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DISCLAIMER

"This report was prepared as an account of Government-sponsored work.
Neitfar the United States, nor the Administration, nor any person acting

o > half of the Administration:

a. Makes any warranty or representation, expressed or implied,
with respect to the accuracy, completeness, or usefulness
of that information contained in this report, or that the
-use of any information, apparatus, methods, or process
d:sclosed in this report may not infringe privately owned
rights;

b. Assumes any l1iability with respect to the use of any
information, apparatus, metiods, or process disclosed
in this report.”

As used in the above, "Person acting on behalf of the Administration” includes
any employee or contractor of the Administration, or employee of such con-
tractor to the extent that such an employee or contractor of the Administration,
or employee of such contractor prepared, disseminates, or provides access to
any information pursuant to his employment or contract with the Administration
or his employment with such contractor.
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ABSTRACT

The Santa Clara Valley Water District (SCVWD) owns and operates a water
reclamation facility located in the Palo Alto Baylands area in Northern
California. The purpose of the facility is to evaluate the technical and
cost feasibility of producing high quality reclaimed water in Santa Clara
County. The SCVWD requested NASA to move their Water Monitor System to the
reclamation facility to provide the district with data to help them evaluate
the individual treatment processes and the entire treatment train. The field
demonstration test period at the SCVWD Water Reclamation Facility began in
July 1977 and ended in February 1981. This technical summary is divided into
two major parts. The first part covers the results of the data gathered by
the WMS and the SCVWD from January 1978 to September 1979. The second portion
of the Technical Summary covers the results of the data gathered from July
1980 through February 1981.
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SECTION 1.0
INTRODUCTION
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SCVWD-WRF/PA RACKGROUND

The Santa Clara Valley Water District, in cooperation with the Cities of
Palo Alto, Los Altos, and Mountain View, embarked upon a developmental program
of water reclamation and injection of the reclaimed water into underground
aquifers in the South San Francisco bayfront area. The purposes of this program
were to demonstrate the technical and economic feasibility of certain recla-
mation processes, and to attempt to provide a freshwater barrier to the
intrusion of saltwater into a shallow aquifer. The wastewater supply to this
system is the effluent from the Palo Alto Regional Water Quality Control Plant.

e N Ao

The Water Reclamation Plant provides tertiary treatment to the secondary
effluent from the Palo Alto cily plant, and in addition to its basic function
of providing a supply for groundwater recharge, the reclamation plant can
produce water of lesser quality for use in golf course irrigation or as a
supplemental supply for the Palo Alto city plant's Reclaimed Water System for
in-plant use.

The project took advantage of unused existing facilities at the Palo Alto
plant in the construction of certain process units. An old clarifier was
converted to a combined flocculator/clarifier, an unused sludge digestion tank
has been used for reclaimed water storage, and an old vacuator structure has
been adapted to house filters.

WMS BACKGROUND

As an outgrowth of its involvement in water reclamation and water quality
monitoring for both spacecraft and domestic applications, NASA has conducted a
project to develop and test an automated WMS (Water Monitor System). The objec-
tive of this project was to develop a system whereby water quality monitoring
could be performed as it would be done in a spacecraft, on-line and in real-time.
The design goal was to establish the capability to determine conformance to
future high effluent quality standards, and thereby increase the potential for
reclamation and reuse of wastewater. The resulting system includes both com-
mercially available and NASA-developed sensors, an automated sample collection
and distribution system, and a computerized data acquisition and reporting
system. The project completed assembly and checkout of the WMS under separate
contract (Reference 15). The project then entered into the field demonstration
test phase which ended on February 28, 1981.

TEST PROGRAM

This report is a summary of test data recorded during the test period,
January 1978 through February 1981. Datawere recorded on the operation of the




reclamation facility and its individual processes and on the operation of the
, WMS. These data included reliability and availabiiity statistics, downtime
{ and maintenance, and operations costs. The test program was divided into two
) major parts. The first part of the test program and of this report covers
the results of the data gathered by the WMS and the SCVWD from January 1978 to
September 1979. The second portion of the test period and of this report
covers the results of the data gathered from July 1980 through February 1981.
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{ SECTION 2
PART I FIELD DEMONSTRATION TEST RESULTS

This section will cover the results from the data collected by the WMS
and the Santa Clara Valley Water District.

TEST OBJECTIVES/ACCOMPLISHMENTS

The primary goal of this phase of the field demonstration program was to
determine the benefits and costs of continuous monitoring as a basis for main-
taining high effluent quality in a wastewater treatment application. In
support of this goal, key test objectives were identified. The accomplishments,
thus far, in satisfying these objectives are highlighted below.

1. Characterize treatment Erocess performance and define the key
parameters for maintaining an optimum effluent quality.
Accomplishments: The performance of each of the unit processes
in the reclamation facility has been measured in terms of the
WMS parameters over a wide range of operating conditions. These

data, along with an interpretation of their meaning, are presented
later in this section.

oy -\Www D R
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2. Define how the WMS concept of continuous automated monitorin
might be applied in the reclamation facility.

Accomplishments: Several opportunities for process control have

)y been identified. These are discussed at the end of this section.
The potential economic impact of certain unusual control concepts
is also presented. Additional work will be required before these
concepts are proven feasible. The task of developing process
control algorithms for normal process functions is currently in
progress.

3. Demonstrate the performance of the NASA-developed sensors.

Accomplishments:

A. Chemiluminescence Bjosensor

The capability for measuring viable as well as total bacteria
was incorporated into the sensor. The sensor proved to be the
most reliable method of measuring the performance of various
processes for biological solids removal. (Dependence on the
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biosensor for solids removal data has steadily increased with
experience. The other major source of this information, turbidity,
has proven to be of questionable value due to unexplained in-
creases across the filtering process, possibly due to sensor
susceptibility to entrained gases or to particle size.) However,
efforts to correlate the biosensor to coliform, the current standard
for effluent biological quality, were unsuccessful. This result
might be expected considering tnat coliform represents less than

1 percent of the total bacterial population. A more comprehensive
survey to relate the biosensor to other biological measures, in-
cluding virus, might be fruitful but is beyond the scope of our
current efforts. It was intended to test another potential biosensor
application, biological control of the activated sludge process;
however, resource constraints prevented the necessary planning.

The operation of the bioluminescence (ATP) sensor was terminated
when it was found that chemiluminescence, with the addition of

the viable bacteria capability, provided similar information.

Low operating cost and simplicity strongly favor chemiluminescence.

Hydrogen Sensing Coliform Detector

An extensive test program was performed to compare sensor per-
formance against the standard method, MPN test. A random inter-
ference was found when testing water at very low concentrations,
after disinfection. The interferring bacterium was isolated and
was shown to imitate, by chemical means, the hydrogen gas pro-
duction of the coliform. A change in the sensor configuration
eliminated the interference problem.

Trace Organics Sensor

The gas chromatograph was calibrated for nine compounds which
include tie trihalomethanes - chloroform, bromodichloromethane,
dibromocnloromethane, and bromoform. The calibration results, as
well as split samples with the Ames Research Center and Stanford
University, have shown good accuracy down to at least a level of

5 ppb. Procedures have been developed to resolve recent problems
with excessive column bleed. As discussed later in this section,
the instrument has been useful in several instances but particularly
in characterizing the solvent dumping practices of local industry.

4, Characterize the performance of each element within the WMS in terms

of availability.

Accomplishments: This section presents an evaluation of each of the
WMS eTements and reflects the reliability problems encountered with
many of the commercial sensors.
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CONCLUSIONS

Continuous monitoring of various biological and physical/chemical treat-
ment processes has identified certain key parameters which influence effluent
quality. Work was conducted in order to expand and apply this knowledge by
developing control algorithms where the monitoring system would be utilized
for direct process control and housekeeping functions. The information
collected shows that an automated monitoring system could support the following
plant control functions, thereby maintaining effluent quality while preventing
wasteful expenditures for consumabies and energy.

1. Efficient solids removal in the flocculation process by optimum
control of the teed rate of 1ime and flocculant aids, sludge return
rate, and sludge wasting rate based on influent conditions.

2. Minimum aeration conditions (0, 1, or 2 aerators) for effective trace
volatile organics removal to support desirable biological growth
in the granular activated carbon (GAC) and to comply with effluent
discharge restrictions for dissolved oxygen.

3. Filter backwash frequency based on head loss and effluent discharge
restrictions on dissolved oxygen.

4. Activated carbon maintenance scheduling to provide acceptable
performance at lowest maintenance cost.

5. Effluent neutralization by recarbonation dosage control to comply
with the effluent restriction on pH.

6. Disinfection (chlorination and ozonation) based on flow and dosage
requirement.

7. Selection of plant flow and process stream configuration based on
desired effluent quality and existing influent conditions.

Of the 24 parameters measured by the WMS, a few provided the bulk of the
useful information in that they reflected change in water quality produced in
the reclamation processes. These were:

Total Organic Carbon
Total Halocarbons
Dissolved Oxygen
Biomass

Turbidity

Total Residual Chlorine
pH

Ammonia

Nitrate/Nitrite

Thus, these are the available parameters which, potentially, can support
process control. The other inorganic parameters were essentially unchanged




in the treatment process since ion exchange of reverse osmosis is not among
the reclamation processes at this site. On the other hand, the capability
for measuring phosphorus and heavy metals, which are removed in 1ime clari-
ftcation, was not available in the WMS. Thus, the contingent of sensors on-
hand was rot tailored to all specific needs of this particular facility but
the data «rovidedare judged to be adequate for the purpose, even though not
comprehensive.

Sampie Collection and Distribution

The system provided itself to be extremely successful in doing what it was
designed for: to continuously deliver both a filtered and unfiltered sample
to the sensors. The system demonstrated its ability to filter samples ranging
from tap water to primary effluent with a minimum amount of maintenance. The
5C micron stainless steel filters showed that they removed the large particles
from the stream without affecting the parameters measured with filtered sample.
It was found that the biggest hazard for the filters was grease from the
sample. This was not only a problem during operation, but also during cleanup.
After extensive testing, an effective method of cleaning the grease from the
filters was developed. The syster demonstrated that the concept of multipoint
sampling is very feasible.

Sensors

Commercial Sensors

The performance of the commercial sensors varied greatly. On one extreme,
the Sigrist Photometer performed throughout the test period with hardly a
single malfunction and a minimum of required maintenance. On the other hand,
the chloride analyzer was out of service 65% of the test period, either for
repair at the manufacturer's or for troubleshooting at the WMS. The remainder
of the commercial sensors fell somewhere between these two extremes. The major
problem cited with these sensors as a group was reliability. Mechanical and
electronic failures were a continuing problem.” However, in defense of these
sensors it must be noted that several of the sensors were not designed for
the type of continuous 24-hours a day, seven days a week usage. Additionally,
all these sensors are at least 42 months old, and several are over 50 months
old. It is reasonable to expect that during that period of time the various
manufacturers have made significant changes and improvements to their sensors.
The feasibility of computer controlled auto standardization was successfully
demonstrated. In any type of sensor operation, this would result in a signif-
icant decrease in the amount of manpower required to maintain and operate the
system.

Chemiluminescence Biosensor

The state of the art for an automated chemiluminescence biosensor has come
a jong way during the test period. The mechanical and electronic reliability
of the sensor has been extremely good, especially for a prototype.




Coliform Detector

The coliform detector demonstrated itself to be quite reliable, both
mechanically and electronically. The only significant electronic failures were
the three electrodes, three thermistors, and two temperature control boards that
failed. However, all these camponents were at least 3 years old at the
time they failed. Both the reproducibility and validity of the detector
adequately demonstrated using seeded samples.

Gas Chromatograph

The yas chromatograph has proven to be a realiable instrument for monitoring
volatile halogenated organics. The instrument has operated without any major
problems since its installation over 1-1/2 years ago. The method was shown to
be accurate down to 5 parts per billion. It appears that this level is the
sensitivity 1imit with this method; however, this sensitivity should be
sufficient for monitoring potable water.

The chromatography for the nine monitored compounds is adequate. The
chromatography for methylene chloride and 1,2-dichloroethylene could be
improved and would probably yield somewhat more accurate results. In addition,
several as yet unidentified compound peaks can be found in the chromatograms.
Identification of these peaks will provide additional information in the
characterization of the water quality.

Deionized Water System

The system functioned quite reliably throughout the test period. The only
significant mechanical failures were tnose involving the pump impeller. These
were typically due to operator error. Bacteria contamination of the storage
reservoirs was periodically a problem. The system's capability tc provide a
contin?ous supply of reagent grade deionized water made the sensor system
possible.

Qther Sensors

Attempts to develop a total nitrogen sensor were unsuccessful. The following
describes the test system and problems encountered. The IBC/Berkeley Nitrogen
Analyzer receives the noncondensable combustion gases from the TOD analyzer
and determines the concentration of nitric oxide by msasurement of the potential
between two electrodes. During the combustion at 850°C, nitrogen compounds
in the sample are converted to nitric oxide; thus, a total nitrogen reading is
provided by the instrument in the ringe of 10 to 10000 ppm nitrogen. Testing
results showed inconsistent performance for this measurement. It was discovered




that medsurement sensitivity was considerably greater for nitrogen in the
form of nitrates than that in the form of ammonia (about 5 to 1?. It was
concluded that a large portion of the ammonia nitrogen was being reduced to
nitrogen gas (Np) rather than to nitiic oxide (NO). A sensor utilizing
chemiluminescence for detection was tried with similar results. Thus, a
mixture of nitrogen compounds in a sample must be converted to a single form in
order for this technique to be accurate.

WMS PERFORMANCE EVALUATION

Sample C:liection and Distribution System

Figure 21 shows the location of the six sampling points used during the
test period, which included water of a quality ranging from primary tc tertiary
treated wastewater. The system worked very well throughout the test period.
Fifty micron woven stainless steel filters were used for filtration purposes
for 80% of the test period. The remaining 20% of the time, thirty micron woven
stainless steel filters were used. Due to the high flow rate of sample across
the filter surface and the backflushing action, the system had no difficulty
removing particles and debris from the sample stream. This was true even for
the primary effluent sample from the Palo Alto waste treatment plant. However,
what did present a problem was the grease contained in the primary and secondary
effluent sample stream. Within about 4 days, the buildup of grease would be
enough to reduce the filtered sample flow below the required 2000 ml/min. flow
rate to the trailer. Additionally, when the filters were removed for cleaning,
the grease was extremely difficuit to remove. In order to prevent a loss of
sample flow, a schedule was established where the filters were changed three
times a week; on Monday, Wednesday, and Friday. This schedule proved to be
extremely effective in preventing any significant drop in filtered sample flow
rate. Various solvents, acids, and detergents were tested for their ability
to clean the filter screens so they could be reused. Finally, a procedure
was developed which thoroughly cleaned the filters. As soon as the filter
screens were removed from the filter housing they were rinsed with tap water.
Next, the filter screens were soaked in a solution of enzyme detergent and
water overnight. The filter screens were then placed in a solution of Isoterge
detergent and soaked overnight. The filter screens have been reused numerous
times using this cleaning procedure.

Overall, the sample collection system performed well with only a minimal
number of failures. During the test period four pump boots failed. Two of
these were due to loss of sample flow over a long period of time (2 days).

One boot failed due to a bad universal joint in the Monyo pump. The last boot
failed due tooverpressurization when two sample lines in the trailer became
clogged. Also during the test period each pump had %o have its bearings
replaced. The Red Valves which are used on the sample collection system worked
quite well. Five of the valve liners had to be replaced during the test period.
Each of these five developed a small leak after almost a year of operation.

Six of the Red Valves had tygon tubing used as a pneumatic line. This proved
to be a mistake as the tygon softened with age. This resulted in three of

the lines rupturing. A1l the lines were replaced with 1/4" polyethylene

tubing. During the test period one of the Bimba air actuators used for the
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backflush system failed. Additionally, the gears on one of the backflush

timers had to be replaced due to excessive wear. The only parts of the system
which had repeated failures were the pressure gauges. The criginal Jauges had a
life expectancy of 4 months due to pressure surges from the backflush system.
Snubbers were installed on all the gauges. However, this did not solve the
problem. Finally, the gauges were replaced with 1iquid filled gauges manufactered
by U.S. Gauge.

Total Organic Carbon (T0C)/Total Oxygen Demand (TOD)

The Astro Ecology TOC/TOD Analyzer was modified to allow v‘ar computer
controlied automatic calibration. This system consisted of two teiiun air
actuated slider valves, two pilot valves and two micro switches. The slider
valves were used to switch from sample to either zero or span standards. The
micro switches were used to send the valves status back to the computer.

