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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.

13




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.

17
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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.
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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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1.6
Q2.2
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1.6
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149.35
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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

60




-

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 |
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MC/ML

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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30 -»\\ | (29.5 MGD TOTAL)
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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.

79




O INFLUENT 8 = 10 MGALIT
@ INFLUENT 6 - 8 MG/UT

10¢
8 ) H i
3
TOC :
REMOVAL X |
MG/UT o |
AT ° . ;

24
0 — —t — - -
0 2 & 90 120 1% 180 .
DAYS OF OPERATION }
(CARBON TOWERS 384, 0.5 MGD EACH)
Figure 37 Rate of Activited Carbon Saturation with 1
Non-Volatile Hydrocarbons ;
‘3

80

e . B




.,
]
i

* puewap
mo| j0 spojaad Buganp juangjgad A3jqenb
3saybiy JaAL|3p/aums 03 mo|s je|nbay
abesop juelsuo)

Lenpisaa JueIsuo)

abesop juelsuo)

duBwa0a3d
{eAOWaL U0 paseq 3ed uojjesaudbas uoque)

I e ysemyoeg
(8-4) Hd juesuo)

0g sjuenijja pue JHL
jJuanijuL uo paseq sdwnd 2 40 [ ‘Q

pauimus3ap aq 03 diysuojle|ay
paujwiajap 3aq 03 diysuojle|ay
juan|ju} uo paseq Hd 3|qeLaep

ssewo(g
‘sunqaedoiey {e30] “I01 ‘A3ipiqun]

Mo 4
uI0LY) Lenpisay LeI0L
A

Mot 4

suoqaedoey (e30f ‘J0L
0a ‘4dv
Hd

MOl ‘.u0qued0(RH (301 ‘0Q
A31p1qun3 a0 A3psuap abpnis
IN0/u} ssewolg 40 A3|piquny/mMoLy
201 4o ssewoig ‘A31piqan)/Hd

MO 4

uo|3euoz(

U013 RULIO[Y)

VI
uoijedjty

U017 PU0qLLIIY

(butddiays eluoumvy) uoijeusy
ajey buyysem abpnys
ey uan3ay abpnis

Hd jue3suo) (A31upenly) uogae) djuebaoup Jo yd a1ey paa4 (ediway)
uog3eNI2014
e1J49314) |e13ua304 Saajamedeg |0A3U0) ] $€3704g

[043U0D) JINdWOD DJINWOINY O] Iqeudwy SWIKAS jueld uonewepPIY

1l siqey

81




IR TR T R T TR TG e R SR TR R R P adh L

(¥-2 N914) IINWYCIYId WAOWIY 201 JIVIS-AQVILS TUNIWON °S

HMI/90°08 LV ADYINT WIIYLDIII ¥
NOL/09% - S°6 HA Y04 LIV/9W 21T ‘11 WA Y04 LIT/oW 08¢ 1V 39vS00 MI1

w (61 3ONIY3I4I4 NI G3L0nd  S1S0) JONVNIINIWW ONV NOTLIVY3dO €61 40
w NOLLYIVIS3 %001 NO 03SVE 3iWWILS3) "81/€°0$ ‘ WOW/87 005 1V NOILWY3NIDIY NOGWYD ¢

™

$°¢ 40 OIlwd 20L/003 1

STSva
|
| 0 0 o 0 L 114
82 0 0 82 Ly 1714/(5°6 Hd)3014 n
, oSt 08 0 o Ly LA/(2)83v/(1T Hd)2014 S :
| 0st 0 651 0 9°2: L14/9¥0/1714 m
8.1 0 0st g2 191 LI4/9¥9/1104/(5 6 Hd)2014 M
812 ov 0st 82 6 b1 L3/9¥9/1114/(1)I39/(5°6 Hd)2014 m
85¢ 08 0st g2 9°61 1114/9¥9/17114/(2)¥3v/(s 6 Hd)2014 w
00¢ 08 oSt oz 1°81 L1114/9¥9/1113/(2)¥Iv/(TT Hd)2074 !
WIOL WOTIVUIV 903 W Wi | IN3IN1333 FAL NI WYIBLS SS3908d
ALIDI¥12313 LIT/9W & 5 404 01 ININTINI *XVM
AVG/$ *S1S0D I1GWWISNOD |

E
1

pbw 1 e /6K 015
00 wenyj3 Buyjioaiuo) jo $3150D)/suonieanByuod) L eqe)




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

93




]

T W S SEIEER R e m R T Eib B st e S gy Gtog ol s iR - R mmLmT IR T RmEmR e e, o -q:a—~rﬁ»:@mw‘1
i B 7 ¢ H P D i

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.
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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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FROW SArALE SOURCE ! TQ SAMPLE SOURCE o

TABLE 17 SAMPLE RECRESSION ANALYSIS

REGAESIION ANALYSIS FON 8EP_ 3, 19A8 TO FES 28, 1841

. LINCAR CUAVE PIT AESULTS (Yeal ¢ Alsx)

——Cnl TITRENGOR T T ety B ) al dtanoand — Coan, YL X}
“0, o cotre, 11¢{3
ST T TR, TOTaL atowass wiL O/ S.2141 0,0000 §,0088 0,112 11
2o VIABLE G10%AgSMIL C/m, 0,177 09,0300 0,301 0,029 9
S, RES CMLONTINE  n@/L 1,790 00312 1,030 0.0e02 _ 0y
TTTTTT 6, TUSRIDT TV 10dNE/L 8,8101 e, 00198 1,8068 o, 1027 100
7. OIS OXYVGEN ug/L 2,0872 0,%647 t.0080 0.6037 100
10, AwwONTA wg/\ 1,072¢ 1,01%8 0,008 0,0% 4
T 11, mltRATE wg/L 6,0000 0,0000 s, 0000 0.0000 (]
12, Pn [ 6,008? 0,383 0,840} 0, 3327 1e
. 13, TOT OPQ CARBON “G/\ 1,503¢ 0,2310 1, 3211 0.3777 114
. 168, COMJUCTIVITY “muuwng7TRH S3{, 0030 V0210 Be,23% ,3791 1te
19, TewssasTyRE et 0CG 7 30,3030 0.5749 1,100 90,7004 169
i 16, MARONPSS %G/ 175,3a07 0.6280  238,3027 0,710 sé
- 17, s00lum T g A9, 88817 6,6030 T a0 0,003 T T e
20, AMQIENT TEWP OFC P 20,7999 0, 7101 1,0080 e, 7013 1e
. 29, TOT »aALOCARBON P99 13,9007 09,9306 20,5993 0. 9728 2
_ _PARAROLIC CURVE FIT RESULTS (YS4al o A{oK ¢ AQeXew]d) _
. Cha SEngon untTs (Y} at a2 STANDARD cone, 3
»0, _eenop _eoerr,
1o TOTAL ATOMASNS »1:, C/W 0,104} 0,1923 80,0216 0,8032 e.15e7
_ 2. VIASLE AIruwasSHIL €/, O.uu =0,0222  «p,0113 _0,3%a) 0,02% 5
. T8, 0ES CWUNNINE  we/L 1e27797 70,2090 T o0, 0080 T 1,02%0 7 s 2009 T :
o, TURRIDITYeSTIOING/ 2,127 0,350 «,0117 1,0807 0,293 %
. 7, OIS OXvEEN  wg/y 4,20a0 0,0840 0.09;7 1.0877 0.47A0 '3
TTTTTT le, AmsunIa T owesy =3,2070 0,688} 0, 0088 4,818 0,903 ;
: 11, viteave e/ 0, 0000 90,0000 o, 8000 0,0000 0,0000
R t 2 ”~ _=8.0006 _ 8,8%00  <0,323%  0,8286 ___ 0.3146
13, TOT 0RG CARAON MG/ 7.3318 7 es, 2381 0,088 1.2102 (5 71} A ;
18, CONOUCTIVITY wowug/CH «=3182,.3A10 s.elas -t un $3,.308A 0. 0310 g
__ 13, TE=sERATURES1 OCG 8 21390181 8,016 __ =4, 1,03a3 0.8310 i
T 16, MAROMESS e/t Te3T, 0100 T 1,309 =e,0 u“:u.nu 9,704y f
17. 300ty we/L o279,7327 ., 7922 0,012 8.0100 0,7297
) 20, AWQIENT TEWP O€C #  1S1,2028 =2, 0758 ___ 04,0207 1,002 (L) 3 S
. 29, TOT NALOCARAGN #Pp 19,3210~ "eLsara 0, 0002 20,8788 T Tj 0122
LOCARITMNEC CURVE FIT RESULTS (LOG(YI®AQ eajeLNa(X)) -0
e . Cma sgnsoR ymtYs a0 4L __STaNpaRD  cOmm, 00000
»0, neon coers,
. 1o TOTAL A1OWASS ML C/m, 8,099 0,2028 _  0,2%00 0,883}
T Q. VIGALE AINMASSMIL T/ e1,0099 T @,10%¢ " g, 3ae7 fayy T
. S, AFS CHLONINE =g/ e, 0078 0,238 0,20V 0,300
&, TUSAINITYVe8102mG/L 0,8008  0,11%% 8,130 0.,3e0?
TTTTTTT T 7. OIS OuvGEN ug/ 0,0108 7 T o, 8080 T 0,0800 T g, 0a00
10, Awwonla en o0, 1638 0, 0007 0,388 0,0083
11, NpYRATE “e/\ 0,0000 0,0000 0, 0000 0. 0000
12, Pn ”~ YT 0,3927 0,0308 0,3030
13, TAT ONG CARRON ne/L 0,292 09,3073 0,132 0,290
18, CNNOUCTIVITY nwmnO/Ce 1.3160 0,9010 NI 0,.943¢
TTTTTTTT A8, TRRERAT g OLG P T T O, ST T O 4LSNMTTTTUA e 0,%6A — - T
16, NARONERS "G/ %2 0,4%20 0,1080 0.0022
17, 8nOlum g/t 0,039y e,70a3 0,025 ., 703
30, AnAENY TEwe 08 F TTTTT 80,5000 T 8,00% 60,0000 0, Te10 o —————
29, TOT WaLOCARBON PPR 09,0700 10003 0, 1827 ., %0

gt
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RECLAMATION PLANT/PROCESS PERFORMANCE EVALUATION

This portion of the report was originally intended to describe the steady-
state performance of the plant beginning in July 1980 through the end of February
1981. As shown in Table 18, the reclamation plant influent, effluent from the
secondary treatment process, changed during this period from that for which the
reclamation plant was originally designed; i.e., activated sludge to fixed-film
reactor (deep trickling or roughing filter)/nitrification/dual-media filtration.
These changes were in the process of stabilization for much of the summer of
1980. Also, once stabilized, these changes had a substantial effect on concen-
?r:%ion levels of certain water quality parameters in the reclamation plant

nfluent.

Thus, in order to provide the desired steady-state performance data which
are representative of plant capability, the results of two different periods, A
and H, are presented. Plant and influent processing during these two test periods
is shown in Table 18. In some respects, period H, even though only a
l-month period, may be more representative than period A of conditions normally
present in tertiary treatment. The configuration differences of these two periods
are summarized below:

Period Period
Influent Processing A H
Activated Sludge X
Fixed-Film Reactor/ X
Nitrification/
Dual-Media Filtration
Granular Activated Carbon
New X
Exhausted X
Chemical Clarification
pH 9.5 X
pH 11 X

Presented below are plant and process input/output data for periods A and
H, plant and process availability and 08M costs as measured for the 8-month
period beginning July 1, 1980, through February 28, 1981, and plant reliability
for the two “ast perfods.
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Input/Qutput

A Figure 39 shows the location of sampling points in the process stream and
{ the sampling schedule. Plant influent and effluent concentrations for the two
N test periods are summarized in Table 19. It should be noted that for period A,
t!;e pH]of the influent was significantly lower because of nitrification at the
city plant.

The percentage change in concentration across each of the processes is shown
in Table 20. The change in a parameter as the water flows through each process
can be followed horizontally, from left to right, for both test periods. Large ;
negative values indicate that the process caused a significant reduction of this 2
constituent. The overall effectiveness of each of the processes can be judged é
by examining the numbers vertically. It is readily apparent from this table that
the chemical clarification and activated carbon sorption processes had the
greatest influence on changes in water quality.

The results of a statistical analysis of process performance are presented
for each WMS parameter in Figures 40 through 59. The upper graph compares nlant
input to output for the two test periods based on a lognormal distribution model
and a + 3¢ data range (99.7% of the data). The plot also shows results of
measurements made on primary effluent during the H test period, thus providing
a graphic illustration of total treatment results beginning with settled raw
wastewater through secondary treatment and, finally, through tertiary treatment.
Additionally, comparison of the reclamation plant influent data for the two test
periods shows the cifferences in performance of the secondary processes in each
of the test periods.

e

The data displayed in the bottom graphs show process performance and were
developed by a linear least-squares fit of each process output s a function of -
plant influent concentration based on a log-log model; 1.e., Y9 0 = mlog I +
b. The results of this analysis are plotted in terms of percent removal and
output/input for the influent concentration ran%e indicated by the above
lognormal distribution. The resulting curves allow the reader to follow a
parameter through the plant (sampling pofnts are consecutively numbered) and
determine the cumulative contaminant removal as water progressed from process
to process.

Figure 40, for example, shows in the upper graph the statistical distri-
bution of the measured total biomass in the plant influent and effiuent for
test periods A and H. Total biomass in the primary effluent is also shown.
The plotted curve {llustrates how often the measured data were less than a
particular value. Ideally there were an equal number of data points above and
below the 50% point which is thus the mean of the data population., The varfa-
tion of the data is reflected by the slope of the curve, where a horizontal
line indicates that there was no variation. As a further illustration of the
interpretation of these plots, the lower graphs in Figure 40 show the contribu-
tion of {individual processes to contaminant removal. The period A results
showed, for example, that most all the biomass in the influent was removed in
chemical clarification, whereas the subsequent process, mixed media filtration,

introduced additional biomass into the water stream, irdicating that bacteria
are growing and being continually eluted from the filter media.
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TABLE 19 PLANT PERFORMANCE FOR TWO TEST PERIODS
(GEOMETRIC MEAN) P

TOTAL BIOMASS wc/ol

VIABLE BIOMASS ac/el 0.4 0.1 -84.0|| 3. 0.2 -%2.9
TOTAL RESIOUAL CHLORINE mg/t. 3.8 1.7 830 9.8 1.9 -719.9
TURBIDITY b 12.9 o4 58| 18.8 2.9 844
DISSOLYED OXYGEN "t 5.8 6.0 . 2.4 - - -

TOTAL ORGANIC CARSON g/ 9.4 .6 -62.2|| 1.8 .3 764
ANONIA o/t 2.4 1.3 43.5(| 187 164 127
NITRATE / NITRITE - SEXSOR NOT ON LINE

pH o 5.6 6.1 8s|| 7.0 12 27
CONDUCTIVITY ysho/ce [1233. 1312, 6.4 | [1e66.  1360. 6.4
HARDNESS wt |29, 3. as|lwe. s -19.8
SOOTUN st (158, 1. a2 - - .

TETRACILOROETHYLENE  pg/} 3.1 2.9 67| s1.6 3.6 -93.0
METHYLENE CHLORIDE g/t 8.7 100 -40.4)| 1.5 208 986
1,2-DICHLOROETHYLENE g/t 0. 0.0 10]|| 0.0 6.0 0.0
CHLOROFORN ™, s 2.1 100.4]] 2.8 a9 198
1,1,1-TRICHLOROETWANE  ug/) 1.8 3.4 1281 2.8 1.3 -94.2
BROMOOICKLOROMETWANE  ug/t | 137 18,2 3.7|| a7 1.2 -67.0
TRICHLOROETHYLENE ug/\ 1.8 1.8 19.9]| 20.8 1.5 -7
DIBROMOCHLOROMETHAKE wg/ 74 1229 19| 1.8 1.1 -29.0
BROMOFORN /1 0.0 0.0 00| 1.7 1.3 -21.6
TRIHALOMETHANES 29/1 B4 5.0 76| n7 8.3 138
TOTAL HALOCARBONS ugn 621 74 207|190 e 7909




1 ( TABLE 20 PROCESS PERFORMANCE FOR TWO TEST PERIODS

(CGEOMETRIC MEAN)
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The computerized data analysis from which figures 40 through 59 were con-
structed 1s included in Appendix D.

Table z1 shows the rasults of a test to determine whether process perform-
ance can be reljably described, as above, by simple statistical procedures;
f.e., by the mean and the standard deviation. Values of chi square are shown
for the lognormal data distribution model. If the data for a test perfod fit
the assumed model, a value of 6 or less will be obtained in 19 of 20 trials
(test periods), thus, the model may be rejected for values greater than 6 with
at Teast 95% confidence.

Table 21 shows that these values ranged from near zero, indicating a near
perfect fit of the data to the model, to 66, indicating an extremely poor fit.
Over half (57 percent) of the measurements had chi square values of 6 or less.
The parameters which most consistently showed normality were: methylene
chloride, total halocarbons, viable biomass, conductivity, hardness, trihalo-
methanes, chloroform and pH. Total biomass, ammonia and TOC showed a pro-
nounced change in normal ity between the two test periods.

It is proposed that the chi square value may reflect process stability;
i.e., a high value preceded by a low value in the water treatment process train
indicates that this process is susceptible to random and unexplained upsets.
On the other hand, a low value preceded by a high value shows that the process
is tolerant to influent upsets. Table 22 shows the number of parameters which
had a significant change between the influent and effluent of processes.
Chemical clarificarion followed closely by ozonation generally reflected a
greater stabilizing effect while GAC seemed to have the greatest tendency for
unexplained upsets.

A consistently high chi square value may indicate that this particular
water constituent or its sensor is inherently unstable. Only one measurement,
trichloroethane, failed to show any lognormal distribution characteristics. On
the other hand, if the chi square values were always low, say less than 1, the
data may be "too good" and the responsiveness of the sensor might be suspect.
Such consistently low values did not occur.

The following summarizes significant plant characteristics reflected by
the data:

1. Influent Processing: The change in secondary treatment from activated
sTudge to fixed-film reactor/nitrification/dual-media filtration
resulted in a significant reduction in reclamation plant loading for
many contaminants.

2. Chemical Clarification:

a. vhen operating at pH 11, essentially all the biomass {is removed in
the sludge and/or by cell lysis (disintegration at high pH). Bio-
mass removal was less effective at the lower pH of 9.5 in period H
where about 60% was removed.

139

;
E

f

X
i
2
i

i ia v ekl B i




Og O—0© o
@ @ A @ O_ muw @ @ SSINTNVH
ﬂ @ @ @ @ m @ @ ) ASIATLIr3N0D
m Ol i O sy 3 OO
| : UTNLIN / 3LVHLIN
@ @ @ @ @ @ @ VINOWY
; @ @ @ - @ @ NOSYYD JINVSYO 101
W @ @ é NI9LX0 03AT0S510 )
@ @ @ @.| v@ @ @ .@ | d @ d O ALIGISuNL =
@ .e @ .6 O« @ @ @ O O O INTVOWS VOIS Wi0L
@ @ @ @ @ @ @ @ O @ SSWO1S 3NMVIA ,MM
U U M
@ ) @ () - @ N @ \J @ O G SSWOIS WioL M
v k
W¥/113 I W0 WZ0/17i3 TI/evI IO/ WD l!dﬂ.m TUVGNO3IS  ATWiiNd $$Md “

H POLIg ~=oomen ¥ Pojdad

S00I¥3d 1531 OML W04 . &
SININTI4I SSII0Nd 10 |
SUMdS 1)

. 12 Ti8vL




@..l ] |® @ @ @ @ @ SHOREYOOWH V101
@ @ @ @ @ @ @ SINVILIN0TVHINL
® ® 'O =0 —
@ N\ -@ o\ @ @ INTINLIONOWITUL
= O—© .
M . @ @ @ @ .@ @ @ ILLI0WIOT - T°1°1 )
: Ot A ® - O O, IO IO <
| F—2 "B
. " INTUAHLICYOMIIC - 't
@ 7o\ @ @ @ 0190HI INTURIM
U O—0 :
@ () @ q @ @ MIUMLIONHIVELIL h
® ®—@ ,m
WWI/113 » Wi6  WI0/11d TVI/wVo3d TWOTN/WVD WIHD WVD WIND  AUVON0D3S  AWWeIlEd THONd 3
H poOjaeg ------- v pojang ‘
S001¥34 131 OML 804 |
SININT443 §SI0Ud 90 u
s3wvabs 10 :
(pantijsuol) 1z 378Vl
m”




SECONDARY
(PERIOD H)

CHEM CLAR/RECARB
(PERIOD A)

CHEM CLAR/RECARB
(PERIOD H)

RECARB/FILT
(PERIOD A)

FILT/O0ZON
(PERIOD H)

OZON

GAC
(PERIOD A)

(PERIOD H)

FILT/CHLOR
(PERIOD A)

(PERIOD H)

TABLE 22

SIGNIFICANT CHANGES IN
NORMAL DISTRIBUTION ACROSS PROCESSES

NUMBER OF PARAMETERS

MORE LESS
NORMALLY NORMALLY
DISTRIBUTED DISTRIBUTED

PHYSICAL/ PHYSICAL/

CHEMICAL/ CHEMICAL/

BIOLOGICAL BIOLOGICAL

SENSCRS 6C SENSORS GC

4 1 1 3
5 2 1 0
1 4 3 1
1 3 2 0
2 5 3 1
3 0 1 2
2 3 2 2
0 2 2 3
2 1 5 1
3 0 1 1
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b.

f.

The turbidity measurement indicates that only about 25% of the
suspended solids removed in the plant are removed by chemical
clarification. In light of the biomass data, which indicate that
a much larger portion of the suspended solids is removed in the
clarifier, this small decrease in turbidity is attributed to floc
carryover. Experience with fouling of downstream equipment by
calcium carbonate deposits supports this interpretation.

More TOC was removed; i.e., 3 versus 1.5 mg/1, when operating at
the higher pH of period A (with aeration at pH 11, TOC removal

increased to 5.5 mg/1 during period G. The aerators were not

operational during perfods A and H).

The concentration of the trihalomethanes is increased. This is
probably due to the additional time that the chiorine is in con-
tact with organics in the clarifier. This allows more chlorinated
organic formation time.

Ionic activity associated with 1ime treatment increases the con-
ductivity. This suggests the possibility of controlling 1ime
dosage using a conductivity senso~ rather than pH sensor for
operational reliability reasons; however, the durability of the
conductivity probe in this environment has not been tested. The
pH control currently used has been a consistent problem because of
pH probe fouiing in the high solids enviromment.

An apparent pH anomaly was noted during period A. While the pH
was controlled at 11 in the flash mixer, the measured value in the
aerator sump tank just ahead of recarbonation was approximately 7.
In previous test periods these two pH values have been nearly the
same. The noted difference remains unexplained.

Ozonation:

b.

Ozonation results in a reduction in few of the measured parame-
ters. (Presented here are the complete data collected during the
test period. There were times during this period when the ozon-
ator was not operating because of equipment failure. These
pericds are known, and an analysis could be performed to quantify
the effect of ozonation by comparing ozorator operating data with
ozonator nonoperating data. Because of time constraints, that
analysis has not been done.)

The increase in turbidity after ozonation appears to be an
anomaly. This increase may result from entrained gases in the
effluent sample. If so, they are very fine particles since they
are not visible to the naked eye.

It may be assumed that turbidity is not a reliable measure of the
presence of suspended solids wherever entrained gases are intro-
duced into the process stream. Sample points 2, 3b, 5, and 6 may
thus be the only reliable points for measuring suspended solids by
turbidity since gases may essentially be rr "oved in the preceding
process; i.e., clarification or filtration.
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If the ozonation effluent data are ignored, Figure 43 shows that
much of the work of removing particulate matter, at least that
which reflects light at 25 degrees, is done in the first filtra-
tion and not in the GAC as the data may seem to indicate. The
plant's experience with persistent flccculant carryover from the
clarifier with the accompanying calcium carbonate deposits on
downstream equipment may support this interpretation of the data;
e.g., there is no significant decrease in turbidity (suspended
soiids) before the infitial filtration and the decrease in organic
material (TOC and Biomass) in the chemical clarification is offset
by an increase in calcium carbonate precipitant.

Mixed Media Filtration:

a.

b.

C.

Biological growth in the first filtration step results in an
increase in biomass in downstream processes.

The first filtration step provides the largest portion of the
plant's turbidity removal. As discussed previously, this removal
is largely floc carryover from chemical clarification.

The addition of dual-media filtration in the secondary plant
(period A) reduced the amount of solids in the reclamation
influent and thus substantially increased the time periods between
backwashes in the reclamation plant filters.

Granular Activated Carbon:

b.

C.

d.

A reduced level of many contaminants is characteristic of water
processed by GAC, when its useful l1ife {is not exceeded. The
virgin carbon used during period H resulted in a pronounced reduc-
tion in most organic materials. The exhausted carbon in the
system during period A was saturated resulting in an increased
rather than a decreased concentration for many of the measured
trace organics.

Al11 halocarbons are reduced in new GAC except methylene chloride,
which is produced. In contrast, methylene chloride was removed by
exhausted carbon during period A.

Most halocarbon concentrations were increased by GAC processing in
period A because the carbon had been previously saturated at
levels higher than the period A influent levels.

It is common to find biomass elution from GAC especially unuor
favorable growth conditions; i.e., high dissolved oxygen, pH < 11,
no ozone. Some growth vas apparent during period H. Promoting
biological gmwth in the GAC may extend its useful life (reference

Most of the plant's ammonia removal occurs in the GAC probably by
biological activity; i.e., by nitrification.
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f.

g.

Mean TOC removal varied from 7.7 mg/1 (0/1 of 0.29) for new carbon
in period H to 2.6 mg/1 (0/1 of 0.60) for exhausted carbon in
period A. The TOC removal in period A {s attributed to biological
activity. In the adsorption operating mode, new GAC may be more
accurately c! .racterized as a constant TOC quantity removal
process rather than as a percentage removal process (note the
negative slope in Figure 42, period H, sample source 5). A
different performance characteristic is obtained in the biological
mode of period A.

Stanford University's Civil Engineering Department has conducted a
test program to characterize activated carbon performance with
operating age (reference 5). Composite samples were continuously
collected for a period of 7 months (test period C) with the SCWD-
WRF/PA operating with three parallel carbon columns: The first
containing virgin carbon, the second containing regenerated car-
bon, and the third containing exhausted carbon. Composite samples
of the influent and the effluent of each column were periodically
analyzed (usually once a week) for various organic compounds to
determine the change in carbon removal performance with time.
These data are presented in Appendix E.

Included with the Stanford data in Appendix E are comparable WMS
measurements made during the same time period. However, the WMS
data were taken at a point after mixing of the effluent of the
three columns. Thus, an average of the Stanford effluent data was
computed to provide a data comparison which should be valid
assuming equal flow through each of the three columns and good
mixing ahead of the sampling point.

A least-squares fit of the Stanford data for two of the measure-
ments, TOC and chloroform, is shown in Figure 60, where perform-
ance is plotted as a function of age.

The data for chloroform indicate an effective operacing life of 77
days with an adsorption capacity of 0.066 mg/gm carbon at 13.8
g/1. This value is cor ~ tent with previous test results with
virgin carbon (reference 4). As indicated by the data in Appendix
E, the GAC perfcrmance for chioroform {s typical of the other
volatile organics.

The Stanford data for TOC indicate an effective operating life
approaching 179 days indicating an adsorption capacity of 63.2 mg
TOC/gm carbon at 8.5 mg/1. However, at about 130 days, a dis-
continuity in the data indicates that action of biological growth
on the carbon reached an equilibrium for the remainder of the test

perfod with a TOC removal of about 5600 gms/day (0.28 mg TOC/gm-

carbon/day).
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Better TOC removal by biological activity has been measured during
previous test periods. During test periods F and G where the
aerators were operating and the ozonator was not operating, over
50% better TOC removal performance in the GAC was {indfcated
(reference 4). These results suggest that conditioning the influ-
ent to the GAC can have a significant influence on TOC removal
performance and, thus, on carbon regeneration costs. These costs
are discussed in a later paragraph.

Plant/Process *sailability

Plant and process availability (percent of time the plant/process operates
on demand) was monitored during the test period. The objective of operating
the plant continuously for the 8-month (5832-hour) test period was met except
for 69 hours when plant influent was unavailable, and when plant equipment
failed. The operating time and downtime-for-repair periods for each of the
processes are summarized in Table 23. Equipment failures experienced during
the 8-month test period resulted in an estimated 20 days annually when the
plant would be unable to deliver product; i.e., reclaimed water.

Included in this analysis 1s consideration of product storage capacity.
Plant shutdowns of less than 8 hours were not recorded as plant downtime since
reclaimed water could be del 13:ered at the operating flow of 0.066 m”/sec. vor
up to 8 hours from the 1893 m” effluent storage tank.

The individual processes did not have the capability to continue process
operations when equipment fafled because there was negligible {ntermediate
storage. Therefore, the downtimes recorded for each of the processes are
actual repair times. However, in many cases equipment failures did not result
in plant shutdown because the capability to bypass nonoperating processes was
afforded by plant design flexibility.

The problems necessitating process equipment repair are outlined in
Appendix C. There were three predominant problems:

1. Calcium carbonate encrustations on equipment causing pump malfunctions
and scale buildi~ on the inside walls of piping, thereby reducing flow
capacity.

2. Plumbing faflures within the ozonator.

3. Carbon furnace equipment component failures. Carbon was regenerated
from the unused tower during the test period. The operator efforts
required to do this were quite intensive. After complete regeneration
of this tower, it was decided to cease any further regeneration. This
decision was based on labor requirements and the fact that Stanferd
University's research involved long-term sorption characteristics of
activated carbon without regeneration.

