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Introduction

This manual is produced in response to a growing number of requests for a
technical aid to explain methods for simulating cooling pond performance.
As such, it is a compilation of reports, charts and graphs developed
through the years for use in analyzing situations.

Section II: Contains a report summarizing the factors affecting cooling
pond performance and lists statistical parameters used in developing
performance simulations.

Section III: Contains the graphs of simulated cooling pond performance
on an hourly basis for various combinations of criteria (wind, solar, depth,
air temperature and humidity) developed from the report in Section II.

Section IV: Contains correspondence describing how to develop further
data from the graphs in Section III, as well as mathematical models for the
system of performance calculation.

Section V: Contains the formulas used to simulate cooling pond
performances in a cascade arrangement, such as the Fermilab Main Ring
ponds.

Section VI: Contains the calculations currently in use to evaluate the
Main Ring pond performance based on current flows and Watts loadings.

Section VII: Contains the overall site drawing of the Main Ring cooling
ponds with thermal analysis and physical data.
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September 12, 1985

Memo to: M. Palmer

e

-~

From: S. Krstulovicn;2é£:~90nstruction Engineering

-

Subject: Cooling Pond Performance

Enclosed are copies of all of the calculated cooling pond
performance curves displayed at the Main Ring Pond Meeting
held on Tuesday, September 10, plus two (2} new series of
curves (the E and ¥ 8Series) defining pond stability during
various semi~daily wind changes. Due to the very brief time
allowed for calculating the thousands of points necessary,
the curves are a little rough but certainly more than
adequate for this type of evaluation.

To summarize pond performance in terms of depth, it seems in
general that thermal stability begins to occur only at
depths of 3° and greater and that the benefits of increasing
pond depth begins to diminish rapidly beyond the 4°~6"
depth. The basic shape of the thermal performance curves is
determined by environmental factors, while uniform loading
of watts per square foot only elevates the -basic curve,
Note that pond temperatures plotted are the logarithmic mean
and can be extrapolated for any desired At. Increasing pond
depth does not do much for reducing the average daily pond
temperature for any condition, but rather serves only to
minimize cy¢ling extremes, -

The major factors affecting pond performance (outside of

watts per square foot loading) are listed here in descending
order of importance.

1. Wind Velocity: This affects pond cooling more than
any other single factor. The A thru C Series of
curves are calculated for a reasonable daily
average wind of 5 mph, The D Series curves
represents the extreme case of absclutely no wind
for an entire day (a very unlikely possibility due
to uneven solar surface heating) and should be
viewed as a limit rather than a true condition
because of the importance laid on thermal stability
(due to magnet piping failure at stress
intensification points). in view of the real
possibility of daily wind velocity cycling, it was
deemed worthwhile to generate the new E and F
Series curves defining the two extremes of wind
variation effects. The E Series curves depict the




n

rather common phenomenon of breezy days and still
nights. The curves illustrate that this tends to
enhance thermal stability (with the exception of
ponds in the 1°-6" depth range which tends to
overreact) but at the expense of creating slightly
higher average temperatures than during steady
daily breezes. The F Series curves depict the less
common phenomenon of absclutely still days and
breezy nights., The curves 1illustrate that this
also causes higher average daily pond temperatures
and 1is, by far, also the most thermally
destabilizing condition, The case depicted of 12
hours of steady wind followed by 12 hours of
absolute calm 1is rather extreme and can be viewed
as a sort of limit for non-critical applications,
These curves are also valuable in obtaining a
general feel for pond reaction times under the most
extreme conditions,

Atmospheric Sclar Extinction: The reduction in
solar energy due to atmospheric phenomenon is next
in importance. However, since the curves represent
the worst condition of full sun effect and since
the capricious occurrence of sclar reduction will
only tend to make ponds cooler and generally more
thermally stable, it was not worth depicting.

Absolute Humidity ({Dew Point): This phenomenon
ranks third in importance. It 1is generally a
rather stable condition on a daily basis (not to be
confused with wet-bulb temperature) and provides
incremental leverage to pond surface cooling rates.
The A Series of curves 1illustrates a daily
variation in dew point, and the A thru C Series
curves depict different dew point levels,

Alir Temperatures (Dry and Wet Bulb): These alsc
affect pond cooling. However, their importance is
nct very great. The effects of changes in dry bulb
temperature is reduced by the difficulty in
transmitting heat down into the pond surface.
Although the wet bulb temperature theoretically
sets the adiabatic limits of evaporative cooling,
pond approach temperatures are not generally close
enough to be seriously affected.

Pond Bottom Heating: Heating of the pond bottom to
temperatures above water levels is due to direct
absorption of solar energy at higher rates than can
be transmitted to the pond water through the bottom
film coefficient, . This phenomenon rapidly




decreases with pond depth and turbidity. Its
general effect in shallow ponds is to store heat
for gradual release at night. This keeps ponds
warm Jlonger and helps to shave peaks in temperature
thus contributing somewhat to thermal stability.

