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Part I 

Computations of the Distribution of Effluent Discharged 

from the Vienna Electric Generating Station 

into the Nanticoke River 

INTRODUCTION 

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 Publ ic 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 
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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 given here make use of the original design for the 

discharge pipe, which called for an 8" inside diameter. The present 

plans call for a discharge pipe with a I~ l 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 
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velocity u (t). The sequence of infinitesimal sources sum to the a 

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 appl icable for locations well removed from the source, 

is incorrect in the near field plume because the momentum and buoyant 

entrainment are not included. After pseudo-steady state in the far 

field computations is reached, the 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 assumption 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. 
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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 River 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 cool ing 

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 observed 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. 
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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 ampl itude of the oscillatory tidal current for the subject 

-1 segment of the Nanticoke River is 55 cm s . 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-l 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-l. 

The diffusion velocity, a coefficient which enters the 

Okubo-Pritchard Diffusion Equations, was taken to be 1.5 cm s-l. 

This value has been found appl icable 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. 
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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.BC. I and Figure 2.Bc. I 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 dredged bottom at 12 feet below 

MLW. The discharge port is taken to be acyl indrical 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 

400 MWE unit, of 1332 gpm, combined with a blowdown discharge from 

Unit 8 of 381 gpm. This later figure was 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-lor O. loB m3 sec-I, The velocity 

at the discharge orifice was then taken to be 3.33 m sec- 1 (or 10.9 

ft sec-I). 

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 Ih April and 12°F In Hay. The s-t ze of the areas contained 

wItHIn specIfied "Isotherms or excess temperature t the thermal plume 

wIll thus be ·le: s tHan those computed here f or d ie winter case, by a 

factor of t wo or more. vi , 
Note that I·n our computatIons we deal not wl'tn. the absol-ute 

tHe excess temperature or 'of the concent ratIon -of a contamInant, 
, ~ 

but wIth t he r e latIve concentra't lon; tt1at s, the tat ro of ,the con-

centratlon (or excess temperat,ure) at any poInt In the pHh to tWe 

'" -concentrat Ion (or excess temperature) at t he poInt of Cl /scharge. 

Thus, whIle the excess temperature In the sunmertlme pfume wl ' l n 

o than the excess tempera re ' I n t he wrnter-t Ime 

phne, sInce the ln I t I.l und fluted va lues are ro,~ fc:> r lulTll'fter Ind 34°F 

for wtnter, t he rel l tl e excess temperatures fo'r the ' -two clSes wf'1l 

- be .pproxlmi ely the same In the far 'f eld, and only frictIonally 

rower In su~er than In winter for the nelr fIeld plume. This fact 

Is l mportant sInce the concentratIon of' chemIcal con tamln~nts In the 

un l uted blowdown wa t er may be hIgher In sunmer than In wInter. 

RESULlS n 

1 
The computed output from'the model for these computatIons are 

.. 
In terms of the relative concentratIon, or Inverse dilutIon. Thus, 

representIng the dllutlon cif the effluent by the symbol ,Q.. the con­

centratIon of a contamInant at the poInt of dIscharge by c and that o 

at any other point In the rIver by £, and the excess temperature at 

the 'polnt of discharge by eo and that at any other poInt In the river 
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bye, then the relative concentration is given by 

c 
c 

o 

e 
e 

o 

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 appl ied to the excess temperature, 

e, is correct only if surface cool ing 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 fie ld 

computations. The grid points were separated by 0 . 2 nautical miles 

in the longitudinal direction and by 41 meters in the late r 1 direct ion. 

The rectil inear g ri d was distorted in the printout so tha t t here 

appears to be an equal spacing in the lateral d i rection and in the 

(1) 
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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 I 

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 

t 
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Figure 1. 1501 ines of relative concentration for high river flow (1520 cfs), for maximum ebb 
tidal flow and for near slack before flood. 
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Figure 6. Isolines of relative concentration for low river flow (445 cfs), for maximum flood 
tidal flow and for near slack before ebb. 
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4.1 meters. The contoured distributions of relative concentration for 

these near field plumes are given in Figures 7 and 8. 

The far field distributions of relative concentrations have 

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 

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 doubl ing the magnitude of the original source. Reflection 

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 I 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 I through 6 and 9 through 

32 show a well defined plume with relatively high concentrations 

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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Figure 7. Isolines of relative concentration in the near field plume for mean river flow, for 
near maximum flood tidal flow. 
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Figure 9. Distribution of relative concentration for a 400 MW plant, 
at maximum ebb, during high river flow, upstream from the 
source. 
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Figure 10. Distribution of relative concentration for a 400 ~~ plant, 
at maximum ebb, during high river flo .... ' , dO\<.'11stream from 
the source. 
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Figure 11. Distribution of relative concentration for a 400 M~ plant, 
near slack before flood, during high river flow, upstream 
from the source. 
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Figure 12. Distribution of relative concentration for a 400 MW plant, 
near slack before flood, during high river flow, downstream 
from the source. 
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Figure 13. Distribution of relative concentration for a 400 MW plant, 
at maximum flood, during high river flow, upstream from 
the source. 
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Figure 14. Distribution of relative concentration for a 400 MW plant, 
at maximum flood, during high river flow, downstream from 
the source . 
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Figure 15. Distribution of relative concentration for a 400 MW plant, 
near slack before ebb, during high river flow, upstream 
from the source. 

• 

• 

• 

• 

• 

• 

• 



• 

• 

• 

• 

BUTLERS 
BEACH 

-27 -

0 .006 

* SOURCE 

PT. 

0 .5 
Iwa 

o ..... 
NAUTICAL MILES 

Figure 16. Distribution of relative concentration for a 400 MW plant, 
near slack before ebb, during high river flow, downstream 
from the source. 
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Figure 17. Distribution of relative concentration for a 400 MW plant, 
at maximum ebb, during mean river flow, upstream from the 
source. 
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Figure 18. Distribution of relative concentration for a 400 MW plant • 
at maximum ebb, during mean river flow, downstream from 
the source . 
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Figure 19. 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 MVi 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 28. Distribution of relative concentration for a 400 MW plant, 
near slack before flood, during low river flow, downstream 

from the source. 
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Figure 29. Distribution of relative concentration for a 400 MW plant, 
at maximum flood, during 1m .. ' river flow, upstream from the 
source. 
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Figure 30. Distribution of relative concentration for a 400 ~v 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. 

• 

• 

• 

• 

• 

• 

• 



• 

• 

• 

• 

BUTLERS 
BEACH 

PT. 

0.0005 

* SOURCE 

0 .5 

-43-

o -_ .... 
NAUTICAL MILES 

Figure 32. Distribution of relative concentration for a 400 MW plari't, 
near slack before ebb, during low river flo .... ·, downstre am 

from the source . 



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 ~ME. 

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 I through 6 

and 3j 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 33. Isolines of relative concentration for high river flow (1520 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 1 which is representative of a 400 MW 
plant) . 
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Figure 34. Isolines of relative concentration for high river flow (1520 cfs), for maximum flood tidal flow 
and for near slack before ebb. Computations are for a discharge flow of 2570 gpm repre­
sentative of a 600 MW plant (compare with Figure 2. which is represe ntative of a 400 MW plant) . 

