic plants involved the incorporstion of an active agent (2,L-D BERE)

¥ Creative Biology Labvoratory, Inc,, Barberton, Chio.
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in a base material and examination of how effectively it was released
in an agueous environment.

The material released to the water was examined for effectiveness.
The surprising efficacy of the CR material led to the chronicity study
where it was found that the time dose equation expected from experience
with conventional herbiciding did not hold up for chronic desing levels,
It was shown that many problem aguatic plants could be controlled with
very small smounts of toxicant if it was maintained at a low level for a
sufficiently long period of time. Perhaps most significant, the study
demonstrated that the time penalty was not excessive,.

Controlled-release aquatic herbicide development was designed to
proceed on the following path:

a. Phase I. Laboratory:

(1) Release rate,

(2) Bioassay.

(3) Feedback.

(4) Processing/geometry.

. Phase II, Leboratory and field:

(1) Release rate.

{2) Field test.

(3) Feedback.

(4) Processing/geometry.

Problems developed in that field tests were not forthcoming and labors-
tory evaluations had to be developed to supply information that was ex-
pected from the field.

Very early in the program it became apparent that CR materials
offered an easy means of directing the toxicant. Variations of floating
and sinking compounds made it possible to direct the toxicant to the
phytozone where it would have the most profound effect on the plants.
Evaluation of this approach confirmed the concept.

In pool tests, CR compounds containing 1 ppm 2,4-D (BEE) were
evaluated against hyacinths as sinkers, floaters, and suspenders with
the following results, expressed in percent mortality:

Weeks
1 2 3 4 5 6 1

Suspenders 10 30 75 95 98 98 98

Floaters 5 10 10 10 10 10 12
Sinkers 2 2 2 2 2 2 z2
Controls 0 0 0 0 Q 0 0

The suspender version of the 2,4-D material reached control level
in 4 weeks. The same msterial in the floater version had little effect
on the plants and the sinking version had such a negligible effect that
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it is doubtful it would have been noticed in a field test. It was
assumed that the reason for the increased efficiency of the suspenders
was that the toxicant was released at the root area and was fully
absorbed by the plants.

Release rate has always been the key factor in controlled release.
However, the phytozone treatment studies indicated that there is a
broader concept, i.e., delivery rate, that should be emphasized. De-
livery rate encompases release rate along with other factors that effect
the toxicant dose brought into contact with the target plant.

Del’very Rates

Several laboratory tests have been developed to evaluate the con-
cept of delivery rate: toxicant migration, toxicant absorption, and
controlied-release position.

Toxicant migration studies give an indication of how the active
agent will move in the water column. The CR material is placed at a
selected point in a 6-in.-diam, water-filled tube, which is & £t in
length., The test columns have self-sealing rubber taps at 6-in. inter-
vals along the length., At selected intervals of time, aliquote are
taken to determine the migration of the toxicant.

Toxicant absorption is evaluated by comparing the concentration
variances of standard solutions subjected to different challenges. To
3-1/2-2 test aquaria we added:

a. Nothing (toxic control).

b. Plants, three strands of hydrilla.
c. Soil, 100 g in plastic cup.

d. Soil and plants.

The significance of this test can be seen in the results of an evaluation
of copper sulfate.

The toxicant control retained 70 percent of original concentration
after 10 weeks. The plants only sbsorbed 80 percent in 1 week, died,
and rotted, but the toxicant was nct released back into the water. The
soil and plants absorbed 50 percent in 1 week and 90 percent by 9 weeks,
at which point regrowth started on the plants that appeared dead.

Controlled-release position in the test aguaria alters the delivery
of toxicant to the target plants.
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Copper versus Hydrilla, 56 1lb/acre

Pellets on bottom glass Lethal dose (LD} TO at
4 months, recovered
to LD 60

Surface LD 8 at 2 months, LD
100 at 4 months

On soil in cup LD 20 at 1 month, but
recovered

Controls 0% mortality

Toxicant Level in Water, 56 1lb/acre

Control 2.22 ppm
Plants 0.05 ppnm
Soil. {CR suspended) 0.25 ppm
Soil (CR on surface) 0.15 ppm

Hote: Dosing rate for CR material with 50 percent
copper loading.

When half the samples were removed from the plants or soil, the
release rates were comparable to that of the controls.

