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PROPOSAL SUMMARY

The Sewage Treatment Plant of Clear Water Bay Second Beach was constructed to treat the wastewater generated on the beach to meet the requirement of the discharge limit as set by the government.  The discharge limit is in place to ensure that local population can enjoy water free from contamination and pollution.  

The predicted population found in this beach varies from ten (during the weekdays) to within the hundreds (during public holidays).  Throughout the year, there will be at least ten operators and vendors on the beach generating approximately less than 50 cubic meter of wastewater a day. The highest capacity of wastewater to enter the proposed Sewage Treatment facility is 691 cubic meter per day.

The Clear Water Bay Second Beach treatment plant consist of a Rotating Biological Contactor (RBC), Equalization tank or Sump and an Ultra-violet (UV) Irradiation Disinfection System.

The wastewater will be first fed into the RBC, and then will be collected in the equalization tank or the sump.  After the sump has collected adequate amount of wastewater, it would then be pumped into the UV Disinfection system for removal of harmful bacterial (the indicative bacteria being the Escherichia coli or e.coli).

Since the commission of the sewage treatment plant in late 2001, there have been virtually no upsets found in the treatment process until July 2002.  In July 2002, the Drainage Service Department of the Hong Kong Special Administrative Region (the DSD of the HKSAR) first reported to the original supplier of the UV disinfection system (Trojan Technologies Inc. and Biwater Man Lee Ltd.) that one e.coli value in May 2002 has exceeded 100 e.coli counts per 100 ml even with operating two sets of UV disinfection units.  The original tendering document for the construction of the sewage treatment plant has specified that the UV disinfection system should have only two sets of UV disinfection banks, one acting as a duty unit and the other a standby unit.  The duty unit should be able to by itself sufficiently handle the maximum flow and also meet the permit of the discharge license (100 e.coli counts per 100 ml based on a monthly or 30-day geometric mean and 95 percentile at 1500 e.coli counts per 100ml).  The standby unit will only be operated during plant upsets for extra dosing or operated when the duty unit is turned off during maintenance.  Seeing that with two UV disinfections units operating, the e.coli results is over 100 e.coli counts per 100 ml, the DSD department was very concern if turning off one bank of UV lamps would not meet the permit of the discharge license.  

As only one value was found to have exceeded the monthly or 30-days geometric mean and when this value and the other 29 days’ values are put into the equation of the monthly or 30-days geometric mean, the e.coli results are still well within the permit limit, Trojan and Biwater have suggested that the client, DSD, to continue to monitor the bacterial counts for the next few months for any continued non-compliance to the permit requirement (Please refer to Appendix 2 of Permit Limit and Calculations for the Geometric Mean).  In September 2002, DSD of the HKSAR reported again e.coli results at a range of 16-2400 e.coli count per 100 ml.  Even though the counts for the month of September 2002 may not have exceeded the 30-days geometric mean of 100 e.coli counts per 100 ml as permitted by the discharge license but the value of 2400 e.coli count per 100 ml is very high.  This alarming finding has prompt a preliminary visit to the site by Trojan and Biwater.  

During the preliminary site visit, the UV lamps were found to have accumulated many hours, the sleeves were fouled and the flow in the reactor system was very turbulent.  According to the United States Environmental Protection Agency (USEPA) June 2003, “long-term UV unit performance will be impacted by lamp aging and sleeve fouling.”  These are some factors that can reduce the harmful effect of UV radiation have on microorganisms in wastewater (ie, E.Coli).  Another contributing factor may be wastewater quality (high iron content, hardness, high inorganic pollutants due to industrial dumping, etc.), which can also reduce the lethal dose of UV radiation from reaching the microorganism thereby unable to effective inactivating it.  The wastewater quality can be monitored by the taking effluent sample to determine total suspended solids (TSS), Particle Size Distribution (PSD), UV transmission (in percentage) or Iron content. wastewater effluent.