The increased labor was due primarily to carbon furnace failures which
included jamming of 1) the dewatering screw, 2) the horizontal feed
screw, 3) the carbon drop chute, 4) the outlet at the base of the
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CHEMICAL
CLARIFICATION

RECARBONATION
OZONATION
MULTIMEDIA
FILTRATION
RReTION
CHLORINATION
COMPUTER

PLANT
(PRODUCT DELIVERY)

NOTE:

1. CARBON REGENERATION FURNACE WAS NOT OPERATED DURING THE TEST PERIOD.

TABLE 23
AVAILABILITY OF
PALO ALTO RECLAMATION FACILITY
JULY 1, 1980 THROUGH rEBRUARY 28, 1981

s

R A M L S

ESTIMATED
OPERATING  DOWNTIME,  AVAILABILITY,  YEARLY DOWNTIME,
TIME, HR. HR. g DAYS
4,993 654 88.4 a3
4,825 91 98.1 7
4,160 1,217 7.4 83
5,324 0 100.0 0
5,324 0 100.0 0 .
5,324 0 100.0 0 ¥
5,324 81 9.5 6
5,455 308 94.7 20
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3 carbon furnace as it enters the quench tank, and 5) the bottom of the %
spent carbon storage tank during carbon transfer. Also, the burner i
: temperature control sensors malfunctioned quite frequently which

vesulted in improper temperatures within each hearth of the multiple
i hearth furnace. The operators spent consicerable time unjamming the
' previously mentioned probiem areas, and the operation required close
{ attention during the regeneration process. Miscellaneous breakdowns
included boiler breakdown, [.D. fan failures, and clogging at the
outlet of the quench tank which added to the problems. This necessi-
tated the discontinuance of further attempts to regenerate carbon.

g g,

o Plant Reliability

Figure 61 {llustrates the method of ijetermining plant reliability. The
data distribution curve, Figures 40 to 59, at the MCL establishes the prob-
ability (reliability) that plant effluent will not exceed the MCL.

I

Plant reliability (percent of operating time that the plant effluent was
within given limits) fs summarized in Table 24. Some of these limits are {llus-
trative only in that they are not discharge 1imits on this particular plant but
are potential 1imits should the plant effluent be used for potable or
irrigation purposes.

gk i

glant 0&M Costs

The 0&M costs of the plant during the 8-month test perfod are presented in
Table 25. Extrapolation of these data gives a projected annual plant produc-
tion cost of $311,400. Water production costs were $0.16 per 1000 1iters.

The distribution of costs as determined fram the totals shown in Table 18,
including all categories, may be summarized as follows:

Labor Materials Total
Operations 49.4% 25.5% 74.9%
Maintenance 22.5% 2.6% 25.1%
Total 71.9% 28.1% 100.0%

The labor costs shown under the subheading General Plant Operations in-
clude preventative maintenance on all equipment contained within the reclama-
tion facility. It also includes maintenance that require less than 4 hours of
effort. Operator process monitoring, filter backwashing, plant rounds keeping,
and miscellaneous water quality testing are included in this category. Plant
operators', electricians', and mechan °s' labor constitutes the majority of the
cost in this category. This subhead..g is to cover those undefinable labor _
costs that could not be allocatad specifically to a unit process.
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Figure 61 Determination of Reliability (Example)
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TABLE 25
’ , OPERATIONS & MAINTENANCE COSTS OF
34 { ‘ PALO ALTO RECLAMATION FACILITY .
i JULY 1, 1980 THROUGH FEBRUARY 28, 1981 _ ¢
: v - A
i; - é
: ADMINISTRATION
OPERATIONS MAINTENANCE LAB & ENGINEERING  TOTALS
A CHEMICAL CLARIFICATION
' LIME $19,290 - - - $32,890 ;
LABRR - $13,600 - -
5
RECARBONATION , 650 .
LABOR ST 650 - -
OZONATION 3,960
LABOR - 3,960 - -
MULTIMEDIA FILTERS - - - - -
CARBON AUSORPTION - - - - .
CHLORINATION 580
CHLCRINE 580 - - - _ :
COMPUTER 13,770
LABOR - 13,770 - -
GENERAL PLANT OPERATIONS 2/ ' 165,740
ELECTRIC 30,650 - - -
GAS 2,360 - - -
MATERIALS & SUPPLIES - 5,440 - -
LABOR 64,870 - 23,110 29,310
TOTALS $117,750  $37,420 $23,110 $29,310 $207,590

TOTAL WATER COST = $0.16 PER W ($0.60 PER 1000 GAL.)

PROJECTED YEARLY O & M COST = $311,400

ORIGNNAL PAGE IS
O PCOR QUALITY

NOTES

1. LABUR COST OF $37/HR. FOR ENGINEERING; $27/HR. FOR ALL OTHERS., <]

2. CARBON WAS HOT REGENERATED DURING THE TEST PERIOD.

3. INCLUDES PREVENTIVE MAINTENANCE AND MINOR MAINTENANCE REQUIRING LESS
THAN FOUR HOURS LABOR. '

> THE COSTS REPORTED HERE MAY BE UNIQUE TO THE EQUIPMENT & SYSTEM DESIGN
OF THIS PARTICULAR FACILITY. CARE MUST BE EXERCISED IN EXTRAPOLATING
THESE COSTS TO OTHER SYSTEM DESIGNS OR DIFFERENT PLANT CAPACITIES.

PVERUROF S S PR ‘
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These costs did not include carbon replacement/regeneration since
exhausted carbon was used throughout the test period. If carbon had been
regenerated, the costs could have increased significantly. :

Figure 62 11lustrates potential water cost based on a $0.227 per kilogram
carbon regeneration cost and a TOC effluent upper limit of 4 mg/1. The figure
shows the strong cost dependence on influent conditions and performance relia-
bility. For example, the water production cost presented above ($0.16 per 1000
1{ters) would about double for plant influent conditions of test period A, if
99 percent reliability were achieved. For the lower quality influent of test
period H, the production cost could have more than doubled.

It should be noted that a significant but unconfirmed assumption was made
in developing Figure 62; 1.e., the performance achieved by continuously regen-
erated carbon, based on average carbon age existing in the column, will be the
same as that obtained when the column contains all carbon of the same age.
This assumption allows the carbon performance of Figure 60 to be used in com-
puting continuous regeneration rates. The 1inear decay in performance seems to
substantiate the assumption; however, the resulting computed costs should be
considered approximate until actual tests ccnfim the postulated performance.

The sudden tail-off of the cost curve for period A occurs at about 50%
reliability below which steady-state biological growth on the carbon maintains
performance without the necessity of carbon regeneration.

It is significant to note that if over 50% relfability is to be main-
tained, costs will be fincurred which will significantly increase the cost of
water production.
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BASIS

COD LIMIT OF 10 mg/1. COD/TOC RATIO OF 2.5.
INFLUENT CONCENTRATIONS OF FIGURE 20 .

PERFORMANCE WITH CONTINUOUS CARBON REGENERATION IS
THE SAME AS THAT SHOWN IN FIGURE 60 BASED ON AVERAGE

CARBON AGE.
4. CARBON REGENERATION COST OF $0.227 PER KILOGRAM.

W N -
¢ o o

1 H
B TEST
PERIOD
-
<
o
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8 0.5 -
-
- A
n TEST
<] PER1O
o
il I\

- X
RELIABILITY

Figure 62 Relationship Between Cost § Reliatility for Complying
With COD Discharge Limit by Granular Activated

Carbon Regeneration
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SECTION 4
FUTURE APPLICATIONS

A primary responsibility of the Santa Clara Valley Water District is to
insure an adequate quantity and quality of water supplies for Santa Clara
County, California. The existing needs are met from local and imported sup-
plies. Local supplies are fram the natural yields of the County's three inter-
connected subbasins and the yields of the major tributary surface drainage
areas into District reservoirs. Water is imported into Santa Clara County from
the South Bay Aqueduct of the California State Water Project. In addition,
water is imported through the City of San Francisco's Hetch-Hetchy Aqueduct by
various cities in North Santa Clara Valley. Imported water is needed in Santa
Clara County even during an average rainfall year, and a new importation supply
from the Bureau of Reclamation San Felipe Division of the Central Valley
Project is being constructed to fill this need.

The Santa Clara Valley Water District is committed to developing alterna-
tive supplies including reclaimed water. There are, however, barriers to reuse
- principally economic and assurance of safety (i.e., water guality). The Palo
Al1to Reclamation Plant and the NASA WMS have been crucial projects for explor-
ing these tarriers.

Early in the Palo Alto Reclamation Project, the Santa Clara Valley Water
District concluded that on-line water quality analysis would be essential to
the successful marketing of high quality reclaimed water, and contacted NASA
for their help and expertise in this area.

It was felt that even though there are wet chemistry analyses available
for determination of water quality, these tests would be unacceptable because
it often takes days before the results are obtained, long after the water would
have been reused. )

With the WMS, the effluent quality can be monitored on a real-time basis.
If for any reason the effluent quality deteriorates, then the effluent cz» be
diverted to waste. The WMS also was helpful in evaluating reclamation unit
processes by monitoring quality improvement in each unit process.. This per-
mitted evaluation of the effectiveness of each treatment process and unit
process economics. Results from the experiment indicate that such monitoring
of treatmernt plant effluents on a continuous basis can better enable treatment
plant operators to achieve optimal performance from each unit process.

155




The long term future applications of automated water quality monitoring
appears bright but its immediate future is not well defined. Several factors
need clarification, such as, the legal aspects of "product 1iability" of re-
claimed water, and current EPA and DOH monitoring requirements for potable and
wastewater, Since the demand for potable water is continuing to increase and
the sources of pristine water are not increasing, it appears certain that
wastewater will have to be reused. If water {s to be reused, it is important
that {ts quality be assured on a continuous basis. Automation is the only
economically feasible (see cost comparison in Table 26) means of meeting such a
need. The use of continuous monitoring data fram the WMS as control functions
for the treatment plant process control computer can result in a closed loop
control of the wastewater reclamation plant resulting in reduced chemical and
power usage in the varfous treatment processes. These benefits will be
optimized by the use of closed loop control. Estimated costs of a comparable
number of analyses by typical laboratory techniques are shown. These estimates
are based on the results of a telephone survey conducted by the Santa Clara
Valley Water District.

TABLE 26

ESTIMATED COSTS AND SAVINGS
FOR AUTOMATED INSTRUMENTATION

LAB WMS
CAPITAL COSTS, §
SENSORS/SUPPORT EQUIPMENT SAME
AUTUMATION $150,000
(COMPUTER, PUMPS, VALVES, ETC)
08M COSTS (ANALYSIS AND REPORTING),
IRY
1 SAMPLE/DAY $800 $260

(BASED ON 30 MAN-HOURS FOR
22 LAB ANALYSES @ $27/M-H.)

6 SAMPLES/DAY $2,000 $260
(BASED ON 75 MAN-HOURS FOR
22 LAB ANALYSES © $27/M-H.)

MINIMUM CAPITAL PAYOUT TIME FOR

S

]

1 SAMPLE/DAY 278 DAYS
6 SAMPLES/DAY 86 DAYS
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APPENDIX A

PROCESS INPUT/OUTPUT CHARACTERISTICS
FOR PART I OF THE TEST PERIOD
JANUARY 1978 TC SEPTEMBER 1979




APPENDIX A

PROCESS INPUT/QUTPUT CHARACTERISTICS

Two points should be noted in evaluating the enclosed data, both of
which probably contributed to data scatter:

2.

Each point represents a daily average of 4 measurements of both
the process input and output taken at regular 6 hour intervals,
No compensation has been made for hydraulic lag. The lag would
have negligible effect on certain processes such as the carbon
towers where detention time is 34 minutes; however, data relating
plant input to output can have significant error during an in-
fluent change since the average detention time is 9-10 hours and
up to 24 hours is required to fully respond to a step change.

No attempt was made to edit data which occurred during upsets.

A faulty flocculation process control sensor resulted in pH below
the set-point. Subsequent analysis of. plant operating records
indicate that the data identified herein at pH 9.5 should be con-
sidered in the range 9 to 9.5 and data identified as pH 11 should
be considered in the range of 10 to 11.




PROCESS CONFIGURATION SYMBOLS

BIOLOGICAL SECONDARY (ACTIVATED SLUDGE)/CHLORINATION

FLOCCULATION (pH 9.5)/AMMONIA STRIPPING/RECARBONATION/
FILTRATION/OZONATIGN/CARBON ADSORPTION (UNITS 3 & 4)/
FILTRATION/CHLORINATION - FLOW 1 MGD

SAME AS O WITHOUT AMMONIA STRiPPING (AERATION)
SAME AS O WITH pH 11

SAME AS @ WITHOUT OZONATION

SAME AS @ WITHOUT FILTRATION/OZONATION

FILTRATION/OZONATION/CARBON ADSORPTION (UNIT 2)/
FILTRATION/CHLORINATION - FLOW 0.5 MGD

SAME AS Z\ WITHOUT OZONATION

)

o
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FLOCCULATION/AMMONIA STRIPPING

1. 47% REMOVAL WITHOUT AMMONIA STRIPPING
2. 75% REMOVAL WITH AMMONIA STRIPPING
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FILTRATION/QOZONATION
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TOTAL HALOCARBONS OUT
vo/LIT

FILTRATION/CARBON ADSORPTION/FILTRATION

NOMINAL REMOVAL = I -5.6(0.401)%+5 ,g/LIT

!
0 v
0 1000
TOTAL HALOCARBONS IN
ug/LIT




* 'FLOCCULATION/FILTRATION/CARBON ADSORPTION/FILTRATION

{ NOTE: PERFORMANCE CURVES SHOWN ARE SUMMATION OF
NOMINAL UNIT PROCESS' PERFORMANCE

~ 1. REMOVAL WITHOUT AMMONIA STRIPPING
=l - 5.6(0.41) 0.5 ng/LIT

2. REMOVAL WITH AMMONIA STRIPPING
= [ -5.6(0.21)0-5,g/LIT
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TOTAL HALOCARBONS OUT
uwg/LIT

RECLAMATION FACILITY

NOTE: PERFORMANCE CURVES SHOWN ARE SUMMATION OF NOMINAL
UNIT PROCESS* PERFORMANCE.

1. NOMINAL REMOVAL WITH FLOCCULATION & AMMONIA STRIPPING
sl - 5.6(0.191) 0:5 ug/LIT
2. NOMINAL REMOVAL WITHOUT FLOCCULATION OR WITH FLOCCULATION,
WITHOUT AMMONIA STRIPPING = ) - 5.6 (0.401)0-5,g/11T

1000 2000

TOTAL HALOCARBONS IN
ug/LIT
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ACTIVATED SLUDGE/CHLORINATION
NOMINAL REMOVAL-78%
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FLOCCULATION/AMMONIA STRIPPING

1. 5.5 MG/LIT REMOVAL @ pH 11 WITH AMMONIA STRIPPING
2. 3.0 MG/LIT REMOVAL @ pH 9.5 WITH AMMONIA STRIPPING
3. 1.5 MG/LIT REMOVAL @ pH 9.5 WITHOUT AMMONIA STRIPPING
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FILTRATION/OZONATION

NOMINAL REMOYAL =15% MG/LIT
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CARBON ADSORPTION
NOMINAL REMOVAL = 6 MG/LIT
NOTE: ADSORPTION PERFORMANCE IS DEPENDENT ON OPERATING HISTORY.

TOC OuUT
Me/LIT




FILTRATION/CHLORINATION

NOMINAL REMOVAL = 15%.

T0C OUT
MG/LIT

ToC IN
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FILTRATION/CARBON ADSORPTION/FILTRATION

NOMINAL REMOVAL = I - [(0.851-6)0.85




FLOCCULATION/FILTRATION/CARBON ADSORPTION/FILTRATION

TRE T TR T T

NOTE: PERFORMANCE CURVES SHOWN ARE SUMMATION OF NOMINAL UNIT
PROCESS' PERFORMANCE.

1. NOMINAL REMOVAL @ pH 11 WITH AMMONIA STRIPPING
af-(1-13.0) 0.8 MG/LIT

2. NOMINAL REMOVAL @ pH 9.5 WITH AMMONIA STRIPPING
=[-{1-10.5) 0.8 MG/LIT

3. NOMINAL REMOVAL @ pH 9.5 WITHOUT AMMONIA STRIPPING
=1-(1-9.0) 0.8 M&/LIT
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ACTIVATED SLUDGE/CHLORINATION
NOMINAL REMOVAL = 70%
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FLOCCULATION/AMMONIA STRIPPING

1. 50% REMOVAL
2. 40% REMOVAL WITHOUT AMMONIA STRIPPING
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FILTRATION/OZONATION
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FILTRATION/OZONATION/CARBON ADSORPTION

1. 75% REMOVAL
2. 55% REMOVAL WITHOUT FILTRATION/OZONATION

TURBIDITY OUT
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TURBIDITY IN
MG/LIT
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CARBON ADSORPTION
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FILTRATION/CHLORINATION

REMOVAL = 1(1-e"1/1%) mg/LIT

TURBICITY OUT
MG/LIT
o

0 ) 2 4 ) 6 8
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M6/LIT
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FILTRATION/CARBON ADSORPTION/FILTRATION
NOMINAL REMOVAL =I(1-.25¢ ~1/60) mg/L1T

NOTE: PERFORMANCE CURVE SHOWN IS SUMMATION OF UNIT PROCESS
PROCESS ' PERFORMANCE
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FLOCCULATION/FILTRATION/CARBON ADSORPTION/FILTRATION

NOTE: PERFORMANCE CURVES SHOWN ARE SUMMATION OF NOMINAL
UNIT PROCESS' PERFROMANCE.

1. NOMINAL REMOVAL = I(1 -.13e “1/20) mg/LIT
2. NOMINAL REMOVAL WITHOUT AMMONIA STRIPPING = I(1 -.15e ~1/100) mg/LIT

3. NOMINAL REMOVAL WITHOUT FILTRATION/OZONATION = 11 -.23e~1/67) mg/LIT
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TOTAL

‘BIOMASS
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FLOCCULATION

1. NOMINAL REMOVAL AT PH 11 = (1-1.0) MC/ML
2. NOMINAL REMOVAL AT PH 9.5 = 80%

O 9

10 15

TOTAL BIOMASS IN
MC/ML
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ToTAL
BiOMASS

MC/ML

FILTRATION/OZONATION

1. NOMINAL REMOVAL = 80%

2. NOMINAL REMOVAL WITHOUT
JZONATION = 0

TOTAL BIOMASS IN
MM
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CARBON ADSORPTION

NOMINAL ADDITION = 0.3 MC/ML

2, ’
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FILTRATION/CARBON ADSORPTION/FILTRATION

—(J.ZI+.3)
NOMINAL REMOVAL = [I1-(0.21 + 0.3)e\ 7 /]mc/m

NOTE: PERFORMANCE CURVE SHOWN IS SUMMATION OF UNIT PROCESS'
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} | CARBON ADSORPTION

: { NOMINAL ADDITION = 0.1 MC/ML

LA e

VIABLE
BIOMASS

M/M
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FILTRATION/CARBON ADSORPTION/FILTRATION

NOMINAL REMOVAL =(1-0.6) MC/ML
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APPENDIX B
MONTHLY AVERAGES FOR PART I OF THE TEST PERIOD

JANUARY 1978 TO SEPTEMBER 1979
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APPENDIX C

MATH MODEL
OF

SOLIDS & NON-VOLATILE ORGANICS
IN EFFLUENT FROM
ACTIVATED SLUDGE PROCESS
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EQUATIONS FOR CALCULATING SOLIDS AND ORGANICS CONCENTRATIONS
IN EFFLUENT FROM ACTIVATED SLUDGE PROCESS

HOURLY CHANGE IN RETURN SOLIDS

T. - XV
x = S 4 a
R Up/24

HOURLY CHANGE IN AERATOR SOLIDS WITH HOURLY FLOW VARIATION

YQ(S;-S.) + QX '( R)
7 -, i™¢ R"R . V

SOLIDS IN CLARIFIER EFFLUENT SOLIDS IN FINAL EFFLUENT
_oL 2
X = Kl ¥ Xg = XKe Y

WHERE, DETENTION TIME, ot
FOR PLUG FLOW

vc
f¢ %a-q)
FOR MIXED FLOW (Q -q,
v S~
Kfc-mé+[m__£°;y-ﬁé][1-e ¢ ]

FOR Kfé REPLACE Vc WITH Vo IN ABOVE EQUATION
HOURLY CHANGE IN EFFLUENT TOC WITH HOURLY LOAD VARIATION

_ m
Sc'si[fﬁ' ']




WHERE THE FOLLOWING VALUES APPLY TO THE PALO ALTO RESIONAL WATER QUALITY
CONTROL PLANT

V. = 7.2 MGAL

V. = 4.3 MGAL

Vg = 0.738 MGAL

Q. = 15 MGD

Q, = 1.64 MeD
T = 45,700 x 10° Mg
S.-S. = 50 TO 100 mg/LIT, TOC

Q = 15 TO 50 MGD

-<
"

0.6 MG/MG BOD (REFERENCE 17) ¥ 0.6 MG/MG TOC

R L7 s




APPENDIX D

STATISTICAL ANALYSIS COEFFICIENTS

FOR TEST PART II




APPENDIX D
STATISTICAL ANALYSIS COEFFICIENTS
FOR TEST PART II

This section contains the results of statistical analyses o the WMS data.
Included are (1) the slope, intercept, and chi square for the lognormal data
distribution model, and (2) slope, intercept, and correlation coefficients for
process output as a function of input for linear, parabolic, and logarithm.c
regression models.

PAGE
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Other Datd . . & & & v v v e e e e e e e e e e e e e e e D-34
Test Period A
Plant Parameters. . . . . . & v ¢« i v et e e e e e e e D-44




LOG=NORMAL DISTRIBUTION: SEP 3, 1980 TO SEP 30, 1980

SAMPLE MONTHLY ONE LOG(Y)=sF(2)

SOURCE AVERAGE SIGMA SLOPE INTERCEPT

TETRACHLOROETHYLENE
1 3.5 2,0 0,879 0 0,a924a¢
e 362 3.2 0032075 0 00.005!
3 4,9 9,8 00,7084 =1 0,68A84E
] 3,A 2,0 0,29182 o0 0,5268¢
-] 3.7 2,0 0.,2847F 0 0,S082E
6 3,3 2,1 0,296 0 0,862S5E

METHYLENE CHLORIDE

1 21,8 17,6 0,3239¢F
2 10,7 6,3 0.2498¢
3 18,5 8,6 0,2639€
6 14,7 6,5 0,2335¢E
5 12,6 8,4 0,320SE
6 11,7 6,3 0,2718E
CHLOROF ORM
1 12,0 3.6 0,1239¢
2 22,5 18,2 0,2h26E
3 13,3 .2 0,11A3E
8 16,2 11,1 0,2813€
S 21,0 6,6 0.1344E
[ 28,2 7.5 0.1345E
1,1,1=TRICHLOROETHANE
1 1.6 0,9 0,2030F
2 0,8 0.3 0,5686F ~
3 0,5 0,0 0,0000€
8 0.8 0,1 0,0000€E
s 3.2 1,0 0,1684€
[ 3.5 0,9 0,1206¢E
BROMOD ICHLOROME THANE
1 15,3 6,8 0,2251¢
2 24,8 18,2 0,233SE
3 19,2 6,3 0,1332¢
8 21,1 9,0 0,3648F
s 20,2 S,3 0,150S¢
'y 20,1 7.0 0,2367E

€or..

D-2

(- NN -N- N -] (- - - - - (- - NN -]

0,1224€
0,9629E
0,1211¢
0,1116E
0,1001€
0,999SE

0,1062E
0,1263€E
0,1110E
0,1137E
0,1303F
0,1364E

0,177a¢E
0.2581E
0,0000E
0,0000€
0,8833E
0,5298¢E

0,1137¢
0,1328¢€
0,1269E
0.1294E
0,1285¢€
0:1260E

L-N-K- NN X -] e st eb o o e Q on oo s O (- X -R-N-X-X-J

. e o e pb

CHI
SQUARE

27,0000
8,1429
2.,3333
9.5714
S.28%7
6,2353

2,5556
1,0000
48,0000
49,5718
1,0000
0,94a12

0.8889
8,1829
56667
8,1429
6,7143
2,7059

8,111
24,5714
24,0000
56,0000
15,2857
15,6471

S.8889
8,8571
0.,6667
3.8571
3,1429
17,8118

SAMPLE
S17¢8

14
18
17

148

ia
17

18
14

14
17

18
1a

14
14
17




LOG=NORMAL DISTRIBUTIONT SEP 3, 1980 TO SEP 32, 1980

SAMPLE  MONTMLY ONE LOGC(Y)=F (2) cMe SANPLE
SOURCE  AVERAGE S1GMA SLOPE  INTERCEPT SQUARE s12e
TRICHLOROETHYLENE -
1 1.7 0.9 0,19306 o0 O0,.i{A3S3E O 3. 111 18
2 1.0 0,3 0,7301E =1 0,89S5F «f 6,0000 18
3 0.9 0.3 0.6S59€ =1 0,3128€ =} 48,0000 6
4 0,7 0,2 0.1534€ =1 0,6028C =2 38,887} 18
s 1.7 0,3 0.7ANSE =1 0,2226F O 2,820 18
6 1.8 0.3 0,6430FC =1 0,2621€ 0 1,5298 17
0 TBROMOCHLOROME THANE
1 8.9 5,3 0.2952F 0 O0,AG86E 0  1.0a48 18 3
F ] 13,8 7.6 0,2366E 0 O0,1067F 1 6,718% 18 :
3 10,3 s,.S 0,2121F 0 0,9662E 0 0,6667 6
. 13,7 7.3 0,2013E 0 0,1078€ 1 0.2887 18
s 9.3 2,3 0.10A3F 0 0,95S0€ 0 a,s714 18
6 13.8 3.9 0,1338E 0 0,1109€ 1 a,a706 17
BROMOFORM
] 0,t 0.3 0,1%521E =\ 0,8065E 2 46,7143 ’ 18
TRIMALOMETHANES )
1 36,3 16,9 0.1880€ 0 00,1524 | 8.,1111 18
2 60,8 37,7 0,217T1E 0 0,1722€ 1 58,8571 18
3 83,0 15,7 0,1425€ O O0,16312E 1 0,6667 Y
a 51,1 25.4 0,1912F 0 O0,1667€ 0.20857 14
s 50,48 1.1 0,9598E <1 0,]1693E 1 q4,571a8 18
6 $7.8 9,4 0,7590E =1 0b,17S6E | 3,294 1?7

TOTAL HALOCARBONS

1 63,8 18,9 0,1326E 0 O,1793E 1 1.,0448 18

2 76,1 34,3 0,1625€ 0 00,1850 | 3,1829 14

3 67,9 18,1 0,116AC 0 0,31819F | 2,3333 6

q 70,7 23,8 0.,133SE 0 0,1829E 1| f1.7143 18

6 78,2 11,3 0,6872E =1 O, 1889 | 1.5298 17
Eor,.

D-3




GRS CHROMATOGRAPH REGRESSI(Y' ANALYSIS FOR SEP 3. 1980 TO SEP 30. 1980
FROM SAMPLE SOURCE 1 TO SAMPLE SOURCE 2

LINEAR CURVE FIT RESULTS (Y=R8 + A1xX)

12.

PRRABOL IC CURVE FIT RESULTS (Y=R8 + ALRX + AZ0ORQ)

12.

LOGARITHMIC CURVE FIT RESULTS (LOGLYI=A8 +A1sL 0GLX])

COMPOUND

TETRACHLOROETHNYLENE
METHYLENE CHLORIDE
CARBON TETRACHLORIDE
3. 2-D ICHLORCE THYLENE
CHLCROF

ORM
1,1, 1=TRICHLOROE THANE

COMPOUND

TETRACHLOROETHYLENE
METHYLENE CHLORIDE
CARBON TETRACHLORIDE
1,2-D ICHLOROETHYLENE
CHLORCSORM

’ » 10 l-TR Icmmm
BROMOD I CHLORCME THANE
TRICHLOROE THM.ENE

D IBROMOCHLOROME THANE
BROMOFGORM

TR JHALOME THANES
TOTAL HALOCARBONS

COrPOUND

TETRACHLOROE THYLENE
PMETHYLENE CHLORIDE
CARBON TETRACHLOR1DE
1.2-DICHLOROE THYLENE
CHLOROFORM

1,1, 1=-TRICHLOROE THANE
BROMOD [CHLOROME THANE
TRICHLORUE THYLENE

D IBROMOCHL OROME THANE
BROMOFORM
TRIHALOMETHANES
TOTAL HALOCARBONS

a v
15

e oo o
wWoNn

»
[}
-~

.O:O%O.ﬂ
%8

g4

.l
24,3235
64,1609

D-4

1.8276
0.1983
0.0080
0.0000
2.9546
8.1733
6.739S
0.3087
8.5119
-0.1846
e.e7ve
0.1626

Al

1.3493
0.6159
©.0000 .
0.0000
-4.4606
0.9866
-4.0778
8.5797
-2.4789
-8.2153
-8.4732
-4.3741

“Honad
L ER

jia ®

L ER

- NN
3_331;0

:

4

TR

g
3

i
:

i

N ol

T

8

48

L

it

TR

k83

. o

S

8.8327

soss
333
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GRS CHROMATOGRAPH REGRESSION ANALYSIS FOR SEP 3. 1960 TO SEP 3B. 1990

FROM SAMPLE SOURCE 1 TO SArPLE SOURCE 3

LINEAR CURVE FIT RESULTS (Y=R§ + A1wX)

cAL
NO.

1. TETRACHLOROETHLENE

2. METHYLENE CHLORIDE

(I L X 1 1 1N 1 X 1 1 ]

S EEE Y

R RS HE

.".3."‘..‘

Ealadiniiss

.*....l.'.‘.

