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PREFACE

The Quad-Cities Station is a nuclear fueled steam electric generating

facility located near Cordova, Illinois, adjacent to Pool 14 of the Mississippi

River about 21 miles north of the Davenport-Moline-Rock Island area.

This report is presented as required by the Nuclear Regulatory Commission

Operating Licenses DRP-29 and DRP-30 non-radiological technical specifications

for Quad-Cities Station Units 1 and 2. These specifications require the sub-

mission of semi-annual reports describing the results of environmental monitoring

for the total chlorine used in condenser chlorination, temperature monitoring,

station chemical usage, and fish impingement.

The monitoring results for the six-month period February 1979 through July

1979 are herein reported.
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Chapter 1

TOTAL CHLORINE MONITORING

by

Margaret A. George

I. Introduction

Total residual chlorine monitoring during Quad-Cities condenser chlorina-
tion began on 27 July 1972 and has continued through this study period, February
through July 1979. During this period, the Station operated in the open cycle
cooling mode using the diffuser pipes, in the closed cycle cooling mode using
the spray canal, or a combination open and closed cycle mode of condenser cooling
in which half the cooling water was discharged through the north and/or south
diffuser pipes while the other half circulated within the closed cycle spray
canal system (see Appendix D for details). On April 25, the chlorine injection
time increased from twenty minutes per unit to forty minutes per unit.

The objectives of this study were:

1. to document total residual chlorine concentrations in the Mississippi
River upstream and downstream f rom the Quad-Cities Station and at the
point of discharge to the dif fuser and/or blowdown pipes;

2. to monitor variations in chlorine concentrations during condenser
chlornation in the station's discharge bay during the open or combina-
tion open and closed cycle mode of condenser cooling or in the spray
canal during the closed cycle mode; and

3. to compare all chlorine concentrations determined during this study
to the surveillance requirements approved in the technical specifica-
tions by the U.S. Nuclear Regulatory Commission (1974).

II. Field and Analytical Procedures

Total residual chlorine concentrations we re determined during condenser
chlorinatica four times per month in compliance with the non-radiological tech-
nical specifications for the Qua d-Ci ties Station (USNRC 1974). Measurements
were made in the Mississippi River before, during, and after condenser chlorina-
tion and also in either the discharge bay or spray canal of the station at fre-
quent time intervals during chlorination. Sampling locations are described in
Tables 1.1. a nd 1.2.

Concentrations of total residual chlorine were determined in the discharge
bay (Location 7) during the combination cyc le cooling mode and in the spray
canal (Location 9) during the closed cycle cooling mode. In both the discharge
bay and spray canal, chlorine concentrations were determined at about two to
five minute intervals starting at the time of condenser chlorination and ending
approximately twenty cinutes after termination or when chlorine levels were
below the analytical limit of 0.01 mg/1.

7
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Table 1.1. Description of sampling locations monitored, February through
July 1978.

Samp ling
Location Description

6 At the intake forebay of the station.

7 At the ent rance to the diffuser pipe in the discharge canal
of the station.

9 At the entrance to the blowdown pipe in the spray canal.

21 Downst ream f rom the dif fuser pipes.

22 Downstream from the blowdown pipe.

23 Upstream from the diffuser pipc.

24 At the point of discharge from the diffuser pipe.

26 Upstream from the blowdown pipe.

30 South edge of intake.

_

f
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Table 1.2. Sampling locations monitored for total residual chlorine during
condenser chlorination, February through July 1979.

Station
Operationg Sampling Sampling
Condition Frequency Locations Replicates Depth

Open and 4 times per Discharge bay (7) Single Tap
Combination month Upstream discharge pipe (23) Single One meter

Cycle Discharge pipe (24) Single One meter
Downstream discharge pipe (21) Single One meter
Intake forebay (6) Single One meter

Closed cycle 4 times per Spray canal (9) Single Tap
month Upstream blowdown pipe (26) Single One meter

Downstream blowdown pipe (22) Single One meter
Intake forebay (6) Single One meter

South end of Intake (30) Single One meter

r

D
1078 30
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Samples in the river were collected at a depth of one meter using a Kemmerer
sampler unless cold weather rendered the water sampler inoperable. At those
t imes bottles were filled directly, as they were at the station locations. Sam-
ples were analyzed immediately af ter collection by method 409C ( A. P.H. A. et a l.
1976). A Fischer and Porter Amperomet ric Tit rator having an analytical detec-
tion limit of 0.01 mg/l was used for analysis of all samples.

III. Results and Discussion

Throughout this study period, all chlorine concentrations were within the
U.S. Nuclear Regulatory Commission D74 surveillance requirements, as s umma rized
in Table 1. 3

Station operation data during the chlorination cycles monitored f rom February
through July 1979 are shown in Table 1.4.

Total residual chlorine data f rom February through July 1978 are presented
in Tables 1. 5 th rough 1.10.

IV. Summary and Conclusions

1. Chlorine monitoring was conducted 24 times during ope ra tion of the
Quad-Cities condenser chlorination system from Fe brua ry through July 1979.
Total residual chlorine was not detected in the Mississippi River upstream or
downstream from the station, indicating dissipation of chlorine before reach-
ing the river and compliance with the Commonwealth Edison Company - U. S . En-

vironmenta l Protection Agency (1976) recommended limit of 0.2C mg/1.

2. Total chlorine concentrations in the discharge bay and spray canal dur-
ing the entire reportiag period were within the limits approved by the U.S. Nuclear
Regulatory Commission.

V. Ref erences Cited

A.P.H.A., A.W.W.A., and W.P.C.F. 1976. Standard methods for the examination
of water and wastewater. 14th Ed. Amer. Public Hea lth As s n. , Washington,
D.C. I193 pp.

Commonwealtn Edison Company. 1976. Chlorine reduction study for Quad-Cities
Station. Proposed liti rature by the U. S. E . P. A. and Commonwealth Edison
Company letter dated 29 January 1976.

U. S. Nuclear Regu la to ry Commission. 1974. Appendix B to operating license
DPR-29 and DPR-30: non-radiologica l technical and specifications and basis
f or Quad-Cities Station Units 1 and 2 Rock Island, Illinois. Commonwealth
Edison Company. Decket numbers 50-254 and 50-265. Washington, D.C. 15 pp.
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Table 1.3. Average detectable chlorine concentrations, Quad-Cities Station,
February through July 1979.

Observed
USNRC Average

No. Circulating Allowable Detectable
Water Pumps Limita Concentrationb Location MonitoredSampling Date Operating (mg/1) (mg/1) on Sampling Date

1 February 1979 5 0.60 c Spray Canal21 February 1979 6 0.50 c Spray Canal23 February 1979 5 0.60 c Spray Canal28 February 1979 3 1.00 c Discharge Bay7 March 1979 6 0.50 c Discharge Bay14 March 1979 6 0.50 c Spray Canal
27 March 1979 6 0.50 c Discharge Bay29 March 1979 6 0.50 c Discharge Bay12 April 1979 6 0.50 c Discharge Bay
20 April 1979 6 0.50 0.06 Discharge Bay24 April 1979 6 0.50 0.14 Discharge Bay27 April 1979 6 0.50 0.13 Discharge Bay4 May 1979 6 0.50 0.17 Discharge Bay11 May 1979 6 0.50 0.27 Discharge Ba y17 May 1979 6 0.50 0.20 Discharge Bay24 May 1979 6 0.50 0.17 Discharge Bay15 June 1979 6 0.50 c Discharge Bay20 June 1979 6 0.50 0.10 Discharge Bay22 June 1979 6 0.50 0.05 Discharge Bay27 June 1979d 6 0.50 0.10 Discharge Bay13 July 1979 6 0.50 0.11 Discharge Bay18 July 1979 6 0.50 0.18 Discharge Bay23 July 1979 6 0.50 0.17 Discharge Bay27 July 1979 6 0.50 0.25 Discharge Bay

" Maximum total chlorine concentration (mg/11 allowable in the discharge bay or
spray canal as. averaged over the injection cycle according to the U.S. Nuclear
Regulatory Commission (1974).

b
The maximum detectable total chlorine concentration determined as averaged over
the iniection cycle for the number of circulating pumps operating is defined
according to Commonwealth Edison (1976) as the arithmetic mean of detectable
chlorine concentrations (0.01 mg/l or higher) during any particular monitoring
period during a sodium hypochlorite injection cycle.

CNo chlorine detected.
Observed average detectable concentration may be in error. After sampling had
been completed, Hazleton personnel were informed by station personnel that the
injection cycle had begun at 1020, not 1030 as previously told.

1078 308
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4

, , .e

Table 1.4. Sampling dates for total residual chlorine monitoring
during condenser chlorination and Quad-Cities Station
operating conditions, February tiirough July 1979.

'. W er of%per o f

Circulatig N v+ c r e r Ie les t ix P e r i n.t t u at te ,s % r i L t l er ! ..

Stattuo Wster Puei s I f(t Pur . o f Sta t o n t eclec,4 r -itte. J ''Is.1"1rP1 Rive' s r a t :u t i g 5*

or) st '4'1m 1A v ir 4 5' ,n i t n e s * , r f. en e t

l'a t e oper at ion Ore r a t !"L3 r i it i ng r' t . e le e t.m o

1 Feb 1979 slosed cycle $ 3 10 % t a 1115 at:4y. re a l (9) upstri e (6,26,30) 30

J e stream (22)

21 Feb 1979 close<1 cve le 6 3 1930 to 1113 scriv camil (9) upstream (6,26,30) 2*
J +. stream '22)

23 Feb 1979 closed cycle $ 3 1010 t a 1110 s ,' r 4 y sv al (9) u,*t. ear (6,26,30) 34

d c sr.s t s . a3 (2;)

29 Feb 19 79 combination cycle 3 2 10 H t o 11i3 n s l arge t ay (7) uts t rec (6,21) 34

d s,ntream (?l.21)

3 m r 197 s combinar 10c c ycle 6 4 1910 te 1110 J15.he:ge Lay (7) ur tream (6,21) !0
d sm tre a (21,24)

14 h r 1979 claned cycle A $ 10 k t , 1110 5. ; r i- i or. a 1 (9) ut s t r,:as. (6,23,10) 32

d res t ri ais (22)

27 m r 1979 combinaticr. cycle 6 3 1010 to 11:5 ois .., r g . t o (7) pt ren (6,21) 32

d. m tream (21,24)

29 N r 1979 c ombi na t i on c y c le 6 ) 1037 t, ll!! d' u r re bay (7) uistre a (6,21) '.

--trv n (21, .'

12 April 1979 centination c ycle 6 5 10 M 1113 dio?.arie ?ay (,) s.r te m ' 21) 34

d anstre4ri t. ...)
aree bay (7) tes t r e am (6,23) 26

20 April 1979 caabination evele 6 1 1 10 to 1110 dis '
d,,n strea- (21,24)

ai ge bn (7) upstream ( C ,211 47
24 April 1979 c e ttriattoa tycle 6 3 o 1110 di ',

wr s t r e am ( 21,2 4 )a

27 April 1979 coe bin at tn c ycle 6 3 10 0 to 1110 disitarge Fiy (7) up=tream (6,23) 40
d n str(am (21,24)

4 N y 19)# combication c) ele 6 3 tow to 1110 dic hay bu (7) s.p st ream (4,23) 36

d,wnstreem (21,24)

11 m r 1979 comSinat ion c ycle 6 3 0920 to 10 4 dise t.t se t e v (7) urtt i m (6,2 3) 35

d.wt.+ttias (21,24)

17 Ny 1979 c omb is.a t ion cycle 6 3 10 L ' t o 113 > disc!as p Fay (1) upttra43 (f,?3) 46
d w,-treat (21,2.)

24 Ny 1979 c<eSination cycle 6 3 10?>ts 1155 dt.a b ege tay (7) s.ps t r e am (6,23) 52
4 m trea= (21,24)

13 June 1979 cochination c ycle 6 3 7 030 t o 11.5 din'har p tav (7) up t ree (6,23) 26
d- a tream (?1,24)

20 June 1979 combinat ion c ycle A 3 101) ta ]?r0 div N rge tsy (7) mt re am ( A,21) 43
d sretreas (21,?4)

22 June 1975 c cedinat ion c y(le 6 5 1010 to 1200 etscharg - tay (7) ,p .r.., (6,23) Ji
/w strcam (21,2e)

t +trer (A,23) 12
21 Jutie 1979 c onh t ria t t art cycle 6 I If120 to 1155 di st ta r r e tw (7)

ds meram (21, ()

13 July 1979 cosibtnetio, cy It a 3 toi- ra li, e s u L .rn tav (?) u;" + im a,210 ei

J e ft-a= (21,24)

18 July 1979 cemhteation yc le 6 1 * n in t . . ;ti, ,'t., t. . y (?) ,q.,,.c, (6,71) 48
s t r e h ( 21,2 4 )ac s

M,2 )) 49
23 July 1979 conh!n it ton c yc le 8 s !I;' ' i 1. s <t i ''are. by (7) ' '

a. r am (21,24)

0. 2,Il
52

27 July 1979 v ekle..ittne e n le 6 i fu ' ' f> Ji e ' < 87) 1 ''

2,. ~- .-

12
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i Table 1. 5. Total residual chlorine concentrations measured during condenser
chlorination, February 1979.;

!
s m iin. o.te m..t..t p,1 slee r vre e r... oown tre.. et UPetream of 810wd e Downst rese of S!owdown Spray CanalStation Operettea Cvele ]seg int in e (Tec at iong Int d e (foratten 30J Pipe (teretten 26) Pipe (tscet ton 2y t.ocetton 9__ M ur et Chlortnation (hour) (et/l) (hour) (en/1) (hour) (or/1) (heur) (sa/t) thour (st/I)

1 February 1979 1030 (0.01 1035 (0.01 1038 (0.01Closed Cycle
I 1040 (0.01 1041 (0.011030 to 1115

1044 <0.01
10,5 <0.01 1047 <0.01

1050 <0.01 1050 <0.01
1053 (0.01

1055 (0.01 1056 <0.01
1059 <0.01

1100 (0.01 1102 (0.01
1105 <0.01 1105 <0.01

110b <0.01
1110 <0.01 1111 <0.01

1114 <0.01
1115 (0.01 1117 (0.01

1120 <0.01
1123 (0.01

1125 <0.01 1126 <0.01
11?O <0.01 1130 (0.01

21 February 1979
1020 (0.01Closed Cycle
1025 (0.0110 M to 1110 1030 (0.01 1030 (0.01 1033 (0.01 1030 (0.01 1045 (0.01
10 % <0.01
1055 <0.01
1100 (0.011102 (0.01 1103 (0.01 1105 (0.03 1104 <0.01

1106 (0.01 1110 <c.011115 (0.01 1115 <0.01
1116 (0.01 1117 <0.01 1118 (0.01 1120 (0.01

1125 (0.91
1130 (0.01

22 February 1979
1025 <0.01Closed Cycle 1028 <0.01 1029 (0.01 1030 <0.01 1030 <0.011030 to 1110

1031 (0.01 1013 <0.01
1036 <0.01
1039 (0.01
1042 (0.01
1045 (0.01
1048 (0.01
1C51 <0.01
1054 (0.01
1057 s0.011059 (0.01 1100 <0 01 1100 <0.01

,' 1101 <0.01 1102 <0.01 1103 (0.01
1106 (0.01
1109 (v.01
1112 (0.01

1 1115 (0.01 1115 (0.01
| 1116 <0.01 1117 (0.01 1118 <0.01 !!18 (0.01

1121 <0.01
1124 (0.01

| 1127 (0.01
1130 (0.01

1
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Table 1.5. (continued)

> =rliam D ire Misets.1 ppt utver tipstsvam Lpetream of Diffuser Dif f user Pipe Dwnst re.as of Diffuser Discharge Canal
St ation opes at t nr eve le E ir Ine . (Lic.it ton i Pf r (f or s t ion g itrcit t an 41 _ _P tre ( L.u a t ion 21) _ toratlan 7.

Hour of Chlorination (lv r) (Q) thour) jeir, ' l ) (hou r)]w;/ l) (hnor) (eg/l) (hour) lea / )

?8 February 1979 1025 (0.01
Combination Cycle 1030 (0. ')1 1030 (0.01
1030 to 1110 1031 <0.01 1033 <0.01 1033 (0.01

1035 (0.01 1036 (0.01
1039 (0.01
1042 (0.01
1045 <0.01
1048 (0.01
1031 (0.01
1054 <0.01
1057 (0.01

1058 (0.01 1059 (0.01 1100 (0.01
1101 (0.01 1103 (0.01 1103 (0.01

1104 (0.01
1109 (0.01
1112 (0.01

1113 (0.01 1114 <0.05 1115 (0.01
1117 (0.01 1118 (0.01 1118 <0.01

1121 (0.01
1126 (0.01
1127 <0.01
1130 (0.01
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Table 1.6. Total residual chlorine concentra* tons measured during condenserchlorination, March 1979.

leep1_1fs Dn3
Miseicaippi River Opetream Upstrees of Diffuser Diffusst Pipe Downstrese of Dif fuser Discharge CanalStetton M retica Cycle _ _Meer Intake (1.ocation 6) Ptre (teration 23)_ (Location 24) Pipe (1.oc.it ion 21) fecatt.in 7m+vr of chlorination (hour) (en/1) (hov (pall) (hoor) (og/1) (houri (e3 I s (hour) (em/1)/

7 March 1979
Combination Cycle 1027 (0.01 1028 <0.01 1030 <0.01 1030 (0.01

1025 (0.01
10)0 to 1110

1031 (0.01 1033 <0.01
1036 (0.01
1039 (0.01
1062 (0.01
1045 <0.01
1043 <0.01
1051 (0.01
1054 (0.01
1057 (0.0110'8 (0.01 1059 (0.01;

1100 (0.01
1101 (0.01 1102 (0.01 1103 (0.01

1106 (0.01
1109 <0.0i
1112 (0.01a a a a 1115 <0.01
1118 (0.01
1121 (0.01
1124 (0.01
1127 (0.01
1130 (0.01

Mineiselppi River l'petreau Downstreas ot S treaa of blewdown Downstream of Blawdswn Spray CanalNear antaL Q1ecitinn 6) fetake (Location 3Q). J 1 G oration 26) P!ye (location 22) is:ation 9(hour)_ (et/1) (hoir) (e71) ( hou.r ) (eg/1) (hour) E p21 ) (hours (ed
~

in March 1979 1020 (0.01 1020 (0.01 1922 (0.01 1022 (0.01 1930 (0.01Closed Cycle
1030 to 1110 1033 (0.01

1036 |0.01
1039 <0.01
1042 (0.01
1045 (0.01
16 8 (0.01
1051 <0.01
1054 (0.011056 (0.01 1056 (0.01
1057 <0.011058 (0.01 1058 (0.01 1100 <0.C1
1103 <0.01
1106 G. 01
1109 <0.011112 (0.01 1112 <0.01
1112 (0.01

1114 (0.01 1114 (0.01 1115 '0.01.

1118 <0.01
1120 (0.C1
1125 (0.01
1130 (0.01

511ssiselppiRiverLTatream
t'pst ream of Dif f user Diffuser Pipe Im m treau of Mf f ner Discharge CanalNear Int.ke l m atfon 6) Pipe % catinn 21) (lecattan 24) P ipe_( t a c a t t e n 21) location 7thaurt _ yg ! ) ( M,iLJ[i t (hnor) Je g 'l) thouri (*2 3) (hnur) feg l)

( l 7 l

27 PL*ch 19 79 1030 (0.01
r'.outinat inn Cycle 1930 <0.01
1050 to 1115 1033 <0.01

1:35 (0.01 1036 (0.01
101s <0.011040 (0.01 1042 (0.011045 <0.nl
104% <0.01

1050 <1.01 l a t. P <0.01
1051 <0.01
1054 <0.01

1055 (0.01 1057 (0.011100 (0.C1 1101 (0.01
1101 (0.01110*> (0.01
1106 (0.01

Illu <0.01 110# <0.01
1112 <0.01

111S <0.01 Ilii (0.01
1114 (0.01
Il2n (0.01!!2$ (0.01 112 <0.0%J113 (0.91
149 <0.01

15
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P00R ORIGINAL

TabIe 1. 6 (continued)

p_ imp l i g .t i t . Pi- . t - s i p t i l <. r ' t r. i i .tr c -f I'l l ' .t :'I f t o .r I' l : . . .nstr is as :it f lowr I' l - I. i t , t s tal

F t i.t i . n o; . r i r i . g ( ,. . l .- %. ir 1 s e . It. .f.n .. n ci; 8t . .r i _ .) o .ti .) , Pip. t' iti 21l it. n*)

is. . o r .v (f.t.v6nitt o e 'i ,r> 6.>- 1) 4 'i si (1 g. _6 ' _ t r a_ ' g ly abo.. -g/1) d ir. - ri trg/l)
_ .

29 %r. h 197 0 10/S 0.01 10 5 <h.01
Ci'ank i n.it i on t' v t l e 102, ca.01 1027 ( ') . 0 : 102 (0.01 10 l'> (0.01
10 0 t o 11'O 10 0 (0.01

1066 (0 61
1064 0.01
10 (0.01
10 5 (0.01
la R <0.01
10'l N.Os
le 4 ( ) . 01

1C55 (u.01 :qth (0.31 1057 < ). G1 1057 (0.01 10 7 (0.01
11 '"> <0.Cl
110 ) (0.01
11C6 (2.01
lit 4 < J . 01

til) (0.01 1111 (i) . 01 1112 :D.Cl 1112 <0.01 1.;l (0.01
1115 (G.01
1113 <3.01
1121 (0.C1
1124 (0.01
1127 ''. 01
113'1 (0.Ci

* , to str*,at pr t 1, s5.ntles not collec+ed d
b " t 4 t i e, pers u i n j : . 4 * r .] t r.a t ere 6 rt prA Le Cy4 t '- 11 c t i. 9 ;s sul there w-. pri a t-,

c h l <. r i ni in t, saep'e.
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.

Total 1.7 Total residual chlorine concentrations measured during condenser
chlorination, April 1979.

$ wegi ng Da t e Mississippi River L'pstream Upstrwam 08 DiffuNr Ditfustr ripe Destream of Dif fuser Dietharge Caaal

Staifon li ar5 Int Cycle _ b ar intake (tacation 6) Ptp, (focation 23) (beation 24) _ Pipe (Location 211 Location 7f
hour of Chlorication (hour) (eg/ l) < hour) (eg!!) (hour (st/1 (hour) (og/1) (hour) (es/1)

11 April 1979 1028 (0.01 1027 (0.01
Combination Cycle 1030 (0.01 1030 (0.01
1G30 to 1110 1032 (0.01 1013 (0.01

1034 (0.01 1036 (0.01
1039 (0.01
1042 (0.01
1045 <0.01
1048 (0.01
1051 (0.01
1054 (0.01

1055 (0.01 1057 (0.01 1057 <0.01
1059 <0.01 1100 (0.01

1101 <0.01 1103 <0.01
1106 (0.01
1109 (0.01
1112 <0.01

1115 (0.01 1115 <0.01
1117 (0.01 1118 (0.01

1119 <0.01 1121 (0.01 1121 <0.01
1124 (0.01
1127 (0.01
1130 (0.01

20 April 1979 1030 (0.01 1032 <0.01 1033 (0.01 1033 (0.01
Combination Cycle 1034 (0.01 1040 <0.01
.030 to 1110 1042 (0.01

1045 (0.01
1047 (0.01

1C50 (0.01
1C52 (0.01

1955 (0.01 1055 0.C3
1057 <0.01 1057 0.07

1059 (0.01 1059 0.08
1100 <0.01 1100 0.08

1102 0.10
1105 0.10
1107 0.08
1110 0.03
1112 0.06

1113 (0.01 1115 (0.01 1115 0.03
1117 <0.01 2117 0.03

1118 (0.01 1120 0.03
1122 0.03
1125 0.10
1127 0.03
1130 0.03
1135 (0.01
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HAZLETON ENVIRONMENTAL SCIENCES

Table 1.7. (continued)

h*['y_ dite Miseasetppi River Upstream L'pst rein r>f Dif f uma r Diffuser F1pe LA>wnst re.im et Dittoser Dim h.arge Cinal
S atJgn B$,s_r m y Cych 18 ear int.d e (lecation 6) JJp,e Occatton 23) _(tgne t on E Jtyf_(tfration 2 L _ frijt_tzo 7l

Ho (hour) (=r/l) (h. ur t <=r/1 thour) (eg/1) U.eur) (edl ) (haur) (=g/1)_ ur_cf Chlortiarton _

24 April 1979 1025 (0.01 1026 (0.01 1026 <0.01 1025 <0.01
Cumbination Cycle 1027 (0.01 1030 (0.01
1030 to 1110 1033 <0.01

10J6 (0.01
1039 (0.01
1042 (0.01
1045 <0.01
1048 <0.01

1050 (0.01 1051 (0.01 1051 <0.01 1051 <u.01
1052 <0.01 1054 (0.01

1057 <0.01
1100 0.02
1103 0.05
1106 0.10
1108 0.11
1109 0.11

1110 (0.01 1110 0.12
1111 (0.01 1111 (0.01 1112 <0.01 1112 0.13

1114 0.15
lit, 0.17
11' ? 0.17
11.8 0.19
1'20 0.16
1 21 0.15
'.23 0.16

124 0.25
4126 0.16
1127 0.19
1130 0.17
1133 0.20
1136 0.17
1139 0.12
1142 0.09
1145 0.01
11 3 <0.01

27 April 1979 1030 (0.01 1030 'O.01
Combinat ion Cycle 1032 (0.01 1033 (0.01 1033 <0.01
1030 to 1110 1034 (0.01 1036 (0.01

1019 (0.01
1042 <0.01
1045 'O.01
1048 <0.01
1051 <0.01
1054 <0.01
1057 <0.01

1058 <0.01 1100 (0.01 1100 0.02
1101 <0.01 1102 (0.01 1103 0.06

1106 0.06
1108 0.10
1110 0.13
1112 0.15

1115 (0.01 1115 0.17
1117 (0.01 1117 0.19

3118 <0.01 1119 (0.01 1119 c.70
1121 0.15
1123 0 . '. 9

1126 3.20
1128 02.
1130 3.19
1133 0.15
1116 0.CA
1139 :.02
1142 'G.01
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HAZLETON ENVIRONMENTAL SCIENCES

Table 1.8. Total residual chlorine concentrations measured during condenser
chlorination, May 1979.

