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Part |

Computations of the Distribution of Effluent Discharged
from the Vienna Electric Generating Station

into the Nanticoke River
INTRODUCT ION

The purpose of this part of this report is to present the
results of computer computations of the probable concentration of
excess heat and contaminants in the Nanticoke River resulting from
the combined discharge of blowdown water from existing Unit 8 and
Proposed Unit 9 of the Vienna Electric Generating Station.

Computations are made herein for both the 400 MW new unit
as originally proposed and for the 600 MW Unit 9 as now proposed in
the amended Application for Certificate of Public Convenience and
Necessity submitted by the Delmarva Power Company. Presentation of
the results of both these cases allows an evaluation of the impact
of the plant as now proposed and also the increment increase in impact
resulting from the increase in unit size between that originally
proposed and that now proposed.

In making the detailed calculations shown graphically in this
report it was assumed that the blowdown water from Unit 8 and Unit 9
would be combined into a single discharge. Combining the discharges
from the units would provide a smaller nearfield thermal plume than
would be the case for the complex interacting plumes which would

result from separate discharges. Computational difficulties have




prevented us from determining the shape of the two interacting plumes
for the case of separate discharges. However, estimates of the area
enclosed within specified isolines of contaminant concentration and
of excess temperature have been made, and these results will be com-
pared with the results of the more detailed analysis of the single,
combined discharge for the two units.

The detailed results of computations of the character of the
thermal plume giveh here make use of the original design for the
discharge pipe, wﬁich called for an 8" inside diameter. The present
plans call for a discharge pipe with a 10" orifice. The effects of
this difference in discharge orifice size will also be discussed in

a later section of this part of this report.
THE MODEL

The model used to obtain the information on the shape and
dimensions of the thermal and contaminant plume presented herein is
the MSRC Combined Field Thermal Plume Model. A detailed description
of this model is given by Carter et al. (1979). The model combines
a near field thermal plume model based on the work of Carter and
Regier (1974) with a far field diffusion model described by Carter
et al. (1977). The latter model makes use of the Okubo-Pritchard
Diffusion Equations, Pritchard (1960).

The procedure involves the super-position of a large number
of sequential small diffusing patches, each from an infinitesimal,

instantaneous source, and all moving with the time varying ambient



velocity ua(t). The sequence of infinitesimal sources sum to the
continuous rate of discharge of the power plant. The integration

of the far field model is carried out over a number of tidal cycles
until a pseudo-steady state far field distribution is attained; that
is, until the time dependent variations in concentration over the
tidal cycle are repeated from tidal cycle to tidal cycle.

The concentration distribution as computed from the far field
model, while applicable for locations well removed from the source,
is incorrect in the near field plume because the momentum and buoyant

.entrainmentare not included. After pseudo-steady state in the far
field computations is reached, fhe source is turned off, and com-
putations made for several tidal cycles to obtain the background
concentration distribution over the near field and intermediate field.

The near field model is then exercised and the distribution
of concentration thus obtained is added to the far field distribution.
In carrying out this combining of the two models care is taken such
that excess heat and contaminant mass are conserved.

An important feature of this model is that it includes the
interaction of the far field and near field distributions. In most
near field models, the tacit assumptjon is made that there is an
infinite supply of ''clean' water available for entrainment into the
plume. No account is taken of the fact that quite often some fraction
of the water being entrained into the plume as dilution water contains
a background of contaminants and excess heat built up from the pre-

vious continuous discharges from the plant.



Models are often used without verification that the computed
results can be used with reasonable confidence for the specific
purpose at hand. Usually this is because the data necessary for
such verification arenot available. The various parts of the MSRC
Combined Field Thermal Plume Model have shown good comparisons with!
a number of direct plume measurements. The model has been used in
its present full configuration in studies associated with an existing
power plant on the Hudson Riyer estuary. Good comparison was obtained
between computed and observed values of recirculation at the plant,
though no detailed comparison of computed and observed plume char-
acteristics were made.

Fortunately, a set of data exists which allows verification
of the model's use in the Vienna area of the Nanticoke River. In
April 1974 the condenser discharges from the once-through cooling
systems of Units 5, 6 and 7, together with the blowdown water from
the cooling.tower of Unit 8, were tagged with the fluorescent dye
Rhodamine WT, as reported by Carter and Regier (1975). We have exercised
the MSRC Combined Field Thermal Plume Model under the conditions
applicable to the April 1974 field study, and have compared the
computed values of dye concentration with the observed values of
dye concentration with the obser?ed values reported by Carter. This

comparison is presented as final section to this part of this report.

