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ABSTRACT 

A method to analyze the performance of ultimate heat sink cooling pond s is 
presented. A simple mathematical model of a cooling pond is used to scan 
weather data to determine the period of the record for which the most adverse 
pond temperature or rate of evaporation would occur . Once the most adverse 
conditions have been determined, the peak pond temperature can be calculated . 

Several simple mathematical models of ponds are described; these could be used 
to determine peak pond temperature, using the identified meteorological 
record . Evaporative water loss may be found directly from the scanning by a 
simp le and conservative heat-and-material balance . 

Methodology by which short periods of onsite data can be compared with longer 
offsite records is developed , so that the adequacy of the offsite data for 
pond performance computations can be established . 

iii 
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SYMBOLS 

A 
AO 

pond surface area, ft2 or acres 

one-half the daily insolation , Btu/ft2 

An 
C 
C1 

surface area of nth segment of the plug-flow model , ft2 

cloud cover in tenths of the total sky obscured 

Bowen's ratio, �O.26 mm Hg/oF 

C
p 

heat capacity of water , Btu/lb/oF 

E equilibrium temperature, of 

E1, E2 
estimation of equilibrium temperatures using data from offsite 

and onsite records, respectively , of 

E(x) estimation of equilibrium temperature using monthly average 

meteorologic data, of 

e
a 

saturation pressure of air above pond surface , mm Hg 

es 
saturation pressure of air at surface temperature TS' mm Hg 

g skew coefficient 

H heat content, Btu 

HN heat transfer from segment N ,  Btu/day 

�vap 
heat of vaporization of water , Btu/lb 

H net heat flux, Btu/(ft2 day )  

HAN net atmospheric longwave radiatio n ,  Btu/ (ft2 day ) 

HBR back radiation from pond surface , Btu/ (ft2 day )  

HC conductive and convective heat loss , Btu/ (ft2 day )  
H

E 
evaporative heat loss , Btu/ (ft2 day )  

H
n 

heat transfer from segment n ,  Btu/day 

HRJ net plant heat rejectio n , Btu/ (ft2 day) 

HS gross solar radiation 

HSN net solar radiation, Btu/ (ft2 day ) 

K equilibrium heat tr ansfer coefficient , Btu/ (ft2 dayOF ) 

k error band scale factor 

M sample mean 

P probability 

PlIO probability of occurrence for an event from an infinite population 

PN probability of occurrence for an event from a finite population 

p atmospheric pressure, mm Hg 

q heat flow inside a pond, Btu/hr 
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1. INTRODUCTION 

ANALVSIS Of ULTIMATE HEAT SINK COOLING PONDS 

The u l timate heat sink (UHS) is defined as the complex of sources of service 
or house water supply necessary to safely operate, shut down, and cool down a 
nuclear power plant. Cool i ng 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 Co.i ssfon (NRC) has set forth in Regul atory 
Guide 1.27 (Ref. I) the following positions on the design of ultimate heat 
s inks: 

(I) The ulti mate heat sink must be able to dissipate the heatofa 
design-basis acci dent (e.g., loss-of-coolant acc1dent} of one unit plus 
the heat of a safe shutdown and cooldown of all other units it serves. 

(2) The heat sink must provi de a 30-day supply of cooling water. at or below 
the desi gn-bas i s  temperature for all safety-related equipment. 

(3) The system must be shown to be capable of performing under the 
meteoro 1 ogi c condi t ions 1 eadi ng to the worst· coo 1i ng performance and 
under the condi tions leading to the highest water loss. 

Thi s  report i denti fi es methods that may be used to select the most severe 
combinations of contro11in9 meteorologic paranaetersfor surface cooli ng pond 
heat transfer and evaporat1 ve water loss. The procedure scans a long weather 
record , which is usually avai lable from the Nationa] Weather Service for a 
nearby station, and it predicts the period for which ei ther pond temperature 
or water loss woul d be maxi mized. for a hydraulically simple cooli ng pond. The 
pri nci p 1 e of 1i near superpos it ion is assumed , whi ch allows the peak ambi ent 
pond temperature to be superimposed on the peak "excess" temperature due to 
plant heat rejection. This procedure determines the tiMi ng wi thin the weather 
record of the peak ambient pond temperature. The true peak can then be 
determined in a subsequent, more rigorous calculation. 

Maxi mum evaporati ve water loss i s  determined by picki ng the30-day continuous 
peri od of the record whi ch has the hi ghest evaporati on losses and aSSUMing 
that all heat rejected by the plant results in the evaporation of pond water. 

To be effective the data scanning procedure requi res a data record on the 
order of tens of years i n  length. Since these data wi11 usually come from 
somewhere other than the site itsel f (such as an airport), methods to compare 
these dat� with the limited onsite data are developed so that the adequacy, or 
at 1 east the conservatism ,_ of the offs i te data can be. estab 1 i shed. 
Conservative correction factors to be added to the flnal results are 
suggested. 

These models and methods are provided as useful tool s for UHS aoalyses of 
cooli ng ponds. They are intended as guidelines only. Use of these methods 
does not automatically assure NRC approval, nor are they required procedures 

1 



for nuclear power plant l i cens i ng . Furthermore, by publ i s h i ng thi s gui dance 
NRC does not wi s h  to discourage i ndependent assessments of UHS performance or 
the furtherance of the state of the art .  
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2 .  HEAT AND MASS TRANSFER RELATIONSHIPS IN PONDS 

The rel ati ons h i p  used i n  thi s report for the transfer of heat and water vapor 
from the pond surface i s  deve l oped al ong the l i nes  of the " equi l i bri um 
temperature" p rocedure of Brady et a1. ( Ref. 2) and Edi nger et a l .  ( Ref. 3). 
The mai n reasons for the choi ce of thi s procedure are : 

I t  i s  i nherently s i mp l e. 

It can be s hown to be conservati ve . 

It makes poss i b l e  vi s ual izati on of the concept of " exces s  
temperature. II 

Thi s  l ast  poi nt serves as a bas i s  for the s eparati on of the pond temperature 
responses as a res u l t  of envi ronmental forces from thos e  whi ch resu l t  from 
pl ant dri v i ng forces ;  this separati on further faci l i tates the scanni ng of 
weather data as descri bed bel ow. 

Other heat transfer rel ati ons h i ps may be more accurate than the one used here ; 
however , the sel ect i on of the peri od of meteoro l ogi cal record giv i ng the 'most 
adverse pond temperature or evaporati on s houl d be fai rly i nsens i ti ve to the 
heat transfer re l ati ons h i p  or pond mode l .  Therefore ,  i t  i s  acceptabl e  to use  
the proposed heat transfer and pond hydrau l  ic  model to  scan the  weather 
record , and then to use that record wi th a more sophi sti cated heat transfer 
and pond mode l for fi nal determi nat i o n  of the maxi mum pond temperature and 
water l osses. 

2. 1 Equi l i bri um Temperature Heat Transfer Mode l 

The temperature the pond woul d reach at steady state wi thout external heat 
i nputs and under constant envi ronmental cond i ti ons i s  known as the equil ibri um 
temperature E. The equi l i bri um temperature i s  the temperature at whi ch the 
heat removal from the pond bal ances the heat addi t i on. Thi s relati on is 
graph i cal ly  i l l ustrated i n  F i gure 2 . 1. Equ i l i brium temperature , therefore , i s  
a ri gorous l y  defi nable property, dependent on the meteorol ogi cal  condi tion s  at 
an i nstant i n  ti me. The equi l i bri um heat transfer coeffi ci ent K i s  a l s o  
i l l ustrated i n Fi gure 2.1 and i s  defi ned as  the s l ope o f  the heat remova l 
curve at pond temperature TS 

= E for a uni t s urface area:  

K = aH 
aT 

3 
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(SOLAR) 
• HEAT ADDIT ION HEAT HS 
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aH) 
= K aT E 

ADD IT I O N  OR 
REMOVAL 
RAT E, 
BTU/ (FT2DAV) 

-------

SURFACE HEAT REMOVAL 

E 
Ts-SURFACE T E M PERATURE - of 

Figure 2. 1 Defin ition of Equilibrium Coefficients. 

HEAT 
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Hs 
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J./ I 

SLOPE = K 

E 

,/'" I I 
I I 
I I 
I I 
I I 

T s(T RUE) T s (Predicted from K) 
TS - SURFACE TEMPERATU RE - of 

Figure 2.2 Pond Temperature Computations (Steady State) .  
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In thi s case , the heat transfer H can be descri bed as 

K dT , (�-2) 

prov i di ng that K i s  reasonab ly constant i n  the i nterval TS to E .  Th i s  i s, of 

course , approx i mate l y  true only i f  TS i s, very c l ose to E.  In a thermal l y  heav i ly 

l oaded pond , th i s assumpti on is not correct . The heat removal curve has an 
i ncreas i ng s l ope at h i gher pond temperatures ; therefore , the heat trans fer may 
be underesti mated for h i gh heat l oadi ngs , and the p redi cted pond temperature 
may be too h i gh . Thi s  'potenti al  error i s  shown graphi cal ly  i n  F i gure 2 . 2 .  
The external heat l oad o n  the pond must, therefore , be factored into the deter­
mi nati on o f  pond temperature . 

2 . 2 Devel opment of the Bas i s for Surface Heat and Mas s  Trans fer From a Pond 

Mechanisms of s urface heat and mas s  transfer have been extens i vel y  stud i ed i n  
connecti on wi th  l arge , l i ghtly l oaded bodi es of  water , s uch as l akes and reser­
voi rs . Much l es s  work exi sts on smal l ,  heav i l y  l oaded ponds . Ap�l i cati on o f  
res u l ts from l arge water bodi es must b e  app l i ed t o  smal l ,  heavi l y  loaded ponds 
cauti ous l y  and conservative ly unti l further experi mental evi dence of  pond per­
formance can be  gathered . The NRC i s  sponsori ng experi ments on s uch ponds wi th 
Battel l e, Pac i fi c Northwest Laboratories .  

A re l ati ons h i p  for the rate of net heat fl ow i nto the pond can be devel oped 
through cons iderati on of each heat source and heat l os s . I t  i s  assumed that 
al l heat exchange wi th an i sol ated body of water takes p l �ce through i ts surfac e. 
The rate of heat exchange H i s  

i n  wh i ch : -

H = 
· 

HSN 
= 

· 

H
AN 

= 

HBR = 
· 

H
E 

= 
· 

H
e 

= 

· 

H
RJ 

= 

Btu/(ft2 day)
' (2-3) 

net rate of heat fl ow i nto the pond 

net rate of s hortwave so l ar radi at i on enteri ng the pond , 
measured di rectly  

net rate of 10ngwave atmospheri c radi ati on enteri ng the  pond , 
measured di rectl y  

net rate of back rad i at i o n  l eav i ng the pond surface 

net rate of he�t l os s  due to evaporati on 

net rate of  heat fl ow from the pond due to conducti on  and con­
vecti on 

net rate of heat addi ti o n  by the p l ant 

Thi s re l ati onshi p i s  i l l ustrated graphi cal l y  i n  F i gure 2 . 3 .  
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Figure 2.3 Heat Loads on a Pond. 

Of the heat fl ows i nto the pond as a res u l t of radi ati on HSN and HAN' only  the 

net atmospheri c radi ati on can be esti mated from meteoro l ogi c parameters . The 
net atmospheri c radi ati on term can be approxi mated us i ng air temperature TA and c l oud cover C ( in. tenths ) .  Ryan and Harl eman ( Ref .  4 )  deve l oped the 
fo l l owi ng formula for HAN: 

HAN = 1 . 2 . 10- 13 (TA + 460) 6 (1 + 0 . 17C2 ) Btu/( ft2 day)  (2-4 ) 

Three components of the heat exchange equati on ,  HBR, HE' and HC' are functions 

of the pond s urface temperature . The back radi ati on term may be expressed 
us i ng the rel ati on for radi at i on from a b l ac k  body (Ref . 2): 

Btu/ ( ft2 day)  (2- 5 ) 

where TS i s  the s urface temperature of the pond.  Us i ng the l i near terms o f  

the Tayl or seri es expans i on o f  thi s rel ati on g i ves 

HBR = 1801 + 15 . 7(TS ) Btu/(ft2 day) (2-6) 

The evaporati ve heat fl ow can be esti mated by 

Btu/ ( ft2 day) (2- 7 )  

i n  wh ich  es i s  the saturat i on vapor press ure at the temperature o f  the wate r 

surface (mm Hg) and ea i s  the saturati on vapor pres sure of the ai r above the 

pond . The second term on the ri ght i s  an emp i ri cal functi on of  wi ndspeed i n  
mi l es per hour , U .  The wi nd functi on proposed by Brady ( Ref.  2 )  i s  used:  

feU ) = 70 + 0 . 7U2 Btu/ ( ft2 day )/mm Hg 

6 
( 2-8)  



where U is measured at the 18-foot level . 
. 

The quantity (es - ea ) can be replaced by a relationship using the slope of 

the vapor pressure versus temperature curve for some temperature between the 
surface temperature of the pond and the dew point temperature TO' 

mm Hg ( 2-9) 

The following polynomial for p can be used in the temperature range normally 
encountered (Ref . 2 ): 

p = 0 . 255 - 0 . 0085T* + 0 . 00204 (T* )2 (2-10) 

where 

Making the appropriate substitutions , 

Btu/ (ft2 day ) (2-11) 

The conduction and convection heat flow can be approximated by 

Btu/ (ft2 day ) (2-12) 

where 

TA 
= air temperature 

C1 = Bowen's coefficient , 0 . 26 mm Hgl°F 

Making the appropriate sUbstitutions in Eq . ( 2-3) , and neglecting the plant heat 
load for now , leads to 

A = HSN + 1 . 2 x 10_13 (TA + 460)6 ( 1  + 0 . 17C2) - (1801 + 15.7TS) 
- peTS - To)f (U ) - 0 . 26 (TS - TA)f(U) Btu/ (ft2 day) (2-13) 
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Equation (2-13) can be put into the equilibrium temperature form , 

. 
H = K(E - TS) Btu/(ft2 day) (2-14) 

Equation (2-13) is solved for K by letting TS 
= E and H = 0: 

o = HSN + 1 . 2  x 10_13(TA + 460)6 (1 + 0 . 17C2) - (1801 + 15 . 7E )  

- P (E - TO)f(U) - 0 . 26(E - TA)f(U) (2-15) 

Subtracting Eq . (2-15 ) from Eq . (2-13 ) gives 

. 

H = 15 . 7(E - TS) + (P + 0 . 26 ) (E - TS)f (U) Btu/ (ft2 day) (2-16) 

Comparison with Eq . (2-14 )  leads to a relation for K: 

K = 15 . 7  + (P + 0 . 26)f (U) Btu/ (ft2 dayOF) (2-17) 

The pond is likely to have its lowest cooling capacity during the summer 
months , since ambient temperatures will be higher . It can be shown , using 
Eqs . (2-4) and (2-5) , �hat the components of atmospheric radiation and back 
radiation from the pond surface nearly balance in the warmer months . The 
error of neglecting both terms under these conditions is small . The elimi­
nation of the atmospheric- and back-radiation terms from Eq . (2-13) allows for 
the exp1 icit sol ution for the equi 1 ibrium temperature . Equation (2-13) 
becomes 

Substituting E = Ts' H = 0 ,  and solving for E gives 

. 
HSN (PTO + 0 . 26TA) 

E = (P + 0 . 26)f (U) + (P + 0 . 26) 

8 
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Equati ng Eq . (2- 14) wi th Eq. (2-18), 

. 
K(E - TS) = HSN - peTS - TO) f(U ) - 0.26(TS - TA )f(U ) 

Substituti ng from Eq. (2-19) for E and solv i ng for K gi ves 

K = (P + 0.26 )f(U) Btu/( ft2 day oF) 

This allows Eq . (2-19) to be put i n  i ts fi nal form, 

. 
HSN (PTO + 0.26TA) 

E = � + (P + 0.26) 

(2-20) 

(2-21) 

(2-22) 

Equation (2-23) i s  the al ternate formulati on of Eq. (2-17) whi ch follows from 
the approxi mati on HAN � HBR . So, the surface heat transfer equat i on as i t  i s  

used i n  the model has the form 

. 
H = K(E - T

S
) Btu/(ft2 day) 

K = 15.7 + (P + 0.26)f(U) 
)I( )Ie 

Btu/(ft2 day) 

P = 0.255 - O.0085T + 0.00204(T)2 mm Hg/OF 

)I( TS + To T - ----":"""'-..-- 2 

f( U)= 70 + O.7U2 

. 
HSN (PTO + O.26TA) 

E = � + (P + 0.26) 

Btu/( ft2 day)/mm Hg 
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in which 

TS 
TA 
TO 

U 

= 

= 

= 

= 

pond surface temperature , of 
air temperature , of 
dew point temperature , of 
windspeed , mph , measured at the IS-foot lev�l 

HSN = net short wave solar radiation received by the pond, 
Btu/ (ft2 day ) 

Evaporation is calculated directly from the evaporative heat flux: 

where 

W = 'e 
Hvap = 

evaporative flux per unit area of surface 

heat of vaporization of water Btu/lb 

2 . 3  Conservatism of Equilibrium Temperature Formulation 

(2-23) 

The formulation of the heat transfer formulae used has a number of builtin 
conservatisms , which tend to overestimate pond temperature . One of the larger 
conservatisms is the choice of a wind dependence feU ) .  The Brady wind 
funct ion employed seems to underestimate the evaporative fl ux , even when 
compared to Brady's own data (Ref . 4 ) .  

Brady's wind function is derived empirically from large lake data . A more 
accurate , but less conservative formula was derived by Ryan (Ref. 4) on firmer 
physical grounds: 

TS + 460 
L\6 = --..,,-=,..---

v 1 _ 0 . 378es 
p 

1 - 0 . 378ea 
p 

where U2 is expressed in mph measured 2 m above water surface, and 

L\6V = 

and where 

p = 

virtual temperature , of 

atmospheric pressure , mm Hg 

10 
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This formula accounts for an expected increase in natural convection with 
increasing pond temperature , whereas Brady·s wind function is not temperature 
dependent . 

A simple example illustrates the different heat transfer formulations and how 
they can drastically affect the temperature calculations. The parame�ers 
refer to a one-sQuare-foot section of pond surface: 

Solar input = 2100 Btu/ (ft2 day ) 
Dew point temperature = 70°F 
Ambient air temperature = gOoF 
Windspeed = 2 mph 
Power plant load = 0 to 11 , 000 Btu/ (ft2 day ) 

Four heat transfer formulas are used to calculate the steady-state pond 
temperature in response to these meteorological parameters: 

(1)  The equi 1 i bri um temperature and heat transfer coeffi ci ents based on 
unloaded pond conditions (not a function of pond temperature ) .  

( 2 )  The equilibrium temperature a nd heat transfer coefficients based on pond 
temperature (method used in present models ) .  

( 3) Rigorous formu1 a--each of heat transfer terms in Eq . ( 2- 3) is explicitly 
calculated with Brady wind function used . 

(4 ) Rigorous formula--same as case 3 but with Ryan wind function used . 

The results of this calculation are presented in Figure 2 . 4 .  Although all of 
the four formulas are in good agreement at light pond loadings , they deviate 
substantially at high loadings . The conservatism of the Brady wind function 
over the Ryan wind function is evident , as is the conservatism of the 
approximation formula over the rigorous formula . 
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Figure 2.4 Steady-State Surface Temperatures. 
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3. POND MODELS 

The hydrodynami cs of small cooling ponds typically used for ulti mate heat 
si nks can be extremely compli cated. Because of its lower density, heated 
water may stratify on the surface of the pond. In many cases, this strati­
fi cati on may be used to good advantage i n  order to segregate the heated upper 
water layer from the cooler underlying water. Thi s  m� be accomplished by 
design i ng and locating the i ntake from and discharges to the pond so as to 
mi ni mi ze mixing. Mixi ng of the waters in the pond because of improper design, 
or mixing induced by high wi nds wi ll tend to lower the efficiency of the pond 
by IIshort-circui tingllthe hot and cool layers. 

Mathematical models capable of accurately simulating thermal hydraulics of 
ponds are becoming' increasi ngly available (Refs. 5 and 6). The methods 
described 'here, however I i nvo 1 ve only very s i mp 1 e , ideal i zed pond model s.  
Complicated mathematical models are only as good as thei r data input and the 
ability of the modeler to describe the pond and i ts environment. It has not 
been found necessary to employ sophi sticated pond models to the meteorological 
screening procedure. 

Three of the si mple models wi ll be descri bed. 

( I )  The mixed-tank model assumes total mixi ng of all heated effluent through­
out the volume of the pond. 

(2 ) The strati fi ed-flow model assumes complete density strati fication with 
the heated effluent entering the surface layer and the cooled water being 
withdrawn from the bottom layer. 

(3) The plug-flow model assumes that the thermal effluent is di scharged to 
the pond and travels as a lip 1 ugll through the entire volume of the pond, 
all the whi le transferri ng heat to the atmosphere. 

Only the mi xed-tank model i s  used i n  the data scanning procedure. 

A well desi gned cooling pond will have hydraulic properties approaching those 
of the strati f i ed- or plug-flow models, which are most effici ent at dissipating 
heat (heated and cooled water do not mi x in these designs). The mi xed-tank 
model represents an i nefficient desi gn. Heated water enteri ng the pond will 
be completely and instantly mixed wi th the total pond inventory. Therefore, 
part of the heated water wi ll be recirculated before it has had the opportunity 
to be cooled; but part of the water wi ll stay in the pond for a long period of 
ti me. 

It i s  not necessarily true, however, that any of the three models would repre­
sent the prototype. In some cases, there could be condi tions in the prototype 
pond that would lead to less effi cient operation than predicted by any of the 
three models descri bed here. For example, "side arms" of irregularly shaped 
reservoi rs used for power plant cooling � be less efficie'nt at N!jecting heat 
than is the mai n  body of the reservoir because circulati on in these regions 
can be poor. Also, there exi sts the possibi lity that stratificati on m� cause 
short-ci rcui ting between the i ntake and di scharge which would tend to i solate 
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the cold water of the lower layer from the intake and thereby effectively reduce 
the thermal inertia of the pond , that is , its capacity to absorb initially high 
heat loads . For example , see the analysis in Jirka (Ref . 7 ) . 

These pond models do not explicitly simulate the complicated hydrodynamic features 
of ponds . If the possibility of factors that would reduce efficiency exist , 
arbitrary reductions of surface area and pond volume can be made to assure conser­
vatism. Furthermore , the relative simplicity of the models allows their 
incorporation into a pond temperature computer program "UHS3,1I to be described 
later , in which all three pond configurations are considered simultaneously. 

3 . 1 Mixed-Tank Model 

The mixed-tank model depicted in Figure 3 . 1  presumes t hat 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 . Heat transfer with the 
atmosphere occurs at the surface of the tank . This heat transfer is less 
efficient in the case of a completely mixed pond than in a pond where the hot 
and cool water do not mix . Atmospheric heat transfer is related to the pond 
surface temperature , which is diminished in the former case and preserved in 
the latter . 

PLANT H EAT 
ADD ITION 
• 

HRJ 

• 

H 

VO LUME V 
TEMPERATURE T 

SURFACE AREA A 

Figure 3.1 Mixed-Tank Model . 
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3.1.1 Heat Balance 

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

3.1.1.1 Heat Load Into Pond 

Heat in = HRJ Btu/hr 

3.1.1.2 Heat Out From Surface 

where 

H = AK (T-E) 
24 Btu/hr 

A = surface area of the pond, ft2. 
K = equilibrium heat transfer coefficient, Btu/(ft2 day)/oF 
T = mixed-pond temperature, of 
E = equilibrium temperature, of 

3.1.1.3 Heat Out in B10wdown or leakage Stream 

(3- 1) 

(3-2)  

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

where 

q = W C (T - T) = 0 
b b P 

W
b 

= f10wrate of the b10wdown or leakage stream 

p = density of water, 1b/ft3 

C
p 

= specific heat of water, Btu/lb/oF 

(3-3) 

Combining all heat inputs to and outputs from the pond, and using the 
relationship relating temperature to heat, the following is obtained: 

dT = 
HRJ _ AK 

dt C
p 

V 24 C
p 

V (T - E) 

where V is the pond volume. 

3.1.2 Mass Balance 

°F/hr (3-4 )  

The mass balance on the pond includes evaporative loss from the surface and 
the b10wdown or leakage. The terms of the mass balance are: 
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where 

B10wdown on leakage flow = W 

Evaporative loss from surface = We 

ft3/hr 

ft�'3/hr/ft2 

(3-5)  

slope of the vapor pressure-temperature curve , mm Hg/oF 

dew point temperature , of 

heat of vaporization of water , Btu/1b 

Combining all terms of the mass balance yields the expression: 

dV - peTS - TO) f*U ) A 
- = -W dt b 24 P Cp Hvap 

3.2 Stratified-Flow Model 

(3-6) 

In the stratified�f10w model (Figure 3.2) the assumption is made that the 
heated eff1 uent enters on the surface of the pond and cooled water is 
withdrawn from the bottom of the pond . Water does not mix vertically but 
simply moves from the surface layer to the bottom as a "plug . II Heat transfer 
occurs only from the surface layer . 

The pond is segmented into N horizontal slices of thickness � as shown in 
Figure 3.2. In the computer program subsequently described , N = 10 . The 
terms of the energy balance of segment n are: 

3.2.1 Heat Balance 

3.2.1.1 Heat Entering From Above 

where 

q = W P C T 
n-1 p n-1 

W = f10wrate through pond 

Btu/hr 

3.2.1.2 Heat Leaving From Segment by Advection 

Btu/hr 

3.2.1.3 Change in Heat Content During Time at 

Btu/hr 
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I 

PLUGn+1 � T n+1 I V = TOTA L VO LUME 
T N = NO. OF SE GM E N  TS 

TN % 
FlowW 

PLANT H EAT 
ADD IT ION • H RJ 

Figure 3.2 Stratified-Flow Model. 

Combining all terms yields the following expression for segment n: 

(3-10) 
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The heat balance of the uppermost segme nt inc 1 udes the atmospheri c heat 
transfer and the heat addition from the plant . The additional terms of this 
heat balance are: 

3 . 2 . 1 . 4  Heat Entering Segment 1 From Plant 

. 
qo = (W p Cp TN 

+ HRJ
) Btu/hr 

3.2.1.5 Heat Transferred to Atmosphere 

. KA H = 24 (T1 - E )  Btu/hr 

(3-11) 

(3-12) 

combining Eqs . (3-8), (3-9), (3-11), and (3-12) yields the expression for the 
first segment: 

3 . 2 . 2  Mass Balance 

HRJ 
- - KA (T1 - E )  + 24 

P Cp A III 
(3-13) 

No mass balance is formulated for the stratified-flow model , or the plug-flow 
model subsequently described . Instead , the mass balance performed on the 
mixed-tank model is used to correct the volume of the stratified- and 
plug-flow models . This approach is justified because the amount of heat 
leaving the pond surface is roughly the same regardless of the model chosen . 
Since 50% to 80% of atmospheric heat transfer is by latent heat (evaporation ) ,  
the consumptive water use predicted by each model is assumed to be about the 
same . 

3.3 Plug-Flow Model 

The plug-flow model depicted in Figure 3.3 assumes that the heated e ffluent 
enters the pond and travels hori zonta lly as a lip 1 ug" of water through the 
entire volume of the pond , excha nging heat to the atmosphere . Water in the 
plug does not mix horizontally , but the temperature in the plug is assumed to 
be uniform vertically . 

The pond is segmented into N vert i ca 1 s 1 ices of 1 ength ax as depi cted in 
Figure 3.3. In the computer program subsequently described , N = 10. The 
terms of the energy budget on segment n are: 

3.3.1 Heat Balance 

3.3.1.1 Heat Entering by Advection From Previous Segment 

Btu/hr (3-14) 
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Figure 3.3 Plug"Flow Model. 

3.3.1.2 Heat Leaving Segment by Advection 

Btu/hr 

3.3.1.3 Heat Transfer to Atmosphere From Segment 

• KA H = - (T - E) 24 N n Btu/hr , 

3.3.1.4 Change in Segment Heat Content During Time at 

Btu/hr 

t TN' W 
-. � 

N 

(3-15) 

(3-16) 

. (3-17) 

combining all terms yields the expression for the temperature of segment n: 

K (Tn - E )  

,24 p Cp ax 
°F/hr (3-18) 

The heat balance on the first segment includes the heat released from the 
plant and the recirculated heat from the pond. The additional term in this 
heat balance is: 
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3.3.1.5 Heat Entering From Plant 

(3-19) 

Combining Eqs. (3-15), (3-16), (3-17), and (3-19) yields the expression for 
the temperature of the first segment: 

(3-20) 
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4. DATA SCREENING METHODOLOGY 

In this section, a method is described with which long-term weather records can 
be screened to find the period in which the cooling pond temperature will be 
maximized. 

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 may be determi ned by the so 1 ut i on of the 
differential equation for the mixed-tank model, 

dT = AK (E _ T) + 
HRJ 

dt P C
p 

V P C
p 

V 
(4-1) 

For the purpose of developing the model, K, E, and V are temporarily assumed 
to be constant. Equation (4-1) will, therefore, be linear with respect to T, 
the fully mixed pond temperature. 

Since the equation is linear, it is possible to consfder that the pond . 
I 

�emperature is a sum of the unloaded pond temperature.T and an "excess" 
temperature o. 

I 

T = T + 0 (4-2) 

I 
But T would be determined by the solution of Eq. (4-1) without external 
loading: 

I 

dT = AK 
(T

' E) dt p C V 
-

P 
(4-3) 

Subtracting Eq. (4-3) from Eq. (4-1) gives the differential equation for 
excess temperature 

H 
dO _ AKO + RJ 
dt - p Cp V P C

p 
V 

(4-4) 

The determination of pond temperature has, therefore, been separated into two 
simpler probl ems, because now the ambient and excess pond temperatures can be 
determined independently of one another. The excess temperature 0 does not 
depend on the meteorological record, so it can be solved directly from 
Eq. (4-4) using the plant heat rejection rate. The pond ambient temperature 

I 
T does not depend on the heat rejection from the plant, so it can be 
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cal cu l ated from Eq .  (4-3) us i ng only  the l ong meteoro l og i cal reco,rd . The peak 
pond temperature can , therefore , be found by summi ng ( s uperi mpo s i ng) the peak 

I 

T and a: 

I 

(T)peak 
= (T )peak + apeak (4-5) 

Unfortunate l y ,  the basic premi se that Eq . (4- 1 )  is l i near i s  i ncorrect.  Both 
K and E are functi ons of  T .  In addi t i on ,  the pond vol ume V wi 11 change as 
water on the pond i s  l ost by seepage and evaporat i o n .  ( Makeup water i s  a s s umed 
to be unava i l ab l e  duri ng the ope ration  of the pond . ) The thermal hydrauli cs 
of the pond and , therefore , how it responds to heat i nput , wi l l  depend on how 
and when heat i s  rejected to the pond . If the pond can be represented by the 

I 

comp l ete ly  mi xed mode l , the superpos i t i on of T and a may overesti mate the peak  
pond temperature for very h i gh l oadi ngs . 

The uti l i ty of  the methods j ust descri bed i s  to i denti fy the timi ng of maxi m um 
I 

ambi ent pond temperature T and maxi mum exce's s temperature a so that more 
accurate computati ons can be made i n  wh i ch the pond temperature T can be  deter­
m i ned di rectl y .  A more soph i sti cated mode l of the pond may i n  fact be des i rable 
for the actual pond temperature cal cul ati ons rather than the s i mp l er models 
emp l oyed to screen the meteorol ogi cal data . The i n i ti al  temperature and s ta rt i ng 
time for th i s  computati on i s  determi ned from the screen i ng procedure . Si nce 
the heat trans fer  re l ati onshi ps are non l i near wi th respect to pond tempe rature , 
and s i nce the mode l ulti mate l y  used for temperature cal cu l at i ons may be  d i f­
ferent from those used i n  the screen i ng ,  there are no fi rm guarantees that the 
opti ma l  starti ng t ime for peak  temperature wi l l  necessari l y  be found.  Mos t  
l i ke l y ,  the opti mal  starti ng ti me wi l l  fa l l wi th i n hours of that determ i ned by 
the screeni ng procedure . A seri es of  sens i ti v i ty runs spaced several  hours 
apart , starti ng both before and after the start i ng t i me i ndi cated by the 
screen i ng procedure wi l l  as sure that the peak pond temperature has i ndeed been 
found. 