YRRacARRE=S

3. CARBON TETRACHLORIDE

PARABOL IC CURVE FIT RESULTS (Y=A8 ¢ AlxX + A2%(wa2)

LOGARITHMIC CURVE FIT RESILTS (LOGLYJ-A8 +A1aLOGIXD)

B

JiL R

mmmmmmmmmuwn

m mmmmmmm

-
B
opooesecnsBne

-C. 1448

3 mwmmmumamm

D-5




GAS CHROMATOGRAPH REGRESSION ANALYSIS FOR SEP 3. 1900 TO SEP 28. 1960
{ FROM SAMPLE SOURCE 1 TO SAMPLE SOURCE 4

LINEAR CURVE FIT RESULTS (YR8 + A1¥X)

0o

CAL. COMPOUND L Al SAIPLE
NO. ' COEFF. $IZ%
1. TETRACHLCROETHYLENE 8.7240 0.9178 0.6016 0.9261 13
2. METHYLENE CHLORIDE 11.9398 0.1974 3.97%6 0.3436 19
3. CARBON TETRACHLOR]IDE 0.0000 §.0000 8.0000 0.0000 e
4. 1,2-DICHLOROETHYLENE 0.0000 6.0000 8.0000 0.0000 [
S. CMLOROFORM ~7.5738 1.9074 9.2007 8.6239 18
€. 1.1.1-TRICHLORDETHANE 0.3085 9.0283 0.1117 0.3281 13
7. BROMOD ICHLOROMETHANE 17.0439 0.1741 8.7111 0.1217 16
8. TRICHLORCETHVLENE 8.4244 0.1789 0.0939 0.6998 16
9. DIBROMOCHLOROMETHANE 11.9686 6.1034 6.9163 0.072% 16
10. SROMOFORM 9.3080 ~1.3522 0.3993 0.3630 ]
11. TRINALOMETHANES Iv.8208 0.2608 24.3%619 0.1416 16
12. TOTRL HALOCARSONS 71.93516 -0.0088 23.178S 0.0681 16
PARABOL IC CURVE FIT RESULTS (Y=R8 + RisX + A2wde2)
o COMPOUND Al L} R2 STANDARD CORR.
NO. ERROR COEFF.
1. TETRACHL! 9.2490 1.4184 -5.084%9 9.5781 0.9339
2. METHYLEHE CHLORIDE 9.6272 0.4923 -0.0068 3.9273 68.3649
3. CARBON TETRACHLOR IDE §.0000 0.000e8 6.0000 0.0008 6.0000
4, 1.2-DICHLOROETHYLENE 0.0000 0.0000 0.0000 0.0008 0.0000
S. CHLOROFORM 22.6448 -2.5968 8.1541 r.6788 0.6630
6. 1.1, 1=-TRICHLOROETHANE 9.3453 a.s788 -8.8131 0.11138 8.3340
7. ICHLOROME THANE 32.406 -4.4738 6.1331 7.80%4 9.43563
8. TRICHLOROETHYLENE 0.4064 8.2006 -0.0031 0.0939 0.9600
9. DIBRCMOCHLORGIME THANE 15.2089 -0.35428 0.0230 6.8991 0. 1080
10. 0. 3447 -3.0151 6.9416 8.3986 e.3718
11. TRIHALOMETHANES 176.4369 -6.9424 0.06832 22.4088 8.4293
12. TOTAL HALOCARGONS 214,101} -3.3332 0.8443 23.8999 0.3244
LOGARITHMIC CURVE FIT RESULTS (LOGLY1=RO +A1sLOGIX])
CAL COrPOUND L L STANDARL CORR.
MO. ERROR COEFF.
1. TETRACH. -0.1028 1.2363 8.1118 0.9677
« METHYLENE CHLORIDE 6.0066 8.2683 0.209) 8.3603
3. TETRACHLOR IDE 0.0000 0.0008 6.0000 0.0000
4. 1.2-DICHLORCETHYLENE 0.0000 0.0000 0.0000 0.0000
S. -0.2637 1.2961 6.1807 0.6314
6. 1.1.1=-TRICALOROETHANE -8.4047 0.1410 0.107: 0.3432
?. CHLOROME THAME 1.1932 0.0392 0.1693 0.2129
8. I -8.2246 0.4186 6.06601 0.0337
9. DIBROMOCHLOROME THANE 8.9629 0.0%4 6.2318 0.2666 -
10. BROMOFORM ~1.0066 ~0.2343 - 0.8201 8.5193
11. TRIHALOME THANES 1.9922 0.0220 0.209%2 6.2409
12. TOTAL HALOCARBONS 2.0972 -8.1736 0.1066 8.2206

D-6
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GAS CHROMTOGRAPH REGRESSION ANALYSIS FOR SEP 3. 1988 TO SEP 30. 1988

FROM SAMPLE SOURCE 1 TO SAMPLE SO CE S

LINEAR CURVE FIT RESULTS (Y=R® + AlxX)

oL COMPOUND ") At _ STANDARD
NO. ERROR

1. TLYRACHLOROETHYLENE 1.2896  8.7442  0.9736
2. METHYLENE CHLORIDE 7.5962  0.3825  7.3864
3. CAREON TETRACHLORIDE 6.0000  0.0000  0.0008
4. 1.2-DICHLGROETHYLENE 8.0000  0.0000  0.8000
S. CHLOROFORM 6.0647 1.2288  4.9828
6. 1.1.i~TRICHLOROETHANE 3.1592  0.0713  0.8724
7. BROMODICHLCRCMETHANE 13.8779  0.3989  4.1870
8. TRICHL' - ETHYLENE 1.5219  0.1037 °  0.2708
S. DIBRO!.XC" :.0RO! ETHANE 8. 2.0048  2.9740
18, BROMOF. . 0. 8.1614  ©.2000

8.5283 9.1079
8.2163 9.8952

11. TRIMRLOMETHANYS
12. TOTAL HALOCARBONS

aglﬂ
REE

PARABOL. IC CURVE FIT RESULTS (Y=R8 + RIMK + A2%Q)

CAL COrPOUND Ao Al A2
m‘

1. TETRACHLOROETHYLENE 1.269% 0.7623 -8.0830
2. METHYLENE CHLORIDE 18.3133 -9.0578 @8.0084
3. CARBON TETRACHLORIDE 0.0008 0.0008 9.0008
4. 1.2~DICHLORCETHYLENE 8.8000 0.0008 9.0088
S. CHLOROFORM 10.1866 9.6272 0.0287
6. 1.1, 1-TRICHLORCETHANE 3.8727 -0.9415 8.2643
7. BROMOD [CHLOROME THRNE i2.6160 8.5646 -9.8047
8. TRICHLOROETHYLENE 1.3138 8.3313 -9.0534
9. DIBROMOCHLORCMETHANE 11.1539 -8.4266 8.08284
19. BROMOFORM 0.0008 6.0008 0.8008
11. TRIHALOMETHANES 29.728% 0.325% 9.008¢
12. TOTAL HALOCARBONS -6.5184 2.5848 -0.8208

LOGARITHMIC CURVE FIT RESILTS (LOGCYI=AB +A1aL0GLX1)

CAL COrPOUND A Al STANDARD
NO. ERROR
1. TETRACHLORCETHYLENE 8.1692 8.7616 0.1136
2. PETHYLENE CHLORIDE 9.6098 9.3489 8.2836
3. CARBON TETRACHLORIDE 9.008820 0.0008 0.0000
4, 1.2-DICHLOROETHYLENE 0.0080 0.0008 2.0008
S. CHLOROFORM 0.5673 8.6867 2.1097
6. 1.1.1-TRICHLOROETHANE 0.4830 8.8662 8.13534
7. BROMOD ICHLOROMETHANE 0.8227 9.3969 8.1212
8. TRICHLOROETHYLENE 8.1917 8.1424 0.085%4
9. DIBROMOCHLOROMETHANE 8.8007 0.0870 0.08972
10. BROMOFORM ~-1.8403 9.6896 - 9.0000
11. TRIHALOMETHANES 1.0151 8.43983 8.8843
12. TOTAL HALOCARBONS 1.5087 8.1928 0.0547

D-7
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GRS CHROMRTOGRAPH REGRESSION ANALYS'S FOR SEP 3. 1500 TO SEP 30. 1y
FROM SAMPLE SOURCE 1 YO SAMPLE SOURCE 6

LINEAR CURVE FIT RESULTS (Y*RE ¢ Alux)

AL COMPOUND A Al STANDARD CORR. SAIPLE
NO. " ERROR COEFF. $1Z%
1. TETRACHLOROETHYLENE =-8.007¢ 0.97%? e.872 0.e722 14
3. METHVLENE CHCORIDE 18.639?7 0.8313 6.2019 0.0849 16
3. CARSON TETRACHLORIDE 0.0000 0.0000 6.0000 0.0000 e
4. 1.2-DICHLORCETHYLENE 0.0008 9.800 0.0000 0.0000 8
8. CHLOROFORM 12.3811 0.7340 S.4036 0.50%7 16
6. 1.1.1-TRICHLOROETHANE 3.5738 ~8.1118 8.0223 9.1673 16
7. SROMOD ICHLOROME THANE 19.9281 8.1178 4.0332 8. 4466 16
8. TRICHLOROETHWLENE 1.9042 -8.8381 e.2923 6. 1327 11 ]
9. DIBROMOCHLORCIME THANE 12.308S 6.022% 4.0001 8.129% 16
1. BROMOFORM 0.2420 =2.6727 8.0619 0.9000 3
11. TRINALOMETHRNES S1.8378 0.1126 10.8929 ¢.1430 16
12. TOTAL HALOCARBONS - 85.2033 -8.1588 12.2909 0.2t 16
PARABOL. IC CURVE FIT RESULTS (YeR8 + AlaX + A2wOmQ)
ta COMPOUND e Rt A2 STRNDARD CORR .
Mo, JRROR .
1, VETRACHLORCETHYLENE -0.2184 1.2383 -0.0470 6.8011 9.6741
2. METHVLENE CHLORIDE 11.6803 -8.0876 0.0033 6.2707 0.183s
3. CARBON TETRACHLORIDE 0.0c00 0.0 0.0e000 0.0000 9 .0000
4, 1.2=-DICHLOROETHYLENE §.0008 0.0008 0.0000 0.0000 0.0008
9. CHLORGFORM 21.6030 -0.5482 0.0430 35.3639 8.31%0
. 8. 1.1, 1-TRICHLCROETHANE S.3970 -2.7004 0.67%6 0.7179 0.35100
7. BROMOD |CHLOROME THANE 17.69%4 §.4110 -8.2084 4.32%58 8. 4499
9. TRICHLOROETHYLENE 1.8414 8.0263 -0.817, 8.2923 8.138¢6
9. DIBROMOCHLOROME THANE 8.3563 0.8107 -8.9318 3.9639 0.19%4
10. BROMOFORM 0.6606 -30.5320 236.1277 8.0008 1.0000
11. TRINALOMETHANES 33.5942 -8.00821 0.0022 10.809%% 0.1451
13. TOTAL HALOCRRBONS 133.359%64 ~2.1575 e.0170 11.9993% 0.3231

LOGARITHMIC CURVE FIT RESULTS (LOGLYI=R8 +A1xLOGIXI)

CAL COrPOUND [ R1 STRNDARD CORR.
NO. ERROR COEFF.
1. TETRACHLORCETHYLENE -8.1327 1.1982 9.170¢ 0.9429
2. METHYLENE CMLORIDE 8.0138 0.1341 0.2648 8.3263
3. CARBON TETRACHLOR!DE 0.8000 9.0000 8.e00et €. 0000
4. 1.2-DICHLOROETHYLENE 0.0000 0.609 @.e0000 6.e0e0
3. CHLOROFORM 6.87¢8 0.4117 0.114] 8.5147
6. 1.1.1=-TRICHLOROE THANE 0.5309 -8. 1006 8.1133 0.307!
7. BROMOD [CHLOROME THANE 1.2170 0.0972 0.879%6 0.4033
6. TRICHLOROETHYLENE 9.2630 -0.0509 8.0711 0.1712
9. DISROMOCHLOROME THANE 1.62Q 0.6532  0.1446 0.2788
18. SROMOFORM -4.2%20 ~1.9939 - @.018% 8.999%7
11. TRIMALOMETHANES 1.609% e.oa3r 8.2879 0.1900
12. TOTAL HALOCARBONS 2.1021 -0. 1297 0.6723 0.2664
0-8




GRS CHROMATOGRAPH REGRESSION ANALYSIS FOR SEF 3, 19688 TO SEP 38. 1980

{ FROM SAFPLE SOURCE 2 TU SAMPLE SOURCE 3 1

LINEAR CURVE FIT RESULTS (Y=R8 + A1xX)
caL COMPOLIND ne Al STANDARD  CORR. SAPPLE
NO. ERROR COEFF. S12E

1. ENE 2.3183  8.5244  0.4747  0.6784 0 \
2. METHYLENE CHLORIDE 208605 -0.0196  11.5376 . 0.0114 6 |
3. CARBON TETRACHLORIDE 0.0000  ©.008  ©.0600  ©.2200 ° E
4. 1.2-DICHLORCETHYLENE 0.0000  0.6000  ©.0000  ©.0800 0 |
S. CHLOROFORM. 4.1122  0.%622  1.4243  0.9293 8 z
6. 1.1, 1~TRICHLOROETHANE 0.2100  ©.3847  ©8.8578  ©.7386 8 *
7. BROMODICHLOROMETHANE 2.3498  ©.7279  3.2584  ©.8394 7

8. TRICHLGROETHYLENE 9.9126  ©.8822  0.2658  ©.9681 8

9. DIBROMOCHLOROFETHANE 1.5738  9.8488  2.38%4  0.9096 8

18. EROMOFCRM 0.0008  ©.0068  ©0.0008  ©.2000 o

11. TRIHALOMETHANES 6.7933  ©.7858  S.7966  ©.8981 8

12. TOTAL HALOCARBONS 29,5924  ©@.5786  13.5811  ©.5784 8
PARABOLIC CURVE FIT RESULTS (YA + AIXX + AZWOXR)
caL COMPOUND ) A1 A2 STANDARD  CORR.

b, ERROR COEFF.

1. TETRACHLOROETHYLENE 16.3789  -5.2388  ©.5741  0.3413  0.84S3

2. METHYLENE CHLORIDE 34.9632 -2.4557  0.0800  18.6766  0.3792 .

3. CARBON TETRACHLORIDE 9.0008  0.0928  9.0208  ©.0098  ©9.0000

4. 1.2-DICHLOROETHYLENE 8.0008  ©9.0200  ©9.0808  ©0.2000  ©.0800

S. CMLORDYORM 19.3421  -1.1476  ©@.8411  1.8515  ©.9516

6. 1.1.1-TRICHLOROETHANE 8.2754  ©.2385  0.0743  ©.8376  8.73%8

7. BROMODICHLOROMETHANE 26.8356 -1.4385  @.eadS  2.8117  8.8368

8. TRICHLOROETHVLENE 9.2856  ©.4551  0.1361  0.0642  ©.9657

9. DIBROMOCHLOROMETHANE 1.1891  0.9298 -9.8928  2.3538  ©.9897

18. ERGMOFORM 9.2200  ©.09e0  0.8008  0.0200  0.2009

11. TRIHALOMETHANES 4.6306 -9.5557  ©.2184  S.2003  8.9189

12 TOTAL HALOCARBUNS 113.4289 ~-1.6083  9.8157  12.7843  8.6342

LOGARITHMIC CUSVE FIT RESULTS (LOGLYI*R8 +A1#.OGLXY)

caL COMPOUND "o A1 STANDARD  CORR.

NG. ERROR COEFF.

1. TETRACHLOROETHYLENE 8.3604  0.4745  0.8464  ©.596!

2. METHYLENE CHLORIDE 1.2299  ©9.0889  9.2686  ©.2711

3. CARBON TETRACHLORIDE 0.0000  ©.9980  0.2008  ©.0000

4. 1.2-DICHLOROETHYLENE 0.2080  ©.000  ©9.0000  ©.2009

S. CHLOROFORM .3395  ©.6459  0.8521  8.8413

6. 1.1.1-TRICHLOROETHANE ~ -0.2278  ©0.6488  ©.2808  ©.7348

7. BROMODICHLOROMETHANE 9.1881  9.7979  8.8797  ©.8896

8. TRICHLOROETHYLENE -8.0850  ©.9665  0.0346  ©.9578

9. DIBROMOCHLORGME THANE 8.1805  ©.8185  ©.1090  ©.859% - .
10. BROMOFORM 0.0000  0.8008 - 0.0980  ©.0008 LT
11, TRIHALOMETHANES 0.2991  ©.7844  0.8660  ©.8396

TOTAL HALOCARBONS 9.8633 9.35263 9.0941 8.4986
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GAS CHROMATOGRAPH REGRESSION ANALYSIS FOR SEP 3. 1968 TO SEP 38. 1900
FROM SAMPLE SOURCE 3 TO SAMPLE SOURCE 4

LINEAR CURVE FIT RESULTS (Y=R8 + AINO

AL COMPOUND

1. TETRACHLOROE THYLENE
2. METHYLENE CHLORIDE
3. CARSON TETRACHLORIDE
4. 1.2-DICHLOROETHYLENE
S. CHLOROFORM

€. 1.1.1-TRICHLORCETHANE
?. BROMOD I CHLOROME THANE
8. TRICHLOROETHYLENE

S. DIBROMICHLOROME THANE
18. BROMOFORM

11. TRIHALOMETHANES

12. TOTAL HALOCARGONS

" A1 STANDARD
ERROR
~1.0734  1.2218  0.1189
12.1293  0.2098  4.5238
9.0000  ©.0000  0.8000
0.0008  0.0006  0.0000
9.6436  0.5998  1.2466
0.2202  08.3732  0.6473
1.6832  0.8527  0.9636
s.1541  ©.6%01  0.1187
-1.6398  1.2013  1.1834
0.0008  0.0008  ©0.3350
7.3518  0.8442  9.3203
26.1681  0.3962  11.5448

PARRBOL IC CURVE FIT RESILTS (Y@@ + AleX + A2t eQ)

= COorPOUND

1. TETRACHLOROETHYLENE
2. METHYLENE CHLORIDE
3. CARBON TETRACHLORIDE
4, ).2-DICHLOROETHYLENE
S. CRORCFORM

6. 1.1, 1-TRICHLOROETHANE
7. BROMOD ICHL OROME THANE
0. TRICHLOROETHYLENE
9. DIBROMOCHLOROIME THANE
10. BROMOFORM

11. TRIHALOMETHANES

12. TOTAL HALOCARBONS

151.00863 -3.2%522

A8 Al a2
2.0961 ~9.85%0 §.1343
6.4783 0.95024 -0.012%
¢.0008 0.05000 0.000¢
0.0000 0.0008 0.8000

=19.0433 3.4731 -8.8766

8.5524 -0.6738 1.8926
S.7154 0.369%6 0.0114
~8.3366 1.7603 =-08.5362
2.8014 8.3876 8.02%8
6.0800 6. o spee
20.2384 8.2762 : easé

LOGARITHRIC CURVE FIT RESULTS (LOGLYI=R® +A1LOGIXD)

CAL COMPOUND
N,

1. TETRACHLOROETHYLENE
2. METHYLENE CHLORIDE
3. CARBON TETRACHLORIDE
4. 1.2-DICHLORCETHYLENE
$. CHLOROFORM

‘o l.l.l‘TﬂlCHLORm
7. BROMOD | CHLOROME THANE
6. TRICHLOROETHYLENE
9. DIBROMOCHLOROME THANE
10. BROMOFORM

1. TRIHNALOMETHANES

12. TOTAL NRLOCARSONS

A At STANDARD
ERROR
~8.1378 1.1991 8.06112
8.7818 8.3638 6.1233
0.0600¢ 8.0e08 0.8008
8.0880 0.0000 0.c000e
-8.13508 1.1088 6.0439
-8.265% 0.4873 .0573
0.0832 8.68%88 0.8293
-8.0738 0.8693 0.0612
-§. 1810 i1.1897 8.04808
0.0000 @.0008 - 0,.4439
0.1948 0.8610 8.09%7
0.8431 0.35297 0.0768
0-10
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GRS CHROMATOGRAPH REGRESSION ANALYSIS FOR SEP 3. 1580 TO SEP 38. 1960
FROM SAMPLE SOURCE 4 TO SAMPLE SOURCE S

LINEAR CURVE FIT RESULTS (Y=RO + Al1xX)

AL COMPOUND L L} STANDARD CORR. SAIPLE )
NO. . ERROR COEFF. $I1ZE
1. TETRACHLOROE THYLENE -9.1953 1.0084 0.6003 0.08954 13
2. METHVLENE CHLORIDE 2.0341 0.7004 6.6711 9.5663 13
3. CRROON TETRACHLORIDE 8.000¢ @.0000 8.0000 9.0000 [ ]
4. 1,2-DICHLOROETHYLENE §.0000 6.000¢ 0.0000 0.00008 s
- 9. CHLOROFORM 15.4812 0.3426 S.2079 0.5833 14
6. 1.1.1-TRICHLOROE THANE 1.8723 3.2297 8.0178 8.4361 13
7. SROMOD ICHLORGMETHANE 17.8238 9.1293 4.7193 0.3233 16
8. TRICHLOROETMYLENE 1.1923 8.6671 0.2368 0.5341 i6
9. DIBROMCCHLOROME THANE 7.9381 8.1146 1.9393 0.5233 16
18. BROMOFORM -6.9933 14.1360 0.0000 1.0000 2
11. TRINALOMETHANES 42.6913 0.13543 10.9033 9.4876 16
12. TOTAL HALOCARREONS 70.7884 0.0008 9.6317 0.4191 16
PARABOL IC CURVE FIT RESILTS (YeRO + ALxX + AZN00NQ) ;
CAL COMPOUND e Rl f2 STANDARD CORR.
NO. ERROR COEFF.
1. TETRACHLOROETHYLEIE -8.0746 0.9248 0.0112 8.6878 0.89356
2. METHVLENE CHLOR!IDE 4.4064 0.3342 0.0122 6.6421 8.5717
3. CARBON TETRARCHLORIDE 0.0008 6.000¢ 0.00800 0.0000 0.0000
4, 1,2-DICH.OROETHYLENE N.0800 0.0000 0.0000 0.0000 0.0000
S. CHLOROFORM 12.9983 6.6339 -0.0060 S.1814 8.5910
6. 1:1.1=-TRICHLOROETHANE 2.2983 1.4590 1.88%4 0.8163 0.4373
7. BROMODICHLOROMETHANE 1.6782 -9.2306 0.8078 4.6769 0.3433
8. TRICHLOROETHYLENE -1.30% 7.3799 -4.2210 8.2074 6.7403
9. DIBROMOCHLOROME THANE 6.3314 0.3903 -0.0006 1.9238 0.5496
18. SROMIFORM 8.0000 @.0000 0.0000 8.0138 1.8111
11. TRINALOMETHANES &7 .3377 -0.8416 0.0016 18.8331 8.4947
12. TOTARL HALOCARBONS 71.3861 -0.0258 8.0002 9.6305 0.4194
LOGRARITHMIC CURVE FIT RESILTS (LOGIYJI=A® +A1aL0GIX])
CAL COMPOUND : ~N Al STANDARD CORR.
MO, ERROR COEFF,
1. 8. 147 1.1044 - 0.0744 6.9381
2. METHYLENE CHLORIDE 6.2031 8.7158 0.23%0 0.53537
« CARBON TETRACHLORIDE 0.0000 0.68000 0.0000 8.0000
4. 1,2-DICHLOROETHYLENE §.0008 0.0000 0.0000 0.0000
S. ORM 0.9363 0.3046 8.1187 0.5839
6. 1.1,1-TRICHLOROE THANE e.7128 0.5633 0.143%37 0.4781
7. BRCHOD ICHLORDME THRNE 1.1381 0.1123 0.1363 8.3164
0. TRICHLOROETHWL.ENE 0.2823 0.4333 0.8776 0.611S
9. DISROMICHLDROME THANE 8.7873 8.1669 9.0906 0.5783%
1e. 19.4776¢ 16.0068 0.0000 1.0000
11. TRIHALOMETHANES 1.4633 08.1377 0.1004 0.5066
12. TOTAL HALOCARBONS 1.8592 -8.0073 0.0682 8.43538
D-11
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GRS CHROMATOGRAPH REGRESSION ANALYSIS FOR SEP 3. 1988 TO SEP 38. 1988

FROM SAHPLE SOURCE $ TO SAMPLE SOURCE 6

LINERR CURVEK FIT RESILTS (YeRO® + A1xX)

STANDARD
ERROR

At

ummmmmmummmc
= & g
® ® @& o o & » & » 9 o

“"3.5‘3.9"‘.

BT

'....‘*.....

ReBENREgEENS

PARABCL IC CURVE FIT RESULTS (Y=A0 + AlxX + ATWOKQ)

:

Il

4004004*044

SeRECEA3EEEy

.
l'.’l*"z"

¢SiEe muu i

LOGARITHRIC CURVE FIT RESULTS (LOGLYI=R8 +A1mL0GIXD)

CAL
NO.

#RERCZENE

LL.!!O*IGOOO

e SERENRGSSANS

*."..l..“‘

3. CARBON TETRACHLORIDE

4. 1.2-DICHLOROE THYLENE
S. CHLOROFORM

6. 1.1.1-TRICHLOPOETHANE

7. BROMOD ICHILOROME THANE

6. TRICHLOROE THYLENE

9. DIBROMOCHLOROMETHANE
10. BROMOFORM .

2. METHVLENE CHLORIDE

11, TRIMALOMETHANES
13, TOTAL HALOCARBONS

+eabelwb .




TR Y B Rt g ST ST T IR T e A R RTINS

LOG=NORMAL DISTRIAUTIONT SEP 3, 1980 TO FED 28, 1981

SAMPLE ONE LOG(Y)=F(2) CHI SampLE
SOURCE  AVERAGE SIGMA SLOPE INTERCEPT SQUARE s12¢

TOTAL BIOMASS

| 2,0 1.1 0,31138 0 00,2206 O 11,8184 97
2 092 0.1 0.260!! 0 '0.83'65 0 ‘0137’ 58
3 0.7 0,5 0,3189E 0 «0,2938¢ O 3,5683 a3
4 0,3 0,3 0,284 0 =0,%5782¢ O 00,5556 90
] 0,3 0,2 0,2731E 0 =0,AS4RE O 6,3158 9"
é 0,3 0,48 0,297SE 0 =0,6705E O 64,0870 113
VIABLE BIOMASS
1 0,6 0,8 0.4343E 0 «0,3701E O 32,6667 99
e 0,0 9,0 0,3448F 0 =0.1698¢ 1§ 5.275%59 1]
3 0,2 0,2 0,8553E 0 -0,A758E O 6,8762 sa
[ 0,1 0,1 0,8671E O «0,13¢7E 3.450% 91
S 0.1 0.1 N,8719€ 0 «0,1238E | 1.4624 93
' 0.1 0,4 0,4335E 0 =0,1167E 1 6,0690 116
RES CHLORINE
1 4,0 1,9 0.,2064C 0 O0,5073E O $.5389% 1 :
e I.S "o 0.33885 [ ] 00.78‘5 wf 0.6377 69 .
3 9 1.1 0,3129€ 0 «0,3173E =1 7.1282 78 ;
& 0,9 0,8 0,3433E 0 «0,1495E ¢ 1,9080 87 :
] 0,3 0,8 0,3356E 0 «0,7382E O 81,3627 91 '
¢ 2,0 1.2 0,3085E 0 0,219 0O 11,8654 104 3
TURBIDITY=8102 ;
| 13,9 S.2 0,1746E O 00,1100 ¢ S.9123 114 p
2 11.8 ° 10,0 0,22386 0 0,980%E ¢ 9,179% 78 :
3 6,2 3,9 0,2149€ 0 0,7293€ O 20,0612 98 ;
4 9.3 3,9 0,1776E 0 00,9353 0 7.6364 110
S 8.7 4,0 0,180t O0 0,7077t © 22,1982 1tt :
& 6,7 1.8 0,1G80E 0 0,46837E 0O 6,2029 $38 }
| ;
OIS OXYGEN , , g
1 6.2 1.8 0,1S78E 0 O,7657E 0 ° 38,5439 118 :
e 6,7 1,3 0.8804E =1 O0,8208E O T7.7692 78 :
3 [ 1Y) 1.6 0,1079E O 0,A8089¢ O A,0202 99
) 6,9 1.6 0,994S€E =1 0,8304E O 3,9091 110
] 3 1,8 0,9677€ =« 0,7897€ © 10,7679 112
[ [ PY 1.6 0,1213E 0 0,7760E O 18.5217 138

'!0'..