In this project proposal, each factor will be studied individually through conducting a series of tests (ie, e.coli test, UV transmission, suspended solids) and taking some measurements (ie, flowrate) to identify the main contributing factor or factors that may have caused a non-compliance to the disinfection limit.  The findings will be documents in a final report.  The final report will also include recommendation to resolve the poor performance of the UV disinfection system, recommendation for future operation and maintenance of their UV disinfection system and a record system to monitor the different parameters that will affect the performance of the UV disinfection system.  The DSD of the HKSAR can follow the recommendation of the final report to correct their current problems with the UV disinfection system.

This project will benefit the local population of Clear Water Bay Second Beach by restoring the beaches with safe, clean, bacteria free water for leisure enjoyment.  It will also benefits the operator of DSD by providing them with proper procedures for operating and maintenance of the UV disinfection system to prevent future non-compliance of the discharge license.   The proper operating and maintenance procedures would be included in the DSD’s training manual for the UV disinfection system.  By correcting the problems with the poor performance of the UV disinfection system, DSD can now save a substantial 

Amount of energy by operating one UV bank instead of two UV banks. 
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1.0  INTRODUCTION
The Sewage Treatment Plant of Clear Water Bay Second Beach is located on a beach where many nearby inhabitants hikes and swims.  Over the weekends, this beach also becomes heavily populated with other inhabitants from the Hong Kong Island, Kowloon and the New Territories areas.  

Clear Water Bay Second Beach located at the outskirts of the Clear Water Bay Peninsula of the Hong Kong Island is famous for its good water quality and beautiful scenery.  And for this fact, many local residents or residents from other part of Hong Kong come to this beach each day to enjoy a wide range of recreation activities, such as swimming, sunbathing, barbecuing, beach volleyball and other beach games.  As a result of such activities on the beach, approximately 50 cubic meter to a maximum of 691 cubic meter of wastewater per day are generated.

To ensure that the public can have good clean bacteria free water to swim in, the government had decided to build a treatment plant for Clear Water Bay Second Beach. The treatment plant was constructed and commission in 2001.  

Clean safe water can be defined as water free from suspended particles or harmful bacteria that can cause disease to swimmer.  

The Sewage Treatment Plant of Clear Water Bay Second Beach has a Rotating Batch Contractor (RBC) as secondary treatment used for removal of BOD, TSS and COD.  It also ensures that the water is in good quality before entering the UV disinfection system.  In order for the UV disinfection system to perform as its optimum, the total suspended solids (TSS) should be maintained at 30 mg/l and the Rotating Batch Contractor ensures this.  

An UV disinfection system was constructed consisting of a standby and duty units based on the maximum flowrate, suspended solids count, the upstream treatment process (RBC) and the permit for e.coli count found in the discharge license.  Each unit would have a set of UV lamps enclosed in a quartz sleeve as an insulator.  The UV lamps are supported in an UV channel by module racks.  The UV channel are build to a certain volume to ensure proper reactor size and retention time.  There is also a downstream weir to ensure that the lamps are adequately submerged in water at all times and also to ensure that correct hydraulics conditions are maintained in the UV reactor.  A sensor and monitoring system with digital hour display and intensity reading are included with the UV system to provide indication for aged lamp or fouled sleeves.  The transition boxes between the two UV reactors are in place to direct the flow within the reactor.  

The UV Disinfection System serves to inactivate or destroy the microorganism or bacteria in wastewater to protect the general public from disease from swimming in infected water.  Generally, wastewater is tested for the indicative bacteria, Escherichia, as this type of bacteria is a strong indication that the water body is heavily contaminated.  Escherichia coli is a common type of bacteria found in the intestines of animals and humans. E. coli is short for Escherichia coli. According to the U.S. Environmental Protection Agency, the presence of E. coli in water is a strong indication of recent sewage or animal waste contamination. There are different kinds of E. coli, some harmful to humans and some not harmful.