... .. • • • • • • • 

I 
.::-
Cl' 
I 

• 



• • 

I 
I 
I 
I 
1 

0.00001 
I 

• 

RIVERTON 

• 

I 

0.0001 
I 

• 

I I 0.0005 

I 
I 
I 

I : 0.001 

I I 
I , 

MILES 4 3 2 

~UPSTREAM 

RIVERTON 

I 
NANTICOKE RIVER :MEAN RIVER! FLOW 

SLACK BEFORE FLOOO : 
I 

< 0.000005 0.0600, 

I 
I 
I , 
1 
I 

WILES 4 3 2 

~ UPSTREAtv~ 

• • 

NANTICOKE RIVER: MEAN RIVER FLOW 

MAXIMUM E88 

0.005 
0.006 

I 
I 
I 
I 
1 

DISCHARGE 

0.00005 
I 
I 
I 
I 
I 0004 
'0.005 

DISCHARGE 

0.002 

0 .001 

0003 

2 

• • 

0.001 

I 
I 
I 
I 
I 
I 

0.0005 
I 
I 
I 

• 

0 .00037 

3 4 MILES 
BUTLERS 

BEACH 

DOWNSTREAM ~ 

BUTLERS 3 
BEACH 

0.001 

QOOO86 

0.002 

4 MILES 

DOWNSTREAM ~ 

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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Figure 36. Isolines of relative concentration for mean river flow (810 cfs) , for maximum flood flow for 
near slack before ebb. Computations are for a discharge flow of 257 0 gpm representative of 
a 600 MW plant (compare with Figure 4 which is representative of a 400 MW plant) . 
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Figure 37. Isolines of relative concentration for low river flow (445 cfs), for maximum ebb tidal flow and 
for near slack before flood. computations are for a discharge flow of 2570 gpm representptive 
of a 600 MW plant (compare with Figure 5 which is representative of a 400 MW plant) . 
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Figure 38. Isolines of relative concentration for low river flow (445 cfs), for maximum flood tidal flow 
and for near slack before ebb. Computations are for a discharge flow of 2570 gpm representative 
of a 600 MW plant (compare with Figure 6 which is representative of a 400 MW plant) . 
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concentrations computed for the original source; concentrations at 

a fixed point are 1 inearly proportional to source strength. The 

area enclosed by a given isoline of concentration is not, however, 

1 inearly 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 . 
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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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Figure 42. Distribution of relati'le concentration for a 600 MW plant , 
near slack before flood, during high river flow, downs tream 
from the source. 
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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 ~1 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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Figure 47. 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. 
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Figure 49. Distribution of relative concentration for a 600 ~~ 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 flood, during mean river flow, downstream 

from the source. 
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Figure 51. Distribution of relative concentration 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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Figure 53. 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 o f 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 ~1 plant, 
near slack before flood , during 10 ...... 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 10 ..... river flo.:, downstream 
from the source. 
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Figure 63. Isolines of relative concentration in the near field plume for a 600 MW plant for mean 
river flow, for near maximum flood tidal flow. 

-- - • • • • • • • 



0.0018 

\ 

\ 

\ 

\ \ 
0 .02 

\ 

"'" 

\ 
\ 

\ 

NEAR FIELD JET 
NANTICOKE RIVER MEAN RIVER FLOW 
NEAR SLACK BEFORE EBB 

0 .04 

0.0014 ... 
~ 
G) 

e 
C\I 
<Xl 

I I~II It 
MILES 0.2 0.1 0.1 0.2 MILES 

~UPSTREAM DISCHARGE DOWNSTREAM > 

Figure 64. 1501 ines of relative concentration in the near field plume for a 600 MW plant for mean 
river flow, for near slack before ebb. 
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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 I. 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: (I) 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 does 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 rectil inear grid. The distance between grid 

points in the longitudinal direction is 14.83 meters, and in the 

lateral direction, 4. I 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 ± I 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 Isol ines 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 

llDi lution Excess Length Width Area Area Area 
(c/Co) Teme·(oF) (m) (m) (m 2 ) (f t 2 ) (Acres) 

0.06 2.0 19 3 46 491 0 . 011 
0.04 1.4 110 4 352 3787 0.087 
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 40624 0.933 

B. FOR UNIT 9 OF 600 MWE 

llDilution Excess Length Width Area Area Area 
(c/Co) Teme·(oF) (m) (m) (m 2 ) (ft 2 ) (Acres) 

0.06 2.0 23 5 92 990 0.023 
0.04 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 establ ishment, 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 distharge 

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. It 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 
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within isol ines 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 earl ier, 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 pipel ine having 

a diameter at the point of discharge of 10 inches (0.83 ft). 

As mentioned earl ier, 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 sing le discharge, then computations may also be made. 

At intermediate separat ions the two plumes interact hydrodynamically. 

Such interaction results i n a loss of some excess momentum from both 

plumes which is then not availabl e to drive the entrainment mechanism. 

Even if no hydraul ic interacti on 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 wi t h 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, viea 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 distribut ion will not be significantly affected whether 

or no~within the limits of the station propert~ the discharges are 

separated or are combined. 

Computations have been made for the purpose of comparing the 

size of the areas wi thin specified isol ines of inverse dilution for 

the plume from the bl owdown discharge for Unit 9, for a discharge 

orifice diameter of 10 inches and of 8 inches. For inverse dilutions 

less than 0. 05, correspond ing to an excess temperature for the wintertime 

case of 1.7°F, our ca l cul a tions show no effect of this difference in 

discharge p ipe si ze. However , fo r rel at ive concentrations greater 

than 0.05 the computed areas fo r the l arg e r pipe d iameter were 
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significantly larger than for the sma l l er pi pe diameter. For example, 

the area contained wit h in the 0 .06 iso l ine 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 on l y a fraction of an acre in area. 

MODEL VERIFICATION 

In order to assess the val idity 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 del ineating 

the field of excess temperature resu l ting from the cooling water 

discharge of the Delmarva Power and Light Company Vienna, Maryland 

generat ing station into the Na nticoke River. 

We have compared the observed t ime histories of relative dye 

concentration with time histor ie s pred icted by our simple model for 

a total of four separate model ru ns. We made three separate runs 

corresponding to low river f low, mean r iver flow and high river flow 

conditions. The model parameters used In these simulations were the 

same as those used In the simulati ons r epTesented In Figures 9 through 32 

and 39 through 64 wi th the except ion of the source strength. For the 



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 a l l 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 exper iment are discussed by Carter and 

Regier (1975) . The total condenser coo l ing water flow for units #5, 

6, 7 and 8 is approximately 7.6 m3 s-l. This is the volume rate of 

discharge which we used as a source term for all simulations which 

were compared with dye data. It should be noted, however, that 

Carter and Regier ( 1975) mentioned that there were brief periods 

during t he dye trace r experiment when pumps for units #5 and 7 were 

turned off and that only infrequently were units #5, 6, and 7 operating 

at ra ted capac i ty. 

Figures 65 th rough 67 sh~ simulated time histories for 

relative concentrat ion correspondi ng to low river flow conditions 

(445 cfs). For thi s rive r fl ow a mean vel oc ity of .838 cms-1 was 

used; the diffu s ion velocity and ti dal current ampl itude used were, 

respectively, 1.5 cms- 1 and 55 ems-I . The se values for mean velocity, 

diffusion ve loc ity and tidal cur rent amplItude a re consistent with 

values used for the previous si mulations. Fi gures 65 t hrough 67 
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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-1 and tidal current amplitude of 
55 cm s-l (see text). 
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Figure 66, A comparison of observed time histories of relative dye concentration (sol id circles) 
with simulated time histories at sections IF, IE and 2E, (See caption for Figure 65), 
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Figure 67. A comparison of observed time histories of relative dye concentration (solid circles) 
with simulated time histories at sections 3E, 4E and SF. (See caption for Figure 6S). 
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show simulated time histories for 35 tidal cycles following the 

initiation of a continuous release at a total of 9 separate sections 

at different longitudinal positions from the source. The length of 

the simulations was determined by the length of the dye tracer 

experiment; dye was dispensed from 1828 on 9 April until 1310 on 

26 April. The longitudinal positions at which simulations were 

performed were fixed to correspond to the positions of the lateral 

sections at which repetitive sampling was performed during the tracer 

experiment. We have reproduced Table 2 from Carter and Regier below 

which provides section designations, distances from the source and 

the dates of sampling. 

Table 2 

(From Carter and Regier, 1975) 

Distances from the Source of the Various Sampling Sections 

Together with Sampling Oates. 

