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period and matc. the increase in the size of adult white perch samples from the
lake, Generally, fluctuations 1in the impingement and entrainment rate have

¢losely followed population densities as reported by cove rotenone studies.

Black crappie, a popular penfish, was the second most commonly
impinged species with an average annual impingement number of 28,437 compared
to an average of 116,646 for gizzard shad from 1979-1983, (Estimated annual
creel numbers of black crappie were always higher than impingement numbers,
The percentzge of small crappie ( <100 mm) impinged has decreased since 1978,
supporting the premise of a declining population which 1s consistent with other
biological data. This population decline could possibly reflect a natural
cyclic trend of the species or it postibly could be attributed to the leck of
preferred habitat in the lake. Results of cove rotenone studies in 1984 have

indicated a s)ight increase in the black crappie standing crop,

A comparison of impingement numbers to standing crop estimates of the
lake indicated that the percentage of the population affected by impingement 1is
very low. The average percentage of the gizzard shad standing crop that was
removed annually by impingement was 0,38% by number and 0,32% by weight, For
crappie, percentages averaged 3.1% (number) and 3.8% (weight), Values for
other species were less than 1.0%, As generally found in new reservoirs, Lake
Anna exhibited an initfal high fish abundance during 1973 and 1974 followed by
8 decline in succeeding years., Since 1978, the mean standing crop of fishes in
Lake Anna has remained relatively stable, The first station unit did not
become operational until mid-1978; therefore, it seems apparent from standing
¢crop comparisons that impingement from the power station has not caused

significant reductions or fluctuations in the fish community,
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3.0 STATION DESCRIPTION

3.1 Location &k General Site Features

The North Anna Power Station was constructed in Louisa County 1in
central Virginia 48 km (30 miles) northwest of Richmond and 64 km (40 miles)
east of Charlottesville, The two units of the station are located on the south
bank of a lake formed by a dam on the Morth Anna River 0.8 km west of the
common junction of Louisa, Hanover and Spotsylvania Counties (Figure 3.1.,1). A
total of 76 km2 (18,643 acres) of land was purchased in these three counties
for construction of a dam and reservoir, the power station, service roads, @

spur railroad, and 1.5m (vertical) of surcharge capability.

Unit 1 was under construction beginning in 1969 and was ready for
commercial oneration in April 1978. Unit 2 construction began in March 1870
and was completed in August of 1980. Both units were expected to operate at
annual average capacity of 65%, and thuys far, Unit 1 is siightly underachieved,
while Unit 2 1is averaging slightly more than the expected 65%. The thermal

conversion efficiency is approximately 33% for each unit,

3.2 Heat Exchanger Components

The station has a once-through cooling system (circulating-water
system) to dissipate waste heat ftrom the turbine condensers and from the
auxiliary cooling systems to the environment (Figure 3.2.1). When both wunits
are operating, water 1is taken from Lake Anna at a rate of about 117 m3/s

(1,858,000 gpm), circulated through the turbine condensers and service water

system, and ret. ned to the reservoir via the WHTF, Appendix B contains
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technical specifications fur some of the station components associated with the
intake structure, During operation, the heat generated in each reactor is
transferred through the primary-coolant system to the steam generators., Units
1 and 2 each have three separate closed-cycle loops with one turbine-generator
per Toop. The steam generators transfer the heat from the primary-roolant
system (around 302°C under 2235 PSI) to produce steam at a constant pressure in
the secondary system, This steam 1s transferred through the closed-cycle
secondary loops to the steam turbines, which drive the generators to produce
electricity, After passing through the turbines, the spent steam is condensed
and returned to the secondary sides of the steam generators to repeat the
cycle., The station's NPDES permit limit is 13.5 «x 109 Btu of waste heat per
hour 1into the cooling water effluent (equivalent to about 66% of the total
thermal power generated ir the core)., uUnits 1 & 2 have a design NSSS rating of
2910 MWt but is currently licensed to operate at the NSSS rating of 2785 MWt,
The maximum &T across the condensers during the summer is 8.0° C (14.5° F), and

during the winter predicted is 10,2°C (18.3°F),

2.3 Intake Structure

The cooling water for both the condenser circulating water system and
the service water system is withdrawn from Lake Anna through two screenwells
(one screenwell per wunit) located in a cove north of the station, Each
screenwel] contains four individual bays, each bay (Figure 3.3.1) egquipped ~ith
@ trash rack, a traveling screen, and a vertical motor driven circulating water
pump. The trash racks consist of 1.3 cm wide by 8.9 c¢m thick vertical bars
spaced 10.2 cm on center (“he velocity of the flow through the trash racks is

about 0.2 m/s {1 fps) (Table 5.3.1). The traveling screens, constructed of

14-gage wire with 9.5 mm square openings, are designed to rotate once every 24
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Table 3.3.1.
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6.0 RESULTS AND DISCUSSION

6.1 Impingement

Impingement studies have been conducted at North Anna Power Station
for a period of five years and nine months, April 1978 through ODecember 1983,
During this time, 2 total of 2.4 «x 10s fishes weighing 5.7 x 103 kg have been
impinged, representing 34 species and 13 families (Tables 6.1.1 and 6.1.2).
These collection totals extrapolate to an estimated total number of fishes
impinged of 9.6 «x 105

6.1.3).

with an estimated tota] weight of 2.3 104 kg (Table

The full year having the greatest number of fish impinged was 1979
(61% cf total) followed by 1981 (13%); 1980 (12%); 1982 (7%) and 1983 (5%)
(Table 6.1.3). During 1978 impingement sampling was not conducted for the

entire year, Gizzard shad, Dorosoms cepedianum, comprised 77.6% of the 1979

impingement total, of which 64% (an estimated 2.9 «x 105 were impinged between
February 20 and March 20 of that year (Tables 6.1.1 and 6.1.2). It is
significant, because of the large numbers of fish impinged in 1979, that the
lowest water temperature ever voacorded (1975-1983) by Endeco temperature
monitors 1in the 1intake area of Lake Anna was recorded on February 20, 1979
(1.18°C) (Vepco-unpublished data). Low water temperatures will notably reduce
gizzard shad mobility (Griffith 1978; MclLean et al, 1982), Winter kills (and
high winter impingement rates) are common for this species when water
temperature falls below 3.3°C (Jester & Jensen 1972), and the higher 1979
impingement rates were most likely influenced by the extreme cold experienced

during February of that year,
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Gizzard shad is the major forage fish in Lake Anna; however, threadfin
shad introduced in 1983 may eventually supplement gizzard shad as the primary
forage species. Gizzard shad 15 an excellent foraye fish when small but
quickly grows too large for sport fish predation, Adult gizzard shed compete

with sport fish for food and habitat (Porak and Tranquilli 1981),

Gizzard shad 1s the most abundant species in Lake Anna in terms of
biomass (kg/ha) (Vepco 1983 and 1984), This species generally frequents open
surface waters but 1s found deeper 1in fall and early winter (Jones 1978),
Adult gizzard shad are large enough to avoid the intake current if healthy,
therefore, they were probably already physically impaired in some way when
impinged; sluggish {rom the cold water, possibly dying or already dead and
floating or rolling along the bottom. The emsciated condition observed in many
of these fish collected in the summer would tend to support this thecry, 1f
gizzard shad impinged during the summer are already in poor gondition when
impinged, as hypothesized above, this should show up in condition value
comparisons. Condition values, K = E_%%E_ (Carlander 1969) were calculated for
gizzard shad collected from the intake screens during 24-hour samples during
October 1983 and compared with a sample of approximately equal length gizzard
shad collected from lake gill nets during October 1983. These values (Gill
Net-0.83; Impingement-0.60) were found to be significantly different at the 99%
level (S.A.S. proc. T-test). October was the only month tested because of the

difficulty in obtaining large numbers of equal length gizzard shad.

The length-frequency data for gizzard shad impinged at North Anna

between 1972 and 1982 are bimodel with peaks for the 75-125 mmT.L. (48%) and
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Yellow perch was the third most frequently impinged species, during
the study, at 16% of the total (Table 6.1.1). Estimated impingement declined
during this pericd from a high of 8.7 x 104 in 1979 to & low of 3.5 «x 103 in
1983 and averaged 2.9 «x 104 Yellow perch is a sought after game species by
anglers in the Northern states (Ney 1978); however, it is insignificant as a
sport fish 1in the South (Clugston et al. 1978), It's primary importance in
Lake Anna 1s as a forage fish, During the 1976-1979 North Anna creel surveys,
yellow perch was 1isted as a non-game species, however, an estimated yearly
average of 1,828 were creeled during that period (Sledd and Shuber 1981),
During the 1983 creel survey, the estimated total number of creeled yellow

perch was only 107, or 0.3% of the total fish caught,

North Anna cove rotenone data also indicate that the standing crop of
yellow perch has been declining in the lake since 1976, from 17.98 kg/ha to
4,22 kg/ha in 1983 (Vepco 1983 and 1984), Rotenone samples in Keowee Reservoir
and Jocasse Reservoir in South Carolina indicated much lower yellow perch
standing crops than North Anna, ranging from 0.1 to 2.2 kg/ha (Clugston et al,
1981). As Lake Anna cove rotenone samples were collected 1in August in
generally shallow areas, it s quite possible that the standing crop of yellow
perch 1s underestimated as they may have been concentrated in the deeper,
cooler water ot this time. Yellow perch generally prefer cooler water (18-21°C
for adults and 20-24°C for juveniles) (Ferguson 1958; McCauly and Read 1973),
Relative changes in yellow perch standing crop determined from cove rotenone
data probably reflect actual population changes, This agrees with the declines

noted in impingement and creel survey data.
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TABLE £.1.2. THE NUMBER AND WEIGHT (GMS. ) OF INDIVIDUALS FOR SELECTED FISH SPECIES AND TOTALS FOR OTHER SPECIES IMPINGID
AT NORTH ANNA POWER STATION BY SAMPLE DATE, 1978~ 1983, VAILUES REPRESENT TOTALS OVER A 24-BOUR PERIOD. ABBREVIAYIONS ARE:
PC -~ POROSOMA CEPEDIANUM, PN ~ POMOXIS NICROMACULATUS, PF - PERCA FLAVESCNS, {MA -LEPOMIS MACROGUHIRUS,

MA - MORONE AMERICANA, O - OTHER. THE SUFFIXES ARE T - NUMBER AND W -~ WEIGHT.

