THERMAL POLLUTION STUDY
INTERIM REPCRT

Upper Ohio River Basin
October 1967 - December 1969

Work Document No. L1

This document has been prepared to record a
specific water pollution control activity
carried out to date in the Ohio River Basin.
The information contained herein will serve
as a ready reference to aid in the planning
and development program in the Basin.

Questions or comments relative to this
material should be directed to:

Laboratory Services Section
Upper Ohio Basin Office
Ohio Basin Region

Wheeling, West Virginia

United States Department of the Interior
Federal Water Quality Administration
Ohio Basin Region

June 1970
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Purpose

The purpose of this document i1s to present the resulis of an interim
study of thermal pollution in the Upper Ohio River Basin. The study was
designed to develop procedures for alding in the determination of major
heat loads in the Basin.

Thermal pollution.represents one of the growing threats to maintenance
of good quality water. This usually occurs below major industries such
as steel mills and stream-electric generating plants. Other industries
such as shemical, petroleum refining, etc., contribute thermal loads of
lesser magnitude in most cases. Problems are associated with the size and
flow of the stream, proximity to other industries, and intended use of the
stream.

The stream-electric power industry is by far the largest thermal
polluter in the Basin. Fach kilowatt hour of electricity produces about
1,877 BTU of heat to the cooling water. Many oé the progressive electric
power corporations are providing necessary cooling facilities to control
their thermal loads. In most cases, these cooling units are operated as
a closed system providing benefits to both the owner and the public.

Acknowledgments

During this interim study, little formal contact was made with any
of the power companies since most of the work pertained to actual field
conditions on a random basis. Most area electric power plants operate near
rated capacityo

River discharge information was obtained from the U. S. Army Corps of

mzineers and the U. S. Geological Survey.






SUMMARY
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Findings
. Q . | o . 5
1. Excsssive (35 F average increase) thermal loads were found in the

following areas:

a. Beaver Basin

1) Mahoning River, Ohio Edison Company, Niles Plant (250 M),
Niles, Ohio - largest observed average river temperature
increase of 12.8° F

2) Beaver River, Pennsylvania Power Company, New Castle Plant
(293 MW), New Castle, Pennsylvania - largest observed average
river temperature increase of 10.0° F.

b. Monongahels Basin

1) DMonongahela River, M. P. 29.5, West Penn Power Company,
Mitchell Plant (LL9 MW) - largest observed average river
temperature increase of 11.3O F.

2) Monongahela River, M. P. 25.2, Duquesne ILight Company,
Elrama Plant (425 MJ) - largest observed average river
temperature increase of 7.2° F.

c. Muskingum Basin

1) Muskingum River, M. P. 118, Columbus and Southsrn Ohio
Electric Power Company, Connesville Plant (L33 MW) - largest
observed average river temperature increase of 8.3° F.

2) Muskingum River, M. P. 68.3, Ohio Power Company, Pnilo Plant
(500 M) - largest observed average river temperature increase

of 5.1° 7.



3) Muskingum River, M. P. 28.15, Ohio Power Company, Beverly
Plant, lower unit (876 M) - largest observed average river
temperature increase of 6.8° T.

2. No single average river tempresature increases greater than So ¥ wers
found for any power generating plants along the Ohio River, however,
soms difficulties are present at the following locations:

a. Ohio River, M. P. 15.2, Duquesns Light Company, Phillips Plant
(315 MW) - single temperature measurement found greater than
89° F.

b. Ohio River, M. P. 53.9, Ohio Edison Company, Sammis Plant
(1,960 MW) - single temperature measuremsnts found greater than
89° F, some hot spots as high as 96.1° F. TFuture proposed
expansion will increase average temperatures over 70 F.

c. Ohio River, M. P. 76.5, Ohio Power Company, Cardinal and Tidd
Plants (1,452 MW) - single spot tempsrature increases greater
than 12° F.

Recommendations

1. Cooling facilities are recommended to be installed immediately at the
following locations:
a. Mahoning River, Ohic Edison Company, Niles Plant
b. Beaver River, Pennsylvania Power Company, New Castle Plant
c. Monongahela River, M. P. 29.5, West Penn Power Company
Mitchell Plant

d. Monongahela River, M. P. 25.2, Duguesne Light Company, Elrama Plant






I
Muskingum River, M. P. 118, Colurbus and Southern Ohio Electric
Power Company, Comnesville Plant
Muskingum River, M. P. 68.3, Ohio Power Company, Philo Plant
Muskingum River, M. P. 28,15, Ohio Power Company, Beverly Plant

future expansion of any of the above powsr plants should be

permitted without the installation of cooling facilities.

Any future expansion of the power plants listed below over the capacity

indicated should not be permitted without the installation of cooling

towers.

de

de

h.

Ohio River, M. P. 35, Duquesne Light Company, Beaver Valley
Power Plant. (100 MW)

Ohio River, M. P. 53.9, Ohio Edison Company, Sammis Plant
(1,960 M)

Ohio River, M. P. 76.5, Ohio Power Company, Cardinal Plant
(1,230 M)

Ohio River, M., P. 102.,5, Ohio Edison Company, Burger Plant
(5Ll M7)

Ohio River, M., P. 111.1, Ohio Power Company, Kammer Plant
(675 M)

Ohio River, M, P. 161,5, Monongahela Power Company, Willow
Island Plant (215 Mi)

Ohio River, M. P. 2L1.6, Appalachian Power Company, Phillip
Sporn Plant (1,060 MW)

Ohio River, M. P. 260.1, Ohio Valley Electric Company, Kyzer

Creek Plant. (1,086 M)



TIT. STUDY AREA

Ceneral Information

The electric power generation needs have besen doubling in capacity
every ten years during the past, few, decades. DPredictions indicate that
this trend will more than prevail for the next few decadss.

rossil fuel power stations are the most common source of electricity
in the United States. Hydroelectric power is generated in some parts of
the country with new hydro installations being built in many areas, but
this will only represent a small part of the total capacity. Nuclear
power stations will become more common along with their greater cooling
water needs.

The Upper Ohioc River Basin has a large coal reserve making this type
of fuel very attractive for steam-elsctric generation. Many large pbwer
stations are being bullt as mine mouth generating plants. A great futurse
exists for the electric power industry. At the present time there are
about 105 electric power stations in the Upper Ohio River Basin with a

tal design capacity of about 20,200 msgawatts. In one hour the combined

ct

capacity of these plants can produce a heat load to the river of 330 billion
BTU's or enough energy to heat about four million residential homes. About
five major plants with a design capacity of 10,600 megawatts are under

construction at the present time in the Upper Ohio River Basin. Only one

h

of these future plants with a design capacity of 1000 megawatts does not

have provision for cooling facilitiles.
About 20% of the electric plants in the Upper Ohio Basin were selected
or field studies. Most of these study units produced more than 200 megawatts

averal btributaries and ths

[}

vower each. Field studies were set up for

ss sectlion of
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section of companies, minor basins and thermal conditions.

Thi

ul

report covers the study period of October 1967 - December 1969.

summary of these plants

appears in Table 1.

Table 1

THERMAL POLLUTION STUDIES

Upper Ohic River Bagin

Mile Point

Allegheny River Basin

17.5

16.0

Beaver River Basin

Miles, Ohlo
(Mahoning River)

New Castle, Pa.
(Shenango River)

Xanawha River Basin

78.5

lionongahela River Basin

29.5

25.2

Maskingum River Basin

Conesville, Ohio

Company

West Penn Power Company,
Springdale Plant

Duguesne Light Company,
Colfax Plant

Ohio Edison Company

Permsylvania Power Company

Appalachian Power Company,
Kanawha River Plant

West Penn Power Company,
Mitchell Plant

Duguesne Light Company,
Elrama Plant

Columbus & Southern Ohio
Electric Company, Conesville
Plant

Ohio Power Company,
Philo Plant

Capacity

(Megawatts)

250,0

293.0

126.0

hiB.7

l’rZS -0

2‘1‘33.0

500,0

O~






VI

VII.

dle Point

Bevarly, Ohio

Ohio River

2.1

15.2

35.0

53.9

76.L

76.5

161.5

21,6

260,.1

Scioto River Basin

Columbus, Ohio

Company

Ohio Power Company

Muskingum Plant
(Additional A15 mur has
cooling facilities)

Duguesne Light Company,
Peed Plant

Duguesne Light Company,
Phillips Plant

Duquesne Light Company,
Beaver Valley Plant

Ohio Edison Company,
Sammis Plant

Ohio Power Company,
Tidd Plant

Ohic Power Company,
Cardinal Plant

~1

180.0

315.0

100,0

1960.0

222,0

1230.0

(The Tidd and Cardinal plants
were combined for the study.)

Ohio Edison Company,
Burger Plant

Ohio Power Company,
Karmer Plant

Monongahela Power Company,

Willow Island Plant

Appalachian Power Company,

Sporn Plant

Ohio Valley Electric,
Kyger Creek

Columbus & Southern Ohio

5Lh.0

675.0

215.0

1060,0

1086.0

230,0

Flectric Cormpany, Plcway Plant






THIRMAL POLLUTION STUDIES

tathodology

Each study section was measure:

i

by a temperature sensing instrument

»

containing a calibrated thermistor on an electrical cable. All measurements
were made from an anchored boat, so that depth data could be obtained from
the same point. Temperatures were measured across the river at several
places to provide good cross sectlonal data at several depths.

To adequately assess the thermal loads in each area, a reference
station was established upstream of the power plant. Conditions causing
"short circulting" of heated water moving upstream from point of discharge
to point of intake were also observed. Short circuiting is somewhat dependent
upon the type of discharge structure used. Downstream stations were chosen
to show the effects of the thermal loads at variocus distances.

Although three dimensional conditions exist in the mixing zone
(longitude, latitude, and depth), this study considered each station as a
cross sectional volume of river representing a specified quantity of heat.
The mixing zone is merely defined as the reach of river where heated water
causes the river temperature to increase over ambient. Recovery is con-
sidered at the point where the temperature starts to decrease to ambient
temperature. The average temperature and ranges were reviewed for hot
spols, excessive varlations and conditions which could affect aguatic life.
A comparison was also made with established procedures for calculation of
theoretical conditions based on rated capacities of the individual power
station per FWQA Manusl, "Industrial Weste Guide on Thermal Pollution',
Septerber 1968, No attempt was made during this interim study to relate

ths rated capacity to the actual opsrating capacity during the actual study

I . o e
af con Ahermal conditions Tor ald powse stationn investigate

U R T

x

- . 3 Cao L. yoed PR i
Toper Ohlc Basin Offise appears in Table 2.
it
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APPENDIX

Field Data and Theoretical Conditions



tzf
.

I, MW rated capaciiy
Yaximum efficiency = 35%
Heat loss within plant = 15%

Snergy required for 1 KWH = 3,L13 BTU
Adequate mixing of effluent

Hzat Load: 3%1; BTU = 9 750 BTU/KWH heat rate

(0.85 x 9,750)-3,413 = 11,877 BTU/KWH Heat to Cooling Water
. £ oy oy 7 -
(L.88 x 103 BTU/KWH) ( 4./ x 10 KW) = 2,23 x 10 BTU/Hr Heat Load
Strezan Quantity: Q = (cfs)(62.L 1bs/Tt2) (3500 sec/Hr) = lbs/Hr

Q

it

(8.7 x 103)(6.2u x 10)(3.6 x 160) = .95 x 103 lbs/Hr

Theoretical Stream

Temperature Rise:[&Tr Total Heat Load to Cooling Water, BTU/Hr

Stream quantity, lbs/Hr)(1 BTU/1b OF)

AT, = 203 x10 - 5D %F

1,95 «x 10—(Z

Actual Field

Temperature Rise:[&Tr = (Avg. Cross-Sect. T, ~F)-(Background T, F)

N o= J79.7°%F— 787 F-_1.0 °F
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Duov =cur Lin,7 {n - zoxPower Plant

s J0 5 19 LR

Assume: 443 MW rated capacity
Yaximum efficiency = 35%
Heat loss within plant = 15%
Energy required for 1 KWH = 3,Lh13 BTU
Adequate mixing of effluent
Heat Load: —4’————;——3 %lg BIU - 9,750 BTU/KWH heat rate
(0.85 x 9,750)-3,L413 = L;,877 BTU/KJH Heat to Cooling Water
: 5 G
(L.88 x 100 BTU/KWH)( 2.63 x 1C kW) = /. 29 x 10" BTU/Hr Heat Load
Stream Quantity: Q = (cfs)(62.L 1bs/ft3)(3éoo sec/Hr) = lbs/Hr
3 - 7 )
Q= (8.7 x107)(6.2h x 10)(3.6 x 10°) = §.95 x 10" 1lbs/Hr
Thecretical Stream
Temperature Rise: AT, = Total Heat Load to Cooling Water, BTU/Hr
Stream gquantity, lbs/Hr)(1 BTU/1b OF)
- ;  x 10
Are - LAI_x0 L 70
4.9 %10
Actual Field

o
(Avg. Cross-Sect. T, °F)-(Background T, F)

i

Terperature Rise:[ﬁTr

. - > e O e -
pr, - 824 % — 798 % - 26 O

P 2 A






THIRMAT, POLLUTION 3TUDIES

Tatz  7-i0.68 Location Allachany River M, 2, 15.0
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281 28! 281 — 28+ 280 T
32 © 32 v 32 32
AVizALE  Sine S0.2°F
ZOYE OF MIIDG (M. P. _15.0 )
Sur. _83.4 Sur., £2.8 Sur. _82.0 Sur. _82.0 Sur., 81.5
Lt 82,4 k' 81,5 hro 8319 W' 0.8 ooy
8+ 8+ 80.¢ 8 79.2 8 _73.8 8+ 78,8
12t 12y 79.2 120 78R8 12 78 12¢ 788
16 16t 16t 8.8 161 16t 75,8
201 _ 20! 200 /5.0 eor 200
24! 24 24t 24 25
28! 231 281 281 ' 23 T
32 e ey e 32t

{3.
WA
471
E

TAM PT. NO INCREASE (M. P. 1L.2 )

Sura 32 A Sur., &2.4 Sur., I
ar £2.7 8+ 82,2 8t 3
! 201 20 T
25t 300 301!

5
i
|

@ Highway Bridse Below Dam

Sur.
B

201

301

n e
82.6
82,2

Sur.

Bt
207

351

£0.8
o, I'q
0.6

:1ow Loo!

