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PREFACE 

The study reported herein was conducted from 1 October 1978 

through 30 September 1979 by personnel of the Envi ronmental Assessment 

Group (EAG),  Environmental Resources Division (ERD) , Environmental Labo

ratory (EL ), U. S .  Army Engineer Waterways Experiment Station (WES) , 

Vicksburg , Miss . 

This work is the first phase  of the Large-Scale Operations Manage

ment Te st (LSOMT ) , a 3-year effort designed to develop an operational 

plan to identify methodologies that can be implemented by the U .  S .  Army 

Engineer District , Seattle (NPS) , to prevent the exotic aquatic macro

phyte , Eurasian watermilfoil (Mgriophgllum spicatum L . ) ,  from reaching 

problem-level proportions in the state of Washington . The LSOMT , which 

was prepared by WES , was authorized by COL J. A. Poteat , Jr . , CE , and 

his successor COL C .  K. Moraski , CE, District Engineers , NPS , as part of 

the NPS Aquatic _Plant Management Program . Funds for this inves tigation 

and the publication of this report were provided by both NPS and by the 

Civil Works Directorate , Office , Chief of Engineers , Washington , D .  C . , 

under Department of the Army Appropriation No . 96X3122 Cons truction 

General . 

Fieldwork was conducted during the summer and fall of  1979 , and 

the office studies were conducted throughout FY 79 by EAG personnel . 

Principal investigators responsible for directing the fieldwork and for 

analyses  of the data collected during the first year  effort were Messrs . 

E. A .  Dardeau , Jr . , and R .  L .  Lazor , EAG . The aquatic plant management 

concepts presented in this report were originally developed in 1977 b y  

Dr . D . R .  Sanders � Sr�� Wetla nd a nd-Terres trial- Habi-tat-Gr-0up,-ERD, -and

Mr . J .  L .  Decell , Manager ,  Aquatic Plant Control Research Program , as  

part of their presentation at the 1977 meeting of the Aquatic Plant. 

Management Society in Minneapolis , Minn . Other persons making signifi

cant contributions to the successful completion of this work included 

Messrs . A • .  M .  B .  Rekas , J .  M .  Leonard ,  S .  D .  Parris , and J. H .  Meeks , 

and Ms . E. A .  Hogg and Ms . S .  Lockard , all o f  the EAG .  Dr . Sanders and 

Mr . Reka s provided technical review . Special acknowledgement is made to 
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Mes s rs . D .  R .  Bailey and R .  M .  Rawson , both of the NPS , for their helpful 

guidance and suggestions . This report was prepared by Messrs . Dardeau 

and Lazor .  

All phases of  the FY 7 9  work were conducted under the general 

supervision of D r .  John Harris ion , Chief , EL , and Dr . C .  J .  Kirby , Jr . , 

Chief , ERD , and under the direct supervis ion of Mr . J .  K. Stoll , Chief ,  

EAG .  

The Director o f  WES during the course o f  the FY 7 9  effort and 

during the preparation o f  this report was COL Nelson P: Conover , CE. 

Technical Director was Mr . F. R. Brown . 

This report should be cited as follows : 

Dardeau , E. A . , Jr . , and Lazor , R .  L .  1982 . " Implementation of 
the Large-Scale Operations Management Test in the State of Washing
ton , "  Miscellaneous Paper A-82-7 , U. S. Army E ngineer Waterways 
Experiment Station , CE, Vicksburg ,  Miss . 
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CONVERSION FACTORS, U. S. CUSTOMARY TO METRIC (SI) 
UNITS OF MEASUREMENT 

U.S. customary units o f  measurement use d  in this report can be converte d 

to metric ( SI) units a s  follows : 

Multi pl y  

acres 

cubic feet 

cubic feet per second 

feet 

feet per second 

inches 

miles (U. S. statute) 

miles (U. S. statute) 
per hour 

pounds (mass )  

pounds (mass )  per  acre 

pounds (mass )  per 
cubic foot 

pounds (mass )  per 
square foot 

square feet 

square inches 

square miles 

By 

4046.873 
0.02831685 
0.02831685 

0.3048 
0.3048 

25.4 
1.609347 
1.609347 

0.4535924 
0.000112 

16.01846 

4.882428 

0.09290304 
6.4516 
2.589998 
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To Obtain 

square metres 

cubic metres 

cubic metres 
per second 

metres 

metres per second 

millimetres 

kilometres 

kilometres per hour 

kilograms 

kilograms per 
square metre 

kilograms per 
cubic metre 

kilo grams per 
square metre 

square metres 

square centimetres 

square kilometres 
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IMPLEMENTATION OF THE LARGE-SCALE OPERATIONS MANAGEMENT 

TEST IN THE STATE OF WASHINGTON 

PART I :  INTRODUCTION 

Background 

1 .  Management of an aquatic p lant community becomes necessary 

when one or  more exotic or  problem native species pose an immediate o r  

potential threat to human uses of  a water body or  to native biota. De

pending on the magnitude of the population growth and the user-interes t  

level , management can b e  implemented for one of  three purposes : (a) p re

vention , (b) maintenance ,  or ( c) control. 

2. After a species becomes established in the water body , the 

pioneer colony grows until  it impinges on some user interest , and , thus , 

becomes a problem. Site-specific factors , such a s  user interest , s ize 

o f  the water body , environmental considerations , etc. , determine the 

level of the population that first becomes a problem. Unless some treat

ment is implemented at this time , further population increa se will 

usually result in more severe impingement on user interests , thus 

further restricting or  p rohibiting the maj or public and private uses o f  

the water body. If  no treatment i s  implemented , the population will 

continue to grow until it occupies the entire available habitat. As the 

p opulation increases and causes a more severe p roblem , the applicability 

o f  available management methods will become limited. 

3. In 1n-9-, the U-. s-. Army Engineer Wa te-rways- Experiment- St-at-i.-on

(WES) , in cooperation with the U. S. Army Engineer District , Seattle 

(NPS) , initiated a 3-year Large-Scale Operations Management Test (LSOMT) 

to evaluate the concept of p revention as an operational technique for 

managing p roblem aquatic macrophytes in the s tate of Washington (U. S .  

Army Engineer Waterways Experiment Station 1979) . The primary objective 

of the LSOMT was to p revent the submerged aquatic macrophyte , Euras ian 

watermilfoil (Mgriophgllum spicatum L. ) ,  from reaching problem-level 
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pro portions in selected water bodies within that state . 

4. Euras ian watermilfoil , a member of the plant family Halora

gaceae , was a ppa rently first introduced into North America in the nine

teenth century . Since 1960 it has ra pidly s pread acros s North America 

and has reached problem levels in most water bodies where . it has become 

established (Elser 1969 ) . Its broad ecological am plitude has enabled it 

to thrive in s pring , fluvial , and lacustrine ecosystems in the south

eastern United States ; in estua rine envi ronments , such as  Chesa peake Bay , 

Currituck Sound in North Carolina (Blackburn and Weldon 1967 ) ; and in 

water bodies as far north as British Columbia . Euras ian watermilfoil is 

an aggress ive com petitor that often excludes existing po pulations of 

native North American aquatic macro phyte s pecies from the aquatic eco

system . Because Eurasian watermilfoil has reached serious problem 

levels in lakes of  Florida and Georgia , the Tennessee River Bas in , and 

British Columbia ,,intens ive research and control programs have been 

undertaken to control this exotic s pecies . 

A quatic Plant Management Conce pts 

5. Traditionally ,  aquatic plant managers have taken corrective 

action only after plant po pulations have im pacted on one or more user 

interests . This emergency a pproach to large-scale treatment has been 

costly . In many instances , after the desired management level was 

achieved , vigilance was relaxed , and the prob lem recurred . In 1975 , the 

U .  S. Army Engineer District , Jacksonville ( SAJ) , im plemented a program 

des igned to bring the wa terhyacinth (Eichhornia crassipes (Mart . )  
-Soims . -) , a -no ating aqu atic pla nt , under contro l and then to ma inta in 

the po pulation at an acce ptable non problem level . This program has 

proved that a very large problem area can ,be reduced to a maintenance 

level on an o perational scale . A related , but more foresighted , a p

proach to aquatic .plan t management is to pe riodically im plement o pera

tiona l -procedures that prevent these po pulations from ever rea ching 

levels that interfere with water body uses
_. 

Although prevention is not 

a new conce pt ,  it had not been demonstrated and evaluated on an 
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o perational s cale for treatment of an aquatic plant po pulation until the 

im plementation of this LSOMT . 

6 .  The success of an a quatic plant management program , whether 

designed fo r prevention , control , or maintenance , will de pend on the ef

fective im plementation of five basic elements , each at various levels 

de pending on the s ituation : (a)  monitoring , (b) re porting , (c )  treat

ment , (d) public awareness , and (e) training . Each element is dis cussed 

briefly below : 

a .  Monitoring . Monitoring provides a means o f  ( 1 )  detection 
of colonies of problem aquatic s pecies , (2)  verification 
of a sus pected po pulation , and (3) assessment o f  the ef � 
fectiveness of treatment measures . Monitoring consists of 
the collection and analysis of  the a ppro priate combination 
of ground-survey data* and remotely sensed data . If the 
management obj ective is prevention , monitoring should em
phasize ground- survey data su pplemented by those derived 
from remote-sens ing products . On the other hand , if  
either control or maintenance of a problem po pulation in 
an aquatic plant community is the des ired obj ective , more 
em phasis should be placed on the use of remote-sens ing 
data ; however ,  these data must be verified by ground sur
veys . Monitoring , which can often be readily accom plished 
with exis ting perso nnel , should , at the very minimum , ad
dress  colony detection , determination of the areal extents 
of colonies of problem po pulations , and changes in areal 
extent of these colonies , including changes attributable 
to treatments (discussed below under c ) , particularly in 
the areas of water bodies where user Interest is highest 
(e . g . , boat- launch facilities ) .  

b .  Re porting . Re porting provides systematic procedures for 
transm itt ing pertinent monitoring or treatment data on 
problem aquatic plants to management . Frequency of re
porting , whether connected with monitoring or treatment 
efforts , is a function of the frequency of these elements 
in an a quatic �lant manag _ement �rog _ram . 

c .  Treatment . Treatment progra ms are used to achieve the de
sired level of management of aquatic plant po pulations in 
any s pecified local environmental ,  social , or economic 
situation . Treatment procedures can be grou ped into five 
maj or categories :  ( 1 )  chemical , which involves the 

* In this -re port , the term , "ground survey" is defined to include 
ground reconnaissance , ground control ( i . e . , "training sites"  for 
ma pping) ,  and ground verification of d ata derived from remote-sensing 
products . 
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placement of a known phytotoxic substance into the water 
for the pur pose of effecting control of one or more problem 
plant s pecies ; (2)  mechanical , which involves any efforts 
to physically alter or remove aquatic plants from an area 
( including manual efforts ) ;  (3)  biological , which invo lves 
the introduction of one or more organisms to effect con
trol of the po pulation of a problem aquatic plant s pecies ; 
( 4) environmental management , which includes any induced 
modifications of the environment sufficient to effect re
duction of the po pulation of one or more aquatic macro
phytes (e . g . , lowering water levels) ; and (5) integrated , 
which involves the use of any combination of the above 
four categories that results in a more effective treatment 
than can be achieved by use of any one method alone . Both 
the ty pe and sco pe of the a pplied treatment will va ry for 
each of the three levels of management . For exam ple , 
manual removal of a pilot colony of Eurasian watermilfoil 
adj acent to a boat-launch a r ea is feasible in a prevention 
program ; however ,  such a treatment method could not be 
im plemented for a significantly larger po pulation . 

d .  Public awareness . Public awareness involves the dissemi
nation of information to the public to ensure awareness of 
aquatic plants , user im pacts associated with a problem 
s pecies , and available treatment programs . ·A public in
formed during the planning process (and not after all 
managem ent decis ions have been made) is more inclined and 
better able to partici pate in a management program when it 
understands the nature of both the sco pe of the problem 
and the subsequent choice of actions to be taken . This 
public partici pation often results .in valuable hel p  in 
im plementing an aquatic plant management program , es pe
cially the monitoring and re porting elements (e . g . , detec
tion and determination of t lie area l extent of colonies 
previous ly unknown to management ). 

e. Training . Personnel involved in o perati onal as pects of  
aquatic plant management mus t  be adequately trained in all  
management ·elements .  The sequence of training will de pend 
on the level of the o perational program . 