The kind of health effects from the E.coli bacteria O157:H7 varies.  E. coli 0157:H7 can cause an unusual type of kidney failure and blood disorder called hemolytic uremic syndrome (HUS).  The E. coli 0157:H7 can also produces a toxin in people that can break down the lining of the intestines and damage the kidneys. 

Some people who become infected with E. coli 0157:H7 do not get sick at all. Some people have flu-like symptoms. Some people have severe, life-threatening symptoms. 

People may develop stomach cramps, vomiting and a mild fever within 2 to 10 days of eating food contaminated with E. coli 0157:H7. Some people may have bloody diarrhea (hemorrhagic colitis).   Most people recover within 7 to 10 days.  About 10% of people who become infected with E. coli 0157:H7 develop HUS.   Most of these are children and the elderly. Some people with HUS may need blood transfusions and kidney dialysis. Some may have seizures or strokes.  Most people with HUS get better. However, some people die from HUS. Others live with side effects like permanent kidney damage (Food Safety Tips on Escherichia Coli 0157:H7, Canadian Food Inspection Agency, P0268E-03, March 2003).    

Therefore, due to the severe diseases and side effects on humans from contact with E.coli, the government must try their best to reduce the amount of E.coli discharged into beaches like Clear Water Bay Second Beach by building and maintaining an effective disinfection system.

2.0  Problem Statement

The operators and engineers of the Sewage Treatment Division 2 (ST2) of the Drainage Service Department (DSD) of the Hong Kong Special Administration Region (HKSAR) in charge of the sewage treatment of Clear Water Bay Second Beach Sewage Treatment Plant are concerns that one unit of the Trojan Ultraviolet System model UV3075K-PTP would not sufficiently treat the wastewater produced to the required permit standard as set by the Hong Kong Environmental Protection Department (100 e.coli counts per 100 ml based on 30 day geometric mean or 1500 e.coli counts per 100 ml based on 95 percentile).  The operators and engineers of the ST2 Division of DSD have been operating two units of Trojan Ultraviolet System model UV3075K-PTP for the past six to seven months and have been obtaining very marginal results.  This lead them to believe that by operating one unit would not allow them to meet the required permit standard of 100 e.coli counts per 100 ml based on 30 day geometric mean or 1500 e.coli counts per 100 ml based on 95 percentile.  To maintain good disinfection performance, an apt amount of maintenance must be accomplished on the UV system.  As such, there will be instances where one UV unit must be turned off for maintenance.  Therefore, it is necessary to verify that one UV unit or bank can meet the required permit standard while the other UV unit was turned off for maintenance.  Besides the maintenance consideration, if plant upsets occurs, there would be a need for an extra UV banks to handle the extra disinfection requirement.  Therefore, it is crucial that the operators and engineers of the ST2 Division of the DSD department verify that one UV banks meet the permit discharge requirement at the maximum wastewater capacity.

To test their suspicion that one Trojan UV unit would not be adequately treat the total capacity from the wastewater treatment plant to meet the required permit standard, the operators and engineers of the ST2 Division of DSD conducted e.coli testing on the effluent collected downstream of the first UV bank inside the transition box just before the second UV bank.  The resulting e.coli counts from the upstream bank were found to be dissatisfactory.  Please refer to Appendix 1 for the e.coli results from effluent collected after the first UV bank in September 2002.  

Since the Hong Kong Government official has the responsibility to protect the general public from any microbial that may cause disease to those that swim in the water of the beaches in Hong Kong and that the supplier of the UV disinfection system has the responsibility to ensure the product that they provides would be of the best performance, there is a need to launch a full investigation by both parties to discover the cause of the poor performance and correct it as soon as possible.

3.0  Objectives

3.1  Primary Objective

The primary objective to this project is to determine the major factors that are affecting the UV disinfection system inhibiting it from attaining the required performance.  After substantial literature review on UV disinfection, several factors such as hydraulics of the UV reactor, lamp age, frequency of cleaning of lamps and effluent quality, have been identified as some of the possible factors affecting the performance of an UV disinfection system. All of these factors can be investigated thoroughly in this project to establish the major factors affecting the performance of the UV disinfection system.  Once these major factors have been established and identified, the government official can improve the performance of the UV disinfection system based on correcting these major contributors to the poor performance of the UV disinfection system.  