The TOC analyzer worked quite reliably. However, sev.ral problems gid
show up during the test period. First, due to the high temperature (850°C)

of the reactor, corrosion from the acid reagent caused the reactor to eventually
fail. It appears that the 1ife expectancy of the reactor is between 18 to

24 months. Another probiem area was that the sample pumps were poorly located.
If a pump tube failed it could result in water filling the furnace compartment.
Since the construction of the WMS TOC Analyzer, the manufacturer has corrected
both these problems. Due to the fact that the infrared analyzer was located

in an adjoining rack, the line from the reactor to analyzer was longer than
normal. As a result, condensation took place in the line. To prevent this,

a 40 micron prefilter was installed in the 1ine. Additionally, a trap was
installed at the low point of the line. This prevented smail amounts of moisture
from accumulating and reducing the saaple gas flow to the infrared analyzer.
Also, a manual three-way valve was installed in the 1ine to the 50 cc sample
pump. This allowed grab samples to be easily tested. To verify the accuracy
of the analyzer, numerous split samples were run in the SCVWD lab. The results
of the comparisons showed good correlation of data. Comparisons were made with
both TOC and TOD standards with less than 5% error. One of the difficulties
with sampling of both primary effluent and Reclamation Plant effluent is that
the analyzers must be scaled to read the high primary values. As a result

the analyzer is not as exact as it would be on the lower scale. This was
especially a problem for the TOC analyzer. The TOC values for primary effluent
were often over 100 ppm, while they were as low as 1.0 ppm for the Reclamation
Plant effluent.

The TOD analyzer used the same reactor as the TOC analyzer. The sample gas
was routed from the reactor to the TOC infrared analyzer, then to the TOD
analyzer, and lastly to the vent. A problem with the electronics overheating
was discovered with the TOD analyzcr. This was due to the location of the fiber-
glass box, which contained the electronics, within the same rack as the reactor.
An attempt was made to relocate the electronics in another rack; however, it was
found that the increased resistance from the longer wires was too high. The
electronics were remounted in the old location. The door to the electronics
was left open to allow cool air to enter. This stabilized the temperature and
the data output. The most serious problem with the TOD analyzer was that tne
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analyzer was designed for a range of 0-1000 ppm and the water sampled was
generally in the range of 10 ppm. As a result, the accuracy of the measurements
varied. This was not so much a design problem with the analyzer as it was 2
problem of trying to apply an instrument intended for industrial effluent to
reclaimed wastewater.

Hardness Analyzer

The analyzer provided good, reliable data with few exceptions. The only
problems encountered were when samples of primary effluent or secondary
effluent were being analyzed. There is an apparent interference in the primary
effluent which causes the analyzer to consistently read erroneously low values
(less than 50 mg/L). The problem with the secondary effluent was apparent
only 5% of the time. The analyzer would, on these occasions, show an erroneously

high value. The interference would cause a jump in the reading of 200 to 500 ppm.

The exact nature of the interference has yet to be determined. One possibility
that is being studied is that the high residual chlorine level of the secondary
effluent may be affecting the data. However, as stated earlier, the sensor
operated very reliably 95% of the time. The other minor problems encountered
during the test period included periodic rupturing of the analyzer's pump tubing.
This problem was practically eliminated by replacing all the pump tubing every

2 months. Another problem was leaking "0" rings in the electrode holder. In

the beginning of the test the "0" rings had to be replaced with a thin rubber
gasket. This replacement gasket solved the problem.

Nitrate Analyzer

The analyzer was only run during the first month of the Phase I test period.
During that month it was found that the levels were consistently less than
1 ppm. It was decided by NASA and SCVWD that at that level the nitrate was
not a concern and that it would not be necessary to continue to run the analyzer.
During that brief period of operation the following observations were made.
The analyzer is fairly labor intensive due to the wet chemistry method of
analysis used. Two gallons of reagent must be mixed each week. Additionally,
due to the large number of pumps and drains used in tiie system, the analyzer
needed to be frequently monitored for leaks. While on-l1ine the analyzer did
provide accurate and reliable data.

pH Analyzer

The Great Lakes Instrument Mcdel 70 pH Analyzer generally provided good,
reliable data. The sensor required calibration on an average of once a week
during the test period. There was no serious fouling of the probe as a result
of sampling primary or secondary effluent. The probe was removed once a month
and checked for accumulations on the electrode. The electrode tip was cleaned
in a 0.1 N acid solution if a significant accumulation was found. When
calibrated, a pH standard of 7 was first used, then a pH standard of 10 was
used to check the slope. One problem, which hampered operation of the sensor,
was that air bubbles would come out of the sample and become trapped in the
flow cell. When enough air bubbles would accumulate in the flow cell, the
electrode would lose the necessary contact with the sample. This would result
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in tre analyzer reading approximately .5 pH unit lower than the sample actual
value. To resolve this problem a hole was drilled into the top of the flow
cell to vent off the trapped air. This modification worked quite well.
Throughout the test period the analyzer was supplied with 50 micror filtered
sample. Shortly after the end of the test period the analyzer began to
generate slightly erratic data. The epoxy used to build the probe began to
pull away from the electrode body. At this point the probe was replaced with
a new probe. With the new probe installed, the results were as stable as
eveg. Based on this information, the life of the pH probe is estimated to

be 3 years.

Total Residual Chlorine Analyzer

The analyzer was generally very reliable and provided good, accurate data
throughout the test period. The analyzer was modified with the WMS auto
standardization system. The analyzer required a minimum amount of routine
maintenance during the test period. The analyzer encountered some problems
with clogging due to particles clumping together in the small diameter tubing
(1/32") leading in an' out of the flow head. It was found that this was not a
significant problem as long as the analyzer was operated continuously. How-
ever, if the analyzer was shut down for any period of time over 3 hours,
the chances of clogging were greatly increased. Therefore, it is recommended
that if possible, avoid prolonged shutdowns of the analyzer. If the analyzer
should run out of reagent, it is recommended that the data switch be turned
off and the analyzer run with deionized water in place of the reagent. On
several occasions the pump tubes for the analyzer would fail within the pump.
To prevent this grob]em it is recommended that the pump tubes be replaced
every 2 weeks. Throughout the first half of the test period the analyzer's
results were compared once a week with the SCVWD lab results on a split sample.
The results were consistently within .1 ppm of each other. Periodically,
every 2 months, the electrodes were removed from the analyzer and polished
with Orion Rese-rch polishing strips. This prevented an accumulation of debris.
It is reconmer .d that the two electrodes be replaced every 6 months.

The schedule . auto calibration once 2 day appears to be fine. Both the zero
and span drift in a 24-hour period are approximately .1% full scale.

Sodium Analyzer

The Beckman Sodium Analyzer provided good data reliably throughout the
majority of the test period. The only time that it did not perform was a two
month period when it was out of service while awaiting arrival of a replacement
sodium electrode. The major drawback to the analyzer is the high number of
manhours required for routine maintenance. The analyzer is equipped with the
WMS auto standardi:ation system, and is calibrated once each day. One reason
for the high number of manhours is that both gallen containers of standard
(zero and span) must be refilled each day. Another reason is that the flow
system must be disassembled and cleaned once each week. This is due to the
fact that the anhydrous ammonia causes the particles in the sample to clump
and settle in the flow system. The anhydrous ammonia is necessary to adjust
the pH level of the sample prior to introducing it to the electrode. When
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cleaning the electrode and flow system,it is suggested that a dilute solution
of HCL be used. Split sample comparisons with SCVWD lab were routinely made
during the first part of the test period. The results showed an excellent
correlation within 20 ppm. Tests were run to see if the analyzer could be
operated without the anhydrous ammonia in order to reduce the amount of
required maintenance. The results of the tests indicate that without the
emmonia pretreatment the values areapproximately 50% lower the the actual
value. One problem which was encountered was the unavailability of a replace-
ment sodium electrode from Beckman. The original electrode was broken during
a routine cleaning operation. When Beckman was contacted to order a new
electrode there were none available off the shelf. A shorting problem had
been found in the cable from the electrode to the analyzer. It took 2 months
before the problem was fully resolved and the electrode delivered.

Temperature Analyzer

The two Action Pac Resistance Thermal Detectors worked without any problem
during the test period. One of the electronic boards had to be replaced when
it shorted out due to a major water spill. The two units were then relocated
to prevent a recurrence of the problem. The probes were periodically checked
with a thermometer to verify their readings. They showed essentially no drift
during the entire test period.

Turbidity Analyzer

The Sigrist Photometer Turbidimeter Model UP52-TJ worked extremely well
throughout the test period. The analyzer provided excellent data with a bare
minimum of routine or unscheduled maintenance. The only component which failed
during the entire test period was the replaceable light source. The only
routine maintenance required by the instrument was a once a week cleaning of
the mirror in the flow cell and a calibration. The TJ25 flow cell was used
throughout the test period. The 0-100 mg/1 Si0, standard was compatible with
primary effluent and reclamation facility effluent. Some problems were
encountered with the sample line running from the trailer wall to the analyzer.
On several occasions the line would become clogged with debris. To resolve
this problem the line was modified to remove all elbows and increase tf=
diameter of the tubing. Since this modification was made there have been no
more stoppages. A problem was also encountered with the drain line becoming
clogged, resulting in an overflow of sample. This problem was resolved by
removing the eibow in the drain line and doubling the diameter of the line.

Ammonia Analyzer

A serious problem with precipitates greatly hampered operation of the
sensor during the first part of the test period. The precipitate was brownish
in color and would appear in the color analysis tube for the sample. The
precipitate would build up to such a point that the data generated by the
analyzerwere invalid only a few hours after calibration. Extensive testing
was done to find a method of preventing the precipitate from forming. Finally,
it was found that by deleting the sodium nitroferricyanide reagent, the problem
could be resolved. The manufacturer stated that for levels above 1.0 ppm of
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ammonia, the sodium nitroferricyanide was not required. The stability of the
analyzer improved greatly after making this change. The analyzer was calibrated
for a range of 0-40 ppm. This range was satisfactory for the primary effluent
as well as the reclamation plant effluent. Another problem area was the pump
seals used in the analyzer's sample pump, reagent pump, and drain pump. These
seals would last an average of two months before they would have to be removed
and replaced. Once they were removed they could be reused after cleaning and
soaking in tap water for 48 hours. The metricone had to be removed once during
the test period. This was necessary to polish out several small grooves in

the teflon metricone. The gear drive train for the metricone had to be
replaced once during the test period. All the plastic fittings had to be
resealed during the beginning of the test period. This was due to the fact
that the adhesive used by the manufacturer was dissolved by the analyzer's
reagents.

The analyzer was equipped with the WMS auto standardization system and
was automatically calibrated once each day. The span standard solution needed
to be renlenisned once a week, as did each of the two reagents. Because of
this, the analyzer was quite labor intensive. Samples were repeatedly split
with the SCVWD lab. The analyzer's results were consistently within .5 ppm
of the standard method results. It was found that the overhead lights in the
WMS trailer had a noticeable effect on the readings. Because of this it was
decided that the interior trailer lights would be left on at all times to
provide a consistent background light level.

Chloride Analyzer

Operation of “he analyzer proved to be difficult throughout the test period.
It appeared at the beginning of the test that the sensor was working reliably;
however, the sensor soon began to show signs of severe drift problems. Extensive
calibration tests failed to resolve the problem. The probe and associated
electronics were shipped back to the manufacturer for repair. It was determined
by the manufacturer that the probe needed to be replaced; a replacement probe
was received. Initial calibration tests indicated that the new probe was stable
and accurate. The instrument was remounted in the trailer; however, problems
quickly appeared. The WMS values were consistently lower than the SCVWD
lab results for a split sample. While efforts were underway to resolve that
problem, the analyzer began to exhibit a new problem. The analyzer would
calibrate quite well, but when a real sample was introduced, the sensor would
start to drift upward. The start of the drifting would occur after approxi-
mately 4 hours in the sample stream. The readings would continue to drift
upward until going off scale high. This would normally take about 3 days
of the probe being in contact with the sample. If the probe was then placed in
a standard solution, the readings would accurately indicate the value of the
standard after a 2 hour period. A five times normal--solution of sodium
nitrate was tested as an ionic strength adjuster. It had no appreciable effect
on the readings. At this point the probe and electronics were returned to the
manufacturer for repair. [t was determined that the probe was being poisoned
by some unknown interference in the sample.
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Conductivity Analyzer

The Beckman analyzer performed throughout The test period without any
significant problems. The values were frequently checked with SCVWD lab
results for a split sample. The results showed excellent correlation
(r = .99). Periodically the flow cell was removed from the flow system and
checked for builcdup on the cell walls.

Dissolved Oxygen Analyzer

The Delta Scientific D.0. analy:zer performed quite well during the first
half of the test period. However, the analyzer then began generating erratic
data. The cause of the problem was not locatable. The probe and associated
electronics were returned to the manufacturer for repair. The manufacturer
found the probe had failed and had to be replaced. During its operational phase
the analyzer was calibrated once a week. This was done using a zero standard
and a span standard of known concentration. One problem encountered with the
analyzer was that the sample line from the trailer wall to the probe would
become blocked with debris. In order to resolve this problem, the line was
replumbed to remove all the elbows and increase the diameter of the tubing.
This left only one problem area, the flow control valve. It was found that
this valve had to be watched closely to verify the flow rate to the probe.

If the samples monitored included primary effluent or secondary effluent,
it was necessary to check the flow cell weekly for a buildup of particulate
matter.

The Honeywell Model 551011-00-01 dissolved oxygen sensor worked reliably
throughout the majority of the test period. Some electronic problems developed
with the sensor toward the end of the test period. As with the Delta Scientific
D.0. sensor, it was necessary to replumb the sample line from the trailer wall
to the sensor. This was done to prevent the sample 1ine from clogging with
debris. The analyzer was checked with a Hach wet chemistry D.0. kit on a weekly
basis. Ornce each month the zero value was checked using a zero standard. The
sensor experienced some contamination on the bottar of the flow cell and the
probe. This especially became a problem when analyzing primary or secondary
effluent. As a resul’, it was necessary to check the flow cell once a week
for debris.

Chemiluminescence Biosensor

The chemiluminescence biosensor currently processes and measures total and
viable bacteria once each l-hour period. Typical values measured in the
various wastewater effluents monitored by the WMS are illustrated in Figure 1.
The sensor is routinely calibrated using a Coulter electronic perticle counter
and the virefly luciferase - ATP assay fcr total and viable bacteria,
respectively.

To measure viable bacteria with an automated luminol chemiluminescence
system, the laboratory single sample injection method developed at Goddard
Space Flight Center had to be converted to a flowing system where reagents
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and samples could be processed with peristaltic pumps. The major problem
concerned handling the carbon monoxide-treated sample. It was known that
1ight reverses the binding of the carbon monoxide with the iron porphyrins

of viable bacteria. The carbon monoxide pretreatment had to be performed in
the dark and the sample had to be protected from light until after the subse-
quent analysis. This was achieved by locating the carbon monoxide bubble
chamber in a dark box and by using black tubing for transferring the sample
from the chamber to the reaction coil.

In addition to the carbon monoxide required for the determination of viable
bacteria, air had to be bubbled through the sample for accurate determination
of total bacteria. Without the air treatment, total bacteria counts were
artifically high, a fact still unexplained.

The biosensor schedule originally required 2 hours for a measurement of
both total and viable bacteria. The schedule was later shortened to 1 hour
after tests confirmed that sample flush, air/carbon monoxide treatments, and
analysis times were sufficient for accurate quantitation.

A standard calibration method had to be developed to insure the accuracy
and repeatability of the sensor. Calibrations were established using the
Coulter electronic particle counter and the firefly luciferase - ATP assay
for total and viable bacteria, respectively. The biosensor calibrations for
total bacteria illustrated in Figure 4, Volume I, were reproducible for
samples of cultured coliform bacteria or effluent samples. The calibration
curve established by these points was y = 2.15 (X - (-19.714)) where y equals
105 celis/ml and X equals biosensor response in volts.” The correlation
coefficient was equal to 0.96. The viable bacteria correlation curve illustrated
in Figure 5, Volume I, shows much more scatter when cultured bacteria and
effluent samples are compared. This may be due not so much to variations in
biosensor response but due to variations in the ATP levels within the organisms
grown in different environments and subject to various degrees of stress.

The standard curve generated from the measurement of total bacteria is
used for the calibration of the sensor. The stability and repeatability of
these measurements make it the method of choice. Extensive research in the
laboratory supports the extension of the method to calculate viable bacteria
with relative confidence.