Saarling Date Miestesippi RLeer Upstrees Upstress of Dtifuser Dif f eser '* w Downstreme of Dif f uses Discharge Lanal
St ation Operat ing Cycle _Near Intane (Location h) Pipe (Location 23) (Lar a t ie. A Ptre (Locat ion 21) Location 7
Hour of Chlorinstion hour (og/1) (hoeir (ogli (hour en .rI hour (eg/1) 'lheur) (ed/1)1

4 Ma y 19 79 1030 (0.01 1030 < 0. 01
Combinettee Cytte 1032 <0.01 1033 (0.01 1033 <0. 01

3030 to 1110 1034 <0. 01 1036 <0.01
1039 (0.01
1042 (0.01
1045 0.02
1048 0.04
1031 0.13
1054 0.16
1057 0.21

1100 (0.01 1100 0.22
1102 (0.01 1102 0.26

1103 <0. 01 1104 (0.01 1106 0.11
1108 0.20
1110 0.21
1112 0.22

1115 ( 0. 01 1115 0.25
1117 (0.01 1117 0.23

1118 (0.01 1119 (0.01 1120 0.25
1123 0.27
1126 0.17
1129 0.09
1132 0.02
1135 (0.01

11 na y 1979 0910 (0.01 0910 (0.01 Ot10 (0.01 0910 <0.01 092 <0.01
Canbination Cycle 0924 (0.01
0920 to 1045 0927 <0.01

0 * 30 (0.04
0933 (0.01
0936 (0.01
0939 (0.C1

0940 (0.01 0940 <0.01 0940 (0.01 0940 (0.01 0942 0.05
0945 0.22
0947 0.24
0950 0.31
0952 0.33
0955 0.36
0958 0.36

1000 (0. 01 1000 (0.01 1000 <0.01 1000 (0.01 1000 0.3u
1006 0.39
1009 0.39
1012 0.35
1016 0.33
1021 0.18
1024 0.08
1027 0.02
1030 <0.01

47 May 1979 1025 (0.01 1027 (0.01 1027 (0.01
combinetton Cytte 1029 (0.01 1030 (0.01

1030 to 1155 1031 < 0. 01 1033 (0.01
1036 (0.01
1039 <0.01
1042 (0.01
1045 <0.01
1048 0.06
1051 0.11
1054 0.16
1057 0.19

1100 (0.01 1100 0.23
1102 (0.01 1103 0.21

1104 <0.01 1106 0.20
1107 <0.01 1109 0.18

1112 0.25
1115 0.25

1116 (0.01 1118 (0.01 1118 0.22
1120 <0.01 1121 0.20

1122 <0.01 1124 0.20
1127 0.19
1130 0.19
1133 0.24
1136 0.27
1139 0.27
1142 0. 11

-
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Table 1.8. (continued)
3_.. 1 ~ , li n e- m ..L.,tpet kt ve r t ret reas l'rmtre on t11fu-vr t,a t t o-c r r i r. it. .wi .- t e . ati et l't r i ce r D1. h.i r i . .i es. 1

s t a t t o.I ~7 ~1 ",rpci e tE.~s've c
7i..... . ) do.

ll ( '. a a t ti ? '. ) J pc (l o i t i .u 21L t . it t m 7

i t l on_ _2,iTo.o, r1 N ,n o.~ r i @ i)7.i_ t .i i e )
it Ptpc ( l o.kc .i t I nt <ih

%, r > < - , rTro . i, . . r >,,,,,,a t r i o r i .. . i i ... g.

LI'5 'I'17 Ma y 1979 -

i 20C.n bt n4t t on C e le line

1010 to 1155 IISI 0*23

f'2'I(continued)

1200 t' 2 3

120) .L5
1209 6 05

1239 <- 01
1212 u .ul

24 Ny 1979 1025 (0.01 1026 <0. 01 1030 <C.01 1010 < .01

Cnebinat ion C w le 1032 (0.01 LO)1 <J."aJ

Ifit <t .011010 t o 1155
1039 ( J . )!
1042 <i.01
1045 C 01
1048 <t.Cl

1051 cc.ot

1054 <C.C1
1057 (4.01

1102 (0.01 1100 <0.01 1100 a.C1

110) (0.01 110) C.01

1106 <0.01 1106
".*05

31

11rA r

1112 f.09

1115 t.12

111M t 19

!!21 0.19
112 C.19
IL27 C 17
112) C.19
113) 0.22
11M ^ 21.

1119 2

1:4 .' ' s
1;45 '.1'.-

114A Il

1151 0.19
1154 .' 4

11*5 (0.01 115i C.19

1200 (0.01 1158 (0.01 12v0 :. 21

1202 (0.06 12C; C.23
'ww C.22
IN 0 20
1212 C.70
1215 C.22
1218 0.15
1221 0.10
1724 C.52
1227 (C.C!
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Table 1.9. Total residual chlorine concentrations measured during condenser
chlorination, June 1979.

34 W I,a Date Mississippi River Up.t ream Lpearea* of Dittueer Diffumer Pipe leownst resem of Dif f user n t whae re 5,'. mat
twat lyi n _

Station operat teg Cye te near tat ake (Locat ion 6) ripe (tm ..* ton 23) (tw atlan 24) ripe (twet ton 21) _ Ousu r ) (-g!L)
Haus of Chlorination ( hou r) (og/1) hour (my/t h. air er/l hour (eg/l

1030 (0.01
15 June 1979 1030 (0.01

Combination Cycle 1031 (0.01 1031 (0.01 1033 (0.01
1035 <0.01 1036 < 0. 01

1030 to 1145 1035 < 0. 01

1042 (0.01
1045 < 0. 01

1048 (0.01

1050 <0.01 1051 (0.01 1051 (0.01 1051 <0.01 1051 <0. 01
1054 (0.01
1057 (0.01
1100 (0.01
1103 < 0. 01

1106 <0. 01
1109 (0.01
1112 (0.01
1115 < 0. 01

1118 (0.01
1121 <0. 01
1124 (0. a1
1127 < 0. 01

1130 (0.01
1133 (0.01
1136 (0.01
1139 <0.01
1142 (0.01
1145 <0. 01

1150 (0.02 1151 (0.01 1151 (0.01 1151 (0.01

1027 <0.01
20 Jure 1979 1030 (0.01

Combination Cycle 1029 <0.01
1031 (0.01 1032 (0.01 1033 <0.01 1033 (0.01

1030 to 1200 1036 <0. 01
1039 <0.01
1042 (0.01
1045 (0.01
1048 (0.01
1051 (0.01
1054 (0.01
1057 (0.01
1100 '0.01

1058 <0.01 1100 (0.01
1101 (0.01 1102 (0.01 1103 0.05

1106 0.03
1109 0.05
1112 0.03
1115 0.03
1118 0.05
1121 C.03
1124 0.14
1127 0.12
1130 C.12
1133 0.09
1136 0.09
1139 0.07
1142 0.07
1145 0.15
1148 C.16
1151 0.14
1154 0.15
1157 0.15
1200 0.19
1203 0.19
1206 0.14
102* 0.12

1206 (0.01 1209 <0.01
1210 (0.01 1211 <0.01 1212 0.04

1215 0.02
1218 (0.01
1221 (0.01
1224 <0.01

10 0 (9.01
22 June 1979 1030 (0.01

1032 (0.01 1033 (0.01 1033 <9.01
Combinarto Cycle 1034 (0.01 1036 <0.01

1050 to 1200 1039 <% 01
1042 ('s. 01
1048 (% 01
1051 <'i. 01
1054 <%C1

*
b 105/ ('s. 01

-
~
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Table 1.9. (continued) [
b @ d te Misa tas tpp t a tve r trat reme t'patreia on pastumer Uti e uner ra pe ik=natreia at uttfuser l'i a -h ar re t anal

'

Eat ion turit ing cyc le xear int ak e ( Law.e t t on to) P i p., (I.o.* ,e t t on 21) (tw .st'on 24) Pipe (tw stion 21) 1. ' 0 l ' ai 7

noor of u norta.itton ( i.ou r ) bg/1) ( h.u.r ) (og/1) ( h.'.u r ) (ag/l) (hour) (og/1) Oeer t t ,: ' t ) i

22 June 1979 1100 (0.01 1100 so.01
Combination Cycle 1102 (0.01 1103 <0.01 ggo3 so,01

_

1010 to 1200 1104 (0.01 1106 so.01
1109 so.01
1112 so.01
1115 so.01 J.
1118 (0.01
1121 (0.01 ,

1124 (0.01 , ,

M'a
1127 < 0. 01
1130 (0.01
1133 0.05 w
1136 0.05 1

1139 (0.01
1142 (0.01
1145 < 0. 01
1148 <0.01 3

1151 <0.01
1154 (0.01 --

1157 (0.01
1200 (0.01 1200 (0.01

1202 (0.01 1203 (0.01 1204 <0.01

27 June 1979
Ccebination Cycle 1030 (0.01 W2 (0.01 1033 (0.01 1033 0.06

1020 to 1155 1034 <0.01 1036 0.06
1039 0.06
1042 0.10

_

-

1045 0.11
-

1048 0.13
1051 0.11

_

1054 0.11 _

1057 0.11 -

1100 (0.01 3too a.;g --

1103 C.12
1102 <0.01 1103 (0.01 1104 (0.01 110f 0.11

--

1109 0.07 -

1112 0.10
1115 0.11
1118 0.11
1121 0.15
1124 0.13 :

"1127 0.08
1130 G.03 ==

1133 (0.01
1136 <0.01
1139 < 3. 01
1142 <0.01
.145 (0.01 -::

1148 (0.01 -

1151 (0.01
1154 <0.01
1157 < 0. 01

1200 <0.01 -

1200 (0.01
1202 (0.01 1203 (0.01 1203 (0.01

1204 <0.01 1206 <0 ot

_

-

M

-

S

m

m
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Table 1.10 Total residual chlorine concentrations measured during condenser
chlorination, July 1979,

ui x,; c m or
su uim si . . t. i rr i u i .g r v . i r..... iri, . -i v i i i .. . i o,i -< r i> l iv m .. . . t r < .. i riiio. ,

r
'' I re ( 1 . .i t I .ui 1) _L' it f . 5 7.___

(taefttg __.)5 ( ~l|i)St it I..n in r ein ( ve le Ncir Ini ik e (l.o. i t t on t. ) Pier ( tw i n ll)
s i..- rT < -r ,1 ( n. ' i r > (h-or) i '')

H..ur on ti...eiei.iion ( i .. . . r > t - tit ~ c i. 4 . - > <, 1)

11 July 1979 1027 (0.01 102? m.d l

Combinat ion Cycle 10.'s 40.01 1028 (0.01 1028 (0.01 10 F) so.01
1C13 <0.011030 to 1155
1C 36 (0.01
1019 <0.01
1C42 (0.01
1045 0.09

1948 0.08

1051 0.10
1054 0.10
1057 0 10
11 @ 0.11
11G3 0.12
1166 0.14

1109 0.14

1110 (0.01 1111 <0.0t 1111 (0.C1 1111 <0.01 1112 0.13
1115 0.13
1118 0.11
1121 0.C9
1124 0.10
1127 0.12
1133 0.12
1133 0.12
1136 0.14
1139 0.14
1142 0.12
1145 0.12
1148 0.10
1151 0.03
1154 0.08
1157 0.06

1200 (0.01 1200 (0.01

1201 (0.01 1201 (0.01 1231 (0.01 1203 (0.01

18 July 1919 1C25 (0.01 1026 (0.01 1026 <0.01 102b <0.01 3C2' so.01
103) <0.01S 'in4 tion Cycle
1036 <0.v14030 to 1155
1039 (C 01
1C42 (0.01
1945 (0.01
1r48 (0.01
1051 0.06
1054 C .1')
IC57 G.12
1100 0.12
1103 0.13
1106 0.12
1109 0.12

1110 <0.01 1111 <0.01 1111 <0.01 1111 (0.01 1112 0.11
1115 0.14
1118 0.13
1121 0.14
1124 0.18
1127 0.14
1130 0.14
1131 0.12
1116 0.14

1139 0.15
1142 0.15
1145 0.12
1149 0.11
1151 0.57

1154 0.54
1157 0.55

1200 (0.01 1290 0. ',5

12C1 <0.01 120? <0.01 1 2'11 (0.01 129) 0.2?
1206 0. "A
1209 0. N

]712 (0.C1
1215 <0.G1

1078 L.0
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M u d OA
Table 1.10 (continued) ,

--S imt l e.. p it e ---- . i = = i p p t KI v r .'p rs ine- - _ .t'p-ar = et--.
- - - -

Nin
- - - - -

ristu-er r i s t ii.c r Pi s- --- - - .w.tsce ..t ellfoser Ul4- i m il- - - .l luw
.-- .,

i i

s t .i t t . ijt c i .i t i n i vi- le he i r I nt . eke ( l i.. .i t ; i t. ) I'Ite t i i. i t 1.ia ? ') (1.- itlen -) '' t g'e (1 a- it i. i ?!) le it i n
ho..r or s l e r 1.* .t I am (h or) (ime r 1) t li.i ti t a 2l) ( l..i'u r ) { *ic /1 ) ( l .w.r ) ta >1) I ha i r) ie '1)

23 Aly 1979 1027 <0.01
Conib i. .a t t en C yc le 1030 <0.U) 1030 sO.01

1030 to 1200 1012 <0.01 103) (0.01 1031 (0.01
1034 <0.01 1016 (0.01

1039 'O.01
1042 0.11
1045 0.11
1044 0.12
1051 0.14
1054 0.15
1057 0.15
1100 0.16
1103 0.19

1105 (0.01 1136 0.23
1107 (0.01 1108 (0.01 1139 (0.01 1109 0.23

1112 0.27
1115 0.20
1118 0.15
1121 0.15
1124 0.17
1127 0.12
1130 0.21
1131 0.23
1136 0.23
1139 0.23
1142 0.23
11'.5 0.23
1149 0.23
1151 0.19
1154 0.11
1157 0.07

1200 (0.01 12v0 0.05
120.' (C.01 1231 sJ.G1 120) (0.01

. 2 J '. (0.01 1236 (0.wl
1209 (0.01
1212 <0.01
1215 (0.01

27 Ja', 19/" '015 % 01
Cru.L t4.a t ion Lyc le 'Olb < 0 01

10N t o 1145 1021 '0.11
1024 <c.01

1025 (0.01 1027 (0.01 1017 (0.01
1923 (0.01 1029 (0.01 1933 <3.01

101) <0.01
1036 (C.L1
1039 0.'5

104? ' !M
1045 0.2i
1043 0.30
1011 9 . i '.
10'. * 0 . J '.
10Y 0. W

3100 (0.01 1100 6.21
1 18') t].01 1101 (0.01 116) P .12

11 % ( 's . ' 1106 C.3s

llo) G.'.

1112 'l .'

1115 0.?4

11151 0. 2.'1

1121 r, . i n

1124 0.17

1127 0.19
11 , 21
111) n.26
11M O.29
11w .30
11'.2 P . I's
11 <.5 n.17
Il4M n, ta

l l '. ! 0.24
s i ',4 'i . I 's
llS/ o.17

1>4I e u. s i 1.' 's ) e os
l'o? < i;p3 ioi lyc1 ei ,|

r . + ic m tl 12'% of

lips e,i

1212 e.f l ,.

1 07O
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HAZLETON ENVIRONMENTAL SCIENCES

Chapter 2

TD!PERATURE MONITORING

by

Gayle L. Shipley

I. Introduction

This report presents the results of continuous monitoring of water tempera-
ture in the Mississippi River near the Quad-Cities Station from February through
July 1979.

The objectives of this study were:

1. to provide an hourly record of the temperature regime of the Mississippi
River in the vicinity of the Quad-Cities Station including the observa-
tion of any downscream thermal changes resulting f rom station operation ;
and

2. to identify diurnal, seasonal, and other normal or periodic variations
in river water temperature.

II. Field and Analytical Procedures

Eight sensors were used to record temperatures hourly near the Quad-Cities
Station. One sensor was located upstream near the Illinois shore. Four sensors

were placed along a t ransec t 600 ft downstream from the diffuser pipes. One

sensor was placed at the entrance to the intake bay in the center of the opening.
One sensor was in tho discharge bay near the port to the diffuser pipes. One

sensor was in the cooling canal at the cold end. The sen so rs were two to three
feet above the river bottom. Temperatures were also measured manually upstream
in the mid-channel of the Mississippi River and in the Wapsipinicon River on a
weekly basis.

Water temperatures at the continuous monitoring locations were measured in
situ with ult ralinear silicon sensi tors having a rangt of 32 to 100F (0 to 380
and an accuracy of + 1.0% of full scale. The sensors were wired to the station
control room. The output of the analyzers was continuously recorded on a lioney-
well class 15 mul tipoint recorder.

To check the operation of the continuous sensors, manual temperature read-
ings were taken at weekly i n t e rva ls with a calibrated Whitney thermometer. The

observed temperatures were compared to those on the lioneywell recorder to insure
correct system functioning.

Prior to temperature sensor installation, the 32F and 100F points on the
analyzer scale were set using individual resistance (ohn) inputs for the cable
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..

and sensor. On occasions when discharge temperatures exceeded 100F, adjustments
were performed on the analyzer to permit recordi ng. Temperatures measured manu-

,

ally at the upstream, mid-channel location in the Mississippi River and in the
Wapsipinicon River were obtained using a calibrated Whitney thermometer.

Minimum, maximum, and mean values for temperature were calculated on a daily
basis throughout the study period. To facilitate interpretation of data down-
stream from tha diffusers, temperatures downstream at sensor locations A, B, C,
and D were averaged.

Daily and monthly maximum qnd mean temperature di f f e rences (AT) were com-
puted from hourly differences. These hourly differences were obtained by sub-
t racting temperatures at the station's intake from those at the discharge, and
upstream temperatures from those downstream from the station. In dete rmini ng

the maximum daily AT values , the largest hourly dif ference between the highest
readi ng of the four downstream sensors and the temperature recorded F' the up-
st ream sensor at the same hour was used.

III. Results and Discussion

A. Natural Variat ions in River Water Temperature

Upst ream t emperat ures in the Mississippi River near the Quad-Cities
Station during February through July 1979 followed typical seasonal trends and
ranged from 32.0 to 81.9F (Table 2.1 : see also Appendix A) .

Tempe ra ture s in the rii s s i s si ppi River upstream and downstream from the
station were affected by f acto rs unrelated to station operation. These factors
included both climatic and hydrological conditions. Examples of the latter were
the influence of the Wapsipinicon River, which caused significant temperature

'

variation in the Mississippi River near its confluence, and surface runoff into
shallow waters.

Temperatures at the upstream sensor, located in relatively shallow
water, reflected the influence of natural factors to a greater extent then either
upstream or downr.tream main channel temperatures. Temperatures at the two up-
stream locations usually were similar : however, the ef fects of soler absorption,
changes in atmospheric temperature, and surface runoff were more pronounced in
shallow water and occasionally led to temperature differences between these
locations (Appendices C and d). In addition, warming of shallow water by solar
radiation or surface ruaoff periodically resulted in negative ST values between
the upstream and downstream locations ( Appendi x B) .

Findings similar to those discussed above were obse rved in Langford's ._

study (1972) which indicated that significant variations in water temperature
may occur due to changing hydrological and meteorological conditions unrelated
to station operation.

1073 126
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Table 2.1. Monthly mean, minimum and maximum temperatures, Quad-Cities Station,
Febrcary through July 1979.

Temperature (*F)
Cooling

Month M in . -Ma x . a Upstream Intake Canal Discharge Downstream

February 1979 mean 32.1 36.2 57.4 80.3 32.1

min.-max. 32.0-32.8 32.0-67.5 32.0-82.3 51.3-106.8 32.0-33.7

32.7 37.2 74.8 85.9 7.2 . 7
March 1979 mean

min.-max. 32.0-38.7 32.0-61.5 60.9-89.1 64.2-106.8 32.0-38.2

42.8 45.4 75.2 87.5 44.3
April 1979 mean

min.-max. 34.2-54.9 34.6.-56.6 59.4-89.1 64.8-100.5 34.3-54.1

May 1979 mean 62.8 61.0 79.3 ' 92.0 60.9
min.-max. 52.5-68.9 48.8-70.0 63.3-89.7 67.5-107.0 49.5-68.4

June 1979 zean 72.6 72.5 86.7 101.1 72.4

min . -ma x . 67.2-78.5 66.2-79.8 76.2-93.4 93.5-101.9 66.7-76.8

July 1979 mean 78.0 77.8 92.4 106.7 78.5

min.-max. 74.0-81.9 72.8-81.9 85.0-97.2 110.0-117.5 73.6-82.6

aMinimum and maximum hourly temperatures recorded during each month.
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B. Station Related Variations in Water Temperature

The maximum monthly temperature differences in the river upstream and
downstream from the station ranged from 1.7 to 4.3 F between February and July
1979 ; monthly mean A T values ranged f rom <0.1 to 0.5 F. A summary of temperature

di f f erences between the discharge and intake as well as between sensors downstream
and upstream from the station is presented in Table 2. 2 along with power output.
Daily maximum and mean AT values are shown in Appendix B.

Temperature differences between downstream and upstream sensors for
the August to January period complied with the standard for thermal discharge in

'

the Mississippi River promulgated by the Illinois Pollution Cont rol Board (1972) .

During August 1977 through July 1979, heated water from the spray
canal was occasionally observed entering the intake bay area. This flow of wa rm
water frou the spray canal occurred during periods of closed cycle cooling and s

frequently elevated water temperatures near the intake temperature sensor loca-
tion ( Appendix C) .

IV. Summary and Conclusions

1. ?!onthly mean differences in the fli s s i s s i ppi River water t emperatures
downstrean and upstream from the Quad-Cities Station during the Fe',ruary through
July 1979 study period ranged f rom <0.1 to 0. 5 F.

2. Temperatures in the river were in c ompli ance with Illinois' the rmal

standards during the February through July 1979 period of study.

3. ?:atural hydrological and meterological factors resulted in significant
temperature di f ferences among sensors that were unrelated to station operation.

4. During the February through July 1979 study period, temperatures mea-
f requently elevated by the heated water f rom thesured at the intake sensor were

spray canal while closed cycle cooling was utilized.

V. References Cited

Illinois Pollution Control Board. 1972. Illinois pollution cont rol board rules

and regulations Chapte r 3: water pollution. Pa-t II: Water Quality Stan-
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Ca rl s on , and J. A. !!c Ca nn , eds. River ecology and man. Academic Press,
New York.
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Table 2.2. Monthly maximum and mean temperature differences (AT), and average megawatt power
output, Quad-Cities Station, February through July 1979.

Temperature Difference ( F)
Discharge Downstream Average Megawatt Output

Minus Minus (percent of capacity

Month and Intake Upstream Unit Unit Total

Year Max. Mean Max. Mean 1 2 Station
I
yFebruary 1979 66.7 44.5 1.7 <0.1 0 79 40
r

March 1979 68.4 50.7 1.8 <0.1 79 81 80 $
0
ZApril 1979 51.7 42.1 3.9 <0.1 90 74 82
m

May 1979 44.9 34.0 3.4 0.5 68 82 75

:D
June 1979 34.8 27.2 4.3 <0.1 94 79 86 0

2
July 1979 36.6 29.1 4.6 0.3 94 75 84 5

m
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Chapter 3

CHErIICAL USAGE

by

Margaret A. George

I. Introduction

The purpose of this chapter is to document chemical usage at the Quad-Cities
Station including chlorine consumption (chlorine demand). A monthly log of
chemicals used in connection with demineralizers and circulating and service water
is tabulated in compliance with U.S. Nuclear Regulatory Commission (1974) require-
ments. The data for this chapter were obtained by Hazleton ES personnel from
Station personnel for inclusion in this report.

II. Field and Analytical Procedures

Water samples for chlorine analysis were collected at the Station's inlet
water box approximately three times per week. Free chlorine consu-ction was
determined in accordance with surveillance requirements approved by the U.a.
Nuclear Regulatory Commission (1974). These samples were collected through a
bypass valve located at the inlet water box and were representative of intake
cooling water used by the Station.

All samples were collected by Quad-Cities Station personnel and analyzed
using a Wa lla ce and Tiernan or Fischer and Porter Ampe romet ric Titrator by
Method 409C ( A. P. H. A. et al. 1976), which has an analytical detection limit
of 0.01 mg/1.

III. Results and Discussion

The results of chlorine analyses have been compiled in Table 3.1. A sumnary
of conthly chemical use and consumption at the station has been tabulated in
Table 3.2 to comply with U.S. Nuclear Regulatory Commission specifications (1974).

IV. References Cited

A.P.H.A., A.W.W.A., and W.P.C.F. 1976. Standard methods for the examination of
water and wastewater. 14th ed. Amer. Public Health Assn., Washington,
D. C. 1193 pp.

U.S. Nuclear Regulatory Commission. 1974. Appendix B to operating license DPR-29
and DPR-30: non-radiological technical specifications and bases for Quad-
Cities Station Unit 1 and 2 Rock Island, Illinois. Commonwealth Edison
Company and Iowa-Illinois Gas and Electric Company. Docket numbers !]-254
and 50-265. Washington, D.C. 15 pp.
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Table 3.1. Chlorine dose, free chlorine residual, free chlorine consumption and
sodium hypochlorite injection flow rate into condensers at the Quad-
Cities Station, February through July 1979, as provided by Quad-Cities
Station personnel.

Sodium flypochlorite
Injection Flow Rate

Chlorine Dose Free Chlorine Free Chlorine Into Condensers
Date (mg/1-Na0CE) Residue (mg/1) Consumption (mg/1)a (gallons / minute)b

5 February 1979 2.20 0.95 1.25 4.98c
6 2.20 0.25 1.95 4.98
7 2.20 0.42 1.75 4.98

13 2.55 0.75 1.80 5.40
14 2.55 0.50 2.05 6.15
16 2.55 0.i5 2.10 6.30
19 2.48 0.78 1.70 5.1
20 2.48 0.94 1.51 4.53
23 2.48 0.78 1.70 5.1
26 2.41 1.10 1.31 4.00
28 2.41 0.50 1.91 4.25

5 March 2.27 0.65 1.62 4.86
6 2.27 0.65 1.62 4.23
7 2.27 0.26 2.01 6.14
9 2.36 0.07 2.29 6.58

13 2.37 1.22 1.15 5.70
16 2.37 1.32 1.05 3.15
19 2.55 0.68 1.87 5.61
21 2.55 1.24 1.31 3.93
23 2.5S 1.72 0.83 2.49
26 2.98 2.47 0.51 3.80
28 2.98 2.22 0.76 4.19
30 2.98 2.47 0.51 3.80

2 April 2.98 2.51 0.47 5.8
4 2.98 1.53 1.46 No inject._ond
6 2.98 1.28 1.70 No injectiond
9 2.95 0.98 1.97 4.03

12 2.98 1.80 1.18 4.18
16 2.77 1.94 0.83 3.06
20 2.77 1.44 1.33 2.28
23e 2.84 1.47 1.37 10.1
24 2.84 1.82 1.02 6.93
27 2 . 8 /. 2.00 0.84 19.31
30 2.84 1.88 0.96 8.80

4 May 2.91 1.84 1.07 19.70
5 2.91 1.26 1.65 14.90
7 2.98 1.82 1.16 19.80
9 2.50 1.05 1.45 8.45

11 2.55 1.17 1.38 17.76
14 2.55 1.05 1.50 7.6

1078 $$4"



HAZLETON ENVI AONMENTAL SCIENCES

Table 3.1 (continued)

Sodium Hypochlorite
Injection Flow Rate

Chlorine Dose Free Chlorine tree Chlorine Into Condensers

Date (mg/1-Na0CL) Residue (mg/l) Consumption (mg/l)a (gallons / minute)b

May (continued)

18 2.55 0.79 1.76 18.4
22 2.09 1.26 0.83 10.2
24 2.02 1.53 0.49 5.45
30 1.98 0.93 1.05 10.64
31 1.98 0.76 1.22 10.91

5 June 1.98 0.88 1.10 10.77
11 1.98 0.46 1.52 8.94
15 1.98 1.17 0.81 10.26
18 2.27 1.02 1.25 11.33
20 2.27 0.75 1.52 8.23
22 2.27 1.35 0.92 19.50
25 2.27 1.35 0.92 10.44
27 2.27 1.02 1.25 20.00

d6 July 2.34 1.56 0.78 No injection
7 2.34 1.69 0.65 No injectiond
9 2.30 0.94 1.36 No injectiond

11 2.30 0.94 1.36 9.95
16 2.70 1.94 0.76 13.50f
17 2.70 1.53 1.16 13.50
24 2.70 1.01 1.69 4.20
26 3.39 1.47 1.92 6.75

aFree chlorine consumption = chlorine dose - f ree chlorine residual.
b odium hypochlorite flow rate injection into condensers - A x BS

1.92
A = total chlorine dose (f ree chlorine consumption + excess).
B = maximum number of operating circulating water pumps for either unit.

cDuring the week of 5 February 1979 no field analyses were conducted. Values
calculated using previous weeks correction factor.

d o injection pumps out of service.N

eStarting the week of 23 April 1979 and continuing through the end of July 1979
chlorine injection time increased f rom 20 to 40 minutes,

f ased on data obtained 17 July 1979.B
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Table 3.2. Chemical usage and consumption at the Quad-Cities Station, February through July 1979, as
provided by Quad-Cities Station personnel.

