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PCB No.92-J~{2 

(§ 302.211(1) Hearing), 

,P.rrfrIONFQR IiEARIN~t)N.JtEATEn EFl1'LUENT DEMONSTRATION 
. PURSUANT TO 35 ILL. ADM. COIlE § 302.211(1) 

.. ' III 8CC()rdanee with Title'.Yn ()f.tbe Environmental Prote~tionActs IICRev. Stat. 
,.c:.' 

,. 

d1l')1~ch·.:.H~Y;'§§·J02~29; 3sllt Adm. Code Part 106, Subpart A; and 35 Ill. Adm. Code § 

~oo.21i.l iui~bi~.\Powe~. ~pip~tly (~minois Power") hereby submits this petition for a hearing to 
.' ._. ··.-oj._ ," ":_.:" - -' 

'allb~;;niiiloisP6~et:;b?:tn~kethe beat~ effiuent demonstration required by § 302.211(fr~.vith 
> _ • .'." - '-." -. "." - " • 

"r~pecrt~there(;ir9tihited~ndenSer~ling wa~er discharge to ClinLon Lake from TIlinois Power's 
, ' 

'. Clinton Power Station (tJle "Station")." After Illil10is Power hft() had an opportunity to make this 
. - - -' . 

demonstration in a hearing, IlIinoi.1 Power asks the Il1inois Pollution Control Soard C'Board"), in 

n\iWnJl\llW witht ;l~,211(f)1 ~ofind that the recirculated condenser cooling water discharge to 

Clinton Lake from the Station has not caused I ano (·annot be reulIlJnably expected to cause, 

significant ecological damagcto the rc~Mng waters. 

In support of this petition, Illinois Power states: 

1 Unless otherwi. .. e stated, references hereinafter to "§ xxx.xxx" are to the corresponding section 
of the Board's rules under Title 35 of the Illinois Administrative Code (35 Ill. Adm. Code). 



'Pf!titliOft'~\~'\ ... ~_.~,...,· Power' also incorporates' by reference Figure 1 and Tables 1 and<2' from JIl¢ 

Desl;riptiQQO[ Mttbod tor lIfOa Dissipation 

2. ',Fci~iUl)es~rlpti(>n()f Method fdr Heat Dissipation and summaryinfol'maticindn 
. . - ", . - . 

. disth~rge;'ftempCiatur~ required by j 106.1 02(b), Illinois Power incorporates by ref~ref1ct; 
- ;. ",'- - " .. " ,. '. . - - -.' ,~-- '". -. - - -'. -".' - -

p~iagr~phs>~throughi()()nhe}02:21'10) Petition, as weUasFigure 2, Table 3 and Exhibit 1 from 

>'the\~.2110)Petition .. 

ACtual PlUme Stud;es 

3:'Therma!plumedata havebCeueollected on the Salt Creek ;:trm of ClintonLak~. 

J)~ta wereC()llect~inotdertodqctiment the shape and extent of the thermal plume attributable 
. . . -,: . -.- ", =::- ~. . ~ . 

to theteci~cuhltedcOn~e~ser oooling water discharge from the Station to Clinton Lake, as well as 
. .-: . " . -

to,documcnt movement6f the plume both upstream and downstream from the mouth of the 

di.<;chargecanaL 

~----~----~----~. 
2 Cont;urrentlywith the filing of the present petition, Illinois Power is filing a Motion to 

Olnsolidate Proceedings; requesting the Board to consolidate the proceedings on the present 
petition with the proceedings in PCB 92-142. The Motion to Consolidate Proceedings also asks the 
Board to waive the requirement of § lOLt06 [Incorporation of Prior Proceedings], that Illinois 
Power file· in' the present proceeding four copies of aU the materials from PCB 92-142 which are 
incorporated by reference herein. In the event the Board denies either the request to consolidate 
proccx;dings Of tb", reqUelit to waive certain requirements of f 101.106, Illinois Power will tile four 
copies of those materialS from PCB yz.·142 which are to be incorporated in this proceeding. 



i989lake surface temperahlrCB along the transe<:ls were measured on six days duriot' 

>'.JunetlltougbSePtember~ In 1990 surface temperatures were measured along ten transcc/.s.once. "" ---'.', .-.. '- .... -. - - " 

"dJri~rMay andthcn once-monthly along twelve transects during June through Septc,nber •. 

'telliperatures weremeilliured along the same twelve transects once-monthly during April through 
.' '.: ,,',. ".- .', ,-' . _.,' . 

Octob'eiinh>9i Each transect was established along a straight line going generally from the nQrth 

side,orthe)aket~th~soutbsideusing distinctive shoreline features as markers. Surveys wer~ 
.,,- -', ',- -' ,--' - .,'-, 

. alWays fun from north tOs6Uthusing the same· boat, operating at idle speed. Readings were taken 

at the surface of the water along each transect at 15 second intervals. Tcmperatl)res were recorded 

incentigrade.~otbetenthofa ·dcg.-ooina field notebook . 

. S. Otberpertinentjnforrnationaiso was reoorded at the time of instantaneous surface 

temperature(,iatac.Qllection, 'This included time, weather cnnditions, wind speed and direction, 
-'-- -,- -, < 

approXimate lake level, approximate plant load, and air temperature. 

6, Deptbprofllcs of lake temperatures were collected once-monthly in 1989-1991 in 

May through September and during the months of March and lIiovember at varioU.'l lake sites as 

part of the OpcrationalEnvironmental Monitoring Program. 'These sites are identified in Figure 

5 to the 302.211(j) Petition, which is hereby incorporated by reference. Additional depth protiles 

of lake temperatures were collected twice-monthly April through October during 1989-1991 at the 

sites identified in Figure 6.2 of Exhibit 3 to the 302.211(j) Petition. The once-monthly profile data 

at site 2 (Figure 5) and the twice-monthly profile data at segment 16 (Emibit 3, Figure 6.2) 

-3· 



T1te'diltribudon o(temperatures as measured by Illinois' Power throughout CUn~o,n : 

~1;i'~'IIgIl'lllhe: •• telprin8 through early fall periods of 1987 through 1991 is pre.~ntedanif <,,- -

_cU51~'in two reports prepared by Illinois Power pursuant to the requiremenls of the Station's 

(1992), submitte<l as Exhibit 2 to the 302.2110) Petition; and (2) the Environmental Monitoring 

'pto,ranl Uiological Report~ Comparison of Preoperational Data (1983-1986) with Operational Pata . - : . . 

(l987·1991)(1992)~ $ubmitted as Exhibit 3 to the 302.211(j) Petition. Exhibits 2 and 3 to the 

302.211(j) Petition are hereby incorporated by reference. Temperature profile monitoring 

infofmationisdiscti$sed to Section & lor Exhibit 2, and also in Chapter 6 of Exhibit 3. 

8. ActualpJume studies prcparcd by J.E. Edinger Associates, Inc. ("Edinger"), are 

. preSentoo in Exhibit HE-l submitted herewith.3 The actual plume studies are limited to data 

developed during field observations of the Station thermal plume in 1989, 1990, and 1991. No 

observations were made in 1987 or 1988. The observations consist of continuous, near-surface (Sll(. 

inch deep) temperature traces over the transects described in paragraph 4 above, and tht: depth 

profiles described in paragraph 6 above. 

9. Based on these actual observations, the near-field component of the thermal plume 

can be identified. and is defined as that part of the plume that is three-dimensional, with distinct 

longitudinal, lateral and vert~cal variations in temperature. The data show that the near-field 

component is confined to the 1600-meter area between transects 4 and 7. (See Exhibit 1 to Exhibit 

fIE.1.) That is, the near·field component of the plume extends up the lake as far as 600 meters 

3 Exhibit. .. which are referenced for the first time in this heated effiuent petition are designated 
with the prefIX "HE·" (for Beated .Effluent), to distinguish them from those Exhibits to the 
302.211(j) Petition which are being inc.orporated by reference in the present petition. 

-4-



" . .", ': 

... brid.F~tad~~i"ttle lake uJarJU 

, ........ ,,-,''"'..,.~' ,bithickne.,toadepth of2.S meten. During 1989-1')C)1, tem~rat~r~ 
'.' ',' ,', 

',' '~rilthrough September throughout the near·field area ranged from approximate:l)r,' 

it,l04~F. (See Exhibits 6.8 to Exhibit HE-l.) The! theoretical behavior of the near~fjeld 
:~PQMn'()fthe thermal plume under typical and worst case conditions is addressed in Edinger's 

"t~~etk8Jplume stOdjes report, discussed at paragraphs 11-14 below. 

, 10. ,The plume ,also extends into the far-Held, in which waste heat from the discharge is 
" """ 

carried ttimughout the cooling loop (which extends around the lake from the discharge to the 

inhlke) and'dissipated to the atmosphere across the water surface. ExC'.ess temperatures attributable 

to the thermal discharge,' fall off rapidly away from the discharge, with significant excess 

temperatures found onlywitbinthe first 3000 meters of the cooling loop. In fact, the excess 

temperature (i.e., the increase in temperaturec8used by the thermal discharge) reduces to less than 

2·C witnin 8000 metcl'$ dOWl\~}ake from the discharge. At the dam (approximately half-way around 

the cooling loop, the el(CCSS temperature is only 0.6· C. At the intake structure (i.e., the end of the 

cooling loop) excess temperatUres were determined to be approximately O.5~C. Such observations 

are the basis for Edinger's· selection of a far-field plume region consisting of the entire cooling loop 

area of the lake,asweU as the near-field region discussed above, for purposes of the theoretical 

. study. As the transect data demonstrates, in the far-field region the distribution of temperature is 

generally homogeneous across the width of the lake. (See Exhibit HE-I, Appx. A) 

.Ihwretical PJum~ Studies 

11. Thedistributions oftheoretical temperatures throughout Clinton Lake (a) for all four 

seasons of the year and (b) for the combination of meteorological and Station operating conditions 

that would result in typical and worst case lake water tempcratucr.s are presented in the theoretical 

plume studies performed by Edinger, submitted herewith as Exhibit HE-2. Exhibit HE-2 presents 

~5-



.......... ,~c,..:.-"< ·~tI~.()fthe f.,.qeldplurnClreslAlt. c~'~')II'IlPQ!led' 

IICIIIr.UCMl·'plu1tc results Moompute4 from OLLVHT.4 'Theor~:ticaIJa~~~teli 
, , "',-" " -, ,- -' ' . ~'.te~ byad<ttha thceXccss temperatures computed byOLVHTorGLLVHT ' .. 

. temperatures computed using a response tcmper<lture model . 

. ···.~r,.,ld.ptwlleresultaare presented for bo"h worst case and typical conditions. 

12. 'Qle WOl'stcase c<>nditions are defined as those that would ()Cl;Uf, by seaaon, under 

~itions of maxinlunl ambient temperature (i.e., once.in.thirty-year meteorological conditions), 

full load arld minimum dilution and flushing. For the far-field simulatio~. these results arcshoWJ1 

(of the winter,' spring.' summt~r and fall cases in Exhibits 6-9 to Exhibit HE-2. These exhibits show 

the wannest. temperatures in the vicinity of the discharge, with rapid fall off in temperature.whhin 

S()OO..10,OOO feet,3nd a more gradual fall off in temperature to the intake, For example at the Rt. 

14 bridge, which is approximately 1000 meters from the flume discharge, surface temperatures 

during th~ 'WOl'$t..casesumttler are predicted to be 37.9"C (1oo.3·F). Midway across the lake 

offshore from the Mascoutin State Recreational Area (approximately 6000 meters from the flume 

discharge). surface temperatures are predicted to be approximately 3SoC (9S°F). At the dam 

(approJimateiy 12,000 meters from the flume discharge), worst~case summer surface temperatures 

are predicted to be 33.4·C (92.2-F). 

13. The ne.ar·field results for the worst..case simulations for each of the four seasons are 

shown in Exhibits 10-13 to Exhibit HE~2. These exhibits show a slight down-lake movement of the 

4 The response temperature model and GLVHT (or Generalized Longitudinal Vertical and 
Hydrodynamics and Transport) model are discussed in the 302.2110) Petition, beginning at 
paragraph 21, and in Exhibit 4 to the 302.211(j) Petition. In Exhibit 4, Edinger re-verified the 
respouse temperature and GLVHT models as applied to Clinton Lake. Paragraphs 20 through 23 
of the 302.211 (j) Petition, and Exhibit 4 thereto, are hereby incorporated by reference in the present 
petition. The GLLVHT (or Generalized Longitudinal Lateral Vertical and Hydrodynamics and 
Transport) model is constructed similar to the GLVHT model for the region to which it is applied, 
and adds a third (i.e., lateral) dimension. (Exhibit HE-2, pp. 6-7.) 



coaditic:.. ~ Oo~.tet InfloW but With Stadonp' 'u'. ~pi .. a: 
~t .. fteJdmOdel'lhow lake surface Icmperatures lnlheimmooiate vjcinity,bf 

lum~,(,II*ltaarJlC which are'somewhat higher than the corresponding far·field modelrC$ults,d~eto" ' 
.- , -

'tbe,'lIdeJitlonal detaUsuppUed by the near-field model. (The far .. field modelpredicl$/average 

, .. 'temperatures thf()ughout the entire lake segment.) The diagrams also show stratification to mid. 

"depthtiftseveral degreea ~nt,grade, consistent wiih the far-field model results as well as the 

, obsel'Vations. Furthermore, stratification is greater adjacent to the discharge; i.e" as much as 4.S·C 

in the vicinity of tbedischarge. During the worst-case summer surface temperatures may reach 

107.6-F (4Z-Q lUI fat' offshore as 750 fe.et from the nume discharge, corresponding to llO.7°P 

(43.7·C) at the discharge, 

t4. The typical condition far-field plumes arc shown in Exhibits 14~17 to Exhibit HE-2. 

The typical condition ambient temperature in the winter is low enough that the lake can cool to 

temperatures Iess'tban 4 ·C, which is the temperature at which the density of water is a maximum. 

As shown in F..xhibit 14. the 4°C water begins to sink to lower levels in parts of the lake and results 

in temper.llture inversions (i.e., ice CQVering) up the North Branch arm of the lake toward the 

Station intake. The near-field predictions are shown in Exhibits 18-21 to Ex.hibit HE-2. During a 

typical summer, surface temperatures of approximately 36·C (9J"F) would be expected to extend 

as far as 750 feet offshore from the flume discharge. lne shape of the plumes are essentialiy the 

same configuration as those found for the \o\'Orst-case predictions. 