N
e

[ es]
&

{
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Trermal Polluticn Studie

[0}

£
)
3
o
]t.._l
i
23
¢t

Sgprsmen 1, 1949

Ascumes 1 5O MW rated capacity

Maximum efficiency = 35%

Heat loss within plant = 15%

Energy required for 1 KWH = 3,413 BTU
Adequate mixing of effluent

Heat Ioad: 3,413 BTU

_16_§g__~ = 9,750 BTU/KWH heat rate

(0.85 x 9,750)-3,413 = };,877 BTU/KWH Heat to Cooling Water

g

3
(L.88 x 10° BTU/KWH)( 2.5 x 10 KW) = /., 13 x 10 BTU/Hr Heat Load

i

tream Quantity: Q

[ &7

i

Q

s
1

Aeoretical Stream

~3

emperature Rise: \ T,

AT,

sctual Field

Temperature Rise:[XTr

A T,

(crs)(d2.4 1bs/ft3>(3600 sec/Hr) = lbs/Hr

3.76 x 102)(6.% x 10)(3.6 x 103) = Q ay ox 10? lbs/Hr

(

It

Total Heat Load to Cooling Water, BTU/Hr
Stream quantity, lbs/Hr)(1 BTU/lb OF)

7
/.22 x 10 o

9.4y x 10

o
(4vg. Cross-Sect. T, °F)-(Background T, F)




THEIMAL POILLUTICH STUDIES

CISCRIFITION OF FINDINGS - MAGNITUDE AND TYPE

intake. Plant on left bank,
from plant.
crosses on surface to intake.

L 9-11-69  Iocation IMahoning River @ Niles (M., P. 523%)
Tiny 375 ¢fs Plant 2ome  Niles - Ohic Edison Company
Y. Pemperature - Begin- 77 YR Mnish 82 9F Work Dune BY Iprentz & Moser
Dalative Hupdddity L P Bezinming Time 1200
LTS Apx. Distences Between Bampling Foints Négat

g Middle Eank
~:zinning Refereace Water Temperature (M,P, 52.3 3
o, 7106 Sur. P. Sur. 71,2

. B e .
Lids Tl.? Mid., °E Mid. 71.2
2ob, 7L.2 Bot, Bot. 71,2
*  Derth 8t Depth Depth 8!

Aot rr LT L
LACYE cm?am {(¥.,P. 52.0 ) At Tntake
Sur, 73-4 Sur, Sur, Suar. 74.8 Sur._77.0
513X 7L 6! 8XZ :Zﬁ:é: 6' 8% R :Z: 61 8% 2.6 31 &% 782

2DV 20’ 20" 6'FIK 12,6
30° 30' — 30° 30’ 30'
L7IDENCE OF THERMAL SHORT CIRCUIT?  Yes

About 1° F total average rise at
looking upstream. Discharge channel faces D.S.

Hot water crosses stream and flows upstreanm along right bank, then

MAXDAUM OUTFALL TEMPERATURE

8ly.6 TR 1245

SIZT OF MAXTMUM TEMPERATURE ZONE:

50! D.S. of outfall, along right bank

CRIOW OUTFALL {M.P.  ©51.8 )

o, 8L.6 Sur. 82. Sur, 82.0 Sur, 81.0 Sur. 81,7
Lt BoLT L 1 Lt 7B 4* 781.0 Lt g1 )

7UEIE BEUL g' 81.0 8* 31.0 8" 81.0 8’ 81.5

w2 12' 12 121 12!

i T 16° 16° 16" 15
T 20" 20t T 20" 20"
ST ot T o T ont T 2
37 28’ p3* 28! 23*
T T 3 T w T 2t T
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4

Ao
A3suUnie s

7
DEAJER River, M. P. 0

(b I N B [ N -
P Motk iarA D Coo plros (agtag Power Plant

e We N .
493 Md rated capacity

Maximun efficiency = 35%
Heat loss within plant =
Energy required for 1 KiWH
Adequate mixing of effluent

15%
= 3,413 BTU

Heat Load: 3,413 BTU - 9 750 BTU/XWH heat rate
0.35 >

Stream Quantity: Q

(0.85 x 9,750)-3,L413 = 1,877 BTU/K‘

WH Heat to Cooling Water

(L.88 x 103 BTU/KWH)( 2,93 x 10

(cfs)(62.4 1bs/ft3)(3éoo

"

1)

Q=(8.¢0 x 101)(6.2u x 1

Theoretical Stream

Temperature Rise: AT,

i

KW) = [/ 4, x 10‘2 BTU/Hr Heat Load

sec/Hr) = 1lbs/Hr

0)(3.5 x 10°) = [.G3

Total Heat Load to Cooling Water, BTU/Hr

Stream quantity, lbs/Hr)(1l BTU/lb OF)

i
A _ ig‘?‘i;? X 10
Z\ T =

Actual Field

Temperature Rise: AT

M
N
‘e
<
g
e
s
o}
7

4]

i
U
®
Q
o

>

i

AT = 849 °F — 7459

o
°F)-(Background T, F)

o)

°F = /00 °F

r

&
x 10 1bs/Hr






THERMAL POLIUTION 3TUDIES

o 2-10-69 location Beaver River Below New Castle (M. P, 20.13%)
“irry 560 efs Plant ¥ame New Castle Plant - Penn Power Company
iy Taoparaturs - Begin- 67 YF  Tinish 80 OF YWork Done By lorentz & Moser
Pelative Humddity in ) Bagianding Time 1100
Taly Apx, Distances Bstweep Sampling Points Right
RS B Middle Banx
2 :3inning Reference Water Temparature (#.P, 20.55 Y} Junction with Oxbow

SY’»:‘»: 75'2
sid, 752
—

Sur.

}‘iidc ;5‘2

74.8 Swr. T7h.h

md‘

é}ﬁt- i BOt. ‘5‘2 Bgt- ?br'l
Devth 9t Depth 121 Depth It

ATOTE CUTFRALL (M, P, 20.05 } At small diversion dam
S}l:i‘. Da‘m S'U.I. Dam SUI‘. 75 '2 S‘uz‘n 75 '2 Surc 75 02

ar 8* S5'RX 5.2 STEX 5.5 | "BX 75,2
cie L 20" 20" 207 20!
ol 30’ 30° ' 30'
LYIDENCE OF THERMAL SHORT CIRCUIT? No

DZZCRIPTION OF FINDINGS - MAGNITUDE AND TYFE
VAXDIUA CUTFALL TRMPERATURE 860 F TS 1130

STZE OF MAXITMUM TEMPERATURE ZONE:

Width of outfall and out to .about 30! from
outfall, shallow - 2' to I! deep

= ToW OUTFALL (#.p, 20.00

) At Power Line

“ew, 752 Sur. 75.2 Sur. 82.4 Sur. 89.6 Sur.__89.6
21 7757 gt ch 75.5 6" W 78,8 g’ 89.6 2&%«1 89,4
vy ' 81 [ 14
T 12! 12 e 2t T
Th 16" 156! 16! 15!
L T 201 _— 207 T 20» 201
- 2Lt 24 2l ol
T 28" 28t T 28" 28* T
T — 321 S——— 32' T— “&2? Tm——— ?22 TTT———



[ep]
.

=3

AR PN Fa ey (DA
OcIeBRel 70, L7 &5

Agourmes »‘}2{0 MW rated capacivy

Vaximum efficiency = 35%

Heat loss within plant = 15%

Energy required for 1 KWH = 3,413 BTU
Adequate mixing of effluent

Heat load: 3,413 BTU

_J_O__Bg.___ = 9,750 BTU/KWH heat rate

(0.85 x 9,750)-3,413 = L,877 BTU/KWH Heat to Cooling Water

5 [
(.88 x 103 BTU/KWH)( 4.)¢ x 10 KW) = 2.08 x loj’BTU/Hr Heat Load

Stream Quantity: Q =

Q
Theoretical Stream

Temperature Rise: AT,

AT,

Actual Field

Temperature Rise: A T,

AT

r

(cfs) (624 1bs/ft3)(36oo sec/Hr) = 1lbs/Hr

(

I

I

1

25 x 0

8
3)(6.2h x 10)(3.6 x 10°) = &7({J x 10 1lbs/Hr

Total Heat Load to Cooling Water, BTU/Hr
Stream quantity, lbs/Hr)(1 BTU/1b OF)

A .05 10:2
o4 - = 37 °F
5‘ {y ! X lo*

&)

o
(Avg. Cross-Sect. T, "F)-(Background 7, F)




PSR- SRS PeYe Lecation Xanayw Power Glaspos Plant, 1,7, 74,35
Tlono 2,E00 cfs Planb lagme
My Terporature - Begin 3 dork Done By .icnos, Mniar
Z2lative Hamidity = 627
PIFTRARNIE VATER TEMPERATURE  &L.O M., P, 737
Lafh Apx. Distances Betwsen Sampling Foints Right
Ran Hiddls Bank
ADCTE OUTAAIL (M. P. 78.5 ) Above intaks at ice breaker and under hizh wire
Qar, A4LD Sur., 54.0 Sur, _6L.0 Sur. 63.8 Sur. _6L.h
31 5.0 81 61,0 8t 53.5 8t 63.8 81 63_»;(5_“
201 1823 6Lh.0 201 63.5 182 3?» _boh.o 1z __“3',3”.8
i 300 30 300 30t ] N
AVIRALE  rmormasurs | 53,9 °F o
ELGY OUTFALL (M. P. 78.L } At coal unloader dock
Sur, _69.8 Sur. _71.) Sur, _68.5 Sur. 68.0 Sur. _66.2
Y 25,5 Lt 63.0 Lt 67.1 i ob. 7 I 65,2
— —ii e
g 65.8 81 ol 4 83 67.1 8t 50. 3. 8¢ .g_ré 2
12 5,7 i &L L 12y 2. 12t 6.9 12t ___.“6}4:; -
151 16t 1461 SN 16t O . 161
e ——— T ey o s e <
ot 20° : 207 Ol L 20! ol. it 20
2L 24 2l 24t AR 2Lt
281 281 281 281 28 .
32: 32! 32: 321 321 -
AyERaLE  TEMPYRATORY 4 4L, 1°F
ZONE OF MIXDG (M. 3t )
Sur, Sur, Sur, Sur, Sur.
Lt Lt i1 I |y
8¢ - 8¢ [ a1 —_ 8 - 81 "
e 2y zr w2 2
2t __ oY 20t 200 0
2 2k 241t 24 2
28 281t 28 281 28
320 T P T 30 320 T R
LCHNSTREAM PT. MO INCREASE (M. P. 78.2 )} At beat launch
Suor, 542 Sur., 66.2 Sur, ©65.2 Suw. 55.2 Sur. 65.2
- e ——— o " - e e e
gt 05,2 8 05,2 81 05.72 &1 a5, 2 8 D5.2
vk 20 201 201 207
ekl 301 3{33 3 30? 303 o
Cavroumstrear at looks raraie s eveines fo 2lean oud by dock.
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T 31 Pollution Studies

R
Laery

Kanawna River, M. 7. 7K .5
Kapawha Bl Pewer Planh
OcToleR /0 » 17 63
Lssume: ftl{o Md rated capacity
Maximum efficiency = 35%
Heat loss within plant = 16%
Energy required for 1 KWH = 3,413 BTU
Adequate mlxing of sffluent
Heat Iead: 3,413 BTU - 9,750 BTU/KWH h=at rate
0.35
(0.85 x 9,750)-3,413 = 4,877 BTU/XwWH Heat to Cooling

Y
(L.86 x 10° BTU/KWH)! 4.246 x 10 KWy = _2.0% x 10
Stream Quantity: Q = (cfs)(62.4 lbs/ftB)(BéO( sec/Hr) = lbos/Hr

-

2.

it

Q= (2.5 x 109)(6.2 x 10)(2.6 x 17)

o~

Theoretical Stream

= 5.6

Water

QBTU/HI‘ Heat Load

3 .
x 10 1lbs/Hr

Temperature Rise: AT, = Total Heat Load tc Coolirng Waler, BTU/Hr
Stream quantity, lbs/Hr)(1 BTJ/1b OF)

2
10

Es)
I

10

;, 08 x
S 6] x

i

. o Oy /e
Temperature Hl:e:[XTr = (Avg. Cross-Sect. T, 7)-{Background 7T,
P [u} - o] O
_ : G —_— -
[.\Tr“uéif.._gx.F* 3,9 v .3 °F
. o , e . ey s oL
LT RAEYR . s Twe b 8 ) W 7 a2 e gd TR T e O s e RN # g it oy et R e ot thy L 4 e w

e}

°p)

L T T PRy et 4 8
oo e Jld/v‘&w%m“‘w ~
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IOV A YT TEHTTNT AT T
Lf{,IZR‘L“‘LL P\)}.,:L‘J [SPRE e LU;} [Bete}

LL9 MW rated capacihy

e
@]
U1
]
4
149
e

Maximum € fficiensy = 35%
Heat loss within plant = 15%
Enzrgy required for 1 Xwh = 3,Lh13 BTU

Adeqrate mixing of effluent

Heat Load: 24%1%?§IH = 9,750 BTU/Kwh heat rate
« 22

(0.85 x 9,750) - 3,Lk13 = 4,877 BTU/Kwn Heat to Cooling Water

> Kd) = 2.19 x 10° BTU/Hr Heat Load

(L.88 x 103 BTU/Kwh){(L.h9 x 10
Stream Quantity: Q = (cfs)(62.4 Tos/f+3)( 3600 sec/nr) = 1lbs/Hr

Q = (1.27 x 103)(6.2h x 10)(3.6 x 103) = 2.85 x 108 1bs/Hr

Theoretical Stream .
. <. m Total Heat Load to Cooling Water, BTU/Hr
Temperature Rise: T = 5= : - —t
: r  (Stream quantity, lbs/Hr)(1 BTU/1b °F)
AT = 2.19x%20° =7.8°F
r 2.85 x 10
Actual Field
Temperature Rise:  /\ T_ = (Avg. Cross-Sact. T, °F) - {Background T, °F)
ShUT L UL < Te “p e WLUOS = . iy \ LRH Il B
AT =95.3°F - 8,.0 °F = 11.3 °F

Pernsylvania Water Quaiisy Standards for temparature are:
Q z 1%
Summer maxinum 87 F

Yo rreater riss than 5 °F



Dats  7-iy -5l Location _ Momean ahols Piyar - MiTe Dainy 23 0 . -

Tlow 1270 cfs Pland Mam2 virshall o ingk Penn Pavap g g0 .

