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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 summar1zmg 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: 
performances 
ponds. 

Contains the formulas used to simulate cooling pond 
in a cascade arrangement, such as the Fermilab Main Ring 

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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Fermilab 
September 12, 1985 

Memo to: M. Palmer 

From: 

/. 

s. Krstulovich~struction 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 F Series) 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 ~t. Increasing pond 
depth does not do much for .reducing the average daily pond 
temperature for any condition, but rather serves only to 
minimize cycling extremes. 

The major factors affecting pond 
watts per square foot loading) are 
order of importance. 

performance (outside of 
listed here in descending 

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 absolutely 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 
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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 l'-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 absolutely still days and 
breezy nights. The curves illustrate that this 
also causes higher avetage daily pond temperatures 
and is, by far, also the most thermally 
destabilizing condition. The case depicted of 12 
hours of steady wind followed by 12 hours of 
absolute calm is 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. 

2. Atmospheric Solar 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 solar reduction will 
only tend to make ponds cooler and generally more 
thermally stable, it was not worth depicting. 

3. Absolute Humidity (Dew Point): This phenomenon 
ranks third in importance. It is 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 illustrates a daily 
variation in dew point, and the A thru C Series 
curves depict different dew point levels. 

4. Air Temperatures (Dry and Wet Bulb): These also 
affect pond cooling. However, their importance is 
not 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. 

5. 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 
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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 longer and helps to shave peaks in temperature 
thus contributing somewhat to thermal stability. 

Turbidity: This contributes to greater temperature 
stratification in deeper ponds, but on the whole, 
little affects general performance within normal 
ranges. 

SK/am 
Attachments 

cc: c. Anderson 
L. Even 
A. Glowacki 
F. Krzich 
J. Morphey 
w. w. Nestander 
T. Pawlak 
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Fermilab January 8, 1986 

Memo to: J. Satti, AD/Mechanical Support 

From: S. Krstulovich, Construction Engineering Service;:Y';f-:..,...-

Subject: Cooling Pond Performance AT Extrapolation Formula 

Per your request in evaluating upcoming pond work, 
please find enclosed documentation pertaining to the cooling 
pond performance ~T extrapolation formula in our 
September 17, 1985, letter to Max Palmer (pages l 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 equations 5.34, 5.35, and 5.36 on page 3 of 
7 attached), noting the thermodynamic limit that Ti 2 approaches To 2 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 terminology. The "O Watts per 
Square Foot" curve (ZWT) represents the thermal quality of 
an equivalent infinite heat sink, whose To and To are 
virtually equal and whose characteristic~ are a d~rived 
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 sum 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 ZWT as 
boundary area approaches infinity. 



Finally, by permutation (pages 6 and 7 of 7), we obtain 
the "Cooling Pond Performance ~T Extrapolation Formula" in 
equations 11 and 12. 

SK/am 
Encl: As Noted 

cc: c. Anderson 
L. Even 
A. Glowacki 
F. Krzich 
J. Morphey 
w. w. Ne stander 
T. Pawlak 
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Fermi lab 

September 17, 1985 

Memo to: M. Palmer 
~ 

From: S. Krstulovich, Construction Engineering Services/~----

Subject: Cooling Pond Performance LT Extrapolation 

The following example may be useful for 
entering and leaving water temperatures 
performance curves for any desired lT . 

approximating pond 
from the cooling pond 

WHERE: 

LT 
EWT 
LWT 
DLMT 
ZWT 

• 
EWT=ZWT+ 

' 
(anti loge loLM~=ZWTl!) ( lT) 

(antiloge [oLM;::zwT]) -1 

• 
.£.· LWT=EWT-~T 

It-· • 
= 
= 
= 
= 
= 

Desired Pond Water Temperature Drop 
Entering Pond Water Temperature 
Leaving Pond Water Temperature 
Design Logarithmic Mean Temperature at Selected Watts/SF 
Pond Temperature at Zero Watts/SF 

EXAMPLE: Approximate Pond EWT and LWT for a 4'-6" Deep Pond 
Loaded at 20 Watts per Square Foot at Noon with 
Night Wind Variability Effect for a 25° 6T 

