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1. INTRODUCTION

The Thorn Creek Basin Sanitary District (District) operates a municipal wastewater treatment plant
(WWTP) in Chicago Heights, Illinois. The WWTP has a design average flow of 15.9 mgd and a
design maximum flow of 40.25 mgd. The District serves Chicago Heights, Park Forest, Homewood,
South Chicago Heights, Steger and Crete communities. The combined population served by the
District is over 100,000 people. Effluent from the treatment plant is discharged into Thorn Creek,
the largest subbasin of the Little Calumet River System (Dames & Moore, 1982).

The municipal service area contains numerous industrial users, including Rhodia, Inc. (Rhodia),
formerly known as Rhéne-Poulenc Basic Chemical Company, located in Chicago Heights, Illinois.

Rhodia is a manufacturer of inorganic chemicals, primarily phosphate products, sodium bicarbonate
and silica. The Rhodia silica plant currently discharges approximately 840,000 gallons per day (0.84
mgd) based on an average month to the District's sanitary sewer.'

The existing silica plant went on-line in October of 1995. Rhodia has proposed an expansion to the
existing silica plant at its Chicago Heights plant as it is ideally located relative to both the raw
materials necessary for the silica process and the receiving market. The silica manufacturing
process generates sodium sulfate in an aqueous waste stream. Rhodia has approached the Thom
Creek Basin Sanitary District regarding the feasibility of the District accepting additional dissolved
solids loading attributable to the additional sodium sulfate that would be generated.

This environmental assessment study was undertaken to determine the overall impact the additional

dissolved solids will have on the receiving stream, Thomn Creek as well as the WWTP. Prior to
addressing any potential environmental impact, background information is presented on the process,
existing total dissolved solids (TDS) and sulfate loadings, and existing water quality. The
incremental change in TDS and sulfate in the receiving stream due to the silica process are then
modeled and the toxicity levels of both parameters are discussed, including biomonitoring results
using water from Thorn Creek. This report will serve as a basis for defining the projected

environmental impact should the proposed expansion proceed.

' This includes approximately 240,000 gallons per day from phosphate production and 600,000 gallons per day
from silica production. Silica discharges range from 100,000 gallons per day to 1,000,000 gallons per day
depending on silica on-stream time.
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3. THORN CREEK BASIN SANITARY DISTRICT EXISTING CONDITONS

3.1 Water Quality Database

The Thorn Creek Basin WWTP monitors the influent and effluent quality as required by its NPDES

permit. The parameters monitored are as follows:

Parameter Influent Effluent
Flow X X
—
rH X
Suspended Solids X X
CBOD; X X
Chlorine Residual X
Fecal Coliform X
Ammonia Nitrogen X

These parameters are reported as monthly averages and daily maximums on the Discharge
Monitoring Reports. In addition, the District has monitored total dissolved solids (TDS) on both the
influent and effluent and sulfates on the effluent. The data generated on TDS and sulfates are

presented in the Section 3.2.

3.2 Influent and Effluent Quality

The District monitors the plant effluent flow rates on a daily basis. Daily flow rates from April 21,
1996 to June 24, 1999 are provided in Appendix A. The monthly average flow data for the period of
May 1996 to May 1999 are summarized in Table 3-1. During this period, 36 days were recorded
with flow rates over 40.25 mgd. These excess flow days range from 40.33 mgd to 84.41 mgd.
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TABLE 3-1

MONTHLY AVERAGE EFFLUENT FLOW RATES
THORN CREEK BASIN SANITARY DISTRICT WWTP EFFLUENT

Month Avg. Flow, mgd Month Avg. Flow, mgd
May- 1996 28.16 January- 1998 21.09
June 19.96 February 21.70
July 18.91 March 31.70
August 12.11 April 22.20
September 11.84 May 19.22
October 12.36 June 15.01
November 13.65 July 14.07
December 17.10 August 15.57
January- 1997 17.01 September 11.89
February 27.11 October 11.33
March 19.22 November 11.71
April 14.75 December 12.04
May 15.73 January —1999 20.71
June 16.29 February 15.64
July 12.16 March 17.91
August 14.71 April 26.81
September 10.87 May 16.42
October 11.11 June 1-24 17.68

November 11.39

December 14.12 Overall Average 16.75

Influent and effluent TDS data generated prior to the silica plant going online are tabulated in Table
3-2. The average TDS influent concentration is 778 mg/L for the months of November 1992
through April 1993, with a range of 599 mg/L to 1,104 mg/L. The average effluent TDS
concentration for the same time period is 765 mg/L with a range of 574 mg/L to 1,031 mg/L. As
would be expected, there is little change in TDS in comparison of the influent and effluent
concentrations.



TABLE 3-2

INFLUENT AND EFFLUENT TDS LEVELS
BEFORE THE SILICA PLANT IS ONLINE

Date Influent, mg/L Effluent, mg/L

Nov. 3, 1992 599 574
Nov. 10, 1993 616 647
Nov. 17, 1992 759 750
Nov. 24, 1992 637 622
Dec. 1, 1992 845 786
Dec. 8§, 1992 775 767
Dec. 15,1992 772 769
Dec. 22, 1992 714 752
Dec. 29, 1992 683 721
Jan. 13 1993 953 904
Feb. 3, 1993 800 763
Mar. 2, 1993 1,104 1,031
Apr. 7, 1993 852 862

Average 778 765

Since the existing Rhodia silica plant went online in October 1995, the District has collected TDS
and sulfate data from its effluent. These data are tabulated in Table 3-3 and include data from
January 8, 1997 through July 22, 1999. During this period, the average TDS effluent has been 1,210
mg/L, with a minimum and maximum of 152 mg/L and 1,921 mg/L, respectively.

The average effluent sulfate level for the same period has been 496 mg/L with a range of 45 to 1,168
mg/L. The minimum values reflect periods when the silica production was shut down and high flow

periods.

Historically, TDS levels have decreased with the increased number of communities using Lake
Michigan for the water supply. TDS data from October 1980 to June 1983 obtained from the
District's records indicate an average TDS concentration of 1,559 mg/L occurred in the effluent
during this period and are summarized in Appendix A. This was during a period when 100 percent
of the communities utilized well water. Sixty percent of the communities are currently using Lake
Michigan for their water supply. The significance of this is that historical levels of TDS in the
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TABLE 3-3

THORN CREEK BASIN SANITARY DISTRICT EFFLUENT

TOTAL DISSOLVED SOLIDS AND SULFATES
AFTER SILICA PLANT IS ONLINE

Date TDS Sulfate
01/08/1997 845 174
01/15/1997 1223 535
01/15/1997 573
01/22/1997 824 124
01/22/1997 23 ¢
01/29/1997 1411 543
01/29/1997 500
01/30/1997 1342 ¢
02/05/1997 803 66
02/05/1997 279 c
02/06/1997 66
02/12/1997 1451 499 ¢
02/12/1997 674
02/20/1997 953 148
02/26/1997 1212 324 ¢
02/26/1997 986 ¢ 404
03/06/1997 1193 404
03/12/1997 1361 570
03/12/1997 565 ¢
03/19/1997 720 205
03/19/1997 233 ¢
03/26/1997 1294 522
03/26/1997 298 ¢
03/27/1997 944 ¢
04/02/1997 803 211
04/02/1997 206 ¢
04/10/1997 824 286
04/16/1997 633 222
04/23/1997 1218 255
04/23/1997 537 ¢
05/01/1997 1116 394
05/07/1997 1463 721
05/14/1997 223 ¢
05/15/1997 743 242
05/21/1997 1187 540
05/21/1997 521 ¢
05/26/1997 770 ¢
05/28/1997 690 173
05/28/1997 212 ¢
06/04/1997 1451 770
06/13/1997 759 251
06/18/1997 1151 514
06/23/1997 700 172
06/23/1997 M c
07/03/1997 772 205
07/08/1997 556 138
07/16/1997 1534 676
07/22/1997 602 136
07/30/1997 1379 629
07/30/1997 1339 ¢
08/08/1997 1371 644
08/13/1997 1019 434
08/20/1997 1153 480
08/27/1997 1315 580
08/27/1997 1303 ¢
09/03/1997 1169 435
09/10/1997 1630 703
09/19/1997 395
09/23/1997 1461 461
10/09/1997 804 223
10/16/1997 1501 634
10/22/1997 1614 709
10/29/1997 1331 644
11/05/1997 1131 516
11/12/1997 1682 689
11/19/1997 960 363
11/23/1997 1425 ¢
11/25/1997 1229 588
12/03/1997 1228 582
12/10/1997 1315 490
121711997 1507 456
12/23/1997 1092 436
12/30/1997 1163 445
01/06/1998 799 234
01/14/1998 1184 458
01/21/1998 1265 559
01/28/1998 1537 586
01/28/1998 1512 ¢
02/04/1998 1131 442
02/10/1998 1484 ¢ 613 ¢
02/11/1998 964 358
02/17/1998 735 ¢ 198 ¢
02/18/1998 727 255
02/24/1998 1173 ¢ 477 ¢
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TABLE 3-3

THORN CREEK BASIN SANITARY DISTRICT EFFLUENT

TOTAL DISSOLVED SOLIDS AND SULFATES
AFTER SILICA PLANT IS ONLINE

Date TDS Sulfate
02/25/1998 1075 553
03/04/1998 1479 631
03/05/1998 1358 ¢ 552 ¢
03/11/1998 860 ¢ 137 ¢
03/12/1998 860 230
03/18/1998 432 ¢ 156 ¢
03/19/1998 713 282
03/24/1998 1322 ¢ 502 ¢
03/25/1998 1256 489
03/31/1998 1325 540 .
03/31/1998 882 ¢ 491 ¢
04/01/1998 878 369
04/07/1998 1090 ¢
04/08/1998 907 355
04/14/1998 848 ¢ 234 ¢
04/15/1998 1104 424
04/21/1998 341 ¢
04/22/1998 897 354
04/28/1998 1159 ¢ 519 ¢
04/29/1998 705 330
05/05/1998 1421 ¢
05/06/1998 1130 469
05/12/1998 1370 648
05/12/1998 1366 ¢ 581 ¢
05/19/1998 1083 ¢ 446 ¢
05/20/1998 1324 527
05/25/1998 1665 ¢ 673 ¢
05/27/1998 1643
06/04/1998 1448 778 ¢
06/04/1998 1473 ¢ 751
06/09/1998 1365 ¢ 609 ¢
06/10/1998 1313 649
06/16/1998 1397 ¢ 646 ¢
06/16/1998 670
06/23/1998 1554 ¢ 750 ¢
06/25/1998 1530 740
06/30/1998 1360 ¢ 614 ¢
07/01/1998 14438 600
07/07/1998 934 ¢
07/08/1998 937 340
07/14/1998 1402 ¢ 427 ¢
07/15/1998 1705 760
07/20/1998 1029 ¢ 375 ¢
07/21/1998 1348 591
07/28/1998 1357 ¢
07/29/1998 1383 411
08/04/1998 427 ¢ 228 ¢
08/05/1998 554 116
08/11/1998 1278 ¢ 525 ¢
08/12/1998 1179 560
08/18/1998 1612 ¢
08/19/1998 1332 473
08/25/1998 817 ¢ 265 ¢
08/26/1998 1261
09/01/1998 997 ¢
09/02/1998 1281
09/08/1998 1315 ¢ 504 ¢
09/09/1998 1371 651
09/15/1998 1529 ¢ 758 ¢
09/16/1998 787
09/22/1998 837 ¢ 206 ¢
09/23/1998 728 192
09/29/1998 963 ¢ 288 ¢
09/30/1998 1292 448
10/06/1998 1546 ¢ 782 ¢
10/07/1998 1535 576
10/13/1998 1609 c 706 ¢
10/14/1998 1714
10/20/1998 1793 ¢ 791 ¢
10/21/1998 152 681
10/27/1998 1256 ¢ 563 ¢
10/28/1998 816 394
11/03/1998 1625 ¢ 603 ¢
11/04/1998 1345 699
11/09/1998 1691 ¢ 799 ¢
11/10/1998 1086 751
11/16/1998 1639 ¢ 640 ¢
11/17/1998 1347 650
11/24/1998 1921 958
11/24/1998 1872 ¢ 820 ¢
12/01/1998 1759 ¢ 589 ¢
12/02/1998 1750 744
12/08/1998 820 ¢ 217 ¢
12/09/1998 855 210
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TABLE 3-3

THORN CREEK BASIN SANITARY DISTRICT EFFLUENT
TOTAL DISSOLVED SOLIDS AND SULFATES
AFTER SILICA PLANT IS ONLINE

Date TDS Sulfate
12/15/1998 464
12/16/1998 1479 399
12/21/1998 1577 ¢ 784
12/22/1998 1448 684
12/29/1998 1539 ¢ 819
12/30/1998 1834 702
01/05/1999 1169 ¢ 847
01/06/1999 1011 631
01/12/1999 1217 ¢ 85
01/13/1999 1380
01/19/1999 1559 ¢ 528
01/20/1999 1634 661
01/26/1999 1231 ¢ 453
01/27/1999 1366 533
02/02/1999 1254 ¢ 498
02/03/1999 1168 589
02/09/1999 1426 ¢ 639
02/10/1999 1517 708
02/16/1999 1244 ¢ 530
02/17/1999 1327 680
02/23/1999 1673 ¢ 858
02/24/1999 1682 818
03/02/1999 1092 ¢
03/03/1999 1086 735
03/03/1999 780
03/09/1999 1318 ¢ 590 ¢
03/10/1999 1580 691
03/17/1999 1166 ¢ 223
03/18/1999 958 341
03/24/1999 1387 ¢
03/25/1999 1424
03/30/1999 1200 ¢ 279
03/31/1999 1292 369
04/06/1999 1569 ¢ 333
04/07/1999 1484 421
04/13/1999 1220 ¢ 576
04/14/1999 1283 718
04/20/1999 1285 ¢ 1002
04/21/1999 1249 1168
04/27/1999 917 ¢ 961
04/28/1999 622 228
05/04/1999 1318 ¢ 951
05/05/1999 1475 466
05/12/1999 755 ¢ 83
05/12/1999 721 45
05/18/1999 1108 ¢
05/19/1999 1231 434
05/25/1999 700 ¢ 236
05/26/1999 1350 688
06/02/1999 756 ¢ 256
06/03/1999 1014 417
06/08/1999 1030 ¢ 480
06/09/1999 859 269
06/15/1999 1296 ¢ 625
06/16/1999 1411 730
06/21/1999 1722 ¢ 844
06/22/1999 1529 748
06/22/1999
06/28/1999 1488 ¢ 802
06/29/1999 1445 604
07/07/1999 842 ¢ 255
07/08/1999 1310
07/08/1999
07/13/1999 1025 ¢ 517
07/14/1999 823 289
07/21/1999 1574 ¢
07/22/1999 1014

Average 1210 496
Minimum 152 45
Maximum 1921 1168

WDarlene\c\IDOC\Thomerk\Rhodia99 Tabl TCB-FinalEffluent.x1s] TDS
NOTE: "c" indicates a 24-hour composite sample
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Thorn Creek exceed the current TDS effluent levels with the existing silica plant online.

3.3 Existing Rhodia Silica Plant Effluent Quality

Rhodia has collected TDS and sulfate samples from the silica plant sewer to the District, which is
tabulated for the period of January 1997 to May 1999 in Table 3-4. Based on the data from January
1998 to May 1999, a period when the silica plant was operating at near capacity, the average TDS
loading to the plant has been 65,800 lbs/day. This compares to the projected average TDS loading
from the environmental assessment conducted in connection with the adjusted standard sought in
AS94-7 of 83,100 lbs/day. The average sulfate loading to the District for the same period was
45,300 lbs/day. This compares to the projected loadings of 56,100 lbs/day in the earlier assessment.

3.4 Effect of Elevated TDS and Sulfates on the Thorn Creek Basin WWTP

3.4.1 Nitrification

The Thom Creek Basin WWTP utilizes two stages of activated sludge to biologically treat the
wastewater. The first stage of biological treatment occurs in the activated sludge process following
the primary settling tanks. After the wastewater passes through the aeration tanks and secondary

clarifiers, ammonia removal occurs in the second stage activated sludge process.

Bishop and Kinner (1981) reported that with an acclimation period, organic removals through
biological treatment processes were the same with salinities up to 35,000 mg/L as with fresh water.
However, shock loads of 12,000 mg/L TDS impaired the removal efficiency and biological growth.
Nitrifying organisms tend to be more sensitive to changes in water chemistry. Hill and Gelman
(1977) found that 16,500 mg/L. TDS (as NaCl) inhibited nitrification in activated sludge systems.
Ammonia removal rates at 16,500 mg/L TDS were only 25 percent of the rate on fresh water.

The projected TDS increase at the District's WWTP is significantly lower than the levels reported in
the literature that were found to reduce biological treatment. Since the existing silica plant has gone
online, the WWTP has operated with average effluent levels of 1,210 mg/L and levels as high as
1,921 mg/L, as indicated in Section 3.2 with no observable effect.
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TOTAL DISSOLVED SOLIDS and SULFATE

TABLE 3-4
RHODIA EFFLUENT DATA

January 1997 to May 1999

Month Flow, mgd TDS, lbs/day Sulfate, lbs/day
Monthly Avg. Daily Max. Monthly Avg. Daily Max.