Pu rpose , Scope , and Approach 

7. Not enough was known about the establishment and s pread of Eur

as ian watermilfoil to design an o perational prevention plan , nor were 

there sufficient data available to confidently determine the magnitude 

of the potentia l Euras ian watermilfoil pro �lems in the navigable waters 

of the s tate of Washington . The pur pose of this study was ,  therefore , 
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to develop an operational plan based on prevention methodology. Several 

basic questions were addressed in the s cope of this effo rt including : 

a. What is the present and potential problem level of Eurasian 
watermilfoil in the navigable waters in the state of Wash
ington, including potential habitats? 

b. What are the maj or elements of a successful aquatic plant 
management plan based on the concept of prevention as a 
management app roach? 

c. What treatment methods are available for effecting control 
of already-established Eura sian watermilfo il populations? 

d. What treatment methods are available and identifiable for 
application purely as a prevention method? 

e. What are the essential elements of a continual monitoring 
program that would provide for early detection and identi
fication of a population? 

f. What are the tra ining requirements of personnel involved 
in the va rious aspects of a p revention p rogram? 

The approach taken was to conduct a 3-year LSOMT that would provide the 

data required to�answer the above questions and that would result in the 

identification of prevention methodologies that can be implemented to 

prevent Eurasian watermilfoil from reaching p roblem-level proportions .. 
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PART I I : CO MPO NENT PLANS OF THE LSOMT 

8 .  S pecifi c  plans were develo ped as  integral elements o f  the 

LSOMT . These plans , which were based on the five elements o f  aquatic 

plant management (defined in paragra ph 6 ) , included : 

a .  Tes t  Site Selection . 

b .  Monitoring . 

c. Re porting . 

d .  Treatment . 

e .  Public Awa renes s .  

f .  Training . 

Each plan is discussed in the fol lowing paragra phs . 

Test Site Se lection Plan 

9. The princi pal obj ective of the Test Site Selection Plan of the 

LSOMT was to ass ign a ppro priate treatment categories to water bodies 

identified by NPS as  having o perat ional interest (e . g . , navigable 

waters ) .  The categories chosen w ere : 

a .  Category I (Prevention ). Water bodies with non problem 
po pulations of Eurasian wate rmilfoil and with areas of 
potential habita t .  These  water bodies are in close prox
imity to established po pulations of Euras ian watermilfoil 
and are subj ect to po pulatio n ex pans ions that could im pact 
on user interests . 

· 

b . · Category I I  (Maintenance) .  Water bodies with small 
problem-level po pulations of Eurasian wate rmilfoil and 
with large areas of  potential habitat . These po pulations 
are beginning to im pact on user interests . 

c .  Category I I I  (Control) . Water bodies with extensive 
po pulations of Euras ian watermilfoil that significantly 
im pact on user interests . 

Additional obj ectives of the plan were to determine which of the identi

fied water bodies were also of : 

a .  Scientific interest to WES (based on their ecologic or 
geog ra phic diversity) . 

b .  Strategic im portance with reg ard to the prevention o f  the 
s pread of Eurasian watermilfoil (e . g . , first- or 
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second-order) tributaries of  the Columbia Ri ver with 
u pstream po pulations of this exotic macro phyte) .  

Monitoring Plan 

10 . The Monitoring Plan was designed to provide all data , includ

ing any necessary environmental cons iderations , required for assessing 

the present or potential level of Eura sian watermilfoil po pulations . 

Ma jor em phasis was placed u pon detecting develo ping colonies as early as 

possible to im plement treatment measures to effectively eliminate these 

colonies . To accomplish this task ,  several inde pendent studies and sur

veys were planned so that the results could be integrated to develo p an 

o perational plan . 

1 1 .  The maj or obj ectives included determination o f :  

a .  Extent to which Euras ian watermilfoil can become a 
problem in the state of Washington , es pecially within 
the Columbia River Basin.  

b .  Li nd ts of im portant environmental factors that can affect 
the growth , establishment , and s pread of Eurasian 
watermilfoil . 

c .  Potential sources of  Eurasian watermil foil pro pagules , 
including those outside the state of Washington . 

d .  Current status o f  Eurasian watermilfoil in the water 
bodies of  interest . 

To accom plish these ob jectives , the Monitoring Plan pro posed : (a)  remote

sens ing miss ions ; (b) ground surveys (including surveys of potential 

sources of  Eurasian watermilfoil pro pagules ) ; (c )  diver-efficiency 

surveys ; (d) determination of those critical environmental factors 

that affect the establishment , growth , and s pread o f  Euras ian water

mi lfoil ; and (e } .us�ssmen-t of prob le m- pot enti al� of - Eu r-as ian 

watermil foil . 

Remote-sens ing miss ions 

12 . Remote-sens ing mis sions provide a means of ra pidly determin

ing the presence of aquatic macro phytes . Such efforts , when conducted 

under the a ppro priate conditions and s pecifications , result in imagery 

that can be used to ma p the general locations and areal extents of sub

merged aquatic macro phyte communities in the sele cted water bodies . 
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This imagery also aids in the detection of small , recently established 

colonies of Eurasian watermilfoi l ,  thus permitting identification of 

areas requiring immediate attention for poss ible treatment . Long (1979)  

discus sed the capabilities and limitations of various remote-sensing 

systems for mapping aquatic plant communities . 

1 3 . Remote-sensing missions can be class ified as either opera 

tional or experimental .  Operational miss ions are designed for mapping 

those areas containing large populations of aquatic macrophytes ,  while 

experimental missions are used to determine optimum film , filter , and 

s cale combination ( s )  for detecting small  developing populations . I f  

time does not permit s cheduling experimental miss ions p rior to opera 

tiona l  missions , then experimental missions can be flown in conj unction 

with ope rationa l miss ions to determine these optimum specifications . 

1 4. Operational miss ions . Operational mis sions fo r all selected 

water bodies are s cheduled in late s ummer'of each year during suitable 

weather conditions .to map the extent of the areal coverage of Eurasian 

watermil foil . Suitable weather conditions for operational miss ions 

include : 

a .  Cloud cover less than 1 0  percent . 

b . . Wind speed less than 10 mph . *  

c .  Minimum sun glare (surface glitter) . ** 

Other general specifications for..operational miss ions are :  

a .  Zeiss  RMK-A camera with 6-in .  Zeiss lens • 

. �· Film-filte r  combinations : 

( 1 )  Black and white : Kodak Double- X Aerographic (2405) ; 
Zeiss  A filter . 

_(2) _c_ol_o _r_: J(odak Ektachrome EF · Aero graphic (S039 7 ) ; 
no filter . 

(3)  Color infrared : Kodak Aerochrome Infrared (2 443) ; 
Zeiss  R filter . 

c .  Optimum land exposure . 

* A table of factors for converting U .  S .  customary units of  measure 
ment to metric (SI ) units is presented on page 4. 

** Mis s ion s chedules should include cons ideration of wa ter body orien
tation , sun angle , and haze to minimize sun glare . 
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d .  Altitudes : 

( 1 )  2 , 500 ft ( 1 : 5 , 000 s cale) 

(2) 5 , 000 ft ( 1 : 1 0 , 000 s cale) 

(3) 10 , 000 ft ( 1 : 20 , 000 scale) 

e .  Overlap : 

( 1 )  Forward- -60 percent 

(2)  Side--30 percent 

15 . Experimental missions . The Monitoring Plan of the LSOMT pro

posed that two sizes and two colors of underwater targets be evaluated 

to determine the optimum combination(s)  of film ,  filter , and s cale for 

detection of the submerged aquatic macrophyte , Euras ian watermilfoil . 

Specifications fo r film , filter , and scale were identical with those of 

the operational miss ions (paragraph 14) . 

Ground surveys 

16 . Ground surveys result in : (a)  the detection of populations 

of Eurasian watermilfoil that are too sma ll to be seen on imagery , and 

(b) the verification of those populations detected on imagery . In pre

vention methodology ,  ·ground surveys serve as the principal source of 

data on the status of an aquatic plant population ; however ,  they should 

be used in conj unction with remotely sensed data . 

1 7 . At each of the selected water bodies , a sufficient number of 

sample s ites must be characterized to account for the range of growth 

conditions found in the water and the bottom sediment . A ground-survey 

team also needs to collect , preserve , voucher , and store specimen plants 

from each sample site . Because Eurasian watermilfoil is a submerged 

plant , divers are often needed to determine the extent of the population 

and to establish the maximum o bserved- depths (MOD t-s -) - for growth- o f-

Eurasian watermilfoil i n  ea ch wate r body . 

18 . Field teams must take a sufficient number of samples to de

termine the biomass (weight of plants per unit area) of Eurasian water

milfoil and associated plants inside the MOD's in the study areas . De

terminations of biomass dens ity* can then be made . The ground surveys 

* Defined in this report as wet weight of plants per unit volume . 
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are also used to verify data derived from remote imagery . 

Diver-efficiency surve ys 

19 . Diver-efficiency surveys call for the evaluation of the ca

pability of profess ional divers to areally delineate aquatic plant popu

lations and to locate and relocate colonies and fragments of Eurasian 

watermi l foil . 

Determination of the limits 
of critical environmental factors 

20 . A review of the literature on Eurasian watermilfoil  is neces 

sary to determine the limits of  those environmental factors critical to 

the establishment , growth , and spread o f  this species . Fa ctors selected 

for cons ideration are those relate d to the water , bottom sediment , cur

rent , wave action , etc � The purpose of examining the literature and 

determining the limits of these factors is to develop a better under

standing of biologic and ecologic constraints on Eurasian watermilfoil 

and to determine gaps in the knowledge of these constraints so that they 

may be addressed in other studies . 

Assessment of problem poten
tial of Eurasian watermil foil  

2 1 . After a thorough examination o f  the ground- survey and remote 

sensing data and the limits of  the critical environmental factors , an 

asses sment of the problem potential of Eurasian watermilfoil at the 

sites selected for this study could then be ma de .  Equally important 

would be e limination from further consideration o f  nonproblem areas of 

the water bodies that fall  outs ide the limiting environmental factors 

( e . g . , depth limitation) . 