Yir Terperabe - Bagin §7 8 ©F  ®nish 57,7 “F  Work Lone By nriffi s Jdoust,
foser

PIPIRMCE WATER TROPERATURE & M. Po o7

et Lpx., Distances Betwsen Sarpling Points Right
Park Middls Bank

250! 7301

AECVE QUTFAIL (M. P. _30.3 )

Sur. 91,1 Sur. 91.) Sur. _91,h Sur. _o1.) Sur. 93,2
ardi.? 8+ 8I,2 8+ _uh.2 8 _83.% g+ Bh.2

201 16 22X @3], 2@ 83, X 83,0 20t

30 30! 30t 30! 3ot

Ayrasr TEMPrrATURT |

BELCY OUTFALL (M. P. 29,5 )

Sur.e _95.9 Sur. 95.9 Sur. _97.7 Sur. 97.7 Sur. 98,4
b 03.2 bt 95,9 Yy _gs.8 Lt _o7.7 %‘ 88,8
31 95.9 8* 95.9 8 _95.9 8t 97,9 8" 95,9

2 12 95,9 12t 93,2 12t 91,2 12¢ )

W 16t 95.0 16+ 5.0 6 570 16¢

201 20! 201 20! 0t

ey 2 v 2y 2Ly

28 281 281 28 28 )

32! 32 32 32 _ 32

WTL dut T L 948 J°F

Su=., 095.8 Sur. 95.8 Sur. 97.7 Sar. 97.7 Sur. 97.7
Lt 95.9 TN e 55,9 L1 95. 5 b 9R.ET
8 T905.0 8 TIL.2 g 53.0 81 95.0 8+ 0;.2
121 05,2 12 593.2 128 53.2 12 T 93.2 12y
151 16t 92.% 14 v9.5 16t 161
201 20! 207 207 20!
241 2L 2kt 24t 2ht
281 281 281 281 281
321 321 327 32: 32f

A AT N e

27.8 } 359 across stream @ Lt

Sar, Sur. Sur. Sur. Sur,
g1 Bt 81 s B

syt 20! 200 201 200 7
Pl 35! 30! 30! o
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Thermal Pollubion Ot

ies

r o e e s 2l e s A o]
I'lf{},’\.ﬂj.‘.{»—d\ [N i Rivet s Yl H,
P 3 ‘75 e RV TR . s 7 T e
W EST Poreu il dhivo e Powar Piang
f\
S !
-rrmeing f o, 4

(- ,
A3sume

449 M rated capacity
Maximum efficiency = 35%
Heat loss within plant = 15%

Energy required for 1 XKWH = 3,413 B7U
Adequate mixing of effluent

Heat Ioad: 3,L13 BTU 750 BTU/KWH heat rate

53— C 7

(0.85 x
(,.88 x

9,750)-3,L13
103 BTU/KWH)( 449 x 10:J K )

i

Stream Quantity: Q
Q:

Theoretical Stream

t

Temperature Rise: AT, = Total Heat Load to Cooling

= 1,877 BTU/KWH Heat to
7

= 20§ x 107

(cfs)(62.L 1bs/rt7) (3600 sec/dr) = 1bs/Hr

(JA.ed x 103)(6 2L x 10)(3.5 x 103)

Cooling Water

BTU/Hr Heat Load

é
5 x 10 1bs/Hr

Water, BTU/Hr

Stream quantity, lbs/Hr){1 BTU/1b OF)
A
AT = j!\{ x 10 - ; o
r "'i' — = 3.f2 ¥
3,93 x 10

Actual Field

Temparature Rise:[XTr = (Avg. Cross-Sect. T,

e}

80.¢ °F

1l

AT

°F)-(Background T, F)

5.8

r



ren s . ——
T}A AL UL J.,LGH Sr&}DI
Losation Manoavanela Pluare ,O2, 20 , :")“
cfs Plant Mame Mitcerodl - Yegt Pern Dagrer (LIS 0D
Oy P &= T > N T
- Begin &3 B Finizh 41 2 doprlk Donzg By Jar-=s % Yacar
e e - O P,
SEPTRINCE WATER TEAPERATURZT O 7h.5T P ¥, P. 27,0

faft Apx. Distances Bztwsen Sarpling Points Right
Bank Middle Bank
2501 750t
B RN TETYN s rn) - 3
‘&fﬁgﬁ OULf-ih (1;; ?. ZQ-E«\ ) ,
& 74.8° F >
Sar, Sur, ur, Sur, Sur. .
H L g &1 g
20! 201 207 20! 20!
301 301 30t 30! 30!
ACEDATE  TeaProsvers o 74.8°F

BELCH OUTFALL (M. P.

Sur. _79.2 Sur. _79.5 Sur. _79.7 Sur. 79.2 Sur. _81.5

oo 75,8 L _79.2 b _77.9 W' T 78% b _80.6

3s 73.0 81 77.0 84 77 .0 8t 77 .4 81 £0.2

w2 750 120 5.2 120 765 120 7755 12t 758

1At 161 758 141 7.2 161 75,2 iU

207 - 201 | 20 00 00

2h 24 2l 2h 2y

283 281 281 281 281 ‘

321 321 327 322 32t .
AgFeast Jreproest CFRVECE

ZONE OF MIXTNG (¥. P.  29.C )

Sar. 32,0 Sur. 8g.6 Sar. 80.4 Sur. 82.4 Sur. 82,5

L #1.,0 Jg 80.6 ! 0.8 I 80,6 ly? 20.6

g1 21.0 8¢ 00,2 8s 79.7 8 50,2 8

12t 5.0 12¢ 79.5 121 780 129 78,8 121 )

140 16 79.2 161 7.0 161t 76.0 16t

201 20! 20! 77.0 201 20!

24 24 241 24t 24

23 28 281 281 281

321 320 321 32 .

por 5]
IR F

DCWNSTREAM PT. NO INCREASE (M. P,

Sur, 3005 Sur. 0.4
Gt LA 81 33,5
RNCRIe N
e} 201 85,5
ENE 3

Sar. 80,5
253

203 oy

301

Sur,
81

20°

30!




B. Heat Lead: 3,L13 BTU

(]

Stream Quantity:

Maximum efficiency

(July 15, 1558}

125 MW rated capacity

354

Heat loss within plant

15%

Energy required for 1 Kwh = 3,413 BTU

Adequate mixing of effluent

0.35

= 9,750 BTU/Kwh heat rate

(0.85 x 9,750) - 3,L13 = L,877 BTU/Kwh Heat to Cooling Water

e
e

(1.88 x 103 BTU/Kwh)(L.25 x 10 KW) = 2.03 x 107 BTU/Er Heat Load

Q= (1.1 x 10°)(6.2h x 10)(3.6 x 10

D. The2oretical Strean

Temperature Rise: A T, =

A,

Q = (cfs)(

62

3

L 1bs/£43)(2600 sse/hr) = lbs/Hr

8
} = 2.47 x 10 1bs/Hr

Total Heat Load to Cooling Vater, BTU/Hr

(Stream quantity, 1lbs/Hr){1 BTU/1b F)

2

.08

x 107
517 x 100

X

= 8., °F

0
(Avg. Cross-Sect. T, F) - (Background T, °F)

5. Actuzl Field
Temperature Rises [& T, =
[o 208 o o~ o]
AT =9.4 " F-950.,5 F=5,9°F
Pennsvivaunia Water Quality Standards for temperature are:

Summer maximum 87 OF

-

. o
i zreater rise than § °F

TATS ST






TL.na o 7-15-88 Location llononean i

Zlow 1100 ¢fs Plant Hamz e

iy Twparature - Begin 75,2 °F froon

\,:D

BIFFREVCE WATER TRMPERATURE 22

Laft Apx. Distances Between Sarnling Points Rizny,

Bank Middla BanXk

200! c00!

AZOVE OUTFAIL (M. P. __ 25.8 )

Sur. _90.5 Sur, _90.5 Sur. _92.5 Sur. _90.5 Sur. 90.5

g 90.5 81 50.5 8+ 90.5 g 90.5 g

201 161 2 90.5 11'E®m 90.5 20! 20t

30 30! 30 30! 36
s K Trope o TE N IANES ?(’3‘,5. @ o

ZLO4 OUTFALL (M. P. 25.0 )

Sur. _96.8 Sur. _95.0 Sur. _95.9 Sur. _98.6 Sur. 102 ~2

L 553 L 95.9 Lt 950 v 97.7 hvo 102.2

81 5.9 8t 95.9 8 95.0 8+ ~95.0 Bt o

12r " 93.2 120~ 939 120 91 12t T O9LL w2

15 SUED:7 S 18t 90.5 mrxet 914 @ )

20! 20¢ 20 20+ 20t

th 24t 21 2&1 oht o ]

280 28 T 281 - 28 28

32 321 32! 32 32

AcgTiovor TpEreavenc po34 TR

ZONE OF MIXING (M. P. 2.6 ) Above J % L Steel

Sur., $5.8 Sur. 96.8 Sur. _95.9 Sur. _95.8 Sur. 95.9

Lv _97.7 ke 96.8 bt _98.5 b _95.8° v 95,6

8t 95.0 81 95.8 8 853 B ~55.8 8: 95,8

120 958 12t T 959 120 T J5.3 12r T 959 12+ 9518

164 95,9 16t T 95.9 18y 959 6 167 -

201 200 T 200 95.0_ 20° - 200

2l 2h 2 2t 2L

281 28 28¢ 28 8

321 32 32 320 32

DOWNSTREAM PT. NO INCREASE (M. P. )

Sur. Sur. Sur, Suz, Sur.

8 8¢ 81 Bt 8

2ot 200 200 200 20

SR 3o T 20! 30 30°
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Thermal Folliution bHiuwidies

o M.D

/ P 3 o -
‘-’\"}O}‘{O}\:‘n—ﬁ-—‘ﬁ‘s:f.\;\ niv y Mo Y _,Zw,‘,,i

€]

DogEr.d djenr Jy FELDAMa Powsre Plant
.

- . - . oA
SﬁQTuﬁBLKJb 19 ¥

¥ fdl T S
Assunz: »%35 MJ rated capacity

Mazimum efficiency = 38
Heat loss within plant = 15%

Energy required for 1 KWH = 3,413 BT
Adequate mixing of effluent

[

Heat Load: 3,413 BTU - g9 750 BTU/KWH heat rate
_467§g~__ 575 /

(0.85 x 9,750)-3,L13 = 4,877 BTU/KWH Heat to Cooling Water
3 g
(L.88 x:M? BTU/KWH)( 425 x 10 KW) = 2, 0% x 10 BTU/Hr Heat Load

(cfs)(62.1 1bs/ft3)(3600 sec/Hr) = 1bs/Hr

tt

Stream Quantity: Q
8
Q=(2.64 x 103)(6.2b:clin(3.6 % 10°) = £ ¥% x 10 1lbs/Hr

Theorsetical Stream

=3
w
3
@
L
v
(—fw
®
jas]
,_)
v
@
>
-3
"

'» = Total Heat Load to Cooling Water, BTU/Hr
Stream quantity, 1lbs/Hr)(1 BTU/1b OF)

3 of 2
- O x 10
&TI‘ = (8

- 3.5 %

5,35 x 10
Actunzl Field

. \ o ; o
Temperature Rlse:[lTr = (Avg. Cross-Sect. T, F)-(Background T, F)

AT = B7B °F— B0k F-_7.2°F




THEMAL PCLLUTION STUDIES

0-11-58  Location  Mongpeahela Divoer - M, B, 075 9D
20 cfg Plant Name Tl-nro Sheticn o Dnousana Uishy 2, (127 v
e —ed e N - e - b rors o = - “
Verserature - Begin 42 PF  dinish & YWork Lona BY  .'ames % M
PITICENCE WATER TEMPERATUEZ 20,49 7 M. 2. 2g &
laly Apx. Distances Betwsen Sarpling Points Right
Bank Middla Bank

200° £C0!

AECYR QUTFALL (M. P. 25.5 )
Sur, B0 Sur. 80.5 Sar. 80.5 Sar. 80.8 Sur.
g1 5.6 8¢ 80.% gt 80.5 8: 5 8:

9ol @]
) (]
O
n
(&4

201 201 80.5 207 80.6 20!
300 £ L 301 301 301

R P LRSS g o >
YT z L EsAd T e AT . GO 3

BELCH OUTFALL (M. P. 2,.9 } Vater Tank - Mississippi Glass Co.

Sur. 87.4 Sur. Sur.

co
e
=
3
.
(@2
—J
»
(ee]

Sur.

(@)
BN &
-

it SN Lt 85.7 L 87.8 I 84,7 Iy
g1 EAN 81 55.7 8 8c.7 8t 33,9 81
12 2.0 12¢ 85.2 12t 8l 2 12 81.0 12!
159 169 33.5 16! 81.0 1564 16t

201
24"

23!

20t , 201 201 20!
2L 21 2L 2l
28y 281 28!

i
|
i

32t 32! 32 32t 32!
sgrzace L Q6,70 F

ZCNE OF MIZING (. P. _2).7 ) Could not anchor in +his area.

Sur, Sur. Sur., Sur. Sur,

It I it L he

B 8 g8t 8 8

12t 12 12 12 120

1614 16 1561 141 16¢

201 200 200 200 20°¢

2ht 2 241 ot 2h

251 28 283 281 281

321 3o 32 I 32!

DCWNSTREAM PT. NO INCREASE (M. P, 2L.5 )

Sur. _27.8 Sur. __87.5 Sur. _87.8 Sur. _ 87,8 Sur. 88,2

g 57Y 8 67.8 gr _37.8 g 87.5 8 33,2

20 20t _87.4 g1 g7.d 200 830 201 -

20 301 30 30! 301t




fagl o I T S I S E .
Thermal Pollution o5 :dizy

b e i 1A ITro e
MU inid o River, . P.

Pl L . . - - .
LONTLVLRLD ST, Loan o a N EneV Powar Plant
Ao

& o e — W1 G 7
Ds:ijfhiwi\{ii:!{ -15; LT a7y

&)

A, Assume: 433 MA rated capacity
Maximum efficiency = 35%
Heat loss within plant = 15%

Energy required for 1 KWH = 3,L13 BTU
Adequate mixing of effluent

B. Hezt Ioad: 3,(&)1% BIU = 9,750 BTU/XWH heat rate

(0.85 x 9,750)-3,413 = 1,877 BTU/KWH Heat to Cooling Water
<
(,.88 x 103 BTU/KWH)( 4,33 x 10 kW) = 2.} 2 Pe 103 BTU/Hr Heat Load

(cfs)(62.4 1bs/ft3>(36oo sec/Hr) = 1bs/Hr

i

C. Stream Quantity: Q

]

Q=(24% x 103)(6.% x 10)(3.6 x 10°) = 5, 4.5 x 106 lbs/Hr

D. Theoretical Stream

1

Temperature Rise:[&Tr Total Heat Load to Cooling Water, BTU/Hr

Stream quantity, lbs/Hr)(2 BTU/1b OF)

23

_ . x 10
ATI‘— (2 il X

= 3 q OF

o
.

