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Part Two of the present report, which may be used independently
of Part One, presents the results obtained from the application of the ITRM
to the Upper Mississippi and Missouri Rivers and analysis of their thermal
assimilation capacities. It is important to the understanding and rational
application of the results presented herein to understand the limitations
that were imposed on the analysis. First, the ITRM is a one-dimensional
model; that is, it assumes that the heated water is completely mixed with
the river flow at all stations. Therefore, the ITRM and projections based
on it make no allowance for mixing-zone or zone-of-passage restrictions.
Second, in this overview study of river temperatures the effects of plant
load swings and of temporal variations of meteorological conditions were
not considered. Finally, in selecting plant sites no consideration was
given to local ecological conditions or to any of the other of the many
constraints that effect plant siting. The siting and sizing recommendations

are based solely on the heat assimilation capacities of the rivers.
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the various power levels projected for installation in the MAPP area, the

unit total cooling-related costs (which include all fuel costs) vary from
2.890 to 2.943 mills per kilowatt-hour for fossil plants, and from 2.957 to
2.978 mills per kilowatt-hour for nuclear plants. The total unit cost of once-
through cooling was also computed, and the costs penalties incurred by the use
of cooling towers was found to range from 0.196 to 0.226 mills per kilowatt-
hour for fossil plants and from 0.531 to 0.533 mills per kilowatt-hour for
nuclear plants.

(6) Cooling systems combining once-through cooling with wet
cooling towers appear to be attractive for some future riverside plants. The
total cooling requirements may be shared between the two cooling systems in
optimum proportions on a seasonal or even a daily basis. The supplemental
cooling provided in such systems can be varied in such a way that the avail-

able heat assimilation capacity of the river is fully utilized.
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PART ONE

TRANSIENT AND STEADY-STATE
COMPUTATIONAL MODELS FOR THE
PREDICTION OF RIVER THERMAL REGIMES













Figure 1. Surface heat-exchange components

1. Net Short-Wave Radiation, ¢R' The net short-wave
radiation absorbed by a waterbody is the difference between the

incoming solar radiation, ¢ri' and the reflected solar radiation,

b,
6, =9 . - ¢

ri rr (2)
where ¢ri and ¢rr are given by *

6 . =6¢__ £(c) = ¢ [0.35 + 0.061 (10-C)] (3)

; CL CL

0.108 ¢ri = 6.766x10-5 ¢riz (4)

P

L

in which C is the cloud cover in tenths (0 e 5_10) and ¢CL

is the clear-sky solar radiation, which generally is expressed in

cal per sq cm per day. Daily average values of both can be obtained

from the records of major weather stations.

2. Net Long-Wave Radiation, ¢B. The difference between
the long-wave radiation emitted by the waterbody , ?b , and the net
W
atmospheric long-wave radiation entering it, ¢ba' provides the net

long-wave radiation leaving the waterbody:

* ' 3 . 1- " 0 ] '
For information on the sources of the empirical relations given in this

section, refer to Paily, Macagno, and Kennedy [9]-




i — 5
¢1B ¢bw ¢ba (5)
where ' 4
= 0.97 6
¢bw 97 © Tw (6)
4
= 4
¢ba Ea " a (7)
= Bl -5 2 2
with e = (0.937 x 10 i [ o [ oy S o | (8)
oY, Ea = 0.68 + 0.036 Vea, (clear skies, C = 0) (9)
L (1 + 3 ea), (cloudy skies, 0 < C < 10) (10)
-4
i =0.74 + 0.025 C exp(~-1.92x10 H) (11)
: -3 -4 -4
j = 4.9x10 - 5.4x%10 C exp (-1.97x10 H) (12)

In the foregoing relations, ¢ is the Stefan-Boltzmann radiation

_? ]
constant (1.171 x 10 ' cal per sq. cm per day per °K ); T is the
water temperature in °K; S is air temperature in °K; e is air
vapor pressure, in mb, corresponding to the dew-point or relative

humidity ; and H is the cloud height, in m.

3. Evaporation, ¢E. The heat flux from the water due to

evaporation is given by

b, =P L (W) (e =—e) (13)
=2 2 1
with NV = 1.10%&%10 -~ VvV + 9.34x10 (AB ) /3, (A8 > 0) (14)
a a v vV
-2
= 1.360x10 ~ V , (A < 0) (15)
ad 7
ES ea
where A6 =[r (1+0.378—) -T (1+ 0.378 —)] (16)
v W P a P
a cl
(summer conditions)
— =d -
NV = 2.09x%x10 - + 9.107x10 (T =T ) + 1.018x10 & T N (7
a W a d

(winter conditions)

In the above, p is the density of water (1 gm'per cau cm); L is the
latent heat of vaporization (597 cal per gm); es is the saturation
vapor pressure, in mb, corresponding to Tw; Ua is the wind velocity,

in m per sec i and P_ is the atmospheric pressure, in mb.










2
oT aT G Sl (eT+n)
ot T ox £ i pc h (26)
X P
The initial and boundary conditions for (26) are
T(xr 0) =T ]
o)
O NE) "=+ S TIiE) ;. TS
in r o) P
=L A y E. .2 & (27)
in F - 0
Ty vy =T (L) )
r

in which To 1s a constant initial temperature distribution throughout

the reach; Tin 1s the input mixed temperature at the thermal discharge
section (temperature increase of the ambient flow assuming complete mixing) ;
T_  1is the freezing point temperature; and Tr(t) is the natural river temp-

F
erature. This last quantity is obtained from

s =eL n SEL (28)
TRl ST EXp (Eems] =2 [1 exp (— =) |
P
The time tD in (27) is that in which Tr drops from Td to TF’ and is

given by Bl T +nk

= B e
to = 1n [TF'I‘T'I/E] (29)

The solutions of (26) corresponding to the two upstream conditions given

in (27) are as follows:

(a) t‘-’-to; (Tr:'T):

F
Tixsy E) To -ct n et
Al 3 -'F_—- SEE (DC h) I ET. [l = EEE (DC h)]
in in P in P
1 v
+5 [exp {5“% O BT e o N e L (O
2VEt
+ exp {%§~(l - VYl + a)} erfc (x =utvl e a)] (30)
E
2VEt
(Bt 208 5o {(Te S
i, £) TD et n EL
r JE e e = e -
T L) SXP (pc h) eT [1 2oz h]] i
in in p in p
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L <20 TN amer g 21 o T R - L n
h2 Gx Ti i F[lhl (H"';i)k: Ti! 21,1 5}{ Ti'.l k/2 (Tl Yy Ti)]
and
= 6o (T - %) =
X 1 ) 1
h
: ntk L n+l o EOR Wy 2 3 n
Flih, (nh)ky Ty %5 g 6, {0y~ +# T, £ (7 = Ty) ]

where n is the number of time steps; 1 1s the number of distance
steps; k is the temporal increment; h is the spatial increment,

2 5 :
and Sx and 6x are the central difference operators given by

-,

n n n
6x Ti = Ti+l_ Ti-l
r
2B n n n
— —_— +
fee i gt
)

In order to apply the predictor-corrector scheme, the governing

equation, (1), is written in a modified form:

2 \
I ARE et irO3 e L %
Sy ..[u o (By®pt D+ TT)]
ox 0 P
}
) Eg:+ [ QA o :;_ij BE.
at uo i X 09X J

where uD 1s a reference velocity, taken as the flow rate divided

by the flow area at the entrance section of a reach; s is a non-

dimensional scale factor; and x and t are nondimensional variables

given by - % \
X e
ags
uot
ti= :
os
E
g = =
u
Q

The prediction of temperature distribution along a river
is achieved by dividing the total river length into a convenient
number of reaches, not necessarily of the same length, and solving

(35) for each reach separately. Each reach is divided into a

(32)

(34)

(35)

[ N . ]

sty

e 1 | ——
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L e — R e | - ——

—— ol e

= S A T V————

B —— .

N N N p——
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number of elements; the size of mesh spacing and the number of
meshpoints are not necessarily the same for all the reaches. The
solutions for adjacent reaches are linked by the common conditions

at the junction or node points connecting them, as shown in Fig. 2.

Reach I Reach II Reach IIl

upstream

; downstream
boundary . :

boundary

: Node I Node 11 /Emeshpoints

i deee

e (i=M)In

Figure 2. River reaches for Iowa thermal-regime model

To obtain a solution it is necessary to specify an initial
temperature distribution along the entire riﬁer length. The conditions
at the upstream and downstream ends of the river length are also initially
specified in terms of temperatures, temperature gradients, or a combin-
ation of the two. The predictor-corrector scheme then is applied
successively to the interior meshpoints to obtain a set of simultaneous

linear algebraic equations of the form

[a] [T] = [B] (21

where [a] is a tridiagonal matrix with known elements; [B] is a column

matrix with known elements; and [T]is a column matrix of unknown

temperatures. Equation 37 is then solved to obtain the unknown

temperatures at all meshpoints.
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The input data required for the computational model include:
(1) thermal discharges into the river from power plants and from
industrial and municipal sources; (2) flow rates and natural water
temperatures of the river at selected locations; (3) river geometry,
including cross-sectional areas, surface widths, and stages corresponding
to various discharges at selected stations along the river; and (4)
climatic conditions as functions of time at suitable locations along
or close to the stream. The model predicts transient temperature dis-
tributions, and for the case of constant ¢*, TD, and TI, the steady-

state temperature distribution.

2. MIT Water Quality Model. The water quality model
developed at Massachusetts Institute of Technology is similar in
.nature to ITRM, described above; the principal difference is
that the MIT model utilizes a finite element technique to solve

the governing egquation. The solution, initially developed for

estuary flows, by Daily and Harleman [2], consists of a hydraulic solution

to obtain the flow characteristics, which is then used as
input data for the water cguality model of Harleman, Brocard, and
Najarian [4] . The hydraulic solution involves the numerical

solution of the open-channel continuity and momentum equations,

AA . 3Q N
HEL fRonian O 0 (38)
and
d J 10 0Z u|u|
EE-(Au) + 3;'(Qu) = A (5;'+ 2R ) (39)
h

where 9. is the lateral inflow per unit length of the channel;

g is the acceleration due to gravity; C is the Chezy coefficient,
.and Rh 1s the hydraulic radius of the channel. Solution of (38)

and (39) with appropriate initial and boundary coenditions yields the

distributions of flow rate and free surface elevation in the channel

at any time.

e e A e i S e St e s e e e e il St T e e S ® LT B S i T S e e

Py — Ay,

Iy ¢ e el .

i Ty

lmo— TR S

R
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The governing relation for the water quality (temperature)

is written as

d d ) aT * S
3 omy 4 i or) = 2(aE 2T) +B -t —- (40)
ot oX axX X pc pcC

P P
where S represents a source term to account for waste heat discharges
or lateral inflow heat inputs. To obtain a solution of (40), each of its
terms is assumed to vary linearly over cach of the elements into which
every reach is divided. This variation is achieved by introducing inter-

polating functions, ¢j, as depicted in Fig. 3, such that if the variable

o has the value of (a)j at the meshpoint 3

M
= n e Q) (41)
P W P
P\
.0}
O
| 2 3 ] =il j j+| M

Figure 3. Interpolating function for MIT water quality model

The method of weighted residuals, in the form of the Galerkin method,
is then applied to achieve the solution. The residual resulting from
the above piecewise linear approximation, (41), 1s weighted with the
interpolating functions, integrated over the length of the channel, and

set equal to zero. The resulting relation is
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) J ¢i R(x,t) dx = 0, for i = 1,2,i¢a0y M (42)
where
T o T 3
Rz, k) ==—= [ ¢.(@T).T +—1[2 4.(07).1
ot 41, j X St j j
M ' M
3 aT 1
-=— [ ¢.(AaE —).] = — I &.:(Bop*).
oX s&d 3 Bt sl pcp J&i ) j
1 M
-E;C_ z ¢J (S) . (43)
p ¥l 4

A number of approximations are introduced into (42) to transform it
to a form that is solved more readily. The form of the resulting

relation is the same as (37). The requirements of the model regarding
the initial and boundary conditions and the input information are

the same as for ITRM.

3. COLHEAT River Simulation Model. This model, formulated

at the Hanford Engineering Development Laboratory by the HEDL Environmental

Engineering Staff [5], predicts temperature distributions along a
river on the basis of a fixed volume approach. The river reach 1s

divided into segments through which water is transported and acted

upon and modified by the local environment. The segment sizes generally

are based on a travel time of one day. The travel time, or time required

for a parcel of water to traverse the segment, is determined by dividing

the volume of the segment by the water discharge.

In the simulation model, the river cross section 1is

approximated by a trapezoid with the river bottom parallel to the water

surface. The section then is divided crosswise into three troughs:
a central trough in which the velocity is relatively high and two

identical shallower side troughs where the velocity is smaller. The

division is shown in Fig. 4.
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ai _ e (44)
dx A c A pc A pc
B P : P P
*
or dT _ B ¢*(T) ., 1 TO 1 TI (45)
ax 0 pe pc Q pcC
p P P

This relation can be solved numerically to obtain the steady-state
longitudinal distribution of temperature in a river. If the temperature
at any point X, in the river is Ti' the temperature at a point x

i+l
which is at a distance Ax downstream, is given by :

*
(B, ., +B,)/2 (¢ )i+%
e S e e e
i+l i P p
5 I [TD?i+l 3 {TI)i+1
© ¥ 0.)/2 [ G ] (46)
o ¥ i i P
where ¢*i&$’ is the surface heat exchange rate corresponding
2
to Ti+;' the temperature at the middle of the mesh space Ax. The
2
temperature Ti+% 1s determined by h
: . pd =} *
i T +'(§54 [ B1+1 Bl ] (?_)i "
] ' +
i+% i 2 Q141 Q. pcp
1 2 (TD)i+l g (TI)i+l
Forr) | = ] (47)
i+l i £ P

in which ¢I corresponds to the known temperature, Ti. The solution
requires that the temperature at the upstream boundary (i=1) be known
in order to calculate the temperatures at the downstream meshpoints,

i=2,3,....,M, where M is the total number of meshpoints for the entire

length of the reach under consideration. A Fortran computer program

for calculation of temperature distributions using the steady-state

model is given in Appendix B.

IV. VERIFICATION

To develop' an.illustrative set of results, and to confirm that

the unsteady and steady-state models give the same results for constant
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Table la

BACKGROUND DATA FOR COMPUTATIONAL TEST CASE - MISSOURI RIVER

I. FLOW RATES: (Monthly Average for August 1974)

Station River Mile Flow Rate (cfs)
Sioux City 732°.3 35520
Omaha 615.9 36470
Nebraska City 562.6 37760
Rulo 498.0 39130

IT. WEATHER DATA: (Monthly Average for August 1974)

D
Air Temper- Wind Speed Relative Cloud Cover Atmospheric Solar Radiation i
Station ature (°F) (mph) Humidity (%) (tenths) Pressure (mb) (cal/cmz/day)
Sioux City 70.88 1 i 66.0 6.3 976.3 523.29
Omaha 70.52 55 1. PR 75.0 70 981.0 52329
St. Joseph 71.24 0.90 68.0 6.9 979.3 522.67

IITI. WATER TEMPERATURES: (Measured on August 21, 1974)

Station River Mile Temperature (°C) Remarks

Upstream George 33 24.5 Initial temperature for the
Neal Station calculations.

Fort Calhoun 646 24 .4

Brownville 533 25.0 Average of measured values of

23.9°C on Aug. 17 and 26.1 on
Aug. 24.




Table 1lb

BACKGROUND DATA FOR COMPUTATIONAL TEST CASE - MISSISSIPPI RIVER

I. MAIN STEM FLOW RATES:

Station

Becker

Lock and Dam No.

TRIBUTARY FLOW RATES:

Minnesota River
St. Croix River

3

(Average at time of survey)

River Mile

Conf.
Conf.

906
796

at RM 844
at RM 811.5

Flow Rate (cfs)
1664
7380 (U.S. Army Corps of Eng.)
850 (USGS)
3780 (U.S. Army Corps of Eng.)

II. WEATHER DATA: (At time of survey)
Air Temper- Wind Speed Relative Cloud Cover Solar Radiation
Station ature (°F) (mph) Humidity (%) (tenths) (cal/cm /day)
Becker 64.0 Light/Var. 56 0 -—
Prescot 69.8 5.0 55 0 601.09
Lock & Dam #3 7245 5.0 55 0 601.09
III. WATER TEMPERATURES: (Measured at time of survey)
Station River Mile Temperature (°C) Remarks
Becker 906 20.8 Initial temperature for calculations
Lock & Dam No. 3 796 - 20.6
Mouth of Minnesota River 844 L9 Tributary temperature
Mouth of St. Croix River Bi1.5 183.3 Tributary temperature

IV. POWER PLANT DATA:

Power Plant

River Mile

Monticello 900
Elk River 891
Riverside 853
High Bridge 841
Prairie Island 798

A

(At time of survey)

Power Level

(MW )

Cond. Flow Rate/Temp. Rise

(cfs/°F)

Remarks

FL, 3
0
295.0

25.0
1002. 2

545/15

0
590/16.5
133 7/1.8
150/15

Cooling towers operating
Plant not operating

Unit #5 only
Blowdown

£C
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at some point far upstream from the location being examined. The model
1s especially useful for the determination of ambient river temperatures
- that would exist if no artificial thermal loads were imposed on a river.
The verification of the ITRM obtained by comparing computed and measured
ﬁemperatures for the Missouri and Mississippi Rivers validates the model

as a reliable predictive tool.