3.2  Secondary Objective

The secondary objective to this project is to provide suggestions to improve the performance of the UV disinfection system based on the major contributing factors to the poor performance of the UV disinfection system as determined in the primary objective.

4.0  Benefits

Once the solutions to improve the poor performance of the UV disinfection system has been ascertained, DSD can act to maintain the e.coli counts to within the permit limit as dictated by the Environmental Protection Department of Hong Kong (EPD) even with only one UV disinfection unit operating.  With the improved disinfection system, DSD can rest assure that during upsets or malfunction of the duty UV unit operating, the extra standby unit can be operated to provide extra dose for the extra disinfection requirement. The number of upsets or malfunctions can also be greatly reduced once the disinfection system is improved as DSD would now be able to maintenance the UV system without worrying that the wastewater would not be properly disinfected.  Presently, the UV disinfection units have not been maintenance since its installation in 2001.  Without proper maintenance on the system, the UV system would eventually malfunction.

Operating one less unit would also save in energy cost.  Presently, the UV disinfection system is operating at two times its disinfection capacity.

Operating one duty and one standby unit can also assure that continuous disinfection can be achieved even during lamp change.  If two UV disinfection units are operated and when both sets of lamps have reached their end of lamp life, both UV units or one UV units would need to be turned off for a period of time to allow operators to change to new lamps.  

5.0  Literature Review

A literature review on 1) Effectiveness of a UV Disinfection System, 2) Lamp aging and Sleeve fouling impact on an UV disinfection system, 3) water quality impact on an UV disinfection system and 4) hydraulics impact on an UV disinfection system was accomplished to understand the requirement to maintain optimal performance of an UV disinfection system.

5.1  Effectiveness of a UV disinfection system

The effectiveness of a UV disinfection system depends on the characteristics of the wastewater, the intensity of UV radiation, the amount of time the microorganisms are exposed to the radiation, and the reactor configuration (United States Environmental Protection Agency, Wastewater Technology Fact Sheet, September 1999).

The factors that affect the intensity of UV radiation are the age of the lamp, lamp fouling, and the configuration and placement of lamps in the reactor (United States Environmental Protection Agency, Wastewater Technology Fact Sheet, September 1999).

5.2  Lamp aging and Sleeve Fouling Impact on the UV disinfection System

5.2.1  Lamp Aging 

The effectiveness of the disinfection or inactivation of microorganism in wastewater whether it is disinfection by chlorination or UV, is a function of the actual dosage that is delivered to the microorganism to make the bacterial kill (Murray et al, 1994).  With Chlorination, the dosage are controlled by the amount of chlorine dosed and the contact time of the chlorine with the microorganism (ie, Dosage Amount = Concentration x Time).  UV disinfection by UV irradiation also works on similar grounds.

For UV dosage, it can be defined as follows:

D = I x T


D = UV Dose, mW-s/cm2
I = Intensity of the UV energy, mW/cm2
T = time of exposure, S

This relationship indicates that the given level of microbial can be achieved by increasing or decreasing the UV light intensity and exposure time (Murray et al, 1994).

The UV dose is the average intensity multiplied by the retention time of the effluent in the reactor in seconds.  There are two types of lamps, the low-pressure mercury lamps and the medium pressure mercury lamps.  The type at Clear Water Bay Sewage Treatment Plant is the low pressure lamps.  The UV dose of the low-pressure lamps is computed as a reference condition correspondence to 8,750 hours (one full year) of prior lamp operation.  UV dose lose about 30 to 35 percent of their intensity after 8,750 hours of operations, this lost capacity is not include in this design dosage.  UV design is based on providing the design dosage of one year of continuous lamp operation (Murray et al, 1994).  Therefore, the lamp age would affect the performance of the UV disinfection system in that it would reduce the UV dosage delivered to kill the bacteria in the wastewater system when the T (retention time) remain constant.