1997 )
January 555589 28370 98954 34863 65729
February 591310 47658 99378 37469 65750
March 429734 40390 87857 29392 65106
April 419576 31808 88702 21647 65325
May 423213 44564 94391 30117 75815
June 411823 47659 107972 32971 71019
July 317994 31281 95345 25467 75680
August 415896 55760 79872 38574 58329
September 475801 40340 94426 26920 62564
October 515872 64200 97532 43628 61720
November 536760 57880 114334 36448 58721
December 486345 52044 90512 33628 61252

1998
January 517786 49807 118893 34091 103640
February 543214 59287 96263 41002 70714
March 520481 60017 96879 40486 58779
April 551217 55699 96572 40975 65578
May 527735 66772 146853 43221 66670
June 625932 75701 96702 47154 69611
July 524860 58787 133208 37029 60216
August 498331 49354 78770 30058 51555
September 529624 56566 100601 40136 79328
October 660747 74338 99220 53456 75321
November 763847 79330 117963 59538 83485
December 709039 62602 114265 46091 73497

1999
January 649012 69098 105168 54269 78375
February 658442 81001 122758 56929 79888
March 583437 64734 108831 48242 73778
April 644614 84951 112578 54375 65386
May 536855 70378 116516 43767 69747
Average 1997-1999 538796 57254 103838 40067 69399
Average 1998-1999 590893 65790 109532 45342 72092
Maximum 1997-1999 763847 84951 146853 59538 103640
Maximum 1998-1999 763847 84951 146853 59538 103640

a/ Speculative data as TDS was also 79328

\\Darlene\c\] DOC\Thornerk\Rhodia99Tabi\[RhodEff.x1s]Sheet 1



3.4.2 Anaerobic Digestion

Toxicity of Sulfides to Anaerobic Sludges

Elevated sulfate concentrations have been identified as a cause of scaling in boilers and heat-

exchangers, and can serve as a substrate for organisms implicated in bio-corrosion (Maree, et al.,
1987).

Dissimilatory anaerobic sulfate reduction is a process where Sulfate Reducing Bacteria (SRB) use
sulfate as an electron acceptor in the oxidation of organic matter (Eis, et al, 1983). Sulfur is in the 6
oxidation state in sulfate compounds. The reduction of sulfate yields hydrogen sulfide (Hilton and
Oleszkiewicz, 1987), where sulfur is in the 2" oxidation state. The blackening of wastewater sludge
is frequently due to the reaction of hydrogen sulfide and iron to produce a black iron sulfide (FeS)

compound (WEF Manual of Practice 8, 1992).

In an anaerobic reactor, desulfovibrio and desulfotomaculum are the two major genera of sulfate
reducing bacteria (Hilton and Oleszkiewicz, 1987). Acid forming desulfovibrio SRB incompletely
oxidize C; compounds to acetate and hydrogen in the reduction of S to S?. Desulfotomaculum
completely oxidize acetate to CO, in the reduction of S™ to S*. Methanogens compete with SRB for

acetate and hydrogen produced by the acetoclastic bacteria to form methane.

The H,S evolved from biological activity ionizes in water and follows an equilibrium system:

H,S < H* + HS < 2H* + §?
The equilibrium between H,S and HS' is pH dependent according to the following relationship:
H,S = (1+1.02* 10%% 7!
As depicted below, the percentage of un-ionized H,S drops from 90 percent at pH 6.0 to 50 percent

at pH 7.0 to 10 percent at pH 8.0. In anaerobic treatment, these variations are significant because the

pH is maintained between 6.0 and 8.0. The optimal pH range for methanogens is between 6.8 and
7.5.
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Studies of sulfide toxicity to anaerobic cultures in treatment processes have shown complete
inhibition of methanogenisis at concentrations of 200 mg/L un-ionized H,S. A decrease in methane

production can occur at a hydrogen sulfide concentration of 50 mg/L.

Using lactose as an electron donor, experiments were conducted on the effect of sulfide upon lactose
utilization in the pH range of 6.0 to 8.0. Lactose was converted to acetic acid by acid forming
bacteria. Results indicated that for sulfides at concentrations higher than 100 mg S*L, lactose
uptake was most rapid at pH 8.0 and lowest at pH 6.0 (Hilton and Oleszkiewicz, 1987). The
induction period decreased with increased pH. At a sulfide concentration of 1,000 mg S”/L, lactose
uptake was completed in ten hours at the pH of 8.0, and lactose uptake was not complete after 200
hours at pH 6.2. This experiment implies that sulfide toxicity can be reduced by increasing reactor

pH (Hilton and Oleszkiewicz, 1987) or that un-ionized hydrogen sulfide is the toxic form.

Experiments also show that lactose utilization was inhibited specifically by H,S concentration, and
not total sulfide concentration (Hilton and Oleszkiewicz, 1987). For a total sulfide concentration of
500 mg/L, 100 percent lactose uptake was reported in eight hours. However, only 40 percent of
lactose uptake was achieved for an H,S concentration of 450 mg/L after ten hours. If glycolysis is
inhibited, the complex carbohydrates fed to an anaerobic treatment reactor will not be broken down

into a substrate that sulfate reducing bacteria and methanogens can derive energy from.
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Microbiologically Influenced Corrosion (MIC)

Corrosion occurs in cooling systems when two dissimilar surfaces cause an electric potential. The
oxidation of the metal is caused by the reduction of another compound. Dissolved solids and
dissolved oxygen increase the electrical conductivity of the solution and accelerate corrosion.
Almost all Microbiologically Influenced Corrosion (MIC) is due to the growth and metabolic
activities of microbial communities on the surface of a metal or alloy (WEF Manual of Practice 8§,
1992). Thus MIC may appear as localized crevices or pitting corrosion, and advanced MIC almost
always looks like pitting corrosion. Studies have traditionally emphasized the role of SRB as the
most important cause of MIC. More recent studies indicate that the extent of MIC cannot be entirely
accounted for by the activities and levels of SRB. Instead, MIC seems to correlate with the presence
of microbial communities composed of many different kinds of bacteria. Acid forming bacteria that
convert organic materials into organic acids, such as acetic acid and lactic acid, were found to be of
particular importance to the occurrence of MIC. Acids can cause active corrosion of many alloys,
and also serve as nutrients for other SRB. MIC is caused by under-deposit acid attack and can occur

internally or externally on metal alloys.

Thorn Creek Basin Sanitary District Experience

The District operates a two-stage anaerobic digester system. Limited H,S monitoring in the gas
generated has been conducted, and the results are presented in Table 3-5. Only 6.2 ppm(V) of H,S
was present before startup of the silica plant, while the levels have ranged from 3,900 to 10,000
ppm(V) since startup of the silica plant.

TABLE 3-5
ANAEROBIC DIGESTER GAS ANALYSIS FOR HYDROGEN SULFIDE
Date Sample H,S, ppm (V) Comments
August 1991 Primary 6.2 Before Rhodia’s Silica Plant
Primary 6,500
August 1998
Secondary 3,900
. After Rhodia’s Plant Goes
Primary 10,000 .
Online
November 1999 Secondary 5,000
Secondary 4,000




At 30°C, the solubility of H,S is approximately 3,000 mg/L. (Merck Index, II Ed, 1989). The
measured soluble sulfide (assumed to be the H,S both un-ionized plus ionized H,S) in the sludge is
13 mg/L. The total sulfides in the anaerobic sludge has been measured at 260 mg/L.. The District
has seen no deterioration in methane production since acceptance of the silica plant wastewater was
initiated, nor would deterioration be expected at 13 mg/L H,S. The measured H,S in the offgas

checks reasonably well with the measured liquid soluble sulfides, based on the Henry’s law constant

for H,S (See Appendix B).

While inhibition has not been experienced in the District’s digester, an increase in cleaning of the
gas handling system due to fouling has been experienced. White deposits have been experienced in
both the gas compressors and heaters where the digester gas in burned. Cleaning of the equipment |
has increased from quarterly to monthly since Rhodia’s silica operation came on-line. This level of

cleaning can be expected to increase proportionally with the increase in sulfates from Rhodia.

Currently the majority of the sulfides in the digester are in a precipitated form. However, with the
expansion it is reasonable to assume no further cations are available to react with the soluble
sulfides, and therefore all of the additional sulfur will form H,S. The soluble sulfides will approach
100 mg/L in the digester, and the H,S concentration in the off gas will reach 1.5 to 1.6 percent,
approximately 50 percent higher than the present levels. The calculations on the sulfur balance are

presented in Appendix B.

Based on the literature, soluble sulfide levels of 100 mg/L will not be inhibitory. The H,S in the
offgas of 15,000 ppm is a concern and sulfur removal will be necessary before burning the methane
gas. This will also reduce the fouling experienced in the gas compressors and heaters. As the
WWTP uses the digestor gas for mixing, consideration should be given to putting the H,S removal
system on this internal mixing stream. Such an approach would drastically lower the H,S in the
liquid phase, which would provide assurance that gas production will not be impacted and will

reduce fouling throughout the digester system.
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3.4.3 Biomass Solids Separation

Elevated sodium levels have been reported to result in the development of poorer settling solids in
activated sludge processes (Higgins, J.M. and J.T. Novak, 1997). One theory is that the monovalent
ions (e.g. sodium) displace the divalent ions (e.g. calcium and magnesium) within the biomass floc.
Flocculation is know to improve with the valency of the cations, often referred to as the Schultze-
Hardy Rule. This theory states that divalent ions are 30 to 60 times more effective than monovalent

ions, and trivalent ions are 700 to 1,000 times more effective than monovalent ions (AWWA, 1971).

Recent research has found that at sodium to divalent cation ratios above 2:1, a deterioration in
settling and dewatering characteristics can occur (Higgins, M.J. and J.T. Novack, 1997). This
research indicated that deteriorations in settling can occur after approximately ten days of elevated

sodium levels, with a similar lag when the sodium-to-divalent ratio was lowered.

Higgins et al., (1999) evaluated the effect of the monovalent-to-divalent ratio on the Sludge Volume
Index (SVI) and effluent total suspended solids (TSS). At ratios up to 2.5:1 (monovalent-to-
divalent), no impact was discerned. The next ratio studied was 6:1, and TSS and SVIs increased.

Data between these two ratios (2.5:1 and 6:1) were not generated.

Deterioration in effluent TSS can be counteracted by maintaining a low food-to-microorganism
(F:M) ratio, (or by carrying a higher biomass population in the activated sludge system). Thorn
Creek already operates with low F:M ratios to maintain nitrification. Therefore increases in the
sodium concentration would not be expected to occur until higher monovalent-to-divalent ratios
exist. Based on the existing loadings from Rhodia, and limited calcium, magnesium, and potassium
effluent data, the current average monovalent-to-divalent ratio is 1.3:1, below any level where poor
settling would be anticipated. Assuming with the proposed expansion the average sodium increases
by the same ratio as the projected peak production by Rhodia, the monovalent-to-divalent ratio will
increase to 2.6:1. At this level, little or no deterioration in performance would be expected.

However, if peak production occurs for a sustained period of time (e.g. greater than ten days), poorer

settling solids could develop, with ratios of the monovalent-to-divalent cations up to 3.5:1.
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Thorn Creek currently has an excellent settling biomass, with typical effluent suspended solids
(before filtration) of less than two to four mg/L.. Since 1998, there have been 13 periods of effluent
sulfate levels between 700 and 960 mg/L for periods ranging from 4 to 21 days. A regression
analysis of the effluent TSS versus sulfate revealed a poor correlation (R*=0.12) between these two
variables. Assuming a linear relationship, for every 140 mg/L increase in sulfates, the effluent TSS

can be expected to increase one mg/L. Appendix B contains this analysis.

Thorn Creek has tertiary filters, so any increase in TSS will be significantly offset by the filtration.
However, more frequent backwashing will be necessary. During periods of higher effluent
suspended solids when the filter is down or during higher flows, a flocculant (e.g. a trivalent cation

such as alum or ferric chloride) may be necessary, if the settleability deteriorates more than the

linear regression predicts.

In summary, some deterioration in solids settling and effluent suspended solids may result from the
proposed Rhodia expansion, especially during periods of peak production. This deterioration is not
expected to be sufficient to create compliance issues with suspended solids, especially with the
tertiary filters. If the deterioration becomes higher than predictable, long sludge ages or a coagulant

added between the aeration tank and secondary clarifier would have to be implemented.
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4. THORN CREEK AND TRIBUTARY WATER QUALITY

4.1 Introduction

Thorn Creek is classified a general use water under Title 35 of the State of Illinois rules and
regulations as described in Section 2.7 of this report. The existing adjusted standard limits range
from 2,100 mg/L to 1,700 mg/L for TDS and 1,000 mg/L to 750 mg/L for sulfate for the four
reaches identified along Thorn Creek and the Little Calumet River. Before discussing the impact of
Rhodia's proposed silica plant expansion on Thorn Creek, the existing water quality of Thorn Creek

and its tributaries is described herein.

4.2 Thorn Creek Monitoring Database

Flow and chemical monitoring on Thorn Creek was routinely conducted by the United States
Geological Survey (USGS) at two stations on Thorn Creek, one at Glenwood (Station 05536215)
and one at Thornton (Station 05536275). Recent monitoring at these stations by the USGS is limited
to flow. The IEPA has continued to collect water quality data at the Thornton Station and these data
have been obtained for the period of 1990 to 1998. Both the Glenwood station and the Thornton
station are located downstream of the Thorn Creek Basin WWTP outfall as depicted in Figure 4-1 at

river miles 9.2 and 4.2, respectively.

The Glenwood station is located prior to (upstream of) the Deer Creek merger and is sensitive to
water quality fluctuations from the District's WWTP discharge. The Thornton Station is located
downstream of the three tributary mergers with Thorn Creek, and is therefore affected by all three
creeks. Flow data recorded since 1977 have been obtained from the USGS. TDS and sulfates have
also been analyzed and obtained from the station at Thornton by the USGS, but not at the Glenwood

Station.

The USGS also has three monitoring stations located upstream of the Thorn Creek Basin WWTP;
one near Chicago Heights (Station 05536210), one at Chicago Heights (Station 05536204) and one
at Park Forest (Station 05536201). Flow data from 1974 to 1978 are available for the station near

Chicago Heights, but the USGS since then has stopped reporting flow data. No TDS or sulfate data
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are available from the USGS at this station. USGS water resources reports do not contain any data
for the remaining two stations. Table 4-1 summarizes the river mile locations for key points along
Thorn Creek. The District has sampled Thorn Creek at Joe Orr Road for purposes of monitoring the

TDS and sulfate levels since the Silica plant has gone online.

TABLE 4-1
SUMMARY OF THORN CREEK AND TRIBUTARY
GAGING STATIONS

Description River Mile | Distance from WWTP Outfall, miles
Confluence with Little Calumet River 0.0 10.1
USGS 05536275 at Thornton 4.2 5.9
Confluence with North Creek 4.5 5.6
B&O RR (formerly C&EI RR) 6.3 3.8
Confluence with Butterfield Creek 7.5 2.6
B&O RR (formerly C&EI RR) ¥ 7.6 2.5
Confluence with Deer Creek 8.1 2.0
USGS 05536215 at Glenwood ” 9.2 0.9
Joe Orr Road ” 9.9 0.2
WWTP Outfall 10.1 0.0
Halsted Street ¥ 10.7 -0.6
USGS 05536210 nr. Chicago Heights 10.8 -0.7
Chicago Road 11.4 -1.3
Headwaters 19.5 -94

Source: Healy, 1979

¥ Estimated from topographic map

® Thorn Creeck WWTP sampling locations
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4.3 Tributary Monitoring Database

Thorn Creek is influenced by three main tributaries; Deer Creek, Butterfield Creek and North Creek.
The USGS has five monitoring stations on Deer Creek, but since 1974 the USGS only maintains
flow data at the station near Chicago Heights (Station 05536235). There are four USGS stations on
Butterfield Creek, but since 1974, the USGS only maintains flow data at the station at Flossmoor
(Station 05536255). There is one USGS station on North Creek near Lansing (Station 0553670) that
the USGS maintained up to 1978. TDS and sulfate are not monitored at any of these stations. The

locations of these stations are summarized in Table 4-2.

TABLE 4-2
TRIBUTARY MONITORING LOCATIONS
Description Waterway Dist. above Thorn Creek Merger *

USGS 05536235 near Chicago Heights Deer Creek 2.8

USGS 05536255 at Flossmor Butterfield Creek 1.2

USGS 05536270 near Lansing North Creek 5.1
USGS Station 05536195 at Munster, IN Little Calumet River 4.6
USGS 05536290 at South Holland Little Calumet River 0.4°

¥ USGS River Miles
* Distance upstream of Little Calumet River and Thorn Creek merger
¢ Distance downstream of Little Calumet River and Thorn Creek merger

The USGS has maintained a gaging station (Station 05536195) on the Little Calumet River at
Munster, Indiana since 1978. This gaging station is located 4.6 miles upstream of the Thorn Creek
merger and 0.4 miles upstream of the Illinois and Indiana state line. Data have been collected for
flow and chemical analysis. There are no major waterways that merge with Little Calumet River
between the Munster gaging station and the Thom Creek confluence. The water quality data
obtained from this station would, therefore, be indicative of upstream water quality. The USGS also
maintains a monitoring station on the Little Calumet River at South Holland (Station 05536290), 0.4
miles downstream of the Thorn Creek confluence. The USGS has only collected flow data at this

station. No TDS or sulfate data have been collected.
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4.4 Thorn Creek and Tributary Flow Rates

Annual average flow rates of the various waterways for the years 1977 to 1996 are summarized in
Table 4-3. The average flow rate at the Thornton USGS gaging station (river mile 4.2) is 74 mgd for
this time period. The average flow rate at the USGS Glenwood station (river mile 9.2) located
upstream of the Deer Creek merger was 29 mgd for the same time period. Based upon the available

flow data on the other tributaries, the following average contributions to the flow at Thornton were

calculated:
Percent of Flow at Thornton Station
Thorn Creek up to Deer Creek Merger 39
Deer Creek 19
Butterfield Creek 18
North Creek 11
Thorn Creek between Deer Creek and Thornton 13
TOTAL 100

Table 4-4 summarizes the flow data for the two Thorn Creek gaging stations, for the period of 1949
to 1997 for the Glenwood station and 1948 to 1997 for the Thornton station, indicating the flow

regime for the stream.

