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PREFACE

The 15th Annual Meeting of the U. S. Army Corps of Engineers
Aquatic Plant Control Program was held in Savannah, Georgia, on 17-20
November 1980. The meeting is required by Engineer Regulation
(ER) 1130-2-412 paragraph 4c¢ and was organized by personnel of the
Aquatic Plant Control Research Program (APCRP), Environmental Laboratory
(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. Mr. J. Lewis Decell was Program Manager,
APCRP. Mr. W. N. Rushing, APCRP, was responsible for planning and
chairing the meeting.

COL Nelscn P. Conover, CE, was Commander and Directoxr of the WES
at 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
15th ANNUAL MEETING
U. S. ARMY CORPS OF ENGINEERS
AQUATIC PLANT CONTROL RESEARCH PLANNING
AND OPERATIONS REVIEW

Savannah, Georgia

17-20 November 1980

Monday, 17 November 1980

8:30 a.m. Federal Aquatic Plant Management Working Group--Winged Foot
to Room
4:30 p.m.
10:00 a.m. Registration—-—-Marine Directors Room
ta
6:00 p.m,
6:30 p.m. Reception--Ballroom A
Tuesday, 18 November 1980
Ballrooms B and C
8:00 a.m. Registration continues--Marine Directors Room
8:30 a.m. Call to Order and Announcements - W. N. Rushing,
Waterways Experilment Station (WES)
8:45 a.m., Welcome to Savannah District and South Atlantic Division -
LTC Walter Heme, Deputy District Engineer, USAE District,
Savannah, GA
9:00 a.m. General Comments - Mr. Gerald Purvis, Chief, Recreation
Resources Management Branch (RRMB), Office, Chief of
Engineers (OCE)
9:15 a.n. Establishment of the APC Operations Support Center at the
Jacksonville District - Mr. Dwight Quarles, RRMB, OCE#*
9:30 a.m. The APCRP from a Different Perspective - J. L. Decell,
Manager, Aquatic Plant Control Research Program {(APCRP),
WES
%

Presentation not submitted for inclusion in Proceedings.
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9:45 a.m. Break

10:15 a.m. Industry Session - C. Hudson, Ortho Division, Chevron
Chemical Company*

10:30 a.m. W. Arnold, Lilly Research Laboratories, A Division of Eli
Lilly and Company

10:45 a.m. W. Moore, Pennwalt Corporaticn
11:00 a.m. J. Gallagher, Union Carbide Agricultural Products Company
11:15 a.m. D. Paschke, Applied Biochemists, Inc.

D. Widmann, Nalco Chemical Company®

A. Fuchs, Sandoz, Inc.

B. Still, B. Still, Inc.*
11:30 a.mn. Other Industry Representatives and/or General Discussion
12:00 noon Lunch

1:30 p.m. USAE Division/District Presentatioms——Aquatic Plant
Problems——-QOperations Activities

Lower Mississippl Valley Division, Memphis District (Lake
Wappapello) - R. Hite

Missouri River Division, Omaha District - J. Anderson®
North Central Division, St. Paul District ~ W. Koerner*

North Pacific Division - 0. Beckwith, Seattle District -
R. Rawson

Scuth Atlantic Division, Jacksonville District - J. Joyce,
Savannah District ~ J. Patti*

Southwestern Division, Galveston Distriet - L. Hunt,
Tulsa District - P. Mace

3:15 p.m. A Cooperative Agreement for Accomplishing an Aquatic Plant
Control Program in Washington State - R. Pine, Washington
Department of Ecology, Olyampia, WA

3:30 p.om. Break

* Presentation not submitted for inclusion in Proceedings.
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4:00

4:05

4:25

4145

5:00

8:30

8:35

8:55

9:15

9435

10:00

10:10

10:30

10:50

11:30

p.m.

p.o.

d.m.

Problem Identification and Assessment - A. M., B. Rekas,
WES, Presiding

Techniques for Large Area Surveys of Aquatic Plants as
Applied in Panama and Texas - S. D. Parris, WES

Ground and Aerial Surveys of Giant Cutgrass in Lake
Seminole, A Discussion of Techniques - J. M. Leonard,

University of Idahe, Moscow, 1D

An Adaption of Existing Instrumentation Technology to
Aquatic¢ Plant Monitoring - A, M. B. Rekas, WES

Adjourn for the Day

Wednesday, 19 November 1980
Ballrooms B and C

General Studies - W. N. Rushing, Presiding

Recording Fathometer for Hydrilla Distribution and Biomass
Studies - J. V. Shireman, University of Florida, Gaines-
ville, FL

Laboratory Studies of Several Submersed Aquatic Plant
Species - J. Barko, WES

Evaluation of Mathematical Models for Use in the Aquatic
Plant Control Research Program - J. Wlosinski, WES

Break

Biological Control Technology Develeopment - D. R. Sanders,
WES, Presiding

Dispersal and Efficacy of Sameodes albiguttalis on Water-
hyacinth in Florida - T. D. Center, USDA, Fort Lauderdale,
FL

Domestic Survey for Invertebrates on Eurasian Watermilfoeil
and Hydrilla - J. K. Balciunas, USDA, Fort Lauderdale, FL

Evaluation of Insect Species for Biocontrol of Aquatic
Plants - G. R. Buckingham, USDA, Gainesville, FL

Quarantine Studies of Fusartwn rosewn, a Fungal Pathogen

for Control of Hydrilla - R. Charudattan, University of
Florida, Gainesville, FL
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11:50

12:10

1:40

1:45

2:00

2:15

2:30

2:45

3:20

3:40

4:00

4:20

4:40

5:00

a.m.

Microbiological Control of Eurasian Watermilfoil - H.
Gunner, University of Massachusetts, Amherst, MA

Lunch

Mechanical Control Technology Development - H., W. West,
WES, Presiding

Field Evaluation of the Limnos, Ltd., Mechanical Harvest-
ing System for Control of Hydrilla - J. Smicth, Colorado
State University, Ft. Collins, CO

Prediction of Equipment Performance for Optimal Harvesting
of Submerged Aquatic Plants - T. D. Hutto, WES

Effects of Water Disposal of Mechanically Processed
(Chopped) Hydrilla - B. M. Sabol, WES

Prediction of Hydrilla Growth and Biomass for Scheduling
Mechanical Control Operations - D. Miller, WES

Break

Chemical Contrcl Technology Develepment - H. E. Westerdahl,
Presiding

Development of Controlled Release Herbicide Technology
Using Polymers - F. W. Harris, Wright State University,
Dayton, OH

Field Evaluation Objectives and Plans for Controlled
Release Herbicides - R. E. Hoeppel, WES

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

Identification of a Naturally Occurring Inhibitor for
Hydrilla Control - D. F. Martin, University of South
Florida, Tampa, FL

New Controlled Release Chemical Formulations - C. Himel,
University of Georgia, Athens, GA

Adjourn for the Day
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Thursday, 20 November 1980
Ballrooms B and C

LARGE-SCALE OPERATIONS MANAGEMENT TESTS (LSOMT)

8:00 a.nm. Use of White Amur for Control of Hydrilla in Lake Conway
in the Jacksonville District - A. Miller, WES, Presiding

8:05 a.m. Aquatic Macrophytes — J. Schardt, Florida Department of
Natural Resources, Tallahassee, FL

8:20 a.m. Fish, Mammals, and Waterfowl - R. Land, Florida Game and
Fresh Water Fish Commission, Tallahassee, FL

8:35 a.m. Water Quality - R. Kaleel, Orange County Pollution Control
Department, Orlando, FL

8:50 a.m. Benthos - T. C. Crisman, University of Florida, Gainesville,
FL
9:05 a.m. Herpetofauna - J. S. Godley, University of South Florida,
Tampa, FL
9:20 a.m. Radiotelemetry Tracking of White Amur - M. Keown WES
9:35 a.m. Break
10:00 a.m. Use of Prevention Methodology for Eurasian Watermilfoil
Control in the Seattle District - A. M. B. Rekas, WES,
Presiding
10:15 a.m, Analysis of Monitoring Procedures and Milfoil Fragment

Barrier Effectiveness - E. A. Dardeau, Jr., WES

10:30 a.m. Eurasian Watermilfoil Treatment with 2,4-D, Diquat, and
Endothall at Reduced Application Rates - K. J. Killgore,
WES

10:45 a.m. Physiologic Impact of Mechanical Harvesting Eurasian
Watermilfoil - M. A. Perkins, University of Washington,
Seattle, WA

11:00 a.m. Use of Bicleogical Agents for Control of Waterhyacinth in

the New Orleans District - R. F. Theriot, WES, Presiding

11:15 a.m. Mass Release of Arzama - A. F. Cofrancesco, University of
Southern Mississippi, Hattiesburg, MS

11:30 a.m. Large-Scale Field Application of Cercospora rodmanii -~
E. A. Theriot, WES
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12

12:

12

12

:00

15

:30

:35

:00

to

:00

noon

Use of Aquatic Plant Control Technologies in the Panama
Canal - W. N. Rushing, WES, Presiding

Organisms Impacting Waterhyacinth in the Panama Canal
Zone - D. R. Sanders, Sr., WES

Evaluation of Aguathel K and Hydout for Hydrilla Control
in Gatun Lake, Panama Caral Zone - H. E. Westerdahl, WES

Final Wrap-Up and Adjournment - J. L. Decell
Lunch

FY 82 Civil Works R&D Program Review - R&D Office, OCE,
St. Andrews Room (Corps representatives only)
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CONVERSION FACTORS, U. S. CUSTOMARY TO METRIC (SI)
UNITS OF MEASUREMENT

U. S. customary units of measurement used in this report can be con-
verted to metric (SI) units as follows:

Multiply By To Obtain
acres 4046.873 square metres
Fahrenheit degrees 5/9 Celsius degrees or Kelvins®*
feet 0.3048 metres
gallons (U. S. liquid) 3.785412 cubic decimetres
inches 25.4 millimetres
miles per hour 1.609347 kilometres per- hour
{(U. S§. statute)
miles (U. 5. statute) 1.609347 kilometres
ounces {U. S. fluid) 29.57353 cubic centimetres
pounds (mass) 0.4535924 kilograms
pounds (mass) per acre 0.000112 kilograms per square metre
pounds {mass) per cubic foot 16.01846 kilograms per cubic metre
square feet 0.09290304 square metres
square inches 645.16 square millimetres
tons {mass) per acre 0.22 kilograms per square metre
tons (2000 1lb, mass) 907.1847 kilograms
vards 0.9144 metres

* To obtain Celsius (C) temperature readings from Fahrenheit (F) read-
ings, use the following formula: € = (5/9)(F - 32). To obtain Kelvin
(K) readings, use K = (5/9)(F - 32) + 273.15.
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15TH ANNUAL MEETING

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

Introduction

As part of the Corps of Engineers (CE) Aquatic Plant Control Re-
search Program (APCRP) it is required that a meeting be held each year to
provide for professional presentation of current research projects and
review current operations activities and problems. Subsequent to these
presentations, the Civil Works Research and Development Program Review
is held. This program review is attended by representatives of the Civil
Works and Research aund Development Directorates of the 0ffice of the
Chief of Engineers; the Program Manager, APCRP; and representatives of
the operations elements of various Division and District Engineer Qffices.