Re porting Plan 

22 . The Reporting Plan of the LSOMT provides sys tematic proce 

dures for documenting as sessment of the present and potential popula

tions of Euras ian watermilfoil  in the state of Wa shington . This plan 

incorporates reporting of (a ) the location of an exotic or problem 

native aquatic macrophyte population-by both District personnel and the 
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publi c ,  (b) the results of monitoring and treatment programs , and (c)  the 

cost of  the aquatic plant management program . 

23 . The WES will have to examine reporting procedures used to 

assess their appropriateness in the state of Washington , and , if neces 

sary ,  tq modify them to meet the reporting requirements of NPS . Ob

j ectives of this plan are to develop reporting procedures for the 

(a)  NPS monitoring program including verification of public reports of  

an aquatic plant population , (b)  NPS treatment program , and (c)  cost 

analysis of  the NPS aquatic plant management program . The reporting 

procedures developed by the WES will be field tested to determine their 

effectiveness for use by NPS . Modifications indicated by the field 

testing will be incorporated into final reporting procedures . 

Treatment Plan 

2 4. Under the proposed Treatment Plan , va rious methods of treat

ment will be evaluated to determine the method best suited for prevent 

ing the spread of Euras ian watermilfoil colonies detected by the 

monitoring efforts . Suitability of a method will also consider economic ,  

envi ronmental ,  and social constraints . A numbe r o f  treatment strategies 

will be deployed in an operational mode , with their obj ective being the 

elimination of Euras ian watermilfoil colonies or fragments detected by 

survey efforts . Both operational and experimental modes of treatment 

have been incorporated as integral pa rts of the plan . Operational 

studies will be conducted primarily in areas selected as key water 

bodies for the prevention strategy. Experimental aspects of  the treat

ment plan will he �onducted in areas where Eurasian wa termi lfoi l: is  

already established . 

25 . The next phase of the Treatment Plan; is the description of 

the deployment o f  the acceptable methods .  Most current treatments 

available for aquatic plants , although ve ry effective in reducing the 

standing crop , do not always result in the elimination of problem 

species . For example , several available chemicals will reduce the 

standing crop of Eurasian watermilfoil by more than 80 percent , but the 

15 



remaining plants in the population quickly regrow to the previous popu

lation level . These  methods need to be tested in operational prevention 

modes . Experimental tests will be conducted for 2 years , and those 

s trategies succes s fully used to el iminate Euras ian watermilfoil colonies 

will be used on an operational basis  in key water bodies . 

Barrier system 

26 . One o f  the p rimary mechanical methods proposed for study is  

that of colony isolation . This  approach involves the construction of a 

barrier system spanning a cross section of a s tream . This barrier sys

tem , whi ch is  intended to prevent or retard the downstream dispersal of 

Eurasian watermil foil fragments from established colonies to a reas of 

potential habita t ,  consists of debris ,  operationa� , and evaluation struc

tures , defined as  follows : 

a .  Debris barrier .  Large open-mesh barrier designed to in
tercept large floating material (e . g . , logs ) upstream 
from the operational barrie r .  It extends from slightly 
above the water surface to within 3 ft of the streambed 
to permit migration of anadromous fishes . 

b .  Operational barrier . Large fine-mesh structure intended 
to collect fragments of Euras ian watermilfoil  and other 
aquatic macrophytes .  The top of the operational barrier 
is  placed in the same pos ition (with respect to the water 
surface) .  Both the operational and the debris barriers 
have approximately the same dimens ions . 

c .  Evaluation barriers . Two barriers , each having sets o f  

1 - ft2 , s quare n�t sections that e�tend from ( o r  s lightly 
above) the elevation of the water surface to the eleva
tio n of the s treambed .  One evaluation barrier is placed 
upstream from the debris barrier and the other is placed 
downstream from the debris and operational barriers . As 
their name im__plies , these barriers are des igned to eva l 
uate the e ffe ctiveness of  the operational barrier a t  
removing Euras ian watermilfoil  fragments from the water 
body .  

27. The key to the success o f  colony i solation i s  in the des ign 

o f  the operational barrier .  Some general requirements of operational 

barrier des ign include : ( a )  sufficiently fine mesh to retain small  

fragments of Eura sian watermilfoil ;  (b) sufficient rigidity to withstand 

rapid incre ases in strea m velocity ; ( c )  des ign that maintains function 
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with rapid , s ignificant change in water level ; (d)  provis ion for ad

equately preventing movement of fragments over o r  unde r  the b arrier ;  and 

(e) removable during the winter se ason .  

28 . Evaluation barriers must b e  o f  sufficiently fine mesh 

(usually 1/4 in . ) to retain the smallest fragments . They are designed 

to s ample between 2 and 3 percent of the cros s-sectional are a of a 

stre am.  At  le as t  twice a week screens need to  be removed and examined 

so that their contents can be weighed . Stre am velocities and discharges 

should also be me asured in conj unction with the s ampling program .  

Hand-pulling 

29 . An additional mechanical technique proposed for study in the 

tre atment plan of the LSOMT is that of manual removal (hand-pulling) of 

Eur as i an watermilfoil . This appro ach , thought to be fe asible only in a 

small-scale prevention program ,  has to be tested and evaluated . 

Public Awarenes s  Pl an 

30 . The Public Awareness  Pl an des cribes the various activities 

that c an help inform the public of the potential problems c aused by Eur

asi an watermilfoil , and it also includes steps being t aken to prevent 

this species from reaching problem population levels in the state of 

Washington . This plan cons iders the use of all avai l able me ans of in

forming Federal , State , and loc al officials and the public of the haz

ards of permitting the unchecked distribution and growth of Euras i an 

watermilfoil in the state of Washington .  The WES and NPS have organized 

a multifaceted public information c amp �ign to educ ate the public  by 

de sc ribi ng the EuraS-ian wate rmi lfni 1 pr_o _hlem H and addressing _ the avera� 

citizen's potential involvement . Such a camp aign i s  intended to moti

vate informed citizens to p articip ate in the overall prevention effort . 

A broad spectrum of activities contribute to an effective public  infor

mation c amp aign , including public meetings , brochure s , newsp aper 

articles , televis ion , radio , magazines ,  speci al notices , and legislative 

efforts . The .WES is p articip ating in these wide-ranging public informa

tion activities in NPS . All public information activities are being 
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coordinated through the NPS Public Affairs Office (PAO). 

Training Plan 

3 1. The Training Plan outlines procedures for training personnel 

to a ccomplish the obj ectives of the LSOMT. Manuals , office and field 

workshops , seminars , and other procedures are planned to instruct per

sonnel involved in the va rious elements of the LSOMT. The obj ective of 

this plan is to p roduce qualified personnel to implement a prevention 

methodology. Topics covered in the Training Plan are : 

a. Aquatic plant identification and population dynamics. 

b. Aquatic plant management concepts. 

c. Monitoring techniques. 

d. Treatment methods for chemical (including application 
techniques , labels , and labeling) , mechanical, biological , 
and integrated control. 

e. Inventorying commercial sales outlets and informing 
retailers of the hazards of Euras ian watermilfoil. 

18 



PART I I I : RESULTS OF FY 79 FIELD TESTS 

32 . During FY 79 , the WES accomplished a s ignificant field portion 

of its LSOMT (U. S .  Army Engineer Wat erways Exp eriment Station 1979)  in 

the state of Washington . Part I I I  of this report will  cover the work 

that was performed during FY 79 under each of the five component plans 

of the LSOMT : Tes t  Site S election , Monitoring , Reporting, Treatment , 

Public Awareness , and Training . 

Test Site S el ection 

33 . Thirteen of the water bodies identifi ed by NPS as having 

op erational int eres t  were chos en for eva luation by the WES as candidat e 

test sites (Table 1 ) . During May 1979 , a WES field t eam made a recon

naissance of the 13 water bodies and performed the following tasks at a 

random number of sampl e sites at each water body : 

a .  Determined whether o r  not Euras ian watermilfoil was pres 
ent i n  the plant population . 

b .  Collected , vouchered , and pres erved sampl es of all sp ecies 
of aquatic macrophyt es in that population . 

c .  Measured conductivity , dissolved oxygen , pH , and temp era
ture of the water .  

d .  Prepared a general d escription o f  the bottom s ediments . 

Table 1 also shows treatment category and whether the s ites had scien

tific interest or strategic importanc e (paragraph 9 ) . 

34 . After the WES team completed its evaluation , the five tes t  

s ites shown i n  Figure 1 were s elected through j o int NPS-WES coordination , 

base d on the fo-110-wing criteria:- (a_)_ presence of_ Eurasian� watermi lfoil ; _ 

(b) encompassing both fluvial and lacustrine ecosystems ; (c)  encompassing 

Category I ,  I I ,  and I I I  designations (paragraph;9 ) ; and (d)  encompass ing 

a typical range of environmental conditions found in eastern and western 

Washington . The s ites chosen were : 

a .  Lake Osoyoos (also known as Osoyoos Lake) - located on 
the Unit ed States-Canadian border in Okanogan County , 
Washington , and in British Columbia . It  is a 5729-acre 
(2036 acres in the United States )  na tural lake on the 
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Figure 1 .  Locations of tes t  sites on Lake Osoyoos ,  Okanogan River , 
Lake Whatcom , Lake Sammamish , and Sammamish River in the s tate of 

Washington 

Okanogan* River · ( okanogan River Miles 79 . 0-90 . 0 ,  with 
Mil e  82 . 5  being the int ernational boundary) , a right
bank tributary 9f the Columbia River (confluenc e at 
Columbia River Mil e  533 . 5) .  The U .  S .  Geological Sur-

-v ey -(USGS ) -ma-inta 1ns xecords of lake l evels (el evations ) 
at its gaging s tation d esignated as "Osoyoos Lake, near 
Orovil l e, Washington"** (Mil e  79 . 5; drainage area -
3 132 square mil es ) . Elevations of record (July 1928 to 
the pres ent) at this gaging station are: maximum 
9 1 7 . 1 1  ftt and minimum 908 . 82 ft . Lake l evels are 

* This river is  sp elled "Okanagan" in Canada . 
** International gaging station maintained under j oint agreement with 

Canada . 
t All el evations cited in this  report are r eferenced to the National 

Geodetic Vertical Datum of 1929 . 
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affected to some degree by upstre am divers ions for irri
gation (44 , 000 acres irrigated in Canad a) and by Zosel 
Milldam at Oroville (Mile 7 7 . 4) (USGS Annual ) . The Lake 
Osoyoos tes t  site is classified as C ategory I (Preven
tion) with small , nonproblem levels of Euras i an watermil
foil and with l arge are as of potenti al habitat .  

