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1.0 Problem Statement and Method of Investigation

o —————————— e —————— A ————————— —— et e —

The Missouri{ River to*al suspended solids (TSS) withdr at the Call-
away Plant intake ye discharged at a higher concentration than
river because the p discharge flow rate is less than the intake
rate due to cooling tower evaporative water loss scharged
solids wil) mix, disperse and settle as a plume until the background river

concentration i{s reached, ProavY S s? ISty The the spatr¥I™divtris

cutiomalthediss concantration andseltl

ingurate-dn. the plune . fory«
fonrhemeelur alyrive gour~and -deposition

pluneneetdling

FpoYEivld

compared to the natural

of monthly flows determine
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The Callaway Plant intake and discharge is located on the Missouri

River near river amile 12 as shown in Figure 2.1, The detalled bathy-

metry within th vicinity of the intake and the discharge s shown in

Figure 2.2. The intake extends abo 100 feet outward from the indentet

JCTIN

shoreline. The discharge is on the shoreline immediately downstream of

intake, The intake of Enginec

form a shallow inde about

and 450 feet long.

The river c!
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3.0 Hydrodynamics and Sediment Transport of Discharge

The suspended sediment from the discharge disperses and settles

approaching background river concentrations as it is advected out of the

Bl Bd Rl

discharge ares shown in Figure 2.2. The river flow into and through the
indented area is a complicated two-dimensional flow governed by the river
flow, river stege, the presence of the intake and dike, the bottom geometry
and proximity of the channel. The flow patterns through the area determine
the mixing at the discharge and the advection and dispersion of the
discharged TSS away from the discharge area.

O R S T e S (S0 hg 155 Pl ne T oBn/ Ve geternined using

umerical -y =
. galzptneginensioppimyer tieallyrintograted ¥ Longi T MIT T aNEITATEIAe

The b
YOO ITATEE ST L NAR A TNYOL B YD SR e VTSRS AT Py A s et X TY PRI
©QApULAbI SR STRTNE L L0NR0D TR A REVETTEEATUNES TH st et utakestinchareeyy

amd  gediwitn b
QIR SRR LEEPINE POrLiYrevlensy They are summarized in Attachment A.

3.1 Model Setup

The hydrodynamic and transport relationships sunmarized in Attachment
A are mapped onto the computational grid rdr the intake and discharge
region shown in Figure 2.2, QASIGHATTRITRAFETIOWCETRTO TR ERTED
enﬁ;ﬂiﬁi?]!p}ﬂgﬂ&ﬁ!tﬁ?ﬁr;gpj;uqq;gggﬁgcgggg The sizes of the cells were
?&éﬂ.‘—%;’ (1) the plume computations of Benedict (1974), which showed that
an initial dilution of at least 10:1 would be attained within a 30 foot by
100 foot region; and, (2) grid dimensions that fit within the overall size
of the bank indentation. The grid is extended outward 99 feet beyond Lhe

{ntake structure to intercept a portion of the total river cross section

representing ten percent of the natural river flow.
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The 1ngq;§ﬁﬁl to the hydrodynamic computations are! (1) the

river stage; (2) the river flow; (3) the river TSS and TDS; (4) the intake
pumping rate; (5) the cooling tower evaporation rate; and, (6) the TSS
settling velocity. The pumping rate to the plant and the blowdown flow

rate are computed using tower operatoin relationships provided by

S«erdrup
seHlin velecity of J ‘ v 3luda
and Parcel (1982). The QRELAIVANTEIDVIZVAVNENEILIATATLNIESLIRIEG and the

.

river TSS were evaluated in laboratory tests by Sverdrup and Parcel (1982)
1 {Al’ Des”

AV N

4
and were found to be consistent at UFISeloperinolEYat concentrations

less
than 1000 mg/L. ‘ ‘ . 0d2 000 vl §

v

3.2 Model S

The

(,’»r""", 0w

flows to determine

river flow, and for each month over

eleven years of flow records.

The mean monthly flows of the Missouri River fo

to

1980 a2t Hermann, Missouri, Jjust downstream of the plant site, are gilven in
i

Tabie 3.1. Plume simulations are carried out for a range of river flows

<

including: (1) ’ )0 efs which i{s the lowest mean monthly flow and

occurred in January 1377: (2) 333,000 s which is the highest mean monthly

flow and occurred in April 1973; 3 5,000 which {s the eleven-year

average of January monthly flows; (&) 88,000 efs which is the eleven-year




average of November monthly flows; and (5) 129,000 efs which 13 the eleven-
year average of April monthly flows., Once the plume characters are deter-

mined for this range of flows, characteristics at the other monthly flows

can be found by interpolation.