DATE (19 | DOW PHNT PHW PFT Piw LMAT 1 Maw MAT MAL orr CTw TFISH WY
BOOG10 1 143 .8 19 1187.2 0 0.0 69 8r7.7 2 108. 4% 2 120.% 93 437 .6
BOOHI2 0 0.0 17 1203.7 0 ¢.0 217 159.3 2 183.0 4 351.0 50 1897.0
800617 2 155.6 10 851.6 0 ¢.0 21 3947 1 313.0 3 291.7 37 1726.6
800619 3 78.9 1 Bi8.7 1 121.2 12 320.0 P4 2.7 1 11.0 28 1%812.95
BRODEZ2Y 0 0.0 10 12%.9 0 0.0 4 216.1 o 0.0 6 - 29 30 1005 .2
800 7H1 0 0.0 8 581.4 1 1.3 11 280 .7 0 0.0 2 59.2 22 824 .6
8007013 2 126 .8 4 3G .7 0 0.0 i 102.9 (3] 0.0 1 12% .0 113 TOh N
ROOTOS8 3 168.8 12 868.3 0 0.0 16 216, 3 3 10.2 3 196.9 37 1920.5
BNOT0 - 8.6 21 1884 .3 0 0.0 28 335.2 0 0.0 6 17.2 57 2273.3
8O0D715 i 8.2 8 713.8 0O 0.0 22 337.5 5 131.6 3 19.8 a2 1211.0
s8O0TY7 5 19.1 7 485 .8 0O 0.0 18 1551 2 6.0 1 1871.8 i3 2590.8
gnor22 S 19.4 13 522.9 1 2.0 48 282.5 22 51.17 3 51.0 92 92%.%
ROGTZ2Y9 0 0.0 16 1114 0 0 0.0 12 202.3 0 0.0 1 1704 29 1486.7
BOD731 1 59.9 12 887.8 0 0.0 23 W5y % 0 0.0 1 4.5 37 1396.8
BOOB0S 1 91.1 5 233.2 0 0.0 16 48. 0 0.6 1 8.9 23 377.3
ROOAO T 2 1312.6 B 1060 .06 G 0.0 11 125 .46 1 3.9 0 G.0 22 961.3
sOO812 1 83.8 y 333.7 i 0.0 96 331.7 3 28.17 2 i.u 106 785.3
800814 1 5.0 ! §D3.5 2 6.2 4 60.3 s 12.7 1 %.6 L& 5%3.3
ROVBYY 1 9.5 54 jazy. 7 1] 0.0 30 68.0 1 sy 1 152.3 87 HO9% 4
BOORZ0 i 0.0 14 868 .4 0 0.0 16 20.3 1 P 0 0.0 1 B893.0
BOIAZEH ¢ 9.0 2 1634 .8 1 3.2 26 58.7 9 29.7 ] 0.9 il 1726 .1
BOOR2A %9 .1 23 1290.8 ] 0.0 33 S60.9 0 0.9 i} 0.0 %8 1890 5
BONDO3 1 9.0 ia i969.7 0 0.0 37 387.4 3 63 .1 i 1327.5 83 1797.0
BODYOS 1 7.0 5 17182.1 (4] 0.0 27 161.5 4 B30 3 118.9 7o Z262.9
ANNGH9 2 2.8 2% 1%13.1 0 0.0 27 102. 4 0 0.0 2 & b 1694 &
800911 5 172.3 55 2804.9 0 0.0 22 24848 7 1 3.4 1 G5 I 1992 .8
B9 16 2 1412 24 122%.3 ] 0.0 16 207.3 1 3.4 3 731 LT 160893
BOHI921 0 0.0 32 971.46 9 0.0 13 80.6 O 0.0 2 .2 By 1063 .4
800925 | 22.6 3y V75%. 17 ] 6.0 13 8%.8 1 25.1 0 G.0O 89 1989 .8
B9 4 266.0 i1 3776.5 1 35.2 &0 638.13 2] 0.0 2 A.0 178 hiz2y o
8010402 7 9.7 181 464).8 1 9.7 35 534.9 ‘e 69.2 2 96.9 278 '592.2
sO100 7 i iz . 166 Su03 &4 0 0.0 23 298.1 O G.0 5 22 .4 197 ‘B7Y.0
BO1014 3 1he:. 3 157 6120.2 (3] 0.0 2y 812 .6 | 301.6 3 B.2 192 [782.9
BOINYE 3 157.0 216 82%3.1 U 0.0 21 151.2 3 9.6 “ 17.5 W7 YEEY W
RN1021 i 193.5 109 UREVE. O 0 0.0 29 129.40 5 110.4 2 19.0 149 W197.4%
A1O23 b 54 .0 96 267%.2 0 0.0 " 189 .6 ) Wy .5 2 .5 172 S69 N
RONIZ8 4 145 .2 63 27918.8 0 0.0 4 280.0 & 188.6 2 20,2 670 PL6ES2 .8
8010310 9 Big. O S66 23846 .8 0 ¢.0 ’8 432.8 3 59.5 4 36.1 610 Zusne_ 2
RO1104 q 507 .6 610 24196.0 1] 0.0 37 622.7 3 116.8 5 21.1 664 29861 .7
gO11Y2 8 189 .8 91 3107 0 0.0 124 6706.5 3 94 3 12 a822.7 238 “818.0
LORRRTT 11 567.2 93 39%2.2 o 0.0 70 321.9 1 8.0 16 10%.2 191 5960.%
BUr1118 20 801.5 170 8435.8 0 0.0 198 913.8 1 119.4 30 172.3 H19 T2 8
Ba1120 14 S48, 7 224 10142 .9 L8] 0.0 a5 650.2 4 182.7 22 267 .2 a9 11927
BO112Y 13 S578.0 ra MO07T.0 0 0.0 29 257.0 1 319.8 19 1987 131 S080 .5
801126 16 1671.9 93 S026.5 ¢ 0.0 28 153.1 2 22 4 32 265 .1 11 6£235%.0
s861202 el 1509 4 10% 6102.0 O 0.0 18 81.9 1 123.1 i7 758 .4 227 BLT7hq .8
BOI1209 i 1949 8 66 84102.6 1] 0.0 20 376.7 1 58.3 63 586.5 188 7093.9
801211 18 17165.7 S4 3206 .1 0 0.0 12 164.6 4 82.5 0 282 .8 136 S5C1. 7
BO1216 13 33064 155 12329.6 ] 0.0 ] 135.9 1 61.8 86 849 .2 323 1ul80.9
801218 55 2816.9 91 TW12. 4§ i 15.8 16 290.3 1 9.4 101 968.4 265 11513.2

o
5 -



TABLE 6.1.2. THE NUMBER AND WEICHT {GMS. ) OF INDIVIQUALS FOR SELECTED FISH SPECIES AND TOTALS FOR OTRiR SPECIES IMPINGED
AT NORTH ANNA POWER STATION BY SAMPLE DATE, 1978~ 1983, VALUES REPRESENMT TOTALS OVER A 24-HOUR PERIOD. ABBREVIATIONS ARE:
DC ~ DORODSOMA CEPEDIANUM, PN - POMOXIS NIGROMACULATUS, PF - PERCA FLAVESTNS, LMA ~LEPOMIS MACROCHIRUS,

MA - MORONE AMERICANA, OF - OTHER., THE SUFFIXES ARE T - NUMBER AND W - WEIGHT.

DATE Dey Dew PNT PNV PFT Piw LMAT L MAW MAT MAW orT oTw TFISH ™t
801223 17 1506.7 39 2233.0 0 0.0 12 233.9 2 62.7 19 421.6 169 6857.9
801227 166 62845 37 2358.3 1 29.9 37 315.5 1 $5.6 51 512.8 273 9996.6
801230 72 UTIR T 6 414 4 0 0.0 a 195.8 6 169.4 34 365.5 126 S155.4%
R10106 96 5683.8 13 #8151 ] 0.0 6 150.5 0 0.0 16 195.3 i 6843 .7
310108 71z 43263.1 12 796.7 4] G.O 6 2685.9 1 9.0 2% 1676.9 756 L6231.6
810114 1358 80696.2 25 1453.6 0 0.0 3 156.8 1 6.6 12 150.8 1399 82476.0
810116 g2 6067.9 i 202.% 8] 0.0 2 2.9 0 0.0 L 37.1% 102 6359.6
B14120 5% i2u7.8 B8 427.2 2 203.1 y 10.5 0 0.0 L $7.1 73 5009 . 7
Aato122 119 8370.2 iR 656.2 0 0.9 [ 160 .4 ] 0.0 A 376.3 1hly 99%63. %
810127 140 92%1.2 61 isor.1 0 0.0 8 183.9 0 0.0 is 323.6 257 13569.8
810203 199 1315%19.6 28 1581 .4 2 65.0 & 134.5 L] 0.0 37 38).2 2712 15682 .7
810205 Wen 30813.0 30 1681.3 3 201.3 5 2.7 0 6.0 19 183.2 517 32%31.95
ao210 515 I2H95. .4 65 3501.7 0 0.0 iy 7.6 ) 2.0 15 176 .4 600 36253 .1
810212 sS4 352%3.9 i6 2282 .8 0 G.0 1z 2405 i 9.2 33 WOl o0 623 s217.4
810218 56 29231.6 88 45%8.13 36 1w0u1.1 19 385 .1 0O 0.6 16 Wm7r.2 615 3%363.13
810220 124 1920.2 209 12226 .0 150 gj02.2 1 269.9 0 0.6 U 590.2 %38 25608.5
BI0224 76 5492 .6 234 1334619 Lun 11832.0 5 868.2 3 2%6.1 40 879.5 836 32217.3
AR10303 119 1560.9 3nB8 19302.4 242 5678.2 17 367.6 e 0.0 i6 385.2 162 33294 3
B1030% 122 1%15.7 143 8025 .10 271 5842 .4 14 259.0 i 6.0 37 350.0 588 21998 .1
A10310 173 11635.5 128 6908 .0 96 2266.8 10 198 .1 O 0.0 13 Wi e W20 2¥152.3
#in312 uAa3 29976.6 164 8664 .2 1y 3185.6 8 190 .4 L] 0.0 15 165.7 814 B2182.%
210317 86 9204 .9 513 27665.2 62 1%14.0 20 3%8.1 0 0.0 19 Pt B 1200 HR990 .6
B111319 1662 105209.5 359 19054 .0 ok $53.8 rd 0.4 2 127.5 24 as .6 2073 1253%6.8
810324 693 hW5320.2 161 7628 .6 BO 992.7 10 208 .5 1 ar. 17 2 240 .13 926 Su§3IB .1
810331 500 28999.2 425 21766.2 82 1348 .3 6 Mm%, 0 1 6.2 34 319.0 1048 SW60T.9
810402 623 33993.2 3318 17893.1 89 1198.0 15 213.0 1 11.7 27 576.1 10723 538451
ar08G7 1642 B57124.4 232 8760.8 b9 $557.6 23 1%51.8 7 1101 h 394 0 1967 957158.7
B104O9 1198 56785 .4 103 E852.9 21 148.9 8 9% .5 L 223.6 7 8%.5 13513 E€1710.7
BI04 14 1493 10105 4 69 2733.8 11 103.7 73 309.7 32 838.2 0 149.3 1688 T2y 1
B10k16 596 26592.17 59 21411 5 55.2 1 300.7 17 308 .2 5 802.0 659 29795.9
BIOB2Y 128 £521.1 27 635.1 8 109. 4% 103 530.9 18 o8, 2 2 1026 .6 286 g137.3
Bio428 Sk 2601 .1 i1 1794 .1 3 55.8 4% 1606.7 16 425.9 i 3957.9 163 9035.5
810430 27 1532.8 32 1717.4 0 0.0 BY 353.5 & (5. | 6 2719.4 1%% WO 72,2
810505 145 696.9 20 674 7 0 ¢.0 21 78.8 3 128.0 8 Bu3.2 66 2821 .6
B10O507 11 LWeEB . G P 1148 .1 1 69.5 82 2%6.4 6 207 . in 586.3 9 2735.%
810512 2’ 158.0 o4 1797 .4 (5] 0.0 u6 309.4 iy 931.4 L} 2024 .9 80 3831
810514 7] 0.4 22 15114 ] 0.0 1.} 212.% 1 62.0 3 175.% 64 1961 .4
B10%19 ) 3318.9 49 29%3.2 1 41.9 4] 5589 % 234 .4 i a4} 138 U&7 .6
810526 2 93.0 54 31585.2 1 23.6 4o 885.1 3 0r.7 2 119.8 162 L4814 .4
B10%29 2 5.6 76 481613 L] 104 2% a6 .5 0 0.6 6 S04 .5 1648 58%3.3
810602 3 103.2 o9 1659.3 G 0.0 51 1M36.7 2 901 3 2981 Bi 3Za1.n
sloa0k 2 Tin .7 i 1046.5 0 0.0 58 584 .7 1 10.0 i 189.5 9 1945 .4
B160L9 0 0.0 7 37.7 0 0.0 156 1122.9 Z 1517 € G.0 165 1802 .3
BR10611 1 29 .4 13 1087.5%5 0 0.0 160 991 .4 ] 36.6 2 129.3 177 22Th .2
BIN6E16 1 43.3 e IThe . D 0 0.0 80 1090 .2 7 333.9 3 2171 4 132 7i84.8
B10623 3 156.2 6 S50.0 0 0.0 16 §23.7 8 h25.% Q 6.0 33 15485 . 4
B1062S 1 50 4 10 120.7 ] 0.0 10 215.0 - 312.3 2 2.3 28 1300.5
B106 310 1 59.4 12 953 .1 0 0.0 7 25%3.2 7 §67.3 1 . 3 28 1ITT.3
B10702 1 37.1 20 1580 i 0 0.0 13 316.6 10 567.5 [ 518 .9 50 2880.5
810707 i 39.9 37 26717.0 ] 0.0 25 37i.e 16 923.90 3 161.8 as B173.5
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TABLE 6.1.2. THE MUMBER AND WEIGHT {(GMS.) OF INDIVIDUALS FOR S LECTED FISH SPECIES AND TOTALS FOR OTHER SPECIES IMPINGED
AT NORTH ANNA POWER STATION BY SAMPLE DATE, 1978- 1983, VALUES REPRESENT TOTALS OVER A 24-HOUR PERIOD. ABBREVIATIONS ARE:
DC -~ DOROSOMA CEPEDIANUM, PN - POMOXIS NIGROMACULATUS, PF - PERCA FLAVESCNS, (MA -LEPOMIS MACROCHIRUS,