4 . 1 Meteoro l ogi cal I nputs to Sc reen ing Mode l 

The screen i ng model devel oped i n  Secti on 4 requ i red two types of data: 
( 1) weather data (dry bu l b temperature , dew poi nt" wi ndspeed , and cloud cover )  
whi ch may be obtai ned from Nati onal Weather Serv i ce records, and (2) rates of 
net so l ar rad i ati on whi ch do not exi st for l ong peri ods of record . A method 
for synthes i z i ng so l ar rad i at i o n  us i ng c l oud cover data has been developed . 
Nati onal Weather Serv i ce tapes of Tape Data Fami l y- 14 (TDF- 14) are used by the  
mode l as  a source of  temperature and wi ndspeed data and  the  c l oud cover obser­
vati ons . These tapes are avai l ab l e  for maj or observati on po i nts throughout 
the Un i ted States . 

The so l ar rad i at i on te rm for the heat exchange re l at i on  must be e i ther taken 
from di rect measurements or esti mated . The model estimates hourly sol ar  radi a­
ti on rates i n  a three-step process . F i rst , g i ven the l at i tude of the pond and 
the time of year , the maxi mum s o l ar radi ati on avai l ab l e to the pond for the 
day under cond i ti ons i s  esti mated . Second , th i s  gross  fi gure i s  fi tted to a 
s i nuso i da l  funct i .on  to fi nd the rate of  i nso l ati on for each hour 
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of dayl i ght . F i na l ly , these hourly rates are modi fi ed to take i nto account 
the effect of c l oud cover .  

A s ubrouti ne based  on the work of R .  W.  Hamon ( Ref . 8) i s  used to esti mate the 
maxi mum dai l y  s o l ar radi ation .  Th i s  total dai ly  rad i ati on fi gure i s  fi tted to 
a s i nusoi dal functi on as shown i n  F i gure 4 . 1 .  The hourly vari ati on of 
radi ati on i s  

where 

and 

. 
H

S ( tO ) 

a = 
1 
w 

_ 1t  W - 12 

AO 
= 

to = 
tl = 

= 

s i n  

2t1 [acos (wtO ) - acos (wt1 ) ]  Btu/(ft2 day) 

AO 

(wt1 ) - tl cos (wt1 ) 

hr 

one-hal f the dai ly i nsol ati on  

ti me of observati on before or after mi dday , hr  

hal f-l ength the ti me of dayl i ght , hr  

(4-6 )  

(4-7)  

(4-8 )  

So l ar radi at i o n  u l t i mate ly reachi ng the earth 1 s  surface i s  great ly  affected by 
atmospheri c condi ti ons , espec i a l ly  by c l oud cover .  The amount of c l oud cove r 
i n  tenths of the total s ky obscured i s  avai l ab l e from the data tapes .  Th i s  
i nformati on i s  used i n  a re l ati ons h i p  deve l oped by Wunderl i ch ( Ref . 9 )  to 
modi fy the i nso l ation  rates : 

. . 
HSN 

= HS ( l - 0 . 65 C2 )0 . 94 Btu/( ft2 day) (4- 9) 

In wh i ch : 

H
SN = 
H

S = 
c = 

0 . 94 = 

net sol ar rad i ati on Btu/ ( ft2 day)  

gross  rate of so l ar radi ati on  Btu/ ( ft2 day) 

c l oud cover i n  tenths 

factor that adj usts for the average 6% refl ecti on 
from the water surface 
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Figure 4.1 I nsolation as a Function of Time. 
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5 .  APPLICABILITY OF WEATHER RECORD 

Long-term meteorol ogi cal  records at the s i te i tsel f are not u s ual ly  avai l ab l e .  
Current NRC practi ce requ i res on ly  l imi ted o ns i te data co l l ecti on . 
Meteoro 1 og1 ca 1 data co l l ected ons i te may be i nadequate for coo l i ng pond 
analys i s  becaus e  measurements of so l ar radi at i o n  and c l oud cover are not 
requi red by current regul ati ons or gui del i nes . 

I n  the absence o f  l ong-term ons i te data , the meteorol ogi cal data for analyzi ng 
UHS performance must be obtai ned from offs i te weather stat i ons ( such as 
ai rports ) for wh i ch l ong- term records , i nc l udi ng so l ar radi ati on  or c l oud 
cove r ,  are avai l ab l e .  Addi ti onal l y ,  the s i te and offs i te data may di spl ay 
s i gni  fi  cant di ffe rences because of orographi  c effects� Because l ong-term 
records are abs o l ute l y  necessary ,  some method to ens ure app l i cab i l i ty of the 
offs i te data i s  requi red . 

To deve l op the method , several assumptions  are requi red :  

(1) A representati ve norm o f  the true pond temperature w i  1 1  b e  the 
equ i l i bri um temperature E ,  whi ch can be cal cu l ated from the monthly mean 
val ues of the meteoro l ogi cal vari ab l es ,  and 

(2) The response of the pond hydrodynamics  wi l l  be fast compared to 
meteorol ogi cal  changes . 

The va l i d i ty of the assumpti ons wi l l  be s ubsequently  s hown by way of an 
i l l ustrati ve examp l e .  

The as s umpti ons greatl y  s i mp l i fy the analys i s  o f  the prob l em and a l l ow a 
mean i ngful quanti tati ve apprai sal of the Oi'lsi te and offs i te data wi thout a 
dynami c anal ys i s  of the pond i tsel f .  

• 

The pri nc i pal  too l i n  the ' methodol ogy i s  the equ i l i bri um temperature 
ca l cu l ated by the tran s i ent mixed-pond model (UHS3 ) us i ng monthly average 
data . _The equ i l i bri um temperatures are determi ned us i ng ofts i te data [ that 
i s ,  E (x)offs i te ] and aga i n usi ng ons i te data [that i s ,  E(x)o ns i te] .  Of 

course , the data cover the same peri od . * The d i fference , 

AT = E (x)offs i te 
- E (x)ons i te ' 

i s  u l ti mate l y  added to the peak temperature Tmax cal cu l ated by the UHS3 mode l 

to refl ect the b i as i nduced by us i ng the avai l ab l e l ong-term offs i te data 
verses th� ons i te data . 

The AT thus calcul ated represents the total b i as i nduced by the di fferent data 
sets . It may be of i nterest to know the re l ati ve effects of each 
meteorol ogi cal parameter on the AT . 

*The i mportant di fferences are l ong term. * We as s ume that by us i ng monthly 
( 30- day) averages , the

' 
effects of s hort- term , l ocal vari ati ons  have been 

adequate ly i nc l uded wi thout havi ng to deal analyti cal l y  wi th s uch phenomena 
as thunderstorms . 
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The di ffe rence of the pond temperature AE ,  i n  response to d i  fference i n  
meteoro 1 ogi ca 1 data ons i te and offs i te , can be determi ned by cons i deri ng 
the parti al . di fferenti al s of E wi th respect to the i ndependent var i ab l es TO ' 
TA , U ,  and HSN : 

(5-1) 

I f  the d i fferences between offs i te and ons i te parameters are smal l ,  the 
di fference AE can be approxi mated by the s um of the i ndi v i dual di fferences due 
to changes i n  a s i ngl e meteorol ogi cal parameter ,  ho l di ng the others constant : 

II. E  II. E  + A E  + II. E  . + II. E  
� � � TA , U , H � T U H � T T H � T T U SN 0 '  , SN A ' 0 '  SN A ' 0 '  

(5-2 ) 

The s um of the four terms on the ri ght-hand s i de of Eq . (5-2) wi l l  probably 
not add up to the AE predi cted d i rectly  from the cal cu l ati on of E l and E2 
because of non l i neari ti es . The breakdown i nto i nd i v i dual components s hou l d be 
l arge ly  i ndi cat i ve of the true d i fferences between the data sets , 'however .  

A bri ef computer program , COMET (COmpare METeorol ogy) , has been wri tten wh i ch 
eval uates the di fferences i n  steady state temperatures between two data sets 
and the i r sens i ti v i ty to d ifferences i n  the averages of dew po i nt ,  ai r 
temperature , wi ndspeed , and so l ar radi at i on between the two sets of data . 
Th i s  program a l so cal cu l ates the correct i o n  factor , i n  cub i c  feet of water ,  
for the d ifferences i n  evaporati on between two s i tes based o n  the 30-day 
average meteoro l ogy.  Res u l tant steady state temperatures and  water l os s  rates 
between the two data sets are corre l ated . The standard errors a and 
coeff i c i ents of determi nati on r2 are cal cul ated for temperature and 
evaporati on . . 

The use of the correcti on factors from program COMET al l ev i ates the amb i gu i ty 
of l ocat i o n  of the weather stati on  i nstruments at e i ther s i te .  The 
conservati sm of usi ng the di fference i n  equi l i bri um temperatures E (x) from 
month ly average data ' to correct for peak temperature at the s i te can be 
demonstr�ted by example . Cons i der that the " esti mated" correcti on factor 
AT 1 = E(x) offs i te - E(x)  ons i te is to be added to the peak temperature 

cal cu l ated by the UHS3 mode l of pond performance . A 40-day conti nuous record 
of meteoro l ogi cal data at Harri sburg , Pennsyl vani a ,  was used as the data base 
for the offs i te l ocat i o n .  To represent the ons i te data base , the same 40-day 
record was used , but a b i as was added to each of the val ues of TA , TO ' HS ' and 

U ,  one parameter at a t i me .  Peak thermal ly  l oaded pond temperatures were then 
cal cul ated for the ons i te data base wi th no b i as , and reca l cu l ated wi th a b i as 
on each meteorl ogi cal parameter .  The " true" correcti on factor i s  observed 
from th i s  cal cul ati on as the di fference i n  the peak temperature of the b i ased 
and unb i ased case .  / 

The true correcti on factor for peak temperature us i ng the m i xed-tank  mode l 
were compared wi th the d i fferences i n  equi l i bri um temperature based on a 
40-day average of the meteoro l ogi cal  parameters ( estimated correct i on  factor) . 
The res u l ts of th i s  compari son are presented i n  Tab l e 5. 1 .  The tab l e shows 
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Tab l e  5. 1 Esti mated Correcti on Factor wE(x) Compared to Actual Transi ent 
Model Response ATmaxlII (True Correcti on Factors ) 

Bi as on meteorol ogi cal  termslle 
+ 

AH ,
++ 

AU ,
+++ ATA , 111111111 ATO ' 

of o f  Bt�/ft2 hr mph 

0 0 0 0 
10 0 0 0 

0 10 0 0 
0 0 1000 0 
0 0 0 5 

III 

EcX) 

74 . 93 
77 . 44 
80 . 89 
82 . 00 
72 . 49 

aE (x)  lil lie  
( estimated 

correcti on  
factor) 
from 
Eq . ( 5"2 ) 

0 
2 . 51 
5 . 96 
7 . 07 

-2. 45 

ATmax 
true 
correcti on 
factors ) 
from 
program 

Tmax UHS3 

104. 36 0 
106 . 01 1 . 65 
109 . 14 5 . 03 
110 . 14 5 . 78 

97 . 6  - 6 . 76 

ATmax i s  based on actual peak temperature wi th examp l e  heat l oad i n  examp l e  

pond usi ng mi xed-tank model . 
lillie _ 

lIeIllIll
AE(X) i s  based on 40-day average of TA , TO ' H

S
' and rms U .  

ATA = b i as added to each hourly val ue of dry bul b  temperature TA . 
+ 

ATO = bi as added to each hourly val ue of dew poi nt temperature TO ' 
++- .  • • AHS = b1 as added to each hourly val ue of sol ar radi ati on  HS ' 

+++AU = b i as added to each hourly val ue of wi ndspeed U .  

that , a s  expected ,  the esti mated correcti on factors AE(x) were al ways l arger 
pos i t  i ve l y  than the actual i ncreases i n  pond temperature predi cted by the 
mi xed-tank transi ent model AT , (the "true" correcti on factor) and are , 
therefore , conservati ve . max 

Tab l e  5 . 1 prov i des , i n  part , an i ndi cati on of the �i as i nduced by an arbi trary 
vari ati on of each parameter.  The vari ati ons [AE(x) ] i ndi cate that , wi th the 
excepti on of solar radi ati on , HSIll the most i mportant factor i s  the dew poi nt . 

"Unfortunately , the rel ati ve magn i tude of the arbi trary vari ati ons ( i . e . , 
ATA of 10° F is wel l  wi thi n the range of  vari ati on potenti a l l y  expected 

between si tes : the vari ati on of AH
S 

by 1000 Btu/ft2 hr) i s  a major change . 
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6 .  DESCRI PTION O F  COMPUTER PROGRAMS AND THEI R  OPERATION 

6 . 1 I ntroduct i o n  

Three separate computer programs are descri bed wh i ch may be used for several 
facets of the cool i ng pond analys i s .  The p rograms re l y  o n  ' the procedures and 
methods descri bed i n  the previ ous secti ons . Al l programs are wri tten i n  CDC 
7600 FORTRAN IV. Mi nor modi fi cati ons may be necessary for other comp uter 
systems . 

(1 )  Program UHSPND i s  used to scan the weather record tapes to predi ct the 
1 i ke ly per i  ods of l owest cool i ng performance and hi ghest  evaporati ve 
l oss . 

( 2 )  Program COMET compares the l i mi ted quanti ty of ons i te meteoro l ogi cal  data 
wi th summari es of offs i te data provi ded by program UHSPND to determi ne i f  
there are s i gn i f i cant di fferences between the two wh i ch mi ght l ead to 
d i fferences i n  predi cted pond performance . 

( 3 )  Program UHS3 can be used to cal cu l ate the most pess i mi sti c coo l i ng pond 
temperature u s i ng i deal i zed pond hydraul i c mode l s and the abbrev i ated 
weather record furni s h�d from program UHSPND . These p rograms are 
descri bed i n  greater detai l i n  the fo l l owi ng sect i ons . 

6 . 2 Meteoro l ogi cal  Data Screeni ng Program UHSPND 

Program UHSPND can be used to scan l ong weather records to determi ne the 
peri od o f  l owes t  coo l i ng performance and hi ghest evaporat i on for smal l coo l i ng 
ponds i n  UHS serv i ce .  A s i mp l e  mi xed- tan k  hydraul i c  mode l and the Brady-Geyer 
heat transfer formul ae are emp l oyed i n  a runni ng s i mu l ati on for the e nti re 
l ength of the weather record . The ti me of maxi mum amb i ent pond temperature 
and the 30-day peri od gi v i ng maxi mum evaporati on are determi ned from the 
s i mu l at i o n .  

' 

6 . 2 . 1 Program Operati on 

The program fi rst reads and screens meteoro l ogi cal data from Nati onal Weather 
Serv i ce Tape Data Fami l y  14 (TDF- 14) magneti c  tapes . Hourly or three- hourly  
val ues of up  to  48 meteoro l ogi ca l  vari ab l es are ' s tored on  these  tapes i n  a 
compact al phanumeri c code . Subrouti ne SUB1 i nterprets the code and extracts 
the val ues of wi ndspeed , dry bu l b temperature , dew pOi nt temperature , c l oud 
cover , re l ati ve humidi ty ,  and atmospheri c pressure . As a computati onal  
expedi ent , on ly  the  months May through September are scanned , s i nce it  i s  
h i gh ly  un l i ke ly  that e i ther the peak temperature or  evaporat i on l os ses wo u l d 
occur i n  the other months . 

The stored data are chec ked for mi ss i ng or  i ncons i stent val ues .  I f  one or two 
consecuti ve observati ons of a meteoro l ogi cal parameter are mi s s i ng ,  they wi l l  
be repl aced by i nterpo l ated val ues . I f ,  however , more than two consecuti ve 
observati ons are mi s s i ng or i n  error , the enti re day of  data i s  s ki pped and an 
message to th i s effect i s  pri nted . 

' 
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The program synthes i zes so l ar radi ati on  needed for s ubsequent cal cul ati ons 
from the c l oud cover , date , and l ati tude , s i nce no di rect observati ons of 
sol ar rad i ati on  are contai ned i n  the TDF- 14 tapes . Th i s  procedure i s  
di scussed i n  Sect i on 4 .  Di rect observat i ons  of sol ar rad i ati on wou l d be most 
des i rab l e  i f  ava i l ab l e  from other source s , but no prov i s i ons  for the i r i nput 
are presently i ncorporated in  the program . 

. 

Subrouti ne SUB2 numer i cal ly  cal cul ates the amb i ent u n l oaded pond temperature 
and evaporati ve l oss  wi th the m i xed- tan k mode l and the Brady-Geyer heat 
trans fe r  re l ati ons h i ps us i ng the meteoro l ogi cal vari ab l es generated i n  
s ubrout i ne SUBl .  The yearl y  maxi mum pond  temperature and  yearly maxi mum 
30-day evaporati ve water l os s  are determ i ned a l ong wi th the i r dates of 
occurre nce . 

Subrout i ne SUBS stati st'i cal ly  treats the data base cons i sti ng of the annual 
maxi mum pond temperatures and maxi mum annual  30-day evaporati ons  for further 
manual ana lys i s .  

6 . 2 . 2 Program Outputs 

The program prov i des the fo l l owi ng i nformati on , dependi ng i n  some cases on the 
opti ons s e l ected : 

(1)  An i nformati ve message i s  pri nted i f  mi s s i ng or i ncons i stent data are 
encountered , so that it i s  c l ear that the record for that day has been 
s ki pped . 

(2)  A tab l e  of hourly val ues of  wi ndspeed , dry bu l b temperature , dew poi nt 
temperature , sol ar radi ati on , c l oud cover , and re l ati ve humi d i ty i s  
pri nted and/or punched for the 35 days p recedi ng the t i me of  maxi mum 
amb i ent temperature and the 5 days fo l l owi ng.  Thi s tab l e may 
s ubsequently  be used i n  a more ri gorous computati on of thermal ly l oaded 
pond temperature wi th program UHS3 ,  or  may be used wi th  some other 
dynami c temperature mode l . Al though on ly  the val ues of wi ndspeed , dry 
bu l b temperature , dew poi nt temperature and so l ar radi ati on  are used i n  
the UHSPND and UHS3 mode 1 s , other formu 1 at i ons of the heat trans fer 
re l ati onShi ps may requi re the c l oud cover and re l ati ve humi d i ty ,  s o  these  
are  al so outputted . 

( 3 )  The dates and quanti ty of evaporati o n  f o r  t h e  yearly worst 30-day amb i ent 
peri od i n  an un l oaded pond i s  outputted . The quanti ty of  ( un l oaded)  
evaporated water l oss  may be  added to  a conservati ve esti mate of exc e s s  
evaporati ve l oss  from added heat t o  determi ne total evaporati ve wate r 
l os s  di rectly , wi thout the need for an add i t i onal  computer p rogram as i s  
neces sary wi th the peak temperature cal cul ati ons . 

(4)  Monthl y  averages of meteoro l ogi cal  parameters for a l l spec i fi ed years of 
the record are pri nted for the purpose of compari ng offs i te data wi t h  
l i mi ted quanti ti es of ons i te data us i ng program COMET descri bed l ater .  

( 5 )  The maxi mum annual amb i ent pond temperature and 30-day evaporati o n  fo r 
al l years o n  the tape are pri nted , ran ked i n  order from h i ghest to l owes t  
magn i tude . Approxi mate probabi l i t i es are cal cul ated so that the ran ked 
outputs can be p l otted on an ari thmet i c-probab i l i ty scal e .  The mean , 
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s tandard dev i ati on , and s kew of the data are a l so pri nted . Further 
stati sti cal man i pu l ati on may be performed manual l y  us i ng the procedure s 
outl i ned i n  Appendi x A ,  Stat i sti cal Treatment of Output . 

6 . 2 . 3  Program I nputs 

The fol l owi ng i np ut data are necessary to run program UHSPND : 

( 1) Pond surface area , ft2 or acres . 

( 2 )  Pond vo l ume , ft3 . 

( 3 )  lati tude , oN . 

(4) A TDF-14 weather tape from a representati ve s tati on near the s i te .  

The TDF- 14 weather tapes can be obtai ned from the Nati onal C l i mati c Center , 
Federal Bui  1 di  ng , Ashevi 1 1  e ,  North Caro 1 j  na 28801 .  

Computer and peri pheral requi rements t o  run program UHSPND on t h e  Broo khav e n  
Nati onal laboratori es CDC 7600 computer are one magneti c  tape dr i ve , two di s k  
fi l es ,  and about 12 , 000 (dec i mal ) words . 

Spec i fi c  i nstructi ons for runn i ng the program app ly to the NRC vers i on on t h e  
Brookhaven computer .  Vers i ons of UHSPND for  use at  other centers can be  
expected to  d i ffer i n  the i r  use of tapes and job contro l cards . M i nor 
modi fi cati ons to the program may be necessary for computer  systems other than 
CDC . 

The data deck requi red to operate program UHSPND cons i sts o f  three types o f  
data cards ; the pond data card , the monthly average card , and the end card . 
The i nput data are read i n  NAMElIST form named INPUT . 

The fo l l owi ng tab l es exp l ai n  the meani ng of each var i ab l es  i n  the NAME lIST : 

6 . 2 . 3 . 1 Pond Data Card 

Thi s NAMElIST spec i fi es the pond parameters for the mi xed- tank mode l s and 
spec i fi es certai n pri nti ng opt i ons as s hown i n  Tab l e  6 . 1 .  

6 . 2 . 3 . 2 Month l y  Average Card 

Thi s NAME lIST speci fi es  the year and month to start computi ng month ly  
meteorol ogi cal s ummari es to  be used for compari son wi th ons i te meteoro l ogi cal  
data . 

6 . 2 . 3 . 3  End Card 

By spec i fyi ng N = 0 ,  the program termi nates . 

One set of output i s  generated from each pond data card or monthl y  average 
card . These cards are unre l ated and may be i nserted i n  any orde r .  
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Tabl e 6 . 1 Pond Data Card I nput Parameters 

Vari abl e Val ue Type and descri pti on 

N 

A 

V 

lAT 

1- 99 

> 0  

< 0  

> 0  

< 0  

2S-S0 

I nteger- -card number used to i denti fy the 
the card as a " pond data" card and to i dent i fy 
the res u l ts i n  the output 

Real , pond surface area i n  square feet 

Real , pond surface area i n  acres 

Real , pond vol ume i n  cub i c  feet 

Real , pond vol ume i n  acre- feet 

Real , l ati tude of pond i n  dec i mal  degrees 
north l ati tude 

I PRNT I nteger--pri nt opti on 

o 
1 

- 1  

Pri nts and punches hourly meteoro l ogi cal data 

Pri nted output on ly  

Punched output only  

If  a second pond data or month ly  average card i s  used , say to  test the 
sens i ti v i ty to a vari ati on i n  a pond parameter ,  on ly  the vari ab l e changed 
needs to be i nputted on the NAME l I ST card . 

6 . 2 . 4 Data I nput Examp l e  

Cons i der a pond wi th vo l ume l o S x 107 ft3 and 8 x 105 ft2 surface area at 
l ati tude 4SoN . Determi ne the h i ghest amb i ent temperature and evaporati on  
rate , and pri nt the worst case meteoro l ogy. Rerun the cal cu l at i on wi th hal f 
the vo l ume , determi ne the peri ods of  h i ghest temperature and evaporati on , and 
pri nt and punch the output for the worst temperature peri od.  F i nal l y ,  compute 
the monthl y  averages of the meteoro l ogi cal  data from June 1971 to the end o f  
the tape . 

The data i nput for thi s examp l e  wou l d  be : 

$ I NPUT N=1 ,  A=8 . 0ES , V=1 . SE7 , lAT=4S . 0 , PRINT=l$ 
$ I NPUJ N=2 ,  V=0 . 7SE7 , ISRCH=l ,  I PRINT=O$ 
$INPUT N=101 , YRMODY(1)=71 , YRMODY ( 2 )=6$ 
$ INPUT N=O$ 
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Tab l e  6 . 2 Monthly Average Card I nput Parameters 

Var i abl e 

N 

YRMODY(1)  

YRMODY( 2 )  

LAT 

6 . 3 Program COMET 

Val ue 

> 99 

5- 9 

25- 50 

Type and descri pt i on 

I nteger-- i denti f i ed th i s  card as a month l y  
average card . 

Real , the year of the begi nn i ng date fo r 
the computati on of month l y  averages o f  
meteorol ogi cal data 

Real , the month of the beg i nni ng date for 
the computati on of  monthl y  averages . 

Real , the l ati tude i n  dec i mal  degrees north 
i f  di fferent from that prev i ous l y  spec i f i ed .  

Program COMET (fQmpare METeoro l ogy) compares equ i l i bri um temperature and e v apora­
t i on rates computed from monthl y  average val ues of so l ar radi ati on , dew pO i n t  
temperature , dry bu l b temperature , and rms ( root mean s quare ) wi ndspeed for 
two data sets . I t  has been prev i ou s l y  demonstrated i n  Secti on  5 that equ i l i b ri um 
temperature computed from monthly average meteoro l ogi cal cond i ti ons can be a 
mean i ngful norm for the compari son of two data sets used to compute peak tempera­
tures . 

Program UHSPND computes the month l y  averages of  the meteoro l ogi cal parameters 
from the offs i te weather s tati on record provi ded on the Nati onal C l i mati c  Center 
tape . The other data set wou l d  be taken from l i mi ted ons i te measurements . 

I f  ons i te data are not compl ete ( for examp l e ,  i f  so l ar rad i ati on i s  not ava i l ab l e ) , 
the offs i te data can be s ubsti tuted for t,!le mi s s i ng parameters . The program 
cal cul ates the equi l i bri um temperature E (x)  and 30-day evaporati on  We(x)  for  

each data set , the  di fference in  cal cul ated val ues of  E ,  and  the  apparent d i f­
ferences i n  E due to di fferences between each of the meteoro l ogi cal parameters . 
Therefore , i f  one of the meteorol ogi cal parameters for the s i te i s  un known , 
the apparent d i  fferences due to only the other three parameters can sti l l  be 
determi ned . 

The output val ues of  ons i te and offs i te equi l i bri um temperature and evapo ra­
t i on rates are corre l ated for as many months as avai l ab l e  to determi ne i f  
there i s  a s i gn i fi cant di fference b�tween the l ocat i ons . The coeffi c i ent o f  
determi nati on r2 i s  computed for ' E (x)  ons i te and offs i te .  A coeffi c i ent o f  
determi nati on o f  0 . 9 woul d i ndi cate that 9 0%  of the vari ance i n  one data se t  
i s  accounted for by vari at i on o f  the other data set , and that 10% o f  the vari a­
ti on i s  unexp l ai ned . 
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The average equi l i bri um temperature d; fference and avetage evaporati on rate 
di fference between the two data sets are the b i ases E(x) and We(x) , respec· 

tively.  The bi ases may be used cauti ously as correcti on factors to the peak 
l oaded pond temperature and 30-day evaporati on l oss . The coeffi c i ent of 
determi nation r2 shoul d be hi gh.  Lower val ues may i ndi cate poor qual i ty data , 
real orographi c di fferences between s i tes , or a combi nati on of the two . Because 
the data bases are general l y  smal l and may be i ncompl ete , we suggest that the. 
bi ases be used on ly i n  the conservati ve sense ; that i s ,  i f  ons i te E(x)  or We(x) 
are greater than correspondi ng offs i te val ues , the di fference shoul d be added 
to the peak l oaded pond temperature or evaporati on as a correcti on. If the 
opposi te i s  the case , no correcti ons shoul d be made . 

6 . 3 . 1 Program I nputs 

Program COMET requires mo nth l y  averages of dry bu l b temperature , dew poi nt 
temperature , so l ar radi ati on and rms wi ndspeed for each s i te .  The fi rst card 
speci fi es the number of months of data I and i s  read i n  IS  format. The next 
I cards contai n  the fo l l owi ng i nformati on read i n  8F10 . 0  format : 

F i el d 

I 
2 
3 
4 
5 
6 
7 
8 

Vari ab l e  

TD1 
TAl 

W1 
HI 

TD2 
TA2 

W2 
H2 

Descri pti on 

Dew poi nt temperature , of , data set I 
Dry bul b temperature , of , data set 1 
Rms wi ndspeed , mph , data s et 1 
Sol ar radi ati on , Btu/( ft! day) , data set I 
Dew po i nt temperature , of , data set 2 
Dry bul b temperature , of , data set 2 
Rms wi nd speed , mph ,  data set 2 
Sol ar radi ati on , Btu/( ft2 day)  data set 2 

If  dew poi nt temperature i s  not avai l ab l e  di rectl y ,  i t  can be synthes ized from 
dry bul b temperature , wet bul b  temperature , and atmospheri c pressure us i ng a 
psychrometri c chart , or subrouti ne PSYI descri bed i n  Appendi x B .  

6 . 4 Program UHS3 

Program UHS3 cal cul ates the temperature i n  the u l t imate heat s i nk pond under 
the combi ned i nfl uence of the meteorol ogy and the external p l ant heat l oad . 
Hourly meteoro l ogi cal  data are provi ded on cards from program UHSPND .  

34 



The pond i s  represented by three s i mp l i fi ed hydraul i c mode l s s i mul taneous l y :  
the mi xed- tan k mode l a s  used i n  the screeni ng ' program UHSPNO , the strati fi ed­
fl ow mode l , and the p l ug- fl ow mode l . Heat transfer re l ati onshi ps are based on 
the Brady-Geyer method as i n  program UHSPNO . 

The pond outl et temperatures and vol ume for al l three mode l s are pri nted 
s i mu l taneous l y .  Max i mum temperature for each pond mode l is determi ned and the 
t i me of occurrence of the maxi mum i s  pri nted . 

6 . 4 . 1 Program I nput 

Necessary i nput data for thi s program i nc l ude a ti tl e card , the external heat 
i nput , meteoro l og i cal cond i t i ons , vol ume and s urface area , makeup , b l owdown , 
l eakage , and c i rc u l at i o n  fl owrate of the pond : 

( 1 )  The f i rst card of the data dec k i s  a ti tl e card . I nfo rmati on entered on 
thi s card wi 1 1  be  pri  nted at  the  beginni  ng  of the  program output . If no 
i nformati on i s  to be pri nted out , thi s card s hou l d  be l eft b l ank .  

( 2 )  Meteorol ogi cal  data are general ly  prov i ded di rectly from program UHSPND . 
The fi rst card i n  the meteorol ogi cal dec k spec i fi es  the number of t i me 
peri ods i n  the tab l e  ( us ual ly  960)  and i s  read i n  I S  format . The 
s ubsequent cards are read two t i me peri ods ( us ual ly  1 hour each)  per card 
as i l l ustrated i n  Tabl e 6 . 3 .  

I f  constant meteoro l ogi cal condi ti ons are spec i fi ed , on ly  the fi rst 
val ues of W, TA , TO , and HSN need to be i nputted . 

( 3 )  The heat and fl owrate tab l e  i s  i nputted next . The p l ant heat rejecti o n  
and UHS fl owrate duri ng the des i gn acc i dent s hou l d be p l otted on a 
semi l og p l ot ,  wi th heat and fl owrate on the l i near sca l e and t i me on the 
l ogari thm i c scal e .  A tab l e  of heat and f l owrate t o  t h e  pond versus ti me 
s hou l d then be created from a strai ght l i ne approx i mati on  of the graph . 
Thi s procedure must be fol l owed because a l og- l i near i nterpol ati on  of  the 
heat and fl owrate tab l e i s  used i n  the program . P l ant heat i s  often 
provi ded i n  thi s graph i c  form di rectly .  

