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INTRODUCTION

Field studies were conducted in the Hawkins Bay area during August
and September of 1986. These studies were designed to obtain data for
use in testing and refining the hydrodynamic and transport models
previously developed for predicting the effects of an offshore discharge
from the proposed Kingsland Bay Fish Hatchery on phosphorus
concentrations in the area (Walker, Laible, Owens, & Effler, 1986),
Additional objectives were to select a specific location for the
offshore discharge and to evaluate ﬁurrents in that area via drogue and
dye studies. Based upon these additional data and further analysis of
historical data, the phosphorus transport model has been refined and
used to project hatchery impacts for effluent flows and concentrations
specified in the discharge permit which has been drafted by the Vermont
Department of Water Resources, The work is described in the following

sections:

WIND VELOCITY MEASUREMENTS

DROGUE STUDIES

DISCUSSIOR OF CURRENT PATTERRS AT PROPOSED OUTFALL LOCATION
DYE STUDIES

TRANSPORT MODEL REFINEMENTS

HATCHERY IMPACT PROJECTIORS

A final section summarizes principal conclusions of the study. The
location of the proposed offshore outfall is approximately 400 meters
west of Gardiner Island, as shown in Figure l. Results indicate that,
with the proposed effluent limitations, the offshore hatchery discharge
will cause an average increase of less than 2 ppb in the bay area east

and south of Thompson®s Point under summer loading and wind conditions.
WIND VELOCITY MEASUREMENTS

Wind speed and direction were recorded at the eastern tip of

Thompson”s Point during August and September 1986, as shown in Figure 1.
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Measurements were recorded at S5-minute intervals using a remote data
logger. Wind speeds driving lake currents are likely under-estimated
because the field station is somewhat sheltered by 1land masses,

particularly from northeast winds.

The resulting wind rose is shown in Figure 2, Thé data suggest two
dominant wind events - southeast (mean speed = 7.3 mph) and northwest
(mean speed = 6.6 mph). The mean wind speed for August—September 1986
period was 8.7 mph, compared with a8 20-year average of 7.7 mph recorded
at the Burlington Airport for these months. Figures 3-6 display the
wind speed and direction for time periods preceding and during each

drogue study.

Wind speed and direction at Thompson“s Point during September 1986
are compared with the Burlington Airport datz in Figures 7 and 8,
respectively. The lake data are more scattered because the observations
are at 5-minute intervals, as compared with the Burlington Airport data,
which are taken at 3 hr intervals. With the exception of the northern
wind event which occurred on September 20, speed and direction are in
reasonable agreement. Burlington Airport data appear useful for
longterm projections, although both sources of wind data seem likely to

underestimate wind speeds over the lake.

Histograms of wind direction at Thompson”s Point and Burlington
Airport wind data are shown in Figures 9 and 10. Wind is from the SE
quadrant 44,457 of the time at the Airport and the lake site
respectively., The percentages for the other quadrants for the airport
and lake site respectively are NE - 13,20 %, SW - 12,10Z and NKW-
30,26%. When broken down into eight directions (Figure 10), the data
indicate that winds are more from the SE at the lake site than at the

Airport.




DROGUE STUDIES

During the August-September 1986 éeriod of field studies, lake
elevations averaged 96.3 feet, or .7 feet above the mean stage of 95.6
feet, Drogues, devices used for direct measurement of lake current
velecities, were released and tracked on four Occasioné. Wind
conditions, release points, and dfﬁgue paths are summarized in Figure

11, Drogue paths are compared with model predictions as follows:

Release Paths Hodographs#
August 18 Figure 12 Figure 13
August 28 Figure 14 Figure 15
Sept 2 "Figure 16 Figure 17
Sept 3 Figure 17 Figure 1?

* velocity vs, depth diagrams

Table 1 summarizes measured and modeled current speeds. Results
indicate that there is a dominant current along a NE-SW bearing for both
NW and SE wind conditions and that the hydrodynamic model generally
underpredicts measured current speeds, when driven by wind speeds

measured at Thompson”s Point.

On August 18, the mean wind velocity prior to and during drogue
tracking has been computed using wind data from 9:30 - 15:00. The mean
velocity was 13.8 mph from a direction 25 degrees west of true north.
Figure 12 shows the August 18 wind direction (NNW), predicted vertically
averaged current patterns, and the observed drogue paths, The modeled
currents have been generated using a wind speed of 13.8 mph and a wind
shear coefficient C_=,001 (identical to the value used in previous
simulations (Walker et al., 1986)). The model hodograph at node (82)
nearest to the release point, is shown in Figure 13, along with the

observed drogue paths,



Initial drogue path directions compare well with the simulated
patterns for the August 18 drogue study. The drogue paths follow the
directions of the simulated currents away from the release point. Both
the modeled and measured results suggest a strong reverse current, with
a mean direction towards the northwest, Measured current magnitudes
were approximately twice the modeled curremts near the surface. The
observed and predicted magnitudes at the lower depths were in good
agreement, however,

On August 28, wind direction was initially from the NW (prior to 11
am), but later shifted to the NE. Wind speeds varied from 5~13 mph.
Figure 14 shows the simulated current -batterns for a N wind and the
drogue paths. Figure 15 compares the drogue paths and the simulated
flow over the depth, Observed currents (3.9-8.5 cm/sec) are
significantly larger then the simulated values (1.6-4.2 cm/sec).
Simulated surface currents gre in the direction of the wind, whereas the

_observed currents were directly into the wind. Both observed and

simulated flows are generally along a NE-SW bearing.

On September 2, the wind was from the W-NW direction at 5-10 mph,
Figure 16 shows the simulated current patterns for WNW wind and the
drogue paths. Figure 17 compares the drogues paths and simulated flow
over the depth. In this case, the directions of the surface and bottom
currents are in good agreement. The observed flows from 1 meter down
are again along a NE-SW bearing. This case gives the best agreement
with the magnitude of flow. Observed and simulated surface speeds are
2-3 cm/sec vs. 2 cm/sec, respectively. Observed and simulated near-—

bottom speeds are 2-3 c¢m/sec vs. 1 cm/sec, respectively.

On September 3, the mean wind velocity prior to and during tracking
was computed using wind data from 8:00 - 16:00, The mean velocity was
9.3 wph from a direction 25 degrees east of true south, Figure 18 shows
the September 3 wind direction (SSE), predicted vertically averaged

current patterns, and observed drogue paths. The model hodograph at




node 92, nearest to the September 3 release point, is shown in Figure
19, along with the observed drogue paths.