MA - MORONE AMERICANA, OT - OTHER, THE SUFFIXES ARE T - NUMBER AND W ~ WEIGHT.

DL

DATE Doy 0OCwW PNT PN PFT Piw IMAT 1 MAw é g} ' MAW orrY orw IFISH Twt
810/09 3 39.3 i3 2085 .1 0 0.0 £ 163.7 6 8061 1 125%.6 53 2819 .8
B1G/ 1Y 2 175 59 I6L8 .9 0 0.0 30 244 4 7 3rTi.4 h InG .2 102 aii6.n
s10/21 1 61.7 27 1673.7 i) 0.0 10 58.3 5 249%.9 I 12%.9 Wi 2169.5
BIN/23 0 0.0 19 1130.9 L] 0.0 7 100.9 5 386.8 2 137.8 i3 1756. 4
810/28 1 5.8 n 2022.0 0 0.0 19 109.4 6 336 .4 3 233.0 60 2757.6
810,30 3 137.0 78 1865. 7 1 0.9 20 199.6 9 1. 6 1 96.9 62 27187
Blonny 5 156.1 32 19051 0 6.0 7 117.3 E 109.8 2 111.3 50 2199.6
810506 5 267.6 23 Thai 4 0 0.0 21 130.1 0 4583 5 #53.0 a4 2T152. 4
810111 B o, 7 15 1648 .3 0 0.0 194 331y 6 329.8 b 231.2 227 23811
Bl1On18 4 284 .2 27 1800 .2 0 0.0 85 161.6 a8 291.1 .. 223.0 129 2760 .1
BIOH2O 20 62.2 58 3621.1 0 0.0 Qb 399.5% Lh b17.9 [ 261.5 189 ShEh 4
BIOKZS 7 1741 710 3709.7 1 26.% 20 90.8 5 248%.0 3 203.9 106 §519.0
B1627 Iy 1%9.5% us 2534.2 O 0.0 3 §. 7 7 32e.2 ] 119 .1 60 3wes. 1
A10901 7 B16. 4 ug 2783.2 0 0.0 1 17.8 y 175.1% 2 137.3 63 31529.8
810003 Iy 152.13 53 2335.8 0 .0 5 24.3 % 2801 2 64.9 59 JBOT .4
810910 4 4i13.6 63 3151.5 0 0.0 16 264.7 6 3483.3 P 86.5 96 u269.7
810016 12 S04 .1 19 1228.7 0 0.0 15 82.9 3 153.4 3 in. 2 50 203 .13
810918 G 3186.2 11 516.1 0 0.0 28 195.3 2 96,7 2 2.2 7 1376.5
810922 4 530.% 132 449 .4 ] 0.0 4 53,7 6 186.6 3 25.4 169 123%.6
Blovey 16 623.7 ay 21110 0 0.0 6 109 .4 8 353.4 1 1.9 I Jizo.n
810429 14 519.% £5 1154 .8 1 11.3 9 22.7 3 w.2 0 0.0 9z 389 .5
811001 9 134.5 96 Ghi8 . 6 0 0.0 5 16.3 £ 180.8 y 94 1 110 S0O7Iu.3
81146 13 585 .4 127 5577.6 O 0.0 13 105%.6 3 1%8.2 6 328.95 162 675h.7
LS RIER L £ 219.7 137 5896.8 ] 0.0 S 8.6 iy 261.6 0 6.0 154 6862 .7
811016 4 738.7 178 TO0Z . & 0 0.0 12 82.2 2 78.6 1 5.5 207 7907.3
8110120 29 B8990, 3 3139 164950 .4 4] 0.0 13 51.0 0 0.0 3 10.8 377 17902.5
8131622 1 B4%5.9 i3 1692.5 5] 0.0 16 68.3 7 335.3 1 87.3 LA 8649.3
81127 22 843 .4 367 17472.9 0 6.0 59 171.% 7 373.8 4 55.8 n59 18917.3
811029 26 843.3 288 155480 .7 0 ¢.0 7 301.% 9 aho 2 7 291.8 8O7 17417.5
811103 L 1360.9 19 3600, 2 0 0.0 180 535.8 10 5G3 . 7 12 241.9 s 6142.5
811109 3t 1102.6 205 9395.9 1 22.5 518 1%08.8 8 w27.7 n 232.0 794 12689.5
811113 59 2361.8 Lty 1588.¢€ 0.0 339 1573.0 17 8i6. 4 19 533.3 504 68711
g11117 Sl 2333.3 w9 2224.5 Z h8.% 106 3917 18 906 . T 643 SI7T.4 289 6482 .1
811119 39 1510.2 7 IH45.6 3 6h.6 B 276.1 7 3G1.7 L6 575.8 269 61ih.0
R11123 48 1945 .8 59 2386.5 3 5.2 65 212.3 16 THO .6 e 810.4 263 6170.8
81112% 59 eu27.8 51 2120.8 1 17.0 88 2h6.% 23 1M17.4 61 634.9 2813 6564 .4
g11001 70 2701.4 13 666 .4 0 0.0 23 68.3 2 551.13 LIt 343.7 158 k3331
811,708 113 Lae3 . 7 13 547.9 O 0.0 16 62.8 11 Sh1.h 30 321.0 117 5936 .4
81110 95 3329, % 30 1322.5 0 0.0 50 281.3 20 984 . h 37 397.7 232 6L295.0
BR11.16 103 4198.9 | 4 15331 5 671.7 29 647 8 661 u%s 4825.8 240 719%6._.3
811718 158 5167.4% 53 1967.8 1 1.8 13 99 .1 18 900.5 ia 19,4 2m 9169.0
81121 I8 2963.2 22 10140 O 0.0 H S0.5 12 653.9 13 115.5% 131 79T Y
811723 146 6661.7 28 1303.9 1 16.5 3 bi. 3 28 1385.9 19 222.3 225 9640.6
81129 115 5094 .8 i 2214 . 7 ] 94 & 13 211.2 19 92%.3 21 309.2 213 BR49 .6
A20110% 136 5797.7 i 1346 .2 0 0.0 11 194.3 [ 285 .4 21 20%5.7 205 829.3
R0 7T 143 8253.7 13 1383 .4 0 n.o 7 182.6 10 549 .0 6 6.3 159 £439.0
820112 s 3605.1 23 996.9 0 0.0 2 8.0 1 o1 7 7 95.8 118 SuTr.7
B2011y 230 10933.8 i 1486.9 el %9.7 5 22%.1% 20 1s2.1 10 53i4.9 o 1M392.5
820119 113 6616.5 £9 3086.2 O 0.0 5 1684 i8 989 .5 [ Sh. % 209 10915.0
gz20121 261 137487 150 TOEFD . O 2 36.7 8 236.5 15 Wou5. 7 G 177.9 559 22305.%

Ul
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TABILE 6.1.2. THE NUMBER AND WEIGHT (GMS_. ) OF INDIVIDUALS FOR SELECTED FiSH SPECIES AND TOTALS FOR OTHER SPICIES IMPINGED
AT NORTH ANNA POWER STATION BY SAMPLE DATE, 1978- 1983, VALUES REPRESENT TOTALS OVER A 24-HOUR PERIOD. ABBREVIATIONS ARE :
DC - DORDSOMA CEPEDIANUM, PN - POMOXIS NIGROMACULATUS, PF - PERCA FLAVESCNS, LMA -LEPOMIS MACROCHIRUS,

MA - MORONE AMERICANA, O7 - OTHER. THE SUFFIXES ARE T - NUMBER AND W - WEIGHT.

