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Executive Summary

The current NPDES permit for Carolina Power & Light Company's (CP&L)
Robinson Steam Electric Plant has limits for temperature of once-through
cooling water at the discharge point into the Robinson Impoundment. These
current lemperature 1imits were determined from a successfu) 316a Demon-
stratfon submitted by CPEL in 1976. Since those 1imits were imposed in
1977, the plunt has occasionally exceeded the 1imits for short periods due
primarily to more adverse meteorclogical conditions than those experienced
during the short (approximately 1 ya2ar) 316a Demonstration study. dased
on this operating experience and the results of concurrent biolegical
monitoring, CP&L believes that some of the current limits are lower than
necessary. Also, the current changes in monthly temperature 1imits do not
keep pace with the rate of natural seasona! changes in impoundment temper-
atures and, therefore, cause restrictions on the operation of the plant
that are not necessary to maintain a balanced and indigenous community of
fish and wildlife in and on the impoundment.

Biological studies which have been conducted continuously on the
impoundment since the mid-1970s, especially during adverse meteorological
conditions when the temperature 1imits were exceeded, have documented the
environmental effects of the heated water discharge to the Robinson Im-
poundment. These data show:

l. The impcundment can be divided into two biological areas:
(1) the upper fimpoundment, which 1s shallow and narrow with
abundant aquatic vegetation and affected by Black Creek inflow
and (2) the middle and lower impoundment, which is wider and
deeper with fewer areas of aquatic vegetation,

2. The thermal discharge has the greatest fimpact in the middle
impoundment, especially near the point of discharge. The upper
impoundment receives only minimal thermal impact. The lower
impoundment s also affected by thermal discharge; however,
cooling of discharge waters occurs as waters are recirculated
through the impoundment.
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11,

12.

13.
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16.

Larvae of 21 taxa of fishes have been collected in the impound-
ment. Larval fish densities were highest in the upper impound-
ment and were not different between the middle and lower
impoundment. Fewest larval fish were collected during 1977.
1879,

Fish standing crops were lowest during 1977-1981 and higher
during 1982-1985. Standing crops during 1986 and 1937 were
lower than 1982-1985 but were higher than 1977.1981.

Elevated copper in the impoundment reduced fish reproduction and
recruitment and caused deformities in fish, Since removal of
the source of copper in 1982 by power plant modifications,
copper concentrations have decreased in impoundrent water and
fish tissues. Fish deformities were eliminated and standing
crops returned to normal levels,

Expansion of the fishery from 1982 to 1935 was rapid, especially
bluegill and largemouth bass. Declines in bluegill since 1985
probably reflect a stabilfzation of the fishery after rapid
expansion.

During periods of maximum thermal discharge, much of the im-
poundment, especially the upper and lower impoundment, remain
favorable for fish and other aguatic biota.

NO major fish kills have occurred in Robinson Impoundment,

The standing crop of fish is above that expected for blackwater
systems such as the Robinson Impoundment.

Based on these findings, the H.B. Robinsorn Steam Electric Plant is
believed by CP&L to have had no appreciable harm to the balanced and in-
digenous community of fish and wi'dlife in and on the impoundment. The
impoundment supports a higher than expected standing crop of fish and
offers good sport fishing.

v









2.0 SITE DESCRIPTION

Carolina Power & Light Company (CP&L) constructed the Robinson Im-
poundment (Figure 1), a 91l-hectare (2,250-acre) cooling impoundment, on
Black Creek in Darlington and Chesterfield Counties, South Carolina, in
the late 1950s to provide cooling water for the H.B., Robinson Steam £lec-
tric Plant., The impoundment s located in the Sandhills region with a
watershed of approximately 44,800 ha (173 m12). Much of the watershed is
in the Sandhills National Wildlife Refuge with the remainder being either
forested or in agricultural production.

The power plant consists of the |B3-MWe coal-fired Unit 1 and the
€65-MWe nuclear-fueled Unit 2. These generating units are operated with
once-through cooling, discharging waste heat to the impoundment via a
four-mile-long discharge canal. The waste heat enters the middle area of
the impoundment designated as Transect £ (Figure 1). Unit 2 (B6X of the
total generating capacity) contributes the primary heat load, while Unit |
(14% of the gencrating capacity) contributes a lesser heat load to the
impoundment .