From Chart 3F: ZWT = 84 
DLWT = 92 



• 

• 

EWT 

EWT 

LWT 

SK/am 

cc: c. Anderson 
L. Even 
A. Glowacki 
F. Krzich 
J. Morphey 
W. Nestander 
T. Pawlak 

= 

= 

= 

84+ 
-(antiloge[

9
}_5

84
]J (25)1 

(antiloge[9 }_
5
84]) -1 j 

110°F 

(110-25) = ss•F 

ATTAC~f"l~NI 

P"°ie 2. cF 1 

2 
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Calculale(j \/aloes of lhe O\lerall coeHicienl for variou'> lypes of h1:.1t 
exchangers arc li .. 1cd in l"able .5-7. 

labia 6. 7 Calculated V•lue1 of Overall He•t Trenafer Coefficient 
101 Various Tvpe• of Heat Exchanger• 

In 81u p11 br·ll1·°F 

T11t• •f E1c•••IH Co•••C:tio• 
~··--

Ht•I S•..-c:• H••t SiQ ••tu1al f•rc•~ 

Water .... , ..... Water .. . . . . . . . . . . 100 1000 
Wal•r .. ..... ····· 011 ...... . . . . . . . 22 222 
Wa11r .. .. ... Gas ................ 2 20 
Wa111 .. ....... Boilmv hqwd ...... 161 661 
Doi . . . . . . . ' . . Wata1 ...... ..... 22 222 
011. ....... 011 ....... .. ... 12 125 
Oil. ...... .... Gas ......... . .. 2 18 
Oil .. ...... ....... &1l111g liquid . 24 200 
G" .... .... Water. . .... 2 20 
GH .... Od 2 18 
Gas Gas .•.•.... I 10 
G., . . . . . . . . . . . Boiling liquid .. . .... 2 20 
Condensing vapor Wa111 .. .... 190 1330 
Condensing 11;ip0t .... Od . .... 25 136 
Coodensmg wapDJ Gas ........ 2 20 
Condansmg vapOI •. 801lmg liquid . 800 800 

ll••<d un 1uu nicU,l •<>1>l•rw.:c •ltd 1hc luliu,..1n1 uluc, lo1 Ji on hn ;ondfon·c,J,-,,,. ... ,,,.,,.,C.Pfi'I•~<'/} 
ltltJ •n<f J(J(J(J ''" '"•'<• ~ a11d 5(1(1 fo, •ul. 2 •Rd 10 1,,. 1n. 400tl lo• ~und<"•"'I •ipui. and IOU(I tu• 
bmh111 h4u1d 

Mtan Errec1ive Temperature llifference 
Whene\ler one or bolh of the reference len1pera1ures in a difference 

vary, it is nrc1:.5~l>t1y 10 c\'alu<Jte a t11ean ren1peracurc diften:nce. Where 
the ove1all coelficienl ll is lcargel)' cons1an1, as when a gas side resis
tanc~ is c~'1'!.~~~~1hmic-mean ovcrall tcsnpcrature dirferr 

-~~ . 

CHJ!f'TER 5 - HEAT TRANSMISSION S-17 

41. = 
41, - .111 

1n('1'') 
'111 (5 )4) 

c.1n be usctl Thc terminal 1cmpc1alure differences .111 anti 41_. art 

411 = 1,1 - 1 .. 1 an4 (\ 15) 

.l.Ji == 11! - loJ' (5 16) 

for Ci.lsC of con1pu1ation 1he difference at le11ninal I should he 1hc 
greater nun1bcr am.J thal at lcrminal 2. lht: !>111allcr_ l;ttua1ion 5.)4 is 
applicable for d1hc1 parallel llnw or C1Hlllle1llow 01· the two fluid 
slrc:ams. I he dillc:re11cc in .3.1,,. 101 1hc: 1wo lype-. ol How Is hcsl 1llus
lra1ed by an exarnplt:. 

t:xam()lt' S.I l~arallf'l 1-"low M•:ll .l.t.,:: and Counlf'r0ow M•~ll .3.1,.-;:: 

80 
4J~ 

I s so -6() 
45 -·55 ----
Jj J 

.55·-
I 

60 

JJ-=~- JO ,,, JI - /9j::: J5.4 = .3.1 j . ... 

