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ABSTRACT

This report develops models which can be utilized in the design of certain types
of.spray ponds used in ultimate heat sinks at nuclear power plants, and ways

in which the models may be employed to determine the design basis required by
U.S. Nuclear Regulatory Commission Regulatory Guide 1.27.

The models of spray-pond performance are based on heat and mass transfer
characteristics of drops in an environment whose humidity and velocity have
been modified by the presence of the sprays. Drift loss from the sprays is
estimated by a ballistics model.

The pond performance model is used first to scan a long-term weather record
from a representative meteorological station in order to determine the periods
of most adverse meteorology for cooling or evaporation. The identified periods
are used in subsequent calculations to actually estimate the design-basis pond
temperature. Additionally, methods are presented to correlate limited quanti-
ties of onsite data to the longer offsite record, and to estimate the recurrence
interval of the design-basis meteorology chosen.
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molecular diffusivity of air, cm?/sec

drop diameter, cm

mean diameter, cm

"Sauter" mean diameter, cm

= mean drop diameter for spray performance calculations, cm

drag force, gm cm/sec? '

partial pressure of water vapor in the air, mm Hg

vapor pressure of water at the pond-surface temperature, mm Hg
equilibrium temperature, °F

overall bias in pond temperature between the two data sets, °F
heat flowrate entering the segment, cal/sec

heat entering nth segment of sprays, cal/sec

fraction of drops in diameter range i whose diameter is Di
buoyant force of rising air against the force of gravity, gm cm/sec?

buoyant force of rising air against force of gravity in segment n,
gm cm/sec

xvii



HaN

.BR

X

m

I -I-
P
(4N

-RJ,0

w n
=z

spray

-

(2]

ZZE%NFXHHI‘I’I

-
-
3

=
>

probability density function for the drop-diameter distribution
net drag force from falling droplets in segment n, gm cm/sec?
wind function

acceleration of gravity, cm/sec?

heat transfer coefficient for drop, cal/(sec cm? °C)

mass transfer coefficient for drop, cm/sec

heat flowrate of air leaving segment n, cal/sec

heat flow rate of air leaving segment 1, cal/sec

humidity of air, gm water/cm3® BDA

net rate of heat transfer from the pond due to conduction and convection,
Btu/(ft2 day)

humidity of air leaving segment n, gm water/gm BDA
humidity of ambient air, gm water/gm BDA

rate of atmospheric heat transfer, Btu/(ftZ day)

net rate of longwave atmospheric radiation entering the pond, measured
directly, Btu/(ft2 day)

net rate of back radiation leaving the pond surface, Btu/(ft2 day)

net rate of heat flow from the pond due to conduction and convection,
Btu/(ft2 day)

net rate of heat loss due to evaporation, Btu/(ftZ day)

net plant heat rejection, Btu/(ft2 day)

steady-state heat load, Btu/(ft2 day)

gross rate of solar radiation, Btu/(ft2 day)

net rate of shortwave solar radiation entering the pond, Btu/(ft2 day)
heat rejected by sprays, Btu/(ft2 day)

evaporation from a single drop during its flight, gm

total daily solar radiation, Btu/(ft2 day)

factor dependent on probability using Student's T distribution
thermal conductivity of air, cal/(cm sec °C)

equilibrium heat-transfer coefficient, Btu/(ft2 hr °F)

mass of drop, gm

sample mean

mass flowrate of water vapor entering segment n from the spray, from
drops of diameter range i, gm/sec

total mass flowrate of water vapor entering segment n, gm/sec
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molecular weight of water, 18 gm/gm mole
momentum of drop in vertical direction, gm cm/sec

net downward momentum of the falling drops of diameter range i,
gm cm/sec

atmospheric pressure, mm Hg
vapor pressure of water, mm Hg
probability

plotting position for ranked annual maximum values in probability
coordinates

Prandtl number

evaporation rate, Btu/hr

flowrate of water into the nth section

flowrate of water to spray field, cm3/sec or ft3/hr
evaporation correction factor, ft3/hr

flowrate of BDA, gm BDA/sec

= flowrate of BDA leaving segment n, gm BDA/sec
= net outward flowrate of BDA leaving the innermost segment N of the

spray field, gm BDA/sec

quantity of BDA entering the first segment of the spray field,
gm BDA/sec

quantity of BDA leaving top of segment n in LWS model, gm BDA/sec
drop radius, cm

coefficient of determination

particular average radius of drop, cm

cooling range of the sprays

Reynold's number of drop

universal gas constant, 82.02 cm® atm/(gm mole °K)

standard deviation
'Schmidt number
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time for drop to fall to water surface, sec
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correction factor for peak temperature
= air temperature, °F or °C

T

T2,0 = ambient air temperature, °C

THOT = temperature of the drop when it left the nozzle, °C or °F

Tmax = highest observed value of pond water temperature, °F

T100 = 100-yr recurrence interval pqnd temperature, °F

Ts = pond surface temperature, °F

T; = pond ambient temperature, °F

ATv = "virtua]f temperature difference between the pond surface water and air
above the pond, °F

Tw,n = temperature of liquid water leaving segment n, °C

Tu = wet-bulb temperature, °F

Tw,l = temperature of liquid water leaving segment 1, °F

u = velocity of drop in x direction, cm/sec

u' = ambient air velocity component, cm/sec

v = velocity of drop in y direction, cm/sec

v' = ambient air velocity component, cm/sec

VB = net upward- or downward-induced air velocity, cm/sec

v = absolute velocity of drop relative to air, cm/sec

Vi = humid volume of the ambient air, cm3/gm BDA

Vh,N = humid volume of the air in segment N, cm3/gm BDA

Vs = volume of drop in size range i, cm3

Vp = pond volume, ft3

w = windspeed perpendicular to the pond, either naturally impinging or induced,
cm/sec

Wy = inducgd windspeed at the circumference, cm/sec

W = flowrate through pond or sprays, ft3/hr

wb = flowrate of the blowdown or leakage stream, ft3/hr ;

wdriff = water loss attributable to drift, cm3/sec

W, = evaporation rate, ft3/hr

w] = total water loss attributable to sprays, cm3/sec

wmax = maximum observed value of evaporation, ft3/30 days

w100 = 100-yr recurrence interval 30-day evaporation, ft3/30 days

wspray = rate of water evaporated from all drops in the spray field, ft3/hr



one-half the height of the spray field, cm

convergence parameter

spray efficiency

excess temperature, °F

heat of vaporization for water, cal/gm
viscosity of air, gm/(cm sec)

density of water, 1b/ft3 or gm/cm3
density of air, gm/cm3

= average density difference between the air in segment n and the

ambient air, gm/cm3
average density of the air in segment n, gm/cm3
standard error
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ANALYSIS OF ULTIMATE-HEAT-SINK SPRAY PONDS

1 INTRODUCTION

The ultimate heat sink (UHS) is defined as the complex of cooling-water sources
necessary to safely shut down and cool down a nuclear power plant. Cooling
ponds, spray ponds, and mechanical draft cooling towers are some examples of
the types of ultimate heat sinks in use today.

The U.S. Nuclear Regulatory Commission (NRC) has set forth in Regulatory

Guide 1.27 (Ref. 1) the following positions on the design of ultimate heat sinks:
(1) The ultimate heat sink must be able to dissipate the heat of a design-basis
accident (for example, loss-of-coolant accident) of one unit plus the heat of

a safe shutdown and cooldown of all other units it serves. (2) The heat sink
must provide a 30-day supply of cooling water at or below the design-basis
temperature for all safety-related equipment. (3) The system must be shown to
be capable of performing under the meteorologic conditions leading to the worst
cooling performance and the conditions leading to the highest water loss.

This report identifies methods that may be used to select the most severe
combinations of controlling meteorological parameters for a spray-cooling pond
of conventional design. The procedure scans a long-term weather record, which
is usually available from the National Weather Service for a nearby station,
and predicts the period for which either pond temperature or water loss would
be maximized for a hydraulically simple spray pond. The principle of Tinear
superposition is used to develop a procedure that allows the peak ambient pond
temperature to be superimposed on the peak "excess" temperature, due to plant-
heat rejection. This procedure determines the timing within the weather record
of the peak ambient pond temperature. The true peak can then be determined in
a subsequent, more-rigorous calculation.



Maximum 30-day water loss is determined directly from the scanning model.

The data-scanning procedure requires a data record on the order of tens of
years to be effective. Since these data will usually come from somewhere other
than the site itself (such as a nearby airport), methods to compare these

data with the limited onsite data are developed so that the adequacy or at
least the conservatism of the offsite data can be established. Conservative
correction factors to be added to the final results are suggested.

These models and methods, provided as useful tools for UHS analyses of spray
cooling ponds, are intended as guidelines only. Use of these methods does not
automatically assure NRC approval, nor are they required procedures for
nuclear-power-plant licensing. Furthermore NRC does not, by publishing this
guidance, wish to discourage independent assessments of UHS performance or
furtherance of the state of the art.



2 SPRAY-POND HEAT AND MASS TRANSFER PERFORMANCE MODELS

A set of models which consider the interaction of sprayed water with air in a
spray pond has been developed to calculate cooling and water-loss performance.
The models are developed along the 1ine of other models of spray-pond perform-
ance (Refs. 2 and 3 and D. M. Myers, personal communication, 1976) and have
been tested with field data on prototype ponds. These models form the bases
of the analytical methods of spray-pond analysis.

The performance model is developed in two parts:

(1) A "microscale" submodel which considers the heat, mass, and momentum
transfer of a single drop as it falls through the surrounding air.

(2) "Macroscale" submodels which consider the modification of the surrounding
air resulting from the heat, mass, and momentum transfer from many drops
in different parts of the spray field.

The microscale and macroscale submodels are combined into a model of performance
of the entire spray field. This spray-field model may then be combined with

a submodel of the pond itself to simulate the performance of the total UHS
system.

2.1 Microscale Submodel

This portion of the model considers the heat, mass, and momentum transfer from
a single water drop with the surrounding air.

2.1.1 Drop Motion

The motion of the drop after it leaves the spray nozzle is approximated by the
classic ballistic problem as described in Figure 2.1. Drops leave the nozzle



v Drop velocity

Drag force

Gravity

Air velocity

Figure 2.1 Ballistics of a drop leaving a spray nozzle

at an angle 6 to the horizontal. After leaving the nozzle,

the drop is

subjected to the force of gravity and drag from the air. The motion of the
drop is represented by the following differential equations:

du _ _ CghgPalu - u'V

dt =~ m

dv _ _ CdA&pA(v - vV i

dat ~ m g
where
u = velocity of drop in x direction, cm/sec

<
I

velocity of drop in y direction, cm/sec
t = time, sec

Cd = drag coefficient for falling drops

Ad = cross-sectional area of drop, cm?

py = air density, gm/cm3

(2.1)

(2.2)
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<
f

3
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mass of drop, gm

acceleration of gravity, cm/sec?

[(=}
1}

Cqs

, V! = ambient air velocity components, cm/sec

absolute velocity of drop relative to air

a drag coefficient for falling drops, is a function of Reynold's number

Re. An approximation of Cd as a function of Re for rigid spheres is suggested

by Bird, Stewart, and Lightfoot (Ref. 4):

For Re < 2

18.5
C, = —=
d Re0" 6
For Re > 500
Cd = 0.44

Reynold's number is defined in the following relationship:

Re = 2rVp
M

where

r = drop radius, cm

p = viscosity of air, gm/(cm sec)

and V and p are as previously defined.

(2.3)

(2.4)

(2.5)



2.1.2 Heat and Mass Transfer Relations

The falling drop exchanges heat and mass with the surrounding air. The rate
of change of the drop's temperature may be expressed in terms of the following
differential equation (Ref. 2):

1
d7
at . = [ 4nr2h (c - C)A+4m'2h (T-T ) (2.6)
dt = " 1 pnrg[ dllwa = Y c A, ]
30p
where

T = temperature of the drop, °C

Cp = heat capacity of water, cal/(gm °C)
p = density of water, gm/cm3

hd = mass transfer coefficient, cm/sec

CWA = .concentration of water in air in equilibrium at
the temperature of the drop, gm water/cm3 air

C, = concentration of water in air_in which the
drop is immersed, gm water/cm® air

A = heat of vaporization of water, cal/gm
hC = heat-transfer coefficient, cal/(sec cm? °C)
TA » = temperature of the air in which the drop is immersed, °c

and t and r are as previously defined.

The heat and mass transfer coefficients hC and hd’ respectively, are based on
the classic work of Ranz and Marshall (Ref. 5) on pendant drops. The heat-
transfer coefficient hC has been empirically determined to be: '

k
h. = Fﬁ(l + 0.3Pr1/3Rel/2) cal/(sec cm? °C) (2.7)
where
k, = thermal conductivity of air, cal/(sec cm °C)
Pr = Prandtl number



Re = Reynolds number

and hc and r are as previously defined.

Similarly, the mass transfer coefficient has been empirically determined to be:

hy = 2(1 + 0.35ct/3Rel /2) cm/sec (2.8)
where

D = molecular diffusivity of air, cm2/sec

Sc = Schmidt number

and hd, r, and Re are as previously defined.

The concentration C_ is determined from the ideal gas law:

prw
C, = EET- (2.9)
where
p,, = vapor pressure of water, atm
Mw = molecular weight of water, 18 gm/gm mole
Rg = universal gas constant, 82.02 cm® atm/(gm mole °K)

T = absolute temperature of the drop, °K

and C, is as previously defined.

The parameters p, g, Pr, Sc, D and ka (all previously defined) are thermodynamic
properties of the air-water system. For the present purposes, these have been
expressed by the following empirical relationships in terms of the absolute

temperature of air, TA, °K (Refs. 2 and 6):

=
"

2.7936 x 10-¢ TA°°73617 gm/(cm sec) (2.10)

©
1}

0.353 TA-l gm/cm3 (2.11)
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Pr = 0.93176 TA-°'°42784 , (2.12)
Sc = 2.2705 T,-0-21398 (2.13)
D = 5.8758 x 10-6 TA1‘3615 cm2/sec (2.14)
k, = 3.9273 x 10-7 TA"'88315 cal/(cm sec °C) (2.15)

The vapor pressure of water may be expressed in terms of the absolute water
‘temperature of the drop, T (°K):

n p,, = (71.02499 - 7381.6477/T - 9.0993037 1n T
+ 0.0070831558 T) atm (2.16)

2.1.3 Momentum Transfer

The falling water drops will impart momentum to the surrounding air because of
drag. Since the spray from a single nozzle will be axially symmetrical, the
net momentum in the x direction should be approximately zero.* In typical

UHS designs the net momentum change in the vertical direction due to the drag
from the drops will be in the downward direction. The net momentum is defined
by the integral:

te
My = ‘/~ 9629 dt gm cm/sec (2.17)
0
where

tf = time for drop to fall to water surface

drag = drag force, (gm cm)/sec?

*In this analysis, oriented spray nozzles which are purposely arranged to induce
a lateral flow are not considered.



2.1.4 Solution of Microscale Equations

The above equations are solved simultaneously with numerical integration in a
fourth-order Runge-Kutta scheme. Mass, heat, and momentum transfer are calcu-
lated for a single drop, specifying as inputs the drop radius, the initial
velocity from the nozzle, the spray angle, the height of the nozzle above the
water surface, the sprayed temperature, and the temperature and humidity of
the surrounding air. The outputs from this submodel are subsequently used in
the macroscale submodel.

2.2 Macroscale Submodels

The performance of a single isolated spray nozzle might be adequately predicted
by the microscale model alone. When many spray nozzles are arranged into a
spray field, however, consideration must be given to the modification of the
atmospheric environment in which the nozzle is immersed because of neighboring
spray nozzles. The temperature and humidity of the air in the interior of a
spray field are both raised and will lead to diminished spray performance with
respect to an isolated nozzle in unaffected air. In addition, heated, humidi-
fied air is less dense than cooler, drier air. Therefore, it is likely that
complicated convection currents will be generated, which may also be affected
by the drag forces of the falling drops.

There are separate macroscale models dealing with high- and low-windspeed
conditions. The high-speed model assumes that the momentum exchange in the
pond due to drag and buoyancy are much less important than that due to the wind
blowing through the spray field. The low-speed model assumes that the opposite
is the case. The transfer of the air through the spray field is self-induced.

Both models are run at the same time in the simulation, since for some cases

of high-heat loadings, natural convection might be greater than wind-induced
convection. The higher performance model is then chosen as being representative
of the spray field for that time interval.
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2.2.1 High-Windspeed Submodel

The spray field is represented by a rectangular volume, in which the density
of sprayed drops is great, as represented in Figure 2.2. The rectangular volume
is divided into N equal segments. Each segment is then considered to be a

compartment whose air temperature and humidity are determined by the preceding
segment, as depicted in Figure 2.3.

Spray field

,

n=1

Pond

Figure 2.2 Segmentation of spray field for

high-windspeed model
Ey. My Ex My En.1- MN-q En. My
T Segment 1 lSogment 2 EogmontN
ho Tao Ho
Ga  [TarHy | Qa [TazH, QA [Ta, NHN
Tw,1 Tw,2 Tw,N

Figure 2.3 Compartment model of spray field for high windspeed

Ambient-air of humidity H0 (gm water/gm dry air) and temperature TA 0 (&9
enters the first segment of the spray field at a volumetric rate wAS cm3/sec,
where w is the windspeed perpendicular to the long axis of the pond (cm/sec)



and As is the cross-sectional area of the spray field (cm?). It is convenient
to perform all mass and heat-transfer calculations on a "bone dry air" (BDA)
basis (Ref. 6). The "humid volume" Vh is defined as the volume occupied by a
parcel of air whose dry weight is 1 gm and at a pressure of 1 atm:

l—‘l o
wlo

1,

Vv, = (81.86TA,0 + 22,387) (—2§

) cm3/gm BDA (2.18)

The quantity of BDA, QA, entering and passing through every segment of the pond
(flow rate) is, therefore:

Q =W X AS 1 + HO BDA (2 19)
A (BLB8T, o + 22,387 25718 ) 9" :

The concentration of water in air CWA anywhere in the pond is related to the
humidity H and temperature TA by the relationship:

" Cya = H v gm water/cm® wet air (2.20)

WA 81.86T, + 22,387)( = + -0
A 75 * 18

For a particular segment n, it can be assumed that the humidity and air
temperature are determined only by what left the segment upwind, providing that
all other parameters of the system, such as initial drop velocity, spray angle,
nozzle height, and hot-water temperature, are known. Subroutine SPRAY is then
called several times for each segment n or to solve the microscale equations

of heat and mass transfer from drops over a range of radii whose distribution
is typical of the particular nozzle design employed.

For drops of a particular average radius rs (cm), the heat entering the segment,

Ei’ is proportional to the fraction of drops in that diameter range (diameter Di);
fi’ the flowrate of water into the nth section Qyn’ and the difference between
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the temperature of the drop when it left the nozzle, THOT’ and when it reached
the pond surface, T€(°C):

T - T,

_ HOT i

Ei = pcpqwnfi ——g;;jg—— cal/sec (2.21)
i

The total rate of heat entering pond segment n is therefore:

0CoQ. I Tunr - Ta
E = E E. = P wn E —HQI——g—l cal/sec (2.22)
n i 4 f.r.

o= O

where j is the number of drop-diameter ranges used.

The heat flowrate in the air leaving segment n (and entering segment n + 1) is
therefore:

h = hn + En cal/sec (2.23)

n+l

where hn = heat flow rate leaving segment n, cal/sec.

Liquid water leaving the segment is of temperature:
J
— o
Tw,n = Z fiTy °¢ (2.24)
=

For drops of a particular average radius r (cm), the mass flowrate entering the
segment from the sprays will be:

f.q I.
M, = —*1 gn/sec (2.25)
1,n 4 3
3 ‘
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where Ii is the evaporation from a single drop during its flight, in grams.

The total mass flowrate of water vapor entering segment n is therefore:
] 3 ’ f.l
q 1.
M= Z Mo = % Z%& gm/sec (2.26)
. §T[ 1

Adding Mn gm/sec of water vapor to the air leaving the segment n increases the
humidity of segment n + 1 by the following amount:

"

H =H + gm water/gm BDA (2.27)
n QA

n+l

The temperature of the air leaving one segment and entering the next reflects
the added heat and moisture:

hn+1 _

QA n+l
A,ntl — 0.24 + 0.45 H 4

H A

T °c (2.28)

1

Calculations continue with segment n + 1, and step through all pond segments.

The properties of the air in the first segment are determined by the ambient
air temperature TA 0 and humidity HO:

— (o]
Ta,1=Ta C
H, = Hy gm water/gm BDA
hy = QA[0.24TA,0 + HO(A + 0.45TA’0)] cal/sec (2.29)
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The total cooling performance of the spray field is simply the average cooling
from all sections:

qwn(THOT B Tw,n)
n=1

Range = N °C (2.30)

Z 9,n

n=1

Cooling performance may also be expressed in terms of "efficiency" of approach
to wet-bulb temperature:

= (TH;:n-e y x 100  percent (2.31)

2.2.2 Low-Windspeed Macroscale Submodel

At low ambient windspeeds, the flow of air through the spray field fs largely
controlled by two mechanisms: drag from the spray droplets and buoyancy of

the heated, humidified air. Since the spray-field arrangements in most conven-
tional spray fields are already evenly distributed and symmetrical, it would
appear that there would be little net effect of the spray droplet drag in the
lateral direction. There would be a net downward drag due to the falling drops.*

In a conventional spray pond under loads typical of UHS service, buoyancy is
the dominant force in the low-windspeed case.

For the lTow-windspeed model, the spray field is sectioned into N rectangular
cylinders of equal volume as shown in Figure 2.4 (Ref. 3 and D. M. Myers,
personal communication, 1976). Air enters the segment from all four sides,

*However, at least one spray-equipment manufacturer, Ecolaire (Ref. 7), is
marketing an oriented spray-field arrangement which induces the circulation of
air laterally.
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and leaves the segment to enter the next segment after being heated and
humidified by the sprays. Unlike the high-windspeed mdde], however, air also
leaves through the top of the segment because of buoyancy. Each segment is then
considered to be a compartment whose air temperature, humidity, and air-flow
rate are determined by the heat and mass transfer of the segment itself and

~ the previous and next segments as depicted in Figure 2.5.

Air flow out because of buoyancy

t Spray field
7.| y
1

»1 h

| | ]
Segment of volume !
I

Air flow from

- Vi
all sides 7 X ,
/ N LY

7 |/

K- -

Pond

Figure 2.4 Segmentation of spray field for
low-windspeed model

Ot Or2 arn
51, M1 I Ez,*Mz EN,‘MN
Qa4 Segment 1 Segment 2 Segment N
Air flow z a — —
Tart [ A2 Taz¥2 | ap g [Tantn

1 J l

Tw,1 Tw,2 TW,N

Figure 2.5 Compartment model of spray field for
low windspeed

2.2.2.1 Material and Energy Balances of Segment n

If a control volume is drawn around segment n, the relationships between the air
and water streams can be defined. The flow of air is described on a BDA basis:
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QA n = air leaving segment n = QA n+1 QT o 9m BDA/sec (2.32)
and the water vapor entering segment n will be:

3q f.I.
_ wn iti .
M = E rig gm/sec (2.33)

i=

Adding Mn gn/sec of water vapor to the air leaving segment n increases the
humidity of segment n + 1:

(2.34)

The temperature of the air leaving segment n and entering the next is modified
by the added heat and moisture:

hn+1 -

QA n n+l
ntl ~ 0.24 + 0.45 Hn+1

H A

T

°C (2.35)

where A = heat of vaporization, cal/gm.