The initial drogue path directions compare well with simulated
patterns for the September 3 release. The drogue paths also follow the
directions of the simulated currents away from the release point. Both
the modeled and measured current structures are predominantly towards
the northeast. The model predicts a mild reverse current which was not
observed in the field. Observed current magnitudes on this date are
significantly greater (4 - 8 times) than the modeled currents. This
indicates that the assumed wind shear coefficient may be too low and/or

that a slope current had not fully developed (see discussion below).

One -possible explanation for the better agreement of the modeled
and measured currents for the NNW case is that the magnitude and
direction of the wind on August 18 was steadier and of longer duration
than on September 3 (SSE event)., Since the model produces results for a
steady condition, better agreement should be achieved for winds of a
stronger and longer duration. A reverse current, as observed for the
NNW event, requires a build-up in surface elevation at the windward land
mass. This would be achieved more rapidly for strong winds from the NNW
due to shallow area of Hawkins Bay. A longer period of time may be
required for a SSE event because of the large ekpanse of water to the NW
of the release point. These considerations suggest that the drogue
paths observed on September 3 (SSE event) may have represented transient
conditions, with insufficient time for full development of a reverse
current, Consequently, the field measurements show more of a

unidirectional flow condition,

For each drogue study, dominant observed and measured currents in
the discharge region tend to be in a direction nearly perpendicular to
the wind, reflecting the topographic gyre that develops throughout
Hawkins and Town Farm Bays. The gyre is counter-clockwise for a SSE
wind and clockwise for a NNW wind.



DISCUSSIOR OF CURRENT PATTYERNS AT PROPOSED OUTFALL LOCATICN

The previous study (Walker,Laible, Owens, & Effler, 1986) utilized
wind-driven circulations as the advective terms in the cell model
transport analysis., The drogue studies and modeling discussed above
indicate that the hydrodynamic model captures the genmeral structure of
the circulation patterns in the region, but generally under-predicts
current magnitudes.

The nature of these currents and their effects on transport in the
discharge location deserve comment. Figure 20 shows simulated current
patterns for eight wind cond:.tl.ons (N,NE,E,SE,S,SW,W and NW). While the
dominant wind couditions are frOm the SE and NW an interesting
condition exists in the discharge c¢ell that is common to all wind
conditions, Careful observation of the direction of flow in the
discharge region reveals that the discharged fluid is generally swept
into currents with a NE-SW bearing. The worst condition appears to be
during an easterly wind event, when the initial NE transport is drawn
into Hawkins Bay near Long Point. Currents are directed into Hawkins
Bay in the discharge zone during an easterly event since fluid must be
replaced by the significant westerly flow along MacDonough Point., It
should be noted, however, that easterly winds are present only 16% of
the time (Figure 10),

These results indicate that dominant transport from the proposed

discharge location is not directly into the shallow Hawkins Bay area.

The results also suggest that, altheugh the wind driven currents will
tend to spread the discharged fluid throughout the greater bay area east
and south of Thompson”s Point, the actual direction of the wind will
have little effect on changes in phosphorus concentration resulting from
the hatchery discharge. The relationship between wind direction and
hatchery impact is investigated further below using the transport model
(see HATCHERY IMPACT PROJECTIONS). The proposed discharge location is
favorable since it is not in a region where a particular wind condition

would cause a major increase in the transport of phosphorus into the
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Bay. In comparison, a discharge location closer to MacDonough Point

would cause considerable transport into the Bay under S8, SW, W or NW
wind conditions. Flows would reverse for the N, NE, E and SE winds,

respectively.

DYE STUDY

Rhodamine B dye was released at a location approximately 400 meters
WNW of Gardiner Island (latitude 44° 15,.04°, longitude 73° 17,.717) at
2:20 pm on September 15, 1986, The dye was released inm a 150-foot strip
and dispersed over a depth range of 5-25 feet. The water column was 32
feet at this location and was essentially isothermal., The quantity of
dye released was sufficient to increase the average fluorescence in the
release cell {(column 17, row 11 of the expanded model grid) by 2.5

units, as compared with background levels of approximately .l units.

Dye concentrations were tracked in the surrounding bays over a
period of approximately two days using a flow-through fluorometer. A
total of 250 measurements were recorded at depths ranging from ¢ to 25

feet. Latitude/longitude coordinates were measured with a Loran~C unit.

" Aerial photographs of the dye plume were also taken at various times

between 1 and 5 hours after the dye release to supplement the field

measurements,

Wind velocity measurements at Thompson”s point over the dye-study
period are displayed in Figure 2i. A light (2-6 mph) SE wind was
dominant during the period prior to and immediately following (2 hrs)
the dye release. Subsequently, dominant winds shifted between NW and NE
at speeds varying up to 18 mph.

Dye measurements grouped into four time periods (2-5 hours, 5-10
hours, 21-25 hours, and 44-46 hours after the dye release) are displayed
in Figure 22, The contour diagrams have been generated using the
following procedure: (1) increase grid resolution by factor of &4 (divide

each cell into 16 mini-cells, each Ll0O-meters square); (2) determine

7



maximum observed concentration for each mini-cell and time period; (3)
plot contours accordingly, Maximum (vs. mean) observed concentrations
have been used to circumvent a complex spatial weighting procedure.
Accordingly, the resulting contour diagrams likely over-estimate the
actual dye plume concentrations amd under-estimate the observed

dilution.

Dye measurements, direct field observations, and aerial photographs
indicate that the dye plume moved rapidly towards the ENE during the
first five hours of the study. During these hours, the bulk of the
measured dye mass was at depths ranging from 6 to 15 feet.  Aerial
photographs alse indicate that a narrow surface plume extended from an
area approximately 200 meters north of Gardiner Island to 400 meters
west of the tip of Long Point approximately 2.5 hours after the dye
release. The surface plume headed ENE to an area just north of Gardiner
Island and subsequently turned NNW as it encountered currents along
Long Point., This parrow surface plume was not measured directly and is
not reflected in the contours shown in Figure 22, Based upon the aerial
photos, the surface current velocity was approximately 8 cm/sec to the
NE during the first 2.5 hours of the experiment, when light SE winds
were dominant,

The behavior of the plume during the first few hours of the
experiment is important because wind conditions were most representative
of the prevailing SE wind, Had these winds persisted for s longer
period, the bulk of the dye would likely have been transported in the

counter-clockwise currents towards Thompson”s Point and the open lake.