55-

45 • 

!J - l.S 

'j ,,, /5-

RO 
I s SI! -60 

H- 45 

!J /J 

I 
60 

ff!_ :__:___ /9 6 = .li ... :.~ 
.5 I 

Compulalions can be simplified by using Figure 5.5. Additional 
data on MEil for ntulli-pass und cros .. Ouw arrangemcn1s a1t: i;1vcn 
in the chapler on heiil eAchangcrs. 

l"he mean 1empcra1ure difference when there is no change of lt'llJ· 

per111urc in ei1her Ouid under slc..ady-sl<1le condilions i~ 

L11..,::: 1,- tu. Cl.JI) 

:~ 
.. -I 

"' J> " 
"' l 
0 "' ,.. t. 
...J --1 
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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 ) al 
l+fht 

EWT = Actual Pond Entering Water Temperature 

ZWT = Maximum Daily ZWT from Criteria 3B 

fht = Physical Heat Transfer Factor: 

f - A x QAVG ht -
AAVG x Q 

A = Actual Pond Surface Area 

AAVG = Average Pond Surface Area 

Q = Actual Pond Through Flow 

QAVG = Average Pond Through Flow 

a - Thermal Heat Transfer Exponent Factor 

[
EWT-ZWT-A ) a = Log1/ 2 LT 

Ell'T-zwt 

ALT - Pond Leaving Water Temp. Difference Thermal Factor 
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1
) 

I I 

(Lwr) Ti 2.<! HE.Ai ~O\JR..C.E. i _Ti 1 (e:wr) 
AT -

( E.WT - \..WT) 

L~ MeAi.l "'TeMP. D·FFEe&"-lc..e (t..MiO) -: ATm 

AT1-ATL 
(E&. 1) • ~T-m ~ lo~ ( Al1 ~ •• 

6 6T~ 
-

~EQ.t') • (E.WT-To.,j-(LWT-\ozJ 
\.."11"0 = • • 

\~6~ C.WT- loj ) LWT -"Tot. 

(fQ.!J ... LMIC> • ( '-WT-To~J - (E.WT-To,-AT) 

Lo°)~ ( l:.W"T - Io~ ) E."WT- \oz -0.T 
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Main Ring Ponds 

Thermal Analysis Drawing 



{j - Thermal Cooling Derivative 

{j = 
LogE (EWTAVG - ZWT) 

Loge (LWTAVG - ZWT) 

AVERAGE POND ENTERING WATER TEMPERATURE (EWT AVG): 

[antilogE [ AT ]) (AT)] 
EWT _ ZWT DLMT-ZWT 

AVG - + 
(antilogE [ AT ]) -1 

DLMT-ZWT 

DLMT = Daily Maximum DLMT from Criteria 38 

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) 

Log1/ 2 X = ----

Log10 1/2 
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Po"-'o No. <tb: (ftt-r==.lS) 
E.WT"" 7.? + [(~ooxg7.1o)-t(1000 xB1.sy1200 "'"9'f.8GF 
o."+i\o",,;. (Lo~E:("4.S-8'-t)/bl = 3. oij
('\4.~-84-3.04)/(94.S-84)"- .72 
Lo~ 1/:z. .12.. = .47:, 
AT= (qt.\.8-c!!•J.')(1-[1/1+.1sJ)·4T3 == 1.'2.. 
:. LWT" 94.8-7.2= B?.G,"F 

f'o...,o No. '±c. ! (ff-l'T =- .C.i) 
E..WT:. (-;......,~ ,..-:, 4b):: 94 . .!J"F 

o. ... +ito~~ (Lo°lE(94,s-84)('0) "'3.ot.\

('\4.8-8<.\.-'3.o 4 )/(c\4.B-84)=- .Tl.. 