SummaQ' of Observed BiolQ&1ical Data 

15. For its description of biological studies on the receiving waters of Clinton Lake, as 

required by § 106.102(d)(1), Illinois Power inc.orporales by reference paragraphs 24 through 42 and 

Figures 5 through 14 from the 302.2110) Pelition. The incorporated materials discuss several 

trophic levels of aquatic biota in Qinton Lake and indicate that impacts were limited to small areas 

-7-



· These impactS. did nof'bti~ .jli!lifl(~ 

.. ..:..'"·,· .. ··~'·d.e' .. W$dccommun'ties of Clinton I~ke, and in several wmmunitiea a kt. 
'" '~.'-~"<~-~:,.\' , :,' ,". 

~tea.1C w~· rioUxt in, abundance und production. 

Pot', it. 4.'k:scription of the impsct on other animal life (wildfowl, amphibians, ew;) in 
.""", ." . " . . - -

;iIl4 aroWld Clinton t.alce as a result of the thermal discharge, as required by § 106.102(d)(2), 

lUinoilPower inoorporates 'by reference paragraph.,; 43 through 46 of the 302.211(j) Petition. TIle 

inrofporat.ed materials reflect no Obscl'V8tions of any negative impacts to such other animal life, and 

no evidence that such' impacts are occurring. 

Impacts 00 Rem!ltloo 

17. For its description of the po .. ~sible and known impact.s on recreation in and around 

C1inton Lake as a result oethe thermal dlllChargc, as required by § 106.102(d)(3)(A), Illinois Power 

incorporates by reference paragraphs 47 through 51 and Figure 15 from the 302.211(j) Petition. 

The iOC()rporated materials renect no observations of any negative impacts on such recreation, and 

no evidenC~ that such impacts are occurring. 

MaD~meotf~tlc,~ to Limit Thermal Effects 

18. FOT its description of management pn<cticcs employed or planned in order to limit 

the environmental effects attributable to the thermal di,lICharge, as required by § 106.102(d)(3)(B), 

Illinois Power incorporates by reference paragraphs 52 through 55 from the 302.211(j) Petition. The 

incorporated materials indicate that Dlinois Power has policies and procedures in place, and 

implements appropriate training of its personnel, to assure compliance with the thermal standards 

and other environmental requirements applicable to the recirculated condenser cooling water 

discharge from the Station to Clinton L'lke. 

-8· 



"/~&ard" W~ter Pollution regulations, at * 302.211(1), rcquirelllinois 
" ' 

.~" ............ , '~opea:.tbtof a source of h(~ated etlluent which discharges 150 megawatt., (O.S 

not~re than 6: yea,ri after theoommencenlent of operation, that discharges from the Statioh h~ve 

,not ~used and cannot, be reasonably expected to cause significant ecological damage 'io,the 
, ' 

nx:eivingwaters (i.e .• Clinton take). The applicable proccdurnl regulations, at § 106.102(d)(4), 

provide that' the required showing under § 302.211 (t) may take the form, i..WQr 1\lU!, of a showing 

pursuant to t 302.2110). 

20. lllinoisPower satisfies the requirements for a showing under § 302.211(j) for the 

rea$OhS atat,,;d in paragraphs, 56 through 86 and Exhibits 5 through 9 of the 302.211(j) Petition, all 

of which' are' hereby incorporated by reference. Specifically; 

a. 'Illinois Power satil?fies the requirements of § 302.211(j)(1). that aU discharges from 
Clinton Lake to other waters of the State comply with the applicable provisions of § 
302.211(b).(e), for the reasons stated in paragraphs 59 through 61 of the 302.211(j) Petition; 

b. Illinois Power satisfies the requirements of § 302.211(j){2). that the heated effluent 
discharged to Qinton Lake via the dLo;charge flume complies with aU other applicable 
provisions of the Board'l') rules, for the reasons stated in paragraphs 62 and 63 of the 
302.21l(j) Petition; 

c. Illinois Power satisfies the requirements of § 302.21l(j)(3){A), that Illinois Power's 
requested thermal standards will continue to allow for provision of conditions at Clinton 
Lake capable of supporting shellfish. fish and wildlife, and recreational uses consistent with 
good management practices, for the reasons stated in paragraphs 65 through 80 and Exhibits 
5 through 7 of the 302.211(j) Petitionj and 

d. Illinois Power satisfies the requirements of § 302.211(j)(3){B), that it provide for 
control of the thermal component of the effluent from the Station by a technologically 
feasible and C(;onomicaUy reasonable method, for the reasons stated in paragraphs 81 
through 86 and Exhibits 8 and 9 of the 302.211(j) Petition. 

21. Note that, for the existioi thermal standards and for thost.. standards applicable to 

Clinton Lake during the period of lime which is the subject of the § 302.211(!:) demonstration, 

-9-



., ..... ot. 302.2ltQ)(3)(A),tbatthose theonalltaJIlfJar, ... 
: ,~" ;. , " 

ror,fjftMliOn.'o{eondltk". alOinton Lake capable of supporting sheUrl$b, fish and w' ikJliilC., 

UICI oollIistent with good management practices, for the reason5stated in 

. )1ar ..... P .. 24 through 51 and Exhibit 3 of the 302.2110) Petition. Illinois Power also satisfieJ the 

: ,;quitemeribof t '302.21 t(j)(3)(B), that it has provided for contm! of the thermal componenfof; 

lheeIDuent from tl'le Station by a technologically feasible and coonomiCitlly reasonable method, for 

thereuons statedJnparagraphs S2through S5 and 81 of the 302.2110) Petition. 

22. Because Illinois Power satisfies all of the requirements for a showing pursuant to § 

302.211U), Urinols Power also satisfies the requirements for a demonstration pursuant to §§ 

106.102(d) and302.2H(t); Dlinois Power therefore is entitled to a determination by the Board, that 

the recirculated condenser cooling water diSl~harge from the Station bas not caust"-d, and cannot be 

reasonably ex~"(;te.d to cause, significant ecological damage to the receiving waters of Clinton Lake. 

23. The reliefrequested in the present petition, a determination by the Board that the 

recirculated condenser cooling water discharge from the Station has not caused, and cannot be 

reasonably expected to cause, significant ecological damage to the receiving waters of Clinton Lake, 

has no parallel under federal law. In fact, federal law most likely is not implicated by the present 

petition, since Illinois Power is merely asking the Board to make a factual determination, and is not 

requesting the Board to impose any new or different thermal standards or otherwise to regulate or 

not regulate any discharges to Clinton Lake. The relief requcstql<by Illinois Power thus would 
~~ t -: 

appear to be, at a minimum, not incon')istent with federal J':tw.s 

S If the Board determines that Illinois Power has not made the showing under § 302.211(f) to 
the Board's satisfaction, then the Board has the authority to order that Illinois Power take certain 
corrective action within 1 reasonable time as determined by the Board. This petition does not 
addre .... s whether such corrective action would be, or would not be, consistent with federal law. 

-to· 



. . . . . . . 

_ •.. ihetIQ.r.t~rdI. The Board most likely will be r(',quiredto konsid¢t th~ 

'CioC_iCal hnp.cta qfthe thennal standards requested in tbe 302.211(j) Petition in order 

...... , ..... , ..... 't·-p!t'IilPeedve ~t~nnination required under § 302.211(1), thut the recirculated condenser 

d~hargefront the Station ·canoot be reasonably expected to cause significant 

~al dlimagell 'to ('.1intonLake. The relief re<luested in the 302.2110) Petition is consistent 

. with federal low for the reasons stated therein ,{and hereby incorporated by reference), at 
. . 

paragrapbl 87 and 88. 

25.1beBollrd's rules governing heated effluent demonstrations, §§ 106.101 ~~. and 

t 302.211{t), requite that such demonstrationS be m~de at an adjudicative hearing before the Board. 

IUinoisPowet therefore requ~ts that the Board schedule a hearing on the present petition in 

acoordance with' 106.105. 

26. In support of the factual assertions herein, Illinois Power incorporates by reference 

Figun'.$ 1 and 2, Figures 4 through 15 and Tables 1 through 3 to the 302.211(j) Petition, as well as 

Exhibits 1 through 9 thereto. IJIinois Power also incorporates by reference Exhibits 10 through 14 

to the 302.211(i) Petition, consisting of. respectively. the affidavits of Thoma .. L. Davis, John E. 

Edinger, Ph.D, Gary D. Matthews, James A Smithson, and Edward F. Stoneburg. 

27. Illinois Power also is submitting Exhibits HE-! and HE-2, which were not referenced 

in the 302.21l(j) Petition. As further support for the factual assertions in these Exhibits, Illinois 

Power submits the Supplemental AfIidavit of James A Smithson and the Supplemental Affidavit 

of John E. Edinger, Ph.D., as Exhibits HE·3 and HE-4, respectively. Exhibits HE-I through HE-4 

are being submitted concurrently herewith in a separately-bound volum~. 

-11-



''' .. 

~".J(l!"')'W' "l'«..w.Powcr to m.ke the demon.~lratl()n required by fll06.102(d) and 302.21'1(t), , 

i ..... fter to enter an order including a finding that the recirculated conden~r cooling water" 

WIt::lUlI'.e':to C11"ton Lake from the Station has not c.ausc<t, and cannot be reasonnbly expected to 

, "~~tlli.nitkant ~)logical damage to the receiving watefS. 

Sheldon A Zabel 
Eric L Lohrem 

SCHIFFHARI)IN &; WAITE 
'7200 $eal'$ ToWer 
Chicago. lI1inOl$ 60606 
(312)8764000 

Respectfully submitted, 

ILLINOIS POWER COMPANY 
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LD1lncDLheteby',certlry. that on October 14,·1992,1 Serv~·th~ foregoing '''.".~ 

'~umenta refcreJlOOd ther~inj hy causing tho requisite number of copies to be band": 

Porotby M. Qurin, Oerk 
lIlioois PoU\,tionControl Board 
toOW. Randolph St., Sultell·500 
Chk:ago, Illinois 60601 

.. ~ bytausingacopyto by Sent by the United States mail, properly addressed, first-class postage 

prepaid, . to: 

Illinois EnYirorunental Protection Agency 
Enforcement Programs 
2200 Chur.;biU Road 
Springfield~ llIinois 62706 

One of the Attorneys for P 
Illinois Power Company 
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ExhlbltIIE~3 •. Supplemental Affidavit ofJames A Smithgon. 

,r~xhibltJm·4. Supplemental Affidavit of John E. Edinger, Ph.D. 

• Illinois Power Company also is incorporating by reference Exhibil<; 1 through 14 to it'> Petition 
for Heuring to Determine Specific Thermal Standard~ Pursuant to 35 Ill. Adm. Code § 302.2110), 
pending before the lIlinois Pollution Control Board in PCB 92-142, as exhibits in support of the 
present petition. 





Exhibit HE·1 

Clinton Power Station 

Actual Plume Studies for Heated Emuent Demonstration 
Section l06.102(c)(1) 

Prepared for 

Environmental Affairs Department 
Illinois Power Company 
500 South 27th Street 

Decatur, IL 62525 

Prepared by 

J. E. Edinger AssDciates, Inc. 
37 West Avenue 

Wayne, Pennsylvania 19087-3226 

October 6, 1992 

Document No. 92-122-R 



·.1be Illinois PoUutionControJ Board Heated Effluent Demonstration regulation (Title 3S, 

,SUb~A,Section l06.t02(c)(1» requires that actual plume studies be conducted fOl a heated 

efflue.ntduring the first five years of discharge correlated to station operation and meteorological 

. COnditions. Clinton Lake near-surface temperatures were measured once a month, generally 

Maytbrough September, 1989 through 1991, along several transects near the flume discharge. 

These temperature data were studied by I.E. Edinger Associates, Inc. in order to identify the 

extent of the thermal plume in the lake during those periods. 

FIeld Observations 

Field observations of the CPS thermal plume were made in 1989, 1990 and 1991. No 

observations were made in 1987 or 1988. The observatio .. " consist of continuous, near-surface 

(six-inch depth) temperature traces over the 12 transects shown in Exhibit 1. This set of 

observations will be referred to as the transect data. In 1990 and 1991, observations were made 

at 12 transects; in 1989 observations were made at transectsl through to. The dates of the 

transect surveys are shown in Exhibit 2, which also shows CPS load for the survey dates. 

Exhibit 2 also shows dates for supporting vertical temperature profile data from monthly 

observations collected for water quality purposes and bimonthly observations collected for 

biological a~sessment purposes. The bimonthly observations were collected ncar the center of 

the longitudinal-vertical model segments. Sites for these two data sets are shown on Exhibits 

3 and 4. Each of these data sets includes a site in the immediate vicinity of the discharge that 

provides vertical temperature detail for ~h~thermal plume. The Site 2 (Exhibit 3) monthly 

J. E. Edinger Associates, Inc. 92-122-R 



~. collected immediately adj~nt to the discharge. The Site 16 (Exhibit~); 

tltllmonthlly:obaervatlons were collected closest to the dbcharge. The remaining sites from both 
.. ~"provic,1e longitudinal-vertlcal temperatures throughout the lake. 

Near-fleld Plume 

ExhIbit 5 shows the transect data for July 11, 1989, a day on which the CPS operated 

at full· load. Significant temperature variations along the transects in the lateral direction 

attributable to the discharge are found only between transects 4 and 7. Similar data for all of 

the surveys conducted when the CPS load exceeds 90% of capacity are presented in Appendix 

A for 1989~ 1990 and 1991, along with ambient environmental conditions for the dates of the 

transect surveys. Anexaminatlon of these surveys also shows that significant temperature 

variations· along the transects are found only between transects 4 and 7. Transect 4 is 

approximately 600 m above the discharge and transect 7 is approximately 1000 m below the 

discharge (Exhibit 1). 

Exhibits 6, 7 and 8 show surface details of the thermal plume between transe-ets 4 and 

7 for a date selected from each year when the CPS load was at or near 100%. These dates also 

represent late-May. mid-July and late-August periods and so cover much of the summer. The 

exhibits show temperature contours that radiate from the discharge structure; this behavior is 

characteristic of discharges dominated by buoyancy. 

Vertical profile data at Sites 2 and 16 for the dates corresponding to Exhibits 6, 7 and 

8 are shown in Exhibit 9. These data (.orne either fmm the monthly or the bi-monthly data sets 

and, together with the transect data, furnish a three-dimensional view of tile thermal plume. 

J. E. Edinger Associares, Inc. 92-122-R 



· . n.e"neat .. fiddplume is a relatively confined, buoyant and stratified plume that !scwe.f· . 

