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A comparison of alternatives with respect to total annual costs and ammonia removal is
provided in Table 6.

Table 6. Comparison of Total Annual Costs and Ammonia Removal for Treatment Alternatives

Total Annual Costs In Thousands of Dollars

Components - i :

1 2 3 4 5 | 8 | 9
NH3-N Removal, Ibs/day _' 7 212 449 88 464 464 . 464
NH3-N Removal, % 2 45 95 19 98 | 98 98 -
Total Annual Costs |
Capital 2 | 177 52 1131 36 171 196 | 1248
-0/ M?b o ) 403 - 4176 2227 1643 | 1940 B 924 ‘_ 1948
1:otal _ ] 77580_ | 4228 f3357___ _1678_‘ ) 2111 1 1121 _: _3.19(_5 )
“TotaI;Ib NHa_-N realed —227 f55 o 2&). _ 52_ - _ 12 N 6.6_ B £9 B

2Based on a 10-year perlod, 3.5 percent annual Interest and no salvage value.
®Based on 10 year perlod and 3.0 percent inflation rate.

The minimum total annual cost for a 98 percent reduction in effluent NHs-N is
$1,121,000 per year at $6.60/Ib NH3-N removed provided under Alternative 8. If
25 percent reduction were provided under Alternative 8, the total annual cost would be
$343,000 per year at a cost of $8.10/Ib NHs-N as described in Attachment C.

New Treatment Technologies

Since 2004, several new treatment technologies have become demonstrated, which
could provide effluent NHs-N reduction at the Henry Plant. However, none of these
technologies are as economically viable as the ones discussed above.

CASTion Ammonia Recovery Process (ARP)

This process removes ammonia by combining stripping with ion exchange. The waste
stream s first conditioned to volatilize ammonia for capture by vacuum distillation.
Subsequently, the waste stream is exposed to an ion exchange resin. This process is
more costly to build and operate than the separate alkaline air stripping and ion
exchange alternatives considered above.

Ostara Pearl

The Ostara Pearl process recovers nutrients from wastewater, including phosphorus and
nitrogen containing compounds, and, subsequently, combines these nutrients with
magnesium hydroxide to precipitate struvite. Ostara Pearl is simply struvite precipitation
that has been considered above under a proprietary name.

Liqui-Cel Membrane

The Liqui-Cel Membrane uses a membrane module to separate ammonia from a waste
stream. The ammonia is then converted to ammonium salt. Since stripping is part of
the process, the Liqui-Cel Membrane similarly requires a pH of greater than 10. As
previously determined with alkaline air stripping, pH control would be required to elevate
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1. Introduction
1.1 Background

The combined wastewater generated at the Emerald Performance Materials- Henry Plant has historically
contained high concentrations of Total Kjeldahl Nitrogen (TKN) and ammonia-nitrogen (NHs-N), as well as a
known nitrification-inhibiting compound, mercaptobenzothiazole (MBT). This known inhibitor is the
compound that serves as the foundational building block of essentially all products at the Henry Plant.
Several bench-scale tests have previously been performed to evaluate the viability of nitrification of both the
principal wastewaters (PVC Tank and PC Tank discharges) that comprise the primary clarifier influent and
the secondary clarifier effluent. On all previous occasions, nitrification has been inhibited, despite sufficient
nutrients, and carefully controlled pH, alkalinity, orthophosphate-phosphorus (PO4-P) and dissolved oxygen
(DO) concentrations.

Emerald personnel collected the following samples on May 30, 2011.
 One-gallon sample of Return Activated Sludge (RAS)

» One-gallon sample of Primary Effluent

 One-gallon sample of Secondary Effluent

» One-gallon sample of PC Tank

All samples, except RAS, were kept under refrigeration until treatability testing was performed. The RAS was
mixed and aerated until testing, and deionized water was added, as necessary, to maintain volume.

1.2 Scope of Work

In order to determine the extent to which the wastewaters are inhibitory to nitrification, three Fed Batch
Reactor (FBR) tests were performed. Table 1 below provides the general setup for the three tests.

Test Wastewater
Test 1 Tap Water with NH4CI
Test2 Secondary Effluent
Test 3 FBR RAS 2 + Nitrifiers 2 Primary Effluent

@ Washed with Total Dissolved Solids (TDS}-adjusted tap water to remove any soluble inhibitory compounds.