lo'\vz... .12."'. 4T? Y7~ 
b. T: (o.4.B-84)( I-L 1/1 +. c.111· :::: 1.0 
•·. LWT-= q.\_.8 - 7. 0 = 8].~ °F 

f'oN-0 No. S: (fH'T "'- l.o) 
EWT = 8l. ~ + :Z.9"' C)o.J°F 

0."1'i \o)to. (l~e,(90.l-5~'it ):. ~.43 
("lo.1-s-t-2A;')/(90.1-s4) ~ • '-+ 
Lo, •1':1- • c.<t = • "'4 3 • ~ 't?> 
A -r = ("\0.1-s•f)( 1-l..l/ 1 + 1. o]) -= Y,.? 
.'. l.WT:::-90.1-4.3-= 8'-.4"F 

fo....,1;> No. (J;J: (f.i-r=- .8"1) 
E.WT:: 8'-.+ + ~.9 "- 8'J.'?"f 

a..,.,-; \o~£ (\o'\E. (8"'.3 -"3<V/s)"" ~ .18 
(B'V?.-84-;2.IB)/(89.3-Bi.\}= .5i 

Lo;, 11~ • 5"\ = • I~ I .?" 
.!>T: ( sct.3-B..J.)(l ~ [Vi-t ·"<!]) = 3.o 
.'.1-WT"'69.3-S.o-= S~.3°F 



P .. OJECT 8ERIAL·CATEGOAY PAGE 

SUBJECT NAME 

"$.F KilSTU'-O"lCf-\. 
DATE I AEVIBlON DATE 

31 MA'f Ill.SB I 

Po.._,o ~o. 7 : (fi-1T"". ?o) 
E...'N\ = [(1000 "L8G..?+~.9])+(-;zooo " [ 8''(. I+ (0.2.J)] /3000 " 9 5.9 °F 

q"+ilo~"- ( lo")e ("15,<>,-84}/<;,J '° 3. l8 

('\S.'\ -8+- 3.18)/('\S.9-84-)=.1? 

Lo") '1'2. • T3 ::: , t.j. S' 4 L\ 5 't 
A"T = (q5.'\-St.\.)(t-[l/1+.3o1} : G'...I 
.-. LWT:: C\S .. 't -"'.I:. 89.B"F 

Pc>NO ~o. B..,; (fHT = .13) 
E.wT-= [(1000 x[8"\ .8 +l.9]) +(~ooo ..... 59. 8)]/-;ooo = 90.§ •F 

o,n-i-ilo~e(!o~E.('lo.8 -8iJ//'6)"' 2..~S" 
("lo.e ·8~ -2.A·5)/("lo.e,-B4)= . G.<t-
lo~ 1/2. ·"4- = . G.<f3 

4 
AT: (<l,o.B-84-)(1-[J/1-t-.13])'" 

3
-= 1·7 

:. LWT =90.s-1.7 = a"\. I 0
F-

fo"-!Q No. 8b: ( fHT = • 11) 
E..WI ~ ( DllZECT LWI F~on Ba.)"' 89. \ "F 

a.n-rilo">c. ( lo<>;,1:.(B'\.l-8..\.)/'6)= ::l..14 
( S"\. l -84 - i. IL\) I (89. I -81f) .... 58 

L"°::> vz. . 58"" .785 
],.1as 

t>.T-=(8'\.l-84-)(1-[.1/1+.ll; =I.I 
.'.LWT-=- 89.\-1.\: 86.0"F 

F"....io No. 8c..: (F141= .08) 
!:.WT= 7. '3 +[( l'f-oo x 93.~)+(tooo x88.o°i/:Zi+-oo ::. "18. ~ "F 
a.n'1"!1o<)e. (Lo'\e.("\8.'~-8<l}/$)" ~.41 
(98.3-84 - 3A· 7)/('18.3-84):. 7<o 
to) 1/2. • lr.. '= • 39 S .,5 
AT= (96.?-84-)(1-[ 1/1 + .o8])'

3 
::: 5.1 

.'. LWT=" ~8.? - '5.1 = 93. :::l "F 



SUBJECT 

Fo">o No. 8J: (f1-1T=.'1'iJ 
E.WT=(s ........ e. AS 8c) = 98.3"F 
Q>'l-tilo".:l.: (Lo°:l~ ("\8.?-84)/'i')= 3.<fl 
(98.!3 -84'- 3.41) /("H3. 3 -84)=- • 7Co 