6. Turbidity: This contributes to greater temperature
stratification in ‘deeper ponds, but on the whole,
little affects general performance within normal
ranges,
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Cooling Pond Performance
Temperature Extrapolation Formula

and

Mathematical Models



January 8, 1986

€ :
Fermilab
'QF

Memo to: J. Satti, AD/Mechanical Support

From: S. Krstulovich, Construction Engineering Servic%;7é§fz:j

Subject: Cooling Pond Performance AT Extrapolation Formula

Per your request in evaluating upcoming pond work,
please find enclosed documentation pertaining to the coeling
pond performance aT extrapolation formula in our
September 17, 1985, letter to Max Palmer (pages 1 and 2 of 7
attached). This formula is an extrapolation of the familiar
(LMTD} "Logarithmic-Mean Temperature Difference"” formula
(page 3 of 7 attached) used in evaluating heat exchanger
performance which is, of course, what a cooling pond is.

Analyzing the model heat exchanger (page 4 of 7
attached), we derive equation 3 through logical expansion of
equation 1 (from eguations 5.34, 5.35, and 5.36 on page 3 of
7 attached), noting the thermodynamic 1limit that T12
approaches To, as boundary area approaches infinity.

Referring to a typical "Cooling Pond Performance
Curves™ sheet (page 5 of 7 attached), we note the following
equivalence in cooling pond terminclogy. The "0 Watts per
Square Foot" curve (ZIWT) represents the thermal gquality of
an equivalent infinite heat sink, whose To and To are
virtually equal and whose characteristic are a dgrived
composite of the solar, convective, radiative, and
evaporative effects on the pond. The "Design Logarithmic
Mean Temperature"™ (DLMT) is the resultant pond log mean
temperature corresponding to the design pond heat loading in
watts per square foot and is by definition the gum of the
ZWT plus the equilibrium LMTD at the design watts per square
foot loading. The numbers at the extreme right hand of the
"Cooling Pond Performance Curves" are the saturated vapor
pressure in inches of mercury corresponding to the
temperatures on the left hand of the curve sheet. These
were used in drawing up the original curves but are
irrelevant to this discussion.

Analyzing the model pond (page 6 of 7 attached) we
derive equation 4 by definition of DLMT and correspondence
with equation 3 (on page 4 of 7 attached), noting the
thermodynamic limit that Ti (LWT) approaches 2ZWT as
boundary area approaches infini%y.



Finally, by permutation (pages 6 and 7 of 7), we obtain
the "Cooling Pond Performance :T Extrapolation Formula™ in

equations 11 and 1l2.

SK/am
Encl: As Noted

cc: C. Anderson
L. Even
A. Glowacki
F. Krzich
J. Morphey
W. W. Nestander
T. Pawlak
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September 17, 1985

>
Memo to: M. Palmer

- ”)
From: S. Krstulovich, Construction Engineering Sorviccé;}xL:;:fn-—

Subiject: Coocling Pond Performance AT Extrapclaticn

The following example may be useful for approximating pond
entering and leaving water temperatures from the cooling pond
performance curves for any desired AT.

= - o

-
( ( 2
antilos, |srmr-gmr | | (T)

V- EWT=ZWT+ .
3 (a”tlloge [DLMT-ZWTD -3
_’ & LWT=EWT~2T
WHERE : - 2
£T = Desired Pond Water Temperature Drop
EWT = Entering Pond Water Temperature
LWT = Leaving Pond Water Temperature
DLMT = Design Logarithmic Mean Temperature at Selected Watts/SF
2ZWT = Pond Temperature at Zero Watts/SF

EXAMPLE: Approximate Pcnd EWT andé LWT for a 4'-6" Deep Pond
Loaded at 20 Watts per Sguare Foot at Noon with
Night Wind Variability Effect for a 25° aT

From Chart 3F: ZWT
DLWT

84
82



ARTIALRFTHA L

Page 20oF |

It

Vel
8]
1
0]
N

. 25
antilog ])(25)1
EWT 84+( el 92-84 \

(antiloge[ 25 J

110°F

[}

EWT

LWT {110-25) = 85°F

SK/am

Anderson

Even

Glowacki -
Krzich

Morphey

Nestander

Pawlak

cC:
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= !

IR §

L7 (5.33)
Calculated values of the overall coefficient for vanous types of heat
exchangers are listed in Table 5.7

Tabla 6.7 Caiculsted Values of Qvarall Heat Transfar Coafficient
tor Various Types of Heat Exchangers

in By per he-fi?-oF
Typs of Exchangus Convection

Heat Sewce } Heat Sink Matural Forcad
Water................ Water.............. 100 1008
Water. . ........... B | 1 . 22 222
Watalt................ Gas................ 2 20
Waer .. ... ........ .. | Boikng hquid . .. ... ... 181 667
Ol ... Wates ,............. 22 222
O .o L 12 125
D Gas................ 2 18
Oil ..ol Boiling liguid . .. ... ... 24 200
Gas ............... Lo Water e ] 0
Gas ................. Od ... 2 ]
Gas ................. Gas................ 1 19
Bas ................. Boiling liqud ... ... ... 2 20
Condensing vapor ....... | Water .. .., .. e 190 1330
Candensing vaper ... .. .. B .. 25 236
Condeasing vapor ... .... Gas... ......... ... 2 20
Condensing vapor .. ... .. Baiting hquui ......... 800 a00

