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PURPOSE

1. This appendix 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. The design 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-
scale” in the laboratory.

Phase I (treatability design)

3. The first 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 a review 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 a treatability study test plan addressing the evaluation of the
individual treatment technologies comprising an optimized treatment train appropriate for
the following aqueous 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 II (Bench-scale Evaluation)

4. As part of the Scope of Work (SOW) for the Phase II 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 I was used to conduct the Phase II bench
scale evaluation of the treatment unit operations and treatment train.  The results of this
effort are documented in a report titled Treatability Study Report for the Indiana Harbor
Confined Disposal 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)  Evaluate 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. The level of design of the wastewater treatment plant, for this project DDR, is based
on the results from the Phase II treatability testing.  The final design of the wastewater
treatment system will be included in the Treatment Plant DDR.

METHODOLOGY

7. The treatability 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 I) 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 all of the second run (Run II) 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. As discussed in the Phase I 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 evaluate 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 I 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)

c)  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 experimental 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 lowest value from
the Aquatic Life Criteria, and Human Health Criteria (nondrinking).  During the
permitting process, the actual discharge criteria to be applied to the project will be
developed.  These criteria could be different then those discussed in this appendix.
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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 results is 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 simulate pumping of the CDF
effluent(s) directly to a chemical precipitation unit (rapid mix, flocculation, and
clarification) without any other type of pretreatment.

21. As noted 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
is that 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, all 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 criteria of 1.51 mg/l.
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).

Biological 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 criteria for all 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.
This is 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 microorganisms in
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 all the parameters evaluated, and Table D-3 for all of the parameters detected in the
raw wastestream(s).

CONFIRMATION TREATABILITY TESTING RESULTS

28. As previously 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.  As in 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.
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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 this is
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. As indicated 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 I Results

33. In this section, the confirmation testing results (Run I) 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 I 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 all analytical results can be found in
Maxim’s report (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
treatment train unit processes.  Also, chloroform and carbon tetrachloride are likely
artifacts of the experiment rather than POCs in the effluent.

Equalization Basin

34. As previously 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, a preliminary 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.  As shown 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 as a
key mechanism for POC removal.

37. It 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
area ratio 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 lab 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 steel vessel
equipped with a variable-speed mixer.  The pH of individual wastestream(s) was adjusted
to 8.5 to 9.0 using NaOH solution.  Common household bleach (5.25 %NaOCl) was then



D-10

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.

Metals 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. As shown 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 a result of sensitivity, which arises being close to a
method detection limit (0.25 ug/l), or from potential experimental cross-contamination.

48. The metal 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, total
metals were analyzed and an estimate of the resultant leachate concentration for the
metals was calculated using the following formula:

(100)(sample 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. As shown in 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 all 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 is likely 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 I bioreactor testing, samples of the biological sludge
in the SBRs were collected for complete TCLP analyses and other hazardous waste
characteristics analysis as indicated 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 sludge, 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 simulate a flow:surface area ratio equivalent to a hydraulic
flow rate of approximately 1 gpm/ft2.  A sand filter was not placed between the bioreactor
and the carbon filter because the settled bioreactor effluent was relatively free of
suspended solids. Complete operational characteristics of the test are provided in
Maxim’s report (1999).

55. As shown 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 I 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. The final 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 ammonia removal 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. As shown in Table D-6, and discussed in previous sections, the only POCs (bis (2-
Ethylhexl) 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 all the wastestream(s) are
provided below:
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Influent (mg/l)1 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

1effluent 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 II Results

59. At the end of  Confirmation, Run I 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 II 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 II 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 II

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
Pore Water

#2—Precipitation
Runoff Water

#3—ECI Groundwater #4—Combination
Wastestream

Phenol (0.1 mg/l) Pyrene (1.0 mg/l) Benzene (1.0 mg/l) No additional spiking

Naphthalene
(0.5 mg/l)

Naphthalene
(1.0 mg/l)

Ethylbenzene
(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 I, 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 a flow proportioned composite of the first three wastestream(s).

61. A comparison of the theoretical POC spike concentrations to the associated Run II
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.  Potential 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)  Analytical 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 II.
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63. As previously discussed, Table D-5 provides the analyses of POCs and sampling
points for the Confirmation testing. As indicated 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.