As the wind shifted from SE to NE approximately 3 hours after the
release, however, the plume began to move S5W. The streng NW winds
recorded between hours 13 and 35 drove the peak dye concentration
towards an area SE of McDonough Point, where it was observed on the
second day of the experiment (hours 21-25) at a peak concentration of

approximately .5 units, as shown in Figure 22. On the third day of the




study (44-46 hours), fluorescence ranged from .06-,07 units and no
gradients could be detected.

Table 1 compares observed and predicted current speeds for the few
hours of the experiment, based upon dye study results. At the surface,
the maximum observed current velocity (based upon aerial photographs)
was approximately 8 cm/sec, as compared with a predicted velocity of 1
cm/sec for the corresponding wind condition. Based upon movement of the
peak dye concentration, the mean observed current velocity was
approxzimately 1.7 cm/sec, as compared with a predicted mean velocity of
.5 cm/sec.

Simulations of dye movement have also been performed using the
linked hydrodynamic and transport models., Because each of these models
assumes steady wind and current conditions and because wind conditibns-
were variable during the dye étudy (Figure 21), it is necessary to break
up the simulation into five periods of approximately uniform wind
conditions, as indicated in Table 2. The root-mean—-square wind speed
(mixing energy input is proportional to square of wind speed) has been
calculated for each period and used to drive the hydrodynamic model. An
estimated speed of 5 mph has been assumed for periods with NE winds,
since the Thompson”s Point wind recording station is sheltered from NE
windse. For comparison, simulations have also been performed using
Burlington Airport data f{at three-hour intervals) to drive the

hydrodynamic and transport models.

Simulation results are compared with observed dye plume behavior in
Figure 23. 1In this figure, each row corresponds to a different time
period and each column, to a different simulation run or set of observed
values, Thé parameters used for the four simulations are identical to
those used in evaluations of hatchery impact (see TRANSPORT MODEL
BEFINEMERTS). For the first two runs, dispersion coefficients have been
estimated by calibration against August-mid September 1984 phosphorus
concentrations in the region. For the third and fourth rums, current

patterns predicted by the hydrodynamic model have been used teo drive the
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transport model, based upon Thompson”s Point amd Burlington Airport wind
measurements, respectively. The last column displays observed cell-mean
concentrations, for each time period (corrected for a background
fluorescence of approximately .l units). The observed cell-mean values
have been calculated from the dye contours (Figure 22) by area-weighted
averaging within each cell, A scale factor of 10 is used to display

obgserved and predicted concentrations in all cases.

Over the first 10 hours of the experiment, it is difficult to
compare observed and predicted dye concentrations becszuse the dye plume
straddled cell boundaries and cells were not of uniform concentration, a
condition which is ipherent in the transport simulatiom. The
comparisons are more valid at longer times (21 - 45 hrs). For both of
these time periods, observed cell-mean dye concentrations and plume
sizes were generally lower than modeled values for all simulation runs,
Between 21 and 25 hours after the dye release, the center of the
observed plume was somewhat further south (hugging the shoreline along
McDonough Point) than predicted by the models, although observed
concentrations (.1-.2 units) agree with model predictions. Generally,
the simulations using the hydrodynamic model with Bui-lingt.on Airport
wind data show the best agreement with observed dye movements. Between
43 and 45 hours after the release, the models predict 4 to 15 cells

exceeding .l units, although no plume could be detected.

Consistent with drogue study results, dye study results suggest
that current magnitudes in the region exceed those predicted by the
hydrodynami¢ model. This under-estimation may be related to two
factors: (1) under-estimation of the wind shear coefficient (a model
parameter determining energy input at a given wind speed) and/or (2)
under-estimation of effective wind speeds driving lake circulation. The
above simulations (Figure 23) suggest that Burlington Airport data may
be more representative of winds driving lake circulation than
measurements made at Thompson”s Point. Sheltering by land masses may be
a significant problem at the latter station, The predicted current

speeds assume that the land-based wind measurements are applicable to
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the bays and open lake, Because of long fetches, wind speeds over the
open lake are likely to be considerably higher than those measured on
land. In order to resolve this issue, long—term monitoring of wind
velocities over the open lake would be required. As they stand,
however, the hydrodynamic and transport models are useful for generating
conservative projections of hatchery impact, as indicated by the
sirulations of observed dye movements, discussed above, and by the

simulations of observed phosphorus concentrations, discussed below,
TRANSPORT MODEL REFINEMENTS

This section describes refinements to the model previously employed
for simulating spatial variations in phosphorus concentrations in the
study region and for predicting hatchery impacts (Walker et al., 1986).

Refinements have been made in the following areas:

(1) expansion of the hydrodynamic and transport grids {Figure
1) to include a total of 6,080 acres (vs. 3,960 acres

included in previous version);

(2) improvements in communication between the hydrodynamic
and transport model, including:

(a) least-squares flow balancing;

(b) estimation of exchange flows, as well as met
advective flows between cells, based upon
depth-integra:éd current velocities predicted
by hydrodynamic model under a given wind

condition.

(3) recalibration of the model (advective and diffusive

versions) to August-mid September 1984 data.

(4) projection of hatchery impacts for effluent
concentrations and flows specified in the draft discharge

permit.
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Results are discussed below.

Figure 24 displays phosphorus contours in the study region on ten
sampling dates in 1984 (Smeltzer,1985). The proposed outfall (marked)
is located in a region where contours tend to be relatively far apart,
as compared with regions closer to the mouths of Lewis and Little Otter
Creeks., The spacing of the contours and their general orientatiom in a
NE-SW direction reflect circulation patterns in the region, as predicted
by the hjdrodynamic model. Oﬁ most of the sampling dates, phosphorus
concentrations in the vicinity of the outfall were more similar to those
in the open lake west of Thompson”s Point than to those in Hawkins Bay.,
The mixing regimes suggested by the observed phosphorus contours further

support the selection of this outfall location,

Figure 24 also indicates that conditions in Hawkins and Town Farm
Bays are influenced by the plume from Otter Creek (south of Kingsland
Bay), as well as by loadings from Lewis and Little Otter Creek. The
Otter Creek plume was particularly evident. on June 27, July 26, August
17, September 7, September 19, and September 27, Given the general NE-
SW current orientations, significant transport of phosphorus from the

Otter Creek plume into Hawkins and Town Farm Bays may occur.