DATE DCT DOW PRI PNW PrT PEw LMAT L Maw MAT MAW o1y OTw TrISH WY
#H20126 151 11119.3 9k 5047.5 3 86.4 4 181.6 12 66,6 2 26.4% 216 16927.8
820127 19 1386 .4 i 476.2 0 G.0 1 3.% 1 2.1 0 0.0 32 1938.2
B20202 242 m3ze. 7 210 BU89 .0 ] 0.0 12 290.3 20 988 .6 13 362.3 597 UG8 .9
B20204 261 in599.3 8813 35694 .7 0 0.6 % Wy2.9 23 11110 13 244 .2 1195 S2092.1
820209 194 11054 .0 110 3597.8 1 110.9 13 236.9 12 652.4 > 197.1 7 145,09 1
820211 279 179%91.2 158 6918.1 10 294.5 " 3034 20 1104 1 10 12585 827 21335.8
80217 16 1923.8 h? 6321.1 32 BO3. 0 5 80.1 9 368.2 3 S52.4 272 11548 .6
820219 251 15372.9 222 111370 63 Su9 .2 22 S11.7 25 1254 .2 6 124.5 589 30009 .6
B20221 200 9056 .9 351 15427.13 186 u55%1.9 26 T08.6 49 1837.8 16 245.6 828 31827.7
AP0 330 11061.5 237 10784.5 “27 11095%.2 5 299.3 62 073.9 16 324.5 1187 3,578.9
R2030Y 3313 19073.8 386 694 6 294 %912.5 12 196 .2 ia 1818.1 9 208.8 1072 Ba154 .0
#20309 194 158841 2¢3 9507.8 360 6607.0 4 281.9 4. 2107.8 7 291.7 1035 680 . 3
820311 86 31560.5 163 Tiuh. & 375 8281.3 12 177.17 27 880.9 9 ¥Wi.2 678 2816.0
B203116 131 5501.9 189 9296. % 37y T102.0 12 193.6 3y 1686.9 3 262.3 753 23 2
820318 55 5265 .6 183 84G7.0 21y 5223.7 2 196. 60 35 1684 .G B 326 .1 667 21192 .4
820323 148 9279.5 in 15435 .7 243 1865.6 54 314 4 80 EFELUS | 18 1919 .4 3054 317487
820330 169 6087 .0 287 12843 .2 58 1715 17 151.5 16 3383.7 8 170.8 615 21767.7
B0 13% 5090 .3 101 12585 .8 319 566.1 1 81.4 67 2780.4 8 80.3 961 2184 .3
/20806 65 190%.7 3o m561.8 26 458 .2 26 2.9 iu 31254 3 28.6 514 20152 .6
B20408 B4 3033.5%5 206 9031.3 23 5801 05 122. % 59 29411 3 133.7 825 1421
Az0n1Yy 71 2021.0 186 8198.7 22 133.6 2 196.2 e3 10719.0 ~ 253.2 339 1087.8
820416 57 1389.0D 1314 5794 .9 L8 157.2 27 127.3 24 955.3 2 6.9 292 G9N20.6
8204210 el s} 6685 &7 2689.5 5 W2.2 37 70.9 22 85%.7 17 68T .8 156 h96s , 2
820427 Iy 6.5 27 994 .0 3 B1.4 7 23.2 22 831.0 b 136.2 7 3723
A20429 4 1421 57 18940 4 1 45,7 2 a3 16 BiT.6 5 139.8 106 1270.5
820500 1) (.0 US| 1557.9 3 59.1 15 50. 4% 32 1391.6 0 0.0 91 W59 0
B%06 0 0.0 28 10318.5 1 26.2 18 58.% 24 11939 2 By.7 73 398 .8
820511 ] 0.0 21 858 .5 =3 80.3 15 41.8 30 1508 7 1 107 69 SSBT.0
£209513 0 0.0 17 8164 | 2%5.0 i .7 4% 2349 .8 1 7.6 6£8 213.5%
H21518 0 0.0 §2 2256 .4 1 26.0 32 197.8 23 1224, 7 2 235.7 100 1940 .6
B20%2% 2 111.8 12 7341 O 0.0 16 218.17 hy 21714 .1 2 192.0 76 30,7
A2GH217 s 6.1 19 652.9 ] 0.0 3 32.% 23 7.2 0 0.0 i8 1859.3
820602 2 106.6 5 1712.7 0 0.0 L6 369.6 19 2191 Fid 97.8 L1 "165.8
B20604 | 26 .1 (3 48%.0 0 0.0 a3 316 .8 16 827.8 1 429.0 70 ‘oRYy .7
A2O6OS 1 73.8 12 853.4 O 0.0 59 ini.3 12 509.9 i 2148 .8 B4 05%.2
H20610 0 0.0 y 236.9 0 0.0 11 5% .1 4 182.6 2 157.6 21 631.2
B2O615 i .0 9 639.6 0 0.0 5 22.% 5 273.8 1 €1.9 20 997.8
820627 0 0.0 10 623.4 0 0.0 3 92.6 1 10,1 2 8.9 16 7135%.0
BG4 O 0.0 1 199.9 0 0.0 1 2.3 5 200 .2 1 7.5 17 )9 .9
R20629 0 0.0 8 $17.5 O 0.0 i 98.5% 2 21.9 0 0.0 " 0n37.9
82070 0 0.0 29 1454 .9 ] .0 2 10.6 1 97.0 2 165 .4 i "9hT.9
{20707 0 0.6 H 3%1.7 1 19.2 2l 13.6 i 208.6 0 2.0 m 5931
HoNTND9 0 0.0 2 261.6 1 : 3 13.9 1 13.4 o 0.0 7 ’88.5
AoNn213 p'd 68.9 1 713.8 L 1.2 e 1.2 8 63.4 1 1.2 15 209.7
BR2Q120 i 69.8 & anhi.n 2l 45.8 10 17.6 y 10%.5% 0 0.6 25 ne.s
A207122 U 0,0 3 28017 0 0.0 10 315.3 " 4 30.9 0 0.0 5 46,9
820121 {3 0.0 2 187.8 0 .0 6 35.2 4 §5.2 3 1652.6 15 1920 .8
R20729 0 6.0 ] 945.3 4] 0.0 5 21.0 P 5.0 2 173.3 110 ”93.6
HOOU803 (5 0.0 2 81,7 0 6.0 u 18.5 2 S2.7 Z 223.7 10 hi6.6
#0805 U G.0 0 0.0 &) 0.0 4 4.9 2 5.4 2 167.0 B 177.3
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FABLE 6.1,2. THE NUMBER AND WEIGHT (GMS,) OF INDIVIDUALS FOR SELECTED FISH SPECIES AND TOTALS FOR OTHER SPECIES IMPINGED
AT NORTH ANNA POWIR STATION BY SAMPLE DATE, 1978- 1983, VALUES REPRESINT TOTALS OVER A 24-HOUR PERIOD. ABBREVIATIONS ARE :
DC - DOROSOMA CEFPEDIANUM, PN - POMOXIS NICROMACULATUS, PF - PIRCA FLAVEISCNS, ILMA ~LEPOMIS MACROUHIRUS,

MA - MORONE AMERICANA, OT - OTHER, THE SUFFIXES ARE T - NUMBER AND W - WEIGHT.

PATE DerY DUwW PNT P bl 3 § PivW LMAT LMAW MAT MAw orY oTw TFISH TwY
B30I 2 7.0 14 573.8 in 832.¢ i 120.3 7 378.6 6 53.8 63 2029.5%
3103013 6 263.4 2 519.9 70 1893.2 1 10.3 9 4801.3 7 60.4 10% I8 5
#3i0308 3 88.9 39 1863.°2 6 1816.3 13 208.6 3 116.9 11 191.6 ns 317195.5
830310 3 L. 4 23 1272.9 58 1312.6 2 26.0 3 157.6 4 126.2 96 293%9.7
#83031% 4 103.0 W2 2112.2 “o 197.0 i 53.4 ! 256.5 i 57.7 111 IHT9.8
B303VY 2 3.9 33 1667 .6 26 575.3 2 18.7 6 331.9 9 67.7 78 2694 2
aijoi 18 KO3 8 69 407.9 102 1373.6 8 212.8 13 §37.5 16 362.3 226 6197.9
810329 13 1405 .6 108 5500.5% 16 202.4 i 106.9 17 673.2 7 53.8 249 1982 . &
830321 82 1642 .1 106 8756.5% 15 254 .1 0 0.0 16 666 .6 8 294 .0 227 7613.3
830405 % %39.1 u2 1854 .1 8 180.3 2 7.3 S5 171.7 n 198.0 103 29605
BI040 7 i3 555.1 29 1335.6 7 116.2 6 85.% 9 273.% N 228.1 [.1.] 259%.0
8304512 L6 1099.0 43 2081.3 4 128.9 7 956 .2 1 506 .9 2 20.2 108 In92.5
83001k 3t 709.5 LT 1898.5 U] 83.4 i RO & 11 "o6 . & 3 141.0 99 3329.2
830419 50 104 2 143 6998.2 34 107.5 8 25.4 21 82%.7 10 252.7 266 9ns7.7
B8I10426 72 1399.5 556 26666 .5 161 2265 .1 7 21.0 5% 2306 .6 6 45.8 857 2104
BI0428 25 2168.5 448 21079.6 215 2422.5 0 129.7 69 2315.4 " 120.8 L LA 287361
H30%03 1 §.3 11 HBO5%6 .0 b 82.1 13 152.6 64 17145 %5 2412 210 625%0.7
8310505 10 299.5 89 3391.3 7 168 .9 A 67.6 u6 1326.9 S 7V.8 65 5126.0
B30510 n 131.5% 20 T47.5 (8] 0.0 < 3n.5 3o 1226 .1 4] 0.0 53 2139.0
ayani2 b| 81.7 9 3197.9 1 4.1 2 5.0 7 375 .6 3 161.2 4 16533.5
a30817 | 18.9 28 1418 .8 O 0.0 15 70.6 10 437.0 2 0.7 56 1956.0
B3I0524 0 0.0 55 3364.1 0O 0.0 4 151.7 13 670.2 2 173.7 17 43159.7
830526 4] 0.0 i8 2302 .8 4] 0.0 S 121.2 e 387.7 Z 126.2 53 2937.9
RING0 ! 0.0 35 23719.8 0 0.0 6 404 O 7 2719.7 15 395.1 52 3INS8.6
B3I0601 1 144 0 17 1221.6 0 0.0 3 88.9%5 i 373.5 6 631.7 34 c459.3
83060 1] 0,0 18 1308.0 ] 0.0 i 177.4 3 9%.5 1 6.0 2 158%.9
830609 1 15.2 12 814.9 0 0.0 5 316.8 7 327.7 3 377.2 ’8 1911.8
BIN61Y o 0.0 10 69%.90 5] 0.0 5 125.2 &6 7230.6 . 736.8 26 1787.6
BI06EZ 0 0.0 2 1948 0 0.0 9 130.5 8 332.2 & 685.1 2 1382 .6
BI0621 0 0.0 3 245 .17 0 0.0 16 e 7 10 687 .6 i Tht 4 33 2020 .4
BI06H28 H 115.9 1 64.3 0 0.0 12 172.2 3 262.0 0 G.0 17 61 4
8310630 1 .9 i 7.0 0 6.0 7 178 4 6 293 .1 QO 0.0 %5 599 .4
#0704 1 2.0 2 178.6 7 0.0 4 28.5% 5 8011 3 4.5 1% 15,7
A TOH 1 (T | 3 175%.3 0 0.0 " 1807 9 5%3.5 5 9.1 R I
80712 0 9.0 2 181.6 0 0.0 7 107.2 12 6&67.8 1 1.5 22 9%8.0
830719 0 V.0 ¥ 39.9 ] 0.0 6 292 .7 . | 226 .0 3 8.7 15 597.13
B8l0721 ! 52.6 ‘ 86.% 1 5 15 681 6 355.0 1 133.9 25 GBY. 4
830726 1 86w 3 192.7 0 0.0 2 227.7 1 620.0 1 1.6 3.} 1128 .8
BYOIEB 3 5.6 5 R09.5 3 h.1 20 e 12 641 .10 1 7.3 iy 1104 .0
830807 1 16.0 3 327.8 0 0.0 5 B & i 169.9 1 19.6 14 HO01.7
RIGA0L 2 25.0 2 63.3 1 1.3 28 2571 18 i971.0 0 0.0 51 13,7
230811 5 1251 13 she. 7 0 0.0 99 235.0 17 a6 7 1 6.7 135 1961.2
AINR1E & 01N 9 606.5% 0 0.0 50 1171 13 BiL. 6 0 0.0 76 1799.6
8310813 0 0.0 10 B812.7 0 0.0 21 8o .5 12 5431.6 0 0.0 43 1556.8
BI0825 4 2865 5 263.¢ 0 0.0 17 182.2 10 456,13 1 1.3 11 1149 .9
BI082Y 1 4.6 G 46 & ] 0.0 16 172.3 k | 96.7 L 0.0 49 730.0
RIOEIN i 1'2.8 7 468.3 0 6.0 3 2.9 12 43%.5 1 1%.3 30 149 . 8§
B30 1 1.5 7 6053 a 0.0 29 19.2 9 u86.1 17 183.1 63 1367.2
810908 80 968 .0 i 389.6 0 0.0 24 $0.6 11 535.0 G 0.0 122 1943.2
830913 1 0.6 8 660.4% ] 0.0 u5 195.1 1M 402 .1 52 768.9 1y 20471
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TABLE 6.1.2. THE NUMBER AND WEIGHT (GMS ) ©F IND!VIDUALS FOR SELECTED FiSH SPECIES AND TOTALS FOR OTHER SPECIES iMPINGED
AT NORTH ANNA POWER SIATIUN BY SAMPLE DATE, 1978- 1983, VALUES REPRESENT TOTALS OVIR A 24-HOUR PERIOD, ABBREVIAY IONS ARS :
DC = DOROSOMA CEPEDIANUM, PN ~ POMOXIS NICROMACULATUS, PF - PERCA FLAVESCNS, LMA -LEPOMIS MACROCHIRUS,

