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SECTION I 
INTRODUCTION 

 
I.A. Introduction 
 

Angelina & Neches River Authority (ANRA) provides general management services, 

operation services and maintenance services for the Angelina County Fresh Water Supply 

District No. 1's (District) current wastewater collection system.  Currently there are 

approximately 238 potential connections within the District's service area, however only 

80 residents are currently served with sanitary sewer services.  The remaining 

connections within the District service area utilize on-site sanitary sewer facilities 

(OSSF).  Many of the existing OSSF's no longer meet local and state regulatory 

requirements and therefore Phase I of the proposed project was initiated to provide first 

time sanitary sewer service to existing residents within the District's service area.  

Providing a centralized sanitary sewer collection system will also mitigate future sanitary 

sewer connections to residents outside the District's service area, within proximity to 

proposed collection mains.  Phase I will provide first time sewer service to approximately 

105 connections within the District's service area.  Phase I will include elimination of 

existing on-site sewer facilities for existing connections and provide collection through a 

proposed sanitary sewer collection system with treatment being provided by the ANRA's 

North Angelina County Regional Wastewater Treatment Facility. 

 

In May 2012 the District held an election to annex Redland Estates Subdivision, which 

currently includes 41 existing sanitary sewer connections that discharge to a non-

functional wastewater treatment facility.  Over the last 20 years the Redland Estates 

WWTF has discharged untreated wastewater directly into an unnamed tributary, 

ultimately to Segment No. 0611 of the Angelina River.  In an effort to mitigate the 

discharge of raw sanitary sewer, Phase II includes the demolition of the remainder of the 

Redland Estates Wastewater Treatment Plant.  It should be noted that a Public Health 

Threat has been issued by TCEQ and the Angelina County/Cities and Health District, 

attached as Exhibit A.  TCEQ and TWDB have determined that Segment No. 0611 is an 

Impaired Water Body that has been and will continue to be affected by the direct 

discharge of untreated wastewater from Redland Estates.  Phase II will eliminate the 

Redland Estates WWTF and pump wastewater from the existing 41 connections to the 
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District's collection system which will ultimately be treated at ANRA's North Angelina 

County Regional (NAC) Wastewater Treatment Facility (WWTF), which is described 

below as Phase III.   

 

Phase III will include modifications to ANRA's North Angelina County Regional 

Wastewater Treatment Facility, to facilitate design flow and provide connection for the 

proposed wastewater service area as shown.  The North Angelina County Regional 

Wastewater Treatment Facility currently provides treatment for Central ISD, Idlewood 

WCID and Department of Aging and Disability Services (DADS)-Lufkin State Supported 

Living Center and is permitted to treat and discharge 370,000 gallons per day.  The 

proposed connection for the addition of Redland Estates and all participants in Phases I 

and II will require basin modifications which will include, construction of plant 

headworks to replace the existing headworks due to lack of available space to incorporate 

the proposed connection, construction of a chlorine contact chamber to replace the 

existing chlorine contact chamber and site fencing of ANRA's North Angelina County 

Regional Wastewater Treatment Facility to include all designated treatment facility land 

owned by ANRA. 

 

The proposed project as described above will be submitted and completed as one (1) 

project through this Engineering Feasibility Report (EFR), but will be presented as three 

(3) separate phases for clarity. 

 

I.B. Purpose 
 

The purpose of this wastewater treatment study is to provide ANRA, the District, and 

TWDB with the engineering information necessary to: 

 

• Provide general information, proposed layouts, cost estimates, and alternatives to 

provide first-time sanitary sewer service to residents within the District's service 

area, as described as Phase I;  

 

• Provide general information, decommissioning / closure criteria for the 

demolition of Redland Estates WWTF, in accordance with applicable TCEQ rules 

and regulations, and provide an alternative collection system to convey 
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wastewater from Redland Estates to the District's collection system, ultimately to 

ANRA's North Angelina County Regional Wastewater Treatment Facility, as 

described as Phase II; 

 

• Provide general information, layouts, cost estimates and alternatives for 

connection of the District's current and proposed sanitary sewer collection system 

to ANRA's North Angelina County Regional Wastewater Treatment Facility, as 

described as Phase III. 