Previous modeling of phosphorus in the region (Smeltzer,1985;
Walker et al.,1986) has focused on predicting average August-September
conditions and has mot explicitly accounted for effects of loadings from
Otter Creek and for transport of phosphorus from the Otter Creek plume
into the bays east of Thompson”s Point. Figure 24 shows that Otter
Creek plume was more evident and concentrations in the open lake west of
Thompson”s Point were generally higher on the last two sampling dates
(September 19 and 27), as compared with other sampling dates in August
and September. To reduce the influences of the Otter Creek plume and to
improve the validity of the steady-state simulation, the transport model
has been recalibrated against cell~average concentrations for the August

8, August 17, August 27, September 7, and Septembexr 13 sampling rounds.
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The development of a least-squares flow balancing algorithm and
estimation of exchange flows between cells based upon finite-element
velocity fields represent significant improvements in the tramsport
simulation, The distribution of wind load (squared mean daily speed) on
direction for August-September 1984 is shown in Figure 25, Mixing
energy input to the water column is clearly dominated by winds from the
southeast, Applicatiomn of the flow balancing algorithm to velocity
fields predicted by the finite element model for a southeast wind
results in the balanced flow velocities shown in Figure 26, Similar
calculations have been performed using velocity fields generated by the
hydrodynamic model for other wind directions (Figure 20). These are
used in the subsequent section to evaluate the aensitivity‘of hatchery

impacts to wind direction.

Tributary flows, concentrations, and loadings were higher during
June and July, as compared with August and September of 1984, Previous
modeling studies (Walker et al.,1986) have i.nd:i.cat".egl that phosphorus
residence time (ratio of mass in water column to external loading) is on
the order of two weeks in the Hawkins and Town Farm Bay areas east of
Thompson”s Point. Some of the phosphorus measured in the water column
during August and September 1984 reflects loadings which occurred
earlier in the summer., To account for these effects, flows and loadings
from Little Otter and Lewis Creeks have been calculated for the Jﬁly 15~
September 15 period and used in simulating water column concentrations

between August and mid September.
Model variables and parameter estimates for phosphorus transport
simulations are summarized in Table 3. Three approaches to modeling

phosphorus transport have been iuvestigated:

Case lA: diffusive traunsport only, uniform dispersion
coefficient;

Case 1B: diffusive transport only, different dispersion

13




. b

coefficients for transport im north/south and

east/west directions.

Case 2: diffusive transport + advective transport predicted

by hydrodymamic model under dominant wind conditiom.

The first two approaches are empirical im that the dispersion
coefficients must be calibrated against observed phosphorus
concentrations, The third approach is less empirical because the lake
currents predicted by the hydrodynamic model are the dominant transport
mechanism and simulations are very insensitive to the assumed dispersion
coefficient, as shown by the calibration curves in Figure 27,
Consistent with earlier work (Walker, et al.,1986), dispersion
coefficients have been calibrated against observed mean concentrations
in the open bay and lake regions (away from shallow areas around creek
mouths). Observed and predicted phosphorus concentratiomns for each Case

are displayed in Figure 28,

The inclusion of Case 1B (differemt transport coefficients in the
north/south vs. east/west directions) is based partially upon the
balanced flow velocities predicted by the finite element model. As
shown in Figure 26, the model predicts much higher exchange velocities
in the open lake in the north/south direction (.8 cm/sec) vs. east/west
direction (.1 cm/sec). As noted by Fischer et al. (1979), effective
diffusivities in the direction of mean lake transport (south to north in
this case) have been found to be an order of magnitude higher than
diffusivities in a direction with is transverse to the mean transport.
Because of the elongated shape of the lake and vaxiations in wind fetch,
effective eddy sizes may be larger for transport in the north/south vs.
east/west directions; this, in turn, may have important implications for
selection of appropriate diffusive transport coefficients (Okubo,1971;
Walker,1985). As indicated by the calibration curves in Figure 27, Case
1B yields the lowest mean squared error for prediction of phosphorus
concentrations (.62 vs. .74 for Case 2 and .76 for Case lA). Several

other combinations of north/south and east/west dispersion coefficients
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have been investigated. A ratio of 5 (600,000 mzlday to 120,000 mzlday)
yields the best fit, although other ratios (e.g., 10) work nearly as
well.

For each Case, the model tends to over~predict phosphorus
councentrations by O-1 ppb in the open lake region west of Thompson’s
Point (Columne 11-14, Rows 4-9). It is possible that transport rates in
this region are greater than those predicted by any of the above
approaches. The models tend to under—predict phosphorus levels by 0-1
ppb in the southern portions of the bay (Columns 13-18, Rows 11-12).
Intrusions from the Otter Creek plume and/or underestimation of
tributary loadings may account for these small differences. Agreement
between model simulations and observed phosphorus. is 'generally good,-
especially considering the fact that the Case 2 predictions are based
gpon velocity fields which, have been generated independently of the

observed phosphorus data.

Simulations of the steady dye release conducted by Smelter(1985)
during August and September of 1984 are shown in Figure 29. As found
previously, the models calibrated for predicting phosphorus levels tend
to over-predict measured dye concentrations resulting from the steady
release. This may be related to non-conservative behavior of the dye
over long time scales (e.g., adsorption to bottom sediments) and/or to

under-prediction of lake currents.
HATCHERY IMPACT PROJECTIONS

Drogue studies and simulations of phosphorus and dye distributions
in 1984 and 1986 support the validity of the linked hydrodynamic and
transport models as tools for developing  conservative projections of
hatchery impact. The models are used below to evaluate the sensitivity
of hatchery impacts to location, discharge concentration, wind

direction, and wind speeds,
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Hatchery impact projections for each Case under August loading
conditions (effluent concentration = 90 ppb) are illustrated in Figure
30, The impacts are expressed as increases in cell phosphorus
concentration (ppb) attributed to the hatchery discharge. A plot scale
factor of 10 has been used to enhance resolution., Increases for other
months can be estimated in proportion to the hatchery effluent
concentration (ranging from 86 to 111 ppb, Table 3). The August loading
condition is most representative of impacts during the critical algal
growth period. The advective model predicts a maximum increase of 2.1
ppb in the hatchery discharge cell and increases of 1.7-1.9 ppb
throughout the bay areas. east of Thompson®s Point. The diffusive models
predict greater impacts within the discharge cell (2,5-3 ppb), but

similar increases throughout most of the bay (1.7-2.1 ppb).

As discussed previously (Walker et al.,1986), bay-wide increases
are probably of greater significance from a water quality perspective
than increases within the discharge cell because low residence time in
the discharge cell would limit algal responses to the increased nutrient
levels. The models do not account for currents and dilution induced by
the diffuser and therefore likely over—estimate phosphorus increases in
the discharge cell, Generally, the impact projections on bay-wide
conditions are relatively insensitive to choice of model {advective vs,

diffusive).

