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PURPOSE

1. Thisappendix will discuss the results of treatability testing completed in order to
determine the effluent characteristics and treatment requirements for the design of an on-
site treatment facility. The facility will process water from three (3) different sources.
These include effluent from pore water released from the deposited sediment (#1),
precipitation run-off (#2), and water from the groundwater gradient control system (#3).
The final effluent from the treatment system will be discharged to the Lake George
Branch of the Indiana Harbor and Canal (IHC). As part of the treatability testing, each of
the aforementioned (#1-#3) wastestream(s) were evaluated. In addition, a combined
wastestream (#4) incorporating anticipated volumes of the previous three wastestream(s)
was also evaluated. This last wastestream (#4) is characteristic of the water to be
processed through the treatment system, since it is anticipated that the three wastestreams
will be combined prior to treatment. The design of the treatment facility will be
presented in the Treatment Plant Design Documentation Report (DDR).

EFFLUENT TREATABILITY STUDIES

2. Thedesign of the wastewater treatment system needed for treatment of effluent from
the CDF required that treatability studies be conducted to screen, evaluate, and test
potentially viable treatment options. The Chicago District accomplished this task using a
two-phased approach. The first phase was to evaluate treatment options by completing
an analysis based on a literature review and in-house experience with similar systems.
The second phase involved processing and evaluation of potential unit operations, which
were recommended in the first phase. Unit operations were evaluated at the “bench-
scae’ in the laboratory.

Phase | (treatability design)

3. Thefirst phase was completed by contracting with Maxim Technologies Inc., and
the results of that effort are documented in a report titled Treatability Study Design for
the Indiana Harbor Confined Disposal Facility (CDF) Effluent, Volumes 1 & 2, dated

December 1998. The study objectives were as follows:

a. Evaluate IHC sediment pore water data, as well as the data associated with
precipitation runoff from the sediment material to define the chemical characterization of
the CDF effluent. This effluent represents one of the influents to the treatment train to be
developed through the treatability study process.

b. Define the chemical characterization of ECI site groundwater.
c. Define the effluent limitations (regulatory targets) the proposed treatment

plant will have to achieve prior to discharging the final effluent to the Lake George
Branch of the IHC.
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d. Based upon areview of the water quality estimates prepared by the Chicago
District, propose a laboratory methodology to simulate a CDF effluent (treatability study
influent) using sediment collected from the IHC.

e. Screen unit operations and unit processes appropriate for the treatment of the
various analyte groups predicted to be present in the CDF effluent and the ECI site
groundwater. Using preliminary screening techniques recommend a treatment train for
both CDF effluent and the ECI groundwater for further treatability testing to verify
anticipated achievable performance.

f. Develop atreatability study test plan addressing the evaluation of the
individual treatment technologies comprising an optimized treatment train appropriate for
the following agueous waste streams at different times or as a combination wastestream:

#1 -- Sediment pore water (interstitial water)
#2 -- Precipitation runoff water

#3 -- ECI site groundwater

#4 -- Combination wastestream

Phase I (Bench-scale Evaluation)

4. Aspart of the Scope of Work (SOW) for the Phase Il treatability testing the Chicago
District compiled an estimate of the quantity and quality of the effluent expected from the
CDF. A copy of this estimate, including the methodology is included as Attachment D-1

to this Appendix.

5. The study test plan developed in phase | was used to conduct the Phase 11 bench
scale evaluation of the treatment unit operations and treatment train. The results of this
effort are documented in areport titled Treatability Study Report for the Indiana Harbor
Confined Disposa Facility (CDF) Effluent, dated July 1999.

The project objectives of the treatability study were as follows:

a) Collect and transport representative sediment and ECI groundwater samples to the
analytical laboratory.

b) At the lab generate representative samples of sediment pore water, precipitation
run-off, and a combination wastestream comprised of the pore water, precipitation
water and groundwater at a pre-determined ratio.

c) Characterize, through laboratory analysis, samples of the wastestream(s) which
could be part of the CDF effluent.

d) Implement treatability testing.

e) Evauate the results of the treatability testing for specific unit operations or
processes to define pollutant removal efficiencies (performance).
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f) Compare treated operational effluents to conservatively based discharge criteria
to determine if proposed treatment train will be of acceptable quality for discharge to
the Lake George Branch of the IHC.

g) Define potential limitations of unit operation and processes of the proposed full-
scale treatment train.

h) Provide recommendations for further activities to proceed to the design of the
proposed CDF effluent treatment system.

6. Thelevel of design of the wastewater treatment plant, for this project DDR, is based
on the results from the Phase |1 treatability testing. The final design of the wastewater
treatment system will be included in the Treatment Plant DDR.

METHODOLOGY

7. Thetreatability testing and evaluation was divided into two separate setups. The first
setup (Screening) was a screening evaluation; the purpose was to define the initial ability
of the unit operations/processes to remove pollutants of concern (POCs) from the
wastestream(s). Each unit operation was run in a batch mode. In addition, screening
evaluation allowed for adjustment of the unit operations to be made in later confirmation
testing.

8. The purpose of the second setup (Confirmation) treatability testing was to provide
confirmation of the screening evaluation, and evaluate the performance of the entire
treatment train in a flow-through setup. This work involved two runs. The first run,
(Run 1) used wastestream samples of the same composition that were used during the
screening level evaluation. Due to changes in sampling requirements it was discovered
that the amount of sample generated for the specified treatability study would not be of
sufficient volume to perform al of the second run (Run 1) testing. It was decided to
create a synthetic feed to make up the difference in volume required for the second run.
The desired objectives associated with the creation of a synthetic (spiked) feed were as
follows:
a. Create enough wastestream sample volume to complete Confirmation; Run 2
activities.
b. Create influent feeds with POC concentration high enough so they can be
tracked throughout the entire CDF effluent treatment train.
C. Further assess the overall performance of the CDF treatment train being
introduced to variable influent feeds.

GENERATION AND CHARACTERIZATION OF CDF EFFLUENT

9. Asdiscussed in the Phase | treatability work plans (Maxim, 1998), a treatment train
was to be evaluated using bench-scale equipment to evaluate its ability to successfully
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treat four different wastestream(s). These include sediment pore water, precipitation
runoff, and ECI groundwater. Each of these sources was individually generated, and a
combination wastestream (consisting of a flow-proportioned mixture) consisting of the
previous three was also generated. A description of how this wastestream(s) was
generated is provided in Maxim'’s report (1999).

10. All four wastestream(s) were chemically characterized for the POCs that were
determined to be appropriate for that particular wastestream. Table D-1 provides the
analytical sampling points taken for wastestream characterization of the Screening
testing, while Table D-5 provides similar information for the Confirmation testing.

Treatability Study Implementation

11. The main objective of the treatability study was to evauate the ability of the
treatment train to remove POCs from the CDF effluent wastestream(s) either individually
or in a combined wastestream. The treatment train was evaluated through screening and
confirmation treatability testing and is outlined below.

General Description of Treatment Train

12. Based on review of historical data and the anticipated effluent limitations presented
in the Phase | report (Maxim, 1998), a treatment train was evaluated through screening
and/or confirmation treatability procedures consisting of the unit operations presented in
Table D-2.

13. The screening and confirmation treatability tests identified in subsequent paragraphs
were conducted on the following wastestream(s) (CDF effluent components):

a) IHC sediment pore water (Wastestream #1)
b) Simulated precipitation runoff water (Wastestream #2)
¢) ECI site groundwater (Wastestream #3)

d) Combined wastestream (Wastestream #4) comprised of sediment pore water,
precipitation runoff and ECI groundwater

Although the three (3) components to the CDF effluent (wastestream(s) 1-3) were
evaluated separately, it is likely that when treated, they will be combined as characterized
by wastestream #4. The experimenta setup and procedures for both the screening tests
and the confirmation tests are provided in Maxim’s report (1999). For reference,

Table D-3 is provided which lists all parameters detected in the raw wastestream(s). It
should be noted that the Indiana water quality criteria are based on the |owest value from
the Aquatic Life Criteria, and Human Health Criteria (nondrinking). During the
permitting process, the actual discharge criteriato be applied to the project will be
developed. These criteria could be different then those discussed in this appendix.

D-4



RESULTS OF TREATABILITY SCREENING TESTS

14. In this section, the screening test results for all four wastestream associated with the
CDF effluent will be presented and discussed. The purpose of the screening tests was to
define the initial ability of the unit operations/processes to remove POCs from the
wastestream(s). Plate D-1 provides a schematic of the treatment train evaluated in the
Screening testing. A summary of the screening test resultsis provided in Table D-4. It
should be noted that only the POCs that are “key” to the given unit operation are
presented in Table D-4. A compilation of all analytical results can be found in Maxim’s
report (1999).

Oil/Water Separator Testing Results

15. Based upon the analytical results presented and observations made the oil & grease
load with the wastestream(s) was much less than anticipated. Based on these results, it
appears that the nature of the wastestream(s) tested does not warrant a dedicated oil/water
separator. However, based on the expected influent turbidity and suspended solids
loading, a preliminary settling device should be incorporated into the CDF effluent
treatment train.

16. Although an oil/water separator does not appear to be required, it may be more
appropriate to incorporate a wastewater equalization basin, equipped with an oil skimmer
to capture any floating oil that may be encountered. In addition, this would tend to
dampen pollutant waste loads that will require treatment in subsequent unit
operations/processes.

Sand Filter Testing Results

17. The influent to the sand filters was not allowed to settle in any kind of an
equalization unit. This was done to simulate pumping the wastestream(s) directly into the
sand units without any retention at the head end of the treatment system. Based on the
results, sand filtration was effective in the removal of TSS.

Cyanide Oxidation Testing Results

18. Cyanide oxidation (alkaline chlorination) screening tests were performed on raw
wastewater that had not been pretreated. This was done to demonstrate the ability of the
unit operation to perform under “worst-case” conditions, and to take advantage of
adjusting pH required for this operation and the metals precipitation step.

19. Based upon the results shown in Table D-4, cyanide oxidation appeared to

demonstrate the ability of removing cyanide concentrations to below the discharge
criteria.
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Metals Precipitation Testing Results

20. During the chemical precipitation testing, ferric chloride w/polymer, alum
w/polymer, and NaOH w/polymer were evaluated for effectiveness. Again, raw
wastestream(s) were used during the screening tests to ssimulate pumping of the CDF
effluent(s) directly to a chemical precipitation unit (rapid mix, flocculation, and
clarification) without any other type of pretreatment.

21. Asnoted above different precipitation agents were evaluated, and the results
Maxim’s report (1999) showed no significant difference between the performance of the
agents tested. Therefore, based primarily upon chemical handling considerations, the
decision was made to use the combination of NaOH and Betz AE130 polymer in the
Confirmation testing.

22. Based on the screening results the initial conclusion regarding chemical precipitation
isthat it does demonstrate the capability of removing metals to below the conservatively
based discharge criteria. However, lead exceeded the criteria in wastestream(s) #2 and
#4, while it was below the criteria in wastestream(s) #1 and #3.

Ammonia Stripping Testing Results

23. The effluent from the metals precipitation unit process was exposed to aeration for a
significant period of time while screening the wastestream(s) for ammonia nitrogen. It
was decided to perform the screening tests on the “worst case” wastestream(s) which
contained maximum ammonia nitrogen concentration. As shown in Table D-4, al of the
effluents were lowered to the range of 1.5 — 3.0 mg/l ammonia. All effluent
wastestream(s) slightly exceeded the conservatively based discharge criteriaof 1.51 mg/I.
In addition, a significant amount of aeration time was required at higher ammonia
concentrations.

Wastewater Neutralization

24. Wastestream(s) will require the pH to be lowered in the range of 7.8-8.2 for the
optimal nitrification process to occur in the upcoming biological operation.

Neutralization (pH adjustment) of the metals precipitation effluent was performed prior to
initiating the biological treatment testing (sequencing batch reactors).

Biologica Treatment (Sequencing Batch Reactor--SBR) Testing Results

25. During the SBR screening tests, three batches of feed were introduced to each
wastestream. As shown in Table D-4, it appears that the SBRs have the ability of
removing ammonia nitrogen concentrations to near or below a concentration of 2.0 mg/l.
Wastestream #1 produced the only effluent that exceeded the conservatively based
discharge criteriafor al three-batch runs. For the SBR runs, in most cases the ammonia
reduction was accomplished at a hydraulic retention time of approximately 24 hours.
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Activated Carbon Testing Results

26. The activated carbon unit process was included as a polishing step. In order to
reduce the organic load to the carbon filters, effluent from the biological treatment system
was used as the influent. Activated carbon screening tests were completed to develop
carbon isotherms (pollutant capacity estimates) and evaluate the ability of the activated
carbon, serving as a polishing step, to remove any remaining levels of POCs under
continuous column conditions. The carbon capacity data generated in this study can be
used in the future to define the carbon mass required to treat a specific POC waste load.
All data generated during the testing can be found in Maxim'’s report (1999).

27. For the confirmation testing in the next stage, the effluent from this unit operation
will represent the final effluent quality to be discharged to the Indiana Harbor Canal.
Thisis not the case for the screening tests. However, three unit processes were hooked
up in series -- the metals precipitation, biological treatment and activated carbon. This
was done in order to reduce the metals so as not to inhibit the microorganismsin
biological treatment and to reduce the organic loading to the carbon filter. Plate D-1
shows the influent and effluent to the unit processes for each screening test. Table D-4
provides data for all the POCs detected during the screening tests. See Table D-1 for a
list of al the parameters evaluated, and Table D-3 for al of the parameters detected in the
raw wastestream(s).

CONFIRMATION TREATABILITY TESTING RESULTS

28. Asprevioudy discussed, the screening tests were performed to assess the ability of a
unit operation or process to remove specific POCs with a significant degree of efficiency.
The results of the screening tests were used to select and fine-tune the operation of the
components of the CDF effluent treatment system for evaluation in confirmation testing.

29. The purpose of the confirmation testing was to verify the performance of the
treatment technologies, and to define the final effluent that could be produced by a
specific unit operation, as well as the entire treatment train. Asin the screening
evaluation four wastestream(s) were evaluated:

#1 -- Sediment pore water (interstitial water)
#2 -- Precipitation runoff water

#3 -- ECI site groundwater

#4 -- Combination wastestream

30. The data generated by the confirmation testing was also used to justify the
incorporation of a unit process or operation in the recommended treatment train for the
CDF effluent treatment.



31. Based on the results of the screening tests, no significant changes were made to the
treatability test plan except that an equalization basin was combined with the
confirmation testing treatment train in lieu of an oil/water separator. The reason for thisis
that the wastestream(s) generated at the start of the treatability testing (screening) did not
exhibit oil & grease concentrations warranting an oil/water separator. The equalization
basin with skimmer would serve both as an initial separation step (removal of suspended
solids and floating oil) and as a flow-equalizing device to dampen out hydraulic and
pollutant loads introduced to the treatment system. Plate D-2 provides a schematic of the
Confirmation testing treatment train.

32. Confirmation testing was divided into two performance tests (Run 1 and Run 2).
The purpose for these two runs was to validate unit operation and overall treatment
system performance. Table D-5 provides the analyses of POCs and sampling points for
the Confirmation testing. Asindicated on Plate D-2, after a wastestream was processed
through a unit operation or process, samples were collected from the effluent for
laboratory analyses. The remaining volume of the processed effluent then became the
influent for the next unit operation in the treatment train. In this sense the actual method
of wastestream processing used during confirmation testing was considered semi-
continuous in nature.

Confirmation testing Run | Results

33. In this section, the confirmation testing results (Run |) for all four wastestream(s)
associated with the CDF effluent will be presented and discussed. The purpose of the
confirmation testing was to verify the performance of the treatment technologies. A
summary of the Confirmation Run | results are provided in Table D-6. It should be noted
that Table D-6 provides data only for those parameters that were above the conservatively
based discharge criteria. A complete compilation of al analytical results can be found in
Maxim’'sreport (1999). A parameter which appeared in the confirmation testing is likely
an artifact of the experiment rather then a POC for the CDF project; bis(2-ethylhexyl)
phthalate is probably present due to materials of fabrication used to construct the
trestment train unit processes. Also, chloroform and carbon tetrachloride are likely
artifacts of the experiment rather than POCs in the effluent.

Equalization Basin

34. Asprevioudly discussed, the purpose of an equalization basin at the beginning of a
treatment system is to dampen fluctuations of water flows and associated POC waste
loads to the treatment system. In addition, it will provide sufficient retention time to
lower suspended solids concentrations, thus easing the load to downstream unit
operations/processes.

35. No equalization basin screening tests were performed to assess suspended solids
removal of the wastewater. Based on observations made during the oil/water separator
screening tests, it appeared as if the majority of the solids had settled out of the
wastestream(s) and the wastewater was clarified significantly in approximately a 24-hour
period. Therefore, apreliminary hydraulic detention time of 24-hours seemed reasonable
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for the equalization basin testing. At the end of the 24-hour period, wastestream samples
were collected to assess suspended solids and POC removal of the process.

36. The resulting suspended solids concentration for the wastestream(s) ranged from
32-108 mg/l. Asshown in Table D-6, it appears that removal of suspended solids
resulted in the removal/reduction of some key POCs most notably PCB Arochlor 1248,
and metals. This information provides support to what the Corps has experienced with its
CDF program, that is, many contaminants become bound with the sediment particle
matrix. Removal of sediment particles (TSS) from the CDF wastestream(s) will serve asa
key mechanism for POC removal.

37. 1t should be noted that at the end of the pumping cycle for wastestream(s) 1,2, and 4
(sediment-related streams), it became apparent that a significant amount of solids (1/2-1")
had accumulated in the bottom of the storage containers (equalization basins). The
observation of these solids leads to the conclusion that the equalization basin will have to
be designed with provisions to remove solids from the bottom of the tank as well as
skimming off any accumulated oils/solids from its surface.

Sand Filtration

38. Sand filtration was the next component in the treatment train, which further removed
suspended solids and minimal amounts of floating solids and oily materials that
accumulated on the equalization basin water surface. Wastestream(s) were pumped
directly from the equalization storage reservoirs to the sand filtration units using
peristaltic pumps. The flow rates to the units were adjusted to simulate a flow:surface
arearatio equivalent to a hydraulic flow rate of approximately 1 gpm/ft2.

39. The resulting suspended solids concentration for the wastestream(s) ranged from
<1-24 mg/l. Like the equalization process, it appears that removal of suspended solids
resulted in the removal/reduction of some key POCs most notably PCB Arochlor 1248,
metals, total phosphorous, and cyanide.

40. As can be seen in Table D-6, a number of pesticides appeared in the effluent from the
sand filtration process. However, laboratory notes indicate that pesticide samples were
spiked with pesticide spiking compounds in the analytical 1ab instead of surrogate spiking
compounds. Concentrations detected are related to these spikes and probably not present
in water samples based on characterization data

Cyanide Oxidation (Alkaline Chlorination)

41. Even though insignificant concentrations of cyanide amenable to chlorine were
detected in the original wastestream samples, screening results demonstrated that alkaline
chlorination had the ability to reduce total cyanide concentrations to below detection.

42. Sand filtered wastestream(s) were placed in a 10-gallon stainless stedl vessel
equipped with avariable-speed mixer. The pH of individual wastestream(s) was adjusted
to 8.5 t0 9.0 using NaOH solution. Common household bleach (5.25 %NaOCl) was then
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added to an individual wastestream in an effort to increase the Oxidation Reduction
Potential (ORP) of the wastestream to the target 600 mV. After the target ORP was
achieved the chlorination reaction was allowed to progress for a period of 1-2 hours. At
the end of that period, the mixer in the reaction vessel was stopped and samples were
collected for laboratory analysis.