MA - MORONE AMERICANA, OT - OTHER. THE SUFFIXES ARE T - NUMBER AND W -~ WEIGHT,

DATE DCY pDCwW PNT PNV PET PFW LMAT LMAW MAT MAW o1 OTw TFrisn TwY
830915 1 2.0 8 1176.8 1] 0.6 LA 285,17 i5 512 %37 5628 .7 652 i624.8
B30920 1 9.6 19 932.0 O 0.0 82 124.8 " -4, T 4 1 2.4 11 1426. 3
830922 2 5.9 18 716.9 0 0.0 64 114.9 9 418 7 262.7 100 1518.9
810927 6 15.5 29 1209 .% 0 0.0 52 207.0 ? I8k 1 366. 7 101 2182 .8
8310929 o} 4.8 4 1949 .8 0 0.0 48 1091 12 519 7 83.9 109 2517.0
811006 6 6.2 ] 4y .8 i h. 4 17 35.5 4 225 12 98.8 48 8221
831001 i %.5 3 i8h . 6 0 0.0 4 37.0 0 1] 2 1.6 10 228 .8
831011 1 . B, 10 804y .8 0 0.0 31 5.8 5 196 7 126.2 54 1214.7
Bi1013 14 7%.1 17 1740 . 4 ( 0.0 23 u48.6 L) 518 1 1.4 63 2383.9
8311019 P4 .1 20 1198.7 0 0.0 V7 BR2.9 n gY7 9 268.% %59 19771.0
A1 2 1.3 i3 1943 .2 0 0.0 Lé 105.5 L 457 51 375. 7 146 2R84 4
831025 2 .1 27 1531.6 0 0.0 42 264 .2 15 601 2% 550.6 174 292 .2
B3I1027 6 12.5 12 2367.4% 0 0.0 15 1168 3 102 5% 152.4 T 3344 .8
83111013 9 24 .2 25 1297.2 0 0.0 25 19.6 3 391 69 1106, 8 139 2899 .2
831108 146 39.1 19 1285.1 0 6.0 iy 58.9 9 3in 130 19€3.9 208 68 .2
831110 [ 1.4 15 904 .2 O 0.0 24 LR | B 337 61 T78.9 1% 23712.17
83i111% 94 1044 .9 11 563.1 0 6.0 6 17.7 10 3o 3 B2.0 124 2058.6
831117 12 22.8 16 87.2 0 0.0 i 3.0 15 43y &1 581, 1 95 18561
B3t 27 6.9 3 124 .9 0 0.0 42 00.5 27 8u9 24 304 .1 123 1425 .8
8111213 14 18.9 i 161.2 0 0.0 17 31.7 19 658 33 §20.9 B7 1291.2
8311201 813 128.8 4 155.4 L 16.7 B 22.4% 8 186 181 1460.°% 282 2169.9
811206 108 191 .6 5 172.0 0 0.0 3 8.6 27 10318 501 3727.4 6hl $138.3
831708 84 161.4 9 829.0 0 0.0 8 4.7 13 570 57 3199, 0 &7 uU3IL.6
831213 119 229 .1 15 623.6 0 0.0 i 8.2 17 ie? 19 2896 . 534 B554.5
831215 10 1%2.1 V7 1551 i 20.5 9 30.2 18 649 39 3LAT. L 506 9094 .7
A311220 32 62.2 1 Yy, 7 0 (.0 7 29.7 F 62 S7 969 .1 99 164 .0
831222 20 86, 2 3 113.2 O .0 o 15.3 5 Ty v 2095 . 20% 2606 .1
TOTAL 640 121,17 38054 18LLEST 38194 672065 .7 9504 108377.5 421 153883 152464 292037 242217 ST00567.6

i



TABLE 6.1.3, ESTIMATED NUMBERS AND Wi IGHTS, AVERAGE LENGTH ANC AVERAGE WEIGHT FOR SELECTED FISH SPECIES
AND TOTALS FOR OTHER SPLCIES IMPINGED DURINC 1978-1983 AT NORTH ANNA POWER STATION.

SPECIES 1978 | 1979
ESTIMATED ESTIMATED AVERAGE AVERAGE | ESTIMATED FSTIMATED AVERAGE AVERAGE
CATCH {X1000) WEIGHT {%G) LENGTH{MM) WEIGHT {(G) [CAYCH (X1000) WEIGHT (KG) LENGTH (MM} WEIGHT (G)
DOROSOMA CEPEDIANUM .28 69.9 127 21 452.95 5257.7 124 12
LEPOMIS MACROCHIRUS 0.1 32.7 127 46 2.46 90.5 114 37
MORONE AMERICANA 0.03 1.6 127 55 1.22 12.0 156 59
PERCA FLAVESCENS 7.89 54 .1 97 7 86.139 M50 0 21 17
POMOX 1S NIGROMACULATUS 9.12 333.9 133 37 38.35 1806.8 151 W7
OTHER 1.09 89.1 74 81 2.6 134.9 178 63
TOTAL 22.12 581.3 132 26 583.%3 8811.9 136 15
SPECIES | 1980 1981
i ESTIMATED FSTIMATED AVERAGE AVERACE | ESTIMATED fSTIMATED AVERAGE AVERAGE
ICATCH {(X1000)} WEIGHY (KG) LENGTH (MM) WELIGAT (G) ICATCH (X1000) WEIGHT (KG) LENGTH (MM) WEIGHT (G)
DOROSOMA CE FEDIANUM 27.03 LUT 166 3 66 .49 37171.2 203 57
LEPOMIS MACROCHIRUS 9.64 132.3 A1 4 15.32 102.0 70 4
MORONE AMERICANA 0.68 26.5 131 39 2.4% 109.3 15% u%s
PERCA FLAVESCENS 33.67 668.7 123 20 7.39 172.6 LER) 23
POMOX IS NIGROMACULATUS 36.77 1891.8 166 51 311.15% 1634.5 176 52
OTHER 3.53 88.1 110 25 5.23 13101 119 25
TOTAL 111,32 3653.8 140 i3 128.03 5920.6 151 u6
SPECIES } 1982 i 1983
| ESTIBATED ESTIMATED AVERAGE AVERAGE i ESTIMATED ESTIMATED AVERAGE AVE RAGE
{CATCH (X1000) WEIGHT (¥G) LENGTH (MM) WEIGCHT {G) [CATCH (X1000) WEIGHT {KGC) LENGTH (MM) WEIGHT (G)
DOROSOMA CEPED I ANUM 19.%9 914 . 6 172 57 17.16 200.7 e 12
LEPOMIS MACROCHIRUS 4. 01 318.6 5 10 5.75 36.5 62 7
MORCNE AMER I CANA 5.7 233.4 162 L6 4.08 1€4.9 150 Ly
PERCA TLAVESC. RS 11, 7¢ 235.17 128 20 3.5%8 631.5 124 18
POMOX IS NIGROMACULATUS 24.59 10971 170 85 17.02 596.8 170 S0
OTHER 1.40 65.5 142 u6 3.99 39.5 87 10
TOTAL 66 .55 2589.9 %5 39 45.59 1061.9 121 2h

5é



121) ] A . “ i i1 » $ 1A ' 3 Pt ' .
| ey e TOT A
e ] / I3 ' } ' )
i | i = | ‘
& ‘ EETE nt | ‘
" ' k | | | ‘
" " AN | - | ‘
| | : | 1 G A 3 ¢ >
, | N | |
| r Al
$
%) |
sa 7] [ ’ 'v : | |