Sensitivities of impacts to wind direction under August loading
conditions are illustrated in Figure 31, Because of variability in
direction and speed and because of the appreciable residence time of
phosphorus in the bay, it is unlikely that conditions would ever
equilibrate with any fixed wind regime., The simulations in Figure 31
are intended to show general directions of changes in relation to wind
direction., These simulations show that projected impacts are greater
for the southeast and northwest wind directions than for the others.
The above projections for the dominant southeast wind event likely

overestimate the impacts, when shifting wind directions are considered.
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Impact sensitivities to the combined effects of variations in wind
speed, direction, and hatchery loading are shown in Figure 3l. Time
series of daily mean wind speed and direction at Burlington Airport for
June-September 1984 have been used to develop 122 sets of daily current
patterns. These, in turn, have been used to drive the transport model
in a dynamic mode in order to predict spatial and temporal variations in
phosphorus over the 122-day period, as induced by the hatchery discharge
at 11.5 mgd and effluent concentrations at the proposed monthly limits
(Table 3). Average wind speed for June-September 1984 was 8.2 wph, in
relation to the 30-year mean of 7.9 mph for the same months, Initial

values for the simulation (June 1) have been set at the steady-state

- solution under the dominant wind event (SE, 8.5 mph).

Time series of hatchery impacts at six locations in the bay are
shown in Figure 3l. As expected, the impacts are greatest and wost
variable in the discharge cell. As discussed above, the model likely
over-predicts increases and variability within the discharge cell
because effects of c.urrents induced by the diffuser at not considered,
Increases of less than & ppb are predicted in the discharge cell under
worst-case conditions (generally following a day or two of low wind
speeds). At locations further distant from the discharge cell, the
level and variability of the hatchery impact decreases. This reflects
increased volume and a greater sensitivity to average wind conditioms,
as opposed to daily conditions. When these variations are considered,
the range of impacts is generally between 1 and 2 ppb throughout most of
the bay areas east of Thompson”s Point, as reflected by the dashed lines
in Figure 23,

Under the proposed effluent limitations, the projected mean impact
of the hatchery on phosphorus levels east of Thompson”s Point is less
than 2 ppb. This comnclusion is similar to that reached based upon
earlier versions of the hydrodynamic and transport models (Figure IV-11,
p. 56, Case 2, Mean Flow, Effluent P = 100 ppb, Walker et al., 1986).
This change shewuld—be should be evaluated in relation to:
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(1) 5 ppb average increase set by the Vermont Department of

Water Resources as an acceptable level of impact;

(2) observed temporal variations in phosphorus concentrations
in the open waters of the bay under existing conditions
(range 12-25 ppb, see Figure 24), as induced by
fluctuations in -loadings from Little Otter, Lewis, and
Otter Creeks, mixing characteristics, and other physical,

chemical, and biological factors;

(3) observed year-to-year variations in average phosphorus
concentrations at the longterm lay monitoring station off
Thompson”s Point (range 11-21 ppb, 1979-1984 means,
Walker,1986);

(4} observed temporal variations in transparemncy off

Thompson”s Point (ranging seasonally from 2 to 8 meters);

(5) spatial variatioms in Lake Champlain, in particular the
scuth-north gradient which ranges from 56 to 10 ppb,
based upon 1979-1985 monitoring data (Walker,1986),

Analyses of phosphorus, chlorophyll-a, and transparency data from
throughout Lake Champlain (Walker,1986) indicate that nuisance algal
growths (defined as chlorophyll-a concentrations exceeding 20 ppb or
transparencies less than 2 meters) are generally not found at detectable
frequencies in waters with total phosphorus concentrations less than 25-
30 ppb. An increase from 15 to less than 17 ppb in the average
phosphorus concentration east of Thompson”s Point is not likely to
result in nuisance algal densities and will maintain a mesotrophic

classification for the bay.
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CONCLUSIONS

(1)

(2)

(3)

(4)

An outfall location 400 meters west of Gardiner Island is
favorable for minimizing local water quality effects of the
hatchery discharge. Discharge through a diffuser will take
advantage of the 1.7-9.3 cm/sec currents measured during the
drogue and dye studies under prevailing winds and will
minimize the potential for localized increases in nutrient

concentrations during periods of low winds.

Phosphorus contours observed during 1984 indicate that water
quality in the vicinity of the proposed outfall is more
similar to the open lake waters west of Thompsor”s Point than
to the shallow Hawkins Bay area. This is consistent with
favorable currents in the area. The orientation of phosphorus
contours is also consistent with the dominant SW-NE current
patterns predicted by the hydrodynamic model under prevailing
SE winds.

An outfall location further out into the main lake would
result in a discharge to the hypolimnion. A location closer
to the hatchery and McDonough Point would place the discharge
in a region where current velocities tend to be higher, but
where a higher percentage of the effluent would be transported
through shallow regions of Hawkin“s Bay under dominant wind

regimes.

Comparisons of measured and modeled current velocities
indicate that the hydrodynamic model used to project hatchery
impacts captures the general structure of circulation patterns
in the region, but generally under-predicts current
magnitudes, when driven by wind measurements taken at
Thompson“s Point. Underestimation of effective wind speeds

driving lake circulation and/or the effective wind shear
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(5)

(6)

(7)

(8)

coefficient may contribute to differences between observed and
predicted current magnitudes.

Simulations of observed dye movements following release at the
outfall location on September 15, 1986 also indicate that
actual current velocities and local dilution potential exceed
those predicted by the hydrodynamic and transport models. The
best agreement between model simulations aund observed dye
movements is obtained whemn Burlington Airport wingd
measurements are used to drive lake circulation. Sheltering
of the Thompson”s Point wind station may limit the usefulness

of the data for simulating lake currents,

Drogue studies and simulations of phosphorus and dye
distributions in 1984 and 1986 support the validity of the
linked hydrodynamic and transport models as tools for

developing conservative (i.e., worst-case) projections of

hatchery impact.

Under the proposed effluent limitations, the discharge will
cause an increase of 1-2 ppb in the bay waters east and south
of Thompson”s Point under summer conditions. This conclusion
is largely insensitive to modeling assumptions (advective vs.
diffusive transport), wind direction, and typical seasonal
variability in wind speeds. This conclusion is also
consistent with projections developed from earlier versions of

the hydrodynamic and transport models (Walker et al,, 1986).