The sensor has a lower sensitivity limit of 105 cells/ml, which is adequate
for most municip2l wastewater applications. The range of the biosensor is
adjustable from a minimum of 2 logs (105-107range) upwards to infinity. Thus,
the sensor can be regdi]y adapted to measure concentrated solutions such as
activated sludge (109 cells/ml).

1 The previously established calibration curve of y = 1.66 (X - (-10.32)) has

been left in the computer for the sake of subsequent comparison.
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Correlation of the viable bacteria results of the biosensor presents special
problems. Various values for viable bacteria can be obtained depending on the
type of method employed. Each method measures a particular parameter associated
with viability. The ATP method and luminol - CO method are measures of
metabolism while the standard plate count method is a measure of the ability
of a cell to reproduce and form colonies in an artificial environment. For
this reason the luminol method cannot be expected to produce the same results
as the plate counts. The ATP results have shown correlation with the luminol
data; however, it is known that ATP levels within bacteria can fluctuate,
depending on environmental conditions and growth phase. Due to this reason,
the ATP method can be used for "ball park" comparison and some deviations should
be expected. Other methods for monitoring viable bacteria should be examined
to further support and verify the biosensor rasults.

Coliform Detector

The major accomplishments concerning the coliform sensor are as follows:

1. An improved cleanup procedure was developed to better protect against
cross contamination. The major improvement involved substituting
0.1 N nitric acid for sodium hypochlorite reagent. In conjunction
with this change, larger volumes and longer residence times of the
bactericide were used.

2. A new sensor configuration was devised to allow auto inoculation of a
grab sample. The benefits gained from this action include better
reproducibility, ease of inoculation, and progressing toward the point
of on-line operation. Figure 9, Volume I shows the improved
valve configuration along with a series of valve steps to facilitate
computer controlled inoculation.

3. A series of calibration curves were developed. The information gathered
was used to compare the sensor to a NASA Ames coliform sensor, establish
sensitivity and repruducibility limits, and to demonstrate the degree
of agreement between the sensor values and MPN values.

In order to calibrate the sensor, seeded samples were run and the
reaction times were plotted against the MPN values obtained on the
sample. The samples consisted of serial dilutions of unchlcrinateu
secondary effluent using chlorinated secondary effluent (which had
been dechlorinated) as diluent. The dechlorinated water was uced as
diluent in order to approximate the chemical composition of real world
samples. Figures 10 and 11, Volume I show the fecal and total
calibration curves which were obtained in the manner mentioned above.
Linear regression analyses were run and gave the slope, y intercept,
and r values for each calibration. For the fecal coliform calibration,
the values were -1.26, 10.45 hrs., and 0.95, respectively. For the
total calibration curve the v2lues were -0.9, 9.04 hrs., and 0.95,
respectively. By using the equation y = mx+b, the unknown (the
original number of coliform bacteria in the sample) may be calculated.
Whereas, y equals the original coliform concentration, m equals the
slope, and b equals the y intercept. The reaction time is designated
as the amount of time required to register a 200 m.v. drop from the
electrode output.
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The comparison between the WMS sensor and the impedance sensor showed
that the instruments performed similarly. The r values for the WMS
and impedance sensor were 0.95 and 0.98, respectiveiy, for the fecal
coliform calibration curve. For the total calibration curve, the r
values were 0.95 and 0.96, respectively.

4. In the course of operating the coliform sensor, several cultures of
bacteria (coliforms and non-coliforms) were obtained. It was discovered
that one strain of non-coliform bacteria mimicked the m.v. response
of coliform bacteria. This was a revelation in that previous experience
had shown that non-coliform bacteria were incapable of driving the
electrodes to the maximum negative point (-500 m.v.). This particular
culture, however, gave negative responses equal to those of coliforms.

5. After it became apparent that the m.v. realings were influenced by
end products of metabolism other than hydrogen, a new cell configuration
was devised which allowed only evolved gas to reach the electrode. This
process involves venting gas from the growth cell to another cell
containing saline and the measuring electrode. The line from the
growth cell is submerged in the saline of the measuring cell so the
electrode will sense the dissolved gas. Preliminary work with the
above configuration indicates that coliforms may be distinguished from
non-coliforms in this manner. More experimentation was needed, however,
to verify this system. (This additional work was conducted in Phase II
of the test period and is reported in the Phase II section).

6. It has been determined that the lower limit of detection for the coliform
sensor should be 2.2 coliforms per 100 ml. In order to achieve this
level of sensitivity, itwas deemed necessary to increase the sample
size in order to increase the amount of coliforms inoculated.

Gas Chromatograph

The automated gas chromatograph separates and quantifies a total of nine
volatile halogenerated hydrocarbons from wastewater samples within 50 minutes.
Figure 2 is a typical electron capture detector (ECD) chromatograph from a
secondary effluent sample using the current analytical columr and temperature
program. The calibration factors are based on cali‘rations using standards
prepared in glacial acetic acid and diluted in distilled water prior to use.
The data have been compared with NASA Ames Research Center and Stanford
University Department of Civil Engineering for verification and found to be
accurate to the 5 ppb level.

Preliminary testing involved the use of a flame ionization detector (FID)
and ECD. Various methods were tested to determine the optimum means for monitor-
ing the volatile organics. The FID proved to be inadequate for measuring the
low concentrations of organics due to the sensitivity 1imit of the detector.

18
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Table 1 contains a 1ist of the analytical columns and detectors tested and
the reasons for their unacceptability. The principal criteria for column and
detector selectionwere good separation of all the compounds of interest with
sensitivity below 10 ppb and an analysis time less than 1 hour. The SP-1000
column used with the ECD met these criteria. While the SP-1000 column will not
separate carbon tetrachloride from 1,1,1-trichloroethane, Stanford University
has indicated that carbon tetrachloride levels are usually very low, <1 ppb.

The 50-minute analysis time is sufficient to permit both analysis and data
processing within the l-hour period at sensitivity 1imit of 5 ppb.

The calibration method currently used was selected from several tested and
is shown in Table 2. The calibration methods were similar, with the primary
difference being the solvents used for the standards. Table 2 shows the repeata-
bility of the methods as reflected by the standard deviation. Glacial acetic
acid proved to be the best solvent with a repeatability of + 5% and a shelf
life of at least 14 days. Figures 3 through 11 illustrate the calibration
curves generated with the nine standards.

Data have been continually compared with Stanford University and Ames
Research Center for verification of accuracy of the results. The most recent
comparison with Stanford University is shown in Table 3. Split samples were
taken and simultaneously analyzed. The results indicate good correlation for
those compounds observed at concentrations greater than 5 ppb, the sensitivity
limit of the method. Previous comparisons have shown similar results.

Deionized Water System

The deionized water system performed very reliably throughout the test
period. The system continuously provided the required quality of water. Due
to poor quality of tap water fed to the system, the various filter cartridges
did not last as long as originally anticipated. However, this was not the fault
of the system. As expected, the average 1ife of the Reverse Osmosis cartridge
was found to be 1 year. The only significant mechanical faiiures were those
associated with the pump impellers. On four different occasions the impeller
had to be replaced. These failures were generally due to operator errors.
The best pressure setting for the system was found to be 14 psig. Bacteria
growth in the storage tanks was a recurring problem. Plate counts were
routinely taken to verify the bacteria level in the tanks. When the level rose
above 10 cells/100 ml, the tanks were sanitized with sodium hypochlorite
and then flushed. A problem was encountered with carbon fibers escaping the
carbon filter and clogging the ion exchange filters. This proved to be a generic
problem which was corrected by the manufacturer. The conductivity of the tap
water and the RO filtered water was routinely checked to verify that the RO
cartridge was removing 90% of the conductivity. Also, routinely the deionized
water was checked on the gas chromatograph to verify that the carbon filter was
removing the halogenated hydrocarbons. This proved to be a very useful test
for this purpose.

Data Acquisition and Report Generation System

Several types of peripheral and computer equipment have been integrated to
provide the real-time data acquisition and control capabilities of the WMS.
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TABLE 1

COMPARISON OF GC ANALYTICAL COLUMNS

COLUMN DETECTOR COMMENT
10" x 1/8" 10% SP-2250 (0QV-17) FID Did not separate chloroform and
1,1,1-trichioroethane.
Excessive cotumn bleed.
10' x 1/8" 15% Carbowax 1540 FID Excessive column bleed.
80-100 WAW
100' x 0.020" K-20M on Carbopak-C FID Excessive column bleed.
10' x 1/8" 10% SP-2250 (0OV-17) ECD Did not separate chloroform and
1,1,1-trichloroethane.
10 x 1/8" 20% O0v-101, 1% ECD Separates all compounds;
Carbowax 1500 100-120 WAW and however, analysis requires
20' x 1/8" 20% FFAP on 60/80 75 minutes to complete
chrom WAW
11%' x 1/8" 0.2% SP-1000 ECD Does not separate carbon

on 80/100 Carbopak C

21

tetrachloride from 1,1,1-
trichloroethane.
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TABLE 2 REPRODUCIBILITY OF GC CALIBRATION MIXTURES
MADE WITH VARIOUS SOLVENTS*

SOLVENT AVERAGE STORAGE
STD. DEV. (%) TIME

WATER : 9.8 8 HRS.
METHANOL 24.4 8 HRS.
21.5 4 DAYS

GLACIAL ACETIC ACID 7.3 8 HRS.
7.5 7 DAYS

7.3 14 DAYS

* Reproducibility based on tetrachloroethylene, chloroform,
trichloroethylene, and bromoform in silanized glassware.
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TABLE 3 WMS-STANFORD UNIVERSITY VOLATILE ORGANIC

ANALYSES COMPARISON SAMPLES 11/20/78-3/12/79

Conc. Range* Correlation Slope Intercept
No. Compound (ppb) n Nop m b
1 Tetrachloroethylene 1.8 - 150.0 9 0.9696 0.9274 -1.3950
5 Chloroform 6.0 - 19.1 12 0.8388 0.3147 4.4189
6 1,1,1-Trichloro- 3.0 - 105.0 15 0.9817 0.9767 -1.1797
ethane
7 8romodichloro- 0.5 - 4.0 15 0.8401 0.229 0.5071
methane
8 Trichloroethylene 0.2 - 36.0 12 0.9357 0.8485 0.4911
9 Dibromochioro- 0.1 - 2.0 11 0.8706 0.1770 0.1254
methane A
10 Bromoform 0.2 - 2.0 8 0.2952 0.2655  0.3005

* Based on Stanford Univers$ity results

(X, Y); (wWMS, Stanford)
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Monitor Labs, Inc. peripheral equipment and device controllers have been
interfaced to the Data General Corporation NOVA minicomputers via data bus
extensions to the ML 4100 device control chassis. The ADAM system was designed
and installed by Monitor Labs and has performed without significant incident.

The EVA system was designed ta utilize the RDOS capabilities for real-time
operations and the ML devices for valve control. The original EVE system was
configured with a Data General NOVA 1200 (32K) and a Diablo disk drive
(2.5 megabytes). Intermittent core memory problems caused by overheating;
software problems with multitasking caused by the insufficient memcry; and disk
space occurred with this configuration. The EVE system was upgraded to a Data
General NOVA 3D (64K), Phoenix disk drive (10 megabytes), and communication
system in May 1978. The EVE combination of the ML 4100 device control chassis
with the Data General communication chassis and disk system resultad in an
extension of the data bus that initially produced some signal noise. The
problem was resolved after about 6 months of operation at Santa Clara by
modifying the cabling to terminate the NOVA 3D data bus at the communication
chassis instead of the ML 4100.

Data Reports

Report formats were developed to support a variety of data applications.
These formats are described below.

Instantaneous Data Reports

Instantaneous data, updated each minute, are displayed to the operator on
the CRT. The display provides the previous 1-minute value and the previous
15-minute, 30-minute, and hourly averages, and the running average for each
available channel. A typical instantaneous report is shown in Figure 12.

The first data set are the values for the secondary effluent, sample source

2, and the second data set are the values for the reclamation facility

effluent, sample source 6. The sampling points are indicated on the flow
schematic for the Santa Clara Valley Water District (SCVWD) facility, Figure 21.
The instantaneous report presents a data scan that occurred at 06:00 hours.

The results show consistent data for all but channels 1, 2, 8, 38, and 39 as
indicated by the averages and status columns. Channel 8 for TOT OXY DEM is
varying more than the specified limit and the Chemiluminescence sensor (Channels
1, 2, 38, and 39) show datawere not being recorded (only the instantaneous
voltage is displayed).

Daily Data Reports

The instantaneous and hourly peak values are monitored for each channel and
for each sample source and reported as daily data. A typical daily data report
for 24 hours is shown in Figure 13. The report includes the number of data
points, the daily average, the instantaneous and hourly peak values, and the
time of day each occurred for each source of water sampled throughout the day.
The effluent sensors are the first data set printed, followed by each multipoint
source. The total number of data points is always somewhat less than 1440
because of calibration and sensor stabilization required after the multipoint
source is changed.
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TIME - 227:06:00:08 SAMPLING POINT: SECONDARY EFFLUENT
CHR SENSOR UNITS STRTUS INST = »xx AVERAGES xxx
NO. VALUE IS MIN 38 MIN 1| HR RUNNING
1. TOTAL BIOMASS MIL C/M NDTA -8.261 ©8.000 17.609 17.609 17.624
2. VIABLE BIOMASSMIL CM NDTR -B8.261 0.200 ©2.000 ©9.000 13.369
S. RES CHLORINE MG 8.2 8.3 8.2 8.2 7.0
6. TURBIDITY-SIB2MGL 10.9 11.0 11.0 11.1 14.1
8. TOT OXY DEM MG VAR! ase. 230. 228. a27. 23s.
9. TOT ORG CARB MG 12.9 12.8 12.8 12.9 12.4
18. AMMONIA A 19.1 18.9 18.9 18.9 18.9
12. PH PH 7.04 7.05 7.86 7.08 7.08
13. CHLORIDE MG 338. 3356, 338S. 358. 373,
14, CONDUCTIVITY MTHO/CM 1580.8 1574.7 1575.0 13583.4 1%97.6
16. HARDNESS MGl 306. 3a3. 334. 334. 241.
17. sSODIUM ML 192. 187. 174. 179, 171,
19. DIS OXYGEN-HUW MG-L 3.3 3.3 3.3 3.3 3.3
TIME - 227:06:09:00 SRMPLING POINT: RECLAMATION FAC. A EFFLUENT
CHA SENSOR UNITS STATUS INST = xx AVERAGES » x x
NO. VARLUE IS MIN 38 MIN 1 HR RUNNING
3. AIR COrP PSIR 14.7 14.7 14.7 14.7 14.7
15. TEMPERATUREe®!1 DEG F 78.4 78.4 78.4 78.4 78.7
18. TURBIDITY-HW FTU 2.80 2.80 2.81 2.83 2.38
28. TEMPERATURE®2 DEG F 68.4 68.4 68.4 68.4 78.4
23. EFFLUENT PSIR 23.7 22.7 22.1 22.7 23.3
38. TOTRL BIOMASS MIL CM NDTA -8.261 0.000 0.000 0.000 3.900
39. VIRBLE BIOMASSMIL CM NDTR -8.261 ©.2080 ©9.909 ©0.008 ©.200

Figure 12 Typical Instantaneous Data Report
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A SENSOR
NG.

3. AIR COrP
1S.

UNITS
PSIA

TEMPERATURE®! DEG F

18. TURBIDITY-HU

FTU

TEMPERATURES2 DEG F

EFFLUENT

TOTAL BIOMASS MIL CM™ ouT
VIABLE BIOMASSMIL CM ouT

SENSOR

PSIA

DATA DAILY
POINTS AVERAGE

1448 14.7

1448 68.3

ouT

1448 67.4

1448 23.1

DAILY REPORT FOR: 3-SECONDARY EFFLUENT

UNITS DATA  DAILY

TOTAL BIOMASS MIL CmM

RES CHLORINE

. VIRBLE BIOMASSMIL CM™

Me

TURBIDITY-S182MG/L

TOT OXY DEM
TOT ORG CARB
AMMONIA

PH

CHLORIDE
CONDUCTIVITY
HARDNESS
€ODIUM

MGl
MGl
M

PH

ML
MTHOCM
MeL
ML

DIS OXYGEN-HW MG/L
TOT HALOCAREON PPB

SENSOR

UNITS

TOTAL BIOMARSS MIL C™
VIAELE BIOMRSEMIL CM

RES CHLORINE

MG

TURBIDITY-S182MG/L

TOT OXY DEM
TOT ORG CARB
AMONIA

PH

CHLORIDE
CONDUCTIVITY
HARDNESS
SOD1UM

MGl
ML
MG

PH

M
MTHO/CM
MG
ML

RIS OXYGEN-HUW MG
TOT HALOCRRBON PPB

6

6
563
7208
187
563
S1S
594
684
720
363
720
720
ouT

POINTS AVERAGE

10.39
6.52
18.5

8.4
62.
11.8
lz.‘
7.62
278.
1401.9
180.
167.
2.4

DRILY REPORT FOR: 6-RECLAMATION FAC. A EFFLUENT

DATR  DAILY
POINTS AVERAGE
S 1.76
6 8.56
478 3.3
669 2.1
141 28.
479 6.2
445 18.9
334 7.93
S64 268.
6680 1382.4
467 169.
660 134.
660 2.4
ouT

DAILY REPORT FOR: 6~RECLAMATION FAC. A EFFLUENT

97 3/78 24:00:00

INSTANTANEQUS PEAK HOURLY PEAK

VRLUE TIME
14.7 14:29
86.4 14:29

69.2 11: @
29.1 10:39

VRLUE
l‘.?
8s.9

66.7
23.?