LNGeNORMAL OISTRIBUTIONt SEP 3, 19A0 TQ FEB 28, 1981

SAMPLE one LOG(Y)I2F(2)
SQURCE AVERAGE SIGMA sLarE INTERCEPT
AMMONT A
| Se1 10,2 0,8780€E 0 o0,3761C8 O
e 3.9 1247 0.5343E 0 0,324%F O
3 G.1 12,! 0,5726E 0 0,23%08 o
[ ] 8,6 13,9 00,5800 0 0,207T7E O
4,3 12.6 0,59168 0 0,927SE «f
¢ 4,2 12,8 0,51638 0 10,1283 0O
(D]
1 S.6 0.9 0,3182€ <1 00,7871 O
K 7.8 1,0 0.5853F =1 0,86%E O
3 6,0 0,7 0,3038AE =1 0,7768E O
4 6,3 6,8 0,8913F o1 0,79%59€ 0
s 6,2 0.6 0,8117E =t 0,7936E O
6 6,1 0,5 0,3429C 1 0,782SE O
TOT ORC CARBON
{ 9,7 2.8 0,11082 0 0,97%3E O
2 6,8 2.1 0.,1377E 0 0,81078 O
3 7.2 3.0 0,153 0 10,8293 O
a 6,3 2,0 0,127AC 0 0.514SF O
b ] 4,2 L6 0,1438E 0 0,594SE 0
¢ 3,7 1.8 0,130 0 0,8%2¢F O
CONDUCTEIVITY
1 123s,8 62.6 0,2185F =1 03,3091 |
e 1287,1 83,3 0,2715€E =1 00,3109 1
3 1296,1 $3.2 0,1837€ «1 0,3112€ 1
a 1303,8 20,4 0,2045¢ =1 00,3115 1
] 1316,9 64,9 0,21%6€ =t 0,3119€
& 1313,3 5,9 0,2200€ =1 00,3118
MARONESS
1 327,2 334,3 0,2237€ 0 0,2830F 1
2 253,59 102.3 0,131%€ 0 0,2379€ |
3 280,83 %43, 0.17A2E 0 0,2396&
8 289,58 70,7 0,12%9¢€ 0 0,2380F 1
] 238,9 69,2 0,131SE 0 0,235SE |
(3 390,2 306,5 0,2368C 0 0,2S5148
SO0 TUM
1 198,7 12.6 0,3403E 1 0,2199€ |
2 154,8 13,9 0,37S7€ = 0,2188F |
3 1S4,1 10,7 0,29AAE <1 0,2187F
[ 19%,8 12,3 N,3%64E -t 0,2191C |
3 154,1 11.2 0,3112F =1 00,2187 1|
'y 183,7 13,8 0,365%0E «1 o0,2v8%F |
EOF,.
D-14
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Ml
SQUARE

12,1136
92,2281
9.1316

16,2222

18,9722

23,%670

18,0000
0,a61%
18,5000
$.%4359%
6,95%8
60,3478

10,7708
12,4824
13,7531
15.2222
1.2%27
8,8113

2,3348
12,3848
2,%000
3.9091
$,6283
11,3878

11,8790
1.20a7
95,2791
2.,5263
3,.5306

11,9551

3.a818
4,39a7
4,159
6.85448
1,0962
48,0000

SanpLE
s1ze

a8
S7
76
a1
T
*"”

113

78
100
1to
113
138

9%
oA
al
99

106

1s

78
100
110
113
133

L1y
68
e
9%
9A
A9

108
76
93

103

104

130



¢ l!_c_l_(!ixon ANALYSTS FOR sEr 3, 1980 10 FES 28, 1991
: QV FROM SAMPLE SOURCE 1 T SAmMPLE sOumcE 2 j
i ]
,3 LINEAR CURVE FIT RESULTS (YEAQ ¢ Alex) ?
o
'j —TWA SEASOR untTS 1) | SYANNARD Conn, SaNPLE
!| NO, ganop cocrr, 12t
N .
d O A N L L L ]S4 S s 17 a7 177 m P31 T nam YT %
ﬁ 2. VIAALE BTOMASSMIL C/My 60,0328 0,004t 0,0363 0.0%68 37 :
S, MES CHLORINE MG/L 0,8776 0.13a% 90,9308 0,2036 % 1
e TURRIDITYSSIOING/L 2,2002 1,033% 5.517¢ 0.6508 73 |
7, 013 OxvGEN e/ 2,1982 0,724 60,7302 0,298 73 j
W 10, AMMONTA "e/\ e, 0648 1.00a9 3.1023 0.9708 ss 1 %
- TIT RITRATE WG7C SoN0eT Ny, 0086 9,.0000 0, 00d0¢ [ ]
P 12, PN ” 6,397% 0,194 0,9033 o.1181 73 ;
13, TOT ORG CaRRON MG/L 2.0903 0,3992 1,7397 0,334 e j
‘——l'l—cohoucrxvuv—nunnonn—ﬁsr‘zrn—v“lm"-ﬂ‘uu 0,802f 14 I :
13, TEMPERATURES| 0EG F 33,7%0 0,%293 1,0008 0,73%2 73
b 16, MARDNESS G/ 260,1208 60,0502 117,a0%¢ 90,1809 (1]
— 17, J001UM WGIT 3058770 027301 notrssr V6797 24
H 20, AMBIENT TEMP 0EG P 13,9998 0.7021 0,939y 0,0237 'Y
-~
- .
; PARASOLIC CURVE FIT RESULTS (Y840 ¢ Alsx o AQeXeed)
A cHA SENSOR untrs A A AR STANDARD coRR,
' N0, ZRAOR coerr, 3
o ;
‘s 1. TOTAL BIOmASS MIL C/m, 0,0739 0,007¢ 0,0170 29,1137 0.33%2
- 2, VIABLE SINwASIMIL C/%{ 90,0169 0,0620 0,092t 0,93854 0, 1911
- . tmcmnz—wcvc-———msu-—-rnzr——nnr—'omor—vﬁ
I~ 6, TURBTOTTYeSIOuG/L 12,6143 =1 ,4809 0,0019 a,8211 %, 7..3
- 7. O1S OXYGEN MG/L 4,0802 9,720t 90,1113 0.0832 0.8677
- TU. AMMTIRTX L7 2 1) w— T v, ve3x I IT0S™ TN
- 11, NITRATE »G/\ 90,0000 90,1000 0,0000 29,0000 80,0000
P 12, M ™ *19,6378 8,4388  <0,A3AS 0,8100 90,4589
ﬂ [,t TOY U.B El.'u" "ﬂ;: 3.“' . 97 ‘ub“l’ l.“'! bﬁ“!-
- 18, CONOUCTIVITY MMMNO/CM  2399.9430 2,5323 60,0013 71.1829 0.88%6
- 18, TEMPERATURERL DEG F 202,0004 58,3918 «0,0%19 0,582 0,9423
- NESY —R¢IT IS SAST ;nru!""‘u‘ttté“‘Ttr.acur“"‘r‘ta(:“
o 17, 3001uUm nG/L «340,0337 5,828 80,0148 e,52aa 0. 7201
- 20, AMSIENT TEN® NEG £ 190,9927 ea,1882 0.0340 0,9283 _ o,828t
3 -
»
-
& CUCKNYYRRIT CUNVY FIY WESUUYY TCOCTYISAY sAT+LUCTYTY
-
- CHA SENSOR UNITS ] At STANDARD conn,
- — N0, TRROR ToLFY,
-
- 1, TOTAL BIONASS MIL C/M™, -0,8347 0,6797 90,2037 0,2700
. Te VIERLE BIOMASYM LW, T beTY 0,0807 3.3423 o.uenf
- S, RES CMLIRINE “G/y 90,1701 0,3887 0,3172 0,8280
6, TURBIOITY=SI02MG/L 0,122 00,7926 0,180 9,7a00
'—_T—b. ISTOXYREN MG7C ¥.3837 09,5961 050523 3,749
10, AMMONIA "o/, 3,1033 0,911% 0,290 0,896
11, nITRATE e/ 0.0000 09,0000 8,0000 60,0000
12, P™ ™~ 0, 7202 0. 1007 90,0523 n,130% : : - -
> 13, TOY ORG CARAON wG/L 90,1008 0. 6820 90,1122 0,6083 - -
18, CONDUCTIVITY MeinQ/CM 0,978 0,0027 90,0221 0,8028
('-:" 1S, TEMPERATURES] 0EGC ¢ 0,7%a "r‘s'm 00,0063 0,7778
le 16, NARONESS we/ " 2,0838 0, 1218 0,158 0,2536
s ) _17, 3001um "G/, 0,31a8 8,710 0,0202 0,708
T T 20, ARALENT TENP TDEG F 0.8138 LTI 0,00%0 T 0022 —
1y
l.
i

ContitL PAGE IS
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REGRESSINN ANALYSIS_FOR_SEP 3, 1980 _TO FES 28, 1981

PROM SAMPLE SOURCE 1 TO SAMPLE SOUACE 3

l.
Te
id LINEAR CURVE FIT RESULTS (Y®Ad + Ajex)
-
|- Tha SENSOR 11451 E1 [] STANDARD conn, shmum g
l- no, tRROR coerr, 1L
-
- Te YOTTU mtonass™<TIC 7L S, 109% ¢, 3342 5.5“! 3, STS7 "
o z. VIABLE 010%aSSMIL C/m, 0,0829 90,2971 0. 3231 90,2987
- S, REI CHLONINE MG, 0.3098 0.1848 0,7093 0.3%02 u‘
t S TURBIOITY=3102%G/L ™ f.rsu 09,0334 x.nu 0,043t "»
7. 013 OxvGEN ncln. 2,30a2 0.0901 1,0738 0,7932 "”
~ 10, AMMONEA *0,5090 locu 4,2208 90,9374 78
- TT. WITRATC BWL_—_T"D ¥ 0,0000
- 12. MM .uu 90,3203 0,7100 0,2049 "*
'e {3, tar are cnnon -«m. 0,8036 0,0978 2,3640 0,6038 78
o TN, CONOUCTIVITY ~mwmna7€R Co6.3138 0.5103 43,03%6 v.993) w
- 1S, TENPERATURESL DEG F 27,098 0,619 1.19%8 o 791 07
b 16, MARONESS MG/L 29%,519¢ 0,0720 282,905 0918
- Y. S00Tum we7L 09211 7 s Pa7 37 um— uu—-o""‘rl{'!_'ﬂ-
%) 20, ARAIENT TEMP OEG F 2,%as 9.%13 0,600 e, %281 - 108
-
:
oy PARAGOLIC CURVE FIT RESULTS (YuAQ ¢ AleX ¢ A2eXenQ)
Q cHa SgNgOR UNTTS aQ At a2 STANOARD conm,
- no, 4L L] coerr,
-
O 00 11111 S I e S R o R
| o VIASL ASIMIL C/M, 1678 (3 968 _
N TR —bwr——r‘ m——-rbnr_‘r"a 7
- " 8 ruuxnm-uumn. .nu 0,0728 v9,0208 s.uu 0.1388
- 7, 013 OXYGEN MG/L 9930 0,0609 90,0832 1,082 0, 7848
- 19, AWORTA Uy - '!"Wl'd—_l"li'ﬂ—f 0195 3, s"g’——fj‘sys‘
] 11, NITRATE e/ 0,0000 0.0000 90,0000
k 12, PH " 9,429 8,7%98 «0,3487 8792 0.3600
D b T (A LI 34T L7 e 54T ] T TN 1 Wit z‘mx RTLT
ﬁ ll. CONOUCTIVITY MuMNQ/CM 2284 ,8800 o2, 0011 90,0011 82,3331 . 108
- TESPENSTURESL OEG F ©102,6000 6,3138 -o,_o:u _e,nu 8981
-""‘_l"‘"BT (11T Y J—T ¥ it"'—_!'n"' 0., 0¥3T 06,0000 282,814 21022
- 17, 300tum e119,2001 2.7208 9,0082 6,582) 9, 7"9
- 20, APSIENT TEme ou ’ =119,5008 48,3278 *0,0231 0,6600 o.o:u_
- BEANTYRWTE CUNVE FIY WEBULTY (COCIVI a0 sa1eCo8IXT)
-
P cMa SENSOR un1TS Ae At STANDARD _ comnm,
- &0, SRRON cogrr,
-
- 1, TOTAL AIOMASS “IL C/™ -0,.8000 0.6101 0,2032 0.43%0
- Te VIABLE 8100aSSatL €75 =0,02%6 0,594 0,359 0. 0499
- S, RES CHLORINE MG/ -9,3261 0.4%08 90,2700 0,5862
4 b, TURBIOITY<3102%G/L 0,6098 0,098 90,2139 0,2002
e VIS OXYGER—  WMG/C  9,.3ed0 09,3738 0,0077 0,7827

10, AWmgnla g/ 0,0%07 90,8090 0, 3084 0,080

11, NITRSTE _ en, 0, 0000 0.0000

12, Pw ™ 0,801} 0, 3022 6,004 0,2081
- 13..707 ORG CARBON MG/ 0,0809 0,811 0.1109 0.8838

18, CONOUCTIVITY wwumQ/CM 1.702¢ 0,851 e,0189 ¢,3873
(T 1S, TEMPERATUREeS DEG F = '~ = 0,4382 " 0 ISST T TR0 T e 07—
" 16, MARONESS nG/\, 1,839 0.,222¢ 0. 1018 0,8093
0 . 17, S$00Lym g/ 0, 5017 09,7318 0.0102 0,7003
ISTTTTTTT 200 AMATENT CTEMP OFC P 0,091 7T 09,9813 T 90,0019 T, 020 —

- —— .




REGREINION ANALYSIS FOR SEP_ 3, 1989 TO_FE8 20, 1ea1

T
0 FRON SAMPLE SOURCE 1 10 SameLE SOURCE &
11
] LINEAR CURVE FIT RESULTS (Ysal + Ajex)
4
i cﬂl CILTT R U184 v aT STANDARG TN, (T
i tanor coers, . 812t
-‘—_—‘!—WIC‘uomn CH ¥y (priila Pyl mamany py 3 §) 90,2326 W
o 20 VIABLE DlOMaSSMIL C/m, 0,0013 0,119 0.1811 0,236¢ ”"
- S, NES CMLORINE »G/L 0,2948 ¢, 808 0, 5000 0.8a80 8 _
- 6s TURGIDITYeST02MG/L T. 7284 0,3318 1.9108 0, 0173 147
- 7. 018 OxYGEN "G/ 2.0916 0,6938 1,087 0, 7501 107
< 10, APPONLA ne/sL *1,0012 1.0688 1.477¢ 0. 8387 1
-—_‘n"utnnr -ug T 0006 00000~
12, ™ 2.7080 0,4380 0,7088 0, 3870 108
q 13, TOT Ong CARSON nozL 1.7079 0,513 1,522¢ A, 0808 "
oA TCONDUETIVITY ~ M TC G99 SITC 0 T880T——F Y83 0,516d 1608
- 15, TENPERATUAESL 0CC P 2%.5033 0. 6406 1.3038 e, 7918 105 *
- 16, MARONESS ne/\ 215,3953 9,9%02 63,8912 9,8587
- 17, S0DTU» We7C ITLVETE J. 16’55—_0.‘1940"—'3“7511‘_'—“!—
- 20, APOTENT TENP OEC F 18,1213 0, 8103 0,89¢3 T YYY 118
4
.
- PARASOLIC CURVE FIT RESULTS (Y840 o AleX o AJexesl)
9 cHa SENSOR UNLTS As Al ] a2 STANOARD connm,.
N, R coerr,
k]
- 1o TOTAL PI0WASS MIL C/w, 0, 0017 0.1006 08,0293 ., 2581 0,3003
. 2, VIAGLE BIOMASIMIL C/M, 9,08a8 00,1052 0,0838 0,1409 0.2012
- $e MESTCRLON xlt—vwc——ﬂnozr—-r:xnr—a. 02!0“"_“0‘55“—"—0‘5'0
' o. TURSIOI TY=S102MG/L «9,2%82 0,8368 $,0103 1.0039 0.8228
] 7. DI 0XYSEN /1 8,9200 =q,1898 0.0718 1,0188 90,7708
' TV, TWsONYT ~RWEC Tl <0, o Rl S P it
- 11, NITRATE nczg 0,0000 0,.08c0 0. 0000
y 13, ¥ =0,2027 3.5003  =0,22¢3 0,4910 0,3270
. . *9. L] [ P14 W V. 0008
- 18, CONDHCTIVITY MMMMO/CM  1628,3480 0,4973 09,0008 s1,0833 0,519
- 15, TEMPERATURESL OEC F «176,7576 60,1249 94,0371 0,938¢ 0, 0738
- “TT, WARONESY Re7T TET.137S u.zow_—rﬂﬂ__ﬂ L7 { ] e pY 17+ o
- 17, so0ium "o/ -138,2183 2,082 0,0068 08,1327 e,7%40
- 20, AMGIENT TENP DEC F 18,3300 0.6%88 ¢.0008 0,803 0,0068_
-
j
:"""""tllll!TﬂlT!'tﬂth'FTT‘it!UtT!‘TtBlTYTiit"Il“tBB(xir
r ChA SEngOR UNITY A Ay STAMOARD conm,
: g, —EnnoN COEFY¥,
. 1, TOTAL BIOMASE MIL C/m, «,6%39 0,3882 0, 26113 0,491%
- Te VIACE "PIOMASSRILTUIMT S {1] —8.3324 [ P EY ) sammem 1 3 [ JSN
- S, RES CHLORINE MG/y 0,5203 0, 6340 v,298) 0,5732
6, TUPBINTITY=ST02%G/L 9,0206 90,9589 0,0941 0,0639
.'_—"Tﬂ TS OXYGEON— — NG/T, V. 8226 V,.520¢ G, 06587 0,798Y
10, ANngNIA e/ 9,05%8 0,7387 t. 3808 2,8317
11, NITRATE ne/L 0, 0000 0, 0000
12. P (4] 00,3200 0,6352 0.0888 6,8272
- 13, TGT OPG CANBON MG/ 0,078 09,7980 0,098 WY
18, COMOUCTIVITY meena/Cm 1,790 q,aaor 0,017} 0.0007
ff"""“';s. 1TepERaTURESL 0OCS P 0, 0126 DAY V. 0071 0,796
" 16, NANONESS nc/L 1, 7997 0. 2388 .1138 0,8000
i __ 17, so0tum ", 0,8762 0.7000 0,022¢ 0.7%a8
te 20, AMBTENT TEWPTTOEG 5T 0, 3091° T 0, 7920 0.009)3 0, 0293
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REGRESSION ANALYSIS FOR SEP 3, 1900 TQ 7E0 20, 1904
FROM SAKPLE SOURCT 1 TO sawsLE SOURCE $

LINEAR CURVE FIT RESULTS (YSAQ ¢ AleX)

R T RN 1 17 1 ] 0L} £ ) v, 3 STANDARD  COWA, SRR
"o, Traon coerr, 128
1. YOVAL GT0matd NIL /W 9.1678 o.0313 0. 1941 b,a%3 (7]
3. vIAL STomasauIL C/m B R R -
MLORIN /! &
——-Ih...mm.umk——-i*hﬂ—- 021378 m1th ] p— |
IC 013 oxvetn  wesL S R 107
AMIGNE A of . 2
o o =P in i
l’. 107 ORG CARBON ﬂll- 1,133 00,2999 1.,8431 0,8383 [}
OleT‘V TY 7 96 [} ]

[N . + 006 21018 . []

17, 300t werL a3.7508  e.7008  T.261S  0.Te80 108
PANASR [4 AVE PIT W 240 ¢ AleoX ¢ 22egeed)
eNa  sEesoR  umgTa a M a stanoiro  coen,
"o, : __ganon

1. TOTAL BIOwass wIL C/owm 00038 0.1387  <0.0188 0,192  0.3387
2o VIAME STumaggNtL C/w, 09,0202 9 [] 7 ]

ry 5

be TURSIDITY=SICING/L 203033 0.2962 =0.0083 2,3%22 0.3311
7! 013 0XYIEN %t l.l‘.? .,!*7. ...lli l.;‘g% !.!5!

. @b - 4,78 00,7294
12, " o -s 3T 3385 eliwe  GaTie  elsens
13, TOY QNG CARBON MG/Y $,0260 @, 960 [] 40

el, .
160 NARDNESS ne/L 200.0233 0.1810  <«0.0000  od,aTT} 0.3690
17, 300ty» wen =207,1808 30175 <0.0096 ___ 4,9821 0.7830 ___
T LUCINYYRIYT CUNVE FIY RNUSUCTS C(LOCIVI=ad +AielO8IX]}
e sgnsow  yegry 10 G apumesy  com,
W N 1)
TOTAL MIOMASS MIL € us 0, 0027
—!"vn a1omasIN{ 1_"*'!.-6;&—*‘“!’_00 — o'.o"c{r
s, :t:.qt::v.onu%‘ a::“ .oan ~e.209 0,297 ".6136
b, TURSIDITY=3 0,382 a2e o X
o 1. UrsToxvee .uo N n'l""_"%o. Yal~ 9, .Hsn 2
u. dmonta ~4.2108 0.782¢ .. -;so 0,8298 ¢
" 2708 0.0008 0.0310 9,898y
—ui—rorm a0 e A ETY e T
L SN
. manOw 02,1738 0 0.320¢
——{7."s001u ™2y T 927739
D-18
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Tl RECREITION ANALYSIS FOR ACP 3, 1940 10 FED 20, 1941

4 FRON SAMPLE SOURCE | TO SampLE SOURCE o
" LINCAR CURVE FIT NESULTS (Ysa® o Afex)
o : ) '
] 4771 NN 4 I 1] 1] IYINOARD  cOAN,  Saeble
jo 0, ganoR coerr, 12
"L-———-r—rmrnwm T S.3141 (29 11] B Y111 ] INEY L.
! 2. VIAGLF BtomagsniL C/m, 0,1877 «0,0340 0, 3%1 0,029 s
; S._RES CHLORINE WG/ 1.7901 0,0812 129300 e,1002 s7__
“.. o TURGINITY=3T02ME/ - 8,8101 0,001% 1.8048 0, 1027 — le¥
g 7. D18 Oxveen g/t 2.0072 o.un ie0089 0,0037 190
10, AMMONT *1,072¢ 0138 0,000 19,0004 73
————n ,‘nmau—'ltﬁ———r (17 ! T e YT 200
] 12 c ouv 0,383% 0.8493 0.3327 11e
‘4 u. fOT 0re CammoN -m. 193¢ o.qu 1,3214 0,37177 7
) 8, CORDUCTIVETY Themnvg/CR 3N ‘I'l“u T. 0214 3412398 0,391 Ti¥
I 19, TLMPERATURFE| OEC F 30,3030 09,5780 1,10% 0,700 199
; 16, WARONFSS e/ 179,3807 0,029 _ 238,%027 60,7199 1 [}
e Ve L L 740 ~1, uﬂ‘—r'.cnt—‘l.un 0, oo 1Y)
g 20, AMGIENT TEwWP DEC F u.nn 0, 7181 1,008 1,7813 119
i‘ -
-
3 PAMAGOLIC CURYE FIT RESULTS (Yuad ¢ Atex ¢+ AQeXswl)
E () LICTT ungTa aQ M a2 STANDARD CORR,
- 0, | Ll L] coerr,
F e rom.lo:omu "L C/m 0. 1083 0.1:;1 0, 0210 09,8032 ,1947
2. VIABLE RIPwASIMIL €/ 9 1901 .9,0222 90,0113 0,398 uu
- RES RO N R T 177 ot aa—Tad
E b, TUARIDTTT=sToame/L 21270 o3see w0, mr 1407 .rm
. ? XVYGEN uG/s 8,2049 9544 1,0877 (24 1]
:mn-—w ———T‘wrr—r": ‘d—'t’ m‘l——r"
: 11. NITRATE . 0. 0000 o, c;u .uoc 0.0000 0,0000
12. M n -8, 0006 64,0808 =0,32%9 [ 188
. v > 1 0 B Y 313 (N ITT3 T ‘mr——r‘i
4 18, co'm:cnvm wownn/ce  <31e2, sMo .ous ~0,0029 $3.30¢a 0.03148
- 18, TEPERATURES? OEC # 129,08 8,911 -0.02« 1,0343 0,5310
u—-ﬁol'ntomr——mr——’n* ftl"""l"‘!l’o‘l_—o o 1T e 1 Y PR CTY R 7077 (i
- 17, 300tUe ne/L 279,7827 8,7%22 -0,0126 8,0108 e, nn
- 20, AMGIENT TEMP  OEG P 191,202% 2.87%8 60,0207 1,0012 o‘r_qr
ﬂ .
H
-
- LoSARYYRATT CURVE FYY RESUCYY TLOC(YI ekl +Ai+C08 (Y]]
- .
- cHa senson ungTs e Al $TAN0AR0  comnm,
; 0. ¥ ([T coesy,
- 1. TOTAL AT0MASS WIL C/m, 9,699 0,2028 0,2%¢0 0,4833
- 2, VITOLE B 1owassRIL L7 —ol.00%9 T, 3958 0, 3A07 5,037%
S, TES CMLORINE  MG/y 0,078 0.238 0,203 0,3%08
P o, TURRINITY-SI02MG/L 0,4908 ,1199 90,1318 0,3097
T 7. DISTORYGENT T wED afea I IRTYYS 00000 0, 0430
10, AMmONTA /L 0,1838 0,00a7 90,3358 0,8083
11. NITRATE e/ . 0000 e, 0000 0, 0000 0.0000
13, P ” 0,0047 0, 3027 0,030 0,303
-— 13, 107 ORG CARAGN NG/ 0,2%528 9.3078 0.132% 80,2388
ta, CINOUCTIVITY mamnn/Cw 13188 0,981%9 0,0100 0,.5030
r:————u. TF#PERATURESL OKGC F TN IS T WL STV, 00T 0.7002
& 16, MANONESS e, 0,9192 0,652¢ 0.185¢ 0,6922
i 17, 3001ym e/t 0,0399 e, 7083 3.,0238 08,7038
l..——":o. AR IENT "TENP " DEC P 04,5000 0,800 “0,0088 0, 7818
X
4
D-19
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AECRESSION AnALYSIS FOR SEP_ 3, 1940 TO PER 20. 190%

FRQN SAMPLE SCUACE 2 O SarsLE sOuRCt 3

. d
ll
id
;j LINCAR CURVE FIT ACSULTS (Ysdd o AlaT)
i-q 14, 1) 3ENg0N UNTTY 1 ) 111 3TANOARD ConN, BARPLE
" no, (1] cogrr, s1ze
u——mottrntomu"ﬂc‘c/nr—‘t:'lnr——z:ww—"\'am V. 7428 Y
v 2, YIAALE GIOwasSHIL C/m, 0,178} ‘0,9792 0.2020 0,103% 7]
'd S, AFS CHLORINE  wa/Y 90,2070 0,3098 0,0000 . 9,0991 99
W6 TURALD T TYes102%6/L 3.3510 01298 Y N0 0,290 3
- 7. 018 0xVGEN N 0. 3508 0,92a) 1.0272 0,778 o3
- 10, Amrgnta NG/\ 0,0078 0,901a b, 0713 90,8938 a7 3
T, NITRATE 000000 D, 0000 v, 0004 v
~d 12, ™ 3,099 0,2072 0,002 0.00%8 3
- 13, TOT ORG CARBON MG/L 2,%337 60,7288 1.909¢ 0,883R 93
o YATTORDUCTIVITY ~ seung7Cm N3, 7639 2. 3408 33,4819 3, 78%¢ [ )
- 15, TEWPERATUREet 08 F 2,780 0,014 ¢,3330 0,9978 n
- 16, NARONESS NG/L «300,1003 2.3370  170,3198 0.8381
- — 17, 300fuM rs {1} 90,9017 T, uor—'r‘ouo‘———n—
" 20, AMSIENT TEwP OLE F 7.6028 0.0982 0.Ae72 0,09% 141
‘-
- -
-~
- PARABOLIC CURVE FIT RESULTS (YSAS ¢ AteX ¢ AQeXes})
'j cwa SENSOR ungTS Al s 't sTANOARD conn,
", tnon cotrr,
'
- 1e TOTAL ALONASS wIL C/m, 0.113¢ 2,192¢ 0,677 0,298 0.7829
- 2. VIASLE BI0Me33%IL C/m, 90,1020 $,231% 37,1007 0.2%62 0,227
~ WIS THCONINE ¥/ 9 133 pummns oy fommen= re 10 NS TN
- 6, TURRIDLTY=SI02%6/L ., 2337 0,27% «0,0029 3.0180 o.)ou
- 7, 018 OXYGEN g/ *i,5239 1.8003 09,0376 1,0223 nu
x . — o e e e e
- 11, NLTRATE 148 e, 0000 0,0000 €,0000 39,0000 . nu
; 12, Pu ™ ts.uaz 2,987 0,2106 09,8201 e.uoa
- now 'WC . "ib...’ ! ”‘f- . ,
- 18, CONOUCTIVITY --o/cn -“u.uu 11,39%0 ), 0081 29,2038 o.uu
< 1S, TEMPERATURESY DEC F -4a, 91481 2,2907 «9,0003 0,3330 8,957
e . (174} S . ST YT 0 Tese™ BN, AT 90,9625
- 17, scotum "esL 93,8013 2. 2998 0,008 64,3802 0,9178
< 20, AMOLENT TEwe 0OCG F 429, ,0028 12,8040 _ <0,0018 9,8a38 09,8711
-
r——wn!mmmx—m
-»
b (2,1 stnaan untrs A9 At STANCARD conn,
. L' 1Y IRRQOR COEFF,
- 1, TOTAL ATO™ASS Wit C/m, 0,2902 92,0002 90,2001 0,7397
T T, VIARCE ATomASSNTL TC 9030 f 0,579} 0,80%0 0,609
- $, 9CS CHLORINE MG/L *0,1108 0, 0000 0,.1697 0,0029
- 6, TUNGIDITYSS102%G/L 0,328 0,200 0,.200¢ 0.2371
s OIS DYYGEN" — MG/T Criltls T. 0028 09,0948 0,0%500
10, aweON{A ne/L 0,075 ", 10 0,2387 0,9293
11, wtrearg e/t 09,0000 0, 0000 0,0000 0, 0000
12, P» ”~ s,a708 0,330 6,038 0.0393
) od 13, 107 ORG CARRON WE/L 0.2048 0,781 0.1308 0.0801
-_— 18, CONOUCTIVITY wwung/CY 0,030 0,887 e,0113 0,790
. S, TEveERATURE®L OCS F 0.0738 V804 0i0032 09500
Q 16, MARONESS [ T 0,180 0,913 0,12%8 0.7002
e 17, $00Tuw e/l 0. 2102 0028 00121 e.%e
T 29, APALEFY TEMe DEG P 0.2052 T 0,0%0 0,0082 L PLL | L —
4
o=
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RECAESSION ANALYSIS FOR SEP_ 3, 1980 TO FES 28, 1941

