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INTRODUCTION

Delmarva Power and Light (DPL) is currently proposing to build a new
coal—fired'power plant unit adjacent to their existing facility in Vienna,
Maryland (Portner 1979). The unit will withdraw cooling water from the
Nanticoke River in an area of known spawning and nursery habitat for striped
bass. In fact, striped bass spawning in the vicinity of Vienna is more
concentrated than for any other fish species in the river (Portner and
Kohlenstein 1980). Since the Nanticoke River is a major contributor to the
total striped bass production in upper Chesapeake Bay (Kohlenstein 1980),
the reduction in year class strength due to entrainment mortality at the
Vienna site could have an influence on the ability df the Chesapeake stocks
of striped bass to recover from their recent decline.

The purpose of this paper is to estimate the level of entrainment mor-
tality imposed by the operation of Vienna Unit No. 9 on the striped bass
population in the Nanticoke River. I also examine the relative change in
entrainment mortality caused by moving the power plant intake to several
alternative sites, and determine which time period would be best for re-
ducing entrainment mortality by means of a continuous four-week plant out-
age. I rely on biological and physical data collected during the 1978 sam-
pling season, since this data base provides the best information available

for estimating the various parameters in the entrainment analysis.



METHOD

My analysis of entrainment impact uses a methodology originally de-

veloped for estimating entrainment mortality in six fish populations in-

habiting the Hudson River estuary (Boreman et al. 1979), and subsequently

used to estimate entrainment impact on the striped bass population in the

Potomac River caused by the proposed Douglas Point plant (Boreman et al.

1981). This methodology is termed an Empirical Transport Model (ETM).

The ETM uses life-stage-specific input data for distribution (temporal

and spatial), and allows power plant flow rates to vary over time. The

equation representing the model formulation used in this paper is:

where

it
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the conditional entrainment mortality rate,

the proportion of total eggs spawned during week s 1n

the spawning period, so that

the proportion of life stage 2 organisms in region k
during week s+j,
the duration of age j (always seven days),

the fraction of age j organisms in life stage &, and
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Es+j,2k = the instantaneous entrainment mortality rate of life
stage % organisms in region k during week s+j (per
wnit time), which is defined as

Es+j,Qk = Ps+j,k fs+j,2k ws+j,£k

Yk
where Ps+j,k = thé rate of power plant water withdrawal from region k
during week s+j (volume per unit time),

fs+j,2k = the fraction of life stage % individuals entering the
power plant intake in region k during week s+j that is
eventually killed by plant passage,

W5+j,lk = the ratio of the average intake to average regional

concentration of life stage £ individuals in region k
during week s+j, and
Vi = the water volume of region k.

A derivation of the equation can be found in Boreman et al. (1978, 1981).
The equation yields an estimate of the conditional entrainment mortality
rate (CMR), which is defined as the fraction of the initial population which
would be killed by entrainment during a specified time period if no other
causes of mortality operated. The use of a CMR eliminates the need for
estimating natural mortality rates (see Boreman et al. 1978 for a discus-
sion of this property) and can be directly related to the reduction in year
class strength, since the CMR is the relative reduction in recruitment to

the first non-vulnerable life stage.



INPUT DATA

Parameters of the ETM requiring input data are the fraction of the
total spawn that occurs eachvweek (recruitmeﬁt, R in the equation); the
fraction of each life stage present in each region of the estuary (dis-
tribution, D); the ratio of the intake concentration to the average cross-
sectional concentration of organisms (W-ratio, W) for each life stage; the
fraction of organisms entering the intake that are eventually killed (f-
factor, f) for each life stage; the duration of each entrainable life
stage; the rate of power plant water withdrawal (P); and the volume of
the pbrtion of water body subject to withdrawal (V). I relied on the 1978
data base for all the ETM runs. This data was easiest to handle in my ana-
lyses, and 1978 was not an odd year for striped bass production in the
Nanticoke (unlike 1970 or 1977, Boone 1980) .

Recruitment

Table 1 on page II-5 of Portner and Kohlenstein (1980) provides
striped bass egg densities (avérage surface plus bottom) for the 1978
sampling efforf by the Chesapeake Bay Institute (CBI). I converted the
densities to standing crops by multiplying the densities by»ﬁhe respec-
tive region volume for each station (Table 8, page 19, Ibid.). I then
summed the standing crops across stations for each day and averaged the
totals for all days in a given week. The resultant average weekly fotal
standing crops were then normalized to unity. The fraction of eggs re-

cruited each week in 1978 is presented in Table 1.



Distribution

The average sample densities of eggs and larvae collected in the 1978
'Sampling season (Tables 1 and 2, Appendix II, Portner and Kohlenstein 1980)
were converted to standing crops by multiplying by the respective volume
representing the region surrounding each station. Standing crops were then
summed across all days for each station for each life stage, and the totals
were normalized to unity for each life stage. The region volumes and pro-
portional distributions are listed in Table 2.