TIHE
14: @
14: @

t4: 8
11: @

97 3/78 24:00:80

INSTANTANEOUS PEAK HOURLY PEAK

VALUE
16.93
10'39

17.7
11.6
184,
15.3
2.5
7.96
294,
1499.0
663.
228.
2.8

TIME
1:44
2:39
19: 19
17: 3
S:28
1:33
2:39
$: 1
19: @
17:18
10:49
1:12
7: 0

VALUE
3.37
1.73

5.6
4.‘
s4.
8.1
12.5
7.98
275.

TIME
1S5:44
4:59
12:27
19: 4
0:48
19:27
12:39
8:8%7
9:354
1438.9 19: 1
2128, 12: 8
229, 7: |
2.5 7: 3

VALUE
16.93
18.39
16.7
10.3
78,
1308
20.S
7.77
292.
1459.2
629.
176.
2.4

VALUE
3.37
1.73

4.3
3.1
Q.
7.2
12.1
7.97
272,
1393.5
sSa7.
136.
2.4

el guut Pt
NO~ONNHOON

97 3/78 24:80:08

INSTANTANEQUS PERK HOURLY PERK

TIME
16:
S:
12:
16:
13
8:

13:
12:
17:

Figure 13

Typical Daily Data Report




Historical Data Reports

The historicai reports provide the hourly averages for the current day or
any day within a 3-month period. The historical data file is a rotating
file that is designed to contain 93 days of actual data. Only the sample
source data recorded for each day are stored on the disk file. Whenever 93
days have been recorded, the next day is positioned at the beginning of the
historical file, effectively rewinding the file for subsequent recording.

A typical historical report is shown in Figure 14. The hourly averages
for the hour ending and sample source are shown for a complete cay. The sample
source shown for each hour indicates the multipoint source sampled for the hour.
A blank indicates no data was recorded for the hour.

Coliform Biosensor Data Reports

Coliform results require 3 to 14 hours for determination following cell
inoculation. The results are available for individual cells after the minimum
voltage and 200 millivolt time have been determined. A typical coliform
report is shown in Figure 15. The first data set for 8-25-78 are actually
for a current day in which no cells have completed reaction or have attained
z minimum volt level, and the second data set for 2-14-78 are for a previous
day. The report includes the inoculation time, the time at which the minimum
voitage was attained, the value of the minimum voltage, the reaction time,
and the cell count. The coliform evaluation is not terminated until the maximum
reaction time has elapsed since inoculation of the last cell. The results are
reported as cells/100 ml. Figure 15 shows that total coliform were evaluated
on 8-25-78 and the cell count varied from a minimum value of 190,000 for cell #1
to a maximum value of 290,000 for cell #7.

Volatile Halocarbon Concentration and Data Reports

The gas chromatograph is a modified Hewleit-Packard Model 5710/5840 that
is fully automated and operates under internal program control. The processing
time requires 50 minutes for a complete analysis of nine volatile halogenated
hydrocarbons. An Electron Capture Detector (ECD) is used for accurate quanti-
tating at the partsper billion (ppb) level. The gas chromatograph is normally
scheduled to begin processing at the start of each hour. The GC results are
printed on the calculator and transmitted to the EVE interface approximately
50 minutes aftar the hour. Only the number and compound area are required
by EVE _ecause a modified calibration curve is used to determine the measured
concentration based on the area. The EVE calibration gurve is exponential
with constants for the slope and intercept (Y =

The halocarbon concentrations are summed and recorded as an hourly average
of total halocarbon on channel 29. The calibration curves presently used have
an accuracy of + 1C% at the parts per billion (ppb) level. The brominated
compounds have a threshold 1imit of 3 ppb and the chlorinated compounds have
a threshold limit of 1 ppb.
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872478 HOURLY RVERAGES FOR MULTIPOINT SENSORS
" SENSOR UNITS
NO

'.
z.
s.
‘.
.l
s.

TOTAL BIOMASS MIL CM
VIABLE 810MASSMIL Cmt
RES CHLORINE MG
TURBIDITY-S182MGA
TOT OXY DEM IMGA
TOT ORG CARS IGA
ATONIR A
™ M
G

SOD ILM
D18 OXYGEN-HU MG
TOT HALOCARBIN PPB

g

SENSOR 178

TOTAL BICMARSS MIL Cm
71ABLE BIOMASSMIL Ct

TURBIDITY-S182tGL

TOT OXY DEM MG

TOT ORG CARE MG
AMTONIR Mo

PH PH
CHLORIDE et
CONDUCTIVITY IHOCH

S
SOD 1t MG
DIS OXYGEN-HU MG

TOTAL SIOMASS MIL C
VIABLE BIOMASSMIL CM

CHLOR1DE

CONDUCTIVITY MPHOCH
M
MG

176

8.57 18.16 18.18 8.58
2.4 6.3 6.5 2.9

a6

2.8 12.2 18.4 2.9
SS. 78, ea, 8.
8.4 14.3 14.6 9.2
13.4 21.6 22.9 13.1
7.24 v.10 7.18 7.23
292. 3e7. 396. 279.
1555.3 1487.7 147S5.2 1543.3
243, 141, 138. 239.

. 194, 194, 206.
.9 2.9 2.9 2.9
143, 778.

® % w % HOUR OF DRY/SAMPLE
773 8/3 96 1973

12.62 8.12 9.14 13,48

8.1 3.9 6.3
7.6 2.8 9.7
. S6. 11,
13.9 9.4 12.3
19.8 14.1
7.9 7.21 7.00
298%. 261. 205,
1468.3 1523.3 1534.98 1513.5%
173, 293, 168,
2.9 2.9 2.9 2.9
639. 82.

® o % % HOUR OF DAY/SAMPLE
1376 143 15/3 16/6

12.48 12.36
.7 6.2 6.2 2
6 13.5 19.6 2
6. 153. 18S. 11
7.1 11.6 12.2 ?
16.3 9.1 19.7 17.7

AMTONIR M

™ PH 7.33 6.90 6.86 7.24
CHLOR1DE 387. Je6. 210. 29S.
CONDUCTIVITY MTHOCM 13539.0 13541.7 13546.9 13526.7
HARDNESS e 221. 150. 147, 222.
SoDIUM MG 131, 136. 131. 120.
DIS OXYGEN-HUJ Mast 2.8 2.8 2.8 2.8
TOT HALOCARBON PPB 618.

SENSOR UNITS

TOTAL BIOMASS MIL Cm
VIRBLE BIOrMRSSMIL Cm™
RES CHLORINE MG
TURBIDITY-S82MGA

TOT OXY DEM  MGA.

TOT ORG CARE MG
AMPON LA A

PH PH
CHLORIDE M
CONDUCTIVITY PHO/CM
HARDNESS M
SODIUM M

DIS OXYGEN-HW MG

TOT HALOCRRBON PPB

® w = % HOUR OF DAY/SAMPLE
193 206 21/6 2273

8.93 -~ 28,47
8.97
£.? 2.6 2.6 6.5
18.1 1.7 i.0 11.%
161. 108. 76. 182.

13.3 7.7 7.2 13.7
19.8 13.6 13.4 18.7
6.98 7.26 7.29 7.18
lar. 297. 297, 298,
1514.5 1526.3 1%534.5 1477.7
152. 22S. 23S. 156.
128. 158. 158, 136.
2.7 2.7 2.7 2.7
re2. 89.

% % % % HCUR OF DAY/SAMPLE SOURCE » « m »
273 373

376 673

8.61 12.61

7.7

2.8 8.5

182.

14.1

19.5

7.26 7.1

279, 208.

1568.2 1517.S

168.

2.9 2.9
78.

SOURCE = ¢« x =

1173

13.51
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COL IFORM REPORT: 8 2378 . ]
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Figure 15 Typical Coliform Data Report
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Reports are normally available every hour for trace concentrations of the
brominated and chlorinated halocarbon compounds for the multipoint sample
source. A typical report is shown in Figure 16 and includes the calibration
number, compound name, hour of day, and sample source for each halocarbon.

Daiily and Monthly Reports

Plotting capability is provided by separate programs for daily and monthly
results. The NOVA 3D resources are allocate for FVE report generation in
the foreground and plotting in the background memory partitions. The hourly
plot program will graph the hourly averages of any three channels for the same
day. The monthly plot program will graph the daily averages of any one channel
for any month. The plot data are recalled from the historical data file that
is shared by the EVE report generation program.

A typical hourly plot is shown in Figure 17. Three channels are plotted
for the multipoint sample sources 1 and 3. The data points are annotated with
the sample source number that is identified at the top of the graph. The
scaling parameters are selected by the operator for each channel during the
plotting process.

A typical monthly plot is shown in Figure 18. The daily average, standard
deviation, hourly peak, and hourly peak time are plotted for the month. The
sample souirce is indicated by the square plot symbol and a highlighted sample
source identificaticn at the top of the graph. The daily averages are indi-
cated by the square symbol for each day plotted. The hourly peak values are
indicated at the top of the lower plot.

Sample Source Trend Report

Hourly average values of a parameter over a period of a month for a given
point in the treatment process can be determined using the format illustrated
in Figure 19. The average for each hour of the day that the process was
sampled is reported for each day of the month. The data are also summarized
in terms of the daily average.

Statistical Report

The performance cf a single process or group of processes-in terms of
percent removal can be reported as illustrated in Figure 20. Influent and
effluent values are compared, including number of days sampled, monthly
averages, daily and hourly variations {lo), and the average and variation (lo)
in daily removal. Figure 20 shows these data for reclamation plant influent ard
effluent and thus reflects plart overall monthly performance.
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CAL
NO.
1.
2.
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?.
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BROMOFORM

® % & x HOUR OF DAY/SAMPLE SOURCE % x x x
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10.4 106.8 14.8
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1.6
Q2.2
32.1 87.2 2.9
9.9 228.1 18.4
4.9 3.3 3.9
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3.7 e.1 3.3

® % % & HOUR OF DAY/SAMPLE SOURCE = » x =

773 83 9/6 1073 1173 1276
76.4 12.7 Si1.8
9.2 8.2

1.6

ls.z
2.5 ar.? 62.8
156.4 18.2 126.1
7.1 4.1 7.4
313.3 19.8 333.0
11.3 3.2 i2.8
2.6 3.2 4.5

® % % % HOUR OF DAY/SAMPLE SOURCE * x x =
1376 143 1873 16/6 1776 16/3

52-3 ‘4.8
8.9 6.3
1.7

81.2

Se.1 35.6
182.1 9.6
5.2 S.8
375.4 31.9
11.7 4.3
2.6 4.5

® w wm % HOUR OF DAY/SAMPLE SOURCE = % »= =
19/3 20/6 2176 2273 23/3 246

117.3 17.7 128.2
17.2 68.2
149.35

84.0 21.9 106.6
98.6 9.8 93.6
3.1 3.6 7.3
365.7 29.8 331.1
1.2 3.3 11.7
2.4 1.8 2.3

Figure 16 Typical Cas Chromatograph Data Report
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SCVWD WATER RECLAMATION FACILITY DESCRIPTION

General

The SCV!D Palo Alto Reclamation Facility is a pilot facility designed to
treat 0.09-m°/s (2 mgd). Figure 21 shows the basic processes in the Reclamation
Facility, which has as an influent the chlorinated, nitrified, filtered secondary
effluent from the 1.53-m3/s (35 mgd) Regional Water Quality Control Plant located
in Palo Alto. The reclamation plant includes the following: High-lime treat-
ment, single-stage recarbonation, breakpoint chlorination for further nitrogen
removal, mixed-media filtration, activated carbon sorption with carbon regenera-
tion, ozonation, chlorination for disinfection, and storage. Innovative design
of the plant allows flexibility in the sequence of the unit processes. For
instance, the water can be filtered prior to or after activated carbon treatment,
or both, depending on the need to protect the carbon beds or to eliminate carbon
fines in the effluent. This flexibility was provided to permit research and
testing of various alternatives prior to building a larger plant.

The facility has a direct digital computer control system that allows opera-
tors to alter control parameters. Process configurations are easily changed by
the engineering staff. The computer supplies operational data to personnel on
shift, while operating the plant.

The following are general descriptions of the processes. Table 4 describes
capacity parameters for the processes.

Contiol and Instrumentaticn

A Modcomp 11/221 computer with 64K words of main memory, two moving head
disk drives with 2.6M words of memory, one fixed head disk with 512K words of
memory, one REMAC multiplexer unit, three CRT's, a card reade-, and a printer
are utilized for plant data acquisition and control. The software utilized is
a modified version of a standard control package called FLICK.

A1l instruments in the plant, as listed on Table 5, are standard com-
mercially available devices.

The need for exceptional process flexibility (i.e., arranging unit processes
in any desired order) led to the selection of a DDC (digital data control) system
with no conventional analog backup controi. It was felt that such a hardwired
backup, as found in many plants, would res'rict process flexibility to an
unacceptable extent. Also, because of the "pilot" nature of this plant, a
backup computer system was not justifiable. Because of the lack of a backup
system, nutages due to the control system were much more frequent than would be
experienced in a conventional plant where usual backup and redundancy measures
were utilized.
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Chemical Clarification

Chemical treatment {s effective in removing suspended solids, colloidal
solids, and some dissolved constituents, such as heavy metals and phosphates.
During the initial periods of operation, removal of ammonia by air stripping
was implemented for the reclamation system. Therefore, since this process
requires a high pH, 1ime was selected as the chemical of chofce. A secondary
benefit was achieved, since the high pH resulting from additional 1ime is also
considered to be quite effective in pathogen destruction.

The process consists of separate rapid mix, flocculation, and sedimenta-
tion basins. Lime is added in a slurry form to the rapid mix basin. The feed
rate is automatically controlled to achieve the optimum pH of approximately 11.
The dose to achieve this pH was 100 to 200 mg/1 as calcium oxide. The water
flows from the bottom of the flash mix basin to a center column in the floccu-
lator clarifier. The influent enters the center column of the tank at f{ts
bottom, rises up the center column, and comes out through the side openings at
the column near the top. The flocculation basin contains two flocculating
mixers within a circular mixing compartment. These provide coaplete mixing so
as to develop a substantial rapid settling floc. After mixing and blending,
the influent exits from the bottom of the flocculating compartment and flows
radially outward in the clarification compartment. Heavier solids resulting
from the process settle to the bottom of the tank. The tank's effluent passes
over a weir into a shallow trough around the periphery of the tank.

TABLE 4 -
SCWD-WRF/PA UNIT PROCESS CHARACTERISTICS
AT 0.09 m3/s (2 MGD)

Flash Mix
Lime Feed Capacity: 2700 kg/day (3 tons/day)
Process Volume: 15.9 m” (560 cu. ft.)
Mixer Horsepower: 5hp
Detention Time: 3 minutes
Flocculator/Clarifir-
Type: Center Feed, Peripheral Weir,
Circular
Df ameter: 16.8 meters (55 feet)
Depth: 3.4 meters (11 feet)
Flocculator Detention Time: 0.5 hr,
Clarifier Detention Time: 1.9 hr,
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TABLE 4

SCVWD-WRF/PA UNIT PROCESS CHARACTERISTICS

(Continued)

Aeration (Ammonia Stripping) - Aeration’ pumps were not operated during this

test period.