A record of the UV lamp hours will be recorded during the investigation of this project to ensure that the disinfection performance is not deteriorated due to aged lamps.

5.2.2  Sleeve Fouling

In municipal wastewater, there are often many inorganic material which would often deposit onto the surface of the sleeve.  Due to the deposition of these inorganic material on the outside and inside of the sleeves (ie, “fouling”), the lamp output decreases.  Fouling will reduce the transmittance of the lamp energy to the water.  Over time, these phenomena will contribute to a reduction in the UV dosage delivered to target the microorganism in the municipal wastewater system (USEPA UV Disinfection Guidance Manual, June 2003).  

Fouling on the wetted surfaces of an UV reactor has been attributed to the following events:

· Compounds whose solubility decreases as temperature increases will precipitate (e.g., CaCO3, CaSO4, MgCO3, MgSO4, FePO4, FeCO3, AL2(SO4)3.  

· Compounds with low solubility will precipitate (e.g., Fe(OH)3, Al(OH)3)

· Particles will deposit on the lamp sleeve surface due to gravity settling and turbulence-induced collisions (Lin et al. 1999a).

Fouling rates on lamp sleeves are reported to follow first order kinetics after an initial induction period (Lin et al. 1999b).  Currently, there is not sufficient information to predict quantitatively the fouling rate based on water quality.  The potential for fouling and frequency of sleeve cleaning will be site and equipment specific (USEPA UV Disinfection Guidance Manual, June 2003).

Since there is no way of quantitatively predicting the fouling rates and the frequency that is required for cleaning of sleeve, the individual sewage treatment plant should monitor the trend that their sleeve becomes fouled and clean sleeve accordingly to prevent low UV transmittance and UV system’s ineffectiveness.  

Since fouling rates has an effect on the UV dose delivery, all operators will be interview to determine if frequency of the cleaning of the sleeves is sufficient.

5.3  Water Quality Impact on the UV disinfection System

Wastewater Characteristics can be defined as the flowrate, the amount of suspended and colloidal solids, initial bacterial density and other physical and chemical parameters.  Both the concentration of TSS and the concentration of particle associated microorganism determine how much UV radiation ultimately reaches the target organisms and hence effective destroy it.  The higher these concentrations, the lower the UV radiation are absorbed by the organisms (United States Environmental Protection Agency, Wastewater Technology Fact Sheet, September 1999).  Various wastewater characteristics and their effects on UV disinfection are given in the below table 1 (United States Environmental Protection Agency, Wastewater Technology Fact Sheet, September 1999).

Table 1.  Wastewater Characteristics Affecting UV Disinfection Performance

Wastewater Characteristics
Effects on UV Disinfection

Ammonia
Minor Effect, if any

Nitrite
Minor Effect, if any

Nitrate
Minor Effect, if any

Biochemical oxygen demand (BOD)
Minor Effect, if any.  Although, if a large portion of the BOD is humic and/or unsaturated (or conjugated) compounds, then UV transmittance may be diminished.

Hardness
Affects solubility of metals that can absorb UV light.  Can lead to the precipitation of carbonates on quartz tubes.

Humic materials, Iron
High absorbency of UV radiation.

pH
Affects solubility of metals and carbonates

TSS 
Absorbs UV radiation and shields embedded bacterias.

Adapted from Darby et al. (1995)

The effect of the wastewater quality will be investigated at Clear Water Bay measurement of the TSS, the Iron content and UV transmittance to examine whether the wastewater quality has been the cause of the poor performance of the UV disinfection system.

The particle size is also one property in effluent that can affect the UV disinfection in a wastewater system.  The particle size analysis is used to determine the average maximum particle size/diameter in the effluent.  The particle size is an important indication on the effluent's conductivity to UV disinfection.  The larger the mean particle diameter, the more difficult the task of disinfection.  The following table reflects the effect of the particle size on the liquid's UV "demand" or the liquid's required UV dose:

Table 2.  Effect of Particle Size diameter on Liquid's UV "demand"

Particle Size
Liquid's UV "demand"

< 10 microns
Easily penetrated.