43. For this confirmation testing, the effluent from the sand filtration unit reduced
cyanide concentrations in all wastestream(s) to below or near the conservatively based
discharge criteria. The effluent from the cyanide oxidation step, in all wastestream(s) had
cyanide concentrations below detection.

44. As can be seen in Table D-6, carbon tetrachloride appeared in the effluent from the
alkaline chlorination process. It is likely that the carbon tetrachloride resulted from
chemical impurities used in the oxidation step, since it was not found in the raw
wastewater or the previous unit operations.

M etals Precipitation with Neutralization

45. After samples had been taken out of the reaction vessel for the assessment of cyanide
oxidation performance, the remaining volume of wastestream was ready for the metals
removal unit operation. The above-referenced reaction vessel was used continuously for
both the cyanide oxidation and metals removal steps.

46. The pH in the wastestream(s) was increased from 8.5-9.0 to around 11.3 using 10%
NaOH under relatively rapid mix conditions. A wastewater polymer (Betz AE130) was
added to the reaction vessel and the wastewater mixed. After the solids had settled out on
the bottom of the reaction vessel, the sludge was collected and sent to the analytical
laboratory for TCLP metals analysis. The pH values of the supernatant were reduced to
the optimal range of 8.0-8.5 for nitrification and processing in the SBRs. The details of
the operation can be found in Maxim'’s report (1999).

47. Asshown in Table D-6, chemical precipitation demonstrates the ability to remove
key metals in the effluents to below the conservatively based discharge criteria. Mercury
appeared in some of the wastestream(s). However, in looking at the results of previous
operations and the raw wastewater mercury concentrations it appears to fluctuate above
and below the criteria. This could be aresult of sensitivity, which arises being closeto a
method detection limit (0.25 ug/l), or from potential experimental cross-contamination.

48. The meta hydroxide sludge's resulting from the operation were analyzed for
hazardous characteristics as shown in Table D-5. However, there was not enough sludge
mass generated for wastestream(s) 1 and 2 to perform TCLP metals analyses. Here, tota
metals were analyzed and an estimate of the resultant |eachate concentration for the
metals was calculated using the following formula:

(100)(sampl e concentration ug) = Maximum leachate concentration in ug/ml(2)(1000 ml)
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49. The above calculation is conservative and assumes that the entire mass of pollutant
in the solid leaches to the extracting liquid. Based on the results from these tests (and
calculations) it appears that none of the sludges possesses the characteristics of a
hazardous waste. Therefore, the sludge resulting from the metals precipitation unit
operation is anticipated to being disposed within the CDF. However, this would need to
be confirmed by the actual testing from the full-scale system.

Biological Treatment (SBR)

50. Effluents from the chemical precipitation units were used as the influents for the
SBRs. Four 8-liter batch bioreactors were set up for the primary purpose of reducing
ammonia concentration to below the conservatively based discharge criteria
Performance of the bioreactor systems was monitored daily using Hach method for
ammonia analysis (Hach DR2000 method) as well as for nitrates, nitrites, alkalinity and
pH. During the study, there were some differences in the ammonia results produced by
the analytical laboratory on preserved samples and the results generated by the Hach
spectrophotometric method on fresh samples. It is believed that the Hach results are
more realistic, and were, in most cases more conservative. Operation of the bioreactor,
and a complete compilation of the results are provided in Maxim’ s report (1999).

51. Asshownin Table D-6, biological treatment (nitrification in SBRS) demonstrated the
ability to remove ammonia nitrogen to below the conservatively based discharge criteria.
The results (Hach) for al the wastestream(s) ranged from 0.51-1.4 mg/l. It can also be
seen that except for phosphorous, and an anomalous lead spike, all other POCs have been
reduced to below the conservatively based discharge criteria after biological treatment.
Since the phosphorous concentration in the wastestream(s) prior to the SBRs was very
low, it islikely that the high values found in the effluent were an artifact of the process.
During operation of the SBRs, phosphorous and other salts were added as biomass
nutrient additions. These additions will have to be fine-tuned in the full-scale system so
that what is added to the SBR is consumed by the microorganisms.

52. During the operation of the bioreactors, several tests were performed to gain more
information about this technology to further assess its applicability to treat CDF effluents.
Some of these tests include sludge settling, and developing oxygen transfer coefficients
which can be used as input for future aeration equipment sizing calculations (HP
requirements, oxygen needs etc.). These aspects will be developed in the Treatment Plant
DDR.

53. After the completion of the Run | bioreactor testing, samples of the biological sludge
in the SBRs were collected for complete TCLP analyses and other hazardous waste
characteristics analysis asindicated in Table D-5. Based on the review of these results,
none of biological sludges from the wastestream bioreactors possess the characteristic of
a hazardous waste. Therefore, like the metals Sudge, this material will probably be
disposed within the CDF.
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Carbon Adsorption

54. Carbon filtration was the next component in the treatment train incorporated to
polish any remaining trace organics left in the wastestream(s). To simulate the carbon
filtration units, 2.75" diameter X 16" glass columns were filled with approximately 375
grams of Calgon F-400 carbon. Wastestream(s)were pumped directly from the bioreactor
effluent reservoirs to the carbon filtration units using peristaltic pumps. The flow rates to
the units were adjusted to ssimulate a flow:surface area ratio equivalent to a hydraulic
flow rate of approximately 1 gpm/ft?. A sand filter was not placed between the bioreactor
and the carbon filter because the settled bioreactor effluent was relatively free of
suspended solids. Compl ete operational characteristics of the test are provided in
Maxim'’s report (1999).

55. Asshown in Table D-6, the POC concentrations exiting the carbon units have been
reduced to below the conservatively based discharge criteria, except for an anomalous
spike of mercury and ammonia. Considering the entire data set, there was some POC
removal at low concentrations, as discussed in Maxim'’s report (1999). Considering the
results of the treatment system, incorporation of carbon filtration in the full-scale system
would primarily be for insurance and not for specific POC removal.

Ammonia Stripping (Final Effluent)

56. Ammonia stripping was incorporated into the Run | treatment train because in some
cases during screening testing (see table D-4), the bioreactors did not produce an effluent
which was below anticipated effluent limitations.

57. Thefina batch ammonia stripping tests were performed in the 5-gallon carbon filter
effluent reservoirs. The pH of the carbon effluents were initially increased from about
8.0 to 11.0 using NaOH. The wastestream(s) were then aerated vigorously with air at a
flow rate of 4.0 L/min. Hach ammonia tests were performed at different time intervals to
monitor the ammoniaremoval rate over time. After the ammonia concentrations
stabilized, the stripping tests were terminated. The pH of the ammonia stripping effluents
for each wastestream were then reduced from 11.0 to around a neutral pH. Samples of
the effluents were then collected for laboratory analysis.

58. Asshown in Table D-6, and discussed in previous sections, the only POCs (bis (2-
Ethylhex|) phthlate and total phosphorous) in the final effluent were most likely artifacts
of the experimental setup. As noted earlier biological treatment (nitrification in SBRS)
demonstrated the ability to remove ammonia nitrogen to below the conservatively based
discharge criteria. The results (Hach) of ammonia stripping for al the wastestream(s) are
provided below:
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Influent (mg/l)*  Effluent (mg/l)

Wastestream #1 1.43 0.95
Wastestream #2 0.64 0.60
Wastestream #3 1.56 1.40
Wastestream #4 0.80 1.10

Leffluent from carbon filter

Based on these results the ammonia stripping step did not effectively reduce ammonia
concentrations below that achieved by biological treatment.

Confirmation Testing Run |1 Results

59. Attheendof Confirmation, Run | activities, it was discovered that the amount of
sample remaining to complete the specified treatability study would not be sufficient
volume to perform all of the Run Il testing. Sample volume deficiencies can be attributed
to additional volume needs for testing and analysis not anticipated during the first two
phases of testing. The decision was made to create a synthetic feed to make up the
difference in volume required to complete Run |l treatability testing activities. The
desired objectives associated with the creation of synthetic (spiked) feeds for this phase
of the study were as follows:

a) Create enough wastestream sample volume to complete Run |1

b) Create influent feeds with POC concentration high enough so they can be tracked
throughout the effluent treatment train

c) Further assess the overall performance of the treatment train being introduced to
variable influent feeds
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The key POCs which were selected for spiking into the synthetic feeds were as follows:

#1—Sediment #2—Precipitation  #3—ECI Groundwater #4—Combination

Pore Water Runoff Water Wastestream
Phenol (0.1 mg/l) Pyrene (1.0 mg/l) Benzene (1.0 mg/l) No additional spiking
Naphthalene Naphthalene Ethylbenzene
(0.5 mg/l) (1.0 mg/l) (10.0 mg/l)

Toluene (5.0 mg/l)
Xylene (15.0 mg/l)
Naphthalene (0.5 mg/l)

Phenanthrene (0.5 mg/l)

Heptachlor (0.25 mg/l)

60. For wastestream(s) 1 and 2, about 10% of the wastestream volume was obtained
from the feed used in Run |, with the remaining volume made up of tap water and POC
spikes. For wastestream 3, the entire volume used during this test was original ECI
groundwater spiked as noted above. Wastestream 4 was essentially generated through the
creation of aflow proportioned composite of the first three wastestream(s).

61. A comparison of the theoretical POC spike concentrations to the associated Run 11
raw wastewater (see Maxim 1999 for results) leads to the conclusion that recoveries on
some of the POCs spiked into the synthetic feeds were low. Potentia reasons for low
POC spiked recoveries were as follows:

a) Low solubilities of some of the organic POCs

b) Preservation and analytical laboratory processing of the wastestream(s) samples
(acidification) in the presence of ammonia and other organics could have produced
side reactions which falsely mask the presence of the POC in the wastestream(s)

c) Anaytica interference with the presence of significant number of organic and
inorganic POCs in both the synthetic and original sediment derived feeds, these were
both difficult waste matrices to analyze

62. Despite the fact that recoveries for some POCs in the spiked wastestream(s) were

lower than anticipated, there were still POCs detected at a concentration high enough to
generate performance data on the treatment configuration tested during Run 11.
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63. Aspreviously discussed, Table D-5 provides the analyses of POCs and sampling
points for the Confirmation testing. Asindicated on Plate D-2, after a wastestream was
processed through a unit operation or process, samples were collected from the effluent
for laboratory analyses. The remaining volume of the processed effluent then became the
influent for the next unit operation in the treatment train. In this sense the actua method
of wastestream processing used during Confirmation testing was considered semi-
continuous in nature.

64. A summary of the Confirmation Run Il results are provided in Table D-7. It should
be noted that Table D-7 provides data only for those parameters that were above the
conservatively based discharge criteria. A complete compilation of all analytical results
can be found in Maxim’s report (1999). Aswas the case for Run I, a few parameters
which appeared in the confirmation testing are likely an artifact of the experiment rather
then a POC for the CDF project. These parameters include chloroform, pyrene, bis (2-
Ethylhexl) phthalate, pentachlorophenol, and carbon tetrachloride.

Equalization Basin

65. The procedures used with Run | testing to simulate this unit operation was aso used
during Run |l activities. At the end of a 24hr settling/equalization period, wastestream(s)
samples were collected off the top of the unit to assess POC removal. The resulting
suspended solids concentration for the wastestream(s) ranged from 16 — 92 mg/l. As
shown in Table D-7, it appears that removal of suspended solids resulted in the reduction
of some key POCs most notably PCB Arochlor 1248 and metals. Again, thisinformation
provides support to what the Corps has experienced with its CDF program, that is, many
contaminants become bound with the sediment particle matrix. Removal of sediment
particles (TSS) from the CDF wastestream(s) will serve as a key mechanism for POC
removal.

66. Similarly to the Run | results, at the end of the pumping cycle for wastestream(s) 1,2,
and 4 (sediment-related streams), it became apparent that a significant amount of solids
(1/2-1") had accumulated in the bottom of the storage containers (equalization basins).
The observation of these solids leads to the conclusion that the equalization basin will
have to be designed with provisions to remove solids from the bottom of the tank as well
as skimming off any accumulated oils/solids from its surface.

Sand Filtration

67. Sand filtration was the next component in the treatment train, which further removed
suspended solids and minimal amounts of floating material which accumulated on the
equalization basin water surface. The procedures used during Run | testing were aso
used during the implementation of Run 2.
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68. The resulting suspended solids concentration for the wastestream(s) ranged from 16-
20 mg/l. Like the equalization process, it appears that removal of suspended solids
resulted in the removal/reduction of some key POCs most notably PCB Arochlor 1248,
metals, total phosphorous, and cyanide. In addition all of the spiked parameters,
discussed earlier, have been reduced to below or near their conservatively based
discharge criteria

Cyanide Oxidation (Alkaline Chlorination)

69. Run 2 testing was performed using the same procedures and equipment as was used
during Run 1. Aswas the case for Run | the effluent from the sand filtration unit reduced
cyanide concentrationsin all wastestream(s) to below or near the anticipated discharge
limit. The effluent from the cyanide oxidation step, in all wastestream(s) had cyanide
concentrations below detection.

M etals Precipitation W/Neutraization

70. The procedures used during Run 1 activities were again used during the
implementation of Run 2 activities. As shown in Table D-7, chemical precipitation
demonstrates the ability to remove al key metals, in the liquid wastestream(s) to below
anticipated discharge limitations.

Biological Treatment (SBR)

71. The procedures and equipment used to evaluate biological treatment of the CDF
effluent wastestream(s) were again used to perform Run 2 confirmation treatability tests.
Asshown in Table D-7 biological treatment (nitrification in SBRs) demonstrated the
ability to remove ammonia nitrogen to below the conservatively based discharge criteria
The results (Hach) for all the wastestream(s) ranged from 0.45-1.4 mg/I.

72. Two pesticides appeared and are believed to have been incorporated from the SBR
operation since they were not found in previous unit operations, or the raw wastewater
characterization. Surprisingly some metals (cadmium, copper, mercury, and zinc) re-
appeared in the effluent after being reduced to below the discharge criteria after the
metals precipitation step. Thisis believed to have resulted from experimental cross-
contamination. Aswas the case in Run | phosphorous concentrations rose significantly in
the SBR effluent. Since the phosphorous concentration in the wastestream(s) prior to the
SBRs was very low, it islikdly that the high values found in the effluent were an artifact
of the process. During operation of the SBRs, phosphorous and other salts were added as
biomass nutrient additions. These additions will have to be fine-tuned in the full-scale
system so that what is added to the SBR is consumed by the microorganisms.

Carbon Adsorption

73. Carbon filtration was the next component in the treatment train incorporated to
polish any remaining trace organics left in the wastestream(s). The procedures used to
implement Run |1 carbon tests were the same as those used during Run 1.
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74. Asshown in Table D-7, the POC concentrations exiting the carbon units have been
reduced to below the conservatively based criteria, except an anomal ous ammonia spike

75. Considering the entire data set, there was some POC removal at low concentrations,
as discussed in Maxim’s report (1999). Considering the results of the treatment system,
incorporation of carbon filtration in the full-scale system would primarily be for
insurance and not for specific POC removal.

Ammonia Stripping (Final Effluent)

76. Aswas the case for Run |, ammonia stripping was incorporated into the Run |1
trestment train because in some cases during screening testing (see table D-4), the
bioreactors did not produce an effluent which was below anticipated effluent limitations.

77. Asnoted earlier biological treatment (nitrification in SBRs) demonstrated the ability
to remove ammonia nitrogen to below the conservatively based discharge criteria The
results (Hach) of ammonia stripping for al the wastestream(s) are provided below:

Influent (mg/l)*  Effluent (mg/l)

Wastestream#1 0.4 041
Wastestream #2045 0.19
Wastestream #3  1.96 143
Wastestream#4  0.76 0.28

Leffluent from carbon filter

Based on these results the ammonia stripping step did not effectively reduce ammonia
concentrations below that achieved by biological treatment.

Summary of Confirmation Testing

78. The confirmation testing showed that many of the POC concentrations found in the
raw wastewater were reduced in the equalization basin unit operation. Since it appears
that some of the POCs are bound to sediment solids, which are probably silts and clays,
solids separation serves as a key mechanism for POC removal. A similar process was
apparent in the sand filtration operation. Metals were removed through metals
precipitation, biological treatment effectively reduced ammonia, and carbon removed
trace levels of organics and metals.
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79. Some POCs were unexpected because they only appeared in downstream unit
operations, or they were effectively removed in upstream unit operations but reappeared
in downstream operations. These POCs include chloroform, pyrene, pentachl orophenal,
2,4-dimethyphenol, bis(2-ethylhexyl)phthalate, carbon tetrachloride, pesticides, and
phosphorous. It is likely that the appearance of these POCs is an artifact of the
experiment and resulted from one of the following: chlorination/oxidation byproducts,
media impurities, lab cross contamination, or nutrient additions.

TREATABILITY STUDY CONCLUSIONS AND RECOMMENDATIONS

80. The method in which the CDF is operated will probably impact wastestream(s)
characteristics. Based on the knowledge gained through treatability activities, if pore or
precipitation water is maintained in the cell for along period of time, it may provide a
wastestream with even less waste load because solids carrying POCs become
incorporated into the sediment within the cell. The longer the effluent stays within the
CDF cdlls, the less the POC waste load will probably be. However, storage of effluent
within the CDF cells will increase effective dewatering time. Hence there is a tradeoff,
and the CDF operation will be a factor in the wastestream variability anticipated for the
CDF treatment system. The efficient and effective use of the CDF cells for improving
effluent quality and minimizing dewatering time will be developed in the Treatment Plant
DDR.

81. Qil and grease concentrations detected in the raw (untreated) wastestream(s) were
extremely low (14 — 160 mg/l) and did not justify the incorporation of a dedicated
oil/water separator. However, in anticipation of dynamic influent wastestream(s) to the
CDF treatment system, an equalization basin equipped with an oil skimmer and bottom
solids handling equipment is recommended.

82. Because the total cyanide concentrations were low in the raw wastestream(s) and
biological trestment removed total cyanide in non-chlorinated influents, it is concluded
that the alkaline chlorination step may not be warranted. Other potential reasons to
remove this unit operation from the recommended treatment train include undesirable
oxidation byproducts, and significant chemica use and handling requirements (chlorine,
NaOH, and sodium sulfite).

83. During the study, there were some differences in the ammonia results produced by
the analytical laboratory on preserved samples and the results generated by the Hach
spectrophotometric method on fresh samples. For the purposes of evaluating ammonia
removals across unit operations, Hach results were used in many cases. Itis
recommended that the ammonia analytical method and characterization for the CDF
wastestream(s) be further evaluated in additiona treatability testing.

84. In some cases, spiking wastestream(s) prepared at the beginning of Run 11 testing

had low recoveries but the subsequent data generated provided additional information
regarding treatment train POC removal efficiencies.
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85. Influent biodegradable organic carbon waste |oads to the SBRs were low and may
have to be supplemented in a full-scale system with sanitary waste or some other source
of organic carbon to maintain a viable biomass. The units were not operated long enough
to exhibit signs of potential operational problems.