Tank Dimensions:

No. of Aerators:

Combined Horsepower:
Circulation Fan Horsepower:
Detention Time:

Recarbonation

Tank Dimensions:

Mixer Horsepower:
Stack Gas Feed Capacity:
Detention Time:

Ozonation

Tank Dimensions:

Ozonator Capacity:
Detention Time:

Filters*

Number of Filters.
Type:

Surface Area (each):
Media Deptih:
Hydraul i¢ Loading:

Granular Activated Carbon

Number of Columns:
Type:

Diameter:

Bed Depth:

Total Carbon Volume:
Carbon Type:

Hydraul ic Loading:
Empty Bed Contact Time:

16.8 mLx9% 1 mWx4.,3mD (55 ft.
L x30 ft. Wx 14 ft. D)

2

100 hp

30 hp

2.1 hr.

6.4 mL x 2.1
D (21 ft. L x
10 hp

550 SCFM

11 minutes

mLx2.1mWx4.2 m
7 ft. W x 13.75 ft. D)

Mixed !edia

20.5 m¢ (221 sq. ft.)

0.9 ﬂ\3(3 144 oé

7.1 m”/sec/m~ (3.1 gpm/sq. ft.)

4

Upflow

3.0m ‘10 ft.;

6.1 m (20 ft.

177.8 m” (6280 cu. ft.)
Ca1gon3F11tra§orb 300 (8 X 30 mesh)
10.1 m”/sec/m” (4.4 gpm/sq. ft.)

34 minutes

*fFilters may be as;igned to pre-GAC and post-GAC filtration in any combination.
Hydraulic loading value given ‘s for two filters on each service.
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TABLE 5

PLANT INSTRUMENTATION

INSTRUMENT TYPE NUMBER INSTRUMENT TYPE NUMBER

Flow 10 Dissolved Oxygen ppm 1
Level 19 Sludge Density % 1
Pressure psi 5 Tachometer RPM 1
Temperature c® 4 Analog Output Test % Max 1
Turbidity FTU & NTU 6 Valve Monitor % Open 18
pH 3 Valve Monitor % Closed 2
Conductivity MHO 1 Pump Menitor % Max 5
Residual Chlorine ppm 1

The results of lime clarification at Palo Alto have shown this process to
be effective in reducing turbidity, organics, suspended solids and heavy
metals.

Recarbonation

Following settling, the effluent flows through an open tank, formerly used
for air stripping, into the recarbonation basin for adjustment of the pH.
Stack gas from the existing sludge incineration furnaces of the Palo Alto
Regional Water Quality Control Plant is transferred to the recarbonation basin.
The stack gas, providing the carbon dioxide source, and the 1liquid are
thoroughly mixed by a flash mixer before leaving the chamber. A sediment trap
is provided for removal of contaminants from the stack gas before it enters
into the blower. The pH in the recarbonation chamber is automatically con-
trolled by the in-plant computer and determines the amount of stack gas needed
and automatically adjusts the opening at the motorized gas inlet valve to
provide the proper recarbonation pH. During the test period, this pH was
selected to be 7.0.

Mixed-Media Filtration

The recarbonated effluent ‘s then pumped to two open grav1§y mu1 jmedia
filter, basins designed for a hydraulic loading rate of 7.1 m /sec/ (3.1
gpm/ft"). The purpcse of the mixed-media filtration is additional removal of
suspended sclids and floc carried over from preceding steps. Filtration is
performed prior to granular activated carbon sorption since the possibility of
fouling by suspended solids and colloidal matter exists. The filter media are
910 cm (36 inches) deep and consist of coarse coal, sand, and garnet supported
by a layer of sand and garnet gravel.

Qzonation

Following mixed-media filtration, the flow is directed to an ozonation
chamber. 0zonation was prov1ded to eva1uate its effectiveness for enhanced
disinfection and trace organics removal. The ozonation system consists of an
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ozonator, diffusers, and baffles. Ozone is an unstable form of oxygen, which is
produced in nature when oxygen in the atmosphere is exposed to an electrical
discharge such as lightning. It is also produced artificially, as in an ozonator,
by passing clean, dry air through electrodes when high-voltage electrical dis-
charges occur. The ozonator is capable of generating 42.6 kilograms (94 pounds)
of ozone at 1% minimum concentration in 24 hours.

Granular Activated Carbon Sorption

From the ozone chamber, the water is pumped to the carbon towers and flows
upward through the diffusers at the underdrain plate of the carbon column.
Effluent discharges through the collection lauders located near the top of the
towers. Each tower is 3.0 meters (10 feet) in diameter, 9.1 meters (30 feet)
in overal'l height, and contains a 6.1 meter (20 foot)-high column of granular
activated carbon. A1l four carbon towers are identical. The contactors operate
in parallel, each having an empty bed gontact time of 34 minutes. The hydraulic
loading rate for each column is 10.1 m /sec/m (4.4 gpm/sq ft). Following GAC
sorption, the flow is diverted through the other two mixed-media filters. The
purpose here is to remove any carbon fines that may have washed over the tower
weirs. Finally, chlorine is added to provide a residual of about 1 mg/1 and then
the flow is directed to a storage tank for future use.

PLANT/PROCESS PERFORMANCE EVALUATION

WMS data on the operating characteristics of the plant were collected
beginning in 1978 through February 1981. During that 3-year timeframe the
plant has operated in various configurations which are summarized in Table 6.
The table shows that changes have occurred to plant influent processing as well
as to in-plant configurations.

Figure 21 illustrates the process stream from raw wastewater to well in-
jection. Table 7 describes the ‘eclamation plant design criteria and a physical
description of equipment. Table 8 presents the reclamation plant effluent

discharge limits.

Nominal Input/Output Characteristics

It was found that five parameters best represented the effectiveness of
process contaminant removal under various operating conditions and plant con-
figurations. These parameters are TOC, total halocarbons, turbidity, and total
and viable biomass. Figure 22 summarizes percent removal performance based on
daii, averages of plant input/output measurements. Figure 23 illustrates the
same data in terms of concentrations. It may be generally concluded from these
data that (1) flocculation significantly improves effluent quality and (2)
with the exception of biomass, effluent quality depends on a variable influent
quality, thus constant effluent quality mav not be expected.

The above data represent a summation .f unit process performance illustrated
in Figures 24 through 28. These figures represent the actual measurements
(Appendix A) reduced to a mathematical expression relating process autput to
input over the observed range of inputs. For example, TOC removal in the re-
clamation plant for an influent value of 15 mg/1it can be computed from the
data presented in Figure 24, as follows:
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Figure 22 Reclamation Plant Nominal Steady-State § Removal
Characteristics (10 Input Range Indicated)
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1 - ACTIVATED SLUDGE/CHLORINATION (15-50 MGD) O =0.221
2 - FLOCCULATION / AERATION / RECARBONATION
A = pH 11 O=1-5.5
B -pH 9.5 O=1-3.0
C - pH 9.5 W/O AERATION O=1-1,5
3 - FILTRATION/OZONATION O =0.85!
4 - CARBON ADSORPTION *O=1-6
5 - FILTRATION/CHLORINATION O=0.85I

* DEPENDENT ON OPERATING HISTORY

25

v

TOC OUT
MG/LIT

100

TOC IN
MG/UT

Figure 28 Unit Process Steady-State Input(l) /Output (O) Characteristics
at 1mqgd
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1 = ACTIVATED SLUDGE/CHLORINATION (15-50MGD) O =0.351
2 - FLOCCULATION/AERATION/RECARBONATION

A-pH 11 0 =0.251
B ~pH 9.5 0=0.251
C - pH 9.5 W/O AERATION 0= 0.531

3 - FILTRATION/OZONATION 0=0.751

4 - CARBON ADSORPTION *Ox5.6103

5 - FILTRATION/CHLORINATION o=1

* DEPENDENT ON OPERATING HISTORY

200
TOTAL
HALOCARBONS
ouTt
wG/UT

100 +

500 1000 3000

TOTAL HALOCARBONS IN
uG/UT

Figure 25 Unit Process Steady-State Input(l) /Output (O) Characteristics
at 1 mgd -
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1 = ACTIVATED SLUDGE/CHLORINATION (15-50 MGD) O =0.31
2 - FLOCCULATION/AERATION/RECARBONATION

A'pH]l O'o.si
B-pH9.5 0=0.51
C - pH 9.5 W/O AERATION 0=0.61

3 - FILTRATION/OZ ONATION/ CARBON ADSORPTION O =0.251

4 - CARBON ADSORPTION W/0O Fll.'l'/03 O=0,451
5 - FILTRATION/CHLORINATION O =le~1/15
497
0 4+ !
TURBIDITY
ouT -
MG/IT _’ -
2+ P
10+
0 o
0 100
TURBIDITY IN
MG/UT
Figure 26 Unit Process Steady-State Input(l)/Output (O) Characteristics

at 1 mgd
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2 - FLOCCULATION/AERATION/RECARBONATION

A <pH 11 O=1,0
B-pH 9.5 O=0,21
C - pH 9.5 W/O AERATION O0=0,21
3 - FILTRATION/OZONATION O=0.2! 1
4 - CARBON ADSORPTION O=1+0.3
5 - FILTRATION/CHLORINATION O=leV/7
28/C
4 9 /
7
/7
/7
7/
34 7
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, _
TOTAL e !
BIOMASS /
OUT 2 - ;
MC/ML
] 24
0 — + o + N\ 4 |
0 1 2 3 4 5 10 20
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Figure 27 Unit Process Steady-State Input(l) /Output (0) Characteristics

at 1mgd
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2 = FLOCCULATION/AERATION/RECARBONATION
A - PH l] o = 002
B-pH?9.5 0=0.2
C - pH 9.5 W/O AERATION N =0,121
3 = FILTRATION/OZONATION O =0,05
4 - CARBON ADSORPTION O=|+0,1
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Figure 28 Unit Process Steady -State Input(l)/Output (O) Characteristics
at 1 mgd
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For process stream; Floc (pH 11)/aeration/fi1t/03/GAC/f1lt/Cl2

TOC OUT = {[{TOC In - 5.5) 0.85] -6} 0.85
= ([{15 - 5.5) 0.88] -6} 0.85
= 1.8 mg/1it

% REMOVAL = (TOC IN - TOC OUT) 100/TOC IN
= (15 - 1.8) 100/15
= 88%

For process stream; F11t/03/GAC/F11t/C12

TOC OUT = [0.85 (TOC IN) - €] C.85
[0.85 (15) - 6 0.85
5.7 mg/1it

(TOC IN - TOC GUT) 100/TOC IN
(15 - 5.7) 100/15
62%

% REMOVAL

The unit process performance data presented in Figures 24 through 28 were
determined during testing from April through July 1979. In mid-August 1979,
the flocculation process pH sensor in the system for controlling lime dosage
was fourd to be caked witn sludge and had a calibration error which resulted
in low values. In order to estimate the impact this may have had on previous
data, a dosage test was performed and compared with plant operating records
of 1ime consumption. Analysis of these data, Table 9, indicates that the pH
was Tow throuvghout the test period and that the pH 9.5 and pH 11 performance
data presented in this report probably are representative of performance within
a pH range of 9-9.5 and 10-11, respectively. The sludge covering the pH probe
may also have reduced sensor response time thereby contributing to the data
scatter observed in Appendix A.

In addition to the removal characteristics provided by the five key parameters,
ammonia, nitrate/nitrite, dissolved oxygen and biomass provided information
concerning biological activity in the process stream, while dissolved oxygen,
pH and total residual chlorine reflected operational status of the plant. The
charts in Appendix B summarize representative WMS data and comparabie lab data
taker curing this test proaram.

The reclamation processes which produced the most significant changes in
the measurcd parameters may be describad as follows:

TOC Equal removal by flocculation and GAC; controllable
. by pH and activated carbon operating history/enviromment.
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Total

Removal by aeration (or purjing including the effects

Halocarbons of aeration and recarbonation with COZ)‘

Turbidity Removal by flocculation.

Biomass Removal by flocculation; growth in GAC.

Dissolved Quantity added by aeration is removed by biological

Oxygen growth in GAC and filters; frequent filter backwash
is necessary to maintain a residual i~ the effluent.

Conductivity No change.

Chloride,

Solium

Hardness

Ammonia £qual removal by aeration (below design requirement)

and GAC (by biological conversion).
Nitrate/Nitrite Increases due to biological growth in GAC.

Total Recsidual
Chlorine

Removai in GAC
pH Neutralization by recarbonation.

As shown above, flocculation is a key process in attaining high effluent
que ity; however, to date, tests to determine optimum operating parameters
‘o~ this process have nut been performed. Testing has been planned and
preparations are in progress. The data presented herein represent a fixed
set of operating parameters, e.g., a sludge recirculation rate of 600 GPM
and a wasting rate of 50 GPM, over an uncertain pH range (as discussed above).

Influent Variations

A consistent source of variation in plant effluent quality results from the
diurnal flow of raw wastewater into the primary and secondary processes. Oryg2nic
and suspended solids removal in the activated sludge process is directly related
to detention time {input flow) which normally varies by a factor of two each day.
Secondary effluen* quality has comparable variations. The pattern c¢f the diurnal
flow cyclie results in hichest effluent quality at midday 3nd Towest quality at
midnight. The consisterc, .- this pattern is apparent in Figure 29, which shows
the time of day of pea. + 1ues and Figure 30 which shows the daily profile.

To confirm the relationship between flow and effluent quality. a math model
(Appendix C) was developed *o determine suspunded solids (biomass{ and organics

(non-volatile TOC) in the secondary effluent as a function of influent concentra-
tion, plant operating parameters and hourly flow variatiuons. The results
illustrated in Figures 31 and 32, shcw that measured biomass values can be
duplicutad by a model representing variable performance in the secondary process
clarifiers. The results show that effluent quality is high at a time where, based
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PLANT FLOW
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SUSPENDED
SOLIDS
MG/UT
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BIOMASS
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— X 0.5
ML 0

SUSPENDED SOUDS IN EFFLUENT

1. CLARIFIER

PLUG FLOW

- MIXED FLOW @ > 25 MGD

(4% OF AERATOR SOLIDS HAVE LOW SETTLING
RATE ~ 75% PER HOUR)

1 5. FINAL EFFLUENT - OUTFLOW FROM CHLORINE
CONTACT TANK.
// A\\
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/ ~
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20t
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FIGURE 31

MATH MODEL SIMULATION OF PROCESS SOLIDS
IN ACTIVATED SLUDGE PROCESS EFFLUENT
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only on detention times, lower quality might be expected. It is interesting
i to note that the non-ideal performance (mixed flow in the clarifiers) results
: in a better overall quality effluent than might otherwise be predicted. This
is attributable to the daily "morning break" where flow falls below 25 MGD
and ideal (plug flow) settling occurs. It is expected that wet weather or a
large increase in plant flow due to local growth, where high flows were
sustained, would produce a significant decrease in secondary effluent quality.

The potential exists for utilizirg the biosensor to improve secondary
effluent quality. If the return sludge rate and wasted sludge rate (Appendix C)
were controlled for optimum biological solids in the aerator, the conditions
which result in the excusions in effluent quality might be reduced. However,
no testing has yet been performed to prove this concept due to other priorities.

The observed diurnal cycle might have some influence on plant operational
procedures. For example, the normal procedure for detemining conformance of
the secondary effluent to discharge permit requirements (240 coliform per 100 m1,
7 day average) is by grab sample collected at noon each day; however, based
on the diurnal cycle, a higher biological population in the effluent would te
expected around midnight. A small group of samples were collected and analyzed
which showed that prior to disinfection the biological population was indeed
higher at midnight (Table 10) as measured by coliform, biomass and turbidity,
but the plant disinfection strategy (constant concentration of chlorine dosage)
appeared adequate for the higher number of coliform. A control strategy that
recognized not only dosage and contact time, but also quantity of biological
material, while maybe desirable, was not justified in this short testing period,
where coliform was the only standard of performance.

The changes in secondary effluent quality due to the diurnal cycle could have
an influence on reclamation plant operations as will be discussed later in this
section.

Major variations in total halocarbons follow a weekly cycle. Figure 33
shuws that these variations result in high concentrations midweek and Tow
concentrations on the weekend. Some of these compounds are commonly used solvents
and the weekly cycle presumably reflects work patterns of local industry.

Typical concentrations of the nine individual compounds comprising the total
halocarbons are shown in Figure 34, which also shows process removals. Significant
removals occur in the purging processes, e.g., aeration (activated s1udge? aeration
(ammonia stripping) and recarbonation, and across the GAC.