INPUT PARAMETERS FOR THE MODEL

The model requires that certain geometric and flow dependent

parameters be specified, including the time dependent velocity field.



For our purposes here the velocity was considered to be composed of
a time dependent oscillatory component of semi-diurnal tidal period
plus a time independent non-tidal mean velocity. An analysis of the
current meter records made just upstream from the plant indicated
that the amplitude of the oscillatory tidal current for the subject
segment of the Nanticoke River is 55 cm s 1. The mean non-tidal
flow depends on the river flow, but the current meter records do
not indicate any significant vertical shear in this mean flow.

Three river flow conditions were considered: (1) A low
river flow of 445 cfs, which results in a non-tidal velocity of
0.84 cm s ! for the average cross-section in the two-tidal excursion
long reach of the river centered on the plant site; (2) a mean river
flow of 810 cfs, which corresponds to a mean non-tidal velocity of
1.53 cm s-l; and (3) a high river flow of 1520 cfs, corresponding
to a mean non-tidal velocity of 2.86 cm s 1.

The diffusion velocity, a coefficient which enters the
Okubo-Pritchard Diffusion Equations, was taken to be 1.5 cm s 1,
This value has been found applicable in other studies in the Chesapeake
Bay estuarine system, and on the basis of the verification study
described later in this report, this value appears applicable to the
Nanticoke in the vicinity of the Vienna Electric Generating Station,

The mean width of the river in the area of interest was
taken to be 410 meters, and the mean depth as 3.67 meters.

As pointed out earlier, it was assumed that the blowdown

water from Unit 8 and Unit 9 would be combined into a single discharge.



The design features of the discharge structure were taken from the
Application for Certificate of Public Convenience and Necessity as
originally submitted by the Delmarva Power Company, for a shoreline
submerged discharge for Unit 9. The details are given in Section
2.8C.1 and Figure 2.8C.1 of the above captioned document. Briefly,
the discharged orifice is assumed to be located at a depth of 10 feet
below MLW on the face of a vertical wall at the shoreline. This wall
is assumed to extend downwards to a dreaged bottom at 12 feet below
MLW. The discharge port is taken to be a cylindrical pipe with an
inside diameter of 8 inches. The effects on the results described
here of increasing this pipe diameter to 10 inches will be discussed
In a later section.:

Computations were first made using the wintertime blowdown
flow from Unit 9, as stated in the above captioned document for a
L00 MWE unit, of 1332 gpm, combined with a blowdown discharge from
Unit 8 of 381 gpm. This later figure Qas obtained by scaling the
blowdown flow from Unit 9 by the ratio of the make-up flow for Unit 8
of 1460 gpm as given by Carter (1975) to the make-up flow for Unit 9
of 4892 gpm as given in the above captioned application. The total
rate of flow to be discharged through the 8" diameter outfall was
therefore taken to be 1713 gals min ! or 0.108 m3 sec”!, The velocity
at the discharge orifice was then taken to be 3.33 m sec ! (or 10.9
ft sec 1).

The Delmarva Power Company states in their Application for

Certificate of Public Convienience and Necessity that the blowdown
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about 15°F In April and 12°F in May. The size of ‘the areas contained
within specified isotherms of'eicess-femperature in the thermal plume
will tﬁus be less than those computed here for the winter case, by a
factor of two or more.

v Note that In our computatlons we deal 'not with the absolute
value of thﬁ excess temperature‘or of the concentration of a contamlnant,
but with the relative concentration; that s, "theratlo of ‘the con=
centration (or excess temperature) at any p§|nt In the plume to''the
. concentration (or exdess‘tempefature) at the point of ‘discharge.
Thus, while therexcess temperature fn the summertime plume will
: obVioﬁéiy‘bd mch ieés than the excess temperaturefjn the wintertime
imﬁiuﬁé;JSfﬁce the Inftfal UndiTuted values are T°F for summer and 34°F
i for winter, the relative excess temperatures for ‘the two ‘cases wil)

- be dﬁﬁroﬂlmately the same In the far fleld, ‘and ohiy fractionally
ié&er in sumﬁer than In winter for the near fleld ‘plume. 'This fact
~Is:1mportahf'slnce the concentration of chemical contaminants”in the

un&]luted bloWdowﬁ'Qater may be higher in summer than in'winter.