M i les/km from Date of 
Sec t ion Source Sampling 

4F 4.2/7 .78 Apr i I 19 

upstream 3F 2. 1/4.08 18 
2F 1.2/2.22 17 
IF 0.2/0.37 16 

Plant 0 

IE 0.71 1.30 12, 26 
2E 1.5/ 2.78 20 

downstream 3£ 3.3/ 6.11 23 
4£ 5.8/10.75 24 
5£ 8 .0/14.82 25 

At each of the 9 sections in Figures 65 through 67 we have 

presented the predicted time history for a point on the near shore, 
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for a point in the center of the river and for a point on the far 

shore for 35 tidal cycles. We have presented the approximately one 

tidal cycle of dye data at each section taken from the figures in 

the above referenced report by Carter and Regier of scaled excess 

temperature as a function of time. The values in these figures 

represent the peak value in the section which in almost every instance 

occured on the nearshore bank. These scaled excess temperatures at 

each section were converted to relative concentration by dividing 

by 12.0°C during the flood part of the tidal cycle and by 14.4°c 

during ebb (see Carter and Regier). 

Figures 65 through 67 show that there is reasonably good 

agreement between predicted and observed relative concentrations at 

most of the sections. The agreement is best at sections near the 

source. The agreement is poor at section 4F far upstream; agreement 

is not good at sections 4E and 5E which are the two sections furthest 

downstream. 

Figures 68 through 70 provide a comparison between predictions 

for mean river flow conditions (810 cfs) and the same dye data presented 

in Figures 65 through 67. For this river discharge we used a mean 

velocity in our simulations of 1.525 cms- I ; the diffusion velocity 

and tidal current ampl itude were kept at 1.5 cms- 1 and 55 cms- I , 

respectively. For mean river flow conditions the simulations show 

a reduction in concentration at the upstream section 4F, a slight 

increase in concentrations at the downstream sections 4E and 5E and 

1 ittle change at the other sections from the simulations for low flow . 
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Figure 68. A comparison of observed time histories of relative dye concentration {solid circles} 
with simulated time histories at sections 4F, 3F, 2F for mean river flow conditions 
{810 cfs} and for a diffusion velocity of 1.5 cm s-l and tidal current amplitude of 
55 cm s-l {see text} . 
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Figure 69. A comparison of observed time histories of relative dye concentration (sol id circles) 
with simulated time histories at sections IF, IE and 2E. (See caption for Figure 68). 
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Figure 70. A comparison of observed time histories of relative dye concentration (sol id circles) 
with simulated time histories at sections 3E, 4E and 5F. (See caption for Figure 68) . 
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Overall, with the exception of section 4F, the agreement with the 

dye data is somewhat improved. 

Figures 71 through 73 provide comparisons between predictions 

for high river flow conditions (1520 cfs) and the dye data. For 

these simulations we used a mean velocity of 2 .862 cms- I and the 

same diffusion velocity and tidal current amplitude used earlier. 

The simulations show a further reduction in concentrations at section 

4F and a sl ight increase in concentrations at sections 4E and 5E. 

Simulations for high river flow show, however, that concentrations 

at sections closer to the source are reduced with this increased 

mean velocity. 

In Figures 74 through 76 simulations for high river flow 

conditions are shown. but with a reduced diffusion velocity (1.0 cms- I ). 

The agreement between the predictions and the dye data is improved 

at all sections except 4F for this reduced diffusion velocity. It 

should be noted that the ampl itude of the tidal current was also 

reduced from 55 to 40 cms- I in an attempt to be more consistent with 

the current meter observations made off the Vienna generating station 

by Carter and Regier during the dye tracer experiment. The appropriate 

tidal current ampl itude is uncertain; this should not. however. be 

of major concern because the predictions are relatively insensitive 

to changes in the tidal current ampl itude. Of more concern are low 

frequency fluctuations in the mean or nontidal current caused by 

meteorological forcing. It is clear that the only mechanism by which 

significantly quantities of dye could have reached upstream to section 4F 
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Figure 71. A comparison of observed time histories of relative dye concentration (solid circles) 
with simulated time histories at sections 4F, 3F, 2F for high river flow (1520 cfs) 
and for a diffusion velocity of 1.5 cm s-1 and tidal current amplitude of 55 em s-1 
(see text) . 
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Figure 72, A comparison of observed time histories of relative dye concentration (sol id circles) 
with simulated time histories at sections IF, IE and 2E. (See caption for Figure 71), 
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Figure 73. A comparison of observed time histories of relative dye concentration (sol id circles) 
with simulated time histories at sections 3E, 4E and SF, (See caption for Figure 71) . 
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Figure 74 . A comparison of observed time histories of relative dye concentration (sol id circles) 
with simulated time histories at sections 4F, 3F, 2F for high river flow conditions 
(1520 cfs) and for a diffusion velocity of 1 cm s-l and a tidal current ampl itude of 
40 cm s-l (see text). 
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Figure 75. A comparison of observed time histories of relative dye concentration (sol id circles) 
with simulated time histories at section IF, IE and 2E (see caption for Figure 74). 
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is for there to have been a prolonged period for which the mean flow 

was directed upstream. There is in fact some evidence that this did 

happen during the dye tracer experiment from the current meter records. 

We conclude then that our simple kinematic model for diffusion 

from a continuous source is capable of representing the major features 

of the observed distribution of relative concentration determined 

from the dye tracer experiment. Best agreement was obtained for a 

diffusion velocity of the order 1 ems- 1 and for a mean velocity of 

the order 2.86 cms- 1 characteristic of high river flow conditions. 

Improved simulations would require information on the low frequency 

variations in the mean (subtidal) flow. We do not at this time have 

data from which the actual river flow for April 1974 at Vienna can 

be determined. However, it should be noted that the month of April 

falls within the normal spring period of high flow for rivers entering 

the Chesapeake Bay. Also, though the best agreement occurred for a 

diffusion velocity of 1.0 em/sec, the difference between the runs 

using this value and these using a value of 1.5 em/sec were not so 

great as to suggest negation of our earl ier computations of the plume 

from the proposed Unit 9. 
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Part II 

Computations of the Distribution of Contaminants 

Introduced into Chicone Creek in Groundwater 

INTRODUCTION 

Chicone Creek is a relatively small tidal waterway tributary 

to the Nanticoke, extending northerly from the river only a short 

distance west northwest of the site of the Vienna Electric Generating 

Station. The West Branch of Chicone Creek runs adjacent to the eastern 

and northeastern boundaries of the proposed waste disposal site for 

the power plant. This site is to receive the combined stack scrubber 

waste and the fly ash from the power station. In this part of this 

report, the possible fate of any contaminant from the disposal site 

which might enter the groundwater, which in turn seeps into the West 

Branch of Chicone Creek, is considered. 

A branched one-dimensional real time tidal hydraul ic and 

water quality model is appl ied to Chicone Creek and its several 

branches for the purpose of determin.ing the temporal and spatial 

distribution of concentration of contaminant, relative to the mass 

rate of addition of the contaminant to the groundwater. The ground­

water in turn is considered to be in communication with the West 

Branch of Chicone Creek. 

THE AREA 

Figure 1 is a sketch map showing the location of Chicone 

Creek and its several branches with respect to the Vienna Electric 



WASTE 
DISPOSAL 
SITE 

Figure 1 

Location Sketch, 
Chicane Creek Area 

-102-

VIENNA 

• 

• 

• 

• 

• 

• 

• 

• 

I 

I 

I 



• 

• 

• 

-103-

Generating Station, and also to the proposed waste disposal area. 

For our purposes here the Chicone Creek system is considered to be 

composed of a Main Branch, a West Branch, and an East Branch. The 

Main Branch is further sub-divided into three reaches. The Upper 

Reach extends from the head of tide to the junction of the Main Branch 

with West Branch. The Middle Reach extends in a meandering, southerly 

direction from the junction of West Branch to the junction of East 

Branch. The portion of the Main Branch extending between the junction 

of the East Branch and the mouth of the creek at the Nanticoke River 

is designated the Lower Reach. 