:~~la.ten.11ya short distance from the discharge structure. The plume is also well mi~edfo 

half the depth of water and ties on top of cooler bottom water. This behavior is consistent with· 

.:lbwmomentum, buoyant discharge in an ambient flow field induced primarily by plant 

pUmping and density effects. The Si7.e of the near~field plume is determined primarily by the 

Station heat rejection rate and secondarily by the Station pumping rate. The location of the 

upstream convergence of isotherms shown in Exhibits 6, 7 and 8 is determined by freshwater 

inflow frore Salt Creek. Since the transect data show that there are only small variations in the 

lateral between transects 4 and 7, the near-field plume is not distinguishable downstream of the 

Route 14 bridge nor upstream of the Route 48 bridge (Exhibit 1). 

Far-field Plume 

The plume extends into the far-field, in which waste heat from the discharge is carried 

throughout the lake and dissipated to the atmosphere across the water surface. This far-field 

behavior can be demonstrated by examining the lake~wide data. Exhibit 10 shows the 

longitudinal-vertical temperatures from the bi~monthly survey for August 22, 1989. 111is date 

represents another occasion with CPS load near 100% and is simultaneous with transect data, 

shown in Appendix A. The extent of the lake affected by CPS waste heat can be approximated 

first by defining an ambient temperature, and then computing rises above that ambient. In this 

case ambient can be esti~ated by using the lowest observed temperature, 25.1 C. This 

temperature can be found at Segment 3 (Exhibit 4) at 2.5 m depth and again at Segment 5 at 6.5 

m depth, both near th~ CPS intake. Since the observed data set does not cover the entire lake 

J. E. Edinger Associates, Inc. 92-122-R 
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1'he tonaitUdlnal distribution of excess temperature, computed as the difference between observed 

temperatum • .,d the estimated ambient temperature for August 22, 1989, is as follows: 

q~ l ~ a W U H H n 
temp., C 

excess temp. \)C 

25.3 25.6 25.7 26.0 27.4 30.5 34.7 21.8 

0.2 0.5 0.6 0.9 2.3 5.4 9.6 2.7 

The excess temperiltures faU off f'cipidly away from the discharge. Excess temperatures reduce 

to less than 211C 8000 m from the discharge in the direction of the intake and are barely 

detectable near the intake (Segment 3 and 5). 

Examination of the Clinton lake data shows that it is important to distinguish between 

the far-field and near-field thermal plumes. Because of the recirculating nature of the CPS 

cooling water system; much of Clinton Lake is subject to a rise in temperature over what might 

have occurred naturally. The field data from these ncar field and far field regions show that 

the cooling loop area of the lake extends from Segment 16 through to Segment 4 as shown in 

Exbibit 4. The excess temperatures shown above, as well as the results of the analyse.s in 

Edinger Associates (1992), indicate that only the cooling loop area of the lake is more than 

marginally affected by waste heat from~e CPS. 

J. E. Edinger Associaus, Inc. 92-122-R 
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~yhihitL Thermal plume transect locations. Clinton Lake. Clinton, Illinois. 

Clinton Lake 
North fork Salt Creek 
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,,', -' .... 

;~~i\~T!>OrmaIPlu""....ey da.... Tho .u .. ey type> Include the Ouifa<e pJ~ 
'< meuUl'emeatlJn the vicinity of the discharge (transect), the monthly vertical profile observation., ' 

_Jex: the Environmelltal Monitoring Program (monthly), and the bimonthly vertical profile 
~on. that coincide with the longitudinal-vertical model segments (bi-monthly). The latte(' 

, ....... ~ typeS of ob~ations were made throughout Clinton Lake. Hi&hll&hted entries indicate ,data 
.' discuQed in this section. . . 

date survey type CPS load, % 

4/11/89 monthly 0 

519/89 monthly 0 --
615/89 monthly 0 

6/6/89 bi-monthly 0 

6/27/89 transect 83 

6127/89 bi-monthly 83 

7111/89 transet'.t 99 

7111/89 bi-monthly 99 

7124/89 bi-monthly 0 

7125/89 monthly 1 

7128/89 transect 58 

517189 bi-monthly 6 

8/11189 transect 62 

8/22/89 bi-monthly 100 

8/22189 transect 100 
". 

8129/89 monthly 99 

9/12/89 monthly 99 

9125189 transect 68 

lO/12/89 monthly 85 

1117189 monthly 85 

4124/90 monthly lO 

5124/90 bi-monthly 99 



date survey type CPS load, 9f, 

" 5/29/90 traosed 99 

5/'1.9/90 monthly 99 . 
6/15/90 bi-monthly 98 

6/27190 monthly 94 

6/28/90 bi-m~~ly 94 . 
6/30/90 transect 93 

7/18/90 bi-monthly 0 

7125/90 monthly 0 

7126/90 bi-monthly 0 

7/30/90 transect 91 

8/10/90 transect 90 

8/13/90 hi-monthly 89 -
8128190 monthly 83 

e· 8/29/90 hi-monthly 82 

8/29/90 transect 82 

9/11190 hi-monthly 79 

9117/90 transect 77 

9/19/90 monthly 76 

9/28/90 bi-monthly 74 

10/11190 monthly 70 

1112/90 monthly 0 

11113/90 monthly 0 

4/5191 bi-monthly 99 

4/24/91 transect 99 

4/24/91 bi-monthly 99 

517/91 hi-monthly 97 

5130/91 transect 100 

5/31191 bi-monthly 100 



date 
««: 

survey type CPS load, % 

< 6110/91 bi~monthly 100 

6/'1.6/91 transect 98 

718/91 bi-monthly 99 

7/24/91 bi-monthly 98 

712S191 transect 99 

8/9191 bi-monthly 100 

8/11/91 bi-monthly 99 --
8/11/91 transect 99 

919191 bi-monthly 100 

9/23/91 transect 99 

10/9/91 bi-mo~hly na 

10/31191 bi-monthly na --
10/31191 transect 99 
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· EnVironmental monitoring program sampling sites, Clinton Lake, Clinton, Illinois. 

Clinton Lake 
North Fork Salt Creek 
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.. ·····EXhibit4~"GtVl:lf ~CKf~isegmentS· and bi-monthly sampling. sites, Clinton Lake, Clinton, Illinois. 

Clinton Lake 
Hortb Fnrk 

~ 
N 

o 
o 2 
I I 

sc:.tU: bI MXc.£S 

• al-tOmt..Y SNfl.11G SUES 

(Q.~l_ 



1'I"tPQ ......... '''·.tefuPeratUre data (C) for July 11, 1989. The transect l~il~Jare . 
ideiltifil=ct.. . .. ' ,t ,Temperatures begin at the top of the column with north shore valUc. ~,~ .. 

tbe .o~thshore.TheCPS discharge is located at the north shore of tnmsect S.,Note;,., 
u.nlllOC· .t6.also begins near the CPS discharge but is directed both across and down Clinton ... 

~ 
"10 .. 2. a 1 .~ ~ ~ J 2. 1 ·:33.0·.·· . 35.S 35.9 36.7 39.7 39.6 37.0 35.8 35.8 34.7 
33.0 3S.~ 35.8 36.8 39.7 39.6 37.0 36.5 35;7 34.9 
33.0·· 35.1 35.8 37.1 39.6 39.6 37.0 36.0 35.2 34.9 
33.1 35.3 35.8 37.1 39.3 39.1 37.2 36.1 35.1 34.8 . 33.1 35.1" 35.9 37.2 39.4 38.4 37.4 36.2 35.1 34,8 .'. 33.3 35.3 36.0 37.3 38.8 38.8 37.2 36.3 35.1 34.9 

"33.3 35.6 36:0 37.3 38.8 38.8 37.3 36.6 35.3 34.9 
33.3 35.6 36;0 37.3 38.5 38.8 37.4 36.7 35.3 34.9 

.'33.2 35.1 36·t 37.3 38.7 38.8 37,4 36.6 35.5 34.8 . 33.2 35.0 36.1 .37.4 38.4 38.7 37.4 36.7 35.7 35.4 
'33;1 34.8 31'0, , 37.5 38.5 38.0 37.4 36.8 35.6 35.1 ' ' <, 

33~O 34.8 
" -, 

.37.5 38.3 36.2. 38.0 37.4 36.8 35.8 35.3 
32.9 34;8 36.2 37.5 38.1 38.1 37.4 36.8 35.9 35.4 
33.0 34.9 36.3 37,5 38.0 37.9 37.4 36.9 36.0 35.5 - ·.'33.0 34.8 36.5 ·37;5 38.0 37.8 37.3 36.9 36.0 35.5 
3:(0 34.8 36.4 . -37.5 38.0 37.8 37.4 36.9 36.1 35.5 
33.0 35.3 36:5. 37.5 37.8 37.8 37.4 36.9 36.1 
32.9 34.9 36.5 37:5 38.0 37.7 37.4 37.0 36.0 
32.8 34.9 36.5 37.5 38.0 37.7 37.4 37.0 
32.9 34.4 36.6 37.6 37.9 37.7 37.4 37.0 
32.9 34.4 36.5 37.6 37.8 37.8 37.4 37.0 
33.0 34.3 36.5 37.6 37.8 37.4 
33.1 34.4 36.5 37.6 37.7 
33.1 34.4 37.6 37.6 
33.1 34.4 37.6 37.6 
33.1 34.4 37.6 37.6 
33.2 34.2 37.6 37.7 
33.2 34.2 37.7 
33.3 34.3 37.7 
33.4 34.4 37.7 
34.0 34.4 37.7 

34.4 37.7 
34.4 37.6 
34.7 37.6 
35.0 

:} 



COIlf.O\l, re, d,; 'nea,;·~eldtransect data for July 11. 1989. 
:p,~~IIQiI:.ra~·c:au ... on Clinton I..ake is at coordinate points 0,0. 

.. 
CI) " 

.to> -GOO as 
~ 

;a-10OO 
Jot o o 
0-1500 I . 
1>\ 

-2500 

-3000 

July 11, 1989 

Transect "I 

-1000 

-1600 

-2000 

-2500 

-3000 

-Stloo -9500 
-5000 -2600 -2000 -1GOO -1000 -GOO 0 600 1000 11500 2000 ~oo 

x-coordinate, ft 



COIIlto\lii'ed ~:fi~id tfanacctdata for May 29,. 1990. 
Clinton Lake is at coordinate points 0,0. 

May 29, 1990 
-1000 -IGOO -1000 -1800 ... 1000 ... 800 0 600 

.. 
.s as 

~ -1000 
J.c o o 
() -1(500 

~ 

... I ,-.,-y-,....--r-..,.......,..-.-...-....... .., 

Transect 7 

-1000 -tiDO 0 aoo 
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:';I!!ltutn't~l~~~&~ ,Ileir-field traluJeCt data for August 22, 1991. 
,dUlCblq, _,,~onC)irltonLab i, at coordinate points 0,0. 

August 22, 1991 
-1000' -1600 "2000 -1100 -1000 -GOO 0 000 1000 1000 2000 
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"I$II!dl»i·t '9~> veitk:al profile data at Sites 2 and 16 (Exhibit 3) for the dates correspondinl fu> 
&hlllta-5.' 6 .. 7. 

7/11/89 

depth. m hi-monthly, Site 16 

(surface) 37.3 

0.5 3'1.3 - --
1.5 37.0 

2,5 36.0 

3.5 33.4 

4.5 32.4 

5/29/90 

depth, m --.!..nonthly, Site 2 

0.5 26.0 

1.0 26.2 

1.5 26.1 

2.0 26.0 

2.5 24.6 

3.0 22.0 

3.5 21.2 

8122/91 

depth, m hi-monthly, Site 16 

(surface) 35.1 

0.5 34.2 

1.5 33.5 

2.5 31.7 

3.5 29.7 



"",' ,'" 

, "l~;';Bi::~,onthlYtemperature observations for August 22, 1989. 

""':";,,; :' , " 

" 

site number 
, 

,depth. m 3 5 8 10 12 14 16 18 
(intake) (discharge) -

(SQrface) ,25.3 25.6 25.7 26.0 27.4 30.5 34.7 27.8 --
0.5 25.3 25.6 25.7 26.0 27.S 30.5 34.7 27.8 

" 

1.5 25.2 25.6 25.6 25.9 27.4 29.8 34.2 27.8 

2;5 25.1 25.6 25.6 25.9 27.2 28.6 33.0 26.7 

3.5 25.5 25.5 25.9 27.1 28.0 29.7 

4.5 25.4 25.4 25.9 26.4 27.6 29.0 

5.S 25.4 25.4 25.9 26.1 26.3 -
6.5 25.1 25.4 25.7 

7.5 25.3 

8.5 25.3 

9.S 25.2 



81<~'IP~pr:,~~~'i'rrul"'" 'Pata (C) fOl'Full or Nw-full Load Conditions. 1989, 1990 and, ' 
::n,j~"~fl_LtlOr*iireiden~f1edin Exhibit 1. Temperatures begin at the top ofthecohlllnP' 

':'!"C,111fIUi '--'---, Values and proceed to the south shore. The CPS discharge is located at, 
transect ,. Note that transect 6 also begins at the CPS discharge but is diteeted ',. 