 
I.C. Authorization 
 

Work on this project was authorized by “Task Order No. ANF.004" dated May 30, 2014, 

with Notice to Proceed authorized by Mr. Kelley Holcomb, ANRA General Manager 

following loan closing with TWDB dated June 10, 2014. 

 
I.D. Acknowledgments 
 

Engineering studies are only as effective in providing solutions to specific problems as 

the quality of the data available for analysis.  The officials, staff, and operators of ANRA 

and the District provided valuable information for this study.  Their assistance in 

gathering data and providing project-specific information is gratefully acknowledged. 

 

I.E. Definitions 
 

1. 2-hour peak flow 
(domestic wastewater treatment plants) The maximum flow sustained for a 
two-hour period during the period of daily discharge. 

2. Absorption 
   A process in wastewater treatment by which organic material is consumed 

by a microorganism by passing the material through the cell of the 
microorganism. 

 3. Activated Sludge 
   Sludge particles produced in wastewater by the growth of organisms in 

aeration tanks in the presence of dissolved oxygen. 
 4. Adsorption 
   The adhesion of material in the wastewater to the surface of the 

microorganism. 
 5. Aerobic 
   A condition in which "free" or dissolved oxygen is present in the aquatic 

environment. 
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 6. Aerobic Digestion 
  A process by which wastewater solids and water are placed in a large tank 

where bacteria decompose the solids under aerobic conditions. 
 7. Alkalinity 
   The capacity of water or wastewater to neutralize acids.  Alkalinity is 

expressed in milligrams per liter of equivalent calcium carbonate. 
 8. Ammonia-Nitrogen (NH3-N) 
   Nitrogen content of the wastewater in the form of ammonia.  Ammonia is 

oxidized to nitrite (NO2-N) and nitrate (NO3-N) during the nitrification 
process. 

 9. Anaerobic 
   A condition in which "free" or dissolved oxygen is not present in the 

aquatic environment. 
 10. Anaerobic Digestion  

 A process by which wastewater solids and water are placed in a large tank 
where bacteria decompose the solids under anaerobic conditions.  Two 
groups of bacteria act in balance: acid formers and methane formers. 

 11. Annual Average Flow (AAF) 
 The arithmetic average of all daily flow determinations taken within the 

preceding 12 consecutive calendar months.  
 12. Autotrophic 
   A term generally applied to bacteria that consume only inorganic matter.  

These organisms have a slower growth rate than heterotrophic bacteria. 
. 13. Biochemical Oxygen Demand (BOD5) 
   A measurement of the amount of oxygen required by the microorganisms 

to metabolize or digest the organic material in the wastewater. 
 14. Carbonaceous BOD (CBOD5) 
   A measurement of the amount of oxygen required when aerobic bacteria 

change carbon compounds to carbon dioxide.  This is usually measured by 
inhibiting nitrification in the BOD analysis. 

 15. Daily average flow 
   The arithmetic average of all determinations of the daily flow within a 

period of one calendar month 
 16. Daily maximum flow 
   The highest total flow for any 24-hour period in a calendar month. 
 17. Dissolved Solids 
   Consists of organic and inorganic material that is present in true solution 

in the wastewater. 
 18. F/M Ratio 
   Food to microorganism ratio usually expressed in terms of BOD and 

Mixed Liquor Volatile Suspended Solids (MLVSS).  A measure of food 
provided to bacteria in an aeration tank.   

   F/M = lb. BOD/day/lb. MLVSS 
 19. Flocculation 
   The gathering together of fine particles to form larger particles. 
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 20. Grit 
 The heavy mineral material present in wastewater such as sand, eggshells, 

gravel, and cinders. 
 21. Heterotrophic 
   A term generally applied to bacteria that consume only organic matter.  

These organisms have a higher growth rate than autotrophic bacteria. 
22. Maximum 2-hour peak flow 

(domestic wastewater treatment plants) The highest 2-hour peak flow for 
any 24 hour period in a calendar month. 

 23. Media 
   The material in a trickling filter on which organisms grow.  
 24. Microorganisms 
   Microscopic living objects which require energy, carbon, and small 

amounts of inorganic elements to grow and multiply.  They get these 
requirements from the wastewater and in doing so, help to remove the 
pollutants from the wastewater. 