The overall objective of this annual meeting is to thoroughly re-
view Corps aquatic plant control needs and establish priorities for
future research, such that identified needs are satisfied in a timely
manner.

The technical findings of each research effort conducted under the
APCRP are reported to the Manager, APCRP, U. S. Arwny Engineer Waterways
Experiment Station (WES), each year in the form of quarterly progress
reports and a final technical report. Each technical report is given
wide distribution as a means of transferring technology to the techanical
conmunity. Technology transfer to the field operations elewments is
effected through the conduct of demonstration projects in various
District Office problem areas and through publication of Instruction
Reports (IR), Engineering Circulars (EC), and Engineering Manuals (EM).
Periodically, results are presented through publication of an APCRP
Information Exchange Bulletin which is distributed te both the field
units and the general community. Public-oriented brochures, movies,
and speaking engagements are used to keep the general public informed.

The printed proceedings of the annual meetings and program reviews
are intended to provide Corps management with an annual summary to ensure
that the research is being focused on the current operational needs on a
nationwide scale.

The contents of this report include the presentations of the 15th
Annual Meeting held in Savannah, Georgia, 17-20 November 1980.
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PROCEEDINGS

RESEARCH PLANNING CONFERENCE ON THE AQUATIC
PLANT CONTRQL RESEARCH PROGRAM

The Recreation Resource Management Branch Responsibilities

in Research and Aquatic Plant Control Program

by

Gerald Purvis*

The Recreation ResourcerManagement Branch, of the Office, Chief of
Engineers, U. S. Army, has overall staff supervision of the Aquatic Plant
Control Research Program. We also serve as technical monitors of the
associated research efforts. As many of you also know, a few changes
have been made in our branch in the last year or so. I became the Branch
Chief just prior to your last annual meeting and Roger Hamilton who has
been the technical monitor has temporarily gone on to greener pastures
as a Planning Associate for a year. While Roger is gone, Dwight Quarles
is serving in his place as Section Chief and Tech Monitor for aguatic
research.

We realize, therefore, that our in-depth knowledge of the progress
made in aquatic plant control is lacking. So, I'm looking forward to
this meeting to not only identify and offer solutions to programmatic
problems but as a learning experience for myself.

In reviewing the operations and research efforts concerned with
aquatic plant control, I have been impressed with the dedication and pro-
fessionalism of the personnel involved., 1 see a program that in my
opinion has been turned into a viable, progressive Corps mission in the
past few years and I see no reason why this objective management will not
continue in the years ahead.

For those of you that aren't familiar with the Recreation Resource
Management mission, I would like to give you a very brief overview. In
our data system we list 449 water resource development projects that
have a visitation of more than 5000 annually. We experienced a visitation
in 1979 of over 426 million. The Corps has under it's management respon-
sibility 5 million acres** of water, 6 million acres of land, 22,000 miles

* Chief, Recreation Research Management Branch, Office, Chief of Engi-
neers, U. S. Army, Washington, D. C.
*% A table of factors for converting U. 8. customary units of measure-
ment to metrlc (SI) units is presented on page 23.
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of inland waterways, 3,000 miles of iInterccastal waterways, and over
400 small boat harbors.

In 2 recent discussion with the Director of Civil Works, I dis-~
cussed the pressing issues of our mission in the 1980's. He listed
among his top prilorities the protection, management, and enhancement of
the natural resources of our projects. He particularly emphasized our
role as custodians of the nation's water resources. 1 feel very strongly
that our emphasis in the 1980’s will be the resource portion of our
function.

I believe you and I face unique challenges in aquatic plant control
in the 1980"'s. We most certainly will face a shrinking dollar while
every indication leads to the inescapable conclusion that the problems
of aquatic plant control are on the verge of significant increases in
areas of the country where we have previously experienced little trouble.
We must continue through research to plan and implement more efficient
methods of management and coperations and we must ensure that transfer of
that technology is made to others.

During the aquatic plant control meeting at Lake Eufaula, Oklahona,
in November 1979, Roger Hamilton passed out a questionnaire designed to
gauge the attendees' perceptions of our overall research, planning, and
control efforts. I believe it's important that you be aware of the per-
ceptions indicated by the respondents to that survey.

A total of 106 people returned a completed questionnaire. Of
these, almost exactly half were Corps of Engineer employees, and the re-
maloder were fairly evenly distributed among local and State agencies,
private endeavors, and the academic community. Researchers, planners,
and policy/administrators greatly outnumbered the people working in
control operations.

Slightly less than one third of the respondents felt that our cur-
rent legislation provides an adequate base for the aquatic plant program.
The remaining two thirds either felt that our legislation was inadequate,
or they were not familiar with the legislation. The "unfamiliar" category
was the most disquietening because it alone accounted for one half of
all respondents.

The perceptions of Corps policy and management were certainly much
clearer than for legislation. Almost 95 percent of the respondents in-
dicating a knowledge of Corps policy said it was adequate to govern the
program, and 97 percent felt that management was good or excellent. Only
3 percent of the respondents felt that both policy and management were
inadequate. There was overwhelming support that a Center of Competence
{or an Aquatic Plant Control Support Center) was needed. OCE has con-
curred in that need and Dwight Quarles will detail to you the perimeters
and conditilons that have been determined for implementing the establish-
ment of the support center in the Jacksonville District.

Last year's group indicated overwhelming support for the Large-Scale
Operations Management Test (LSOMT). Their responses indicated that they
were firmly convinced that:
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LSOMT is an effective method of technology traunsfer.

{w

b. The Corps is very effective in identifying areas that lend
themselves to this type of technology transfer,

Almost 85 percent stated that they, or their organization, had
benefited from these tests. Some 90 percent alsc rated the
technology transfer aspects of the overall aquatic plant control
program as either adequate or excellent.

[

I believe the establishment of the Aquatic Plant Control Center will
further facilitate this technological transfer.

Almost three fourths of the respondents indicated frequent receipt
of research publications. The same approximate percentage indicated
that they read more than half the publications; however, a significantly
smaller group found the publications useful in their work.

As one of the television networks said about another recent poll,
"Our survey really wasn't scientific, it doesn't lend itself to statis-
tical analysis, its results probably only reflected what the respondent
was thinking at the time, and it might not accurately reflect their later
actions.”

While I realize that this modest effort at judging the users' per-
ceptions of the Corps' efforts has its limitations, it does appear to
reflect a collective judgment that the Corps can identify an area need-
ing work, look inte it, and get the results to the users in an understand-
able and usable form.

The Huntsville Division recently sent out a questionnaire asking
about the need for formal training in aquatic plant control, We have
reviewed the results of that survey and are convinced that the 35 to 40
respondents really are in the direct planning and control elements con-
cerned with aquatic plant control.

We feel we don't have sufficient information to implement a formal
training course at this time. We 2lso think any urgent training needs
can be met through our existing, techneological transfer system, informal
workshops, this meeting, and the Aquatic Plant Control Support Center.

1f anyone has any questions or problems they wish to ask concerning
this area, they should by all means do so during this meeting, either to
Dwight Quarles or myself,

Certainly through surveys such as these and the results of this
meeting we can determine the trends developing in the aquatic plant con-
trol program and the directions we should be taking to effectively man-
age our program.
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INDUSTRY SESSION

Lilly-Elanco

by
W. Arnold®

I want to take this opportunity to express my appreciation for
this invitation to discuss Lilly Research Laboratories perspective of
the Corps' program and aquatic plant controel.

The questions:

a. How does Lilly-Elanco perceive their interaction with the
Corps’ Aquatic Plant Control Research Program?

We see the Corps as being a very vital sector in the research and
development phase of new products as well as in the marketplace. The
vital sector in the development phase would be the location and applica-
tion of test sites, designing protocols on specific areas of need, and
lmplementing those protocols in cooperation with the technology developed
by our company. We see the techmology developed by our company as being
shared with the Corps of Engineers.

We envision some date in which the Corps may decide to apply for
Experimental Use Permits fox certain aquatic problems.

b. How can the Corps do a better job from our standpoint?

We would like to become better acquainted with your people involved
in aquatic programs and aquatic problems. This meeting is an excellent
atmosphere for becoming better acquainted; however, we need to know what
industry can supply to meet the problems and challenges in aquatics.
Lilly's commitment to scientific research is 70 years old, and no one in
Lilly can envision auny circumstances that would cause us to change that
commitment. We at Lilly are constantly adopting iannovative concepts to
attack new and increasingly complex research objectives, but we need to
identify and define needs in the aquatic environment.

¢. How do you view the future for development in your area of
interest and in aquatic plant control as a market?

Lilly-Elanco views the aquatic market as a long-term commitment.
We intend to be a multiproduct company with scientific research of the
highest order, directed toward major marketplace needs. We feel that the
general public doesn't perceive water as a natural resource such as oil,
but in certain portions of the world the quality of water is of the utmost
concern. We hope, as a company, to integrate our products into control-
ling factors that can enhance the availability of good quality water.

* Lilly Research Laboratories, a Division of Eli Lilly and Company,
Florida Research Station, Boynton Beach, Florida.

28



We have conducted research in the areas of aquatic growth regulators,
algicides, and herbicides. We feel that the Corps of Enginecers is on
the cutting edge of knowing our water resources needs and we look to

you to tell us the direction of research programs before a potential
crisis occurs.
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INDUSTRY SESSION

Pennwalt Corporation

by

W. Moore*

The Corps' Aquatic Plant Control Research Program is very meaning-
ful to Pennwalt for the following reasons:

a. There 1s a direct relationship between Corps funding for
aquatic weed control and our sales of aquatic herbicides.

b. Testing and data collection performed by the Corps with our
herbicides help us to keep and expand our agquatic herbicide
labels. New labels currently pending with the Environmental
Protection Agency (EPA), 1f approved, should greatly expand
the use of endothall herbicides. Many basic questions con-
cerning the effect on water quality, method of application,
and use of additives can be answered with your help,

Pennwalt has no new aquatic herbicides under development at this
time. We are continuing to investigate the use of new technology with
endothall in the following areas:

a. Other endothall formulations.
b. Slow release formulations.

¢. Dust-free pellets and granules.

d. The use of additives such as polymers, inverts, and surfactants.
e. Combinations with other herbicides.

