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1 Introduction 

Background 

The Pend Oreille and Columbia Rivers of eastern Washington have 
been plagued with Eurasian watermilfoil (Myriophyllum spicatum L.) for 
many years (Rawson 1985; 1987; WATER Environmental Services, Inc. 
1986; 1987), and control of these infestations via conventional chemical 
techniques has proven to be inconsistent (Gibbons and Gibbons 1985). 
This erratic control is probably associated with a lack of herbicide contact 
time in the treatment area. Recent work has indicated that water move­
ment can playa major role in the dispersion of herbicides from treated 
plots, as well as in the distribution of herbicides in the water column 
(Getsinger, Hall, and Fox 1990; Getsinger, Green, and Westerdahl 1990; 
Getsinger et al. 1991; Fox, Haller, and Getsinger 1991). If water ex­
change decreases the contact time or dilutes the concentration of a herbi­
cide around the target plant, inconsistent control can result. A better 
understanding of water movement within submersed plant stands in the dy­
namic environments of North Pacific rivers will serve to define the limits 
of herbicide use for controlling Eurasian watermilfoil in those systems. 

In 1988, a series of small-scale dye studies in the Pend Oreille River 
showed that the fluorescent dye, rhodamine WT, could be used to estimate 
water movement within submersed plant stands (Getsinger, Green, and 
Westerdahl 1990). Furthermore, water exchange information derived 
from those studies and results from herbicide concentration/exposure time 
experiments (Green and Westerdahl 1990; Netherland, Green, and Getsin­
ger 1991; Netherland and Getsinger 1992), suggested that chemical con­
trol of Eurasian watermilfoil in selected areas of the Pend Oreille River 
was possible. As a continuation of the 1988 work, dye studies were re­
cently conducted in submersed plant stands in the Pend Oreille and Colum­
bia Rivers. These studies consisted of two types of dye treatments. The 
first type was designed to simulate large-scale, conventional herbicide 
treatment in which the selected plot was treated with a liquid formulation 
in a single application. This type of treatment also served to verify the re­
sults of the 1988 dye studies. The second type of dye treatment involved 
the use of slow, or controlled-release technology in which chemicals are 
released at a continuous, low rate from an inert matrix formulation. 

Chapter 1 Introduction 
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Slow- or controlled-release, technology provides several advantages 
over conventional application techniques, especially in flowing water. 
First, the longevity of herbicide exposure is increased, providing adequate 
concentration/exposure time relationships for improved control, thus re­
ducing repeated treatments; second, lower concentrations of herbicides are 
delivered, which are less likely to affect nontarget organisms and desir­
able vegetation; and third, slow-release devices can be placed in specific 
target areas or manipulated to optimize effective coverage (Trimnell et al. 
1982). 

The concept of using slow-release systems to chemically control 
aquatic pests is not new. Early development of slow-release matrices for 
controlling aquatic insects and mollusks concentrated on using carrier ma­
terials such as cement briquettes (Evans and Fink 1960, Barnes and Webb 
1968), rubber (Cardarelli, Senderling, and Wuerzer 1967; Schultz and 
Webb 1969), and plastics (Whitlaw and Evans 1968, Nelson et al. 1970). 
Also, several types of slow-release herbicide matrices have been evalu­
ated during the past two decades (Steward and Nelson 1972; Harris, Nor­
ris, and Post 1973; Cardarelli and Raddick 1983; Connick et al. 1984). 

In the late 1970's, the US Army Engineer Waterways Experiment Station 
(WES) evaluated three slow-release herbicide formulations in the laboratory 
and the field. These formulations consisted of: (a) 2,4-D (2,4-dichloro­
phenoxy acid) in kraft-lignin pellets; (b) an acrylic polymer, glycidyl 
methacrylate (Poly GMA), plus 2,4-D impregnated in clay pellets; and 
(c) a natural rubber elastomer combined with 2,4-D butoxyethanol (14­
ACE-B). Subsequent testing revealed that herbicide release rates from the 
kraft-lignin and Poly GMA formulations were relatively constant, provid­
ing a slow release of 2,4-D for 2 to 6 months (Van and Steward 1982, 
1983). However, the 14-ACE-B formulation was ineffective in governing 
the slow release of 2,4-D, with most of the herbicide released in 2 to 3 
days (Getsinger and Westerdahl 1984). In the mid 1980's, a fibrous slow­
release system consisting of polycaprolactone (PCL) was developed by 
WES (Dunn et al. 1988) for delivering the herbicides diquat (6,7­
dihydrodipyrido[ 1,2-oc 2', l' -c]pyrazinediium ion) and fluridone (1-methyl­
3-phenyl-5-[3-(trifluoromethyl)phenyl]-4( 1H)-pyridinone). This PCL 
matrix was field-tested with fluridone in Texas, Florida, and Washington 
(Westerdahl, Hall, and Getsinger 1984). 

Problems associated with the development of previous slow-release 
formulations included scale-up procedures to produce large quantities of 
material, inconsistent release profiles, and the reluctance of industry to 
chal1ge existing commericial herbicide formulations. However, the recent 
information on herbicide concentration/exposure time relationships and 
water-exchange in submersed plant stands indicates that slow-release tech­
nology may dramatically improve control in flowing water systems. 

As previously mentioned, materials such as cement, rubber, and plastics 
were used as inert components in the early development of slow-release 
matrices. These materials were generally nonbiodegradable and, there-

Chapter 1 Introduction 2 



fore, were not considered good prospects for commercial use. Current de­
velopment of slow-release materials for aquatic pest control, however, has 
produced matrices that will readily degrade in the environment. For exam­
ple, a new technology using a gypsum-based matrix has emerged as a lead­
ing slow-release technology in aquatic insect control. This product. 
incorporated with the active ingredient methoprene, has been successfully 
licensed and marketed by Zoecon Corporation as a mosquito larvicide 
(Genereux and Genereux 1985). The proven slow-release characteristics 
and environmental compatibility of the gypsum matrix have made this 
product an excellent candidate for testing with aquatic herbicides. 

Objectives . 

The objectives of these dye studies were to: (a) characterize water ex­
change in large stands of Eurasian watermilfoil in the Pend Oreille and Co­
lumbia Rivers; (b) compare results of these studies with results from 
previous, small-scale Pend Oreille River water-exchange studies; (c) eval­
uate potential herbicide release rates from a slow-release matrix device in 
the Pend Oreille River; and (d) use this combined information (in conjunc­
tion with herbicide concentration/exposure time data) to recommend field 
evaluation of herbicides for controlling Eurasian watermilfoil in the rivers 
of the Pacific Northwest. 

Chapter 1 Introduction 
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2 Materials and Methods 

Conventional Dye Applications 

In August 1990, rhodamine WT dye was applied to three 4-ha (l Q-acre) 
Eurasian watermilfoil-infested plots on the Pend Oreille and Columbia 
Ri vers, Washington (Figure 1). The first Pend Oreille River treatment 
(Plot PR-61) was located approximately 0.5 km upstream from river mile 61, 
between the western shore of the river and a narrow island directly to the 
east. The depth in Plot PR-61 ranged from 1.1 to 2.2 m, with a mean 
depth of 1.7 m. The second Pend Oreille treatment (Plot PR-LCB) was sit­
uated within Lost Creek Bay, approximately 0.3 km downstream and north­
west of river mile 48. The depth in Plot PR-LCB ranged from 1.3 to 2.0 
m, with a mean depth of 1.8 m. Eurasian watermilfoil was the dominant 
submersed macrophyte in both plots (estimated cover =90 percent), and 
shoots were at, or near, the surface at the time of dye application. 