The quantity of BDA entering the first segment QA0 of the spray field is defined
to be:

w, X A

QAO = 0" ¢ ==\ gn BDA/sec (2.36)
1. Ho

(81867, o+ 22,387)(79- + E)

where

W = induced windspeed at the circumference, cm/sec
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AC = total side area of the outermost segment, cm?

and TA 0 and H0 are as previously defined.

Air leaving the last segment can leave only through the top, so:

QA,N =0 (2.37)

2.2.2.2 Momentum Balance

The movement of air and water vapor through the spray field is controlled by
complicated aerodynamic effects. In the grossest sense, however, a balance of
vertical momentum, i.e., Bernoulli's equation (Ref. 4), can be used to represent
the movement of air streams. For any segment n,the vertical momentum of the
entering and leaving streams of air is defined by the following equations:

(1) Force of air leaving top of segment:
125
Vi pA,nAT,n | | (2.38)

where

v = upward velocity of the air in segment n, cm/sec

I

1
n

A.n - average density of the air in segment n, gm/cm3

A; , = top area of segment n, cm?
b

(2) The buoyant force of rising air against the force of gravity in segment n:

Fb,n = AT,ngZBA’nAZ gm cm/sec? (2.39)

where

ZEA n = average density difference between the air in
’ segment n and the ambient air, gm/cm3

AZ = one-half the height of the spray field, cm

and A; , g, and EA o are as previously defined.
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2.2.2.3 Net Drag Force From Falling Droplets in Segment n

Fd,n ==Z:—lv¥ﬁl—_gm cm/sec? (2.40)
i iT
where
"M . = net downward momentum of each of the falling drops

Y51 in diameter range i (from Eq. 2.17), gm cm/sec
Q = flowrate of water to spray field, cm3/sec

Vs

volume of drop in size range i, cm?

AT = total top surface area of the spray field, cm?

The net upward or downward air velocity of the air in segment n, VA (cm/sec)
is found by solving one of the following two expressions:

Vo =NFo,n * Fa,n)/Pa i (Fpn * Fan) > 0 (2.41)

for upward velocity or

Vo = "V oo ¥ Fa,n)/Pa 1T (Fon * Fg,n) <O (2.42)

for downward velocity.
2.2.2.3 Solving for Air Flow

The velocity of air leaving each segment is calculated at each iteration based
on the temperature and humidity of the segments in the previous iteration.
The calculation of mass transport through the spray field starts at the inner-
most segment. The net outward flowrate of BDA leaving the innermost segment N
of the spray field is:

YNATLN

QA,N = 'V;—;_ if vh is positive (2.43)
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YNATLN

if vy is negative (2.44)

A; \ = top area of segment N, cm?

<
|

hN= humid volume of the air within segment N, cm3/gm BDA
V, = humid volume of the ambient air, cm3/gm BDA

and v& is as previously defined.

The flowrate of BDA for all other segments QA n is calculated by stepping from
the innermost segment outward:

v'A

QA n = QA nt1 * —3;1*9 if Vﬁ is positive (2.45)
’ b ’n

VEAT n
QA,n = QA,n+1 + —-v;*— if Vﬁ is negative (2.46)

The temperature and humidity in each segment are next recomputed based on the
new estimate of flowrate of BDA starting with the outermost segment and working
in. The enthalpy of air entering the first segment is simply that of the
ambient air HO‘

2.2.2.4 Convergence of Iterative Solution

The computations for the LWS (low-windspeed) model outlined above are iterative.
The flowrate of air and water vapor depends on the computed temperéture and
humidity in each segment. Conversely, the temperature and humidity depend on
the flow of air through the spray field. The computations proceed iteratively
until the differences of temperature, humidity, and air flow between two
computations are smaller than a certain tolerance.
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Under certain circumstances, convergence may be very difficult. For example, a
poor initiation of the computation may cause the first calculated flowrates to be
very small, which in turn would cause the subsequently calculated temperatures to
be very large. Because the equations are highly nonlinear, a wide initial oscil-
lation may drive the iterative calculations beyond the region of convergence and
into a region of divergence where the solution will degenerate or "blow up."

Other factors contribute to the divergence of the solution of the LWS model. The
effect of the downward drag of falling drops seems to destabilize the calculation,
especially if the net flow from any segment were to be downward instead of upward.

2.2.2.5 Measures To Aid Convergence

It is possible to assure convergence of the LWS model in almost every case by
imposing several computational restrictions:

(1) Allow only positive (upward) air flow from each segment.
(2) Eliminate vertical drag as a force in the momentum balance.
(3) Introduce "damping" to smooth out oscillations.

Steps 1 and 2 above are compromises which could affect the computation accuracy.
The effect of these restrictions on the resultant performances is shown later
to be minor and in fact appears to improve the model's comparison to field data.

Damping is a computational trick which has the effect of smoothing large
oscillations, but whose influence disappears at steady state (Ref. 8). The
temperature and humidity in the ith segment are damped in the following manner:

k' _ +k k-2 _ -k-1 , ;k ) |
Tai=Tai @ (TA”. 2Tp 5+ Ta s (2.47)
k' _ gk _ ( k-2 _ o k-1 k)
HY = Hy - a (H; 2H: © + H; (2.48)
where

]
x' - k

A= smoothed value of air temperature in the segment TA 3
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H? = smoothed value of the humidity in the segment H?

a = convergence coefficient. Typically, its value should be about 0.05 to 0.1,
but other values may be used. _

The superscript k represents the present iteration; the superscripts k - 1 and
k - 2 represent the previous two iterations, respectively.

An example of the effect of damping is illustrated in Figure 2.6. The
temperature of the innermost segment oscillates around the steady-state value,
but appears to converge faster with damping. The results for the damping case
are identical until the third iteration since the damping factor depends on
having results from two previous iterations.

AIR TEMPERATURE IN SEGMENT 11, °C
B 8 &8 8 8 9 8 8 8

w
-

1 Il 1 1

1
0 1 2 3 4 5 6 7 8

8

ITERATION

Figure 2.6 Convergence of low-windsbeed model with and without damping

2.3 Comparison With Field Data

The results of the spray performance models were compared with available data
on spray-pond performance.* Two sets of data were generally available at the

*Actually, the "mean drop diameter" simplification was taken, as developed in
Section 3, but the results are shown to be nearly identical.
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time the comparison was made: (a) the Canadys test data (Ref. 9), and (b) the
Rancho Seco spray-pond confirmatory tests (Ref. 10). Both data sets considered
only the instantaneous cooling of the sprays, and did not attempt to include

other heat-transfer mechanisms, such as cooling from the pond surface. The
Canadys data were gathered on an operating spray-cooling pond used for condensor
cooling at a fossil-fuel electric station in South Carolina. The Rancho Seco

data were gathered at an actual UHS spray pond in California during a preopera-
tional test requested by the NRC. The Rancho Seco tests were designed specifically
to determine the performance of the spray field, while the Candys tests considered
the performance of the pond as a whole, including heat transfer from the pond's
surface. The Rancho Seco data are more appropriate for the present comparison.

2.3.1 Canadys Data Comparison

The Canadys spray pond is shown in Figure 2.7. Not all of the information on
the basic physical parameters of the Canadys spray pond could be found, and
some parameters had to be inferred. For example, the height of the nozzles,
the height of the sprayed water, the nozzle distribution, and the drop-diameter

Spillway

Hot

Arrow indicates
direction of wind

Figure 2.7 Canadys spray-cooling pond
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distribution of the sprays (in 10 divisions shown in Table 2.5) were taken as
those for the Spraco 1751 nozzle and recommended layout, although the design
probably was somewhat different (Ref. 11). It should be noted that the perform-
ance models can be used with any nozzle as long as the drop-diameter distribution
is known. Necessary pond parameters are shown in Table 2.1. Table 2.2 contains
the measured atmospheric variables and pond performance in terms of spray
efficiency n, as well as the predicted performance from the HWS model.

Figure 2.8 plots the predicted efficiency versus the measured efficiency.

There is a great deal of scatter evident from Figure 2.8, but the points
distributed on the diagonal, indicating no systematic bias.

Table 2.1 Physical Characteristics of Canadys
Spray Pond Used in Spray-Field Model

Variable Measurement
Length of spray field 304.8 m
Width of spray field 30.48 m
Height of spray field 3.66 m
Initial drop velocity 6.67 m/sec
Angle of drop with 76°

respect to horizon

Height of nozzles 1.52 m

from water surface

Barometric pressure 29.92 in. Hg
Flowrate through 11,400 liters/sec

all nozzles

It should be noted that the Canadys pond has a sprayed-water loading about twice
that recommended by spray-nozzle manufacturers. The cooling efficiency of this
pond and that predicted by the NRC model were well below the efficiencies predicted
by conventional techniques before the pond was constructed.

2.3.2 Rancho Seco Data
The Rancho Seco pond is shown in Figure 2.9. This pond incorporates a standard

Spraco design for spray configuration and the employment of the 1751 nozzle.
Most operational characteristics of the pond were well documented. The basic
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Table 2.2 Measured Atmospheric Parameters and Spray Efficiency,
and Efficiency Predicted From High-Windspeed Model
With Drag Terms Included

-0 o o

Tw ¢ TA’ ¢ THOT’ ¢ W, cm/sec Tmeasured npr‘edicted
25.4 30.4 43.6 163.2 0.443 0.250
27.1 35.6 45.0 244.8 0.248 0.334
27.1 34.6 44.7 204.0 0.279 0.301
23.2 24.7 44.2 244.8 0.275 0.310
25.8 27.2 41.7 201.0 0.346 0.279
26.1 30.3 42.8 191.0 0.270 0.276
26.1 31.7 43.6 201.0 0.325 0.288
24.2 27.5 43.3 163.2 0.257 0.244
26.6 31.3 42.2 175.9 0.320 0.261
25.4 28.5 44.2 163.2 0.252 0.253
26.8 31.1 43.6 226.1 0.265 0.312
25.6 35.2 45.3 163.3 0.198 0.257
26.6 30.9 45.6 276.4 0.263 0.353
27.4 34.1 44 4 271.0 0.351 0.350
25.4 36.7 45.6 246.4 0.252 0.328
26.5 36.1 44.4 246.4 0.302 0.329
21.3 25.8 43.9 427.2 0.339 0.378
22.1 25.0 44 .4 305.1 0.372 0.339
21.6 24.3 43.9 276.4 0.343 0.319
20.8 24.4 44.4 226.1 0.335 0.288
16.8 21.7 36.1 376.9 0.346 0.305
17.8 24.7 37.8 414.6 0.275 0.330
18.5 25.6 38.3 194.8 0.287 0

.229

physical parameters for the pond are given in Table 2.3. The measured
meteorological variables and spray performance (in terms of efficiency n) are
shown in Table 2.4, as well as the NRC model predictions. Figure 2.10 shows
the predicted efficiency versus the measured efficiency.

The scatter is much smaller than in the comparison of the model to the Canadys
data. This is probably an indication that the experiments were conducted more
carefully at Rancho Seco. The NRC model clearly underpredicts the efficiency,
and should, therefore, be considered conservative for temperature computations.
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Figure 2.8 Measured and predicted performance of Canadys pond,
complete spray model (high windspeed)
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Table 2.3 Physical Characteristics of
Rancho Seco Spray Pond Used
in Spray-Field Model

Variable Measurement

Length of spray field 84.8 m
Width of spray field 35.1m
Height of spray field 3.66 m
Initial drop velocity 6.67 m/sec

Angle of drop with 76°

respect to horizon

Height of nozzles 1.52 m

from water surface

Barometric pressure 29.92 in. Hg
Flowrate through all 1590 liters/sec
nozzles

Table 2.4 Measured Atmospheric Parameters and Spray Efficiency, and Efficiency
Predicted From Combined High-Windspeed and Low-Windspeed Model With
and Without Drag Terms Included

[+] (] []

Tw’ ¢ TA’ ¢ THOT’ C w, cm/sec Nmeasured ncalcu]ated* Necalculated**
16.1 27.5 26.6 581.8 0.417 0.383 0.415
16.4 27.2 26.7 558.8 0.475 0.381 0.414
10.6 12.8 25.2 236.9 0.325 0.259 0.276

9.2 11.1 25.2 44.7 0.288 0.248 0.277
13.6 18.3 25.3 268.2 0.309 0.287 0. 307
14.2 21.7 25.9 290.6 0.355 0.303 0.324
22.4 35.0 26.7 312.9 0.389 0.398 0.423
20.9 33.9 27.3 295.0 0.343 0. 368 0.391
19.2 29.8 27.1 375.5 0.458 0.373 0.400
16.1 22.4 26.8 169.9 0.345 0.256 0.261
15.7 20.7 26.5 169.9 0.285 0.250 0.270
12.3 14.4 38.6 44.7 0.352 0.324 0.350
11.7 13.9 37.8 71.5 0.362 0.318 0.348
11.1 13.3 36.6 58.1 0.344 0.310 0.340

9.4 11.7 38.7 44 .7 0.345 0.315 0.340

8.9 10.6 36.3 17.9 0. 346 0.302 0.330

*With drag terms.
**Without drag terms.
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Figure 2.10 Measured and predicted performance of Rancho Seco pond,
complete spray model (with drag terms)

2.4 Simplifying Assumptions for Performance Models

The microscale model of the falling drop has been formulated in considerable
detail. The possibility of simplifying this facet of the model is explored by
starting with a more complete numerical solution of the falling drop and compar-
ing the results to simplified versions of the model (for example, by eliminating
one or more terms from the equations). If the results using the simplified
model can be shown to be acceptable, substantial reductions in computing time
can be realized. In addition, troublesome aspects of the computations can be
eliminated if it can be shown that their effects on the performance of the model

are negligible.
2.4.1 Simplification for Average Drop Diameter
The motion of the drop and its heat, mass, and momentum-transfer properties

depend strongly on its diameter. The drop-diameter distribution in 10 divisions
for the Spraco 1751A nozzle is illustrated in Table 2.5. As suggested in
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Table 2.5 Drop-Diameter Distribution for
Spraco 1751A Nozzle

Diameter, Percent of Cumulative
cm. total volume, %
0.075 10 10
0.12 10 20
0.15 10 30
0.184 10 40
0.22 10 50
0.245 10 60
0.27 10 70
0.31 10 80
0.36 10 90
0.45 10 100

Source: Summarized from Reference 3.

Section 2.1, the heat, mass, and momentum transfers in any segment of the pond
can be found by integrating the contributions over the range of drop diameters.
In practice, the drop-diameter distribution may be broken up into j diameter
ranges and the contribution from each diameter range summed to get the average.
For example, the average drop temperature T is:

T = Z f.T, °C (2.49)

The problem with this approach is that there must be a solution of the equations
for each of the j drop diameters. If instead, a single average drop diameter
could be found, which gave the same results as the summation of the results

for the j individual drop diameters, the computational effort would be reduced
by a factor of about 1/j.

It is not obvious that an average drop diameter exists which would consistently
duplicate the performance of the spray model using the distributed drop-diameter
formulation. In order to test the theory that an acceptable mean diameter could
be used, the HWS and LWS models were run over a wide range of conditions, using
an observed drop-diameter distribution. The resulting performances were then
compared to the results of the HWS and LWS models using a single drop diameter
over the same range of conditions.
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In all cases for which it was tested, it appears that a single average drop
diameter can be chosen to very nearly represent the drop-diameter distribution
over a wide range of operation for both the LWS and HWS models. Figures 2.11
and 2.12 illustrate that for the HWS and LWS models, the "average" drop diameter
which gives results closest to the distributed drop for the Spraco 1751 nozzle
is about 0.208 cm for the LWS model and 0.196 cm to 0.202 cm for the HWS model.
Figure 2.13 demonstrates for the HWS model how closely the "average drop
diameter" model compares to the "distributed drop diameter" model.

2.4.1.1 Estimating the Average Drop Diameter

The average diameter illustrated above was determined by experimentation with
the model on a single drop-diameter distribution and spray-pond configuration.
It is difficult to generalize how one would estimate the average drop diameter
under completely general conditions, except to illustrate how well the empiri-
cally determined average diameter works over a wide range of conditions for both
the HWS and LWS spray-pond models.

COOLING RANGE, °C

w = 112cm/sec

0.1 0.15 02 02 03 0.3
DROP DIAMETER, CM

Figure 2.11 Determination of ““average drop diameter”’ for high-windspeed moael
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Figure 2.13 Performance of high-windspeed model for mean
and distributed drop diameter
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A formula which has been developed on physical principles to represent the mean
drop diameter in heat and mass transfer from drops is the "Sauter" mean (Ref. 12),
which is based on an area-weighted mean volume:

- i 3
D3 F(D) D, f.
- 1£=: ' (2.50)

] 2
D2 F(D) ti D; f;
1=

F(D) = probability density function (PDF) for
the drop-diameter distribution = differential of cumulative distribution
function (CDF)

o
W
"
Oty [O%mg

where

= drop diameter, cm

]

drop diameter in diameter range i, cm

1}

D

D;
fi fraction of drops by mass in diameter range i.

For the Spraco 1751 nozzle drop-diameter distribution shown in Table 2.5,

the Sauter mean calculated by the discrete form of Eq. 2.50 is Dg = 0.339 cm.

This is somewhat larger than the mean diameter from 0.2 cm to 0.208 cm, which
was determined to give the best agreement with the distributed diameter model.

Use of the Sauter mean would result in a lower cooling efficiency than would
be predicted by the "correct" method using the distributed drop diameters.

It is possible to define a general class of mean diameters Dn:

oon » i n
) b[n F(D) . é“i D} f;

: = (2.51)
o™ De(oy ﬁjl p, (M Dy,
(o] 1=

For example, the Sauter mean would be called Dz. Figure 2.14 shows the nth
order mean diameter Dn calculated from the discrete form of Eq. 2.51 versus
the order n for the distribution shown in Table 2.5. The order of the mean

On
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which yields the empirically determined mean diameter of 0.208 cm is about
n.= +0.45. Since larger drop diameters are conservative, we will arbitrarily
pick an order of the mean n = 0.5, which gives a mean diameter of 0.211 cm.
Equation 2.51 for n = 0.5 reduces to:

(2.52)

al'JTF(D) . é:l‘[ﬁ_i f;

Py " * F(D) i fi
o EN

S

This is the suggested diameter to be used in the HWS and LWS performance models.

04 I T T T T T T

0.3

MEAN DIAMETER, CM

0.208
0.2

0.1 | | | | | 1 |
-1.0 -05 0.0 05 1.0 15 2.0 25 3.0

DIMENSION N

Figure 2.14 Determination of order of the mean for Spraco 1751A
drop-diameter distribution

2.4.2 Effect of Drag on Performance Models

Including drag on the falling drops introduces several complications to the
model, most notably:
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(1) The drag term makes the equations of motion for the drop (Egs. 2.1 and
2.2) nonlinear, requiring a numerical integration solution. By eliminating
the drag term, the motion of the drop can be described analytically.

(2) On the LWS model, the net downward drag of the drops is a destabilizing
influence on the iterative solution, especially at low heat loads.

For these and other reasons, it would be highly desirable to eliminate the drag
term from Egs. 2.1 and 2.2. The effect of eliminating the drag term from the
HWS and LWS models was tested for a typical spray-pond configuration over a
wide range of heat loading and atmospheric conditions. The following is a
discussion of the various effects resulting from drag elimination.

2.4.2.1 Microscale Submodel
Eliminating the drag terms in Egs. 2.1 and 2.2 has two effects:
(1) The time of flight is shortened.

(2) The rate of heat and mass transfer is increased because the average drop
velocity is higher.

These two phenomena counteract each other to a certain extent, but the net
effect is that the falling drops are predicted to experience more cooling and
evaporation once drag is eliminated.

2.4.2.2 Macroscale Model

Eliminating the drag term increases the efficiencies predicted by both the HWS
and LWS models. In addition, it increases the stability of the iterative solu-
tion in the LWS model. Table 2.4 shows the predicted efficiencies for the HWS
and LWS models with and without drag over a range of heat and meteorological
conditions for the Rancho Seco spray-pond test. Figure 2.15 compares the
combined HWS-LWS "no-drag" model results (choosing the higher n of the two)
with the Rancho Seco test data. The model-prototype agreement is good, and
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the no-drag model results are still conservatively low. In fact, agreement is
better without drag than with drag, because the elimination of drag raises the
predicted efficiency.

On the basis of the good agreement to data shown by the model and the improvement
in stability of the LWS model, the drag term can be eliminated for typical spray-
pond applications. This would not be a correct assumption for certain oriented
spray configurations that are designed to induce lateral air flows (Ref. 7).

In those cases, the effects of drag would have to be included. In addition,

drag cannot be neglected in the drift-loss model described in the next section,
since the smaller drop diameters which are most prone to drift, are strongly
affected by drag.
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Figure 2.15 Comparison of NRC model with Rancho Seco data
for ‘‘no-drag’’ model
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3 DRIFT-LOSS MODEL

A
A fraction of the water droplets sprayed from the nozzles will be lost because
they are physically carried by the wind beyond the pond borders. This "drift"
loss can be estimated by means of a mathematical model showing the trajectory
of droplets in a wind field and where the droplets fall in relation to the
borders of the pond. Drift losses are generally small compared with evaporative
losses.

3.1 Model Assumptions

The model is formulated for a spray pond of conventional design, with the

Spraco 1751A nozzle operating at the recommended pressure and height. The
trajectories of drops leaving the spray nozzles are simulated using a ballistics
approach, in a similar manner as the "microscale" submodel of Section 2.1, but
for 21 drop diameters which represent the drop-diameter distribution of the
Spraco 1751 nozzle rather than the 10 drop diameters used in performance models.
The equations ‘in Section 2.1.1 apply exactly. No interaction of drops is
presumed. It is likely that this is a conservative assumption, since small
drops in some cases would collide to form larger drops which are less prone to
be carried by wind.

The process of drop formation is complicated. Water will generally leave the
nozzles in a continuous stream. Once the stream is airborne, forces of surface
tension tend to cause the breakup of the stream into drops of varying sizes.
Aerodynamic forces may also cause the larger drop diameters to become unstable
and break up into smaller, more-stable drops. In every case, the breaking apart
of larger drops into smaller drops causes the formation of one or more very

small particles separate from the two major components of the fission. The
drop-diameter distribution is not only a function of the type of spray nozzle and
pressure, but of the distance from the nozzle, since the breakup into smaller
drops occurs along the entire path.



