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,Proceedings 

'.' . NPDESJ)el'mif IL0036919issued:byuie'IEPA on July 25 ,1990 .... 
requires the ,recirculated condenser cooling water discharges from the 
Clinton Power Station to satisfy the temperature effluent limitations '. 
stipulated by the Illinois 'pollution Control Board in its QrdersS8-97, 
(dated June 22, lSQ9).and 89~213 (dated June 21,1990). Compliance 
with these lin)ite.tions is to be demonstrated bycontinuou-;ly measuring .' 
the tempera.tu~ oftlie.cooling waterdiscbarge .to Clinton Lake. Special 
condition no/8<of the NPDESpermit alsorequh'es the station to conduct 
an Environmental Monitoring Program on Clinton Lake for purposes of 
collecting,f:\pp~priatewaterqua1ity and a.quatic life data so as to assess 
the impact of the.thertnal effluents from the power station on the lake. 
In conjunction with this lattertiftucy IP has continuously monitored 
temperatures' at.sev.eral locationsln. Clin.ton Lake (Figure 1) as well as 
the temperature of f)alt Cree}t immediately below the discharge from the 
Clinton. Lake dam ... Selected data developed pursuant .. to these monitoring 
programs is presented and evaluated in this report. The presentation of 
this data intrJs repolttsupplements the larger body of Environmental 
Monitoring Programinformation~cently published by IP (1,2) . 

- -

Permit and Regulatory Requirwents 

Two temperature effluent limitations are specified in the station's 
NPDES permit for the rech'culatedcondensel' cooling water discharge to 
Clinton Lake (outfall 002), those being: 

1) daily average discharge temperatures shall not exceed 99°F more 
than 90 days in any year, and 

(2) the daily average di.scharge temperature shall never exceed 110.7°F 
on any day. . 

These limitations were ordered by the IPCB as variances from the 
temperature effluent limitations specified in an earlier IPCB order (81-82, 
dated May 28, 1981). The variance limits currently apply through 
September 30, 1992. If IP submits its petition for permanent condenser 
cooling water discharge temperature effluent limitations with its heated 
effluent cooling lake demonstration (as required by section 302.211 (f) of 
the IPCB Subtitle C, Water Pollution Control regulations) to the IPCB by 
September 30, 1992 the IPCB will extend the duration of these variance 
limits to September 30, 1993. 

The temperature water quality standards of the IPCB as set forth 
in section 302.211 (b) through (e) of the water pollution control 
regulations previously cited apply tQ the discharge from Clinton Lake to 
Salt Creek. Those standards state:'· 
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water'temperatl.1~$atJre~resentative locations inthe streamsbaU' 
not, exceed: .• ' . . . ..' '. . . ." 

(a)JI300Fi,D10re thanonc percent of the hours duri:i1gDecember 
thryllgh, March; . 

(b) 63<>Fafariyd;hne<during December through March; 
. ' .. -'". . '. 

(C)aO~F·rri()l'e'.thanonepercentofthe hours during April through 
November; and. . . 

(d) 93°F at any UnteduringApril through November . 
. . ' ' .':.".-,-' -. . 

Summary· of Findings. and Conclusions 
. . - . , - . 

(1) Daily averegeflume dis~harge temperatures did not exceed the IPCB 
variance \NPDES permit effluent limits in 1988, 1989, 1990, or 1991. 

(2) 

(3) 

Daily average condenser cooling water flume discharge temperatures 
exceeded 99°F only 50 days in 1988 (Table 1), 10 days in 1989 
(Table 2), 7 days in 1990 (Table 3), and 58 days in 1991 (Table 
4) .. Similarly, the maximum daily average flume discharge 
temperature was 108°F in 1988 (Table 1), 104°F in 1989 (Table 2), 
100.10F in 1990 (Table 3), and l03.5°F in. 1991 (Table 4). 
Instantaneous maximum flume discharge temperatures observed 
during 1988, 1989, 1990, and 1991 were 109°F, 105°F, 102°F and 
1050F, respectively (,rable 1 through 'liable 4); 

No abnormal temperature changes occurred in the temperature of 
Salt Creek immediately below the Clinton Lake Dam (during the 1988 
through 1991 period) that would adversely affect aquatic life. 
Temperatures in the discharge fl'om Clinton Lake fluctuate slowly 
and within the range of naturally occurring temperatures. 

Normal seasonal temperature fluctuations occur in Salt Creek below 
the Clinton Lake Dam as evidenced by the range in daily and 
monthly average temperatl',res. . ' 

For the periods during which Salt Creek temperatures were 
monitored (Appendix A), daily average Salt Creek temperatures (as 
measured at site 1. 5) ranged from 40. 3°F to 84. 7°F in 1988 (,rable 
5), from 32.5°F to 82.3°F in 1989 (Table 6), from 33.SoF to 82.4°F 
in 1990 (Table 7), and from 33.5°F to 84.8%

' in 1991 (Table 8). 
Monthly average Salt Creek temperatures ranged from 40. aOF 



"".'A",·.".-:,,. ' ., . . .tQ8~.5~F'(A~~~t) during the mid -JUriethro~g~\~rl~ 
",.' "". '. '., ." ' '. ,()f 19S5 ('table 5). During the end of March:>', 

: '.' '.ea~ly December' 1989 period, monthly' average SlilltCreek
.telDpe,ratu'·~\Js ran~edfrom36°F(December) to 79.6°F(Jllly)(Table 

','&> ;\;MontlUyaverage Salt Creek temperatures ranged from3!L 2°F, 
- '(January)to79.8°F(AUgUst) during 1990 (Ta.ble 7) • During 1991, 

. -' monthl¥"verage Salt Creek ',' temperatures ranged" from 34 . 3°F" -
(January) to··S!. 9°F (July) , (TableS). 

(4) f)~lfCreektemperature differences were mo~than 50 Fgreatertharl 
riatlliial backgroUlld.temperatures on only four days during foul' 
years. SaltCreek ; temperatures are frequently equal to background. 
temperatures. 

The difference in daily average temperatures as measured in satt 
Creek (site L5) and natural background temperatures (as measured 
at $1te4) wasilever greater,~2°F in 1988 (Table 5), 5.4°F in 
1989 (Table 6), 3.soF hi 1990n'able 7), and 5.6°F in 1991 (Table 
8). TemperatuJ'6.differences greeter than 5°F were measured on 
two days in. 1989 and two days in 1991 (Tab!e 6, Table S). 

(5) Salt Creek temperatureRneverexceeded 60GFduring the December 
through March periods. of 1988 through 1991 nor did they exceed 
90°F du'ring the April through November period of those years 
(Table 5 through Table 8) ... 'l'he maximum monthly average 
temperature observed during the April through November period 
was 81.9°F (July,. 1991). The maximum monthly average 
tempe'rature observed during the December through March period 
was 45.1 OF (March, 1990). 

Monitoring Program DescriptioI'! 

Condenser cooling water discharge temperatures to Clinton Lake are 
monitored continuously at the end of the 3.1-mile discharge flume 
(Figure 1). Two temperature monitoring probes are submerged in the 
cooling water discharge flow at the base of the concrete discharge 
structure (site 15, Figure 1). Temperatures are recorded on a strip 
chart from which hourly values are manually read. The daily average 
discharge temperature is computed as the arithmetic average of 24 hourly 
values. The instantaneous maximum temperature values are also 
reported. 

Temperatures at various locations throughout Clinton Lake and the 
lake discharge to Salt Creek are also continuously recorded (Figure 1). 
Site 1.5 is the site at which Salt Creek temperatures are monitored. 
Site 4 was selected as the site at which naturally-occurring background 
temperatures would be collected. A description of these sites as well as 
the method used to monitor temperatures at each site is presented in 
section 6.4 of reference no. 2. 

With the exception of infrequently-occurring periods of usually 
short duration, temperatures at these locations have been continuously • 
monitored since July 1988. The discharge flume, site 1.5, and site 4 
temperature data through 1991 are tabulated in Appendix A. It should 
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';the.'~itQ4·tQmpen1tures tabulated in APpericUfA differ. 
't)!'iof;e·,'nr>es' e': nh~d, and discussed in the previously.referenced water '" ' 

''rhatsite4data is temperature profile data that was 
flRrlf1ln . Qt several minutes at. one~meterint.ervals'during 

, " ,,' ", ,the year.' , The site 4 data presented in. 
.' ,(and,pl"esentedas well, in Chapter 6 of the 'BiologicaL report 

(2) Is ,which was collected continuously of the lake waters being 
<lra~:flt depth of approximatE!ly 12 to 15 feet from the lake into the 
sw.tlQri~' , ' 

-, ?-:-':-":."--" 

, , , 

, " ' " MeM~~~average andrnaximum daily temperatures of the ' , 
recirculated condenser cooling water discharge to Clinton Lake, from ' 
Jantiaryl,1988 through December 31, 1991 are .tabulatedinAppemlix 
A. As these.waters arellctually discharged from the 3.1 .. mile long 
diSCharge flume ,tbis discliarge is most commonly referred to as the' 
tlume discharge. ' Graphical presentations of this data are presented as 
apPt!ndixfigures B-2 throughB-5. 

Discharge flume temperatures are most directly influenced by, station 
power levels. Discharge flume temperatures are also related to influent 
cooling water temperatures (site 4). Influent cooling water temperatures 
are for all practical purposes only affected by local meteol'ological 
conditions. These effects are somewhat lessened as intake cooling waters 
are drawn from approximately 12 to 15 feet beneath the surface of the 
lake. Daily station power levels are also tabulated in Appendix A. A 
graphical presentation of these station power levels is presented as 
appendix figure B-1. 

1988 

During 1988 average daily flume discharge temperatures ranged from 
41°F (March; Table 1) \0 108°F (July; Table 1). The instantaneous 
maximum temperature measured during 1988 was 109°F (August; Table 
1). Monthly average flume discharge temperatures ranged from 55°F 
(March; Table 1) to 103°F (August; Table 1). Monthly average station 
power levels dUl'ing July and August were 87.9 and 84.6 percent. 
respectively. Daily average flume discharge temperatures exceeded 99°F 
three days in June, 23 days in July, and 24 days in August (Table 1) 
for a yearly total of 50 days (Table 1). 

1989 

Average daily flume discharge temperatures ranged from 32. 9°F 
(February; Table 2) to 104°F (July; Table 2) in 1989. The 
instantaneous maximum temperature measured during 1989 was 105°F 
(July; Table 2). Monthly average flume discharge temperatures ranged 
from 35. 3°F (February; Table 2) to 92. 6°F (Aug:ust; Table 2). Monthly 
average station power levels during July and August were 51.8 and 69.7 
percent, respectively. Daily average flume discharge temperatures 
exceeded 99°F eight days in July, and two days in August (Table 2) for 
a yearly total of 10 days. 
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·990.~veragedaily. flume.disch8.rge temperaturesi'ange~.tr,oa(·., • ,.'. 
Fet,ru'l'l' and, Ma~ch;Table 3) to lOO.l°F (AugustjTable3);,r:r~e,;', . 

lns:talllU\net)US J1lIlXimlllD temperature measured during 1990 was 102°F .• ' .. ' 
>< . ...1fi.bl(3). ....Monthlyaverage. flume .. discharge temperatures, ranged ....... . .... . 

' .•..• , .. , .... '38~3~R ...• (J)~ceinber; ··Table 3) tci9S. 9°:F( August; '. Table 3) •. " . Month1yr~' '.' ,'. ,'. 
,a!erage:,static»n iIDwer,leyels during July . and August were 37 .5an(87)? ...•. 
pe~nt..r~spef::tivf!ly. . Daily averagenume disch8.rge temperatu~~ . 

•. exce.e,cied,9~OF,twodi1YSJn,J\1.ly,andothreedaYs in August~. and two 
daYllin;Septernber(Table 3) . fora yearly total of sevi' J.days. 

'1991 

, Averagetiall.y . flume discharge . temperatures . ranged from 34. 9~F 
(FeblouaryLTable 4) tol03,5°P (July; Table 4) in 1991. The 
instantaneous lIUlltimum temperature measured dUl:"1ng 1991 was 105°F 

. (July; Table 4). Monthly average nume d,ischarge temperatures ranged 
from 37. 29 F (January} Table 4) to 101. 3°F(July; Table 4).. Monthly 
average sta:tionpower levels<dul'ingJulYEl~d August were 98.0 and 
.98 .• 6 pe.rcelit~respectively. .DaUyavera~flume discharge temperatures 
exceeded 99°F one day in May, 16 days in June, 27 days in July, 11 

.' days in August, and three days in September (Table 4) for a yeal'1y 
total of. 58 days. 

Site 1.5' Temperature Data 

Measured average daily temperatures of Salt Creek immediately 
below the Clinton Lake dam dis(!harge are tabulated in Appendix A. 
This data extends generally from mid-June 1988 through December 31, 
1991 except for the January through March periods in 1989 and 1990. 
Stream temperatures were not measured during those periods because the 
temperature monitoring instrument was removed for servicing and 
calibration. Graphical presentations of this data are presented as 
appendix figuI"~s C-1 through C-5. 

1988 

During the mid-June through early December period of 1988 average 
daily stream temperatures ranged from 40.3°F ( December; Table 5) to 
84.7°F (August; Table 5). Monthly average stream temperatures ranged 
from 40.8°F (DII~ceDlber; Table 5) to 81.5°F (August; Table 5). Daily 
average temperlltures did not exceed the 60°F/90°F IPCB monthly 
temperature water quality standards on any day during 1988. 

1989 

During the end of March through December period of 1989 average 
daily stream temperatures ranged from 32.5°F (December; Table 6) to 
S2.3°F (July; Table 6). Monthly average strewn temperatures ranged 
from 36°F (December; Table 6) to 79.61)F (July; Table 6). Daily average 
temperatures did not exceed the SOoF/90oF IPCB monthly temperature 
water quality standards on any day during 1989. •• 

'- '-,-
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......Thro*gh()u.talliof1991.ave~ge daily stream" tempel'8.tUl'esranged'.· 
from 33.5<!}t' (DE;cembel.";Tablfi8) to 64.S0F (June; Table 8). Monthly 
average'$treaxn temperatures ranged from 34. 3°F. (January; Table 8) to 
81!9°F(JulY;'rable. 8)(' Daily average temperatures did not exceed the 
60°F 1900 E ~PCE .monthly temperature water quality standards on any day 
during' 199t. . 

. COl11parison:~ih Natur81BackgroundTemperatures 
- ' .' -'.' . -.. , . .". ~ "..'" . -. " ... ' .". . - ; ,- , 

Watersiri SaltCreekimDlediatelY' below the dam have been 
discharged either from overtop the dam, i. e from the spillway, or from 
the underflow of the dam~ IP is obligated by agreements with the 
Illinois. Del>artment of.'l':rs;nsportation(Division of Water Resources) and 

'. the Illinois Department of Conservation to always release five cfs of 
water from the lake to Salt Creek. So as to assure compliance with this 
requirement, underflow waters are always released from the lake at a 
flow rate greaterthanfiv'e cfs. Underflow waters are drawn from the 
lake at a depth of approximately 22 feet. The presence of these 
underflow waters has two effects on the temperature of the waters in 
Salt Creek, those being (1) to cool Salt Creek stream temperatures below 
what those temperatures might otherwise be if only overflow waters from 
the surface of the lake weee being discharged, and (2) to stabilize Salt 
Creek temperatures as the temperature of the underflow waters changes 
relatively slowly. 

Recognizing these facts regarding the temperature characteristics of 
Salt Creek below the dam discharge, site 4 (Figure 1) temperatures (as 
tabulated in Appendix A) are considered to be most representative of 
what Salt Cre'l!k temperatures (below the dam) would be if the Clinton 
Power Station were not present. Please note that IP believes natural 
temperatures must reflect the reality of the presence of Clinton Lake. 
Natural temperatures should not be based upon stream temperatures, 
such as those which are measured at sites 3 and 5, as downstream Salt 
Creek temperatures would naturally be influenced by the impounding 
effects of the intervening lake. No discharge from any lake, cooling or 
noncooling, would be expected to exhibit temperature characteristics 
Similal' to a stream. 

Site 4 is the site in Clinton Lake from which the station draws its 
intake waters for cooling and drinking. Located on what was formerly 
the North Fork Salt Creek leg of the lake, this site is essentially beyond 
the thermal influence of the condenser cooling water discharge (Site 15, 
Figure 1). It is the farthest point on the cooling loop of the lake. As 
noted previously, waters at this site are drawn from a depth of 
approximately 12 to 15 feet. Therefore, the Site 4 temperatures are 



•.....•. ·.···:lbbWts1.lit~blefor 'baCkgroundcom~aris()nSbecause they are ._ 
.'. ' .. ' .. ·~Priseritative'of1ake ~emperatures at signifiCant depth, (2) beyond.>~, 
·sigriificarlt.tl\~r:m8.1'infbumceofthe flume discharge,and(3) not readily'; • 
, .. ,i~uence<i:,by;.JJ1om~ntarymeteorological effects. 'Continuously . measured' 
,temperafures aFtheQilierlake sites (Figure 1) were measured a.tadepth. 

" of approx:imatelyJone~half meter. where they would be influenced by 
. metf!Orolog1ca1'eff~cts and/or the recirculated condenser 'cooling water' 
disc~ge!~mthestation. 

__ : .,. , • _0" _ 

Tlieref~re, .. , using site 4 temperatures 'as natural background 
. temperatures, .. average daily .. Salt Creek temperatures were never more 
than2QFwarmer than site 4 temperatures during the mid-June through 
early December period of 1988 (Table 5). This maximum temperature . 
difference occurred during June. For the approximate five and one-half 

. month period when temperatures at both sites were being simultaneously 
monitored,averagedaUy Salt Creek. temperatures averaged 0.6°Fcooler 
than site 4 temperatures (Table 5). Average daily Salt Creek 
temperatures never exceeded average daily site 4 temperatures by more 
than 5°F during any day in 1988 ~ . 

During the late March through early December period of 1989, 
average daily Salt Creek temperatures were never more than 5.4°F 
warmer than the site 4 temperatures (Table 6). This maximum 
temperature difference also occurred during June. For the eight-month 
period when temperatures at both sites were being simultaneously 
monitored, average daily Salt Creek temperatures averaged O. 2°F cooler • 
than site 4 temperatures (Table 6 ). Average daily Salt Creek 
temperatures exceeded average daily site 4 temperatures by more than 
5°F during only two days in June of 1989 • 

During 1990, average daily Salt Creek temperatu:res were never 
more t.han 3. 6°F warmer than the site 4 temperatures (Table 7). This 
maximum temperature difference occurred dUl"'lng May. The yearly 
average daily Salt Creek temperatures was essentially equal to the yearly 
average site 4 temperature (Table 7). Average daily Salt Creek 
temperatures never exceeded average daily site 4 temperatures by more 
than 5°F during 1990. 

During 1991, average daily Salt Creek temperatures were never 
more than 5. 6°F warmer than the site 4 temperatures (Table 8). This 
maximum temperature difference occurred during June. The yearly 
average daily Salt Creek temperatures was approximately O.2°F warmer 
than the yearly average site 4 temperature (Table 8). Average daily 
Salt Creek temperatures exceeded average daily site 4 temperatures by 
more than 5°F during one day in May and one day in June. 

(1) Illinois Power Company. 1392. Clinton Power Station. 
Environmental Monitoring Program, Water Quality Report, 1978-1991. 

. Decatur, Illinois. 

(2) Illinois Power Company. 1992. Clinton Power Station. • 
Environmental Monitoring Program,Biological Report, Comparison of 
Preoperational Data (1983-1986) with Operational Data (1987-1991). 
Decatur, Illinois. 
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. -
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• • • 

I 



" 

Mi~.OaIlY AvO. temp. (n 
, ' 

Avg. MOllthlyTemp. (F) 
Max. Dally.Avg. Temp.(F) 

No~o' Days Dally Avg. 
Temp. > 60190.5td. , 

Comparison wi Site" (e) 

Min. Dally Avg. Tomp. Olfl. (F) 
Avg. Monlhly Temp. Ollr. (F)' 

Max. Dally Avg. T4mp. Dill. (F) 

No. of Oay~ Dally Avg .. 
Dill; > 5F 'Std. 

(a) Based on available dala 
(b) No data available 

37.1 
39.2 
An 1 

nl 

-6.7 
-2.7 
OJ~ , 

01 

38.4 '·.46:0 59.B 75.3 

45.1 50.162.6 73.9 18.6 
.4~Q !\h~ 60.2 68.2 80.3 82.,2 

nJ n I ," 01 01 0101 

~oAl -:q' -:1:5 
,(),~ r 0:8 ' 0.5 

' l) R, ' ,3.S '3:5 

oj 01 01 01 01 0,1 

(e) A negative temperature dlUerence Implies a cooler site 1.5 temperature 

----. 
77.7 67.7 53.9 4"1 ,33.6 

79.8 75.6 61 50.0 40.5 
.,,' 

54.8 62;4 82 68.2 48:2 

01 01 01, 01 0 

;..2:1 -1.5 -M! -1.3 (b) -6.7 

0:7 0.0 0.7 -0.9 (b) 0.0 

3.1 1.1 2.9 -0.6 (b) 3.6 

01 01 01 o i 0 

... -



·Paramaler 

. OallyAvg.TofllP.(f) 
Monthly T~. (F) 
Dally Avg.Temp. (F) 

Min. Dally Avg. Temp. 01lf.(F) 
AvO. Monthly Temp. Dill.. (F) 
Max. Dally Avg. Temp. 0111. (F) 

of Days Dally Avg. 
> SF Std. 

'AmN'M":atufA difference 

. ,. 
/' 

• 

I (b) 
(b) 

I 
(b) 

a cooler site 1.5 t ....... n .... "' .. r.; 

• 

-3'SI-3
.t) I 

0.9 -0.7 

•. 612" 

1· 0 

77.8 
79.3 
81;6 

-a.l 
..;0.7 

1.6 

0 

66.5 
7504 

81 

o 

-1.7 
-0.1 
0.9 

0 

61.8 
67.7 

-0.7 
0.4 
2;0 

0 

.4\5 .. 1 

o o 

-0.51 -2.1 
0.8 0.1 
2.5 1.3 

.. 
01 0 

• 
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":',\'.' ,';,;:.,', . 

.• ;;: DIl.',:, ~ov. . IJaIlVA~. ,Dally MaJ(. 1 DallvAvg. Daily Avg • c OallvAvg.: . Sit .. ; 
. ' 1,; ....... Flume Flum. Si181.5 : Site'" Flume-Site ... 1.5- ... 

. , ....•. -, -;': 
; ~~., ~- ·Temp . .' Temp., 'Temp. . '" Temp. Dill. Olft. .:!.~ 

'i(~)C (F) (F)' (F) (F) (F) (F) 
" 09112188 99.45 '94.0 ...•.. 95 74.2 .' 74.0 20.0 0.3 

09113188 99.80 . 95.0 ...... 95 74.0 ': ,7 .... 3 20.7 -0.3 
09114/88 100.05 " ..... 94.0 95 ,' ..... 73.8 74.0 20.0 '-0.2 .. ,," 
09!15188 99.28 93.0 , 94 74.S " 73.1 

. 20.0 1.8 
09116188 98;85 •. 92.0 94 74.6 73.2 18.8 .. 1.4 
09117/88 98.28 ..... 94.0 '" ' .. 96 '. 74.4 74.7 19.3 I' -0.3 
09118188 91.90 . '. 94.0 '. 95 - .. ,-' 74.1 75.2 18.8 .... ~1.1 

09119188 98.38 c" ' 93.0 94 " 73.6 74.1 18.9 -0.5 
09120188 99.65 91.0 .... 92 72.8 72.1 19.0 O.S 
09121/88 99.45 92.0 93 7~1 71.9 20.1 0.2 
09122188 99.05 92.0 93 , 12.4 72.5 19.5 . .;0,(\ '. 

09123188 97.68 .... '92.0 92 72.5 72.7 19.3 -(l.;::. 

09/24188 63.98 88.0 91 71.3 71.7 16.3 -O.4~ 
09125/88 74.02 . 81.0 90 ". , 70.7 10.8 16.2 . -0.1 I 

09126188 93.20 -aio 90 71.0' 71.2 '. 17.S -0.2 
09/27/88 98.08 91.0 92 71.4 71.5 19.5 -0.1 
09/28/88 99.23 , 91.0 92 71.2 71.6 19.4 -0.4 
09/29/88 98.75 91.0 92 71.8 71.8 19.3 0.0 
09/30188 98.55 92.0 92 72.6 72.0 20.0 0.6 
10101188 92.10 91.0 92 72.5 72.1 19.0 0.5 -10/02188 94.15 89.0 90 71.7 71.4 17.6 0.3 
10/03188 98.93 89.0 91 70.6 70.6 18.5 0.0 
10/04/88 99.33 88.0 89 69.2' 68.8 19.2 0.4 • 10/05/88 99.08 86.0 87 67.5 67.1 is.9 0 .• 
10106188 98.95 86.0 86 66.5 66.4 19.6 0.1 
10/07/88 98.90 85.0 86 65.8 65.8 19.3 0.0 
10/08188 76.43 82.0 85 65.2 65.1 17.0 0.2 
10109/88 91.25 82.0 84 64.9 64.7 17.3 0.2 

~ 

10/10/88 99.38 83.0 83 64.4 63.7 19.3 0.8 
10111188 93.33 82.0 83 63.6 62.9 19.2 0.8 
10/12188 99.38 82.0 62 62.6 61.9 20.2 0.8 
10113188 98.20 81.0 82 61.6 60.9 20.2 

_.-:-
0.0 . __ .-

10/14/88 97.88 79.0 80 60.8 60.2 1e.3 0.6 
10/15/88 97.18 80.0 80 61.0 60.4 19.7 0.6 
10116188 96.40 80.0 81 61.3 61.0 19.0 0.3 
10117/88 96.03 81.0 81 61.7 61.5 19.5 0.3 

~il8/88 96.18 80.4 81 61.4 61.4 19.1 0.0 
10/19/88 95.80 79.5 80 60.8 6004 19.2 0.4 
10/20/88 94.80 76.3 I~ 59.9 59.5 18.8 0.4 
10/21/88 94.63 n.s 78 r" 59.0 58.7 19.1 0.3 
10/22188 94.25 77.6 78 58.4 58.3" 

-. 
19.3 0.1 

10/23188 93.25 75.6 n 58.0 57.5 18.1 0.5 
10/24/88 93.48 73.4 74 56.8 55.8 17.7 1.0 -10/25/68 93.35 74.2 80 55.9 55.0 19.3 0.9 
10/26186 80.58 76.9 80 54.7 54.3 22.7 0.5 
10/27/88 93.60 80.1 81 54.0 53.7 26.4 0.3 
10/28188 92.0() 78.4 80 53.2 52.9 25.6 0.4 
10/29/88 82.10 77.7 79 52.3 52.3 ?5.5 0.0 
10/30/88 82.28 76.4 n 51.5 51.3 25.2 0.3 - • 10131188 91.53 78.0 &0 51.0 50.9 27.2 0.1 

0' 

11/01188 90.23 79.7 81 50.7 50.6 29.1 0.1 
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\;; ':\i.' >.' . . '. 

~>~, ~\;;;oat. ..power· Dally Avg. Dally Max.' DaUyAvg. Daily Avg. Daily Avg. Sltas···. 
,'\ .' . .L~ FhJmt Flu"" . Sltl1.5 ". S118" Flume-Sill'" 1.5 - '" 
'.<;, , ". • »,' '. I ·.1.mp'.1 Temp; , ·T""p. Temp. om. Din. 

•••..• ,:,'(IMI) '(F) ".! (F) (F) (F) (F) (F) 

.' 

04/04189' 0.00 .... 45.0 46 47.S .. 
.... 04l05I89 ' 0.00. . .. 44.9 ~ 47.5 " . 

.' 
'.' 

041(16189 '0.00 -.~. ". 49.2, 51 48.3 
04J01189 0.00 " 50.51 . ' ·55 48.2 .' 

... 
04108189 .0.00 49.5 ! 51 47.6 '. '.. " 
04109189 0.00 47.S; .' 48 46.9 
04110189 0.00 "7.2 r 49 46.S 49.2 -2.0 ';2.7 
04111/89 i··· .•. O.OO . ~.3j SO .. 46.2 49.1 -0.8 ':'2.9 
04112189 0.00 ···47.8 L· 49 ~.8 49.2 '-1.4 -2.4 
04113189 0.00 48.9 51 46.9 49.3 ~O." *2.4 
04114189 0.00 49.3 51 47.1 49.5 -0.2 .;2.4 
04/15/89 0.00 49.9 '.' 51 . 48.6 50.6 -0.7 -2.0 
04116189 0.00 ". 51.9 ." 54 ..a. 9 52.0 -0.1 -3.1 
04117/89 ,.0.00 52.1 . 53 50;3 52.2 -0.1 -1.9 
04118189 0.00 51.1 52 50.5 52.6 ~1.5 -2.1 
04119189 0.00 51.8 53 '. 52.1 52.9 -1.1 -0.8 
04/20189 0.00 52.5 54 52.0 54.4 -1.9 -2.4 
04121/89 0.00 53.S 55 53.1 54.4 -0.8 -1.3 
04122189 0.00 53.3 54 54.4 54.9 -1.6 -0.5 
04/23189 0.00 54.5 55 54.8 55.3 -0.8 -0.5 
04/24/89 0.00 56.0 58 56.1 56.0 0.0 0.1 
04/25/89 0.00 59.0 63 56.7 59.7 -0.7 -3.0 
04/26189 0.00 SO.9 63 60.4 59.8 1.1 0.6 
04/27/89 0.00 61.5 64 61.4 61.0 0.5 0.4 • 04/28189 0.00 61.8 63 62.4 62.5 -0.7 -0.1 
04/29/89 0.00 62.5 63 61.7 63.4 -0.9 ~1.7 

04/00/89 0.00 63.2 64 61.3 64.1 -0.9 -2.8 
05/01189 0.00 61.8 63 61.6 60.5 1.3 1.1 
05/02189 0.00 64.2 65 60.8 60.7 3.5 0.1 
05/03189 0.00 60.S 63 60.1 
05/04/89 0.00 59.7 62 59.3 59.8 -0.1 -0.5 
05/05/89 0.00 59.3 60 59.2 59.4 -0.1 -0.2 
05/06189 0.00 57.4 58 58.4 58.0 -0.6 0.4 
05/07/89 0.00 58.7 60 57.7 58.1 0.6 -0.4 
05/08189 0.00 59.6 61 57.8 58.0 1.6 -0.2 
05/09/89 0.00 58,6 59 57.7 57.7 0.9 -0.0 
05110/89 0.00 58.2 60 58.0 57.3 0.9 0.7 
05111/89 0.00 57.3 59 58.6 57.4 -0.1 1.2 
05112189 0.00 57.9 60 58.9 58.1 -0.2 0.8 -
05/13189 0.00 59.3 60 60.1 58.1 1.2 2.0 
05114/89 0.00 58.2 60 61.2 58.0 0.2 3.2 
05115/89 0.00 59.0 61 61.4 58.7 0,3 2.7 
05/16189 0.00 60.3 63 63.7 
05117/89 0.00 60.8 63 64.4 SO.S 0.2 3.8 
05118189 0.00 62.5 64 63.8 62.6 -0.1 1.2 
05/19/89 0.00 64.0 65 62.7 64.3 -0.3 -1.6 
05/20/89 0.00 65.9 67 62.8 65.3 0.6 -2.5 . 
05/21189 0.00 67.1 69 63.1 65.S 1.5 -2.5 
05122189 0.45 65.5 66 63.6 64.2 1.3 -0.6 
05/23189 1.13 66.0 68 63.4 65.2 0.8 -1.8 • 05/24/89 3.50 69.3 73 64.0 66.0 3.3 -2.0 
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~", ~"",'"": :c ...••.•..• :": ••• '. 

::'.' .' '.' 

:~oa. •. ,;: p~ ,'paily Avg; Dally Max. • [)ially Avg. DallvAvg;' DallyAvg. I $it .. · i 
"'",-"":,", 

; Lo!V.,r 1'>Flume ." . Flume .'. Slt.1.5 '. I··.· Site., . Flume:..Slte 4 1.5~", 
I 

" tTemp;···· Temp.' . Temp. Temp. DIU • Olff., . I" .. 

'(~)'.' , , '.,'. 
(F) (F) . "'(f) (F) (F) 

. 
(F) 

101Q9191 100.03 ., . 80.5 l .82 -- ... '. 63.2 63.1 17.4 0.1 
10110191 100.00 80.4 81 62.9 , 63.0 17.4 -0.1 1 

.' 

10111/91 .'89.93 79.8 :' 81 62.7 82.5 17.3 0.3 
10112/9" 50.45 ..... 75 .• 

'" 

76 62.1 61.8 13.8 0.3 .-
10113191 49.60 75.6 7«t 81.5 60.9 14.7 . 0.8 
10114191 50.18 74.6 75 81.2 60 .• 14.2 0.8 .. 
10115191· 49.83 74.5 75 60 .. 4 .' 59.8 14.9 0.8 
10116191 49:90 74.3 75 59.4 59.1 15.2 0,3 
10117191 72.05 15.4 81 59:! . 58.8 16.7 0.5 
10118191 98.10 80.8 84 ,~9.3 58.8 22.2 0.7 
10119191 99.28 , 82.8 84 .' 58.5 51.8 25.0 0.7 
10120(91 98.90 82.4 83 57.7 57.4 25.1 0.4 
10121/91 99.15 81.9 83 .. 57.1 57.0 24.9 0.1 
10122191 99.80 82.8 84 . 57.5 57.4 25.4 0.1 
10123191 99.93 ',' .... 84.0 85 ···.58.3 58.2 25.8 0.1 
10124191' 99.70 87.8 88 59.2 59.5 28.3 -0.3 
10125191 99.70 88.8 ... ' 90 . 59.8 60.3 28.5 -0.5 
10126191 99.53 89.0 . 89 60.7 60.4 28.6 0.3 
10127191 99.18 85.6 98 61.5 60.5 25.1 1.0 
10128191 99.45 84.3 85 62.2 60.2 24.1 2.0 
10129/91 99.38 86.0 87 62.5 60.7 25.3 1.8 
10130191 99.55 84.0 86 61.1 eo. 1 23.9 1.0 
10131191 98.98 03.0 83 59.4 58.6 24.4 0.8 
11/01/9' 99.18 79.a 83 58.9 57.6 22.2 1.3 
11/02191 99.03 75.4 76 56.1 53.7 21.7 2.4 
11/03191 98.28 73.6 75 53.1 50.3 23,3 2.8 
11/04/91 98.98 73.0 73 50.6 48.3 24.7 2.3 
11/05/91 99.88 71.8 72 49.0 47.4 24.4 1.6 
11/06191 99.95 72.5 73 48,2 46.7 25.8 1.5 
11107/91 99.85 71.5 13 45.9 45.5 26.0 0.4 
11/08191 99.63 69.7 71 44.6 44.4 25.3 0.2 
11/09/91 100.15 69.4 70 44.0 44.1 25.3 -0.1 
11110191 92.00 70.5 73 43.S 43.9 26.6 -0.3 
11/11/91 98.98 70.8 71 43.5 44.0 26.8 ~O.S 

11112191 99.85 69.2 70 43.4 43.6 25,7 -0.2 
11113191 99.88 69.9 71 43,3 43.7 26.2 -0.4 
11114/91 99.53 70.7 71 43.S 44.2 26.5 -0.4 
11/15/91 ~9.73 72.0 73 44.7 45.0 21.0 -0.3 
11/16191 69.35 57.8 73 45.6 45.2 12.6 0.4 
11/17/91 0.00 45.3 46 48.2 45.2 0.1 1.0 
11118191 0.00 47.3 49 47.1 47.1 0.2 0.0 
11119/S1 ·0.00 48.8 50 48.3 48.2 0.6 0.1 
~;gl 29.33 S4.1 58 49.1 48.6 6.1 0.5 

11/21/91 70.45 63.3 67 48.1 48.5 14.8 0.2 
11/22191 98.13 72.3 75 49.0 48.5 23.8 0.5 
11/23191 100.03 71.4 75 '48.5 47.5 23.9 -~ 
11/24/91 99.48 69.2 70 46.1 44.6 24.6 1.5 - 42.9 26.7 11/25191 100.55 69.5 70 45.2 2.4 
11/26191 ~.15 69.3 70 43.7 42.4 26.9 1.3 
11/27/91 27.95 55.2 67 43.5 42.5 12.7 1.0 • 11/28/91 62.53 54.8 61 44.3 43.1 11.7 1.2 
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• 

litni.ts~TllemOd~,lfnghasbee~ more than sufficiently verified tore-assess thethe~a1vanances 

and to,supportthe~concl\lsibnS of the asSessment study. 

Thedischargeflurne tl!mperature limitation ofnot exceeding 99 Fformorethan90 days 
, , ' 

h~beenfoulldto' be adequate. " However, the maximum temperature limit of 110.7 F caribe 

exceeded by time-varying factors'such as condenser cleanliness, circulating water flow rates,and 

heat rejection rates that directly affect, the condenser temperature rise. Limitations on opercltions 

due to these variables' are assessed and found to be reasonable . 

J. E. Edinger Associates, Inc. 92-120-R 



.·...·:~~fiij#s'ptbCtedingbeforethelllinois Pollution Control Board (IPCB) in' June, 1989' (pCB . 
. - .;:,.-"' '. 

8$:~7j"ilH~ois,'Jlower"s{GHnto~Po\Ver Station' was granted a variance from . the tem~rat\lre ,', 
,- , '. . '.," -.,. - . -.; .. -;. -~ ::-~ "",, . ~ - .,:- - - . -. ;. _.,'. - . - ,.' -'. 

'effluen~~laJt~atd{~(wer~appl~ed ~t .that timet~ the recirculating condenser cooHng",aterand; 

·se~ic~water'drScha.rgesj6 ClintQnLake., The variance limits ordered by the IPCB (dailY" 

,avelClgepiscllargetempeniture not~xceeding 99F more than 90 days per calendar year orllO.7 . 

F o~ ajty, day) weredev~lopediri'APpendixA 'based upon 1988 Station Qperating data provided. 

by IllinoisPoy;t!r'and long-term meteorological data for the Central Illinois area. The IPCB also .' 
, '. 

ordered in thisproceedingthattheVarlancelimits extend only until October 1, 1990. In a 

subsequent proceeding before.theIPCB (PCB 89-213) IF. requested and the IPCB approved an 

extension of the duration of these limits until October I, 1992 with a further extension to be 

• granted until October 1, 1993 ifIP filed its request for site-specific thermal standards by October 

I, 1992. 

During the period of the variance, IP personnel collected additional Station operating and 

Clinton Lake temperature data for 1989, 1990 and 1991 (1989-1991). Edinger Associates was 

retained to evaluate these data and to reassess the adequacy of the variance limits relative to the 

Station operations during spring, summer, and fall periods of various return frequencies. The 

investigations and conclusions regarding the adequacy of those limits are set forth in this report. 

The establishment ()fthe maximum temperature limit in Appendix A was based on 

examining the statistics of a long-term series of response temperatures (1955 to 1988) computed 

from Springfield, Illinois meteorological data. The hydrothermal modeling of the lake based on 

the 1988 conditions showed that the response temperatures were nearly identical to the Station 

• J. E. Edinger Associates. Inc. 92-120-R 



C·Jn~~J~Jl\pe~t~f~s.;whenthestIiicillwasoperating near to fufUoad.11te m~imumtemperatu~ 
.. " _,~:-7:~ :.- _ 0_," i.-: -_ - '. ',:1 -- _ .";. : -: ' ',", - . .., > - - • -", :": 

lim"r{Wasdetehnine<lbY adding" the Station discharge excess temperature rise (200 P ortl;! ~d 

tOJt'leone day-one year in thirty response temperature (intake temperature) as determined from 
• '::. '" • c' '. '.=,. _ ~ '"."' : . -- - _. -. " ; , 

. thenleteorologicalconditions (90.7 F or 32.6 C). Determination of the adequacy. of 'the 

maximum temperature Umitis performed in this study by further verifying the 1988 modelling, 

.•.. further demonstrating the ... relationship between Station intake temperatures and response· 

temperatures," and investigation onhe actual Station temperature rises that occurred during 198~, 

1990 and 1991. 

The number of days the discharge flume temperature would exceed 99 F was determined 

in the previous study· by adding. the mean Station excess temperature as determined from the 

GLVHT model (20°F or 11.1 °Cfor full load conditions) to daily response tempt;ratures for the 

• years 1955 through 1988; The number of days exceeding 99 F in each year were counted and 

ranked to determine the annual frequencies of occun-ences of days. Determination of the 

adequacy of the 90-day limit is performed in this study by comparing computations of excess 

temperatures for each of the 1989, 1990 and 1991 summer periods under actual operating 

conditions to the theoretical full load excess temperatures in the previous study. 

Verification of the rnod~l for 1989-1991 and the resulting excess temperature statistics 

for each year is presented in Section 3. Results from the previous analyses including the long 

term response temperature statistics and full load excess temperatures that are required in the 

adequacy assessment are presented in Section 4. The assessment of adequacy of the thermal 

limits is presented in Section 5. Presented in Section 6 is the determination of mean monthly 

temperatures for different annual return periods . 

• J. E. Edinger Associates, Inc. 92-120-R 



in Bu6hix;.ilik&1inger" (1984). ·IUsa ~ontinuously maintained model· that is supported by 

. routines toperiotni different types of analyses of model output. 

TheO~"HT<~rideli~bas~orithr longitudinal and vertical, laterallya;eraged equations. 

of momentum. continuity and constituent transport. The formulation includes the vertically 

varyinp, longitudinal momentulTl. balance, the vertical momentum in the form of the hydrostatic 
. . 

. .' ~ '. -

approximation, local continuity, the free-Water surface condition based on vertically integrated 

con~inuity, and longitudinal and vertical transport of any number of constituents. Constituents 

that determine density such as temperature and Salinity are related to momentum through an 

equation of state. The vertically varying longitudinal momentum includes local acceleration of 

• horizontal velocity, horizontal and vertical advective momentum transfer, the horizontal pressure 

gradient, and horizontal and vertical shear stress. Included in the ~atter are the surface wind 

stress and the bottom stress due to friction. The horizontal pressure gradient includes the 

barotropic surface slope and the baroclinic vertical integral of the horizontal density gradient 
_' ,. ~ :-.J ': 

which is the dominant term of density induced convective circulation. 

The time-varying solution technique of the model is based on an implicit scheme thCit 

results from thr. simultaneous solution of the horizontal momentum equation and the free-wat.~r 

surface equation of vertically integrated continuity. This technique results in the surface long 

wave equation that is solved on each time step to give the water surface profiles, from which 

the vertical pressure distribution can be determined. The horizontal momentum is then 

computed, followed by internal continuity and then constituent tfdl1Sport. Upwind differencing 

• J. E. Edinger Associates. Inc. 92-120-R 



·'hOrii,~~l~~lobiiyandade~sitY gradient dependentRichardson number function • 

.. Surface heat excharige is incorporated in the model using the term by term surface heat . 

.. · ex~hange relationship. For this relationship, the net rat e of surface heat exchange is given as: 

Hn = (Hs +Ha-Hsr-Har)-(Hbr+ He+ He) 

where Hn(watts/m2
) is the net rate of surface heat exchange; Hs is incoming shortwave 

radiation; Ha is incoming atmospheric radiation; Usr and Har are reflected shortwave and 

longwave radiation; Rbr is back radiation from the water surface; He is evaporative heat loss; 

• and Hc is conductive heat exchange. The individual terms are evaluated from the 

meteorological data of cloud cover, air temperature, dewpoint temperature, windspeed, and 

• 

atmospheric pressure. The methods of evaluation of the terms in Equation (2) are from 

Wunderlich (1972), Edinger, et al. (1974) and Jirka, et al, (1978). 

The only change made in the GL VHT model computations applied to the 1988 data and 

the present analysis for 1989, 1990 and 1991 is to the overflow spillway formula. This formula 

could be more accurately cal.ibrated because flows were going over the spillway during the 

present study periods . 

J. E. Edinger Associates, Inc. 92-12t).R 



;.&e h)~~itudinall~eSegmentatiOnand numbering is shown' in' Exhibit ' .. L'~i 
longitudin;d Segments are each 1518.S>m long. Also shown in Exhibit 1 isthelocation '()fthe 

- . --

bi~monthlYVertiduPt()~lingsit~s used for model verification. 

The geometry required in the 'mtidelis the laterally averaged widths of the lake over the, 

vertical i~ each longitudinal segment. These widths ~lfe ,shown in Exhibit 2. The verti~ 

thickness of the layers is 1.1 m with variable surface layer thickness. The relationship between 

lake elevation and model1ayers is giveninExhibit 2. 

The time series input data: required to nmthe model over realtime periods are the 

meteorological data of cloud cover, air temperature, dewpoint temperature, windspeed and wind 

• direction; the Station operating data of heat rejection rates, condenser cooling water pumping 

and service water pumping; and, the hydrological data of tributary surface inflows and 

temperatures and groundwater inflows and temperature. 

The 1989-1991 meteorological data were obtained hourly from the National Climatic Data 

Center for Springfield, Illinois. The 1989-1991 Station operating data were provided a., daily 

average values of power factors, condenser pumping rates and service water pumping rates by 

IPC personnel. The heat rejection rate was established as 6.713 x 10
9 

Btu/Hr at 100% power 

level and assumed to be proportional to the power level. Operational input data for the case 

simulations described in section 4 were provided by IPC personnel. 

Hydrological surface inflow data that was not available for 1988 was available for 1989-

1991. Groundwater inflow data for the lake were not available. There were flows over the 

• -
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- . -.'. - '- ~ - --', ' - .~- ~ . .' -. -. - . : - -

in1988 in·apreviouslysubmitted document (Appendix A). Tofurther assess themodel~ 

additionalfield studieswereconQucted in the years 1989, 1990 and 1991. Simulations using 
• -- > -'" -" -'-

time,.varying boundary condiUoridata for those years were made using the longitudinal-vertical" 

. model for indepeodent comparison to the observed field data. The model verification is a truly 

independent.comparison of ol}served and computed results. 
, -

Both point recorder continuous data and instantaneous vertical profile data sets were part 

of the observation program in Clinton Lake. The continuous data set consists of continuous 

temperature monitors at eight locations in Clinton Lake and one location immediately below the 

• dam on Salt Creek (Exhibit 3). Additionally, there are several other time series records 

available that provide opportunities to examine the model's performance. These records include 

Clinton Lake elevation, intake temperature, and discharge temperature. All of these data were 

compared to computed values in order to assess the accuracy of the model over long periods ot 

time. 

The vertical profile data set consists of monthly observations for the IPe Environmental 

Monitoring Program and the bi-monthly observations whose locations coincide with the 

longitudinal-vertical model segments. Since the bi-monthly data set is more frequent and its 

sites correspond to the model segmellts, it was liSed exclusively to assess the accuracy of the 

model at many locations and depths throughout the lake at specific times. Sites for the bi-

monthly vertical temperature observations sets are shown on Exhibit 1 . 

• J. E. Edinger Associates, Inc. 92-120-R 
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spillway. tempeta.ture (Exhi~~t3,Site 8); and,bltake temperature (Exhibit. 3, Site4) .•. ··111e,se··· 

sitespr~sent the enti~e~YcleOfcirCUlatingWaterflow in Clinton Lake from the heateJ discharge 
.. ~ - . 

th~ough the main bOdy oft~elaketotheintake. They also correspond to the figures shown in 

the previous rePort (Appendix A). 

Exhibit 4 shows flume discharge temperature comparisons for the years 1989, 1990 and 

1991. Theflume discharge temperature nas three components: the intake temperature, the 

• increase in .temperature due to condenser cooling. and cooling in the discharge canal. The 

comparisons show very good qualitative agreement with observed values, especially in 1991 

when CPS load is nearly steady at 100%. CPS load was lowest and most variable in 1989, 

particularly in the early part of the year when there are deviations of up to 1.5°C between 

observed and computed values. 

Exhibit 5 shows comparisons of observed and computed temperatures at the main beach 

(Site 12). As similarly shown in the previous study, the model slightly under-predicts 

temperatures at this location, most noticeably at the end of the year 1990. 

That under-predict.ion at Site 12 is a local phenomenon is shown by the next down-lake 

Station, Site 8, which is on the lake side of the spillway (Exhibit 6). This exhibit shows good 

qualitative agreement of computed and observed temperatures, including the late 1990 period 

• J. E. Edinger Associates, Inc. 92-120-R 



Agreementbetween()bserV~' 

andcom~ut~'il'ftaketempemtureSiSqUite good, as it was in the 1988 study~ 
The:statistlcsof the compute{! minus observe{! temperatures (C-O) are given in Exhibit 

8. 'The resultsiU'egoodtoexcellent,partlcularly for)991when the Stationwasatoi:'nearJOO 
, . 

percent load most of the time. Also shown is the comparison between intake temperatures and 

response temperatu'reswhich will be discussed later. 

Compari~ns fortbe Vertical PrQfile Dat;\ Set 

The performance of t.he model with respect to its ability to reproduce temperatures at 

many locations and depths tl1roughout the lake at specific times can be assessed by examining 

• the vertical temperature profile data. There are six dates available for comparison in 1989, nine 

dates in 1990 and eight dates in 1991. Computed and observed values for one date from each 

of these years when the CPS load has been near 100%. for at least several days prior to the 

survey are discussed here. 

Exhibit 9 shows computed and observed tempemture profiles at eight sites in Clinton 

Lake forJuly II, 1989. Agreement at all sites and depths is quite good, except for the deepest 

part of the profiles. This discrepancy does not persist (see, for example the other 100% load 

survey, August 22, 1989) and, as noted in the previous report, may be due to unaccounted 

groundwater inflow at low temperatures. The discrepancy does not effect the model's 

performance at the shallow sites, the Station intake and intake temperatures, or at the surface 

stations throughout the lake, nor is it carried over to other survey days . 

• J. E. Edinger Associates, Inc. 92-12O-R 



"o(th~ sumrnefwhen t~ec.}>s loadisnear' 100 %. Agreement in both cases is quite good. .1J._e 

re01alnilig'profil~~ata at16we~Station loads and different seaso~s 

comparisons. 

Compariso!1 QfIntAkeimd Response Thmperatures (0(1989.1990. 19.2.l 
~, . - -... -" - - . - :: - - . - - '.-

Us~ of the lon~' term meteorological records to establish the time series statistics 

necessary to eva1~~lte. the maximum temperature limit and the 99 F exceedence limit requires 

establishing a relationship bet',~eeli the' respOnse temperature which is computed from the 

meteorological data and temperatures on the lake. The response temperature can be interpreted 

• to be the ambient temperature of the fully' mixed lake with the Station operating (Edinger and 

Buchak. 1992). The results of the previous study showed that response temperatures best 

represented the Station intake temperature. This comparison is shown for 1989,1990 and 1991 

in Exhibit 12. The computed minus observed statistics for the difference in response 

temperature and the intake temperature are given iii Exhibit 8. The results further confirm that 

the response temperature is an excellent representation of the Station intake temperature . 

• J. E. Edinger Associates, Inc. 92-12O-R 



, 'Vlrf'fuooe{enibles· e"c~sstemperaturesto be calculatoo throughout the lake due" 
. - ~. -. ~, . - --

,·.t();lhe$tatiijrt·()periti<>ns;·Thetxcesst~mperatures are the . temperature rise above respo~se 

temperatur~dueto;ihe~eat source, Station pumping,suriace heitdissipation,recirclJlation,aItd' 

'meteorolOgiCal' conditions(prirnarilywindspeed). 

A su rt\ marY of the summer. of 1989, 1990 and 1991 (June through August) excess 
- ,.. -, .... - - -'. ;. 

temperatures as themeAAexcessitemperatures throughout the Jake, their standard deviation over 

the summer d~e to time-varyIng Station operations' and meteorological conditions, and the 

maximum value attained atany pointin the lake over the summer are given in Exhiljit13. 

Mean excess temperatures decay up and downthe lake away from the point of discharge 

due to surface heat dissipation and decrease vertically due to re-entrainment and mixing of cooler 

• water in the lake. The mean values of excess temperatlJres are low and standard deviations are 

high in 1989 and 1990 when there were large variations in Station output. The reverse is true 

for 1991 when the Station was near 100% power most of tlw time. The standard deviations 

decrease up and down the lake and in the vertical along with the mean excess temperatures. 

The excess temperature distributions as determined for continuous full load operation in 

the previous study are given in Exhibit 14. One evaluation of the adequacy of the thermal limits 

is that the excess temperatures computed for 1989·1991 should be fAlual to or less than the 

values found for the full load computations. Comparison of the excess temperature distributions 

and statistics for 1989, 1990 and 1991 as given in Exhibit 13 with Exhibit 14 shows that the 

excess temperatures are slightly higher for the latter than for any of the former. The excess 

temperatures in Exhibit 14 were, therefore, a reliable basis for estabhshing the variance limits . 

• J. E. Edinger Associates, Inc. 92-120-R 



·l.:ong'terrtl,~et¢Qrologi~recordS,';ere . obtai ned fro~ Springfi~ld, .. IninoisfJ(,~~~ 

through AUg~~tfr~m;955:~h~:Ugh 19~8; The hourly 1988 records were used intheabf)~e 
GLVflTsitnulations. The rec()r<isconsisted, of hourly, and in some yeatS tri-hOiJrly, '. dati of 

cloll4cover; airtemperature,dewPointtemperature, wi nd speed and wind direction.'rKeS¢ 
~-' .- ~ --c' ·_c ., - -. - . :', .:. "_ .- • _ - ~. , 

lengthy retordswete convertediilto houl'lywaterbody response temperatures which as mentioned 

previoiJslywould be the:watertemperaturethat would result from meteorological Conditions 
. -

alon~ without accounting for inflow hydrology, . stratification, or Station operations. 

The records foreach year were subjected to a duration analysis to determine the 

temperature equalled Or exceeded for a specified number of days. The results of the duration 

analysis for each year are shown in Exhibit 15. The 1 day duration (maximum daily average 

• temperature) for 1955 was 31.4 C (88.5 F) and did not recur until after 1978. However, as 

Exhibit 15 shows, temperatures near or at this value would have also occurred in 19RO and 1987 

making the 31.4 C the worst temperature in 7 to 8 years. 

Exhibit 16 shows 1-, 5~, 7-, 10-, 20-, and 30-day waterbody response temperature for 

1989! 1990 and 1991 in the current study period. Comparing these temperatures to the period 

of record statistics given in Exhibit 15 shows that 1991 (with respect to its effect on a 

waterbody) is a normal year, Le., very close to the one in two year return period, for all 

durations (Exhibit 17). The years 1989 and 1990 were cooler than normal. 

Adequacy of the thermal limits would require that the 1989-1991 results not change the 

long term statistics. Exhibit 16 shows that there were no extreme conditions during 1989-1991 

that would have altered the statistics derived from the 1955 through 1988 data set. 

• J. E. Edinger Associates, Inc. 



,I~':Q~deii~detel'mine the .• arimlal·. return periods' of. temperatures at each dtiration~.U1e 
,~_,~.~_ .. :.'~,-' :,;';-: ' ._' -\ i',~'" .', 

t~~~'ijlt~reswithi# ~ch dutationYl~n~ subjected to a Gurnbelextreme value Statistical·an~ysi~. '

The:Ou~t>el.anal)'Si$wa.stested for this data and found to describe the annual frequency oJ.'-
--. - -, 

return peri~ "witbwhichthe temperatures occur. 
- - . - - - . 

probability. or annualfrequency;-of equalling or exceeding a given temperature at a given -

duration' is 

P(T)=l~Exp[-Exp(-(T~b)/a)] 

where T is the tempetature;b=Tm+0.45S where Tro is the mean temperdture in the duration 

and S is the standard devi;ition;and, a=S/1.283. The mean temperature (Tm) and standard 

deviation(S) for each duration are given in Exhibit 15. The return period, in years, is 

• R= lIP(T) from the above equation. 

The overall frequency-duration analysis of the records from 1955 to 1988 can be 

generalized as shown in Exhibit 17 to give the maximum response temperature for a given return 

period and duration. In Exhibit 17, a given temperature would move diagonally downward for 

increasing durations and return periods; for example, 31.0 C (87,8 F) is the maximum 

temperature expected for one day ence in 5 years, for 5 days once in 8 years, for 10 days once 

in 18 years and so on. The one day once in 30 year value of 32.6 C (90.7 F) was used to 

establish the maximum temperature limit of 110.7 F for a Station 20 F temperature rise. 

Statistics for Durational Temperature Limit 

-Thel1u-mbef of days-the-disGhat=ge--Aum0-kmlpemtures-would excren-99 F was determined--

• J. E. Edinger Associates, Inc. 



• 

• 

··<dcteFmiAe.tb?ahnUalfL~ncle~~"ulTeAees ·of da~ 

Tw()operatingcasesvvere identifie4: (1) 100 percent power • 
.. - ,- "- -'~ - - -. . 

water flow, andthelak~ at-normal elevation: and; (2) 100 percent power, 100 percent 

circulating water flow t an~the lake atCilbwer elevation of 685.5 ft. These cases were evaluated .-
.~ - . 

to detennine lempent.tureeffectSinlhelake for normalStatiolloperntionsover the extremes of 
<- _ ' , 0 

- . 

lake level conditions reasonably anticipated. The results of these analyses are given in Exhibit 

18 and will be coni pared to the 1989,1990 and 1991 conditions in Section 5 . 

1. E. Edinger Associates, If/C. 92-120-R 



(b)furthet,\,eri{i~tibnofthemode1ing usedto evaiuate the thermalUmits; and, (c)re~evaluation . 

ofthevarianceiirnitsrelative to the ~statistics from which they were originally deriv~. 
~ ~ 

~])irect cl;lmparisonQfthe observed conditions for 1989,1990 and 1991 are made to the 

thermal variance 'limits injpC (1992). They showed that the flume temperaturesfof all three 

years were within 110.7 Pand that flume temperatures did not exceed 99 F for more than 90 

days for all three years. 

Numerous model verification results have been presented in previous sections of this 

report which support the accuracy of the model.. As shown in Section 3.2, the GLVHT model 

• accurately reproduces temperatures throughout the lake for three additional years. Second, as 

demonstrated in t.he previous study. response temperatures are further shown to be an accurate 

representation of Station btake temperatures and can be used in the long term statistical 

analyses. Third, as shown in Section 3.3, the full load modeled excess temperatures are an 

upper limit to the values computed in 1989-1991. 

The final step in the adequacy evaluation is to examine the flume discharge temperatures 

and the maximum temperature limits relative to the statistics fro.it 'vhich they were derived. 

These are presented in detail below. 

2Q-Day Flume DisQhar~e~rt:mt!~rature Limit 

Exhibit 19 gives the number of days that actual flume discharge temperatures exceeded 

• 92-12O-R 1. E. Edinger Associates, Inc. 
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• 

·~i;lt;fdr.~c~yeai~9~9,J99tl~d1991 . 