10 - 40 microns
Can be penetrated completely, but with increasing UV demand.

> 40 microns
Will not be completely penetrated.

 Adapted from the C.E. design Manual by Trojan Engineering.

5.4  Hydraulics impact on an UV disinfection system

Dose Delivery in a continuous-flow UV reactor is subject to hydrodynamic irregularities and variable UV intensity distribution and is a function of the UV absorbance of the water, the flowrate through the reactor, the UV output from the lamps, and the hydraulic characteristics within the reactor.  As such, it is difficult to calculate directly UV dose within an UV reactor.  If the reactor has plug flow with complete mixing perpendicular to that of flow, all microorganisms leaving the reactor receive the same dose, and the reactor would be termed an “ideal” reactor.  However, these ideal conditions do not generally exist in continuous-flow UV reactors.  As such, microorganisms passing through an UV reactor are exposed to different dose.  The difference in UV doses experienced by microorganisms in a flowing reactor is best characterized by a dose distribution.  

A dose distribution is a probability distribution of UV doses that microorganisms receive in a flow-through UV reactor.  In non-ideal conditions, some microorganisms will travel close to the UV lamps and experience a higher dose while others travel close to the reactor walls experiencing lower dose.  Some microorganisms move through the reactor quickly while others travel a more circuitous path.  A narrow dose distribution indicates more ideal hydrodynamic conditions.  A wider distribution indicates less efficient reactor performance and results in a greater degree of “overdosing” to ensure that the minimum desired dose is achieved for the microorganism at the lower end of dose distribution (USEPA UV Disinfection Guidance Manual, June 2003).

Since hydraulics of the UV reactor has such an effect on the effectiveness of the UV disinfection, a site measurement of the flow conditions inside the reactor of the Clear Water Bay UV disinfection system should be conducted to ensure the hydraulics have not result in underdosing of the existing effluent.

6.0  Scope

The scope of this project will cover the following works:

-  Site walk-through, interviews with operators and on-site testing will be conducted to determine if there are any factors that may have affected the performance of the UV disinfection system.

-  All data gathered would be analyzed both statistically to determine and identify the main cause of the poor performance of the UV disinfection system.

-  Recommendations to DSD on ways to improve the UV disinfection system.

7.0  Limitation

The major limitations of this project are time and budget.  DSD has allowed resources for only two weeks of effluent test conducted for the UV disinfection system.  As a result, there is no allowance for gathering 30-day geometric means to make conclusive interpretation.  Nevertheless, two weeks of tests would still allow us to make good deduction of what is actually occurring with the wastewater treatment process. 

DSD has not been keeping a record of the UV transmittance of the effluent quality making it difficult to establish a trend that lead to the poor performance.  Therefore, it is necessary for DSD to continue collecting record even after we have completed all testing on site to ensure that there is even if there is a non-compliance of the e.coli limit, it can be easily identified and corrected.

8.0  Methodology

8.1  Information Gathering and Review

In order to determine the real factor or factors that result in the poor performance of the UV system at Clear Water Bay Second Beach, we must understand how the current situation has differ from when the UV system was installed. 

To start, a thorough investigation must be conducted to gather adequate information to determine what have gone wrong with the UV disinfection of the wastewater at Clear Water Bay Second Beach.  All operators of the treatment plant must be interviewed to understand the procedures that they follow in terms of operation and maintenance (ie. frequency of sleeve cleaning, and frequency of lamp changing).  A detailed site investigation should be conducted to determine if there are any factors that may have affected the wastewater before its entry to the UV disinfection system.  The factors affecting the disinfection are the quality of the wastewater (whether there are abnormally high in minerals or metals in the wastewater that affect the transmission of the UV radiation) and the hydraulics (whether there is any abnormally high flow into the UV reactor or any blockage resulting in high flow into the UV reactor).   High flow into the reactor can contribute in turbulent flow, which could not allow the UV radiation to effectively kill all the bacteria in the wastewater.  In a turbulent flow environment, you will have some water traveling faster than other waters.  The slower traveling water may get the sufficient dosage of UV radiation to make the bacteria kill while the faster water will past by the reactor without having the appropriate resident time for the UV radiation to inactivate the bacteria in the effluent.   Whereas, Plug Flow, a constant flow system through all areas of the reactor, allows adequate residence time to kill the bacteria within all areas of the reactor. 