If the assumption were made that all particles were already formed leaving the
nozzle, drift loss would be underestimated. This is because the smallest parti-
cles most prone to drift also have small momentum, and would not be predicted

to attain a very great height with respect to the nozzle. The most conservative
assumption in this case would be that all droplets are formed at the apogee of
the trajectory of the largest drop diameter, even though many small drops form
close to the nozzle.

The buoyancy of the heated, humidified air in a heavily loaded spray pond could
cause an updraft on the order of tens to hundreds of centimeters per second
during low wind conditions. A single value of updraft velocity is chosen and
inputted to represent an average for the 30-day period of an accident. The
default value is 50 cm/sec.

3.1.1 Ballistics Model for a Drop

The model for the flight of the drops is the same as that developed in

Section 2.1.1 and will not be repeated. It should be noted, however, that more
emphasis’is placed on the trajectory of small drops in the drift model; these
are relatively less important for the spray-heat-loss calculations of Section 2.
Therefore, a finer drop-diameter distribution is needed. The default drop-
diameter distribution used for the drift model is shown in Table 3.1.

3.1.2 Initial and Boundary Conditions

The Spraco 1751 under a design pressure of 7 psig demonstrates a nozzle velocity
of about 24 ft/sec. The spray would form a cone of water with an average angle
of 58° from the horizontal. In calm conditions, the sprayed water forms an
"umbrella" of about 12 ft in height and up to 16 ft in radius when the nozzle

is 5 ft above the water surface according to Spraco promotional literature

(Ref. 11).

Under the influence of wind, the spray umbrella is distorted. The circular
pattern of droplets falling on the water surface is shifted downwind. The
apogee of the drops is decreased in the upwind direction and increased in the



Table 3.1 Default Drop-Diameter Distribution
for Spraco Nozzle 1751A for Use in
Drift Model

Diameter, Percent Cumulative
microns : of total volume, %
200 0.05 0.05
260 0.05 0.1
300 0.05 0.2
330 0.1 0.3
365 0.1 0.4
400 0.1 0.5
425 0.2 0.7
460 0.3 1.0
520 0.4 1.4
580 0.6 2.0
640 2.0 4.0
855 3.0 7.0
1000 3.0 10.0
1190 5.0 15.0
1340 5.0 20.0
1650 10.0 30.0
2000 10.0 40.0
2290 10.0 50.0
2800 20.0 70.0
3600 15.0 85.0
4000 15.0 100.0

Source: See Reference 3

downwind direction. The smaller drop diameters would naturally be affected
more than the larger ones. All drops of the same diameter would fall roughly
in a circular pattern, however. This last assumption simplifies the analysis
somewhat, because the diameter of the circular pattern for a particular drop
diameter can be determined from just the straight upwind and straight downwind
trajectories of the spray.

The starting point for the trajectory computations for all drop diameters is
conservatively chosen as the apogee of the largest drop diameter, for reasons
previously discussed.

The velocities and vertical and horizontal coordinates of both the upwind and
downwind apogees for the largest drop diameter are calculated for a range of
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windspeeds and stofed. These stored values are then used as the initial
conditions for each windspeed in Eqs. 2.1 and 2.2 for the range of 22 drop
diameters representing the spray-diameter distribution.

The circular patterns for each windspeed and each drop diameter, which are
predicted from the drop ballistics, are used subsequently to predict the
fraction of water passing beyond the boundaries of the pond. A drop is assumed
to be lost if it does not fall on the pond surface. No allowance is made for
runoff from the berms back into the pond.

The critical pond boundary is a straight line, arbitrarily oriented to be closest
to the greatest number of nozzles in the downwind direction, as illustrated in
Figure 3.1. The distance of the nozzles, or group of nozzles, equidistant from
this line and the fraction of water in each group is specified. The part of

the circular pattern for each drop diameter and wind falling outside of the
critical pond boundary is then calculated for each nozzle or group of nozzles,
which is the drift loss.

Figure 3.1 Typical layout of pond sprays and determination of critical
pond boundary
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3.2 Model Validation

3.2.1 Rancho Seco Data

Only limited field data are available on actual spray ponds with which the drift
model can be validated.

The Rancho Seco drift-loss data were collected during an operational test of
the spray-pond system required by NRC for the licensing of the plant (Ref. 10).
Pond inventory and windspeed measurements were made during the test period,

and then used to estimate the fraction of sprayed water lost versus windspeeds,
which were typically from 0 to 15 mph.

To account for evaporation under zero heat load, the investigators conservatively
estimated the drift loss by subtracting the water-loss rate at zero windspeed
from the rest of the data. They erroneously assumed that evaporation from the
pond and sprays would be independent of windspeed. Actually, evaporation from
both the pond surface and spray increases directly with the windspeed. They
therefore overestimated the water loss due to drift by neglecting the additional
evaporation from the sprays. The water-loss data for the no-heat-load run

(No. 4) of the Rancho Seco test are plotted versus windspeed in Figure 3.2.

The results of the drift-loss model cannot be directly compared to the prototype
data in Figure 3.2 without first estimating the evaporative losses of the sprays,
even without external heat loads. Unfortunately, there were no meteorological
data other than windspeeds readily available from the no-heat-load test. On

the basis of data that were available from other tests in the series, however,
two combinations of wet-bulb/dry-bulb temperature values were estimated, which
probably bound the range of meteorological conditions other than wind during

the test.

The correction factor for evaporation of the sprays was computed directly from
the high windspeed (HWS) performance model described in Section 2.2.1, which
was run under no-heat-load conditions for a range of windspeeds. The sprayed
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Figure 3.2 Measured and modeled water loss from Rancho Seco test 4

temperature THOT was forced to be equal to the temperature after spraying T by
running the program iteratively until convergence. Two cases were run:

(1) Wet-bulb temperature = 70°F
Dry-bulb temperature = 80°F

(2) Wet-bulb temperacure = 60°F
90°F

Dry-bulb temperature

Additionally, a correction factor has been added to account for the relatively
minor contribution of heat to the spray pond from solar radiation. Mean daily
solar radiation during May is about 2,450 Btu (ft2 day) (Ref. 13). The surface
area of the full pond is about 66,470 ft2. If 80% of this added heat is lost
through evaporation, it would correspond to a water loss of 0.0239 ft3/sec.

The quantity of sprayed water during the test was about 35.4 ft3/sec, which
means that water evaporated because of solar heat load would be about 0.067%

of the volume sprayed.



The water loss during the no-heat-load test is, therefore, calculated to be:

W. = drift loss + (evaporat1ve 1oss)_+ (so]ar heat ) (3.1)

1 for no-heat load lToad correction

Water loss versus windspeed is plotted in Figure 3.2 for the two assumed
meteorologic conditions, along with data from the no-heat test at Rancho Seco.
The model appears to conservatively follow the field data on water loss, although
it must be recognized that no detailed meteoro]ogi&a] conditions were readily
available for this comparison.

3.2.2 Validity of Drift-Loss Model

The drift-loss model presented here has been shown to perform acceptably well
when compared to the limited field data available and incorporates a number of
conservatisms in its formulation. Greater emphasis on the drift-loss model is
probably not warranted, since the total quantity of water lost to drift is
generally much smaller than water lost to evaporation. Drift loss may exceed
evaporation momentarily during high winds but it is unlikely that these
conditions could be sustained for a sufficient length of time to change this
conclusion.






4 POND MODEL

The pond model is used to calculate the temperature and water loss from the
pond. It combines the model of heat and mass loss from the sprays, the model
of circulation and heat retention in the mass of water in the pond, and addi-
tional heat and mass transfer from the surface of the pond. The pond model
developed here is similar to the mixed-tank model of NUREG-0693 (Ref. 14).

A typical spray pond differs from surface-cooling ponds by having smaller volume
and surface areas. The rates of heat and water loss from the sprays to heat
and water loss from the pond surface is generally high.

The heat and water loss tTrom the pond surtace may 1n most cases be considered

a secondary effect with regard to the sprays. In addition, the small volumes

of the ponds relative to the water circulation through them diminishes the effects
of such phenomena as thermal stratification, which are of importance in surface-
cooling ponds (Ref. 15). For this reason, the modeling of the balance of the
pond other than the sprays is fairly straightforward and simple. The "mixed
tank" model of the pond assumes total mixing of all water throughout the volume
of the pond. It must be noted, however, that some spray ponds may have a
relatively large surface area and volume, or the sprays may be operated only
intermittently. In these cases, surface-heat transfer and the effects of
stratificatioh may take on greater importance than in a typical spray-pond
situation. The effects of "short-circuiting" of pond water are not nearly as
important in typical spray ponds as they could be in surface-cooling ponds.

The mixed-tank model depicted in Figure 4.1 presumes that the heated effluent

is instantaneously and uniformly mixed throughout the volume of the tank, and
that the water in the tank is uniform in temperature. Atmospheric-heat transfer
from the surface is related to the pond-surface temperature.
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Figure 4.1 Mixed-tank model

4.1. Heat Balance

A heat-and-mass balance can be formulated for the mixed-tank model. The terms
of the'heat,balance are:

4.1.1 Heat Load Into Ponds

Heat in = ilRJ Btu/(ft2 day) (4.1)

4.1.2 Heat Out From Surface

A relation for the rate of net heat flow across the surface of the pond can be
developed through consideration of each heat source and heat loss. The net
rate of heat flow H into the pond is:

. _ . . _ - _ . _ - 2
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where

T -
|

= net rate of shortwave solar radiation entering
the pond, measured directly, Btu/(ft2 day)

Io
I

net rate of Tongwave atmospheric radiation entering
the pond, measured directly, Btu/(ft2 day)

hBR = net rate of back radiation leaving the pond surface,
Btu/(ft2 day)

Io
It

E net rate of heat loss attributable to evaporation, Btu/(ft2 day)

Io
(g)
]

net rate of heat flow from the pond attributable to conduction
and convection, Btu/(ft2 day)

The relationships are illustrated graphically in Figure 4.2.

[ ]
Hsn Han He HgR He Hry

Solar
‘shortwave

Atmospheric
longwave
Convection
Longwave
back-radiation
Evaporation
Power plant
rejection

Figure.4.2 Heat loads bn the surface of a pond

The net atmospheric radiation term can be approximated using air temperature
TA and cloud cover C. Ryan and Harleman (Ref. 16) develop the following formula

for HAN:

YR .13 6 2 2
Hay = 1.2 x 10 (TA + 460) (1 + 0.17C ) Btu/(ft2 day) (4.3)

The back radiation term may be expressed using the relation for radiation from
a black body (Ref. 17):

o = -8 4 2 4.4
Hgp = 4.026 x 10-2(460 + T) Btu/(ft2 day) (4.4)



The evaporative-heat-transfer component is a function of surface temperature
at atmospheric temperature and humidity:

) = - 2

HE (es ea)F(w) Btu/(ft? day) - (4.5)
where

e = vapor pressure of water at the pond-surface

S temperature, mm Hg

e

a partial pressure of water vapor in the air (that is,

the vapor pressure of water at the dewpoint), mm Hg

F(w) = wind function

A semiempirical wind function is proposed by Ryan and Harleman (Ref. 16) which
agrees well with field data on large ponds:

Fw) = [22.4 x (8T,)1/3 + 14u] (4.6)

where
w = windspeed, mph

AT, = "virtual" temperature difference between the pond
surface water and air above the pond, rewritten:

T, + 460 T, + 460

AT, = 0.3/8 x e_ 0.3/8 x e (4.7)
1- 2 12
: p

and p = atmospheric pressure, mm Hg

rhe net rate of heat transfer from the pond attributable to conduction anc
convection, Hc’ is also a function of the pond surface and atmospheric humidity
and temperature (Ref. 16):

H, = 0.26 x (T - TA) x F(w) | (4.8)



4.1.3 Heat Out in Blowdown or Leakage Stream

With reference to the pond temperature T, heat loss from blowdown is by
definition zero:

qp = wbpcp(T -T)=0  Btu/hr (4.9)

where
wb = flowrate of the blowdown or leakage stream, ft3/hr
and p and Cp are as previously defined.

4.1.4 Heat Rejected by Sprays

= 2
Hopray = QC,R,  Btu/(ft? day) (4.10)

where

RC = cooling range of the sprays determined from either
the HWS-LWS model or the regression equations

and Q, p, and Cp are as previously defined.
Combining all heat inputs to and outputs from the pond, and using the relationship
relating temperature to heat, the following relationship is obtained:

dlT _ RJ spray o
T F/hr (4.11)

where

Vp = pond volume in cubic feet

and all other elements of the equation are as prévious]y defined.

Note that there is no provision for a makeup stream in either the heat or mass
balance, since Regulatory Guide 1.27 specifically denies makeup during the
operation of a UHS pond.



4.2 Mass Balance

The mass balance on the pond includes evaporative loss from the surface, drift,
and blowdown or leakage. The terms of the mass balance are:

Blowdown or leakage flow = wb, ft3/hr
Evaporative loss from surface = we, ft3/hr

I:'E
we = oA (4.12)
where
A = heat of vaporization of water, Btu/1b
p = density of water, 1b/ft3
and Hg is defined by Eq. 4.5.
Combining all terms of the mass balance yields the expression:
ﬂz-w-'_*ﬁ-w - W (4.13)
dt b pA drift spray ’
where
wdrift = drift loss

soray - rate of water evaporated from all drops in
Pra¥  the spray field, ft3/hr

determined from the evaporative heat-transfer component of Eq. 2.7.
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5 DATA-SCREENING METHODOLOGY
In this section, a method is developed with which long-term weather records
can be screened to find the period in which the spray-pond temperature or water

loss will be maximized.

5.1 Development of Method

The "equilibrium temperature" heat-transfer approach is used in a method that
decouples -the plant-heat-input effects from environmental effects on the pond.
The temperature of the pond, Ts, may be determined by the solution of the
differential equation for the mixed-tank model:

dT . H. A

T = chv * %ﬂ (Ts * ngQ - Tw) (5.1)
p'p P p

where

Vp = pond volume, ft3
A = pond surface area, ft2
Tw = wet-bulb temperature, °F

and all other elements are as previously defined.

For the purpose of developing the model, Vp and n are temporarily assumed to

be constant. The "equilibrium temperature" E (Ref. 17) is a useful invention

at this point in the model development. The rate of atmospheric-heat transfer
can be assumed to be proportional to the difference between the pond temperature
and the equilibrium temperature:

ﬁ=m@s-q | (5.2)



where

K = equilibrium-heat-transfer coefficient, Btu/(ft2hr°F)

If we further assume that K is a constant, Eq. 5.1 will be linear with respect
to Ts’ and it will be possible to consider that the pond temperature is the
sum of the pond "ambient" temperature T; and an "excess" temperature 6:

T =T +0 (5.3)

T; would be determined by the solution of Eq. 5.1 for a steady heat load

Hra,0

dT! Ho o A Ho. A

__§ = AK [ - Qﬂ 1 RJ,0 - RJ,0

T (Ts E) -y (Ts TR Tw)+—rl—p ¥ (5.4)
PP P p PP

where

Hpg o = steady-state heat load, Btu/(ft2 day)

and all other values are as previously defined.

Subtracting Eq. 5.4 from Eq. 5.1 gives the differential equation for excess
temperature:

.

Hy, - H Ho, - H

de AK RJ RJ,0 Qn RJ RJ,0
= = 6 + - 0 + - T (5.5)
dt = pC V- pCV | v pC,Q W

The determination of pond temperatuke has, therefore, been separated into two
simpler problems, because now the ambient and excess pond temperatures can be
determined independently from one another. The excess temperature 6 does not
depend on the meteorological record, so it can be solved directly from Eq. 5.5



using the plant-heat-rejection rate. The pond ambient temperature T; does not
depend on the heat rejection from the plant, so it can be calculated from

Eq. 5.4 using only the long-term meteorological record. The peak pond temper-
ature can, therefore, be found by summing (superimposing) the peak of T; and 6:

(Ts)peak = (T;)peak * epeak ‘ (5.6)

Unfortunately, the basic premise that Eq. 5.1 is linear is incorrect. Both K,
E, and n are functions of TS and atmospheric variables. In addition, the pond
volume Vp will change as water on the pond is lost as a result of seepage, drift,
and evaporation. (Makeup water is assumed to be unavailable during the opera-
tion of the pond.) The function of the procedure outlined above is to identify
the timing of the maximum ambient and maximum excess temperatures so that more
accurate computation can be performed in which the spray-pond temperature is
determined directly. Since the heat- and mass-transfer relationships are
nonlinear with respect to pond and spray temperature, temperature calculations
may be different from those used in the screening. There are, however, no firm
guarantees that the optimal starting time for peak temperature will necessarily
be found by this procedure. A series of model runs spaced several hours apart,
over the length of the data record, is an alternative method of determining

the optimal timing.

5.2 Meteorological Inputs to Screening Model

The screening model developed in Section 5.1 requires two types of data: (a)
weather data such as wet- and dry-bulb temperatures, dewpoint, windspeed, and
atmospheric pressure, which may be obtained from National Weather Service
records, and (b) rates of net solar radiation which generally do not exist for
long periods of record. A method for synthesizing solar radiation using cloud-
cover data has been developed. National Weather Service tapes of "Tape Data
Family-14" (TDF-14) are used by the model as a source of temperature, windspeed,
and cloud-cover observations. These tapes are available for major observation
points throughout the United States.
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5.2.1 Solar Radiation

The solar radiation term for the heat-exchange relation must be either taken
from direct measurements or estimated. The model estimates hourly solar radia-
tion rates in a three-step process. First, given the latitude of the pond and
the time of year, the maximum solar radiation available to the pond for the
given day is estimated. Second, this gross figure is fitted to a sinusoidal
relation to find the rate of insolation for each hour of daylight. Finally,
these hourly rates are modified to take into account the effect of cloud cover.

Hours before or
after midday

RATE OF INSOLATION

acos (wt)

Figure.5.1 Insolation as a function of time

A procedure based on the work of Hamon, Wiess, and Wilson (Ref. 18) is used to
estimate the maximum daily solar radiation. This total daily radiation figure
is fitted to a sinusoidal function as shown in Figure 5.1. The hourly variation
of radiation is:

. (nto) nt%) ,
Hs(to) = 2t, Bcos\13-) - BC°S<I2- Btu/(ft? day) (5.7)
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where

Io
It

g = gross rate of solar radiation, Btu/(ft? day)

to = time of the observation in hours before
or after midday
tl = one-half the length of daylight per day, hr
and
t 21

= A V-Bsin[=2L) - 2 [ -
B = [(1 s)(lz)s‘"(lz ) I 190 (12t1)]
where

I = total daily solar radiation, Btu/(ft2 day)

Solar radiation ultimately reaching the earth's surface is greatly affected by
atmospheric conditions, especially cloud cover. The amount of cloud cover, in
tenths of the total sky obscured, is available from the data tapes. This infor-
mation is used in a relationship developed by Wunderlich (Ref. 19) to modify

the hourly insolation rates:

HSN = HS(l - 0.65C2)0.94 Btu/(ft2 day) (5.8)
in which 0.94 is a factor which adjusts for the average 6% reflection from
the water surface.

5.3 Scanning-Performance Mode}s

In order to determine the design-basis conditions for evaluation of the spray
pond, a long-term weather record is searched for key conditions which would
predict the highest pond temperature or water-loss rate. Basically, a long-
term weather record is searched by using a model which is nearly the same as
the model in Section 4 to simulate the performance of a loaded spray pond.

The scanning model differs from the model of Section 4 in that the HWS and LWS
spray-performance models are not used directly. Using the rigorous performance



models for a long (tens of years) simulation would be prohibitively costly and
inefficient.

5.3.1 Approximate Spray-Performance Model

The HWS and LWS spray-performance models are steady state. Therefore, they do
not depend on any history of input conditions, but predict instantaneous heat
rejection and evaporation for a given set of meteorological and heat-load
conditions.

If the spray-performance models can be exercised over a wide range of inputted
independent meteorological variables, the resulting performances can be formulated
~into regression models. These regression models can then be used to predict the
performance of the sprays for other conditions that are within the ranges of the
correlating independent variables. This procedure is much more efficient than
using the original models directly.

5.3.2 Functional Dependencies of Spray-Performance Models

Before the regression models are formulated, it is useful to perform numerical
experiments using the LWS and HWS models to determine the approximate dependence
of predicted performance on the independent variables T,,, THOT’ and w for a
typical spray-pond situation. Figures 5.2 through 5.5 show, respectively, the
different "spray efficiencies" n of both the HWS and LWS models, that occurred
upon variations in wet-bulb temperature, dry-bulb temperature, sprayed-water
temperature, and windspeed. The higher of the two predicted efficiencies (LWS
or HWS) would be used in the actual performance model, which is depicted on

the figures as a bold line.

Figure 5.2 shows the dependence of n on the wet-bulb temperature TW' Over the
range tested, both models show a nearly linear dependence on TW'

Figure 5.3 demonstrates the dependence of n on sprayed temperature THOT‘ The

HWS model shows a nearly linear dependence, whereas the LWS model has a decreas-
ing slope with increasing temperature.
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Figure 5.4 demonstrates the dependence of n on dry-bulb temperature T
HWS model shows a small positive, nearly linear dependence on T

A’ The

A The LWS model
shows a much larger, negative dependence with an apparent inflection.

Figure 5.5 demonstrates the dependence of n on windspeed w. Since windspeed
is not one of the independent variables in the LWS model, n is a constant for
that model. The HWS model shows a decreasing slope with increasing windspeed.

It is possible to guess a form for the equations (with as-yet-undetermined

coefficients), which would predict the performance of the HWS and LWS models
over a wide range of variations of the independent variables TA’ TW’ THOT’
and w. The proposed equation for the efficiency of the HWS model would be:

Mws = 31 + P1Ta + STy * dyTpor *+ eqW * Tl (5.9)
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For the LWS model, the regression equation for efficiency would be:

- 2 3 2
Niws = 32 * PaTa * €T3 *+ DyTp + epTy + FoTuor * 9oThor (5.10)

The evaporation rate Q is correlated in exactly the same fashion:
Qg = a3 *+ b3Tp + 3Ty *+ daTygr + eqw + fodw (5.11)

and

= 2 3 2
QLWS a4 + b4TA + C4TA + d4TA + e4Tw + f4TH0T + g4TH0T (5.12)

The coefficients a through g are determined by a least-squares multiple-linear-
regression analysis of n and Q over a wide range of the independent variables
TA’ TW’ THOT’ and w for the spray pond under investigation. Program SPRCO
generates random values of the independent variables in given ranges, runs the
HWS and LWS models to generate n and Q, performs the multiple-linear regressions,
and presents the correlations of the curve-fitted n and Q versus the calculated
n and Q in terms of the coefficient of determination r2 and a graphical x-y
scattergram. The coefficients for Eqs. 5.9 through 5.12 are punched for
subsequent use in programs SPSCAN, SPRPND and COMET2. Correlations of the
regression equations with the HWS and LWS models are generally excellent.