, and dOwn Clinton Lake. ' 



, \. 

h'lUlllOCt 
_ 10 9 8 7 6 5 4 3 2 1 
3io 35.5 :\5.9 36.7 39.7 39.6 37.0 3S.S 35.S 34,7 
33.() 35.S 35 •• 36.8 39.7 39.6 3"1.0 36.S 35.7 34.9 
33.0 35.1 3S.& 3'1.1 39,6 39.6 37.0 36.0 35.2 34.9 

- 3301 -3$.3 35.& 37.1 39.3 39.1 37.2 36.1 35cl 34.8 
3U -35.1 35.9 37.2 39.4 38." 37.4 36.2 35.1 34.8 
33.3 35,3 36.0 37.3 38.8 38.S 37.2 36,3 35.1 34.9 
:43.3- 35.6 36,0 37,) 38.8 38.8 37.3 36.6 35.3 34.9 

teolp. c: 33.3 35.6 36.0 37.3 38.5 38.8 37.4 36.'1 35.3 34.9 
40.0 33.2 35.1 36.1 37.3 38.'1 38.8 37.4 35.6 35.5 34.8 

33.2 35.0 36.1 37.4 38.4 38,7 37A 36.7 35.7 35.4 
33.1 34.8 36.2 37.S 38.5 38.0 37.4 36.8 35.6 35.1 
33.0 34.8 36.2 37.S 38.3 38.0 37.4 36.8 35.8 3S.3 
32.9 34.8 36.2 37.5 38.1 38.1 37.4 36.8 35.9 35.4 
33.0 34.9 36.3 37.5 38.0 37.9 37.4 36.9 36.0 35.5 
33.0 34.8 36.~ 37.5 38.0 37.S 37.3 36.9 36.0 35.5 
33.0 34.8 36.4 37,S 38.0 37.S 37.4 36.9 36.1 35.S 
33.0 35.3 36.S 37.S 37.8 37.S 37.4 36.9 36.1 
32.9 34.9 36.5 37.S 38.0 37.7 37.4 37.0 36.0 
32.8 34.9 36.5 37.S 38.0 37.1 37.4 37.0 
32.9 34.4 36.6 37,6 37.9 37.7 37.4 37.0 
32.9 34.4 36.5 37.6 37.8 37.8 37.4 37.0 
33.0 34.3 36.5 37.6 37.S 37.4 
33.1 34.4 36.S 37.6 37.7 
33.) 34.4 37.6 37.6 
33.1 34.4 37.6 37.6 
33,1 34.4 37.6 37.6 
33.2 34.2 37.6 37.7 
33.2 34.2 37.7 
33.3 34.3 37.7 
33.4 34.4 37.7 
34.0 34.4 37.7 

34.4 37.7 
34.4 37.6 
34.7 37.6 
35.0 



transect 
10 9 8 7 6 5 if 3 2 1 

29.2. 31.3 32.0 ~2<4 36.S 36.5 33.3 )2.2 31.3 3Q.7 
28.6 3l.l 31.S 32.3 36.3 36.4 33.2 32.1 31.1 30.3 
28.7 31.1 31.9 32.5 36.3 36.3 33.1 31.8 31.0 30.3 
28.6 :U.l 31.9 32.6 36.2, 36.3 33.0 31.8 30.9 30.3 

1O.d: 28.3 3l.! 31.8 32.6 35.8 36.2 32.9 31.8 30.8 30.3 
100" 28.3 31.2 31.9 32.6 35.8 35.6 33.0 32.2 30.8 30.2 
di .... o 28.5 31.S 31.8 32.6 35.S 35.8 33.0 32.3 30.9 30.0 
..... C: 28.4 3'.3 31.8 32.6 34.9 35.6 33.1 32.4 31.0 30.1 
36.7 n.] 31.1 31.8 32.6 33.2 35.3 33.1 32.4 31.1 30.3 

28.5 30.9 :U.8 32.6 33.2 35.3 33.2 32.4 31.2 30.3 
28.S 30.8 31.8 32.6 33.3 35.4 33.2 32.5 31.1 30.6 
28.3 30.8 31.8 ·32.6 33.5 35.0 33.3 32.6 31.3 30.7 
28.3 30.8 31.8 32.6 33.6 35.0 33.3 32.6 31.2 30.8 
28.4 30.7 31.7 32.6 33.6 35.0 33.5 32.7 31.3 31.0 
28.4 30.1 31.7 32.6 33.7 34.8 33.7 33.0 31.5 30.9 
28.3 30.8 31.6 32.6 33.7 34.S 33.8 33.0 31.5 30.5 
28.3 31.0 31.6 32.5 33.8 34.8 34.0 33.1 31.7 30.6 
28.4 31.0 31.6 32.4 33.7 34.8 34.0 33.2 
28.5 30.8 31.5 32.3 33.6 34.7 34.1 33.3 
28.7 30.1 31.5 32.8 33.6 34.6 34.1 33.3 
28.6 30.1 31.3 33.1 34.1 34.6 34.1 33.0 
28.6 30.0 31.3 33.0 34.1 34.6 33.8 
28.6 30,0 31.1 33.1 34.1 33.8 
28.S 29.8 33.1 34.2 
28.3 29.9 33.1 34.2 
27.7 30.0 33.1 34.2 
27.8 30.0 33.0 34.2 
28.0 30.0 32.3 34.2 
28.3 30.0 34.3 

29.8 34.2 
29.8 34.2 
29.8 34.2 
29.8 34.2 
29.8 34.1 

34.1 



$';'~ 
IfIUllICC:' ...... ;.':r:. to 9 8 7 6 S 4 3 2 1 2l.9 2$.2 26.0 25.1 29.S 29.S 24.9 24.0 23.6 20.2 10 • . 22.9 ~S.6 26.0 24.9 29.5 29.S 1A.9 23.7 22.7 19.3 ···AiJ ..... C: 2l.l 25.8 25.8 24.8 29.5 29.3 25.0 23.6 22.1 19.9 11.6 23.2 25.7 25.8 24.8 29.4 29.2 25.3 23.3 22.0 20.1 CPSloIId: 24.2 25.l 26.0 24.8 29.0 28.6 25.2 23.4 21.9 20.0 "" 23.5 25.7 25.9 24.8 28.6 28.1 2S.1 23.4 21.9 20.0 di.". 23.6 25.8 25.8 24.8 26.7 27.9 25.0 23.2 21.8 20.0 temp. C: 23.8 2S.7 25.8 24.8 28.3 28.0 24.9 23.3 21.7 20.0 29.17 23.6 24.9 25.9 24.8 27.5 27.6 24.8 23.3 21.2 20.1 23.6 ·23.6 25.9 25,8 27.0 27.5 24.7 23.4 21.3 20.1 23;5 23.6 25.8 2S.9 27.0 27.1 24.7 23.3 21.1 20.1 23.4 23.3 25.8 26.0 26.8 27.0 24.S 23.4 21.0 20.1 23.4 2).3 25.8 26.0 26.9 27.2 24.8 23.3 20.8 20.2 23.4 23.3 25.8 26.1 26.6 27.2 24.8 23.2 20.6 20.2 

23.3 25.2 25.8 26.1 26.6 27.1 24.7 23.2 20.6 20.2 23.3 25.1 25.8 26.2 26.4 27.4 24.7 23.3 20.6 20.5 23.3 24.6 25.7 26.3 26 .. 5 27.4 24.7 23.3 20.9 20.9 
23.2 23.8 25.7 26.5 26.S 27.3 24.7 23.3 21.1 
23:2 23.2 25.7 26.5 26.3 27.3 24.7 23.1 
23.2 22.9 25.1 26.5 26.4 27.2 24.6 23.2 
:13.2 22.S 25.9 26.6 26.S 27.1 24.7 23.4 
23.2 22.0 25.8 26.6 26.5 27.1 25.5 23.8 
23.2 21.S 25.9 26.6 26.5 
23.1 21.7 26.1 26.7 26.5 
23.1 21.7 26.S 26.1 26.6 
23.1 21.8 26.9 26.8 26.6 
23.1 22.0 27.0 26.6 
23.0 22.3 26.7 
23.1 22.3 26.8 
23.6 22.3 27.2 

22.S 27.3 
23.2 



...•. ~ ... 'ransecl 
W_~ 12 II 10 9 8 7 6 5 4 3 2 1 
$W 26.S 27.6 28.1 29.S 30.S 30.8 35.3 35.2 31.0 30.4 30.0 .29.2 
$ •... ').6.6 1.7.6 28.1 29.5 30.7 30.8 3S.1 35,3 31.1 30.6 30.0 29.4 
Air~jC: 26.4 27.6 le.1 29.4 30.7 30.8 35.2 35.1 31.0 30.S 30.0 29.6 

25.' 26.2 27.6 28.2 29.S 30.7 30.8 35.0 34.2 31.0 30.6 30.0 29.6 
CPS 10ld! .. 2604 27,6 28.2 29.S 30.7 30.9 34.8 33.8 31.1 30.6 30.0 29.6 
93_ 26.3 27.6 28.6 29.8 30.7 31.0 33.8 33.8 31.0 30.6 30.1 29.6 
djS(bat~ 26.2 27.6 28.6 29.9 30.6 31.0 33.6 33.6 31.1 30.6 30.1 29.6 
~tC: 26.2. 27.S 28.6 30.1 30.5 31.0 33.2 33,7 31.2 30.7 30.1 29.6 
35.56 26.2 27.S 28.5 30.0 30.S 31.0 33.0 34.0 31.2 30.7 30.1 29.6 

26.3 27.5 28.S 29.0 30.S 31.1 32.7 33.S 31.3 30.7 30.1 29.6 
26.3 27.5 211.5 29.0 30.5 31.1 32.6 33.3 3~.4 30;7 30.1 29.6 
26.3 27.S 28.S 28.9 30.4 31.0 32.S 33.5 31.4 30.8 30.1 29.6 
26.2 27.S 28.6 29,0 30.4 31.1 31.1 33.1 31.5 30.8 30.1 29.6 
26.2 27.5 28.5 29.1 30.3 31.1 31.2 33.2 31.5 30.8 30.! 29.6 
26.2 27.4 28.6 29.1 30.3 31.1 31.3 33.1 31.6 30.9 30.1 29.6 
26.1 27.3 28.6 29.3 30.3 3l.2 31.5 33.0 31.7 31.0 30.1 29.6 
26.1 21.3 28.6 29.7 30.2 31.5 31.5 32.1 31.8 31.0 30.0 29.5 
26.1 27.3 28.6 29.3 30.3 31.6 31.8 32.6 31.8 31.0 29.5 
26.1 27.3 28.S 29.1 30.3 31.8 31.8 32.6 31.9 31.1 
26.2 27.3 28.5 28.6 JO.3 31.8 32.0 32.1 32.0 31.1 
26.1 27.3 28.6 28.6 30.3 31.8 32.0 32.5 32.0 31.1 
26.1 21.3 28.6 28.6 30,3 31.9 32.0 32.4 32.0 30.5 
26.1 27.3 28.6 28.5 30.3 31.9 32.0 31.7 
26.0 27.2 28.5 28.6 30.2 32.0 32.1 31.6 
26.0 27.1 28.5 28.0 32.0 32.1 
26.0 27.1 28.6 27.9 31.8 32.2 

28.6 27.8 31.8 32.1 
28.5 27.S 31.8 32.2 
28.6 27.7 32.1 
28.4 27.7 32.1 
27.8 27.7 32.1 

27.7 32.1 
27.7 32.0 
27.7 31.8 

31.6 



··c):Tr'··· trllnsect 
12 H 10 9 8 7 6 S 4 3 2 1 

27.$ '1.7.2 28.S 31.2 31.4 30.6 36.1 36.1 31.1 :H.l 30.9 30.6 

"_"(.",", 27.8 27.1 28.S 31.2 3J.3 30.6 36.1 36.1 3l.1 31.1 :11.0 30.6 
',Aii temp,e! 27.S 27.1 28.6 31.1 31.3 30.6 36.0 36.1 31.1 31.0 )1.0 30.6 
~;, 21.1 26.9 28.6 31.1 31.2 30.7 35.9 35.1 31.2 31.0 21.0 30.6 

,·CPS w.4: 26.8 26.8 28.6 31.9 31.2 30.6 35.2 34.7 31.3 31.0 31.0 30.6 
~ .. 26.8 26.0 28.7 32.0 31.2 30.6 34.S 34.4 31.5 31.1 31.0 30.5 

dildwao 26.7 26.0 28.8 32.0 31.2 30.7 34.2 34.4 31.6 31.1 31.0 30.S 
temp. c: 26,7 26.0 28.8 32.0 31.3 30.8 33.3 34.4 31.9 31.3 31.0 30.5 
35.56 26.7 26.7 29.0 29.8 31.3 31.2 33.0 33.S 32.0 31.5 31.0 30.S 

26.7 ,26.7 29.0 29.S 31.3 31.3 32.9 33.7 32.2 31.6 31.0 30.5 
26.7 26.1 29.1 29.3 31.2 31.3 32.6 33.6 32.3 31.6 31.0 30.5 
26.7 26.7 29.2 29.2 31.6 31.5 32.5 33.3 32.S 31.7 30.9 30.S 
26.7 26.7 29.2 29.2 31.6 31.6 32.3 33.2 32.5 31.8 30.9 30.5 
26.6 26.7 29.3 29.4 31.7 31.8 32.2 33.2 32.5 31.8 30.8 30.S 
26.1 26.7 29.4 31.5 31.8 31.8 32.2 33.1 32.5 31.8 30.8 30.S 
26.7 26.7 29.S 32.2 31.9 32.0 32.3 33.1 32.S 31.8 30.8 30.5 
26.7 26.7 29.S 30.3 31.9 32.1 32.3 33.0 32.5 31.8 30.8 30.5 
2~.7 26.7 29.S 29.8 32.0 32.2 32.3 33.0 32.5 31.7 30.8 30.S 
26.7 26.7 29.3 29.0 32.0 32.S 32.3 33.0 32.4 31.7 30.6 
26.7 26.7 29.1 28.5 32.1 32.7 32.4 33.0 32.3 31.7 30.5 
26.7 26.7 29.1 28.2 32.1 32.8 32.5 32.2 31.5 
26.7 29.0 28.0 32.0 32.9 32.6 32.0 
26.8 29.0 28.0 32.0 32.9 32.8 
26.8 28.9 28.0 3l.8 32.S 32.8 
27.1 29.0 28.2 31.7 32.S 32.9 

29.2 28.4 32.7 33.0 
29.3 28.3 33.0 

28.4 32.8 
28.4 32.4 
28.5 32.5 
28.7 



1110190 " transect 
.Wi,a(;Jr 12- 11 10 9 8 7 6 5 4 3 2 1 

.)~t.. 27.0 21.3 27.Q 29.7 30.7 )0.5 35.2 35.3 30.8 30.6 30.2 30.1 

26.7 21.2 27.1 29.6 30.6 30.6 35.1 35.2 30.1 30.6 30.2 30.0 

~~teGwfO: 26.8 27.2 27.1 30.0 30.7 30.6 35.1 34.8 31.2 30.5 30.2 30.0 

26.9 27.2- 27.1 30.5 30.7 30.7 35.1 34.S 31.3 30.6 30.2 30.0 

CPS load; 26.8 27.2 27.2 30.7 30.7 30.7 35.1 34.4 31.3 30.6 30.2 30.0 90_ 
26.8 27.2 1.7.2 30.7 30.7 30.3 35.0 34.1 31.3 30.6 30.2 30.0 

dieehsrae 26.9 27.2 27.3 30.1 30.7 31.0 34.4 33.7 31.4 30.6 30.2 30.0 

temp. C: 26.9 27.2 27.3 29.8 30.7 31..1 34.4 33.3 31.4 30.6 30.2 30.0 

36.33 2,6.8 7.7.1 27.3 29.2 30.8 31.2 33.6 33.3 31.5 30.7 30.3 30.0 

26.8 27.1 27.3 28.7 30.8 31.3 33.2 33.0 31.6 30.7 30.3 30.0 

26.8 21.1 27.3 28.7 30.9 31.5 ~3.1 33.0 31.7 30.7 30.3 30.0 

26,S 27.1 27.3 29.1 31.0 31.6 32.8 32.8 31.7 30.7 30.3 30.1 

26.8 27.0 27.3 29.1 31.1 31.6 32.S 32.7 31.8 30.7 30.3 30.1 

26.8 27.0 27.2 29.4 31.1 31.7 32.7 32.8 31.8 30.8 30.3 30.1 

26.S 27.0 27.2 29.6 31.1 31.8 32.2 32.6 31.9 30.8 30.2 30.1 

26.7 26.9 27.2 30.6 31.1 31.7 31.7 32.6 32.0 30.8 30.2 30.2 

26.7 26.8 27.2 30.6 31.2 31.9 31.7 32.7 32.1 30.9 30.1 30.2 

26.7 26.S 27.2 3004 32.2 32.0 31.8 32.6 32.2 30.9 

26.7 26.7 27.6 29.6 32.2 32.1 31.8 32.6 32.1 30.9 

26.7 26.7 27.7 29.0 32.2 32.1 31.9 32.5 32.1 31.0 

26.7 26.7 27.8 28.3 32.2 32.1 32.1 32.5 :n.7 30.9 

26.7 26.6 27.8 28.5 31.1 32.1 32.1 31.5 

26.7 26.6 27.9 28.3 3Ll 32.1 32.2 

26.7 26,2 28.1 28.0 30.8 32.1 32.3 

26.7 26.2 28.1 27.S 32.0 32.3 

26.7 28.1 27.5 32.0 32.3 
28.0 27.S 31.8 32.5 

27.9 27.2 32.5 

27.8 27.1 32.6 
27.6 26.9 32.6 
27.2 27.0 32.5 

27.0 32.5 
27.1 32.4 
27.1 32.3 

32.0 



transect 
12, 11 10 9 8 7 6 5 4 3 2 I 

"$,7 11.5 IB.7 20.7 22.S 21.3 25.S 24,S 21.7 22.6 20.5 19.5 ' 
18.8 17.4 ,18.6 20.9 22.5 21.4 25.S 25.1 21.7 22.1 20.1 19.1; 
18,5 17.3 18.2 20.5 22.4 21.2 25.3 24.1 21.7 21.8 19.6 19.9 