86. Preliminary separation/settling is a key mechanism for the removal of POCs at the
beginning of the proposed treatment system. Based on the treatability data associated
with the three separation unit operations (equalization, sand filtration, metals
precipitation), it appears as if the sand filtration unit may be redundant since the metas
precipitation’ s effluent can achieve comparable TSS concentrations and associated POC
removal efficiencies. It is therefore concluded that the sand filtration unit at the
beginning of the treatment system may not be required. However, if the biological
treatment unit effluent experiences solids carryover problems, it may be necessary to
provide sand filtration upstream of the carbon filtration unit to protect the carbon filters.

87. The dludges generated during the treatability testing, including the metal hydroxide
and biological sludges, did not demonstrate the characteristics of a hazardous waste based
on the analysis performed on test samples. Therefore, it isfeasible to dispose of these
sludges within the CDF. It is anticipated that sludge collection systems will need to be
incorporated into the aforementioned processes, at a minimum this would include pumps
and storage tanks.

88. During the treatability study, POCs sometimes appeared across unit operations but
were treated in most cases to non-detectable levels by the time the wastestream had
passed through the entire treatment system. The POCs, that appeared in the treatment
system included some VOCs, SVOCs, and pesticides. This can possibly be attributed to
oxidation byproducts and impurities in filtration media.

89. During the performance of the treatability study various chemicals were added to
process various wastestream(s) within unit operations/processes. Examples of these
chemicals are as follows:

a.  Phosphorous and other salts were added to the bioreactors as biomass
nutrient additions. These additions will have to be fine-tuned in the full-
scale system so that what is added to the SBR is consumed by the
microorganisms. Therefore, the concentration demonstrated during the
bioreactor testing is not representative of what will be seen in the full-scale
system effluent.

b. Phthalates were present in a significant number of unit operations/process
effluents during the treatability testing. The source of these common
plasticizer compounds is probably the plastic components used during the
treatability study to ssimulate treatment units.
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c. Methylene chloride, methylethyl ketone, and acetone were detected in some
unit operation/process effluents. These solvents are considered common
laboratory contaminants and are likely not representative of CDF effluent
wastestream(s) eval uated.

90. Since the mgjority of the wastestream effluents generated from the treatability testing
were below detection limits, it can be concluded that the treatment train(s) evaluated are
appropriate for treating the CDF effluent, and should perform satisfactorily at the full
scae level.

91. In most cases, the fina effluent qualities produced by the tested treatment trains did
comply with conservatively based discharge criteria. However, it is recommended that
the anticipated effluent limitations be revisited to consider updated or pending regulations
and to address mixing zone considerations, etc. In addition, regulators need to be
contacted to confirm the use of water quality criteria as anticipated effluent limitations
prepared by an NPDES permit writer.

92. The activated carbon unit did remove organic waste loads and primarily served as a
polishing unit. It should be considered a key component of the treatment train and as
added insurance at removing trace levels of metals and organics.

93. Ammonia stripping was effective in the reduction of ammonia concentrations as a
primary ammonia removal step as shown in the screening test results. However, asa
polishing step, the technology was not very effective in transferring low concentrations of
ammonia from the liquid to the air phase. This technology could represent a significant
cost to remove minimal concentrations of ammonia. In addition, its incorporation into
the treatment train will aso require the use and handling of chemicals; abaseto initially
bring up the wastestream pH to 11.0 (optimal ammonia equilibrium value), and then an
acid to bring the pH of the wastestream to within the appropriate range for discharge to a
receiving stream (typically 6-9).

94. During the operational life of the CDF the characteristics of the CDF wastestream(s)
is likely to change due to the temporal and spatia heterogeneity of the sediments within
the project area. In some cases, the wastestream(s) characteristics will be similar to those
seen during the treatability study and sometimes the characteristics could be somewhat
different. However, it is anticipated that the POCs will be similar with varying
concentrations.

95. Itisanticipated that the trestment train selected for the CDF effluent will be able to
handle wastestream variability through the use of extra detention time in unit
operations/processes (equalization basin, biotreatment), with extra chemicals (chemical
precipitation), and extra filtration media (activated carbon, sand filtration). In addition,
operation attention and laboratory analysis will have to be used to closely monitor
influent wastestream and resultant effluent water quality. If thereisawide variability in
POCs over time, modification of the treatment train configuration may have to be
considered. In this sense treatment of the resultant wastestream(s) will be an on-going
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learning process. The knowledge gained through the operation of the full-scale system
will direct operators on how to respond to changes in wastestream characteristics.

96. Given the variability inherent in the nature of this project it is recommended that the
designed treatment system be modular so that unit operations can be added, taken out of
service, or bypassed as required.

RECOMMENDED TREATMENT SYSTEM CONFIGURATION

97. Based on the information/data gathered, evaluated, and presented in this appendix
and reports (Maxim 1999 & 1998), it is recommended that the configuration for the
trestment train, as shown in Plate D-3, is as follows

Flow Equalization Basin: This unit operation is recommended to remove
settleable solids and associated POCs, remove floating oils and solids and to
blend and equalize all of the flows associated with the CDF. The equalization
basin will have to be equipped with an oil skimmer for the collection and
ultimate removal of any floating oil. In addition, the tank would employ bottom
solids collection and handling equipment for the removal of sediment solids
anticipated to settle in the equalization tank.

For future design, the equalization tank will have to be sized to match the
operation of the CDF and ECI groundwater pumping scheme. In addition, it will
also need to be sized large enough to equalize design criteria flows and to
provide enough hydraulic retention time to allow for solids settling. If the tank is
not sufficiently long enough, the unit operation may be subjected to overload
with respect to settable and floating solids.

Chemical Precipitation System: After the wastestream flows from the
equalization basin, it will enter the chemical precipitation system consisting of a
rapid mix tank, a flocculation tank and a clarifier (lamellatype clarifiers typically
are used in this application). The purpose of the chemical precipitation unit
operation is to remove concentrations of metals and suspended solids, which
become agglomerated in the meta hydroxide floc. This technology can handle
fluctuation variations in initial metals and solids concentrations with
supplemental chemical addition.

Chemical characterization of the influent will need to be constantly monitored so
that adjustments can be made to chemical additions (NaOH and polymers) for
optimal metals removal. During the operation of the treatment system, it may be
advantageous to periodically evaluate different chemical additions to optimize
metals removal and sludge settling characteristics. If the system is undersized, it
may be subject to metals concentration carry-over and hydraulic and solids
overloading. A collection system will remove sudge.
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Biological Treatment (Sequencing Batch Reactors): After removal of metas, the
wastestream will flow to the biological treatment system which accomplishes the
following: remova of ammonia, removal of trace volatile and semi-volatile
organics, removal of trace amounts of cyanides, and adsorption of trace
concentrations of metals.

The sequencing batch reactor technology may be subject to upset from hydraulic
and organic waste-load overloads. Therefore, operator attention to define
wastestream characterization will provide guidance as to the operation of the
SBR during a specific waste batch. Other potential limitations associated with
this technology are related to low BOD/TKN ratios. If the ratios are low,
supplemental organic carbon may have to be added to the bioreactors to maintain
aviable biomass. It isrecommended that several batch reactors be incorporated
into the final design so that while one reactor is treating a batch of waste, the
other can be receiving or settling out a waste batch. A collection system will
remove sludge.

Sand Filtration: Sand filtration is recommended for inclusion in the treatment
train between the bioreactors and the carbon filters. The primary purpose of this
unit operation is to remove any solids carry-over from the bioreactors in order to
protect the carbon filters. The main limitation associated with this unit operation
is the potential for hydraulic overloading with respect to suspended solids. In
addition, it will periodically require backwashing to clean the media beds and
prevent solids breakthrough. System pressure and effluent suspended solids will
have to be monitored frequently to assess when the system requires backwashing
due to solids breakthrough. During the active life of the CDF, the backwashed
solids will be disposed of in the CDF, if appropriate.

Activated Carbon Filtration: The final unit operation in the treatment train is
carbon filtration. The purpose of this unit operation is to serve as the fina
protective/polishing step before discharge to the IHC for the removal of trace
metals and organics.

As with the sand filtration unit operation, the main limitation associated with this
unit operation is the potential for hydraulic overloading with respect to organic
compounds and suspended solids. In addition, it will periodically require
backwashing to clean the media beds thus preventing solids breakthrough.
System pressure, effluent organic compound concentrations and effluent
suspended solids will have to be monitored frequently to assess when the system
requires backwashing due to organic or solids breakthrough.

98. A preliminary treatment plant layout is provided as Plate D-4. Maxim made arough
estimate of the size requirements assuming a normal operating flow of 200 gpm and a
peak operating flow of 500 gpm. The peak operating flow would occur only during large
storm events. It isassumed that during these events, due to the dilution of rain water, the
only unit operations needed to treat the effluent would include: equalization, sand
filtration, and carbon adsorption. This assumption will be confirmed in the Treatment
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Plant DDR prior to design of the final treatment system. The entire treatment plant and
ancillary operations is estimated to require a area of approximately 180 ft. x 800 ft., and
would be located in the western portion of Parcel .

99. The CDF treatment system presented above should be flexible enough to address a
wide variation in the POCs of concern. If the characteristics of the CDF wastestream(s)
change, the treatment configuration may require modification. Flexibility will have to be
built into the design to accommodate wastestream variation. Modular design will be
considered to allow for adding unit operations/processes, removing unit
operations/processes, or bypassing unit operations/processes based on the actual
wastestream characteristics and operational constraints.

100.As presented in this appendix, oil/water separation, ammonia stripping, and alkaline
chlorination were also tested as potential components of the treatment train. However,
they were eliminated from the treatment train for the reasons listed below.

101.The oil/water separator was eliminated because the oil & grease concentrations in the
raw wastestream(s) were not considered high enough to warrant a dedicated unit
operation for oil removal. As an alternative, the flow equalization tank will be modified
to remove any accumulated floating oil and debris, through skimming, from the influent
before it proceeds to downstream unit operations/processes.

102.The akaline chlorination unit operation was not included in the treatment train
primarily because the cyanide concentrations detected in the treatability study
wastestream(s) were low enough to be removed in the biological treatment unit. In
addition, chlorination of the wastestream matrices cause undesirable byproducts and the
operation of the system requires extensive chemical handling.

103.The ammonia stripping was eliminated from the end of the treatment train because it
required a significant amount of air to remove minimal concentrations of anmonia. The
majority of the ammonia concentrations obtained from the bioreactors appeared to be
below the most conservative value of Indiana Water Quality criteria (taken 12/98), which
indicates that the stripping operation is not required.

104.1n conclusion, the treatability studies have provided information onthe performance
of the proposed treatment system. The proposed system has been shown to be a viable
system, and capable of producing an effluent which meets stringent water quality criteria.
The next stage is design of the treatment system. However, prior to the design, a
technical review of the treatability process and conclusions will be completed. It isalso
likely that some additional treatability evaluation will be completed prior to designing the
effluent treatment system. After evaluating the results of additional treatability work,
additional unit operations could be considered and placement within the treatment train of
any given unit operation could change. Another issue to be determined before fina
design is the kind of and frequency of monitoring of the unit operations.
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DEVELOPMENT OF FLOW RATES
Initial Analysis

105. Thefirst analysis of the estimated flows to the treatment plant was performed prior
to initiation of the treatability study. The flow analysis was performed over the 30-year
life of the CDF and daily flow rates were developed from the annua estimates. Over the
30-year period, the minimum, average and maximum annual flow rates were
approximately 75, 115, and 160 gpm, respectively. Refer to Attachment D-1 of the
appendix.

106. As stated previously, the flow to the treatment plant consists of three wastestreams:
sediment pore water (interstitial water), precipitation runoff, and ECI site groundwater. 1t
was estimated that the influent flow to the treatment plant was comprised of the three
components in the following approximate proportion:

pore water -- 16%
precipitation runoff -- 83%
groundwater -- 1%

The largest component of water requiring treatment was the precipitation runoff. Also, of
the three components, the precipitation runoff was the most variable. Averaging the
precipitation runoff over the entire year dampened the peak flows, therefore, additional
analysis to evaluate flows from storm events was required.

Expanded Analysis of Precipitation Runoff from Storm Events

107. The treatment system must have the capacity to treat the variations in flow due to
storm events. In order to determine the stormwater variation, a spreadsheet varying the
interval and duration of the rainfall event was developed. Rainfall events with recurrence
intervals of 1, 2, 10, 25 and 100 year(s) were included in the spreadsheet. A 1-day
duration is typically used for flood control projects. With the assumption that stormwater
storage in the CDF would extend beyond a 1 day duration, the 10 and 30-day durations
were included in the analysis and the corresponding rainfall storage regquirements were
calculated. Knowing the storage volume required in the CDF for the rainfall events, the
number of days that rainwater would remain in the CDF was calculated using varying
effluent pumping rates. Attachment D-2 of the appendix contains the CDF storage
volume requirements for the rainfall events, the number of days that rainwater was
temporarily stored in the CDF, and the percent of CDF surface area innudated at varying
pumpout flow rates.
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108. Operation of the CDF will require a balance between temporarily storing stormwater
versus promoting drainage to allow drying of the dredged material. Also, an increase in
the average and peak flow rates to the system will increase the capacity and cost of the
treatment plant. To lower capital costs of atreatment plant, it will be necessary to use the
CDF as atemporary storage facility for stormwater events. It was decided that a
recurrence interval of 2 years was sufficient for the design of the treatment plant and that
allowing the rainfall to be stored in the CDF for approximately a month was a reasonable
assumption for operation of the CDF. The system will be designed for the average flow
of 200 gpm and a peak flow of 500 gpm. At the higher flow rates, it is anticipated that
some of the unit operations will be bypassed. Smaller storms will be removed from the
CDFinlesstime. Storms larger than the 2-year event will require additional time beyond
30 days to pump and treat the excess water. The additional time required is acceptable
since the storms occur less frequently.
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Table D-1. Analytical Sampling Pointsfor Wastestream Char acterization— Screening™

VOCs? | SVOCs? | Pesticides | Metals | Cyanide | TSS | TDS BOD COD i TOC 1 NHz i TKN 0&G 1 Total
Unit Operation /PCBS IVSS Phosphorus
Wastewater Characterization™ 5 4 5 5 5 5 5 4 4 4 5 5 4 5
Oil/water Separator” 8
Sand Filter 1 1 1 1 4 4 4 1
Cyanide Oxidation 5
Metals Precipitation 12
Biological (SBR) Treatment 4 4 4 4 5 9 4 5 4 16 16 16
Activated Carbon 4 4 4 5 32
Ammonia Stripping 4 5 4 5 4 4 5 5 4 5

“The number of samples shown are for all four wastestream(s): #1-sediment pore water, #2-precipitation runoff, #3-ECI groundwater, #4- combination wastestream
2\/OCs-Volatile Organic Compounds, SVOCs-Semivolatile Organic Compounds

®Includes 1 duplicate sample collected for QA/QC

“Wastestream #1 only
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Table D-2. Description of Unit Operations

Unit Operation/Process

Function

Flow Equalization

Oil/water Separator
Filtration (Sand Filters)
Cyanide Removal (Alkaline
Chlorination if required)

Chemical
Precipitation/Coagul ation/Clarification

Neutralization (pH Adjustment)

Biological Treatment (Sequencing
Batch Reactor)

Activated Carbon Adsorption

Ammonia Stripping

Flow dampening, gross TSS removal

Removal of oil and grease

TSS removal —removal of organics and metals
adsorbed on silts and clays (colloidal solids)

Cyanide destruction

Heavy metal removal

Adjust wastewater within the treatment system
to apH so that it is compatible with biological
treatment and surface discharge

Removal of organics, BOD, TSS, and NHs

Removal of organics and trace heavy metals
(polishing function)

Removal of lower concentrations of ammonia
remaining in the wastestream after biological
treatment; serves as a possible polishing step to
get ammonia below target water quality criteria
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Table D-3 Parameters Detected in Raw Wastestream(l)

Stream #1 Stream #2 Stream #3  Stream #4

SCreel
Screen
Screen

Screen
F
Run

(#1) = Pore Water; (#2) = Precipitation Runoff, #(3) = ECI Groundwater, (#4) = Combination Wastestream

2\/alue shown is based on most conservative value of Indiana Water Quality Criteria. Taken 12/98
and based on Hardness =184, Stream pH =7.3, Summer stream Temp=26.7 C, Summer stream pH=7.9
Winter stream temp= 10.1 C, and winter stream pH = 7.8




Table D-3 Parameters Detected in Raw Wastestream{”—-Continued
Stream #1 Stream #2 Stream #3  Siream #4

= = = =

ek — j— o — = =] - = L5} —_ =

g = = g e = R c = B = =
Parameter'”! A s B A
Pesticides/PCBs (ug/) f '
Arochlor 1248 (6.8x10%) P XK X o2 XX A
T v Pussamasi
Antimony (~) A PX X L3 X
Arsenic (147.9) PRt "REX TR I Tk X X X
Beryllium () e X ¥ G PX. X %
Cadmium (3.61) y Sub O R S EX X X
Total Chromium (10.56/122) X XX M O Maiw XX ow x
Copper (15.08) X OX O XEX X X b G 45 B R R
Lead (13.95) ¥l .3 SyaoNtiny N % UM ¥ iy ¥
Mercury (0.0018) X X X X £ X
Nickel (87.1) 10 by e ¥ X ook X o X
Silver (26,000) e IS ¢ 2 : B X
Thallium (--) i X XX
Zinc (196.44) " S B g B R B
Micel. Analytes (mgi) R P T B
Ammonia (1.51) Eoe | % D Sl ot oEae] % dearx 10 X
BOD (-) XX XiX X XEX X iX X X%
COD(-) WA Xl K XX R XX X
Kjeldhl Nitrogen (--) M4 KD O Xl R NN ghepe e TN
Oil & Grease (--) w X ned el waanl X o BeaX I X X
TDS (750) - o b T T I s AL S AN
Total Gyanide (0.0052) o b s X X X X X X
TOD (=) 2ol X X % > AR
Total Phosphorous (0.03) XX R X ox X X XiX X X
Total Solids (-} XX b O ¢ X X X X
Total Suspended Solids (~) vl S B D e W s S, e e, S

'(#1) = Pore Water; (#2) = Precipitation Runoff, #(3) = ECI Groundwater; (#4) = Combination Wastestream

*Value shown is based on most conservative value of Indiana Water Quality Criteria, Taken 12/98
and based on Hardness =184, Stream pH =7.3, Suminer stream Temp=26,7 C, Summer stream pH =7.9

Winter stream temp= 10.1 C, and winter stream pH = 7.8
*Chromium(11T)= 122; Chromium(V1)=10.36
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Table D-4. Screening Test results®

Wastewater #1 Wastewater #2 Wastewater # 3 Wastewater #4
Unit Operation POC Discharge Influent  Effluent Influent Effluent Influent Effluent  Influent Effluent
Criteria®
Oil/water Separator Oil & Grease (mg/l) - 17 ND® 19 ND 14 5.4 6.6 ND
Sand Filtration TSS (mgll) -- 530 2 750 10 69 8 290 15
Turbidity (NTU) - 343 109 501 119 71 27 478 138
Cyanide Oxidation Cyanide (mg/l) 0.0052 0.033 <0.005 0.024 <0.005 0.01 <0.005 0.007 <0.005
Metals Precipitation® Antimony (ug/!) - 18 10 14 9 <4 <4 15 <4
Arsenic (ug/l) 147.9 20 <4 21 8 8 <4 17 5
Beryllium (ug/l) - 0.4 <1 0.4 <1 <0.2 <1 0.2 <1
Cadmium (ug/l) 361 11 <2 12 <2 <05 <2 8 <2
Chromium (ug/l) 10.56/122* 480 <5 530 <5 5 <5 375 <5
Copper (ug/l) 15.08 224 136 248 125 <7.0 8.36 163 109
Lead (ug/l) 13.95 925 11.3 916 17.2 8.4 2.7 651 34.4

YWastewater #1 — Sediment Pore Water; Wastewater #2 — Precipitation Runoff; Wastewater #3 — ECI Groundwater; Wastewater #4 — Combination Stream; bold
entries are values above a conservative value for the discharge criteria

2ND — Non-detect

3Metals precipitation based on NaOH addition with Polymer
“Chromium (I11)= 122; Chromium (V1)=10.56
>Value shown is based on most conservative value of Indiana Water Quality Criteria. Taken 12/98 and based on Hardness =184, Stream pH =7.3, Summer stream
Temp=26.7 C, Summer stream pH =7.9, Winter stream temp= 10.1 C, and winter stream pH = 7.8
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Table D-4. Screening Test results® -- Continued

Wastewater #1 Wastewater #2 Wastewater # 3 Wastewater #4
Unit Operation POC Discharge Influent  Effluent Influent  Effluent  Influent  Effluent  Influent Effluent
Criteria®

Metals Precipitation®® Mercury (ug/l) 0.0018 0.6 <0.25 0.8 <0.25 <0.2 <0.25 05 <0.25

Nickel (ug/l) 87.1 70 30.5 54 12.9 <30 10.8 36 18.2
Selenium (ug/l) - 5 <5 5 <5 <5 <5 <5 <5
Silver (ug/l) 26000 2.2 4.1 23 <05 <0.5 <0.5 24 <0.5
Thallium (ug/l) - 2 <25 2 <25 <2.0 <25 <0.02 <25
Zinc (ug/l) 196.44 4680 50.1 6270 9.4 7.3 <22 4260 51.8
Ammonia Strippi ng(4'7) Ammonia (mg/l) 151 95.52 - 1.85 22.53 - 2.71 5.03 2.90 31.05- 1.58
(summer) 6.2 3.75 15.62
Biological Treatment Ammonia (mg/l) 151 95.52 1.66 225 117 5.03 112 31.15 114
SBRG7) Batch #1

Batch #2 151 95.52 21 225 14 5.03 212 31.15 1.84
Batch #3 151 95.52 2.05 225 133 5.03 1.54 31.15 112

"Wastewater #1 — Sediment Pore Water; Wastewater #2 — Precipitation Runoff; Wastewater #3 — ECI Groundwater; Wastewater #4 — Combination Stream; bold
entries are values above a conservative value for the discharge criteria

2ND — Non-detect

3Metal's precipitation based on NaOH addition with Polymer

*Influent for ammonia stripping varies over time--operation ranges from 4.7hr to 45.5hr.