6 ONSITE-OFFSITE CORRELATION

Long-term meteorological records at the site itself are not usually available
and current NRC practice requires only limited onsite data collection. Further-
more, the meteorological data collected onsite may be incomplete for the purposes
of spray-pond analysis.

The meteorological data for UHS performance must be obtained from offsite weather
stations (such as airports) for which long-term records, including solar radia-
tion or cloud cover, are available. The site meteorology may be significantly
different from that of the offsite station, however, because of such reasons

as orographic features or altitude differences. Thus, it is necessary to
determine if serious discrepancies exist between the two sites. We are only
interested, however, in long-term differences between the meteorology of the
onsite and offsite data, and not the short-term, local variations, such as
thunderstorms.

The assumption is made that we can calculate an "average" pond temperature or
water loss based on monthly (or some other period) averages of the important
meteorological parameters for the onsite and offsite data. By comparing the
monthly average pond temperatures or water loss using the onsite data with the
pond temperature or water loss using the offsite data, we can estimate the bias
that would be introduced by using the offsite data in the temperature calcula-
tions. The biases estimated by the above procedure can be used as correction
factors for the water losses and peak temperatures calculated using the long-term
offsite data. Experimentation with the models has shown that the proposed
correction factors reliably account for the differences between the onsite and
offsite data sets and are conservative.

The biases in pond temperature and evaporation can further be related to
differences in each meteorological parameter separately. For example, if the
meteorological parameters of the model are T,, Tw, HS’ and w:



AE = AE) : + AE) : + AE) N + AE) (6.1)
TA,w,HSN Tw,w,HSN TA’TW’HSN TA,Tw,w

where

AE = overall bias in pond temperature between the

two data sets, °F

—
1]

W wet bulb temperature, °F

and

AE)T = bias attributable only to the variation in Tw

A’w’HSN between the data sets, °F

AE)T bias attributable only to the variation in TA

W’W’HSN between the data sets, °F

AE)T T H = bias attributable only to the variation in w
A’'W*'SN  between the data sets, °F

AE)T T W= bias attributable only to the variation in hSN
AW between the data sets, °F

Equation 6.1 is extremely useful because it allows a comparison between onsite
and offsite data sets, even if one or more parameters are missing. For example,
solar radiation is not usually collected on site. The biases attributable to
the other variations can be estimated, bearing in mind that no contributioh of
the solar radiatfon difference is included.

A brief computer program, COMET2 (COmpare METeorology), has been written which
evaluates the differences in steady-state temperatures between two data sets and
their sensitivity to differences in the averages of wet bulb, air temperature,
windspeed, and solar radiation between the two sets of data.

This program also calculates the correction factor, in cubic feet of water,

for the differences in evaporation and drift between two sites based on the
30-day average meteorology.
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Resultant steady-state temperatures and water-loss rates between the two data
sets are correlated and the coefficients of correlation, r2, and the standard
error, o, are calculated,
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7 DESCRIPTION OF COMPUTER PROGRAMS

Five separate computer programs are described that are used for several facets

of the spray-cooling-pond analysis:

(1)

(2)

3

(4)

(5)

Program SPRCO simulates the high- and low-windspeed versions of the spray-
pond-cooling model and generates regression equations based on these models
for use in subsequent programs.

Program DRIFT calculates a table of drift water loss versus windspeed for
the spray pond.

Program SPSCAN scans a weather-record tape to predict the Tlikely periods
of lowest cooling performance and highest evaporation and drift losses.
Programs DRIFT and SPRCO generate necessary inputs on the pond performance
for this code.

Program COMET2 compares the limited quantity of onsite meteorological data
with summaries of offsite data provided by program SPSCAN to determine if
there are significant differences between the two which might lead to
differenres in predicted nond performance, and suggests correction factors.

Program SPRPND calculates the most pessimistic cooling-pond temperature
for a design-basis accident using the abbreviated data provided by program
SPSCAN.

The complicated manner in which these programs are used to determine design-

basis temperature and heat loads is shown in Figure 7.1 and described below.

7.1

Program SPRCO

This program generates the coefficients of a set of multiple-linear regression

equations which represent the cooling performance and evaporative water loss
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of a spray field. The regression equations are subsequently used in programs
SPSCAN, SPRPND and COMET2 because they are much less time consuming than the
direct use of the HWS and LWS models.

7.1.1 Operation of Program

Program SPRCO runs the HWS and LWS for a large number of cases, typically 200.
Each case has the meteorological inputs of wet-bulb temperature T, dry-bulb
temperature TA, windspeed w, and sprayed-water temperature THOT’ chosen from a
specified range by a pseudorandom-number routine. The resulting cooling
performance and evaporation for the HWS and LWS models are recorded and are
subsequently fitted to multiple-regression equations whose independent
variables are TA’ TW’ w, and THOT’ or powers thereof. Goodness of the fit is
tested by calculating the estimated efficiency and evaporation from the four
regression equations and comparing these to the results of the HWS and LWS
models directly. The standard errors and coefficient of correlation are also
calculated.

7.1.2 Program Inputs
Inputs to program SPRCO are of two types:
(1) Variables which describe the basic characteristics of the spray field.

(2) The ranges of meteorological conditions from which each case is randomly
chosen.

A1l inputs are specified in a namelist called INPUT, which is described in
Table 7.1. Default values are given where possible, which are typical of
Spraco 1751 nozzles with the manufacturer's recommended setup. Only those
variables different from the default values need to be read in.



Table 7.1 Namelist INPUT--Inputs to Program SPRCO

Variable Default
name Description and units value
NPNTS Number of randomly chosen cases in set 200
VELS Initial velocity of drops leaving the spray

nozzle, ft/sec -
HT Height of spray field from water surface to

highest point attained by drop, ft -
ALEN Length of the spray field, ft (longer dimension) -
WID Width of the spray field, ft (shorter dimension) -
THETA Angle of spray to horizontal, degrees 71
Yg Height of spray nozzles from water surfaces, ft -
R Mean drop radius, cm (see text) 0.104
PB Atmospheric pressure, in. Hg 29.92
Q Flowrate of water sprayed, ft3/sec -
PHI Heading of wind with respect to long axis, degrees 90
TWETS The lower limit of Tw, °F 50
RTW Range of T,,, °F 30
DTDRYS The Tower Timit of AT, which is added to the value

| of Ty, since T, > T,; f.e., Ty =T, + ATA), °F 20

RTD Range of ATA, oF 30
WINDS The Tower limit of w, mph 0.1
RW Range of w, mph ' 20
THOT@ The lower limit of THOT’ oF 90
RTH Range of THOT’ oF 30
g = zero

7.1.3 Program Outputs

The following outputs are generated:

(1) The random meteorological inputs and results of the HWS and LWS models
for each case.



(2) The regression equations in terms of the coefficient a; through g4:

(a) HWS efficiency (approach to wet bulb):

Mws = @1 + DyTa + CyTp + dyTyor + eqw + fydw

(b) HWS evaporation (fraction sprayed evaporated):

EVAP =a,+b,T, +c

HWS 2 2'°A

(c) LWS efficiency:

= 2
Niws = @3 * bgTy * c3T}

(d) LWS evaporation:

EVAPLWS = a

*byTp + CaTR + dgTa * egTy * TuThor * 9y

oTw * doTyor * eW + flw

3 2
+ d3Ty + egTy + faTuor *+ 93THot

T2 + d,T2 + e,T, + f,T T

2
HOT"

(3) Goodness of fit of the regression equations versus the HWS and LWS model

outputs:

(a) Coefficient of determination r2.

(b) Standard error o.
(c) x-y scattergrams.

7.2 Program DRIFT

The computer program DRIFT computes the drift loss from a spray pond in terms

of a fraction of the total amount of water sprayed. The program requires the

input of the spray-field geometry and outputs the drift-loss fraction for various

windspeeds between 0 and 50 mph.

The default drop-diameter distribution in the

program is for the Spraco 1751A nozzle under standard operating conditons. Other

distributions may be entered.



The spray-field geometry is described by specifying the distances downwind from
a group of sprays to the edge of the pond surface and the fraction of the total
flow of the spray field represented by that group. When concerned with finding
the worst-case drift loss, the direction of the wind is assumed to be the direc-
tion that minimizes the distance between the sprays and the edge of the pond
surface.

The description of the spray geometry is fairly straightforward when rows of
sprays are set parallel to the edge of the pond, as each row can be considered
a group of sprays. Irregularly shaped ponds or complex spray arrangements may
require an arbitrary grouping of sprays. Figure 3.3 shows how this can be done
for a complicated geometry.

To begin the calcutation of drift loss from a spray pond, it is first necessary
to choose a worst-case wind direction. For simple ponds, this may be done by
inspection; more-complex ponds may require that several likely wind directions
be modeled before the worst-case wind direction can be determined. Second,

the spray field is divided into groups of sprays which are roughly equidistant
from the downwind edge of the pond. For conservatism, all of the sprays in

the group may be assumed to lie on the boundary of each segment nearest the
pond's edge. The fraction of sprays in each group is then calculated.

The final step in the éa]cu]ations is to prepare the input for DRIFT and run
the program. Table 7.2 shows the input format for program DRIFT.

These cards form a repeatable data set. Several runs may be made in a single
execution of the program enabling, for example, different pond geometries to

be tested.

7.3 Meteorological Data Screening Program SPSCAN

Program SPSCAN is used to scan long-term weather records to determine the period
of lowest cooling performance and highest water loss for spray cooling ponds
in UHS service. A simple mixed-tank hydraulic model is employed in a running



Table 7.2 Input Variables for Program DRIFT

Card no. Format Variables Comments
1 80A1 TITLE Columns 2-80 are used to input a message
which will be printed at the beginning of
the output
2 namelist {DIAM(I), Table for optional drop-diameter distribution.
DROPSZ PROPOR(I) DIAM(I) = drop diameter, cm. PROPOR(I) =

corresponding fraction by mass of that
diameter. Up to 21 values in table.

3 12 NUM Number of cards used in the description of
the spray geometry

4 to 2F10.0 SPRAY (N,1) Distance between a group of sprays and the

(3 + NUM) SPRAY (N,2) downwind edge of the pond (ft) and the

location of the sprays in the group. There
should be NUM cards of this type, one for
each group of sprays

(4 + NUM) 80Al1 TITLE The letter "s" is entered in the first
column of the last card in the data deck to
stop the program

simulation for the entire length of the weather record. Heat and water losses
from the sprays are estimated from regression equations generated from program
SPRCO and the drift-loss table generated from program DRIFT. The time of
maximum ambient pond temperature and the 30-day period giving maximum water
loss are determined from the simulation. Annual event statistics are generated
for water loss and témperature maxima.

7.3.1 Program Operation

The program first reads and screens meteorological data from National Weather
Service Tape Data Family-14 (TDF-14) magnetic tapes. Hourly or three-hourly
values of up to 48 meteorological variables are stored on these tapes in a
compact alphanumeric code. The program interprets the code and extracts the
values of windspeed, dry-bulb temperature, wet-bulb temperature, dewpoint
temperature, cloud cover, and atmospheric pressure.



The stored data are checked for missing or inconsistent values. If one or two
consecutive oﬁservations of a meteorological parameter are missing, they will
be replaced by interpolated values. If, howéver, more than two consecutive
observations are missing or in error, the entire day of data is skipped and an
informative message to this effect is printed.

The program synthesizes solar radiation needed for subsequent calculations from
the cloud cover, date, and latitude, since no direct observations of solar
radiation are contained in the TDF-14 tapes. This procedure is discussed in
Section 5.2. Direct observations of solar radiation would be most desirable

if available from other sources, but no provisions for their input are presently
incorporated in the program.

The program then calculates the ambient pond temperature and evaporative loss
with the mixed-tank model using the meteorological variables generated in
subroutine SUB1. It is necessary to specify a base heat load, which should

be the 30-day average design-basis heat load, because the spray performance
models are highly nonlinear and sensitive to heat input. The yearly maximum
pond temperature and yearly maximum 30-day evaporative and driftwater loss are
determined along with their dates of occurrence.

The program statistically treats the data base consisting of the annual maximum
pond temperatures and 30-day evaporations. The recurrence interval of the maximum

water loss and temperature can be determined from this analysis.

7.3.2 Program Outputs

The program provides the following information, depending in some cases on the
options selected:

(1) An informative message is printed if bad data are encountered, so that it
is clear that the record for that day has been skipped.

(2) A table of hourly values of windspeed, dry-bulb temperature, wet-bulb

temperature, solar radiation, atmospheric pressure, and dewpoint tempera-
ture is printed and/or punched (or stored in some other fashion) for the
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20 days preceding the time of maximum ambient temperature and 30 days
following. This table may subsequently be used in a more rigorous computa-
tion of thermally loaded pond temperature with program SPRPND or some other
dynamic temperature model.

(3) The dates and quantity of the yearly worst-30-day-water-loss period for
the spray pond with steady heat load is outputted. Since the 30-day-
average design-basis heat load is used in this program, the water loss
calculated in SPSCAN approximately adequately reflects the design-basis
loss (other than seepage) without the need for subsequent modeling.

(4) Monthly averages of meteorological parameters for all specified years of
tne record are printed for the purpose of comparing offsite data with
limited quantities of onsite data using program COMET2 which will be
described later.

(5) The maximum annual pond temperatures and 30-day water losses for all years
on the tape are printed, ranked from highest to lowest magnitude. Approxi-
mate probabilities are calculated so that the ranked outputs can be plotted
on an arithmetic-probability scale. The mean and standard deviation of
the data are also printed. Maximum likelihood and confidence 1limit curves
are generated for the statistical adjustment of the design-basis water
loss and temperature, as discussed in Appendix A.

7.3.3 Program Inputs

The following input data are necessary to run program SPSCAN:

(1) Pond surface area

(2) Pond volume

(3) Base heat load

(4) Latitude

(5) A TDF-14 weather tape from a representative station near the site

The TDF-14 weather tapes can be obtained for U.S. weather stations from the
National Climatic Center, Federal Building, Asheville, North Carolina 28801.



Computer and peripheral requirements to run program SPSCAN on the Brookhaven
National Laboratory CDC 7600 computer are one magnetic tape drive, two disk
files and about 12,000 (decimal) words.

The data deck required to operate program SPSCAN consists of four types of data

cards: the regression coefficient cards, the pond data card, the monthly average
card, and the end card.

The regression coefficients for the spray performance equations are inputted
in exactly the format in which they are punched by program SPRCO. There are

26 variables, read in format 4E15.8 on 7 cards.

The pond data, monthly average, and end cards are read in a namelist format
called INPUT. The variables in this namelist are described in Tables 7.3 and 7.4.

7.3.4 Pond Data Card

This card specifies the pond parameters for the mixed-tank models and specifies
certain printing options as shown in TabTe 7.3.

Table 7.3 Namelist INPUT--Pond Data Card for Program SPSCAN

Variable
name Value Type and description
N 1-99 Integer--card number used to identify the card as a
"pond data" card and to identify the results in the
output
A >0 Real--pond surface area in square feet
<0 In acres
v >0 Real--pond volume in cubic feet
<0 In acre feet
LAT 25-50 Real--latitude of pond in decimal degrees north latitude
IPRNT Integer--print option
0 Prints and punches hourly meteorological data
1 Printed output only
-1 Punched output only
HEAT Real--base-heat load, Btu/hr
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7.3.5 Monthly Average Card

This card specifies the year and month to start computing monthly meteorological
summaries to be used for comparison with onsite meteorological data in program
COMET2, as shown in Table 7.4.

Table 7.4 Namelist INPUT--Monthly Average Card for Program SPSCAN

Variable

name Value Type and description

N Greater Integer--identifies this card as a "monthly average"

than 99 card

YRMODY(1) - Real--the year of the beginning date for the computation
of monthly averages of meteorological data

YRMODY(2) 5-9 Real--the month of the beginning date for the computation
of monthly averages

LAT 25-50 Real--the latitude in decimal degrees north if different

from that previously specified

7.3.6 End Card
By specifying N = 0, the program terminates.

One set of output is generated from each pond data card or monthly average card.
These cards are unrelated and may be inserted in any order.

If a second pond data or monthly average card is used, say, to test the
sensitivity to a variation in a pond parameter, only the variable changed needs

to be inputted on the namelist card.

7.4 Program COMET2

Program COMET2 (COmpare METeorology) compares steady-state temperature, drift
and evaporation rates computed from monthly average values of solar radiation,
dry-bulb temperature, wet-bulb temperature, rms windspeed, and barometric
pressure for two data sets.
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Program SPSCAN computes tue monthiy averages of the meteorological parameters
from the offsite weather station record provided on the National Climatic Center
tape. The ot»~+ data set would be taken from limited onsite measurements.

If onsite data are not complete (for exampie. 1f solar radiation is not available),
the offsite data can be substituted for the missing parameters. The program
calculates the steady-state temperature and 30-day water loss for each data

set, the difference in calculated values of pond temperature, and the apparent
differences in pond temperature due to differences between each of the mete-
orological parameters. Therefore, if one of the meteorological parameters for

the site is unknown, the apparent differences due to only the other three
parameters can still be determined.

The output values of onsite and offsite equilibrium temperature and evaporation
rates are correlated for as many months as available to determine if there is

a significant difference between the locations. The coefficient of determina-
tion r2 is computed for pond temperatures and water losses for both onsite and
offsite locations. A coefficient of determination of 0.9 would indicate that
90% of the variance in one data set is accounted for by variation of the other
data set, and that 10¥ of the variation is unexplained.

The average equilibrium temperature difference and water loss rate difference
between the two data sets are the biases. The biases may be used cautiously
as correction factors to the peak thermally loaded-pond temperature and 30-day
evaporation loss. The coefficient of determination r2 should be high. Lower
values may indicate poor quality data or real orographic differences between
the sites. Because the data bases are generally small and may be incomplete,
it is suggested that the biases be used only in the conservative sense; that
is, if onsite values for pond temperatures or water losses are greater than
corresponding offsite values, the difference should be added to the peak loaded-
pond temperature or water loss as a correction. If the opposite is the case,
no corrections should be made.

7.4.1 Program Inputs

Program COMET2 requires recording of monthly averages of dry-bulb temperature,
wet-bulb temperature, solar radiation, rms windspeed, and barometric pressure -
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for each site. The first card specifies the number of months of data (1), and
is read in I5 format. The next I cards contain the information shown in
Table 7.5.

Table 7.5 Meteorological Data Input for Program COMET2

Variable
Field name Description
1 ™1 Wet-bulb temperature, °F, data set 1
2 TAl Dry-bulb temperature, °F, data set 1
3 Wl Rms windspeed, mph, data set 1
4 H1 Solar radiation, Btu/(ft? day), data set 1
5 PB1 Atmospheric pressure, in. Hg, data set 1
6 TW2 Wet-bulb temperature, °F, data set 2
7 TA2 Dry-bulb temperature, °F, data set 2
8 w2 Rms windspeed, mph, data set 2
9 H2 Solar radiation, Btu/(ft% day), data set 2
10 PB2 Atmospheric pressure, in. Hg, data set 2

7.5 Program SPRPND

Program SPRPND calculates the temperature in the UHS pond under the combined
influence of the meteorology and the external plant heat load. Hourly meteoro-
logical data are provided on cards, disk, or tape from program SPSCAN. The pond
js represented by a simplified mixed-tank model used in the screening program
SPSCAN. Maximum temperature is determined and the time of the occurrence of

the maximum is printed.

7.5.1 Input to Program
Necessary input data for this program include a title card, the external heat
input, meteorological conditions, volume and surface area, makeup, blowdown,

leakage, circulation flowrate of the pond, height, length, and width of the
spray field, and other parameters that describe the sprays.
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The first data set consists of the spray performance and evaporation coefficients

for the regression equations, punched directly from program SPRCO. There are

26 numbers, read in 4E15.8 format on 7 cards. The spray-pond performance can

be calculated from either the regression equations or the self-contained HWS and

LWS models, but these seven cards, or seven blank cards, must be read in.

The input data pertaining to the spray field itself are next read in from
namelist PARAM, which is defined in Table 7.6.

Table 7.6 Namelist PARAM, Spray-Field Data for Program SPRPND

Description

Default

Parameter value
NDRIFT -
WDR@ -
DWDR -
FDRIFT -
CEMAX 0.1
CEMIN 0.0
CMAX 0.8
CMIN 0.2
VEL@ 22.5
THETA 71.0
R 0.104
HT -

WID -
ALEN -

Y@ 5.0
PHI 80.0
ISPRAY 2

Number of points in drift-loss table

Lowest windspeed in drift-loss table, mph
Windspeed increment of table, mph

Array of drift-loss fractional values

Maximum allowed evaporation fraction

Minimum allowed evaporation fraction

Maximum allowed spray efficiency

Minimum allowed spray efficiency

Initial velocity of drop leaving nozzle, ft/sec*

Initial angle with respect to horizon of drop leaving
nozzle, degrees*

Average drop radius, cm*

Height of spray field, ft*

Width of spray field, ft (short dimension)*
Length of spray field, ft (long dimension)*
Height of sprays above water surface*, ft

Angle of wind direction with respect to long axis,
degrees*

If ISPRAY = 1, use regression model for spray
performance

no default value

*
Wuu

zero

If ISPRAY = 2, use rigorous model

these variables need to be read in only for rigorous model, i.e., ISPRAY=2

7-14



The meteorological data are inputted next. Meteorological data are generally
provided directly from program SPSCAN. The first card in the meteorological
deck specifies the number of time periods in the table and is read in I5 format.
The subsequent cards are read two time periods (usually 1 hr each) per card

in the format shown in Table 7.7 as punched by program SPSCAN. (Typically,

the meteorological table itself would be stored on a disk or tape file rather
than on punched cards. In the present version of the program, this table is
read from logical file number 8.)

Table 7.7 Meteorological Input for Program SPRPND
[Format (I3, 3F5.0, F6.0, F7.0, F7.0,
3F5.0, F6.0, F7.0, F7.0)]

Field Variable Description

1 ISEQ Sequence number--not used

2 W(I) Windspeed, mph

3 TA(I) Dry-bulb temperature, °F

4 TD(I) Dewpoint temperature, °F

5 HS(I) Solar radiation Btu/(ft2 day)
6 TW(I) Wet-bulb temperature, °F

7 PRESS(I) Atmospheric pressure, psia

8 W(I+1l) Windspeed, mph

9 TA(I+1) Dry-bulb temperature, °F

10 TD(I+1) Dewpoint temperature, °F

11 HS(I+1) Solar radiation, Btu/(ft2 day)
12 TW(I+1) Wet-bulb temperature, °F

13 PRESS(I+1) Atmospheric pressure, psia

The heat-and-flowrate table is inputted next. The plant-heat rejection and

UHS flowrate during the design accident should be plotted on a log-linear scale,
with heat and flowrate on the linear scale and time on the logarithmic scale.

A table of heat and flowrate to the pond versus time should then be created from
a straight line approximation of the graph. This procedure must be followed
because a log-linear interpolation of the heat and flowrate table is used in

the program. Also, plant-heat rejection is often provided directly in this
graphical form.
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Heat and flowrate are inputted in a namelist format named HFT as shown in
Table 7.8.

