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INTRODUCTION

The Susquehanna Sieam Elsclric Sizfion (Susquehanna SES) is 2 nutlear
power siation located along the Susguehanna River in northeasiem Pennsyivania.
Surveys of the thermal plume from the river water discharge diffuser were conducted in
the vdinter, auiumn, a,nd spring, 1986-87 (Ecclogy Ili, 1987). All three plumes weare very
fimited and possed no environmenizl hezards (o aguetic fife in the rver. Wah this
documented, and, due to other time constrainis, a summer survey was never done.

In 2008, PPL proposed consiruction of the Bell Bend Nuclear Power Plani
(BBNPP) on a sitie adjacent {0 the Susgqushanna SES. This power plarmi would
construct its own inizke 300 feet downriver from the Susquehanna SES intake (315 feei -
uprver from the SSES diffuser) and its own river discharge diffuser 380 feet downriver
from the SSES diffuser (Fig. 1). With the dose proximily of these proposed struciures
to the exisiing Susgquehanna SES difiuser, it was deemed necessary o conduci a
summer thermal plume survey(s) at the Susquehanna SES diffuser to complete
bzseling studies in all foﬁr seasons.

The Susquehanna SES diffuser is a 42-inch diameter, 115-feet long pipe located
on the river botiom 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
along the upper edge of the downriver side of the difiuser. The effiuent pipe connecied
to the diffiussr is also 42-inches in diameler and approximately ¥%-mile long from the

diffiuser to the cooling tower basins at the power station.



PROCEDURES

Summer thermal plume surveys were conducied at the Susquehanna SES river
weter diffuser at mid-day on 21 Augusi and 3 Seplember 2008. During each survey
boih boliling water reactors were at full power (Unit 1 = 94.4% and Unit 2 = 100%), for a
total generating capacity of about 2,400 megawatis. At this power level, the river water
wathdrawal at the iniake on both days was approximately 39.000 galions per minule
{com) with 2 mean iemperaiure of 74.4°F, and ihe blowdown, as it exited the cooling
tower basins on site, was 12,000 gpm al an average of 82.7°F (Table 1).

During both surveys; river waier temperatures were measured with & YSI 650
MDS Sonde that was calibraied prior (0 uss. A verical senes of temperatures were
determined io the nearest 0.1°F from the surizce to the river bottom at one-foot depths
ai sach site downriver from the diffuser. Ambient river temperatures were measured
Emmediate&y upriver from the diffuser before and afier sach survey. The surveys were
done within 1% 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
technigue to locate the diffuser and ezch site. The boai driver ﬁrsi anchored over sither
end of the difiuser and then moved {o each sile within the probable location of the
plume and anchored, while two crewmembers measured a vertical temperature series.
Al each anchorage, the surveyor sighted a siadia rod mounted on the boatl with 2 Watis
microplic alidade on top of the plane iable set up along the shoreline. These scgmzr'gs
were then transcribed onto a base map at a scale of 1 inch = 50 feet.

In the laboratory, these data were used {o define the edge of the plume ai 0.5°F

and 1.0°F icotherms above ambieni siver iemperaiwe by interpolaiing iis loceiion



3

among the vertical series of temperatures at sach 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 overczst and
amiient river temperature did not change througheut the survey. The average dver fliow
on ihis dais was 3,230 cubic feet per second (cfs) at a river level of 487.0 fect above
mean sea level (msl) as recorded on the calibrated river level gage at the Susquehanna
SES Envienmental Laboraiory (Waier Qualiy Procedures 2004). The relationship of
river leve) fo river flow at the Lab was documanted by Soya (1991). The plums was
detected within 6 of the 28 sites (Table 2). The Qertical temperature measuremenis
show that ii did not reach the surface before dissipating. The planar vigw in Fig. 2
defines ihe plume ai the 0.5°F isotherm. It was less than 40 feet wide &t the diffuser
and narrowed as it extended 120 feei downriver.

In the second survey on 3 September 2008, bright sunlight warmed the river
temperature nearly 1°F during the 1¥4-hour dzta cofteciion period at 22 sites (Table 3).
This warming necessitated the adjusiment of the iemperatures recorded midway
through the period by subtracting 0.5°F from each temperature. The average river flow
on this date was 2,140 cfs at z river lzvel of 485.5 ft above msl. This river flow was one-
third less than the 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 1.0°F isotherm

was found immediaicly downriver fram the difiuser. Overall, the plumc appearsd fo