Carbon Adsorption

Organics removal decreased with operating time as the adsorbent surface of
the granular activated carbon (GAC) became saturated. For example, Figure 35
shows that chloroform removal suddenly decreased after processing about 20 mgal.
After processing 35 mgal, the GAC was saturated at the average influent concentration
of 39 ug/1it and the effluent was characterized by a areal deal of data scatter
as the GAC alternately adsorbed and desorbed in cancert with the influent
concentration. Tne performance of two other carbon towers, at plant configurations
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which resulted in different influent concentrations, were similarly monitored.
Figure 36 presents an analysis of these data showing GAC adsorption capacity
for chloroform over a range of influert concentrations. Average carbon
regeneration rates necessary to maintain active chloroform removal can be
computed based on this capacity curve using the following equation:

C1‘7

R = 33,500 Q 17
C1 :

Where R = Activated carbon average regeneration rate, 1b/day
Q = Flow, mgd
Ci = Average influent chloroform concentration, ug/lit
Thus, for the 3 plant configuraticns tested, the following regeneration rates
would have been required at plant rated flow to prevent GAC saturation.
C
i

Plant Configuration R @ 2 niqd
A FILT/GAC/FILT 39 ug/lit 3274 1b/day
$ FLOC/FILT/GAC/FILT 28 3862
0 FLOC/AER/FILT/GAC/FILT 15 4341

Or, if a Timit were placed on the average effluent concentration, say 30
ug/11t, regeneration would be required only for the fivst configuration 1isted
above.

These regeneration rates are muck higher than the plant contractor's est ‘e
of 1000 1b/day to maintain COD removal capability, and would represent a signii.cant
operating expense if used as criteria for carbon regeneration. However,
trihalomethanes are not currently restricted by the plant's discharge pemmit.
These data may be of interest in the future since the EPA is contemplating 1imits
on trihalomethanes for drinking water supplies (Reference 2). It skould be noted
that chloroform was the first of the nine trace organics measured to satiurate the GAC,
thus a different effective carbon life will result if other measures ar¢ used as
indicators.

TOC removal, for example, stabilized for a period, after 2-3 months of
oparation - Figure 37. Apparently, biological activity in the GAC had reached
equilibrium where the quantity of non-volatile organics adsorbed equalled the
quantity consumed by the bacterial population. Bacterial growth is apparent
from the measured biomass elution from the column, the decrease in dissolved oxygen
and the nitrification across the cclumn (Appencéix B, April-duly 1979). The rate
of the biclogical growth was undoubtedly affected when, after 55 days of operation,
ozonation, which preceded GAC in the process stream, was turned off. Also, growth
may have been inhibited for ths first month of operation due to a low dissolved
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oxygen, due to inoperative aerators. Subsequent performance stabilization may
have reflected the healthier growth environment, e.g., plenty of oxygen and no
ozone. This biological cleaning may offer a less expensive alternative to the
heating method of carbon regeneration. This is discussed further in Section 8.

Decay in performance began again after 5 months of operation. The cause
is not known, but the decay was accompanied by a decrease in the earlier observed
rate of biomass elution, suggesting reduced biological activity.

The rate of performance decay, Figure 37, during the first 2 months of
operation, 1 mg/1it per month, indicates that an average carbon regeneration rate
of 700-800 1b/day at 2 MGD would be required to maintain peak performance. This
corresponds to the plant contractor's estimate of 600-1000 1b/day.

POTENTIAL WMS APPLICATIONS FOR PROCESS CONTROL

Several opportunities are available in the reclamation plant to utilize
automated water quality data for process control. These are listed in Table 11.
In addition, the number of available processes in the plant and the flexibility
in selecting on-stream processes presents another control option, e.g., process
Stream configuration control. For example, listed in Table 12 is the maximum influent
concentration to various process streams where discharge permit limits for COD
(10 mg/1it) would not be exceeded. Also shown are the cost of consumables associated
with the processes. This illustrates that the process stream could be selected
based on the most economical way of treating specific influent conditions. If this
example concept had been used during July 1979, flocculation and aeration would have
been unnecessary for most of the month (lo TOC range was 9.2 to 14.6 mg/1it) and a
significant portion of the potential savings of $4,600 could have been realized.

Of course this example was simplified to demonstrate the concept and the impact
on removals of other contaminants must also be considered.

Alternately, plant flow could be controlled to maintain the highest quality
effluent. During periods of low demand, the configuration and flow could be
adjusted for peak performance and the water delivered or stored for later mixing
with the effluent during high demand periods.

This concept of storage and selective dispensement of high quality water may
be a necessary alternative if discharge permit 1imits are not to be exceeded. As
T1lustrated in Figure 23, for example, the TOC 1imit of 4 mg/1it (COD of 10 mg/lit)
can be exceeded for expected influent conditions.

Biologically regenerated GAC offers another potential opportunity for signif-
icant savings by process control. If the GAC can be operated at conditions faborable
to biological growth, it may be possible to reduce or eliminate the expense of
carbon regeneration with minimum impact on effluent quality. For example, if the
four GAC columns could be scheduled such that flow to one of the cnlumns were terminated
during periods of Tow influent organics, the bacteria in this column would have the
opportunity to "clean house" under favorably quiescent conditions. Improved
performance would be expected when this column was again placed on-Tine during
periods of high influent organic concentrations.
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Opportunities to utilize these off-periods are available daily, due to
{ the diurnal cycle, on weekends, and during certain seasons. However, wet
' weather, seasonal variations and random upsets in the secondary process suggest
that the off-periods should be dictated by the influent quality considerations
rather than by time period scheduling in order to assure product water quality.

e

During the column off-periods excess flow might be routed to the other
three columns, resulting in some performance penalty, but proper selection of
influent critiera would prevent exceeding effluent discharge limits.

A disadvantage may be the reduced capability for removal of trace hydro-
carbons, e.g., chloroform. Testing may be necessary to demonstrate the total
impact of biological regeneration, but the potential savings, $300/day ¢ 2 mgd,
warrants due consideration.
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SECTION 3
PART II FIELD DEMONSTRATION TEST RESULTS

This portion of the Technical Summary covers the test data recorded during
the test period July 1980 through February 1981. This portion of the test period
was jointly funded by NASA, the EPA, the California State Department of Water
Resources, and the Santa Clara Valley Water District. Data were recorded on WMS
and subsystem downtime and on maintenance and operations cost. Similar data
were recorded by the Santa Clara Valley Water District for the reclamation plant.
Additional test data were recorded on the quality of the water at various points
within the reclamation plant as measured by the sensors within the WMS and the
City of Palo Alto Laboratory. These data were used to evaluate the performance,
reliability, availability, and costs of the reclamation plant, its individual
processes, and the WMS and its components. Major problems encountered in the
operation of the WMS and the reciamation plant are discussed.

TEST OBJECTIVES
The objectives of the test program described in this report were as follows:

1. To determine the steady-state performance (ability to remove contami-
nants) of the water reclamation facility unit processes based on WMS
data.

2. To determine unit process and plant availability. Availability is
defined as the portion of the time that an item operates on demand.
Availability was measured as follows:

A = 100T/(T + D)

where, A = availabilitv, %
T = operating time, hours
D = Downtime for repair, hours
T + D = total available operating time, hours

Once established, availability can be used to estimate annual repair
time; thus, for a continuously operated item:

D = (1-A/100) (365 days/year) (24 hours/day)

3. To determine plant reliability. Reliability is defined as the per-
centage of the operating time that an item performs within specified
limits. For the water reclamation plant, reliability was measured as
the percentage of time that a water quality parameter was within
specified effluent 1imits. The WMS data were statistically evaluated
based on a lognormal data distribution model and compared to an MCL
(maximum concentration 1imit). The MCL's are based on references
9, 10, 11, 12, and 13. The percentage of time that a measured
parameter was less than the MCL represented plant reliability for
that parameter.
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4.
5.

b.

C.

The product of multiplying availability times reliability gives the
portion of the total available operating time that an item will per-
form within given limits.,

P = (A)(R)

where, P = performance achieved
R = reliability, %

To determine plant operating and maintenance costs.

To determine similar parameters for the WMS; i.e., performance, avail-
abflity, relfability, and operating and maintenance costs.

CONCLUSIONS

1. The following conclusions relative to process performance are based on the
WMS data:

Chemical clarification removed over 90% of the influent suspended
solids (biomass) and as much as 30% of the organic contaminants (TOC).

Flocculation (floc) carryover from the chemical clarification process
results in additional loading on the mixed-media filters. This caused
decreased filter run times; i.e., more frequent backwashing.

Except for some reduction in trace halocarbcns and biomass, the con-
tribution of ozone to water quality does not appear to be significant
at the concentrations used in the study.

The removal of ammonia during treatment was not significant. Some
biological oxidation to nitrate occurred in the GAC towers.

A reduced level of many dissolved contaminants is characteristic of
water processed by activated carbon, when 1its useful life is not
exceeded. However, the COD effluent 1imit of 10 mg/1 is difficult to
achieve without significant cost incurred by continuously regenerating
carbon.

Just prior to and during the first few weeks of this test period,
processing of the influent to the reclamation plant was changed from
an activated sludge reactor to a fixed-film reactor with nitrification
and dual-media tiltration. These changes generally reduced the con-
taminant levels to the reclamation plant. Data from a l-month period,
which are representative of conditions before these changes, have also
been included in this report.

2. The capability to collect and process data for convenient and improved
analysis of water quality information has been demonstrated. Over three
million water quality measurements were recorded duriry the test period
and are summarized in this report.
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3.

10.

11.

Both the reclamation plant and the WMS were designed and constructed as
experimental test beds where relfability was of secondary importance to
flexibility. Neither system was intended to function as an operational
system. Rather, they were intended for testing various concepts and
configurations for water treatment, automated quality monftoring and
process control. Consequently, the numbers quoted in this report for
availability and reliability are not meaningful of the performance that
should be expected from operational systems. Ratier, the data reported
here provide a focus on problem areas which strongly influence reljabil-
ity. This experience should guide the future design of reliable opera-
tional system:.

Automated monitoring provides a mechanism for better effluent quality
control. Where real-time monitoring is not avajlable, plant- or influent-
initiated upsets may go undetected until laboratory test results are
received by the operators, which may be several hours or days later. Such
a method of operation places a severe restriction on quality control,
especially where dircct water reuse is fnvolved, and would be unazcept-
able, for example, in manned spaceflight. Automated, real-time monitoring
provides the capability to immediately {identify abnormal conditions when
they occur, in time to do soniething about them.

Automated water quality monitoring will be an economic necessity in the
future as effluent quality control restrictions are tightened. The costs
of repetitive laboratory analyses will become prohibitive, thereby in-
creasing the demand for automated sensing, analysis, and reporting.

Automated water monitoring offers the potential for reduced water pro-
duction costs through process and plant configuration control.

There is a need for improved reliability of many of the avaflable com-
ponents used for automated water quality monitoring.

The sophistication and advanced technology of some water quality sensors
often require highly skilled personnel to isolate and resolve problems.
These skills are generally unavailable in many wastewater plants.

Interference problems which had previously plagued the NASA-developed
coliform sensor have been resolved. However, the complex plumbing
arrangement necessary to operate a totally automated multicell serisor fis
prone to random contamination which, when experienced, has been difficuit
to eliminate. ODuring the current test period, approximately 1 month of
operating time was lost because of contamination. A configuration with
less complexity should reduce this problem. Since the potential for
reducing the coliform detection time from 72 hours by the laboratory MPN
test to 11 hours by the electrode test is quite significant, the system is
worthy of further development.

Problems have occurred because of different suppliers for WMS computer
equipment. In the case of the reclamation plant these problems were
avoided by virtue of having single contractor responsibility.

The experience of both the reclamation plant and the WMS has been that a
computer service contract is key to maximizing system availability.
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12.

13.

14.

15.

M

The high labor cost (three-fourths of water production cost) indicates
that more attention should be given to maintainability in the design of
water treatment and instrumentation systems.

tarly {mplementation of a preventive maintenance program for the plant
machinery and instrumentation systems can significantly reduce downtime.

Process and instrumentation checkout and verification are essential prior
to turning the plant over to the operators.

The value of plant process {instrumentation is significantly reduced 1f
operators are not trained to properly interpret the data.

RECOMMENDATIONS

1.

2.

3.

4.

8.

Much of the data collected by the WMS over the 3 1/2 years of operation at
SCWD-WRF/PA, prior to that reported here, have received only cursory
review. During that period the plant was operated in several configura-
tions with influent conditions ranging from high quality secondary ef-
fluent, which is presented in this report, to low quality influent, in-
cluding settled primary effluent. The capability now exists and these

data should be analyzed, similar to the analysis presented in this report,

to show a full range of performance of plant processes.

Data exist for perfiods with and without an operating ozonator. These data
should be analyzed to clearly show the net effect of ozonation in a real-
world environment and to evaluate cost effectiveness.

A test program should be performed to identify key control parameters for
effective chemical clarification by 1ime treatment. The experience at
SCVWWD-WRF/PA has been that the cost of the process in terms of labor and
downtime may offset the benefits in water quality improvement.

When using lime for chemical clarification, it is recommended that a fil-
tration step be included prior to GAC sorption. This will reduce the
possibility of clogging the GAC with coagulant and/or caicium carbonate
precipitant.

The potential for reducing activated carbon regeneration costs by opera-
ting the towers in a "biologic activated carbon" mode (no regeneration)
should be explored.

Many operational difficulties after plant startup could be avoided by
design verification testing, more intense and continuous operator train-
ing, and established requirements for a preventive maintenance program
before acceptance from the contractor.

The requirements for the {installation of computer systems in wastewater
plants must consider the envirommental requirements of the equipment.
Computers must operate in dust and vibration free conditions.

Maintain a dafly log to be used for recording plant and prccess downtime,
the cause of the downtime, and the number of man-hours required to correct
the problem.
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9. Maintain a comprehensive record of materials and consumables, including
the process in which they are used.

10. The WMS as configured is not ideal. The mobility design criteria dictated
its design. The following factors should be considered in designing an
in-place integrated plant water quality monitoring system:

a. Locate electronic equipment in an area away from potential contact -
with process or other chemical exposure.

b. Use state-of-the-art computer technology to simplify the data acquisi- H
tion system. New improved equipment is available almost daily.

c. Use a single contractor for all computer equipment.

d. The system should be designed for automatic fault detection. If not,
the time required to diagnose electronics failures typically will far
exceed the time required to correct the problem.

e. All sensors should be evaluated with regard to serviceability and cost
of consumables prior to purchasing.

f. Design the sampling system to ensure continuous, adequate sample flow
to all sensors.

g. Take into consideration extensive requirements for drains, vents, air
conditioning, and electrical power.

h. Take into consideration storage requirements for consumables and
spares.

i. Include some laboratory area to do periodic wet chemistry verificatiun
work .

11. The NASA-developed biosensor has demonstrated the capability to quantify
biological activity at the low concentration levels present in reclamation
processes. However, its potential in monitoring and controlling biologi-
cal treatment processes, such as activated sludge, has not been explored.
A vital need for such a capability has been previously identified
(reference 14).

12. The NASA-developed coliform sensor should be reconfigured to eliminate
camplex plumbing thereby improving reliability. The sample size should be
increased to provide a minimum sensitivity of one organism per 100 ml.
The potential benefits of single analysis units for automated anaiysis and
also for 1laboratory applications have been previously identified
(reference 14).




WMS PERFORMANCE EVALUATION

The true measure of performance by developmental systems, such as the WMS,
is the contribution made toward producing effective operational systems. This
means that problem areas are uncovered and possible solutions are tested before
commiting the design of operational systems.

Much experience has been accumulated from WMS operations. Solutions to some
identified problems are yet unresolved due to practical constraints (time and
money). Available resources to date have been allocated primarily to functionai
considerations including the understanding of sensor characteristics (standardi-
zation requirements, interferences, data collection and validation), and software
development to support a variety of potential data applications (sensor and
system control, treatment process characterization, and plant process control).
Reconfiguring the system to totally eliminate data errors and minimize downtime
has received lower priority attention.

Predicting performance of some future operational system in terms of
availability, reliability and 0&M costs of an existing preprototype setup fis
approximate, at best, and is subject to misinterpratation. Nonetheless, such
data are presented in the following paragraphs. The reader should recognize
that this information contains measured performance of production hardware
(commercial sensors) as well as preprototype systems (bifoiogical analyzers, GC
analyzer, and computer software) whose production configurations have not yet
been established and tested.

Hardware age contributed to the failure frequency. The biological sen-
sors, for example, contain some NASA surplus hardware, primarily valves, which
are approximately 10 years of age. The age of most of the commercial sensors

~{s about 4-5 years or less.