I am assuming that all larvae (3-60 days of age) have the same distri-
bution due to a lack of more definitive data. This is unrealistic since
distributions tend to reflect the younger, more numerous individuals in a
given life stage. The older larvae (30-60 days) are probably distributed
further downstream than the above distribution pattern shows. After 60
days, striped bass are no longer vulnerable to entrainment (page 10, ibid.).
W-Ratio:

An analysis of the data presented on pages II-11 through II-54 of
Portner and Kohlenstein (1980) showed that, in the Vienna vicinity, eggs
were relatively wiform in their vertical distribution (an approximately
equal average density in the‘surface‘and bottom tows). Larvae, on the
other hand, were more concentrated near the bottom (ratios of surface to
bottom densities averaged 1:2). Since the W-ratio is the average intake
density divided by the average cross-section density, a W-rgtio of 1.0 was
chosen for eggs and W-ratios of 0.67 and 1.33 were chosen for larvae. A

range of W-ratios was used for larvae due to the uncertainty of the intake



location with respect to the larval concentration. If the intake will
withdraw from only the upper half of the water column then 0.67 is appro-
priate; wheréas, withdrawal from only the lower half will yield a W-ratio
of 1.33. A mid-range of 1.0 was also used in some analyses for easier in-
terpretation of the results. The W-ratios are held constant for all weeks
of the entrainment period.

The W-ratios in this analysis do not account for recirculation of dis-
charge water, which could reduce the W-rtatio by as much as 10%.
f-Factor

Model runs were made assuming no screens (all f's = 1.0), and assuming
the reduction in entrainment mortality due to screens is represented by the
function presented in Figure 4 (page‘6) of Portner and Kohlenstein (1980):
100% effective for eggs (days 1-3), 0% effective for larvae 4-18 days of
age; linearly increasing to 100% effective by age 30 days; and continuing
at that level until age 60 days (end of entrainment period). To represent

this by f—factors, I arbitrarily divided the 60-day period into four life

étages
Life Stage Duration - f-Factor
1 (egg) 3 days 0
2 (yolksac larvae) 15 days 1.0
3 12 days 0.5
4 30 days 0

Remember that the f-factor is the fraction of organisms entering the
intake (in this case susceptible to the intake) that is killed by entrain-
ment. As with the W-ratios, f-factors are held constant for all weeks of

the entrainment period.



Plant Withdrawal Rate:

The power plant withdrawal flow used in the model was 43.06 x 103m3
per day‘(Table 7, 1bid.). Thée rate is assumed to remain constant through-
out the entrainment period, except in cases reflécting shut-downs when the
rate for a given week was set equal to zero.

Volumes

The volumes of the seven regions used in the model are presented in
Table 2. Since the average tidal excursion is approximately 6.5 nautical
miles (Table 3, Page 9, ibid.), water susceptible to withdrawal may origin-
ate in Region 6, 8 (Vienna), or 10. I, therefére, arbitrarily assumed
that 30% of the plant's daily water withdrawal originates from region 6,
40% from region 8, and 30% from region 10 to reflect tidal movemeﬁts in

front of the intake.
RESULTS AND DISCUSSION

Results of ETM runs with W-ratios for larvae équal to 0.67, 1.0, and
1.33, and the intake located at Station 6, Station 8 (Vienna), and Station
10 are presented in Table 3. The computer program used for the runs is
listed in Appendix I. The results for Vienna are similar to the
results presented by Portner and Kohlenstein (1980) (2.3% with screens and
5.0% without screens, pages 20-21). The resulté at Vienna that Ivobtained
are much higher than those obtained by the utility (0.8%, page A(II) 2.7b-8 in
DPL 1979), whoused a one-dimensional hydrodynamic transport model. How-

ever the utility used a different screen survival function which shortened



the period of vulnerability.

Moving the intake to Station 6, which is approximately six nautical
miles downriver, wiil result iﬁ an increase in impact of about 1.2X. This
is due to the greater concentration of the more vulnerable life stage
(yolksac larvae) at the lower station (Table 2). Moving the intake to
station 10 (4 miles upriver) will reduce entrainment impact about 70-75%.
The upriver station had a muéh}lowex-relative abundance of both eggs and
larvae (Table 2).

Shut-Down Schedule

Results of the ETM runs assuming a four-week shut-down during the en-
trainment season and W = 1.0 for larvae are presented in Table 4. From
this analysis, a four-week shut-down from mid-April to mid-May WOuLd reduce
the entrainment mortality by approximately 80%. A four-week shut-down any
time during April or May will reduce entrainment mortality by approximately
45-80%.