The market for herbicides for submerged aquatic weed control is not
as large as many people conceive. It 1is especially small when compared
to the agricultural herbicide market. However, Pennwalt is committed to
the aquatic weed control market. We have established a separate Aquatic
Chemical Department within the Agricultural Chemical Division of our
company. This will allow us to provide more specialization and expertise
to better service the market,

We at Pennwalt are trying to do a good job of providing information
and educational materials on our products to those who are involved in
aquatic weed control. Pennwalt aquatic chemicals play an important role
in the control of noxious aquatic weeds and algae without harm to the
environment. The use of our herbicides is also cost-effective when com-
pared to other methods of aquatic weed control. We want the correct
story to be told.

* Pennwalt Corporation, Winter Garden, Florida.
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INDUSTRY SESSION

Union Carbide Agricultural Products Company, Inc.

by
John E. Gallagher*

To answer the questions raised by Mr. Decell, I will use an outline
to suggest policy, research needs, and problem areas which might be
addressed by the Corps. Many of the areas touched upon could be the
basis for much longer discussions.

The Uniqueness of Aquatic Weed Control. Aguatic weed contrel is
categorized as a minor use segment of weed science, yet the problem
is widespread, not regional, since aguatic weed problems are criti-
cal in all parts of the world. The problem is further confounded

by:
A.

Diversity of Pest Species
1. Native species - usually having an established niche.

2. Introduced species - having the capability of an explosive
rate of spread due to a lack of natural predators.

Enviromment Modifications

1. Actions that modify or affect the stability of an aquatic
ecosystem generally aid and abet the spread of problem
species.

| g%
.

Use patterns, particularly those that stress the natural
community competitiveness, tend to determine speciles
dominance.

Industry - Corps or Other Federal Agency Interaction

A

Concept of agency purchaser and applicator - its limitations.
Historically, the Corps and Department of Interior (Bureau of
Water and Power) out of necessity had to research and develop
application methodolegy. Times and values have forced changes.

1. The establishment of EPA (a necessary agency).
2. The gradual decline of available herbicides.

3. The industry prioritization of development cost which
places aquatic herbicide use on a low priority.

01d methods are not applicable to today's needs and the follow-
ing action should be considered:

*

Union Carbide Agricultural Products Company, Inc., Ambler,

Peunsylvania.
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1. Establish the state of the art. Update what is known.
2. Maximize information transfer to the field.

3. Initiate needed research programs either in-house or fund
cooperatively.

4, Remove the word eradicate from administrative language.

5. Encourage industry to continue research efforts in the
aquatic field.

Interact with EPA. Begin to establish an organized policy
toward EPA and other critical regulatory agencies.

1. Establish an in-house department of specialists to aid in
label registration.

2. Organize and coordinate Experimental Use Permits programs
alone and in cooperation with IR-4 groups.

Needed Corps Cooperative Actions

1. Act as a lead agency in research and the funding of re-
search in total aquatic plant management prograwms.

a. Support screening programs.

b. Support small plot field tests.

c. Support large-scale Experimental Use Permits projects.
(1) Cost share control agent.
(2) Provide site and operation personnel.
(3) Maintain test sites.

2. Coordinate operational programs with other Integrated Pest
Management projects to evaluate whole watershed systems.
Corps controlled watershed management programs should be
coordinated to provide total impact data packages.

a. Collect long-term data.

b. Build a case history of successful aquatic plant manage-
ment programs to be able to more forcibly counteract
opposition.

3. Take positive action.

a. Become an activist agency in terms of risk/benefit or
cost/benefit ratios when dealing with aquatic plant
management programs.

b. Blow your own horn - let more people know of the good
that is accomplished.

¢. Support your industry cooperators by allowing your re-
search specialist group to override your purchasing
agent.
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I1I. The Future
A. Market Activity in Aquatic Weed Control - Short Term

1. A slow growth industry frustrated by over~regulation which
will support a limited number of participants.

B. Long Term

1. A worldwide commodity need, but not an easy market to
maintain even in the face of limited water supplies.

2. In the final sense, countinued development of aquatic herbi-
¢cides has to be a cooperative effort between industry and
the Corps. A partnership of sorts that is directed toward
providing the most efficacious and minimum risk combina-
tion of pest plant management,
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INDUSTRY SESSION

Applied Biochemists, Inc.

by

Dave Paschke* and Jim Schmidt¥®

As a small company involved in the aquatic pest control industry,
Applied Biochemists, Inc., views the Corps' activities in this field
both as a viable market for our products as well as a means of testing
material for label expansion. We appeal to the Corps to give cutrine-
plus consideration in both testing and operational programs. Within our
means, we are willing to participate in research activities. Use of
cutrine~plus in tank mix combinations with registered herbicides, in con-
junction with polymers, and by itself warrants further examination
against certain target pests. OQur present label would allow for much of
the work to be conducted without registration problems.

We suggest that the Corps establish a timely industry notification
system whereby we are notified in advance of product testing and applica-
tion sites. Emphasis should be placed on working with presently regis-
tered or potentially registerable materials. Greater efforts should be
made toward informing the public of the envirommental and human safety
considerations which have been made in choosing chemical control tech-
niques. The future of aquatic pest control will trend towards integrated
methodology. Chemicals will be a continuing necessity from a cost-
effective standpoint. As a manufacturer, we are seeking closer involve-
ment with Corps personnel and activities in the future.

* Applied Biochemists, Inc., Mequon, Wisconsino.
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INDUSTRY SESSION

Sandoz, Inc.

by
A. F. Fuchs, Jr.%

For these whe aren't familiar with Sandoz, Inc., let me briefly
give you some background information. Sandez, Inc., is the subsidiary
of Sandoz, Ltd., Basle, Switzerland. Founded in 1886, our parent company
is one of the 200 largest industrial firms based outside of the United
States, with 35,000 employees and operations in 42 countries. The pro-
ducts ¢f Sandoz include pharmaceuticals, chemicals, dyestuffs, specialty
foods, seeds, and agrochemicals. Worldwide sales by Sandoz are close to
$2.8 billion., Sandoz spent approximately $3 million this year (1%80) on
agrochemical research in the United States.

Sandoz has two products that are presently used in various areas
of the United States to control plant growth:

a. Komeen (aquatic herbicide) is an ethylenediamine chelated cop-
per used to countrol hydrilla, Brazilian elodia, and southern
naiad.

b, K-Lox (algicide) is a triethanolamine chelated copper used to
control various algae.

These products play an important role in the Corps' aquatic plant control
program.

How can the Corps do a better job from my standpoint? In accor-
dance with the Endangered Species Act of 1973, as amended in 1978,
Federal Agencies must ensure that their actions do not threaten the con-
tinued existence of endangered species. The continued existence of
chemicals for aquatic plant contrel is endangered and we must be con-
cerned about the power of this act. 1 would like to see the Corps of
Engineers take a leadership role to include industry in consultation con-
cerning an endangered species when the "stop use' of a particular product
is invelved. All industry is very concerned about endangered species,
especially Sandoz. But sometimes decisions are made to stop the use of
certain products, when possibly after hearing industries views, the pro-
duct could continue to be used while testing is being conducted. Indus-
try should be included in the test program because of its specific
knowledge of its preducts. Hastily banning the use of an aquatic herbi-
cide could have serious long-term consequences. Some people will con-
tinue to consider the product "unsafe' even after proven safe. It is
like the judge who tells the jury te disregard what was said, but we all
know that every person on the jury will remember what was said.

* Sandoz, Inc., Tallahassee, Florida.
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Give industry the benefit of the doubt so it doesn't lose sales
and profits. These are needed to develop new aquatic products and pay
taxes that are used to fund various Federal and State aquatic programs.
Don't take away the incentives for industry to expand in the aquatic
field. Please bear in mind that I am referring to situations where there
is only speculative information that a particular product is affecting
an endangered species. This is all that 1s needed under the present
Endangered Species Act to overrule years of testing and spending, some-
times millions of dollars to register a product with EPA and/or a state.

How do I view the future for development in the aquatic herbicide
field? The future of chemicals for aquatic plant contrcl depends on how
regulated industry will be and how much funding is available to Federal
and State agencies for aquatic weed control. Industry must have an in-
centive for management to justify expenditures to develop and register
a product for aquatic plant control. Fortunately, or maybe I should say,
unfortunately, the world population is now about 4 billion and will
double in the next 35 years to 8 billion. This means that we must double
food production in the next 35 years just to feed people at today's level
(which doesn't include everyone). Due to this situation, Sandoz research
is continually trying to develop new chemicals to help increase crop pro-
duction and, hopefully, some of these products will be used in the
aquatic industry. Sandoz 1s a world leader in bicchemical research and
development. This may be the answer for the future.
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USAE DIVISION/DISTRICT PRESENTATIONS
AQUATIC PLANT PROBLEMS--OPERATIONS ACTIVITIES

Lower Mississippi Valley Division, Memphis

District (Lake Wappapello)

by
Richard L. Hitew

For several years Lake Wappapello has been plagued with a signifi-
cant infestation of Najas minor (brittle naiad), which grows virtually
unchecked throughout most of the lake. As a result, we receive numerous
complaints from boaters, fishermen, skiers, and swimmers.

Lake Wappapello, which is in the Memphis District, is a relatively
old (1941) and shallow lake. The average depth at summer pool, 360 ft
mean sea level (msl), is only 12 ft. The lake has a great number of
springs. This, and the rocky, graveled creek bottoms contribute to the
lake's good water quality. Where aquatic vegetation is not present, the
lake and tributaries are gquite clear.

Water is routinely sampled and tested from six different Jocations
and levels from surface to 11 m depending on location and present lake
level. These parameters include: temperature, dissolved oxygen, total
coliform, conductaunce, and pH. The tests have never indicated any type
of pollution., However, we wonder about the possibility of excessive fer-
tility resulting from sewage, agricultural fertilizer, cattle lots, etc.

The University of Missouri sampled the lake vegetation in July
1978 and reported that naiad comprised 99 percent of the total vegetation.
Other species included pondweed, duckweed, and milfoil. It is also sig-
nificant that Lake Wappapello is the only major impoundment in Missouri
that contains brittle naiad. This is probably due to the warm shallow
water conditions at Wappapello. We have not had any formal research con-
ducted. However, we have observed increased growth of the species during
hot, dry summers such as this past summer (1980) when summer surface
temperatures averaged 28°C.

Past and present control methods have been costly and futile. For
the past b6 years during April and June we have sprayed Aqua-Kleen
{(2,4-D), a product of the Amchem Corporation, at 200 lb/acre around
intensive-use areas. However, we don't feel that the chemical is effec-
tive, This is more of a cosmetic exercise to appease dock operators and
the general public.

Mechanical controls are not practical due to the vast area and

* U. S. Army Engineer Division, Lower Mississippi Valley; Memphis
District, Memphis, Tennessee.
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submerged obstructions.

The best natural control seems to be a long,
cold, severe winter while the lake is drawn down for winter storage.
(The winter pool is 355.00 ft msl.)