TABLE 4-4
SUMMARY OF FLOW DATA FOR THORN CREEK USGS STATIONS

Flow Characteristic

USGS 05536215 at Glenwood

USGS 05536275 atThornton

Period of Record (Water Years) 1949-1997 1948-1997
Annual Mean 26 mgd 68 mgd
Highest Annual Mean 44 mgd (1993) 129 mgd (1993)
Lowest Annual Mean 16 mgd (1954) 33 mgd (1963)
Highest Daily Mean 969 mgd (1968, 1996) 2,460 mgd (1990)
Lowest Daily Mean 4 mgd (1949) 3 mgd (1949)

The USGS, as part of the statistical analysis of Thorn Creek, has determined flow values for the

10th, 50th, and 90th percentiles, indicating the percent of time a flow rate will be exceeded in Thorn

Creek. These values can be used for predicting the effect a change in the TDS concentration
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of Thorn Creek Basin plant's discharge will have on the receiving water. The values have been

reversed to represent the percent time a flow rate will be less than the value indicated, as depicted in
Figure 4-2 for Reach #1. For example, 90 percent of the time, the Thorn Creek flow rate is below 76
mgd, while 50 percent of the time the flow is below 17 mgd. These are based on the 1996 calendar
year USGS data for the station at Glenwood.

In considering the environmental impact of loadings on a waterway, the worst case conditions
caused by a loading will occur at low flow periods. The ISWS analyzes low flow conditions in the
waterways throughout Illinois. Figure 4-1 includes the 7-day, 10-year (7Q10) low flow values as
determined by the ISWS (1993). The 7Q10 flow at the Thomton gaging station (start of Reach # 3)

is reported as 13.2 mgd. The distribution of this flow from the various tributaries is as follows:

Stream Segment 7Q10, mgd
Thorn Creek up to Deer Creek 10.3
Deer Creek 0.2
Butterfield Creek 0.0
North Creek 1.1
Thorn Creek between Deer Creek and Thornton 1.6
FLOW AT THORNTON 13.2

A 7Q10 of 11.1 mgd (10.3 + 0.8 mgd) can be assumed for the stretch of Thorn Creek between the
Deer Creek merger and the Thomnton Station, Reach #2, as Butterfield Creek has a zero 7Q10 and
the North Creek merger is only 0.3 miles from the Thornton Station. Low flow values will be
increased for the purposes of modeling Thorn Creek due to the average flow from Rhodia’s silica

plant of 0.8 mgd.”

The 7Q10 reported by the ISWS of Thorn Creek approximately 0.2 miles before the confluence with
the Little Calumet River is 13.6 mgd, only 0.4 mgd greater than 7Q10 at the Thornton Station. The

? The average Silica plant flow rate is predicted to be 0.84 to 0.94 mgd. For modeling purposes, 0.84 mgd was
used for conservative estimates of TDS and sulfate levels in Thorn Creek.
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7Q10 of the Little Calumet River upstream of the Thom Creek confluence is 4.85 mgd..
Downstream of the Thorn Creek and Little Calumet River confluence, the 7Q10 is 18.7 mgd.

4.5 Water Quality Data

There are limited data available on TDS and sulfates in the Thorn Creek Basin. Table 4-5
summarizes TDS data collected by the District after the silica plant went online from January 2,
1997 to June 9, 1999. Historic water quality data is used to develop the models for the water quality

predictions and have been included in Appendix C.

The District data collected for Thorn Creek at Joe Orr Road represent water quality data collected
after the Rhodia silica plant went online. Samples are collected weekly from this location. The
- average Thorn Creek TDS and sulfate concentrations during this period were 1,068 mg/L and 361
mg/L, respectively, and the maximum concentrations were 1,698 mg/L and 703 mg/L, respectively.
These maximum levels are below the adjusted standards of 2,100 mg/L for TDS and 1,000 mg/L for

sulfate.

Table 4-6 is a summary of the major cations and anions monitored at the USGS Station in Thornton
from 1997 to 1998. This represents water quality at the Thornton station as monitored by the USGS
after the silica plant went online. Comparison of historical data collected from the same USGS
station before the silica plant went online indicates an increase in the average sulfate level from 149
mg/L to 419 mg/L, while the remaining ions remain relatively unchanged. The maximum sulfate
level detected during this period is 742 mg/L, below the adjusted water quality standard of 850
mg/L. (The adjusted water quality standard changes from 1,000 mg/L to 850 mg/L at the Thornton

station. Both standards have been consistently achieved.)
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1 TABLE 4-5

TDS and SULFATE DATA
THORN CREEK AT JOE ORR ROAD

DATE TDS, mg/L SO4, mg/L DATE TDS, mg/L SO4, mg/L
' 01/02/1997 845 199 11/12/1997 1606 672
01/08/1997 824 152 11/19/1997 1004 342
01/15/1997 1294 498 11/25/1997 1385 586
01/22/1997 808 117 12/03/1997 1259 539
01/29/1997 1365 421 12/10/1997 1409 493
02/05/1997 704 14 12/17/1997 1517 423
02/12/1997 1307 489 12/23/1997 977 341
02/20/1997 781 193 12/30/1997 1117 395
02/26/1997 1060 312 01/06/1998 526 144
03/06/1997 1019 352 01/14/1998 1085 391
03/12/1997 1175 477 01/21/1998 1244 505
03/19/1997 728 149 01/28/1998 1597 575
03/26/1997 1125 475 02/04/1998 939 338
04/02/1997 826 222 02/11/1998 218
04/10/1997 845 273 02/18/1998 158
04/16/1997 640 186 02/25/1998 518
04/23/1997 1183 214 03/04/1998 537
05/01/1997 986 317 03/12/1998 202
% 05/07/1997 1402 598 03/19/1998 165
! 05/15/1997 818 234 03/25/1998 363
L 05/21/1997 923 369 03/31/1998 1044 419
05/28/1997 630 161 04/01/1998 558 227
06/04/1997 1423 703 04/08/1998 270
06/13/1997 579 184 04/15/1998 355
06/18/1997 871 341 05/06/1998 674 251
06/23/1997 747 174 06/10/1998 1180 501
07/03/1997 856 224 07/08/1998 563 227
07/09/1997 522 127 08/19/1998 1297 441
07/16/1997 1588 658 09/09/1998 1111 478
07/22/1997 467 125 10/07/1998 1344 494
07/30/1997 1476 625 11/04/1998 1315 483
08/08/1997 1235 512 12/09/1998 696 200
08/13/1997 868 360 01/20/1999 1698 555
08/20/1997 1040 403 02/03/1999 806 487
08/27/1997 1274 545 03/10/1999 1565 455
09/03/1997 1238 423 04/14/1999 1416 619
09/10/1997 1650 668 05/12/1999 624 156
09/16/1997 806 193 06/09/1999 895 282
09/19/1997 325
09/23/1997 1466 408 OVERALL
09/24/1997 1202 508 Average 1068 361
10/09/1997 576 178 Minimum 467 14
10/16/1997 1441 177 Maximum 1698 703
10/22/1997 1621 673
10/29/1997 1164 130 WQ Standard 2100 1000
11/05/1997 1164 463

\Darlene\c\1 DOC\Thorncrk\Rhodia99Tabl\[JoeOrrRd.xIs]Sheet1
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7. PROJECTED IMPACT ON THORN CREEK AND
THE LITTLE CALUMET RIVER FROM PROPOSED EXPANSION

7.1 Introduction

As described in previous chapters, Thorn Creek and the Little Calumet River can be divided into

four stream reaches for analysis purposes:

Reach #1 Thorn Creek Basin Sanitary District Outfall to
Confluence with Deer Creek
(2.0 miles)

Reach #2 Confluence with Deer Creek to Thornton USGS
Gaging Station
(3.9 miles)

Reach #3 USGS Gaging Station at Thornton to Confluence with

the Little Calumet River
(4.2 miles)

Reach #4 Thorn Creek Confluence with the Little Calumet
River to the Little Calumet Confluence
with the Calumet-Sag Channel
(8.8 miles)

In this chapter, the projected TDS and sulfate water quality levels for each reach are presented. Both

maximum and average levels are presented herein.

7.2 Flow Curves for Stream Reaches

In order to estimate water quality concentrations, flow curves on each stream were first developed.
Figure 7-1 presents the projected flow curves for the four Thorn Creek/Little Calumet River reaches,
each starting at the 7-day, 10-year low flow value (adjusted to include 0.84 mgd from Rhodia*). For
modeling purposes, the 7Q10 value used for the Thorn Creek WWTP was taken as 10.3 mgd, the

7Q10 at the Glenwood gauging station, one mile downstream. This assumes that

* The average Silica plant flow rate is predicted to be 0.84 to 0.94 mgd. For modeling purposes, 0.84 mgd was used
for conservative estimates of average TDS and sulfate levels in Thorn Creek.
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all flow at this station during 7Q10 conditions is from the WWTP. The curves were developed from
USGS flow data. The 7Q10 values were obtained from the ISWS Contract Report 545 (1993) for
7Q10 low flow values for northeastern 1llinois. The 10 percent, 50 percent and 90 percent flow rate
values were obtained from USGS data for calendar year 1996, the most recent calendar year

available.

For Reach #2, the flow curve was derived based upon the drainage area for Thorn Creek to the Deer
Creek confluence plus the drainage area in Deer Creek, as a fraction of the overall drainage basin at
the USGS Station at Thornton. This approach results in a conservative flow value for much of the
reach, as the flow contribution from Butterfield Creek and North Creek are excluded. Reach #3 was
based on the current flow regime at the Thornton USGS Station. This station is at the beginning of
this reach, therefore, the calculated concentrations are also conservative for this reach as the flow
increases (TDS and sulfate concentration decreases) as the stream approaches the Little Calumet

River.

The 7Q10 on the Little Calumet River, upstream of the Thorn Creek confluence, is 4.8 mgd. This,
combined with 14 mgd of Reach #3 (which includes the 0.84 mgd from Rhodia), yields a 7Q10 of
18.8 mgd for Reach #4. Figure 2-1 in Chapter 2 depicted the different reaches. From Figure 7-1 and

the above information, the following flow values were derived, rounded to the closest 1 mgd.

Reach Number 7010, mgd Median Flow, mgd 90% Flow, mgd
1 11 17 76
2 11 25 90
3 14 32 159
4 19 58 273

Low flows in Reach #1 and #2 are similar, while the median flow in Reach #2 increases to 25 mgd

from 17 mgd in Reach #1.

7-2
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7.3 Projected TDS Levels

Using the water quality from Thorn Creek before the existing silica plant was online and the
projected loadings from Rhodia, the resulting water quality in each reach can be determined. The
water quality database for some of the reaches is limited since Rhodia started the silica operation, so
the earlier water quality (déta from the first environmental assessment, (Huff & Huff, 1993)) using
the total Rhodia loading provided a more accurate estimate of the projected impact of the proposed

expansion.

As presented in Chapter 2, average and maximum TDS levels discharged from Rhodia to the

WWTP were projected based upon 365 days per year and used in the model as follows:

Total TDS Loading from Rhodia Silica Plant
Annual Average 137,375 lbs/day
Daily Maximum 151,725 Ibs/day

The annual average TDS discharge by Rhodia was utilized to prepare frequency distribution curves
of the expected TDS levels. The maximum TDS discharge by Rhodia was used to predict the peak
expected water quality TDS levels for each reach. The results of both of these projections are

presented herein.

7.3.1 TDS Frequency Distributions

Figure 7-2 presents the frequency distribution of TDS levels projected for Reach #1 with the Rhodia
expansion. The average TDS level of 689 mg/L. based on data collected before the Rhodia silica
plant went online was utilized as the Thorn Creek upstream base level. The treatment plant effluent
TDS is similarly based upon the average TDS effluent level of 765 mg/L before the existing silica
plant was online. Based upon Rhodia’s projected average TDS loading, ten percent of the time the

TDS will be above 2,100 mg/L, the existing adjusted water quality standard.
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Figure 7-3 presents the TDS frequency distribution projected for Reach #2 at average loadings. A
background TDS level of 689 mg/L was used as Deer Creek's background TDS level, the TDS level
obtained from Thom Creek upstream of the WWTP. Using Rhodia's projected average discharge of
137,375 pounds per day, ten percent of the time, the TDS will be above 2,100 mg/L, which is also

the adjusted water quality standard for this reach.

Using current TDS concentrations and flow data from the USGS Station at Thornton (presented in
Chapter 4), Rhodia's projected average incremental loading of 137,375 pounds per day was modeled
for Reach #3 and is presented in Figure 7-4. The TDS level in Reach #3 will exceed 1,480 mg/L ten
percent of the time. This TDS level is below the current adjusted water quality standard of 1,900

mg/L which will not be exceeded in this reach under average conditions.

The projected average TDS loading expected from Thorn Creek was also utilized to model Reach
. #4, the portion of the Little Calumet River between Thorm Creek and the Calumet-Sag Channel.
Figure 7-5 depicts the TDS frequency distribution in Reach #4. A TDS level of 1,080 mg/L is
expected to be exceeded ten percent of the time. This is below the existing adjusted water quality

standard of 1,700 mg/L, which will not be exceeded in this reach under average conditions.

7.3.2  Daily Maximum TDS Levels

The peak projected TDS levels were calculated to establish a basis for setting water quality
standards for the impacted reaches, as water quality standards are typically based upon a not to be
exceeded basis. The peak TDS levels will occur during periods of low flow and maximum Rhodia
loading. The daily maximum TDS loading from Rhodia is 151,725 pounds per day at a flow rate of
1.1 mgd (in Chapter 2). The maximum projected TDS levels in the impacted reaches would occur

when the treatment plant and upstream TDS levels are also at a maximum.
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Guidance for predicting the WWTP effluent and upstream TDS maximum levels was obtained from

EPA's Technical Support Document for Water Quality-based Toxics Control, (EPA, 1991). A

statistical approach from this document was used due to the limited amount of TDS data available
for the WWTP (13 TDS samples) and Thorn Creek upstream of the WWTP (nine TDS samples).

The TDS data for the WWTP and upstream were presented in Table 3-2 and 4-5, respectively.

Using the U.S. EPA statistical approach, a predicted peak TDS upstream of 2,093 mg/L and a peak
background TDS from the WWTP discharge of 1,186 mg/L. were computed. The calculations are
included in the Appendix F.

Using the values determined above, and the maximum discharge from Rhodia of 151,725 pounds
per day, the peak concentrations were determined based upon low flow conditions. Table 7-1
presents a summary of the projected peak TDS levels in the four reaches. The maximum values
range from 2,650 mg/L in Reach #1 and declining to 2,020 mg/L in Reach #4. The spreadsheets and

supporting calculations used for determining the maximum TDS levels are presented in the

Appendix F.
TABLE 7-1
PROJECTED MAXIMUM THORN CREEK TDS LEVELS
AT RHODIA PEAK LOADING
Reach Number Maximum TDS, mg/L
1 2,650
2 2,620
3 2,360
4 2,020

The maximum TDS level in Reach #2 for Deer Creek was input as 2,100 mg/L, the adjusted
water quality standard for Reach #2 already obtained by CIWC and Nutrasweet. Reach #3 was
again based upon actual data obtained from the USGS station at Thornton. The maximum TDS
determined for Reach #3 without any contribution from Rhodia was 1,180 mg/L. No factor was
used to increase this maximum as there were sufficient data to determine the maximum level.

The maximum TDS level for Reach #4 at low flow was input as the current water quality

standard for Little Calumet River of 1,000 mg/L.
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7.4 Projected Sulfate Levels

The same procedure was followed for the projected sulfate water quality levels, as was used for the
TDS projected levels. Existing water quality levels were utilized with Rhodia's sulfate contribution

at average and maximum loadings. The sulfate levels used in the model are as follows:

Total Sulfate Loading From Rhodia Silica Plant
Annual Average 92,750 lbs/day
Daily Maximum 102,640 1bs/day

7.4.1 Annual Average Sulfate Levels

The sulfate loading from Rhodia of 92,750 pounds per day was modeled to depict the sulfate
frequency distribution for Thorn Creek. Figure 7-6 depicts the projected sulfate levels for Reach #1
based upon Rhodia’s average loading. The existing average sulfate levels of 186 mg/L and 207
mg/L are 27 percent of the measured existing upstream Thorn Creek TDS and WWTP TDS levels,
respectively. (The 27 percent sulfate is based on USGS Thornton station water quality data for
1991.) Based upon these modeled TDS loadings, ten percent of the time, the sulfate level will be
above 1,130 mg/L, and 28 percent of the time will exceed the existing adjusted sulfate water quality
standard of 1,000 mg/L.

Figure 7-7 depicts the Rhodia sulfate frequency distribution for Reach #2. A sulfate level of 1,130
mg/L will be exceeded ten percent of the time. The adjusted sulfate water quality standard in Reach
#2 of 1,000 mg/L will be exceeded 17 percent of the time. Projected sulfate loadings in Reach #3
were modeled using existing sulfate concentrations and flow data obtained from the USGS station at
Thomton. Rhodia's maximum incremental average loading was input into the model and the results
are depicted in Figure 7-8. Based upon the model, a sulfate level of 800 mg/L will be exceeded ten
percent of the time. The adjusted water quality standard of 850 mg/L will be exceeded six percent

of the time.
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Figure 7-9 projects the sulfate loading on the Little Calumet River, designated as Reach #4. Sulfate
levels start at the general use water quality standard of 500 mg/L at low flow, and then use the
average sulfate concentrations based upon USGS station 05536195 sampling data. The model
projects that a sulfate level of 220 mg/L will be exceeded 10 percent of the time while the adjusted
water quality standard of 750 mg/L. will be exceeded one percent of the time under average

conditions.

7.4.2 Daily Maximum Sulfate Levels

The peak projected sulfate levels were determined for purposes of establishing a basis for setting
water quality standards for the impacted reaches. Similar to the TDS levels, peak sulfate levels will
occur during low flow conditions, maximum Rhodia loading, and maximum upstream and WWTP
sulfate levels. The maximum daily sulfate loading from Rhodia is 102,640 pounds per day at a flow

rate of 1.1 mgd (presented in Chapter 2).

Maximum sulfate levels existing for the treatment plant and upstream were determined again using
the EPA Technical Support Document (EPA, 1991). Maximum sulfate levels for Reaches #2, #3,

and #4 were prepared consistent with the maximum TDS levels for the respective reaches.

Table 7-2 presents the projected maximum sulfate levels. For Reach #1, the maximum projected

sulfate level will be 1,350 mg/L, declining to 1,000 mg/L. by Reach #4.