P i ¥ ‘ _ | .
CESR ' f H iMO4 N ) N Y NidH y 3 N i3 ) M N }
N . ' | |
« } ‘ : : | | , , .
1 J ‘ - v 1 1 | A N '] i 4 Iy - . A
if it ¢ IVIS M iIMOd YNNV | N IV dJ Nidi iy PO N , A 1138 o s | | é | |
. M ) 4 R |
: . P : . ¥
{ ! 961 y! W ¢ & | §¢ » 06 | . \ ‘ . ,.
7 i A } 4 i A INO | f143s 3§ I8y A Wi M B
R - HiIMOd YNNY MIHON 1V FON AW WONVI } v i i j INIOH N i $ I i I-HION






o
r
Ivibd
o €3 56 4 I L b (GIR" .M ¥ R
—— AR R TR T TR T ST T S——— - v ———— y
I 5 L] 2 i
D ‘» " w
| b, }
| 17 |
) 5 L
Vol enss T__Q ¢'s3 VI -
¥ £ X ),..3.4‘ LXK ~
n\:x.\,” .»J._ : w " w
iy n? .Q. et 52_:2 27 k
FAXX ‘ M.\r ¢ \r» /f& 3
X L
¢ (|
3
,
L
v \,r\\-‘.\. L r... .num \(...nb n\- -. -v--r.. ~ b L
| S04 R ik FGCOR, A L
O EONald s o) L
ket ru S 84848 —\\xn\(»r\\.p r
(TETETE 4% | KX A —.C XX :
3P s £ o SO ey L L
w,.x\.,.:‘ kv x.‘.,...wu e \?-. ¢ G
ROORRON | EEEEETE i
GO ESOGOG) {
Tl ' w\.ﬁ\-ﬁ oYY ‘.-é r
ey ey [
W‘r-, \.H.u -MQ. aM F‘\
AR RN L
Yoonred 7 o
8
|
L
- 0
-
t
Q.
[
¥
G

‘©861 8461 'NOLLVLS ¥3IMOd VNNV HIMON LV
QIDHIAIT SALVINOVIOUDIN SEICH0d 40 ROLLNGRILSIA LONANLIAZ-ELONTT 1T°1°6 N0



(WY i T T Wil

5. 3 iy el € STy e} 0ul i b JoI R % L
e co R ammm rre e Smme = Tews o T - a T =
e PAAAN Foodedd | FIPOIN Pevieviv'e
R 9 ¢ I G LR €3] LEVEER |
e 5% 19 SRS | K00
| A AX) AAAR
S ""fb(’%l’ (')»IU
K500 b
Bvdvi FAdvedd

w.w”. G4 “.‘-...w
Wy

LxIKX

.w—.,—\w\ .»vva

i . 3
SN
%\. iy

X WA

.\Nnv.\.\.
e
o

{
'T“?"TT'Y‘"‘!’T‘?‘TT"’*Y"‘VT'FVT\'*“TY‘“ L 2 0 A o A e o anl e (e A -.‘r,vJ]

e
va
(3

FACINIIN A

"£861-8L61 ‘NOLLVLS HIMOd VNNV HLJON LV
JIONIdNI ANVIQIdAD YIROS0UOd 40 HOILNEILLSIA AONINDIYA-HLONTT €'1°6 GUNOld



gl

(W HLOH Y Wild

LY LR Saa o 24 _.. b L | 5L .bm ! ‘.\.m-“‘ .». i f-A..r -yk». -..:... Lat
| & &SNS &aaS ) -\E‘uu Frrrac ' ¥ Trrss 7Y FITLSTTXTY L2442 4240 LA A SRS ] L2 2444 08 | sSSseSae ) L /1.
IONRE KOG PO ROOKAAKE  RERCOUAE K00 (
i LOGSAAEHA Y00 WAL A Vv e e | BOSGA0N L
Vededawdd e and Fadadival Evaadvd EAACANY r
&R (e ErEs | [SETCEN LS FACOUCAXA (S5 4EEINY | -
B e e ey EOSOEOS B SOS00 BOOOONA L
KAedod s e I u.&.,,.\SJ _mua..v\.{.l - 5
KRG BN S v B e KO0 [
AR Avx@&w ii_&: ,S? 4
B e B e '
oot ksdegt Bt [
2 %.MM.‘ Vel e GO t .
X \_mt“ Wl ()
0t b
e
_ fﬁx t
V.rﬂvv yops [
Wl __4.).«.‘(3 - Gl
KAOGO0EK [gev e eres | 4
RSOGO BOSOH00N L
iR AR F
KOG [Eeerciis! C
BAOOOO LG L0001 L
K viied Bvee?dl PAANY = OO
KA (L eaens | nxx..x..n“h.nﬁ E
BAGAN BOGES0A BOOSAAAC] L
areiedl YA Peviar i b
KOO K000 KX i
ereeye | (e L
v .mndrv &u v&uﬁ‘-v»v u w.. h=11
.
W
L
= Of
t g
£
i
v.
[
L
- &

B i Lo B L % I

‘€61 -846T "NOILVLS YIMOd VNNV HIHON LV
JIONIIINI SNEDSIAYLE YOUdId J0 NOLLNHIELSIZ LONINOMIA-HIONAT €1 9 mmb,:r.






TATION, 1978-1883.

4

.

LENGTH-FREQUENCY DISTRIBUTION OF OTHER FISH IMPINGED

~

Ry

FERCENTALGE

~

E 6.1
NORTH AMNNA PCWER

]

-

1}

o

*

FliG
AT

g 3

(354

™ o T T
CML P
B Ry g N

u.hasc._-.....&x.x_ RN

[W"W-Pmprﬁwrmmw ol

C I W Tk e Ak il M 0 W SR NT T e

T WO o - t'”?m'—"—" il
m‘.uc._:x‘ L..‘.xa...&’.a M ik a G S, e st s TS

T G TIT N Py Y - - e o

[“‘.._...“.Ls.‘. s KQ.‘ L‘.’:XK_S'AL.L‘_LLA“u*j
B e O o D e g o il ] I RV N " 2"

T e
e e W L0 M o M G S I M . KNS Mk S EZ—..;J.......». ra an. v

» “' > v ' ‘ ] "

b ol o AR
e W o-..m.&.a—-—b- L‘-‘-

o -

ks ‘—“.‘-‘-C‘Qu&

e Bk ) ) s e £ 2 o it e g g an et e ahag e i P b e e i e G 5
|

v

-
- -

~r

(MM

FOTal



B4

6.2 Entrainment

A total of 7908 fish larvae were collected in entrainment samples at
North Anna Power Station from 1978-1983 (Table 6.2.1). The most abundant
entrained larvae over all years were gizzard shad (65.7%) followed by white
perch (15.0%), sunfishes, Lepomis spp. (13.3%), yellow perch (4.9%) and black

crappie (1.0%). The channel catfish, Ictalurus punctatus, and largemouth bass,

Micropterus salmoides, were each represented by only a singly collected

individual Sunfishes are considered in this report to represent several
possible species. More sunfish and yellow perch larvae were collected in the
first year (1978) than 1in subsequent years. Gizzard shad, however, were
collected in relatively greater numbers in 1979 and 1981. White perch numbers
have generally increased over the study period, Black crappie numbers are
considered too low for any meaningful comparisons. With the exception of 1978,
the changes in total! numbers entrained from year to year are generally
reflected in the number of gizzard shad, sunfishes and white perch collected.
The percentage of the total larvae collected represented by gizzard shad has
remained high and stable for each year, whereas the percentage of white perch

has increased each year,

During each entrainment survey, the number of circulating water pumps
{CWP), the sample volume, the water temperature and oxygen content were
recorded (Table 6.2.2). VYellow perch was first to appear in all collecting
years, generally in early April, when water temperatures approached 12°C.
White perch appeared in April when temperatures approached 14°C and peaked in

numbers by mid-May. Gizzard shad generally were first collected in late April
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to early May at water temperatures between 14°C and 18°C and peaked in numbers
in mid-May to early June. Sunfishes were the last group to occur in samples
(May-June) and were first collected when water temperatures rose to 19°C. Both

gizzard shad and sunfish were collected in relatively fewer numbers in July.

Samples collected during the 6-hour intervals within a day generally
showed that total numbers and percent vary considerably from 0600 hours to 1800
hours and were highest during the 2400-hour sample (Tables 6.2.3 and 6.2.4).
Over all years and samples the percentage of fish larvae collected during the
midnight sample was 43%. Gizzard shad and white perch collections were

-

responsible for the higher numbers during the 2400-hour sample. The large
number of larvae collected at night is probably a function of diurnal migration
patterns or in part by uei 3voidance (Gasser 1976; Ecological Analysts 1977).
Sunfishes were, on the contrary, (2nerally collected more frequently during

daylight hours and yellow perch numbers fluctuated during sample intervals,

Factors such as turbidity, temperature, larval size and gear type have
been shown to influence distributional patterns (Edwards et al. 1977; Netch et
al, 1971; Tuberville 1977; Leithiser et al. 1979; Cada and Loar 1982). Any
combination of factors could cause a site specificity in larval distribution,
The percent of total larvae collected at each sample depth varied from year to
year and ¢ sach species (Table 6.2.5). Sunfishes, yellow perch and black
crappie were collected primarily from surface samples; gizzard shad were
collected primarily from middle and bottom depths; and white perch numbers were
similar at all depths (Table 6.2.6). Over all species and all collection years
the percentage of larvae collected from the surface was 33%, from the mid-depth

(8 m) was 35% and from the bottom (8 m) was 32%,
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No fish eggs were collected during the sample years 1978-1983, Most
species of reproducing fish in Lake Anna produce demersal, adhesive eggs which

significantly reduces potential entrainment (Lippson and Moran 1974),

The gizzard shad entrainment rate (numbers per CWP) has been declining
since 1979 (Figure 6.2.1). There was a substantial increase in entrainment of
this species from 1978 to 1979. The higher number of gizzard shad larvae
collected in 1979 apparently resulted from a successful spawn that year, This
is supported by rotenone date with the increase in standing crop estimates for
adults and juveniles from 109.1 kg/ha in 1979 to 153.7 kg/ha in 1980 (Vepco

1983). Meteorologically, 1979 wa~ similar to other sample years,

Entrainment rates for sunfishes have been constant since 1979 while
white perch numbers have increased each year, The higher collection numbers of
sunfishes in 1978 probably was 2 result of the initial withdrawal of the
resident sunfish population within the intake cove. Sunfish adults do not
iigrate large distances over short time periods within & lake as gizzard shad
or white perch may. The declining entrainment rate for sunfish may be a result
of limited adult recruitment for spawning within the intake cove. The increase
in white perch larvae collected from 1978-1983 is supported by increasing fish

standing estimates based upon cove rotenone samples (Vepco 1983, 1984),

To determine the total estimated larvae entrained over time, daily
entrainment estimates were prepared treating depths as strata. Stratum weights
were equal and the finite correction factor was ignored (Cochran 1963). Daily

.} 1 .
density values (larvae/1C00 m”) were multiplied by the average volume of intake
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water pumped that sample day, Period estimates were computed using daily
estimates and the number of days 1in each period. Variances for period
estimates were taken as & weighted average of daily variances, Totaling period
estimates by species result in estimates of total larvae entraineu by sample

year (Table 6.2.7). Total estimated fish larvae entrained ranged from 8.4 «x

8

107 in 1982 to 2.5 x 10% in 1981 (Figure 6.2.2). Also during entrainment

sampling periods in 1982 only an average of 3.2 circulating water pumps were

operating, whereas an average of 6.4 pumps were operating in 1981,

Out of an es ‘mated total of 8.9 «x 108 larvae entrained from

8,

1978-1983, gizzard shad represented 65% (5.8 x 10°) of the total. By

comparison, in Lake Sangchris, I1linois, 85% of the total fish entrained at the

Kincaid Generating Station were gizzard shad (Porak and Tranquilli 1981). An

8 6

estinated total of 2.1 x 10" shad and 1.7 x 10 sunfishes were entrained there

in 1976. The average estimated number entrained at North Anna per year for
6
]

-

gizzard shad was 9.6 x 10', for white perch was 2.3 x 10%, for sunfishes was

£

J

£
g3 R 106, for yellow perch was 6.8 x 10° and for black crappie was 1.7 x 10

(Table 6.2.7).