In Part Two of this report, the thermal regimes of the Missouri
and Mississippi Rivers corresponding to average conditions in February,
May, August, and November, predicted by the steady-state ITRM are

presented, discussed, and interpreted.
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APPENDICES (PART ONE)
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APPENDIX B (PART ONE)

LISTING OF COMPUTER PROGRAM, IN FORTRAN
LANGUAGE, FOR PREDICTING THE STEADY-STATE
THERMAL REGIMES OF RIVERS

Pages 32 through 56
Available separately upon request from the
Iowa Institute of Hydraulic Research
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APPENDIX C (PART ONE)

INPUT DATA FOR SAMPLE RUN-
MISSOURI RIVER BELOW GAVINS POINT DAM-
AVERAGE NOVEMBER CONDITIONS

Pages 58 through 62
Available separately upon request from the
Iowa Institute of Hydraulic Research
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APPENDIX D (PART ONE)

RESULTS OF SAMPLE RUN-
THERMAL REGIME OF MISSOURI RIVER
BELOW GAVINS POINT DAM-
AVERAGE NOVEMBER CONDITIONS

Pages 64 through 75
Available separately upon request from the
Iowa Institute of Hydraulic Research




PART TWO

ANALYSIS OF THERMAL REGIMES OF THE MISSISSIPPI
AND MISSOURI RIVERS IN THE MID-CONTINENT
AREA POWER POOL (MAPP) GEOGRAPHICAL AREA
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Figure 8. Schematic representation of a fossil plant
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Qr,

unit rate of heat

rejected to cooling N 1

water = [(1 ~To0) T 71007 - 1] x (K)  (49)

p

where

K = 0.86x106, calories/kwh, or

K = 3.413x103, BTU/kwh, or

K = 3.6x106, Joules/kwh
Therefore, for a plant of capacity P (MW), the heat rejection rate is

e i 3
bR P (Tr=tens) m 7100) - L x (x) x (107P) (50)
P in heat units per hr.

Also,

[HR] = (pe ) (@) (AT ) (51)
where

pcp = 1.0 cal/cm3-DC, for [HR] in cal/kwh, (ﬁT ) in OC,

pcp = 62.4 BTU/ftS—OF, for [HR] in BTU/kwh, (&T ) in F, and

pcp = 4,186 Joules/cm3 - C for [HR] in Joules/kwh (ﬂTe) in DC
Thus, for a specified temperature rise of ﬁTe, the required condenser cooling
water flow rate is

3
0, = GiEED [a ';olo] ey = 1]
P e
T
e M- L@ - 1010) (ﬂp/lloo} ~ 11, e

where Kl = 0.86x109, for Q in cm /hr, with (ﬂT SRRYL C or

Kl = 0.547x105, for Q in ft /hr, with (ﬂT ) in F

The condenser-water discharge required by a plant of specified capacity, P (MW),
can be determined, from (52) if allowable temperature rise is specified and

the in-plant losses and the overall plant efficiency are known.
shows the condenser cooling water requirements as a function of the con-
denser temperature rise for different plant heat rates.

ranges of values for the various terms in (52) are as follows.

Figure 14

The practical
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Table 2

TYPICAL VALUES OF POWER PLANT EFFICIENCIES, HEAT RATES, AND HEAT REJECTION RATES [11]

Plant Plant Heat Converted In-plant and Heat Rejected to

Type Efficiency Heat Rate to Electricity Stack Heat Losses Cooling Water

(%)

In Units of BTU/kwh (Joules/kwh x 10~9)

Fossil 38 9000(9.5) 3400 (3.6)* 900 (0.95) 4700 (4.95)
P

29 12000(12.5) 3400 (3.6) 1200 (1.25) 7400 (7.65)

23 15000(15.5) 3400 (3.6) 1500 (1.55) 11100 (10.35)

17 20000(21.0) 3400 (3.6) 2000 (2.10) 14600 (15.3)
Nuclear 34 10000(10.5) 3400 (3.6) 500 (0.50) 6100 (6.4)
Plant

29 12000(12.5) 3400 (3.6) 600 (0.60) 3000 (8.3)

* 1 kwh = 3413 BTU

3)
3.6x10 Joules==0.86x106 calories.
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Table 3

TYPICAL CHARACTERISTICS OF WASTE HEAT REJECTION [11]

Heat Rejection to Temperature

Type Heat Rate, in e Cooling Water, in g Rise, in
BTU/kwh (Joules/kwh x 10 ) BTU/kwh (Joules/kwhx 10 ) T CRE)

Fossil Plants:

(1) National Average 10500 (11.%) 5500 (5.8) 15.5 (8.6)

(ii) High 8700-12500 (9.2-13.2) 4000 - 7600 (4.2-8.0) 8.1-23.4 (4.5-13.0) &
Utilization#* no

(1ii) Intermediate 10000-16000 (10.5-16.9) 5000-10100 (5.3-10.7) | 8.1-23.4 (4.5-13.0)
Utilization

(iv) Low 10000-20000, (10.5-21.0) 5000-13600 (5.3-14.3) 8.1-19.8 (4.5-11.0)
Utilization :

Nuclear Plants 9700-11000 (10.2-11.6) 6800 - 7600 (7.2-8.0) 18.0-28.8 (10.0-16.0)

* High Utilization: Plant operated more than 6000 hrs per year; Intermediate Utilization: Between
2000 and 6000 hrs per year; Low Utilization: Less than 2000 hrs per year.
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TOTAL NUMBER OF UNITS
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Cumulative distribution of number of units in the

MAPP region with condenser temperature rise less
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Figure 18. Cumulative distribution of condenser flow rate per MW in MAPP

region with condenser temperature rise less than T




TYPICAL THERMAL DISCHARGES FOR A 1000 MW NUCLEAR PLANT [11]
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Table 4

Heat Rejec-
Cooling Water Flow Rate, Temperature tion Rate_6
System gpm Rise, °F BTU/hrx10
Main Condenser 480400 26 6290
Primary Plant 5800 22 o6 *
Components
Secondary Plant 11000 10 55
Components
Centrifugal Water 3000 9 13
Chiller
Control Room 200 10 1
Alr Conditioner
Steam Generator 50 (max) 120 3 (max)

Blowdown (Discharged
1 hr out of every
100 hrs)

6 :
* 175x10 BTU/hr during plant cooldown once a year.

sausstl






98

Table 5

PERCENTAGE OF TOTAL COOLING WATER
WITHDRAWAL LOST BY EVAPORATION [3]*

Quantity of Water, (cfs)

year 1969 1970 1971

I. Rate of Withdrawal

Fresh Water 165232 172005 172392
Saline Water 68391 73439 72564

IT. Consumptive Use
(Fresh Water)

As Reported by
Utilities 1058 881 1267

Including Calculated
Loss for Once-through 1933 1830 2129

Percentage Consump-
tive Use (%) 110 1.06 123

* It is assumed that the amount of heat lost by evaporation in once-
through cooling systems is 50 percent of the heat rejection.
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Table 6

LOCATIONS OF MISSISSIPPI RIVER LOCKS AND DAMS

RM 815.2 and 847.6, etc.

Lock and Location Nearest
Dam No. River Mile Town
1 847 .6 Minneapolis-St. Paul, Minn.
2 815.2 Hastings, Minn.
3 796.9 Red Wing, Minn.
4 752.8 Alma, Wis.
5 738.1 Minneiska, Minn.
5A 728.5 Winona, Minn.
6 714 .3 Trempealean, Wis.
7 102.5 Dresbach, Minn.
8 679.2 Genoa, Wis.
9 647.9 Lynxville, Wis.
10 615.1 Guttenberg, Ia.
11 583.0 Dubuque, Ia.
12 556.7 Bellevue, Ia.
13 82255 Clinton, Ia.
14 493 .3 LeClaire, Ia.
155 482 .9 Rock Island, Ill.
16 457, 2 Muscatine, Ia.
17 437.1 New Boston, Ill.
18 410.5 Burlington, Ia. i
19 364.2 Keokuk, Ia. i
20 343.2 Canton, Mo. J
21 324.9 Quincy, Ill. :
22 301.2 Severton, Mo. .
]
1
24 273.4 Clarksville, Mo. ]
25 241 .4 Cap Au Gris, Mo. ]
26 202.9 Alton, Tll. 1
1
Note: Pool No. 2 lies between ?

. LT - .-_H—-.\‘.-.

i, b
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Table 7
EXISTING, PROPOSED, AND PROJECTED TOTAL PLANT CAPACITIES IN MW

ALONG MISSISSIPPI AND MISSOURI RIVERS

D

River and Existing Proposed Projected
.gziiizé Location Specified | Location Unspecified
Fo | N° F N F N F N

Mississippi:
oTF® 3600 2220 600 0 : = . B " 0
wer® 350 1125 1360 2300 :

Missouri: |
van & 1295 ki ¢ 2920 4200° 800 0
WCT 0 0 840 0 .

2 F = Fossil; N = Nuclear; OTF = Once-Through Fresh; WCT = Wet Cooling Tower

bOnly capacities that could possibly be installed along the rivers considered

©2300 MW may be OTF (additions to existing units)

dCooling system not specified

SOT



COOLING WATER USES

Table 8

AND NEEDS FOR POWER PLANTS ALONG THE MISSISSIPPI RIVER

Cooling Water Required in cfs(cu-m/s)

Plant
Capacity, (MW) Calculated, (Eg. 52) Reported,
Category
F = Fossil Ny = 15%(F), 5%(N); Ny = 10% (F,N) ; (Table 16)
L R n = 36%(F), 32%(N) n = 33%(F,N)
P p
3502 (F) - - -
Existing 1125P (N) 188.0 ( 5.3) 188.0 ( 5.3) 188.0 ( 5.3)
Plants 3600 (F) 4135.8 (117.1) 5248.0 (148.6) 5339.9 (151.2)
2220 (y) 3689.8 (104.5) 3236.3 ( 91.7) 3048.6 ( 86.4)
sum: 7295 8013.6 (226.9) 8672.3 (245.6) 8576.5 (242.9)
Proposed 13604 (F) -- - —--
Plants 600 (F) 689.3 (19.5) 874.8 (24.8) 1578 (21.5)
23002 (N) . =X ‘s
sum: 4260 689.3 (19.5) 874.8 (24.8) 757.8 (21.5)
Projected 7200 (F) 8271.6 (234.2) 10496.0 (297.2) --
Plants 8755 (N) 1455%1.3 (412.1) 12762.9 (361.4) --
sum: 15955 22822.9 (646.3) 23258.9 (658.6) —

9Cooling water data not available

Closed-cycle cooling system, make-up water requirement

90T
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Table 10

MAXIMUM ALLOWABLE WATER TEMPERATURES*
IN MISSISSIPPI RIVER

Month Reach 1 Reach 2 Reach 3 - Reach 4 Reach 5
January 40 40 45 45 50
February 40 40 45 45 ; 50
March 48 54 57 57 60
April 60 65 68 68 70
May 72 il 78 78 80
June 78 84 85 86 87
July 83 84 86 88 89
August 83 84 86 88 89
September 78 82 85 86 87
October 68" 13 A= 5 78
November 50 58 65 65 70
December 40 48 52 52 57

Reach 1: Lake Itasca to Lock and Dam No. 2, Hastings (RM 815)

Reach 2: Lock and Dam No. 2, Hastings (RM 815) to Illinois border (RM 581)
Reach 3: Wisconsin border (RM 581) to Missouri border (RM 361)

Reach 4: Iowa border (RM 361) to Alton Lock and Dam (RM 203)

Reach 5: Alton Lock and Dam (RM 203) to Arkansas border

* Temperatures are weekly average values for Minnesota; monthly averages of daily maximum values for
Wisconsin: and the values that shall not be exceeded during more than one percent of the hours in the
12-month period ending with any month, for Iowa, Illinois, and Missouri.
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Table 12

SUMMARY OF MONTHLY MEAN VALUES
OF DAILY WEATHER CONDITIONS--

MAY
: Air Wind Relative Atmospheric Cloud Solar

Wiazper Av;raglgg Temperature Speed Humidity Pressure Cover Radiation

EREIER S (°F) (mph) (%) (mb) (tenths) (cal/cm®/day)
Glasgow, Mont. 1954-73 54.83 6.33 55.08 937.66 ©.66 518.65
Williston, N.D. 1954-73 54,57 6.76 55 < 43 946.66 6.47 - b
Huron, S.D. 1954-73 57.09 8.08 65.55 966.67 6.29 518.61
Aberdeen, S.D. 1965-73 55.79 2.64 S A 967.20 6.28 --
Bismark, N.D. 1954-~73 54.63 8.10 3955 952.46 6.56 540.50
Sioux City, Ia. 1954-73 61.69 8.32 61.20 973.29 621 -——
Omaha, Neb. 1954-73 63.20 118 62.55 976.01 6.27 518.39
St. Joseph, Mo. 1954-73 65.42 7.48 58.60 979. 34 5.97 - ::
Kansas City, Mo. 1954-73 66.49 7.06 62.05 982.82 6.19 — N
Columbia, Mo. 1954-73 63.87 1+28 66.21 985.68 6.10 233=41
St. Louis, Mo. 1954-73 65.33 6.60 65.70 995.04 ©6.13 ——
Burlington, Ia. 1954-73 61194 7.48 65.58 989.98 6.12 468.36b
Moline, Ill. 1954-73 61.09 7.02 65.30 992.85 6.15 491.83°
Dubuque, Ia. 1954-73 98012 - 62.13 982.48 6.45 -
La Crosse, Wis. 1954-73 58.93 7.04 63.90 989. 74 6.37 506.869
Minneapolis, Mn. 1954-73 5750 7.70 61.40 981.99 6.33 -
St. Cloud, Mn. 1954-73 55231 9.13 62.40 975.99 6.47 479.77

Y from Rapid City, South Dakota

b

from Ames, Iowa

C :
from Argonne National Laboratory, Illinois

from Madison, Wisconsin

. i q_.Allu—-l-—-'—_‘;_ -..'.‘__-:,.,‘.
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SUMMARY OF MONTHLY MEAN VALUES
OF DAILY WEATHER CONDITIONS--

Table 14

NOVEMBER
| Air Wind Relative Atmospheric Cloud Solar
geather Av;raglgg Temperature Speed Humidity Pressure Cover Radia%ion
tation y o {(°F) (mph) (%) (mb) (tenths) (cal/cm”/day)
Glasgow, Mont. 1954-73 29.23 3.86 72.53 938.64 7.19 150.69
Williston, N.D. 1954-73 28.14 6.01 74 .14 947.19 723 =
Huron, S.D. 1954-73 32.30 7.89 70.80 969. 35 6.70 211.78°
Aberdeen, S.D. 1965-73 30.23 2.49 77 .00 969 .44 5| -
Bismark, N.D. 1954-73 28.53 7.33 68.05 955.79 7 1D 157.88
Sioux City, Ia. 1954-73 36.82 8.00 69.40 978. 44 6.42 ==
Omaha, Neb. 1954-73 39.67 7.38 68.60 979.31 6.14 201.24
St. Joseph, Mo. 1954~73 42.67 6.85 69.17 982.92 5.72 e
Kansas City, Mo. 1954-73 43.36 6.41 64 .40 985. 39 5.83 e
Columbia, Mo. 1954-73 44.19 7.61 68.37 988.42 6.01 207.24
St. Louis, Mo. 1954-73 44 .66 6.76 69.60 997 .95 6.31 =
Burlington, Ia. 1954-73 39.95 7.68 73475 992 .14 6.48 182.42P
Moline, TIl1l. 1954-73 39.20 7.00 71.80 995.25 6.89 153 33°
Dubuque, Ia. 1954-73 36.10 L 70.63 985.67 7.16 =
La Crosse, Wis. . 1954-73 35.34 6.99 75.10 991 .66 7,497 149,574
Minneapolis, Mn. 1954-73 33.02 7.48 74 .55 983.84 7.36 e
St. Cloud, Mn. 30.45 8.47 73.86 977.68 7.43 143.47