Feb Mar Apr May June July Total
Usages and Chemicals 1979 1979 1979 1279 1979 1979 Jan - Jul 1979

Demineralizers

Sulfuric acid (11 S0 ) 17,526 11,580 3,860 8,841 7,720 6,755 68,0182 4
(pounds)

Sodium hydroxide (NaOH) 6,727 4,200 1,800 2,827 3,000 2,400 25,581 k
(pounds) {

-4
OCirculating and Service Water 2Sodium hypochlorite (NaOC1) 145,551 355,348 127,260 507,828 819,464 756,288 2,833,641

(pounds) $
5

Domestic Water and Sewage 3
Sodium hypochlorite (Na0C1) 20 20 20 20 20 20 14 0 0c-

* (pounds)
m

, Closed Cooling Water Z
Sodium nitrite (NASO 2 ) 23 20 43 10 10 30 16 3 g

(pounds) r-
In
9
m
2
o
m
in

-

b
N
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Chapter 4

IMPINGLMENT INVESTIGATION

By

Gary Wilson Lutterbie

I. Introduc tion

Impingement investigations have been conducted by Hazleton Environmental
Sciences since 1973 (Johnson 1973, Latvaitis et al. 1974, 1977, Latvaitis 1974,
1975a, 1975b, 1976a, 1976b, 1976c, Pallo and Latvaitis 1977, Pallo 1977, 1978a,
1978b). The present report discusses the results of studies conducted during the
period February 1979 through July 1979 to evaluate the nature and magnitude of
fish impingement at the Quad-Cities Station.

Quad-Cities Station empleys three protective structures to prevent sub-
merged and floating debris and fishes from entering the plant intake pumps and
condenser tubes. The first of these structures is a floating boom at the mouth

of the intake canal designed to prevent the entrance of logs or the large float-
ing materials into the canal. The second protective structure is a series of
vertical bar grills with three-inch spacings which are located in front of the
crib house entrance. Directly behind the bar grills are the standard traveling
screens with 3/8 inch square openings which are employed to further reduce the
entraimment of fishes and debris. Materials that are trapped on the vertical bar

grills are removed by a mechanical lift and dumped into a trash basket. Small
materials impinged by the intake current onto the traveling screens are retained
on these screens until washed into trash baskets at pre-set time intervals or
when screens are activated by reduction in intake water volume due to the col-
lection of debris. A schematic representation of the intake structure is pre-
sented in Figure 4.1.

II. Field and Analytical Procedures

Twice per week trash baskets were allowed to accumulate fishes and debris
for approximately 24 hours. Small mesh (3/8" x 3/8") trash baskets were used
exclusively during the period covered by this report. Fishes contained in each
24 hour collection were identified, counted, and length range, average weight,
total weight and incidence of parasitism were recorded by species. Scientific
and common names of all fishes reported follow Bailey (1970) .

III. Results and Discussion

Results of counts, relative abundance and weight determinations of impinged
fishes collected during February 1979 through July 1979 are presented in Table
4.1. A total of 7,886 fishes were collected during 55 sampling days. Total
number, weights and fish species impinged and collected varied among the sampling
dates. The three most abundant fishes impinged were mooneyes, freshwater drum
and gizzard shad, comprising 28.4, 18.6 and 12.5% respectively, (59.5% in total)
of the numerical catch. The remaining catch was distributed among 58 species.

1073 34155
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Table 4,g. % mber, rotal weight, average weight per fish, relative abundance and total length range of fishes removed from traveling intata
screens and collected from trash baskets at Quad-Cities Station, February 1979 through July 1979.

Total Average Percentsge Total

i, Weight Weight Total of 1.c4 th
Species P.bruary March April M4v June Juif (gi airs ) (grams) Ember Total catch Range (as)

- ---

Silver in rrey 1 1 1 0 2 C .' M $ 3, *; 5 C.00 247-320
Shovelocie sturgeon 0 0 0 1 0 0 15 15.0 1 0.C1 -270

Paddlefish 0 3 1 0 0 0 366 366.0 1 0.C1 -554
longnose gar 1 1 2 ', 7 0 8 11,778 287.3 41 0.52 74-744
Shortnose gar 1 3 9 1 1 24 5,882 150.8 39 0.49 117-595
Bowfta 0 0 1 0 20 14 3,232 92.3 35 0.44 121-526
Citrard shid 610 I D* 13 8 1 50 76,619 77.7 936 12.50 48-405
Goldeye 0 0 0 0 1 0 455 455.0 1 0 01 -367
Non ey e 5 1,867 242 54 22 51 276.775 124.4 ',241 28.42 52-368 I
Brown tr wt 0 0 0 1 0 0 M 68.0 1 0.01 -197 )
Central mudainnow 0 1 3 1 0 0 49 9,5 5 0.06 79-121 N
Grass pin eral 0 0 5 0 3 2 2'11 20.3 10 0.13 bl-in [=
Nr t hern pt** O O 2 0 17 4 2,021 87.9 23 0,/9 92-184 m
Carp 0 6 1 0 10 37 10,384 192.3 54 0,63 23-485 -j

Silver chub 0 2 27 0 11 26 735 11,9 66 0.84 57-178 Q
Golden shin-r 0 0 2 3 0 0 82 16,4 5 0.00 73-140 g
Pallid shiner 0 0 1 0 0 0 1 1.0 1 0.01 - 56

Emerald shiner 4 2 1 3 23 2 114 3,2 35 0.44 63- 97 m
River shiner 0 2 0 0 0 1 7 2.3 3 0.04 58- 70 Z
Spctfin M iner 0 0 0 0 0 1 6 6.0 1 0.01 - 85 4
Spottall shiner 1 0 0 0 0 0 19 19,0 1 0.01 -137 --

W e1 shiner 0 0 0 0 1 0 3 3.0 1 0.01 - 55 E
F4thead r inm v 0 1 1 0 0 0 7 3,5 2 0.07 62- 76 Q

U Bullhead sinaow 0 0 0 0 0 1 3 3.0 1 0.m - 70 g
Creek (hub 0 0 2 0 0 0 76 38.0 2 0.01 139-186

bCarricies sp. 0 1 0 2 14 0 119 7.0 17 0.22 58-111
River carpucker 4 9 9 4 0 3 5,589 192.7 29 0.37 80-455 M
Qu'.11b wk 0 10 1 2 0 0 2,678 206.0 13 0.lo 155-3o5
Highfin carpsucker 0 0 1 0 0 0 331 3 31,0 1 0.01 -192
Ictichus sp. 0 0 0 0 4 193 343 1.8 197 2.50 23- 80

Sm.al nouth buffalo 2 8 6 5 3 1 9 . 7 314 318.3 25 0.32 85-460 |=
81goouth buffalo 0 1 1 0 0 6 829 103.6 8 0.10 47-350 EBlack buffalo 0 0 0 0 1 0 2,200 2200.0 1 0.01 -549
Spotecu sucher 0 1 0 0 0 0 4 31 431.0 1 0.01 -375 O
S nrtt ead redhorse 0 1 2 1 14 1 2,151 113.2 19 C . .% 76412 %
Black b111he41 0 9 340 4 2 1 14,791 41.5 356 4.51 58-224 7
Yellow tu11hes3 0 0 1 0 0 0 8 8.0 1 0,01 - 94 E
Ch wael ca t fish 17 102 26n 11a 55 50 29,100 47.8 609 7.72 3#-550 EQScene at 0 0 0 ', 2 f. 136 11.3 12 0.15 76 ' I

TaJpole r ottets 0 5 3 3 10 6 147 4,6 32 0.40 53-1C5 .

E
'

Flathead catfish 7 9 8 1 0 0 1.766 70.6 25 0.32 72-438
Iteur esch 0 0 1 0 0 0 4 4,0 1 0.01 - a5

WireSu 23 18 32 15 1 2A4 12,61x 33.8 373 4.73 36-340
a Yellow bass 0 0 1 0 0 0 190 190,0 1 0.01 -283

.- Rack bass 0 0 0 0 1 0 97 97.0 1 0.01 -165 h ' '']
Creen sunfish 0 0 ) 3 2 0 154 19.2 8 0.1G 66-121 ,

N Pumpkinseed 0 8 27 7 0 0 168 4.0 42 0.53 45-105 e.mq
Q Ea mout h 0 1 0 0 0 0 12 12,0 1 0,01 - 91 Wp

cr ngespotted sunftsh 0 1 6 2 7 6 151 6,3 24 0.30 50- 94 Zy
Blurgill 4 32 120 233 112 4 17,603 34,8 505 6. 0 27-190 ggQ

W Largewuth bass 0 2 4 3 5 10 1,301 54.2 24 0,3J 65-2c4

h Fews i s sp. 0 0 0 0 3 160 205 1.2 103 2.07 36- 67
,

W ite crappie 3 3 15 26 26 3 3,207 41,1 78 0.90 66-264 y
Ritch crapple 0 4 38 29 31 10 5,894 52,6 112 1.40 65-270
Yellow perch 0 2 53 2 3 4 2,964 46,4 64 0.80 Ab269
1.og perc h 2 5 11 2 0 0 64 4,2 20 0,20 71- 86



,

s .L, t e 4.h Loset t eeued

Total Average Percentage Total

b'c igh t Weight Tetal of Length

Species February March 4pril May June July (gra m) (grams) Number Total catch Range (um)

River darter 0 1 35 1 0 148 3.7 38 0.40 50- 78.

Stirnstedien sp. 0 0 0 0 1 12 29 2.2 13 0.10 51- 90 7
saager 2 3 4 3 13 1 2.889 111.1 26 C.30 148-345

N
Walleye 1 5 4 2 1 2 1.274 E4.9 15 0.10 90-325

Freshwater drum 163 178 649 338 21 121 163,747 111.4 1,470 18.60 40-489 N
I
E

Tots 1 number 1,051 2,409 1,978 887 444 1,117 7,886 d
lital species 18 36 44 33 35 35 61 O
Total weight (gr.) 76,269 299,911 175,892 83,978 26.106 12,167 674,323

2Sampling days 8 8 11 10 8 10
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The total weight of impinged fishes was 674,323 gm (1485 lbs.). The bulk of
the catch by weight consisted of mooneyes (41.3%), f reshwater drum (24.3%)
and gizzard shad (11.4%).

The mooneye catch consisted primarily of juveniles and adults, whereas
the catch of gizzard shad and f reshwater drum was mainly young-of-the-year and
juveniles. The average weight for the other species of 48.6 gm, would indicate
that the majority of other fishes impinged were young-of-the-year and juveniles.

Parasitized fishes were few during the study period. The most common
parasite observed was Philometra sp. This nematode was most frequently observed
in the f reshwater drum (Table 4.2) .

No federal, Illinois or Iowa (Miller 1972, Smith 1979, Roosa 1977) endangered
fish species were observed in impingement collections.

IV. Summary and Conclusions

The most abundant fishes impinged during February 1979 through July 1979
were juvenile and adult mooneyes, and juvenile and young-of-the-year f reshwater
drum and gizzard shad. The majority of additional fish species impinged also

consisted of young-of-the-year and juveniles.

V. References Cited

Bailey, R.M. 1970. A list of common and scientific names of fishes from the
United States and Canada. 3rd ed. Am. Fish. Soc. Spec. Publ. 6, 150 pp.

Johnson, D.L. 1973. Fish population and life history study. Pages 228-292
in 11.0. Eiler and J.J. Delfino, eds. River near Quad-Cities Station
(February 1973 through July 1973). Report prepared for Commonwealth
Edison Company, Chicago, Illinois, by Industrial Bio-Test Labora tories , Inc.,
Northbrook, illinois.

Latvaitis, P.B. 1974. Fish population and life history studies. Pages 265-316
in R.P. Markel., Ed., Operational environmental monitoring in the Mississippi
River near Quad-Cities Station (February 1974 through July 1974). Report
prepared for Commonwealth Edison Company, Chicago, Illinois by Industrial
Bio-Test Laboratories, Inc., Northbrook, Illinois.

1975a. Fish population and life history studies. Pages 219-283.

in R.M. Gerhold, ed., Operational environmental monitoring in the Mississippi
River near Quad-Cities Station (August 1974 through January 1975) . Report

prepared for Commonwealth Edison Company, Chicago, Illinois, by Industrial
Bio-Test Laboratories, Inc., Northbrook, Illinois.

. 1975b. I.plagement investigation. Pages 113-129 in R.M. Gerhold,
ed., Operational environmental monitoring in the Mississippi River near
Quad-Cities Station (February 1975 through July 1975) . Report prepared
for Commonwealth Edison Company, Chicago, Illinois, by Industrial Bio-Test
Laboratories, Inc., Northbrook, 11'inois.

.
.

073 54559



HAZLETON ENVI AONMENTAL SCIENCES

Table 4.2 External parasites of impinged fishes enumerated during impingement
studies at Quad-Cities Station, February 1979 through July 1979.

Number
Month Infected Species Disorder Afflicted

Feb ruary Carp Popeye" 1

Freshwater drum Popeye 7

March Freshwater drum Popeye 69
Carp Popeye

bCreek chub Black spot 4
April Freshwater drum Popeye 44

Freshwater drum Fungus 12
Creek chub Fungus 1

Black bullhead Fungus 29
Channel catfish Fungus 11
Yellow perch Black spot 1

Bluegill Fungus 2

May Freshwater drum Popeye 1

June None -

d
~

July Spotfin shiner Anchor worm 1

" Philometra sp.
b

Neascus sp. or Uvulifer sp.
c
Saprolengia sp.

d
Lernaea cyprinacea

\|
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APPENDIX A

(Related to Chapter 2 of Text)

SU1 DIARY OF DAILY MINIMUM, MAXIMUM AND
MEAN WATER TEMPERATURES

.

QUAD-CITIES STATION l b

February 1979 through July 1979
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T AELE l. S Ur * AR Y OF D A I LY M I .N ! N ew . ." A X i v t* . AND MEA % WATER TEMPERATURFS (F),
- U AD-C IT I E S STATION, - m , x As
'

,

CD UL I N'i CoUfd CDi .D
*UPSTREAM INTA(E cNo JIStiARGE 03h45TREA%

CAY M 1 ". . MAX. MEAN MIN. WAX. " TAN MIN. MAX. HEAN MIN. MAX. MEAN MIN. MAX. MEAh
I.

1 32.0 3?.0 32.0 3<.0 67.5 34.4 51.2 SP.7 55.9 54.J 83.3 70.0 32.0 32.7 32.0 >
h2 32.0 32.0 32.3 32.0 32.0 ?2.0 46.0 50.6 *7.7 55.0 70.0 58.4 32.0 32.3 32.0

3 32.0 $2.0 32.0 32.0 12.1 32.C 39.2 45.9 43.3 53 3 57.7 53.7 32.0 32.0 32.0 m
4 32.0 32.1 32.0 32.0 32.2 32.0 32.0 37.5 3?.4 51.3 75.2 55.8 32.0 32.2' 32.0 4
5 32.0 32.0 32.0 32.) 32.0 32.0 33.0 34.0 3 ?.5 7J.7 76.3 75.5 32.0 32.0 32.0 0

26 32.0 32.2 32.0 32.0 44.9 ?4.2 22.0 37.7 33.0 73.7 85.7 7c.3 32.0 32.0 32.0
7 32.0 32 .1 32.0 41.5 46.B 44.5 50.3 e6.5 57.9 88.3 101.8 95.4 32.0 32.0 32.3 m
a 32.0 32.2 32.C 43.3 46.0 44.5 46.0 51.0 48.9 93.3 96.B 95.1 32.0 32.0 32.0 2
9 32.0 32.2 32.0 41.5 45.7 44.0 40.1 72.8 52.1 9J.1 95.2 92.4 32.0 32.1 32.0 5

10 32.0 32.1 32.] 34.5 50.3 41.3 57.9 82.3 70.7 *o997 *9999 *o909 32.0 32.0 32.0 3
'0.5 ?7.J 44.2 59.5 33.6 +4999 *9999 *o999 32.0 32.0 32.0 0& 11 32 0 32.0 32.0 32.) .

12 32.0 32.1 32.0 32.3 41.7 36.4 32.0 47.0 41.5 67.3 73.3 72.4 32.0 32.6 32.1 2
13 32.0 32.1 32.0 32.0 42.7 39.2 43.5 St.5 51.5 67.] 96.0 82.4 32.0 3?.0 32.1 5
14 32.0 32.2 3?.0 35.7 43.6 33.0 51.4 57.3 54.2 89.8 101.4 "7.5 32.0 33.4 32.4 m
15 32.0 32.2 32.0 34.7 43.0 33.2 51.0 57.3 54.0 78.3 103.7 100.5 32.0 33.2 32.3
16 32.0 32.3 32.1 32.o 37.2 34.? 56.8 68.0 o4.5 72.4 85.1 79.5 32.0 32.2 32.0
17 32.0 $2.2 32.0 33.0 39.8 ?5.5 61.8 66.3 64.1 75.5 83.3 78.] 32.0 32.0 32.0 r
18 32.0 32.2 32.1 32.0 39.8 33.6 54.C 63.3 59.C 59.0 77.5 e4.5 32.0 32.3 32.3 m
19 32.0 32.3 32.1 32 0 42.2 35.8 >3.5 61.0 56.6 60.5 73.1 64.5 32.0 32.0 32.0 0
20 32.0 32.8 32.2 ?2.0 37.7 ?2.9 60.8 68.3 63.7 6s.4 91.5 72.8 32.0 32.5 32.1 m
21 32.0 32.7 32.1 32.3 39.0 33.6 65.5 72.0 68.6 76.7 90.1 83.3 32.0 32.9 32.1 Z
22 32.0 32.3 32.1 33.2 51.3 42.2 72.2 75.7 73.5 89.7 90.3 92.3 32.0 33.0 32.3 0
23 32.0 32.3 32.1 33.5 45.8 ?8.3 67.8 79.3 72.9 72.6 99.7 89.1 32.C 33.2 32.1 m
24 32.0 32.7 32.3 32.0 46.6 35.8 67.7 73.9 71.9 83 .5 93.3 88.9 32.0 33.6 32.4 ""E I E
25 32.0 32.7 32.4 32.0 34.8 32.1 62.6 67.2 65.1 78 .5 86.4 82.0 32.0 33.2 32.3 (":")
26 32.2 32.7 32.3 32.3 38.0 33.3 $7.2 79.3 72.4 93.3 93.7 93.1 32.0 33.0 32.1 (|"[)27 32.0 32.7 32.3 32.0 32.0 ?2.0 70.8 79.7 73.6 85.3 93.5 89.0 32.0 33.2 32.1__.

28 32.0 32.7 32.2 32.0 55.5 33.5 62.1 78.1 7 0 . '. 66.8 106.8 83.6 32.0 33.7- 32.43
'a C:":)________________________________ ----------------------------------------
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TAate p, e, e g y g r Y OF DAILY WINI"v".PAXI"J". A *' O MEAN kATE: TENPEAATUD.E5 (F),
CLac-CITIf5 STATION. * - ,

CCCLING CANAL COLD
uS5T;E * 1ATAKE END OISCnAKCt C0bNSTREAM

Daw MIN. Mat. MEAN dlN. MAX. *EAN 41N. MAX. :1 E A N vlN. wr wtAN MIN. MAX. .M E a N

1 32.0 32.7 32.1 32.0 32.5 32.1 62.1 Lo.o o5.1 65.3 71.5 67.2 32.C 33.5 32.5

2 32.0 32.? 32.1 32.0 32.7 32 .1 o0 9 o6.8 c3.4 64.2 73.* 69.6 32.0 32.8 32.3 I

3 32.7 32.2 32.0 32.3 32.3 32.3 66.8 84.3 7F.5 73.2 95.0 95.2 32.0 32.4 32.3

4 32.0 32.0 32.1 32.0 32.J 32.0 c7.1 S4.0 13.1 79.5 9%.o 84.3 32.0 33.2 32.2 r
5 3 2 ." i2.5 32.1 32.9 ?3.s 32.2 70.4 7e.S 7?.5 85.0 97.2 91.0 32.0 33.1 32.2 m

6 32.0 32.3 32.2 32.0 33.2 34.3 e9999 *voto 89999 So.4 10].* 94.6 32.0 33.5 32.3 4
0

7 32.0 32.5 32.2 32.J 32.8 ? c .1 89919 *9o99 *1999 65.9 83.J 77.7 32.0 33.2 32.3 2
6 32.1 32.6 32.3 32.0 32.3 32.2 7'. 3 76.9 75.4 72 .s 91.3 93.7 3 2. ' 33.2 32.2

4 32.0 i?.1 32.3 ?2.J 44.6 ?5.i 76.9 79.4 78.3 91.5 05.7 93.4 32.0 32.3 32.1 M
2

20 32 .0 32.5 32.2 32.0 (1.4 4*.5 79.3 90.1 70.9 *o99i *o999 89999 22.C 32.5 32 .0

11 32.C 33.1 32.3 32.0 >.6 41.2 75.* 23.1 BC.1 *9999 09999 89199 32.0 32.6 32.1 I

12 32.^ 33.2 32.3 4 0. . 3.6 44.3 61.2 S6.1 o?.9 09999 *9949 *9999 32.0 32.6 32.1 E
0

$ 13 32.0 13.4 32.5 43.3 49.1 45.9 Bl.e co .1 3 t .1 05.4 13L.B 133.8 32.0 32.8 32.1 Z
1% 32.C $2.3 32.0 44.5 5u.0 47.5 30.a e4.6 o2.C 96.2 102.5 9d.* 32.0 32.4 J2.0

5
15 32.0 32 3 32.3 45.) 49.3 47.6 *9990 *99so *9999 *9999 *9999 89999 32.0 32.5 32.1

m
16 32.1 32.5 32.1 32.3 48.* ?9.2 es990 $9999 *9999 *9999 *o999 89999 32.0 33.2 32.5 2
17 32.2 32.0 32.0 32.) 33.v ?2.] *1994 89999 89099 *9999 *9999 *9999 32.0 33.2 32.*3

h14 32 0 32.8 32.2 32.; 38.2 33.J '9499 $9999 *9999 *9999 *9999 89999 32.0 33.0 32.5

19 32.0 32.9 32.3 ?2.0 48.3 41.3 *9099 *9999 '9994 *9999 *9999 *9999 32.2 33.8 32.9 F

20 32.0 32.3 32.1 32.0 45.3 40.6 89o99 +9999 89999 *9999 *9999 *9999 32.0 33.7 32.5 m
21 32.0 32.3 32.0 ?e.8 61.5 43.2 *9990 *9o90 *9999 *9999 *9999 *9999 32.0 32.8 32.1 0

22 32.0 32.6 32 2 33 8 33.0 36.1 *9999 *9999 *9999 89999 *9999 *9999 32.0 32.7 32.2 m
.9999 *o999 *o909 *9999 32.0 34.3 33.2 Z23 32.0 3?.' 33.1 3, .2 43.2 37.i *9ov9 *9999 *

24 32.1 33.0 32.4 32.3 41.6 35.4 89490 *9ov9 89999 80999 *9999 89999 32.0 33.7 23.0 0
m

25 32.0 32.5 32.1 32.0 32.3 32.1 89099 *9ovo 89999 *9999 *9991 *9999 32.0 33.6 32.6

26 32.3 32.7 32.5 32.b 33.2 3i.3 89099 *9999 89099 *9999 '9999 *9999 32.0 33.5 32.8

27 32.2 33.7 32.8 32.6 33.7 33.2 02.8 63.8 o3.4 73 3 76.7 76.0 32.0 34.6 32.9

26 33 4 34.4 34.0 33.2 35.0 34.0 c3.4 74.3 6B.6 70.4 90.1 82.1 32.8 34.8 33.8 $EI
29 33.9 35.9 34.6 34.8 30.5 35.4 71.5 76.7 73.9 86.5 93.7 89.5 33.5 35.9 34.5 ([[[)

?3 35.6 39.7 37.5 36.7 42.2 39.6 70 3 77.3 14.6 89.3 93.5 91.0 34.1 39.2 35.9 ""q;g
31 37.7 38.7 38.1 40.8 42.4 41.7 71.0 72.2 71.7 89.3 91.9 90.3 35.C 38.1 26.5

-
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T4PLE 3. St;wwnPY OF DAILY wlClut".wAXIFuM, ANU MEAN '4TER TLMPERATULE5 (F),.

wtaD-C I TI E 5 ST4TICN. t :J i . t-

oPSTaf P INTAKE SPUTH INTAoE al5CHAkCL 00kNSTRtAM
?sY M 1.. . V Ax . aEAN MIb. Max. *EAN MIA. MAA. MEAN MIN. MAX. Mt AN MIN. MAX. MEAN

1 35.a 3'.6 36.7 ?B.8 40.3 ?9.9 66.4 71.5 6c.9 80.4 83.0 82.2 34.7 37.6 36.5 y
2 35.2 30.2 35.6 34.9 3o.1 35.4 69.8 70.9 70.3 82.1 83.3 82.8 34.5 36.5 35.4 )
3 34.c 36.7 35.6 34.6 3o.d 32.7 7C.2 73.2 71.7 8e .5 97.9 84.9 34.2 37.2 3F.5 N
* 35.' 37.4 36.5 ?6.6 ?7.* 37.u 7C.1 73.7 72.1 21 .3 86.6 P4.d 35.0 37.6 36.4 I

h5 35.4 30.0 3t.9 3o.5 3o.7 37.5 59.5 73.P oP.7 73.4 96.8 82.1 38.3 39.9 39.1
t 34.2 30.5 35.4 33.2 3d.2 34.8 59.4 70.5 65.4 71.J 93.5 78.B 35.e 34.4 37.9 0
1 36.0 37.5 36.7 35.1 37.% 3o.; L4.8 70.6 67.4 73.5 83.6 74.9 36.4 39.5 38.0 2
: 37.3 38.0 37.6 37.4 36.6 3d.U 05.0 71.6 68.4 71.7 B4.9 79.3 37.3 3C.6 38.2 m
9 09999 eac99 09999 37.o 36.6 ?d.3 70.5 72.7 71.6 83.7 Bo.9 P5.2 37.5 39.8 39.1 Z

