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Section 1 The Trinity River Authority of Texas (TRA) is a political subdivision
charged by Legislative mandate with three functions. These include
BaC kg roun d maintenance of a Master Plan for Basin wide development, serving as

local sponsor for federal water projects and providing services authorized -
by the Texas Legislature within the
defined territory of TRA. Public services
currently provided by the Authority
include wastewater treatment, water
treatment, irrigation, recreation and
reservoir facilities.

Lake Livingston
N /Trin:j County
TR / //’

Each operating endeavor of TRA is an

, independent financial entity. On a
functional basis the Authority operates as
a governmental utility, receives no direct
tax revenues or revenue sharing and is
compensated for services rendered.

One of TRA's operating endeavors is
Lake Livingston. Located in the East
Texas Piney Woods, Lake Livingston
was created for water supply purposes.
Built, owned and operated by the Trinity
. River Authority of Texas under contract
San Jacinto County with the City of Houston, the
construction of the Lake was financed
through the sale of revenue bonds redeemed with income derived from the
sale of water. Water stored in the lake is used to supply industrial,
municipal and agricultural needs in the lower Trinity River Basin and the
Houston/Galveston metropolitan area. The Lake covers approximately
90.000 surface acres and has more than 450 miles of shoreline extending
into Polk, San Jacinto, Walker and Trinity Counties.

In 1969. the Texas Water Quality Board, a predecessor of the Texas
Natural Resource Conservation Commission (TNRCC), approved and
issued Order No. 69-5 to the Trinity River Authority which established a
Water Quality Area surrounding Lake Livingston. This was the first
order of its kind for river authorities to be established in the State and
covers all areas within 2,000 feet horizontally from the shoreline of the ‘
lake. Rules and regulations pertaining to the installation of on-site ,
sewage disposal systems, commonly referred to as septic systems, within
this area were established and TRA was designated as the authorized
agent to perform necessary administrative functions.

Soils within this Water Quality Area generally are not ideally suited for
subsurtace soil absorption required for conventional wastewater disposal
facilities. For many years conventional disposal systems were installed
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Section 1 and often malfunctioned due to overuse and poor soil conditions. In 1990
the concept of a residential aerobic treatment system with surface spray
Bac kg round disposal was presented to the staff at Lake Livingston. It offered an

alternative to the conventional systems and was better suited for

In1 991 the first on-site aerobzc treatment system
was installed in TRA’s water quality area around
Lake Livingston.

Historically, a major cause for bacteria limits
exceeding TNRCC standards is simply lack of
maintenance.

wastewater disposal in areas with poor
soil permeability. These systems offered
complete treatment of the wastewater and
included an aerobic digester, a
chiorinator tor disinfection, and a low-
trajectory sprinkler system for surface
irrigation. Following the assurance of
TNRCC's acceptance of this type of on-
site waste disposal system, TRA
approved the first acrobic treatment
system installation in its Water Quality
Areain 1991. Since that time
approximately 600 residential aerobic
treatment systems have been installed
around the lake.

Although the overall performance of
aerobic treatment systems is excellent,
one alarming statistic each year is lack of
disinfection. Consistently, fecal coliform
values in the effluent of more than 25%-
of the treatment systems monitored by
the TRA staff each year exceed
acceptable limits of the Texas Natural
Resource Conservation Commission.
Inspection reports indicate the general
cause is either faulty chlorinators, faulty
chlorine tablets or simply a lack of
maintenance. In order to correct this
situation, the staff at Lake Livingston
agreed that a comprehensive study of a
representative number of chlorinators
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was necessary to determine the most common cause of failure or
malfunction. Once a cause is determined, it will assist in developing
corrective measures and more importantly, provide information for
regulators to draft suitable construction standards.

For assistance in the study, the TRA looked to the Texas On-Site
Wastewater Treatment Research Council (Council). The Council awards
competitive grants and contracts to support research projects regarding
on-site wastewater treatment. On February 15, 1999, the TRA submitted
a proposal to the Council to study chlorinators of residential aerobic
wastewater treatment systems on Lake Livingston. Recognizing there are
no State or Federal standards for on-site chlorinators and being aware of
TRA's monitoring capabilities and performance, the Council awarded a
research grant to TRA to study the performance of these chlorinators.
Interlocal agreements between the two agencies were executed, allowing
for research to begin May 1, 1999 with a final report due August 31,
1999. Results of this study are to be submitted directly to the Council
and will be made available to regulators and members of the on-site
treatment industry.
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Section 2 Upon receiving executed copies of interlocal agreements, TRA began
interviewing college student interns majoring in environmental science.
Sco pe of Work TRA supervisors, at this time developed a comprehensive inspection and

A field chlorine comparator test kit is periodically
checked with laboratory equipment.

study program on approximately 600 aerobic
treatment systems chlorinators.