P

RESULTS

The computed output from' the model for these comphtatlons are
ih terms of the relative concentration, or Inverse dilution. Thus,
répresentlng the dTlution of the effluent by the symbol D, the con-
centraflon of a contaminant at the point of dlschafge by < and’ that

at any other bélntkln the river by c, and the excess temperature at

the point of dlschafge by eo and that at any other point in the river



() by 6, then the relative concentration is given by

The relative concentration then varies from 1.0 at the discharge
to 0.0 at positions sufficiently removed from the source so that no
measurable constituents of the effluent occur.
Note that Equation (1) when applied to the excess temperature,
6, is correct only if surface cooling to the atmosphere is unimportant.
This is certainly the case here where mixing in the near field plume
results in a rapid reduction in excess temperature to very low values
due to dilution. The integral of the excess temperature over the
area of the plume results in a very low driving term for heat loss
® to the atmosphere.
Computations were made over a reach of the river extending
upstream and downstream from the plant site a distance of 5 nautical
® miles (9.2 km) which is approximately the length of a tidal excursion.
The complex geometry of this 10 nautical mile reach of the river was
scaled to a rectilinear grid having a width of 410 meters, the mean
® width of the river over this segment. Values of the relative con-
centration were printed out at 561 grid positions for the far field
computations. The grid points were separated by 0.2 nautical miles
in the longitudinal direction and by 4] meters in the lateral direction.

The rectilinear grid was distorted in the printout so that there

appears to be an equal spacing in the lateral direction and in the
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longitudinal direction; that is, the river appears to be wider in
relation to its length by the factor of 370.6/41 or 9.04.

Printouts were obtained for each of the three river flows
(high flow, or 1520 cfs; mean flow, or 810 cfs; and low flow, or
445 cfs), for four different stages of the tide (maximum ebb, maximum
flood, near slack before ebb, and near slack before flood). Values
are given for near the time of slack water rather than at slack
water because the near field model fails to compute for exactly
zero ambient current.

The computed relative concentration distributions were con-
toured by hand, and the resulting far field distributions on the
distorted rectangular reach of the river are shown in Figures 1
through 6 for the twelve cases considered (3 river flows, each for
4 phases of the tide).

The near field plume on these figures is somewhat larger
than it should be, since the far field computation does not take into
consideration dilution by momentum entrainment close to the points
of discharge. Near field calculations were carried out for mean
river flow, for near slack before ebb and for maximum flood flow.
These computations were made on an expanded rectangular grid of 1071
points extending longitudinally 0.2 nautical miles upstream and down-
stream from the point of discharge, and extending laterally from the
western shore of the river outward a distance of only 82 meters.

The longitudinal spacing between grid points for this near field

calculation was 0.0080 nautical miles, and the lateral spacing was
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o 4.1 meters. The contoured distributionsof relative concentration for
these near field plumes are given in Figures 7 and 8.
The far field distributions of relative concentrations have
o been scaled back to the actual geometry of the river, and the twelve
cases are given in Figures 9 through 32. A separate figure is given
for the reach of the river up-stream from the point of discharge and
® for the reach of the river downstream from the point of discharge
for each of the twelve cases considered.
Before going further we should mention that we accounted for
Y the influence of the river banks on the far field concentrations by
using the method of images. Reflection from the river bank which is
on the same side of the river as the original source was accounted

for by simply doubling the magnitude of the original source. Reflection

o
from the distant river bank was accounted for by placing an image
source behind this bank a distance equal to the width of the river.
° This image source must itself have an image appropriately placed,
and so on. We used in total 6 image sources and the relative far
field concentration fields presented in Figures 1 through 6 and 9
through 32 each represent a linear superposition of the field from
¢ the original source and the 6 image sources.
The concentration fields in Figures 1 through 6 and 9 through
32 show a well defined plume with relatively high concentrations
o

superposed on a relatively uniform background. The plume is composed
of material emitted from the source since the last change in direction

of the tidal current. Concentrations within the plume decrease down
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at maximum ebb, during mean river flow, downstream from

the source.
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Distribution of relative concentration for a 400 MW plant,
near slack before flood, during mean river flow, upstream
from the source.
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@ Figure 20. Distribution of relative concentration for a 400 MW plant,