.)8.3 17.2 18,5 20.7 22.3 21.8 25.2 24.3 21.7 21.S 19.7 19.4· 
18.3 17.1 18.8 21.1 22.3 22.0 24.8 24.1 21.8 21.6 19.8 19,1 

'18.2 11.1 19.3 21.8 22.2 21.9 24.8 24.3 22.2 21.7 19.7 19,2, 
, 17.9 16.9 19.1 21.9 22.2 22.0 24.6 23.8 22.3 21.7 19.7 19,3 
17.1 16.9 19.6 22.0 22.3 22.1 24.3 23.7 22.2 21.7 19,7 19.2 

. 17,1 16.9 19.6 22.0 22.2 22.2 23.6 23.3 22.2 21.8 19.7 19.0 
17.0 16.8 . 19.5 20.0 22.3 22.3 23.3 23.6 22.2 21.8 19.7 . 19.1 ' 
17.0 17.G 19.2 19.6 22.5 22.3 23.1 23.6 22.2 21.8 19.6 19.1 
17.2 16.9 19.3 19,5 22.6 22.4 23.3 23.4 22.3 21.8 19.6 19.1 
17.1 H.O 19.1 19.5 22.7 22.S 23.6 23.1 22.3 21.S 19.7 19.1 
17.0 17.0 19.0 19.5 22.8 22.6 233 23.1 22.5 21.S 19.7 19.0 
t7.1 17.0 19.0 20.0 22.S 22.7 23.3 23.1 22.5 21.8 19.7 19.1 
17.1 17.1 ' IS.5 22.2 22.S 22.S 23.3 '23.1 22.5 21.8 19.7 19.2 
17.0 17.0 18.2 21.5 22.9 22.9 23.2 23.1 22.5 21.8 19.7 19.2 
17.0 17.0 IS.3 22.1 22.9 22.9 23.2 23.0 22.6 21.8 19.7 19.4 
17.0 17.1 18.4 20.8 23.0 22.9 23.2 23.0 22.6 21.S 19.7 
17.0 17.0 ~8;5 19.5 23.0 23.0 23.1 22.9 22.7 21.7 
16.9 n.l 18.6 18.9 23.0 23.1 23.1 22.9 22.7 21.S 
16;9 rU. 18.6 18,6 23.0 23.0 23.2 23.0 22.7 21.9 
17.0 17.2 18.6 19.6 23.0 23.1 23.2 23.1 22.7 
17.0 17.2 18.6 18.6 23.0 23.1 23.2 22.7 
17.1 17.3 IS.6 18.5 23.2 23.1 23.2 22.8 
17.3 17.4 18.7 18.5 23.2 23.1 
IS.Q 18.7 18,6 23.2 23.1 

18.7 18.6 23.2 23.0 
lS.7 IS.7 23.3 23.1 
IS.8 18.8 23,1 
18.8 18.8 23.2 
18.8 18.8 23.5 
19.5 19.1 23.2 

19.7 . ~::;'" . 



Irsnsect 
.12 ,', 11 to 9 8 7 6 5 4 3 2 1 

~27.S ,'.28;6 29.1 30.8 ' 31, l 31.8 36.2 36.1 32.8 30.8 30.S 30.3' 
'27/1 28.3 29.0 30.B 31.1 31.8 36.0 36.0 32.7 30.7 30.4., 30.3 , 

\s1.7.ite":, c: 27.228.1 . 28.9 30.7 31.1 31.9 36.0 36.0 32.7 jU.7 30.3 30;2' " 
26.7 '28.0 29.0 30.8 31.2 31.8 36.0 35.8 32.1 30.6 30.3 30.2 "g.s I<»w: 26.8 28.0 28.9 30.S 31.2 31.8 32.2 35.1 32.8 30.8 30.2 30.2 

'l()()~ 26.7 27.9 28 :~ 10.9 31.2 32.0 32.3 35.7 33.0 31.0 30.2 30.2 
discharge 26.7 27.9 28.8 31.0 31.1 32.1 J2.3 35.6 33.1 31.0 30.2 30i2 

'temp, C: 26.6 27.9 28.7 31.0 31.1 32.0 32.4 35.S 33.2 31.1 30.1 30.2 
26.5 27.8 28.6 30.9 31.1 32.1 32.4 35.3 33.1 31.1 30.1 30,2 
26.5 21.9 28.3 30.S 31.1 32.0 32.4 34.9 33.1 3Ll 30.2 30.2 
7.6.5 28.0 28.3 30,5 31.1 32.0 32.4 35.0 33.0 31.2 30.2,. 30.1 
26.7 28.0 28.2 30.5 31.1 32.1 32.5 34.9 33.0 31.3 30.2 30.1 
26.7 28.0 28.1 30.2 31.2 32.0 32.6 34.0 33.1 31.3 30.2 30.1 
26.8 28;0 27.9 30.2 3.1.2 32.0 32.7 33.6 33.0 31.5 30.2 30.1 
26.7 28:0 27.7 30.2 31.1 32.0 32.8 33.8 33.0 31.5 30.1 30 • .1 
26.7 .28.0 27.6 30.2 31.2 32.0 32.8 33.7 33.0 31.6 30.0 30.1 
26.7 28,0 27.7 30.2 31.3 32.1 33.0 33.7 33.0 31.7 30.0 30.1 
27.0 28.0 27.7 30.3 31.3 32.1 33.0 33.7 33.1 31.8 30.2 30.1 
27.0 28.0 27.7 30.5 31.2 32.2 33.1 33.6 :n.l 31.9 30.1 
:V.l 28.0 '27.7 30.5 3J.2 32.3 33.1 33.7 33.0 32.0 
2"1.1 28.1 2.7.7 30.2 31.3 32.3 33.0 33.7 33.0 32.2 
27.3 28.2 27.7 30.0 31.4 32.5 33.1 33.7 33.1 
27,4 28.2 27.7 29.8 31.5 32.5 33.2 33.1 
27.5 28.2 27.7 29.6 31.9 32.6 33.2 33.0 

28.3 2'1.7 29.6 32.5 33.2 33.1 
28.3 27.9 29.5 32.4 33.2 33.1 
28.3 28.0 29.5 32.4 33.2 
28.4 28.1 29.5 32.4 33.2 
28.1 28.2 29.5 32.3 33.3 

28.3 29.S 32.2 33.3 
28.3 29.6 32.1 33.2 

29.6 33.2 
29.6 33.2 
29.6 32.8 
29.6 32.5 
29.6 
29.7 



transect 
12 II 10 9 8 7 6 5 4 3 2 1. 

•.• < .•... ~.,~: .. 30.Z 31.8 31.4 32.8 32.8 33.1 38.7 38.6 34.7 34.0 32.7 32.S· 
2!M 3).8 :U.2 32.8 32.8 33.0 38.7 ··38.7 34.1 34.0 32.8 32.7. . " '.. Air ~mplC:! 2!l:3 30.9 31.1 32.8 33.0 33.0 38.6 38.7 34.7 34.0 32.!1 32.S 

: /;32.6 ..... 29;2 3'0;6 30.6 32.7 33.1 33.1 38.S 38.5 34.7 34.0 32.9 32.4 'CPS,loaid: 29.1 30.2 29.5 32.7 33.1 33.1 37.6 38.3 35.0 34.0 33.0 3i.3 98" 29.0 30.2 29.2 32.7 33.2 34.2 36.1 38.2 35.1 34.0 33.0 32.3 : '. disehar,o 29.0 30.1 29.1 32.6 33.2 34.1 34.8 37.1 35.3 34.0 33.0 32.4 · tentp. C: 28.9 : 3'0.0 29.2 32.5 33.1 34.3 34.6 38.0 35.1 34.0 32.9 32.4 
28.8 29.8 29.2 32.4 33.1 34.3 34.6 37.8 35.1 34.1 32.7 32.3 
28.8 29.7 29.3 nos 33.0 34.2 35.0 37.5 35.1 34.1 32.7 32.2 
28.1 29.7 29.2 32.S 33.1 34.2 35.1 37.6 35.0 34.1 32.7 32.i 
28:i 29.8 29.2 32.3 33.2 34.2 35.1 31.2 35.0 34.1 32.7 32.2 
28.1 29.1 29.0 32.1 33.2 34.2 35.3 36.8 35.1 34.0 32.8 32.3 
28.7 29.7 28.6 32.1 33.2 34.2 35.3 36.6 35.2 34.0 32.9 32.3 
28.6 29.S 28.6 32.1 32.9 34.2 35.2 36.9 35.3 34.1 32.9 32.4 
28.6 29,6 28.5 32.1 32,6 34.2 35.1 36.7 35.3 34.0 33.0 32.4 
28.1 29.6 28.6 32.3 32.5 34.2 35.1 36.5 35.3 34.0 33.1 32.5 
28.6. 29.6 21::.2 32.3 32.S 34.2 35.1 36.4 35.5 34.0 33.2 32.6 
28,8 29.6 2~.2 31.6 32.5 34.1 35.2 36.5 35.5 34.1 33.2 32.5 
28.8 29.S 28.2 31.5 32.5 34.2 35.2 36.5 35.5 34.3 33.2 
28.9.· 29.5 28.2 31.5 32.S 34;2 35.4 36.5 35.7 34.7 
28:9. 29.S 28.2 31.5 32.6 34.2 35.5 35.7 35.0 
29.1 29.1 28.4 31.5 32;1 34.1 35.6 35.7 

. 29.1 29.8 28.3 31.5 32.7 34.1 35.6 35.7 
.29.0 29.8 28.4 31.4 32.7 34.0 35.6 35.8 
29.1 30.1 28.3 31.4 32.7 34.8 35.6 35.7 
29.2 30.3 28.3 31.5 32.9 33.7 35.5 35.8 
29.2 30.3 28.3 31.4 3J.2 33.8 35.4 

28.5 31.4 35.1 
28.5 31.3 35.0 
28.5 31.3 34.9 
28.6 31.3 34.6 
28.8 31.3 34.5 
29.0 31.4 34.5 
29.1 34.6 
29.1 
29.2 



transect 
12:·;U 10 9 8 7 6 S 4 3 2 ,f' 

30;2' 30.2 31.7 33.2 34,3 34.4 38.3 38.2 34.3 33.2 32.S . 31.6 
29:929.7 31;7 33.0 34.3 34.2 38 .• 38.2 34.3 33.0 32.7 31.S' ,\irt,e"'P.'C: 2~.8 29.6 31.7 32.7 34.3 34.4 38.2 38.0 34.3 33.2 32.4 31.6 26.8" 29.8 29.7 31.8 32.8 34.3 34.5 38.0 37.6 34.3 33.3 32.2 31.6 CP~ toad: 29.6 29.8 32,2 34.0 34.4 34.5 37.9 36.9 34.4 33.4 32.2 31.6 99"',' 29.6 29.6 32.3 34.1 34.3 34.6 37.8 36,7 34.3 33.5 n.2 31.5 
29.S 29.6 32.2 34.0 34.5 34.6 37.2 36.6 34.3 33.5 32.2 31.5 
29.3 29.8 32.0 34.0 34.4 34.5 36.8 36.6 34.3 33.5 32.2 31.3 
29.5 29.7 32.1 34.1 34.4 34.5 36.6 36.7 34.3 33.6 32.1 31.5 
29.3 29.7 32.2 32.6 34.4 34.6 36.S 36.7 34.S 33.6 32.2 31.5 
29.4 29.7 32.1 32.0 34.S :14.7 36.3 36.6 34.6 33.6 32.1 31.5 
29.4. 29.8 32.2 31.8 34.5 34.7 36.2 36.6 34.6 33.6 32.1 31.5 
29.5 29.1 32.2 31.8 34.4 34.7 36.0 36.4 34.6 33.6 32.1 31.6 
29.4 29.5 32.2 31.8 34.4 34.7 35.7 36.0 34.7 33.6 32.1 31.6 
29.3 29.5 32.1 32.5 34.3 34.9 35.5 36.0 34.8 33.6 32.1 31.5 
29.4 29.4 32.2 33.0 34.2 34.8 35.5 36.0 34.7 33.6 32.0 31.6 
29.3 ·29.8 :U.8 33.8 34.3 34.8 35.5 36.0 34.7 33.6 32.0 31.6 
29.5 29.8 31.8 33.6· 34.1 34.9 35.4 36.1 34.7 33.6 32.3 31.6 
29.5 29.9 31.8 33.1 34.0 35.0 35.4 36.1 34.6 33.S 31.6 
29.S 30.1 31.7 31.8 34.1 34.9 35.5 35.8 34.6 33.5 
29.3 30.1 . 31.7 3t.3 34.1 34.9 35.5 35.8 34.6 33.5 
29.3 30.2 :n.7 31.3 34.1 35.0 35.4 35.8 34.5 33.4 
29.3 29.7 31.7 31.2 34.0 35.0 35.4 35.9 34.5 33.5 
29.3 ·29.7 31.6 31.0 34.0 35.0 35.5 34.2 
29.3 30.2 31.5 30.8 34.1 35.0 35.5 34.S 
29.3 30.0 :U.4 30.7 35.0 35.5 
29.5 29.9 31.3 30.5 35.1 35.6 
29.5 31.2 30.6 35.1 35.6 
30.0 31.2 30.7 35.2 35.6 