Besides conducting interviews and on-site measurements, a thorough walk-through of the entire plant and its surrounding environment is needed to determine if there is any other natural contributing factors that will affect the wastewater system, such as any debris high in minerals that would have infiltrate into the pipelines of the system.

Since commissioning of the Clear Water Bay Second Beach Sewage Treatment Plant, DSD has been employing an independent laboratory to test the e.coli from the downstream of the UV disinfection system.  As the sampling techniques of the effluent can greatly influence the e.coli value, it is necessary to observe the methods employed by the independent laboratory to collect the samples for e.coli testing to ensure that they are following proper standard methods.  The proper sampling method can be found in the “ Standard Methods for the Examination of water and Wastewater, 18th edition” (please refer to Appendix 4 for a copy of such method).

8.2  Testing and Discriminate Factors Affecting Disinfection

After identifying the factors that may affect the transmission of the UV radiation, we will test each factors to discriminate the most probable factors affecting the disinfection through a series of laboratory tests or on-site tests (ie, e.coli test, UV transmission, total suspended solids, Particle Size analysis).  Other parameters of the treatment system should also be monitored such as the flowrate and the time of the samples are collected to determine if there are other trends that will affect disinfection.  All possible parameters will be recorded in a form as found in Appendix 3.  

8.3  Data Analysis and Deduction

After gathering all information and data, it would be statistically analyzed and plotted.  From the data and information gathered, by the process of elimination, the most probable factors will be determined and documented in a final report with one copy each to be submitted to the Program Head of BCIT, Technical Advisor of BCIT, the employer, Biwater, and the Sewage Treatment Division 2 of the Drainage Service Division of the Hong Kong Special Administrative Region. 

9.0  Deliverables

This project will provide the following deliverables:

 From June to mid July 2003, the project work will proceed with a preliminary investigation of the UV disinfection system at Clear Water Bay Second Beach.  The preliminary investigation would consist of data accumulation by interviewing the operators at Clear Water Bay Second Beach Treatment and site observation and measurement of the present treatment situation.  The objective is to better understand the current situation at the treatment plant and gather enough data to be able to determine analytical the possible factors contributing to the poor performance of the UV system.  The type of data to be gathered from the various interviews and site observation and or measurement would consist and not limited to the following areas: any changes made of the existing UV disinfection system design, any modification made on the overall wastewater treatment, e.coli results from beginning of the plant operation, any upsets of the overall wastewater treatment plant associated with poor results, the current lamp age status and operation conditions (i.e., UV Transmission, Total Suspended Solids, Particle Size, etc.), the current hydraulic situation inside the UV reactor (measurement to be taken at the weir or at the center of the reactor) and a review of the sampling methods used for e.coli testing.

 From mid August to mid September 2003, the project work will involve compilation of the data gathered during June to July 2003, identify the possible factors associated with the poor performance of the UV system and build an action plan to test these factors. 

 From mid September to mid October 2003, each factor contributing to the poor performance of the UV system will be individually investigated through conducting a series of tests.

 From mid October 2003 to the beginning of November 2003, the results gathered from the tests to determine the major factors contributing to the poor performance of the UV system would be analyzed.  A final report to include the data gathered during the investigation, the interpretation and analysis of the data gathered, the results or conclusions obtained and the recommendations to the operators and engineer of the Hong Kong SAR Drainage Service Department to improve the UV system at the target to reduce the e.coli count down to the limit established by the Hong Kong SAR Environmental Protection Department for the Clear Water Bay Second Beach Sewage Treatment Plant would be submitted to the Faculty Advisor for review, the Industry Sponsor and the Program Head.