Severa)l transects and stations have been derignated throughout the
impoundment to identify biological sampling lccations (Figure 1). In some
cases in this report, specific sites or stations will be identified while
in other cases, transects or areas are oted. Generally, the Transect G
area is referred to as the upper impoundment, Transect £ as the middle
impoundment at or near the point of the thermal discharge, and Transect A
as the lower impoundment. Stations are a specific location on a transect
and are designated by both a transect and station code such as Al.









Table 1,

January
February
March
Dpf il
“May

Juneg
July
August
September
October
NOvember
December

Totel

January
February
March
‘of:l
May

Juhe

July
August
September
October
NOvember
December

Total

Jenuary
February
March
Apri |l
May

June
July
August
September
October
November
December

Total

continved
;)ﬁ"
2 82! 613
bd 2% 215
94 474 569
2 199 528
3 AR 647
L} a7 552
101 52 553
%0 e 49
wo '8 e
e 50 146
104 63 167
40 508 a8
1116 4480 506
1979
gnit Unit 2 ®iant
68 a9 55¢
60 433 493
71 52 592
103 187 30
110 0 1o
104 0 104
20 114 204
66 51?7 583
65 474 539
as 503 589
69 497 566
53 $1% 568
T 4222 5167
1981
= unit 2 Plany
104 480 584
63 417 &80
0 52% 528
0 498 495
3 25 254
85 256 34)
94 459 553
87 0 87
68 213 28
4% 253 298
59 b3 | 1148
87 132 49
£9% 8 76

98
Jni+ Uni t ‘7 : _q-\v
8l s 508
107 ¢ 02
pilps 0 .9
22 a6 68
9 487 506
4 an? 511
<8 193 a
70 494 564
™™ "‘: J‘Q
6 ¥ 4 %27
63 07 $70
43 507 5950
61e 209 133
1980
nit | Unit 2 Plant
67 527 84
7 a84 581
103 208 1.1}
03 208 301
8BS 327 412
100 a6 56!
121 26! 182
118 $ 170
104 0 104
67 -] 12
F 442 a6
w6 300 9
1074 3807 3476
982
FLERAR Jnit 2 Plant
86 i3 522
36 362 198
8) 0 gt
12 0 12
XO\ 0O 'J!
99 0 9%
108 0 108
.18 ’ll -9)
88 38 07
74 420 494
4 408 409
'8 416 434
327 7831 1158
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Tabie 3 ¥, 4, Robinson discharge temperatures and heat rejection, 1985-1987,

He st ~||L-Q Sru/nr)

Monthiy sversge °F Ol ly makimum *F
Actue _p: Actual Limit Average Max | mum
Janyary 87 12.6 8.8 5.6 85, 4,7 5.6
February 87 73,8 78,8 77,6 8%,! 4.6 5.6
March 87 7147 86,0 81,1 89,6 340 4,5
April 87 67,8 89,6 75,4 95,0 O, 0,6
May 87 77.3 §3.2 63,2 98 .6 0.5 0,7
June 87 85,0 08,7 102.8 11,2 1,0 a8
July 87 102 .6 108,7 107 .0 11,2 4,0 $.3
August 87 01,2 08,7 107,.6 11,2 3.7 5}
September 87 94.% 108,7 04,3 11,2 3.0 5.1
October 87 89,0 95.9 96,4 98.5 4,1 4.4
November §7 84,2 86,0 89,0 9,4 4.4 5.3
December 87 75,8 78,8 83,6 85,1 5.0 §.6
January 86 67.0 18,8 75.4 85,1 2.0 4.8
February 86 9.6 78,8 65,2 85,1 0,4 0.5
March 86 64,6 86.0 82.3 89 .6 1.0 8.2
April 86 87.6 29.6 93.8 95,0 4,3 5.0
May 86 96,0 9.2 102,0 98.6 4,4 5.3
June B6 04,0 08,7 106.8 11162 4.8 5.6
July 86 09,7 108,7 112,9 11,2 5.4 6.0
August 86 1025 08,7 i3 111,2 a,2 5.9
September 86 54.9 108,7 103,86 11142 3.9 5.4
Octover 86 94,1 95,9 104,6 99,5 4,3 5.3
November 86 8s,) 86,0 90,2 91,4 4,0 4,7
December 86 7., 78,8 82.2 8%,! 4,2 8.3
Janyary 8% 5.7 78.8 57.0 85,1 1.0 3!
Februsry 85 Se.. 74,8 76,0 85, 3.0
March 8% 77.5 86,0 8s5.8 89.6 4.0 5.4
April BS BE,) 89.6 97,0 95,0 4.3 S.0
May A3 95,0 93.2 98,9 98, 4.4 el
June 85 10202 108,7 1048 11,2 8.2 5.9
Jiuly 8BS 103,5 08,7 07,6 111,2 4.9 5.6
August 83 103,2 08,7 108,13 1,2 .9 5.8
September 8% 101,53 08,7 106,98 111,2 4,2 50
October §5 54,2 95.9 27.5 9.5 3.9 4,6
November 8% 83,5 86,0 90,7 §1.4 3.0 4,7
December 8% 76,9 8,8 85,8 85,) 4,2 a7
Limit: 5.5 6.2

