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INTRODUCTION

The Susquehanna Steam ELictnz. Staforn (Susquehanna SES) is a tns~ear

powaJ" staton focated along the Susquehenna River in northeastern Pertnn nna.

Surveys of the thermal plume from the river water discharge diffuser were conducted in

the v.finter, autumn, and spring, 1986-87 (Ecology Ill, 1987). All three plumes wi-e vey-

fmEn:sd and posed no environmental hazards to aquaftc life in the riv-er. rrah thýs

documented, and, due to other time constraints, a summer survey was never done.

In 2008, PPL proposed construction of the Bell Bend Nuclear Powe" Plant

(BBKPP) an a site adjacent to the Sus, -than-z SES. This power p a ,,t wo.t'd

cons-truct its own intake 300 feet downriver from the Susquehanna SES intake (315 feet

upriver from the SSES diffuser) and its own river discharge diffuser 380 feet downriver

from the SSES diffuser (Fig. 1). WMth the cdcs-m proximity of these proposed structures

to the existing Susquehanna SES ditfuser, it was deemed necessary to conduct a

summer thermal plume survey(s) at the Susquehanna SES diffuser to complete

baseline studies in all four seasons.

The Susquehanna SES diffuser is a 42-i-ozh diameter, 115-feet tong p~pe lcated

on the river bottom about 200 feet from the west riverbank. Blowdown water is released

into the river through a series of 72, 4-inch diameter ports spaced at 18-inch intervals

azong the upper edge of the down•rtvr sde od the diuser. The effluent p~pe conn•cted

to the diffuser is also 42-inches in diameter and approximately %-mile long from the

diffuser to the cooling tower basins at the power station.
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PROCEDURES

Summer thermal plume surveys were conducted at the Susquehanna SES river

waie" d~ffrse.ir a mrd-day on 21 August and 3 September 2008. During each survey

both boiling water reactors were at full power (Unit 1 = 94.4% and Unit 2 = 100%), for a

total generating capacity of about 2,400 megawatts. At this power level, the river water

, at the intake on both days was ap ".xmnately 39,030 galanns pei- mnue

(gpm) ,fih a mean temperature of 74.40F, and the blowdown. as it exited the cooling

tower basins on site, was 12,000 gpm at an average of 82.7'F (Table 1).

During both surveys, river water temperatures were measured vith a YSI 650

MDS Sonde that was calibrated prao- to use. A vertical series of temperatures were

determined to the nearest 0.1OF from the surface to the river bottom at one-foot depths

at each site downriver from the diffuser. Ambient river temperatures were measured

irjediate•,y upriver from the diffuser b-eore asm after each survey. The su'eys were

done within 1½ hours to avoid too much of a change in ambient river temperature.

A crew of three in a boat and a surveyor on shore used a plane table mapping

tezhn~que to tocate the diffuser and each sOte. T1 e boat driver first anchored over e••ter

end of the diffuser and then moved to each site kwihin the probable location of the

plume and anchored, while two crewmembers measured a vertical temperature series.

At each anchorage, the surveyor sighted a siadia rod mounted on the boat wth a Watts

micoptc afidade on top of the plane iable set up along the shoreline. TRhese sigWhngs

were then transcribed onto a base map at a scale of I inch = 50 feet.

In the laboratory, these data were used to define the edge of the plume at 0.50F

and 'U.OF ýsotherms above ambient river temperaf-re by interpolating fts Eacalion
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among the vertical series of temperatures at each site. Planar views were then drawn

for each survey to show the extent of the thermal plume.