1954-73

a ; ;
from Rapid City, South Dakota

from Ames, Iowa

C .
from Argonne National Laboratory, Illinois

from Madison, Wisconsin

V1T

o [ —






! ’
£ Malf Bolpt ouyyiaton

Fort gfc
FORT PE A= LAKE 2%
r”f culberfsan tso SAKAKAWE A ==,
van L e . | N
y I U Garrison Dam e Wirin. Dam LAKE
i NORTH o rand Rapidsf; SUPERIOR
/ DAKOTA LAKE .
MONTANA / Bismark 9 ®  iTaska Sy
' :
e LAKE §) MINNGS.O.TA on !
g \ WISCO !
NSIN |
SOUTH DAKOTA Anoka [
wj St. Paul .-"I
: Fre @
9 L / o
i e Oahe release LMI: /
| SHARPE W Big Bend releass RERN inona  /
| {4 z f;
! LAKE 3 on
WYOMING I FRANCIS™ - == 2 /
- CASE N\ »
T T " TFort anda ' Lo . > [ ° mlf;:qfaEAN
ll \,_,.-.-._ : on cGreqor o -._\
| LEWIS AND X &
! CLARK LAKE Sjoux City % =
I I \
! l' IOWA ,'
Clinto
_—_‘_-_h____"_—----___\l : NEBRASK A f-' n
o I 7
| ] /
l Omah ;
=— . /
Nebraska Cit )i
[ : Pt A e e = “dTeokuk
=EE = E S T — ——— e — RUlO ILLINOIS : INDIANA
I e —
L
CULOR.&DO St. Joseph
Kansa 1t}" a rly
Alton
KANSAS : Boonvill St. Louis .
Herwann -
<
Chester @
MISSOURI e NS
———— MID-CONTINENT AREA POWER POOL (MAPP) AREA BOUNDARY Thebes ; KENTUCKY
0 50 100 Mi
L 1 1 1 1
Flgure 23. Locations of U.S. Geological Survey flow gaging

stations along the Mississippi and Missouri Rivers

2 A

e ——



Table 15

SUMMARY OF MONTHLY MEAN VALUES

OF DAILY FLOW RATES =--

MISSISSIPPI RIVER

7-day, 10-year

] ‘ ' ' f
Gaging River Mean Daily Flow Rates 1in cfs Totr Flow
Station Mile J
Averaging : Flow Rate
M t November Period
Periad February ay Augus : (cfs)

Winnibigo-
Shish Dam 1248.0 1939-74 790 219 627 692 - --
Grand Rapids 1182.0 1939-74 1714 1248 1204 1420 T =
near Libby 1106.0 1949-74 1709 3799 1893 2059 1932-68 192
Aitkin 1056.0 1945-74 1809 5224 2399 237! 1946-68 476
Royalton 956.0 1939-74 2789 9552 4198 4095 1925-68 606
Anoka 864.8 1940-74 4130 15241 6707 6293 1933-68 951
St. Paul 839.3 1939-74 5107 22903 9035 8135 1907-68 1350
Prescott 811.4 1939-74 8003 32603 13801 13149 1930-68 3110
Winona 1254 1939-74 14439 48499 20987 21546 1930-68 5570
McGregor 633.4 1939-74 17662 57467 25369 25665 1938-69 8604
Clinton 54k 8 1939-74 27294 73032 34063 36401 1940-68 9800
Keokuk 364.2 1939-74 44412 105697 45294 48219 1880-73 10950
Alton 202.7 1939-74 77808 164240 66895 70105 1934-67 20860
St. Louils 180.0 1939-74 132988 281165 129750 128893 1934-69 37800
Chester 109.9 1939-74 143913 302677 156623 134435 1934-67 41800
Thebes 435 1939-74 150290 305577 135493 138947 1934-67 43800
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raple 1o

SUMMARY OF EXISTING AND PROPOSED POWER PLANTS IN BASINS OF THE UPPER
MISSISSTPPI RIVER AND ITS MAJOR TRIBUTARIES LOCATED IN THE MAPP REGION

FLANT LOCATION INSTALLATION CONDENSER FLOW COOLING WATER DISCHARGE RECEIVING WATER BODY .
Utildey finme City/County |River | Totaml No. | Quantity | Temp. | Nature | Quantity | Winter Temp.(°F)|Summer Temp.(®F) Hume Monthly Average Flow SEvRy-dAy b SR
and State Mile Capacity of {ers) Eise {efa) Intake | Discharge|Intake | Discharge During Peak Load Mooth | Dependable Flow
-3
aboye {me‘h Umite (°F) J Winter| Quantity Summer Suantity E::] (cfs)
Ohio Month (cte) Month (era)
River
MPL Clay Boswell| Cohnsset, 1187 150 2 23 3.5 OTF 256.4 38 25 Th 86 Missiseippl B. Hov. <4203 Hept. 292.6
f1.2 Minn,
MPL Clay Boswell| Cohnuset, 1187 350 1 WCT 2.23 il Bl Th 100 Missimsippi H.
f.3 Hinn.
REF :ih'!';t’u-'ﬂﬁ‘ Bechker, Q06 6H0 1 WeT 1h,13 Misgissippl H. lischarge temp.
' 1 Minn. ' corresponds to
ambiant alr
NSP | Sharburne Becker, 906 680 1 WCT 14,13 Mississippl R, el i
f 2 Minn. *Future Unic
NEP Menticello Memticello, | 900 568.8 1 E45 28 OTF, WCT Gl 5 32 35 T2 Ta Mississippl R. Dsc. 8,600 Bept. 1,500 600 3,300
Minn.
UPA Elk River Elk River, B91 LB 3 E) | 11.5 OTF LT.94 Lg 59 15 AL Mississippl RJ Dec. 5:370 Bat. T.560 800 4,000
Minn. a 11.5 0.77 L2 53 75 81
50 15.9
NSP Southennt Minneapolis,| B851.7 4o 2 56 15 OTF 31.97 L2 52 71 Ao Mississippi R Jan. 6,597 AUE . T-303 1,470 10,050 Retired, 1974
Minn. 2 15 26.06 Lg 52 T1 8o
N5P Riversides Minneapolis,| B51.7 hss.B5 B 236 18.4 OTF 158.97 ko Lg £7 TS Mimsimaippl R, Jan f,59T Aug., T,303 1,L70 11,320
Minn. 93.b 18 5h.12 9 62 66 0
93.5 18 157.73 36 T1 68 il
110 15 0.08 50 99 60 15
109 15 0.28 Lo k1 67 K8
60,5 13
| Lok.5 15
Lok,s 15
]
|
PLANT A LOCATION INSTALLATION CONDENBER FLOW COOLING WATER DISCHARGE RECEIVING WATER H.ﬂﬂ"l'
Utiliey Hame Ci;:;'g?:f:y m;:r cTut.gqilt o, Quantity Temp. Nature Quantity | Winter Temp.(°F)|summer Temp.(*F) fipme Monthly Aversge Flow Seven=Adony Average Hemnrks
g o ?;w“} 4 U':L.a (ers) I:é;li' {ctn) Intake |DischargelIntake | Discharge During Peak Load Month Dependable Flow
Ohio e . Winter | Quantity Summer Ruantity f‘l?‘u} \ESR}
River Month (cfa) Month (efs) i
Nsp i
High Bridge 3;;‘&.«:4. By L63, Bl (3 182.8 20 UTF 70.33 i3 B T5 8% Mispisaippi R.| Jan. 8,210 Aug, T, Thl 1,900 21,720
. 17H.2 18 12T.79 3k 55 53 Th 1
133.7 18 25370 b 66 15 35
168.2 18
NEP Red Wi Hed Wing, 2
ng o ng T96.9 27 2 32,62 26 OTF 32.63 32 55 76 BS Mississippl B. :
NSP  |Prairie Red Wing, |796.9 | 593.1 1
fatkod. 1 ety 680 2T.h WCT 668 32 50 Th 76 Missiesippi H. Pike-on: iter
. r i EF |"|"
HEF |Prairie Red Wing, T96. : o
tayand, 92 bprE 9 530 i 680 27.4 WCT Mississippi H.
OPC |Almn Almn T52.8 205.3 5 28
. - : 0 18 OTF 260.7 1k 12 8
#1-5 Wis. ¥ k| 50 T Miseiasippd R.| Jan. 12,700 Aug.
. 0.6 | 3M 8k 12 B6 S il
. 0.28 1 50 72 a7
DPC  |Alma, #& Alma 152.8 150 1 L
v L& 18 OTF Minsisaippi R.| Jan. 12,700 July 27200 5,700 25,260
RSP |Winona Winona T28.5 26 .
i, 3 86.T 2.7 OTF 30.L6 38 ua T2 85 Mispigsippl R.| Dec. 28,400 Gept. « 2k, 000 Retired, 1974
HEF |Blmck Dog Minnespolis,| - 4B6.66 k
. ﬂhlg l’E WF
P vy i 17k .90 Minnesota R. Dee , 2,200 Sept. 660 Minnesota R. Joins
Miss. B. ut RM BLL,
Plant close te copn~
fluence

F]
L#—#—A—u-—--m—-'m L L T HEETE YE s ' g . B aal "

(Table 16 continued)
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taplie 1lb (continued)

PLART LOCATION INSTALLATION CONDENSER FLOW COGLING WATER DISCHAROE Rm‘i"_fﬂ WATER BODY
; . FAemarks
Ueilivy Hume City/County | River | Total Bo. Quant ity Temp. | Nature |Quantity | Winter Temp.(°F)|Summer Temp.{°F) Hame Nonthly Average Flow Beven-day Rversge
and State | Mile |Capacity | of (efs) Rise (crs) ntake | Dlscharge|Intake | Discharge Buripg Peak Losd Month Dependable f”"
;buve (M) Units {°r) Winter | Quantity Summer Quantity E:] efs)
RM" Month (cts) Manth (efe)
iver
City of [Muntclpal Muscatine, | 857.2 | 12k b 167.1 15 OTF 99 s | 78 90 Minsisnippi B,
Mugcatinoe| Zec. Flant lown LE-;'E 53 5-;. 12 2
. 35 s 50
0,35 53 5T 90
18:56 35 T4 90
ray Burlington Burlingtun, | Lok 212 i 180 22 oTF 1T6.T5 i6 58 16 98 Missiosippl R4 Dec. 712,000 July k0,000 15,500 60,970
Iown
Lre Wood River Wood Hiver,| 158 6501 5 912 1.5 OTF TTL.13 Missiusippi R Dec. 67,300 July 263,500
' 113,
Otter Tall R, | Dec. u59 Aug. 227 Plant at spprox.
gTee  |Hoov Lake Fergus - 136.9 i 38.8 12 OTF 107.81 400 mi. from Miss.B.
Fallm, £D 19 or
Minn. 81 ec WCT
NP hiE« Ring :;uluuur, - 59H.L 1 £19.5 16.9 U:;:'I' 519,58 33 Gk 76 B3 5t. Creix H. Dec. & ,000 Sapt . 2,L60 1,570 5,969 Be. Croix B. Jm;.
NN« Miss. R. at M Bl1.
Flant st mpprox.
20 mi. from
confluence
RaE Minnescta Granite - ug i i,y 16 OTF 6k 65 34 53 78 90 Minnesotna A, Jun, 573 Aug. 107 1,809 Minnescta H. Joins
Valley Falls, 1.9 16 Mins. F. nt RM RLL.
Minn, 62.6 L6 Flant st approx.
250 mi. from
conflusnce
NEP Wilssrth Mankats, - 28 2 256 id oTF 22,98 35 55 77 4 Minnessts R. Jan. L, Led ’ LoB 145 8,673 Flant at spprox.
Minn. 25.6 18 2.07 56 65 56 ?93 ‘ o f . 100 ai., !‘rE ,-'
ey " _ i canfliusnss %]
= o
{ [
FLAN] LOCATION INSTALLATION CONDENSER FLOW COOLING WATER DISCHARGE HECEIVING WATER BODY
btilley Nuzie ity/County | River | Total N, Quantity | Teap Nature | Quantity | Winter Temp. (°F){Summer Temp.("F) Name Mopthly Ave
= 2 - i rage Flow Seven-day fvernge Remarks
| f and Slate | Mile ..?pnclt.;,r of {crel Hﬂue lefs) Intake | Discharge|intake Di_lghlrsu ing P Mon Dependable Flow .
above | ML | Units (°r) Winter | Quantity | Sumser | Quantity ot fere)
Ohie Month lers) Month {crs) (efs)
River
Ropu ol 1 T =
i ilver Lake f:::i._“”' b of. L b §§ 1ﬁ OTF, 98,97 3z Ll 80 m Zumbro F. a1 B6 Zupbre R. Jolns
iy 12 ce Misan. R. at B TS0,
15 Plant at approx.
89 17 ' B0 mi, from
confluence
Ol Shibare oyl : a2 1| 356 20,5 | o 364 . S, Lowis B. [ dov. |10,395 Sept. | 1,040 Flant ocated
¥ cloee Lo Lake
. Superios
ML Aurors A G - 116
P il 2 186 1k orF 210 Colby Lake fov. £79.3 Sept. 18.3
LEF, i :
el L o £ ] 25 12 oTF 91,2 Rock A. Dec. | 1,205 June 1,409 ' Rock K. Joins Miss.
g s B, ay R 475, ML
WILE ch Rlver Roch Ca. = 150 2 Plant at approx. 15
sl 21 12 oTF 159.7 Hock R, Dec, | 1,205 Junia 1,409 ml. from confluence
W Pl l ds Browvn Co., - 392.50 a Bat
iy 9 1.2 oTF 609 Fox R. Dec. July Flant closes to
- Lake Winnebago
TELP Prairie Cednr Rapids| - 96 3 107.94 |
. 18 M 108.8 34 56 &
Crank Town 2 T EE' Cedar H. Dec . 1.'?5
(-8 Bl n] = il E il er o
Flant st approx. 110|
| i, from confluence




Table 16 (continued)

-
FLANT LOCATION INSTALLATION CONDENGER FLOW COOLING WATER DISCHARGE RECELYING WATER BODY
Utility Hame City/County | River Total No, Quantity Temp. | Nature quantity | Winter Temp.(°F}|summer Temp.("F) Name Mdnthily Average Flow g“’“r“{ ﬁ":imp' SLESEE XY i
and State |Mile Capacity of {cfs) Rise (era) [Tntake | Discharge|Intake |Discharge During Peak Lopd Month !P'F’L:b 2 “?,:}
- -
avove | (MW.) Units (°F) Winter | Quantity | GSummer Quantity (ors)
Hva Month (efs) Month {cre)
Hiver i
TIELF Prairie Cedar Raplids| - 148.7 1 113.72 i OTF 11,1 38 53 = Ay Cedar Hiver Doc. LyaTa July 3,059 Plant at nijn. gl
Creek #k Iowa 1. 29 ETa) ks Th Th 110 gl . Frig cuflav
1ELP D. Arnold | Palo, Iova - 553 g 661, 4 25 WCT Cedar River "l'i“'-’ "F;""" |
P i [
cunfuonoe. Hlou-
jo  Poem cold =i
Foldider cnkl
IFs Maynard Waterloo, - 100 6 15.6 10 OTF 14T G Cedar River Deg. ;T30 Aug . 19,210 1,4%0 * L Flint sip appirox 290
Iova 33.h 10 Bie Trom, condildamen
33.4 10
L9 10
135 10
IPL Des Moines | Des Molpes, - 325 T 56 12 WCT, 265 38 58 18 10k Des Moines Jan 3,000 Aug. 77,000 200 1, DG fnr:' Wraniy "-_' Jling
Iowa T8 12 CF 10.24 18 £ T8 85 Hiver tiag, H. W ‘! *E"j
13 15 1.11 38 L0 85 A Flant sl approx. 200
100 15 ml, from :'.-!.I'lLif'rll.'l.‘
110 13
144 18
155 18
CHFC Himboldt Humbaldt , - k3.8 h £.95 11 OTF 3953 33 50 By 77 fes Molnes 1,358 Bed L ilnes F-'... Jiins
Towa 6.95 11 River Mlza,. H; at B 36l.
6.2 B.25 Flant at appros. 140
6,2 12.1 mi. from confluence
= T |
FLART LOCATION INSTALLATION CONDENSER FLOW COHOOLING WATER DISCHARGE RECEIVING WATER BODY |
Utility Name City/County |River Tetnl No. Quantity Temp. | Hature Quantity | Winter Temp.(°F)|Summer Temp.{°F] Hume Manthly Average Flew Seven~dny | Average Hesmurks
And State {Mile Copacity ol (efa) fise {efs] Intake'] Discharge|Intake |[Pischarge During Peak load Month Cependabtle Flow
o B s =
g‘::lwe (MW ] Unite {°F) Winter | Quantity e Quantity f;";:'. (efs) |
R = Month {crs) Month (efs) =k
iver
PMPL |Munlcipal Pells, - 43.5 b b,k LL WCT E. Skunk: F. Plunt. 8% Approt. '
Fower &k Light| lowa T8 1P | 14 JDes Moinen 1LG ri,. Cram [
2k 5.5 E. confluence |
53.3 1k
I50 Bridgepart Eddywville, - T1 3 41 1T:5 wWCT 2.01 Millwr's Flunt nt Wpproa,
Iowa L1 - Iy 1 Creek /Dea ml. P=um |
L2 17.5 Moines H. conflusnce. |
|
ISU |[Strestar Cedar Falls,| = b 6.68 31 OTF B.35 51 g5 51 a5 Bry Run Flant 6t Rpprox.
6.68 i1 Creek 190 =1, from
JE:E-I'* lg fCedar R. sonllusncs
1.5 L
IELP |Sixth Street | Cedar Rapids] =~ 102 B 31.9 16 ce 5.5 Local Hun-
#1=-8 Towa art
IELE | Sutherland Marshalltown,| - 156.6 3 220 16 WCT 3.8 Well -
-3 Towa !
City of{ Municipal Ames , - B5.15 3 22.27 13.6 DET i
Ames | Power Flant Tova 28.95 13.5
aT.90 19 i
|
I R

A |




ADDITIONAL PROPOSED AND PROJECTED PILANTS ALONG
(FROM MAPP R-362 DATA)

MISSISSIPPI RIVER

Table 17

Utility Plant and Unit Location Capacity (MW) Type Remarks
IIGEa' Carroll Co., #1 Savannah, Ill. 478 Nuclear New Plant (5-1-83f
IIGEaL Carrall Co., #2 Savannah, Ill. 478 Nuclear ° (5-1-84F
b Tyrone Energy Park, #1 Durand, Wis. 1150 Nuclear New Plant (5-1-82)
b Tyrone Energy Park, #2 Durand, Wis. 1150 Nuclear (5-1-84)
MPL —~ - 800 Fossil, Coal (11-1-82)
- - Minnesota 800 Fossil, Coal (Through 88)
- - Minnesota 1100 Nuclear (Through 88)
- - Minnesota 1100 Nuclear (Through 88)
- - Minnesota 800 Fossil, Coal (Through 88)
- - Minnesota 800 Fossil, Coal (1989-93)
- -~ Minnesota 1500 Nuclear (1989-93)
= - Minnesota 1500 Nuclear (1989-93)
- - Minnesota 800 Fossil, Coal (1989-93)
~ - Minnesota 800 Fossil, Coal (1989-93)
= = Wisconsin 1500 Nuclear (1989-93)
TELP ¢ Central Iowa N.E. Iowa 1100 Nuclear (5-1-83)
IIGE 2 1985 Fossil S.E. Iowa 600 Fossil, Coal (5-1-85)

S.E. Iowa 600 Fossil (5-1-86)
S.E. Iowa 600 Fossil (5-1-91)
S.E. Ioga 600 Fossil (5-1-93)

2 Shared with other utilities

b
Shared by several utilities

c . "
Projected in-service date

- v dlbe——— — il

vl
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Figure 25. Locations of proposed and projected thermal power plants
along the Mississippi and Missouri Rivers in the MAPP area
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Table 18

CLOSED-CYCLE COOLING REQUIREMENTS - MISSISSIPPI_RIVER
cooling systems)

(Projected plants with known locations and unspecified

Plant

Type Location

Capacity (MW)

% of Closed-Cycle Cooling

Required

A. Based on

Average Flow Conditions

Carroll Cos ,

Carroll Co.,

B. Based on

#1 N Savannah, Ill.
#2 N Savannah, Ill.

