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SUMMARY 

The U. S. Army Engineer District, Jacksonville, is instituting 

environmentally compatible, large-scale aquatic plant control and 

management programs. Local opposition to the use of chemicals to con­

trol waterhyacinths and the lack of a federally registered chemical to 

control the submersed aquatic plant hydrilla prompted the Jacksonville 

District to request that the U. S. Army Engineer Waterways Experiment 

Station (WES) evaluate the most advanced off-the-shelf aquatic plant 

harvesters and harvesting systems. This evaluation was to determine if 

such systems' productivity is sufficiently high (80 to 100 tons/hr) to 

control the known growth rate of the troublesome plants waterhyacinth 

and hydrilla. The only equipment found with the potential to meet this 

requirement is a three-component mechanical harvesting system, known as 

the Aqua-Trio, manufactured by Aquamarine Corporation of Waukesha, 

Wisc. The system performs the basic functions required in the harvest­

ing of aquatic plants, i.e. cutting, loading, transporting, and unloading. 

One objective of the evaluation was to generate data pertaining to 

the performance rates of those functions that make up mechanical har­

vesting. Data collection was to be carried out in a wide variety of en­

vironmental settings and operational scenarios deemed representative of 

those of interest to the Jacksonville District. A second objective was 

to determine those functions employed in the A~ua-Trio system that pace 

the mechanical harvesting operations. The knOWledge gained in pursuing 

the second objective would then prove valuable in focusing the direction 

of the search for improved mechanical control systems. This is a con­

tinuing objective of the research. 

The Aqua-TriO, described in Appendix A, was tested in the enViron­

ments described in Appendix B. Operations and data collection were con­

ducted according to the instructions in Appendix C. Equipment operating 

cost is given in Appendix D. Lists of literature searched and experi­

enced persons contacted are given in Appendix E. Copies of all data 

taken and equipment operating times are recorded in Appendix F 

(Volume II). 
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Major findings were that (a) total Aqua-Trio system productivity 

was less than 10 tons/hr with the pacing component being the transport 

in waterhyacinth and the harvester in hydrilla; (b) of the three com­

ponents of the Aqua-Trio, only the onshore conveyor had production 

rates that demonstrated a potential for reaching 80 tons/hr; the other 

components involved excessive mechanical handling of the plants, and 

(c) transporting the harvested material over water appeared to be the 

major pacing problem in developing a high-production mechanical harvest­

ing system. 

It is recommended that the search for improved mechanical systems 

be continued. It is further recommended that realistic performance 

specifications be prepared for a "Request for Proposal" to industry for 

the design of an advanced system. It is also recommended that a tech­

nical framework for evaluating industry designs be developed and that 

model development continue. 
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PREFACE 

Personnel of the Mobility and Environmental Systems Laboratory 

(MESL), u. s. Army Engineer Waterways Experiment Station (WES) , con­

ducted the study reported herein at the request of the U. S. Army Engi­

neer District, Jacksonville, which provided funds under authorization 

96x3123. 

The study was under the general supervision of Messrs. W. G. 

Shockley, Chief, MESL, and B. O. Benn, Chief, Environmental Systems 

Division; and under the direct supervision of Mr. J. L. Decell, Chief, 

Aquatic Plant Research Branch (APRB). Mr. M. M. Culpepper was Project 

Engineer and Mr. S. O. Shirley assisted in the conduct of the field tests. 

This report was prepared by Mr. Culpepper and Mr. Decell. Yne APRB 

is now part of the recently organized Environmental Laboratory of which 

Dr. John Harrison is Chief. 

Acknowledgment is made to Mr. Joe Joyce, Chief, Aquatic Plant 

Control Section, Jacksonville District; Mr. Emory Close, Palatka Area 

Engineer; Dr. Bill Haller, University of Florida; Mr. Howard Grisham, 

Astor, Fla.; Mr. Roy Gossard, Orange Lake, Fla.; and the Florida 

Highway Patrol for their support during the field tests. 

Directors of WES during the conduct of the study and preparation 

of the report were COL G. H. Hilt, CE, and COL J. L. Cannon, CEo 

Technical Director was Mr. F. R. Brown. 
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CONVERSION FACTORS, U. S. CUSTOMARY TO METRIC (S1) 
UNITS OF MEASUREMENT 

U. S. customary units of measurement used in this report can be converted 

to metric (8r) units as 

Multi~ 

inches
 

feet
 

miles (U. s. statute)
 

miles (U. S. statute)
 
per hour 

acres 

cubic feet 

cubic yards 

gallons (U.S. liquid) 

pounds (mass) 

tons (2000 Ib mass) 

tons (2000 lb mass) 
per acre 

horsepower 
(550 ft-lb/sec) 

follows: 

BI 
25.4 

0.3048 

1.609344 

1.609344 

4046.856 

0.0283168 

0.7645549 

0.003785412 

0.45359237 

907.1847 

0.22417 

745.6999 

To Obtain 

millimetres 

metres 

kilometres 

kilometres per hour 

square metres 

cubic metres 

cubic metres 

cubic metres 

kilograms 

kilograms 

kilograms per square metre 

watts 
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MECillU~ICAL HARVESTING OF AQUATIC PLANTS 

FIELD EVALUATION OF THE AQUA-TRIO SYSTEM 

PART I: INTRODUCTION 

Background 

1. As part of the Corps of Engineers AQuatic Plant Control Re­

search Program (APCRP), the U. S. Army Engineer Wate~vays Experiment 

Station (WES) is studying the feasibility of using mechanical systems 

alone or in comoination with other methods, e.g. oiological and chemi­

cal, to manage problem aquatic plants in water bodies of interest to the 

Corps. The decision that mechanical harvesting has the potential to 

become a viable aquatic plant control tool of use to the Jacksonville 

and other Corps Districts was reached after consideration of the advan­

tages and disadvantages of mechanical harvesting and the reasons that 

past efforts had been abandoned. 

2. Among the advantages of mechanical harvesting are the following: 

it provides immediate relief from the nuisance condition in the area of 

application; it adds no foreign substance to the aquatic environment; 

physical removal of the cut plant material from the aquatic ecosystem 

removes a high biological oxygen demand that could in extremes adversely 

affect marine life; the harvested vegetation, properly processed, can 

provide a potentially useful resource; and mechanical harvesting of sub­

mersed aquatics controls the amount of plant material removed, a desir­

able function, especially in the enhancement of fisheries. 

3. Many of the disadvantages of meChanical harvesting are related 

to the low productivity and high cost of the harvesting operations com­

pared with other methods of aquatic plant control. However, efforts to 

increase productivity by simply enlarging the eqUipment components have 

usually resulted in unmaneuverable machines. Further, the lack of ade­

quate land-based disposal sites has resulted in high disposal costs. 

4. Aquatic herbicides were introduced in the 1950 1 8 and their low 
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cost per acre of application ended the use and modification of mechani­

cal harvesters before any increase in technical development could be 

realized. With the growth of environmental concern in the late 1960's, 

and a better knowledge of problem plant growth rates, the machines con­

structed became larger, less maneuverable, and more energy-intensive. 

Thus, attempts were made to extract plants from a fixed point on the 

periphery of the water body. In many cases, this was ineffective be­

cause of problems in moving the plants to the take-out point. Problems 

in plant material disposal have never been adequately solved, and in­

creases in waterborne recreation and shoreline development have magni­

fied the problems and helped discourage the use of mechanical systems. 

5. For the most part, strategy for the control of aQuatic plants 

in a given water body must be developed in full cognizance that each 

problem area has a specific set of environmental conditions. These 

specifics often dictate the optimal methodology that can be used, in­

cluding the proper type and mix of mechanical devices required for the 

removal and disposal of the plants. For instance, a high level of 

cultural development and extensive recreational use of a water body 

will dictate that harvested plants not be thrown or stacked indiscrimi­

nately on the banks of the water body. Furthermore, limited access to 

land at the water's edge may often require excessive time for a water­

borne transporter to deliver plant material to an accessible point on 

land. It must be recognized that, in addition to considerations of 

the efficiency of operational techniques, physical site factors and the 

environmental impact of a control technique must oe evaluated when 

selecting an optimal procedure. The thrust, then, of the APCRP is to 

develop a variety of techniques and equipment that can be tailored to 

the wide range of environmental conditions in which most problem aquatic 

plants are found. 

6. In the U. S. Army Engineer District, Jacksonville, there is 

intense public pressure to institute environmentally compatible, 

large-scale aquatic plant control and management. In particular, local 

interests are extremely critical of the widespread use of chemicals to 

control waterhyacinths in certain reaches of the St. Johns River. Also, 
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the submersed plant hydrilla has infested many water oodies in the Dis­

trict. At present, no federally registered chemical is available to 

control this plant. These factors prompted the Jacksonville District 

to request, in December 1975, that WES assist it in performing a field 

evaluation of the most advanced off-the-shelf aquatic plant harvesters 

and/or systems. Analysis of the data collected during these field in­

vestigations was to serve as a point of departure for development of 

efficient high-productivity mechanical harvesting systems for plant 

control operations. 

7. In evaluating a mechanical harvesting system, a number of 

characteristics are considered to be desirable: 

a. Removal rate of 80 to 100 tons/hr.* 

b. Maximum use of natural forces for overwater transportation. 

c. Minim"illil use of land transport. 

d. Minimum energy input for all functions (cutting or dredging, 
transport, land-water interface transfer, disposal). 

e. Low-frequency machine handling. 

f. Noncontinuous operating cycles. 

£. Noncoincidental functions. 

h. Low maintenance. 

i. Nondisruption of aquatic system activities . 

..1... Design performar,ce rates based on plant growth rates and 
desired levels of control. 

8. Inquiries made dliring the third quarter of fiscal year 1976 

revealed that only one company manufactures and delivers, on a produc­

tion basis, aquatic pl~~t harvesting equipment that has some potential 

for success in both floating and submersed weed infestations. This 

company, the Aquamarine Corporation of Waukesha, Wise., manufactures 

a three-component mechanical harvesting system known as the Aqua-Trio. 

The system performs many of the basic functions required (see para­

graph 45) in the harvesting of aquatic plants (cutting, loading, 

*	 A table of factors for converting U. S. customary units of measure­
ment to metric (81) units is presented on page 7. 
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transporting, and unloading). It therefore appeared to be an accept­

able chojc;e for studying these fQ'lct:"on perfo::':nance rates in a variety 

of environments of interest to the Jacksonville District. For this 

reason, the field evaluat':y was conducted using this system. The 

disposal function was not emphasized in this study. The harvested 

plant material was taken by truck from the harvesting side to locations 

where the material could be stockpiled for subsequent use as a soil con­

ditioner by local landowners or could be left in place for natural 

decomposition. 

Purpose and Scope 

9. The purpose of the research reported herein was tWofold. The 

first objective was to generate data pertaining to the performance rates 

of those fcmctions that make up mechanical Ls,::,vesting. These data were 

to be obtained in a wide variety of environmental settings and opera­

tional scenarios in order that the results could be extrapolated with 

confidence to most of the environmental and operational conditions of 

interest to the Jacksonville District. The second objective was to 

determine those func~ionG employed in the A~ua-Trio system that paced 

the mechanical harvesting operation under the various test conditions 

and to compare the overall system productivity with plant growth pro­

ductivity to serve as a basis for developing high-productivity mechani­

cal harvesting systems. 

10. Tests were conducted at 21 sites in both river and lake 

environments in the Jacksonville District. Part II of this report de­

scribes (a) the Aqua-Trio system used in the tests, (b) the test sites 

and how they were selected, and (c) the field test procedures and data 

recorded during the field tests. Part III des2ribes the data reduction 

and analysis method. Emphasis was placed on defining the performance 

parameters used in the analysis, i.e. the primary, secondary, and non­

functional times for all components (harvester, transport, and conveyor) 

of the Aqua-Trio system and how these parameters varied as a function 

of plant type, biomass, and overwater one-way transport distance. 
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Part IV presents the conclusions of the study and the recommendations 

derived therefrom. Appendix A presents the technical specifications for 

the Aqua-Trio system; Appendix B contains a summary of the test site des­

criptions; Appendix C contains sample data sheets and definitions of the 

data sheet entries; Appendix D presents a summary of operational costs; 

and Appendix E presents lists of literature researched and of recognized 

experts consulted in preparation for accomplishing this study. Appen­

dix F (Volume II) contains the field data. 
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PART II: FIELD DATA COLLECTION PROGRAM 

Background 

11. Mechanical harvesting of aQuatic plants is presently being 

done by individuals and local, State, and Federal agencies, but the 

practice has not been sufficiently widespread to motivate industry to 

develop optimum equipment and methods to efficiently perform all the 

necessary functions. This fact influenced the design of the field 

data collection program because it was almost certain, even at the out­

set of the program, that the Aqua-Trio would not fill all the operational 

requirements of the Jacksonville District. For this reason the field 

t'ests were designed to yield data pertinent to the preparation of per­

formance specifications for developing advanced mechanical harvesting 

systems. 

12. First, it was desired that the data contain quantitative 

information to show which functions paced the harvesting operation. 

Because it Was known that different functions could pace the operation 

as site conditions changed, tests would have to be conducted at sites 

that represented the variation existing in the Jacksonville District. 

Second, because the A~ua-Trio was designed primarily for harvesting 

submersed a~uatic plants, it was not expected to work as well in float­

ing plants. Therefore, it was not expected that simply increasing the 

size of the components would increase the system's performance to 

operational levels. Thus, the data must be able to be extrapolated, 

at least ~ualitatively, to other equipment designs. 

13. This Part of the report, supplemented by Appendixes A through 

F, presents a description of the eQuipment, the test sites and how they 

were selected, and the test methods and resulting data. 

Aqua-Trio System 

l~. The Aqua-Trio is a three-component mechanical harvesting 

system built and sold by the Aquamarine Corporation, WaUkesha, Wise. 
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It is composed of a harvester, a transport, and an onshore conveyor. 

Detailed specifications for the Aqua-Trio are presented in Appendix 

A. 

15. The harvester (Figure 1) is barge-mounted with a diesel power 

Figure 1. Harvester component of Aqua-Trio 

plant driving four hydraulic pumps, which are coupled to various hydrau­

lic motors providing power for the cutterheads, conveyors, and propul­

sion. The propulsion for the barge is supplied by side-mounted paddle 

wheels. The cutting of aquatic plants is accomplished by an arrangement 

of one horizontal and two vertical cutter bars. As these cutter bars 

sever the plants, an elevating conveyor simultaneously lifts the plants 

from the water and stores them in a hold on a second and third conveyor. 
3The volume of this hold is 650 ft . 

16. The transport (Figure 2) is identical with the harvester
 

except that it has no cutter bars or elevating conveyor for removing
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Figure 2. Transport and onshore conveyor components 
of the Aqua-Trio 

plants from the water. The transport couples to the harvester and the 

plants in the hold of the harvester are transferred to the transport 

hold by live-bed conveyors. The hold of the transport is also 650 ft 3. 
The function of the transport is to move the plants from the harvester 

location to the location of the onshore conveyor. 

17. The onshore conveyor (Figure 2) is an elevating conveyor and 

is always positioned at the land-water interface. The transport 

couples to the onshore conveyor and transfers the plants by live-bed 

conveyors from the transport to the onsnare conveyor, which elevates 

the plants for dumping on the shore or into trucks for subsequent 

disposal. 