reach the surface of the river throughout the 6.5°F isotherm (Fig. 3), ranging from 0.1°F
or less at Sites 12 and14 and to 0.8°F at Sites 21 and 22 (Table 3). However, surface
temperalures at Sites 21 and 22 were probably mere influenced by solar warming then
by z thermal plume from the blowdown discnarge. Furthermore, the adjusied 0.8°F
temperatures at these two sites is perhaps quite conservative since they were the last to
be measured during the survey and were within 0.1°F of the final ambisnt temperature
recorded at 1252 hours (Teble 3). They were aduaﬂy 0.1°F cooler than the final
ambient reading indicating that the surface heating at Sites 21 and 22 may possibly
have been closer to zero than o 0.8°F. Additionzily, subsurface temperatures from 1 to
3 feel 2t both sites were lower than the surface temperatures, and since any thermal
heziing 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 temperatuses of the 20 sites within the 0.5°F plume
(less Siies 13 and 14) reveals that the suriace iemperature of the plume may have
increased the ambient river temperature by 0.4°F only immediately above the plume,
bui that some of this increase was zalso caused by solar radiation despiic an atiempt o

ey

adust for i

SUMMARY
The water temperature in the cocking tocwar basins was a maximum 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

expecied 2 more exisnsive thermal plume in the river on both survey daies. Howeaver,



{he blowdown probably cools as it ilows through the ¥-mile blowdown efiluent pipe and,
even more so, when it mixes with the water backed up into the effluent pipe and the
diffuser before it exits out of the diffuser poris z2nd into the river.

This cocling efiect could be evaluaied further with other surveys throughout ihe
blowdown effiuent pipe, but the fact remains that the .thermai plume from the
Susquehanna SES diffuser is very limited even during low river flow conditions.
Thermea! glumes of this size will pose no thermel environmental hazard to aguatic Uiz in

{he Susguehanna River.
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Table 1

River water intake temperature and blowdown discharge temperature (as calculated
from monitering poinis in the cooling lower basins) at the Susquehanna Steam Electric
Sizion during Emes of thermal plume survays, 21 August end 3 Sepiember 20328.
(Deiz grovided by J. J. Kostyal, PPL Susguehanns)

Archived SSES Data (Pl System)

Start: 8/21/2008 11:00
End 812112008 13:00
River Water Unit 1 Unit 2
intake Blowdown* Blowdown®
Temp Temp Deltat Temp Delta t
(°F) (*F) (° F) (° F) (°F)
in 74.5 79.6 5.1 81.0 6.5
AVG 74.5 80.6 8.1 81.6 7.0
Nex ) 748 81.2 88 | 82.0 7.4
Archived SSES Data (Pl System)
Start; 9f3/2008 11:00
End: 97312008 13:00
River Water Unit 1 Unit 2
Intake Blowdown” Blowdown*
Temp Temp Deitat | Temp Delta t
{°F) CF) CF (CF) (¢ F)
NMin 74.2 82.1 7.8 335 9.4
Avo 74.3 83.7 g.4 843 10.6
Max 74.3 85.3 1.0 85.8 11.7

*Average CWI/LP Inlet (Basin temperatuse, °F)




Table 2

Temperatures (“F) rosordod at ‘1-foot intervals from surfoco to bottom ot 28 siles on the Susquehnnng Rivor downriver from the Susquohonng