 25. Mixed Liquor 
   Used to refer to the mixture of wastewater and return activated sludge in 

the aeration tank of an activated sludge system. 
 26. Mixed Liquor Suspended Solids (MLSS) 
   The suspended solids in the mixed liquor of an aeration tank. 
 27. Mixed Liquor Volatile Suspended Solids (MLVSS) 
   The organic or volatile suspended solids in the mixed liquor of an aeration 

tank. 
 28. Nitrification 
   A process in which bacteria change the ammonia and organic nitrogen in 

wastewater into oxidized nitrogen (nitrate).  This process employs 
autotrophic bacteria termed nitrosomonas and nitrobacteria. 

 29. Overaerated 
Sludge having long periods in aeration tanks with dissolved oxygen at 4 
mg/l and over.  

 30. Overoxidized 
   Sludge which has been treated by aeration to such an extent that it no 

longer has significant organic content.  This sludge is often referred to as 
"ash." 

 31. Organic Waste 
   Waste material which comes from animal or vegetable sources.  Organic 

waste generally can be consumed by bacteria and other small organisms.  
Organic wastes contain mainly carbon and hydrogen along with other 
elements. 

 32. pH 
   A term used to express the intensity of the acid or alkaline sources.  A pH 

of 7 is considered neutral and optimal for wastewater treatment, with 
acidity increasing as the pH decreases.  Normal pH for wastewater 
treatment is 6.5 to 7.5. 
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 33. Preliminary Treatment 
   The removal of metal, rocks, sand, rags, and similar materials which can 

hinder the operation of a treatment facility. 
 34. Primary Treatment 

A process in which those substances in wastewater that settle or float are 
removed. 

 35. Secondary Treatment 
   A process used to convert dissolved or suspended materials into a form 

more readily separated from the water being treated. 
 36. Septic 
   A condition produced by the growth of anaerobic organisms.  If severe, 

the wastewater turns black, giving off foul odors and creating a heavy 
oxygen demand. 

 37. Settleable Solids 
   That matter in wastewater which will not stay in suspension during a 

preselected settling period. 
 38. Sloughings 
   Trickling filter slimes that have been washed off the media. 
 39. Soluble BOD (SBOD) 
   BOD of water that has been filtered in the suspended solids test. 
 40. Sludge 
   The settleable solids separated from the liquid during clarification. 
 41. Sludge Age 
   The theoretical length of time that a particle of activated sludge will 

remain in the aeration system. 
 42. Sludge Digestion 

 A process by which organic matter in sludge is gasified, liquefied, 
mineralized, or converted to a more stable form by anaerobic or aerobic 
organisms. 

 43. Supernatant 
   Liquid removed from settled sludge.  Supernatant commonly refers to the 

liquid between the sludge on the bottom and the scum on the surface of 
any settling tank. 

 44. Suspended Solids 
   Solids that either float on the surface of or are in suspension in water, 

wastewater, or other liquids and are largely removable by filtering. 
 45. Total Kjeldahl Nitrogen (TKN) 
   Nitrogen content detected by the Kjeldahl analytical procedure which 

includes the organic and ammonia forms. 
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SECTION II 
SEWER SYSTEM GENERAL INFORMATION 

AND POPULATION TRENDS 
 

This section provides a general description of the project area, current and future population of 

the area to be served, and project description of each of the phases identified in Section I. 

 
II.A. General Information 

II.A.1 – Service Area:  Angelina County Fresh Water Supply District No. 1 serves areas 

outside current incorporated limits within Angelina County, just north of the City of 

Lufkin, as shown below in Figure II.1.  The service area is more specifically described 

as north to south from Bar-B-Q Road to FM 2021 and east to west from approximately 

Allen Gin Road to approximately 1,770 L.F. east of FM 2251.   