Hancdd on reza metalicyndanie and the fulivwing values los A free and busved convedion tespectively
200 wnd 2000 (o1 watea. 50 wnd 300 loi @il 2 wnd 20 lor gay. 4000 Hut condensing vipor. khd 00 tol
binling hyguid

Mean Effective Temperature Difference

Whenever one or both of the reference temperatures in a difference
vary, 3 is necessary 10 evaluate a mean temperature difference. Where
the overall coelficient {/s largely constany, as when a gas side resis-
i thmic-mcan overalt icmperature differy

CHARTER 5 — HEAT TRANSMISSION 5-17

et A.I';

(dh)
An (5.34)

can be used. The terminal temperature differences Af, and At are

Y™

Al = i — 1 Il'lq_ {5.15)
-Al.'=hx‘*lou {5.36)

For euse of compuwation the difference al terminal | should be the
greater number and that au teeminal 2, the siatler. Lguanon 5.34 s
applicable for cither parallet How or countedlow of the two fluid
streams. LThe dillerence in At,, (o1 Lhe two types of flow is best ilus-
iraled by an exampie.

Example 5.1 Pargliel Flow MED 3¢, = and Connterflow MED At

S0 80
i i
5= 80 —o60 35— 80 60
45 35 35— 45
335 5 s
55 45 -
l 1
6l ait
i5—35_ 10 2505 10 ;
S=5_ 30 PR C AL S T G
in 35 195 B ’ 33 31 ’
5 13

Computations can be simplified by using Figure 5.5. Additional
data on MEI} for multi-pass and crossllow arrangememts aic given
inthe chapter on heat exchangers.

The mean temperature difference when there is no change of 1em-
perature in esther Aluid under stcady-state conditions is

At =8, 0. (531

[ d4° & 3%vy
Y3 W HIY LLY
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Cascade Cooling Ponds

Performance Formulas



CASCADE COOLING PONDS PERFORMANCE FORMULAS

ACTUAL POND LEAVING WATER TEMPERATURE (LWT]:

LWT=EWT~[[EWT—ZWT][1- 1 ]G]

Tefyy

EWT = Actual Pond Entering Water Temperature
ZWT = Maximum Daily ZWT from Criteria 3B
fht = Physical Heat Transfer Factor:

A x Ryve
AVG ¥

A = Actual Pond Surface Area

fhy =

AAVG = Average Pond Surface Area
Q = Actual Pond Through Flow
QAVG = Average Pond Through Flow

« = Thermal Heat Transfer Exponent Factor

¢ = 1og, y [BTIT Ay

ALT = Pond Leaving Water Temp. Difference Thermal Factor

ALT = a.nt,ilcvge [Loge (E:T_ZWT) ]



L& ENGINEERING NOTE | arracumenT [4or ]
e “5 F kRS TuLcvz o

He ExXCHA 3 oDEL. 2 [tre————— FrvanonEaE
AT CHanGgER M e Bl

NOTE ' As SurfACE BouNDARY APPROACHES INEINITY
Ti, ArProacHEs "Top

-Bz l HeaTt Srne— T To1

/ | ! \

_..—*

ATZ SURFACE BOUNDARY AT1
T — o)
| l
_ Heat Sourece ‘[ |
(LWT) Ti 2. l AT - 4,T|1 (EWT>
CEWT -LWT)

lLoa Mean TemP. D.FFERENCE (LMTD) = ATm
LA AT - ATz
(EQ. 1) * e T'm = IOSe( g-!r?t )

' (EWT-To)) = (LwT-To2)

‘%e( EWT - Toa >
LwT — o,

Keadd . LMTD =

G .. LMTps _SEWT-Toy) ~ (EWT-To, -AT)

Loq ( EWT - To.,




VII
Main Ring Ponds

Thermal Analysis Drawing



§ = Thermal Cooling Derivative

5 Log, (EWTAVG - ZWT)

I3°1‘-"e (EWIAVG - Z¥T)

AVERAGE POND ENTERING WATER TEMPERATURE (EWTAVG):

[antilogE [ AT ]](AT)

[antilogel At ]] -1

EWT

DLMT = Daily Maximum DLMT from Criteria 3B

AT = Average Temperature Rise from Heat Loads Pond-to-Pond

GENERAL FORMULA FOR CALCULATION OF LOGARITHMS TO
THE BASE 1/2 FROM _COMMON LOGARITHMS (BASE 10)

Loglo X
Log, /2 X=

Logyq 1/2



VI
Main Ring Ponds Performance

Calculations



SECTION PROJECT SERIAL -CATEGORY PAGE

* ' FERMILAR
™F ENGINEERING NOTE crirean 38 |/
SUBJECT NAME
Y S . F LEeSTuLov!Cv
Maw Ring Ponos — Aveeagina PArRAMETERS GATE REVISION DATE
21 Maq 1988