10 09990 *9499 e9099 37.0 ?S .9 ?7.9 70.0 72.5 71.4 61.5 e5.* 84.0 36.9 38.9 37.7 <
11 ^9979 09099 e9999 37.5 39.1 33.6 69.0 72.0 70.4 81.J 8o.5 83.9 35.5 39.7 38.2 3

$ 12 39.0 42.5 _1.0 3d.o 43.5 4J.8 71.1 77.5 75.6 89.0 03.9 8d .9 35.6 43.3 40.2 0
13 42.1 -4.0 %?.0 43.5 44.9 44.c 74.9 76.7 75.8 e6.7 92.3 89.9 40.7 44.1 *2.4 Z
14 43.2 %5.5 44.3 44.5 4o.5 45.5 72.0 76.6 73.3 82.4 eo.s 43.9 42.2 45.1 43.6 g
15 44.8 45.5 45.1 46.0 46.3 46.9 71.0 76.4 73.C B3.J 92.3 P6.1 43.0 46.5 44.6 m
le %5.0 47.1 %5.9 49.* 49.7 46 .7 76.5 60.5 78.5 92.5 92.9 04.4 45.C 47.5 46.1 2
17 47.1 49.7 49.1 49.0 50.5 49.7 77.7 30.4 79.1 94.0 96.0 9*.5 46.5 49.2 47.4* 4

Dle 47.5 50.5 49.0 47.5 49.6 4e.7 77.9 80.2 76.9 92.5 96.4 05.o 47.5 50. 7 48.7
19 97.0 40.7 98.1 47.o 49.o 4o .7 76.7 61.2 79.2 86.0 94.4 92.6 47.7 50.7 48.9

E20 47.5 ko.C 47.9 46.1 49.5 49.6 78.5 85.7 d2.4 90.6 96.6 94.2 44.5 51.4 48.6
021 49.0 50.1 49.7 49.J So.1 49.e 8C.2 e5.3 81.9 88.o 93.0 90.5 48.2 50.8 *9.5
m22 5 C .5 53 0 52 0 50.0 53.0 51.5 81.0 84.9 d3.C 88.5 95.3 91.8 49.8 53.5 51.2

f23 52.5 54.o 23.9 53.0 55.2 53.9 31.9 67.5 c4.9 92.5 10J.5 97 .4 52.0 56.1 53.2
24 52.9 54.6 54.0 55.1 56.2 55.5 86.2 87.5 de.9 97 .5 100.3 99.2 53.4 57.4 55.2 m~lC)25 *9990 *9999 09990 54.6 So.o 55.6 62.9 e9.1 d7.3 95.J 100.0 98.o 54.1 56.0 55.0 W
26 *9990 *9999 *9o99 54.6 So.2 55.4 79.5 62.6 dC.6 8o.5 95.1 93.1 54.0 56.0 54.B ("[")
27 *9990 +9999 09090 52.0 55.4 54.0 68.0 30.0 74.4 70.0 87.5 81.2 52.0 55.5 53.8 (""")
28 *9979 +9999 *9999 51.4 55.7 53.2 65.0 76.5 71.5 (9.2 95.4 90 0 51.C 53.3 52.0 =;z y
29 *9099 *9c99 +9090 50.0 55.4 53.4 73.0 76.5 74.8 65.5 96.1 86.9 $C.6 52.E. 51.6
33 c99,9 +7999 09999 48.5 50 0 49 . ] 64.5 72.0 o7.4 64.8 84.0 72.7 49.0 50.9 49.7
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TABLE 4 ' SUMMARY GF DAILY WINIMU".P4YI"U". AND MEAN WA TE R TE MPER A TURF 5 (F),
QUAD-clTIES 5 T 4 T 13 4 , , . I' 7

COOL ING CANAL. COLD
UPSTREAw INTA4E END JISCHARGE 0]h1S TRE A Mday MIN. M'X. MEAN "IN. WAX. MEAM MIN. MAX. MEAN MIA. WAX. MtAN MIN. MAX. 1EAN

1 *9999 *9499 *9999 43.9 49.9 49.4 72.9 76.9 74.9 84.) 93.5 97.2 97.5 31.6 50.3 72 *9999 09999 *9997 43.3 53.1 49.7 76.7 80.5 7B.8 9u.5 92.3 91.5 49.8 52.2 51 .0 y3 89993 '9999 *9999 49.0 51.7 50.5 76 1 80.2 78.5 93.5 94.9 92.7 50.3 52.3 53.9 N4 ev999 89999 *9999 SJ.8 52.0 51.6 78.5 63.0 6C.7 88.5 96.6 94.0 50.5 53.5 51.3 r5 e9999 *4999 *9990 51.5 53.5 $2.5 77.1 81.8 79.1 85.2 04.4 89.8 51.5 53.5 52.1 %6 *9999 *9999 *9999 53.3 55.6 5%.4 31.5 e3.4 32.3 92.3 97.3 94.9 51.9 55.0 52.8 07 52.5 56.1 54.7 55.3 53.7 57.b 81.6 84.5 33.2 94.J 100.5 96.5 52.0 57.6 25.9 28 57.7 53.B 59.4 59.0 62.0 60.5 75.9 85.3 82.1 83.4 103.7 91.7 57.5 $3 6 55.7 m9 61.2 $2.8 62.0 $1 1 63.3 62.1 74.7 8e.0 93.0 84.6 103.3 94.7 $9.6 62.0 60.9 Z10 *3999 *7o99 *9499 63.3 65.0 6%.3 65.5 83.5 66.9 100.3 105.3 103.3 59.7 e4.0 61.8 <11 e2.1 63.1 62.5 61.3 64.$ 63.0 70.9 8'.1 76.4 76.6 98.5 83 .3 59.2 54.0 62.4 312 09999 89499 89999 59.5 52.5 61.3 56.5 78.9 72.6 75.9 96.9 BB.6 d3.3 53.2 51.9 0$ 13 09993 *9o99 *1999 63.7 61.6 61.1 68.6 79.C 70.9 e7.5 79.5 73.3 60.3 b3.4 ol.5 Z14 *9999 *9999 *9099 59.9 61.] 6] .7 71.0 79.0 74.3 7d.9 95 5 84.8 o0.0 62 .9 61.4 g15 e9094 *9999 89999 59.1 61.0 63.1 77.0 32.4 79.3 95.) 93.3 93.0 59.2 $2.5 60.9 m16 *9970 *9999 *9999 60.9 t2.3 el.o 79.5 55.0 82.4 95.6 107.0 10).4 59.4 b 2. 5 61.3 217 *7999 *4999 *9999 61.7 63.2 (2.5 79.1 84.5 81.4 93.4 133.5 95.3 bl.1 54.2 S 2. 7 418 65.1 66.5 e5.8 63.5 65.5 64.4 33.6 88.0 85.( 99.9 106.5 103.6 63.3 e6.0 b3.7 D
19 64.5 ob.7 65.4 65.5 67.3 66.3 24.0 85.9 65.0 103.6 136.4 105.0 53.1 67.0 64.5 r
20 66.5 65.9 65.2 67.0 69.1 67.4 80.0 64.5 82.5 *9997 *779-r *7999 b3.4 57.3 65.2 W
21 62.4 65.6 $4.1 $6.) 57.3 66.4 79.3 93.9 31.7 *9999 *9999 *o999 63.0 67.3 64.B O22 64.6 66.C of.3 $5.3 66.2 65.8 79.5 B4.4 32.2 *9999 *9999 *9999 62.7 d6.5 e4.7 m
23 c2.0 66.0 63.5 52.4 66.0 64.4 79.0 84.1 81.5 e9999 *9999 *9999 62.5 66.1 d4.224 6C.0 62.0 60.0 $1.0 62.2 61 .3 $9;7 30.6 77.5 *9999 *9999 *9999 60.5 63.6 61.625 59.7 60.6 59.6 53.7 62.0 61.4 63.3 69.0 66.1 *9999 '9999 *9999 59.0 52.0 o 0. 62b 59.0 51.3 59.4 50 2 $2.5 $1.5 57.4 73.0 59 1 *9999 *9999 *9799 59.3 52.4 b0.427 57.0 bl.6 58.6 59.1 62.5 63.5 66.3 71.3 o8.7 *9999 *9999 *9999 59.0 62.5 60.328 61.0 63.0 61.B 52.o 65.2 64.3 71.0 82.0 76.c *9999 *9999 *9999 bl.3 64.1 62.4" 29 61 3 b3.4 62.4 65.0 6s.5 65.7 79.6 85.5 82.6 *9997 *9999 *9999 61.6 65.0 63.7 ==CZ) 30 62.9 65.6 b4.3 SS.3 57.6 67.6 83.6 89.7 36.6 89999 *9999 *9999 64.0 67.5 65.3~~J 31 b5.3 $8.9 07.9 $3.5 7J.0 69.7 85.5 88.6 87.0 *9999 *9997 *9799 d5.7 $3.4 $7.0 ([[]}
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T*PLE 5. SU%FARY OF DAILY "IN!"JM."AX'Puu. AN3 MEAN WA TE R TEMPFRATURES (F).
;UAD-CITIES STATl]N. M*L, .

.

COCLING CAN%L COLDJPSTREa* ivistE Enp J15: 1ARGE 33m15TREA4
OAY MIN. MAX. MEAN MIN. "AX. MEAN MIN. max. 4EAN "IN. mar. MEAN HIN. 4AE. 4EAN y

>1 67.2 $9.0 $9.1 53.$ 69.$ 69.2 32.2 B6.5 34.9 *9999 *9999 09999 $5.7 $9.4 57.9 N
2 69.3 70.9 39.9 59.3 71.3 70.2 84.6 88.5 86.5 +9999 *9999 *9999 67.7 70.4 6B.9 I
3 70.3 71.6 70.3 73.5 73.3 71 .3 B4.9 84.5 37.2 +9999 89999 +9999 S3.5 71.0 59.7 h4 70.1 71.6 7C.8 71.6 72.9 72.4 36.1 B9.0 37.4 *9999 *o999 *9999 69.5 71.5 70.0 05 70.0 71.1 70.3 72.3 73.5 72.6 d*.3 90.3 39.0 *o999 *9995 *9999 59.5 71.0 70.3 26 69.0 70.7 69.7 71.4 72.5 72.3 35.5 92.5 39.0 *9999 *7999 *9999 69.5 7).9 70.2 m7 70.B 72.0 71.6 71.3 72.3 72.3 39.6 92.5 91.3 *9999 *9999 *o999 70.0 72.2 71.5 7r. 72.2 73.5 72.7 72.3 73.5 72.3 32.2 92.5 38.8 +9997 *9909 *o999 71.7 73.7 72.9 {9 71.2 73.0 72.4 71.5 73.5 72.3 33.4 67.? $5.6 *9999 *9999 89999 71.0 74.5 73.c 313 73.2 72.6 71.7 53.4 72.4 71.0 77.8 67.5 51.8 *9999 *9999 *9997 73.3 74.7 72.5 0$ 11 to.1 70.9 70.1 5$.2 59.2 67.3 79.3 55.0 32.1 *9999 +9999 *9999 29.3 72.6 71.0 712 70 1 7 .6 71 0 68.3 71.5 73.1 77.9 S1.0 7c.4 *7999 89999 89999 J3.7 73.2 12.4 713 71.6 73.0 72.4 73.5 79.3 71.5 76.2 31.4 79.0 *9997 *9999 *9999 72.0 73.5 72.6 $14 09.e 74.5 73.0 71.0 73.6 72.4 77.0 83.5 e0.3 09999 09909 *9999 71.6 73.5 72.9 215 74.1 76.4 75.3 72.3 75.5 73.3 75.4 89.7 33.9 *9999 *9997 *?999 72 .5 75.1 73.6 416 76.0 77.9 77.1 74.3 77.1 75.6 S9.1 -2.0 59.9 *9999 *9999 09999 73.1 76.3 74.9 >

17 76.5 73.5 77.7 75.3 77.5 7b.1 37.1 91.6 30.2 *7399 *9999 +9999 73.5 76.9 75.1 F
1h 73.1 77.3 75.4 71.4 75.2 73.7 34.4 66.5 85.6 09 09999 *9999 72.5 76.5 74.3 W1

19 72.1 7 '. 5 73 4 59.5 73.1 71.4 84.5 92.2 S7.9 *9909 *9999 +9999 71.5 74.0 73.3 0
23 72.0 74.6 73.9 72.4 74.4 73.4 89.6 91.S 90.7 e9999 *9999 +9999 73.3 75.0 74.3 m
21 72.9 74.5 73.5 72.1 74.5 73.2 39.5 92.3 90.7 *?997 *?999 *9999 73.0 75.7 74.3 2
22 73.a 75.1 74.5 73.5 7b,) 74.6 B4.3 92.6 99.0 89999 #9999 *9999 74.0 76.0 74.9 h23 70.6 74.5 73.1 71.5 74.1 73.2 78.3 84.1 31.2 *9999 *9999 *9999 71.5 75.6 74.0 ""([| m24 73.3 71.6 70.9 73.7 72.5 71.5 30.0 86.9 33.4 *9999 89999 *9999 70.5 74.9 72.5 g- ;)j25 71.0 72.5 72 2 71.3 73.4 72 .2 33.2 89.0 96.4 *9999 *9999 09999 71.3 75.6 73.4
26 72.4 73.9 73 3 71.1 73.9 72.7 36.5 91.3 39.3 *9999 *7997 *?)9? 71.4 74.5 72.5 $ NII
27 72.9 74.0 73.6 72.9 73.5 73.2 89.4 92.6 91.2 101.9 107.4 104.6 71.8 74.9 72.5 |UEI328 72.7 74.5 73.8 72.9 75.3 74.3 91.0 93.4 92.1 100.4 109.5 102.9 72.0 74.5 73.2

-*

C.] 79 72.9 75 0 74.3 73.5 75.0 7 4 . '. 89.0 91.3 39.5 97.5 132.6 103.2 72.4 74.6 73.3 (=[[)'- 4 30 72.0 73.9 73.1 72.5 74.7 73.7 69.0 90.3 69.2 93.5 102.6 96.9 72.0 73.9 72.9
CO mus g
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TABLE 6. SUMMARY OF dally MINIMUM. MAX 1wuM. AND MEAN WATER TEMPERATURES (F).
QU AD-C I TI E S STAT 131. JULY 1979.,

UDSTAEAM INTAKE SOUTH INTA(E 315C4ARGE 03nN5TREA4
DAY MIN. MAX. MEAN 41N. 4AX. *EAN 4tN. MAX. 1EAN MIN. '*X. MEAN MIN. 9&X. 4EAN I

>
1 74.0 75.7 75.3 73.9 75.9 74.8 87.2 90.5 59.1 95.2 105.2 131.3 73.6 74.9 74.3 N

h2 75.4 77.4 76.5 74.8 77.8 76.1 87.9 92.9 9C.2 103.3 112.0 107.5 74.7 78.9 76.4
3 76.1 77.C 76.6 75.7 77.3 76.2 39.3 94.2 91.3 135.7 111.5 108.9 74.5 78.0 76.1 y
4 09999 *i999 '9999 74.9 76.8 75.7 66.6 92.6 89.3 131.2 109.4 133.5 74.4 75.3 74.9 0
5 74.6 75.9 75.5 73.2 75.0 74.3 85.0 89.6 87.0 10L.1 105.0 103.6 74.1 74.9 74.5 2
6 75.9 76.5 76.3 72.9 74.3 73.5 97.0 90.6 88.7 101.3 105.6 103.7 74.7 75.3 75.1 m
7 76.5 76.9 70.6 73.1 74.B 73.9 88.7 91.0 59.9 103.3 106.9 135.3 75.1 75.6 75.3 2
8 76.5 77.0 76.5 73., 75.5 74.6 88.7 93.0 90.8 99.3 139.1 135.5 75.5 76.1 75.9 <
4 76.5 77.5 76.9 74.6 77.2 75.9 91.5 94.9 93.3 137.3 112.2 109.7 76.1 77.6 76.7 3

N 10 75.0 77.1 77.3 76.4 77.2 76.B 92.2 94.5 93.6 109.5 110.9 110.1 76.9 77.5 77.2 O
O 11 77.0 77.3 77.1 77.s 73.4 7o.1 94.4 95.8 95.2 109.b 111.5 110.S 77.5 78.3 77.9 Z

12 7E.3 79.0 78.5 77.B 73.3 73.4 93.3 95.7 95.1 110.3 112.7 111.2 78.0 79.9 78.7 g
13 79.2 90.4 79.9 77.5 79.6 73.4 91.6 95.2 94.0 109.5 112.4 113.3 77.5 79.9 79.9 m
14 76.7 79.5 77.9 77.3 7s.5 77.S 91.4 96.5 93.7 1C5.4 114.0 109.1 76.B 79.7 77.5 Z

g15 71.9 79.0 79.4 77.5 79.3 7J 3 93.7 96.5 95.2 109.3 115.3 112.3 77.6 78.9 79.4
16 78.2 78.9 79.6 7B.2 79.6 78.8 92.7 95.3 +3.7 139.7 115.3 113.6 73.2 79.3 78.9 p
17 77.8 78.5 78.1 77.5 73.9 73.2 B9.9 92.7 91.3 105.2 1 09. 0 107.7 78.C 79.9 78.9
18 77.9 79.3 78.2 77.3 79.1 77.9 90.0 92.2 91.4 105.5 109.5 107.7 78.0 79.5 78.8
19 78.2 70.0 78.6 77.5 80.3 78.7 91.0 93.2 92.2 106.5 116.5 109.4 75.4 80.4 79.3 -

y23 78.3 79.9 79.3 77.5 80.5 73 .9 90.0 94.4 92.6 106 6 112.2 109.5 78.5 80.0 79.1
21 79.0 79.1 76.4 79.0 80.6 79.3 97.4 93.4 90.4 93.7 109.0 97.9 78.6 S3.6 79.5 g
22 78.1 79.5 78.5 79.5 83.6 79.4 30.6 94.3 91.6 97.7 103.0 133.4 79.9 31.3 79.9 m
23 78.6 79.5 79.1 76.] 90.6 79.3 92.5 96.3 94.2 107.3 11).5 138.7 79.3 30.6 79.7 m
24 79.5 80 .0 79.3 78.9 81.9 79.9 89.5 97.0 94.1 88.B 107.9 99.2 77.4 8C.6 79.4__.
25 79.1 79.6 79.4 79.0 93.4 79.5 37.6 96.0 91.1 84.2 139.5 99.3 79.7 S0.9 79.6

C) 26 78.9 79.8 79.4 79.3 83.5 79.3 93.9 96.1 95.2 106.5 117.5 109.4 78.4 80.5 79.5
'd

27 79.2 30.0 79.5 79.6 93.5 80.1 93.0 96.0 94.7 10%.3 113.8 135.5 76.5 33.9 79.5
CA 28 *9999 *a999 +9999 79.0 31.5 80.3 90.5 96.3 93.9 *9999 *9999 e9999 76.8 81.0 79.3

24 89797 87999 *7999 79.3 91.3 83.2 92.0 96.7 94.4 89999 *9999 *9999 77.2 S1.3 79.5
L/' 30 79.3 7P.5 78.2 78.B 83.3 79.7 92.8 97.1 95.3 139.3 111.6 110.9 i7.3 32.6 79.6
LJ' 31 78.3 31.9 30.3 73.3 33.5 79.2 92.1 97.2 94.5 97.5 113.7 105. 1 78.6 82.1 83.3
L J'

____________________________________________________________....... _____
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HAZLETON ENVIRONMENTAL SCIENCES

APPENDIX B

(Related to Chapter 2 of Text)

SUMMARY OF DAILY TEMPERATURE DIFFERENCES

QUAD-CITIES STATION

'

February 1979 through July 1979

.
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HAZLETON ENVIRONMENTAL SCIENCES

TABLE 1. SUMMARY OF TEMPERATURE DIFFERENTIALS (A), QUAD-CITIES STATION,
FEBRUARY 1979.

bhV ? ?

u c.%
TFMPERATJRES (F)

GISCHARCE 33kNSTREC1
M1NUS il4US

INTAKE JP5TREaN
DAY u nY. * E AN 4AX. MEAh

1 49.1 35.6 0.7 0.0
2 38.0 2b.4 3.? 9.0
3 23.7 21.7 9.9 9.0
4 4 J .2 23.o 0.? 0.0
5 44.3 43.5 0.0 0.0
t 44.5 44.1 0.0 -0.9
7 55.4 50.9 3.) -0.9
F 52.% 50.6 C.O -0.0
0 51.5 Go.9 0.7 0.0

10 *9997 89949 0.0 -0.0
11 *4999 *9999 0.3 0.0
12 41.2 37.7 0.3 0.3
13 c5.S 43.2 n.9 0.1
14 64 .0 59.6 1.4 0.4 '

15 66.7 (2.3 1.2 0.3
le 48.7 44.6 0.2 -0.0
17 47.1 42.6 3.3 -0.C
1A 41.7 3v.6 0.1 -0.0
19 lo .6 26.7 0.0 -0.1
20 46.5 40.0 0.5 -C.0
21 50.6 49.7 0.6 -0.0
22 57.9 53.1 1.3 0.2
23 57.J 50.3 1.0 0.0
24 56.5 53.3 1.2 00
26 54.4 49.9 0.0 -0.0
26 63.2 60.1 C.; -C.?
27 61 .3 57.3 3.3 -0.2
2F 65.0 50.1 1.7 0.2

------------ ---------------------------------
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HAZLETON ENVI AONMENTAL SCIENCES

TAB!.E 2. SUMMARY OF TEMPERATURE DIFFERENTIALS (a), QUAD-CITIES STATION,

MARCH 1979.

} |
TEMPEkATURES (F)

D ISCH A MGL DUvNSTPtAM
Mik a5 %INJ5
INTAnf JPST<EAv

qav Pax. vfAN iaA. MFAN

1 39.n 3>.1 1.C .4^

2 41.4 '7.5 C.9 9.'
3 63.J So.2 0.4 -C.0
4 fc.6 rl,3 1,p 3,7
' 63.< 56.6 1.0 7.C
f (c.* (<.5 ?.o 0.1
7 5 6 .a 43.6 1.1 0.^

'. 5v.1 '1.3 0.7 -0.1
0 62.1 61.1 '.2 ^ .2

l'. 00 9 09 09v99 ' .6 -0.1
11 00 949 00999 ?.P n.2
12 *o109 oov49 3.5 -1.'
l' 's.n (4.9 0.0 -0.c
14 rg,7 49,3 c,2 ,; , 7

l' 0990 4 09479 9. 0.0
1( *0999 09909 1.2 0 . ~_

17 c o s93 09999 1.2 9.'
15 *0195 09909 0.1 0.3
to o o 309 00909 1.R Or
/:: c4999 09999 1.7 0.6
<1 00991 00999 ') . 5 r.^
22 0090v oc909 '.? -0."
<3 *o10 9 4491 1. 0 C.Ce

<4 o c lo9 09909 1.6 ''
.

<c co799 0093 1 1.4 ?.c
n 00999 *9999 1.0 n.'
<7 43.6 4/.o 1.1 c.2
do 52.1 46.1 1. 0 -0.1
/c C 3.4 54.1 1.5 -'.1

^

3D r,,o ci,9 ,,; 1,r

$1 'J.S on.5 0.2 -1.6

..___________________________________________
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HAZLETON ENVIRONMENTAL SCIENCES

TABLE 3. SUMMARY OF TEMPERATURE DIFFERENTIALS (a), QUAD-CITIES STATION,
APRIL 1979.

TFMPr oaTOP ts (F1
,ISCntmCt D . > ts ! I P t o .'t

t*1thi$ 'i l N J a
i f.' I t o f uP$TKFA"

.4Y '' X . M F 4 's .i A A . 4FAA
'

1 43.6 4/.3 '' . o ') . 2
2 4M.O 47.4 1.C -L.1
' 51.7 49.i 1.? - 0 . .'
' 49.6 47.7 1.1 -0.-.

5 4 's . ; 4., . 4 3.c p,;
6 43 3 4 .J '.o ?.o
~

44.3 38.7 2.7 1.?
4 4o.4 41.3 1.0 '' . a
o 4 5.9 4 ci . 9 09999 c90 1 C

l '' 47.o 4o.1 09099 ovC9C
11 4a./ 4 's . 3 099's0 ov /vce

a2 SJ.O 46.0 2.5 P. .
13 47.0 49.7 1.C ,e'

14 41.o 3n.3 L.c -U.-
ic 44 6 '9.3 1.1 - .'
le 4/.4 49.7 ".o ^ '

.

l' 40.n 44.9 3.! '.'
io 43..J 4n.9 1.4 -0._
14 45.7 4s.v 2.5 (' '

c i' 47.t 42.o 1.c '' . t
/1 43.o 4o.1 1.5 -0.2
<2 4 .n 4L.; 1.4 -0.s
/' 4->.7 43.3 1.' -C.7
d4 4 2.t, 4 3. t 3.7 1.2

cs. 4 3.n '. c . d os919 o -j o rn
e ?v.2 '7.7 c vovo ove 19
"I 33.a /7./ 1CyQ 0 9 0 ,j 0Cs

< 41.s 't3 '909 4 o s 4 'sod

'C 4c.o '4 . > c9919 099 s';
' 33.3 23.7 oso v o cy c'

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
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HAZLETON ENVI AONMENTAL SCIENCES

TABLE 4. SUMMARY OF TEMPERATURE DIFFERENTIALS (a), QUAD-CITIES STATION,
MAY 1979.

M R M IC!?! M
TEMPERATJRES (F)

015 CHARGE 30WNSTREAM
MINJS 114JS

INTAnE Uo3TAEAM
OAY MAX. UFAN iaX. 4EAN

1 4'J.7 37.8 *9999 *9999
2 42.8 41.7 *7499 69999
2 44.1 42.3 *9999 69999
4 44.9 42.4 09997 *9999
5 40.9 37.3 09999 *9999
6 42.2 4J.4 09099 *9999
7 42.0 40.9 2.6 0.8
9 41.6 31.2 0.1 -0.6
9 39.1 33.5 -3.9 -1.3

10 40.5 3d.6 *9997 *9999
11 35.1 20.3 1.2 0.2
12 35.7 27.6 c9999 09994
13 17.8 12.2 09999 *9999
14 3 5.J 24.2 *9999 *9999
15 36.6 32.9 *9997 *9999
16 44.7 33.6 c9499 *9994
17 31.4 33.s *3919 *1999
le 41.5 ?9.2 -0.2 -1.7
19 43.5 37.2 2.3 -3.9
29 03999 99999 2.0 -0.0
21 00999 *4999 2.3 0.7
22 09991 09999 3.7 -0.6
2? 09999 00999 1.6 0.7
24 09991 09999 1.9 0.5
25 *9999 *9999 2.3 1.1

26 09994 09999 2.5 1.0
27 04999 09999 '.4 1.7
29 09999 09909 1.7 06
29 o9999 o9999 3.) 1.3
33 *9999 09999 2.9 1.3

31 o9999 09999 2.7 -0.a

.____________________________________s________
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HAZLETON ENVIRONMENTAL SCIENCES

TABLE 5. SUMMARY OF TEMPERATURE DIFFERENTIALS (A), QUAD-CITIES STATION,
JUNE 1979.