While the total estimated larvae entrained per year has varied from
1978-1983 (Figure 6.2.2), primarily as a result of fluctuations in adult fish
standing crops and circulating water pump operation, the tota)l number entrained
per pump, or entrainment rate, generally has been declining since 1979 (Figure
6.2.1). Standing crop estimates (kg/ha) in Lake Anna for gizzard shad have

been declining from 1980-1982, with an increase in 1983, while wnr'te perch

0O
oo

estimates have steadily increased from year to year (Vepco 1983, 1984).






TABLE 6.2.1. THE TOTAL CATCH AMD PERCENT OF FISH LARVAE ENTRATMNED AT NOPTH AMNNA POMER STATION DURINMG 1978-198%.

CATCH (2
1978 1979 1980 1581 1982 1983 TOTAL
OSTEICHTHYES
CLUPETIDAE -~ HERRINGS
DOROSOMA CEPEDIANUN - GIZZARD SHAD 514143 2) 1397(a7.%) SG1173.8) 11261864.2? &71151.1) 73Mée2. M) SisZtes. %)
ICTALURIDAE - BULLHEAD CATFISHES
ICTALURUS PUNCTATUS - CHANNEL CATFISH il e D €. 2 ) = L X ..a P = LRSS it .11 it 0.0
PECCICHTHYIDAE - TEMPERATE BASSES
MORONE AMERICAMA - MHITE PERCH Moy 56t 3.5} 91t 7.1 vtz .3 2931 .8 li3.7: 11951151
CENTRARCHIDAE - SUNFISHES
LEPONIS SPP. - SINFISH : 531164 .6) 1121t 7.&) 161112.6) 117t &. 7 114112.4) Bt 2.4) 106313 . &)
HICROPTERUS SALNDIDES - LARGEMOUTH BASS it 0.1 A a8 A 2B o 5. 8 X R it 0.0
POMOKIS NIGROMACULATUS - BLACK CRAPPIE 12¢ 1.90 61 G.6) iM 1.0 161 2.9) & 0.7 et 2.5) a2t 1.9}
PERCIDAE - PERCHES
PERCA FLAVESCENS ~ YELLOM PERCH 130115.9) 8t 1.1) 72¢ 5.6} 10% S. % 37t &.8) 261 2.0 386Gl 4.9
TOTAL 1191 1589 1278 1753 %2 1178 7e08

6y



ENTRAINED DURING SAMPLE DATES AT NORTH ANNA POWER STATION DURING 1978-1982. DISSOLVED OXYGEN AND TEMPERATURE

SAMPLES .

6.2.2 LARVAS
AVERAGES OF SURFACE

TABLE
VALUES ARt

DATE SPECIES CATCH VO UME AVERAGE AVERAGE FISH TEMPERATURE DISSOLVED
{ X1000) PUMPS PER CUBIC METER OXYGIN

1804511 PERCA FLAVESCENS 7 5193 5.0 20.2 12.4 16 .4
18018 PERCA FLAVESCENS 99 5193 5.0 251.9 13.1% 0.4
TBOR2S PERCA FLAVESCENS E] S0ORS8 7.0 8.4 13.5 2.9
FBOS02 PERCA FLAVESCENS 1 5163 .0 2.6 13.7 0.2
180509 PERCA FLAVESCENS 8 51913 8.0 22.2 9.7 0.2
MORONE AMER I CANA 1 5139 .0 2.8 .7 0.2
80S16 POMOXIS NIGROMACULATUS 2 1790 6.0 8.% 17.4 9.9
DORCSOMA CEPEDIANUM 3 8L« 6.0 3.0 17.4& 9.9

180520 NO LARVAE
IR(S23 DOROSOMA CEPEDIANUM a5y 5193 5.0 189.7 22.2 10.0
PERCA FLAVESCENS 10 5193 .0 1.8 22.2 10.0
POMOXIS NIGROMACULATUS 5 5193 8.0 19.6 22.2 10.0
TBOAO Y DOROSOMA CFPTDI1ANUM 169 17940 6.0 379.5 25 .4 5.9
POROX IS NIGROMACULATUS s 1790 6.0 8.7 25.% 8.9
MORONE AMERICANA Z 1790 6.6 8.5 25 .4 8.9
LEPOMLS SP 1 1790 6.0 2.0 % .4 A9
PERCA FLAVESCENS 1 1790 6.t 2.0 25.8 %9
FBOGE DOROSOMA CEPED I ANUM 208 1743 6.0 831 % R AN
LEPOMIS SP 3 77906 6.0 '3.3 24.8 8.0
MICROPTERUS SALMOIDES 1 1790 £.0 2.5 24 R R.DO
POMOX IS NIGCGROMACULATUS 1 1790 6.0 1.9 e e 8.0
8 3 LEPOMIS SP, 70 1790 6.0 149 .9 48.9 .S
DORODSOMA CEPED I ANUM 57 1790 6.0 119.9 24 9 S
o ¢ LEPOMIS SP 105 5193 4.0 268.2 6 8.3
DOROSOMA CEPEDIANUM 9 5193 8.0 19.13 26 . ¢ 8.3
80627 LEPOCMIS SP e 179N 6.0 200 .13 27.3 7.9
DOROSOMA CEPEDIANUM 10 17940 6.0 19. 4 27.3 1.9
f 1 LEPOMIS SP, 613 1790 6.0 156.9 26.0 7.1
PDOROSOMA CEPEDIANUM i 7Tet 6.0 8.2 26.0 1
11 LEPOMIS SP, 108 1796 6.0 2956.7 26.7 1.7
# LEPOMIS SP 21 1790 6.1 60.1 7.3 8.0
DOROSOMA CEPEFDIANUM 2l 7176 6.1 5.0 27.% BR.0O







N - EE G EE EE D B I N AN R e T O - e = =






. . NIRAIY » - g L. » r N ~ IR .
a ’



" " FNITRAIN F e - W F Y v . - . . v . e 3
-4 . 2
o] ’ "
B » .



i iP Jvd
e ] :



















: § i § BHY YFAR npe § PTH A NORTH ANNA TR TATY 37 38
§ $ YE AS REA $ ¥ 144 W 3 -~ ‘ | - ) |
i § i A e w 1 19 34 & n '@ "
J e 3 s 78 3
¢ ! 4 ’ 4
N
¥ 2] i N #
F . a ve
It ; +.
[* " .
i i A 4 ; *
e pi M s AN A o
$ | N #
i







o™
-

C'E

£

INDANT SP

~

'

F SELTCTED ABI

'

-~

NT CATCH PTR PUMP

-
L

t

4

. TOTAL ENTRAINM

-
/
-

URE €

-~
¥

Fi

S I S — A W pmew e ————— ¢
O e M!ﬂ[ PRSP W WA W .

——— P S — |
—————

-

B T e e T e ———r—— g

e Bl B L T T SR

- B e e i T g
e NS A R T RSN
.
'4)
03
o - T AT T YIRS P S S s o —— e
- KR
41N \
g’ v i A e e e Sasatis A A e ah s e SR Sadiess e
.
-
-
-
-
CJ USSP —
—
'» N
e BRI Wi
wn
(-4
baJ
>
e
-
(. ~ ™"

e B ae B G 1‘Vv|r1""rvv~vrv"v"' T Y r~~'-'v T T YT T Ty

| ]

R

- - » u
o L o pe p ™ - p;
de ™

-l

-

P--

1 o4

y I S

P )







106

7.0 IMPACT ASSESSMENT

7.1 Imeingqugg

The 1impact of impingement during this S-year 9-month study period on
the Lake Anna fishery will be discussed from three perspectives: (1)
comparison of impingement losses by major species with total lake standing crog
derived from rotenone estimates; (2) comparison of losses due to impingement by
major species with the average fecundity of these species and; (3) comparison

of impingement losses with creel losses, when available.

Impingement rates are related to fecundity, the general term used to
describe the number of eggs produced by fish (Lagler, et al. 1962). The number
of eggs produced by an individual female varies according to a great many
factors including age, size, environmental condition, and species. Some eggs
are buoyant (pelagic) and have specific gravity about the same as fresh water;
however, most lake fish produce eggs that are heavier than fresh water, which
causes them to sink (demersal) and have an adhesive coating that holds them to
a substrate and prevents them from being swept away by current (Reutter and

Herdendorf 1079),

The percentage of eggs produced by a single female fish that actually
grew to adult size is very small, especially for broadcast spawners, This
percent survival is affected by many factors including physical parameters,
predation and the principle of compensation, The fecundity of selected
species, as discussed below, is described in terms of potential replacement and
is presented only to show the disparity of the number of fishes impinged versus

the fecundity of each species,
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Black Crappie

Preoperational cove rotenone studies show a 52% drop in black crappie
standing crop between 1976 and 1977 at three coves sampled on Lake Anna
(Vepco 1984). The Pamunkey Arm cove was not sampled during 1976. After
impingemert startup in April 1978, August cove rotenone studies showed an
additional 86% (1977 versus 1978) drop in black crappie standing crop at the
three coves sampled during 1976. The Pamunkey Creek cove in the upper lake,
approximately seven miles above the intake area, showed a 70% drop 1in black
crappie standing crop between 1977 and 1978 (Vepco 1978). It is unlikely this
station could have been affected by only four months of silation operation, It
would appear, therefore, that the decline of the black crappie standing crop is

unrelated to station operation.