Table 7.8 Namelist HFT for Program SPRPND

Variable

name Description

HEAT An array of values of the heat load on the pond, Btu/hr

FLOW An array of values of the flowrate through the sprays, ft3/hr

TH The array of values of time corresponding to the element of the
HEAT and FLOW arrays, hr

NH The number of entries in the tabie (maximum of 20)

It should be noted that the start of the heat and flowrate table does not
necessarily have to correspond to the start of the meteorological input table.
The time for the start of the heat-and-flowrate table is delayed by a variable
TSKIP(hr) to be described.

Pond parameters and constants are read next in a namelist format called INLIST.
The variables in INLIST are described in Table 7.9. ’ '

Multiple runs may be made by inserting several title and INLIST cards in
succession. Only the variables that are different from the previous namelist
card read are changed. A blank title card terminates the program.

7.5.2 Usage of Program SPRPND

Program SPRPND is usually employed to determine maximum pond temperature in
the following manner:

(1) Two initial pond simulations should be performed (in the same run):
(a) The first run simulates the pond ambient temperature resulting only

from meteorological inputs with a constant base heat load H1 and
flowrate F1 specified.
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Table 7.9 Namelist INLIST for Program SPRPND

Variable Default
name value Description
VZERO 0.0 Pond volumes, ft3--if zero, terminates program
BLOW 0.0 Blowdown flowout, ft3/hr :
A 0.0 Pond surface area, ft2
NSTEPS 100 Number of timesteps to be performed
NPRINT 10 Printouts of pond temperature and volume every NPRINT steps
DT 0.2 Integration timestep, hr
TZERO 80 Initial pond temperature, °F
TSKIP 0 Time after start of program that corresponds to start of heat-and-
flow table. Shifts this table relative to meteorology table which
starts at time zero. For time less than TSKIP, evaporation is
suppressed so that the pond volume does not decrease
QBASE 0 Bias to be added to all heat in heat-flow table, Btu/hr
FBASE 0 Bias to be added to all flowrate in heat-flow table, ft3/hr
Q1 0 Heat load for time less than TSKIP, Btu/hr
F1 1 Flow through sprays for time less than TSKIP, ft3/hr
HEAT Same as Heat-flow table if different from that specified by previous input
FLOW speci- in namelist HFT '
NH fied by
previous
input in
namelist
HFT
ISPRAY 2 If ISPRAY = 1, uses regression equations for spray performance
; If ISPRAY = 2, uses HWS and LWS performance models directly
IMET 0 If IMET = 0, regular meteorological table used
If IMET = 1, constant values TA, TW, W, TD, HS, and PB are used for
dry-bulb temperature, wet-bulb temperature, windspeed, dewpoint,
solar radiation, and atmospheric pressure as defined in this namelist
TA 90 Constant dry-bulb temperature, °F
10 60 Constant dewpoint temperature, °F
TW 70 Constant wet-bulb temperature, °F
W 3 Constant windspeed, mph
HS 1500 Constant solar radiation, Btu/hr/ft2
IEVAP 1 If IEVAP = 0, water level in pond remains constant
If IEVAP = 1, normal water loss allowed
TSPRON 0 Delay turning on sprays TSPRON hours. Also maintains full pond
until sprays are turned on
NITER 0 Repeat run NITER times, incrementing the value of TSKIP and TSPRON
by the value DTITER. Used in procedure 2 to determine maximum pond
temperature (see paragraph 8.6.2)
DTITER "5 Increment for iterative procedure above, hr
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(b) The second simulation determines the peak pond temperature from the
effects of external heat input only. This is done by specifying
constant values of the meteorological variables.

(2) A second run is prepared so that peak ambient pond temperature determined
from the first simulation will roughly coincide with the peak excess
temperature caused by plant input alone:

(a) By inspection of the two previous simulations the times of peak
temperature for each are chosen.

(b) The approximate time to delay the start of the heat input TSKIP and
TSPRON is then defined:

TSKIP = (time of peak ambient temperature) - (time of peak
excess temperature).

(c) The peak pond temperature should occur at approximately the same time
as the peak temperature determined for the steady heat load.
)

Because of nonlinearities in the pond models, the time to the peak temperature
may be shifted. An alternative procedure which increments values of the TSKIP
and TSPRON for multiple runs may be preferred for determining peak temperature.
(See paragraph 8.6.2.) The difference in the final peak temperatures determined
will generally be minor.

Either the regression equations (ISPRAY = 1) or the HWS/LWS performance models
(ISPRAY = 2) may be used. The latter option has higher accuracy, but the
computations are much more time consuming, and may be prohibitive for more than
several runs. The regression eduations generally give adequate results.

An example run of all programs from start to finish will be covered in the next
section.
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8 SAMPLE PROBLEM

8.1 Introduction

A complete study of a hypothetical UHS spray pond was undertaken in order to
demonstrate the procedure for evaluating the design-basis performance. Details
of pond design and meteorology are taken from no plant in particular, but
represent eastern U.S. sites and environments. It would be useful to follow
the flowchart in Figure 7.1 as an aid in understanding the procedures used.

A plan view of the pond is shown in Figure 8.1. The design-basis heat load is
shown in Figure 8.2. Other parameters characterizing the pond are given in
Table 8.1.

The spray nozzles are assumed to be of a type similar to the Spraco 1751A,
operating at standard pressure and arranged in accordance with the manufacturer's
recommendations but with a somewhat different drop-diameter distribution.

The drop-diameter distribution for this nozzle is available in only 10 ranges,
and given in Table 8.2.

The 28-year tape record (1948-1975) from Harrisburg, Pennsylvania was ordered
from the National Climatic Center, Asheville, North Carolina 28801 in TDF-14
format. The spray pohd was assumed to be located at the site of the

Susquehanna Nuclear Generating Station, although the pond design and heat

loads used are not those of this plant, and should not be directly compared.
Approximately 15 months of May-October onsite meteoro]ogical data were

available from the site for a direct side-by-side comparison with the Harrisburg
data.

The design-basis evaluation consists of running five programs sequentially
as shown in Figure 7.1:



(1) Program SPRCO estimates the regression equations for spray performance

(2)

(3)

- for subsequent use in other programs;

)
o
ho%

O
o%e%
XS

%

)
<)
03
&
)

0

O

X
&

XS
X
3

%

55

)
%
39
%
&

)
%
%
&
&

v
%!
%S
%
et

%
b
o

484 nozzles

Figure 8.1

Hypothetical spray-cooling pond
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Program DRIFT estimates the drift loss for the sprays in the
configuration as a tabular function of windspeed;

Program SPSCAN scans the TDF-14 meterology tape to determine
of most adverse performances and their recurrence intervals;

4 nozzles
Y
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Surface area = 422,000 ft2
Volume = 2,842,357 t3
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the periods
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Figure 8.2 .Example df design-basis heat load

Table 8.1 Parameters of Spray-Pond Example

Variable

Quantity

Initial pond volume

Pond surface area

Flowrate through sprays

Number of nozzles |

Nozzle pressure

Width of spray field

Length of spray field

Height of nozzles above initial surface
Height attained by spray, above nozzles

2,942,357 ft3
422,000 ft2
57 cfs

484

7 psig

183 ft

283 ft

5 ft

7 ft




Table 8.2 Drop-Diameter Spectrum
for Spray Nozzle

Diameter, Cm Volume
fraction, %
0.067 10
0.108 10
0.135 10
0.166 10
0.198 10
0.220 10
0.243 10
0.279 10
0.324 10
0.405 10

(4) Program COMET2 compares onsite versus offsite meteorology to predict
correction factors for pond temperature and evaporation;

(5) Program SPRPND predicts the uncorrected design-basis pond temperature.
The step-by-step analysis of this spray pond is demonstrated below.

8.2 Determining Characteristics of Spray Field

The first step in the analysis is to determine the inputs for the spray
performance model.

8.2.1 Dimensions of Sprayed Region

The average angle of the droplets leaving the spray nozzle can be determined
from photographs of sprays operating at the design pressure, or from promotional
literature from the spray-nozzle manufacturers. The literature indicated

that the spray from the nozzles will reach a height of about 7 ft above the
nozzles at a pressure of 7 psig. The heaviest accumulation of water will occur



at a radius of about 13 ft. If friction between the drop and the air is
neglected, simple ballistics indicates that the initial drop velocity should
be about 22.47 ft/sec and the initial angle of the drop trajectory with the
horizon should be about 71°.

8.2.2 Average Drop Diameter

The drop-diameter distribution for the nozzle is presented in Table 8.2. Since
the distribution is given as tabular values in 10 equal divisions, the discrete
summation form of Eq. 2.52 is used for the mean diameter:

10
2
A T

The mean diameter calculated from the above equation is about 0.19 cm.
8.2.3 Length and Width of Spray Field

The arrangement of sprays is shown in Figure 8.1. The center of each cluster
of four nozzles (inset, Figure 8.1) is on 12.5-ft spacing in one direction and
25-ft spacing in the other direction. The overall distance between nozzles
is, therefore, 257.1 ft in the long direction and 157.1 ft in the short
direction. The actual width of the spray field extends about 13 ft further on
each side, which is the radius of the spray umbrella from each nozzle. The
length and width of the spray field are, therefore, 283 ft and 183 ft,
respectively.

8.3 Spray-Field Performance Regression Equations--Program SPRCO

Program SPRCO generates the coefficients of several regression equations which
are used to represent the spray performance models in subsequent programs SPSCAN,



COMET2, and SPRPND. Figure 8.3 shows the input cards for program SPRCO set up
in accordance with Section 7.1.

Ranges of meteorological variables were chosen to bound those of the site.
Other climates might dictate different ranges. The sprayed temperature chosen
is rather high, which places emphasis on the performance of the pond under
high-heat-1oad conditions.

SINPUT NPNTS3200,HTa12,ALENZ283,WIDE183,VEL0322,47,THETA=T1,Y0=5,R=,095,
PB=29,92,0=57,PHI=90, TWET0250,DTORY0220,WINDO=0,1, THOTO0=90,RTW=30,RW=20,RTHa30,
RTO=309

Figure 8.3 Input dedk for program SPRCO

The output from program SPRCO is shown in Figure 8.4. The high coefficients

of determination and relatively small scatter indicate that the regression equa-
tions for cooling and evaporative loss should be consistent predictors of the
basic performance models. The regression coefficients are outputted on punched
cards for subsequent use.

8.4 Determining Drift-lLoss Table--Program DRIFT

A table of drift loss versus windspeed is necessary for subsequent use in

programs SPSCAN, COMET2, and SPRPND. The arrangement of the spray field with
respect to the most critical direction for drift loss is shown in Figure 8.1.

Data inputs to program DRIFT are given in Figure 8.5. Although the drop-diameter
distribution of Table 8.2 is somewhat different from the Spraco 1751A distribution,
only the default distribution is used. Drift is generally only a small contri-
bution to total water loss, and the difference in this case was judged insigni-
ficant. If the correct distribution were to be used, a finer division of the
scale, especially toward the smaller drop diameters, would be necessary. The
output from program DRIFT for the default distribution is shown in Figure 8.6.



COEFFICIENTS FOR EFFICIENCY AND EVAPORATION

FROM A SPRAY FIELD

PT NO,

-
OCOPNTUE W=

INPUT VARIABLES

NUMBER OF RANDOM POINTS,NPNTS = 20

INITIAL VELOCITY OF OROPS LEAVING NOZZLE, VELO =
INITIAL ANFLE OF DROPS TO HOR., THETA =

GEOMETRIC MEAN RADIUS OF OROPS, R =
ATMOSPHERIC PRESSURE, PB =

29,92 INCHES M6

HEIGHT OF SPRAY FIELD, HT = 12,
WIDTH OF SPRAY FIELO, WID = 183
LENGTH OF SPRAY FIELD, ALEN = 2

HEIGHT OF SPRAY NOZZLES ABOVE POND SURFACE, Y0 =

FLOWRATE OF WATER SPRAYED, 0 =

HEADING OF WIND W R,T,LONG AXIS, PHI =

0

22,47 FY/SEC
71.000 DEGREES

+0950 CM

00 FY
o0 FT
83,0 FT

57,00 CU.FT,./SEC

RANGES OF METEOROLOGICAL PARAMETERS

WET BULB TEMPERATURE =
DRY BULB TEMPERATURE =
WIND SPEED =
SPRAYED TEMPERATURE =

TWET
F

67,4034
63,6110
70,6730
67,4894
79,3804
72,9555
77,0908
76,1547
76,6438
63,7355
63,3150
74,9604
77.7856
61,3496
69,5134
71,3049
62,6886
17,2625
67.6711
68.7162
69,0083
72,4562
75,6357
56,0361
53,6464
66,0732
69,3244
72,9292
72,9469
65,6499
12,5336
75,0965
66,2869
71.0051
65,8917
51.0901
68,6926
65,7140
68,8206
55,7223
54,4359
SS.4213
79,4392
56,5438
67,7047
52,2689
62,1334
53,5962

TORY
F

115.9188
83.7989
102.1529
90,4482
120.1969
121.2013
123.6912
126,0878
110,5680
90,7825
98,1664
99,5406
108,6317
84,1540
104,.8221
112.9713
94,3131
114,4053
96,0390
112.8469
111.2167
109,3174
121,2607
81,5676
80,2143
103,3842
104,5041
119,3568
120,4440
116,2279
102,1899
105,6050
112.3171
92,4416
100,649
16,6584
117,0634
95.8163
101.2450
93,8110
89,5847
83,3247
99,5306
92.2766
110.1276
84,5510
104,9040
90,3111

«100 70

THOT
F

98,9286

99,1695
114,9557
108.6134

96,3628
107.5499
101,8945

96,2884
103,4017
107,7358

96,3034
110.3361

98,4362
109.9794
101,5942

90,4748
116,9105
113,5303

96,9980
105.4877
105,2128
104,5630
105,00449
115,7457
118,6083
100.8678
101,5334

92,2437
105,2067
117,5436
117,3421
103,7690

98,8206

91,9975
101,1688
110,8489
107,8917
107,6715
110,1299
108,1511
101,3530

99,0454

91,5599
106,1011

91,991}
113,8613
103,1690
109,6218

50,000 T0
70,000 TO

20,100
90,000 TO

WIND
MPH

15,8274
S5.6147
2.7581
5.6310

18,7895
5.,8861

10,0333

12,0097

12,6606

15,3719

18,8362

17,0259
85,1585
6,3540
83,7755

12,9280

12,1842
2.533%
9,152%
2.8467

14,1406
6,2623

13,8731
6,0561

16,3569

14,7033

17,8440
2.6840

15,3963

19,2457

16,1745

16.1169
6,9498
3,8862
2.2234

18,4939

19,2171
4,8479
9.0038

10,5547
6,2148

16,4184
5,9521
2.1938
1,0133
80,9372
8,3484

12,3392

80,000 DEG,F
130,000 DEG.F

MPH

120,000 DEG.F

HUMID

0033
«0079
+0088
+0091
.0122
«0063
0093
+0084
«0119
<0064
.004S%
+0130
«0134
<0064
<0073
«0069
0049
<0116
.0080
0049
+00SS
0086
+0086
+0037
.0027
»0052
,0073
20067
20065
0024
0103
«0117
0033
20113
0056
.0022
<0040
«0066
0076
0008
0010
0030
20171
.0016
<0048
0010
0022
<0004

ETA
Lws

RBRRAAR
.4149
.4544
.4553

RRERAAR

BRANRRR

ARAKAAN

RRRAREN

ARRAARE
.4359

RARAARA
.4561

ARNAARAA
.4549

ARRRARS

RAANGRAN
.4635

RARRRAR
.3888

RARRARAA

ARARKAN

ARRARRS

RAARRAAN
<4605

ARARRRNK

RAARARR

SRARRAN

RRARRAR

+4336.

,a762
RRRANAK
REARARR
RARRNAN

3897

.4355
RERRRRN

L4219

L4174

.3989

.3737

.3893
RANARRKR

3966
RRARRRR

.a367
ARARAAR

L0116

5,0 F7

90,00 DEGREES

ETA
HWS

«5380
+3835
«3241
+0208
<6291
«84503
«5444
«5596
«5640
5209
«5156
«587S
4255
«4196
«3436
«5263
«5176
«3211
« 8640
2978
«S422
<4498
<5792
24097
«5072
«5201
«5537
«2651
«5756
«5784
«5876
«5771
+4295
«3307
«2368
4878
25762
«3894
«4965
+4583
«3744
«4719
+844S
«2287
«1085
+4401
<8865
« 06681

Figure 8.4 Output from program SPRCO
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EVAP,
L8

ABARARARAN
«013030
«019007
«016761

RARARRAAR

NARRAARAS

AERARARAR

ARARARARN

RAARENRRR
«017421

SRARRAANR
2015159

RAARARARAR
019059

ARARRARAR

ABRARARER
«022789

ARRERAANAR
«011624

RARRRARER

AARNRARRAR

RERANKARA

RERAARREH
+023309
«025324

ARARARERRS

RRACAGASR

CARAANARS

ARRRRANRR
+022758
«019962

RRAKRRRRR

RAARARRNAR

ARRRRRAAN
.014099
«021699

RRARRAKAAR
«016621
.016510
2019600
«0164434
2015290

RERRARRN R
«018364

ARRRRARRW
«023504

RARANARRN
«021101%

EVAP,
HwS

+020377
«011946
012913
015325
015147
«016922
016790
2015672
016678
021192
.018110
019981
+009660
017558
010932
.013812
025712
.,011077
«013746
010872
021321
014952
«020361
2020749
0as82s8
«019210
019146
006386
«021750
2031003
.025103
2017556
«015601
2006774
.007846
.024855
.025237
,014989
«019756
«022675
.016277
.,018918
,006209
010011
002781
.023800
.018832
024257



130

71,8194
58,3695
78,6444
70,3325
54,9284
60,1730
56,1549
59,4876
69,0714
65,6746
63,5147
67,0307
69,6083
78.2613
59,9315
67.5132
58,9288
18,1897
66,6298
64,2434
59.8068
74,3182
61,0001
58,0411
64,3971
66,9483
17,3562
72,9537
76.9588
79,0883
51.1801
79,9590
72,7573
70,1080
61,4963
61,9210
63,8127
72,4654
S2.4328
58.0944
68,6256
63,5293
57,9937
57,9713
65,2281
T2.7199
68,5792
63,4203
56,7413
19,9125
78,8285
64,8418
64,7569
70,3287
79,8324
50,2843
67,6379
76,5129
50,2871
61,1566
61,6523
68,7779
69,2385
79,2581
51,0051
61,0026
71,1008
72,2442
53,6169
58,6711
64,5140
57,2807
64,1858
19,2938
66,6769
69,1430
56,3752
61,9749
79,0554
68,7923
73.2131
55,4639

97,8476
91.8028
102.3428
91.3590
92,8665
90.6156
80,2818
87,2057
113,9063
113.0471%
101.1542
88,2855
109,.1265
125.4515
106.1264
100,1693
95,9033
113,7561
94,3767
113,7548
93,0472
96,6462
105.254%
82,6889
110,8943
96,0381
102.1617
113.9999
111.5965
100.3738
83,2446
100.7945
122.5141
100,6791
86.2209
97,4075
100,022%
121,640%
86,9093
100.7889
90,5076
105,6638
85.4488
96,7101
97,4082
104,06718
113.,9043
98,3815
92,3483
120,6913
127.2704
92,5447
95,1750
111.6158
122.5774
84,3593
105,7145
97.4769
715.6865
94,0369
92,7169
96.4446
89,9574
128,2571
79,0942
87,8337
105,0568
93,8480
19,2727
83,3907
105.3610
91,5981
93,1116
107.4412
116,0519
103,5153
84,8528
88.3719
103,2812
96,1392
108,541S
82,9496

100,4904
95,6111
90,7101

107,4342

114,2647
91,8128
97.6986
91.68161

110,7897
99,5546

102,4783

105.,7960

108,2640

111.8672
96,2880
99,9405

100,0849

101,3892
95,9493
90,9821

109,0746
99,0229

105,0803
94,1253
92,2571

116,1524

104,8187

111,9333

118,5848

111.8250
99,6720
95,4169

104,2142
91,4884

106,067

106,4095

103,3220

114,1130

117,0768

104,3526

113,.9253
91,2158
95,7425

118,1942
99.3172

106,0756
98,8573
95,7829

112,4770
98,2020
93,1343
92,9948
90,5651

108,0073

101.,1812

111,8900

104,8616
93,7958

100,6088
94,6069

100,8256
90,5561

114,4638

118,6875
99,0560

113,3350

104,6273

112,2074

183,8384

103,7567
93,9220
96,8422

103,4380

109,2870

100,5806

113,7618
99,7334

107.5155
99,1784

116,8077

113,5956
99,7177

18,8526
13.6956
8.5383
5,S791
64,2193
1.4641
16,4833
1.1705
6.2578
15,6650
6,5767
1.7116
19,0745
12,6241
7.9430
17,1177
7.3330
12,5969
S.7640
10,5420
6.1812
10,4864
2.8782
5,4050
6,5829
15.1604
6.5793
5,9842
1.5527
17,4999
20,0928
9.8881
11,6365
12,1836
13,9953
19,1029
3,4352
13,4156
18,4850
4,5358
11,0905
10,2672
.4734
9,9329
19,5465
6,0870
65,9392
13,8597
19,1774
4.4492
18,1476
10,5771
19,7177
64,7942
13,7402
4,1588
4,3632
3,8063
13,8789
13,5144
19,4719
10,0251
13,8699
2.8362
$6522
17.5152
12,2713
15,0614
11,5373
7.1649
2.3925
16,0434
8.3820
3.8628
17,3038
<5781
18,1018
10,3578
11,139
15,5832
17,6234
14,8472