TABLE 7-2
PROJECTED MAXIMUM THORN CREEK SULFATE LEVELS
AT RHODIA PEAK LOADING
Reach Number Maximum Sulfate, mg/L
1 1,350
2 1,340
3 1,160
4 1,000
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7.5 Crop Irrigation and Ground Water Impacts

The areas surrounding Thorn Creek from the District's outfall to the merger with the Little Calumet
River are limited to forest preserves and developed areas. No commercial crops are grown, and no

evidence of water withdrawal for irrigation of crops was observed during the stream study.

Communities along Thorn Creek downstream of the District's outfall, all derive their water supply
from Lake Michigan. Communities including Chicago Heights, Flossmoor, Harvey, Glenwood,
Homewood, South Holland, Thornton, Calumet City, Dolton, and Lansing were all contacted and
confirmed that each municipal water supply system currently uses Lake Michigan water. Most
water supply wells have been capped and taken out of service in these communities. Based upon this

investigation, Rhodia’s proposed project will not increase the TDS in any public water supply.

7.6 Calumet-Sag Channel

The Little Calumet River section designated as Reach #4 merges with the Calumet-Sag Channel as
depicted in Figure 2-2. The Calumet-Sag Channel is a secondary contact waterway and receives
effluent from the Calumet WWTP. The water quality standard for TDS on the Calumet-Sag
Channel is 1,500 mg/L, and no standard exists for sulfate. Included in Appendix F for reference are
the projected levels of TDS in Calumet-Sag Channel. Under maximum Rhodia loading, the
projected maximum TDS and sulfate levels for the Calumet-Sag Channel is projected to be 1,370
mg/L, below the water quality standards.

7.7 Model Sensitivity

Thorn Creek upstream and treatment plant effluent TDS data used in the model were obtained from
a limited database. The upstream TDS levels were measured nine times in the months of November
and December while the TDS WWTP effluent levels were measured 13 times in the months of
November to April. Due to the limited database, uncertainty of the model output is inherently

present. The average effluent TDS concentration before the existing silica plant was online was 765
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mg/L and the average upstream TDS concentration was 689 mg/L for the average conditions model.

The peak TDS effluent and upstream levels were 1,186 mg/L and 2,093 mg/L, respectively. These
TDS levels were determined based upon the EPA method presented in the EPA Technical Support
Document (EPA, 1991).

The upstream and treatment plant TDS levels were increased by one percent each and modeled for
"Reach #1 under average conditions to evaluate the sensitivity of the model to changes in the TDS
levels. Reach #1 was used as this is the most impacted of the Thorn Creek reaches. A one percent
increase in the upstream TDS level did not change the downstream TDS level, while a one percent
increase in the treatment plant TDS increases the downstream TDS by seven mg/L. The model is

therefore more sensitive to WWTP TDS levels.

A similar procedure was used for the sulfate levels on Reach #1. A one percent increase in upstream
sulfate levels increases downstream sulfate levels one mg/L. and a one percent increase in WWTP
sulfate increases the downstream sulfate by two mg/L.. Again, the model is more sensitive to

WWTP levels.

7.8 Summary

Presented in Table 7-3 is a summary of the projected water quality if Rhodia is to proceed with the
proposed silica plant expansion. From Table 7-3, it is apparent that the proposed process will
increase the TDS and sulfate levels above the current water quality standards, at peak loadings and
low flow conditions in the four stream reaches, totaling 19 river miles. This is the basis behind

seeking an adjusted standard.
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TABLE 7-3

SUMMARY OF WATER QUALITY MODELING RESULTS
PREDICTED PEAK CONCENTRATIONS, mg/L

Parameter Reach #1 Reach #2 | Reach #3 | Reach #4
Average TDS 2,160 2,130 1,670 1,500
Peak TDS 2,650 2,620 2,360 2,020
Existing Adjusted TDS WQ Standard 2,100 2,100 1,900 1,700
Average Sulfate 1,170 1,150 930 820
Peak Sulfate 1,350 1,340 1,160 1,000
Existing Adjusted Sulfate WQ Standard 1,000 1,000 850 750

Under low flow conditions and the maximum Rhodia loading, the TDS water quality will be above
the current adjusted standard in all four reaches, with a projected maximum level of 2,650 mg/L in
Reach #1. Sulfate levels will be above the existing adjusted standard under low flow conditions in
all four reaches, with the maximum value of 1,350 mg/L projected in Reach #1. Chronic toxicity

tests conducted at and above these levels demonstrated the absence of any aquatic toxicity.
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8. SUMMARY AND CONCLUSION

Rhodia has approached the District with a request to expand its existing silica manufacturing process
at its Chicago Heights plant. The process, which produces silica (SiO,), generates an aqueous waste
stream high in sodium sulfate. An average of 137,375 pounds per day and a maximum of 151,725
pounds per day of sodium sulfate will be generated by the silica process, in an annual average flow
of 840,000 to 940,000 gallons per day. This waste stream will consequently be discharged to the
District's WWTP, which has sufficient hydraulic capacity to handle the additional loading.

The District's WWTP cannot accept the proposed waste stream from the silica process without
exceeding the existing adjusted water quality limits for total dissolved solids (TDS) and sulfates on
the receiving stream, Thorn Creek, and subsequently the Little Calumet River. There are three
reaches on Thorn Creek that will be impacted by the proposed expansion, and a potential fourth

reach on the Little Calumet River under peak loading and low flow conditions.

Reach #1 is from the WWTP to the merger with Deer Creek. Reach #2 continues from the merger
with Deer Creek to the USGS Station at Thornton, while Reach #3 is from the USGS Station to the
merger with the Little Calumet River. The fourth reach is from the Thorn Creek confluence, with
the Little Calumet River to the confluence of the Little Calumet River and the Calumet-Sag
Channel. TDS levels, under the worst case scenario (low flow and peak loading) will increase to
2,650 mg/L in Reach #1, 2,620 mg/L in Reach #2, declining to 2,360 mg/L in Reach #3. The peak
TDS level projected under the worst case scenario for Reach #4 is 2,020 mg/L.

Sulfates will increase to 1,350 mg/L in Reach #1 under the worst case scenario, declining to 1,160
mg/L by Reach #3. The peak sulfate level for the worst case scenario in Reach #4 will be 1,000
mg/L.

Thorn Creek flows 19.5 miles from its headwaters in Monee, Illinois to the Little Calumet River. In
addition to numerous wastewater treatment plant outfalls on Thorn Creek and its tributaries, the
creek receives considerable stormwater runoff from urban and rural areas. TDS levels upstream of

the Thorn Creek WWTP outfall currently exceed the 1,000 mg/L water quality standard. A
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biological survey on Thorn Creek, including fish and benthic organisms, was conducted to
determine the current aquatic quality. Thorn Creek, from upstream of the District's outfall to
downstream of the Butterfield Creek confluence is classified as a Limited Aquatic Resource, a

common classification for urban streams.

Based on the Huff & Huff stream surveys, the IBI and MBI values have not significantly changed
after the increase in TDS discharge. Pre-elevated TDS discharge MBI values indicated that Thorn
Creek was “fair” quality and a moderate aquatic resource. The pre-elevated TDS discharge IBI
values indicated that Thorn Creek was also “fair” quality; however, this rating indicates a limited

aquatic resource.

The post-elevated TDS discharge MBI values indicated that Thorn Creek was “fair” quality and a
limited aquatic resource upstream of the discharge and “fair” quality and a moderate aquatic
resource downstream of the discharge. The post-elevated TDS discharge IBI values indicated that
Thorn Creek was also “fair” quality and a limited aquatic resource both upstream and downstream

of the discharge.

Both upstream and downstream stations, as well as, pre- and post-elevated TDS discharge stream
quality ratings indicate that Thom Creek is a “fair” quality stream. The small fluctuation between a
limited aquatic resource and a moderate aquatic resource is suggestive of the normal fluctuation due

to other factors such as a precipitation and ambient temperatures.

Given its proximity to urban areas, there is limited potential for future improvements in the aquatic
community in Thorn Creek. Similar conclusions were drawn by Michael Ander of Dames & Moore
(1990) during an environmental impact study of Deer Creek. Deer Creek, a tributary of Thom
Creek was identified as having limited potential uses due to the limited amount of water and habitat
available. The IEPA noted a similar water quality classification in its annual water quality report
(IEPA, 2000) for Thorn Creek and the Little Calumet River which were characterized as partial

support for overall use and aquatic life use.

A biological assessment done in support of the NutraSweet/CIWC petition in AS 89-3 concluded a
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TDS water quality level of 3,000 mg/L would not cause any undue stress to the aquatic life (Dames
& Moore, 1981). This opinion was supported by the Illinois EPA (Studer, 1990). A toxicity
investigation by Reed and Evans (1981) concluded that water quality sulfate levels of 1,000 mg/L

would not be harmful to the aquatic biota.

To confirm the previous findings and to specifically address any potential chronic toxicity associated
with the levels of sodium sulfate anticipated, bioassay tests were conducted using water from Thomn
Creek. Sulfate and TDS levels up to 1,380 mg/L and 2,790 mg/L, respectively, were evaluated. No
chronic (or acute) toxicity was observed in any of the tests using water fleas and fathead minnows.
The maximum levels tested are greater than 100 percent of the peak levels projected by the models
in Thorn Creek, thus providing a "safety factor" with respect to any chronic toxicity concern. Based
on the assessment of Thorn Creek and the projection of Thorn Creek water quality with the proposed

silica plant expansion, the TDS and sulfide levels projected and the requested water quality

standards are summarized in Table 8-1.

TABLE 8-1
CURRENT REQUESTED WATER QUALITY STANDARDS
I Reach Number Current WQ Requested WQ
Standard, mg/L Standard, mg/L
TDS
#1 2,100 2,650
#2 2,100 2,620
#3 1,900 2,360
#4 1,700 2,020
’ Sulfate
#1 1,000 1,350
#2 1,000 1,340
#3 850 1,160
#4 750 1,000
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Based upon the findings in this study, relief from the TDS and sulfate water quality standards on
Thorn Creek and the Little Calumet River will not have any impact on the aquatic community in
these streams. No other environmental impacts were identified herein. In summary, based upon the
findings of this study; granting the changes in the water quality standard on the two waterways
identified would allow Rhodia to expand the existing silica plant at its Illinois facility in Chicago
Heights. No adverse environmental effects from the sodium sulfate discharge were identified in this

study.

The economic benefits to this local community and to the State of Illinois from the proposed
silica manufacturing facility warrants consideration of adapting the proposed water quality TDS
and sulfate limits. The request for an adjusted standard to allow Rhodia to expand the silica
plant at its Chicago Heights facility is consistent with historical water quality levels, existing
(adjusted) water quality limits on a portion of Thorn Creek, and will not result in degrading the

quality of aquatic community in Thorn Creek.
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AVERAGE CONDITIONS

FLOWRATE vs. TDS CONCENTRATION at THORNTON STATION

Reach #2
Thomn Creek Deer Creek Thom Creek (at Sta. 05536275)

Flow, mgd TDS, mg/t TDS, Ibs/d|  Flow, mgd TDS, mg/1 TDS, Ibs/d|  Flow, mgd TDS, mg/1 TDS, Ibs/d|
114 2156 204433 0.20 689 1149 11.57 2131 205583
15.4 1777 228564 3 689 23175 18 1642 251739
19.5 1555 252695 6 689 39009 25 1388 291704
23.5 1410 276826 8 689 54843 32 1242 331669
276 1308 300957 11 689 70677 39 1148 371634
317 1231 325087 14 689 86511 46 1082 411598
329 1210 332512 17 689 102345 50 1050 434857
342 1190 339936 19 689 118179 54 1022 458115
355 1172 347360 22 689 134014 58 999 481373
36.8 1155 354784 25 689 149848 62 979 504632
38.1 1139 362208 26 689 154173 64 969 516381
394 1125 369632 27 689 159189 66 960 528821
40.7 1111 377057 27 689 164205 68 952 541262
42.0 1098 384481 28 689 169222 70 944 553702
433 1086 391905 29 689 174238 73 936 566143
446 1074 399329 30 689 179254 75 929 578583
45.9 1063 406753 31 6389 184271 77 922 591024
472 1053 414177 32 689 189287 79 916 603464
48.5 1043 421602 33 689 194303 81 910 615905
49.7 1034 429026 34 689 199320 83 904 628345
51.0 1025 436450 34 689 204336 86 898 640786
523 1017 443874 35 689 209352 88 893 653226
53.6 1009 451298 36 689 214369 90 888 665667
549 1002 458722 37 689 219385 92 884 678107
56.2 994 466147 38 689 224401 94 879 690548
57.5 988 473571 39 689 229418 96 875 702988
58.8 981 480995 40 689 234434 99 871 715429
60.1 975 488419 41 689 239450 101 867 727869
61.4 969 495843 41 689 244467 103 863 740310
62.7 963 503267 42 689 249483 105 860 752750
64.0 957 510692 43 689 254499 107 856 765191
65.2 952 518116 44 689 259516 109 853 777631
66.5 947 525540 45 689 264532 111 850 790072
67.8 942 532964 46 689 269548 114 847 802512
69.1 937 540388 47 689 274565 116 844 814953
704 933 547812 48 689 279581 118 841 827393
71.7 928 555237 48 689 284597 120 838 839834
73.0 924 562661 49 689 289614 122 835 852274
743 920 570085 50 689 294630 124 833 864715
75.6 916 577509 51 689 299646 127 830 877155
76.9 912 584933 52 689 304662 129 828 889596
78.2 909 592357 53 689 309679 131 826 902036
79.5 905 599782 54 689 314695 133 824 914477
80.8 902 607206 55 689 319711 135 821 926917
82.0 898 614630 55 689 324728 137 819 939358
833 895 622054 56 689 329744 140 817 951798
84.6 892 629478 57 689 334760 142 815 964239
859 889 636902 58 689 339777 144 813 976679
872 886 644327 59 689 344793 146 812 989120
88.5 883 651751 60 689 349809 148 810 1001560
89.8 880 659175 61 689 354826 150 808 1014001
91.1 877 666599 62 689 359842 153 806 1026441
924 875 674023 62 689 364858 155 805 1038882
93.7 872 681447 63 689 369875 157 803 1051322
95.0 870 688872 64 689 374891 159 802 1063763
96.3 867 696296 65 689 379907 161 800 1076203
97.5 865 703720 66 689 384924 163 799 1088644
98.8 863 711144 67 689 389940 166 797 1101084
100.1 860 718568 68 689 394956 168 796 1113525
101.4 858 725992 69 689 399973 170 794 1125965
102.7 856 733417 69 689 404989 172 793 1138406
104.0 854 740841 70 689 410005 174 792 1150846

Deer Creek loading calculated from Deer Creek flow less average
CIWC discharge and 689 mg/| (avg. Thorn Cr. TDS upstream
of Thorn Cr. WWTP) plus average CIWC loading (13,374 Ibs/d).

Thorn Creek values from Reach #1 model for average Rhodia
TDS loadings

\\Dartene\c\1DOC\Thornerk\Rhodia89TabI\[TCR2AT2.xis]Table
03/15/2000 10:47



AVERAGE CONDITIONS

FLOWRATE,mgd vs. TDS, mg/1 BEYOND THORNTON STATION

Flow values start at 7Q10 (13.2 mgd) and increase by 2 until
50 mgd where values increase by 5 mgd. TDS concentration is
average summation of major ions currently in Thorn Creek
{Obtained from USGS 1991 water year Thornton station data)

Rhodia
Rhodia values are annual average values

Reach #3
[ Thorn Creek Rhodia ] Projected Loadings
Average Average Average Average
Flow, mgd TDS, mg/1 TDS, Ibs/d| Flow, mgd TDS, mg/1 TDS, Ibs/d| Flow, mgd TDS, mg/1 TDS, lbs/d|
13.2 531 58457 0.84 19614 137375 14 1672 195832
14 531 62000 0.84 19614 137375 15 1611 199375
16 531 70857 0.84 19614 137375 17 1483 208232
18 531 79714 0.84 19614 137375 19 1382 217089
20 531 88571 0.84 19614 137375 21 1300 225946
22 531 97428 0.84 19614 137375 23 1233 234803
24 531 106285 0.84 19614 137375 25 1176 243660
26 531 115142 0.84 19614 137375 27 1128 252517
28 531 123999 0.84 19614 137375 29 1087 261374
30 531 132856 0.84 19614 137375 31 1051 270231
32 531 141713 0.84 19614 137375 33 1019 279088
34 531 150570 0.84 19614 137375 35 991 287945
36 531 159427 0.84 19614 137375 37 966 296802
38 531 168285 0.84 19614 137375 39 944 305660
40 531 177142 0.84 19614 137375 41 923 314517
42 531 185999 0.84 19614 137375 43 905 323374
44 531 194856 0.84 19614 137375 45 888 332231
46 531 203713 0.84 19614 137375 47 873 341088
48 531 212570 0.84 19614 137375 49 859 349945
50 531 221427 0.84 19614 137375 51 846 358802
55 531 243570 0.84 19614 137375 56 818 380945
60 531 265712 0.84 19614 137375 61 794 403087
65 531 287855 0.84 19614 137375 66 774 425230
70 531 309998 0.84 19614 137375 71 757 447373
75 531 332141 0.84 19614 137375 76 742 469516
80 531 354283 0.84 19614 137375 81 729 491658
85 531 376426 0.84 19614 137375 86 718 513801
90 531 398569 0.84 19614 137375 91 707 535944
95 531 420711 0.84 19614 137375 96 698 558086
100 531 442854 0.84 19614 137375 101 690 580229
105 531 464997 0.84 19614 137375 106 682 602372
110 531 487139 0.84 19614 137375 111 676 624514
115 531 509282 0.84 19614 137375 116 669 646657
120 531 531425 0.84 19614 137375 121 664 668800
125 531 553568 0.84 19614 137375 126 658 690943
130 531 575710 0.84 19614 137375 131 653 713085
135 531 597853 0.84 19614 137375 136 649 735228
140 531 619996 0.84 19614 137375 141 645 757371
145 531 642138 0.84 19614 137375 146 641 779513
150 531 664281 0.84 19614 137375 151 637 801656
155 531 686424 0.84 19614 137375 156 634 823799
160 531 708566 0.84 19614 137375 161 631 845941
165 531 730709 0.84 19614 137375 166 628 868084
170 531 752852 0.84 19614 137375 171 625 890227
175 531 774995 0.84 19614 137375 176 622 912370
180 531 797137 0.84 19614 137375 181 620 934512
185 531 819280 0.84 19614 137375 186 617 956655
190 531 841423 0.84 19614 137375 191 615 978798
195 531 863565 0.84 19614 137375 196 613 1000940
200 531 885708 0.84 19614 137375 201 611 1023083
205 531 907851 0.84 19614 137375 206 609 1045226
210 531 929993 0.84 19614 137375 211 607 1067368
215 531 952136 0.84 19614 137375 216 605 1089511
220 531 974279 0.84 19614 137375 221 604 1111654
225 531 996422 0.84 19614 137375 226 602 1133797
230 531 1018564 0.84 19614 137375 231 600 1155939
235 531 1040707 0.84 19614 137375 236 599 1178082
240 531 1062850 0.84 19614 137375 241 598 1200225
245 531 1084992 0.84 19614 137375 246 596 1222367
L 250 531 1107135 0.84 19614 137375 | 251 595 1244510
\\Darlene\c\1DOC\ Thomerk\ Rhodia99Tabl\ [TCR3AVT.xls]Table
03/15/2000 10:52
Notes: Thorn Creek