RESULTS

During the first survey on 21 August 2008, the weather was overcast and

ambent, river temperature did not, change torxcghzut !he survey. The average river f'cw

on this date was 3,230 cubic feet per second, (cfs) at a river level of 487.0 feet above

mean sea level (msl) as recorded on the calibrated river level gage at the Susquehanna

SES Enwvironmental Laboratory (Water Qualty Procedures 2004). The retaninsp of

river feve' to river flow at the Lab wass doczsmented by Soya (1991). The p.ume w"as

detected within 6 of the 28 sites (Table 2). The vertical temperature measurements

show that it did not reach the surface before dissipating. The planar view in Fig. 2

dei-ites the plume at the 0.5CF isoteirm. h woas less than 40 feel ride at the dffouser

and narrowed as it extended 120 feet downriver.

In the second survey on 3 September 2008, bright sunlight warmed the river

temferature ready 1 VF during the Ii Y-hour data coalection, period at 22 stes (T&ah 3).

This varming necessitated the adiustment of the temperatures recorded midway

through the period by subtracting 0.50F from each temperature. The average river flow

on thýs date was 2,140 cfs at a river level of 486.5 ft above msl. This river flow was one-

thfird ess taan !he flow during the first survey.

A thermal plume at 0.5°F was detected at most sites (Fig. 3); it was about 100

feet wide and extended downriver from the diffuser 300 feet A smaller 1 .JF isotherm

was found h-rsnediatety downriver ftrm the dot5er. Overall, the plume appeared to
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reach the surface of the river throughout the 0.50F isotherm (Fig. 3), ranging from 0.1tF

or less at Sites 12 and14 and to 0.80F at Sites 21 and 22 (Table 3). However, surface

tempa,,atu•res at SEtes 21 and 22 ý*,rere pnhba, more infuenced by soiar warrrz'ng than

by a thermal plume from the blowdown discharge. Furthermore, the adjusted 0.8°F

temperatures at these two sites is perhaps quite conservative since they were the last to

be measured during the survey and ware W.hL 0.1 2F of the final ambLa, temrpeature

recoeded at 1252 hours (Table 3). They were actually 0.1"4F cooler t.an th-S irnal

ambient reading indicating that the surface heating at Sites 21 and 22 may possibly

have been closer to zero than to 0.87F. Additionai~y, subsurface temperatures from 1 to

3 Weet at bot sites were lower than the suTface temperatures, and sinoe any ther-mal

heating reaching the river surface would first have to pass through these levels, the

thermal plume may not have even reached the surface of the river at these sites.

Averaging the delta t surface temperatures of the 20 sites within the 0.5'F p•ume

(less Sites 13 and 14) reveals that the surface temperature of the plume may have

increased the ambient river temperature by 0.40F only immediately above the plume,

but that some of this increase was aLso caused by solar radiation despite an attempt to

adjust for t-L

SUMMARY

The water iemperature in the ooc'.ng tcvwr basins kwas a maximurn of 7.4"F and

11-7-F above ambient river temperature during the surveys on 21 August and

3 September 2008, respectively (Table 1). With these delta t's, one might have

expected a rntre extensive thermal pksrme in the dver on both survey dates. -owever,
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the Wbowdown probably cools as it flows throLTrh the Y4-mile blowdown effluent pipe and,

even more so, when it mixes with the water backed up into the effluent pipe and the

dffuser before it exits out of the diffuser ports and Into the river.

Th's =1oig effect could he eVa~ uated fuirher vl other surveys thrcu-hau 'the

blowdo-n effluent pipe, but the fact remains that the thermal plume from !he

Susquehanna SES diffuser is very limited even during low river flow conditions.