°Results based on HACH DR200 analysis of fresh samples
bV alue shown is based on most conservative value of Indiana Water Quality Criteria. Taken 12/98 and based on Hardness =184, Stream pH =7.3, Summer stream
Temp=26.7 C, Summer stream pH =7.9, Winter stream temp= 10.1 C, and winter stream pH = 7.8

"The effluent from the metal's precipitation was the influent to the ammonia stripping and biological treatment unit processes.
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Table D-4. Screening Test results® -- Continued

Wastewater #1 Wastewater #2 Wastewater # 3 Wastewater #4
Unit Operation POC Discharge Influent  Effluent Influent  Effluent  Influent  Effluent  Influent Effluent
Criteria®
Activated Carbon 819 Acetone (ug/l) 1700 ND ND ND 72.7 ND ND ND ND
COD (mg/l) - 446 378 41.2 378
TOC (mg/l) - 17 16 12 12
Turbidity (NTU) - 4.2 5.9 43 5.4

"Wastewater #1 — Sediment Pore Water; Wastewater #2 — Precipitation Runoff; Wastewater #3 — ECI Groundwater; Wastewater #4 — Combination Stream; bold
entries are values above a conservative value for the discharge criteria

2ND — Non-detect

3Metal's precipitation based on NaOH addition with Polymer

*Influent for ammonia stripping operation varies over time-- ranges from 4.7hr to 45.5hr.

®Results based on HACH DR200 analysis of fresh samples

81 nfluent concentrations varied over time

"Effluent concentrations represent final wastestream quality
80nly POCs that had a detectable concentration are shown (ammonia not analyzed)
%V alue shown is based on most conservative value of Indiana Water Quality Criteria. Taken 12/98 and based on Hardness =184, Stream pH =7.3, Summer stream
Temp=26.7 C, Summer stream pH =7.9, Winter stream temp= 10.1 C, and winter stream pH = 7.8
19The effluent from the biological treatment was the influent to the activated carbon unit process.
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Table D-5. Analytical Sampling Points for Wastestream Char acterization—Confir mation”

Unit Operation VOCs? SvVOCs? Pesticides | Metals | Cyanide 1 TSS TDS BOD COD | TOC NH3 TKN 0&G Total
/PCBS IVSS Phosphorus
Wastewater Characterization 10 10 10 10 9 8 8 8 8 8 9 9 10 9
Equalization 8 8 8 8 8 8 8 8
Sand Filter 8 8 8 8 8 8 8 8 9 8 8 8
Cyanide Oxidation 8 8 8 8 8 8 8
Metals Precipitation 8 8 8 8 8 8 8 9 8 8
Biologica (SBR) Treatment 8 8 8 8 8 44 16 4 20 8 25 25 25
Activated Carbon 8 8 8 8 8 16 44
Ammonia Stripping 10 10 10 10 8 8 8 8 8 10 10 10 10
TCLP TCLP TCLP TCLP | Ig/Ret®
Sludge Samples VOCs SVOCs Pesticides | Metals
/PCBS
Metals Precipitation” 2 2
Biologica (SBR) Treatment™ 3 3 3 3 3

"The number of samples shown are for al four wastestream(s): #1-sediment pore water, #2-precipitation runoff, #3-ECI groundwater, #4- combination wastestream
2/0OCs-Volatile Organic Compounds, SVOCs-Semivolatile Organic Compounds

3| gnitibility/Reactivity

“Not enough sample available for wastestream(s) #1 & #2. These were calculated assuming total mass released into leachate
SWastestream(s) #1 & #2 compositeinto one sample
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;, Table D-6 Confirmation testing Run | Results'"!

Most Conservative
Paremeter aw Wastestresm amd Filter CN Oridation Vietals Removal Sbe-Renctor NHJ Stepping {finad) Criterta™
H E] 7 43 " " ] 92 a3 " in +2 23 Y 2t 21 1} " 3 £33 13 " [ i L 11 123 H
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“hleroform : : ) e )
sd i i
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mis(2-Ethythexl) phthalets 5.2 208 4865 {638 116B 1L1B 1268 (L6B o 12 i
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Fluoranthene 126
2yrenc e A
Jenzo(emhencene N
3enzo(a)pyrenc 3191 w1
Carbon letrachioride : . 75 68 . e
Pesticides’PCBS ™ : . ks -
tama-BHC (lindane? H i ;
\ldrin ; : W1s 0144 0219 0199 : '
+4-DDT : 9495 0432 0529 044 :
Dicldnin . N509 0486 0573 0527
Sndrin N : AT 0687 0904 078
354 836 508 200 182 203 0333 0.9 02 0243
550 978 : o N vy
s m 46 106 . .73 e B
hromum (totaf) 10600 31000 123 1280 12 396 u? 38 e
“opper 9 10600 w8 536 958 9.6 pE X
Lesd LI36 37600 154 1610 203 391 142 434 %62 X T N
\feroury 429 39 106 136 .96 i
kel e e s
Tine <4700 133000 11500 {1300 2320 16 82
unmone-N" (met) om3 33 318 3645 ¥ T 129 %8 349 3THE S¥9 oo 21
Total Cvamde (me/l) SO 063 6007 62 D002 0007 : )
“otal Phosphorous (mw i) 97 203 0IS 376 948 026 019 019
'(#1) = Pose Water: (#2) = Precipitauon Runott: #(3) = ECI Gr ter. (#4) = Combi W .
Blank cells are one of the following: anaivtical resuits below discharge criteria: less then detection limit: of not sampled in unat opemuoo. ‘ :
Al umits (ug/l) escept wore noted o .
B — Anaivte was tound ifi'the associated blank as well as in the sampie il i
§ — tndicates an estimated value B
Results trom Hatch method DR2080

4

Value shown 15 based on most conservative value of Indiana Water Quaiity Criteria. Taken 12/98 and based on Hardness
Winter stream temp= 10.1 C. and winter stream pH =7 8

‘Ch iD= 122: Ch VD=10.56
*Pestcide sampies were sprked with p de sprking ds in the analvtical lab instead of gate spiking is. C

p

s .
=184, Stream ptl-=F3, Summer stream ['emp=26.7 C. Summer stream pH =7.9

ntrations dected are related to these sprkes and probably not present tn waier sampies bajed upon charactenzation data.
P

ippendix D _tables xis
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Table D-7 Confirmation testing Run [l Results'”

Most Comservative
Dscharge
Parameter.. Raw Waestestream Equalization Basin Samd Filter Metals Remevad Bie-Rencter Carbon Filter NH3 Stripping (final} Criteria'®
. n T Rl #2 23 " sl L2 [3) " 22 ) 4 a1 52 [3) [ #t 22 3 a3 4] 2 »3 =4 #1 22 3 3

Valatile Organic Compounds ¢ i

Jre—— R H e B
Yenzene i430K"  1060X 1340 1040X I 813 1300 1030 L1 103 ‘ "
Totuene™! : 1540 : 1900 12 73
Sthvibenzene™ 040X 1160 e
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Peniachiorophawol 6.3 T8
~-dimethylphenol : 28 : 0 M
Zfuorens : 1100 B
Ienzoialanthracene EXTD I 1) 1028 ¢
3enzo(spirenc 114 x10”
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Pesticides/ PCBS ; -
Neldrin 557106

ndein : 1036
\rochlor-1248 199 162 152 1.51
Wetals & Mise. Anahites

Zadmium 184 s 166+ 354 - 1 361
“hromam (iotal} 560 06: N 163 pAR Y & § et B X NS ¥} 10.56:122%
opper : 19 149t 3 S48 16.4 87 . 9 93 508
*ead 1190 200 120 3 24 5 93 266 2 1598
eroury : v 391 0018
~acket iH ’ : : [EAN

Zine LIV 78S 1380 et 17 m EETES T I 54 27 s o8t 196.34
Ammonia-N' (mely 02 08 299  S90i 126 $37. 312 - ses 129 433 s 59 107 %9 $3.5; 691 3aS 1.51
fotal Cyamde (ael) 0203 1336 0017 OLnE 1018 0.007: : 1.0052
Total Phosphorous (merl) 169 338 oN 2.864 pede) ‘”_4 2 136 259 19.7 003
*"#1) = Pore Water: (#2) = Precipiiauon Runotf: #(3) = ECI G - (#4) = Combi W

Stank cells are one of the followme: analvtical resuits below discharge criteria: less then detecuon limit; or not sampled in unit operation.
All units (ug/) except were noted * ” ’
3 - Amalvte was found in the associated blank as well as in the sample

+ ] — Indicates an estmated value

“Results trom Hatch method DR2000

*Svntheticaily spiked into aw wastewater

“alue shown is based on most conservative value of Indiana Water Qualitv Critenia.
Ninter stream tetnp= 10.1 C. and wanter stream pH = 7.8 g
*Chromium ith= 122: Chromiumi VD=10.56

cen'12/98 and based on Hardness =184; Stream pH =7.3, Summer stream [emp=26.7 C, Summer syeac pH =79




ATTACHMENT D-1
ESTIMATED QUANITY AND QUALITY OF CDF EFFLUENT
USED TO DEVELOP TREATABILITY TESTING PLAN
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INDIANA HARBOR CDF
EFFLUENT QUALITY AND QUANTITY ESTIMATES
PHASE 1

1. Introduction

The U.S. Army Corps of Engineers, Chicago District, performed a first phase estimate of
the quantity and quality of effluent expected from the Indiana Harbor Confined Disposal
Facility (CDF) proposed for construction in East Chicago, Indiana. This estimate will be
refined in later phases of work when more information regarding effluent quality and
becomes available.

2. Methodology

The current design for the Indiana Harbor CDF calls for three cells which will be filled in a
sequential two year cycle, with the South West Cell accepting the first load of sediment in
1998, and the South East and North Cells accepting sediment in 1999. Subsequent filling

will be performed every two, three, or four years in the various cells.

2.1. Effluent Quantity
USACE, Chicago District estimated the effluent quantity for each cell for each year as
shown in Table 1 for the South West Cell, Table 2 for the South East Cell, and Table 3 for
the North Cell. It is assumed that the total volume of water to be handled at the site will
be derived from three sources:

1. Interstitial water that seeps out of the dredged sediment after placement in the
CDF;

2. Precipitation run-off;

3. Pumped groundwater from the interior of the cut-off wall.

It is likely that the interstitial water and run-off will be combined (the actual effluent from
the CDF) and that the ground water will be handled separately. In order to estimate the
effluent quantity from interstitial water, it was assumed that the sediment was placed in the
CDF with a solids concentration of 49% solids by weight, and was dewatered to a “final”
solids concentration of 60% solids by weight. Tables 1, 2, and 3 show the initial estimated
weight of water (column 4) and final weight of water (column 5) for the sediment added
that year. This assumes that the dewatering time required to reach a final solids
concentration of 60% solids by weight is one year. The estimated interstitial water
volume that seeps from the sediment is the difference between the initial and final weight
of water. This weight is converted to volume and shown in Column 6.

Columns 7 and 8 show the surface area of the interior of the entire cell (Column 8), and
the surface area of the sediment which occupies that interior (Column 7). It is
conservatively assumed that the sediment will be spread over the floor of the cell, and



piled vertically with each subsequent filling event. This is not the case, but is a reasonable /_\
assumption for this phase. Changes in the total interior surface area of the cell (Column 8) ‘?"”
are the result of reconfiguration of the interior dikes. The % Area of Sediment (Column ‘

9) is the percent of the total interior surface area that will be covered with sediment. In

other words, rainfall entering the interior of the South West Cell in 1998 would contact a

surface area that was 91.26% sediment, with the remainder of the surface area being dike

material.

To estimate run-off, the Soil Conservation Service (SCS) curve number method was used.
It was assumed that dredged sediment had an SCS curve number of 85 the first year, 80
the second year, and 75 the third year. These numbers are consistent with saturated,
normal, and dry soils, thus reflecting changes in sediment character during disposal. The
curve number for the dike was assumed to be 94 consistently throughout the life of the
CDF. A composite curve number was calculated (Column 12) based on the percentage of
surface area that was dike and the percentage that was sediment. The “S” value resulting
from the composite curve number is shown in Column 13. To determine average annual
precipitation run-off, an average annual precipitation value of 33.48 inches and an average
annual evaporation value of 13.85 inches were used. The average annual run-off minus
infiltration into the soil is calculated using the SCS curve number method, and shown in
Column 14. Evaporation is subtracted from this value, and the volume is converted to
cubic feet, shown in Column 16. The total effluent volume is estimated as the runoff plus
the interstitial water, and is shown in Column 17.

This method for run-off estimation assumes that the average annual rainfall is actually one N
year-long event falling continuously. While this is clearly a gross assumption, it is

sufficient for this level of estimation. More complex run-off estimates using design storms

will be performed in future phases of work.

Table 4 shows the volume of effluent (not including groundwater pumpage) for each cell
and the total volume for the entire CDF for each year of the filling life. The total effluent
ranges from a low of 105,515 gallons per day, to a maximum of 228,148 gallons per day,
with an average of 162,727 gallons per day.

2.2. Effluent Quality
The concentrations of PCBs, PAHs, ammonia, arsenic, lead, cadmium, chromium, and
zinc were estimated for each year of filling life of the CDF, assuming a combined waste
stream of groundwater and effluent (run-off plus interstitial) from the CDF. Tables 5
through 12 show the estimated concentrations for each year. These concentrations were
calculated by determining the total estimated mass of the contaminant and dividing by the
total estimated volume of the combined waste streams.

Contaminant mass from ground water was calculated using the average concentration for
all ground water samples from the USACE database. For the purposes of estimating the
contaminant mass, non-detect data was assumed to be equal to the reporting limit. Pore



(or interstitial) water contaminant mass was estimated using the concentrations identified
in the document “Disposal Alternatives for PCB-Contaminated Sediments JSfrom Indiana
Harbor, Indiana (Miscellaneous Paper EL-87-9)” prepared by the USACE, Waterways
Experiment Station. The pore water concentration used (shown at the top of each table)
was the average of leachate concentration in both aerobic and anaerobic samples (WES,
page 59). Run-off contaminant mass was estimated from unfiltered run-off concentrations
measured by WES from lysimeter tests on Indiana Harbor sediment (WES, page 63).

The estimated contaminant concentration for the combined waste stream (ground water +
run-off + interstitial water) was calculated for each contaminant for each year of the CDF
filling life. The maximum, minimum, and average concentrations are shown at the bottom
of the last column for Tables 5 through 12.