....•. A$ShOWnin~eCti9n 4/the year 1991 was a near~norma1 year for its temperatUre 

. statistics: .. Comparing the 580bSetved days in 1991 (lpe; 19?2) with the dischargeflllmc 

predictions in Exhibit18 shows that the statistical estimates of 60 to 63 ( .iys for a normal year 

are quite accurate. Si'milarly j Section 4 shows that 198~ and 1990 ambient· waterbody 

temperatures were~ooler than normal and Exhibit 19 for 1989 and 1990 gives fewer observed 

days than shown for the predicted flume discharge temperature in Exhibit 18. Therefore, the 

90-day variance limit appe.ars adequate based upon observed 1989, 1990, and 1991 flume 

discharge temperatures. 

Maximum Daily A'lerage Flum~ Discharge Temperature LimU 

The maximum daily average temperature limit was derived from the one day, one year 

in thirty response temperature of 32.6 C (Exhibit 17) added to the "'.laximum rise across the 

Station of 11.1 °C, ffJr a total of 43.7 C (110.7 F). Since the previous study had shown that 
-:.~'. /: 

response temperature closely follows intake temperature, response temperature plus the full load 

Station rise of 11.1 °C was used as an estimate of flume discharge temperatures. 

Exhibit 19 shuws the maximum ob5erved flume temperature for each of the three study 

years. The highest temperature was recorded on July 11, 1989. Although H.e 40.0 C observed 

is less than the maximum of 43.7 C, it is important to note that the 40.0 C is composed of the 

intake temperature of 28.4 C and the Station temperature rise of 11.6°C. This Station 

temperature rise is obtained by :mbtracting the observed tlume temperature from the intake 

temperature and includes the condenser temperature rise, cooling in the discharge canal and the 

J. E. Edinger Associates, Inc. 92-120-R 



}:~~ntimtfof:tfavelJ)Ctwec~n the iritak~_~ddj~t1~gC:fhime. 
- -J'-. -

". higtleHha.,"the COOlputed rrtaXimum used in the 1989 study. .1beperlod~~ri9g:,\;/· 

'Whi~~the~e ob~erV~ti()ns)ve(~()bWl\edwas·a.t<the end of a rUn"up in CPS reactor P9Wer frol11 , 
~,,:- .~-" ,-

O%tolQo,%and~ackt(),Q%in awriod~f 16 days. , m\d such an event OCcurredduri~g~a 

particularly hot' period,"it'iS, 'qUite possible that the maximum flume temperature w()uldh~ve 
ex~edthe43. 7 C limit. 

Lower Pllmpingratesmaycausethe 110.7 F limit to be exceeded. The 110.7 Fwas 
"." --' - . 

determined for a Station excess temperature rise of 20°F at a circulating cooling water pumping 

rate of 141Qcrfs. , Recent results (Davis, 1992) indicate that the circulating cooling water 
. . 

, . , 

pumping rate could be as low as 1305 cfsgiving a full load condenser rise of22.9°F. Assuming 

that the cooling through the drop structures would remain at 3 OF for this lower pumping rate, 

• then the 110.7 F would not be changed. Exhibit 19 shows a maximum condenser temperature 

rise of25.2°F (14°C) which gives a Station excess temperatures rise of22.2°F (12.3°C).From 

Exhibit 17 the latter would result in the 110.7 F being exceeded 7 to 10 days one year in thirty. 

A long term factor that may affect the maximum temperature limit of 110.7 F is 

sedimentation buildup in the lake. Its effect on the maximum temperature limit has been 

evaluated (Edinger, 1992). The evaluation shows that the 1 day in 30 year maximum 

temperature could reach Ill. 2 F. The return period of the present 11 O. 7 F would be reduced 

to 1 day in 21 years . 

• 1. E. Edinger Associates, Inc. 92-12O-R 
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, • , • ',.~, < _'., :0 ._: "~<; _ . . . .-, ~ - - , ' . -, ':.. . "-_ "_. 

temperatures at anyloeatioilinthe lake can be determined by adding the mean monthly response 

temperatures to the excess temperatures. 
'-.,"- . . 

The~eanmoothlyresponse temperaturesforaU months for 1955 through 1991 are given 

in Exhibit 20. The summary statistics ofthe normal year, the 1 in 10 year and the 1 in 30 year 

full load Station values for April through September are given in Exhibit 21. The values of the 

response temperatures should be added to the mean excess temperatures given in Exhibit 14·to 

obtajn the mean monthly temperature at any location in the lake for the Station at full load 

conditions . 
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. .. 

. .ThemOde1ing ~eslllts use(it9~etetlllii1e the discharge flume temperature limitS, E,x"ibit, 
". -" : ,,~.- ... 

14~requil'~;nC)ieyisions. andthe~tatisticru.pre<tictions 'of ~he discharge flume limits,Exhibiti~t:···· 
."" ":,_".--.;_.. . ~_ >-~:---~:<: ... -,. '._~ c. c c" 

haveprovena2curatefof 1989, 1990 and 1991. 
. . 

The statisticaL, basis of the maximum temperature limit does not need revisions . 

. However, time';varyi~gfa¢torssuchascondenSer cleanliness,circulating water flow rates, 'and· 
,. .-" --

heat rejection rates affect Station excess temperature rise. This variability could require load 

curtailment of 7to 10 days one year in thirty to stay within the 110.7 F. Secondly, long term 

sediment buildup in the lake could reduce the return period of the 110.7 F to 1 day in21 years . 

J. E. Edinger A.ssociates, lnc. 92-12o.R 
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Exhibit'l. GL,YHT'mo<telsegrnents and bi·monthlySampling sites, Clinton Lue,Cliflto&', JUinois:, ......... ,., '.' , . , . , . .' . .'. ,. ..,. " 

. -'.-

Exhlbif2. ,Gr:V~t finite'difference grid with Clinton Lake widths in meters shown for each' 

segmellt and layer. 

Exhibit 3;,Continuoustentpera.ture\mordtoring sites, Clinton Lake, Clinton, Illinois. 
'-. >.- .', ,':' -' -. -

Exhibit.4. Comparison;ofobserved (Site 15) and computed flume discharge temperatures for ' 
1989, 1990 and 1991. .. 

Exhibit 5. Comparison of observed and computed temperatures at the main beach (Site 12) for 
1989,1990 and.199L . 

Exhibit 6. Comparison of observed and computed temperatures at the lake side spillway lake 
(Site 8) for 1989, 1990 and 1991. 

Exhibit 7. Comparison of observed and computed irlu~ke temperatures (Site 4) for 1989, 1990 

and 1991. 

Exhibit 8. St.ll.tistics of computed minus observed temperatures for various Clinton Lake sites. 

Exhibit 9. Computed and observed temperature profiles at eight sites in Clinton Lake for July 
11, 1989. 

Exhibit 10. Computed and observed temperature profiles at eight sites in Clinton Lake for 
August 29, 1990. 

Exhibit 11. Computed and observed temperature profiles at eight sites in Clinton Lake for 
August 22, 1991. 

Exhibit 12. Comparison of observed intake temperatures (Site 4) with response temperature for 
1989, 1990 and 1991. 

Exhibit 13. June through August (Summer) excess temperatures for 1989, 1990 and 1991, 
presented as the mean excess temperatures throughout the lake, their standard deviation due to 
time-varying CPS operations and meteorological conditions, and the maximum value attained at 
any point in Clinton Lake. 

Exhibit 14. June through August (Summer) excess temperature means, standard deviations and 
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·>'·.·.·,.i;iM~iili,l1@l'~$Pori~ten1~rat~res (C) for a given duration for~ctt'y~,19SS,'tO . 
1988<withmeansaild standard deviations for each duration. '. . .... '. .... •. . .... 

Exhib.t16~ it.·5~.7 .. ,10~,20~j and 30-day waterbody response temperatures (C) for·1989, 
1990andl~L . . 

. . 

Exhibit 17 .•. ' Table of respOnse (intake)ternperatures (C) as a function of annuiU. frequencyan,{~ 
durationcomputedfromSpringfieldjlllinois climatological data for 1955 to 1988.' . . 

Exhibit~8. Days exceeding 99 Fat the discharge flulj1e and at the mixingzone fortase 1 and . 
Case 2 for normal year, oneyearin five, oneyearinten,one year in twentyaildoneyear in 
thirty. 

Exhibit 19. Maximllm'observed flume temperature for each of the three study years. 

Exhibit 20. Mean of the daily average response temperature in the month and year. 

Exhibit 21. April through September mean monthly response temperatures for the normal year, 
the 1 in 10 year, and the 1 in 30 year. . 
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··Thi~lCri~ssElf!~~t:ion 
CO" .·.'(1:iH213,3~ 

Ll 2i:r,·26 
1.:t,:·. ~n.16 
L1 '21()~06 
1.1·208.96 
L1207.86 
1.1 206.76 
1.1 205.66 
1.1 204.56 
1.1 203.46' 
1.1 i02.36 ' 
1.1 201.26 
1.1 200.16 
1.1 199:06 

Are'a 
Millions of m2 

. ·22.480 
21.366 
20.080 
16.998 
16.998 
12.954 
10.357 

7.814 
5.605 
3.993 
2.681 
1.328 

.372 

.038 

Cuinu1ative\101uri!~' 
Millions Qfm3 

157.371 
132:643 
109.140 

87.052 
68.354 
49.656 
35 ./~07 
24.014 
15.419 

9.254 
4.861 
1.912 

.451 

.042 

Mal! Referenc~§. Se&ments J..a~ers 

Davenport Bridge 3/4 
Route 54 Bridge 4/5 
Intake 5 7, 8, 9 

Dam overflow 8 5 
Dam underflow 8 10 
Route 14 Bridge 14/15 
Discharge flume 16 
Route 48 Bridge 17/18 

'Parnell Bridge 19/20 
Iron Bridge 23/24 
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~b1i$j line .,The vertical bars show dates of the bi· mollth)y suryey~; 
~ - '. • '. -, ., - - -' '." - - '. - - - - -- '. - •• : .-" < 

- , 

Clliiton Lake 
mabibeach, segment 12 
Run 5.04 

• • •• V· 

-- ,. • 

O~------r-~--~--~--~~--~.-----~ 
89120 89150 8~180 89210 89240 

time, yearldays 
89270 
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Q) 

~25 

E 
c;d 20 
~ 
(1) 

0-.15 S 
<l) 

+J 10 

" " 

Clinton'" Lake " 
:'xnain beacb. seement12 
"RU,ll 6.Q' 

T 
J 

o~----~---~--+---~~--~--+-~--~ 

90120 90150 90180 90210 90240 90270 
time, yearldays 



Cllnton· Lake .. 
. main beaoh, .selment12 Run .~.Q~ .... ... . . 

• 

O~_L_----~~--'-r~--~~~--~--~--~ 

91120 91150 91180 91210 91240 91270 
time, yearldays 

• 



• 

• 

;t~C:omPiiiisOn O;ObseN~aridcomputed tempetaturesat ttie lake side 'SPillWaYl~' 
Joc·· .. '.> .. "."·,. . .. 1991. The horizontal scale is a combination of a two-.digit ywarid 

, ....• The intervals are approximately monthly, beginnil1gwithMay and 
~"I'1.tPrnlh,..r .•. qb$erVed.·spmwaytemperatuyeSPl'e represented by the dots, computed. '.' . 

temioer.atur-es by'thesoUdUne',Thevertical bars show dates of the bi~monthly surveys, .. 

40 

35 

... 
(l,) 
~25 

E 
cd 20 
~ 
Q) 

~15 S 
Q) 

...., 10 

5 

Clinton 'Lake 
spillway (llikeside), segment 8 
Run 5.0' 

04--------~~--~r-~--~~~--~------~ 

69120 89160 89180 89210 89240 
time, yearldays 

89270 
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'CllntonLake ' ., 
spilllfll;f (lake side), selDlent 8 
Run,6.04·, .' , 

90150 90180 90210 90240 
time, yearldays 

90270 
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• 

.. 
a,) ]25 
~20 
.~ 

Q.) 

~15 S 
Q) 

.+oJ 10 

- '.- -

. CllntoD'Lake . 
spillway (lakeside), segment 8 
Run 7.02 

--

04-~--~--~--~~~~~--~--~~ 

91120 91150 91180 91210 91240 91270 
time, yearldays 



Cl1l1tOD .. Lake· . . . 
. . . intake tempera.ture 

. Run 5.04 ... 

• 

04-------~-------r------_r------~1------~1 
89120 89150 89180 89210 89240 89270 

time, yearldays 

• 



, ' ~ - " - - . 

. Clinton Lake 
"'intake ,,' temperature 
,Run 6.04 

-t----r-- I I I 
90150 90180 90210 90240 

time, yearldays 
-, 

90270 
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35 

C;.) ... 
30 .. 

Q) 
~ 25· 

E 
cd 20 
~ 
Q) 

CllntonLe.k:e 
... lntaketemperature 
.R:un. 7 ~Ol . 

~15 I 

S 
Q.) 

~ 10 

5 

o· t I -- t I 
91120 91150 91180 91210 91240 

time, yearldays 
I 

91270 



• 

• 

...... 
, .' 

1990 1991, 
S.tation Mean Stdev Mean Stdev Mean Stdev 

.c, > .. 
Flumeqis9harge .. 0.54 L36 0.22 0.99 0.78 0;83 

... ,. 
~~nbeaC~ c.· •• ; ..•....•. ", ~0.99 ...• -0.63 -1.06 0.85 -1.33 0.96 

SpIllway (1ak~ side) , -0.79 0.68 -0.3G 0.80 -0040 0.82 
1~~~~.--•.. ~..~~~~~-4~--~~~--~-'--~~----+-----~1 

Intake (comparooto -0.45 .,O~74 ~0.04 0.64 -0.25 0.70 
intake recorder)' 

Intake , (compared· to 
response temperature) 

0,67" 0.64 0.23 0.61 0.06 0.62 



ci,uiY04"';'~II.IIU(C) for 7/Wl9 

lilt 

". 3 5 • 10 12 14 16 18 

Sud'. 29.6 21.7. 21.6 29.1 30.9 ' 33.3 37.3 31.0 

0.5 29.7 28.7 21.6 29;1 30.9 33.3 37.3 31.1 

1.5 29.3 ·28.7 n.3 29;1 30.9 32.7 31.0 31.0 

U 21.9 21.7 25.1 29.1 30.8 32.0 36.0 30.1 

3.S 23;7 28.0 28.1 30.7 31.8 33.-4 29.9 

4.5 21.6 26.4 28.S 30.2 30.9 32.4 
5.S 27.4 15.7 28.1 25.5 28.1 
6.S 26.1 15.0 24.6 
7.S 23.8 
a.s 22.S 
9.S 20.8 

laoS 

computed lenlperatun;1 (C) for 7111189 

J£&. 

• de!!!!!, m 3 4 S 6 1 8 9 10 11 12 13 14 IS 16 17 18 21 

0.6 29.9 29.7 29.3 29.1 29.1 29.1 29.3 29.7 30.3 30.8 31.4 32.4 34.1 37.3 34.3 32.4 30.S 

1.7 29.2 29.2 28.8 28.6 28.4 28.4 28.7 29.2 29.8 30.4 31.1 32.1 33.S 34.9 33.1 31.6 29.8 

2.8 29.4 29.2 28.7 28.6 28.4 28.3 28.6 29.\ 29.6 30.3 31.1 320 33.2 33.9 32.7 

3.9 29.5 29.2 28.8 28.7 28.4 28.2 28.4 28.8 29.4 30.0 30.8 31.8 32.9 

5.0 29.1 28.9 28.6 28.2 28.0 28.2 28.5 29.1 29.6 30.3 

6.1 28.7 28.4 28.1 27.9 27.9 28.8 29.2 
7.2 28.3 27.9 27.7 27.7 
8.3 27.S 27.S 
9.4 27.3 

1M 
11.6 

• 



·5 ... ··11·· 12 16 18 

Surf. 18.2- 17,8 30,S :; ... 3 35.1 30.8 

0." 28.2 27.8 >30.5 3i2 35.3 30,6 

l.S 2'1.1 17.4 28.0 29.8 3 \.4 32.9 29.3 

1.5. 27.8 l7.2 17.S 29.7 30.7 32.2 28.6 

;U '1.7.1 1";:.0 27;4 28.6 30.S 31.6 

•. S 17:S 27.0 27.4 2i;J 29.5 3L2 
5.~ 1M 26.6 27.4 26.6 27.9 

6.S .26.S ZU 2.6.0 
70S lU 
1:5 25 .• 2-
9.S :2<!8 

10.S 

computed eemperature. (C) for 8129/90 

lei· 

• dm!l! • .Dl 3 4 5 6 7 II 9 10 \1 11 13 14 IS 16 17 18 21 

0.6 28.1 28.0 17.9 27.8 27.6 11.4 1'1.8 28.2 28.7 29.2 30.0 31.1 32.S 34:1 31.4 29.6 28.1 

1.7 28.0 18.0 27.7 27.6 27.4 27.2 27.S 28.0 28.S 29.0 29.8 30.8 32.0 33.2- 31.0 29.6 2il.0 

l.8 ·28.1 18.1 27.9 17.7 27.4 27;3 17 .. S 28.0 2B.4 28.7 29.S 30.4 31.4 32.1 31.0 

3.9 28.2 18.0 2H 27.6 27,4 27.3 27.5 27.8 28.1 28.5 29.2 30.1 31.0 

S.O 27.9 27.7 27.4 27.3 27.3 17.S 27.7 27.9 28.2 18.S 

6.1 27.4 17.2 27.1 27.2 27.3 27.6 27.9 

7.2 27.0 16.9 27.0 27.2 

8.3 26.8 26.9 
9.4 26.7 

10.S 
11.6 

• 



• 

• 

··','r::;16,! 
······~~i!:~< 
··2.fl4,7 
,3.5 ' 

.4:5',' 
'5.5 

6.5 
7J .:s .• 
9.S 

10,5 " 

','.>,5,,, 
26.7 
26.1 
25.4 ... 
1.0 
15.3 
15.2,. 
25.( 

eOfllllllled temperal\ll'CI (C) . for 8111191 

del!lh, !II 3 4 S 6 
0.6 14,9 25.2 25.3 1.~.4 

1.7 24.2 24.6 14.9 25.1 
1.8 24.1 24.6 24.9 25.3 
3.9 24.3 14.7 25.0 25.4 
5.0 24.7 25.0 25.4 

6.1 25.0 25.3 
7.2 25.1 
8.3 
9 .• 

10.5 
11.6 

;",-

• • 
.27.1, 

.'·26.7 

7 
25.6 
25.3 
25.S 
15.6 
25.S 
25.5 
25.3 
25.2 

26.\ 
16.() 
isj 

15.6 
2S.~ , 
u.~ 
25.3 
25.1 
25.1 

8 
25.7 
25.5 
25.6 
25.6 

' 25.6 
25,S 
25,S 
lS,s 
25,5 

';I 

25.6 
25.4 
25.6 
25.6 
25.6 
25.5 
25.4 

10 . 
.2.7.7 
27,3 
16~3 
26.3 ' 
16.i 
26.1 
25.7 

KII: 
10 J1 

25.11 26.1 
25.7 26.0 
25.9 26.2 
25~9 16.3 
25.1 26,2 

26.1 

.12 
29,3 
28,7 
27.9 . 
27.8 
21.7 
26.6 
16;4 
26.3 

il 
26.4 
26.0 
26.0 
26,2 
26,3 
26.5 

13 
27.4 
1,7.3 
27.3 
27.0 
26.8 

14 
3LS 
31;4 
29.6 
111.0 
28.7 
27.S 

14 
28.2 
28.2 
28.3 
28.1 

IS 
29.7 
29.3 
29.1 
28,9 

16 
35.1 
34.2 
33.S 
31.7 
19.7 

16 
33.4 
31.2 
29.3 

17 
2\'.9 
28.8 
27.7 

18 21 
27.4 24.0 
26.2 23.1 



• 

• 

<;QlroP~Ui$()1l0'l,ot)Servea"hltdcetemperatures' (Site 4 )withrespon'se te" ':mperalture 
·,,100n,li"'" . . .......... '.. . scale isa combination ofatwo-digit year.and • 

'. . .areapproximatelYt:Jlonthly;beginning with May and, endin~ '., 
' ..... '. ...O»served inta)<etemperatUref.are represented by the solid line. response 

tein~ratu,respy. t~e,dashed,Jhle. . . . 

35 

. .,. 
(1) 
~25 
~ .. 

..;..) 

cj 20 
~ 
Q) 

P-i
15 S 

OJ 
.+J 10 

5 

Clinton Lake 

,----~- response temperature 
----- totake te~perature 

o ---t----'T r 
89120 89150 89180 89210 89240 

time, yearldays 
I 

89270 
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• 

.. 
Q) 

~25 .s 
~ 20 
~. 

. Clinton Lake 

Q) \. 
P-c

15 S 
Cl) 

~ 10 

.------ response temperature 
5 intake temperature 

0-1-----. I I 1--, 
90120 90150 90180 90210 90240 90270 

. time, yearldays 



'-' ~ 

0,) 
. ~··25 
P .+J . 

~ 20 
~ ~ 

~15 ~ 
S 
Q) 

+J 10 

.------ response temperature 
5 intake temperature 

O~------r------r------~-----~I------~I 
91120 91150 911EIO 91210 91240 91270 

time, yearldays 

• 



M~~~XC •• S ,t~r.t;~r~~i~b; ' •• ' , ' 
, ~~~~~~~.~~'A ' " ~r~~~~~~JS~e~WM~nwt~N~~~'~r~ __ -'Y-__ " __ ~~~~ __ 4T~~.7'~"~'~'r'" 

WJ.t
S

" ..J.~ ,..i..
1

""·,'" .:1;.' '-="; ...I-' ..l,9 ...1Q... ...1L .JL ,.Jl.. .Ji..::ItO'.M.. 17.J.L.;,lL, 
.,.2.2 •• 1 .3',:4 .5 .7 1.0 1.3 1.8' 2.5 3.8 ,1.9 .3·','.0 5 

'6,.1 .1 2' ~3.3 .4.5 .6 .7 1.0 1.3 1;8 2.4 3
2

'.4° ',',8
6
, ,I "',6

1
,' 

1~1,1 ,.2 .3', ,,'.3 .4 .5 ,6 ,7 .9 1.2 1.5 2.1 
1 .1; 1 ',2.3.3 .4 .5 .5 .6 .8" 1.0 1.4 1.8 Ii 
9 ., .2<.3 .3 .4 .4 .5 .6 .7 .9 9 

10 .2.3.3 .4.4 .5.6 10 
11 " .3 :3 .3 .4 11 
12.3 .3 12 
13.3 13 

Stllndard deviation of ~xcesltenper.ture COC) 

- Se~nt N~r 

~ 3 4 .i. '..A-. .L 8 9 10 ..ll.. -11- .JL 14 15 .JL 11 

'* JJ 5 .or .W .16 .20 .24 .Jr .39- :47 .60 .81 1.14 ,:57 2:15 3.32 1:w' 
6 .08 .11 .17 ~23 .27 .34 ;41 ' .49 .60 .79 1.11 1.51 2.01 2.61 1.61 .79 " .07 6 

• 7 .09 .11 .18 .24 .28 .33 .39' . .46 .55 .6$ .94 1;30 1.n 2.11 1.43 7 
8 .10 .11 .17 .24 .28 .32 .37 .43 .50 .61 .83 1.15 1.57 8 
9 .12 .17 .23 .27 .31 .34 .39 .46 .55 .71 9 

10 .16 .22 .26 .29 .32 .42 .50 10 
11 .21 .25 .28 .30 11 
12 .24 .26 12 
13 .25 13 

Maximum excess temperature (OC) 

l "t 
Segll)(:f1t NLWOOer 

LII~er ... L 4 6 8 .L 10 11 12 .JL 14 15 -~ 17 .JL -ll. 
5 .3 :4 .6 :a 1.1 lT 1.4 IT IT IT 3.6 IT 6.2 8.9 5.7 3.4 .4 5 
6 .3 .4 .7 .9 1.1 1.3 1.5 1.7 2.1 2.7 3.4 4.3 5.8 7.5 4.8 2.8 .3 6 
7 .3 .4 .7 .9 1.1 1.2 1.4 1,6 1.9 2.4 3.3 4.2 5.4 6.4 4.5 1 
Il .4 .4 .7 .9 1.1 1.2 1.4 1.6 1.11 2.2 :S.? 4.0 4.9 8 
9 .5 .7 .9 1.1 1.2 1.3 1.5 1.7 2.1 2.9 9 

10 .6 .9 1.0 1.2 1.3 1.6 2.0 10 
11 .8 1.0 1.1 1.2 11 
12 .9 1.0 12 
13 .9 13 

• 



• 

• 

.8 

.8 
;7 .• 8 .9 
.7 ..• S 

.7 

. . ,. ,'-. 

5~AnderddeviatIOnof.xc.s' t.!'ature (0(;) . - -. 

J..m!: :t ..i.. I . 6"- "7 ..L '> 
5 .. .15 . .18 .23 .26." .W .35 .W 
6 .14 .18 .24 .27 .31 .37 .41 
7 .15 .17 .23 .27 ~31 .• 36 .41 
8 .16 .18 .22 .26: .30 .. .35 .40 
9 .19 .22 ;26 • 29 .34 .39 

10 .23 • 25 .28 .. .33 .38 
11 .24 .. .27 ;3; .37 
12· .26 .30 
1:S .29 

Maxill'Ull excess teq:MlratureC"C) 

lay~r I ..i.. I ..L ..L ...L ..!L 
5 .7 .9 1.0 , .2 1.3 1.6 1.6 
6 .7 .8 1.0 1.2 1.4 1.7 1,7 
7 .7 .8 1.0 1.2 1.4 1.8 1.8 
8 .7 .8 1.0 1.1 1.3 1.8 1.9 
9 .8 1.0 1.1 1.2 1.8 2.0 

10 1.0 1.1 1.2 1.8 2.1 
11 1.1 1.1 1.7 2.1 
12 1.1 1.6 
13 1.5 

SegrMnt iil.flber .... ..l\L ... . .11- ....1L 13 14 15 16 11 18 ::n:. 
.46 ;60 .8~ 1.10 ,:46 1.95 2:89 1.70 1:00- .18 5 .4e .62 .83 1.08 1.42 1.84 2.32 1.48 . at .16 6 • 
.47 ,60 .78 .98 1.29 1.69 1.92 1.31 7 
.46 : .58 .75 .91 1.17 1.53 8 
.45 .56 .71 .8S .9 

.53 .67 10 
.11 
.12 
13 . 

S~nt Nl.fIber . 
10 11 12 13 14 1S 16 17 18 ..ll.. z:O IT 3.5 4.T sT 6.6 IT 6.T 4:4 1.3 5 

2.0 2.5 3.4 4.1 5.3 6.4 7.8 4.8 3.1 1.0 6 
1.9 2.4 3.3 3.7 4.9 6.1 6.7 4.8 7 
2.0 2.3 3.0 3.6 4.!I. 5.8 8 2.2 2.3 2.9 3.7 9 

2.5 3.0 10 
11 
12 
13 



• 

• 

:p·····.·f 
.6.8· 
.6 .8 
,6.: ,8 
,6.8 
;6 .8 

.7 

<:i"' 
'.9 : 
~9 
.9 

",9 
.9 
.8 
.8 

8 :r 
1.0 
1.1 
1.0 
1.0 
1.0 

.9 

.9 

.9 

Standard deviation of exceae te.p.roture (OC) 

l.m!: I 4 I ..L .L .J... 
5 .09 .TO .11 .12 .16 .18 
6 ,08 .08 .12 .1Z .16 .18 
7 .09 .08 ;12 .13 .1S .18 
8 .12 .09 ;12 .14 .15 .18 
9 .11 .13 .15 .15 .16 

10 .15 .16 .16 .18 
11 .11 .17 .18 
12 .17 .18 
13 .18 

Mlxlmum excess temperature ("C) 

.I..!m I 4 ..L ..e... i. 8-
5 .5 :6 .8 1.0 1.2 1.4 
6 .5 .6 .9 1.1 1.2 1.4 
7 .6 .6 1.0 1.1 1.3 1.4 
8 .7 .7 1.0 1.2 1.3 1.4 
9 .9 1.1 1.2 1.3 1.4 

10 1.1 1.3 1.3 1.4 
11 1.3 1.3 1.4 
12 1.3 1.4 
13 1.3 

1> ...1.L .1 
.1.1 ...• It . 1.7 2.2 

'1.2 1.5 1.8 2.2 
;'2. I.' 1.7 Z.O 
l~Z 1,4 1,6 1.9 
1:2 1.3 1.5 1.7 
1.1' 1.4 1.6 
1.1 

S~ant N~r 
...2.. :':..1.2.... . -1.L .J 2 

;24 ~27 .35 .45 
.21 .23 .28 .36 
.'8 .19 .24 .31 
.17 .18 .24 .30 
.16 .17 .22 .29 
.16 .21 .28 
.16 

Se!l!!!!:nt N~r 
...2.. 10 11 ...1L. 

1.7 IT IT 3.1 
1.8 2.2 2.5 3.0 
1.8 2.0 2.3 2.9 
1.7 1.9 2.2 2.7 
1.7 1.8 2.0 2.4 
1.6 1.9 2.3 
1.5 

:u: 
2.9· 
3.0 
2.7 
2.4 
2.1 

-::JL 
.50 
.35 
.36 
.40 
.39 

13 
IT 
3.8 
3.5 
3.5 
3.4 

14 r:r 
3.9 
3.5 
3.1 

-lL 
.63 
.44 
.49 
.52 

14 
IT 
4.8 
4.6 
4.4 

:J£ 
5.2 
5.0 
4.5 
4.1 

OiL 
.79 
.56 
.56 
.56 

15 
IT 
6.0 
5.5 
5.1 

~ 
.54 
.60 
.59 

16 
IT 
7.6 
6.6 

:n: 17 18 
.76 .65 .13 5 
.51 .• 39 .12 6 
.40 7 

/I 
9 

10 
11 
12 
13 

.JL i ..ll. 
S.8 4.0 .9 5 
5.2 2.9 .7 6 
4.5 7 

8 
9 
~O 
11 
12 
13 



" .. ~ . " §UIll!I\~ Hll-'!lllU" I.Ixu' ...L ...L ,~ 8 .i: • ...lL ....u.. ..1.L • .lL -1.L ..J..L ..l!;.' ' ....lZ... -lL, ' .~ .,~. .5' ., 
.' 1:3 1,S 1.11 2.1 2.7 3.4 4.5 5.9 8.8 S.l 2~1 II >,. .3 '" 1.2 l.~ 1.,7 01.1 2.7 3.5 4.6 5.9 7.8 4.8 2.5 7 .4 .6 ,8 1.1 1.3 l.~ . 1.8 2.1 2.6 3.4 4.4. !S.1i 6.6 4.5 II .4 ;6 .S 1.2 1.a L' " 1.8 . 2.0 2.4 3.0 3.9 S.2 (I .6 .8 1.1 1.J 1.5 1.7 1.9 2.2 2.7 

10 .8 1.1 1.2 1.4 1.8 2.1 
U 1.1 1.2 1.4 
12 l.t 1.2 
13 1.1 

Standard devhtlon ot .ltC"lIf~djl.nt.u ... ("C) 

S!!m.nt Number 
I..!.u.£ ;...L _4_ -L ..L , ....L i. ..1!L ..1L ..JL .J.L ..J.L .J.L ..J§.... ..!.L ..lL ..l.L 5 .11 .12 .14 .14 .F .19 .22 .30 .40 .49 .58 .69 .76 .53 .92 .76 .22 6 .15 .17 .19 .24 .26 .29 .34 .38 .4:l .42 .43 .49 .53 .S:.! .n .40 .21 7 .13 .18 .19 :24 .2S .26 .30 .32 .33 .33 .36 .46 .58 .78 .39 

8 .22 .21 .21 .25 .25 .25 .28 .29 .31 .~4 .40 .51 .59 • 9 .24 .23 .25 .25 .26 .27 .28 .00 .3~ .41 
10 .25 .2.1 .26 .26 .26 .29 .33 
11 .28 .27 .26 .26 
12 .28 .27 
13 .27 

HaxilllUIII axe ... t.emp.rat.ur.e ("C) 

See.men~ l!urr.ber 
!...u.u .-1.. -'- -i. .L -L ....L i ...l2... ..!L -li_ -.ll.. ..J..L ..ll.. ...l§.. -1L. .JL ...zL s .7 .8 1.1 1.4 1.5 1.8 2.2 2.6 3.1 3.8 4.8 6.0 7.4 9.8 6.4 4.5 1.8 6 .9 1.0 1.2 1.6 1.6 1.9 2.3 2.7 3. I 3.7 4.7 5.9 7.1 9.2 6.0 3.6 1.3 7 1.1 1.1 1.2 1.7 1.7 1.9 2.3 2.5 2.9 3.S 4.4 5.5 6.6 8.1 5.5 a 1.3 1.3 1.4 1.7 1.7 1.9 2.1 2.~ 2.8 3.3 4.2 4.9 6.3 

9 1.4 1.5 1.7 1.8 1.8 2.0 2.3 2.6 3.S 4.2 
10 1.6 1.8 1.8 1.9 2.0 2.7 3.4 
11 1.8 1.8 1.8 1.9 
12 1.8 1.8 
13 1.8 

• 



Duration,D'}'s 

lU.t: ~ 12 iQ ~. 
'. !Q'.' iQ !2 ru! 

S5 31;4 '·30.9 ' 30.0 '28.8 28.3 27.8 26.0 21.3 
56 28;9 '21S.4 28.0 27,7 '. 27.5 27.1 26.2 24,7 
57 29,8 '29.4 , .. 29,0 28;5 28.0 27.5 25.7 23.5 
58 29.8, 29.0.' 28.] 26.9 26.2 25.8 24.5 22.7 

. 59 29.2 28;4 28.1 27.3 26.7 26.4 26.0 24.7 
6Q. ' 29.4 29.0 28.8 .28.0 Z7.Z 26.7 24.6 22.2 
61 29.9. ,29.6 29.2 28,3 27.3 26.5 25.1 23,1 
62 28.3 '27.9 . 27.6 27'.1 26.5 25.9 25.2 23.5 63 ' 29.0 .28.8 28.6 28.1 27.1 26.3 25.2 24.2 
64 29.4 29.0 28.6 28.1 26.9 25.9 24.1 23.1 
6S 28,4 27.9 27.S 27.0 26.4 26.0 25.3 23.6 
66 30.0 29.3 28.9 27;5 26.8 26.4 25,0 21.7 67 27.9 27.4 27.1 26.0 25.5 25.2 24.6 22.7 
68 28.4 28.0 27.7 27.3 26;8 26.2 25.1 23.9 69 29.0 28;8 28.6 27.,1 26~7 26.5 25.6 20.7 
70 27;7. '. 26.9 26.5 26.2 25.9 25.4 24.4 23.1 71 28.~ 27.3 26.7 26.2 25.8 25.4 24.7 22.8 
72 28.7 ·28.2 2'/'.6 26.5 26.0 25.2 23.8 23.1 
73 27.9 27.7 27.5 27.1 26.7 26.4 25.7 24.7 
74 29.2 28.7 26;4 27.6 26.2 25.7 24.2 22.0 
7S 29.8 29.0 ZB.7 28.1 27.6 27.3 26.7 22.9 76 27.9 27.6 27.4 26.8 25.9 25.4 24.7 24.0 n 29.9 29.4 .28.9 27.8 26.5 26.1 25.1 23.6 78 7.8.3 27.9 27.8 27.3 26.7 26.3 25.7 23.7 79 29.8 28.5 27.4 26.8 26.3 25.7 24.4 23.2 • 1)0 31.4 30.9 30.5 29.4 28.8 28.5 27.3 2~.8 81 30.2 29.5 28.7 27.2 26.6 26.1 25.3 24.1 
82 28.9 Z8.6 28.4 27.8 26.8 26.4 24.6 23.0 
83 30.4 30.0 29., 29.1 28.7 28.4 27.6 23.0 
84 29.3 28.9 28.7 28.0 27.5 27.2 26.2 25.1 
85 28.0 27.8 27.5 27.2 26.9 26.5 25.2 22.7 86 30.9 30.7 30.3 28.8 28.0 27.6 26.2 24.7 87 31.5 30.8 30.2 29.1 28.6 28.1 27.0 25.6 
88 ~ 30.1 29.9 29.5 !2.:1 28.S 27.7 ~ 

Mean 7.9.3 28.8 28.4 27.7 27.0 26.5 25.4 23.4 

Stdev 1.05 1.04 ;'01 .90 .91 .93 .98 1.15 

• 



year duration in days that a given temperature is exceeded 
~. 

1 5 7 
~ . 10 20 30 , 

1989~ 29.2 28.6 28.0 27.8 27.3 26.9 
.. ~ 

1990 28.3 27.9 27.8 27.7 27.3 26.8 

~ 1991' 29.5 29.2 29.1 28.9 28.4 28.0 

• 

• 



-",,··'-·~··-~s~nSi(iJl~e5~u!mperatures-(C) as.· af~ncti()n of.linnual-CrequencYJnd 
dUlram5n(:oJhIPuted·ftomSpringfield~ Illinois climatological data for 1955 to 1988. -
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.4 
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.4 
1.3 

.3 

.9 
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.4 
3.2 
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.0 
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1.3 
2.3 

.9 

.6 

.9 

.6 

.4 
3.1 
1.1 

.9 

.7 
3.2 

.0 

month and •. year. 

1, ... !!' ,.~ ., I J!.. 
5,5 12.,9 22;'0 28.2 28.6 
4,89,;9 25.~ ,,26.9 26.8 
4 ~S9fl',]'8 ;'823; 7 .27.3 28.3 
2,7.,,;10<417.322;4'25.6 27.4 
4;2<U.ti9x6249264 27;5 
'.7 11.516.3 .22 :426:9 .27.5 
6.1 8.7 16.0 23.0)~6.2 28.4 
2.0 9~921.6. 24;4,27.125.5 
4.5 '13:0 17:7 24,] ,27.2 26.7 
3;8··' 10;420.2, 24:1 27;0 25.2 
1;2 10.3 20:5 2~.9 26.8 25.9 
4,7 9.4 16'.6< 22~9,28,,2 25.6 
4.0 . 14;2 15.6 23~1 25.4 25.5 
3,3 11;8 16.3 23~6~26.6 26.4 
2;311.417.6,21.327.726.4 
2.9 10.0 20.4 23.0 25.5 26.0 
3.7 10 j 6,15; 3 2.4.2 25.8 24.5 
5.110.3 18.5 23.4 25.5 26.0 
6.~10.7 16.6 24,1 26.9 26.4 
6.5 11.31i.8 22.3 27.6 25.4 
2.2 8.6 19.6 24.3 27.8 27.6 
P.3 14;0 16~7 23~9 26.8 25.0 
7.2 14.6 21.3 23.5 28.2 25.8 
1.4 11.8 16.1 -24.2 27.3 26.1 
3.4 10.5 17.6 23.3 25.5 27.0 
2.7 10.2 18.4 24.4 29.4 28.5 
5.9 15.3 16.3 24.2 27.9 25.6 
4.1 10.0 19.7 23.3 27.1 26.5 
5.3 8.1 16.6 23.7 28.8 28.5 
1.4 8.9 17.5 25.0 26.9 27,8 
6.1 13.5 19.9 23.3 27.2 26.2 
4.5 13.9 20.1 25.7 29.2 26.7 
5.6 11.6 21.3 26.7 28.1 28.4 
4.6 12.8 19.9 27.1 28.7 28.7 
3.9 11.5 17.4 24.0 27.0 26.9 
7.4 11.1 17.0 23.0 26.3 26.5 
6.2 13.9 20.5 27.1 28.5 26.6 

5tlQ 
22.9.15;8 
22.1 16.8 
23.3 15.1 
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23.4 15 J+ 
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April . 
, May June July August September 

.. ;" . . ... 
. '. " .;. 11.3· .. · 18.3 normal year' . 23.9 27.2 26.7 22.9 

. 
'. , -" '.' 

1; year in f() 14.0 2().7 25.9 28;7 28.5 24.7 
. " 

.. 

1 year in 30 15.0- 2},5 27.1 29.3 28.7 25.3 
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~rialy~~dand 'modeled· 

and~rii~teo~orogical 
: - '~, . ,-',' .-~'. -
-.' ... 

"s"id&~$~faiii,JeiifiedfortKes(!COndftions' and'used' to 

":a.~~·D"r~iO~l~ht:tihut~ori .Qf.}~empe r a tureS . throughout 'the 
',.-"'-

'furl lo,ad' QP~iati6n~·a.t: 'Cliffereht 'lake op~ratingleve1s. 

'j:¥;.~,io9del.res\lltsl\a'Ve been comhinedwith a' statistical analysis 'of34yeat:S 

ofme~eir£i()giCal~~:t:~todeter11lin~ thetemp~ratures thatwouldoccur#cert~i~; 
specifj,edannual frequencie~fO'r different daily durations. Theseresults'C'8.n 

be used to evaluatethe:effeets of different thermal limitations relative 
._ _" - -. - I - - - '," " - ,- ;, ~ - ' ," " , 

plantop"Jrations andt:op'~rfortncomparative fisheries thermal tolerance 

analyses; 

Z.O Introduction 

Hydrothermal modeling studies were conducted on Clinton Lake to predict 

temp~ratures throughout the lake at varying meteorological and plant operating 

conditions. These temperature predictions are used to establish thermal limits 

on the lake that will 'ensure the power station can operate as designed without 

adverse impact on biological conditions in the lake. 

This study consisted of temperature predictions by the GLVHT model, 

verification of the model with 1988 observed temperatures, and a statistical 

analysis of 34 years of meteorological data to determine the probability of 

severe meteorological conditions. 

Specifically, the hydrothermal modeling studies of Clinton Lake and Clinton 

Power Station operations are designed to: (a) verify the generalized, 

longitudinal-vertical and hydrodynamics and transport (GLVHT) model for the 

summer of 1988 realtime data and operations; (b) perform a statistical analysis 
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the~tati$ticalanalysfsis disc~ssedin report 