Figure II.1 - District Service Area 
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Wastewater service is currently provided to approximately 80 of the total 238 dwellings 

within the District's service area and includes residential and commercial customers.  The 

remaining connections within the District service area utilize on-site sanitary sewer 

facilities (OSSF).  Many of the existing OSSF's no longer meet local and state regulatory 

requirements and therefore Phase I of the project is proposed to provide first time sanitary 

sewer service to existing residents within the District's service area.  Providing a 

centralized sanitary sewer collection system will also mitigate future sanitary sewer 

connections to residents outside the District's service area, within proximity to proposed 

collection mains.  Phase I will include elimination of existing on-site sewer facilities for 

existing connections and provide collection through a proposed sanitary sewer collection 

system with treatment being transferred to ANRA's North Angelina County Regional 

Wastewater Treatment Facility, as proposed in the 2013 IUP to initiate regionalization 

with Redland Estates WWTF, District service area and ANRA’s North Angelina County 

Regional Wastewater Treatment Facility.  No heavy industrial users are currently located 

in the District's service area; however TxDOT is currently under construction of highway 

widening for the I-69 corridor located just east of the District's service area. Therefore 

there is potential for additional commercial customers and future industrial connections.      

 

In May 2012 the District held an election to annex Redland Estates Subdivision, which 

currently includes 41 existing sanitary sewer connections that discharge to a non-

functional wastewater treatment facility.  Over the last 20 years the Redland Estates 

WWTF has discharged untreated wastewater directly into an unnamed tributary, 

ultimately to Segment No. 0611 of the Angelina River.  It should be noted that a Public 

Health Threat has been issued by TCEQ and the Angelina County Cities and Health 

District, attached as Exhibit A.  TCEQ and TWDB have determined that Segment No. 

0611 is an Impaired Water Body that has been and will continue to be affected by the 

direct discharge of untreated wastewater from Redland Estates.  Phase II will eliminate 

the Redland Estates WWTF and pump wastewater from the existing 41 connections to 

the District's collection system which will ultimately be treated at Angelina & Neches 

River Authority's (ANRA) North Angelina County Regional Wastewater Treatment 

Facility, which is described below as Phase III.   
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The North Angelina County Regional Wastewater Treatment Facility currently provides 

treatment for Central ISD, Idlewood WCID and DADS-Lufkin State Supported Living 

Center and is permitted to treat and discharge 370,000 gallons per day.  ANRA holds a 

TCEQ permit for discharging treated effluent into waters of the State of Texas.  The 

facility is authorized to discharge into an unnamed tributary; thence to Mill Creek; thence 

to Paper Mill Creek; thence to Angelina River/Sam Rayburn Reservoir in Segment No. 

0615 of the Neches River Basin.  The Texas Pollutant Discharge Elimination System 

(TPDES) permit number for the plant is WQ0011620001.  The proposed connection for 

the addition of Redland Estates and all participants in Phases I and II will require basin 

modifications which will include, construction of plant headworks to replace the existing 

headworks due to lack of available space to incorporate the proposed connection, 

construction of a chlorine contact chamber to replace the existing chlorine contact 

chamber and site fencing of ANRA's North Angelina County Regional Wastewater 

Treatment Facility to include all designated treatment facility land owned by ANRA. 

  

II.A.2 – Environmental Resources:  The existing environmental resources of the 

District service area and the surrounding area are important to recognize since any 

proposed improvements will have some level of impact on these resources.  A general 

overview of the environmental factors affecting land resources follow.  

 
1. Climate 
 

The District’s service area is in a subtropical area having warm summers and mild 

winters.  The average daily temperature in January is 49 degrees Fahrenheit while 

the average daily temperature in July is 83 degrees Fahrenheit.  The highest 

recorded temperature is 110 degrees F in 1909 and the lowest was -2 degrees F in 

1951 (www.weather.com).  The prevailing winds in the area are generally from 

the south.  Rainfall information for the area indicates an average annual rainfall of 

approximately 49 inches.  Table II.1 lists the average monthly minimum and 

maximum temperatures and rainfall (available from www.weather.com). 
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Table II.1 - Average Monthly Temperature and Rainfall 
 

  Average  Average  Average 
Monthly 
Rainfall Month High 

Temperature 
Low 

Temperature 

January 60 38 4.18 

February 64 42 4.00 

March 71 48 3.78 

April 78 55 3.05 

May 85 64 4.64 

June 90 70 4.68 

July 93 72 3.05 

August 94 72 3.34 

September 89 66 4.08 

October 80 56 4.83 

November 70 47 5.01 

December 61 39 4.44 

Total NA NA 49.08 

Average 78 56 4.09 

 
Based on all the data shown in Table II.1, the average monthly rainfall in the 

service area of the District is approximately 4.09 inches.   