near slack before flood, during mean river flow, downstream
from the source.
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Figure 21. Distribution of relative concentration for a 400 MW plant,
at maximum flood, during mean river flow, upstream from
the source.
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® Figure 22. Distribution of relative concentration for a 400 MW plant,

at maximum flood, during mean river flow, downstream from
the source.
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Figure 23. Distribution of relative concentration for a 400 MW plant,
near slack before ebb, during mean river flow, upstream
from the source.
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Figure 24. Distribution of relative concentration for a 400 MW plant,
near slack before ebb, during mean river flow, downstream
from the source.
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Figure 25. Distribution of relative concentration for a 400 MW plant,
at maximum ebb, during low river flow, upstream from the

source.
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Figure 26. Distribution of relative concentration for a 400 MW plant,
at maximum ebb, during low river flow, downstream from
the source.
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Figure 27. Distribution of relative concentration for a 400 MW plant,
near slack before flood, during low river flow, upstream
from the source.
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Figure 29. Distribution of relative concentration for a 400 Mw plant,
at maximum flood, during low river flow, upstream from the
source.



-41=-
0.006 0.004
n 0.002
FERRY PT.
Y \
o J)
BUTLERS 0.00I
BEACH
°®
o - é
®
Q
0.00016
® MARSHAL
PT.
+ SOURCE
°® | 05 0 |
——————— i — —
NAUTICAL MILES
POLE PT
®

Figure 30. Distribution of relative concentration for a 400 MW plant
at maximum flood, during low river flow, downstream from
the source.
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Figure 31. Distribution of relative concentration for a 400 MW plant,
near slack before ebb, during low river flow, upstream
from the source.
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Figure 32.
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the centerline approximately as one over the distance from the source.
The magnitude of concentrations within the plume depend primarily on
the strength of the source and the ratio of the tidal current amplitude
to the diffusion velocity. When the tide changes, a new plume begins
to form and the plume created on the previous stage of the tide
diffuses into the background.

The background concentration field is produced by the super-
position of these diffusing remnant plumes over many tidal cycles.
The background concentration field oscillates with the tidal current
but it is very important to note that background concentration levels
are dependent on the strength of the source and the magnitude of the
nontidal residual current velocity rather than the tidal current
velocity. Background concentrations are, therefore, quite sensitive
to river flow.

As stated in the introduction, computations were also carried
out for a source with a flow rate of 2570 gals. min., representing
the discharge from Unit 8 combined with a new Unit 9 of 600 MWE.

The computed relative far field concentrations for this
increased source on the distorted rectangular grid are presented in
Figures 33 through 38. With the exception of the source strength,
all input parameters for these computations were the same as those
for the 400 MW plant. A comparison of the far field concentrations
for the 400 MW and 600 MW plants is afforded by Figures 1 through 6
and 33 through 38. At any specific point, concentrations for the

increased source are simply increased by a factor of 1.5 over those
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Figure 35. Isolines of relative concentration for mean river flow (810 cfs), for maximum ebb tidal flow
and for near slack before flood. Computations are for a discharge flow of 2570 gpm
representative of a 600 MW plant (compare with Figure 3 which is representative of a 400 MW plant) .
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Computations are for a discharge flow of 2570 gpm representative

of a 600 MW plant (compare with Figure 5 which is representative of a 400 MW plant) .
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o concentrations computed for the original source; concentrations at
a fixed point are linearly proportional to source strength. The
area enclosed by a given isoline of concentration is not, however,

| linearly proportional to source strength and may exhibit very sig-
nificant increases which are greater than a factor of 1.5,

The far field distributions of relative concentration computed

® for the increased source have been scaled back to the actual river
geometry; they are presented in Figures 39 through 62. These figures
are to be compared to Figures 9 through 32 for the 400 MW plant.

® The near field distribution for this 600 MW case are given
in Figures 63 and 64. It is evident that these figures are not
markedly different from Figures 7 and 8, which give the nearfield
distributions of relative concentration for the 400 MW case. The
only clear difference between these two sets of figures is that in
the 600 MW case (Figure 63), the plume extends further offshore
before bending to become parallel to the axis of the estuary.