31.2 30.1 35.3 35.6 
31.2 30.8 35.2 35.6 
31.2 31.0 35.3 35.5 
31.2 31.1 35.3 
31.3 31.6 35.2 
31.7 



, trllnsect 
U' 10 9 8 '1 6 5 4 3 2 1 

30.1 31.3 33.1 34.0 34.5 36.8 36.8 34.7 33.2 33.3 33.1 
, ,30.0 )0·1 :11.2 33.0 34.0 34.3 36.7 36.7 34.6 34.2 3).5 33.2 ' 

~"Aii '29.8 30.2 31.2 32.8 34.1 34.3 36.7 36.7 34.6 34.2 33.6 33.2 
,,~,1 ,',' 29.1 30i2 31.2 33.1 34.0 34.3 36.7 36.4 34.3 34.2 33.6 33,2 

" CPS IUId: 2Sl.4 lO.1 30.8 33.1 34.1 34.5 36.7 36.2 344 34.2 33.7 33.1 

"" 29.S 30.1, 30.8 33.1 34.1 34.4 36.1 36.2 34.3 34.1 33.7 33.1 
<di.cbArao 29;1 29.9 31.0 33.1 34.1 34.S 35.7 35.7 34.S 34.3 33.7 33.1 
ttimp,C: 29,6 29.9 31.1 33.3 34.0 34.6 35.7 35.9 34.6 34.3 33.6 33.2 

29.5 29.7 31.3 33;5 34.0 34.6 35.4 35.2 34.7 34.3 33.4 33.2 
29.3 29.S 31.5 31.8 34.0 34.6 35.4 35.2 34.7 34.4 33.2 33.2 
29.5 29.8 31.4 32.2 34.0 34.6 35.5 35.2 34.7 34.3 32.8 33.0 
29.7 29.7 31.2 31.7 ;}4.0 34.7 35.6 35.2 34.S 34,4 33.2 33.3 
29.7 29.6 31.5 31.8 34.1 34.7 36.3 3$.2 34.9 34.5 33.9 33.4 
29,7 29.7 31.6 31.9 34.1 34.8 35.5 35.5 34.8 34.5 33.8 33.3 
29.3 29.7 ' 31.5 32.1 34.1 34.9 35.2 35.4 34.6 34.5 34.2 33.6 
29.8 29.8 31.6 32.0 34.2 34.9 34.5 35.5 34.S 34.7 34.1 33.7, 
29.8 29.7 31.6 32.1 34.2 35.0 34.7 35.3 34.5 34.7 343 33.6 
30.0 29.9 31.6 32.S 34.2 35.1 35.0 35.5 34.6 34.7 34.3 33.6 
30.1 29.9 31.8 33.0 34.1 35.2 35.1 34.8 34.7 34.S 34.2 
30.1 29.8 31.8 32.8 34.1 35.3 35.1 35.1 34.7 34.8 
30.0 29.8 31.8 32.6 34.1 35.3 35.2 34.8 3 •. 8 34.8 
30.1 30~3 31.8 32.7 33.9 35.3 35.2 34.7 34.8 35.2 
30.3 30;5 31.8 32.5 33.9 35.3 35.2 34.8 35.0 
31.1 30.6 31.7 32.3 33.9 35.3 35.2 35.1 
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. The' Illinois. Pollution. Control Board Heated Effluent Demonstration Regult,itldn . 

(fithi'j',S,\lbpart A, Sections106.102(c)(2) and (3») require that theoretical plume studies 

bepetformed for all four seasons for typical and worst case conditions and that the 

. tMoreUcalplume studies should indicate three-dimensional effects. 

As shown in the 106.102 (c)(l) Actual Plume Studies (Edinger Associates
t 

19<J2b), the 

Clinton Lake thermal plume has a three-dimensional near-field region in the vicinity of the 

discharge and a laterally-mixed, longitudinally and vertically distributed, two·dimensional far~ 

fieldpillme region. The theoretical plume studies are designed to encompass both region&. 

It is necessary to define and evaluate the worst case and typical conditions that should apply 

to Clinton Station and Lake. 

Delinition or Worst Case and Typical ('..onditions 

Worst case is assumed to mean thermal plumes of maximum size and temperature. 

The conditions that contribute to maximum size include (1) Statioll operations that produce 

maximum waste heat rates; (2) minimum freshwater inflows to Clinton Lake such that 

dilution in the lake and discharge through the lake outlet works are minimized; and, (3) 

meteorological conditions 

that result in maximum lake ambient temperatures. The first two conditions produce 

maximum Station contributions to temperature (excess temperature) and the last condition 

produces maximum ambiem temperature. These three conditions were developed into 

boundary condition data to be used in the longitudinal-vertical model of Clinton Lake to 

J. E. Edinger Associates, Inc. 92-123-R 



'far~tieJ~thefmalph.me dimensions, and .ben in a longitudinal.la~eial-verd~aJ 
···>jr,~ct;~r~ed'SCharge region of Clinton Lake to obtain the near·field thermal plume 

. dian~USions. 

Typical conditions are dcfiu-.:t! similarly, except that meteorological :conditiotlsthat 

r~~ultintypical monthly ambient temperatures are adopted. For the purposes of this study, 

typical conditions thus include maximum waste heat rates, minimum freshwater inflows and 

typical. mean monthly ambient temperatures. 

Ambient lemperatum,s 

To identity the maximum and typical ambient temperatures, a long record of 

meteorological data was examined using a response temperature mode]. Response 

temperature is defined as the temperature a completely mixed column of water of specified 

depth would have if surface heat exchange were the only active heat transfer process. The 

rate of change of response temperature, Te, can be written in~~rms of the net rate of 

surface heat exchange as 

where 

p = 

= 

J. E. Edinger Associates, Inc. 

dT 
p c n(_C)=H 

1" dt 11 

the density of water, 1000 kg m-3 

(PP-l) 

the specific heat of water at constant pressure, 4186 J kg- l 0Cl 

92-123-R 



the Olean depth of the water column, m 

the rate of change of water temp(!rature wHh Hme, 0C s·l 

the net rate of surface heat exchange as a function of shortWave 

solar radiation, air temperature, dew point temperature, wind 

speed and water surface temperature, W m-2• 

The net rate of surface heat exchange is a function of shortwave solar radiation, air 

temperature, dew point temperature, wind speed and water surface temperature. Since the 

. e net rate of surface heat exchange is dependent Oil the water temper.ature, the equation must 

be iterated for temperature as· well as integrated over the meteorological record to give 

time.varying. response temperatures. For the Clinton Lake case, hourly (or for some years, 

three·hourly, depending on availability) meteorological data at Springfield, Illinois for the 

period 1955 to 1991 were used to compute response temperatures. These temperatures are 

shown (Edinger Assc.dates, 1992a) to c10selyrepresent ambient temperatures)n CHnton 

Lake. 

For determining worst case conditions, the response temperature record was 

organized so that the maximum daily average value that occurred within each month was 

available for inspection (Exhibit 1). From that table, the highest single value of Tr for each 

of the four seasons was selected. The results are given in Exhibit 3. 

For determining typical conditions, mean monthly values of the response temperature 

J. E. Edinger Associates, [IIC. 
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~l1lputed for each month. Thest: are shown in Exhibit 2 . 

. response temperature was computed by taking the average of the three monthly means that 

. represented the season. The results are given in Exhibit 3. 

This method of computing the ambient has the advantage ofinc1uding all the 

meteorological data important for surface heat exchange in a coincident fashion over a very 

lon8 record, e.g., naturally occurring high air temperatures with wind speed values that 

occurred at the same time. The value of k given Exhibit 3 is the coefficient of surface heat 

exchange for the same date in the record and provides a convenient method of computing 

surface heat exchange in the far- and near-field models as k(T.Tr), whereT is the water 

surface temperature (Edinger, et at, 1974). 

Maximum Station wastel}eat dis~ 

The maximUlll Station waste heat discharge for 100% load was given in an earlier 

report (Edinger Associates, 1992a) as 1.97 x 109 W (6.713 X 109 Btu h-1), with a pumping 

rate of 42.4 01
3 

s-l (1497 efs), yielding a station temperature rise of 11.1°C (20°F). These 

values were used directly in the far- and near-field models to account for the Statipn's 

contribution to temperature for both the worst and typical case conditions. 

Minjmum dilutiQn and flrnhini 

The conditions for minimum dilution and flushing include minimum North Fork and 

Salt Creek inflows and minimum Clinton L1ke pool elevations. For the purposes of the 

worst and typical plume predictions, North Fork and Salt Creek inflows were considered to 

J. E. Edinger Associates, Inc. 
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" ···~ndlllke'~levntiOl1S considered to be below the spillway,or at an elevaHonof 210.3~;' 

. Far.FieldModelling Methodology 

Thefar·field modelling is performed using the GLVHT model discussed inEdinger 
. . 

Associat~s, 199Za. The Clinton Lake map with the GLVHT segments is shownin Exhibit 

. 4.'J'he model was run for each of the worst case and typical case conditions outlined in 

Exhibit 3. It was initialized at' the response temperature, Tr, and run to steady-state with 

the Station heat load. Surface heat exchange was computed from k(T~Tr) (Edinger. et.a), 

191«1-). Running the model to steady-state conditions essentially assumes that the 

meteorological conditions do not change over a period of days, and this assumption is 

conservative. 

Near-Field Modelling Methodology 

In order to simulate the behavior of the plume in the near-field region, a 

hydrodynamic longitudinal-lateral-vertical (three-dimensi('nal) model (GLLVHT) similar in 

construction to the GL VHT longitudinal-vertical model was applied to this region. Based 

on information from the longitudinal-vertical simulations presented here and observations 

of the plume presented in 106.102(c)(1) Actual Plume Studies (Edinger Associates, 1992b), 

a region of Clinton Lake covering 3000 m (10,000 ft) in the longitudinal was chosen for 

modelling. This region is approximately twice the length of the region shown in the 

presentation of actual plume data. 
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':~~o.~ltlirielofthe three-dimensional model as it is applied aroundth~ discharge is , 
sh~i~:~HitiitS. The three~dimensional model is essentially imbedded in the OLVHT 

';iltJ.eISegments 177 16 and 15. These segments are further subdivided into the 152 meter 

(c.lQwn'lake) by56 meter (across lake) computational cells of the three-dimemionalmode!. i-'- "". . - . 

The centers of theceUs are shown in Exhibit 5. The vertical scale for the near-field model 

is the same as. for the far·field model, 1.1 m (3.6 ft). 

The Widt~sand depths for the near-field model was taken from the segment widths 

arid depths usediti the GLVHT longitudinal-vertical far-field model. Boundary conditions 

for the three-dimensional model taken from each of the seasonal GLVHT simulatiom were 

(a) elevation gradients and (b) up- and down-lake temperature profiles. These were applied 

to the ends of the three-dimensional model. The near-field simulatiof,s were thus an exact 

reprodllction . of the far~field simulations. scaled to the discharge region. 

'fheoretical Plume Results 

Predicted far-field and near-field plume results are presented in tabular and graphical 

fonnats based on the far-tleld plume results as computed from GL VHT and the near-field 

plume results as computed from GLLVHT. They arc first presented for the worst case 

conditions and then for the typical conditions. 

Far-field and near-field simulations for worst case condit.iQns 

The worst case conditions are defined as those which would have occurred under 

conditions of maximum ambient temperature, full load and minimum dilution and flushing 

1. E. Edinger Associates, Inc. 
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,1~2()'fu~dgnlentlengths (5000 ft), and a more gradual fall off in temperature toth~ intll~e' 
"(segmertt~); .Also apparent is the surface-to-bottom stratif1cation of 4 to SoC ihthe vicin:ity 

of thedj~charge. 

Result~foi'the near-field simulations for the four seasorlal cases are shown In 
,-, " 

&bibifsl0through13. These exhibits show a slight down-lake movement of the plume, 
. :'" . " - -~.' 

collSjste"twiththe condition of no freshwater inflow, but with Station pumping. The 

'isothenns for the .ncat-field model show temperatures somewhat higher than the 

correspOnding far-field model results. This is due to the additional detail supplied by the 

near-field model. 

The diagrams also show stratification to mid-dt!pth of several degrees C, consistent 

with the far;,fieJd Inodel results as well as the observations. Furthermore, stratification is 

greater adjacent to the discharge, as would be expected. 

Far-field nnd.near-field simulations for typical conditions 

The typical condition far-field plumes are shown in Exhibits 14 to 17. The 

typical condition ambient temperature in the winter is low enough that the lake can cool to 

temperatures less than 4°C which is the temperature at which the density of water is a 

maximum. As shown in Exhibit 14, the ~oC water begins to sink to lower levels beginning 

at Segment 8 and results in temperature inversions further up the North Fork Salt Creek 
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neai .. field predictions in J3xhibits 18 to 21. 
,':- -

':,;~~nfigurado!l as those found for the worst case predictions. 

,The differencehetween the worst case conditions and the typiC~1 case conditions is ' 
" , 

,mo~d?ret1~cted in the differences.in ambient temperatures used for eac,h caseaa given in -..: ,;.-. "-.. ' 
-:. ,---,' .. ~ - , "-': ," " ' .:" - , 

EJchibit'3.Forthe wirtter conditions tIle worst case ambient was 7.1°C higher than the 

typiqll.collditions; for spring, the, 'Worst case 'was '11.1 0 C higher; for the summer, the worst 

casewasonly2.7"C higher; andIdr the fali the worst case was 10.2°e higher. It is typical 

for the summer mean conditions and maximum conditions to be within a few degrees celsius 

of each other. 

The excess temperatures due to the Station operations would be the difference in the 

predicted temperatures and the ambien~ temperature as discussed in Edinger Associates 

(1992b) Section 3. The excess temperatures tend to be higher in the winter than in the 

summer and tend to be less for the worst case than the typical case in the same season. 

These differences in ~xcess temperature are due to the fact that the rate of evaporative 

cooling increases with increasing temperature. 

The worst case predicted plume gives a maximum temperature of 107,6 F (42 C), as 

shown in Exhibit 12. Note that this temperature corresponds to 110.7 F at the end of the 

discharge flume. The predicted plume is essentially for the worst day of ambient 

temperatures in 37 years. The 42 C isotherm of the plume extends out on the surface of 
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·'2yp.~ql~t~ltlpct~t\ireiS 41 C amithe 42C isotherm would be found b;iCk up the discha~ge 
clillal:Withill 1.2 km (3937feet) above and below the point of the flume discharge, surface 

...• ·:watertempenltures would be expected to have cooled to approximately 39 C (102.2 F). 