AVERAGE CONDITIONS

FLOWRATE, mgd vs. TDS, mg/1 in the LITTLE CALUMET RIVER

\\Darlene\c\1DOC\ Thorncrk\ Rhodia99Tabl\ [TCR4AVT.x]s]Table
03/15/200010:53

Reach #4
Thorn Creek Little Calumet River at Munster, In Projected Loading
Average Average
Flow, mgd TDS, mg/] TDS, Ibs/d| Flow, mgd TDS, mg/l TDS, lbs/d| Flow, mgd TDS, mg/1 TDS, lbs/d
14 1672 195832 4.85 1000 40449 19 1500 236281
15 1611 199375 8 464 29449 22 1222 228823
17 1483 208232 10 464 40129 27 1094 248361
19 1382 217089 13 464 50810 32 1005 267899
21 1300 225946 16 464 61490 37 938 287436
23 1233 234803 19 464 72171 41 887 306974
25 1176 243660 21 464 82852 46 846 326512
27 1128 252517 4 464 93532 51 813 346049
29 1087 261374 27 464 104213 56 786 365587
31 1051 270231 30 464 114893 61 763 385124
33 1019 279088 32 464 125574 65 743 404662
35 991 287945 35 464 136254 70 726 424200
37 966 296802 38 464 146935 75 711 443737
39 944 305660 41 464 157615 80 698 463275
41 923 314517 43 464 168296 84 686 482812
43 905 323374 46 464 178976 89 676 502350
45 888 332231 49 464 189657 94 667 521888
47 873 341088 52 464 200337 99 658 541425
49 859 349945 55 464 211018 103 651 560963
51 846 358802 57 464 221699 108 644 580501
56 818 380945 60 464 232379 116 635 613324
61 794 403087 65 464 251728 126 624 654815
66 774 425230 70 464 271077 136 614 696307
71 757 447373 75 464 290425 146 606 737798
76 742 469516 80 464 309774 156 599 779290
81 729 491658 85 464 329123 166 593 820781
86 718 513801 90 464 348472 176 588 862273
91 707 535944 95 464 367821 186 583 903764
96 698 558086 100 464 387169 196 579 945256
101 690 580229 105 464 406518 206 575 986747
106 682 602372 110 464 425867 216 571 1028239
m 676 624514 115 464 445216 226 568 1069730
116 669 646657 120 464 464565 236 565 1111222
121 664 668800 125 464 483913 246 562 1152713
126 658 690943 130 464 503262 256 560 1194205
131 653 713085 135 464 522611 266 557 1235696
136 649 735228 140 464 541960 276 855 1277188
141 645 757371 145 464 561309 286 553 1318679
146 641 779513 150 464 580657 296 551 1360171
151 637 801656 155 464 600006 306 549 1401662
156 634 823799 160 464 619355 316 548 1443154
161 631 845941 165 464 638704 326 546 1484645
166 628 868084 170 464 658053 336 545 1526137
171 625 890227 175 464 677401 346 543 1567628
176 622 912370 180 464 696750 356 542 1609120
181 620 934512 185 464 716099 366 541 1650611
186 617 956655 190 464 735448 376 540 1692103
191 615 978798 195 464 754797 386 539 1733594
196 613 1000940 200 464 774145 3% 538 1775086
201 611 1023083 205 464 793494 406 537 1816577
206 609 1045226 210 464 812843 416 536 1858069
211 607 1067368 215 464 832192 426 535 1899560
216 605 1089511 220 464 851541 436 534 1941052
221 604 1111654 225 464 870889 446 533 1982543
26 602 1133797 230 464 890238 456 532 2024035
231 600 1155939 235 464 909587 466 532 2065526
236 599 1178082 240 464 928936 476 531 2107018
241 598 1200225 245 464 948285 486 530 2148509
46 59 1222367 250 464 967633 496 530 2190001
L 251 595 1244510 ) 255 464 986982 506 529 2231492
Notes: Thorn Creek:

Flow and TDS values are from Reach #3 for Average TDS loading

Little Cajumet River
Flow values start at the 7Q10 for the Munster Station and
increase by 2.76 mgd until 60 mgd, the average flow. This
corresponds to Thorn Creeks median flow of 56 mgd.
TDS level is the average TDS for the Munster Station

and at low flow is 1000 mg/], the water quality standard.



AVERAGE CONDITIONS

Flowrate, mgd vs. Sulfate, mg/l

Reach #1
Treatmest Plask Rbodia USGS Sation 1
Avenage Avengo Avenngo Aveage|
Flow, Flow, cfs  Sulfate, /i Suifate, Ihe/d Flow, c¢fs __ Sulfate, mp/l  Sulfate, The/d
0.19 0.3 186 301 10.34 16 207 17844 1.3 13243 92750
2.96 5 186 4590 11.63 18 207 20074 1.3 13243 92750
5n 9 186 8879 1292 20 207 22305 1.3 13243 92750
8.49 13 186 13168 14.21 2 207 24535 13 13243 92750
11.25 17 186 17457 15.50 24 207 26766 1.3 13243 92750
14.02 2 186 21746 16.80 26 207 28996 13 13243 92750
15.31 24 186 23750 16.80 26 207 28996 1.3 13243 92750
16.60 26 186 25754 16.80 26 207 28996 1.3 13243 92750 »
17.89 28 186 27158 16.80 26 207 28996 1.3 13243 92750 35.53 55 305 149504
19.19 30 185 29762 16.80 26 207 28996 1.3 13243 92750 B0 57 493 151509
20.48 32 186 31767 16.80 26 207 28996 1.3 13243 92750 38.11 5 483 153513
2177 M 186 33 16.80 26 207 28996 1.3 13243 92750 3941 61 473 155517
23.06 36 186 35715 16.80 26 207 28996 13 13243 92750 40.70 63 464 157521
24.35 38 186 anm 16.80 26 207 28996 1.3 13243 92750 41.99 L4 436 159525
25.65 40 185 39783 16.80 26 207 28996 1.3 13243 92750 4328 67 “7 161530
26.94 42 186 41788 16.50 26 207 28996 13 13243 92750 44.57 L 440 163534
28.23 “ 186 43792 16.80 26 207 28996 1.3 13243 92750 45.87 71 433 165538
29.52 46 186 45796 16.80 2% 207 28996 1.3 13243 92750 47.16 73 426 167542
20.51 48 186 47800 16,80 26 207 28996 13 13243 92750 48.45 75 420 169346
32,11 50 186 49804 16.80 26 207 28996 1.3 13243 92750 49.74 77 44 171551
33.40 52 186 51809 16.80 26 207 28996 1.3 13243 92750 51.03 9 408 173555
34.69 54 186 53813 16.80 26 207 28996 1.3 13243 92750 52.33 81 402 175559
3598 56 186 55817 16.80 26 207 28996 1.3 13243 92750 n.e2 83 397 177563
37.27 58 186 57821 16.80 26 207 28996 1.3 13243 92750 54.91 8 392 179568
38.57 0 186 9825 16.80 26 207 28996 13 13243 92750 56.20 87 387 181572
.86 62 186 61830 16.80 26 207 28996 1.3 13243 92750 57.49 ] 383 183576
4115 64 186 63834 16.80 2% 207 28996 1.3 13243 92750 58.79 91 7 185580
42.44 [ 186 65838 16.30 26 207 28996 1.3 13243 92750 60.08 9 374 187584
43.73 68 186 67842 16.80 26 207 28996 1.3 13243 92750 61.37 95 370 189589
45.03 70 186 69846 16.80 26 207 28996 1.3 13243 92750 62.66 91 367 191593
46.32 k3 186 71854 16.80 26 207 28996 1.3 13243 92750 63.95 9 363 193597
47.61 K] 186 73855 16.80 25 207 28996 1.3 13243 92750 65.25 101 359 195601
48.90 76 186 75859 16.80 26 207 28996 1.3 13243 92750 66.54 103 356 197605
50.19 78 186 77863 16.80 26 207 28996 1.3 13243 92750 61.83 105 353 199610
51.49 %0 186 79867 16.80 26 207 28996 1.3 13243 92750 69.12 107 3% 201614
.78 2 186 81872 16.80 26 207 28996 1.3 13243 92750 70.41 105 347 203518
54.07 84 186 83876 16.80 26 207 28996 1.3 13243 92750 7.7 m 344 203622
55.36 8 186 85880 16.80 26 207 28996 1.3 13243 92750 73.00 13 341 207626
56.65 88 186 87834 16.80 26 207 28996 1.3 13243 92750 74.29 1s 338 209631
57.95 9% 186 89883 16.80 26 207 28996 1.3 13243 92750 75.58 17 336 211635
59.24 2 186 91893 16.80 26 207 28996 1.3 13243 92750 76.87 19 333 213639
60.53 94 186 93897 16.80 26 207 28996 1.3 13243 92750 78.17 121 331 215643
61.82 9% 186 95901 16.80 26 207 28956 1.3 13243 92750 79.46 123 328 217647
63.11 98 186 97905 16.80 26 207 28996 1.3 13243 92750 80.75 128 326 219652
6441 100 186 99909 16.80 26 207 28996 1.3 13243 92750 82.04 127 324 221656
65.70 102 186 101914 16.80 26 207 28996 1.3 13243 92750 83.33 129 322 223660
66.99 104 186 103918 16.80 26 207 28996 1.3 13243 92750 84.63 31 320 225664
68.28 106 186 105922 16.80 26 207 28996 1.3 13243 92750 85.92 133 318 227668
69.57 108 186 167926 16.80 26 207 28996 1.3 13243 92750 87.21 135 316 229673
70.87 110 186 109930 16.80 26 207 28996 1.3 13243 92750 88.50 137 314 231677
T72.16 12 186 111935 16.80 26 207 28996 1.3 13243 927150 89.79 1% 312 233681
73.45 114 186 113939 16.80 26 207 28996 1.3 13243 92750 91.09 141 310 235685
74.74 116 186 115943 16.80 26 207 28996 1.3 13243 92750 92.38 143 309 237689
76.03 ns 186 17947 16.80 2% 207 2899 1.3 13243 92750 93.67 145 307 239694
T1.33 120 186 119951 16.80 26 207 28996 1.3 1343 92750 94.96 147 305 241698
78.62 v 186 121956 16.80 26 207 28996 1.3 13243 92750 96.25 149 304 243702
79.91 124 186 123960 16.80 26 207 28996 1.3 13243 92750 97.55 151 302 245706
85.20 126 186 125964 16.80 26 207 28996 1.3 13243 92750 98.84 153 301 247710
82.49 128 186 127968 16.80 26 207 28996 1.3 13243 92750 100.13 155 29 249715
83.79 130 186 129973 16.80 26 207 28996 1.3 13243 92750 101.42 157 298 251719
85.08 132 186 131977 16.80 26 207 28996 1.3 13243 92750 102.71 159 296 253723
$6.37 134 186 133981 16.80 26 207 28996 1.3 13243 92750 | 104.01 161 295 285727
AVS.2uITeble
31500 (529
Notes: Ugpstrsam:

Flow valaes for upstream start from 7Q10 (0.3 cfs) and increase o aversge (21.7 cfs).

Avenngo npstream flow occurs sitmtineously with aversge Thom Creck Basin WWTP flow (25.9 ofs).
Flows thea increase by 2 ofs.

Salfato taken a3 27% TDS

Treatment Plack:

Flow values start from 7Q10 low flow at downstrear USGS station. ‘This assumes that all downatream
flow during Jow flow conditions (prior o Rbone-Pouleac additiomal flow) s from treatment phnt.

As this moded is predicting downstream conditions during avemge troatment phant performeacs, once
tho averago flow (25.9 cfs) is reached, it is held constant.

Sulfate talom as 27% TDS

Rbodia;
Rbodia flow is the flow (1.3 cfs) during tho mas. beding (92,750 Ths/d).
Sulfats taken a3 63% TDS (TDS is 100% from sodiam sulfato)

Soqrces;

Upstream and treatment plact TDS/Sulfate values from Thom Croek Basin Monitoring (NOV. 92 - APR. 93)
Upstream and troatowat plart 7Q10 vakies from 1SWS 1993 report

Upstream avenage flow obtained from USGS 1979 Water Resource data

Treatment plact avenge flow from 1992 DMRs

Rbono-Poulene vakios are anmaal averago vakies.




AVERAGE CONDITIONS
FLOWRATE vs. SULFATE CONCENTRATION at THORNTON STATION

Reach #2
Thom Creek j Deer Creek Thorn Creek (at Sta. 05536275)

Flow, mgd  Sulfate, mg/l  Sulfate, Ibs/d| Flow, mgd Sulfate, mg/1  Sulfate, Ibs/d| Flow, mgd Sulfate, mg/1  Sulfate, Ibs/d
11.37 1169 110894 0.20 106 177 11.57 1151 111071
1543 913 117414 3 106 6257 18 807 123671
1948 763 123933 6 106 10531 25 640 134465
23.54 664 130453 8 106 14806 32 544 145259
27.60 595 136972 11 106 19080 39 482 156053
31.65 544 143492 14 106 23355 46 438 166847
32.95 530 145496 17 106 27629 50 418 173125
34.24 517 147500 19 106 31904 54 400 179404
35.53 505 149504 22 106 36178 58 385 185683
36.82 493 151509 25 106 40453 62 372 191962
38.11 483 153513 26 106 41621 64 366 195133
3941 473 155517 27 106 42975 66 360 198492
40.70 464 157521 27 106 44329 68 355 201850
41.99 456 159525 28 106 45683 76 350 205209
43.28 47 161530 29 106 47037 73 345 208567
44.57 440 163534 30 106 48391 75 340 211925
45.87 433 165538 31 106 49746 77 336 215284
47.16 426 167542 32 106 51100 79 332 218642
48.45 420 169546 33 106 52454 81 328 222001
49.74 414 171551 34 106 53808 83 324 225359
51.03 408 173555 34 106 55162 86 321 228717
52.33 402 175559 35 106 56517 88 317 232076
53.62 397 177563 36 106 57871 90 314 235434
54.91 392 179568 37 106 59225 92 311 238793
56.20 387 181572 38 106 60579 94 308 242151
57.49 383 183576 39 106 61933 96 306 245509
58.79 379 185580 40 106 63288 99 303 -248868
60.08 374 187584 41 106 64642 101 300 252226
61.37 370 189589 41 106 65996 103 298 255584
62.66 367 191593 42 106 67350 105 296 258943
63.95 363 193597 43 106 68704 107 293 262301
65.25 359 195601 44 106 70059 109 291 265660
66.54 356 197605 45 106 71413 111 289 269018
67.83 353 199610 46 106 72767 114 287 272376
69.12 350 201614 47 106 74121 116 285 275735
70.41 347 203618 48 106 75475 118 284 279093
71.71 344 205622 48 106 76829 120 282 282452
73.00 341 207626 49 106 78184 122 280 285810
74.29 338 209631 50 106 79538 124 279 289168
75.58 336 211635 51 106 80892 127 277 292527
76.87 333 213639 52 106 82246 129 275 295885
7817 331 215643 53 106 83600 131 274 299244
79.46 328 217647 54 106 84955 133 273 302602
80.75 326 219652 55 106 86309 135 271 305960
82.04 324 221656 55 106 87663 137 270 309319
83.33 322 223660 56 106 89017 140 268 312677
84.63 320 225664 57 106 90371 142 267 316036
85.92 318 227668 58 106 91726 144 266 319394
87.21 316 229673 59 106 93080 146 265 322752
88.50 314 231677 60 106 94434 148 264 326111
89.79 312 233681 61 106 95788 150 263 329469
91.09 310 235685 62 106 97142 153 261 332827
92.38 309 237689 62 106 98496 155 260 336186
93.67 307 239694 63 106 99851 157 259 339544
94.96 305 241698 64 106 101205 159 258 342903
96,25 304 243702 65 106 102559 161 257 346261
97.55 302 245706 66 106 103913 163 256 349619
98.84 301 247710 67 106 105267 166 256 352978

10013 299 249715 68 106 106622 168 255 356336
101.42 298 251719 69 106 107976 170 254 359695
102,71 296 253723 69 106 109330 172 253 363053
104,01 295 255727 70 106 110684 174 252 366411

Deer Creek 7Q10 sulfate concentration set at 500 mg/1 water quality standard
Loadings for flows higher than 7Q10 calculated from Deer Creek flow

less average CIWC flow (1.25 mgd) and 186 mg/1 sulfate (27% of upstream TDS
concentration of 689 mg/1) plus average CIWC sulfate loading of 3611 Ibs/ day
(27% of average TDS loading of 13374 Ibs/ d})

Thom Creek values from Reach #1 model for average Rhodia

sulfate loadings.

