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Projgct Summary

The purposa of this praject was to demensirate the capability of the UV-8100 Process Analyzer to
perform on-line analysis of nitrate and nitrite for control of a denitrification process at an Advanced
Wastewnter Treatment (AWT) facility in central Florida. The Information summarized in this report [s
from a demonsiration project canducied during April and May of 1993,

The damonatration was conducted at the Hooker's Point AWT Faclilty In Tampa Florida. Appendix A
containg a Lrief praoceas description and flow schematic of thls 80 MGD facility.

The normal method of control for the denitritication process at the AWT facility s 1o feed methanoi
based on a flow progartioned feed rate which is manually frimmed based on the results from a
pericdic denitrified affluerd grab sample thal has heen gnalyzed by the operator using a fleld tesk kit
nitrate analysis (leed back control). Ona objective of the demonsiration was to show that the nitrate
concentration of tha influent 1o the process could be contlnuously monitored by the U¥-6100 and that
this Information could be used to establish a control strategy basaed on nitrate demand (fead forward
contrel signals) which can automatically be adjusted based an continuous monitoring of denitrified
affluent nirate concerdration {feed back trim signals).

Analyzer Description
The UV-6100 Process Analyzer is an on-line spectrometry system eguipped with a multichannel array

daetector and an internal computer, This system 1s capable of simultaneously detecting numerous
wavalengths of spectral information in the ultraviolet waverange from process solutions in a flow cell
or optical probe. The information is processed by the analyzer and compared to calibration files stored
in memory in order te calculate the concentrations of chemical substances that cause absorbance
of ultraviolet ight in specific patterns. Tha UV-6100 Analyzer detects and analyzes the natural light
absorbance characteristics of the process solution and does not use icn selective elecircdes or
chemical reagents to partorm the analysis.

Figure 1 is an lustration ¢f the ChemScan Analyzer. The upper enclosure containg the light source,
power supplies, temperature controls, spectrograph, compuier board, com munications boards, centrol
panel and associated electronics. The lower enclosure {shown without the front panel) contains a flow
cail, control valve, and connection points for analog or serial communicatlons.

Denitrificatign Influent Tasta

A side stream from the flow channel that supplies nltrified etfluent to a bank of deep bed
denitrificatlon sand filters is continuously being circulated through one channel of a composite
sampling system. The UV-8100 Analyzer was calibraled using a combination ol laboratory ard proceas
samples for a nitrate-nitrogen. range of 0 1¢ 25 ppm, with most values falling in the 19 to 15 ppm
range. Process samples were grabbed from the rough of the composite sampler and were analyzed
on site uging a fiekd analysis kit and in the laboratory using an automated flow injection analyzer with
a cadmivm reduction column.

A sample line was connected from the trough ol the compaosite sampler to the UV-6100. A peristaltic
purnp controlled by the UV-6100 internal computer was used to deliver a fresh supply of sample
through the flow cell. Sampla lines were auiomatically flushed tor a minimum of one minute intervala
prior to each resding. Information from the analyzer was racorded in several ways.

Tha UV-6100 Analyzer was programmed to hait the sample flow through the flow cell, scan the sample
and calculala nitrale-nitrogen concentration at periodic (five minute or less) intervals. Thia iniormatlon
was converted to a 420 mA signal by the UY-610¢ Analyzer, with output ta tha plant datla management
network where {ha Information was available for recarding or dlsplay by tha plant computer system.



The UV-8100 Analyzer containa an Imemai memory avallable to accumulate an historical record of
dats from the analyzer over a pariod of time. This data log capabllity was used to accumulate a
running racord of nitrate concemrations as measured by the analyzer at periodic (hourly or leas)
Intervals during tha demonstration period.