Sample Collection and Distribution System

The sample collection and distributfon system was used to collect and
distribute samples fram six locaticnc which included water of a quality ranging
from City of Palo Alto final ef ent to tertiary treated wastewater. The
system worked very well throughout the test period. Fifty micron-woven stain-
less steel filters were used for filtration purposes for the test period. The
filters are .08 com thick and.10 cm in diameter. Two f{lters are located in the
filter housing and are both used concurrently. Because of the high flow rate
of sample across the filter surface and the backflushing action, the system had
no difficulty removing particles and debris from the sample st.>am. What did
present a problem was grease contained in the City of Palo Alto effluent during
the last part of July and the first part of August. Also during the same time
period, the high amount of lime present in effluent from the flocculator/clari-
fier also clogged the filters. Dur1n$ July, a malfunction in the reclamation
facility resulted in the filters becoming clogged with carbon fines. In order
to prevent a loss of sample flow during this problem period, the normal proce-
dure of cleaning the f{lters on Monday, Wednesday, and Friday was modified to
clean the filters five times a week. Figure 3 in Volume I shows the flow
schematic for the systen.
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The only persistent problem that occurrad during the test period was the

buildup of debris in the pump recirculation valve which resulted in fncreased
sample flow and the introduction of air bubbles to the sample. One backflush
cylinder and control relay failed during the test period. Four sample valves
failed also during the test period. Additionally, the main sample pump had to
be rebuilt because of a bearing failure,

Chemiluminescence Biosensor

The chemiluminescence bicsensor currently processes and measures total and
viable bacteria once during each 1-hour period. Typical values measured in the
various wastewater effluents monitored by the WMS are {llustrated in Figure 38.
The sensor is routinely calibrated using a Coulter electronic particle counter
:r;d 1‘l:he firefly luciferase - ATP assay for total and viable bacteria, respec-

ve y.

The biosensor mechanically and electronically operated satisfactorily
during the test period. There were, however, several minor problems encoun-
tered during this time. The flow cell became clogged with precipitant from the
reagents. This problem was solved by disassembling and flushing the flow cell.
The drain 1ine became clogged with calcium ~wrbonmatez and had to be replaced.
Several pilot valves and the diaphragm in the compressed air pressure regulator
failed and had to be replaced.

Correlation of the viable bacteria results cf the biosensor presents
special problems. Various values for viable bacteria can be obtained depending
on the type of method employed. Each method measures a particular parameter
assocfated with viability. The ATP method and Tuminol - CO method are measures
of metabolism while the standard plate count method is a measure of the ability
of a cell to reproduce and form colonies in an artificial environment. For
this reason the luminol method cannot be expected to produce the same results
as the plate counts. The ATP results have shown correlation with the 1uminol
data; however, it {is known that ATP levels within bacterfa can fluctuate de-
pending on ervirommental conditions and growth phase. For this reason, the ATP
method can be used for "ball park" comparison and some deviations should be
expected, the most consistent correlation occurs with the Coulter electronic
particle counter.

Gas Chromatograph

The GC operated quite well during the f{rst part (July through September)
of the test period. However, early in October, the preparatury columns lost
carrier gas flow for several hours because of a malfunction of the shutoff
valve on the carrier gas cylinder. As a result, the two preparatory columns
began exhibiting an excessive amount of column bleed, which totally masked the
compounds being monitored. Efforts to reduce the column bleed by baking out
the columns at above normal operating temperatures were unsuccessful. Two new
preparatory columns were ordered to allow the analyzer to be put back on line
as soon as possible. However, when ‘:¢ new preparatory columns arrived and
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Figure 38 Total and Visble Bacteria Lavels in Various Waste-
Water Effluents
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were installed, they showed a high baseline signal. Procedures to reduce the
baseline signal were immediately started. The procedures called for raising
the operating tsmperatureb of the preparatory GC to increasingly higher tempera-
tures (from 105°C o 150°C) and injecting ul trapure water into the preparatory
columns to reduce the baseline to a usable level. This procedure was extremely
time consuming. The baseline was determined to be at a usable level just prior
to shutting the WMS down for the Christmas holidays. The Bendix automatic
injector was found to be leaking air into the sampling chamber during the
column bakeout period. Replacement parts were ordered and the injector re-
built. The preparatory column oven and the analytical oven were shut down for
the Christmas holidays, and both carrier gases were allowed to continue flow-
ing. It was beljeved that this would prevent the columns from becoming con-
taminated; however, when the GC ovens were brought back up to operating tem-
perature the columns showed extreme column bleed. Once again, the lengthy
process oV baking out the columns was begun. This process was still underway
at the end of the test perfod. As a result, the GC only collected data for the
months of July, August, and September. This fact is reflected in a very low
availability.

Total Organic Carbon Analyzer

The new low temperature ultraviolet 1ight TOC analvzer was operational for
the test period. Overall the analyzer worked quite well. Stability and
response time were greatly improved over the old high temperature unft. Over-
all maintenance time was reduced considerably. The analyzer was modified tn
allow for computer-controlled automatic calibration. This system consisted of
two Teflon air-actuated slider valves, two pilot valves, and two microswitches.

Several problems did occur during the test period. The first problem
encountered was that the sparging system was not removing all of the inorganic
carbon from the sample. This problem was corrected by adding 9.1 m of 0.5 cm
inside diameter tubing to increase the contact time for conversion of inorganic
carbon to C0,. Additionally, a change was made in the TOC calibration curve in
the ADAM minfcomputer. Two separate pump tubing failures occurred. The first
of these was in the sample pump and resulted in some erroneous data. The
second failure took place in the pump leading to the ultraviolet 1ight reaction
chamber. This was much more serfous as it allowed the ultraviolet lamp to
overheat and subsequently two of the three lamps failed. The water separator
and sparger assembly developed a significant crack and had to be replaced.

Hardness Analyzer

The operation of the analyzer was hampered by one persistent problem. The
analyzer was found to be very susceptible to f{nterferences from residual
chlorine levels above 0.5 mg/1. The interference effect would cause the
analyzer to show excessively high (400-1,000 mg/1) vrlues. Additionally, the :
high amount of lime being added in the reclamatfon chemical clarification SRR
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process flash mixer in July and August resulted in 1ime accumulation in the
electrode chamber. The reagent tubing in the reagent container periodically - 5
clogged with debris suspended in the rzagent container. With these exceptions, ﬁ

the analyzer's overall performance was good during the test perfod. The hard-
ness analyzer is extremely expensive to operate in terms of labor and materials
costs. '




Nitrate Analyzer

The nitrate analyzer's operation during the test period was limited. The
main cause of the problem was the extremely high level of nitrate in the City
of Palo Alto effiuent. In July it wae found that the analyzer was reading 9
mg/1 on a sample having a 1ab verified value of 19 mg/1. The apparent cause
was that above 9 mg/1 the colormetric system was unable to differentiate darker
shades of blue. A decision was made to order a new autodiluter system to
return the color of the sample to a usable level. The new diluter took over 6
weeks to arrive fram the manufacturer since 1t is a nonstock {tem. Once the
new metricone was installed, an effort was made to immediately calibrate the
analyzer and put it back on line. However, at that point a probiem was dis-
covered with the transmission of the sensor status and data signal to the ADAM
minicomputer. This problem was finally resolved after several weeks of trou-
bleshooting. Once again, an attempt was made to put the analyzer back on line.
However, it was found that the sensor would not stay in calibration for more
than a few hours of operation. The manufacturer was contacted in an effort to
resolve this problem. It is believed that the high levels of nitrate in the
samples were causing the cadmium in the reduction chamber to become spent very
quic!‘dy. The test period ended before a lasting fix was found for this
problem.

pH Anal yer

The Great Lakes Instrument Model 70 pH Analyzer provided good, reliable
data. The sensor required calibration on an average of once a month during the
test period. There wasn't any serious fouling of the prove as a result of
sampling secondary effluent or the high 1ime content in the clarifier effluent,
When the probe was removed for calibration, the electrode was checked for any
accumulations of foreign material. The electrode tip was cleaned in a 0.1 N
acid solution {f a significant accumulation was found. For calibratfon, a pH
s‘tandard of 7 was first used; followed by a pH standard of 10 to check the
slope.

Total Residual Chlorine Analyzer

Overall the analyzer operated very well and provided reliable data
throughout the test period with a minimum of problems. The only lengthy
downtime the analyzer encountered was due to the unavailability of the needed
reagent from the manufacturer. The manufacturer has apparently worked out a
new production schedule to resolve this problem. The analyzer is fairly expen-
sive to operate in terms of routine maintenance and consumables.

Sodium Analyzer

The Beckman Sodium Analyzer provided good data throughout the test period.
However, the analyzer's flow system repeatedly clogged during the test period.
This and the need to refill the zero and span standard containers on a daily
basis require a high number of man-hours of effort each week. It has been
found that it is necessary to disassemble and clean the flow system once a week
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with dilute hydrochloric acid. This is because the anhydrous ammonia used in
the analyzer causes the particles in the sample to clump and settle in the flow
system. The anhydrous ammonia {1s necessary to adjust the pH level of the

, sample prior to introducing it to the electrode chamber. A problem was en-

i countered with the gravity fiow system that feeds electrolyte to the analyzer's
reference electrode. A pressurized system was installed and the problem re-
solved, except for one occasion when the reference electrode tip clogged. This
was resolved by placing the tip in boiling defonized water.

Temperature Analyzer

The analyzer provided good relfable data throughout the test period except
durin? the last week of operation when the Action-Pac amplifier failed. Addi-
tionally, the socket to which the amplifier is attached was replaced at the
beginning of the test period. The probes’ output was checked once each month
against that from a glass thermometer inserted into the sample stream.

Turbidity Analyzer

- .

The Sigrist Photometer Turbidimeter worked extremely well tiroughout the
entire test period. The analyzer provided excellent data with a minimum of
routine or unscheduled maintenance. The only component which failed during the
test period was the replaceable 1ight source. The only routine maintenance
required by the instrument was a once-a-week cleaning of the mirror in the flow
cell and a check of the calibration. The TJ25 flow cell was used throughout
the test period.

Coliform Detector

Prior to the beginning of the test period, the coliform detector was
reworked to the four-broth, four-buffer cell configuration as previously
described. This change significantly enhanced the capability of the detector
to eliminate false positive reactions caused by noncoliform bacteria. These
changes were necessitated when it was discovered that several noncoliform
bacteria strains found in the Reclamation Plant effluent were capable of imita-
ting the electrode response generated by coliform bacteria.

The majority of the effort expended on the coliform detector was divided
between testing the new sensor configuration and solving an internal contamina-
tion problem which will be discussed in this section.

Specially selected samples of coliform and noncoliform bacteria and mix-
tures of the two were tested in an extensive effort to prove the validity of
the buffer cell principle. When evaluating each experiment, a 200 mv change in
the buffer cell electrode was accepted as evidence of coliform growth in the
nutrient cell. The buffer cells repeatedly showed negative reactions for the
noncoliform bacteria strains that were producing positive reactions in the
broth cells. Based on these results, it was determined that the proper opera-
ting procedure is to use the millivolt output of the buffer cells to determine
the presence of coliform bacteria and to use the broth cells millivolt output
results to determmine the inftial coliform concentrations. As an example, {f
the broth and buffer cells showed positive results, the time required for the
broth cells to show a 200 mv change would be plotted on the calibration curve
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to determine the initial coliform concentration. In 211 instances, this
additional criterion was sufficient to allow for differentiation between coli-
form and noncoliform samples. Consequentiy, the reconfiguration of the coli-
fon:\ 1'sensor' has been deemed a success in dealing with the problem of false
positives.

One major problem that surfaced during testing of the coliform sensor was
that of internal bacterial contamination. The contamination probiem was evi-
denced by the fact that on numerous occasions & sample which was known to be
sterile showed growth in the nutrient cells. It was concluded that a signifi-
cant population of bacteria was surviving the sensor's normal sterilization
process and resided internally within the sensor at various timec. Repeated
washing and flushing of the sensor with various bacteriocides reduced but did
not permanently eliminate the problem.

Presently, it is believed that the contaminating bacteria have been
residing either within the sensor's pneumatic valve parts or inside the Teflon
1ines leading to the cells. As the sliding parts of the valves began to wear
and their tolerance increased, small pools of nutrient and previous samples
were discovered within the valves. In many instances, the leaks were not
visible from the outside of the valves until the problem was well advanced. It
is also thought that a bacterial and protein matrix may have been built up
inside the sensor's tubing. In either c2se, the proposed solution for the
contamination problem is a routine schedu e of replacement for the coliform
sensor's internal parts. It is believed that this action, along with close
moni%oring of internal valve tolerances, would alleviate the contamination
problem.

In conjunction with the samples mentioned thus far, more than 20 samples
of reclaimed effluent were tested for coliform concentrations. No positive
reactions were observed in any of the reclaimed water samples. Correlating MPN
tests substantiated the coliform results. It should be noted that the permis-
sible number of coliforms in finished reclaimed effluent is 2.2/100 ml while
the lower confidence 1imit for the coliform sensor is approximately 10/100 ml.

Mechanically, the coliform sensor operated very well during the test
period. The few instances of component failure can be attributed to the
sensor's age as it had seen more than 4 years of continuous service prior to
the test period. It is believed that the parts that failed did so because they
had reached the end of their useful lives. The following component failures
were encountered during the test period:

l. Several PVC fittings on the hot water tank failed and were replaced
with stainless steel.

2. Two temperature control boards failed during the test period. In each
instance a single capacitor failed and was replaced.

3. Two electrodes began to give erratic readings and were replaced.
4. Several of the pneumatic valves began to leak fluids. In each

instance new bushings were installed and the valve fittings were
readjusted.
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Table 13 shows the numbar of false positives which occurred during the test
period. The data show that out of 48 broth cell tests made with Reclamation
Piant effluent there were 8 false positive reactions. For the same samples there
were ;ro false positive from the buffer cells. The results are even more
impressive for the City of Palo Alto secondary effluent samples. Based on these
data, the broth/buffer cell configuration appears to have successfully resolved
the problem of faise pesitive reactions caused by noncoliform bacteria.

TABLE 13
COMPARISON OF COLIFORM FALSE POSITIVES

Reclamation Effluent Secondary Effluent

No. of False No. of False

Positives Reiiability Positives Relfability
Broth Cells 8/48 83.3% 19/40 53.3%
Buffer Cells 0/48 100.0% 0/40 100.0%

Ammonia Analyzer

, The analyzer provided relfable data during the majority of the test
period; however, several problems did occur which hampered operation. One
problem which occurred repeatedly was air bubbles blocking sample flow in the
gravity feed system. This was determined to be a flaw in the design of the
analyzer. The metricone motor failed in July 1980, as did the signal amplifier
unit. A problem with the colorimetric system was found in February 1981. The
proper color change was not taking place in the flow system. The problem was
traced to the nH value of the sodium hypochlorite reagent which was below the
acceptable range of 7-8. The pH was adjusted upwards and the analyzer cali-
brated. The procedure for preparation of the reagent was modified to verify
the pH of the sodium hypochlorite before preparing thke reagent.

The analyzer s equipped with the WMS autostandardization systesw and was
automatically calibrated once each day. Because of the frequency c¥ reagent
preparation,the analyzer was quite labor intensive.

Conductivity Aralyzer

The Beckman analyzer performed throughout the test period without any
significant problems. Periodically the flow cell was removed from the flow
system and checked for buildup on the cell walls., The values were routinely
compared with the two conductivity analyzers in the laboratory at the reclama-
tion facility.

Dissolved Oxygen Analyzer

The Delta Scientific analyzer performed relfably throughout the test
period without any major problems. One Teflon electrode membrane failure
occurred. The calibration of the analyzer was routinely checked using a Hach

wet chemistry dissolved oxygen kit.
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Defonized Water System

L i - —

The system reliably provided high quality deionized water to the various
parts of the WMS. The one problem which periodically occurred was bacteria
contamination in the reverse osmosis storage tanks. As a resuit of this con-
tamination 1t was necessary to sanitize the entire system once every 30 days.
The RO60 reverse osmosis cartridge was found to have a useful 1ife of 6 months
with the available tap water. This is approximately one-half the expected
useful iife, The recommended procedure for storing the reverse osmosis
cartridge during an extended shutdown period calls for shutting off the tap
water flow to the cartridge and placing it in a formaldehyde solution. This
procedure dfd not seem to work satisfactorily for the 2 week shutdown at
Christmas. It was found that the best procedure was to leave the tap water
flowing and run the effluent from the cartridge to the drain.