Table 13 shows the estimated concentrations for the separate waste streams, plus an
estimated concentration of filtered effluent. For organic parameters, the filtered
concentration assumes that 85% of the initial contaminant mass was removed via sand
filtration, and that 95% of the remaining mass is removed via carbon adsorption.
Inorganic filtered concentrations are estimated assuming only 85% of the mass removed
via sand filtration. Table 13 also provides Indiana Water Quality Standards for Indiana
Harbor (where applicable).
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Table 1. St Noest Cell
1 2 3 4 S 6 7 8 9 10 11 12 13 14 15 16 17

Year | Vol. Sed. (CY) [ Wt. dry solids | Wt. of water (i) | Wt. of water (f) | Vol water drain (cf) | Area (-éF) Eff. Area| % Area Sed. | Sed CN| Dike CN| Comp CN| S |Q (in)[Ev. (in)| Q precp. (cf) | Q total (cf)
1997 0 0 0 0 0 0

1998 156457 350032785 364319837 233355190 2098792| 1430387| 1567384 91.26% 85 94 85.79/1.66|31.57| 13.85| 2,314,592| 4,413,385
1999 0 0 0 0 0| 1430387| 1567384 91.26% 80 94 81.22]12.31/30.86| 13.85| 2,221,406| 2,221,406
2000 161423 361142948 375883477 240761965 2165409| 1475411| 1567384 94.13% 85 94 85.53/1.69|31.53| 13.85 2,309,504 4,474,912
2001 0 0 0 0 0| 1475411| 1567384 94.13% 80 94 80.82|2.37|30.79] 13.85 2,212,836| 2,212,836
2002 166464 372420905 387621758 248280603 2233031| 1521089| 1567384 97.05% 85 94 85.27|1.73]|31.49] 13.85| 2,304,318] 4,537,350
2003 0 0 0 0 0| 1521089| 1567384 97.05% 80 94 80.41/2.44/30.72] 13.85| 2,204,080 2,204,080
2004 171573 383850994 399518382 255900663 2301566 1567384| 1567384 100.00% 85 94 85.00/1.76/31.45| 13.85| 2,299,040 4,600,606
2005 0 0 0 0 0| 1567384| 1567384 100.00% 80 94 80.00|2.50] 30.66| 13.85 2,195,142| 2,195,142
2006 0 0 0 0 0| 1567384| 1567384 100.00% 75 94 75.00]3.33|129.79| 13.85 2,081,667 2,081,667
2007 176750 395433216 411573348 263622144 2371013| 1363090| 1496852 91.06% 85 94 85.80/1.65/31.57| 13.85| 2,210,766 4,581,779
2008 0 0 0 0 0| 1363090 1496852 91.06% 80 94 81.25/2.31/30.86] 13.85| 2,121,999] 2,121,999
2009 0 0 0 0 0| 1363090 1496852 91.06% 75 94 76.70{3.04]/30.09] 13.85| 2,025,894| 2,025,894
2010 0 0 0 0 0| 1363090 1496852 91.06% 75 94 76.70{3.04/30.09] 13.85| 2,025,894| 2,025,894
2011 153386 343162203 357168823 228774802 2057596| 1407103| 1496852 94.00% 85 94 85.54]1.69]/31.53| 13.85 2,205,793| 4,263,390
2012 0 0 0 0 0| 1407103| 1496852 94.00% 80 94 80.84/2.37|130.79| 13.85| 2,113,625 2,113,625
2013 0 0 0 0 0| 1407103] 1496852 94.00% 75 94 76.1413.13[29.99| 13.85| 2,013,552| 2,013,552
2014 0 -0 0 0 . 0| 1407103| 1496852 94.00% 75 94 76.1413.13/29.99| 13.85| 2,013,552| 2,013,552
2015 158812 355301499 369803601 236867666 2130384| 1451667| 1496852 96.98% 85 94 85.2711.73[{31.49| 13.85 2,200,735| 4,331,119
2016 0 0 0 0 0| 1451667| 1496852 96.98% 80 94 80.42|2.43|30.73| 13.85 2,105,084 2,105,084
2017 0 0 0 0 0| 1451667 1496852 96.98% 75 94 75.57|3.23|29.89| 13.85 2,000,928 2,000,928
2018 0 0 0 0 0| 1451667| 1496852 96.98% 75 94 75.57]13.23/29.89| 13.85 2,000,928| 2,000,928
2019 163799 366458644 381416140 244305763 2197282| 1496852| 1496852 100.00% 85 94 85.00{1.76]/31.45| 13.85| 2,195,583| 4,392,865
2020 0 0 0 0 0| 1496852| 1496852 100.00% 80 94 80.00/2.50/30.66] 13.85| 2,096,361| 2,096,361
2021 0 0 0 0 0| 1496852| 1496852 100.00% 75 94 75.00]3.33{29.79| 13.85 1,987,993| 1,987,993
2022 0 0 0 0 0| 1496852| 1496852 100.00% 75 94 75.00/3.33/29.79| 13.85 1,987,993| 1,987,993
2023 150330 336325179 350052737 224216786 2016602| 1297831| 1340499 96.82% 85 94 85.29/1.73[/31.50| 13.85 1,971,109| 3,987,711
2024 0 0 0 0 0| 1297831 1340499 96.82% 80 94 80.45/2.43130.73] 13.85 1,885,622| 1,885,622
2025 0 0 0 0 0| 1297831] 1340499 96.82% 75 94 75.60{3.23]/29.90] 13.85 1,792,549| 1,792,549
2026 0 0 0 0 0| 1297831| 1340499 96.82% 75 94 75.60{3.23/29.90| 13.85] 1,792,549| 1,792,549
2027 146563 327897474 341281044 218598316 1966069| 1340499 1340499 100.00% 85 94 85.00]1.76/31.45] 13.85 1,966,245| 3,932,314
2028 0 0 0 0 0] 1340499| 1340499 100.00% 80 94 80.00{2.50{30.66] 13.85 1,877,386| 1,877,386
2029 0 0 0 0 0| 1340499 1340499 100.00% 75 94 75.00{3.33129.79] 13.85| 1,780,338 1,780,338
2030 0 0 0 0 0| 1340499 1340499 100.00% 75 94 75.00/3.33[29.79| 13.85] 1,780,338[ 1,780,338
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Table 2. South East Celt

1 2 4 5 E 7 a- B 10 LA 12 13 14 15 16 17
Yoar | Vol. Sed. (CY) | W, dry solids | WA, of water (1) | WL of watar i} | Vol water drain (cf) [ Area (SF) | EN. Area| % Area Sed, | Sod GH| Dike CN | Comp GH] & 10 i) [ Ev. (in})] O preep. ()|  Q el
15597 [1] 1] o [i] i) Q a
1998 0 a [1] 0 0] 0] 1s18318 0.00% 94 94|0.64[32.73] 13.85| 2.545620] 2 545,620
1583 161463 351232438 375576619 240821625 2165845| 14762739| 1618319 91.22% 85 84 85.79|1B8|31.57| 13.85| 2389,676]4,555.821
2000 0 0 1] [1] 0] 1476273] 1616315 B.22% 80 24 81.23/2.31|30.88] 13.85| 2293707]2,293.707
2001 166616 AT2TE0956 JATETST00 248507311 2235070| 1522598| 1618319 94,11% BS 94 B5.53| 1.68|31.53] 13.85 2,334 555 4,619,666
2002 o 0 a Q 0] 1522583] 16183158 B4.11% 50 84 B0.82(2.37|30.74| 13.85 2,284,815 2,284 815
2003 171841 384450576 400142438 258300384 2305161 1570401 | 1618315 a7.04% 85 24 B5.2711.73|31.45 13.85] 2,379,215 46684376
2004 — 0 o 0 1] 0] 1570401 [ 1618319 97.04% 80 94 80.41]12.44130.72| 13.85] 2275729 2275728
2005 177133 386303505 412479158 264202337 2376231| 1618319] 1618318 100.00% a5 54 B5.00]11.76]31,45] 13.85 2,373,751 4,745 982
2008 0 0 0 1] 0] 1618315] 1618319 100.00% B0 94 B0.0012.50130.66| 13.85] 2.366,477|2.265.477
2007 a0 [1] a a 0| 1618315| 1618319 100.00% 75 84 75.0013.33)29.79| 1385 2,145,315( 2,149,315
2008 182501 408255618 424964508 272199745 244B160| 1403076] 1543728 91.01% a5 Ha 85.81]1.85]| 31.57| 1385 2.2580,189| 4,728,349
2008 4] 1] 8] 0 0f  1405076] 15437538 91.01% 80 34 81.26] 2.31| 30.86] 13.85 2,188,657 | 2,188,657
2010 0 0 1] v} 0] 1405076 1543798 91.01% 75 g4 T6.71]3.04/30.08]| 1385] 7,085,546| 2.069.645
2011 0 1] 0 [+ 0] 1405076] 1543798 91.01% 73 94 FE.71|3.04)30.08| 13.85| 2,085645] 2,080,645
2012 158126 253766748 JGBEZ0E207 235844485 2121181] 1450715] 1543758 53.97% BS B4 85.54] 1.69[ 31.53] 13.85 2,275,032 4,355,214
2013 4] a ] 0 O 1450716] 1543788 53.97% BO B4 80.84| 2.37| 30,80 1385 2,180.014] 2,180,014
2014 [1] [} 0 0 D] 1450716] 1543738 §3.97% 75 94 76.15/3.13|29.99| 13.85] 2,076,850| 2,076,850
2015 o] 1] 0 0 0] 1450718] 1543798 93.97% 75 54 76.15/3.13|29.99| 13.85] 2.076.850| 2,076,850
2016 163743 356333359 381265741 244222239 2156530| 1496933| 1543798 85,96% 85 g4 B5.27]1.73|31.43| 13.85] 2265,787|4,466,317
2017 i) Q [*] 0 0| 1455533] 1543788 55 .56% ED G4 80.42|2.43|30.73| 1388 2AT1157| 2171 157
2016 Q 1] o o D] 1456933 1543708 06, 06% 75 EX] 75.58{3.23| 25,69 1385 2.063,758| 2,063,758
2018 a Q ['] o Of 1485933] 1543792 96.96% 75 94 75.5813.23|28.68| 1385 2.063,758| 2,063,756
2020 168815] 377904385 393325064 251938263 2265910| 15437048| 1543758 100.00% a5 54 85.00]1.76)31.45| 13.85] 2,254 444] 4,530 354
2021 1] 0 0 0 0| 1543798| 1543738 100, 00% 20 94 80.00|2.50030.66| 13.85] 2152108 2,162,109
2022 a [1] [1] 0 0] 1543708[ 1543708 100.00% 75 54 75.0013.33129.79] 13.85] 2,050,343]| 2,050,343
2023 a Q ['] '] 0| 1543798| 1543728 100.00% 73 B84 75.0003.33)20.78] 13,85 2,050,343 2,050,343
2024 154823 JEITT125 350514967 230918083 207BB73| 1335639| 1379845 55.80% 85 54 B5.29|1.72|31.50] 13.85 2,029,003} 4,105,876
2025 Q 4] L [ 0| 1335638( 1379849 96.50% 80 94 B80.45]2.43[ 30,73 13.85 1.941,030( 1,541,030
2026 0 1] 0 0 0y 1335635( 1379849 96.80% 75 84 75.61|3.23|129.90| 13.85] 1.845251] 1.845.251
2027 0 0 1] 0 0] 1335633| 13739649 56 80% 75 94 75.61|3.23|29.90( 13.85] 1,845 3251] 1,845,251
2028 150831 337446039 351219347 224864028 2023322 13789848] 1373848 100.00% 85 94 85.0011.76]31.45( 13.85] 2.023963] 4,.047.2B5
2023 0 [¥] 5] 0 0] 1375849( 1379549 100, 00% B0 94 80.0012.50/ 30.66| 13.85[ 1,932 455] 1,932 496
2030 0 [1] 0 0 0| 1379849] 1375849 100.00% 75 54 75.00]3.33|29.79] 13.B5] 1,832,599| 1,832,559

)



lable 3
. - - ) ] 7 8 9 0 11 15
oar W_dry solids | W of water () | Wt of water ()] Vol water drain (c) | Area (SF)| EN. Area| % Avea Sed. | Sed CN| Dike CN| (EV. (in)
1 0 0 0 0 0 0 0
1998 0 PV o] Py 0 94 3.85
1999 140642|  314650741|  327493628| 209767160 85| o4 3.85
2000] | | 0 0 80| o4 13.85
2001 145686| 325035400| 339238895 217290273 [ ) f 13.85|
2002 __ 0 0 0 0 sl o4 . 13.85
2003 150831]  337446039|  351219347| 224964026 2023322 [ 34 5 13.85
2004 0 0 o] 0] 80 7] 2. 13.85
2005 1m"+ 345090904 363339513|  232727270| 2093145 85 94|  85.00/1.76|31.45] 13.85
2006 o] 0 0 0| 80 94| 80.00|2.50|30.66] 13.85
2007 | o] 0 0 75 94| 75.00|333[26.79] 13.85
2008 0 o] o] 0 75 84| 75.00/3.33[29.79 13.85
2009 161305| 360878953|  375608706| 2 85 84| 85.00]1.76|31.45] 13.85
2010] 0| o] o] 0 80| o4 80.00]2.50[30.66] 13.85
2011 0| D 0| 0] 75 84| 7500[3.33]20.79] 13.85
: o] 0| 0 )| 75 84| 75.00]3:33[28.79] 13.85
2013 131900|  205112872| 307156295 196741915 88 4| 8562]1.68[31.55] 13.85
2014 0 0 | 0 80 4| 8097|2.35[30,82| 13.85
2015 0 D 0 o] 75 4| 76.32|3.10/ 30.02| 13.85
2016 0 0 0 o] 75 94] 76.32|3.10/30.02] 13.85
2017l 137290"[ —307151492| 319688288 2om7@+ 85| o4 ®8531]1.72|31.50] 1385
[2018] 0 0 o] 0 80| 94| 80.49[2.42[30.74] 13.85
2019 0 | 0 0 75 84| 7566|3.22[2091] 1385
2020 D 0 0 — 0 75 54 _ﬁ.ss"‘l'_:gz 20.91] 13.85
2021 142310] s1m_‘_|‘ 331377670 212254978| 88 94| 8500|1.76/31.45] 13.85
2023 _ol | o] o_I 80 84| 80.00/2.50|30.66] 13.85
2023 0 o] 0 0 75 84| 75.00[3:33[20.79] 13.85
2024 0 0 0 | 75 84| 75.00]3.33|29.79] 13.85
2025 125221] 2801501 291584872| 186766781 85 94| 85.35/1.72|31.50] 13.85
2026 ] 0 0 0 80 84|  80.54|2.42[30.75| 13.85] 1,544,014] 1,544,014
2027 | | 0 | 75 84]  75.7313.20/29.92| 13.85] 1,468,558 1,468,558
2028 ol | 0 0 75 84| — 75.73|32029.92| 1385 1,468,558| 1,468,558
2029 9462 278174683 mtma%i 88 84| 85.00]1.76|31.45| 13.85] 1,608,540 3,211,063
2030 [ 0 0 94| 80.00{2.50{30.68] 13.85] 1.535,847] 1.535 847




Table 4. Total Flow

SW Cell SE Cell N Cell Tot. Prec. | Tot. Pore Total Q
Year| Q Prec. (cf)| Q Pore (cf)| Q Prec. (cf)| Q Pore (cf)| Q Prec. (cf)| Q Pore (cf) (cf) (cf) (cf) (gpd)]
1998 2,314,592[ 2,098,792] 2,545,620 0] 2,246,301 o] 7,106513] 2,098,792] 9,205,305] 188,646
1999] 2,221,406 0| 2,389,876| 2,165,945 2,110,472| 1,886,642 6,721,754| 4,052,588| 10,774,341| 220,800
2000] 2,309,504| 2,165,409 2,293,707 0] 2,026,702 0| 6,629,913] 2,165,409 8,795321[ 180,244
2001] 2,212,836 0| 2,384,596| 2,235,070] 2,105,294| 1,954,305/ 6,702,726 4,189,375{ 10,892,101] 223,213
2002| 2,304,318] 2,233,031] 2,284,815| o] 2,017,989 U 6,607,122] 2,233,031| 8,840,154] 181,163
— X . . 9
f ’ T 2,066,477] o[ 1,999,980] 0] 6,348,124] 0] 6,348,124] 130,093]
) | : N | 5,929,275 2,163,826| 8,093,100| 165,853
o ' T 5,752,734 0| 5,752,734] 117,892
- , J > 5848,001] 2,057,596] 7,905,598 162,011
Z2012] 2,113,625 o] 2,275032] 2,121,181] —1,552562 0] 50941,219] 2,121,181 8,062401] 165,224
2013] 2,013,552 0] 2,180,014 o| 1922505 1768,493] 6,116,071 1,769,493] 7,885565| 161,600
2014] 2,013,552 0] 2,076,850 o] . i ) X
2015] 2,200,735] 2,130,384 9| 1,757,126] 0 i
) ) 1,917 418] 1,841,677 ) )
) i 1,834,593 0 ) )
- T - 1,744,445 0 " )
- 1 2,264,444] 2,265,910 1,744,445 0 '
) 2l 2,162,109 0 ) J
, ~1 2,050,343 0] 1,825,815] 0 j
i ) 2,029,003 2,076,873 1,731,433 0 ' )
j 1,941,030 0| 1,613,365 1,679,777] 5,346,944| 1,679,777 X
) ) 1,845,251 0| 1,544,014 0] 5,181,814 0
. - :l 1,468,558 0
B ) 0
2028 1,780,338 0] 1,932,496 o] 1,608,540| 1,602,523] 5,321,375] 1,602,523] 6,923,898] 141,892
2030 1,780,338 o] 1,832599 0] 1535847 0] 5,148,785 0| 5,148,785 105,515
max 228,148
avg. 162,727
min 105,515




We ality PCBs
Pore water conc.= 0.0018 mgiL
unox. runoff conc. (unfil)= 0.0002 mgL GW Pumpage (1styr)= 2,517,986 CF
ox. runoff conc. (unfil)= 0.0002 mglL GW Pumpage (other yrs)= 30,635 CF
GW Conc.= 0.0037 m
SWCell]  SE Cell N Cell] SW Call] Cell NCel| SWCell]  SE Cell NCel| SWCelll  SE Cel N Cell Pore Conc.| RO Conc.| GW Conc.] Total Conc.
'_;r.:;;; pore [cg pore [cg pore (cf)] Q precp. [2! Q precp. sa Q precp. iﬂ | Mass in PW M_a.ﬂ in PW Mﬁs in PW| Mass in RO| Mass in RO| Mass in RO| Mass in GW (ug/L) (i (ugiL) iﬂ!
1998| 2,098,792 0 2,314,592 2,545,620 2,246 301 112,932 13,110 0 0 263 845 1.90 0.065 3,700 1.17
1999 0] 2,165945] 1,886,642 2,221,406 2,389,876 2,110,472 0 116,545 101,516 12,582 13,536 11,954 3,210 1.90 0.200 .700 0.85
2000] 2,165,409 0 0 2,309,504 2,293,707 2,026,702 116,516 0 0 13,081 2992 11,479 3,210 20 200 700 0.63
2001 0] 2235070] 1,954,305 2,212,838 2,384,596 2,105,294 0 120,265 105,157 12,534 3,506 924 3,210 90 .200 700 0.86
2002] 2233031 C 0 2,304 318 2,284 815 2,017,989 120,155 0 13,052 2,941 430 210 90 0.200 700 0.64]
2003 0] 230516 2,023,322 2,204,080 2,379,215 2,100,016 0 124,03¢ 108,87 12,484 3,476 894 210 .90 0.200 700 88
2004 2301566 C 0 2,299,040 2,275,729 2,009,08 123,843 C 13,022 12,890 379 210 1.90 0.200 3,700 65
2005 0] 237623 2093145 2,195,142 2,373,751 2,094 641 0 127,860 112,628 12, 433 13,445 11,864 3,210 1.90 0.200 3,700 .89
2006 0 C 0 2,081,667 2,266,477 1,999,980 0 C 0 11,791 12,837 11,328 3,210 0.200 700 22
2007] 2371.013 C 0 2,210,766 2149315 1,896,595 127,579 C 0 12,522 2174 10,743 ,210 90 0.200 700 0.68
2008 0] 2448160 0 2,121,999 2,280,189 1,896,595 0 131,73 0 12,019 2915 10,743 3,210 90 0.200 700 0.69}
2009 0 0] 2,163,826 2,025,894 2,188,697 1,714,684 0 116,431 11,475 2,397 9, 712 3,210 90| 0.200 700 0.67
2010 0 0 0 2,025,854 2,089,646 1,637,194 0 0 1,475 11,836 WIE 210 200 .700 0.22
2011 2,057,596 0 0 2,205,793 2,089 646 1,552,562 110,71 0 0 2,454 11,836] 794 210 1.90 200 700 0.65
2012 0] 2,121,181 0 2,113,625 2,275,032 1,552,562 0 114,137 0 1,972 12,886] 794 210 1.90 200 700 0.66
2013 0 0] 1,769,493 2,013,552 2,180,014 1,922 505 0 0 95213 1,405 12,348 10,889 3,210 1.90 200 .700 59
2014 0 0 0 2,013,552 2,076,850 1,843,178 0 0 0 11,405 11,763 10,440 210 200 700 2|
2015] 2,130,364 0 0 2,200,735] 2076850 1,757,126 114,632 0 0 12,465 11,763 952 210 190 200 700 65|
2016 0] 2,196,530 0 2,105,084 2,269,787 1,757,126 0 118,191 0 11,923 12,856 952 210 1.90 0.200 700 66
2017 0 0] 1,841,677 2,000,928 2,171,157 917 41 0 0 99,097 11,333 2297 10,860 ,210 1.90 0.200 700 .61
2018 0 0 0 2,000,928 2,063,758 834,592 0 0 0 11,333 11,689 10,391 210 .200 700 22
2019) 2,197,282 0 0 2,195,583 2,063,758 T44 445 118,231 0 0 12,436 11,689 .88 210 1,90 200 700 67
2020 D] 22659810 0 2,096,361 2,264 444 144 445 0 121,924 0 11,874 12,826 88 210 1.90 . 200 .700 67
2021 D 0] 1909.017 987,993 2,162,10¢ 912,23 0 0 102,720 11,260 12,246 10,83 210 1.90 200 700 .62
| 2022 0 0 0 987,993 2,050,34 825 81 0 0 11,260 11,613 10,341 210 . 200 .700 .22
2023| 2,016,602 0 0 971,109 2.050 34 1,731,433 108,509 0 11,164 11,613 807 210 1.90 200 .700 .65
lﬂ!l 0| 2076873 0 885,622 2,029,003 1,731,437 111,75 0 10,680 1,492 807 210 1.90 .200 .700 67
| 2025 0 0| 1679777 792,549 ,941,030 1,613,365 C 0 90,385 10,153 0,994 3,138 210 1.90 .200 700 U.l‘il
2026 0 0 0 792,549 845,261 1,544 014 0 0 0 10,153 0,452 745 210 0.200 .700 0.‘£|
2027] 1,966,069 0 0 966,245 845,251 1,468,558 105,790 0 0 11,137 0,452 ,318 ,210 1.80 0.200 700 0.67
2028 0] 2023322 0 877,386 2,023,963 1,468,558 0 108,871 0 10,634 1,464 | 318 210 1.90° 0.200 .700 0.68]
2029 0 0] 1,602523 1,780,338 1,932 496 1,608,540 0 0 86,229 10,084 0,946 11 210 1.90 0.200 .700 0.61
2030 0 0 1,780,338 1.832.'599 1,535,847 0 0 0 10,084 0,380 699 210 0.200 3.700 0.22
max 1.17
min 0.2
avg. 0.60