1

X FROM SAMPLE 3OURCE 3 TO SAMPLE SOURCE &
i1
v LINCAR CURVE FIT AESULTS (Y340 + AlexX)
'y
I (477 SENTOR OnTtS Y] 1]} STANDARD Coni, TINPLE
i . CRROR Coerr, 3128
o
w1, YofiU WIoFass NIL C7%L v.1801 V.2948 9,2301 3,459 71
j 2. VIABLE AlOMassmiy C/m, 0,5749 0,22%0 0,5002 0,.3509 't}
S, RES CHLORINE NG/L 0,198 0,6793 ¢,3023 0,8832 7™ _
,.——r'. TURSTOITY=8102%R /), 9,0083 0,0888 3,2310 90,1500 ()}
o 7. D1S OXYGEM “g/L 1,290 ¢, 0088 0,890} 0. 0887 *
- 18, Ammania g/ 9,559 1,0620 s.8078 0.9199 78 .
, TT, RITRAYE g . .
j 12, M 4] 0,830 ,9010 60,3208 0,890t ”»
! 13, TOT ORG CARBON MG/L 3.0008 0,519 1.3800 0,7889 78 _
-{‘———!‘I‘ coMpuCTIVITY mmﬂ——nrmv——'r 4020 19,0299 0,9%0% L]
15, TEMPERATURESY OEG F o, ;ux o, nsr o.u" 0.9363 %
h‘ 16, MARDNESS MG/ 234,7607 90,0360 1733 0,1892 [
- T iTE_T.uB'—_"‘h.o Wosese N
.' 20, AMBIENT TEMP 0OEG F 5.80e8 0,929 e, s:u 90,9548 107
by 8
3
;‘, PARABOLIC CUNVE FIT RESULTS (YRAQ + AleX o A2eXws2)
3 coa 3EngoR yntTy AQ at A2 STANDARD conn,
: »o, ERRON COEPF,
-
- 1o TOTAL OIOMASS MTL C/M 9,0272 0.7883 -8,1087 0,2128 0.6819
- 2. VIABLE ATOMASSMIL C/M, 0,039 0,5230 0,2498 0,136 0,.8161
. WEY CRDNIAE we/U ~0,.2%36 Tead3l =0 10T 4. 4339 933G
R :. TURBIDITY=$]02MG/L, 10,8727 -0,302% 0,019% zus a.1899
- . D13 0XYGEN "e/L *3,0801 2,3238 -0,1028 o T,8088
L] 19, ARMONTE LN .140% =0.1897 G021 3 fT ‘/—_F’T'r )
- 11, NITRATE g/ o 0000 60,0000 o oona
; 12, PW L] Jaa9 80,7872 OH. 0,A982
; 3 k3] T.05%% aa28 :.3 !——"6 . 17%0"
4 18, COMOUCTIVITY WMNMO/CM  1682,9480  =1.2193 o .0n0a 15,1171 09,9333
- 18, TEMPEMATURESY OEG F 0.0168 0,431% 0,0012 0,6A97 o.o_sa;_
9 L0, WARONESS uS/C R ITY) .,907S  =8,0008  3s.7ane 0,889
< 17, saotym “G/\ 1718216 -1,0727 0,0082 4,810t 20,9918
- 20, AMBLENT TENP DEG P _ =210,%881 6,8493 0,080 _ 08,5010 0,903
,-——mmm—(mﬁ: A0 *AL*LOG(X])
-
- cHa sEnsaR unNtTS A0 " STANOARD (LA
" . [ {]]] Fr.,
-
- 1o TOTAL ATOMASS “IL_C/m, =0,3797 09,6713 0,1818 0,7768
- T VIAALETBTOMASSHIL ETWML <0,3608 U.4%% 0.3627 9,703
b S, RES CHLONINE  MG/Y =0,0791 0.999¢ 0,1328 0.919%
o, TURATDTTY=S102%C/L 90,9073 0,0711 0.1480 90,1183
. BLS TCX1GEN ue/C T 1381 0.0608 ¥,0a7S 0.890%
10, AMNONTA NG/L -9,00a8 0.8716 0,273a 0.9251
11, NITRATE ne/, 0.0000 s, 0000
12, "™ ”™ 0, 1109 0.ATIA 90,0215 0.8872
13, TOT ORG CARBON MG/L 6,20068 0,738 0.071S 0,888
10, CONOUCTIVITY Mxuwm0/CM 0.3673 0,882% 0,008 0,941%
TERPERATURESL DEC F T 0,0228 T E, 0878 .0082 T "0, 0308 T
MARDNESS “en 1,3000 0,0127 0,1022 0,595
300 1uUN MR/ 02721 0,A781 0,01%4 0,898
AMBIINT TEMS DEGC F 0,1780 0,908 T, 00 0,9%78
C757 L PAGE IS
Qr mw QUALITY
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PECREITION ANALYILS FNE SEP_ 3, 1980 TO FER 20, 1eay

t

]
:4 FROM SAMPLE SOURCE & TO SANSLE SNURCE $
L]
‘3 LINEAR CURVE FIT RESULTS (Y240 » AleX)
i TRE JENsOR UNITS —y X SYANOARD ™ CORN, Yano(e
g "0, greor coers, s12¢
-
L"""""‘T?'Tctlt'uxo-ass'ltt‘can TANT 3, 334Y 01287 09,7898 L 2
b 20 VIABLE ALIOMASSMIL C/M 0,930 0,%0%1 0.1007 0,3929 ae
& S, RES CHLURINE “G/L 9,2%8% 0,008t e,3083 10,0791 Al
M 6 VWRBIDITY=S102MG/L 2, 8321 0,38727 " 3,802¢ T T0,2900° o7
- 7. 01 OXYGEN “g/L 1,037 0,7429 0.4383 0.8767 107 .
; 10, AMNON.A ng/L 0, 8038 0.73%9 Iy 0,83%8 72
- 12, PR PH T ASTOTT 0T8T 0.3NE 0. 7783 nr
!j 13, TOT ORC CARBON MG/L 0.7118 0,497 1.29¢6 0,5000 s

18, CNNOUCTIVITY mumwQ/C™ 1363091 0,977 32.7118 0,8%583 107
o ISUTTEMRERATURES(TOEC M A, 1073 0,388 r 1607 V.8202 11T am
- 16, HARONESS g/ $1,097 9,7309 s, 7176 0,7a12 8
i 17, S00fum NG/ 21,8730 09,8508 48,2222 0,9200 101
;.'_—-—zoﬁ-oxsut’nﬂ- CEC Y &30 T ST 0.3370 0,967 3¢
o~
L
-
= PARABALIC CURVE FIT RESULTS (YSAQ ¢ AleX o A2exsel)
W Y¥NYO¥ URYTY (1 T 17 SYSWORNG  CONN,T
J No, EARON cogrr,
- Y. YOVIC STIRTYS NY v, Te U, V. ITOY V.522Y
- 2. VIABLE AIOMASSMIL C/M 9.0010 1,0380 80,8810 0,0088 0.6430
- S, RES CHMLORINE MG/L 0.2640 ),0147 0,0077 0,3882 0,079
ol s YURBLOIYY=Y¥IU2MG7C T.e510 T, 0289 O L) ' S P AL
. 7. O1S OXYGEN g o1,7098 1,542e 09,0536 0,42%% 0.8%08
- 10, ANMONTA MG/ 0.1607 0.8071 80,0016 $,8307 0,836%
' YZ PR R T V08T B, 8RUE— 0, J09e 0. INT TN
. 13, TOI URG CARSON MG/t 90,0500 0,6602 =0,0002 1.2960 0,3877
j 168, CONDUCTIVITY MuMMQ/CM  1232,6410 «0,7730 0,0006 32,8023 0,8603
; CMPERATURESITOEC 1D .mnr‘ =, 92%% DL, 0(98 1SV u. 8201
ﬁ 16. MARDNESS vg/L 104,8118 0,3301 0,0008 25,4409 0,7882

17, S00TU™ g/ “161.8827 3, 1819 «0,0071 3,9980 90,9348
-—"——u"nlxmtrr——:rnmnr“‘-‘nnﬁ 0 6(Ad . INT
37 - LOGARTITHMTIC CURVE FIT RESULTS (LOGIYI=A~ oALeLOR (X])
.-‘———ur——!tmw——unna () 11} STANUAND  COmNe

* £Rnon coerr,

-_—ﬂ'ﬁmtc’nnmrwn—mc——uvru——rrnt—msr LR V1L
- 2. VIABLE RIONaSINIL C/ML «9,8260 0. 7177 0,3087 0,8082
- S, RMES CHMLORINE MG/Y 0.7809 0,0080 0,3033 0.5718
ST TURBINTTY 8 102M6 /L 0,2050 0,8910 9,1%83 0,5%02
- 7, DI3 OXYCEN "G/, 0,0737 0.8082 9.0038 90,8900
¢ 10, Ammgnla e/ «0,1882 0,9708 0,383 0,0027

& P WM “9.3077 058091 T, 0284 0,7744

13, TOT ORG CARRON MG/L 09,0380 0,7636 0.1168 0,593

18, CONRUCTIVITY MMMNQ/CM 0.3201 0.8909 $,0110 6.A%87

1S, TEMPERATURZEL NEG F 60,2200 0. 0818 90,0069 0,8201
- 16, MAROWESS nc/L 0.5401 a,7401 0,0907 0,722

17, Son{us 0,27%¢ 0.AT18  _0, 0118 0,920
(26, awatent n»"‘bro T T 8,0720 T 8,910 0,002 s

‘e . . . : .
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REGRESIION AnaLYSIY POR SEP__J, 1900 TO FES 20, 100)
FRO® $AMPLE SOURCE S TO 3AYPLE J0UNCE ¢

LINEAR CURVE FIT RESULTS (Y=A0 ¢ AleX)

BN T Y 1 {7 1) (3 7 ) 1) Al ~SYAN0ARD Toak,  sam
»o, thron coerr, 121
T, YOTIU RYOwasd WIC CWL o G.da-- 54330 5.3038 3.0568 3]
3. VIAGLE BIOMASINIL C/W, 1079 . oz:;: o.::u o.o;;: ;:
RINE Mg/ « 029 10713 9.9
——‘l‘."\'uurﬁv-num :}—"'o.:m 1,340 o.utv 110
7. OIS OXYGEN c.rm 0.9232 0. 7930 0,8778 111
}0. AMI‘A a t ,ea i.l s; i.l?%a O."l! !‘
<0000 +0000
1.,8040 09,7279 0,279 9.09%¢
707 Olﬂ CARANN MG/ 7879 9,90 llh \S
——'l""-rn.. nOuéri v‘ﬂv—m—ﬂi"‘fu}_—f“:uu 8.1038 0, l}t'_'—n';—"_
16, MARONESS «220.7%14 32,6320 :u.ono 0.5077
17, soolum 29,1280 e 9081 4,519 0.0301 au

[ . sk ¢ Agexeel)

CHA SEnsoOn [/ )4t A0 Ay TANDA CORR

g - —& A —
14 TOTAL ATOMASS Wit €
T, VIABLY A1YwIsTIR

.
3. '(S.CKOQIN( NG/ 3. :.3 -4, 6597 .3350 l.Ole 0,0823 -
6y TURBIDITY=3102ue/! (114 09,3713 =4,0039 1364 19
-——vﬁmshu’--‘m&————rﬁ——n‘%n—z*mr—-%ﬁ. : R
10, AmnONtA 4,317 1.%220 =4,002¢ 3.4823 09,9783

NITRA? 08,0000 0 9000 L] 0000 09,0008 n, 0000

T 0.0800

13, TOT ONG CARAOM MG/ 12186 0.7123 =0, un 1.1793 0. 5722
ONOUCTIVITY MMmNg/CM 08,5280 9109 [] _* & 0,84848
_"'"'L"s'&u. :r{-u—.v—i—qr‘ l‘!"“""'“{i_—"l‘“‘u Hi‘.nﬂi_—_‘!n Y 27 B
17, so0luw 29,3108 0. 7888 0. 0008 . 516 0. 8301
LE‘.I!WI‘ SH.V! 'II l!!%:' ‘LB!YIIIO 0‘]59.“’)
cna stnaon untrs Y at STANCARD  coem,
"0, _gangn COLPr..
x. TOTAL PIOMASS MIL C/i 0,2002 00109 0. 2002 0. 7098
vuuz PIAMaSSNEL €/ -, 88 0.57%% 320 90,7863
1Ty -:nr%"—:"——'ﬁﬂ——a‘m 2 2A%6 3108
7. TURSTOITY=S182MG/L 0.3089 0.8930 0,108 0, 0008
013 OXYCEN =g/ -8,0128 0, 0880 0, 088¢ 0,889¢
T AedM1d =y N3 e LT .5201 a2
1. MITRATE wer o 0see 0.0000 0,0000 0,0000
l 1022 0,7550 09,0108 0,883
.'vmmnnrmx———r.am—c..m——\.ns; d.ba0
16, CONOUCTIVITY wnmna/CH 0.373¢ 0,8793 s, 0140 0. 7940
T 16, MARDNESS NN 03218 0.9260  0.2028 0. 5878
17, 360Luw e - 0.2030 0.8703 0. 0107 0,8208
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LOGeNORMAL OISTRIBUTION: APR |, 1979 TO APR 30, (979

SAMBLE MONTHLY ONE LOG(Y)=F(2) 4.} ¢ SAMPLE
SOURCE AVERAGE SiGMA SLOPE INTERCEPT sQuang S12¢
TETRACHLOROETHYLENE

0 156.7 11,9 0.3879¢ 0 0,20t0€ 1 9.0000 20

1 68,8 60,1 0,80%97E 0 0,1713F 1t 12,5000 20

3 31,9 18,5 0.3781E 0 0,1389¢ | 8,8000 as

[} 17,0 10,9 N,3791E 0 0.11088 4. 8182 22

S 8,2 7.0 0,3913E 0 0,8049E O 1.,1829 ]

] 6,7 .3 0,8836E 0 10,5601 O 44,0000 20

METHYLENE CHLORIDE

0 220,7 199,9 0,8197€ 0 0,2200F 1 1.S000 29
1 25,% a1,7 0,%5803F 0 0,10208 t 2.5000 20
3 16,0 ei.0 0,5787€ 0 0,8409C 0 1.6000 es
[ 13,7 19.9 0,%7038 0 00,7923 O 0.7273 22
b ] 22,2 7.0 0,1408 o0 O0,1322€ 1\ 48,8762 a1
6 21,7 6,3 0,138 0 0,1318€ 1 2,0769 26
1,2=DICHLORQETHYLENE
0 28,2 78,2 0,72068 0 0,23432 O 62,0000 20
1 4,6 186,2 0,0831E 0 O,jae0€ 0 70,5060 20
. 10,1 47,3 0,%5002F 0 0,108 O 78,3%488 22
s 0,1 0,3 0,1858E <1 0,3182€ =2 78,8762 a1
CHLOROFORNM
0 31.4 14,9 0.,234a€ 0 0,1387C | 2.,5000 20
) 3.1 $.3 0,94S8€ =1 0,1389¢ | 64,5000 20
3 18,6 S.1 0.11768€ 0 0,1255€¢ 1 4,0000 2%
4 17,8 3.7 0,939SE -1 0,1232¢€ 1 33,4548 22
S S,6 4,8 0,3020E 0 0,6399¢ 0 e,9%24 21
) 5.8 3.0 0.2426€ 0 0,6939C o 5.%5388% 26
151,1=TRICHLOROZTHANE
0 175.9 197,8 0.1056C 1 0,1618E | 3,0000 20
1 51,0 43,8 0,7834E 0 O0,1338¢ | 10,0000 20
3 10,4 10,6 0,8103E 0 0,7295€ o 9.,2700 es
4 6,3 5.2 0,a55SE 0 O0,63A3E o 4,8182 22
S 0,8 0,7 0,1089E 0 0,7844E =\ 21,6191 21
6 2,2 7.7 0,31386 0 0,1007E O 20,5338 26
BROMONICMLOROMETHANE
0 2.9 9,9 0,1321E 0 0,a801E o $.,0000 20
t 4,0 1.2 0,1%99€ o0 0,37338 0 12.%5000 20
3 3.1 1.2 0,1533E 0 O0,a8a2€ 0 $.2000 23
(] 2,8 0,6 0,1013F 0 O0,8377E 0 0,7273 2
S 0,7 0,6 0,9816E <1 0,31760F 1 Jo,1908 21
L 1.3 1,3 0,1858E 0 00,9150 =} 10,538% 24
gor,,
D-24
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LOGeNORMAL DTSTRIBUTION, ASQ {, 1979 TO APR 30, 1979

SAMPLE  MONTHLY ONE LOGCY)=F(2)
SOURCE AVERAGE SIGMA SLOPE INTERCEPTY
TRICHLOROETHYLENE
0 74,6 a0,3 0,2861F 0 O0L,179SE 1
1 26,5 20,3 0,3141E 0 O0,1318E 1
3 12,4 8,2 0.30S3E 0 0,9986F O
q 8,2 5.2 0,2988€ 0 O0,A8269F O
S 2.2 2.7 0,320AE O O0,1968E O
[ Y 2.3 3.3 0.,3812F ¢ OC,1820E o
OIBROMOCHLOROME THANE
0 0,2 0,3 0,A250F =2 0,1BA8SE <2
1 1.9 0,8 0.1091F 0 O0,1728¢ O
3 1,8 0,s 0.11076 0 0,1560€ O
& 1.4 0.2 0,690 ) O0,1S465E o
S 0,7 e,2 0.1907€ =1 0,5612€ =2
6 0,9 0.4 0,9389€ =1 0,2022€ =}
SROMNFORM
0 3.8 2.8 0,278SE 0 0.3398E 0
1 1,7 0,6 0,1268E 0 0,2218E O
3 S.0 15.3 0,3893E 0 00,3242 O
q 1.9 0,5 0.1118E O 00,2695 o0
- 1.1 0,48 0,7A39€ =1 O0,AIS1E ot
[y 1.5 1.7 0.,2061E 0 O,1161E 0
TRIHALOME THANES
0 38,1 16,1 0.1A08E 0 O0,1S4a6E 1
1 32,2 8,1 0.8311F =1 0,1S501€
3 28,1 18,3 0,160 O O0,1309€ 1
' 23,6 a,t 0.7798E =1 O0,1366E 1
s 8,1 5.6 0,2318E 0 O0,8410E O
[y 9,5 6,5 0,2043k 0 0,9188¢ O
TOTAL HALOCARBNNS
0 698,2 490,1 0,3872E 0 0,2708E
| 285,6 194,7 0.,3286E 0 0,2281F
3 99,0 a9,6 0,2332E 0 O0,1940E 1
a 78,9 a8,7 0,2329€ 0 O0,18%E 1
s 39,5 12,8 0,1279€ 0 0,1S78€E 1
'y 2,3 24,2 ¢, 1781 0 O0,158aE 1

-~

EOF,.,

D-25

tH1
SSUARE

86,5000
64,0000
2,0090
11,6344
18,9524
29,7692

70,5000
$,5000
n,0000
1,6364

6%,9048

33,6158

1.5000
2,0000
29,6000
33,9001
3,0a76
8,0000

1,5000
3,506G0
5.,2009
0.2727
7.800S
8,2308

2.5000
66,5000
4,a000
65,1818
1,6190
9,0000

SAMPLE
SIZE

20
20
235
22
el
26

20
20
23
ae
21
26

20
20
as
22
ei
26

20
20
2s
22
at
26

20
20
2s
22
el
26




GAS CHROMATOGRAPH REGRESSION ANALYSIS FCR APR 1. 1979 TO APR 38. 1979
FROM SAMPLE SOURCE 0 TO SAMPLE SCURCE 1

LINEAR CURVE FIT RESULTS (Y=R) + AlX)

CaL COMPOUND

1. TETRACHLOROETHYLENE
2. PETHYLENE CHLORIDE
3. CARBON TETRACHLORIDE
4. 1,2-DICHLOROETHVLENE
S. CHLOROFORM

6. 1.1.1-TRICHLOROETHANE

7. BROMOD ICHLOROME THANE
8. TRICHLOROETHYLENE
9. DIBROMOCHLORGCMETHANE
10. BROMOFORM

11. TRINALOMETHANES

12. TOTAL HALOCARBUNS

PARABOL IC CURVE FIT RESULTS (Y=RD + AIXX + A2WOKAZ)

CAL COrPOUND

1. TETRARCHLOROE THYLENE
2. METHYLENE CHLORIDE
3. CARBON TETRACHLORIDE
4, 1.2-DICHLOROETHYLENE
S. CHLOROFORM

§. 1.1, 1-TRICHLORDE THANE

7. BROMOD ITHLOROME THRNE

8. TRICHLORDETHYLENE

9. DIBROMOCHLOROME THANE
- 18. SROMOFORM

11. TRINALOMETHANES

12. TOTARL HALOCARBONS

LOGARITHNMIC CURVE FIT RESULTS (LOGIY1=AB +RIMLOGIX])

CAL COMPOUND

1. TETRACHLOROETHYLENE
2. METHYLENE CHLORIDE
3. CARBON TETRACHLORIDE
4. 1,2-DICHLOROETHYLENE
3. CHLOROFORM

‘c 1.1, l-TRlCﬁLOROETNME

7. BROMOD ICHLOROME THANE
8. TRICH.OROETHYLENE
9. DIBROMOCHLOROME THANE
18. BROMOFORM

11. TRIHRLOMETHANES

12. TOTAL MALOCARBONS

I

B

(7] N
«Q—o:y5309—5
»

g

EBkgRkE

LR H T
S

O:-..C&D.&—GO&C
s

4463
3356

D-26

{1

ssdsassssscs
HLE

:

i

38

{
i

13353

0
-0 Ol
oNE

N @ &
WA = O =
£853

[}

.

3
~
R

. .

T
JR
?

D

. 1531

£

L

L
N
ﬁ

§agsse

?..OO.?.CDO. (2]
]
8

i
i

g

N
s
.

L]
N .
dog54334
w0 [~

.
-
-]
-
pes

R

HERR:

(- 13- X-FK-X- X Y. X -F-X.]
. .
- L
(.-} —
:1 NN

SIZE

b
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GAS CHROMATGGRAPH REGRESSION ANALYSIS FOR APR 1. 1979 TU APR 30, 1979
FROM SAMPLE SOURCE 1 TO SAMPLE SOURCE 3

LINEAR CURVE FIT RESULTS (Y=R® + A1=X)

CAL COMPOUND Ao Al STRANDARD CORR. SAMPLE
NO. ERROR COEFF. SIZE
1. TETRACHLOROETHYLENE 7.334 0.3142 11.5381 0.7604 23
2. METHYLENE CHLORIDE 4,.9043 0.4817 14,7889 8.7533 19
3. CARBON TETRACHLORIDE 0.8090 0.0000 0.0000 0.080008 8
4. 1.2-DICHLOROETHYLENE 0.0000 a.0000 0.0000 0.0000 9
S. CHLOROFORM 7.4191 0.4587 4.2044 8.5433 23
6. 1.1.1-TRICHLOROETHANE 3.8690 6.1897 3.9397 8.8966 18
7. BROMOD ICHLOROME THANE 0.6549 0.6334 08.93508 0.6017 2
8. TRICHLORCETHYLENE 4.0121 9.2937 3.6229 8.8484 23
9. DIBROMOCHLORGME THANE 1.3823 9.1721 0.4386 0.1984 a3
.8. BPOMOFORM 25.4878 ~11.5563 14.5494 0.4038 22
11. TRINARLOMETHANES 28.609% -8.8123 18.7022 8.8232 23
12. TOTAL HALICARBONS 20.68748 0.3366 32.1783 0.7590 23 ~
PARABOL IC CURVE FIT RESULTS (Y=R8 + AlmX + AXw0mR2)
CAL COMPOUND Ao Rl A2 STRNDARD CORR.
NO. ERROR COEFF .
1. TETRACHLOROETHYLENE 3.1346 9.3008 -9.0813 11.2477 a.774)
2. METHYLENE CHLORIDE 8.51%? 9.0820 0.08023 14.2038 9.7723
3. CARBON TETRACHLORIDE 0.0000 9.0000 0.0000 9.c000 0.8000
4. 1.2-DICHLORCETHYLENE 8.08000 0.0000 9.0008 2.0000 0.8000
S. CHLOROFORM 20,1573 -0.6449 0.0223 4.133? 9.564S
6. 1.1.1-TRICHLOROE THANE 2.9632 0.2321 -0.0003 3.95082 9.8983
7. BROMOD ICHLOROME THANE -9.17087 1.1084 -8.0394 8.9498 8.6107
8. TRICHLOROETHYLENE 1.3669 8.4881 ~-8.00822 3.321¢ 9.8744
- 9. DIBROMOCHLOROMETHANE 1.6483 -8.3114 0.1574 0.4379 8.2073
18. BROMOFORM 75.3384 -71.0035 16.9699 12.3877 8.6271
§1. TRIMALOMETHRNES 27.1836 8.0823 -8.001S8 19.7020 8.02S5
12. TOTAL HALOCARBONS 45.2072 0.8991 0.02086 31.6906 0.7674 i

LOGARITHMIC CURVE FIT RESULTS (LOGLY1=RO +A1xLOGIXT)

CAL COMPOUND (] Al STANDARD CORR.

NO. ERROR COEFF.

1. TETRACHLORDETHYLENE -8. 1302 08.8399 8.168084 8.9202

2. METHYLENE CHLORIDE -8.1847 0.9239 0.335% 0.83547

3. CARBON TETRACHLORIDE 2.0800 8.8000 8.0000 0.0000

4. 1.2-DICHLOROETHYLENE 0.0000 9.08000 0.0000 0.0e08

S. CHLOROFORM 8.4746 9.5674 0.09968 8.3537

6. 1.1.1-TRICHLOROE THANE -0.0263 2.6873 0.1113 9.9338

7. BROMOD ICHLOROME THANE -0.0062 0.8430 0.0919 0.8134

8. TRICHLOROE THYLENE -8.043%9 0.7890 9.1359 9.8789

9. DIBROMCCHLOROME THANE 0.1623 9.1180 0.0951 0.13350

10. BROMOFORM 9.3537 -8.9368 0.325? 0.7428 - -

11. TRINALOMETHANES 8.9%63 8.3042 -9.1639 9.276S - -

12. TOTAL HWALOCARBONS 0.5666 0.6129 9.1331 9.8894
|
i
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GAS CHROMATOGRAPH REGRESSION ANALYSIS FOR APF 1, 1979 TO APR 3@, 1979
FROM SAMPLE SOURCE 1TO SAMPLE SOURCE 4

LINEAR CURVE FIT RESULTS (Y=RG + A1xX)

CcAL
m.

COMPOUND

. TN TYLUR0ETHYLENE
- T weNE CHLORIDE

12.

~mRBON TETRACHLORIDE
3,2-D ICHLOROETHYLENE
CHLOROFORM

1.1, 1-TRICHLOROETHRIE
BROMOD I CHLOROME THRNE
TRICHLORCETHYLENE

D 1BROMOCHLOROMETHANE
BROMOFORM
TRIHALOMETHANES

TOTAL HALOCARBONS

3

§.—

R E

3

SVﬁn——?‘BCQAN

&
3

PARABOL IC CURVE FIT RESULTS (YeAB + AIxX +

LOGARITHMIC CURVE FIT RESULTS (LOGLYI=R3 +A1x0GIX])

COMFOUND

TETRACHLOROETHYLENE
METHYLENE CHLORIDE
CARBON TETRACHLORIDE
}.2-DICHLOROETHYLENE
CHLOROFORM

1. 1. 1-TRICHLORCETHANE
BROMOD {CHLOROMETHANE
TRICHiL.OROE THYLENE

D IBROMOCHL OROMETHANE
BROMOFORM
TRIHALOMETHANES
TOTAL HALOCARBONS

COrPOUND

TETRACHLOROE THYLENE
L THYLENE CHLORIDE
CARBON TETRACHLORIDE
1,2-D ICHLORCE THYLENE
CHLOROFORM

1. 1. 1=-TRICHLOROE THANE
BROMOD ICHLOROME THANE
TRICHLOROE THYLENE

D 18ROMOCHLOROME THANE
BROMOFORM

TR IHALOME THANES
TOTAL HALOCARBONS

v.8110

D-28

Al

8.1896
9.3690
0.0000
0.2008
8.5223
0.98843
8. 4262

9.13581
8.38686
9.4993
8.1804

STANDARD
ERROR

4.9222
13.8972
0.0000
0.0608
2.2221
2.1206
0.2858
1.868S
8.1412
0.297%
2.6491
44,4580

-2.0006
0.00916
0.08009
2.9000

-2.08188

-9.08203

-9.0879

-0,.0008
0.8933

-9.0982

-0.0066

-9.00811

CORR. SAMPLE
COEFF. SIZE
9.89537 22
0.7492 19
9.0000 0
0.0000 L
9.7960 2
8.8776 18
2.08013 21
8.9184 22
e.S5128 22
0.6800 3
2.7708 22
0.40924 2
STANDARD CORR.
ERROR COEFF.
4,7600 8.864@
13.6242 8.768S
9.08200 2.08000
0.0009 0.0000
2.2056 8.7994
2.0606 @.8848
8.2633 8.8819
1.7920 9.9245
8.1394 8.5301
9.2945 8.6880
2.6336 8.7739
43,1337 0.4554
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GRS CHROMATOGRAPH REGRESSION ANALYSIS FOR APR

FROM SAMPLE SOURCE 1 TO SAMPLE SOURCE S

LINEAR CURVE FIT RESULTS (Y=AB + AlxX)

CAL COMPOUND
m .

t. TETRACHLOROETHYLENE
2. PETHVLENE CHLORIDE
3. CARBON TETRACHLORIDE
4. 1,2-DJCHLORCETHYLENE
S. CHLOROFORM

6. 1.1.1-TRICHLORDETHANE
7. BROMOD ICHLOROMETHRNE
8. TRICHLOROETHYLENE

9. DIBROMOCHLOROMETHANE
16. BROMOFORM

11. TRIHARLOMETHANES

12, TOTAL HALOCARBONS

PARABOL IC CURVE FIT RESULTS (Y=R8 + A1RX + AZW00KQ)

CAL COMPOUND

1. TETRACHLOROCETHYLENE
2. METHYLENE CHLORIDE
3. CARBON TETRACHLORIDE
4, 1.2-DICHLOROETHYLENE
S. CHLOROFORM
6. 1.1, 1-TRICHLOROETHANE
7. BROMOD ICHLOROME THANE
8. TRICHLOROETHYLENE
9. I'IBROMOCHLOROMETHANE
10. BROMOFORM
11. TRIHALOMETHANES
" 12. TOTAL HALOCARBONS

LOGARITHMIC CURVE FIT RESULTS (LOGLYJ=RQ +AI=LOGIXD)

CAL COMPOUNS

1. TETRACHLOROETHYLENE
2. METHYLENE CHLORIDE
~—— 3.. CRRBON' TETRACHLOR IDE

4. 1,2-DICHLOROETHYLENE
S. CHLOROFORM

6. 1.1.1-TRICHLOROETHANE
7. BROMOD ICHLORC*E THANE
8. TRICHLORCETHYLENE

9. DIBROMOCHLOROMETHANE
18, [rom s

11. TRIKALOMETHANES

12. TOTAL HALOCARBONS
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-0.5488
1.4126
0.08000

e.3187
0.1569
-8.193?7
-8.2489
-0.1733
-0.8A23
0.3562
1.5969
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9,2449
8.1243

0.2000
9.2%523
0.3670
0.2859
0.2435
_8.167S
9.2196
~ 0. 1676
8.1103
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GAS CHROMATOGRAPH REGRESSION ANALYSIS FOR APR 1, 1979 TO APR 38, 1979

FROM SAMPLE SOURCE 1 TO SAMPLE SOURCE 6

LINEAR CURVE FIT RESULTS (Y=AB + Alw)

cAL COMPOUND ] Al STANDARD
NO. ERROR
1, TETRACHLOROETHYLENE 2.4339 8.0128 3.3044
2. METHYLENE CHLORIDE 22,8339 ~0.0254 4.2509
3. CARBON TETRACHLORIDE 0.0000 9.0002 0.0008
4. 1.2-DI1CHLOROETHYLENE 9.0000 6.000¢ 0.0000
S. CHLOROFORM 4.8654 -8.0212 1.8337
6. 1.1.1-TRICHLOROETHRNE 1.8139 -8.0025 8.5193
7. BROMOD ICHLOROME THANE 9. 1980 8.1994 0.3613
8. TRICHLOROETHYLENE 0.9077 2.0069 B.9204
9. DIGROMOCHLOROMETHANE 0.7209 9.08903 8. 1647
10. BROMOFORM 8.2122 @8.35198 9.3923
11. TRIHALOMETHANES ?7.1661 0.8012 2.3468
12. TOTAL HALOCARBONS 35.0173 -9.0040 7.8541
PARABOL IC CURVE FIT RESULTS (Y=R@ + ALMX + R2wex?)
CAL COrPOUND Ao A1 A2
m.