Test Sites 

Selection criteria 

18. For the purpose of these tests, the Jacksonville District 
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identiYied three major types of weed infestations for use in the eval­

uation: waterhyacinths, hydrilla, and combinations of the two. Plant 

infestations exist at various biomass densities in nature. Therefore, 

it was desired that the sites selected have a wide range of biomass 

densities for both the waterhyacinths and hydrilla. Further, the plants 

exist in both still and slow-moving water as well as in water with cur­

rent. For this reason it was decided that both river and lake conditions 

should be included in the program. It was desired that the sites be in 

areas where public use of the water body created some need for aquatic 

plant control. Thus, the plants removed would benefit the public as 

well as provide experimental data. An appropriate place for the setup 

of the conveyor (one with shoreline transfer points readily accessible 

from both the water body and the existing road network) was needed so 

that the operation could proceed without excessive water transport. 

Plant disposal areas accessible by the same road network were also 

necessary. 

19. The ground elevation (top of bank) at the transfer points had 

to be 1 to 3 ft higher than the water elevation as less than 1 ft would 

allow water to be pushed onto the site by passing commercial boat and 

barge traffic. Over 3 ft would reduce the lift of the onshore conveyor 

to an unacceptable height in that it would be incapable of loading the 

trucks that were used in the tests (S-ton, 2 x 4 dump trucks). The site 

also had to have sufficient soil strength to support traffic and suffi­

cient area to permit loading operations (turning around, weighing, etc.). 

20. Disposal area locations were to be within 1 mile of the 

transfer point and had to contain sufficient area and soil strength for 

maneuvering and support of the truck traffic. In addition, sparse or 

no vegetation was desired to facilitate maneuvering and dumping opera­

tions. The minimum size of the disposal area sought was based on the 

200- by 200-ft area required to store, without stacking, the plant 

material harvested in 7 days. 

Site selection 

21. Personnel from WES and the Jacksonville District examined 

three general areas (the St. Johns and Withlacoochee Rivers and Orange 
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Lake, Fla.) for sites that met the general criteria (Figure 3). Aerial 

reconnaissances were made over the St. Johns and Withlacoochee Rivers 

and Orange Lake to initiate site selection. Areas along the rivers and 

lake that appeared to be suitable, based on the criteria described in 

the preceding paragraphs, were subsequently inspected by airboat, and 

the most promising harvesting sites were delineated on 1:24,OOO-scale 

map sheets. 
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22. Further study of aerial photographs and the annotated map 

sheets was accomplished before final selection. All roads leading to 

the water body shores in the selected areas, all high ground adjacent 

to the water, and all possible disposal areas were outlined on overlays 

to the map sheets. This information provided an efficient data base for 

the selection of potential transrer and disposal sites for each aquatic 

plant infestation site that had been designated as a harvesting site. 

Final selection resulted in 21 sites designated for use in the field 

program. The Jacksonville District real estate personnel then obtained 

the necessary access to the transfer points and the disposal areas. 

23. As can be seen in Figure 3, all the sites were located in 

north-central Florida. A description and layout plate of each site are 

given in Appendix B. The location of each waterhyacinth, hydrilla, and 

combination site is shown by latitude and longitude in the tabulation 

below. Also included in the tabulation is the plate number in Appen­

dix B that shows each site layout. 

Site Latitude Longitude P_8.'~<2 no. 

St. Johns River - Water~acinth 

2AT-13 29°10'19" 81°31 ' 47" Bl 
2AT-13A 29°10'28'1 81°31'50" B~ 

2AT-13Bl 29°10 ' 00" 81 °31' 59" 33 
2AT-13B2 29°10 ' 00" 81°31'55" b4 

2AT-13B3 29°10 ' 00" 81°31'51" B5 
2AT-13B4 29°10'00" 81°32'04" B6 
2AT-13B5 29°10'00 11 81°31'47" B7 
2AT-18A 29°11'55" 81°34'01" B8 

2AT-18B 29°12'03" 81°34'27" B9 
2AT-18c 29°11'52" 81°33'47" BI0 
2AT-18D 29°12'11" 81°34'34" Bl1 
2AT-18E 29°12 ' 16" 81°34'05" B12 
2AT-18F 29°12'08 11 81°34'05" B13 

Orange Lake - Hydri11a 

West 29°27 ' 47 11 82°11'18" B14
 
East 29°26'25" 82°09 ' 01" B15
 

(Continued) 
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Site Latitude Longitude Plate No. 

Withlacoochee River - Hydril1a 

Wysong Dam 28°48'38" 82°10 1 52" B16 
Area 2 28°44'04" 82°13' 55 11 BI8 
Area 3 28°44'07" 82°13 1 53" B19 
Area 5 28°44'34 11 82°13'11 11 B21 

With1acoochee River - Hydri11a and Hyacinth 

Area 1 28°44'04" 82°13'49" B17 
Area 4 28°42' L19" 82°13'55" B20 

24. Study of Plates Bl through B13 reveals that, except for 

site 2AT-13A, all harvesting operations were conducted outside the main 

channel of the St. Johns River. Unseasonably cold weather during the 

winter of 1975 and the chemical control operations of the Jacksonville 

District had effectively cleared the river proper, and only in protected 

areas were there sufficient hyacinths to conduct the harvesting opera­

tions. As shown in the tabulation above, tests were conducted in 

hydrilla infestations at Orange Lake and the Withlacoochee River. The 

Aqua-Trio was also operated in an environment containing a mixture of 

both hyacinth and hydrilla in two areas of the Withlacoochee River. 

Field Test Procedures 

25. There were three major	 phases in the field operations: 

(a) layout of the test site, measurement of the aquatic plant biomass, 

and recording of general conditions at the test site; (b) conduct of the 

harvesting operation; and (c) recording of the time required to complete 

each phase of the operation. To some extent these three phases of the 

field procedures depended on the plant type. For this reason, they are 

discussed by plant type in the following paragraphs. At selected sites, 

the basic Aqua-Trio system was supplemented with an additional trans­

port in an effort to determine the effect of the added component on 

the basic system's productivity. 

~aterhyacinth 

26.	 Test site layout and documentation. The areas to be 

19 



harvested, which ranged in size from approximately 0.1 to 32 acres as 

detailed in Appendix B, were identified by the project engineer and were 

marked off by readily visible buoys (or stakes, if one edge of the site 

boundary was on the land-water interface). The buoys were placed at 

lOO-ft intervals. Where appropriate. a transit and stadia rod were used 

to layout the sites; in some instances one buoy was placed at the 

leading edge of the plant mass to be harvested, and a lOO-ft line was 

stretched from the first buoy to the location of the second buoy, and so 

on. Each site was evaluated for plant biomass homogeneity, and loca­

tions for biomass samples were selected. Normally, three samples were 

selected in each homogeneous area. Biomass samples were obtained by one 

of the two methods below. 

a.	 A I-m-square frame (Figure 4) was placed over the plants, 
and all plants within the frame were removed, counted, 
and 10-20 plants were weighed, thus providing a measure 
of the number and weight of the plants per square metre. 
In addition the length of the plants above and below 
the waterline was measured. 

b.	 The harvester gathered all plants within a measured area, 
which were loaded into trucks and subsequently weighed 
using Hiway Load-o-Meter scales (Type A, load capacity 
20,000 Ib) manufactured by the Black and Decker Manufac­
turing Co .• Townsend, Md. To obtain aquatic plant weight 
using these scales, each axle of the empty dump truck was 
weighed (Figure 5), and the sums were added to obtain a 
total weight of the empty truck (tare weight). The 
truck was then loaded with plants and each axle reweighed 
while loaded, and the weights were added to obtain the 
total weight of the loaded truck (gross weight). The 
loaded truck weight (gross) less the empty truck weight 
(tare) equaled the total aquatic plant weight. 

27. In addition to obtaining the quantitative biomass data, per­

tinent information was recorded concerning general site conditions, in­

cluding depth of water, current velocity, height of land above water, 

bank slope in the vicinity of the conveyor location, etc. These notes 

were used in preparing the site descriptions in Appendix B. 

28. Conduct of the harvesting operation. Throughout the course 

of this study, the harvester and transport components of the Aqua-Trio 

system were operated by personnel of the Aquamarine Corporation, while 
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Figure 4. Placing the l-m-square frame over the 
waterhyacinth for sampling ~umber and weight of 

plants 
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Figure 5. Weighing a loaded truck to determine weight of harvested 
plant material. The scale is the Hiway Load-a-Meter, Type A, load 

range 0 to 20,000 lb, manufactured by the Black and Decker Co. 

the conveyor and dump trucks were operated by personnel of the Palatka 

Area Office, CEo The Aqua-Trio was first operated in infestations of 

waterhyacinth in the St. Johns River at Astor, Fla. As stated in para­

graph 12, the Aqua-Trio was designed to harvest submersed plants. Since 

it was not known how to operate the system efficiently in hyacinth 

infedcations, several harvesting techniques were attempted before a 

final mode of operation was selected for the field tests. The first 

technique involved propelling the harvester at a slow (about I-mph) 

speed directly into the hyacinth mat. The next attempt was to move the 

harvester along the mat fringe, as is normally done in mowing a lawn. 

The third method, which was finally selected, involved moving the har­

vester directly into the mat in a back and forth action to assist in 

working the plants into the holding area of the harvester. 

29. The first method tried could not be used because the plants 
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wero obstructed by the harvester superstructure and thus the plants 

(Figure 6) could not be moved rapidly enough into the holding area. 

Also, the harvester did not have sufficient thrust to force its way 

through the heavy mats. The second method did not prove efficient be­

cause the harvester pushed some plants into open water and the paddle 

wheels pulled hyacinth plants to the rear of the harvester. Then, When 

the transport attempted to couple with the harvester, these plants 

acted as a barrier that held the two pieces of equipment apart. In 

using the third method for harvesting hyacinth in restricted areas such 

as canals, the harvester would move approximately one third to one half 

its length into the waterhyacinth, harvesting plants as it progressed. 

The harvester would then back out and repeat the procedure. As this 

technique progressed, the plants thinned out and a new leading edge was 

formed. The harvesting procedure continued until the holding area of 

the harvester was full. The plants were then transferred to the trans­

port and harvesting was resumed. Harvesting waterhyacinth in open 

waters of the river was easier to accomplish than in the restricted 

areas. In this environment the harvester was able to harvest along the 

leading edge of plants without stopping, backing, or mOVing over and 

harvesting again. In most cases, the harvesting line was approximately 

parallel to the shoreline. The harvester-continued harvesting in this 

mann~r. along the leading edge in a straight line and reversing direc­

tion at the end of the plant mat, until the holding area on the har­

vester was full. At this time, a transport would couple to the harves­

ter, and plants from the harvester were transferred to the transport. 

During all harvesting operations in hyacinths, individual plants and 

small mats were broken free and different forces including the harvester 

operation moved them about. Picking up these small separated mats 

proved to be very time-consuming, but this step was considered part of 

the harvesting operation. 

30. After the harvester was filled, it was stopped and the trans­

port was coupled in place. After coupling, the harvester load was 

transferred to the transport, which then uncoupled and proceeded at 

full speed and in as direct a route as possible to the onshore conveyor. 
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Figure 6. In heavy waterhyacinth the Aqua-Trio could not move forward 
continuously because the plants would catch on the operator platform and 

not fall into the holding area 

The transport experienced minor difficulties unloading onto the onshore 

conveyor if an attempt was made to unload the transport too fast. The 

transport was capable of unloading waterhyacinth faster than the onshore 

conveyor could accept the plants; therefore, the transport operator 

had to control the speed at which the transport unloaded. These 

general procedures applied regardless of whether one or two transports 

were used in the harvesting operation. 

31. The onshore conveyor was operated by the truck drivers, who 

were instructed to have the conveyor motor operating so that the conveyor 

was ready to unload the transport as soon as it was coupled to the 

conveyor. The conveyor disgorged the harvested material directly into 

the truck with which it was subsequently hauled to the designated 

disposal site. 
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32. The disposal of waterhyacinths was accomplished by trucking 

the plant material to preselected disposal sites (Appendix B) where it 

was dumped. Waterhyacinths harvested in the canals and in the St. Johns 

River near Astor, Fla. (sites 2AT-13 and ~~T-13A), were trucked to a 

large pasture (40 acres, Plate Bl) where the trucks dumped the plants 

in piles that were distributed uniformly throughout the area. The 

l~downers then spread the material over the ground as a mulch for 

newly sprigged grasses, or disced it into the ground as a soil condi­

tioner. Figure 7 illustrates the appearance of the hyacinths after they 

were spread over the ground surface as a mulch. 

33. Waterhyacinths harvested at sites 2AT-13Bl through 2AT-l3B5 

Figure 7. Harvested plants being used as mulch for newly sprigged 
groves, disposal site for sites 2AT-13 and 2AT-13A near 

Astor, Fla. 
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were trucked to a small pasture (Plate B3) ,,,here they .rere spread and 

disced into the .;.c:Jund for use as a soil conditioner. 

3u. Waterhyacinth harvested from the St. Johns River and Lake 

George (sites 2AT-18A through 2AT-18F) were trucked to a small area 

(Plate B8) which was built from previot;.s}y dredged sand from the river. 

The plants were QU...'-T:.ped. -~rcI1 the trucks into as tight a pile as possible 

and later consolidated by stacking higher with a front-end loader. 

35. Data recording. The specific operating instructions G~ven to 

the field operators and recorders are presented in Appendix C. Not in­

cluded in the instructions is a practice used on sites 2AT-18A through 

2AT-18F in the St. Johns River where eelgrass, which could not be de­

stroyed due to its importance as fish habitat, was found. At these sites 

the horizontal cutter bar was removed from the harvester so as not to 

damage or destroy the eelgrass. The hyacinth mats were cut .nth the 

vertical cutter bars, and only ',-:le floating plants were pushed up on the 

loading conveyor of the harvester. 

Hydrilla 

36. Test site layout and documentation. Almost identical proce­

dures were used it: the select~:;n and layout of the hydrilla test sites 

as were described for the waterhyacinth sites in paragraph 26. However, 

biomass samples were obtained by only the second method described in 

paragraph 26. The harvester gathered pla:,~s from a measured area, and 

these plants ....'ere weighed after they were' ::>aded into the truck. Perti ­

nent site information observed by the project engineer was noted and is 

summarized in Appendix B. 

31.. Conduct of the harvesting operation. For the most part, it 

was possible to advance ~he harvester directly into the hydrilla at a 

continuous but slow speed (about 1 mph). If the water was sufficiently 

deep, and there were no underwater obstructions, the harvesting depth 

was 5 ft. The harvester and transports had no problem propelling 

themselves through the most dense topped-out hydrilla. The harvester 

continued harvesting in a straight line the full length of the test area. 

When the harvester reached the end of the test area, it was turned 

around to harvest adjacent to the harvested trough, returning to the 
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starting side of the test area, This procedure was continued until the 

operation was complete. During the harvesting operations, fragments of 

hydrilla plants were usually left floating in the water where the har­

vesting operat ions had been performed. Occasionally, however, the 

harvester would pass through previously harvested areas to pick up the 

loose, free-floating hydrilla, in an effort to minimize additional 

spreading of the plant due to fragmentation. 

38. During the harvesting of hydrilla two transports were used 

most of the time. The transports traveled in as straight a line as 

possible "between the harvester and onshore conveyor. The transport 

experienced minor difficulties unloading onto the onshore conveyor if 

an attempt ~aG made to unload the transport too fast. The transport was 

capable of unloading ~rdrilla faster than the onshore conveyor could 

accept the plants; therefore, the transport operator had to control 

the speed at which the transport was unloaded. As described for har­

vesting ~aterhyacinth, the onshore conveyor was prepared to receive 

the transport and a truck was always lillder the onshore conveyor to 

receive the plants and haul them to the disposal site. 