b .  Okanogan River - also loc ated in Okanogan County . The 
test site is  a selected re ach o f  the Okanogan River be
tween Zosel Milld am (Mile 7 7 . 4) and the downstre am end of 
Lake Osoyoos (Mile 79 . 0 ) . Daily discharges of  record 
(October 1942 to the present) at the USGS gaging station 
designated as "Okanog an River at Oroville , Washington"* 
(Mile 77 . 3 ;  drainage are a  3195 square miles ) ,  are : maxi
mum 3730 cfs ; me an 67 1 cfs ; and minimum -2720 cfs 
( reverse flow due to b ackwater effect) . Elevations of 
record (October 1942 to the present) at the USGS gaging 
station designated as "Okanogan River at Zosel Millpond 
at Oroville , Washington"* (Mile 7 7 . 41 ) , are : maximum 
9 16 . 9 1 ft and minimum 905. 90 ft (USGS Annual ) . The 
Okanogan River test site i s  characterized as C ategory I 
(Prevention) with a small , nonproblem Eurasian watermil
foil popul ation and l arge are as of potential habitat .  

c .  Lake Whatcom - a 5029 - acre natural l ake located in What
com County in the northwestern portion of the state of 
Washington . It serves as the princip al water supply for 
the City of Bellingham.  No l ake elevation data are pub
lished . The L ake Whatcom test s ite represents Cate-
gory II (Maintenance )  with a medium , nonproblem popul a
tion of Euras i an watermilf oil imp acting on user interests 
and with l arge areas of potential habitat .  

d .  Lake S ammamish - a 489 7 - acre natural lake located approx
imately 13 miles east of Seattle , in King County , Wash
ington . The USGS maintains records of l ake elevations at 
its g aging station designated as "Sammamish Lake , ne ar 
Redmond , Washington" (5. 6 miles upl ake from S ammamish 
River outlet ; drainage are a  99 . 6  square miles) . Eleva
tions of record (January 1939 to the present) are : . maxi
mum 34 . 44 ft and minimum 25. 23 ft . L ake levels are af
fected by minor regulation on tri butaries- that- i ncl ude-
many small  diversions for irrigation and domestic use 
(USGS Annual ) . Much of the potential habitat of Lake 
S ammamish has alre ady been colo nized by Euras i an water
milfoil ; therefore , this test site is characterized as 
C ategory I I I  (Control) , indicating significant imp act on 
user interests . 

* Internatio nal gaging station maintained under j oint agreement with 
Canad a. 
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e .  S amm amish River - also loc ated in King County . It is the 
outlet of Lake S ammamish and drains directly into Lake 
Washington . The test s ite is  that reach extending from 
the L ake S ammamish outlet (Mile 15. 3 )  downstre am to the 
highway overp ass at Marymoor Park (Mile 14 . 4) . Daily 
discharges of record (October 1975 to September 1978) at 
the USGS gaging station designated as "Sammamish River 
above Be ar Creek,  near Redmond , Was hington"* (Mile 14 . 6 ;  
drainage are a  102 square miles ) , were : maximum 1280 cfs ; 
me an 198 cfs ; and minimum 15 cfs . These discharges are 
affected by natur al regul ation from Lake Sammamish and by 
a number o f  small diversions for irrigation and domestic 
use (USGS Annual) . The Sammamish River has an extens ive 
population of Euras i an watermi lf oil that s ignific antly 
imp acts on user  interests ; therefore , this test s ite is  
classified as Category I I  (Maintenance ) . 

Monitoring 

35. The FY 79 monitoring effort of the LSOMT was accomplished by 

me ans of a four-phas e  program ,  which included ( a) remote-sensing mis

s ions , (b) ground surveys , (c)  diver-efficiency surveys , and (d)  deter

mination of the limits of critical environmental factors . E ach phase 

is covered below . 

Remote-sensing missions 

36 . Both operational and experimental missions with the film

filter combinations at the three s c ales specif�ed in p aragraph 1 4  

( 1 : 5, 000 ; 1 : 10 , 000 ; and 1 : 20 , 000) were flown during the summer  and e arly 

fall of  1979 at each of the three l acustrine test s ites , Lakes Osoyoos , 

Whatcom , and S ammamish . The results of  the interpret ation of imagery 

derived from both of these types of  missions are discus sed in the fol
.lowing p aragraphs . 

37 . 0pe rational missions . Operational missions were flown to map 

the are al extent of Euras i an watermilfoil cove rage of the three l akes . 

For Lake Osoyoos and Lake Whatcom , black- and-white , color , and color 

infrared photomissions were ·flown at a s c ale of 1 : 10 , 000 , while for Lake 

* The USGS reports that this gaging station wa� dis continued on 
30 September 1978 . 
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SalIUDamish , a black-and-white photomiss ion at a scale of  1:5,000 and 

color and color infra red photomiss ions at a scale of 1:10,000 were flown. 

Sets of  imagery resulting from these mis sions were given to a skilled 

photointerpreter , who was not familiar with any of the three lakes. 

The inte rpreter delineated boundaries of the Eurasian watermilfoil popu

lations on transparent overlays of each of the three lakes. He then de

termined area occupied by this species using a Bruning Areagraph Chart 

No. 4849, which yields 97 percent accuracy (p rovided that map areas are 

12 in . 2 o r  more) us ing a dot-count technique . Dot counts were then con

verted to area occupied by Eura sian watermilfoil , us ing the following 

equation 

A = No . of  dots x SF 

where 

A= area ,·acres 

SF = scale factor 
for 1:5,000 = 0.039856 

1:10,000 = 0.159420 
1:20,000 = 0.637690 

Each of the scale factors , therefore , represents the acreage value o f  

one dot. The results of this interpretation are shown in Table 2. 

(1) 

38. All areas o f  the three lakes that appeared to conta in Eura sian 

watermilfoil were tentatively delineated and later verified in the field 

for accuracy. In some cases , areas of  dead organic material (detritus ) 

were mapped as Euras ian watermilfoil. In those portions of  the lakes 

where plants were growing in water depths of  15 ft or  more , the photo

inte rpreter often had difficulty in de-linerti.-ng- actual- boundar-ies� based

on only the tonal and textural characteristics of the imagery without 

benefit of ground-survey data . The postinterp.retation ground survey 

showed that color imagery was the most reliable ,  followed by color 

infrared and black and white . Many areas of  detritus in Lake Osoyoos 

had been erroneously delineated as Eurasian watermilfoil populations 

on the black-and-white imagery , and deeper portions of some colonies 

were not mapped correctly on both black-and-white or color infrared 
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imagery . Depth penetration also proved to be a problem at Lake Whatcom 

and Lake S ammamish. 

39 . As a further test with various combinations of s c ales and 

imagery , the interpreter focused on a represent ative topped-out colony 

( i . e . , a colony in which some of the plants had re ached the water sur

face) of Euras i an watermilfoil in e ach of the three l akes . He deter

mined are as of these colonies us ing the 25 s c ale-imagery combinations* 

shown in Table 3 .  Color imagery at a scale of 1 : 5000 proved to be the 

most accurate at all three l akes when l ater checked in the field . 

40 . Although the centers of the Eur as i an watermilfoil colonies 

were e mergent , and , therefore , cons iderably e asier to detect than to

tally submerged colonies , the peripheries of  the .colonies in the three 

l akes were submerged . Thus , the interpreter experienced the s ame dif

ficulties (described in p aragraph 38) that he encountered in mapping 

total popul ations of this specie s . Generally speaking , di fferences in 

colony are as (whether incre ases or decre ases)  for black- and-white and 

color infrared films , when compared with color film; c an be attributed 

to the lesser depth-penetration c ap ability of bl ack- and-white and color 

infrared films . Additionally ,  as scale decre ases ,  the difficulty of 

interpretation incre ases . Some di fferences in area c an also be attrib

uted to the manner in which colony are as had to be determined with the 

Bruning Are agr aph Chart No . 4849 (p aragraph 37) .. Although this dot-
� . 2 count method yields 97-percent accuracy for map are as of 12 in.  or  

gre ater (e . g . , a 'popul ation in an entire l ake ) , the accuracy is  les s  for 

smaller are as (e . g . , a s ingle . colony) . For example , the value of one 

dot at a s c ale o f  1 : 20 , 000 (0 . 637690 acre) represents one third o f  the 

total are a for the s ingle topped-out colony chosen in Lake Whatcom ; 

therefore , including or excluding a s ingle dot when determining colony 

are a  at this  s c ale c an change the are a by as much as one third . 

4 1 . Experimental mis s ions . As part of the remote- sens ing effort 

o f  the LSOMT and in conj unction with the operational miss ions , 

* Black- and-white imagery for Lake Sammamish at s c ales of 1 : 10 , 000 and 
1 : 20 , 000 was not available . 
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26 experimental miss ions were f lown over Lake Osoyoos , Lake Whatcom , and 

Lake Sammamish to dete rmine the detect ion depths for underwater targets . 

The target layout at each lake cons is ted of 4- by 4-f t sheets and 8- by 

16-in . concrete b locks paint ed white or green placed at 5-f t-depth in

crements from the water su rface to a depth of 25 f t .  Figure 2 shows a 

ty pical target layout . 

42 . A skil led photoint erpreter then determined wh ich targe ts in 

each of the three lakes were detect ab le on each of the 26 scale-imagery 

combinat ions . Figure 3 is an example that shows the actual s ize of the 
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Figure 2. Layout of underwater target panels and 
blocks us ed at Lake Whatcom 
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Figure 3 .  Underwa ter targe t panels and 
b locks detect ed on three scales of color 

imagery, Lake Whatcom 

overlays us ed to map detectab le and nondetectab le targets in the layout s .  

In some ins tances , a deeper targe t o f  a certain.ty pe was de tectable , 

whereas a shal lower target ·of the same type was ob scured . Tab le 4 gives 

the maximum de tectab le dep ths (us ing a lOX magnificat ion) for each ty pe 

of target on' al l of these 26 scale-imagery combinations in each lake , 

wh ile Tab le 5 shows the ave rage de tect ion dep th� for the three lakes . 

43 . In a few ins tance s ,  b lack-and-white imagery equaled the two 
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other types of imagery in terms of its depth-detection capability ,  and 

the 1 : 20 , 000-scale black-and-white imagery for Lake Whatcom outperformed 

the color infrared because of the excess ive surface glitter on the 

latte r .  Generally ,  however ,  black-and-white imagery yielded shallower 

detection depths than either color or color infrared . Color and color 

infrared film , in most cases , performed similarly at all scales in all 

lakes ; however ,  color imagery wa s easier to _ interpret . The results of 

this exercise (Table 5) also showed that white targets were easier to 

detect than were green targets , and panels were easier to detect than 

were blocks . Only under the mos t  ideal conditions could a 20-ft-deep 

white panel o r  a 20-ft-deep green panel be detected . · 

44. Because of the attenuation of the reflective infrared radia

tion (0 . 7  to 0 . 9  µm) by water ,  the emulsion layer on infrared film sens i

tive to this portion of the electromagnetic spectrum was rendered use

less for detecting underwater targets . The reflective properties of 

p lant leaf s tructure made color infrared film much more suitable than 

· color film for detection of emergent vegetation ; however ,  detection of 

submerged vegetation was best accomplished with color film .  In this 

exercise , however ,  underwater targets painted with colors in the green

to-red vis ible light range (0 . 5  to 0 . 7  µm) of the electromagnetic spec

trum were used , and these obj ects recorded s imilar images on both color 

and color infrared films . Performance of the two films at detecting 

these underwater targets was influenced only by the transmittance of 

only the green- to-red range of the electromagnetic spectrum through the 

water ; therefore , the recording characteristics of the two films were 

es sentially identical . Differences in detection depths for color and 

color . infrared film for any given s cale could be attributed to differ

ences in s ite conditions at the times of overflight . These site condi

tions included glitter and orientation of targets with respect to sun 

angle . *  In general ,  larger s cale imagery yielded better results than 

smaller s cale imagery , and , as the s cale was reduced , the difficulty of 

interpretation increased . 