1. ENE 1.8169 0.8407 -0.0082
2. METHYLENE CHLORIDE 23.6088 -0.8964 9.0603
3. CARBON TETRACHLORIDE ¢.H0oe 0.0000 0.080@
4. 1.2-DICHLORGETHYLENE 0.0000 8.00008 9.0000
S. CHLOROFORM 0.9557 0.3179 -0.0069
6. 1.1, 1-TRICHLOROE THANE 1.0638 -0.0846 8.2000
7. GROMOD ICHLOROME THANE @.4087 0.0843 8.814%
8. TRICHLOROETHYLENE 8.5796 8.03a8 -9.0203
9. DIBROMICHLOROME THANE 6.6788 9.1504 -8.019%
10. BROMOFORM 8.7341 -8. 1266 8.1747
11. TRINALOMETHANES -1.8974 08.6851 -0.0096
12. TOTAL HALOCARBONS 28,5408 0.2843 -0.08082

LOGARITHMIC CURVE FIT RESULTS (LUGIYJ=A8 +A1sLOGLX1)

cAL COMPOUND A0 Al STANDAR
NO. ERROR
1. TETRACHLOROETHYLENE -8.27€8 8.39¢6 0.2789
2. PETHYLENE CHLORIDE 1.3518 -9.08141 0.e852
3. CARBON TETRACHLORIDE 9.009¢ 8.0000 8.0e000
4. 1,2-DICHLORCE THYLENE 0.0000 9.0000 0.20800
S. CHLOROFORM 0.6842 -8.0622 2.1958
6. 1.1, 1=-TRICHLOROETHANE 9.0186 -0.1324 0.3869
7. BROMODICHLOROME THANE -0.461% 9.6254 9.1513
9. TRICHLOROETHYLENE -9.2363 @.1689 8.1869
9. DIBROMOCHLOROMETHANE -0.0956 8.1328 0.0734
18. BROMOFORM -0.1223 0.5969 e.1781
11. TRIKALOMETHANES 08.2218 9.4291  .9.1792
12. TOTAL HALOCARBONS 1.5376 -9.0051 9.8928
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GAS CHROMATOGRAPH REGRESSION ANALYSIS FOR APR 1, 1979 TO APR 30. 1979
FROM SAMPLE SOURCE 3 TO SAMPLE SOURCE 4

.

LINEAR CURVE FIT RESULTS (Y=RO + AIxX)

CAL COMPOUND Ao At STANDRRD CORR.
NO. . ERROR COEFF.
1. TETRACHLOROETHYLENE =-8,1748 6.5781 2.35734 e.9710
2. METHYLENE CHLORIDE 8.0235 0.8289 6.9791 0.9369
3. CARBON TETRACHLORIDE 0.0008 0.0000 a. 0.0000
4. 1,2-DICHLOROCETHYLENE 0.0000 0.0000 0.0900 0.0000
S. CHLOROFORM 10.0131 0.3791 3.1964 8.511?7
6. 1.1.1-TRICHLORCETHANE 1.1112 8.4530 0.8798 0.98¢0
7. BROMOD ICHLOROMETHANE 6.7811 9.6911 0.3158 0.8645
8. TRICHLORCETHYLENE 0.7034 0.5791 1.6494 0.5446
9. DIBROMOCHLOROMETHANE 0.7761 0.4889 9.1699 0.6983
18. BROMOFORM 1.9468 -8.0847 8.4524 9.2334
11. TRIHALOMETHANES 23,1897 -0.0009 4,2578 8.8039
12. TOTRL HALOCARBONS 48.4151 0.2921 44.4632 - B.3176
PARABOL IC CURVE FIT RESULTS (Y=R8 + A1aX + AZwiwn2)
CAL COMPOUND fe At e STRNDARD
MO. ERROR
1. TETRACHLORCETHYLENE 8.68220 2.4697 0.0016 2.5028
2. METHYLENE CHLORIDE 1.6947 0.6137 6.08028 6.7243
3. CARRBON TETRACHLORIDE 8.0000 0.0008 0.0000 8.0000
4, 1.2-DICHLORDETHYLENE 0.08900 0.0000 0.0000 2.8000
S. CHLOROFORM -12.5998 2.7862 -0.83597 2.5766
6. 1.1.1-TRICHLOROETHANE 9.2686 8.3948 -8.0043 0.8311
7. BROMOD ICHLOROME THANE 0.9682 9.5588 8.08220 6.3151
8. TRICHLOROETHYLENE 8.2296 0.6608 -8.002% 1.6333
9. DIBROMOCHLOROME THRNE 9.8267 0.3636 0.8538 9. 1686
10. BROMOFORM 0.5846 e.813t -9.08102 8.3806
11. TRINALOMETHANES 4.6842 9.931S5 -0.90073 3.2083
12. TOTAL HALOCARBONS 48.5806 9.2800 0.0091 44,4628
LOGARITHMIC CURVE FIT RESULTS (LOGLYJ=RO +R1xOGCXD)
cAa COMPOUND Ao Al STANDARD CORR.
NO. ERROR COEFF.
1. TETRRCHLOROETHYLENE -8.1852 9.9335 0.08457 0.9932
2. METHYLENE CHLORIDE -2.0137 0.9385 0.1369 0.9747
3. CARBON TETRACHLORIDE 6.0e00 9.0000 0.00090 6.p0008
4. 1.2-DICHLORCETHYLENE 0.02000 0.0000 0.0009 0.0008
3. CHLOROFORM 0.6163 8.4828 0.8774 €.5904
6. 1.1.1-TRICHLOROETHANE -0.08592 8.8229 9.8442 0.9860
7. BROMOD ICHLGROME THANE 8.1524 0.6344 0.038S 0.0160
8. TRICHLORCETHYLENE ~8.08799 8.8933 0.8611 0.9793
9. DIBROMOCHL OROME THANE e.1198 08.2903 8.8392 8.6786
18. BROMOFORM 0.2716 -9.0080 8.1189 9.039%
11. TRIHALOMETHANES 1.2038 9.1084  -~0.0882 8.2298
8.1801 0.6737

12. TOTAL HALOCARBONS 9. 6542 8.6061
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GAS CHROMATOGRAPH REGRESSION ANALYSIS FOR APR  |. 1979 TU APR 30, 1979
FROM SAMPLE SOURCE 4 TO SAMPLE SOURCE S

LINEAR CURVE FIT RESULTS (YeRD + RIwX)

CAL COMPOUND ) Al STANDARD CORR. SAMPLE -
NO. ERROR COEFF. SIZE ~
1. TETRACHLOROETHYLENE -1.4173 0.4476 4.7209 0.7079 3
2. METMYLENE CHLORIDE 23.0903 -0.0917 6.1572 0.2948 20 j
3. CARBON TETRACHLORIDE 0.0000 8.0000 0.0000 2.0800 ] ,
4. 1.2-DICHLOROETHYLENE 4.0000 0.0000 0.0000 8.0000 ]
S, CHLOROFORM 1.6930 0.2243 4.4280 0.19%% 3
‘. l-l-l'nlmm 'om 'l”l' 'om‘ .-3”5 l‘
7. DROMOD ICHLOROME THANE 1.3650 -9.1534 0.4636 0.2442 16
6. TRICHLOROETHYLENE 0.2046 8.2481 2.1981 0.490% 3
9. DIBROMOCHLOROMETHANE 1. 1586 -8.2919 0.1686 0.4608 3
18, BROMOFORM 9.67% 0.27%0 0.5941 0.5140 2
11. TRIHALOMETHANES 3. 4341 8.1171 S.163% 0.118% 23
12. TOTAL HALOCARBONS 37.6779 0.01%9 12.1117 8.1026 23
PARABOL IC CURVE FIT RESULTS (Y*R8 + AlxX ¢ A2MmQ) i
CAL COMPOUND (] Y] ]2 STANDARD CORR.
NO. ERROR COEFF. i
{. TETRACHLOROETHYLENE 0.4830 0.1513 0.007? 4,3678 6.7300
2. METHYLENE CHLORIDE 25.8769 -8.5131 0.80%5 5.352% 0.5568
3. CARBON TETRACHLORIDE 0.0000 0.0000 0.8000 8.0000 0.0000
4, 1,2-DICHLORCE THYLENE 0.0000 0.0000 0.0009 0.0000 0.0000
S. CHLOROFORM 21.1113 «2.1965 0.0666 4,3677 0.233%
6. 1.1.1=-TRICHLOROETHANE 1.8619 -9.2263 9.0134 0.5549 0.504S
?. BROMOD ICHLORCME THANE 2.0666 -3.6914 0.0964 8.4606 0.2682
0. TRICHLOROETHYLENE -0.1538 8.3343 ~9.0044 2.1927 8.4924
9. DIBROMOCHLOROME THANE 2.9389 -3.1178 1.072% 0.1484 0.6243
10. BROMOFORM 2.4070 -1.7719 0.565? 0.5762 6.5556
11. TRINALOMETHANES 14. 4383 -0.6874 0.0174 s.1538 9.1333
12. TOTRL HALOCARBONS 3%.3212 0.0679 -8.0002 12.0043 8.1228
LOGARITHMIC CURVE FIT RESULTS (LOGLYJeR@ +A 1L 0GLXJ)
CAL COMPOUND ] '] STANDARD CORE..
NO. ERROR COEFF.
1. TETRACHLOROETHYLENE -8.38 0.8834 8.2894 0.8906
2. METHYLENE CHLORIDE 1.419 -8.1246 0.13%9 0.491%
3., CARBON TETRACHLORIDE . 0.0000 9.0000 0.0000 0.0800
4. 1,2-DICHLORCETHYLENE 8.2000 0.0800 0.0008 0.0000
S. CHLOROFORM -9.0813 8.5213 0.2974 8.3233
6. 1.1.1-TRICHLOROE THANE 8.0017 -8.0789 9.3703 0.4797
7. BROMOD | CHLOROME THANE 0.0573 -8.3469 8.2361 0.2242
8. TRICHLOROE THYLENE -8.3192 8.5910 9.2694 8.6918
9. DIBROMOCHLOROME THANE -9.8714  -0.4978 0.1098 0.484%
10. SROMOFORM -8.0404 0.2616 0.2294 0.579¢
11. TRINALOMETHANES 0.3324 0.3660 ~8.2157 9.3697 B,
12. TOTAL HALOCARBONS 1.5146 6.0316 9.1200 0.2391
D-32
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GAS CNROPMATOGRAPH REGRESSION ANALYSIS FOR APR 1, 1979 TO APR 38, 1979
FROM SAMPLE SOURCE S TO SAMPLE SOURCE &

LINEAR CURVE FIT RESILTS (Y=RO + A1

CAL COMPOUND ) el STANDARD CORR. SAMPLE
NO. ERROR COEFF. SIZE
1. TETRACHLOROETHYLENE 1.7099 0.3418 $.6579 0.9618 24
2. METHYLENE CHLORIDE 11.9355 0.48% 4,3069 0.6153 24
3. CARBON TETRACHLORIDE 0.0000 8.0000 0.0000 6.8000 ¢
4. 1,2=-DICHLOROETHYLENE 0.0000 6.000e 0.0000 0.0200 [
S. CHLOROFORM 3.1761 9.2719 2.4711 0.5199 23
€. 1,1, 1-TRICHLOROETHANE -2.1733 2.7576 1.1714 0.9920 17
7. BROMOD ICHLOROME THANE -0.009%4 1.2046 28.6043 0.8907 17
8. TRICHLOROETHYLENE 0.5514 8.39563 2.6570 d.3026 24
9. DIBROMOCHLOROME THANE -9.0130 1.1684 0.2435 9.8287 a3
18. BROMOFORM -0.069%0 0.9478 0.5426 0.9503 23
11. TRINALOMETHANES 3.6885 0.35823 S.9174 9.469% 24
12. TOTAL MALOCARBONS ~2.7734 1.8922 18.9517 0.5%03 24

PARABCL IC CURVE FIT RESULTS (YeA8 + RIxX + AZWOKNQ)

caL CC: POUND Ao Ri A2 STRNDARD CORR.
NO. ERROR COEFF .
1. TETRACHLOROETHYLENE -8.6667 1.3797 -0.0312 S.4253 0.6087
2. METHVLENE CHLORIDE 25. 1221} -8.8766 0.8321 3.9830 0.6643
3. CARBON TETRACHLORIDE 0.0000 8.0000 2.22% €.0000 0.000e .
4. 1,2-DICHLOROETHYLENE 0.0000 0.000e 0.0000 ¢.0008 0.0000¢
S. CHLOROFORM -8.2619 1.3699 -8.9516 1.9371 8.7427
6. 1.1.1-TRICHLOROE THANE 8.08464 0.499% 0.1443 0.2612 0.9996
7. BROMOD ICHLOROME THANE 1.2473 -8.6322 0.3409 0.4140 0.%14
8. TRICHLOROETHYLENE -2.3631 3.3160 -8.2744 2.1292 a.7211
9. DPIBROMOCHLORCHME THANE 1.2867 ~1.,4878 1.1118 0.1437 8.9439
18. BROMOFORM 6.8597 0.8138 0.0968 9.3804 8.9739
11. TRIMALOMETHANES -35.6317 2.5382 -0.8724 S. 1823 0.6341
12. TOTAL HALOCARBONS -36.6380 2.6330 -0.8159 18.6339 08.6086

LOGARITHMIC CURVE FIT RESULTS (LOGI YR8 +A1x 0GIX])

AL COMPOUND Ao Al STANDARD CORR.

NO. ERROR COEFT .
1. TETRACHLOROE THYLENE -8.8248 8.8387 0.2398 0.8999
2. METHLENE "HLORIDE 0.8%01 8.3746 0.8821 0.3646
3. CARBON .&- 'ACHLORIDE 6.0000 @.0000 6.0000 0.0008
4. 1,2-DILr~ WOETHYLENE 0.0000 0.0000 9.000¢ 0.0000
S. CHLOROF .« 0.2546 8.4982 0.1641 Qe.7743
6. 1.1.1-TRICHLOROETHANE -8.1230 1.1735 e.1877 0.9647
7. BROMID ICHLOROHE THANE 0.0687 &.4900 3.209%2 8.6063
8. TRICH.OROETHYLENE -0.0023 8.7722 0.22% 0.8537
9. DIBROMOCHLOROME THANE 8.0043 0.5633 0.08981 0.6424
10. BROMOFORM -8.8203 9.7449 0.1313 0.83521
11. TRIHALOMETHANES 0.2733 8.6766 @.188% 8.6337
12. TOTAL HALOCARBONS 0.118¢ 8.9141 0.1210 0.719
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LOG=NORMAL DPISTRIAUTIONS APR 1, 1979 T0O APR 30, 1979

SAMPLE MONTHLY oNE LOG(Y)=BF(2)
SOURCE AVERAGE SIGMA SLOPE INTERCEPT

TOTAL BIOMAasS

) 30,68 3.8  0,S677E =y 0.1882 1
1 i4,3 3.8 0.,1188E O O0,1141E |
3 S,6 3.1 0,1880F 0 0,6986E 0
[} 2.0 0,6 0,9200E 1 0,36656 0
s 2.7 0,9 0.,98,8¢ =1 0,8179€ O
s 2,3 0,7 0,9035Z 1 0,3877¢ 0
VIABLE BIOMASS
0 5.9 6,8 0,7889% 0 0,8564E 0
| 3,8 1,8 0,2029€ 0 O0,3880F O
] l.S .03 D.MME 0 '0.532‘5 0
] 0,9 2.7 0,5299E 0 «0,6716€ O
¢ 0,8 0,8 0,A038E 0 «0,6620€ O
RES CHLORINE
(] 0.1 0,0 0,8260€ =3 «0,10006 |
(] 10,2 4,7 0,1546E 0 0,9793E 0
3 6,0 3.1 0,8940E 0 O0,6%594E 0
] s.2 0,9 0,8556E «{ O0,704SE 0O
3 1.1 2.3 0,8828E 0 «0,36908 O
¢ 2,3 0.9 0.372SC 0 0,2819€ 0
TURBIDITY=S102
0 9,3 15.3 0,347SE 0 0,16328 1
i 21,2 11,0 G,2263€ 0 O0,1273¢€ 1
] 13,7 6,1 0,2960E 0 0,1065E 1
S 8,3 3.1 0,2128E 0 0,5766€ ©
Y 3.1 1.0 0,1823E 0 0,8670E O
TOT ORG CARBON
0 $3,) 17.1 U I127SE 6 0,.17168E |
1 14,6 5.9 0,1394E 0 O0,1180E 1
3 13,2 7,0 0,185AC 0 0,1081€ 1
8 11,9 6,8 0,1689C 0 0,1038€ ¢
s S.1 8,9 0,8773E 0 0,S0SiF 0O
'Y S, S.1 0,514 0 O0,5136E 0
EO'..
D-34
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CHl SAMPLE
SQUARE 317
23,3750 16
2.,0000 2s
7.3793 29
23,61%4 26 5
8,8000 23 ;
23,9310 29 5
58,8333 12
3.6000 2s
3,8286 28 |
48,3636 22 ;
14,3333 4
3,3333 30
32,0000 8
9,5714 14
15,2857 14 .
2,1667 12 j
35,0769 13 a
16,6687 15 |
49,8261 23 3
2.0769 26 ;
29,0000 30
19,8519 27
9,0000 26
3.3333 30
11,5000 20
6,0000 28
2,8000 s
2,4348 23
0,5833 2e
0,.5389% 24



B LOG<NORMAL DISTRIBUTIONT APR 1, 1979 TO APR 30, 1979
4
. SAMPLE  MONTHL7 ONE LOG(Y)3F (2) CHI SAMPLE
SOURCE  AVERAGE SIGMA SLOPE  INTERCEPT SQUARE stz€
AMMONTA
R
g 0 27,9 a.4 0.6925F =1 0,1840E 1  2,8696 13
k 1 19,2 a,3 0,9988E =1 0,1273E |  7,4615 26
i 3 19.9 a7 0,1108E 0 0,1285€ 1  3.6667 30
. a 19,8 5.4 0,1380E 0 0,1269€ 1  8,0000 25
. 5 17.5 5.0 0.1346E 0 0.1225E 19,6000 25
: 6 17,1 a.8 0,1295€ 0 0,1213E 13,6667 30
’ PH
0 7.2 0.3 0,1722F =1 0,8563E 0  6,3378 23
1 7.0 0.3 0.1629F =1 0.8669€ 0 48,7692 26
3 7.3 0.3 0.1847E ~1 0,8649€ 0  3,6667 30
a 7.6 0,2 0.1173E =1 0.4798E 0  6.5185 27
s 7.4 0.3 0,1S65E =1 0,8699E 0  4,7692 26
6 7.2 0.2 0.1451E =1 0,85638 0 48,3333 30
CONDUCTIVITY
0 1a71 .8 73,5 0,2215E =1 0,3167€ 1  2.43a8 23
1 1866, 0 69.2 0,2035€ =1 0,3166E 1  5,9231 26
3 1525,4 29,6 0.1435E =1 0,3183E {  8,3333 30
a 1537.3 63,8 0.1820€ =1 0,3186€ 1  3,5556 27
s 15a1,8 65.5 0.18a5E =1 0,3188 1  2.8462 26
6 1562,5 73.0 0,2019E =1 0,3193€ 1  6,3333 30
HARDNESS
0 36,2 16,9 0,2186E 0 0,1S12E 1 06,8750 16
1 a25,5 264,0 0.2301E 0 0,2565€ 1  2.5060 20
3 279,58 84,7 0.1231E 0 0.2029€ 1  0,1687 24
a 300,48 9a,1 0.1317€ 0 0,2458Z 1  2.5714 21
s 218,6 73,3 0,1251€ 0 0,2321€ 1  2,0000 20
6 307.0 85,4 0,1182€ 0 0,2471E 16,8333 24
EOF..,
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REGRESSION ANALYSIS FOR APR |, 1979 TQ APR 30, 1979

I
4
1
3
1
|

FROM SAMPLE SCURCE O TO SampLE soumrcE 1

LINEAR CURVE FIT RESULTS (YSA0 ¢ AleX)

D-36

CNA STNSOR UNITS a0 Al STANDARD CORR, SANPLE
NO, , ERROR coerre, s12¢
T, TOTAL SIOMASS NIL C/M . 5642 0,2642 3.,802¢ 0,252 18 ;
2, VIABLE AIOMASSMIL C/ML a,8508 -0,0833 2.1870 0,8379 10 ;
S RES CHLONINE mGsy 8,7811 90,0000  0,7819 __ _ 0.8794 A
6. TURBIOITY=S102NG/L 0,95%0 0,2680 10,9100 0,342¢ 21
9, TOT ORG CARBONMG/L 10,7391 0,0842 $.%30 0,2%27 20
16, AMMONIA MG/t 95,0887 0,388 [}
12, PN e 3.5481 0,4847 0,2003 0,4982 21
13, TOT ORG CARBON “G/L 0.0000 09,0000 90,0000 6,0000 0
18, CONDUCTIVITY MuMu0/CY 00,4140 90,2880 27,9738 0,82%% 21
16, MARONESS w670 ""l'%7.2103 9,25%9 220,1157 90,5690 14
17, SONTumM NG/ 25,0089 90,7623 e,7510 2,878 2
PARABOLIC CURVE FIT RESULTS (Y340 o AjeX ¢ A2exesd) %
cHaA SEngOR UNtTS Ae 'Y A2 STANDARD CONK, .
NO, X =~ _ERROR COEFF.
1. TOTAL BIOMASS MIL C/M 130,5209 -8,3048 0,1887 3,6378 0,8251
2, VIAALE AIOMASSMIL C/ML a,2138 90,1220 -0,0078 2,1%50 0,8639
e 1N R S AN 7/ Sm——v  § § E— [T]) 90,0000 0,7818 0.8798
6, TURBIDITY=SI02MG/L 8,8333 0,338 «0,0010 10,8997 0.345S
9, TOT ORG CARRONMG/L 7,7837 0,1887 =9,0008 5, 9593 90,2939
TS ARMONT A T eB 33 1.8350  =0.0227 41856 I
12, ™ H «30,8208 10,0600 «0,6631 0,221 0,5780
13, TOT ORG CARAON MG/L 09,0000 90,9000 09,0000 00,0000 84,0000
— T CONBUCTIVITY —Wmun07e TaTeT. 8800 =13.2115 0.0087 39,7098 0, 4625
16, MARONESS MG/L 62,0267 17,0877 «0,0998 225,.%%48 0,5801
17, $001um gL _ 2a,522¢ _0,7788 __ <0,0001 ,7503 0.87¢8
T CLOGARTYWWIT CURVE FI. AESULTS (LOG(:]=A0 *A1»- 06 (X1)
CHA SENSOR UNITS Al Al STANDARD conm,
NOS - EXROR COEFF,
1, TOTAL BInMASS MIL C/mML 0,099 0,8308 0,1386 90,1627
T &, VIABLE S10NASIMIC C/NL 0,5068 =0,0187 60,2187 90,2198
S, WES CNLORINE %G/L
6, TURNINITY~S$102%G/L 0,6498 09,3921 90,1924 0,6007
9, 107 00G CARBONMGZL LYY 01,3918 0,1338 0,3048
10, AMMONTA "G/ 60,3383 90,5187 0.,098% 0,33314
12, PH ”™ 09,4178 0,5013 0.0186 0,503
13 . 7107V ORG CARBON “G/L 0,0000 0,0000 90,0000 09,0000
18, CONOUCTIVITY MMMMO/CW 2.3002 0,2618 0,0t81 9,3987
_16, HARONESS nG/L 1,6019 09,6238 0.1%%4 0,6808
T 17, 's001um "G 7T 0,9933 0,899 90,0872 0,801




REGRESSION_ANALYSIS FOR _ibw

1. 1979 10 APR 30, 1979

FROM SAMPLE SOURCE 1 TO 3AMPLE SOURCE 3

LINEAR CURVE FIT RESULTS (YuAO ¢ AleX)

) (L1 SENSOR UNITS AO Al STANDARD CORR, SAMPLE
i NO, ERROR COEFF, s$12¢
}_ 1, TOTAL AINMASS MIL C/M 3.3430 0,087 1,887% 0.558¢ a3
» Q¢ VIABLE ALOMASSMIL C/M, 0,329 0.,1526 1.,8017 0,857¢ 23
R S, RES CMLOMINE _MGL 16131 __0,8895 ___ 0.58e4 ____0.7148 12
. 6. TURBIDITYSSIO2%G/L 6,46513 0.2639 3,3534 0.6862 26
9, TOT ORG CARAONMG/( 2,779 1,09%0 2,9308 0,9079 28
19, AMMONTA NG/ 1.38%2 ;gloszs 2-1g§1, o,ggsz 26
12, PN [ 64,0190 0,6827 0.20%0 0.5878 26
13, TOT ORG CARBON MG/L 0,0000 0,0000
18, CONOUCTIVITY mmmu 1] 9 38 26
16, MARDMESS nG/L 186,031 09,2609 02,1787 0.8848 20
17, saolum Ll V4R $.,57aa 0,8723 66,5898 0.9%5a8 F{ ]
. PARABOLIC CURVE FI1T RESULTS (Y=8Q ¢ AieX o AJeXeeld)
CHA SENSOR usgTrs A0 Al a2 STANDARD CORR,
NO, - 4.0 COEEF .
1. TOTAL BIOmASS MIL C/m, 48,5218 =0,09% 06,0069 1,888 0.5609
2, VIABLE ATOMASSMIL C/M 1,266 9166 =0,0733  1,3779 0.4
s. RES CRLORINE ™G/L «9,5261 3.1930 “G,1618 60,5220 a,7aa0
6, TURBIDITY=S192%G/, 0.8688 0,788 =0,0080 2,845 0.7618
9, TOT ORG _GAAAONMG/Y $,8906 a [} Qa 0.9266
10, AMMONTA “G/L =7 ,9948 1.9281 =0,0251 2,0338 00,8938
12, PH LL) 9,.6816 =1,1183 90,1130 06,2087 0.589%6
13, 10T O®GC CARBON MG/ o,oooo 8000 —_
18, CONQUCTIVITY MNMWNGQ/CY «8240,3360 7.3229 «0,0023 35,392% 00,7312
16, MARONESS nG/L 196,488%9 0.2132 ¢,0000 42,1078 0.88%0
— 17, S007UN we/L 13, ul_;____q_._g_u__h_u_u___g_._u____ 0,9858 —

Locsatinnrc CURVE FIT RESULTS (LOG(Y)340 <Al=LOG(X])