Lo~ vz .7(, .:= • 395 ~'lS' 
AT= (98.'3-SLJ-':(J-[1/l+.4<..f])' :::o 0 1.0 

.".LWT~ 98.3-9.0"'-89.3°F-

PoNO No. 9: (fHT = l.o') 
i=.wT,, 8'l.3 -+.:Z.9 = 9.2.::Z °F 

Oll'\Tiloc:,~ (Lo~& (C\.2.2 -8'\-)/~) = ~-"' 7 
(9,::l.. ~ - St.\. -,'.2.. {, "7)/('12.2. -81f)= .r., 1 
lo"') v2 • C, I= · S 7"7 571 
AT= ("!2.:Z-84)(1-[J/J+l.o]J = 5.S 
.'.LwT=92.::t-S.S= 8<o.7•F 

PoNO No. 10 ~ CtHT = .8'1) 
E.W'T = 8(,,. 7 + .<. q.,. 8j, (p•p 
~Y\"t'1'lo°lE. (lo~E. (89,.~ -84)/S,):: .2...:ZL..f 
(3"1 .<,, -84-2. 24)/(B''t. (., -84)= .(,,O 

Lo~ V2.. • G:.O = • 73&, J3C. 
AT =(89.C..-84)(1-[l/J +.89f)' = ~.2.. 
.'. LWT= 89 .(... - 3. 2. = 8 (... f °F 

Po..io No.11: Lfl-IT::. .89) 
E.WT= Sl...4 -T;l..9=89.~>"F-
Oln"t': lo°.le,. ( t"°lE:. (8"t. 3-84)/~)-=- .:i.18 
(B9.~ -84-2. \B)/(a<l. 3 -84) = .5"\ 

C.o<>:,y-z. • 59 =- • 7l:. I ?'1 
AT= (~9.~-84)(1-[.1/1+.89})° = ?.O 
:. LW'T= 13'i.3 -3.0 = §<o.?"F-

PNO.JECT 8ERtAL ·CATEGORY PAGE 

NAME 

s.r. ~iz:s1w1....ov1c...t 
OATE I REVISION DATE 

31 MA'! \"188 



9ERIAL ·CATEGORY PAGE 

SUBJECT NAME 

s.F. Ke.">Tu1...ov1c.~ 

PoNp tJo. 120.: (.\-..1-r-=- .l.B) 
E.WT = 8(,,.~ +18 = 8'1.2.

0
F-

an·Hl"'\~ (lo~-= (39. 2 - 8+)/~)= 2.1(,, 
(5q.?.-S4-2.11.:>)/(8'1.2-~..J.)= .'58 

l.oa., 11-z. .se.-= • /8'5 
6."T = (8C\.'Z.-84)( 1-[1/1 +.l..8])·185::: 2..~ 
;,L'w'T~ 8'\.'2. -2..G:,= $'-.c.,•p 

fct.10 No. \2.b:(fi-1T-=-.?8) 
!;;.WT~ 8(.,. i;, + 1. ~ ,.q?>,"l •E 

Ql'ITil O')o: (lo~~ (" ';· G\ - S4)/ ~ )-= ;i .''1,2_ 
(9:,.ci-8..j.-2.qz.)/(q3,q -94)-= .7l 
(o°',) 11'2. .11-= .4'\4-
.DT-= (9~ ,q - g<.j.)(\- (I /I+ ,,8}J'4't'f = ?. 2. 

,'.Lw-r= 'I~ .q - S.2, = 88.l"F 

Pc...io tJo. r::i;,~Ch11=.B4) 

DATE I l'tEVl910N DATE 

3\ MA'f I G\8!3 

!<.WT :::[(1ooox(88.1+2,'\'l)+(2ooJ'. 88.1)]/12 oo -=-91.l '"F 

~";-il<>~c;;_ (lo"'JE ('I \,\-8.j.)/~J = ;(, '5 
(C\l.l-84- 2..S)/(qJ.1-84)=- ,f,,t;' 

lo"') 1/2 ° IO 5 "" • b 2. \ 
Al-=- ('11.l-134)(1-[1/t+.84f)"'-Z.I -=~.f 
.'. LWI ='\\,I- 4.4 = §<o.J•F-

Peµp t-J .. \ 4: ( hi-r-= .1.\.) 
EWT-:: (.(1 o" o "'(BG,.1-+ 'Z..C\)J +(z.oo x 8G.:i)J /120> o "' 89, I 'F