Heat and fl owrate are i nputted i n  a NAME LIST format named HFT . For 
examp l e ,  a typ i cal  heat l oad and fl owrate t�b l e wou l d  be : 

$HFT HEAT( I) = 0 . 0 ,  I . OES , I. 6ES , I . OES , 4 . 9E8 ; 5 . 6E8 , 6 . 9E8 , 5 . IE8 , 
I . 4E8 , 0 . 8ES , 0 . 5E8 , F LOW( I)  = 40 , 50 , 8*60 , TH(I)  = 0 . 001 , 0 . 025 , 0 . 04 ,  
0 . 08 ,  6 ,  50 , 600 , 1000 , NH = 9$ 

where 

HEAT = array of p l ant heat i nput , Btu/hr 

FLOW = array of fl ow i nputs , ft3/hr 

TH = array of  correspondi ng t i mes ( re l at i ve to the start of the 
acc i dent )  for the HEAT and F LOW arrays 

NH = number of  entri e s  i n  the tab l e .  
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Fi el d 

1 
2 

3 

4 
5 

6 

7 

8 
9 

10 

11 

12 

13 

Tabl e 6 . 3 Meteoro l ogi cal I nput for Program UHS3 
Format [13 , 2(3F5 . 1 ,  F6 . 1 ,  F4 . 0 ) ]  

Vari abl e  Descri pti on 

ISEQ Sequence number-not used 

W( ! )  Wi ndspeed , mph 

TA( ! )  Dry bul b temperature , of  
TOO )  Dew poi nt temperature , o f 
HSO ) So l ar radi ation , Btu/( ft2 day) 

CC C l oud cover-- not used i n  thi s program 
but punched from UHSPND 

RH Rel ati ve humi di ty-- not used i n  thi s 
program , but punched from UHSPND 

W( I+1) Wi ndspeed-- second set on card 

TA( I+1) Dry bul b temperature , of 
TOO+1) Dew poi nt temperature , o f  
HSO+1) Sol ar radi ati on 

CC Cl oud cover 

RH Re l ati ve humi di ty 

It shoul d be noted that the start of the heat and fl owrate tabl e does not 
necessari ly  have to correspond to the s�art of the meteoro l ogi cal i nput 
tab l e .  The time for the start of the heat and f1 0wrate tab l e is del ayed 
by a vari abl e  TSKI P (HR) , descri bed be l ow .  

(4) Pond parameters and constants are read next i n  a NAMELIST format cal l ed 
INLIST .  The vari abl es i n  INLIST are descri bed i n  Tab l e 6 . 4. 

6 . 4 . 2 Uti l i zati on of Program UHS3 

Program UHS3 i s  usual l y  emp l oyed to determi ne maxi mum pond temperature i n  the 
fol l owi ng manner: 

(1) Two i ni ti al pond s i mu l ati ons shou l d be performed ( i n  the same run ) : 

(a) The fi rst run s i mU l ates the pond ambi ent temperature res u l ti ng o n l y  
from meteorol ogi cal i nputs wi thout the external heat l oad . Thi s i s  
most eas i l y  done by setti ng TSKIP to a l arge n umber of hours i n  
INLIST ( for exampl e ,  TSKI P=5000 ) .  The peak amb i ent pond temperature 
and ti me of occurrence general ly  wi 1 1  not be the same as those  
predi cted from UHSPND . 

36 



Vari ab l e  

VZERO 

BLOW 

A 

NSTEPS 

NPRINT 

DT 

TZERO 

TSKI P 

QBASE 

FBASE 

E 

AK1 

IMET 

BTA 

BTD 

BHS 

BW 

HEAT 
F LOW 
NH 

Tabl e 6 . 4 NAM E L I ST I N L I ST for Program UHS3 

Defau l t  
val ue 

0 . 0 
0 . 0 
0 . 0 
100 
10 

0 . 2 
80 
0 

0 

0 

80 

150 

0 
0 

0 

0 

0 

Same as 
spec i fi ed 
i nput i n  
NAME LI ST 
HFT 

Descri pti o n  

P o n d  v o l umes , ft3- - i f  zero , te rm i nates program 

B l owdown f l ow out , ft3/hr 

Pond s urface area , ft2 

Number of ti mesteps to be performed 

Pri ntouts of pond tempe ratures every N P R I NT 
steps 

I ntegrati on ti mestep , hours 

I n i t i a l  pond tempe rature , of 

T i me after start of program that c o rresponds to 
start of heat and f l ow tab l e .  S h i fts thi s tab l e 
re l at i ve to meteoro l ogy tab l e wh i ch starts at 
t i me zero .  For ti me l es s  than TSKI P ,  
evaporat i on i s  s uppre s s ed s o  that the pond 
vol ume does not decreas e .  

B i as t o  b e  added t o  al l HEAT i n  heat- f l ow tab l e ,  
Btu/hr 

B i as to be added to a l l f l owrate i n  heat- f l ow 
tab l e ,  ft3/hr 

Constant equ i 1 i b r i  um temperature o f , i f  s o  
spec i f i ed by IMET=l 

Constant s urface heat exchange coeffi  c i  ent , 
Btu/ ( ft2 day ) / o F  i f  IMET=l 

Opti onal  constant E and AKI i f  I MET=l 

B i as to be added to a l l TA i n  tab l e  ( dry b u l b 
temperature ) ,  o f  

B i as t o  be added to a l l T O  i n  tab l e ( dew p o i n t  
temperature ) ,  o f  

B i as t o  be added t o  a l l HS ( s o l a r  rad i ati o n ) , 
Btu/( ft2 h r )  

B i as t o  be call ed to a l l W i n  Tab l e 6 . 3 
(wi ndspeed ) , mph 

Heat- f l ow tab l e  i f  d i fferent from that speci fi ed 
by p rev i ou s  i nput i n  NAM E L I ST HFT 

Note : Mu l t i p l e runs may be made by i nsert i ng severa l  I N L I ST cards i n  
s ucces s i on .  O n l y  the vari ab l es wh i ch are di fferent from the 
p rev i ous name l i st card read are change d .  The p rogram term i nates by 
setti ng VZERO=O . 
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( b )  The second s i mul ati on determi nes the peak pond temperature only froID 
the effects of external heat i nput. Thi s i s  done by resetti ng TSKI P 
to zero , and spec i fyi ng that E and AKl are constants i n  namel i st 
INlIST ( for examp l e ,  IMET=l , TSKI P=O , AK1=120 , E=85 , TZER0=85) .  The 
choi ce of AKl and E i s  somewhat arb i trary ,  but the i ni ti al pond 
temperatu re TZERO shoul d  a lways be set equal to E .  

(2)  A second r u n  i s  prepared so  that peak amb i ent pond temperature determi ned 
from the fi rst s i mu l ati on wi l l  coi nc i de wi th the peak excess temperature 
caused by p l ant i nput al one : 

(a)  By i nspecti on of the two previ ous s i mul ati ons , choose the model 
des i red ( for exampl e ,  mi xed tank) and the ti me of peak temperature 
for each.  

(b)  The approximate time to del ay the start of the heat i nput TSKI P i s  
then defi ned : 

TSKI P = ti me of peak ambi ent temperature mi nus t ime of peak exces s  
temperature .  

(d)  Because of non1 i neari ti es  i n  the pond mode1 s , · the peak temperature 
wi l l  not necessari l y  conc i de wi th that of the di rect l i near 
superpos i ti on , and the time to the peak m� be s h i fted . Several 
s i mul ati ons m� be made wi thi n the same run , varyi ng the parameters 
TSKI P by several  hours to assure that the peak temperature has been 
found , al though i n  general the di fferences shou l d  be mi nor .  

A n  examp l e  run of  al l programs from start t o  ·fi n i s h  wi l l  b e  covered i n  the 
next secti on .  
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7 .  SAMPLE CALCULATIONS 

Thi s  secti on descri bes the analys i s of a hypotheti cal UHS cool i ng pond and 
shows how the computer programs and methods presented i n  thi s paper can be 
used wi th hi stori cal weather records to determi ne the des i gn bas i s  return 
temperature and worst-case 30-day evaporati ve water l oss for a gi ven pond . 

The fol l owi ng i nformat i on i s  needed for computer programs UHSPND, COMET, and 
UHS3 i n  order to perform these analyse s .  

(1)  For UHSPND : 

(a)  Pond area and vol ume. 

(b )  Lati tude of the pond . 

(c )  A Nati onal Weather Serv i ce data tape (TDF- 14) for an observat i o n  
poi nt near the pond s i te .  

(d)  Date of the begi nni ng of ons i te data co l l ecti on . 

(2) For COMET: 

(a)  Monthly  averages for the months of May through September of onsi te 
observati ons of dai l y  i nsol ati on , dry bul b temperature , dew poi nt 
temperature ; and the monthl y  rms wi ndspeed . If ons i te i nsol ati on i s  
not avai l ab l e ,  the offs i te i nsol ati on term generated by UHSPND can 
be used i n  i ts p l ace as l ong as thi s fact i s  acknowl edged in the 
analys i s  of the resul ts .  

(b)  Monthl y  averages as descri bed above from the l ong-term (offs i te )  
weather record for the peri od that corresponds to the peri od 0-( 
ons i te meteoro l ogi cal observati ons . Thi s i nformati on can be 
obtai ned from UHSPND by usi ng a month ly  average card i n  the data 
deck. 

( 3 )  For UHS3 : 

(a)  The punched output from UHSPND cons i sti ng of the meteoro l ogi cal 
parameters for the 40-day peri od that encompasses peak amb i ent pond 
temperature . 

( b )  A heat-fl owrate tab l e descri bi ng the heat rejected by the pl ant and 
the fl owrate through the pond duri ng the peri od of time fol l owi ng a 
des i gn bas f s acei dent. . . 

( c)  Pond i ni ti a l  vol ume and surface area. 

(d) Bl owdown and seepage rates for the pond . 
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7.1 F i ndi ng the Peri od of Worst-Case Cool i ng Performance and 30-Day 
Evaporati ve Water Loss--Program UHSPND 

The fi rst step i n  the analys i s i s  to use UHSPND to fi nd the peri ods of  
recorded weather data that wi l l  resu l t i n  the worst-case cool i ng performance 
(that i s ,  hi ghest pond temperature) and h i ghest 30-day evaporati ve water l os s .  
UHSPND can a l so b e  used at thi s poi nt to generate the monthl y  averages of the 
meteorol ogi c parameters needed to run program COMET. 

A hypotheti cal pond l ocated at 4O . 25°N and havi ng a surface area of 40 acres 
(1 , 742 , 400 ft2 ) and a vo l ume of 320 acre"' feet (13 , 939 , 200 ft3 ) i s  used i n  thi s 
sampl e analys i s .  The l ong-term ( 1948-75)  weather record from Harri sburg ,  
Pennsyl van i a ,  i s  used . li mi ted ons i te data from a faci l i ty l ocated o n  the 
Susquehanna Ri ver are used as the ons i te record for the hypothet i ca 1 pond. 

The data dec k  for UH$PND has been constructed as descri bed i n  Secti on  6.  The 
peri od of ons i te data avai l abl e at the ti me of thi s study was January 1 ,  1973 , 
to December 31 , 1976. Si nce UHSPND only  scans the weather record duri ng the 
months of May through September ,  the fi rst month of the l ong-term record for 
whi ch ons i te data are avai l ab l e  i s  May 1973.  Enteri ng th i s  month and year o n  
a monthly  average card i n  the UHSPND data deck causes the program to pri nt the 
monthl y  averages necessary to run COMET for each s ummer month , begi nni ng wi th 
May 1973 , unt i 1  the end of the l ong-term weather record i s  reached . . 
F i gure 7 . 1 shows the data deck for UHSPND used for thi s examp l e .  

The fol l owi ng i nformati on i s  pri nted by UHSPND a s  a : resu1 t o f  the data 
s uppl i ed i n  the data deck:  

(1)  A l i st of the dates i gnored by UHSPND due to peri ods of bad data i n  the 
l ong- term record . 

(2)  A l i st of the pond parameters used by UHSPND to run i ts pond mode l . 

(3)  A tab l e of the yearly maxi mum model ed pond temperatures and 30-day 
evaporat i ve l osses , thei r dates of occurrence and thei r li p 1 ott i ng 
pos i ti ons . I I  Both the temperatures and evaporati ve l osses have been 
ranked from h i ghest to l owest magni tude and the i r sampl e means , standard 
devi ati ons , and s kews hav e  been cal cul ated. 

(4) The dai ly  meteoro l ogi cal data cons i sti ng of hourly  observati ons for each 
day i n  the peri od of the 35 days endi ng wi th the date of the hi ghest 
mOdel ed pond temperature and 5 days fo l l owi ng i t . Thi s i nformati o n  i s  
al so punched on cards as a resu l t of us i ng I PRNT=O and a message 
i ndi cati ng the number of the cards punched fo l l ows the pri nted o utput.  
No pri nted or punched output i s  prov i ded for the days s ki pped becaus e  of 
bad data . 

( 5 )  A tabl e of the monthly rms wi ndspeeds and mean val ues of dry bu l b 
temperature , dewpoi nt temperature , dai ly sol ar radi ati on , c l oud cover i n  
tenths , and re l ati ve humi d ity for the months of May through September 
duri ng the peri od begi nni ng May 1973 and conti nui ng to the end of the 
l ong-term record i n  1975 .  
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S I N P U T N a t , A = 1 7 4 2 4 0 0 . , V = 1 3 9 3 9 2 0 0 .  , L A T . lt O . 2 S ,  I S R C H a t , I pICN-..--a-s­
S I NP U T  N _ 1 0 0 , Y R M O O Y ( 1 ) a 1 3 , Y R MO O Y ( 2 ) . 5 , L A T a 4 0 . 2 5 S  

S I NP U T  N a O S  

F igure 1 . 1  Listing of I nput for Program U l  TSN K. 

A part i a l  l i s t i n g  of t h e  output gen-era ted by UHSPND i n  t h i s e}<ampl e i s  pro ­
v i d ed i n  F i gure 7 , 2 ,  

7 . 2 Stati sti cal Treatment of UHSPND Output 

The stati sti cal methods of frequency analys i s  usi ng Pearson type I I I  coor­
di nates , outl i ned i n  Appendix  A ,  have been app l i ed to the sampl e of yearl y  
max i mum pond temperatures i n  order to gai n some i nsi ght i nto the trend i n  the 
data . The hi stogram i n  Fi gure 7 . 3 gi ves some i dea of the di stri buti on of the 
yearly maxi mum temperatures . A frequency p l ot of the yearl y maxi mum tempera­
ture data i s  presented i n  F i gure 7 . 4 .  Here the temperatures were fi rst 
p l otted on ari thmeti c-probabi l i ty paper us i ng the exceedence frequenci es 
(p l otti ng pos i ti ons ) computed by UHSPND . Next , the most l i kely probabi l i ty 
curve and the 5% and 95% error bands were constructed from the mean and 
standard dev i at i on computed by UHSPND and the methods and tabl es of 
Appendi x  A .  

Note that the s kew was taken to b e  zero because o f  the smal l s i ze o f  the 
samp l e .  The computed frequency curve can be used to extrapol ate the 1% per 
year amb i ent exceedance pond temperature from the UHSPND resul ts .  Thi s 
temperature i s  found to be 85 . 5° F .  S i nce thi s  i s  l ess than the maxi mum 
mode l ed temperature of 85. 7° F ,  no temperature correcti on factor wi l l  be u s ed 
i n  s ubsequent cal cul ati ons . Note , however , that the maxi mum fal ls wi thi n the 
5% and 95% confi dence l i mi ts and i s  not cons i dered anomal ous . 

These stati sti cal procedures can al so be app l i ed to the sampl e of yearly 
maxi mum 30- day evaporati ve l os s .  The predi cted l oss  is  992 , 000 ft3 • Agai n ,  
the model ed max i mum evaporati ve l os s  of 1 , 023 , 650 ft3 i s  l arger than the 1% 
per year exeedence l oss  found by extrapo l ati on and no correcti on wi l l  be made 
for thi s i n  s ubsequent evaporati on cal cu l ati ons . 

7 . 3 Determi n i ng the Appl i cabi l i ty of the Offs i te Data Set--Program COMET 

There i s  a potentia l  for error because of the use of an offs i te data record. 
The second step i n  the coo l i ng pond ana lys i s i s  to compare the offs i te record 
wi th the l i mi ted ons i te record and generate some reasonabl e correcti on factors 
i f  a s i gn i fi cant di fference exi sts between the two records . Program COMET i s  
used for thi s tas k .  

COMET compares equ i l i bri um te�peratures generated from the monthly  ari thmeti c 
mean val ues of dew poi nt , dry bul b temperatures , dai l y  sol ar radi ati on , and 
the root mean square ( rms ) wi ndspeeds from two di fferent s i tes . The rms wi nd­
speed i s  used as the representati ve average because  of the quadrati c functi on  of 
wi ndspeed i n  the mode l equati ons . Thi s i nformati on i s  i nput to COMET i n  the 
form descri bed i n  Secti on 6 ,  one month per data card . In thi s  case , a per i od 
of 15 spri ng and s ummer months , May 1973- September 1975 , was avail abl e  for 
study.  The offs i te i nformati on was i nput as set 1 and the ons i te i nformati on 
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u . s .  N UC L E A R R E G U L A T O �Y C O MM I S S I O N - U L T I M A T E  HE A T S I NK C O O L I N G P O N D  M E T E O R OL O G I C A L SC A N N I N G  M O D E L  
R C O D E l l  A N D W N U T T l E " N O V E M B E R  1 9 7 9  

* * * * * * * * * *  S U B R O U T I N E S U B t H A S  B E E N  C A L L E D  F O R L A T I T U D E  • 4 0 . 2 5 D E G . NOR T H  * * * * *  

D I S C O N T I N U I T Y  I N  D A T A  C A U S E D  6 / 1 1 / 7 1  T O  8 E  S K I P PE D 
D I S C O N T I N U I T Y  I N  D A T A  C A U S E D  9 / 2 5 / 7 1  T O  8 E  S K I P P E D  
O I S C O N T I N U I T Y  I N D A T A C A U S E O  5 1  5 / 7 2  T O  BE  S K I P P E D  
D I S C O N T I N U I T Y  I N D A T A C A U S E D  5 1  6 / 7 2  T O  8 E  S K I P P E D  
D I S C O N T I N U I T Y  I N  D A T A  C A U S E D  5 1  1 1 1 2  T O  S E  S K I P P E D  

D I S C O N T I N U I T Y  I N  D A T A C A U S E D  5 1  8 / 7 2  T O B E  S K I P P E D  
D I S C O N T I N U I T Y  I N  D A T A C A U S E D  8 1 7 / 7 2  T O  H E  S K I P P E D '  

D l sC O N T I N U I T Y I N  D A T A  C A U S E D  7 / 1 1 / 7 3  T O  S E  S K I P P E D  
D I S C O N T I N U I T Y  I N  D A T A C A U S E D  7 / 1 5 / 7 3  T O  B E  S K I P P E D  
D I S C O N T I N U I T Y  I N  D A T A  C A U S E D  7 / 1 & / 7 3 · T O H E  S � I P P E D 
D I S C O N T I N U I T Y  I N  D A T A  C A U S E D  7 / 1 7 / 7 3  T O  B E  S K I P P E D  

D I S C O N T I N U I T Y  I N  D A T A  C A U S E D  5 1  t / 7 5  T O  B E  S K I P P E D  

* * * * * * * * * *  P O N D  N U M B E R  1 H A S  T H E  F O L L O W I N G P A R A M E T E R S  * * * * * * * * * * * * * * * * * * * * * * * * *  

S U R F  A C E  A RI A 

V O L U M E  

I S R C H  = 

1 7 4 2 4 0 0 . 0 0  F T * * 2  ( 4 0 . 0 0 A C R E S )  

1 3 9 3 Q 2 0 0 . 0 0 F T * * ]  ( 3 2 0 . 0 0  A C R E - F T )  

I P R N T ;; 0 

* * * * * * * * * *  P O N D  N U M 8 E R  \ H A S  B E E N  M O D E L L E O  T O  O E T E R M I N E T H E  w O R S T  * * * * * * * * * * * * *  
P E R I O D S  F O � C O O L I N G A N D E V A P O R A T I V E W A T E R  L O S S  

Figure 7.2 Output From Program U HSPND. 



* * * * * * * * - * T HE S A M P L E  OF V E A RL Y M A X I MUM P O N D  T E MP E R A T UR E S  A ND 3 0 D A Y  * * * * * - * * * *  
E V A P OR A T I V E LOSSES  GENE R A T E D  B V  TH I S  M O D E L  IS D E SC R I B E D  BELOW • 

• • • • • • • • • •  T f MP E R A T UR E • • • • • •  � • • • • • • • • • • • • E V A ' OR A T I V E L OS 8 • • • • � • • • • 

* E X C E E D E D  D A T E  *E XCEEDE D D A TE * 
* / 1 0 0 V R * C D EG . F )  * C V R . MO . D V . ' * / l 0 0 Y R * F T u ]  * C Y R . MO . D Y . , *  
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

* 2 . 4 5 * 8 5 . 7 1  * 7 2 .  7 . 2 3 .  * ·l . 4 S .. 1 0 2 4 36 1 . 9 * & .. .  7 . 2 3 .  * 

* 5 . 9 7 * 8 3 . 5 0  .. 7 5 .  8 .  3 .  * 5 . 9 7 * 9 4 86 U . 5 * 6 3 .  1 . 1 0 .  * 
* 9 . 4 9 * 8 3 . 1 5  * 5 2 . 7 . 2 3 . - 9 . 4 9 * 9 0 4 3 7 1 . 5 * 5 5 . 8 .  9 . * 

• 1 3 . 0 1  * 8 2 . 1te! * 6 8 . 7 . 1 ' .  .. 1 3 . 0 t .. 8 8 1 364 . 3  * 5 1 . 7 . 2 7 . * 
* 1 " . '5 4 .. 8 2 . 0 0 * 4 9 . 7 . 3 0 .  * t " . 5 4 .. 8 7 0 3 3 1 . 8  * 7 4 .  7 . 2 2 . -
* 2 0 . 0 & * 8 t . 8 5  * 7 1 .  7 . 1 0 . * 2 0 ,. 0 6 - 8 7 0 U2 . 1 .- 7 1 . 7 . 2 8 .  -
- 2 3 . '5 8 - 8 1 . 2 9 * 5 7 . " . 1 8 .  - 2 3 . 5 8 - 8 6 4 5 9 1 . 4  * 5 4 . 8 . 1 l .  -

- 2 7 . 1 0  - 8 1 . 1 5 - " 4 . 7 . 2 0 . .. 2 7 . t O  • 8 5 5 1 4 2 . 4  - 6 1 . 7 . 1 2 .  -

- 3 0 . & 3 .. 8 0 . 9 8 - 6 3 .  7 .  l .  * 3 0 . ft 3 - 8 3 ,, 95 9 . 1 - 6 5 . 7 .  9 .  .. 
* 3 4 . 1 5  * 8 0 . 9 0 - 5 9 . 7 .  1 .  - 3 4 . 1 5 * 8 3 6 5 6 1 . 6  * 6 2 . 7 . l 7 . * 

* J 7  . & 7 * 8 0 . 8 4 - 7 0 .  8 .  l .  - 3 7  . 6 7 - 8 2 6 1 8 2 . 2  - S9 . 7 . 9 .  * 

- 4 1 . 1 9  - 8 0 . 4 6 * 7 1 . 7 .  1 .  * 4 1 . t 9  • 8 2 3 3 4 4 . 4  * 5 3 . 9 . 1 3 .  * 

• 4 4 . 7 2  * 8 0 . 4 4 * 6 1 . 7 . l 5 .  * IUI . 7 2 * 8 0 1 5 8 9 . 5  * 6 4 .  6 . 1 7 . * 
* 4 8 . 2 4  * 8 0 . 3 8  • 4 8 . 8 . 2 9 .  * 4 8 . 2 4  * 7 9 4 7 0 5 . 2 * 7 3 . 8 .  6 .  • 

� • 5 1 . 7 & * 8 0 . 3 0 * I;] • 7 . 2 1 .  * 5 1 . 7 ft * 7 8 3 7 l 0 . 5 * 6 8 . 7 . 3 1 . • 
w 

* 5 5 . 2 8 * 8 0 . l 5 * 5 5 .  7 . l 8 . * 5 5 . 2 8 * 7 8 2 40 5 . 7 * 7 0 . 8 . 3 1 . * 
* 5 8 . 8 1  * 8 0 .  1 2  * ft 5 .  8 . 1 8 • • 5 8 . 8 1 * 7 6 4 8 58 . 0  * 6 0 . 7 .  ft . * 

* 6 2 . 3 3 * 7 9 . 9 1  * 7 4 . 7 . 9 .  * ft 2 . 3 ] * 7 6 3 9 1 0 . 1  - 5 6 . 7 . 1 5 . -
* fl 5 . 8 S * 7 8 . 9 9 * 5 1 . 7 . 1 1 .  * 6 5 . 8 5 * 7 5 4 " 8 2 . 3  .. 7 l . 8 . l 1 . • 
* 6 9 .  J 7  • 7 8 . 6 8  • fl 6  • fI . 2 " . * fl 9 . 3 7 * 7 5 3 8 6 1  . 1  * 5l . 7 . l 9  • * 

* 7 2 . 9 0 - 1 8 . 4 2  - 6 1 . fI . 2 11 .  * 7 l . 9 0 - 1 4 1 1 1 1 . 9 " 7 5 .  8'. 1 9 .  * 

* 1 ft . 4 2  * 7 8 . l 3 * " 9 . 7 . 1 8 . * 7 6 . 4 2 * 7 ] 9 8 4 9 . fI - 5 1 . 8 .  3 . * 
- 7 9 . 9 4 _ 7 8 . 1 9 * 5 0 . 8 .  3 .  * 7 9 . 9 4 * 7 3 " 5 2 2 . 0 - 58 . 6 . 1 8 .  -
.. 8 3 . 4 & * 1 7  . 9 2 .. fl O . 9 • 1 . * 8 3 . 4 " * 7 3 5 0 3 0 . 0  - " 7 . 7 . 6 . -
- 86 . 9 9 - 7 7 . 8 8 * 5 8 . 7 .  8 .  * 8 " . 9 9 - 7 2 8 8 1 4 . 0  * " 9 .  " . 1 9 . * 

- 9 0 . 5 1  * 7 1 . 8 6 * 6 l . 7 . 8 .  * 9 0 . 5 1  - 7 U 3 2 0 . 1  * 4q . 6 . 2 3 . * 

* 9 4 . 0 3 * 7 1 . 0 8 * 5 4 . 7 . 3 1 .  * 9 4 . 0 3 * 6 9 1 2 4 4 . 7  * 5 0 .  7 .  3 .  * 

.. q 7 . '5 C; * 7 " . 98 - 5 ft . 1! . 1 8 .  • c H . 5 5 * " 7 1 6 0 5 . 5  * 4 8 . 7 . 2 9  • * 

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

ME A N  8 0 . 2 2 8 0 ] 9 1 3 . 5  

S U f\4 0 A R O  O E V .  2 . 0 8 9  8 0 2 q f> . 1 2  

S K E w  . 5 4 5  . 1 1 3  

Figure 7.2 (Continued). 
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• • • • • • • • • •  M E T E O R O L O G Y  F OR 6 / 1 � / 7 2 • • • • • •  * . *  •• * * * * * . * * * * * * * * * * * * * * * * * * * * * * * * * * *  

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 
H O U R' , W I N D S P . , D R Y B U L B  , D E W P O I N T , S OL A R  R A D  C L O U D  , R E L A T I V E , 

( M P H ) ( D E G . F l , ( D E G . F l  , B T U / F l U O ,  C O V E R  , H U M I D I T Y , 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

O .  1 . � 7 1 . 3 6 6 . 3  0 . 0 , 1 . 0 0  8 4 . 0 
1 . 0 . 0 7 1 . 0 6 6 . 0  0 . 0 ,  1 . 0 0  8 4 . 0 
2 .  1 . 5 7 1 . 0 6 6 . 0  0 . 0 ,  1 . 0 0  8 4 . 0 
3 .  3 . 1  , . 7 1 . 0 6 6 . 0  0 . 0 , 1 . 0 0 8 4 . 0  
4 .  4 . 6  7 1 . 0  6 6 . 0  0 . 0 , 1 . 0 0  8 4 . 0 , .  
5 . 5 . 0  7 1 . 3  6 6 . 7  1 3 4 . 6 , 1 . 0 0  8 5 . 0  
6 . 5 . 4  7 1 . 7 6 7 . 3  4 0 6 . 2 , 1 . 0 0  8 6 . 0  
7 .  5 . 8  7 2 . 0  6 8 . 0  6 7 7 . 8 ,  1 . 0 0 8 7 . 0  
8 .  5 . 8  7 3 . 7  6 8 . 0  � 3 1 . 0 , 1 . 0 0 8 2 . 7 
9 .  5 . 8  7 5 . 3  6 8 . 0 , ·  1 1 4 8 . 3 , 1 . 0 0 7 8 . 3  

1 0 .  5 . 8  7 7 . 0  6 8 . 0  1 3 1 5 . 1 , 1 . 0 0 7 4 . 0 

1 1 .  6 . 9  7 8 . 7 6 8 . 7  1 7 5 9 . 8 , . 9 3 7 1 . 7 
1 2 .  8 . 1  8 0 . 3  & 9 . 3  2 1 2 8 . 5 , . 8 7  6 9 . 3 , 
1 3 .  9 . 2 8 2 . 0 , 7 0 . 0  2 3 6 9 . 2 , . 8 0  6 7 . 0 
1 4 .  8 . 8  8 2 . 3  7 0 . 0  2 3 2 1 . 8 , . 7 7  6 � . 3 
1 5 .  8 . 4  8 2 . 7  7 0 . 0 2 1 3 4 . 0 , . 7 3  6 5 . 7  
1 6 .  8 . 1  8 3 . 0  7 0 . 0 1 8 1 2 . 7 , . 7 0 6 5 . 0  
1 7 .  8 . 1  8 2 . 0  6 9 . 7  1 2 5 9 . 7 , . 7 3  6 6 . 3  
1 8 .  8 . 1  8 1 . 0 6 9 . 3  7 1 7 . 2 , . 7 7  6 7 . 7 
l Q .  8 . 1  8 0 . 0  6 9 . 0 � 2 4 . 6 , . 8 0 6 Q . O 
2 0 . 8 . 1  7 8 . 0  6 7 . 3  0 . 0 , . 6 3 6 � . 7 
� l . 8 . 1  7 6 . 0  & 5 . 7 0 . 0 , . 4 7 7 0 . 3  
2 2 .  8 . 1  7 4 . 0  6 4 . 0  0 . 0 , . 3 0 7 1 . 0 
2 3 .  7 . 7  7 3 . 0  6 4 . 0  0 . 0 , . 2 0 7 3 . 7  

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

Figure 7.2 (Continued) .  