Table 6. Water Qualkty PAHs

Pore water conc.= 0.9437 mgnL
unox runoft conc. (unfil)= 18.03 mgL GW Pumpage (1st yr)= 2,517,986 CF
ox. runoff conc. (unfily= 0.0877 mg/lL GW Pumpage (other yrs)y= 30,635 CF
W cone = 53 mel
5V Call M EECm  Cell B Gl EE Call W Call S Caill SE Call W Cali Pors Conc.| RO Conc,| GW Conc.|  Toml Cone.
'_;f';;; pnn!l,'.g _1;||:||I1|:!']-n PD(ILu Omﬂ =] Mass in PW]  Lass in P Lase in P H-lghﬂﬂ- g in BD Max in BO tamn In G {mgiL]| (gt} 1% [rhq.ﬂ_J
| 1598|7098 7R 0 0 2314 552 7 545 530 7,246,301 88,051 453 1,169 853 001 [ 0| 37oA0a 3] [T [TH 520 8%
[ 2165545 1,888 42 7721 408 7,389 576 2110472, 0| 57,886,156] 50431617 8817 237| 170201503 1,077 621,184 4,511 505 [T 1210 570 700
000 2 185 4k ] [ 7 309 504 7293707 2026.702] ST A71E1E 0 of 1 170 254,685 5 08,798 5 033, 647 4501 808 X7 [E"] [ %01
2000 1735070] 1 554 308 2312836 7 384 555 2108 254 0| 55733 50| =57 77w 933 4255 A7) 1717 407,467 1074 943 763 4500 508 [ 1z 520 Tai
[2002] Z70031] @ a 2,304 718 FRLIICIE] 20179850 59 870 068 [ 0] 1,78 607 0% 5674 711 5,013,008 4 571,505 7 £33 (¥ 4
2000 0] 2305161 2073332 7,204 D80 2,379,215 7100 016 0| 61606778] 54074474 7408 1m0 93z 1072288 372 £511 505 T 1211 520 '.r.ﬁ
7004] 7,301 %56 0 [ 2,293,040 51,810,508 [ O] 11730018 & 557, 14E 4,380,581 4571 505 H [ED 524 e
| 2005 0| 237e331| 2093148 2,195,142 0| E3,50 164 25,940,520 & 451 G4]  1.212.060,000] 1 0060, 543 778 511 505 i 1212 520 ]|
E= 0, 0 0 7,081 57 0 [ £ 170,153 & B20 167 4,507 78 4501 A0 0.9 520 a.11
 2007| 23711,01 o 0, 710,768 B3 380,104 o o] 1 17a 804515 5,338,178 4,710,504 L1 A0 o 643 50 L5y
2008 O] 244l tE0 0 121,589 o &% 428 47 [0 L 270,333] 1 164 288477 4710, 504 RIS [T [ 528 5 01|
| 2000 o 0] 2163828 2 (125 Bk 0 0] ST ez st 5 001 640 S435087] 875534 085 205 0.5 578 3 20 [EF
2010 o o 0 7,075 B4 0 [ [ 5001 640 RN 4,066,240 = ) 0 FEL
2011 7,057 568 0 [ 2208780 54 950 468 0 0] 1,176 799,165 5 183 572 1,856 043 E11,508 0.54) 6 E& 5 20 533
| 2 0] 212118 0 2113 625 0] =6 E80 807 5740534 1981651432 3 B4 043 4811 805 ) 665 530 504
2013 [ 17664 2,013,552 [ 0| 4T 28074 5 000, 554 XN BE1 845 544 W11 508 004 573 %55 |
it [ [ 2013 553 [ [ ] % 000 S48 & 1258 157 FCEERET & 5110 0.09] 590 i
2015|2130 384 0 7 200,735 55 02 148 0 5] 1,123,716, 4A2) 5 458 157 1,384,110 4511, 50 D3] 1= 50 515
T01E 0] 37,166 530 0 7,105 084 0| 55 703 %50 T 5778 377] 1158575043 RIS 3511 508 [ T 5 0] 570
2017 [ ol a1 err 2 000,520 [ ] 45295 8A% 4,545 512 353424]  Gre.0etar 4510, 505 b T4 20 =)
08 0, 0 [ 2,000,528 . o o 4 503 517 5 124 B8 1 FEEE 4510 505 & 20 FEL
2019] 2.197.282) 0 [ 7,195 ER3 BR 723 63t o o] 1121085 A3 5 175 BA1 4332616, 4,500 50 Bad 5 o 512
2020 o 2265010 0 2 096,31 80557 198 o 4 308 E98] 1150 740,562 4332 616 4500 505 .04 Ta %70 517
o] 0 0] v im017 1,587,591 o] #1018 807 4,937 508 4360591 576404317 1500 504 1T 15 % 20/ 480
Frir] i [ ] 1987 903 [ [ [ 4,937 808 A Ou2, 34 153471 4411 508 [ 530 it
[ 2] 2.0vs 802 [ -] 1871, 108 S3modmen| [i] o] 1,008 457 118 B 387 4,300 41 a0 O T .24 B0 & BE ]
24 [4] ?DHH =] ILI-E I O] 55 06 gdT [] A 5L 352 1.mmﬂ! [ ] & BN 508 .54 § 54 320 5.03
fiore] [1] o] 1878777 1,782 543 [1] 0] 44293074 & 47 DA9 4 _HID BEE [FERIT N EE] 4871 A ET] & o H
| 026 [ o al 1782548 I a o 2,452,053 4,587 984 3,834,870 4,571,505 0,09 20 0.12]
[ 2077] 1,966,060 I o 568 145 B2 B O [ 0] 1,003,523,354 45837 D4 3 647 406 4 511 805 [T fil 20 515
038 [ ETEE [ BT 386 0| S 07aard [ 4552797 1,033 455028 3,847 404 4 511,508 [T &5 20 53
039 0 o] 18078 TA0 118 [ 0] 47 838 383 3421 781 A TEe 672 1,338, 140 4511 508 ogd &1 29 [
mﬂ! o o [ 1,780,338 0 0 0 4 471,781 4 551 581 TR LAY 504 i 0 [RH |
max [FEE] EE]
min 0.09 0.11
avg. 5.68 4.25

J

<€)



()

Table 7. Wati ality Arsenic

O

Pore water conc.= 0.025 mg/L
unox. runoff conc. (unfily= 0.232 mgt
ox. runoff conc. (unfil)= 0.005 mg/t
SW Cell SE Call H Cail W Cail] SE Cell N Call SW Cell SE Call M Call SW Call SE Call W Cell| Pora Conc,| RO Conc] Telal Cene,
oar paie {cf) pore {cf) pors (cfi] O precp. (cf)]  Q precp. (cf}| O precp. (cf)] Mazs PCHs| Mass Con.| Mass Con| Mass Con | Mass Con|  Mass Con. {ma'L} {maiL) {mgiL)
1987 '] 0 1]
1998 2,088,752 o [ 2,314,553 2,545,620 2,246 301 1,485 945 _| 15207426 = 1] /] 0,03 0.0a 0.06
1959 0 2165545] 1,866,647 2,221,406 2,380,875 2110472 0| 1533480 1335743 314,551] 15.702.057] 13.B65.307 0.03 0.16 0.1
2000| 2.165409 '] 1] 2,308 504 2293707 2026702 1,533,109 0| 0] 15173,993 324,789 285,981 0.03 0,08 0.07
2001 0] 2235070] 1.954306 2,212,836 2,384,556 2,105,254 0] 1582.430] 1353648 313.338] 15,667,366 13,832,286 0,03 0.16 0.41
2002| 2233021 1] [] 2,304 218 2,284,815 2017886 1580985 [1] 0] 15133824 323,530 285747 0.03 0.08 0.07
2002 o] 2305161] 2,023322 2,204,080 2,379,215 2,100,016 0] 1832054 1432512 312,098] 15632.012] 13,797 610 0.03 0.18 .11
2004| 2,301,556 [1] ==l 2,255,040 2,275,725 2,009,081 1,629,509 1] 0] 15105242 322,243 284 486 0.03 0.08 0.07
2005 0] 23v6231] 2093145 2,185,142 2,373,751 2,054 841 0] 1882372 1.4813547 310.832] 15,595.114] 13,762,254 0.03 0.18 0.10
2006 0 0 1] 2,081,667 2,266,477 1,948,880 ] =0 0 254 784 320,933 283,187 0.0 0.01
2007] 2.371.013 [1] 1] 2.210,755] 2,145 315 1.886.595] 16TBETT /] D] 14535365 304 343 258 558 E] 0.09 0.07
2008 0] 2448150 1] 2.121,999] 2,280,185 1,886,595 of 1,733 297 1] 300 475] 14981380 268,558 003 0.09 0.07
2005 ] D] 2183826 2,025,854 2,188,637 1,714,684 0 0 1,531,889 286 867 300919] 11,265885 0.03 0.07 0,05
2010 ] 0 0 2,025,834 2,089 546 1.637,194 D 0 0 2185 BET 295,804 231 827 0.01 0.01
2011] 2,057 526 0 [1] 2,205,793 2,080 546 1,552 582 1455778 0 0] 14,482 500 285804 219,843 0.03 0.09 0.07
012 0] 2a1.181 ] 2,113,625 2,275,032 1,552 562 0] 1,501,786 [1] 200263 14,847 509 219,843 0.03 0.08 0.07
2013 0 o] 1.769.433 2,013,552 2,180,014 1,922,505 0 oj 1252801 285,118 308.600) 12631320 0.03 0.08 0.08
2014 i [1] a 2,013,552 2,075,850 1843178 [1] 0 [] 285,119 284 082 260,954 0.01 0.01
2015] 2,130,154 1] ¥ 2,200,735 2.076,850 1,757,126 1,508,312 o o] 14,458 358 204, 082 248 BDS 0.03 009 007
2016 0] 2.195530 [1] 2,105,054 2,258,767 1,757,126 0] 1,555,144 [i] 208,080 14,813,045 245 809 003 .03 0.07
2017 7] 0] 1841677 2,000,928 2,171,157 1,817,418 (1] 0] 1,303.907 283,311 307,436] 12587895 0.03 o.08 0.05
2018 1] 0 0 2,000,928 2,063,758 1,834 583 ] [1] [1] 283,331 292 738 250,778 om 0.0
2018] 2,167,282 0 1] 2,185,583 2,062,758 1,744,445] 1565675 [1] O] 14,425 508 292,228 247,013 0.03 0.08 0.07
Eﬂ 0| 2.265.910 0 2,096,361 2,264 444 1,744,445 0] 1,604 3264 0 296,845] 14,877.938 247,013 0.03 009 o.a7
2021 (1] o] 1509017 1,987,933 2,162109] . 19123233 o 0f 1351584 281,500 306,155] 12,583,827 0.03 0.08 0.08
20322 1] 0 [1] 1,887 993 2,050,343 16253815 4] a 0 281,500 290,328 258,535 om 0.01
2023 21.016.602 [1] 0 1.871,108 2,050,343 1,731.433[ 1,427,754 0 0] 12 550,658 290,328 245171 0.03 0.0a 0.07
2024 0] 2076873 0 1,885 622 2,029,003 1,731,433 0] 1470426 o 267.004] 13331038 245471 0.03 .08 0.07
2035 4] o] 1679777 1,792,549 1,941,030 1,613,365 [] 0} 1,185.282 253,815 274 850| 10,600,188 0.03 0407 D.04
2026 1] [1] [1] 1,752 549 1,545,251 1,544,014 ] 0 (4] 153 BIS 261,288 218,632 0.0 oom
| 2027] 1,966,068 [1] [1] 1.5966.245 1,845,251 1,466,5558] 1,391,877 [1] 0] 12918689 261,288 207 548 0.03 0,09 0.07
2028 0] 2023322 1] 1877266 2,023,553 1,466,558 0] 1432512 [ 265.838| 13297924 207,548 0.03 0.0 0.07
029 1] 0 1602573 1,760.338 1,832 496 1,608 540 o 0] 1,134,588 252,086 273,641] 10,568 496 0.03 0.07 0.045
2030 [ 0 0 1,780,338 1,832,599 1,535,847 0 o Q 252,084 258,454 217,476 o.M 0.0
mdx 0.8 on
min 0.01 0.m
ang. 0.08 0.08



S. Water Quality Lead

Pore water conc.= 0.2125 mgL
unox. runoff conc. (unfil)= 8.8 mg/L GW Pumpage (1sstyr)= 2,517,088
ox. runoff conc. (unfil)= 0.032 mg/L GW Pumpage (other yrs)= 30,635
GW Conc.= 0.7706 mg/L P
SW Cel]  SE Cell N Cell SW Cell SE Cell NCell| SW Cell SE Cell N Cell SW Cell SE Cell N Cell Pore Conc.| RO Conc.| GW Conc.| Total Conc.
Year pore (cf) pore (cf) pore (cf)| Q precp. (cf)| Q precp. (c¢f)| Q precp. (cf)| Mass in PW | Mass in PW| Mass in PW| Massin RO| Massin RO| Mass in RO| Masss in GW (mg/L) (mg/L) (mg/L] (mg/L)
1997 0 0 0
1998| 2098792 0 0 2,314,592 2,545 620 2,246,301| 12,630,533 445 734 809 0 0 54,950 896 0.1 221 0.77 1.55
1988 0 2,165845| 1886842 2,221,408 2,380 876 2,110,472 0] 13,034859| 11353812 2013127 460232,713| 4064262268 668,560 0.21 456 0.77 292
2000| 2,165,409 0 0 2,309,504 2,293 707 2026,702] 13,031,430 0 0] 444754 958 2,078,648 1836678 668, 560 o1 2.38 0.77 1.85
2001 0 2235070] 1854305 2,212 838 2,384 596 2105294 0| 13450853 11,761,007 2005361| 459215913 405420073 868,560 0.21 4.57 0.77 2.89
2002| 2,233,031 0 0 2,304,318 2,284 B15 2017.989| 13438383 0 0] 443,756,404 2,070,508 1,828,782 868 560 0.21 2.38 0.77 1.84
2003 0] 2305161 2023322 2,204 080 2,379,215 2,100,016 0] 13872459| 12,176,355 1,897 426| 458179,675| 404 412697 868,560 021 4.57 0.77 2.85
2004| 2301566 0 4] 2,289 040 2275729 2,008,08 13,850,824 0 0] 442738 850 2,082 356 1,820,709 668 560 021 2.40 0.77 183
2005 0] 2376,231] 2093145 2,185 142 2,373,751 2,094 64 0] 14300,159| 12,596,546 1,980,325] 457127 488| 403377578 868,560 0.21 457 0.77 2.82
2008 0 0 0 2,081 667 2,266 477 1,989,980 0 0 0 1,886,490 2053972 1,812 482 868 560 0.03 Q.77 0.04
2007] 2371013 0 0 2,210,766 2,149,315 1,896 595| 14,268,755 0 0] 425740538 1,947,795 1,718,770 668,560 0.21 242 0.77 1.81
2008 0] 2448160 0 2,121 899 2,280,189 1,896,585 0 14733025 0 1,023 040| 439109709 1,718,770 868,560 0.1 2.48 0.77 1.84
2008 0 0] 2163826 2,025 894 2,188,697 714 684 0 0] 13,021,904 1,835,946 1,083 484| 330,206,965 468,560 0.21 1.86 Q.77 1.51
2010 0 Q 0 2,025,894 2,080 646 637,194 0 0 0 1,835,946 1,893,721 1,483 691 388 580 0.02 0.77 0.04
2011| 2057596 0 0 2,205,793 2,089 646 552 5¢ 12,382,616 Q Q] 424782824 1,893 721 1,406,994 368,580 0.21 2.58 0.77 1.56
2012 0] 2121181 4] 2113625 2,275,032 552 5¢ 0| 12765269 [4] 1,915451| 438116654 1,408 894 368,560 0.21 2.62 077 1.88
2013 0 0] 1769493 2013552 2,180,014 922 505 0 0] 10,648,811 1,824 762 1975618 370228340 868,560 o 2.16 0.77 1.72
2014 0 0 0 2,013,552 2,078,850 1843178 0 0 0 1,824 762 1,882,124 1,670,361 668,560 0.03 0.77 0.04
2015| 2130384 0 0 2,200,735 2,076,850 1,757,126| 12,820,648 0 0| 423,808,768 1882124 1,582,378 668 560 0.21 2.50 0.77 1.80
2016 0] 2,196,530 0 2,105,084 2,260,787 1757126 0] 13218720 0 1,807, 712] 437,106,508 1,592,378 368,560 021 254 0.77 1.92
2017 0 0] 1841877 2,000,928 2171,157 1817418 [*] 0| 11,083.210 e 321 1,987 588| 369,248 639 368,580 0.1 2.16] 077 1.71
2018 0 0 0 2,000,928 2,083,758 1,834 593 0 0 0 1, 32 1,870,260 1,682,582 368,560 0.03 0.77 0.04
2019] 2,197,282 0 0 2,195,583 2,083,758 1,744 445| 13,223 241 0 0] 422 635 1,870,260 1,580,888 368,560 0.1 25 0.77 1.89
2020 0] 2,265810 0 2,096,361 2,264 444 1,744 445 0] 13,636,248 0 1,899,806 436,077,499 1,580,886 368 560 0.21 2.54 0.77 1.91
2021 0 0| 1909017 1,987,993 2162109 1,912,233 0 0| 11,488 487 1,801,589 1,659,390] 368,250,101 668,560 0.21 ZAT 0.77 1.70
2022 0 0 0 1,987 593 2,050,343 1,825 815 0 0 0 1,801,599 1,858,102 1,654 627 668,560 0.03 0.77 0.04
2023| 2016602 0 0 871,109 2,050,34 1,731,433] 12,135,910 0 0] 379,588 264 1,858,102 1,569,094 668,560 021 2.35 Q.77 i
2024 0| 2076873 "] 885 622 2,028,003 1,731,433 0| 12,498,623 0 1,708,828 390,737,319 1,560,004 668,560 021 2.46 0.77 8
2025 4] 0] 1679777 792 549 1,841,030 613,365 0 0] 10,108,899 - 1,624 479 1,759,039] 310,695 445 668,560 o1 2.07 0.77 K-}
2026 4] 0 0 1,792 549 1,845 251 544 014 0 0 0 1,624 479 1,672.240 1,399 247 668 560 0.03 0.77 0.04
2027| 1,666,069 0 0 1,566,245 1,845 251 468 558| 11,831,805 0 0] 3786851515 1,672,240 1,330,888 668,560 o1 255 0.77 1.81
2028 0] 2023322 0 1,877,386 2,023 663 1,468 558 0] 12178355 0 701,382 380766732 1,330,888 668 560 o1 2.5 0.77 1.83
2029 0 0 1602523 1,780,338 1,932 496 1,608,540 0 0| 9843083 613,413 1,751,308| 300765285 568,560 0.21 2.0¢ 0.77 1.64
2030 0 0 0 1,780,338 1,832,599 1,535,847 0 0 0 1,613,413 1,660,775 1,381,848 868,560 0.0 0.77 0.04
max 4.57 282
min 0.03 0.04
avyg. 214 1.58