Temperature |imit exceedances are under| ned,
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climatological conditions experienced during these studies are analyzed in
this report.

4.2 Results and Discussion of the Biological Studies

4,2.]1 wWater Chemistry

The impoundment water is darkly stained, acidic, and has low conduc-
tivity, alkalinity, and hardness (Table 3). This "blackwater” is con-
sidered low in primary productivity and nutrients. Due to the limited
size of the Sandhills region and the |
topography and water chemistry, comparisons of Robinson I[mpoundment to
cther water bodies are difficult to make,

ack of impoundments with similar

Tabie § Typical Robinson Impoundment water chemistry parameter ranges,

Parsmeter Range

pH 4,0-6 0
Conductivity 15«31 umhos
Total Hardness 1.2<10,0 mg/|
Alkg!inity < 0,5-1,4 mg/|
Total organic cardon 2.3+8.3 my/1|
Total nitrogen (8s N) 0.,02-0,53 mg/|
Total phosphate (as P) < 0,01-0,04 ng/!
Copper < 20-57 ug/i

Concentrations of sodium, calcium, sulfate, and magnesium typically
increase from the upper impoundment to the lower impouncdment, probably a
result of evaprration. Trace element concentrations have not been signif-
icantly different from those found in Black Creek above the impuundment
except for copper and 2inc. Turbidity has been lower in the middle and
lower impoundment than in the upper impoundment and Black Creek above the
impoundment indicating deposition of fine particles due to reduced flow.

Elevated copper concentrations were recorded from 1977 to 1982 and
reached peak annual values of 61 .g/) at Station E2 and 44 _.g/) at Sta-
tion A2 in 1979 (Figure 6). These increases were determined to be a



¥

result of the erosion and corrosion of the brass condenser tubes. To
remedy this, in 1882 the brass tubes were replaced with stainlesy stee!
tubes, after which impoundment copper concentrations diminished to an
annyal average of 4-6 .g/).

4.2.2 Water Temperatures and Dissolved Oxygen

During biological studies, water temperature and dissclved oxygen
(D0) were measured. Therma)l stratification in the middle impoundment is
increased by power plant operations and is most prominent over the Black
Creek channe] (Figure 7). However, the impoundment remains well mixed
(CP&L 1987) with adequate dissolved oxygen (> 4,0 mg/1) for aquatic life.

The DO may drop below 4.C mg/1 bdut usually only in the lowest
2-3 meters of the impoundment, usually corresponding to the narrow former
Black Creek channel. This occurs only during the warmer months of certain
years and influences only a limited part of the impoundment, Boyd (1979)
reports & DO of 5.0 mg/1 as the minimum desirable level in ponds but that
fish can survive in the ramse of 1.0-5.0 mg/1. While the USEPA states
5.0 mg/1 as a minimum for good fish populations (USEPA 1986), they also
indicate fish vary in their tolerance (by species, age, activity, etc.)
and fish can survive for a while in concentrations considerabiy below that
suitable for a thriving population. Fisheries bHiclogists often use
4.C mg/1 OO as the minimum value for fish growth.