Figure 8.4

«0107 <8079
+0028 3502
20156 RERRARR
<0110 +455S
«0006 4291
0042 «3554
«0041 «3950
«004S 3226
«0049 wRARARSE
<0027 ARARARN
«0039 3891
0093 Q471
+0064 WRRARAR
«0100 RARRRAN
0005 RANRANR
«0069 ARNRRARS
<0022 <3621
+0126 RRRANR®
«0076 ‘o 3723
<0016 ANRRRAN
«0034 <4207
+013% 4120
«+0014 RARBARE
0046 «3732
<0023 RRRARAR
0074 W4713
«014S «4364
+0080 ARARARN
«0119 4717
«0165 <4787
«0007 «3790
«0173 ARNRRAR
<0058 ARRRRNN
.0087 ARRARRR
»0060 <4347
<0037 +3876
20044 «390%
0058 I LIt
0006 <4441
«0006 «3755
«0099 .4833
«0029 ARKAMR &
«0040 +3703
«0015 <4457 -
«0059 «3896
«0100 « 8297
,0046 ARKRRAN
0045 RARRARR
0017 4289
«.0126 RARAAAN
20101 RARRARR
,0068 +3692
«0061 RENRARA
«0064 RARARAN
0121 RARRARRY
20000 4237
0057 RARNARA
«0148 AkARRAR
+0020 <3996
«0040 3622
.0046 +3774
«0087 AARARRE
0105 <4891
<0102 RARRRNR
0016 +36881
+00S3 +8458S
.0085 RERNRARAR
«0120 4800
«0029 «4496
«0049 «4223
«0036 ARARNRSE
.0022 +«3258
«0062 4029
<0151 4594
0027 RRRAANR
0074 <4301
+0032 «3890
0058 o367
+0158 ARANAAR
0083 <4743
0094 <8494
«0031 «3939
(Continued)
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«5624
« 4651
5038
4267
«3511
«1432
4703
«1154
+4510
«5278
«4166
.2081
5753
«5945
<4171
«5360
«4091
«S717
«3919
+4648
«4095
5135
«279S
+3484
«3999
+5530
«a766
04618
«2396
6117
<4716
«5322
«5434
«5025
« 4985
5310
<3142
«5744
5108
«3466
«5234
4545
20473
«4832
«5329
4485
« 4391
«4906
5211
8083
+6387
4599
»5148
«4049
«5999
«3312
«3714
«3503
«4415
48740
«S5171
« 4686
«5480
«3623
0671
«5307
«532S
«5651
« 4683
«4115
2284
04767
<4521
«4012
+»5451
+08482
«4846
<4758
«5493
«5653
«5946
+ 8656

«011680
.012886
ARARNARAR
.015186
.023300
.011434
.014a412
.010026
RRANRRANR
RRARRAARS
.015448
.015401
ARARARANR
RARRARRRNE
ARRANRE N &
BEABRANNR
014747
ARKANARNRN
L011011
ARRRAARAN
019166
«01018S
NARARRANR
.012279
RERANARER
.021153
2011977
NANARRA NN
.019282
,014600
«016631
ARARRRRAR
ARARRNARAR
AARERARAR
017156
.016492
.01542a
RNARRRN AR
.02529%
017402
.019258
RRRARRAN N
4012977
«024748
,013442
«014514
RARRKARRR
NARARNRR AN
.021870
RANARANA R
AARRARN N R
.010652
RARNRANRA
RANARARN kW
RARRARARS
022954
ARARARARAN
AARARRNRN
.017028
.012411
.014091
ARRARRAARS
.019329
BRARECANKN
.016336
.021103
ARRAARNRAN
.017231
022772
.016708
AORARRANR
.012430
.014877
«013957
NEAANESAN
.018342
.015302
.017814
AARNRARNEN
.020929
.018027
.015593

«016444
«017369
007661
014074
«018538
2004185
«017541
003352
«019149
020772
016132
«006861
023480
022694
«016579
«018191
.016489
015552
011268
.015929
«018429
,012674
«011768
.011297
013257
025213
+012820
018170
2009035
«019093
.021198
+009141
.020278
.012442
019997
023274
011732
«025972
029624
«015413
«021075
+014903
.001380
026921
.018720
2014718
«015092
«016865
027121
«009232
015174
«013219
.014690
015339
«016546
«017607
+01359S
006151
«019177
«016340
«015873
011255
+»021985
«014153
. 002695
024898
«018511
«020637
«024064
«016269
006941

.018808
2016711
«011532
«021838
003336
2019508
«01956S
011949
.025380
«024338
2018778



131
132
133
138
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200

NUMBER OF POINTS
NUMBER OF POINTS

61,3000
74,4032
51,5690
50,5931
52,2620
61,6710
73,8796
51.1270
72,7124
78,6340
56,7177
64,6105
71,3983
77,9664
78,5490
57.5637
73,2727
64,6853
68,2226
14,6831
66,0542
74,1215
76,7173
57,0949
58,1275
54,3402
71,7842
75,5373
57,2252
56,5473
64,4577
56,7155
72,0759
55,6898
62,3659
62,9510
66,6190
19,4957
68,7722
64.3319
79,3533
56,9720
58,3138
51,4455
58,3238
15.5881
63,6032
65,6732
65,6493
58,2750
60,1580
76.9950
69,9647
57.5646
T2.1245
61,5944
63,1549
65,6625
72,8020
57.7963
65,9348
72,4141
70,1000
50,9828
69,4827
71.4134
73,5714
63,4607
71,0673
59,9966

88,8576
114,3866
84,2426
70,6975
78,0522
83,1307
113,5426
T2.2501
107,.6576
115,3275
95,2767
109.8044
95,3890
126,3154
99,8391
89,1638
121.2378
93,5201
94,7813
109,0938
89,9826
117.6612
123,7334
90,9050
93,6501
87,3218
106,3774
122,6951
98,2442
17.6957
111,0088
99,4639
114,8235
90,2117
83,1844
94,7213
93,2614
114,5755
114,959
111.0137
120,9988
79.04648
83,2309
81,6802
89,4820
108.8309
105,1123
105.,6303
112,4201
95,1571
85.6616
126,6796
90,8464
92,8684
108,8369
85,8952
93,7709
101,4808
109,5644
78,7206
93,1745
105,4053
99,7839
75.4225
118,2645
101,581}
104,0047
111,3646
102.9614
108,3595

114,7576
105,015S
109,8430
116,9882
116,2913

99,7283
101,2148
116,4497
101,4917

93,9846

94,6560
119,4119
110,7226
100,1681
105.1210
116,5244
109,8302
105,9272

99,4242
107,2351

97,0707
105,9791
109,4219
106,2536
108,8546
113,2785

97,3862
110,5109
106,6623

92.6084
110,1480
117.3073
107,5444
109,.43029

99,3503

99,7866
106,3580
113,9865

93,8845

99,7700
119,5969

93,8202
110,1849
117,7597
101,8941

97.5416
119,6778
113,1837
115,5197
107,5181
118,8807
116,0926
118,5879
112.1333
101,4905

95,7620
119,5039
116,4901
118,9666
110,3588
114,576%

93,4107
102,0029
105,9585

90,2725
110.0976

94,4088
108,5826
106,7075
118,10413

GENERATED = 200

PLOTTED =

117

11,8224
4.1364
13.8297
11,2832
11,9360
19,2615
13,5128
17.369¢
5.8419
16,2058
15,5823
13,4093
18,1067
9.9117
8,70062
11,9659
3,1316
15,9243
8.8357
1.6844
15,1379
7.8658
18,9267
10,2591
13,7410
T.4716
3.8282
2.5525
15.8426
8,9358
7.9576
13,4489
16,5400
19,4244
13,3041
17,8437
4,1365
11,4705
S.8484
12,3209
14,4833
7.5818
10,7160
2,7979
8,8074
13,8105
12.2361
2.,8961
13,7300
18,3230
1,4109
12,2467
10,7998
11.1285
17,7975
18,2366
15,5678
17,9258
13,6729
10,2728
17,8526
11,3346
S.7930
13,8408
a,7112
16,1022
$5.3200
T.7821
14,1714
11,9669

FOR HWS EFFICIENCY,CONSTANT AND COEFF OF T,TWET,THOT,
WIND AND WIND22,S ARE
~.60637276E+00
«40195127€E-03
«38449863E~02
«18230236E=02
=.34078270€+01
«30138737E+00

Figure 8.4

«0053 A627
+0091 RARRBAR
«0007 «4206
+0032 +4568
«0025 4544
0068 284126
«0088 NARNRNR
«0032 24580
20092 ANRRNAR
0126 ABRARAR
<0011 RARANRR
0027 0098
0110 <4620
+0095 ANNRRRA
<0161 4142
«0029 4553
«0066 ARARARN
0064 8181
.0087 «3580
«010S ARANRRR
+0082 «3784
0081 AARNNNRN
«0089 ARRRANR
0022 <4047
0022 «4115
«0015 4362
«0087 ARRANRD
«0081 ANKRNARN
<0007 « 5685
0049 «3786
0023 ANRRRA R
20001 <4283
0078 ARERARR
«00t16 «4179
0072 4132
«0050 3612
0078 4287
«0136 RAARRRR
<0045 ARRARRS
0022 NARARRS
«0120 RARRANK
«0040 .3814
0047 +4466
.0012 4513
+0033 «3899
«01ta ARRAAAR
«003¢ «3419
«0044 24075
0028 «4289
«0020 +3975
«00S3 4788
«008S ARRARRR
0110 «5063
«0021 0287
«008S RERNAAR
0061 +3805
«00S3 4767
«0053 +8479
0088 4428
«00Sa4 <4534
«0074 4688
«008S RAANARE
0089 «4015
+0024 4210
+00R3 ANANRAR
«0096 <4270
0108 ARNERAN
+0023 RARAARE
+0090 42318
0001 <3947
(Continued )
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5029
+«3858
«4693
4612
4720
»5079
«5563
«4947
+4323
«6036
« 4699
+5453
«5743
5477
5223
+494a4
«3398
+5253
8662
«2199
«5066
« 4977
6226
84551
«493S
4255
+3438
3079
.4992
«4036
«4659
«5069
«ST77
«5103
«4812
«5154
25863
4023
4969
«6239
+3890
+a%04
2883
4324
5593
«5313
<3138
«5850
«5146
«1974
«5920
«5361
«Q788
«570S
04978
25645
«5808
« 3634
5569
5121
«8203
4856
«3598
5680
«40430
24595
+5495
.5128

021826
LI
«021596
«024244
. 024269
.013825
Ty
«024042
ARERRANNR
ARARARARS
AT RRRN
«021677
2016628
CRRAREARS
«010540
«023809
ANNERRREN
«016070
«030750
SRERRARRR
«011097
RRRRNERES
SRaNANRRR
«018383
«019437
022818
angaNARRR
ARARRNRAR
«017543
2011930
RRANRRARR
«024351
RARRAARANR
«020478
«013454
«012931
+015763
ARRARARRR
ARARRARAR
RRRAREAAR
AARRRARARAR
.0312376
«019965
+025553
+015794
AARRARNRD
+023583
«018837
«021643
«018483
«024169
WARRERARR
021362
021467
SRRARRARR
«012027
024117
+021448
«019693
«019846
«020537
ARRARRRNR
+012879
«019275%
AAARRRRER
+015822
Ty
RRARARRAR
.015028
«022150

«023983
012270
.024438
«024867
025602
«037453
«017638
«026575
«013030
+013078
«018627
« 029597
021133
015976
013434
«026122
«012620
«020609
014201
«006741
.015212
2017477
«023748
«020819
«023661
.022219
009226
«010840
024399
.012831
«021685
2029193
022581
+025549
015951
019018
«012969
020950
012248
+019850
«026386
«012655
021268
016039
«017560
2014463
028708
«013769
027777
«024504
«009711
025492
022856
024164
018733
«016129
+028055
«02762S
«026450
«020570
.024871%
.012790
«013113
021263
2009863
.021580
«009282
«020863
019772
029395



FOR HWS EVAPORATION,CONSTANT AND COEFICIENT OF T,

«,81450389E=01
.184646531E=03
«.33234415€-03
.41560445E€~03
«,12268707E=02
«11816664E=01

FOR LWS EFFICIENCY,CONSTANT AND COEFF OF T,Tas2,

-,25690451E+01
«65576685E<01
=, 73791051E<03
+26319278E<05
+«35669730E+02
«12911864E=01
=,39275022€-04

FOR LWS EVAPORATION,CONSTANT AND COEFF OF T,Ta#2,

-,86122112E=01
«28767122E-02
«,29725976E«04
«10168749E=06
=,27394599E«03
28406611E-04
.22034012€-0%

TWET, THOT,WIND AND WIND##,5 ARE

Tua3, TWET,THOT AND THOT##2 ARE

Tan3, TWET,THOT AND THOTes2 ARE

CORRELATION OF EVAPORATION FRACTION

CORRELATION COEFF Ras2 =
STANDARD ERROR =
MIN AND MAX OF PLOT SCALES =

20005

+9895

«100256E=01 «310034E=01

alnnsnnnnnnlansnsnnnnlenannnnnnlnnnnnnnnnlannnnnnanlannnnonanlannnnnnnn

.l’..'.‘.D‘..’.‘.‘..‘Q'."...D".".’l‘...

22
121

1
2111

11
125
1 111
11
1

2
11
2312
21

- Y e

11
1 1
1
1 1
11 2
1 211
1 2
2 12
22 3
1 211
112
1
1 11
211
111
21

-

'TEEEEEEEEEEEE N E NI NI I I I I I I I I I I I I 20 2N 2% 2% 2% 20 2k 2% 2 4

alannnnnanslnnannnnnnlannnananalannnnsannlnnnannnsnlnnnnnsnnnlonnnannen

PLOTTED CHARACTERS ARE NUMBER OF POINTS FALLING AT THAT POSITION

Figure 84 (Continued)
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CORRELATION OF SPRAY EFFICIENCY
CORRELATION COEFF Ra%2 = «9906

STANDARD ERROR = 0057
MIN AND MAX OF PLOT SCALES = «322636E+00 «611726E+00

alnannanknnlnnensnnsslonnnnnianlannnnnnaslancnnnsnnlonnannannlanannnnan

" [
L] i
) L]
* 11 »
" 11 .
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* 311 .
] 1 "
~ 2111 .
" [}
! ]
% 1111 *
* 1111 *
" 22 .
L] 331 ®
* 1213 *
" 1 .
* 11 3 .
L] e 1 1]
. 1 212} .
“ 241 *
L] 2221 "
2 1211 .
L 1 14 "
" e 1 [
" 11 [
* 12 "
L] 1 *
" 1 3 «
L] - 11 . .
* 11 *
* 1 «
* 1 1]
L 2 .
* 1 2 .
L] 2 L]
L 1 «
® .
[1} [
. 1 "
. .
* *
slanannnnnnlensannnnnlnnnnnnnnnlonnnnnanalosennnnnalonannsonnlannannnns

PLOTTED CHARACTERS ARE NUMBER OF POINTS FALLING AT THAT POSITION

Figure 8.4 (Continued)

8.5 Scanning Weather Record--Program SPSCAN

The periods of most-adverse meteorology with respect to cooling performance

and water loss were determined from the tape meteorological record using program
SPSCAN and the output from programs SPRCO and DRIFT. The inputs to program
SPSCAN were developed according to Section 7.4, and are shown in Figure 8.7.
There is one pond data card, one monthly average card, and one end card.
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ORIFT TABLE FOR HYPOTHETICAL SPRAY POND

$DROPSZS

13

120,0 ,07692308

132,.5 07692308
145,0 07692308
157,.5 07692308
170,0 207692308
182,5 07692308
195,0 «07692308
207,5 207692308
220,0 «07692308
232,.,5 « 07692308
245,0 007692308
257,5% «07692308
270,0 07692308

Figure 8.5 . Input deck for program DRIFT

The base heat load HEAT on the pond data card is taken to be the 30-day average
excess heat load from the plant, so that the 30-day evaporative loss calculated
in this program could be used directly, since evaporation is approximately
proportional to the cumulative heat load.

Partial printed output is shown in Figure 8.8. In addition to the printed output,
the hourly record of the 20-day period before and the 30-day period after the

time of most-adverse cooling performance was either punched or (preferably)

stored on a permanent file for further use in program SPRPND. This output is

also shown in Figure 8.8.

8.6 Determining the Uncorrected Design-Basis Temperature--Program SPRPND

Once the period of most-adverse meteorology for cooling has been determined by
program SPSCAN, program SPRPND is run to simulate the pond temperature under
tne actual design-basis heat loads. One of two procedures may be followed to
make this determination.
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TITLE: ORIFT TABLE FOR HYPOTHETICAL SPRAY POND

SPRAY GEOMETRY (13 POINTS)

FEET FROM EDGE FRAC, OF SPRAYS
120,000000 «076923
132.500000 «076923
145,000000 «076923
157.500000 «076923
170,000000 «076923
182,.500000 «076923
195,000c00 «076923
207.500000 076923
220,000000 .076923
232.500000 «076923
245,000000 .076923
257,.500000 f°76923
270,000000 «076923

DRIFT LOSS FRACTION

NIND SPEED LOSS FRAC,
0,000 +«00050000
2,500 «00050000
5.000 «00050000
7,500 «00050000

10,000 .00058047
12,500 .00075946
15,000 «00106712
17.500 «00145037
20.000 «00191420
22,500 «00237861
25,000 «00296085
30.000 «00434594
35,000 «00590310
40,000 «00789034
45,000 «01086714
50.000 «01432954

Figure 8.6. Output from program DRIFT

8-13



«,60637276E+00 ,L40195127E=03
=,34078270€-01 L30138737E+00
=, 73791051E=03 ,26319278E«0S

=,39275022E=04 =,41450389€E«=01
e4156044SE=03 «,12268707E=02
«28767122€E=02 «,29725976E=04
«28406611E-04 ,22034012E=05

«38449863E=02 .18230236E<02
=,25690451E+01 .65576685E-01
«35669730E=02 .12911864E=01

«18646531E=03 «,3323441SE-03
«11816664E=01 «,86122112E~01
«10168749€E=06 «,27394599E~03

SINPUT N&1,A3422000,.,V52942357,.,LAT=41,2,HEAT22,3E8, IPRNT=0,WNDRO=0,
NDRIFT =6,0WDR210,FDRIFT=2,0005,.,00058,,001914,,004346,.007890,,0143308

SINPUT N=100,YRMOOY(1)=73, YRMODY (2)=25S8

SINPUT N=0S

Figure 8.7 Input deck for program SPSCAN

8.6.1 Procedure 1

(1) Make two runs of program SPRPND; first to determine the pond temperature
for the ambient meteorology (but with a steady heat load), and second, to
determine the pond response to the design-basis heat load, but with constant
meteorological parameters.
(2) Make a third run combining the time-varying meteorology and heat load,
with the timing adjusted so that the two temperature peaks determined in
the step above are approximately superimposed.

The
parameter IMET = O specifies that the tabular meteorological data is used for

The inputs to program SPRPND for the first run are shown in Figure 8.9.

ISPRAY = 1 specifies that the regression model is used for

TSKIP = 5000 effectively eliminates the use of
Parameter Q1 = 0.23E9 specifies the
IEVAP = 0 forces the pond to remain full for
TSPRON = 0 specifies that the sprays are turned on at the beginning

meteorology.
spray-heat and mass transfer.
the design-basis heat-and-flowrate table.
steady heat load for this run.
the run.
of the run.

The output of run 1 is shown printed in Figure 8.10 and plotted in Figure 8.11.
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U.S. NUCLEAR REGULATORY COMMISSIONe ULTIMATE HEAT SINK SPRAY POND METEOROLOGICAL SCANNING MODEL

sxannnanns SUBROUTINE SUBI HAS BEEN CALLED FOR LATITUDE = 41,20 DEG. NORTH wenan

DISCONTINUITY IN DATA CAUSED 6/131/71 TO BE SKIPPED
DISCONTINUITY IN DATA CAUSED 9/25/71 TO BE SKIPPED
DISCONTINUITY IN DATA CAUSED S/ S/72 TO BE SKIPPED
DISCONTINUITY IN DATA CAUSED S/ 6/72 TO BE SKIPPED
DISCONTINUITY IN DATA CAUSED S/ 7/72 7O BE SKIPPED
DISCONTINUITY IN DATA CAUSED S/ 8/72 TO BE SKIPPED
DISCONTINUITY IN DATA CAUSED 8/ 7/72 70 BE SKIPPED
DISCONTINUITY IN DATA CAUSED 7/11/73 TO BE SKIPPED
DISCONTINUITY IN DATA CAUSED 7/15/73 TO BE SKIPPED
OISCONTINUITY IN DATA CAUSED 7/16/73 YO BE SKIPPED
DISCONTINUITY IN DATVA CAUSED 7/17/73 T0 BE SKIPPED
DISCONTINUITY IN DATA CAUSED 5/ 1/7S TO BE SKIPPED

nawnnanrh POND NUMBER 1 HAS THE FOLLOWING PARAMETERS AARAARANAARNNARRNRANARRRN

SURFACE AREA 422000,00 FTaw2 ( 9,69 ACRES)
VOLUME 2942357,00 FT«e3 ( 67.55 ACRE=FT)
ISRCH = 1 IPRNT & O

sandenannad POND NUMBER § HAS BEEN MODELLED TO DETERMINE THE WORST aaaawsnawankw
PERJODS FOR COOLING AND EVAPORATIVE WATER LOSS

aeananeasaSPRAY PARAMETERS
BASE HEAT LOAD = «23E+09 BTU/MR
MINIMUM EVAPORATIVE LOSS FRACTION = 0.000000
MAXIMUM EVAPORATIVE LOSS FRACTION = +0%50000
MINIMUM SPRAY EFFICIENCY = 1000
MAXIMUM SPRAY EFFICIENCY = 8000

sasnenaneaDRIFT LOSS TASBLE

WIND SPEED « MPH ORIFT LOSS FRACTION
0.00 .000500
10,00 000580
20,00 «001914
30.00 .004388
40,00 «007890
50.00 «018330

Figure 8.8 Output from program SPSCAN
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auaannnknaaTHE SAMPLE OF YEARLY MAXIMUM POND TEMPERATURES AND 30 DAY #utwantwnssn
EVAPORATIVE LOSSES GENERATED BY THIS MODEL IS DESCRIBED BELOW,

ceccaneeess TEMPERATURE .ceosesccnceccseeecEVAPORATIVE LOSSccaccccne
*EXCEEDED DATE =EXCEEDED DATE *
#/100 YR (DEG.F) #(YR.MO,DY.)#*/100 YR« FTax3 *(YR. MO, DY,.)»