In additlon, operators wera reguested to axtract grab samples from the sample trough at least cnge
per shift throughout the demonstration perfad. At the time the sample was ¢xtracted, iha cperator was
also asked o record the mos recent nlirate-nitrogen value as shown on the display panal of the UV
8100 Analyzer. In this manner, nitrate-nitrogen values from the laboratory analysis of lha samples
could be matched with the comparable values from the analyzer al or near the time when the sample
was obialned. If a UV-6100 reading was nol recorded by the operator, informatlon from the internal
dala log or plant computer records could be obtained.

ifl 11

Soveral graphs are atlached which illustrate results from on-ine analysis of the influent to the
denitritication process ("on” fiter values):

HPONCO1: UV-6100 calibrations are conatructed by building a set of flles that contaln the spectrai
charactecistics of numercus samples and the comresponding concentralions of the
analytes In each sample. The calibration files for the denitriflcalion Influent
demonstratian inchxde a combination of laboratory prepared samples wiih known
analyte values and process samples with analyte values based on a second method
ol analysis. This graph shows the results obtained when field test kit valuas for the
denltrification influent samples were used to calibrate the UV-8100. This graph
illustrates poor agreement batween the spectral patterns observed by the analyzer and
the corresponding nitrate-nitrogen values based on test kit analysis. Ahhough the
average esror was only 0.003 ppm, the variance was 1.111 ppm and the correlation
using this calibsation was no better than 0.84 (R® Value).

HPONCOZ: This graph illustraies much betier agreement when nitrate-nlirogen values based on
laboratory analysls of the samples wera used for calibration. Aithough the average
error waa siighily higher at 0,009 ppm, the variance improved 10 0,026 ppm and the
correlation was nearly perfect at 0.967,

HPLTTREN:  This Ia a graph ol hourly nitrate-nitrogen values for the influent to the denltritication
process as recorded by the UV-6100 Analyzer over the period of April 2-20, 1983, Note
that & daily diumal pattern can be obsarved and that the influent concentration ls
typically In the 15 to 20 ppm range, but both high and low concentration excursions
can ba noted for several periods. Breaks in the graph represent pericds when the
analyzer was off line ior malntenance or other reasons.

HPDNI0: This graph shows a comparison betweon the hourly results from fieid teat kit analysis
of grab samples by the plant operators, laboratory analysis of grab samples oblalned
by the operators ance per shift and the houry UV-8100 Analyzer values from operator
racords or the UV-6100 internal dala log. Thega data are for a five day period from
April 21-28, 1993, Observe that there k8 clogser agreement between tha Iaboratory
valuea snd the UV-§100 values than between the fleld tagt kit and the UV-6100. it
should be notad that the U¥-5100 was calibrated using laboratory snalysis values and
that good agreamaent between these valuas should be sxpactad. Although tha 1est kit
valuea show a significant offsal when compared 1o sither tha laboratory valugs or 1o
the UV-B100 results, a simitar pattern can be seen in tha data sotx from each malhod.



HPDNID4;

HPTREND:

HPDHI0Z:

HPONIO3:

An adjustmant capabliity Is available In tha UV-6100 which allows a conslart valua to
ba added to or subtracied from each reading. The purpose of this adjustment Is to
parmit the analyzer to report reaults which correspond o some other mathod or
Instrument. An exampla of this 13 shown using resulls from the Tampa AWT tacility.
The UV-8100 was calibrated using laboratory snalysis valuay, as explained above. Had
# -8.0 ppm constant adjustment been used with tha April 21-26 data, thera would hava
been sxcellent agreemant (avernge error of wnder 0.20 ppm) betwaen the test kit
results and the adjusted UV-8100 values, as shown on the graph. This demonstratas
that, If deaired, the UV-6100 can emulate the resulis obtained from anoiher mathod,
as long as the results can be expected 1o follow a similar rend over a ghvan
concantration range.

This graph compares the nitrate-nitrogen results jrom laboratory analysis of periodic
grab samples with the comesponding UV-8100 valugs at tha time the sample was
obtained. Excellont agreement between these values can b observed, with an average
wror of laga than 0.50 ppm over the range of 10.0 10 26.0 ppm.