One must keep in mind that these analyses are based on the 1978 data
base and, therefore,vreflect what might happen if the future conditions in
the Nanticoke River are similar to the conditions that existed in 1978. A
more definitive analysis would include an average of several years of data
(the more the better). Furthermore, the spatial and temporal occurrence
of eggs, yolksac larvae, post yolksac larvae, and entrainable juveniles in
the Nanticoke population of striped bass needs better definition. As men-
tioned earlier, the distributions and depth characteristics used in this

analysis are probably not truly reflective of the older individuals (age



30-60 days). The mortality estimate is also extremely sensitive to the
function used to characterize the reduction in entrainment mortality caused

by the presence of the fine mesh screens. This function, therefore, needs

to have a high level of precision and accuracy.
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Table 1. Fraction of striped bass eggs sampled each week, the Nanticoke
River, Maryland, during 1978.

Average Standing Crop!l

- Week (x 10°7) ‘ Fraction
4/3 - 4/9 3.69 0.02
4/10 - 4/16 44.40 0.26
4/17 - 4/23 62.50 0.37
4/24 - 4/30 31.37 0.18
5/1 - 5/7 25.95 0.15
5/8 - 5/14 2.80 0.02
5/15 - 5/21 0.23 0.00
5/22 - 5/28 0.17 0.00

1Based on Table 1, Appendix II in Portner and Kohlenstein (1980).

JTable 2. Proportional distributions, expressed as percentages, of striped
bass eggs and larvae in the Nanticoke River, Maryland, during

1978.
Volume! Eggs Larvae
CBI Station (1000 m3) (%) (%)
2 26000 0 0
4 22800 4 12
6 16800 42 72
8 11600 52 14
10 7000 1 1
11 6000 1 1
12 7600 0 0

lFrom Table 8 in Portner and Kohlenstein (1980).
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Table 3. Estimated conditional entrainment mortality rates of striped
bass, expressed as percentages, for various intake locations
of the proposed Vienna Unit No. 9 on the Nanticoke River,
Maryland.
W-Ratio for Larvae
Intake Location ' Type of Intake 0.67 1.0 1.33
CBI Station 6 No screens 3.9 5.6 7.3
(Athaloo Lodge) . Screens 1.3 2.0 2.7
CBI Station 8 No screens 3.3 4.7 6.1
(Vienna) Screens 1.1 1.6 2.2
CBI Station 10 No screens 1.0 1.3 1.7
(Maryshope Creek) Screens 0.3 0.4 0.6
Table 4. Estimated conditional entrainment mortality rates ofAstriped bass

expressed as percentages, based on a continuous four-week shut-down
of the proposed Vienna Unit No. 9 and the 1978 data base.

Shut-Down Dates Mortality
4/3 - 4/30 0.9
4/10 - 5/7 0.5
4/17 - 5/14 0.3
4/24 - 5/21 0.4
5/1 - 5/28 0.8
5/8 - 6/4 1.1
5/15 - 6/11 1.4
5/22 - 6/18 1.5
5/29 - 6/25 1.6
6/5 - 7/2 1.6
6/12 - 7/9 1.6
6/19 - 7/16 1.6




APPENDIX I.

Computef Program, written in BASIC language,

used to estimate the

conditional entrainment mortality rate of striped bass at Vienna

Unit No. 9, Nanticoke River, Maryland.

100 RESTORE

101 REM 1? NUHHk- OF WEEKS IN THE ENTRAINMENT FERIOD
102 REM J9= AL NUMEER OF AGES

103 REM MUMBER OF REGIONS

104 REM P9”lﬂTﬁL MUMBER OF FPLANTS

105 REM L9=TOTAL MNUMBER OF LIFE STAGES

1046 REM T=NUMERER OF DAYS IN TIME STEF

107 REM F9=F-FACTOR FOR EACH LIFE STAGE

108 REM WP=W-RATIO FOR EACH LIFE STAGE

109 REM h“h1QThIHU¥[0N BY LIFE STAGE

110 REM { '“ANI WITHIRAWAL RATE RY WEER

111 REM - TO AGE CONVERSION MATRIX

112 REM - (C JIIMENI FROFORTIONS

113 REM U:\hblUN VOLUMES (TCM)

114 REM E=INSTANTANEOUS ENTRAINMENT MORTALITY RATE
115 REM ROFORTION OF PP FLOW WITHDRAWN FROM EACH REGION
116 REM F=F-FACTOR TIMES W-RATIO

117 REM ‘OTAL NUMEBER OF EGGS SFAWNED

200 b

300

100

500

400

700

BOO SRRt

801 REM 1N1TIan7[

200 DIM FOLy9) o P8CLG» 1)y I(758) s X(10rT) s FR(1,5)
1000 DIM RCEG) yVC2) v WL 7))y CC10Y s E(795) s UP (L 5)
1001 MAT F = ZER

1002 MAT F8 = ZER .
1003 MAT It = ZER

1004 MAT X = ZER

1005 MAT F9 = ZER

1006 MAT R = /H

1007 MAT U =

1008 MAT W =

1009 MAT W9 ER

1101 REH READ IN F-FACTORS

1200 FOR F TO F9

1300 FOR L TO L9

1400 REALDL FP(F L)

1500 NEXT L

1400 NEXT F

1700

LATA 0y1r 054040

¢1



APPENDIX I (cont.)