Averace Pono Ciecviating Fiow! (@ :wa)
1000 GPM PRIMARY OW Flow — GIVEN

Aveerae Pornn TemperarTure Kise! (AT)
Lew =vsTerms = A ea. x looo 6P x . 9°Feise = 6602
Cevo Compressots= Bem x 1200 6P X< 7.2°F euse = 10080
RF 4 COF SiTes =2 2 ea.x 2000 oPm xI0O.L°F ease = 40800
Teta =180 480
\80,&80/@q?o~os X 100C gpp parmary Cin/ FLew)= 1.9 °F

[

Aveeast Pormo Soreace peent (A avg)
1V78, T8O TotaL sF /2‘-\- sectors = 4 |16 SF
¥ Note:, Pornos 24 25426 complise orme =ecTok_

Avervace Pono EWT & LT
(From CceiTeriA 3B C 20waTTs/3F ¢ ZWT = 84*'F. DLMTmax™ C\o'ﬁ

(antilo _@_1..___;‘]) (AT)
EWT = ZwT + ode LI i = 945°F
("‘"“"[03(: [Dm-r zw*rb 1

LhWT= 34,5 -71.5a&aT = &7°F

Powo AVERAGE & DerivaTtive :

loae (EMIT~ ZWT)
Loae (LT - ZW T)

i

= 2.14034

S-

Avceaae FPormo Heoxr Loao (warts /se):
LCW SyaTtemrs = [O. A mespwaTTS
Cevo Compeessors 10.24d megawnTTS
REA CPF sitee= 6.0 MegawsTTS

“TorAaw 26 .44 pwy

n

2@,440,000WAT-rs/l,l’I&"')‘BO SE = }2.4 w/{sE ("'ZCDw/sF>




ENGINEERING NOTE

FERMILAB

SECTION

AM!C\: LH,” (:5F

PROQJECT

Qaya ® 1000y it Aava x

SERIAL-CATEGORY

PAGE

| /2

SUBJECT

MAi Qnuq PordD‘S - Ps-l*fsmA\_ FPaArAMeTERS

NAME

<SP KesTuLovic

DATE

REVISION DATE

2| Max 1988
— A Q . Fwr
Fos Dtomend |2 Foe | Mo e (0| Jeren e
FACTo%-
Perno Ne. | 493580 =r | 1000 aem C\w l.o|
e Ne. 2 42740 < | 1000 arm W 89
Rowo Ne. 3 42440 <& | 1000 am | Cw 85
FPop Ne. 4(@) 1L20O0O sF | 10OC armt | v .22,
Pono No. db) 7200 o 200 arm | QW 15
Powe No. H) 2270 =F 1000 afM | aw A
Powo No. © AR2AL0O ¢ 1000 arm | oW {.o
Formo Ne. G 45740 =¢ 1000 sem | C\W .89
Powo No. 7 42860 sF 2000 arm | oW .30
Foro N & (@) 19800 s 2000 arm | QW NE
FPono Ne. &b SHo00 st | 1000 apm | aw A7
Ponon No. 8(e) Biloo =& {dooarm | conw .08
Peup Neo. &) 21600 s¢ 1000 ap1 | CW M4
Poup Neo. 9 49080 ¢ 1000 aet | O\ 1.0
Pone No. 1O A27d0 sk 1000 arm | .89
Fone Ne. 11 423860 »F {0CO arm | CW 89
Fop No. 12(a) 22600 s 1000 apm CW- 68
Bowo  Ne. 12.¢H) 22620sF | 1200 «m¥ | cw 28
Por No. 13 49180 <¢ 1200 apM | CW 84
Fonr No. 14 43740 s 1200 aem | oW .74
Ponpe No. 1D@ 24 3L0 s 1200 apmd™®| cw/ 4
Fono Ne. 15 (B 9800 =¥ 1000 «p | Cw Lo

(CoNTINUED on) SHEET 2/2)

¥ ASSLIMES MAKEUP

*XpcsSUMES OVERFLOW




# ENG[;\IEEE ll—:\’AIE‘NG NOTE A::,"qﬂ,l!(oss CS::;:BODGM JE::AALE,?:;ZY ;71
Maiw Ring Pornpe — Psicac PagameTees B=h KRSTuLi::.&iTTE—
| 21 Mav |88
{:: :“:) g;iilo X Psc'runi. Poro Aa-rui%uo Frow Fuwsai:: Heat
Surface Acea Throuar FLow| PreeeTion] T?At?rzaz.
Fomwn No. 16(a) 2700 =+ | 1000 aem | cw .5
Foron No 16 (b) L000 3% 200 aem | Ce/ .GO
oo No. 16 (D 22620 se 1000 apm Cw/ RS
Poun No. 17 438D <+ 1000 s | W .ol
Porno o, 18 43740 «¢ 1000 apm Cw . 89
fonp Ko, 19 49 140 =¢ 1000 arm cvy 1.0
Foup No. RO a) 24-000 =F 1000 arm | CW -49
Porwo Neo. 20 (&) 2o == 1400 a1 | cCw A3
Pornip Neo. 20D 18000 =& 1000 qp1 | Cw .37
Forso No. 21 49280 s¢ 1000 apm | CW 1.o1
Poun Ne. 22 41280 =¢ 1000 apm o 84
oo No. 29 44760 s+ 1000 apm | v A9
Poroo Neo. 24 (@ 20400 <¢ 2200cp | v 1%
Pown No. 24 (b) (RO00 s¢ | 2000 erm | cw AZ.
forsp No. 25 19800 =+ 1000 spm | oW 4o
Povwp Neo. 26 1497710 =¢ 2200 apm | cOw/ A48
fur = Asex 100 O apm