“Results of the hydrodynamic and T35 transport computations for the
range of river flows are presented in Figures 3.1 to 3.5. The figures show
the input parameters for each case, the TSS concentrations in each cell
corresponding to the somputational grid in Figure 2.2, the velocity vectors

| I

in each cell due to the flow field, and the resulting TSS settling

from the plume in each cell. @ETUd~gip
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The simulations show that the flow pattern in the discharge
changes with river flow. main river velocity increases with river

as doesa the depth at each ) n A backwater eddy is formed in the

of the intake structure an yecome wre intense as river flow increa

Velocities and depths increase in the discharge region with increa:

flows. The downstream dike is overtopped when elevation 506 is exceede
P

Dilution in the immediate vicinity charge increases with

river flow. This is due to the increcased »s and depths in the

4
-

immediate vicinity of the discharge.
The discharged TSS settling rate is highest discharge where the

difference between in the plume TSS and river TSS 1aximum, It decreases

rapidly downstream and outward from the discharge
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difbersnie Brbusen concentrasnns of divdiarntd TS and viver TSS at
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Hag Y MU Mﬂ(: rivee flows OF 333,000 c 43,

3.3 Monthly Variations in Plume Dilution and Settling

The plume dilution and settling rates in the immediate vicinity of the
discharge are summarized for the range of river flows of the simulations in
Table 3.2. The plume dilution and settling rates are interpolated from the
monthly flows between 1970 and 1980 as found from Table™3.1 and are pre- |
sented in Table .3 and Teble 3.4,

The initial plume dilution, shown monthly in Table 3.1, varies from a
low of 6:1 in January 1977 at the lowest monthly.f{gisz 22,000 efs to
T74:1 in April 1973 ;t the highest monthly f{low of 333,000 cfs., Benedict
(1974) estimated a plume dilution of 10:1 within a 30 foot by 10 foot
region of the discharge at low flow, hence the two-dimensional hydrodyanmic
computations slightly underestimate initial discharge dilution.

The initial plume maximum settling rate varies from a low 2.1 em/mo.,
mostly in December, to a high of 7.8 ecm/mo. in April 1973, when river flow
and river TSS were highest, The seasonal variations, as indicated by the

eleven-year average in each month, are small.



4,0 River Scour and Depostion

The =iver bottom elevations in the vicinity of the Callaway Plant dis-
charge change with river flow. The bottom elevations are lower at higher
discharges and higher at lower discharges. The rate of bottom scour cr

depositicn depends on the change in river flow from ore¢ month to the next,

4.1 Rate or River Bottom Scour and Deposition

Bottom topography in the viecinity of the discharge was surveyed
approximately once a month from November 1374 to March 1976 by Sverdrup and
Parcel (1982). The cross section in the discharge area is shown in Figure
2.2. The bottom elevations at three polints aloﬁ;.the cro;s section, which
are near the sho;eline. on the channel side slope and near the channel
bottom haye been determined for each survey and tabulated as a functioxn .7
river flow. The results are presented in Figure L.1,

Figure 4.1 shows that near the shoreline and on che channel slope, the
bottom elevation changes about 12 feet for each 100,000 efs change in river
flow. MNezr the channel bottom, the change in bottom elevation with river
flow is ahout U4 feet per 100,000 cfs change in river flow indicating that
the chanrel botiuom is more stable than the chunnel slope and shcreline
areas.

The rate of bottom scour or deposition in cm/mo. can be determined
from the change in river flow from month to month. The change in river
flow from month to month for 1970 to 1980 is determinad from the flows

given in Table 3.1. The resulting rate of bottom scour or deposition from

month to month is given in Table 4,1, From a comparison between Table 4.1
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and Table 3.4, it {s evident that the natural river rate of bottom scour or
deposition is generally an order of magnitude greater than the rate of TSS

settling at the discharge.

4,2 Plume TSS Deposition

Deposition of discharged TSS will take place when the rate of settling
ﬁ"fATZ 7

from the plume {« &rsa’than the rate of Lottom scour or when bottom deposi-
tion is taking place. Table 4.1 shows the seasonal patterns of natural
bottom movement. Bottom scour takes place from February to April as river
flows increase with the spring freshet, bottom deposition takes place from
May to August as flows are receeding, scour takes place from September to
November during increased f: runoff, and depositio

December and January.

over four months

is due to the discha
natural deposition. During the months of bottom
scour i{s much greater than the plume settling

previously discharged TSS for transport downriver




5.0 Summary and Cunclusions

The Callaway Plant blowdown discharge is located downstream from the

intake structure in an indentation of the river bank that is about 100 feet
in from the edge of the main river and extends 4S50 feet along Lhe river
bank from the intake structure to the Corps of Engineers dike (Section 2).
Within this indentation, the blowdown discharge rapidly mixes toward
background river concentrations of total suspended solids (TSS) in a region
about 90 feet along the river bank and extending about 33 feet out from the
bank.