5.-48  x 10

E. Actual Field

o
Terperaturs Rise:ATr (Avg. Cross-Sect. T, °F)-(Background T, F)

]

709 °F — 446 F= 8.3 °F

AT

r



b TOoNT TS Py oy pate
THERMAL ROLIOTICY STUDIES

naE s 2-25-69  Ipeaticn Muskingum River @ Conazsville

;‘}_;;v.; e cfa Plant Fame GoOnesville Sbatica - Columbus & Scouthern Electric
A > Temmerature - Begin- 68 _“F  Finisa 72 OF Work Done ByBailey & Moser
Salative Huddity L6 4 Feginning Time 1015

i¥fchay Apx, Distances Betwszen Sempling Points Right

Penk #Middle Rank

2 .pinning Refersnce Water Temperature (M,P, 118.0 3

ny, 62.6 Sur, 62.6 Sur. 62.6
tiid, 02.6 Mid, 82.5 Mid. 62,6

Ti‘:}ta 62 '6 B‘Ota 62 «O Bcta 62 .6

’ Degpth 2.0 Desth 2.0 Depth 2.0

Auvg, G2LTF

AEOVE OUTFALL (M.P. 117.9 )

Sur., 62.6 Sur. 62.6 Sur. 62.6 Sur. 2.6 Sur. 62.6

8r BT L 8x BLES I &x Db bt T )y @*“6’“‘6
20! ml 203 20!

ag! 30' 301 301 30!

IWVIDENCE OF THERMAL SHORT CIRCUIT? No
DZSCRIPTION OF FINDINGS - MAGNITUDE AWD TYPE

YAXTMOM OUTFALL TEMPERATIRE 8,.6° F TIME 1030

SIZZ 07 MAXDMUM TEMPERATURE ZONE: Triangular shape 50! wide and extending out 50!
on downstream side.

TOLOW OUTFALL (M.P, 117.8 )

s, 62.9 Sur. 63.3 Sur. 72.3 Sur. 80.6 Sur. 82.4
”J&Y 62.9 3 52 31 56 2 4' 79,2 it 82.£|
3 8! g 78 718 SR 82._1_;
"2, r—m————— 12. 12' 101 12-!

pc 167 16! 1567 167

et T——— 207 201 20! 207
DT TTTT g T oy T g T
v T 28" 280 T T 28" 23
S @ KER e A
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Thermal Pollutior Stirdias

. ~ o P
MU, imeu M River, M, P. 54

T

Pri~O Cihio ¥ .00 <0, Poyar Plant
7

STpTEMSE? 23, 1569

Assume: A OO MW rated capacity
| ¥ R LR - oY nd4
Maximum efficiency = 35%
Heat loss within plant = 15%

Energy reguired for 1 KWH = 3,113 BTU
Adequate mixing of effluent

Heat load: 3,013 BTU - 9 750 BIU/KWH heat rate
(0.85 x 9,750)-3,L413 = L,877 BTU/KWH Heat to Ccoling Water

35
(1,.88 x 103 BTU/KWH)(_£, 0 x 10 KW) = 44 x 10’?’ BTU/Hr Heat Load

(c£s)(62.1 1bs/f47) (3600 sec/tr) = 1bs/Hr

3

Stream Quantity: Q

1t

Q= (/.9 x100(6.2L x 10)(3.6 x 163) = 426 x 10° 1bs/ir

Theoretical Stream

Temperature Rise: \T, = Total Heat Load to Cooling Water, BTU/Hr

Stream quantity, lbs/Hr)(1 BTU/lb OF)

- . g
AT 7, A
I‘ =

1]
L y
>
}_J
o
tl';
vz

Actual Field

I

. o] . o
Termerature Rlse:ATr (Avg. Cross-Sect. T, F)-{Background T, F)

3.4 °r

fi
Y
Cad
<0
o
|
-
s
(58
i
It

AT

r



THERMAL POIIUTICY STUDIES

Cwa 5-23-09  1ppatien lluskinguws River @ Philo

Loy L7000 cf Plant tame  Philo

Alw Termarvature - Begin- 76 YP o ®nish 75 YF dWork Toae By Bailey & Moser
Salabive durdddty 66 % Beginning Time  1))S

Tavh Apx, Distances Between Zaxpling Foints Right

Dnpk Middie Bank
3:cinnirg Reference Water Temperature (M.F, 68.8 3

Sam, 59 .01 Sur. 69.4 Sur.  69.04

AT Mid. 3oL MMa. 8oL

.,:.) » 09‘E .BOtvb 69’5 BCtO 69.LL___
‘ Dzoth Depth Depth
2EOVE ‘fzm'am {M.P. 68.L ) Above Salt Creek
Zur, 69.0 Sur. 69.0 Sur, 69.0 Sur, 68. r. 68.7
L 3% 89,00 8' 820 L Eﬁ(m Lt 8% ar
20 20! 20 20! 20
N 30 30° 30° 30!
o L1 o TR 8 _T -y

e
3 S > -
Aydh  Fas 2 ’

SJUDINCE OF THERMAL SHORT CIRCUITZ? No - Intake is above dam, outfalls below
DESCRIPTION OF FINDINGS - MAGNITUDE AWD TYFPE

MAXDMIUM OUTFALL TEMPERATURE  82.8° Upper - 78.8° Toyer TDME 1518

STZE OF MAXIMUM TEMPERATURE ZONE: Upper Outfall L' x 10! out x 2! Deep

Lower Outfall 10" x LO' out x L' deep

ZTLOW OUTFALL (M. P, 68.2 ) 100" D.S. of upper Power Line

Tux, 1542 Sur. 73.L Sur, 26 o Sur. 9.} Sur. 69.k
Lt 770 Lt 73,0 P hy: 69, 2V ER 69,]
ar 78 73, g g* 8!

]

ey 12 12 12 12!
(o) 16! 16" 16" 16'
st T 20" 20" 200 T 20"
T 2k 2k 24 2k
AR o8 T o8 T 23t T 283y T
p T wr T A A T






- L) -
M)HHUJ‘A‘« diver, M, Y. ¢ [0
CH0 Poun/dR 38wl oo Pewer Plunt
P
& - - ~ £
SEPTEMRSR 33, 19 69
Ass _R7& Md rated capacity

Maximum efficiency = 35%

Heat loss within plant = 15%

Energy required for 1 KWH = 3,113 BTU
Adequate mixing of effluent

Heat Load: 3,1513 BTU = 9,750 BTU/KWi heat rate

(0.85 x 9,750)-3,L13 = 4,877 BTU/KWH Heat to Cooling Water

<

(L.88 x 103 BTU/KWH)( 876  x 10" KW) = 4 .28 x 109 BTU/Hr Heat Load

(c£s)(62.L 1bs/ft°) (3600 sec/Hr) = lbs/Hr

i}

Stream Quantity: Q

Q=1(1% x 103)(6.2 x 10)(3.6 x 103) = 425 x 1oa lbs/Hr

Theoretical Stream

i

Temperature Rise: AT Total Heat Load to Cooling Water, BTU/Hr

Stream quantity, lbs/Hr)(1 BTU/1lb OF)

25 R i
ATr = ‘;i".;a-.f‘ X 10 _ /0. Jg OF
Fo A4 x 10

Actual Field

It

o
Temperature Rise:ATr (Avg. Cross-Sect. T, °F)-(Background ‘T, F)

nT = 6.8 % — 700 °F-_6.8 °F

r



TN T DT T IO h)
THIMNL FCLIUTYICH 3

STUDIES

s Fe23-69 Location [uskingum River at Beverley
ARos 1200 cfs Piant iame Towyer Plant

Sor olazmeraturs - Begin- 67 ¥R Mnish 71 OF Work Loae By Moser, Bailey

Sealative Uumddity 88 4 Arginning Tze  10:30

Tt Apx., Distances Betwessn Sampling Points Rignt

2arx pigdle Banx

Jezinning Reference Water Temperature {(#,P, 28.2 ¥ See zone of mixing

s, 7001 Sur. 70.1 Sax., 70.1

oA C, Mid,  69.07 Md, 69.8

.:-3t. /(J‘—L B'Dt. 9- Egt; 69-8

- Tewth iy Depth 107 Depth 8!

e ——

AROVE OUTRALL (M,P,  28.15 ) Half way between Creek and Outfall

Sar, 71.6 Sur, 72.3 Sur, 73.0 Sur, 73. Sur. 70,1
e wenn 6118 IT5 8 T 8 T 8 3T

20" 20' 1L FRax L2 7= (L2 20!

Gt 30 __ 30’ 30 30!

7 73 AL, TeMDd 7a TRYe 722 sl

IVIDENCE OF THERMAL SHORT CIRCUIT?  Yes
DUSCRIPTION OF FINDINGS - MAGNITUDE AND TYPE About 1.0° F rise in intake
Thermal Loop - from outfall on Left Bank, across to Right Bank, upstream to above
intake, 150' or so, back across to intake

“AXTHMUM OUTTALL TEMPERATURE 80.6° F TDME 1050
3T7T OF MAXDAUM TEMPERATURE ZONE: 30! wide by 30' long on left bank and 10! or
so deep

L0IIC Ol WA XI(o

TR ORI (M.P.  28.0 )

wr, 75.9 Sur. 76.6 Sur._76.6 Sur. 77,0 Sur. 74,4
T 5.5 b 76 .2 Y 76,5 L 76,6 Lt

B g 78.2 8'  76.6 8 8¢
AR 12! 75.2 12" 76,2 120 12
15t 16! 75.9 16~ 75.9 150 15!
L 20" T 20t 7L.8 20! 20°
oL 2kt ol ot T oyt
o 28 28 2R 28s T
o 2 T e 2 T
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Thermz]l Pollvbion Studiec
O HID fiver, Y. P. D
Duguésms i3y o R Powsr Plant
SLULN 17 s 13 L5

A

w

sumes A0 VW rated cavacity

Maximum efficiency = 35%
Heat loss within plant = 15%
Energy required for 1 KWH =
Adequate mixing of effluent

Heat Ioad: 3,413 BTU

(0.85 x 9,750)-3,413 = };,877 BTU/KWH Heat to Cocling Water

9,750 BTU/KWH heat rate

] s &
(.88 x 100 BTU/KWH)( /. ¥ x 10 KW) = § 7€ x 10 BTU/Hr Heat Load

(cfs)(62.] lbs/ftB)(3600 sac/Hr) = 1bs/Hr

i

Strzam Quantity: Q

Q

Theoretical Stream

i

Temperature Rise: [\T,. = Total Heat Load to Cooling Water, BTU/Hr

Stream quantity, 1bs/Hr)(1l BTU/1b OF)

o

o 4
= ¥, 78 x 10
ATy = =t - - 0.5 °F
2.0 x 10

Actual Tield

3

o
(tvg. Cross-Sect. T, “F)-(Background /I, F)

if

erperature Rise:ATr

o . ¢
86.9 °F— &t¢ F= 2,0 °F

m =
DT,

( 8.8 x 103)(6.2’4 x 10)(3.6 x 1¢°) = 2.0 «x 1051 1bs/Hr

R -2 v
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THERNAL POLLUTIOY STURLIES
Location Ohis RUver, M. P, 2.1 )
low oo afy Plant Narmz Jeszd - Dioussis Lighr Lomoany
aix Awfas ature - Begin A2.1 OF  Finmisn 5270 UF  York Lone By Orifrisn, Jones,
Vozer
ZOFTRINCE WATER TEMPERATURE £85.9° F . P. 1.9
lelt Apx. Distances Between Sampling Points Rizht
Tank Hiddls Bank
200! £001
AROVE OUTRALL (M, P, 1.9 - Tip of )
1siand
Ser. B5.0 Sur. B5.0 Sur, 5.0 Sur. 85.0 Sur. £6.9
7UEX 5.0 81 85,2 3t .2 81 gl 2 g+ E3.hL
20 1Lt 0.2 201 53.4 16v30X C3.0 16937 3.4
501 304 30! 30! 30 ~
BELGH OUTFALL (M. P, 2.2 - At )
Power Lines
Sur. _85.9 Sur. _B5. Ser. _B7.8 Sur. 85.0 Sur. 85.0
TN b T86.9 W 85,9 it 85,0 kv B0
B _85.9 8+ "85.9 8+ ~B2.9 g+ ~12.0 Bt 5.0
12 846.9 12 §5.9 12t 85,0 12 85.0 12+ 85.0
6 16 53.0 16+ 3.0 1% TE5.2 @ T
201 20! 201 201 200
2Lt 24t 24 24! 2y
28 28 28 28 28
32 321 321 32! 32! o
Loye o Lo «;:\“f,, .
ZONE OF MIXDNG (M. P, 2.4 )
Max. Varience of . - L %0 R
Sur. 84,5 Sur. Sar. Sur. Sur, 25.9
Lt £5.5 L Lt It Ly 2.9
gt £5.5 81 81 81 3¢ 95.9
12t 2y 121 127 121
15t 16t 15 161 141 -
201 20" 20 201 20" T
2! 2l - 2l 2hr oy T
28 28+ 28 28 T 28 T
2 32r 32y Jer 32
DCANSTREAM PT. NO INCREASE (M. P. 2.7 )
Max. Varience of .h - L 40 R
Fre 25,0 Sur. Sur. Suzr. Sur, 85.4
Bt e gt 81 Bt By RS
50 20 201 201 200 '
Za’ 30 30! a0 ol

i
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.

td

Heat Load: 32%13 BTU = 9,750 BTU/KWH heat rate

Strean Quantity: Q

-3

m .3'1“ 3 >
Temperature Rise: AT,

: 3785 Md rated capacity

Maximum efficiency = 35%

Heat loss within plant = 15%

Energy required for 1 KWH = 3,413 BTU
Adequate mixing of effluent

(0.85 x 9,750)-3,413 = 4,877 BTU/KWH Heat to Cooling Water

£,

w2
(.88 x 100 BTU/KWH)( 3.i8 x 10 KW) = {. 3% x 1oJ BTU/Hr Heat Load

H

i

Q

heoretical Stream

(cfs)(62.1 1bs/£t°) (3600 sec/He) = lbs/Hr

( £,83 x 103)(6.2h x 10)(3.6 x 10°) = 2.0 x 10? 1bs/Hr

Total Heat Load to Cooling Water, BTU/Hr

Stream quantity, lbs/Hr){1 BTU/1b OF)

/. 3f

= . & X-LO
AT, - L38

A

A0 x 10

Actual Field

Terperature Rise:ATr

Y e

g
3
-
it

20
[ryal
[
o]

i
N0

3 Y
F) s

o
(Avg. Cross-Sect. T, °F)-(Background T, F)
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THERMAL POLLU

TION STUDIES

iCE WATER TRMPERATURE

85.07 &

')

HQ P‘

Aox. Distances Beitween Sarpling Points
Middls

3007

900!