64. A summary of the Confirmation Run II 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).  As was 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 I testing to simulate this unit operation was also used
during Run II 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, 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 as a key mechanism for POC
removal.

66. Similarly to the Run I 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 I testing were also
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. As was the case for Run I  the effluent from the sand filtration unit reduced
cyanide concentrations in 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.

Metals Precipitation W/Neutralization

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 all 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.
As shown 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/l.

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.  This is believed to have resulted from experimental cross-
contamination.  As was the case in Run I phosphorous concentrations rose significantly in
the SBR effluent. Since the phosphorous concentration in the wastestream(s) prior to the
SBRs was very low, it is likely 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 II carbon tests were the same as those used during Run I.
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74. As shown in Table D-7, the POC concentrations exiting the carbon units have been
reduced to below the conservatively based criteria, except an anomalous 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. As was the case for Run I, ammonia stripping was incorporated into the Run II
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.

77. 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 all the wastestream(s) are provided below:

Influent (mg/l)1 Effluent (mg/l)

Wastestream #1 0.4 0.41

Wastestream #2 0.45 0.19

Wastestream #3 1.96 1.43

Wastestream #4 0.76 0.28

1effluent 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, pentachlorophenol,
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 a long 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 cells, 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. Oil 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 treatment 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 chemical 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.  It is
recommended that the ammonia analytical method and characterization for the CDF
wastestream(s) be further evaluated in additional treatability testing.

84. In some cases, spiking wastestream(s) prepared at the beginning of  Run II 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 loads 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 metals
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 sludges 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 is feasible 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 simulate 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) evaluated.

90. Since the majority 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
scale level.

91. In most cases, the final 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, as a
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 also require the use and handling of chemicals; a base to 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 spatial 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. It is anticipated that the treatment 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 there is a wide 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
treatment 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 (lamella type 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 metal 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 sludge.
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• Biological Treatment (Sequencing Batch Reactors): After removal of metals, the
wastestream will flow to the biological treatment system which accomplishes the
following: removal 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
a viable biomass.  It is recommended 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 final
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 a rough
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 is assumed 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 I.

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 alkaline 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 ammonia.  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.In conclusion, the treatability studies have provided information on the 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 is also
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 final
design is the kind of and frequency of monitoring of the unit operations.
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DEVELOPMENT OF FLOW RATES

Initial Analysis

105. The first 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 annual 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.  It
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 requirements 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 a treatment plant, it will be necessary to use the
CDF as a temporary 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
CDF in less time.  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 Points for Wastestream Characterization—Screening(1)

Unit Operation
VOCs(2) SVOCs(2) Pesticides

/PCBS
Metals Cyanide TSS

/VSS
TDS BOD COD TOC NH3 TKN O&G Total

Phosphorus

Wastewater Characterization(3) 5 4 5 5 5 5 5 4 4 4 5 5 4 5

Oil/water Separator(4) 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

1The number of samples shown are for all four wastestream(s): #1-sediment pore water, #2-precipitation runoff, #3-ECI groundwater, #4- combination wastestream
2VOCs-Volatile Organic Compounds, SVOCs-Semivolatile Organic Compounds
3Includes 1 duplicate sample collected for QA/QC
4Wastestream #1 only
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Table D-2.  Description of Unit Operations
Unit Operation/Process Function

Flow Equalization Flow dampening, gross TSS removal

Oil/water Separator Removal of oil and grease

Filtration (Sand Filters) TSS removal – removal of organics and metals
adsorbed on silts and clays (colloidal solids)

Cyanide Removal (Alkaline
Chlorination if required)

Cyanide destruction

Chemical
Precipitation/Coagulation/Clarification

Heavy metal removal

Neutralization (pH Adjustment) Adjust wastewater within the treatment system
to a pH so that it is compatible with biological
treatment and surface discharge

Biological Treatment (Sequencing
Batch Reactor)

Removal of organics, BOD, TSS, and NH3

Activated Carbon Adsorption Removal of organics and trace heavy metals
(polishing function)

Ammonia Stripping 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-4. Screening Test results(1)

                                                                                             Wastewater #1              Wastewater #2              Wastewater # 3            Wastewater #4
Unit Operation POC Discharge

Criteria (5)
Influent Effluent Influent Effluent Influent Effluent Influent Effluent