39. Hydrilla harvested from Orange Lake was trucked to nearby 

orange groves (see Plates B14 and BlS) and dumped into piles to decom­

pose or to be spread in the orange groves and plowed into the soil as a 

conditioner. Some of the hydrilla was trucKed to the University of 

Florida, Gainesville, for use in its ongoing hydrilla research. 

40, Hydrilla harvested from the Withlacoochee River was trucked 

to open areas in a young forest (Plates B16 and B18) and dumped into 

piles for decomposition. 

Hldrilla end hyacinth 

41. Two test sites on the With1acoochee River that were infested 

with both hydri11a and hyacinth were used in the field program test 

(areas 1 and 4). At area 1, the infestation was predorLiruantly hydr j.lla, 

and the operating procedures, test layout, and disposal techniques de­

scribed for hydri11a apply to this site. At area 4, the biomass was 

predominantly hyacinth, and, therefore, procedures previously described 

for this weed type dominated the operation. However, because of the 
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hydrilla, the horizontal cutter bar was operated at a depth of 5 ft 

instead of near the surface as was done when harvesting waterhyacinth. 

Disposal was accomplished as described for hydrilla (paragraph 40). 

Data Collection and Reduction 

42. Data were collected on each component of the system. i.e. the 

harvester, transport, conveyor, and trucks used in the disposal opera­

tion. For this study, disposal was considered accomplished when the 

truck unloaded the material at the disposal site. No record was kept of 

the time to stack or spread the material in the disposal site as this 

was accomplished by the landowner. 

43. Data sheets were used for each component of the system and 

are shown with example data in Appendix C. .An attempt was made to 

insure that each data sheet contained the component, date, starting 

and ending times, weather, location, site description, load number, 

times, and weights. However. because it was desirable from the public 

interest standpoint to continue harvesting operations when data could 

not be recorded, some omissions occurred. The availability of data 

collected is summarized on pages F4-F6 of Appendix F. All available 

data sheets are presented in Appendix F (Volume II) of this report. 

44. In addition to the quantitative recordings, observations of 

the eQuipment operations were noted by the project engineer. In addi­

tion to the analysis of the quantitative recordings, comments on the 

field operations are also presented in the following Part of this 

report. 
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PART III: DATA ANALYSIS AND RESULTS 

Background 

45. For the purpose of operational aquatic plant control, mechan­

ical harvesting is viewed as a complete process, made up of one or more 

of the following basic functions: cutting, loading, transporting, un­

loading, and disposal. Further, it encompasses any secondary operation 

done on the plant such as chopping, pressing, flailing, etc., to facili ­

tate completion of any of those functions. Restrictive definitions for 

the basic functions are: 

a.	 Cutting. Cutting includes both the severing of the 
stalks of rooted plants and the severing of plant 
mats into small masses. 

b.	 Loading. Loading is the extraction of plant material 
from the water and placing it on a machine for water or 
land transport or on land for final disposal. 

c.	 Transporting. Tr~~sporting ~s the movement of plant 
material from one position to another. 

d.	 Unloading. Unloading is the movement of the plant 
material from one machine to another or from a machine 
to a holding or disposal area. 

e.	 Disposal. Disposal of plants consists of those functions 
that must be performed on the plant material to render 
its final disposition environmentally acceptable. This 
includes productive as well as nonproductive uses. 

~6. The particular functions needed in a harvesting operation, 

their sequence, and the rate at which they can be performed are strongly 

related to the physical characteristics of the environment in which they 

are performed. This fact is almost universally accepted. However, quan­

titative data relating functional performance rates to site-specific 

factors, such as plant type, density, and distribution; water perimeter 

geometry; current velocity and depth; location of water body access 

points; location and types of disposal sites; road network; and the 

level of cultural development surrounding the water body, are scarce or 

nonexistent. However, these relationships are needed as a basis for 

imprOVing equipment and methods for mechanical harvesting. 
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~7. It was recognized that all the relationships sought could 

not be readily derived from the data oase generated, and summarized in 

Appendix F. This was true for two reasons. First, the site-dependent 

parameters did not vary systematically over a sufficiently wide range; 

and second. each item of equipment that makes up the Aqua-Trio actually 

performs more than one of the basic functions (paragraph 45a-c) dis­

cussed above. Because of this it was decided to direct the analysis 

toward defining the amount of time each component was performing its 

function (or functions) and defining both component and overall system 

productivity. For this analysis it was convenient to consider that each 

component spent time in the primary, secondary, and nonfunctional mode. 

For the function of transporting, the Aqua-Trio transport and the trucks 

perform essentially the same primary and secondary function in the same 

order. For the purpose of this evaluation, however, it was deemed more 

valuable to identify loading and transporting as the primary function 

of the transport, while these were identified secondary and primary, 

respectively, for the trucks. The following define these modes and 

illustrate the relation of A~ua-Trio functions to the basic functions 

of mechanical harvesting (tables referred to are in Appendix C): 

a. Harvester primary functional time is the time the har­
vester spends cutting the plant and loading the plant 
onto the harvester (summation of column 2 in Table Cl). 

b. Harvester secondary functional time is the time the har­
vester spends unloading the plants from the harvester to 
the transport (summation of column 6 in Table Cl). 

c. Harvester nonfunctional time is the time the harvester is 
idle, waiting, or holding for any reason (elapsed time 
between starting time and ending time less 30 min for 
lunch and less the primary and secondary functional 
times). 

d. Transport primary functional time is the time the 
transport spends loading the plants from the harvester 
to the transport and traveling loaded with plants to 
the onshore conveyor (summation of columns 5 and ( in 
Taole C2). 

e. Transport secondary functional time is the time the 
transport spends unloading the plants from the 
transport onto the onshore conveyor and traveling empty 
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from the onshore conveyor to the harvester (summation of 
columns 3 and 9 in Table C2). 

f. Transport nonfunctional time is the time the trans­
port is idle, waiting, or holding for any reason 
(elapsed time in Table C2 between starting time and 
ending time les5 30 min for lunch and less the primary 
and secondary functional times). 

~' Onshore conveyor primary functional time is the time 
spent loading plants from the transport to the onshore 
conveyor, carrying the plants across the land-water inter­
face, and unloading the plants from the onshore conveyor 
to the truck (summation of column 9 in Table C2). 

h. Onshore conveyor has no secondary functional time. 

i. Onshore conv:.:'y:::>r nonfunctional time is the time the 
onshore conveyor is idle, waiting, or holding for any 
reason (elapsed time in Table C2 between starting time 
and ending time less 30 min for lunch and less the pri ­
mary functional time). 

i. Truck primary functional time is the travel time the 
truck spends transporting plants to the disposal site, 
unloading (dumping) the plants from the truck at the 
disposal site, and traveling empty from the disposal 
site to the conveyor (summation of the elapsed time 
between columns 7 and 8 for each truckload in Table C3). 

k. Truck secondary functional time is the time the truck 
spends loading plants from the onshore conveyor to the 
truck (summation of the elapsed time between columns 4 
and 5 for each truckload in Table C3). 

1. Truck nonfunctional time is the time the truck's idle, 
waiting, or holding for any reason (elapsed time in 
Table C3 between starting time and ending time less 
30 min for lunch and less the primary and secondary 
function~ times). 

48. Maximum efficiency of a component requires performance of 

its primary function nearly all of the time. The basic design goal is 

to optimize the system production rate while employing efficient com­

ponents. However, the system production rate must be adequate for 

operational use. This removal rate, as identified in paragraph 7, is 

80 to 100 tons/hr. Prelilnjnary analysis of the data in Appendixes B 

and F revealed that there appeared to be sufficient data to permit 

plotting both functional and productivity data as functions of plant 

type, biomass, and one-way transport travel distance. The way this was 
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done and the results are discussed by plant type in the following para­

graphs. The last section of this Part of the report presents both the 

project engineer's field observations and the design implications of the 

quantitative data and qualitative observations. 

Equipment Performance in Waterhyacinth 

Component functional 
and nonfunctional time 

49. To study the component functional (primary and secondary) 

and nonfunctional times, the bar graphs in Appendix F, pages F238 to 

F298 , were sorted by both plant biomass and overwater one-way transport 

distance categories. The resulting grouping of these plots is shown by 

plant biomass and one-way distance categories in Table 1. 

50. Harvester. Figure 8, compiled from the bar graphs on pages 

F254-F256, F259, F260, F262, and F263, shows the primary and secondary 

functional and nonfunctional times for each system component of the 

Aqua-Trio with one or two transports, presented for plant biomass of 

<40 to 10 tons/acre for one-way water transport distance categories of 

o to 700, >1400 to 2000, and >2000 ft. 

51. The primary and nonfunctional time data in this group were 

averaged and are presented in Table 2 along with the averages derived 

from the other waterhyacinth groups in Table 1. To illustrate how 

Table 2 was assembled, consider the first entry in the table, i.e. "38" 

to the right of the slashed line in the first column. (If the number 

in the column is placed to the right of the slashed line, the harvesting 

operation was conducted using two transports.) Thus, the number 38 is 

the daily average percentage for primary functional time of daily total 

operating time (for the biomass and distance category indicated) for 

the harvester when two transports were used. From Figure 8 it can be 

seen that at test site 2AT-18F on 26 and 30 August the primary func­

tional times of the harvester were 43 and 34 percent, respectively. 

Thus, the average was 38 percent. The second two entries in the second 

column of Table 2, i.e. 32/55, illustrate the case where data were 
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collected using both one transport and two transports in the density and 

distance category shown «40 to 70 tons/acre and >1400 to 2000 ft). The 

number 32 represents the average percentage primary functional time 

derived from the data collected at site 2AT-18B on 18 and 19 August 

1976 using only one transport ((34 + 29)/2 = 32, from Figure 8). The 55 

to the right of the line represents the primary functional time measured 

at site 2AT-18A on 25 August 1976. The blank in the first column, cor­

responding to the distance category >700 to 1400 ft, indicates that no 

data were available at this distance range for the corresponding density 

range of <40 to 70 tons/acre. 

52. Study of the average primary functional time of the harves­

ter operating in hyacinth shows this parameter varied £rom 32 to 55 per­

cent. It is interesting to note that there does not appear to be a 

change in harvester primary functional time with increasing biomass or 

one-way water transport distance. Further, from the limited data, no 

trend was observed when two transports were put into the system. In 

similar fashion the harvester nonfunctional time varied from 34 to 

59 percent, and there were no strong trends observed in the nonfunctional 

time as a function of distance or biomass. Further, it can be seen that 

in most cases the harvester was nonfunctional more than 50 percent of 

the time. It was expected that decreasing the transport distance and 

using an additional transport would increase the primary functional 

time and decrease the nonfunctional time. However, this was not ob­

served with the limited data, and it is believed that the major reasons 

these expected relations were obliterated or obscured are as follows. 

In the biomass range of <40 to 70 tons/acre, the harvester could har­

vest a load before it traveled two to three harvester lengths; in den­

sities greater than 125 tons/acre, it could pick up a load when it 

traveled approximately one harvester length. The operator did not, even 

after repeated instructions, run the harvester at the maximum rate but 

at a relaxed pace that corresponded closely to the performance capacity 

of the transports. If the harvester had been consistently run accord­

ing to instructions, no doubt the expected trends would have appeared 

in the data. Development of these relations would have been 
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inconsequential in terms of providing information for design improvement 

because, as primary functional rates decreased, the nonfunctional time 

would have increased even more than 50 percent if the plants could not 

oe transported rapidly after they were picked up. The design goal must 

be to increase the primary functional time to as near 100 percent as 

possible and the nonfunctional time to as near 0 as possible. Greater 

than 50 percent nonfunctional time suggests that a mobile harvester, 

which must provide a temporary hold for the plants before they can be 

transported, will reduce the harvesting rate to the extent that this 

type of harvester is not practical for the range of hyacinth biomass of 

interest to the Jacksonville District. As previously discussed, 

an acceptable harvesting rate for waterhyacinth in the Jacksonville Dis­

trict is 80 to 100 tons/hr. As will be discussed in paragraphs 56-59, 
•

the production rate in hyacinth was often less than 5 tons/hr. Consid­

ering that this productiVity was obtained when the average primary func­

tional time was about 40 percent, an increase in primary functional time 

to 90 percent would yield a harvester productiVity of only 11.25 tons/hr 

(90/ LIO x 5 = 11.25). Review of the figures on pages F238-F266 suggests 

that the secondary functional time is often about 10 percent; therefore, 

it is reasonable to assume that the primary functional time can never be 

greater than about 90 percent with the three-component system. This 

ideal scenario, where the primary functional time is 90 percent, the 

secondary functional time is 10 percent, and the nonfunctional time is 

near zero, would yield a harvesting rate that is still seven times less 

than the identified requirement. 

53. Transport. It was expected that the primary and nonfunc­

tional times of the transport would increase and decrease respectively 

as a function of biomass and one-way water transport distance. Although 

there are anomalies, these general trends can be seen in the tabulations 

for the transports in 'I'Bole 2. The trends are stronger with regard to 

increasing transport distance than increasing biomass because, in the 

biomass range studied, the transport seldom had to wait (except when 

the harvester was broken down or was picking up scattered plants) for 

the harvester to fill. Therefore, the nonfunctional time reflects 
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equipment breakdown (transport, harvester, or conveyor) to some degree 

but primarily reflects the waiting time resulting from problems en­

countered in conveying the plants from the transport to the truck. This 

is discussed further in paragraph 54. The primary functional time 

ranged from 22 to 68 percent with five values above and seven values 

below 50 percent. Also, it can be seen in the bar graphs (pages F238­

F266) that the secondary functional time was significant (about 20 per­

cent) for all the distances shown. This reflects the time required to 

unload the plants onto the conveyor and that portion of the time the 

transport traveled empty. Obviously, significant increase in the pri­

mary functional time of the transport is possible only if downtime, 

as an increment of nonfunctional time, is reduced in all equipment com­

ponents while loading, unloading, and travel are done more quickly to 

cut down on secondary functional time. From observations made in the 

field, the project engineer concluded that, because of the time the 

transport used to travel empty, secondary functional time (about 

20 percent of the total) could not be reduced significantly. It was 

possible, however, through improvement of equipment reliability and in­

creased operator skill (for all components of the system), to decrease 

nonfunctional time. To get an idea of what an increase in primary 

functional time, e.g. 70 percent, would mean in terms of increased 

transport productivity, consider tbe data collected on 27 July 1916, 

one of the more productive days of the field operation. On this day 

42 loads were transported (see pages F12 and F13 at site 2AT-13). In 

this case the transport primary functional time was 30 percent (see 

page F240). If the primary functional time was increased to 70 percent, 

the total number of loads would have been 0.70/0.30 x 42 = 98. Each 

load weighed about 1 ton; therefore, the total amount transported would 

have been slightly less than 100 tons each day, vhich represents less 

tonnage than was in 1 acre at this site. Therefore, it does not appear 

that a simple increase in primary f~~ctional time will increase produc­

tivity enough for operational use. Additional discussion on productiv­

ity rates in waterhyacinth is included in paragraphs 56-59. 

54. Conveyor. From Table 2 it can be seen that the primary 
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functional time of the conveyor averaged about 14 percent. It was always 

less than 16 percent if only one transport was used and less than 

26 yercent if two transports Were used. A significant increase in 

proquctivity could be effected if the primary functional time was in­

creased to near 100 percent. However, it was consistently observed in 

the field that as the plants were dumped from the transport to the 

horizontal conveyor belt on the conveyor they bunched up instead of 

being moved smoothly up the vertical conveyor belt. When this happened 

the plants had to be hand chopped and forced onto the inclined conveyor. 