- ce e o . -
7158 0 Lecation | Ohin Jives - M, D18 o
IS SeleLo
oy~ A AT e e «m 3
- 380 efs Plant Ilamad Drpi~liax . Fuiyezres [ieht Cacsmans L
o [} T e ) T - . o
Termarature - Bagin o1 b YF Fimdsh 53 F dork Dona By mi efith  inrag,
Py i R AN NS S .
Viasar

QUTFALIL (M. P.

Sur.

81t

121 25¢

30!

15.0 = Dnaw )

Sur,
8
18z
30!

N
PR Pty

i
A,
P

R

Sur.

g

18" 29
30!

8\ 5
5.2
0~

yesa

L8582

Sur.
g
10208
30t

8.0
882
852

BELOW OUTFALL (M. P.

Sur.
ht
81

12:

16!

20°

2l

28

32

Sur.
hl
g

12

16¢

20?

2k

281

32!

c6.0

f

il

Sur.,
h|
81+

12

16¢

201

ght

281

321

AVERSSE

TEMEERATURE

(21
g

ol
12t
16!
207
24
28
32

D
O
-«

B

o= Iov
Ao~
o] Ne

e L0
\Sa1 38)

NN

1:;1

C

I

Sur,
h!
12
16t
201
2l
28!
32¢

[EERU———

ZONE OF MIXDG (M., P. 15.0 )

Sur. __37.8 Sur. _ 87.8 Sur. _87.8 Sur. _85.9 Sur. £9.6

Lt 35.9 Ly 87.8 Y 84, v 85,9 Wt 87.8

g 82.0 81 85.9 81 85.0 g1 85,0 8 B85.0

12 £3.9 121 85.0 12¢ 35.9 121 835.2 12r 830

141 16 85.0 150 95,0 16! 835.2 L

201 1912aX 85,2 200 95.0 20 20°

24 241 21 211 oy T

28 T 28¢ 28+ 28 28

32 32! 320 32 32t -
Ayiesnr Tigiiroscant 8L LTF .-

ICWNSTREAM PT. NO INCREASE (M. P. 15.7 )

S _R7.8 Sur., _ 86.9 Sur, __85.2 Sur. _85.9 Sur. £5.0

g £5.9 8¢ £5.9 81 85.0 3 8590 8  8s.0

204 207 201 201 20°¢

Kok 30 30? 30t 30°






AL

ot

o ~ -
S 3 WA ra 1 S
OO Rivar, 3 15, <
- - # ;- 3 ST D T -
DoCyians Lany Lo Paieidey Power Plant

Assume: R j)s MW rated cezpacity

Yaximum efficiency = 35%
Heat loss within plant = 15%
Energy required for 1 KWH = 3,413 BTU

Adequate mixing of effluent

Heat Load: 3'%l§ BTU - 9,750 BTU/KWH heat rate

(0.85 x 9,750)-3,L13 = 1,877 BTU/KWH Heat to Cooling Water
5
(L.88 x 103 BTU/KWH)( 3.8 x 20 KW) = §.3&5 x 109 BTU/Hr Heat Load

(cfs)(52.h 1bs/f6°) (3600 sec/Hr) = lbs/Hr

f

Stream Quantity: Q

it

: . g
Q= (4d X 10?)(6.21; x 10)(3.6 x 10°) = 2.47 x 10" 1bs/Hr

Theoretical Stream

1

Total Heat Load to Cooling Water, BTU/Hr

Temperature Rise: ATL
Stream quantity, lbs/Hr)(1 BTU/1b ©OF)

v . 138 x10
At - Lo _x 10 - Ol °F
2.+ x 10

Actual Field

o
Terperature Rise:[XTr = (Avg. Cross-Sect. T, OF)—(Background T, F)

~ 0 Fa) » O i e}
AT =838 Fr— 1.6 F-_J. 2 °F






T BMAL POLLUTION STUDIES

-y

L osix gtacks zoinr:)

Date _ 7-318-85  Tocation _Ohia River 3 3auth deights, H. 2, i5.2

Flow LL,UJO cfs Plant lame 2haillins - Dumi=ane Light Coasany

Air Terpevaturs - Begin B3 OF  Finish “F  Work Cons By Rishards ~ Mosar
RalatiTts Zumidity - &4% o

REFERENCE WATER TEMPERATURE  82.4 M., P. 4.2

Left Apx. Distances Between Sampling Pointa Right

Bank Middle Bank

ABOVE OUTFALL (M. P. _ 15.2 ) Betwesn Subfall and Intaks

Sur, B82.8 Sur. 82.8 Sur. 02.98 Sur, 82.8 Sur. 82.8
B 82.8 8 82.4 8! 824 81 gZ.h 81 8Z.1

. 20! 1z 82.4 20! B2.5 20! 82 E 1hzZm 82.0

307 30r 30 30! 30!

A —ity s “:,.«\,":9 !{ B

BELOW OUTFALL (M. P. _15.h ) At Power Line

Sur. 83.5 Sur. 82.8 Sur. 33.5 Sur., 85.0 Sur, B85.0
L 82.8 L 82.8 L 82.8 i BL.2 Lt .
81 32.3 8 82.4 81 52.8 81 52.5 81

127 82.8 12t 12! 82.h 12! 372.8 12!

161 16! 16t 161 16!

20 20! 20! 20! 20!

2L 2l 2 24 2L

28! 28y 28¢ 281 281

32! 321 321 321 32

i, AJh . T e g7, 20 : e

ZONE OF MIXING (M. P, 15.8or 9 )

Sur. 85.7 Sur. 85.h Sur. 83.9 Sur, 856.0 Sur, 85.4
L 85.7 L 84,6 L 83.5 L 85.2 L 83.9
81 85,0 81 3.2 8! 83.5 81 53.9 81 52,3

12! 12 83.2 127 32.8 12 32,0 12 42,0

161 16 82.3 16! 85.5 161 32.9 16* ~ 82.8

207 20! 183X T B82.4 201 82.3 200

24! 2l 2l 2l 2L

28! 28 281 281 281

32! Ty 32 i 32! 32¢ 32!

L B Byt

DOWNSTREAM PT, NO INCREASE (M. P, 16.6 )

Sur, 85.0 Sur, _ 89.5 Sur. 385.h4 Sur., 84.2 Sur., 84.2
3 33.2 8 T 83,9 g1 83.2 B 32.0 8 8.2
20t 32.3 20! 82.3 160~ 82.3 148X~ 32.8 20t T B2,

30! 30! 30! 30! 267301

82,0






P. Heat Load:

C. Straan Quantity:s Q

TV POLLUTIOY 5TUDTIS

. . . e,
Chin Piver, MV, 2. »2.9
* el A
Sarmiis Poser Plany

Maximuwn efficienay = L0
Heat loss within plant = 157
Energy reguired for 1 XKwh = 3,413 BTU

Adequate mixinz of effluvent

gzg}gaggg = 8,500 BTU/Kwh h=at rate

(0.85 x 8,500) - 3,L13 = 3,837 BTU/Kwh Feat to Coolinz water
Present: (3.8h x 103 BTU/Kwhn){1.6L x 10 KA) = 6.3 x 109 BTU/Hr

3 é
Fusure: (3.8L x 107 BTU/Xwh)(2.2h x 10 KW} = 8.6 x 109 BTU/Hr
Heat Load

(efs)(62.4 1b5/ft3)(3600 sec/hr) = 1bs/Hr

Tow Flow: (5.0 x 103)(6.2h % 10)(3.5 x 107) = 1.12 x 10° 1b

- S

D, Thsoretical Stream - 1 —
o Total Feat Lnad to Cooline Warer, BTU HEr
Te-neorature Rise: Ar, == TR ~u“

: Y (Stream quantity, lbs/Hr)}(1 BTC0/lb °F)

6 3 X 10’ Op

Present: T = A = 5.6 V7

at: A r 1.12 x 10

™ ()

Future: [X Tp = 8.6 x = 7.7 °F
1.12 x 109

T “33 s

5
<3

Fir
/b

H
1,

r






=1

o ~ .
2 | 945 MW rated capacity

Maximum efficiency = 35
Heat loss within plant = 15%

Srergy required for 1 KWH = 3,013 BTU
Adequate mixing of effluent

e

Hzat Ioad: 3,Lh13 BTU

(0.85 x

9,750 BTU/KWH heat rate

9,750)-3,413 = L,877 BTU/KWH Heat to Cooling Water

6 _ <
(L.88 x 103 BTU/KWH)( 4 940 x 10 KW) = 984 x 10”7 BTU/Hr Heat Load

t

Stream Quantity: Q

[}

Q

Theoretical Stream

I

el -+ hal 3 .
Temperature Rise: AT,

(efs)(52.L 1bs/ft3)(3éoo sec/Hr) = 1bs/Hr

(LA x lO"?)(é.Zh x10)(3.6 x10°) = 2.7 «x 105 1bs/Hr

Total Heat load to Cooling Water, BTU/Hr

Stream quantity, lbs/Hr)(1 BTU/1b OF)

o

A

AT, = 2835 x10”
r =

) <
2.7

|

x 10

Actual Field

]

Terperature Rise:[\Tr

[.\Tm:———-...‘_"—_-.

2.5 °r

O
(Avg. Cross-Sect. T, OF)—(Background‘T, F)







Tans G-13.48 0 Ypeation Onio - Yile Palnt 53,9
Cow T2 N efs Plant Name Uiy Fioan (1240 00
My Tamerature - Bagin A4 oF 43 “F iorx Lone By 1, Macer S 7Y Tiagd
IATAAERCE VATER TEMPEPATURE 73,97 ¥ M, P 28
iafy Apx. Tistances Betwszn Sarpling Points Rizht o,
Sari Middla Bank

600t 12001

T

&

53.5
L3 Sur. _ 73.7 Sur. 73.7 Sar. _73.7 Sur.  73.,°
3 73.7 8! 73.7 81 3.7 8+ 73,7
201

et ettty pan A —r St s e

30!

~ ry

L D)
Oy oo
Ny
Q
3
3
-

l

W
S
-y
w
=
L
]

3ELGS OUTFALL (M. P. 5L.3 ) Outfall submerged on northeast side of
(425t above dam) lockwall.

Sar. 97.6 Sur. 81.0 Sur. 80.6 Sur,

i S Lt 2.0 it 77.0 I

gt .0 81 81 75.H 8t

Sur. _ 79.7
L1 80.2
81 9.7

o
(]

-~
-~}
SN O O~ O

|

~J
O

s

*“1

a
y

32! 32t 32t 32

- 4
veppinarecs L FL2TE W

Lot

32

~

LR

w A A ot
y

[ .
12t 70.6 12! T7.0 12v 76, 12t 75, 12t 77.0
1A I 16¢ 7C. o 16t 5.1 16t 75 Bt 755
200 721 200 73.1 200 200 761 200 756
ot 751 o) 2l 24 7% 24t 76,
28 75,1 28! 28! 28 75 28t 75 =z

X
<
1
-
.
"

-

23
ot
o
5

ZOYE OF MIXDNG (M. P. )

Sur. Sur, Sar. Sur. Sur.

pe T bt Lt p T A
8t 81 8+ 8 81

2 12 12t 124 12¢

18 16t 160 167 168

201 20! 20! 207 20!

24! 2l 2l 241 240

25 28y 231 287 237

32 32 32 32 32

3
x}
4

LGWNSTREAM PT, NO INCREASE (M. P. ) End of south lockwall

»

Sz, 77D Sur, 77.0 Sur. 77.0 Sur.  77.0 Sur. 77.0
et yeprar 8-

g1
204
30

a1 B
20} 201 20

o

¥

30!

1]

1]

¢
3
3
-
.
3
H






Thsrm:l Pollunion St-dizs

™o ™y o - Ay . Pt <
O 1D River, ., P, 5 <
VT O S Deran Dlar
ORdo £ Satcs:4  Powsr Plant

. PR e
Assuma: | FAHO M rated capacity

Haximum efficiency = 3

Heat loss within plant = 15%

Energy required for 1 KWH = 3,113 BTU
Adequate mixing of effluent

Heat Load: 3215% BTU = 9,750 BTU/XWH heat rate

(0.85 x 9,750)-3,413 = 1,,877 BTU/KWH Heat to Cooling Water

Ed

X & -
(L.88 x 10° BIU/KWH)( . 96 x 20 ®W) = 9,34 x 10" BTU/Hr Heat Load

e
Streem Quantity: Q = {(cfs)(62.h lbs/ft”) (3500 sec/Hr) = 1bs/Hr
Q= (4% x 106)(6.221 x 10)(3.6 x 10°) = /O x 10 1bs/Er
Theoretical Stream

3
®
=
¥
I\
e}
st
ot
5
o
j=s]
H
wn
[¢4]
=
3
i

» = Total Heat Load to Cooling Water, BTU/Mr
Stream quantity, lbs/Hr)(l 3TU/lb ©OF)

7.55 x 10

=3
=3
~
fi

- /.0 °F

i Wia]
/O x 10

Actual Field

. - 0 o
Temperature Rise: \T.. = (4vg. Cross-Sect. T, F)-{Background T, F)

il

AT 24,5 °F — 344 "r= 2.0 %
r






Cate 12-20-58  Location Chio Riwsr - Mils Polni 53.9
Flow  hi.an) cfs Plant dMamz Syamis - Chio Qivaer {1,65) )
Alr Temrporature - Begin 32 9F Finish 37 YF  ork Lone By Rogar Griffith

nd Bob Donaghy
AIPIRENCE HATER TOMPERATURZ 13.3 M. P. _53.5
Laft 1 orream Apx. Distances Betwesn Sarpling Points RightUﬁ%*ﬂzn
X e Middle Bank U MTF

600! SO0 1200¢

ABCYE OUTFALL (M. P. 53.5 )

Sur, 33.8 Sur. 33.8 Sar, 33.8 Sur. 33.8 Sur. 33,8
8r 33, 8 34,3 81 3h.5 g 3.3 8: 3%.3

201 201 3.6 20! 2,6 201 3.6 20! 3.6

30 29 J¥X 3.5 28vmx  3h.6 30 3h.6 308

R

343 L 24 4 - 17, 31,

:

{ud

-
-

BELGY OUTFALL (M. P. 54,3 )}  L25' above dam
Cutzide wall of dam

' out Sur. _L6.2 Sur. _41.9 Sur. _33.8 Sur. _133.8 Sur. _33.8
: L 11.1 L' 3.1 bt 3.6 L' 33,9

=
N
@]

L2.8 8r  _ho.6 8 3.3 8r .6 Bt 3,1
35, 12 38,3 12+ 30,5 2 3,6 12r w5
35,6 16* T3B.8  bottcemlbét 3L.b 6t 3,6 T 3,6

.1 20t _37.h_ 201 20t & '

21'2X 383 a0 T o TYRG 2,1
281 agr T T 28
32 3¢ T 320 306 321

P

Zi 3.5 222 ~= bottom 1340 a4 3

Left bank upstream below outfall sus  3(.57F

ZONE 07 MIXING (M. P. )