Results of cove rotenone studies at Lake Anna have indicated a steady
decline of tlack crappie since 1978 (Vepco 1983 and 19%84), The average annual
standing crop of black crappie for the five years 1s 6,64 kg/ha (Vepco 1983 and
1984). The average annual weight of black crappie impinged during the
S5-plus-year study was 1,397.3 kg, Thus 3.8Y of the lake area (210 of 5,600 ha)
would be required annually to produce the weight of impinged black crappie, or
an average 3.8% of the total black crappie standing crop (by weight) was
impinged annually., The number of black crappie per hectare, from rotenone
data, is readily available only for tne years 1981-1983, The 3-year average
annual standing crop (number) was 130/ha (Vepco 1983 and 1984) and the average
annugl number impinged was 2.2 «x 104. Thus 3.1% of the lake area (171 of 5,600
ha) would be required annually to produce the number of black crappie impinged

in the lake,
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North Anna Power Station from 1978-1983. The most abundant entrained
larvae over all y ¢~ were gizzard shad, representing 65.7% of the

total, No fish eggs were collected during the sample years,

(2) Over 211 years and samples the percentage of all fish larvae collected
during the miunight sample was 43% of the total caught throughout the
cev., This wias probably due to either the existence of diurnal
migra.ion paiterns or in part due to net avoidance. Sunfish, on the

contrery, werz collected more frequently during daylight hours.

(3) The percent of total larvae collected at each sample depth varied from
year to year and for each species. Sunfishes, yellow perch and black
crappie were collected primarily from surface samples; gizzard shad
were collected primarily from middle (4m) and bottom (8m) depths; and

white perch numbers were similar at all depths.

(4) The gizzard shad entrainment rate (number per intake pump) declined

during the study period while white perch numbers increased.

¢
(5) Total estimated fish larvae entrained ranged from 8.4 x 10" in 1982 to

8

2.5 x 10° in 1981, represented primarily by gizzard shad.

-~

6) The results of an equivalent adult model indicated that percent
¢ropping of the Lake Anna fish populations veried between years and
each species ranged from 0.01% (black crappie and sunfishes) to 4.13%
(gizzard shad). These values are considered below any that may cause

significant impact on the Lake Anna fichery.
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ENVIRONMENTAL STUDY OF LAKE ANNA, VIRCINIA (ANNUAL REPORT) =«
JANUARY 1,1978 - DECEMBER 31,1578
BY JAMES R, REED AND ASSOC,, NEWPORT NEWS, VA,
FOR VEPCO
VOLUME 1 = DATA BASE « METALS NUTRIENTS, PRODUCT IVITY, CHLOROPHYLL,
WATER QUALITY, PHYTOPLANKTON (221P)
VOLUME 2 = DATA BASE = PHYTOPLANKTON, ZOOPLANKTON (219P)
VOLUME 3 = DATA BASE ~ ZOOPLAMKTON,BENTHICS,FISH (220P)
VOLUME & = NARRATIVE = SUMMARY, iNTRO, METHODS, RESULTS (186P)
HEAVY METALS, NUTRIENTS (NO3_N,NHI_N,PO4_P,SO4)
PRODUCTIViTY, CHLOROPHYLL, PhYSICAL & CHEMTCAL,
PHYTOPLANKTON, ZOOPLANKTON, MACROBENTHOS, FISHERIES,
{WATER QUALITY, POPULAT |ONS,AGE & CROWTH = .MB,
FECUNDITY, GONAD DEVELOPMENT)
VOLUME 5 = DOWNSTREAM = SUMMARY,METHODS,MATERIALS, RESULTS (81P)
DATA BASE, PHYSICAL & CHEMICAL, f1SH, MACROBENTHOS
enewsDATE SUBMITTED = MARCH 31, 1979%esss

NORTH ANNA POWER STATION (NAPS) NON<RAD!IOLOGICAL ENVIRONMENTAL OPERATING
REPORT « 1978
BY VEPCO
ONE VOLUME = THERMAL MEASUREMENTS (SYNOPTIC SURVEYS), IMPINGEMENT,
ENTRAINMENT ,WATER QUALITY & ECOLOGCICAL SURVEY (REED,
1978 = NARRATIVE,186P), TRANSMISSION LINE ROW,ONSITE
METEORLOGICAL MONITORING,CHEMICAL INVENTORY, NON=RAD
LIMITING CONDITIONS, VECETATION STUD!ES
eenesDATE SUBMITTED =~ APRIL, 1970%ssesn

ENVIRONMENTAL STUDY OF LAKE ANNA, VIRGINIA (ANNUAL REPORT) =
JANUARY 1,1979 - DECEMBER 31,1979
BY JAMES R, REED AND ASSOC., NEWPORT NEWS, VA,
FOR VEPCO
VOLUME 1 =« DATA BASE ~ NUTRIENTS METALS, CHLOROPHYLL, PRODUCTIVITY,
PHYTOPLANKTON, ZOOPLANKTON (174P)
VOLUME 2 - DATA BASE = ZOOPLANKTON,MACROBENTHOS (270F)
VOLUME 3 ~ DATA BASE - FISH STUDIES (PHYSICAL & CHEMICAL,SPECIES
LIST) (398P)
VOLUME 4 = NARRATIVE = INTRO, SUMMARY, K METHODS, RESULTS {17%P)
HEAVY METALS,NUTRIENTS (NO3_N,NH3_N,POL P, SO4)
CHLOROPHYLL, PRODUCTIVITY, TEMPERATURE, PHYTOP_ANKTON,
ZOOPLANKTON, MACROBENTHOS, FISH (WATER QUALITY,
POPULAT IONS, AGE & GROWTH - LMB)
VOLUME 5 = DOWNSTREAM = INTRO,METHODS, RESULTS (69P)
DATA BASE, PHYSICAL & CHEMICAL,FISH (ENDEMIC/ENDANCERED
SPP,SMALLMOUTH BASS), MACROBENTHOS
SRR eDATE SUBMITTED = MARCH 31, 198(Q%#%*es

NORTH ANNA POWER STATION (NAPS) NON=RADIOLOCICAL ENVIRONMENTAL OPERATING
REPORT, UNITS 1 & 2 = 1980
BY VEPCO
VOLUME 1 = THERMAL, IMPINGEMENT, ENTRAINMENT
VOLUME 2 - WATER QUALITY & ECOLOCICAL SURVEY (REED, 1981)
#RRRRDATE SUBMITTED - APRIL 8, 1981nnens
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APPENDIX A. (cont'd)

ENYIRONMENTAL STUDY OF LAKE ANNA & THE LOWER NORTH ANNA RIVER ({ANNUAL
REPORT) = JANUARY 1,1982 - DECEMBER 31,1982
8Y VEPCO
VOLUME 1 = STATION OPERATION, PHYSICAL & CHEMICAL,ZOOPLANKTON,
BENTHICS, ENTRAINMENT, ICHTHYOPLANKTON, IMP | NGEMENT
(331P)
VOLUME 2 = FISHES,MACROPHVTES, WATERFOWL, NORTH ANNA RIVER
(349P)
SEESSDATE SUBMITTED = AUGUST, 1983wense

EXPANSION OF THE WHITE PERCH (MORONE AMERICANA) IN LAKE ANNA, VIRGINIA,
BY ARTHUR C, COOKE PRESENTED AT THE 1983 SYMPOS|UM OF THE
NORTH AMERICAN LAKE MANAGEMENT SOCIETY, PUBLISHED IN THE
1984 PROCEED|INGS
BRORRDATE SUBMITTED = AUGUST 1981%weee

ENVIRONMENTAL STUDY OF LAKE ANNA AND THE LOWER NMORTH ANNA RIVER=
SUMMARY REPORT = JANUARY 1, 1983 -~ DECEMBER 31, 1983
BY VEPCO
ONE VOLUME ~ SUMMARY, STATION OPERATION, WATER QUALITY,
ZOOPLANKTON, BENTHOS, (CHTHYOPLANKTON, FiSHES
CERRSDATE SUBMITTED = JULY 198uwenes

316(A) DEMONSTRATION; PROGRESS REPORT. JANUARY = JUNE 1984,
LAKE ANNA AND THE LOWER NORTM ANNA RIVER
8Y VEPCO
ONE VOLUME - STATION OPERATION, THERMAL PLUME SURVEYS, FIXED
TEMPERATURE RECORDERS, WATER QUALITY, PHYTOPLANKTON,
PERIPHYTON, ZOOPLANKTON, BENTHIC MACRO INVERTEBRATES,
ICHTHYOPLANKTON, FISHES(STRIPED BASS SONIC TAGGING,
SMALLMOUTH BASS SURVEYS) MACROPHYTES, WATERFOWL
®RERSDATE SUBMITTED = AUGUST 198u%ewne

WATER QUALITY CHARACTERISTICS OF A THERMALLY=INFLUENCED RESERVOIR,
LAKE ANNA, VIRGCINIA RELATED TO EURYTHERMIC AND MESOTHERMIC SPECIES
PREFERENDA.
8Y JOYCE L. BARTON PRESENTED AT THE 1984 SYMPOSIUM OF THE
NORTH AMERICAN LAKE MANAGEMENT SOCIcTY, SUBMITTED FOR THE
PROCEEDINGS TO BE PUBLISHED IN 1985
#ReR®DATE SUBMITTED = AUGUST 1984%ewes
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APPENDIX B, - (cont'd)

Circulating Water Traveling Screens

Mfr. Rex Chainbelt, Inc.

With water surface at average level
Elevation of surface, ft-in,
Screen capacity, gpm
Submergence, ft-in,

Well width, ft-in,

Depth below operating floor, ft-in,
Overall screen height, ft-in,

Centers, headshaft to foot shaft, ft-in,
Screen travel speed, fpm (high speed)
Tire for one complete revolution, min.
Flow of spray water per screen, gpm
Pressure of spray water per screen, psig

Element Size
Head shaft 5 15/16" diam,
Foot shaft 2 7/16" diam,
Screen guides 4/5 ft long
Spray nozzles Orifice size 22
Spray headers §" pipe size
Screen panels 24" x 14'-Q"
Splash plates 3/16"
Drive Mechanism

Housing 1/4" plate
Head sprocket 48" pitch diam,
Foot wheel 48" pitch diam,

Weight of heaviest section to livt during
erection, 1b

Reference drawing

Location

250
230,000
29-0

14-3
44-0
54-0
45-0
10
10.2
380
80

bt
ro

Material

AlS]1 C 1018

AISI C 1018

ASTM A48-48C1-20
Cast Alum,, bronze
Steel

Carbon steel
Molded fiberglass

Carhon steel
ASTM A 148-58-80-40
ASTM A 48-48 (C1.30

16,200
FM-21A
Screenwell
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ENDIX B, - (cont'd

S L~ L NN

Screenwash Pumps

Mfr. Johnston Pump Compan

Pump design
Flow, gpm
Heat, ft
Temperature, F
Efficiency, %

NPSH (available/required), ft

Bhp (normal/maximum)
eed, rpm

Type

e Y

Casing design
Design pressure, psig
Material

Motor
Horsepower
Voltage
Speed, rpm
Insulation
Type

Weight (pump & base),
Reference drawing
Location

310
“ AW
U-93
83
14

i A
61.7/64
1 BEA
1,700

vertical turbine

~ 2
1ass ©
uirrel AQE
5 AR
.“’Jl\,‘

FM-34A, FM-21A

Screenwel )