[ X NN N NENEREREEEEAENEEENENENNEENERNEENNEENEENNNEENEERN RN RRRENNENNE RN RN NN

® 2,45 » 92.74 ® T2, Te22s * 2,85 % 2862822.8 % 66« 7.20, *
* S,97 « 92,02 * 75, 8, 2o * S.,97 % 2409377.5 « 55, 8, 9. *»
* 9,49 = 91.5S * 59, 6,30, * 9,49 » 2352520.5 * 63, 7.30, *
* 13,01 » 91.11 * 68, 7,18, % 13,01 » 2337086.9 * 74, 7.30, »
* 16.54 * 91.04 * 73, 8,31, * 16,54 » 2332290.8 « S7. 7.15, »
* 20,06 » 91,00 * 48, 8,27, * 20,06 » 2330110.7 « S2, 7.28, »
* 23,58 *» 90.98 * ST, 6,18, * 23,58 « 2329511.1 * 71, 7,20, *»
» 27.10 LA 90.48 .*’ se. 7022. * 27.10 L4 232661708 * 68, ‘.11‘, *
* 30,63 » 90.39 ® 65, 8,17, * 30,63 » 2323800.6 * 65, 7.20. *»
* 34,15 » 90.35 % 49, T7.29. ~ 34,15 « 2309946.7 » 64, 7. 8, »
* 37,67 90.34 * 53, 9, 2, * 37,67 ~ 2306465.0 » S4, 8,12, «
* 41,19 * 90.01 * 62‘ 7. 8. » 41,19 « 2302173.2 * S3, 7.20‘ *
* 44,72 * 90,01 * 66, 8,22, * 44,72 ~ 2302154.9 » 49, 7, S. *
* 48,24 » 89,497 * 63, T« 1. * 48,24 » 2288803.4 » 62, 7.27., *
* 51,76 » 89,57 * 55, 7, 8, & S1,76 » 2287736.5 » 59, T. S. »
* 55,28 * 89.54 ® 68, 7,20, * 55,28 « 2286469,.7 » 72, T.26, »
* S8,81 * 89,39 * 70, 8, 1, » S8,81 » 2283665.6 » 73, 8, 6, »
* 62.33 » 89,27 * 69, 6,28, ~ 62.33 & 2270155.6 « S1, 8., 3. *
*» 65,85 » 89.23 * 60, 8,29, * 65,85 » 2268953,0 » 75, 8,15,
* 69,37 89,07 * 61, 7.23. * 69,37 » 2267994.3 » 67, 7. G, »
® 72,90 = 88,73 * Tl, 6,28. * 72.90 » 2265241.7 » 70. 8,31, #
* 76,42 88,65 * T4, 7, 4, * 76,82 % 2261924.0 * 69, 7.24, »
* 79,94 * 88,10 % 67. 6.17. % 79,98 » 2251852.1 * S6. 7.10,
%,83.46 *» 88,09 * 51, 8,10, » B3,46 » 2245862.8 ~ 48, T7.24,
* 86,99 » 87.95 * S8, 7,27, * B6,99 » 22482686.2 * 61, T.28, »
* 90,51 « 87,79 « 56, 8.31, » 90,51 « 2226405.1 « 60, 7.28,
* 94,03 » 87.62 * 50, 8, 1. * 94,03 « 2215186.3 » Sa, 7.30, =~
* 97,55 » 87,49 * S4, 9, 6, * 97,55 » 2202979.8 » 50, 7.21, *
.........“........Q...._..'...'........................D.’Q.....‘.
MEAN 89,73 - 2296092.7
STANDARD OEV. 1.380 55542.68
SKEW «154 1.010

Figure 8.8° (Continued)
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PRENICTED VALUES AND CONFIDENCE LIMITS ON

PEAX TEMPERATURE, DEG,”

EXCEEDED
PER {00 YR

100

+ 500
1,000
2,000
3,000
10,000
20,000
30,000
40,000
60,000
70,000
an, 000
90,000
9%,000
9A,N00
99,00N0
99,%00
99,900

PRENICTED VALUES AND CONFPIDENCE LIMITS ON

PREDICTED
vaLue

94,4814
93,59
9%,142
92,708
92,01
91,%44
90,941
90,463
90,0484
89,378
AR,999
88,994
87,919
A7 3A4
86,754
8h,320
A%,909
85,012

S0 DAY EVAPNRATION, FTwny

EXCEEDED
PER 100 YR

2100
«%500
1,000
2,000
5,000
10,000
20,000
30,000
40,000
60,000
70,000
80,000

90,000
95,000
98,000
99,0n0
99,800
99,900

PREDICTED
VALUE

24A86106,070
20499a3%,82}
24334%30,410
2019%944,03%
2300497,8A4
2369089, ,240
2343%529,274
2399844 ,328
2310303,082
2281R81,64%
22M661R8,996
22UR%R96,081

2223126,088
2201487 ,340
2176241,292
21%8794,%06
2142201,%04
2106079,288

Figure 8.8

8 PERCENT
CONFIDENCE

93,248
92,577
92,248
91,808
91,386
90,937
90,392
29,949
R9,633
RA 927
A8 ,5pS
AR, 033
87,313
Ab,bAS
A% ,944
A% 429
84,932
A%,449

S PERCENT
CONFYDENCE

2439307,004
20106%7,411
2397419,438
2383327,78¢
2362709, 866
23u46%4 ,AR9
2322696,192
2304470,049
2202134,734
2263712,697
2247%23,118
2227702,969

2198723,7%4
2173499482
2143628,010
2122743,12%
2102475,094
20%9280,276

(Continued)
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95 PERCENT
CONFIDENCE

985,613
94,930
94,037
93,518
92,770
92,150
91,430
90,938
90,9539
29,830
89,473
89,070
AB 529
88,077
AT 564
AT,214
A6 ,8808
86,174

95 PERCENT
CONFIDENCE

253290%,048
2489340,23)
2469442,200
2448560,31%
24186A%,863
2393464 ,594
2364482,3%6
2344662,207
2328472,628
23000%0,589
2285714,0873
2269489,132

2247%20,439
2229475,4%9
220885%7,573
2194765,087
2181527,914
2182A78,333



Raknknnkrr METEOROLOGY FOR 7/ 3/7 2R AR RN AR ARARAARRARRNONARANRAR AR RN AN R AR N

...............................‘....I..I....O..U.....Q.‘..“...........

¢+ HOUR o WIND SP,.,DRY BULB ,DEWPQINT ,SOLAR RAD WET BULB ,ATM.PRESS,

) ¢+ (MPH) , (DEG.F) » (DEG.F) ,BTU/FT2/D, (DEG.F) , PSIA ’
...‘............‘......‘..................‘....................‘..‘....
] 0. » Soo ’ 74,0 [} 6507 “» 0.0 ] 63.57 » 29.59 »
’ l. ’ 3.5 ’ 72.0 , 66.0 , 0,0 , 68.00 , 29,58
. 2e ’ a,2 ’ 72.0 66.0 0,0 , 68,00 , 29,57
’ 3. ’ S.0 v 72.0 , 66,0 , 0.0 , 68,00 , 29,57 .
’ 4, ’ 5.8 ’ 72,0 , 66.0 , 0.0 » 68,00 , 29.56 ,
. S. ’ S.4 ] 73.3 66.7 247.5 ,» 69.00 , 29.56
. 6o P S.0 ’ T4.7 67.3 947.6 , 70.00 , 29.56
[} 7. ” a'b [4 76'0 ” 65.0 [ 1780.6 ? 71.00 ’ 29056 4
. 8. ’ 4,6 ’ 78.3 69.3 , 2296.,4 , T72.33 , 29.5% .
’ 9. ’ 4.6 ’ 80.7 70,7 , 2aSS6.1 , 73,67 ., 29.5% ,
’ 10. . 4,6 » 83.0 , 72.0 , 2522.9 » 7S.00 , 29.54 ,
’ 11. . Te7 ’ 84,7 71.3 , 2725.0 , 75.3%3 , 29.5S3 .
» 12. o 10,7 ’ 86.3 70,7 ,» 2794,0 , 75,67 ., 29.52 .,
s 13, e 13.8 ’ 88,0 , 70,0 , 2725.0 , 76,00 ., 29.5% .,
’ 14, s 11,9 ’ 85.0 , 69.3 , 2287.7 , T4.67 , 29.51 .
’ 1S. e 10,0 ’ 82.0 , 68.7 , 1772.2 + T73.33 , 29.% .
[) 16. . 8,1 ’ 79.0 68,0 , 1238,5 , 72.00 ., 29.52 .
) 17, e 10,0 ’ 79.3 67.7 , 1042,2 , T1.67 , 29,53 .
’ 18, v 11,9 » 79.7 67.3 699.2 ,» T1.33 , 29.54 .
[ 19. ” 13.3 ’ 80.0 (2 67.0 [} 24706 [ 7‘.00 [ 29055 ”
P 20, v 13,8 . 78.3 66,0 , 0.0 » 70,00 , 29.58
’ 21. v 13,8 ) 76.7 65.0 , 0.0 o+ 69,00 , 29,60 ,
’ 22. y 13,8 ’ 715.0 64.0 0,0 , 68,00 , 29.63 .,
’ 23. o 10,48 » 73.0 , 62.0 , 0.0 », 66,00 , 29,65 ,
........."..................................Q....'................"..

wankkxtkek METEOROLOGY FOR 7/ Q/T AN AR R AR RN RARRRARRARARRRAANNRRANARAAARARNARR

0000000000080 0000000 0000003000000 00000000000RN00CRCCCC0OC0TSR0RCRROCOCEECERERQTROOIEOES

» HOUR +» WIND SP,,DRY BULB ,DEWPOINT ,SOLAR RAD WET BULB ,ATM.PRESS,

’ » (MPH) , (DEG.F) , (DEG.F) ,BTU/FT2/D, (DEG.F) ,» PSIA .
2000000000000 00000000000C000000008008000000000CQC0CNRN0RC0R0Q03CRC0CGCERREEERESEO
’ o. ’ 509 ’ 7100 ’ 60.0 ’ ono 14 6“.00 ] 29.66 ’
’ 1. ’ 3,5 . 69,0 , 58.0 , 0.0 » 62,00 , 29.68 ,
’ 2e ’ 6.1 v 68,7 57.0 0.0 » 61.33 , 29,70 .
[} 3. [ 808 1) 63.3 1) 56.0 [ 0.0 1) 60.67 1] 29.71 ”
’ 4, v 11,5 ’ 68,0 55.0 0,0 , 60,00 , 29,73 .,
) s- [ 1000 [ & 67.7 ’ 55.0 ’ a&aoa ” 60.00 14 29.75 [
’ 6e ’ 8,.a ’ 67.3 55.0 800,7 , 60,00 , 29,77 .
’ T. v 6.9 ’ 67.0 , 55.0 ,» 1290.6 , 60,00 , 29.79 ,
[ 60 [ aoa ’ 69.3 . 5503 [} 1998.7 [} 61.00 » 29.80, »
’ 9. s 10,0 ’ T1.7 SS5.7 , 2699.8 , 62.00 , 29.80 ,
. 10, e 11,5 ’ 74,0 S6.0 , 3310.,8 , 63,00 , 29.81 ,
’ 11. o 10,0 ] 74,7 55.7 , 3253.5 , 63,00 , 29.81 ,
’ 12. ’ 8.4 ’ 7%5.3 55.3 ,» 2910.2 » 63,00 , 29.81 ,
v 13, ’ 6.9 ’ 76.0 55,0 , @2331.0 ,» 63,00 , 29.81 .
. 14, ’ T.3 ’ 77.0 S4.7 , 2627.5 , 63,33 , 29,80 .,
. 15. ’ T.7 ’ 78,0 54,3 , 2627.6 ,» 63,67 , 29,80
. 16. ’ 8.1 . 79.0 S4.,0 , 2337.,9 , 64,00 , 29,79 .,
’ 17, ’ 6.9 ’ 78.0 S3.7 o+ 1586,.1 , 63,33 , 29,79 ,
[ la. 14 5.8 [} 77.0 ’ 53.3 [ 862.5 [ 62.67 ] 29078 [
’ 19, ’ 4.6 ’ 76,0 , 33,0 244.1 ,» 62,00 , 29.78 ,
4 20. ’ “.a ’ 7“.7 ’ 55.0 » ooo ’ 62067 4 29.78 ”
’ a‘. » 3.‘ ’ 73.3 14 5700 14 olo 14 63.33 » 29079 »
’ 22. v 3.5 ’ 72.0 S9.0 , 0,0 , 64,00 , 29,79 .,
’ 23. ' 4.6 ’ 71,0 , 57.3 0.0 » 62.67 , 29.79 .,
000000000000 000000000000000000000000000000000000000000e000accccnocsonancs

Figure 8.8 !(Continued)
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NUE:OMmuhMMm7Eﬂ2mmwhWWN2mn¢wmbmwwoﬂmwmm.

xkaxneannex METEOROLOGY FOR 8/20/72****tt*t*ttttﬁtﬂttﬁt*tttﬁtﬁtt#*ttltt.*tti*tt

¢ HOUR , WIND SP,,DRY BULB ,DEWPOINT ,SOLAR RAD WET BULB ,ATM.PRESS,

¢ ’ (MPH) , (DEG.F) , (DEG.F) ,8TU/FT2/D, (DEG.F) » PSIA ’
......"..........................".............".‘.........‘....'...
’ 0. v 1.5 ’ 63.7 S8.,7 0,0 , 61,00 ,» 29.7% .
’ i. 5 0.0 ’ 62.0 58.0 0.0 , 60,00 ., 29.72 .
[4 2¢ ? 109 1} 61q3 14 57:7 ’ o.o [ 59.33 [ 29-72 ]
’ 2. ’ 3.8 ’ 60,7 57.3 0.0 , 58,67 ,» 29.73
e 4, ’ 5.8 ’ 60.0 S7.0 0,0 , S8.,00 , 29,73
’ 5‘ ’ Soa , 61.0 [} 57.7 [} 0.0 ] 59.00 ? 39.7‘ o
’ [ ’ S.0 ’ 62.9 S6.3 537.2 » 60,00 . 29.76
’ 7. ’ 4,6 ’ 63,0 59,0 o, 1296.,6 ,» 61.00 ., 29,77 .
’ 8. » 4.6 ’ 67.3 %8.3 , 2004.3 , 62.00 , 29.77 .
» 9. ’ 4,6 ’ T1.7 $7.7 ,» 2612.0 , 63,00 , 29.78 .
’ lOl ’ 4.6 L 76.0 4 5700 [ 3078.‘ [} 6“.00 [ 29.78 ®
. i1, ’ 6.9 ’ 78.0 57.0 » 3371.% , 65,00 , 29,77
’ 12. ’ 9.2 ’ 80.0 57.0 , 3471.5 ,» 66,00 , 29,75
’ 13. » 11.5 ’ 82.0 57,0 , 3371.,5 , 67,00 ., 29,74 .,
’ i4. s 10,0 ’ 82.7 s5.,7 , 3078.4 , 6,33 , 29.74 .,
’ 1S. ’ 8.4 ) 83.3 54,3 , 2612.0 » 6S.67 o 29.73 .
’ i6. ’ 6.9 ’ 84,0 3.0 , 2004,3 , 6S.00 , 29.73 .,
1 17. ’ 6.1 ' 82.3 §3.0 , 1296.6 ¢ 64,67 , 29.73
) 18, ’ S.4 ’ 80,7 $3.0 537.2 » 64,33 , 29.7¢
’ lgt 4 “'b ’ 7900 ’ 5300 [} o.o » 64.00 [} 29.7a [}
’ 20. ’ 3.1 ’ T4.3 54.0 0.0 » 62.67 . 29.74 ,
’ 21. ’ 1.5 » 69.7 55.0 0.0 » 61.3% , 29.7S
’ aao ’ 0.0 ’ 65.0 ’ 56.0 ’ o.o ’ bo.oo ] 29.75 [}
4 23. ’ ocol xl 6400 ’ 55.7 ’ o.o 14 59033 1) 29.76 [}
.....‘..............ﬁ.'.'........'.“..'...............................

xannenexaw METEOROLOGY FOR 8/21/72!ttitﬁtt*ﬁtt*t*tt*itiﬁwti*tﬁttttttﬁtitttia*t

..I..'..OQ.'.0..'.‘.....I'...'.'...I....l..O.................Q.....I..D

» HOUR , WIND SP.,DRY BULB ,DEWPOINT ,SOLAR RAD WET 8ULB ,ATM.PRESS,

’ , (MPH) , (DEG.F) , (DEG.F) ,BTU/FT2/D, (DEG.F) . PSIA ’
-oo--oqo.-.aoooooootooo--onooocooc.o.o.0.....0.-.0.-.o.o.o.-...-oooocoo
’ 0. ’ 0.0 ’ 63.0 55.3 o 0,0 » S8.,67 » 29.76
’ 1. . 0.0 ’ 62.0 55.0 0.0 , S8.,00 , 29.77
’ 2. ’ 0.0 ’ 61,0 S4.7 0.0 o S57.33 , 29.77 .
’ 3. 0 0.0 v 60.0 S4.3 o 0.0 , S6.67 » 29.77
4 a- ’ ooo . 5900 [ 4 5“.0 ’ o.o . 56.00 [ 29.77 ']
. Se ’ 0.0 ’ $9.7 5%.0 0.0 » S7.00 , 29,78 .
’ 6o ’ 0.0 ’ 60.3 56.0 521.7 » 58,00 » 29.79
’ Te ’ 0,0 ’ 61.0 57,0 , 1280,5 , S9.00 ., 29.80 .
’ 8‘ [ ] 1.9 1] 65.7 [ 55.7 [} 1987.5 L[] 6‘.67 [ ) 39.79 £
L 9. ’ 308 ’ ’003 [} 60.! ’ 259‘.6 . 6“.33 [ aq.7q ’
’ 10. ’ S.8 ’ 75.0 62.0 , 3060,5 , 67,00 , 29.78 .
’ 11. ’ S.0 ’ 777 60,7 ., 3353.4 , 67.00 ., 29.77 .
[] 12. ’ aoa ’ 80.3 14 5903 . 3“53.3 [} 67.00 I} 29.76 ']
’ 13, ’ 3,5 ’ 83.0 58.0 , 3353.4 , 67.00 , 29,75 .
’ Ia. [ a.b ’ 83.3 ’ 58.3 [ 3025.2 [} 67.33 [ 29.73 [ ]
. ‘5. ’ s.a [ 63.1 ? sa.7 ’ 2576.7 ’ 67;67 . 29072 ’
0 16. ’ 6,9 ' 84,0 9.0 , 1780,8 , 68,00 , 29.70
. 17. ’ 6.5 ’ 81.7 60.0 1188,0 » 67.67 ? 2%2.69 o
’ 18. " 6.1 ’ 79.3 61,0 497.,6 , 67,33 . 29.68
[} 19. [} 5.3 ’ 7?.0 [ 62.0 ’ 0.0 [ 67.00 [ 29.67 [l
P 20. . 6.5 ’ 76.0 61.7 0.0 » 66,67 » 29.67
’ 21, ’ T.3 ’ 75.0 61.3 0.0 » 66,33 , 29,67
’ 22. ’ 8,1 ’ 74.0 61.0 0.0 » 66,00 , 29,67
. 23. ’ 6.9 ’ 72.3 60.7 0,0 » 65,00 , 29.67
opo-..coo--ooooooooo..oo-ooooooo.ooe000.-0-...0...0.-.oo.-.o..o--ooon-.

Figure.8.8 (Continued)
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ARRANAR A ANUMBER OF CARDS PUNCHED = 588 watmmaddnat ettt d e d kAt e AAANAAARA AN RN RN

kwxxxnwnens THE MONTHLY AVERAGE VALUES FROM S/ 1/73 TO END OF DATA ARRAARAN R AN NA

....‘.................Q.......'........-‘..‘.................‘

*RMS WIND #DRY BULB «DEWPOINT % SOLAR #WET BULB #ATM_PRESSw
* SPEED =« (DEG.F) % (DEG,F) #RADIATION® (DEG.F) = PSIG *

1973 .l......l......l.......OQ...'..l.0‘........Q....l..........ﬂ..
® * L] * » * w»
* L] 4 * * L] *
JUNE * 6,12 * T2,79 % 62,67 » 1662.,2 * 56.35 * 29.64 *
* L] ® » * * L
JuLy * 6,43 * 76,14 » 63,78 = 1884,9 % 68.19 * 29,63 *
» » » * ® » %
AUGUST * 5.90 * 75,38 * 64,59 » 1539.1 « 68.37 * 29,67 *
w * * * L] * »
SEPTEMBER » 7.37 * 67,87 » 55,93 » 129%1.5 * 60.89 " 29,71 *
L ] ] » * » * »
1974 ....i..'..............!....‘..‘.....................'~.........
» » »* » » * *
MAY * 8,61 * 63,47 » 46,71 * 1648.8 = Sa4,71% * 29,58 *
* " * » ) ] ~ *
JUNE * Ta59 * 70,60 = S7,27 # 1686.6 * 62,61 * 29,60 *
[ ] * * * w *
JuLY " TeS8 % 77,27 * 59,89 * 1763.9 « 66.46 * 29.64 »
* | ] * L] ® * *
AUGUST * 5.74 * 76,47 « 63,89 % 1377,3 » 68,34 * 29,71 L
* * L ] * * * »
SEPTEMBER = Ted6 * 64,24 * 55,62 » 1182.6 * 59,29 * 29.70 *
L ] * ® [ * *
1975 .....0.....'...-.l..'.C....I.l.........0....-.....0...'0000..
* * * L] K] [ B »
MAY ' " 6,65 * 64,74 x 55,96 + 1%59,6 = 59,57 * 29,61 "
* * * * * ) L] L]
JUNE * Tebl * 70,57 #*» 62.28 » 1636.9 w» 65.36 * 29,67 *
* * ] L] * W ]
JUuLY * 6,84 « 75,01 » 66.34 % 1746.9 % 69,36 * 29,65 *
* » ] » » » L ]
AUGUST ® 6.7 * 75,12 % £6,77T * 1507.4 + 69,63 " 29.70 *
* L] * * L ] » *
SEPTEMBER « Ta31 » 62,82 » 56,25 # 1157.0 =« S58.99 * 29,76 *
* ® [ ] * » * w
.C................Q...IQ.‘....Ql.....IOOC...'.....IQ..‘...OCQ

Figure 8.8 (Continued)
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#% APPROXIMATELY SO DAYS OF MET., DATA FOLLOW, DATA AREPUNCHED 2 HOURS TO A
xxxx CARD SEGINNING WITH HOUR 0 ON 7, 3.72. THE FORMAT FOR THE DATA IS I3,2(
xaaen3FS,.1,F6,1,F4,2,F4 ,0)WHERE FIELD 1 IS THE CARD NUMBER AND THE FOLLOWING
anikwVA RIABLE SERUENCE IS REPEATEDIWIND SPEED,DRY BULB,DEWPOINT,SOLAR RA De
Ak IATION,CLOUD COVER,AND RELATIVE HUMIDITY,