CHA SENION YN1ts A9 3N STANDARD _ CORm
NO, . ERROR COEFF.
1, _TOTAL BTOMASS MIL C/My 0,3062 n,2949 0.1178 0.0780
2. VIABLE AIORASSWIL C/ML «0,7506 '0,9139 0,3430 0,8209
S, RES CMLORINE “G/L 90,0499 0.7642 0,0839 0,728a
6, _TURBIDITY=SI02MG/L =3,1160 0.,9029 90,1703 09,7780
T e, TTOT 0RG CARBONMS/L =0,1568 1,0838 0,1120 0,8087
10, AMMONTIA “g /Y, 0,0272 0,9779 0,0a7¢ 0.9006
12, P™ ) 0,8770 0,8634 90,0122 0,%801
13, TOT ORG CARBON MG/L .0,0000 0,0000
18, CONDUCTIVITY MMMNG/CM 1.0072 0,3976 09,0100 0.67S1
_. 16, HARONESS G/ 1,8008 90,3948 20,0898 0,838
17, socoyms uG/Y 0,1806 0, usn 0.0803 0,%¢a¢
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REGRESSION ANALYSIS FOR 4PR 1, 1979 10 4PN 30, {979

e a—

FROM SAMPLE SUURCE 1 TO SaMPLE SOURCE &

LINCAR CURVE FIT RESULTS (YSA0 + AleX)

b £ SENSON URITS 0 1 STANDARO  CORW, SANPLE
; . ERROR coEre, s12e
! T. TOTAL BIOMASS WIL C/%( 1.0380 90,0268 0,382 0,38%¢ 24 o
> 2, VIABLE BTOMASSMIL C/ML 2,2026 “0,1636 s, 3792 0,0708 20
, S RES CMLORINE _4G/L «0,8772 0.7158 9,5363 0.5032. 12
Sy TURBIBITYSTO2NG L ¢, %056 0,3402 4,280} 0,851 as
9, TOT ORG CARBONMG/L 1,3786 0,8978 3.302¢ o aaae 23
10, AMMONTA NG/ 1,18%3 0,921% 130 38 i3
12, PH 1] . 0840 0,463 0.1913 o 3181 2s
13, TOT GRG CARAQON MG/L 0,0000 0.0000 0.0000 0.0000 °
18, CONOUCTIVITY MMMWO/CM $33,2049 0,0677 7,6827 [PITIE :
16, HARONESS CT-y7N 109,0890 0.2341 *8,5448 0,0699¢ 1e
17, S00IuM MG/Y 10.033S 0,8232 10,4907 0,824¢ 2s .
PARABOLIC CURVE FIT l!;lﬂ.?: (YSAQ ¢+ AlsX o AQexee2)
cHA STNSOR UNLTS ) AL a2 STANDARD COAR,.
NO, il
1. TOTAL RINMASS MIL C/M, z s2es -0,1273 09,0088 9,3784 o.nzrv
2. VIAALE ATQMASSNIL C/MY 2988 0,7930 =0,0080 3628
€S CHLORTNE ~ S/ t!‘!_""}"i'!—_‘"'ﬂ—_"o. . 9.027% ,$3%6 o 8038
* 6s TURBIDTTY=STO2MG/L -z T30t 1,1068 -o 0126 3,2801 0,8153
9, TOT ORG CARSONMG/L 13,0369 *9,7083 0368 tggg 0,93
=TV, AR« WG/ =10,0A80  1.1%Y7 "_-o "‘onz 23,6279 0.84462
12, PH L 4] 39,1938 9,177 [INY1Y 00,1779 0.!702
13, Torv OQG CARSON MG/ 00,0000 00,0000 0,0000 0.0000 90,0000
TiT, TONSUCTIVITY wweng/EN <3137 Fe0 8,753 «0,0017 36,2038 0.7088
16, MARONESS ‘wGs 169,9983 0,3266 «0,0000 68,3870 0,4718
17, s00luM NG/t 08,7338 =0,1132 09,0088 9,8897 0,8a82
T LOGENITHUIC CURVE FIT AESULTS (LOGIYIZAG ¢A1=L0G(X1)
CNA SENSOR UNITS A® AL STANDARD conm,
N0, ERROR CoEFr,
1, TOTAL ATOMA3S MIL C/ML 0.2077 0,121% 0.0A14 9.4718
Y T TABCE A TAWASSRTL C 7w 1,018 9.2221 9. 8317 0,798
S, MES CHLORINE MG/L 9,308} 1.1928 0.0%20 90,7748
6, _TURSIDITYSIO02¥G/L =0,1939 1,0002 90,1728 09,7923
9, TOT ONG CARRONMG/L 0, llT’ . 8940 0.1228 00,6907
10, AMMONTA -c/L -0.0298 1.0127 0,67%2 0,819
12, 0,692 0.,2198 0.0111 9,308a _
13, rer ¢ o’iﬂ'ﬁoo'u nen. 09,0000 90,0000 9.0000 90,0740
18, CONMDUCTIVITY MNuMNQ/CM 1.1018 0.63'! 0.010% 0,748
____ 1b, mARONESS g/ 1,8943 0,369 0,0961 0,68%2
17, sS00tun . TMG7L d.06al v aees 0,0660 0,8813
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RECRESSION ANALYSIS FOR APR 1, 979 TQ APR 30, 1979
FRO™ SAMPLE SOURCE 1 TO SAMPLE SOURCE $

LINEAR CURVE FIT RESULTS (YuAQ ¢ AteX)

CNA stnsor UNITS A0 (3} STANOARD CORR, SAMPLE

NO, ERROR cotrr, S1¢
1o TOTAL BIOMASS MIL C/m, 242167 0.,0216 0.299¢ 0,5217 23
2. VIASLE BINMASSNIL C/w 0,3772 0,0887 2.5703 0,0402 23

RES CHLORINE _MG/\ 90,3930 00,0136 5,0%78 0,90489 11
b, TURBIOITY=SI02MG/L 3, T0AS 90,2328 1.8161 0,811 28
9, TOT ORG CARAONMG/\ ot ,7%0 0,3658 2.80268 0,622¢ t+ 3

10, AMMONIA ng /L 2.992% 0.7741 2. 1182 3.781Y 23

12, P™ 1] 3,00a4 0.610% 0.1909 0.6511 2¢

13, TOT ORG CARMON MG/L 0,0000 0,0000 0,0000 0,0000 0
8, CONOUCTIVITY MMMMQ/CM  $09,8421 9.2013 36,8547 9,173% 24
16, WANONESS me/L 158, 7979 90,0961 27,6299 90,7601 18
17, SOOIum MG/ 10,9698 0.,5009 10,7789 9,815 28 .

PARAROLIC CURVE FIT RESULTS (YZA0 & AjeX ¢ Agexseel)

CHA SENSCR UNITS A¢ AL | A2 STANOATD coan,
N0, [ 44
1. TOTAL GIOMASS wIL C/™, 3. 1408 -0,12643 0,00%8 0,2902 60,5626
——Jo YIAME Momisenll Com, el Ostl  0.3186  o0.0949  Z.3a28  S.if7e

S:_‘!S CHLORINE MG/L 1,5570 “0,2971 0,0170 90,0333 0,9992
6, TURBIDITY=SL02¥G/L 3.9642 - =0,1527 0,0062 1,158 0,928
9, T0T ORG CaRBONMG/L —=0,3872 9,3208 29,0019 2,528} 0.6238

10, AMMONTA MG/ =8,865% 1,93008 «0,0298 2,629 0,8023

12, Mo . L] s,1031 =3,20465 0,0621 09,1908 0,651
3, T0T ORG CARBON MG/L 09,0000 9.9009 09,0000

18, CONOUCTIVITY sMMMNO/CM. «2753,1370 S.1679 «0,0015 35,6481 0,789

16, WARDNESS MG/L 169,0081 0,036° 0,0000 27,4608 0,763%

17, _8001um G/ 33.5060 0.1818 90,0038 288 -

LOGARTTHMIC CURVE FIT RESULTS (LOGIYIZAQ «ALn 0G(X])

CHMA__ SENSQR UNTTS Y Al 8Ta N

NG, ERROR coerr,
—d e TOQVAL_RTIQMASS MIL (/ML  0,2788 __ 0,1099 ~Da.0892 2.5433
Qo VIABLE BIOMASISMIL /M, «Q,73% 0,0270 0,88%8¢ 0,82%7

S, RES CHMLORINE MG/Y «0,139% 0, 8561 0,081 9,997

6, _TURBIDIZY=S102MG/L 90,2507, 90,6811 9,199 9.7013

9, TOT ORG CARBONMG/L -1,297% 1,562¢ 0,277 0,7133

10, AMMONTA ug/L =0,0111 0.9623 09,0793 0,7920

12, P% Lo 0.3718 9,586% 90,0113 0,6890

13, 107 ORG CARRON MG/L 0,0000 0,0000 0.0000 0,0000

14, CONDUCTIVITY mmung/CM 1.,00870 0,0698 0,0102 04,7793
16, MARONESS ug/, 1,7098 90,2287 0,0683 0, 7828
17, sootuym "G/ 0,0628 a,v481 60,0728 0,8353
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: REGRESITON ANALYSIY FOR aPR 1, 1979 10 4PN 30, {979

PROM SAMPLE SOURCE 1 TO SAMPLE 3JOURCE ¢

LINEAR CURVE F1T AESULTS (YeAQ ¢ AleX)

CHA SENSOR uNtiTS AS Al STANOARD coRrRm, sSampL g
N0, CRRON coerr, SIt
1, TOTAL SIOMASS MIL C/M_ 2,0200 09,0097 60,7548 a,02018 23
2, VIAALE BIOMASINIL C/i ([ 1%11 1) =9,03%8 0,8048 90,0838 23
$S._RES _CHLORINE _ MG/ JA761___ 0,932 _____0.453% 12
&, TURAIDITY=SIOQWEG/L 2.1193 0,049 0,899 09,5176 %
®, TOT ORG CARAONNG/L =9,7108 0,328¢ 2,029} 0,668 as
10, ANMONTA LI N 1YY ] 2%
12, PM [T} .., 4236 0,396 0.1563 9.5760 2
13, TOT ORG CARAQN MG/L 09,0000 0,0000
1€, CONOUCTIVITY wwung/C™ 842,6%19 3 28
16, MARONESS NG /L 213.9470 0,17%8 64,7789 0,6019 20
17, SoOTuM "G/ 4,733 0,08808 13,1878 0,8393 1Y
PARABOLIC CURVE FIT RESULTS (YsAQ ¢ AtleX o A2eXsed)
cHa SENSOR UNITS A6 Al A2 STANOARD CORR,
2 ’ ERROR LOErE,
1o TOTAL BTOMASS 4IL C/ML 2.378¢ 0,013¢ «9,0003 0.7988 9,0264
Vl&!&!_!12!Q!5!lL_EZEL____...%;l!EJ____..Q.2212..__:2322!3_____3JJ
o« RES CHLORINE MG/L 0874 -0,22%53 0,0280 09,5301 0.3%72
6, TURBIDITY=SI02MG/L 1.8429 0,0731 «0,0008 0,39%8 0,5238
—_—, TOr OnG CARBQNMG/L = =3,82%9 0,628k  =0.09 9
10, ANMONIA NG/ =13,672¢ 2.47%6 -0 ,0488 33,2848 0,699
12, PH PN 15,3731 S. %486 «0,3984 9,1%50A 09,6198
13, TOT ORG GARRON MG [] n
18, 2ONOUCTIVITY MMMNO/CM =1345,3860 3,1938 90,0008 36,5089 60,8232 .
16, NARONESS ng/L 238,86318 09,0778 09,0000 64,8876 0,4086
17, 8001y .Y/ =16 s ia0300 90,0438

LOGARITHMIC CURVE FIT RESULTS (LOGIYI=AQ +A1=LOG(X})

(1.1 SENSQR  UNITS A9 AL STANQARD COAR,
NG, [T coere,
— e TQTAL_ATNmiSS MI 2% 0.0244 0,09%8 2.121%
2. VIABLE AIOMASSIMIL C/M™, «0,7832 0,1417 0,8209 90,5506
S, RES CMLORINE MG/L “0,1n12 0,5910 0,101¢ 0,3660
8 _TURBIDITY=ST024G/ 0,04 3811 9.4213 0.5%06
9. TOT 090G CARBONMNG/L “1,7363 1,919 0,30%64 90,7897
10, AMMONTA e/ 0,032¢ 0,919 09,0898 0,72%0
12._ % () 0,5235_____0,392% 9,008 0.5827

13, TQT ORG CARAON wG/L 90,0000 60,0000
18, CONOUCTIVITY MwunQ/CN 0,949 0,7019 0,0102 0.4232
. 16, MARONESY e/, 1.7220 0,282% 0,0893 0,6887
17, 3001um e/ 1,6722 1,812¢ 0.1708 0.8082

Py
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RECRESSION ANALYSIS FOR APR 1, 1979 TQ APR 30, {979

FRCN SAMPLE SQUACE 3 TO SaMPLE SOQURCE &

LINEAR CURVE FIT RESULTS (Y340 ¢ Alelx)

o~

D-41

[{T) SENSOR UNTTS AQ Al STANDARD conm, sammLE
~O0, CRtON coerr, 81zt
1o TOTAL NIOWASS WIL C/mi 1.4028  0,181¢ 0.,4300 0, 00% ITE
2, VIABLE BIOMASS™IL C/My 2.1%S 9,340) 84,3138 0,642 20
S RES CMLORING _ MG/L =1,1%61 L0007 0,J923 ___9.%001 12
[ 18 ﬂll"b"?-ﬂﬂ!"clL '.o.l" lol." ’o.”’ 00.’.' 3’
9, TOT ORG CARBONNG/L 1.0020 0.0107 2,1881 0.9367 23
10, ANMONTA Mg/ °0,210 (114l °M12 0, v09%8 9
1¢, PH [ 4. 5a%% 0,4101 0.10% ¢,5302 27
13, TOT ORG CARAQON WG/L 90,0000 0,0000 ,
18, CONOUCTIVITY muMMO/CM 49,28 99%2 38,2253 9.8327 2
- 16, MARONESS uG/L lo.aasn 0,748t s7.4118 0.6826 21
17, 001U~ g/ 90,2174 . 995 0, 05402 G.9280 27
PARAPOLIC CURVE PIT RESULTS (YRAO o AleX ¢ Adexesd)
cHA SENSOR untTS Al Al AY STANDARD conn,.
NO, - ERROR COEFE,
1, TOTAL BIOMASS MIL C/'t 1,9323 0,0279 0,0108 0,824 0, 0971
2, VIABLE BIOMASSMIL C/My 3,9031 =},5438 0,486 a,1490 (3 ]
€. RET CHCORTRE  we7L <Y “I'm [ Wc""'-‘o.oi'gnl' T 0,3896 0.9016%
6, TURBINITYSIO0ANG/L 1,1836 0,6008 0,0260 2,937 0.8648
9, TOT ONG CARBONMG/L S,6802 0 271; 90,0147 1,8998 9,982
. AMMONTA Ly -a:z;s‘f““—ifuc «0,0114 2.1763 o':nu
12, P™ ™ 9,3222 =2a,7216 t.7181 0.10e0 0,8%38
13, TOT ORG CARBON MG/L 3,000 90,0000 90,0000 -
T 1A, CONDUCTIVITY MMwNO/CM  «3340,891 8029 «0,0018 36,7280 0,8378
16, MARONESS e/L 381,8313 00,9962 0.002¢ 63,0500 0,727¢
17, SCOIum o T4 Y 84,7226 0.8118 0.9012 6,0173 v. 9292 —_—
~ LOGARITYRNIE CURVE FIT ABSULTS (LOG(Y) ®AD +A1%LO0G (X1)
(4.1 SEnsOn Ungrs A A} STANDARD (LLI
W, ERACR COEFF,
1, TOTAL AIOMASS MTL C/wy 0,1903‘ 0.3920 9.0640 9,0761
&, VITACE R 1OnEsINIL ¢/, <9.807¢ 0e1337 0.063% 85,7604
S, RES CHMLORINE %G/L «0,2%2¢ 1,208 0,0310 09,9284
6, TURBINTTY=ST02%G/L 0,002 0,994 90,1306 0,386
*.YOT 090G C TRAONSE/L 0 2258 FYSed  0.0A32 0 8707
10, AMMONIA g/ -0,0668 1,0879 0,09AS 0,897%
12,8 " 0,5481 0,588 60,0000 80,5138
T 13, YOV TORG CARAON we&TL 90,0000 0.0000 -
18, CONDUCTIVITY wwung/CM «0,2080 1.0668 0,00% 0,8562
___ 16, naARONESS .G/t 0. 8483 0,6399 6.1022 0.6178
17. 3001um L 7" 0,094 1 1.,0863 0,0362 0. 9512

i o L
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GRS CHROMATOGRAPH REGRESSION ANALYSIS FOR APR 1, 1979 TO APR 30. 1979
FROM SAMPLE SOURCE 4 TO SAMPLE SOURCC S

LINEAR CURVE FIT RESULTS (Y=AB + A1xX)

CAL COMPOUND Ao Al STANDARD CORR.

NO. ERROR COEFF.
1. TETRACHLOROETHYLENE -1.4173 8.4476 4.72989 8.7079
€. PETHYLENE CHLORIDE 23.0903 ~-0.8917 6.1572 0.2948
3. CRRBON TETRACHLORIDE 0.0000 8.00008 8.0008 8.0008
4. 1.2-DICHLOROETHYLENE 0.0000 0.08000 0.28000 8.0000
S. CHLOROFORM 1.6938 9.2243 4.4280 0.1953%
6. 1.1.1-TRICHLOROETHANE 1.0962 e.0018 8.58%4 0.398S
7. BROMOD ICHLOROMETHANE 1.3658 -8.1534 0.4636 0.2442
8. TRICHLOROETHYLENE 0.2046 6.2481 2.1981 0.4885
J. DIBROMOCHLORGME THANE 1. 1586 -0.2919 8.1686 9.4608
16. BROMOFORM 0.6796 8.2788 0.5941 9.5148
11. TRIHARLOMETHANES S.4341 9.1171 5.163% 8.118%
12. TOTAL HALOCARBONS 37.6778 8.0139 12.111? 0.10826

PARABOL IC CURVE FIT RESULTS (Y=A8 + Al%X + AZWIE2)

CAL COMPOUND LN At A2 STANDARD

NO. ERROR
1. TETRACHLOROETHYLENE 8.4938 0.1513 0.007?7 4,3678

2. METHNLENE CHLORIDE 25.8769 -8.5131 8.8e59 5.3%525

3. CARBON TETRARCHLORIDE 0.020008 8.0000 0.0008 0.0000

4, 1.2-DICHLOROETHYLENE 9.0000 8.0000 0.2000 2.ee09

S. C:LOROFORM 21.1113 ~2.1063 0.9666 4,.3677

6. 1.1, 1-TRICHLORDETHANE 1.8619 -9.2263 0.9134 2.5549

?. BROMOD ICHLOROME THANE 2.0666 -8.6914 8.08964 9.4625

8. TRICHLOROETHYLENE -8.1530 8.3343 ~8.0044 2.1927

9. DISROMOCHLOROME THANE 2.9389 -3.1178 1.8725 8.1484

18. BROMOFORM 2.4870 -1.7719 0.5657 9.5762
11. TRIHALOMETHANES 14.4303 -98.6874 0.8174 5.1538
35.3212 0.0678 -0.0002 12.8843

12. TOTAL HALOCARBONS

LOGARITHMIC CURVE FIT F.ULTS (LOGIYI=R@ +A1m OGLXD)

CAL COMPOUND Ao Al STANDARD CORR.
NO. ERROGR CO&FF.
1. TETRACHLOROETHYLENE ~8.3851 0.8834 0.2894 2.68906
2. METHYLENE CHLORIDE 1.4199 -@.1246 0.1359 0.491S
3. CARBON TETRACHLORIDE 9.00090 0.6000 0.9000 8.0080
4. 1,2-DICHLOROETHYLENE 0.0000 2.0000 8.2000 0.0000
S. CHLOROFORM -0.8013 9.5213 9.2974 9.3233
6. 1.1.1=-TRICHLOROE THANE 8.081?7 -3.0789 0.379S 9.4797
7. BROMID ICHLOROME THANE 0.8573 ~9.3469 9.2361 0.2242
8. TRICHLOROETHVLENE -8.3192 8.35910 0.2694 8.6918
9. DIBROMOCHLOROME THANE -9.08714 -@.4978 9.1098 8.484S
18. BROMOFORM -0.0404 8.2616 8.2294 0.3798
11. TRIHALOMETHANES 9.33524 8.3660 -0.215? 9.3697
12. TOTAL HALOCARBONS 1.5146 0.90316 9.1208 2.2391
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RECRESSTION ANALYSIS FPOR APR {, 1979 TQ APR 310, (979

FROM SAMPLE SOURCE S TO SAwPLE SOURCE ¢

LINEAR CURVE FIT RESULTS (YBAD ¢ AleX)

CHR StndoR UnNtTS a0 ) STANOARD Canm, TN
NO, ERROR cotrr, s12¢
1, TOTAL BIOMASS WIL C/™L 2. 337 0,0638 0,751¢ 0,073 1]
2. VIAGLE BIOMASSNIL C/w 0,47%2 «0,0387 0,8203 0.122¢ 26
s L RES CHLORINE  mG/y 2,0214 =0,137¢ 0,46a9 D.0191 12
6, tunxon\vosxoancn. 2,220 0,201 0,80870 0,5088 Y
9, TOT ORG CARBONNG/L 6,2702 90,8203 2.92008 0,8031 23
10, AMMONTA MG/ 2,827 0,79 as 8329
Y L] ) 2.03'!'1—‘ _o'."!'uLcl' 0.1193 'Qo.?vn 26
13, 70T ORG CARGON NG/L 0,0000 90,0000
19, CONOUCTIVITY Mmung/CM 99 x ] 920 F{
16, WARONESS MG/ 0,%19 49,6%0) 0,812¢ 0
17, SOOTUM e/ 16,2092 1,1733 5.0118 0,9738 2
PARABOLJC CURVE FIT RESULTY (YmA0 o Ajex o+ AQeXeeQ)
CHA SEN3OR uniTs A® At A2 STANDARD conn,
NO, b ERRQR COEFF,
1. TOTAL SIOMASS MIL C/wy o 20138 1.2168 «0,1318 0,7380 0,201
2, VIAGLE RlowaSSwIL C/w 90,4939 -0 xooo o 0080 193 90,1318
%, REY CRLORINE wG/C s, 389 0.4349 0, 6708
o. ruuo!oxrv-sreanelu o. oson 0, 7115 -o 0313 0.788s 0, 7227
10T OnG cnanon- 2,1878 90,0606 0.081% 2,0%564 0.8080%
""'TTf‘Tiibu - T 610 0.9711 — =0,00%1 2,6093 0.8306
12, "™ -ss 7068 15,8%39 -1,0290 0.0818 90,9088
13, TOT Oeg cuneon -c/L 0,0000 90,0000 0,0000
ONDUCTIVITY WMMHO/CN  <(30, 1.1089 0. 0001 8,294 9.9920
16, HARONESS »G/L =21%,3%% 3,398 «0,0083 39,5101 0,84859
17, S001uM G/ =20,2%77 1,807 =0,0022 a, 7348 0.9761
T COCARYYNRTT CURVE FIY NESULYS (LOCIYIsad +ATeLOG(XI]
CHA sEnsor ynNiTs a0 [y STANDARD corn,
LY ERROR COEFF,
1, TOTAL BTOMASS MIL C/M, 90,3078 9,1901 90,0030 0,2308
) o VIANLE 810massVil ¢/, .77 =0, 1038 00,8275 0.5608
S. RES CHLORINE ™G/L o 3133 -o 1827 0,0808 0,6668
6, TURBIDTITY=S1024G/L 1936 IS 0,119 09,6729
e Pt ctuoo~d¢7"“"""‘3* e i 0.3301 0.7387
10, ANuONEA ~¢/L 0,1730 0,087 0.0a88 0,887
12, P o.s_no 0.6208___ 0,007 0,809¢
13, 101‘3#!*!1!!3“3671 0,0000 0.0000
18, CONOUCTIVITY mumnQ/CYw 0,0072 0.9933 40,0023 1.0019
_ 16, WARONESS “G/ 0,5872 0,8068 0,0827 0,8%2¢
T 711, $003ym LI 74N «2.1992 L1096 0.0747 0,929
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LOG=NORMAL DISTRIBUTIONY

AVERAGE
FLASH MTIX PH
10,8
PLANT FLOW
1.8
SLUDGE OENSITY
0,9
SLUOGE PUMP
733,.4
LIME FEED VL,

73.1
EQF.,

ONE
SIGMA

0,9

0.3

0,9

139,7

237,2

SEP 3, 1980 TO FEB 28, 198}

LNG(Y)=F(2)
SLOPE INTERCEPT

00,3223 =1 0,1032€ 1
0,10106 0 0,1385€ O
0,3121E »0 =0,1451E 0
0,2065€ 0 0,2849E

0,5289E 0 0,18448E
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CHT
SQUARE

291,7720

189,0946

36,5369

212,8979

63,7471

SAMPLE
S1Z€

149

ia9

147

87




APPENDIX E
STANFORD/WMS DATA FOR ORGANIC REMOVAL BY GAC

This section contains data relative to the performance of activated
age for removal of TOC and trace organics.
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PERFORMANCE OF GRANULAR ACTIVATED CARBON
FOR REMCVAL OF ETHYLBENZENE

I- Influent Concentration, ng/l;

0- Effluent Concentration, ng/l; 0/1- Fractional Concentration

I | NEW RECENERATED| EXHAUSTED
CARBON CARBON CARBON
{ 0 0/l 0 0/l ) on
300 45 115 | 2.s56 70| 1.556 85 | 1.889
600 325 35 | 0.108 35 }0.108 95 | 0.292
200 125 15 | 0.120 20 ]o.160 | 110 | 0.880
1200 240 [105 ] c.438 25 Jo.106 | 130 ] 0.542
1580 55 35 | 0.63 45 Jo.818 | 250 | 4.545
1035 90 [120 |1.333 a5 |o0.500 | 150 | 1.667
2090 25 25 | 1.000 0 |o0.000 35 | 1.400
2830 135 25 | o.185 0 |o0.000 20 | o0.148
3238 60 {130 | 2.167 95 | 1.583
3660 35 0 | 0.000 30 |o.857 30 | 0.857
n2s 80 | 35 |o0.438 0 |0.000 45 | 0.563
4865 75 50| 0.667 30__ | 0.400 2510333 |
400 65 45 | 0.692 35 |o.538
5225 200 40 {0.200 |23 ]1.150
5525 60 235 |3.917
6000 220 |110 | o0.500 40 |0.182
6300 245 (175 | o0.714 80 |o0.327
6600 510 75 |0.147 [145 [o0.288
€900 270 125 | o0.463 60 |0.222
7100 360 |155 ]0.431 |135 |o0.375
Moo 135 25 |0.185 50 |0.370
£-9
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PERFORMANCE OF GRANULAR ACTIVATED CARBON
FOR REMOVAL OF CHLOROBENZENE

1- Influent Concentretion, ng/1; O- Effluent Concentration, ng/1; 0/1- Fractional Concentration

NEW REGENERATED| EXHAUSTED
Lawu.uu-:] CARBON CARBON CARBON
1 0 o 0 on ) o/
300 215 (100 [ 0.465 9 fo.042 | 475 [ 2.209
00 885 (130 [0.147 [170 |0.192 | 245 | 0.277
200 270 25 | 0.003 a5 |0.167 | 535 | 1.%81
1200 1840 1295 |o.160 100 Jo.054 | 300 |o.212
"1 1580 1190 {180 {o0.151 120 fo.101 101 | 0.853
1838 1005 /390 }0.388 }105 f0.104 | 560 | 0.557 ;
2030 135 1100 ] 0.741 40 Jo.296 | 200 | 1.481
2030 730 {120 | 0.164 45 Jo.os2 | 160 | 0.219 ‘f
3235 1550 345 | 0.223 480 0.310
3660 120 50 | 0.417 60 |0.500 | 185 | 1.542
ns 300 [125 lo.417 125 [o6.417 | 270 | 0.906
nes 295 [150 [ 0.508 [135 [0.458 | 190 | 0.644
M 190 {165 | 0.868 8o |o.a21
5225 260 J120 | o0.a62 | 220 |o.846
55128 195 255 | 1.308
000 M5 |235 | 0.681 60 ]0.174
6300 315|345 l1.005 [2as jo.778
6600 890 {510 [o0.5723 {135 [o.152
6900 525 {575 {1.095 |295 |[o.562
7100 9405 posa [ 0.218 |580 |o0.062
900 485  [230 [o0.517 [385 [0.865




PERFORMANCE OF GRANULAR ACTIVATED CARBON
FOR REMOVAL OF 1, 3 DICHLOROBENZENE

I- Influent Concentration, ng/1; O- Effluent Concentration, ng9/1; 0/I- Fractional Concentration

meusl NEW REGENERATED| EXHAUSTED
CARBON CARBON CARBON
' 0 0/ 0 o/ 0 on
300 1315 | 35 | o0.027 15 loonn | 215 | 063
§00 1610 | 50 | 0.031 20 [0.02 [ 190 | o.18
00 4945 0 | 0.000 70 |0.014 | 180 | 0.036
1200 a005 | 70 | 0.017 20 | 0.005 80 | 0.020
1580 4015 | 20 | 0.005 15 [o0.008 | 295 | 0.073
1838 5930 | 100 | 0.017 25 [0.004 | 180 [ 0.030 |
2030 135 0 | 0.000 25 Jo.8s [ 1o [ o0.815
2830 1965 | 25 | 0.013 o {o.000 | 250 | 0.2
3238 905 o | 0.000 215 | 0.238
3660 sas | 20 | 0.045 20 |o.085 | 145 | 0.326 ;
s 620 | 20 | 0.032 30 |o0.048 | 195 | 0.315 , 1
a6s 275 | 15 | o.055 50 |o0.182 | 160 | 0.s82 {
800 165 J200 |1.212 | 150 | o0.909 i
s228 1575 | 75 | 0.048 | 250 | 0.153 3
8523 1980 325 | 0.164 j
6000 375 | 210 | 0.560 50 |0.133 |
6300 585 |160 | 0.278 100_jo0.1n ’
6600 575 | 40 | 0.070 95 | 0.165
6900 610 |640 | 1.049 90 | 0.148
7100 1183 |19 | 0.165 30 |0.025
400 130 | 60 | 0.462 95 |o0.731
E
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PERFORMANCE OF GRANULAR ACTIVATED CARBON
FOR REMOVAL OF 1, 4 DICHLOROBENZENE

I- Influent Concentration, ng/1;

0- Effluent Concentration, ng/l;