We would like to have some research conducted and recommendations
made by the U. S. Army Engineer Waterways Experiment Station (WES).
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USAE DIVISION/DISTRICT PRESENTATIONS
AQUATIC PLANT PROBLEMS--OPERATIONS ACTIVITIES

New England Division*

by

Irving Fistel#*#

The Aquatic Plant Control Research Program, as presently authorized
and administered, has significant gaps that in New England, and probably
in other areas of the country, prevent us from effectively combating the
agents that cause the development of aquatic plant problems. Inadeguacy
is not related to the intent of the program but to the scope and objec-
tives we are limited to.

It is apparent from our experience in administering this program
in New England that the majority of aquatic plant problems we deal with
are intimately related to the type and degree of development common to
our area. The root sources of most of our problems are the changes man
has engendered in the watersheds because of his immediate presence and
activities. By concentrating people around our lakes and waterways, we
have tremendously increased the rate at which these resources age. The
agents that enhance the aging process are the nutrients that are liter-
ally flushed into the waters from the homes, businesses, and recreation
areas surrounding them. In our authorized attempts to control obnoxious
agquatic plant growth, we are in a sense cowmbating the obvious effect
of these activities while avoiding the causes.

Nearly every aquatic plant control problem we have seen would be
technically defined as a condition of advanced eutrophication or enrich-
ment, which is the natural phenomenon that ages water bodies. The re-
sult of our presence is that the total amount of anutrients available for
plant growth is tremendously increased. Aquatic plants respond to this
increased amount of wmaterial by greatly enhanced growth. This growth
is often reflected in the size of plants as well as the numbers of
individual plants. Our priorities are in need of revision. True, we
generally become involved after prevention is no longer possible, but
a prime requirement of permanent control is limiting continuation of
fertility. In the terms of our existing technology, we are severely
limited in methods of controlling the enrichment of our most urbanized
water resources.

We are about to propose a year-long study of a culturally impacted
lake, Fort Meadow, in Marlboro, Massachusetts, to develop a program to

* This paper was not presented at the 15th Annual Meeting but is in-
cluded here for information purposes.
*% U, S. Army Engineer Division, New England; Waltham, Massachusetts.
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control present aquatic growth and prevent further degradation of water
quality. The results of this study, if approved by OCE, would give guid-
ance tc a long-term effort to cerrect the problem. Our first step would
be submission of the scope to OCE with a proposed funding level. Con-
currence of OCE and funding provided by them would be utilized by the
New England Divison to initiate the fieldwork next spring. Fieldwork
would involve water quality, lake sediment, plant identification, and
other biological sampling to determine the sources and extent of eutrophi-
cation of the Fort Meadow Reservoir, buillt over 100 years ago for indus-
trial water storage, The study will also identify the point socurces of
enrichment in the basin and relate them to the development of the aquatic
plant problem. We will also look into the flow dynamics of the system

to see if a hydrologic management schedule can be imposed to help allevi-
ate some of the problems. Once we can identify the type and amount of
enrichment and the potential for management we will be able to formulate
a program that will utilize conventicnal aquatic plant treatment with
necessary elimination of nutrients by treatment or diversion to prevent
some of the water quality degradation. The key word is prevent. If we
can gear our program to the preventative rather than the curative, we
hope to be able to reclaim, at least to some degree, our most abused
water resources. We will also be in a position to implement environ-
mental controls for ocur remaining high quality water resources.

In summary, we find that in New England local people are alarmed
and confused by the appearance of an aquatic weed problem. They do not
comprehend the reason for subtle developments and often will not accept
the fact that the control procedures they have used for many years have
proven to be inappropriate and that their cumulative effect is the objec-
tionable growth. Generally, the pecple are becoming educated to the rea-
sons for these problems. Since local funding and expertise are limited,
they seek assistance through applicable Federal and State programs. We
are hopeful that the next few years will show if the Corps' program will
be of help to New England's aquatic weed problems.
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USAE DIVISION/DISTRICT PRESENTATIONS
AQUATIC PLANT PROBLEMS--OPERATIONS ACTIVITIES

North Pacific Division

by
Orrin Beckwith®

The Aquatic Plant Control Research Program in the North Pacific
Division 1s concentrated on one plant, Eurasian watermilfoil, and major
efforts to prevent and control this plant are centered in the State of
Washington.

Since the 14th Annual Meeting, Aquatic Plant Control Research Plan-
ning and Operations Review, 1979, we have added the State of QOregon as an
entrant into the program. We were contacted in May 1980 by representa-
tives of Oregon's Marine Board concerning problems in Blue Lake, Sturgeon
Lake, and Swith-Bybee Lake, Multnowah County, Oregon. Eurasian watermil-
foil has been positively identified in Blue lLake, although the other two
lakes may require further verification. Our initial meeting with the
State of Oregon involved the Division, Portland District, Oregon Marine
Board, and Oregon Department of Agriculture. The program was explained,
including discussion of potential problems, i.e.,, funding, use of chemi-
cals, public opposition, etc., but still received positive reaction from
the State. With a letter of intent from the State, we requested funds
to accomplish the receonnaissance report. Since we were out of step with
the budget cycle, funding was delayed until this fiscal year.

The Portland District has requested funding to initiate a Design
Memorandum (DM) and Environmental Impact Statement (EIS) in FY 1982, The
Portland District will proceed on the DM and EIS if the results of the
reconnaissance study indicate that we should.

The basic problem is the lack of authority to enter into a preven-
tative program with the northwestern states when we have not positively
identified a problem. As it stands, by the time the Corps is informed
that there is a problem, we know it will be 3 to 4 years before we
have completed our studies and received our funding., By that time, the
specific plant, in this case Eurasian watermilfoil, has usually become
entreanched, requiring control or eradication measures rather than preven-
tative measures.

* U. §. Army Engineer Division, North Pacific; Portland, Oregon.
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AQUATIC PLANT PROBLEMS--OPERATIONS ACTIVITIES

North Pacific Division, Seattle District

by

Robert M. Rawson¥®

The Seattle District has been involved 1n aquatic plant control
only since 1977, when the Washington State Department of Ecology re-
quested that a State-wide management plan for Eurasian watermilfoil be
established. At that time, milfoil had been identified as the species
causing problems and numerous complaints in the Seattle area. Around
that same time, we became aware of serious problems in the Okanogan
Lake Chain in British Columbia with milfoil moving rapidly downstream
into Oscoyoos Lake. A problem level population was alsc identified in
Banks Lake, a Water and Power Resources Services reservoir in the Colum-
bia Basin.

We had no in-house expertise in aquatic plant coantrol at that time,
s0 we asked WES for assistance. They assisted in getting our planning
study started and developed a 3-year research program designed to evalu-
ate control methods for adaptation to a prevention program.

We also received help from other organizations involved in aquatic
plant contrel: the Jacksonville District, The Tennessee Valley Authority,
and the Bricish Columbia Ministry of the Environment, in particular.

With this help, we were able to complete cur planning study in
June 1980, We signed a cooperative agreement with the Washington State
Department of Ecology, the State-wide sponsor, in July.

Because of the wide range of public concerns expressed during our
planning process, we realized that no single control method would solve
all of our problems. With this in mind, we geared our program, which
requires 30 percent local matching funds, to be as flexible as possible.
The local sponsor is left to choose the control method, within the frame-
work of our program, which best meets local needs.

The first year's operation of our program consisted of mechanical
harvesting and the use of fiberglass-bottom screens in high-use public
recreation and navigation areas in Lakes Washington and Sammamish, in
the Seattle area; the maintenance of a fragment barrier on the Okanogan
River and spot treatments of the herbicide 2,4~D in Osoyoos Lake to pre-
vent downstream spread; and the continuation of a public information pro-
gram to minimize fragment spread by recreational boaters. These programs
are expected to continue next year (1981).

* U. S. Army Engineer Division, North Pacific; Seattle District,
Seattle, Washington.
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The top priority of our program is to keep milfoil from becoming
established in the Columbia River. The Department of Ecology, in coopera-
tion with Okanogan County, has conducted a holding actilon on the Okanogan
River since 1977. This year, that work was incorporated into our cost-
share program. The downstream spread of milfoil has been slowed, but
not stopped. This summer, the WES field team found scattered milfoil
plants down to the mouth of the river. Now that our operational program
has been established, we can hopefully stop this spread.

The Department of Ecoclogy has also confirmed milfoil in the Pend
Oreille River, as far downstream as Boundary Dam., This is about 14 river
miles from the confluence with the Columbia River.

In addition to these two tributaries, we have a potential fragment
source at Banks Lake. This irrigation resexrvoir is filled by puwmping
water from the Columbia River and now contains several hundred acres of
milfoil. The preoblem we face here is the fact that two of the pumps
used to fill the lake are reversible. 1In times of high lake level and
high power demand, the flow could be reversed for generation. This
would result in water from the lake, possibly containing milfoil frag-
ments, going back into the Columbia River.

In summary, we have the Columbia River threatened by the direct
flow of fragments from two tributaries, from the possible two-way flow
from an infested man-made lake, and from private boaters traveling from
infested waters carrying fragments on their props or trailers. 1It's
going to be a big job and this coming year is going to be a critical time
for the Seattle District.
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USAE DIVISION/DISTRICT PRESENTATIONS
AQUATIC PLANT PROBLEMS--OPERATIONS ACTIVITIES

South Atlantiec Division, Jacksonville District

by
Joseph C. Joyce* and James T. McGehee¥*

The Jacksonville District's aquatic plant management program con-
sists of the Cooperative Aquatic Plant Control Program, the Removal of
Aquatic Growths Project, and operations conducted under specific project
operations and maintenance authoritiles. During the period between FY
1969 and FY 1979, the overall program underwent an expansion in both
scope and magnitude. The impetus for this expansion was (1) the introduc-
tion of new problem aquatic plant species, such as hydrilla; (2) the
requirement for additional control methods to manage the new problem
species and the diverse environmental situations associated with these
problems; (3) a change in aquatic plant management philosophy to a2 main-
tenance control approach; and (4) the passage of various regulatory laws
which require additional program assessment and coordination. The pur-
pose of this paper is to briefly discuss the magnitude and direction of
this expansion. Table 1 summarizes the areas of the program which have
undergone the greatest expansion.

Operational Function Expansion

In FY 1969 the waterhyacinth was the only nuisance aquatic plant
species covered under the program and the basic control method was the
application of 2,4-D. By the end of FY 1979, the control program in-
cluded 19 different plant species and integrated the use of chemical,
biological, mechanical, and envirommental manipulation techniques.