4 AN ogp x Renprn




SBECTION

% FERMILAB
* ENGINEERING NOTE |zwT=84

PROJECT

$:=2.140%4

SERIAL -CATEGORY PAGE

CRITERIA 3B | 1/10

SUBJECT

=
Man Ring Ponlos — Temperature eorice CaLes.

NAME

S.F KZsTut-ov!C!—l—

DATE

31 Max |988

Pono No. 1: (f,.n-= I.OD
ExvwT= 85 +2.9=2Q82.4°F
antiloq, (Loq (a24-8475) = 2.70
(924 -84 -210),/(92.4-84)> .68
Loqiys +68 = .55
AT = (32.4 - 84\(I—Ll/l+lof]) 5.1
LLwT= 92.4-5.7 = B¢ 1'F

Pornn No.Z°* (f-\.rr: 8““
EWT= 86.7T+2.9=89.6
antiloq . (log. (B9, ¢,-84)/s) 2.24
(89.0-84-2.2¢4)/(89.6-84)= . 6O
loayyy - 6O = . 730
aT=(89.6-8H(-L1/1+.89) = 3.2
LWT= 89.6-3.2% 86 H°F

Porne Neo D¢ (fﬂT’".BS\
EWT = 86.442.9=89.2°F
antilon . Loy (BT 2-84/5)=2.18
(8°|3 s4 2 A(8.%-84)=,59
Looy vz 59= .761
av=(89.2-84)(1-[1/1+.881Y
W Tz2 81.3-3.0= 86, 3°F

76[

Poop No, Ha G-H-r=.%%3
EwWT=86.2+29=89,2"F
C\n‘ti\o%& (koﬁ\e(acch'SLO/83° .16
(89.2 -84 -2.16) /(8.2 -84)= .58
oo vz .58 =.785
AT = (aqz sN(-Li/1+.33)7

“LwT= 89.2-1,7= 875 °F

REVIIION DATE




FERMILAB BECTION PROJECT BERIAL -CATEGORY | PAGE

ENGINEERING NOTE |2wT=84 [§22.1490%14 |criteriA 3B 2/10

NAME

s-F \azs-rm_ovna._.\.
MAm) Euuq Pomos—TEMPEQAT\)Q_E Pp_oF”__e C.AL_C'.5~ DATE REVISION DATE

3] May 1288

Pomo No. 4bt (fur =.75)
EMIT = 7.$+[.C200x87.@+(|ooo KB'T.S)-I/W.OO = q‘+-8a|=
antiloge (Loa e (94.8-84)/8) = 3. 04
(ad.8-84-3.04)/(94.8-84)= .72
Loa_\‘ V2 . 12 = 473
aT = (a4.8-8N(1-L1/}+.715])" 413 =72
SAWT=34.8-7.2=87C°F

Pornwt No, He » (f.,.rr‘-‘-.é_?)
EwT= (Same As 4b)=A4.8°F
antiloae (Loa (A4.8-84Ys) =3.0d
(4.8-84 -3, om/m.e,-s@:.u
LO‘\t LAl = 41“.'7
ot (abg-8d(-Li/t+. )Y =20

SLWT=44.8-7.0=8].8°F

oo Ne. 53 (fur = 1.0)
EwWT:81.8+29=90.1°F
antiloq . (log (10,7~ 84)/%7 2.43
Cﬁm 842, 42)/(q0:7-8H= , L
loq iy »64=.643
AT=(90.1-8DO-LI/ 1+, O'D 4.2

ST 90T -4.3= 86,4 °F

oo NO. o (5',41"—"- _8ﬁ)
EWT= 864 +2.9= 84,2 F
antiloa e C‘O"Se (8“\.3 -84)/5) =2.18
(84.2 -84-2.18)/(8%.3 -84)= .59
Conyisp « 5= .76

a1 =(89.2-8DO-L1/ 1+ 8‘1])
SWWT=89,3- 3.0 = éé.% F




FERMILAB

*

SECTION

W ENGINEERING NOTE |ZwT=84 [$221031d |eriTera 28 | 3/10
SUBJECT r%mu;_ RS Lo Crd
™M A RU\IC\ PoUDS“'TEMPG.ZATUR_E FROFH.E C,AI_C‘..s DATE REVIBION DATE
21 Max 1988
Powo No. 7 (far=.%0)

EwT = [(1o00 x[86.2+2.a1)+(2c00 x[ 8.1 +1021)] /Boco = A5.9°F
antiloa o (loae @sa-84/5)=3.18