T .. Con 

* * * * * * * * * * M E T E O R O L OG Y  F O R  � / 2 0 / 7 2 * * * * * * * * * * * * * * * * * *  • •  * • • • * * * * * * * * * * * * * * * * * * *  • 

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  
H O U R  , W I N D S P . , D R Y B U L B  , D E W P O I N T , S OL A R  R A D  C L O U D  , RE L A T I VE , 

( MPH ) , ( DE S . F )  , ( D E S . F )  , 8 T U / F T 2 / D , C O V E R  , H U M I D I T Y , 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

O .  7 . 3  7 2 . 0  6 4 . 0  0 . 0 , . 1 0  7 6 . 3  
t .  6 . 9  7 1 . 0 6 4 . 0  0 . 0 , 0 . 0 0 7 9 . 0  
2 .  4 . 6  1 0 . 3  � 4 . 3  0 . 0 , . 2 7 8 1 . 7  
3 . 2 . 3  6 9 . 7 6 4 . 7  0 . 0 , . 5 3 8 4 . 3  
4 .  0 . 0  � 9 . 0  6 5 . 0  0 . 0 , . 8 0  8 7 . 0  
5 .  3 . 1  7 0 . 3 6 5 . 7  2 1 3 . 4 , . 8 3  8 5 . 3  
6 . � . I 7 1 . 7 6 6 . 3 5 9 5 . 8 , . 8 7 8 3 . 7 
7 .  9 . 2  7 3 . 0 6 7 � 0  9 1 8 . 4 , . 9 0 8 a . O  
8 .  9 . 2 ,  7 4 . 3 6 1 . 3  1 1 5 4 . 7 , . 9 3  7 9 . 3  
9 . 9 . 2  7 5 . 7 6 7 . 7  1 288 . 7 , . 9 7 7 6 . 7  

1 0 .  9 . 2 7 1 . 0  6 8 . 0  1 3 1 5 . 4 , 1 . 0 0  7 4 . 0  
1 1 .  1 0 . 0 7 8 . 0  6 7 . 3  1 4 2 0 . 2 , 1 . 0 0  7 0 . 0  
1 2 .  1 0 . 7 7 9 . 0  6 6 . 7 1 4 5 5 . ' , 1 . 0 0  � 6 . 0  
1 3 .  1 1 . 5 8 0 . 0  � 6 . 0  1 4 2 0 . 2 ,  1 . 0 0 � 2 . 0  
1 4 . 1 0 . 1  1 9 . 1  6 6 . 3  1 3 1 5 . 4 , 1 . 0 0  6 3 . 1  
1 5 .  1 0 . 0  7 9 . 3  6 6 . 1 1 1 4 8 . 8 , 1 . 0 0 6 5 . 3  
1 6 .  9 . 2  7 9 . 0  6 1 . 0  9 3 1 . 1 , 1 . 0 0  � 7 . 0 . 
1 7 .  1 0 . 7 . 7 8 . 0  6 7 . 0  � 7 8 . 8 , 1 . 0 0  6 9 . 3 , 
1 8 . 1 2 . 3  7 1 . 0  � 7 . 0  4 0 7 . 5 , 1 . 0 0  1 1 . 7 
1 9 .  1 3 . 8 7 6 . 0 6 7 . 0  1 3 � . 1 , 1 . 0 0  7 4 . 0  
2 0 . 1 2 . 3  7 5 . 3  6 7 . 0  0 . 0 , 1 . 0 0 . 7 5 . 7 
2 1 . 1 0 . 7  7 4 . 7  6 7 . 0  0 . 0 , 1 . 0 0  7 7 . 3 , 
2 2 . , 9 . 2 7 4 . 0  6 7 . 0 0 . 0 , 1 . 0 0  1 9 . 0  
2 3 .  1 1 . 1  7 4 . 0  6 6 . 7  0 . 0 , 1 . 0 0 7 8 . 0  

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

Figure 7.2 (Continued) .  
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OUTPUT FROM PROGRAM UHSPND FOR THE PERIOD 
6-21- 72  THROUGH 7 -28-72 

HAS BEEN OMITTED BECAUSE OF ITS LENGTH 

* * * * * * * * * *  ME T E O R OL O G Y F OR 7 / 2 9 / 7 2 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

H O U R  , W I ND S P . , D R Y  B U L B  , D E W P O I N T , SO L A R  R A D  C L O UD , RE L A T I V E , 
( MPH ) ( D E G . F l  , ( D E G . F )  , B T U / F T U D , C O V E R , H U M I D I T Y  , 

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

O .  0 . 0  6 1 . 3 5 6 . 0  0 . 0  , . 0 7  8 3 . 0 
1 .  0 . 0 6 0 . 0  5 6 . 0  ' 0 . 0  , 0 . 0 0 1 7 . 0  
2 • . l . q 5 IJ . 3  5 5 . 7  0 . 0 , . 0 7 1 1 . 0 
3 .  3 . 8 5 8 . 7  5 5 . 3  0 . 0 , . 1 3  8 q . O  
4 .  5 . 8  5 8 . 0 5 5 . 0  0 . 0  , . a o 9 0 . 0 
5 .  5 . 4  S q . 7  5 6 . 0  6 8 . 0 , . 3 3  8 8 . 0  
6 . 5 . 0  6 1 . 3 5 7 . 0  7 2 6 . 0  , . 4 7 8 6 . 0  
7 . 4 . 6  6 3 . 0  5 8 . 0  u n . 5  , . 6 0  8 4 . 0 
8 . 5 . 0  6 5 . 0  5 7 . 3 1 52 0 . 7  , . 7 3  7 7  . 0  
9 . 5 . 4  6 7 . 0  5 6 . 7  1 5 1 2 . 7 , . 8 7  7 0 . 0 

\ 0 .  5 . 8 6 q . O  5 6 . 0  1 2 0 0 . 6  , 1 . 0 0  6 3 . 0  

1 1 .  5 . 0  7 t. 7 5 & . 3  1 6 1 7 . 2 , . q ]  5 8 . 7  
1 2 .  4 . 2  7 4 . 3 5 6 . 7  1 4J(' 0 . 1 , . 8 7 5 4 . 3  
1 3 . 3 . 5  7 7  . 0 5 7 . 0  2 1 7 7 . 3  , . 8 0  5 0 . 0 
1 4 .  2 . 3  7 8 . 0  56 . 7  2 0 0 3 . 2  , . 8 0  , 4 8 . 0  

1"i .  1 . 2 7 9 . 0 5 6 . 3  1 7 2 6 . 3 · ,  . 8 0 4 6 . 0 
l b .  0 . 0  8 0 . 0  5 6 . 0  1 36 5 . 3  , . 8 0 4 4 . 0 
1 7 .  0 . 0  7 8 . 3 5 6 . 3  8 2 8 . 1  , . 8 7  4 7 . 3  
1 8 .  0 . 0  7 6 . 1  5 6 . 7  3 66 . 8  , . 9 3 5 0 . 7  
1 9 .  0 . 0  7 5 . 0  5 7 . 0  2 5 . 7  , 1 . 0 0 5 4 . 0  
2 0 . 0 . 0 7 5 . 0 5 6 . 7  0 . 0  , 1 . 0 0  5 3 . 3  
2 1 . 0 . 0  7 5 . 0 5 & . 3  0 . 0  , 1 . 0 0  5 2 . 7  

2 2 . o � o  7 5 . 0  5 6 . 0  0 . 0  , 1 . 0 0  ' 2 . 0 
2 3 .  0 . 0  7 1 . 7 C; & . 7  0 . 0  , . 9 3  6 0 . 7 

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

* * * * * * * * * * III U M B E R  O F  C . R D S  P U N C H E D  :II 4 9 2  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

Figure 7.2 (Continued) .  
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-1=00 ....., 

• • • • • • • • • •  T " E  M O N T H L Y A V E R A G E  V A L UE S  F R O M  5 1  1 / 7 3 TO END OF D A T A  • • • • • • • • • • • • • 

1 9 7 3  

M A Y 

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 
* R M S  W I N D  . D R Y  B UL B  . D E W P O I N T . S O L A R • C L OUD . R E L A T I VE . 
* S P E E D  • ( D E G . F )  • ( DES . F )  * R A D I A T I O N .  C O V E R  .HUM I D I T Y . 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 
• • • • • • • 
* 8 . 9 1  • 5 7 . 3 8 • 4 7 . 1 & • 1 3 8 1 . & . . & 8 * 7 2 . 0  • 
* " . * 

J U N E  * & . 1 2  • 1 2 . 1 9  • 6 2 . & 1  
• * 
• 1 6 6 2 . 5  • . & 1  

• 
* 
• 

7 3 . 1 
* 
• 

* * • 
J UL Y. * 6 . 4 3 * 7 6 . 1 4  

* 
* 6 3 . 7 8  
• 

• * 
* 1 8 8 8 . 2  • . 4 & * 

• 
• 
• 
• 
• 

6 1 . 1  
* 
• 

* 

A U G U S T  * 5 . 9 0 * 7 5 . 3 8 • 6 4 . 5 9 
• • 
* 1 5 4 ' . ' * 
• • 
* 1 3 0 9 . 3  * 

. 52 1 1 . 2 
* 
* 
• 
• 
• 

* 
S E P T E "' B E R * 

* 
7 . 1l  * 6 7 . 8 7  

• 
* 5 5 . 9 .!  
• 

. 5 1  6 8 . 0 

1 9 7 4 

M A Y 

J U N E  

J UL Y  

A UG U S T  

S E P T E "'S E R  

1 9 7 5 

� A Y 

J U N E  

J UL Y  

* • • • 

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  
* • • • * • • 
* 8 . 6 1  • 6 3 . 4 1  * 4 & . 7 1  • 1 6 5 3 . 4  * . 5 7 * 5 6 . 8  * 
* • * * * • • 
* 1 . 5 9 * 7 0 . 6 0  • 5 7 . 2 7 * 1 6 8 7 . 0  * . 6 1  • 6 4 . 1  • 
• • * • • • • 
* 7 . 5 4 * 7 7 . 2 7  * 5 9 . 8 9 • 1 7 & 6 . 7  • . 5 1  * 5 7 . 6  • 
* * • * * • • 
* 5 . 7 4  • 7 6 . 4 7  * 6 3 . 8 9 * 1 3 8 6 . 5  * . 6 2 • 6 6 . 3  * 

• * • * * * • 
� 7 . 4 6 .  * 6 4 . 2 4  * 5 5 . 6 2 • 1 1 9 9 . 1  * . 6 2 • 1 5 . 1 • 
* * • * • • • 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 
* • • • * * * 
• 6 . b S • 6 4 . 1 4 • 5 5 . 9 6 • 1 5 6 3 . 1  * . 6 & • 7 & . 2  * 
* • • • * • • 
• 1 . 6 1  • 7 0 . 5 1 • 6 2 . 2 4  • 1 6 3 6 . & . . 5 8  • 7 7 . 0  • 
* • • * • * • 
* 6 . 8 4  * 1 5 . 0 1 * 6 6 . 3 4  • 1 7 5 0 . 1  * . 5 0 * 7 &. 7  • 
* * • • * • • 

A UG U S T  • 6 . 1 5  • 
* 

1 . 3 1  * 

7 5 . 1 2  • & & . 7 7  • 1 5 1 7 . 8  • . 6 0  • 1 1 . 7  * 
• • 

S E P T E M 8 E R  * 
* • 

• • * 

6 2 . 8 2 · . 56 . 2 5 • 1 1 7 3 . 4  • 
• • • 

. & 0 
• 
• 8 1 . 3  
* 

* 
* 

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

Figure 7.2 (Continued) .  
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Figure 1.3 Yearly Maximum Ambient Pond Temperatures. 

as  set 2 .  The l atter record l ac ked two o f  the parameters needed , sol ar radi a­
t i o n  and dew po i nt .  The ons i te i nformati on di d i nc l ude wet b u l b temperature 
observati ons wh i ch a l l owed cal cu l ati on of dew po i nt temperatures us i ng s ub­
routi ne PSY1 p resented i n  Appendi x  B .  The synthesi zed so l ar rad i ation  val ues 
from the o ffs i te record prov i ded by UHSPND were substi tuted for the ons i te 
so l ar rad i ation .  A copy of the i nput fi l e  for COMET i s  s hown i n  F i gure 1 . 5 .  
Output i s  generated by COMET for each data card conta i ni ng monthly averages .  
Thi s  output cons i sts of the fo l l owi ng i nformati o n :  

(1)  Month ly  meteoro l og i c  averages as i nput for eac h .  

(2 )  Cal cu l ated month ly average equi l i bri um temperature and evaporat i o n .  

( 3 )  D i fferences between the average equ i l i b ri um temperatures and evaporati ons  
of  the  two data sets . 

(4)  Component di fferences i n  the equi l i br i um temperature due to each meteo ro­
l ogi cal parameter . 

I n  addi t i on to th i s  output , the fo l l owi ng i nformati on i s  pri nted once al l o f  
the month ly  data have been read : 

(1)  Coeffi c i  ents of determi nat i on r2 for the equ i l i bri  um temperatures and 
evaporati ons . 

(2)  Bi ases between the two data sets for the equi l i bri um temperatures and 
evaporati ons . 
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A copy of the COMET output generated for thi s examp l e i s  presented i n  
F i gur� 7 . 6 .  Tlie corre l at i o n  coeffi c i ent for the two sets o f  equi l i b ri um 
temperatures i s  h i gh ( 0 . 976) , i ndi cati ng that the predi cted effects of the 
offs i te meteorol ogy on the hypotheti cal pond ' s temperature correl ates c l osely  
wi th the effects that wou l d  have been produced by ons i te meteorol ogy had that 
been avai l ab l e .  Thi s corre l ati on i s  shown graphi cal l y  i n  F i gure 7 . 7 .  

The pos i t i ve b i as between the ons i te and offs i te equi l i bri um temperatures 
i ndi cates that the ons i te 'equ i l i bri um temperatures are , on the average , h i gher 
than those predi cted us i ng offsi te meteorol ogy. The pri mary reason for thi s 
b i as i s  i ndi cated from the di fferences due to i ndi vi dual meteoro l ogi c parame­
ters . Ons i te wi ndspeeds are smal l er ,  whi ch  l eads to l ower evaporat i on and 
coo l i ng .  Thi s effect i s  parti al ly offset by h i gher dew poi nt and d� bul b 
temperatures ons i te .  

The pos i ti ve ( ons i te- offs i te )  temperature b i as wi l l  therefore be used a s  a 
temperature correcti on factor i n  subsequent cal cul ati ons . Evaporation  i s  on  
the  average , h i gher for  the  offs i te data , however , and  no  negati ve correcti on 
factor wi l l  be app l i ed .  

7 . 4  F i na l  Des i gn Bas i s Pond Temperature and Water Los s  Computati ons- -
Program UHS3 

' 

The fi nal step i n  the cool i ng pond analys i s i s  to comb i ne the res u l ts of the 
programs COMET and UHS3 run from data provi ded by UHSPND , and the resu l ts of 
the manual stati stical  anal yses to obtai n a maxi mum water return temperature . 
Pond water l os s  i s  conservati vel y  cal cul ated manual l y .  

Fol l owi ng the procedure of Secti on 6 ,  two runs of UHS3 are made . The fi rst 
run performs two s i mu l ati ons : 

( 1 )  Cal cul ate the pond temperature i n  response on ly  to the meteoro l ogi c 
vari ab l es wi th no emergency heat l oad . 

(2)  Cal cul ate pond temperature i n  response on ly  to heat l oad . 

The i nput dec k for the fi rst run i s  s hown i n  F i gure 7 . 8 .  Noti ce that i n  the 
fi rst INLIST i nput , TSKI P i s  set to a l arge t i me ( 5000 hours ) , to bypass

' 

the heat i nput tab l e .  The starti ng val ue of temperature TZERO i s  n�ncri ti cal 
for thi s step and i s  set to 80° F .  I n  the second INLIST i nput , TSKI P i s  reset 
to zero , and the val ues of K and E are chosen on the bas i s  of experi ence to be 
150 Btu/( ft2 day)/oF and 90° F , respectively .  Noti ce a l so that TZERO shoul d be 
set equal to E wh i ch i s  90° F .  

The output from the f i rst run i s  s hown i n  Fi gure 7 . 9 .  I f  the mi xed- tank model 
i s  chosen , the peak amb i ent pond temperature wou1  d be 86 . 32° F occurri ng 
833 hours after the start . Thi s  i s  p l otted graph i cal l y  i n  F i gure 7 . 10 .  The 
analys i s  woul d be s i mi l ar i f  ei ther the strati fi ed- or p l ug- fl ow mode l had 
been chosen . The peak temperature due to pond heat l oad only  woul d  be 108. 8°F 
or a ri se of 18 . 8° F  above the start i ng temperature of 90° F ,  and occurri ng at 
191 . 6 hours after the start . Thi s  i s  pl otted graphi cal ly i n  F i gure 7 . 11 .  
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P R O G R A M  T O  C O M P A R E  E Q U I L I B R I U M T E M P E R A T U R E S  F R O M  T W O  D A T A  S E T S  A N D  C O M P U T E  T H E  S E N S I T I V I T Y O F  f A C H  V A R I A B L E  
, 

D E W  P O I N T  
( D E G . F )  

D R Y  B U L B  W I N D S P E E D  S O L A R  R A D . E Q U I L I B R I U M T E M P .  E V A P O R A  l I O N 
( F T * * 3 / F T * * 2 )  

D A T A  S E T  1 

D A T A S E T 2 

4 7 . 2 0 

4 & . 8 0 

5 7 . 4 0  
5 3 . 8 0  

( M P H ) ( B T U / F T * * 2 / D Y )  ( D E G .  F )  

8 . t H  1 3 8 1 . 6 0  & 4 . 8 0  

5 . 4 8 1 3 8 1 . 6 0  & 6 . q q 

E 2 - £' 1 II 2 . 1 q 7 

D I F F E R E N C E S  I N  E B E T W E E N  D A T A  S E T  2 A N D D A T A  S E T  1 B Y  P A R A M E T E R 

D I F F E R E N C E  D U E T O  D E W  P O I N T  • 
D I F F E R E N C E  D U E T O  D R Y B U L B  T E M P . = 
D I F F E R E N C E  D U E  T,O W I N O S P E E D . 
D I F F E R E N C E  D U E T O  I N S O L A T I O N . 

, S U M M A T I O N O F  I N D I V I D U A L  D I F F E R E N C E S  = 

- . 1 5 5 D E G . F 
- 1 . 2 0 0  D E G . F 

3 . 4 8 1 D E G . F 
. 0 0 0 D E G . F 

2 . 1 2 6 D E G . F 

. 4 4 

. 3 8  

E V A P 2 - E V A P 1  = - . 0 6 

� * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  � 

D E W  P O I N T  
( O E G . F )  

D R Y B U L B  W I N O S P E E D S O L A R  R A D . E Q U I L I B R I U M T E M P . E V A P O R A T I O N 
( F T * * 3 / F T * * i!l 

D A T A  S E T  6 2 . 7 0  7 2 . 8 0 

D A T A S E T 2 6 1 . 3 0 6 7 . 5 0 

( M P H ) ( B T U / F T * * 2 / D Y )  ( D E G . F ) 

& . 1 2  1 & 6 2 . 5 0  8 0 . 8 8  

3 . q O 1 & 6 2 . 5 0 8 1 . 1 1  

E 2 - E l  • . 2 2 8  

D I F F E R E �C E S  I N  E R E T W E E N  D A T A  S£ T 2 A N D D A T A  S E T  1 B Y  P A R A M E T E R  

D I F F E R E N C E  D U E  T O  D E W  P O I N T  = 
D I F F E R E N C E  D U E T O  D R Y B U L �  T E M P  • • 
D I F F E R E N C E  D U E  T O  W I N D S P E E D  c 
D I F F E R E N C E  D U E  T O  I N S O L A T I O N = 
S U M M A � I O N OF I N D I V I D U A L  D I F F E R E N C E S = 

- . & 5 2  D E G . F 
- 1 . 2 4 4  D E G . F 

2 . 0 8 1  D E G . F 
- . 0 0 0  D E G . F 

. 1 8 '5  D E G . F 

Figure 7.6 Output of Program COM ET. 

. S q 

. 5 3 

E V A P 2 - E V A P t  = - . 0 & 



* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * . * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

D A T A  S E T 1 

D A T A  S E T 2 

D E W  P O I N T 
( O E G . F )  

6 3 . 8 0 

6 3 . Q O  

D R Y  B U L B  

1 6 . 1 0  
"'7 . 8 0  

W I N D S P E E D  S O L A R  R A D . E Q U I L I B R I U M T E M P . E V A P O R A T I O N 
( F T * * 3 / F T * * 2 ) ( M P H )  ( B T U / F T * * 2J D Y )  ( D E G . F ) 

6 . 4 3 1 8 8 8 . 2 0  8 3 . 5 4 

3 . 7 0  1 8 8 8 . 2 0  8 4 . 5 8 

E 2 - E l . 1 . 0 4 6  

. 6 q 

/' • '5 q 

E V A P 2 - E V A P I  • - . t o 

D I F F E R E N C E S I N E B E T W E E � D A T A  S E T  2 A ND O A T A S E T 1 B Y  P A R A M E T E R  

D I F F E R E N C E  D U E T O  D E w P O I N T = 
D I F F E R E N C E  D U F  T O  D R Y  B U L �  T E M P . = 
D I F F E R E N C E  D U E  T O  W I N D  S P E E D  = 
D I F F E R E N C E  D U E  T O  I N S O L A T I O N . 
S U M M A T I O N O F  I N D I V I D U A L  D I f F E R E N C E S  = 

. 0 4 6 D E G . F 

- 1 . 8 5 6  O E G . F 
2 . 7 7 0  O E G . F 

. 0 0 0  D E G . F 

. q 6 0  O E G . F 

� * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * � 

D A T A S E T 1 

D A T A S E T 2 

D E W  P O I N T 
. ( O E G . F )  

6 4 . 6 0 

6 4 . 8 0  

D R Y  B U L B  

7 5 . 4 0 

6 Q . 4 0 

� I N D S P E E D  S O L A R  R A D . E Q U I L I B R I U M T E M P . E V A P O R A T I O N 
( F T * * 3 / F T * * 2 ) ( M P H ) ( B T U / F T * * 2 / D Y ) ( D E G . F )  

'5 . Q O 1 5 4 Q . Q O  8 1 . 7 2 

3 . 2 0  l S 4 Q . Q O " 2 . 7 2  

E 2 - E l .  1 . 0 0 t  

. 5 6 

. 0 9 

E V A P 2 - E V A P I  • - . 0 7  

D I F F E R E N C E S I N  E B E T w E E N D A T A  S E T  2 A N D D A T A  S E T t B Y  P A R A M E T E R  

D I F F E R E N C E  D U E  T O  D E W  P O I N T  • 
D I F F E R E N C E O U E T O D R Y  B U L B  T E M P . = 
D I F F E R E N C E  D U E  T O  W I N D S P E E D  = 
D I F F E R E N C E  D U E  T O  I N S O L A T I O N = 
S U M M A T I O N  O F  I N D I V I O � A L  D I F F E R E N C E S  = 

. 0 9 Q  D E G . F 
- 1 . 3 8 1  O E G . F 

2 . 2 3 1  D E G . F 
. 0 0 0  D E G .  F 
. Q 4 Q  O E G . F 

Figure 7.6 (Continued ) .  



.... 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

D A T A  S E T  t 

D A T A  S E T 2 

D E w  P O I N T 
( O E G . F )  

5 '5 . 9 0  

5 4 . 7 0  

D R Y  B U L B 

& 7  . 9 0 

6 0 . 4 0 

w I N D S P F E O  
( M P H ) 

7 . 3 7 
4 . 0 0 

S O L A R  R A D . 
( B T U / F T * * 2 1 D Y )  

1 3 0 9 . 3 0 

1 3 0 9 . 3 0 

E Q U I L I B R I UM T E M P . 
( D E G . F ) 

7 2 . 4 5 

7 2 . 7 5  

E V A P O R A T I n N 
( F T * * 3 / F T * * 2 )  

. 4 7 

. 38 

E 2 - E l • . 3 0 6 E V A P i! - E V A P I  • - . 0 9 

D I F F E R E N C E S  I N E B E T W E E N  D A T A  S E T 2 A N D D A T A  S E T  1 B Y  P A R A M E T E R 

D I F F f R E N C E  D U E T O  D E W  P O I N T  • 
D I F F E R E N C E  D U E T O  D R Y  B U L B  T E M P • •  
D I F F E R E N C E  D U E  T O  W I N D S P E E D  = 
D I F F E R E N C E  D U E  T O  I N S O L A T I O N = 

S U M M A T I O N  O F  I N D I V I D U A L  D I F F E R E N C E S . 

- . 5 3 0  D E G . F 
- 2 . 1 2 3  D E G . F 

2 . 8 6 3  D E G . F 
. 0 0 0  D E G . F 
. 2 1 1 D E G . F 

� * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  � 

D A  T A  S E T 

D A T A  S E T 2 

D E W  P O I N T 
( O E G . F L  

4 6 . 7 0 .  

4 5 . 0 0 

D R Y  B U L B 

6 3 . 5 0 

5 6 . 7 0  

W I N O . S P E E D  
( MP H ) 

8 . & 1 

5 . & 0  

S O L A R  R A D . 
( B T U / F T * * 2 I D Y )  

1 & 5 3 . 4 0 

1 & 5 3 . 4 0 

E Q U I L I B R I UM T E MP . 
( D E G . F )  

6 9 . 1 1  

6 9 . 9 8 

E V A P O R A T I O N 
( F T * * 3 / F T* * 2 )  

. 5 9  

. 4 9 

E 2 - E l • . 8 & 7  E V A P i! - E V A P I  • - . 1 0  

D I F F E H E N C E S  I N  E B E T W E E N  D A T A  S E T  2 A N D  D A T A  S E T  1 B Y  P A R A M E T E R  

D I F F E R E N C E  D U E  T O  D E W  P O I N T • 
D I F F E R E N C E  D U E  T O D R Y  R U L B  T E M P  • • 
D I F F E R E N C E  D U E  T O  W I N D S P E E D  • 
D I F F E R E N C E D U E  T O  I N S O L A T I O N . 
S U � M A T I O N O F  I N D I V I D U A L  D I F F E R E N C E S  = 

- . 5 7 2  D E G . F 
- 2 . 1 0 7 D E G . F 

3 . 4 3 2  D E G . F 
- . 0 0 0  D E G . F 

. 7 5 3  D E G . F 

Figure 7.6 (Continued) .  



• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • * *  • • •  * . * * * . * . * • •  * * * * . * . * . * * . * . * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

D A T A S E T  

D A T A  S E T 2 

D E W  P O I N T  
( D E G . F )  

5 7 . 3 0 
5 4 . 5 0  

D R Y  B U L B  

7 0 . Et O 
& 3 . 1 0  

W I N O S P E E D  S O L A R  R A D . E Q U I L I B R I U M T E MP . E V A P O R A T I O N  
( F T * * 3 / F T * * i! )  ( M P H )  ( B T U / F T * * 2 / 0 Y )  ( O E G . F )  

7 . 5 9  1 & 8 7 . 0 0  7 6 . 58 
4 . 8 0 1 & 8 7 . 0 0  7 & . 4 7 

E 2 - E l . - . 1 0 3 

. ft 1  

. 52 

E V A P 2 - E V A P l  • - . 0 9 

D I F F E R E NC E S  I N  E B E T W E E N  D A T A  S E T  2 A N D  D A T A  S E T 1 B Y  P A R A M E T E R  

D I F F E R E N C E  D U E T O  D E W  P O I N T E 
D I F F E R E N C E  D U E  T O  D R Y  B U L 8  T E M P • • 
D I F F E R E N C E  D U E  T O  W I N D S P E E D  • 
D I F F E R E N C E  D U E  T O  I N S O L A T I O N . 
S U M M A T I O N  O F  I N O I V I D U A L  D I F F E R E N C E S . 

- 1 . 1 & 2 O E G . F 
- 1 . 9 4 1:1  D E G . F 

2 . 9 2 0 O E G . F 
. 0 0 0  D E G . F 

- . 1 9 1  O E G . F 

� . * * * * * * . * * * * * * * * * * . * * * * * * * * * . * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

D A T A  S E T 1 

O U A  S E T 2 

O E W  P O I N T  
( O E G . F ) 

'5 9 . 9 0 

5 9 . 9 0 

D R Y  B U L B  

7 7 . 3 0 
& 8 . 4 0 

W I N D S P E E D  S O L A R R A D . E Q U I L I B R I UM T E MP .  E V A P O R A T I O N  
( F T * * 3 / F T * * i! )  ( M P H ) ( B T U / F T * * 2 / D Y )  ( D E G . F )  

7 . 5 4 1 7 & & . 7 0  7 9 . 9 9 

4 . 1 2 1 7 & & . 7 0  8 1 . 4 '5 

E 2 - E l . 1 . 4 & 3  

. 7 0  

. 5 7 

E V A P 2 - E V A P l  :I - . 1 3 

D I F F E R E N C E S  I N  E B E T W E E N  � A T A  S E T  2 A N D D A T A  S E T  1 B Y  P A R A M E T E R  

D I F F E R E N C E O U E  T O  D E W  P O I N T . 
D I F F E R E N C E  D U E  T O  D R Y  B U L B  T E M P  • •  
D I F F E R E N C E  D U E  T O  W I N D S P E E D : 
D I F F E R E N C E  D U f  T O  I N S OL A T I O N . 
S U M M A T I O N  OF  I N D I V I D U A L  D I F F E R E N C E S = 

. 0 0 0  D E G . F 
- 2 . 1 5 2  D E G . F 

3 . 4 8 9  D E G . F 
- . 0 0 0  D E G . F 

1 . 3 3 7  D E G . F 
Figure 7.6 (Continued).  
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* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

D A T A  S E T  1 

D A T A  S E T 2 

O E W  P O I N T 
( O E G . F l  

6 3 . ' 0 
6 2 . 4 0 

D R Y B U L B 

7 & . 5 0  

6 8 . 0 0 

W I N D S P E E O  S O L A R  R A O . E Q U I L I B R I U M T E M P . E V A P OR A T I O N 

( F T * * 3 / F T * * 2 )  ( M P H ) C R T U / F T * * 2 / 0 Y )  ( D E G . F )  

5 . 7 '4 1 3 8 6 . 5 0 8 0 . 4 5 

3 . 3 ' 1 3 8 6 . 5 0 7 ' . 5 3 

E 2 - E l . - . 9 1 '  

. 5 2 

. 4 4 

E V A P 2 - E V A P l • - . 0 8 

D I F F E R E N C E S  I N  E B E T W E E N  D A T A  S E T  2 A N D  D A T A S E T t B Y  P A R A M E T E R  

D I F F E R E N C E  D U �  T O  D E w  P O I N T = 
D I F F E R E N C E  D U F T O  D R Y B l l l B T E M P . = 
D I F F E R E N C E  D U E  T O  W I N D S P E E D  • 
D I F F E R E N C E  D U E  T O  I N S O L A T I O N 11 
S U M M A T I O N  O F  I N D I V I D U A L  D I F F E R E N C E S  = 

- . 7 2 '  O E G . F 
- 2 . 0 2 0  D E G . F 

1 . 1 8 6  O E G . F 
- . 0 0 0 D E G . F 
- . 9 6 3  D E G . F 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

D E w  P O I N T  
( D E G . F )  

D R Y  B U L B  W I N O S P E E D  S O L A R  R A D . E Q U I L I B R I UM T E M P . E V A P O R A T I O N 
( F T * * 3 / F T * * 2 )  

O A T A  SE T 1 

D A T A  S E T  2 
5 5 . 6 0 

5 3 . 2 0  
6 4 . 2 0 

5 8 . 5 0 

( M P H ) ( B T U / F T * * 2 / D Y )  ( D E G . F )  

7 . 4 6 

4 . 1 8  

1 n ' . 7 0  

1 1 9 ' . 7 0  

7 0 . 2 5 

7 0 . 2 2 

E 2 - E l 11 - . 0 3 1 

D I F F E R E N C E S  I N  E B E T W E E N  D A T A  S E T  2 A N D  D A T A S E T 1 B Y  P A R A M E T E R 

D I F F E R E N C E  D U E T O  D E W  P O I N T  = 
D I F F E R E N C E  D U E  T O D R Y  B U L B  T E M P  • •  
D I F F E R E N C E  D U E  T O  W I N D S P E E D  • 
D I F F E R E NC E  D U E  T O  I N S O L A T I O N . 

S U � M A T I O N  OF  I N D I V I D U A L  D I F F E R E N C E S . 

- 1 . 0 8 5  D E G . F 
- 1 . 6 8 0  D E G . F 

2 . 6 6 4  D E G . F 
- . 0 0 0  D E G . F 
- , 1 0 0 O E G . F 

Figure 7.6 (Continued) .  

. 4 1  

. 3 4 

E V A P 2 - E V A P I  • - . 0 6 



' * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

D E W  P O I N T  D R Y  B U L B  
( O E G . F )  

D A T A  S E T  1 5 6 . 0 0 6 4 . 7 0  

D U A S E T 2 5 3 . 6 0 & 1 . 0 0 

O iF F E R E N C E S  I N  E B E T w f E N  D A T A S E T  2 A N D  

D I F F E H E N C E  D U E  T O  D E W  P O I N T z 
D I F F E R E N C E  D U E  T O  D R Y B U L B  T E M P • •  
D I F F E R E N C E  D U E  T O  W I N D S P E E D • 
D I F F E R E N C E  D U E T O  I N S O L A T I O N = 
S U t.1 M A T I O N  O F  I N O I V I D I J A L  D I F F E R E N C E S . 

W I N D S P E E D S O L A R  R A D . E Q U I L I B R I U M  T E M P . E V A P O R A T I O N  
( M P H )  ( B T U / F T * * 2 1 D Y )  ( O E G . F )  ( F T * * 3 / F T* * 2 )  

. 