Oil/water Separator Oil & Grease (mg/l) -- 17 ND(2) 19 ND 14 5.4 6.6 ND

Sand Filtration TSS (mg/l) -- 530 22 750 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(3) Antimony (ug/l) -- 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) 3.61 11 <2 12 <2 <0.5 <2 8 <2

Chromium (ug/l) 10.56/1224 480 <5 530 <5 5 <5 375 <5

Copper (ug/l) 15.08 224 13.6 248 12.5 <7.0 8.36 163 10.9

Lead (ug/l) 13.95 925 11.3 916 17.2 8.4 2.7 651 34.4

1Wastewater #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
4Chromium (III)= 122; Chromium (VI)=10.56
5Value 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(1)  -- Continued

                                                                                                               Wastewater #1              Wastewater #2              Wastewater # 3            Wastewater #4
Unit Operation POC Discharge

Criteria (6)
Influent Effluent Influent Effluent Influent Effluent Influent Effluent

Metals Precipitation(3) Mercury (ug/l) 0.0018 0.6 <0.25 0.8 <0.25 <0.2 <0.25 0.5 <0.25

Nickel (ug/l) 87.1 70 30.5 54 12.9 <3.0 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 <0.5 <0.5 <0.5 2.4 <0.5

Thallium (ug/l) -- 2 <2.5 2 <2.5 <2.0 <2.5 <0.02 <2.5

Zinc (ug/l) 196.44 4680 50.1 6270 96.4 7.3 <22 4260 51.8

Ammonia Stripping(4,7) Ammonia (mg/l) 1.51
(summer)

95.52 -
6.2

1.85 22.53 –
3.75

2.71 5.03 2.90 31.05 –
15.62

1.58

Biological Treatment
SBR(5,7)

Ammonia (mg/l)
Batch #1

1.51 95.52 1.66 22.5 1.17 5.03 1.12 31.15 1.14

Batch #2 1.51 95.52 2.1 22.5 1.4 5.03 2.12 31.15 1.84

Batch #3 1.51 95.52 2.05 22.5 1.33 5.03 1.54 31.15 1.12

1Wastewater #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
4Influent for ammonia stripping varies over  time--operation ranges from 4.7hr to 45.5hr.
5Results based on HACH DR200 analysis of fresh samples
6Value 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
7The effluent from the metals precipitation was the influent to the ammonia stripping and biological treatment unit processes.
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Table D-4. Screening Test results(1)  -- Continued

                                                                                             Wastewater #1              Wastewater #2              Wastewater # 3            Wastewater #4
Unit Operation POC Discharge

Criteria (9)
Influent Effluent Influent Effluent Influent Effluent Influent Effluent

Activated Carbon (6,7,8,10) Acetone (ug/l) 1700 ND ND ND 72.7 ND ND ND ND

COD (mg/l) -- 44.6 37.8 41.2 37.8

TOC (mg/l) -- 17 16 12 12

Turbidity (NTU) -- 4.2 5.9 4.3 5.4

1Wastewater #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
4Influent for ammonia stripping  operation varies over time-- ranges from 4.7hr to 45.5hr.
5Results based on HACH DR200 analysis of fresh samples
6Influent concentrations varied over time
7Effluent concentrations represent final wastestream quality
8Only POCs that had a detectable concentration are shown (ammonia not analyzed)
9Value 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
10The 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 Characterization—Confirmation(1)

Unit Operation VOCs(2) SVOCs(2) Pesticides
/PCBS

Metals Cyanide TSS
/VSS

TDS BOD COD TOC NH3 TKN O&G Total
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

Biological (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

Sludge Samples
TCLP
VOCs

TCLP
SVOCs

TCLP
Pesticides

/PCBS

TCLP
Metals

Ig/Ret (3)

Metals Precipitation (4) 2 2

Biological (SBR) Treatment (5) 3 3 3 3 3

1The number of samples shown are for all four wastestream(s): #1-sediment pore water, #2-precipitation runoff, #3-ECI groundwater, #4- combination wastestream
2VOCs-Volatile Organic Compounds, SVOCs-Semivolatile Organic Compounds
3Ignitibility/Reactivity
4Not enough sample available for  wastestream(s) #1 & #2.  These were calculated assuming total mass released into leachate
5Wastestream(s) #1 & #2 composite into one sample




















