Discharge rates measured from the US Army Engineer Albeni Falls 
Dam, located approximately 45 to 70 river-km upstream from the Pend Or­
eille plots, ranged from 283 to 436 m3/sec (10,000 to 15,400 cfs) during 
the study. These rates are typical August discharges for Albeni Falls Dam. 
Mean water flow, measured with a Marsh McBirney digital flow meter 
(Model No. 20 I), was 2.0 em/sec in Plot PR-61 and < 0.3 em/sec in Plot 
PR-LCB. 

The Columbia River treatment (Plot CR-DP) was located approximately 
20 km upstream from the Chelan County Public Utility District Rocky 
Reach Dam. This plot was established approximately 0.5 km downstream 
from the southern boundary of Daroga Park, near the eastern shore of the 
river. The depth in Plot CR-DP ranged from 1.0 to 1.9 m, with a mean 
depth of 1.5 m. Eurasian watermilfoil was the dominant submersed 
macrophyte in the plot (estimated cover =95 percent), and shoots were at, 
or near, the surface at the time of dye application. 

Rhodamine WT was tank-mixed with river water and applied by airboat 
using a pressurized, diaphragm pump fitted with short (0.5-m), stern­
mounted hoses to achieve a concentration of 10 J.lgIL (ppb) dye throughout 
the water volume of each plot. Rhodamine WT dye is approved for use in 
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Figure 1.	 Dye treatments on Pend Oreille (Plots PR-61 and PR-LCB) and Columbia 
Rivers, Washington, 1990 

potable water by the US Environmental Protection Agency (EPA) at con­
centrations up to 10 IlglL, and is routinely used for water tracing and ex­
change studies (Johnson 1984; Kilpatrick and Wilson 1989). In addition, 
Rhodamine WT has been shown to be resistant to most processes that 
could lead to reduced dye concentrations over a period of up to 2 weeks, 
such as photodegradation, biodegradation, adsorption to sediment, and up­
take by submersed plants (Smart and Smith 1976; Smart and Laidlaw 
1977; Fox, Haller, and Getsinger 1991; Turner, Netherland, and Getsinger 
1991). 

Fi ve sampling stations were established in each plot (Figure I), and 
dye concentrations were measured simultaneously at 25-cm intervals from 
surface to bottom. Dye was monitored using a calibrated Turner Design 
Model 10-005 field fluorometer fitted with a high-volume, continuous­
flow cuvette system, and a thermocouple thermometer to allow for cor­
rected dye readings (Smart and Laidlaw 1977). Plot PR-61 was monitored 
for 12 hr posttreatment, Plot PR-LCB for 120 hr posttreatment, and Plot 
CR-DP for 30 hr posttreatment. Dye half-lives within each plot were cal­
culated by regressing the natural logarithms of dye concentrations (from 
individual, selected, and all stations within the plots) over eight sampling 
time intervals. 

Chapter 2 Materials and Methods 
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Slow Release Matrix Device (SRMD) Dye 
Applications 

SRMD Design 

Thirty-three SRMDs were obtained from Accugran, Inc., Minneapolis, 
MN. These prototype devices consisted of a plastic housing and a matrix 
core of calcium sulfate (gypsum), as depicted in Figure 2. The plastic 
housing was constructed from OA8-cm thick, polyvinyl chloride pipe 
(Schedule 40) that was 7.6 cm wide by 31.1 cm in diameter. Three 0.56­
cm eye screws were attached to the housing at selected locations for sup­
porting and anchoring the SRMD at various.depths in the water column. 
In addition, 0.56-cm hardware screen was placed over both sides of the 
SRMO to prevent the matrix material from escaping from the housing fol­
lowing installation. The patented matrix (see patent information, Appen­
dix A) was composed of gypsum containing 30 percent by weight of a 
40-percent rhodamine WT dye. Average weight of each SRMO (matrix 
plus housing) was 7A kg (±0.2 kg SO). Based on estimated water ex­
change rates during August on the Pend Oreille River, the SRMDs were 
designed to provide a dye concentration of 10 /lglL in the water column 
over a 14-day time interval. 

0.56 ell 
EYE BOLTS 

CURRENT FLOW< I 

SRIID HOUSING 
IIATRIX 0.56 CII HMDNME 
I. JOY. RHODAMINE CLClTH SCREENarE LOAD 0.48 ell PIC
2. GYPSUII 7.6 ell WIDE 

J/.ICII DIAMETER 

AVERAGE WT • 7.415 kg
 
MATRIX +
 
DISPENSER (16.33 Ibs)
 

AVERAGE WT • 0.852 kg 
DISPENSER (1.87 Ibs)ANCHOR 

Figure 2. Schematic of SRMD 
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Plot description 

Two treatment areas (Plots 1 and 2) were established in the Pend Or­
eille River near river mile 61 (Figure 3). Eurasian watermilfoil comprised 
an estimated 90 percent, or more, of the submersed plant coverage within 
the plots, and plant shoots were within 15 em of the surface during the 
course of the experiment. River discharges, measured at Albeni Falls 
Dam, ranged from 286 to 447 m3/sec (10,100 to 15,800 cfs) during the 
6 through 17 August 1990 study period (Appendix B, Figure Bl). 

Plot 1. This mid-channel plot was 0.4 ha in size, with sampling sites 
(SS I through SS4) established in the center of each plot quadrant (Figure 4). 
Plot depth ranged from 0.8 to 2.5 m, with a mean depth of 1.8 m. Two ad­
ditional sampling sites were located in deeper water, 60 m downstream of 
the northern edge of the plot (SS5) and 30 m from the western edge of the 
plot (SS6). Depths for sampling sites SS5 and SS6 were 3.6 and 3.0 m, 
respecti vely. 

Duplicate flow rates were taken prior to deployment of the SRMDs at 
sampling sites within the plot and at the comers of the plot at mid-depth 
using the digital flowmeter. Flow rates ranged from < 1.5 to 6.1 em/sec, 
with an average flow rate of 3.0 em/sec. The highest flow rate (6.1 em/sec) 
was measured at the southeast comer of the plot, located adjacent to 

I ____ z~ 

I 

c~~~€.\.. 

"'~~ 

, 

Figure 3. SRMD treatment plots on the Pend Oreille River, Washington, 
1990 
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emergent vegetation (Scirpus spp.), which probably influenced the water 
currents denoted by arrows in Figure 4. 
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Figure 4.	 5chematic of 5RMD Plot 1 on the Pend Oreille River, Washington, 1990, 
depicting location of 5RMDs and sampling stations (551-556) 

On day 0, 13 SRMDs were suspended (at mid-depth) approximately 
17 m upstream of the southern edge of the plot, and spaced at 6-m intervals 
(Figure 4). Four additional SRMDs were deployed in the same location as 
the original thirteen, two on day 3 and two on day 4. Visual inspection of 
each SRMD was conducted on a daily basis to determine matrix consistency 
and longevity. Dye concentrations were measured at 30-cm intervals from 
the water surface to the bottom using a calibrated fluorometer (as pre­
viously described in the conventional dye application section) at 6 and 
24 hr, and daily for 10 days after deployment (DAD). 