 
 2. Topography 
 

Angelina County encompasses approximately 864 square miles and the District’s 

service area is approximately 2 square miles.  The area is generally level country 

and is used for logging and farming.  The terrain is best described as hilly with a 

high congregation of pine trees, with an average elevation of 300 feet above mean 

sea level.  Elevation ranges from 370 feet to 260 feet in various areas throughout 

the District’s service area, based upon information provided in the USGS 7.5 

minute topographic map.  The District is separated by several unnamed tributaries 

which drain west to east, ultimately to Mill Creek. 
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3. Geology 
 

Geologic units in Angelina County (from oldest to youngest) are Alluvium, 

Catahoula Formation, Jackson Group, Yegua Formation, Cook Mountain 

Formation, Sparta Sand, Weches Formation, Queen City Sand, Reklaw 

Formation, Carrizo Sand, and Wilcox Group (Texas Water Development Board, 

March 1970).   
 

4. Soils 
 

The predominant soil type in the District service area is conducive to farming 

activities.  The soils are primarily a clay, quartz sand, and lignite mixture.  The 

soils are typically brown to dark brown.  The soils exhibit a low to moderate 

permeability and are considered moderate to highly expansive (USDA, August 

1977).  
 

5. Floodplains 
 

Floodplains within the planning area have been identified by the U.S. Department 

of Housing and Urban Development - Federal Emergency Management Agency 

(FEMA) in the recent flood insurance study of Angelina County. Any proposed 

construction in floodplain areas must meet all applicable state and federal 

regulations.   
 

6. Wetlands 
 

A wetlands map for the planning area is available from the Texas Natural 

Resources Information System.  These maps are prepared by stereoscopic analysis 

of high altitude aerial photographs.  Similar to identifying floodplains, all 

supposed wetland areas will be identified prior to construction.  It is generally 

best to avoid construction in any wetlands to limit mitigation efforts required to 

recover existing wetlands. 
  

An Environmental Data Form (TWDB-0800) has been prepared for this project and 

submitted to applicable review agencies for comments and proposed mitigation measures.  

Proposed comments and mitigation measures provided by respective review agencies will 

be submitted to TWDB for final environmental review ultimately for issuance of a 

Finding of No Significant Impact (FONSI).  It should be noted that construction is 
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proposed within existing State or County right-of-ways and therefore will be installed 

within previously disturbed and currently maintained areas.   

 

II.B. Present and Projected Population 

With the confined limits of the District's service area, and due to the size of the census 

block for this area, the population projection will be based upon the Angelina County 

population projection from TWDB 2016 Regional Water Plan, which projects an average 

annual growth rate of 0.48%.  TWDB 2016 Regional Water Plan population projections 

for Angelina County were also compared to City of Lufkin, City of Huntington and City 

of Diboll to verify projected population growth; data presented shows consistent growth 

for various areas around Angelina County, as shown below in Table II.2.   

 

Table II.2 - TWDB 2016 Regional Water Plan Population Projections 

  Angelina   City of    City of    City of   

Year County AAG Lufkin AAG Huntington AAG Diboll AAG 

2020 93,316   37,713   2,278   5,137   

2030 99,848 0.68% 40,352 0.68% 2,438 0.68% 5,496 0.68% 

2040 105,329 0.54% 42,567 0.54% 2,571 0.53% 5,798 0.54% 

2050 110,332 0.47% 44,589 0.47% 2,694 0.47% 6,073 0.46% 

2060 114,808 0.40% 46,398 0.40% 2,803 0.40% 6,320 0.40% 

2070 118,772 0.34% 48,000 0.34% 2,900 0.34% 6,538 0.34% 

Average   0.48%   0.48%   0.48%   0.48% 

 

The projected population for the District's service area, based upon criteria discussed 

above, is shown below in Figure II.2 and Table II.3. 
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Figure II.2 - District Service Area Population Projection 

 