A topographic chart on a scale of 1" = 500' was used to 

determine the surface width of Chicone Creek and its two major tri­

butaries, at intervals of about every 200 feet. The exact interval 

between sections at which such measurements were made depended upon 

the variation in the surface width with distance along the axis of 

the creek. An areal mosaic of the region, showing the creek and a 

portion of the tributaries, was used as a check on the data taken from 

the topographic chart. 

Only a very I imited amount of data is available on the channel 

depth and cross-sectiona l shape of the waterway. Detailed measurements 

were made at two cross-sections. Information on channel depth along 

the main stem was provided by word of mout h f r om field biolog ists 

who are studying the waterway. These I imited data were interpolated 

and extrapolated to prov ide the necessary hydr aul ic input geometry to 

the model. The character of this input will be described below. Some 

comments of the effect of uncer t ainties in the geometry of the system 

will also be made in a la ter sect ion. 
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THE MODEL 

The model used for the computations carried out on the 

flushing of Chicone Creek was the M. I .T . Transient Water Quality 

Network Model. A detailed description of the practial application 

of this model is contained in Harleman et al. (1977), Thi.·s model 

computes the cross-sectionally averaged surface elevation, discharge, 

axial component of the velocity, sal inity, and the concentration of 

any introduced contaminant, as a function of distance along the axis 

of the estuary, and as a function of time. It allows for the branching 

of the computational network describing the waterway into as many 

tributaries and/or distributaries as are required by the actual 

geomorphology of the estuary. The model also allows for a distributed 

lateral input of fresh water and of contaminant as might occur with 

groundwater seepage. The model computes in real time, that is, at 

time steps short compared to the tidal period. 

INPUT TO THE MODEL 

The model requires as i nput information on the depth and 

cross-sectional area along the length of the waterway. It allows 

for separation of the cross-section into a conveyance segment. which 

carries the tidal and non-tidal transports, and a storage segment 

which allows for lateral storage of a portion of the intertidal 

volume but which does not partic ipate in the longi tud i nal transport 

of water volume, mass of salt, or ma s s of contam inant. Al so required as 

input is the tidal rise and fal l at the mou th of the waterway, the 
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input of fresh water into the head of the main branch and of any 

tributaries, the sal inity and contaminant concentration of the ocean 

or other parent water body at the mouth of the system being modeled, 

and of the volume rate of flow per unit distance of any distributed 

(non-point source) lateral inflow. Also required is the concentration 

of any contaminant in the lateral inflow. 

In the present case the tidal variation of water surface 

elevation at the mouth of Chicone Creek was considered to be sinusoidal 

in character, with a range of 2.4 feet, and a period of 12.42 hours, 

that is, of the semi-diurnal lunar tide. The fresh water inflow to 

the waterway was computed from the measured drainage area using the 

run-off factor of 1.0 cfs per square mile characteristic of this region. 

The average annual inflow of 12.3 cfs computed in this manner was 

distributed as follows: (a) 2.0 cfs into the head waters of the Main 

Branch of Chicone Creek; (b) 2.0 cfs into the head waters of West 

Branch; (c) 4.0 cfs distributed uniformally along the 4000 foot length 

of the Upper Reach as lateral i nfl ow; (d) 3.5 cfs distributed uni­

formally along the 3500 foot length of West Branch as lateral inflow; 

(e) the remaining 0.3 cfs into the head of East Branch. 

A contaminant was assumed to be introduced into the waterway 

in the lateral inf low to West Branch, at a r a te of m pounds per day. 

The value of m need not be spec ified for t he mod el runs, since the 

results of the computations of contaminant concent ra tion are expressed 

as a concentrat ion ratio, that is. the ratio of concentration in parts 

per billion (ppb) over the rate of input of contaminant in pounds per 
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day. Thus at any later time it wi l l be possible to simply multiply 

the values of concentration ratio produced in the model runs by the 

constant factor m to obtain concentration in ppb. 

FRICTION AND DISPERSION COEFFICIE NTS 

The hydraulic portion of the model requires as input values 

of a bottom friction coefficient, in the form of Manning's n. The 

values may be set constant for each reach or different values may be 

assigned to each cross-section. Experience in other tidal waterways 

give good vertification of the tidal hydraulics for Manning's n 

values of between 0.018 to 0.020, though higher values have been 

found necessary for waterways in which f l ow is strongly damped by 

aquatic vegetation. 

The hydraulic portion of the model was exercised a number 

of times with various values of Manning's n assigned to the various 

reaches. It was found that the model became unstable in East Branch 

as Manning's n values smaller than 0. 028 , ind icating that the flow 

in this Branch must be heavilydamped by some high friction producing 

factors such as aquatic vegetation. Otherwise the model ran quite 

well with values of Manning's n for the other four reaches of between 

0.018 and 0.020. 

On the basis of the work by Rive s and Pr i t chard (1978) in the 

C.&D. Canal, it is felt that the value of 0.020 for Manning's n in 

the reaches of Chi cone Creek other than East Br anch is the most 

appropriate value. However, in orde r t o determine the sensitivity 
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of the results of the computations of the water qual ity to variations 

in the value of Manning's n, hydraulic runs were made for two cases, 

one in which Manning's n was set at 0.0200 everywhere but in East 

Branch, where the value of 0.0280 was used, and a second in which 

Manning's n was set at 0.0180 everywhere except in East Branch, where 

again the value of 0.0280 was used. The outputs of these runs were 

then used as input for dublicate runs of the water quality portion 

of the mode 1 . 

The water quality portion of the model requires as input 

values of the estuarine dispersion parameter, designated by K, and 

of the Taylor's multiplication factor for bends and channel irregu­

larities, designated m. Thatcher and Harleman (1972) give the 

experimental and theoretical evidence for the equations utilizing 

these parameters. On the basis of studies carried out in other 

waterways, K was set at 50 ft 2 sec- 1 and m at 3.0 for these model 

studies of Chicone Creek. 

BOUNDARY CONDITIONS AT THE MOUTH 

The water quality computations require that a value for the 

concentration of the contaminant be set at the seaward boundary of 

the modeled waterway. The model computes the concentration at the 

mouth during the ebb phase of the tide, but assumes that during the 

flood phase the concentration decreases exponentially to some fixed 

value assigned to the "clean" water of the parent water body. In the 

present case the parent water body is the Nanticoke River. The volume 
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of the Nanticoke in the tidal excursion reach adjacent to the mouth 

of Chicone Creek is sufficiently large so that the concentrations 

of a contaminant discharged from Chicone Creek which would be found 

in Nanticoke River water entering Chicone Creek at the end of the 

flood cycle can be considered to be close to zero. The model allows 

the rate constant, which determines the exponential rate at which 

the concentration at the mouth decreases from its maximum value at 

the end of ebb to close to its assigned value in the parent water 

body (in this case, zero) at the end of flood, to be set by the user. 

This rate constant, designated TCON in the Model, does affect the 

concentration distribution within the waterway. 

A number of model runs were made with TCON varying from a 

value of 0.00780 sec-I, which results in the contaminant concentration 

at the mouth reaching the set boundary value of zero in less than one~ 

tenth of the flood tide interval, to a value of 0.00013, which results 

in the concentration at the mouth decreasing over the entire flood 

period to a value at the end of flood equal to 5% of the maximum 

concentration which had occurred at the end of the previous ebb period. 

We conclude that the value of 0.00021 for TCON is most appropriate. 

This gives a concentration value at the mouth at the end of the flood 

period of 1% of its maximum value at the end of the previous ebb 

period. However, the results of the runs for TCON set at 0.00780 

and TCON set at 0.00013 are presented graphically and discussed in 

the following section. 