Plot 2. Plot 2, 1.1 ha in size, was isolated from the main river channel 
by a narrow island, with five sampling sites (SS 1 through SS5) estab­
lished within the plot (Figure 5). In addition, sampling site SS6 was lo­
cated 90 m downstream from the northern edge of the plot. Plot depth 
ranged from 1.8 to 2.4 m, with an average depth of 1.8 m. Duplicate flow 
rates were taken (mid-depth) at sampling sites within the plot and at the 
corners of the plot. Row rates ranged from < 0.3 to 6.1 cm/sec, with a 
mean rate of 2. I cm/sec. 

On day 0, thirteen SRMDs were suspended upstream of the plot (as de­
scribed for Plot 1), followed by deployment of one SRMD on day 2 and 
two SRMDs on day 3. Visual inspections of SRMDs were conducted and 
dye concentrations were measured (as described for Plot I) on a daily 
basis for 9 DAD. 
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3 Results and Discussion 

Conventional Dye Applications 

Pend Oreille River plots 

Plot PR-61. Dye half-lives and regression equations for Plot PR-61 
are presented in Table 1. Mean dye half-life (calculated with data from all 
sampling stations) for this riverine plot was 8.8 hr. The mean dye half­
lives for Stations I + 2 (6.3 hr) were shorter than half-lives for Stations 4 
+ 5 (16.8 hr). These results were not unexpected, since Stations I and 2 
were located upstream of Stations 4 and 5. Dye-treated water in the up­
stream portion of the plot flowed downstream and increased the dye reten­
tion time in that portion of the plot. The previously noted conservative 
nature of rhodamine WT demonstrates that dye half-lives reported for 
these studies would provide accurate information concerning water ex­
change characteristics in the plots. 

Dye was concentrated in the upper 100 cm of the water column in the 
plot, and generally low levels of dye were measured in the bottom waters 
(Appendix B, Figures B2 through B9). Undoubtedly, lateral water flow, 
water temperature, and the use of a shallow, subsurface application tech­
nique contributed to the stratification of dye in the water column. In the 
1988 Pend Oreille dye studies (Getsinger, Green, and Westerdahl 1990), 
two conventional liquid application techniques (shallow, subsurface injec­
tion versus weighted-hose, deep injection) were evaluated for dye distribu­
tion patterns. Results from this comparison showed that the deep 
injection technique could enhance the water-column distribution of a liq­
uid formulation; however, if plants were at or near the surface, weighted 
hoses employed in the deep injection technique were buoyed to the sur­
face by the plant biomass during the application. Under those conditions 
there was little distribution advantage provided by the long, weighted 
hoses. Moreover, the weighted hoses readily entangled with vegetation 
dragging large, heavy mats of plants beneath (or behind) the application 
boat. Since plants were at or near the surface throughout Plot PR-61, a 
shallow, subsurface application technique was used. 
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Table 1 
Half-lives and Regression Equations for Dissipation of Dye 
from Plots Treated with Conventional Application Techniques 
in the Pend Oreille and Columbia Rivers, Washington, August 1990 

Regression Line
 
Plot
 Half-life (hr) r2Station C. =Co - 8(t) 

Pend Orellie 

8.8PR-61 1-5 0.99Y=2.44 - 0.078t 
6.3y., 2.26 - 0.109t 0.881+2 

4+5 -- Jj-= 2.46 - 0.0411 

PR-LCB 1-5 Y=3.24 - 0.0191 
Y., 3.29 - 0.01911+2 

4+5 Y"' 3.22 - 0.0191 

Columbia 

16.80.82 

36.30.97 
35.40.86 
37.00.74 

CR-DP 1-5 Y= 2.09 - 0.0571 0.80 12.2 
1+2 Y=2.50 - O.045t 0.79 15.4 
4+5 Y., 0.28 - 0.0691 0.34 10.0 

Note: C, ., dye concentration at time t (inverse In y., estimated [dye]). 
C2 =dye concentration at time O. 
a = slope of regression line (dissipation factor). 

The 8.8-hr half-life in Plot PR-61 was over four times longer than the 
mean dye half-life (2.0 hr) following treatment of a different Pend Oreille 
riverine plot in August 1988 (Getsinger, Green, and Westerdahl 1990). It 
should be noted that this dye dissipation disparity occurred even though 
the river discharge rate of August 1990 (283-436 m3/sec) was over twice 
that of August 1988 (113-170 m3/sec). The 4-ha Plot PR-61 was consider­
ably larger than the 0.5-ha 1988 plot, and was situated in a more protected 
location with respect to the main river channel (Le., between the shore and 
a narrow island) than was the 1988 plot (which was located adjacent to the 
main channel). Apparently, these two factors counteracted the greater 
river discharge in 1990, contributing to slower dissipation of the dye in 
Plot PR-61. 

Plot PR-LCB. Mean dye half-life (calculated with data from all stations)
 
was 36.3 hr in this protected, cove plot (Table 1). Mean half-lives for the
 
northern portion (Stations I and 2) and the southern portion (Stations 4
 
and 5) of the plot were similar, 35.4 and 37.0 hr, respectively. Dye was
 
more evenly distributed throughout the water column in this plot than in
 
Plot PR-61 (Appendix B, Figures B10 through B16). Enhanced water­

column mixing and similar dye half-lives at different stations would be
 
expected to occur in the more quiescent waters of Lost Creek Bay, versus
 
the more hydrodynamic conditions of Plot PR-61.
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As was the case for Plot PR-6I, the half-life in the 4-ha Plot PR-LCB 
(36.3 hr) was considerably longer than the half-life from a O.4-ha plot 
(16.0 hr) in Lost Creek Bay treated with dye in August] 988 (Getsinger, 
Green, and Westerdah] ]990). The larger size of the] 990 cove plot 
probably contributed to a longer dye half-life. In addition, the] 990 river 
discharge created a higher river stage, increasing the water volume of Lost 
Creek Bay, compared to 1988. This increased volume, and the potential 
reconfiguration of sand bars near the mouth of the bay, could have pro­
longed the bay's flushing rate and increased the half-life of the dye. 

Columbia River plot 

Plot CR.;DP. Dye half-lives and regression equations for Plot CR-DP 
are presented in Table]. Mean half-life (calculated with data from all 
stations) for this plot was] 2.2 hr. As in the Pend Oreille riverine plot 
(P]ot PR-6]), dye dissipation was more rapid (half-life = ]0.0 hr) in the 
upstream portion (Stations 4 + 5) versus the downstream portion (Stations 
1 + 2; half-life = ]5.4 hr) of Plot CR-DP. Water flow in this stretch of the 
river fluctuated slightly during the dye application period. Within minutes 
after initiation of dye treatment, flow velocities increased more than 
3 cm/sec in a downstream direction (for approximately 45 min) and then 
returned to a velocity less than 1 cm/sec. These flow rate variations were 
caused by the electric power-generating operations of the Rocky Reach 
Dam, some 22 km downstream from the plot. The flow fluctuations im­
pacted the dispersion of dye in the upstream portion of the plot to a 
greater degree than in the downstream portion. This may have contributed 
to the higher variability in dye concentrations measured at Stations 4 and 
5, and the low regression coefficient (r2 = 0.34) for the calculated half-life 
in the upstream portion of the plot. 