Once the program was established and all
supplies acquired, the staff began testing and
calibrating all sampling equipment. Field
chlorine color comparator test kits were used to
determine chlorine residuals at the site. Presence
of fecal coliform bacteria was determined in the
laboratory by performing a membrane filter
procedure. Samples of chlorine tablets were
collected and returned to the laboratory to be
tested with a cyanuric acid test kit. All
laboratory equipment and laboratory procedures
were certified by the Texas Natural Resource
Conservation Commission. Each piece of field
testing equipment was checked weekly with
laboratory equipment to assure quality control.

Once all equipment was collected and tested, the
sampling crew was briefed on procedures and
objectives of this research program. The first
inspections began on May 18, 1999. A sampling
crew consisted of a Field Inspector
and a college student intern. Daily
objectives were to inspect and sample
approximately 20 residential aerobic
systems. A visit to each aerobic
system site consisted of a visual
inspection of the chlorinator unit to
determine the unit type and its
condition. Tablets inside the
chlorinator tube were inspected to
determine status and condition.
Samples of each tablet were collected
and brought to the laboratory to
determine whether the tablet was an
E.P.A. approved tablet (calcium
hypochlorite). Effluent samples were
drawn from the pump tank of each
system in order to determine chlorine
residuals and to determine fecal

Samples are collected directly out of the pump tank. Tests are coliform bacteria content.
performed on these samples for chlorine residuals and fecal

coliform.
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[n addition to sampling, a chlorinator inspection report was completed
SCO pe Of Work containing all pertinent information about the system. This report
included information about the property, the -
property owner. type of chlorinator installed,
status of maintenance agreements and
maintenance reports, types and condition of
chlorine tablets. presence of alarm systems,
all field sampling results, and any comments
concerning the chlorination system. See
Appendix for inspection report form.

Once samples were returned to the
laboratory, immediate testing for fecal
coliform bacteria was performed. Culture
dishes containing M-FC medium were
inoculated with various dilutions of sample
and then incubated at 4-.5°C for 24 hours.
Colonies produced by the presence of fecal

FE N ~ e T coliform bacteria developed on the media and
A visit to each aerobic system site consisted of a visual were counted under a microscope to
inspection of the chlorinator unit to determine the type determine the number of bacteria present in
unit and its condition. each 100 ml sample. In order to assure

quality control, duplicate samples were
collected at 10% of the sites and analyzed for
comparative accuracy.

Whenever possible, samples of chlorine tablets were collected for
analysis. A test procedure to determine cyanuric acid content of each
tablet was performed to differentiate E.P.A. approved tablets from
stabilized or swimming pool tablets, which contain varying amounts of
cyanuric acid.

Effluent

samples were
drawn from the
pump tank of
each system in
order to
determine
chlorine
residuals and

fecal coliform
bacteria content. Tablets inside the chlorinator tube

were inspected to determine status
and condition.
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Section 2
Scope of Work

4 A membrane filter procedure
is performed in the laboratory
| to determine the presence of
Nl fecal coliform bacteria.

To differentiate E.PA.
approved chlorine tablets
Jrom stabilized or swimming
pool tablets, a cyanuric acid
test is performed.
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Results

Chlorinators ma have an
elaborate design or they may
be simply designed.
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The objective of this research was to study residential aerobic treatment
system chlorinators performing under realistic conditions. Systems were
tested as they performed in an uncontrolled environment and results were
often atfected by many variables. One common variable was erratic
flows. Another variation was in the types of chlorine tablets used.

' Approximately 9% of tablets used were
E.P.A. approved, 89% were stabilized or
commonly known as swimming pool tablets,
with 2% being unorthodox. Since the
responsibility for maintaining tablets in
chlorinators is generally left with the
property owner, maintenance agreements and
maintenance companies did not appear to be
a factor. Many residences around Lake
Livingston are retirement homes and many
are only used on weekends. Depending on
what day of the week samples were taken,
results could vary. Nevertheless, as much
data as possible was collected in order to
determine just how well the home
chlorinators were working and what
recommendations could be made to correct
problems.

Tablet Type Distribution

TABLET TYPE
QEPA APPROVED
M| SWIMMING PCOL
MUNORTHODOX
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S ec ti on 3 Type§ of chl(.)rinators'were.grouped into three cz}tegoﬁes. The standard
type is a straight 47 pipe with a tee and 4" riser in line to accommodate a
Resu |ts stack of 2 5/8" chlorine tablets. The recessed type is considered any
design that contains a reservoir beneath the chlorine tablets to increase .
the surface contact between chlorine tablets and the effluent. The
inside tank type is any chlorinator placed inside the pump tank.

A standard chlorinator may be a
simple straight 4” pipe with a tee
and 4" riser in line to accommodate
a stack of 2-5/8” chlorine tablets.