Approximately 13 days are required for the thermal plume to reach the
intake after being discharged (CP&L 1979b). OQuring this period thermally
induced stratification decreases with distance downstream from the dis-
charge (Swartley 1987). Little or =0 stratification occurs in the lower
impoundment (Figure 7).

Occasionally a narrow wedge of thermally influenced water is pushed
by southerly winds northward through the bridge at the SR 346 causeway,
and on rare occasions, this wedge reaches Transect G. However, thermal
flow is usually restricted to the upper 0.5 m of the water column and
resuits in only minimal thermal enhancement at Transect G.

14
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The highest annual mean water temperatures occurred during the 1985
to 1987 period, the 1977-78 period, and 1981, The coolest tomperatures
were during 1980 and 1982. No significant differences among years were
detected at AZ or G2, but significant differences between years were noted
at £2 (Table 4).

During the larval fish sampling months of April, May, and June, there
were differences among water temperatures the years at each station (Ta-
ble 4). Temperatures during certain years (1977, 1978, 1981, 1985, ang
1986) were generally warmer than other years. Likewise, there were some
years (1979, 1980, 1982, and 1983) where temperatures were generally
cooler than the other years. These dirferences were mainly a result of
power plant operations and occurred when Unit 2 was out of service.

Analysis of water temperatures during the summer months of June,
July, and August found few significant differences (Table 4). This indi-
cates that while there were station differences (E2>A2>GZ), there was no
year when the water was significantly warmer than the others during the
1977-87 period.

4.2.3 Meteorolgical and Hydrologic Conditions

The effectiveness of Robinson Impoundment for cooling is influenced
by several cliimatological factors inciuding, among others, surface area,
meteorological conditions, and inflow from the Black Creek watershed. In
order to quantify the effect of the 1986 drought conditions, rainfall, air
temperature, and Black Creek infiow were examined.

According to meteorological data from the Robinson power plant site,
Florence and Darlington, South Carolina, 1977-86 was relatively dry except
for 1979, 1982, and 1983. Average annual departure from normal precipita-
tion for tne area was approximately 3 inches below normal with 1982-83
precipitation 2-10 inches above normal and 1986 precipitation 8-12 inches
below normal. The most significant aspect of these conditions on the
impoundment was the below normal rainfall, especially during 1986,



Air temperatures were at or slightly below normal for the 1977-86
period. The most extreme departure from normal was in 1986 when tempera.
tures were greater than 2 degrees above average for the year,

Since the largest inflow to (he impoundment is from Black Creek,
stream flow data from the U.S. Geological Hydrologic Station on Black
Creek at U.S. 1 above the impoundment (Table 5) were exami: .d.

Tabie 7 Flow in Black Creex at U5, | above the Robinson impoungment ranked by
vears (iisted (owes? t0 highest),

Jan  Feb Mar  Apr Mgy  Jun Wi®  Ayg®  Sep* Oct Nov  Dec  Ave,*

'8! ‘86 ‘8% ‘88 ‘o 86 '86 '83 ‘86 ‘84 ‘82 ‘88 ‘86

‘86 '8! '81 ‘B6 ‘86 81 77 ‘80 ‘80 '82 ‘88 8 '8
s M ‘86 ‘8! ‘8% 83 '80 ‘82 ‘a3 '8? ‘79 '8 ‘8%
'3 '®7 ‘82 ‘62 ‘W7 " '8l n 'y 79 ‘84 '78 '82
79 'S80 '8 97 m ‘30  '8% 79 ‘82 ‘78 ‘a7 '80 83
‘0 '78 e 8 ‘82 ‘78 ‘82 ‘86 84 ‘86 ‘83 '®? 78
'84 ‘82 ‘Be " ‘83 '¢3 '8 ‘84 ‘78 ‘a8 ‘gl ‘82 7
7T 84 ‘87 ‘79 's0 'S4 ‘78 ‘78 ‘81 ‘a3 '78 ‘83 ‘80
‘a7 ‘88 g ‘24 '79 ‘8 79 ‘8l ‘8% '8 "M ‘86 ‘B4
‘78 '83 ‘83 'e3 718 ‘82 ‘84 ‘a3 'y I ‘86 ‘b4 '79
082 l?’ '50 'w Us‘ '79 "0 180 77