Highest dye concentrations occurred in the upper 75 cm of the water 
column in all stations, and vertical distribution of the dye was more com­
plete in downstream stations (Appendix B, Figures B17 through B22). Fol­
lowing the flow fluctuation period mentioned above, dye concentrations 
remained relatively constant (or decreased gradually) at most stations 
through 8 hr posttreatment. Since this period of slow water exchange 
could be extremely critical for enhancing herbicide contact time (and 
therefore efficacy), future chemical treatment programs should be closely 
coordinated with the operating schedules of associated dams. 
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SRMD Dye Applications 

SRMD Plot 1 

Mean daily dye measurements for internal sampling sites (SS I + SS2
 
and SS3 + SS4) are plotted in Figure 6. Dye measurements for external
 
sampling sites (SS5 and SS6) were not averaged and are presented in Fig­

ure 7. There was a large release of dye (> 100 JlglL and up to 130 IlglL)
 
at all internal sampling sites 1 to 2 days following the deployment of the
 
SRMDs. This early outburst of dye was followed by stepwise declines of
 
dye for a period of up to 10 DAD. Some of the variability in dye release
 
might be attributed to th-e"fluctuation in river flows during the study. As
 
shown in Appendix B (Figure B1), river discharge rates were lowest at 1
 
and 2, and 8 through 11 DAD.
 

In most cases, the target concentration of 10 IlglL dye in the water col­

umn was met or exceeded. Higher dye concentrations were found at
 
lower depths, especially at 1.2, 1.5, and 1.8 m, whereas dye concentra­

tions measured at the 0.3-, 0.6-, and 0.9-m depths more closely approxi­

mated the target dye concentration. Dye concentrations at the internal
 
sampling sites were still near 10 JlglL at 7 DAD.
 

Dye concentrations (1 to 17 IlglL) were found approximately 60 m
 
from the downstream edge of the plot (SS5) for up to 10 days, and some
 
lateral movement of dye was measured to the west of the plot (SS6) up to
 
3 DAD. However, concentration in these external sampling stations de­

clined during the 4- to IO-DAD period. Dye levels at SS6 (west of the
 
plot) were well below 1 IlglL by 3 DAD and levels at SS5 (downstream
 
from the plot) were between 1 and 2 Ilg/L by 8 DAD.
 

Channeling of dye was visible as distinct color bands in the upstream
 
area of the plot as dye was released from the SRMDs. Channeling was
 
not evident towards the downstream portion of the plot. The SRMDs de­

ployed upstream and southeast of the plot (and adjacent to the emergent
 
vegetation) on 3 and 4 DAD improved the dye coverage in the eastern por­

tion of the plot.
 

S'RMD Plot 2 

Dye concentrations measured at internal sampling sites SS I + SS2 and
 
SS4 + SS5 were averaged and plotted over 9 days (Figure 8). Dye was
 
measured at internal sampling site SS3 and external sampling site SS6,
 
and dye concentrations were not averaged at those sites (Figure 9). Sim­

ilar to Plot I, there was a large, initial release of dye measured (up to 82
 
IlglL) at all internal sampling sites I day following deployment of the
 
SRMDs. Dye levels decreased to more moderate levels by 3 DAD.
 
Again, some of the variability in dye concentrations observed during the
 
study might have been related to fluctuating river flows.
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Figure 6. Dye concentration (lJ.g/L) at sampling stations SS1-SS4 in SRMD Plot 1, 
Pend Oreille River, Washington, 1990 
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Figure 7. Dye concentration (~g/L) at sampling stations SS5 and SS6 outside of SRMD 
Plot 1, Pend Oreille River, Washington, 1990 
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Figure 8.	 Dye concentration (J.l.g/L) at sampling stations 881, 882, 884, and 885 
In 8RMD Plot 2, Pend Creille River, Washington, 1990 
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Figure 9.	 Dye concentration (~g/L) at sampling stations SS3 (interior) and SS6 (down­
stream) In SRMD Plot 2, Pend Creille River, Washington, 1990 
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At the majority of sampling times, higher dye concentrations were in 
the water column at the 1.2-, 1.5-, and 1.8-m depths. These dye values 
met, or exceeded, the target dye concentration of 10 JlglL. Dye levels at 
sampling depths of 0.3, 0.6, and 0.9 m more closely approximated the tar­
get dye concentration (10 JlglL) than did dye levels at greater depths. Dye 
values were near 1 JlglL by 9 DAD at all sampling sites. Dye concentra­
tions in the external, downstream sampling site (556) followed patterns 
similar to those found in the internal sampling sites. 

SRMD longevity 

Although designed for a life of 14 days, longevity of 5RMDs ranged 
from 3 to 8 DAD (Table 2). The large amount·of water required to make 
the gypSUm/dye matrix used in these studies caused the 5RMDs to be 
somewhat soft in texture (as opposed to the hardened gypSUm/insecticide 
matrix). Daily visual inspections revealed that the soft matrix material 
was eroding away from its external housing at a rate faster than expected. 
This hardness and erosion problem is not anticipated in the construction 
of gypsum/herbicide 5RMDs. The ratio of herbicide active ingredient to 
inert matrix will be much lower than that of the dye to inert matrix ratio, 
and this factor should increase the longevity of the 5RMD. In addition, 
technology being developed by Accugran, Inc. will allow encapsulation 
of formulated products that may contain only 40 to 50 percent active 
ingredient. 

Table 2
 
Longevity of Slow-Release Matrix Devices in the Pend Oreille
 
River, Washington, August 1990
 

Plot 1 Plol2
 

No.ofSRMDs
 Longevity No.ofSRMDs Longevity 

1 13 days 4 days
 
5
 4 days 3 5 days
 
5
 5 days 5 6 days
 
5
 6 days 3 7 days
 
1
 Bdays 4 Bdays 

Potential Use of Herbicides 

A summary of herbicide concentration/exposure time (CET) relationships 
for Eurasian watermilfoil (determined in laboratory evaluations at WE5) is 
presented in Table 3. Results from these studies showed that concentrations 
approaching the maximum label rates for endothall (7-oxabicyclo[2.2.1] hep­
tane-2,3-dicarboxylic acid), triclopyr ([(3,5,6-trichloro-2-pyridinyl)oxy]­
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acetic acid), and 2,4-0 were capable of providing 85 to 100 percent con­
trol when the target plant was exposed for 8 to 12, 18, and 24 to 36 hr, 
respectively. 

Table 3 
Estimated Concentration/Exposure Time Relationships 
for Controlling Eurasian Watermilfoil Using the Herbicides 
Endothall, 2,4-0, and Triclopyr 

Exposure TIme (hr) 
Herbicide Concentration (mg/l) for 85-100% Control Source 

Endothall Netherland, Green, 0.5 48 
and Getsinger 19911.0 36 

2.0 24 
3.0 18 
4.0 12 
5.0' 8 

2,4-0 0.5 72 Green and Westerdahl 
1.0 48 1990 
1.5 36 
2.0' 24 

Triclopyr 0.5 48 Netherland and 
1.0 Getsinger 199236 
1.5 24 
2.0 18 
2.51 18 

1 Maximum label rate. 

When these herbicide CET relationships are compared with the water­

exchange information obtained from the conventional dye applications, it
 
is apparent that endothall should provide the most effective control in ex­

posed riverine locations (e.g., Plots PR-61 and CR-OP), while all three
 
herbicides should provide acceptable control in protected cove sites (e.g.,
 
Plot PR-LCB). Gibbons and Gibbons (1985) reported good initial "knock­

down" of Eurasian watermilfoil shoots following two successive 2,4-0
 
treatments in riverine plots on the Pend Oreille River, but plant biomass
 
was only reduced by 50 percent the following growing season. These au­

thors concluded that multiple 2,4-0 treatments over several years would
 
be required to effectively control Eurasian watermilfoil in selected Pend
 
Oreille River locations.
 