The discharge TSS is at a higher concentration than the intake
because the blowdown flow rate {s less than the intake faou to the p
due to evaporative water loss. The higher scharge Cuﬁcentrstfcn

decrease to approach the background river concentration in the discharge

4]

compar ison
flow changes from da

The rate of discharge settling depends on the differences in concen-
tration of TSS in the discharge area and the background concentration.
the background concentration there is a balance between bottom scour or
resuspension and the settling rate. The intake TSS increases with river

flow and there is a greater difference between the discharge concentration

and intake concentration at higher river flows, At higher river flows,

there will be a greater tendency for settling while at the same time there
will be a more rapid mixing of the discharge concentration toward

background levels.




The rate of settling in the immediate 33 foot by 90 foot discharge
area, without accounting for natural river scour and deposition, ranges
from 2 cm _per month at a low monthly river flow of 22,000 cfs as occurred
in January 1977 to 7.8 cm per month at a high monthly river flow of 333,000
cfs as occurred in April 1973. In both cases, the rate of settling is
reduced to 0.1 to 0.2 cm per month by the time the discharge mixes to the

end of the downstream dike. The tendency for deposition of the discharge

TSS depends on these settling rates being greater than the natural scouring

rates of the river,

Natural river scour and deposition depend on the change in river flow
from month 2 month. River cross-sectional data-collected-in the discharge
area show that natural scour takes place from February to April and from
September to November when river flows are increasing from month to month,

Natural deposition takes place from May to August and December to January
when river flows are decreasing. The rate of scouring or deposition
averages 60 cm per month, The rate of settling of the high
concentrations immediately at the discharge is less than one tent!
average rate of natural scour and deposition. At the end of the dike it is
reduced to less than one hundredth of the natural rate of scour and
deposition., Deposition of the discharge will take place over a period no
longer than four months when natural deposition 1s occurring and will be
confined to the immediate discharge arez. t the mean meonthly flows of May

to August, the deposition in the immediate vicinity of the discharge will

be less than 13 cm in comparison to a natural depcsition

monthly natural scour rate is higher than the discharge




will prevent deposition from taking place during natural scour., Natureal

scour will resuspend and transport the accummulated discharge out of the

discharge area,
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Flpure 2.2 Detailed bathymetry in vicinity of Callaway Plant intake and discharge. From Union Electric

Company construction drawing, provided by Sverdrup and Parcel (1982).
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Tedble 3.1

Missouri{ River mean monthly flows in thousands
of cfs at Hermann, Missouri. For 1970 to
1980 from USGS flow records.
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Figure 3.1

Callaway Plant discharged TSS concentration
distribution and settling rate for a
river flow of 22000 cfs.

TSS, mg/L 40 DS, ng/L 570 River stage, ft U98
Intake, gpm 28000 evap, gpm 12900 discharge, nmg/L 112

Flow field and TSS
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Figure 3.2

Csllaway Plant discharged TSS concentration

TSS, mg/L 120
Irtake, gpm 28000

distribution and settling rate for a

river flow of 55000 ecfs.

TDS, mg/L U€S

evap, gpm 12900

Flow field and 7SS distribution, mg/L
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Figure 3.3

Calleway Plant discharged TSS concentration
distribution and settling rate for a
river flow of 88000 cfs.

7SS, mg/L 350 , River stage, ft
Intake, gpm 28000 'va discharge, mg/L

Flow field and TSS distribution, mg/L

it

Discharge T




Figure 3.4

Callaway Plant discharged TSS concentration
{stribution and settling rate for a
river flow of 129000 ecfs.

TSS, mg/L 950 TDS, mg/L River stage,
Intake, gpm 28000 evap, gpm discharge, m

Flow field and TSS distribution, mg/L

Discharge




Figure 3.5

Callaway Plant discharged TSS concentration
distribution and settling rate for a
river flow of 333000 efs.

TSS, mg/L 4370 TDS, mg/L 217 River stage, ft 524
Intake, gpm 28000 evep, gpm 12900 discharge, mg/L 32221

Flow field and TSS distribution, mg/L

4406 A398 4272 4324
4383 #0B1 4236 4225 412 6302 b

ves 4.5 8.3 e.3
2 2.4 1.3 €.8 6.6 6.4 6.3
1.5 1.1 6.6 6.6 6.5 8.4 8.3

g.1 6.3 6.4 6.4 6.3 8.3 6.2 8.2
0.9 8.1 e.1 e.1 8.2 8.2 0.1 8.1
e.o é.e B.6 8.1 8.1 6.1 e.1 8.1
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Table 3.2

Summary of plume simulation conditions, initial
discharge dilution and plume settling rates as
a function of river flow at 28000 gpm, total
pumping rate and 12900 gpm evaporation rate.