® Ay Jats unavailable

During ths 1961 to 1986 period, 1986, 1985, and 198] ranked first,
second, and third, respectively, in having the lowest recorded flows,
Ouring the 1977-86 period, the five lowest flow years were all since 1081,

While annual values for rainfall and Black Creek flow give an overal)
indication of precipitation, the data may mask seasonal extremes., For
example, the monthly ranking of Black Creek flow data in Table 5 shows
1981 was low during the first six months of the vear, But beginning in
July and continuing through November, the flow was among the highest for
the 197/ to 1987 period. Flow for 1986 followed a similar pattern but was
Tow longer into the year. This was further compounded by the overall low-
flow conditions during 1985,

Good inflow during the spring and summer months is important since
normal impoundment water levels are needed for maximum cooling., Low flows

and low-water levels during this time of year also reduce available







Teble B8 Summaries of
organism oensity
sescend:ing order,

i

Date unavai

variance and Duncen's myultipie range test* aon

trom Robinson Impouncment,
abie tor 1984,

tems are sted /n

;"’VVopfathOﬂ :xﬁp ankTon Rern thos
(w/0 G2) (ws0 G2)
Station ~nalysis
A2® A2 a2t Azt g8
£28 £2 £2° g8 ad
sz -l 1
Tear Anaiyss

!O' w‘ 5" Boa 853
g1 gi® 080 g8 g78%
L L g32b¢ 28 og®
86" 82°¢ 86°¢ 83®
82° Bs¢ gsc ge~=

15¢ g3l g7¢ g7°

Month Anaiysis

Aug? ul® Jun® mar® Feb®
Sep%® Aug® Juio® Apr - Jun®
Jui® Sep” Oct 80 may 20C o;,r“
oc € oet? Sep2P¢ Nov 2P¢ e ®®
Junted Jund May 30¢ £ ob20C Aug®®
NoyDed ov? Moy 8D€ Oct 80¢ 0ct?
Fep®d oy® Apr20€ Jundbed
DecSd tecl ag ¢ Janbcd
Jon®? Fap® Dec™® SepPc?
“Ovcc i\prb M.rbc_ {hcfd
Mard Jan® «pPC Jul e
apr? mar® o’ Aug?

*items with different superscripts sre signifizentiy different (P € 0,05,

81| orhers are not signiticantiy diflerent,

Phytoplankton

¢ phytoplankton community composition in the impoundment is deter-
mined by the soft, acid, low-nutrient water. Organism abundance is ccn-
Sidered to be low to moderate in abundance and species composition is
typical of oligotrophic (dystrophic) waters. Light limitations frcm the
stained water could influence rhytoplankton abundance and composition.
Green algae have been numericzlly dominant at all three stations.






Differences in zooplankton densities were observed over years (Fig-

ure 8). From 1980 to 1s82, organism densities a% A2 and £2 were higher
than the 1983-87 period., This decrease in zooplankton density may have
been a result of increased predation by larger numbers of larval and juve-
nile bluegill., Zooplankton 4ensities in the lower and middle ‘mpoundment
were lowest during 1983, 1985, 1986, and 1987 (Table 6).

During 1985 discrete depth sampling was conducted to determine if
there were any effccts from thermally induced stratification. Samples
were taken at l.meter (thermaily enhanced) and 3-meter depth from April
through September. In most cases there wer. no significant differences in
densities betwzen depths at each station. The only difference was for
‘opepods at EZ2 where there were fewer individuals at the cooler Jj-meter
depth *~:n at 1 meter. \Vertical stratification is probably not an impor-
tant factor influencing the vertical distribution of zoopla~kton in the
impoundment .

Benthic Macroinvertebrates

The benthic macroinvertcbrate community has been dominated by
chironomids and oligochaetes, especially in the middle and lower impound-
ment. Taxa richness has been similar at Station G? duriny the years,
while at Stations A2 and E2, taxe richness has increased., Thic increase
in taxa richness at A2 and £2 may be a result of improved field and labor-
atory technigues which allow better retrieval of smal’, delicate
oligochactes and chironomids that duminate these stations.