\\Darlene\c\1DOC\ Thorncrk\ Rhodia99Tabl\[TCR2AVS xIs] Table

03/15/2000 10:57



AVERAGE CONDITIONS
FLOWRATE,mgd vs. SULFATE, mg/1 BEYOND THORNTON STATION

Reach #3
Thorn Creek T Rhodia Projected Loadings
Average Average
Flow, mgd, Sulfate, mg/1 _ Sulfate, Jbs/d| Flow, mgd Sulfate, mg/] _ Sulfate, bs/d| Flow, mgd  Sulfate, mg/] Sulfate, Ibs/d
13.2 149 16403 0.84 13243 92750 14 932 109153
14 149 17397 0.84 13243 92750 15 890 110147
16 149 19883 0.84 13243 92750 17 802 112633
18 149 22368 0.84 13243 92750 19 733 115118
20 149 24853 0.84 13243 92750 21 677 117603
22 149 27339 0.84 13243 92750 23 630 120089
24 149 29824 0.84 13243 92750 25 592 122574
26 149 32309 0.84 13243 92750 27 559 125059
28 149 34794 0.84 13243 92750 29 530 127544
30 149 37280 0.84 13243 92750 31 506 130030
32 149 39765 0.84 13243 92750 33 484 132515
34 149 42250 0.84 13243 92750 35 465 135000
36 149 44736 0.84 13243 92750 37 447 137486
38 149 47221 0.84 13243 92750 39 432 139971
40 149 49706 0.84 13243 92750 41 418 142456
42 149 52192 0.84 13243 92750 43 406 144942
44 149 54677 0.84 13243 92750 45 394 147427
46 149 57162 0.84 13243 92750 47 384 149912
48 149 59648 0.84 13243 92750 49 374 152398
50 149 62133 0.84 13243 92750 51 365 154883
55 149 68346 0.84 13243 92750 56 346 161096
60 149 74560 0.84 13243 92750 61 330 167310
65 149 80773 0.84 13243 92750 66 316 173523
70 149 86986 0.84 13243 92750 71 304 179736
75 149 93200 0.84 13243 92750 76 294 185950
80 149 99413 0.84 13243 92750 81 285 192163
85 149 105626 0.84 13243 92750 86 277 198376
90 149 111839 0.84 13243 92750 91 270 204589
95 149 118053 0.84 13243 92750 96 264 210803
100 149 124266 0.84 13243 92750 101 258 217016
105 149 130479 0.84 13243 92750 106 253 223229
110 149 136693 0.84 13243 92750 111 248 229443
115 149 142906 0.84 13243 92750 116 244 235656
120 149 149119 0.84 13243 92750 121 240 241869
125 149 155333 0.84 13243 92750 126 236 248083
130 149 161546 0.84 13243 92750 131 233 254296
135 149 167759 0.84 13243 92750 136 230 260509
140 149 173972 0.84 13243, 92750 141 227 266722
145 149 180186 0.84 13243 92750 146 224 272936
150 149 186399 0.84 13243 92750 151 222 279149
155 149 192612 0.84 13243 92750 156 220 285362
160 149 198826 0.84 13243 92750 161 217 291576
165 149 205039 0.84 13243 92750 166 215 297789
176 149 211252 0.84 13243 92750 171 213 304002
175 1459 217466 0.84 13243 92750 176 212 310216
180 149 223679 0.84 13243 92750 181 210 316429
185 149 229892 0.84 13243 92750 186 208 322642
190 149 236105 0.84 13243 92750 191 207 328855
195 149 242319 0.84 13243 92750 196 205 335069
200 149 248532 0.84 13243 92750 201 204 341282
205 149 254745 0.84 13243 92750 206 202 347495
210 149 260959 0.84 13243 92750 211 201 353709
215 149 267172 0.84 13243 92750 216 200 359922
220 149 273385 0.84 13243 92750 221 199 366135
225 149 279599 0.84 13243 92750 226 198 372349
230 149 285812 .84 13243 92750 231 197 378562
235 149 292025 0.84 13243 92750 236 196 384775
240 149 298238 0.84 13243 92750 241 195 390988
245 149 304452 0.84 13243 92750 246 194 397202
L 250 149 310665 0.84 13243 92750 251 193 403415

\\Darlene\ c\ 1DOC\ Thornerk\ Rhodia99Tabl\ [TCR3AVS.xis]Table
03/15/200010:59

Notes: Thorn Creek
Flow values start at 7Q10 (13.2 mgd) and increase by 2 until
50 mgd where values increase by 5 mgd. Sulfate concentration is
average of sulfate ion concentrations.
(Obtained from USGS 1991 water year Thornton station data)

odia
Rhodia values are annual average values
Sulfate is taken as 68% of average TDS loading based on
molecular weight (TDS is 100% from sodium sulfate)




AVERAGE CONDITIONS

FLOWRATE, mgd vs. SULFATE, mg/! in the LITTLE CALUMET RIVER

Reach #4
Thom Creek Little Calumet River at Munster, In Projected Loading
Average Average
Flow, mgd _ Sulfate, mg/l  Sulfate, Ibs/d Flow, mgd  Sulfate, mg/l _ Sulfate, lbs/d Flow, mgd  Sulfate, mg/l  Sulfate, Ibs/d
14 932 109153 4.85 500 20225 19 821 129378
15 890 110147 8 132 8378 22 633 118525
17 802 112633 10 132 11416 27 547 124049
19 733 115118 13 132 14455 32 486 129572
21 677 117603 16 132 17493 37 441 135096
23 630 120089 19 132 20531 41 406 140620
25 592 122574 21 132 23570 46 379 146144
27 559 125059 24 132 26608 51 357 151667
29 530 127544 27 132 29647 56 338 157191
31 506 130030 30 132 32685 61 322 162715
33 484 132515 32 132 35724 65 309 168239
35 465 135000 35 132 38762 70 297 173762
37 447 137486 38 132 41800 75 287 179286
39 432 139971 41 132 44839 80 278 184810
41 418 142456 43 132 47877 84 271 190334
43 406 144942 46 132 50916 89 264 195857
45 394 147427 49 132 53954 94 257 201381
47 384 149912 52 132 56993 99 252 206905
49 374 152398 55 132 60031 103 246 212429
51 365 154883 57 132 63069 108 242 217952
56 346 161096 60 132 66108 116 235 227204
61 330 167310 65 132 71612 126 228 238922
66 316 173523 70 132 77117 136 221 250640
71 304 179736 75 132 82621 146 216 262357
76 294 185950 80 132 88125 156 211 274075
81 285 192163 85 132 93630 166 207 285793
86 277 198376 90 132 99134 176 203 297510
91 270 204589 95 132 104639 186 199 309228
96 264 210803 100 132 110143 196 196 320946
161 258 217016 105 132 115647 206 194 332663
106 253 223229 110 132 121152 216 191 344381
111 248 229443 115 132 126656 226 189 356099
116 244 235656 120 132 132161 236 187 367817
121 240 241869 125 132 137665 246 185 379534
126 236 248083 130 132 143169 256 183 391252
131 233 254296 135 132 148674 266 182 402970
136 230 260509 140 132 154178 276 180 414687
141 227 266722 145 132 159683 286 179 426405
146 224 272936 150 132 165187 296 178 438123
151 222 279149 155 132 170691 306 176 449840
156 220 285362 160 132 176196 316 175 461558
161 217 291576 165 132 181700 326 174 473276
166 215 297789 170 132 187205 336 173 484994
171 213 304002 175 132 192709 346 172 496711
176 212 310216 180 132 198213 356 171 508429
181 210 316429 185 132 203718 366 170 520147
186 208 322642 190 132 209222 376 170 531864
191 207 328855 195 132 214727 386 169 543582
196 205 335069 200 132 220231 396 168 555300
201 204 341282 205 132 225735 406 168 567017
206 202 347495 210 132 231240 416 167 578735
211 201 353709 215 132 236744 426 166 590453
216 200 359922 220 132 242249 436 166 602171
221 199 366135 225 132 247753 446 165 613888
226 198 372349 230 132 253257 456 165 625606
231 197 378562 235 132 258762 466 164 637324
236 196 384775 240 132 264266 476 164 649041
241 195 390988 245 132 269771 486 163 660759
246 194 397202 250 132 275275 496 163 672477
251 193 403415 255 132 280779 506 162 684194
Notes: Thorn Creek:

Flow values are from Reach #3 for Average Sulfate loading

Little Calumet River

Flow values start at the 7Q10 for the Munster Station and
increase by 2.76 mgd until 60 mgd the average flow. This
corresponds to Thorm Creeks median flow of 56 mgd
Sulfate level is the average sulfate for the Munster Station
and at low flow is 500 mg/l, the water quality standard,

\Darlene\c\ 1 DOC\Thomerk\Rhodia99 TabI{TCR4A VS xis| Table



PEAK CONDITIONS

Flowrate, mgd vs. TDS, mg/l

Reach #1
Upstream Treatment Plant Rhodia USGS Station
Average Average Peak Peak

Flow,mgd  Flow,cfs TDS, mg/l TDS.1bwd Flow, mgd Flow,cfs TDS.mgh TDS,Ibwd| Flow,mgd Flow,cfs  TDS,mgl _ TDS, ibs/d| Flow, mgd Flow,cfs  TDS,mg/ft _ TDS, lbe/d
0.19 0.3 2093 3383 10.34 16 1186 102236 110 1.7 16566 151725 1163 18 2654 257344
296 5 2093 51646 1163 18 1186 15015 110 17 16566 151725 15.68 24 2434 318386
5.72 9 2093 99908 1292 20 1186 127795 110 1.7 16566 151725 19.74 31 2305 379428
849 13 2093 148171 14.21 22 1186 140574 1.10 1.7 16566 151725 23.80 37 2219 440470
11.25 17 2093 196434 15.50 24 1186 153354 110 1.7 16566 151725 27.86 43 2159 501512
14.02 22 2093 244696 1680 26 1186 166133 L10 17 16566 153728 3191 49 2134 562555
15.31 k2] 2093 267249 16.80 26 1186 166133 1.10 17 16566 151725 33.20 51 2113 585107
16.60 26 2093 289802 16.80 26 1186 166133 1.10 1.7 16566 151725 34.50 53 2112 607660
17.89 28 2093 312354 16.80 26 1186 166133 110 1.7 16566 151725 35.79 55 2111 630213
19.19 30 2093 334907 16.80 26 1186 166133 110 17 16566 151725 37.08 57 2113 652765
2048 32 2093 357460 16.80 26 1186 166133 110 17 16566 151725 3837 59 2110 675318
217 34 2093 380012 16.80 26 1186 166133 1.10 1.7 16566 151725 39.66 61 2110 597871
23.06 36 2093 402565 16.80 26 1186 166133 110 1.7 16566 151725 40.96 63 2109 720423
24.35 38 2093 425118 1630 26 1186 166133 110 1.7 16566 151725 42.25 65 2109 742976
25.65 40 2093 447670 16.80 26 1186 166133 L10 1.7 16566 151725 43.54 67 2108 765529
26.94 42 2093 470223 16.80 26 1186 166133 110 1.7 16566 151725 44.83 69 2108 788081
2823 “ 2093 492776 16.80 26 1186 166133 1.10 1.7 16566 151725 46.12 n 2107 810634
29.52 46 2083 515328 16.80 26 1186 166133 1310 1.7 16566 151725 47.42 73 2107 833187
30.81 48 2093 537881 16.80 26 1186 166133 110 1.7 16566 151725 48.71 75 2107 855739
2n 50 2093 560434 16.80 26 1186 166133 110 1.7 16566 151725 50.00 77 2106 878292
3340 52 2093 582986 16.80 26 1186 166133 110 1.7 16566 151725 51.29 79 2106 900845
34.69 54 2093 605539 16.80 26 1186 166133 110 1.7 16566 151725 52.58 81 2106 923397
35.98 56 2093 628092 16.80 26 1186 166133 1.10 1.7 16566 151725 53.88 83 2105 945950
3727 58 2093 650644 16.80 26 1186 166133 110 1.7 16566 151725 55.17 85 2105 968503
38.57 60 2093 673197 16.80 26 1186 166133 110 1.7 16566 151725 56.46 87 2105 991055
39.86 62 2093 695750 16.80 26 1186 166133 110 17 16566 151725 57.75 89 2104 1013608
41.15 64 2093 718302 16.80 26 1186 166133 1.10 1.7 16566 151725 59.04 91 2104 1036161
4244 66 2093 740855 16.80 26 1186 166133 110 1.7 16566 151725 6034 93 2104 1058713
43.73 68 2093 763408 16.80 26 1186 166133 1.10 1.7 16566 151725 61.63 95 2104 1081266
45.03 70 2093 785960 16.80 26 1186 166133 110 1.7 16566 151725 6292 97 2103 1103819
46.32 72 2093 808513 16.80 26 1186 166133 1.10 1.7 16566 151725 64.21 9 2103 11263711
47.61 74 2093 831066 16.80 26 1186 166133 110 1.7 16566 151725 65.50 101 2103 1148924
48.90 76 2093 853618 16.80 26 1186 166133 110 1.7 16566 151725 66.80 103 2103 1171476
50.19 8 2093 876111 16.80 26 1186 166133 1.10 1.7 16566 151725 68.09 108 2103 1194029
51.49 80 2093 898724 16.80 26 1186 166133 1.10 17 16566 151725 69.38 107 2103 1216582
5278 82 2093 921276 16,80 26 1186 166133 110 1.7 16566 151725 70.67 109 2102 1239134
54.07 84 2093 943829 16.80 26 1186 166133 110 1.7 16566 151725 71.96 111 2102 1261687
55.36 86 2093 966382 16.80 206 1186 166133 110 1.7 16566 151725 73.26 113 2102 1284240
56.65 88 2093 988934 16.80 26 1186 166133 110 1.7 16566 151725 74.55 115 2102 1306792
57.95 90 2093 1011487 16.80 26 1186 166133 1.10 1.7 16566 151725 75.84 117 2102 1329345
59.24 92 2093 1034040 16.80 26 1186 166133 110 1.7 16566 151725 7713 119 2102 1351898
60.53 54 2093 1056592 16,80 26 1186 166133 110 1.7 16566 151725 7842 121 2101 1374450
61.82 96 2093 1079145 16.80 26 1186 166133 110 1.7 16566 151725 79.72 123 2101 1397003
63.11 98 2093 1101697 16,80 26 1186 166133 1.10 17 16566 151725 81.01 125 2101 1419556
64.41 100 2093 1124250 16.80 26 1186 166133 1.10 1.7 16566 151725 8230 127 2101 1442108
65.70 102 2093 1146803 16.80 26 1186 166133 1.10 1.7 16566 151725 83.59 129 2101 1464661
66.99 104 2093 1169355 16.80 26 1186 166133 110 17 16566 151725 84.88 131 2101 1487214
68.28 106 2093 1191908 16.80 26 1186 166133 110 17 16566 151725 86.18 133 2101 1509766
69.57 108 2093 1214461 16.80 26 1186 166133 110 1.7 16566 151725 8747 135 2101 1532319
70.87 110 2093 1237013 16.80 26 1186 166133 110 1.7 16566 151725 88.76 137 2160 1554872
72.16 12 2093 1259566 16.80 26 1186 166133 110 17 16566 151725 90.05 139 2100 1577424
7345 114 2093 1282119 16.80 26 1186 166133 110 1.7 16566 151725 91.34 141 2100 1599977
74.74 116 2093 1304671 16.80 26 1186 166133 L10 1.7 16566 151725 92.64 143 2100 1622530
76.03 118 2093 1327224 16.80 26 1186 166133 110 17 16566 151725 93.93 145 2100 1645082
7733 120 2093 1349777 16.80 26 1186 166133 1.10 1.7 16566 151725 95.22 147 2100 1667635
78.62 122 2093 1372329 16.80 26 1186 166133 110 1.7 16566 151725 96.51 149 2100 1690188
79.91 124 2093 1394882 16.80 26 1186 166133 110 1.7 16566 151725 97.80 15 2100 1712740
81.20 126 2093 1417435 16.80 26 1186 166133 110 17 16566 151725 99.10 153 2100 1735293
8249 128 2093 1439987 16.80 26 1186 166133 110 1.7 16566 151725 100.39 155 2100 1757846
83.79 130 2093 1462540 16.80 26 1186 166133 110 17 16566 151725 101.68 157 2099 1780398
85.08 132 2093 1485093 16.80 26 1186 166133 110 1.7 16566 151725 102.97 159 2099 1802951
86.37 134 2093 1507645 16.80 26 1186 166133 1.10 1.7 16566 151725 104.26 161 2099 1823504

WDariene\C\ DOC\Thomerk\Rhodia99 Tabl TCRI1 PT2.x3s] Tabke

Notes:

3115000 1333

Unstream:

Flow values for upstream stant from 7Q10 (0.3 cfs) and increase to average (21.7 cfs).

Average up

flow occurs si

Flows then increase by 2 cfs.

TDS C

TDS

with average Thorm Creck Basin WWTP flow (25.9 cfs).

Trestment Plant:

d (1308 mg/l)

licd by a factor (1.6) from EPA Doc, (EPA/505/2-90-001)

Flow values start from 7Q10 low flow at downstream USGS station. This assumes that all downstream
flow during low flow eonditions (prior to Rhone-Poulenc additional flow) is from treatment plant.

As this mode is p

4

during average

the average flow (25.9 cfs) is reachied, it is held constant.
L imam TDS

™S ¢

s

plant

Rhodia:

d (1031 mg/l)

once

lied by a factor (1.51) from EPA Doc. (EPA/505/2-90-001)

Rhodin.ﬂow is the flow (1.7 cfs) during the max. loading (151,725 Iba/d).

Sources:

Upstream and treatment plant TDS values from Thotn Creck Basin Monitoring (Nov. 92 - Apr. 93)

Upstream and treatment plant 7Q10 values from ISWS 1993 report

Upstream average flow obtained from USGS 1979 Water Resource data
Trestment plant average flow from 1992 DMRs

Rhone-Poulenc values from maximum loading values 25 calculated by Rhone-Poulenc.