1701 REM READ IN W~-RATIOS

1800 FOR F=1 TO F9

1900 FOR L=1 Y0 L%

2000 READR WP (FyL)

2400 FOPy L) =WR(FyLIXFP(FyL)
2200 NEXT L

2300  NEXT F

2400 DATA 1sirlrivd

2401 REM READ IN FLANT FLOW RATES
2500 FOR I=L TO 19

2600 FOR F=1 T0O F9

2700 REALY FB(LsF)

2800 MEXT F

2900 NEXT I

3000 UATA A43.0694%.06743.06543,06543,062,43,06+43,046+43,06
3100 DATA 43.0474%.06v43,06743,06543,06+43.06743.06
3102 REM READ IN LIFE STAGE DISTRIBUTIONS

3200 FOR K=1 T0 K9

3300 FOR L=1 TO L9

3400 REATY TN(K L)

3500 NEXT L

34600 NEXT K

3700 0DaTh 0,0,0¢051

3800 ATA 0.04,0.,12,0,1250,12,0

39200 BATA 0.4250.725y0,72+0.7240

4000 DATA 0.5250,145,0.14,0.14,0

4100 DATA 0,01,0,0450,01¢0,01,0
A200 DATA 0.01,0.01,0.0150,0150
4300 HATA 020507040

4301 REM READ IN LIFE STAGE TO AGE CONVERSION MHATRIX
4400 FOR J=1 10O 49

4500 FOR L=1 TO L%

44600 READ XCJsL)

4700 MEXT L.

4800 MEXT )

4900 0ATA 0.42846,0.5714705050
5000 ODATA OrlsyQs0r0
5100 VATA 0,0.5714,0.428450+0
5200 DATA QrOrls0y0

5300 DATA 050-0,2857y0,714340
5400 DNATA O0r0y0r1y0
S500 HATA 0r0r0v1s0
5400 DATA 05,0+/091+0
G700 DATA 0y0r0,0,5714,0,4206
5800 DATA Or0r0r0r1

v



APPENDIX I (cont.)

5801
5900
4000
4100
4200
4201
6300
4400
4300
HH00
45601
4700
46800
&F00
7000
7100
7200
7300
7301
7400
7500
7600
7450
7700
7750
7600
7200
1100
7200
8400
B4%50
83500
84600
6014
1700
5800
3200
7000
2100
%200
?300

REM REAI IN.F

REH ADVANCE

REHM READ IN EGG RECRUITHMENT FROPORTIONS

FOR I=1 TO 19

READ R(Y)

MEXT ¥

BATA 0,02v0,26v0,3750,185y0.155,0,0270507050:0r050+00

REH REAI IN REGION VOLUMES

FOR K=1 TO K9

REALl V(K)

MEXT K

DATA 2600023800, 146800511600570005,4000274600
ORTLONAL WITHDRAVAL FRACTIONS

FOR F=1 TO F¢

FOR K=1 TO K9

READ W(FyK)

MEXT K

NEXT F

nATA 05s070.350,450.3y050
MAT C = ZER

REM BEGIN TIME STEFS

FOR I=1 TO I9
CO1) = ORI
GOGSUR 92400

REM CALCULATE THE REDUCTION DUE TO ENTRATNHENT

FOR J=1 TO J9-1
FOR L=1 TO LY

G () '

FOR K=1 T0O K9

GGG LD KK L) K (L-EXP (=~ (E(KyLYKTRX (Jrl))))
MEXT K

CON=CD -5

MEXT L

MEXT )
CCAPY =0 A9 40191

FOR J=49-1 70 2 STEF -1

COD=CC-1)

MEXT J

NEXT I

M=1~C()9)/0

PRINT *TOTAL ENTRAINMENT MORTALITY I8 °*$M
GO TO 10500

St



APPENDIX I (cont.)

Y301 REM CALCULATE INSTANTANEO

2400
93500
24600
700
2800
P00
10000
10100
10200
10300
10400
10500

MAT E = ZER
FOR F=1 TO F9
Wi=FB(LyF)
FOR L=1 T0O L9
Fi=F(Fysl.)

FOR K=1 TO K9
EAKy L)Y =EARy L)Y FFLAUIAW(F KDY /V(K)
NEXT K

MEXT L

NEXT F

RETURN

ENTS

G ENTRAINMENT MORTALITY RATE

91