Although contact herbicides, such as endothall, can provide excellent
 
"knock-down" of standing shoot mass following relatively short exposure
 
times, mature, robust target plants can resprout from unaffected rootcrowns
 
a few weeks after treatment. Under optimal conditions, growth from these
 
rootcrowns can reach nuisance levels during the same growing season of
 
the initial herbicide application. Unlike contact herbicides, systemic
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compounds, such as 2,4-D and triclopyr, can be translocated throughout 
the shoot and root systems, potentially providing complete kill of the tar­
get plant. However, systemics require a long exposure time, which nor­
mally limits their effectiveness in hydrodynamic environments leading to 
regrowth of treated plants in the same growing season. 

Dye release rates from SRMDs used in this study demonstrated that 
this type of innovative application technique has the potential to improve 
efficacy of herbicides (particularly systemics) in flowing-water environ­
ments. If herbicide release rates can mimic the 7-day (168-hr) dye release 
rate from the SRMDs, CET relationships clearly demonstrate that the tar­
get plants will have received a lethal chemical dose. Preliminary results 
from laboratory experiments conducted at WES have shown that a small­
scale version of the gypsum matrix released 2,4-D and triclopyr for peri­
ods of up to 7 days (Netherland 1992). Furthermore, an EPA-approved 
insecticide/gypsum matrix can release the active ingredients methoprene 
and temephos for up to 150 days (Netherland and Getsinger 1991). These 
findings indicate the need for continued evaluation of the SRMDs and/or 
other gypsum/herbicide formulations for controlling submersed plants. 
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4 Conclusions and 
Recommendations 

Conclusions 

Water-exchange characteristics (derived from conventional dye applica­
tions and SRMO deployments) and results from previous laboratory con­
centration/exposure time studies indicate that the herbicides endothall, 
2,4-0, and triclopyr are candidates for controlling Eurasian watermilfoil 
in selected locations on the Pend Oreille and Columbia River systems. 
Also, plot size can affect potential herbicide contact time around target 
vegetation, when using conventional application techniques. Finally, re­
lease rate characteristics of rhodamine WT from SRMOs demonstrate that 
these devices have the potential for controlled-release delivery of aquatic 
herbicides. 

Recommendations 

Recommendations for the field evaluation of herbicides for controlling
 
Eurasian watermilfoil in rivers of the Pacific Northwest are:
 

a.	 Evaluation sites for conventional applications should be at least 4-ha 
in size and located where potential herbicide contact time is greater 
than 8 hr, such as protected coves and bays, or riverine areas 
separated from the main channel flow. 

b.	 The systemic herbicides 2,4-0 and triclopyr should be evaluated in 
protected riverine and cove locations, while the contact herbicide 
endothall should be evaluated in open-river locations. 

c.	 Effects of upstream and downstream dam operations should be
 
evaluated with respect to herbicide treatments.
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d.	 Gypsum matrix devices, and other potential carriers, should be 
evaluated for the slow release of 2,4-0 and triclopyr in hydraulic 
channels or in the field. 
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Appendix A 
Slow Release Matrix Device 
Patent Information 

A1Appendix A SRMD Patent Information 



United States Patent 119) (II) Patent Number: 4.732,762 

~J08rOn _. _ (01 Date of Patent: ~lllr. 22, 1988 

J.~U.JlI 4/197' I.....' __.__._..._,,_._ lUlU:IS4) nM~D REf.EASt: rU7 COI'mtOl. 
4.0U.•n '/19" MutUtr __.".",_"_,_,, 11/601 FCOMroSlTlON ANI) MEANS 4.0J6.610 .1/1917 UI.wr. Jr. II ,I. __.__.• 414/JJ

["J f"varllon RoMrt D. Sjosna, St. l'lIuI. MIM. 4.0n.SJJ 411.7. WiurellftlOlr ._.....,.._..._ .. ""1 
4.16).614 11191. lIteft ._. I06IU.05

["1 AIII.-, M.,ropoUlU .......110 CoeltOl 4.21U" " ..ao McCCIrlIIlak _. S16I161 
DI,lrtcI. 5•. PauL Mlnn. ..nu9I "1911 Jarr. __...._ .. 152/JI6 

(21) AppL NG.' 7tCoMl I'OIlI!ION PATENT DOCUMENTS 
(22J PIled: Mar. 20. I'" lomn 1/1t79 Cal\llle 

20112" 1111"1 fed. kp. of 0,'-11)' • 
..... U.s. _Ilea.... Deta 274'4&5 Jllm Fill. kp. of o.nnuy . 

n·"", "It" ,."", ..
(6)1 Coft&lIolIa... 01 Su. No. 41UU, Wu. '. "11. abe....... amPA PUBUCATIONS ,.

AbilrAel-hp_ ...telIl JAD94426, 1-10. ."J Ia,. a.- '- ­ ,uIN 211Mfn u.s. a. OH"._.__ 424/409; '1167; Technical Dullellrl! AhOlid ~ Driqucl't'roduet Appll· 
711D1a. 5; 4241401; 5141122 callolll Dulletlu, Zcocou <::or,L. Plio Allo. CaUf. 

(SIJ 1'IeIlI.t Seareh __._. 7116'7.1)10. ,; 424/16, Kina. Chern. AIML vol. 71 (1969) 1049.011. 
424/19. u,11.~, 401; 5141122 ASullILln No. TAC-lsu, MPIQIOl Mia"', I'rucedur,,". 

Uniled SIlIII Oyptum, Chg.o. UI.['fll Rlr_ttI Ctn 
him_", &.IIl'II~r-C'lhcrlIlO1.. MIU,U.S. PATENT IXX.'UMllNTS 
""_,,. Ar'lIf, IN M",,-Mcrc:lwlI. Oould. Smith. 

1le.2'7,2UII/I"1 S~~IlM.. • 7112' Edell. Weller. Schmid,
 
2,W...I "'14' Dreylla. I"no
 
J,264.'14 111166 Ucl,. cia'. _ llIDIO. S (57) AUSTRACT

U',,''O 4/1'" UwkI".L JU/4OJ A OMII'OIIcd NOW rell... l'1li eonllUl compCllitlon
~.WU 511"S '1ncI.....__ 4)t/1t 

comllrilin, an cnc'plulalecl pnc.ioIde. c:arOcm all4 pla•• ""1.'" 61lns Ariel 42412 It 
),t04M2 "1'" II,Met'l al. . _ ''01410 ler.
 
J.tZI.IU IIIII"S lleuto1l" Il. 4241J12
 
JotJO,..1 411'" I'll.,.. _106IJ06 13 Cal... N. On.,... 

A2.
 