Inside wall of dam

Sur. 23.8 Sur, Sur. Sur. Sur.

s vl i — oo o

8t 3.3 81 . B 8 g T
orx 3h.1 12t 12t 12 12

161 16 150 e 1610 16t

20° 20! 201 201 201

2! 24 2 2l 2i

28! 281 28 281 281

320 kel " 328 . 32t T 32t -

ICWNSTREAM PP, YO INCREASE (M. P. )

Sur, Sur. Sur., Saz. Sur,
&1 g - g T g ::’t‘:”"
201! 20% 201 20¢ 20° e
30 30! ' el Bl A 00
Cantinusus monitar into disc. aleons pler wall (3007 sat)
T ohrsazh 500t 600! 7000 200t 8507, 900 9507,
707 38,27 42.5° 42057 us.s LAY 32020 (onigids ades ov
Aige. el
1

Ak e

N e D B T o Y U NP X SR 300 A 3 b e
TOoTD o iALl o wglimys Tem i 39,27 Pl s
. ter - & LN - |



o

e ’ ~1" 4 - - o -
Lerme LAl On L
™ A Dt e o) o, ”3’ by
()i i DLV=Ty e T 30D,
; . . - 2 Ve aa T s
{:‘:"le> »D;\ AR N N e L L
o
‘3 '} v, 7 Y
vl L 3 - W g
Vo N

‘J_‘"?T“: = 9,750 BTU/KWH heat rate
003 ’

_ VIS
AT, - 39°

9,750)-3,413 = 1,877 BTU/KWH Heat to Cooling Water

2 &
10° BTU/KWH)( J. 96 x 10 KW) = S x

1

(cfs)(52.L 1b5/0t°) (5000 sea/ir) = los/He

1}

Total Heat Load to Cooling Water, BTU/Hr
Stream guantity, lbs/Hr) (1 RTU/1b OF)

<

e

x 1C

.y

. a4 —= :
‘77 x 10

o, .
. = (tvg. Cross-Sect. 7, F)-(3ackzround 7, F)






THORMAL POLLUTION STUDIES

Data 7-2-09 Location Ohio Rivar 2 deww Cumbarland Tock and Dam
Flow _11.000  efg Plant lame _Jimmig - Obhio %dingn (1,660 100)
Air Terparaturs - Begin _ 93 9F  Finish ______ “F Vork Lone By _3ucay - Masar
alative Humidity - 553
IFERENCE WATE - TEMPERATURE Me Pa 52,5
Left Apx. Distances Between Sampling Points Rignht
Bank Middle Bank
&O0! . 12C3!
ABOVE OUTFALL (M. P. _53,8 ) By intake and across
Sur., 85,2 Sur. 856.0 Sur.  86.4 Sur, 7.4 Sur. 88.2
8 83.9 81 8h.6 8 64,2 81 8‘_1 2 81 35,0
- 20 12,4 200 82.h 20! 32.4 2o 33.2 20! 33.2
28w 82.! 253! 82.% 30! 32,4 _30r "82.L 233w B2k
<z = 27 < <1 - L1 82.0 csi
Avr. §2,35 ¢ s
BELGW OUTFALL (M. P. 5h4.2 ) About three light poles from end
Sur. 96.h Sur. 91.0 Sur. 88,2 Sur, 88.k Sur. 83.5
Lt 90.4 L 59 .6 ht 83.2 : bt 33,1 Lt 88.2
81 37.4 8+ 85.0 8t 83. _85.7 81 884 81 83.2
129 4.2 12! 83.7 12¢ 8.2 12 83.% 12¢ 57.8
16t 83.2 16t . B82.8 16! 52.8 16¢ 2.2 16! 53.2
201 32.8 20! 82.5 20 82.4 20! 82.8 20! 82.%
2Lt _B2.8 2t _82.8 2Ly B2,k 2ht 82,k oLt " 82.L
281 281 82.L 281 28 T B2 28y T
32! 32 32! 32 A2.h 32!
it A 9.4 25 =,
ANl ’s:,’{.:‘.n:z i
ZONE OF MIXING (M. P. 5h.7 ) Below Lock and Danm
Sur. 85.L Sur. 85.0 Sur. B85.0 Sur., 8h.% Sur., 85.4
I 45,4 Lt 85.0 I 85.0 1 84,5 I 85.5
8r 55 .5 81 85.0 8t 85.0 81 3.6 81 35.1:
127 12 85,0 12t 85.0 121 8.6 12 Sx.it
" 16t 161 85.0 16t 85.0 167 T 8L.5 160 T
201 20! 85.0 201 200 85,0 201
2i¢ 24 24 24 L. 0 2
© 28t 281 281 28 281
321 321 321 321 32v
- AVG, Tt v, S5
DOWNSTREZAM PT. NO INCREASE (M. P. )
Sur, Sur, Sur. Sur, Sur,
81 81 81 81 g1
201 201 201 20! 207

30 30! 307 30! 30!
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Cardinal Powsr Plant

{Cctober 3, 1968)

Assuma: 1230 M4 (Cardinal) + 222 7 (Tidd) = 1L52 MW Output
Maximum efficiency = L0%
Haat loss within plant = 15%
Energy required for 1 Kwh = 3,L13 BTU
Adequate mixing of effluent

Heat load: 3,1:13 BTU

55 = 8,500 BTU/Kwh heat rate

(0.85 x 8,500) - 3,413 = 3,837 BTU/Kwh
Heat to cooling water

(3.8l x 103 BTU/Kwn)(1.L5 x 107 KW) = 5.65 x 10°
BTU/Hr heat load

Stream Quantity: Q = (cfs)(62.4 1bs/7t3)(3600 sec/hr) = 1lbs/Hr

Q = (6.0 x 103)(6.2u x 10)(3.6 % 103) = 1.35 x 107 1bs/Hr

”heoret%cal Stream o Total Heat. load to Coolirg Water, BTU/Hr
rature Riser ) T. = (Stream quantisy, ibs/Hr)(1 5T0/15 OF)

5.65 x 10 ) o

T - ”12 H

[& r 1.35 x 107

dchual Field o

Terpara‘ure Rise: ,&,Tr = {Avz, Oross Seset, T, F) - (Background Ssct. T,
D1 =178.7% - 75.2 °F = 3.5 °F

@
¢






Sitn _0-3-58 0 Loeation _ Chalo River jI. P. 75.5

Tiva 0,200 ¢fs Plany Name  Cardinal R

Aiw Txnmerature - Bagin 68 97 Finmisn 7L _F  Uork Done By Yoszar, Bailev

Ralative huﬂldluy 863

PEPIRESNCE VIATER TRMPERATURR TE. L d, P RS

laft Anx. Distances Between Sarpling Points Right

Bank Midadia Bank

ABC7Z OUTFALL (M. P. _74.9 ) Betuesn Tidd and Cardinal (Cardinal Intake)
Sur. _80.6 Sur. _81.2 Sur. _81.5 Sur. _ 31,7 Sur. 82.5
8+ "B0.5 8+ 80,2 8' _79.2 8 _ 80,6 8*  _81.6
20 75,1 200 T 75.7 2 75,5 200 75,90 200 g
30t _75.2 30 75.2 27' 3% _75.2 28 3% 75,2 25'3WX _75.2

ST A =y gt cav e v FL g i
BELCY OUTFALL (M. P. _ 76.7 ) Power Line
Sur. 85.0 Sur. 8.2 Sur. §9.7 Sur. _82.8 Sur. _82.L

T v T B82.L W B2 X 81.5 b 82,

g1 "BL.5 81 79.7 8 80.6 gt 81,2 8 g2
w2 77.0 12 77.9 12 78.8 12 8.h 12t 80.6
1At 75,2 162 756.1 16t _77.0 16 75.5 6T 766,
201 75.2 20! 75.3 200 _75.7 20! 75.7 20t 79,8

|

21 24 752 2l 723 2h' _75.2 2ht 75,2
28: 281 75.0 28t 752 28 75.2 28+ 761
32! - 32 T 750 32 2 32 ‘

Avrpasi TErICERAaTpprt VS IV E
ZONE OF MIXDNG (M, P. 77.h ) (At sand and Gravel Dock - Don Swart)
Sur. 81. Sur. 81.7 Sur. 82.L Sur. 82.0 Sur. 82,0
g‘ §1.¢ L 81.0 Lt _32.L bt 82 i ht 817
&+ 79.) 81 80.5 - 8 Rn.5 g1 81.0 8* 82.0
12t 730 12 78,8 12t 78.8 121 8. 12* 89,5

16 §p.2

158 770 16¢ 784 %' 77.0 1561
231 77.0 201 77.0

i

20 74,1 201 75.2 200 771,k
2Lr 78,5 2L 75.5 2t 75,7 2l 761 2l
28" 76.8 28+ _ 75.5 28y 75,5 28 75.7 28 .
J2v el 32! , 32 _75.%9 32! 320
31 75.2 Soev L acl Tempepatuds L 78, 7 =
LCWNSTRIAM PT, MO INCREASE (M. P, 78.3 ) (At Ped Marker Zuoy ) (Can)
serse  77.9 Sur. 7.9 Sur. _77.9 Sar. _ 77.9 Sar, 77,0
gr 77,5 81 77.5 8+ 77} 8¢ 77.5 8t 7.2
T 77g 20! 77.0 20 77.0 201 77.0 200 744
oo TN 30! 201 300 30! 7"?
Tegins U, 8 -
- anc shazt - . - Lawer St trmarmichoant
v bt S nT
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txj

Therr ol Bo 70 o Shogl=
- - -y o
r‘HiC VUL Ry, v 5"'_1; L,.:_
D Posi@ CAng vl Lotlcmr Pluny
~
L i Sl S e
STPTEMIER %, 17469
C s » j VLT v b I T
ERCICROILS I "‘}\igg oy Poued CAD2 LY
ye - Ao . P
Yaximum efficiency = 5%
Heat loss within plant = 15%
Frnergy equ“rej for 1 KW = 3,L1% BTY
tdequate mixing of effluent

reat load: BZ%lquTU = 9,750 BIU/KWH heat vate

Q
Q

3

Thecoretical Stream
Terperature Riset AT

AT

9,750)-3,L13 = 1,877 BTU/K

to Cool

7D (;6

I Heat
103 BTU/KWH ) f,ﬁ'{i’ X
1bs /Lc’)(jﬂ ) sec/Hr) =

a2
X

= P
CLo QL . 1

Load to Coollng

ing Water

Water, BTU/Hr

t* by, 1bS/H-T‘/ \(: 2TU/1b QF;

. 788 x10 ) Q o
A48
[ 4Ly 10E

- (Avz. Cross-Sect. T, OF)»(Backgroun” T
_ 7 [ ,.JO‘_ O
= 771 °F — 72,5 r A

L4

7
x 12" BTU/Hr Heat Load

x 153 1lbs/Hr
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THERMAL POLIUTIOY STUDLE

Shs 7 yReHe! Brill 1emt Ohio
Sl =50C0 cfa Plant lime Cardinal and Tidd Plants
aly Temperaturs - Begin- 75 YF o Jiaish 77 OF ¥ork Tonz2 BY Lorentz & Moser
Palative Huddlty 62 A Teginning Time 1200
o8t Apx, Disbences Between Bampling Foinis Right
Fank #iddle Bank
~:gipming Raference Water Temperature (M.P. 7h.7 )
vp, 12.5 Sur, 72.5 Sur.  72.5
cid, 1225 Mid, 2.5 #d, 72.5
Dertn Depth ) Depth
RN P R
{TOVE CUTFALL (M,P, 76.1 ) At Upper Power Iine
Foar,  77.0 Sur, 77.0 Sur. 78.L Sur._78.8 Sur._79.2
i e 8 L1 il |
237 20° 20" 72,6 20' 73.0 20' 72.4
59 2313 _T72. LB 2.3 0 2.3 30°
S ) T RO 3.5

},“.‘;» ?.Z‘*’. 74)?’\?
TITOINCE OF THERMAL SHORT CIRCUIT? Yss
DESCRIPITION OF FINDINGS - MAGNITUDE AND TYFE  Iarge (1 mile) loop in whole area,

direct short circuit from outfall to intake of large (lower) plant. Extending
U. S. to M. P. 75.1

UAXTMUM QUTFALL TEMPERATURE  87.lL Upper 89.6 Lower TNE 1240

SI77 OF MAXIMUM TEMPERATURE ZONE: 20! wide and 50 out and 8' deep

60! wide and at end of barricade and 10' deep

HILOW OUTFALL {(M.P. 76.7 )}  Iower Power ILires
aue, 86.0 Sur., 8.2 Sur. 79.9 Sur, 80.2 Sur. 81.0
Lt TR 4 T7878 b 77902 4t 780.2 L 81,0
50 T8 8' 776.2 v T8 8" 80.2 8" _80.6
2t 5.0 12t 5.2 12' 75,9 12 80.? 12 80,2
15t 77300 16" " 73.0 15" 75,2 16 75.2 1567
wat T30 20" " 73.0 20" _13.0 20" " 73,0 20! '
~ - 2};: 7?_0 2&1 72.07 ol Z 6 2};;

g T 28 TT72.6 P8 T72.6 28" 72.6 237

o T apr YA T 10 2t T
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Yrerr D Polliinlr Bruales
FA PRV A - P
I ‘;“’{Q:__} e P A
L <y D = 3 oaN juiaap
it Zginan RuyRi-¢7 Fowaer Plark

b

loss
gy re

4dequate mixing of

=

ot

R
raned Catal oy

fficiency = 35k
within plant = 15%
quired for 1 KWF = 3,113 3TU

BTU = 9,750 BTU/KWH heat rate

x 9,750)-3,L13 = L,877 BTU/KWH Heat

100 BTU/KaH)( 8,44 x 10 KW) = 2. 45

&
It

¢Q=(17.5 x lO?)(é.Zh x 10)(3.6 x 103) =

(cfs)(52.h 1os/rt2) (5500 sen/Fr) = lbs/i

Thesoretical Stream
Termperature Rise:[‘lTr = Total Heat Load to Cooling Wwater, 3TU/Hr
Pl - = gty o A
Stream quantity, lbs/Hr ;{1 2TU/1b OF)
g
-
AT = 268 x 10 n g O
- r i = b;g r
3,36 x 10
Actual Field
g Q T OT‘A
Tempsrature Rlse:[XTr = (&vg. Cross=-Sect. T, F)-(Background T,