There-ial p!umes of this size w.ll posew n hermal environmental hazard to aquatic 1rfe 6En

the Susquehartna River.
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Table 1
River water intake temperature and blowdown discharge temperature (as calculated
from monitorirn points in the cooling towevr bas.ns) at the Susquehanna Steam EfecLrtz
Sial d~zTtng times of therma5 p!ume su..n.ys, 2u August and 3 Septembaw 2M,
C • p~.de:d by J. J. Kostyai, PPL Szqejaau--)

Archived
Start:
End

SSES Data (PI System)
8/21/2008 11:00
812112008 13:00

River Water
Intake
Temp

(OF)

Unit 1
Biowdown*

Temp
(0 F)

Unit 2
Blowdown*

Temp
(0 F)

Delta t
(* F)

Delta t
(0 F)

Min 74.5 79.6 5.1 81.0 6.5
Ayq 74.5 80.6 6.1 81-6 7.0
tL,,:• 1 74.6 s3.2 6.6 8( V2.0 7.4

Archived SSES Data (PI System)
Start: 91312008 11:00
End: 9Y3/2008 13:00

River Water Unit 1 Unit 2

Temp Temp Delta t Temp Delta t

( 0F) (7 F) , (F) .. F) (0 F)

74.2 82.1 7.9 . 83Z 9.4
¶Ava 74.3 83.7 9.4 84-8 10.6

N~a T 74.3 85.3 I11.0 j 85-9 11.7

'Average CWILP Inlet (Basin temperature, OF)



Table 2
TemperitLures (1F) rooordod nt 1i-oot Intervals from oeurloco to bottom nt 20 slies on the SUScluethrim,-nw Rivor downdvor fr'om the SusquoVhonna1
Steam Electric Statlon dflocharoo diffuser, 21 Auguqt 2008.

Site No. Time ToeMboroturo (F)11 Deoth in Foot Be
so t0om

Air Surfaco I I 2 3 1 4 1 617 9 I10 11 13 14 I5 16 I17
Ambient 1038 77.0 74.0 74.0 74.0 74.0 74.0 73.9 73.0 73,9 73.9 73.9 731 73. 73.9 - 73.9
1 1045 74.0 74.0 74.0 74.0 74.0 74.0 74.0 74,0 74.1 74.1 74.1 74,1 74.1 74.1 -13 74,1
2 1049 74.0 74,0 74.0 74.0 740 74,o0 74.0 M0 74,1 74.1 741 7471 74.1 74.1 -13 74,1
3 1050 74,0 74.0 74.1 74.1 74,1 74,1 74.1 74.1 74.1 74.1 74.1 741" 74-60-74,0- 74.0 74.0 74,0" 116 74.0
4 1054 74.0 74.0 74.0 74.0 74.0 74.1 74.0 74.0 74.0 74.0 74.0 74.0 74,0 74,0 74,0 74.0 -15 74.0
5 1055 74.0 74.0 74.1 74.1 74.1 74.1 74.1 74.1 74.0 74.0 74.0 74.0 74.0 74.0 74.0 14 74.0
6 105% 74.1 74.1 74.1 74.0 74.0 74,0 74,0 74.0 74.0 74.0 74,0 74M0 74.0 74.0 74.0 14 74.0
7 105l o 74.0 74.0 74.0 74.1 714.1 7,1 74.0 74.0 74 .0 74.0 74.0 74.6.4_0 74.0 74.0 - 14 74.0
8 1100 .....73,9 74,0 74.0 74.0 74,0 74,0. 74.0 74,0 74.0 74.0 74.0 74,0_74.0 74,0 74.0 1_, - 14 74.0
9 1102 74.0 74,0 74.0 74.1 74,1 74,1 74.Li 74.5 74,5 74.5 74.6 74.41 74.4 74,A 74.3 74.2 74.2 10 74M2