. 6 . 6 5  1 5 6 3 . 7 0  7 4 . 4 7 . 5 1  

4 . 3 6 1 5 6 3 . 7 0  7 4 . 7 8 . 4 7  

E 2 - E l z • 3 0 9  E V A P 2 - E V A P I  • - . 0 4 

D A T A  S E T 1 8 ,  P A R A M E T E R  
i' 

- 1 . 0 1 4 D E G . F 

- . 9 9 8  D E G . F 
2 . 2 7 8  D E G . F 

. 0 0 0 D E G . F 

. 2 & &  D E G . F 

tn � * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ' 

D A T A  S E T 1 

O A T A  S E T 2 

D E W  P O I N T 

( O E G .  F )  

& 2 . 2 0  

5 9 . 90 

D R Y  8 U L Y  

7 0 . 6 0 

6 5 . 7 0  

W I N D S P E E D  S O L A R  R A D . E Q U I L I B R I UM T E M P . e V A P O R A T I O N 
( F T * * 3 / F T * * 2 )  ( M P H )  ( B T U / F T * * l I D Y ) ( D E G . F )  

7 . 6 1 1 6 3 & . 6 0  7 8 . 4 2 

4 . 5 3  1 6 3 6 . & 0  7 9 . 2 4  

E 2 - E l • . 8 1 5  

. 5 7  

. 5 1  

E V A P 2 - E V A P 1  • - . 0 6 

D I F Ft R E NC E S  I N  E B E T W E E N  D A T A  S E T  2 A N D  D A T A  S E T  1 B Y P A R A M E T E R  

D I F F E R E N C E  D UE T O  D E W  P O I N T  • 
D I F F E R E N C E D U E  T O D � Y  B U L B  T E M P • • 
D I F F E R E NC E  D U E T O  W I N D S P E E D  • 
D I F F E R E N C E  D UE T O  I N S O L A T I O N = 
S U M M A T I O N OF I N D I V I D U A L  D I F F E R E N C E S . 

- 1 . 0 9 0  D E G . F 
- 1 . 2 0 4  D E G . F 

3 . 0 3 1  D E G . F 
. 0 0 0  D E G . F 

. 7 3 7 D E G .  F 

Fillure 7.6 (Continued) .  
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* * * � * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * �  

O AT A  S E T  1 

D A U  S E T 2 

O E W  P O I N T  
( D E G . F 1  

6 6 . 3 0  

6 3 . C) 0  

D R Y  a U l R  

7 5 . 0 0 

6 C) . 4 0 

W I N O S P E E D  S O L A R  R A D . E Q U I L I B R I U� T E �P . E V A P O R A T I O N 
( F T * * 3 / F T * * 2 )  ( � P H )  ( R T U / F T * * 2 / D Y ) ( D E G . F ) · 

6 . 8 4 1 7 5 0 . 1 0  8 3 . 0 7 

3 . 5 4 1 7 5 0 . 1 0 8 3 . 8 5 

E 2 - E l I: . 7 8 0  

. 6 3 

. 5 6 

E V A P a - E V A P l  • - . 0 7 

D I F F E R E N C E S  I N  E B E T W E E N  D A T A  S E T  2 A N D  D A T A  S E T 1 B Y  P A R A M E T E R 

D I F F E R E N C E  D U E  T O  D E W  P O I N T  I: 
D I F F E R E N C E D U E  T O  D R Y  B U L B  T E � P . = 
D I F F E R E N C E  D U E  T O  W I N D S P E E D g 
D I F F E R E N C E  D U E T O  I N S O L A T I O N • 
S U M M A T I O N O F  I N D I V I D U A L D I F F E R E N C E S . 

- 1 . 1 7 8  D E G . F 
- 1 . 2 4 8  D E G . F 

3 . 1 2 3 O E G . F 
. 0 0 0  D E G . F 
. 6 9 6  D E G . F 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

D A T A  S E T 

D A T A  S E T 2 

D E W  P O I N T 
( D E G . F ) 

6 6 . 8 0  

& 2 . 6 0  

D R Y  B U L K  

7 5 . 1 0 

6 8 . 2 0 

W I N D S P E E D  
( MP H )  

6 . 7 5 

3 . 9 4 

S O L A R  R A D .  

( R T U / F T * * 2 1 D Y ) 

1 5 1 7 . 8 0 

1 5 1 7 . 8 0  

E Q U I L I B R I UM T E M P .  
( D E G . F )  

8 1 . 7 5 

8 0 . 5 2 

E V A P O R A T I O N 

( F T * * 3 / F T * * 2 1 

. 5 5 

. 4 8 

E 2 - E l = - 1 . 2 3 0  E V A P 2 - E V A P 1  • - . 0 7 

D I F F E R E N C f S  I N E B E T w E E N  D A T A S E T 2 A N D  D A T A  S E T  1 B Y  P A R A M E T E R  

D I F F E R E N C E  D U f T O  D E w  P O I N T  • 
D I F F E R E N C E  D U E  T O  D R Y  B U L B  T E M P . = 
D I F F E R E N C E  D U E  T O  W I N D S P E E D  I: 
D I f F E R E N C E  D U E  T O  I N S O L A T I O N = 
S U MM A T I O N  O F  I N D I V I D U A L  D I F F f R E N C E S  = 

- 2 . 1 1 0  D E G . F 
- 1 . 5 8 0  D E G . F 

2 . 4 0 2  O E G . F 
. 0 0 0  D E G . f 

- 1 . 2 8 8  D E G . F 

F igure 7.6 (Continued ) . 
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* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

O A T A  S E T  1 

D A T A  S E T  2 

D E W  P O I N T  
( D E G . F )  

5 6 . 3 0 

5 2 . 9 0 

D R Y  B U L B 

6 2 . 8 0  

5 7 . 9 0  

W I N D S P E E D  S O L A R  R A D . E Q U I L I B R I U M T E M P . E V A P O R A T I O N  

( F T * * 3 / F T * * Z )  ( M P H ) ( A T U / F T * * 2 / D Y )  ( D E G . F ) 

7 . 3 1  1 1 7 3 . 4 0 7 0 . 0 7 
4 . 4 7  1 1 7 3 . 4 0 6 9 . 4 0  

E 2 - E 1 . - . 6 7 3 

. 3 8 

. 3 3 

E V A P Z - E V A P 1  • - . 0 5 

D I F F E R E N C E S  I N  E B E T W E E N  D A T A S E T 2 A N D  D A T A  S E T  1 B Y  P A R A ME T E R  

D I F F E R E NC E  D U E  T O  D E W  P O I N T • 
D I F F E R E N C E  D U E  T O  D R Y  B U L B  T E M P . = 
D I F F E R E N C E  D U E T O  W I N D S P E E D  = 
D I F F E R E N C E  D U E  T O  I N S O L A T I O N = 

S U M M A T I O N  OF I N D I V I D U A L D I F F E R E N C E S  • 

- 1 . 5 6 4  D E G . F 
- 1 . 4 4 4  D E G . F 

2 . 2 8 8  D E G . F 
- . 0 0 0  D E G . F 
- . 7 2 1  D E G . F 

� * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

S A M P L E  R S Q U A R E D  F O R E Q U I L I B R I U M  T E M P . = . 97 6  
S A M P L E  R S Q U A R E D F O R E V A P O R A T I O N • . 9 5 6 E + O O  
A V E R A G E  E ,  D A T A  S E T  1 • 7 6 . 5 0 2  
A V E R A G E  E ,  D A T A S E T 2 • 7 6 . 9 0 6  
A V E R A G E E 2 - A V E R A G E  E 1  = . 4 0 3 6 
A V E R A G E  E V A P 2  - A V E R A G E  E V A P 1 • - . 0 7 6 2 

S U N D A R D E R R O R  • 
S U N D A R D E R R O R  = 

Figure 7.6 (Continued) .  

. 9 3 2  D E G . F  
. 1 7 7 E - 0 1 F T * * 3 / F T * * 2  
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Figure 7.7 Correlation of Equ i l ibrium Temperatures, Susquehanna 
R iver Site vs. Harrisburg Station. 

The second run of program UHS3 i s  set up after i nspecti on of the fi rst run .  
The parameter TSKI P ,  wh i ch de l ays the start o f  the heat i nput tab l e ,  i s  
adjusted so that the temperature peaks woul d  be superimposed:  

TSKI P = 833 - 191 . 6 = 641 . 4 hours 

The data deck for thi s run i s  s hown i n  F i gure 7 . 12 .  The o utput from thi s run 
i s  s hown i n  Fi gure 7 . 13 ,  and s hown graphi cal l y  i n  F i gure 7 . 14. The cal c u l ated 
peak pond temperature i s  105 . 22°F occurri ng at 810. 6 hours after start . Note 
that the predi cted peak temperature by di rect s uperpos i ti on of  the pre l imi nary 
runs i s  86 . 32°F + 18 . 8° F  = 10S . 12°F , and woul d occur at 833 . 0 hours .  The 
c l ose agreement i s  parti a l l y  due to the good choi ce of K and E for the excess  
temperature cal cul ati on  in  the  fi rst run , and  must  not  be deemed to  be 
necessari ly true i n  every case . 

Because of non1 i neari ti e s  i n  the heat trans fer terms of the mode l , the true 
maxi mum wi 1 1  not nece s sari ly  occur at the time predi cted for di rect 
superpos i ti on .  In fact , the cal cu l ated peak i n  the above examp l e actua l ly 
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9 6 0  
1 1 . CJ 1 1 . 3  
2 1 . 5 7 1 . 0  
3 4 . 6 7 1 . 0  
,. 5 • •  7 1 . 7 
5 5 . 8  7 3 . 7  
6 5 . 8  7 7 . 0  
T 8 . 1 8 0 . 3 
I' 8 . 8 8 2 . 3  
, 8 . 1 8 3 . 0  

1 0 8 . 1  8 1 . 0  
1 1  8 . 1 7 8 . 0  
1 2 ' 8 . 1 7 4 . 0  
1 3  7 . 3  7 2 . 0 
1 4  4 . 6 7 0 . 3 
1 5  0 . 0  " . 0 

6 6 . 3  0 . 0 1 . 0 0- 8 4 . 0 . 0 1 1 . 0  6 6 . 0  0 . 0 1 . 0 0  
6 6 . 0  0 . 0 1 . 0 0 8 4 . 3 . 1 7 1 . 0 6 6 . 0  0 . 0 1 . 0 0 
6 6 . 0 0 . 0 1 . 0 0  8 4 . 5 . 0  7 1 . 3  6 6 . 7 ' 1 3 4. 6 1 . 0 0 
6 1 . 3  4 0 6 . 2 1 . 0 0 8 6 . . 5 . 8  7 2 . 0  6 8 . 0 67 7 . 8 1 . 0 0 
6 8 . 0  9 3 1 . 0 1 . 0 0  8 3 .  5 . 8  7 5 . 3 6 8 . 0 11 4 8 . 3 1 . 0 0  
6 8 . 0 1 3 1 5 . 1 1 . 0 0  7 4 .  6 . 9  7 8 . 1  6 8 . 7 1 7 5 9 . 8  . 9 3 
6 9 . 3 2 1 2 8 . 5 '  .,8 1 6 9 .  9 . 2  8 2 . 0  7 0 . 0 2 36 9 . 2 • 8 0  
1 0 . 0 2 32 1 . 8  . 7 7  6 6 . 8 . 4  1 2 . 7  7 0 . 0 2 1 3 4 . 0 . 1 3  
7 0 . 0 1 8 1 2 . 7 . 1 0  6 5 . , 8 . 1  8 2 . 0  6 9 . 1 1 2 5 9 . 7  . 7 3 
6 9 . 3 · 1 1 7 . 2 . 1 7  6 8 . 8 . 1 8 0 . 0 6 9 . 0  2 2 4 . 6  . 8 0 
6 1 . 3  O . Q  . 6 3  1 0 .  8 . 1  1 6 . 0  6 5 . 1  0 . 0  . 4 7 
6 4 . 0  0 . 0  .·3 0 1 1 .  7 . 7  7 3 . 0  6 4 . 0 0 . 0  . 2 0 
6 4 . 0  0 . 0  ,. 1 0  7 6 . 6 . 9  1 1 . 0 6 4 . 0 0 . 0 0 . 0 0 
6 4 . 3  0 . 0 . 27 8 2 ·. 2 . 3 6 9  .. 7 6 4 . 1 0 . 0  . 5 3 
6 5 . 0 0 . 0 . 8 0  81 . 3 . 1 1 0 . 3  6 5 . 7 2 1 3 . 4  . 8 3 

*** CARDS 16 TO 47Q ARE NOT SHOW *** 

8 4 .  
8 4 .  
8 5 .  
8 7 . 
7 8 .  
7 2 . 
6 7  • . 
66 . 
6 6 . 
6 9 .  
7 0 .  
7 4 .  
7 9 . 
8 4 . 
8 5 .  

4 7 1  3 . 5  6 6; 0  6 1 . '  0 . 0 1 . 0 0 8 4 . 2 . 3  6 7 . 3 6 0 . 1  30 . 6 1 . �O 8 b .  
4 72 1 . 2 6 8 . 7  6 0 . 3  3 0 0 . 9 1 . 0 0  7 5 .  0 . 0  1 0 . 0  6 0 . 0  5 7 1 . 1 1 . 0 0  7 1 . , 
4 1 3  0 . 0  7 1 . 3 6 0 . 0 1 2 0 3� 3  . 8 7  6 8 . 0 . 0  72 �7 6 0 . 0 1 9 3 1 . 3 . 7 3  6 5 . 
47 4 0 . 0 7 4 . 0  6 0 . 0 2 6 3 7 . 6  . 6 0  6 2 . 1 . 9 7 5 . 3  5 8 . 3 2 9 6 0 . 5  . 57 5 6 . 
4 1 �  3 . 8  7 6 . 7  5 6 . 7 3 1 3 2 . 5  . 53 5 1 . 5 . 8  7 8 . 0 5 5 . 0 3 1 3 3� 4 . 5 0 . 4 5 .  
476 7 . 1 7 8 . 1  55 . 3 2 8 8-3 . 8  . 5 0 4 5 . 9 . 6  7 9 . 3  5 5 . 7 2 4 8 6 . 7  . 5 0 4 4  • 

• 7 1  1 1 . 5 8 0 . 0  5 6 . 0 1 9 6 9 . 2  .5 0 4 4 .  9 . 6  7 8 . 3 5 5 . 7 1 1 6 0 . 4  . 6 7  4 6 .  
4 1 8  1 . 7 7 6 . 7  5 5 . 3  47 1 . 6 . 8 3  4 8 . 5 . 8  7 5 . 0  5 5 . 0 3 0 . 6 1 . 0 0  5 0 .  
47 9 3 .8 7 t . 3  5 5 . 3  0 . 0  . 7 3 5 8 . r . 9  67 . 1 5 5 .1 0 . 0  . 47 6 7 . 
480  0 . 0 6 4 . 0 5 6 . 0  0 . 0  . 2 0  l 5 . 0 . 0  6 2 . 7  5 6 . 0  0 . 0  . 1 3  7 9  • •  

SHF T NH = 1 4 . T H ( 1 ) =O , . 0 1 , 1 , 1 . 1 , t . 9 , 3 . 9 , 5 , 8 , 1 2 , 2 4 , 2 9 , 1 4 0 , 8 4 0 , 2 0 0 0 ,  
H E A T ( 1 ) - 0 , O , . 8 5 E 9 , 2 * . 5 1 E 9 , . 5 E 9 , . 6 8 E 9 , . 6 E 9 , . 4 E 9 , . 3 1 E 9 , . 2 7 E 9 , . 2 1 E 9 ,  

. 1 8 E 9 , . l E 9 , F LOW ( 1 ) - 1 4 * 3 . 6 E 5 S  
R U N  T O  D E TE R � I N E A �8 I E N T  P O N D  T E M P E RA T U R E  

S I NL I S T V Z E R O = t . 3 9 3 9 2 E 7 , A - t . 7 4 2 4 E 6 , N S T E P S= 4 5 0 0 , N P R I N T = l O O ,  
T Z E R O = 8 0 , T SK I P - 5 0 0 0 ,D T - 0 . 2 S 
R U N  T O  D E T E R� I NE F O R C E D  P O N D  T E M P E R A T U R E  W I T H O U T  A M8 I E N T  E F F E C T S  

S I NL 1 S T  T 5K I P = O , I M E T - t  , A K 1 - 1 5 0 ,  E .9Jt.l:J .. � E R O - 9 0 . N P R I N T = l O O S  
T E R M I N A T E R U N  

S I NL I S T V Z E R O = �S 

, F igure 7.8 Data Deck for Program U HS3. F i rst Set. 

occurred about one day earl i er than predi cted ( an error o f  a day i s  reasonab l e  
because of the vari ati on of meteoro l ogy on a 1-day cyc l e ) . Tab l e  7 . 1 
i l l ustrates the peak temperature p redi cted by vary i ng the parameter TSKI P over 
a range of up to 30 hours . 

The res ul ts i ndi cate that , i n  th i s  case , the max i mum temperature i s  very 
nearly p redi cted at the t i me i ndi cated by the d i rect s uperpos i t i on of the 
peaks . 
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R U N  T O  D E T E R M I N E  A M B I E N T  P O N D  T E MP E R A T UR E  

V Z E R O  A B L O W  A M A I< E 
. 1 3 9 3 9 E + 0 8  . 1 7 4 2 4 E + 0 7  o .  o .  

N S T E P S  N P R I N T  D T  T Z E R O  T 8 K l P  
. 4 5 0 0  1 0 0 . 2 0 0  8 0 . 0  5 0 0 0 . 0  

Q B A S E  F 8 A S E E A l< l I M E T  
O .  O .  8 0 . 0  1 5 0 . 0  0 

8 T A  B T O 8 H S  B W  
0 . 0  0 . 0  0 . 0  0 . 0  

. . . . . . . . . . . . .  � . . . . . . . . . . . . . . . . . . . .  
H E A T  I N  : T l �1 E  F R O M  F L O W  I N  • 

• 

B T U / H R : S T A R T  F T * * 3 / H R  • 
• 

• • • • • • • •• • • • • • • • • • • • • •  • • • • • • • • • • • 

O .  0 . 0 0  . 3 6 0 E + 0 6  • � O .  . 0 1  . 3 6 0 E + 0 6  • • 
. 8 5 0 E + 0 9  1 . 0 0  . 3 6 0 E + 0 6  • 

• 

. 5 1 0 E + 0 9  1 . 1 0  . 3 6 0 E + 0 6  : 

. 5 1 0 E + 0 9  1 . 9 0  . 3 6 0 E + 0 6  • 
• 

. 5 0 0 E + 0 9  3 . 9 0 . 3 6 0 E + 0 6  : 

. 6 8 0 E + 0 9  5 . 0 0 ' . 3 6 0 E + 0 6  : 

. 6 0 0 E + 0 9  8 . 0 0 . 3 6 0 E + 0 6  • • 

. 4 0 0 E + 0 9  1 2 . 0 0 . 3 6 0 E + 0 6  : 

. 3 1 0 E + 0 9  2 4 . 0 0 . 3 6 0 E + 0 6  • • 

. 2 7 0 E + 0 9  I 2 9 . 0 0 . 3 6 0 E + 0 6  I 

. 2 1 0 E + 0 9  I 1 4 0 . 0 0 . 3 6 0 E + 0 6  : 

. 1 8 0 E + 0 9  I 8 4 0 . 0 0 . 3 6 0 E + 0 6  • 
• 

. 1 0 0 E + 0 9  I 2 0 0 0 . 0 0 . 3 6 0 E + 0 6  • 
• 

• • • • • • • • • • • • • • • • • • • • • •  • • • • • • • • • • • 

Figure 7.9 Output From Program U HS3, First Set. 
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* * * * * * * * * * * * *  MO D E L  R E S U L T S  * * * * * * * * * * * * *  

• •  T I ME • • • • • • • T E M P E R A T U R E  ( F ) • • • • • • • • V O L U ME • • • •  I H R  I M I X E D  • S T R A T  • P L U G  I F T * * 3 • • • • 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  , 
I 2 0 . 0  I 7 9 . 9 : 7 9 . 9  I 7 9 . 9 I . 1 3 9 2 0 E + 0 8  : 
I 4 0 . 0  I 7 8 . 7 • 7 9 . 6  : 7 8 . 7 : . 1 3 8 9 5 E + 0 8  : • 

I 6 0 . 0  I 7 7 . 0  I 7 8 . 5  • 7 7 . 0 I . 1 3 8 6 8 E + 0 8  • • • 

: 8 0 . 0 I 7 3 . 8  7 7 . 1  : 7 3 . 8  : . 1 3 8 2 8 E + 0 8 : 
I 1 0 0 . 0  • 6 8 . 2  7 4 . 8 : 6 8 . 2  • . 1 3 7 6 5 E + 0 8  • • • • 
• 1 2 0 . 0  I 6 6 . 1 7 0 . 0  : 6 6 . 1 I . 1 3 7 3 7 E+ 0 8 : • 
I 1_4 0 . 0  I 6 5 . 7 6 8 . 2  : 6 5 . 7  : . 1 3 7 2 3E + 0 8  I 
: 1 6 0 . 0  I 6 5 . 7 6 7 . 3  • 6 5 . 7  : . 1 3 7 1 3 E + 0 8 : • 
1 1 8 0 . 0  : 6 5 . 9  6 7 . 1 • 6 5 . 9  I . 1 3 7 0 5E + 0 8  I • 

I 2 0 0 . 0 I 6 6 . 3 6 7 . 2 : 6 6 . 3  : . 1 3 6 9 2 E + 0 8  • 
• 

I 2 2 0 . 0  6 8 . 3  6 7 . 8 I 6 8 . 3  : . 1 3 6 8 2 E + 0 8 I 
I 2 4 0 . 0 7 0 . 2  6 9 . 6  I 7 0 . 2  1 . 1 3 6 7 2 E + 0 8  • 

• 

I 2 6 0 . 0 7 0 . 3 I 7 0 . 6  : . 7 0 . 3 . : . 1 3 6 6 1 E + 0 8  1 
I 2 8 0 . 0  7 0 . 7  I 7 0 . 3  1 7 0 . 8 : . 1 3 6 5 0 E + 0 8  • � I 3 0 0 . 0  7 0 . 8 : 7 0 . 6  I 7 0 . 9 : . 1 3 6 3 5 E+ 0 8 • 

• 

I 3 2 0 . 0  7 2 . 1 I 70 . 8  1 7 2 . 2  • . 1 3 6 2 2 E + 0 8 . .  
• • 

1 3 4 0 . 0 7 3 . 2  : 7 2 . 4  I 7 3 . 2  1 . 1 3 6 1 2 E + 0 8  • • 
I 3 6 0 . 0  7 4 . 5  : 7 3 . 2  : 7 4 . 5  I . 1 3 5 ,) 7 E+ 0 8  I 
I 3 8 0 . 0  7 4 . 5 I 7 4 . 3  I 7 4 . 5  I . 1 3 5 6 ,) E + 0 8  • • 
I 4 0 0 . 0  7 2 . 5 I 7 3 . 7  I 7 2 . 5  : . 1 3 5 4 1 E+ 0 8  • • 
: 4 2 0 . 0  7 0 . 8  1 7 2 . 1 • 7 0 . 8  I . 1 3 5 1 9 E + 0 8  • . ,. • 

I 4 4 0 . 0  I 7 0 . 1 1 7 0 . 8  • 7 0 . 1 I . 1 3 5 0 3 E + 0 8  : • 
1 4 6-0 . 0  I 7 0 . 7 : 7 0 . 6  : 7-0 . 7 I . 1 3 4 8 8 E + 0 8 : 
;1 4 8 0 . 0  I 7 1. 3 : 7 1 . 3  I 7 1 . 3  I . 1 3 4 7 2 E + 0 8  ' I  
1 5 0 0 . 0  1 7 1 . 6 I 7 1 . 5  I 7 1 . 6  I . 1 3 4 5 8 E + 0 8  I 
I 5 2 0 . 0  I 7 3 . 1 : 7 1 . 3  I 7 3 . 1 I . 1 3 4 4 4 E + 0 8  • 

• 

I 5 4 0 . 0 : 7 4 . 0 I 7 2 . 4  1 7 4 . 0  : . 1 3 4 3 1 E + 0 8 • • 
• 560 . 0 , . 7 5 . 1 1 7 3 . 3  : 7 5 . 1  I . 1 3 4 2 0 E + 0 8 I -. 
I 5 8 0 . 0  I 7 5 . 9 I 7 5 . 0  I 7 5 . 9  I . 1 3 4 0 9E. 0 8 : 
I 6 0 0 . 0  • 7 5 . 8 I 7 5 . 6  I 7 5 . 8  I . 1 3 3 8 3E + 0 8  1 
: 6 2 0 . 0  . 1 7 7 . 4  I 7 5 . 5 I 7 '7 . 4  I . 1 3 3 7 1 £+ 0 8 : 
'1 6 4 0 . 0  : 7 8 . 9  I 7 6 . 7  1 1 8 . 9  I . 1 3 3 56E+ 0 8  1 
I 660 . 0  1 7 9 . 4  I 7 7 . 5  : 7 9 . 4  I . 1 3 3 4 0£ + 0 8  I 
I 6 8 0 . 0  I 7 9 . 0 I 7 8 . 2 -. 7 9 . 0  1 . 1 3 3 2 2 E+ 0 8  I 

·1 7 0 0 . 0  I 7 9 . 6  I 7 8 . 6  I 7 9 . 6  I . 1 3 3 0·8£ + 0 8  1 
I 7 2 0 . 0  I 8 0 . 6  I 7 9  .. 1 • 8 0 . 6  I .• 1 3 2 9 9'E + 0 8  • • 
I 7 4 0 . 0  I 82 . 5 , . 8 0 . 0  I 8 2 . 5  1 . 1 3 2 8 8 E + 0 8  • .. 
J 7 6 0 . 0  I 8 3 . 1  I 8 1 . 5  : 8 3 . 7  • • 1 3 2 7 3 E + 0 8  : 
I . 7 8 0 . 0  I 8 3 . 8  1 8 2 . 4  I 8 3 . 9  I . 1 3 2 5 9 E + 0 8  I 
1 8 0 0 . 0  I .  8 3 . 6  I 8 2 . 8 . 1 8 3 . 6 1 . 1 3 2 4 0 E + 0 8  1 
I 8 2 0 . 0  I 8 4 . 6  1 83 . 3  I 8 4 . 6  I . 1 3 2 2 0 E + 0 8  : 
I 8 4 0 . 0  I 8 5 . 2 I 8 4 . 4  1 8 5 . 2  I . 1 3 1 ') 3 E+ 0 8  I 
I 8 6 0 . 0  t 8 4 . 8  I 8 4 . 6  I 8 4 . 8  I . 1 3 1 5 9 E + 0 8  • 

• 

I 8 8 0 . 0  I 8 3 . 8  I 84 . 0  I 8 3 . 8  I . 1 3 1 2 5 E+ 0 8  I 
I 9 0 0 . 0 I 8 0 . 0 I 8� . 8  1 8 0. 0 I . 1 3 0 6 8E + 0 8  : ' . 
. . � . . . . . . . . � . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . � . .  

MA X I MUM M O D E L L E D  T E MP-E R A T U R E S I 

."M I  )( E D  MOD E L  I: 8 5 . 9 0  A T  8 3 3 . 2 0  H O U R S  
S TR A T  MODEL a 8 4 . 69 A T  8 55 . 8 0 H O U R S  
P L U G  M O D E L  • 8 5 . 9 1 A T  8 3 3 . 0 0  H O U R S  

Figure 7.9 (Continued) .  
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R U N  T O D E TERM I NE FORCED P O N D  T�MPERA TUR£ W I THOUT AM8 lE�T EFF E C T S  

V Z E R O  A B L O W  A M A K E  
. 1 3939E + 0 8  . 1 7 42 4 £ + 0 7  O .  o .  

N S T E P a N P R I NT O T  T Z E R O  T SK IP 
45 0 0 1 0 0  . 2 0 0  90 . 0  0 . 0 

Q B A SE F B A SE E A K l I M E T  
o .  o .  9 0 . 0  1 5 0 . 0  1 

ST A B T D  S H S  B W  
0 . 0  0 • .0 0 . 0  0 . 0  

. . . • . . . . . . . . . . . . . . . . . . . .  � . . . . . . . . . .  
: H E A T  I N  a T I ME F R OM I F L O W  I N  a 
I B T U / HR I S T A R T  I F T * * 3 / H R  I 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

: 0 . 
.' 0 . 0 0 I . 3 & O E + 0 &  a • 

a o .  a . 0 1 I . 36 0 £ + 0 6  : 
I . 8 5 0 E + 0 9  I 1 . 0 0  I . 3 & O E + 0 6  • • 
• . 5 1 0 E + 0 9  : 1 . 1 0 I . 3 6 0 £ + 0 6  I • 
: . 5 1 0 E + 0 9  I 1 . 9 0  : . 3 6 0 E + 0 6  I 
I . 5 0 0 E + 0 9 : 3 .9 0  I . 3 6 0 E + 0 6  • 

• 

I . 6 8 0 E + 0 9  : 5 . 0 0 • . 3 6 0 E + 0 6  : • 
I . 6 0 0 E + 0 9  I 8 . 0 0 • . 3 6 0 E + 0 &- I • 

• . 4 0 0 E + 0 9  I 1 2 . 0 0  : . 3 & O E + 0 6  I • 
I . 3 1 0 E + 0 9  : 2 4 . 0 0  • . 36 0 E + 0 6  : • 
I . 2 7 0 E + 0 9  • 2 9 . 0 0 • . 3 6 0 E + 0 6  : • • 
: . c! 1 0 E + 0 9 I 1 4 0 . 0 0 • . 36 0 E + 0 6  I • 
: . 1 8 0 E+ 0 9  , 8 4 0 . 0 0 : . 3 6 0 £ + 0 6  : 
I . 1 0 0 E + 0 9  I 2 0 0 0 . 0 0 I . 36 0 E + 0 6  a 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

Figure 7.9 (Continued) .  
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* * * * * * * * * * * * * M O D E L R E S U L T S  * * * * * * * * * * * * * 

• T I ME • • • • • • •  T E M P E R A T U R E  ( F )  • • • • • • •  � V O L U M E  • • • 
H R  • M I X E D S T R A T  : P l,. U G  • F T * *, 3  • • 

• • • • • •  • • • • • • • • •  • • • • • • • • • • • • • • • • • • • • • • • • • • • •  
2 0 . 0  : 9 9 . b  9 0 . 8  • 9 1 . b  • . 1 3 8 7 8 E + 0 8  • • 

4 0 . 0  • 1 0 3 . 2  q 9 . 4  • 1 0 0 . 4  • . 1 3 7 9 9 E + O e  • • • 
b O . O  & 1 0 5 . 4 1 0 1 . 7  I 1 0 1 . 5  • . 1 3 7 t b E + 0 8  • 

8 0 . 0  I 1 0 b . 8  1 0 3 . 9  : 1 0 3 . 5  : . 1 3 6 2 0 E + 0 8 
1 0 0 . 0 • 1 0 7 . 7 1 0 5 . • 3 I 1 0 4 . 4  I . 1 3 4 9 6 E + 0 8 • 
1 2 0 . 0  • 1 0 8 . 3  1 0 b . 4  • 1 0 5 . 1 . 1 3 3 6 5 E + 0 8  • • 
1 4 0 . 0  J 1 0 8 . 6  1 0 7 . 1  I 1 0 5 . 4 . 1 3 2 4 0 E + 0 8  - -
l b O . O  • 1 0 8 . 7 1 0 7 . & : 1 0 5 . b . 1 3 1 2 0 E + O e  • 
1 8 0 . 0  : 1 0 8 . 8  1 0 7 . 9 : 1 0 5 . 7  . 1 3 0 0 6 E + 0 8  
2 0 0 . 0  • 1 0 8 . 8  : 1 0 8 . 1 : 1 0 5 . 8  . 1 2 8 8 8 E + 0 8  • 
2 2 0 . 0  J 1 0 8 . 7 J 1 0 8 . 2 • 1 0 5 . 8 . 1 2 7 7 & E + 0 8  • 
2 4 0 . 0  : 1 0 8 . 7  1 0 8 . 3  • 1 0 5 . 7  . 1 2 6 7 5 E + 0 8  • 

2 6 0 . 0 : 1 0 8 . b  1 0 8 . 3 : 1 0 5 . 7  . 1 2 5 7 6 E + 0 8  
2 8 0 . 0  I 1 0 8 . 5  1 0 8 . 4  : 1 0 5 . 6  • . 1 2 4 7 b E + 0 8 
3 0 0 . 0  I 1 0 8 . 4  1 0 8 . 3  I 1 0 5 . 5 : . 1 2 3 7 1 E + 0 8  