Mid-depth temperatures at these distances would be expected to fall to approximately 37 

.. C(98 .• h::j.TI1eidistribution of temperatures and the extent of the area bounded by these 

.temperatures are.not expected to be exceeded for any anticipated Station operating 

conditions or any meteorological conditions· that would occur more frequently than 1 day 

in 30 years. 

J. E. Edi"ger Associates, Itlc. 
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Mean .4 .9 4.3 11.3 18.3 23.9 27.2 26.7 22.9 15.4 7.8 1.4 Stdev .4 .7 I.e 1.8 1.8 1.3 1.0 1.1 1.1 1.3 1.6 1.0 Max 1.5 3.2 8.3 15.3 21.6 27.1 29.4 28.7 25.6 18.7 10.0 4.4 Min .0 .0 .7 8.1 15.3 21.3 25.4 24.5 20.9 13.0 4.1 .1 



Me~~l(.ic~· and ambientcoriditions for worst case and typicill ease. 

fall (September, October, 
November) 

season 

winter 

spring 

summer 

faU 

Worst Case 

response temperature (T,), C rate of surface heat 
exchange (k), W nr'.t °C-1 . 

8.6 35.0 

26.3 45.3 

31.6 35.5 

29.6 31.9 

Typical Case 

response temperature (T,), C rate of surface heat exchange 
(k), W nr2 eel 

0.9 21.5 

11.3 31,0 

25.9 34.8 

15.4 28.1 
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GLVHTmodelsegments and bi-monthly sampling sites. Clinton Lake, Clinton, Illinois. 

Clinton lake 
Nortb Fori 

"""""'1.1-MIOC£ 

JI" 

~ 
N 

~ 
o :I 
I I 

SiC.oII.£ IJI HILES 

• ..~V s.wot.loG SUES 

jQ.1IKf1_.H1'£ 

e 
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;:>J~blf5~': n~r~~, 1lri1I~nslonial m<Hfel outline or computational region and reference paints; 
expanded relative to the predicted plume diagrams shown later. " . 

a'-D' model, outUne of oomputational region and reference point. 
0.00 

0.00 
O.ot 

-0.80 .. 

.. 0.81 

! 
8' -0.11 

i ~1"'1 -c= i -1.61 

~ 

~ -1.82 

! 
~ -2.1S 

~ 
~ -2.fS 
~ 
0 ... 

-2.73 

-5.0. 

O,H 0.11 0.23 

,....-... 

Q,) 

~ 
G> 
~ 
0 

~ 
:1 
~ 
0 
Z 

o.~" 0 •• 15 O.tH 0.60 0.e2 0.88 '--'--r---,..--.--_...-_.,......,......., 0.00 

Halt of 
GLVHT 
segment 17 

GLVHT 
segment 16 

Hall of 
GLVHT 
segment 15 

"'0.30 

-O.CSI 

-0.81 

-1.21 

-1.62 

-1.82 

-2.13 

-2.43 

-2.73 

-3.0' 

-S.M -3.S' 
0.00 0.08 0.11 0.17 0.23 0.26 O.S' 0.5; 0.46 0.61 O.5e 0.62 O.M 

lateral (y-directlon) distance. kIn 
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Exhibit 6. Winter far-field temperature distribution for worst case conditions. Temperatures are measured in C. Layer elevations are shown 
in the second part of this exhibit; segments are identified in Exhibit 4. 

1m!: } " 5 6 7 8 
~ 
9 10 11 1~ 13 ,,, 15 16 17 18 21 

5 8.7 9.(1 9.4 9.6 9.9 10.3 10.6 11.0 11.4 12.2 13.1 14.3 15.8 18.3 13.5 10.1 8.6 
6 8.7 9.1 9.6 9.& 10.1 lOS 10.8 11.1 11.6 12.3 13.1 14.3 15.6 17.3 13.3 10.' 8.6 
7 !!..8 9.1 9.7 10.0 10.2 10.5 10.8 11.1 11.4 11.9 12.4 13.5 15.1 16.3 13.0 TO.1 8.7 
8 La 9.1 9.8 10.1 10.2 10.5 10.7 10.9 11.1 11.5 12.0 12.9 14.3 15.4 12.6 10.1 8.7 
9 8.9 9.1 9.8 10.2 10.2 10.5 10.7 10.! 10.9 11.3 11.6 12.4 13.7 14.6 12.3 10.1 8.7 

.to 8.9 9.1 9.8 10.2 10.2 10.5 10.6 10.7 10.! 11.0 n.3 11.7 13.0 14.0 12.3 

" 9 •. 0 9.1 9.7 10.2 10.2 10.5 10.5 10.6 10.6 10.7 10.9 11.0 
12 9.0 9 .• 1 9.7 10.2 10.2 10.4 10.4 lC.S 10.5 10.5 10.6 10.7 
n 9.9 10.2 10.2 70.4 10.4 10.4 to.4 10.5 10.5 
'4 9.9 10.2 10.2 10.3 10.4 10.4 10.4 10.4 
15 10.2 10.3 10.3 10.4 



i~~_'_Ckn ..... ""'_;;..-a! 

4 1.1 
5 1.1 
6 l~l 
7 1.1 
S 1,1 
9 1.1 

10 1.1 
11 1.1 
12 1.1 
13 1.1 
i4 1.1 
15 1.1 

~lev.t~on 
'- l II 

213.36 
212.26 ' 
211.16 
210.06 
208.96 
207.86 
206.16 
205.66 
204.56 
203.46 
202.36 
201. 26 
200,16 
199.06 
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Exhibit 7. Spring far-field temperature distribution fot' worst case conditions. Temperatures are measured in C. Layer eleva.tions are shown 
in the second part of Exhibit 6; segments are identified in Exhibit 4. 

!!:l!!!:n! 
!!pt 3 4 5 6 7 5 9 10 11 1~ 1~ 14 15 16 17 18 21 

26.4 26.7 27.0 27.2 27.4 27.5 27.1 28.0 28.3 28.8 29.5 30.5 31.8 34.7 31.0 28.5 26.4 
6 26.4 26.7 21.0 27.2 27.4 27.5 2".1 28.0 28.3 28.8 29.4 30.3 31.5 33.4 30.9 25.4 26.4 
., 26.4 26.6 21.0 27.2 27.4 27.5 27.7 27.9 28.1 28.4 28.8 29.5 30.8 32.0 30.3 28.2 26.4 
a 26.4 26.6 27.0 27.2 27.4 27.5 27.1 27.8 27.9 28.1 28.5 29.1 30.3 31.2 29.8 28.0 ;0.4 , 26.4 26.6 26.9 27.2 27.4 27.5 27.6 27.7 27.8 28.0 28.2 28.1 29.7 30.6 29.5 27.8 26.4 

10 26.4 26.6 26.8 21.2 27.3 27.5 21.6 27.6 27.1 27.5 25.0 28.2 29.2 30. t 29.5 
1t 26.4 26.6 26.1 27.1 27.3 27.4 27.5 21.5 27.6 27.6 21.7 21.7 
12 26.4 26.6 26.7 27.0 27.3 27.4 27.4 27.4 27.5 27.5 27.S 27.6 
13 26.7 21.0 21.2 21.3 27.3 21.4 21.4 27.4 21.5 

·14 26.7 26.9 21.2 27.3 27.3 27.3 21.4 27.4 
15 27.2 27.2 27.3 27.3 
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Exbibit 8. Summer far-field temperature distribution for worst case conditions. Temperatures are measured in C. Layer elevations are 
shown in the second part of Exhiblt 6; segments are identified in Exhibit 4. 

~ 
1m!: 3 4 5 6 7 e 9 10 11 1~ 

5 12.0 32.3 32.S 33.0 33.2 33.4 33.6 33.9 34.2 34.9 
6 32.0 32.3 32.S 33.0 33.2 !l.4 33.6 33.9 34.2 34.8 
1 32.0 32.3 32.8 33.0 33.2 33.4 33.6 33.8 34.1 34.5 
8 31.9 32.3 32.1 D.O 33.2 33.4 33.5 33.7 33.9 34. t 
9 31.9 32.3 32.6 33.0 33~2 33.4 33.5 33.6 33.7 33.9 

10 31.9 32.2 32.5 32.933.1 33.3 33.4 33.5 33.6 33.1 
11 31.9 32.2 32.4 32.S 33.1 33.2 33.3 33.4 33.4 33.4 
12 3!.9 32.1 32.3 32.1 33.0 33.1 33.1 33.2 33.2 33.3 
13 32.3 32.6 32.9 33.0 33.1 33.1 33.1 33.2 
f4 32.3 32.S 32.S 32.9 33.0 D.O 33.1 33.1 
15 32.8 32.9 32.9 33.0 

13 
35.7 
35.5 
34.8 

.34.5 
34.2 
33.8 
33.5 
33.3 
33.2 

14 15 
36.6 37.9 
36.4 37.4 
35.4 36.7 
35.0 36.2 
34.6 35.6 
34.1 35.0 
33.5 
33.4 

16 17 18 21 
40.6 37.1 34.5 31.6 5 
39.2 36.8 34.3 31.6 6 
37.9 36.4 34.1 31.6 7 
37.1 35.9 33.8 31.6 8 
36.5 35.S 33.6 31.6 9 
35.8 35.S 10 

11 
12 
13 
14 
15 
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Exhibit 9. Fall far-field trunperature distribution for worst case c.onditions. Temperatures are measured in C. Layer elevations are shown 
in the second part of Exhibit 6; segments are identified in Exhibit 4. 

~ 1m!. 3 4 ~ 6 7 8 9 10 11 12 13 14 15 16 17 18 21 5. 30.1 30.S 31.0 31.2 31.S 31.7 31.9 32.2 32.5 33.2 34.0 35.0 36.3 39.0 35.5 32.9 29.6 6 30.1 30.S 31.0 31.2 31.S 31.7 31.9 32.2 32.S. 33.1 33.8 34.7 35.8 37.7 35.2 32.6 29.6 7 30.1 3O.S 31.0 31.3 31.5 31.7 3~.9 32.1 32.4 32.8 n.l n.T 35.1 36.4 34.8 32.4 29.6 I 30.1 30.S 30.9 31.3 31.S 31.7 31.8 31.9 32.2 32.4 32.8 33.4 34.5 35.5 34.3 32.1 29.6 9 30.0 30.4 30.8 31.2 31.5 31.7 31.7 31.8 32.0 32.2 32.5 32.9 33.9 34.9 33.9 31.9 29.7 10 30.0 30.4 30.7 31.1 31.4 31.6 31.7 31.7 31.8 32.0 32.1 32.4 33.4 34.3 33.9 11 30.0 30.3 30.6 31.0 31.3 31.5 31.6 31.6 3t.7 31.7 31.8 31.8 .12 30.0 30.3 30.5 30.9 31.2 31.4 31.4 31~4 31.S 31.5 31.6 31.6 
13 30.5 30.8 31.1 31.2 31.3 31.3 31.4 31.4 31.S 
14 30.5 30.7 31.0 31.1 31.2 31.3 31.3 31.4 
15 31.0 31.1 31.2 31.2 



"f'lh:~:W'~ntl"~":ftear"r1Cld tei11perature distribution for worst case condition, for " .U[II~ 
the tap of each diagram is the up--lake (Salt Creek) direction arid at 

''''II.IIs.:Dlllnl intake direCtion). The contours for the mid-depth diagram are 19, 
~\biDlUlQh;1I ",discharge (approximately-1.8 km on the longitudinal diagram 

:;?'f:,;teI"1~lfto're~erence, points are shown in Exhibit S. The number in parenthesis is 

:suJ'!ace (3.04) 

O.2~O.~ 

-0.30 

-0.61' 

-0.91 

-1.21 

-1.52 

-1.82 

-2.13 

-2.'S 

-2.73 -2.73 
_17.0 

-3.04 I -3.04 

-3.34 I -3.34 
0.00 0.23 0.46 0.68 

lateral (y-direction) dis~nce, km 

Winter, mid-depth (3.04) 

0.00 0.23 0.4.5 0.68 
0.00 0.00 

-0.30 

-0.61 

~ 
or -0.91 

~ 
~ -1.21 -g 
~ -1.52 
(.I , 
Q,) 

~ -1.82 
I 
~ 
Cd -2.13 

~ 
.3 .... -2.'3 

~ o 
~ 

-2.73 

";0.30 

-O.Gl ... 

--0.91 

-1.21 

-1.52 

-1.82 

-2.13 

-2.43 

-2.73 

-3.34 -3.34 
0.00 0.23 O.,~ 0.88 

lateral (y-direction) distance, km 



~ -2.13 
~ .... 

"Cl 
=' 
~ -2.43 
bD 
1::1 o --2.75 

-3.04 

. , ~ '. , . - ' 

F~lM'1112Jl\ear-n,el-ld"temperature distributi(lnfor worstcaseoonditionid~r the ':L .lrra4::C 
. of cacih diagram is the up-lake (Salt Creek)dir~tion and at the ~Qm: 

',o'I>ln',ln.,." ... direction). Locati(ln reJative to reference pointS are sh<)wn irn~ 
:'paJrenlil\esis is the simulation number. . - . . 

spring. mid-depth (3.01) 

O.on 0.23 0.'5 
0.00 

-0.30 

-0.61 -0.61 

~ 
-0.91 or -0.91 ..,.0.91 

() 

..,.1.21 j -I, .. -1.21 
;,iii 

,..1.52 

-1,82 

-2.13 

..... 02· 

9··'··-····~···',o .... .....•... J 
J~' 

-Q 
~ -1.52 -1.52 
() 
Q) 

:8 -1.82 -1.82 
I 
H ..... " 
'it! -2.13 /~p -2.13 

11' .9 '0 .. 
'd 

~ -2.43 /:13.0 -2.43 
laO 
d 
0 

.-4 

-2.75 -2.73 -2.73 

---:Ja.o 
-3.04 -3.04. ~·5.04 

-3.M -5.M -3.34 -3.34 
0.00 0.23 0.45 0.68 0.00 0.:::5 0.45 0.68 

lateral (y-direction) distance, km lateral (y-direction) distance, km 



surtace (3.02) 

0.23 ... 0 .• 6 

-o.ao 

-1.62 

~1.82 

-2.13 

-2.43 

-2.73 -2.73 

--31M 
-5.04 -5.M 

-5.M -5.M 
0.00 0.23 o.~ 0.68 

lateral (y-direction) dis~ance. km 

summer, mid-depth (3.02) 

0.00 0.23 0.45 0,88 
.1),,00 0.00 

-0.30 

-0.81 

] 
~ -0.91 
~ 

! -,." 
-~ 
~ -1.52 
C) 
CD 
Jot :a -1.82 
I 

!!. 