PEAK CONDITIONS

FLOWRATE vs. TDS CONCENTRATION at THORNTON STATION

Reach #2
Thorn Creek Deer Creek Thorn Creek (at Sta. 05536275)

Flow, mgd TDS, mg/i TDS, lbs/d| _ Fiow, mgd _ TDS, mg/l. TDS, lbs/d|  Fiow,mgd TDS, mg/ TDS, 1bs/d|
11.63 2654 257344 0.20 689 1149 11.83 2620 258493
15.68 2434 318386 3 689 23175 19 2197 341560
19.74 2305 379428 6 689 39009 25 1971 418437
23.80 2219 440470 8 689 54843 32 1841 495313
27.86 2159 501512 11 689 70677 39 1756 572189
31.91 2114 562555 14 689 86511 46 1696 649066
3320 2113 585107 17 689 102345 50 1651 687453
3450 2112 607660 19 689 118179 54 1612 725839
35.79 2111 630213 22 689 134014 58 1579 764226
37.08 2111 652765 25 689 149848 62 1550 802613
3837 2110 675318 26 689 155176 64 1549 830494
39.66 2110 697871 27 689 160192 66 1548 858063
4096 2109 720423 28 689 165209 69 1547 885632
4225 2109 742976 29 689 170225 71 1547 913201
43.54 2108 765529 29 689 175241 73 1546 940770
44.83 2108 788081 30 689 180258 75 1546 968339
46.12 2107 810634 31 689 185274 77 1545 995908
47.42 2107 833187 32 689 190290 79 1545 1023477
48.71 2107 855739 33 689 195307 82 1544 1051046
50.00 2106 878292 34 689 200323 84 1544 1078615
51.29 2106 900845 35 689 205339 86 1543 1106184
52.58 2106 923397 36 689 210356 88 1543 1133753
53.88 2105 945950 36 689 215372 90 1542 1161322
55.17 2105 968503 37 689 220388 92 1542 1188891
56.46 2105 991055 38 689 225405 95 1542 1216460
5775 2104 1013608 39 689 230421 97 1541 1244029
59.04 2104 1036161 40 689 235437 99 1541 1271598
60.34 2104 1058713 41 689 240454 101 1541 1299167
61.63 2104 1081266 42 689 245470 103 1540 1326736
62.92 2103 1103819 43 689 250486 105 1540 1354305
64.21 2103 1126371 43 689 255503 108 1540 1381874
65.50 2103 1148924 44 689 260519 110 1540 1409443
66.80 2103 1171476 45 689 265535 112 1539 1437012
68.09 2103 1194029 46 689 270551 114 1539 1464581
69.38 2103 1216582 47 689 275568 116 1539 1492150
70.67 2102 1239134 48 689 280584 118 1539 1519719
71.96 2102 1261687 49 689 285600 121 1538 1547288
73.26 2102 1284240 49 689 290617 123 1538 1574857
74.55 2102 1306792 50 689 295633 125 1538 1602426
75.84 2102 1329345 51 689 300649 127 1538 1629995
77.13 2102 1351898 52 689 305666 129 1538 1657564
78.42 2101 1374450 53 689 310682 131 1538 1685133
79.72 2101 1397003 54 689 315698 134 1537 1712702
81.01 2101 1419556 55 689 320715 136 1537 1740270
82.30 2101 1442108 56 689 325731 138 1537 1767839
83.59 2101 1464661 56 689 330747 140 1537 1795408
84.88 2101 1487214 57 689 335764 142 1537 1822977
86.18 2101 1509766 58 689 340780 144 1537 1850546
87.47 2101 1532319 59 689 345796 147 1536 1878115
88.76 2100 1554872 60 689 350813 149 1536 1905684
90.05 2100 1577424 61 689 355829 151 1536 1933253
91.34 2100 1599977 62 689 360845 153 1536 1960822
92.64 2100 1622530 63 689 365862 155 1536 1988391
93.93 2100 1645082 63 689 370878 157 1536 2015960
95.22 2100 1667635 64 689 375894 160 1536 2043529
96.51 2100 1690188 65 689 380911 162 1536 2071098
97.80 2100 1712740 66 689 385927 164 1535 2098667
99.10 2100 1735293 67 689 390943 166 1535 2126236

100.39 2100 1757846 68 689 395960 168 1535 2153805
101.68 2099 1780398 69 689 400976 170 1535 2181374
102.97 2099 1802951 70 689 405992 173 1535 2208943
104.26 2099 1825504 70 689 411009 175 1535 2236512

Deer Creek loading calculated from Deer Creek flow less average
CIWC discharge (1.25 mgd) and 689 mg/l (avg. Thorn Cr. TDS upstream
of Thorn Cr. WWTP) plus average CIWC loading (13374 ibs/d).

Thorn Creek values from Reach #1 model for peak Rhodia

TDS loadings.

\\Darlene\c\i DOC\Thomerk\Rhodia99TabNTCR2PT2.xIs]Table
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PEAK CONDITIONS

FLOWRATE,mgd vs. TDS, mg/1 BEYOND THORNTON STATION

Reach #3
Thorm Creek Rhodia Projected Loadings
Peak Peak
Flow, mgd TDS, mg/1 TDS, Jbs/d| Flow, mgd TDS, mg/1 TDS, Ibs/d| Flow, mgd TDS, mg/1 TDS, Ibs/d
13.2 1183 130234 1.10 16566 151725 14 2364 28195;
14 1183 138127 1.10 16566 151725 15 2302 289852
16 1183 157860 1.10 16566 151725 17 2171 309585
18 1183 177592 1.10 16566 151725 19 2068 329317
20 1183 197324 1.10 16566 151725 21 1984 349049
22 1183 217057 1.10 16566 151725 23 1914 368782
24 1183 236789 1.10 16566 151725 25 1856 388514
26 1183 256522 1.10 16566 151725 27 1806 408247
28 1183 276254 1.10 16566 151725 29 1764 427979
30 1183 295987 1.10 16566 151725 31 1726 447712
32 1183 315719 1.10 16566 151725 33 1693 467444
34 1183 335451 1.10 16566 151725 35 1664 487176
36 1183 355184 1.10 16566 151725 37 1638 506909
38 1183 374916 110 16566 151725 39 1615 526641
40 1183 394649 1.10 16566 151725 41 1594 546374
42 1183 414381 1.10 16566 151725 43 1575 566106
44 1183 434114 1.10 16566 151725 45 1558 585839
46 1183 453846 1.10 16566 151725 47 1542 605571
48 1183 473579 1.10 16566 151725 49 1527 625304
50 1183 493311 1.10 16566 151725 51 1514 645036
55 1183 542642 110 16566 151725 56 1484 694367
60 1183 591973 1.10 16566 151725 61 1459 743698
65 1183 641304 1.10 16566 151725 66 1439 793029
70 1183 690635 1.10 16566 151725 71 1421 842360
75 1183 739967 1.10 16566 151725 76 1405 891692
80 1183 789298 1.10 16566 151725 81 1391 941023
85 1183 838629 110 16566 151725 86 1379 990354
90 1183 887960 1.10 16566 151725 91 1368 1039685
95 1183 937291 1.10 16566 151725 96 1359 1089016
100 1183 986622 110 16566 151725 101 1350 1138347
105 1183 1035953 1.10 16566 151725 106 1342 1187678
110 1183 1085284 1.10 16566 151725 111 1335 1237009
115 1183 1134615 1.10 16566 151725 116 1329 1286340
120 1183 1183946 1.10 16566 151725 121 1323 1335671
125 1183 1233278 1.10 16566 151725 126 1317 1385003
130 1183 1282609 1.10 16566 151725 131 1312 1434334
135 1183 1331940 1.10 16566 151725 136 1307 1483665
140 1183 1381271 1.10 16566 151725 141 1303 1532996
145 1183 1430602 1.10 16566 151725 146 1299 1582327
150 1183 1479933 1.10 16566 151725 151 1295 1631658
155 1183 1529264 1.10 16566 151725 156 1291 1680989
160 1183 1578595 1.10 16566 151725 161 1288 1730320
165 1183 1627926 1.10 16566 151725 166 1285 1779651
170 1183 1677257 1.10 16566 151725 171 1282 1828982
175 1183 1726589 1.10 16566 151725 176 1279 1878314
180 1183 1775920 1.10 16566 151725 181 1276 1927645
185 1183 1825251 1.10 16566 151725 186 1274 1976976
190 1183 1874582 1.10 16566 151725 191 1271 2026307
195 1183 1923913 1.10 16566 151725 196 1269 2075638
200 1183 1973244 1.10 16566 151725 201 1267 2124969
205 1183 2022575 1.10 16566 151725 206 1265 2174300
210 1183 2071906 1.10 16566 151725 211 1263 2223631
215 1183 2121237 1.10 16566 151725 216 1261 2272962
220 1183 2170568 1.10 16566 151725 221 1259 2322293
225 1183 2219900 1.10 16566 151725 226 1258 2371625
230 1183 2269231 1.10 16566 151725 231 1256 2420956
235 1183 2318562 1.10 16566 151725 236 1255 2470287
240 1183 2367893 1.10 16566 151725 241 1253 2519618
245 1183 2417224 1.10 16566 151725 246 1252 2568949
250 1183 2466555 | 1.10 16566 151725 251 1250 2618280

\\Darlene\c\ 1DOC\ Thornerk\ Rhodia99Tabl\ [TCR3PKT.xIs] Table
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Notes:

Thorn Creek

Flow values start at 7Q10 (13.2 mgd) and increase by 2 until
50 mgd where values increase by 5 mgd. TDS concentration is
maximum summation of major ions currently in Thorn Creek
(Obtained from USGS 1991 water year Thornton station data)
No factor was used from EPA Doc (EPA/505/2-90-001) as the number of data was greater than 20.

Rhodia

Rhodia values are peak daily values



PEAK CONDITIONS

FLOWRATE, mgd vs. TDS, mg/1in the LITTLE CALUMET RIVER

Reach #4
Thorn Creek ] Little Calumet River at Munster, In Projected Loading
Peak
Flow, mgd TDS, mg/1 TDS, Ibs/d| Flow, mgd TDS, mg/1 TDS, Ibs/d| Flow, mgd TDS, mg/1 TDS, Ibs/d
14 2364 281959 4.85 1000 40449 19 2019 322408
15 2302 289852 8 464 29449 23 1686 319301
17 2171 309585 10 464 40129 27 1527 349714
19 2068 329317 13 464 50810 32 1414 380127
21 1984 349049 16 464 61490 37 1331 410540
23 1914 368782 19 464 72171 42 1266 440953
25 1856 388514 21 464 82852 47 1218 471366
27 1806 408247 24 464 93532 51 1174 501779
29 1764 427979 27 464 104213 56 1139 532192
31 1726 447712 30 464 114893 61 1110 562605
33 1693 467444 32 464 125574 66 1085 593018
35 1664 487176 35 464 136254 70 1063 623431
37 1638 506909 38 464 146935 75 1044 653844
39 1615 526641 41 464 157615 80 1028 684257
41 1594 546374 43 464 168296 85 1013 714670
43 1575 566106 46 464 178976 89 1000 745083
45 1558 585839 49 464 189657 94 988 775496
47 1542 605571 52 464 200337 99 977 805909
49 1527 625304 55 464 211018 104 968 836322
51 1514 645036 57 464 221699 108 959 866735
56 1484 694367 60 464 232379 116 957 926746
61 1459 743698 65 464 251728 126 946 995426
66 1439 793029 70 464 271077 136 937 1064106
71 1421 842360 75 464 290425 146 929 1132786
76 1405 891692 80 464 309774 156 923 1201466
81 1391 941023 85 464 329123 166 917 1270146
86 1379 990354 90 464 348472 176 911 1338826
91 1368 1039685 95 464 367821 186 907 1407505
96 1359 1089016 100 464 387169 196 902 1476185
101 1350 1138347 105 464 406518 206 899 1544865
106 1342 1187678 110 464 425867 216 895 1613545
111 1335 1237009 115 464 445216 226 892 1682225
116 1329 1286340 120 464 464565 236 889 1750905
121 1323 1335671 125 464 483913 246 886 1819585
126 1317 1385003 130 464 503262 256 884 1888265
131 1312 1434334 135 464 522611 266 882 1956945
136 1307 1483665 140 464 541960 276 880 2025625
141 1303 1532996 145 464 561309 286 878 2094304
146 1299 1582327 150 464 580657 296 876 2162984
151 1295 1631658 155 464 600006 306 874 2231664
156 1291 1680989 160 464 619355 316 872 2300344
161 1288 1730320 165 464 638704 326 871 2369024
166 1285 1779651 170 464 658053 336 870 2437704
171 1282 1828982 175 464 677401 346 868 2506384
176 1279 1878314 180 464 696750 356 867 2575064
181 1276 1927645 185 464 716099 366 866 2643744
186 1274 1976976 190 464 735448 376 865 2712424
191 1271 2026307 195 464 754797 386 864 2781103
196 1269 2075638 200 464 774145 396 863 2849783
201 1267 2124969 205 464 793494 406 862 2918463
206 1265 2174300 210 464 812843 416 861 2987143
211 1263 2223631 215 464 832192 426 860 3055823
216 1261 2272962 220 464 851541 436 859 3124503
221 1259 2322293 225 464 870889 446 858 3193183
226 1258 2371625 230 464 890238 456 857 3261863
231 1256 2420956 235 464 909587 466 857 3330543
236 1255 2470287 240 464 928936 476 856 3399223
241 1253 2519618 245 464 948285 486 855 3467902
246 1252 2568949 250 464 967633 496 855 3536582
251 1250 2618280 255 464 986982 506 854 3605262

Notes: Thorn Creek:
Flow and TDS values are from Reach #3 for Peak TDS loading

Little Calumet River

Flow values start at the 7QJ10 for the Munster Station and
increase by 2.76 mgd until 60 mgd, the average flow. This
corresponds to Thorn Creeks median flow of 56 mgd.
TDS level is the average TDS for the Munster Station

and at low flow is 1000 mg/1, the water quality standard.

\\Darlene\c\1DOC\ Thorncrk\ Rhodia99Tabl\ [TCR4PKT.xIs] A
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PEAK CONDITIONS