For this reason some modification will be needed in the conveyor design 

before the primary functional time can approach 100 percent. 

55. Trucks. Land transport was required to move the plants frOID 

the conveyor to the disposal site, and this was accomplished using from 

one to three trucks. Data on this part of the operation were not as 

complete as on the components of the Aqua-Trio, but the data in Table 2 

sho~ that the primary functional time was 8 to 51 percent. It was 

extremely rare for the operations to be delayed because of haVing to 

wait for the truck to return from the disposal site. 

Component and 
system productivity 

56. In the following paragraphs, component and system productivity 

are compared with the primary and secondary functional times to give an 

indication of the potential productivity of the harvesting operation. 

The top and bottom plots in Figure 9 show the average production rate in 

tons/hr of the total system, and each of the components of the Aqua-Trio 

system, versus average plant density and one-way overwater transport 

distance, respectively. The production rate for the total system was 

determined by diViding the total tons harvested in a given time period 

by the total number of hours the system was operated and is shown as 

the operational rate in Figures 9-12. The production rate of each 

component was determined by the equation: 

Total tons harvested in 1 day 
Production rate, tons/hr = Primary + secondary functional time, hr 
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The total number of tons per day was estimated by multiplying the number 

of loads handled by the average weight per load, which in the case of 

waterhyacinth was approximately 1 ton.* The data sets listed in Table 1 

were studied to determine those daily operations that were conducted at 

sites with identical biomasses and one-way overwater transport distances. 

If 3 days of operations were conducted, the total weight for the 3-day 

period would be divided by the total primary and secondary functional 

time measured for the 3-day period to arrive at an average production 

rate for each component of the system. 

57. Although some variation can be seen in the plots as a func­

tion of plant density and one-way transport distance, the trends are not 

as strong as expected. For example, one would expect that the harvester 

production would increase as a fQDction of plant biomass because travel 

distance would decrease. This increase could be expected until the 

plants become so bulky they could not move efficiently into the harves­

ter hold. The plots sho'w a weak tendency for productiVity to decrease 

as plant densities increase up to approximately 90 tons/acre and then 

increase slightly throughout the biomass range measured. In both the 

upper and lower plots, it can be seen that the transport rate most 

closely tracks the total system operational rate. Further, the conveyor 

rates are consistently greater than both the harvester and transport 

rates. These plots show that in the Aqua-Trio operation, given one 

transport, the transport consistently paced the operation for all 

plant densities and one-way transport distances studie The plot for 

the harvester showed that its production rate was only slightly highe 

than the transport. Therefore it is hypothesized that if an improvement 

in transport productivity could be effected the system would immediately 

be paced by the harvester. On the other hand, the conYeyor production 

rate, which was generally around 20 tons/hr, was significantly higher 

than that of either of the other components. It should be noted that the 

*	 Harvester loads 1-14 (see Appendix F, page F7) were weighed using 
scales furnished by the Florida Highway Patrol. The .reights ranged 
from 1820 to 2280 lb. The average weight was 2069 lb or approximately 
1 ton. 
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primary functional time recorded (Table 2) reflects the conveyor opera­

ting less than about 18 percent of the time. A procedure of gathering 

and moving plants to the conveyor, the efficiency of which increases the 

conveyor functional time by 70 percent, vould produce a significant in­

crease of the waterhyacinth conveying rate. Thus, 100 tons/hr could be 

conveyed, a rate which exceeds the acceptable harvesting rate for 

"Waterhyacinth. 

58. In an attempt to more efficiently move the plants to the con­

veyor location, two transports were used on several sites. The top 

and bottom plots in Figure 10 show the total system and individual com~ 

ponent productivity rates as a function of biomass and one-wo.y overwater 

transport distance when a second transport is added to the Aqua-Trio 

system. For the most part the addition of the transport did increase 

the productivity of the harvesting operation as can be seen by compari~g 

the data plotted in Figures 9 and 10. For example, there was a slight 

increase in overall system productivity. In Figure 9 it can be seen 

that the avera~e system productivity was 3 tons/hr, whereas the plots in 

Figure 10 show the average productivity to be about 5.5 tons/hr, an 

increase of 85 percent. The use of two transports resulted in an 

apparent increase in harvester productivity because the operators were 

not operating the harvester at maximum production rates when one trans­

port was used (paragraph 52). Therefore, when two transports were used, 

the harvester could increase its productivity such that the transport 

paced the operation, as was the case when one transport was used. The 

conveyor again outperformed the other system components, exce~uing a 

production rate of 25 tons/hr. From Table 2 it can be seen that the 

average primary functional time of the conveyor was 22 percent when 

two transports were used. It follows that if this rate could be in­

creased to 70 percent, as suggested in paragraph 57, the conveyor 

could handle about 80 tons/hr (70/22 x 25 tons/hr), which compares 

favorably with the requirements previously stated. 

Summary 

59. The major findings in the data analyzed are: 

a. Transportation of the harvested material consumed the 

43 



largest percentage of the prilQary functional time fol­
lowed by harvesting. Conveying took the least amount 
of time. 

b. In all densities of hyacinth, the transport was the com­
ponent that paced the system regardless of whether one or 
two transports were used. 

c. In hyacinth harvesting operations, the conveyor was the 
only component that had potential for handling the amount 
of plant ~l~terial per hour (80 tons/hr) of interest to 
the Jacksonville District. 

Equipment Performance in Hydrilla 

Component functional 
and nonfunctional time 

60. Table 3 lists the primary and nonfunctional times for all 

components in the Aqua-Trio system as a function of the biomass cate­

gories a to 10, >10 to 15, and >15 tons/acre and the one-way water 

transport distance categories of a to 100, >700 to 1400, >1400 to 3600, 

and >3600 ft. In similar fashion to that described for waterhyacinth 

(paragraph 51), the table contains data for hydri1la operations conducted 

with one or two transports. 

61. Harvester. Study of the primary functional times calculated 

for the harvester reveals that the primary functional times ranged from 

47 to 73 percent when one transport was used and from 38 to 67 percent 

when two were used. This suggests that two transports did not signifi­

cantly change the primary functional time of the harvester. Comparison 

of Tables 2 and 3 shows that the harvester primary functional values 

in hydrilla were considerably higher than in waterhyacinth, but, as 

was noted with the data for waterhyacinth, the primary functional time 

was not strongly correlated to either biomass or one-way water trans­

port distance. 

62. Transport. The primary functional time for the transport 

(when only one was used in the operation) ranged from 22 to 48 percent 

(Table 3), whereas, if two transports were used, it varied from 15 to 

41 percent. Most of the values were below 27 percent. The correspond­

ing values for hyacinth (Table 2) were consistently higher, which 
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supports the supposition that if the amount of biomass to be hauled is 

smaller (compare >15 tons/acre for hyd~illa to >125 tons/acre for water­

hyacinth), the primary functional time of the transport will be less. 

The use of two transports had little effect on the primary functional 

time of the transports. However, the project engineer observed that, 

given densities of 10 to 15 tons/acre, having two transports in the 

operation consistently decreased the ~nount of nonfunctional time of the 

harvester. This decrease resulted from the reduced amount of time the 

harvester spent waiting for the transport to couple with the harvester 

after a full load of hydrilla had been gathered. 

63. Conveyor. The average primary functional time for the con­

veyor was always less than 14 percent regardless of whether one or two 

transports were used. 

64. Trucks. As expected, the trucks had no problem keeping up 

with the harvesting operation. Their primary functional time was always 

less than 30 percent regardless of whether one or two transports were 

used, though USe of two transports consistently increased their func­

tional time. 

Component and system productivity 

65. The two plots in Figure II show the production rate of the 

total Aqua-Trio system (operating with one transport) as well as the 

production rate of the individual components as a function of plant 

biomass and overwater, one-way travel distance, respectively. In com­

parison with similar data for waterhyacinth (Figure 9) it can be seen 

that the total system productivity was greater (6.5 tons/hr compared 

with 3 tons/hY). A corresponding increase in productivity can also be 

seen for the harvester and transport, and there was a dramatic increase 

in productiVity for the conveyor. Also of interest is the fact that in 

hydrilla the harvester could advance at a slow but continuous pace (para­

graph 37). As a resu.lt, considerable time was required for the harvester 

hold to fill. Also, the more flimsy and less bulky hydrilla would com­

pact in the harvester storage hold allowing the harvester to accumulate 

about 2.5 tons of hydrilla before it had to unload. As illustrated by 

the harvester productiVity plot falling just above the system 
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productivity or operational plot in Figure 11, the harvester paced the 

operation instead of the transport, which did so in the hyacinth produc­

tivity results (Figure 9). 
66. Figure 12 contains the same kind of data as Figure 11) the 

exception being that it was derived from the hydTi11a tests conducted 

using a second transport with the AQua-Trio syste~. Because two 

transports were used in most of the tests conducted in hydrilla, more 

data points were ava~:able for plotting. The bottom curve in the left 

plot of Figure 12, ~hich represents operational productivity, shows that 

the total system productivity increased slightly with increasing bio­

mass. Also, total system productivity increased slightly over that ob­

served when only one transport was used. In general, both the produc­

tivity of the harvester and tra~sport increased slightly, and the har­

vester component paced the operation for all biomass and transport 

distances. As might be expected, the lower curve in the right plot shows 

that total system productivity tended to decrease as one-way transport 

distance increased up to aoout 1300 ft. The apparent increase in opera­

tional productivity beyond 1300 ft is an anomaly resulting from an ad 

hoc change in operatir:g procedures. During conduct of the tests from 

Which the data plotted at 3600 ft were derived, the Aqua-Trio was ex­

periencing repeated mechanical failures. Therefore, the long transport 

distance and continuous mechanical failures required that the harvester 

dump harvested loads back into the lake outside the harvesting area. 

This procedure permitted mare tonnage to be harvested at the test site. 

The transport production rate values were derived from transported 

loads only and therefore properly show a decrease in productivity with 

an increase in transport distance. It can also be seen in Figure 12 

that the conveyor productivity was relatively :ligh in comparison to that 

observed when only one transport was used in the operation. 

67. A study of Figures 11 and 12 in conjunction with Table 3 

suggests that the Aqua-Trio harvester and transport components, whether 

one or two transports were used, would have difficulty in increasing 

their productivity to the desired 80 tons/hr. For example, the average 

productivity for the harvester from Figure 11, when operating with one 
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transport, would be about 12 tons/hr. The corresponding average pri ­

mary functional time from Table 3 would be 61 percent. If this value 

was increased to say 90 percent, the increased har\rester rate would only 

be 0.90/0.61 x 12 = 11.1 tons/hr or 22 percent of the required system 

production rate. However, if 12 tons/hr could be harvested consistently, 

approximately 1 acre/hr would be harvest2d in heavy infestations of 

hydrilla.Even though this is well below the stated goal, there are 

situations, e.g. to cut boating trails and clear dock areas, etc., where 

this production rate would be useful. 

68. From Figure 12, it can be seen that the conveyor handled 

80 tons/hr of hydri1la. Therefore, this component of the Aqua-Trio can 

operate at the productivity goal, provided the plants can be brought to 

it at the proper rate. 

Equipment Performance in Hydrilla and Hyacinth Combinations 

Component fune·:; .lonal 
and nonfunctional time 

69. Four days of operations were conducted in plant infestations 

of both hydrilla and waLerh;y".::inth in the Hithlacoochee River; 1 day 

in test area 1 (see Plate BIT and page F223), and 3 days in test area 4 
(pages F293, F294, rrnd ~295). In these plant combinations, the biomass 

density genera~~y consisted of approximately 80 percent hyacinth and 

20 percent hydrilla. On 9 November 1916, operations were being con­

ducted in area 1 in Lake Bonnet, which was completely blocked to boat 

traffic by aquatic plants. Emphasis was placed on clearing an opening 

for boats. During this time, no records were kept on the transport, 

and many of the harvested loads were dumped from the harvester directly 

on shore. ~0e operations were conducted in such a manner that rate 

information gleaned from the data could not be readily compared with 

ot her operations. On tr.r~ ':. day (s ee page F223), 43 loads were harvest ed. 

Each weighed aT: average of 2.5 tons (average o:~ the plant weight column 

on page F227). The total work time for the day was 6-3/4 hr, Thus, the 

harvester productivity under these conditions was 16.12 tons/hr, which 

was higher than that measured in waterhyacinth or hydrilla. In test 
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area 4, the operation was conducted on all 3 days using the Aqua-Trio 

with an additional transport. The average primary and nonfunctional 

times for the harvester when two transports were used were 38 and 

48 percent, respectively, which are approximately the same as the cor­

responding values when only waterhyacinth was harvested (Table 2) using 

one transport. It was expected that the values would be slightly 

higher, but the operations on 29 October and I November were hampered by 

mechanical breakdowns in both the transport and harvester. The prob­

lems were corrected and the operation went more smoothly on 5 November 

1976 as reflected on page F295 which shows the harvester primary func­

tional time to be 52 percent. 

70. On 1 November 1976 the primary functional and nonfunctional 

times measured for the transport were 35 and 47 percent, respectively. 

Because the biomass was large, 75 tons/acre, and the overwater transport 

distances were long, >3600 ft, the transport was expected to pace the 

operation as was the case in waterhyacinth. Several times during the 

day the harvester had mechanical breakdowns, resulting in even poorer 

performance in this component than was expected. Even so, the trans­

port paced the operation on all 3 days. 

71. The average conveyor primary functional time over the three 

days was 12 percent for two transports. As expected, the conveyor had 

sufficient capacity to handle the harvested material efficiently. 

72. The average primary functional and nonfunctional times for 

the trucks were 19 and 71 percent, respectively. All the harvested 

material was easily hauled as was observed in single infestations of 

waterhyacinth or hydrilla. 

Component and system productivity 

73. As expected, and as stated in paragraph 70, in the 

75-tons/acre plant biomass range, the transport paced the operation 

even though two transports were used. The productivity of the trans­

ports barely exceeded the total system productivity, i.e. 10.1 com­

pared·with 9.4 tons/hr. The harvester productivity was 17.4 tons/hr, 

whereas the conveyor productivity rate was over 60 tons/hr. These pro­

duction rates were computed as described in paragraph 56. The daily 
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average harvested plant weight was divided by the daily average primary 

and secondary functional times for each component and the daily average 

system operating time presented on pages F293-F295. This supports the 

previous observations in hydrilla and waterhyacinth harvesting opera­

tions that the conveyor is the only component of the system with poten­

tial production rates approaching the harvesting rate requirements in 

the JaCksonville District. 

QUalitative Field Observations 

74. During the harvesting operation the project engineer made 

notes concerning aspects of the operation that in one way or another 

continually affected system productivity. These notes are summarized 

in the following paragraphs. 

75. The propulsion of the harvester by paddle wheels worked 

efficiently except in river currents above 2 mph and/or winds exceeding 

15 mph. The propulsion force of the harvester was not sufficient to 

advance it through dense mats of hyacinths. As the harvester worked on 

the front or leading edge of a hyacinth mat, the paddle wheels would 

pull or propel plants to the rear of the harvester. This moved 

hyacinths to an area that had already been harvested and sometimes 

prevented the t~~~sport from coupling with the harvester. The harves­

ter would often have to clean up these loose plants before normal opera­

tions could resume. 

76. The loading conveyor of the harvester experienced difficul­

ties in hyacinth. The vertical cutter bars could not cut dense mats 

of hyacinth wher. the harvester was operated at full speed. Nor was it 

possible to separate the hyacinths on the loading conveyor from the 

hyacinth mat in'::e water when the harvester became loaded. To achieve 

this necessary separation, the loading conveyor was raised out of the 

water and the harvester backed away, plA:Uing the plant mat apart. This 

operation proved time-consuming. 