" '' #* 9 [" gip |g 1

O| j

TEMPERAIJRES (F)
015 CHARGE DUWNSTPcAM

MINOS MINUS
INTAKE JoST(EAV

OAY MAX. ME49 4AX. MEAN

1 *4999 *9999 3.9 -3.?
2 *o909 09999 3.4 -1.0
3 89999 *9999 3.1 -1.1
4 *0999 89999 9 ., 5 -0.8
5 *9997 *9997 3.9 3.3
o *9999 89999 1.5 3.5
7 09999 *9999 9.6 -0.0
% 8999* *4999 1 . '+ 0.1
4 09999 *9999 2.5 0.9

10 09997 *9999 2.3 3.6
11 *9999 09999 3.2 0.4
12 84999 09999 2.4 1.4
13 89997 *9999 1. 5 3.2
14 *0999 *4999 3.7 -0.2
15 09999 09999 -3.3 -1.7
16 89999 *9999 -3.5 -2.3
17 *o999 09999 -1.1 -2.6
la *7999 09999 0. 3 -1.3
14 *Q999 89999 1.5 -0.4
20 *9999 *9999 1.7 3.3
21 *9999 *999i 1.3 C.8
22 *9999 *9999 2.2 0.3
23 09999 *9999 4.3 1.0
24 *9999 *9999 4.3 1.6
25 *9999 *9999 3.4 1.3
26 *9999 *9949 1.9 -0.4
27 34.3 '1.3 1.3 -1.1
2a 34.6 28.9 1.? -0.5
29 27.6 25.7 1.3 -0.7
il 25.3 25.2 3.7 -0.3

___ __________________________________________

*9999 Ji 9999 -- 19 s T ( J .M E i T M A L F U:9CTION

1079 001
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HAZLETON ENVIRONMENTAL SCIENCES

P00R Una R

TABLE 6. SUMMARY OF TEMPERATURE DIFFERENTIALS (4), QUAD-CITIES STATION,
JULY 1979.

TEMPERATJRES (F)
DISCHARGE 00kNSTREAM

MINJS MI1J5
INTAKE JoSTREAM

OAY MAX. WEAN 9tX. ME AN

1 30.4 26.5 0.4 -0.6
2 34.4 31.4 1.9 -0.2
3 35.3 32.7 1.] 0.1
4 33.9 27.9 09999 *9999
5 31.3 29.3 -0.2 -0.9
6 31.9 30.2 -0.9 -1.2
7 32.2 31.2 -1.2 -1.3
9 34.1 30.9 -0.5 -0.8
9 35.4 33.6 1.1 -0.2

13 34.3 33.3 0.5 0.2
11 33.4 32.7 0.5 0.4
12 34.2 32.9 0.4 -0.2
13 32.1 31.6 0.0 -1.4
14 36.4 31.3 0.2 -0.4
15 36.1 33.7 3.2 -0.1
16 36.6 31.9 3.7 C.4
a7 31.3 29.4 1.9 0.8
19 31.J 29.8 1.5 0.6
1a ?6.5 30.6 1.9 0.7
2" 32.7 33.6 1.5 0.7
21 33.4 16.6 2.3 1.0
22 26.4 24.0 2.6 1.1
23 31.3 29.4 1.7 0.7
24 26.7 19.3 1.9 0.1
25 29.9 19.7 1.4 0.2
26 38.o 3J.2 1.4 0.0
27 30.7 26.5 0.9 0.2
28 09994 *9999 *9999 09999
24 09999 09999 o?999 *9999
30 32.3 31.1 4.5 2.2
31 31.5 26.9 3.5 0.4

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ .

*4999 OR 9799 INSTluttNT MALFuvCT13N--
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HAZLETON ENVI AONMENTAL SCIENCES

APPENDIX C

(Related to Chapter 2 of Text)

WEEKLY TEMPERATURE IN THE
WAPSIPINICON AND MISSISSIPPI RI.'ERS

.

QUAD-CITIES STATION

February 1979 through July 1979

1079 003
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HAZLETON ENVIRONMENTAL SCIENCES

Table 1. Temperatures in the Wapsipinicon River and Mississippi River
(upstream, mid-channel) February through July 1979.

Temperatures ( F)
Month and Wapsipinicon Mississippi

Year Date River River

February 1979 February 1 32.0 32.0
21 32.0 32.0
28 32.0 32.0

March 1979 March 7 32.0 32.0
14 32.0 32.0
27 34.9 32.7

/.pril 1979 April 4 38.7 35.8
11 38.8 37.6
20 48.2 47.3
27 54.0 53.6

May 1979 May 4 50.9 50.2
11 62.4 62.1
17 64.2 61.7
24 61.2 61.0

June 1979 June 1 68.5 67.1
8 75.2 72.3

13 73.2 71.4
20 74.3 73.8
27 74.5 72.3

July 1979 July 2 76.1 75.9
Sa 72.7 (73.9) 74.3 (73.6)

12 76.1 77.9
17 76.6 78.8
23 79.9 79.9
27 80.1 80.1
30 79.2 77.9

aTemperatures taken twice on July 5.

1079 004
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MAZLT.: TON ENVIRONMENTAL SCIENCES

APPENDIX D

(Related to Chapter 2 of h -t)

CHRONOLOGY OF CHANCES IN
STATIO;4 OPERATING CONDITIONS

QUAD-CITIES STATION

February 1979 through July 1979
7 005
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HAZLETON ENVIRONMENTAL SCIENCES

Table 1. Chr a gy of changes in station operating conditions, Feburary
through July 1979. Operating conditions from a date and time listed
were fixed until the next change

L1ft Pumps Circulating Water Mode of Station
Date Time Ope ra t ing Pumps Operating Operation (condenser)

Month Day (hoar) (number) (number) cooling

February 1 1200 3 4 Closed cycle

1240 3 4 Combination cycle: spray
canal and north diffuser

iP pe

1300 3 5

1330 3 5 Cembination cycle: spray
canal and north and south
dif f user pipes

2300 0 5 Open cycle: north and
south diffuser pipes

4 1500 0 5 Open cycle: south diffuser
pipe partially open

1833 0 4

1850 0 3

1942 0 4

2115 0 3

2130 0 3 Closed cycle: both diffaser
pipes closed

2132 0 3 Open cvcle: south diffuser

2150 0 2

5 1500 0 2 Open cycle: north and sauth
diffuser pipes

6 1500 1 2 Combination cycle: spray
canal and diffuser pire with
south diffuser partially open

7 1420 2 2

1440 1 2

1630 2 2

1712 1 2

4 1500 1 3 Combinat ten cycle: spray
cana' and north and south
dif f user pipes

10 0240 1 2
0748 1 0
074B 0 0 open cycle: ncrth and south

diffuser pipes

1820 0 3

11 2315 1 ) Comoinatten cycle: sprav
canal and north and south
diffuser pipes

12 0201 1 3 Closei cycle

C205 0 3 Cren cvcle: north and south
diffuser pipes

al35 1 1 Comoination evcle; sprav
tanal and north and Acuch
diffuser pipes

0435 0 3 Open evcle: north an1 5;uth

diffuser pipes

_

1077 006'
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HAZLETON ENVIRONMENTAL SCIENCES

Table 1. Continued.

Lift Pumps Circulating Water h'de of Station

Date Time Operating Pumps Operating Opera ton (condenser)

Month Day (hour) (number) (number) cooling

February

(cont'd) 0550 1 3 Comb:natica cycle: spray
canal ar* -orth and south
diffuser pipes

0735 0 3 open cycle: north and
south diffuser pipes

0975 1 3 Combination cycle: spray
canal and north and south
diffuser pipes

1135 0 3 Open cycle: north and south
diffuser pipes

1450 1 3 Combination cycle : spray
canal and north and south
diffur pipes

1640 2 3

1707 1 3

21/1 2 3

13 0700 2 3 Combination cycle: spray

canal and north diffuser
pipe

14 0700 2 3 Closed cycle

15 2140 2 4

2145 2 5

2230 2 4

16 0008 2 5

LS 0700 3 5

21 0845 3 6

0945 3 5

51545 .

1710 3 5

26 la00 4 6

2350 4 6 Combination cycle: spray
canal and south diffuser
partially open

>'a rc h 9 1627 5 6 Combination cycle: spray

canal and south dif f user
partially open

1649 5 6 Closed s cle

16 0907 4 6

09.5 3 6

1010 2 6

10 H 1 6

2300 1 b Cambination cycle: spray

canal and north anl south
diffuser pipes

17 0300 1 6 Combination cvele: spray

canal and sauth d'ffuser
pipe

0310 2 6

0335 3 6

0420 4 6

j ]] }! 00786



HAZLETON ENVIAONMENTAL SCIENCES

Table 1. 'ontinued.

Lift Pumps Circulating siater Nde of Station

Date Time Operating Pumps Operating Operation (condenser)
Nnth Day (heur) (number) (tumber) cooling

March 17 0455 5 6

0515 5 6 Closed c,ste

21 1625 3 6

1740 1 6

1821 1 6 Combination cycle: spray
canal and north and south
diffuser pipes

22 1210 2 6

1310 3 6

1320 4 6

1600 4 6 Combination cycle: spray
canal and nort5 diffuser
pipe with south diffuser
pipe partially open

23 1805 3 6 Combinat ion cyc le : spray

canal and north and south
diffuser pipes

April 20 2202 6

2204 3 6

28 0240 2 6

0245 2 3

29 1805 2 5

1810 3 6

May 8 10 3 2 6

1057 1 6 Corainarien cycle: spray
canal and south diffuser-

pipe w;.h north diffuser
pipe partially cpen

9 0020 3 6 Csmbination cycle: spray
canal and south diffuser
pipe

25 0725 2 3

0800 2 5

08"g 2 6

10 0935 3 6

Zune 9 1010 3 6 Combination cycle: spray
canal and south diffaser
pipe with north diffuser
pipe partially open

1107 2 6

1140 2 6 Combination cycle: sprav
canal and north and south
diffuser pipes

1215 1 6

1813 1 6 Combination cycle: spray
canal and south diffuser
pipe with north diffuser
pipe partia11/ open

1000 2 6 Comcinatten cycle: sprav
canal and south diffuser
pipe

M2) 3 6

N

11 0035 3 6 M bination c ule: aprav
cana'. and south diffuser
pipe with narth dif f user
pipe partia11v egen

1079 008,



HAZLETON ENVIRONMENTAL SCIENCES

Table 1. Continued.

Life Pumps Circulating Water Mode of Station

Date Time Operating Pumps Operating Operation (condenser)

Month Daw (hnur) (number) (number) cooling

June 11 0150 2 6

0205 2 6 Combination cycle: spray
canal and north and south
diffuser pipes

0220 1 6

0340 0 6 Open cycle: north and south
diffuser pipes

I? r110 1 6 Combination cvele: spray
canal and north and south
diffuser pipes

0145 1 6 Combination cycle: sprav
canal and south diffuser
pipe with north diffuser
pipe partially open

0250 2 6

0515 3 6

0523 3 6 Combination cycle: spray
canal and sout h dif f user
pip'

L. l y 24 0750 3 6 Combination cycle: sprav
canal and south diffuser
pipe with north diffuser
pipe partially open.

0825 2 6

1020 1 6 Combination cycle: spray
canal and north and south
diffuser pipes.

25 0720 1 6 combination cycle: spray
canal and south diffuser
pipe with north diffuser

0755 2 6 pipe partially open.

0905 1 6

0930 3 6 Combinat ion eye ae : spray

canal and scath diffuser
pipe

27 1*10 3 6 Combination cycle: sprav

canal and south diffuser
pipe with north diffuser
pipe partially epen

1420
' e

1435 6.

1525 1 6 Combination cycle: spray
canal and north and south
diffuser pipes

1335 0 6 3 pen cycle: north and e.mth
diffuser pipes

2200 1 6 Combination cyc'. 4 pray

canal and north and scurh
diffuser pl,en

22!0 1 6 Combination cycle: spray
canal and south diffuser
pipe with north diffuser
pipe part? ally open.

2321 1 6 Com5fnAtiCn cycle: sprav

canal and south diffuser
pipe.

2325 . 6

2337 3 6

31 0635 3 6 Cemeinatten cvele: spray

canal and south 11tfaser
pipe wich notth diffuser
pipe partially .,p e n

**
1079 009



HAZLETON ENVIRONMENTAL SCitdNCES

Table 1. Continued.

Life Pumps Circulating Water Mode of Station

Date Time Operating Pumps Operating Operation (condenser)
Month Day (hour) (number) (numbe r) cooling

July (cont.) 31 0710 2 6

0740 3 6

0910 3 6 Combination cycle: spray
canal and gouth diffuser
iP Pe

1215 3 6 Combination cycle: spray
canal and south diffuser
pipe with north diffuser
pipe partially open

1310 2 6

1345 1 6

1415 0 6 Open cycle: north and south
diffuser pipes

1725 0 6 Open cycle: south dif fuser
pipe with ncrth diffuser
partially open

1740 1 6 Combinatioc cycle: spray
canal and south diffuser
pipe with north dif fuser
p_rtially open

1800 2 6

1825 2 6 Combination cycle: spray
canal and scuch dif f user

iP Pe

1842 3 6

1079 01089
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APPENDIX E

(Related to Ctepter 2 of Text)

DAILY MEGAWATT POWER OUTPUT
(PERCENT OF CAPACITY)

QUAD-CITIES STATION

February 3979 through July 1979

1079 011
31
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HAZLETON ENVIRONMENTAL SCIENCES

Table 1. Daily megawatt power output (percent of capacity), Quad-Cities
Station, February 1979.

Unit Unit Station
RemarksDate 1 2 Average

_ _ .

' 0 88 44
2 0 87 44

3 0 87 44
4 0 87 44
5 0 86 43
6 0 86 43
7 0 85 42
8 0 85 42
9 0 70 35

10 0 0 0

11 0 1 0

12 0 66 33

13 0 85 42
14 0 88 44

'. 5 0 87 44
16 0 97 48
17 0 87 44

18 0 63 32

19 0 68 34

2' O 77 3b
21 0 86 43
22 0 94 47
23 0 83 42
24 0 96 48
25 0 95 48
26 0 97 48
27 11 96 54

28 0 97 48

1079 012
93



HAZLETON ENVI AONMENTAL SCIENCES

Table 2. Daily megaiatt powe r ou t put (percent of capacity), Quad-Cities
Station, March 1979.

Unit Unit Station

Date 1 2 Ave rage Rema rks

1 0 96 48

2 20 97 58
3 47 95 71

4 54 84 69

5 69 96 82

6 77 95 86
7 36 94 65
8 64 94 79

9 82 89 86
10 92 78 85

11 66 83 74
12 75 73 74

13 89 67 78
14 97 70 84

15 97 72 84

16 98 79 88

17 95 72 84
18 88 72 80

19 83 67 75

20 87 72 80
21 88 68 78

22 87 78 82

23 81 74 78

24 95 86 90

25 83 46 64

26 98 64 84

27 98 78 88

28 98 86 92

29 98 94 96

30 98 92 95

31 98 92 95

94



HAZLETON ENVIRONME 'TAL SCPENCES

Table 3. Daily megawatt power output (percent of capacity), Quad-Cities
Station, April 1979.

Unit Unit Station
Date 1 2 Average Remarks

1 86 87 86
2 98 87 92
3 97 92 94
4 96 90 93
5 98 9G 94
6 98 88 93
7 79 79 79
8 86 87 86
9 97 89 93

10 95 88 92
11 98 85 92
12 98 86 92
13 92 85 88
14 75 78 76
15 82 82 82
16 93 86 90
17 91 85 88
18 87 84 86
19 86 80 83
20 86 77 82
21 77 74 76
22 79 76 78
23 87 78 82
24 87 79 83
25 83 78 80
26 90 69 80
27 93 32 62
28 94 0 47
29 84 0 42
30 93 21 57

.

95
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HAZLETON ENVIRONMENTAL SCIENCES

Table 4. Daily megawatt power output (percent of capacity), Quad-Cities
Station, May 19/9.

Unit Unit Station

Date 1 2 Average Remarks

1 96 60 78

2 95 71 83

3 96 79 88

4 92 88 90

5 73 92 82

6 95 83 89

7 94 85 90
8 91 89 90

9 92 88 90

10 84 84 84

11 4 85 44

12 0 84 42

13 0 70 35

14 28 89 58

15 50 89 70

16 82 88 85

17 70 88 79

18 87 87 87

19 95 86 90

20 79 83 81

21 89 87 88

22 93 86 90

23 97 85 91

24 75 49 62

25 0 62 31

26 0 72 36

27 6 80 43

28 68 89 78

29 88 90 89

30 97 89 93

31 97 78 88

1077 01596

_ __ ____ _ _ _ _ _ _ - - - -



HAZLETON ENVIRONMENTAI. SCIENCES

Table 5. Daily megawatt power output (percent of capacity), Quad-Cities
Station, June 1979.

Unit Unit Station
Date 1 2 Average Rema rl;s

1 98 89 94
2 95 88 92
3 98 77 88
4 98 88 93
5 98 87 92
6 97 87 92
7 96 78 87
8 98 76 87
9 56 77 66

10 85 77 81
11 97 82 90
12 98 87 92
13 98 85 92
14 47 84 90
15 97 76 86
16 97 79 88
17 84 79 82
18 97 83 90
19 97 79 88
20 96 84 90
21 97 82 90
22 97 48 72
23 96 30 63
24 89 78 84
25 95 84 90
26 96 81 88
27 98 81 90
28 98 78 88
29 98 80 89
30 96 79 88

1079 0169,



H AZLETON ENVI ADNMENTAL SCIENCES

Table 6. Daily megawatt power output (percent of capacity), Quad-Cities Station,
July 1979.

Unit Unit Station

Date 1 2 Average Remarks

1 89 80 84
2 90 80 85
3 98 79 88
4 82 73 78

5 97 78 88
6 98 79 88
7 98 78 88
8 95 76 86
9 98 78 88

10 98 77 88
11 98 77 88

12 98 77 88

13 98 76 87

14 97 76 86
15 98 75 86
16 98 76 87

17 96 75 86

18 98 75 86

19 98 75 86

20 98 74 86

21 53 74 64

22 78 72 75

23 96 74 85

24 97 73 85

25 98 69 84

26 97 74 86

27 88 73 80
28 93 73 83
29 97 64 80
30 97 72 84

31 98 71 84

1079 01798
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APPENDIX F

(Related to Chapter 2 of Text)

PERCENT RECOVERY OF TEMPERATURE DATA AND
EXPLANATION OF DATA LOSSES

,

QUAD-CITIES STATION

February 1979 throur,h July 1979

1079 01899



HAZLETON ENVIRONMENTAL SCIENCES

Table 1. Percent recovery of temperature data from the continuous nonitor-
ing syatem at Quad-Cities Station, February - July 1979.

Percent Recovery
Temperature

Mont? Year Monitoring

February 1979 83

March 1979 75

April 1979 76

May 1979 70

June 1979 73

July 1979 70

""
1079 019



HAZLETON ENVI ACNMENTAL SCIENCES

Table Summary of temperature data loss at Quad-Cities Station, February_.

through July 1979.

Date and
Month Time Monitoring Location Remarks

February 2/1/79 at 0100 hrs Sensor D Sensor malfunction
until 2/28/79 at
2400 hrs

2/2/79 at 0600 hrs Upstream
' . jammed

until 2/2/79 at Intake

1000 hrs Discharge
Sensor A
Sensor B
Sensor C
Cooling Canal

2/9/79 at 1500 hrs liischarge Sensor malfunction
until 2/12/79 at
1500 hrs

2/19/79 at 0700 hrs Sensor C Erratic readings

until 2/19/79 at
0900 hrs

2/23/79 at 0700 hrs Upstream Paper ran out

until 2/23/79 at Intake

1000 hrs Discharge
Sensor A
Sensor B
Sensor C
Cooling Canal

March 3/1/79 at 0100 hrs Sensor D Sensor malfunction
until 3/31/79 at
2400 hrs

3/5/79 at 2100 hrs Cooling Canal Sensor malfunction
until 3/8/79 at
1600 hrs

3/9/79 at 1800 hrs Discharge

until 3/13/79 at
0800 hrs

__
-
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HAZLETON ENVIRONMENTAL SCIENCES

Table 2. (c itinued)

Date and
Month Time Monitoring Location T.ema rks

March 3/14/79 at 0100 hrs Discharge Unable to adjust
(cont.) until 3/27/79 at Cooling Canal sensors to field

1400 hrs measurements

3/16/79 at 2100 hrs Upstream Paper ran out

until 2400 hrs Intake
Sensor A
Sensor B
Sensor C

April 4/1/79 at 0100 hrs Sensor D Seasor malfunction

until 4/30/79 at
2400 hrs

4/3/79 at 1600 hrs Sensor B Erratic readings

until 4/6/79 at
1600 hrs

4/3/79 at 1800 hrs Sensor A Erratic readings

4/4/79 at 1700 hrs Sensor A Erratic readings

until 4/5/79 at
0300 hrs

4/4/79 at 2100 hrs Sensor C Erratic readings

until 4/6/79 at
1500 hrs

4/5/79 at 1500 hrs Sensor A Erra'.ic readings

4/8/79 at 1500 hrs Sensor A Erratic readings
until 1600 hrs

4/8/79 at 1500 hrs Upstream Erratic readings
until 4/12/79 at
1200 hrs

4/11/79 at 0400 hrs Sensor A Erratic readings
until 0600 hrs and
at 1600 hrs until
2000 hrs

4/15/79 at 1200 hrs Ups t ream Paper ran out
until 4/15/79 at Intake
2000 hrs Cooling Canal

Discharge
Sensor A
Sensor B

j][} }}|Sensor C



HAZLETON ENVIRONMENTAL SCIENCES

Table 2. (continued)

Date and
Month Time Monitoring Location Remar..s

April 4/20/79 at 1500 hrs Upstream Erratic readings

(cont.) until 4/21/79 at
1000 hrs

4/20/79 at 1600 hrs Sensor A Sensor malfunction

until 4/30/79 at
2400 hrs

4/21/79 at 2400 hrs Ups eam Erratic readings

until 4/22/79 at
0800 hrs

4/24/79 at 0700 hrs Upstream Sensor malfunction

until 4/30/79 at
2400 hrs

May 5/1/79 at 0100 hrs Sensor D S nsor mal...<.. tion
until 5/31/79 at
2400 hrs

5/1/79 at 0100 hrs Upstream Sensor malfunction
until 5/18/79 at
1700 hrs

5/1/79 at 0100 nrs Sensor A Sensor malfunction
until 5/4/79 at
1200 hrs

5/4/79 at 2400 hrs Sensor C Sensor malfunction
until 5/10/79 at
2400 hrs

5/7/79 at 0200 hrs Intake Paper ran out

until 5/7/79 at Cooling Canal

1000 hrs Discharge
Sensor B

5/9/79 at 0900 hrs Discharge Erratic readings

until '/10/70 at
2100 brs

5/18/79 at 2000 hrs Sensor B Erratic reading

5/19/79 at 1500 hrs Discharge Erratic readings

until 5/31/79 at possible sensor

2400 hrs malfunction

1079 022''
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HAZLETON ENVIRONMENTAL SCIENCES

Table 2. (continued)

Date and
Month Time Monitoring Location Remarks

May 5/31/79 at 0400 hrs Upstream Erratic readings
(Cont.) until 5/31/79 at

1000 hrs

June 6/1/79 at 0100 hrs Discharge Sensor malfunction
until 6/27/79 at
1600 hrs

6/1/79 at 0100 hrs Sensor D Sensor malfunction

until 6/22/79 at
1300 hrs

6/9/79 at 1300 hrs Upstream Erratic reading
Sensor A

6/9/79 at 1700 hrs Upstream Eriatic reading

6/9/79 at 2200 hrs Upstream Erratic readings
until 6/10/79 at
0800 hrs

6/12/79 at 2100 hrs Upstream Erratic readings
until 6/13/79 at
0700 hrs

6/12/79 at 2200 hrs Sensor A Erratic readings

until 6/13/79 at
0500 hrs

6/18/79 at 0900 hrs Upstream Erratic readings
until 6/18/79 at
1400 hrs

6/18/79 at 0900 hrs Sensor A Erratic readings

until 6/18/79 at
1200 hrs

6/22/79 at 0100 hrs Sensor A Possible sensor malfunction
until 6/30/79 at
2400 hrs

6/23/79 at 0500 hrs Sensor D Erratic readings

until 6/23/79 at
0700 hrs

105

- - - - - -
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HAZLETON 2NVIRONMENTAL SCIENCES

Table 2. (continued)

Date and
Month Time Monitoring Location Remarks

June 6/26/79 at 0700 hrs Sensor D Erratic readings

(Cont.) until 6/26/79 at
2303 hrs

6/26/79 at 0900 hrs Sensor C Erratic readings

until 6/27/79 at
1500 hrs

6/26/79 at 2400 hrs Sensoc D Erratic readings

until 6/27/79 at
1600 hrs

6/27/79 at 2000 hrs Sensor D Erratic readings

until 6/27/79 at
2300 hrs

6/27/79 at 2400 hrs Sensor D Erratic readings

6/28/79 at 0100 hrs Sensor C Erratic readings

until 6/29/79 at
1700 hrs

6/28/79 at 0300 hrs Sensor D Erratic readings

until 6/28/79 at
0500 hrs

6/28/79 at 2400 hrs Eensor D Erratic reading

6/29/79 at 0900 hrs Sensor D Erratic reading

6/29/79 at 1200 hrs Upstream Erratic reading
Sensor D

6/29/79 at 1700 hrs Sensor D Erratic readings

until 6/29/79 at
1900 hrs

6/29/79 at 1900 hrs Sensor C Sensor malfunction

until 6/30/79 at
2400 hrs

6/29/79 at 2100 hrs Discharge Erratic reading
Sensor D

6/30/79 at 1800 hrs Sensor D Erratic reading
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Table 2. (continued)

Date and
Month Time Monitoring Location Remnrks

July 7/1/79 at 0100 hrs Sensor A Sensor malfunction

until 7/17/79 at
1300 hrs

7/1/79 at 0100 hrs Sensor C Sensor malfunction

until 7/2/79 at
1200 hrs

7/2/79 at 2000 hrs Sensor C Erratic reading

7/2/79 at 2400 hrs Sensor C Erratic readings

un il 7/12/79 at
1400 hrs

7/3/79 at 1100 hrs Sensor D Sensor malfunction

until 7/31/79 at
2400 hrs

7/3/79 at 1200 hrs Upstream Sensor malfunction

until 7/5/79 at
1200 hrs

7/5/79 at 1400 hrs Upstream Printer turned off
Intake by CECO personnel
Cooling Canal for calibration
Discharge
Sensor B

7/10/79 at 1200 hrs Upstream Paper ran out

until 7/11/79 at Intake

0900 hrs Cooling Canal
Discharge
Sensor B

7/11/79 at 1500 hrs Sensor B Erratic reading

Intake

7/11/79 at 1500 hrs Upstream Sensor malfunction

until 7/13/79 at
1400 hrs

7/12/79 at 1800 hrs Sensor C Erratic reading

7/13/79 at 1300 hrs Sensor C Sensor malfunction

until 7/16/79 at
1300 hrs
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Table 2. (continued)

Date and
Month Time Monitoring Location Remarks

July 7/13/79 at 2300 hrs Upstream Erratic readings

(cont.) until 7/14/79 at
0100 hrs

7/14/79 at 0700 hrs Upstream Erratic readings

until 7/14/79 at
1000 hrs

7/25/79 at 0100 hrs Sensor C Sensor malfunction

until 7/30/79 at
1200 hrs

7/27/79 at 1900 hrs Upstream Unable to adjust to

until 7/30/79 at field measurcments.