Data Acquisition and Report Generation System

Numerous hardware failures occurred for both computer systems during the
test period. Some were hard failures and could easily be traced to printed
circuit boards for the peripheral device control interfaces such as A/D, temi-
nals and the magnetic tape unit. In addition, one computer memory board
failure occurred on the average of every 3 months. Other failures were inter-
mittent and could not be isolated to efther software or hardware when one of
tive computers would halt. On the average, one failure occurred every week that
resulted in approximately 16 hours downtime, although normally 8 hours per week
can be expected.

Except for one software error in the NOVA 3D operating system that pro-
duced intermittent computer halts throughout the test period and was corrected
in February 1981, all the failures could be traced to the hardware. A sub-
stantial number of failures were directly the result of poor electrical con-
tacts. This problem may have been aggravated by the instances of chlorine gas
entering within the WMS trailer when the WRF/PA had an equipment failurc. The
computer equipment is approaching the limit of its useful lifetime and can be
expected to fail more frequently,

Some downtime was associated with software development activities during
August 1980 and cannot be realistically charged to equipment availability.
Also, the failures in January 1981 were the direct result of the equipment
being turned off during the last 2 weeks of 1980. [f these times are not
considered, the average downtime is reduced to 5.5 hours per week.

WMS Availability

WMS availability (percent of time the subsystems/sensors operated on
demand) was monitored during the test period. The operating time and downtime
periods for each of these are summarized in Table 14, The downtime recorded for
each of the sensors/subsystems includes actisa! repair times and downtime
attributed to waiting for necessary reagents or parts.
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TABLE 1L
WMS AVAILABILITY/RELIABILITY

DOWN ERRONEOUS
WMS TIME (HRS)/ DATA (HRS)/
OPERATING OPERATING (%) TOTAL (%) SIGNIF ICANT
ELEMENTS TIME (HRS)/ AVAILABILITY DATA (HRS) RELIABILITY PROBLEM(S)
Sampling
System 1173931 9.7 246/3916 94.5 Periodic Plant
Process Upsets
Camputer
System §51/4454 87.6 371/3903 90.5 Printed Circuit
Board Failures
B8iosensor 171/3633 95.3 110/3418 96.8 None
Coliform 1...1
Detector 17°/97 82.5 0/88 ———- Contamination
and Hardware
_ Failures
TOC 355/3553 90.0 148/3111 95.2 Faflure of UV
Lamps
Residual
Chorine 870/3672 76.3 15/2994 99.5 Temporary
Unavailability
of Reagent
Turbidity 1/3739 99.9 4N 99.9 None
D.0. 2/3729 99.9 20/3724 99.5 None
Asmonia 267/3324 92.0 448 /3055 85.3 Pump and Valve
. Failures,
Reagent
Problems
Nitrate/ 3366 /3587 6.2 39/221 82.4 Cadmium Reduc-
Nitrite ‘ tion System
Malfunction
pH 3/3764 99.9 48/3744 98.7 None
Conductivity 0/3770 100.0 3/3753 99.9 None
Temperature 38/3762 99.0 1173719 99.7 Corrosion of
. Contacts in
Socket
Hardness 84 /3504 97.6 1249/3420 63.5 Interference of
Restdual
Chiorine
98
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TABLE 14 (Continued)

) Sodium 100 /3689 97.3 259/3591 92.8 Buildup of
_ Debris in Elec-
trode Holder
6.C. 2613/3635 28.1 100/1022 90.2 Column Bleed in
Preparatory
l [ L]
o.l.
Water 21 /5447 95.0 n/5282 — None
A.c. 2
System 3/5832 99.9 0/5756 - None
NOTE:

lt:cmfom Detector Operations and Downtime Reported in Days.
2y, C. System is a dual unit, each independent of the other.
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WMS Reliability

Sensor/subsystem reliability (percent of operating time the data generated
were valid) is summarized in Table 14. These values are calculated based on the
number of hourly averages determined to be erroneous divided by the total
number of hourly averages recorded. This calculation was made for each indi-
vidual sensor/subsystem.

WMS Operations and Maintenance Cost Summary

This section deals with the operations and maintenance costs for each of
the sensors/subsystems. This is intended to cover all consumables, hardware
and iabor required for 8 months of continuous operation. Tiiis cost estimate {s
based on actual expenses incurred during the test period and as such may vary
depending on the age of the hardware. An additional goal of the program was to
determine, when possible, the 1ife expectancy of the various subsystems. These
data where aviilable are reported in Appendix G.

The O0&M costs for the sensors/subsystems of the WMS are sumarized in
}'able 15. Extrapolaticn of these data gives a projected annual 0&M cost of
94,125.

The distribution of costs may be summarized as follows:

Labor Materials Total
Operations 18.0% 4.9% 22.9%
Maintenance 57.6% 19.5% 77.1%
Total 75.6% 24.4% 100.0%

These calculations are based on the detziled data contained in Appendix G.
Appendix G additionally contains a 1list of the recommended spares for each
sensor/subsystem.
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TABLE 15

OPERATIONS AND MAINTENANCE COST OF
WATER MONITOR SYSTEM

JULY 1, 1980 THROUGH FEBRUARY 23, 1981

1/ Operations  Maintenance

Sampling System

Materials and Supplies $ 340 $ 220

Labor 300 190
Computer System

Materials and Supplies 1070 2230

Labor 4140 13600
Biosensor

Materials and Supplies 180 240

Labor 450 2080
Coliform Detector

Materials and Supplies 300 470

Labor 2900 3070
Gas Chromatograph

Materials and Supplies 200 670

Labor 1380 4500
TOC Analyzer

Materials and Supplies 790 940

Labor 340 860
Residual Chlorine Analyzer

Materials and Supplies 1480

Labor 70 1370
Turbidity Analyzer

Mater{ials and Supplies 60

Labor 60 110
Dissolved Oxygen Analyzer

Materials and Supplies 100

Labor 30 110
Ammonia Analyzer

Materifals and Supplies 790

Labor 570 4320
Nitrate/Nitrite Analyzer

Materfals and Supplies 960

Labor 220 1500
pH Analyzer

Materials and Supplies 50

Labor 60 220
Conductivity Analyzer

Materials and Supplies

Labor 110
Temperature Analyzer

Materials and Supplice 130

Labor 20 110
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Totals
560
490

3300
17740

420
2530

770
5970

870
5880

1730
1200

1480

1440

170

100
140

790
4890

960
1720
280

110

130
130
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TABLE 15 (Continued)

Hardness Analyzer

Materials and Supplies 1950 1950

Labor 140 1830 1970
Sodium Anal yzer

Materials and Supplies 200 150 350

Labor 400 1890 2290
Deionfized Water System

Materials and Supplies 1370 1370

Labor 240 270 510
General Lab Supplies 400 400
TOTALS $14,400 $48, 350 $62,750

Prajected Yearly O&M Cost = $94,125
1/ NOTE:

Labor costs of $37/hr. for engineering; $27/hr. for all others.

2/ NOTE:
Includes operator time for implementing new software.

102

|




As previously mentioned, the purpose for developmental systems i{s to
identify problems before committing to the design of an operational system.
The experience with the WMS has shown that the following will be key considera-
tions when building reliable and inexpensive operational systems:

1. The ideal sensor: fs an electrode; can be located in the sample;
requires no reagents; is not subject to interference from other con-
stituents in the sample; is fail-safe; i.e., it fails in a readily
{dentifiable manner; 1is easfly maintained; is rugged; has proven
relfability in a variety of applications; resists fouling ty solids or
grease; {is stable for long periods without calibration; does not
require sample preconditioning, i.e., filtering, concentration, fixed
flow rate, etc.; does not require complex electronics for control or
signal conditioning; provides a direct continuous readout of a con-
trollable parameter. Most water quality sensors do not meet all these
specifications. Some conductivity cells and dissolved oxygen elec-
trodes which are available on the market meet many of these require-
ments;d Most other sensors d{ntroduce compliexities which must be
managed.

2. Colorimetric procedurrs and gravity flow through small tubing should
be avoided in unatten‘ed automated sensor applications.

3. Operators should be trained to understand the significance of ecach
measurement and the failure modes of the sensors. Competent vendors
will provide such detailed informatfon on the characteristics of their
sensors. The comprehensiveness of the vendor's operating manual s
often a good indicator of the quality of the product.

4. Sensors utilizing proprietary reagents should be avoided unless a con-
tracted delivery schedule is prearranged.

5. The system design should provide fault detection, alarm, and alternate
operating modes for significant failure modes:

a. Loss of sample.
b. Afir in sample (where it interferes with the analyses).
c. Loss of sensor sensitivity, i.e., reagent, sample, etc.
d. Filter plugging.
e. Erroneous data.

6. Automatic standardization is a necessary requirement for unattended
operation of most chemical sensors.
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7. Computer systems hardware and software should be provided with error
detection and correction capability. The ability to detect and cor-
rect single bit errors in the computer main memory can substantially
{ncrease relfability.

8. Direct memory access or high speed 1/0 channel programs should be pro-
vided when communicating with other computer systems. This will allow
data to be transferred directly into main memory rather than a less
:-ﬂiabagz;.{ansfer by an applications program via a low speed device,

.Q.. .

9. DNfal-up/auto-answer communications provide the capability for remote
fatlure diagnosis. Troubleshooting thereby can be accomplished with-
out specialists being retained on-site.

DATA PROCESSING

In addition to the real-time data display and trend plotting, the EVE
report generation system has data processing capability for a lognormal distri-
butfon analysis and a linear regression analysis. A lognormal distribution was
chosen to interpret the data obtained from monitoring based on the study per-
formed by McCarty, et al, at Stanford University (reference 3). The Stanford
study evaluated parameters for several probability models using various sets of
organic and i{norganic concentration data from Water Factory 21 in Orange
County, California. Models for normal and lognormal probability distributions
were selected for analysfs because they produced reasonable data fits and
provided ease of statistical d{nterpretation. It was concluded that the
lognormal distribution adequately represented the results at least 92% of the
time and thus provided an adequate description of the probability for organic
and inorganic materials at Water Factory 21. (The logncrmal distribution was
rejected for only ammonia and conductivity.)

Verification of the validity of the lognormal distribution {is provided in
the Stanford study, and no attempt was made to consider other probability
models for this study. The lognormal distribution has a strong theoretical
justification based on the assumption that fluctuations are proportional rather
than additive, The chi square statistic was determined for each parameter as a
method to evaluate the validity of the lognomal distribution and determine if
the data were normally distributed. The results indicate a high correlation
exists for most parameters,

A linear regression anal,:{s was performed on all monitored data
evaluate the relationship betvae- parameters across the reclamation plant and
among processes. The least-square line obtained by the linear regression
allows a determination of the standard error of estimate and the coefficient of
correlation and thus provides a means of evaluating the direct dependence of
the variables.

Characteristics of the Lognormal Distribution

Normally distributed data will plot as a straight line on probability
paper {f the ordinate scale is arithmetic, while lognormally distributed data
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will plot as a straight line {f the srdinate scale is logarithmic. Normal
distribution is one of the most important examples of continuous probability
distribution and is defined by the following equation (reference 6):

Y= _,‘ . .-(X-u)’IZo’
o/er

Where u = mean, 0 = standard deviation, and X is expressed
in standard units with Z = (X-u )/c

In such cases, Z is normally distributed with mean zero and ‘ar‘lance 1. A

graph of the standardized normal curve is shown below with the areas included
between Z = -1 and +1, Z = -2 and +2, and Z = -3 and +3 as equal to 68.27%,
95.45%, and 99.73% of the total area under the curve which is one.

In order to analyze a set of data, the average and standard deviation of
the logs are determined by common statistical procedures. The average so
obtained represents the intercept, and the standard deviation represents the
slope of the regression line for the lognormal distribution.

Computer plots of these resuylts were generated for each parameter and for
each period of interest. A representation of a typical result is shown in the
following figure. The ordinate presents the 10g over the data range and the
abscissa presents the percentage of time the total population was less than the
measured value. The Percent of Time Less Than corresponds to the probability
of occurrence for a measured value. The data range represents the daily
average obtained fram the hourly average which was determined from sample rates
of 1 minute for all measurements with the exception of the G.C. and biomass
measurements, which were recorded once each hour.
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It should be noted that in the heading, on the following figure, the reclama-
tion plant influent (Palo Alto final effluent) is sample source #2 and not #1.
This {s btecause prior to this test period, sample source #1 was primary
effluent, and the aeration tank was not a sampling pofnt. Since a large amount i
of data had been collected and stored on computer tape, it was decided to leave 3
the Palo Alto final effluent as sample source #2 so as not to hinder statis- |
tical analysis of the historical data.
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The Z-score is alsn shown on the abscissa for comparison. The 50% or zero
value for Z represents the gecmetric mean. This plot is a good example of the
waterfall decrease in the dependent variable across each process and readily
shows the range of data for the report period.

The nomal distribution function Q(x) {1s defined by Hasting's best
approximate equation (reference 7), o

0 - 2 ‘
x) = =— ;
/Zx ‘
Q(x) = Z(x)[b:rt + bat? + bst? + byt* + bst®]
ts ]
T+ px
s ,231642 by = 1.78148 ‘
b: = .319382 by = -1.82126 1
by = -.356564 b; = 1,33027
where Q(x) = area under the standardized normal curve from 0 to +Z

Zx)

Qx)
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The test for normality or goodness of fit is based on the XZ (chi square)
distribution at the 95% confidence level for 2 degrees of freedom,

x’“' =.5.99 (based on Z being a function of u and o)

IPRY
where x* = 2'—'7——(& %)
[

fo = observed or actual frequency

f, = estimted frequency based on a
normal distribution

The chi square statistic has been calculated for each parameter at each
sanple point to evaluate the goodness of fit to the postulated lognormal dis-
tribution. There is only one chance in twenty of chi square exceeding 5.99 {if
the data are novmally distributed. Thus, the lognormal distribution model may
be rejected witi 95% confidence when the value exceeds 5.99. Much of the data
presented in this report {s adequately described by a lognormal distribution,
however, there are exceptions, as shown in Appendix D.

Characteristics of the Linear Reggssion

In a linear regression analysis, values of the dependent variable are pre-
dicted from a 1inear function of the form

Where Y' 1s the estimated value of the dependent variable Y; the constant
a (referred to as the Y intercept) is the point at which the regression 1ine
crosses the ' axis and represents the predicted value of Y when X = 0; and the
constant a (usually referred to as the regression coefficient) is the slope of
the regression line and indicates the expected change in Y with a one-unit
change in X (reference 7).
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The regression method involves the evaluation of a and a in such a way
that the sum of the squared residual is smaller than any possible alternative
values, {.e.;

(Y =Y' ) = minimum
vhere Y - Y' s presidual or difference between the actual and
estimated value of Y for each case

The optimum values of a and a are obtained from

0 »E=TY -T) | MEXY - (EX)(EV)

Ix - M NEX? - (I)?
o V- aY » {EYNEX?) - (EX}(rXY)
ex* - (Ix)?

The Standard Error of Estimate is a measure of the accuracy of the
prediction equation. It is the standard deviation of actual Y values from the
predicted Y' values or

g = Standard Error = J@

The Standard Error is interpreted as the "average residual.”

The linear correlation coefficient is the ratic of the explained variation
to the total variation or

re {ughineﬂ variation _ ‘liﬂYest - 1)°
total variation V. (v -1

where Yest = estimated value obtainey fruw 1inear regression

Y = average of dependent var..bilc
Y = dependent variable

and is determined by
WoX

P & =

7

where m = slope of regression line
ex = standard deviation of independent variable

gy = standard deviation of dependent variable
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Results of the regression analysis for the report periods are presented in
Appendix A. Linear (Y = a + a X), parabolic (Y =2 +a X +aX), and l0ga-
ritmic (LogY = a <+ a LogX) regressions were performed for each parameter
across each process and across the reclamation plant. Results indicate that
linear and logarithmic regrassions generally pruside a good prediction for the
downstream parameter. In some cases, particularly for the halocarbons and
total organic carbon, the logarithmic regression produced a superior {improve-
ment in the correlation coefficient compared to the linear and parzbolic re-
gressicns.,

A typical example of 2 statistical summary and regression analysis is
shown in Tables 10 and 17. The monthly average is determined from the hourly
averages. The daily average variation is the standard deviatfon of the daily
averages. The hourly average variation {s the standard deviation of the hourly
averages. The percent removal is determine¢ from

% removal = [ - 0 x 100%
D

where | = influent value
0 = effluent value

for sample source 1 to 6 across the plant. The percent removal across each
process is determined from

% removal = (I - O)process x 100%
[T™=TUJplant

where (1-0)plant = measured concentration ramoval
across the plant

(1-0)proccess = measured concentration removal
across the process

l? this manner, the romoval efficiency of each process can be compared for the
plant,
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