Low Flow Conditions

Carroll Co.,

Carroll €o.;

#1 N Savannah, Ill.
#2 N Savannah, Ill.

478
478

478
478

Natural Base

Full Load w/CF

Existing Base
Full Load w/CF

100
100

14
100

0 0
0 0
0 0
0 0

[









WATER TEMPERATURE , °C

LOCATIONS OF EXISTING AND COMM]TTED/PHOPOSED POWER PLANTS
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Figure 26. Temperature distributions along the Mississippi River for

average conditions with full-load operation and permissible
new plants based on predicted natural temperatures
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WATER TEMPERATURE, °C

LOCATIONS OF EXISTING AND COMMITTED/PROPOSED POWER PLANTS
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LOCATIONS OF EXISTING AND COMMITTED/PROPOSED POWER PLANTS
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LOCATIONS OF EXISTING AND COMMITTED /PROPOSED POWER PLANTS
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Table 19 (continued)

Summexr Gross Capacity
Name of Plant Location Capacity Energy factor

(MW) (GWH) (%)
Alma #1 Alma, Wis. 21 60 32.62
Alma #2 Alma, Wis. 21 60 32,62
Alma i3 Alma, Wis. 20 60 34.25
Alma #4 Alma, Wis. 59 326 63.08
Alma i#5 Alma, Wis. 83 475 65.33
French Island #3 La Crosse, Wis. 70 10 1,63
French Island #4 La Crosse, Wis. 69 8 1 32
Genoa #1 Genoa, Wis. 12 61.73
Genoa #2 Genoa, Wis. 48} -l 6173
Genoa #3 Genoa, Wis. 350 1880 61.73
Lansing #1 Lansing, Iowa 178 62.42
Lansing #2 Lansing, Iowa 10.7 339 62.42
Lansing #3 Lansing, Iowa 33.8 62.42
Cassville #1 Cassville, Wis. 19 60 36.05
Cassville #2 Cassville, Wis. 33 120 4] 554
Dubugue #2 Dubuque, Iowa 15 5037
Dubuque #3 Dubuque, Iowa 30ii 353 50.3%
Dubuque #4 Dubuque, Iowa 35 50.37
M.L. Kapp #1 Clinton, Iowa 18.5) 73.42
M.L. Kapp #2 Clinton, Iowa 220.0f don 73.42

Moline M-3 Moline, Ill. 14
o5 et 189 23.97

M~7 28/

Riverside R-=3HS Bettendorf, Iowa 6

R-1 24
R~ 3 26 1148 52 <63

R-4 <3i

R-5 142
Montpelier i#l Montpelier, Iowa 24) 51.64
Montpelier #2 Montpelier, Iowa 39f 483 51.64
Burlington #1 Burlington, Iowa 207 917 50.57




WATER TEMPERATURE, °C
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LOCATIONS OF EXISTING AND COMMITTED/PROPOSED POWER PLANTS
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Figure 27. Temperature distributions along the Mississippi River for
average conditions with 1974 capacity factors and permissible
new plants based on predicted natural temperatures
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WATER TEMPERATURE, °C

LOCATIONS OF EXISTING AND COMMITTED/PROPOSED POWER PLANTS
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Figure 27. (continued)
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WATER TEMPERATURE, °C

LOCATIONS OF EXISTING AND COMMITTED/PROPOSED POWER PLANTS
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Table 20

LOCATIONS AND CAPACITIES OF PERMISSIBLE POWER PLANTS
BASED ON PREDICTED NATURAL TEMPERATURES AND FULL-
LOAD OPERATION -- MISSISSIPPI RIVER (AVERAGE FLOW)

5 Bi =1 (cfs) Mixed Temp. Increase Permissible Plant. Permissible Plant
e i D e 3 AT (PC) Capacity - Fossil (MW) Capacity - Nuclear (Mw)
Mile " Feb May Aug Nov Feb May Aug Nov Feb May Aug Nov Feb May Aug Nov
115083 ¢ 1654 2312 1491 1687 2. 78 2.45 2.50 2.78 399 491 324 408 275 339 223 281
1113:0 1700 3564 1829 2000 2.8 1.42 2.03 2.78 411 441 323 483 283 304 222 333

700.0 15332 51016 22217 22702 2.78 1.43 1.98 0.65 3705 6337 3834 1283 2555 4370 2644 885

OvT

339.4 40369 97984 42642 45428 2.78 1.44 1.97 0.99 9763 12275 7308 3912 6733 8465 5040 2698

SummaEY of Permissible Plant Capacities:

Location
(River Mile) 1150.3 1113.0 700.0 399.4
Fossil (MW) 324 323 1283 3912

Nuclear (Mw) 223 222 885 2698
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WATER TEMPERATURE,

LOCATIONS OF EXISTING AND COMMITTED/PROPOSED POWER PLANTS
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Figure 28.

DISTANCE DOWNSTREAM IN KILOMETERS

Temperature distributions along the Mississippi River for
average conditions with full-load operation and permissible
new plants based on temperatures with existing heat loads
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WATER TEMPERATURE, C

LOCATIONS OF EXISTING AND COMMITTED/PROPOSED POWER PLANTS
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Figure 29. Temperature distributions along the Mississippi River for
average conditions with 1974 capacity factors and permissible
new plants based on temperatures with existing heat loads




LOCATIONS OF EXISTING AND COMMITTED/PROPOSED POWER PLANTS

Se g - kel T ;;:.l F3
- S DU © o - =T <z 3 JZ =
w w = e = o z = = Z 0 Z w = =
0 O P = x < = > o E 5 O LR =
7] - w . b T O w W = g » O = o -
- Zx z a = > = w @ > = x JZn @
5 Q1 = L = L= | w o o = g J O 0O 02 =
8 =uw = in [ < - | =1 o Jd o o n o o T TT :I‘.I
L | 1 | 1 | | | | RWERlDH:l.::“ ABOVE
1200 1100 1000 900 800 70 | 600 | 500 400 OH
I
= :‘ .I
ai 23
t15=4 x|
*
Fe———
16 F !
(]
* _-r—---——‘
r..__""
i
IS fF —=———— NATURAL (NO PLANTS) ]
P
WITH EXISTING PLANTS (WITH CAPACITY FACTOR) e ) —
!
14 —— = — WITH EXISTING AND PROFPOSED PLANTS e =

w
LI

WATER TEMPERATURE, °C
= ~

L

10

WITH EXISTING, PROJECTED , AND PERMISSIBLE PLANTS

e —

MISSISSIPPI RIVER
AVERAGE MAY CONDITIONS

*SITES FOR PERMISSIBLE NEW PLANTS

‘r i L n i i 1 L L ki i i i L e i i Il
0 80 160 240 320 400 480 560 640 720 800 880 960 1040 1120 1200 1280 1360
DISTANCE DOWNSTREAM IN KILOMETERS
Figure 29. (continued)
X LD N ST TR A T W O S S T . - W — - el e — L T ol R—— - Ny epepee— ] - - i -—

—
o
G




M

MISSISSIPPI RIVER

LOCATIONS OF EXISTING AND COMMITTED/PHOPOSED POWER PLANTS
0 o =z
= _ o W w
@ - w o
= - w o o > e x e aZ -
v Eh < « z x < = > O 2 e Ol Bk z
w - W g 4 O o W = T - e -
3 zx 3 s 3 £ 2 2. EEEdzd S
-
8 gd EE I&:j a j g J 3 o (7 S I S I T 3 m
l . o R e e
I I i | | | l | | RIVER MILES ABOVE
1200 1100 I000 900 B0OO 700 600 500 400 OHIO RIVER
| L]
z'e |
Z|E nl
- NATURAL (NO PLANTS) 312 zl2
WITH EXISTING PLANTS (WITH CAPACITY FACTOR)
s
as — —— WITH EXISTING AND PROPOSED PLANTS N
I
oo WITH EXISTING, PROJECTED, AND PERMISSIBLE PLANTS * ;\\ =
rh""\... ! \ (%o
I v | N
24 % ! S [ ~
o ?‘H jh\ 'I S~
° | R At S |' “\ Il
" I
g 3 | = 4
> »* * I F
L » N | i
< N I\ I
ac #* h I |
w \ S0 T :
% 22 r | \ : : g \ n) |
= S g b=
= |
o |
it
—
<
3

N
O

ig 1 L L L 1 1 L 1
0 80 160 240 320 400 480 560 640 720 800 880 960 1040 1120 1200 1280 1360
DISTANCE DOWNSTREAM IN KILOMETERS
Figure 29. (continued)

L

AVERAGE AUG. CONDITIONS

#*
SITES FOR PERMISSIBLE NEW PLANTS

1 - 1 L L J
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Table 23

LOCATIONS AND CAPACITIES OF PERMISSIBLE POWER PLANTS
BASED ON TEMPERATURES WITH EXISTING PLANTS AND 1974 CAPACITY

FACTORS (TABLE 19) -- MISSISSIPPI RIVER (AVERAGE FLOW)
River River Flow, Q(cfs) Mixed Temp. Increase Permissible Plant Permissible Plant
AT eE) Capacity - Fossil (MW) Capacity - Nuclear (MW)
Mile Feb May Aug Nov Feb May Aug Nov Feb May Aug Nov Feb May Aug Nowv

11560.3 = 1654 2312 1491 1687 28 8 2.8 8 2780 278 399 559 361 408 275 385 249 281
1113: 0 1700 3564 1829 2000 2578 1545 2,065  2.78 411 450 325 483 283 S 224 333

1075.8 1770 4662 2199 2215 2578 109 © L85 . 2.78 428 441 353 536 295 304 243 370

e ————

cST

1038.5 1981 5984 2715 2629 278 0,87 1.66  2.78 479 453 391 635 331 32 270 438

e m—— e

1001.2 2346 7598 3385 3292 2.98 0.66] 1.43° 2.58 568 433 420 738 391 299 290 510

s T——

964.0 2712 S92LE 4056 35955 2.18 1'0.53. '1.25 1.90 656 424 440 655 452 292 303 451

e e

700.0 153325 51016, 22217 22702 2.78 ka3 2.48. 2.59 3705 7680 4786 5106 2355 5297 3300 3522

299.4 20347 61853 27819 28691 Z. 48 .47 1.27 0.80 4917 2516 3063 1993 38391 1735 3119 1374

—
—————

500.0 28695 75706 34982 37369 2.78 0.58 1.43 0.84 6934 3841 4357 2745 4782 2649 3005 1893

399.4 40369 97984 42642 45428 299 OI7T 182 1.25 8962 6549 6753 4939 6180 4517 4657 3406

Summary of Permissible Plant Capacities

Location
(River Mile) TS0 L3 1113.0 1075.8 1038.5 1001.2 964.0 700.0 599.4 500.0 399.4

Fossil (Mw) 361 325 353 39 420 424 3705 1993 2745 4939
Nuclear (MW) 249 224 243 270 290 292 2555 1374 1893 3406
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WATER TEMPERATURE, °C

LOCATIONS OF EXISTING AND COMMITTED/ PROPOSED POWER PLANTS
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Figure 30. Temperature distributions along the Mississippi River for low flow
conditions with full-load operation and permissible new plants based
on predicted natural temperatures and average flow conditions
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9 g tud 5:..! E
=i L
= w o © N X Sy -
w i S z - © =1 Sz we o
) =@ w < x @« q4 = S o zZ o~ O yo« =
< - z & < O o © n 4 3 Q@ =SFEO =
: sy E T 3 $ B @oNEces E
3 = w 3 ; E :cr'l f! o _ g (=] ﬁ o O F XX o
L I I | ] 1 1 ! I RIVER MILES ABOVE
1200 1100 1000 900 800 700 I 600 500 400 OHIO RIVER
I L]
Zz'g .'
Z|= @
- NATURAL (NO PLANTS) :IE )
WITH EXISTING PLANTS (FULL LOAD)
-— WITH EXISTING AND PROPOSED PLANTS MISSISSIPPI RIVER
LOW FLOW NOV. CONDITIONS
======-= WITH EXISTING,PROJECTED, AND PERMISSIBLE PLANTS
* SITES FOR PERMISSIBLE NEW PLANTS
3~
30 - e
N
o 29 =
w -
o .-
2% 1y
= 27F I
I, §
a Iy
o S =
- Il I
25 - I Iy
x 1 f|
w I ll
:E 24 - I I
z I ¥
23| 1 !
': I
|
| | I |
2l 1l I
1 L
20+ I I
kil | 1
b -—
190 L Ll | 1 1 1 I L1 | | | | 1 | I
80 160 240 320 400 480 560 640 720 800 B8O 960 1040 1120 1200 1280 1360

DISTANCE DOWNSTREAM IN KILOMETERS

Figure 30. (continued)
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WATER TEMPERATURE, C

LOCATIONS /i EXISTING AND COMMITTED/PROPOSED POWER PLANTS
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Figure 31. Temperature distributions along the Mississippi River for low flow
conditions with 1974 capacity factors and permissible new plants
based on predicted natural temperatures and average flow conditions
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Figure 31. (continued)
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Figure 32. Temperature distributions along the Mississippi River for low flow

conditions with full-load operation and permissible new plants

based on temperatures with existing heat loads and average flow

conditions
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WATER TEMPERATURE, °C

LOCATIONS OF EXISTING AND COMMITTED/PROPOSED POWER PLANTS
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Figure 33. Temperature distributions along the Mississippi River for low flow
conditions with 1974 capacity factors and permissible new plants

based on temperatures with existing heat loads and average flow
conditions
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Figure 33. (continued)
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Table 24

LOCATIONS AND CAPACITIES OF PERMISSIBLE POWER PLANTS
BASED ON PREDICTED NATURAL TEMPERATURES AND FULL-
LOAD OPERATION -- MISSISSIPPI RIVER (LOW FLOW)

. R Fl (C£S) Mixed Temp. Increase Permissible Plant Permissible Plant

Raver LUSE SOy (GAGES AT (°F) Capacity - Fossil (MW) Capacity - Nuclear (MW)

Mile Aug Nov Aug Nov Aug Nov Aug Nov

1150.3 192 192 2.718° 2578 46 46 32 32

1113.0 192 192 2.8, 2.78 46 46 32 32

1075.8 364 364 2ie 788 2278 88 88 60 60 -

1038.5 499 499 2. 78, 2578 120 120 83 83

1001.2 547 547 268" 2578 127 132 88 91 <
o))

964.0 596 596 2263 2,78 136 144 94 99 =

399.4 10678 10678 2.51 2.06 2331 1913 1608 1319

Summary of Permissible Plant Capacities:

Location
(River Mile) 1150.3 y 0 Ll &5, L075.8 1038.5 1001 .2 964.0 399.4

Fossil (MW) 46 46 88 120 127 136 1913
Nuclear (MW) 32 32 60 83 88 94 1319

L‘_ ST R N R T R T O S S S T S S S pp—" - = : T At I el 0 ety per g e e T T
g —— it ————



Table 25

LOCATIONS AND CAPACITIES OF PERMISSIBLE POWER PLANTS
BASED ON PREDICTED NATURAL TEMPERATURES AND 1974 CAPACITY

FACTORS (TABLE 19) -- MISSISSIPPI RIVER (LOW FLOW)