~"-tilo~E: (lo<\E: (8'1.1-8.\-)/ ') )= 2.14 
(B'Ll-B..J.-2.14)/(8°!.t-84)= .SS 
loo..:. V2.. ,S8 :=.. 785" 
AT.,,. (8'{. [ -B 4)(1 - ( 1/ \ +.1"!))'785

-==. ~.& 
•'• LWT= 89.( - 2.G:.= ,g,;,,,5•r-



SUBJECT NAME 

<5.F. 1Le.~Tw1...ov1ci-4 
DATE I 
3 I M"'T l"\88 

foNO No. 1'5a : (fi-1T = .41) 
E:W\ = [.(1 ooo x (8G:>.5 -t 2. .q)) ;-(-z.oox 8'-.SJ] /iz.oo = 88. 9 "F 

C\Y\Tilo";,~ (lo~~ (8'8.C\ -84)/S)=- ~.lo 
( 88."t - 84 - 2..10)/(82!.q -84):. .Sl 
lo~ 11'2. .Sl -: .810 
Al"=- (88.C\ -84)( 1-[1/! +.Yt]')'ll'IO = 1.8 
,'. LWT"' 88.q - 1.8::. 8'1.l "F-

fo>JD No. \5\,: Lt>1-r=-.4o) 
E.w1:.(D1.ae:cT L.WT FfoM \S'.._)::. 87.1°r 
~"-tilo<>;, ( lo<)E (8"1.1-SJ,~/~')-= I.ID 
(Bl.I -.!!>4--1.1)/(Sl.\ -84)::. .tj.S-
(o~ 1/-z._ • Lj.S-= j.15 
Al= (81.l-B<f)( 1-[l/l +.i.}o))t.IS""' CJ./ 
.'. LWT-=8"1.1- e>.( =- 8g.4"F-

foND t--lo. Iba.: (fi-1T=- .?G..) 
E.W1 :o 8G. • .J. + 2..9 = 89,.? •r-
"'"-ri l"°')~ ( L"".>"- ( ~9:~-S4)/s) =- .:z.18 
(89.~ -e.t.1- -2.1s')/(sq.'!>-S4) = .r:;c:i 
Lo<>:, •!'2... • S9 =- • 7<o I 
t::.T= (89;~-84)( l-[1/1+.SG.])'7 '"

1 = :Z.4-
.'. LWI =- 89.~ -2.4 = 8§.q 0 F-

forvp No. 11..b: ( f..i.,. =.G,o) 
EWT = 7. 3 ~[(;zoo,. 88.o') +(1 o •o x.8b.'\')J/12oo-= 3o+.± 0 F

o.n.,.:\o') e, (C•~c;. ("\4.4-E'A-)/~')=-.:(,'\'\ 
C'\4,4-e.4-2.G\''i)/(°t.+A·-8..\-)-.. .11 
Lo ") V'Z.. • 11 -:. • '-\ q '1 
A'T = ( '\4.4 -s.4-)( I-Lt/ 1-r .~oJ')"yq'-f = Go.+ 
-'· LWI= 0\-\.4 - G..4: 88.0°1"'-

REVISION DATE 



SUBJECT 

Po"-'D No. I(.,, C...: (ft-lT = .L}-G.) 
EWl=(SAME 1';-s llcbJ=-94.Y"F
o.n-ri\o~c ( lo°:.E. (9'-t.4-8'f) /'ii~"' .:Z.99 
(ct<t.4-B+ - 2.q9")/('\'-t.'1:-84)= ;71 

loq, 1/2. • 11 = • Lj "''1 't"t'"l 
Al':. (<1'-t.'-1. -84)(1- ll/l+.YC..)J" = '5.9 
.·. LWT = C\4.Lf -5.q-:::. 88.?•F-

Po"-'D No. 17 : (~i.\I = \,O\J 
E.'-'rr =- 88.5 +2.9 = 91.4 °F 

°'";-; \ O°:) e, (lo~~ (91.4 -84) /~):..{.SS 
(q t.'-t -54- :i.. '5?) /(C\ \.4 -a4->=. <.,<.. 
lo"\ I /2 • (..(., = • '.59 °i S94 
Al= ( C\\.'1: -84)( I- [ 1/1+ 1.011) = '-\-.q 
- '. LWT = "\ \.'f - <f. 9 .::. 8 "-. S •p 