77. As hyacinth plants traveled up the loading conveyor, they had 

to pass under the operator 1 s platform before dropping to the live-bed 
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storage hold. Large hyacinth plants often jammed at this point and had
 

to be manually pushed past the platform.
 

78. The cutter bars on the front conveyor of the harvester 

lacked sufficient power to operate normally in dense stands of hydrilla. 

The hydrilla plants would stop the cutter bars, and the drive motors 

would have to be reversed to clear the plants and start the cutting 

action again. Also, the loading conveyor did not have sufficient power 

to transfer large heavy loads of hydrilla out of the water and into the 

storage hold. The loading conveyor was so constructed that when the 

harvester cut 5 ft under water, the angle of the conveyor was approxi­

mately 45 deg below the horizontal. In this position, layers of hydrilla 

having an in situ density of 10 to 13 tons/acre or greater could not be 

transferred up the conveyor. The harvester had to stop and the loading 

conveyor had to be raised above the water surface before the hydrilla 

plants could be transferred to the horizontal live-bed conveyor of the 

storage hold. 

79. During harvesting operations plant particles collected under 

the conveyor belts and became wrapped around the conveyor sprockets, 

thus increasing the sprocket diameter. This increased diameter placed 

added stress on the belts and bearings, causing several failures. At 

times, the additional stress was so great that ttle hydraulic motors were 

unable to turn the sprockets. The occurrence of this condition necessi­

tated the belts being removed and the sprockets cleaned at frequent 

intervals. 

80. To load the live-bed storage hold to maximum capacity the 

plants were allowed to fall to the live-bed and collect on top of one 

another until the holding area was filled. The live-bed storage con­

veyor handled heavy loads (up to 6000 to 8000 lb) of hydrilla. Plants 

also wrapped around the sprockets of this conveyor causing the same 

problems as experienced with the loading conveyor. 

81. When the harvester and transport were fully loaded, the 

draft was approximately 20 in. at the rear of each machine and approxi­

mately 6 in. in front. This uneven loading sometimes caused problems 

when the transport attemp~8G ~o dock at the onshore conveyor or 
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attempted to couple with the harvester because the docking mechanisms 

could not be aligned. 

82. The speed at which plants were unloaded onto the onshore con­

veyor was __ :.rrL_ t ed due t a the onshore conveyor des ign . As plant s were 

unloaded onto the onshore conveyor there was a continual jam due to the 

"a" ::-ownes s of the conveyor ree e i veT compared with the width of the 

unloading conveyor on the transport. 

~3. The harvester was never able to "clean" an area in only one 

pass. In hyacinth, plants were separated from the mats and floated 

into ::-;"eviously harvested areas. In hydrilla, the harvesting operation 

left cut plants floating in the harvested areas. .To correct these con­

ditions, additional passes in previously harvested areas were made. 

Operational Costs 

84. The derivation of the costs incurred for harvesting water­

hyacinths and hydri: ~-,-;. is presented in Appendix D. Because of the re­

search nature of the operation, the cost calculated is considered to be 

high in comparison to long-term operational costs. In this project, 

harvesting hyacinth with the Aqua-Trio costs $36.79 per ton. With 

hyacinth ranging i~ densities from 50 to 150 tons/acre, the cost would 

be $1840 to $5519 per acre. Harvesting hydrilla with the Aqua-Trio 

cost $20.20 per ton. Topped-out hydrilla plants range in densities 

from 10 to 22 tons/acre and, therefore, would cost $202 to $444 per 

acre to harvest. 

85. The cost of chemical control of waterhyacinth is about $26 

per acre. Therefore, the cost data developed on the project clearly 

show that, as expected, mechanical harvesting with the Aqua-Trio cannot 

compete from a cost standpoint with chemical control. However, chemical 

control for hydri11a is estimated to be about $200 per acre and the 

Aqua-Trio costs are only slightly higher than this. This suggests that 

the Aqua-Trio might be competitive for extracting submersed plants 

(see Figures 11 and 12). 
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Summary Conunents 

86. The results presented in preceding paragraphs emphasize that 

the AQua-Trio system cannot harvest waterhyacinth and hydrilla at rates 

and costs operationally acceptable to the jacksonville District. How­

ever, one component of the system, the onshore conveyor, with only minor 

modification, can handle hydrilla, waterhyacinth, and combinations of 

the two at rates in excess of the 80-tons/hr rate defined as being 

acceptable. During the course of the study, a literature review was 

made and people with experience in mechanical harvesting were contacted 

(see Appendix E). From the field studies and experience o~ people con­

tacted, it appears that the major unresolved problem in drriving at a 

viable concept for mechanical harvesting is designing a scheme for trans­

porting across the water and aggregating the plants at a takeout point at 

the land-water interface in such a manner that the overall system is not 

energy-intensive. Such a system would be one that maximizes the use of 

natural forces and minimizes the use of unnatural forces. In brief, the 

concept for transporting floating aquatic plants is based On the assump­

tion that locations can be found on river systems where the natural cur­

rent can be used to move floating plants growing on the fringe of the 

river to active booms that deflect and force the hyacinths to a buffer 

or holding area. Here the plants are confined by movable booms that can 

be manipulated by a small tractor or winch to concentrate and guide the 

hyacinths to a conveyor. The conveyor then lifts the pl8,nts over the 

land-water interface and drops them into a chopper so that they can 

be easily handled with a relatively small transporter-elevator. The 

transporter-elevator stacks the chopped hyacinths at a location where 

they are allowed to compress and decompose under natural conditions. It 

is anticipated that under most natural conditions, the hyacinths growing 

along the river's edge will have to be forced into the moving water from 

time to time to continue their movement downstream. For this reason, 

the concept calls for use of small, but specially equipped, hyacinth­

pusher boats. 

87. It is envisioned that several installations such as those 
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discussed would have to be established at carefully selected locations 

on the river system to effect control. The distance between installa­

tions, the amount of plant material handling, the size of the holding 

area, and the size of the land storage area required are extremely site­

dependent. 

88. The concept for submersed plants is intended for application 

in areas such as river or lake systems with little or no flow. However, 

the concept is equally applicable to floating plants in low-flow envi­

ronments. The approach is quite similar to that outlined previously for 

floating plants in riverine environments in that the plants are moved in 

the water to the takeout point. They are then transferred across the 

land-water interface by a conveyor and distributed in the land storage 

area using a transporter-elevator. In contrast to the flowing water 

concept, however, several additional items are needed. In particular, 

cutter boats must be used to sever the submersed plants, allowing them 

to float to the water surface. Towboats trailing a boom are then used 

to encircle the cut plants for rafting to the takeout point where the 

plants are forced by the boom, a pivot piling, and a winch or small 

tractOr into a flail and gathering device that feeds them into the con­

veyor. At least one pusher boat is needed to deal with cut plant mate­

rial lodged in or around shore obstructions by pulling it into water 

areas open enough to permit encirclement by the towing boats. 

89. As stated earlier and from the above description of the con­

cepts, it becomes apparent that transport of the harvested plants to 

the takeout point will pace productivity and, therefore, priority 

should be placed on developing and verifying by field tests a solution 

to this problem. As illustrated from the results of the field tests 

(Figures 9-12), overall system productivity is less than the smallest 

productivity of any of the components. For this reason, quantitative 

productivity data on all facets of both concepts are needed to assist 

in the preparation of realistic design specifications and to provide 

data for evaluating competing designs. 
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PART IV: CONCLUSIONS AND RECOMMENDATIONS 

ConcLiS ions 

90. As a result of the study reported herein, the following 

conclusions are presented~ 

a.	 Total Aqua-Trio system productivity was considerably less 
than 10 tons/hr in hydrilla, less than 5 tons/hr in water­
hyacinth, and less than 10 tons/hr in combinations of 
waterhyacinths and hydrilla (Figures 9-12, and para­
graph 73). The productivity of the transport consis­
tently paced the system productivity when the Aqua-Trio 
was used in infestations of hyacinth and hyacinth and 
hydrilla (Figures 9 and 10 and paragraphs 59 and 13). 
When operations were conducted in hydrilla, the harvester 
paced the system productivity (Figures 11 and 12). 

b.	 Of the three components of the Aqua-Trio, only the con­
veyor consistently had production rates that clearly 
demonstrated potential for approaching or exceeding the 
SO-tons/hr requirement specified for operational use. The 
other components employed concepts that l'equired exces­
sive mechanical handling of the plant material. They 
probably cannot be modified to increase productivity 
significantly, except through use of a prohibitive 
amount of energy. Fay this reason, it is concluded that 
the Aqua-Trio or other harvesting systems that employ 
excessive mechanical handling of the plant material are 
too energy-intensive to be us~d operationally for most 
problem conditions of interest to the Jacksonville 
District. 

c.	 Transporting the harvested plant material from the har­
vesting site to the onshore conveyor location on the land­
water interface appears to be the major pacing problem in 
developing a high-productivity mechA.-,~.i cal harvest ing 
system (paragraph 86). 

Recommendations 

91. It is recommended that the search for i~proved mechanical 

systems for harvesting aquatic plants be continued. It is further rec­

ommended that these concepts be evaluated over the normal length of 

the	 growing season to (a) evaluate and optimize the performance of each 

concept, and (b) acquire engineering data for improvement of present 
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designs or development of new concepts and equipment design. It is 

further recommended that as soon as sufficient engineering data are 

available to prepare rea1istic perforrr,a:1ce spec~~ications as a function 

of site conditions, a "Request for Proposal" for the design of an ad­

vanced mechanical harvesting system be prepared and submitted to 

industry. 

92. It is further recommended that a technical framework for 

evalua.ting industry proposed designs be developed to insure that the 

best system is procured for operational testing. Such design evalua­

tion techniques require that the performance potential of each design 

be predicted for all significant environments and operational conditions. 

Due to the nonfeasibility of manufacturing and experimentally testing 

each design in each site condition, these predictions can only be made 

tbrough the use of a deterministic simulation model. At the present 

t~~e, an operational first-generation mechanical harvesting simulation 

model exists at WES. It is recommended that the model development be 

continued and verified as engineering data frax future model development 

efforts become available. Once the model is proven adequate, it is 

recommended that this model be used as an aid to evaluating the industry 

proposed designs resulting from the previously mentioned request for 

proposal. 
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Table 1
 

Page Number in Appendix F of Bar Graphs Containing Percentage of
 

Primary and Secondary and Nonfunctional Time by Plant Type
 

One-Way No. of 
Transport 

Distance .J!. 
Trans­

---.Eorts d:;0-70 
Plant Biomass, tons/acre 

>70-90 >90-110 >110-125 >125 

Waterhr.acinth 

0-700 1 F246 F238, 

2 F260, F240-F242 
F262 

>700-1400 1 F249, F243­ F245 
F251 F244 

F247­
F248 

>1400-2000 1 F254­ F239 F252­ F261 
F255 F253 

2 F259 F257-F258 
F264-F266 

>2000 1 F256 
F267 

Hydrilla and Waterhyacinth 

>1400-3600 

>3600 1 
2 

* 
F295 
F293­

F294 

Hydrilla 

0-10 >10-15 >15 

0-700 

>700-1400 

>1400-3000 

1 
2 

1 
2 

F276-F279 
F28o-F283 

F298 and F284-F292 

F268-F271 
F267 and F272-F275 

F296 
F297 

*	 15 tons/acre hydri11a and waterhyacinth were harvested at the 
Withlacoochee River test site at Area 1 on 9 November 1976 (see data 
on page F223). However, records were not kept because recorders were 
not available. These missing records made it impossible to plot bar 
graphs fOr these data. 



able 2 

Percent Primary Functional and Nonfunctional Times of Harvesting 

Equipment Operating in Waterhyacinth 

Transport 
Distance 

ft <40-70 
Harvester 

>70-90 >90-110 

Plant Density, tons/acre 

>:Ll0-125 >125 <40-70 >70-90 
Transport 

>90-:Ll0 >110-125 >125 

Primar1 Functional Time 

0-700 

>700-1400 

>1400-2000 

>2000 

138 

32/55 

34/ 

41/ 

48/ 
381 
41/ 

521 
45/ 

411 

39/39 

166 

60/34 

641 

22/ 

411 

46/ 

uol 

23/ 24/ 

68/56 

Nonfunctional Time 

0-700 

>700-1 400 

>1400-2000 

>2000 

/53 

59/3u 
55/ 

54/ 

44/ 

561 
561 

1.3/ 

50/ 

50/ 

51/51 

121 

19/50 

18/ 

68/ 

36/ 

34/ 

34/ 

56/ 59/ 

16/30 

Transport 
Distance 

ft <1.0-70 
Conveyor 

>70-90 >90-110 

Plant Density, tons/acre 

>110-125 >125 <40-10 >70-90 
Truer. 

>90-110 >110-125 >125 

Prim~ Functional Time 

0-700 

>700-1400 

>1400-2000 

>2000 

/18 

13/26 

12/ 

8/ 
14/ 

16/ 

lui 

15/ 15/ 

4/ 

11/18 51/ 

22/ 8/ 

32/ 

Nonfunctional Time 

0-700 

>700-1400 

>1400-2000 

>2000 

/82 

87/74 

88/ 

92/ 

86/ 

84/ 

86/ 

85/ 

96/ 

85/ 

89/82 46/ 

58/ 89/ 

58/ 

Note: 1 transport/2 transports. 



Table 3
 

Percent Primary Functional and Nonfunctional Times of Harvesting Equipment
 

Operating in Hydrilla 

Transport 
Distance 

ft 
Harvester 

0-10 >10-1~ >15 0-10 

Plant Biomass, tons/acre 
Transport Conveyor 

>10-15 >15 0/10 >10-15 

-~-~- ~_...._-­

Truck 
>15 0/10 >10/15 >15 

Primary Functional Time 

0-700 

>700-1400 

>1400-3600 

>3600 

73/57 63/67 

47/64 

0/38 

27/15 22/17 

48/41 

0/23 

14/6 10/9 

14/13 

~; /-l~ 

18/29 5/22 

29/',)'" 

O/,i 

Nonfunctional Time 

0-700 

>700-1400 

>1400-3600 

>3600 

19/33 30/27 

44/17 

0/47 

48/79 63/74 

47/52 

0/62 

86/94 '89/91 

86/87 

O/b6 

~2 :' ~)2 74/65 

0/68 

j'~' / C:!, 

Note: 1 transport/2 transports. 



APPENDIX A: TECHl'ilICAL SPECIFICATIONS FOR THE AQUA-TRIO 

1. The Aqua-Trio mechanical harvesting system consists of three 

major components, an H-650 harvester. a T-650 transport, and an 8-650 

onshore conveyor. Technical specifications for these three components 

are presented in the following paragraphs. Also described are the mobi­

lizer and spreader bar assemblies, which can be conveniently used to 

transport the system from one water body to another. 

H-650 Harvester* 

Flotation barge 

2. The flotation barge is 24 by 10 by 2 ft, with internal angle 

framework fabricated of II-gage welded steel. Four heavy-steel lifting 

eyes are provided on the barge for loading or unloading the harvester 

with a crane. The barge has three tested watertight compartments. 