The salinity at the mouth is assumed to vary in an analogous 

but inverse manner to that described for a contaminant. That is, 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 



• 

• 

• 

-109-

the model computes the sal inity during the ebb phase, when it will 

be decreasing with time as the lower salinity water from the interior 

of the waterway is being advected to the mouth. At the beginning 

of flood the salinity is assumed to start increasing exponentially 

to approach the ass igned "ocean" va 1 ue at the end of flood. The 

assigned value for the sal inity of the Nanticoke River (which is the 

"ocean" as far as this model of Chicone Creek is concerned) adjacent 

to the mouth of Chicone Creek was, for these model runs, set at 10/00, 

(1000 ppm). The reach-node network used in the model runs is shown 

schematically in Figure 2. 

RESULTS 

The results of four runs of the model, each made over a time 

interval of 10 tidal cycles, are presented here. Only the data for 

the last, or 10th, tidal cycle is given, since the purpose of running 

the model for that number of tidal cycles was simply so that pseudo 

steady-state conditions could be attained. By pseudo steady-state 

is meant that the variation of the values of each parameter over a 

tidal cycle is repeated from one tidal cyc~e to the next. The results 

of the 8th and 9th tidal cycles were examined to determine that 

pseudo steady-state had in fact been attained. 

The four water qual ity runs were made to demonstrate the 

influence of the several free parameters on the results. For the 

first two runs the value of TCON was set at 0.00021 sec-I. In one 

of these runs the hydraulic input was obtained from running the 
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hydraul ic portion of the model with the value of Manning's n set at 

0.0200 for all reaches of Chicone Creek except East Branch, where the 

value set to 0.0280 . This hydraulic input is designated CCHSI for 

purposes of later reference. In the second of the two water qual ity 

runs the hydraul ic input was obtained from a hydraulic run made with 

Manning's n set at 0.0180 everywhere but in East Branch, where again it 

was set at 0.0280. This hydraulic input is designated CCHS2 for 

later reference. 

In the other two water qual ity runs the CCHSI hydraulic Input 

was used in both cases. For one of these runs the exponential time 

constant at the seaward boundary, TCON, was set at 0.00780 sec-I, 

while in the final run TCON was set at 0.00013 sec-I. 

Figure 3 shows the tidal variations in water surface elevation 

at a position 500 feet below the head of the Upper Reach of the Main 

Branch of Chicone Creek. The tide in the creek is very nearly a pure 

standing wave, and is almost uniform in amplitude and phase throughout 

the tidal waterway. The HW and LW values for the input tide at the 

mouth of Chicone Creek have also been entered on Figure 3, and are 

designated by the "X" symbol on that figure. The elevation data is 

referenced to a datum surface set at 8 feet below mean sea level. 

Figure 4 shows the variation in discharge through three 

cross-sections located at different positions along the length of 

Chicone Creek. Positive values represent ebb flow and negative 

values, flood flow. The symbol "*" is used to designate the data 

points for a position 500 feet up from the mouth of Chicone Creek. 
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The symbol IIX" designates data points for a position 3000 feet from 

the mouth, and hence 6000 feet below the head of the Main Branch of 

Chicone Creek. The symbol "+" is s 'imilarly used for a position 5500 

feet up from the mouth and hence 3500 feet below the head of the Main 

Branch. 

In both the West Branch and the East Branch the amplitude 

of the variations in discharge over the tidal period show a decrease 

with distance an~logous to that shown for the Main Branch . .. At the 

head of each branch the tidal variations in discharge are zero. The 

discharge at these three upstream boundary nodes is thus set constant 

and equal to the volume rate of inflow of fresh water from the upland 

drainage areas. 

Comparison of Figures 3 and 4 clearly demonstrates that the 

tide in Chicone Creek is a standing wave, since maximum flood flow 

occurs one-quarter of a tidal cycle, or 3.06 hours, prior to high 

water, and maximum ebb flow occurs one-quarter of a tidal cycle before 

low water . 

Figures 5 through II give the concentration ratio (pPB/lbs 

per day) as a function of time over the tidal cycle for two water 

quality runs. For each run, hydraulic input CCHSI was used. One 

set of data points plotted on these figures represent the results 

of a water quality run with the exponential time constant at the mouth, 

TCON, set at 0.00780, and the other set of data points represent the 

results for TCON set at 0.00013. For Figures 5 and 7, the upper set 

of points are for TCON = 0.00780, while for Figures 6, 8, 9, 10 and II, 
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Figure 7. Var iat ion in concentration ratio (PPB/lbs per day) over a tidal c yc le at th e locati on and f or 
the test conditions given in the body of the figure. 
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Figure 8. Variati on in concentration ratio (PPB/lbs per day) over a tidal cycle at the location and for 
the test conditions given in the body of the figure . 
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Figure 10. Va r ia tion in concentration ratio (PPB/lbs per day) over a tidal cycle at the location and for 
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the test conditions given in the body of the figure. 
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the upper set of points are for TCON = 0.00013. 

The difference between the maximum values for each case as 

shown in Figures 5 through II ranges from 4% to 11% of the absolute 

values. Thus variations In TCON over a reasonable range does not 

lead to marked difference in the results of the water quality com­

putations. 

Figures 12 through 18 give the concentration ratio (in PPB/ 

Ib per day) as a function of time over a tidal cycle for two addi­

tional water quality runs. In each of these runs TCON was set at 

0.00021, which means that at the end of the interval of flood flow 

the concentration of contaminant at the mouth had decreased to 1% 

of its maximum value, which had occurred at the end of the previous 

interval of ebb flow. The hydraul ic input to one of these runs was 

CCHSI and to the other it was CCHS2. On all these figures (12 to 18) 

the uppermost set of points represent the results of the water quality 

run using CCHS2 for hydraulic input. The differences between the 

maximum values from each curve shown on each of these figures varies 

from 1% to 6% of the absolute values of the concentration ratio. Thus 

variation in Manning1s n over the expected range does not result in 

very large differences in the results of the water quality computations. 

After analys1s of the results described above, and review of 

studies in other areas, we conclude that the water quality runs most 

appropriate for use in the present case are those for which the 

hydraul ic input is provided by CCHSI and for which TCON = 0.00021. 

All the remaining discussionwill be limited to the result of computation 

made under these conditions. 
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Figure 12. Var Iation in concentration ratio (PPB/lbs per day) over a tidal cycle at the location and for 
the test conditions given in the body of the figure. 
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Fi gure 13 . Var iat ion in concentration ratio (PPB/lbs per day) over a tidal cycle at the location and for 
t he test conditions given in the body of the figure . 

• • • • • • • • • 



• 

C 
D 
N 
C 
E 
N 
T 
R 
R 
T 
1 
D 
N 

R 
A 
T 
1 
D 

• • • • • • • • • 

sa.HBI WEST BRANCH, X = 500 FT + 
S3.BB 

++ 
I 

lIB.BB 
+ 

lI3.BB+ 
+ 

38J1Bt + + 
+ + + + 

33.BBt + 
=1= 

CCHS2 + + + =t + + =t t + 28.B~H 

CCHSI 

4= 23.BB+ 

+ 
lB.BB~ + 
13 J~B+ + :+ :r ... 

~ -x 

a.B' I I I I I I =t=. I • 
~ 18 ~ ~ el lSI lSI lSI ~ 

~ tJ1 lSI tJ1 . 
lSI lSI - - N N Pl Pl :r :r 

T M E 5 E C 5 * l~ + LI 

Figure 14 . Variation in concen tra tion ratio (PPB/lbs per day) over a tidal cycle at the location and for 
the test conditions given in the body of the figure. 
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Figure 15. Variati on in concentrat ion ratio (PPB/lbs per day) over a tidal cycle at the locati on and f or 
the test conditions given in the body of the figure. 
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Figure IS. Vari a t ion in concent rati on r a ti o (PPB/lbs per day) over a tidal cycle at the location and for 
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Figures 19 through 21 show the variation of concentration 

ratio as a function of distance along the axis of Chicone Creek and 

of its tributary branches, for a time during the 10th t id al cycl e near 

the time of High Water. Figure 19 covers the Main Br anch of Chicone 

Creek, with the head of tide to the left and the mouth at the Nanticoke 

to the right. Figure 20 covers the West Branc h, wi t h the head of 

tide to the left of the figure and the junction of the West Branch 

with the Main Branch to the right. Figure 21 covers the East Branch, 

with the head of tide to the left of the figure and the junction of 

the East Branch with the Main Branch to the right. 