thec-6mblned ca,s.,ana!yses aredisc.uss~dinsection 5.0 

~~~~idu~~Ydrot:h~rm~l analyses of Clinton Lake were carried out 

LARM(later:l1Y aV0r'aged.!es~rv~ir model) yhich is a predecessor to the'GLVltT 

modeL Differebt LARM.sit~ulations,designated oy IPe as LARM 1, LARM 2 andLJH . 

3 ,were c~rried out over the years as input data improved on expected operating 

lake ele~ations; ;pow~rplant heat rej ectionrates, and powerplantcondenser 

cooling water how rates . Results of the previous !..ARM. si.mulations are presented 

in AppendiX A of this report. The 5;. gnificant differences between the present 

GLVHT modeling and the previous LAro-I modeling are discussed in Section 3.0 of 

this report. 

3.0 Description and Verification of the Model 

TIle GLVHT model design, development so.d examples of past applications are 

presented in Buchak ~nd Edinger (1984). It is a continuously maintained model 

that is supported by routines to perform different ty-pes of analyses of model 

output. 

Tho GLVHT model is based on the longitudinal and vertical, laterally 

averaged equations of momentum, continuity and constituent transport. T'na 

formulation includes t.he vertically varying longitudinal momentum balance, the 

vertical moment.um in the form of the hydrostatic approximation, local continuity I 

the free-water surface condition based on vertically integrated continuity, an.d 

longitudinal and vertica.l transport of any number of constituents. Constituents 

that determine density such as temperature and salinity are related to momentum 

2 
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Thevaryinglongitudirial. 

··i.i~;lJd~S;"l;~~il<c~ccei:nt:i~·n ofhor1zontal veloCity, h6rizontal~nd 
transfer; the hodzontalpressure 

arid .... ert1caLshear·stress. Included in the latter are the surface w~nd stress> 
. -

and the bottom stress due to friction. The horiz.ontal pressure 

the barotropic surface slope. and the baroclinic verti.::al integral of the . 
- . 

horizontal density gradient which is the dominant term of rlensity induced 

convective circulation. 

The tiil1e~varying solution technique of the model is based on an impliCit 

scheme that results from the simultaneous solution of the horizontal momentum 

equl\tion and the free-water surface equation of vertically integrated continuity. 

This technique results in the surface long wave equation that is solved on each 

time step to p:ive the water surface profiles, from which the vertical pressure 

distribution can be determined. The horizontal momentum is then computed, 

followed by internal continuity and then constituent transport. Upwind 

differencing is used for the advective processes in the'momentum and constituent 

transport balances. Vertical turbulent transfer of momentum and constituents 

is determined from the vertical shear of ~~rizontal velocity and a density 

gradient dependent Richardson number function. 

structural differences between the previous LARM model and the GLVHT model 

are given in Table 4·1 of Buchak and Edinger (1984). Improvements over the 

previous l.AR.M simulations for Clinton Lake includa: 

Ii. The use of realtime operating data as input. 

b. The use of a term by term heat budget for evaluating surface heat exchange 
from hourly meteorological data. 

c. The abllity to compute excess temperatures throughout the lake due to 
powerplant operations . 

3 
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andheat<rejec:tion"rai:es 
servic"ewater "flows. 

TheGLVHTITlOdei~as set up for the same lake geometry as used"" in 
"" " 

previousl...ARMsiTtlu1ations, The longitudinal l.ake segmentation andnumbElringis. 

shown i~F'igure3.1.T~e 1.0ngitudirlai segments are each 1518.5 mlong, " 

showninFigure3·lis .. the loc;a,tion of the continuous recording Data Sondes used 

for model ve~fhcation. 

The geometry required in the model is the laterally averaged widths of the 

lake over the vertical in each longitudinal segment. These widths are shown in 

Table 3·1. The vertical thickness of the layers is 1.1 m with variable surface 

layer thickness. The relationship between lake elevation and model layers is 

given in Table 3-1. 

The time series input data required to run the model. over realtime periods 

are the meteorological data of cloud cover, air temperature, dewpoint 

temperature, windspeed and wi.nd direction; the plant operating data of heat 

rejection rates, condenser cooling ",ater pumping and service water pumping; and, 

the hydrological data of tributary surface inflows and temperatures and 

groundwater inflows and temperature. 

The 1988 meteorological data were obtained hourly from the National Climatic 

Data Center for S:'dr!gfie1d, 1111nols. The 1988 plant operating data for the 

verification simulations were provided as daily average values of power factors, 

condenser pumping rates and service water pumping rates by IPC personnel. The 

heat rejection rate was established as 6.713 x 109 Btu/Hr at 100% power level and 

assumed to be proportional to the power level. Operational input data for the 
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Segment Length • 4981.9 feet 

o , 2 
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Sea le of Hiles 

Figure 3 -1. Map of Clinton Lake segments with Data Sonde site locations circled 
(six locations·· Site 3 in segment 23, Site 16 in segment 18, Site 15 in segment 
16, Site 12 in segment 12, Site 8 in segment 8, Site 1 downstream of segment 8). 
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5\ 0 wet'.~·t>l:9vtd~d· by 

iXtfl~~d~ta wereno,tav~i1ab1e foi1986. 

d~s\lJlIII1eJ't:hatwouid . have ... produced close to 

· .... • •• fh~··· YaIi.dlt;(lft:his.a$~UmPdoni~.· 4emonstr4ted by .. thereptod~c~i9n, . 
. -.~ 

;iakeel';,)a:t1ons in the modeling over .the summer. 

the~akewere not,available: . The lake outflow to lowerSalt.Creek.was 

con$tant~t 0 .141113/~· (5 cfs). 

", -'. ,- -. 

302 ModelVeriUc~tion for 1988 
.". - -. - . . 

rnesummerof1988 represented the first period of continuous· 

operation for whichreaitimeoperatlng data and meteorological 

availa.ble for modeling. It also represented a period for which there was 

complete verification data available for plant intake. temperatures, 

discha'rge temperatures, mixing zone temperatures and at conti.nuous recording 

Data Sonde stations throughout the lake. 

Model verification consists of comparing model output to daily lake 

elevations and the average daily temperatures at each of the Data Sonde 

temperature recorders whose locations are shown in Figure 3-1. 

Figure 3-2 shows the observed arid computed lake levels for June through 

August 1988 due to natural and forced evaporation as well as downstream releases 

from the lake. It indicates that the model slightly overestimates lake drawdown 

by a few centimeters probably due to not including surface and groundwater 

inflows to the lake. However, the comparison is quice good. 

Figure 3 - 3 shows a comparison of daily computed and observed intake 

temperatures based on the daily plant operating records. 1be comparison shows 

a slight tendency for the model to overestimate intake temperatures during June. 

This may be attributable to lack of surface and groundwater inflow data . 
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Figure 3-2. Computed and observed lake elevations for 1988 operating conditions. 
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Computed and observed intake temperatures for 1988 operating 
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structure baSed on the daily pl.uit 
- ,-,: - ,-

comparison shows. a tendency to pverestimatenume. umpeFat~r~A 

Figure 3-4(b) shows scompar:1.son 6£ thedaily66~p~t:6~ 

andobS&n1e{~iffetenqe betwee~f1ume and intake temperatures, andindicaeesthat· .. ---
- ."- - .-

the IPCheilt lOilds a.nd pumping rates were accurate. 

n~ure3~S(f.\)sh(H"'s a c6mpaJ;ison of the computed 
. . -

temperattires from theD~ta Sondes placed around the surface of model segment 16. 

The computed values are taken from the surface cell of model segment 16. The 

comparison shows that the lIlodelat this segment slightly underestimates the 

spatially- averaged temperatures computed from the Dat!i Sondes. Figure 3-5(b) 

shows a>comparison for the difference between mixing zone temperatures and intake 

telllperatures. 

Figure 3·6 shows a comparison of the computed and observed outlet 

temperatures from the lake downstream into Salt Creek .. The model overestimates 

these temperatures as well as the daily temperature amplitudes because of the 

lack of groundwater inflow data into this deeper portion of the lake. 

Figure 3-7 shows a comparison of the computed and observed temperatures at 

Data Sonde site 3 in the shallow upper end of the Salt Creek arm. These 

temperatures are highly variable from day to day because of the shallow nature 

of the arm. However, the comparisons are quite good. 

Figure 3·8 shows a comparison of the computed and observed temperatures at 

Data. Sonde site 8 located near the surface of model segment 8 at the dam. The 

comparisons are quite good. 

Figure 3·9 shows a comparison of the computed and observed temperatures at 

Data Sonde site 12 located on the Salt Creek arm near the surface about h~lf way 

10 
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Figure 3-4(b). Computed and observed flume temperature rises for 1988 operating 
conditions. 
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Figure 3-S(b). Cotllputed and observed temperature rises in the mixing zone for 
1988 operating conditions. 
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Figure 3·6. Computed and observed Data Sonde Site 1 temperatures for 19138 
operating conditions. 
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Figure 3 - 7. Computed and observed Data Sonde Site 3 temperatures for 1988 
operating conditions. 
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Figure 3 - 8. Computed and observed Data Sonde Site 8 temperatures for 1988 
operating conditions. 
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Figul'e 3-9, Computed and obsen-ed Data Sonde Site 12 temperatures for 1988 
operating conditions, 
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t~rnperatures·· atsite12probablydua 

ext~~aiWg;;}.n~ot:he;:~~:a ·from' thedfscharge . 

Figv:ie'3;.lO·~ho\.lsacompat'isonOf the obserVed 

$ite 
, .. . 

the flU!nedisch~r;geas shown previously in Figure 3-4(a). 

temperatures ;atthe end of the di,scharge canal are similar to ,the 

temperatures shoWn in Figure 3-4(a) indicating that there is insignificant 

cooling or mixingbel;ween the ,end of the second drop structure and the end b£ 

the canal. 

Figure 3·11 shows a comparison of the observed and computed temperatures 

at Data Sonde site 16 in the surface of model segment 18 upstream from the point 

of discharge on the Salt Creek arm. The comparisons show a slight tendency for 

the model to overestimate cemperatures in early June, as discussed previously, 

but in general, the comparison is excellent. 

Based on the above comparisons, running the model with realtime plant 

operating data and Springfield meteorological data for 1988 produced good to 

excellent results. 

Adjustments to the model dl~ing the verification period were: 

a. Slight revisions to the daily plant pumping rates by IPC ,personnel. 

b. Slight corrections on vertical mixing coefficients as indicated by the lir.lited 
vertical profile temperature data in the vicinity of the mixing zone. 

c. An empirical correction between the 108 acre surface layer of model segment 
16 and the measured 26 acre mixing zone data. 

No adjustments of the meteorological data for transfer between Springfield, 

Illinois and the lake were found necessary except for anemometer height relative 

to the lake elevation . 
19 
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Figure 3·10. Computed discharge flume temperature and observed Data Sonde Site 
15 tempe~ature for 1988 operating conditions. -
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Figure 3·11. Computed and observed Data Sonde Site 16 temperatures for 1988 
operating conditions. 
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;to'~GL'Ilrr~()ae{~n~biuexcess temperatures to be 

·lakeJK~;,tQ;t:hk~{ant;o~er·adb\1S. The 
~o - .,., • __ • 

rbe ~b~~eam~ienttElll\peratut'es due to the heatsQurce, 

hetlti;iissiptAtiori; recirculation, and meteorological 
," -

win(,ispeed). 

A s\IJlI!Dary of thi;\sUJmnerof 1988 (June through August) excess temperatureS' 

11.S the mean exceS8 temperatures throughout the lake, their standard deviation 

over the ,s\UlllI\erdue to tiine.varying plant operations and meteorological 

conditions,and the maximum value attained at any point in the lake over the 

summer is shoWn in Table 3-2. 

Mean excess temperatures decay up and down the lake away from the point of 

discharge due to surface heat . dissipation and decrease vertically due to 

re·entrainment and mixing of cooler water in the lake. The standard deviations 

demonstrate very little variation in excess temperatures despite the varying 

plarit operations and varying meteorological conditions. Also, the standard 

deviations decrease up and down the lake and in the vertical along with the mean 

excess temperatures. 

4.0 Met~Qrological Data bnaixsis anq Statistics 
.- ... -"'------_ .. -- _.- -

Long term meteorological records were obtained from Springfield, Illinois 

for June through August from 1955 through 1988. The hourly 1988 re(:ords were 

used in the above GLVHT simulations. The records consisted of hourly, and in 

some years tri-hourly, data of cloud cover, air temperature, dewpoint 

temperature, windspeed and wind direction. These lengthy records were converted 

into hourly waterbody response temperatures which would be the water temperature 

that would result from meteorological conditions alone without accounting for 
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•. h;'~*()!9gi,l~$!t:iaGftc~tJQn" -or plant operations. 

Th~~(>lnpix;J$~n bef;~~en"th:1988>responsetemperatuns- a~d t;he_.com~"l\~ted,pla.tlf~· 
it\~.a~~t;~~peratu~~'~;b ShQWl1 in Figure 4-1. After complete~ixingo£>t~~li~:?; • 

• n~'arthe~ntake has begun the response temperatures are representati~eof iJ~;'ke'.·,· 
temperatures. Thh rGlatioriship hOlds because, there is _ QnlyanintClke~x~~'s 

temperature (rise due to p1an~operations )ofhetweEin O. Soc and 0 .8°C (T~ble;L 
. 2)~ Thatis ,the plant 

. _. . - - . 

recirculatton, 

the records for each year ' .. ere subjected to a duratio:1 analysis to determine 

the temperature equalled or exceeded for a specified number of days. The results 

of. the duration analysis for each year are shown in Table l.-l. The 1 day 

duration (maximwndailyaverageternperature) for 1955 was 31.4C (88.5 F) and 

did not recut" until after 1978. Based on the previous analyses of the 1955 to 

1978 records at Lake Decatur, this temperature was the worst in 2l. years of 

record. However, as Table 4 -1 shows, temperatures neat: or: at this value occurred 

also in 1980 and 1987 making the 31.4 C the worst temperature in 7 to 8 ye~rs. 

In order to determine the annual return periods of temperatures at each 

duration, the temperatures within each duration were subjected to a Gumbel 

extreme value statistical analysis. The Gumbel analysis was tested for this 

data and found to describe the annual frequency or return period with which the 

temperatures occur. The Gwnbel analysis states that the probability, or annual 

frequency, of equalling or exceeding a given temperature at a given duration l5: 

P(T)-l-Exp[-Exp(-(T-b)/a)j 

where T is the temperature; b"Tm+O.45S where Tm is the mean temperature in the 

duration and S is the standard deviation; and, a-S/l.283. l~e mean temperature 
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Figure 4·1. Time series of 1988 response temperatures superimposed on 1988 
computed intake temperatures. 
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(-S)dor each duration are given 
'"- - -

R-l/p(!) from'. the . abo~~ equatio~L 

'()~~~~l'Lfrequ~ni::y~duratlon~1na:lysiS of the records . from 

canl)~:g~~~ral~Z~das' shown in Table 4-2 to 'give the response 
' ~ .-.-.. - . - - '-, - -", -- - . '. - -

equal.ied'or'~xc:e·ed.ed for a given return period and. duration. In 

given temperaturewouid Illovediagonallydownward for increasing durations 
--- -- " . . 

ret~rnper1ods;for:example, 3tOC (81.8 F) is equailedor exceeded for 1 day 

once in' Syears I for:; days once in 8 years , for 10 days once in 18 yearssnd 

so on. 

ThUSj based on the 1988 modeling and analysis, the response temperatures 

are representative of intake telllperatures as they would have occurred in previous 

years, and their statistil!s over 1955 to 1988 are represelltative of their 

duration in any year and their return period in years . 

1., 0 Case Analysf:S 

Two operating cases have been identified for analysi.s, those being (1) 100 

percent power. 100 percent circulating water flow, and the lake starting at 

normal elevation, and (2) 100 percent power, 100 percent circulating water flow, 

and the lake $tarting at 685.5 ft. These cases were evaluated to determine 

temperature. effects in the lake for nOl~al station operations over the extremes 

of lake level conditions reasonably anticipated. The parameters in each case 

are as follows: 

Plant Pumping May 31 
Case Load. , B.i!te. cf~ El, . Et, 

1 100 1l.1O 690.0 (Normal pool) 

2 100 1373 685.5 (Drought level pool) 
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Return DuraUon. DIW!'l 
Period 
Years 1. ~ 1 lQ 1.Q 

2 30.1 29.6 29.4 29.1 28.4 

5 31.0 30.5 30.3 30.1 29.1 28.S 

:0 31.6 31.1 30.9 30.6 29.7 29;0 

20 32.2 31. 7 31. 5 31. 2 30.2 29.3 • 30 32.6 32.0 31. e 31.5 30.5 29.8 

-

• 
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i!i<8] Qis . 

. , Th.~~lt~~slf.t~mpe;rat~;~'~th~QUghthe lak~· Ilndthei r statl~dfesaie~ive~~icii" 
Q~a·rlc~~:~iHia.bJe·5 ·1: a.rtdTable ·5~2·' respec ti ve ly . 

·'tnedi~:~~1:g:'~re~HghtlY;high~r>forcase 2 than for Cilse 1 because .oftheDl~~~:~< 
. ~ tarting la.kee1\ll"a~{oni~ Case. 2. The standard • deviation~of excess temper~~t.&r 
ineachcas~ ate l~u . .stharit:hosEl shown for the 1988 operating condition~~eeause 

-, - - , . '- - . , - -".' ! .-- . - ,. - :. - . - :: -, . -.- . - ~ - - : 

tne Case 1 a;,d Case 2 heat rejection rates are constant 

the p~antpumping rates. vary 'only sUghtlywith lake leveldrawdown due to 

evaporation (Table 3-2) ~' The excess temperatures in Table 5-1 and Table 5-2 can 

be combined.. wfthtn~ inta.ke response temperature statistics in Table 4-,2 to give 

the lake temperatures that would occur for a normal year, one year in ten and 

one year in thirty at a duration of ont! day, seven days and thirty days . 

The temperature distributions are shown for Case 1 in Table 5·3 for a one 

day duration at each annual frequency, in Table 5·4 for a se'!en day duration and 

in Table 5-5 for a thirty day duration. The temperature distributions are shown 

for Case 2 in Table 5·6 for a one day duration, in Table 5-7 for a seven day 

duration and in Table 5 - 8 for a thirty day duration. 1'.1 each case, the response 

temperature, the flume discharge temperature, and the mixing zone temperature 

in the surface layer of segment 16 is indicated. For Case 1, the.one in thirty 

year one day flume discharge temperature is 43.7 C (110.7 F) and the one in 

thirty year one day mixing zone temperature is 41.4 C (106.5 F) (Table 5-3). 

Since the surface water and ground water inflows are unknown for past years, the 

deeper ~ater temperatures in Table 5-3 through Table 5-8 are over-estimated. 

The frequency-duration analysis was used to determine the number of days 

that a temperature limit of 99 F (37.22 C) would be exceeded for each case at 

the mixing zone and a't the discharge flume for a normal year, one year in tan 
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. ". ana ,standard deviations. and maXima by 
tions (normal ·lakeelevation and14lCr efS 

6cations are.shownin Table 3·1. 

ol.i~~;~:;~ii:.,.t~'~atli~' 1_ l{'l.'dellti. 
Ml~iftlioii. ii# ••• t.."'Pej; •. t.i,u:si.s$.8de,C 

" - '.' 
0._"', 

- ':' . :,' .~.; 

~.~.utl,l~~(d'IC), MlieneicclIs. 
Seamaos: Hurrher 

!:.!In ..L ~' .• ..1.;. /:I 7 ..L ..L ...lL ..l.L ..Jl... ..l.L ..1i.. .:..u... ...1L 
5 • 4 T .~ 17 1T 1.3 1,.5 1.8 2.1 2.7 3.4 4.5 5.9 ' . 8.8 
6 .4 .5 ,8 . 1.0 1.1 1.2 1.S 1.7 2.1 2.7 3.S 4.6 S.B 7.8 
7 ,4, .8 .8 1.0 1.1 1.3 1 . .5 loll 2.1 2.0 3;4 4.4 5.6 

., 6;6 
8 .4 .6 ... 8 1.0 1,2 1.3 :·l.S 1.8 2 .• 0 2.4 3.0 3.1l 5.2 ~.6 

,9 .4 .8 . 8 1.0 . '1.1 1.3 ' .. l.~ 1.1 1.9 2.2 '1..1 3.5 4.7 $;0 
10 .3 .6 ·.6 l.0 --'1.1 1.2 ' 1.4 1;6 ' 1.8 2.1 2.4 3.1 4.3 4.5 
11 .5 ,6· ,'8: 1;" " 1,1, 1;2' 1.'4 1.S· 1.7 1.9 2; 1 2.4 
12 .5 .e .6 ".9 ':1.1 L2 1,3 .1 ,~ ~.5 1.7 1.8 2.0 
n ;8 .9 1':.0 1.1 1.2 ' f;3 1.5 1.6 1.7 
14 .8 .9 1;0 1.1 1.2 1.3 1.4 1.5 
15 LO 1.1 1.2 1.3 

St.andard d.viaUon : of nee •• taml'eut'lire (de, C) 
S"S'l!@nl; Number 

Layer ...L 4 ..i. ·6 7 J..:. i. ..lQ.. ..l.L ..Jl... .J1.... 14 ..lL .J.2... 
5 .ll- .rr .14 .14'" .iT .1\1 .22 .30 .40 .49 .58 -:69 .78 <~ 

.J~ 

6 .15 ~ 17 .19 .24 .28 .29 .34 , .38 .42 .42 .43 .49 .S3 .82 
7 .18 .18 .19 ;24 .25 .26 .30- .32 .33 .33 .36 .48 .58 .18 
8 .22 .21 .21 ;2!1 ;2.5 .25 .28 .29 .31 .34 .40 .51 .59 .61 
9 .25 .24 .23 .25 .25 .26 .21 .28 .30 ,34 .41 .52 .61 .57 

10 .28 .21 .25 .1,7 .26 .26 .26 .. 27 .29 .33 .39 .54 .68 .53 
11 .30 ,29 ,27 .28 .27 .26 .26 .26 .28 .32 .38 .S1 
12 .31 .30 .28 .29 .28 .27 .25 .25 .21 .31 .35 .45 
13 .28 .29 .28 .:1.7 .25 .24 .27 .31 .33 
14 .28 .30 .29 ."1.7 .25 .25 .1.7 .31 
l!l .29 .27 .26 .26 

MUim.... .-xc: ••• t*"Pe~.ture (dill C) 
SG!ment, !:lumber 

:'syer J " _5_ ...§... 7 a 9 ...lQ... ..lL ...l.L \3 14 ..lL ...lli. 
s T T 1.1 1.4 lT 1T 27" 2.6 3.1 3.8 "4":T 6.0 1.4 9.8 
8 .9 1.0 1.2 1.6 1.6 1.9 2.3 2.7 3.1 3.7 4.1 5.9 7.1 9.2 .... 7 1.1 1.1 1.2 1.7 1.7 1.9 2.3 2.5 2.9 3.5 ~.4 5.S lUI 8.1 
6 1.3 1.3 1.4 1.7 1.1 1.9 2.1 2.4 2.8 3.3 4.2 4.9 6.3 1.0 
9 1.4 1.4 i.5 1.7 1.8 1.8 2.0 2.3 2.6 3.5 4.2 4.7 5.9 6.3 

10 1.5 1.5 1.6 1.8 1.6 l.g 2.0 2.3 2.7 3.4 I, .3 4.1 5.4 5.8 
11 1.S 1.6 1.6 1.8 1.8 1.8 1.9 2.2 2.6 3.3 4.1- 4.6 
12 1.~ 1.6 1.11 1.6 1.8 1.8 1.9 Z.l 2.6 3.l 4.1 4.6 
13 1.6 1.8 1.8 1.3 1.9 2.0 2.5 2.9 3.7 
14 1.6 1.8 1.6 1.8 1.8 1.6 7..4 2.1 
is 1.8 1.8 1.8 1.8 

30 

..lL 
5.1 . 
4,8 
4.5 
4;1. 
3.8 . 
3.8 

..lL 18 ~ 
.92 "."'76 .22 
.47 .40 .21 
.39 .37 .22 
.33 .41 .2!1 
.33 .45 .28 
.31 

17 ~ ..li-
IT"" 4.5 1.8 
6.0 3.6 1.3 
5.5 3.8 1.2 
:;.1 4.3 1.2 
' •. 7 4 .• 1.5 
4.7 



• 
-

• 

.~ 

t.:. 
15 

-.8 
;8 
.6 

" ,','. '."'.," .', .. - "- " 

°f;ealpei~~t\.lr~m~.ans ,s tartd~.rd·· deviations.and ~a~ima.byjik~ 
2condttlon~t(lowlakee levat,ionand 13 73 c(spump'il'lg) .' .l;ay"r 

lons are snoWninT(1ble3 :.1. 

10.0 da, C 

1.8 6;6 
.. 1.8 5.8 
1.1 

.1· 1.6 
'.7 1.5 1.7 2.1 
.8 '1'; ~ 1.6 

1.3. 

Standard<levlIlU<>no.texceu ·temp.;rat-un (do, 0) 

-!.!.Y.!£ _3_ ,4 ..i. -L :'2- _8_ 9 
I) .14 .14': .H .13 .13 .20 .24' 
7 .17 .19 .24 .30 .:n .3S .U 
e .20 .23 .26 .31 .32 .33 .38 
9 .2' .21 .30 .32 .31 .32 .33 

10 .29 .31 .33 .33 .31 .33 .3. 
11 .32 ;34 .35 .34 .32 .33 .34 
12 .34 .36 .37 .3S '.33 .33 .33 
13 37 .38 .34 .33 .33 
1, .37 .31 .34 .n ,31 
15 .34 .32 .31 

l1u1l1lU111 eXce'n tNlpuature (dele) 

h!U£ 3 " .i. '0 -L ..L Q 

T T 1T ---6 1.2 1.6 1.9 2.3 
7 1.0 1.2 1.3 1.7 1.8 2.1 2.4 
8 1.3 1.4 1.!i 1.8 1.9 2.1 2.5 
9 1.5 1.6 1.1 1.11 1.9 2.1 2.4 

10 1.6 1.7 1.8 1.9 1.9 2.1 2.:1 
11 1.7 1.8 1.8 1.9 2.0 2.0 2.2 
12 1.1 1.8 1.9 1.~ 2.0 2.0 2.1 
13 1.~ 1.9 2.0 2.0 4.1 
14 1.9 1.9 2.0 2.0 2.1 
15 2.0 2.0 2.0 

S,,!ment, llu. ... .ber 
-12- . ..lL ...ll.. 
,32 .44 .50 
.48 .~~ .58 
.41 .45 .44 
.37 .41 .42 
.:;6 .40 ./44 
,34 .36 .43 
:33 .36 .41 
.32 .35 .39 
.30 .34 .38 
.31 

SOl\ment Nu,nbar 
10 

2.8 
2.9 
2.9 
2.8 
2.6 
2.5 
2.3 
2.2 
2.1 
2.0 

.... .. 

..) .L 

11 ..1L 
J.5 4.3 
3.5 4.3 
3.4 4.1 
3.2 3.8 
3.0 3.6 
2.8 3.S 
2.S 3.5 
2.6 3.3 
2.5 3.0 

..ll. '14 ..J.L 16 11 
.• 9 :62 .76 'T!f' 795 
.66 .13 .69 .44 .66 
.45 .48 .51 .51 .55 
.48 .57 .52 .57 .54 
.52 .62 .56 .62 .53 
.51 .66 
.50 .69 
.~4 

13 1~ ..J.L ...1§.... -1.L 5.T" .6.T a., 10.8 6.4 
5.5 7.0 8.S 10.4 5.0 
5.2. 5.6 8.3 9.3 5.8 
4.8 5.3 8.2 8.4 5.8 
4.6 6.1 8.0 7.B 5.8 
4.6 5.5 
4.6 5.3 
4.4 

..1.L -l.L 
3.7 .2 
3.1 .4 
4.2 .7 
4.7 1.2 



segment,and',elevationsand':disCrfilrCgf.l,."".nu., .. " • .., 
tAlrrinl!r'.i!lttllyeS'", ,,'," "duration fQr (a) normal year ;(b ) one yeaX' in teli; (c ,'" 

elevations and landmark locations are shown in Table 3-1. ," 

.9 31.2 n.s 
~O.9 31.Z 31.9 
30,9 3103' n.!j , 
~O.~ 3l;Z 31.8 

10 30;9 H.i, 31.1 
.n '31).9 ' 31;2,' 3L6, 

~:.,~ Z~ ,", " :,9 ;11.C) 21.2' n.5 :31.8 3~.1 

13 3J,9 3l~O 31.1 31.4 31,7 
14 30.9 31.0 31;1 31.4 31.6 
:;.~ 31.1 31.4 

(b) One rut in ten ... -, 

a"ponse ~.~.:.~ur. iall.6 C 
Duchul' ~'I!lp.raturol is 4,L1 C 
M1xina ¥cm. tlllllpartr.ure, h 40 •• C 

Sean,en!; ~urnbH 

l..w.t ..i... 4 -l.. .L 7 a -L ...1Q.. " ..ll.. JL 14 ..ll.. ...li- ...1L. ..ll.. -ll-
3D 32.7 3D -""'- 36.1 ~ 32.0 n..4 32.6 33;1 33.4 33.1 34.3 3~.0 37.5 40.4 36.1 34.3 31.9 

6 32.0 32.1 n.~ 32. IS 32.7 n.8 33.1 33.3 33.7 34.3 35.1 36.2 37.5 39.4 36.4 34.1 31.8 

• 7 32.0 n . .2 32.4 ' 32.6 32,7 32.9 33.,1 33.4 33.7 34.2 35.0 36.0 37.2 38.2 36.1 ;.14.0 31.9 
a 32,0 32.2 32.4 n.6 n.8 32.9 33.1 3~.4 33.5 34.0 34.6 35.S 36.8 37.2 35.7 33.8 H;9 

9 32.0 32.2 32.4 32.6 32.7 32.9 33.1 33.3 33.S 33.8 34.3 35.1 36.3 36.6 35.4 33.7 31.11 
10 32.1 n.2 n.,4 32.6 32.7 32.8 33.0 33.2 33.4 33.7 34.0 34.1 35.9 36.1 35.4 

11 32.1 32.2 32.4 32.6 n.7 n.8 33.0 33.1 33.3 33.5 33.7 34.0 
12 32.1 32.2 32.4 32.5 32.7 32.8 32.9 33.0 33.2 33.3 33.4 33.6 
13 32.4 32.~ 32.6 32.7 32.8 32.9 33.1 33.2 33.3 
14 32.4 32.5 32.6 32.7 32.8 32.9 33.0 33.1 

15 32.6 3Z.7 32.8 32.9 

- (c) On. year in thi.ty 

R •• 'pon •• ~emp.:.ture !. 32.6 C 
Diachu~. temp8ratu.. U 4:1.7 C 
M1s1nl zone temperatura 1. 41.4 C 

Se!lm~nt ~umbe~ 

l.!:L!£ . .1- 4 _5_ .JL 7 8 9 -lL .-lL ..ll.. -ll.... 14 JL is ...!L- 18 ..ll.. 
5 33.0 3W 33.4 33.6 33.7 33.9 3G 34 .~ 34.7 35.3 36.0 TI:T 38.5 '4i.":4 J7.7 'j5."j 32.9 

6 33.0 33.1 33.4 33.6 n.7 33.8 34.1 34.3 34.7 35.3 36.1 :37.2 36.5 40.4 31.4 3S.1 32.8 
7 33.0 33.2 33.4 33.8 3J.7 33.9 3~.1 34.4 3~.7 35.2 36.0 37.0 38.2 39.2 37.1 35.0 32.11 

e 33.0 33.2 33.4 33.15 33.8 33.9 J4.l 34 .• 34,6 3!\.0 35.6 36.5 37.8 38.2 36.7 34.8 32.9 

9 33.0 33.2 33.4 33.6 33.7 33.9 34.1 34.3 34.5 34.8 35.3 36.1 37.3 37.6 36.4 34.7 32.9 

10 33.1 33.2- 33.4 33.f 33.7 33.8 34.0 H.2 3~.4 34.1 35.0 35.7 36.9 37.1 36.4 

11 33.1 33,2 33.4 33.6 33.1 33,8 )4.0 34.1 34 .3 34.5 34.7 35.0 

12 33.1 33.2 33.4 33.5 33.7 33.8 33.9 34.0 34.2 34.3 34.4 34.6 

13 33.4 33.5 33.6 33.1 33.8 33.9 34.1 34.2 34.3 

14 33.4 33.5 33.6 33.7 33.8 33.9 34.0 34.1 

l!l 33.6 33.7 33.8 33.9 
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6 
1 
8 
\I 

10 . 39;2 
11 :;.~ ,~- 'JO"t2 ;~-::.,"/l "'I y .. ·3;".:0- ; •• ~. ~~-> 8 ~: ~ 9 ~1.3 . ~1~5 :;l.~ 

l2. .3Q,0 31i~2. 30.3 3Q:~ 30;6 30.7 30.8 31,1 31.2 31.~ 

13 30;2 30.3 .30,4 30,5 30.6 30.1 31.0 31,1 
14 30~2 30.3 30.4 30.5 30.6 . ~0;1 30.9 
15 . 30.4 30.5 30.5 30 .. 7 

(b) On. )f,iar i~t.n 

R.lpons. temperlture 11 30,9 C 
Dllchar,a tamperature 1S.42.0C 
Millin, zona t.emperature i.a39.7C 

See,,-!,.l.,.H!!!!l!2er 
.!..!:i..U ...l.. .. _5_ 6 7 t3 II :....l.L ..ll... ..ll.. 13 ..l!!... ....li.. 16 ..J.L -1L 

5 31.3 3D: 31.7 3W an 32.2 32.4 32.7 .33.0 33.S 3T.3 35.4 . 36.8 39.7 36.0 33.6 • 6 ;n,3 31,~ ·31. 7 31.9 32.0 32.1 32.4 .n.5 33.0 33.6 34.4 35.S 36.6 38.7 ~S.7 33.~ 

7 31,3 31.5 31.1 31.9 32.0 32.2 n.4 32.7 33.0 33.S 34.3 35.3 36.S 37.5 35.4 33.3 
8 31.3 31.' 31.7 31.9 32.1 32.2 . 32.~ 32.7 32.9 33.3 33.9 34.8 36.1 36.!i 3'.0 33.1 
9 31.3 31.S 31.7 31.9 32.0 32.2 32.4 32,6 32.6 33.1 33.6 34.4 35.6 35.9 34.7 33.0 

10 31.4 31.5 31.7 31.11 32.0 32,1 32.3 32.5 32.7 33.0 33.3 34.0 35.2 35.4 34.7 
11 31.4 31.~ 31.7 3t.1I n.o 32.1 32.3 32.4 32.6 32.8 33.0 33.3 
12 31.4 31,5 31.7 31.8 32.0 32.1 32.2 32.3 32.5 32.6 32.7 32.9 
1~ 31.7 31.8 31.9 32.0 n.l 32.2 32.4 32.5 32.6 
14 31. 7 31.8 31.9 32.0 32.1 32.:\ 32.3 32.4 

l' 31.9 32.0 32.1 32.:\ 

~ 

(c) Ona year in thirty 

Re.pon •• t~er.ture 18 31.8 C 
l)18chula temperAtura 1a 42.11 C 
I-UlI1na ",one tempa"at.ure h 40.6 C 

5e!!!!ent Humbe[ 

Wll 3' " .i. 
. 6 7 _8_ ...2.. ...llL ..ll... ... lL ... lL _ 14 15 -1L 17 18 ..lL 

5 32.2 32.3 n.B 32.8 3D 33.1 33.3 33.6 33.9 3~.5 35.2 3'6:3 3D 40.6 '36.'9 34':'3 32.1 
6 32.2 32.3 32.6 32.8 32.9 33.0 33.3 33.S 3~.9 34.5 35.3 36.4 37.7 39.6 36.6 34.3 32.0 
1 32.2 32.4 32.6 n.s 32.9 33.1 33.3 33.6 33.9 34.4 35.2 36.2 31.4 36.4 36.3 34.2 32.1 
8 32.2 32.4 32.6 32.8 33.0 33.1 33.3 33.6 33.8 34.2 34.8 35.7 31.0 31.4 35.9 34.0 32.1 
9 32.2 32.4 32.6 32.8 32.9 33.1 33.3 33.S 33.7 34.0 34.5 35.3 36.5 36.8 35.8 33.9 32.1 

10 32.3 32.4 32.6 n.8 32.9 33.0 33.2 33.4 33.6 33.9 34.2 34.9 36.1 36.3 35.6 

11 32.3 32.4 32.6 32.8 32.9 33.0 33.2 33.3 33.5 33.7 33.9 34.2 

12 n.3 32.4 n.6 32.7 32.9 33.0 33.1 33.2 33.4 33.S 33.6 33.6 

13 32.6 32.7 n.s 32.9 33.0 33.1 33.3 33.4 33.S 

14 32.6 32.7 32.6 32.9 33.0 33.1 33.a 33.3 

1~ 32.8 32.9 33.0 33.1 
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~.:.;C41.IUL':,J,;';-t;I"I!II~~q;'·/iil.tu:r~s>·(cf'bi~laice •. segm~ri£-arid. eievati~nsarici:d~~'chat'" 
rty'day' ~\,1ratiOQ i;"Qr(a) no~a.lyear;;. (b ) one year. 1, . 

eleva.t!iOns aridlandmark,locations are shown in Table 3:':1. '-~ - • -- • - • , -- _0' - • ;-- -, '.' - _' __ -_ • • '. .' '0 _ 

" " -- ~ 

:-"--"-';;::. 
'. 

·W!l:··'i} §!~N!l!ll!2er 4 " -1:'- ... ·L:: .:.2- . /.JL. . ... .,L .-lL ...!L 12 -U.... J.L .Ji.. ... ~ 28.1' 2i:i' 28;) . 28.7 28.8 .' '21hO .. 29.2, 29.S .,29.8 JO:'4 3l.1 32.2 33.6 6 :8.1 .28:2 211.' .2IL7. 28.8 28.9, 29;2 29.4 29.8 30.4 31.2 32.3 33.6 7 "28,1;, 28.3 ~e., 28;7 2S.8 29.0': 29;2 2\l.~ 29.8 30.3 31.1 32.1 33.3 e 28.1 28.3 28.5 '28.7 ?-8.9 29.0 29.2 29.S 29.7 30;1 30.7 31.6 32.9 9, 2h1 28.3· 28.! 28.7 ' 28.8 29.0 29.2 29.4 29.6 29;9 30.4 31.2 32.4 10 2S:2 2!l;3 28.5 28.7· , 28.8 28;9 29.1 29.3 29.5 29.8 30.1 30.8 32.0 .11 28 •. 2 28.3 2a.~ 28.7 26.S 28.9 29.1 29.2 29.' 29.6 29.8 30.1 12 2 :.Z 2~.3 2:l.T' ,2e.6 .i9.J> :n.g 2;);0 2'1.1 29.3 29.1. 2;.5 23.7 13 26:5' 28;6 26;7 26;8 ;lIl'i9 29.0 29.2 ' 29.3 29.4 14 28,5 28.6 28;7 2\1.6 . 28.9 29.0 29.1 29.2 1~ 23.7 28;8 . 28.9 ' 29.0 . 

(b) On. year. in t..n., 

Reaponu tempuet.\lU h29. 0 C 
Ohchar,. t .... p.rat.ure is .40,1 C 
Ml:lt1ng %on. t.eZllplrat.un 11' 37 .'8 C 

SeSlllont. Nwnbn 
l.!n.t _3_ 4 .5 L ..L. 8 9 10 -ll.. ...lL ...lL 14 ...ll... JL 11 ...li.. 5 29.4 29."3 29.8 30.0 30.1 30:3 J0.5 :ro:ii 31.1 31; 7 n.4 '53.5 34.9 37.8 34.T 31.7 6 29.4 2S1.S . 29.8 30.0 30.1 JO.2 30.5 30.7 31.1 31.7 n.s 33.6 34.9 36.8 33.8 n.s 1 29.4 29.6 29;$ 30.0 30.1 30.3 30.!5 30.8 31.1 31.6 n.~ 33.4 34.6 3.5.6 33.S 31.4 8 29;4 29.6 29.8 30.0 30.2 30.3 30.3 ZO.S 31.0 31.4 n.o n.s 34.2 34.6 33.1 31.2 9 29.4 29.6 29.8 30.0 30.1 30.:1 30.S 30.1 30.9 31.2 31.7 32.S 33.7 34.0 n.8 31.1 10 29.:5 29.6 29.8 30.0 30.1 30.2 30.4 30.6 30.8 31.1 31.4 32.1 33.3 13.5 32.8 11 29.5 29.6 2~.8 30.0 30.1 30.2 30.4 30.5 ~O.7 30.9 31.1 31. 4 12 29.5 29.6 211.8 29.9 30.1 30.2 30.3 30.~ 30.6 30.7 30.8 31.0 13 29.11 29.9 30.0 30.1 30.2 30.3 30.5 30.6 30.7 14 29.8 29.9 30.0 30.1 30.2 30.3 30.4 30.5 15 30.0 30.1 30.2 . 30.3 

(c:) One y.ar in thirt.y 

R .. pon .. toarpel'at.ur. is 29.8 C 
01.ch.rs. toarper.tur. is 40.9 C 
Mlx1na zone t.~.r.tur. 1. 38.1! C 

Sel\!!!snt llwnber 
l..!n.t 3 - ...L 6 7 _8_ ....2... ...lQ.. .....1L .JL 13 14 _11- _l.L 17 18 5 30.2 30:3 30.6 3D.8 30.9 31.1 31.3 31.6 31.9 32.5 33':2 34.1 35.] 38.6 3U 3D 6 30.2 30.3 30.8 30.8 30.9 31.0 31.3 31.5 31.9 32.S 33.3 34.4 35.7 31.6 34.S 32.3 1 30.2 30.4 3a.S 30.8 30.9 31.1 31.3 31.6 31.9 32.4 33.2 34.2 35.4 36.4 34.3 32.2 8 30.2 3C1.4 30.6 30.8 31.0 31.1 31. 3 31.6 31.8 32.2 32.8 33.7 35.0 35.4 33.9 32.0 11 30.2 30.4 30.8 30.8 30.9 31.1 31.3 J1.5 31.7 32.0 32.S 33.3 34.5 34.8 33.6 31.9 10 30.3 30.4 30.8 30.8 30.9 31.0 31.2 31.4 31.6 31.9 32.2 n.9 34.1 34.3 33.6 11 30.3 30.4 30.11 30.8 30.9 31.0 31.2 31.3 31.5 31.7 31.9 32.2 12 30.3 30.4 30.(\ 30.1 30.9 31.0 31. ~ 31. 2 31.4 31.S 31. 6 31.8 13 30.6 30.7 30.8 30.9 31.0 31.1 31. 3 31.4 31.5 

14 30.6 30.7 30.8 30.9 31. 0 31.1 31.2 31.3 
1S 30.8 JO.9 31.0 31.1 
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,-:_>.'-<-~"---:~,: :-' ',_-~ ." ---" 'c -- .. - ___ .< ::_ -_", 
.'R •• Pon •• t.~ltn.t.ul:.1.JO.l e·· 
.Dhcharl.t..mp'l:at.\iI:.i~'l;S C 

". tulK1n,' '0" •... ~tIOp.t~~.Jlr,i'4Q.1. C 

Sltsm!!lt N\lfI'It)(I[ 
lc!x!.£ '..;.;.L ' .. 4' :,i.: .'.~ . 7 

31~6 9 ..l!L .:.:!.L' ..ll.. ..ll.. ..!!!.. J1.. ...lli.;. .. ..lZ.; 
6 30.S· 'Jo;r - 31;0 '- 3.1\.~ 3U ,3U :·32,.2 • n;7 33.;J 34.4 35;5 37.1 40.1' 35.4 . 
1 -30.3 30.5 '30.8 31.0 31;1 .' 31.3 31.5 31.9 32.3 n.o 34.0 35:3 31.0 39.3 . 34.3 
8 ' 30.4 >30~' 30 iii, 31:1 3i.2 31.4 3l.8 32.0 32.4 3~.1 34.1 3S.! 31.1 38.Q 34.0 
9.' 30._ ladS 30.t '31; 1: ~Ut L:n.4 31.7 :31.9 32.3 32.9 33.8 3S.1 36.1 36.7 33.7 

10'_ 30;4 30.6 30.t· . 3).;1 .• ,3hZ 31.4 . 31.15 . 31.9,. -.~2.2 32:6 ' 33.4 34.6 36.4 35.9 33.S 
11 30,,5 30:S 30.S, ·31',-1 '31.2- 31.4 31.' 31.8 n.1 32.4 33.0 33.S 
12 30.5 30.6 30.~ 31.1 aLi 31.3 31.5 31;7 32;0 . 32.2 37..6 33.1 
lJ :iO.8 31.1 31.2 : .31;a .31.4 '3~~6 31,$ n.o n.2 
14 30.9 31.0 ~1.2 31.3 3L4 31.,5 31. 7 31.8 
15 31;2 - 31.3 .31.4 31.4 

(b) On. yen. int.l!n 

R •• pon., tamp,liatuu la- 31.'6 C 
Dhcbuse tempetatun ia 43.0C 
H1J:~n. Icna t.emp_nti.lI;_ 1."1.6 e 

Sumene Number 
'I.!I.!I .. ....L . 4 .i.; ·6 . l' ..!. _9_ JQ... ..lL ...ll.. -1L ....l!:... ..!.L 16 ..1l... ....l.L -*L 

6 32.0 3n 32.5 3n 3r:9 33.1 33.4 33.7 34.2 3 •. 6 3S.9 37.0 35.6 4U 36.9 34.0 31.7' 
1. 31.8 32.0 32.3 32.!I 32.6 32.8 33.0 "·33.4 33.8 34.5 35.S 36.8 38.S 40.8 3S.8 33.0 31.! 
a 31. 9 32.0 ·32.4 32.& 32.7 32.9 33-.1 33.5 33.9 34.6 33.6 37.0 38.6 39.S 35.5 33.0 31.5 

• 9 31.9 32.1 32.4 32.6 32.7 32.9 33.2 33.~ 33.8 34.4 35.3 36.6 38.2 38.2 35.2 32.9 31.7 
10 31.9 32.1 32.4 32.6 32.7 32.9 33.1 33.4 33.7 34.1 34.9 36.1 37.9 37.4 3S.3 
11 32.0 32.1 32.4 32.8 n.' 32.9 33.0 ~3.3 33.6 33.9 34.S 35.3 
12 32.0 32.1 32.3 n.8 32;7 32.8 33.0 33.2 33.,5 33.7 34.1 34.6 
13 32.3 32.6 32.7 32.8 32;1) 33.1 33.3 33.5 33.7 
l~ 32..4 32.S 32.7 32.8 32.9 33.0 33.2 33.3 
15 32.7 32.8 32.9 32.9 

(c) On, Y •• I: in thirty 

.... anpon., t~'ntul" h 32.6 C 
Dlacher •• t~'l'atul:_ h 44.0 C 
tullin& :IIone t.amp,rat.w:e is 42.8 C 

Se5!!!!l!t Humb,,, 
W.!.t ....L 4 _5_ 6 7 ..!. ...L Jl!... ..ll.. ...ll.. -lL 14 15 ..l2.. 17 ....l.L ..lL 

6 33.0 3n 33.S 33.7 33.9 34.1 34'.4 34.7 35.2 35.6 36.9 'i8":O 39.6 42.6 37.9 35.0 32.7 
7 32.8 33.0 33.3 33.5 33.6 33.8 34.0 34.4 34.8 35.5 36.5 37.8 39.5 41.6 36.8 34.0 32.11 
8 32.S 33.0 33.4 33.6 33.7 33.11 34.1 34.~ 34.9 35.6 36.6 38.0 39.6 40.S 36.5 34.0 3~.1I 
II 32.9 33.1 33.4 33.6 33.7 33.9 34.2 34.4 34.8 35.4 38.3 37.6 39.2- 39.2- 36.2- 33.9 32.7 

10 32.9 33.1 33.4 33.6 33.7 33.9 34.1 34.4 34.7 35.1 35.9 37.1 38.9 38.4 36.3 
11 33.0 3:\.1 33.4 33.6 33.7 33.9 H.D 34.3 34.6 34.9 35.5 36.3 
12 33.0 33.1 33.3 33.6 33.7 33.0 34.0 34.2 34.5 34.7 35.1 35.6 
13 33.3 33.11 33.7 33.8 33.9 34.1 34.3 34.5 34.7 
14 33.4 33.5 33.7 33.8 33.9 34.0 34.2- 34.3 
15 33.7 33.8 33.9 33.9 
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··.·~~~.i~~~o:t:?J:~:IT~~~:on •. 
LI.[>n •• , ,,",nn landmark lc>cations are showiLitf 

31;2 
31.3 
31,2 
31,2 
31..1 

:lP.4 :~30.6 31.P 
~3J_rl' . 30;4 -;-.; 3¥-~:$, 30;6 '30;9 
30.2 30.3 30.5 30;6 :lo.e 

30'~ 5 30,,6 30.7 

(b) OntLyeer 1n.ta!l 

R.~ponut.~.iatunh· 30,.~' C 
Dhenars. tamparatUnh, 42.3C' 
Hhtlnl Ilona t.earpaut.llieh 40. 9~ 

lileam!I!t Numb!r 
W.u _3_ ... ,,.. . -L 7 ..l.. ...L ...lQ.. ...lL ;...lL J.L ,4 -U.. ..lL -1L ,..:.a.. .J.. ;. e' 31.3 38 3178 32,,0 3n 32,4 32.7 33.0 33.5 34.1 35.2 Js:'j 37.9 40.9 36.2 33.3 ,31.0 

7 31.1 31.3 31;6 31.8 31.,9 32~1 32,3: 32.7 33.1 33.S 34.8 36.1 37.8 40.1 3~.1 32.3 ~O;9 , • 8 'll.2 : 31.3 3Ll' 31.9 32.0 31.2 32.4 32.S 33.2 33.9 34.9 36.3 37.9 ~8.8 34.8 32.3 30.9 
9 31.2 31.4 3l~7 31.9 32.0 32.2 32~.') 32.7 33.1 33.7 34.6 35.9 37.5 37.5 34.S 32.2 31;0 10 " 31.2 31.4 31.7 31.9 32.0, 32.2 32.4 32.7 33.0 33.4 34.2 35.4 37.2 36.7 34.11 

11 31.3 31.4, 31.1 31.9 32.0 32.2 32.3 32.6 32.9 33.2 33.8 34.6 
12 :11.3 31.4 31.6 31.9 32.0 ' 32.1 n.3 32. !I 32.8 33.0 33.4 33.9 
13 31.6 :31.9 32.0 32.1 32.2 32.4 32.6 32.8 33.0 
14 31.7 31.8 32.0 32.1 32;2 32.3 32.5 32.6 
15 32.0 32.1 32.2 32.2 

(el On. y.ar in thlrty -R .. pon .. tllOllpI8raturI8 is 31.8 C 
Olacher,a t..-puatun i. 43.2 C 
Hi:l1~ &onl8 t.eperatur. h41.8 C 

Selllll.nt Number 
1..!:!!1 _3_ .. _5_ ...L 7 ..L 9· ...lQ.. ..u.. ...lL 13 14 -!.l.. ...!L ....!l.. JL 21 

6 32.2 32.4 32.7 32.9 3n 33.3 33.6 33.9 34.4 35.0 36.1 37:2 38.8 41.8 37.1 34.2 31.9 7 32.0 32.2 32 . .') 32.7 32.8 33.0 33.2 33.6 34.0 34.7 35.7 37.0 36.7 41.0 36.0 33.2 31.8 
8 32.1 32.2 32.8 32.8 32.9 3~.1 33.3 33.7 34.1 34.8 35.8 37.2 38.8 39.7 35.7 33.2 31.8 
9 32.1 32.3 32.8 n.8 32.9 33.1 33.4 33.6 34.0 34.6 35.5 36.& 38.4 38.4 35.4 33.1 31.9 

1Q 32.1 32.3 32.8 n.8 32.9 33.1 33.3 33.6 3:3.9 34.3 35.1 36.3 3a.l 37.S 3S.S 
11 n.2 32.3 32.6 32.6 32.9 33 1 33.2 33.5 33.8 34.1 34.7 35.5 
~2 32.2 32.3 32.5 32.8 32.9 33.0 33.2 33.4 33.7 33.9 34.3 34.8 
13 32.5 32.8 32.9 33.0 33.1 33.3 33.S 33.7 33.9 
14 32.6 32.1 32.9 33.0 33.1 33.2 33.4 , 33.S 
15 32.9 33.0 33.1 33.1 
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···'~~.pO~'.~~:t.tun h~7.7C 
Piacl)u,. tt\llpUiO,I.lute' h:,3~,.1 C 
HlxiU4 ,zone, t:~.r.tll.!;',ls37 .}C . 

S!!ffi.nt Humber 
l..!ut' ~ ·"c' .J...: . ,.,j.. '7 ' ..L .2- ".'.JL 11 ....ll... .;ll,. \4 ....ll. 16 17 

628.1 28.1" 2&,8. 28:8 29.0. 211.2 29.~ . ;1.9.8 '30":'3 30.9 32.0 33.i 34.1 'i1.7 3TIi .• 
7 27.ll'; 28;1 '28;4 28;6 28.7 . 28.9 211.1 ·29.~ 29.9 30.6 31.8 32.!! 34.6 36.9 31.11 
II .28.0 28.1 28.S 28.7 28.8 29.0 29.2. 29.6 30.0 30.7 31.7 33.1 34.7 35.6 31.G 
9 .28.~. :'8.2 ' 28;~ 28;7 28;& 29.0 29.3 29.S 29.9 30.5 31.4 32.7 34.3 34.3 31.3 

10 28;0 28.2 .28.5. 28.7 2&.8 29.0 29.2 29.5 29.8 30.2 31.0 32.~ 34.0 33.5 31.4 
11 28.1 '25.2 28,5 28," 28.8. 29.0 29.1 29.4 29.7 30.0 30.6 31.4 
12 28,1 2",2 26 .. 4 .. 'ia.7 . ;>q~e 23.9 29.,1 ':·23.3 29.6 29.8 30.2 30.7 
13 23.4' ~$.7 2S~-8 28.9 . za.o ~~;2 2:;.4 29.6 29.8 
~4 28.S 28.6 211.6 28.9 29.0 29.1 29.3 29.4 
15 26.8 28.S 29.0 29.0 

(bl One yur in ten 

R.apon •• t.mpliltat.ura 11 29.0 C 
Discher.a tamp •• atura is 40.4,C 
Mizin, zona t.emperat.llr. b 311.0C 

S,,!ment !lUlnber 
J..w.£ ..L 4 _5_ 5 7 8 9 10 11 12 _u... 1"4 15 ,6 -1L.. 18 . ...ll. 6 29.4 2U 29.9 30:1 3'ii:3 30:1 30:8 3D 3i":6 32.i 33.3 3i:":1 36.'0 39.'0 34.3 3i"':"i: 29.1 

7 29.2 29.4 29.7 2i;!.9 30.0 30.2 30.4 30.8 H.2 31.9 32.9 34.2 35.S 38.2 33.2 30.4 ,. 29.G • 6 29.3 29.4 29.6 30.0 30.1 30.:1 30.5 30.9 31.3 32.0 33.0 34.4 36.0 36.9 32.9 30.4 29.0 
9 29.3 29.5 29;S 30.0 30.1 30.3 30.5 30.S 31.2 31.6 32.7 34.0 35.6 35.5 32.6 30.3 29.1 

10 29.3 29.5 29.S 30.0 30.1 30.3 30.5 30.6 31.1 31.5 32.3 33.S 35.3 34.8 32.7 
11 29.4 29.5 29.& 30.0 30.1 30.3 30.4 30.7 31.0 31.3 31.9 32.7 
12 29.4 29.5 211.7 30.0 30.1 30.2 30.4 30.5 30.9 31.1 31. 5 32.0 
13 21i.7 30.0 30.1 30.2 30.3 30.5 30.7 30.9 31.1 
14 29.6 29.9 30.1 30.2 30.3 30.4 30.6 30.7 
15 30.1 30.2 30.3 30.3 

(el On. year in thirty - R.apon •• tamperat.ur. h 29.8 C 
Diacher •• t.amp.rat.ur. ie 41.2 C 
Mizin, zone t.emp.rat.ur. 1a 39.8 C 

See..""nt. Numbe" 
l..wJ: -1.. • _5_ ...!L 7 _8_ .L 10 JL 12 13 l_ ..ll.... 15 17 ..JJL ...ll... 6 30.2 3Q.1' 30.7 30.9 3W 31.3 31.6 3l.'9 32.4 '33.ii 34':T '3"5.2 3&.8 '39:'i E:'l 32.2 2,9.9 

7 30.0 30.2 30.5 30.7 30.8 31.0 :n.2 31.5 32.0 32.7 33.7 35.0 36.7 39.0 34.0 31.2 29.6 
8 30.1 30.2- 30.6 30.8 30.9 31.1 31.3 31.7 32.1 n.1I 33.& 35.2 36.8 37.7 33.7 31.2 29.8 
9 30.1 30.3 30.6 30.8 30.9 31.1 31.~ 31.6 32.0 32.6 33.5 34.8 36.4 36.4 33.~ 31.1 29.9 

10 30 .. \ 30.3 30.6 30.G 30.9 31.1 31.3 ~1.8 31. 9 32.3 33.1 34.3 3S.A 3S.6 33.5 
11 30.2 30.3 30.6 30.8 30.9 31.1 31.2 31. 5 31. 8 32. .1 32.7 33.5 
12 30.2 30.3 30.S 30.8 30.9 31.0 31.2 31.4 31.7 31.9 32.3 32.8 
13 30.S 30.8 30.9 31. 0 31.1 31. 3 31.5 31. 7 31. 9 
14 30.5 30.7 30.9 31.0 31.1 31.2 31.4 31.5 
15 30.9 31.0 31.1 31.1 
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of this analysis a:regi.veniri'~il';1~';"~, 
, ' . 

, _'.: , ___ ~- .'_ <' c-

ihe§9F limit is exceeded in the di.~charge' '. 

tll~n;,90)cia.ysone y~ar. in thirty and is exceeded inthemi.xj,ng 

. 6.0 
"- - ,- . - -- , 

S~n~itivitye.t1alyseswere performed for different plant loads, 

rates and lake elevations 'to determine the change in mixing zone temperatur~s 

to each of these parameters. The results of the sensitivity analyses areas 

follows: 
~ . - . 

a. For heat rejection rate, the temperatures in the mixing zone decrease by 0.80 
°C (L44°F) for· .ea,ch 10\ decrease in plant load. 

b. For pumping rates, the temperatures in the mixing zone increase by 0.23 °C 
(0.41°F) for each 100 cfs decrease in pumping rate . 

c. For lake elevations, the temperatures in the mixing zone increase by 0.24 °c 
(0.43~F) for each foot decrease in May 31 lake starting elevation. 

These sensitivity values can be used to estimate changes in mixing zone 

conditions for small changes in the above parameters. 

7.0 Conclusion§. 

The GLVHT model has been succesl,;fully verified for 1988 realtime operating 

conditions. It has been used to ~ompute excess temperature distributions for 

continuous 100% full load operations for two different initial lal~e elevations. 

The results of the GLVHT analysis have been combined with the resul~s of a 

statistical analysis of 34 years of meteorological records to produce lake 

temperatures that would occur at certain specified annual frequencies over 

different daily durations. These results can be used co judge the significance 

of different temperature limitations and to perform comparative fisheries thermal 
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"DaY$<~x~~edihg99Fatthedischarge flWlleand at.tne 
.~:ndCa.iie'2forncirmal year. orieyearin five, 'oneyear 

twerityanc!:one year inthircy, 

',baysue;sceeding temp~!at\lre limits 

Return H.W.ngzone 
peiiod, Dan e;sceeding 37._~ 
n.Y.§. Case·l Case i. 

J.liscbarg~ flume 
DaIS exceeding 37,,2 
Case 1_ .... Case 2 

normal 19 39 60 63 

5 31 55 70 74 

10 43 6/~ 78 >90 

20 54 72 >90 >90 

30 60 76 >90 >90 
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."' .. '. ,,>. :--: ,--.. '-,. - "' - " - -
Add i't ic)nli,'l • ·~ffcJ'ff·ts,reqUl~ed to' furth~r 

r~1):~tp1~~,6perat:i,ng.r\lles '. to'meetthin-mal 
,.," - " "'. ," - . ."- ...", .' - . --"-'~.,' .. ' "'-

-', '., >_. -' ,'C:'·.' '" . 

. . t'emp~r~tg~e';'di~trJ~dtiCln$;in . tbe lake to future fisheries 
~'- ;" .. -' . -. -, 

- '.. -

. "plari~realt;ill1~'operat:i~gcondiHonsand the spl:ingfield,nlinClisllleteorologi.c~l· 
'-"," ",: ' .',;- .- .' '- .. :'- .:' _.' , . - - , '-". 

dat~,~ut furtherwotkts required to' characterize the stut:ificadonin't;he, 

deepersegmen~s ofthela\<'edue tosl.1rfaceandgroundwater inflows. 
O' ' • 

of' realtime operati.ng rules relative to thermal limits requires determiilirig the 

monitori.ng, and operational procedures to be followed over realtime to meet the 
. . , 

thermal, limits.. Thef;lsheriesevaluations requires a comparison of absolute 

temperatures with excess t~ll1peratures at different locations in the lake to 

separate plant operating effaces, from natural temperature variations due to 

meteorological conditionR. 

References 

Buchak. E. M. and J. E. Edinger. 1984. Generalized, Longitudinal-Vertical 
Hydrodynamics and Transport: Development, Programming and Applications. 
Prepared for U.S. Army Corps of Engineers Waterways Experiment Station, 
Vicksburg, Mississippi. Contract No. DAC\139-84-M-1636. Prepared by J. E. 
Edinger Associates, Inc., Wayne, PA. Document No. 84-18-R. June . 

-!o 



Appendix A 

previousHyd~othermalAnalyses of Clinton Lake 
. . for 

Clinton PorNer Station Unit 1 Operations 

• 

• -11 



• 

• 

H}dro;~herm.al. Artalyses Qf CHnton Laka tOt: 

Unit 1. Opeutions 

Pr~pared for 

Illinois Power Company, 
Environmental. Affairs Departll1ent 

500 South 27th Street 
Decatur, Illinois 62525 

Prepared by 

John Eric Edinger 

J. E. Edinger Associates Inc. 

37 West Avenue 
Yayne, Pennsylvania 19087 

Document No. 88-60-R 

20 May 1988 



• 
-

• 

~ ~ ~ 

'-. - ; ".' '. -

TABLE OF CON'l,'ENTS 

Tabl~ of:,_ Content"s ~. tI'."." ...... ft'.".a.-,.. til •• c ..... " ...... " ... " ••• ,. •••• ~. ~ ~ ... -11 
. ~ 

List of" ,·r-a_b+.~~ .:;~.-." .-:~::-~ .. ",," -•. " .. ~ .. ~-it-_~'_,_ ••••• V" 'Ii." II." •• "' •• " •••• """" ....... iii 

., "0 • " te' , • ., i' • "." •••• ,. • to f , ., ~ to ... ., , ., • ., • • .. " .. • • • ., • '" ••••• ., • " .. ., .-iv 
. ~ 

-In~·rodu-c.t1o:t_._ •• "'" ........ ~ •• "" •••••.•. ~ .. :. ~ .• ". 8., .-..... " ••• ,," fl •• "" •• " ..... " .i.-E.l 

The L.A.Rl1·- Moci'el , ..... '.~ •.• " •. -•........ '16"" "' .... " ... ~ .-,,, .... ,, •• *.", ••• 11>"" ...... " •• 4' .E.2 

1988 LARli_-·Si.mul~t~on Results .· .•..... ., ........................ , .... ljlil ••• E.3 

Accuracy ofLARM· Hodel Results ....................................... E. 5 

LARM Model Sensitivity' •••••••••• " ••••••••• g ••••••• lo ••• E.6 

}·~odeling During Variance Period •••••••.•••••• ~ •••.•••••••••••••••••• E. 7 

Refete·nce.s ••••.•••••• -•••••••••. -.- .••• : •••••••• "" ••.••• , ••••••••••••••••••• E.9 

Appendix A: Ther~al De~onstration Pursuant to Illinois 
Pollution COfltrol Board Rules and Regulations. 
Chapter 3, Rules 203(i)(10); Section 5 
Hydrothermal Model. Section 6 Results 

11 



-

• 

tIST'OF···TABLES 

Title -
'S\lmm~ryof.Pi~lltandLake OperatingConditi6ns 

81ufMa:dlll\l1llDailyPiScharge Temperature 
Staeistiesfdr Different Hydroeherlllal SimulatioI'ls " .."< . 

. QuClll1tonLake using 19 5SJieteorologic~1 Data: .•. c..~ ••. E.10 
- -- -. -

2 . Boundary Conditions and Amb1ent Temperature . . .....•. 
Field for August 1~.1955(Ju1iilnDay 213) .............. t~12\ 

3' ., . Am'b:1.etit Telllperature Statistics at Selected 
~-~:ci-a'~\~~~~ ~ ~. ",July, -19 5~ .•• _ ~:.-;.; ~.-:) ;." __ • ~~.~ ••• " , 9 ••• , •• " ••• , •• 9 •• , • E. 13 

4 AlnbientTli!mperatut:e Statistics at Selected 
L,Qc,ations.August 1955 •••••• " ••••••••••••••••••••••••• E.14 

5 Boundary Conditions, and Temperature9Field 
under Current Heat Load (6.713 x 10 Btu/hr. 
1387.5 ds) for August 1, 1955 (Julian Day 
213") .• -,", ",", '-.0' ~"" •• """."." ••• -. ~ ~" •••••• ., ••••••••••••••• .. E. IS 

6 TemperaturegStatistics under Current Heat Load 
(6.713 x 10 Btu/hr. 1387.5 cfs) at Selected 

7 

8 

9 

10 

11 

Locat1ons~ July 1955 ••••••••••••• , ••••••.••••••••••••• E.16 

Temperature9Statistics under Current Heat Load 
(6.713 x 10 Btu/hr. 1387.5 cfs) at Selected 
Locations.- August 1955 •••••••••••••••••••••••••••••••• E.17 

TemperaturegStatistics under Current Heat Load 
(6.713 x 10 Btu/hr, 1387.5 cfs) ............... , ...... E.18 

Highest One-. Seven-. and Thirty-Day Average 
Temperature for ~uly 1955 under Current Heat 
Load (6.713 x 10 Btu/hr. 1387.5 cfs) ••••••••••••••••• E.19 

Highest One-. Seven-, and Thirty-Day Average 
Temperature for ~ugust 1955 under Current Heat 
Load (6.713 x 10 Btu/hr, 1387.5 cfs) ••••••••••••••••• E.20 

Highest One-. Seven-. Thirty-Day Average 
Temperature for Septe~ber 1955 under Current 
Heat Load (6.713 x 10 Btu/hr. 1387.5 ds) ............ E.21 

iii 



LIST OF FIGURES 

Title -
1 LQngitudinal Segmentation ofCl!nton Lake .. . 

t9f LARM Applica.tion •••• i •••••••••••••••••••••••••••••• E.rr 

• 
-

• iv 



• 
-

• 

- . :,-

$imui~~fons"w~ieDla~sHsirtgthe LARM (Laterally Averaged ReserVoi~ 

were ... repei,;i4 .. iIlipC~(1980). In 1981t\lo addltlonalsimula.tions; 

~rte,' usi~g~~et.t.iUimodel and reported in Buchak (1981), and the other by NRC . 

Ul>ing,'t;heHITelllpmodel<lnd reported in NRG(l981). The fourth simulattonsare 
:"'-.-'- -. .,<- ->--:-~'> 

sUlllJ'llarizaOfnthis report. 

Station and lake operating conditions used for each simulation and 

simulation results.re summarized in Table 1. The different major operating 

characteristics used in the simulations were station heat rejection, flume 

di.scharge rate, and lake elevations; Simulations based on the daily 

meteorological conditions for 1955 were used because previous analyses in IPC 

(1980) and Buchak (1981) showed this record produced the highest ambient lake 

temperatures during the summer months in 26 years of meteorological record. 

The 1980 simulations sho\om in Table 1 and reported in IPC (1980) se~ed as 

the basis of the previous Illinois Power Company (IPC) request for thermal 

limitations on Clinton Lake. COlllparison of the 1981 LARM simulations and the 

1981 NRC MITemp simulations for nearly identical station and lake conditions 

sho\ls that independent modeling efforts give nearly identical results with the 

1981 LARM simulations . Modeling using LARK is therefore considered reliable. 
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(198Q)~hG:h is attached AS Appendix A. Briefly, the URH Model is a 

va~YinghydrQQyna/llicand . heat transport· mQdelthat 

. longi cud!.nl.l,l: andVertic,altempeutures throughout· Clinton Lake. 

input includes daily mli\teotological data of (shortwave solar radiation, air 

temperature, de.... point temperature, wind speed) and station operating data 

(heat loads, d1Schuge flume flows rates I disoharge temperatures). The 

hydrodynamics of th,e mOdelcomput'es time-varying longitudinal and vertical 

velocities in response to inflows,' wind shear, and buoyancy effects of the 

flume discharge. The heat transport includes solar radiation, back radiation, 

evaporation and conduction at the water surface as well as station heat loads. 

Evaporative water loss and its resulting lake level change is not included in 

the l.ARM simulations. 

The longitudinal segmentation of Clinton Lake for the LARM application is 

shown in Figure 1 and described in detail in Section 6 of IPC (1980) which is 

> •• ' also attached as Appendix A. The longitudinal resolution is 4981.9 feet and 

the vertical resolution in each segment is 3.6 feet. The station intake 

withdraws water from segment 5. The overflow service spillway and submerged 

outlet works are located 1n seglllent 8. The station discharge to the lake is 

into the surface layer of segment 16. The station discharge flume runs from 

the station to model segment 16. 

The l..ARM simulations for 1980, 1981 and 1988 were conducted using 1955 

average daily meteorological data from Springfield, Illinois, a reconstructed 
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i~f~bwcfe~p~r~tbrj,anc1 
'U$i~~:~~e~at~'dallY m~t~9rologlcaJ. 'data" 

'~1l6;5 dehh.ear~pr~sfnlt~tion of ondte diurnal/ 

vatfatLQOs; Silll1.l,arly I avuage 'dailY:itation heat reje<;t1onsrates~J~"-'lpf> 

allowaccuratel:'epresentatlon of d1urnaltemperatures at thedischatg$ct'l.~e': 
- - . " - -.'.-

Cons8quently,prediceedlllaXilll\J.III daily or maximum average daily temperat~f;.~;~eY' 
-' • ". '-"'c';- =".', , 

be in errorby~bout' ±l. 5,or. 

19a8L~RJ1S~mulationBesu1t:! 

The present 1988 1.A.RM simulations were performed 'for the station and lake 

operating' conditions given in Table 1 using the average daily off-site 

Springfield, Illinois 1955 meteorological data. The lARM setup for the 1988 

simulations was the same as described in Section 5 of the attached Appendix A • 

The major improvements in the 1988 simulations 'Wers more accurate 

representati()l) of the discharge flume flow rates and the station heat rej ection 

rate. 

The LARK model version for Clinton Lake was first exercised for the 1980 

simulation conditions to assure that it reproduced the previous results using 

more recent computer hardware and compilers. When the reproduction was 

determined to be successful, the revised discharge flume flow rates and heat 

loads were then inserted into the validated code and simulations were performed 

to determine the spacial temperature fields and statistics for the highest one 

day, highest seven day and highest thirty day average temperatu~es. These data 

were similar to results presenteo in Appendix A for the 1980 station operating 

conditions. 

Results of the 1988 simulations are presented in the attached tables as 