* Targets were placed directly on the lake bottom , which was not , in 
every instance , parallel to the water surface . 
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Ground surveys 

45. Data col lected during FY 79 ground survey s cons isted of bo th 

the es t ablishment of the MOD ' s  for growth of Euras ian watermilfo il 

(af ter which area of potent ial habitat was de tennined) and the col lec

tion of biomass samp les for each of the three lacus trine tes t  s ites , 

Lake Osoyoos , Lake Whatc om ,  and Lake Sammamish . 

46. Es t ab lishment of the MOD ' s .  With the help of profes sional 

divers , the WES estab lished the MOD for gr owth of Euras ian watennilfoil 

at the three lakes . The divers made a suff icient number of underwater 

ob serva tions to detennine thes e dep ths at the three lake s .  These MOD 

contours were then p lott ed on t opographic map s and remote imagery (para

graphs 36-37)  us ing existing hydrographic survey s .  The po tent ial Eur

asian watermilfoil habitat be tween the shoreline and the MOD contour was 

then computed us ing B runing Areagraph Chart No . 4849 (paragraph 37) . 

The tabulation below shows the MOD ' s  and the areas of potential habitat 

de tennined for each lacus tr ine tes t s ite,  assuming , of cours e ,  that 

Eurasian watermilfoil was already growing at its maximum depth : 

Area of 
Lacus trine Potent ial Habitat 
Tes t S ite MOD , f t  acres 

Lake Osoyoos 25 425* 

Lake Whatcom 25 506 

Lake Sammamish 35 928 

* Does not include th� Canadian portion of the lake . 

4 7 .  Col lect ion of biomass samples . �e lnfonna t lon plotted on 

the areal maps and imagery and area computations were not suff icient to 

es tab l ish the total. amount of vegetative ma t ter present in a sample or 

to establish the dens i ty of this material . Even though two c olonies of 

aquatic macrophy t es are of ident ical area , one col ony can be ext remely 

dense , wh ile the other can be very sparse . Without the quant if icatio.n 

required to def ine "prob lem level , "  howeve r,  "d.ense" and "spars e" are 

qualitat ive expres sions of limit ed value for p lanning or imp lementing a 
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random gr id squares sampled in Lake S ammamish contained Euras ian water

mil foil , and the biomass values of the samp les col lected in Lake Samma

mish were cons iderab ly higher than were thos e col le cted in the other two 

lakes . Higher biomass values were found for Lake Osoyoos than fo r Lake 

Whatcom .  The biomass va lues found in the samp les were then proj ect ed to 

that area of the lakes ins ide the MOD contou rs to obtain es t imates of 

both unit and total we t weight biomass for Euras ian watermilfoil as 

fol lows : 

Estimated Unit Estimated Total 
Lacus trine Wet We igh t Wet We igh t 
Tes t Site Bioma s s ,  lb/acre B iomass!  lb 

Lake Osoyoos* 14 7 . 4  62, 629 

Lake Whatcom 73 . 2  3 7 , 026 

Lake Sammamish 45, 432 . 7  4, 130 , 28 7  

* Does not include the Canadian portion o f  the lake . 

50 . Because Euras ian wa termil foil is a submerged plant that grows 

throughout the water column , the wet we ight biomas s values were then 

conve rted to we t weigh t biomass dens it ies by us ing the water depths 

measured with each biomas s samp le .  Tab le 7 shows the range of these 

we t weight biomass dens ity values found in three lakes . Shif ting class 

values when biomass densi ty (pounds per cubi� foo t )  is us ed instead of 

biomass (pounds per square foot) can be attribut ed to the vary ing wa ter 

depths where the biomass s amp les were taken , which ranged as fol lows : 

-Lacuatdne 
Tes t S ite 

Lake Osoyoos 

Lake Whatcom 

Lake Sammamish 

Wa ter Dep th 
Range of Biomass 

Sample s ,  f t  

2- 9 

2-20 

2-34 

Many of the samples taken in deep wa ter had little biomass,  and , . thus ,  

low biomass densi ty , wh i le some high biomass values in Lake Sammamish 

were in shal low water . 
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5 1 . As an integral part of the biomass  sampling program in Lake 

Osoyoos , Lake Whatcom , and Lake Sammamish during the summer of 1979 , the 

WES field team made counts of numbers of stem tips in each sample con

taining Euras ian watermilfoil plants . Table 8 shows the ranges of 

values for numbers of stem tips (number per square foot) and s tem-tip 

dens ities (number per cubic foot) for these  three lakes . 

Diver-efficiency surveys 

52 . Diver-efficiency surveys were conducted as part o f  the moni

toring effort to determine whether or not profess ional divers could be 

used to survey the areal extent of Euras ian watermilfoil coverage and to 

locate and relocate the colonies of this problem species for possible 

future treatment efforts . Square test plots were chosen in Lake Oso

yoos , Lake Whatcom , and Lake Sammamish . The physical descriptions of 

each of the tes t  plots chosen are listed below : 

Lacus trine Test Plot 
ft2 Test Site No . Area , Depth Range , ft Sec chi Disk,  ft 

Lake Osoyoos 1 5 , 000 15-25 12 
2 10 , 000 15-20 12 

Lake Whatcom 1 1 0 , 000 20-25 16 

Lake Sammamish 1 2 ,500 15-25 14 
2 10 , 000 15-25 14 
3 250 , 000 15-25 14 

53 . These  test plots were chosen in portions of the above water 

bodies that contained Euras ian watermilfoil populations . Plot corners 

were ma rked with buoys , and each plot was gridded . The WES field team 

made 10 fathometer transects to map bottom topography and vegetation 

height profiles in each tes t  plot . These transects were used- to aia- a 

tra ined aquatic botanis t  in the characterization of the areal distribu

tion of the submerged aquatic macrophyte community of each test plot ; 

these characterizations served as the controls for the diver-efficiency 

surveys . 

54 . The WES field team gave ons ite training in aquatic plant 

identification to two professional divers who had no experience with 

aquatic vegetation (although they were qualified and experienced in many 
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other types of  diving operations ) .  Each diver wa s shown and taught to 

identify (by bottom retrieval)  the various submerged aquatic macrophyte 

species found in each tes t  plot . When the two divers had satisfactorily 

mastered the identification of the species comprising the community in 

a tes t plot , each was individually ass igned �he task of areal chara cter

ization of the test plots using a systematic search procedure . For 

verification , each diver was also told to collect samples of  all aquatic 

macrophyte species found in the three tes t  plots . Bottom time in all 

test plots was 10 min , with the exception of Tes t  Plot No . 3 in Lake 

Sammamish , where the bottom time was 20 min . 

55 . Table 9 shows the results of the overall cha racterization of 

the s ix test plots by the two divers as  compared to the control charac

terization performed by the trained botanist (paragraph 53) . To sim

plify the presentation , all species of  aquatic macrophytes other than 

Eurasian watermilfoil are shown as "other vegetation . "  In Lake Whatcom 

and Lake Sammamish , the two divers generally failed to agree with each 

other or with the control characterizations . In Test Plot No . 1 of Lake 

Osoyoos ,  where there was only a trace of Euras ian watermil foil , the two 

divers were in complete agreement with the control percentages . In Tes t  

Plot No . 2 of  the same lake , there was 100-percent agreement between the 

divers and a IO-percent discrepancy with the control percentages . 

56 . When the divers were asked to locate or to relocate specific 

colonies of Euras ian watermilfoil in all of  the tes.t plots , they were 

unable to perforin this task , even in the smaller test plots . However ,  

in Lake Osoyoos , the divers could locate and relocate s ingle fragments 

of this � p lant . Total cost ( 1979)  of  the diver-efficiency surveys at 

each of the three lacustrine tes t  sites was $2700 (or a total of $8 100 

for the entire diver-efficiency survey) . This cost included transporta

tion to and from the lake and bottom time . 

Determination o f  the limits . 
of  critical environmental factors 

57 . After compiling a list  of water ,  sediment , wave and current , 

and other parameters thought to be critical to the establishment , growth , 

and spread o f  Euras ian watermilfoil , the WES began reviewing current 
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literature pertaining to this spe cies to establish the limits of  these 

critical factors . 

Reporting 

58 . The WES performed an inventory and assessment of aquatic 

plant management methodologies (Dardeau and Hogg in preparation) that 

included reporting techniques . Fourteen CE Districts were surveyed on 

their practices for reporting on both the monitoring and treatment ele

ments . None of the Districts had any special fo rms for reporting the 

status of a problem population either by their own personnel or by the 

public . Four Districts , SAJ , New Orleans , Savannah (SAS) , and Tulsa , 

reported having forms for documenting treatments ; however ,  only SAJ and 

SAS reported that their forms were computer-compatible . Figure 5 shows 

a form , "Weekly Report of Operations , Aquatic Plant Control , "  used by 

SAJ , and Figure 6 sho�s a sample data printout . With the pos s ible excep

tions of McGehee ( 1977)  and U .  S .  Army Engineer District , Jacksonville 

( 1978) , which address  reporting of treatment operations in SAJ , there is  

little documentation of reporting procedures used by CE Districts . 

Treatment 

59 . During FY 79 , only mechanical treatments of Euras ian water

milfoil we re implemented .  These treatments included the erection of a 

fragment barrier system on the Okanogan River and a hand-pulling exer

cise on both the Okanogan River and Lake Osoyoos . 

Barrier system 

60 . In late July 1979 , NPS constructed a fragment barrier system 

consisting of debris , operational , and evaluation barriers (as des cribed 

in paragraph 26) across  a 290- ft-wide cross section of the Okanogan 

River (Mile 77 . 9 ) , 0 . 1  mile downstream from the Cherry Street Bridge at 

Oroville , Wa.sh . Approximately 1 year earlier , the British Columbia 

Ministry of the Environment , Wate r Investigations Branch (B . C . , W . I . B . ) 

( 1978)  had installed seve ral fragment barriers in the same bas in in 
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Canada . Both barrier sys tems are discussed , and the results are com

pared in the fol lowing pages . 

61 . The NPS barrier sys tem . The cos t ( 1979) for design , cons truc

tion , operation , and maintenance of the NPS barrier system was $95 ,000 . 