0/1- Fractional Concentration

| | NEW REGENERATED| EXHAUSTED
3 CARBON CARBON CARBON
I 0 on 0 o/ () on
300 2010 | 15 | 0.007 65 [0.032 | 190 | 0.095
600 2815 |us | o0.123 70 lo.025 | 190 | 0.067
%00 5070 0o o 105 ]o.021 | 145 | 0.029
1200 4545 | 165 | 0.036 55 Jo.o12 [ 195 | 0.043
1580 15 | 55 | 0.012 50 Jo.oun | 330 | o.075
1838 6820 100 | 0.015 35 Jo.005 | 2a5 | 0.036
2090 200 | 40 | 0.200 30 10.150 | 205 | 1.025
2830 3760 | 30 | 0.008 a0 fo.om | a70 | 028
3233 2075 | 15 | 0.007 365 | 0.176
3660 1280 0o |o 20 Jo.oi6 | 230 | 0.180
a1s 2195 | 20 | o.010 so lowo2e | 310 | 0,48
A6S 835 0 lo 10¢ 10,120 290 0.342
4800 490 199 |o.406 [340 Jo.604
5223 820 |210 |o.256 [175 Jo.213
5828 750 320 |o0.427
6000 2075 (220 | 0.106 |285 |0.137
6300 3025 |135 | 0.045 |210 |0.069
600 75 laas Jo.140 210 |o.066
§900 1525 490 | 0.321 % |o0.062
7100 6344 0 |o 240 |0.038
9800 475 | 20 | 0.082 45 |0.095
£-12




PERFORMANCE OF CRANULAR ACTIVATED CARBON
FOR REMOVAL OF 1, 2 DICHLOROBENZENE -

1- Influent Concentration, ng/1; O- Effluent Concentration, ng/}; 0/1- Fractional Concentration

, ! NEW REGENERATED| EXHAUSTED
CARBON CARBON CARBON
| 0 O/l 0 0/l 0 o/l
300 2220 | 30 | o.014 20 |o.o14 | 260 | 0.117
600 4800 | 45 | 0.009 40 . {0.008 | 230 | 0.048
900 7890 | 15 ]0.002 175 lo.w022 | 270 |o0.03
1280 6510 45 | 0.007 3 005 240 0,037
1580 4655 | 60 | 0.013 75 lo.016 | s3s | o0.11s
1833 6340 | 75 | o0.011 30 lo.004 | 300 o087
2090 230 | 25 |0.109 60 10,261 | 225 978
2830 2420 | 45 | 0.019 50 |o.021 480 | 0.198
3235 1410 25 | o0.018 410 0,291
3660 1170 {15 | 0.013 55 (0,047 | 270 {0,231
n2s 3140 155 o018 f100 Jo.032 [ 365 |o0.16
4865 1325 ] 25 10.009 125 Jo.094 | 330 | 0,249
4800 590 ] 70 J0.119 180 Jo.305
228 430 | %0 {o0.209 80 |0.186
5523 325 80 |o0.246
6000 1520 | 40 | o0.026 95 |o0.063
6300 2745 0 |o 80 |0.029
6600 3030 |155 |o0.051 70 |o.023
6900 0 {235 [1.119 50 |o0.238
7100 3906 610 |0.156 [200 |0.051
9400 585 |50 Jo.0es {100 lo.an
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PERFORMANCE OF GRANULAR ACTIVATED CARBONW
FOR REMOVAL OF 1, 2, 8 TRICHLOROBENZENE

I- Influent Concentration, Nng/1; O- Effiuent Concentration, ng/1; 0/1- Fractional Concentration

I I NEW REGENERATED| EXHAUSTED
CARBON CARBON CARBON
i 0 on 0 ,; O/l 0 o/l
30 17290 1625 | 0.036 | 610 §0.035 | 1295 | 0.075
600 12590 | 85 | 0.007 50 | 0.004 655 | 0.052
i 200 12160 | 50 | 0.004 J:0i0 | 0.083 550 | 0.045
1200 16180 | 95 | 0.006 50 | 0.003 365 | 0.023
1580 18190 1105 | 0.006 70| 0,0 1850 | 0,058
1835 44345 1105 | 0.00? 60 ,0.001 705 1 0,016
2090 220 1365 | 1659 |s545 |2.477 1080 | 4909 |
2830 7495 | 60 ) 0.008  ]195 Jo.026 | 1050 | 0,140
3233 4020 | 85 | 0.021 945 | 0.235
3660 7420 | 90 | 0.012 70| 0.009 1015 | 0.137
25 10660 | s0 | 0.00s {370 10,038 675 | 0.063
MAGS 4685 70 10015 1595 19,127 B1S | 0.1724
4800 31056 |100 | 0.032 135 | 0.043
5228 1090 | 95 | 0.087 155 | 0.142
5528 1095 85 |0.078
6000 5440 810 [ 0.149 | 255 |0.047
300 4840 | 65 | o0.013 165 |0.034
6600 8655 l190 | o0.022 140 |0.016
§900 7840 385 | 0.049 75 |0.010
7100 7439 | 75 ]0.010 |190 |0.026
5000 2045 | 50 | 0.024 120 |o.089
4
E-14
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I- Influent Concantration, ng/l;

0- Effluent Concentration, ng/1; 0/1- Fr. .zional Concentration

PERFORMANCE OF :ZRANULAR ACTIVATED CARBON
FOR REMOVAL OF NAPHTHALENE AND 1, 2, 3 TRICHLOROBENZENE

| ! NEW REGENERATED{ EXHAUSTED
CARBON CARBON CARBON

| %) o/l 0 0/l 0 o/l

300 9725 475 | 0.049 480 | 0.049 665 | 0.068

€00 7865 75 | 0.010 115 | 0.015 435 | 0.355

900 7320 65 | 0.009 1095 | 0.150 435 | 0.059

1280 4990 70 | 0.014 245 | 0.049 380 | 0.076

1580 3950 150 | 0.038 140 | 0.035 635 | 0.161

1838 7930 35 | 0.004 20 ] 0.003 405 | 0.0%1

2090 1305 260 § 0.199 1 1365 | 1,046 1500 | 1,149 |

2830 1880 165 | 0.088 345 ] 0.184 470 ! 0,750

3233 2335 50 | 0.021 336 | 0.167

3660 3560 50 1 0,014 | 345 | 0,007 470 1 0.132

8128 5845 15 | 0.003 155 | 0.027 395 1 0,068 |

8§55 1335 45 | 0.034 115 10,086 435 | 0.326
4800 1460 15 | 0.010 20 | 0.014
5228 235 25 | 0.106 50 | 0.213
528 250 40 | 0.160
6000 680 280 | 0.412 65 | 0.096
6300 530 1280 | 2.415 40 | 0.075
6600 845 250 | 0.296 20 | 0.024
6900 560 1485 | 2.652 15 | 0.7
7100 1124 410 | 0.365 8s | 0.076
5400 2515 35 | 0.014 20 | 0.008
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PERFORMANCE OF GRANULAR ACTIVATED CARBON
FOR REMOVAL OF HEPTALDCHYDE

{- Influent Concentration, ng/1; O- Effluent Concentration, ng/1; 0/1- Fractiom] Concentration

I | " NEW RECENERATED| EXHAUSTED
‘CARBON CARBON CARBON
[ 0 o/l 0 0/l 0 on
300 40 80 | 2.000 105 |} 2.625 0 0
600 0 0 0 55
200 140 40 | 0.286 75 | 0.536 0 [o
1240 80 0 lo 120 |1.375 80 1.000 5
1580 85 75 ] 0.882 65 |0.765 435 5.118
1833 160 20 | 0.125 15 | 0.094 215 1.344
209 35 15 | 0.429 0o |o 0 0 .
2030 205 120 | 0.585 80 ] 0.390 0 0
3218 40 35 | 0.875 ' 45 1.125
3660 50 50 | 1.000 135 | 2.700 40 0.800
a2s 130 115 | 0.885 135 | 1.038 55 0.423
T 0 30 85 0
MO0 240 35 | 0.146 25 ]0.104
5215 1910 50 | 0.026 265 | 0.139
8525 370 145 | 0.932
$000 180 190 | 1.056 75 | 0.417
6300 150 220 | 1.467 130} 0.867
ssoe 1445 160 | 0.111 200 |o.138
3% 1530 0 ]o 140 | 0.092
7100 0
L) 0 ]
E-16




PERFORMANCE OF GRANULAR ACTIVATED CARBON
FOR REMOVAL OF P-XYLENE

I- Influent Concentration, g¢/1; 0- Effluent Concentration, ¢/1; 0/1- Fractional Concentration

| I NEW REGENERATED| ZXWAUSTED |
. CARBON CARBON CARBON
' 0 o/l 0 on 0 o/l
300 80 60 | 0.7%0 0 Jo 115 1.438
€00 9 3% | 0.368 25 |0.263 106 1.083
900 60 oo 0o {o 105 1.750
1200 55 95 | 1.727 0 |oO 75 1.364
1580 50 30 | 0.600 30 |0.600 | 220 | 4.300 |
1838 75 120 | 1.600 35 | 0.467 120 1.600 ;
2000 30 | 30 [ 1.000 o lo 9 | 1.333 3
2030 ss | 35 | 0.636 o o 30 | 0.545 i
5233 125 | 50 | 0.400 90 | 0,720
3880 60 0 jo 35 | 0,583 30 0,500
ns 65 30 | 0.462 35 | 0.538 50 | 0.769
AR6S 35 40 [ 1.143 25 | 0.714 0 0
2800 es 20 | 0.23s 0 |o
5213 55 0o ]o 135 | 2.455
5328 30 95 | 3.167 5
6000 65 40 | 0.615 20 | 0.308 3
6300 0 75 45 )
cs00 0 120 80 ‘
" e%00 190 70 | 0.368 65 | 0.342 ‘
7100 220
9400 70 55 | 0.786 8o | 1.143
!
!
E-17
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PERFORMANCE OF GRANULAR ACTIVATED CARBON
FOR REMOVAL OF M-XYLENE

I- Influent Concentration, ng/1; 0- Effluent Concentration, ng/1; 0/I- Fractiona]l Concentration

F’“""‘J NEW REGENERATED| EXHAUSTED
CARBON CARBON CARBON
[ 0 on ) o/ 0 on
300 155 {270 j1.742 f105s Jo.677 | a40 | 2.839
600 360 |105 | 0.202 90 Jo.2s0 | 295 | 0.819
200 50 s |o0.500 | 20 }o.400 | 350 | 7.000 -
1200 185 |3s0 |2.108 25 fo0.135 | 235 | 1.270 |
1530 90 |8 Josss | 95 liose | 695 | 7.722
1835 110 |35 |2.864 100 [0.909 | 460 | 4.182 :
2090 70 65 | 0.929 15 Jo.214 | 125 | 1.7186
2830 135 110 | o0.815 15 |o.111 75 | 0.556
3235 320 95 | 0.297 310 | 0.969
3660 215 55 |o0.2s6 |100 |o0.465 | 105 | 0.4e8
mas 180 75| 0.417 35 10.194 180 1.000
M6S 150|120 | 0.800 60 Jo0.400 | 135 | 0.900
800 120 40 | 0.333 25 |o.208.
5228 75 275 | 3.667
5525 70 185 | 2.643
000 110 60 | 0.545 35 |0.318 .
6300 105 95 |0.905 [100 [o0.952
600 215 65 |0.302 |175 [o0.814
6900 200 80 |o0.400 |115 [o0.575
7100 490 Jees |1.357 }soo |1.020
9800 175 65 [0.371 [125 Jo.714

E~18
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PERFORMANCE OF GRANULAR ACTIVATED CARBON
FOR REMOVAL OF 2-METHYL NAPHTHALENE

I- Influent Concantration, ng/}; 0O- Effluent Concentration, ng/1; 0/1- Fractiom) Concentration

LM!UMJ NEW REGENERATED| EXHAUSTED
CARBON CARBON CARBON
| 0 on 0 o/l 0 ol
300 130 o }o o Jo 0 0
» €00 75 30 | 0.400 0 [o 50 0.667
] $00 100 15 | 0.150 45 | 0.450 40 0.400
' 1200 105 40 lo3s  [ies [1.5m1 | 226 |2.143
1580 130 0 19 0 1o 55 | 0,423
) 1838 135 30_]0.222 20 lo.148 90 ] 0.667
1090 0
‘ 30 365 170 | 0.466 25 0.068
3233 40
3660 0
nas 40
s 0
400
5229 265 90 | 0.340
3528 185
6000 ns 280 | 0.889 95 ]0.302
€300 80 100 | 1.250 30 Jo0.375
i 85 20 | 0.238 30 10,353
€300 0 155
7100 75 105 | 1.400 25 10.333
900 95 40 | 0.421
£-19
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I- Influent Concentration, ng/1; O- Effluent Concentration, ng/l; 0/1- Fractional Concentration

FERFORMANCE OF GRANULAR ACTIVATED CAKBON

FOR REMOVAL OF 1-METHYL NAPHTHALENE

LmunJ NEW REGENERATED| EXHAUSTED

CARBON CARBOM CARBON
[ o o/l 0 o/ 0 o/l

300 80 0o Jo 0 |o o |o
600 45 30 | 0.667 0 |o 25 | 0.556
200 90 0 {o s5 lo.sll §0 | 0667
1280 120 25 10208 | s0 10,417 0 loayy |
1580 115 0 |o 0 |o 110 0.957
1038 70 o |o 0 |o 0 | 0.571
2090 0 0 0 0

2830 385 [170 | 0.442 0o |o 1s | 0.039
3233 45 0o |o o |o
3660 0 0 0 0

aas 80 0o |o 0o |o o |o
a6s 20 0 |o 0o o 0o |o
4800 0 40 0

5225 290 0 |o 115 {0.397

5528 85 0

000 365 |47 | 1.201 | 130 |0.356

6300 80 [135 | 1.688 65 |0.813

6500 160 65 | 0.406 40 ] 0.250

€900 0 |[205 0

7100 435|355 | o0.732 65 |0.134

9400 85 15 | 0.176 0 |o

E-20




PERFORMANCE OF GRANULAR ACTIVATED CARBON
FOR REMOVAL OF TOTAL ORCANIC MALOGEN - TOX

e

1- Influent Conceitration, uvg/i; O- Effluent Concentration, u9/1: 0/1- Fractional Concentration

]
: | ’ NEW REGENERATED| EXHAUSTED
f CARBON CARBON CAKBON
) [ o o/l ) 0/ o T on
> 30 160.0 | 50.0] .313 56.9] .35 | 142.0¢ .sse
i: d 200.0 | 35.6] .175 38.0] .186 | 149.0] .730
900 294.0 | 113.0] .384 0.2} .205 | 167.0] .se8
1200 263.0 |i16.0] .441 97.3] .m0 | 172.0] .64
1580 316.0 | 75.4f .239 133.0] .421 | 187.0] .se2
1838 400.0 | 38.7] .097 | 123.0f .308 | 222.0| .55
205 276.0 | s8.4] .212 47.3] AN 149.0 | .s504
230 147.0 | 38.0f .259 59.9] .407 | t30.0| .8s4
3238 112.0 158.0 | 1.421
3660 150.0 | 7o0.6] .4n1 64.6{ .42 172.0 | 1.147
s 121.0 | 90.5] .78 105.0] .368 | 115.0] .950
486s 144.0 |[102.0] .708 | 100.0] .694 90.8 | .631
4800 105.0 ] 148.0] 1.410 111.0{ 1.087
5228 197.0 | 72.3 .492 85.5| .582
5828 151.0 | 66.5] .440 83.0| .sso
6000 1.0 | e6.0] .595 19.3] .ns
6300 93.4 | 68.1] .729 | 117.0§1.2853
6608 86.5 | 91.7] 1.060 13.2| .846
900 91.1 | 64.3| .70 76.6] .841
7100
9400 i ]
| .
P
V
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PERFORMANCE OF GRANULAR ACTIVATED CARBON
FOR REMOVAL OF PURGABLE ORCANIC HALOGEN - POX
I- Influent Concentration, ug/l; 0- Effluent Concentration, ug/1; 0/1- Fractional Concentration
M NEW REGENERATED| EXHAUSTED
CARBON CARBON CARBON
[ ) on 0 on 0 0/
%0 9.4 | 62| .063 .2 | 003 | 5.1 .763
00 129.0_ 123.0 | 179 [21.1 | .16 {112.0 | 868
200 187.0 |sd.i | .s03 | 3s.3 ]| .20 lne.n | 620
1200 173,0 1040 | 601 93,1 1 .s38 [n2.0 816
1500 191.0 | 5.6 ! 029 hor.o | .560 |118.0 | .618
! 1038 2100 | ss| .07 |77 | 369 [139.0 | .662
2080 99.2 | 6.1 | .06 3.4 | .04 | 79.8 | .795
' ) 811 [13.0 | .160 J15.5 | o | 65.2 | .84
l 3233 33.6 83.7 | 2.491
3660 93.6 {301 | .32 fe2r.1 | .290 ! 4v.3 | .am
as 4.0 (382 f1.121 Jes.6 [1.301 | 46.0 | 1.353
; nes 4.0 [33.5] .83 [3s.8 | 970 | 28,6 | .15
800 23.3 (26,7 [1.146 | 31.3 |1.343
' | sas 3.9 |24.9| .806 |25.9 | .838
3323 16.4 1304 [1.854 | 31.9 |1.945
6009 29.8 [3:.8 |1.067 |32.0 |1.074
6300 " 28.0 [29.6 | 1.057 | 26.4 | .945
6500 222 |es.a [2.005 [23.4 |1.054
980 19.3 [19.4 | 1.005 |18.6 | .94
] 700 |
"o |

£-22
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APPENDIX F
PLANT DOWNTIME AND MAINTENANCE LOG
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. { APPENDIX F §
i 3 ;
i PLANT DOWNTIME AND MAINTENANCE LOG

This section contains a chronological listing of equipment problems experienced

during Part II of the test period.
)
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APPENDIX G

WMS COSTS

This section contains operating and maintenance costs incurred by each
sensor/subsystem in the WMS during the test period. A list of recommended spares
is also included.

Sample Collection and Distribution System

The following expenditures can be expected for 8 months of continuous opera-
ticn:

1) 50 Stainless Steel Filter Screens $ 66.00
2) Pneumatic Cylfinder 45.00
3) Pump Boots 20.00
4) Pump Parts 66.00
5) Drive Belts 12.50
6) Red Valv.s 62.50
7) Pressure Transducers 165.00
8) Red Valves Sleeves (4) 120.00

Total = $557.00

Recommended Spares:

1) 50 Stainless Steel Filters (10)

2) Pressure Gages (1)

3) Pump Boots (4)

4) Honyo Pump (1)

5) Drive Belts (2)

6) Red Valves (1)

7) Pressure Transducer (1)

8) Red vValve Sleeves (4}

9) Pneumatic Back Flushing Cyiinder (1)

The only major hardware components to fail during the test period were Red
Yalves, one Monyo pump, and one pneumatic cylinder. As such, it is not yet
possible to estimate the 1ife expectancy of the system except to state that it
should be at least 4 years.

during the course of the test period, 7 man-hours were spent for scheduled
maintenance and 9.75 man-hours for unscheduled maintenance.
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Commercial Seasors ?
Total Organic Carbon |
The following expenditures can be expected for & months of continuous E
operation:
1) Phosphoric Acid $145.00 :
2) Pump Tubing 33.00 g
3) Sample Pump 250.00 :
4) Persulfate 744.00
5) U.V. Lamps (3) 540.00
6) Filters 33.00

Total = $1725.00

Recommended Spares:

1) Sample Pump (1)

2) Reagent Pump (1)

3) U.V. Chamber Pump (1)

4) U.v. Lamps (3)

S} Pump Tubing

6) Fiberfax Filter (Mist Filter) (1 1b.)

The overall life of the aralyzer -has yet to be determined. During the
course of the test period 32.0 min-hours were spent on routine maintenance and
11.5 man-hours on unscheduled maintenance.

Hardness Analyzer

The following expenditures can be expected for 8 months of continuous

operatisn:
1) Bromide Electrodes $ 175.00
2) Copper Electrodes 272.0C
3) #113201 Reagent (21.45 Gal.) 1393.70
4) Pump Tubes (3 sets) 90.00
5) Calcium Carbonate 7.00
6) Ammonium Hydroxide 3.00
7) Hydrochioric Acid 3.%

Total = (9450

Recommended Spares:

1) Pump Tubes (2 sets)
Z) Promide Electrode (1)
3} Coopper Electrode (1)




The overall l1ife of the analyzer has yet to be determined. However, the
apparent 1ife expectancy of several of the components has been determined:

1) Electrodes - 6 months
2) Pump Tubes - 3 months
3) Flow Cell - 2 years

OQuring the course of the test period, 67.75 man-hours were spent on
routine maintenance and 4.75 man-hours on unscheduled maintenance.

Nitrate Analyzer

The following expenditures can be expected for & months of continuous

operation:
1) Phosphoric Acid $329.00
2) Marshals Reagent 327.00
3) Sulfanilamide 198.00
4) Poppet Valves 30.00
5) Cadmium 50.00
6§) Potassfum Nitrate 8.00
7) Ammonium Acetate 10.00
8) Acetic Acid 10.00
Total = Sm

Spares

1} Poppet Valves (4)

2) Metricone Drive w/ Motor (1)
3) Pump Bellows (1)

4) Pump Motor (1)

£} Uiaphragms (Air Pump) (2)

The overall life expectancy of the analyzer has yet to be determined.
However, the apparent 1ife expectancy of several components has been
determined.

1) Metricone - 2 years
2) Pump Motor - 3 years
3) Pump Poppet Valves - 6 months

During the course of the 2%est period, 19.5 man-hours were spent on
scheduled maintenance and 22.0 man-hours on unscheduled maintenance.

pH Ana]xzer

The only operating cost incurred during operation will be $50.00 for
- standards. It {s recommended that a spare electrode be kept on hand. The
i estimated life expectancy of the electrode is 3 years. During the course of
: the test period, 2.0 man-hours w:re spent on routine maintenance and 1.0
man-hour on unscheduled maintenaice.
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Residual Chlorine Analyzer

The following expenditures can be expected for 8 months of continuous
operation:

1) Redox Electrodes $150.00
2) lodine Electrodes 150.00
3) #112501 Reagent 456.00
4) #112502 Reagent 456.00
5) Residual Chlorine Standard 19.80
6) Pump Tube Sets (3) 150.00

Total = ST3BT. 8O0

Recommended Spares:

1) Pump Tubes (2 sets)
2) Redox Electrode (1)
3) Iodine Electrode (1)

The overall life expectar:y of the analyzer has yet to be determined.
However, the apparent life expectancy of several of the components has been
detemmined:

1) Electrodes - 6 months
2) Pump Tubes - 3 months
3) Temperature Controlled Flow Cell - 3 years

During the course of the test period, 50.75 man-hours were spent on
routine maintenance and 2.25 man-hours on unscheduled maintenance.

Sodium Analyzer

The following expenditures can be expected for 8 months of continuous
operation:

1) Sodium Electrode (1) $165.00
2) Reference Electrode (1) 42,00
3) Anhydrous Ammonia (1 cyl.) 45.00
4) Sodium Chloride (3.3 1bs.) 14.52
5) Reference Electrode Electrolyte 15.00
Total = $ZBI.52

Recommended Spares:

1) Sodfium Electrode (1)
2) Reference Electrode (1)

The overall life expectancy of the analyzer has yet to be determined.
However, the 1ife expectancy of the reference electrode is approximately 1
year.

G-4




During the course of the test period, 70.00 man-hours were spent on
scheduled maintenance and 13.5 man-hours on unscheduled maintenance.

Temperature Sensor

The following expenditure can be expected for 8 months of continuous
operation of the two temperature sensors.

Action Pac electronics module (1) $125.00
The only recommended spare is 1 Action Pac electronics module.
The 1ife expectancy cf the sensor has yet to be determmined. Ouring the

course of the test period, .5 man-hour was spent on scheduled maintenance and
.5 on unscheduled maintenance.

Turbidity

The following expenditures can be expected for 8 months of continuous
operation of the Sigrist Model UP52-TJ Photometer:

1) Chart Paper (2 rolls) $32.00
2} Light Source (2) 15.00
3) Glow Lamp (1) 9.50

- Total = $58.50

Recommended Spares:

1) Chart Paper (1 roll)
2) Light Sources (2)

Since there have been no major component failures in the Sigrist
Photometer, the 1ife expectancy has yet to be determined. Ouring the course of
the test period, 2.25 man-hours were spent on scheduled maintenance and .25
man-hour on unscheduled maintenance.

Ammonia Analyzer

The following expenditures can be expected for 8 months of continuous
operation:

1) Sodium Hypochlorite $501.00
2) Sodium Hydroxide 52.00
3) Phenol . 134,00
4) Sodium Metaphosphate ' 7.50
5) Ammonium Chloride 4.00
6; Pump Check Valves (&) 60.00
7) Hydrochloric Acid _ 30.50

Total = $789.00
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Recommended Spares:

1) Metricone Drive Unit w/motor (1)
2) Pump Check Valves (4)

3) Glass Flow Cell (1)

4) Spare Pump Motor (1)

5) Pump Bellows (1)

6) Diaphragms (Air Pump) (2)

The overall 1ife expectancy of the analyzer has yet to be determined.
However, the apparent 1ife expectancy of several of the components has been
determined:

1) Metricone Assembly - 2 years
2) Pump Motor - 3 years
3) Pump Check Valves - 3-5 months

During “he course of the test period, 159.75 man-hours were spent on
scheduled mai:cenance and 18.25 man-hours on unscheduled maintenance.

Conductivity

The Beckman conductivity sensor required no consumables and suffered no
part failures during the test period.

There are no recommended spares for this sensor.

During the course of the test period, .5 man-hour was spent on scheduled
maintenance, and no man-hours on unscheduled maintenance.

Dissolved Oxygen Analyzer

The following expenditures can be expected for 8 months of continuous
operation for the Delta Scientific unit:

1) Sodium Sulfite $ 10.00
2) Cobalt Chloride 8.00
3) Membrane Kit (1) 42.00
4) Electrolyte 15.00
) D.0. Test Kit 25.00

— Tota) = $100.00
Recommended Sparzs:
1) Membrane Kit (3)
The overall 1ife expectancy of the analyzer has yet to be determined. The

only significant failure which took place was the electrode. Based on this it
appears the electrode's life expectancy is 4 years.
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During the course of the test period, 4.0 man-hours were spent on routine
maintenance and 0.5 man-hour on unscheduled maintenance.

Chemiluminescence Biosensor

Since the biosensor is a prototype unit unique to the WMS, the major

initial material cost figures are presented:

1) Photometer (1)

2) Peristaitic Pumps (2)
3) Chart Recorder (1)

4) Teflon Valves (5)

5) Air Solenoid Valves (6)
6) Flow Meters (2)

7) Tubing and Fittings

$2,000.00
1,046.00
700.00
600.00
480.00
100.00
200.00

Total = $5,176.00

The following expenditures can be expected for 8 months of continuous

operation:

1) 5- Amino- 2,3- dihydro- 1,4 -
phthalazinediane (12 g)
2) Sodium Hydroxide (50%) (1 qt)
3) Hydrogen Peroxide (30%) (1 pt)
4) Carbon Monoxide (3 cylinders)
5) Pump Tubes (4 pks)
6) Solenoid valves (2)
7) Valve Bushings (4)

Recommended Spares:

1) Photomul tiplier Tube (1)
2) Valve Bushings (8)

3) Teflon Valve (1)

4) Solenoid Valve (1)

5) Peristaltic Pump (1)

$ 30.00

7.m
11.00
173.50
10.00
180.00
6.00

Total = $418.00

As there have been no major component failures, the 1ife expectancy of the

b’osensor has yet to be determined.

During the course of the test period,

77.0 man-hours were spent on

scheduled maintenance and 15.0 man-hours on unscheduled maintenance.

Coliform Detector

The estimated material cost for the breadboard detector is $5K.




The following expenditures can be expected for 8 months with one run a

day:
1) Media (5.6 1bs) $ 89.00
2) Platinum Electrodes (3) 255.00
3) Nitric Acid (2 pts) 45.00
4) Pump Tubes (5 pks) 33.50
5) Thermometers (5) 118.00
6) Thermistors (3) 61.00
7) Temperature Control Boards (2) 125.00
8) Electrolyte (6.6 pts) 40.00
Total = $766.50

Recommended Spares:

1) Thermometers (5)

2) Electrodes (3)

3) Peristaltic Pump (1)
4) Teflon Valves (2)

5) Valve Bushings (10)
6) Valve Port Faces (10)
7) Solenoid Vaives (2)

As yet the overall 1ife expectancy of the coliform detector has not been
determined. However, the apparent 1ife expectancy of the electrodes appears to
be 3 years. The life expectancy of the valve bushings and port faces is also 3
years.

During the course of the test period, 110.00 man-hours were spent on
routine maintenance and 100,00 man-hours on unscheduled maintenance.

Gas Chromatograph

The initial cost of the WMS automated GC was $78K.

The following expenditures can be expected for 8 months of continuous
operation:

1) Nitrogen Gas (2 cyl) $130.00
2) Argon-methane Gas (3 cyl) 150.00
3) Chart Paper (4 boxes) 237.00
4) Printer Head (1) 100.00
5) Valve Bushings (2) 50.00

- Total = -$657.00
Recommended Spares:
1) Preparative Column Prefilter (1)

2) Bendix Valve Bushings (2)
3) Analytical Column (1)
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The useful 1ife of the GC has yet to be determined. The {instrumentation
should last for many years; however, the analytical and preparative columns may
require replacement more often.

During the course of the test period, 51.0 man-nours were spent on routine
maintenance and 140.0 man-hours on unscheduled maintenance.

Cefonized Water System

The following expenditures can be expected for 8 months of continuous
operation:

1) Rogard Filters $ 130.00
2) Carbon Filters 160.00
3) lon-Exchange Filters 475.00
4) Reverse Osmosis Cartridge 550.00
5) Pump Impellers (3) 16.50
6) Sodium Hypochlorite 23,00
7) Chlorine Filter 16.00

- Total = $1370.50
Recommended Spares:

1) Pump Impellers '3)
2) Rogard Filters (8)
3) Carbon Filters (4)
4) Ion-Exchange Filters (8)

The useful life of the defonized water system has yet to be determined.
The Yife expectancy of the various filters has varied significantly throughout
the test pariod.

During the course of the test period, 10.0 man-hours were spent on routine
maintenance and 3.5 man-hours on unscheduled maintenance.
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