The reasons for both the similarities and the differences
can be found in the assumed input conditions for the two cases. In
making the computation for the larger discharge the diameter of the
discharge orifice was kept the same as in the 400 MW case. The
consequent larger velocity and momentum of the discharge resulting
in extending the plume further offshore and also in increasing the
densimetric Froude number, and hence increasing the relative rate

of mixing in the near field.




-52~

\

<0.000005><

RIVERTON

’ /)~ 0.00001

0.0005
0.006%%,
0.00I
q FERRY
0.004 b1 % SOURCE
0.002 | 0.5 0 |
e —— —————— |

NAUTICAL MILES

Figure 39. Distribution of relative concentration for a 600 MW plant,
at maximum ebb, during high river flow, upstream from the
source.
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Figure 40. Distribution of relative concentration for a 600 MW plant,
at maximum ebb, during high river flow, downstream from
the source.
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Figure 41. Distribution of relative concentration for a 600 MW plant,
near slack before flood, during high river flow, upstream
from the source.
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Distribution of relative concentration for a 600 MW plant,
near slack before flood, during high river flow, downstream

from the source.

Figure 42.
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Figure 43. Distribution of relative concentration for a 600 MW plant,
at maximum flood, during high river flow, upstream from
the source.
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Figure 44. Distribution of relative concentration for a 600 MW plant,
at maximum flood, during high river flow, downstream from
the source.
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Figure 45. Distribution of relative concentration for a 600 MW plant
near slack before ebb, during low river flow, upstream
from the source.
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Figure 46. Distribution of relative concentration for a 600 MW plant,
near slack before ebb, during high river flow, downstream

from the source.
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Distribution of relative concentration for a 600 MW plant,
at maximum ebb, during mean river flow, upstream from the
source.
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Figure 48. Distribution of relative concentration for a 600 MW plant,
at maximum ebb, during mean river flow, downstream from
the source.



-62-

0.000005 >

RIVERTON

0.0000lI

0.005 9/ 0.00005
0.004

FERRY % SOURCE
} PT.
0.002 0.00! | 0.5 0 |
e —— t—————— i
NAUTICAL MILES

Figure 49. Distribution of relative concentration for a 600 MW plant,
near slack before flood, during mean river flow, upstream
from the source.
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Figure 50. Distribution of relative concentration for a 600 MW plant,
near slack before flocd, during mean river flow, downstream

from the source.
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Figure 51. Distribution of relative concentraticn for a 600 MW plant,
at maximum flood, during mean river flow, upstream from

the source.
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Figure 52. Distribution of relative concentration for a 600 MW plant,
at maximum flood, during mean river flow, downstream from

the source.
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Distribution of relative concentration for a 600 MW plant,
near slack before ebb, during mean river flow, upstream
from the source.
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Figure 54. Distribution of relative concentration for a 600 MW plant,
near slack before ebb, during mean river flow, downstream

from the source.
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Figure 55. Distribution of relative concentration for a 600 MW plant,
at maximum ebb, during low river flow, upstream from the

source.
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Figure 56. Distribution of relative concentration for a 600 MW plant,
at maximum ebb, during low river flow, downstream from

the source.
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Figure 57. Distribution of relative concentration for a 600 MW plant,
near slack before flood, during low river flow, upstream

from the source.
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Figure 58. Distribution of relative concentration for a 600 MW plant,
near slack before flood, during low river flow, downstream
from the source.
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Figure 59. Distribution of relative concentration for a 600 MW plant,
at maximum flood, during low river flow, upstream from
the source.
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Figure 60. Distribution of relative concentration for a 600 MW plant,
at maximum flood, during low river flow, downstream from
the source.
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Figure 61. Distribution of relative concentration for a 600 MW plant,
near slack before ebb, during low river flow, upstream
from the source.
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Figure 62. Distribution of relative concentration for a 600 MW plant,
near slack before eff, during low river flow, downstream
from the source.
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The length, width and area enclosed by specified values of
relative concentration, or inverse dilution have been determined
from the contours shown in Figure 7 and Figure 63, and are given in
Table 1. Values of excess temperature (rounded to the nearest tenth
of a degree) corresponding to these values of inverse dilution, for
the case of an excess temperature at discharge of 34°F, are also
listed in the table. The tabulation is made only for the flood tide
data and not for the near slack data because: (1) the slack case
represents an event of very short duration during the tidal cycle;
and (2) for inverse dilutions greater than 0.03, the flood tide case
gives larger areas than doés the slack tide case. This statement |
may appear to be contrary to the impressing given by visual comparison
of Figure 7 with Figure 8, or of Figure 63 with Figure 64, However,
the distortion of the lateral scale in comparison with the horizontal
scale also tends to distort one's visual impression of these figures.
Note that the values of the dimensions and areas as given in this
table depend on contours of inverse dilution drawn from data plotted
at grid points on a rectilinear grid. The distance between grid
points in the longftudinal direction is 14.83 meters, and in the
lateral direction, 4.1 meters. Because of this fact the longitudinal
dimensions of the plume as listed are uncertain by about * 3 meters,
and the lateral dimensions by about * | meter. Keeping these figures
in mind, we note that:

(a) The size of the area enclosed within the 0.06 relative

concentration isoline (2.0°F isotherm of excess temperature) is larger
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@ Table 1

Dimensions and Areas contained Within Isolines of Various Concentration
and Excess Temperature values in the Nanticoke River at the Time of
® Maximum Flood Flow, for Combined Discharges from Existing Unit 8 and

Proposed Unit 9, Wintertime Conditions.

A. FOR UNIT 9 OF 400 MWE

o
1/Dilution Excess  Length Width Area Area Area
(c/Co) Temp. (°F) (m) (m) (m2) (ft2) (Acres)
0.06 2.0 19 3 46 L9] 0.011
0.04 1.4 110 4 352 3787 0.087
o 0.03 1.0 177 7 991 10664  0.245
0.02 0.7 186 14 2083 22412 0.515
0.01 0.3 204 17 2774 29848 0.685
0.005 0.2 236 20 3776 ko624 0.933
® B. FOR UNIT 9 OF 600 MWE
1/Dilution Excess Length Width Area Area Area
(c/Co) Temp. (°F) (m) (m) (m2) (ft2) (Acres)
0.06 2.0 23 5 92 3990 0.023
® 0.0k 1.4 64 6 307 3305  0.076
0.03 1.0 157 8 1005 10810 0.248
0.02 0.7 191 15 2292 24658 0.566
0.01 0.3 197 20 3152 33910 0.778
0.005 0.2 206 25 4120 44325 1.018
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for the 600 MW case than for the 400 MW case. Though the difference
in the lengths and widths of the area enclosed by this isotherm are
only marginally greater than the values of uncertainty in measurement
from the contoured charts as given above, such an enlargement is
consistent with the fact that the larger momentum will result in a
larger zone of flow establishment, an initial reach of the discharge
jet within which no centerline dilutions occur.

(b) The individual lengths and widths of the areas
contained within the specified inverse dilution values in the range
between 0.04 and 0.005 differ between the two cases, with the length
for the 400 MWE case being slightly larger than in the 600 MWE case,
while the difference in widths is in the opposite direction. However,
the difference in the areas between the two cases as given in Table |
for this range of values of inverse dilution is not significant.

This is because, due to the fact that the area of the discharge

orifice was kept constant, the larger discharge velocity for the 600 MWE
case resulted in an increase in entrainment and hence relative dilution
which just balanced the increase in source strength for this range

of inverse dilutions. |t should not be concluded that in general

the size of the plume would remain constant with an increase in source
strength by merely keeping the size of the discharge orifice constant.
This particular situation resulted from a unique combination of input
parameters,

(c) While not evident from the contours given in these

figures of the near field distribution, the size of the areas contained



-81-

within isolines of inverse dilution for values of this parameter
less than 0.005 for the 600 MWE case become steadily larger (as the
values of inverse dilution decrease) in comparison to the 400 MWE
case, until the full effect of the larger source strength is felt.

This feature is evident in the diagrams for the far field.

THE EFFECTS OF VARYING PLANT DESIGN SPECIFICATIONS

As pointed out earlier, the computations presented in detail
in this part of this report are based in part on the assumption that
the blowdown water from Unit 8 and from Unit 9 are combined into a
single discharge. Also, the input to the model included the assumption
that the diameter of the pipe to be used for this single discharge
would be 8 inches (0.67 feet). The Delmarva Power Company now propose
to release the blowdown water from Unit 9 through a pipeline having
a diameter at the point of discharge of 10 inches (0.83 ft).