Tha accuracy of the UV-8100 Analyzer is llustrated by showing tha locatlon of nitrate-
nitrogen valuea from the UV-6100 compared o a laboratory analysis value. The
standard deviation was approximately 1.0 ppm. Within the 13-13 ppm range, which
was the expected operating range, nearly all values fall within plus o minus 1
standard deviation of the labaratory resalt. The UV-8100 contalned very few calibwation
files in the range above 20 ppm, which may explain the diminished comparative
accuracy In this range.

Nearly all UV-6100 Analyzer nitrate-nitrogen values fall within plus or minus two
standiard devlations (approximately 2.0 ppm) of the laboralery resulta.

m—
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Denitrification SHflyent Tests
Sida streams from two banks of denitrification filters are alse supplied to Individunl channels of the
composie sampling aystem. In a manner similar to that used for the influent study, a sample line was

connected from the 'new filer” trough of the composite sampler to the UV-§100 In order to monitor
the effluant from the denitrification process in ihis bank of filters.

The UV-8100 Analyzer was callbrated using a set of laboratory and process samplea over & rangs of
0-5 ppm for nitrat¢-nitrogen and 0-5 ppan for nitrite-nitrogen. Unilke the calibration for the Influerit te
the denitification process, the calibration flles for denitrification etfiuent using values from the fisld
tast kit produced betler results than a calibration using values from laboratory wnalysis of the samples.
This was believed to be the resull of both better accuracy for low concentration analysis using the
field tast kh and sample age difficulties with the laboratory analysls.

Individual 4-20 mA channals wera assigned 1o communicate pitrale-nitrogen and nitrite-nitrogen values
from the UV-8100 Analyzer over the piant data managemant network. The analyzer was programmed
to perform a new analysis every five minutes, although two minute intervals were also used for several
days dusing the demonsiration period. UV-6100 values were legged using the Internal data log featura
at intervals of one hour or Jess.

Log values from the UV-6100 Analyzer were compared to values from grab samples obialned onca
each howr by the operatora from the wrough of the composite sampler. In addition, a sample for
laboratory analysis was obtalned once per shift.

Denitrification Effluent Hesults

Additional graphs are attached which illusirale the results from on-line analysis of the affluent from
the denitrification process ("off" filier values):

HPOFFCO1:  This graph llustrates the correlation obtained when values from feldd test kit anatysis
of samples were used in the calibration for denitrification efiiuent nitrate-nitragen aver
the range of 0 1o 2,5 ppm. An average emvor of 0.008 ppm and a vatiance of 0.022 ppm
were obtalned, with a comelation in excess of 0-95 (R valus). A calibration using
labaratory analysis results was attempted, but was unsuccessful. Laboratory analysis
was only performed only once per week and the presence of denitrifying bactatia In
the unacldifled fraction of these samples resulted In unrediable nitrate-niregen values.

HFDNED1: UV-8100 Analyzer values for nitrate-nitrogen and nitrite-nitrogen ara shown at ten
minute irdervals gver a 48 hour period. Both nitrata and niirite results show a similar

paitern aver this perlod.

HPOFFNQO3:  This graph shows the variation In etfiuent nitrate-nitrogen values a8 meagurad by the
UV-8100 Analyzer at ten minute kntervais over a 30 hour period compared to tha
designated upper snd lower conlrol imits for the denlirification procass. Note that a
majority of tha values are outside of the control limits.

HPDNEQ4: A comparison betwean ihe hourly fiakd test kit vaiues and the corresponding Uv-8100
Analyzer values for nitrate-nitrogen cwer a ona week period are shown. Excollemnt
agraement betwesn these data can ba chserved during this period, with an average
amor of -0.177 ppm and & variance of 0.220 ppm over a range of 0,01 {0 2.7 ppm.