This expansion was necessitated by the spread of additional major
problem species such as hydrilia and the initiation of a control program
for minor problem aquatic plant species. This latter program was imple-
mented due to the realization that, although infestations of these plants
are generally localized, they can significantly interfere with water-
related activities when they arise ip critical locations. The treatment
or clearing of a small access trail through these areas will often open
a pathway to a relatively large area providing a substantial increase in
the area available to the public. Also, the treatment of a major problem
plant such as-waterhyacinth or hydrilla opens a water area to habitation

* (. S. Army Engineer Division, South Atlantic; Jacksonville District,
Jacksonville, Florida.
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by other species which were not previously included in the program. If
these plants are allowed to proliferate in previously cleared areas, a
portion of the benefits derived from the 'initial treatment would be
negated.

This increase in nuisance species and advancements in herbicide
technology resulted in an increase in the number of herbicide formula-
tions and application technigues under the District program. Currently,
10 differeat formulations of herbicides are employed, and applicatiocn
techniques include aerial and ground application of liquid and/or polymer
formulations; surface or subsurface injection of liquid, polymer, or
invert formulaticons; and surface application of herbicide pellets. Addi-
tionally, mechanical and biological control programs have been expanded
to fully operational levels within fiscal and environmental limitations.

In keeping with Federal and Corps personnel ceilings and the em-
phasis on contracting of additional services rather than performance
with Federal forces, Corps-hired labor operations have not significantly
increased over this ll-year period. However, the number of contracts
for support services has increased from 4 in FY 1969 to 32 in FY 1979.
A majority of the additional control work has been performed by the State
of Florida Department of Natural Resources under a cooperative cost-
sharing contract. The State has further subcontracted this work to
geveral tiers of local and regional agencies and private firms. This
approach has placed the management of aguatic plants at the local govern-
mental level, which is generally more familiar with the local aquatic
plant problems and more responsive to the specific management needs.

Planning Function Expansion

The increase in the number of problem plant species and environ-
mental awareness of the general public has also increased the expenditure
for program management, planning functions, research and development
efforts, and special projects. Numerous Federal laws have significantly
increased requirements for program assessment, justificatrion, and coordi-
nation. Examples of such laws include: the National Environmental Policy
Act of 1969 (NEPA); the Federal Envirommental Pesticide Control Act of
1972 (FEPCA); the Endangered Species Act; and the Resource Conservation
and Recovery Act of 1976. As a result of these acts: (1) three Environ-
mental Impact Statements and numerous environmental assessments have been
prepared according to NEPA; (2) key personnel have been trained and certi-
fied as pesticide applicators for several categories in accordance with
FEPCA; and (3) most recently the District has become invelved in a Sec-
tion 7 consultation with the U. 5. Fish and Wildlife concerning potential
impacts on the endangered species, the West Indian manatee (Trichechus
manatusg) .

Throughout this program expansion, the Jacksonville District work
force has remained relatively constant while the work load, cowmplexity,
and responsibilities have increased significantly. As noted in Table 1,
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there has only been an increase of 2.5 man-years in the total District
aquatic plant control work force. Two of these are allocated to the
field offices to assist in the contract inspection and compliance func-
tion. The other 0.5 man-year is allocated to the District office for
overall program management.

Funding

The net result of the program expansion discussed above has been
an almost elevenfold increase in annual expenditures from approximately
$514,000 in FY 1969 to approximately $5.75 million din ¥Y 1979. These
values represent the combined expenditure of the Corps and the State of
Florida under the cooperative program.

Future of the Program

The direction which the program has taken is expected to continue.
As current problem areas are brought under maintenance control, which
reduces the overall costs of control, additional problem areas can be
included under the program. This will allow the attainment of a greater
amount of benefits under the program with the same level of expenditure.
Pending a change in Fedevral policy, there will also be an increase in
the amount of operations and services that are contracted out rather than
performed with in-house personnel.

Perhaps one of the most challenging and potentially beneficial ex-
pansions in the Jacksonville District's program is the establishment of
a Corps-wide Aquatic Plant Control Operations Support Center at the
Jacksonville District. As reported at this conference by Mr. Dwight
Quarles of the Chief of Engineer's Office, the Center was established to
provide technical assistance to other Corps Districts on matters pertain-
ing to aquatic plant control operations. Upon request, the aquatic plant
control personnel in the Jacksonville District will assist other field
gperating units in the establishment of operational programs and provide
technical guidance during the planning phases of aquatic plant control
programs aud other operational related matters. Since aquatic plant con-
trol is of such a specialized nature, assistance by the Center's person-
nel will allow other Districts to avoid some of the pitfalls associated
with the establishment of a new program and to effectively manage nui-
sance aquatic plant infestations.
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Table 1

Areas of Expansion in the Jacksonville District

Aquatic Plant Control Program

FY 196% - FY 1979

FY 1969 FY 1979
Expenditures $514,000 $5.75 million
No. of Plant Species 1 19

Contracts and Government Agreements
State 1 1

Subcontracts 1 21
Private firms
Materials and equipment 2 7
Control work 0 2
Architect Engineer 0 1
Government agency agreements 0 4
Laws for Assessment and Coordination 1 4
Coordination with other Government
agencies
Federal 1 3
State 1 5
Assistance to other Districts/Agencies 0 6

Control Methods
Mechanical systems 0 2

Biological agents 1 8
Chemical formulations 1 10
Manpower allocation (man-years)
Corps
District 2 2.5
Area QOffices 21 23
State and Subs. 43 158%*
District Office Manpower Allocation
and Grade Structures
Engineer 1 0
Biclogist 0 1.5
Engineering Technician 1 1
Secretary 1 shared 1 shared
Clerk 1 shared 0

* Does not include part-time administrative and support personnel.
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AQUATIC PLANT PROBLEMS-~OPERATIONS ACTIVITIES

Southwestern Division, Galveston District

by
Lee W. Hunt#*

Status of the Aquatic Plant Control Program in Texas

The Galveston District administers an active aquatic plant control
program in the State of Texas.

This program is a cooperative cost-sharing and contractual agree-
ment between the Federal Government and local interests. The Galveston
District represents the Federal Government, and the Texas Parks and Wild-
life Department represents the State of Texas as the local cooperating
agency. Field operations are carried out by the Texas Parks and Wild-
life Department under the supervision of Mr. Lou Guerra, Director,
Noxious Vegetation Coutrol Program for the State of Texas.

Control activities are performed in 18 designated work areas in
accordance with established priorities. These areas are oriented to the
watersheds of major river basins and coastal drainage systems. OQur pro-
grawm is primarily limited to activities in the lower portions of the
following 10 work areas:

4. Nueces River Basin.

b. Guadalupe River Basin.
¢. North Coastal Area.

d. Sabine River Basin.

€. Trinicy River Basin.

f. Neches River Basin.

g. Cypress Creek Basin.

h. South Coastal Area.

1. San Jacinto River Basin.
J- Rio Grande Basin.

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.

*# U. 5. Army Engineer Division, Scuthwestern; Galveston District,
Galveston, Texas.
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Waterhyacinth

Although we consider waterhyacinth to be basically under control,
it continues to be a serious aquatic plant pest in Texas. Waterhyacinth
infestations are presently most critical in the North Coastal Area and
Sabine River Basin. The San Jacinto, Trinity, Guadalupe, and Nueces
River Basins are also problem areas that require frequent herbicide
treatment. Control measures for waterhyacinth involve the use of EPA-
approved formulations of 2,4-D.

Alljgatorweed

Infestations of alligatorweed have increased in recent years
throughout much of southeast Texas. The estimated acreage of alligator-
weed occurring in Texas for 1971 to May 1979 has increased from 8,400
acres in 1971 to approximately 11,400 acres at present. The Trinity and
Sabine River Basins and North Coastal Area are the most c¢ritically in-
fested regions at this time. However, extensive infestations also occur
in the Neches and San Jacinto River Basins.

Alligatorweed control methods to date have involved the use of the
Agasicles flea beetles (Agasicles hygrophilla). Although flea beetles
have been introduced at selected loczlities in five Texas work areas
since 1967, their weed destruction capabilities have met with limited
success. No releases have been made since 1974 as part of the Texas
Aquatic Plant Control Program.

Hydrilla

Hydrilla (Hydrilla verticillata) has become a serious problem in
portions of Texas; however, control of this species is not presently
authorized as part of the Galveston District’s Aquatic Plant Control
Program. Hydrilla was first discovered in Texas in 1970 in the reflec-
tion pool of the Houston Zoo. Infestations have continued to increase
substantially in portions of Texas with approximately 8,000 acres of
hydrilla reported in Texas in 1979. The most serious problem presently
occurs in Lake Conroe im the San Jacinto River Basin, where 32 percent
of the 21,000-acre lake is infested. 1In order to inelude hydrilla in
our control program, economic and environmental studies are presently
being conducted in order to revise the General Design Memorandum and
supplement the Environmental Impact Statement %o include control of this
species, Treatment to date in Texas has primarily involved experimental
control on Lake Conroe and Lake Livingston by the Texas Parks and Wild-
life Department.
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Problems and Needs

During our studies to revise the Generval Design Memorandum and
Environmental Impact Statement, we found that much of our information
was insufficient to determine the effectiveness of our present program.
A comprehensive survey of the extent of aquatic weed ilnfestations in the
Galveston District has not been conducted since 1971. A resurvey is
needed in order to document the spread of certain species and to develop
a data base to measure the effectiveness of our control program.

In April 1980, the Galveston District and the Southwestern Divi-
sion (SWD) contacted the WES for assistance with our Aquatic Plant Con-—
trol Program. We determined in coordination with SWD and WES that this
was an excellent opportunity to use the expertise and services of WES
personnel to help develop a comprehensive management plan for aquatic
plant control. Our request was twofold: first to utilize rapid survey
methods developed by WES to update our aquatic plant survey, and second
tc develop a plan for establishment of biocontrcl agents in Texas on
waterhyacinth and alligatorweed.

An agreement was developed with WES and cooperative work was
started in FY 1980 and will continue until completed. We feel that this
cooperative program with WES will greatly increase the capability of the
Galveston District in development of better methods of aquatic plant con-
trol in Texas.
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Southwestern Division, Tulsa District

by
J. P. Mace*

Tulsa District is involved in the Aquatic Plant Control Research
Program (APCRP) not because we have the overwhelming problems experienced
by the southeastern states, but because we have the potential for those
problems. Eurasian watermilfoil (Myriophyllum spicatwn L.) is the prob-
lem species.

Burasian watermilfoil was first collected in Tulsa DPistrict on
26 June 1959 in Quannah Parker Lake on the Wichita Mountains Wildlife
Refuge in southwestern Oklahoma, From these it spread, or more probably
other populations were introduced until it was found in the Arkansas,
Red, and Washita River drainage systems. In the early 1970's, after a
survey by the Oklahoma Department of Wildlife Conservation it became
apparent that the State could have a potential problem of major economic
significance.

Reconnaissance surveys were conducted in 1975 and 1979 persuant to
developing a State Design Memorandum. A compariscon of those surveys
showed that in 1975 watermilfoil was growing in 12 separate water bodies.
In 1979 the total number increased to 18 with the discovery of growths
in Soil Conservation Service ponds in south central Oklahoma. However,
the number of infested acres decreased by almost half from 8,000 acres
in 1975 to 4,300 acres in 1979.