Microenvironments

Two groups of microenvironments were established to study the fate
of the elastomer carriers in the environment. The first group, consist-
ing of 2L units, was established in October 1977 using pond soil. 'The
formulations used were:

Elastomer Herbicide
SBR L616 2,4-D acid

CB 220 2,4-D acid

SBR 1001 2,4-D acid

SN 600 Fenac

EPCAR 5465 Copper sulfate
Natursal 2,4-D REE

Fach formulation was tested in duplicate along with a standard
control and an elastomer blank control.

The second group, established in November 1979, consisted of 22
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units. Thé three natural lake soils selected and furnished by WES were
Lake Theriot, Ross Barnett Reservoir, and Eagle Lake.

The following formulations are being evaluated in duplicate sgainst
each of the three lake soils:

Elastomer Herbicide
NRX 2,4b-D acid
SBR 2,4-D acid

EPCAR 5465 Copper sulfate

There is one control for each test material.

Downstream Transmission

A flowing system provides for a quantitative comparison of the
downstream transmission characteristics of conventional and CR aguatic
herbicides. The flow can be modified by a wvariety of organic and in-
organic challenges, many of which will be extensions of the delivery
rate studies (Figure 1)}. The comparative results between different
herbvicide formulations will provide data for designing field tests.

The test protocol is to place selected CR herbicides in the con-
trolled flow at the head of the system. A selected volume of water is
run through the system consisting of three to six units, depending on
the characteristics of the herbicide. Different application rates are
evaluated at three different flow rates. Toxicant concentrations in
tanks 1 through 6 at the conclusion of the run provide quantitative data
on the downstream characteristics of the formuiations. The following
chart is typical of an unchallenged toxicant flow through the system:

Four Unit Downstream

Flow Tank, percent Percent

_gel 1 2 3 4 _ Lost
100 0 0 0 0
8 39 29 13 7 12
16 18 26 23 15 18
2h 10 21 19 22 28
32 4 6 15 19 60
Lo 0 3 7 15 75
48 0 0 0 13 87
56 0 0 0 12 88
6L 0 o] 0 95
70 0 0 0 100
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Fach unit holds approximately 8 gal. When this volume is run
through the system, the point of highest toxicant concentration moves
one unit downstream. It takes eight plus volumes to move the toxicant
out of a four-unit system.
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CHEMICAL CONTROL TECHNOLOGY DEVELOPMENT

Screening of Chemicals for Aquatic Plant Control

by
Kerry K. Steward*

The purpose of the chemical screening project is to conduct re-
search on the use of chemicals for aguatic weed management in an attempt
to develop/discover new herbicides, growth regulators, or technigues.

Progress

This past year a variety of compounds were evaluated in the labo-
ratory: fourteen controlled~release formulations, two coded-confidential
compounds, one organic copper complex, and one adjuvant. Two chnemicals
wers field evaluated under Experimental Use Permits (EPA). Assistance
was provided in the efficacy testing of two endothall formulations
against hydrilla in the Panama Canal.

Investigation of relationships between herbicide efficacy and
plant nutrition indicated that plants cultured in soils to which com-
posted manure had been added were more resistant to diquat than were
plants cultured with additions of liquid fertilizer.

Controlled-release formulations of diquat have been effective,
at rates as low as 0.25 mg/%, against hydrilla, southern naiad, and
watermilfoil.

A coded compound from Kslo Laboratories, Inc., was very effective
against watermilfoil at 0.5 mg/%.

Several controlled-release formulations of diguat, 2,4-D, and
endothall produced complete contrel of watermilfoil at rates from 0.25
to 4,0 mg/2.

Ten experimental and standard formulations of fenac were found
to be effective against watermilfoil at a treatment rate of 0.25 mg/L.

Waterhyacinth was controlled in the greenhouse with R-241931 and
controlled-release formulations of 2,4-D and diquat.

Of the six fenac formulations previously run on waterhyacinth (st
rates of 1.0 kg/ha and higher), retesting showed fenac plus (A 09563)
to be effective at a rate of 0.1 kg/ha and fenac liquid (A 70316) and

¥ Aquatic Plant Manzgement Laboratory, U. S. Department of Agriculture,
Fort Lauderdale, Florida.
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fenac plus dicamba (AL 3591) to be effective at a rate of 0.5 kg/ha.

Norflurszon was effective against waterlettuce at a rate of
4.0 kg/ha.

Evaluations in outside agquaria showed the coded Kalo compound and
metribuzin to have been efrfective against waterhyacinth.

The field trial of fenac in a Broward County, Florida, lake pro-
duced 100 percent control of hydrilla after 11 months. This level cf
control has been maintained through 18 months.