HPDNED3:

HPDHNEDS:

HPDMNEDS:

This graph provides an hourly compurison of fakd test kit values nnd UV.8100
Analyzer values for nitrate-nitrogen in denitrified effiuent aver a 48 hour period. This
lasa dense presaniation of comparative data shows the sxcellent tmeking achleved by
the UV-6100 Analyzer.

The accuracy of tha UV-6100 Anaiyzer sffluent measuraments are shown. Analyzer
nitrate-niirogen vaiuss ara compared to the reference values from tha flakd test kit
analysis, plus or minus onae standard daviation of 0.47 ppm.

Noarly afl UV-8100 Analyzer nitratle-nitrogen values are shown within plus or minus two
standard davistions (0.94 ppm) of the fiekl teat kit values.
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PROCESS DESCRIPTION
II1-1-21

HOOQKERS POINT AWT PLANT
PROCESS DESCRIPTICHN

Preliminary treatment at the treatment plant includes preaeratlion
of the sewage to remove hydrogen sulfide, treatment of the
hydrogen sulfide for odor control, sewage screening, grit rxemoval
and primary sedimentation.

Chemicals may be added ahead of primary sedimentation to increase
solids removal.

Secondary treatment for carbonacecus BODg removal is provided by
the activated sludge process In covered reactors in combination
with final sedimentation tanks. Sewage enters the reactors in a
plug flow pattern and is combined with return sludge to form mixed
liguor. Mechanical aeration eguipment is provided to transfer
high purity oxygen to the mixed liguor in the reactors.

In the final sedimentatioen tanks, the solids {activated siudge)
are removed from the mixed ligquor by gravity settling. The solids
{activited sludge) may then be returned to the reactors or wasted
from the process as reguired.

The overall removal of carbonaceous BGDs, and suspended solids
after this activated sludge process is expected to be greater than
90 percent. Between 15 and 20 percent of the TEN will be removed
with the suspended solids.

A second activated sludge process utilizing high puritg oxygen fer
nitrification, which is the conversion of ammonia (NHgq" ) to
nitrate {(-NQ3) is provided in covered reactors in combination with
final sedimentation tanks. Carbonacecus stage effluent enters the
reactors in a plug flow pattern ang is combined with the return
sludge te form mixed ligquor. Because of the high BODs and
suspended sovlids remcval efficiency of the carbonacecus stage
activated sludge process, a requlated stream of preliminary
treatment effluent can bypass the carbonacecus stage and be fed
directly to the nitrification stage to supplement the food supply
required by the nitrifying bacteria. Mechanical aeratlion
equipment is provided to transfer high purity oxygen to the mixed
liqueor in the reactors.



PROCESS DESCRIPTON
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In the final sedimentation tanks, the solids {actlvated sludge}
are removed from the mixed liquer by gravity settling. The scolids
(activated sludge) may then be returned to the reactors or wasted
from the process, as reguired.

The overall removal of carbonaceous BODs, suspended solids

after this activated sludge proceas is expected to be greater than
§0) percent. Greater than 95 percent of the ammonia nitrogen in
the influent to this activated sludge process will be converted to
nitrate-nitrogen.

Denitrification is an anaeroblc biclogical process, empleyed to
convert the nitrate-nitrogen, in the effluent from the activated
sludge-nitrification process, to nitrogen gas, Denitrification
takes place in the deep bed, mono-media denitrification filters.

A supplemental carbon source (mehancl) is added to the
denitrification filter influent to provide a food source for the
denitrifying culture in the fllters.

There are twenty denitrification filters arranged for contrel in
two groups of ten. There are three principle filter cycles, as
follows:

o Normal Filter Cycle
o Nitrogen Release Cycle
o Full Backwash Cycle

puring the normal filter cycle, the nitrified effluent with the
supplemental carbon source enters the filters and passes through
the filter media where it comes in contact with the anaerobic
denitrifying bacteria. It is here that the bacteria biclegically
dissimulate the nitrite te nitrogen gas.