to Cooling Water

X lO? BTU/Hr Heat Load

X 10? 1bs/Hr
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AT

Frne d
‘ua u,‘«%

L oPOLLYTY

§

Tase  10-1-58 Lozatinsn Ohio River M. &, IN2.5 - Moundsrille
oy ng,qo cfs Plant MName Buroer £iant ——
Arr Tesmarature - Bagin 50O oy .?inish 55 __j? Hork Pone By RBsileayv, Unsar
Relative Humidit; v 55%
DIFPEYCE WATER TEMPERATURE 73.1 M. P, 102.2
izt 4px. Distances Betwsen Sarpling Points Right
Bank Hidls Bank
AEOVE OUTFALL (M. P. 102.4 {Br In*aks)
Sap, 72.5 Sur, 72.5 Sur. 73.0 Sur. 72.5 Sur. 69.8
8r 73.0 8+ 73.0 8' 73.0 gt —72.8 8+ 71.5
2 73.h 20! 73.0 120K 73.0 20! 201
a0 301 ] 3ot 301 30t
AUSRALE TrMPEDATURS L TR A Y F
BELCW OUTFALL (M. P. 102.8 )
Sur. 78.8 Sur. _77.9 Sur. 75.2 Sur. _72.5 Sur. 71.6
L' 779 L 7€ b 73,7 bt 725 b 76
g1 81 73.7 8+ 73.L 81 72.5 8 L
22 12! 12t 73,0 12t 72.5 w2
A 16 T 161 160 w
00 20t 20 20! 20! -
2h1 2Lt 31 2ht 24t i
231 281 281 281 28! __.m‘..m;
3 32 a2 32t 32
AULBagy iRl aTans 7 H 4 -
ZONE OF MIXING (M, P 103.5 )
Sar. 75.h Sur. 75.5 Sur, 75.2 Sur. 75.1 Sur. 75.2
L 25, bt 7k, kv 75.0 ¢ _75.2 Lo 75,2
gt 8t 7). 3 8 73.7 8 7.3 8 73.7
1zt 12 3.7 12r 73.0 12 73.7 12+ 73.7
151 1581 15t 73.0 140 73.7 16t
0t 20° 201 73.0 207 200
24t 24 2t 72 .8 24 2t
251 281 231 281 281
32t 32 32 Erdl 321
Aveoagr T cncireef | TeAd 2
DCWNSTRZAM PT, NO INCREASE (M. P, 104L.0 ) Tow Preceding)
sure Th.3 . . 73k . r J
g 3.0 ng 711, SéL}L; ‘13% 0 Sg Sg" %Mi
R S . PRSI 0. 8-~ S, PRSI A = o Tt
SURER 7319 20¢ 201 201 200
wr 30! 1 308 30!



- 2o
Tiarmal Pl lunior sbias
A _i‘ PR oo ~ - o
R0 Rivar, Mo V. 703 3
~ . " ) T ] ™3
Qo Fassosd 5Us34 B3l Powar rlant

Maximum efflciency =
Heat loss within pla
Energy required

¥l
Adeguate mixing of effluent

(0.85 x 9,750)-3,413 = 1,877 BTU/XWH Heat to Cooling Water

) ) o <
(L,.88 % 103 BTU/KVH)( S.,44 x 10 KW) = 2Z.65 x 10 IBTU/HI‘ Heat Load

S*ream Quantity: Q = (cfs){22.L lbs- itB)( <600 gec/Hr) = lbs/Hr
4 157 .z 3 A
Q= (6.9 x107)(6.2L x 10)(3.6 x 1¢”’) = _ [/, 85 x 107 lbs/Hr
Theoretical Stream
Terperature Rise: AT, = Total Heat Load to Cooling Hater, BTU/Hr
Stream quantity, lbs/Hr){i BTU/1b OF)

i

vro. 2,68 x10 :
AT = - L7 F

;85 x 10+

e
o
ci
o
w
}..J
N
o
o
F.J
[o5)

fo . ~ . y
Temperature Rise: /\T, = (4vg. Cross-Sect. T, F)-(Backzround

£

NT o= 248 F— 7i% F-_30



1 C“—’_“LJE) 'Location Ohio Ri“\'fer 0] IC'Q’J\;’lduTVij_le

ble gy T U
oy SPASN, cfs Plant ;ame Burger - Ohic Edison Company
ALe “arperatura - Begin- 60 %%  Fipish 73 VF E*Jo“‘s Doa= By Lorentz & Moser

70 5 Beginning Tim 1000

‘:ls.t:f.y-z Hundddt

U

T Apx. Dilstances Between Sampling Points Réght
Sams Middle Bank
rcinning Raference Water Temperature {(M,P, 102.0 } At Ferry Ramp - Moundsville

-3 Sur.__72.6 Sur.  71.9
2.3 Mid,” 72.6 Md.,  71.9
3 Bot, 72.6 Bot.  71.9

“h_ R Depth 16 Dapth 8

CEOVE w’l’FAIL {(M,p, 102.6 )
O 71.9 Sur, 72.3 Sur. 71.9 Sur, 71.9 Sur, 71.6

3 T 8 .9 8" T2 8' LI.9.  LEx 7.8
12'33X 719 123X _71.9 12'430X 71.9 11'20X  71.9 20°
07 300 300 30’ 300 ___
230 2 2 P A

‘-7'1?

A

IVIDINCE OF THERYAL SHORT CIRCUIT? No
LS RIP"IO’I OF FINDINGS - MAGNITUDE AXD TYFE

>
KUY
IR N

HAWOUOM OUTFALL TEMPERATURE 89.6 TING 1100

S7TLT OF YAXDMUM TEMPERATURE ZONE: 10! wide - depth indeterminate - about 25' out
from discharge

TILOW OUZFALL (M.p.__ 102.9 )

1t T 16! T T 73.0  15WEE 2.3 '!6'

o 20" 20° 20! 20!
0 ot T oh ol oh
T 28" - 28t T 28" 283s
~ s et ,33% Tt e 3:1 Sm—n— :21« ?V_?_i r— e SR



Therrmal Pollutbticn Studiss

By e 2 Z
/\’;é&: g’{__} R_L ’ef‘, L'I. R- “; ) i
) - LRI - T 4
DD Lol €O s Power Plant
ST PR Ta7 0
L Vo R8I it ) *7{517

>
6]
&)
gj
[©)]

: {75 M4 rated capacity
Maximum efficiency = 35%
Heat loss within plant =

Energy required for 1 KWH = 3,413 BTU
Adequate mixing of effluent

Heat Icad: 3,15% BIU = 9,750 BTU/KWH heat rate

(0.85 x 9,750)-3,413 = 4,877 BTU/KWH Heat to Cooling Water

L
& 5 x 10w 7
(L.88 x 10° BTU/KWH)( £.75 x 10 KiW) = 3.3 x 107 BTU/Hr Heat Load

[

Stream Quantity: Q (cfs)(éz.u,lbs/ft3.)(3600 sec/Hr) = lbs/Hr

Q

il

( 7.0 x 10‘%)(6.211 x 10)(3.6 % 100) = 2.24 x 1o$ 1bs/Hr

Theoretical Stream

Temperature Rise: AT, = Total Heat Load to Cocoling Water, BTU/Hr

Stream quantity, lbs/Hr)(1 BTU/1lb OF)

3 1
AT, = 3.3 x10 o

. &
1.3 x 10

Actual Field

]

j ) o
Temparature Rise:[&TF (4vg. Cross-Sect. T, °F)-(Background T, F)

NT = _7Lo°F— €99 °F-_ 41 °F




5 Apx. Distances Bstwesn Sarpling Points

Middle

ABOVE QUTFALL (M. P.

Sur. A9,8 Sur,
31 69,8 8
20! o9, b 201

301 301

Sur, 69,3 Sur. 59.8 _
8 .1 gt 63.7

30t 30!

AVERALY  TE=ACr2 ATURE L 4% 90T

BELOJ OUTFALL (M. P.

Sur, 70,2 Suar,
It 70.1 b
81 70.1 8:

128 70,1 12

167 16?
201 20

241 24
288 281

32! 32!

Mile Mark

Sur. 70.1 Sur. 73,7
' 0.1
8+ 7.1 8 71.5
i 7007 12 7.2

16 70,1 8 70,7
20Y 70,3 20' 704

2hr 701 2l
28t 707 281
32: 32r

e e EN=
ISR B ) Z/\, J fos

ZONE OF MIXDIG (H. P.

Sar. 73 Sur,
HE 77,1 it
e 700 81

1z 7500 iz

151 7o, 16!

207 20?

2! 24

25 281

3o 301

) Below,Hi Wire 111.h . P,

-3

bt

1
i
N\ 1N

o]

el pet B o]
(VR lan) I
o e
l_.’

Sur. 724 Sur. _73.}

&! Z_"*'Q hl ra e

3 712 8 1.8
12 70,7 12 70.3

W%y 3 161 7
2?: 701 30: 70, ]
24 ?\" L A-}J 7@.1

281 231
32t 32!

DOYHSTREAM PT, NO INC

Sar, Sur.
87 8?

20! 20!
-, T ~

g 3\)3

o P S ot - e , <~ g
EfEALY Tree T ratwEs [ 9o T o
y a ; .
L11.8 } By Creek in Power

Sur. 70.7

31 0.
20t 0L

300







A
Four

td

Thermai Follution Studizs

e
9%

[ e IR
i River

" A R e
Meit FowI - Wikt i%. . Power Plant

CcT 4 s 19 7.5

Azzumer Q)5 MW rated capacity

———— .

Maximum efficiency = 35
Heat loss within plant

AN

&

il

15%

Energy required for 1 KWH = 3,h13 BTU
Adequate mixing of effluent

Foat ILoad: 3,413 BTU

._L_O_.E._ = 9,750 BTU/KWH heat rate

(0.85 x 9,750)-3,413 = 1,877 BTU/KWH Heat to Cooling Water

. 5 _
(L.88 x 100 BTU/KWH)( .15 x 10 W) = [J.05 x 10? BTU/Hr Heat Load

it

Stream Quantity:s Q

Q
Theoretical Stream

m 3 . .
Temperature Rise: AT,

AT,

Actual Field

Temperature Rise:[kTr

AT

r

(cfs)(62.L 1bs/ft3)(3c’>oo sec/Hr) = 1bs/dr

/6.1 x 10’3)(6.2h x 10)(3.6 x 16°) = 2.27 x 105' 1bs/Hr

(

Total Heat Load to Cooling Water, BTU/Hr
Stream quantity, lbs/Hr)(1 BTU/lb OF)

Lo

/.08 x 10

2,27 x 107

= (0,5°F

(Avg. Cross~Sect. T, OF)—(Backgroun& T, OF)

84.0 °r — BI5 "r=_ .2 °

L IR R AT






THERMAL POLLUTION STUDIALS

Date S-:-59  Location _ Ohip River 3 Willsyr Island

flow 12170  cfs Plant Name

Alr Terperatnie - Basgin OF  Finish “F  Work Done By 3ailsy & daser

REFZRENCE WATT TEMPERATURES2.8° 7 M. P, 188.1

Reiatiy e mradiey 506
Left Apx, Distances Batween Sampling Points Right
Bank Middle Bank
* ABQVE OUTFALI, (M. P, 160.6 ) At intaks struchurs
Sur, 062.98 Sur, 82.8 Sur. 62.8 Sur, B52.8 Sur. 082.8
81 B7.3 8+ 32.8 8 "B2.8 8 82.3 8! 82.8
. 20! 13'Z0X  82.9 133X 82.8 15'201  32.0 20!
30! 30! 301 30! 30!
o~ - 3 .

BELCW CUTFALL (M. P. 160.7 ) 28.5 from tow except 16' = 28.2

Sur, 82.8 Sur., 82.8 Sur. 86.0 Sur., 86.0 Sur. 8L4.6
Iy 82.8 Lt 87.3 L 3h.b6 Lt 3.2 i 8.2
8 ©Bz.3 81 32.8 8 8.2 8t 3.2 81 83.9

12r 32, 12! 82.8 120 83.9 120 B3.5 120 EN

16t 16! 82.3 16¢ 33.9 161 53.4 16!

201 20° 201 201 20!

2L 2 2L 2l 24!

281 281 281 281 281

32 32 32! 32! 32!

A TmEeew ER =

ZONE OF MIXING (M. P, 161.0 )

Sur, 8k.6 Sur, 85.L Sur, 85.0 Sur. B84.6 Sur. 983.9
h 83,3 Iy 03.5% It 83.5 It . < Lt e
8 83.5 8 83.5 8+ 383.9 8+ 3d3.7 81

120 335 12 835 12+ B39 121 121

16¢ 16! 83.5 1617 161 14t

201 20! 20 201 201

241 2l 2l 2Lt 24t

T 28! 281 281 281 28!

321 32¢ 32¢ 32! 32

DOANSTREAM PT., NO INCREASE (M. P. 151.6 )

Sur. 83.9 Sur, 83.2 Sur, 83.2 Sur, 82.3 Sur, 83.9
8t 5.5 81 63.2 81 32.3 81 87,8 81 83.9

oI S5 16'20x. " 382.3 12'23X "82.8 201 207

0 30! 307 30! 30!

cond far thermal sio Tivaulnin ~3 ewidinze of ough Jor o This {low

t oot plant
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e s s
Thermal Pollublon S idies

Assurme: [OLO MY rated capacity

Maximum efficiency = 35%

Heat loss within plant = 15%

Energy required for 1 XWH = 3,L13 BTU
Adequate mixing of effluent

Feat Load: 3%% BIU = 9,750 BTU/KWH heat rate

(0.85 x 9,750)-3,413 = 4,877 BTU/KWH Heat to Cooling Water

£
(L.88 x 10° BTU/KWH)( /.06  x 10" KW) = &5 J& x 10° BTU/Er Heat Load

Stream Quantity: Q = (cfs)(62.L 1bs/ft3)(3500 sec/Hr) = lbs/Hr

Q

]

Theoretical Stream

it

Temperature Rise: AT, = Total Heat Load to Cooling Water, BTU/Hr

Stream quantity, 1lbs/Hr)(1 BTU/1b OF)

Y. 10
Ar, = SudE* = 20 °F

Actual Field

1}

Tempsrature Rise:[&Tr (Avg. Cross-Sect. T, "F)-(Backeround T,

. .o O . -
9.7 °F — 472 F= 2.5 °F

it

AT

r

7

OF)

SR, P TR >

q
(j.i8 x 10“?)(6.2& x 10)(3.6 x-10°) = .1, 45 x 107 1lbs/dr






A T, AOULT SO
«««««« R W S L R wl et d

10100 I T '3
S Lo G00
Adr Tomarature P00 Tend By fanas, Mgser
LOR CAATER i
N Anxz. Dlotancaos Detwawn Savnling Pointa Right
Eark Mi2dls Bank
ABOVE QUTFALL (M, P. 241.5 ) Ton Intate
Sar.  £7.1 Sur., o7.1 Sur. 57,1 Ser, ~7.1 Sur. &7,1
f SRS e et e ERSEEY S
3 57.6 81 671 §r &7 L dr 7., 8+ A7.1
b !
201 20! 27.6 207 -7 20 7.5 20! 657.1
e —he D e -
30! 30 30! 30! 3>
AULEAE e DATAED 0 LD ;

BELC4 OUTRALL (M. P.