River Flow River Stage
cfs ft
22,000 498
55,000 504
82,000 509
129,000 513
333,000 524

TSS
mg/L

40
120
350
950

4370

TD3 Dilution Maximum Settlirg
mg/L Ratio Rate cm/mo.
570 8.121 - 3.0

465 32.5:1 2.1

385 78.8:1 3 3.0

302 177.5:1 B 5.0

217 773.6:1 7.8



Table 3.3

Cellaway Plant discharged TSS initial dilution
at the discharge for 1970 to 1980

mean monthly river flows,

YEAR JAN FEB MAR APR  MAY
1970 16 25 33 158 217
19717 30 75 133 49 83
1972 28 23 42 77 5%
1973 178 207 635 T74 27
1974 147 149 178 78 246
1975 39 120 132 167 79
1976 24 30 70 115 121
1977 6 19 25 30 32
1978 18 12 350 362 253
1979 17 52 430 307 151
1980 25 29 61 168 39
AVG Lg 67 190 207 164

JuN
219
128
58
144
195
142
56
T4
80
97
T4

115

JUL AUG SEP OCT NOV  DEC
32 40 138 112 68 30
65 42 38 41 62 77
46 57 76 53 201 51
9 60 75 518 175 174
34 32 48 3N 123 32
73 70 . g2 69 n 55
40 28 26 29 27 20
66 39 176 94 170 20
87 69 82 53 66 32

110 57 46 30 58 32
29 30 30 27 28 24
61 48 75 96 95 51



Table 3.4
Callaway Plant discharged TSS maximum settling

rate, cm/mo., at discharge for 1970 to 1980
mean monthly river flows,

MAY JUN JUL AUG

or

S.¢ 2.9 2.3 4.1
4.0 - My 2.3 2.2
2.n .6

2.6

1




Table &1

Natural scour and deposition rates cm/mo. for shoreline
and channel slope stations on cross section shown
in Figure 2.2. Based on change in mean
monthly river flows from Table 3.1.

MAY JUN JUL

65 1 =305

89 -108
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ttachment A

Summary of The Two-Dimensional Hydrodynamic
and Sediment Transport Model

Two-dimensional hydrodynamics as described by the longitudinal and
lateral momentum balances and continuity were developed for numerical simu-
lation of waterbody circulation by Reid and Bodine (1963) and Edinger, et
al. (1972). These relationships can be derived from the general three-
dimensional equations of fluid flow (Edinger and Buchsk, }980; Edinger,
Buchak and Binetti, 1981). The longitudinal momentum balance is:

accelorotron it H0E 5ot
dU/3t + 1/H 8UU/3x + 1/H B3UV/3y = - gH(BH/3x)

2 ; \/ﬁkn»yél({ Gur é;(? fé/L
- f(UIUI/ET) + g H Sx + Tx‘—‘u}o/ld sl‘eer(hofwn;-}.dcy_’d 1)

Hichon " swtfuce sbpe

the lateral momentum balance is:
= I

IV/3t « 1/H 3UV/3x + 1/H 3VV/3y = - gH(3H/ay)
- C(VIVI/HS) + g H Sy + Ty (2)

. 071
0,1/71 AM?%”‘“‘A bea’/n b

9H/3t + 3U/3x + 3V/3y = 0 (3)

and continuity is:

In the above relationships:

U = longitudinal f}ow per unit width (vertically
integrated), m“ s~

V = lateral flow per unit width, me 8"

H = depth of water column, m



gravitational acceleration, 9.78 m 3-2

dimensionless friction factor
bottom slope in x-direction

bottom slope in y-direction

" 2
x-component of surface wind stress, m

2
y-component of surface wind stress, m

The momentum balances state that the fluid acceleration is due to the water
surface slope (3H/3x), the bottom slope (Sx), and wind surface shear; and
is retarded by bottom friction.

) ¢

The sediment transport is determined from the flow
r

suspended sediment concentration at
longitudinal dispersion coefficient,
lateral dispersion

settling velocity,

bottom scour race,

The bottom scour rate,

concentration of




background concentration, Co, is VsCo and is in equilibrium with bottom

/
scour. Hence BS = V3C6/1”1”Q(<j'p“ J

The above four equations are numerically solved for the unknowns of U,

V., H and C on an x-y finite difference grid. The numerical forms of the
equations and method of solution are presented in Edinger and Buchak
(1980).

Application of the relationships requires specification of the water-
body geometry, the inflow rates, inflow suspended sediment concentrations
and outflow rates. The geometry of the waterbody is mapped onto a
rectangular grid that attempts to preserve the main features of the
waterbody without becoming too 1ly uneconomical,

The variables relative to a grid

cij, HiJ
Ccl‘(‘ C‘E,") e




The depth and the TSS are within the cell and represent cell averages,

fluxes are across the boundaries of the cell.

discharged TSS above background is Vs(C Co) gm m
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