(25.4-84-2.8)/(25.9-84)=.7%
ooz 13 = 454 454
at=(s.9-8(-[1/1+.361) = 6.
SLWT=45.8 -6.1 = 83.8°F

Pont No. &g (f‘u“r =, \3)
EWT = [(ooo x[89.8+2.9])+(20c0x 89.8Y] /2000 = 40.8°F
qn—r}loge(loﬁe("lo.s —84)/‘5)"— 2.45

(F0.8-84-245)/(%0.8-84)= .64
(03 V2 -6"" - 643

=(Qo.8-8dH(-L1/1+. 13]) = .7
. LW'T' WwW.8-1.7=89.1°F

FOMD Ne. Sb: (J:HT = . \73

EWT = (DigecT LWT From Bad= 841\ °F
antilon ¢ (loge (Ba.1-84)/5)= 214
(84.|-84-2.4) /(8a.1-84)=

Looy ), -SB= 185

AT = (89.1-80-L1,/1 +. I'?]) 1o

LwT= 89.1—-1.1= B8.0°F

Pomo Ne,. 8c ¢ (fn'r"-'- L08) ' '
EwT=7.2+L(1%o0 x 93.2)+(i000 x88.63 /2400 = A8.3°F
antitoa e (loae (18.2-84)/5)= 3.47

(8.2 -84 - 2.47) /(8.2 -8H)=.76
ooy » 16= .99%

395 _
AT=28.3-800-[ 14 +. 08])3
AW T=A8.%2-5,|=9%3, 2 F




FERMILAB SECTION

ENGINEERING NOTE

PROJECT SERIAL -CATEGORY PAGE

ZwT 84 [$=2.40%14  |criTeria BB | 410
SUBJECT NAME
S.F KRs T ovie
Main Rimnag Porobs - Tempeeatuee Prorive Cacas. BaTE REVISToN BATE |
3| Mav 1488

Pone Neo. &4 ¢ (‘f‘H‘Tz-"l"D
EWT=(Game As 8c) = 98.32°F
Qn+|lc%e (Lo CC\S% 84‘)/5.) 3. 47
(8.2 - 54 3 41)/(615 2-8P=.76
Loy vz .395
AT= maa 84—)(! -+, qq]\ .0
LWTE 98,%-9.0= 89.2°F

Porso No. 3¢ (fyr = 1.0)
EwWT=8%.3+29=92.2°F_
antilone (loae (2.2 -84)/$) = 2.67
(32.2 -84 -2.67)/(Qz.2 - 84\ A
Loey o A -
AT= (2.2-8N(1-Li/1+ 1. = 5.5
LIWT=2.2-5.5= 86.1°F

Porgo No. 10 (Fut =.89)
EWT=86.7T T4.9= 835(9
an-h{,oc‘ C{ocs (8‘1 6‘84')/§3 2,24
(8.6-84-2. 24)/(8‘1 L-8b)=.40
L9‘5 Ve R -G:O_ 73(9 .-’3(°
AT =(89.6-8N(-LI/1+.87)) " =3.2
AW T=81.6-3.2-86.4"F

Powo Ne. 11: (Fur=.89)
EMT= 86.4 +2.9=289.3°F
antiloa e (loge (89.3-8D/5)= 2.18
(89,2 -84-2,18)/(89.3-84)=.
(0‘53!/7_ -Sc\ - 07(9‘ '76|
AT = (9.2 -84) (1-01 /1+.841) 2.0

LW T=89.2-%.0 = 8,3 F




FERMILAB

ENGINEERING NOTE

BECTION PROJECT

ZWT =84 |522.140%14

SERIAL-CATEGORY PAGE

cRiterd 3B | 5/10

SUBJECT )

NAME

S.F. KreTueevicrH

Maw Riwnva Forrps ”TEMPEEATUEE FﬂoFlL.E CAL.C.%-

DATE

31 May 19488

REVISBION DATE

Ponp No. 124 3 (fur=.68)
EWT=86.% +29-= é%l'l:'
an-h'loase (Locse CS‘:l'Z - 84’3/33: 2.“.0
(83.2-84-2.1)/(89.2-84)= .58
loa 1/z .58 = 185
= (89280 1-L1/14.081Y%%= 2.0,
LW T=283.2 ~2.6= 86.6°F

Pewo No, 12b: (Far=.28)
EWT = 86.6+7.32=9329°E
an+tiloa ¢ O—‘"‘Be ("(3,‘3!—84)/ $§= 2.92
(32.4-84 -2.92)/(a34 -84)= ,7i
(ooy 12 11 = . 494
pT=Ca3.4-¢D-[1/1+.380) =52

JlwT=932.9 -5.2 =§§.7'!=

Ponp Neo. 122 (hyr=.84)

EWT = [([ooo x(887+2.20) +(200K 38.'0]%’2 o0 = j!.l ‘=

antiloq ¢ (Loqe (ALI-84Y/$)= 2.5
(A1.1-84 - 2.55/(ALI-84)= .5

looy \/2 65 = -62) -
at=AL1-8HC-LiN+.841) ' = 4.4

SwT=EqLi- 4.4 = 86,70 F

Peyp N o \d"- ({'HT= -74’)