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a!llb1.ell~J~ropefature£ield forth. 
int!Kft"wllich.:ls3l.9 C (89.5 F) at 

. " ~. - -". --

. Table.5$iV.$.thetemp.ratu~"fieldatselected lake locations for simulated 
sta~lon'operatin'gconditio'!lsfot:the day of highest flume dlschargaternperatur ll 
.,;,hi 9hislf\ugust' ln~; ,On that date the' temperature of the lake :dischargeto 

'Salt ~ Cr~e~ 'is'pre~1~ted tOQe32;8 C (91.1 f) and the " flume discharge 
temperature to be44~'3CUl1.7F). . 

table6g1vesthe July 1955 temperature statistics for simulated station 
operating'condit1.ons at differentloclltions throughout the lake. 

Table' 7 gives the. August 1955, temperature statistics for simulated station 
operations at different locatl0,nsehroughnut the lake. 

Table 8 gives the September 1.955 temperature statistics for simulated nation 
operat1onaat different locations throughout the lake. 

Longi tudinal and vertical profiles of the one day I seven day and thirty 

day moving average maximUIII temperatures for July, August, and September are 

given in Table 9, Table 10 I and Table 11. The moving averages are computed 

through each month beginning on the first day of the month and using the 

previous values in the record. Th~ period spanned by the respective moving 

averages is indicated in each Table. 

Table 9 gives the July 1955 temperature fields for simulated station operations 
for the highest one day averAge temperature, the highest seven day average 
temperature and the highest thirty day average temperature. In the discharge 
flume I the July 1955 highest one day temperature is 44.3 C (111.7 F) I the 
highBst seven day temperature is 42.9 C (109.2 F), and the highest thirty day 
temperature is 41.0 C (105.8 F). Within the lake, the highest one day 
temperature is in Segment 16 with a surface temperature of 42.4 C (108.3 F) and 
a bottom temperature of 38.0 C (tOO. 4 F). The July 1955 seven day surface 
temperature in discharge segment 16 is 40.9 C (105.6 F) and the bottom 
temperature is 36.3 C (97.4 F). The July 1955 thirty day surface temperature 
in discharge segment 16 is 38.8 C (101.8 F) and the bottom temperature is 34.0 
C (93.2<F) . 
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Jiji~~~l. ·l!l,gi~'i\ th(i~ugu.tl ~ S 5 .. temperaturo field.. for ·.i.ul.~~A 
':9pera~i6nS'for'the',highest<one day average temperature,the highest. 
;,,~v~rll:ge;tellip.~aeure&ndtheh1ghes t thirty oay average temperature,.,'. 
'd~sc:harS.flutilla'the. Aug\1st:1.955 highest one da.y temperature is 44,4C 
F)/thehighest,sevendaytemper4ture is 43.9C(111.2 F)anci<the ..... ll'o ....... 

,thirtrjjayt,illpetatur:e1s4L8 c (107.2. n. Withinthe lake,theh1gh.,sT.<·; 
,daytelllperatureis in Segment 16 with a surface temperature of 42;7 C(108 .9.F») 

At'l.da bottom tempe tatun of 38.0 C (100.4 F) • The August 1955 .even day 
surface temperature indiscbarge segment 16 1s42.1 C (107.8 F) and the. bot:tom; 
temperature i,s 37.5 C(99.5 F). The August 1955 thirt), day surface temperatl.1t:~ 
Jnsegment 16 is 19.6C (103.3 F) and the bottom temperature is 34.8C (93.2 
Fh 

. . 

Table 11 gives tlle Sefltemb~r 1955ter.lperature fields for sim'.1tlltcdttacion 
operations for the highest one day average temperature, the higheseseven day 
average temperature and the highest thirty day average temperature. In the. 
discharge flWlle, the September 1955 highest one day temperature is 37. 9C 
(100.2 F). the highest seven day temperature is 38.6 C (101.8 F). and the 
highest thirt), day temperature 1540.2 C (104.4 F). Within t~e lake, the 
highest one day temperature is in Segment 16 with a surface temperature of 36.3 
C (97.3 F) and a bottom temperature of 30.6 C (87.1 F). The September 1955 
seven day' surface temperature in discharge segment 16 is 36.3 C (97.3 F) and 
the bottom temperature is 31.8 C (89.2 F). The September 1955 thirey day 
surface temperature in discharge segment 16 is 37.9 C (100.2 F) and the bottom 
temperature is 33.0 C (91.4 F) . 

The September 1955 results in Te.ble 11 show that the seven day lmd thirty 

day moving average values occurred on Septembe.r 1 thereby incorporating the 

previous six and t .... enty·nine days of August respectively. Since ";he end of 

August into September represents a decreasing trend 1n temperatures, the thirty 

day moving average temperature for September is actually higher than th~ seven 

day average as indicated in Table 11. 

Accuracy of tA&~ Hodel R~sYlts 

The LARM model .... as exercised for 1978 meteorological conditions in the 

1980 simulations for computation of ambient temperatures. The CODlputed ambient 

temperatures .... ere compared to temperature observed by IPC on the lake during 

1978. These results are reported 1n IPC (1980) Figure 6·1 and show the 

computed average daily temperacures are generally .... ithin 1.0 OF to 1.SoF of the 
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exception 
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r~~ul~s';'hichvasattributed' to uncertain moteorolog:!.cal data ~ </_ •.. 

tnoc1el~Qr th:eperiod: 
, , , 

ti~rerec~nt det~iled statistical analysis of model results 

~r_,' .. er~ati¢ns have' been made for a number of hydrothermal simulati<msfor 

-;> :iousver.sions'oflARM and CLVHT where reliable meteorological data existed 

(Edinger and Buchak, 1987); These comparisons show that for monthly surVeys 

summarized over 6 month periods at numerous profile stations, the mean error of 
themodel,results ranged from 0.11 °c (0.2 of) to 0.37 °c (0.67 of), and the 

standard error of ,these mean errors ranged frolll 0.17 °c (0.31 OF) to '0.74 0c 

(1.33 of). These results indicate that LARM and its later version~ accurately 

reproduces observed temperatures given reliable meteorological data. 

LARM Hodel Sens!t1vity 

Civen the 1955 meteorological data, Clinton Lake silllulation results are 

most sensitive to the station heat rejection rate, the discharge flume flow 

rate and the lake elevation. There are sufficient simulation results in Table 

1 to determine the sensitivity of the maximum daily discharge temperature to 

each of these parameters relative to the 1988 simulation conditions. 

The station heat load determines the extent to which the flume discharge 

temperature is elevated above the maximum ambient water temperature of 31.6 C 

(88.8 F). The temperature elevation will be 3.39 OF per 1.Oxl09 Btu/Hr of heat 

rejection for a discharge flume flow rate of 1387 cfs at a lake level 685.5 ft. 

ScmJ,tivity to discharge flume flow rate is determined from the increase 

in tem\-"': Ilt:\.' ,:9 across the condenser a.t a heat rejection ratG of 6. 71xl09 

E.6 



• -

• -

,~.~.- -~-'-:--' . 

. • The· i'ake elevation affects both the lake volume for heat 

l.akC!surf!l~eare.i for surface heat disSipation. Sensitivityto 

bedetertllinedbycompadngmodel1ng results at two dj,fferent 

eachfootincr~ase in lake level above elevation 68S.5ftthe 

diScharge flume. temperature .... ill decrease approximately O. 2 of. 

Sensitivity of the days exceerling99 Fto the maxicUrn 

discharge temperature can be determined by comparing the 1981 and 1988 LARH .. 

results . This shows an increase of 6 days per 1 of increase in maximum daiiy· 

tlwne discharge temperatures. 

The above sensitivity parameters can be used to determine the reduction in 

heat load required to lower the 111.7 F maximum daily discharge flume 

temperature to the current 108.3 F. A reduction in discharge temperatures of 

3.3 OF would be required which at a sensitivity of 3.39 OF above ambient per 

109 Btu/Hr of heat rejection would correspond to a reduction in the heat load 

of 0.97xl09 Btu/Hr. This represents a load reduction on tho scation of abouc 

15\ based on 1955 conditions. 

Modeling During Variance Period 

The planned hydrothermal studies for Clinton Lake (Davis, 1988) during the 

summer of 1988 through 1990 will use tho most recent version of LAR.M called 

GI.VHT (Generalized, Longitudinal-Vertical Hydrodynamics and Transport) 

described in Buchak and Edinger (1984). Model input will include hourly 

on-site meteorological data and actual operating station heat rejection data. 

The GLVHT uses hourly meteorological data; includes evaporative wa ;er loss: 
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rn~~ed~tailed'fepresenta~{Ol1' of the variCluscombinations 

of stati.ori~ooi{ngwater d1scharge~ ar;d flownturns. 

In addition' to utilizing. GLVHT for the 1988 through 1990· studies; 

willallQw re~calibrating the long 

.' -' ~ - -~ 

Springfield. !lUnoh meteorological record to the site. This recal1bradon 

w111 enabl,e an· accurate'arnoient temperature-duration days-annual· frequenc:y 

amilys1sto be performed arid provlde a mora accurate basis for characterizirtg. 
- .--- ,"'- : . -' 

flumediscnarge teinpetati.n:es with respect to natura.l variations . 

-. ,~ , 
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'1981. Clinton" LakeSimu14ti'otl~ 
i~t:eer report to J.' C. Henry I 

"·iuc:~~~.>k' 'Ii .ana,J..t.Edinger . 1984. 
HY4rodynil~1Cl$ ",', and"Transport:D~velopment, 
Contraet~;No. \;O/j.qt.l39;'84.M~1636, U.S. 
'Experiment' Stadan,' Vicbbl,lrg, Mississippi. 

-",r-.-

Davis;'J;'./r..., 1988 . Clinton l'Qwer' Station Phase II Thermal 
GollectiohPrbgram.,Letter .report to F. A.Spangenberg, 

' C~mpanYI 25 April.. 1988. 

Edinger, J.E.andE,M. nuchak.198/. Ei:rOrAnalysisof GLVHT Model Results.' 
J. "E •. Edinger Associates, '\.layne, Pennsylvania. DocWIlont No. 87.107~R. 

' November; 

Edinger, 'J. E., ariel B.M. Buchak. 1988. Draft Exhibits Spowing Hydrothermal 
Modeling Results', for CurrontHeat Loads at Clinton Station. Memo Report to T. 
Oavis and 0 .lolilsoIl;lilinols Power Company. 23 March 1988. 

IPC. 1980. Thermal Demonstration Pursuant to Ilhnois Pollution Control 
Board. Chapters 5 and 6. Prepared by Energy Impact Associates, Pittsburgh, 
Pennsylvania for Illinois PoYer Company Clinton Station, July 1980. 

NRC. 1981. Draft Environmental Impact Statement Related to Operation of 
Clinton Poyer Station Unit 1. U.S. Nuclear Regulatory ('':>tnmission, NUREG.0854. 
December . 
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Ta~r~:,;t:"s~a~rot\hantanQ.iake' Operating Conditions .··a,nd· 
D1seh",rg •. /:r:e~pe'ratuta.'Stat1sticS .. fOl;..Different 
Clil)t'9ft"~".u~ipgl~5S MeteorC)~ogical Data 

Yea( 
Model 

P~r~entLo4d" 
' '-- -- -

"He~tLoac11 ' 
, lO9 Bt:ii/Hr 

PUJ'nping Ra~e. cft; 

Lake Elevation, ft 

Darly Maximum ,Flume 
Temperature, F 

Days Exceeding 99F 

(1) lPC (1980) 
(2) nuchak (1981) 
(3) NRC (1981) 

1980(1.) 19800.) 1981(2) 
'1=2.!1 ~ .l.6EH 

92 106 100 

5.94 6.4 6.41 

1447 1447 1l;00 

690 690 685;5 

106.7 108.3 111.2 

44'" 55 66 

(4) Edinger and Buchak (1988) and this report: 

£.10 

1981(3) 1988(4) 
MITEHf lABH 

100 100 

6.61 6.71 

1400 1387 

685.5 685.5 

110.4 111. 7 

60 69 
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figure '1 longitudinal Segmentation of Clinton lake for lARH Application 
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D1schargec,'::c,' 
i.sEquaUed' ~egmenf Segment S'~#;ment Segment Segment: Segmerit CIt' Exc'eeded ':';,,5 ' '8 ,,' 
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.... 
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at Selected Locations; 

·· ..• Overflo'lot 
···Suhmerged 

Route 48 l.ake 

. 1emparilt ut: 8 

~e7:v-lc:e ... Outlet Discharge Discharge c . Bridgf( 
Ihtake ~pi1.l1oiay tlork$ Surface Bottom S~rt:a~e 

is. Equall~Qc .... S~glfle"'t Seglllent SegDIent Segment Segment SfOgment :0 
E~£~eded i 8 ~ H l~ lUlL f]..!.u!i!.. c·; 

31 25;4 .26;1; .. 26.3 24.4 24.4 23.7 . ··25;4;··· 
30 26.6 26.9 27.0 25.5 25.5 25.0 ·i6Y(;· 
29< 26.1 27.2. .. 27.1 26.3 25.5 26.0 26.7·. 
·?a····· 26;9· 2t;:f 27.1 26.3 25.7 26.1 26~9 
27 27.0 .. 2];3 27.2 2().5 26.0 26;2 2'LO 
26 27.1 ···27 .• 4 2'.2 26.6 26.3 26.3 27;t 

·25. 27.2. 27 .. 6 27:4 26.6 26.3 26.3 27.2 
24 27.2 27;6 27.4 27.0 26.6 26.8 27;2 
23 27.3 ·27.6 27.4 27.0 26.7 26.~ 27.3 
22 21.3 27.6 27,4; 27.2 27.0 26.9 27.3 
21 27.3 27.7 .27:4 21.2 27.0 26.9 27.3 
20 27.5 >27.7 27.6 21.4 27.1 21.0 27;5 
19 21.6 ··'27.8 21.6 27.4 27.2 27.2 27;6 
i8 27;7 . 28;0 27.7 27.6 27.2 27.3 27.7 

....... 17 27 .8 28.1 27.7 27.7 27.3 27.4 27:8 
16 28.0 28.3 27.8 21.S 27.3 27.5 28:0 
15 28.1 28.4 27.9 21.8 21.5 27.1 28.1 
14 28.2 28.6 21.9 21.9 21.6 27.7 28.2 - 13 28.3 28.7 28.0 27.9 27.6 27.8 28.3 
12 28.4 28.1 28.3 28.2 21.7 28.0 28.4 
11 28.4 28.8 28.7 28.6 27.8 28.5 28.4 
10 28.6 28.9 28.7 28.6 28.3 28.9 28.6 

9 28.9 29.0 28.8 28.9 28.6 28.9 28.9 
8 29.1 29.5 29.1 29.5 28.7 29.1 29.1 
7 29.4 29.7 29.6 29.7 28.9 29.9 29.4 
6 30.1 30.3 30.4 29.7 29.6 29.9 30.1 
5 30.S 30.8 30.9 30.5 30.S 30.2 30.8 
4 31.4 31.2 31.0 31.S 31. 6 31.S 31.4 
3 31.5 32.3 31.1 32.9 31, 9 33.2 31.5 
2 31. 6 32.7 31.1 32.9 31.9 33.3 31.6 
1 31.7 32.7 31. 2 33.1 32.0 33.4 31.7 
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:Bo~ndat'YcCondit1.ohs and Temperature Field under Cut"rene Heat 
10

9 
Rtu/hi;1387 .5cfs)foX;Augustl,1955 (Julian Day2i3)~ 

SOundarY'Condtti!(DS. 

·~~!l.~R.t..i=l.~lil"~l •• ~ 
Jllc+O'Ittolp.h~\'\n (C): iu 

lIo~~i~,~ IntlO\i~~t;(~3'~~11j .')1 

Horth, rl'lrlll#H04;'f..,.~t~ti1t. ,6: <U.O 

.D1'~I\&rs.nui:!.'f~p.i.t\liti{\~): ~4.) 

SIlba>.~&.,rL6k.()"tht. Wotk.nc~ R.t.(~.·lll .. 1 
, Subul.r,.di.~a ~~l.t. Wotk»t~~p.rat\lr. (C): ·.s2.a 

.' . 

OVertlQwSU'Vl~'SpUl.w'Y<flow~t. (~.'1) t .0 

Overflow SetV1ce SpUlw.yttiUpeutuu eel, 33.6 

Int.ake noWl:t.t.'(aii.~i)f3a.l 
Intak. FlOwftmptl'.t\lU(C):3i.Q 

TernperatureField eel 
Oept.n 

~S!B ... nx IIwMe; 
n -..l --i -l ...... .1 --oJ ..;..l!1 --U -ll -U -ll 

1.8 33.0 33.1 33.:1 33.2 33 •• 34.i 34.' 3'.8 38.8 38.3 
5.4 32.7 32.11 33.::1 33.2 33.4 33.7 34.1 3'.0 3'.a 35.8 
11.0 n.J n .• 32.8 3l~0 3:1.2 33.0 33.~ 33.S 33.8 34.2 

12.S H.II 32.0 32.4 32.8 3l.! 3a.8 3t.~ n.a 32.7 32.11 
15.2 31.11 31.1 32.4 32.1 32.11 l2.3 32.1 32.0 32.0 32.1 
19.' .0 31.1 32.2 32.3 32.4 31.11 31.7 31.8 31.G 31.7 
23.4 .0 30.11 32.0 32.0 31.8 31.1 31 •• ll.4 31 •• 31.5 
27.0 .0 . 0 31. • 31.1 31.1 n .• 31.3 31.2 31.2 .0 
30.11 .0 .0 31.7 31;5 31.4 31.3 31.2 3L2 .0 .0 
34.2 .0 .0 .0 .0 31.3 31.2 .0 .0 .Q .0 

-U -U -ll 
40.2 42.S 39.0 
39.3 40.' 38.4 
37.7 38 •• 31.4 
37.7 38.2 31.S 
37.7 3e.0 37.8 

.0 .0 .0 

.0 .0 .0 

.0 .0 .0 

.0 .0 .0 

.0 .0 .0 
lIot.e: Identli1ad d~ptha an relaUva to e laka devaUon of fiBS.' tut. above IDun ••• h"el. 

Legend 

Moe R![eroneu S.~.nt !lU.~orl 

, Oavenport 8ddle 3/4 
RO\lu ~4 Bdd,e 4'5 
Intake ~ 

0II1II e 
Rouu 14 BrAd,. HilS 
Dhcharse 16 
RQute 48 Bdd,. 17IlS 
Parnell Bridle 19/20 

Iron Irid,. 23/24 
E.15 

....lJ --li 
38.0 3~.1 

33.8 34.1 

3'.5 34.1 
35.1 34.1 

.0 .0 

.0 .0 

.0 .0 

.0 .0 

.0 .0 

.0 .0 

-l2 ...l1 
33.4 33.3 
3;'1.' 33.3 
33.~ :13.2 

33.4 .0, 
.0 .0 
.0 .0 
.0 .0 
.0 .0 
.0 .0 
.0 .0 



Load· (6.7p 

I~m!;lu:as;uu • ~ 
,";",: ", 

.. Submerged " 

Pays' .... O'I'8tflow . Lake Route 48 
Inciicated' Sa:rViee':, ()utlet Discharge Dischat'e.e Bridge 

.:.".~: ~ ~-.~~d~:~~-:~;~c.~~"'·:: Temperature ·lnt~k.,.. .' SpUlway ~orks Surface Bottom Surfac. 
h.Equalled···· S~gillent ...•• ·. Sej~llI~nf ~egment Segment Segment ··Segment 'Discharge. 
otElSceeded S 28> 'a ,.,;..; .... -~ l§ lUIS, .~ 

31 26.7 26;7 . 26.5 33,5 30.3 2'9.1 37.0 
30 26.8 26.8 26.7 33.9 30.5 30.1 3}.9 
29 27.6 27.9 26.9 35~8 31;0 30.2 38'.7 
28 ;28iO 28;1 27 .. 0 36,3 31.3 30.3 39;3 
27 28.2 28.4 27.6 36.3 31.5 30.5 39.4. 
26 28.3 28.5 27.8 36.7 32.0 30.7 39.5 
25 28.4 28.6 28.0 37.3 32.1. 31.0 39~5 
24 28.8 . 28.8 28.3 37.3 32.5 31.1 39.6 
23 29.0 29.5. 28.8 37.3 32,6 31.2 39.9 
22 29.0 29.5 28.8 37.5. 32.9 31.3 40.1 
21 29.0 29.5 29.5 37.8 33.2 31.6· 40.1 
20 29.1 29.6 29.5 37.9 33.4 31.7 40~1 e - 19 29.1 29.7 29.6 38,0 33. ~, 31.8 40.2 
18 29.2 29.8 29.8 38.3 33./) 31.8 40.3 -- 17 29.3 29.9 29.8 38.4 33.,5 32.4 40.4 
16 29.4 30.1 29.8 38.4 33. '7 32.5 40.6 
15 29.4 30.2 29.9 38.7 33.1' 32.6 40.6 
14 29.4 30.2 30.1 38.S 33.9 32.7 40.6 
13 29.5 30.S 30,:'\ 38.8 34.0 32.S 40.7 
12 29.7 30.7 30.4 39.0 34.1 33.0 41.1 
11 30.2 30.9 30.5 39.0 34.2 33.1 41.4 
10 30.4 31.0 30.6 39.4 34.6 33.1 41. 7 

9 30.9 31.1 30.7 39.8 35.0 33.7 41.S 
8 30.9 31.2 30.8 39.9 35.2 33.9 42.1 
7 31.0 32.0 30.8 40.1 35.5 33.9 42.2 
6 31. 3 32.2 30.S 40.7 35.6 34.9 42.4 
5 31.4 32.3 30.9 40.7 36.1 34.9 42.9 
4 32.1 32.9 31.1 41.1 36.2 35.2 42.9 
3 32.1 33.1 31.2 41. 8 36.2 36.1 43.5 
2 32.6 33.2 31.6 41.9 37.3 36.5 43.7 
1 32.9 33.7 32.5 42.3 37.9 36.9 44.3 

e_ 
E.16 
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• 

" 't~bi~-7 .. ,i.iu:~.'tatut~;~·t;:tistlk$ 'und$r'Current, Heat, Load 
cfa) atSele,ctedLoeations. AugU$t 1955 " 

, , ' 

Q 
, " 

- -:". --" -~ , Submerged 
.Oy.~flo\l< Lake 

". ~- - ,- <Servire Outlet. l)lscharge Discharge 
,.'l'emperaeure lritalt~ 

.. 
Spillway Works. Surface Bottom Js ' Equlllled . Segment SegQlent Segtll1!nt Segment Segment 

or Eyr.eenl'!<! .. ' 5 ' R' 8" 16 16 
·31 26.4 27.5 '27.7 33;7 30.3 
30 27.8 26.3 28.4 35-.6 30.S 
29 27.8 28.6 28.6 36.0 30,9 
28 28.1 28.8 28.6 36.5 31.0 
27 28.3' 28.9 ·28.8 37 . .0 31.7 
26 28.3; " 29.1 28.9 31.1 3l..8 
25 28.4 29.1 29~O 37.1 32.0 
24 ·28.5 29.2 29:1 37.1 32.3 
23 28.6 29.2 29.2 37.3 32.4 
22 28~7 29.3 29.3 37.5 32.5 
21 28~7 29~6 29.3 37.6 32.5 
20 28 .. 9 29.7 29.7 37.8 32.5 
19 28.9 29.7 29.7 37.9 32.6 
18 29.0 29.7 29.7 38.t- 32.6 
17 29.0 29.8 29,7 38.0 32.8 
16 29.1 29.9 29.8 38.1 32.9 
15 29.2 30.0 29.8 38.2 33.0 
14 29.3 30.0 29.8 38.3 33.1 
13 29.3 30.2 29.8 38.4 33.4 
12 29.3 30.3 29.8 38.6 33.7 
11 29.6 30.5 29.9 38.7 34.0 
10 30.0 30.5 30.0 38.8 34.1 

9 30.0 30.6 30.1 39.0 34.7 
8 30.2 30.8 30.1 39.1 34.9 
7 30.8 31.5 30.7 39.6 35.1 
6 31.1 31.7 31. 6 39.8 35.4 
5 31. 8 32.1 32.2 40.1 36.4 
4 32.6 32.8 32.8 40.9 37.7 
3 32.9 33.6 32.9 42.5 37.9 
2 33.0 33.9 32.9 42.7 38.0 
1 33.2 34.0 33.0 42.8 38.1 

E.17 

Route 48 
Bridge 
Surface 
Segment 
~ 17 [18_ Flume 
26.6 37.7 
27,0 3a~O 
27.8 39.0 
27.9 39.4 ' 
28.1 39.5 
28.1 39.5 
28.9 39.6 
29.0 39.6 
29.0 39.8 
29.0 39.8 
29.3 39.8 
30.2 40.0 
30.4 40.0 
30.S 40.2 
30.9 40.2 
30.9 40.3 
31.5 40.4 
31.6 40.5 
31.6 40.5 
31.7 40.6 
31.9 40.7 
32.0 40.7 
33.3 40.9 
33.5 41.3 
:n.6 41.4 
34.6 {~l. 5 
34.6 42.4 
35.5 43.1 
36.0 44.0 
36.1 44.3 
36.2 44.3 



Temrireture; C 

Submerged 
Days Overflow Lake Route 48 
Indieat'ed Service . Outlet: Discharge DischArge Bridge 
'l'eJllperature Intake SJ)f.U\olay <'Qrks Surface Bottom Surfa~e 
is equalled Seglllet)t Seglllen~ Segment .. Segment Sagmont Segment Discharge,. 
or E:!S!<es:sislg ~. a 8 l§ ··H lUl~ .~ .. 

30 21.5 22.0 22.0 28.8 23.9 19.3 32;3 
29 2)..6 22.3 2L.0 29.4 24.7 20.3 32,;7 
28 21:8 2Z;S.< 22.2 29.4 25.8 22.0 33.0 
27 22.1 22.6 22.4 30.0 25.9 23.9 33;2 
26 22.1 22.7 22.7 30.4 "26.0 24.1 ~3.2 
25 22.2 22.8 22.8 30.6 26.3 24.1 33.4 
24 22.S ·23.1 23.0 31.2 27.2 24.2 33.4 
23 23.0 23.3 23.1 31.2 27.5 24.7 33.6 
22 23.0 23.3· 23.2 31.7 27.5 24.7 33.9 
21 23.1 23.4 23.3 31.8 27.6 25.4 34.2 
20 23.2 23.5 23.4 31.9 28.1 25.5 34.4 
19 23.5 23:9 23.6 32.3 28.4 25.6 .34.6 • 18 23.6 24.0 23.8 32.7 28.5 25.6 34.7 
17 23.6 24.1 23.9 32.8 28.7 25.8 34.7 - 16 23.7 24.1 24.0 32.9 28.8 25.8 34.8 
15 23.7 24.3 24.2 33.0 28.8 26.2 34.8 
14 23.9 24.4 24.3 33.1 28.9 26.4 34.9 
13 23.9 24.5 24.6 33.3 29.0 26.7 35,2 - 12 24.0 24,7 24.9 33.3 29.0 26.8 35.5 
11 25.0 25.5 25,6 33.5 29.4 27.3 35.9 
10 25.5 26.0 26.0 33.6 29.5 27.6 36.1 

9 25.7 26.6 26.6 33.7 29.8 27.6 36.3 
8 25.8 26.6 26.7 35.1 29.9 27.9 31.1 
7 26.1 26.7 26.7 35.5 30.1 28.0 37.3 
6 26.2 26.9 26.9 35.6 30.3 28.0 31.5 
5 26.2 27.0 26.9 35.7 30.3 28.1 31.6 
4 26.3 . 21.1 26.9 35.8 30.5 28.6 37.6 
3 26.5 27.3 27.0 35.9 30.6 28.7 37.6 
2 26.5 27.3 27.0 36.4 30.7 28.9 37.7 
1 26,6 27.4 27.3 36.6 31.0 29.5 37.8 

• E.18 



• 

• 

Otpc.b. . . S'l\!!!!nt !!wr.b.r . 

l1 .. > 2'';:;:''';-1.'-1.. .:...L . .J.2... ...u... ..ll:;., -lL,.l.L ;.ll.. ... ...lL 
1;11 :)2.9 .~3;0 .33.'" 33;13).~.33.9 34.4 3S.! 35;4 37.' 3Q.' U.4 

. ~.4 n.(j n:7' ));J' ~);l J;J;% U~~ ·H.o ~4.11 3';4;J~.1I Ji.Z 40,4 
$1;0 31.8 n.~ . 33.0 33.133;13Z.. 33.& 3~.' 33.11 34.% 37.8' }~ •• 

12.6:)1.' .lLa u.slz.f 31.0 3%..4 3Z.~ 3.%.1132.8 32.11 37.11 36.~ 
15.2 

19;8 

23.~ 

27.0 

30.11 

34.2. 

31.7 3;'4 .• )2.4<32:7 n.6 3~.O 

.0'30;\1 n.1' 3203 3Z.2 ~31.7 

.0 30.7 31;11 32.~: 31.a '31.4 

.0 .0 31.,(' 31.7.'31"31.2 

.0 

.0 .0 .0 

31.~ 31.3. 31;1 
.031.2 .31.0 

31.6 .,n.9, 32.0 

3L~'31:f 31;' 
31;3 31;2 31.3 

31.1" 
31.1 

.0 

31.1 
31.1 

.0 

n.l 
.0 

.0 

3:'..1 

31.7 

31,4 

.0 

.0 

.0 

. T..mp.rawtw fhld (e) 

.0 .0 

.0 .0 

.0 .0 

.0 .0 

.0 .0 

..ll- ..lL..l1. ·.~i 
31,; 311.0)4.2' uA' 
n.3 3'.9 

37.8 3',' 
37.'3~.1 

37~8 .-: 
.0 .0 

.0 .0 

.0 

.0 

.0 

.0 

.0 

.0 

34;2 33:4 
34,2 33,4' 

34.233.4 

'.0 .0 

.• 0 .0 

.0 .0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

O,p~ ____ ~ ____________ ~ ________ ~~ ________ ~S.u5~m!~n~t~!!u~·mb~.Lr __________________________________ ___ 

II _2 ~ .;....l. -L -.L ...l.2.. -ll.; ...u.. ;,.,u.. .l.L ...u.. 
1.' 31.7 31.8 32.3 32.2 32.3 32." 33.3 34.3 3S.1 35.3 38.a 

5.4 31.3 31,4 32.1 31.0 32.0 32.4, 33.0 34.0 34.1 35.11 37.8 
~.O 30.~ 31.0 31.& 31~8 31.1 31.0 32.' ll.4 33.' 34.4 31.1 

11.' 30.4 30.5 31.3 31.. 31.' 31.1 31.8 31.5 31.ft 33.0 35 •• 

1&.2 30.2 30.4 31.1 31.4 31.3 31.3 31.S 31.' 31.8 31.1 35.4 

18.. .0 30.1 31.0 31.1 31.1 31.1 31.2 31.3 31.4 31.S .0 
23.4 .0 30.0 30.8 31.0 31.0 30.8 :11.0 31.1 31.1 31.3 .0 
27.~ .0 .0 30.8 30.11 30,8 30.8 30.8 30.11 31.0 .0 .0 

30.5 .0 .0 )0.' 30.' 30.' 30.1 30.1 ZO.II .0 .0 .0 
34.2 .0 .0 .0 .0 3D.' lO.. .0 .0 .0 .0 .0 

O.pth Sumon; IhllMn 

..lL 
40.8 
311.2 

?7.3 
3&.5 

311.3 
.0 

.0 

.0 

.0 

.0 

...l1... 
37.8 
37.0 
3S.3 

36.2. 

3a.1 
.0 
.0 

.0 

.0 

.0 

...ll.. 
3'.1 
34.S 

33.7 

33.1 

.0 

.0 

.0 

.0 

.0 
,0 

..li.. 
33.2 

n.' 
32.5 

32.' 
.0 
.0 

.0 
,0 

.0 
,0 

..lL 
31.l 
31.1 
31.8 

31.11 

.0 

.0 

.0 

.0 

.0 

.0 

.-n.. 
:11.11 
31.7 
:n.1I 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

ll_2_~~~~~~~~~~~...l1...~~~~ 

5.4 2 •. 4 

9.0 28.8 

12.6 26.1 

15.2 28.~ 

111.8 .0 

23.4 .0 

27.0 .0 

30.6 . ~ 

H.:Z .0 

29.11 

2;.5 
29.2 

28.9 

28.6 

28.4 

20.3 

.0 

.Q 

.0 

30.2 30.2 

30.1 30.1 

211.11 29.9 

29.7 

29.1 

211.' 
28.4 

211.4 

211.3 

.0 

211.8 

29.7 
211.11 

211.5 

2S1.4 

29.4 

.0 

30.4 30.' 

30.2 30.' 
30.1 30.2 

29.8 211.11 

29.S 29.7 

211.1 211.' 

28.' 211.4 

29.4 29.3 

211.4 29.3 

211.3 211.2 

31.3 

31.0 
30.1S 

30.2 

211,9 

28.7 

211.!! 

29.4 
Zg.3 

.Il 

32.1 
31.1 

31.2 

33.0 3~.2 36.1 

32.4 33.' 35.6 

31.!! 32.3 34.5 

3&.1 35.4 
35.9 34.S 

3'.0 34.0 
30.7 30.1 31.1 

30.2 30.3 3~.!! 

211.8 30.0 30.1 

29.7 29.' :ZQ.II 

211.' 2Q.& .0 
29.~ .0 .0 

.0 .0 .Q 

34.1 34.3 34.0 

33.9 34.0 33.8 

.0 .0 .0 

.0 ,0 .0 

.0 .0 .0 

.0 .0 .0 

.0 .0 .0 

So~.; Id.n~1!1.d d.~~h. IE. r.llttv. to I lak •• 1.vl~lon.o' 6a5.~ ' •• t above m.an ••• l.v.l. 

E.19 

32.' 
32.3 

n.7 

31.2 
30.11 

30.1 
31.3 30.& 

.0 .0 

.0 .0 

.0 .0 

.0 .0 

.0 .0 

.0 .0 

JO.~ 

30.3 
30.1 

29.8 

.0 

.0 

.0 

.0 

.0 

.0 

30.0 

28.' 
211.7 

.0 

.0 

.0 

.0 

.0 

.0 

.a 



... 

• 

·.§; ..J.L .. -u,.; ....u. ..lL ...lZ.. 
.1 .. 1.33;2 33';) 3',\0.34iI3,;4 35.3 31.4,38.140.5 42.7311.2. 
U ~3~0' U':l3~;4:jh'34;4 3UI.3$.1 ,3&:4 . 3U 311.7 40,0 30.$ 
U~ 32 .• ) _'3i.f3n33'l.33..1133.~:l3.8 ~4,2~4.:I ~4." n.2 3a.\I 37;8 

12;$'3%.2 .3~.l3t'·· 33.0·. 33;33:)~3 -·~3.1 33:2:)3.3 33.4 n.G 3lI.Z 37.11 
,1§;2' 02.1.32.0', ,32.~ n.8 33.0:)~;8 .n.1:i2;5 ··.·32,5 ,n.G 37.S J8.0 ~7.9 
l~;a .,<rlLi' n,33li.5 32;6.32;4 32.)'32.2 JZ;l 32.2 .0 .0 .0 
23.4 
27;0 
30.11 

34.2 

~(l)l.j~a.:z 32;3 '.:l2.:r '32.1 .\<2,0 ·31.0 :U.8 .3i.o .0 .0 .0 
.0,(1 32.1 3f,l32.Q-:n.;" 31;8' )'1.73L1·.0 .0 .0 .0 

.0 32.032;0 :ihQ 3Le 31.7, 31.7 .0 .0 .0 .0 .0 

.0 .' ,0 ;0.31.1 31.7 .0 .0 .0 .0 .0 .0 .0 

.0 

.0 

TeTy.!Gtur. FI.ld (el 

D.pth . Suln.nt·· lluni>n 

II -L --i.; ..:....L -L..-.L .' .J..2.,;...ll......lL. ';.;ll..; ...li. ....u.. ...1L 
1;8 n.832.11· 33.2' 33.2 33.4 33.11 34.5 :ISS·.' 3S;. 37.7 3S1.5 42.1 

S._ 32.43;!;S 33.2 33.0 33.133." 34.1 -3'.~ 35.8 36.11 39.040.3 

11.0 . 31;1 l2.,l 32.8. n.' -32.932.11 '33.3 34.0 34.2 34.8 37.11 38.4 

12.6 31.5 31.1 32.2 ·3~.' 32;, 32;5 32.6 33.0 33.1 33.4 37.5 37.7 
16.2 31.4 31;3 32.1 32;. ,32.3 32.1 32.1 - 32i3 32.3 ~2.5· 31.4 37.5 
tll.a .0 31.0 31.e 32.1 33.0 31,1 31.' 31.11 31.8 31.11 .0 .0 
23.4 .0 30." 31.7 31.1 31.7 31.:1 31.5 31.5 31.6 31.7 .0 .0 
21;0 .0 .0 31.6 31.7 31.531.4 :n.3 31.4 31;4 .0' .0 .0 

~o.. .0 .0 31.8 31.5 31.4 31.3 31.3 31.3 .0 .0 .0 .0 
34.2 .0 .0 .0 .0' 31.3 31.2 .0 .0 .0 .0 .0 .Il 

Tftnp.r.tur. Field (el 

...l.L; 
39.0 

38.2 
31.5 
37.4 
37.4 

.0 

.0 

.Q 

.0 

.0 

34.2 
3.5.0 H.2 '3{' 

:0 .0 ;0 

.0 .0 ,0' 

.0 
,0 

.0 

.0 

-.iL .-11,. 
35.2 34.2 

;".7 34:1 

3'.1 33.8 
34.(1 33.8 

.0 .0 

.0 .0 

.0 .0 

.0 .0 

.0 .0 

.0 .0 

JL . 
3l.4 
33.% 

33.1 

32.8 

.0 

.0 

.0 

.0 

.0 

.0 .0 

O.p~ ------------------------________________ ~Su!5~"'"~nwt~N~w,~~~!'~ ____________________________ ~ __ ~~ 
II _2_ -i.. -i. __ 6_ -.!!.. -ll.. ....u.. ..lL ...u.. .J,L. ...u.. ...lL -1L 
1.a 30.1 30.5 31.0 31.1 31.4 31.1 32.2 l3.0 33.0 35.2 36.8 311.6 3~.1I 
5.4 20.8 30.2 30.& 31.0 31.3 31.S 32.0 32.4 33.4 ~'.5 36.4 37.6 35.2 
a.o 29.3 ,29.8 30.5' 30.; 31.1 31.3 31.6 32.1 l2.5 33.: 3.5.3 35.7 34.& 

12.11 1.9.2 29.7 30.8 30.8 31.0 31.1 31.3 31.5 31.~ 32.3 3~.0 35.0 3'.5 

16.2 29.2 29.~ 30.5 30.7 30.8 30.8 31.0 31.2 31.4 31.7 34.11 34.8 34.5 

19.' .0 2g.4 30.4 30.6 30.7 30.7 30.6 31.0. 31.1 31.4 .0 .0 .Q 

23.4 .0 29.3 30.' 30.S 30.8 30.6 30.1 30.& 30.g 31.1 .0 .0 .0 
27.0 .0 .0 30.3 30.4 30.,5 30.5 30.8 30.7 30.8 .0 .0 .0 .0 

30.& .0 .0 30.3 30.4 30.~ JO.5 30.' 30.5 .0 .0 .0 .0 .0 

H.2 .0 .0 .0 .0 30.' 30.5 .0 .~ .0 .0 .0 .0 .0 
Hot., Idtnt!!1.d d.~th • • r. rolativl to • lake Il,v.Lion ot S8S.S r.ot above mean ••• lov.l. 

E.20 

....a. 
33.0 

32.:1 

32.0 
31.7 

.0 

.0 

.0 

.0 

.0 

.0 

...lL 
31.3 

31.1 

31.0 

:11.0 

.0 

.0 

.0 

.0 

.0 

.0 

-lP-. -U.. 
30.8 311.1 

30.4 30.0 

30:3 2a.8 
30.2 .0 

.0 .0 

.0 .0 

.0 .0 

.0 .0 

.0 .0 

.tI .0 



• 

• 

'Bi.h~·t9\l~·d.Y~~.t~~tl~p~t&~~i~ 
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SECTION 5.0 
·c HYDROTHERMAL MODEL OF CLINTON LAKE 

t.he natur!llc:ircu~ati6nin along, narrow, relativel¥, deep impoundment like 
Clinton:.lak.~is(;ontrolledbYinflows andoutflowsj wind driVen circulation, 
ve'rt.icalstratfficat1onand therillal convection (due to differential heating 
andcooJing'bet~eel1more rapidly heated and cooler shallowwater-sand the 

deeperporfiCinsotthe'lake).' For summertime low flow conditions, wind driven 
circulation tends·t~dominate.With the plant in operation, the lake circula
ti~n ... ill be ~odHiedby: (1 )the plant pumping from the discharge to the 
intake,and (2) additlonalthermalconvection due to the warmer dischargll 
over thes~rfaeeandattendantsinkingQf cooler water to the deeperp.Jrtions 
of the lake and movement back toward the discharge as a density underflow. 
The hydrodynamics and temperature structure of Clinton Lake is essentially 
two dimensional in the longitudinal and vertical directions, with limited 
lateralvariabilit,y . 

5. 1 THE LARM MODEL 

The hydrodynamic and temperature distribution analysis of Clinton Lake requires 
a model that represents the longitudinal and vertical equations of fluid motion, 
continuity and heat transport and that incorporates a coupling of buoyancy 
between the temperature distribution and the equations of motion as well as 
surface wind forces. The Laterally Averaged Reservoir Model (LARM) has been 
developed for the analysis and prediction of two dimensional (longitudinal 
and vertical) hydrodynamics and temperature structure using time varying in-
flo .... outflow and meteorological data. (1,2) 

LARM represents an advancement in the state-of-the-art of impoundment and 
cooling lake analysis and prediction. It was originally developed for the 
Ohio River Division of the U.S. Army Corps of Engineers and has received ex
tensive testing and verfication by application to Sutton Lake. West Vi.rginia. 
Center Hill Reservoir, Tennessee and compared to laboratory flume tests at 
the Waterways Experiment Station in Vicksburg. Mississippi. The lARM model 
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ha$;als~beenclPP1Jed'.f(· thestlJdyof chlorine transport in ast.ratified cool" 
·;1'91 ~ke, saf~shut·do\oln impoundment analysis and multiple thermal discharges 
onas.t,..~tified·~uriof river impoundment. 

Oeve19pmentQf the LARMhydrodynamics and transport code has three basics'teps 
incllJding:·· (l)integration.ofthe three'"dimensional equations o'ffluid motion 
~nd transport to the laterally averaged formi (2) mani.pulationof the laterally 

averaged equations to arrive at the solution technique; and (3) development 
of thenumerical.finitedifference form of the equations for computer coding. 
Thi: l·irst 5,tepofforming thelutera11yaveraged transport relationship;) has 
been presented in Reference 2. The remaining two steps are described below. 

5.1. 1 THE LATERALLY AVERAGED RELATIONSHIPS 

The literally averaged equations of fluid motion and transport are the hori
zontal momentum balance: 

aus + auus + aw~ = w 1 asp. 2- (BAxau/ax) + ~ 
at ax· 8z p ax . ax ax (5.1) 

and the vertical equation of motion as reduced to the hydrostatic approximation~ 

ap _ .., 
az - P;:s • 

The equation of f1uid continuity is: 

aus + aWB = q8 . 
ax az 

The equation of heat transport is: 

(5.2) 

(5.3) 

aBT + aUBT + aWBT _ 2- (BDxaT/ax) _ 2- (BDzaT/az) = HnB/pCp (5.4) 
at ax az ax . az 
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.. , P=P(T) . 
. ·t .... 

retatingdensity and temperature is: 

·1.nth~·above~quations, 

x=;Hori zeota 1 .dimens i on 

z'=Ve~ti ca l_d i ~ens i on 
t': time' 

U=Theltiferal1y avei~agedhori lonta 1 val OC i ty component 
'. W~.Th~lateral1ya"eragedver~iC:a lVe 1 oc i ty component 
e=Wate~bodywidthasa function of )( and z 
P :: Fluid •. pressure 

p :: Fluid density 

pt=.Temperaturedependentfluid density 
Ax = Horltontal momentum dispersion coefficient 
tX =.Vertical1y distributed horizontal shear 
9 = Vertical gravitational acceleration 
q ::; lateral inflow and outflows per unit volume 
T.= Temperature 

Hn ::; Net heat additions or losses per unit volume 
Cp :: Specific heat of water. 

Equations 5.1 to 5.5 constitute five equations in x, z and t to be solved 
for the five ~nknowns of U, W, P, T and p. 

For a free water surface located at z = t(x,t) and a fixed bottom located at 
z = h(x). the free water surface is related to the above relationships (Equa
tions 5.1-5.5) by vertically integrating continuity in Equation 5.3 to give 

h h 

Bt~ a ) UB dz - ) qBdz (5.6) = az at 
C ~ 
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'Whe.l'eB~f\,~~~l~atedatz~~ilnd'Where Wt = a~/at. In EquationS. 6thever~i~ 
cal,integralQf8UB/ax has been expanded by Liebnitz' rule to give thegradi
'en,t:6fthe verttcalintegral Cif the horizontal velocity • and the terms UBah/Mx, 
UBMdMxandWhcanceibyapplication of kinematic boundary conditions. 

5. 1. 2THEFINlTE DIFFERENCE RELATIONSHIPS 

The irregular boundaries ofa real waterbody. the irregular form of the time
varying boundary data and the comp1exity of the interrelationships between 
the five tt;anspor't equations ruquirc that finite difference forms of the equa
tion$ be evaluated for a numerical solution. The order of equation solution, 
at'eachtimestep', is (1)evaluatcthe water elevation as a function of x 
fromEquati~n 5.6. (2) use thest re~ultstoevaluate the horizontal pressure 
gradient and evaluate the horizontal velocity component frOID Eouation 5.1, 
and (3) evaluate the vertical velocity component by integratin'J Equation 5.3 
vertically I.Ipwardfromthe bottom. The horizontal and vertical velocity com
ponents are used to determine the temperature distribution and hence the den
sity distribution, which in turn enters the horizontal momentum and the surface 
elevation equations through the horizontal pressure gradient. 

The differencing scheme chosen for the equations is a space· staggered orienta
tion of the variables shown in Figure 5-1. The state variables of pressure, 
p. temperature. T, and density. P. are defined at one set of points and U 
and W velocity components are defined at the intermediate horizontal and ver
tical points, resper.tively. The space-staggered grid allows the horizontal 
pressure gradient for computing Ui,k to be determined directly from the 'com-

,puted values of Pi,k and Pi +1•k with no spatial averaging. The finite dif
ference velocity components Ui,k and Wi •k are defined as averages over Wz 
and Wx, respectively. Transport of heat and other constituents is defined 
by the location of the U;,k and Wi •k velocity components. 

Numerical evaluation of the integrals and development of the finite difference 
z equation requires establishing the grid notation for the overall waterbody. 
As shown in Figure 5-2, the longitudinal and vertical profile of the waterbody 
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JhidEintifredas Kl<and the' bottom Of each c'o 1 lJ(nn 
- "~> -.~. ~ ,." , 

oft. 

T and p 

Once'~/aH~~war.\~oo~nJQrthe, t+Attime step, the, temperature distribution 
, canb:e:cOmputedfr()~Equation5.4. An "upw;nd" differenc1 ngscheme· ; 5 ,used, 
f~r;thead~ect;;~~t~rms~auBT lax 3hdawBT/az, to maintain numeriCBlstabi'ritYi 
Th~ le!l1pe'r~tlJfeeq'uatioil:is,Jolved~sP3tial1y' implicitly line by 1 ina, for, the 

rfurl/Oj rgt'i9depi ctedi nngure5~2. 

He~ttrigand coolingauet9meteorolog,ical conditions is described by surface . . . - .' -' 

heat exchange and attenuation' o(short wave solar radiation through the water 
column. <The net rate of surface heat exchange for the top cell is: 

Hn = (Hs + Ha ~~st - Har) ,~ (Hbr + He + He) • 

where: 

Hn = Net rate of surface heat exchange 
Hs = Short wave solar radiation 

Ha = Long wave atmospheric radiation 
Hsr = Short wave radiation reflection 
Hal' = Atmospheric radiation reflection 
Hbr = Long wave back radiation from the water surface 

He = Evaporative heat 10$5 

Hc = Conduction between air and ~ater. 

(5.7) 

The net rate of surface heat exchange is evaluated in terms of the coefficient 
of surface heat exchange. Ks. and the equilibrium temperature. E,(3) t~ give: 

Hn = -Ks (Ts - E) I . (5.8) 
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·dat_6f4nottwave solar'radiation(Hs), air temperature 
"'.- -. '-'".". - .-,. .. -. - -_. - - . . 

shtirtwav~s91arradiat.ionpenetrates the water surface and is attenuated 
throughOt~ew~tercol urnn .. as: 

, ' . .',-.< , 

HS{l) ~ Hs(l -b) Ex~ ( -az) . (5.9) 

where bisthefraction absorption in the surface layer. a is the radiation 
attenuationcciefficient" and z is the depth below the water surface. The 
short wave solar.radiation. Hs. is either measured directly with a pyrohelio
meter or compu.ted from latitude, solar angle and cloud cover information. 

5.2 MODEL SET-UP 

Model set-up requires specifying detailed reservoir geometry as lateral widths 
at each depth at each cross-section. the location and operation of inflows 
and outflows to and from the lake, and boundary tonditions at internal barriers 
in the lake . 

Model geometry was determined from reservoir cross-sections derived from a 
reservoir topographic map. (4) Cross-sectional data was placed in the GEDA 
program developed by the Hydrologic Engineering Center U.S. Army Corps of 
Engineers. (5) The GEDA program allows interpolating the cross-sectional data 
to uniformly spaced model cross-sections and determining the reservoir widths 
in each layer of the cross-sections. 

Computational cells required division of Clinton Lake into longitudinal seg
ments, shown in Figure 5"3. Longitudinal spacing of computational cells was 
determined from inspection of ~ planar map such that the plant discharge and 
intake were positioned near the centers of cells and that the internal barrier 
bridges were near the ends of the cells. A longitudinal grid spaCing of 
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K=l.· 
K=2 
K=3 

. K!:4 
K=5· 

.. K=6 
1(,::7 
1<.=8 
1<.=9 
K:10· 
1<.=11 
1<.=12 
K=13 
.K=14 
K=15 
K=16 

LONGITUDINAt-VERTICALVIEW NORTHEAST FROM THE DAM 

1098 12361531 1902 21392327 2694 3188 
994 1159 1476 1860. 2104 2294 2658 3139 
840.1048 1403 la06 20S7 2251 26163089 
621 8781286 1729 1998 2198 2566 3033 
3G8 660 1122 1620 1921 2134 25042960 
178 454 913·· 1434 1780 2040 2428 2863 
19 265 6i8 . 1981 1499 1883 2322 2710 
29 118 331 696 1137 1615 2078 2412 
11 50 176" 444 830 1276 1692 1979 

26 101 278 576 976 1364 1596 
11 45 137 341 691 1055 1221 

48 148 360 604 G95 
1Q 36 103 195 226 

10 23 30 

3523 35273333": 
3450 .. 34223207; 
3372 :32973045 
3285 31472840 
3175 2968.2593 ...•.. 
3029 2751 2299· 
2803 2450 ·1916· 
2405 2050 1447 
1999 1605 1000 
1560 1175 631 
1102 741 334 

559 315 111 
156 64 16 

19 

1=13 !:ll l::ll 1:.1.2 1=17 1=18 1.::12 1..:lQ 1=21 1:::22 1=23 1=24 

K=l 
K=2 3015 
K:::3 2897 
K=4 2744 
K=5 111 2542 
K=6 2271 
K=7 1919 
K=8 1474 
K=9 967 
K=lO 538 
K=l1 256 
K=12 95 
K=13 24 
K=14 
K=15 
1<.=16 

2589 2288 
2496 2250 
2384 2113 
2230 1983 
1969 1717 
1577 1299 
1110 841 

631 419 
269 131 
89 
20 

2170 
2061 
1943 
1769 
1447 
1011 
604 
280 
75 

2094 
1939 
1771 
1521 
1112 
656 
328 
136 

35 

2037 
1853 
1653 
1354 
889 
424 
148 
43 

1987 
1797 
1590 
1282 
812 
357 
103 

21 

1831 
1642 
1438 
1138 
696 
292 
83 
17 

1542 
1356 
1157 
870 
480 
173 

44 
9 

1303 
1120 
925 
650 
302 

75 
13 

1220 
1037 
844 
572 
239 

40 

111 K5 is the elevation of 690 ft. M.S.l. which is the design pool elevation . 
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.., !l\.ters(4981·9fe~~)sat isfi edtheseconstra i nts~' Thedept~of 
.. :·ch~serttobeAz;;l il,meters(3.6 feet) for vertic.f ,dehi 1.: 

.' tUdiria\.aOd.' vertical~pr.Ofile was. ruolvedinto:a'gtid22 ce115,\ 
.• · .• ma)dmu~,~atersurfaCe)bY· a maximum of ,.14ce 11 sdeep ;,(from the ' . 

.... dle\~iwat~r.su~face tothebottolll). The~idthsofeach.ceil.' 
:sh6~K~,$ilongitudillal (exteridingdowntheNorth Fork'arm and ullf.he>Salt" . 
" t'r~~k)~r~randvertic~l profiieofthe 'lake 'deter~ined using GEDAaregiveh 

", ilrf~bl~S~l; 

Th(!t~dQ)s~t.':UPf9t'tlintonLa~ea 1 so requires specifying the hydraulic con
dit ipnsC).f.the~'~ffti\Jtary·;nt'l ows t.the submerged 1 akeo,utlet structure,the 
spil1waY;,~t.h~ plantirtUk.estrurlture, the plant discharge structure. and at. 
~hebarriE!~:bridge$<. These are described in the following sections. 

- ,--._"'. - • <. • --:< -, . 

S.2.1 TRI6UTAR'(INnOWS 

The NorthFork tributary inflow entered the model computational grid at Cell 
I=~,K=6an~the S~ltCreek inflow entered at Celi I=23,K=6{Table 5-1). 

Both of these inflows were assumed to enter the model at a fixed depth below 
thelakeopel'ating surface elevation. Since the upper reaches of both arms 
are separated by internal barriers, Le., bridge causeways, from the main 
lake, any convective circulation due to the inflows being warmer or cooler 
than the lake temperature at which they enter was confined to the longitudinal 
cells between the inflow and the first barrier. Normally during the summer 
months inflow temperatures were less than the lake surface temperature and 
the inflows entered at a low level density inflow as specified in the model. 

5.2.2 SUBMERGED LAKE OUTLET WORKS 

The submerged lake outlet works at the dam is shown in Figure 5-4. It is 
used to maintain a minimum downstream release of five cfs. With a single 
12-inch gate open, discharge is 5 cfs at an elevation of 687 ft. MSL and 
increases with surface elevation to 10 cfs at a pool elevation of 690 ft. 
MSL. In the model set-up the low flow withdrawal structure is assumed to 
withdraw from cell 1;8, K=10. 
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SECTION 6.0 
RESULTS OF HYDROTHERMAL MODEL 

Th~hydrOdynami~andtemperatureregime$ are computed for the;978YUrOf 
'me,teorol09i~alCdata' under the following conditions: (1 ) .. no heat.loid e to 

'determi ne thedistrjbut ion of ambient temperature, (2) wi th oneun;t,QPera~ 
tion ~tbotll§.tandl00percE!nt load' (3) with two unit operation at 9Z.per: ' 
cent '1 oad wHhtheeffl uent temperature constrained to 35. ,SoC (960F),~he;., 
the exJstingeffluentlimitation to Clinton Lake. The 1978 results ,are use 
tovetifYand val idatetheappl icationof LARM to Clinton lakecmd represen 
the~ourthworst$ummeri~26 years. The 1955 year of data are computedfo 
the same conditions and represent the worst summer in 26 years. The power 
plant cooling water heat rejection is taken at 92 percent of the full load 
value to be compatiblo with the conditions in a previous study conducted fo 
IPC.< 1) 

6.1 1978 PREDICTIONS 

Results of the 1978 computations are given in Appendices B.l to 8.4 for the 
four cases of ambient temperature, unconstrained one unit operation at 92 
and 100 percent load and constrained two unit operations during the two 
warmest weeks of the summer. The ambient temperature predictions can be cor. 
pared to the monthly lake temperature measurements made during 1978. A pre
liminary examination of the 1978 temperature data indicated a groundwater 
inflow was taking place in the deeper portions of the lake near segment 8 OT 

the lake profile given in Table 5-1. A groundwater source is incorporated 
in the model for the bottom cell of this section for the 1978 computations. 

6.1.1 AMBIENT TEMPERATURES AND VERIFICATION 

Comparisons of the monthly temperature measurements at three stations 
throughout the lake to the com)uted temperatures for 1978 with no heat load 
are presented in Figure 6-1. (2 The measurements are for 1 meter depth inte 
vcls while the predictions begin approximately 0.5 meters under the surface 
and are for 1.1 meter increments below that depth and must be interpolated 
between the observations for comparison. 
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Qompari$ons forth .• deepwater segment (8) are quite good untifthe s~ptemb~r. 
27,.1978jurveywhenpredicted temperatures tend to be conservative,i.e,:, 

·l.5C~~.to;3Co ·(4.5 to 5.4Fti) higher than measured temperatures. Exudnation. 

ofthe1978meteorologic:aldata. Appendix A.l, indicates that the observed .. 
oHsiteshort wav~ solar radiation for the·period of September 23 to 2?,197$ 
is high relative't6the observed on-site air temperatures, and thisca~~acc~unt 
for the higher predicted temperatures. 

Comparisons.fort-he shallower segments (Sand 16) are not as good as the deep 
~ater scg=cnt, ModQl prediction for sesxent 5 at the upper portion of North 
For~ and segment 16 at the upper portion of Salt Creek appear to underestimate 
temperatures in early SUiMIer and overestimate temperatures in late summer. 
These discrepancies may be due to groundwater sources in the upper portion 
of each segment not considered in the model. Overall LARM appears to be well 
suited to simulate the thermal response of Clinton Lake. 

Computed maximum lake temperatures occur on day 204 when the shallow water 
upper arm surface temperatures reach 2a.SoC (83.3°F) to 29.loC (84.4°F) and 
the deeper stations near the dam have surface teroperatures ranging from 
26.SoC (79.7°F) to 26.6°C (79.9°F). The shallower upper arms warm faster, 

as expectec, but wind mixing and thef'mal convection would t~nd to diminish 
longitudinal surface temperature gradients. Internal barriers (bridge cause
ways and submerged road beds) tend to prevent surface mixingl;),etween the 
upper arm and deeper stations. 

Computed ambient temperatures for the warmest day (Julian day 204) are shown 
in Figure 6-2 in the longitudinal and vertical directions. Also listed are 
the summary statistics for July. As can be seen in Figure 6-2, median tem
peratures in July were a maximum of 2.6Co (4.7FO) lower than the maximum daily 

values on day 204. 

The lake circulation as indicated by the vertical profiles of the horizontal 
velocity component (U) is dominated by the wind driven surface currents . 
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ZEROTH PERCENTILE 
FIFTH PERC£Hl'IlE 
TENTH PERCENTILE 

TWENTIETH PERCENTILE 
THIRTIETH PERCENTILE 

FORTIETH PERCENTILE 
MEDIAN 

SIXTIETH PERCENTILE 
SEVENTIETH PERCENTILE 

EIGHTIETH PERCENTILE 
NINETIETH PERCENTILE 

N !NETY -F! FTH PERCENTILE 
HUNDREDTH PERCEHULE 

MEAN 
STl'tND;o.RD OrVr.:'TWN 

~ 

23.30 24.90 
23.48 25.02 
23.10 25.12 
24.10 25.34 
24.30 25.56 
24.40 25.96 
24.50 26.10 
25000 26.42 
25.24 26.60 
25.86 26.76 
26.28 27.00 
21.00 27.14 
27.30 27.20 

24.87 26.10 
0.98 0.68 

AHBIENT 
...;.,] j 

\ 
22.00 25.60 24.90 26.00 
22.00 25.60 24.96 26.06 
22.08 26.32 25.10 26.58 
22.70 26.54 25.10 26.94 
22.90 26.86 25.20 27.16 
23.30 27.00 25.46 27.36 
23.40 27.20 25.60 27.40 
23.52 27.40 25.94 27.64 
23.80 27.44 26.84 27.90 
24.02 27.60 26.96 28.20 
24.20 27.98 27.40 28.50 
24.36 28.34 27.78 28.64 
24.60 28.40 28.20 28.70 

23.34 27.12 25.98 27.51 
0.70 0.67 0.94 0.69 

figiJ;-~i>-2. Graphic Presentation of longi tudinal a.nd Vertical Ambient Temf)eratures (<lie) of C11nton: 
l~ke or. July 23 (Julian Day 204 ). 1978 and Tabulated Sunmary Statistics for July 1978. 
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··.Tt\e.v.ctori~ind:ditettionand,result ing wind. shear. given in t.heAppendi~. 
8.1J~~1"S.' c.au~uawater;surfaceslope up the arms for sout.herlywitads.'nd 
tOIll~~dih~darilftirnortherlywinds with a surface current foHowingthe)iind 
dir~c:tron.,the wind'"induced surface slope results ina return bottOJifflo~. 
:)PPQ$ite indirection to the.surfaceflow. This cellular circulation. due to ,.' .. ', 

·thewindisint.erruptedby the bottom barriers and the different orientation 
of successive lak~ sec;tlons to the wind direction. 

6.1. 21978.WITH HEAT LOADS 

. . 

Th, +emperature and flow distributions resulting from the heat loads and 
circulation imposed by;l unit and 2 unit operations are given in Appendices 

. .' . . -

6.2 ttirough B.4.Examination of the day to day circulation patterns gener
ally show a surface flow due to discharge buoyancy. The surface flows return 
toward the deeper portions of the lake and the discharge region as a density 
flow that reselllble a two cell circulation. Discharge buoyancy induced veloci·· 
ties and wind induced velocities are additive resulting in complex and dynaJllic 
flow patterns in Clinton Lake. 

General circulation due to the discharge is a result of the cooling and sink
ing of the discharge water at the extremities of the lake near the intak~ 
and near the Route 48 bridge. The cooler underflow is mixed upward into the 
moving surface layer and decreases the surface temperature through mixing as 
well as surface heat dissipation. The underflow from the dam toward the dis
charge region generally reaches the discharge for one unit operation resulting 
in substantial stratification near the discharge. For constrained two unit 
operation the flow from the discharge region is generally down the lake and 
stratification is less intense than for 1 unit operation. The bottom water 
at the discharge for two unit operation is provided from the return circula
tion upstream of the discharge. 

Wind mixing from day to day is sometimes strong enough to break up the den
sity induced circulation due to the discharge. The wind mixing is important 
in maintaining deeper layer water quality since without it the underflow 
returning toward the discharge has little opportunity for surface reaeration. 
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MaXjlll"'lftsurhce\~mperatures for both 1 unit and 2 unit constrained opera
tiql'l'o~~ur$ on day 204. lht detailed temperature distribution for 1 unit 
optrationsat92 arid 100 percent load on day 204 hgiven in Figure u-3. 
The lunit operat iol'l for this day at 92 percent load resul ts in I discharge 
flumetemperAt~re of. 37.4°C(99.3°F) and a mixed temperature at the surface 

of 36.JoC(97.0°F). Stratification at the discharge tesults in alllax;mUl!l 
bottO:D watertelllperatureof 32.4°C (90.3°F). At 100 perc:ent1oad, the.dh
charge Jlume temperature is 38.2°C <100.8°F). the mixed temperaturecfthe 
lake surface at the point. of discharge is 36.7°C (98.l°F) and the maxim~m 
botto::. lake t~mp(:ratura~t the point. of discharge i ~ 32.8°C (91. Oon.There 
is ;Httle difference in the two profiles between 92 and 100 percent load 
factors. 

Monthly summaries of temperature under Unit 1 operation at 92 percent load 
are presented in Figures 6-4,6-5, 6-6, 6-7 for June, July, August and Sep
tember, respectively. A temperature difference is noted at the discharge 
cell as surface teMperatures are typically 4Co (7.2FO) higher than those at 
the bottom of the discharge cell, a depth of 6 meters. Tha·t large difference 
decreases toward the da.'11 as temperature differences from surface to·near bot

tom vary from 1.SCo (2.7FO) to 2eo (3.6FO). The internal barrier resulting 
from the Route 48 Bridge may be affecting the surface temperatures upstream 
of the Route 48 Bridge. Surface temperatures appear low when considering 
that the two stations are separated by 3100 meters and the Route 48 Bridge 
is downwind of the dominan~ southwesterly winds. 

Salt Creek temperatures downstream of the dam were investigated to determine 
if an exceedence of the 32.2°C (90°F) water quality standard had occurred; 
and if it did. whether the exceedance was greater than 1.7Co (3FO) for 1.0 
percent of the time. Maximum downstream temperatures of Salt Creek were 
28.ZoC (82.8°F), 30.4°C (8S.7°F) and 30.SoC (8S.9°F) under 1978 no-heat 
load, one unit unconstrained at 92 percent load and one unit unconstrained 
at 100 percent load, respectively. These values are below the 32.2°C (90°F) 

water quality standard . 
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TENTH PERCENTILE 22.13 22.03 20.53 29.12 25.81 26.71 
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31.44 
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26.10 28.60 24.30 34.00 28.30 31.60 

HUNDREDTH PERCENTILE 

MEAN 23.58 24.26 22.42 31.05 26.91 . 28.37 

STANDARD DEVIATION 1.33 1.87 1.20 1.52 0.86 1.49 

Figure 6-4 .. summary' Statistics of Temperatures (OC) of Ctinton lake during June 1978 Under 
Unit 1 Operation at 92 Percent load. 
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Figure 6-5. Summary Statfstics of Temperatores (OC}of Clinton lake During July 1978 Under 
.Unit 1 Operation at 92 Percent load. 
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Figure 6-6. 
Summary Statistics of Temperatures (OC) of Clinton lake Du~ing August 1978 Under 
Unit 1 Operation at 92 Percent load. 
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Figure 6-7. Summary Statistics of Temperatures (Oe) of Clinton lake During September 1978 Under 
Unit 1 Operation at 92 Percent load. 
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·.t.fafl1edO~eratfonre$Ult5 ··1 n· a;disC:harge't~lIIp,. . . 
. '. ..... .... ..OC($;6·.OOfr.41l\'i~ed. temperature at the lak.esorfi 

;. .,.... .···ot35.10C(9~.2°Ffand ,4 maximum bottom;laketempe 

·.potnt/Qfdis2harge()!/32~8°C(91;OOF)on·da>, 204. 

A. ,Din"a, rspn~ i»ne'~Mt;~ntonstr" fne4operotl '* at· 92 perten~lo,ad(FiJJre 
··6~~ )·t.Q~t.wounit ." opeiatjooconstra ; ned(F1 gure '6-8)revea 1 s theaverage,~~ai" 
Ml'atuf~i6tthe::l ak~.is;higheri n th~latter case. Theon lyexcept lC1({is'4t. 

th~i!]:mc,H~tep;Irlt o('df$Ch~rg!)' \;here'the .cnconstrained discharge.t~rn~.ti'ra·. 
turei~>'.SCO{3,iFO) •. above"t~e.constrai ned value. longitudi na1' 'andverttcaf 

temReratUresinCl intClnJ.akeare . lower uncler unconstrained'operationofone 
un,iver$U~'t6ristrai~ecfoperati~nof'two units for the vast majorityoi,the 

lake. 

Avalidat,ionofth\ftemperature resUlts with heat loads and a comparative 
estimate,ofdi$Cha1"9~m;xing <is provided by comparing the LARM predictions' 
with a simplerp]ug flow heat balance. Temperature as a function of cooling 
lake surface area is givenirl the plug flow balance by the relationship: 

T(A) = (~Tp Exp(-kA/Q) l(l"Exp(~kAp/Q») + Tamb (6.1) 

where ~Tp is the plant condenser temperature rise t Ap is the lake surface 
area between the discharge and intake, T(A) is the temperature of the lake 
at A and lamb is the ambient temperature of the lake before any heat addi
tions. (3) Figure 6-9 gives the ambient and 1 unit LAkM surface temperatures 
for day 204 as a function of distance (LARM Stations) along the lake. Simpl 
plugflow temperatures from Equation 6.1 are also given on Figure 6-9. 