0 104 74.0 74,1 74,1 74,1 74.1 M4,3 74,2, 74.1 74,1 74.1 74.2 74.1 4 -J1. 74.
11 1100 14,0 74.0 74.1 74-74.1 M 74-1 74,1 74.1 74.1 74.: 74.1 741 74.1 7T,1 -1 /41
12 !108 74.74 .4.0 74.0 74,0 74.1 =4,1 74,2 74.1 74.1 -74.1 74.1 74,1 74,1 '14.1 74.1 - __'14 I 4,41
13 til! 74.0 74.0 74.1 74.1 -74-1 74.1 74A2 74.2 74.4 74.3 74.4 74,1 74.6 74.7 74,5 74.5 74.5 1_ _ '14.60
14 1114 04. 74.0 74,0 74.1 74.1 74.1 " 74.1 74.21 74.2 74.1 74.1 74.0 74j1 74.1 74.2 74.2 10 74.2
15 1110 74,0 74.0 74.0 741 74.1 71,1 74.0 74,0 74.0 74.0 74.0 7-40 -4-.0- -74.0 74.0 74.0 74.0 ... 16 74,0
16 111.8 7M0 74.0 74.0 74.0 741. 74,0 74,0 74.0 74.0 74.0 74.0 74,0 74.0 1-..2 74,0
17 1119 74.0 74.0 74.0 74.0 74.0 74M0 74.0 74.0 74,0 74.0 74.0 74.0 74.0 4,0 0-74.0 74.0 - 14 74_0
18 1123 74.0 74.0 74.0 741 74.1 74.1, 74.1 74.0 74.0 74,0 74. 0 74.1 74,1 74.1 74.1 10 74,1
19 1! 2 - 74.0 74.1 74A 0 74,1 744040 74 .00 74.0 74.0 74,1 74.0 74,0 74.0 74.0 74,0 16 74.020 1128 73.0 74.0 74.0 74.0 74.0 7 7. 740 74.0 74.0 74,1 74.0-74.074.1 -.- .A1 74.1

21 1138 74.0 74.0 74.0 74.0 74.0 74.5 74.5 74.5 75.0 75.0 75.0 74.5 74.5 74.5 74.5 75.0 75.0 75.0 17 75.0
22 1141 - 74,0 74.0 74.0 74.5 74.5 74.5 74.5 74,5 74.5 74.5 750 74,5 74.5 74.5 74.5 - - 14 74.5
23 1145 74.0 74.0 74.0 74.0 74.5 74.5 74,5 74.5 74.5 74.5 74.5 74.5 11 74.5
24 1147 - 74.0 74.0 74.0 74.0' 74.0 74.0 74.0 74.0 74.0 74,0 74.01 74,0 74,0, 74.0 74.0 74.0 - .. 1i 74.0
25 11,0 74,0 74.0 74.0 74,0 74.07,0 74.0 74.0 74,0 74704. 74,0 74.0 74,0 74.0 410 7410
26 1152 7410 74,0 74,0 74.0 74.0 74.0 774,0 N4,0 74.0 74,0 74,0 - -- . i 14074
27 1155 74,0 74.0 74.0 74.0 74,0 74.,0 74.0 74,0 7 7-1.0
28 1150 -- ,_0 _ 74.0 74.0 74.0 74,0 410 0 74.0 74.0 74.0 74.0 74,0 74.0 .....- 12 74,0
Amnbient' 12.00 78.0 E !40 , -- =- _

'Only surface lampermturo recorded. Constant surface to bottom tomporalures al silos 26-28 indicato th 1olmbiont oemporaturo remafned at 74,F througlhoul
the survey.
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Table 3
Temperaturcs (TF) recorded at 1-foot In!tevols from surface to bottom at 22 siles on the Susquohaiwnn River downriver from tho Susquehanna
Steam Electric Stctilon discharge diffueor, 3 Saplomber 2008.