Field testing of hexazinone and the coubination of fenac plus cop-
per TEA in small ponds near Tampa, Florida, produced complete control
after 5 and 4 months, respectively. Dissolved oxygen depleted by the
treatments began to return after 3 weeks.

Plans for FY 80

Conventional evaluations will be conducted on new chemicals and
on new uses of registered chemicals as they are received from industry
and other sources.

This year emphasis will be placed on evaluations of controlled-
release herbicide formulations for control of regrowth of submersed
aguatic weeds. Methods will be developed which will enable experimental
formulations to be evaluated for constancy and reliability of herbicide
release.

Systems utilizing flowing water synchronized with the release of,
herbicides from formwlations will be used to evaluate thc effects of
constant herbicide concentrations on growth of various sguatic weed
species.

The results of these evaluations are expected to provide the feed-
back necessary to improve perfeormance of later generations of controlled-
releage formulations and to identify those formulations best suited for
further evaluation in outdoor tests.
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CHEMICAL CONTROL TECHNOLOGY DEVELOPMENT

Fate of Fenac in the Aguatic Environmont

by
Harish €. Sikka,* Edward J. zck,* and Henry T. Appleton*

Introduction

The herbicide fenac (2,3,6-trichlorophenylacetic acid) has been
found to be effective against submersed aguatic weeds including hydrilla.
In order to evaluate the hazards associated with the use of fenac in the
aquatic environment, it becomes important to study the environmental
fate of the herbicide since its persistence, disappearance, or partial
transformation will determine the degree of its hazardousness. Several
physical, chemical, and biological factors determine the fate of a chem-
ical in the aquatic enviromment. These include photodegradation, chem-
ical hydrolysis, adsorption tc sediment, microbial degradation, and bio-
accumwlation by aguatic organisms. Currently, very little is known
about the effects of these factors on the persistence of fenac in the
aquatic environment. This study was undertaken to assess the role of
some of the processes which may determine the environmental behavior of
fenac,

Photodegradation of Fenac

Procedure

The photodegradation of fenac in an aqueous solution was examined
following irradiation with simulated sunlight. A 2-ppm solution of
fenac in distilled water was irradiated with = L50-W Hanovia high-
pressure mercury vapor lamp in a photochemical reactor manufactured by
the Ace Glass Company. The reaction system consisted of a jacketed
borosilicate glass vessel equipped with a side arm for withdrawing sam-
ples. A double-walled, water-cooled quartz well, housing the light
source, was fitted into the wvessel and immersed in the solution to be
irradiated. The lamp was fitted with a Pyrex TT40 filter which excludes
light of wavelength less than 280 nm. Aliquots of the photolyzed solu-
tion were withdrawn at appropriate intervals and analyzed for fenac.
The samples were acidified to approximately pH 2 and extracted twice
with diethyl ether. The combined ether extract was evaporated just to

¥ BSyracuse Research Corporation, Syracuse, New York.
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dryness and the residue was dissolved in a suitable volume of hexane.

The hexane solution was analyzed for the methyl ester of fenac by gas-
liquid chromatography using an electron-capture detector. The methylated
extract was also subjected to coumbined gas-liguid chromatography (GLC)-
mass spectrometry to characterize the products resulting from the photo-
degradation of fenac.

Results

No loss of fenac was observed following 36 hr of irradiation at
300 nm in a photochemical reactor, suggesting that fenac is resistant
to degradation by sunlight. It is known that the rate of photolysis of
certain pesticides is considerably enhanced in the presence of naturally
occurring photosensitizers. Since natural waters are known to contain
photosensitizers, we conducted studies to determine whether fenac is
degraded in the presence of known photosensitizers such as riboflavin
Phosphate (FMN)., A 2-ppm solution of fenac in distilled water was ir-
radiated in the presence of 100 mg FMN/2. We noticed that the herbicide
was readily photodegraded in the presence of FMN; more than 75 percent
of the herbicide was lost after 24 hr of irradiation. These findings
indicate that, alithough fenac is not readily photodegraded in distilled
water, it may be degraded by the action of sunlight in natural waters
due to the presence of naturally occurring photosensitizers.

On the basis of the mass spectral analysis, the compounds shown
in Figure 1 were tentatively identified in the photolysate following
irradiation of an aqueous solution of fenac in the presence of FMN.

Although light (2300 nm) caused loss of fenac, it did not result
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