The only Corps lake in Oklahoma infested is Robert S. Kerr, a
project in the McClellan-Kerr Navigation System along the Arkansas River.
The infestation there was 288 acres in 1979 after an all time high of
1,200 acres in the middle 1970's. There is a control program being
carried out at that project, but the most obvious possible explanation
for the decrease in the remaining acreage of infestation is that the
winters of 1977-78 and 1978-79 were extremely severe freezing more of
the overwintering plants than usually occurs.

Oklahoma is like a simmering pot ready to boil over and send Eura-
sion watermilfoil down the Arkansas and Red Rivers to the Gulf. It is
because of this potential that Oklahoma is very much involved in aquatic
plant control and the APCRP.

This year we will complete work on a State Design Memorandum

* U, S§. Army Engineer Division, Southwestern; Tulsa District, Tulsa,
Oklahoma.
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allowing local entities to receive cost-sharing in control programs.
The District will continue to monitor the plant populations and conduct
periodic surveys to detect possible new infestations. Measures will be
taken to ensure that, insofar as possible, Oklahoma infestrations will
stay home.
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A COOPERATIVE AGREEMENT FOR ACCOMPLISHING AN AQUATIC
PLANT CONTROL PROGRAM IN WASHINGTON STATE

by

Ron Pine®

Introduction

Prior to 1975 the words "Eurasian watermilfoil" or "milfoil"" were
little used in the State of Washington, except by aquatic bieclogists.
Now it has become almost a household word. Many newspaper articles have
been written and spots have appeared on television describing the prob-
lems caused by milfoil and the control efforts, and airing differences
of opinion on the most cost-effective and environmentally safe methods
of controlling the plant.

Washington State officials first became aware of the potential ex-
tent of the problem through Dr. Peter Newroth of the British Columbia
Ministry of Environment. At a presentation before the Pacific Northwest
River Basins Commission, in December 1976, Dr. Newroth described infes-
tations of milfoil in the Okancgan River lake chain in Canada, tyributary
to the Columbia River, and the Ministry's efforts to control it. BHe
warned that unless steps were taken to stop the spread of milfeoil it
would eventually infest the Columbia River, an important fishery, irri-
gation, recreation, and hydroelectric resource in the Pacific Northwest.
It was subsequently learned that there were infestations of milfoil in
lakes Washington and Sammamish near Seattle, and in some of the Columbia
River Basin irrigation project reservoirs.

A series of meetings was held by the Washington Department of
Ecology with the Corps of Engineers Seattle District to discuss the
Corps’ cost-share aquatic plant control program authorized under Section
302 of the Rivers and Harbors Act of 1965. The Washington Department of
Ecology, by authority of the Governor of the State, agreed to act as the
statewide "umbrella sponsor' for the cost-share program actively seeking
local sponsors to contribute the required 30 percent matching funds.

A Strawman Aquatic Plant Management Plan was subsequently prepared
by WES to assist the Seattle District in developing a final work plan
and to describe various control alternatives, A field reconnaissance
was then conducted and a report prepared by WES describing the potential
for infestation of selected waters in Washington State by Eurasian water-
milfoil. A 3-year Large-Scale Operations Management Test (LSOMT) was
also initiated by WES to evaluate prevention and control methodologies
that might be used in the State of Washington.

* Washington Department of Ecolegy, Olympia, Washington.
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Ultimately, a final Aquatic Plant Management Program Design Memo-~
randum and an Environmental Impact Statement were prepared by the Seattle
District that emphasized prevention as a priority and unique feature of
the Washington State program. All through this process the Seattle Dis-
trict Corps of Engineers encouraged the participation of, and review by,
the State of Washington Department of Ecology. A final cooperative
agreement was developed and signed on 15 July 1980.

The Cooperative Agreement

A considerable amount of discussion took place between the Jackson-
ville and Seattle Districts and the Washington Department of Ecology be~
fore it was decided that a cooperative agreement was the wmost appropri-
ate cost-share vehicle for the State of Washington Aquatic Plant Pre-
vention and Control Program. The Jacksonville District uses annual pro-
curement contracts for the direct purchase of services from the State of
Florida Department of Natural Resources in the control and eradication
of waterhyacinth, alligatorweed, milfoil, and other obnoxious aquatic
plants.

A cooperative agreement developed under authority of Public Law
95-224, Section 6, allows for the "transfer of money, property, services,
or anything of value to the state or other recipient to accomplish' a
task or work plan "authorized by Federal statute, rather than acquisi~
tion, by purchase, lease, or barter, of property or services for the
direct benefit" of the Federal Government. In a cooperative agreement,
substantial involvement is anticipated between the Federal agency execu-
ting the agreement and the State or local government irvolved. What is
meant by "substantial involvement” is defined in the "OMB Guidance On
Implementation of Grants and Cooperative Agreements'" dated 30 September
1978, but essentially can vary from a lot to very little.

The cooperative agreement for the control of Eurasian watermilfoil
between the Seattle District and the State of Washington consists of pri-
marily two major parts: the agreement, and the detailed annual budget
and work plan. The agreement defines the purpose; identifies the parties
involved; describes the priority elements of the program, reimbursement
procedures, and duration of the agreement; identifies the preject offi-
cers representing the Corps and the State; and specifies the effective
date of the agreement.

As part of the cooperative agreement, all operations carried out
by the State must conform to the minimum work requirements (attached to
the agreement as Appendix A} an integral part of the Agreement. Appen-
dix A describes the eligible treatment methods for the prevention and
control of milfoil, requires the State to inform residents and the
public concerning treatment and any restrictions necessary, and requires
supervision, inspection, monitoring, and reporting of operations. The
cooperative agreement remains Iin force unless terminated by either
party after providing 90 days advance written notice to the other.
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The aquatic plant management work plan and budget is the flexible
portion of the agreement. A work plan and budget must be developed
annually by the State and submitted to the Seattle District for approval.
It describes in detail the work to be accomplished for the fiscal year
in question and an estimated budget. T1f subcontractors or local spon-
sors, other than the State, are involved, the work assigned to each is
described. Although not required under the cooperative agreement, all
subagreements or contracts between the State and local governments for
the control and prevention of milfoil are submitted to the Seattle Dis-
trict for review.

Conclusions

The Cooperative Agreement was the best and least cumbersome vehicle
for instituting a cost-sharing aquatic plant management program in the
State of Washington. While the State Attorney General had some initial
questions and concerns about certailn paragraphs and phrases in the agree-
ment, these were eventually worked cut to the satisfaction of everyone.
It would have been much more difficult trying to satisfy the concerns
of the attorneys and our administration in negotiating a procurement
contract,

One of the worthy features of the agreement is that it establishes
prevention operations as the first priority in the Washington program
and control operations as the second priority. The annual work plan
and budget is developed accordingly, which makes it easier when cuts
have to be made in the program if the desired funding for any particular
year does not become available.

In conclusion, I would like to say that the cooperation of the

Corps of Engineers, and particularly the Seattle District, has been a
major factor in the development and initiation of a successful aquatic
plant management program in the State of Washington. Much more can and
will be done to prevent and control the growth of milfoil in the State

of Washington; however, the legal instrument to accomplish the necessary
work has been developed and efforts can now be concentrated on the actual
implementation of an effective milfoll prevention and control program.
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PROBLEM IDENTIFICATION AND ASSESSMENT

An Overview

by
Anthony M. B. Rekas¥®

Introduction

Objectives

As stated in the Aquatic Plant Control Research Program (APCRP)
S5-year plan, the objectives of the Problem Identification and Assessment
for Aquatic Plant Management work unit are:

a. To develop techniques for identifying and assessing the scope
of problem aquatic plant infestations.

b. To classify the problem areas into categories related to avail-
able control methodologies.

c. To quantify the economic and social impacts of severe aquatic
plant infestations.

Research on this APCRP work unit is being conducted by the Environ-
mental Assessment Group (EAG) of the Environmental Laboratory at the
U. S. Army Engineer Waterways Experiment Station (WES).

Approach

The approach to achieving the objectives of this work unit has
consisted of three sequential tasks:

a. Task 1l: Develop and evaluate rapid, site-specific and regional
survey techniques to locate, identify, and map the distribution
of problem emergent and submerged aquatic plant species.

b. Task 2: Develop and evaluate a classificatlon system for
characterizing aquatic plant problem areas that can be used
to select control techniques.

c. Task 3: Develop and evaluate techniques for quantifying the
economic and social impacts of severe aquatic plant
infestations.

The repert on this work presented at the l4th Annual Meeting,
Aquatic Plant Control Research Planning and Operations Review (Rekas
1980) summarized the previous WES work on Task I which has resulted in

* U. S. Army Engineer Waterways Experiment Station, CE, Vicksburg,
Mississippi.
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the identification of films and filrers, aerial photomission specifica-
tions, and photeointerpretation techniques that are recommended for rapid
surveys of emergent and submergent aquatic plant populations in site-
specific situations (i.e., specific lakes and rivers). An engineer
pamphlet describing the aquatic plant survey techniques for operational
users is in preparation.

1580 Research Studies

Task I studies

In 1980, EAG has conducted Task I studies in widely separated
geographic areas teo validate the aquatic plant survey techniques appldi-
cability to regional aquatic plant surveys (Galveston District), an
emergent aquatic plant survey (Mobile District), and submerged aguatic
plant surveys in riverine systems {(Galveston and Seattle Districts) and
lakes (Seattle District and Pamama Canal). The details of the Galveston
District and Panama Canal studies will be presented in a subsequent
paper by Mr., S. D. Parris and details of the Mobile District study will
be presented by Mr. J. M. Leonard. The Seattle District studies are
discussed in the following paragraphs.

The airphoto mission specifications, methodology, and preliminary
results of the water penetration tests using three films, black and white
(Kodak Double-X Aerographic Film, 2405), color (Kodak Ectachrome ER
Aerographic Film, $0397), and color infrared (IR) (Xodak Aerochrome
Infrared Film, 2443), flown at 1:5000 scale were presented at last year's
meeting (Rekas 1980). Since then, the EAG has completed the photointer-
pretation of the 1:10,000- and 1:20,000-scale imagery. The results of
the tests of the films' capability to be used to detect two sizes and
two colors of targets that were diver-placed in three lakes at 5-ft depth
intervals from O- to 30-ft depths are presented in Table 1. Target detec-
tion was determined by a skilled photo interpreter using 10x magnifica-
tion. The analysis indicated that black and white imagery yielded shal-
lower detection depths than either color or color IR at all scales in all
lakes and that color and c¢olor IR film, in most cases, performed equally
well at all scales in all lakes. Hewever, color imagery was easier to
interpret (Table 2). 1In general, white targets were easier to detect
than were green targets. Panels were easier to detect than were blocks,
and larger scale imagery was easier to interpret than smaller scale
imagery. 1t should be noted that water transparency, background (bottom)
color, orientation of targets with respect to sun angle, and surface
glitter may significantly alter the maximum depths that targets can be
detected; however, these results are consistent with those reported by
Lockwood et al. {(1974) for similar film/filter combinations.