Po,._,D "-lo. 15: (f11-r-=- .89) 
E.WT = 8<...S +;(.."l = 89.'+"P 

aV1-ti Io<>:, e ( lo'\E:. (8'\. '"! -84) / 'i>) =-;;., .-::<. 0 

(8"1..4-84-2.:2.o)/(89.o..t-Bi.\-)= .?"'\ 

lo~ '?z.. • '?"\ """ • 7l.. I 
6T-= (89.Y-84)(1- [.1/1 +.89J)7

"
1 
= 3.0 

.'. LWT = 89.lf -'"3.o = 8'- .+·F 

Poo...JD No. 19: Cri-1-r = 1.6) 
E.W'T = 8<..~+ + :Z.9 =- 8'1. -::,•e-
o,.,;-;Lo ~.: ( lo"':,'"-(89.? -S4)/~') = 2.IE> 
(8"1 · '3 - 84 - .2.. lB)/(Bq. 3 -84) = .?9 
Loe>:, '/2. • S "\ = . 7<- l 

7 
( 

,. <..l 
~'T.,. (8"1.'3 -84) I- LI/I+ l.O)) = ~.\ 
.', LWT =- 89.3- '3.1 =- ~G..:2 "F-

NAME 

S.f=. k:'..l2.STUL-ov1c1.+ 

~;,TE MA'1 1988 I REVISION DATE 



SUBJECT 

Po....,D No. ;/,,Oci: (tt4T=.i.\-'l,J 
E-W\ =- B<o.2_ ..-,<,q = 8'l,.l"F-

°'"-tilo~e. (lo'\€. (89.1- 84)/'b) =- .<.14 
(l~q.1-8'-I -2.14')/(89. \ -81.\.') = .58 
lo~ vz.. · S~ ::. • 7SS 
AT.: (89.1 -Bi..\.)( I - [ 1/1 +.+'11')'185 

= 2.1 
.'. LWT = 89..1-2..1 "'- 8],o" F 

Po>.JQ No. lob: ( f'1T =-.13) 

•EAIAL·CATEGOR'f PAGE 

NAME 

"S. F. \<:.£<;.'TWL-ov•c.t-1 

DATE I lllEVl9ION DATE 

31 MA't l<\88 

E..WT= l.~ +l(t<too"C\1.9) -t-(1000)<81.d)J/:;i400 = '11.3'°P

o."'-tilo")E. (lo').:, ( '\l ,'~ -84)/{) = 3. "?? 
(91.?- E>i.1- - ·:~: .. '??)/ (91.? -84-)= . 77 
lo") '1''2.. .15 = .4-1? 
A\= ( "\l .? -BL\.)( I-[ l/l+ .I? 1)·4-IS = '5.Lj-

·" LW'T = °\l.~-?.<.\.= "31.9"F-

p.,,,._,o No. ::2.0 c.. ~ (f1-1T=.31J 
E..WI::. ('SAl'IE A'S. F02.. ;:(o\,')-::. 9l.3"F
C\VlT;lo')6 (lo'\e. ('11.'3 -84)/~)=:i.'3? 
('11:~ -84-?.3?~/('11.?-84)= .7'? 
lo'\ l/'2. .15 = ,4.\i;) 
AT -::(C\l.?-8.+) (1-[1/l-t-.'~>11')"'il5"::.1./ 
.'. LWT-= G\1.3 - /.(-: 89. G.. "F-

fo....,p No. 2 \ ; (f..i-r = l.O \) 

E..WT= B9..t...-r.:Z.'I= 0.:2.?"r 
0.h1'ilo'\6 ( lo'\E.. (C\2.S -84)/ ~ J = J,.-1'2. 
('\Z,5 -84-2.1"2.)/(9'2.S -B4)=-.C.8 

lo~ i/2.. • C..B = .554> 
A"T ==(92.S-8~\(l-[l/l+to1]')'55"-== ?.B 
... LWT= 92.5 -S.E>:. SG...? 0 F-