This sys tem was operated for a 12-week period from late July unt il mid

October 1979. During the samp ling period , a contractor was respons ib le 

for col lect ing material that had accumulated on the three types of bar

riers . No s tream velocity readings were taken in conj unction with the 

ba rrier operation; however,  on 4 April 1979 , WES personnel measured 

stream velocities at various depths from f ive different positions along 

the cross section of the Okanogan River from the Cherry Street Bridge 

(Mile 78 .0) . These readings are reported (in feet per second ) in the 

tabulation below.  Tab le 10 shows an excerp t from the latter part of the 

Distance from R!sht (North) Bank,  ft 
DeEth, ft  40 80 120 160 200 

Surf ace 0 . 1 0 . 4  0 . 4  0 . 4  0 . 2  

1 0 . 1 0 . 4  0 . 4  0 . 4  0 . 2  

2 . 5  0 . 1 0 . 2  0 . 2  0 . 2  0 .3  

4 0 . 2  0 . 2  0 .2  0 . 2  

5 0 . 1 0 . 1 0 . 1 

discharge record for the USGS gaging s tation, . "Okanogan River at 

Orovil le , ' Washington" (paragraph 34 ) .  It cove rs the· 12�week operational 

period of the barrier system in 1979 and presents discharge data for the 

same days of the preceding 2 years (USGS Annual) . * 

62 . No debris measurements were made ; however ,  the debris barrier 
was cleaned on the same schedu le (usually two or three t imes weekly) as 

the other two types of barriers . Wet weigh ts of the vege tative ma terial 

col lected on the operational barrier were obtained , and average weekly 

percentages of Eurasian watermilfoil were de termined from several 

* Because discharge data from this gaging s tation for the period fol
lowing Water Year 1979 (1 October 1978-30 September 1979) have not yet 
been published (USGS Annual) , thos e values for October 1976 (Water 
Year 1977) were substitut ed for October 1979 (Water Year 1980) . 
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representative samples . Table 1 1  summa rizes the weekly totals and per

centages (by wet weight) of  Eurasian watermi lfoil collected on the op

erational barrier during the 12-week period from 29 July-20 October 1979 . 

It  shows a generally declining total wet weight of vegetative material 

but an increas ing percentage of Euras ian watermilfoil found in the 

samples . During the first week (29 July-4 August) , the height of 

the growing season , only 5 . 3  percent ( 19 lb of  357  lb total wet weight) 

of the vegetative material collected was Euras ian watermilfoil , whereas 

in the twelfth week ( 14-20 October) , when fragmentation was in progress , 

the percentage of Euras ian watermilfoil had reached 34 . 8  (80 lb of 230 lb 

total wet weight) . Figure 7 shows the wet we ight of material collected 

on the operational barrier during those 12 weeks . 

63 . The evaluation barriers were in place for 1 1  weeks , their 
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Figure 7 .  Wet weights of Euras ian watermilfoil and of all 
vegetative material collected on operational fragment barrier ,  
Okanogan River , Oroville , Wash . , during the period 29 July-

20 October 1979 
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last week of operation being 7-13  October 1979 . These barriers con

s isted of five sets of s ix verti cally arranged square net sections evenly 

spaced a cross  the Okanogan River cross section. Evaluation barrier 

No . 1 ,  upstream from both the debris and operational barriers , served as 

the control for the experiment . Evaluation barrier No . 2 was downstream 

from all other structures . Tables 12 and 13 show the vertical distri

bution (by wet weight) of  vegetative material collected on each section 

of Evaluation barriers No . 1 and No . 2 ,  respectively. Figure 8 portrays 

these data graphically . No percentages of Eurasian watermilfoil were 

determined for these s amples . 
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Figure 8. Total wet weight o f  material. collected on upstream 
and downstream evaluation fragment barriers , Okanogan River , 

Oroville , Wash. , during the period 29 July- 13 October 1979 
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64 . An overwhelming maj ority of the material collected on the 

control barrier (No . 1 )  was intercepted in the net sections sampling the 

0- to 1-ft depth range . Although lesser total weights were collected 

each week on the downstream barrier (No . 2) , these weights had a more 

even vertical distribution , indicating that the operational barrier was 

performing as designed and that some fragments had passed beneath the 

operational barrier .  Effectiveness values were determined us ing the 

wet we ights of Evaluation barriers No . 1 and No . 2 for the same weekly 

period as follows : 

Percent effectiveness = (Wet Weight No . 1 - Weight No . 2) x 100 (2)  Wet Weight No . 1 · 

Analysis  of the effectiveness of the barrier system i s  shown in Table 14 

and in Figure 9 .  These values ranged from a low of 23 . 6  percent during 

week No . 7 (9-15 September) to a high of 86 . 1  percent during week No . 5 

(26 August- 1 September) . The average weekly effectivenes s was 

66 . 2 percent . 

65 . Improved des ign of the operational barrier during FY 80 

resulted in a more efficient operation . These improvements included a · 

mechanism that allowed for adj ustment of the angle of the barrier screen 

with the fluctuating flows . A contractor still cleaned the barrier 

twice each week , but he no longer weighed the contents or determined the 

percentage of Eura sian watermilfoil . In addition , no evaluation barrier 

screens were installed ; therefore , effectiveness was no longer measured . 

66 . British Columbia barrier sys tem . During 1978 , the B . C . , 

W . I . B .  constructed several fragment barriers in the Canadian portion of 

the Okanagan River Basin. This· agency·, reporting· on· this- syst .. em - of. 

ba rriers , s tated that these barriers had effectivenesses ranging from 86 

to 97  percent . Because these va lues seemed to be rather high when com

pared with the effectiveness of the NPS barrier system downstream from 

the Cherry Street Bridge (Table 14) , the WES decided to examine the 

method in which their effectivenes ses we re calculated . 

67 . The Canadian installations consisted of a floating barrier 

(equivalent to the NPS operational barrier) , a trash barrier (equivalent 
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Figure 9. Percent effectiveness  of operational fragment barrier , 
Okanogan River , Oroville , Wash . , during the period 29 July-
13 October 1979, based on wet weight of ma�erial collected on up

stream (No . 1) and downs tream (No . 2) evaluation barriers 

to the NPS debris barrier) , and an upstream sampling cage (equivalent to 

one set of the net sections of the NPS upstream evaluation barrier) .  

The trash barriers were not placed a t  a l l  sites . The re was no equiva

lent of the NPS downstream evaluation barrier.  The sampling cage was 

used to monitor the weight of material of  a number of water columns 

along the axis of the floating barrier ; these weights were then com

pared with those  collected on an equivalent area of the floating barrier 

during the same time period � The B . C . , W. I . B .  reported 

In fact the method had inherent weaknesses , which 
were not overcome during 1978. In particular ,  no 
investigation was made · of the downs tream escapement 

· of milfoil fragments from the barrier or the sampling 
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cage . The possible deflection of fragments either 
over or under a barrier as a result of current , wave 
or wind action should not be ignored when evaluating 
the results of this particular proj ect (British 
Columbia Ministry of the Environment , Water Investi
gations Branch 1978) . 

Because no provision had been made for a downstream evaluation barrier , 

true effectiveness had not been measured . 

Hand-pulling exercise 

68 . During late summer 1979 , a WES field team conducted a special 

exercise  designed to evaluate the efficiency of small-scale hand remova l 

of Euras ian watermilfoil at two tes t  plots on the Okanogan River (No . 1 

and No . 2) and one tes t  plot on Lake Osoyoos (No . 3 ) . Below are data on 

each of the test plots used for the hand-pulling exercise : 

Tes t  Plot 
No . 1 No . 2 No . 3 

Area treated , ft2 1470 612 150 

Estimated percent 25 35 30 
areal coverage 

Average water 2 . 5  3 . 0  3 . 0  
depth , ft 

Bottom sediment Silt (over gravel)  Sand Silt (in crevices 
and between pieces 
gravel of stone 

riprap )* 

Underwater vis ibility Poo r Good Good 

* Test plot located over the toe of a stone breakwate r . 

The test plots- we-re- en-clo-se d- with- 0-. 25--in-. mesh- capture- nets- attached- to 

floats . The team measured and characterized each of the test plots , re

corded numbers of man-hours and wet weights of Eurasian watermilfoil 

removed , and made estimates of  percent success (in terms of areal cove r

age) of clearing and root removal at each test plot . Table 15 summa

rizes this 1979 exercise . 
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Public Awareness 

69 . The WES participated in four NFS-sponsored public meetings , 

two radio interviews , and preparation of two newspaper articles . 

Another important area of WES contribution was in the preparation of NPS 

information brochures for the public in FY 79 . The WES coordinated all 

publicity activities of the LSOMT with the Chief ,  PAO , NPS . 

Training 

70 . Two aquatic plant management workshops were conducted by the 

WES in cooperation with the NPS during the summer and fall of 1979 for 

planning , engineering , and operational staff of Federal , State , and 

local agencies in the state of Washington . Most o f  these agencies were 

represented at the workshops , which provided primary tra ining that 

emphasized aquatic plant identification and population dynamic� , but 

which also covered the remainder of the topics outlined in the Training 

Plan of the LSOMT (paragraph 3 1 ) . 
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PART IV : SUMMARY AND CONCLUSIONS 

Summary 

7 1 .  The WES is evaluating the concept of prevention methodology 

as a management obj ective for Eurasian watermilfoil in the state of  

Washington by means o f  the LSOMT , a 3-year effort implemented in FY 79. 

There a re six component plans of  the LSOMT that were developed based on 

traditional aquatic plant management concepts . During FY 79 , accomplish

ments were made under each component plan . 

Test Site Selection 

72. Five test s ites were selected from 13 water bodies identified 

by NPS as having operational interest , s cientific interest , or  strategic 

importance . These were Lake Osoyoos ,  Okanogan River , Lake Whatcom , Lake 

Sammamish , and Sammamish Rive r .  

Monitoring 

73 . During FY 79 , the monitoring effort cons isted of (a) remote
sens ing miss ions , (b) ground surveys , (c) diver-efficiency surveys , and 

(d) determining limits of critical environmental factors . Both opera
tional and experimental photo missions were flown . The operational 
miss ions were designed to map the areal extent of Eurasian watermilfoil  
coverage at Lake Osoyoos , Lake Whatcom , and Lake Sammamish using various 

s cale-imagery combinations , and the experimental missions were designed 

to determine the detection depths for underwater ta rgets . Ground-survey 

data collection efforts consisted of the establishment of the MOD ' s  for 

growth of Eurasian watermilfoil and the collection and analysis of  bio

mass  samples- taken in- the- three- lakes-. Di.-\rer-eff-iciency- surveys_ wer__e_ 

conducted to determine whether o r  not profess ional divers could be used 

to survey the areal extent of Eurasian watermil�oil coverage . The WES 

is reviewing literature to determine limits o f  critical factors thought 

to be critical to the establishment , growth , and spread of Eurasian 

watermilfoil � 
Reporting 

74 . The WES performed an inventory o f  reporting techniques used 
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for both the monitoring and treatment elements of an aquatic plant man

agement program. 

Treatment 

75 . Two types of mechanical treatment were implemented and evalu

ated during FY 79 . These included the e rection of a fragment barrier 

system on the Okanogan River at Oroville , Wash . , and a hand-pulling 

exercise at two sites on the Okanogan River and one s ite on Lake Osoyoos . 

The barrier had an average effectiveness of 66 . 2  percent during its 

period of operation , based on the wet weight of the vegetative material 

collected on the upstream and downstream evaluation barriers . The total 

wet weight of vegetative material collected each week generally declined;  

however , the percentage (by wet weight) of  Eurasian watermilfoil in

creased to as much as 34 . 8  percent when fragmentation was in progres s .  

Public Awareness 

76 . The WES participated in four NPS-sponsored public meetings , 

two radio interviews , and preparation of two newspaper articles . 