Figures 22 through 24 are the same as Figures 19 through 21, 

except that they are for a time close to the time of Low Water . 

Tables through 12 give the tabulated output of the water 

quality model. The first 8 of these tables give the concentrat ion 

ratio for each time step (169.4 secs) over the tenth tidal cycle, at 

various positions in Chicone Creek and in its tributary branches. 

Tables 9 and 10 give the concentrat ion as a funct ion of di s tance for 

each of the five reaches, at a time close to High Wa ter , whil e Tables 

11 and 12 give the same information for a time close to Low Wa ter. 

These graphs and tables show that forafl input of 1. 0 l bs per 

day of a contaminant into the groundwater ente ri ng the West Branch 

of Chicone Creek as a lateral seepage, the fo l low ing d i s t ri but ion 

of concentration of the contaminant wou ld occur under mea n ti de and 

fresh water inflows: 

(a) The concentration at a distance of 500 f ee t f r om 

the upper end of the main stem of Chicane Creek wo u ld vary from a 
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Figure 20, Variation in concentration ratio (PPB/lbs per day) with distance along the indicated reach 
of Chicone Creek and its tributary tidal waterways, near the time of High Water. 

• • • • • • • • • 

I -w 
N 
I 

+ 
M ... 
lSI -x 
I 

lSI 
lt1 

M 

• 



( 

D 
N 
( 

E 
N 
T 
R 
R 
T 
I 
[] 

N 

R 
R 
T 
I 
[] 

• 

~.ill'l 

I 
lLSH' + 

'Ll'I~1 + 
3.SH 

3.f1l'11 

2.S~ 

2.iU] 

t.~n 

I.l'Il'I 

11.s:n 

EAST BRJ\NCH 

• • • • 

NEAR TIME OF HIGH WJ\TER 

+ 

+ 

+ 

• 

+ 

• 

'->J 
'->J 

I 

Pl 

i 
~. D~------_o_-I- t rt • • ------~----------------I 

~ ~ el 001 
I!OJ et l..t1 ts.I . . 
lSI 

. . . 
lSI - N N Pl 

f) 1ST A N ( E F E EoT * 1"-1 t 3 

Fig ure 21. Variation in concentration ratio (PPB/lbs per day) with distance along the indicated reach 
of Chicone Creek and its tributary tidal waterways, near the time of High Water. 
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Figure 22, Variation in concentration ratio (PPB/lbs per day) with distance along the indicated reach 
of Chicone Creek and its tributary waterways, near the time of Low Water . 
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Figure 23. Vari a t ion in concentration ratio (PPB/lbs per day) with distance along the indicated reach 
of Ch i cone Creek and its tributary waterways, near the time of low Water. 

Vj 

Vl 
I 

• 



gol + 
C 

B. 

D 
N 

7. mJt + C 
E 
N 
T 6. 
R 
R NEAR TIME OF LOW WATER 
T s:. 
1 + + D + I 

+ -N VJ 

If. + 0'\ 
I 

R 
R 
T 
1 2. 
D 

1.&WT r"1 

~ 
lSI 

EAST BRANCH x 

H. i1~ I I I I I 
IS lSI eJ 151 lSI 151 lSI 

lSI Ltt lSI lSI Ltt lSI tJ1 . . . . 
lSI lSI N N r"1 ~ 

() 5 TAN <: E fEE T * 1121 1- 3 
, 
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Table 1 

QUALITV GRAPH FOR REACH 1 UPPER RE A CH CHICONE CREEK 
SECTION 2 X = 500. a DURING PERIOD 10 

TI ME SALIN. ~9~() SECONDS PPM 
ll. 1 50. 4.06 

1355. i S6 • 4.22 
2710. 62. 4.39 
4065. , 6? • 4.56 
5420. ,72. 4.71., 
6775. 177. 4.92 
8129. i 81. 5.10 
9484. 85. 5.28 

10839. 188. 5.44 
12194. '92. 5.57 
13549. '95. 5.67 
14904. 197. 5.73 
16259. 1 99. 5.76 
17614. ~ 99. 5.76 
18969. 98. 5.74 
20324. 197. 5.68 
21679. 1 93. 5 .60 
23033. ~ 89 • S.SO 
24388. 85. 5.41 
25743. 83. 5.38 
27098. '89. 5.52 
28453. 1 68. 4.78 
29808. '01- 2.78 
31163. 33. .85 
32518. 12. .35 
33873. 14 • .4 1 
35228. 17 • .48 
36583. 26. .74 
37937. 47. 1.29 
39292. 88. 2.43 
4 ~6 47 • ~ 36 • 3.73 
4 002. 40. 3.81 . 
43357. 1 44. 3.90 
44712. '50. 4.05 

AVERAGE C ON C EN T RAT ION S 

o. 1 45. 4.11 
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Ta b 1 e 2 

• 

QUALITY GRAPH FOR REACH 1 UPPER REACH CHICaNE CREEK 
SECTION 9 X -' 3500.C DURING PERIOD 1U 

• 
TI ME SAL IN. C~N. 

SECONDS PPM RA 10 

o. 362. 13.15 
1355. 401 • '12.1 0 
2710. 444. 10.89 
4065. 485. 9.73 • 5420. 520. 8.76 
6775. 545. 8.06 
8129. 562. 7.59 
9484. 571 • 7.31 

1 0839. 572. 7.20 
'2194. 568. 7.22 
13549. 559. 7.31 
14904. 546. 7.45 
16259. 529. 7.62 • 
17614. 5 11 • 7.80 
18969. 491 • 7.96 
20324. 470. 8.08 
21679. 448. 8.1 7 
23033. 426. 8.22 
24388. 4 Ci 5 • 8.22 
25743. 384. 8.19 
27098 • 363. B.13 • 
284 53. 344. 8.05 
29808. 328. 7.92 
31163. 314. 7. 7 It 
32518. 3 uS. 7.65 
33873. 298. 7.76 
35228. 295. 8.20 
36583. 293. 9.08 
37937. 293. 10.21 • 39292. 293. 11 .42 
4 C6 4 7. 298. 12.87 
42002. 311 • 13.87 
43357. 332. 13.84 
44712. 362. 13.14 

AVERAGE C eN C E NT RAT ION S • o. 420. 9.02 

• 

• 

• 
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Table 3 

QUALITY GR",PH FOR REACH 2 WEST BR",NCH CHICONE CREEK 

• SECTION 2 X = 500.0 DURING PERIOD 10 

'TI ME SALIN. ~9~Q SECONDS PPM o. 147. 38.30 
1355. 160. ~6 • 1 6 
2710. 1 71 • ~4. 5 5 
4065. 1 81 • 33.24 

• 5420. ~ 90. 32.17 
6775. 99. 31.24 
8129. 208. ~O. 41 
9484. 217. 29.67 

1 C8 39 • 225. 29.04 
12194. 232. 28.52 
13549. 237. 28.1 2 
14904 • 242. 27.85 

• 16259. 244. 27.73 
17614. 245. 27.74 
18969. 245. 27.87 
20324. 243. 28.1 2 
2 '1679. 239. 28.46 
23033. 234. 28.90 
243B8. 228. 29.43 
25743. 223. 30. ~ 0 
27098. 2 21 • 31. 3 
284 53 • 225. 32.99 
29808. 1 97. 30.61 
31163. 143. 24.74 
325113. 97. 21.62 
33873. 22. 13.47 
35228. 7 • 10.54 
36583. 6 • 12.43 
37937. 5 • 17.33 
39292. 29.. 28.86 
40647. 89. 50.49 
42002. ~ 15 • 45.72 . 
43357. 32. 41 .07 
44712. 1 47. 38.29 