Steam Electric Statlon discharge diffuser, 21 Auguat 2008,

. | Tomparature (F) Depth in Foat Battom
Site No. [Timo = " Surtaco | 1 | 2 [ 3 1 &1 8 [ 01 7 1 8 [ 9 [ 16 [ 23] & 15 [ 16 |17 Dopih| Yomp
Ambient [1038] 77.0 | 74.0 | 74.0] 74.0] 74.0] 74.0 73.8] 73.0] 73.9] 73.9] 73.9] v3.9] 73.4] 73.6 ‘ 12] _73.8
1 10451 1740 | 74.0] 740] 74.0{_74.0] 74.0] 74.0| 74.0] 741 741 744 74.1] 74.1] 74.1 13| 74.1
2 1049 74.0 | 74.0] 74.0] 74.0| 74.0 74.0] 74.0] 74.0[ 74| 74| 74| 41| 4.1 74,1 13 74.1
3 1050 740 | 74.0] 74.1] 74.1] 744 74.1) 74.4] 744 744] 741] 74| 74.1| 74.0| 74.0] 74.0] 74.0[ 740 16/ 74,0
4 1054 740 1740 74.0] 74.0] 74.0| 74.1] 74.0] 74.0] 74.0] 74.0] 740 74.0] 74,0] 74.0{ 74.0] 74.0 15] 74.0
5 1055 740 | 740! 74.1] 74.1] 74| 74.4] 74.1] 74.4] 74.0] 74.0] 74.0] 74.0| 74.0] 74.0[ 74.0 4] 74.0
6 1056 74.1 74.1] 741] 74.0] 74.0] 74.0] 74.0] 74.0] 74.0] 74.0] 74.0] 74.0] 74.0| 74.0] 74.0 14| 74.0
7 1058 74.0 7401 74.0] 74.1] 74| 74.1]| 74.0] 74.0] 74.0] 74.0] 74.0] 74.0] 71.0] 74.0] 74.0 14] 74.0
8 1100 738 | 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 14] _74.0
9 1102 74,0 | 74.0] 74.0] 741| 74.4] 741 74.85] 74.6] 74.5] 74.5] 74.6| 74.4] 74.4] 74.4] 74.3] 74.2| 742 16] 74,2
10 1104 740 | 7Ad] 74l 7a0] 740 748|742 74 74| vaa| 7a2) " va gl aa) 12(__74.1
11 1108 740 | 740 741 740f A1) vA VAN 7AA| 7a] 74| 7AN] T40) TA| 7aA] 13741
12 1108] 1 740 | 74.0 74.0] 74.0] 740 74| 742 741 74.4] 74.4] 74.9] 74| 74| 740] 741 140744
13 1114 740 | 74.0] 74.1] 74.4] 7a.] 744] 74.2] 74.2| 74.4] 74.30 74.4] 748 74.8| 74,71 745 745] 74.5 16]__74.5
14 1114 740 _ | 74.0] 74.0] 74.3| 74} 741} 74| 741} 74.2f 7a.2| 74.1] 74.1| 74.0[ 74| 743| 722 742 16] 74,2
15 1116 740 | 74.0] 740[ 74.3] 741 74.1] 74.0] 74.0] 74.0 74.0] 74.0] 74.0] 74.0| 74.0] 74.0| 74.0] 74.0 14740
16 1118 740 | 74.0]_74.0] 74.0] 74.] 740 740] 74.0| 74.0] 74.0] 74.0| 740] 740 112|740
17 1119 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[ 74.0] 74.0 18] 740
18 1123 74.0 | 74.0] 74.0] 74.1] 41| 744 74.1] 74.0] 740 74.0] 74.0] 740 74.0] 7.1 74| 74.1] 744 18]__74.1
19 1126 740 | 74.0] 74.1] 740 ¥4.1| 740| 74.0{ 74.0] 74.0] 74.0] 74.4] 74.0| 74.0| 74.0] 74.0] 74.0 16| 74.0
20 1128 738 | 74.0[ 74.0] 74.0| 74.0| 74.1| 74.0] 74.0] 74.0] 74.0] 74.1] 74,0] 740 74.1 18] 74,1
21 1138 740 | 74.0[ 74.0] 74.0] 74.0| 74.5] 74.8| 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] 75.0] 74.51 74.6] 74.5] 74.5 14| 74.5
23 1145 7.0 | 74.0] 74.0] 74.0] 74.5| 74.5| 74.5| 74.5| 74.5] 74.5| 74.5] 74.5 ' 11745
24 1147 740 | 740f 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] 74.0 151 74.0
25 1150 740 | 74.0]_74.0] 74.0| 74.0| 74.0] 74.0| 74.0] 74.0] 74.0] 74.0] 74.0| 74.0| 7.0 74.0 74.0] 74.0 18] __74.0
26 1152 74.0 | 740 74.0] 74.0 74.0] 74.0] 74,0\ 74.0] 74.0| 74.0] 74.0 ’ _10]_74.0
27 1165 74.0 74.0| 74.0] 74.0| 74,0 74.0] 74.0| 74.0 ‘ 70 74.0
28 1156 740 | 74.0; 74.0] 74.0] 74.0] 74.0| 740 74.0| 74.0]_74.0] 74.0{ 74.0] 74.0{ 48] 740
Ambient*] 1200] 78.0 |  74.0 ' 1 B

*Only surface tomperaturo rocordad. Constant surface to boltom tomporolures al sitos 26-28 indicato thal omblont \emporaturs romained at 74°F {throughaul
the survey,



Table 3

Temperaluros (°F) recorded at 1-fool Intervals from surface to boltom al 22 siles on the Susquehanna River downriver from the Susquehanna
Steam Eloctric Statlon discharge diffusor, 3 Saplombar 2008,