Figure 6-9 shows that the plugflow temperatures result in about the same 
intake temperatures as for the LARM results. However, due to the return 
density flow and mixing in the vicinity of the discharge, the LARM results 
give lower surface temperatures than the simple plugflow computations and 
results in a substantial reduction in surface area at the higher temperature 
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Figure 6-9. longitudinal Profiles of Surface Temperatures (OC) for July 23 (Julian Day 204). 1978 
Under Ambient Conditions. and Unit 1 Operation at 92 Percent load. 
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R.~l./lt$,forthe19S5compuhtions are given in Appendices C.l toCA during 
th'=two warmest weeks of the summer .for the ,following conditions: (1) no 
heatloadt~determihe the distribution of ambient temperature, (2) one unit .' 
operation at both 92 and 100 percent load and (3) two unit operation at 92 
percent load~on$trai~edtoarnaximum discharge temperature of 96°F. The 
1955 lARMresults:for two unitconstrai.ned operation are compared to the pre· 
vious results given inlPC. (l)Allother comparison to be made is between the 
'temperature distributions resulting from one unU unconstrained operation to 
the temperatured'istributions result1ngfrom two unit constrained operations. 

Meteor~logical. data for 1955 is given in Appendix A.2. It shows the equili
brium temperatures of $urface heat exchange reaching a maximum of 90.1oF to 
94.7°F for. days 208 and 214. In the year 1978 fOI' compar; son. Appendix A. " 
the equilibrium temperatures reached a maximum of 81.3°F to 89.8°F over the 
period of day 221 to day 226. Thus, the potential for atmospheric heating 
is much greater in 1955 than in 1978. 

The 1955 LARM simUlations are carried out for dry' weather low lake level con· 
ditions. The NorthFork and Salt Creek flows are set at 2.5 cfs each to just 
balance the minimum flow release of 5 cfs at the low level outflow structure. 
The lake level is set at the 1 in 20 year level of 685.5 feet. (4) Groundwater 
inflow into the deeper portions of the lake is ignored, resulting in higher 
calculated lake temperatures than would have occurred. 

The ambient temperature and flow distributions for the 1955 conditions show 
1955 ambient lake temperatures above 30°C (SG°F) for day 210 to day 216. 
The maximum surface temperature is 33.3°C (92.00F) on day 213, with tempera
ture distribution as shown in Figure 6-10. There are 1955 ambient tempera
tures above 32.2°e (90°F) for day 210 to day 213. In contrast, the maximum 
ambient temperature for 1978, Appendix B. 1, was 29.1°e (84.4°F) on day 204. 
Stratification of the deeper portions of the lake is much less in 1955 than 
in 1978 because the 1955 model does not allow for groundwater inflow and for 
higher wind speeds which occurred in 1955. 
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Figure 6-10. Graphic Presentation of longitudinal and Vertical AMbient Temperatures toe) of Clinton Lak~ 
on August 1 (Julian Day 213). 1955 a.nd Tabulated Sunmary Statistics for August 1955. 
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Ih".'~t:!J~"tdiScha .. geh pre$e"tl~ permitted for two unit. operation witt\ • 
. maxf~tm:~J!~h.rge.hmperature of 35; SoC' (96°F). It is of fnte.rest to<cora';; , 

p~re·laketemper.tureprofile~with one unit in operation to theprofUesof 
tW()'un{toper~tion'for'thee)(tre~e195S meteorological and low flowcondi~ 
ticn$! .. ' Since stratification and circulation are important considerations, 
particularly in the vicinity of the discharge, the comparhonis .based on 

. ' 

the lARMresults. 

Maximumsurfac~ temperatures for both i unit IJnconstrained andt unit con
strained operation occurs on day 213. The detailed temperature distribution 
for 1 unit operation at 92 percent and 100 percent load on day 213 is given 
in Figure 6w l1.0ne unit operation for this day at 92 percent load results 
ina di schargeflume temperature of 41. SoC (106. 7°F), a mixed temperature of 
the lake surface at the point of discharge of 40.3°C (104.S0 F) and a bottom 
lake temperature at. the point of discharge of 36.9°C (98.4°F). Stratification 
at the discharge results in the 3.4Co (G.1FO) temperature difference from 
surface to bottom. At 100 percent load, the discharge flume temperature is 
42.40 C (108.30 F).the .ixed temperature of the lake surface at the point of 
discharge is4LOoC (lOS. son and the maximum bottom temperature at the point 
of discharge is 37.30 C eg9.l°F). There is little difference in the two pro· 
files between 92 and 100 percent load factors. 

Salt Creek temperatures downstream of the dam were investigated to determine 
if an exceedence of the 32.2°C (90°F) water quality standard had occurred 
and if it did, whether the exceedance was greater than 1.7Co (3FO) for 1.0 
percent of the time. Maximum downstream temperatures of Salt Creek were 
31.30 C (88.30 F)i 32.70 C (90.9°F) and 3Z.9°C (9l.2°F) under 1955 no-heat 
load, one unit unconstrained at 92 percent load and one unit unconstrained 
at 100 percent load, respectively. Maximum Salt Creek temperatures are in 
excess of the 32.2°C (90°F) standard. but are less than 1.1Co (3FO) above 
it. Percentage of time above 32.2°C (90°F) was found to be 1.2 percent and 
1.6 percent, respectively for both operational modes. 

6-18 
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(Julian Day (13) 1955 Under Unit 1 Operation at 92 and 100 Percent Load. 
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Moothly . summaries. otte~pe~~tureunderuni tlop.ration at.92p~rcentload 
are present j!dJ" Figures 6-12,6-13, 6-14 and 6-1 S for June ,July. Augu;t. 
~"dSeptember ,respectively. A temperature di fferel\ceis n~teda~th.edi.$" 

. _. - ". " . ,-- '. - .'. .. . ~. '. ' .... -" .,,'.: . 

chargeeell aSsurfacetemperatul'es are typical1y3.6Co (6.5FO) tligherttl~n.· . ", _. .... - -' -, -

those. att.hebottomof·· the.di scharge cell. a depth of .s meters .•. Tilatlat~e 
ditferencedecrel5e~towarQ the dam as surface and near bottom temperatures 

vary by less than lCo (l.8FO). 

Figure 6-16 presents two unit operation with the 35,6°C(96°F) temperature 
c?ostraint; Constrained operationresu1ts in a discharge temperature of 
35.5°C (96.0°0, a mixed surface temperature at the point of dischatgeof 
3S.50 C(95.90F) and a maximum bottom lake temperature at the' point afdiS-

charge of 35.0oC (95.00 F). 

The magnitude of over~n lake heating can be determined by comparing the 
intake temperatures for these cases. The 1955 one unit unconstrained opera
tion at 92 and 100 percent load. Appendices C.2 and C.3, results in a maximum 
intake temperature of 32;7°C (90.0°F) on day 213, and is above 32.2°C (90°F) 

only from day 210 to day 216, a value that can be approached in the summer 
under natural conditions. The two unit 96°F constrained discharge operation, 
Appendix C.4, results in a maximum intake temperature of 33.3°C (91.9°F) on 
day 213, and is above 32.2°C (90°F) from day 204 to day 216. Thus, one'unit 
unconstrained opera~ion results in a slightly lower intake temperature and a 
shorter duration of 'intake temperatures ,above 32.2oC (90°F) than that re
sulting from two unit constrained operation. 

Another comparison of overall lake heating is the total number of days with 
temperatures exceediny 32.2°C (90°F) anywhwere in the lake. One unit uncon
strained operation has lake temperatures above 32.2°C (90°F) from day 180 to 
day 240 in 1955 or a duration of 60 days. Two unit constrained operation 
results in lake temperatures above 32.2°C (90°F) from day 171 to day 264 or 
for 93 days. Thus one unit operation results in one-third fewer days with 

lake temperaturesapove32.2°C (90°F) for 1955 . 

6-20 
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fiaure 6-12 SII!:m:trv Statistics of Tf'mDeratllres (OC) of Clinton 1.ake DurinQ June '1955 Under Unit 1 
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Figure 6-13. Summary Statistics of Temperatures (OC) of Clinton lake During July 1955 Under Unit 1 
Operation at 92 Percent Load. 
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Figure 6-14. Su~ry Statistics of TeMperatures fOe) of Clinton Lake During August 1955 Under Unit 1 
Operation at 92 Percent Load. 
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Figure 6-15. Summary Statistics of Temperatures (OC) of Clinton lake During September 1955 Under Unit 1 
Operation at 92 Percent load. 
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"·;tr.tiii cation f.orthe,', two cases -,'can, 'be compared _, forth.> 

,_>;~ _', "" •• ,' _', .,t~n·;~~2R~~~!,'~'3-~lfl-t'M Vici n,i ty of the9ischarge,' -F6rtbis _ 
aaYis.o_!'e/Urt. t.LJnco~s.tr.i~ed.operat ion, at9Z- percent 'load(Figure6"11).'has,a,; 

"'IIl~xi,!,U~'sOrhceiemperatu~e~f.40. 39 C (104. S'IF} and bottom temperature of- -

'J~~~o,C:.I~8;·4°F). '-T~Qu6it<¢ons'tra'ined operat'ion (F igure6~)Q) h~5<j i1\ClXilill.lm 
SU~f~c~:'.temperature-'o i35. SOC < 95.9°t land' bo ttom temperature of)5.0oC 

-(9S~~O~f)'and • .j{less$trat iti~dthan one unF' operat i on. Thus,al thoughth~ -
bne'~o iluncons.i~ailled., .. operati on res u 1 tsi ~l·' surf ace tempe ratures·" greatet:tban 
35!~Qci96!)F)9n·t~e",orst day'ii oJ 955 ;-ttreslIlts in'· a di schargeregic,n bot-. 

tc::\ \~i.~aratui~'Q;n 1y 1:9~"(j.:i,ro )hi gher thJn two un1t c07Gtrll i ned' OpEn"at i ~Cns. 

One ur\itonc~mst.~a.inedop~raticin.has~urtace temperatures .. greater than 35°C 

(95°F)i n -triedisc'harge~eg1on frqmday 186 to day 240 and has bottom temper~
tures greaterthai3soc (9soF) fromday2)Otoday 216. Two unit constrained 

. cperationhas surface temperatures above 35°C (95°F) in the discharge region 
from day 186 to day 246 and has bottom temperatures greater than 35°C (95°F) 

on day 213; Thuhth~persistance of surface temperatures above 35°C (95°0 

is greater fort~ollnii constrained operation than one unit unconstraii\e~ 
operati~n~ Thereverse>appears for tnebottolll temperatures; 

In the deeper portions' of the lake, at segment 8. one unit unconstrained oper
ation results ina surface temperature of 33.4°C (92°F) and a bottom tempera
ture of, 31. 1°C (89.6°F). Two unit constrained operations result in a surface 
temperature of 33.7°C (92.7°F) and bottom temperature of 32.0oC (89.60 F). 
Thus one unit unconstrained operation results in slightly lo' .... er temperatures 
in the deeper portions of the lake than two unit constrained operation. 

A comparison or one unit unconstrained operation at 92 percent load (Figure 
6-11) to two unit operation constrained (figure 6-16) reveals the average 

temperature of the lake is higher in the latter case. The only exception is 
at the i~~ediate vicinity of discharge where the unconstrained discharge tem
perature is greater than the constrained value. Longitudinal and vertical 
temperatures in Clinton Lake are lower under unconstrained operation of one 
unit versus constrained operation of two units for the majority of the lake . 
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'lh~"p'r~\ii6u~'G'lint~n T~Ket~mp~rature study was based on a 
coOlihg .\ak~:modelwith· no'det.ailed hydrodynamics.·(l) SilTiulationswete •... 
,r,portedfor the year19SS:twounit case with the plant disChargeteIllPera~~ri~ 

',. cOllstT'aih~d'ioarna){imumof"35.6°C (96°F); Resul hare given in TableS.G, 
ofRef~t'~hce 1 as. acres above, 32. zoe (SO°f) for the 1955two unft constrained 

case~ 

The LARHtwQunjt.constraineddischarge resu1ts for 1955 are given in Appeo.,' 

dix C.4.'Thesurhceareaabove32;2°C (90°F) for the LARMsimulations. 
along.witt\ ·.·~·summaryoftheprevious results ,are given in Table 6-1, the 
previous resl.IltS snow temperatures above 32.2°C (90°F) beginning on day 161 
(.)un~llOl19551 Table5.6(Uyand continuing through day 243. >Jhe LARM 
results show surface tempera~l,IresabQve 3Z.2°C (90°F) beginning ten days 
laterO'nclay171 andextendirig ~hroogh day 255 •. LARM bottom temperatures 

are above 32.2°C(9C)°F) from day 186 to day 219. 

The LARM results in Table 6-1 show the whole lake surface temperature above 

32. zoe (90°F) for day 210 to day 213. As indicated previously J the LARM 

1955 ambient temperatures for these days are also above 32.2°C (90°F). 
Results from the previous study show the maximum area through the period of 
day 210 to day 216 approaching the full area of the lake. 

Areas through the period of days 189 to 198, days 219 to 228, and days 234 
to 243 are smaller for the LARM simulation than for the previous simulation. 
Examination of these periods tn Appendix C.4 show the effects of wind mixing> 
and wind shear in containing these areas to the discharge region. The LARM 
areas are less than the results of the previous study on 17 days out of 24 
days of comparisons. 

6.3 COMPARISON TO THERMAL EFF~UENT LIMITATIONS 

Results of the 1978 and 1955 simulations have been discussed in Sections 6.1 
and 6.2, respectively. longitudinal and vertical temperatures of Clinton 
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TABLE6 .. l 

.. CALClILATtDAREAS OF CLiNTON . LAKE GREATER JHAN90c F UNDER nlO UNIT 

CONSTRAINED OPERATION IN 1955 

·,Sci l:;i··an.·.·o·ciy·.· 

. tn- . 
174· . 

.J77,-
180 

_-.183 
···186 

Hl9 
192 
195 
198 
201 
204 
207 
210 
213 
216 
219 
222 
225 
228 
231 
234 
237 
240 
243 
246 
249 
252 
255 

LARM Area 
i{Acres) 

391 
288 
406 
479 
179 
943 
985 

1014 
1002 

755 
1692 
3795 
1072 
3814 
3814 
3322 

281 
873 
404 
817 

1984 
1040 

745 
688 
216 
470 
457 
387 
148 

6-20 

Previous. Study 
(Acres)· .-

658 
903 
658 
780 

800 
1052 
J178 
1178 
1178 
1178 
1555 
1555 
1935 
2690 
3050 .. 
1920 

981 i 

981 
981 

1360 
1548 
1548 

981 
603 
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"'t~ke;",et.prueritedf()r6neJnH.unconstra i necioperat ion at 92 and .' .. ' 

cen.t,i9~9ln9s;af'd';(~C>unit.constra; ned operat lanat 92 percent 1 oadi ngwith 
.a,j~;'60P'~(9G:!:f,lefnuentlimitatlon.An. analys is of 1 aketempera\ures'i ndi• 

',' cated61,~'uni't.tJn~~nst~ainedoperationat 92 percent loadi ngy1eldSslightlY 
hjgher,t..empe .. aiure~near_thedi scharge in Cl inton Lake than thecQnstrained 

···t,\I(oi.mitoeerano,n,,{ri"1978. · ... Simil ar compari $onsi" '19551 ndi catedtempera~ 
tureshear,>the-.dls:~hargewere 51; got ly higher.under one unit unconstraine~ 

.ve~slJ$'tw~'uflit constrained operation. 
, " ~ , ~. " .' . . --

Asdiscus;edinSect.ior)i.tand,sl!inmariIaO ifr Tab1e 2:'1, recent IPCB dcd
siqnsr~Hitive t.ocoQling'lakes have yielded effluent limitations, which 
contain (l.maximum.temperatuttandan excursion temperature with an allowab1e 
exceedcnce frequer.cy. Forexample,theKint;aid Station which uses Lake 
Sangchrisfor cooling has an.·effluent limitation which states that the dis· 
charge temperatl1re cannot exceed 43.9°C (111°F) and that the discharge tem

peraturecanexceea 37. 2°C (99°F) no more tt'J,an 7 percent of any 12*month 
period~That 1i.mitationwasderived from a time series analysis of 1974 and 
1975 condenser diStharge data and supported by a detailed biological field 
program. A review of 1974 and 1975 temperatures at Decatur Lake indicates 
1974 ranked 18 out of 27 in mean monthly temperature, while 1975 ranked'S of 

26 in mean monthly temperature. 

Maximum temperatures listed at Decatur Lake were 27.8°C (82.o0 F) in 1974 and 
1975. If 27.SoC (82.0°F) is used as a reference temperature, then the excur
sion temperature of 37.2°C (99°F) and its exceedence probability of 7 percent 
can be compared to limitations at other locations. 

An analysis of the discharge temperatures from the simulations at C1inton 
Lake was made to determine the maximum temperatures and the exceedence fre
quencies at 37.2°C (99.00 F). Results of that analysis are listed in iable 
6-2. Operation at 92 percent load of Unit 1 yielded maximum discharge tem
peratures of 37.SoC (100.00 F) in 1978 and 41.6°C (106.9°F) in 1955. These 
values are within the maximum effluent limitations listed in Table 2-1. 
Operation at 92 percent load of Unit 1 yielded annual exceedence frequencies 
of the 37.2°C (99.0°F) discharge temperature of 2.2 percent in 1978 and 11.9 

percent in 1955. 
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1955 . 

1955 

TABlES;'2 

HAXn"uH~i~cHARGflE~P~RAt(JRfS~NO· EXCURSION TEMPERATURES 

... ·AN~:+kHRASSOCIATEO FREQUENCIES AlCUNTON LAKE 

H~~i~tJlIl Discharge 
. .. Temperature.·. 
2...:..{°C. (On)··· 

Fre~<1enc.x(percent) . Above 37~2°C (99°F)i .............. . 
June ........ ~ .. .. ... .. Augus t Sept!,!mbi2r . Annua 1-

1 Unit9~load 37.8 (10ri~o) 0.0 10.8 8.2 7.5 

1 Unit lOot: load 38.7 (lO.L1l· 0.0 34.4 59.0 39.3 11.2 

::' , 

74.2 66~O 0.0 11.>9 O~O lUnit.92%load 4 L6{106.9).· 

1 Unit 100% load 42.4 ·(108.3) 0 •• 0 .88;1 90.3 O~o. 15. 1 

~ Based on 365.25 days per year. 



. "'- _. 

Ji mftationtllay be exceeded by i;2percenti~":j:~7f . . 
r9S~~,,;'~heext~fltarid durjit10n of 'temperaturein~th'e;)~~e" . 

. 'F,')'havenot,beendiscussed.· .. ' '. . '. 

'J~'~he~ct~ee~rl;~r?di.$CUSS ions . are '. re latedtotemperature$Jatthe(U!lc:harg~ . . ...•. '.' 
.:n~m,'.'C,th~dUrat.iQ~':Of5e.lected··temperatur.e$ .• within .el ioton'" Lake' wo~ld ·)ti~~clL 

il~Q.te .meaningt'ul\~easu~e\fo",' compari son/to use criteria .. ," Days:'in ~x~essof ." 
.31.'?~C(~9.QoF r~~,p,.esentedtor,i955 . in Fi gure 6~ 17 ..Whi 1 e. thedi scharge 

,'hmpe~~t~feexc~eded'37.2!C(99.0~F) • approximately 2.2 percent of the time " 
~l1dartJnit{rbp~ra~{(jflat sfperc:elitloadfn 1978. no ,cen in cli~tQrf(~ke ' 

,.' "exp~ti enc:eaada i lyexceeQence of that temperature. In. fact ,the 11. 9pef~ 
celltexceede(\~e.of3t'2~C(99.0~F) in 1955 under Unit 1 operationat'92 per

'cent.l()ad'r;$lIft~din~maxililumof 12daysexperienc;ng temperatures ir. 
exCes~;()f.'37.2°C .(99~Oona"dtherlon 1y 'in· the top 2.2 meters at Segment i 6~ 

AdditionalQ,'ta.~r,presef\~~datatemperatureOf 36. 7°C (98. O°F) in Figures> 

6-18and6':1!J.<A5~e'm>Xn ,th~~efi gure~ ,as the> temperature ; s lowered from' 
37.2°C to 36. 7°C;'thear~as experi en~i ng those temperatures 1 ncrease.Si~ilar 
data are presented for 35. 6°C (96.0°F) which corresponds t.o the present eff1u";' 
ent limitation at ,the po;nt ofdischargl:l. These data are presented in Figures " 

6-20 and 6-21. 

Water QualHyStandards in Illinois (Section 203 ; 4) indicate the maximum 
summer water temperatures released to Salt Creek should not exceed 3Z.2°C 
(90°F) for mOT') than 1 percent of the time and by no more than 1.7Co (3FO). 
As noted earlier, modeled releases in 1978 for one unit operation never 
exceeded 32.ZoC (90°F). However, the modeled releases to Salt Creek in 1955 

resulted in temperatures that exceed 32.2°C (90°F) for 1.6 percent Qf the 
year for 1 unit operation. The maximum discharge temperatures 92.1°F and 
9l.9°F for 100 and 92 percent load respectively were within the allowable 

limit. i.e., 93°F. However. the 1.6 percent exceedence of the gOoF limit is 
slightly above the allowable exceedence of 1 percent. It should be reiter
ated that the 1955 conditions which were assumed include several conservative 
assumptions and represent the worst case scenario. 
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power;9Qmp~nt:~\lbalittec1 a petition in 1980 to the lllinoisPollutiCm 

»~ard (£fc:kl'f~:f.d~.,peciflcthermal limit. for Clinton Power 

hd~~);d.j.~c~.r'g~~,t~chJltonLalce. The & ublnit u.l included lake 

t~DiJ5~I'lltur~~·pH'd~ci.C!bytheLater: .. ilY Averaged Reservoir Kodel (I,.ARM) 

. bi()l.ogic~1.~S~e~.mel1t.:6f ... thfse \emper~ture s under.vorst .c&ee·· COtldi tions. 

The$e'~t.udiesf·pt'~dic t'ed: Cps';cquic1ope# te at full power with accept. ble 

l.,.i\:1':(;iCali!?'I':lCf3:t::,s2do;'thesest:~dies the Ire'!: est:;:-',l::hed Site 

specifictherll':al~lllnit~·.Whlch.W'ere .. ntitipated to allow full pow~roperatj.on. 

FlwnedischargeteJllpei;atures in the summer of 1987 were higher than expected 

during power ascentiontesting .. LARM waS rerun with actual operating data 

from>thti testpedod. The resultant discharge temperatures exceeded the 

permitted liJJlits atsimulationsiorfull power under worst case 
meteorologicalconditlons.This report predicts the biological effects of 

the 1988 LARM simulation on the fish community in Clinton Lake and compares 

these predictions with those in the 1980 study. consistency was maintained 

between this and the 1980 study by using the USEPA protocol for assessment of 

thermal effects and the same year (1955) for worst case meteorological 

condi tions. 

The predicted flume discharge temperature for the warmest single day of the 

worst case summer was 111.7°p (42.3 0 C). The comparable temperature in the 1980 

study was l08.SoF (42.4°C) and was the basis for the present maximum 

temperature limit. Heat is quickly dissipated throughout the lake and plant 

intake temperatures are only 1°C (l.SoF) above ambient temperatures. 

The USEPA protocol for evaluation of thermal effects was used to assess the 

potential impacts of worst case conditions on adult survival, growth and 

spawning, and embryo survival of six Representative lmportant Fish Species 

(RlS). The RIS included gizzard shad, common carp, channel catfish, 

bluegill. largemouth bass, and white crappie. Temperature criteria for each 

species were updated for this study with current literature and compared to 
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Predicted. 
'=.. - -:. - ~ .- - --

fdiiows:·· ... 
·Gi~iit'd/sti~d·..tln~.c;ts ···o'n reproduc'tion, grQwth .~nd survi .. a 1 

were minimdandsiluilar to the 1980 study. 

C0inlll0ncarp Impaets on growth. survival. and x-eproc.uction 
':I'ere minimaL Impacts on growth nnd Burvival 
6ubstllntiaJ,lyimproveti over tha 1930 study. 

Channel catHsh- Impacts~ere minimal on survival and growth: 
reproduction would be limited in mid su.mmer. 
Grovth:irnproved over the 1980 study. 

Bluegill - Impactlou reproduction, growth,and survival were 
mimal. GrO\ll'.hand survival improved over the 
1980 study. 

Largemouth bASI -l.mpactson growt.h and survival were minimal; 
. reproduction was below optimal. Growth and 

survival improved over the 1980 study. 

White crappie - Impacts on reproduction were substantial. 
Impacts on crappie survival were sevp.re and 
indicated this species may be eliminated in 
either study with or without thermal discharges. 
If crappie were not eliminated, growth would 
improve substantially over the 1980 study. 

The evaluated conditions using the most up-to-date information indicated 

little difference to the RIS from that predicted in 1980. The predicted 

impacts are intentionally conservative as they are based on US EP.", protocol. 

which by their very nature are conservative. Also beneficial impacts of 

thermal discharge. (e.g. increased growth. earlier spawning. etc.) are not 

used in the USEPA protocol nor were they used in this biological assessment. 

In the unlikely event white crappie are lost during worst case conditions. 

they could be restocked using Illinois Power's fish rearing ponds • 
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.. n(ppe~ates, ,. PowerStaiion<which 

g~ner~t,ing facility loeated in DeVitt

.... , •.. lliiho·i~ •.. ;Tbe,.tatio~.ullua o~ce~thrtiugh<conden8ercooling system 

','-draw~n~ w.ter-.fromcl.i~fonl.ake ,aunmade<reservoirconltructed by I~li~ois 
Pmre~to.fun~f.i()~as· tht!c()oi.ing".t~r80Urcf!f6r tbeClintonStation. The 

,. &t.t.ionconsisis~ofone~33'netMWeunit wnich begancommerCialoperationl.n __ . 

1987. 

In 1~80illJino.i~!:~owetsv.~tted;prediCtivf!thermal liemonstration to the 

Illinois' PQllution Contt:0F !oat!1( IPCB) and 'obtained she .. specificthermal 

lirn!tsfor the, CHritot(powerStation di~cbe.rges to Cl:1nton Lake. This demon-
.-. - - ~ 

strat.ionwasbased1,lpon '.thermal model and interpretation of the biological 

impacts of th~: predicted\tempefat.ures. The demonstration predicted the 

ClintonP~erStation cQ~ldop~nte.at full power with acceptable biological 

impacts. Based on the demonstration, the !PCB established site-specific 

thermal limits which were antiCipated to allow full power operation under 

worst case conditions. 

Flume discharge temperatures were higher than expected during power ascension 

testing in the summer of 1987. The t.aterally Averaged Reservoir Model (!.ARM) 

was rerun with actual operating data from the test period. The resultant 

discharge temperatures exceeded the permitted limits at simulations for full 

pc~er under worst case meteorological conditions. The purpose of this report 

is to assess the effects of temperatures predicted by the 1988 LARM simula

tion on the ClintonLllke fish community and to compare these effects to those 

in the 1980 demonstration. 

1.2 EXISTING COOLING LAKE LIMITS 

The thermal effluent limitation established for the Clinton Power Station in 

1980 requires that water discharged to Clinton Lake: 

1. not exceed 4Z.2°C (108°F) at any time; and 

1 
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th~ith~bllh liml ta ti"onln19S0. seV'erai 
-' ' .. ;" ,'.' ". '. 

>ri@c~J:Xs~caH'P~s~:~~,i~gs~1..rcp:oiing',lake6 'have 'bee~,gr.nted,,,.lterlj&te' 
~h.i.~~fr{ {i~f~tJ.~~~.which.a:;~c{high~r.than ~hole '8ran~ed"'~lIntonpower 

b~l~d:~n~6fe;~c~ht'd~ta.· These ppwer stat1~nsandt.heir 
~esp~ctive t~e~iIWtations~;.re comparedtc Clinton Power Station 

" Table,j.l. 

-'. . 

Efnuent"liuiit~tionsin?ra})lei-l were developedftom applicAnt data 

S\lbmitt~dto,~PCB. !hedat"t),pical~y consisted of descriptions pf temporal 

variatlons'indillcha.rge te,mperatureandv'll:ying degrees of biologicalfiel.d 
information.Ea~hcol)nnglake • including Clinton, had been in existence for 

severaL yean ana recreational activititu ,where appropriate, had developed. 
,-.' .-" ",",' "-. ' 

Fieldseudyinformation'wasavailable from agencies such as the Illinois 

Department of Conservation and frClm utility-sponsored field programs • 

Studies performed at a number of cooling lakes have generally concluded that 

ther1Xl..al discharges have blt,d no dEtrimental effects on. hsh or other aquatic 

organisms. Morl!over. studies conducted at Lakes Sangchris, Coffeen, Baldwin, 

and Newton in Illinois have suggested that several beneficial effects may be 

attributed to the thermal increases. For example, ex~eptional largemouth 

bass fisheries have developed in some of these lakes, perhaps as a result of 

early intitiation of spawning and greater annual growth during a prolonged 

growing season. Similar effects have been noted for a variety of species in 

other cooling impoundments as well. Several other species besides largemouth 

bass, such as channel catfish, also appear to flourish in these cooling 

lakes, although others, such as the white crappie have exhibited diff~culty 

in sustaining a self maintaining population. 

Approval by IPCB of thermal limitat~ons indicated in Table 1-1 of up to a 

maximum of llZor, including allowance of a potentially large short-term 
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Coffeen 

Newton 

Lakeside 

Dallman 

'crl~i{;iil0~;;N 

Coffeen 

(liM 1), aVer4ge) 
(Umltatlon granted 

cnSI28/!U) 

'-·1! l'f 
nll~tanta~ous) __ 

(I imitation granted 
01)10/13/77) 

112"F 
(I101.,-ly) 

(limitation granted 
on 3/2.2/82) 

94°F 
(hwrly) 

(limitation granted 
on 3/22/8?) 

-- NOne-

- 110 .".. than 3 percent 
of thehoul'$ fran June 
through Septsrber 

Ito -1IX't than 2 perc:ent 
of the houl'$ fran 
Octobel' throogh May 

111°F None 
(d&lly averaga) 

(limitation granted 
on 8/21/80) 

Sprtngf Ie Id l09°r !lone 
(hoorly) 

(limitation granted 
on 9/21/78) 

Springfield lOgoF Hone 
(hourly) 

(limitation granted 
on 9/21/78) 

Source: Illinois Power, 1988 • 

ggoF 
( cia flyavuAge) 

99°F 
(hourly) 

9goF 
(hourly) 

9goF 
(hourly) 

Hone: appllc:cbleto IOnths 
frae June through Sept.aer 

None; appHcable to aonths 
f rail October thl"OU9tl May 

Hone 

Not mrt\ than 5 percent 

of the hours In a year 

Not more than 8 percent 
of the houl'$ In a year 
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.'. ···;t:~}~~f!::t~~:~fH~t!~~f;trrt~il~.,~.:::::j:::::.:U!:i:~:n:~:l~:t;:~:; ... 
"~x~;e'~i a~u~~iC 'fife{dud~butf()~defined~hort tilDe periods; 

].. 3;Tt1bY~A;P~OACll·· 
.artilly$~s.()f·.~~~ tiC biolQgl.cal. ilnpacts under worst case unconstrained 

di;ch&\tgetil~peratu['esfrcmrDn~~itcperationW&\l undertaken in a similar 

·mannertoth~1.980 TbetJDaf·D'erDQnstutlQn. This technique Wati undert,.ken to 

maintain:C:ond.tiuitYb~t~~enthetwo studies and enable the results of the two 

st.U:.iiesto· h~ co;np~r.ed.'l'he tinaly$is~·.;!sconduGtedb1 ~·:aluatlngU·.: refined 

,hydrothermaluiodelo£ql.lntonLake (established under worst CaBe 1955 
- -. - . - - - - ~ . . ," " 

meuorologicalconditions) arui~applying'thl'model data to a biological 

assessment of the, fish community in Clinton Lake. The evaluation was 

essentially a predictive evaluation utilizing literature derived aquatic life 

thermal criteria in conjunction with habitat delineations . 

4 
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'located Incentral Illinois onnther level topography 

~,atfCl~~~.dA'Y, •• nilyr~U.i.nl terriin.,#. Itatisdcalanalydl of 

m.te~~br~li~aic1.ta'h(JWlcbafiseabl •. weat.her ~ndwide ranla. in annual 

temperatqrei qu,ittttypiC:1l1 ofeontinentill climates. \linters are cold and 

lUaners .rew.J:'IZlvith~hori period.' .offluctuating temperature, humidity. 
cloudiness t. an.c:twind direction. 

Large-Iede (ltormactivHy oecun prilluu:ily during the winter and spring vith 

Dloderate to heavy ice storms Dligrating across the area once every S yean on 

average. A more destructive andintenae. storm common to the ana is the 

funnel-shaped tornado. Most tornado activity CCCUri .1.u the spring. 

Meteorologicill aat. obtained from • S-year (1972-1977) Clinton Power Stuion 

monitoring program anONational Weather Service recording Itation. in Peoria 

and Clinton adequately de,cribe the climate at Clinton Lake. Relevant 

climatological data Are presented in Table 2-1. 

Mean monthly temperature. illu.trate the area'e wide annual variation in 

temperature. Extreme. over the S-year record ranged from 9S.4°F in July to 

-19.8°F in January, Precipitation annually averages about 37 inches and i. 

distributed unifor.mly in the fall, winter and spring with March and June 

being the wettest months. Summer precipitation consists of brief, scattered 

showers that produce uneven distributions. November through March consti

tutes the snowfall season, but offers little contribution to the annual 
precipitation total. 

Hid-seasonal and annual wind roses for Clinton Lake are presented in 

Figure 2-1 and provides the distribution of wind speed and diI"ection from the 

period April 13, 1972 through April 31, 1977. Except for the mid-winter ca •• 

when surface air flow is westerly. the prevailing vind acroes Clinton Lake 

originates between the south and southwelt sectorl at an average speed of 

" J 
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T&1,)1e2-1. . C~im.tit()lbgic.l D~t.for Central Illinois, 1950-1975 

Pausneter 

Tempera ture (oF) 
Annual Average 
~ximWl1 
Minimum 

Relative Humidity (~) 
!~~~21 AVR~nze nt 0000 hours 

0600 hours 
1200 hours 
1800 hours 

!ilru! 
Annual Average Speed (mps) 
Prevailing Direction 
:&6test Mile: Spoed (sustained) 

Direction 
Date 

Preciuitation (inchls) 
Annual Average 
Monthly Maximum 
24-Hour Maximum 

~ (inches) 
Annual Average 
Monthly Maximum 
24wHour Maximum 

Mean Annual Number of Day~ 
Precipitation ~O.Ol inch 
Snow Z'. 1.0 inch 
ThunderstorlllS 
Heavy Fog. Visibility ~ 1/4 mile 
Maximum Temperature ~90oF 
Minimum Temperature ~OoF 

Peoria 

50.8 
60.5 
41.1 

78 
83 
62 
65 

4.6 
South 

75 
Northwellt 
July 1953 

35.06 
(09/61) 13.09 

(04/50) 5.06 

23.5 
(12/73) 18.9 
(12/73) 10.2 

112-
8 

49 
21 
17 
11 

Source: U.S. Depar~ent of Commerce, 1975 . 

6 

Clinton 

50.9 
59.0 . 
42.8 

4.1 
South-Southwest 

37.70 

2.72 

19.0 

19 
8 
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Figure 2-1 ~ 
PERCENT FREQUENCY O.F WIND SPEED ..... 
AND DIRECTION (WINO ROSES) FOR 
CLINTON, ILLINOIS (1972-1977) I 
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SOURCE: EIA, 1980 
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noted;hat the orienta don> of clinton 

···&~i·.,:1s~u~h-;.t.~.{·'thedoUliiiarirwindj from the .. eo\lth and southwest move 

4i't~ct~i' ~r~l1i:.f~It,·¢·ent..riineaof the NorthFork and salt Creek • 
• '. -,', '.- • " • • ~ ,. - '-< - -', - - - '.' -.: ',-. --

c ", -.' _ .-. ,--.' •• ':: 

Tjble2~2.,'.i.ver~gewiria$peedsforthe.mid ... summer periods during 1972M1977 

and 19~5·"ete;3'9~.anc1 3.7 'meters per second. respectively. 

Heatinputio c:!ntrU,I111no;'s occurs through shott-wave solar radiation and 

long-wave &trnosphericrauiar.ion. :":Jfi3-tcn: rucord"cc:npilcG by th:l!ll!.nois 
. . - .. " , 

State Water su~veyindicate thelnedian daily value of short-wave solar 

radia.tion in central Illinois is 2,025 Btu/ft2 during mid-summer. Median 

daily valuesinmid~winter arlfapproximately 690 Btu/ft2
• 

2. • 2 CLIN'l'ONLAKE 

2.2.1 Location and Description 
Clinton Lake is located in DeWitt County in central Illinois. This manmade 

reservoir was consttucteci by IllinoiS Power to serve as a cooling water 

source for the Clinton Power Station. Clinton Lake was formed during 

1977/1978 by the impoundment of Salt Creek below the confluence with its 

North Fork. By mid-May 1978. the two arms of the lake had reached its 

designed pool elevation of 690 feetlnean sea level (690 feet mal). 

Clinton Lake was formed by constructing an earth d~ across Salt Creek 

approximately 1,200 feet downstream of its confluence with North Fork and 

3300 feet upstream of Illinois State Route 10 (Figure 2-2). Location of the 

dam is 4 miles east of Clinton. The Salt Creek and North Fork fingers of the 

U~shaped lake extend 14 miles aud 8 miles, respectively, upstream froln the 

dam. The average width of the lake is 1,970 feet (0.~7 mile) at a normal 

pool. Drainage area of the lake is 296 square miles (mi 
2 ) • Surface area of 

the lake is 4,895 acres (7.65 1Ili2 or 2.6 percent of the drainage area) and 

the storage capacity is 7[1, 200 acre.~feet at a normal pool elevation of 

690 feet (Figure 2.3). Average lake depth is 15.6 feet, while maximum lake 
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Occurrenc.e Average Speed 
J~ompass 'I!!rcen~l !mlsec}c 
(,Desrees) 1972*77 1955· 1972-77 ··1955* 

.. 

360.0 4.2 1.7 3.3 4.0 

Noit~;~~rfhejif ·22 • .5 4.4 3.3 3.6 3.4 
. ' c, ._.:_ ~ , -'._: 

l~'o:-th :"~:~i't 45.0 S.l 13.3 3.5 3.0 
:. 

East;:Northeast 67.5 .4.3 10.0 4.1 4.1 

East. ~O~Q 4.4 10.0 4.1 2.7 

East-Southeast 112.5 4.1 1.7 3.4 2.5 

.Southe.ast 135.0 4.2 1.7 3.3 3;8 

South.;.Southwest 157.5 5.3 1.7 3.4 4.0 

South 180.0 7.4 25.0 3.6 3.8 

• South;"Southwest 202.5 12.6 20.0 3.8 3.8 

Southwest 225.0 12.1 5.0 4.4 2.5 

West;'Southwest 247.5 9.1 0.0 4.8 0.0 

West 270.0 6.5 3.3 4.4 4.6 

West":Northwest 292.5 6.1 1.7 3.8 7.4 

Northwest 315.0 5.2 3.3 3.5 2.7 

North-Northwest 337.5 5.0 1.7 3.5 4.9 

* Source: U.S. Department of Commerce, 1955 • 

• 
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:n •• t, til. dam. InflOw. to . o_"_'.:: __ ;~_' ~_ ," - - - - . - - ". c 

dr~in.gtj area and tnrouSh 'groundw&t,i:, 

a • 

H~~~"~JJfsOf:'~l\fC'I~k. areaboVI{follntyRcute 10 Bridge on the NotthForkarid '. 

'Ifon'a':idg4r':t.F"nnCifti~yoW'the, •. , •• saltcre~k.' Location of tht!! st.ationarid 

~jMY~l*h~Y~ridge.acio •• 'therak' are'shown in",Figure',2-Z. 

Qth~riI:lPOUndll!(mts 10eatedin thecenttallllinois area include Lake' 
se.rigt~ii s:.C~ff e~n Lak~ •• ~~ke S pringr.:' el c1. l.uke ui:ca ~ur, dnd' La:~f S!1e lb:rv ill z 

'( FigureZ';4) • LakeSangchris t Cof'f~en Lake. and Lake Springfield serve as 

c:ooli~g·lakes. 

2.2.2 Thermal Conditions 
- - . '.--

Water temperatures at various locationa in Clinton Lake have been routinely 

measutedsince 1978 aspartofth~ongoing environmental monitoring program 

conductedby lllinoi;Power. From 197e through 198~the Clinton Power 

Station \las underconstruction;c,:onuquent.ly. the lake during this time 

period did not rftceive any thermal loading and exhibited &mbient condition. 

Operational testing of the Clinton Power Station began in 1987. resulting in 

sporadic production of thermal discharges above ambient conditions. 

Figure 2-5illuttrates temperature conditions at fithedes monitoring 

Station 2 (near the discharge outfall) for recent years (1985-1987). These 

data indicate that typical Ambient temperatures in 1985 and 1986 =eached 

approximately 26°C in July. Operational testing in 1987 resulted in periodic 

temperatures above 30°C near the discharge outfall documenting the above 

ambient nature of the discharge water. These data also reflect the rapid 

return to ambient conditions when testing was not being conducted. This is 

particularly evident during the month of July. 

The model year (1955) utilized in this demonstration was selected to 

represent worst case meterological condtions. In addition to 1955 being 

the hottest year from 1953 through 1978, it also was defined as the 

:2 
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cofidltl9n~ re~u1t ina re~etvoit 
fh.q'fh'-llJrinalp~()Le fevation . and inc~eand 

.. ··<32.o.i>CC~earthe.\lrfacethroughout .. much .of·theolaklt" 

.' .. ij¥:the year (~.~l":Augu't)·; 'These ambientc:ond,itiO~1 
over the'ambientconditiona document~di.~~~8S 

At~dsph~i·i~.oXyge~>lnddrSSOlved oxygen nopnally· approach equilibrium "itl)e 

L'li1;-\'mte::ih~~iftlteo! a bodyo£wa::er e.nd,iLgenetal,£>.?proacl:-. s,:\turat!o:1 

contenb:attonsl.nthewAter.As notedforl,akes or reservoirs in the 

Midwe,t;di~solvedO:xygen~oneentration~ in the deeper portions of a lake or 

reserV"irwil.l~notD~·atsaturation during the~ummer. Values of dissolved 

oxyg':!n .ca~ decrease during the summer in the deeper water to levels that will 

not support most aquatic Ufe. '. Thi$ decrease is the result of oxidation of 
, --- -

organic bottolZlsedimfmts anavnercolumn delllAnds. Effective vertical 
. . 

migradon ofcxygen-rich surface water to the bottom is blocked by natural, 

vertical gradients in temperature during the swmner. 

Dissolved oxygen has been I$ampled in Clinton Lake since 1978 at various 

locations throughout the lake on a monthly basis. Data for 1986 at the 

monitoring station near the dam are presented in Table 2-3 at 1-meter depth 

intervals. Corresponding values of temperatures are also presented for 

comparison. Collected data from 1978 through 1986 indicate that distinct 

vertical stratification does not typically occur in Clinton Lake except for 

the deepwater area near the dam. 

2.2.4 Inflow to the Lake 

A U.S. Geological Survey gaging station is located at Rowell, Illinois 

approximately 12 miles downstream of the Clinton Dam (Figure 2-2). At this 

station. Salt Creek has a drainage area of 335 square miles. Records at this 

station are continuous from October 1942 to present. A summary of the data 

is presented in Table 2-4 in the form of annual means. The annual average 

runoff from the Salt Creek drainage area was 9.54 inches from 1943 through 



TablE! 2;..'3. DiuolvedOxysen and Temperature Daufrom 1986 Monthly 
f;,ogt;&D\at Clinton Lake Neu the Dam (Site 8) 

- . -

-. 

. Depth Dissolvedo:r;nen ,mill) Tem~erature iOC) 

(meters) . June July ,.ug Sept May June July Aug. Sept 

1 10.6 lO~8 7.0 5.1 8.9 16.2 23.4 26.4 25.0 11.4 

2 10.9 11.3 7.1 4.8 8.9 16.0 23.3 26.4 25.0 21.4 

3 10.1 11.4 7.3 4.7 8.7 16.0 23.3 26.3 25.0 21.3 

4 ),0.2 10.6 6.4 4.7 7.8 15.9 23.2 26.3 25.0 21.2 

5 10.1 10.4 5.8 4.8 7.5 15.9 22.8 26.1 25.0 21.2 

6 10.6 9.B 5.1 4.S 7.8 15.9 22.7 26.0 25.0 21.1 

7 9.8 8.7 3.8 4.6 4.5 15.9 22.6 25.4 25.0 20.7 

8 9.8 2.1 1.9 4.6 4.2 15.8 20.6 25.3 24.9 20.5 

9 9.8 0.7 1.5 4.6 3.8 15.8 20.0 24.7 24.9 20.4 

10 9.6 0.4 0.8 3.0 3.0 15.8 19.7 22.2 24.5 20.4 

• Source: Illinois Paver Company, 1988 . 

• 
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Runoff 
Cinch •• ). 

" 

.1943 11.03 
1944 9;61 
1945 4.99 
1946 13.10 
19~7 11.1;· 
1948 8.68 
1949 7.58 
1950 18.53 
1951 12.89 
1952 12.37 
1953 5.60 
1954 1.45 
1955* 3.49 
1956 4.91 
1957 11.27 
1958 10.22 
1959 7.38 
1960 8.1S 
1961 8.96 
1962 11.96 
1963 3.20 
1964 6.61 
1965 7.50 
1966 6.37 
1967 6.61 
1968 21.04 
1969 8.07 
1970 12.25 
1971 5.68 
1972 9.33 
1973 19.22 
1974 15.94 
1975 ll.72 
1976 7.95 
1977 5.76 
1978 6.97 

-'- -

"Cc.:IP;.;silcPSl.il ,,' 
, '5/191.8 . 

Salt Creek at RoWell,Illinohfrom1943 

Comparison to 
Mean Annual 

(percent) 

179 
101 

52 
137 
117 

91 
80 

194 
135 
130 

59 
15 
37 . 
52 

118 
107 

77 
86 
94 

125 
34 
69 
79 
67 
69 

221 
85 

129 
60 
98 

202 
167 
123 

83 
60 
73 

Rank 

33 
22 

5 
31 
24 
19 
IS 
34 
30 
29 

6 
1 
3 
4 

25 
23 
13 
18 
20 
27 

2 
10 
14 

9 
10 
36 
17 
28 

7 
21 
35 
32 
26 
16 

8 
12 

* Test year used in present temperature simulation of Clinton Lake. 

Source: U.S.Geological Survey, 1978 • 
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l~~f~f~t iOUn(f to be belolftbe annv.almean with. vdue of' 

l7pjtcent,of'tbelolll- t t!1'1Dannuallll.an •. A monthly dhtribution of the mean 

ruri~'lf:fioIlI943\'thr6ulh1918h.lhted in Table 2~5. 

·10. gaugewuplacedat Iron Bridge on Salt Creek below Farmer City tollionitor< 

t,helocalinflov.totheSalt Creek branch of Clinton Lake (Figure 2-2). Data 

obt~inedin1978 were~omp&r~d tocorre.ponding data at Rowell to develop 

empiric&.lrelationships between the gages. 

For flows at Rowell in excess of 175 cis, the following relationship was 

found: 

QI .. 0.56 QR 
where QI is the flow in cfs at Iron Bridge and Qa is the flow at Rowell in 

ds. 

For flovs at Rovell leu than 175 eft and greater than 12 cis, the following 

relationship vas found: 

QI ~ 0.427 Qa - 4.81 

For flovs at Rowell Ie •• than 12 cfs, the following relationship was found~ 

QI • 0.2 eft 

It would appear that as the flow at Rovell decreasel, the percent contribu

tion of .urf.ace runoff by Salt Creek above Iron Bridge decreases. On a 

dt'ainage area ratio buil. flowl at Iron Brillge should approximate 4.5 cfs 

vhen flow. of 12 cfs are measured at Rowell. However. the gage registered 

only 0.2 e£s. The difference, in a large part, is likely due to ground water 

discharge occurring between Iron Bridge and Rovell. 

2.3 CLINTON POWER STATION 
The Clinton Pover Station is a nuclear generating facility consisting of one 

933 HW steam turbine genentor powered by General Electric Boiling Water 

Reactor. Con.tr~ction of the Clinton Power Station vas completed in 1986 and 

lov power testing~nd commercial operations commenced in 1987 . 

16 
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f~t Salt Creek at the RowellGauglt 

RlU!2.ff 
Cub~c 

J.,riuary 0;91 266 

February 1.02 324 
l1atch 1.27 368 

AprH 1.65 49.5 

MAy 1.44 416 

June 1.05 315 

July 0 • .54 158 

August 0.32 92 

September 0.15 44 

October 0.25 74 

• November 0.32 97 

December 0.62 181 

TOTAL 9.54 

A.nNUAL 235 

Source: U.S. Geological Survey, 1978 . 
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;~C;!Oi8~ed to operue'inthefoiloWing 

;flet,·tNe!· .. the~l\ge~tnrougb cooling.y.temmult di8d.pat~" 

dr.,o~,:t:~it o~er~tio~. A t()tdco~ii~g va ter -, £laWoi
.;iee'~Disl r:i~-t..k'n f rom and returned tocli.nio~'~alce 

..• on~e':tbJ:QU~h .• yne~l1~dertbree'..pump operation. The =1 ti,.pressur~ , 

C6~cSe'flSeJ-u~~dJt, ClintOn_roWer,~tatioflis servec!by three 189. 567gpmpumps 

aru1a(ioopercent foad isdedg~ed.for a coeUr,g water tf!mperatureriseof 
2t::'~ O.{i-~.~co~). 

Circulating ,water is withdnwnfrom the North Fork branch of Clintonlake I 

pasS8sthroughthi! condenier. flowl througb a 3.1-mile discharge flume and is 

discharged to tbeSaltCreek branch of the lake (Figur(} 2-6). The intake 

(Figure 2 -7),is designed to withdraw water from a depth of 7 to 20 feet below 

the, normal pool elevadon of 690fe,et msl. Two drop structures are placed in 

the 3.1-mile discharge flume to dissipatebydrauHc energy and diQcourage 

fish migration intcthe discharge. ,The discharge flume is trapezoidal in 

design and hal ~ surface area of 77.81 acres. 

Total residence time of the cooling ~~ter is 4.5 hour., of which 4.4 houra is 

in the discharge flume. 

Hydrothermal simulations in this study will use a 100 percent lCJd for 

comparison to previous results and will represent a higher average loading 

than actually projected by Illinois Power, thus presenting a degree of 

conservatism in thermal projections • 
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a)<nis ~narrow. reladvelydeep impoundment like 
cc'nt~tdlll~~h)'>i.hfl.~~a~doutflOW',. wiJld driven circul&ti~n. 

'.nd'tb~rmalCot\~eetien (due to differential'li~~~ing 
.rid~cioc)l.J~g~bet',;,e'nlDor~. fa pidlyl1ea t~d and cooler shall owwa ten and the 

deepet~6r~;'o~l~f -' t~e~ake). 'For_summertime lowfl~ cendi tions,.- .wind 

driven firC:\1ia;t.i.ol'1ten:ci.:t:~domin&te. With the plant in operation. tnelake 

Cij:"::u~at{onwll.lbeinodifle<ibYf (1) the plant pwnpingfrom thedischarget.e 

theinb:lkJ.~dd (2)ildd!ticmalthetmal convecd.onover the lake i;iir£ace clue 

tothewarmer-d.i.sch~;ge altd J~he<attendantGi~ldngof cooler wahrto the 

deeperportionsot>fhe lAkit. foll~ed by cool water movement back toward 

discharge as .. density underflow. The hydrodynamics and temperature 

the 

structure of Clinton Lake is essentially 1;;\10 dimensional in the longitudinal 

and vertical dir'ecti~nS;,withllmited lateral variability. 

~.1 LATEV..LLY AVERAGED RESERVOIR MODEL (LARM) 

The hydrodynamic and temperature distribution analysis of Clint-Dn Lake 

requires a model that represenutbe longitudinal and vertical equations of 

fluid motion.continuit.y and heat transport, and that· incorporates a coupling 

of buoyancy between the temperature distribution and the equations of motion 

85 well as surface wind forces. The Laterally Averaged Reservoir Model 

CLARM) has he en developed for the &nalysis and prediction of two dimensional 

(longitudinal and vertical) hydrodynamics and temperature stru~ture using 

t.ime varying .inflow. out.flow and meteorological data. 

!.ARM was originally developed for the Ohio River Division of the U.S. Army 

Corps of Engineers and has received extensive testing and verification by 

application to Sutton Lake, West Virginia; Center Hill Reservoir. Tennessee; 

and compared to laboratory flume tests at the Waterways Experiment Station in 

Vicksburg, Mississippi. LAPJH has also been applied to the study of chlorine 

transport in a stratified cooling lake, safe shutdown impoundment analysis, 

and multiple thermal discharges 00 8 stratHied run of river impoundment • 
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'DeV~l:QPII\'ntLA,lU1hy(h:Odyn~c. 
st,ep~'1In~i~d.irii:: ,., (iJi~t~8ration of the·· three ':dimens ronal 
Ol~t.~onand;tr.nIlPot't to:th~'lAterall)' averag~d form;' (2) 
hterailY""er.ged~~\1~tion& 'to.rrive nthe .' sOlutionUchnique'; and 

(3)de~elo~entof th~niJ;ne'da"i finite difference form oftbe equations ., 

CODlf>utercoding'i~Detl!.iled ~xpianation8 ·ofthose modeling steps are described 
.. . 

in Edingerh el. (l98tl). 

3 .Z' ., MODEL SETUP 

Model set up requites specifying detailed reservoir geometry as lateral 

widths at each depth at each cross section. the location and operation of 

inflows and outflows to and'from'the lak3, and bOWldary conditions at 

internal barriers in the lake . 

Hodel geometry WB. determined from reservoir cross sections derived from Ii 

reservoir topographic map. Cross-sectional data was placed in the GEDA 

program rieveloped by the Hydrologic Engineering Center U.S. Army Corps of 

Engineers. The GEnA progr&m allows interpolating the cross-sectional data to 

uniformly spaced model cross-sections and determining the reservoir widths in 

each layer of the cross-sections. 

Computational cells required division of Clinton Lake into longitudinal 

segments (Figure 3-1). Longitudinal spacing of computAtional cells was 

dete~ned from inspection of a planar map such that the plant discharge and 

intake were positioned near the centers of cells and that the internal 

barrier bridges vere near the ends of the cells. A longitudinal grid spacing 

of Wx-l,518.5 meters (4,981.9 feet) satisfied these constraints. The depth 

of each cell was chosen to be Delta %-1.1 meters (3.6 feet) for vertical 

detail. The lake longitudinal and vertical profile was resolved into a grid 

22 cells long (at the maximum water surface) by a maximum of 14 cells deep 

(from the maximum flood level water surface to the bottom) • 

24 
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reg iDle s . are computed for the 

previous! y . been identified. 

M~ieotoi.og.(c:ai qata_.fo~.19ss~a.takenfrom the NOAA Climatological Records 

forspd.rigiieM.·hiin6i!l,Mea~uredshort wave solar radiation was 

unavHr'abl:e!or this'perll)dand'~~sestimAted from cloud cover observations. 

'1'ributat'yiIlffowda\:;a.wa~ also unavailable ':ur 1955. Since 1;55 was bC!ing 

simulated asanex.tumedry year ,thelake levelwa.set at the extreme low 

level of 68S:5 feet with no flow over the spillway. The inflow into each arm 

was set at a consuntlo1lflawvalue juSt sufficient to meet the minimum 

downstream release from the low level outlet. Ground water inflow waa 

disregarded in this analysis • A hut rejection rate of 6.713 Btu/hr and a 

circulating water flow of 1.387.ScfS were utilized to represent one unit, 

thieepump operation . 

Hodel input and output utilizing 1955 conditions vaa undertaken principally 

for 100 percent load. Single warmest day, warmest ilJeven consecutive days, 

and 30-day ave~ages were determined monthly from April through October. 

Ambient (warmest single day in May and August as well as warmest 7 days in 

May) scenarioe were also derived for comparison. 

The hydrodynamic and temperature regimes were computed for the 1955 year of 

meteorological data at 100 percent load and under no heat load to detennine 

the distribution of ambient temperature. The 1955 year meteorological 

conditions represent probably the worst summer in 50 years and therefore are 

used in t.he model to simulate worst case conditions. Tabulation of the model 

output for 1955 ambient conditions is provided by EtA (1980) and Edinger 

(1988). 

The 1955 LARM simulations were carried out for dry weather and low lake level 

conditions. The North Fork and Salt Creek flows were set at 2.5 cfs each to 
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rel.a., 9£5 cfs at the low level 

~~.voei_,;a~ie(at'68S\5f'et •• pproximauly.·S feet 

e{~~.dQri'; 'idr?bundwaier inflow into the deeper .portionlof the lalce.waa 

·£gnor·ed.ie~~ltirtgi~higher calculated lake temperatures than would have 

o~:c~rted . 
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. ···~ip.~~~'ltESYLTS:OF HYDROTHEJU:1t.L· MODEL 

···4Jr:>~IENrCOND:r'tt()NS 
. .~,,' - -- - - .. 

fli.~.inb£~\itt.mpetatur'and flow distributions for the 1955 conditione 

iridl~a~e'4'{9k;.mbientlak. temperatures above 30 ce (86°F) forday2l0 to 

d.yC2~~.; Theln&x~um surface telllperat\lre wh.33.3°C (92.0°F) on day 213, 

wj,t~temper£ture diStribution as shown in Figure 4-1. Ambient tEmperatures 

exce~ded'32~2°C (90°F) £;om day 210 to dey 213. Stratification of the deeper 

prbtions of the lake was not significant under 1955 conditions because the 

1~55 model does not allow for ground water inflow but does allow for high 

wind speeds. 

4.2 MODEL OUTPUT UNDER SEAT LOAD 

MAximum surface temperatures for unconstrained operation (100 percent load) 

occurs on day 213. The detailed temperature distribution within Clinton Lake 

under these conditions is given in Figure 4-2. Three-pump operation for this 

day at 100 percent load nsults in a discharge flume temperature of 44.4C1C • 

A mixed temperature of the lake surface at the point of discharge of 42.7°C. 

Temperature isotherms (plotted to the nearest whole number) as Ihown in 

Figure 4-2 indicates that the majority of Clinton LKke consists of 

temperatures lesl than 35°e whereas temperatures les8 than 33°e are 

restricted to areas deeper than 10 feet. 

The wa~est 7-day and 30-day Average temperatures reflect much l~er 

temperatures than do single wa~est day temperatures under 1955 conditions 

(Figure 4-3). For example, the mixed temperature of the lake in the 