Appendix A SRMD Patent Information 



United States Patent (19) [II) I'atent Number: 4,670,039
 

SJoarCD [4') J)ate of Patent: Jun, 2. 1987
 
..---------_. . . ._­

~.v~II.UI 4/1"6	 rll.rim 11l1li,101.I~I nMFJ) .t:I.t:A.'ly' .·t:nll.I".t:M 
.1.'~.1,)" 4/1"10	 La_r _ .._. lUISJIOOMI'OSITIUN ANI> Mt:ANS 
4.lllUI' 4/1'77 k~.I)' '1164.11 X 

("1 JDYCIllor: ••rl P. SJul'ra, SI. I'lul. Minn. 4.l1Z.1.'!) "1917 M~lItr '"''_'__ ''__'_''' 71/M.1\ 
4~."U 1111'77 1I1rkr, h. o. II.....__.._ .. 414l.llIU) Auiance: Mr1ropoU111I 1010,,11.110 COlIlrol 4.0IJ.53) 4119" WjUtfllofllC\k ~ .1. ._._ 71/M.11 X 

blatrltl, 51. rlul. Minn. 4."3.'14 III'" lIun ._... .. 116115.'" 
4.12""') "1910 M~"rmio:1t _._...._ ...._. Jaln61PlI AI'JlI. No.: 13"'21 U7U'. WI9I1 J.tr•._... ._.__ IU/ll6 
4.~.4)' tlltlS ItUI'IIIClI ._._.__.__• 1061110",(22) F"a1ecI:	 Mar. '. 1916 

t'olu,lnN 1'A1~N'" '){)(.'lIMHNl"SMdal.. U.s. A"lIttllOll U.,. 
1047172 111'79 (.-.n.cIo _.__....... '11".11
 

16)) e-........... In. N... "',)2', "hr. 14...." .......
 2Ol12'9 11/1911 I'rd. Ih,.. 01 OUII\IJlJ .•_ 71/64.11 
...... w..~ h • _lau.,..... 01 kr. ND. 471,7n, lCoSS4lO WI!rT7 ....01. It.... or Urnnan, .._ ""'.11 
Mar. '. 1m, MiMUMd. 274)415 .I/197V !'ed. Itql. O((Ht1IIIIl, __ '11104.1\ 

('I) Jilt. a.4 • ~__ a,s 1I1lM; CO'B 1100; Wl»lo'J "1917 'lIplIft _ """.11 

AOIN 2'100; C:t1411 11100 trI JlUR l'UULlCA110NS (52)	 lIA U. " _.. _. 1UUt 11m; 
71/64.11; 11/64.13; 11190); 1116/110 "WIt.1 O),,,,UlII Plallen Call Do I'or You", UnJled 

I'll l'IIU.r Sean* -__..__. 11/)4, ", ". 64.111, 5111e1 OY!"'UDI Company, ~191'. 

'1/64.lI, 64.13, go}; 1061110 "Miller Milina Proccdurca", Dulletin No. 'I'ACI50 or 
u.s. O)'.-nm c:amlNlny.(56)	 RIf.,... Ul.. "l>ryin, car l'Wler Cuu", ..ulltllil No. 'rAe 141. 

U.s. PATENT DOCUMENTS I'ri_" JI.x/l",i..,,...-DcmaId R. VIIClIline
 
... 2',2.]' Il/lt'l SiaMlou'1' CI II...__.._. 71/114. \I X
 A'If1nI~" ~/I" ~ Flm.-Mell:halll. Owlll, 5111111..2,401....	 .. lIo7lJlJ"I'" l),rl'l.1 _._.__

t!dcll. W"h"r " SChDlld12.17'''" II""	 H , "' II. _ 71Il1O) X 
),12S.411 l/l... lkldl(Cf CI at _. 71/C.U I II (S7J AllWRACf
 
3,264.1&4 III'" Orl.~r _._ _ 1.7".1
 A ~Irolled lI"w rel_ (erilliaer ~JlOIilioll wm­1,2"'."' 11111... __ 71/64.11 xRrid 

rrUinA In &:IICIJlIUIIled (erlllller, 'vbon and pl_ler.),5'''* 41"" 0wI0I ft II oo 2W40J 
, ••u.n6 ,"m	 lIrllldllunw .. oo _ 414/.' 
3,"1,'" WI'"	 Arlro 4Z41219 23 (:I.IIllI, No U,..h,p 

Appendix A SRMD Patent lnfonnation	 A3 



Appendix B 
River Discharge Rates 
and Dye Concentrations, 
Pend Oreille River, Washington 

Appendix 8 River Discharge Rates and Dye Concentrations 81 



17 iii iii i I I 

DISCHARGE RATES (USGS) DURING STUDY 

16 

15 

0 z 
a 
u ..... 14
Vl ~ 

Vl 
a:: 0 ..... :r 
a. Vl 
I­ :::J 

a..... ..... :c: 
L... I-... 

13 
iii 
u 
:::J 
U 

12 

11 

10 I J I I ! I ! I ! ! I , ! I 

o >­ >­ >­ >­ >­ >­ >­ >­~ < ~ < < < < ~ < < < 
o o o o o o o o o o o 

N P'l v III CD co en -­~ -­'" 

Figure 81. Discharge rates from Albeni Falls Dam during SRMD studies on the 
Pend Oreille River, Washington, 1990 

Appendix 8 River Discharge Rates and Dye Concentnltions 
82 



"0
>
"i 
:l 
B: 
)( 

a:J 

;!! 
~..
 
0;;. 
g. 
1II 
ca 
Gl 

XI 
1II 
Ii 
lit 

1II 
:l 
Q. 

0 
'< 
Gl 

0 
0 
J 

8 
:l 
t;' 
1II e. 
0 
:l 
lit 

40 
35 
30 
25 
20 
15 
10 
5 

Station 2 

. . 
. . . . 

00 2 4 6 8 10 12 14 

Flow 
~ 

40 
35 

~30-0> 25 
2, 20 
Q) 15
>0­a 10 

5 
0 

0 

. . 

2 

Station 1 

. . 
64 8 

Hour 
10 12 14 

PLOT PR-61 
Surface 

40 
35 J Station 5 
30 

25 
20 

15 
10 
5 
O. 

0 2 4 6 8 10 12 14 

40 
35J Station 3 
30 
25 
20 

15 
10 
5 
O. 

0 2 4 6 8 10 12 14 

40 
35J Station 4 
30 
25 
20 
15 
10 
5 
O~·~ 

o 2 4 6 8 10 12 14 

to 
(,,) Figure 82. Dye concentrations (J..lglL) in Plot PR-61 at surface in Pend Oreille River, Washington, 1990 

I 



I 

tJ:J 
~ 

> 
"0 
"0 
CD 
::l 
Q. 
;C' 

m 

JJ 
~. 
., 
0 

~ 
III... 

lD 
CD 

JJ 
III
 
Ii)
 

'" 
~ 
Q. 

0 
'< 
CIl 
() 
a 
::l 

S 
::l 

iii 
cr. a 
::l 

'" 

I 

40 

35 
30 

25 
20 

15 
10 
5 

0 
0 

. 

. 
2 

Station 2 

. . . 

4 6 8 10 

. 

12 

40 
35 

_ 30 

rn 25 
2. 20 
Q) 15 
>­o	 10 

5 

Flow 
~ 

Station 1 

. . 
.
. 

00 2	 4 6 8 10 12 

Hour 

PLOT PR-61 
Depth 25 em 40 

35 J Station 5 
30 

25 

20 
15 I • • 
10 
5 

14 0 
0 2 4 6 8 10 12 14 

40 ] 
35 Station 3 
30 

25 
20 

15 
10 

5 

0 
0 2 4 6 8 10 12 14 

40 
35 J Station 4 
30 
25 
20 
15 
10 
5 

14 
o . 

0 2 4 6 8 10 12 14 

Figure 83. Dye concentrations (Jlg/l) in Plot PR-61 at 25-cm depth in Pend Oreille River, Washington, 1990 



III 

>
"0 
"0 

~ 
a.;C. 

m 

:II:co 
40~ 

0 35in 
0 
=r 30 
III .a 25 
III 

:II 20 
III 

15iii 
II>
 

III
 10 
~ 
a. 5 
0 
"< 0 

Station 2 

. . .
. . . 
III 0	 2 4 6 8 10 12 14 
0 
0 
~ 

S 
~ 

~ 
III 
e. 
0 
~ 
II> 

40 
35 

_ 30 

rn 25 
2. 20 
Q) 15 
>­o	 10 

5 

Flow 
~ 

Station 1 

. . 
.	 . 