. Tompaeraturg (F) , B Bepth in Faat o ) Bottom
Site No. Tlmo = e face | 4 1 2 | 3 1 41 5 1 61 7 1 8 [ 6 | 10 [ 11 1293 | 74 | 15 | Dopth| Tomp
Ambient | 1128] 776 ] 746 74.5] 74.5] 74.5] 7a.4] 74.4] 743] 7430 74.3] 74.3] 74.3] 74.3 1] 74.3
1 1120 74.9 74.8| 74.01 74.9] 74.9] 74.9] 74.8| 74.9] 750! 7501 76.0] 75.0] 749l 74.9] 748 14] 749
2 1134 75.0 75.1| 78,01 75.1] 75.0] ?5.0] 5.0 75.0] 75.0] 7511 v5.0] 75.0] 75.0] 75.0] 75.0 14]  75.0
3 1138 74.9 75.0] 76.0] 75.0] 75.0] 75.0| 74.8| 74.9] 75.0] 7500 v4.8] 748 749l 74.8] | 13 74.9
4 1141 75.1 75.00 76.0] 74.9] 74.9] 74.9] 750 75.0] 74.9] 74.9| 74.9] 748 7438 12| 4.8
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] 747
8 1147 74.9 75.0] 756.1] 74.8] 74.8] 74,9 747] 74.8] 749 74.7] 74.9] 74.9] 7a9| 75.0] 74.9] 749 15] 749
7 1151 75.0 76.0| 74.0] 74.9] 74.8] 74.7] 74.7| 7a7] 74.8] 74.8] 74.7] 747 747] 74.8] 74.8] 74.8 15 74.8
8 1154 75,1 78| 7AB| 7a.7] 7541 74.0| 74.8] 7a.7] 747 747 74.7] 743|747 747 17| 14 74.7
g 1201 74.8 74.8] 74.7| 747l 747 7A7| 747|747 747 74.8] Fa8l 747 746] 74.6] 74.6] 14] 748
10 1204 74.9 74.8] 74.8] 74.8| 74.8] 74.8] 74.0] 750 74.9] 74.8) 74.8] 74.8] 74.7| 74.7| 707 4] 74,7
11 1207 75.2 7511 15,01 74.8] 74.9] 74.8] 748] 74.8] 74.8] 74.8] 748 74.8] 748 12748
12* 1210 74.5 | 74.8] 1.6 74.5] 744] 744l a4l 7a4] 74.4] 744 74,4 744 11 74.4
13 1218 748 | 74| 746 74.4] 74.3|_7A3| 744] 74.3] 743|744 744 743 743] 743 13]__74.8
14 1218 747 | 747 74,8 748 74| TAd| V44|l 74.4] 744 43| 74.8] 4.3 ' L 1] 743
15 1228 75.1 7541 78,01 7641 75.0] 75.11 78.0] 74.8] 751 75.21 76.0] 74.9] v4.8{ v4.7| 74.7| 747 150 74,7
16 1228 75.0 74.9] 74.8] 74.8] 74.7| 74.8] 74.8] 74.8] 747] va7] 747 7a7| 47| 748 13| 74.6
17 1230 75.1 7501 76.0] 75.0] 74.9] 74.8] 74.9{ 74.8] 74.8] 74.8] 74.9] 74.9] 74.9] 74.9] 74,7 14] 74,7
18 1232 75.0 75,01 78.0] 75.0] 750] 76.0] 74.8| 74.9] 749 74.9] 74860 74.8] 747 7a8] 13] 748
19 1234 75.0 75.00 75,01 74.9] 74.9] 74.8] 7490 748] 748 74.8] 74.8| 748 74.8 12| 748
20 1230 74.8 751 78| 75.21 754 75.0] 75.0{ 75.2] 75.1] 75.0] 74.9] 75.0] 74.8] 74.9] 748 14| 74.8
21 1244 754. | 75.0] 748l 74.7] 745| 74.6] 74.8] 74.4| 745 74.4] 74.5] 745 11| 74.5
22 1249 75.4 74.8] 75.21 75.1] 755 75.5] 76.4] 75.6] 755] 75.4] 75.3] 78.3] 75.3] 75.2| 75.2 14] 75,2
Ambient | 1262] 78.6 | 75.5 75,3 75.3] 75.2] 751] 75.1] 76| 764 75.0] 75.0] 75.0] 75.0] 75.0 12| 75.0

*All temiperatures (oxcopt ambient) measurad nfler 1210 hours were adjusiod for an increase in amblen! tamporature by sublracling 0.8°F,
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Fig. 1

Location of the Susquehanna Steam Electric Station {SSES) and the proposed Bell

Bend Nuciear Power Plant (BBNPP) river water intakes and discharge diffusers along |
the west bank of a pool In the Susquehanna River, six miles upriver from Berwick, PA, |
2008, Depth contours at 2-foot inlervals based on a river level at 486.2 feet above mean |
sea level surveyed in 19683,




(414

< 25
DIFFUSER
26
i 27
’III
/’/’
L ) l’[’
50 FT ’/’/
I,’
II,I
/7
i
/!
I,I
— , SHORE LINE P

615 FT TO
INTAKE BUILDING

Fig. 2
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Fig. 3

Limits of & thermal plume (0,8" and 1° F above ambient water temperature) In the Susquehanna River caused by tho rolonse of
cooling lowar blowdown (12,000 gpm) from the Suaguehanna Steam Elactric Station discharge diffuser as measurad ot 22 sites,
3 Septomber 2008. Average rivor flow on this date was 2,140 cubic feet/sacond.
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