Front-end elevating conveyor No.1 

3. The conveyor has a porous belt 90 in. wide, comprised of three 

30-in.-wide belts of 1- by I-in. flat-wire galvanized-steel mesh. A 

l-7/l6-in.-diam drive shaft contains eighteen 4-3/8-in.-pitch-diam 

sprockets. The conveyor is powered by one hydraulic motor through a 

flexible coupling. The idler pulley is a 4-in.-diam steel tube mounted 

on 3-in., threaded take-ups. The conveyor bed is made up of multiple 

channels and T-bars the full length of the conveyor. The leading edge 

of the conveyor consists of two vertical 5-ft-long cutter bars and one 

horizontal 8-ft-long cutter bar. All three cutter bars are reciprocally 

driven by two hydraulic motors with Pitman rod arrangements and a flex­

ible push-pull cable between the cutter bars. The conveyor can be 

raised out of the water to a horizontal position or lowered to a maximum 

cutting depth of 5 ft below the surface of the water. This movement is 

accomplished through the use of two pressure-compensated 2-in.-diam 

hydraulic rams. 

From Aquamarine Corporation Technical Specification No. 200-5.* 
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Weed storage 
hold conveyor Nos. 2 and 3 

4. The hold is 1 ft wide, 3 ft deep, and 30 ft long. The full 

length of the bottom of the hold consists of a live-bed of the same 1­

by l-in. fabric as the front-end conveyor. The horizontal segment (con­

veyor No.2) of the live-bed and the inclined segment (conveyor No.3) 

of the live-bed can each be separately controlled by the operator. As 

the weeds come up the No. 1 conveyor and are dun.Jed onto the live-bed, 

the operator moves the weeds rearward as they reach a 3-ft depth. The 

hold can store as much as 650 ft 3 or 10,000 Ib of weeds, whichever is 

reached first during harvesting. The speed of the live-bed allows the 

hold to be emptied in 70 sec. Each segment of the live-bed is driven by 

a l6-sprocket drive shaft with the idlers on threaded take-ups for pre­

cise fabric-belt tensioning. 

Propulsion system 

5. Reversible paddle wheels are mounted at the midpoint of the 

barge on the starboard and port sides. They are shielded by large 

fenders that minimi ze the throwing of water. A removable hydraulic 

motor has the paddle splined to its output shaft. Each paddle wheel 

can be set continuously at 0 to 50 rpm independently, forward or reverse, 

from the operator's console. 

Power plant 

6. An air-cooled, 2-cycle, Deutz diesel engine develops 32 hp at 

2400 rpm. Included is a permanently mounted, 25-gal filtered fuel tank. 

The engine is mounted on a heavy base plate which is, in turn, mounted 

to the platform on four isolation mounts. The engine drives four hy­

draulic pumps: one variable displacement pump for each of the two paddle 

wheels, one fixed pump for the two segments of the live-bed and the rams 

that control the depth of cut, and one fixed pump for the front-end ele­

vating conveyor and cutter bars. Next to the main power plant are 

mounted five solenoid-regulated, three-position, four-way valves for 

control from th~ operator's console. Hydraulic plumbing is accomplished 

throughout by the use of l/2-in. steel pipe with flexible hydraulic hose 

connections at the end of each pipe. All hydraulic circuits are 
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protected by relief valves and replaceable hydraulic filters. All sys­

tems are served by one 25-gal hydraulic reservoir with a breather and 

visual-level indicator. The engine has a remote-control electric 

starter and oil pressure) temperature, and generator charge warning 

lights. 

Snap-lock coupling device 

7. At the discharge end of the harvester, two pressure-actuated 

snap-lock couplings are provided for aligning and holding the harvester 

to either the transport or the onshore conveyor during transfer of 

weeds while allowing relative vertical displacement as the load 

transfers. 

Operator 1 s console 

3. The operator 1 s console is mounted on a raised bridge at the 

forward end of the harvester and over the weed hold. The floor of the 

bridge is of expanded metal, allowing the operator to see into the hold 

for continuous control of weed depth. Live-bed controls are National 

Electrical Manufacturers' Association (NE~~) 4-ft switches, and paddle 

wheel controls are push-pull cable control levers. 

9. Controls are as follows: The segments of the live-bed are 

controlled with the left foot with a two-position foot pedal. The 

paddle wheels are controlled by two hand levers) one for each paddle. 

Depth of cut is controlled with the right foot through the use of a 

rocker-pedal switch. Toe down lowers the cutter; heel down raises the 

cutter. Facilities are furnished for remote control of the live-bed at 

the onshore conveyor site. A side-mounted control console contains the 

three engine warning lights, an ignition lock and key, accelerator and 

choke remote-control knobs, and two waterproof toggle switches that 

control the No. 1 conveyor belts (FORWARD - OFF - REVERSE) and the 

cutters (CUT - OFF - JAM). The console electrical enclosure is rated 

NEMA 12 and has a hinged) full-access door. The operator!s seat is 

adjustable for height, tilt, and leg length. 

Weight and dimensions 

10. The weight of the H-650 harvester is 13,000 lb. The overall 

dimensions are 39 ft long by 9.5 ft high by 15 ft wide at the paddle 
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wheels. Removal of the paddle wheels brings the maximum width down to 

10 ft for over-the-road hauling with the mobilizer assembly. 

T-650 Transport* 

Components 

11. The transport consists of a flotation barge, a weed storage 

hold, a propulsion system, a power plant, a snap-lock coupling device, 

and an operator's console. Specifications for these components are 

the same as those for the harvester (paragraphs 2 and 4-9). 

Weight and dimensibns 

12. The weight of the T-650 transport is 10,400 lb. The overall 

dimensions are 30 ft long by 9.5 ft high by 15 ft wide. Removal of the 

paddle wheels brings the maximum width down to 10 ft for over-the-road 

hauling using the mobilizer assembly. 

S-650 Onshore Conveyor** 

13. The capacity of this conveyor is 500 ft 3/min. It conveys a 

stream of weeds 3 ft wide and 1 ft deep at 165 ft/min. The conveying 

member consists of two parallel chains with angle cross cleats fixed 

between them. The chains are driven by a hydraulic motor directly 

coupled to the sprocketed drive shaft. The conveyor is a 32-ft-long 

inclined conveyor equipped with an 8-ft-wide hopper to take the output 

of an H-650 harvester or a T-650 transport. Set horizontally into the 

hopper is a 5-ft-long cross conveyor that causes the weeds to transfer 

onto the inclined 3-ft-wide belt. A snap-lock coupling device that fits 

any unit of the Aqua-Trio is furnished under the input hopper. Under 

the conveyor's hopper is a light, polyethylene float, which supports the 

input end of the conveyor in the water, allowing complete versatility 

in serving steep, rocky, or muddy shorelines. The inclined portion of 

* From Aquamarine Corporation Technical Specification No. 201-4. 

** From Aquamarine Corporation Technical Specification No. 202-3. 
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the conveyor is supported on over-the-highway Tubber tires and can be 

towed by a truck at high speed. 

14. The function of this onshore conveyor is to elevate the weeds 

to about 11 ft for loading into a pile or on trucks. The standard 

drive for this unit is a 24-hp gasoline engine driving a hydraulic pump. 

The pump runs two hydraulic motors on the conveyor. 

15-. To speed launching and pullout of the onshore conveyor, a 

towing A-frame equipped with a lunette ring for a truck-mounted pintle 

hook on the front bumper is furnished on the 8-650 axle. After attach­

ing the lunette ring to the towing vehicle, a winch on the lunette ring 

pulls down on the high end of the conveyor. This raises the input and 

float end. Launching then can be accomplished by simply driving the 

truck toward the water and releasing the winch when the conveyor is in 

place. 

16. Special wheel chocks are furnished to (a) keep the 8-650 from 

rolling into the lake, (b) restrict movement of the conveyor., and (c) 

absorb impact during coupling of the transport or harvester. 

17. The weight of the 8-650 shore conveyor is 3400 lb. The con­

veyor	 packaged for export shipment consists of one 33- by 4- by 2-ft 
3crate and one 10- by 5- by 4-ft crate or a total of about 450 ft . 

Mobilizer and SEreader Bar 

Mobilizer assembly 

18. To move both the harvester and the transport over the high­

way, a mobilizer assembly is available. It consists of two axles bear­

ing four wheels with pneumatic tires. The rear axle has an adapter that 

allows the mobilizer to be pinned to the back end of either the harves­

ter or the transport while it is still in the water. The front axle of 

the mobilizer assembly has a telescoping towing tongue. The rear axle 

has a main horizontal pivot pin, which allows all the wheels to stay in 

contact with the highway no matter what condition of curve or bank the 

highway might have. To remove the equipment from the water, the tow bar 

is extended and fastened to the towing truck, and the equipment is 
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pulled onshore and thence to the new harvesting site at a maximum speed 

of 15 mph. The equipment is then launched, and the mobilizer is removed 

and hauled onto the shore. The two axles are bolted together creating 

a small four-wheel trailer, ~hich may then be hauled back to pick up any 

remaining equipment in similar fashion. The mobilizer assembly weighs 

700 Ib and can be packaged into about 120 ft 3 for export shipment. 

Spreader bar 

19- A spreader bar is fabricated of steel in a heavy box configu­

ration for lifting the harvester and the transport with a 12,000-lb­

capacity crane. Its function is to spread the hoisting chains 10 ft 

apart to hoist the harvester or the transport. The spreader bar weighs 

200 Ib and can be packaged into about 8 ft 3 for export shipment. 

A6
 



APPill~~IX B: SITE DESCRIPTIONS AND SITE MAPS 

Site 2AT-13--Hyacinth--133 tons/acre 

1. Site 2AT-13 was a small canal off the St. Johns River (see 

Plate Bl). The canal was 80 ft wide at its mouth and increased to 

214 ft over an approximate length of 600 ft. The site comprised 

1.3 acres, and the water averaged 8 ft in depth and was almost nonmov­

ing and clear of obstructions. The banks of the canal were almost ver­

tical, and the water level was about 3 ft below the top of the banks. 

The ground adjacent to the canal was covered with 4- to 5-ft-high weeds, 

which greatly reduced wind effect on the harvesting operation. 

2. Plants in this canal were large (stem and leaf height 43 in. 

and root length 26 in.), with an average density of 133 tons/acre. 

3. The takeout point was so located that the plants could be 

conveyed to a level grass field with sufficient soil stability to afford 

trafficability by the dump trucks. 

4. The truck route to the disposal site was 2.5 miles in length 

with 0.1 mile unsurfaced and 2.4 miles surfaced. The 0.1 mile of un­

surfaced road was adjacent to the onshore conveyor and consisted of an 

open grass field with sufficient soil strength for truck traffic with 

one exception. At the intersection of the unsurfaced road and the 

surfaced roadway (0.1 mile from the onshore conveyor) was a 50-ft-wide 

area of loose sand that had to be bridged with aluminum landing mat. 

The 2.4-mile surfaced two-lane roadway had four stop signs going to the 

disposal site and only one stop sign returning to the onshore conveyor. 

5. The disposal site was a 40-acre cleared field with sufficient 

soil strength to prOVide good trafficability by trucks. 

Site 2AT-13--Hyacinth--83 tons/acre 

6. Site 2AT-13A was in a slack water area of the St. Johns River 

(see Plate B2). Spatterdock was found growing in this area, and the 

hyacinths collected in this stationary plant growth. The water averaged 

Bl 



2-1/2 ft in depth at this site and was clear of obstructions. Plants 

in this area were medium-sized (average stem and leaf height 32 in. and 

average root length 20 in.), with an average density of 83 tons/acre. 

T. The onshore conveyor was in the same position as for site 

2AT-13; thus, the same haul roads and disposal site were used as for 

site 2AT-13. 

Sites 2AT-13Bl, -B2, -B3, -B4, and -B5--Hyacinth--118, 
ll~, 106, 84, and 110 tons/acre) Respectively 

8. The sites were on a series of small connecting canals form­

ing a residential waterfront community. The canals were 65 to 80 ft wide 

and 750 to 1250 ft long. The average water depth was approximately 6 ft, 

and, at the time the harvesting operation was conducted, there were a 

few floating logs in the water. Slope of the canal banks was approxi­

mately 45 deg, and the adjacent ground was covered vith 2- to 3-ft high 

weeds. During the operation, there was little Or no wind in these small 

canals. Plates B3-B7 show the layouts of these sites. 

9. Plants in these canals had stem and leaf heights of 13 to 

31 in. and root lengths of 16 to 31 in. and had an average density of 

106 tons/acre. 

10. The onshore conveyor was positioned on the top bank of a 

canal that had sufficient soil stability to support the conveyor and 

truck traffic. The top bank elevation was 3 ft above water level. 

11. The onshore conveyor location was at the end of a lOO-ft-long 

unsurfaced driveway that led to a paved street. The unsurfaced drive 

supported all truck traffic except for one soft area that was bridged 

with an aluminum landing mat. The haul road to the disposal area was 

1.1 miles in length, and half of the roadway was surfaced and half 

unsurfaced. 

12. The disposal site was a recently cleared 2-acre field. The 

plants were randomly dumped from the trucks and left to decay. 

Site 2AT-18A--Hyacinth--44 tons/acre 

13. This site was located on the St. Johns River near the mouth 

B2 



of Blue Creek at the south end of Lake George (see Plate B8). The 

harvest area was a small cove into which plant s had blown. There was 

very little if any water current in this area. Eelgrass was growing 

in this area in a water depth of 1 to 3 ft. There were several posts 

and other obstructions in the area. 

14. The onshore conveyor was located on the riverbank adjacent to 

a boat launching ramp. A concrete retaining wall 1-1/2 ft above the 

water supported the top bank. The top bank was a sodded area for boat 

ramp traffic and provided sufficient soil strength to support all truck 

traffic without rutting. 

15. The disposal site was a 1.5-acre area cleared of small trees 

(8 to 12 ft tall) and bushes with cabbage palms and was approximately 

200 ft from the conveyor location. The trucks dumped the plants and a 

front-end loader restacked them. 

Site 2AT~18B--Hyacinth--6ltons/acre 

16. This site was located on the west bank of the St. Johns 

River at its junction with Lake George. The harvest area was very 

similar to site 2AT-18A in that it was a natural catch basin containing 

eelgrass. The river current was minimal, and winds off Lake George 

moved plants into the cove. The water depth ranged from 1 to 3 ft, and 

there was very little current and few obstructions. 

17. The onshore conveyor and disposal sites were the same as 

those used for site 2AT-18A. Plate B9 shows the details of this site. 

Site 2AT-18C--Hyacinth--48 tons/acre 

18. This site was located at the mouth of Blue Creek on the east 

bank. The water depth ranged from 1 to 3 ft, and there was very little 

current. 

19. The onshore conveyor site and disposal site were again the 

same as those used for site 2AT-18A. Plate BIO shows the details of 

this site. 
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Site 2AT-18D--Hyacinth--151 tons/acre 

20. This site was located in the shallows on the south shore of 

Lake George just west of the entrance to the St. Johns River. This area 

had a water depth of 1 ~o 2 ft and had eelgrass growing in it. Slight 

to no current was observed in the area. Winds off Lake George moved 

plants into the area. 

21. The onshore conveyor site and disposal site used were the 

same as those used for sites 2AT-18A, -B, and -C. Plate Bll shows the 

layout of this site. 

Site 2AT-18E--Hyacinth--130 tons/acre 

22. This site was located off the south shore of Lake George to 

the east of the entrance to the St. Johns River. This area had a water 

depth of 1 to 2-1/2 ft and had eelgrass growing in it, Some hydri11a 

was also found in the area. No current was observed, and winds on 'Lake 

George moved plants into the area. During operations, the harvester and 

transports occasionally ran aground. Plate B12 shows the details of 

this site. 

23. The conveyor site and disposal site used during operations 

at this site were the sa~e as those used for sites 2AT-18A-D. 