As a result of the previous and 1980 Task I studies, EAG personnel

conclude that black and white films flown at 1:10,000 te 1:20,000 scale

are most useful for regional surveys of both emergent and submergent
fal

aquatic plants. Color films flown at 1:5000 scale are more suitable for

57



detailed surveys of submerged aquatic plants and color IR films flown at
1:5000 scale are more suitable for detailed surveys of emergent aquatic
plants. The Okanogon and Pend Oreille Rivers and Lake Osoyoos were
successfully surveyed in FY 80 using color film flown at 1:5000 scale.

Task 1I studies

Work on the development of a site classification system began in
1979 for use in selecting one method from available aquatic plant control
methodologies (Rekas 1980). Initial efforts were directed to the ldenti-
ficatlion of the aquatic plant control methods that were available to, and
in current use by, Corps of Engineers (CE) Districts. A review of
aquatic plant control literature published through 1978 and a telephone
survey of the CE Districts were conducted to compile these data (Dardeau
1981). An important element of the review and survey was the identifi-
cation of the types of data that were required to conduct CE District
aguatic plant control operations; e.g., Table 3 presents a list of data
requirements identified by the Jacksonville District.

The FY 80 work on the site classification system was scheduled
to include two concurrent studies:

a. lIdentification of the site characteristics that affect selec-
tion and performance of control methodologies.

b. Identification of the factors that affect the potential popu-
lation level of Eurasian watermilfoil (Myriophyilum spicatum
Lo ) 4

By November 1979 it was apparent that the magnitude and complexity
of the work on either of these studies would require more time and per-
sonnel than c¢ould be supported by the available FY 80 funding. A com-
prehensive review of the program was conducted that resulted in a reduc-
tion in the scope of the FY 80 work. The scope of classification
system work was restricted to an investigation of the envircnomental
factors that affect establishment and growth of Eurasian watermilfoil
{hereafter called milfoil) and the development of a classification system
to characterize the sites where milfoil can be and has become established.
The reasons for the shift in scope included:

a. The identification of site characteristics that affect selec-
tion and performance of control methedologies was currently
being investigated by three existing APCRP programs, biologi-
cal, c¢hemical, and mechanical.

In the past 5 years, the most severe aquatic plant management
problems reported by CE Districts have been with control of
the submerged aquatic plant species Eurasian watermilfoil
(Seattle District) and hydrilla (Jacksonville District}).

i

e

The potentilal population level of the problem species is the
data requirement (Table 3} for which the lease informaticn
was and is avallable.

{ou

The results of recent APCRP-funded laboratory studies on the
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environmental requirements (i.e., temperature, light, nutri-
ents, etc.) of aquatic plants (Barko 1980) could be used to
evaluate the results of field studies of the same requirements.

The APCRP laboratory studies could use field-collected data
on existing environmental conditions to establish realistic
environmental gradients for scheduled laboratory evaluations
of aquatic plant requirements.

I

The objectives of the revised FY 80 classification work were:

a. To identify the eonvironmental factors that are expected to be
important to the establishment and growth of Eurasian
watermilfoil.

b. To identify the equipment and sampling techniques required to

effectively collect field data on the environmental factors.

¢. To develop a research pian for field data collection for imple-
mentation in FY 80.

d. To collect field data at selected sites in the United States.

To meet objective a above, the EAG prepared a list of selected
environmental factors that were expected to be important to the estab-
lishment and growth of milfoil and compiled the minimum and maximum
range for those factors from the literature reports on milfoil popula-
tions (Table 4). However, the literature reviewed did not include field-
collected data on several of the environmental factors. For objective b,
equipment was purchased and field sampling techniques were identified for
the subsequent FY 80 field studies. A data collection plan was prepared
and implemented in Lake Osoyoos, Washington, to satisfy objective c.

The specific objective of the field plan was to evaluate the sampling
equipment and techniques and collect field data (objective d) on sedi-
ment type and nutrients for comparison to the biomass of milfoil in five
selected sites where milfoil occurred and five sites where it was absent
{Tables 5 and 6). Analysis of these data will continue in FY 81. The
sampling equipment and techniques will be described in the paper entitled
"An Adaption of Existing Instrumentation Technology to Aquatic Plant
Monitoring.' (This paper begins on page 85 of this report.)
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Table 1

Detection of Underwater Target Panels and Blocks

Using Various Scale-Imagery Combinations

Detection Limit
(Water Depth), ft
White Green
Test Site Imagery Panel* Block** Panel Block

Scale 1:5,000

Lake Osoyoos

{Secchi disk - 12 ft, Black and white 20 20 10 0
lake bottom - sand) Color 20 15 20 0
Color infrared 20 10 20 10

Scale 1:10,000

Black and white 15 10 5 5
Color 20 10 5 5
Color infrared 25 10 10 5

Scale 1:20,000
Black and white 10 0 0 4]
Color 20 0 10 0
Color infrared 20 15 15 15

Scale 1:5,000

Lake Whatcom

(Secchi disk - 16 ft, Black and white 10 0 5 0
lake bottom - mud) Color 20 10 15 5
Color infrared 15 15 10 5

Scale 1:10,000
Black and white 10 0 0 0
Color 15 10 10 10
Color infrared 15 15 10 15

(Continued)

* 4 ft x 4 ft.
**% 16 in. x 8 in.
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Table 1 (Concluded)

Detection Limit
(Water Depth), ft

Whilte Green
Test Site Imagery Panel Block Panel Block
Scale 1:20,000
Lake Whatcom Black and white 10 0 0 0
(Continued) Color 15 5 10 10
Coler infraredt
Scale 1:5,000
Lake Sammamish
(Secchi disk - 14 ft, Black and white i5 10 0 0
lake bottom - sand) Color 20 15 15 10
Coloxr infrared 15 15 15 15
Scale 1:10,000
Black and white 10 10 0 0
Color 10 10 5 10
Color infrared 15 10 15 10
Scale 1:20,000
Black and whitett
Color 10 5 10 10
Color infrared 15 10 15 5

t Obscured by glitter, no data.
1t No 1:20,000-scale black and white imagery was available for Lake

Sammamish.
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Table 2

Average Detection Depths,* Lake Osoyoos,

Lake Whatcom, and Lake Sammamish

Average Detection Depth, ft

Scale-Imagery White Green
Combination Panel Block Panel Block
Scale 1:5,000
Black and white 15.0 6.7 5.0 0
Colox 20.0 13,73 16.7 8.3
Color infrared 16.7 13.3 15.0 11.7
Average 17.2 11.1 12.2 6.7
Scale 1:10,000
Black and white 13.3 3. 3 1.7 L #
Color 15.0 10.0 6.7 8.3
Coleor infrared 18.3 11.7 11.7 10.0
Average 15.0 9.4 6.7 6.7
Scale 1:20,000
Black and white 10.0 0 0 0
Color 15.0 3.3 10.0 6.7
Color infrared 11.7 8.3 10.0 6.7
Average 11.1 4.4 7:5 5.0
*

Based on data contained in Table 1.
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Table 3

Data Requirements for Planning Control Programs®

Environmental Factors

Aquatic plant species present

Existing and potential population level of aquatic plants
Morphology of water body

Water depth

Streamflow (seasonal and dally trends)

Weather (seasonal and daily trends)

Obstructions (stumps, pilings, etc.)

Collection peoints for floating plants

Environmental constraints (critilcal fish and wildlife habitat, sensitive
crops, etc.)

Uses of the water body (crop irrigation, water intakes, etc.)

Resource Factors

Man power (in-house, contract, ot hired labor)
Available control methods (biological, chemical, mechanical)
Funds (operation and maintenance, special need)

Equipment requirements (boats, sprayers, harvesters, etc.)

# Modified from Joyce (L977}).
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Table 4

Maximum and Minimum Values for Cricical Environmental Factors Imporxtant to the Establishment,

Growth, and Spread of Eurasian Watermilfoil

Factor

Minimum Value

Source*

Maximum Value

Source¥

*%

Water parameters

Temperature

Light i{ntensfity
(compensation point)

Total alkalinity (hardness)

pH

Conductivity

Dissolved oxygen
Water depth
Nutrients

N
P
K
S
Ca

Mg
Te
Cu
Sediment parameters

Particulate organic
magcer

pH

3.9%¢

335 Einstein/mzfsec

(20°C; 400-700 mm wavelength)

20 ug CaCD3/E**
5.8
76 ymhos/cm**

0.6 mg/i*x*

0.00 mg/e*x
<0.005 mgfb¥*
1.4 mp/ex*

2.8 ppm

5.0 mg/L¥k

1.48 percent** (dry wt)
{organic carbon}

b.4x%

B.C., W.I.B. (1979)

Brenkert and Amudsen
{not dateg)

Fussell-Rutherford
(1978)

Brenkert and Amudsen
{(not dated)

Fussell-Rutherford
(1978)

Pinsent et al. (1974)

Scheaffer (1978)
Pinsent et al. (1974)
Perkins (1980)
Brenkert and Amudsen

(not dated)
Perkins (1980)

Pinsent et al. {(1974)

Scheaffer (1978)

(Continued)

39.4°C
2
700 u Einstein/m /sec
{30°C; 400-700 mm wavelength)
1210 ug CaCO,/ak
9.7

463 pmhos/cmk*

15.6 mg/ex

5.0 mg/r**

3.2 mg/axk

2.3 mgfrrx
270 ppm

8.7 mg/L¥r

6.5 perceutt (dry wt)

g, g%

Fussell~Rutherford
(1978)

Brenkert and Amudsen
{(not dated)

Perkins (1980}

Brenkert and Amudsen
(not dated)

Pinsent et al. (1974)

Pinsent et al. (1974)

Scheaffer (1978)
Scheaffer (1978)
Perkins (1980)

Brenkert and Amudsen
{not dated)
Perkins (1980)

Barko and Smart (1979)

Scheaffer (1978}

* See References section.

+ Laboratory test value.

Value for entire lake, not

just areas infested with Burasian watermilfoll.