",VER",GE CCNCENTR",TIONS 

O. ,69. 29.35 
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Table 4 

• 

QUALITY GRAPH FOR REACH 2 \oJ EST BRAN8H CHICONE CREEK 
SECTION 7 X = 25 CO. DURING POlOD 1 !J • 

TI HE SALIN. CON, 
SECONDS PPM RATIO 

C. 310. 17.45 
13 55 • 339. 16.06 
2710. 374. ~4. 7 0 
4065. 4 11 • . 3.45 
5420. 445. 12.4:3 • 6775. 472. 1 ~ .69 
81 29. 491 • 1 .24 
9484. S 03. 1~ .08 

10839. 507. 1 .1 7 
12194. 506. 11 .48 
13549. 5 00. 11.97 
14904. 491 • F· 62 
16259. 478. 3.43 • '7614 • 461. l4. 4 0 
18969. 443. 5.5 1 
2~324. 423. 16.74 
2 679. 401. 18.09 
23033. 379. 19.55 , 243e8. 355. 21.08 
25743. 331 • 22.68 
27098. 307. 24.3:3 • 28453. 283. 25.91 
29808. 260. 27.24 
31163. 239. 27.75 
32518. 224. 27.40 
33873. 219. 26.92 
35228. 219. 26.48 
36583. 221 • 2S. 8 8 
37937. 226. 25.1 2 
39292. 235. 24.06 • 
4C647. 248. 22.53 
42002. 264. 20.6 5 . 
43357. 285. 18.92 
44712. 309. 17." 4 

AVERAGE C ON C EN T RAT ION S 

O. :3 59. 18.79 • 

• 

• 

• 
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Table 5 

QUALITY GRAPH FOR REACH :3 MIDDLE REACH CHICONE CREEK 

• SECTION 7 X = 20 00. C DURI~IG PERIOD 10 

TI ME SALIN. CON. 
SECONDS PPM RATIO 

D. 764. 2.1 9 
13 55. 820. 1 .2 5 
2710. 864. .70 

• 4065. 895. • II 1 
5420. 914. .30 
6775. 927. .24 
82 ~9. 9 v4. 

934. 
937. • 2 ~ 

• 2 10839. 935. .25 
1 2194. 926. .40 
13549. 906. .73 

• 14904. 875. 1.32 
16259. 834. 2.1 5 
17614. 786. 3.1 5 
°18969. 734. 4.27 
2¥324. 680. 5.44 
2 679. 629. 6.60 
23033. 581 • 7.68 
24388. 541 • 8.66 
25743. 5 U6 • 9.54 
27098. 475. 10.34 
28453. 449. 11 .06 
29808. 428. '11 .70 
31163. 412 • 12.1 7 
32518. 402. 12. '4 6 
33873. 396. 12.62 
35228. 394. 12.62 
36583. 402. 12.34 
37937. 426. 11 .67 
39292. 464. 10.66 
40647. 515 • 9.21 
42002. 590. 6.92 ' 
43357. 683. 4.1 4 
44712. 763. 2.19 

AVERAGE C eN C E NT RAT! 0 N S 

0. 667. 5.87 
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Table 6 

• 
QUALITY GRAPH FOR REA( H 4 EAST BRAN CH CHICONE CREEK 

SECTION 2 X = 500.0 DURING PERIOD 10 

• 
TI ME SALIN. CON. 

SECONDS PPM RATIO 

o. 697. 4.46 
13 55. 690. 4.56 
2710. 664. 4.69 
4065. 679. 4.80 
5420. 677. 4.85 • 6775. 678. 4.83 
81 29. 680 • . 4.73 
9484. 684. 4.70 

10839. 689. 4.63 
12194. 693. 4.56 

, ~Z~~~: 698. 4.49 
7 01 • 4.43 

16259. 704. 4.39 • 17614. 707. 4.36 
18969. 708. 4.35 
2 ¥3 24. 709. 4.35 
2 679. 710. 4.36 
23033. 710. 4.38 
24388. 710. 4.39 
25743. 711 • 4.41 
27098. 714. 4.42 • 28453. 717. 4.43 
29808. 721 • 4.45 
31163. 724. 4.48 
:3 25 H. 727. 4.50 
33873. 729. 4.51 
35228. 719. 4.44 
36583. 718. 4.43 
37937. 716. 4.43 
39292. 714. 4.40 • 4 C6 47. 712 • 4.35 
42002. 7GB. 4.31 
43357 • 703. 4.35 
44712. 696. 4.44 

AVERAGE CONCENTRATIONS 

o. 7 04. 4.49 • 

• 

• 

• 



QUALITY GR~PH FOR REACH 

TI ME 
SECONDS 

O. 
1355. 
2710. 
4065. 
5420. 
6775. 
8129. 
9484. 

10839. 
12194. 
'13549. 
14904. 
16259. 
" 7614 • 
18969. 
2 C3 24 • 
21679. 
23033. 
24388. 
25743. 
27()98. 
28453. 
298 08. 
31163. 
32518. 
:3 3873. 
35228. 
36583. 
37937. 
39292. 
40647 • 
42002. 
43357. 
44712. 

SECTION 

SALIN. 
PPM 
935. 
949. 
959. 
966. 
970. 
973. 
975. 
977. 
979. 
984. 
986. 
980. 
967. 
953. 
938. 
912. 
868. 
8 11 • 
757. 
706. 
659. 
619. 
589. 
569. 
559. 
558. 
569. 
642. 
744. 
803. 
855. 
892. 
917. 
935. 
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Table 7 

CON. 
RATIO 

.08 

.03 

.03 

.02 

.00 

.03 

.02 

.01 

.01 

.00 

.00 

.02 

.1 0 

.22 

.37 

.70 
1.43 
2.50 
3.60 
4.68 
5.72 
6.61 
7. 3 2 
7.84 
8.1 2 
8.21 
7.53 
3.87 

.70 

.48 

.06 

.1 2 

.08 

.08 

5 
5 

LOWER CHICONE CREEK 
X = 1000.0 DURING PERIOD 10 

AVERAGE CONCENTRATIONS 

o. 834. 
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Tab 1 e 8 

• 

QUALITY GRAPH FOR REACH 5 LOWER CHI~ONE CREEK 
SECTION 7 X = 1500. DURING PERIOD 10 • 

TI ME S"LIN. CON. 
SECONDS PPM RATIO 

O. 955. .00 
13 55. 966. .00 
2710. 975. .00 
4065. 981 • .00 
5420. 986. .00 • 6775. 989. .00 
8129. 992. .go 
9484. 994. • 0 10839. 995. .00 

F19
4 • 

991 • ,DO 
3549. 992. .00 

14904. 996. .00 
16259. 996. .02 • 17614. 985. • 11 18969. 968. .25 
20324 • 948. .48 
21679. 9 14 • .97 
23033. 862. 1.88 
2438d. 8 (J 5 • 3.03 
25743. 751 • 4.1 7 
27098. 702. 5.24 • 28453. 659. 6.22 
298()8. 625. 7.00 
31163. 602. 7.5S 
32518. 588. 7.86 
33873. 583. 7.96 
35228. 672. '8° 36583. 753. • 0 37937. 814. .00 • 39292. 860. .00 
4 C6 47 • 895. .00 .. 
42002. 921 • .00 
43357. 940. .00 
44712. 955 • .00 