00 2	 4 6 8 10 12 14 

Hour 

PLOT PR-61 
Depth 50 em 40 

35 ~ Station 5 
30 
25 
20 
15 
10 
5 

00 2 4 6 8 10 12 14 

40 
35 ~ Station 3 
30 
25 
20 
15 
10 
5 
0 

0 2 4 6 8 10 12 14 

40 
35 ~ Station 4 
30 
25 

20 

15 

10 

5 
0 

0 2 4 6 8 10 12 14 

OJ Figure 84. Dye concentrations (llg/L) in Plot PR-61 at 50-em depth in Pend Oreille River, Washington, 1990 

I 

01 





)0­

" ~ 
:;, 
Q.
ie· 
lJl 

:Dc;. 
Q).... 
cv;" 
0 
:T
 
III
 .a 
Q) 

:D 
III
 
Ii... 
III
 
:;, 
Q. 

C 
"<
Q) 

0 
0 
:;, 

2
 
:;, 
~ 
III
 e. 
0 
:;, 

'" 

40
 
35
 
30
 
25
 
20
 
15
 
10
 
5
 

-
40
 
35
 

:::::::- 30
 
C> 25
 
::J

"-'" 20
 
Q) 15
>­
o	 10
 

5
 
0
 

PLOT PR-61
 
Depth 100 em 40
 

Station 2
 35 ~ Station 5
 
30
 
25
 
20
 

15
 
10
 
5
. . 000 2	 4 6 B 10 12 14 0 2 4 6 B 10 12 14
 

40
 
35 J Station 3
 
30
 

Flow	 25
 
20
~ 
15
 
10
 
5
 
0
 

0 2 4 6 B 10 12 14
 

40
 
35 j Station 4
 
30
 
25
 
20
 
15
 . 10
 

Station 1
 

. . .	 5
. . 0 
14	 0 2 4 6 B 10 12 14
0 2 4 6 B 10 12
 

Hour 

(D 
Figure 86. Dye concentrations (J.lglL) In Plot PR-61 at 100-cm depth In Pend Oreille River, Washington. 1990
 -...J 

I 



OJ 
0) 

40 
35 Station 2 
30 

25 
20 
15 
10 
5 
0 

0 2 4 6 8 10 12 14 

,. I
~ 
~ 
CD 
~ 
a.
;C. 

OJ 

!'
:II 

0
iii· 
g. 
!l 

CD
 
CD
 

:II 

~ 
'" CD 
~ 
a. 
0 
'< 

CD 

0 
0 

g ~ 

if 
~ 

0 
~. 

'" 
~ 

40 
35 

~ 30 
0> 25 -

2.	 20 
0> 15>0­
Cl 10 

5 

Flow 
~ 

Station 1 

. .. .
 
00 2 4 6 8 10 12 14 

Hour 

PLOT PR""61 
Depth 11 0-125 ~;m 

40 
35~ Station 5 
30 

25 
20 
15 
10 

5 
0 

0 2 4 8 8 10 12 14 
I 

40 
35 ~ Station 3 
30 
25 
20 
15 
10 

5 
0 

0 2 4 6 8 10 12 14 

40 
35 J Station 4 
30 
25 
20 
15 
10 

5 
0 

0 2 4 6 8 10 12 14 

Figure 87. Dye concentrations (J,1g/l) In Plot PR-61 at 110- to 125-cm depth in Pend Oreille River, Washington, 1990 



i 
>

::J 
0­)C. 

OJ
 

JJ
 
~. ... 
o
g;' 
g. 
DI 
C 
CD 

JJ 

~ 
'" DI 
::J 
0­

~ 
CD 
o 
o 
::J 
g 
::J 

i5 
o 
~. 

::J 

'" 

PLOT PR-61 
Depth 130-175 em 

40 

35 

30 

25Flow 
20 

~ 
15 

10 

5 

00 2 4 

I 

Station 1 
40 ' 
35 

-30:::::::. 
OJ 25 

2. 20 

~ 15 
Q 10 

5 

00 2 4 6 8 10 12 14 

Station 3 

6 8 10 12 14 

40 
35 ~ Station 4 
30 

25 

20 

15 

10 

5 

0 
0 2 4 6 8 10 12 14 

Hour 

~ Figure 88. Dye concentrations (J.1g1L) in Plot PR-61 at 130- to 175-cm depth In Pend Oreille River, Washington. 1990 



tIl ...... 
o PLOT PR-61 

Depth 200-225 em 

Flow 
----------~ 

>
"t:I 
"t:I 
CD 
;:, 
0­XO 

I40 -------=----;--- I 
aI Station 1 35 
::cCO - 30::::::.
CD.... 0) 25 
o
0;0 2. 20 
g. 

~ 15 
cC 
CD 

o 10
CD 

::c 5 
~ 00l10 2 4 6 8 10 12 14 
~ 
0­ Hour o 
"< 
CD 

() 
o 
;:, Figure 89. Dye concentrations (Jlg/L) in Plot PR-61 at 220- to 225-cm depth in Pend Oreille River, Washington, 1990 
S 
;:, 

~ .,-. 
o 
;:, 
l10 



"0
>
"i 
~ a. 
)C" 

OJ 

:II 
:C" 
~ 
0 
jj;" 
g. 
III .a 
CD 

:II 
III 
CD 
'" III 
~ a. 
0 
'<
CD 

0 
0 
~ 

2 
~ 

~ 
E:!" 
0 

'" 
~ 

70 

60-::::::. 50 
Ol 
2- 40 

Q) 30 
>­o 20 

10 

0 

70 

60 

50 

40 

30 

20 

10 

0 

, 

Station 1 
,. 

0 20 40 60 80 

Hour 

Station 4 . 
, 

, 

. . 
0 20 40 60 80 

PLOT PR-LCB 
Surface 

70 

60 J Station 2 
50 

40 

301' '. . . 
20 

10 

0 
0 20 40 60 80 

70 

60 J Station 3 
50 

40 J' • 
30 • 

20 

10 

01 
0 20 

, , 
40 

. 
60 

, 
80 

70 

60 J Station 5 
50 

40 

30 J '. 
20 

10 

0 
0 20 40 60 80 

Flow 
~ 

tIJ..... ..... Figure B10. Dye concentrations (llglL) In Plot PR-LCB at surface in Pend Oreille River, Washington, 1990 

I 



(D ..... 
I\) I 70 

60 

:::::::­
(J) 
::J-

50 

40 

Q) 
>. o 

30 

20 

10 

00 

7tl~ 
"l:l 
"l:l 
CD 60 
:J 
a. 50x· 
OJ 40 

JJ 30c;. 
CD... 20 
0
Vi· 10 
a 
:::r 0IU 

Station 1 

.. 
20 40 60 80 100 120 

Hour 

•. Station 4 
• 

. 
0 20 40 60 80 100 120.c 

CD 

JJ 

~ 
en 

I~ 
a. 
0 
'< 
CD 

0 
0 

PLOT PR-LCB 
Depth 25 em 

70 

60 J 
50 

Station 2 

40 

30r•• 
20 

10 

0 
0 20 40 60 80 100 120 

70 

60 J Station 3 

50 

40 

30,. 