immediate vicinity of the discharge is less than 41.00C during the warmest 

7-day period and is les8 than 39.0 0 C during the warmest 30-day period. In 

addition, the majority of the lake has temperatures lower than 33.0 oC during 

the warmest 7~day period while the majority of the lake has temperatures 

lower ~han 31.0oC during the warmest 30~day period. 

Comparison of the model output under three-pump operation was also made with 

ambient temperature conditions (Figure 4-1). These =esults are expressed 
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-njltan.· Delta T 

:.hd.of~ •• c:bar.Cto g. OOC.in th.vic:ini~1oft~., _ . 

16.) .• ·ceilll- ton/andle to 24 aU had 

·w~ii.{Cell.~ 1 to 0 and 19 to 24 had Delta T value. predominantly 

Graphical reiults o.f monthly dnglevarmest day, warmeet 7 conucutive day.; 

and mean30':day temperaturei are preaented in Appendix A • 
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CnIlIUC'_r.I!U t;tleClinton Lake EnvironlDental Monit.oring 

iJzIP6~ent..t.1l1.978;thrOugh 1987 to prodc1e" -

.ndCl~itr.tional-dlita p~rtainin8tQ the lAke tiiota (IP.:l.9!7). 

k~Ib'r;.~pe(lt ~ft)lh progr~wa' the collectioz1 offisheriel data Oll a 

~~tt~iiy.j)as'if.teltabnsbed locations in the lake. Avarietyof 

~C)ii~~~rb~:techn!q'u~~~er.eIl1P10yedthrOughout the annual' Itudie$ . with 
~1;tit!'6h$hin~ pr~dJ~irig the' m~jodty Clf the', c(')Uectf}d fishes. 

Thes~~nn~al' st.udieaind.icatedthat the Clinton Lake fish co_unity VAl 
.-, .. '.' . ' .. 

dominat,edbygizzard shac1.comoncarp, bluegill. white crappie. largemouth 

- bass ,tigermuskellunge.and bigmouthbuffalo. Populations of three 

experimental species (hyl'dd atr!pedbass ,walleye. and tiger muskellunge) 
. " .( '. ' , 

at, uiainta.ined exclusively bystoclc:ing. Supplemental stocking; of largemouth 

bass fingerlings ,alsocontribuut;0 existing populations. 

Sptcies occurrence and catch-per-unit-effort generally stabilized. as the lake 

matured. The seasonal abundance of fishes was typi~ally greatest in summer 

while biomass was greatest in spring. Seasonal abundance and bio!Jlllss. 

however. were lowest in winter. Fish communities were most similar at 

midl.ke; tran$itional area. were similar to each other and one stream-like 

lake site was an outlier. particularly as the l&ke aged. 

Growth, condition, and population structure of the major species were 

generally similar to or better than commonly reported in the literature. 

Predator fish commonly fed on gizzard shad with little diet differences 

between the main lake or upper ends. All fish were relatively free of 

external parasites or abnormalities. 

The white crappie population was dominated by strong year classes (l978 and 

1979) followed by much weaker classes (l980, 1981 and 1982) followed by 

stronger classu (l983, 1984 and 985). Cyclic ab~d.ncu of crappie are 
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pop\.1lat.ionwaa~om.i.nat.edbytheinitial (1978 ).yeardaaj . 

whii, .• J~~'e·d~~IFye.i;cl"II~·I(~~re<"'eaker. Cond1tj.on and population . 
. ,,:.-:-:;':'~-" __ -':-'--"::-;;'/.-._-"~~ "_ .. :"'-:, '-i-:"-":-";"", :~._ .. --.:~~-:.-.:-' .:-'-- ,". -'-

strl,lcrturewer~Bener:al:lY'80od &lll'igt'Olorth was dightly below average. Rather 

to~,,~b~nct;J.n2~dbaot~ll.settrib,.~ted . to>lC'~·' f.;Pe.'t.-nin3 success andro-:!'t\i tment. 

Atl~ri(iancefn6rea'~d'.irt<1985and 1986 due to ;Unproved natural reproduction and 

p~sdblYlll,lpple'mezitai/ ~tbcking,. 

'the bluegill population,.wai.dominated by small. slow growing fish in sOxnewbat 

low conditiol\.. So~ebluegill were large enough to harvest in 1985 and 1986. 

Bluegill fed on insecu. dgae. anel fish eggs • 

The walleye population wt.s characterized by good to excellent growth and 

condition •. Population strl,lcture was highly variable depending on survival of 

fry stockings. Increased fingerling stockings and continued fry stocking_ 

should improve the population structure and the fishery. Successful year 

classes in 1983 and 1984 produc~d good fishing in 1986 and 1987, and probably 

should continue in 1988. 

Growth and condition of hybrid striped bass equalled that of populations in 

other Illinois reservoirs. Year class strength varied with the availability 

of fish for scocking. Fingerling stockings produced strong year classes when 

aVA.Hable. 

The population of tiger muskellunge was dominated by the .l.n.itial year class 

(1978) with excell~nt growth for all year classes. Some year classes were 

absent due to lack of fish for stocking and other year classes were weak. 

Continued stockings of the experimental species (i.e., hybrid striped bass, 
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i.i~~(.t~~~tiiC.t~,,;o~r~uof~;i~diC'~.dbyil~ g<qoth. 

i"cb~It~~~~:;~~"~g~j;~g'~O~!li don,. b\Ul4anceaw1blomau ,and. 
". s~r¥bt\#e}doudna t!!d~y .onl)'tVo·,y.a~;l~~~ea. 

Gbzardshadprociuc~d~trong)'e~r !:=lasiel!ieacb year. The populaUon. 

$ttucture'wa.>eomposedofiaeveral yearclaUes, 70 percent of which we,re 

rs~ng~6E'':the .. y~af~Sh:.tl!, E.:e; r,els. tival, sIc-.. !] (about 100 Ir.:7iby age 1) and 

contribut:ed tl)the go~dgrowthand condition of the predator fishiu. 

To help zneetmanagell'leJ'lt; goalirafillh refuge (prohibition of fishing and 

trespusing) will be~stabl.ishednear'th~heaUd watu discharge area during 

winter months.Thh should puverit ovttrhaX'Vest of. fishes congregated in 

warmer waters (Glas*andMAughan. i98S;McNurne,and Dreier, 1981). Length 

and creel limits will be proposed to help ensure. bal.lIlced population, to 

capitalizo onincreued groVthin .. ~oQling lake (Tranquilli et !l., 1981; 
. , .. '-

Su~e, 1981; HeictingerandLewi'.i986), and to more effectively utiliu 

stocked experimental fish •• ,; . Onti te fish readna ponds will continue to 

produce fish to nonvulne~able sizes. These and oth.r management strategies 

will be continually refined to meet the overall objectives for the Clinton 

Lake fish population. 

5.2 SPORT FISHERY 

The existing sport fishery and the management of the sport fishery are 

important aspects in the overall management of the Clinton Lake. Fish 

management strategies will continue to be implemented to meet the gonls 

established in cooperation with tha Illinois Department of Conservation. 

General goals include protection of the resource to promote self-sustaining 

and healthy populations of important game speciel, and stocking of experi

mental fishes to determine their responses to thermal influences, to utilize 

abundant fCluge fishes, and. to enhance! angling opportunities • 
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CllntoliI..ake iPc!ic.te that .• ~ort 
byc.nsl~r~irlrecelltyeare (Table ~-l). White. 

bUllhe.ci"hl.'aClccrappie ,.larg,mouthbau, charmel 

-~ ..••. , .. - .... " ... ·;;.;.;.;.;.·;-: .. ·:~.ipal"'eUlorig;the most common .peeies cr;eled from 

Tne,nUlnber '. crf!f!~edbyanglen increa.sed steadily in recent ye .. rll 

~hichislnpatt relatecltoincreuid fishing prellure u well &II the 

a bUlldanee' of' these.s~ecies .in the nse.rvoir. Th". abundance of .port H.hes 
\'"~\'''s-,,;; ·;;··t··. 'C'1'~n"'t'o' r.'··'I'e ·~·~··f··r"k .. ~ ·.,;··~·f·l"~"';rl. i'" "he c~"·":\" p"r ;,.jOfc .... f .. -_._ ~ -""~~ ':' .. - ........ __ ._._. _~."" ._ .. ...-:._~ .. -~."'''''~._ . __ t.: .... \..'-,'""_ ... ~. .. ..... 1" .... - _ .~"\oi .... -_. _.~ 

as~oCiatefwithfi.hingin Clinton Lake compared to other lakes in Illillois 
(TableS .. Z). 

Thepopula~ity of fi.hing throughout Illinois and at Clinton Lake in 

particulari~evidencedb:Ythe high fishing pressure .asociated with Clinton 

~ke and other cooling reservoir in Illinois compared to non~cooling 

reservoits (Table 5-3) . 

As indicated earlier in tbi' section,white crappie is the pr~dominant 

spG!cies creeled by anglers at Clinton Lake. This sp,ecies accounts for 

94 percent of the fisha. coll~cted by anglers in recent years. White crappie 

is a popular $port fish througbout the midwest And in recent years the white 

crappie harvest at Clinton Lake has e~ceeded that at most other lakes in 

Illinois (Table 5-4) 

In general Clinton Lake supports a thriving sport fishery thAt !!ervices hea"y 

fishing pressure and to date produces above average harvest rates for many 

sport fishes. This suggests thAt to date, fisheries management objectives in 

the lake have been successful. 

5.3 FISHERIES ASSOCIATIONS--PREOPERATIONAL VS. 1987 (OPERATIONAL TESTING) 

Fish sampling via electrofishing un~ertaken by Illinois Power biologists on a 

quarterly basis since 1978 resulted in an extensive database pertaining to 

species abundance throughout the reservoir. Collected data indicate that 
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1984 1985 

.... ····Ti$.rm\1$k~ilun8e 40 49 0 168 107 

c~~onc'rp 1.~384 899 518 849 1,550 5,200 
Bistn~u ~hbuff~l.o 0 0 12 0 0 12 
slack ·bullhead 1,924 1,782 482 1,920 8,416 14;524 1 
Yello" bl.:llhoad 327 85 30 60 0 522 
Channel ~atiish 613 786 469 749 3,029 5,646 
Flathead catfish 17 0 0 0 0 17 

--Hybridseriped. bass 175 25 156 249 673 1,278 
LeEomis sp. 0 0 0 0 234 234 
Green sunfish 101 849 502 38S 239 2,076 
Bluegill 4,437 1,704 1,503 5,794 l1,82e 25.266 2 

• Hybrid sunfish 6 0 32 0 0 38 
Smallmouth bass 0 0 0 0 28 28 
Largemouth bass 2.366 1;553 261 1,403 408 S,991 
'White crappie 24,323 129,509 177,553 354,524 495,311 1,lB1,2Z0 94 
Black crappie 135 1,2:19 819 2,420 3,670 8,303 1 
Walleye 1,099 702 142 142 1,512 3,597 
Freshwater drum 166 79 20 115 74 4:14 

TOTAL 37.213 139,281 182,499 368.798 527,079 1,254,870 

* Less than 1 percent. 

Source: Illinois Power, in press • 

• 
39 



• 
... 

• 

C1 irit~~\lk~·' 
cl"'ntonll~ •• 
Clinton Lak~~ 

ell r.t,,;i l;.::,,· 

Clinton Like' 

CllntonL.ke8 

Newton 

Rend 

Springfield 

Coffeen 

Sengchrh 

Sengchris 

Sangchris 

L.ke Shelbyville 

Baldwin lake 

Cariyle Reservoir 

Heideelle Lake 

National Average 

• Boat angler only, 

1982 

1983 

1984 

1986 

1982-H186 

1987 

1979 . 

1979-1982 

1987 

1987 

19M 

1913-1975 

1987 

1979 

1967-1968 

1981-1985 

Source: Illinois Power, in press • 

0.16 

0.59 

0.84 

1.-17 

1.23 

0.92 

0.75 

1.06 

0.50 

0.42 

0.44 

0.38 

0.·11 

0.41 

0.57 

1.06 

0.21 

0.85 

40 

Nullber/ 
~.ctlre,' Reference 

19 

70 

92 

1S6 

266 

127 

127 

50 

59 

95 

50 

89 

4,5 

54 

19 

40 

63 

Bruce, 1988 

HeidInger!!. 11., 1984 

Heidinger !!.!l., 1984 

IOOe, 1988 

lODe, 1987 

IOOe, 1987 

McMurney and DreIer, 198n7 

IODC, 1988 

lODe, 1988 

IOOC, 1988 

loDe, 1988 

Jenkln~ and Morals, 1971 



• 

• 

AfU1ual"Fi.iunlpre~"hre onSeveralRelervolralnIllinoii 
$ut:rouncUng :~t.te., 

._,.,:._," .. " _______ "'"- . .' _ ".1-; __ . 

. Clinton Lalt:e. It-· 

LakeSpdngf.i.elc!.IL 

Sangchrh· Lake, IL·,· 

·,Sangchris Lake, IL· 

sangctlriS L.ake. 11.* 

'Newton ,Lake. IL. 
Coffeen Lake, IL· 

Bald'-'in Lake,· IL· 

Hddeeke Lake, lL· 

Carlyle Reservoir. IL 

Lake Shelbyville, IL 

Rend Lake. !L 

Sinclair. GA 

CheJ:'okee. TN 
Dale Hollow, TN 

We.t Point Re.ervoir, GA 

Cutfoot Sioux, MN 

Selected reservoir., NC, SC 

172 

100 

It:7 

%16 

132 

211 

142 

94 

189 

18 

110 

40 

133 

60 

36 

7 

140 

8-191 

Reference 

Thit report 

Heidinger !!. d .• 1984 

MeNurney and Frak~o; 1979 

IDOe, 1988 

lODe, 1988 

Bruce. 1988 

IDOC, 1988 

IDOC. 1988 

IDOC. 1988 

IDoe. 1985 

IDOe, 1988 

Heidinger tt .!l. , 1984 

Baker, 1983 

Baker. 1983 

Bake::. 1983 

Halveatuto .u..!1 .• 1983 

Oeborn and Schupp, 198!5 

(::-ange) Baker 

• Lake principally designed a. a cooling reservoir. 

Sourcel Illinois Power, in pre ••• 
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~I~~tu. and POW\d1 Per Acre 
!'..'lr.~lll lUiuoia ll ••• rvoirl· 

LAke .. v,ar . lib.'" lbl+/acre 

Clinion·Lake, IL ;1982 11 2.0 

.·1~83 65 9.7 

1984 90 11.9 

·1985 179 25.3 

1986 250 :n.z 

L~ke Springfield, IL 1979 6 0.7 

1980 32 3.4 

1981· 25 3.5 

1982 5 0.1 

coffeen Lake. IL 1987 99 1.4 

Sangclrt'is • IL 1984 17 1.1 

Sangchris • IL 1981 2 1.2 

Newton Lake. lL 1987 230 :Zl.3 

Lake Shelbyville, It. 1987 2.0 3.5 

Rend Lake, IL 1979 8 1.2 

1980 6 0.6 

1981 10 1.1 

1982. 11 1.2 

* Hectare. 
+ Pounds. 

Sources ESE, 1988. 
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'~fitciulh}~,e6.~';;r;~~i"~-'tuad.cQmlDOD c;arp. bluegill t white crappie. 

-':>.:~~~,~f,~a.I.J:i.en-'\l#£labhave' numerically dominated,the collectio~., 
.' *ene''r.l:. ".w.i.ththeiexceptionoflargemouth" ba •• , ,'.annual collection •. 

-t~er;ServOi~·., •• ·whol. were similar among pre.operational sWIIII&rYltuc:ly -

years. "L~rgemout~ba'I' hoWever were generdly mOllt abundant in 1978 and 

1979,-stabilidng.inabundance beginning in 1980 (Table 5 • .5). 

In 1987 when operational telting began and variable thermal dllcharges into 

the lllkeoccurredavariety tif lake.;.wide changes in fish abundance were 

documented.. Total catch rstes increased in 19B7 as compared to previous 

stu'dy years. In particular the catch rate of gizzard shad increased 

dramatically. Bluegill, largemouth ban, and white crappie capture rates 

aho increased .ubstantially from previous yefin. Conversely. ccmmon carp 

catch tate. declined (T~ble 5-5). 

Catch rates in Clinton Lake anociated with operational testing and the 

existence of a thermal discharge in 1987 can be evaluated by examining the 

fish data collected at Station 2 [the sampling station where the plant 

discharge enters the lak~ (Figure 5-1») during the summer thel. data indicate 

that capture ratel for gizzard Ihad, green sunfish. pluegill, largemouth 

bals, white cr~ppie and freshwater drum were higher in 1967 than in mOlt 

preoperational summer study period.. Conversely, common. carp catch rates 

were lower in 1987 compared to most prior study years (Table 5-6). It is 

unlikely that this general lakewide increaee in abundance was directly 

related to operational testing of the plant. During testing variable 

increases in water temperature were documented above ambient levels. 

However, at the time of sampling in 1987 the increased heat load appears to 

have been minimal. 

A comparison of capture rates at six sampling locations during the summer of 

1987 indicates that green sunfish and freshwater drum were most abundant at 

Station 2 (Table 5-7). The abundance in the Station 2 collection is 

apparently associated with water flow in/near the discharge canal as these 

species prefer flowing water. The catch rates of other common species such 
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shad .... 
In sh.d.~ 

. :'GrIS5 pH:kerel': ' 
.T Iger IltUskillllng! 
Co.-nurp .. 
Gllldensllinlr 
Striped shiner 
Reelshl"e)' 
Sand shiner 
Redfln st:lr.t\r 
Steelcolorshlner 
HotrOD!s '~p.~ . 

. Suck.rlDOuth minnow 
81untnas. _innow 
Flthud minnow 
Creek chub" 
Qull1back . 
Highfill i;arpsucker ' 
White sucker 
Northern hog sucker 
~~llmouth buffalo 
BlglDuth buffalo 
Spotted suck~r 
S nver red horse 
Golden redhors. 
3horthe.d redhor" 
Blick bu lIhud 
Yellow bullhead 
Chlnne I cltf ish 
Stone Cit 
F l"tll,"d catf Ish 
8lackstrlp. tope'nnow 
Hybrid striped blss 
White ban 
Rock ban 
Green sunfish 
Bluegill 
longelt sunfish 
Redelr ',unf Ish 
LepolIIls hybrId 
S!IIIlllllOuth ban 
largelllOuth bass 
1111 Ite crappie 
Black crappie 
POlllOxls sp. a liCkS IIle darter 
Slenderhead darter 
lIa Ileye 
Freshwater 

ToUI species 

Annual average 

.' ~7' .·.115 
'3 12 

18 2· 
3 10 

1!i >, 104 
3.2 . 
3 .. •• 
:r 
0" 
3 
4 
o 
o Ii, .. . .. 
o 0 
2 0 
2 6 
o 0 
4 2 
.2 w. 
o 0 
4 7 o *it 

o 1 
10 12 
1 3 
6 3 
1 1 

.. 1 
o ... 
o •• 

•• _l1 

.. 1 
o 0 
1 ., 

50 39 
24 50 o •• 

5 1 
1 1 
3 2 

89 46 
1 10 

*11 •• 
o 0 

•• 0 
o 0 
6 8 
o •• 

34 

440 

39 

464 

• Summer and fall quarters • 
• Spring. summer, and fall qUlrters • 

•• less than 0.5 per hour. 

Source: IllinoiS Power, 1988 • 
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FISH SAMPLING SITES USED DURING THE 
ENVIRONMENTAL MONITORING PROGRAM. 
CLINTON LAKE, SALT CREEK, AND NORTH 
FORK, NEAR CLINTON, ILLINOIS, 1978-1986 
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Goldtn shiner 
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Readear sunfish 
~epo.ts hybrid 
.. llmouth bass 

Largell!luth bass 
White crappie 
Blick crappie 
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Freshwater drum 

Total species 

TelllPerature (·C) 
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35 
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'I. 
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o 
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• Less than O.S per hour. 

Source: Illin01s Power, 1986 • 
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;7.»!!I ..... r10fEl~c"tf~.fl.hinICatcb-Pet .. Effort (lperhOUr,"':t·· 
... ·CHntOtLt~ki in 1987 (August) Under Operational. Te.ting . 

Condition. . 

. " 
Sam1!~in" St!tL<lne 

.$"peci,,5·· 4.S 1+ 8 13 

Ci~urd 'ihad 938 1,017 1,033 1,174 

T!.gerli\ij~kie 0 0 0 2- 1 

Common· carp 50 28 28 17 21 

Red·shirter 0 0 0 2 1 

Ql,.\illbac:~ . 1 3 0 7 1 
.. 

Bigmouthbu!falo 0 0 0 0 0 3 

Silver redhorse 1 2 0 0 1 ('j 

. Golden redhorse 1 0 1 1 0 1 

Sl\orthead redhorse 11 3 2- 3 2 8 

Yellow bullhead 2 0 0 2- 0 0 

Channelca tfillh 2. 0 1 0 1 $ 

Flathead catfish 2 0 0 0 1 1 

Hybrid striper 0 4 0 0 3 0 

Green sunfish 5 9 8 9 75 6 

- Bluegill 85 61 54 49 7Z 6$ 

Hybrid sunfish 1 0 1 1 3 1 

Smallmouth bass 0 0 1 1 0 0 

Largemouth bass 45 56 55 51 63 31 

'IoThi te crappie 95 ll3 2 14 75 120 

Black crappie 0 0 2 0 3 0 

Walleye 0 24 2 14 2- 1 

Freshwater drum 8 6 8 16 :\22 6 

Total 1,246 1,326 1,198 1.363 1,733 3,3$3 

Temp (OC) 29.S 26.1 27.9 28.0 29.4 29.6 

Sout'ce: Illinoi; Power, i~ pun, 

• 
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$Et.~CTlQN'biltUU5ENTATIVE~O!TANT SPECIES 

Det;aUedeV.iu.doii,Q(tb.po~ential effecte of the C1intonpowerSta~iCl~;'-': -_.k •. ·""'" •• 

the~l~~!.c·n~rg't,'~~th:e·j.Chth;Ofat,anal of Clinton' Lakellre p" •• ent.,dlntbe 
f~iiQwingpage8'Jor. J;epreselltativc important £.ish species (R.IS) in the reset;' 

v~it- which. iIlcl~de i ,_,-

- ,- -' "-':, '. 

• C()DIIIloncirp, 

• Channel'catfish, 

• Bluegill. 

• Largemouth bass. and 

• White crappie • 

The species were selected due to their abundance in Clinton Lake, their use 

as important. species in the 1980 Thermal Demonstration and their importance 

in the reservoir either as a sport specie. or forage species. fbi' •• peei •• 

cumulatively can be considered representative of the range of potential 

reaction to the thermal loading of Clinton Lake and are important to the 

maintenance of a balanced fish community. Two species (black crappie and 

black bullhead) used in the 1980 demonstration were not evaluated in this 

demonstration. These species were not considered representative of the 

Clinton Lake fish community. In addition, their temperature toleranee. are 

similar to other RIS selected for evaluation in thil demonstration. 

Consequently. ~he .. species were not setecud for evaluation. 

5.5 ASSESSMENT CRITERIA 

5.5.1 Temperature Criteria 

Four temperature criteria were used in asseasing thermal effects on lurvival. 

growth and reproduction of populations of RIS species. Absolute definition 
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.!l,. Cheet.ham llll., 1975). 

Envi~Q~e~t:t.l.-,Pr()t,ctionA$ency (USf;PA)····· has ... outl~ned. protocol •. : ... ' I , .......... 

belo'W·/d~f~hi:i.8the effe9u6ftemperature.on>vat.j.ous life· at.iee that . 

becon"idere4;i;!ofnupouible. when Dl4king ueel8menu of~~h~pC)tent~.t 
adver.,,~ff~ct(of the rJIIA 1 discharges on freshwater fhh lnnatunldt\!.&-:

ti.ohS(Btung~ arldJone;.-19nh It should be notf!d that the USEPAprOt!)cQi;~>'· 
. doe$.notadd~~ss· PQ's~ible:benei.i.cis.l •. ir:lpac~s. oZ. increasedtemper.:;.ture~.·~·hi~h 
an esp~ci&t.:llypeX't:.inenttocooHng lake situations. &I demonstrated by 

increase'i.gfintth through an ext. ended growing season and early initiation of 

spawningb~'soll1e>spedes. ',' Simil~rly •. thb" protocol is universallyappliecft~ .... 
all typesoLwater bodies without regard to the inherent differences between 

rivers and cooling lakes. Additionally. the protocol establishes no provi

sions fOfbehavicitial or physiological adaptations or genetic variability. 
'~. : 

These protocol limitations. however. do not preclude their use. as they 

represent a conSistent. methol1icul approach to the alleUment of thet'llal 

impacts to f!sheries. Temperature criteria used in this analysis were the 

Short·Term Maximum Temperature for adults (STMTadult) And embryos 

(STMTembryo), and the Maximum Weekly Average Temperature for growth 

(MWATgrowth) and spawning (MWATspawning)' 

Values for each evaluation criteria are summarized in Table 5-8 and are 

discussed for each RIS in Section 5.6. These c~iteria. based on the USEPA 

protocol. were derived by 8 comprehensive literature review for each RIS. 

STHT (adult) 

Survival of fish under natural conditions is dependent upon complex inter

action of a variety of biotic and abiotic factors. including temperature. 

Fish are lI1orphologically and physiologically adapted to survive rather wide 

fluctuations of seasonal and daily tempera.tures. However. artificially 

increased temperatures may influence fish survival • 
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H.WAT H.WAT 
(Growth) (SpaWning) 

, " 

"eii :t~r(( shil d 32.0 21 April 35.S' 
27 -- May 
29 June 

Carp, 33 21 April 39.0 26 
24 May 
26 June 

Channel ,catfish 34 27 April, May 36.0 29 
29 June 

Bluegill 34.0 25 April. May 37.0 34.0 

• 28 June 
34 July. August 

, Largemouth bass 32;7 21 April-June 36.0 27.0 

White crappie 30.3 19 April. M.D.y 
23 June 31.0 23.0 

- Source: ESE, :;'968. 

• 
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< iOi·'CTe;~~ei .. ~li;,~\t~,poll •• ~g()vernlnl survival of fish are divided 

"'zone'of<tonrance,·.,mdthe "resistance time.· 
---.-'. ----. - ,. 

temper~tur~ ra~ge within which the, fish can survive for an extended. 

p~rrod~t"{J.m.. Thi.t:one'is bounded by upper and lower 

t~~pera~ure;sw~icbaredependentupon the recent thermal' hi.torref 

(i.e;,the-hi~herthe acclimation temperature. the higher the upperineipi.~t 
lethal t~mpentUre).cThe·incipient lethal temperature' it definedtherefon 
as the highest (or lowest) temperature at which an animal canliv. for a 

£iV~~1 e.cclima ti.ontelnp~ra cure. 

At some point,oho",ever. an increase in acclimation temperature doe. not 

result in a cor~espollding iricreale in the incipient lethal temperature.Thb 

temperature is defined as the ·ultimate incipient lethal temperature.· More 

precisely, the III tima te incipient lethal temperature is tbe temperature above 

e or below) which an animal cannot survive indefinitely regardleu of how high 

(or low) the acclimation temperature. At temperatures above the upper 

inCipient lethal temperature. an organism can survive for a finite period of 

time, the resistance time. Resistance time gets shorter al exposure 

temperature becomes more extreme. 

Lethal temperatures are typically related to the exposure time required to 

produce 50 percent mortality at a given acclimation temperature. In studies 

where tolerance llDU.ts are reported as the temperature at which SO percent of 

the test animals die within 24 or 96 hours, the data are abbreviated as 

24-hour TLSO and 96-hour TL50. respectively. 

Since 50 percent survival may not ensure population perpetuity, USEPA 

protocol stipulates subtraction of 2.0 Co from the 24-hour TL50 temperature, 

to produce 100 percent survival (Brungs and Jones, 1977). Laboratory studies 

have shown this to be an adequate safety factor. This upper temperature 

limit which permits 100 percent survival for 24 hours is defined by the USEPA 

as the Short-Term Maximum Temperature (STMT) for survival of juveniles and 

adults during the summer . 
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to either entourage "oJ: dbC-Q~~.ge, 
.m,r\ ... ,·.'t,~ .. ~ .. , .. ~ .~~, tiri~9f;'tlle most importantfactQrlwhJch~~fec~i 

th.i it',~ffects metabolic act! viti • 'appetite?'~ol)d'" ~ 
su.c~p~ibiur.ytodina.e,orp.r"ite~. '<int.r.p~~#1c, .~ ... 

'·1binp~~j,r.ionand:()the!! $Ubtl&~tcologicalfacto~G. For a given apeci~'tt~~f'" 
'.~ lsa·t~rig~:o£,t~~Jl~raturew~~hin which grOwth occurs I low or hijh te~~I!#t~re 
extreu\es:~y/p't:ohibi t.growtho:f fish. 

~ . 
USEPA ~ protocol ~ (BrUngs. and Jones ~ 1977) ~ is, designeQ to prevent inhibiUonof 

growthafhightemperatures.Whilenear-'lethal temperatures are notluitable 

to supportagrowin8fi;sll'p~pulation, optimum growth temperature likewileb 

not required tht'ough~utthesumruet'. A realistic upper tempf2ra tute limit that 

will allow adequate growth lies,~)mewhere between the Ultimate incipient 

lethal temperature andt.he CiptiulIW1 tempenture for growth. Experimental 

studies indicate tnatthis upper lim.it for growth is a temperature 'that is 

generally oneMthird of the range between the optimum temperature for growtb 

and the ultimate incipient lethal t,emperature (Brungs and Jones. 1977). Thb 

is defined as the Maximum Weekly Average Temperature (HWAT) for Growth dut'ing 

the summer and can be determined from the following equation; 

TMG - TG + TL ~ TG 

where: TMG - maximum weekly average temperature for growth. 

TG -optim~~ temperature for growth (other temperatures such as 
preferred temperature can be subG,tituted if optimum data 
is unavailable), and 

TL - ultimate incipient lethal temperature (24-hour TLSO)' 

MWAT (soawning) 

Maintenance of a fish population requires successful reproduction. In the 

spring. increasing temperatures stimulate reproductive behavior and the 

development of eggs and early life stages of warmwater fish. Although the 

rate of egg development and growth of early life stages generally increases 

with increasing temperatures. there is an upper limit above which detrimental 
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. . ..... .....Jorthhr' .. on,umptluture cdteriawhich 

~a~V~i9?edJ)r.usi~A.~r.'d.signed 'to prouctgameteformation,and 

cfj..t.er.i.acoricertiing the norinalfoimation of gametes and onset of 
the,HAxilJ\u.a:riWeekl,yAverage Temperature for Spawning. This criterion lavery 

con5er;atively defined as the optimal tempe~ature for spawning (if known) or 

the, Dddd).eof the rangeQf temperatures at which spawning has been obserVed 

i,nnature.. When the spawning period spans several months. the MWATmay be 

raised during the warmer months to the upper limit of observed spawning, 

temperetures (orungs aml Jones. 1977). 

STMT (embryo) 
Another element criticlIl to a population's reproductive potential is the 

survival of eggs and larvae .nd their successful recruitment into the 

population. Again. te~retature maxima exist above which detrimental effects 

on eggs and larvae may occur • 

The temperature criterion established by the USEPA protocol is the Short·Term 

Maximum Temperature for embryo survival (STMTembryo)' The accepted value of 

this criterion is the upper limit of the range of natural spawning tempera

tures. Temperatures at which spawning occurs in nature are considered 

acceptable for gonad development and production of viable eggs and sperm, 

while temperatures which exceed short-term limits for more than 1 day can 

reduce or prevent successful hatching of embryos. 

5.5.2 Habitat Determinat~ 
The total amount and distribution of preferred babitat within each model cell 

was derived for each RIS species using e~isting habitat infOrmAtion as 

detailed by EtA (1960). In each case the amount of habitat in each cell i, 

expressed as a percent of the total preferred habitat in the lake. HabitAt 

preferences were defined for each species using habitat descriptions of 

Pflieger (1975) Scott and Crossman (1973), Smith (1979), Stuber ~ !l· (1982. 

'and 1982b), Williamson and Nelson (1962), Edwards and Twomey (1982), Edwards 

~~. (1982), and McMahon and Terrell (1982). However. the aquatic ~eed 
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·(j~tlnginitial. babiutanaly.u are no. longer pre •• ntin.t.he 

Percentages ofpreferrtd habitat fer bluegill And largemouth ·ba .. ~en 
tbereicrerevisedto reflect this reduction in preferred habitat. The· 

·.vaihbilftycf sp~'Wninghllbit&U was not detailed in the. previoull study for 

the 1955 pool elevation. For the purpo8e of thb fl,nalysia thenfote.th. 

percent of littoral habitat «5 het) in each ceil Val derived and .. Iumed to 

repnunt theavailable.pawning habit.t for all RIS speciel except channel 

catfish. values for channel catfish spawning habitat «10 feet) vere derived 

usinS previous values (EIA,19S0). 

5.5.3 Evaluation Methods and Conditions 

Impact analysia was carried out by comparing the modeled distribution of 

various evaluation criteria temperature. (survival, growth, reproduction), 

based on unconstrained operation of one generating unit under 1955 

meteorological conditions, with the distribution of preferred or spawning 

habitats. The~l model outputs a~e presented in Section 4.0 and Appendix A, 

whereas specific temper3tures and habitats of importance for each fish 

species are detailed in Section 5.6. 

Distribution of habitats was derived first by graphical estimation of the 

area of each habitat type within each of the model lake segments for the 1955 

wor.t case l~~. plevation. Habitats identified from tb~ literature 

(Sp.ction 5.5.2) as preferred by a given species or used for spawning were 

then combined over the entire lake, ant. the percentag~ located in each lake 

segmen~ determined. In thi. fashion, the percent of preferred or spawning 

habitat exceeding the species-specific criterion temperat~re was determined. 

Discharge temperatures above the currently allowable limits would occur 

predominantly during the summer months (July-September) as discussed in 

Section 4.0. Accordingly, survival and growth of juvenile and adult filh 

were of most concern. Therefore, survival and growth criteria were evaluated 

for conditions occurring during the summer of 1955. Evaluation of 1955 

conditions is presented,not 9~ly because it appears to have been the warm.at 
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aiso to be consistent wi ttl the' 198~ 

_ - • c _ "- - - ~ - _. 

, , Ino_turalsystems,adult andjuvenilemorul.1ty resulting 

extrelllelywarm.telDperatures is rare aince fish can usually 

avoiding sU,ch teupera ture.. Adverse thermal impacts may ,therefore. be 

related to thE&m;)unt of otherwise deairable (preferred) habitat thati. 

avoided (and the, associated amount of time during which ouch avoi,dance 

behavior is necessary based upon temperature regimes) for survival, growth or 

~<lproductiv,"acth·i~y. F~)r e:'8ir'flle,e;,clt;siOOl of fish f::o;n ell a'f~ilable 

habitat by heating the entire water body above the ultimate incipient lethal 

temperat\lrefor even one day could theoretically end the fishery. 

Conversely, £ish ma,. indefinitely avoid a small thermal exclusion area with' 

no noticeable effect on the populAtion, Between these extremes. fish would 

be forced to occupy smaller areas of desirable habitat or move into lest 

desirable alternative habitats. The influence of the exclusion area on fish 

survival is a function of the extent of the remaining preferred habitat. the 

amount and quality of available alternative habitat, and the amount of. time 

the species is excluded from the habitat within the thermal exclusion zone. 

Because detailed information is available on the distribution of various 

types of fish habitats in Clinton Lake (Section 5.5.2), the effect of thermal 

loading on each RIS species will be related to the &mount of preferred 

habitat ~de unluitable for growth or survival. It is assumed that the 

persistence of • rolatively small exclusion Lone for up to one week would 

result in no lalting effects on the survival of fish populations. Preferred 

habitats were defined, based on descriptions of typical habitat in pertinent 

scieutific literature for each of the discussed fish specie.. The available 

preferred habitat is, therefore, repr:1sented by a conservative acrease value 

as other areas in the lake could be uti~ized on a short"term ba.is for 

survival and other life functions if required • 
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Potttntbla'dveneimpaction . 

preferredhabi ta t" inwbich 
. . .-

I>Tiitfor .AdultSurv ivai. 

~1h.>~Hl!ct o{·~i~y..tedtelnpetature.on' fish growthaho vades with ,the 

;4I~t.titiij~iQ~C~~·f~:-uc:hte~p~rllturesrelative to' desirable habitats i and to 

ie~perattiie4utafr~n •• 'Short.t~melevatiOns of temperatures abovetheMWAT 

·fo~groWtkpt()b"biy.wotildhaveriOdetectabJ.e effect uponfishproductivit1~ , 
F.u·r:therJ!lC)re;~fte!;"a period ofs.low, or no-gro~h. acceleraudgrowth often: 

or.:durs\lh~n'm6refavQrable con,ditionsi::eturn. In this study h was assUmed 

thatadverse1nPAcu orrfrsh,growth\(Quld not occur unless unfavorable 
tempera tUr8a ocdtirred 'for 1 month. 

Potent,ialadverse impactson:gro'W'thwere therefore quantified &8 the percent 

of preferred ha~itatin whicbthe 30~day average temperature exceeded the 

M'WAT for growth as per USEPA protocol (Brungsand Jones, 1977). However,the 

L.ARM output data .were available for only 12 days in April and 29 day. in 

October. Potential adverse impacta on growth during theae month. were 

therefore related to It-day and 29-day averages, respectively. 

Reproduction is more typiCAlly restricted to the spring. This is 

particularly true in cooling lakes where eArly initiation of spawning hal 

been observed in several species (Larimore ~ !l .• 1979). 

As with other evalu&tion criteria, potential impacts to spawning and embryo 

survival were r.elated to th~ amount of spawning habitat within the thermal 

exclusion zone. Because the spawning season of most fish is relatively 

limited. potential adver.se impact is quantified at the amount of spawning 

habitat expected to experience 7-day average temperatures grester than the 
MWAT for spawning. 

Due to the relative lack of mobility of embryos and young larvae a more 

restrictive '~riterion is warranted to ensure embryo survival. Adverse impact 

to embryos is, therefore, evaluated in terms of spawning habitat with 
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,,<tH:~~E~ENTA'l';YE~ORTAHT . SPECIES 

·~ .. 6·t>:.G~iiardj'Sh'd .' 
<i.if~j:;~istory -, ' 
)l(~:I,'*~~ardc.S~~d':<'POrosoma cepedianum) is'an impDnantand .•• lSfJl~ient" 

"~~rbiyore! pr9vidfng"linK:f.ll thei ood we b be.tween PJanktoti:.ridprecl.t~r' 
" fi$h~;<':Theg~%z~rti$.hadils "'i~porfS:nt(as' a,foragefishbeca~secif:ft~~)1t~ee't 
. 'use··()i?pf~nk~or\·(iG·ifood~oilrce)", its ,n bundance and, high'" repro~<ucd.ve ,." " " • 

capal~ity;·;·it8 .. gen~r&ifre'domfroin parasites. ita rapid growth rate , a~d~·At.· 
~tiii::.atio·n as·i60d·t~$·p~ci~ilY~hile youllg)b,.iJnpo~tant game fish (Miller,' 

1960). 

The gi%zUd stuldinhabits !nuchof the eastern half of tb,United State. and 

is ~os~ abundant' inreser,..oit:s and large stream. and rivers where there is. 
low gradient (T:-autlllAn, 1957: Pflieger. 1975). 

The species travels in large, constantly moving schooh near the wister 

surface. Food is filtered from the water and is generally composed of 

zooplanktersduring the first few weeks of life. When the fish attain a 

length of approximately 1 inch (2.5 em) and more closely resemble an adult, 

they ingest more phytoplankton as well as zooplankton and occasionally small 

insect larvae (Miller, 1960; Pflieger, 1975). 

The gizzard shad is a fast-growing fish, reaching itn adult size of 9 to 

14 inches (22.9 to 35;6 cm) in its third year (Pflieger, 1975). Growthis 

especially rapid during the first 5 to 6 weeks of life (Lagler and Applegate, 

1943) I and by the end of the firs:, yeo.r the fish may reach a total length of 

about 4 to 5 inches in midwestern rivers and lakes (Miller, 1960; Pflieger. 

1975). Sexual maturity is generally reached in the second or third year. 
Some individuals may live lO years, although most live about 6 or 7 years 

(Jenkins, 1953; Pflieger, 1975). Seventy to 80 percent of the annual growth 
occur.s during the summer months (Bodola, 1955). Shields (1973) reported that 
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;iapIagrO~hOf~hh~ped.esan.ow~ it 

>@~~1l8hto;:'~~(#(;(~lI:c~iJ~iVe~r~dation.This resul tsin a large 

-ieri~r~ll{ all\Pl~}r~prociuc~i~n. 
-. ,~ . . .: : . , 

obsi~';.~~on.; ofsJ,lawninggizzard 's,hadhavebeen reviewed by Hiller (1960).~;~ , 
" He·st~(eii,:th~t'.'the I!W.jority of spa~ingwithin the temperate lati.tud~S OCC"itl 

durii{sApiil i.M.ayan,dJurie; when, the water temperature is betwaen lO"C and 

, 'Zl.1°C/(Sp.Wn1rii (jccurs<lntheshallowwater areas near the surface in slow' 
mo"irigw!lt~t'and' ~fi~~'i%1prO~ectedbaysand inlets. The eggs and milt 

whicharereleasedbYm,{xed. schools of males and felllAles sink to the bottom 

and adhere to 'tl~e Ilubs~rate (Miller, 1960; Pflieger, 197 S) • Spawning usually 

occurs when the water temperature ~s rising (Miller, 1960). Bodola (1955) 

found that ha~ching time ranged from 36 hours to 1 week depending OD, water 

temperature, ""hel;'eas ~flieger (1975) noted that hatching occurred in about 

4 days and the young begin to feed 5 days later. 

Short-Term Maximum TemEerature (STMT)--Juvenile and-Adult Survival 

The gizzard shad apparently is able to become acclimated to high water 

temperatures (Table 5-9). Strawn (1958, cited in Carlander. 1969) reported 

that gizzard shad can be acclimated to 35°C and withstand temperatures to 

36.5°C. Clark (1969) reported upper lethal temperatures as high as 360C. 

Hart (1952) reported an upper incipient lethal temperature 36.5° for Ohio 

gizzard shad, when acclimated to 35°C. Brungs and Jones (1977) estimated the 

upper and lower lethal t.emperatures for the gizzard shad to be 34.3°C and 

10.8° respectively, when studies were conducted with an acclimation 

temperature 25°C. With an acclimation temperature of 30 oe, the upper and 

lower lethal thresholds for gizzard shad rose to 35.9°C and 14.5°C. The 

lower thermal limit of gizzard shad has been reported to be 11°C and 20.0oc 

when acclimated at 2S.0oC and !l5.0oe, respe'!tively (EPA, 1967) • 
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Ear 1 Y'c:A.lldi-"aY·. Missouri 

La tt{~prlr-t~;ry Hay 101'11.· 

CentrllUl1lnofs River 

19.4 Ohio 

Eariy Hay 15.6 Buckeye Lake, Ohio 

Earl~ Hay·Late june 21.2 lowl 

Early June-Early July >19,5 Llke Erie 
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MI)'II", (1957) 

Bodol. (1966) 
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*tucU"on the Wab&lb 11ver ;fClet.erJldnedth"':;" 
'e' o'i~tl~_8i~i~rd· shad;~i bnw.en2!3.i5cid'in~,'31.,Q.C~'·' 
,.nd'~'Dimon(197~), repod.ed 

GiZurdohadwere cOllecuiby'.1ude>u.ll. 
, ',' L~ke'Mlc:bi8~nai~auf telJlper.t~te.of Bto lBoCWl,t.h maxim1m1 

'0:tQ1.2!(>PtQf f;t. and Berida( 19 11 )dollec:: ted gizill:dllhad

,tell\pet.tu~\l()f."_3'1. S"Cff~·."h~.t.ed' ,di.eharge "·in"theWhitltp.l~er, 
Indlanll.:'Aft;Pdlsc::.tdiritH.'ld.eoliec~ion dBt&,fromwaterstnta",with 

··deplet~dox~g~n.lev~ls,. Dertdy(1948)postulated that the distdbutional 

f:.;tte::;.o:gi~1-;rd~~adinNorrhLakejTennessee. was based on thermal 
• . - . - -"_. c _. - • 

pref~rence. Witl{ t.hi.!lmethodDimdy detemned that tne gizzard shad usuall.Y 

pref~r temp·~ratuiu-bet~een:22.5oCto 23.0 ci C.· 

It appears that the glzza.rd shac1may be particularly vulnerable to cold 

shock. In win~,r,Agersborg (1930) observedth&t if shad lI10ved from 2SoC 

into waters of24°C,theyexhibieed symptoms 'of imbalance. At 22°C they 

gulped air. at .the surface,and at 20°C they partially lost vision. 

Similarly, a .decreaSe fr01i126°Cto ZOoC resulted in sudden death. Abrupt 

changes in temperature may cause mass deaths in this species (Miller, 1960). 

Using data detailed in Brungs and Jones (1977), a STH! for Gurvival of adults 

of 35. 5°C was established. This value is PC lower than the highest :cecorded 

upper lethal temperature. However, because Proffit and Benda (1971) observed 

an upper avoidance temperature (a temperature obviously below the upper 

letnal temperature under field conditions) of 37.5°C on the White River, the 

vplue of 35.5°C (2°C le8s) was used as the STHT for adult survival. 

Maximum WeeklY Average Temperature (MWAT)--Growth 

Growth of gizzard shad is limited principally to the summer months. Bodola 

(1955) indicates that 70 to 80 percent of annual growth occurs in the s~r. 

Shields (1973) reported that growth begin at 15.5°C. Based upon this report, 

it is assumed that growth in the autumn ceases at this 9&me temperature • 

. -,,~ 
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rat.llreol)1.S0C·· (uaedherein lieu .of·t:b.e"ult~te' 
IC:l.D1:enr."':',U!1tI:U·1l·tell'l~erlit\:lrer~lld a preferred :temperature of 290C 

-". :.>:",., :-' ,- ----
·.'o_>~: 

~ - ~ . -/ .-:""" -,_ -I .' ~'.' . - ,- -;: -

MadmumVeekh Av!rageTeml?erature . (HWA'G) --Spawning 

. ''l'he}-nIAT·iortlizz.ia'.hIld~p.WDingwa. establhhttci &. 21°C for April, 270C> 

fQrHay~.nd 2go~~I)r,Jun. a.thb, species is known to have a long.pawning , 

period. > The April valliewal cieterln1ned using the upper limit of the optimal 

$pa":nihgtell)p~'ratui:e(i9 1:021 ~C) as delineaced in USEPA protoccl(Brungs and 

Jones, 1977) iorspring apawp.ing; whereas the June value was obtained by 

usi~g the highestdocwnented spawnl.ng temperature (29°C for summer spawning 

(Miller ;1960). ,The ,value for ~y.(27°C) was selected as an intermediate 

value reflecting a continuingacc1ilnation process throughout the spawning 
season . 

Observations of spawning gizzard shad have been reviewed by Miller (1960). 

He staces that the majority of spawning within the temperate latitude. occurs 

during April; May and June when the water temperature is between lO.C and 

21.10C. In Lake Erie, spawning has been reported from early June to early 

July at temperatures mostly above 19.4°C (Bodola, 1966), although spawning in 

Ohio has been reported in May (Bodola, 1966; Langlois, 1954). Mayhew (1957) 

reported spawning to occur at temperatures as high as 27.0·C whereas Miller 
(1960) reported spawning as high as 290C. 

5THT Embrvo Survival 

As indicated earlier in this section, gizzard shad typically spawn in May and 

June through the Midwest. Optimum spawning occurs f~om 19 to 21°C. The 

maximum recorded spawning temperature of 29°C (Table 5-14) has ~een selected 

as the STMT for embryo survival. Following spawning, Bodola (1955) found 

that hatching time ranged from 36 hours to 1 week depending on water 

temperature, whereas Pflieger (1975) noted that hatching occurred in 4 days 
and the young begin to feed 5 days later . 
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tIMer 
IncIpIent 

lethal. L ItIIt 

:.5 
30 14.5 

35 20.0 

• 
• 
• 

• 
• 

• 
• 

23;5 

20.5 

23.0 

Preferred 
l~rllture .. 

22~2!J •. 30 •. 0 

37.5 

36~O 

36.5 

16;1-26.7 

·24-25 

27 

29 

HllAfGrow1h - 32: tllATSpallll'llng. 2 (April). 27 (Mly). and 29 (.line):SDlTMu1t ·35~5: S"RUEiItKyo -29. 

• Ace lIJ1attcn tCllllJef'ature unspec If led. 

Source: ESE. 1988. 
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. Rere.rence 

8mogs .1 Jones; 
Brungs &~s. 

,~:,' ',> .' r 

8mogs 'JOr.!s. ·1977. 

GiImOfl.1971 

Smogs' .Jones. 1971 

carlande.r~ 1969 

ftaybat, 1957 

"Iller, 1960 

Praff It • Benda. iSH 

Reutterl·fterdendorf, 1974 
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; 8:1.i~ard' ahad an ra th"r t.oletant 'of hJ.gh 

~~T'for adult survival of 35.5°Cncireduciions 

., ft..i·ar"c.ltpic:ted during Apdl.M.ay. June or October ~nQ~/~()~'t.:··' 
Gloaeled' ~()rid.it.~I)I\.j(Fi8I,lres~2). The percent ofretftiliningh~bi ta{'" ' 

i~~~ced.tO~88.6dUr:iriS"t.h,.~armest 7~day period in July.nd J.U3u8t and 

in~~;;~~~~tO'99.perceritii1.septell1ber ('rable 5·11). This i."Wl&r tc) 

re;uhsp~e.s.,.nted'1~the 1980deDlonstration in which the percent of 
habltat1Ju903or'JulY, ejEor August, and 100 for September (EtA. 

'f~o evdu3.t.ionij l.iL ad.ult su;vival wel:etr.:J.de iorApril to Juot! and October in' 

the previous study. 

N()ustrictions in preferredh&bitat for gizzard shad growth are anticipated 
, " 

during the month~ ofAprilthl'ough June and October under, the worst case 

operational condition$ (Figure 5-2). However, reductions in available 

habitat are anticipated for July, August, and September: 81, 82 and 

99 percent, respectively (Table 5~12). No comparisons with the previous 

thermal demonstrationiLre possible. however, bec,use a value for MVAT for 

growth was not determined. 

Potential impacts to gizzard shad reproductive succesl under the worst c.s. 

conditions were evaluaud by el:amining reductions in preferred spawning and & 

habitat permitting embryo survival. The percent of preferred remaining 

habitat suitable for spawning was determined to be 76.4, 76.4, and 77.1 for 

the months of April. May. and June, respectively (Figure 5-3. Table Sw13). 

The consistency of these values was attributed to the increasing MWAT for 

spawning (21 0 C for April. 27°C for May. 29°C for June). as the season 

progressed. In contrast, the percent of remaining spawning habitat with 

temperatures leu than the 5THT for embryo survival exhibited a steadily 

declining trend from 93.B in April to 89.4 in May and 70.6 in June 

(Table 5-14; Figure 5-3). In general the percent available habitat for 

embryo survival is larger than the percent of preferred remaining habitat 

with temperatures less than the MWAT for spawning. Thus ensures adequate 

survival of embryos in areaa suitable for spawning. No spawning of gizzard 

63 



0"-

"'" II 

IU CC!I 
!! C)"'t _oJ , 

WW $ W~;J, iLl w 
I-CI X 1-"' :zCl 
::l 0 u::> .. \.! '0: 0 
o a: !!! 0 [c -<if "" ~' 
a: Ql 0.0:: ,"0 a.. II) " 

110 111 1'2 J 13 I t4 11S ! 1S1 q 118 119 120 I 2112212312.,1 Se,GMENTS I 1 ,2 , 3 I ., IS:' 6 r 7 I 8. IS 
690 ,NO RESTRICTIONS FOR 

::J 1 APRIL-JUNE, AND ocr. 
fIJ 
::I 

. Ii: -
6801 ,,0.4 0.9 1.1 2.5 3.03.4 4.1 

0.4 1. t 3.0 3;3 4.5' 5~8 

"0(,.; '. . .\(":,-.)."..., . 
, '.. ~ J~ , vGl.!... .-!? .• '!I..~' 

.~ r . ":'-'- l~ 

z o 
870 -I 

4.03.4\ 2.9 2.4'.:2.0/1.4 .,;.0 0.9 O.S-O .. S.-O~.3 ... ,O.(fJ •... ' .•.. "' •.. : •. ' •. · .• ~ .. OF .. n~i.·.l 
0.2 0.1 O. t 0.1 r== " . i..N<e. AREA; 

---------'----·-.:....:.----:-;1:1 :==:::=:::1J . .,: BY CELL· 

I ... 9 ~ 
-' w 

660 

650 

.' lAKE BOTTOM 
STMT Adult SurviYlIl (3S.S·C) 
isotherm, during wnrrnest '-(/111 
JH!r1ods or summer months, 1955 condillons' 

SEGMENTS l' I 2 I 3 I 4 I Ii I 8 I 71 81 g1101·11 I f21131'4 115116/17 118119 120 \21 122123 1241 
890 

::; 
on 

NO RESTRrCTIONS FOR JUl.!' ' 

APRIL-JUNE, AND OCT. '~lIsr PREFERRED 

=: 680 

~ 
0.4 0.1 1.7 2.5 3.0 3.4 4.1 ,4.8 5.1 4. 0.8 .0.5 \ HA8lT~.T. -. 

,'OFTOTAl 
0.1 0.4 1.1 3.0 3.3 4.5 5.8 O. t 0.1 / .. VJ<e AA~ . 

z 870 
0 

§ 660 

w 
650 

FIgure 5-2 
PERCENT PREFERRED HABITAT OF GIZZARD SHAD RELATIVE TO 
TEMPERATURES ASSURING SURVIVAL AND GROWTH DURING 
OPF.RATION OF ONE UNIT OF CLINTON POWER STATION UNDER 
100% LOAD AND 1955 METEOROLOGICAL CONDITIONS 

"- LAKe BonOM 
MWATGrowth (32.0·C) 
isotherms during \'\'BrIDest 30-day 
periods In summer, 1955 conditions 

BY CEll 

ENVIRONMENTAL SCIENCE 

AND ENGINEERING, INC. 



Speciu Apr 

Gizzard shad 100 

Carp 100 

Channd catfish 100 

Bluegill 100 

Largemouth ban 100 

White crappie 100 

• Source: ESE, 1988. 

• 

:- .- ,-: "-.--- . - -", 

~fA~aii.ble Habitat .in CHntonL'.ke';itlj 

Remain~ng 6dult 
May Jun 

100 100 

100 100 

100 100 

100 100 

100 100 

98 92 
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for ElcbUS 
100 PercentPlan,l; Loaa 

suoz:ival HIlQil:a~ !12ucentl 
Jul Aug Sep Oct 

89 89 99 100 

97 97 100 100 

75 75 100 100 

96 96 100 100 

96 96 100 100 

0.4 0.0 89 100 



Remlining Growth Hftbitpt (nereentl 
Species Apr- Hay Jun Jul Aug Sep 

Giuard shad 100 100 100 81 82 99 100 

C~rp 100 100 100 93 95 100 100 

Channel catfiSh 100 100 100 75 77 100 100 

Bluegill 100 100 100 96 96 100 100 

LatgeDlouth bas. 100 100 100 89 96 99 100 

White crappie lOCi 100 98 47 26 99 100 

• * lZ-day av~r.ge. 
+ 28-da,. average. 

Source: ESE. 1988. 
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Figure 5-3 
PERCENT SPAWNING HABITAT OF GIZZARD SHAD RELATIVE TO 
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of AvailJ.bi. Spawning Habitat 

Remaining snawning Habit!t tl2ercentl 
Speci~s ... April May June July . August 

Gizzard shad 97 3d 31 0.0 

Clltp 79. 44 20 0.0 0.0 

Channel catfish 97 36 31 0.0 --* 

Bluegill 94 65 59 62 62 

Largemouth bass 76 0.0 0.0 

White crappie 40 0.0 0.0 

--• * Indicates a typical non-spawning month for this RIS species. 

Source: ESE, 1988. 
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--. -_.> .-

Gizzard sheer 94 89 71 --
Carp· B5 73 4 0.0 0.0 

- -

Channel- c.tfish 97 78 32 0.0 --* 
Bluegill 69+ 100 97 24 32 

Largemouth bass 90 81 36 

White .. crappie 57 22 0.0 

• * Indicates a typical non-spawning mont.h for this US species. 
+ Unavailable habit .. t (31percent.)· due to temperatures below spawning rang~. 

Sourcet ESE. 19B8 • 
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or August 

.. .. t~e~~e.r~ltzaJ;"d ahidhave ~~AChed3()·t~~5(j~:~~h( 
~ '-, - -, - ... " - '". - -.- -

(Ilii~oil power .1987) . 

,D~t" co~~~~tea·· t.hJ!'oughoutthe i978 through 1987 monit.odng perioc$. 

··thatgj;~iarc:L shAd<areabund*nt throughout the lake (Table 5-15). 

thr()u~h198i( ba~eH~e conditiot\iI} indicate that gizzard 

abundant a t~heillamPling 8~a tionsin the eastern portion 
. ..", . - . . - . 

porti~:\. o£ th~l3.b~if'~clud!;ls ttt: sren . cZ the plentcisch~rge into the 

('Sta tion2r;; Ccllft\!tionll.m.at1e during ,the sl,UmIIer of 1987 during operation 

testingw\\ert te!llp~ratureswet'e sporadically above ambientindicau that 

gina.rd shadcapturl rates ~erehigher at all SamJlling otations throughout 

the lake. Capture rates atStadon 2. the most thermally influenced area • 

• lso increased dramatically indicating that operational testing, which 

increased temperatures approximately 4°C above ambient (to about 30"C) in, 

July, had no observable detrimental effect on the gizzard shad population. 

SWIlIIVlr.Y. 

Gizzard shad are an iMportant and abundant forage species in Clinton Lake. 

Minimal iMpacts are predicted for adult and larval survival, growth. and 

reproduction under worst case conditions as large percentages of acceptable 

habitats are available. 

The modeled te~.~arature data represents extreme worst case conditions. Under 

these conditions it is apPl\rent that the gizzard shad population will be only 

slightly impacted in terms of habitat lost due to unsuitably high tempera

tures. Data collected in 1987 have doc\unented an increase in gizzard shad 

populations under operational testing condition~. This combined with the 

predictive temperature assessment suggests that under nOrmAl plant operating 

.:onditions this species will thrive in Clinton Lake and that even under 

extreme thermal conditions most of the preferred habitat within the lake will 

provide acceptable water temperatures. -. ,~ . 
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'4.~ " 

> ;-

1.50 161 164' 

.. 919 218 201 192 293 

1980 331 ,266 169 354 

, 1981 . 231 544 219 6.50 343 

1982 881 377 ' .563 334 681 

1983 507 2.01 206 175 517 486 

1984 508 463 265 527 1,589 1.305. 

1985 859 706 162 608 1637 1,892 

1986 612 313 309 415 410 978 

• 1978,;.86 (average) 495 357 250 452 665 684 

1987 938 > 1,017 1,033 1,174 1,286 3,060 

Source: Illinois Power. 1978~1988. 
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largest IlndmostW'ideiyCdiStrib~teci 

~c:)~liL l.tlstole,rant oforgaru.candsiltpoll\1tibn 

ci~"grd~~~8f~r· .• h,.·r3pid .,pre~r;i··in·the· U~ited·.St.tc!"·f61···· 
. lrit""~!luJt.i~~Clnt~, Nortbkne;dca.r~ 1877. Today ,O~lY 4\la.ka~ndHaw.i 
rep~rtedbeinlwithout lalown populationa of this fish (Leeet.!l..~ 

Altho~gh'itsn,shise.ten,th~ 'c:arp baften ccnsideredtobea 

ipicies/c~\·pb1~o:nesoi!.bundt\nt lnsuiteble h3bibtsthattnzir 

beha"'ibr'C>ftencau';h.bitat'd~tedoration·bYincreasing turbidity 

de*ttoyingaquatic V,egetat.;c)n'CPfHeger, 1975). More total pounds .of car~ 
", . -. , . 