Table 4 (Concluded)

Factor

Minimum Value

Source

Maximum Value

Source

Sediment parameters (Continued)

Nutrients

N
P

K
S
Ca
Mg
Fe
Cu

Parcicle-size distribution

Soll type

Wave aud current parameters

Wawe helght

Wind direction
Wind velocity
Current direction

Currant velocity

Other parameters
BotLom topography

Elomass of Eurasian
watermilfoil

Meristem production of
Euraslan watermilfoil

Biomass of competing
plant species

3] ppmx*
1 ppmk*

(==
oo

Sand-silt-clay
0.0-20.0-80.0f
(percent dry wt)

12 gfus {dry wc)
(seasonal value)

Scheaffer (1978)
Scheaffer (1978)

Barko and Smarc (1979)

Grace and Wetzel (1978)

0.37 ppm#**
515 ppm {total P)**

Sand-silt-clay
60.0-2.5-37.5¢
(percent dry wt)

1146 g/m2 (dey we)td
(seasonal value)

1950 g/m® (dry wt)
(Fajas guadalupensis)

Scheaffer (1278)
Fusgell-Rutherford
(1978)

Barko and Smart (1%79)

Grace and Wetzel (1973)

Brenkert and Amudsen
{(not dated)

%%  Yalue for entire lake, not just areas Infested with Eurasian watermilfoil.

Laboratory test value.

i: Grace and Wetzel (1978) state that this value reported for Wisconsin in 1968 was possibly an overestimate because of the small number of

samples.



_ Sediment Analyses

Table 5

Sediment Samples - Loke Osoyoos, 1980

Sample Range

train-aize analysis,
percent retaloned on

Ua 8.
Mo
Hu.
Moy .
Ne.
No .,
Na .

Standard Sieve
14
0
&0
140
200
00

Volatile solids
percent

tlasstflcation

{U. §.

Geological

Survey)

pH (131 racio)

Bicarbonate
alkalinity+

Jotal organtc
carbon, ugig

Aamon ia-N

sR{E

Nitrate-N

aulg

Jucat Kjeldahl
ultrogen, vplp

Soluble
urthophosphate
anfp oas P

Jural phosphate
apfg as P

Valattle solids

wulg

- -lw:riage Values for

min-max e 5 Average Valyes Pey Plor N Lake Osoyocos
Watermilfall Watermilfoil Watermilfoil Presenc Watermilfoll Absent e P Mean Mean
Preseat _Absent Ix 2 3 5 14 3 ey e 4 9 15 _Presvnt nbsent
0.9-21.4 0.3=43.5 6.275 7.28 10.94 6.63 7.03 10.64 4.30 5.56 3.74 17.713 7,700 10,191
0.7-19.4 2.5-19.3 19,25 17.82 24.68 13.61 15.83 22,72 9.b6 16.04 15.74 55.00 18.161 16,200
£2.5-66.1 7.5-45.2 56,10 59,42 64,80 47,71 63,46 62,50 23,44 33,62 30,48 89,77 58.678 w4327
£3.4-43.1 6.0-63.5 18.17 94. 40 YL.90 77,24 96,29 91.72 16..8 74,40 50,38 97,00 85,326 67.591
0.7-19.¢ 2.4-20.7 91.497 100. 04 99,84 B5.30 100. 0% 100. 04 43.82 87,12 57.24 99.93 94. 743 75,691
0.0-46.0 0,0-70.0 6.27 0.0 0.14 14,60 0.0 0.0 56,18 12.94 42,16 0.0 5.063 26,322
0.2-13.5 0.2-4.9 4,35 1.46 1.68 k.35 3.03 [ERCTS 1.58 .60 152 2.10 2.444 2.087
-- ~= $P-5M 5P 5P 5M 5P 13 SL or ML SM $M or S5C
7.0-8.1 7.1-8.01 1.67 7,60 7.76 7.62 7.17 7.80 7.82 7.62 7.80 7. 57 1.596 7.651
1.1-2.5 1.U-2.6 1.30 1.46 1.46 1.82 L.? 1.16 1.80 1.88 1.10 L.é&3 1.55) 1. 635
H00-19,400 iN0-27,500  6,800.u 1,660.4 3,32009 6,250.0 3,500.0  4,780.90 8,740.0 5,700 7,700.u 1,b66. 7 4,347 6,200.0
L.6-27 1.9-41 9.97 3.54 4,16 13,27 6.1 7. 24 32.0 12.1 4.6U 6.4 T.665 Lu. 078
0-3.48 0-4.9 == 0.65 0.634 2.13 1.04 0.46 Q.26 221 0.73 1.0% 1.143 0.939
L4u-3,030 270-2,160 914.0 360.0 476.0 781.67 970.0 44,0 1,540.0 1,048.0 360.0 446.7 671.13 Bhil, 87
0-3.2 0-<3.0 0.70 1:13 0.74 2.40 0.77 a.74 1.5 1.50 1.50 0.68 1.25% b.2z3
174-1, 240 231-1,610 516.0 532.6 536.6 55955 505.3 S03.0 894.2 T14.2 893.6 2967 555.4 691.96
1,000-135,000 2,000-92.000 43,500.0 14,600.0  16,800.0 13.500.0  50,333.3  6,406.0  35,800.0 26,000,y 15,200,0 21,000.0 24,4678.3 20,4869, 6

+ Ihese gee plot numbers,




Table &

Plasma Spectrographic Analysis of Sediment Samples - Lake tlsoyoos, 19330

___Sample Range, pg/p TR Average Values Per Plot, ug/g Average Values for
Watermilfoil Watermilfoll Watermilfoll Present - Watermilfoil Absent Lake Osoyoos, pgig
Element __FPresent Absent 1 e i 3 18 6 7 3 9 19 Present __Absent,
Aluminum 58,600-580,800 49, 800-97,400 62,750.0 74,060.0 65,440.0 95,840.0 13,500.0 66,960.0 65,760.0 £5,720.0 83,860.0 16,633.3 76,657.5 71,365.2
Ant Lmoay 0-<15.0 0-<13.0 7.5% 7.5% rag L 7.5 7.54 T.5% Ta o L To5x 75:5% 7.5% 1.5%
Arsenic 0-<30.0 0-+30.0 15.0% 15.0* 15.0% 15.04 15.0% 15,0% 15.0% 15.0% 15.0% 15.0% 15.0% 15.0%
Garium 872-1,260 £39-1,270 L.058.7 1.126.0 1,044.0 1,003.3 913.3 9948 838.0 957.0 1.134.0 1,012.3 1,035.3 993.1
Beeyll fum 0-<0.73 0-<0.3 Q.15 0.15#% 0.15% 0.15* 0,15+ 0.15% 0.15» 0,134 0,15 0.15# 0,15~ 0.15%
Bismuth 0-<5G.0 0-<50.0 25.0% 25,0 25,04 25.0% 25.0% 25.0% 25.0% 25.0n 25.0= 5. 0% 25.0% 25.0*%
Cadmium D-<2.3 0-<2.5 L.25* 1.25¢% L. 25# L. 25¢# 1.25n% 1.:25K 1.25% 1.2%4 L.25% 1.25* L. 25% L.25%
Calcium 16,200-47,200 17,300-162,000 25,075.0 25,940.0 21,500.0 24,157.0 26,900.0 21,060.0 93,160.0 33,900.0 40,320.0 25,200.0 26,562.0 45,3%9.0
Chromium 21-316 24~265 203.2 29.6 &68.4 26.9 173.3 76.4 43.8 ar.z 56.86 1324.3 83.8 62.4
Cobalt 0-12 5-24 3.5 8.2 10.2 8.1 4.7 7.0 16.6 11.6 15.8 1.0 8.2 Fl.z2%
Copper 4-30 6-33 12.0 8.8 3.0 10.4 18.0 10.2 41.2 16.6 30.6 18.0 10.2 23.48
Icon L4,900-28,200 15,300-44,200 16,0253.0 21,000.0 16,560.0 18,557.0 21,700.0 17,180.0 33,600.0 23,660.0 18,100.0 24,100.0 18,620.8 27.604.7
Lead 0-410 0-13 135.5% 4.0% 4.0 4.0 20.7% b.0* 4.0* 4. 4.0% 7.0 28.0% 4,354
Magnesium 4,800-10,700  5,000-18,000 5.505.0 T.080.0 5,960.0 6,342, % 7.333.3 5.880.0 1,%64.0 4.040.0 14,5200 T.r00.0 6,404.2 7,700.9
Manganese 211-600 341-952 349.0 537.4 4144 460.7 581.7 410.8 667.6 560.2 847.0 650.0 462.9 625, L
Malybdeaum 0-45 0-32 7.2 2.0+ 13.4» 2.0% 2.0% 5.6% 12.8 6,22 3.8 3.0 5.2% b, 6%
Kickel 7-29 10-35 15.5 12,4 9.0 12.3 22.9 13:2 27.4 16.4 27.6 L5.7 13.4 21.0
Phosphorus  1,280-2,630 1,560-4,000 1,492.0 2,304.0 2,022.0 1,868.4 2,103.0 1,808.0 2.494.0 2,440.0 3,343.0 2,046.7 1.957.2 2,459.4
Potassiom ) 1,500-20,500 12,000-22,600 18,300.90 16,360.0 16,630.0 17,685.7 14,933, 1 19,2380.¢ 14,760.0 17,300.0 20,700.0 18,233.1 17,000.0 18,0%9.1
Silver 0-<3.0 0~23.0 1.5% 1. 5% ). 5* L.5* 1.5 1.5 1. 5% 1.5# L..5* L;5% 1, 5% L3%
Sod Lum 20,100-26,800 13.000-26,900  22,050.0 25,720.90 23,800.0 264,037.1 22,2332 24,1600 16,600.0 21,240.0 22,740.40 22,400.0 23,787.5 21,343.5
Strontinm 457-615 667-747 521.0 592.6 483.2 537.4 535.3 496.0 618.2 596.8 556.6 531.0 534.6 563.0
Tin 0-<30.0 0-<30.0 15.0% 15.0% 15.0% 15.0% 15.0% 15.04 15.0% 15.0% 15.0% 15.0# 15.0% 15.0
Titanium L,420-3,106 1,930-5,160 1,557.5 2,432.0 2,168.0 2,162.0 2.1399.3 2.122.0 1,274.0 2,672.0 4,384.0 2,40L.0 2,148.4 3.015.8
Vanad lum 40-112 41~132 44.5 63.2 54,0 55.2 81,7 55.:2 97.4 68,8 113.4 86.7 S8.1 84.1
Llne 18-57 L7-102 22.0 44,8 34 24.7 43.7 21.0 61.6 49.8 46.4 449.0 2.9 54.4

*  lhese averages Inelude one or wore values below the detection Jimit, Averages were calculsted using one half of che value of the detection Limit.
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Background

The WES Environmental Assessment Group (EAG) is conducting research
to develop rapid survey techniques to locate, identify, and map the dis-
tribution and character of emergent and submersed aquatic plant species.
During FY 80 two field tests were scheduled to determine the applicabil-
ity of previously developed aerial photomission specifications. A test
of the best film/filter combinations for detecting submersed hydrilla
was scheduled for Panama, and a test of the application of the rapid
survey techniques to large-area problems was initiated in Texas in the
Galveston District. The objectives of these tests were to develop im-
proved photomission specifications 