W T=[(loos x(86.T+2.2)) +(200 x 861)) /1220 = 8AAF

a.n-ti\ac\e (‘.oc\e (CSC\-\—B‘\'\/SB':Z.I‘{
(89.4-84-2.14)/(8a.1-84)= .58

Loay vp .58 =.T85

AT= (8 1-8DG-T1/ 1 +141)%° = 2.0
SILWT= 89,0~ 2.6 86.5°F-




SECTION PROJECT BERIAL-CATEGORY PAGE

TWT = 84 [$22.140314 |eriteriA 2B | 6 /10

FERMILAB

¢ ENGINEERING NOTE

*

SUBJECT NAME
S.F. LesTurevicr
Mawwo Rarvg Poncs-~ TemperAaTURE FE.OFIL-E Caces. F GATE REVISION DATE
31 May 1288

Pono Neo. 15a s (?HT‘-’-‘-\-D
EWT= LOooo % (86.5 +2.q)‘) +(200x 86-5\]/0_00 = 88.9°F
antilog o (Locsé (88-0‘ “84)/5)=2.!O
(88.9 - 84 ~2.10)/(88.9 -84)= ,57
Loos iz .57 = .8lo
at= (88.9 -80C1-L1/1+.40) %= .8
LWT = 88.9-1.8= 81.1°F

Powp Ne. 15b: (Fat=.40)
EwTz (DireeT LWT Feom 15a)= 87,1 °F—
cm'h'laosé ( L"‘ﬁe (8‘1.1 -84\/33 = [,70
(871 -84 -1.1/(81. ~8d)= .45
(.oo‘) Vel e = l-lg -
at=(811-8D-L1/1+.40)) " = 0.7

W T=8T.l—e.7=86.4°F

Pone No.lba: Fur= .56)
EWT=86.4+2.9= 89.3 °F-
antilea . (Log, (82.2-84)/5)= 2.18
(84.%2 -84 -2.18)/(89.%-84) = .59
L"‘%t/'z_ .59 = .76 .
AT= (82 -8 -[1/1+.8¢7) “l=a.4
SLWT= 89.% ~2.4= 8¢6.9°F

Pormp Ne, leb: (Fur=.60) | |
EWT=7.24{(200 % 88.6) +(1060 x86.2)] /1200 = Q.4 °F
antiloq o ((oa}e Cﬂ"‘l."\' —&-‘-}-3/53'-’-2.%‘:\

(44,4 -84 -2.90) / (ad .t - 84) = .7}
Loos vz - 11 = .4a4
AT = (Qubdd “843(\{[/”_6033,%4 = 6.4

LW T= O -6 = §8.0°F-




FERMILAB SECTION PROJECT SERIAL-CATEGORY PAGE

ENGINEERING NOTE |zZwT=84|$:2440214 |crTeenad® | 7/10

SUBJECT NAME
S.F EKreTLLevic4

MAlM Rl'\.)(g POMD€ ‘TEHPEEATU‘Q_E FROFN-E C—AL—C.E--  DATE REVISION DATE
2| mMay 1988

Porpo No.ilbe (§HT=.‘+69)
EWT= (Same As lbb)= ° =
antiloa e (loae (4.4 - 8'—0/% =2.99
(At -8k - zqcD/CfHUc -84)=.T1
loa 1z - 11 = .44
A*? —/(OHUL 84)CI~L1/|+.4®3'%4-‘—5.C1
WT Q44 -5.94= 88.5°F

Poweo No.17 2 (Fut=lo0)
EwWwT=88.5+2,9=9{.4°'F
antiloa ¢ (LO°5€_ Ly -84\/53"—2.5‘5
QL4 -84 - 2553/@\4—&4%.6@
looy v /g «Ll™ .29
AT = (ALY - 845(|-[1/|+:o:'l\ 4.9
LW TEALM - 4.4 =2 86.5°F

F’OMD Neo. 1& ¢ ('j:'q-r =,8‘1§
EWT= 86.6 +2.2=87.4"°'F
antilooy e (Loag (8R4 -84)/5)=2.20
(8aY4-84-2.20)/(89.4-84)= .59
Looyy, 2= .76
aT=(Ba.4-80(1-Li/1+.891) ' =
SlwT=89.4-3.0=86¢.4"F

3.0

Poup Mo, 19: CS‘HT- 1. O\
EWT=86.4 +2.9=289.3°F
antiloaye (oo (8% -24)/s) = 2.18
(89.3-84 -2.18)/(89.3 -84)= ,59
Loos 2 5= L7661
AT = (8.3 - 84\((-L|/|+lo]) 2.
ThwTE &89.%- 2= 86.2




a ’ FERMILAR SECTION PROJECT PERIAL -CATEGORY | PAGE

®F ENGINEERING NOTE :ZWT=8A|- $=2.40314 |criteein 2B | 8/10

SUHIECT NAME

<. F KesToovicH

M A Rnuq POMD'E.'-TEMPEG?_A‘FUE.E Peorive C_AL.Q.%. DATE
31 May 1488

REVISION OATE

POMD No. 200;: ({'HT"’-"\'CD
EWT =86.2 *2.94=8.1°F
antiloa ¢ CL°°SE_ (Sq.l- 8"\‘3/S3= 2.14
(89.1-84d -2.14>/(83.1 -84 =.58
Looy vz -58& = .7185
At = (891 -8 1-[1/1+.4a1) 785 = 2,)
SLWT =812 = 8 Z.o'F