___ ___ (th in Feet
Site No. Thm ~ -ontro(F - ~ jŽ. F Bottom

,,. Air Surface 2l 3 4 5 . 7 9 71 140 1 12 13. 1
Ambient 11176 '77.0 74.6 74.-6 74.5 74.5 74.4 74.A 74.3 74.3 74.3 74.3 74.3 -7. 11 74.3
1 112.0 74.9 74,8 74,9 74.9 74.9 74.9 74.9 74.9 75.0 7610 7 .0 76.0 74.9 74.9 74.9 14 74.9
2 1134 75.0 75,1 75.0 75.1 75.0 75.0 76.0 75.0 75.0 75.170. 700 75.0 75.0 75.5.0 .0 14 75.0
3 1130 - 74.9 76,0 76.0 75.0 75.0 75,-0 74,9 74.9 75.0 75,0 74MO 74,9 74.9 74.9 13 74,9
4 1141 75,1 75.0 75.0 74.9 74.9 74.9 75,0 75.0 74.9 74.9 74.9 •748 _74.8- 121 74.8
5 1144 75.0 75.0 75.0 74.9 75.0 74.8 74.8 74.8 74.8 74,8 74.8 74.7 74.7 -.. 12. 74.76 !147 74.9 75,0 73.1 74.8 74.8 74,9 747 74.8 74.9 74,7 74.9 7-,9 74.9 75.0 74,9k 74,9 15 74.9

7 1151 7 7.5,0 75.0 74.(1 74.,9 74.8 74.7 7MY 47 74.8 74.8 74.7 74.7 74.7 74.8 74.8 74.,8 15 74.8
8 1104 75.1 75,1 74,8 7M.7 75.1 74.8 74.8 74.7 74.7 74.7 74.7 74.7 74.7 74.7 74.7 14 74.7
9 1201 74.8 74.8 74.7 74.7 74.7 74.7 74,7 74,7 74.7 74.8 74.6 74.7 74.6 74.6 74,6 14 741.8
10 --1--24 74.9 74.8 74.8 74.8 74.8 74.8 74.9 75.0 74.9 74.8 74.8 74.8• 74.7 74.7 74.7 14 74.7
11 1207 75.2 75.1 -5.0 74.8 74.9 74.8 74.8 74.8 74.8 74.8 74,8_74.8 74.8 12 74.8
12" 1210 74.5 74.5 74.6 74,6 74.4 74.4 714.4 74., 74.4 74,4 7NA 74.4 11 741.
13 1213 74.8 74.7 74M.J -71'4 74.3 74.3 74,4 74.3 74.3 74.4 'MA 714.3 74.3 7473 13 74.3

14 1210 74.7 74..07 .7' 74.5M 74.A 74,4 74.4 74.4 74.3 74,3 '14.3 7 7. L 11 74,3
15 1221 75.1 75,1 7j,0L75.1 75.0 75-j .0 74,8 75.1 75.2 76,0 74.8 74.8 74.7 71.7 74.7 15 '74,

19____ 1234 75.0 74.9 74.8 74.8 74.7 74.8 74,8t4,8 74.8 74.7 74i 74774.7 7 12 74.0
17 1230 75.1 75.0 70.0 76.0 74.9 74.8 74.0 74.3 74.8 74.8 74,9 74.9 74.9 74.9 714.7 14 74.
18 '1232'- 75.0 715.0 76.0 76.0 75.0 7 M0740 74,90 74.9 74.9 -7/1-, 74.,8 74.7 74.6 13 746o
19 12475.0 76.0 75 0 74.9 74.9 714.l 74.9 74,8 74.8 7. 467. 48 -1 ~,
20 1239 74.8 75.1 751. 75.2 75.1 75.0 75.0 75.2 75.1 75.0 74.9 75.0 74.9 74.9 74.8 - 14 74.8
21 !•4 75.4. 75.0 74.8 74,7 74.5 74.5 74.5 74.4 74.5 74.4 74,5 74.5 -.. - 11 74.5
22 1249 75.4 74.9 75.2 75.1 75.5 75.5 75.41 75.6 75.5 75.41 75.3 73,3 75.3 75.2 75[ . 14 75,2
Ambient 1252 79.5 75.5 75,3 75.3 75,2 75.1 75.1 7];.1 75.1 75.0 75.0 75.0 7M.0 75.0 12 75.0

*All temperoturos (oxcopt ambient) measured ofler 1210 hours were adjustoed for an Increase In ambient Iomporalure by subtracting 0.56P.
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