S£RIAL ·CATEGORY PAGE 

SUBJECT NAME 

Po10D No. :2::2..: (fi-1T= .BLt) 
E...W"T = Brs..1 +:i..a.=89.Ce 0 F-

0.Yl"tilo~e, (Co'\E. (e9.<.. -84)/~)= .:2.~4 
Cc5'1.'- -84-z.z.<+) /(e"\.1.. -s"r) = .<..o 
Lo~ ,,...2 • G.O =- • l 3C.. 
AT= (89.C..-84)( 1-[l/l i-.8'-\-})'73 '° = 3.1 
. ·. LWT :: 89."' - 3. I -= 8G:..S0 F-

Po NO No. :Z 3 : (f..iT-=-. 'I IJ 
E.WT: 8G..5" +.,Z.'l-=-89.'-\-"F-

o, '11-i lo°:> 6. ( loo.,E. ( 8"\. 4 - 84 )/ 'b ') = .:<, 2. 0 

(8"\A-8'4- .2 .20)/(89 .4 -8<!.) =- .?9 
lo<>:, 1/2 .?G\= .{(pl 

A\~ (e'i.4-8..\)( I- (.I/I +.'911)'7 '° 1
"' !>. ( 

:. LW"T = 89.4 -3.1 = B<...~ 0 F--

fo.....,o No.J.4g: (f.1-r=.1?;.) 
e.w1-= [(22oox 'II A) t(Jooox 89.2)]/3zoo = 9o.]°F 

o,n-tilo°:i.._ (L•°)e ('10.1-84)/<;,)-= ~.'t°? 
(°I0.'1-84--2.4~)/('\0./-84):. c..4-
(..,,°':> V2 .c,t.\-= .G.t.f-3 4 
.!::.'T =('\0.1-s•J.')(I- [l/1-t-.l?l)·" 3 = 1.7 
.·. LWT= '\O.(- \.1 = §9.o•p 

f'o,.,,o No. :l4b: (fi-IT=- .12) 
C.WT = ( D1RE:C'T LWI FeoM ::i.+~>- 89 .o•p. 

qn'tilo')~ (lo°>c (B"l.0-84)/<;,')=.:<.12. 
(69.o-84- :;i..1-z.')/(89.o-84).._ .?8 
C.o~ 1/2 .S.S = .-7sr:;, 

78
f; 

.c.1~(8"t.o-B4)(1-L1/1+.12J\ ==- 0.9 
·" LWT= 89.o - o.q =- B8.1°F-

-S.r. \::.12.~--ru'-e>VIC:..f-\-



I 
8ECTION PROJECT 9ERIAL.·CATEGORY PAc;.E 

NOTE z:wT=84 ~ ... '.2.1Yo?14c.R1T•11.1A?B> ID/10 

FERMI LAB 

0 ENGINEERING 
SUBJECT NA.ME 

CS ·F· ~~S\W'-<>V;c <..~ 
DATE I lltEVllllON DATE 

31 l"\A't i'\88 

Po ,.JD N~. ::2. '5: ( h-11 -= • '-!-o') 
i=w1=[C1.:2 .. 00 (8~.o + 7. ?)) +(2.ooo (88. I+ 10.2))]/:.200 = q1.c'.e "F

O.\o\-ti lo"':,e. (l"°lE. ('\i.G,-84)/~')-= 3.39 
("11.G.- 84-3.?9)/("\j.(.., -8•f): .75 

lo') l/"2... -l'S = .41<? 4 -
.t>.\-=- (<\1. ~ -B4-)(\ -[I /1 +.4ol'Y 15 = 8.1 
.'. LWT"° ql,(,,-8.1 = sci.s·r-

f'o,._,c No . .:2.Co : ( ft-1T =.IE>) 
E.WT: ( SAt'\E AS Po~ '.2..1?) = C\/. (.o "F

q\'\-t-i \ o") E. (lo~e. ( 91.G. -84)/)~::. 3.39 
(l)1.G. -8.j. -:;. ?9)/(ctl .. <- -84) = .15 
lo°i l/2.. ./S = . 41? 4 
AT= (C\/.Co-c!!>f)(I- Ll/1+.18])' IS:.. <O.:Z. 

,'. Lwl= ql. (o - ~.2.= cq, '-t"f: 