Ware
Pore water conc.= 0.0543 mg/L
unox. runoff conc. (unfil)= 0.154 mg/lL GW Pumpage (1styr)= 2,517,986 CF
ox. runoff cone. (unfil)= 0.0011 mg/L GW Pumpage (other yrs)= 30,635 CF
GW Conc.= 0.0063 mg/L
SWCell]  SE Cell N Cell| SW Cell| SE Cell NCell] SwCell]  SECel NCell|  SW Cel SECell] N Cell| Pore Conc.] RO Conc.] GW Conc.| Total Conc.
Year| pore (cf)] pore (cf) pore (cf)] Qprecp. (¢f)] Q  precp (cf)] Qprecp. (ch M_g.ss in PW| Mass in PW| Mass in PW| Massin RO| Massin RO| Mass in RO| Mass in GW (mg.g {nw (nﬂL} [mgn._l
1997 0 0 0

1998] 2,098,792 0 0 2,314,592 2,545 620 2,246,301 3227473 10,094,585 0 0 449 249 0.05 05 0.006 0.04
1999 0] 2,165945| 1886642 2,221 406 2389 876 2,110,472 0 3,330,738 2,901,233 69,201| 10,422917] 9,204,359 5,466 0.05 .10 006 0.08

2000 2.165409 0 0 2,309,504 2,293,707 2,026,702 3,329,914 0 0| 10072392 71,454 63,138 ), 466 .05 .05 006 0.0

2001 0] 2235,070] 1954305 2,212,836 2,384 556 2,105,294 0 3,437038] 3,005283 68934]| 10399890 9,181,776 466 .05 0.10 006 0.0¢
2002] 2,233,031 0 0 2,304,318 2,284 815 2,017,988 3,433 802 0 0 10,049 777 TLUT 62,864 5,466 .05 0.05 0.006 0.05
2003 0] 2,305.161| 2023322 2,204,080 2,379,215 2,100,016 0] 3544821] 3111417 68,662] 10.376,422] 9,158,758 5466 .05 0.10 0.006 008
2004 2301566 0 0 2,299,040 2275729 2,009,081 3,539,293 0 0] 10,026,755 70,894 62,587 5,466 0.05 0.05 0.006 0.05
2005 0] 2.376.231] 2093145 2,195,142 2,373,751 2,094 641 0| 3654,111] 3,218,788 68,383 10,352,593 9135316 466 0.05 0.10 0.006 0.08
2006 0 0 2,081,667 2,266 477 1,999 980 0 0 0 64,848 70,605 62,303 466 0.00 0.006 0.00
2007| 2,371,013 0 0 2,210,766 21458315 1,896,595 3,646,087 0 0f 9641771 66,955 59 082 466 0.05 0.06 .00¢ 0.05
2008 0] 2.448.160 0 2.121,999 2,280,189 1,896,585 0| 3764721 0 66,105] 9,944,543 59,083 465 0.05 0.06 008 0.06
2009 0 0] 2163,826 2,025,894 2,188,697 1,714,684 0 0 3,327,480 63,111 68,182] 7478217 466 0.05 0.05 0.00¢ 0.05
2010 Q C 0 2,025,894 2,089,646 1,637,194 0 0 0 63,111 65,097 51,002 466 0.00 0.006 0.00
2011] 2,057,596 0 2,205,793 2,089 646 552,562| 3164123 0 0| 9,620,082 65,097 48,365 466 0.05 0.06 0.006 0.06
2012 0] 212118 0 2,113,625 2,275,032 552,562 0 3,261,902 0 35,844 9,922,054 48,365 466 0.05 0.0€ 0.008 0.06
2013 0 0] 1769433 2,013,552 2,180,014 922,505 0 0 2,721,084 52,726 7,912 8,384 583 466 0.05 0.0% ).006 0.05
2014 0 0 0 2,013,552 2,076,850 843,178 0 0 2,726 54, 69E 7419 466 0.00 1008] 0.00
2015] 2,130,384 0 0 :.200,?55? 2,076,850 1, 5?,12?] 3,276,053 0 9,598,022 54, 69E 54 738 466 0.05 0.06 006 0.06
2016 0| 2196,530 0 2,105,084 2,269,787 1,757,126 0 3377772 65,57 9,899,177 54 738 5,466 0.05 0.06 006 0.06
2017 0 0 1841677 2,000,928 2171157 1,917, 418 0 0] 2832088 62 33: 67,636| 8362396 5,466 0.05 05 0.006 0.05
2018 0 0 0 2,000,928 2,063,758 1,834,593 0 0 0 62,333 64,290 7,15 5,466 .00 0.006 0.00

2019 2,197,282 0 0 ,195 583 2,063,758 1,744 445 3,378,927 0 0] 857555 54,290 4,343 466 0.05 .06 0.006 0.06

2020 0] 2265810 0 2,096,36 2,264 444 1,744 445 0 3,484 462 0 65306]| 9875873 54,343 466 0.05 .06 0.006 0.06

2021 0 0] 1909.017 987,993 2,162,109 1,912,233 0 0] 2835641 61,930 7,354 8,339,782 466 0.05 0.05 0.006 0.05

2022 0 0 0 987,993 2,050,34: 1,825,815 0 0 0 61,930 53,872 56,878 5,466 0.00 0.008 0.0¢

2023] 2.016,602 0 0 1,971,109 2,050,343 1,731,433] 3101082 0 0] 8596558 3,87 53,938 5,466 0.05 0.05 0.006 0.0¢

| 2024 0] 207687 0 1,885 622 2,029,003 1,731,433 0] 3,193,766 0 58, 741 8,849 05 53,938 5,466 0.05 0.06 0.006 0.0€

2025 0 1,679,777 1,792,549 1,941,030 1,613,365 0 0 2583121 55 841 30,467 7,036,338 5,466 0.05 0.05 0.006 0.0
| 2026 0 0 0 1,792,549 1,845 251 1,544 014 0 0 0 55,841 7,483 48,099 5,465 0.00 006 lﬂ
2027| 1,966,069 0 0 1,966 245 1,845 251 1,468,558 3,023.374 0 0 8,575,343 7,483 45749 466 0.05 0.06 0.008 0.06
| 2028 0] 20233272 0 1,877,386 2,023 963 468 558 0 3,111,417 0 58,484 8,827,070 45 749 , 466 0.05 0.06 0.006 0.06
2029 0 0] 1602523 1,780,338 1,932 496 608,540 0 0 2,464 321 55,461 60,201] 7,015,295 5,466 0.05 0.05 0.006 0.05
2030 0 0 0 1,780,338 1,832,599 535,847 0 0 0 55,481 57,089 47 845 468 0.00 0.006 0.00

max 0. 0.
min 0.00 0.00

avg. 0.05 0.05



Water Qual. Chromium

Pore water conc.= 0.104 mglL
unc. runoff conc. (unfil)= 4.08 mgiL . GW Pumpage (1styr)= 2,517,088
o runoff conc. (unfil)= 0.027 mglL GW Pumpage (other yrs)= 30,835
GW Conc.= 0.078 mg. X _
SW Cell|  SE Cell N Cell SW Call SE Call NCell]  SW Cell sec.u’ N Cell SW Cell SE Cell N Cell Pore Conc.| RO Conc.] GW Conc.| Total Conc.
Year pore (cf) pore (cf) pore (cf)| Q precp. (cf)| Q precp. E_Q_m Mass in PW| Mass in PW| Mass in PW| Mass in RO| Massin RO| Mass in RO| Mass in GW (mg/L) [mMJ_ (mg)
0 0 0
2,088,792 0 0] 2314592 2,545 620 2248301| 6,181,531 266,129 860 0 0] 55682130 0:10 32 0.08 0.84
0] 2185945| 1886842 2,221,408 2,380 876 2,110,472 0] 8378316 5,556 689 1,698 576| 274788002 242660364 7,671 0.10 27 C.Dj+_ 1,74
2,165,408 0 0| 2,309,504 ,203707]  2,026,702| 6,377,735 0 0| 265544,871]  1,753.860] 1,549,697 67,671 0.10 4 008 1.1C
0] 2235070] 1,954 305 2,212,838 2,384 506 2,105 204 0| 65829008 5,755,975 1602023] 274178913] 242 065005 a7.871 0.10 2.7 f.ﬂ_g 7
2,233 031 0 0 2,304,318 284815] _ 2017,980] 6,576,903 0 0] 284948877]  1.747,08° 1,543,038 7 871 0.10 1.4 008 06
0] 2305181| 2023322 2,204 080 378.215 :,1@.01_!3{ ___ 0] 8789345 58658251 1,685328| 27358021 241,458,169 7 671 0.10 2.7: .08 .68/
2,301A566| 0] 0 2,290 040 2275728 2000081] 6778758 0 0] 264341734 74011 1,538,223 7 871 0.10 1.44 .08 1.08
0| 2376231 2093145 2195142 2,373,751 2,094 641 0| 6098 666 0,164,8&8 1,678,403| 272932000] 240840141 7871 0.10 2,73 .08 1.67
0] 0 0 2,081,867 2,266,477 1,969 980 0 0 0 1,581,726 1,733,039 1,529,265 7,671 0.03 .08 0.0¢
2,371,013 0 0 2,210,766 2149315 1,896 595 8,983,297 0 0] 254192145 1,843 452 1,450,212 67,671 0.10 1.45 .08 1.0¢
0] 2448160 0 2121999 2,280,189 1,896,595 0] 7210518 0 1, n_ﬁ 262 174 326 1,450,212 7,671 0.10 1.48 0.0€ 1.1
0 0] 2163826 2,025 894 2,188 697 1,714 684 0 0] 86373073 1,549 080 1,673 565| 167 152 882 7,671 0.10 1.1 | 08 0.80
0 0 0 2025 894 2088 646 1,637,154 0 0 0 1,548,080 1,597,827 1,251,864 7,671 0.03 .08 0.03]
2,057 596 0 0 2,205,793 2,089 646 1,552,562| 6,080,198 0 0 253,620,333 1,597,827 1,187,151 7,671 0.10 .55 0.0¢ 117
0] 2121181 0 2,113,625 2,275,032 1,552 562 0] 8247473 0 1,616,182 261581414 187,151 87,671 0.10 57 0.04 1.18
0 0] 1,789,493 2,013,552 2180014 1,622 505 0 0] 5211853 1,539,843 ,8868928| 221,048 097 687,671 0.10 .28 0.04 1.02]
0 0 0 013,552 076,850 1,843.178 0 0 0 1,539, 6843 588 04; 409 387 67,671 0.03 0.0¢ 0.03]
2,130,384 0 1] ,200,735 2,076,850 1,757,126] 6,274,576 0 0| 253,038,764 588,04 343 5689 67.671 0.10 1.50 0.0¢ 1.13
0] 2196530 0 2,105,084 22689787 1,757,126 0| 8489397 0 1,600.632| 260,97 _‘_2'91 1,343,569 87,671 0.10 1.52 0.08 1.14
0 0] 18418677 2,000,928 2.171,157 1917 418 0 0] 5424254 1,529,980 1,660,153| 220463158 87,671 0.10 1.30 0.08 1.02
0 0 0 2,000,928 2,063,758 1,834,583 0 0 0 1,529,989 1,578,032 ,402 80 67 871 0.03 0.08 0.03
2018 2,197,282 0 0 2,195 583 2,063,758 1,744 445| 64716810 0 0] 252448403 1,578,032 333,87 87,671 0.10 S0 0.08 1.13
0] 2265810 0 209838 2,264 444 1,744 445 0] 8673740 0 502,961| 2603683918 333,873 7.671 0.10 52 0.08 13
[+] 0] 1909017 987,993 2162109 1,012,233 4] 0] 5622501 520,009 1,653,235| 219866972 7.671 0.10 .30 0.08 Q0
0 0 0 1,087,993 2,050,343 ¥ 2_53‘ 0 0 0 1,520,000 1,587,774 1,368,001 7.6871 C g 0.08 0.03
2,016,602 0 0 1,971,109 2050343 731,432 5,938,457 0 0] 226638522 1,567,774 1,323,923 67,671 0.10 41 0.08 07
0| 2,076,873 0] 1885822] 2,029,003 7314 0| 8118973 0 1441822 233293164] 1323823 67,67 0.10 48 0.08 1.10
gl 0] 1879777 1,792,549 1,841,03C 613 3¢ 0 0] 4947414 370,855 (484,188 185503 457 7,671 0.10 24 0.08 0.87
0 0 0 1,782 54¢ 845 25 544 014 0 0 0 370,855 410,953 1,180,8 7,671 0.03 0.08 0.03
1,068,069 0 0 1,668 24¢ B45 25 468 558 5,790,825 0 0] 226077228 1,410,853 1122918 7,87 0.10 1.53 0.08 1.14
0] 2023322 0 1,877, 38¢ 2,023,863 1,488,558 0| 5950251 0 1,435525| 232713668 11229 7.871 0.10 1.55 0.08 1.15
0 0] 1,802,523 780, 33¢ 832 408 1,608 540 0 0| 4719879 1,381,318 1,477 ,664| 184,948 681 67,871 0.10 1.25 0.08 0.88
0 0 0 1,780,33¢ 832,509 1,535,847 0 0 0 1,361,318 1,401,279 1,174,370 67,671 0.03 0.08 0.03
max 273 1.74
min 0.03 0.03
avg 1.28 083
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Pore waler conc.= 305 mgl
unaix. runoff conc. (unfiljs 56.5 mglL GW Pumpage (1styr)= 2,517,986
ox. runoff conc. (unfilj= 56.5 mglL GW Pumpage (other yrs)= 30,635
GW Conc.= 10.0000 mgl -
SWCed SECel NCel SW Cell SE Cel N Cel| SWCel SECel NCed SW Cel SE Cel N Cel Pore Conc.| RO Conc.| GW Conc.| Total Conc
cf)| porecl pore (cf)| _Qprecp. (cf)| Q precp. (cf)] Q precp. (ef) Mass in PW Mass in PW Mass in PW Mass in RO Mass In RO Mass in RO| Mass in GW M ’M} {mai)
2,098,792 0 0 2,314,592 2545620 2.246301] 18128529 463 3,703,532 699 0 0| 713,093,635 305.00 18.40 .00 67.91]
2.165,945| 188664 2,221,406 2,389,876 2,110,472 0| 18,708.570,104] 1629605988 554,427 835| 3823992393] 3376923787 675,832 305.00 56.50 .00 49 57
2,165 40¢ 0 0 2,309,504 2,283,707 2,026,702] 18,703,935,340 0 695,390,443 670,114,811 ,242,885 295 675,832 105.00 56.50 .00 7.1
2,235070] 1,954,305 2,212,836 2,384 50¢ 2,105,294 0] 19,305643500| 16,880,503 54 540,715,398 B15543.984| 3368638620 675,832 105.00 5650 .00 51.68
223303 0 0] 2304318 284, 2,017.989] 19,288,031,399 0 687,093 653| 3.655,887,169| 3228943389 675,832 305.00 56 50 I .aﬂ
0| 2305161| 2023322]  2.204,080] 23792 2,100,016 O] 19,911,059.470] 17.476649,990] 3,526,704,817| 3,806,934,064| 3,360,193,734 75,832 305.00 56.50 X 15378
i| 2301566 Q 0 2,299 040 275729 2,008,08 19,880,006,555 0 678,647280| 3641348013 214 689 674 675,832 305.00 56.50 .00 120 4
| 2005 0] 2376.231] 2093145 2,195,142 373,751 2.094 64 0] 20524933883 1807974857 512,402 192 798,191,628 351,593,094 | 675,83 305.00 6.50 10.00 155 8¢
2006 0 0 0 2,081,667 266,477 .999,94C 0 330,834,471 626,544,104 200,128,209 675,83 650 10.0C 6.2
2007] 2.371.013 0 0 210,766 .149.315 ,&!&__20,479.860,30! 0 537,403,001 439,076,009 034,702 966 675,83 305.0¢ 6.50 0.0 4.39
2008 0| 2.448.160 0 ,121,999 ,280,189 896 595 21,146,223918 395,368,183 648 485079 034,702 966 675,83 305.0¢ 6.50 0.0 25.65)
2009 0 0] 2,163,826 025,894 188 697 114 684 0] 18690262 74¢ /241,592,529 3,502,089.624 743,631,398 675,832 305.0C 56.50 0.0 2251
[ 2010 0 025,894 089,646 637,194 241592529 343 600474| 2,619.641,46 75,832 56 50 10.00 ugs__]
20 2,057 55 0 ,205,793 089,646 S52562| 17,772,695,50 0 529,445 524 , 343,600,474 48B4 2723 50¢ 67583 305.00 56.50 0.00 2075
| 2012 212118 113,625 2,275,032 1,552 562 0] 18321,914,96¢ 0 ,381,968,957 ,640,233,962 484,223 50 675, 305.00 56.50 .00 21.46
201 1,769.49 13,55 2,180,014 1,922,505 0 15.284,175,160 ,221845076] 3.488 196,488 076,161,944 675,832 305.00 6.50 00 11.87
2014 13 5¢ 2076850] 1,843,178 0 0] 3221845076] 3323125967] 2,949,23168 75.832 56.50 [ 56 26
| 2015| 2,130.384 200,735 2,076,850 757,126] 18 401,401,159 0 921, 62.260'_3‘1_25, 67 811,541,554 375,832 305.00 6.50 0.0 20.92
2016 2.1965% 105,084 269,787 757,126 0| 18,972,75161 0] 3368303,301| 3,631,840,818] 2,811,541,594 675,833 305.00 56.50 000 163
2017 _ 184167 000,928 71,15 917,418 0 15,907 666,707| 3.201,644 466 474024815 306802178 75,832 305.00] 56.50 0.00 380
2018 0 000,928 063,758 834 593 0 0 201,644 466 302,177,900 935 455 88 | 675,832 56.50 0.00 56.26
2019| 2.197.282 [] 2,195,583 063.75¢8 744 445| 18,979.240.287 0 0 513,108,809 3.302,177.900 791,251,800 675,832 305.00 56.50 0.00 12266
2020 0] 22653910 0 2.096.361 264,444 744 445 0] 19.572,026,527 0 354 344 72 .623,290.983 .791,251,80C 75,832 305.00 56.50 0.00 123.35
2 0 0] 1,909017 7,99 62,106 12,233 '] 0] 16,489,329 51 180,947 515 459,547 552| 3059,725,103 675,832 305.00 56.50 0.00 115.61
2022 0 0 0 98799 05034 1,825 815 0 180,947 515 3280,712,062| 2921,450,290 675 83 56.50 0.00 56.26
2023] 2.016.602 0 0 971,10¢ 050,34 1 A33| 1741859957 ,153931,898] 3280712062 170,430,833 375,83 305.00 56.50 10.00 120.56
2024 2,076.87. 0 885622 ,029,001 1,731,433 17,939 199 37 017,146 522 246 567 4. 2,770,430,833 675,83 305.00 56.50 0.00 122.88
2025 1679777 .792,549 941,030 3365 14,509,242.71 868,221533| 3105803135 2,581,513,620 675,832 305.00 56.50 0.00 115.45)
2026 792,549 84525 544,014 ,868.221533|  2,952.548 470546312 675,832 56.50 00 56.23
2027| 1966069 966 245 345 25 468,558 16,982 120,734 0 146,148 614 952 549.256] 2,349,811,070 675832 305.00 56.50 .00 23.45)
2028 0] 2,023,322 B877,386] 2,023 96 468 558 0] 17,476,649 5% 0 3,003968,158] 3238502990 2,349,811,070 75,832 305.00 56 50 0.00 4.04
2029 0 1,602 523 780,338 932496 608,540 0 13841992656] 2848683078 3092148883 24573793227 675,832 305.00 56.50 0.00 3156
2030 ] [: 0 780, 8325 84 0 0 848,623,078 932.305.430] 2457478 602 75,832 56.50 0.00 56.22

538
-
14



Table 'Zine

Pore water conc.= 0.862 mg/L
unax. runoff conc. (unfil)= 30.9 mgiL GW Pumpage (1styr)= 2,517,986
ax. runoff conc. (unfil)= 0.34 mglL GW Pumpage (other yrs)= 30,635
GW Conc.= 0.2750 mg/L .
SW Cell SE Cell N Cell ~ SW Call ~ SE Cell N Cell SW Cell SE Cell N Cell SW Cell SE Cell N Cell Pore Conc.| RO Conc.| GW Conc.| Total Conc.