Table II.3 - District Service Area Population Projection 

Year 

Population 

Projection 

2010 699 

2020 748 

2030 800 

2040 844 

2050 885 

2060 921 

2070 953 

 

It should be noted that the District's 2010 population is based upon a total projected 

connection/dwelling count of 238, in conjunction with the 2013 Socioeconomic Survey 

average household size for the occupied dwellings at 2.94 persons per household.  
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Table II.4 - District Service Area Population Projection 

  Existing 
Connections / 

Dwellings 
Existing 

Population 
2040 Design 
Population 

2040 Design 
Connections 

Existing District 
Customers 

80 235 284 97 

Redland Estates 
(Including 2021) 

66 194 234 80 

County Barn Road 10 29 35 12 

Smallwood Road 9 26 31 11 

Ruth Lane 14 41 50 17 

BBQ Road 23 68 82 28 

Phil Jackson Road 36 106 128 44 

Total 238 699 844 289 

*Persons per household = 2.94 (from 2013 District Socioeconomic Survey) 

 
II.C. Present and Projected Wastewater Loadings 

 
Table II.4 above shows a population projection breakdown of individual areas, existing 

and proposed, which will ultimately contribute to the District’s collection system.  Table 

II.5 below shows a breakdown of present and projected wastewater loadings. 

 

Table II.5 - District Present and Projected Wastewater Loadings 

  

Existing 
Population 

Average Daily 
Wastewater 

Loading  
(gpd) 

Peak 2-Hour 
Wastewater 

Loading  
(gpd) 

2040 
Design 

Population 

Average Daily 
Wastewater 

Loading  
(gpd) 

Peak 2-Hour 
Wastewater 

Loading  
(gpd) 

Existing District 
Customers 

235 23,500 94,000 284 28,400 113,600 

Redland Estates 
(Including 2021) 

194 19,400 77,600 234 23,400 93,600 

County Barn Road 29 2,900 11,600 35 3,500 14,000 

Smallwood Road 26 2,600 10,400 31 3,100 12,400 

Ruth Lane 41 4,100 16,400 50 5,000 20,000 

BBQ Road 68 6,800 27,200 82 8,200 32,800 

Phil Jackson Road 106 10,600 42,400 128 12,800 51,200 

Total 699 69,900 279,600 844 84,400 337,600 
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As shown above in Table II.5, design year 2040 average daily wastewater flows for 

Angelina County FWSD No. 1 are projected to be 84,400 gallons per day with a two-

hour peak flow of 337,600 gallons per day.  The Texas Commission on Environmental 

Quality (TCEQ) Chapter 217 rules require a daily wastewater flow of 75 to 100 gallons 

per person for calculating average daily flow and a peaking factor of 4 to calculate peak 

two-hour flow,  in the absence of historical flow data.      

 

II.D. Ability of Dwellings 

 
All existing connections within the existing service area of the District are currently 

served by Angelina County FWSD No. 1 for sewer service or have private treatment 

facilities.  The proposed facilities, as described in Section III, will provide a safer and 

more sanitary treatment option to dwellings with private systems, as shown in the Public 

Health Threat as issued by TCEQ and Angelina County/Cities and Health District, 

attached as Exhibit A, but will not significantly change system operation.  Minor 

operational and maintenance cost will be associated with the use of the proposed facilities 

which will be borne by the District, but no additional costs (other than connection fees, as 

required, and monthly service bills) will be incurred by residents. 
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SECTION III 
ALTERNATIVES AND DESIGN ANALYSIS 

 

III.A. Design Criteria 

 
Sewer service inadequacies fall into two (2) categories: 1) does not exist or is not 

provided and 2) is provided by an organized sewage collection and treatment facility that 

does not comply with the standards and requirements established by TCEQ.   

 

As shown above in Table II.3, the District is projected to grow from a current estimated 

population of 699 to a 2040 design year population of 844.  Also, 2040 design year 

projected wastewater flow data was utilized for design criteria for individual areas, as 

broken down in Table II.5, specifically for pipe and pump sizing as presented below in 

Section III.B below for proposed Phase I improvements. 