Training 

77 . Personnel from the WES conducted two aquatic plant management 

workshops in cooperation with NPS during the summer and fall  of 1979 . 

Conclus ions 

78 . Conclusions can be drawn in the areas of monitoring and treat

ment , based on the FY 79 effort of the LSOMT . 

Monitoring 

79 . Large-scale ( i . e . , 1 : 5 , 000) color imagery proved to be the 

· most re liable for mapping either the areal extent of Euras ian watermil

foil coverage in a water body or a representative topped-out colony .  

The smaller scales ( i . e . �  1 : 10 , 000 and 1 : 20 , 000) required more time for 

interpretation . Co lor and color infrared imagery performed . equally well 

when used to detect painted underwater ta rgets ; however ,  performance of 

these two films at  detecting these targets was influenced only by the 

transmittance of the green-to-red visible ligh� range (0 . 5  to 0 . 7  µm) 

of  the electromagnetic spectrum through the water .· The recording 
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cha racteristics of color and color infrared film were , therefore , essen

tially identical . Differences in detection depth capabilities of colo r 

and color infrared film could be attributed to difference s in site con

ditions at the times of overflight . In a prevention program such as 

this , however ,  remote-sens ing data should be supplementary to those 

derived from ground surveys . 

80 . The determination of the MOD limits the area of interes t  of a 

water body to only that portion that is a potential habitat for Eurasian 

watermilfoil , assuming , of course ,  that Eurasian wate rmilfoil was al

ready growing at its maximum depth . Biomass samples taken randomly 

within the MOD served to quantitatively cha racterize the populations of 

Euras ian watermilfoil in Lake Osoyoos , Lake Whatcom , and Lake Sammamish . 

Computation of biomas s  dens ity values also proved to be an important 

means of quantifying the distribution of this aquatic macrophyte that 

grew throughout the water column . 

Treatment 

81 . The most effective treatment method implemented in FY 79 was 

the fragment barrier constructed by NPS on the Okanogan River near  

Oroville , Wash.  Although the FY 79  data indicated that a certain per

centage of Euras ian watermilfoil fragments always es caped downstream , 

the barrier p roved to be a means of retarding this downstream dispersal . 

The improved des ign resulted in a more efficient operation ; however ,  

determination of the degree of efficiency is no longer possible because 

no evaluation data were collected after FY 79 . 

82 . The hand-pulling exercise demonstrated that manual removal of 

Eurasian watermilfoil plants was feasible on only a small s cale . Such 

an exercise is limited by bottom conditions , water depth ,  size of the 

area treated , and time and fiscal constra ints . This treatment method 

should be attempted only in small high-use areas (e . g . , boat-launch 

areas ) where the presence of Euras ian watermil foil impacts on user in

te rests and where the implementation o f  other treatment methods is 

infeasible . 
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Table 1 

Water Bodies Select ed b;l NPS for Evaluat ion b;l WES 

as Candidate Tes t Sites 

Reconnaissance Operational Scient ific Strategic 
Water Bodl Priori ty Cat e�oEI* Interes t Im�ortance 

Lake Washington 
(Union Bay ) 1 III x 

Wel ls Reservoir , 
Columbia River 2 I x 

Lake Sammamish 3 III x 

Okanogan River 4 I x x 

Lake Osoyoos 5 I x x 

Yakima River 6 I 

Lake Chelan 7 I x 

Banks Lake 8 III x 

Sammamish River 9 II x x 

Lake Whatcom 10 II x 

Rufus Woods Lake 
(Ch ief Joseph 
Reservoir ) ,  
Columbia River 1 1  I x 

Snohomish River 12 I x 

B il ly Clapp Lake 13  I I  x 

* The Roman numerals under the Operat ional Category column indicate 
whether the waterbodies were des ignat ed as Prevent ion (I) , Maintenanc e ·  
(II) , or Control (III) , as def ined in paragraph 9 .  



Table 2 

Total Areal Coverage of Euras ian Watermilfoil in 

Lake Osoyoos , Lake Whatcom , and Lake · Sammamish 

as Interpreted from Aerial Imagery 

Test Site 

Lake Osoyoos 
{Secchi disk - 12 ft , 
lake bottom - sand 

Lake Whatcom 
{Secchi disk - 16  ft , 

lake bottom - s ilt) 

Lake Sammamish 
{Secchi disk - 14 ft , 
lake bottom - sand) 

* Does not include Canada . 

TYJ>e of Imagery 

Scale 1 : 10 , 000 

Black and white 

Color 

Color infrared 

Scale 1 : 10 , 000 _ 

Black and white 

Color 

Color infrared 

Scale 1 : 5 , 000 

Black and white 

Scale 1 : 10 , 000** 

Color 

Color infrared 

Total Area 
acres · 

36* 

30* 

37* 

1 3  

7 

4 

1 1  

1 1  

** No 1 : 10 , 000-scale black-and-white imagery was ava ilable for Lake 
Sammamish . 



Table 3 

Detection o f  Representative Topped-Out Colonies o f  Eurasian 

Watermilfoil in Lake Osoyoos , Lake Whatcom, and Lake 

Sammamish Us ing Various Scale- Imagery Combinations 

Area , a cres 

Test Site 

Black 
and 

White Color 
Color 

Infra red 

Lake Osoyoos 
(Secchi disk - 12 ft , 

lake bottom - sand) 

Lake Whatcom 
(Secchi disk - i6 ft , 
lake bottom - s ilt) 

Lake Sammamish 
(Secchi disk 14 ft , 

lake bottom - sand) 

11.2 

10.8 

12.1 

0.9 

0.8 

1.3 

0.9 

* 

* 

Scale 1:5 , 000 

9.8 

Scale 1:10 , 000 

11.S 

Scale 1:20 , 000 

12.1 

S cale 1 : 5 , 000 

2.1 

Scale 1:10 , 000 

1.1 

Scale 1:20 ,000 

1.9 

S cale 1:5 , 000 

L 2  

Scale 1:10 , 000 

1.3 

Scale 1:20 , 000 

1.9 

11.1 

11.0 

13.4 

1.0 

0.8 

1.3 

0.7 

0.8 

1.9 

* Black-and-white imagery of Lake Sammamish a t  scales of  1:10 , 000 and 
1:20 ,000 was not ava ilable . 



Table 4 

Detection of Unde rwater Target Panels and Blocks 

Us ing Various Scale-Imagery Combinations 

Detection Limit 
(Water DeEth) 2 ft 

White Green 
Test Site Imagerx Panel Block Panel Block 

Lake Osoyoos Scale 1 : 5 2 000 
(Secchi disk - 12  ft , Black and white 20 10  10 0 lake bottom - sand) 

Color 20 15 20 10 

Color infrared 20 10 20 15 

Scale 1 : 1 0 2 000 

Black and white 15 10 5 5 

Color 20 10 5 5 

Color infrared 25 10 10 5 

Scale 1 : 20 2 000 

Black and white 10 0 0 0 

Color 20 0 10  0 

Color infrared 20 15 15 15 

Lake Whatcom Scale 1 : 5 2000 
(Secchi disk - 16  ft , Black and white 10  0 5 0 
lake bottom - silt)  

Color 20 10 15 5 

Color infrared 15 15 10 5 

Scale 1 : 1 0 2 000 

Black and white 10 0 0 0 

Color 15 10 10 10 

Color infrared 15 15 10  15 

(Continued) 



Table 4 (Concluded) 

Detection Limit 
(Water DeEth) 2 ft 

White Green 
Test Site Image!:I Panel Block Panel Block 

Lake Whatcom Scale 1 : 20 2 000 
(continued) Black and white 10  0 0 

Color 15 5 10 

Color infrared* 

Lake Sammamish Scale 1 : 5 2000 
(Secchi disk - 14  ft , Black and white 15 10 0 lake bottom - s and) 

Color 20 15 15 

Color infrared 15 15 15 

Scale 1 : 1 0 2 000 

Black and white 10  10  0 

Color 1 0  1 0  5 

Color infrared 15 10 15 

Scale 1 : 20 2 000 

Black and white** 

Color 10 5 10 

Color infrared 15 10 15 

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

Sammamish.  

0 

10  

0 

10 

15 

0 

10  

10  

10 

5 



Table 5 

Average Detection DeEths* for Lake Osoloos 2 

Lake Whatcom2 and Lake Sammamish 

Averase Detection DeEth2 ft 
Scale-Imagery White Green 

Combination Panel Block Panel Block 
--

Scale 1 : 5 2 000 

Black and white 15 . 0  6 . 7  5 . 0  0 

Color 20 . 0  13 . 3  16 . 7  8 . 3  

Color infrared 1 6 . 7  13 . 3  15 . 0  1 1 . 7 

Average 17 . 2  1 1 . 1  12 . 2  6 . 7 

Scale 1 : 1 0 2 000 

Black and white 13 . 3  3 . 3  1 .  7 1 .  7 

Color 15 . 0  10 . 0  6 . 7  8 . 3 

Color inf rared 18 . 3  1 1 . 7  1 1 . 7 10 . 0  
.. 

Average 15 . 0  9.4 6 . 7  6 . 7  

Scale 1 : 20 2 000** 

Black and white 10 . 0  0 0 0 

Color 15 . 0  3 . 3  10 . 0  6 . 7  

Color infrared 1 1 .  7 8 . 3 10 . 0  6 . 7  

Average 11. l 4 . 4  7 . 5  5 . 0 

· *  Based on data contained in Table 4 .  
** Black-and-white and color infrared values a re - avera ges  for only . two 

lakes due , respectively ,  .to unavailability of  · data and obscuration by 
glitter .  . . .  



Test Site 

Lake Osoyoos 

Lake Whatcom 

Lake Sammamish 

Table 6 

Wet Weight Biomass Values for Eurasian Watermilfoil in Lakes 

Osoyoos , Whatcom , and Sammamish 

No . of Samples Represented by Each Range 
o f  Biomas s  Values for Euras ian Watermilfoil 

Total No , No . of  Samples Esf (wet weight) 
of  Sampl�s Containing 

Taken Eurasian Watermilfoil ' <0 . 01 0 . 0 1 -<0 . 1  �0 . 1  
--

145 1 1  8 2 1 

146 12  1 1  1 

96 3 1  15 8 8 



Test Site 

Lake Osoyoos 

Lake Whatcom 

Lake Sammamish 

Table 7 

Wet Weight Biomass Density Values for Eurasian Watermilfoil in 
Lakes Osoyoos , Whatcom , and Sammamish 

No . of Samples Represented by Each Range of 
Biomass  Dens ity Values for Euras ian Watermilfoil 

Total No . No . of Samples Ecf (wet weight) 
o f  Samples Containing 

Taken Euras ian Watermilfoil <0 . 001 0 . 001 -<0 . 0 l 0 . 0 1 -<0 . 1  �0 . 1  

145 1 1  5 4 2 

1 46 12  7 5 

96 31 12 8 10 1 
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Tes t  Site 

Lake Osoyoos 

Lake Whatcom 

Lake Sammamish 

Table 8 . 