. : 1 (cEe) Mixed Temp. Increase Permissible Plant Permissible Plant
SAVRE BASrer ey NG ES AT (2C) Capacity - Fossil (MW) Capacity - Nuclear (Mw)
HECke Aug Nov Aug Nov Aug Nov Aug Nov
1150.3 2 192 20148 Bahs 46 46 32 32
1310 192 192 2,708 2.78 46 46 32 32
1075.8 364 364 2.8 2.78 88 88 60 60
1038.5 499 499 2ed8 213 120 120 83 83
1001.2 547 547 2.68 2.78 127 132 88 91

964.0 596 596 2.63 2.78 136 144 94 99

399 _4 10678 10678 22 “2026 2434 2100 1678 1448

€91

Summary of Permissible Plant Capacities:

Location
(River Mile) 11503 LR 1075.8 1038.5 10012 964.0 399.4
Fossil (MW) 46 46 88 120 127 136 2100

Nuclear (MW) 32 32 60 83 88 94 1448



Table 26

LOCATIONS AND CAPACITIES OF PERMISSIBLE POWER PLANTS
BASED ON TEMPERATURES WITH EXISTING PLANTS AND FULL-

LOAD OPERATION -- MISSISSIPPI RIVER (LOW FLOW)

Mixed Temp. Increase Permissible Plant Permissible Plant

River River Flow, Q(cfs) AT (°C) Capacity - Fossil (MW) Capacity - Nuclear (Mw)

Mile | Aug Nov Aug Nov Aug Nov ﬁug Nov

TE50.3 - 192 192 208 28 46 46 32 32

LRSS0 192 192 28 N 200 46 46 32 32

1075.8 364 364 Zs 18 2478 88 88 60 60

1038.5 499 499 278 2,98 120 120 83 83 E

1001.2 547 547 2,68 2.78 127 132 88 91

964.0 596 596 2.63 2.78 136 144 94 99

700.0 6421 6421 2,57 2,40 1437 1340 991 924

599.4 8941 8941 2.31 180 1799 1403 1241 967

500.0 9894 9894 2 A 1.61 1872 1388 1291 957

399.4 10678 10678 2.'73  2_56 2533 2378 1746 1640

summary of Permissible Plant Capacities:

Location :
(River Mile) 1150.3 LIS, 0 1075.8 1038.5 1001.2 964.0 700.0 299.4 500.0 399.4
Fossil (MW) 46 46 88 120 127 136 1340 1403 1388 2378
Nuclear (MwW) < 7 32 60 83 88 94 924 967 957 1640
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Table 27

LOCATIONS AND CAPACITIES OF PERMISSIBLE POWER PLANTS
BASED ON TEMPERATURES WITH EXISTING PLANTS AND 1974
CAPACITY FACTORS (TABLE 19)-— MISSISSIPPI RIVER (LOW FLOW)

. B 1 (cfs) Mixed Temp. Increase Permissible Plant Permissible Plant
S AYEE SOy GRass AT (2€) Capacity - Fossil (MW) Capacity - Nuclear (MW)
Mile Aug Nov Aug Nov Aug Nov Aug Nov
1150.3 192 192 2. 08 2.78 46 46 32 32
1113.0 192 192 2.78 2.78 46 46 32 32
1075.8 364 364 2.78 2478 88 88 60 60
1038.5 499 499 2.78 2378 120 120 83 83
1001.2 547 547 2.68 2.78 127 132 88 91
964.0 596 596 263 2.7B 136 144 94 99
700.0 6421 6421 20597 2:39 1437 1337 991 922
599.4 8941 8941 2.30 1.78 1790 1382 1235 953
500.0 9894 9894 Zoge - 168 1864 1381 1286 952
399.4 10678 10678 273 "'2.54 2536 2332 1749 1629
Summary of Permissible Plant Caggcitiea
Location .
(River Mile) 1150.3 231300 1075.8 1038.5 1001.2 964.0 700.0 599.4 500.0 399.4
Fossil (MW) 46 46 88 120 127 136 1337 1382 1381 2362

Nuclear (MW) 32 32 60 83 88 94 922 953 952 1629
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WATER TEMPERATURE,

LOCATIONS OF EXISTING AND COMMITTED/PROPOSED POWER PLANTS
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WATER TEMPERATURE, °C
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WATER TEMPERATURE, C

LOCATIONS OF EXISTING AND COMMITTED/ PROPOSED POWER PLANTS
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Figure 35. (continued)
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WATER TEMPERATURE, °C
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Figure 36. Temp§r§ture distributions along the Mississippi River for low flow
conditions with full-load operation and permissible new plants
based on temperatures with existing heat loads and low flow conditions
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Figure 36. (continued)
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WATER TEMPERATURE, °C

LOCATIONS OF EXISTING AND COMMITTED/PROPOSED POWER PLANTS
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Figure 37. Temperature distributions along the Mississippi River for low flow
conditions with 1974 capacity factors and permissible new plants
based on temperatures with existing heat loads and low flow conditions
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Figure 37. (continued)
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Table 28

COOLING WATER USES AND NEEDS FOR POWER PLANTS ALONG THE MISSOURI RIVER

Cooling Water Required in cfs (cu-m/s)

Plant
Capacity, (Mw) Calculated, (Eg. 52) Reported,
Category
F = Fossil Ny = 15%(F), 5%(N); Ny = 10% (F,N); (Table 31)
N ='Nuclear n_ = 36%(F), 32%(N) n_ = 33% (F,N)
P P
Existing 2140 (F) 2458.5 (69.6) 3119.6 (88.3) 2809.5 (79.6)
Plants 1295 (N) 2152.4 (60.9) 1887.8 (53.5) 2156.8" (61.39)
sum: 3435 4610.9 (130.5) 5007.4 (141.8) 4966.3 (140.7)
Proposed 840* (F) i =
Plants 2760 (F) 3170.8 (89.8) 402355 (113 9) 3168.6 (89.7)
0 (N) 0.0 (0.0) 0.0 (0.0) . 8.0 (0.0)
sum: 3600 3170.8 (89.8) 402335 (113.9) 3168.6 (89.7)
Projected 3720 (F) 427377 (12%,.0) 5423.0 (153.6) =
Plants 4200 (N) 6980.6 (197.6) 6122.6 (173.4) ==
sum: 7920 11254.3 (318.7) 11545.6 (327.0) =

% Cooling water data not available
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Table 29

SUMMARY OF THERMAL STANDARDS

FOR MISSOURI RIVER

Allowable
State, Temperature Maximum
and Rise Above Allowable
River Controlling Classification Natural Water
Reach Agency of Reach Conditions Temperature Other
Montana State Health Category B-D 1°F in range 67°F,for na- Rate of de-

Upstream of
Mile 1600,
inside Montana

Montana border
(RM 1600) to
South Dakota
border (RM 1245)

North Dakota
border (RM 1245)
to Big Bend Dam
(RM 987)

Big Bend Dam
(RM 987) to
Nebraska border
(RM 873)

South Dakota
border (RM 873)
to Sioux City,
Towa (RM 732)

and Environmental
Scilences

North Dakota State
Department of
Health

South Dakota State
Department of
Environmental
Protection

South Dakota State
Department of
Environmental
Protection

Nebraska State
Department of
Environmental
Control

2

Class I

Cold Water
Permanent Fish
Life Propagation
Waters

Warm Water
Permanent Fish
Life Propagation
Waters

Class A

32°-66°F;
G 52
above
6b.5°F .

5°F

4°F

4°F

4°F

tural temp-
erature of

66.5°F, or

less.

85°F

65°F

80°F

85°F

crease, 2°F/
hour, up to
32°F.

Maximum rate
of increase,
2°F/hour.

Maximum rate
of increase,
2°F/hour.

Maximum rate
of change,
2°F/hour.

by . il L -I-.'lr-':Il--tJ'\._.-l--_-.-f_'-;-l...fH,..."; L‘h‘ll" " !!- I II I I | I i

(Table 29 continued)

08T



IR

Table 26

(continuzd)

SUMMARY OF THERMAL STANDARDS

FOR MISSOURI RIVER

Allowable

State, Temperature Maximum
and Rise Above Allowable
River Controlling Classification Natural Water
Reach Agency of Reach Conditions Temperature Other

Sioux City, Iowa Nebraska State De- Class A S5°F 90°F Maximum rate
(RM 732) to partment of Envir- of change,
Missouri border onmental Control; 2°F/hour.
(RM 553) and Iowa State De-

partment of Envir-

onmental Quality
Iowa border Nebraska State De- Class A; — 59F 90°F
(RM 553) to partment of Envir-
Kansas border onmental Control;
(RM 490) and Missourili State

Clean Water

Commission
Nebraska border Missouri State -—: Class B S°F 90°F
(RM 490) to Clean Water Com-
Kansas City, mission; and Kansas
Missourl (RM 366) State Board of

Health
Kansas City, Mis- Missouri State — 5°F 90°F

souri (RM 366) to
Confluence with
Mississippi River
(Mile 0)

Clean Water
Commission

18T















SUMMARY
AND ITS

OF EXISTING AND PROPOSED POWER PLANTS IN BASINS OF THE MISSOURI RIVER
MAJOR TRIBUTARIES LOCATED IN THE MAPP REGION

I
PLART LOCATION INSTALLATION CONDENSER FLOW COOLING WATER DIBCHARGE RECEIVING WATER BODY
Utillity Raze Eity/County | River Total Ro. Quantity Temp. |Hature Quantity | Winter Temp.(°F)|Summer Temp.(°F) | Name Monthly Average Flow Seven-dny Average Remaris
and State | Mile Capacity of (cfa) Rln (cte) take (Ddacharge|Intake | Discharge During Peak Load Month nnnpendlble ?:'1
Tl
‘“,'-' Unita (°F) Winter | Quantity Summer Quantity 1\::':1' e
Menth fefs) Month {ers)
Yellowatone h,
MO Lewis & Sidney, 1679 50 1 g 25 < OTF ua.as W 59 65 30 Yellowstcne B.| Jan. | 9,330 Aug. 8,210 k,5T0 1330 | oias esours bs
Clark Montans 0.45 1 50 65 90 4 RM 18T isurt
al Approx. 30 =0 les
'rom conTlarnds
BEPC Leland 0lds| Stantom, 1180 216 1 162.64 2T OTF 16T Lk 7 E1 91 Missouri H. Dec. | 25,000 Sept. 23,000 6,000 27,800 *Future adt
i § D, |
BEPC Leland Qlds | Stantom, 1380 k38 1 369.6 2% orF | Missouri R.
nee 8.D. |
UPA Stanton Stanton, 1380 172 1 220 16 O7F 223.9 k1 52 58 69 Missouri R, Dec. |2L,200 July 36,500 L,gko 29,300
(] Hiﬁ'-
CEA Coal Creek |linderwood, i1 Ais b WoT
"n* e 1 ; - Hissourd F. Square Futte “resk
MPC Milton R. | Center, 256.5 | 1 250 20 cP 2kk,3 50 68 18 Ré Nelscr Lake on| Feb, 1.0 May 0.5 joins Mimsouri R, at
Young, Fl N.D. Square Butte |R M 1326 Flant mt
Creek approx, 25 miles
fros confluence
MEPC Milton. R. Center, Lo# i CF
Young, 2% | 5.D.
ML H'.:.anutt :;;nm. 120 29 1 1.0 25.h OTF 60,5 33 12 65 85 Missouri B. Jan, |28,300 Aug. 28,310 5.580 21,500
MDU R;g,ﬂullett :‘-:t::dm. 1320 75 1 67.7 28.3 OTF 60.50 33 T2 £5 e Missouri H. Jan. |2B,300 Aug. 28,910 5 TAn 7,500
|
FLANT '
LOCATION INSTALLATION CONDENSER FLOW COOLING WATER DISCHARGE AECEIYING WATER oY
Utility Hame City/County | River ‘T-:t.n.'l. Bo. Quantity Temp. Nature Quantity | Winter Temp, (°F )| Summer Temp.-(°F) Namae Monthly Average Flow Seven—dny AVETBZe 1 Hemmrnsz
and State Mile f-m:c;tr Unlrt lcra) ?E;T (afs) [Tntake | Discharge[Totake | Discharge During Feak Losd Mont Dependable Figw
nita ’ | = |
- Wister | Quatity Summer Quar ity E:} iz
Month {crs) Menth lera)
Irs G
:‘;‘1‘? Neal| Salix, Ia, T3l b96.25 2 ;Eﬁg.g ;g oTF 159 Lo 65 67 Ay Missouri M, Pec. | 21,600 June 38,600 17,000 i1,£70
IPS
G:v?f Henl | Salix, Ia. Tl 520 1 636 17.8 OTF Missouri H.
IFS | . sour
G:uhu: eal| Balix, Ia Tl 516 ko | 123 18 OTF Min { R.
IPS Big Sioux, | Salix, Ia, ko L 16k .3 13 JTF 1 Blg Sicux A,
7 1k % g Sloux R, Dac, 213 June 3,299 BYnE RRL At
OPPD Fort Washi 6 & BN T35, Plane
e sopmiid B i 75 1 To1.8 18 OTF 800.9 35 53 65 83 ¥issours R. | Jan. | 26,020 Aug, 33,170 84Tk NL 260 [Tl R
OFFD North Umana| Omaha, Neb, | 616 -
P s 66 5 082 o (84,9 35 53 Es:k| B3 | Mlasourt R, | Jan. | 26,000 Aug. 33,170 & ,300 31,550
133.7 16,67
167.1 16.91
25k.0 IT5
IPL Counail Couneil 6lo 130.6 2 A
Eluffa #1,2| Burrs, Ia. 0 :H v 3 = B2 o LU ey Wesourt R. | Dec. | 20,680 A 33,270 R 27,000
IPL Counc 11 Council 616 650
Hufrs # 3°| murrs, Ia. ’ 1 el M3 oxr Misscuri H.
NFFD Eramer Bellevue toz 11
’1-3 Neb. 4 3 3 J06 10 ory 160,11 36 k& 78 871 Minsouri K. Jan, | 1k, 560 Aug. L8,530
(Table 31 continued)
L
Jﬂ-f‘“.-‘-‘-‘—.—‘v',’hl_—_:“#'“__'hu_‘“ '.“-_- Bl gy, - e, e e i e i s .. B il T W P P M

.
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Table 31 (continued) /s

FLANT LOCATION INSTALLAT [ON CONDENGER FLOW COOLING MATER DISCHARGE RECEIVING ~ WATER  BODY
= p.l°F) Name Monthly Avernge Flow e n=itiy Averuge temarks
Deilicy Haze Oity/County |[River Total No. Quantity Temp. |Hature Quantity | Winter T F]lgummer Temp,i"F erpticer S e Dipandstile Yo
and State Mile Capacity of (cfa) Kige (efa) Intake [Discharge|Intake | Disc _IH_";'__—JI—?_——-- 2o (efe)
(w1 Units (°F) Winter | Quantity S e Quantity (efs)
- cf=
Manth {ers) Month {efa)
GFFD Jones Omanm, Neb. | 616 173.5 3 62,4 1a (TF 57.68 15 53 65 Ba Minsouri H. Jan. | 26,020 Aug - 13,170 L, %00 41,000 .
Street Bo.2 12 !
.7.8.49, 6.6 12 |
11,12 66.8 12 !
63.4 15.4
TL.9 15.h
orrp Hebranka Kebraska w61 575 1 La3 16 OTP Missourl R,
City ™ City. Neb.
NFE! Cooper Hrownville, | 533 820 i 1L5S i8 oTP 155 14 52 - o0 Mizscuri R.
Neb.
NSF Lavrence Sioux Falls,| “ La 3 29.0 15.4 WCT 0.3l a9 ) To B Big Sioux R. Jan, Loz Aug. L9 i BLy ::Em:::"hni_'
S.D. Eg‘g i:'h T..ju‘l"l-i-h.l LU R e T
" wd AD miled Crom =g
XSP Pathfinder | Sioux Falls, T3 | 133.1 16 WCT 0,90 a6 36 70 6o Big Sioux R. Jan. 102 Aug, Lo 16 HLT Cluprce.
a-ﬂ-
Flattd M.l Yadmz .
NPPD Canadny Holdradge, T0O 1 Tok 20 TF Prelps Canalf 1,360 &Te fi. at B W 6.5
L Flatte §. Flant at approx.
213 miles From cuh-
City of | CT-W. Grand ] = | 18.8 15 UTF . W Wend R./Platte tldyence 4
Grand Burdick Islund, Neb. ' 2T.5 35 A FlanT abl approx.
tAi el | e AT 160 niles from
- confluencs.
XFFPD lgalials dgaiialin, OTF 0.053 b1 &2 e = 8. Platis H,
Beb. 0.036 52 62 5k Bk Flant 4t Apprex.
IEC sillea rm
daonlluence.
L
PLANT LOCATION INSTALLATION CORUEREER FLOW SOOLTRG WATER DIGCHARGE RECEIVIKG WATER Py
Ueildicy Aeze City/County |Hiver Totsl o, Quastity Temp. |Mature Quantity | Winter Temp,(®F)|Susmer Temp. L"F) Hoame Menthly Average Flow Deven-dany Avernge Femarns
and State Mile Capecity af {etu) Flae {ersl Intuke | Diocharge|Intake |Flscharge During Penk Load Month Pependat.e F-“‘“
3 o
[m-E} Updes (%F] Winter | Quantity Jummer Quantizty ﬂ‘;:-, o
Month {cfal Montn [cta)
- ¥ - . . ; Plant & ApproE.
FF Bluf? iﬁ:ha'b.luﬂ, OTF 38,23 %2 7E 5k 78 N. Flatte H. AES nidee ifice
g conflusnee.,
CEFC wisdom Clay, Ia. 7.5 WCT .08 34 16 = L gﬁiﬁf’im Littie “loux B, dalus
Bioux W Mo, F.oat B M AT-,
: Flant st spprax,. 130
aTPC Big Stcne Stone ) 1 229 25.9 Blg Stone alles frrm -onfluerrce|
Eity, 9.0. iake i|
Dept: of |Lon D. Fremont, LT 2 18.53 oTF 36.7TL 5E 76 tE, 16 [rainsge 10,000 15,000 |
Urilities|Wright Neb . 28.50 22.3 56 &0 56 Ao Diteh |
Memorial 0,39 56 70 56 70 i
SFFU Lincaln "K' | Lincaolsn, 30 i H9 8.0 WOT
Street Heb.
BPFD fheldon Hallem, 228.6 3 267 .4 18 DCT 3.38 Well Th A
fi-3 Heb.
City of |Aaatingo Hastings, i9 we? 11.4-18.3 56 B0 Storm
Hustings Heb. 52,6 13 B Gevor
: |