 

Sanitary sewer main design criteria for the proposed project are based upon Texas 

Commission on Environmental Quality Chapter 217 - Design Criteria for Domestic 

Wastewater Systems.  The design criteria will be summarized below for the proposed 

projects and alternatives. 

 

Chapter 217 - Design Criteria for Domestic Wastewater Systems: 

• Ability of the system to handle transport of peak dry weather flow plus infiltration 

and inflow, immediately upon completion and at the end of its design life (§217.53 

(a)). 

• Pipe material for gravity and forcemain systems for characteristics of wastewater 

conveyed, possibility of septic conditions, external forces, ground water, internal 

pressures, abrasion / corrosion resistance and joint material (§217.53 (b-c) , §217.64 - 

§217.67).      

• Separation distances between public water supply pipes and wastewater collection 

system pipes or manholes (§217.53 (d)). 

• Installation of laterals and taps (§217.53 (e)). 



Angelina & Neches River Authority  Engineering Feasibility Report 

KSA Engineers, Inc. 17 TWDB CWSRF No. 73677 
    

• Bores for crossings (§217.53 (f)). 

• Corrosion Potential (§217.53 (g)). 

• Capacity analysis to ensure the system's capacity is sufficient to serve estimated 

future population, prevent surcharge at the expected peak flow, and minimum main 

line size requirement (§217.53 (j)). 

• Minimum and maximum slopes, per Table C.1 of §217.53 (l)), to allow a full flow 

velocity not less than 2.0 feet per second nor to exceed 10 feet per second (§217.53 

(j)). 

• Alignment to maintain uniform grade between manholes with maximum allowable 

spacing for collection systems (§217.53 (m)). 

• Pipe embedment (§217.54 (a)). 

• Compaction (§217.54 (b)). 

• Envelope size and trench width (§217.54 (c-d)). 

• Manholes and related structures ((§217.55). 

 

With projected population and design flow calculations as shown in Section II, 

individual projects and alternatives for Phases I – III will be discussed further below.   

 

III.B. Phase I - Project Alternatives Considered and Recommendations 

Phase I improvements consist of providing first time sanitary sewer service to residents 

within the District’s current service area, and will by necessity also include future 

connections to residential, commercial and industrial connections outside the District’s 

service area who do not have centralized sanitary sewer.  Figure III.1 below shows the 

location and size of the District’s existing sanitary collection system.  Due to the sparse   

nature of the location of existing / proposed connections, as shown below, Phase I will be 

broken up into five (5) different sub-categories for design analysis.  Each independent 

project will be discussed below along with alternatives considered.  Modeling of 

proposed sewer mains was completed in conjunction with the projected design flow, as 

shown in Table II.5, utilization of Google Earth for residences along project path and to 

estimate elevation, and Bentley's Sewer Gems software.    
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Figure III.1 – Existing District Wastewater Map 
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Proposed collection system improvements and installation of first time sanitary sewer 

service for Phase I, includes providing sanitary sewer collection system facilities within 

the District's current service area, specifically including wastewater collection system 

design for County Road 89 (Phil Jackson Road), Service Area Near District Office, Bar-

B-Q Road, Ruth Lane, Smallwood Road, Joe Road and County Barn Road.  Additional 

improvements will be considered for Redland Estates and will be considered in Phase II. 

 

Four (4) alternatives were considered for the proposed improvements for Phase I, 

including:  1) gravity sanitary sewer with lift stations/forcemains, 2) pressure sewer 

system, 3) replacement of on-site sanitary sewer facilities (OSSF’s), and 4) combination 

gravity sanitary sewer in conjunction with vacuum system.   

 

Due to the topographic nature of the District’s service area, as discussed in Section II, 

and the sparse layout of existing dwellings, Alternative No. 4 (gravity sanitary sewer in 

conjunction with vacuum system) will not be discussed further.  Vacuum sanitary sewer 

systems are ideal for densely populated areas, with a minimum of 200 connections to 

offset capital installation cost, and relatively flat terrain.  Elevation differences up to a 

maximum of 30’ are generally conducive for vacuum systems, however vacuum systems 

are not efficient in providing suction lift above 30’ or providing service to sparsely 

populated areas.  Operation and maintenance costs for vacuum systems are also not 

comparable to Alternatives 1 through 3, for the District’s design characteristics.  