I 3 2 0 . 0  1 0 8 . 3  1 0 8 . 3  : 1 0 5 . 4  I . J 2 2 7 5 E + 0 8  • 3 4 0 . 0 1 0 8 . 3  1 0 8 . 2  I 1 0 5 _. 4 : . 1 2 1 8 4 E + 0 8  • 
• 3 b O . 0 1 0 8 . 2  1 0 8 . 2 : 1 0 5 . 3  : . 1 2 0 9 I1 E + 0 8  • 
: 3 8 0 . 0  1 0 8 . 1 1 0 8 . 1 I 1 0 5 . 2  : . 1 1 9 7 b E + 0 8  
• 11 0 0 . 0  1 0 8 . 0 1 0 8 . 0  : 1 0 5 . 1 : . 1 1 8 5 7 E + 0 8  • 
: 4 2 0 . 0  1 0 7 . 9 1 0 8 . 0  : 1 0 5 . 1 • . 1 1 7 11 1 E + 0 8  • 
I 4 4 0 . 0  1 0 7 . 8 1 0 7 . 9 I 1 0 5 . 0 I • 1 1 6 2 5 E + 0-8 • 11 & 0 . 0  1 0 7 . 7  1 0 7 . 8  • 1 0 4 . 9  I . 1 1 5 1 3 E + 0 8  1 • • 
• 11 8 0 . 0  1 0 7 . 6 1 0 7 . 7  : 1 0 4 . 8 I . 1 1 4 0 4 E + 0 8  : • 
I 5 0 0 . 0  1 0 7 .·-6 1 0 7 . 7  I 1 0 4 . 8 : . 1 l 3 0 1 E + 0 8  I 
: 5 2 0 . 0  1 0 7 . 5  1 0 7 . 6 : 1 0 4 . 7  I . 1 1 2 0 7 E + 0 8  I 
: 5 11 0 . 0 1 0 7 . 4  1 0 7 . 5  : 1 0 11 . 7 I . 1 1 1 1 4 E + 0 8  I • 5& 0 . 0  : 1 0 7 . 4 1 0 7 . 4  I 1 0 4 . 6  J . 1 1 0 2 5 E + 0 8  : • 

5 8 0 . 0  : 1 0 7 . 3 1 0 7 . 4 : 1 0 4 . 5  I . 1 0 9 4 '() E + 0 8  I 
& 0 0 . 0  I 1 0 7 . 2  1 0 7 . 3  I 1 0 4 . 5 I - . 1 0 8 5 1 E + 0 8  • 

• 

0-2 0  .• 0 • 1 0 7 . 2 1 0 7 . 3  : 1 0 11 . 4 1 . 1 0 7 6 5 E + 0 8  I • 

6 4 0 . 0  : 1 0 7 . 1 1 0 7 . 2  : 1 0 4 . 4  I . 1 0 6 8 0 E + 0 8 : 
6 6 0 . 0  : 1 0 7 . 1  1 0 7 . 1 I 1 0 11 . 3  I . 1 0 5 9 9 E + 0 8  I 
6 8 0 . 0  I 1 0 7 . 0  1 0 7 . 1  I 1 0 4 . 3  • . 1 0 5 1 7 E + 0 8  : • 
7 0 0 . 0 I 1 0 7 . 0  I 1 0 7 . 0  I 1 0 4 . 3 - .  . 1 0 4 3 8 E + 0 8  I • 
7 2 0 . 0, : 1 0 6 . 9 1 0 7 . 0 • 1 0 4 . 2  I . 1 0 3 6 5E + 0 8  • • • 
7 4 0 . 0  I 1 0 6 . 9  1 0 6 . 9  1 1 0 4 . 2 I . 1 0 2 9.1 E + 0 8  • � 
7 6 0 . 0  : . 1 0 6 . 8  1 0 6 . 9 • 1 0 4 . 1 • . 1 0 2 2 1 E + 0 8  • • 
7 8 0 . 0 I 1 0 6 . 8  1 0 6 . 8  • 1 0 4 . 1 • . 1 0 1 5 1 E + O e  : • 

: 8 0 0 . 0  - .  1 0 6 . 7 1 0 6 . 8  • 1 0 4 . 1  I . 1 0 0-7 8 E + 0 8 I 
I 8 2 0 . 0 I 1 0 6 . 7 1 0 6 . 7  • 1 0 4 . 0  I . 1 0 0 0 5 E + 0 8  I 
• 8 4 0 . 0  I 1 0 6 . 6  1 0 6 . 7  : 1 0 4 . 0  I . 9 9 3 0 2 E + 0 7  I • 
• 8 6 0 . 0  : 1 0 6 . 6  1 0 6 . 1  I 1 0 3 . 9  I . 9 8 4 4 6 E + 0 7  I • 
• 8 8 0 . 0 : 1 0 6 . 5 1 0 & . 6  I 1 0 3 . 9  I . 9 7 5 7 1 E + 0 7  I • 
t 9 0 0 . 0  • 1 0 6 . 3 1 0 6 . 5  I 1 0 3 . 8  I . 96 11 8 2 E + 0 7  1 • 
• • • • • • • • • • • • • • • •  . . . . . . . . . . . . . . .  � . . . . . . . . . . . . . 

M A X I M U M  M O D E L L E D  T E MP E R A T UR E S :  
M I X E D  , M O D E L  I: 1 0 8 . 7 8 A T  1 9 4 . 2 0 H O U R S  
S T R A T  MOD E L l: 1 0 8 . 3 5  A T  2 1 2 . 2 0  H O U R S  
P L U G  M O D E L  I: 1 0 5 . 0 3 A T  2 0 9 . 6 0 H O U R S 

Figure 7.9 (Continued ) .  
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R UN T O  D E T E R M I N E  F O R C E D  POND . T�MPERATURE W I T H O U T  A M B I E N T  E F F E C T S  

V ZERO A B L O W  A M A K E 
.1' 39 39E + 0 8  . 1 7 4 2 4 £ + 07 o .  o .  

N S T E P S  N P A I NT D T  T Z E A O  T S K I P  
45 0 0  1 0 0 . 2 0 0  9 0 . 0 0 . 0 
Q B A S E  F B A SE E A K I I M E T  

o .  o .  9 0 . 0  1 5 0 . 0  1 .  
8TA B T D  8 H S  B W  
0 . 0  0 .9 0 . 0  0 . 0  

• • • • • • • • • • • • • • • • • • • • • • •  •• • • • • • • • • • • 

1 HE A T  I N  I T I ME F R OM F L O W  I N  I 
I B T U / HR I ST A IlT F T * * 3 / H R  • 
• • • • • • • • • • • • • • • • • • • • • • •  • • • • • • • • • • • 

10 .  a 0 . 0 0  . 36 0 E + 0 6  I 
1 0 .  � . 0 1  . 36 0 £ + 0 6  I 
I . •  8 5 0 E + 0 9  1 1 . 0 0  . 3 6 0 E + 0 6  I 
1 . 5 1 0 £ + 0 9  I 1 . 1 0 . 3 6 0 E + 0 6  : 
I . 5 1 O E + 0 9 I 1 . 9 0  . 3 6 0 £+ 0 6 I 
1 . 5 0 0 E + 0 9 I 3 . 9 0 . 3 6 0 E + 0 6  I 
I . 6 8 0 E + 0 9 I 5 . 0 0  . 36 0 E + 0 6  : 
t . 6 0 0 E + 0 9 I 8 . 0 0 . 3 6 0 E + 0 6  : 
: . 4 0 0 E + 0 9  r 1 2 . 0 0 . 3 6 0 E + 0 6  • • 
I . 3 1 0 E + 0 9  I 2 4 . 0 0  : . 36 0 E + 0 6  • • 
I . 2 7 0 E + 0 9 I 2 9 . 0 0 I . 3 6 0 E + 0 6  • • 
I . 2 1 0 E + 0 9  I 1 4 0 . 0 0 • . 3 6 0 E + 0 6  : • 
I • 1 8 0 1 + 0 9  I 8 4 0 . 0 0  : . 3 6 0 E + 0 6 : 
I . 1 0 0 E + 0 9  I 2 0 0 0 . 0 0  : . 3 6 0 E + 0 6  : 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

Figure 7.9 (Continued ) .  
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Figure 7. 1 0  Ambient Pond Temperature as a Function of Time. 
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TI M E - HOURS 

Figure 7 . 1 1 Pond Temperature With External Plant Heat Load and Constants E 
and K as a Function of Time. 
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9 6 O  
1 1 -. 9  7 1 . 3  
a. 1 . 5 · 7 1 . 0  
3 4 . 6  7 1 . 0 
4 5 . 4  7 1 . 7 
5 5 . 8  7 3 . 7  
6 5 . 8  7 '7 . 0  
7 8 . 1  8 0 . 3  
8 8 . 8  8 2 . 3 
9 8 . 1  8 3 . 0  

1 0 8 . 1  8 1 . 0  
1 1 8 . 1  7 8 . 0  
1 2 8 . 1  7 4 . 0  
1 3  7 . 3  7 2 . 0  
1 4  4 . 6  7 0 . 3  
1 5 0 . 0  6 9 . 0  

6 6 . 3  0 . 0 1 . 0 0 8 4 .  
6 6 . 0  0 . 0 1 . 0 0 8 4 .  
6 6 . 0 0 . 0 1 .·0 0 8 4 . 
6 7 . 3  4 0 6 . 2 1 . 0 0 8 6 . 
6 8 . 0  9 3- 1 . 0 1 . 0 0 8 3 .  
6 8 . 0 1 3 1 5 . 1 1 . 0 0 7 4 .  
6 9 . 3 2 1 2 8 . 5  . 8 7 6 9 . 
7 0 . 0 2 3 2 1 . 8  . 7 7  6 6 _ 
7 0 . 0 1 8 1 2 . 7 . 7 0 6 5 . 
6 9 . 3  7 1 7 . 2 . 7 7 6 8 . 
6 '7 . 3 0 . 0 . 6 3 7 0 .  
6 4 . 0  0 . 0  . 3 0 7 1 . 
6 4 . 0  0 . 0  . 1 0 7 6 . 
6 4 . 3 0 . 0  . 2 7 8 2 . 
6 5 .'() 0 . 0  . 8 0  8 7 . 

0 . 0  7 1 . 0  
3 . 1  7 1 . 0 
5 . 0 7 1 . 3 
5 . 8 7 2 . 0 
! . 8 7 5 . 3  
6 . 9 7 8 . 7  
9 . 2  8 2 . 0 
8 . 4 8 2 . 1  
8 . 1 8 2 . 0  
8 . 1  8 0 . 0  
8 . 1 7 6 . 0 
7 . 7 7 3 . 0  
6 . 9 7 1 . 0 
2 . 3  6 9 . 7  
3 . 1  1 0 . 3  

6 6 . 0  0 . 0 1 . 0 0  
6 6 . 0  0 . 0 1 . 0 0  
6 6 . 7  1 3 4 . 6 1 . 0 0  
6 8 . 0  6 7 7 . 8 1 . 0 0  
6 8 . 0 1 1 4 8 . 3 1 . 0 0 
6 8 . 7 1 7 5 9 . 8  • 9 3 
7 0 . 0 2 3 6 9 . 2  . 8 0  
7 0 . 0 2 1 3 4 . 0 . 1 3  
6 9 . 7 1 2 5 9 . 7  . 1 3  
6 9 . 0  2 2 4 . 6  . 8 0  
6 5 . 7  

6 4 . 0  
6 4 . 0  
6 4 . 7  

0 . 0  . 4 7 
0 . 0'  . 2 0  
0 . 0 0 . 0 0 
0 . 0 . 5 3 

6 5 . 1 2 1 3 . 4  . 8 3  

*** CARDS 16 TO 47Q ARE NOT SHOWN *** 

8 4 . '  
8 4 . 
8 5 . 
8 7 . 
7 8 . 
7 2 • 
6 7 . 
6 6 . 
6 6 . 
6 9 . 
7 0 . 
7 4 .  
7 9 . 
8 4  •. 
8 5 . 

4 7 1 3 . 5  6 6 . 0  6 1 . 0  0 . 0 1 . 0 0 8 4 . 2 . 3  6 7 . 3  6 0 . 7  3 0 . 6 1 . 0 0  8 0 .  
4 1 2  1 . 2 6 8 . 7  6 0 . 3  3 0 0 . 9 1 . 0 0 7 5 .  0 . 0 7 0 . 0  6 0 . 0  5 7 1 . 1 1 . 0 0 7 1 .  
4 7 3  0 . 0  7 1 . 3 6 0 . 0 1 2 0 3 . 3  . 8 7 - 6 8 . 0 . 0  7 2 . 7 6 0 . 0 1 9 3 1 . 3  . 7 3  6 5 .  
4 7 4  0 . 0 7 4 . 0  6 0 . 0 2 6 3 7 . 6  . 6 0  6 2 . 1 . 9 7 5 . 3  5 8 . 3 2 9 6 0 . 5  . 5 7 '  5 6 . 
4 7 5  3 . 8  7 6 . 7 5 6 . 7 3 t 3 2 . 5  . 5 3 5 1 . 5 . 8  7 8 . 0  5 5 . 0 3 1 3 3 . 4  . 5 0  4 5 .  
4 7 6  7 . 7 7 8 . 7 5 5 . 3 2 8 8 3 . 8  . 5 0 4 5 . 9 . 6  7 9 . 3  5 5 . 7 2 4 8 6 . 7  . 5 0 4 4 . 
4 7 7  1 1 . 5 8 0 . 0 5 6 . 0 1 9 6 9 . 2  . 5 0 4 4 .  9 . 6 7 8 . 3  5 5 . 7 1 1 6 0 . 4  . 6 7 4 6 . 
4 7 8  7 . 1 7 6 . 1  5 5 . 3  4 7 1 . 6  . 8 3  4 8 . 5 . 8  7 5 . 0  5 5 . 0  3 0 . 6 1 . 0 0 5 0 . 
4 7 9  3 . 8  7 1 . 3 5 5 . 3  0 . 0  . 7 3  5 8 . , 1 . 9  6 7 . 7  5 5 . 7  0 . 0 . 4 7 6 7 . 
4 8 0  0 . 0  6 4 . 0  5 6 . 0  0 . 0  . 2 0 7 5 .  0 . 0  6 2 . 7  5 6 . 0  0 . 0  . 1 3  7 9 .  

S H F T N H = 1 4 , T H ( 1 ) = 0 , . 0 1 , 1 , 1 . 1 , 1 . 9 , 3 . 9 , 5 , 8 , 1 2 , 2 4 , 2 9 , 1 4 0 , 8 4 0 , 2 0 0 0 , 
H E A T ( 1 ) = 0 , 0 , . 8 5 E 9 , 2 * . 5 1 E 9 , . 5 E 9 , . 6 8 E 9 , . 6 E 9 , . 4 E 9 , . 3 1 E 9 , . 2 7 E 9 , . 2 1 E 9 ;  

. 1 8 E 9 , . l E 9 , F L O W ( 1 ) = 1 4 * 3 . 6 E 5 S  
R U N  T O  D E T E R M I N E  P E A K  P O N D  T E M P E R A T U R E  

S I NL I S T  V Z E R O = 1 . 3 9 3 9 2 E 7 , A = 1 . 7 4 2 4 E 6 , N S T E P S = 4 5 0 0 , N P R I N T = t O O , T Z E R 0 = 8 0 ,  
T S K I P= 6 3 9 . 0 , D T = 0 . 2 1 
T E R M I N A T E  R U N  

I I NL I S T V I E R O = O I  

Figure 7. 1 2  Data Deck for Program UHS3, Second Set. 

7 . 4 . 1  Evaporati ve Los s  

A conservat i ve water los s  cal cul ati on wi l l  b e  emp l oyed i n  wh i ch the maxi mum 
amb i ent 30- day water l os s  wi l l  be added to the 30- day seepage l oss and the 
evaporati ve l os s  due to heat addi ti on as s umi ng 100% of the excess  heat is l ost  
by evaporati on : 
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R U N  T O  D E T E R M I N E P E A K P O N D T E M P E R A T U R E  

V Z E R O  A B L O W  A M A K E  
. 1 3 9 3 9 E + 0 8  • 1 1 4 2 4 E + 0 1  O .  o • 

N S T E P S  N P R I N T  O T  T Z E R O  T S K I P  
4 5 0 0  1 0 0  . 2 0 0  8 0 . 0  6 3 9 . 0  

Q S A S E  F B A S E E A K l  I ME T  
O .  O . 8 0 . 0  1 5 0 . 0  0 

8 T A  B T O  B H S  B W  
0 . 0  0 . 0  0 . 0  0 . 0  

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

H E A T  I N  : T I M E  F R OM : F L O W I N  
B T U / H R  • S T A R T  F T 'Iu 3 / H R  • 

• • • • • • • • • • • • • • • • • • • • • •  • • • • • • • • • • 

O .  I 0 . 0 0 . 3 6 0 E + 0 6 
O .  I . 0 1 . 3 6 0 E + 0 6  

. 8 5 0 E + 0 9  I 1 . 0 0  . 3 6 0 E + 0 6  

. 5 1 0 E + 0 9  I 1 . 1 0  . 3 6 0 E + 0 6  

. 5 1 0 E + 0 9  1 . 9 0  . 3 6 0 E + 0 6  

. 5 0 0 E + 0 9  3 . 9 0 . 3 6 0 E + 0 6  : 

. 6 8 0 E + 0 9  5 . 0 0 . 3 6 0 £ + 0 6  • " 

. 6 0 0 E + 0 9  8 . 0 0 . 3 6 0 £ + 0 6  • • 
I . 4 0 0 E + 0 9  1 2 . 0 0 . 3 6 0 £ + 0 6  • 

• 

• . 3 1 0 E + 0 9  2 4 . 0 0 . 3 6 0 E + 0 6  • • • 
• . 2 7 0 E + 0 9  2 9 . 0 0 . 3 6 0 E + 0 6  • 
• • 

• . 2 1 0 E + 0 9  1 4 0 . 0 0 . 36 0 E + 0 6  . .  • • 
: . 1 8 0 £ + 0 9  8 4 0 . 0 0  . 3 6 0 E + 0 6  • 

• 

• . 1 0 0 E + 0 9  : 2 0 0 0 . 0 0 . 3 6 0 £ + 0 6  • 
• • 

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

Figure 7. 1 3  Output From Program U HS3, Second Set. 
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* * * * * * * * * * * * *  MOOEL R E S U L T S * * * * * * * * * * * * * 

• • T I ME • • • • • • •  T E � PE R A T U R E  ( F )  • • • • • • • •  V O l UNE • • • •  : H R M I X E D  : S T R A T : P L U G : F T * * 3 : 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 
: 2 0 . 0 7 9 . 9  7 9 . 9 : 7 9 . 9 : . 1 3 9 2 0 E + 0 8 : 
: 4 0 . 0 7 8 . 7 7 9 . 6 : 7 8 . 7 : . 1 3 8 9 5 E + 0 8  : 
: 6 0 . 0 7 7 . 0 7 8. 5 : 7 7 . 0 . 1 3 8 6 8 E + 0 8 : 
: 8 0 . 0 7 3 . 8  1 1 . 1 : 7 3 . 8  . 1 3 8 2 8 E + 0 8  r 
: 1 0 0 . 0  6 8 . 2 7 4 . 8 : 6 8 . 2 . 1 3 7 6 5 E + 0 8 :  
: 1 2 0 . 0  6 6 . 1 7 0 . 0  I 6 6 . 1  . 1 3 7 3 1 E + 0 8 
: 1 4 0 . 0  6 5 . 7  6 8 . 2 : 6 5 . 7 . 1 3 7 2 3 E + 0 8 : 
i�� f& 0 • 0 n :- -- & 5 � 7 : - - - '6-'r;3 �� - 65-;1 • 1 37 1 3 E +  0 8 : 
: 1 8 0 . 0 : 6 5 . 9 : 6 7 . 1 b 5 . 9  . 1 3 7 0 5 E + 0 8  I 
I 2 0 0 . 0 . :  6 6 . 3 :  � 7 . 2  6 6 . 3 :  . 1 3 6 9 2 E + 0 8  : 
: 2 2 0 . 0 : 6 8 . 3 : b 7 . 8  6 8 . 3 : . 1 3 b 8 2 E + 0 8  : 
: 2 4 0 . 0 : 7 0 . 2 : 6 9 . 6  7 0 . 2 : . 1 3 6 7 2 E + 0 8  = 
: 2 6 0 . 0  r 7 0 . 3 : 1 0 . 6  7 0 . 3 r . 1 3 6 6 1 E + 0 8  : 

2 8 0 . 0 : 7 0 . 7  I 7 0 . 3  7 0 . 8 : . 1 3 6 5 0 E + 0 8  : 
3 0 0 . 0 : 7 0 . 8  7 0 . 6 7 0 . 9  I . 1 3 6 3 5 E + 0 8 : 
3 2 0 . 0 :  7 2 . 1 7 0 . 8 7 2 . 2 r . 1 3 6 2 2 E + 0 8 : 
3 4 0 . 0 : 7 3 . 2  7 2 . 4 7 3 . 2 : . 1 3 6 1 2 E + 0 8  : 
3 6 0 . 0 I 7 4 . 5  7 3 . 2  7 4 . 5 :  . 1 3 5 9 7 E + 0 8  : 
3 8 0 . 0 : 7 4 . 5 7 4 . 3 I 7 4 . 5 : . 1 3 5 6 9 E + 0 8  : 
� O O . O : 7 2 . 5  7 3 . 7 : 7 2 . 5 : . 1 3 5 4 1 E + 0 8  : 
4 2 0 . 0 : 7 0 . 8  7 2 . 1 : 7 0 . 8 : . 1 3 5 1 9 E + 0 8  : 
4 4 0 . 0 : 7 0 � 1 7 0 . 8 : 7 0 . 1 r . 1 3 5 0 3 E + 0 8 r 

: 4 b O . 0 : 7 0 . 7 7 0 . 6  I 7 0 . 7  I . 1 3 4 8 8 E + 0 8  : 
: 4 8 0 . 0 · 7 1 . 3 . 7 1 . 3 : 7 1 . 3  I . 1 3 4 7 2 E + 0 8 I 
: 5Q O . 0  7 1 . 6  I 7 1 . 5  I 7 1 . 6 : . 1 3 Q 5 8 E + 0 8  ) 
I 5 2 0 . 0  7 3 . 1 : · 7 1 . 3 t 7 3 . 1 I . 1 3 4 4 4 E + 0 8  : 
I 5 4 0 . 0  7 4 . 0 I 7 2 . 4  I 7 4 . 0 : . 1 3 4 3 1 E + 0 8  
I 56 0 . 0 7 5 . 1 I 7 3 . 3  I 7 5 . 1 I . 1 3 4 2 0 E + 0 8  
: 5 8 0 . 0  7 5 . 9 : 1 5 . 0 I 7 5 . 9 : . 1 3 4 0 9 E + 0 8 
: 6 0 0 . 0  7 5 . 8 : 7 5 . 6  I 7 5 . 8 : . 1 3 3 8 3 E + 0 8 · 
: 6 2 0 . 0  7 7 . 4 I 1 5 . 5  I 7 7 . 4 I . 1 3 3 7 1 E + 0 8  
' 6 4 0 . 0 . 7 9 . 7  I 7 6 . 7 : 1 8 . 9  I . 1 3 3 5 6 E + 0 8 
: 6 6 0 . 0 : 8 9 . 8  I 7 8 . 6 : 8 1 . 8 : . 1 3 32 5 E + 0 8 · 
: 6 8 0 . 0 : 9 2 . � : 8 8 . 5  I � O . O  I . 1 3 2 7 7 E+ 0 8  
a 7 0 0 . 0  I 9 5 . 9  I 9 0 . 8 : 9 1 . 9 : . 1 3 2 3 0 E + 0 8 
: 7 2 0 . 0  I 9 8 . 8 : 9 4 . 0  I 9 5 . 3  I . 1 3 1 8 4 E + 0 8 · 
I 7 4 0 . 0 I 1 0 1 . 9 : 9 6 . 6 I 9 8 . 6  I . 1 3 1 3 3E+ 0 8 
: 7 6 0 . 0  I 1 0 2 . 8  I 9 9 . 7  I 9 9 . 7  I . 1 3 0 6 3 E + 0 8  I 
: 7 8 0 . 0  : 1 0 3 . 3  : 1 0 0 . 5  t 1 0 0 . 1 I . 1 3 0 0 3 E + 0 8  a 
I 8 0 0 . 0  I 1 0 2 . 8  I 1 0 1 . 4  I 9 9 . 7  I . 1 2 9 3 1 E + 0 8 : 
: 8 2 0 . 0  : 1 0 3 . 8 : 1 0 1 . 8  : 1 0 0 . 7 I . 1 2 8 6 3 E + 0 8  : 
: 8 4 0 . 0  I 1 0 3 . 0  : 1 0 3 . 1 I 1 0 0 . 0  : . 1 2 7 1 2 E + 0 8 I 
I 8 6 0 . 0  • 1 0 2 . 1  I 1 0 2 . 2  I 9 9 . 1  I . 1 2 6 8 5 E+ 0 8 : 
I 8 8 0 . 0  I 1 0 0 . 4  I 1 0 1 . 7 I 9 ' . 5 : . 1 2 5 9 6 E + 0 8  : 
I 9 0 0 . 0  I 9 4 . 9 : 9 9 . 8  I 9 2 . 0 I . 1 2 4 7 7 E + 0 8  : 

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

MA X I MU M  -O D E L L E D  T E MPER A T U R E S .  
M I X E D  M O D E L : 1 0 4 �6 1  A T  8 1 0 . 8 0  HO UR S  
S T R A T  MODE L = 1 0 3 . 1 9  A T  8 3 6 . 2 0  H O U R S  
PL UG M O D E L : 1 0 0 . 7 7 A T  8 1 0 . 6 0 H O U R S  

Figure 7. 1 3  (Continued).  
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Figu re 7. 14  Pond Temperature ( Final Calculation) as a Function of Tima. 

Maxi mum amb i ent 30- day l os s  = 1 . 024 X 106 ft3 

= 1 • .  44 X 106 ft3 

= 2 . 45 X 106 ft3 

+ 30-day seepage 

153 x 109 Btu 
+ 1000 Btu/l b x 62 . 4 l b/ft3 

Total 30- day water l os s  = 4. 91 X 106 ft3 

The total vo l ume of the pond i s  13 . 9  x 106 ft3 , so  65% o f  the pond water woul d 
be left after 30 days . 

7 . 4 . 2 Correcti o n  Factors for Peak Temperature and Water Los s  

T o  the peak temperature and 30-day water l os s  shoul d b e  added the correcti on 
factors due to (1)  stati sti cal extrapol ati on of the offs i te data to the 1% per 
year exceedence val ues and (2)  the ons i te versus offs i te comparison of 
meteoro l ogl cal data . 

The stati sti cal  extrapol ati on performed wi th the resul ts of the program UHSPND 
i ndi cate that the maxi mum ambi ent pond temperature and 30"day evaporati on are 
greater than the extrapol ated 1% per year exceedence val �es . Si nce only 
pos i ti ve ( conservati ve)  correcti on factors are taken , no correcti on i s  
necessary for ( 1 ) . 
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Tab l e  7 . 1 UHS3 f i nal Temperature Runs Varyi ng 
Starti ng T ime 

Hours Peak Ti me of 
Run TSKI P , from best tempera- peak 
No . hours esti mate ture , o f  hours 

1 641. 4 0 lOS . 22 810 . 6 

2 617 . 4  - 24 lOS .  08 810 . 6 

3 66S. 4  +24 10S . 29 810 . 8 

4 629 . 4 -12 lOS.  14 810 . 6 

S 6S3 . 4  +12 lOS . 26 810 . 8 
. 

6 63S . 4  - 6 10S . 19 810 . 6 

7 647 . 4 + 6 lOS . 24 810 . 8 

8 639 -2 . 4 lOS .  21 810 . 6 

9 643 +1. 6 lOS . 23 810 . 6 

The ons i te-offs i te compari son of meteorol ogi cal  data from program COMET 
i ndi cates that the ons i te data wou l d predi ct about a 0 . 4°F  h i gher pond 
equi l i bri um temperature . Therefore , the maxi mum pond temperature shou l d be 
rai sed accordi ngly:  

Maxi mum pond temperature = 10S . 12°F+ 0 . 4°F= lOS . 52° F .  

Offs i te evaporati on i s  predi cted to be hi gher than that ons i te , s o  no 
correcti on factor for evaporati on shou l d  be taken .  
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APPENDIX A 

Stati sti cal Treatment of Output 

Program UHSPND , i n  addi ti on to determini ng the peak ambie"
nt pond temperature 

for the ent i re l ength of record , determines the maxi mum ambi ent temperature 
and evaporati on for each year of the record. Subrouti ne SUBS performs sever al 
s i mp l e  mani pul ations of the yearly  maximums to faci l i tate graphic analyses : 

(1) The data are ranked from hi ghest to lowest temperature . 

(2)  Their "pr obabi l i ty" or p l otting pos i ti on i s  determined based on the 
number of years i n  the data set us i ng the formul ae ( Ref . 10) :  

where 

where 

Pl = 1 - (O . S)I/N 

PN == (O . S) I/N 

Pi == Pl - ( i -l)AP 

l IN II. p  _ 2(0 . S) 
u - N-l 

N == number o f  data poi nts in  the set 

Pl == pl otting position of the highest yearly  maximum 

PN 
== p l otti ng pos i t i on of the l owest yearly maxi mum 

P i == plotting pos i t i on of each i ndivi �ual point 

(A-I) 
(A-2) 
(A-3) 

(3)  The first three moments of the di stri buti on (mean , standard devi ati on ,  
and skew) are determi ned from the formul ae ( Ref . 10) :  

M == !:T 
T 

(mean) 

S2 == !:T2 - ( !:T)2/N 

N-l 

( standar d devi ati on)2 

N2 L: Ts - 3NL:TL: T2 + 2(!: T)3 
g == -----------

N(N-l) (N-2)s3 

( s kew) 

7S 

I 

(A-4) 

(A-S)  

(A-6) 



where 

I: i mp l i es the s um over al l N val ues i n  the data set 

A. I Add i t i onal  Stati sti cal Man i pu l ati on 

The ran ked annual  maxi mum amb i ent temperature and evaporati on  data s hou l d be 
p l otted i n  ari thmeti c-probab i l i ty coordi nates di rectly from the output from 
step 2 i n  o rder to get a qual i tati ve l oo k  at the trends i n  the yearl y  maxi mum 
temperatures . A h i stogram of the same output may al so  be useful . 

A maxi mum l i ke l i hood curve and error bands shoul d be drawn on the probab i l i ty 
graph fo l l owi ng standard stati sti cal procedures s uch as those outl i ned i n  Reference 

For conven i ence , several of the neces sary tab l es and procedures descri bed i n  
th i s  reference for Pearson type I I I  coordi nates are dup l i cated i n  the present 
report and wi l l  be descri bed . 

A . 2 Maxi mum L i ke l i hood Curve 

The maxi mum l i ke l i hood frequency curve i n  probab i l i ty coordi nates i s  descri bed 
by the fo l l owi ng equat i o n :  

T = M + kS (A-7) 
where 

M = the mean 

s = the standard dev i ati on  

k = a tabu l ated factor dependent on  probab i l i ty and  s kew 

The procedures s hown here i nvol ve on l y  temperatures , but evaporati on may be 
treated i n  exactly  the same way . The maxi mum l i kel i hood frequency curve s hou l d 
be computed us i ng the fo l l owi ng steps : 

(1)  Arb i trari ly sel ect val ues of P� , the probab i l i ty of occurrence i f  the 

data set were drawn from an i nfi n i te popul ati on , to cover the range of 
i nterest on the grap h .  Suggested val ues woul d  be P� = 0 . 1 ,  1, 10 , 50 , 
90 , 99 and 99 . 9%. 

( 2 )  For each sel ected val ue of P� , fi nd the k val ue correspondi ng to the 
adopted s kew coeff i c i ent us i ng F i gure A . 1 .  ( Note : Beard s uggests that 
s kew cannot be rel i ab ly  dete rmi ned from smal l data sets , so zero s kew i s  
usual ly  adopted . )  

( 3 )  Cal c u l ate T from Eq . (A- 7 )  fQr each val ue of k determi ned . 