Sur,

Sar,

2L2.1 Y Hi Wire Jrossine

\’

Sur., 7

.
—~
At

75.3

Sur.

A 3 1
bt 72.5 Lt 71.5 v T30 v ABLO L' 68,0
8 oo 8t " 69.5 8 oo 8t "50B.G 8+ 88.0
12 321 8.5 12 ARLo 12 A8 0 12!
W T 16t T AR 16t TZE0 16+ 1w
2(}1 201 58.0 . 201 209 20¢ :
2t 2 21 Sl 24t
28 T 281 281 B 2 T 28t T 7
jer 0 32r 32! 3 3

AVER2 gy  twpdnever, 268 L L, 1

ZONE 07 MIXDG (M, P, 212.3 3 Coal Tinpnle

Sur.
E
8

12t

161

201

24!

28t

32

S‘Jr. l/a
Lx
3t 5,0

12 AHL0

sty mare=tors: e
3.9 156 AR 0

200 A2,
2t AE L0
283
32

. . P ] ,
PRV e P YA TEMPERATORE | T,

! £4
12 AR 0
161 ERL0
208 55,0
2y T
233
32
AR SR

Sur.
h:
B

12

167

207

2}43

sl

32!

F

ONEON
{0
J%‘

Q\
iy
»]

CCWNSTREAM PT. NO INCREASE (M. P.

[%2]

"It hol
31
!

= BN
N
MR

\

71,5
8.0
45,0
S —————

]

'

Sar.
81

20t

208

s . s -
“arces Ancharad in path of

¢h2.% )
1.9 Sur. 71,7
o806 KR A0 A
PR, Suribi—
A 8 i) 2 H .‘\)M ,‘:\
e e
%13?
’J A e -

oftinen*,

AIEL T yoos FaT

Sur, 70,3
L
;EO! e
300
ST
\ P , RO

Sar,
8

2N

30!

70,7

48

F?
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Therrmal Pollubicn Otuaies

(3O River, M. .  b¥i 4,
—rl b
T oo : Jpe D7l mm+
Gl lde  5PIR Puwer Plant

Sume 26, 19 49

zasumes /0 L0 MA rated capacity
Maximum efficiency = 35 %
Yeat loss within plant = 15%

Energy required for 1 K[«VH = 3,h413 BTU
Adequate mixing of effluent

Heat lLoagd: 3;1613 BTU = 9,750 BTU/KWH heat rate

(0.85 x 9,750)-3,L13 = 4,877 BTU/KWH Heat to Cooling Water

Q
(4.88 x 100 BTU/KNH)({ X 10 KwW) = S8 x 107 BTU/Hr Heat Load
Stream Cuantity: Q = (cfs)(62.L 1bs/ct 3)(3500 sec/Hr) = 1bs/fHr

i, &
(2.5 x107)(6.2h x 10)(3.6 x 103) = 7.09 x 10’{ lbs/Hr

Q

Theoretical Stream

il

Temperature Rise: AT, = Total Heat Load to Cooling Water, BTU/Hr

Stream quantity, 1lbs/Hr){1 BTU/1b OF)

- S8 x 10
ATy = ’ 0

= Ob
p S 2
7.89 x 107

o)
=3

Actual Field

i}

o
Terperature Rise: AT (4vg. Cross-Sect. T, "F)-(Background T, F)

AT = 808 °%F — _79.2°%%F-_j,3 °F

r







TrieiMAL POULUTICH STUDIES

Date  0-25-09 Location 2nillip Sporn Powsr Plant, Chieo River

e e i Y
Flow 31,500  eofs Plant ilam

B
Aly Terperatin - - Begin 50 °F Finish 95 “F  Work Lons By

Pelative Jwnidity - &0 L

R'r.«:ff ENCE WAT 'Yz'}{PERA%TUBE 79.47 7 M, P.

Left Apx, Distances Between Sarpling Points Right

Bank Middle 12007 wide Bank

Correct all deptns by 0.9 (strong current)

ABOVE OUTFALL, (M. P. 2L1. )

Sur. 30.% Sur. 79.5 Sur. 79.2 Sur, 79.2 Sur. 79.2
8 5.5 81 79.5 g1 79.27 81 78.8 81 78.8

1235 9.5 201 79.5 20¢ 73,8 . 201 78.5 201 78.0

30! 307 19.2 2834 78.8 283@ 78.5 301

AL eetoo g0

BELOW OUTF:. (M. P. 242 )

Sur. 80.% Sur. _ 80,2 Sur. _ 80,2 Sur. _ 85,0 Sur. _ 86,0
Lt 82.6 L 79.9 Lt 79,9 Lt 82,8 it 83,8
81 30,2 81 79.5 81 79,5 81 81 80.2

12! 12! 79.5 12! 79,5 121 89.2 127 79.9

161 16! 79.5 161 79.° 161 79,2 141

201 20! 79.5 201 79,2 201 201

2l 2L 79.5 2l 79.2 2L 70,2 2l

281 281 281 7S.2 281 281

32! 32! 32! . 32 321

An Tv o N

ZONE OF MIXING (M. P, 2k2.1 )  Power Line

Sur. _80,2 Sur. 79.9 Sur. 85.k Sur. 84,2 Sur., 81,0
Lt 79.9 Lt 79.5 Ly 80.4 ht 21,0 Y 83.6
81 72,9 8t 79.2 - 81 79.9 8t 79.5 8r 79.2

93 12! 79.2 12 9.5 12 79.5 ploninad 79.2
e 18 79.2 16 79,9 16" _79.2 16

201 201 201 9.2 20! 201

2l 2l 2l 79.2 2l 2l
' 28 281 281 281 281

32! 321 321 32! 32t

DOWNSTREAM PT. NO INCREASE (M. P. 2h3.0 )

Sur., _81.7 Sur, 81,7 Sur. _ 81.7 Sur. B81.L Sur. 81,7
81 30,6 81 30,2 81 83,2 81 79.9 gt 79,9

20! 30.6 20! 50,2 20! 80.2 20! 79.9 1572C3 79.5

30! 30! 30! 30! 301



A
A

Q

E,

PO N T o 0D = 3
oy iy Viver, M, P, A% L
- . g AN Doyrsar PJant
ity S72eRQn  Pousr Plant

Aunesy b, 15.7¢

issume: (O L MY rated capacity

Yaximum efficiency = 35%

Heat loss within plant = 15%

Energy required for 1 KWH = 3,413 BTU
Adequate mixing of effluent

Heat Load: 3,%13 BTU = 9,750 BTU/XWH heat rate

(0.85 x 9,750)-3,413 = L,877 BTU/KWH Heat to Cooling Water

, 12 G
(L.88 x 103 BTU/KWH)( /. C& x 10 KW) = £ j8 x 1oj BTU/Hr Heat Load

it

Stream Quantity: Q = (cfs)(62.1L 1bs/ft°)(3600 sec/dr) = ibs/Hr

Q=(2.2 x 1(5%)(6.214 x 10)(3.6 x 10°) = 4. 94 « 1oj lbs/Hr

Thaoretical Stream

Temperature Rise:ATr Total Heat Load to Cooling Water, BTU/Hr

Stream quantity, 1lbs/Hr)(1 BTU/1b OF)

b

- S g x 10
Arpm SEER g

Actual Field

it

o
Tamperature Rise:ATr (Avg. Cross-Sect. T, °F)-(Background@ T, F)

i

AT = &35 % — fob “r=_ 2.2 °F
, fob






THERMAL POLLUTLON STUBIES

Date ©-53 7_?? Location Cnio Rivser a2t MN-.g Hawon

Flow ... cfs Plant Name ©ailliio Scorn

Air Tesmporature - Begin _74  9F  Finish “F  Work Done By rzouronz, uosec

oRelative Hunidity 8.3

RETERENC® WATER TEMPERATURE 30.67 ¥ M, P. 241.0

laft . Apx. Distancss Between Sampling FPoints Right

Bank Middle Bank

ABOVE OUTFALL (M. P, _ 2L1.6 )
(

Sur, 20.6 Sur. B80.56 Sur. 80.5 Sur. 80.6 Sur. 80.6

g1 50.0 g 30.0 8t 7.5 81 500 81 80.5
« 20! 22'20r  80.6 20! 7.5 20! 30.6 1623 80.5%

30! 30 o4t 3ay 80.6 _ 24t XWX 80.8 30!

AL Teesp 2 L&
BELOW OUTFALL (M. P. 2L1.7 ) By upper loading dock
Sur. 80.6 Sur. 80.6 Sur. 85.7 Sur, 87.h Sur, 87.8

Lr 30,6 L 95.6 b 83.9 L+ "83.5 L 85.0
8r 81 80.56 81 821 8+ "GI.L 8r 82.0
12! 12! 80.6 121 83.6 12+ "30.6 12 BL.I

16! 16 £0.5 16! 0.6 18'18X "380.5 167 31.0

20! 20" " 80.6 200 80.5 20! 20

2l 2l 80.6 2l 24 2l

281 281 281 281 281

32 320 32! 32 32

AVA vy 20,90
__WZONE OF MIXING (M. P, 242.5 )

Sur. 33.9 Sur. 85.7 Sur. 85.h Sur, 85.0 Sur, 84.2
Lv 82,5 L 8.5 It a.b I 04.0 Lt g2 .L
8t 8 B2.8 81 320 81 OL.% 8 321

12! 12t ~3L.0 121 T8I0 121 BL.O 12!

Y16 16" T 3L.0 16 TEG.6 1617 ©0.5 161
20! 20! 20t “BI.5 201 201
2! 2 2l 2l 2l
' 28! 281 281 281 281
321 32! 32! 32! 321

AvG . TFP AL e T -

DOWNSTREAM PT. NO INCREASE (M, P. 2L3.3 )

Sur, S2.L Sur. 352.4 Sur. 83.9 Sur., 83.9 Sur, 02.L
g T g BT g TETE g1 TIIT g T

20! 12728 381.7 20t 3.7 20t R1.7 121201 B2 0

30 30! 301 30 30!

A deaze of fhoemerl sharit elvon ~7 % this £ and moapie Aeadin



fﬂ‘*« A = ~
%/f*fl> P27, e D
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x gl Y, 1 L4
4 A - N VR Y R sy e ;
A, KSSUmMe: J R, My oro2ted carnalt Ty I
N S AL A, -~
N S 3 ~ et
axinum sfficiency = 355
o 3 = +105 s
Zeat loss within plant = 15%
- - el 3 T - S [ear sy
Tner equired for 1 KWH = 2,017 370
ANdam: £ aff +
Adeqgiate mixing of effluent

—~
o
o
o
[@al
s

=l
.
4
O
cF
fut
gu
t

9;750)"33211,: =
3 & .
107 BTU/KWH)( / 08¢ x 10 KW) = 5.3 x w?

N
(@]
~

h'e 109

O
i

1hs/Hr

: AT, = Total Heat Load to Cooling Water, BTU/Hr
Stream quantity, Lbs/Hr){1 2TU "1b OF
< el
Voo 3 x 1C ;a0
/,:‘x *r = ’a “1 1
[
2.78 107
h'\ — A lag L el C 4 1 r om Qrw
:J\T, = {Avg. Cross-Se~t. T, 'F)-(Background T, F)

~
-3
i

730 °%F —
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D UTITEE TR TN  bY
AITREANCE WA

iafy
3ark

Ed B P ta T i The e al AP T
AL POLIUTION 31

Location

L me oy
am = T2 M

Param L

Oreelc PLacn - Onip
i » . e
y 2,003 cfa Plant llama  Hooa~ O Plart
TS SR~ R
B sy Oa ) =
rmerature - Begin AL b iy ¥
PSS S

- L as . Lo
1a ol =y U11m1 32/3

5 A%
S LV OAUTLCAL Y
TiR TEMPERATURE _ 98.7 M, Pl

Hark Lona By

253.0

Apx. Distances Betwesn Sampling
Middls

Points

Right
Bank

AEQOVE OUTFALL (M. P. 259.7 ) Too Unlaader
Sar.  23.9 Sur. £8.9 Sur. 89.4L Sur. 63.0 Sur. A9.R
31 56,5 81 58.5 8+ 43.9 8 _4a.n 8* 40,8
201 280 20! 8.0 20Y AB.0 20t AR .3 20t 49,8
307 53,0 30t 58.0 300 A%.0 30t A8.0 307
R T S R S AR L A

BELCH OUTFALL (M. P.

240.5

Sur. 73.L Sur., 75.2 Sur. 73.k
Bt 73,0 L 71.° Wt 7.6
81 71,6 B 70.7 8y 70.7

12 ~5.,3 12! 70.1 12 7.3

14t 16t 69.8 154 A9 %

201 20t A9. 4 201 58.9

on 24 %8.9 2hr 489

281 281 28t

32 32!

Sur.
1

81
12¢
16t
20!
24
281

~J
l\]

1.

~J
bt
[AV]

~J
et
.

l’

-

N Y
(@] N

/,
»

D OO

yé

O\
@3] (@]
it

) Power Lines - top of old Lock and Dam

Sur.
h!
81

12!

16!

20!

24t

28¢

32

715
7T D

71.2
69.8 .

AVTRASE TEMBrRATURS L Y5, Y

ZONE OF MIXIING (M. P. 261.0 }

Sur. 73,k Sur. __73.L Sur. 73.L Sur. 72.0 Sur. _73.7
Lt 220 It 72.5 Lt 7L.9 b 72,5 Wt 720
81 72.5 81 71.9 8 _71.%A 8* 71,9 8 7.6

121 k 12¢ 1.2 2t v 2 12y 7.5 12y 71,5

- - z R Za n ? Z

161 161 0.7 Wy LT 161t 29,5 16 59,8

201 201 7Ol 20t 70,3 200 A9.7 20!

2 2L 49,9 250 701 2Lt A9, 24

jekel 281 281 49 .8 281 63 3 281

prd 32 321 32v 43,3 32

S R T AU LR L N

DOWNSTREAM PT. NO INCREASE (M, P. 241.5 )

Qur. 7.7 Sur. 73.5 Sur, 73.. Sur. 73,7 Sur. 77.0
a1 R 8 7 g+ 70.¢ 31 7o 8 o<

Nt Ty L : Zry 2 1 s 4 M1 ‘a0 } A

20 R 20 5,5 ?.O s, O 2*_1 et 20 ‘__?_;E_A'_\

350 300 2o 301 30! —