Site 2AT-18F--Hyacinth--48 tons/acre 

2~. This site was located on the east bank of the St. Johns River 

at its -junction with Lake George. This area was only 1 to 2 ft deep 

and was covered with eelgrass. Very little, if any, current was observed 

in the area, and the plants were moved there primurily by wind. 

25. The onshore conveyor site and disposal site used were the 

same as those for sites 2AT-18A-E, as shown on the location map in 

Plate B13. 
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31. The onshore conveyor was located on the edge of an abandoned 

orange grove. The top bank was flat and 1 ft above the water elevation. 

The 0.2-mile haul road into the orange grove was unsurfaced loose sand. 

Plate Bl5 shows the details of this site. 

Wysong Dam Site--Hydrilla--20 tons/acre 

32. This site was located on the Withlacoochee River upstream of 

Wysong Dam. The current in this area was approximately 0.5 mph and had 

very little effect on harvesting operations. Water depth was 4 to 6 ft. 

The hydrilla was topped-out and very dense. 

33. The onshore conveyor was located on the east riverbank. The 

bank had a gradual slope and caused no trouble with truck loading opera­

tions. The top bank was level and sodded and had sufficient soil 

strength to support truck traffic. 

34. The disposal site consisted of a 1.0-acre area where the 

trucks dumped plant material between trees. The material was dumped in 

piles as close together as possible and was left to decay. Plate B16 

shows this site in detail. 

Area 1 Bonnet Lake--Hydrilla and Hyacinth--15 tons/acre 

35. This site was located in Bonnet Lake on the Withlacoochee 

River. The lake was completely clogged with dense topped-out hydrilla , 

and small mats of hyacinth were also found at the south end of the area. 

No current was observed in the area. The water depth was greater than 

5 ft. 

36. The onshore conveyor was located at Trails End Fish Camp 

approximately 3000 ft downstream, as shown in Plate B17. This location 

was very cramped and only a one-lane gravel drive led .to the conveyor. 

A very flat slope from water IS edge to the drive gave the onshore 

conveyor sufficient lift to load trucks. Boat docks adjacent to oath 

sides of the conveyor location required careful operation of the trans­

ports. A firm gravel road led 0.5 mile to the disposal site, Which 
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consisted of mowed grasses under live oak trees. The plants were dumped 

as close together as possible and were left in piles to decay. 

Area 2 Bonnet Lake--HYdrilla--15 tons/acre 

37. This site was located on Bonnet Lake adjacent to one of two 

canals entering the lake. This area was covered vith dense topped-out 

hydrilla. The water was greater than 5 ft deep and had little or no 

current. 

38. The locations of the onshore conveyor and disposal site were 

the same as those used for Area l, as shown in Plate Bl8. 

Area 3 Bonnet Lake--Hydrilla--15 tons/acre 

39. This site was located on Bonnet Lake adjacent·to the second 

of two canals entering the lake, as shown in Plate Bl9. The area was 

covered with dense topped-out hydrilla, and the water was greater than 

5 ft deep and had little or no current. 

40. The onshore conveyor location and disposal site used were the 

same as those used for Area 1. 

Area 4 Bonnet Lake--Hydrilla and Hyacinth--i5 tons/acre 

41. This site was located on Bonnet Lake adjacent to the island 

at the south end of the lake, as shown in Plate B20. This area was 

covered with both hydrilla and hyacinth. Water in the area was greater 

than 5 ft deep and had very little current. A few obstructions such as 

logs or tree limbs were in the area. 

42. The onshore conveyor site and disposal site were the same as 

those for Area 1. 

Area 5 Withlacoochee River--Hydrilla--22 tons/acre 

43. This site was located on the east side of the Withlacoochee 
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River directly across from Trails End Fish Camp. There was a O.5-mph 

current along the outer edge the harvest area, and the water depth 

varied from 4 to 10 ft. The area was covered with dense topped-out 

hydrilla and also contained small mats of hyacinth. 

4l.J. ':.::_=: onshore conveyor site and disposal site were the same as 

those indich'~ed for Area 1. Plate B21 shows the layout of this site. 
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APPENDIX C: INSTRUCTIONS TO OPERATORS AND DATA RECORDERS,
 
DEFINITIONS OF DATA SHEET ENTRIES, AND DATA SHEETS
 

1. The data collected during this study ~ere tabulated as shown 

in Tables cl-c4 of this appendix. These tables are samples of actual 

data sheets and illustrate the methodology employed in collecting ra~ 

values. From such data, the time history of each load of harvested 

aquatic plants can be reconstructed from time of harvesting to time of 

disposal. In addition, each event can be identified in proper sequence 

as can the elapsed time for some events. Finally, the weight of each 

load provides the necessary data for calculating harvesting rates. The 

methods of collecting these data will be discussed in the follo~ing 

paragraphs. 

2. A data collection technician was stationed on each component 

of the Aqua-Trio system and logged the times of occurrence of certain 

events and the elapsed time of some events. as noted on the respective 

data sheets. 

Instructions to Operators and Data Recorders 

3. All technicians were instructed to synchronize their watches 

prior to initiating a day's operation. They were further instructed not 

to be influenced by events or actions of other components of the system 

but to simply record, by their own best jUdgment, the times to be noted 

on their respective data sheets. They were told that the data sheets 

must be complete, and, if some extraordinary event took place, they were 

to make a note of it in the remarks section of the data form. 

4. The operators of each component of the Aqua-Trio system ~ere 

instructed to operate their respective components at their maximum 

operating rate at all times. For example, the harvester operator was 

instructed to harvest a load of plants at the maximum rate possible, 

and not slo~ down his harvesting rate to accommodate the transport, 

should the transport be pacing the operation. The harvester operator 

was instructed to harvest and then wait, if necessary, for the 
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transport, and the data recorder was instructed to note the delay. By 

the same reasoning, if the harvester was pacing the operation, the trans­

port operator was instructed to perform his functions at a maximum 

rate and note any reason for extraordinary delays. 

Definitions of Data Sheet Entries 

5. The following 

fied data sheet: 

Harvester 
Record 

Column 1 

Column 2 

Column 3 

Column 4 

Column 5 

Column 6 

Column 7 

Column 8 

Column 9 

Column 10 

Transport 
Record 

Column 1 

are explanations of each column of the identi ­

The number of the plant load for a given day. 

Elapsed time between the first plants entering 
the harvester conveyor and the last plants 
entering the storage hold. 

Estimated by relative position of harvester to 
buoys spaced at lOO-ft intervals in the harvest 
area. 

Chronological time (clock) when the transport 
completed hookup with the harvester. 

The number of the transport hooking up to the 
harvester at the time indicated in Column 4. 
Elapsed time to transfer the load from the har­
vester to the transport as measured from the 
time plants began entering the transport to 
the time the last plant material entered. 

Chronological time (clock) when the transport 
unhooked from the harvester. 

Chronological time (clock) when the first
 
plant material appeared on the harvester
 
conveyor.
 

Idle time after the harvester was loaded until 
the transport booked up to the harvester. 

Remarks. 

The number of the plant load for a particular 
transport for a given day. 
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Column 2 

Column 3 

Column 4 

Column 5 

Column 6 

Column 7 

Column 8 

Column 9 

Column 10 

Truck 
Record 

Column I 

Column 2 

Column 3 

Column 4 

Column 5 

Column 6 

Column 7 

Column 8 

Column 9 

Chronological time (clock) when the transport 
unhooked from the onshore conveyor. 

Time required for the empty transport to 
travel from the onshore conveyor to the 
harvester. 

Chronological time (clock) when the transport 
completed hookup with the harvester. 

Elapsed time between the first plants entering 
the storage hold and the last plants entering 
the storage hold. 

Chronological time (clock) when the transport 
completed unhooking from the harvester. 

Time required for the full transport to travel 
from the harvester to the onshore conveyor. 

Chronological time (clock) when the transport 
completed hookup with the onshore conveyor. 

Elapsed time between the first plants leaving 
the transport and the last plants leaving the 
transport. 

Remarks. 

Identification of the transport delivering a 
particular plant load. 

The number of the plant load hauled by a given 
truck. 

Chronological time (clock) when the truck 
parked under the conveyor ready to receive a 
load. 

Chronological time (clock) when the first 
plants entered the truck. 

Chronological time (clock) When the last 
plants entered the truck. 

Weight of the plants on the truck (these data 
taken from the Plant Weight Record, Column 9). 
Chronological time (clock) when the truck 
departed the conveyor. 

Chronological time (clock) when the truck 
returned to the conveyor site. 

Remarks. 
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Plant
 
Weight
 
Record
 

Column 1 Weight of loaded truck's left-front wheel. 

Column 2 Weight of loaded truck1s right-front wheel. 

Column 3 Weight of loaded truck's left-rear wheel. 

Column 4 Weight of loaded truck's right-rear wheel. 

Column 5 Sum of the weights in columns land 2. 

Column 6 Sum of the weights in columns 3 and 4. 

Column 7 Sum of the weights in columns 5 and 6 (gross 
weight) . 

Column 8 Weight of the empty truck (tare weight). 

Column 9 Weight of the plants on the truck (net weight). 
(These data are entered on the Truck Record, 
column 6.) 

Column 10 Truck load number. 
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Table Cl 

HARVESTER RECORD 

hydrilla 

Date: 21 S~p 76 Starting Time: 0740 Ending Hme: 1520 Weather: Sunny ~ varm afternoon - light rain 

Location: Orange lake West 

Density: 13 tons/acre 

1 

Load 
lio. 

2 
Tl~e to 

Harvest load 
r"'" :sec 

3 
Dis t. T't"aveled 
to Harves t Load 

ft 

4 
Transporter 

Hookup 
or-clock 

5 

Transporter 
No. 

6 

Time to 
Transfer Load 

min:sec 

7 

Transporter 
Unhook 

hr-docle 

8 

Resume 
Harvest 
b.!=£lock 

9 

Waiting on 
Transporter 

min:sec 

10 

Remarks 

1 
2 
3 
4 
5 
6 
7 
a 
9 

10 
It 
1"2 
13 
1.. 
15 
16 

16:43 
19:30 
26:55 
21:16 
18:51 
IS: 35 
24:42 
23:37 
21:48 
18:33 
17: 38 
is: 13 
21: 14 
19 :42 
19:59 

6:24 

1600 
2200 
2500 
2200 
IS-aD 
1900 
2200 
2500 
2200 
1850 
1850 
1900 
2200 
2100 
2000 

250 

0803 
0825 
0855 
0922 
0945 
100B 
1035 
1102 
1128 
1153 
1315 
1)37 
1428 
1450 
1513 

1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
-
-

1: 56 
5:09 
2:59 
2:30 
1:31 
5:09 
1:41 
1:47 
2:47 
1: 33 
1:41 

27:09 
1: 22 
1:17 
2:15 

0805 
0826 
0859 
0924 
0947 
1009 
1037 
1104 
1133 
1155 
1317 
1{,05 
1430 
H52 
1515 

0805 
0826 
0900 
0925 
0948 
1010 
1038 
1104 
11]4 

1318 
1406 
1430 
1452 

Trouble ~ith belts on harvester. 

Yait for transport l:~O. 

Stop Cor lunch. 

trouble with belts - 27:09. 

Last load. 



Table C2 

Date: 21 Sep 76 Staning Ti<:lC: 0740 

Location: Orange Lake West 

1 2 3 4 5 

Conveyor El:lpty Travel Harvester Time to 
Load U,,;,ook tic-,e HookllP Load 
I'll. h r-c lock I"'..in:scc hr-clock min:s!!c-­

I 07~2 5:10 0802 2:03 
2 0811 4:15 0855 2:~O 

3 0908 4: 10 0945 1:30 
4 0955 4: 05 1035 1:41 
5 1045 4:25 1128 2:50 
6 1250 4: 13 1315 1:50 
7 1324 5:25 1428 1:35 
8 109 5:30 1512 2: 02 

TRANSPORT RECORD 

hydrilla 

Ending Tim": 1525 

6 7 8 

Harvester Full Travel Conveyor 
Unhook Time Hookup 

hr-clock min:sec hr-clock 

0804 3:25 0808 
0858 4:20 0903 
0947 4:45 0952 
1037 5:40 1043 
1131 4:45 1136 
1317 4:21 1121 
1430 3:56 1434 
1514 3:30 1518 

Weather: 

9 

Unload Time 
mln:sec 

2:37 
4:50 
2:55 
2:05 
2:27 
2:41 
3:02 
4128 

Transporter No. 

10 

Remarks 

Hydr11la Btuck on Bhore conveyor 

TBlk with QuperviQor 2:00 

1 

Date: 21 

Location: 

Sep 76 

Orange 

Scarting T1me: 

lake ',,'est 

0740 

'tRANSPORT RECORD 

hydrilla 

Ending Time: 1500 Weatherl Clear & ..,aem 
Transporter No. 2 

1 

Load 
t>o. 

1 
2 
3 
4 
5 
6 
7 

2 

Con""yor 
L'nllook 

h r-clock 

07"2 
0835 
0933 
10t8 
.1111 
12"8 
1413 

3 
EI:lpty Travel 

Ti<:".e 
min; sec-----­

3:18 
4:48 
3:34 
5: 15 
6: 14 
5:14 
I.: 32 

4 

Harv"s ter 
l100kllp 

he-clock 

0823 
0920 
1006 
1059 
1150 
1335 
1447 

5 

Time to 
Load 

min:sl!C 

1:02 
2:33 
1:02 
1:51 
1:35 

20:02 
2:47 

6 

Harvester 
Uol'ook 

hr-clock 

082' 
0923 
1007 
1101 
1152 
1403 
1450 

7 

Full Travel 
Time 

min:sec 

5:50 
5:12 
5 :OB 
5:58 
3:19 
5:45 
6:26 

8 

Conveyor 
Hookup 

hr-clock 

0830 
0929 
1012 
1107 
1156 
1409 
1457 

9 

Unload Tillle 
min: sec 

3: 31 
3:55 
3:29 
3:55 
3:47 
3:42 
4:25 

Wait on 
" 
" " 
" 

Lunch 
Wait on 

10 

Remarks 

harvester 

" 

harvester 



Table C3 

to disrosal: 3/10 miles) 

4 5 6 

Start Finish Load 
Loading LO:lding Weight 
hr-clock hr-clock Ib 

0746 0750 -
0807 0810 .; 

0831 0835 -
090) 0909 -
0929 0935 -
0950 0954 -
1014 1018 -
1042 1045 -
1110 1113 -
1136 1140 -
1157 1201 -
1320 1323 -
1411 lqlj -
1433 1436 -
1457 1502 -
1518 1522 -

O;ltc: 21 Sep 76 

Road~ay Conditions: Dry 

location: Orange Lake West 

One-~ay Mileage (from conveyor 

1 2 3 
Truck At 

Transporter Load Conveyor 
:'lo. ~ h r-clock 

1 1 OJ'S 
1 2 0759 
2 J 0821 
1 I; OS4) 
2 5 0919 
1 6 0942 
2 7 1001 
1 8 1025 
2 9 1051 
1 10 1121 
2 11 11'7 
1 12 1255 
2 13 1331 
1 14 1421 
2 15 1444 
1 16 1517 

Starting Time: 0745 

87 

Leave Return to 
Conveyor Cony. Site 
h.-clock. hr-clock 

0751 0758 
0811 0815 
08)6 0842 
0910 0919 
0936 0941 
0955 1000 
1019 1024 
1046 1050 
1114 1120 
1141 1146 
12q 1254 
13Z4 1330 
1415 1420 
1437 1443 
1503 1510 
1523 1530 

TRUCK RECORD 

hydri l1a 
Ending T1mQ: 1530 

9 

Remarks 

Load No. 1 from 9-20-76 - dry load 

Weather: not and sunny 

Truck No. __~2~ 

Truck Volume _5 cu 

_ 

yd 



Table C4 

PLANT WEIGHl 

hydril1a Truck No. __2 

O.He: 29 Sep 76 
Truck Volume _5_ 

Location; Orange Lake Eas t 

Front Axle Rear /lxle 

Ldt Front RiSh t 
Scale 
Fron t 

ReadinGS, Ib 
Le fL Rear RiCh l Rear 

T(ltfl1 
11>----­

Total 
JI>--­

Truck Total 
11> 

Empty Truck 
Wei glo t , Ib 

Plant lJelght 
11.> 

Truck Load 
No. 