Field observations of each of the 601 units-indicated that
approximately 58% of all units were of the recessed design. Installers
generally feel it is important to have a reservoir for tablets to set in to
maximize tablet contact with the effluent. Chlorinators installed inside
the pump tank were just over 32% and the standard design straight
pipe was just less than 8%. In 2% of the chlorinators, the chlorine
tablet holder could not be removed in order to inspect the chlorinator.

Design Distribution

gg, 270
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AERATION N THE YU e . ¢ i
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Results T s I
PLMP
TANK
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Conditions of chlorine tablets in each of the three types of chlorinators

were determined to be either in good condition, clogged, broken, or

missing. In approximately 7% of the chlorinators, tablets were found to

be in good condition, approximately 10% of the tablets were found to be

swollen or clogged in the tube, approximately 4% of the chlorinators had

tablets that were broken or compacted into the tube, and 14% of the
systems had chlorinators with tablets

Overall Tablet Condition completely missing. Due to inaccessibility,

conditions of tablets in about 1% of the
chlorinators was undetermined.

1% 49

Field observations indicate that design and flow
affect chlorine residuals. Standard straight

pipe chlorinators and the tank models appear to
have problems with low flows. Low flow water

will flow under tablets without making contact
CONRITION

0 aROREN with the tablet in the standard design and drop
e through the slots in the tank chlorinator before
mok reaching the tablet. Although there were twice

- UNKNOWN as many recessed designs, only 21% of these

had no chlorine residual. This compared to
33% of the in-tank chlorinators with no
residual, and 26% of the standard straight pipe
chlorinators. Again, it should be noted that
weekend usage contributes to these high

10
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figures. The absence of chlorine residual does not necessarily indicate

Section 3 lack of disinfection. Chlorine residual in the pump tank will dissipate
from the pump tank after a certain period of non-usage.

Results
Fecal coliform levels present in the pump tank is a better
Only one unit out of 601 inspected indicator of a malfunctioning chlorinator. Chlorinators found
contained any type of visual alert system. in the tanks had the highest percentage of total units with fecal
- . o= coliform levels greater than 600 cfu/100 ml (maximum limit

for fecal coliform in a grab sample). Twenty nine percent
(29%) exceeded 600 cfu/100 ml compared to 23% for
standard straight pipe units and 18% for recessed.

Chlorinator alarm systems had no affect on this research.
Only one unit out of 601 inspected contained any type of
visual alert system. Although this particular model was
designed to alert the property owner when the tablets were
depleted, it did not alert them to the fact that the tablets were
clogged and were tailing to drop properly.

Maintenance was found to be a major problem. One hundred
letters were sent to property owners who had missing or
clogged tablets in their chlorinators. The majority of those
responding to their letter advised that contractors were not
responsible for the chlorine tablets. Most property owners
assumed responsibility for their own tablets and almost all
responded that they just forget to check tablets after their
system reached a certain age.

Comparison of Chlorinator Design, Chlorine
Residual, and Fecal Coliform Count

Design
Il Standard

Bl Recessed
Il Inside Pump Tank

Chlorinator Design

Systems with no |3
Chlorine Residual |§

Systems with a Fecal ,
Coliform Count of 600 or [T
Greater |

0 4050 6070 80 90 100

Percentage of Systems in Each Design Group

11
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Conclusion
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In surveying 601 chlorinators around Lake Livingston, the TRA staff
observed all types of manufactured as well as site-built chlorinator units.
Most work very well during optimum conditions. However, many fall
short of expectations when conditions are not perfect. The standard .
straight pipe design will not chlorinate well during low flows. The model
designed to be installed inside the tank often does not chlorinate well after
the bottom tablet is partly worn. It was also determined that this design

- had the larger percentage of clogged tablets. The recessed design also

had a problem with low flows. If tablets stay too long in the reservoir,
they become soft quickly and the rest of the tablets tend to clog inside the
tube.

Thus, this research clearly indicates that most of the chlorinators
inspected possess credibility in their design. However, during periods of
low flow, all models tend to perform less effectively.

Additionally, as previously reported in a research paper on the
performance of aerobic treatment systems, it was also found that the
major problem with the chlorinators is maintenance. Maintenance
companies in general do not assume responsibility for maintaining tablets
tn chlorinators. Even when they do, their visits to the site are not
frequent enough to keep tablets in the tube. It is unacceptable to have
14% of the chlorinators without chlorine tablets. This is a major concern
that should be addressed by the Trinity River Authority as well as the
Texas On-Site Wastewater Treatment Research Council.

of manufactured as well as
site-built chlorinator units.

12
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; SeCtion 5 1.) On-site aerobic system chlorinators in Texas be tested by an

3 . approved testing facility for performance under all flow conditions.
Recommendation

2.) All on-site chlorinators be equipped with an adequate, visible alarm
system to notity property owners when chlorine tablets are
completely depleted.

13
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