The increase in submerged aquatic vegetation may provide better hahi-
tats for benthic o-ganisms (see Section 4.2.%). Aquatic vegetation also
provides an area for detritus deposition. Both ¢ cthese factors increase
the benthic community. - Areas couposed mostly of exposed sand are less
favorable to benthic organisms. As aguatic vegetation has spread in the
middle and lower impoundment, the benthic organisms that utilize these

plants will also increase in abundance and kinds.
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Larval Lepomis abundance was highest during 1985 (Table 9). Oiffer-
ences between the other years were less clear at A and £ where lLepomis
larvae were lowest in 1978 and then gradually increased through 19885,
Lepomis density at A and G then declined from 1985 to 1987 ’Figure 19).
At Transect E, density declined from 1985 to 1986 but increased from 1986
to 1987, Llarval Lepomis densities peaked in May and June for the impound-
ment as a whole,

There werc no differences in largemouth bass larval densities between
G and £ or £ and A, but G was higher than A. The highest density occurred
in 1986 but was not significantly different from all other years (Ta-
ble 9). Generally there has been a gradual increase in largemouth bass
larvae in the impoundment since 1977 (Figure 10). This was most evident
at Transects A and E.

Etheostoma larvae were more abundant at G than at £ and A and were
more abundant during April and May than June. Temporal differences indi-
cate 1982 had higher densities than all other years. The lowest larval
densities were during 1977 and 1978.

Larval fish densities in the middle and lower impoundment have been
relatively high since 1982 . .gure 10). Lepomis accounted for much of
this increase in abundance, especially during 1985. During 1986 and 1987,
however, Lepomis abundance has decreased. Largemouth bass has also in-
creased, especially during 1987. The increase in largemouth bass may have
resulted in decreased abundance of bluegill larvae because of predation.
The lower larval fish densities of 1977-1980 appear to be a result of
increased copper concentrations in the middle to lower impoundment. After
copper concentrations decreased in the impoundment, larval fish abundance
increased,

Adult Fish
Curing the 1977-87 period, there were fluctuations in fish standing

crop. Analysis of cove rotenone data indicates significant differences
among years for both density and weight. The 1l years can be grouped into
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When comparing Robinson [mpoundment to other regional blackwater
lakes, the total number and weight of fish per hectare in the impoundment
was higher than most other lakes (Table 12) Although many of the compar-
isons were to0 natural lakes and not impoundments, all referenced bodies of
water are considered blackwater,

Table 12 Comparison of cove rotenone data from Robinson Impoundment and other
blackwater lakes n *he region,

Torta!l numper ¢ weight (kg) of

| Samp ! nP location fish ser hectare fish per hectare
Robinson Impoundment 1974-75 14,978 8.6
Robinsor Impoundment 1979 13,257 89,4
Rovinson Impoundment 1982 55,64 151,9
Rob inson Impoundment 1608 60,150 163.2
Robinson Impoundment 1986 24,783 107.9
Robinson Impoundment 1987 23,188 100,0

Robinson (mpoundment average

1974~1987 (w/0 1976) 29,356 120,4
Singletary Lake (Louder 196!) 709 6,3
Lake Waccamaw (Louder 1961, Davis 1966) 1,100 141,13
Atligator .ske (Crowei! 1966) 285 10,9
Catfish Lake (Bayless 1966) 24) 1.9

Status of Copper and the Fishery

The fishery reductions of the late 1970s and early 19805 were related
to elevated copper levels in the impoundment (CP&L 1982b, 1983c,
Woock 1985). Since the removal of the brass condenser tubes, copper con-
centrations have declined. This has resulted in lower liver copper cor-
centrations in largemouth bass, bluegill, and spotted sucker compared to
the early 1980s (Table 13). Ouring the period 2f declining liver copper
concentrations, the fishery, especially bluegill and largemouth bass,
improved. The 1987 iiver concentrations were at or approaching background
levels for fish in the region. Concentrations of copper in fish livers

30
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during August 198 , and 1987, indicating areas optimal for fisn