(4)  F i nd the correspondi ng val ue of PN ' the p robab i l i ty corrected for the 

l i m i ted s i ze N of the data set , for each val ue of  P� us i ng F i gure A.2. 
( 5 )  P l ot T vs PN for each val ue se l ected on  the same probab i l i ty p l ot that 

the raw data were p l otted . 
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'-' 
"'-I -.....t 

' , ' 

1JAB8(JI 'nrJ xu � 

, 8 k • Mep1tude 1D ataDd&rd 4evie.ticma trcm _� tor .�llce ptl"CeIl�' at : ·  (Skew 
coettic1ent) 0 . 01 0 . 1  1 .0 5 10 30 50 70 90 95 99 99.9 99.99 ' " 

1 .0 
0 . 8  
0 . 6 
0 . 4  

0 . 2  
0 . 0  

-0 . 2  

-0 . 4 
-0 . 6  
-0 . 8  
-1 . 0  

. 00  
- . 04  
- . 12 

- . 23 - . 32 
- . 31 
- . 40 

NOTE : 

5 . 92  4 . 54 3.03 1 . 87 1 .34 0. 38 ' -0. 16 .. 0.61 .. 1 . 12 
5 . 48 ' 4.25 2.90 1 . 83 ' 1 . 34 0.42 ·0 .. 13 -0.60 .. 1.16 
5 . 04  3.96 2·77 1 . 79 1 . 33 0.45 -0.09 -0.58 -1 .19 
4 . 60  3.67 2 . 62  1 . 74 1 .32 0.48 '-0 .06 , �0. '7 ' .1 .22 
4 . 16 3 .38 2.1ta 1 . 69 1 . 30 0 . 51 .. 0 . 03 -0. 55 .. 1.25 . 
3 . 13 3.09 2 . 33 1 . 64  1 .28 ' 0 . 52 ' 0 .00 -0.52 ' -1.28 
3 . 32 2 . 81 2 . 18 1 . 58 1 .25 0 . 55 0 . 03 -0. 51 .. 1 . 30 
2 . 92 2 . 54 2 . 03 1 . 51 1 .22 0�57 0.06 . -0.48 -1.32 
2 . 53 2 . 28 1 . 88  1 . 45 1 . 19 0 . 58 0.09 -0 . 45 ' -1 . 33 
2 . 18 2 . 03 1 .74 1 . 38 1 . 16 0 . 60  0 . 13 , -0.42 , .1. 34 
1 .88 1 . 80  1 . 59 1 . 31 1 . 12  0 . 61 0 . 16 , -0. 38 , -1 . 34 

Skew Coett1c1ent� C�nly Uae4 

3 . 13 3 . 09 2 . 33 1 . 64  1 . 28 0 . 52 0.00 -0 . 52 .. 1 .28 
3 . 65 3 . 03 2 . 30 1 . 63 1 . 27 0 . 53 0 . 01 -0 . 52 .. 1 .28 
3 . 48 2 . 92 2 . 24 1 . 60  1 . 26 0 . 54 0 . 02  -0 . 51 -1 . 29 

3 . 26 2 . 11 2 . 16 1 . 51 1 . 25 0 . 55 0 . 03 -0. 50 .. 1 .30 
3 . 08 2 . 68  2 . 09 1 . 54 1 .23 0 . 56 0 . 05 -0. 49 -1 . 31 ' 
2 . 98 2 . 58 2 .05 1 . 52 1 .22 ' ,0 . 51 0 .06 -0. 48  ,1 . )2  
2 . 92 2 . 54 2 . 03 1 . 51 1 . 22  0 . 51 0 . 06 -0 . 48 -1 . 32 

",1.31 
.1 .� -� . 5 l"1 ,51 
-1. 58 
-1 . 64  .. 1 ·69 
-1 .14 
-1 .79 -1 . 83 
-1 . 81 

.. 1 . 64  
-1 . 65 
-1 . 67 

-1 . 10 
-1 . 72 
-1 . 73 .. 1 .74 

.1. 5� -l ·n -1. -2 ·03 
.. 2.18 
-2 ·U .�. 

",,1 .80 ' .. 1 . 88 -2,Oa " ' -2�18 
-2.2 -2.53 
-a.54 -2 .� 
·2 . 81. -3.32 
-3.09 . 
-3 · 38 

-l·7] - .16 ' 
' -2 . 62 " -3 . 67 '" -4.60 -2 .71 .�.96 · -5 .04 
-2 .90 , .. . 25 -5 .48 
",3.03 " .. 4.54 . -5 · 92 

·2 · 33 -3 .09 -3.73 
-2 . 36 .. 3 . 15 .. 3 .82 
-2 .42 , -3 .26 ·3·99 

-2 . 50 -3 .42 -4.23 
-2 . 56 -3 . 55 . -4 .42 
-2 . 60  .. 3 .63 -4. 53 
-2 . 62 .. 3 . 67 ... 4 . 60  

Approximate transformati ons between normal deviate (X)  and Pearson 'l'ype III devi ate k can be 
accompli sheti ·,rith the following eq llation : 

k .  i{[t ( x  .. t )  + 1 ] 3�1} 
, Figure A.1 Paanon Type I I I  Coordinates (After Ref. 10, Exhibit 39) . ' 
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. '  'lAiD or PJr vEastB  'llo III PitcD.r . .  
For use V1th �B draw �r_ a 'normal population' 

t 

� 50.0 ' ,  30·0 10.0 5 ·0 1 . 0' 0. 1, .' If-I CD . 

, I ' 50.0: 37·2 24.3 20 . 4- 15 .'" ' 12� 1 " 
2 50 .0 3,4.7'  19 · 3: 14 .6  9.0 5 .7 
3 . 50. 0 33� 6 16.9- 11 ·9 6 .. 4-, 3 �5  ' .  
4 50.0 33·0 ' 15 .4.c . 10 . 4- 5 . 0  2 .4< 
5 ' 50.0 32 ·' 14. 6  . 9 .4- . ' 4 . 2 1. ·79 ; 
6 . 50 . 0  ' 32 .2 13 .8 8.8  3 '. 6 1·38' 
7 ' 50 .0 . 31. · 9  13 . 5' 8. 3 . 3 ·2 1..13 
S 50 .0 31 .7 13·l. 7 ·9 - 2 � 9 .94, 
9 50·0 31 .6  12 .7' 7 . 6, 2 .7 . 82  

1O- 50 .. 0' 31·· 5: 12. � 1 · 3 2 . , ·72:' . 
11 50.0 . 31 . 4  12'.3 1· 1 2· 3, .64.. 
12 50.0 31 ·3  ' 12.1 6 .9 2 .2 '  · 58 
'L3· 50.0 31 .2 11.9 6 . 8  2 . 1  · 52 
14- 50 .0 31 . 1  u . &  . 6 .7- 2 .0 , . 48 
15 50.0 31 . 1  11 .7 6 . 6  1 .96 . 45 

16 50. 0  31 . 0 11 .6. 6 � 5 1 ·90 . 42 
17 50 .0 31 .0 '  11 .5  6 . 4-: 1 . 84., .40 
18 . 50 .0, 30. 9 ' 11 .4 6. 3 1 .79 . 3A' 
19 50 .0 30 . 9  11 · 3  6 ... 2 1 .74, · 36 
20 50 . 0  30 . 8  11 .3 6 � 2  1 .70 . ]4 . 

21 50 .0  30 . 8 11 .2 6 . 1  1 . 67 · 33 
22' 50 . 0 30 . 8  11 .1 6 . 1  1 . 63 · 31 
23 ' 50 . 0  30 . 7  U . l  6 . 0  1 . 61 · 30 
24 50.0 30 . 7  11 . 0  6 . 0 1 · 58 . 29 
25 50 . 0  30 · 7  11 . 0  5 ·9 1 . 55 . 28 

26 50 . 0 30. 6  10 . 9  5 · 9 1 . 53 . 27 
27 50 . 0  30 . 6  10 · 9  5 . 9  1 · 51 . 26 
28 50 . 0  30 . 6  10 . 9  5 . 8 1 . 49 . 26 
29 50 . 0  30 . 6  10 . 8  5 . 8  1 . 4-7 . 25 
30 50. 0  30 . 6 10. 8  5 . 8 1 . 4-5 . 24-

40 50 . 0  30 . 4  10 . 6  5 . (l  1 . 33 . 20 
(.,0 50 . 0  30 · 3  10 . 4- 5 . 4 1 . 22 . 16 

120 50 . 0  30 .2 10 .2 5 . 2 1 . 11 . 13 
«> 50 . 0  30 · 0  10 . 0  5 · 0 1 . 00 . 10 

HarE: Px values above are usable approximatel7 with Pearson 1'ype 
distributions baving , small skew coefficients . 
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Figun. A. 2 Tabie of PN Versul P ':;in-Percent (After Ref. 10, Exhibit 40) . 
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A. 3 Erro r  Bands 

Error bands fo r the 5% and the 95% confi dence l i mi ts may al so be p l otted u s i ng 
the fo l l owi ng p rocedure :  

( 1 )  For the s ame val ues o f  P se l ected i n  the computati on o f  the maxi mum 
1 i ke 1 i hood frequency cu�e ,  sel ect the error of est i mat i on from 
F i gure A . 3 for the 0 . 05 and 0 . 95 l eve l s  of confi dence £ 5 and £95 ' 
respect i vely .  

( 2 )  Determ i ne the coordi nate of  the error band l i nes  us i ng the formu l ae :  

TO • 9 5 = M + ( k+£9s ) s 

To . o s  = M + ( k+£s ) s  

for each val ue of P�. 

(A-B) 

(3 ) P l ot TO • 9 5 and To . os vs p� on  the same p l ot as the maxi mum l i ke l i hood 

curve and the raw data . (Note : Do not p l ot To • 9s and To . o s vs PN as  i n 
the maxi mum l i ke l i hood curve . ) 

-

The e rror l i m i t  curves express the probab i l i ty of a val ue fa l l i ng outs i de of 
the error bands i n  any gi ven year .  For  the  95% and  5% bands , therefore , there 
i s  1 chance i n  20 that the amb i ent temperature val ue for any gi ven recurrence 
i nterval i s  g reater than i ndi cated by the 5% curve and 1 chance i n  20 that i t  
i s  l ess  than the 95% curve . 

An examp l e o f  the stati sti cal  procedure i s  offered i n  Secti on 7 .  

The maxi mum l i ke l i hood curves for temperature T and 30-day evaporati on rate We are extrapol ated to the 100-year recurrence i nterval  ( 0 . 01 probab i l i ty per 
year)  to  determi ne T1 00 and  W1 00 . * Correcti on factors for peak temperature AT 
and evaporati on aWe are determi ned by compari ng T 1 00 and W1 00 wi th the i r 
correspondi ng h i ghest observed va l ues from the record , Tmax and Wmax : 

(A-10)  

(A-11)  

On ly  correct i on factors greater than zero are cons i dered . I f  the maxi mum 
observed temperature or evaporati on i s  h i gher than the 100-year recurrence 
val ues , no correcti on factor i s  taken .  These correcti on  factors may be  added 
di rect ly to the peak l oaded pond temperature and evaporati ons determi ned i n  
s ubsequent cal cu l ati ons . 

*Other recurrence i nterva l s may be used . 
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P R O G R A M  U H S P N D ( I N P U T , O U T P U T , T A P E q , T A P E 8 = / 4 Q 5 , T A P E 5 = I N P U T U L T S I N K 2  
1 ,  T A P t 6 = O l l T P U T  , P U N C H ,  T A P E a : P U N C rI )  U L  T S I N K 3 

C U L T S I N K 4  
C P R O G � A M U H S P N D I S  A P R U G R A M  U N D E R  D E V E L O P M E N T  8 Y  T H E  S T A F F  O F  T H E  U L T S I N K 5  
C H Y � R O L O G I C  E N G I N E E � I N G S E C T I O N O F  T H E  U . S .  N U C L E A R � E G U L A T O R Y  U L T S I N K & 
C C O MM I S S I O � F O �  U S E  I �  E V A L U A T I N G T H E D E S I G N B A S I S M E T E O R OL O G Y  O F  I I L T S I N K 7 
C � M A L L  C O U L I N G P O N D S U S E D  A S  T H E  U L T I M A T E  � E A T  S I N K O F A N U C L E A R  U L T S l h K 8  
C P O W E R P L A N T . T H E  P R O G R A M  U S E S H I S T O R I C A L � E A T H E R  D A T A  P � O V I D E D  U L T S I N K 9  
C O N T A P E  H Y T H E  N A T I O N A L  W E A T H E R  S E R V I C E A N D  A S I M P L I f I E D  P O N D U L T S I N 1 0  
C T E M P E R A T U R E M O D E L  T O  D E T E H M t N E T H E  P E R I O O O F  R E C O R n  W H I C H  W O U L D  U L T S I N l l 
C R E S U L T I N  E I T H E R  T H E  L O w E S T  C O O L I N G P E R F O R M A N C E  O R  H I G � E S T  U L T S I N 1 2  
C E V A P O R A T I V E � A T E R  L O S S  I N  A G I V E N P O N D .  T H E  U S E  O f T H E  P R O G R A M UL T S I N 1 3 
C A N D T H E  A N A L Y T I C A L T E C H N I Q UE S  W H I C H  I T  E M P L O Y S A R E  f U L L Y D E S C R I B E D U L T S I N 1 4 
C I N  L I T E R A T U R E  A V A I L A B L E  T H R O U G H  T H E  H Y D R O L O G I C  E N G I N E E � I N G U L T S I N 1 5  
C S E C T I O N . A L L  Q U E S T I O N S  A N D  C O M M £ N T S  S H O U L D  B E  A D D R E S S E D  T O  U L T S I N 1 &  
C R .  C O O E L L . lJ L T S I N t 7 
C U L T S I N 1 8  

R E A L  L A T \ , L A T , Y R M O D Y ( 3 ) , Y R M A X ( 4 0 , 8 )  JUL y q  1 
L A T 1 = 0 . . U L T S I N 2 1  
w R I T E ( 6 , 1 0 0 )  U L T S I N 2 2 

1 0 0 F O R M A T ( t H l , 2 0 ( / ) , l O X , ' U . S .  N U C L E A R  R E G U L A T O R Y C OMM I S S I O N - U L T I M A T E U L T S I N 2 3  
1 H E A T  S I N � C O OL I N G P O N D  M E T E O H O L O G I C A L S C A N N I N G M O D E L ' , / 1 0 X , ' R  C O D UL T S I N 2 4  
2 E L L  A N D W N U T T L E , N O V E M B E R  l q 7 Q ' , / 1 H l ) U L T S I N 2 5  

N A M E L I S T / I N P U T / N , A , V , L A T , I S R C H , I P R N T , Y R M O D Y U L T S I N 2 &  
D A T A  N , I S R C H , I P R N T / l , 1 , 0 1 U L T S I � 2 7  

C U L T S I N 2 8  
C R E A D D A T A  C A R D  U L T S I N Z 9  
C U L T S I N 3 0  

R E A O ( 5 , I N P U T ) U L T S I N 3 1  
I F ( N . E Q . O ) S T O P  U L T S I N 3 2  

C U L T S I N J 3  
C I f  T H I S I S  T H E  F I R S T  D A T A  C A R D  O R  I F  L A T  H A S  C H A N G E p , G E NE R A T E A U L T S I N 3 4  
C N E W  I N T E R M E D I A T E F I L E . U L T S I N 3 5  
C U L T S I N 3 & 

I F ( A B S ( L A T I - L A T ) . G E • •  O O l ) C A L L  S U 8 1 ( L A T )  U L T S I N 3 7  
L A T 1 = L A T  U L T S I N 3 8  
I F ( N . G T . q Q )  G O  T O  4 U L T S I N ] 9  
I F ( V . L T . O . ) V = V . ( - 4 3 S b O . )  U L T S I N 4 0  
I F ( A . L T . 0 . ) A : A . ( - 4 3 5 & 0 . )  U L T S I N 4 1  
A 1 = A / 4 3 5 & 0 . U L T S I N 4 2  
V l = V / 4 3 5 b O .  U L T S I N 4 3  

C U L T S I N 4 4  
C P R I N T  P O N D P A R A M E T E R S . U L T S I N 4 5  
C U L T S I N 4 &  

W R I T E ( 6 , 5 1 0 ) N , A , A l , V , V l , J S R C H , I P R N T  U L T S I N 4 7  
5 1 0  F O R M A T ( S ( / ) , T 2 0 , 1 0 ( ' . ' ) , '  P O N D  N U M B E R  ' , 1 2 , '  H A S  T H E  F O L L O W I N G P A R U L T S I N 4 8  

l A M E T E R S  ' , � 5 ( A . · ) , I I , T 3 5 , ' S U R F A C E  A R E A ' 2 X , F 1 2 . 2 , ' F T * * 2  ( ' , F Q . 2 , U L T S I N 4 9  
? '  A C R E S ) ' , I I , T 3 5 , ' V O L U M E ' , 8 X , F 1 2 . 2 , ' F T * * 3  ( ' , F Q . 2 , ' A C R E - F T ) ' , I I , U L T S I N 5 0  
3 T 3 5 , ' I S R C H = ' , I 2 , T & 5 , ' I P R N T  = ' , 1 2 )  U L T S I N 5 1  

WR I T E ( & , 5 5 0 ) N  UL T S I N 5 Z  
S 5 0  F O R M A T ( S ( / ) , T 2 0 , 1 0 ( ' * ' ) , '  P O N D N U M B E R  ' , 1 2 , ' H A S  B E E N  M O D E L L E O  T O  U L T S I N 5 3  

1 D f T E R M I N E  T H E  W O R S T  ' , 1 3 ( ' * ' ) , I , T 3 8 ,  ' P E R I O D S  F O R  C O O L I N G A N D E V A U L T S I N S 4  
2 P O R A T T V E W A T E R L O S S ' , I , t H l ) U L T S I N S 5  

C U L T S I N S &  
C M O D E L  T O  F I N O Y E A H L Y M A X I M U M  T E M P E R A T U R E S  A N D  3 0  D A Y  E V A P O R A T I V E U L T S I N S 7  
C L O S S E S . · U L T S I � S 8  
C U L T S I N S 9  

C A L L  S U B 2 ( A , V , Y R M A X )  J UL y q  2 
C U � T S I N & l  
C R A N K Y E A R L Y M A X I M U M T E M P E R A T U R E S  A N D 3 0  D A Y  E V A P O R A T I V E  L O S S E S '  UL T S I N & 2  
C C O M P U T E  1 0 0 Y E A R  � X C E E PE N C E S ,  S A M P L E  M E A N S , S T A N D A R D  D E V I A T I O N S , UL T S I N & 3  
C A N D  S � E w S . U L T S I N & 4  

Figure B. 1 Listing of Program UHSPN D. 
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C U L T S I N & 5  
C A L L  S U 8 5 C Y R M A X ) U L T S I N & 6  
I F C I s R C H . L E . O . O H . I S RC H . G E . 6 )  G O  T O  1 U L T S I N & 1  

C U L T s I N & 8  

C P R I N T A N O I OR P U N C H D A I L Y ME T E O R O L O G Y F O R T H E  P E R I O D S O F  R E C O R D U l T S I N � q  

C P R E C E f D I N G T H E  H I G H E S T  I S R C H  P O N D  T E M P E R A T U R E S .  ( I S R C H  ) & )  U l T S I N 7 0  

C U L T S I N 7 1 

D O  2 l = t , I s R C H  U L T S I N 1 2  

D O  3 J : l , 3  U L T 8 I N 7 � 
J l = J + l  U L T S I N 1 4  

3 Y R M O O Y ( J ) = Y R M A X C I , J l )  U L T S I N 7 5  

C A L L  s U B 3 ( Y R M O o Y , I P R N T l J U l y q 3 

I F ( I P R N T . E Q . l ) W R I T E C b , 5 2 0 )  U L T S I N 1 7 

5 2 0  F O R M A T ( l H l ) U L T S I N 7 8  

2 C O N T I N U E  U L T S I N q Z  

G O  T O  1 U L  T S I N q 3  

4 Y R M O D Y ( 3 ) = I . U L T S I N Q 4  

C U L T S I N Q S  

C C A L C U L A T E A N D  P R I N T  M O N T H L Y A V E R A G E S  O F  E A C H  P A R A M E T E R  I N  M E T A B L .  U L T S I N Q & 

C U L T S I N Q 7  

C A L L  S U B 4 ( Y R M O D Y , L A T  ) U L T S I N Q 8 

G O  T O  1 UL T S I N Q Q  

E N D U L T 5 I t O O 

' S U B R O U T I N E 5 u B t e l A T )  S U 8 t l 
c S UB t  J 
c 5 U8 1  4 

R E A L  M E T A B l ( 2 7 , 1 0 ) , s R A O ( 2 S ) , L A T  SUB t 5 
C O M M O N  I O A T E ( 3 ) , I H O U R ( & ) , W I N D S P ( 6 ) , T E M P D 8 ( 6 ) , T E M P W B ( 6 ) , T E M P O P ( & ) , S U 8 1 6 

t H U M I O ( & ) , P R E S S R ( & ) , S K Y ( & )  S UB t 7 
D A T A  M E T A B L / 2 1 0 * O . 1 S U B t 8 
D A T A  s R A D  1 2 5 * 0 . 1  S U B I Q 
W R I T E ( b , 5 2 0 )  L A T  S U8 t 1 0  

5 2 0  F O R M A T C S ( / ) , T 2 0 , 1 0 ( ' * ' ) , '  S U B R O UT I N E S U B I H A S  B E E N  C A L L E D  F O R  l A T I S U B I 1 1  
1 T U D E  = ' , F 5 . 2 , ' D E G .  N O R T H ' , 5 ( ' * ' ) , / ) S U 8 1 1 2  

C S U B I 1 3  
C P O S I T I O N T A PE T O  F I R S T  OF M A Y . S UB I  1 4 
C 8 U 8 1 1 5  

C A L L  R E A O R C  S U8 1  1 6 
I : ( 1 2 1 - I O A T E C 3 » * 4 - 2  S U B I 1 1  
D O  2 J = I , I  S U 8 1 1 8  

2 R E A D ( S )  S U 8 t l q  

3 C A L L  R E A O R C  S U B t 2 0 
I F ( I H O U R ( I ) . N E . O ) G O  T O  3 S U8 1  2 1  
I F ( l D A T E ( 2 ) . L T . 5 )  G O  T O  3 S U B I 2 2  

C S U 8 t 2 3  
C R E A D  I N  F I R S T b L I N E S  OF D A T A  S U 8 t 2 4  
c S U 8 1 25 

D O  4 1 - 1 , &  S U B I 2 6  
ME T A B L ( I , I ) = I D A T E C t )  S UR I  2 1  
M E T A 8 L ( I , Z ) _ I D A T E ( Z )  S U 8 1 2 8  
ME T A 8 L ( I , 3 ) = l D A T E ( � )  S U B I 2 Q  
M E T A B L ( I , 4 ) = I H O U R ( I )  s U B t 3 0  
M E T A 8 L ( I , 5 ) : W I N D S P C I )  S U 8 1 3 1 
ME T A 8 L ( I , 6 ) = T E M P D B ( I )  S U 8 1 3 2  
M E T A B l ( I , 7 ) = T E M P D P ( I )  S U B t 3 3  
M E T A S L ( I , 8 ) = S K Y ( I )  S U B I 3 4  

ME T A B L ( I , q ) = S K Y ( I )  S U B 1 3 5 

4 M E T A B L ( I , 1 0 ) = H U M I D ( I )  S U R t 3 6  

C S U B t 3 1  
C M A K E S U R E  T H A T T H E  F I R S T  l I N E O F  D A T A 1 5  C O M � L E T E . S U B t 3 8  
C I F  D A T A  A R E  M I S S I NG , S U B S T I T U T E  F R O M  T H E  S E C O N D  O R  T H I R O L I N E S  S U B t 3 Q  
C I F  F I R S T  T H R E E  L I N E S A R E � A D , S K I P  T O  T H E  N E X T  D A Y . S U 8 1 4 0  
C S U 8 1 4 1  

Figure B.1 (Continued ) .  
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C 
C 
C 

C .  
C 
C 
C 

C 
C 

I N D E X : 1  
t y R : I O U U  1 )  
I M O N :  I D A T E  ( 2 )  
l O A Y :  I D A  n :  ( H  
1 = 1  
G O  T O  & 
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1 1 0  D O  1 2 0 K = 2 , 6  

I< I . K - l  
I F C L A T . G E . L A T B L ( K l ) . A N D . L A T . L T . L A T B L ( K » G O  T O  1 3 0  

l Z 0 C O N T I N U E 
. 

C L I N E 4 R  I N T E R P O L A T I O N OF T A B L E  ' L E N G T H ' . 
C 

1 3 0 D E L D Y . ( D A Y C I ) · O A Y N U M ) / ( O A Y ( I ) - D A Y C l l » 
A . L E N G T H ( K l , I ) . C O E L D Y - C L E N G T H ( K l , I ) · L E N G T H C K 1 , I l » )  
8 = L E N G T H C K , I ) · ( D E L D Y - C L E N G T H ( K , I ) ·L E NG T H C K� I l » ) 
D A Y L I T . 8 · C L A T 8 L ( � ) - L A T ) /5 . * ( B - A ) 
R E T U R N  
E N D  
F U N C T I O N H A � N ( L A T , Y R , MO D A ) 

C S O L A R  R A D I A T I O N  ON  H O R I Z O N T A L  S U R F A C E 
C F R O M  H A M O N , W E I S S ,  + w I L S O N  ) l O O ( �  
C . M O N T H L Y W E A T H E R  R E V I E W . - · P A G E  1 4 t · · J U N E  I � S 4  
C P R O G R A M A U T H O R . - E . C . L O N G . C O M P U T E R  SC I E N C E S  O I V I S I O N - -O R N L  
C U N I O N  C A R B I D E N U C L E 4 R  D I V I S I O N .  O A K  R I D G E , T E N N E S S E E  
C * * * *  D A I L Y  R A D I A T I O N  R E T U R N E D  I N B T U ' S  . * * * 

R E A L  D A T E C 1 & ) , L 2 5 ( 1 6 ) , L J O C 1 & ) , L 3 5 ( l b ) , L 4 0 C I 6 ) , L 4 S ( 1 6 ) , L S O C l 6 ) , 
1 L T C b ) , L A T , X ( ] ) , Y ( ] ) , L C Q 6 )  

I N T E G E R  I M C I 2 ) , N ( 1 2 ) , Y R 
E Q U I V A L E N C E  ( L C 1 ) , L 2 S C 1 » , C L C I 7 ) , L 3 0 ( t » , C l C 3 3 ) , L ] 5 C l » , 

1 C L ( 4 Q ) , L 4 0 C l » , ( L C 6 5 ) :L 4 5 C l » , ( L ( 8 1 ) , L 5 0 C l »  
O A T A  D A T E  / - 4 1 . 0 , - 1 1 . 0 , 2 0 . 0 , 5 1 . 0 , 7 9 . 0 , 1 1 0 . 0 , 1 4 0 . 0 ,  

1 1 7 1 . 0 , 2 0 1 . 0 , 2 3 2 . 0 , 2 & 3 . 0 , 2 9 3 . 0 , 3 2 4 . 0 , 3 5 4 . 0 , 3 8 5 . 0 , 4 1 6 . 0 1  
D A T A L 2 S  I t 7 5 4 . 0 , 1 & 1 6 . 0 , 1 7 � 4 . 0 , 2 1 1 6 . � , 2 3 9 � . 0 , i & 1 1 . 0 , 2 7 0 8 . 0 ,  

1 . 2 1 2 9 . 0 , 2 6 9 5 . 0 , 2 5 1 1 . 0 , 2 3 J 8 . 6 , 2 0 3 0 . 0 , 1 7 5 4 . 0 , 1 6 1 6 . 0 ,  
2 1 7 Q 4 . 0 , 2 1 1 6 . 0 1 

. 