1200 hrs During this time CECO
personnel adjusted
the recorder without
taking ground truths.

7/27/79 at 1400 hrs Discharge Sensor malfunction

until 7/30/79 at
1200 hrs

,
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APPENDIX G

(Related to Chapter 2 of Text)

HOURLY WATER TEMPERATURE DATA

QUAD-CITIES STATION

February 1979 through July 1979

1079 027
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TA3LE 57. 3416V hLitt i t * * E R A I 'J 4 f (f) D AT A. IA8Lt 50. DAILY b4 TE R Ti mPf AA TLkt ti9 DATA.Con a-C I T1t s S T A T ION. Malin 49 1979 OJ4J-LitIE5 5f Aflag. MA4CN J0. 1979

CCOLIt!G
COOLING

O A*. AL ----J1.A57RfAP 5tNard5--- CANAL ----J r,e % 5 7R E A M 5tN5Ch5---Ytat Upstatag Ig?tei COLD D65;Ha#;E A S C D fl4E U&5fRfan thinuE COLD DISCHA*LE A S C JEND
E t.D1C0 34.4 3%.4 72.e 90.0 33.7 34.4 34.9 *9999 103 36.0 37 0 75.3 93.4 14.1 J5.1 36.1 *9997200 ?4.5 35.3 ?3., 39.7 3 3 .h 34.3 34.9 *9499 200 3*.2 3h.a 15.3 70.0 34.2 35.2 36.4 + 9 9 99303 34.3 35.9 ?3.3 89.7 33.7 34.6 34.0 *9999 303 16.3 36.7 73.2 90.4 34.3 35.3 36.4 +9999-3J 34.b 35.7 73.3 19.8 33.S 34.6 34.' '995% 403 36.3 37 0 73.3 90.7 3 % .2 35.3 36.4 +999930J 3%.S $5.7 73.J 39.9 33.5 34.5 J+.7 *9999 53J 3b.* $ 7. 2 75.5 91 0 34.3 35.3 36.4 *999960J 34.7 35.7 'd.S **.* 33.5 34.5 34.7 *9999 603 36.5 37.3 73.8 91.2 ?4.5 35.4 36.7 +9999133 3..? 35.9 72.. e 9.3 ?).7 34.5 34.9 *9999 10J ?6.7 37.3 7).9 91.9 3=.4 35.5 36.7 *9w99soa 34.4 35.9 74.3 u9.2 3,.J 34.t 35.0 '9599 30J **.o 37.5 75.J vl.w 34.5 39.4 36.7 **99993) 3%.4 35.9 72.o a9.0 33.) 24.5 45.3 *9998 903 3%.6 34.5 '6.3 v2.5 34.7 35.5 36.P +9897 gr

IJ03 33.3 35.1 'd.7 90.5 33.s 34.5 35.0 *9999 1J33 31. J 39.3 7b.3 v2.2 34.6 35.7 36.9 +4999 II.10J 3 .3 35.2 ?l .3 #9.3 ?).4 34.3 35.0 '999* 1130 37.3 39.9 7a.7 92.6 35.s 35.9 37.0 +9999 E4320) 34.2 35.2 11.5 59.5 33.6 34.4 35.0 *9999 120J 37.6 39.7 77.3 9 ?.5 35.2 35.0 37.2 +9999 I*1330 34.6 35.3 71 .9 so.7 ?3.s 34.3 35.0 +9999 130J 37.7 39.5 76.h 91.0 35.S 35.7 37.3 +9999 El14JJ 34.2 35.3 ?).2 8 t. 5 31.7 34.3 35.3 +9999 1433 3$.4 *0.0 76.3 92.1 ?5.4 35.7 37.3 +9999 ={.1$3a 3. 9 3%.0 '*.; a9.5 34.0 34.3 35.2 *9v99 1$3J 34.4 43.2 7s.* 12.2 33.2 35.3 37.3 +9493 ()It3J 3. 5 35.3 7. 7 s9.8 ?4.u 34.5 3 5. ? '5444 160J ?s.3 41.7 7S.J 92.C 3$.4 35.4 37.2 +99991100 3*.S ss.O 7..e b4.2 % .J 3*.5 25.1 '9 des 1703 33.3 41.7 74.3 91.1 35.4 35.8 37.2 +9999
g

180J 3..) 34.9 75.3 s9.8 ?w.g 34.5 35.4 +9999 .:J *s.s 41.> 73.0 93.s 35.$ 35.7 37.3 +9#99 [g1933 34.J 3%.3 72.5 e*.1 34 2 34.3 35.5 *1999 1903 1s.3 ,1.9 72.* b9.9 ?5.5 35.9 37.4 +99992000 < 3%.s 35.1 76.7 90.3 '3.s 34.5 35.5 +9999 2J03 38.4 41.5 74 3 70.0 35.7 36.0 37.7 +9999 g
210J 35.3 35.5 76.6 v' .e 13.7 34.7 35.3 '959* 210J 34.5 41.s 71.9 69.2 35.7 36.0 38.0 +9999 I223J ?S.3 35 6 7o.4 90 .3 33.7 34.5 s5.5 '989* 2.0a 1 s .* 42.3 71.5 69.9 35.a 36.2 30.0 #9v99 jj233J 35.7 35.9 73.3 7 C. 7 33.8 34.8 35.7 +9991 2303 3e.6 .2.0 71.3 s9.0 35.8 36.2 39.2 +9999240] 3%.s 36.5 75.7 90.3 34 0 s5.0 s5.9 *9997 2403 36.7 42.2 7J.9 09.2 ?5.9 36.3 39.2 89999 E)

,,

ba
25w-

IASLE 59. DAILY * Aft 9 Yk*8 tR ATutt fit DATA. 7
OuAJ-Clitt5 51AtlGM. 4AACH 31, 1979 A

R1
COCLING 2[

CANAL --- uC*NhTRfAP 5thirk5--- -j
TIME Uv5f6(AM !%fAkt COLD Dl!LHAshf A g C g gp

r'* r-133 1s.7 .2.2 71.J 39.? 35.6 36.3 $9.0 +9v99
203 3 s .% 42.3 71.3 89.7 3S.s 35.4 48.1 +9999 (0
33J 38.S 2.4 71 4 s9.7 ?5.7 36.5 34.0 +9999 []
40J 35.6 42.3 71.s 89.7 '5.7 36.7 J7.8 +9999

""IN""j[")$03 3d.5 42.3 71.5 49.6 35.5 36.5 37.8 +9999

2560J 36.3 42.2 71.S 89.8 ?S.4 36.5 37.8 +9999

()[[[) []733 3d.2 42.1 71.L 89.6 35.. 36.6 37.9 +7d9)
+00 ?s.2 42.0 71.7 89.7 ? $ .4 s6.7 37.4 +9999 gg
90J 3s.u bl.R 71.6 90.2 35.3 36.7 37.2 **v99

100J 34.0 *1.5 71.7 WC.2 35.4 36.6 37.0 #9999 Ew". .

[g
---' 110J ?$.0 41.9 74.J 99.2 3S.i Jr .5 37.0 +999v

C::) 1203 36 0 68 7 72 3 "3 d 35 2 86 5 '72 '9999
1303 37.9 *l.7 72.J *n.0 35.u J6.5 37.2 *9999 wrrNd 140J ?o .J .41.R 74.4 93.3 35.0 sh.6 37.4 **v99N

sq[) IS03 ?7.e ,41.7 74.J v 1. 9 15.J 36.6 37.t *9v9' he
g1*3J 37.5 1.7 74.J ?!.9 ?S.) 36.5 37.e *99*9 8"'

1733 17.6 41.6 72.J 90.4 35.. 36.5 $7.4 *9999 ***"

( h [h([[) lo0J 37.a =1.5 71.7 v0.6 35.J 36.4 37.7 '9999
1900 37.8 41.? 71. d 90.4 3 % .3 36.5 37.B *9499

ED* owrews
2J0J ?7.6 41.3 11.6 y1.6 35.3 36.5 37.9 +9999 E-

EL{w=umg3ppf%,) 2133 37.s 41.2 72.) 30.3 35.) 35.5 37.9 +9#99
223J 37.4 %I.0 71.6 90.5 35.u 36.6 3e.0 +49"9 .
2s?u 37.7 41.0 71.s v3.9 3$.a 26.7 J7.7 avv9#
2*00 37.7 *0.8 71.6 89.0 35.4 36.6 37.6 +999w 7"""*"
*7999 Ch 99s9 -- IN5 f ulMf M T mAtfumCTICN



TA8LE 60. Daltv waffe 7tPPERaf0tE fil Oats. TadLt 41. CallY bATER T1PPERATURE (FB OATA.Gua d-C i t t t s $ l A '! Ch. A'llt 1. 1979 cuAv-C Ir lE S s ta tice. A*alL 2. 1979

C00LIN3 COOu!NGCANAL ----90w65YktAM 5th5C#5--- CANAL ---.00 N57RfAM 5th5CAS---ilPE L85fatA= 1%faar COL D ci!(>Aset A B C a 7ing up5tetam INTapt COLD Ol5CMaBCE A e C oEND END100 37.5 40.8 71.5 81.7 37.0 34.e 37.7 +9999 100 36.2 36.1 70.J 42.4 36.a 35.0 36.3 +9999200 37.6 40.e 71.3 s1.7 3m .9 36.5 37.7 +9999 200 36.0 36.0 70.4 e2.0 36.2 35.0 36.3 +9999300 37.5 4C.7 71.J 80.4 37.C 36.5 37.8 +9999 303 3..o 35.9 ?g.c 32.9 36.1 35.0 36.2 +9999=00 37.3 *0.5 ' n .w s2.2 3 6.e 36.6 37.7 +9999 400 36.0 35.6 10.2 42.0 36 2 34.9 36.0 +9999500 37.1 ,0.5 7G.0 42.1 36.e 36.5 37.5 +9919 500 35.9 35.4 70.2 82.6 36.C 34.8 36.0 +9999* a00 37.2 *3.5 68.7 82.3 ?6.8 36 6 37.3 *9999 600 15.6 35.2 7J.8 82.0 36.0 34.t 35.e *9599700 37.2 40.7 67.0 82.3 '6.8 JA.e 37.2 *9999 100 3s.6 35.2 70.4 e2.6 35.9 34.5 35.8 +9999000 37.3 40.2 to.4 e2.5 36.6 36.1 s7.2 +9999 600 35. 35.2 70.4 e3.0 35.0 3 e. 5 35.7 '9999 7v00 37.0 -C.0 6 7.c 83.0 36.7 36.6 37.0 89999 900 35.t 35.1 7J.s s).1 35.7 34.7 35.8 +99991000 37.0 43.0 67.5 82.5 36.5 36.6 37.0 *9999 gogo 3g.g 34,9 7C.4 42.9 35.7 34.7 35.7 +9999 II180u 36.5 29.9 6 7.e 82.8 3., 36.4 37.1 +9999 1100 35.7 34.9 70.2 82.9 15.7 34.7 35.5 *^999 Pd1200 36.6 34.8 67.6 82.7 36.4 36.5 37.0 *9999 1200 35.5 34.9 Tw.2 e2.5 15.7 24.7 35.5 +9v99 F"1300 36.5 40.0 67.6 42.1 3n.3 34.5 37.C +9949 1300 3s.3 35.0 7J.0 92.9 35.5 34.9 35.2 +9.99 R]1400 ?3 *0.2 ed.3 82.0 36.4 36.0 37.1 '9999 1500 35.2 35.3 1s.G e2.8 35.1 34.6 35.2 +9999 -415C0 36.3 40.0 eo.e e2.1 ?6.3 35.7 37.0 *9999 Is00 35.3 35.3 70.0 m2.g 35.5 34.9 35.0 +9999 ()1600 36.2 40.0 49.6 82.4 3. 5 35.5 37.1 +4,99 g.0c 35,2 3g.4 6,.9 #2.6 35.5 34.s 35.0 *9999
7*1700 3*.3 39.8 ed.7 d2.4 36.3 35.5 36.7 89999 gjon 3g.3 g5.4 TJ.0 82.1 35.5 34.8 34.9 '9999140J 36.2 3* 7 ee.s e2.1 16.3 34.7 36.5 +9v99 1s00 3S.4 35.6 70.0 82.4 35.5 34.9 35.0 +99991900 36.2 39.3 (J.3 82.1 36.3 35.2 36.5 +9999 [g

3909 3g,g 35,9 gg.9 83 3 35.7 35.0 35.2 +9999 72000 30.3 *9. 2 te.5 a2.C 36.3 35.3 36.5 '9999 20C0 35.5 35.6 69.4 82.9 15.7 35.C 3!.e *1959 -
2100 36.2 9.2 e3.s a2.9 ?6 2 35.2 36.5 *9999 2l00 3s.5 35.6 7J.2 42.9 35.s 35.2 35.5 +9999 C[2200 34.s 49. 0 68.2 52.4 36.3 35.2 3$.t *9999 jj22C0 35.5 35.6 10.5 83.1 ?5.8 35.2 35.5 *99992300 36.2 39.C ev.2 el.B 30.3 35.3 36.7 '9999 230J 35.5 35.4 13.* a3 3 35.8 35.2 35.5 +99992*00 36.2 39.e 69.7 st.9 36.3 35.0 36.5 +9999 2*00 35.5 35.6 70.5 82.9 35.s 35.2 35.6 +9999 E3"

"N 25
C"

latti 62. DAILT DATER TEMPitATLRE fil SATA. 188tt 6 3. SA IL Y ba TE S itFPfBaltBE IFl SAIA*
Sua0-CITIf5 SIATICN. ADall 3. 1979 Oua0 CITits STATION.'Apalt 4. 1979 R]

C0 CLING COOLING
CANAL .---oCoq5fAtam SEN5C45--- CON"'

----ocef.5fEfAR S E fj 5C 4 5--- '

Tluf LP5TRfAM IkTAKE COI D CISCH Aa LE A B C 0 T8PE LP5taEah IhTA8E 015CM&80f A B C e
CCLD

END END f*
ICQ 35.5 35.4 70.2 +2.7 35.s 35.0 35.5 +9999 100 36.a 36.9 72.5 al.3 36.7 +9999 36.7 +9999 03200 35.3 35.3 70.2 a2.8 35.7 34.9 35.3 +9999 200 36.1 37.0 72.3 a2.9 36.5 89999 34.8 +9999 ()30 0 35.3 35.3 70.2 82.9 35.7 34.8 35.3 +9999 300 3..e 36.9 72 1 43.4 36.4 e%999 36.7 *9999 --
400 ?>.2 35.2 70.4 62.8 35.5 '4.7 35.1 +9999 600 36.6 37.0 71.3 86.6 36.3 **999 34.5 +9999 R1500 3%.2 35.0 70.4 82.4 35.5 4.6 35.C '9999 50 0 36.5 36.9 TJ.6 83.6 36.3 89999 36.5 *9999 }P,600 33 0 34.6 77.3 e2.5 35.4 34.5 34.8 +9999 600 36.5 36.9 70.1 43.3 36.3 +9999 36.5 +9999
700 35.0 35.0 70.3 82.6 36. 34.5 35.0 +9999 100 36.5 36.0 7C.7 83.2 36 .2 '9a99 34.e +9999

OI800 35.0 35.1 73.2 83.1 35., 3(. 4 34.s +999, 4C0 16.5 36.9 7C.8 s?.9 36.2 +9999 36.7 '9999
900 34.9 35.0 73.4 63.9 35.3 34.4 35.0 #9999 900 36.5 16.8 71.4 e 6 .4 16.3 #9999 36.1 +99991000 33.0 35.2 75.7 34 .4 35.3 34.2 34.0 +9999 1000 35 36.9 71.2 04.6 36.1 +9999 36.0 +9999

-a 1100 34.2 35.4 71.3 e4.* ?5.5 34.5 35.0 *9999 1800 36.3 37.0 73.3 64.4 31.0 +9999 36.2 '9999
6200 ?5.4 35.6 72.0 d4.9 35.i 34.7 35.1 *9999 1200 36.6 37.1 71.3 44.9 36.2 +9999 36.7 +9,99( ) 1300 35.5 35.5 72.5 15.5 34.8 35.2 +9999 1300 36.6 72.2 45.0 36.2 ev99944.9 37, 2 ([[[[)36.7,

+9999-a 00 35.i 35.1 72.. 5. 36.2 34.. 35.2 +9999 i co 36.7 3 0 72.7 5.2 36.4 *,,,9 ;5. *,999

))[([]1500 35.7 36.1 73.2 87.4 35.6 35.C 35.7 +9999 1503 36.7 3*.I 72.7 a5.1 31.0 *9999 35.3 +9999) 1600 35.? 36.2 73.C 61.5 35.7 +9999 35.9 *9v99 160u 36.5 3 f. A 72.8 de.3 31.6 +99,9 3*.- +9999
17C0 1s.d 36.2 73.2 s7.9 35.8 *%991 35.e +9999 1700 36.5 37.0 12.8 85.6 +9999 +9999 37.5 +9999
1800 36.u 16.3 73.0 67.9 *1999 +99,9 36.5 +9999 1800 36.5 37.2 72.s 85.4 '9999 89999 36.5 *9999 ("**"][* )g 7)
1%C0 36.0 36.1 '3.0 ee.1 36.2 +9999 36.3 +9999 1900 36.6 37.2 72.2 05.4 *9999 +9999 35.5 +9999

Cbm 20"J ?1 36.2 73.2 87.7 36.3 +9999 36.7 +9999 200J 36.2 37.1 72.4 45.6 +9999 +9999 35.0 +9999
h.[=3%)( ng 2100 36.3 36.4 13.J s7.9 36.5 +9999 37.0 'v999 2100 37.4 37.4 73.5 at.C **999 89999 *9999 +9999 m =w

2200 36.5 36.6 73.0 86.3 36.5 +9999 37.C +9999 2200 36.4 31.2 73 3 85.7 +9999 +9999 +9999 +9999 ( <vsw
2300 36.7 36.6 72.8 84.4 36.0 +9999 37.2 +9999 2300 36.0 37.2 73.4 86.0 +9999 +9999 ov999 +9999 2. > L7
2600 36.7 36.8 72.7 82.8 36.7 +9999 36.3 +9999 2600 35.3 31.3 73.3 46.7 *9999 +9999 +9999 *9999 fj[jlj+9999 Da 999. -- th5Tapap63 matpeggyggg gt ,,,,

saw
F.

f



TA8LE 64 DAILT b4 TE R TEMPf tAf 0At Ifl DATA. TasLE 65. DalL9 malER TERPitAILRE IFS DATA.CUAO-CITIf5 Steilom. APult 5. 1979 OuAJ-C IIIE S 516i10m. Apalt 4. 6979

COCLING C0 CLING
CANAL ....DComiTREAN 5 t h5 C a 5-.. CANAL -..-Oceh5?REA* 5tN5CAS---Tant opstefan IntAuf Con D 015CHARGf a 6 C 0 Timi 095ftfan 14 faut COLD 08 5CH ARGE A B C DEND END

800 35.4 37.3 73.c at.a *9999 +9999 +9999 +9999 100 36.3 36.2 59.4 72.7 39.3 '9999 *9999 +9999203 35.9 37.4 73.7 at.2 *9999 89999 +9999 '9999 200 ?. 2 36.0 59.7 71.0 39.1 '9999 +9999 6'*99*
30 ' 36.0 37.3 73.4 et.0 36.5 +9999 +9999 *9999 300 36.2 35.7 40.2 73 2 3a.6 +9999 +9999 **'99

* . 400 36.2 17.3 73.5 56.4 38.4 +9999 +9999 89999 400 3*.7 35.3 60.4 74.3 38.6 89999 +9999 +9999500 3m.0 37.3 73.4 65.4 39.4 +9999 89999 +9999 500 35.* 35.0 6.0 74.8 38.I' '9999 +9999 +9999600 3%.9 37.4 73.3 85.5 39.4 *9999 *9999 +9999 600 35.3 34.7 61.2 74.2 37.8 89999 +9999 89999700 36.3 37.0 72.t e5.3 39.3 '9999 *9999 +9999 700 35.J 34.3 60.9 ??.7 37.e *9999 '9999 +9999400 36.7 37.2 72.7 a5.0 38.5 '9999 +9999 +9999 000 34.m 34.0 (1.7 1t .3 37.* +9999 +9999 +9999900 36.9 37.3 72.3 85.C ?8.7 '9999 +9999 '9999 900 34.J 33.6 62.2 16.7 J7.4 89999 +9999 89999 ][1030 37.0 37.4 72.5 84.s 39.2 ovg39 +4999 +9999 1000 36.5 34.0 63.0 77.1 37.4 +9999 +9999 +9999' gy1800 37.J 37.7 71.9 se.0 38.3 *9999 *v999 +9999 1100 35.0 34.5 65.3 79.2 37.9 '9999 +9999 +9999 pg1200 37.s 39.0 71 .7 e4.7 38.s +9999 ov999 e9999 1200 35.0 34.3 45.2 79.2 37.9 *9999 '9999 +9999 p.1300 37.7 39.3 72.C af.0 38.7 +9999 89999 +9999 1300 3$.1 34.9 60.0 so.O 37.9 *v999 +9999 +9999
301600 37.8 39.5 71.5 a6.0 ?9.0 +9999 +9999 +9999 1600 35.1 35.0 67.6 40.5 38.0 *9999 +9997 '9999
"51500 36.0 39.7 70.7 e4.8 +9999 +9999 +9999 *9999 1500 15.= 35.0 es.2 el.6 3a.1 89999 37.0 '99991600 37.7 38.3 69.2 81.4 39.0 +9999 +9999 +9999 1600 35.5 35.0 49.0 #2.4 30.0 *9999 37.5 +9999 ()1700 37.7 39.0 67.0 79.5 39.5 +9999 +9999 89999 1700 33.5 33.5 49.5 a2.0 38.0 35.4 38.0 **999 2[1800 37.6 37.7 63.5 79.2 39.0 *9999 **999 *9999 1800 35.S 34.2 69.5 a?.5 34 .3 35.6 19.2 +99991900 37.) 37.3 61.1 16.8 39.5 '9999 +9999 +9999 190C 3$.5 35.0 69.6 e3.0 38 3 35.9 37.9 +9999 R1

2000 37.2 37.2 6J.5 74.9 39.0 +9999 *9999 *9999 2000 3S.6 34.7 49.8 a3.5 30.4 36.1 39.8 +9999 }[2500 37.2 37.0 59.5 74.C ?9.7 '9999 +9999 +999 21CD 35.7 34.6 70.0 8?.C 38.7 34.? 38.* +9999+ 9 9 9,9 gg2200 37.0 36.8 59.7 73.8 39.5 +9999 +9999 2200 35.7 36.9 70.2 a?.0 ?a.a 36.4 38.5 +9999
23C0 ??.0 36.5 59.5 73.4 39.3 +9999 +9999 +9999 2300 36.0 35.0 7J.5 8?.C 3a.9 36.6 39.1 +9999 ]]2600 36.6 36.5 59.7 73.5 39.2 +9999 +9999 +9999 2400 36.1 35.0 70.5 e3.0 30.9 36.6 39.4 +9999 (),

,

#

25'
IABLt 46 061LT h A ft A TfpPERAILRf IF1 CATA. IABLE 67. DAllV h& TE R TE M PIR4 f L*tt til Data. {Cuso-C it tis. 5f ai10m. 4ealt 7. 1979 CuAO-CITits STATION. APRIL 8*'1979 m

C00 LINO COOLING }{Cs.:AL ----DC+657mEAR 5th50R$-.. CANAL . .gt.ggygggy g g t$cg g. ..
)g.ilpt UP5TetAM IhfAst COLD DI SCH AR GE A B C 0 ftpf LP5ftfAM INfApE COLD DISCHARGF A B C 0

END END .