3""0 3150 62:l0 6250 6590 12,00 19,060 H.600 7110 1 
3500 3100 6650 5700 6600 12,350 18,950 11,600 7)50 2 
3400 3520 6010 5410 6920 11,1,20 18,31,0 11.600 6740 3 
3340 3230 6870 5750 6570 12,620 19.190 11,600 7590 "3350 3120 6050 5310 6470 11,360 17 ,830 11,600 6230 5 
3450 3UO 6260 5600 6(,60 11,860 18,520 11,600 6920 (, 

3330 3160 5770 5220 6490 10,'.190 17,480 11,600 5880 7 
3550 3470 6430 5750 7020 12,180 19,200 11.600 7600 8 
)500 
3350 

3200 
3130 

6300 
5840 

5570 
5490 

6700 
0480 

11,870 
11,) 30 

18,570 
17,810 

11 ,600 
11,600 

6970 
6068 

9 
10 

3460 3350 5550 5510 6810 11,060 17,870 11,600 6128 11 
3460 3300 5980 5670 6760 11,650 18.410 11,600 6668 12 
3350 3260 6030 5990 6610 12,020 18,6)0 11,600 6888 13 
3620 3230 6640 5600 6850 12,240 19.090 11,600 7348 1~ 

3390 3250 5970 5510 6640 11,480 18,120 11,600 6378 15 
3490 2620 S660 4800 6110 10,460 16,570 11.600 4826 16 



APPENDIX D: FIELD PROGRAM MECHANICAL HARVESTING COSTS 

1. Mechanical harvesting of waterhyacinth and hydrilla was 

accomplished using the Aqua-Trio and the Aqua-Trio with an additional 

transport. 

2. Practically all harvesting operations in waterhyacinth were 

with the basic Aqua-Trio and two dump trucks. Daily cost of equipment 

was: 

a.	 Harvester cost with mobilizer, supervisor, operator, 
and other field cost: $406.39 equipment + $18.39 
mobilization fee* = $424.78 per day. 

b.	 Transport cost with operator: $120.78 equipment + 
$18.39 mobilization fee = $139.17 per day. 

c.	 Onshore conveyor: $34.20 equipment + $18.39 mobilization 
fee = $52.59 per day. 

d.	 Dump truck (two) with drivers: $80.00 truck (two) + 
$67.68 driver (two) = $295.36 per day. 

e.	 Disposal cost: One GS-12 real estate man, 10 days @ 
$210 per day; $2100 ~ 63 working days = $33.33 per day. 

f.	 Total daily cost = $945.23 per day. 

3. Waterhyacinth was harvested for 29 days along the St. Johns 

River, canals adjacent to the St. Johns River, and Lake George. During 

this time, a total of 745 tons of waterhyacinth was harvested. Based 

on the data stated above, the cost of harvesting waterhyacinth was 

$36.79 per ton, computed as follows: 29 days x $945.23 per day = 
$27,411.67; $27,411.67 + 745 tons = $36.79 per ton. 

11. Almost all of the mechanical harvesting operations in hydrilla 

were conducted using the same equipment as used in waterhyacinth 

operations, except an additional transport and only one dump truck were 

used. Daily cost was: 

a.	 Harvester cost with mobilizer, supervisor, operator, 
and other field cost: $406.39 e~uipment + $18.39 
mobilization fee = $424.78 per day. 

b.	 Transport (two) cost with operator: $120.78 equipment 
( two) + $18.39 mobili zation fee (t-wo) = $278.34 per dq 

* Total mobilization costs prorated on a per 

Dl 



c. Onshore conveyor: $34.20 equipment + $18.39 mobi1iza­
- tion = $52.59 per day. 

d.	 Dump truck with driver: $80.00 truck + $67.68 driver = 
$147.68 per day. 

e.	 Disposal cost: 10 days @$210 per day; $2100 ~ 63 working 
days = $33.33 per dQY. 

f.	 Total daily cost = $936.72 per day. 

5. Hydri11a was harvested for 34 days on Orange Lake and the 

Withlacoochee River. During this time, a total of 1,577 tons of hydrilla 

was harvested. Based on the data above, the cost of harvesting hydrilla 

was $20.20 per ton computed as follows: 34 days x $936.72 = $31,848.48; 

$31,848.48 ~ 1,577 tons = $20.20 per ton. 

D2
 



APPENDIX E: DATA SOURCE MATERIAL 

1. The preliminary assessment of mechanical harvesting as a 

technique of removal and control of problem aquatic plants was based 

on information gained from both published materials and persons of 

recognized expertise. To credit these sources and make them available 

for future reference, ]. :.sts by category are included below. 

2. Access to the below-listed materials and persons may best be 

achieved by direct contact with the sponsoring institutions cited. 

List of Literature Searched 

1.	 Bagnall, L. 0., "Crimper-Type Waterhyacinth Harvester,1I Agri­

cultural Engineering Department, Institute of Food and Argi­

cultural Sciences, University of Florida, Gainesville, Fla.
 

2.	 , 11 Crimper-Type Waterhyacinth Harvest er, II Completion
 
Report, Department of Natural Resources, State of Florida,
 
Tallahassee, Fla.
 

3.	 , IIEngineering Problems in the Utilization of Aquatic
 
Weeds," Memo Report.
 

4.	 , IIHarvest ing and Utilizatiorl of Wat erhyaci nth , II
 
Agricultural Engineering Department, ~niversity of Florida,
 
Gainsville, Fla.
 

5.	 , "Mechanical Properties of Mature Waterhyacinth Stems, II 
University of Florida. 

6.	 , ltMechanical Recovery of Waterhyacinth Press Liquor
 
Solids, 11 Paper No. '73-562 , Agricultural Engineering Department,
 
University of Florida, Gainesville, Fla.
 

'7.	 Bagnall, L. 0., Baldwin, J. A., and Hentges, J. F., llProcessing
 
and Storage of Waterhyacinth Silage,lI University of Florida.
 

8.	 Bagnall, L. O. et al., llAquatic Forage Processing in Florida,1T
 
University of Florida.
 

9.	 Bagnall, L. 0., Shirley, R. F., and Hentges, J. F., "Processing
 
Chemical Composition, and Nutritive Value of Aquatic Weeds,1I
 
Completion Report, Publication No. 25, 1973, Florida Water
 
Resources Research Center.
 

10.	 Baldwin, J. A., Hentges, J. F., and Bagnall, L. 0., II Preservat ion 
and Cattle Acceptability of Waterhyacinth Silage, " University of 
Florida. 
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11.	 Bruhn, H. E., et a1., "Froc es sing of A<luat ic Vegetation as an Aid 
to Mechanical Control in Irrigation and Drainage Channels," 
September 1974, Commission Internationale duGenie Rural, vrrlth 
International Congress of Agricultural Engineering, Tlevohof, The 
Netherlands. 

12.	 Bureau of Aquatic Plant Research and Control, Department of Natural 
Resources, "Evaluation of Commercially Available Waterhyacinth 
Harvesters," Memo Report, U. S. Army Corps of Engineers Game and 
Fresh Water Fish Commission. 

13.	 Byron, H. T. et a1., "0riSanic Acid Preservation of Waterhyacinth 
Silage," University of Florida. 

14.	 Cifuentes, J. and Bagnall, L. 0., I1Pressing Characteristics of 
Waterhyacinth," University of Florida. 

15.	 Curtis, L. M., "Status Report, Mechanical Harvesting of Water­
hyacinths, St. Johns River,11 October 1973, Bureau of Aquatic Plant 
Research and Control, Florida Department of Natural Resources, 
Tallahassee, Fla. 

16.	 Davis, G. K., "Lake Alice on the University of Florida Campus as a 
Model for the Study of Aquatic Weed Control and Lake Preservation, 11 

1970, Aquatic Plant Conference, University of Florida, Gainesville, 
Fla. 

17.	 Decell, J. L., !lMeeting with Jacksonville District on Mechanical 
Harvesting of Aquatic Plants, 11 Memorandum for Record, December 
1976, U. s. Army Engineer Waterways Experiment Station, CE, 
Vicksburg, Miss. 

18.	 Gangstad, E. O. et al., liThe Potential Growth of Aquatic Plants 
of the Cross-Florida Barge Canal, Review of the Aquatic Plant 
Control Research Program and Summary of the Research Area Develop­
ment Operations in Florida,lI February 1971, U. S. Army Corps of 
Engineers, Jacksonville, Fla. 

19.	 Hentges, J. F., lIProcessed Aquatic Plants for Cattle Nutrition,lI 
1970, Aquatic Plant Conference, University of Florida, Gainesville, 
Fla. 

20.	 Koegel, R. G., Bruhn, H. D., and Fomin, V. I., 11 Instrumentat ion 
of Crushing and Dewatering Rolls, II Paper No. 73-541, June 1973, 
American Society of Agricultural Engineers, St. Joseph, Mo. 

21.	 Koegel, R. G. et a1., !lCast Reduction in Aquatic Plant Harvesting," 
Departments of Mechanical and Agricultural Engineering, University 
of Wisconsin, Madison, Wise. 

22.	 Koegel, R. G. et al., IlIncreasing Aquatic-Plant Harvesting Rates," 
Paper No. 76-5029, Departments of Mechanical and Agricultural 
Engineering, University of Wisconsin, Madison, Wise. 
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23.	 Koegel, R. C., Livermore, D. F., and Bruhn, H. D., "Aquatic Plant 
Harvesting: Economic, Technical, and Management Aspects," Paper 
No. 75-5518, December 1974, American Society of Agricultural 
Engineers, St. Joseph, Mo. 

24.	 , 01 Evaluat ion of Large-Scale Mechanical Management of 
Aquatic Plants in Waters of Dane County, i-lisconsin," Technical 
Report WIS WRC 74-08, October 1974, Departments of Mechanical and 
Agricultural Engineering, University of Wisconsin, Madison, Wise. 

25.	 Liang, J. K. and Lovell, R. T., "Nutritional Value of Waterhyacinth 
in Channel Catfish Feeds,1I Hyacinth Control Journal 9:40-44, 1971, 
Department of Fisheries and Allied Aquacultures, Agricultural 
Experiment Station, Auburn University, Auburn, Ala. 

26.	 Livermore, r. F., Bruhn, H. D., and Pollock, B. W., "Processing 
Characteris·cics of Subsurface Macrophytes of a Madison, Wiscons in, 
Lake in Relation to Mechanical Harvesting Systems," Hydrobio1ogia, 
Vol 12, 1971, University of Wisconsin, Madison, Wise. 

27.	 Livermore, D. F. et al., "Aquatic Plant Harvesting: Development 
of High-Speed Harvesters and Processing and Utilization of Har­
ve sted Vegetat ion, II Technical Report WIS WRC 75-02, March 197 5, 
Departments of Mechanical and Agricultural Engineering, University 
of Wisconsin, Madison, Wise. 

28.	 Nolan, W. J. and Kirmse, D. W., "The Paper-Making Properties of 
Water Hyacinth,ll Memo Report, Final Report, Bureau of Aquatic 
Plant Research and Control, Department of Natural Resources, 
University of Florida, Tallahassee, Fla. 

29.	 Phillippy, C. L. and Perryman, J. M., "Mechanical Harvest ing of 
Waterhyacinth (Eichhornia crassipes) in Gant Lake Canal, Sumter 
County, Florida," Aquatic Weed Control, Florida Garne and Fresh 
Water Fish Commission. 

30.	 Robinson, S. C., "A Stationary Collection and Removal System for 
Aquatic Vegetation,1l University of Wisconsin, Madison, Wise. 

31.	 , "The Design of a Collection System to Remove Cut 
Vegetation from Buffalo Lake,ll April 19'75, University of Wisconsin, 
Madison, Wise. 

32.	 , "The Design of an Auxiliary Feed System for the 
Buffalo Lake Vegetation Removal Installation," University of 
Wisconsin, Madison, Wise. 

33.	 Robinson, S. C., Livermore, D. F., and Koegel, R. G., "Progress 
Report, The Buffalo Lake Proj ect , It October 1975, Department of 
Mechanical Engineering, University of Wisconsin, Madison, Wise. 

34.	 Sy, s. H. et aJ.., "Utilization of Eurasian Watermilfoil," University 
of Wisconsin, Madison, Wise. 
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35.	 Woods, J. W., IISub-Committee Meeting Report on the Mechanical 
Removal and Utilization of Aquatic Plants and Comments Concerning 
the Game and Fresh Water Fish Commission's Involvement in Aquatic 
Weed Control," 1970, Aquatic Plant Conference, University of 
Florida, Gainesville, Fla. 

36.	 , "The Studies of Aquatic Plant U",i.lization in Florida, II 
Memo Report, April 1970. Florida G~me and Fresh Water Fish 
Commission, Tallahassee, Fla. 

List of Persons Contacted on Mechanical Harvesting 

1.	 Mr. John Neal
 
Limnos, Ltd.
 
22 Roe Ave.
 
Toronto, Ontario M5M 2Hi
 

2.	 Mr. Forrest Ware
 
Florida Game and Fresh Water Fish Commission
 
2202 Lakeland Hills Blvd.
 
Lakeland, Florida 33801
 

3.	 Dr. William T. Haller
 
Asst. Professor, Aquatic Plant Research
 
University of Florida
 
Gainesville, Florida 32611
 

4.	 Dr. B. C. Wolverton
 
NASA
 
Bay St. Louis, Mississippi
 

5.	 Mr. Brate Bryant
 
Aquamarine Corporation
 
Waukesha, Wisconsin 53186
 

6.	 Mr. Sam Winfrey
 
University of Florida
 
Gainesville, Florida 32611
 

7.	 Dr. Dick Koegel
 
University of Wisconsin
 
Madison, Wisconsin 53715
 

8.	 Mr. Al Carver
 
Carver Aquatics
 
Minden, Louisiana 71055
 

9- Dr. Larry Bagnall
 
Department of Agricultural Engineering
 
University of Florida
 
Gainesville, Florida 32611
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10.	 Mr. George Suciu 
Zero Defects Design Limited 
Box 74 
Montreal, P. Q. H3P 3B8 

11.	 Dr. Bill Johnson 
Kansas State University 

12.	 Dr. H. D. Bruhn 
Department of Agricultural Engineering 
University of Wisconsin 
Madison, Wisconsin 

13.	 Mr. Gordon Baker 
Central and Southern Florida Flood Control District 
West Palm Beach, Florida 

14.	 Dr. Ed Freeman 
University of Florida 
Gainesville, Florida 32611 

15.	 Mr. Rue Hestard 
Florida Game and Fresh Water Fish Commission 
Tallahassee, Florida 

16.	 Mr. Neal Spencer 
U. S. Department of Agriculture
 
GaineSVille, Florida
 

17.	 Mr. FTank Wilson 
Winter Haven, Florida 

18.	 Mr. Ralph Shaver 
Environmental Research and Technology, Inc. 
Concord, Massachusetts 
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