The projected 1-2 ppb increase in phosphorus concentration is
within the maximum 5 ppb increase which has been determined by
the Vermont Department of Water Resources as an acceptable
level of impact. Based upon comparisons with other sources of
spatial and temporal variability in the system, the effects of
a 1-2 ppb increase in phosphorus on water quality and water

uses will be difficult to detect. Phosphorus concentrations

20




in the bay will remain well below levels which are required to
support nuisance phytoplankton growths, based upon review of
data from other regions of Lake Champlain.
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Table 1

Comparison of Measured and Modeled Currents

August 18, 1986 Drogue Study
Wind Direction = NNW

Speed = 13.8 mph

DEPTH MEASURED MODELED
(m) (em/s) (em/s)
1 12.8 6.6
3 5.2 3.4
6 3.8 3.4
August 28, 1986 Drogue Study
Wind Direction = N Speed = 5-13 mph
PEPTH HMEASURED MODELED
(m) (em/s)} (em/e)
1 7.3 5,2
3 3.9 2.3
6 7.6 1.5
9 8.5 1.5
September 2, 1986 Drogue Study
Wind Direction = NW Speed = 5-10 mph
DEFTH MEASURED MODELED
(m) (em/s) (cm/s)
1 3.0 2.0
3 3.0 0.3
6 3.0 1.2

September 3, 1986 Drogue Study
Wind Direction = SSE

DEPTH MEASURED MODELED
{m) (cm/s) (em/s)
i 14.8 3.6
k| 12.2 1.9
6 9.6 1.2
8 9.3 1.4
September 15, 1986 Dye Study 0=5 hrs
Wind Direction = SE Speed = 4.5 mph
DEPTH MEASURED MODELED
(cu/s) (cm/s)
Surface 8.0 1.0
Mean 1.7 0.5

Speed = 9.3 mph

(from aerial photo)
(from dye measurements)




Table 2

Time Periods and Wind Conditions
for Dye Study Simulatioans

Time(hrs) Speed

Period Start Stop Direction mph
1 0 3.6 SE 4.3

2 3.6 9.4 NW 5.4

3 9.4 15.4 NE 5.0

4 15.4 39.4 KW 8.8

5 39.4 56.0 NE 5.0




Table 3
Simulation Variables and Parameters

Phosphorus
Tributary Inputs Flow Conc,
: m3/day ppb
Lewis + Little Otter 58,000 68 July 15-Sept 15, 1984
Thorp and Kimball 2,400 68 "
Hatchery 43,569 (see below)
Open Lake Throughflow 3,200,000 12 Aug~Sept 1984, Col, 13
Open Lake Throughflow 3,800,000 12 Aug~Sept Mean, Col. 13

Phosphorus Decay Rate = ,001 day~-l
Atmospheric Loading = ,055 mg/mz-day

Dye Loading (Aug-Sept 1984) = 87 grams/day, (Col 18, Row 13)
Dye Effective Settling Velocity (Photochemical Decay) = .091 m/day

Hatchery Permit Concentrations
(Including 15 ppb Background for Kingsland Bay Intake)

Month Conc (ppb)

June 103
July 86
August 90
Sept 111

Dispersion Coef.(mzfday) Aug-Sept 1984 Phos.
Fast-West  North-South Error Mean Square

Case 1A 140,000 140,000 .76
Case 1B 120,000 600,000 .62
Case 2 10,000 10,000 .74

Advective Transport - Case 2
Dominant Wind Direction: SE
Effective Wind Speed: 8.55 mph
= Root Mean Square Daily Mean Speed, Burlington Airport,
August-September 1984
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) Figure 1
Location Map and Expanded Simulation Grid
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Figure 2

- Wind Rose - Thompson”s Point
September 1986
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Figure 10

Wind Direction Histograms

Eight Categories
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Figure 11

Drogue Study Results

Mean Current Speed (cm/sec)

Date Wind Surface Bottom
1 August 18, 1986 NNW 10-15 mph 9.0 3.8
2 August 28, 1986 NNE 5-13 mph 7.3 10.6
3 September 2, 1986 NW 5-10¢ mph 2.4 2.0
4 September 3, 1986 SSE  5-10 mph 13.5 9.4
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Figure 12

Vertically Averaged Velocity Vectors
From Computer Simulation
and
Measured Drogue Paths

Wind Conditions NNW, "m = 13.8 wph

ean

August 18, 1986

§ = Surface Current
B = Bottom Current
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Flow Field Due to N Uind
¥ = Drogue Release Point
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Figure I5
Hodograph frow Finite Element Drogue Paths Observed
Hodel Node 93 : nearest on fAug. 28 1986.
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Figure 16 '
Flow Field Due to UNU Uind Conditions on Sept. 2 1986
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Figure 17

Hodograph from Finite Elenent
Hodel Node 148 ' mearest
to release point.

Drogue Paths Observed
on Sept. 2 1986.
Wind Condition U-NU.
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Measured Progue Paths and Simwlated Flow Hodograph

Wind Condition SSE, W . = 9.3 mph
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Figure 20
lated Current Patterns vs. Wind Direction
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Figure 21

Wind Velocities During Dye Study
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Figure 23

Observed and Predicted Dye Movements
September 15-17, 1986
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Figure 24
Phosphorus Contours in Study Region

June=-September 1984
(Smeltzer,1985)
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Figure 25
Wind Load vs. Direction

Burlington Airport
August~September 1984
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Figure 26
Balanced Flow Velocities

Southeast Wind

Mean Speed = 8.7 mph
Velocities in centimeters/sec x 10
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Figure 27
Dispersion Coefficient Calibration

1.9
1.8
1.7
1.6
1.5
1.4
1.3
1.2 —
1.1 S
1.0 —
09 .
0.8
0.7 -
0.6 -
0.5 -
0.4 —
0.3
0.2
0.1 -
0.0
—0.1
~0.2
=03 t——pe—t——T T T Tt Tt T T T 7T 7
40 42 44 46 48 50 52 54 56 58 60

=50

Diffusive Hodel, D, x

¥

LOG { MEAN SQUARED ERROR , PPHE )

LOG { DISPERSION COEF , M2/DAY )




CASERVED CONCENTRATIONG

123457 uRIMBNBIIRBEAR

Emm:mxmrm 1800 10 1810 1T 1] Maex Jlaxzemonanexzeeal

FLanaxxzxxaxxRAx
LHTE s esbietiiivy
Strvoos e rzooooua g

[icttideiitiiiivisd]
ll Il 19 Morxese 16 xxsaezd
11 Merzzzx 130413 83 |

SIERXXXRITEXIRRTZLAXRALENAXTNXARNXT ll ll Wazzerz 120300 M 14

e rhetiasLiartatissitiaiteisi]

1312 0012 94 03 34 15 14 14oaxd

Blomozsaraznirenocnoeooees 12 11 11 11 23 13 14 34 14 14 150!