20 

10 

0 
0 20 40 60 80 100 120 

70 

60 J Station 5 
50 ,. 

40 
30 I.· 

20 

10 

0 
0 20 40 60 80 100 120 

Flow 
~ 

:J Figure 811. Dye concentrations (~g/L) in Plot PR-LC8 at 2-cm depth in Pend Oreille River, Washington. 1990 2 
:J 

if 
co. 
0 
:J 
en 



"0
>
"i 
:::J 
D­
ie· 
al 

::D 70
<"
CD., 60 
0 
0;" :::::- 50 

0)g. 
:J 40III ......­ca 

CD Q) 30 
::D 

620~ 
10'" III 

:::J oD-

Station 1 

• 

.. 
0 20 40 60 80 100 120o 

'< 
CD
 

0
 
0 
:::J 

2 
:::J 

:if 
e"
0 
:::J 

'" 

70 

60 

50 

40 

30 

20 

10 

Hour 

_ 

Station 4 

. 

. 
00 20 40 60 80 100 120 

[]J 
-0. 

PLOTPR-LCB 70 

60 J Station 2 
Depth 50 em 50 

40 

30 

20 ~ •• 

10 

0 
0 20 40 60 80 100 120 

70 

60 J Station 3 
50 
40 I. 

30 ,. 

20 

10 

0 
0 20 40 60 80 100 120 

70 

60i 
Station 5 

50 • 

40 

30 

20 

10 

0 
0 20 40 60 80 100 120 

Flow 
~ 

(,,) Figure 812. Dye concentrations (JlglL) in Plot PR-LC8 at 50-em depth in Pend Oreille River, Washington, 1990 

I 



m ..... 
~ I 70 

- 60 Station 1 
::::::. 
{J) 

2.. 
50 

40 

~ 30 • 

0 20 

>
'1:1 
'1:1 
CD 
:::3
 
0 ­;C. 
al 

:II c· 
~ 
0g;. 
0 
J 
Jl) 

Cl 
CD 

:II 

~ 
'" 
~ 
0 ­
0
 I
'< 

10 

0 " 
0 20 40 60 80 100 120 0 20 40 60 80 100 120 

70Hour 
60 J Station 3 
50 

40 

301.. 
20 • 

10 

0 
0 20 40 60 80 100 120 

70 70 
Station 4 60 J Station 5 60 

50 • 50 

40 • 40 

30 30 I " 

20 20. 
1010 . 

0 00a 20 40 60 80 100 120 20 40 60 80 100 120 

Flow 
~ 

PLOT PR-LCB 
Depth 75 em 

70 

60 J 
50 

Station 2 

40 
30 ,. 

20 1". 
10 

0 

CD 

() 
0 
:::3 Figure B13. Dye concentrations (~g/L) in Plot PR-LCB at 75-cm depth in Pend Oreille River, Washington, 1990 S 
:::3 

~ e. 
0 
:::3 

'" 



---

>
'0 

"2 
;;, 
a.;c. 
lJJ 

:II<. 
CD... 
0 

~ 
II) 

.a 
CD 
:II 

~ 
II'
 

ID

;;, 
a. 
0 
'< 
CD 
0 
0 
;;, 

2 
;;, 
~ 
II) 

0 
~. 

;;, 
II' 

OJ 
-'­

70 

60 

::::::::.- 50 
CJ) 

:J 40 

Q) 30 
>­o 20 

10 

0 

70 

60 

50 

40 

30 

20 

10 

0 

Station 1 

• 

. 
. . 

0 20 40 60 

Hour 

80 100 120 

• 
Station 4 

• 

. 

0 

. 
20 40 60 80 100 120 

PLOT PR-LCB 
Depth 100 em 

70 

60 J 
50 

Station 2 

40 

30 

201:" 
10 

0 
0 20 40 60 80 100 120 

70 

60 J Station 3 
50 

40 

30 

20 
10 I: 

00 20 40 60 80 100 120 

70 

60 J Station 5 
50 

40 

30 I •. 
20 

10 

0 
0 20 40 60 80 100 120 

Flow 

• 
U1 Figure B14. Dye concentrations (~g/L) in Plot PR-LCB at 100-cm depth in Pend Oreille River, Washington. 1990 

I 



aJ ...... 
m I 70 

60 

::::::­
en 
:::J .....­

50 

40 

Q) 

>­o 
30 

20 

Station 1 

• 

. 

)0 
"0 
"0 
III 
:::3 
a. x· 
aJ 

:II 
c:­
~ 
C 
ii;­
g. 
II) 

cD 
III 

:II a 
III 
II> 

III) 
:::3 
a. 
C 
"< 

10 • .
0 

PLOT PR-LCB 70 

60 J Station 2 
Depth 120-150 em	 50 

40 

30 

20, • 

10 

000 20 40 60 BO 100 120 20 40 60 BO 100 120 
70Hour 
60 I Station 3 
50 

40 

30 

20 ..
1~l 

0 20 40 60 BO 100 120 

70 70 

60 J Station 5 Station 4 60 

50 50 

40 

. 
40 . 
30 

20 

30 

20 

10 . . 1~t:
0 

0 20 40 60 BO 100 120 0 20 40 60 BO 100 120 

Flow 
~ 

III 
(') 
0 
:::3 Figure 815. Dye concentrations (Jlg/L) in Plot PR-LC8 at 120- to 150-cm depth in Pend Oreille River, Washington, 1990 2 
:::3 

~ 
<:!. 
0 
:::3 
II> 



>
"1:l 

"i 
~ 
Q.
)C. 

m 

JJ PLOT PR-LCB 
~. 

c Depth 175-200 em 
~ 
Dl .a 
CD 

JJ 
Dl 
iD 
CI> 

Dl 
::l 
Q. 

C 
~ 
(') 
o 
::l 

2 
~ 
l:!. 
o 
::l 
CI> 

70 

60-::::::::::. 50 
CJ) -:J 40 

Q) 30 
>­o	 20 

10 

,	 , 
Station 3 

0 1• 
o 20 40 60 80 100 120 

Hour 70 

60 Station 5 
50 

40 

30 

20 

10 

0 
0 

. 
20 40 60 80 100 120 

Flow 
~ 

CD 
:::j Figure 816. Dye concentrations (J.1g/L) in Plot PR-LC8 at 175- to 200-cm depth in Pend Oreille River, Washington, 1990 



aJ 
~ 

en 

» 
"'0 
"'0 
CD 
;:, 
0­
x" 
OJ 

lJ:CO 
~ 
o;;;0 
g. 
I\) 

cD 
CD 

lJ 

S 
'" 
~ 
0 ­

o 
"< 
CD 
() 
o 
;:, 

S 
;:, 

a 
<:!. 
o 
;:, 

'" 

28
 

24
 

20
 

16
 

12
 

8
 

4
 
o!-1~.-----.--~---::-:-~------;;;:~ o o 10 20 30 0 10 20 30
 

"1 Station 3 ­
~ I ROW
20
 
16 ••• ~
 

12
 

8
 

4
 

0 0 10 20 30
 

28
 Station 1 I 28 j Station 4
 
24
 24
 

20
::::::- 20 
rn 
::J 16i •• 16
 .........
 

12
Q) 12


8
 

4
 

E;8 
4"· 

o o 
o 10 20 30 0 10 20 30
 

Hour 

Figure 817. Dye concentrations (J.Lg/L) in Plot CR-DP at surface in Columbia River. Washington. 1990
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