Flowrate, mgd vs. Sulfate, mg/l

Reach #1
Upstream Treatmont Plant Rbodia USGS Station
Pak Peak Peak Peak
Flow, Fow, ¢fs Sulfate, mp/t  Sulfats, e/d| Flow, Flow, ofy Sulfate, mp/l  Sulfate, Ibe/ Flow, Flow, cfs Solfate, mg/l _ Sulfate, Te/d| Flow, Flow, cfs Sulfate, mg/l  Sulfate, Ibe/d
0.19 0.3 565 913 10.34 16 323 27800 1.10 1.7 11206 102638 11.63 18 1354 131351
2.96 5 365 13937 11.63 18 323 31275 110 1.7 11206 102638 15.68 24 1130 147850
5.72 9 565 26960 2.9 20 323 34750 1.10 1.7 11206 102638 19.74 31 998 164349
8.49 13 565 39984 14.21 n 23 asns 1.10 1.7 11206 102638 23.80 37 911 180848
11.25 17 565 53008 15.50 24 323 41700 1.10 1.7 11206 102638 27.86 43 49 197346
4.02 22 565 66032 16.80 26 323 45175 1.10 1.7 11206 102638 31.91 49 303 213845
15.31 24 565 72118 16.80 26 323 45175 1.10 1.7 11206 102638 33.20 51 794 219931
16.60 26 565 78204 16.80 26 323 45178 1.10 17 11206 102638 34.50 53 786 226017
17.89 28 565 84289 16.80 26 23 45175 1.10 1.7 11206 102638 35.79 55 TS 232103
19.19 3 565 90375 16.80¢ 2% 323 45175 1.10 1.7 11206 102638 37.08 51 T 238189
20.48 32 565 96461 16.80 26 323 45175 1.10 1.7 11206 102638 38.37 » 763 244278
2.7 34 565 102547 16.80 26 323 45175 1.10 1.7 11206 102638 39.66 61 757 250360
23.06 36 565 108633 16.80 26 323 45175 1.10 1.7 11206 102638 40.96 63 751 256446
24.35 38 565 114719 16.80 26 323 45175 1.10 .7 11206 102638 42.25 65 745 262532
25.65 40 565 120805 16,80 26 323 45175 1.10 1.7 11206 102638 43.54 67 740 268618
26.94 42 565 126891 16.80 26 323 45175 1.10 17 11206 102638 44.33 (24 735 274704
28.23 “ 565 132976 16.80 26 323 45175 1.10 1.7 11206 102638 45.12 7 730 280790
29.52 45 565 139062 16.80 26 323 45175 1.10 1.7 11206 102638 47.42 73 725 286876
30.81 43 565 145148 16.80 2% 323 45175 1.10 1.7 11206 102638 48.71 75 1 292962
.11 50 565 151234 16.80 26 323 45175 1.10 1.7 11206 102638 50.00 ki "7 299047
33.40 52 565 157320 16.80 26 323 45175 1.10 1.7 11206 102638 51.29 79 713 305133
369 54 565 163406 16.80 26 323 45175 1.10 1.7 11206 102638 52.58 81 710 311219
35.98 56 365 169492 16.80 2% 323 45175 1.10 1.7 11206 102638 53.88 83 706 317305
37.27 58 565 175578 16.80 2% 23 45175 1.10 1.7 11206 102638 55.17 85 703 323391
38.57 60 565 181663 16.80 2% 323 45175 1.10 1.7 11206 102638 56.46 87 700 329477
39.86 6 565 187749 16.80 26 323 45175 1.10 17 11206 102638 57.75 89 97 335563
41.15 64 365 193835 16.80 2% 323 45175 1.10 1.7 11206 102638 5.04 91 634 341649
42.44 66 565 199921 16.80 2% 323 45175 1.10 1.7 11206 102638 60.34 93 691 T34
4373 68 565 206007 16.80 26 323 45175 1.10 1.7 11206 102638 61.63 95 688 353820
45.03 0 565 212093 16.80 26 323 45175 1.310 1.7 11206 102638 62.92 97 686 359906
46.32 2 365 218179 16.80 26 323 45175 110 L7 11206 102638 64.21 59 683 365992
47.61 74 565 224265 16.80 26 323 45175 110 7 11206 102638 65.50 101 681 372078
48.90 7% 565 230350 16,80 2% 23 45175 1.10 1.7 11206 102638 66.80 103 679 378164
50.19 78 565 236436 16.80 26 23 45175 1.10 1.7 11206 102638 68.09 108 677 384250
5149 80 365 242522 16.80 25 323 45175 110 1.7 131206 102638 69.38 107 675 390336
52.78 " 565 2% 323 45175 1.10 1.7 11206 102638 70.67 109 673 396421
54,07 84 565 26 323 45175 1.10 1.7 11206 102638 71.96 111 671 402507
55.36 86 565 26 323 45175 1.10 1.7 11206 102638 73.26 13 669 408593
56.65 28 565 26 23 45175 1.10 1.7 11206 102638 74.55 115 667 414679
51.95 %0 565 25 323 45175 1.10 1.7 11206 102638 75.84 117 665 420765
59.24 2 365 26 323 45175 1.10 1.7 11206 102638 T7.13 119 664 426851
60.53 94 565 26 323 45175 1.10 1.7 11206 102638 78.42 121 662 432937
61.82 9% 565 26 323 45175 1.10 1.7 11206 102638 nR 123 660 439023
63,11 98 565 26 23 45175 1.10 1.7 11206 102638 81.01 125 659 445109
64.41 100 565 26 323 45175 1.10 1.7 11206 102638 82.30 127 657 451194
65.70 102 565 26 323 45175 1.10 1.7 11206 102638 83.59 129 656 457280
66,99 104 565 26 323 45175 1.10 1.7 11206 102638 84.88 131 655 463366
68,28 106 565 25 323 45175 1.10 1.7 11206 102638 86.18 133 653 4695452
69.57 108 565 25 323 45175 1.10 1.7 11206 102638 87.47 135 652 475538
70.87 110 565 26 323 45175 1.10 1.7 11206 102638 88.76 137 651 481624
T2.16 1m2 565 2% 323 45175 1.10 1.7 11206 102638 90.05 139 649 487710
73.45 114 565 8 23 45175 1.10 1.7 11206 102638 91.34 141 648 493796
T4.74 116 565 25 323 45175 1.10 1.7 11206 102638 52.64 143 647 499881
76.03 118 565 2% 323 45175 1.10 1.7 11206 102638 93.93 145 646 305967
71.33 120 565 2% 323 45175 1.10 1.7 11206 102638 95.22 147 645 512053
78.62 b 565 2% 23 45175 1.10 1.7 11206 102638 96.51 149 644 518139
79.91 124 565 26 323 45175 1.10 1.7 11206 102638 97.80 15 643 524225
81.20 126 565 26 23 45175 110 L7 11206 102638 99.10 153 642 530311
2.49 128 565 26 323 45175 1.10 1.7 11206 102638 100,39 155 641 536397
Lchd 130 565 25 23 45175 1.10 1.7 11206 102638 101.68 157 G40 542483
85,08 132 565 26 23 45175 1.10 1.7 11206 102638 102,97 159 639 548568
86.37 134 565 26 323 45175 1.10 1.7 11206 102638 104.26 161 638 354654
Wherl ol CUDOCA Thornork\ R bodia99 Teb N TCR 1PK S.alsf Table
315700 15:30
Notes: Upstream:
Flow values for upstroast start from 7Q10 (0.3 cfs) and increase %o svemage (21.7 cfs).
Avemge upstream flow occurs simmlaneously with average Thom Creek Basin WWTP flow (25.9 cfs).
Fows tea incroase by 2 cfs.
Salfate C; Son i i sukfate d ined (353 mp/h) ipied by a factor (1.6) from EPA Doc. (EPA/505/2-90-001)
Solfato takxn a8 27% of TDS
Troatment Plant:
Flow vakies start from 7Q10 low flow at downstream USGS station. ‘This assames that all downstream
flow during low flow conditions (pdor & Rbase-Poulenc additional flow) is from treatment plant.
A this model is predicting dowstivam conditions during average treatment phat performance, once
e avernge flow (25.9 cfs) i roached, & is hold constant.
Salfate Cx ion s ' sulfate d dned (278 mg/l) maliplied by a factor (1.16) from EPA Doc. (EPA/S05/2-90-001)
Salfats taken as 27% of TDS
Rhodin:

Rbodia flow is the flow (1.7 cfs) during the max. loading (102,638 Ibe/d).
Solfate taken a3 68% TDS (TDS i 100% from sodiam salfate)

Sources:

Upstream and treatmicot plact TDS/Sulfate vaines from Thom Creek Basin Mondoring (NOV. 92 - APR. 93)
Upstream and treatmest plact 7Q10 values from ISWS 1993 report

Upstream average flow obtained from USGS 1979 Water Resource data

Treatment phint average flow from 1992 DMRs

Rhone-Poalenc vakics from maximmm loading vales as calouhted by Rhote-Poulenc.



PEAK CONDITIONS
FLOWRATE vs. SULFATE CONCENTRATION at THORNTON STATION

Reach #2
Thorn Creek Deer Creek L Thorn Creek (at Sta. 05536275) ]

Flow,mgd  Sulfate, mg/l  Sulfate, Ibs/d| Flow,mgd  Sulfate, mg/l  Sulfate, Ibs/d| Flow, mgd Sulfate, mg/l  Sulfate, Ibs/d
11.63 1354 131351 0.20 186 310 11.83 1335 131661
15.68 1130 147850 3 186 6257 19 991 154107
19.74 998 164349 6 186 10531 25 824 174880
23.80 911 180848 8 186 14806 32 727 195653
27.86 849 197346 11 186 19080 39 664 216427
31.91 803 213845 14 186 23355 46 620 237200
33.20 794 219931 17 186 27629 50 594 247560
34.50 786 226017 19 186 31904 54 573 257921
35.79 778 232103 22 186 36178 58 554 268281
37.08 770 238189 25 186 40453 62 538 278642
38.37 763 244275 26 186 41891 64 534 286166
39.66 757 250360 27 186 43246 66 530 293606
40.96 751 256446 28 186 44600 69 526 301046
42.25 745 262532 29 186 45954 71 522 308486
43.54 740 268618 29 186 47308 73 519 315926
44.83 735 274704 30 186 48662 75 516 323366
46.12 730 280790 31 186 50017 77 513 330806
47.42 725 286876 32 186 51371 79 510 338246
48.71 721 292962 33 186 52725 82 508 345686
50.00 717 299047 34 186 54079 84 505 353127
51.29 713 305133 35 186 55433 86 503 360567
52.58 710 311219 36 186 56787 88 501 368007
53.88 706 317305 36 186 58142 90 499 375447
55.17 703 323391 37 186 59496 92 497 382887
56.46 700 329477 38 186 60850 95 495 390327
57.75 697 335563 39 186 62204 97 493 397767
59.04 694 341649 40 186 63558 99 491 405207
60.34 691 347734 41 186 64913 101 489 412647
61.63 688 353820 42 186 66267 103 488 420087
62.92 686 359906 43 186 67621 105 486 427527
64.21 683 365992 43 186 68975 108 485 434967
65.50 681 372078 44 186 70329 110 483 442407
66.80 679 378164 45 186 71684 112 482 449847
68.09 677 384250 46 186 73038 114 481 457287
69.38 675 390336 47 186 74392 116 479 464728
70.67 673 396421 48 186 75746 118 478 472168
71.96 671 402507 49 186 77100 121 477 479608
73.26 669 408593 49 186 78454 123 476 487048
74.55 667 414679 50 186 79809 125 475 494488
75.84 665 420765 51 186 81163 127 474 501928
7713 664 426851 52 186 82517 129 473 509368
78.42 662 432937 53 186 83871 131 472 516808
79.72 660 439023 54 186 85225 134 471 524248
81.01 659 445109 55 186 86580 136 470 531688
82.30 657 451194 56 186 87934 138 469 539128
83.59 656 457280 56 186 89288 140 468 546568
84.88 655 463366 57 186 90642 142 467 554008
86.18 653 469452 58 186 91996 144 466 561448
87.47 652 475538 59 186 93351 147 465 568888
88.76 651 481624 60 186 94705 149 465 576329
90.05 649 487710 61 186 96059 151 464 583769
91.34 648 493796 62 186 97413 153 463 591209
92.64 647 499881 63 186 98767 155 462 598649
93.93 646 505967 63 186 100122 157 462 606089
95.22 645 512053 64 186 101476 160 461 613529
96.51 644 518139 65 186 102830 162 460 620969
97.80 643 524225 66 186 104184 164 460 628409
99.10 642 530311 67 186 105538 166 459 635849
100.39 641 536397 68 186 106892 168 459 643289
101.68 640 542483 69 186 108247 170 458 650729
102.97 639 548568 70 186 109601 173 457 658169
L 104.26 638 554654 70 186 110955 175 457 665609

Deer Creek 7Q10 sulfate concentration set at 500 mg/1 water quality standard
Loadings for flows higher than 7Q10 calculated from Deer Creek flow

less average CTWC flow (1.25 mgd) and 186 mg/1 sulfate (27% of upstream TDS
concentration of 689 mg/1) plus average CIWC sulfate loading of 3611 lbs/day
(27% of average TDS loading of 13374 lbs/d)

Thorn Creek values from Reach #1 model for peak Rhodia

sulfate loadings.

\\Darlene\c\1DOC\ Thornerk\ Rhodia99Tabl\ [TCR2PKS.xlIs]Table

3/15/00 11:37




PEAK CONDITIONS

FLOWRATE,mgd vs. SULFATE, mg/1 BEYOND THORNTON STATION

Reach #3
[ Thorn Creek Rhodia Profected Loadings
Peak Peak
Flow, mgd __ Sulfate, mg/l _ Sulfate, lbs/d| Flow, mgd _ Sulfate,mg/1 _ Sulfate, Ibs /d| Flow, mgd Sulfate, mg/1 _ Sulfate, lbs/d

13.2 330 36329 110 11208 102638 14 1165 138967
14 330 38531 110 11208 102638 15 1121 141169
16 330 44035 1.10 11208 102638 17 1029 146673
18 330 49540 1.10 11208 102638 19 955 152178
20 330 55044 1.10 11208 102638 21 896 157682
22 330 60548 1.10 11208 102638 23 847 163186
24 330 66053 1.10 11208 102638 25 806 168691
26 330 71557 1.10 11208 102638 27 771 174195
28 330 77062 110 11208 102638 29 740 179700
30 330 82566 1.10 11208 102638 31 714 185204
32 330 88070 1.10 11208 102638 33 691 190708
34 330 93575 1.10 11208 102638 35 670 196213
36 330 99079 110 11208 102638 37 652 201717
38 330 104584 1.10 11208 102638 39 635 207222
40 330 110088 1.10 11208 102638 41 621 212726
42 330 115592 110 11208 102638 43 607 218230
44 330 121097 1.10 11208 102638 45 595 223735
46 330 126601 1.10 11208 102638 47 584 229239
48 330 132106 1.10 11208 102638 49 573 234744
50 330 137610 1.10 11208 102638 51 564 240248
55 330 151371 110 11208 102638 56 543 254009
60 330 165132 1.10 11208 102638 61 525 267770
65 330 178893 1.10 11208 102638 66 511 281531
70 330 192654 1.10 11208 102638 71 498 295292
75 330 206415 1.10 11208 102638 76 487 309053
80 330 220176 1.10 11208 102638 81 477 322814
85 330 233937 1.10 11208 102638 86 469 336575
90 330 247698 1.10 11208 102638 91 461 350336
95 330 261459 1.10 11208 102638 96 454 364097
100 330 275220 1.10 11208 102638 101 448 377858
105 330 288981 1.10 11208 102638 106 443 391619
110 330 302742 110 11208 102638 111 438 405380
115 330 316503 1.10 11208 102638 116 433 419141
120 330 330264 1.10 11208 102638 121 429 432902
125 330 344025 1.10 11208 102638 126 425 446663
130 330 357786 1.10 11208 102638 131 421 460424
135 330 371547 1.10 11208 102638 136 418 474185
140 330 385308 1.10 11208 102638 141 415 487946
145 330 399069 1.10 11208 102638 146 412 501707
150 330 412830 1.10 11208 102638 151 409 515468
155 330 426591 1.16 11208 102638 156 407 529229
160 330 440352 110 11208 102638 161 404 542990
165 330 454113 1.10 11208 102638 166 402 556751
170 330 467874 1.10 11208 102638 171 400 570512
175 330 481635 1.10 11208 102638 176 398 584273
180 330 495396 1.10 11208 102638 181 396 598034
185 330 509157 110 11208 102638 186 394 611795
190 330 522918 110 11208 102638 191 393 625556
195 330 536679 1.10 11208 102638 196 391 639317
200 330 550440 1.10 11208 102638 201 389 653078
205 330 564201 1.10 11208 102638 206 388 666839
210 330 577962 1.10 11208 102638 211 387 680600
215 330 591723 1.10 11208 102638 216 385 694361
220 330 605484 1.10 11208 102638 21 384 708122
225 330 619245 1.10 11208 102638 226 383 721883
230 330 633006 1.10 11208 102638 23 382 735644
235 330 646767 1.10 11208 102638 236 381 749405
240 330 660528 1.10 11208 102638 241 380 763166
245 330 674289 110 11208 102638 246 379 776927
250 330 688050 110 11208 102638 251 378 790688

\\Darlene\c\1DOC\ Thomcrk\ Rhodia99Tabl\[TCR3PKS.xls] Table

3/15/0011:34

Notes:

Thormn Creek

Flow values start at 7Q10 (13.2 mgd) and increase by 2 until
50 mgd where values increase by 5 mgd. Sulfate concentration is

maximum sulfate ion concentrations.

(Obtained from USGS 1991 water year Thomton station data)

No factor was used from EPA Doc. (EPA/505/2-90-001) as the number of data was greater than 20.

Rhodia

Rhodia values are peak daily values

Sulfate is taken as 68% of peak TDS loading based on
molecular weight (TDS is 100% from sodium sulfate)




PEAK CONDITIONS

FLOWRATE, mgd vs. SULFATE, mg/| in the LITTLE CALUMET RIVER

Reach #4
Thom Creek Little Calumet River at Munster, In Projected Loading
Peak
Flow, mgd _ Sulfate, mg/l _ Sulfate, lbs/d Flow, mgd  Sulfate, mg/l _ Sulfate, Jbs/d Flow, mgd  Sulfate, mg/l _ Sulfate, Ibs/d
14 1165 138967 4.85 500 20225 19 997 159192
15 1121 141169 8 132 8378 23 790 149546
17 1029 146673 10 132 11416 27 690 158089
19 955 152178 13 132 14455 32 620 166632
21 896 157682 16 132 17493 37 568 175175
23 847 163186 19 132 20531 42 528 183718
25 806 168691 21 132 23570 47 496 192261
27 m 174195 24 132 26608 51 470 200803
29 740 179700 27 132 29647 56 448 209346
31 714 185204 30 132 32685 61 430 217889
33 691 190708 32 132 35724 66 414 226432
35 670 196213 35 132 38762 70 401 234975
37 652 201717 38 132 41800 75 389 243518
39 635 207222 41 132 44839 80 379 252060
41 621 212726 43 132 47877 85 369 260603
43 607 218230 46 132 50916 89 361 269146
45 595 223735 49 132 53954 94 354 277689
47 584 229239 52 132 56993 99 347 286232
49 573 234744 55 132 60031 104 341 294775
51 564 240248 57 132 63069 108 336 303317
56 543 254009 60 132 66108 116 330 320117
61 525 267770 65 132 71612 126 323 339382
66 511 281531 70 132 77117 136 316 358648
7 498 295292 75 132 82621 146 310 377913
76 487 309053 80 132 88125 156 305 397178
81 477 322814 85 132 93630 166 301 416444
86 469 336575 90 132 99134 176 297 435709
91 461 350336 95 132 -104639 186 293 454975
96 454 364097 100 132 110143 196 290 474240
101 448 377858 105 132 115647 206 287 493505
106 443 391619 110 132 121152 216 284 512771
111 438 405380 115 132 126656 226 282 532036
116 433 419141 120 132 132161 236 280 551302
121 429 432902 125 132 137665 246 278 570567
126 425 446663 130 132 143169 256 276 589832
131 421 460424 135 132 148674 266 274 609098
136 418 474185 140 132 154178 276 273 628363
141 415 487946 145 132 159683 286 271 647629
146 412 501707 150 132 165187 296 270 666894
151 409 515468 155 132 170691 306 269 686159
156 407 529229 160 132 176196 316 268 705425
161 404 542990 165 132 181700 326 266 724690
166 402 556751 170 132 187205 336 265 743956
171 400 570512 175 132 192709 346 264 763221
176 398 584273 180 132 198213 356 263 782486
181 396 598034 185 132 203718 366 263 801752
186 394 611795 190 132 209222 376 262 821017
191 393 625556 195 132 214727 386 261 840283
196 391 639317 200 132 220231 396 260 859548
201 389 653078 205 132 225735 406 259 878813
206 388 666839 210 132 231240 416 259 898079
211 387 680600 215 132 236744 426 258 917344
216 385 694361 220 132 242249 436 257 936610
221 384 708122 225 132 247753 446 257 955875
226 383 721883 230 132 253257 456 256 975140
231 382 735644 235 132 258762 466 256 994406
236 381 T49405 240 132 264266 476 255 1013671
241 380 763166 245 132 269771 486 255 1032937
246 379 776927 250 132 275275 496 254 1052202
L 251 378 790688 L 255 132 280779 506 254 1071467

Notes: Thomn Creek:
Flow values are from Reach #3 for Peak Sulfate loading

Little Calumet River

Flow values start at the 7Q10 for the Munster Station and
increase by 2.76 mgd until 60 mgd the average flow. This
corresponds to Thomn Creeks median flow of 56 mgd
Sulfate level is the average sulfate for the Munster Station
and at low flow is 500 mgy/], the water quality standard.

WDarlene\c\1 DOC\Thomerk\Rhodia99Tab\[ TCR4PKS xis] Table
3/15/00 11:35
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