are taken comme~cially in' th'eMJ.ssc,uriand Mississippi Rivers than ant otller 

specJ.es,(Pflieg,r •. l975). 

c~rparenotschoolin~ fish but frequently occur in 100 .. aggregations 

(Pflieger,' 1975). The species. feed mostly on bottom organisms such All 

chironomidsand other aquatic insects. zooplankton. phytoplankton, and_plant 

materials. Feeding occurs most actively in the late evening and early 

morning. They are most abundant in lakes, reservoirs and in low gradient. 

wannwater streams containing abundant organic material. The species may 

weigh up to 60 pounds (27.2 kg) and have a life span of 12 years. They 

attain a length of approximately 6.S inches (16.5 em) after the first year. 

Individuals mature sexually at ages 2 to 4 with the males maturing earlier 

(Carlander. 1969; Pflieger, 1975; Trautman. 1957). 

A great deal is known about the reproductive habits and requirements of the 

carp because they spawn nearshore. In the spring or early summer carp gather 

in large numbers, usually near submerged weeds or roots. The species spawns 

from April to June in Illinois (Richardson, 1913), mid-HAy to Mid-August in 

Wisconsin (Black, 1948), and lAte MArch to late June in Missouri (Pflieger, 

1975) with some spawning occurring until early autman. Fogle (1961) has 

stAted that carp in South Dakota spawn twice a year. 
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"T,rm MaxYnwn Tempenture (STMTlu'Juvenil!andAdult Suriba,l'. 

~~,d~it;'~.fnd ju"enii~carp.re~()ler.nt~f '",~"' wide range"f telllper~tut-.I. 
- .'. _---;~:-::--;'~,:_-.~:~::_-->;:::. "~.:-;.-~-.- :/1;'- ': '-.;-:-~-_-<_,~~,~~--- _ -.' -:. ."- __ ~ __ ._ .' _ _'. :' _ .. _ .. 

"Spec;ilriens"'o:fthii fish,acclimatedbetwlten 2S and 27°C and heated at,a 

~f;jd~pe~h~ui,h,.dalethal threshold of 40 to 41 °C (Horoazewicz, 19,.3, 

"Cited'Cin 8iung':.tldJOnU,1971) ('rable S~16). Brungs and Jonee(l.n7) 

r,eportedthatcarp, .whe~>.cclimat.dto 26°C had a 24-hour TL50 at 36-C. 

6Lthese speciJrll!r)S;utJi"ed temperat~res over 3~.9C1C. Brun$8 and,Jonel 

(1977)' also reported that the upper lethal temperature ranged from 31 to 34.C, 

for carp ti~r:1.tIll'lted to20 tt C. Bro'n:t (1974) reportnd an upper incipi~nt lethal 
", . 

li1n.it for carpat,36,ttC when acclimated at 26°C. Gammon (1973)obsenedthe 

upp~r ~voldance temperature oi34.5°Con the Wabash River, whereas Proffit 

and Benda (1971)captured'carp.ttemperat.ures up to 36.1 DC on the White 
River in Indiana. 

Preferred temperatures of carp abo vary with Acclimation temperature. For 

t!xample, individuah acclimatec1 at 10 and 15°C preferred temperatures of 170C 

(Brur~gs and Jones. 1977; Pitt ll!l. 1956), individuah acclimated at 250C 

preferred 27ttC (Pitt !S!l. 1956) and individuals acclimated at 35°0 

preferred temperatures of 31 and 32°C (Pitt ~!1, 1~56; Brown, 1974). 

- The STMT for adult and juvenile CArp survival was deflned as 39°C bued on 

the highest reported upper incipient lethal limit (41°C) as reported by 

Brungs and Jones (l977). This value (4l0C) is higher than most reported 

lethal limits (e.g •• 36°C, Brown, 1974). However, because acclimation 

temperature! in Clinton Lake are expected to be greater than those used in 

the reported studies (26°C), the higher value is considered more appropriate 

for the Clinton Lake thermal regimes • 
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. '. ofc~rpwa. be 35°C. 

o~.anuJlP'(l,et.hal· li¥t of41·c and. 

·e'.~':16).·Thepreferndtemperaturew&l8IJb8t.f.tutecij~1." 
oPt~'~lt.~Ptt~t~l:~f"r ·growth •• this temperatur.was not avallabie 

···i.~~~-w~dhte~atu+l!. 

b'wA1';;.Spawning 

Three values for 'the MYrAT >for spawning were determined based~ the'!:t~tendei' 
·~':'~·""~-~:·~""o-··c;c·a ... p~ ..... ,,,1"'£'"' .... • .•. Dril. 'Z',5'1C for I .• ":!'!'. ar,d .Z5"C f;.,I:.·· .. J. ~.:le .. • r-,.':'.·~_~~·,;1_, ~"',~ •..••. : .," ...... ~ ~ ..... ~ 1.-- 4"': .. _ • _ 

The.value/for Apdl'(ZPC)WAG der.ived by using the optimal spawning 

teU\peratUre. The WAf for June WaG determined by using the upper limit 

the observedspawrung.range (26°C) as reported by Brungs and Jone. (1977) 

wherea8the value for May (24c!C) ~l\II dedved a. a mathematical intermediate 

value reflecting increased temperature tolerance with the progression of the 
spawning season. 

Carp spawning has been observed to occur between 14 and 26°C with an optimum 

range of 19 to 24°C (Swee and HcCrimmon, 1966). However, the maximum 

temperature for incubation during thetllllll shock was .determined to be .. high 

aa 33°C (Brll."lgs and Jones, 1977). A temperature range for lan-al development 

from 16 to 30 0 e wao reported by Tatarko (1965, cited in Brown 1974) for 
larvae acclimated to 25°C. 

STMT Embryo Survival 

5THT for carp embryo survival was established as 26°C. As discussed 

previously, this value corresponds to the upper limit of the natural spawning 

range (Swee and McCrimmon. 1966) (Table 5-16). While Brungs and Jones (1977) 

reported an STMT for embryo survival as 33°C, this value wal based on thermal 

shock studies involving lO-minute exposures rather than the 24-hour expo.urea 
as defined for this demonstration • 
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survival or growthwerce evidl!nt 

}:h.roug~ ....SepteD\~erandOctober(i;e. ,100 Jlercen~ 
{tfgur.~>c5,~k;.'1'~!J.il •• t·lland 5~12). Mirior 

'. -". -'. --

scii.t:ablef~;':adult sur1Tivalwere avident in July and AU~U.t .......•. ".' 
' 4'peri~~(~fe~i~in,g·habit~t)(Tabl.e5"1.1) .Similuly.:high pe~c:en~"ge. 
~'~~nirigh~~1'~at~dequate forgraweh' ~ere demon.tra ted for July and 

AugU~t(93.:i~.na·95:.0; pe~cent; nspectively). These valuu are cond.tently 

:'high~rthl1n;pre£erred habita~percentages derived during the previous 

de~o':!:~r.:J.ti;:i;The pJrcentof h::bite.t ad~q'.!.lte for cZlrp s'.!r";ival.fnthe 

,p~e'v~ous st\ldY'-.rere70. G3and 97 percent for the months of July ,August and.; 

Sept~inber,re~~e~tiv~lY (EIA.19150). lwailable habitat reported in thls 

study washighe1: due to a 4°C higher STMT for adult survival (39°C) than the· 

STMT.tempera:tun praviou'lyused •. Similarly. higher percentages of preferred 

habitatadeq~ate for growth were available than in the previous study: July 

'.~72 percent; August at 60l'ercent; September at 90 percent (ElA, 1980) • 

Again. these dlfferences are the result of a higher MWAT for growth value: 

3S·C as compared to 32°C used in th~ previous study. 

Spawning ·of carp during the warmest 7"day periods of each l!lonth was limited 

to 78.6, 44.0 and 20.4 percent of the available spawning habitat during 

April, May and June in Clinton Lake under the modeled worst case operational 

conditions (Figure 5-5; Table 5-13). In contrast, the percent of remaining 

habitat allowing embryo surviv$l during the warmest l-day period of each 

month was 85.0. 72.8 and 3.7 percent for April. May and June (Table 5-14). 

No habitats were suitable for either spawning or embryo survival in July or 

August under the modeled conditions. However, carp typically complete most 

of their spawning prior to July. 

Clinton Lake Fisheries Data 

Common carp hav .. been routinely collected in Clinton Lake during the 

environmental monitoring studies conducted on the lake. In general. carp 

capture rates have decreased in recent study years compared to the years 

immediately after impoundment (Table 5-17). The collected data indicate that 
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. C~D'!IIlOllthrQUlhQutthe .lalce • 

.... , ........ ····.··bel""'t.he))aeeline average at all sampling locationi 

t·iriui1ikd~ciin~~ill·abunda~ceOfthisspecies throughout.th~. 
Rel~~i,,~c:.ptureratesamong·~amplingGtation. in 1987, 

·to}t6~.e-·irc)~1918·through1986 (i~e •• high'catch rates 

modente ca~ch/ratesatothet stations)' indicating that 

. (1987) temperatures associJud w!thoperational testing 

disttlbution of carp in the lake.' 

- -'-. ';'" - '-, 

the elevated"Umalet~ 
did 

Carp are -common,throughout qinton Lake and are 
The extreme worlltcue temperatures modeled for 

minor r~&trictions to carp survival and growth. 

"ereded' by some anglers. 

this study indicate~on11 

Throughout the modeled time 

period temperat';1rn within the acceptable rangtto anure carp survival and 

growth prevail throughout Clinton Lake with the exception of small area. near 
the discharge canal outfall in July and August. 

Reproduction (i.e., spawning and embryo survival) under the modeled condi

tions is limited to April. May and June. Much of the preferred spawning 

habitat for carp is withi.n acceptable temperature rAng eo throughout April end 

May whereas in June mOlt of the appropriate habitat is too warm for 

successful repr~duction. Temperature conditions in July and August are too 

warm and preclude successful spatroing during these months; at Clinton lAke. 

however. carp spawning principally occurs prior to July. 

The cumulative modeled data reveal that based upon published temperature data 

carp survival and growth will be little affected under worst c:ase conditions. 

Successful reproduction. however, will prinCipally be limited to April and 

Mayas water temperatures are too high after May to enable significant 

reproduction. Since carp typically spawn in May and early June in Illinois, 

it is apparent thAt successful reproduction will occur but perhaps at a 

somewhAt lower level or earlier in the season than 'typical" temperature 

years . 
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5~:l.7. . suD.Dary·o(~lec:trofi'hingcatchPer Effort (lHourffOr.C"~P 
Coll.t'ctedt>uring the'St.immerSeuon, . Clinton Lake, 1978:1917: 

- Lake S&lJln!inl Stations' 
4 • .5 4 8 13 ·2: · .. ·/'16·,<, . 

f~9i8 159 37 18 43 

.1.979 98 116 14 69 

1980 101 102 113 180 98 

1981 64 66 HiC 102 73 73 

1982 34 46 116 79 58 122 

1983 54 51 121 69 39 117 

1984 53 33 38 25 68 27 

1985 53 25 38 25 33 27 

1986 42 7 31 24 14 54 

1978-86 (average) 73 60 79 54 64 78 

1967 50 28 28 17 21 31 

Source: Illinois Power, 1978-1988. 
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slf~bi.n •• b\mdantfis~ that is.,' impprtan,t bot.h_Al,a. 'Iport· 

cotl'll1llr~ial fisbthtoughout ita range. Thialisb pro';idel'sport. 

r';'!lrid·la~elandlSespeci&llYilnPoit&ntj,nlar8~~\~_'ii.~ie .',' 
:6fb~~/~po~tfrsh.r~notabUnd~nt.The '(!li.nD~{·catfisa··i~.a; 

, " ... ",..};e;g~~~~ of ~hecoJl!14~r'ci&l fisheman' scatchin the . larger 
andi$p,(opa~4ted·inpond.t~·"1l for .tocking 

Trautll\an,i9;7:). ChaM~{:~~ttiih inhabit~akesand modetate to lars, 

gradii!ntl.'J'I .. ers. 
~ . - -,' -, t- -'.-' - --

or' tul:)biebot toms ra thertl'!.an,th~sbaiiov.r, moretlJrbid. v'geta tj!dareu 

frequflntedb~" bull.huds. During th", day I they RrO most often found in deeper 

holeS~nd.erro~lt"o~teropPingso~luPmer8ed logs. Channel catfish are capable 

oft,ol~r.t.ing,J~.dis'Olv~doxygen concentrations. dolorll to about 1 ppa. 
. . .'- _.--',' -.- . - , 

Channel catfish;;feed.on .or near the bottom upon a videvaduty of organism .. 

including Ush, . aqu.,tic insectt •. crayfish. mollusks. other invertebrates and 

plant material. .CatHeh '-ell than 4 inches (10. Z em) in length feed aliaolt 

exclusively onaquaticinuctsvhere •• adults eat larger item. of a vide 

variet.y (Pflieger. 197.5). Sailey and Harrison (1948) stated that during the 

warmer months thf'! channel catfish feeds actl,vely during both day and night, 

while Pflieger (1975) indicated that they feed at n.i.ght. and remain inactive 

during the dllY. Stevens and Tiemeier (1969) reported that the channel 

catfish are most active at dawn and dusk. 

Stauff~r ~ Ai. (1976) found that channel catfish living at ambient 

temperatures had eatefi significantly more organisms and had a higher 

diversity index value of food items than channel catfish from the area of a 

heated discharge. Neely and Pearson (1977) found differences in the diet of 

indi"iduals from ambient and discharge habitats during the summer months 'When 

the catfish in the discharge area ate more fish and less aquatic vegetation 

than those cat.fish in ambient a'reas. The results of these stud.l.es may be a 

reflec:ion of food availability . 
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... ~.c ..... · ... ,,.. Ha,.,~hl'oughJ,ulY.t.w. t~t 
•• .,dAonea;19'17). Eggs 
mai.l1(hoies. ben~ath·underCutb.nk •• i~:lo, 

•. H ... ' ..• : .• nC;h.:w.i· •. n· .• ·g~".:c~~r>'O~li' °t··h····fi·n··.5
t 

deep. . Hale. prote~tthe. .. . . . 
.. ' . ..... .... . to 10 day. at 24 to 28·C ~ndtbe'l\evl1 

fhhr.~inorfthe bottom for Z to S day. bef~re ·'.wimmingtothe· 
. Sutf~detr/t~~d •. 

5TH! Adult and Juvenile· Survival 

Chir.:&ei' catf~!lhapp~~rtop~therIl\.311/ resistant. Cherry €'t e1.(1975), 

report~d that.channelcatfish .hadc.preferred temperatureof30.5"C whet!' 

,acclimaudat 30·C (TableS;;'18). Sitiiilarly. Cheetham .!l.al. (1976) alao 

teported!1 prefei-red ~emperature of 30.5°C anti._ critical temperaturema:imWA 

of40;,5°C whenacc:1imatedto3Z·C. 

In a study on the upper avoidance temperatures of the channel catfish 

Cherry .!l &1.(1975) found that upper avoidance temperatures ranged from ZS 

to 35°C and lower avoidance temperatures varied from 4 to 23°C at acclimation 

temperatures ofS to 30°C (Table 5-18). 

For this demonstration the STMT for adult and juvenile survival was 

determined to be 36°C based on a reported upper incipient lethal limit of 

38.0 0 C (Brungs and Jones 1977) when acclimated to 34°C. When acclimated to 

32°C, Cheetham ~!l., (1976) reported a critical temperature maximum (CTH) 

of 40.5°C and a preferred temperature of 30.SOC. However, the CTM is not 

equivalent to the upper incipient lethal limit and therefore was not used for 

this analysis. 

MW'AT Growth 

Data compiled by Brown (1974) indicate that growth for channel catfish i. 

optimal between 26 and 32°C and is suboptimal below 23.9°C. In contrast, 

Shrable ~!l. (l969) and Chen (1976) suggested that growth was optimal 

between 26° and 29°C and ceased below l8°e (Staroatka and Nelson, 1974). The 

MW'AT for growth was calculated to be 34°C based on an upper incipient lethal 
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¢atfiih ~.~. beenob8erved frQJrlHuchthJ:oughJuly 

'«~t'V!hS:,l.~39}Crou •. 1951 : both ,cited in Carlande:, 1969). Thechann.l 

catfish cspatin,:lnthetudwe,f between thE! last week of May through the,third 

week ofJ~~y.(Braderand &o.en ,1966; Pflieger. 1975). Spawning temperatures 

have ,been reported to be from 15.5 to 29.5°C(Brawn,1942;ClemenBAnd S)~eed. 
lS::'7). \:ith ano?ti:;;uisp<nming ts::;pe::-t!ture 0: 27°C (Brunt;s and Jones; 1~77; 

Brollll, 1942; and Clemens and Sneed. 1957),. 

Two values' for tbe,HWAT for spawning were deteX"JDined for channel catfish: 

270C for April and Hay. and 29°C for June and July (Table 5-18). The latter 

'l&lue was detei"mined using the maximum spawning temperature whereas the 

former value was determined using the optimal spawning temperature • 

STH! Embryo Survival 
As discussed previously for chanr.(l catfish. the observed range of spawning 

temperatures is from 15.5 to 29.5°C (Brown, 1942; Clemens and Sneed. 1957). 

The value of 29°C ·.,as used as the STMT for embryo survival as suggested by 

Brungsand Jones (1971). This value represents the upper end of thE observed 

range of spawning temperatures. 

Thermal Model D&ta Evaluation 
Channel catfish demonstrated good survival and continued growth throughout 

much of Clinton Lake under 1955 operational modeled conditions. During the 

warmest 7-day periods of each month channel catfish survival and growth was 

unrestricted during April to June. September and October (Figure 5-6). In 

July and August, however, channel catfish survival was limited to 

74.9 percent of the available habitat (Table 5-1l). This compared well with 

the results of tho previous study in which 82, 74 and 99 percent of the 

available habitat had temperatures low enough to ensure survival in July, 

August and September, respectively. In contrast, the percent of remaining 
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AY'il:ibl;';tef,ried'P'wning habitat tor. channel catfish declinedfrODl 
,- "-> >- •••• - •• " -."."'-"-. "'. - -J -.,. "., - - - , 

96~!:'p~rcellti~~prii,'to 38 percent in May, to 31 percent in June and to 

"ope;cen~in>Jl.1ft;(f~l!ure 5-7; Table 5-13). Thesevnluee wereobtained\lsing 

Mw"~·for'Sp.wtfingVatJeliof27°C'forAprii and May, and 29°C for June and 

)\11;: Thtrper~;nt ofspawningt\abitat with' temperatures eri8uringembryo 

SU~Vivalexhi.bited~ Illnulady' declini~g trend. A total of 96,7 percent of 

the remaining habitat was avai1able In April as compared to 78.1 percent in 

May, 3L7 percent in J~e. and 0 percent in July (Table 5-14). Because these 
r • , 

petcentages an either equal to or greater than the MWAT for spawning 

percentages. embryo survival will be.ensured in areas where spawning occurs 

under modeled conditions. 

Clinton Lake Fisberies Dat~ 

Channel catfish capture rates via electrofishing have historiCAlly been low 

throughout the Clinton Lake environmental monitoring progr~ (Table 5-18), 

This species. however. is abundant throughout the lake with the low 

electrofishing capture rates being an artifact of this technique's inability 

to readily collect channel catfish. Comparison of preoperational and 

operational testing (1987) study year data indicate no apparent difference in 

the abundance of channel catfish in the lake either spatially or temporally. 

Summary 

Channel catfish are an important sport and commercial fish species throughout 

its range. In Clinton Lake. this species is abundant and commonly taken by 

anglers. Channel catfish survival and grawth is predicted to be good even 

under the modeled worst case conditions. Su:~ival and gr.owth occur 

unrestricted throughout the reservoir in all modeled months except July and 
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Figure 5-7 
PERCENT SPAWNING HABITAT OF CHANNEL CATFISH RELATIVE TO 
TEMPERATURES ASSURING REPRODUCTION DURING OPERATION OF 
ONE UNIT OF THE CLINTON POWER STATION UNDER 1955 FLOW 
AND METEOROLOGICAL CONDITIONS 
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7·day periods of spawning months, 
1955 conditions 
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..• .t."o.m6I1th.~ appro:dmat4lly 25 pe",e~iit·ofth.·'''··'''·' ................ .. 
r.keiistoovarm to >Iupport'channel c.tfi.h~urvi~~l 

.re'()fe~elusi()n (fromwhich~'atUsh ~iUIlOVe 

.. t~mper.tute are .. )lsin close proxim!tytothe 

Wit~:'di.relll&inilla 75 percent of the pnferred habitat 

~irit.inirii suffici~nt.blov tJIDpeJ:&ture •• in, July and Augullt, 

sUlt.inch.IUUll~.tfish .urviValand grcnnh. 

Channel catfhhreproduetlve luee ... "ill apparently be impacted under the 

modeled \.iorstc:lsl: conditions. Available preferred spam\ingh;lb~tat will be 

phntiful>only in April under the modeled conditions. In May and June 

approximately 30 percent of the preferred spawning habitat will be cool 

enough to a .. ure spawning and larval ourvival whereas in July the entin lake 

willb. too warm t.o anun.uce.llful reproduction. Ba.ed upon thie Icenario, 

it is evident that reproduction of channel catfish •• a pop~lation will be 

suboptimal under the modeled conditions as the typical spawning period for 

this species is late ~1 through July. Due to the warmer acclilllAtion 

temperatures alsociatedvith Clinton Lake it il likely that reproduction will 

occur earlier thon 'normal" in the reservoir. Additionally, some reproduc

tion CAn occur during "normal" spawning times in Hay and June .1 aome of the 

lake will remain at adequate temperature9 for reproduction. 

Under worst case conditions it is apparent that adult channel catfish 

survival and growth will not be Adversely affected whereas reprodu~tion will 

likely be below that associated with typical temperature regimes. 

5.6.4 Blueaill 

Lye History 

The bluegill is one of the Most popular and common sunfishes in North 

America. This panfisb provides fishing opportunities in many natural lake. 

and is almost universally stocked in man-made ponds and lakes as !orage for 

largemouth bass and for sport fishing . 
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··, .• ~~%T~~;~;i:~~~f diltributiOnof thhp~pulllr panfishiB difUcult 

cb';~~~~ •. ~fl.·t'~~idelpread .1ntroQuction into fishing pondl.In 

States.' blu~gillh foundprincipaUy ean of the R.ocky HO\liltains andat~ . 

Ilb~~ant. lntheHiuiuippl River drainage. !luegillhave been introduced 

into other area., auc:h AI California, where it h now quite cOlIIIK'n. 

JSluegill inhabit a wide range of warmwater habitats,· but are most frequent 

shallow, weedy area. of ponds. lakes and slow-moving rivera. It 11 mOlt 

a~undant in w.~. clear. non-flowing water~ containing Icattered bed. of 
aquatic vegetation. The bluegill is not tolerqnt of high turbidity and 

siltation (Trautman, 1957; Pflieger, 1975). 

The feeding habits of the bluegill are well known. Aquatic insects. 

primarily chironomids, and aquatic plants make up much of the diet of adult 

bluegill. This diet is supplemented by other aquatic and terrestrial 

invertebrates, small fish. ana during the spawning sealon, fish e~~.. Young 

bluegill feed on zooplankton. gradually changing to larger food a. they grow 

(Horgan. 1951: Pflieger, 1975). Whitaker and Schlueter (1973) found that the 

bluegill of the White R.iver, Indiana, feed mostly on chironomids and 

Tdchoptera larvae both within and outsidft of the th~rmal plWII. of a h.ated 

discharge. These authors also noted that the large bluegill fed heavily on 

small forage fish. Hathaway (1927) found the amount of food consWlled by the 

bluegill doubled when the water temperature increased from 10GC to 20·C. 

The spawning habits of bluegill have been discussed by Breder (1936). The 

male builds a shallow depreision in a firm substrate of gravel, sand or mud 

at a water depth of approximately 2.5 feet (0.8 m). The time of year at 

which bluegill spawn varies tbroughout their range. Evermann and Clark 

(1920) cited June a. being the p&aK spawning month for the bluegill in 

Indiana. Pflieger (1975) indicated that while the spawning peak is !~n June, 

spawning occurs from late Hay through August in Missouri. The optimum 

spawning temperature weAl; lJsted &I 25°C (Brenga and Jones, 1977). After 

spawni~g, the neat is protected by the male until the eggs hatch and the 

~arvac have left the nest. Hatching generally occurs from 2 to 3 days after 
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···.fettfj.ii.tiDn';~iteInP.1'.iuresof22. 2to2l. 8°C(Morgan.U51) .:-

··~i.III •• c,fblUe,l.1l1tlthemidwestern Uni ted Statesar~sWlllll&rized 
T.oleS .... ZO . 

. SD1TAdulfsdrvival 
·!luegillc~napparently become .cclimated to .nd is tolerant of bighw.ur 

temperatures • Cairns (1956) found that whenacclimatecl at 31'-=,,· the upper 

lethal temperature wat 33.8 to 35.S o C or even 37 DC for adult bluegill. 

Hickman and Dewey (1913) fOI.ind the ultimate incipient upper lethal tllnp.ra

t.urti for a~blt blu"~!.ll it 35.SoC whe!'. ecclimated at 21.5°C (Table 5-21). 

Holland .ll a1. (1974) and Cherry ll.!l. (1977) both reported upper incipient 

lethal limits between 37 and 39°C when acclimated to 25 and 36 DC t~pera

tures. Utilizing the USEPA protocol and this published data, the STHT for 
adult survival (37°C) was established based on the high values reported by 

these workers . 

MVAT GrOW1.~ 

The reported preferred t~perature of bluegill ranges from 18.9 to 3ZoC 

depending on acclimation temperature. Cherry, llAl· (1975) conducted 

numerous studies to determine avoid.nce temperatures and preferred 

temperatures. When acclimated at 30 Ge. the preferred temperature wa, 32°C 

while the upper avoidance temperature was 35 DC (Table 5-21). 

Growth of bluegill is eT.p~cted to ~ccur from spring to fall with the best 

growth occurring when water telllpera",ures are between 15.6 and 27°C. 

(Rounsefell and Everhart. 1953). No growth is expected to occur below 10
DC 

or above 30 0 e (Anderson. 1~591 Emig, 1966). The MWAT for growth was 

determined to be 34°C using the upper incipient lethal limit of 39°C and the 

preferred temperature (in lieu of the optimum growth temperature) of 32°C 

(Cherry ~~ Ai. 1975) • 
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that June was 

:~IIl.· .. ,.U~lu .• lJUI \,~~te~.~~y1f&S r~PQrted to ·be 

'. . -". . "- .. - ~. 
irtillinoi. (l!.iChArd&~n, 1913); 

'th~tsP'~ing, lateHayto'Augun{ 

Yolk sa~ l&rvae remainnearth,nest uneiltheyolkl&c is 

form schools in openwat.et(Vatner. 1969), whereihey feed on zoqplankton~ 

Thes~hool~ return to shall~wer water when they reach 2sum(11nch)J.rt:·' . 

and feecincreasingly oninsectn as ava.Hable. especially midgehrvae . 

(Keast. 1965; Seaburg and Moyle, 1964; and Applegateetll •• 1967). 

Bluegill are tolerant of. and even prefer. higher temperatures 

(Table 5-21 ). BluegiU'''r~ laiown to repeatedly spawn within a temperature 

range of 1.9 to n"c (Brunglllnd Jones, 1977), with an optimal spawning 

temperature of 25"C. 'In contrast. Banner and Van Armann (1973) indicated 

that spawning occurred within a range of 22 to 34°C. Becau~e of the extended 

spawning pedod for bluegill. three KWAT values for spawing were derived: 

25°C for April and May; 28°C for June. and 34°C for July and August. The 

value for April to May represents the optimal spawning temperature whereas 

the value for July And August represents the maximum of the reported spawning 

range. The value for June (28"C) reflects an inte~ediate spawniug 

temperature. This temperature represents A value less than the mathematical 

mean between May and July. Use of the mathematical mean, 29.SoC, results in 

greater habitat availability in July than in June. This result appear. 

unrealistic; consequently, a more conservative intermediate temperature, 

laoe, was selected to represent the incrementally greater habitat exclusion 

as water temperatures increase throughout the spawning period. 

5THT Embryo Survival 

ThE' STHT for embryo survival was determined as per USEPA protocol to be 34°C. 

corresponding to the maximum reported spawning temperature (Banner and Van 

Arman, 1975). As discus.ed previously, bluegill spawn repeatedly from April 

94 



• 

• 

rang!! of 
. "'- ~ -. - . . -. . -. . . - -

_ L. • 

"':'tKe~i"~Odefb~~Ii"EvaluatiOn 
B£t~aIil f':;PIII~hjp~{the' mollt>'thermally tolerant ofthellIS speei .... lect.d 

,~~i~.ti~I1.·· Only aUnorr.,cb.u; tiona' in ha hi t;a t.Uita bl. f'o~~'~d"li'" 
. . . .• ~q.gioWth~ere demonst+& teQ (Figure 5';'8.). No ~ed.uc:t~()n.< in 

·pr'f,r~ecih.bit..t~Oi-~u;vival o~grOwth were evident in AprUithrOugb. 

an~cSePt~~ber.~c1· Octobe'r:. '11\ ad~Ution a.tQtalof 95. 7 percent . (! .•.• 
. --.', . 

.. . 
4. percent not su~tp.ble'du!! to tomperllture) of bluegill habitatw~s 

fotsurV:iv,aland:gro..,th in July and Augullt (Tables 5~11 and 5~12) • These 

resu.ltscomp~J,"ed.~~li with ,those reported in the previoua study where at 

least9Qpercent ~£ its habitat remained J.n all ev~lUAtion months under 1955 

worst case conditions. 

High percentages of preferred habitat for bluegillspavning and embryo 

survival also remain in Clinton Lake throughout the spawning period. The 

percent of remaining spawning habitat with 7~day average temperatures lower 

than the MWAT for spawning were 93.8 in April. 64.9 in Hay. 59.1 in June. and 

62.0 in July and August (Figure 5~9; Table 5-13). ~ slight increase in the 

percent of available habitat in July and August was the artifact of 

increasing the MWAT value from Z8°C in June to 34°C in July and August. 

Bluegill also exhibited high availability of habitats adequate for embryo 

survival. No habitat restrictions were evident in Hay (i.e •• 100 percent 

availability), while 96.9 percent remained in June, 24.5 percent in July. and 

31.6 percent in August (Table S~14). No reductions in habitat for embryo 

survival were evident in April that resulted from thermal additions. The low 

STMT value (68.8 percent), however, was the result of temperatures below the 

observed spawning range. Thus, che percent of available habitat demonstrates 

the early initiation of the spawning season resulting from the addition of 

thermal inputs. It is apparent that without thermal inputS temperatures 

throughout the lake would be below the observed spawtL\ng temperature range 

thus precluding spawning during April • 
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lnsene;al.p; ior to '. oP~;.;iotia~-
cdlschuge 

;·peiho~J:')where"sth.~tl,ighestcapture. tat.u ,occurred a.t mid::ialCe' 

S,t,e.tiOn S(''l6per;;hourr .. DU;i~8~;the- summer of 1987,capture rates were __ 

h;ghe'I~.tSt.,~i~hr~.rid4.5. -Thil j,~erease in capture rnusitStation2 
~hclJ..C:ijt.,sib~~ln~reas~dt:eD1peratu~e~: associated with operational tescing 

. (Delt'.lT:4~q' :did;#o't:a.dversdyaffectthe abundance of bluegill at Station 2 

. B,s~apture h,tes increased bi';var70percentfl:om the preop~=etionaleverage 
(TableS;;Z?). 

SWI1DI&rv 

Bluegill lsan important'lind abundant sport fish species throughout its 

rangEl. Based upon published literature data bluegill appear to be the most 

thermally tolerant of the RIS selected for evaluation . 

No reduction in available habitat for survival and growth associated with 

high water temperatures were evident in April, Hay, June, September or 

October under the modeled conditions. Only minor reductions of preferred 

,habitat (4.3 percent of the preferred lake habitat) exceeded survival and 

growth criteria temperatures in July and August. Similarly, high percentagel 

of preferred habitat remain within acceptable temperature ranges, for 

spawning and embryo survival, throughout the April through August spawning 

period. 

Bluegill populations in Clinton Lake will successfully tolerate the modeled 

worst case operational thermal conditions in terms of adult survival and 

growth. Reproduction should be good lS high percentagos of preferred 

spawning habitat will remain within acceptable temperature limits throughout 

the entire spawning period. The minor habitat restrictions associated with 

wa~ water temperatures indicate that reproductive success will be leas than 

that associated with more "typical" temperature regimes but will be adequate 
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SI'DlWry of Elttct;-cfilhing Catch PeiEffott (1 Hour ) for 
90Vected. DUring the Su.mmer Season. Clinton Lake i 

.;.--.:.;-. ~_J_~.~,-::', : ... 
"--,,---, 

Lake S!Uln!!ns Sta~ions 
4 8 13 2 16 

.1078 19 10 29 49 23 

1979 45 55 63 57 80 

1980 46 51 94 85 104 

1951 35 19 90 €!, 22 26 

1982 19 31 126 45 29 41 

1983 42 60 71 38 28 64 

1984 6i' 83 93 51 34 16 

1965 90 74 72 56 55 53 

1986 108 102 42 55 20 108 

• 1978-86 (average) 52 54 76 52 42 57 

1987 8.5 61 54 49 72 65 

Source: Illinois Power, 1978-1988. 
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only 5 percent.. oftne . . . 

of'embryosurvival . 

.•... Largemouth Bass 
"'--'.- ... -.-'-. ,. 

Life H.tstoh . 
i.;~rgeDlo\1~h.ba.~artttyp.i,c"lly.foundin ponds. shallow lakes. shallowbayiof 

l~rgelaltes~na backwaters of large. ,slow flowing rivers. . They anllso 
.' , 

cOlllDloninteservoirl o~ all shes. which are frequently stocked. T:-'is 

species israrelyfourtd in water deeper than 20 feet (6 meten). Normal 

h!!bitat 1;1 so;t;,..bvttomed areas with tree stU1llpS and/or emergent 0:: g.;~mergep.t 

vegetation •. These fish avoid dissolVl:ld oxygen I.!oncentrationa of 1.5 ppm or 

lower. 

Adult largemouth bass typically feed on fish, crayfish and insects. In 

midwestern reservoirs. giz:ard shad are the main forage species along with 

minnows and other forage species • 

Spawning generally occurs from late April through June (Eddy and Underhill. 

1974), altho'Jgh largemouth ban spawned approximately 2. weeks earlier in the 

heated arm of a cooling lake than in the unheated area (Larimore ~Al·. 
1979). Nesting habitat varies, but is usually a shallow (less than 5 feet). 

soft-bottomed area in aquatic vegetation (Balon, 1975). Males initiate nelt 

building when water temperatures reach 15.6°C making the largemouth one of 

the earliest nesting sunfishes. Optiml~ spawning temperature is 2.1°C (Brungs 

and Jones, 1977). Males guard and fan the demersal. adhesive eggs. 

apparently to keep them oxygenated (Dudley and Sipper. 1975). Eggs hatch in 

about 5 days. Embryos will develop over the range from l3 to 26°C with an 

optimum at 20°C (Brungs and Jones. 1977). 

5THT Adult Survival 
The 5THT of adult survival was calculated to be 36°C. 2°e below the ultimate 

upper incipient lethal temperature reported by Cincotta !S a1. (l982). 

Largemouth bass are more tolerant of high temperatures than many fisb species 

(Table 5-23). Upper incipient lethal limits of largemouth bass 
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wei.det,rmin,d to be30·Cj 32 • .5 (24 hOur TL50)3S, 36.4(24 hour TL50>O 

3S<·C at4ccl1.D\ation temperatures of 15. 20, 25, 30 and 3S·C(EIA, 1980)~ 
significantly high value of 3SoC Val· reported by Cincotta .ll!l. (1982) • 

.. ~AT Crowth 

TheMVAT for growth was calcul&tedto be 32.7 cC based on an ultimate 

incipient lethal limit value of 3SOC and a preferred telliperature of 30.C 

(also upper range for optimal growth). Optimal growth temperatures of 

largemouth bass range from 24 to 30°C (Mohler, 1966j Coutant, 1975j Brungs 

anc Jones. 1$77 i Cl.lrlalld~t. 1977) \O~ile little growtr. occurs below 150C 

(Mohler, 1966) or above 36·C (Carlander, 1977). 

Growth of largemouth bass is quit~ variable and may depend on local environ

mental conditions including temperature. turbidity, dissolved oxygen, and 

population levels. For example. in Lake Shelbyville individuals attained a 

length of 153 mmthe first year and lengths of 244. 306. 330 and 361 mm in 

succeeding years. In contrast. growth of largemouth bass in Lake Sangchris. 

a cooling reservoir, wa~ 121 mm the first year and 274. 358, 411 And 444 in 

succeeding years (Larimot'l !lA.to. 1979) primarily due to the extended 

growing season produced by the higher water temperatures. Particularly rapid 

growth of largemouth bass has been documented at Baldwin cooling pond 

(Smithson ~ AI., 1986). Mean total length of young of the year individuals 

was 232 rom by December while Age-l individuals had a mean total lenbth of 3SS 

mm. 

MWAT Spawning 

An MWAT for spawning was selected at 21°C as this value represents the 

optimal spawning temperature and the maximum spawning temperature as reported 

by Cincotta ll!.l. (1982). Spawning of largemouth bass typically occurs from 

April to June. Optimal spavning habitat consists of shallow areas with 

substrates of gravel. sand or vegetation. Cincotta ~!l. (1982) reported a 

range of spawning temperatureB of 15.6 to 21.loC whereas Brungs and Jones 

(1977) reported a range of 16 to 27°C. Optimal spawning temperature is 

c.onsidered to be 2PC (Brung. and Jones, 1977) • 
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Embnc,SurVival· 

Bt:~~8~i~dJOne!._(~9i1)· reported theSTMT (leut and Webb, 1966) for embry,o ' . 

. Iut"'iva.l tobe27 C1C.Thii value' is also used here II it repre5etitlthe 

IlJnl,t,:.ofth,ripbrtl!d $pawningteDlpeu ture range. 

After spawning', newly hatched young remain in the nest until the yolk is 

absorbed, tnentise from the bottom, form schools and begin to feed. Growth 

is upidand varies with temperature between 20°C (Brungl and Jones. 1977) 

anc! 35.5°C.Diet;nangu occur with increased fish size frolll zooplankton to 

. aquatic insects :~"bllequent.ly,> predation upon 5rr'.all fish, frogs and crayfish 

begin$ during the ffrst y~ar of life. 

Thermal Model Data Evaluation 

Largemouth bass exhibited excellent survival and growth throughout the 

modeled evaluation period. The percentage of preferred habitats within the 

acceptable 5THT for adult survival (36°C) were 100 percent from April through 

June, Septeznber. and October (Figure 5-10; Table 5Q ll). Preferred habitats 

were slightly restricted (e.g •• 4.5 percent) in July and August. These 

results were slightly higher than percentages predicted in the previous study 

(July at 92 percent, August at 85 percent, and September at 99 percent). 

This was primarily attributable to the higher 5TH! for adult survival used in 

this evaluation (36°C). A similarly high degree of habitats were av_ilable 

for adequate growth. One hundred percent of the available habitats had 

temperatur~s adequate for growth from April through June, and September. 

Growt.h was slightly restricted in other months with percentages of remaining 

preferred habitats at 89.4 percent in July, 95.5 percent in August. and 

99.S perc6nt in September (Table 5-12; Figure 5-10), This compared well with 

the results of the previous study in which 92 percent were available in July, 

86 percent in August. and 99 percent in September. Again, values reported in 

this evaluation demonstrate similar impacts to those reported in the previous 

demonstration. 

Largemouth bass spawning may be restricted to the month of April or ea~lier 

under operational worst case conditions. A total of 76.4 percent of th~ 
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wa' a"allable infopril alcomparedto 0 percen.tin 

,S~ri~{Fi,\1~e5-UiTable:S~Ul. ,However, even undes: ambient'IIl~~;l~I1"" , c« -, -- . - --- . 
'C~l\dftic)ris,p'!"'l\in8 oflargemoUthbauilprevenudfr'(llIlOccurringdufto" 

~,,---; -, \,-: 

eieV~ted'tell'lperaturellinpreferred~paWnl.ng habJ.uu (Figure5-1Z) . Embryo 

.\1f~i'.l'WAladequ.t.. Approxiinat;.ly 90.4 percent of the preferred 

h!ibit,ate we~e avdl.able f~reD\bryo$u~v1vailn April. 80. 7 percent in K&y, 
and 36;Spercent in June (Table 5-14) • Thus. the. suitability ofhabitatll for 

aco~si~etab1eperiod following the spawning pet"iod (April) ensures the 

survival of embryo9 and their potential re~ruitment into the population. 

Clinton Lake Fisherles Data 

Largemouth baSllcapture rates were especially high in 1978 and have subse

quently stabilized At.a lower rate in recent reus (Table 5-24). The 

collected data indicate that during the summe%:' capture rates were generally 

similarspatiallya1l1Ong sampling stations from 1978·1986. During the summer 

of. 1987, largemouth bass capture rates at mOst sampling locations were 

similar or slightly higher than the preoperational average. At sampling 

Station 2. however. the largemouth bass capture rate increased by over 

50 p~rcent from preoperational levels documenting that the increased water 

temperatures did not negatively impact largemouth bass distribution in the 

reservoir. This increase in capture rates may. however, be associated with 

water flow from the discharge canal into this area of the lake. 

SUIlmlarv 

Largemouth bass is one of the most highly sought after fish species by 

anglers. This species is cOllllllon l,n Clinton Lake and sustains a viable sport 

fishery. Based upon the modeled temperature data it is evident that the 

largemouth bass populations will exhibit good survival and growth throughout 

the lake under the worst case operational conditions. No thermal restric

t.i.ons to survival or grwth will be associated with the modeled temperatures 

in April. Hay. June. September or October. In the wa~est months (July and 

AugUSt) only 5 percent of the lake will be thermally restrictive in te~s of 

adult survivRl whereas adult growth will be restricted in 10 percent of the 

lake in July. 5 percent in August. and less than 1 percent in September . 
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.ru!grMh",ilibe afhcud very little during the 

'"L'.UlL'''1f.~ii'ie;'e.l'. rep~oduct~v •• ucceu (1. e.. .pawning and embryo 

DIIl)'""~t!iritiuehced !D~r~(U'Unctly. This!s .ppar~ntly due ~o 
"t~re.l,i~taHoiis:cauSing7~.4 percent of the preferred a pawning 

'habit.at t.o.;he;:,.,:ithin.ce~ptable temperature ranges in Apdl and 0 percent in 

HAya~a June. Higherpercentagu of available habitat, however, are 
.v.i~'bh fOf" embryo surviVal during then months. It. is aDti.cipated that 

"" someJarg~lIIouthbass spawnirigwill_occurin April rather than the more 

~ypl~al~yspawning of t.hisspecies. Early spawning due tethe presence of. 

therln~llY,end.ched Hater is CCk.mon in. covlin6 lakes i consequently, the 

pC>tentialfor llist spawning time in June is likely to be irrelevant. It is 

evident.. howe;"er. that reproduction will be below optimal under these worst 
case conditions. 

5.6.6 White Crappie 

Life History 

White crappie are found in a variety of warm water, relatively still h4hitats 

including ponds, lakes, slow-moving rivers and deep pools. in streams, 

oxbows, and backwater habitats. They form loose aggregations, generally 

occurring in sheltered coves of lakes with cover such.as vegetation or 

standing timber during the day, and in !Dore open water at depths up to 15 

feet or more at night. 

Food of white crappie varies with season. location and age. Young crappie 

feed on predominately microcrustaceans while adults typically feed on fish 

(e.g., gizzard shad) and aquatic insects (Pflieger, 1~75). 

Crappie spawning occurs earlier than in Illany other centrarchids (April 

through June) at temperatures of 10.5 to 27°C (Morgan. 1954). Ill-defined 

nests are mad!e on a variety of substrates, including gravel, sand, plant 

roots or algal growth. (Breder. 1936; Balon, 1975: Morgan, 1954). Generally. 

shallow «4 feet) protected areas with vegetation or brush are chosen, 

although nests have been noted as deep as 20 feet. Eggs hatch in 1 to 5 days •. 
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Jonel, 1974fwitn the fry 

calculat.edtobe 31°C based on thaIlpper 

rIl~lpI~rl,t.let:.nai· Ji~t reported by Btungsand Jone5(19n). While crappie' 

a~.~·;t~em()stintoler.iIl~ of hiSh u!mperatufes of any of· th,aIS (T~ble·~-2S). 
··.lr\c1~gSanci Jcm~~{;(19'7?) . reported an upperincipientletnal limit. of 33°Cwith 

·e'naCc1imAti;ontelI\p~ratureof~9IlC. "temperatures p~eferred by wllite crappie 

were;, .1(j,2.6and2~ <>(; when n~climB. ted!> t3;'9,24 endl 7 "C; respectiveb . 

. HWAT Gro~th 

AntiWAT forgrowth··was ciHculated to be 30.~oe using a preferred temperature 

of 29 DC and'anupperincipient lethal limit of 33 DC.The range of tempera

turesnecessary fiJrgrMh ·of white crappie is from 17 to 30 0 e (Edwards 

. ll.al.' ,1982); 'Preferred temperatures range from 8 to 29°C depending on 

acclimai,ion femperature(Brungs and Jones,1977). GaIJ"'..iton (1~73) observed a 

temperature preference of 26 to 27°C near a thermal effluent on the Wabash 

River. 

MWAT Spawning 

A value of 23°e was used as HWAT for spawning to coincide with a similar 5TH! 

value. White crappie typically spawn ~.n ill-defined nests from April through 

June when temperatures are between 10.5 and 27°C. (Morgan, 1954). In 

contrast, Brungs and Jones (1977) reported that spawning occurred from March 

to July between 14 and 23°C with optimum temperatures of 16 to 20°C. Two 

MWAT for spawning values were derived based on white crappie's prolonged 

spawning season: 19°C for April and May (reprelenting the optimum spawning 

period and temperature), and 23~C for June. While the extraordinarily high 

value reported by t!organ (27 DC) would allow for the assignment of an HWAT 
value of 27°C, this does not correspond to Siefert's (1968) results that 

showed embryo survival decreasing above 23°e . 
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4!DibrY(l.SL\rviVal~A5determined to be 23°e in order to 

'C~fd~.t.rmlned bY,Siehrt' (1968). 'As discussed 

'. ~paWnfng ()2c~r::wl.thin.temperatllrerange of 10.5 to 27<1C;Siefert. 

il96e'r~i:l(u,cat~Ci.'.hcn.ievt!r, ... thai.'\1ccessful incubation and embryo' ~urvi"al"ra.< 
highe!itbetw~inle.9 a~d 19.4 c1 C, and decreased below 14.4 6 C and above 23~C. 

Thermal Model Dat,aEvaluation. 

Survivaillild growth of white c'rappie was ensured in more than 90 percent of 

its available habit.atu\.idng themoriths of Ap=il. H~y. J\!ne an:! October 

(Figure 5-13). During July only 0.4 percent of the originalhaoitat was 

8vllilable for· survival whic:hthli!ndecreased to 0 percent in August 

(Table 5--11). Thus. under modeled worst case operational conditions white 

crappie would be eliminated from Clinton Lake. Indeed, even under ambient 

conditions. STMT for survival was exceeded througbout the b.ke thus 

eliminating it from Clinton Lake (EIA,l980). Although survivr.l is unlikely 

under the modeled operational conditions, 47.0 and 25.7 percent of the 

habitats in July and August would allow adequate growth under the 30-day 

average temperature conditions (Table 5-12). 

If survival were low. white crappie may be reintroduced into Clinton Lake by 

utili~ing Illinois Power's rearing pond network. Currently there are three 

functional rearing ponds (two others scheduled to be constructed) that may be 

used to produce white crappie for reintroduction into the lake. These pOndl 

are constructed in such a way that allow their complete draining directly 

into Clinton Lake, thus minimizing fish mortality relating to dra'~own and 

transportation to release areas. White crappie is the only RIS species that 

may potentially be eliminated from the lake under 1955 conditions. Because 

of its vulnerability and its sport fishing value, under worst calle conditions 

production in rearing ponds may be dedicated to white crappie in oz:der to 

accelerate recovery of the population. 

White crappie spawning is limited to the month of April (40.4 percent 

,available habitat) (Table 5-13). Again. no spawning habitat isavaHable 
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ihe~nth'OfHay and June undu eitherope~ation&l Dr ambient 

. "c'onditi~ns U:iS\1reIS-14 andS.-1S) • Embryo survival is restricted. to 

57"pen:~nt ofthepreferreclhabitat in April and 21.9 percent of th.- habitat 

in May (Table 5;-14hAgain.'the percentages ofavaHable habitat for embryo 

survival are greater than percentages of 8uccessfulspawning habi tI t, 

increasing the likdihoodof.embryo survival andulti=ate recruitment into 

the population. 

Clinton Lake Fisheries Dilts. 

SUJlJllerti:::e white crappie capture rbteS t.hruOlghou\:. the 1,7a-HS7 t:ol1itoring 

period have documented low abundance of this species at Stations Band 13 

with moderate to high capture rates at the remaining SAmpling stations 

(Table 5-26>. Collections •. de in the swnmer of ).987 during preoperational 

test;,ng revealed higher capture ratel at all sr.mpling nations compared to 

the preoperational aveLage. Thia increase was particularly apparent at 

Stations 4.5. 4. 2 and 16. The overall increase in white crappie catch rates 

was evidently associated with increased populations throughout the lake. The 

increase in catch rates at Station 2 which documented summar temperature, of 

almost 30°C is iDlportAnt and suggests that no adverse association with the 

thermal effluent occurred in 1987. This is p8rticula~ly important because 

the STMT for adult survival is 31°C and temperatures approaching 30.0 0 C 

apparently did not influence the distribution of white crappie in the lake •• 

Summar'y 

White crappie is an important and abundant sport fish species. Angling is 

particularly popular for this species in the spring of the year. White 

cnppie may be the mOllt thermal1y~"ensitive of the RlS selected for 

evaluation. 

Based upon the model operational temperatures. It is evident that under the 

worst ense conditions u~ilized in this evaluation. white crappie may be 

eliminJted from Clinton Lake due to lake-wide temperatures exceeding the STMT 

for survival in July and August. It is also apparent. under ambient model 
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">"," .• c,"" .. ,·-".··;gUm;Dat'Y·~(Electiofishing Catch Per 
·Ct'appi,.Cotlec.ted During the SUmmer Season, 

"1978":1967 """ '. " . 

Lake SamEling 
4.5 4 8 

.;. 

1978 1 1 0 0 

"l,9]? 19 2 0 7 

198,0 35 22 3 3 6 

1981 7 53 0 0 1 5 

1982 44 34 9 0 33 72 

. 1983 50 56 0 4 27 45 
1984 95 27 2 2 85 18 " 

1985 66 35 3 6 36 26 
1986 121 79 5 13 48 55 
1978-86 (average) 49 34 2 4 27 2S 

• 1987 95 113 2 14 75 120 

Source: Illinois Power, 1978-1988. 
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~OIIl;~':C)t< vn ,cfapP!"wOUld 
.i.t.lufinAu8ust.. 

~!~W¥~~~.w.a"teinl'.~.~~r~.~ .. J.';O ·i~~I"'t' ..• t~. t • pringtimo roproduct! on •. "i abe ... 
'llinlieQto~prll{8.ti'pil:a:l$piVri~rig; month ,for this species '.l1long wi th' May) 

.occi.;r; 

fJ;~c~h(b{thellref~rr~dspaWninghabi ta twill remainsuff leiently 

,stic:~~ssftiie·prOducHon<.(l. e ••. :spawning,and'" embryo' lIurvival) < to - - -~ -' -' -; - '. " . -~. '- --. . '. - - : 

In aworStC::Ii$c:yJar,<~s mOdeledfor.this. evaluation, white crappie spaWI).ing. 

success~iilbelimited ~nth~8pringa:nd overall species survival unlikely 

duri1}gJuly and August. This Sit4ationwoul.d,however. also occur under 

ambient mOdded conditions To compensate for the loss of this species, 

IllinoisPowerwoulc\use its reari~g po~ds to restock white crappie, or other 

species should thiS worst case scenario Occur. 

5.7 COLD SHOCK 

Although not add~'essed in the thermal model or in the species-specific 

evaluation the potential for· cold shock occurs at all power plant sites. 

During normal plant opere.tionin the winter,a'large mass of heated water 

will be present in Clinton I . .ake. In the event of an interruption of the 

thermall discharge, the lake will begin to cool. Based upon the 1980 Thermal 

Demonstration, the cooling rate will vary between -O.07°C per hour and 

-O.008°e per hour. Although little species-specific cold shock data is 

available it has been determined that bluegill, a species apparently 

sensitive to cold shock, can survive a cooling rate of ~O.llQC per hour (ElA, 

1980) indicating that bluegill should not ~~ influenced by cold shock at 

Clinton Lake. 

The low potential for adver,e impacts to Clinton Lake fish popUlations from 

cold shock is further emphasized by an interru?tion of the thermal discharge 

in the winter of 1988. During this outage, discharge temperatures dropped 

quickly and no fish mortality within the lake was documented • 
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utiHzedihthis evaluation were simil.ar to 

rhetmAl;~a ta for ~h~ 1r\oc;\e 1 And thecrituia .. 

Differences in the 
, - " -.-- ... -- '-.-

bet"'e~nth.tllost',udiesar.e~Bijocia.ted with· the updatedteinperature 

Eve.luationc!:'iteria and the calculation of these criteria were the same in "'-.-'-.- - .,' ."-" ", "., -". - .,- ." 

thet:':';;;~Vb.1U:l ::10ns; f:act!nt 11 tcra tu,:e, hO~:lVer .. has added to the published 

thermal data base for the US selected for evaluation. In general, this 

recent data enabled sNll increases in adult survival andgrowthtetnperatures 

overt.hose established in 1980. Increllsesto bluegill spawning temperatures 

anddecrease61t.owhitecrapph spawning and embryo sUJ;Viva1 temperature. were 

also madE: in an effort to more accurately reflect these important 

temperatures (Table 6-1). 

Comparison·ofavailable preferred habitat for adult survival and growth 

between the two study years are presented in Tables 6~2 and 6-3, 

respectively. Comparisons for spawning and embryu survival can not be made 

as their crit~ria were not thoroughly evaluated under 1955 modf':led conditions 
in the 1980 study. 

The adult survival data under the modeled worst case operational (1955) 

conditions indicate little substantive change in available preferred habitat 

for survival between the two studies. In general, no real net change was 

established for gizzard shad. Small increases (1988 versus 1980 study) in 

available preferred habitat were documented for bluegill and largemouth bass. 

whereas small decreases were established for channel catfish and white 

crappie. Large increases in available preferred habitat, however, were 

documented for common carp (Table 6-2) . 
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S.~~~i.~S E.valuaHon Criteda EtA. 1980* 

S'l'M'l'Ad\.lltSutvival 35 35.5 
MWAT Growth ..... 32.0 

, MWATSpawning 20~29 2l-29 
STM! ullbryo Survival 29 29 .• 0 

Common carp S'l'MTAdult Survival 34 39 +5.0 
HWAT Growth 32 35 +3.0 
MYAT Splnming· 2l~26 21-26 0 