As mentioned earlier, computational difficulties preclude
the computation of the distribution in space and time of two inter-
acting plumes. |If the two discharges are far enough apart so that
no interaction occurs, .computations may be carried out, and if the
two discharges are sufficiently close together so that they can be
considered as a single discharge, then computations may also be made.
At intermediate separations the two plumes interact hydrodynamically.
Such interaction results in a loss of some excess momentum from both
plumes which is then not available to driVe the entrainment mechanism.

Even if no hydraulic interaction occurs, mixed water, with some
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concentration of contaminant or excess heat, from one plume may be
entrained into the other. This process is equivalent to re-entrainment
of partially contaminated water in a single plume. Re-entrainment

is probably the most significant factor with regard to the failure

of some thermal discharges to produce plumes having areas within
specified isolines of concentration or excess heat as small as had

been predicted.

If the discharge structures are separated sufficiently so
that during the period of ebb flow the lower reaches of the plume
with an upstream source do not encroach on the upstream end of the
downstream plume, and, vica versa for flood flow, then there is some
advantage to separation of the two discharges. However, the discharge
velocity in each of the separate discharges should be kept at least
as high as would occur for the combined discharge. In any case, the
far field distribution will not be significantly affected whether
or not,within the limits of the station property, the discharges are
separated or are combined.

Computations have been made for the purpose of comparing the
size of the areas within specified isolines of inverse dilution for
the plume from the blowdown discharge for Unit 9, for a discharge
orifice diameter of 10 inches and of 8 inches. For inverse dilutions
less than 0.05, corresponding to an excess temperature for the wintertime
case of 1.7°F, our calculations show no effect of this difference in
discharge pipe size. However, for relative concentrations greater

than 0.05 the computed areas for the larger pipe diameter were
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slgnificantly larger than for the smaller pipe diameter. For example,
the area contained within the 0.06 isoline of relative concentration,
which corresponds in winter to the 2.0°F excess temperature is cal-
culated to be 3.7 times larger In the case of discharge from a 10

inch diameter pipeline than in the case of discharge from an 8 inch
diameter pipeline. Note, however, that the plume size as defined

by this isoline is still only a fraction of an acre in area.

MODEL VERIFICATION

In order to assess the validity of our predicted far field
distributions of relative concentration we have made comparisons of
computed distributions with the observed distributions of relative
concentration from the dye tracer experiment conducted by Carter
and Regier (1975) (Chesapeake Bay Institute Technical Report 90).

This experiment was conducted with the specific objective of delineating
the field of excess temperature resulting from the cooling water
discharge of the Delmarva Power and Light Company Vienna, Maryland
generating station into the Nanticoke River.

We have compared the observed time histories of relative dye
concentration with time histories predicted by our simple model for
a total of four separate model runs. We made three separate runs
corresponding to low river flow, mean river flow and high river flow
conditions. The model parameters used in these simulations were the
same as those used in the simulations represented in Figures 9 through 32

and 39 through 64 with the exception of the source strength. For the
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fourth simulation we altered both the diffusion velocity and the
tidal current amplitude from values used earlier to better represent
the dye data. All parameters used in the simulations are discussed
below.

In all of the simulations discussed here we used a source
strength which represented the actual volume rate of discharge of
cooling water from the Vienna generating station into the Nanticoke
River at the time the dye tracer experiment was conducted. The
design operating parameters for the Vienna generating station at
the time of the dye tracer experiment are discussed by Carter and
Regier (1975). The total condenser cooling water flow for units #5,
6, 7 and 8 is approximately 7.6 m3 s 1. This is the volume rate of
discharge which we used as a source term for all simulations which
were compared with dye data. |t should be noted, however, that
Carter and Regier (1975) mentioned that there were brief periods
during the dye tracer experiment when pumps for units #5 and 7 were
turned off and that only infrequently were units #5, 6, and 7 operating
at rated capacity.

Figures 65 through 67 show simulated time histories for

relative concentration corresponding to low river flow conditions
(445 cfs). For this river flow a mean velocity of .838 cms ! was
used; the diffusion velocity and tidal current amplitude used were,
respectively, 1.5 cms ! and 55 cms . These values for mean velocity,
diffusion velocity and tidal current amplitude are consistent with

values used for the previous simulations, Figures 65 through €7
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Figure 65. A comparison of observed time histories of relative dye concentration (solid circles)

with simulated time histories at sections 4F, 3F, 2F for low river flow conditions

(445 cfs) and for a diffusion velocity of 1.5 cm s™) and tidal current amplitude of
55 cn s~ (see text).
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