D A T A  L 3� 1 1 5 5 7 . 0 , t 3 q O � 0 ; I � j O . 0 , 1 9 0 � . 0 , 2 2 6 � . 0 , 2 S 5 1 . 0 , 2 6 9 9 . 0 ,  

1 2 7 2 � . 0 , 2 & & 2 . 0 , ?' 5 0 3 . 0 , 2 2 2 4 . 0 , 1 8 1 3 . 0 , 1 5 5 7 . 0 , I J 9 0 . 0 , 
2 1 5 7 0 . 0 , 1 9 0 Q . 0 1 

O A T A L 3 5  1 1 3 3 8 . 0 , I 1 4 Q . 0 , 1 3 5 1 . 0 , 1 7 2 3 . 0 , 2 1 2 4 . 0 , Z 4 � 2 . 0 , Z 6 8 0 . 0 ,  
1 2 7 2 � . O , 2 b 4 5 . 0 , 2 4 2 & . O , 2 0 & 4 . 0 , l b 8 � . O , 1 3 3 8 . 0 , 1 1 4 Q . 0 ,  
2 1 3 5 1 . 0 , 1 7 2 3 . 0 1 

. 
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D A V L I T i! 
D U L I T  ] 
'D A Y L I T- ,. 
D A Y L I T 5 
D A Y L I T  6 
O A Y L I T  7 
D A Y L I T . 8 
D A n l T  � 
D A Y L l ' 1 0  
D A Y L l T l l  
D A Y L I T 1 Z  
D A V L l T 13 
D A Y L I T 1 4  
D A Y L I T 1 5  
D A Y L I T 1 6  
O A n l T U  
D A Y L  I T  1 8  
D A Y L  I T  1 9  
D A Y L I T 2 0  
D A Y L J T 2 1  
D A n I T 2 !  
D A Y L I T !] 
D A Y L I T Z 4  
D A n I T 2 S  
D A Y l I T Z 6  
D A Y L I T 2 1  
D A Y L I T 2 8  
D A Y L I T Z 9 
D A Y L I T 3 0  
D A Y L I T 3 1  
D A Y L I T 3i 
D A U l T ] ] 
D A Y L I T 3 4 
D A Y L I T ] 5  
D A Y L I T 3 6 
D A Y L I T 3 7 
D A Y l I T 3 8 
D A Y L I T ] 9 
D A Y L I T 4 0  
D A Y l I l 4 1  
H A H N  Z 
H A H� ] 
H A M N  • 
H A HN 5 
H A HN 6 
H A MN 1 
H A HN 8 
H A HN � 
H A NN 1 0  
H A HN 1 1  
H A HN 1 2  
H A H N  1 3 
H A HN I .  
H A Iot N 1 5 

H A HN 1 6 
H A MN 1 1 
H A HN 1 8  
H A MN t CJ.  
H A HN 2 0  
H A N N Z I : 
H A M N  2 Z  
H A MN 2 3 .  
H A MN Z 4  



C 

c 
C 

C 
C 

c 

C 
C 

c 

1 0 0 

1 0 5 
1 1 0  

1 1 5 

1 2 0 

1 2 5  
1 3 0 

1 3 5 

1 4 0  

D A T A  L 4 0  1 1 1 0 3 . 0 , � 0 9 . 7 , 1 1 0 3 . 0 , 1 5 1 4 . 0 , l q 4 7 . 0 , 2 3 9 7 . 0 , 2 & 5 5 . 0 ,  
1 2 1 2 9 . 0 , 2 & 0 3 . 0 , 2 3 4 2 . 0 , 1 9 5 1 . 0 , 1 4 1 9 . 0 , 1 1 0 3 . 0 , 9 0 9 . 1 ,  
2 '  1 1 0 3 . 0 , 1 5 1 4 . 0 1  

D A T A  L 4 5 1 8 8 2 . 7 , & 8 1 . 3 , 8 8 1 . 0 , 1 3 1 1 . 0 , 1 7 7 8 . 0 , Z 2 8 9 . 0 , 2 & 1 8 . 0 , 
1 2 7 2 9 . 0 , 2 5 7 1 . 0 , 2 2 4 7 . 0 , 1 1 � 9 . 0 , 1 2 7 4 . 0 , 8 8 2 . 7 , 6 8 1 . 3 , 8 8 1 . 0 , 1 3 1 1 . 0 1 

D A T A  L 5 0  1 & 8 2 . 3 , 4 & 3 . 3 , b 3 1 . 0 , 1 0 5 3 . 0 , ' 5 & 8 . 0 , Z l & 5 . 0 , 2 5 8 1 . 0 �  
1 2 7 2 9 . 0 , 2 5 2 7 . 0 , 2 1 3 6 . 0 , 1 5 8 4 . 0 , 1 0 & 0 . 0 , 6 8 2 . 3 , 4 6 3 . 3 , & 3 1 . 7 , 1 0 5 3 . 0 1 

D A T A  L T  1 2 5 . 0 , ] 0 . 0 , 3 5 . 0 , 4 0 . 0 , 4 5 . 0 , 5 0 . 0 1 
D A T A  1 M  1 1 , ] 2 , & 0 , 9 1 , 1 2 1 , 1 5 2 , 1 8 2 , 2 1 � , 2 4 4 , 2 7 4 , 3 0 5 , 3 3 5 1  
D A T A  N 1 3 1 , 2 8 , 3 1 , 3 0 , 3 1 , 3 0 , 3 1 , 3 1 , 3 0 , 3 1 , 3 0 , 3 1 1 
O A Y C : M O D A 
L E A P = M O O ( Y R , 4 )  
I F  ( L E A P . N E . O )  G O  T O  t l 0  
D O  1 0 0 1 : 4 , 1 6  
O A T E ( l ) a D A T E ( l ) + l . O  
C O N T I N U E  ' 

D O  1 0 5 1 = 2 , 1 1  
I M ( I ) = I M C I ) + 1 
N ( I )  = N ( 1 )  + 1 
C O N T I N U E  
S U M = O . O  
I F  ( M O D A . G T . O )  G O  T O  1 1 5  
F O R M O O A ) O F I N O A V E R A G E  S O L A R  R A D I A T I O N  F O R  M O N T H  -MO D A  
M O = _ M O'o A 
1 1  = I M ( MO ) 
I D = N ( M O )  
1 2 = 1 1 + 1 0 - 1  
D A Y S : 1 0  
O A Y = I 1  
G O  T O  1 2 0  
F O R M O O A > O F I N D R A D I A T I ON F O R D A Y  # D A Y CI 

D A Y C I S  E Q U I V A L E N C E D  T O  M O D A 
1 1 11: 1  
1 0 = 1  
1 2 - 1  
D A Y a D A Y C  
O A Y S = l . O  
0 0  1 8 0 I I = I 1 , I 2 
D E T E R M I N E I F  D A Y I S  T A B U L A R  

OF  I F  D A Y  N O T T A B U L A R , I N D E X  O F  D A Y  
M O = O  
M I = O  
0 0  1 3 0 1 = 2 , 1 4  
D A T E I : D A T E ( I )  
I F  . ( D A Y . N E . D A T E I )  G O  T O  1 2 5 
M O a I  
G O  T O  1 4 0 
M D H A S I N D E X  I I F  D A Y . o A T E ( I )  
I F  ( D A Y . G T . D A T E I . A � D . n A Y . L T . D A T E ( I + l »  G O  T O  4 3 5 
C O N T I N U �  
G O  T O  1 4 0 
M I = I ' 
M I = I  F O R D A T E ( I » D A Y ) o A T E ( I + l )  
D E T E R M I N E I F  L A T  I S  T A S U L A R  V A L U E 
I F  { M o D A . L T . O . A N O . I I . G T . I 1 )  G O  T O  1 5 0 
M L = O  
0 0  1 4 5  1 = 1 , &  
I F  ( L A T . N E . L T ( I » ) G O  T O  l 4 5 
M L = I 
M L = I F O R  L A T T A B U L A R V A L U E 
G O  T O  1 5 0 

1 4 5 C O N U N U �  
I � O I F · ( M.D * ML . E Q . O )  G O  T O  1 5 5 
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H A MN 2 5  
H A H N 2 &  
H A M N  Z 1 
H A MN 2 8  
H A H N  2·9 
H A H N  3 0  
H A M N  3.1 
H A M N  3 2  
H A HN 3 3  
H A MN 3 .  
H A MN 3 5  
H A H N  ] &  
H A HN 37 
H A M N  3 8  
H A MN 3 9  
H A HN 4 0  
H A H N  4 1  

HAMN-.Z 
H A MN 4 3 
H A MN 4 4  
H A HN 4 5  
H A HN 4 '  
H A H N  4 1  
H A HN 48 
H A HN 4 9 

H A HN 5 0  
H AHN 5 1  
H A HN 5 2  

H A MN 53 
H A MN 5 4  
H A HN 5 5  
H A M N  5& 
H A HN 57 
H A HN 58 
H A HN 59 
H A HN & 0  
H A HN 6 1  

H A MN & Z  

H A HN 6 3  
H A HN & 4  
H AHN & 5  
H A HN & &  
H AHN & 7  
H A MN 6 8 
H A MN ' 9 

H AMN 7 0  
H A HN 1 1  
H A H N  7 a  
H A HN 7 3  
H A.MN 7 .  
H A HN 7 5  
H A MN 1 &  
H A HN 7 1  
H A HN 1 8  
H AHN 7 9  
H A MN 8 0  
H A_H_� - 8 L  
H A MN 8 2  
H A HN 8 3  
H A M N  8 4  
H A H N  8 5 ' 
H A HN 8 &  i 
H A MN . 8 1 



c 

c 

c 

C 

C 
C 
C 
C 

1 5 5 

1 & 0 

1 6 5 

1 1 0  

1 7 5 
1 8 0 

1 8 5 

1 9 0 

1 0 0 
(0 5 
1 1 0 

T A B U L A R  D A T E  + L A T I 1 U O E  
J = ( M L - ! ) * l b + � D 
H A M N = L ( J ) 
G O  T O  1 7 5 
I F  ( M L . E Q . O )  G O  T O  1 6 0  
N O N  T A B U ' A R  D A T E + T A B UL A R  L A T I T U D E  
M l l : M l - t  
J : ( M L - \ ) · l " + � I l 
H A M N : Y L A G ( D A Y , D A T E C M I 1 ) , L C J ) , 4 ) 
G O  T O  1 7 5  
I F  C L A T . L E . 3 2 . 5 )  L A T F = l 
I F  C L A T . G T . 3 2 . 5 . A N O . L A T . L E . 3 7 . 5 )  L A T F : 2 
I F  C L A T . G T . 3 7 . 5 . A N D . L A T . l E . 4 2 . S ) L A T F = 3  
I F  ( L A T . G T . 4 2 . 5 ) L A T F : 4  
X ( l ) : L T ( L A T F )  
X ( 2 )  a L  H L A T F + l ) 
X ( 3 ) = L T C L A T F + 2 )  
I F  C M O . E G . O )  G O  T O  1 6 5  
T A B U L A R  D A Y  + N O N T A B U L A R  L A T I T U D E  
Y ( I ' = L ( C L A T f - t ) * l & + M O ) 
Y ( 2 ) = L C L A T f * 1 6 + M O l 
Y ( 3 ) = L « L A T F + l l * 1 & + M O ) 
G O  T O 1 1 0 . 
N O N  T A B U L A R  D A T E + N O N  T A B U L A R  L A T I T U D E  
M l = M I - l  
Y C 1 1 : Y L A G C O A Y , D A T E C M 1 " L C C l A T F - l ) * l b + M l ) , 4 ) 
Y ( 2 ) : Y L A G C D A Y , D A T E ( M l ) , L C L A T F * 1 & + M l 1 , 4 ) 
Y ( 3 ) = Y L A G C D A Y , O A T E C M 1 ) , L C ( L A T F + l ' * 1 & + M l ) , 4 '  
H A M N = Y L A G C L A T , X , Y , 3 ) 
O A Y :a D A Y + l . 0 
O A Y = D A Y + l . O  
S U M : S U M + H A M N 
H A M � = A M I N t ( 2 7 2 9 . 0 , A M A X 1 ( S U M / D A Y S , O . O »  
I F  C L E A P . N E . O )  R E T U R N  
D O  1 8 5 1 = 4 , 1 &  
D A T E C I ) : D A T E C I ) - l . O  
C O N T I N U E  
D O  1 9 0 1 = 2 , 1 1  
I M ( I ) : I M ( I ) - l 
N ( I ) = N C I ) - 1  
C O N T I N U E  
R E T U R N  
E N D 
F U N C T I O N Y L A G C X I , X t Y , N )  
N - P O I N T  L A G R A N G I A N I N T E R P O L A T I O N W H E R E  I - l , N 
S P E C I A L  V E R S I O N F O R  U S E  W I T H F U N C T I O N  * H A M N * 
P R O G R A M  A lI T H O R - - E . C . L O N G . C O M P U T E R  S C I E N C E S  D I V I S I O N - - O R NL 
U N I O N C A R B I D E N U C L E A R  D I V I S I O N . O A K  R I D G E , T E N N E S S E E  
D I M E N S I O N  X ( N ) , Y ( N )  
S = O . O  
P a l . 0 
D O  1 1 0  J :a l , N 
P : P * ( x t - X C J »  
0 = 1 . 0  
D O  1 0 5 I = l , N  
I F  C I � N E . J )  G O  T O  1 0 0 
X O = X I  
G O  r O  l O S  
X D = X ( J ) 
D = D * ( X O - X ( I ) 
S = S + Y ( J ) / D  
Y I- A G = S * P 
R E T U R N  
E N D  F igure B. 1 (Continued) .  
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H A MN 8 8 
H . HN 8 q  
H A MN 9 0 
H A H N  9 1 

H A HN q Z  

H A H N  9 3  

H A M N  9 4 
H A H N C) 5  
H A H N  9 & 
H A H N ' 9 7  
H A H N 9 8  
H A H N  C) CJ  
H A HN 1 0 0 
H A M N  1 0 1  
H A HN 1 0 2 
H A H N  1 0 3 

H A HN 1 0 4 
H A H N  1 0 5 
H A H N  1 0 6  

H A H N  1 0 7 
H A H N  1 0 8 
H A HN 1 0 C) 
H A H N  1 1 0 
H A HN 1 1 1  
H A HN 1 1 2 
H A HN 1 1 3  
H A HN 1 1 4 
I1 A MN U S  
H A H N  1 1 & 

H A HN U 7  
H A M N  1 1 8 
H A H N  1 1 9  
H A H N  1 2 0 
H A HN 1 2 1  

H A HN 1 2 2 

H A H N  1 2 3 

H A H N  1 2 4 
H A H N 1 2 5 

H A H N  1 2 & 

H A MN 1 2 1 
H A MN 1 2 8 
H A HN 1 29 
H A HN 1 3 0 
Y L A G  2 

V L A G 3 
Y L A G ' 4 
V L A G  5 
V I- A G 6 
V I- A S  1 
Y L A G 8 
V L A G  9 

V L A G  1 0  

Y L A G 1 1 
Y L A G  1 2  
Y I- A G 1 3  
Y L A G 1 4  
Y L A G  1 5  
Y L A G  1 b 
Y L A G 1 1  

V L A G  1 8  
Y I- A G  1 9 

Y L A G 2 0  
Y L A G  2 1  

Y L A � . 2 2  



P R O G R A M  C O M E T ( I N P U T , O U T P U T , T A P E 5 a I N P U T , T A P E & = O U T P U T )  
C 
C T H I S  _ M O G R A M  C A L C U L A T E S  T H E  D I F F E R E N C E  B E T W E E N  T H E  E Q U I L I B R I UM T E MP -
C E R A T U R E S  OF T W O  D A T A  S E T S  A N D  T H E  S E N S I T I V I T Y  T O  T H E  V A R I O U S  P A R A -
C ME T E R S . 
e R .  C O D E l l  A N D W .  N U T T L E , U S N R C , O C T O B E R ,  1 ' 7 8  
C 
C T D 1 - D E w  P O I N T  T E M P . F O R  D A T A S E T  1 ( F )  
e T A l a D R Y  � U l 8  T E M P . F O R D A T A  S E T  1 ( F )  
C W I - W I N D S P E E D  F O R  D A T A  S E T 1 ( MP H ) 
� H I - R A T E  OF I N S O L A T I O N F O R  D A T A  S E T  1 ( 8 T U / F T * * 2 / 0 A Y )  
C T D Z - D E W  P O I N T  T E MP� F O R  D A T A  S E T  Z C F ) 

. 

C T A Z =  D R Y  B U L B  T E MP . F O M D A T A .  S E T  Z C F )  
C W 2- W I ND S P E E D  F O R  D A T A  S E T Z ( MP H ) 
e H Z a  R A T E OF I N S O L A T I O N F O R  D A T A  S E T Z ( 8 T U / F T * * 2 / D A Y ) 
C 

C 

C O M M O N / E V A P / A k , B  
D A T A  Q X , Q Y , Q X Z , Q Y Z , Q C R O S S / S * O . O I 
OA T A  E R R / l . 0 E - 3 0 1  
D A T A  S X , S Y , S X Z , S Y Z , S C R O S S / S * O . I  
W R I T E e & , l O O )  

1 0 0 F O R M A T C 1 H l , 1 0 X , ' P R O G R A M T O  C O M P A R E  E Q U I L I 8 R I UM T E MP E R A T UR E S  ' R O M  T 
t W O D A T A  S E T S  A N D  C O M P U T E  T H E  S E N S I T I V I T Y O F  E A C H  V A R I A B L E i , l l )  

R E A D ( 5 , 4 9 9 ) I 
4 9 9  F O R M A T C U )  

D O  Z J a l , I  
R E A D C S , 5 0 0 ) T D 1 , T A 1 , W l , H l , T D Z , T A 2 , W Z , H Z  

5 0 0  F OR M A T ( 8 F l 0 . l )  . 
I F C H Z . E Q . O . ) H Z - H I  

e C A L C UL A T E  E Q U I L I 8 R I U M T E M P E R A T UR E S  
e 

E l - E ( T O i , T A 1 , W l , H l )  . 
E V A P l a 3 0 . * ( A K - 1 5 . 7 ) * a * C E 1 - T D 1 ) / ( & Z . 4 * ( . Z & + B ) * 1 0 0 0 )  
E Z - E C T D Z , T A Z , W Z , H Z )  
E V A P Z - 3 0 . * ( A K - 1 5 . 7 ) * B * C E Z - T D Z ) / ( & 2 . 4 * ( . Z 6 + 8 ) * 1 0 0 0 )  

· D E - E Z - U 
D E V A P - E V A P Z - E V A P I 
"' R I T E e 6 , 9 9 )  
W R I T E C 6 , 1 0 1 ) T D 1 , T A 1 , W l , H l , E l , E V A P I 
W R I T E ( 6 , 2 0 0 )  T D Z , T A Z , W 2 , H Z , E Z , E V A P Z  

9 9  F O R M A T ( T Z & , ' D E W  P O I N T ' , T 4 Z , ' D R Y  8 U l B ' , T 56 , ' W I ND S P E E D ' , T  • •  , 
I ' S O L A R  R A D . ' , T 8 Z , ' E Q U I L I A R I UM T E MP . ' , T l 0 4 , ' E V A POR A T I ON ' , / t T 2 7 , 
Z ' C D E G .  F ) ' , T 5 ' , ' C M P H ) ' , T 6 7 , ' C B T U / F T * * Z / D Y ) ' , T 8 6 , ' C D E I . ' ) ' , T I OI ,  
3 ' C F T * * 3 / ' T * * Z ) ' , I I )  

1 0 1  F O R M A T ( 1 0 X , ' O A T A  S E T  1 ' , F 1 Z . Z , 4 F I 5 . Z , F Z O . Z , / ) 
Z O O  F O R M A T e l O X , ' D A T A  S E T  2 ' , F I 2 . 2 , 4 F I 5 . 2 , F 2 0 . 2 , 1 1 )  

W R I T E C 6 , 1 0 Z )  D E , D E V A P  
1 0 Z F O R M A T C T 7 7 , ' E Z - E l - " F 6 . 3 , 5 X , ' E V A P Z - E V A P I  _ ' , F 7 . Z )  

C 
C C A L C UL A T E S U M S  F O R C O R R E L A T I O N C O E F F I C I E N T S 
C 

S X - S h U 
S X Z - S X Z + E l " Z 
S Y - S h U 
S Y Z - S Y h U  . .  Z 
S e R O S S = S C R O S S + E l * E Z  
Q x a Q X + E V A P I  
Q X Z a Q X Z + E V A P 1 " Z 
Q Y - Q Y + E V A P Z 
g y z a Q Y 2 + E V A P Z " Z  
Q C R O S S a Q C R O S S + E V A P 1 * E v A P 2 

�igure B.2 Listing of Program COM ET. 
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C 
C D I F F E R E NC E S  I �  E Q U I L I B R I U M T E M P  D U E  T O  E A C H P A R A M E T E R .  
C 

C 

O T O = E ( T 0 2 , T A 1 , W l , H l ) - E l  
O T A = E ( T 0 1 , T A 2 , W l , H l ) -E l  
O W = E C T D 1 , T A 1 , w 2 , H l ) - E l  
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H S = G ( M I , 3 ) + F 4 * C G C M I + I , 3 ) - G ( M I , 3 ) 1 0 0 1 7 3 0  
w 8 G C M I , 4 ) + F 4 * C G C M I + I , 4 ) - G C M I , 4 »  0 0 1 7 4 0  
T Da T D + 8 T D  0 0 1 7 4 l 
T A= T A + B T A  0 0 1 7 4 3  
H S = H S + B H S  0 0 1 1 4 4  
W = w + B W  0 0 1 7 4 5  

1 0 0 C O N T I N U E  0 0 1 1 5 0  
C A L L  E Q T E MP ( T ) 0 0 1 1 & 0  
A K = A K I * A / 2 4  0 0 1 1 1 0  

C R A T E OF T E MP E R A T U R E  C H A N G E , O E G  F / H R  
F A = ( Q I - A K * ( T - E » / ( & 2 . 4 * V )  0 0 1 1 8 0  

C E V A P O R A T I O N R A T E , F T * * 3 / H R  
E 2 a ( A K I - 1 5 . 7 1 * 8 E T A * C T - T O ) * A / ( 1t 2 . 4 * C . 2 & + 8 E T A ) * 2 4 0 0 0 )  0 0 1 1 ' 0  

C R A T E  OF V O L U M E  C H A NG E , F T * * 3 / H R  
F a = - B L O w - E l  0 0 1 8 1 0  
R E T U R N  0 0 1 8 1 0  
E N D  0 0 1 8 3 0  
S U B R O U T I NE E Q T E M P C i ) . 0 0 l S 4 0  

C C A L C UL A T E  E Q u I L I 8 R I UM T E MP E R A T U R E A N D  H E A T  T R A N SF E R C OE F F  
C O M M O N  A K I , E , E 2 , 8 E T A , T S K I P , Q8 A SE , F B A S E , M l , M2 , 8 T A , B T D , B H S , B W ,  

I I ME T , B L O W , F I , Q I , T O , T A , H S , W , G C I O O O , 4 ) , HE A T ( l O ) , F L O W ( l O ) , T H ( l O ) , 
l NME T , N H , A , D T ME T  

I F ( I ME T . E Q . I )  R E T U R N  0 0 1 '2 0  
C W I N D F U NC T I O N 

C 

G 7 = 7 0 + . 7 * W * * 2  
G 5 = ( T D + T ) 1 2 
8 E T A a . 2 5 5 - . 0 0 8 5 * G 5 + . 0 0 0 2 0 4 * G 5 * * 2  

S U R F A C E H E A T  T R A N S F E R  
A K I 8 1 5 . 7 + ( . l & + B E T A 1 * G 7  
E a H S / A K 1 + ( . l lt * T A + 8 E T A * T O ) / ( . l & + B E T A ) 
R E T U R N  
E N D  

Figure B.3 (Continued).  
103 

o O l no 
O O I U O 
0 0 1 . 5 0  
0 0 1 . & 0  
0 0 1 .1 0  
o O l n o 
0 0 1  .. 0 
0 0 2 0 0 0  



S U 8 R O U T I N E P S Y 1 ( 0 8 , � B , P A , O P , P V , W , H , V , R H ) 
C T H I S  R O U T I N E C A L C U L A T E S ' V A P O R  P R � S S U R E  P V , H U M I D I T Y  R A T I O  � , 
C E � T H A L P Y  � ,  V O L U M E  V , R E L A T I V E H U M I D I T Y  R H , A N D 
C D E W  P O I N T  T E M P E R A T U R E  D P \  
C W H E� T H E  D R Y  B U L B  T E M P E R A T U R E  0 8 , W E T  8 U L 8  T E M P E R A T U R E  w 8 , 
C A N D B A R O M E T R I C  P R E S S U R E  P 8  A R E G I V E N  
C U N I T S '  0 8 , w a , + D P ) F > \ P S , .  + P V ) I N O F  M G > \  W ) = W A T E R  V A P O R  
C P E R  = D R Y A I R > \ H ) B T U / =  O F D R Y  A I R > \  V ) F T * * 3 / = O F D R Y  
C A I R \  R H I S  A F R A C T I O N , N O T ( 

C ( F ) = ( F - 3 2 . 0 E O ) / l . � E O  
P V P = P V SF ( 1'I 8 ) 
W S T A R = 0 . & 2 2 * P V P / ( P B - P V P ) 
I F  ( W 8 . G T . 3 2 . 0 )  G O  T O  1 0 5 
P V = P V P - 5 . 1 0 a E - a * P B * ( D 8 - W B ) / l . 8 
GO T O  1 1 0  

1 0 0 P V =.P V P  
G O  T O  1 1 0 

1 0 5 C 0 8 = C ( D B )  
C W 8 = C ( W B )  
H L = 5 9 1 . 3 1 + 0 . a a 0 9 * C D 8 - C w 8  
C H = 0 . 2 4 0 2 + 0 . 4 a 0 9 * W S T A R  
E X = ( W S T A R -C H * ( C D 8 -C N B ) / H L ) / 0 . 6 2 2  
P V a P h E X / C t . + E X )  

1 1 0 W = 0 . 6 2 2 * P V / ( P B - P V )  
V = 0 . 1 5 4 * C D 8 + 4 S 9 . 7 ) * ( 1 . 0 + 1 0 0 0 . 0 * W / 4 3 6 0 . 0 ) / P B  
H = 0 . 2 4 * D B + ( 1 0 6 1 . 0 + 0 . 4 4 4 * D 8 ) * W 
I F  ( P V . G T . O . O )  G O  T O  1 1 5 
P V = O . O  
D P = O . O  
R H = O . O  
R E T U R N  

1 1 5 I F ( D B . N E . W B )  G O  T O  1 2 0 
D P = o e  
R H a l . 0  
R E T U R N  

1 2 0  o p a O P F ( P V )  
R H = P V / P V S F ( O B ) 
R E T U R N  
E ND 
S U B R O U T I NE P S Y 2 ( D B , O P , P B , W B , P V , W , H , V , R H ) 

C T H I S  R O U T I N E C A L C UL A T E S '  w E T B U L B  T E M P E R A T U R E  W B , H U M I D I T Y  
C R A T I O  1'1 ,  E N T H A L P Y  H ,  V O L U M E  V ,  V A P O R  P R E S S U R E  P V , 
C A N D  R E L A T I V E  H UM I D I T Y  R H \ 
C W H E N  D R Y  B U L B  T E M P E R A T U R E  D B , D E W  P O I N T  T E M P ER A T U R E  D P ,  
C A N D  8 A R OME T R I C  P R E S S U R E  P 8  A R E  G I V E N  
C U N I T S '  0 8 , 1'1 8 , + D P  I F > \  P B , + P V  ) I N O F  H G > '  1'1 ) . W A T E R  V A P O R  
C P E �  = D R Y  A JR > '  � ) 8 T U / .  OF D R Y  Al R > '  V ) F T * * 3 / =  O F  D R Y  
C A I R ' R H  I S  A F R A C T I O N , N O T  ( 

I F  ( O P . G T . O B )  D P = D e  
P v a P V S F ( D P )  
P V S = P V S F ( D B )  
R H = P V / P V S 
W = 0 . 6 2 2 * P V / ( P B - P V )  
V = 0 . 1 5 4 * ( O B + 4S 9 . 1 ) * C l . 0 + 1 0 0 0 . 0 * W / 4 3 6 0 . 0 ) / P B 
H a O . 2 4 * D 8 + ( I 0 6 1 . 0 + 0 . 4 4 4 * D B ) * W 
I F  ( H . G T . O . O )  G O  T O  1 0 0  
w 8 = D P  
R E T U R N  

1 0 0- W B = W 8 F ( H , P 8 )  
R E T U R N  
E N D  
F U N C T I O N P V S F (X ) 

D I M E N S I O N  A ( & ) , 8 ( Q ) , P ( q )  
D A T A  A �- 7 . 9 0 2 q � , 5 . 0 2 8 0 8 , - I . � 8 1 6 E - 7 , 1 1 . 3 Q 4 . 8 . 1 3 2 8 E - 3 , - 3 . 4 q 1 4 9 1  

D A T A  B / - 9 . 0 9 1 1 8 , - � . 5 6 6 5 4 , O . 8 7 6 7 9 3 , O . 0 0 6 0 2 7 3 1  

T = ( X + 4 5 9 . 6 8 8 ) / l . 8  
I F  ( T . L T . 2 7 3 . 1 & ) G O  T O  1 0 0 

Z = 3 7 3 . 1 6 1 T  
P ( l ) = A ( I ) * ( Z - l . O )  
P ( 2 ) = A ( 2 ) * A L O G 1 0 ( Z )  
Z I = A ( 4 ) * ( 1 . 0 - 1 . 0 1 1 )  
P ( 3 )  = A ( 3 )  * ( 1 0 . 0  * *  �1 " t • 0 ) 

Figure 8.4 Listing of Psychrometric Subroutines. 

1 04 

p s n  I 
P S Y I 2 
P S Y 1 3 
P S Y I 4 
P S Y I 5 
P S Y I 6 
P S Y l 7 
P S Y I  8 
P S Y I 9 
P S Y l 1 0 
P S Y I I I  
P S Y I 1 3  

P S Y l 1 4  
P S Y l 1 5  
P S Y I 1 6  
P S Y I 1 7  
P S Y l  1 8  
P S Y l 1 9  
P S Y l 2 0  
P S Y I 2 1  
P S Y l i! 2  
P S Y I i! 3  
P S Y I 2 .  
P S Y l 2 5  
P S Y l 2 6  
P S Y l  2 7  
P S Y I  2 8  
P S Y l n 
P S Y I ] 0  
P S Y l 3 1  
P S Y I n 
P S Y l ] ] 
P S Y I ] 4  
P S Y l 3 5  
P S Y l 3 6  
P S Y l 5 7  
P S Y l  ] 8  
P S Y l n 
P S Y l 4 0  
P S Y i!  1 
P s v 2 2 
P S Y 2  3 
P S Y 2  • 
P S Y 2  5 
p s n  6 
P S Y 2 7 
P S Y 2 8 
P S Y 2  CJ 
P S Y i!  1 0  
P s v 2 I I  
p s n  1 2  
P S Y i!  1 3  
P S Y 2  1 .  
P S Y 2 1 5 
P S Y 2  1 6  
P S Y 2  1 7  
P S Y 2  1 8  
P S Y 2  1 9  
p s n  . 2 0  

. p s n  2 1  
P S Y 2  2 2  
P V S F  1 

P V S F 2 
P V S F 3 
P V S F 4 
P V S F 5 
P V SF 6 

P V S F 7 
P V S F  8 
P V S F 9 

P V S F 1 0  
P V S F 1 1 



Z 1 = A ( & ) * ( 2 - 1 . 0 )  
P ( 4 ) = A C 5 ) * C I 0 . 0 * * 2 1 - 1 . 0 )  
G O  T O  1 0 5 

1 0 0 2 = 2 7 3 . 1 & / T  
P ( 1 ) = 8 C l ) * C Z - l . 0 )  
P ( 2 ) = A C 2 ) * A L O G I 0 ( Z )  
P ( 3 ) Z 8 C 3 ) * ( 1 . 0 - 1 . 0 / Z )  
P ( 4 ) = A L O G I 0 C B ( 4 »  

1 0 5 S U M :a O . O  
D O 1 1 0 1 = 1 , 4  

1 1 0 S U M = S U M + P ( I )  
P V S F = 2 9 . 9 2 1 * 1 0 . 0 * * S U M  
R E T U R N 
E N D  
F U N C T I O N O P F ( P V ) 

C T H I S  R O U T I N E C A L C U L A T E S D E W -.P O I N T  T E M P E R A T U R E  F O �  A G I V E N  

C V A P O R  P R E S S U R E  P V  
O P ( A , B , C , Y l = A + ( B + C * Y ) * Y 
U A L O G  ( P V )  
I F ( P V . G T . 0 . 1 8 3 & )  G O  T O  1 0 0 
O P F = O P ( 7 1 . 9 S , 2 4 . 8 7 3 , 0 . 8 Q 2 7 , Y ) 
R E T U R N  

1 0 0  O P F = O P ( 7 9 . 0 4 7 , 3 0 . S 7 9 , 1 . 8 8 9 3 , Y ) 
R E T U R N  
E N D  
F U � C T I O N  W 8 f ( H , P B )  

C T H I S  R O U T I N E A P P R O X I M A T E S  T H E  w E T  B U L 8  T E M P E R A T U R E  F R O M  
C E N T H A L P Y H ,  A N D B A R O M E T R I C  P R E S S U R E  P B  

W B ( A , B , C , D , Y ) = A + ( B + ( C + O * Y ) * Y ) * Y  
W ( P V , P B ) = 0 . & 2 2 * P V / ( P B - P V )  
X ( W B 1 2 , W 1 2 ) = 0 . 2 4 * � 8 t 2 + ( 1 0 b l . 0 + 0 . 4 4 4 * w B 1 2 ) * W 1 2  
I F  ( H . L E . O . O ) G O  T O  1 0 5 
y z A L O G ( H ) 
I F  ( H . G T . l 1 . 7 5 S )  G O  T O  1 0 0 
w B F = w B ( 0 . & 0 4 1 , 3 . 4 8 4 1 , 1 . 3 & O l , O . 9 7 3 0 7 , Y )  
R E T U R N 

1 0 0  W B F z W 8 ( 3 0 . 9 1 S 5 , - 3 9 .& 8 2 , 2 0 . 5 8 4 1 , - 1 . 7 5 S , Y )  
R E T U R N  

1 0 5 W B 1 = 1 5 0 . 0 
P V 1 :a P V S F C W 8 1 ) 
W l = W ( P V 1 , P B )  
X l = X ( W 8 1 , w l ) 
n = H - X l 

1 1 0 W B 2 = w e l - l . 0  
P V 2 = P V S F ( w B 2 )  
w 2 z W ( P V 2 , P B )  
X 2 z X ( W B 2 , W 2 )  
Y 2 = H - X 2  
I F ( Y l * Y 2 ) 1 3 0 , 1 2 0 , 1 1 5  

1 1 5 w B l = w e 2  
Y 1 = Y 2 
G O  T O r 1 1 0 

1 2 0 I F ( Y l . N E . O . O )  G O  T O  1 2 5  
W B F = W 8 1 
R E T U R N  

1 2 5 W B F = I'I A 2  
R E T U R N  

1 3 0 Z = A B S ( Y l / Y 2 )  
W 8 F = ( W B 2 * Z + � B l ) / ( 1 . O + Z )  
R E T U R N  
E N D  

Figure B.4 (Continued ) .  

P V S F 1 2  
P V S F  1 3 
P V S F 1 4  
P V S F 1 5  
P V S F  1 &  
P V S F  1 7  
P I/ S F 1 8 
P V S F 1 9  
P V S F 2 0  
P I/ S F 2 1 
P V S F 2 2  
P V S F  2 3  
P V S F 2 4  
P V SF 2 5  
O P F  1 
O P F  2 
O P F  3 
O P F  4 
O P F 5 
O P F  & 
O P F  7 
O P F  8 
O P F 9 
O P F  1 0  
O P F  1 1  
W B F  1 
w e F  2 
W B F 3 
w e F  4 
W B F  5 
W B F  & 
W B F  7 
W B F  8 
W B F  9 
W B F 1 0  
w B F  1 1  
w B F  1 2 
w e F  1 3  
W B F  1 4  
W B F  1 5 
W B F  1 &  
W S F  1 7  
W B F  1 8  
W B F  1 9  
W B F  2 0  
W S F  2 1  
W B F  2 2  
W B F  2 3  
W B F  2 4  
W B F  2 5  
W 8 F  2 &  
W B F  2 7  
W B F  2 8  
I'/ B F  2 9  
W B f  3 0  
w El F  3 1  
w B F  3 2  
I'f B F  3 3  
w B f  3 4  
w a F  3 5  
w B F 3 "  
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