Year| pore (cf)| pore (cf) pore (cf)| Qprecp. (cf)| Q precp. (cf)| Q precp. (cf)| Mass in PW| Mass in PW| Mass in PW Mass in RO Mass in RO Mass in RO| Mass in GW (mg/L (mg/L (mg/L) (mg/L)
1997 0 0 0

1998| 2088792 0 0 2,314,592 2,545,620 2248301 51235385 2025471885 0 0] 1961007 0.88 10.06 0.28 6.31

1699 0] 2165945| 1858842 2,221 408 2,389,876 2110,472 0| 52874713| 48058 405 21,380.477| 2091351502 1846848584 238, 0.88 20.80 0.28 13.26
2000] 2,165 409 0 0 2,308,504 2,283,707 2,026,702] 52861614 0 0] 2,021,018844 22,085 647 19,514 708 238 58 0.88 10.89 0.28 48
2001 0] 2,235070| 1,854 305 2,212 836 2,384 596 2,105,284 0] 54562179] 47708177 21,308,980 2088,731,135] 1842317 405 238 58 0.88 20.81 0.28 13.10
2002| 2,233,031 0 0 2,304 318 2,284 815 2,017,988| 54512403 0 0| 2018481,308 22 000,029 19,430,810 238 58 0.88 11.00 0.28 .41

2003 0] 2305181] 2023322 2,204,080 2,379,215 2,100,018 0] 58273 224| 40393024 21,222648| 2082022,347| 1837698874 238 585 0.88 20.82 0.28 12.94
2004| 2301,566 0 0 2,299,040 2275729 2,009,081 56,185 481 0 0] 20118619684 21,012 537 19,345,035 238 585 0.88 11.01 0.28 8.35
2005 0] 2378231] 2093145 2,195142 2373751 2,094 641 0] 58008174 51097518 21,138,580 2077,241,085 1,832.995 181 238 585 0.88 20.83 0.28 12.78
2006 0 0 0 2,081,667 2266477 1,999 980 0 0 0 20,043,960 21,823 451 9,257 409 238 585 0.34 0.28 0.34
2007| 2371013 0 0 2,210,766 2,149 315 1,896,595| 57,880,787 0 0] 1,934 615092 20,695,325 18,261,929 238,585 0.88 11.14 0.28 8.28
2008 0] 2448180 0 2,121,999 2,280,189 1,896 595 0] 59,764,082 0 20,432,304 1995388178 18,261,929 238,585 0.88 11.40 0.28 8.42
2009 [#] 0] 2,163,826 2,025 894 2,188,697 1,714 684 0 0| 52822972 19,506,928 21,074 522] 1,500,499 206 238,585 0.88 8.18 0.28 8.93
2010 0 0 0 2,025 894 2089646 1,637,194 0 0 0 19,506,928 20,120,782 15,784 214 238,585 0.34 0.28 0.34
2011 2,057 596 0 0 2205793 2,089 646 1,552,562 50229716 0 0] 1,930.263127 20,120,782 14,949 310 238,585 0.88 11.87 0.28 8 87
2012 0] 2121181 0 2113 625 2,275,032 1552562 0| 51781937 0 20,351,672] 1690853618 14,849 310 238,585 0.88 12.04 0.28 .07
2013 0 0] 1,769,493 2,013 552 2,180,014 1,922 505 0 0] 43196587 19,388 094 20,990,917 1,682.381,134 238 5¢ 0.88 9:85 0.28 7.88

2014 0 0 0 ,013 552 2,078,850 1843178 0 0 1] 19,383 094 19,997 572 7. 747 58¢ 238 5¢ 0.34 0.28 0.34

2015| 2,130,384 0 0 2,200,735 2,076,850 1,757,126 52,006,583 0 0| 1,925 836,900 19,897 572 5,.919,01 238,585 0.86 11.48 0.28 8.88

2016 0] 2196530 0 2,105,084 2,260 787 1,757,126 0| 53621350 0 20,269 436| 1,986,263 388 16,918.01 238,585 0.88 11.65 0.28 8.77
2017 0 0| 18418677 2,000,928 2.171,157 1,917,418 "] 0| 44958717 19,266,533 20,905 636 1,677,909 257 238,585 0.88 9.96 0.28 7.82
2018 0 0 0 2,000,928 2,083,758 1,834 593 0 0 0 19,266,533 19,871,513 17,664 931 238,585 0.34 0.28 0.34
2019| 2,197,282 0 0 2,195,583 2,063,758 1,744 445| 53 6839 689 0 0] 19821328535 19,871,513 16,796,913 238,585 088 11.52 0.28 8.63
2020 0 22658910 (4] 209636 2,264 444 1,744 445| - 0| 55,315,039 0 20,185,437| 1,081,587.458 16,796,913 238 585 0.86 11.67 0.28 8.72
202 1] 0| 1909017 1,887 847 2162109 1,912,233 0 0] 46,602 630 19,141,985 20,818,516| 1,673,371,782 238,585 0.86 9.98 0.28 1.77

2022 0 Q 0 1,987,993 2,050,343 1825815 0 0 0 15,141 985 19,742 338 17,580,409 238,585 0.34 0.28 0.34

2023 2,018,602 0 0 1,971,109 2,050,343 1,731,433| 49228 860 0 0] 1,724,893 72¢ 19,742 338 16,671 619 238,585 0.86 10.81 0.28 8.20.
2024 0| 2078873 0 1885622 2,029 003 1,731,433 0| 50,700,295 4] 18,156,280] 1,775,556 347 16,671,619 238 585 0.88 11.32 0.28 8.48

2025 0 0| 1679.777|  1,792,54 1,941,030] 1,613,365 0 0| 41,008,450 17,260,094 18,689,789 1.411,836,852] 238,585 0.88 9.56 0.28 —Wi
2026 0 0 0 1,792 54 1,845 251 1,544 014 0 0 0 17,260,094 17,787 553 4 867 004 238 585 = 0.34 0.28 0.34

2027| 1,968,069 0 0 966 24 1,845251 468 558| 47995 371 0 0] 1,720,637,030 17,767 55 4,140,456 238,585 0.88 11.72 0.28 8.74

2028 0] 2023322 0 877 388 2,023,963 488 558 0| 49,393,024 0 18,078,877 1,771,145883 4,140,458 238 585 0.88 11.88 0.28 8.81

2029 0 0] 16802523 780,338 1,932 498 608 540 0 0] 39,120,535 17142518 18,607,621 1,407.614,349 238,585 0.88 9.58 0.28 7.53

2030 0 1] 0 ,780,338 1,832,599 535,847 0 0 [4) 17,142,518 17,645,732 14,788,367 238,585 0.34 0.28 CI.E

max 20.83 13.28
0.34 0.34
9.88 713

9, W
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Table 13. We

dual. Summary

Water Quality Concentrations for Selected Parameters

FCEs PAHs (tat) Arsenic Lead Cadmium Chramium Zinc

tot. | filtered| CAC tot | fitered| FAV] tot [ fitered| FAV]| tot. [ fitered| FAV| tot | fitered] FAY tot. | filttered] FAV tot. | filtered| FAV

max| 3.20] 0.048]0.014] 1,820 27.300] - 34 5.1] 720] 370| 55.5| 274] 99.5] 14.83] 12] 195.0] 29.3[4.840] 1,270] 190.5] 330

Pore Water [avg. | 1.90] o.02a[o.014] oa4| 14158[ - 25 38| 720] 213] 319| 274 s4.3] 815 12| 1040] 156/4.840] 862) 129.3] 330

min | 0.50| 0.0058[0.014 67| 1.011] - 16 24| 720 55 B.3] 274] ool 1.35] 12| 130 2.0/4840f 454 68 1| 330

M 0.014]12119[181.780] - | 157| 236] 720] 4,570] 685.6] 274]1036] 1554] 12| 2731 4] 4097 4,840] 20,833 3124.9] 330

Runoff avg | <02 0.014] 5680| 85.195) - 78| 11.4] 720f 2447| 321.2] 274] 487 7.31] 12| 72838 192.6| & 840] 9.867|1473.1] 330

min 0.014 B8] 1.318] - 5 0.8] 720 3z 48] 274l 1a] oa7| 1E] 7o 4.1[4 840 340 51.0] 330

miax 0.014 = = 720] 4.700] 705.0] 274] 10.0] 150 12| 260.0] 35.0|4,840] 2.600] 350.0] 330

Ground Water |avg. | <1.16 0.014] 5200| 78.000| - - 7200 438| 654] 274] B3] o085 12 810 8.2|4840] 243| 364| 330

min 0.014 - - 720 5 0.8] 274] so0] o075 12 8.2 1.4]4 840 3 0.4[ 330

Total max| 1.17| 0.013/0.014} 7,896|118.445] - | 107 161 720| 2,927| 438.0] 274] 84.6] 12.71| 12| 17368] 12.7|4.820] 73264 185561 330

Combinad avg. | 0.60| 0.008]0014] 4,245] 3 Een| - 58 B.9| 720] 1,557 233.1| 274 450| &.080] 12| 92517 6.9/4,6840] 7.726|1068.8] 330

Flow min | 0.22| 0.003|0.014] 7112 1.684| - 5 0.8] 720 36 51 274] 1.1] oa7] 12| 7z 0.214.840] 340| 508 330
MNotes:

1 - All units are ug/L. Total values represent unfittered concentrations.
2 - ltalicized values were calculated from the tables.
3 - Ground water values are max, average, and min from the all the data in the ECI Site GW quality Database. For

calculation of the average and min, non-detect data was asssumed to be equal to the stated reporting iimits.

4 - Pore water data and Runoff max and min concentrations are from WES Report EL-87-9.

5 - Filtered organics assume removal of 85% of contaminant mass via sand fittration followed by removal of 90% of the remaining mass by activated carbon.

Filtered inorganic concentrations assume 85% removal of contaminant mass via sand filtration only.
6 - FAV = Final Acute Value, Indiana water quality standard applicable to the discharge (not counting mixing zone), 327 IAC 2-1-6.

7 - CAC = Chronic Aquatic Criteria, Indiana water quality standard applicable outside the mixing zone, 327 IAC 2-1-6. For PC8s and PAHs no FAV was listed.
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STORM VOLUMES AND FLOWRATES
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CELRC-ED-HH

AL 22 1999

MEMORANDUM FOR CELRC-ED-HE

SUBJECT: Indiana Harbor & Canal CDF, Storm Volumes

1. References:

a. Huff, Floyd A., and Angel, James R., Rainfall Frequency Atlas of the Midwest,
Illinois State Water Survey Bulletin 71, Champaign Illinois, 1992

b. EPA; Guide to Technical Resources for the Design of Land Disposal Facilities:
EPA/625/6-88/018

2. The following memorandum provides support to ED-HE in design of the treatment plant
capacity. ED-HH performed two tasks for ED-HE. (1) Review the previous calculations for the
average annual volumes. This was limited to reviewing the precipitation and evaporation
calculations. (2) Provide a table of volumes of water due to storm events for different frequency
and duration of events. ‘

3. Task 1. Review of previous ED-HE spreadsheets calculating the average annual volumes of
flow requiring treatment. The calculations accounted for the pore water, precipitation, and
ground water. ED-HH only reviewed the precipitation and evaporation numbers given in the
spreadsheet. The precipitation and evaporation numbers in the spreadsheet are from the National
Oceanic and Atmospheric Administration (NOAA) Climatological Data publication for Indiana.
To estimate run-off the Soil Conservation Service (SCS) curve number method was used. The
amount of evaporation was estimated by using the lowest evaporation month multiplied by the
number of months with evaporation. This is a conservative approach to estimating evaporation.
The total runoff was calculated by subtracting the evaporation from the precipitation. The
methodology of the spreadsheet assumes that the average annual rainfall is a one-year long event
falling continuously. Given the assumptions and level of study the numbers provide an
approximation of the average annual runoff volumes to the treatment plant.

4. Task 2. The rest of the memorandum addresses task 2, which provides a table of storm
volumes for different frequency and duration of events.

5. Table 1 provides the precipitation amounts for different frequencies and durations from
reference (a). Reference (a) only provides durations up to 10 days. Since the expected duration
of ponded storm water will exceed 10 days, the 30-day duration precipitation amounts were
calculated by extrapolation from the given values. The following calculations utilize the rainfall
in Table 1 with no losses and to simplify calculations the volume is entered at the beginning of
the duration period.

Table 1: Rainfall in inches for a given recurrence interval and duration.

Duration Recurrence Interval
1-year 2-year 10-year 25-year 100-year
24-hour 2.42 2.89 422 5.22 7.12
10-day 423 4.84 6.67 8.03 10.58
30-day* 5.40 6.40 8.50 10.05 13.00

* Extrapolated values.
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CELRC-ED-HH

SUBJECT: Indiana Harbor & Canal CDF, Storm Volumes

9. Point of contact is Mark Werner.

/‘
Thomas J. Fogarty, P.E.
Chief, Hydraulic and Environmental

Engineering Branch




Table 2: Rainfall-Runoff Storage Requirements

()

Cumulative Required Storage Volume (acre-feet) (1)
Scenario 1 year 2 year 10 year 25 year 100 year
. 1day |10 day|30day| 1day | 10day{30day| 1 day | 10 day|30day| 1 day | 10 day| 30 day| 1 day | 10 day] 30 day
No pumping | 254 | 444 | 56.7 | 303 | 508 [ 672 | 443 | 700 | 89.3 | 548 | 843 [ 1055 | 748 | 111.1 | 136.5
100 gpm 25 40 43 30 46 54 44 66 76 54 80 92 74 107 123
200 gpm 25 36 30 29 42 41 43 61 63 54 75 79 74 102 110
500 gpm 23 22 0(2) 28 29 1 42 48 23 53 62 39 73 89 70
1,000 gpm 21 0 0(2) 26 7 0(2) 40 26 0(2) 50 40 0(2) 70 67 4
(1) Table does not account for evaporation.
(2) Pump out occurs by end of duration.
Table 3: Duration of Ponding (days) ‘
Duration of Ponded Water (days) (1), (2)
Scenario 1 year 2 year 10 year 25 year 100 year
1 day | 10 dayj30 dayj 1day | 10day|30day| 1day |[10day}|30day| 1day | 10 day|30day| 1 day | 10-day]| 30 day
100 gpm 450 | 730 | 89.0 | 530 | 81.0 | 1030} 73.0 | 106.0 | 130.0| 87.0 | 124.0 | 1490 | 112.0 | 155.0 | 183.0
200 gpm 26.0 | 43.0 | 530 | 310 | 48.0 | 62.0 { 430 ; 640 | 800 | 520 | 76,0 | 920 | 68.0 | 96.0 | 115.0
500 gpm 12.0 | 200 | 25.0 140 | 230 | 290 | 200 | 300 | 380 | 240 | 36.0 | 440 | 320 | 460 | 550
1,000 gpm 7.0 11.0 | 140 8.0 120 | 16.0 | 11.0 17.0 | 21.0 13.0 1.0 | 240 ] 180 | 25.0 | 30.0
(1) Accounts for evaporation.

(2) Volume of precipitation is entered at the beginning of the duration period to simplify calculations.
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MEMORANDUM FOR CELRC-ED-HE JuL 27198

SUBJECT: Indiana Harbor & Canal CDF, Storm Volumes

1.. Reference:

a. CELRC-ED-HH, MEMORANDUM FOR CELRC-ED-HE, SUBJECT: Indiana
Harbor & Canal CDF, Storm Volumes, Dated July 22, 1999

2. The following memorandum provides an additional table to the memorandum listed in
reference (a). ED-HE requested the additional table. The three tables provided in reference (a)
listed the rainfall, storage requirements, and duration of ponding for the Indiana CDF. The
additional table (Table 4) is attached. Table 4 calculates the maximum amount of surface area
inundated for the precipitation amounts listed in Table 1 of reference (a).

Thom:ﬁ Fogarty PE

Chief, Hydraulic and Environmental
Engineering Branch

3. Point of contact is Mark Werner.
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Table 4: Maximum Surface Area Inundation (1), (2), (3), (4)

1 year 2 year 10 year 25 year 100 year
_1day |10 day|30day| 1day | 10day| 30 day| 1 day | 10 day|30day| 1day |10 day|30day| 1 day | 10 day| 30 day
22 29 32 25 31 35 30 37 40 33 40 44 38 46 50
B 22 28 28 25 30 31 30 36 37 33 39 41 38 45 48
200 gpm 22 26 23 25 29 27 30 34 34 33 38 38 38 45 45

500 gpm 22 21 6 25 24 7 30 31 20 33 35 27 38 42 36
1,000 gpm 22 9 6 25 14 7 30 24 8 33 29 8 38 37 10
Assumptions:

(1) Based on the subcells graded to a 1 % slope.

(2) Duration of 1-day rainfall occurs over one day.

Duration of 10-day rainfalt is equally distributed over ten days.

Duration of 30-day rainfail is equally distributed over thirty days.

(3) All COF subcells are pumped out simultaneously.

(4) During events the majority of the treatment capacity will be utilized for the removal of water due to precipitation.