66,3 56,7 392.2 60,67 29,76 67.0 S7.0 123.6 61,00 29,76

X

NE ST TPUWMWWEEVNVMUVVMVUVNGEG G OO NNO~»~OoNlEsdasuwer~NGrOoO®

1 S.0 74,0 65.7 0.0 68.67 29.59 3.5 72.0 66,0 0.0 68,00 29,58
2 4,2 72.0 66,0 0,0 68.00 29.57 S.0 72.0 66,0 0.0 68.00 29,57
3 5.8 72.0 66,0 0.0 68,00 29,56 5.4 73.3 66,7 247.5 69,00 29.56
4 5.0 74.7 67,3 947.,6 70.00 29.56 4.6 76.0 68.01788.,6 71,00 29,56
S 4.6 78.3 69.,32296.4 72.33 29.55 4.6 80.7 70.72556.1 73,67 29.55
6 4.6 83,0 72.02522.9 75.00 29.54 7.7 84,7 71,32725.0 75.33 29.53
7 10.7 86,3 70.72794,0 7S.67 29.52 13.8 88.0 70,02725,0 76,00 29.51
8 11.9 85.0 69,32287.7 74,67 29,51 10.0 82,0 68.71772,2 73.33 29.52
9 8.1 79.0 68,01238,5 72.00 29,52 10,0 79,3 67,71042.,2 71.67 29.53
10 11.9 79.7 67,3 699.2 71.33 29,54 13.8 80.0 67.0 247,6 71,00 29,55
11 13.8 78.3 66.0 0.0 70,00 29,58 13.8 76.7 65.0 0.0 69,00 29,60
12 13.8 7S5.0 64,0 0.0 68.00 29,63 10,4 73.0 62,0 0.0 66,00 29,65
13 6.9 71.0 60,0 0.0 643,00 29,66 3.5 69.0 58.0 0.0 62.00 29,68
14 «1 68,7 57.0 0.0 61,33 29,70 8.8 68.3 S6.,0 0,0 60,67 29.71
15 11.5 68,0 55,0 0.0 60,00 29,73 10.0 67.7 55.0 264.8 60.00 29.75
16 «d 67.3 55,0 800.7 60,00 29,77 «9 67.0 S5,01290.6 60,00 29.79
17 .4 69,3 55.,31998.7 61,00 29,80 10,0 71.7 S5.,72699.8 62.00 29.80
18 11.5 74,0 56,03310,8 63.00 29.81 10,0 74,7 S5.73253.5 63.00 29,81
19 3 75.3 S5.32910.,2 63.00 29,81 «9 76.0 S5.02331.0 63,00 29,81
20 «3 77.0 S4,72627.5 63,33 29,80 o7 78,0 S4,32627.6 63,67 29,80
21 el 79.0 54,02337.9 64.00 29,79 .9 78,0 53,71586,1 63,33 29,79
22 8 77.0 S3.3 862.5 62.67 29.78 o6 T76.0 53,0 244,1 62,00 29.78
23 «2 74,7 5S5.0 0.0 62.67 29,78 8 73.3 57.0 0.0 63.33 29.79
24 5 72.0 S9.0 0,0 64,00 29.79 «6 71.0 S7,3 0,0 62,67 29.79
25 «8 70,0 55,7 0.0 61,33 29.79 «9 69.0 54,0 0.0 60.00 29,79
26 «8 /6.3 54,0 0.0 59,00 29.79 6 63,7 54,0 0.0 S8.,00 29,79
27 «S 61.0 54,0 0.0 S7.00 29.79 .4 60,3 53,0 123.6 . 56,33 29,80
28 3 59,7 S2.0 392.2 S55.67 29.81 «2 59.0 51,0 660.,7 55,00 29.82
29 10.4 59.3 52.0 910,9 55.67 29.82 11.5 S59.7 53.01125.8 S6.33 29,81
30 12.7 60.0 S4,01290,7 S7.00 29.81 11.9 60.0 S4,01394,4 57,00 29.80
31 11.1 60.0 S4,01429,7 S57.00 29.80 10.4 60,0 S54,01394,4 S7.00 29.79
32 .8 61,7 S4,71290,7 S58.00 29,78 «3 63,3 55.,31125.8 59,00 29.77
33 «8 65.0 56,0 910,9 60,00 29.76 o7 65.7 56,3 660.7 60,33 29.76

. L]
35 .1 66.3 57,0 0.0 60,67 29.76 o7 65.7 57,0 0,0 60,33 29,77

«4 65,0 57.0 0.0 60,00 29,77 .2 64,7 %6,3 0,0 S9,67 29.77
37 «1 64.3 55,7 0.0 S9.33 29.77 «9 64,0 55.0 0,0 59,00 29,77
38 S 63,7 55.0 0.0 S8.,67 29.77 o1 63,3 55,0 0,0 58,33 29.77
39 8 63,0 55.0 0.0 SB8.,00 29.77 .8 63,0 S4,7 121.8 S8.00 29.78
40 .8 63.0 54,3 390,2 S8,00 29.80 «8 63,0 S4,0 658.5 S8,00 29,81
41 8 63,3 %4,3 908.,6 568,33 29.82 «8 63,7 S4,71123,3 58,67 29,83
42 .8 64,0 55.,01288,1 59,00 29.84 «8 65,3 54,71391,7 59,33 29.84
43 «8 66,7 54,31427,0 59.67 29.84 8 68.0 54,01391,7 60,00 29.84
LY} o4 69,0 S8,01596,4 60,33 29,83 70.0 S4,01642.6 60.67 29.83
45 6 71,0 S4,01516,0 61.00 29.82 T70.3 SS.71162,7 61.67 29.82

69.7 S7.3 725.1 62.33 29.82 69,0 S9.0 237.2 63,00 29.82

47/ 4,2 67.3 S8,0 0.0 61,67 29,83 65.7 S7.0 0.0 60.33 29.84
48 S 64.0 S6.0 0.0 S9.00 29,85 «5 63.3 56,3 0.0 S9,00 29,85
49 S 62.7 S6.7 0,0 S9,00 29.85 «5 62,0 57.0 0.0 S9.,00 29.85
S0 «S 61.0 56,0 0.0 S8.,00 29,85 «5 60,0 55,0 0.0 57,00 29,86
51 «5 59.0 54,0 0.0 56,00 29,86 «6 S9.7 54,7 294,5 S6,67 29,87
52 «B 60,3 S5.3 721.4 S7.33 29.89 «9 61.0 S6,0 656.3 58,00 29,90
53 9 64,0 57.31512.,0 60.00 29,90 «9 67,0 S8,72452.,9 62,00 29.91
S4 «9 70.0 60,03290,5 64,00 29,91 «1 72.0 59,03234.5 64,00 29,90
55 74,0 58,02893,5 64,00 29,88 o6 76,0 S7,02317.4 64,00 29,87

76.3 56,32269.4 64,00 29,86
77.0 55.01764.S 64,00 29.84

76.7 S5.72082,8 64,00 29,85
76.0 56.01277.9 64,00 29,84

7

o
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110
111

117
118

VOEOBPNVNNDOLL ONBUWIPRIOIOONNNNUUVOBOENOITBDUVIOODUNIUWEROTTANUNO®ENWIICTNUUVIWO DB

[N S NN

CORUMVANELEVUVUVNFPT OO NN - OOND I~ N HUWWOTOR P OO NOUMNER=rrUWUllONNEESEREWWNODWWM

- e b g b P b

-

[ I

75.0
71.7
67.0
65,7
63.7
61.0
63.0
65.3
68,0
73,3
74.0
70,0
70.0
68.3
65.0
63,0
61.7
61.0
61.7
64,0
68.0
73.3
17.7
81,0
75.0
T6.7
74.0
73.3
72.3
71.0
71.7
74,3
79.0
83,7
85.0
83,0
80.3
78.7
78.0
76,7
74,7
72.0
74.0
77.3
82,0
86.0
88.7
90,0
88.0
85,3
a2.0
78.0
75.3
74.0
74,7
76.7
80,0
82.7
84,3
8S.

83.0

55.0
57.71090,.6
59,.,32356,4
60,02497,3
58,02509,.3
56,02140,0
60.01507.,9
$9.3 784.6
59.0 0
59,00 0
57.0 0

0

0

S57.7 384,1
59,3 901,.2
62.01279.7
65.32073,8
67.01871.2
67.0 901,.2
63.7 641,0
63,3 0
66,0 0
65.3 0
64,7 0
64,0 0
63,31071,9
63.72567,.4
65.03647,7
66.33295,5
66.71866,.8
66,0 898,.6
66,0 382,1
65.7 0.0
65.0 0.0
64,3
63,7
63,0
65.,01085,6
67,325%9.8
70,03639,0
68,73847,5
68.73123,9
70.01960,8

OO0 O
0o

L]
L]
[ ]

70.7 931.9

67.3 0
60.0 o.
65.3 0.
67.3 o.
66,0 0,
67.31051,5
69.02240,6
71.02473,8
70.324686,9
69,31857,.8
68,0 893,2
68,7 552.5

64,00
63,00
61.00
60.33
$9.33
58,00
60,00
61.67
63,00
63,67
64,00
64,00
63,33
62.33
61.00
59.00
58,33
59.00
59.67
61.33
64.00

68000‘

70.67
72.00
69,33
68,33
69.00
68,33
67.67
87,00
66,33
67.33
70,00
72.00
72.67
72.00
70,67
70.09
70,00
68.67
67.33
66,00
68,00
70.67
74,00
74,00
74,67
76.00
76.00
73.33
68.00
70.00
70,33
69.00
69,67
71.33
74,00
74.00
73.67
73.00
73.00

29.85
29.85
29.8%
29.86
29,86
29.87
29,38
29.89
29.89
29.86
29,85
29.86
29.86
29,87
29,89
29.90
29,89
29,88
29,90
29,91
29,92
29,89
29,87
29.84
29,83
29,83
29.84
29,84
29,84
29.83
29.83
29,83
29.84
29.83
29.82
29,80
29,81
29,83
29,86
29.87
29.88
29.88
29.91
29.92
29,92
29.91
29.99
29.88
29.87
29.88
29.90
29.91
29.90
29.89
29,90
29.90
29.89
29.86
29.83
29,79
29,78
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74.0
69.3
66.3
65.90
62.3
62.0
64,0
66,7
70.7
76.0
72,0
70.0
70.0
66,7
64,0
62.0
61,3
61.3
62,0
66,0
70.7
76.0
79.3
80.0
78.0
75.3
73.7
73.0
71.7
71.3
72.0
76.7
8i.3
86.0
84,0
81.7
79.0
78,3
77.3
76.0
75.3
73.0
75.0
79.7
84,0
83.0
89.3
89.0
87,0
83.7
80.0
76.0
74.7
74.3
75.0
78.3
81.3
84,0
84,7
84,0
82,0
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56.3 337.0
59.,01820,2
$9,72603,.8
59,0257S5.7
57.02312.6
59,01865.6
59,71215.5S

60,71115,3
63,71714,0
67.02307,.6
67.01382,3
65.3 881,7
62.0 226,8
64,7 0.
65,7 0
65,0 0
64,3 0
63,7 304,0
63,01855,5
64,33178,6
65.73760.4
67,02302.5
66,31378.8
66,0 6494
66,0 114,7
65.3 0
64,7 0

0

0

[-X-N- -]

64,0
63.3
64,0 322,55
66,01848,7
68,73170,4
69,.33888,1
68,03524,.4

OSSO

69,32584,2

70.31506.9
71,0 289.0
63,7 0.
62.7 o.
68,0 0.
66,7 0.
66,7 315.3
68,01734,0
70,02502.0
10,72552.5
70.02291.7
68,71371,6
68,3 798,.9
69.0 185.3

[-X= X~ -]

64,00

62,00

60.67
60,00
58.67
59,00
61.00
62,33
63,33
64,00
64,00
63.67
63,00
61.67
60,00
58,00
58.67
59,33
60,00
62,67
66,00
70,00
71.33
70,67
68,00
68.67
68.67
68.00
67.33
66,67
66,00
68,67
71,00
73.00
T2.33
71,33
70.00
70.00
69,33
68,00
66,67
67.00
69,00
72.33
74.00
74,00
75.33
76.00
76,00
70.67
69,00
71.00
69,67
69,33
70.00
72.67
74,00
74,00
73.33
73.00
73,00

29,85
29.85
29,835
29,86
29.87
29.88
29.89
29.89
29.88
29,85
29,86
29.86
29.86
29.88
29,89
29.90
29,89
29.89
29.91
29.92
29,91
29,88
29,85
29.83
29.82
29,83
29.84
29.84
29.83
29,83
29,83
29.84
29.84
29,83
29,81
29.81
29,82
29,85
29,87
29,88
29,88
29,89
29,92
29.92
29,92
29.91
29.89
29.88
29.87
29,89
29.90
29,91
29.90
29,89
29.90
29,89
29.88
29.85
29.81
29,78
29.77



428
a29
430
431
432
433
434
43s
436
437
a3s
a39
440
441
442
443
444
445
a4e
447
448
449
450
451
4s2
453
4s4
4s5s
456
as?
458
as9
460
461
462
463
464
465
466
a67
a68
469
a70
a7t
472
ars
474
475
476
477
418
479
480
a8t
482
483
484
48s
486
487
488
ng9

- g

[P S
et O BPNWOOMUWUNWIENOOSDONINEN -
[ ]

P e el o

VRPCWEWOODONO -

7 8 8 @ & @ &6 0 8 5 0 & 06 8 2 0 8 0

NNODUNNVNOOODODDOROTOOOO0D~NO

O~NN W= OO A~ JIVIWOOOOOWOO

79,3
82.0
76.7
74.0
74.0
71.3
68,7
66,0
68,0
72.7
80.0
83.3
84,0
82.0
75.3
69.3
64,0
62.0
60.7
60.0
60.7
63.0
67.0
70.3
T2.7
74,0
72.0
67.0
59.0
57.0
S4.7
S2.0
S4,0
S9.0
67.0
73.0
76.7
78.0
74,7
72.0
70,0
68,0
66,7
66.0
66.0
66,0
66.0
71.3
75.7
79.0
79.0
77.7
75.0
73,0
1.7
71.0
71.0
72.3
79.7
83,0
85,0

NOTE: Cards 119 to 427 not shown because of length of output.

58.32422,.5
S7.01839.1
61,0 677.3
62.7
62.0
62,7
62.7
62.0
64,0 500,9
6S5.71196,3
67.02222,.5
65,02006,1
62,31904,5
59.01670.3
54,3 574.2
52.3 0
S3.0 0
52.3 0

0

0

(-~ ]
DOOOO

St.7
S1.0
S1.0 6A7.4
S0,02151.1
48,03224,3
46,73427.9
46,02849,3
46,01813,3
48,0 677,.0
49,3
50.0
49,3
48,3
47,0
49,7 604,2
52.01926,0
54,03229,5
S2.73457,2
53,02893.6
55.01926.0
55,7 656,8
56,3
57.0
5740
S7.3
S8.90
S8.7 407,3
59,7 746.9
61.01124,7
63,71846.8
66.31762.9
69,01010,.4
67.7 312.1
67.3
68,0
67.3
67.0
67.0
67,0 225.4
67.01236.9
67,02864,.6
67.72751.5
66.72529.7
64,01994,1

[- X -N-N-X-]
OO0

[- X X N-N-~4
(- - X~ N-]

(- - - X-J
00000

66,33
67.00
67.00
66,67
66,00
66,00
65,00
63,00
65.00
67.67
71.00
71.00
70,00
68,00
62,67
59.33
S58.00
56.67
55.67
55.00
55.00
55,67
57.00
57.67
58,33
59.00
59.00
57.33
54,00
52.67
51.00
49.00
S51.67
55,00
59,00
61.00
62.67
64,00
63.33
62.67
62.00
61.33
61,00
61.00
61.67
62.33
63,00
66.33
69,33
72.00
71,33
70.67
70,00
69.33
68,67
68,00
68.00
68.67
70,00
72.00
72.33
71,00

29.49
29.49
29,48
29.48
29,50
29.49
29.48
29.46
29.48
a%.49
29,49
29,48
29.49
29.52
29.58
29,64
29.70
29.73
29,75
29,77
29.80
29.83
29.85
29.84
29,84
29,84
29.84
29.85
29.83
29.90
29.91
29.91
29.94
29.94
29.93
29.88
29.84
29.81
29,79
29.78
29.78
29.78
29.77
29.74
29.7%
29.76
29.77
29.75
29.72
29,68
29.67
29.68
29.72
29.71
29.70
29.70
29.71
29.72
29,73
29,72
29.71
29,69
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9 80,7
4 79.3
0 74.0
6 74,0
6 72.7
0 70.0
0 67.3
0 67.0
0 69,0
4 76,3
T 81.7
i 85,0
6 83,0
0 78.7
S 72.0
0 66.7
1 63.0
0 61.0
4 60.3
4 60.3
2 61,0
65,0
68.7
72.0
73.3
73.0
71.0
63,0
58,0
56.0
S3.3
53.0
55.0
63,0
70.0
76.0
77.3
76.3
73.0
T1.0
69.0
67.0
66,3
66,0
66.0
66.0
68,7
74.0
7.3
79.0
79.0
76.3
74.0
72.0
71.3
71.0
71.0
73.7
77.3
82.0
83.7

b e b P Pt P
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57.72221.6
59.,01329,.4
63.0
62,3
62,3 0
63,0 0
62.3 0
63.0 0
65,0 695.4
66,31725.3
66,02197.5
64,01683,.8
60,71902,8
Se.71162.0
S2.0 0
S2.7 0
52.7 0
52.90 0
S51.3 0
S1.0 0
51.,01443,9
§9,02758,4
47,33448,.3
46,03172.1
46,02383,4
47,01348,.3
49.0 0
49,7 0
49,7 0
49,0 0
ar.7 0
48,3 0
$1.,01101,S
$3.,02688.8
53,.,33483,5
$52.03157.7
54,02473.5
55.31353.8
56,0 0
S56.7 0
$7.0 0

0

0

0

(- - NN

57.0
57.7

COO0OO0O0OC

62.31521.7
65,.02048,.7
67.71404.7
68,3 673.6
67.0 0.0
67,7
67.7 0.
67,0 0.
67.0 0.

0.
67,0 492,5
67,.02090.1
67.32924,2
68,02379.5
65,32395.6
62.,71370.5

66,67
67.00
67.00
66,33
66,00
66,00
64,00
64,00
66,00
69,33
71,00
71,00
69,00
63,33
60.00
58,67
57,33
56.00
55,33
55,00
55.00
56,33
57.33
58,00
$8.67
59.00
59.00
S5.67
53,33
S2,00
50.00
S0.33
53,00
57.00
60,00
62.00
63,33
63,67
63,00
62,33
61.67
61.00
61.00
61,33
62.00
62.67
64,67
68,00
70.67
71.67
71.00
70.33
69.67
69.00
68,33
68.00
68,00
69,33
71,00
73.00
71.67
70.00

29.49
29.48
29,47
29.49
29,590
29.49
29,47
29,47
29.49
29.49
29.49
29.48
29.51
29,55
29,61
29.67
29,71
29,74
29,76
29,79
29.82
29,84
29,85
29,84
29.84
29,84
29,84
29,87
29.89
29,91
29.91
29.92
29.95
29,94
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SS2 8,6 78,0 69.0 0.0 72.00 29.53 4,6 76.3 68,3 0.0 71.00 29.34
553 4.6 74.7 67.7 0,0 70,00 29,55 4.6 73.0 67.0 0.0 69,00 29.56
554 3.1 70,3 65.3 0,0 67.00 29,57 1,5 67.7 63,7 0,0 65,00 29,57
5SS 0.0 65,0 62.0 0.0 63,00 29,58 2,7 67.7 62.7 0.0 64,33 29,60
556 5.4 70.3 63.3 S46.1 65,67 29,62 8.1 73.0 64,01278.5 67,00 29.64
857 7.7 7S5.3 64,01927.5 68,00 29.65 7.3 77.7 64,02439,2 69,00 29,66
358 6.9 80,0 64,02773.,9 70,00 29,67 7.7 80,7 62.,32681.8 69,33 29.66
559 8.4 81.3 60,72269.5 68.67 29.66 9,2 82.0 59,01604,8 68,00 29.65
560 7.3 83.0 60,31807.9 69,00 29.64 5.4 84,0 61,71791,8 70,00 29,62
561 3.5 85.0 63.,01548.0 71.00 29,61 3.8 83,3 61,31176.1 69.33 29,62
562 4,2 81.7 S9.7 S38.1 67,67 29.62 4,6 80,0 58,0 0.0 66,00 29.63
563 4.6 75,7 S8.7 0.0 65,00 29,65 4,6 71.3 59.3 0.0 64,00 29,67
S64 4,6 67.0 60.0 0.0 63,00 29.69 3.1 65.3 59.3 0.0 62,00 29,70
565 1.5 63,7 S8.7 0.0 61.00 29,71 0,0 62.0 58,0 0.0 60,00 29,72
566 1.9 61.3 57,7 0,0 59.33 29,72 3.8 60.7 S57.3 0.0 5S8.87 29.73
567 S.8 60,0 S7.0 0,0 58,00 29,73 S.8 61.0 57.7 0,0 59,00 29,74
568 5.0 62.0 S8.3 S37.,2 60,00 29,76 4.6 63,0 59.01296.6 61.00 29,77
569 4.6 67.3 58.,32004,3 62,00 29.77 4.6 71.7 §7.72612.0 63,00 29.78
570 4.6 76.0 57.03078.,8 64,00 29,78 6,9 78,0 57.03371.5 65.00 29.77
571 9.2 80,0 57.03471.5 66,00 29,75 11.5 82.0 S7.03371.5 67,00 29,74
572 10,0 82.7 S5.73078.4 66.33 29,74 8.4 83,3 54.32612.0 65.67 29,73
573 6.9 84,0 53,02004.3 65,00 29,73 6.1 82,3 53,01296.6 64,67 29.73
574 S.4 80,7 S53.0 S37.,2 64,33 29,74 4,6 79.0 53.0 0.0 64,00 29,74
575 3.1 74.3 54,0 0,0 62.67 29.78 1.5 69.7 55.0 0,0 61,33 29.75
576 0,0 65.0 56.0 0.0 60,00 29,75 0.0 64,0 SS.7 0.0 9S9.33 29.76
577 0.0 63.0 S55.3 0.0 58,67 29.76 0.0 62.0 S5.0 0.0 S8.00 29,77
578 0.0 61,0 S4.7 0.0 57.33 29,77 0.0 60.0 54,3 0.0 56,67 29,77
579 0,0 $9.0 S54.0 0.0 56,00 29,77 0.0 S9.7 55.0 0.0 57,00 29.78
580 0.0 60,3 S6,0 S21.7 58.00 29,79 0.0 61.0 57,01280.5 59,00 29.80
S81 1.9 65.7 58,71987.5 61,67 29.79 3.8 70,3 60,32594.6 64,33 29.79
582 S.8 75.0 62,03060,5 67,00 29.78 5.0 77,7 60.73353.4 67.00 29,77
583 4.2 80.3 59.33853,3 67.00 29.76 3,5 83.0 58,03353.4 67,00 29,75
584 4.6 83.3 S8.33025.2 67.33 29.73 5.8 83.7 S8.72474.7 67.67 29,72
585 6.9 84.0 59.01780,8 68,00 29.70 5.5 81.7 60,01188.0 67.67 29.69
586 6.1 79.3 61,0 497.6 67,33 29.68 5.8 77.0 62,0 0.0 67.00 29,67
S87 6.5 76.0 61.7 0.0 66,67 29,67 7.3 75.0 61,3 0,0 66,33 29,67
588 8.1 74,0 61.0 0.0 66,00 29.67 6.9 72.3 60.7 0.0 65,00 29,67

Figure 8.8 (Continued)

The input for run 2 is also shown in Figure 8.9. The parameter IMET =1
specifies that the fixed values are used for meteorology for the run, namely
TA =90, TW= 70, TD = 60.1, W = 3, and HS = 1500. The parameter ISPRAY = 1
specifies the regression model. IEVAP = 0 specifies that the pond remains
full during the run. The parameter TSPRON = 200 specifies that the sprays

are off until 200 hr into the run. Essentially, this allows the pond tempera-
ture to reach equilibrium before the effects of the sprays are felt, allowing
a more-accurate prediction of the peak temperature attributable to heat load
alone.
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Figure 8.9 Input deck for p<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>