Porp Ne. 20b 1 (Fur =.13)
EwWT= 1.2 + L(4oo «41.2) +(loco x 87.00 /2400 = 4.2 °F
antitea ¢ (Loae (11.5-84)/5)= 3.25
(41.2- 84 -2.25)/(A1.%-84)= .75
Loc5 Vo, 15 = L4158
AT = (1.3 -8DO-L1/14+.3T) V% = 54

SUWT= AR -5.4 = AL9°° F

Poro No. 20 Fur=.3T)
EWT=(Same Ag For 20b)= AT1.2° =
antiloa e (L°°SG_ (o\'l.?p -84 /$N=%.25
(A1.% -84-3.25)/(47.2-845)= .75
LO 1 j‘)— :.4'\6
A’:S;Ea'l.%-&h Q-0 /i+.31) %= 17
SAWT = Q72 -771= 8L E

Porwe Noe., 2\ (f..\-r:l.ot)
EWT=84.L6+2.9= 2.5°F
antilea ¢ (L"‘\e. (a2.s -84-)/S§= 2.72
(a2.5 -84-2.,712)/(22.5 -84)=.(8
Loy 1/2. - B =.556
aT=(]2.5 -84\(|—L|/1+1,01D‘556= 5.8
SWT=92.5 -5.8 = 8.7 F




FERMILAB BECTION PROJECT SERIAL -CATEGORY | PAGE

Je
3 ENGINEERING NOTE |z2wT=84 [%:2.140%14 |eriteria 2B |9/ 10

SUBJECT

NAME
S.F ErsTurovick:
Man EN\)G\ POMDS ~ TemperaTuRE ?Q-OFIL.E CALCF_';. CATE REVIBION DATE
21 May 188

Pormo Ne. 22 ¢ (‘FHT=.8LD
EWT=86T7T+2.989.6°
antilooe C(“Se (B"l.a -84)/$d=2.24
(89.¢-84-2.24) /(816 -84)= .60
(_oos \2 L= 12
AT = (8.6 -8 1-[1/1+.84]) %= 2.
LW T = 89.6-%. = 86.5°F-

Porno No. 232 ({'..{-r';.ql}
EWT=86.5 +2.9=83.4°F
antiloay o (Loqe(8°\.4-843/3)=2.20
(8a.4-84-2.20)/(849.4 -84)= .59
{oa | A= ,T6
A’:i (/gcu# -~ - L/ +.‘i|]§'n‘ =3,
SWT =894 -3.1= 86.2°

Pornp No.;l‘;:q . (&-ﬁ"—.l??)
ewT = [(2200x A1) +(10cex 89.2)] /2200=90.1°F
antiloa ¢ (L“"Se ("10.'1-34\/%3'2 2.4%
(q0.7-84--2.42)/(q0.7-84)=. 4
Loo> V2o e C:“": .Gv"l"%
at=(90.71-8¢4(I- [!/H-.I":"D'c’43 = |7
SlwT=90.7-1.1=89.0°F

Popo Ne. 24b (fﬂ'r’-‘- JA2)
EwT = (DirecT LW T Feom 24ad™ 8.0 -
antiloae (loge (810 -84)/$H=2.12
(89.0-84-2.12)/(89.0-84)= .55
Loe\) 2 55 = ,718% RS
AT = (8.0 -8 -L1/1+.1217Y = 0.9
SLWT= 89,0 ~09=88.1°F




FERMILAB SECTION PROJECT

ENGINEERING NOTE |zwTt=84 |§=2.80314

e TeeA DB 1o/ 10
SUBJECT NAME

= .F. LeaTurove et

BERIAL-CATEGORY PAGE

Man Ring Pornopa — TemeeeatTore Feorite Caccs.

DATE

2,1 M A 1988

REVISION DATE

Pone Neo. 251 (fur = .40)
ewT = [(1200 (89.0+7.2)) +(2ooc (88.1+10.2)] /2200 = AT.L"F
antiloae (loae (AT.¢~84)/ 5= 3.29
(41.6-84-2.29)/(947.6 ~8H= .75
Looy /2. I = S ~
A-;)-_ @1.6-80i-L1 /] +.¢o]\'4fb = 8.1
SLWT = AL e ~8.1=89.5°F

Poro No- 26t (Fur=.18)
EWT ={2Ame As For 25) = Q7. (" F
antiloae (loge (7.6 -84)/5)= 3.29
(97.6 -84 -2.29) /(41.6 -84)= .75
Loy 1oz 15 = s 4
AaT=0076-8D0- L1 /14.081) 7 = 6.2
W T=A7.6 - 6.2=9.4°F