100 36.2 35.2 7G.5 8?.4 38.9 36.0 37.9 *9999 100 37.6 37.4 63.C 71.* 39.4 37.9 37.3 et999
200 ?6.3 35.4 7C.5 a?.5 34.9 36.9 37.e *9999 200 37.6 31.5 65.0 11.7 34.7 38.1 37.6 *9999 UI300 36.4 35.3 70.6 a1.6 30 9 37.C 38.0 '9999 100 37.e 37.5 e5.7 12.5 36.8 37.9 37.7 +9999 []400 36.5 35.5 70.6 41.6 34.3 36.9 39.1 +9999 600 37.5 37.5 es.7 72.6 ?t.4 37.8 38.0 +9999

I"O"500 3m.* 35.5 70.5 76.9 38.7 36.6 37.9 +999* 500 37.5 37.4 66.3 7J.2 38.4 37.8 37.5 +9999
600 ?6.2 35.5 70.4 76.5 38.6 36.4 37.6 +9999 600 37.3 37.5 to.5 73.5 38.4 37.7 37.7 '9999 25706 36.1 35.4 70.6 75.0 38.4 3e.5 37.4 '9999 700 37.3 37.5 e 6.8 ??.5 33.2 37.6 37.9 +9999 []800 36.1 3 5 '. ! 70.1 7e.1 38.4 36.4 36.9 +9999 400 37.5 37.5 66.5 15.0 38.1 37.6 37.9 +9999 p].__* 900 36.0 3%.4 e6.9 74.1 38.4 36.4 37.5 +9999 900 37.5 37.4 67.2 75.7 38.0 37.6 37.4 +9999 g}1000 36.0 35.5 e6.7 74.5 38.4 36.4 37.6 +9999 2000 37.5 37.5 67.3 79.9 38.0 37.6 37.9 *999,9C::) lleo 3..i 35.6 eb.2 72.C 3a .5 3e.6 3s.3 +9999 1:00 37.5 47.5 e7.7 79.5 37.9 37.6 37.e *99 9

%sj 1200 36.5 36.0 # S .9 ??.0 78.6 36.e 38.5 *9999 1200 37.7 37.8 67.5 79.7 33.3 37.6 38.5 '9999 ""j[")1300 36.5 36.3 6e.1 72.0 ?4.5 36.6 39.9 +9999 1300 31.9 30.1 ed.0 61.0 38.2 37.8 32.1 '9999'%E, ) l*00 36.7 36.6 65.5 73.3 36.8 36.e 39.5 +9999 1400 38 .0 38.4 t u .9 a?.C 38.3 38.0 3f.C +9999 ([[[[)!$00 37.0 37.0 45.7 12.2 38.9 37 0 38.5 +9999 15F0 *9499 39.9 69.5 8?.2 '9999 39.4 38.0 *9999
1600 37.0 31.2 65.2 7?.C ?8.9 37.1 38.? +9999 1*00 *1vsv 38.3 70.0 34.2 +9999 39.6 39.C +9999C25) 1700 37.2 17.2 65.5 71.8 30.9 37.2 30.4 +9999 1700 *1999 38.4 10.2 84.4 ??.9 39.5 39.6 +9999J2h 1400 37.2 31.1 e 5.9 73.7 30.9 37.1 39.5 +9999 1400 *9v99 38.4 70.5 e31 30.4 39.3 38.9 +9999
ls.J 31.2 37.2 66.0 73.3 38.9 37.2 39.4 e9999 1900 *91a9 30.4 70.7 83.3 34.4 38.4 30.* +9999" " 200J 37.4 37.2 65.4 73.4 38.9 37.2 J8.5 +9999 2000 +9v99 39.5 71.5 63.5 39.4 38.6 38.0 +99*9

( )2100 37.4 37.3 eh.3 71.5 30.9 37.5 33.1 e9999 2500 +9999 36.5 71.s 84.9 is.1 39.7 37.9 *99992200 37.5 37.4 64.9 72.5 38.9 37.6 39.5 *9999 2200 *9999 38.5 71.5 84.4 30 8 30.0 39.0 *9999 ke
2300 37.5 37.4 e5.0 71.3 38.9 37.9 39.3 +9899 2300 *9999 38.5 71. t 44.5 38.9 39.C 38 3 +9999 r*' '
2*00 37.5 37.3 64.0 10.5 39 .4 37.9 39.9 +9999 2400 +9999 30.6 71.5 s4.2 18.7 39.0 30.9 +9996 **'"*

Q* Q"+9999 C6 9999 -- t=5 vaunt =v NAleu=(Ilom
mr.frms
m.% ]p
eKh

*t#
_

5



TABLt 68. 041LY h 4 Ti t itmPit4TLat til DATA. TABLE 69. CAILY hatte iterftAitti til D AT A.
Cus c-C I T IE S SinflCw. Asalt 9 1979 Cua 0*C IllE S STAflCt. A8 Alt 40. 1979

e

COOLING CCOLING
Cr.N A L ----wCokiTRtat S t r.5C a s--- CANAL ----0C*k5fatA9 3Et:5CR5---

Tief LP5TAfan Thiant COLD Cl 5C H AR GE A 8 C u ftpf UP5tefan itiasE COLD Dl5C0 ARGE A B C D

END END
103 *9999 39.6 71.4 64.0 34 .0 39.0 37.7 +9999 100 *9999 37.6 74.5 82.5 37.7 37.4 37.3 +9999
2CC *99*v 39.* 71.1 4?.9 30 .6 38.7 37.3 e9999 JC0 +9995 37.5 72.4 41.5 17.7 37.6 37.8 +9999

303 +9999 39.5 71.J e4.1 34.5 3P.6 37.9 *9v99 300 +999* 37.5 71.9 42.0 37.5 37.4 37.4 +9999
4C0 *9v99 39.* 7J.9 e?.9 30 4 36.e 31.5 *9999 600 *99*9 37.4 72.0 8?.4 37.4 37.4 37.7 +9999

SCO *9999 39.5 7J.7 e3.7 38 .4 38.6 37.8 89999 500 *4499 37.3 71.5 64.0 37.5 37.4 37.4 +9999

4C0 *9999 #9.5 7J.S e4.1 36.2 38.4 37.7 *9999 400 ***99 11.2 7J.4 82.6 37.4 37.2 37.4 +9999
700 +9.99 39.6 7J .5 d4.0 34.4 38.3 37.7 +9999 700 *9999 31.1 70.0 e2.4 37.4 37.1 34.9 +9999

600 *4994 39.5 70.5 e?.2 36.3 3e.2 37.7 +9599 ,*03 +9999 37.0 70.0 +3.6 37.4 31.1 36.9 +9999

900 *9.99 3*.5 7].5 e5.2 ?7.9 32.1 31.9 *9999 900 +4999 31.0 70.6 84.6 '1.4 37.1 36.9 49999 )E
-4 37.2 37.2 +9999 )>1000 89494 39.4 ').6 45.? 37.9 39.I 38.0 *999g 1000 *9999 37.2 71.3 84.1

* 4 37.3 37.2 +9999 pq1100 **#9. 39.5 71.0 45.6 33.1 32.1 37.9 +9999 '70 *9,99 37.4 71.0 e4.0

1200 +9999 34.5 11.5 *6.0 30.u 39.1 39.0 *9v9t .203 *9999 37.S TJ.6 84.4 31.3 37.3 37.4 *9999 [=
1300 * * 'e 9 9 39.% 71.6 e5.5 38.C 39.1 37.9 +9399 1300 +4,99 37.e 7c.5 44.5 37.4 37.4 37.9 +9999 [3
1=03 *9599 36.5 72.0 et.3 ?9.C 32.1 37.* +9599 1603 '9994 39.0 71.6 e$.C ?7.4 37.6 39.? +9999 .g
IS30 89499 39.5 12.1 8t.5 38.J 37.9 37.6 '9$99 1500 **v99 39.1 72.0 e5.3 37.5 37.e s e .4 +9999 [)
1600 *9994 39.4 12.4 et.t ?6.2 37.0 37.7 6s999 1400 *9999 39.5 71.6 e*.4 17.e 37.7 33.4 +9999

1700 **#99 39.4 7 / .4 ee.9 ?e.J 37.7 37.7 *cg99 1700 '999# 38.5 71.9 t$.C 37.9 38.0 30.4 +9999 25

1800 *99g, 3a.1 7J.2 86.0 ?e.G 37.7 37.6 +9v99 1800 **v94 s9.6 71.5 e5.0 37.9 30.1 30.9 +9999 gy
1900 *ev99 3R.0 12.5 66.0 35.n 37.7 39.C +9999 1900 '9999 39.5 71.6 85.0 37.9 39. 3 33.1 *9999

2000 +9#99 39.0 74.5 e5.8 ?9.1 i7.0 39.S +9,99 2000 +9#94 39.5 71.6 e4.9 36.J 36.2 30.4 +9999 2$

2tCO +999* 39.C 7J.5 65.e 37.9 37.4 J9.7 89999 2300 **.99 18.6 11.5 de.9 33.0 33.4 33.3 +9999 g[
2200 +9999 38.0 72.S es.5 33.c 37.7 39.5 ogv99 2200 +999* se.7 71.* e6.5 34.0 38.5 36.5 +9799

"3"3
2300 *9999 39.3 72.7 85.5 37.9 37.9 39.3 +9999 2500 *9594 39.6 71.7 84.C 38.4 30.6 38.5 +9999

2603 +4999 37.6 72.5 34.5 37.9 37.e 3e.s *9+99 2 00 +9995 38.9 71.S 83.0 34.= 36.6 3s.4 *9999 ()
25~~

ra
O TAtti 70. 04 It Y b A TE R TErff8Aftaf (fl DATA. TA8LE 71. CalLV hafte T1mptsattat til DATA.

CuaJ.Clitt5 STAfl0m. APkIL 11. 1979 Cua0-CIIIt5 StaitC9 APnit 12. 1979 IQ

C 00'. I NGCOOLING
CANAL ----oC+%57aEAu $gt.5Cg5... CANAL ... 0Cok578 TAP set $CRS---

Tipi 08518 EAR ThfAPE COLO DI SC H AR C F t 8 C d fluf LPSIDF Am thiang CCLD ogSCoastf A 8 C D [=EbbEND
100 +9999 39.0 71.2 e2.5 35.4 34.6 39.% +9999 100 +9999 30.7 71.1 84.0 39.9 38.7 36.0 +9999 U)
200 **999 39.0 71.G 63.9 34.4 30.t 39.4 s9999 20G +9v99 39.6 72.G so.9 40.0 39.5 35.9 +9999 ()
300 *9999 39.0 71.0 64.1 37.4 39.7 37.6 *9999 300 '9999 30.7 72.5 ab.C 39.4 38.7 35.6 +9999

E""I400 *9499 39.5 'O.5 a4.5 +9999 39.e 36.5 89999 400 **499 39.0 74.5 so.1 4a.0 39.* 35.e *9999
500 *9599 33.0 7J.S 84.1 +9999 39.7 37.3 **v99 SCO +9999 39.0 72.6 se.5 40.0 39.1 36.3 +9999 2E
600 +0#99 39.0 Ts.C 82.5 *9999 39.5 37.5 +9999 4C0 *9999 39.4 7=.1 a7.S 40.2 39.3 36.3 +9999 []
700 *9499 37.% 7].'w 8'.C 36.v 39.1 38.C +9999 700 * 9 'e 9 9 39.0 75.0 49.0 43 0 39.C 38.C +9999 gl

---. a00 *1999 37.9 49.7 e?.2 37.9 38.6 28.4 *9999 **o **994 39.0 75.b et.8 41.0 30.5 38.3 +9999 gg
903 *9,e9 39.3 7J.0 91.C 37.7 38.3 18.9 *4999 +t0 *999, 19.? 15.7 49.6 41.1 39.* 30.5 +9999

(22) luCO *9s94 39.5 7. 3 63.5 37.9 38.3 30.5 *9999 1000 **999 39.5 74 3 49.1 43.1 39.9 39.9 +9999
*%sj 1100 *9599 19.9 64.4 43.1 37.9 38.1 38.5 +9999 1100 *9999 39.9 7*.9 s9.9 41.5 39.1 39.1 *9999

' ,,3 39.11200 *E999 39.0 a v .S e2.5 37.9 39.9 *9199 1200 39.J 40.2 77.3 89.e 41.5 39.4 39.3 *9999 (:::;)3300 *;-9 39.0 12.i .2.. >>.9 3 .I 37.9 '9599 iiC0 39.5 ,1.i 7*.6 90.i 41.6 39.9 39.5 +9999-

!=01 *4999 st.5 10.S 64.* 39.C 39.' 3 6.P +9999 1603 3 'v . 9 43.5 77.5 9C.6 42.0 4C.C 39.9 +9999 ,,
,s&([)f1500 *9999 39.7 71.J 84.9 38.3 38.3 38.5 *4v99 1500 4w.= 42.0 17.0 90.4 42.s =0.5 ,0.5 +9999

1600 *9 99 39.* 71.9 a5.5 '9999 39.C 39.2 *9999 16C0 'w.S 42.5 77.0 WC.? 42.4 *C.5 4C.! *1999
Ehm 1700 *9999 30.0 7s.6 84.5 *9999 39.3 39.2 *9999 1700 41.C 42.5 7 F .0 9C.6 42.5 4C.9 * 0.4 +9999

J[_f.7.y}( ['*1400 84999 39.1 7a.C e4.4 **999 39.1 17.1 +9w99 14C0 41.= 42.5 77.J 90.4 42.S 41.C 40.S +9999( p.
1900 +4999 38.e 74.0 e5.3 *9999 59. 0 36.C *9v99 1900 A l .S 42.7 77.4 90.2 42.5 *l.0 41. C +9999
2000 +9999 39.5 74.0 at.5 **999 30.1 36.5 +9v99 2000 41.5 *2.5 7?.1 9C.C 4J.h *1.5 41.5 *19*9 , .j
2100 *;99v 38.3 71.0 et.% 37.J 39.1 If.C '9999 2tCO 44.e 43 0 77.1 9C.9 43.0 ,3.e *3.4 e9999 =c2 ,,

2200 *9599 39.0 ev.3 64 0 ?s.S 39.0 35.9 +9v99 2200 44.0 *).O 78.9 90.6 43.9 41.9 41.5 *9999 F'~5 %
"#2300 *9999 39.0 69.0 e2.C ?9.S 39.C 35.9 +9999 2300 42.4 49.2 76.4 90.C 43.2 42.C 41.6 +9e99

['3's $2)2*0J +9994 39.7 76.0 81.0 39.S 39.3 35.5 *9999 2603 42.5 63.5 76.0 9C.2 43.3 = 2. 0 *1.5 +9999

cG+9999 C. 4999 14siacuts? patFu4titLN--
*$, =.
s**

F



TASLt 72. D AIL T ba it a finPEtaitaf til D AT A. TASLt 73. DAILY 6ATER ftpPEtaltaf 171 OATA.
.Cuao-CITIts 5TATION. APRIL 13. 19}9 CUAO.C lilt 5 S T1TICN." APa lt 14 1979

COOLING COOLING
CNL ...-uCoh518IA* 5 t l.5 0 R 5... CANAL ....uteh5TAFAP 51P5CR5...Tief LP5Tefan thTAst COLD 015CHA86f A 6 C D IINI DP5IRf4M lhTAPE COLD Ol3(Napyg g B C D

.

E p.0 END
100 42.5 63.5 75.7 90.0 43.5 42.2 +1.5 e9999 100 44.0 44.0 76.o 86.4 44.2 43.0 43.0 9999200 42.5 43.5 7e.1 e1.9 43.4 *2.2 43.5 +9999 200 43.6 44.7 76.6 te.C 44.0 43.C 41.C e9999300 42.e 43.6 76.4 47.5 43.2 42.1 48.2 e9999 300 43.o 45.0 7e.0 es.6 44.3 43.0 43.0 e9999400 *t.S 43.6 76.1 s8.7 43.2 *2.0 *1.0 e9599 400 43.6 45.0 75.0 a5.C 44.0 42.9 42.7 +9999500 42.5 43.6 76.0 89.1 43.1 41.9 41.1 e9999 500 43.5 45.0 74.5 a4.0 44 0 42.6 42.4 e9999600 42.5 43.5 7).9 89.9 42.9 41.5 *l.1 e9399 600 43.2 44.7 7*.0 43.5 44.0 42.5 42.9 +9999100 44.5 43.5 73.3 90.1 43.0 41.5 *I.1 e9999 700 43.2 44.5 73.9 e?.C 43.8 42.5 42.4 +9999800 42.2 43.6 7*.9 89.5 43.0 41.4 40.7 e9999 800 43.4 44.5 73.6 42.6 43.8 +2.5 42.5 +9999re 00 42.2 43.7 75.3 89.5 43.0 43.2 4c.e e9999 900 4 3 .. 44.5 72.9 62.4 43.9 42.5 42.2 +9999 11000 4/.4 43.6 75.5 89.7 43.0 41.5 *0.7 9999 1000 43.s 44.5 72.6 a1.6 44.0 42.5 42.7 +9999 >1800 48.5 44.0 74.0 90.1 43.1 *1.5 ,1.2 +999v 1100 4 's . 6 44.7 72.4 83.9 44.0 42.4 42.6 +9999 N1200 44.7 44.3 76.3 9C.5 43.3 +1.6 41.0 e9v99 1203 **.O 45.2 7J.6 8?.5 44.0 42.5 42.5 e9999 r"1300 43.0 44.5 73.6 9C.2 43.5 *2.0 *I.0 esv99 1300 42 45.5 72.5 e3.5 44.4 ,3.0 *2.6 e9999 m1400 43.1 44.6 75.5 3 C .5 43.5 *2.C *I.5 e99ev 1400 44.0 46.0 72.2 a?.4 44.5 ,3.2 43.C

e ,,,9 9 _(e991500 an5 44.9 n .6 90.5 o .i 42.c * 1.5 e9499 500 44.9 *6.2 24.5 .3.9 44.5 43.5 43.0 , O1600 43.4 44.9 75.6 9C.7 43.6 42.2 sl.6 +9999 1600 e5.6 46.5 74.5 a?.7 44.6 43.6 43.2
e *,9 99 Z
e9i200 o .5 44.. n .5 9C.7 o .6 *i.? *l.7 e,m nieu o .i 46.5 n .1 so.5 44.7 a.6 +3.5 9,1800 43.5 44.9 12.5 99.9 43.6 +2.5 42.0 +9999 IACO 45.1 %6.5 72.1 e ?.9 44.5 43.9 43.9 e99991900 46.6 44.7 75.5 9!.6 43.v *2.5 42.2 *9,99 1900 45.0 46.5 72.u s?.5 44.5 44.C 44.0 +999
e 9 9,,9 Z2000 41.6 44.7 '5.6 91 7 45.0 42.. 42.5 e9999 2003 *s.4 46.5 72.3 a3.6 45.J 44.i 44.22600 44.0 44.7 n.3 92.3 44.0 42.9 42.5 es,99 25C0 o.2 +4.4 72.6 e3.7 44.7 *4.4 44.C e9999 (2200 43.6 44.7 76.5 90.5 44.0 42.5 42.9 e9,99 2200 45.5 46 5 72.5 e4.0 65.u 44.5 44.5 +9999

E""2300 43.6 44.7 76.5 88.4 44.1 43.0 44.6 e9999 2300 45.5 46.5 72.5 a3.6 45.G 44.5 44.5 +99992600 44.0 +4.9 76.7 e6.7 44 1 43.1 *2.9 e9999 2400 45.5 46.5 72.4 e3.5 45.1 44.5 44.3 9999 0-
o Z*

IABLE 74 CalLT b4 Tit TJfftAIL8f IFl DATA. IABLE 75. DAIL Y W A Yt t TEPPfkATLif 158 OATA. {Cua0-CITIE S ST ATICN. A'RIL 15. 1979 Cua0.CITit5 STATION. Apalt 16. 1979
g

COOLING COOLING 2
CANAL ....w0 451RfAP 5 t l.50R 5.-- CANAL ----JCe45fktAP 5t*5Ca5.-. =4TipF LP5TREA4 thTAmt CCLD C15CPancf A B C 0 fluf UP5fet&M 14TAFE COLD C15CHA#Gf A 8 C 0 MEND END ("300 45.5 66.5 72.2 8?.e 45.1 44.5 44.1 e9999 100 45.5 48.5 76.5 92.5 45.8 45.9 46.3 +9999 E200 45.5 46.5 72.1 e5.C 45.1 *4.5 44.0 9999 200 45.4 48.5 7e.5 92.5 46.C 4e.C 44.s +9999

300 45.5 46.5 72.0 84.4 45.0 44.4 44.3 9999 300 45.5 40.5 76.1 93.0 46.0 45.9 44.e 9999 0
400 45.2 46.5 71.7 84.1 44.9 44.1 g3.9 9995 400 45.7 49.5 76.5 99.0 46.0 45.5 46.4 9999 %500 45.2 46.4 71.4 63.7 44.7 44.0 43.5 e9v99 500 45.4 46.5 76.5 92.9 45.t 45.6 46.3 e9999 2600 45.J 46.3 76.2 63.C 44.5 43.7 *3.? '9999 600 45.3 48.5 76.5 93.4 45.5 45.5 46.0 1999
700 44.9 46.0 71.5 t?.C 46.5 4?.5 4?.2 89999 100 45.2 48.4 76.6 92.9 45.0 45.3 45.9 e9999 0400 4*.v +6.0 71.0 83.0 44.5 43.5 +3.0 +9v99 abo 45.0 48.4 76.9 93.5 45.7 et.1 45.6 e9999 El900 4*.a 46.0 11.4' #e.2 44.4 4?.5 *1.C e9999 900 45.0 49.5 77.2 93.5 45.9 e4 45.e e9999 31000 45.0 46 1 71.5 81.5 44.5 43.5 *3.2 +9999 1000 45.2 +5.5 77.1 94.0 45.9 **.2 45.7 e9999

1800 45.2 46.5 72.0 e3.6 44.7 43.8 43.2 9999 1100 45.5 46.6 78.7 94.5 45.7 4'.4 46.0 +9999
% 1203 ee999 e99w9 e9999 +9999 e9999 e9999 89999 *9999 1200 45.5 48.9 7s.6 35.0 46.0 43.4 .6.0 e9999

13C0 89999 +99v9 e9999 e9999 *99g9 e99,9 99,9 9999 1300 45.9 49.0 79.5 95.e 46.0 e5.5 +6.1 e9999C 1400 e9999 e9999 '9999 e9999 ee999 **999 '9999 *9999 I'00 '57 48.5 80.0 95.9 45 1 4 5.e 46.5 e9999
1500 e9999 e9999 e9999 *9999 e9999 e9999 ovgS9 +9999 1500 4 e. 3 48.5 80.2 95.t 46.2 45.9 46 4 +9999
1600 *9999 89999 *9999 e9999 89999 *W999 *W999 e9999 1600 46.5 49.0 23.4 95.8 46.b 4 %.C 4t.5 +9

.0,9,99 ZND 1200 .9999 eleve e9999 e9999 e<999 ov999 ***99 e9499 1100 '.5 4e.8 eJ.5 95.4 46.3 40 46.. ,
1400 +9999 e9999 e9999 8v999 e9999 e,9,9 e9999 9999 1400 46.3 49.7 83.4 95.5 46 5 66 0 46.7 +99991900 e9999 e9949 +9999 +9999 e9999 e9999 e1994 e9999 1900 46.4 49.8 8J.3 95.7 46 5 46.1 46.9 e9999C 2000 45.0 47.9 75.4 90.6 45.7 45.3 *5.4 e9999 2000 46.5 48.7 eJ.1 95.1 4.5 a.6.1 47.1 +9999 -

.4% 2tC0 45.0 4e.0 75.8 91.4 45.9 45.5 45.7 +9999 ilCO 46.5 48.7 79.9 95.4 46.* 46.5 47.4
.,99,99

-e
2203 45.0 *e.C 76 0 91.s 46.0 45.7 46.1 e999, 2200 46.6 Se.9 79.9 95 8 46 6 46.e 47.4 r.ge. -os , ,
n 00 45.2 4. 3 n .2 92.e 46.0 65.9 *..i e9,99 n00 0.0 49.0 n.6 94.6 46 9 4. 9 a.5 e9999 ..e2603 45.4 49.2 76.4 92.3 46.5 46.0 46.3 e9999 2*D0 41.4 +9.0 79.0 94.5 47.0 47.0 47.5 +9999

e9999 On 9999 .. thlTRumfhi MALfuhCIlLN ""'"

M
n$ m

r-



T ABL E 76. DAIL9 b A Yt p TEMPERATLat IFl DATA. IA8LE 77. 04 tL T ba TE R TimpftATLaf IP) OATA.QuaQ-C li tt 5 5faitL9 APulL 17. 1979 OuaQ-Cllits Si&Tlcm. Apalt 10. 1975
CCOLING COOLING

CANAL ....uC+45TREAP SEr5Ch5--. CANAL
----GComittfAP SEN50A5---71*f LP5fREAM IhTAft COLD DISCHAact A e C D ftpf LP51 REAM lhfaut 085CHARG[ A $ ( g

COLD
END END

100 47.4 49.2 79.C 9?.1 47.0 47.0 48.0 *1999 100 49.0 48.2 79.0 95.6 48.0 49.0 49.5 89999200 47.5 49.5 78.4 96.4 47.1 47.C 47.0 '9999 200 49.0 49.3 79.0 9e.C 48.0 49.C 49.4 +9999300 47.7 49.6 7a.9 94.3 47.2 47.2 47.1 *1999 300 49.0 48.5 7e.s 94.0 48 0 49.0 50.0 +9999400 47.5 49.0 78.5 94.1 47.2 47.2 47.5 +9999 400 49.0 49.3 14.3 95.9 43.0 48.9 49.4 +9999500 47.4 49.7 74.4 93.8 47.1 47.0 47.5 +9999 Sc0 go.e es.4 73.j 95.6 47.6 48.5 49.I +9999600 47.3 49.5 77.1 93.3 47.0 47.0 47.4 +9999 600 43.3 43.1 Ts.g v5.5 47.5 43.3 49.3 +9999700 47.4 49.5 74.0 9?.C 47.0 4t.8 41.4 *9999 700 4s 0 g7.9 1s .4 95.5 47.7 47.7 43.9 +9999s00 47.1 49.4 77.9 93.5 4m.9 46.6 47.3 +9999 000 44.0 47.8 7s.3 95.6 47.6 47.0 49.4 +9999 ](900 47.3 49.4 18.5 93.5 46.9 4t.t 47.3 '9999 900 47.5 47.5 74.0 95.5 47.5 47.5 40.9 +9999 gp1000 47.5 49.6 16.6 94.4 46.9 46.7 *.1.2 *9999 1000 47.7 41.5 74.0 95.0 47.5 47.5 49.I +99991300 47.5 49.7 16 .7 94.6 46.b 46.6 47.2 *9999 1100 45.0 47.9 77.9 95.C 47.5 47.6 *e.5 +99991200 47.7 49.0 79.2 95.4 46.5 46.7 47.1 *9999 1200 48.4 48.1 78.0 95.3 47.5 47.7 49.5 +99991300 40.0 49.3 79.7 v5.9 46.5 46.7 w7.3 +9999 3300 48.4 40.4 7d.4 95.7 47.5 47.9 40.5 899991400 46.0 49.5 6J.0 95.7 47.0 47.0 47.2 +9999 1400 48.6 =9.6 7e.6 9e.0 47.5 48.0 48.5 +9999 "S1500 48.2 49.6 80.1 95.4 47 0 47.0 =7.5 +9999 1500 49.0 4g.1 7s.9 95.e 47.5 .g.3 ,s.9 +9999 ()1600 44.5 49.9 eJ.4 94.4 46.9 47.I 47.4 89499 1600 =w.0 49.2 79.2 9e.C 47.6 40.5 49.0 +9999 2[1700 44.5 49.9 BC.3 94.5 47.0 47.5 47.9 +9999 1100 49.3 49.3 79.2 9t.4 47.4 49.5 49.2 +9999ISCO 48.6 50.0 OJ.1 94.0 47.1 47.4 40.4 '9999 1400 49.5 49.5 79.6 d6.0 44.0 49.8 49.9 +9 v 99 EE1900 48.5 49.9 8J.0 93.e 47.3 =7.6 49.C +999 9 1900 49.6 49.5 00.2 96.0 48.3 49 1 50.1 +9999 j{2000 48.7 49.9 79.7 94.e 47.4 40.0 *8.5 '9999 2400 50.0 49.5 80.C 94.0 48.6 49.6 50.6 899992l00 49.0 .9.* 79.0 95.5 47.0 40.0 46.5 '9999 2l00 50.0 49.5 80.0 96.3 44.1 49.6 St.' '9999
gg

2200 49.3 50.0 76.e 91.8 47.0 40.3 40.7 +9599 2JC0 5J.I 49.7 79.9 96.4 48.4 49.9 50.6 +9999 ]]

--

2300 49.2 50.0 16.4 95.6 47.* 48.4 49 1 +9999 2tCO 50.* 49.5 79 .4 95.C 48.9 50.0 50.6 89999 ()>= 2400 49.7 50.5 78.7 96.0 4 7.t 40.7 49.2 +9979 2400 $3.5 49.8 74.0 92.5 48 9 50.0 50.1 *9999b)
O 25

Tasti 74. Dalty t & Yt t YturgaattaE Ifl DATA. TABLE 79 CAILY bA TER Tippf talbat 199 DATA.
CuaD-C 11115 Sin 11LN. A* alt 19 1979 tuAO-CITlt s ST AflLN. APRIL 20. 1979 UI

CCCLING COctlNG
CANAL ----LCoh5TREAP SEL5Ch5... CANAL ....dC*R57RtAP SEN$cas--- )>

'

flaf OP5TR14M thTApt COLD D15CHA8GF A B C D fimE LP5TREAM lhi&st COLD Ol5 CHARGE 8 8 C 9ENp END [=
100 49.7 49.6 7e.2 92.0 48.1 50.0 50.7 '9999 100 47.7 48.2 80.6 90.4 44.1 48.4 49.0 +9999 CO200 49.4 49.5 'd.0 93.2 48.0 49.7 20.4 89999 200 47.7 40.2 79.5 97.3 48.3 48.5 49.1 '9999 []300 49.2 49.4 77.1 9?.5 44.0 49.5 50.0 '9999 300 41.6 *n.1 78.5 91 9 48.2 40.5 49.0 '9999

E""I
400 44.4 49.2 77.0 9?.6 40.5 49.4 49.5 '9999 400 47.5 40.2 Sa.9 92.2 48.1 48.4 49.0- + 9 9 99500 46.9 49.0 '7.0 93.0 48.5 *9.0 49.5 '9999 500 47.6 ,9.2 79.4 92.3 48.3 48.3 =0.8 '9999 2E600 48.6 40.8 To.7 93.0 48.4 88.7 49.2 '9999 600 47.5 49.1 8J.0 92.7 44.3 48.3 49.0 + 9 9 99 []700 4b.2 49.7 77.3 93.7 46.5 40.6 49.0 +9999 700 47.5 48.3 #G.4 9?.3 44.2 40.3 49.C +9999 [3400 As.2 49.6 16.C 9?.! 49.4 49.6 49.0 +9999 000 47.6 48.2 F0.2 93.3 40.1 98.3 40.8 '9999900 47.9 48.3 78.1 93.C 48.1 48.4 49.C +9999 900 47.6 49.4 80.5 9?.9 48.J 48.? 48.9 899991000 4s.0 4m.3 7s 92.4 40.4 89999 1000 40.7 81 0 93.6 40.5 *99991.