-2.7S 

-3.04 

.. 0.30 

., 
-0.81 

-0.91 

-1.21 

-1.62 

'!'1.82 

-2.13 

-2.43 

-2.73 

-S.04 

-3.34 -3.34 
0.00 0.23 0.45 0.68 

iateral (y-direction) distance. km 



"Uilell~"fie'il'd"'" te~pCraturedistribution for worst case conditions forthe~_,... ~_ .. 
t(JItof each diag~m is the up-Jake (Salt Creek) direction and at the bottomi$ . 

'i\JDWll~JaIIte ~'_L •.• " ......... direction). Location relative to reference points are shown jn~hibi.f.s .• ' 
'.ftllmJ.·;in·puenthesis· is the simulation number. . . . . 

-0.01 

B 

-I=l :3-1•52 
o e :a -1.82 
I 
~ 
~ -2.13 
~ .... 
~ 

B 'M -2.43 
bD 
l:I 
o --2.73 

-3.04 

-0.30 

-0,01 

-0.91 

-1.21 

-1.IS2 

-1.82 

-2.13 

-2.43 

-2.73 

-37.0 -5.04 

-3.M -5.94 
0.00 0.23 0.45 0.68 

lateral (y-direction) distance, km 

tau, mid-depth (3.03) 

0.00 o.~s 0.415 0.tl8 
0.00 0.00 

-0.30 

-0.61 

~ 
ti -0.91 
f.) 

i -1.21 -R 
~ -1.52 
C,l 
QJ 

:b -1.82 
I 
H -

-s.O' 

-0.30 

-UJ! 

-0.91 

-1.21 
~ 

-1.52 

-1.82 

-2.13 

-2.'S 

-2.73 

-3.0' 

-3.3' -3.34-
0.00 0.23 0.45 0.68. 

lateral (y-direction) distance. km 
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Exhibit 14. Wmter far-field temperature distribution for typical conditions. Temperatures are measured in C. Layer elevations are shown 
in the second p.1It of Exhibit 6; segments are identified in Exlu'bit 4. 

~ 

¥ 4.~ 4 5 6 7 B 9 10 '1 12 13 14 15 16 17 18 ~1 
2.6 2.7 3.2 3.6 4.6 5. ~ 5.6 6.2 7.2 8.2 9.4 10.9 13.0 6.6 1.8 <!.3 5 

6 4.2 2.6 3.1 3.6 3.9 4.11 S.3 5.8 6.4 7.4 8.3 9.5 10.7 12.0 6.6 2.1 2.3 6 
7 4.0 2.7 3.S 3.9 4.2 4.8 5.3 5.7 6.1 7.1 7.8 8.8 10.2 10.9 6.6 2.6 2.2 7 
a 3.5 2.11 4.0 4.2 4.4 4.9 5.2 5.5 5.8 6.6 ?' .1 8.0 9.5 9.8 6.6 3.4 2.2 8 
9 3.6 3.0 4.3 4.4 4.5 4.8 5.1 5.3 5.5 6~2 6.6 7.4 8.9 9.0 6.6 4.1 2.1 9 

10 3.7 3.4 4.4 '.5 4.6 4.8 5.1 5.2 5.3 5.7 6.1 6.7 8.2 8.4 6.6 10 
11 4.a 4.0 4.5 4.5 4.6 4.11 5.0 5.1 5.2 5.3 5.5 5.6 11 
12 4.1 4.1 4.5 4.6 4.7 4.8 4.9 4.9 4.9 4.9 5.0 5.2 12 
13 4.6 4.6 4.7 4.8 4.8 4.8 4 .• 8 4.8 4.9 13 
14 4.6 4.6 4.7 4.8 4.8 4.8 4.8 4.! 14 
15 4.7 4.8 4.8 4.8 15 
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Exhibit IS. Spring far-field temperature distnbution for typical conditions. Temperatures are measured in C. Layer elevations are shown 
in the second part of Exhibit 6; segments are identified in Exhibit 4. 

~ 
.!D!!: 3 4 5 6 7 8 9 10 11 12 13 14 t5 16 17 18 21 

.. S . 12.3 12.1 12.4 12.6 13.0 13.4 13.7 14.0 14.5 15.2 16.1 17.2 18.6 21.0 16.4 13.1 11.6 5 

.6 12.3 12.1 12.6 12.9 13.2 13.5 13.8 t4.1 14.6 15.2 16.0 17.1 18.3 19.8 16.0 13.0 11.6 6 
7 12.3 12.1 12.7 13.0 13.2 13.6 13.5 14.0 14.3 14.8 15.3 16.2 11.6 18.1 15.6 13.0 11.6 1 

. a 12.2 12.1 12.7 13.1 13.3 13.5 13.8 13.9 14.1 14.4 14.9 15.6 16.8 17.8 15.2 12.9 11.5 8 

.9 12.2 12.1 12.6 13.1 13.3 13.S 13.7 13.8 13.9 14.2 14.S 15.1 16.3 17.0 14.9 12.8 11.5 9 
10 12.1 12.1 12.5 13.1 13.3 13.5 11.6 13.1 13.8 13.9 14;1 14.5 15.6 16.4 14.9 10 
11 12.1 12.1 12.4 13.0 13.3 13.5 13.5 13.6 13.6.· U.7 13.8 13.9 11 
12 12.1 12.1 12.3 12.9 13.2 13.4 13.4 13.4 13.5 13.5 13.6 13.7 12 
13 12.3 12.8 13.2 13.3 13.3 13.4 13.4 13.4 13.5 13 
14 12.3 12.1 13.2 13.3 13.3 13.3 13.4 13.4 14 
15 13.2 fl.2 13.3. 13~3 15 
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Exhibit 16. Summer far-field temjX.iature distribution for typical conditions. Temperatures are measured in C. Layer elevations are shown 
in the second part of Exhibit 6; segments are identified in Exhibit 4. 

!!S.nt. 
1!pt3 

,. 5 6 8 9 10 11 12 13 l' 16 17 18 ~1 26.1 26.6 2' .9 2' •. 1 2 .6 7.8 28.1 28.6 .2 0.0 1.0 3 .9 30.9 28.1 25.5 5 6 25.9 26.6 27.0 27.3 US 27.7 28.0 28.2 28.6 29.1 2.9.8 30.7 31.8 33.5 30.6 21.9 25.1 6 7 25.7 26.5 27.0 27.3 27.5 27.! 28.0 28.1 28.4 28.! 29.1 29.8 31.1 32.5 30.1 Z7.1.t <!S.O 7 a 25.S 26.4 26.9 27.3 27.5 27.7 27.9 28.0 25.1 28.4 28.8 29.4 30.5 31.2 29.6 27.6 24.8 !I ,.. 25.4 26.2 26.7 27.2 27.5 21.7 27.8 27.9 28.0 2a.2 28.5 28.9 29.9 30.5 29.3 27.4 24.!I 9 10 25.3 ~.1 26.6 U"t '1.7.4 27.6 27.7 27.8 27.8 27.9 28.1 21S.4 29.4 29.9 29.3 10 n .25.3 25.9 26.4 26.9 27.3 27.5 27.6 27.6 27.7 27.7 27.8 27.8 11 '12 25.3 25.8 ~.3 26.8 27.2 27.4 27.4 27.4 27.S 27.5 27.6 27.6 12 13 26.3 26.7 27.0 27.2 27.3 27.3 27.4 27.4 27.5 13 14 26.3 26.6 26.9 27.1 27.2 27.3 27.3 27.4 14 15 26.9 27.0 27.1 27.2 15 
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Exhibit 17. Fall far-field temperature distribution for typical conditions. Temperatures are measured in C. Layer elevations are shown 
in the second part of Exhibit 6; segments are identified in E..~ibit 4. 

~ 

~ 4 5 6 8 9 10 11 1 14 17 18 21 16.1 16. 16.9 17.~ 1 • 1 .9 18.2 18. 19.0 19. 21. 1.0 17.9 15.6 5 6 16.1 16.5 17.1 17.4 17.7 18.0 18.3 18.6 19.0 19.7 21.4 ZQ.7 17.7 15.6 6 1 16.1 16.5 11.2 17.5 17 •. 8 18.1 18.3 1:SS 18.7 19.2 20.5 20.2 17.S 15.6 7 I 16.1 16.5 11.1 17.6 '7.8 111.0 18.2 111.3 18.5 111.9 19.9 19.7 17.3 15.6 8 9 16.'1 t6.5 11.0 17.5 17.8 111.0 18.1 t8.2 18.3 1S.6 19.4 1~.3 17.1 15.6 9 10 1&. t 16.5 16.8 17.4 17.1 17.9 18.0 18.1 ~8.2 18.3 18.8 19.3 10 11 16.1 16.4 16.7 17.2 17.6 1'1.9 17.9 t8.0 18.0 18.1 t8.2 11 t2 16.1 16.4 16.6 17.1 17.5 17.7 17.7 17.8 11.8 17.9 18.0 12 13 16.6 17.0 17.4 17.6 17.6- 17.7 17.7 17.8 13 1./ 14 16.0 16.9 17.3 17.5 17.6 U.6 17.7 17.7 14 1S 17.3 17.4 17.5 17.5 15 



.Bibibi,.~l"ti''''''i',II·l't''er,· 'riear~field'temperature distribution for typical conditions for the surf~"""i~'" 
;<'dlljlQl(;?[~~t'tlN top pfeachdiaaramis the up--Jake (Salt Creek) di~tion and at the bottomj~thC ,'. , 

direction).,l.ocation relative to reference points are shown in Exhibit S.';thenUri\bCt,.' 
the' simulation' number. ' . 

Winter. surface (3.21) winter, mid-depth (3.21) 

0.00 o.e:J 0.4ti 0.08 0.00 0.23 0 •• 5 0.08 
0.00 0,{l0 0.00 0.00 

-0.30 -0.30 -0.30 -0.30 
• 

-0;&1 -0.81 -0.61 -0.61 

~ ~ 
oS -O.tl -o.sa or -0.91 -O.IH 
(,) Col 

i -1.21 -1.21 i -1.21 -1.21 

- ~o -" ~ 
~ -1.62 "0 -1.62 :a -1.52 -1.52 

4!()~ 
(,) .,.. () 
~ ~f) CIJ 
J.4 

~ -1.B2 :a -1.82 'C~. -1.82 -1.82 
I I 
H H -' \ ~ ....... 
d -2.13 '0 -2.13 CiI -2.13 -2.13 
C 0 

) 
~ 

~ 
..: .... ... 'tj 

B ) -2.43 ,g 
-2.43 .... -2.43 .... -f..43 

tID tID 
Q ~ 
0 0 0 - 0 --2.7S ... -2.7S -2.73 -2.73 

-5.04 -5.04 -5.0' -3.04 
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~F(:tRE 'n •• i IU.lN01S POLLUTION C()NTRO~BOARD ..• 

) 
) 
) 
) 
) PCB No, 92.~_ 
) 
) (§ 302.211(f) Hearing) 
) 
) 
) 
) 

.StJPPLEMENTAIJ AFFIOAVIT 01\' JAMES A. SMITHSON 

It Jam¢$ A Smithsoil,()n outb,d,ooepase and state: 
-" -'.' "-, 

1. lamth~' birector ~ Outreach and Assessment, in the Environmental Affairs 
- < : , 

. :. -

De. pilr1nlcn(of IlliMls Power Company· ("JlIinoill Power"). 
, . --- -'. -, .' "--.- . 

2. . Asp~;tOf my responsibilities as Director· Outreach and Assessment, I was involved 

inpreparh"lglllfn()is Power's Petition for He~ring on Hented Effluent Dcmodi.tration Pursuant to 
, '~'.,.: - . - - -, . - ~ - . .' - . 

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

3S.IU.Adm.OXle.§302.211(f) ePetitioll"), and certain of the Exhibits submitted therewith. 

$peCifically,Jwas involved inooordinating the information which is presented in paragraphs 4 

throl,lghTofthePetition: In addition, Illinois Power employees working under my supervision 

provided I.E. Edinger Associates, Inc. ("Edinger") with the lake temperature data teferenced in 

paragraphs· 4 through 7 of the Petition, which data was used by Edinger in preparing Exhibits HE.l 

and HE·2. 

3. To !'he best of my knowledge, the information presented in paragraphs 4 through 7 

of the Petition, as well as the lake temperature information provided to Edinger, is true and correct. 



'3Qdcdrrcctnc,u of certain of dus~n!'f'(j' rm~ltion, 

~ ...•.•.•••....... 
/~A Smithson ' ,"" " 

, ~ -
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) 
) 
) 
) PCB No. 92-__ __ 
) 
) (§ 302.211(t) Hearing) 
) 
) 
) 
) 

AFFIDAVIT OF JOHN E. EDINGJ~R 

.. Iilolul~FAingCriolloath do depos~and state: 
. . : ~. ;" - :~, .-- - '. -', ", ',"' ,. . 

·1,1 aJ\lPre!lldent and Principal Scientist at J.E. Edinger Associates, Inc., 37 West 

'i\V~<~ll~.Waj;ne,pennsYIVatlia ("E<lingei Associates"). 

.2,~ Ireceived~~achelornofCivil Engineering from Union College in 1960 and a PhD 

in Water Resources'arid PhYSi~al Oceanography from The Johns Hopkins University in 1965. My .-.- ," - , -.-', , . 

'a~;~~fexpert~eisen~ironmental hydroJogywith particular emphasis on waterbody dynamics and 

hyd~othenualanalysis. l,.startedthe consulting firm of Edinger A')sociutes in 1974. 

3. For the present proceeding, Illinois Power retained Edinger Associates to perform 

actualplumestudies and predicted plume studies for the heated effluent demonstration for Clinton 

Lake, Using lake temperature data and Station operating data for the years 1989-1991.1 Edinger 

Associates has prepared two reports encompassing these two studies. The actual plume studies are 

presented in the report submitted as Exhibit HE-l to Illinois Power's Petition for Hearing on 

Heated Effluent Demonstration Pursuant to 35 III. Adm. Code § 302.211(1) ("Petition"). "flle 

1 The Station operating data used in preparing the two reports is the same as that used in 
preparing Exhibit 4 to Illinois Power's Petition for Hearing to Determine Specific Thermal 
Standards Pursuant to 35 Ill. Adm. Code § 302.2110). 



also are· refCl'enced ~t 'various pJaccsin .~e P~tition. 
my knowledge. the lnformationi,resented or dCl)icted in ExIlli!>ilt$']l:I 

··FUR'fIIERAFJi'IA.NT SAYETH NOT. 

r;;;# Z-~<& . n E. Edinger - . 