L8T



Table 32

ADDITIONAL PROPOSED AND PROJECTED PLANTS ALONG

MISSOURI RIVER (FROM MAPP R-362 DATA)

Utility Plant Location Capacity Type Remarks
and (MW) ’
Unit
OPPDa Fort Calhoun, #2 Fort Calhoun, Neb. 1150 Nuclear Addition (5-—-1—83)b
NPPD™ Cooper, #2 Brownville, Neb. 1150 Nuclear Addition (1985-86)
- - Brownville, Neb. 1300 Nuclear New Plant (5-1-89)
OPPD Nebraska City Neb. City, Neb. 600 Fossil, Coal (5-1-92)
Lincoln - Neb. City, Neb. 600 Nuclear New Plant (5-1-92)
Electréc
System
BEPC Beulah, #1 Bismark, N.D. 840 Fossil New Plant (1983)
a ,
BEPC Beulah, #2 Bismark, N.D. 1040 Fossil (1988)
MPC Center, #3 Center/Bismark, N.D. 440 Fossil (1988)
a
OTP 1981 N.Ds OF S.D. 200 Fossil, (5-1-81)
Lignite
- - N.W. Iowa 600 Fossil (5-1-91)

a ;
Shared with other utilities

Projected In-service

date
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Table 33

CLOSED-CYCLE COOLING REQUIREMENTS - MISSOURI RIVER

(Projected plants with known locations and unspecified cooling systems)

Plant Type Location Capacity (MW) % of Closed-Cycle Cooling Required

Natural Base Existing Base
Beulah, #1 F Bismark, N.D. 840 0 0
Beulah, #2 F Bismark, N.D. 1040 0 0
Center, #3 F Bismark, N.D. 440 0 0
Fort Calhoun, #2 N Fort Calhoun, Neb. 1150 4 0
Nebraska City F Neb. City, Neb. 600 67 0
== N Neb. City, Neb. 600 100 0
Cooper, #2 N Brownville, Neb. 1150 99 35
- N Brownville, Neb. 1300 100 100

681
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Table 34

LOCATIONS AND CAPACITIES OF PERMISSIBLE POWER PLANTS
BASED ON PREDICTED NATURAL TEMPERATURES AND FULL-
LOAD OPERATION -- MISSOURI RIVER (AVERAGE FLOW)

Mixed Temp. Increase Permissible Plant Permissible Plant

River syer ErovyiQ(eTs) AT () Capacity - Fossil (MW) Capacity - Nuclear (MW)
Mile Feb May Aug Nov Feb May Aug Nov Feb May Aug Nowv Feb May Aug Nov
1736.:3: . . 10823 8812 9083 8446 0.56 0.56 0.28 0.56 527 429 221 411 363 2936 152 283
1649.3 11618 9930 9166 8641 0.56 0.36 0.26 0.56 566 St 207 421 390 214 143 290
1550.0 15258 23711 13469 13902 0.56 0.32 0.18 0.56 743 660 210 677 512 455 145 467
1314.4 24269 22153 213523 21723 Le?e 1.35 1:27 41.53 3631 2601 2378 2891 2504 1794 1640 1994
1252.0 24526 22869 22273 22264 2.49 0,92 0.97 1.29 5313 1830 1879 2498 3664 1262 1296 1723
860. 1 9631 25673 32844 23420 2ol L2l 2.22 3,90 1860 4958 6343 4523 1282 3419 4374 3119
492.3 24063 45460 41032 35821 U:37 0.71. 1.02 0,32 774 2808 3641 997 534 1936 2511 687
summary of Permissible Plant Capacities

Location

(River Mile) 1736.3 1649. 3 1550.0 1314.4 1252.0 860.1 492.3

Fossil (Mw) 221 207 210 2378 1830 1860 774

Nuclear (MW) 152 143 145 1640 1262 1282 534

002

-'L--r--—-: .
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Table 36

CAPACITY FACTORS OF EXISTING PLANTS ALONG MISSOURI RIVER
BASED ON 1974 OPERATIONAL DATA (FROM MAPP R-362 DATA)

Summexr Gross Capacity

Name of Plant Location Capacity Energy Factor
(MW) (GWH) (%)

Lewis & Clark Sidney, Montana 43.5 366 96.05
Leland Olds #1 Stanton, N.D. 316 1664.6 60.13
Stanton Stanton, N.D. 166.7 L7 80.19
Milton R. Young #1 Center, N.D. 240 1847 87 .85
Heskett #1 Mandan, N.D. 28.0 17050 ©69.72
Heskett #2 Mandan, N.D. 730 479.0 74 .91
Neal #1 Salix, Iowa 147 900 69.89
Neal #2 Salix, Iowa 330 1960 67.80
Big Sioux, #1-4 Salix, Iowa 47 15 3.64
Fort Calhoun #1 Washington, Neb. 455.0 27221 68.30
North Omaha #1-5 Omaha, Neb. 646.0 2087.4 36.89
Council Bluffs #1 Council Bluffs, Iowa 48.0 230 54.70
Council Bluffs #2 Council Bluffs, Iowa 90.6 510 64.26
Kramer #1-3 Bellevue, Neb. 113 565 57.08
Jones Street #11,12 Omaha, Neb. 83 145 1 1.63
Jones Street #1,2 Omaha, Neb. 113.4 6.0 0.60
Cooper Brownville, Neb. 778 1827 26.81
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Figure 44. Temperature distributions along the Missouri River for low flow
conditions with full-load operation and reservoir release effects
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Table 37

COST ADDITICON*TO GENERATION COST FOR ALTERNATE COOLING SYSTEMS [5]

Incremental Cost to Generation Cost, mills/kwh

Towers

Type of Incremental Incremental Incremental Cost Incremental Total Cost Addi-
Cooling Capital Cost Direct Cost Equivalent for Fuel Cost tion to Generation
System (Capacity Loss Cost (Sum of
in MW) Columns (2) to (5)
(1) (2) (3) (4) (5) (6)
Once-through, Base Base Base Base Base
Fresh
Once—-through, 0.0336 Base Base Base 0.0336
Saline
Cooling Ponds 0.0331 Base 0.0300 (20 Mw) * 0.0240 0.0871
Wet Cooling 0.0785 0.0771 0.0300 (20 Mw) 0.0240 0.2097
Towers-Mecha- '
nical Draft
Wet Cooling 0.1235 0.0211 0.0300 (20MW) 0.0240 0.1986
Towers—-Natural
Draft
Dry Cooling 0.4369 0.0937 0.1590 (106 MW) 0.1272 C.8168

* Costs based on estimated capital cost for a 1000 MW nuclear plant.

= 4





















TOTAL UNIT COST, C (mills/kwh)
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Figure 46. Total unit costs of wet cooling towers -- fossil plants




TOTAL UNIT COST,C (mills/kwh)

223

3.5 3.2 \
= \. FOSSIL PLANTS
L > \
= \
-
o A \
34 Bl 3' "\ \
o)
x\ .
%, 1\
s =)
'
b 600 MW
39

J..-l""-_

3R

3.0

29

e \:

.

1 i A 1
600 700 800
e L (ft)
\ 800 MW
\I
H=55f1
_ —H=50 11

T _-H=45tt
R

600

700 800 900
TOWER LENGTH, L (ft)

Figure 46. (continued)

1000




TOTAL UNIT COST, C (mills/kwh)

3.5

224

3.4

\ NUCLEAR PLANTS

|
32k )
\

C (mills /kwh)

32 i 1

600 L (ft)
3.0

H=55ft

_ —H=50f1t

30F _——" _—H=451t

-— = p—
el
A 1 i i 1 1 i 1
500 600 700 800
TOWER LENGTH, L (ft)
Figure 47. Total unit costs of wet cooling towers -- nuclear plants

- S r—



TOTAL UNIT COST,C (mills/kwh)

3.57

225

34r¢r

3.3

3.2

3.1

C (mills /kwh)

NUCLEAR PLANTS

1100 MW

1300 MW

L

A1

1100

1200

1300
TOWER LENGTH, L (ft)

Figure 47. (continued)



TOTAL UNIT COST, C (mills/kwh)

3.5

226

SBE )

3.1

NUCLEAR PLANTS

IS00 MW

1200

1400

1600

TOWER LENGTH, L (ft)

Figure 47.

(continued)

1800

2000

— g




227

Table 40

OPTIMUM SIZES AND TOTAL UNIT COSTS OF OPEN-CYCLE COOLING
AND WET COOLING TOWERS -- FOSSIL PLANTS

Total Unit Cost Total Total Annual
Gptiiin . CEEdnmn mills/kwh Annual Evaporation
Power Tower Tower Cooling Open ?;Zizfzz' (izi::ft
LT;:}'* Height, Length Tower Cycle Ficae) IeE)
HCEL) L {Et)
200 93 200 2.94291 1138 2618
50 200 2.91771 1147 2638
45 200 M 1B 2 < e 41 iy 1158 2663
400 55 350 2.89960 2.7050 2285 5255
50 350 2.90052 2305 5302
a5 400 2.90503 2316 5327
600 55 500 2.89518 3431 7892
50 550 2.89367 2.6982 3452 7939
45 600 2.89822 3474 7990
800 55 700 2.88970 2.6939 4570 10511
50 750 2.89020 4599 10577
45 800 2.89358 4632 10653

* Rated capacity



AND WET COOLING TOWERS--NUCLEAR PLANTS
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Table 41

OPTIMUM SIZES AND TOTAL UNIT COSTS OF OPEN-CYCLE COOLING

Total Unit Cost Total Total Annual
Optimum - Optintam mills/kwh Annual Evaporation
Blowdown, Loss,
EOWEL Taysr Soes Coolin Open (acre-ft (acre-ft
Level, * Height, Length, - J 5 e /C :r) y zr)
(MW) H. () L (ft) 2 YE ye
400 55 400 2.97936 2.4452 2710 6233
50 450 2.97976 - 2723 6264
45 450 2.98424 - 2751 6328
)
600 55 600 2.97256 - 4065 9349 l
" o
50 650 2.97114 2.4384 4091 9409
45 700 2.97565 — 4119 9475
1100 60 1100 2.97049 - 7390 16998 |
55 1100 2.96263 - 7452 17141
50 1200 2.96191 2.4299 7498 17245 |
.]
1300 60 1250 2.96619 - 8739 20100 ;
55 1350 2.96047 - 8799 20238 :
50 1400 2.95965 2.4276 8865 20390 |
|
i
!
1500 60 1400 2.96549 - 10087 23199 '
55 1500 2.95787 - 10162 23374
50 1600 2.95748 2.4258 10233 23535

* Rated capacity

|
{ . -
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Figure 48. Optimum sizes and total unit costs of wet cooling towers -- fossil plants
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APPENDIX B (PART TWO)

THERMAL CRITERIA OF THE VARIOUS STATE
GOVERNMENT AGENCIES APPLICABLE TO
THE MISSOURI AND UPPER MISSISSIPPI

RIVERS
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MONTANA STATE

The Montana State Department of Health and Environmental Sciences
Water Quality Standards (No: MAC 16-2.14 (10) - §14480) classify the main
stem Missouri River under the category of B—Dz. The specific water quality
criteria for the B—D2 classification for temperature are as follows:

A 1°F maximum increase above naturally occuring water

temperature is allowed within the range of 32OF to 66OF;

within the naturally occurring range of 66 F to 66.50F, no

discharge is allowed which will cause the water temperature to

exceed 670F; and where the naturally occurring water tempera-

ture 1is 66.50F or greater, the maximum allowable increase in

water temperature is O.SDF. A 20F per hour maximum decrease

below naturally occurring water temperature is allowed when

the water temperature 1s above SSDF, and a 2°F maximum decrease

below naturally occurring water temperature 1is allowed within

0
the range of 55 F to 320F.
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mouths of rivers. Mixing zones should not overlap, but where

they do, measures shall be taken to prevent adverse synergistic

effects.
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significant effects on their populations. Because of varying
local physical and chemical conditions and biological phenomena,
no single value can be given on the percentage of river width
necessary to allow a sufficient zone of passage. As a guideline,
mixing zones should be limited to no more than 1/4 of the cross-
sectional area and/or volume of flow of a stream or reservoir,

leaving at least 3/4 free as a zone of passage.
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(e) mixing zones not exceeding 10% of a lake's surface area.

(£) Mixing zones not interfering with spawning or nursery areas,
migratory routes, nor mouths of tributary streams.

(g) Mixing zones not overlapping, but where they do, taking

measures to prevent adverse synergistic effects.
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the stream bank configuration, the mixing velocities, and
other hydrologic or physiographic characteristics.
(g) The present and anticipated future use of the body

of water.

(h) The present and anticipated future water quality of
the body of water.

(1) The ratio of the volume of waste being discharged to

the 7-day, 1l0-year low flow of the receiving stream.












Pages
Pages
Pages
Pages
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APPENDIX C (PART TWO)

MONTHLY MEAN VALUES OF

257-274
275-292
293-310
311-328

DAILY WEATHER CONDITIONS

Month of February
Month of May
Month of August
Month of November

Above all available on loan from the
Towa Institute of Hydraulic Research
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APPENDIX D (PART TWO)

MONTHLY MEAN VALUES OF

DAILY FLOW RATES

Pages 331-349 Missouri River
Pages 350-366 Mississippi River

Above gaging station data available on loan
from the
Towa Institute of Hydraulic Research
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APPENDIX E (PART TWO)

DATA RELATED TO

POWER PLANT DISCHARGES







STATE : MONTANA

ORGANI- PLANT INSTALLED SOURCE OF TYPE OF RECEIVING REMARKS

CITY _
ZATION CAPACITY ENERGY COOLING WATER BODY

Sidney MDU Lewis and Clark 50 MW GG OTF Yellowstone R.

w
(s)]
O




STATE NORTH DAKOTA
CITY ORGANI- PLANT INSTALLED SOURCE OF - TYPE OF RECEIVING REMARKS
ZATION CAPACITY ENERGY COOLING WATER BODY
Center MPC Milton R. Young  256.5 MW C,0 CP Nelson Lake
No. 1 (on Square
Butte Creek)
Stanton BEPC Leland Olds, 1 216 MW G0 OTF Missouri R.
Mandan MDU R.M. Heskett 100 MW C OTF Missouri R.
Stanton UPA Stanton 172 MW .0 OTF Missouri R.
Voltaire BEPC Neal 34 MW C
Underwood CPA¥ Coal Creek, 1 411 MW C WCT Missouri R. FU; 11/1/78+
Underwood CPA¥ Coal Creek, 2 426 MW C WCT Missouri R. FU: 11./1/79
Stanton BEPC Leland Olds, 2 438 MW & OTF Missouri R. FU; 10/1/75
Center MPC Milton R. 408 MW C CP Nelson Lake FU; 5/1/77
Young, 2

* shared with UPA
FU = Future Unit
+ in-service date

OLE



STATE SOQUTH DAKOTA
CITY ORGANI- PLANT INSTALLED SOURCE OF TYPE OF RECEIVING REMARKS
ZATION CAPACITY ENERGY COOLING | WREEE BODY
Sioux Falls Lawrence 418.0 MW C,0,G WCT Big Sioux R.
Sioux Falls Pathfinder 75.0 MW WCT Big Sioux R.
Big Stdne Big Stone 430.0 MW CP Big Stone Lake

City

* share with MDU

e



'F.____________...............--------'.

STATE NEBRASKA
ORGANI- INSTALLED SOURCE OF TYPE OF RECEIVING
CITY ZATION PLANT CAPACITY ENERGY COOLING WATER BODY REMARKS

Fremont Dept of Lon D. Wright LT MW c,G OTF Drainage Ditch

Utilities Memorial
Grand Island City of C. W. Burdick 120 MW 0,G OTE, CP Wood R.

Grand

Island
Lincoln NPPD Lincoln "K" 30 Mw C 0,1, WCT Lincoln Storm Sewer

Street

Fort Calhoun OPPD Fort Calhoun, 1 475 Mw Nuclear OTF Missouri R.
Omaha OPPD North Omaha, 1-5 646 MW C OTF Missouri R.
Omaha OPPD Jones Street 173.5 MW 0,G OTF Missouri R.
Hastings City of Hastings 67 MW 0,G WCT Storm Sewer

Hastings
Brownville NPPD Cooper, 1 820 Mw Nuclear OTF Missouri R.
Holdrege NPPD Canaday 700 MW C OTF Phelps Canal/

Platte R.