AVER"GE C eN C E NT R A TI 0 N S 

O. 868. 1.6iJ • 

• 

• 

• 
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Tab 1 e 9 

CONCE.NTRATION P RD F I L E, RE A C H 1 U PP E R REHH CHICONE CREH 
AT T I ~, E 1Q839.3 OF PERIOD 10 

DISTANCE SALIN. CON. 
FEET PPM RATIO 

O. 1 7" • 4 • 8" 
5 00. 1 8 8 • 5.44 

10°8 · 2 38 • 7.27 
150 • 280. 8.37 
2000. 352. 9.27 
25 00. 413. 9.18 
3000. 496. 8.34 
3250. 533. 7.81 
3500. 572. 7.20 
3750. 6 11 • 6.58 
4000. 648. 6.01 

CONCENTRATION PRO FI LEt REAC H 2 WEST BRANCH CHICONE CREE K 
A T I ~, E 1Q839.3 OF PERIOD 10 

DISTANCE SALIN. CON. 
FEE T PPM RATIO 

O. 203. ~1 . 56 
SOD. 225 • 29 . 04 

~OOO. 291 • 23 .02 
SOC. 350. 18.74 

2000. 433. 14 • 4 1 
2250. 468. 12 . 77 
2500. 507. 1 t o' 7 
?7 50 0 543. 9.78 
3000. 581- 8 0 4 :3 
3~ 50. 6 15 • 7.1 9 
3500. 6 4B • 6 . 0 1 . 

CONCENTRATION PROFILE, REA C H :3 MIDDLE R EACH CHICaNE CHEEK 
AT T I I"E 10839.3 OF PER 100 10 

DISTANCE SALIN. CON. 
FEET PPM RATIO 

G. 648. 6.01 
250. 697. 4. 8 7 
500. 741 • 3.57 
750. 787. 2.87 

100G. 823. 2 . 1 2 
15('0. 9 CJ~ • .67 
2000. 935 • • 2 5 
25 00. 963. . 08 
3000. 9 68. .0 9 
3250. 973. . 09 
35 00. 967. • 1 8 
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Table 10 

CONCENTRATION PROFILE, REACH 4 EAST BRANCH CHICONE CR~EK 
AT TI~E 10839.3 OF PERIOD 10 

DISTANCE 
r E E T 

O. 
500. 

1000. 
1500. 
2000. 
25(10. 
3000. 
3250. 
3500. 

SALIN. 
PPM 
683. 
689. 
731 • 
772. 
831-
8 B4 • 
931 • 
953. 
967. 

CON. 
RATIO 
4.69 
4.63 
3.85 
3.08 
2.03 
1 .20 
, .58 

.34 
• ,1 8 

CONCENTRATION PROFILE~ REACH 5 LOWER CHICONE CREEK 
AT JI~E ,10839.3 OF PERIOD 10 

DISTANCE 
FEE T 

O. 
250. 
500. 
750. 

10 00. 
1250. 
15 DO. 

SALIN. 
PPM 
967. 
9 B 7. 
979. 
989. 
979. 
984. 
995. 

CON. 
RATIO 
.18 
.0:3 
.03 
.02 
.01 
.00 
.00 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 
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Ta ble 11 

CONCENTRATION PROFILE, REACH 1 UPPER REACH CHICONE CR~E K 
AT TI~E 33812.7 OF PERIOD 10 

DISTANCE 
FEET o. sao. 
1000. 
'5 00. 
2000. 
25 00. 
3000. 
3250. 
3500. 
3750. 
4000. 

SALIN. 
PPM 

'11 • 
14. 
82. 

132. 
1 93. 
237. 
275. 
284. 
298. 
317. 
309 • 

CON. 
RATIO 
.30 
.4 '1 

2.30 
3.68 
5.2 1 
6.1 5 
6.89 
1.1 3 
7.76 

10.58 
16.84 

CONCENTRATION PROFILE, REACH' 2 WEST BRANCH CHICONE CREE K 
AT TIME 33812.7 OF PERIOD 10 

DISTANCE 
FE ET 

, U. 
'5 00. 

1000. 
1500. 
2000. 
2250. 
2500. 
2750. 
3U 00. 
3250. 
3500. 

SALIN. 
PPM 

40. 
22. 
95 • 

114 • 
1 73 • 
187. 
219. 
243. 
267. 
287. 
309. 

CON. 
RAnoc 
2.66 

13.47 
24.89 
25.53 
28.42 
27.3:3 
26.92 
26.03 
23.66 
20.62 
16.84 

CONCENTRATION PROFILE, REACH 3 MIDDLE REACH CHICONE CREE K 

DISTANCE 
FEEl 

O. 
250. 
500. 
750. 

1000. 
150G. 
2000. 
2500. 
3000. 
325CJ. 
3500. 

AT TIME 33872.7 OF PERIOD 10 

SALIN. 
PPM 
:3 09 • 
:3 25 • 
336. 
:3 47. 
357. 
:3 71 • 
:3 96. 
406. 
467. 
495 • 
533. 

CON. 
RATIO 

16.84 
15.89 
15.1 8 
14.58 
14.1 0 
13.43 
12.6 2 
12.2:3 
10.61 
9.8 9 
8.92 
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Table .12 

CONCENTRATION PROFILE t REACH 4 
AT I~E 33872.7 

DISTANCE 
FEET 

Q. 
5 00. 

1000. 
1 S 00. 
2000. 
2500. 
3000. 
3250. 
35 DO. 

CONCENTRATION 

DISTANCE 
FEET 

O. 
250. 
500. 
750. 

1000. 
1250. 

SAL IN. 
P Pf~ 
744. 
729. 
719. 
714. 
731 • 
709. 
611-
576. 
533. 

PROFILE, 

CON. 
RATIO 
4.60 
4.5 1 
4.39 
4.13 
3.<i1 
4.50 
6.96 
7.86 
8.92 

RE A C H 5 
AT T I /'I.E 33872.7 

SALIN. . CON . .. 
PPM RATIO 
533. 8.92 
538. 8.81 
543. 8.66 
546. 8.46 
558. 8.21 
568. 8.09 

EAST BRANC~ CHICONE CR E E ~ 
OF PERIOD 10 

LOW E R CH ICO NE CREEK 
OF PERIOD 10 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 



• 
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minimum of 0.35 ppb to a maximum of 5.76 ppb over the tidal cycle. 

The tidal mean value would be 4.11 ppb. 

(b) The concentration at a distance of 3500 feet from 

the upper end of the main stem of Chicone Creek would vary from a 

minimum of 7.20 ppb to a maximum of 13.87 ppb., with a tidal mean 

value of 9.02 ppb. 

(c) The concentration at a distance of 500 feet from 

the upper end of the West Branch would vary from a minimum of 10.54 

ppb to a maximum of 50.49 ppb, with a tidal mean value of 29.35 ppb. 

(d) The concentration at a distance of 2500 feet from 

the upper end of the West Branch would vary from a minimum of 11.08 

ppb to a maximum of 27.75 ppb, with a tidal mean value of 18.79 ppb. 

(e) The concentration at a distance of 5500 feet from 

the upper end of the main stem (3500 feet from the month) of Chicone 

Creek would vary from a minimum of 0.21 ppb to a maximum of 12.62 ppb 

with a tidal mean value of 5.87 ppb. 

(f) The concentration at a distance of 500 feet from the 

upper end of East Branch would vary from a minimum of 4.31 ppb and a 

maximum of 4.67 ppb over the tidal cycle, with a tidal mean value 

of 4.49 ppb. 

(g) The concentration at a distance of 500 feet up from 

the mouth of Chicone Creek would vary from a minimum of zero to a 

maximum of 8.21 ppb over the tidal cycle, with a tidal mean value of 

2.13 ppb . 
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(h) The concentration at the mouth of Chicone Creek 

would vary from a minimum of zero to a maximum of 7.86 ppb over the 

tidal cycle, with a tidal mean concentration of 1.60 ppb. 

These concentration values would be proportionately increased 

or decreased by the ratio of the actual mass immission rate to the 

value 1.0 lbs per day. 

• 

• 

• 

• 

• 

• 

• 

• 
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