PN KR EANLNNATLKNL SN
T H X e XA RN ER
[[EE S TEr e taea T e¥s et H]
[T eP Rt LT it
FRH S Ee et 8ER g
Il xxzaz e rroax

1212 1215 14uxx

HI2HH 213N Ml
1302 11 12 14 14 13 13 Tazzznneext
I 4131 M xxraansd
R oo
1232 1213 130x aexexrreed
IREEAXTIXRXRAXRIRLLIN}

IShaxxnonxenxs 12 112 12 12 12 12 12 Mysronctegoennsesnnersneinsnns!

PREDICTED CONCEMTRATIONS
GIFFUSTVE MOOEL, DX = BY = 140,089 H2/0AY

P 2345478 PN WIPAAT

Figure 28
Observed and Predicted Phosphorus Concentrations
August 1 - September 15, 1984

PREDICTED LOMCDNTRATIONS
GIFFUSIVE HOOEL D0 = 120,004 H2/DAY, DV = {0,090 M2/TAY

T234 53428/ MBENRIINLR

Pxeoprzrrexpermerxy (0 10 10 10 16 10 01 11 fxex Dlamocsxszoend
Vxweneencexzennx 18 10 10 18 (0 10 10 11 11 31 (Ixzoxeszersoesoeexd
xeovenesenoer 18I0 10 10010 18 30 33 1F Mxxaeea 14 14 $lapxzexd
Stxzrrzrconcrexsaceoed 1010 1000 1002 12 Hrewsan 34 14 94 14 140
Sxxmzzoooesorsenncazoes 12 12 12o0r 13 14 1014 14 148
Pezrrrnenroe e 12 0212 12113 131313 14 34 1axd
$xpoomeeroocrroseon 12 12 12 13 13 13,03 14 14 M Mot
$hxzrro oo 12 12 12 12 $3 13 13 13 14 14 thanxsaad
[ xnenrxeomneesnomgooenaze 12 12 12 02 1313 13 14 14 Jhoresaraxad
I xrroooooonceeneneooone §2 02 12 12 12 13 1313 14 14 1o
12 ooeoomamex ey 12 32 12 12 12 42 12 13 13 14 1415 onecenened
IHrexornrrearnoee 12 12 12 92 12 12 1343 130 15 17 2encexood
Wirxzerrxspenna 12 £2 12 12 17 12 13 $3cxx 13axonsoncesgomnxzane}
188nonnecenny 12 12 92 12 12 12 12 {dezzoocnnexy o e}

2inoezeooerrooos 10 08 10 20 90 14 00 12 Viwex Dbxeacezxxxanexd
Fxexwoocnccer 00 10 40 30 10 00 29§ 30 Dlzoxxonooocxsxsoond
xcxoooxioos § 00 10 10 10 16 10 39 31 Thooozx 16 04 tdezan!
Slazyerzxronezroenoreee 1000 10 50 10 00 02 Mlooceza 14 14 14 14§58
Sivtrmrrannrrreonoarsx (1§12 (2xesanx 14 34 14 34 14 198
Nrerzroecsrzznxorexanorceeenex 52 112 92 12 13 43 13 18 14 34 26t
Blrernanrermooooerennny 12 12 12 02 13 13 13 14 14 14 Ddexxd
Fexoonzzazkearrenocxzrs 12 12 12 12 12 13 13 14 14 14 thooos?
I zzoomesnnooarooorese 1212 12 12 12 13 12 14 14 {dxezxnoond
Y aseornneeknae 12 12 12 12 92 12 13 13 4 18 S
12iewooeeenonecsey 12 12 02 02 12 92 12 13 13 13 14 14 (§rxeennan!
IR ooz 12 02 12 92 12113 13 13 130 44 14 1 Pwoorexend
[ onneerno 1212 12 42 42 12 13 13ex 1dsonexennennresaroonyd

PREDICTED ~ ORSERVED, MEAY SUUARE = .24
F234 54209 RNKISETIBIYANR

15meexeconnsan $2 12 12 12 12 12 12 Jxexenzzvoexcosrsexsonpne [

PRECICTED CONCEERATIINS
ADVECTIVE NODEL , SOCTHEAST WING, OX = OX = 10,080 H2/DAY

2345t uNtEBra R

Zixexxxemrexeerrrees 1000 18 10 18 10 11 93 Nsve Dlaxecreexsennred
Horoomoooex §0F 1000 100 10 16 13 10 M Ueeoooxzoexod
Grxomorrexeeees §0OF 10 00 80 00 19 11 10 Sneenx (4 34 Muxerand

Soeooneoozeeeee 10 18 30 )8 11 92 12 Dnecers 14 14 14 14 $4

snoEenreeserreorrnes 11 12 2o 14 14 14 14 14 148
Hxxrmoeooonroarenie 12 12 12 43 13 14 14 14 14 14 1ot
Blyxxxxrrrerxeencnsrsssceones 12 12 12 1313 34 14 14 14 14 MHne!
Sherzvneenoorrersrereyaoor 12 12 12 02 13 13 03 13 03 14 Jxxxoan!
I czzeooroereoocsae 12 12 112 12 03 13 13 $3 13 $exomexsd
Hireoerooroanenone 12 92 12 92 92 13 13 13 13 14 1Soamnd
128eoenrsrrecanasex 12 12 12 12 12 12 12 13 13 13 13 14 18ooocecens
IRomooeooooneeezy 12 12 12 £2 12 13 13 13 130 3413 Hoooozoed
I zzneooeerree 12 12 12 12 1232 13 130 Drnococarzzesenaoeznd
13trezmenoons 12 12 32 12 12 12 12 fdexzoommenoceannnr s}

PREGICTED - (BSERVED, MEAN SOUARE = .42
123485428002 HANN

3
L

Homwewoeeooon: 8 8 0 4 0 4 0 0 baxx Qcozoecseroee]

ELEtieiebiiritied FReTeattistiiitii bl
Al XrxKEXLXIRTRNLY 00 Rxxaas ¥ oxxzerxd
Sixxuxerzznsenag 10 boema 00111
$ynogompryrnnanaogeaaioe Fo1 loooax 31 -0
AT I N TR YR NN Y 101 01 -0 -hoxi
Blzorsrnooooerons @ 8 L1 0 -0 00 =0 ) -land
IO SRR 01100 -0 b -hand
Wiz 4 8 1 1-0 % 0 1 Soooooond
11 O I NI ENTNIY 0 {100 0 xvvemoannd
[FARTS 3330 300 AT U505 0 01 woorxenxd
13 xmtonr NNy 1809 Iy oo
JEerirTesititetisl 0 B2 -l OXAIKKDEXEEXRNXRIRRNS

[ ) h:::ml:m:mnumm:x::.