SntTEJnbryo Survival 26 26 0 

Channel catfish S'l'MT Adult Survival 35.S 36 to.2 
MWAT Growth 32 34 +20 
MWAT Spawning 27-29 27-29 0 
5THT Embryo Survival 29 29 0 

• Bluegill 5THT Adult Survival 35.5 37 +l.5 
M\o1AT Growth 33.0 34 +1.0 
MWAT Spawning 25-32 25-34 0 to +2.0. 
STMT. Embryo Survival 34 34 0 

... Largemouth bass S'l'MT Adult Survival 34.4 36 +1.6 
MWAT Growth 32.7 32.7 0 

MWAT Spawning 21 21 0 

S'l'MT Embryo Survival 27 27 0 

White crappie STH! Adult. Survival 31 31 0 
HWAT Growth 28 30.3 +2.3 
MWAT Spawning 19-27 19-23 0 to -4.0 
S'l'MT Embryo Survival 27 23 0 to -4.0 

* Basis for previously approved thermal limits. 

Source: ESE, 1988 . 
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·'·CQ.ZD~.ti$6nc~of.E,tiWated· Percent ~f,preferredAvdi.ble:H.bi~~t 
....• ;i~'Cli:l~onLake\wi:th Tempera turesLess . than theSTMT, for Adult 
<.(~ur\l'ivalf()t.EachRlS· During theWarmest7-Day. Period. Under 

·Mo4eledlOO-Pc!rcei:1tLoi,d.and ;19~,5 MeteQrologicAl Conditions' 
. -:-:_';: -t~ ,-.' . '. _": ",. -. - ,' .. - ,'_ -_ - _ . _ _. _. 

Gizurd . shad 
1988* 
1980** 
Difference 

Common'carp 
1988 
1980 
Difference 

Channel catfish 
1968 
1980 
Difference 

Bluegill 
1988 
1980 
Difference 

Largemouth bass 
1988 
1980 
Difference 

White crappie 
1988 
1980 
Difference 

'* Current Study. 

. Available P~eferred Habitat (Percent) for Survival 
April . May .. June . July August September' October" 

100 100 100 89 89 99 100 
90 87 100 

NA NA NA -1 +2 -1 NA 

100 160 100 97 97 100 100 
70 73 97 

NA NA NA +27 +24 +3 

100 100 100 75 75 100 100 
82 74 99 

NA NA NA -7 +1 +1 

100 100 100 96 96 100 100 
96 92 99 

Nil. NA Nil. 0 +4 +1 NIl. 

100 100 100 96 96 100 100 
92 85 99 

Nil. NA NA +4 +11 .+1 NA 

100 98 92 0.4 0 89 100 
0 0 94 

NA NA NA +0.4 0 -5 NA 

** EIA. 1980 (basis for previously approved thermal limits. 

Source: ESE, 1988 . 
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;J:6mp~ti'Qn ofE~iilD.ated Percent6f Preferud'AvaU.bl.'aabitat 
'clinton Lake, w1thTelllperature.Lus tharitheMWAT for GrcArth 

'tach illS, DurJngtheWarmen 30-DaYPeriodl Umiat Modeled 
'lOOPetce~tt.o.cd andl~~5Meteorolo8ical Conditions 

~teferred Habitlt (Pereentlfor survival 
,June· July August September October 

, 
Giha~d. sna4 

. . 
1988*· 100 100 ioO 81 82 99 100 

'i~so** ' . .'-. '., --
Difference NA NA NA NA NA NA NA 

, 
C()tlllnon carp 

1988 100 100 100 93 95 100 100 
1980 72 60 90 
Difference '. NA NA NA +21 +35 HO NA 

Channel catfish 
1988 lOO 100 100 75 77 100 100 
1980 62 56 81 
Difference NA NA NA +13 +21 +19 

Bluegill 
1988 100 100 100 96 96 100 100 
1980 96 93 97 
Difference NA NA NA 0 +3 +3 NA 

Largemouth bsss 
1988 100 100 100 89 96 99 100 
1980 92 86 99 
Difference NA NA NA -3 +10 0 NA 

White crappie 
1988 100 100 98 47 26 99 100 
1980 0 0 6 

Difference NA NA NA +47 +26 +96 

• Current: Study. 
*. EIA, 1980 ( bud s for previously approved thermal limits). 

Source: ESE, 1988. 
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....... ~d.tthe modeled cond#-tion.gener~lly· 
... , ....... p.reic!¥r~cib.bitat availAbility 

.tudycoDipared''to 1980 (Table 6-3) • 

. }l'H~:~:~~g~ifie~nce'orCthe,qifferenceabetween the, two studie.~s important in 

'tel.tiotl'tO>~h' DlC)del~d temperatuns • The modeledtt!mperaturee in the 

,;C\,ttrentstu,dy,. utihz~t1gthe updated op~rationaldatA.were higher. than tho.e. 

~sedin the 1980. evatuation. ',Since available preferreQ habitat, for survival 

t'emainedielatively~on~unt or .increased considerably as in the case of 
" ,.". . .",' -', 

common carp, and the habitatpreierred for growth increased substantially 

the RIS. it is evident thatthe.increUe in Plodeled WOrBtcase operational 

tetnperaturesthroughoutClinton,Lake will not adversely affect the RIS 

species any more than was detei:m.inedin the 1980 study • 
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potef1~),.lun'pact.totbeCl.intoll Lake~ fishery reeultingfroDrClintonPower 

St&ti~ll<t".~~~i eifl.\ieritsunder the worst caaemeteorologicalcoriditiC)n~.nd 
the uricon5tr~ined.opeta tlon were exasr.ined. Temperatures predicted,bythe 

LAaH were used to quantify areas of potential impact based on the USEPA 

protocol. 

Six Representative Important Species (RIS) were selected for the analysis 
that represented the various reproductive and feeding guilds of the Clinton 

Lake fishery. These were gizzard shad, common carp. channel catfish. 

bluegill. largemouth baSI, and white crappie. Potential impacts, of the 

worst case modeled conditions, to each of the RIS species were evaluated with 

respect to adult survival and growth. spawning. and em~ryo survival. 

7.1 ADULT SURVIVAL 

Adult survival of each of the RIS was evaluated using the S~~ for adult 

survival. Specific results of these analyses includes the following: 

• Survival of common carp. bluegill. and largemouth bass is ensured 

within >95 percent of their preferred habitats· in July and August and 

100 percent of their preferred habitats during other months; 

• Channel catfish and gizza~d shad exhibited moderate reductions in 

preferred habitat (75 and 89 percent ~vailability respectively) during 

July and August; and 

• White crappie is completely elimin~ted from Clinton Lake during July 

and August, necessitating resto~king. Minor habitat reductions are 

evident JIl May. June. end September. 

7.2 ADULT GROWTH 
Potential impacts on growth of each RIS species were evaluated using the MWAT 

for growth. Potential impacts include the following: 

• Growth of all RIS is virtually unaf.fected (i.e., no reductions) during 

the months of April to June. September, and October; 
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f~90 percellt) but decreued steadily throughout the not'lll&l· 

period; . 
• c.:ph~bitatavailabilitywas high in April (85 percent) but decrea •• d, 

to zero percent in July and Augulit; and 

• Sur:vivalof white crappie embryo was most restrictive of any RIS with 

. only 57 percent habitat availability in April and 0 percent in June. 

7.5 COMPARISON WITH fREVIOUS THERMAL EVALUATIONS 

Evaluation methods in the current study and the 1980 study WRre similar. 

Hino:: chang~s wert! IllS~e in moddled tampi!rature" and some c:;:-i::'eria 

temperatures were based on more recent data to assess the worst case thermal 

conditions and impacts.· Differences between tho studies indicate negligible 

differences in preferred available habitat for adult survival and increases 

in available habitat for growth in the current study compared to 1980. Thi. 

is significant in that modeled temperaturas were higher in this study than in 

1980 indicating that even though worst case temperatures may be hig~er than 

estimated in 1980, the impacts to the fishe~y will be similar to those 

previously determined. 

7.6 GENERAL COMMENTS 

The biological evaluation of the predicted worst case thermal discharge. was 

undertaken using USEPA protocol as described in Brungs and Jones (1977). In 

addition to representing worst case thermal conditions, by utilizing 

unconstrained (i.e., 100 percent load) operating conditions in conjunction 

with worst case meteorological conditions (195~), this evaluation also 

includes 1955 water levels which will be approxicately 5 feet below normal 

reservoir pool. This condition reduces the volume and a,rea of the lake 

thereby reducing the a~ount of preferred (and available) habitat of RIS and 

other fish species available for this evaluation. 

This biological evaluation, therefore, represents" conservative utHi:!:ation 

of USEPA prot.ocol. Similarly, the well documented beneficial i~pacts of 

increased temperatures within cooling lakes as demonstrated by increased 
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... " e~iended growing aeuonand .Irlyinitiatlon 

hall~hotbeen emphasized in this evaluation. 

·.The~';&l.u.teci .qQtl#t,ionll using the most up-to-date data available has 

i~di~afedi.ittle d1fferenceto IUS from that previously predicted in 1980. 

even thoughrnodeledle.ke water temperatures were higher in thisevaluatio·n. 

Some habitat restrictions .usociateci with low water level and warm 

temperatures wiUbe encountered by IUS under the modeled conditions. The •• 

restrictions, however, wil~ not significa.ntly impact any of the RIS e,valuated 

except white crappie. This spedeswould be severely i:ilpact~d even \;ithout 

plant operation under 1955 condiUons. Sllould white crappie be severely 

impacted by .wout case conditions. Illinois Power Company has fish rearing 

ponds which could be utilized to restock tt>h species • 
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POLLUTION CONTROL BOARD 

PCB NO. 88 .. 97 

PREPARED TESTIMONY OF 

RICHARDE. HALL 

My name ,is Richard E.,Hall. and I Uveat 11255 Graben Drive; St. Ann. 
Missouri. Presently I am employed as Department Manager. Environmental 

Assessment IndToxicology Department of Environmental Science and 
Engineering. Inc. (ESE), 11665 Lilburn Park Road,St. Louis. Missouri. My 

area of technical specialization is aquatic biology. My academic training 

consists of a Bachelor of Science degree in environmental biology from 

East.ern Illinois UniveL'sity, Charleston, Illinois in 1975 and a Master of 

Science degree in zoology from Eastern Illinois University, Charleston, 

Illinois in 1977. r am a Certified Fisheries Scientist by the American 

Fisheries Society . 

I have managed numerous projects dealing with aquatic ecology, primarily for 

the electric utility industry. and have participated in projects on th~ 

Missouri, Ohio, Illinois, Mississippi, Wabash, and Ka'ikaskia Rivers as wP.ll 

as a variety of cooling reservoirs including Duck Creek Reservoir, Gibbons 

-- Creek Reservoir, Newton Lake, Lake Baldwin, Lake Sangchris, Powerton Lake, 

3raidwood Cooling Pond, and Clinton Lake. I was appointed Environmental 

Assessment and Toxicology Department Manager for the Hidwest Regional C'ffice 

of ESE in 1986. My experience includes 316(a) studies at 22 midwp.sterr. power 

stations and 316(b) studies at nine stations. I am presently serving as 

Project Manager for the 1986/1988 Ohio River Ecological Research Programs. 

These research programs are sponsored by a consortium of midwestern 

utilities, including American ElectriC Power Service Corporation, TVA, and 

others. T recently served as Project Manager for a 316(b) study at the 

Thomas Hill Power Station (Missouri) on behalf of Associated Electric 

Cooperative, Inc. as well as Project Manager for a multidisciplinary thermal 

impact study at Gibbons Creek Station in Texas for the Texas Municipal Power 

I\gency. Additionally, I managed a mul~i~year fisheries monitoring and 

impinge~ent study at the Dresden Nuclear Station for Commonwealth Edison 
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IlfinoisL£ght.CompllnYfs·bJ~~~6~eek 
manigedabiologici,rand thermal in\l'estigatio~ .to a~~es~~thC~; 

r;sotitces a~dto model existing and future thermal' impacts;' 

de~~~opmentli1idlaketemperaturestructl.\re . 
- - - " : .'- -" -

The scope of the study presente~~ 
;iniEX:liibit·.E included firs~ an aue9~mentof fisheries impacts under LA1tM 3 

conciitlop,sand second.a qualitative comparison of this impact to thai 

,expected iJ.ndertheprt!Se~tly permitted discharge temperature of l08.3 0 F. 
This impact assessment is detailed in Section 5 of Exhibit E. 1 haa the lead 

technical responsibility for the preparation of that section and will briefly 

summa:rize its contents. 

Exhibit E presents the detailed assessment of potential impacts on the 

Clinton Lake fishery modeled under LARM 3 conditions. This analysis is 

supplemental to that of the I..ARM l,asQessment previously submitted to the 

Illinois Pollution Control Board (PCB 81-82), and is intended to address the 

potential effects of discharge temperatures exceeding those currently 

permitted. Currently permitted discharge temperatures could be exceeded by 

one unit operation only during the summer months of July through September. 

The original assessment was restricted to this time period, but the current 

assessment reviewp.d the biologically important period of April through 

October. 

The analysis focused on six species of fish: bluegill, largemouth bass, 

white crappie, gizzard shad, carp, and channel catfish. These representa

tive, important species (RIS) were selected due to their abundance in Clinton 

Lake, their use as ~.mportant species in the 1980 Thermal Demonstration and 

their importance in the reservoir either as a sport species or forage 

species. These species cumulatively can be considered representative of the 

range of potenti.al reaction to the thermal loading of Clinton Lake B,nd are 

important to the maintenance of a balanced fish cODmlunity. Two species 

(black crappie and blaclt bullhead) used in the 1980 demonstration were not 

evaluated in this demonstration. These species were not considered important 

representatives of the Clinton Lake fish cODmlunity. In addition, their 
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RlSselected for eval.JatHori" 

ad~erseeHeCts on survival, growth, and reproduction were 

eV~lliat~d·to'th~ext~rit,po'siblefor each species of fish. ImpllCU 

sutyi~al~ricigrowth~ere 'elCandnedusingrnode1ed t.AR.M 3 conditions. 

conqiti'ons'include loO'percent load, 1955 meteorological conditions • and. 

lowresetv'oirlevel of~85. 5 it.msl. The original modeling (LARM l)used 

1955 as representing' severe conditions for air temperatures and 'low lake" 

level. Poundal impactIon reproduction, including spawning and survival of . 
embryos, were asa"led for operaticmal and ambient 1955 conditions becaus.! 

even thtt na.turallyoccurring'conditionsin 1955. with no heat input from the 
. . . 

station. would influence reproduction. growth and survival for each species. 

The g~neral- procedure for evaluation of impact on survival, gL'owthand 

reproduction of ellch species was as follows I 

• Critical- temperatures for survival, growth and reproduction were 

developed when possible from existing scientific literature, following 

U.S. Environmental Protection Agency protocol. 

• The species-specific critical temperatures were applied to the 

predicted lake temperature results to define the boundary between 

acceptable water areas and those with excesilively warm temperatures, 

during the warmest periods of each month. 

• Preferred (that is, most typicsl) living and spawning habitats were 

defined for each species from existing scientific literature. 

• Using information generated from Illinois Power Company's ongoing 

monitorlrtg program, the dJ.stribution of these habitats within the Lake 

was determined. 

• The distribution of acceptable temperature was compared to the 

distribution of preferred habitats, resulting in an estimate of the 

percentage of preferred habitat that would be thermally acceptable for 

each species in each month. 

• The impacts, in terms of thern~l exclusion areas under LARM 3 

conditions were compared to tht? LARM 1 conditions detailed in the 1980 

environmental assessment . 
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<'<C~VHT aoder Simulation 

-- - ~ , ; . ' 

-,' --- -', 

,'~{stUdy and theLAlUi 1 stud)'were,'s;imllat.·· 

recent dataorlthetemperilpit:e' 

ut1l1zedto assess the predicted thermal 

Sinceth,ecomplet.£oflofthe, biological evaluation presented in EXliillit E. 

Dr.Edins~'['ha8 usedtheGI..VHT.uodel' to predict lake temparatures under the 1 

in30y.arcionditionl. Since the propoaed temperature limit .• are buedupo31 

,the,l in 30"ar 1I.ke tempera turu. a new biological a ..... ment wal made 

'using tntse predicted temperatures. "The remainder of my testimony serves to, 

update Ex,hibit E with the biological IUseument for the 1 in 30 year lake 

temperatures. The GLVaTmodel temperatures were evaluated using the same 

criteria at:i detailed in Exhibit E. The results of the 1 in 30 year 

asseum,entwen compared to the LARl1 1 results which were the basis for the 

board's existing thermal limitation. The comparisons are shown in Tables 1 

through 4, and illustrate the incremental biological impact associated with 

the proposed temperature limits . 

Specific results of the impact assessment under GLVHT simulations for the 1 

in 30 year lake temperatures are as follows: 

ADULT SURVIVAL (Table 1) 

• Impacts on durvival habitat are minimal and similar to LARM 1 for 

bluegill. gizzard shad. largemouth bass. and less for carp. 

• Survival habitat was not available for white crappie in either study or 

under ambient conditions in LARM 1. 

• The amount of habitat for survival of channel catfish was reduced from 

82 percent to 67 percent. 

ADULT GROWTH (Table 2) 

• Impacts on habitat for growth are minimal and similar to LI~ 1 for 

gizzard shad, bluegill. latgemouth bar.s and less for c~rp and channel 

catfish. 

• Habitat for growth for white crappie was not available in July and 

August under LARM 1 and minimally available under GLVHT 1 in 30. 
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- - . 

. inS~ptember hdw~ver ~as gfeatet' 

(Tat;,le3 ) 

H&~tt.:ta~~l.l~1>hj.tY for spawning was not evaluated during the LARM 

'Un~e~'lik30yeatGLVHT modeled conditIons I . '. ~ -. 

-,.Spawning o£gizzard shad is restricted to April and May; 

• SpaWningofcollll1oncl1rp is restricted to April; 

• Spawning of channel catfish is limited to April And May. with habitat 

restrictions; 

• Bluegill'spawning is n\)tavaUable in May and June and restrictedi,.. 

July and August: 

• Largemou.th ban spawning is restricted to Api:'il;and 

.. Wh,i.tecnpp;i.~ ~p6wn,i,ns ;i,:; no1;. ~y",~,l.t\bh ~m'c:" ~he UlQQc:l.ctJ t;omUt1on~ I 

OORYO SURVIVAL (T!bl~4) 

In l\~nera1.embrycj surviVal restrictions are less severe than the spawning 

restrictions for eilen species and month. Consequently when successful 

spawning occurs available embryo survival habitat exceeds available spawning 

habitat for the GLVHT modeled conditions. 

GENERAL COMMENTS 

The biological evaluation, both 1n Exhibit E and as supplemented by this 

testimony, used the USEPA protocol as described in Brungs and Jones (1977). 

The evaluation included abnormally warm thermal conditions described in the 

modeling study and the lake at approximately 5 feet below normal pool. This 

water level condition reduces the volume and area of the lake thereby 

reducing the amount of preferred (and available) habitat of RIS and other 

fish species available for this evaluation. 

This biological evaluation. therefore, represents a conservative utilization 

of USEPA protocol. Similarly, the well documented beneficial impacts of 

increased temperatures within cooling lakes. as demonstrated by increased 

growth through an extended growing season and early initiation of spawning by 

some species, was not considered in this evaluation. Further limitations of 

the protocol are discussed in subsequent testimonies . 
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-;1h';;'~,v~1~"iecf'~o~dftionS-U!li~g moSt up-to~date data availabl~: 
indic~~!5ilJ.ttledlffer.nc~ to RIS from thatprevio~sly predicted 

eventhQ(sgltmodeleo.,iakewater temperatures were higher in thh evaluation. 

someh~~6It~t, rutrictionsas8oc'iated with low water level and warm 

t~mpef.t:Jreswi1Lbe enc9u~ter~dby RIS under variolls modeled conditions. 

Th~s~ r~strict1ohs I h6wever,'will not significantly impact .ny of the RI5 
".- '",:",_ ---'._ -. - '-c',-- ", ' - ,", 

eval'uat.cfexC:eptwhite crappie. This species would be severely impacted even 

,withoutplantoperat'ioh'under ambient 1955 conditions as well &SUnder 

modeled 'conditions. 

" ' 

The Clinton Lake I!quatlc:cOjDmunity ismOnltored by Illinois Power Company' s 

ongoing monitoring program as, previously described. Additionally. a 

fisheries management program is being conducted jointly by Illinois Power 

Company and the Illinois" Department of Conservation t.o enhance the sport 

fishery in the like. 

Based on all these considerations. we concluded that under the modeled 

conditions, operation of one Clinton Power Station generating unit will not 

adversely affect maintenance of a balanced and diverse fishery in Clinton 

Lake. Further studies, such as, Illinois Pow;:r Company's continuing 

Environmental Monitoring Program will provide valuable data in assessing any 

influence Clinton Station operations may have on the fishery of Clinton Lake . 
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¢QDl~.tl$~nOff~t~ij,.atedPercent. ofP~~ferUdAvailll~l.eHdIH):~t. ..•.. ~ 
in;C.lintOrfLake.wft~ TemoerHuresLes6: tnanthe STMT. rorAdult<' 
SUJ:'viv.l~f'JrEachRISDu~ing the \>lameSt 7 -Day Periods Under .. < • 

Hodeled .. Condi tiona . < < 

'. . 

Availaple Preferred Habitat (Percent) for Survival < 

April. . May June July August" September October 

Ginat'd$had 
GLVliT (l in 30) * 100 100~ 94.1 86.7 86~7 97;1 100 

LARMl (1955)+ 90 81 100 

DUferen¢e NA NA NA -3.3 -0.3 ~2.9 NA 

CODl1loncarp 
GLVHT (1. iri 30) 100 100 100 95.5 95.5 100 100 

LARM 1 (1955) 70 73 97 
Diffeunce NA NA NA +25.5 +22.5 +3.0 NA 

Channel catfish 
GLVHT (1 in 30) 100 ~OO 95.9 69.1 69.1 95.9 100 

I..ARM 1 (1955) 82 74 99 

Difference NA NA NA -12.9 -4.9 -3.1 NA 

Bluegill 
GLVHT (l in 30) 100 100 98.7 98.3 98.3 98.7 100 

LARM 1 (1955) 96 92 99 

Difference NA NA NA +2.3 +6.3 -0.3 NA 

Largemouth bass 
GLVHT (1 in 30) 100 100 99 95.5 95.5 99 100 

LARM 1 (1955) 92 85 99 

Difference NA NA NA +3.5 +10.5 0 NA 

White crappie 
GLVHT (1 in 3 100 87.6 25.5 0 0 46.9 98.0 

!.ARM 1 (1955) 0 0 94 
Difference NA NA NA 0 0 -47.1 NA 

* One in 30 year conditions for each month. 
+ EIA. 1980 (basis for previously approved thermal limits). 

Sourcel Hunter/ESE. 1989 . 



··Avaira bl.s 'Preferred Habitat , Percent} Growth 
.··Appil· May June .. July August September 

- ,.-

,". 

Gizzard shad. 
·GLVHT (fin 30)* lOO 98 92.0 69.3 69.3 97,1 100 
LARM1(195S)+ 
Difference NA NA NA NA NA NA NA 

COlllJnoncat'p 
GLVHT (1 in 30) 100 100 97.4 87.5 87.5 100 100 
LARM 1 (1955) 72 60 90 
Difference NA NA NA +15.5· +27.5 +10.0 NA 

Channelcat.fish 
GLVHT (l.in 30) 100 100 97.2 66.3 66.3 98.6 100 
LARM 1 (1955) 62 56 81 
Difference NA NA NA +4.3 +10.3 +17.6 NA 

Bluegill 
GLVHT ( 1 in 30) 100 100 98.7 95.1 95.1 98.7 100 

LARM 1 (1955) 96 93 97 

Difference NA NA NA -0.9 +2.1 +1. 7 NA 

Largemouth bass 
GLVHT ( 1 in 30) 100 100 98 95.5 95.5 99 100 
LARM , (1955) 92 86 99 ... 
Difference NA NA NA +3.5 -t9.5 0 NA 

White crappie 
GLVHT ( 1 in 30) 100 97.5 80.5 4.6 4.6 81.7 100 
LARM 1 (1955) a a 6 
Diffet"ence NA NA NA +4.6 +4.6 +75.7 NA 

., One in 30 yenr conditions for each month. 

.+ EIA, 1980 ( basis for previously approved thermal limits) . 

Source: Hunter/ESE. 1989. 

• 
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Available Pr:eferred Habitat: (Percent) for spawniri~'~' 
April M4y June July August:. . 

Gizurdshad 
GLVHT (lin30)* 30.7 5.1 0 
LAlU1·1(19SS) 
Difference· . NA NA NA NA NA 

Common carp ... 
GLVHT (1 in 30) 30.7 0 0 

.. LARM 1 (1955) 
Difference NA NA NA NA NA 

Channel catfish 
GLVHT (1 in 30) 90.2 5.1 0 o 
LARM 1(1955) 
Difference NA NA NA NA NA 

Bluegill 
GLVHT (1 in 30) 93.8 0 0 37.9 37.9 

• LARM 1 (1955 ) 
Difference NA NA NA NA NA 

Largemouth bass 
GLVHT ( 1 in 30) 30.7 0 0 

!..ARM 1 (1955) 
Difference NA NA NA NA NA 

White crappie 
GLVHT ( 1 in 30) 0 0 0 
!..ARM 1 (1955) 
Difference NA NA NA NA NA 

... One in 30 year conditions for each month. 

Source: Hunter/ESE, 1989. 

• 



Available 'Preferred Habitat for 
speCies, April May June AugUS,t, " 

Gi:z:zard shad 
GLVHT (lin 30)* 93.S 24.5 0 
L..ARH 1(1955) 
Difference NA NA NA- NA NA 

Common carp 
GLVHT (1 in 30) 85.0 0 0 0 0 
!..ARM 1 (1955) 
Difference' NA NA NA NA NA 

Channel catfish 
GLVHT (1 in 30) 90.2 24.4 0 0 
!-ARM 1 (1955) 
Difference NA NA NA NA NA 

Bluegill 

• GLVHT (1 in 30) 100 93.8 73.5 30.7 30.7 
LARM 1 (1955) 
Difference NA NA NA NA NA 

Largemouth bass 
GLVHT (1 in 30) 88.4 0 0 - LARM 1 (1955) 
Difference NA NA NA NA NA 

White crappie 
GLVHT (l in 30) 37.9 0 0 
LARM 1 (1955) 
Difference NA NA NA NA NA 

#< One in 30 year conditions for each month. 

Source: Hunter/ESE. 1989. 
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6:fr{lirt~l.stpo~f!.rC;9m~anY(IPC) to investigate . the possibility. 

o~.pslng:~a.~siVE::bqolfnq techniques in order to limit .thEr cir
cul.ati~g\i~t~l:" '(HSdh~~getemperature to Clinton cooling lake 
to 99~F«dailYCl'y~rage>temperature) •. In the course of the 
investigation, S&Lperformed the following tasks~ 

i. 

2. 

,- -., . < -~"C~ :'- .. -.-: • _ '.' 'i " -'. ;' .'. . 

Evaluatethedrop1nc1rculat1ng water temperature due to 
" ,-' ,., 

natural cooling.at the surface of the discharge flume and 

at drop structures. 

proposedifferenttectiniques for cooling the circulating 
water in the discharge flume by passive means in order to 
limit the discharge to Clinton cooling lake to 9goF for 

summer conditions. 

3. Provide a technical and economic evaluation of the 
passiye techniques considered, and recommend as to 
whether any of these techni~les are feasible. 

This report briefly presents the results of Task 1. In regard 
to Tasks 2 and 3, different passive cooling methods are 
presented subsequently, each method is evaluated technically 
and economically, and a conclusion ~s drawn regarding its 

-, "~-

feasibili ty •. 



Sinbe1972~,ariumberofstudieshave been .performed 
S&4c6InPu'tel".~pr~gt:c\l'II LAKET: in order tc evaluate the 
perfOrntartc~ C)fcii.1'ltoncoolinglak~ under different 0l'erating' 

conditiort~]: Ref~r~ri~~si/2,3ahd. 4 are examples of these 
stl.idies~ 

Also, a'numberof stud,ieswere, performed by SQcL to evaluate 
, : . -- - --, -, - - . 

the per;formanceof"non ... passive ll ,supplemental'cooling systems 
that could be used to limit the discharge to the cooling lake 

to a specific predetermined temperature. 

Reference s 'considers ,the' possibility of using mechanical draft 
cQoling towers,natural draft cooling towers or spray modules 
to limit the discharge flume temperature to a range of 90°F to 

95°F. 

In reference 6, the feasibility of using a cooling scheme 
where cooled water from Clinton lake is used to dilute the 
water discharged from the spray canal, thel'.'eby maintai1"ting a 
960F discharge temperature to the lake, is investigated. This 
study concluded that no scheme using dilution is economically 
justified when compared to a scheme using only spray modules. 
Spray module performance is evaluated in reference 7, while in 
reference 8 an economic comparison is made between cooling 

towers and spray modules. 

Spray module performance is further evaluated in referenc~ 9. 

In reference 10, the previous study of spray modules versus 
cooling towers is updated, and two additional schemes, gravity 

flow cooling towers and spray cooling with dilution, are 

investigated. 

•. ' 

• 
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TEMPERATURE LIMITS' 

.s~$'ed ortr~te';-~rlties ll'~nd .12, the surface area of the dis
"cfh~rqfai}ill~~'~f$'approxi~atelY' 2.,·868 ·XI06 .. ft 2 , ··.the a~erag~ 
. c~qfi$~ec~idnal a.rea i52067 ft2. The typical temperature 

ri~~ac~oss the, condenser,'is 23°F I the circulating water flow, 
witKthreecirculatingpurnps, is 610,000 gpmfand the service 
water flo~ris3~ ,0009plil" This amounts to a total plant heat 
rej ectionof about 1.79 3x lOll Btu/day. 

Tlle,meteorologiccrl con4ftfons u~ed throughout this report are 
based onteference 13. The 1% dry bulb ambient temperature is 

95°F,with a daily ,range of .' ~!oF, the 1% wet bulb temperature 
iS79°F,andthecorresponding average wind speed is approxi
mately 7inph, (5.8 mph at 2-ft.level). The short-wave solar 
radiation, for clear sky conditions, is 2,550 BtU/ft2 jday. A 

net short-wave solar radiation of 2,008 BtU/ft2/day is con
sidered, assuming a cloud cover of 50% and water reflectance 
of 6%. 

Based on reference 14, and on the above meteorological 
conditions, the equilibrium temperature, TE , of a water body 
at Clinton site is, estimated at 86.8°F. This is the "natur~l" 
surface temperature of both the discharge flume and the 
cooling lake. 

Reference 14 is also used to calculate the coefficient of heat 
transfer at the discharge flume surface. Based on the above 
weather and operating conditions, this is estimated at 

303.7 Btu/ft2 /oF/day. The he~t flux at the discharge flume 
surface is dependent upon the heat transfer coefficient at 

that surface, the surface area and the difference between the 



,"!. ' 

c;~Aff#~~;'~EHllp~r~ture and bieequilibriumtemperatureo~ C tl"\e 
bircc~latin:9~atEirIri):he'dis¢harge c'1:71u.me. Based 'on 'thes~, ' 

c:va'l{les,the heat: ross oVerth+!entil':esurface of thedisCh~rg'e 
flume is estimated ~t 2.()()3X1010 Btu/day. 

This gives rise to about2~5.'7°F drop in the temperature of the. 
circuiatihg<water due to natural' cooling at the surface ofCthe 
dischargeflUlhe. 

The contribution. of the drop structures to the cooling of 
circulating water is also estimated. The heat loss due to 
evaporative cooling is dependent upon the wind speed, the 

, , 

projected area of the water spray created by the drop struc-
ture, 'and the difference between the enthalpy of saturated air 
at the water surface temperature and that of saturated air 
evaluated at the ambient wet bulb temperature. Based on these 
values, the heat loss due to the natural water spray at the 
drop structures is estimated at 4i73 x 108 Btu/day, giving 
rise to a drop in the temperature of circulating water of 
only 0.06°F. 

The present plant operating permit thermal limi~ations are 
that the daily average temperature at the second drop 
structure shall not exceed 99°F for more than 44 days of the 

rolling 12 month period and that the daily average temperature 
shall never exceed 108.3°F. For the purpose of providing a 
reference against which the cooling effectiveness of passive 
cooling devices may be evaluated, the target heat loss of the 
device is the amou~t ,~equired to cool circulating water from a 
condenser discharge temperature of 10.9.8°F to 99°F. This is 
about 8.419 x 1010 Btu/day. 

• 

• 
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Thegoa16f these teChniques is to enhance the heat flow from 
thecireulating water in the discharge flume to the, surrounding 

media by passive means. In general, cooling takes place by 
convection, radiation and by evaporation at the water surface. 
lieat also flows by conduction through the canal walls to the 
ground. The latter mechanism is generally considered to 
result in negligibl~ effects~ Accordingly, the present study 
focuses on enhancing· the heat loss through the surface of the 
circulating water at the discharge flume. For this purpose, 
the, following techniques are considered: 

1 • 

2. 
Shading the flume surface from solar radiation 
Spray devices driven by fluid velocity 

3. Fins (dry, wetted and rotating) 
4. Natural draft gravity-flow cooling towers 

All the above are passive techniques that enhance heat loss 
at the water surface. The mechanisms upon which these 
techniquE'''> depend are explained in the following section: 

4. 1 SHADING THE FLUME SURFACE fl~OM SOLAR RADIATION 

The surface of the flume can be totally or partially shaded 
from short-wave, solar radiation by canopy structures 'or by 

planting trees on the south bank of the canal. Regardless of 
the method used, shading the flume surface from the sunlight 
reduces the short-wave radiation absorbed by the wat~~, and 

accordingly reduces the equilibrium temper'ature, T
E

, of the 
circulating water in the flUme. However, the equilibrium 



la~~wa.'t.el:' 6.ul:'face; and acc9rdinc,;ly, th.e ' 
;eemp$l:"atureo:f"tbe 'water <it,thec;ondenser 'inl~taJidthe> ' ' 
d.i.~s~~tge to,th.e "tiume,isunchangediTheheat trallsfet: 
,the flume water stirface'is dependent upon both the heat . ; , - - - . - - -' '-.-- ", - - . ~. - -. - --' , , . -',' . . - - -- " .' 

trartsff!rCOeffie.ient~tthatsurfqceand thedifferen~e 
- ,", ." .' , . " . 

'betweehthe wa~er.surfacetemperattire,Ts' and equilibriul1l 
"temp~ratt.lre''rE ~ The effect of shading the flume surface on 
,increasing the driving 'temperature difference is greater than 
fts.ef:f,ect on deci'~~sin9'.the heat transfer coefficient. 
TherefOre,S!\ad~rtgthe, flUme sur,face gives rise to a higher 
hea.t flow rate-at the water, surt'ace and actordingly lower 
temperature of the water discharged to the lake. Based on a 
lOO~. shading, "it, is found that the heat transfer coefficient 
is decreased by about 23 BtU/ft2 /oF/day(and therefore 

, , , 

results in less cooling), while the driving temperature 
difference is increased by about 12.8°F which enhances 
cooling. This ~rovides an additional natural cooling at the 
flUme surface of about 8.73 x 109 Btu/day, giving rise to a 
drop of about 1.12°F in the temL ~~ature of the circulating 
water in the discharge flume. 

4.2 SPRAY DEVICES DRIVEN BY FLUID VELOCITY 

Evaporative cooling can be enhanced by producing a water 
spray at the flume surface. Unlike a mechanical spray 
module, a "passive ll spray device uses the kinetic energy'of 
the flowing water to produce a water spray. An example of 
such a device is a two-dimensional nozzle-like curved duct, 
which is mounted close to the water surface. Flowing through 
this device, the water top layer changes its flow direction 
and gains head at the expense of its own kinetic energy. 
This provides a IInatural" water spray that enhances 

• 
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evaporative cooling. Heat loss due to this mechanism is 
" ;, .:"-". ~- ' , .~ - .' - -, 

dependen~ upcm the· wind speed, :he: projected area of the 
. . . 

. waterspray~andthe difference between the enthalpy of 
. saturated air at the water surface temperature and that of 
. saturated air evaluated at the ambient wet-bulb temperature. 
These devices can be located in the void areas between the 
drop structures . 

.. The spray projected area in this case is estimated at 850 ft2 
and the corresponding additional cooling is estimated ~t 
2.043 X 109 BtU/ft2 /day. T~is gives rise to a drop in th~ 
circulating water temperature of about 0.26°F. This 
technique, however, is not technically proven, and there is 
no field or experimental data to support the above estimated 
values. 

FINS (DRY, WET~ED AND ROTATING) 

Fins can be used to enhance cooling by increasing the surface 
area through which heat is :ost to the ambient. In the case 
of using dry fins, convective heat transfer is the only 
mechanism that can be enhanced. In order to limit the 
discharge to the cooling lake to 99°F for summer conditions, 
a drop of about lO.SOF in the temperature of the circulating 
water in the discharge flume is required. This requires the 
removal of about 8.419 x 1010 Btu/day. Based on a fin 
efficiency of 60%, the total fin area required to allow for 
such heat flow is estimated at 5.777 x 107 ft2. This is 
equivalent to about 288,000 fins, where the size of one fin 
is 10 ft. x 10 ft. However, the surface area of the flume 

allows for only half this number of fins, due to air circu
lation considerations, which limits the cooling capacity of 
this scheme to 50% of the target heat loss. 



uSing,:~ettedfifls~':The$e 

"jsurfa.c~'is coated. ~i t.h aw~t~~ 
that'c~b~~'like' a~~icka~ctkeepsthe tin' 

;stifladc!.~Eit. 'T~is' 1l\echahiSJ~ '~llowsfor an 'increase of 
. 40% Iht~edri~irig temperature difference, thus decreasing 

the reqUired'fiharea·estimated above by 30%'. 
"', . - -

Also frotat1rig.fhrts' can~e" us~dtdprorilote heat transfer 
t,he' cooifinsu~face,tqthehotwater surface by d,irect 
contact. rrhese arespfi~ricalorcylindrical bodies that can 
be mad,eof, less expen~i~~ ,materialsthah those used in solid 
'fins,andtheirsurface iscoatEadwithwater absorbing 
material. These finsarea:llowed to rotate about their own 
axis whil~. floating on:, the water surface, and they depend 
upon the surface friction with,fiowing water I or upon surface 
mounted pedals to provide the rotation. As they rotate, 
their upper suz;faceloses heat to the ambient; while the 
lower surface gains heat from the water. This technique is 
expected to perform slightly better than wetted fins of the 

same surface area. 

4.4 NATURAL DRAFT GRAVITY-FLOW COOLING TOWERS 

Using cooling towers to extract heat from circulating water 
in power plants is a well proven technique. A natural draft 
cooling tower is a passive cooling device when it depends on 
gravity rather than pumps in producing the flow of 
circulating water through the fill. The 44 ft. drop provided 
by the two drop structures can be use~ for that purpose. The 
possibility of using natural draft cooling towers at Clinton 
power station was considered in a study prepared by S&L in 

1974 (Reference 5). • 



• 

Thepeif9rtn:ance of the proposed passive cooling devices·· is 
'···eyaluaf~d agaiI'l'stthetarg~theat loss, which is the amount' 
re~1J.ire<i'tO:C;9PlGifb~latingwaterfrom a condenser ciiscllarg¢. 

temperat\lreof'109.8~F to 99°F . <This is about 8.419 X 10
10 

Bbl/day~ 

The,li~iting6aseof the' first scheme is whli!h the surface of 
circulatlrtg ·..,rater in the discharge flume is totally shaded 
from the short-:-wave solarr,adiation.This provides an 
additional cooling-Of 1. 12 of of thec;:irculating water in the 

dischargeflu.rne ,which' is: about 10.4% of t.he target heat 
loss. The cost of this scheme depends upon the method used 
to shade the·fluIrie. However, no further consideration is 
given to this scheme since it fails to meet the target 

cooling loss. 

The second scheme, using spray devices, depends upon the 
water velocity since it provides the spray head. The watex
velocity along the flume is very low, 0.7 ft/sec, except at 
the drop structures. Accordingly', any practical use of such 
a device is limited to that area of the water flow, which 
provides a very limited projected area of the water spray. 
As estima'csd in the previous section, the maximum additional 
cooling capacity of this scheme is equivalent to a tempera
ture drop of 0.26°F of the circulating water, which is about 
2.4% of the required capacity. Also, the above estimated 
capacity needs to be compared with field or experimental data 

before any serious consideration of using such a device. 
Based on the above, the possibility of using that scheme at 

the Clinton station is not considered. 
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The estimated performance of fins (third schepte) indicat~s they 

arecapaple:ot~prov;idingoriiy . half the cooling capacity reqUir~d" 
to bring',t:hewatet' temperature down to 990F. This requires .the 
usa9~6f'abQut144,OOOfinsof solid heat conauctinginaterial, 
Where the size of each fin is 10 ft. xlO ft. without 

recours~ngtoadetailedcost estimate, the quantity of material 
required' .for this scheme indicates that the order of magnitude 
cost is prohibitively high as compared with other schemes, such 
as cooling towers. The rotating fin scheme has more potential 
since these. can be macieof less expensive material. However, 
the quantity of material required for this scheme is still high. 
Moreover i t,his scheme is not technically proven, and no f iela or 
experimental data is readilyavailabl~ to support its estimated 
performance. 

The Clinton, site is potentially suitable for the natural draft 
gravity-flow cooling tower scheme since a 44 ft. drop can be 
provided by the two drop structures. This scheme is capable of 
meeting 100% of target heat loss. However, based on the study 
prepared by S&L in 1974 (Reference 5), the cost of a natural 
draft cooling tower is about 70% higher than that of a 
mechanical draft cooling tower. According to that study, the 
cost of the natural draft cooling tower scheme amounted to 
$24,750,000 in 1974. Based on an average escalation rate of 
4.5%, the cost of the present scheme is estimated at 
$52,300,000. Also, the location ~nd constructability of a 
mechanical draft 'gravity-flow cooling tower at Clinton station 
considered in Reference 10 could be applied for the natural 
draft cooling tower scheme. 

• 

• 



• 

• 

a.o ,pMMARY·ANP·CONCLUSIONS: 

~- ,-.:-

Calc~ # 91-0144 
Revis ion: .·1: 
Page 14 of 16 .. 
Project No. 8888-08 

.The·amountofadditional cooling that can be obtained from the 
.passive cooling teehnicIues considered in this study and their 

approximate cost are summarized below: 

Technique 

Natural cooiing #I 

at flume surface 

Natural cooling * 
at drop structure 

100% shading at 
flume surface 

Natural spray 
devices 

Fins (dry, 
wetted, rotating) 

Gravity-flow 
natu:r.al draft 
cooling towers 

Cooling 
Capacity 

OF 

2.57 

0.06 

1.12 

0.26 

5.40 

10.80 

Percentage of 
Target Loss 

% 

23.8 

0.6 

10.4 

2.4 

50.0 

100.0 

#I Already in use at Clinton station 

Approximate 
Cost 

$ 

considerably 
lower than a 
cooling tower 

Considerably 
lower than a 
cooling tower 

Order of 107 

52,300,000 

The techniques that are based on shielding from sunlight, 
spraying of water and using fins hav~ been used to assi~t in 
cooling residential and industrial structures. They perform 
acceptably in certain applications, however, in the case of 

the nuclear power generating plant the quantity of heat 
rejected is enormously greater and is beyond the capability 
of these techniques. The only technique which would perform 
adequately is to use a cooling tower. A natural draft 



cooling tower quallfiesfortheterm "Passive Cooling Device" 
when the. flow ot: Cireulating water through the fill is' . 

- ',. -, .. --.. ..' ':" .' -

'produced g'ravitationally rather than by pumps. TheClinton 
. . . -

site is po1:efltlally suitable for this technique since the 
discharge flume consists of two drop sitructures in which the 
circulating water falls 44 ft. Since the height of the. fill 
in towers of recent desiqn is only 25 ft., the tower can be 
fed by gravity ifit'islocated somewhere between the first 

drop structure and the lake. 

• 
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.... .. ... ... .... ....ClintonPowerstation . 
Eleptrle.~roductioncostsAssociated.With 

constrain,incrthestation to Not Exceed Current 
. OischargeFlume'1'herm~.1 Limit 1 

, . - . ,- . 

. ... ... 1nrespculsetoyour september 23 .. r$quest, Planning 
. Activities has· estimated the cost in the summer of 1993 to the 
Illinois Power -soyland Power (IPSP) Pool of potential deratings 
of .. theClin~on PowerPlantiis .identified in your. request 2. The 
cos:t Impactisbaseduponinc::rementalproductioncosts with 
Clinton derated compared to Clinton operating at full power. 
Incremental production costs include the additional fuel, 
variable operation and·maiJltenance and interchange purchase costs 
incurred by the IPSP.Pool~ The analysis reflects forecasted 1993 
system conditions adjusted to reflect weather conditions during a . 
summer experienced once every 10 years. 

Given the conditions set forth above, the IPSP Pool 
production costs would be expected to increase by $365,000 
(1993$) if Clinton were derated.· 

Please contact meat·extension 6463 if you have any 
questions concerning this analysis. 

G~~ 

EFS/dmr 

1 

2 

Edward F. stonebUrg~ 
supervisor - Electric P+anning 
Planning Activities 

Daily average flume discharge temperatures are not to 
exceed 108.3 of on any day and not to exceed 99 of more 
than 44 days during a moving 365-day period. 

Linear power level reductions from zero percent on June 
15 to 12 percent on J~ne 30, from 12 percent on August 
12 to zero percent on September 1i and a two-day power 
level reduction of 10 percent in early August. Reduced 
power levels were determined based upon 100 percent 
power, 100 percent circulating water flow, the lake 
starting at normal pool, and a meteorological summer 
like that experienced everyone year in 10. 
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CRRlMltR:'Jm 1LI.lN4r>is POLLUTION CONTROL BOARI) 

.• ' ;:,:Petitic>ricQi'lllinoiS. Powe~C()mpany • 
. ··(a~tonPoWcr Sta~n),for ' . 

Healing PIlrsuantto3SiIL Adm. 
Code'" 302.2110>. to Determine 
Specific Thermal Standards 

) 
) 
) 
) 
) 
) 
) 

PCB No. 92-__ _ 

(§ 302.211(j) Hearing) 

AFFIDAVIT OF mOMAS L. DAVIS 

It Thomas L Davis, on oath do depose and state: 

1. I am an Environmental Technical Specialist in the W1ter Pollution Control Section 

of the Environmental Affairs' Department of IlJinois Power Company ("Illinois Power"). I am a 

registered professional engineer in I11inois and' Pennsylvania. 

2. h part of my responsibilities, I was involved in preparing IlJinois Power's Petition 

for Hearing to Determine Specific Thermal Standards Pursuant to 35 Ill. Adm. Code § 302.211.0), 

and certain of the Figures, Tables and Exhibits attached thereto or submitted therewith. 

Specifically, I was involved in coordinating the information which is presented in paragraphs 12-18, 

20, 23.e, 52e 55, and 60-63. I also was responsible for providing Figures 3-5, Table 3, and Exhibit 1. 

Additionally, Exhibit 2, the Environmental Monitoring Program Water Quality Report, was 

prepared by certain individuals at Illinois Power (including myself) for submission to the Illinois 

Environmental Protection Agency ("IEPA") to satisfy certain regulatory requirements. This report 

also is being submitted as an exhibit in the present proceeding because of the relevance of the 

information presented therein. 

3. To the best of my knowledge, the information presented or depicted in the above-

referenced paragraphs, Figures, Table and Exhibit is true and correct. Certain of this information 

was provided to me from individuals employed by Illinois Power who have personal knowledge of 
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.uFIDAVrrOFJOHN E. EDINGER 

. I, JabnE.Edinger;·6noatbdo deposfandstate: 
, -. - ,.-": .,~--~. ',::" - . . - .. -' . '-. -, -

1. lam Piesidillt.andPrlJ'1cipal Scienfist afJ.E.Edinger Associate.s, Inc., 37 West 

Avenue, Wayne,' Pennsylvania ("Edinger Associateslt
). 

2. I received a Bachelors of Civil Engineering from Union College in 1960 and a PhD 
. . . 

in Water Resources and Physical Oceanography from The John.~H()pkins University in 1965. My 

area of expertise is environmental hydrology with particular emphasis on waterbody dynamics and 

hydrothermal analysis. I started the ~Dsulting firm of Edinger Associates in 1974. 

3. For the present proceeding, Illinois Power retained Edinger Associates to perform 

a hydrothermal modeling verification for Ointon Lake, using lake temperature data and Station 

operating data for the years 1989·1~)1, and also to determine the adequacy of the presently 

applicable temperature limits for the reccirculated condenser cooling water discharge to Clinton 

Lake from the Clinton Power Station. Edinger Associates has prepared a report addressing both 

of those two points, which report is being submitted a... Exhibit 4 to lllinois Power's Petition to 

Determine Specific Thermal Standards Pursuant to 35 Ill. Adm. Code § 302.211(j) ("Petition"). The 

Edinger Associates report also is referenced at various places in the P~t,ition. 

4. To the best of my knowledge, the information presented or depicted in Exhibit 4, 

the Edinger Associates report, is true and correct Certain of this information was provided to 
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;P~titioriC~f lllioois.P~~ Company 
(Clinton Power Station). for 

.. Hearing Punuant to 35 ID.Adm .. 
Code f 302.211(j)to Determine 
Specific1berlllal Standards 

PCB No. 92-__ _ 

(§ 302.211(j) Hearing) 

AFFIDAVIT Olt' GARY D. MATTHEWS 

I, Gary D. Matthews, on oath do depose and state: 

1. I am the Supervisor - Reliability Engineering for Illinois Power Company ("Illinois 

Power") at the Clinton Power Station ("Station"). 

2. As part of my responsibilities, I was involved in preparing Illinois Power's Petition 

• for Hearing to Determine Specific Thermal Standards Pursuant to 35 Ill. Adm. Code § 302.211(j) 

(,he "Pethion"), and certain of the Figures. Tables and Exhibits attached thereto or submitted 

• 

therewith. Specifically, I was involved in coordinating the information which is presented in 

}\aragraphs 1-''-1, 81, 83 and 84. I also was responsible for providing Figures 1 and 2. Tables 1 and 

2, tmd Exhibit 8. Additionally, I provided the Station operating data referenced in paragraph 21 

of the Petition to J.E. Edinger Associates, Inc. ("Edinger"), for use in preparing Exhibit 4. 

3. To tbe best of my knowledge, the information presented or depicted in the above-

referenced paragraphs, Figures, Tables and Exhibit, as well as the Station operating data provided 

by me to Edinger, is true and correct. Certain of this information was provide.d to me from 

individuals employed by Illinois Pow,er who have personal knowledge of the truth and correctne.~ 
-~. -!-
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AFFIDAVIT OF. lAMES A. SPt-DmSON 

I. Jaqtes AS111ithSon, onoathdOdepme and state: 
. . 

1. lam the Director ~ OutreacbandAssessmem, in the Environmental Affairs 

Department of Illinois Power Company' ("Dlinois ~ Power"). 

2. At. part of my~ responsibilities as Director - Outreach and AsseMment, I was invOlved 

in. preparing Dlinois. POWer's Petition for Hearing to Determine Specific Thermal Standards 
. . 

Pursuant to 3S DL Adm. Code 1302.211(j) ("Petition"),and certain. of the Figures, Tables and 

Exhibits attached thereto or submitted therewith. Specifically, I was involved in coordinating ~ the 

information which.is presented in paragraphs 24-51, and 65-80 of the Petition. I also was 

responsiblcfor providing Figures 6-15, and Exhibit 5. Additionally, Exhibit 3, the Environmental 

Me.nitmIng Program Biological Report, was prepared at my direction by certain individuals at· 

Illinois Power for submission to the Dlinois Environmental Protection Agency ("IEP A") to satisfy 

certain regulai.i>ry requirements. This report also is being submitted as an exhibit in the present 

proceeding because of the relevance of the information presented therein. Fmally, Illinois Power 

employees working under my supervision provided J.E. Edinger Associates, Inc. ("Edinger") with 

the lake temperature data referenced in paragraphs 20 and 22 of the Petition, which data was used 

by Edinger in preparing Exh1bi~ 4. 

3. To tbe best of my knowledge, the information presenlcd or depicted in the above-

• referenced paragraphs, Figures, and Exlubit, as well as the lake temperature information provided 



• 

UUOm18uQn····.,RScmltCd· 'or .:tc:piCtedtberein,js thac and Correct. 

. 1'~~ibit.\ Exhibits '6~aIld7,were prepared 

Envm;~~bd~~ and Engineering, Jnc., for use inp~g PCB~9?Althougl1'tht=Se 
docuDl~nt$\\'Crc ~otP~pared 'hj,IllinOis'~r,I Wasmvolved in their preparation (aswereothe; 

DlinoisP~l' emp~), auJ,tothc best ofmybtowledge, 1 believe the information presented', 

therein.· to be .trUe and·' oorrect', 

FUR11lERAFFIANT SAYETH NOT. 

Subscribed and.swom to before lne 
this .2 day of Oc;.lok~-, 19,)6 

I<Jd-:--J/I(J(jj£ 
Notary Public 

My Commission Expires: _g;~/~:---t~--:.::9 ..5=--__ 

-OfFJCIAL SEAL M 

YfiItlam H. Witts 
NotIry Public, State of IllillGis 

My Commission Expires 8/4/93 
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1. ·,!UIl~Sa~'.~P1I1Ulhil ~lWnaII'O'NefCompany lJllfnoJsP~ 
• " • '," ,-•• < - ',_:'" -- • ._.' -', ': -

hpartatmltelt'() .. 1V1f"'I_JIwo1vcd~p!P'rlDlthOIJ1~Ia .ubDllttecl AS bhtblt' to 

JIIluofa ~~tlcm'b-it"'tc~~SpMfto1bemW Standlrd.·~· to'Um 
",. '" - '-" '-', - • - • • < , 

Adm. CoM'" !O2.2110) (tbi "'.tltfta6"). JWaIbIt I).'~ beataal'll .~ pUllirlpb. 85 of tho 

• PetItIoa. 
2. ' TIle tnrorm.tioc. prcICDk4,m !J1/u"bJi 9 II true and c:orreot to the hat or mJ 

• 

mo.1cdp..1 obtalDed ~ ot~ra iDfotanatJoll fzom JndMd.u csmptoyed by Illlnoll POMr • . 
bIw pcnoDal kaowlcdF,ofthauuth uuI correctneM cl.the Informatlon to obtaiDe4. In addiUob, 

IIII)ftIC bave peaollll ~ of the nth ad uom:.otaeu of oertaln of thft lDfotmatlon. 

IVRTRER AJ'P.Wf'I' IAYIml NOT. 

~ aDd JWUnl to before me 
thIa Jo.. 411 of ~!tlr! e<r ~ 19Pr2... 

N~..iJ. tJU!w. 
My OxamJIIIOD 2xpIruI q ":J 5" q 1-

'OFFICIAL U4L· 
D .......... D W ALLACI 

M01ARl PUtlICo ITAlL Of ILuNOII 
MY COMMISSIOI (XP'I.,*S 9-26-'4 
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