The first test was a control containing pure culture nitrifiers designed to obtain an uninhibited nitrification
rate. The second test investigated the extent to which the secondary effluent is inhibitory to nitrification.
The third test evaluated the extent to which the primary effluent is inhibitory to nitrification.

2. Results

2.1 Characterization

The samples provided by Emerald Performance Materials were characterized and the results are shown
below in Table 2.

Browna«oCaldwell 1



Ammonia-Nitrogen Treatment Alternatives

Parameter SeconEt::lr:/e(l’:'ltariﬂer

TCOD, mg/L 350

FCOD, mg/L Not Analyzed

TSS, mg/L 14

VSS, mg/L 8

NH3-N, mg/L 113

P04-P, mg/L 0
Alkalinity, mg/L as CaCO3 1,000 500

A comparison of the NHa-N results indicates that significant quantity of organic nitrogen is converted to
NHs-N at the Henry Plant, which has always been the case. The effluent alkalinity is sufficient to support
nitrification and absent inhibition, with an effluent alkalinity much greater than 150 mg/L. The primary and
secondary clarifier effluents contained inadequate PO4-P to support unhindered biological treatment on
May 30, 2011. Samples were supplemented with phosphorus prior to testing. There was a higher nitrogen
loading in the secondary effluent.

2.2 Fed Batch Reactor (FBR) Testing

During a FBR test, a wastewater is fed to a batch reactor with a fixed biomass population. This configuration
allows for the fraction of wastewater in the beaker to increase over time. Thus, the nitrification rate as well
as the fraction of wastewater inhibitory to the biomass can be ascertained from the results.

Alkalinity was added, as necessary, to the wastewaters as sodium bicarbonate {(NaHCO3) to provide
sufficient alkalinity for complete nitrification. Dipotassium phosphate (K2HPO4) was added to provide a total
phosphorus concentration of 30 mg/L. The pH in all tests was maintained between 7.0 and 8.5. The DO
was maintained above 2.0 mg/L.

The average nitrification rate observed for the control reactor was 0.61 mg N removed per mg volatile
suspended solid (VSS) nitrifier per day (mg/mg-day). A nitrification rate in the range of 0.6 mg/mg-day to 1.0
mg/mg-day is typically observed when nitrifying bacteria are uninhibited. Figure A-1 below illustrates the
control nitrification rate during the course of the test.

Brown»Caldwell
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Figure A-1: Control Nitrification Rate as a Function of Time

In contrast, the nitrification rate for the secondary effluent test peaked at 0.46 mg/mg-day at 21 percent
secondary clarifier effluent contribution by volume. At 0.46 mg/mg-day, the test may have already been
exhibiting inhibition. The nitrification rate dropped during the remainder of the test and reached 0
mg/mg-day by the end of the test when the secondary clarifier effluent contribution reached 95 percent by
volume contribution. Figure A-2 below illustrates the nitrification rates during the course of the test.
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Figure A-2: Nitrification Rate as a Function of Secondary Effluent Fiow Contribution

Figure A-2 demonstrates a downward trend toward a zero nitrification rate and indicates that secondary
clarifier effluent is inhibitory to nitrification even at low wastewater contribution.

Demonstrating even higher levels of inhibition than the secondary effluent, the primary clarifier effluent test
produced a nitrification rate of 0.006 mg/mg-day at 6 percent by volume contribution. In order to
corroborate this result, 20-fold washed RAS was combined with pure culture nitrifiers, provided NH3a-N as
ammonium chloride in the presence of excess alkalinity and phosphorus, and allowed to aerate overnight.
Even with no primary effluent, the observed nitrification rate was 0.06 mg/mg-day. Lastly, the TKN
hydrolysis to NHs-N during the primary clarifier effluent biological treatment test was only 34 percent versus
near complete hydrolysis typically being achieved. This may have been due to the test being conducted on a
RAS sample that was not freshly collected. Consequently, the FBR test of the primary clarifier effluent likely
exhibited stronger inhibition than would have with a freshly collected RAS sample. The primary clarifier
effluent exhibited nitrification inhibition in testing at less than 15 percent by volume contribution versus less
than 6 percent in this test.

2.3 Summary

Based upon the performed FBR testing, both the primary and secondary clarifier effluents continue to be
significantly inhibitory to nitrification. This finding kept Brown and Caldwell from considering nitrification as a
reliable method of effluent NH3-N control in the associated report.
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