10.  Proposed Schedule

Table 3.  Proposed Project Work Schedule

Time Period (Months)


Project Activities

June 2003
· Interview the operators of the plant.

· Meeting with the plant superintendent to review their e.coli results or any data collected since plant operations

· Site Visit to record the lamp hours

· Site Visit to observe the sampling techniques of the effluent for e.coli testing by an independent laboratory.

July 2003
-  Measurement of the hydraulics condition of the UV reactors.

August 2003
-  Review of all data gathered during June 2003 to July 2003.

September 2003
-   Formulate an action plan for further testing to identify the possible cause of the poor performance of the UV disinfection system.

October 2003
-  Conduct on-site tests and collect samples for laboratory tests for various parameters such as e.coli, UVT, TSS and Particle Size analysis.

November 2003
-  Analyze the information gathered from test results and narrow down to the major cause of the poor performance of the UV disinfection system

December 2003 onwards
-  Prepare a final report to discuss the results and provide recommendations on the improvement of the UV disinfection system.
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APPENDIX 1 - RESULTS OF SEPTEMBER 2002

E.Coli Results from 10 to 13 September 2002


10 Sept. 2002 

(10:00am)
10 Sept. 2002 

(10:30 am)
12 Sept. 2002

(4:00 pm)
12 Sept. 2002

(4:30 pm)
13 Sept. 2002 (10:00 am)
13 Sept. 2002 (10:30 am)

E.coli counts per 100 ml
440
2,400
16
17
220
200

UVT (%)
76
76
82
82
79
81

SS (mg/l)
10
8
5
5
6
5

APPENDIX 2 - DISCHARGE PERMIT AND GEOMETRIC MEAN  CALCULATIONS

Clear Water Bay Second Beach Discharge License Requirement

The E.Coli count requirement of the discharge license -


95 Percentile
Monthly Geometric Mean

E.Coli (counts/100 ml)
1,500
100

Geometric Mean Calculation

Geometric Mean (GM) = (A1*A2*A3*.....An)1/n

Where:  A1, A2, ....., An are the daily counts and n is the number of days tested or total samples taken.

APPENDIX 3 - SYSTEM TESTING FORM FOR INVESTIGATION OF THE CLEAR WATER BAY SECOND BEACH STP ULTRAVIOLET DISINFECTION SYSTEM

(Please Refer to attached System Testing Form file)

APPENDIX 4- STANDARD METHOD FOR THE EXAMINATION OF WATER AND WASTEWATER, 19th EDITION

(Please Refer to the Standard Method - Page 1 file as attached)

(Please Refer to the Standard Method - Page 2 file as attached)

(Please Refer to the Standard Method - Page 3 file as attached)

(Please Refer to the Standard Method - Page 4 file as attached)

(Please Refer to the Standard Method - Page 5 file as attached)

(Please Refer to the Standard Method - Page 6 file as attached)

(Please Refer to the Standard Method - Page 7 file as attached)

(Please Refer to the Standard Method - Page 8 file as attached)

(Please Refer to the Standard Method - Page 9 file as attached)

(Please Refer to the Standard Method - Page 10 file as attached)

APPENDIX 5 - PARTICLE SIZE ANALYSIS SAMPLING INSTRUCTION

SAMPLING INSTRUCTION FOR PARTICLE SIZE ANALYSIS

1.  Sample (about 0.5L) for particle size analysis shall be collected from the grab sample for E.Coli, TSS and UVT measurement.

2.  Add about 0.5 ml of bleach for preservation.

3.  Properly label the sample including information like date, time, location, sampling condition, etc.  Also record the status of the system such as flowrate, lamp age, when the lamp were last cleaned, what chemicals were used to clean the lamps, etc.

4.  Refrigerate the sample, e.g. packed the sample in sturdy plastic cooler. 
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