Hallem NPPD Sheldon, 1,2.3 228.6 MW C DCT Well
Bellevue NPPD Kramer, 1-3 113 MW G OTF Missouri R.
Nebraska City OPPD Nebraska City >T> MW i OTF Missouri R. FU3 119799
Sutherland NPPD#¥ Gentleman 600 MW C OTF Sutherland Res./ FU; 5/1/77

Platte R.

*Share with Nebrasks, Muniecipality and others
FU = Future Unit

CLE

]



GALILLS ORGANI- PLANT
ZATION

STATE

NEBRASKA (cont'd)

INSTALLED

CAPACITY

SOURCE OF
ENERGY

TYPE OF
COOLING

RECEIVING
WATER BODY

Scottsbluff NPPD Bluff

Ogallala NPPD Ogallala

h2.2 MW

OTF ,WCT

Storm Sewer/
N. Platte R.

S. Platte R.

ELE



STATE MINNESOTA
CITY ORGANI- PLANT INSTALLED SOURCE OF TYPE OF RECEIVING REMARKS

ZATION CAPACITY ENERGY COOLING WATER BODY

Fergus Falls OTPC Hoot Lake 136.9 MW g0 OTF or Otter Tail R.
WCT

St. Paul NSP High Bridge 463.84 wy 0,86 OTF Mississippi R.
Monticello NSP Monticello 568.8 MW Nuclear OTF ,WCT Mississippi R.
Red Wing NSP Prairie Island,1 593.1 MW Nuclear WCT Mississippi R.
Minneapolis NSP Riverside 455.85 MW C,0,G OTF Mississippi R. "
Becker NSP Sherburne, 1 680 MW G WCT Mississippi R. FU; 5/1/76 e
Minneapolis NSP Southeast LO.0 MW 0,G OTF Mississippi R. (Retired)
Red Wing NSP Red Wing 27 MW C,G OTF Mississippi R.
Winona NSP Winona 26 MW C OTF Mississippi R. (Retired)
Rochester RDPU Silver Lake 98,4 MW C,G OTF ,CP Zumbro R,
Elk River UPA Elk River 48 MW C,0,G OTF Mississippi R.
Owatonna MPU Central (only) 34.5 MW 0,G WCT Straight R.
Stillwater NSP A.S.King 598.4 MW & OTF,WCT Sti. Creix R.
Granite Falls NSP Minnesota Valley L6 MW C,0,G OTF Minnesota R.
Mankato NSP Wilmarth 28 MW C,G OTF Minnesota R.



i T

STATE MINNESOTA (cont'd)
CIERY ORGANI- PLANT INSTALLED SOURCE OF TYPE OF RECEIVING REMARKS
ZATION CAPACITY ENERGY COOLING WATER BODY
New Ulm PUC New Ulm 51 MW ) WCT Storm Sewer
Austin Austin Austin Utilities 65 MW C,0,G WCT ,OTF Red Cedar R.
Utititles
Cohasset MPL Clay Boswell,l,2 150 MW el OTF Mississippi R.
Cohasset MPL Clay Boswell, 3 350 MW C WCT Mississippi R.
Red Wing NSP Prairie Island,?2 530 MW Nuclear WCT Mississippi R.
Becker NSP Sherburne, 2 680 MW > WCT Mississippi R. FU; 5/1/T7
Minneapolis NSP Black Dog,l-U4 4L86.66 MW C,G OTF,CP Minnesota R.
Aurora MPL Aurora,l,?2 116 MW C OTF Colby Lake
Duluth MPL Hibbard ,1-4 124 MW C OTF 5t Ldﬁis R.

FU = Future Unit

GLE




STATE : WISCONSIN

ORGANI- INSTALLED SOURCE OF TYPE OF RECEIVING
CTTY ZATION PLANT CAPACITY ENERGY COOLING WATER BODY | REMARKS
Cassville DPC Stoneman 51.75 MW - C,0 OTF Mississippi R.
Alma DPC Alma 205.3 Mw BN E OTF Mississippi R.
Genoa DPC Genoa-Nuclear 50 MW Nuclear OTF Mississippi R.
(LACBWR)
Genoa DPC Genoa, No. 3 345.6 MW G0 OTF Mississippi R.
Alma DPC* Alma, No. 6 350 MW C OTF Mississippi R. FU; 5/1/78
Cassville WPLC Nelson Dewey 22T7.2 MW C,0 OTF Mississippi R. |
Beloit WPLC Blackhawk 50 MW S OTF Rock R.
Beloit WPLC Rock River 150 MW C,0 OTF Rock R.
Green Bay WPSC Pulliam 392.5 MW C,0 OTF Fox R.
Ashland LSDP Bay Front, 6 30 MW C,G
La Crosse NSP : French Island 27T MW & OTF Black R.
Durand * % Tyrone Energy 1150 MW Nuclear WCT Chippewa R. FU; 5/1/82
Park No. 1
Durand *¥ Tyrone Energy 1150 MW Nuclear WCT Chippewa R. FU; 5/1/84
Park No. 2

¥ Shared with NSP
¥*Shared with several utilities
FU = Future Unit

9LY



STATE TOWA
CLTY ORGANI- PLANT INSTALLED SOURCE OF TYPE OF RECEIVING REMARKS
ZATION CAPACITY ENERGY COOLING WATER BODY
Pella PMPL Municipal Power 43.5 MW C,0 WCT S. Skunk R.
& Light
Montpelier EILP Fair 62.5 MW C,G OTF Mississippi R.
Salix IPS Neal,1,2 496.25 MW C,G OTF Missouri R.
* : ;
Salix IPS Neal, No. 4 576 MW OTF Missouri R. FU; 1/1/79
Ames City of Municipal Power 89.15 MW C,0,G DCT
Ames Plant
g

Clinton ISP M.L. Kapp 237.2 MW C.0.5 OTF Mississippi R. -
Dubuque ISP Dubugue 91.25 MW C 0,6 OTF Mississippi R.
Lansing ISP Lansing 6L MW C,0 OTF Mississippi R.
Lansing ISP Lansing 250 MW C OTF Mississippi R. FU; 5/1/79
Des Moines IPL Des Moines, k2 325 MW c,0,G wCT,CP Des Moines R.
Council IPL Council Bluffs, 130.6 MW C,G OTF Missouri R.

Bluffs Nos. 1,2

#

Council IP], Council Bluffs, 650 MW C OTF Missouri R. FU; 1/179

Bluffs NO. 3 .
Muscatine City of Municipal Ele. 124 MW C,G OTF Mississippi R.

Muscatine Plant

* Neal 4, shared with CBPC, ISP, and others
* C. Bluffs 3, chared with CBPC, EILP, IELP, IIGE, and IPL
FU = Future Unit




STATE IOWA (cont'd)
CETY ORGANI- PLANT INSTALLED SOURCE OF . TYPE OF RECEIVING REMARKS
ZATION CAPACITY ENERGY COOLING WATER BODY
Bettendorf IIGE Riverside 222 MW C OTF Mississippi R.
Cedar Rapids IELP Prairie Creek 96 MW c,0,G OTF Cedar R.
123

Cedar Rapids IELP Prairie Creek L 148.7 MW C,0,G OTF Cedar R.

Clay CBPC Wisdom 37.5 MW e WCT Ocheyedon Creek
(tributary of
Little Sioux R.)

Humboldt CBPC Humboldt 43.8 MW BLC OTF Des Moines R.

Waterloo IPS Maynard 100 Mw Ca 016 OTF Cedar R.

X :

Salix IPS Neal, No. 3 520 MW C OTF Missouri R. FU; 1/1/76

Cedar Falls CFU Streeter 66.6 MW C.G OTF,WCT Dry Run Creek
(tributary of
Cedar R.)

Salix IPS Big Sioux, 1-4 ho My C,G OTF Big Sioux R.

Burlington ISU Burlington, No.l 212 MW C OTF Mississippi R.

- *

Eddyvilie 1SU Bridgeport L  Mw C WCT Des Moines R.

(Miller's Creek)
*
Palo IELP D. Arnold 553 MW Nuclear WCT - Cedar R.

* Neal 3, shared with ISU, IPL, and IIGE
* D. Arnold, shared with CBPC
* Bridgeport, shared with IPL, and IPS

8LE



STATE TOWA (cont'd)
CITY ORGANI- PLANT INSTALLED SOURCE OF TYPE OF RECEIVING REMARKS
ZATION CAPACITY ENERGY COOLING WATER BODY
Cedar Rapids  IELP Sixth Street, 102 MW C CP Local Runoff
Nos. 1-8
Marshalltown  IELP Sutherland 1,2,3 156.6 MW C,G WCT Well

6LE




STATE : TILLINOIS
CIETY ORGANI- PLANT INSTALLED SOURCE OF TYPE OF RECEIVING REMARKS
ZATION CAPACITY - ENERGY COOLING WATER BODY
Moline IIGE Moline 99 MW C,&,0 OTF Mississippi R.
(Sylvan Slough)
%
Cordova TIIGE Quad Cities 1,2 1,600 MW Nuclear OTF Mississippi R.
East Alton IP(] Wood River 650.1 MW & OTF Mississippi R.

* shared with Commonwealth Edison

08¢



e — s

R s, e e —— —— e —— L . e i e

381
APPENDIX F (PART TWO)
DATA RELATED TO INDUSTRIAL
DISCHARGES

ey

|
_*




STATE

MONTANA / MISSOURI RIVER

REMARKS

Gy RIVER PLANT QUANTITY OF COOLING TEMPERATURE DIFFERENCE
MILE WATER DISCHARGE TO INTAKE-DISCHARGE
WATER BODY WINTER SUMMER
Copper Company - 60 °F - = BT °F

Great Falls

6.4 MGD

¢8t



STATE NORTH DAKOTA / MISSOURI RIVER
CITY RIVER PLANT QUANTITY OF COOLING TEMPERATURE DIFFERENCE REMARKS
MILE WATER DISCHARGE TO INTAKE-DISCHARGE -,
WATER BODY WINTER SUMMER
Mandan 1380 American 0il 1.2 MGD - 33 9F — 89 °F

Company

€8¢t



STATE NEBRASKA / MISSOURI RIVER
CITY RIVER PLANT QUANTITY OF COOLING TEMPERATURE DIFFERENCE REMARKS
MILE WATER DISCHARGE TO INTAKE-DISCHARGE
WATER BODY WINTER SUMMER
Omaha 616 Aaron Ferber 2,845 GPM 32 - °F 84 - °F
& Sons
Omaha. 609 Allied Chemical 19.7 MGD 12 =. 30 °F 13 = 30 °F
(Plattsmouth) Company 197 MGD 12 = 28 °F 13 = Bk "%
Nebraska City 579 American Meter 0.015 MGD 56 = 60 °F 50 = 60 °F
Nebraska City 579 Morton House 0.003 MGD 56 - 125 O 56 - 125 °F
Kitchens
Omaha 616 National By- 250,000 GPD 65 - 80 °F 65 - 80 °F
Products
Omahsa, 616 Quaker Oats T.20 MGD L0 - 85 °F TO = 115 °F

P8E



STATE IOWA / MISSOURI RIVER
CITY RIVER PLANT QUANTITY OF COOLING TEMPERATURE DIFFERENCE REMARKS
MILE WATER DISCHARGE TO INTAKE-DISCHARGE
WATER BODY WINTER SUMMER
Council Bluffs 616 Griffin Pipe 480,000 GPD 58 - 99 °F
Products
Sioux City T31 Johnson Biscuit 500,000 GPD 56 - 80 °F 56 - 80 °F
Sioux City 731 Kay-Dee Feeds 0.864 MGD 33 - 38 °F 72 = T8 °F
(a/k/a nutra-flo)
Sioux City T3 Midwest Walnut 1,617 GPM 50 - 90 °F 50 - 90 °F
Sioux City 131 Raskin Packing 300,000 GPD 52 60 °F 52 ~ 6@ <F
Sioux City 731 Sioux City Cold 55 GPM 55 - 78 °F 55 = T8 °F
Storage
Sioux City 731 Stockyards Ser. 32,000 GPD 55 °F 55 .= 84 °F
& Supply
Sergeant Bluffs Terra Chemicals 2.51 MGD 52 - UT °F 100 - 89 °F

GBt




STATE : MISSOURI / MISSOURI RIVER
CITY RIVER PLANT QUANTITY OF COOLING TEMPERATURE DIFFERENCE REMARKS
MILE WATER DISCHARGE TO INTAKE-DISCHARGE
WATER BODY WINTER SUMMER

Sugar Creek 366 American 0il 0.006 MGD 33 - 35 °F “18 = T8 &F
Company

St. Joseph LL8 Beaty Grocery 720,000 GPD ST =160 °% 57 = T3SF

Sugar Creek 366 Chevron Chem. 275 GPM 55 = TO °F 55 = TOL2F
Company

Kansas City 366 Cook Paint & 1.50 MGD 58 — 68, °F 58 =~ 68 °F
Varnish Company 0.476 MGD 34 - 70 °F 80 - 85 °F

North Kansas City 368 Corn Products 12 MGD Lo - 96 °F 60 - 96 °F

St. Joseph LL8 Far-Mar 1.989 MGD 60 - 85 °F 52 - 84 °F
Company 1.125 MGD 60 - 85 °F 52 - 84 °F

Boonville 197 Me Graw- 40O GPM 45 - 97 °F 55 — 130 97
Edison

St. Louis Missouri Port- 0.01 MGD 60 - 65 °F 60 - 65 °F
land Cement 0.225 MGD 60 - 63 °F 60 - 65. °F

0.55 MGD 60 - 65 °F 60 - 65 °F

Sedalia Olin Conductors 151,200 GPD 60 - 65 °F 65 - 73 °F

ot. Joseph LL8 Seitz Packing 250,000 GPD 57 - 65 9OF 5T - 65 °F

Washington Washington 64,000 GPD 60 - °F 60 -  °F

Metal Prod.

98¢



STATE MISSOURI / MISSOURI RIVER (cont'd)
CIEY RIVER PLANT QUANTITY OF COOLING TEMPERATURE DIFFERENCE REMARKS
MILE WATER DISCHARGE TO INTAKE-DISCHARGE
WATER BODY WINTER SUMMER
St. Joseph L8 Wire Rope 61,000 GPD 45 - °F 65 - OF
Corporation
North Kansas 368 Wurst, Henry 750,000 GPD 60 = 60 °F 60 - 60 °F

City

Incorporation

(9%}
0 9]
~J




STATE : MINNESOTA / MISSISSIPPI RIVER

CITY RIVER MILE PLANT QUANTITY OF COOLING TEMPERATURE DIFFERENCE REMARKS
ABOVE WATER DISCHARGE TO INTAKE-DISCHARGE
OHIO RIVER WATER BODY WINTER- SUMMER
Blandin L,000 GPM 34 - 42 OF T8 - 88 °F
Paper Co. 8,000 GPM 3 = bl °F 78 - 88 °F
1,000 GPM L — lphe Op 78 - 88 °F

Blandin Wood 0.581 MGD 37 = 110G °OF 76 .~ 1O 21
Prod. Co.
Dundee Cement 0.00185MGD 54 — g4 °F Sl - 68 S
Co.

Redwing 796.9 Durkee-Atwood 96,000 GPD 53 = (2 °F® 53 - T2 °F
Co.

Winona 728.5 Fiberite Corp. 0.0085 MGD 52 — 80 °F He = §8 Of
Hennipen Paper 0.93 MGD 37 - 55 2F T2 = TT °F
Con 1.42 MGD T = iy O 2 = B0 °F
Koch Refinery 2.8 MGD 53 - 60 °F 53 - 88 °F
Great No. 0il Co.
Little Falls 6,000 GPM G op o
Water Trt. Plant i ; = > g
N'DrthWEStETH 850 GPM 50 = ]_‘5 C"F 50 72 OF

Refining Co,

88¢€



STATE : MINNESOTA / MISSISSIPPI RIVER (cont'd)

CITY RIVER MILE PLANT QUANTITY OF COOLING TEMPERATURE DIFFERENCE REMARKS

ABOVE WATER DISCHARGE TO INTAKE-DISCHARGE
OHIO RIVER WATER BODY WINTER SUMMER
Brainerd Northwest Paper T.56 MGD 34 - 36 °F T3 = 71 PF
Co. 0.200 MGD £ (R 1 75 - 80 °F
1.23 MGD S L= s O T3 - 90 °F
3.57T MGD 34 - B8 °F 31 =8 SF
2.5 MGD 3L = 65 “F 76 = 95 °F

68¢€



STATE WISCONSIN / MISSISSIPPI RIVER
DI L RIVER MILE PLANT QUANTITY OF COOLING TEMPERATURE DIFFERENCE REMARKS
ABOVE WATER DISCHARGE TO INTAKE-DISCHARGE
OHIO RIVER WATER BODY WINTER SUMMER
Alma 752.8 Associated Milk 0.10 MGD 55 = T0 °F 55 — T 2F
Producers
Bordon Foods 0.449 MeD 35 - 53 °F 80 - 93 °F
Ine.,
Chippewa Consolidated 135,000 GPD 49 - T5 °F 50 = T8 °F on tributary
Falls Thermo-Plastics 60 mi. from
mouth
Feroyville 2,640 GPM 54 - 82 °F b — 82 ©OF
Cheese Co.
Pluowood Ind. 10,000 GPD 50 = 180 °F TO = 180 °F
Carville 607 Rapid Die & . 48,000 ¢pp 58 - °F 59 - op
Molding Co.
Lacrosse 698 Texaco Inc.