Numbers of Stem Tips and Stem Tip Densities for Euras ian Watermilfoil 

in Lakes Osoyoos , Whatcom , and Sammamish 

No . of Eurasian 
Watermilfoil 

No . of  Samples Samples No . of 2 Total No . o f  Containing Containing Stem TiJ2s/ ft 
Samples Take� Euras ian Watermilfoil Stem Tips Maximum Minimum 

145 1 1  6 1 1 . 5  0 . 7  

146 12 8 3 . 7  0 . 4  

96 3 1  3 1  98 . 1  0 . 4  

Stem Tip Dens ity 

No . / ft3 

Maximum Minimum 

3 . 8  0 . 2  

0 . 7  0 . 04 

25 . 3  0 . 01 



Table 9 

Results of Dive r-EfficiencI Surveis 

Test Plot Percent Areal Coverage 
Location and No . Euras ian Watermi lfoil Other Vegetation No Vegetation 

Lake Osoyoos 
Test Plot No . 1 

Control Trace 0 100 
Diver 1 Trace 0 1 00 
Diver 2 Trace 0 100 

Test Plot No . 2 
Control 30 20 50 
Diver 1 30 10 60 
Diver 2 30 10 60 

Lake Whatcom 
Test Plot No . 1 

Control 25 25 50  
Diver 1 45 35 20 
Diver 2 5 15  80  

Lake Sammamish 
Test Plot No . 1 

Control 20 40 40 
Diver 1 10  10  80 
Diver 2 25 25 50 

Test Plot No . 2 
Control 20 40 40 
Diver 1 45 45 1 0  
Diver 2 20 1 0  70  

Test Plot No . 3 
Control 30 20 50  

- Diver -1 -65 35 -0 
Diver 2 25 0 75 



Table 1 0  

Mean Dail! Discha rge Values for the USGS Gaging Station at Orovi lle 2 

Wash . 2 Covering the Periods 29-31 Jul! 197 7 2  

1978 2 1979 2 August and SeEtember 1977 2 1978 2 

1979 2 and 1 -20 October 1976 2 1977 2 1978* 

Discharge 2 cfs 
Jul! August SeEtember October 

Dal 77 78 79 . 77 . 78 79  7 7  78 79 76 7 7  7 8  

1 121  320 201 279 sos 32S 7S4 SS4 SS5 

2 129 320 20 1 277  505 329 748 544 555 

3 13S 3 1 1  20 1 ·  281 5 1S 357 736 528 550 

4 133 3 1 1  197  284 525 39S 670 5 1 7  550 

s 136 320 20 1 283 S30 405 SS6 507 S5S 

6 153 306 197 . 297 540 430 568 496 555 

7 1S5 246 197  300 580 . 430 568 496 560 

8 174 212  20 1 295 625 425 574 496 560 

9 198 212  201 29 1 625 430 574 49 1 5 7 1  

1 0  2 1 8  216 209 294 625 420 580 486 576  

11  226 203 22S 290 636 42S S80 481 638 

12 221  203 22S 28S 646 41S S86 46S 67S 

13 2 1 9  2 1 2  225 298 625 41S  5 86 465 696 

14 218  216  22 1 31 3 620 415  580 460 7 1 1  

lS 271  224 22S 303 610  410  574  450 701  

16 308 2SO 22 1 305 570 405 5 74 440 784 

17 292 264 221 305 54S 405 S74  435 859 

1 8  283 273 22 1 3 15 540 400 568 430 821 

19 273 292 225 323 S25 366 568 435 800 

20 270 3 1 1  246 332 520 325 568 435 794 

(Continued) 

* Source : USGS (Annual) . 



Table 10 (Concluded) 

Discha rge 2  cfs 
Jul I August SeEtember October 

Day 77  78  79  77  78  79  77  78 79 76 77 78 
- - - -

2 1  260 325 267 341 520 320 

22 254 335 267 356 520 320 

23 248 360 276 356 525 320 

24 262 453 203 373 530 325 

25 286 505 320 385 540 325 

26 293 505 320 389 550 325 

27 292 495 362 503 555 325 

28 286 5 10 381 575 560 . 325 

29 106 325 20 1 290 5 10 343 572 560 325 

30 1 10 325 209 290 505 325 558 565 325 

3 1  1 13 325 201 281 495 325 
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Table 1 1  

Vegetative Material Collected on Operational Barrier1 Okanogan River2  Oroville 2 Wash . 2 

29 JulI-20 October 1979  

Total Wet Total Wet 
Weight of Weight of Percent (by 

All Vegeta- Eurasian Wet Weight) 
Week N�> . of Days No . of Samples tive Material Watermilfoil Euras ian 

No . Period SamEled Collected lb lb Watermilfoil 

1 29 Jul-4 Aug 3 14 357 19 5 . 3  

2 5 - 1 1  Aug 3 15 3 1 0  22 7 . 1  

3 12- 18  Aug 3 15 306 16 5 . 2  

4 19-25 Aug 2 20 365 13 3 . 6  

5 26 Aug- 1 Sep 2 10 440 3 1  7 . 0  

6 2-8 Sep 3 10 486 49 1 0 . 1  

7 9 - 15 Sep 3 10  310  37 1 1 . 9 

8 16-22 Sep 3 1 0  428 65 15 . 2  

9 23-29 Sep 3 15 355 79 22 . 3  

10 30 Sep-6 Oct 3 15 162 48 29 . 6  

1 1  7-13  Oct 3 15 192 60 3 1 . 2  

12 14-20 Oct 2 10  230 80 34 . 8  



Table 12 

Total Wet Weights (Eoun�s )  o f  Vegetative Material Collected on All Nets of  Evaluation Barrier No . 1 

(UEstream) Okanogan Rive r 2  Oroville 2 Wash.  2 29 Jul�- 1 3  October 1979 

Depth 
Range 

Sampled Week Number* 
ft l 2 3 4 5 6 7 8 9 10  1 1  

--

0 - 1  10 . 66 8 . 49 9 . 66 4 . 7 1  4 . 52 18 . 58 . 10 . 92  16 . 7 1  12 . 37 8 . 34 9 . 45 

>1-2  l. 16  0 . 90 0 . 80 0 . 39 0 . 35 1 . 36 0 . 91 2 . 5 1  2 . 06 3 . 38 3 . 62 

>2-3 0 . 37 0 . 29 0 . 36 0 . 18 0 . 22 o .  72 0 . 54 1 . 47 1 . 07 1 . 18 1 . 39 

>3-4 . 0 . 25 0 . 29 0 . 29 . 0 . 19 0 . 13 0 . 50 0 . 44 1 . 33 1 . 05 1 . 2 1 0 . 94 

>4-5 · 0 . 19 . 0 . 15 0 . 15 0 . 08 0 . 09 0 . 26 0 . 36 0 . 98 0 . 50 1 . 03 0 . 63 

>5-6 0 . 02 0 . 03 0 . 02 <0 . 01 0 . 01 0 . 05 0 . 03 0 . 02 0 . 04 0 . 04 <0 . 01 

Total for · 
entire 
cross 
section 12 . 65 1 0 . 15 l l. 28 5 . 55 . .  5 . 32 2 1 . 47 1 3 . 20 23 . 02 17 . 09 15 � 18 1 6 . 03 

* Weeks 1 - 1 1  are the same periods as those  shown in Table 11 . 



Table 13 

Total Wet Weights (Eounds)  of  Vegetative Material Collected on All Nets of Evaluation Barrier No . 2 

(Downstream) Okanogan River 2  Oroville 2 Wash . 2 29 Jul�- 13  October 1979 

Depth 
Range 

Sampled Week Number* 
ft 1 2 3 4 5 6 7 8 9 10 1 1  

--

>0- 1 0 . 55 0 . 40 0 . 46 0 . 37 0 . 3 1 4 . 67 3 . 73 4 . 20 3 . 38 0 . 95 1 . 69 

> 1- 2  0 . 46 0 . 31 0 . 35 0 . 23 0 . 1 7 0 . 94 1 . 69 1 . 97  . 3 . 06 - 1 . 30 1 . 67 

>2-3 0 . 61 0 . 36 0 . 29 0 . 16 0 . 1 1 0 . 58 1 . 34 1 .  74 1 . 53 1 . 1 3 1 . 35 

>3-4 0 . 42 0 . 24 0 . 25 0 . 08 0 . 09 0 . 38 1 . 18 1 . 32 1 . 02 0 . 9 7 1 . 24 

>4-5 0 . 41 0 . 28 0 . 31 0 . 1 1 0 . 06 0 . 19 1 . 5 1  1 . 19 0 . 56 1 . 05 0 . 52 

>5-6 0 . 06 0 . 07 0 . 1 0 0 . 03 0 . 03 0 . 04 0 . 64 0 . 37 0 . 10 0 . 09 O . U4 

Total for 
entire 
cross 
section 2 . 5 1  1 . 66 1 .  76 0 . 98 0 .  77  6 . 80 10 . 09 1 0 . 79  9 . 65 5 . 49 6 . 5 1  

* Weeks 1 - 1 1  are same periods as those shown in Table 1 1 .  I 



Table 14 

Percent Effectiveness of  the Ba rrier System , Okanogan River 

Oroville , Wash . , 29 July- 13 October 1979 

Total Wet Weights of 
Vegetative Material 
Collected for Entire 
Okanogan River Cross Percent Effectiveness 

Section2 lb of Ba rrier System 
No . 1 No . 2 

Week No . *  (UEstream) (Downstream) 
(Wet Wt No . 1 - Wet Wt No . 

Wet Wt No . 1 
2) x 

1 12 . 65 2 . 5 1  80 . 2  
2 10 . 15 1 . 66 83 . 6  
3 1 1 . 28 1 .  76 84 . 4  
4 5 . 55 0 . 98 82 . 3  
5 5 . 32 0 . 74 86 . 1  

6 21 . 47 6 . 80 68 . 3  
7 13 . 20 10 . 09 23 . 6  
8 23 . 02 10 . 79  53 . 1  
9 17 . 09 9 . 65 43 . 5  

10 15 . 18 5 . 49 63 . 8  

1 1  16 . 03 6 . 5 1  59 . 4  

150 . 94 56 . 98 Average 66 . 2  

* Weeks 1 - 1 1  are the same periods a s  those shown in Table 11 . 

100 



Table 15 

Eura s ian Watermilfoil Hand-Pull ing Exe rcise on the 

Okanogan River and Lake Osoyoos , Late Summe r 1979 

No . of field personnel 
involved 

Man-hours required 
Setup 
Dismantling 
Hand-pulling 

Total 

Estimated percent suc
cess  (areal )  at re
moval of Eura sian 
wate rmilf oil from 
colonies 

' Eurasian wa termilfoil 
dominant 

Other species 
dominant 

Es timated percent suc
cess (areal) at root 
removal 

Tota l wet weight of 
Euras ian watermi lfoil 
pulled , lb 

Sample Site 
No . 1 No . 2 

Okanogan River Okanogan Rive r 

4 

1 . 5 
1 . 0  
7 . 3  

9 . 8  

95 

40 

35 

17 . 49 

3 

2 . 0 
0 . 8  
3 . 5  

6 . 3  

90  

80 

50  

45 . 86 

No . 3 
Lake Osoyoos 

2 

1 . 5 
0 . 5  
3 . 5  

5 . 5  

95 

90 

90 

13 . 2 1 