Ptexoneenzaxs B 0 0 0

t :
Zivpxpeomoxzxooe 00 0 0 0 8 & & Do Bxoocxeomegd
Jlxzaxzxanrenass TEINCLORARXTANXANN ]

LIS FPEER ST 7o e et ¢ 48 oo | TP
ORI PR I T B I I
tooooomexamaxegpgeezeisaey BB Boemoxx 2 1 1 -1 8
XTI I RKRELTAN R ALY LR Y
e it Tarert T ersa PETT T4 00 I I I IO IR B O I I I 'Y H
Foepoxommexrnzangpgerzr 0 0 8 b0 00 0 Booood
I emerrrstoermezex:. -0 6 0 0 -4 -0 0 1 Brezmeoond
1 ooz o Ky B0 L-1<F- D0 xxxaxxaxed
[T TR eaTER RSP P l-1-8-0-0-1 0 rxxmapenond
FRH e e et il TIg Tt T L] 100 04 sxxnnrnend
JLH T T e TLs RET o b0 B2 -t nonorzoooeeossxd
[ I I

{5ineexeernsnexy 0 0 9 0 PeepitsedssloteblvsTortlas ]

FREDICTED - DOSERVED, NEAN SOUARE = .74
2345878023701 22

iz 8 0 0 0 8 0 0§ o ngoreroocoond

ISR LN XRRTINNY Pttt S
LR T ] LI I b oot
StzzixxnuaneeeKy 018 boexx B0 11 8
Siarrroooornotaornynmzoee B 1 by 201 002
XTI NN XA NN NS T8 t-0 041t
LTI 130 e A TRIOT oo LA O I O T I I I I I BT 1
iy 0 0 ) 1 1 8 0 -0 0 -bixaud
TH TSR T X EXXATENAN BN IAKN (O R I I B B R4
IR armo R 010 el
12{ exexarrsxanzanzss P 110000 xxxxrmoasl
13 nrnr e anzy ax ey [ BB IE poinxyxed
14 xxxnnsenssrons B8 0=y tumrzoncsxooooon
ISinmoranzey 0 0 0 0 0§ Prommocecerrrmoooonoonxon




Figure 29

Observed and Predicted Dye Concentrations
Steady Dye Release =~ August-September 1984

DIFFUSIVE MODEL, DY = DX = 145,000 K2/DAY
S48 90Nz LLIZIBIRON 2

haxx trrrrerronerroes
LIFFT ey 2 2 Jnorned
Jirrstiie] ez 2 2 2218
THOOOE AL LR LR yexxxs 2222218
LETXIKERRRRRRNNXALR 1122222 2o
Bl xrroomamesannns 11222272 2t
esseeeetttibaid 112233 ooerixt
18 oo ey t 223 3 Juwuazmeexl
1 ooy 1 23 4 4 Sooanand
124000 12393 7 Jasoosxl
13 xxxnxx 1 fxxx 013 1axazexeezt
jLHTT] e oo rrioT e
15 XTI YT ERANAANNT TXEXATAXTNNATE

OIFFUSTVE MODEL, DX = 120,499, DY = {00,909 M2/0AY
S 470 INNI2IININEIZIBIR A 2

T piceietteeeiifittt
‘ezt e 73 Zoooood
Slaxxmom E1133 3 S S S S S H
OO XN XXX mm 2 333N
IXXTXTERXXRNE 122333 bud
Blxxrexgaaexxnnnnny 1223703 200
e 12233 3 Jooox!
Hixnxxxsesszeex 1 23 3 3oxrzzeeexl
1 frrrnexernens ) I 23 4 {ooxoam!
12000 1235 duooooses!
13y Iexx & & #xoexxzonal
FLH S FEE b iiietttidei tTIEEIEH
15 FEETT ebnsverlives st PTTTTT]]

ADVECTIVE HODEL, SOUTHEAST UIND
S 470 NIRRT IYNAR

Ty Illlllllllllllllll:
oo waxex 22 Booornd
Sixxxxaenxx wexxx 2 2 2 2 8
I REXEXXNNTANRN Jooaxs 2 2 2232 M
EXAREEAXTLLAT ERXXNY 1222222 2l
Bl xrrrrreearasssne 1222222 Bl
Narrxeryrinsanax 12220 3 2eenrax!
1k oonaseseeeom 1122 2 Imxowxaeexi
11 exxxxmnnon 1 22 3 3uxxxxneexl
12000 1 2-4 5 dxmonnnad
[EH1EEH faxx 818 Pruxxoenex)
[LH31 X KOOETXOIREXY o !
154 NARS LT EEAANANATITT ANNY H

UB5ERVED CELL-MEAN DYE CONCENTRATIONS (FFB X 180}
SsdrsrnRRMLLIBIRANR

kG RATERLEHARANRLITRS

axx ieiii] piviii
FiEPTET T FrEie t
ST Y Y Y X XLLLANNNRAN {xrnuey H
FIXRARRRRARRNALRLLRY it
[ ETEEsrsiassasssiit] !

HTTFLLE R it bh s 1 I 1 xmixax!
(L v et i a3 ] 1 sxxxumann!
113y & & yxzzavaxal
[ 2ixxxnxx 133 12 4 woooxnonexnt
(kI3 y 17 oo
143nx TEE XNRELONAANTARLALEAARES
15 TYTIIENITIINEEXXX XN XA T TRRXNE]

. '




Figure 30

Predicted Hatchery Impacts
August Loading Conditions

Increases in Cell Phosphorus Concentrations (ppb x 10)
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Increases in Cell Phosphorus Conceumtratioms (ppb x 10)
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Figure 32
Simulation of Hatchery Impact under 1984 Wind Loads
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Cclumn, Row of Simulation Grid (see Figure 1 for Locations)