06€



STATE : IOWA / MISSISSIPPI RIVER

L RIVER MILE PLANT QUANTITY OF COOLING TEMPERATURE DIFFERENCE REMARKS

ABOVE WATER DISCHARGE TO INTAKE-DESCHARGE
OHIO RIVER WATER BODY WINTER SUMMER
Davenport 483 Alcoa 0.38 MGD 51 - 60 °F T6 - 73 °F
0.70 MGD 51 - 63 °F T6 = 3 °F
5.14 MGD 51 = 6k 9 T = 79 OF
0.30 MGD 51.. = 61, °F Tor waTBR "R
11.6 MGD 5 .=, T1. #F 76 - 86 °F
Ft. Madison 383 Arid Chemical 500 GPM 55 = 48 F 58 ~ {0 °F
Company
Ft. Madison 383 Breck, John 1.2 MGD 56 = 65 o 56 - 75 °F
L)
(¥a]
Clinton 522.5  Chemplex 1150,000 GPD 65 — 55 °F 65 - T6 °F i
Ft. Madison 383 Chevron 40,000 GPD 4@ = Lb °F T = 83 °F
Clinton 5p5.5  Clinton Corn 1.05 MGD Vi S 72 - 92 °F
Products
Clinton 522.5 Clinton Corn 1.05 MGD e - R T o Of: O
Products 30.62 MGD 4o - 50 °F T2 QI3 E
2,12 MGD 40 - T5 °F 721 - 30 5F
5.7T1 MGD 50 = D °F T2 - BT “F
2.05 MGD TH  JPa T T - T °F
0.21 MGD Lo - 50 °F 7o . 80-2F
0.0009MGD 40 = 4O 2w (et R
10.72 MGD Lo = U5 O ik g e
0.92 MGD 4o - 60 °F T2 - 85 ®F
0,001 MGD 50~ 50 °F 80 - 80 °F
0.61 MGD 40 - 50 °F TO o, TR O
0.001 MGD 50 - 150 °F 80 — 168 P
0.65 MGD 50 — 52 °F 80 - 82 °F




STATE IOWA / MISSISSIPPI RIVER (cont'd)
CIPY RIVER MILE PLANT QUANTITY OF COOLING TEMPERATURE DIFFERENCE REMARKS
ABOVE WATER DISCHARGE TO INTAKE-DISCHARGE
OHIO RIVER WATER BODY WINTER SUMMER
Clinton 522.5 Clinton Corn 0.29 MGCD 50 — 52 °F 80 - 82 °F
Products 0.0009 MGD 4o — Lo °F T2« Sta O
0.035 MGD 60 - 60 °F 80 = 82 °F
3.40 MeD U0 = TO 28 T2 - 1660 PF
0.20 MGD 50 = T5 °F 80 - 85 °F
0.028 MGD 62 - 65 °F 65 — T Sn
Ft. Madison 383 Consolidated L40,000 GPD 35 =~ T5 °F 80 - 110 °F
Package 490,000 GPD 35 - 80 °F 80 - 95 °F
Davenport 483 Dewey Cement 1,390 GPM 33 =35 OF 80 = 82 °m
878 GPM 33 - 58 °F 80 - 108 °F
650 GPM 33 -~ 33 °F 79 - 79 °F
15 GPM 33 - 33 °F T9 = 79 °F
694 gpM 33 = 35 °F 80 - 82 °F
Clinton 522.5 Dupont 9.344 MeD 59.2- 94,2 °F 60.4- 88.5 °F
0!]405 MG’D 59-2" ]45-0 GF 60-)+_ TOcOOF
Keokuk 364 .2 Foote 1.56  MGD - 70 °F
Mineral 1.56 MGD = TO °F
1.296 MGD T0 -— 70 °F
36,000 GPD 66 - 66 °F
36,000 GPD - 76 °F
12,000 GPD 66 - 60 °F
164,000 GPD 66 - T3 °F
500,000 GPD 66 - 65 °F
Clinton 522.5 Hawkeye 1,300,000 GPD 65 - L °F 65 - 81 °F

Chemical

C6E



STATE : IOWA / MISSISSIPrI RIVER (cont'd)
GETY RIVER MILE PLANT QUANTITY OF COOLING TEMPERATURE DIFFERENCE REMARKS
ABOVE WATER: DISCHARGE TO INTAKE-DISCHARGE
OHIO RIVER WATER BODY WINTER SUMMER
Muscatine 4L57.2 Hon Industries 2,000 GPM 56 - 60 °F 58 = TO °F
Keokuk 364 .2 Keokuk Steel 0.106 MGD 56 = 60 °F 83 - 96 °F
Casting 100 GPM 56 = 200 °F
0.158 MGD 56 - 63 °F 83 - 96 °F
Pleasant 493.1 Lunex 35,000 GPD 58 = 58 °F 58 - 60 °F
Valley
Muscatine 457.2 Monsanto 12,35 MGD 57 = 95 °F 57 = ©5 9P
Clinton 522.5 National 2,207,000 GPD 33 = 3T °F 81 - 86 °F
By-Products
Ft. Madison 383 Schaeffer Pen 960,000 GPD 56~ 58 °F 56 - 60 °F
Company
Clinton 5295 Sethness 65,000 GPD 52. = Q0 °F B2/ o 5 O
Products
Clinton 5805 Swift Dairy & 40,000 GPD 6T =180, °F 67 = 89.°F
Poultry
Muscatine 45T7.2 Thatcher 2.3 MGD 56— "0 °F 58— 78 9F
Plastic
Dubugque 583.0 U.S. Industrial 2.31 MGD 32 - TO °F 80 - 110 °F
Chemical

£6¢



STATE TOWA / MISSISSIPPF RIVER (cont'd)
CITY RIVER MILE PLANT QUANTITY OF COOLING TEMPERATURE DIFFERENCE REMARKS
ABOVE WATER DISCHARGE TO - INTAKE-DISCHARGE
OHIO RIVER WATER BODY WINTER SUMMER
Muscatine 457.2 Grain 1.77 MGD 50i= J 10" 2R S50 =116 °F
Processing Co. 8.75 MGD 59 — 98 °F 85 - 1l °F
- 4L,16 MeD 50 — 132 2% 60 -~ 132 °F
4.41 MGD 59 - 95 °F 80 - 95 °F
5.98 MGD 50 - 122 9 60 - 122 ©°F
1,800,000 GPD 50 - 112 °F 59— 112 9F
6,500,000 GPD 65 - 105 °F 86 ~ 105 °F
2.84  wmaD 59 - 128 °F 59 = 128 °F
1.7T1 MGD 59 = 100 °F 86 - 105 °F
1.036 MGD 59 = 130 °F 59 - 132 °F

76€E



STATE : ILLINOIS / MISSISSIPPI RIVER
CITY RIVER MILE PLANT QUANTITY OF COOLING TEMPERATURE DIFFERENCE REMARKS
ABOVE WATER DISCHARGE TO INTAKE-DISCHARGE
OHIO RIVER WATER BODY WINTER SUMMER
Alton 202 Alton Box Board 9.752 MGD 56 = T0 °F 56 = T0 °F
Cos
Wood River 199 American 0il Co. 16.0 MGD TR S e 69 =, 83 °F
58,000 GPD 55 = 109 °F ST = 90 °F
Central Ill. Pub. 1,825 GPD 42 - 42 °F T5 ST
Service 1,850 GPD o/ = 2 O TS5 o5 o
136,000 GPD h2 = 42 °F TS S 5EP T w
wun
Hartford 197 Clark 0il & 1.512 MGD 60 = 38 °F 60 - 80 °F
Refining Co.
Wood River 199 I111. Paper Co. 346,200 GPD 37 58 PF T9 - 93 °F
2,570 GPD 37 - 37 °F 79 - 79 °F
E. Moline 480 John Deere 1.49 MGD S i 4 5T — T OF
Foundry
Alton 202.9 Laclede Steel 0.33 MGD 60" =190, 2F
Wastes 2,618 MGD 60" =890, 2 F
Hartford 197 National Marine 1,500 GPM 55— &b T 60 - 80 °F
Service
Packaging Corp. 1.2 MGD 36 - 50 °F 80 - 85 °F
of America 2.85 MGD 6= 50 °F G0 7= g5 CF

Wood River 199 Shell 0il Co. 4,760 GPM 55 = T0 °F 65 — 90 °F




STATE ILLINOIS / MISSISSIPPI RIVER (cont'd)
CITY RIVER MILE PLANT QUANTITY OF COCLING TEMPERATURE DIFFERENCE REMARKS
ABQVE WATER DISCHARGE TO INTAKE-DISCHARGE
OHIO RIVER WATER BODY WINTER SUMMER
Venice 183 Union Electric 763 GPM 3 =3P % 82 - 82 °r
Co. 570 GPM 3T = 3T °F 821=~820 PR
T63 GPM 37 = 37 °F 82 - 82 °F
104,722 gpM 37 = 65 °F 82 - 87 °F
104,722 GPM ST =+65'°F 82 = 8T °F
2,222 GPM 3 = T eH 82 = Bo1op
2,222 GPM 37 - 37 °F 82 =83 °p
Kahokia Union Electric 5 GPM 37 = 43" OF 82 - 88 °F
Co. 162 gPM 37T - 37 °F 82 = 82 °F
162 opM 3T~ 3T °F 8§20 ‘B2 O
162 gpPM 37 - 37 °F g2 = 82/ 9§
143,282 gpMm 37 - L2 °F 82 - 9L °F
2 GPM 3T = 43 °F 82 = 88.°F
1 GPM 37T = 37 °F 82 - 82 Pp
359 GPM 37T = 3T °F 82 ~ 82'°F
E. Moline L80 International 0.68 MGD Sl — 64 2F 60 = T6 °F
Houses Stor. 0.39 MGD 54 = 6l PR 60 - T6 °F
0.00021aD 54 - 50 °F 60 - TO °F

96¢



STATE : MISSOURI / MISSISSIPPI RIVER
CTPY RIVER MILE PLANT QUANTITY OF COOLING TEMPERATURE DIFFERENCE REMARKS
ABOVE WATER DISCHARGE TO INTAKE-DISCHARGE
OHIO RIVER WATER BODY WINTER SUMMER

Hannibal 309 American 0.50 MGD 5B = 65 &F

Cyanamid
St. Louis 190.3 Anheuser-Busch 0,082 MGD 36 = 36.°F 81 « 81 9F
St. Louis 190,3 Asphaltic Concrete 0.10 MGD 50 - 90 °F 80 "= 1LhO =E

Corp.

Pevely 153 Dow Chemical 0.018 MGD 55 = 58 ©F 55 ‘= 66 °F "
O
~J]

Louisiana 283 Hercules 2,18 MGD 95 - °F 110 - s

0.1. MGD Lo - °F 80 - °F
0.13 MGD 35 - P 80 - °F
Cape Girardeau 52. Marguette 410,000 GPD 34 - 37 °F Tl = T 9F
Cement Co.,
St. Genevieve 124 Mississippi 0.14k MGD 58 - oF 58— T1 3
Lime 0.317 MGD 58 = OH 58 — 10T °F
0.32 MGD 58 - oF 58 — g1 °F
0.047 MGD 58 - o G = T5 F
0.173 MGD 57 - e
0.72 MGD 58 - °F 58 - 67 °F
0.0005MGD 58 - oF 58 - 65 °F
0.144 MGD Ty g o
0.14h4 MGD 58 - oF 58 - 62 °F
St. Louis 190.3  Missouri Portland 0.78 MGD 4O - 41 °F 85 - 86 °F

Cement




STATE MISSOURI / MISSISSIPPI RIVER (cont'd)
CITY RIVER MILE PLANT QUANTITY OF COOLING TEMPERATURE DIFFERENCE REMARKS
ABOVE WATER DISCHARGE TO INTAKE-DISCHARGE
OHIO RIVER WATER BODY WINTER SUMMER
St. Louis 190.3 Monsanto 200 MGD 50 - 50 °F ST L e
Festus 150 River Cement 1457 “MED 40 - 50 °F 85 - 95 °F
St. Louis 190.3 Titantium 2.0 MGD 55 =193 2F
Pigment 5.6 MGD 53 = 87 ©F
0.165 MGD
11.83 MGD L9 - 86 °F
1.93 MGD B0 - &4.8p
0.144 MGD 55 = 106 °F
L.5( MGD B0 = 1788
15,70 MGD 63 - 96 °F
0.384 MGD 01~ 257 °F
2.40 MeD 100~ 15T °F
51.8 MGD 52 - 102 °F
0.0936vGD 185 ~ 210 PR
0.01k0McD 115 - 150 °F
Crystal City 150 U.S. Steel 0.591 MGD 75 = °F 40 - °F
Corporation 0.736 MGD 88 - oF 82 = °F
0.115 MGD 65 - °F T5 - °F

0.024 MGD 5T - I B 24

86¢
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STATE : MONTANA / MISSOURI RIVER

CITY RIVER QUANTITY OF COOLING TEMPERATURE DIFFERENCE REMARKS
MILE WATER DISCHARGE TO INTAKE-DISCHARGE
WATER BODY WINTER SUMMER
Great Falls 29.3 MGD - 58 °F e,

007



STATE : NORTH DAKOTA / MISSOURI RIVER
CITY RIVER QUANTITY OF COOLING TEMPERATURE DIFFERENCE REMARKS
MILE WATER DISCHARGE TO INTAKE-DISCHARGE
WATER BODY WINTER SUMMER
1380 1.5 MGD =i A a - 58 °F

City of Mandan

-~
o
i




STATE SOUTH DAKOTA / MISSOURI RIVER
CITY RIVER QUANTITY OF COOLING TEMPERATURE DIFFERENCE REMARKS
MILE WATER DISCHARGE TO INTAKE-DISCHARGE
WATER BODY WINTER SUMMER
Yankton 841 1.6 MGD -~ 59 °F = Tl O

covp



STATE : NEBRASKA / MISSOURI RIVER
CITY RIVER QUANTITY OF COOLING TEMPERATURE DIFFERENCE REMARKS
MILE WATER DISCHARGE TO INTAKE-DISCHARGE
WATER BODY WINTER SUMMER

Blair 64T 1 MGD
Omaha 616 5 MGD
Plattsmouth 609 | ) |} MGD
Nebraska City 579 1 to 5 MGD

B
o
W




STATE : IOWA / MISSOURI RIVER
CETY RIVER QUANTITY OF COOLING TEMPERATURE DIFFERENCE REMARKS
MILE WATER DISCHARGE TO INTAKE-DISCHARGE
WATER BODY WINTER SUMMER
Sioux City T31 14.6 MGD - 68 °F - T2 °F
Council Bluffs 616 6.35 MGD - 55 OF - 80 °F

174017



STATE : MISSOURI / MISSOURI RIVER

CLITY RIVER QUANTITY OF COOLING TEMPERATURE DIFFERENCE REMARKS

MILE WATER DISCHARGE TO INTAKE-DISCHARGE
WATER BODY WINTER SUMMER

St . Joseph 448 15.2 MGD - 52 °F = 13 °F

Kansas City 366 77.8 MGD - 5O °F - 65 B

Lexington ST 1 MGD

Jefferson City 143 5.1 MGD - 60 °F = T2 °F

Boonville 197 1.5 MGD

SOP

Hermann 08 0.5 MGD




STATE : IOWA / MISSISSIPPI RIVER

RIVER MILE QUANTITY OF COOLING TEMPERATURE DIFFERENCE
ABOVE WATER DISCHARGE TO INTAKE-DISCHARGE
CITY OHIO RIVER WATER BODY WINTER SUMMER REMARKS
Dubuque 583 11.2 MGD - 62 °F ~ T4 o
Clinton 522.5 5.65 MGD - 55 Op - 68 °F
Davenport 483 19.3 MGD = 53 'O = T4 2§
Muscat ine 4L57.2 5.69 MGD = 5 Op - TO °F
Burlington 410.5 2.8 MGD = B3 g - 96 °F
3.5 MGD S = - 68 °F
Ft. Madison 383 0.2 MGD

Keokuk 36L.2 3.16 MGD

907




STATE : MISSOURI / MISSISSIPPI RIVER

CITY RIVER MILE QUANTITY OF COOLING TEMPERATURE DIFFERENCE REMARKS
ABOVE WATER DISCHARGE TO INTAKE-DISCHARGE
OHIO RLVER WATER BODY WINTER SUMMER
Hannibal 309 2.7 MGD - 68 °Flave.) - TO °F(ave.)
Lowisiana 283 1 MGD
St. Louls 190.3 2.5 MGD - 48 °F(ave.) - 78 PR{ave. )
1.2 MGD - 51 °F(ave.) =~ 69 °F(ave.)
3.7 MGD - 58 °F(ave.) - 80 °F(ave.)
107 MGD - 51 °Flave.) =75 °F(ave.)
116 MGD - 76 °F(ave.) i
..__J
St . Genevieve 124 : 5 MGD

Cape Girardeau 52 0,006 MGD