5
48. 0

49.0
47.9, 40. 0 44. 1 O--i ,i C 0

-- . 43.9 ,*.2 .9 ,2.6 4 .i 4.. 0. +9999 iiC0 4..
4.

74 .6 94.i 4 4 40.7 4 .5 '9999i 00 47.8 4. 7 79.5 93.5 40.0 4,.3 4 0.. 9999 i200 4 9.cc, (;::;).? 2 .6 95.0 49.0 49.0 40.6 +9999i3eu 42.i 48.7 80.0 93.6 4. 0 0.3 4. 9 +9999 i3eo 4... 4..? 2.5 95.5 40.5 4..$ 4 .2 *9999' ~J 1403 47.s e s. 7 e J.! 94.4 es.6 40.e s9.C +9999 1.o0 48.7 49.0 e 3.2 95.4 4 s .4 40.6 4e.2 +9999
y

1500 47.0 49.2 84.0 93.5 48.6 40.7 *9.2 +9999 1500 89999 49.4 83.4 95.C 48.4 49.4 46.0 + 9 9 99
g )

1600 47.8 49.2 BC.C 9?.C 48.5 48.8 49.4 +9999 1600 '999# 49.0 e 3.9 96.5 +9999 50.5 44.5 *999911CO 47.7 49.2 8J .5 93.7 4a.5 49.2 49.2 '9999 1700 +9999 40.7 e .e 95.9 *9999 50.0 44.9 +9999 ([[[[)1000 47.8 46.6 sc.9 93.4 48.3 49.3 *9.5 +9999 1400 +9999 49.1 95.0 95.s +9999 50.4 46.8 +9999( ) 1900 47.0 49.2 91.2 93.4 48.0 49. 5 49.4 **v99 1600 *9999 48.9 95.0 95.4 +9999 50.6 46.9 +9999 c._d
,y. ,.

Ch. 2000 47.5 48.1 81.C 9?.C 41.7 49.6 %9.0 +9999 2000 +9999 49.6 e5.0 95.0 *Sv99 51.0 47.0 +9999 u-~s==2100 47.9 47.0 8C.5 9C.C 4a.5 48.9 49.0 *9999 2l00 *9999 48.9 f5.6 9t.C +9999 St.C 47.4 '9999 *"T

{g'["fs$$
2200 47.4 47.8 84.3 se.0 48.6 40.0 = 9.5 '9999 2200 +9999 49.0 82.6 96.4 *9999 51.4 47.4 '99992300 47.7 49.6 80.6 49.0 48.6 40.6 40.9 *9999 23e4 +9999 49.0 09.4 94 .4 *t999 51.3 = 9.9 *99992*00 47.7 44.2 80.5 90.5 48.9 48.5 49.0 S9999 3*ee **999 49.0 86.3 98.4 '9999 50.9 47.9 +9999 ggG;qp

,2

'9999 fla 9999 -- Ig5 y Alptf ui mattwCg gy D
r-



latLE eu. 0Af Lv b A ftp YLWPERATLuf til DATA. TA8Lt 81. D Ait v b A f t p Yt*PfhAILRf ffl DATA.
CuAO-Cllit$ 51tTIC4 A*41L 21. 1979 Cass-L I Tit 5 StatiLN. Apalt 22* 1979

C00f. LNG CCOLING
CANAL --- wCoh5''tAs 5ttsrn5--- C r.N il ....wreh5fatAP Sth5Ch5---Yl*f LP5tetam IntAng COLD Dl5LMAtwf A e C u ftpf LP5fetan IhYA*t COLD cl*CPAPLF A 8 C ur Ws END

100 *9999 %9.0 93.3 92.C +9999 30.5 *8.2 +999w 10J '9999 50.2 s1.6 9f.' '9959 31.0 30.9 +9999200 *4499 $9.5 as.S v2.1 +9999 SC.4 s9.1 +9999 200 *9994 30.1 82.5 9C.C *o999 51.3 SC.9 +9999300 *9999 49.5 P,.0 91.5 89999 S0.0 49.9 *e999 300 +c99s St.4 *2.s 90.3 +9999 51.4 50.4 +9999400 *9999 49.4 *J.0 WC.6 '9999 49.6 = 9.0 +9999 400 *9999 S0.? 92.* 90.C *9999 51.0 50.4 *9999S00 *9999 49.5 e1.5 ea.5 +9999 %9.5 %8.9 +9999 S00 +4999 50.6 92.1 69.9 89999 51.0 S0.0 89999t00 +9999 49.g ag,y aq.e +s999 g9,5 gg.C +9999 600 +9999 S0.3 91.5 89.4 *9991 S0.9 49.0 +9999100 +9999 49.5 Pl.0 en .t '9949 49.4 we.9 +9999 WO *s99, St.0 61.0 ep.5 89999 S0.9 SC.C '9999a00 +9999 %9.4 sJ.7 69.9 +9999 * 9.2 49.6 +9999 s00 *a.S 50.! 93.2 de.e +9999 50.0 50.0 '9999900 '9#99 49.0 94.5 69.3 *9999 49.1 49.5 *9399 900 5d.S 50.3 *1.5 ge.1 +9999 50.C SC.C +9999 E1000 49.2 49.2 eu.S 69.0 *9999 %9.0 = 9 .1 +9999 1000 *J.7 50 6 *2.0 59.5 +0909 50.0 50.5 +9999 MD1100 49.3 49.0 93 a9.0 +9995 49.0 *9.C *9999 IICO %h.0 St.C *i.7 9C.3 *4999 iC.4 SC.4 +9999 Pd1200 49.* *9.0 P0.2 as.O *s959 49.1 %9.1 esv99 12C0 $1.* St.4 F2.7 90.5 89999 50.5 $3.9 89999 ["1300 49.* .9.1 81.0 60.5 +9959 ,4.1 49.0 *9v99 13C0 51.* St.6 83.0 *C.7 89959 50.7 $0.7 +9999 R]1*00 A v .S 49.5 81.2 o9.e *9959 49.2 49.1 +9959 1400 52.1 $2.0 63.3 v4.C #9949 St.C SC.9 +9999 -jISSO 49.6 *9.P *1.6 bc.7 +9999 49.5 49.0 *9999 1500 92.3 S2.2 93.6 94.0 *9999 $10 51.1 *9999 ()14C0 Sw.o St.C al.5 90.C +9959 =9.5 49.5 *1959 1*00 52.6 52.5 83.5 94.9 *T399 53.3 kl.5 *99991700 5J.O S0.0 ed.J 9C.5 *9959 40.5 59.5 *ov99 1700 52.e S2.5 P 3.4 v4.5 85959 SI.4 51.9 +9999 251000 Su.1 50.1 93.C 51.5 +9959 ,9.e %9.6 +4999 1sC0 5 2.e S2.6 m3.4 94.5 +9999 31.5 $2.1 +9999 gy1900 SJ.1 50.0 42.7 90.6 *4999 49.7 .9.6 +s599 1900 52.6 S2.7 9 '. . S 95.0 +9999 52.0 52.1 *99192000 50.1 S0.0 F4.5 v1.C +99s9 49.9 .9.7 *9v99 2400 53.0 52.7 e. 9 95.3 +9999 52.0 $2.8 '9999 -

2lC0 5J.0 50.0 *..S %?.C *9999 SC.C SC.2 *vv99 2l00 53 0 S2 9 84.9 94.7 89999 S2.3 53.C 89999 C[2200 49.9 49.9 92.% 9 2.t *4989 3C.1 30.1 *9999 220L $2.S S3.0 es.5 93.0 +9v%9 52.6 53.0 +9999 ""

2300 49.0 50.0 d a .2 92.4 +9999 50.5 $0.3 +9999 2300 92.0 $1.0 84.4 92.9 +9919 52.s S3.4 +9999 33*
w" 2403 *9999 $0.0 62.0 92.3 +9999 S0.8 $0.1 +9,99 2*03 52.1 S3.0 8*.3 92.5 *9999 22.9 59.5 +9999 ()
>-

1&RLt 42. DAILT b A TE R TE*PEWATLRf til DATA. IABL5 83. CAILV b4 Tit itMPERATLaf 159 DATA.
Cua0-CffIE5 STATIU9 APalt 23* 1919 Cua0-CITIE5 StailLt. Apalt 24* 1979

mCPOt ItJG CCOLING p
CAe%L --- ur*45TREA* 5thSCde--- CANAL ....JC*h5TRfAM Strica5---

4,flat tes tat An InfArt CCLD C 15 C M an c t A B C y flaf UP5titam thTA*E LLtD CllCpAaLF A B C d
FHD END g

I100 52.s s3.3 e .L 92.t *9999 52.8 23.5 *9999 103 93.9 $5.2 67.1 100.1 +9999 54.4 56.0 5a999
200 53.7 S1.3 74.. 92.* *999v SI.7 51.4 +9v99 200 54.0 $5.3 87.1 ICC.3 *9999 S4.2 50.0 69999 ($300 53.% S3.3 *2.7 92.6 '5999 $2 5 S1.4 *9999 300 5*.* 55.5 67.* ICC.1 *9959 $4.0 36.5 +9999 [y400 51.% S1.3 92.5 9?.* +9999 52.5 21.5 *?v99 6C; '4.5 55.3 97.J 16C.1 '9999 54.0 $6.2 +9999 -.

S00 $2.8 51.2 94.3 91.5 *9999 52.4 53.0 *9699 SCO 5%.2 $5.4 es.6 99.9 **996 S4.0 S6.2 +9999 D1
.c0 2.5 S3.c ,2.. 44.C +9959 S2.c S2.. *9999 .e0 s2.s Ss.2 .*.S 99.* +9959 S4.4 56.6 +9999 ;g
100 s3.5 %3.0 al .9 95.5 *cgc9 52.C 32.8 *9999 700 *9999 SS.7 P. 6 99.5 +9999 54.6 5e.5 +9999 g)*03 53.5 $3.0 e 2 .1 9e.2 *99S9 52.0 22.* **999 *CO '9929 $5.5 86.7 99.6 89999 54.0 S7.1 89999
900 91.4 51.0 * 2 .5 ve.1 *9,59 52.C $2.5 *9359 900 *949A 55.% P7.0 99.9 *9959 53.7 S7.4 +9999-__.

1094 Si.* D3.3 es.S 9t.3 *C999 S2.0 $ 2.t *9999 1000 *4999 55.5 87.0 99.9 +9999 53.5 $7.4 +9999 UI
(22) 1800 5s.S St.e 84.4 91.7 *5959 >I.1 $2.8 *9499 11C7 *9995 55.5 e7.0 99.5 89999 $3.5 57.0 +9999

| ")%sj 1200 53.s 53.4 P=.9 26.3 *599v $2.1 S2.3 '9993 3700 *C999 $5.3 * b .2 95.2 *9959 S3.4 56.7 +4989
1100 5%.0 $4.0 85.7 94.0 *sv99 S2.3 S3.0 +9999 13C3 *a994 55.5 en.e 99.3 ee999 53.5 36.5 +9999

'%E) 1 00 5%.0 54.0 45.1 99.1 =999, S2.5 51.9 *9999 1 03 +4,99 54.9 en.6 '9.5 +9999 $?.5 56.5 +9999.

IS0J 5%.) 54.2 ft.% 99.t e99%v S2.5 13.4 89v99 1503 *e#94 SS.6 Bo.6 v.6 *e999 23.5 36.0 +9999
1600 5 .! S4.3 **.S Ict.C +999, 22.7 53.t *9999 16CC *4sev S5.9 97.2 94.C +9999 33.5 >5.3 +9999E ) 1100 5%.3 54.5 *o.o ICC.C '9,5v S2.F 24.6 +9599 1700 *9,5v 56.2 P 7.0 98.5 '9999 23.6 55.5 '9v99

.gbm 1300 5*.5 54.6 80.9 100.0 oov99 23.0 S4.1 89999 180J +9v99 St.1 47.1 98.4 *9949 S 4 .4 36.1 89999
1900 %=.e S4.5 67.5 100.0 +9999 5 ?. 3 St.* + 1900 *4#99 59.6 87.3 *4 55.C $5.4 +

CDC) * .9,5,9 9 96. 4 .,9,99 *,99,992003 5.,, SS., .7.a iac.1 +9,,, 33.5 S4.5 , 20eo e,,9, SS.. 7.S , 4 , 9 55.2 55.2 , , 32l00 54.9 $4.9 7.3 IGC.4 *999, 33.9 54.5 89999 210J +4909 $5.1 87.J 96.1 *9399 $5.1 $5.1 +9499 88F.
8. i . !2200 5,.. S4.9 icC.5 899 9 S4.0 55.4 *9999 2200 *9,99 55 3 . . . . ,i.5 +99 9 55.i 55.5 +9999 "-----2300 5*.e 55.0 86.9 luc.) +9999 $4.0 S6.0 +9**9 2300 *9999 $5.5 9h.6 97.6 +9999 55.1 S5.0 +9v94$['[)2403 5*.3 S5.2 87.* IGO.4 +9999 S4.3 $6.1 +9999 2600 *9999 S5.5 97.0 99.0 +9999 56.3 54.5 + 9 9 9 9 mmmme.

*9999 Ce 9999 -- thifabafhf 'Alf0hC33Dh

r~~



TAatt 04. D AIL Y b4 Ti p T&sPfsattet Ifl DAFA. TABLE $5. 04f LY b4 TE R TEPPfRAILRE Ifl OATA.
Quay-CIT!!5 Stall 0W. APRIL 25. 1979 Quad-Clifts STAffLN. APRIL 26 1919

COOLING
COOLINGCANAL ....ofeASTREAP Stf.5CR5-** CANAL ----00e45 TREAD 5LN5Ca5---

ftpf UPSielAn InTApE i:OL D DI SCNat G E A B C 0 gget LP5tefan ImTAWE COLD CISCNARSE A B C 9[ND END
100 +9999 55.0 e7.0 99.0 +9999 S5.4 54.8 +9999 100 +9999 56.2 82.6 94.6 +9999 54.8 55.5 +9999200 +9999 54.8 81.2 98.C +9999 55.5 55.2 +9999 200 +9999 55.5 81.8 94.0 '9999 54.5 55.1 *9999
300 +9999 54.9 87.2 98 1 +9999 55.0 56.0 +9999 300 +9999 56.0 81.6 94.0 +9999 54.5 55 3 +9999
400 +9999 55.0 87.1 99.1 +9999 55.2 55.2 +9999 400 +9999 55.s 88.2 93.5 +9999 54.5 55.4 +9999
500 +9999 55.0 87.s 93.2 +9999 55.4 55.1 +9999 500 *9999 55.5 81.0 93.5 *9999 54.3 h5.0 +9999
600 **999 55.0 87.5 90.5 '9999 55.3 55.1 +9999 600 +9999 55.3 8J.6 93.4 +9999 54.3 55 0 +9999
100 **999 55.5 87.m 99.5 +9999 55.1 55.2 +9999 700 +9999 54.6 80.2 93.2 +9999 54.0 54.0 +9999400 +9999 55.3 47.6 98.6 +9999 55.2 54.8 +9999 e00 **999 54.6 0C.1 93.0 +9999 b4.0 54.5 +9999
900 89999 55.7 07.6 98.6 +9999 54.9 54.1 +9999 9eo +9999 55.0 00.7 93.5 +9999 54.C 54.1 '9999 I1000 *9999 55.8 97.5 99.0 +9999 54.5 54.1 +9999 1000 +9999 55.0 eJ.0 93.7 89999 54.0 54.9 +9999

1100 +9999 $+.3 ed.2 99.4 +9999 54.5 54.6 +9999 1800 +9v99 55.2 79.5 94.2 +9999 54.0 54.9 89999
1200 +9999 36.5 98.7 99.6 +9999 54.6 54.4 +9999 1200 +9999 55.0 79.6 94.5 '9999 54.1 55.C +9999
1300 +9999 56.6 es.4 99.6 **999 54.6 55.2 *9999 13eo *9999 55.6 e0.5 94.5 +9999 54.1 54.9 +9999
1400 +9999 96.2 9*.0 100.0 +9999 54.5 54.0 *9999 1400 *9999 55.6 79.e 45.C +9999 54.I 55 0 +9999
1500 +9999 26.2 88.3 BCC.0 +9999 54.6 54.9 +9999 1500 +9999 55.6 8J.0 95.0 +9999 54.2 55.0

+ 9 9,9,9, 01600 +9999 56.3 88.6 10C.C **999 54.4 54.9 +9999 1600 +9999 bl.6 aC.5 99.1 +9999 b4.3 55.4 *9
ee 99 56.3 8e.6 1C C .0 +9999 54.9 S4.9 +9999 Ijgo *e999 55.5 80.3 95.0 89999 54.3 55.5 89999 23100 v

1990 +9999 56.1 88.5 99.9 *9999 55.2 55.0 #9999 1800 *9999 55.5 90.6 94.s *9999 54.3 $5.4 +9999
1900 +9999 56.3 89.1 99 1 +9999 55.2 59.5 +9999 I900 +9999 55.5 40.6 94.9 '9999 54.5 55.9 +9999 E
204d +9999 56.5 98.1 99.1 +9999 h5.7 55.4 89999 2000 +9999 55.5 80.5 93.C +9999 54.5 b5.9 *9999 22100 +9999 55.6 06.5 97.5 89999 55.4 55.2 +9999 2500 '9999 55.3 80.4 90.7 89999 54.4 51.9 *$$99 (2200 +9999 56.0 a4.5 9e.9 +9999 56.0 54.9 +9999 2200 +9999 55.2 20.5 a7.5 +9999 54.9 54.0 +9999 --
2300 **199 59.9 93.5 95.8 +9999 55.9 54.9 +9999 2300 *9999 55.3 40.5 St.5 89999 54.s 55.9 89999 ]]
2400 +9999 56.0 02.9 95.0 '9999 55.C 55.3 +9999 2404 *9999 55.4 40.5 46.5 *9999 54.7 25.9 *9999 Q

LJ ZM
la tt i e6 CAIL9 mATla YkuttaAttar 179 DATA. TABLE 81. S A I L'T t& Tit TE M PE R AID &E Ifl SATA. {cuac-(Ifit 5 SistiLN. Apart 47, 19?? Cuad-CITIES Statice. Apalt 20. 1979 g

COOLING d
CANAL ----LC*k5ftfAP Sttsfus... CANAL --*-GCoh5fatap SEP50ks--- 4

Time IW5fAran thTAFE C 0t h D15Cuan6f A S C a T 8lef LP5tREAR INTang Col.D 015CNat6f a e C 0 )
END I"

100 #9999 55.4 ed.J 86.0 +9999 54.6 55.5 +9999 100 +9999 52.0 67.9 69.7 +9999 St.9 52.0 + 9 9 99
200 +9999 $9.3 79.5 se.1 +9999 54.5 55.5 +9999 200 +9999 51.7 67.e 69.2 +9999 51.5 52.C 89999 O
300 *9999 55.2 76.1 s?.C +9999 b4.5 55.5 +9999 300 +9999 $$.7 ed.3 87.0 +9999 51.5 52.0 +9999 0
400 *9999 55.2 77.8 87.4 89999 $4.* 55.4 +9999 400 +9999 53.5 64.J 91 6 +9999 51.4 52 0 *9999 g
500 *9999 54.9 7J.3 87.5 +9999 54.3 55 1 +9999 500 *9999 52.3 67.0 89.7 +9999 51.2 51.8 +9999
400 *e999 55.0 77.3 s7.5 +9999 S4.3 54.9 +9999 600 +9999 52.0 6*.0 88.5 *9999 51.0 51.0 +9999 2
700 +9999 54.7 77.5 47.C '9999 54.C S4.9 +9999 .00 +9999 51.6 65.5 87.5 *9999 51.0 51.7 89999 0
a00 #9999 54.6 77.4 87.0 *9999 54.0 54.9 +9999 900 +9999 51.4 65.3 47.0 +9999 51.0 51.6 +9999 gl
900 +9999 54.6 To.8 86.5 +9999 53.9 54.6 +9999 900 *9999 51.4 65.0 46.5 +9999 St.C 58.9 89999

C 1000 *9999 54.5 76.7 86.1 +9999 53.9 34.5 +9959 1000 *9999 51.4 es.e 87.0 *9999 51.1 51.9 +9999 I

C1800 *9999 54.4 76.4 e5.9 +9999 33.5 34.5 +9999 Ile0 89499 52.0 74.s 92.e +9999 51.1 51.9 + 9 9 99y
1200 #9499 54.5 15.1 87.9 **999 S3.5 $ 4.5 +9999 1200 +9999 52.6 73.6 94.5 **999 51.5 51.9 +9999

4 I)QQ **199 54.5 74.5 e t .5 +999d 53.4 $4.4 +9999 13QQ +9999 b). 2 74.$ 92.5 +9999 $1.5 52 I +9999 .

l*00 +9999 54.4 74 0 84.C +9999 >?.4 54.1 +9999 l*0a +9999 53.5 74.J 93.0 **999 51.5 52.4 *9999
1500 **999 54.2 73.0 al.C +9999 54.0 24.0 +9999 1500 *9999 53.8 73.5 93.2 89999 $1.5 $2.3 *9999 8"8

C 1600 *9999 53.4 TJ.0 17.4 +9999 53.5 h?.* +9999 1600 *9v99 53J 74.J 93.C +9999 51.5 52.3 **999
4 1700 **v99 59.0 72. A 16.4 +9999 53.0 53.4 **999 110u +9989 53.8 73.* 93.C +9999 51.4 52 .3 +9999

..sv- ~1800 +9994 59.0 71 8 14.5 +9999 b2.5 S3.4 *9999 1830 +9999 S4.0 75.4 93.5 +999, S2.0 52.5 *1999
.

C 1900 *9999 >3.0 71.5 73.0 +9999 S 2. 5 53.3 +9999 1900 *9999 54.5 7e.2 95.0 +9999 52.0 52.5 +9999 a6m '
2003 *e999 52.5 70.5 72.4 +9999 52.5 S3.0 +9999 2000 ***99 54.6 76.5 95.4 +9999 52.3 53.2 +9999 #

N2,500 ,5,2 . 9 *.9,99 2,10 J ,54.7 9..C 5,2. 4 "m -
*9999 52.5 69.4 71.C *9999 S2.9 +99 2 +9999 75.4 95 +9999 5 53.3 89399

, 00 *.999 52.5 69.0 70.5 8999, ,2.. .5 9 0 9999 4.5 n.3 .0 9999 .9 53.i +9999
2500 +9999 52.3 64.5 70.? +9999 52.5 52.5 +9999 2300 +9999 54.5 15.2 95.0 +9999 52.6 53 1 +9999 mes*

"?2400 +9499 52.0 64.0 70.0 +9999 52.0 S2.5 +9999 2 00 +9999 54.5 75.0 94.9 +9999 52.5 55.4 +9999 "d s*s

y-+9,99 Ca 9999 -- !=5:aualmt mateu=Ci109

r-



IABLE 98. DAILT haftR TEMPERATOAf fil DATA. TatLL 99. C A!L Y hAllR TEMPfAAILBf ffl CATA.Cwsa-CITits $1ATIC4 ADAIL J9 1919 CUAa-CITIE5 STATILN. A* AIL 30* 1979
C00t !NG COOLING
CMAL --. wC**.57RfA9 StF5th5... Cs.NAL ... 0Coh5TR(AM 5tk50A5-==fluf LP51Rfan IN'Ast COLD Ll5CHARLE A B C u Tipt L*5ftfAM INTARE CCLD C 15C H A n f.E A B C 0, . END

# END
10J +9999 54.9 75.e 94.5 +9999 S2.5 52.8 +9999 100 +9a99 $0.0 f7.0 69.4 +9999 50.6 50.8 '99992Du *4999 *99W9 *4999 #9999 #9999 '9999 '9999 +9999 J00 +9999 50.0 et.2 65.? +9999 50.4 50.9 +9999300 *9999 54.5 7$.1 94.9 89999 52.4 S2.6 +9999 300 ** v ov w9.5 e*.1 t*.4 +9999 S0.5 S0.5 +999940J +9999 55.0 75.3 92.! +9999 52.? 52.4 89999 400 #9999 49.5 67.5 e6.C +9999 50.4 50.5 +9999503 '9999 55.0 75.4 91.4 *9999 52.4 52.4 +9999 500 +9999 49 3 64.1 61.6 +9999 5C.I 50 3 +9999600 49909 55.2 7$.4 91.4 *9999 52.3 52.4 +9999 600 **999 69 1 60.0 e t .9 +9999 50.0 $0.1 +9999100 +9va9 $5.4 75.3 91.0 *9999 $2.? 52.1 *9999 103 +4995 *%.0 6, .S e?.C +9999 SC.( SC.C *9999*00 *9991 55.2 75.0 92.e *9999 $2.1 $2.0 *9999 s00 *9999 49.6 6*.5 64 9 +9995 49./ 49.9 '9999900 *"99 54.5 74.9 9?.9 89999 52.0 51.9 +9999 900 '9999 49.5 ov.5 66.5 +9999 49.4 49.4 +9995 11000 *9999 S5.0 7. 5 94.0 +9999 31.7 51.5 +9999 1000 *9999 48.5 es.S 67.7 *9999 49.3 49.3 +9999 )110) **v99 $4.6 73.9 94.4 *9999 51.4 ' 1. 6 +9999 1803 **v99 49.7 t o .% 7C.C +999v 49,5 49,5 #99"
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