The nitrogen gas forms small gas bubbles within the filter., The
media and down flow of the ligquid prevent much of the nitrogen gas
bubbles from rising to the surface and escaping into the
atmosphere. The nitrogen release cycle is a short backwash cycle
to release the nitrogen gas which becomes trapped in the filter
medlia. Generally, the nitrogen release cycle backwash will be
requires at 4- to 6-hour intervals. If the nitrogen release back-



FROCESS DESCRIPTION
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wash cycle 1s not performed at the required interval, the nitrogen
gas will continue to accumulate and the head loss through the
filter will increase just as in a dirty fllter. The flow rate
through the affected filter will be reduced. Autcmatic controls
are arranged to provide an adjustable duration water backwash, in
sequence, to each 10-fllter group.

Greater than 90 percent of the nitrogen in the influent to this
process will be converted to nitrogen gas and thereby, remaved
from the sewage.

As discussed above, denitrification Is an anaerobic process.
Therefore, the effluent from denitrification will have little or
no dissclved oxygen (DO). Reaeration of the denitrification
filters effluent is provided in the post asration-chlorination
tanks by diffused air. The DO in the sewage is raised to at least
5.0 mg/l.

Chlorilnation is provided in the post aeratien -chlorination tanks
for disinfection of the plant effluent. A chlorine residual of
about 1.0 mg/l will be maintained. The chlorine is them removed
ky addition of sulfur digxide.

Sludge removed by primary sedimemtation is stabilized by anaerobic
digestion in anaerobic digestion tanks which are a part of the
primary treatment facilities, Waste sludge from the carbonaceous
and nitrification activated sludge processes will generally be
stabilized by anaerobic digestion. The gas from the anaerobic
digestion process is burned in engines to produce electricity.

Sludge from the anaerocbic digestion process is dewalered by belt
filter presses or dried on sand drying beds.

The belt press sludge is then dried to produce a fertilizer
product in a heat drying plant. This sludge product goes to
distribution and marketing. $Sludge that is not dried at heat
drying is applied to agricultural land.
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May 12, 1957

ADDENDUM 1

In October 1995 an order was placed by the City of Tampa for a ChemScan Process Analyzer
System.

This system is currently installad and operating at the Howard F. Curren Wastewater Treatment
Facilty (formerly known as Hookers Point). The delivered system differs from the
demonstration system in the foliowing manner:

a. The delivered system hag a six sample line manifold and a series of manual valves
which permit a choice of sample peints for the “old* and “new” nitrification tank
effluents, the "ald” and "new” denitrification filter banks and the final plant effluent,

b. MNitrite has been dropped as a parameter for the delivered system.

¢. Ammonia has been added as a parameter for certain sample points. The delivered
system includes an ammonia sample conditicning unit.

d. Automatic zeroing and cleaning is available on the delivered system.
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Sample Point Connections

Sample Point ASA Manifold Analytes Motes
Fosition
C1-Nitrified Effluent from FB-SSP-1 1 NO3-N Marual Valve before ChemScan
{wilhoul methanol] {old) {0 - 20 ppm) |manifold 1o select either G1 ar
CR MNH3-M B2
B2- Comhbined Nitrified Efflusmnt {0 - 10 ppmy)
from FB-S5P-T7
B 1- Mitrifization Effiuant fram 2 NO2-M
FB-SSP-8 {new) {0 - 20 ppm}
NH3-M
{0~ 10 pprm)
C2- Denitrification Effluent {zld) 3 NO3-N Manual Valve before ChemScan
from FE-S3P-3 {0 - 10 ppmY {manifold to select either G2 or
CR MNH3-M )
AZ- Combined Denitrification {0 - 10 ppm?
Effluent from FB-SSP-5
D- Denltrification Effluent (new) 4 NO3-M
from FB-SSP-4 {Q - 10 ppm}
A1- Final Efffuent from CA-SSF-1 5 NH32-M

{Q =10 ppm}