Therefore, Alternatives 1 through 3 will only be considered for Phase I improvements, 

and again include:  1) gravity sanitary sewer with lift stations/forcemains, 2) pressure 

sewer system, and 3) replacement of on-site sanitary sewer facilities (OSSF’s). 

 

III.B.1: Line A – County Barn Road:  Line A proposed to provide first time sanitary 

sewer service to ten (10) existing residences located on County Barn Road to the 

District’s existing 6” PVC gravity sanitary sewer main located on FM 2251.  Due to 

elevation differences along County Barn Road, standard gravity sanitary sewer 

installation cannot be utilized but must be combined with a pressure sewer system to 

collect and divert sanitary sewer to the District’s collection system.  Therefore there are 
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three (3) alternatives to providing sewer service to connections along County Barn Road:  

1) full pressure system which would ultimately connect to a 6" PVC gravity main on FM 

2251 and 2) a combination gravity and pressure system, which will utilize gravity 

collection where possible and pressure sewer the remainder of the way to connect to the 

existing 6" PVC gravity main on FM 2251, and 3) replacement of existing OSSF’s.  

 

Option 1:  2"/3" PVC SDR 26 Pressure Sanitary Sewer Main: 

Option 1 consists of a traditional open cut installation of proposed sanitary sewer 

pressure mains.  Open cut trenches would be excavated in existing County right-of-ways 

for installation of proposed pressure mains to connect to the existing 6” PVC gravity 

main located at the intersection of County Barn Road and FM 2251.  The new pressure 

main will be installed and tested prior to services being transferred and will require 

installation of individual 2 hp residential grinder lift stations at each connection and 

abandonment of existing septic tanks in accordance with TCEQ regulations.  The 

proposed pressure system will require approximately 3,415 linear feet of 2" and 3" PVC 

SDR 26 sanitary sewer main, including ten (10) individual residential package lift 

stations, electrical connections and sanitary sewer services from the pressure main to the 

proposed package lift station.  For design and budgeting purposes, the package lift station 

consists of a 24"x48" fiberglass basin, 2 HP explosion proof grinder pump and standard 

control panel with alarms as required in accordance with 30 TAC Chapter 217.   

 

Figure III.2 – Option 1 (County Barn Road) 
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Figure III.2 above shows the general location of County Barn road and proposed 

installation for Option 1.  Table III.2 below provides a detailed breakdown of projected 

construction costs. 

 

Table III.2 - Line A:  Option 1 Construction Costs 

Item Description Units Quantity Unit Cost Total Cost 

1.01 2" SDR 26 Pressure Sewer LF 2,150 $12.00  $25,800.00  

1.02 3" SDR 26 Pressure Sewer LF 1,265 $15.00  $18,975.00  

1.03 Connect to Existing Manhole EA 2 $1,500.00  $3,000.00  

1.04 
Package Simplex Grinder Lift 
Station 

EA 10 $9,500.00  $95,000.00  

1.05 Service Reconnections EA 10 $1,500.00  $15,000.00  

1.06 Gravel Repair LF 515 $15.00  $7,725.00  

1.07 
Demolition and Abandonment of 
Existing Septic Tank 

LF 10 $850.00  $8,500.00  

1.08 Seeding and Fertilizing LF 2,150 $2.00  $4,300.00  

1.09 Storm Water Pollution Prevention LF 2,150 $1.00  $2,150.00  

1.10 Trench Safety LF 2,150 $1.00  $2,150.00  

1.11 Mobilization LS 1 $18,260.00  $18,260.00  

Subtotal Construction Cost $200,860.00  

15% Contingencies $29,640.00  

Total Projected Construction Cost $230,500.00  

 
As shown in Table III.2, the total projected construction cost for County Barn Road 

Option 1 is $230,500.00, including 15% contingencies.  The total projected cost of per 

connection of the existing ten (10) houses on County Bard Road, equates to $23,050.00 

per connection.  Historical operation and maintenance cost of pressure sewer mains is 

approximately 1.5% of the construction cost per year.  For this project, annual O&M cost 

of the proposed pressure sanitary sewer main is projected to be $3,460 per year.  The 

present value of the O&M cost assuming an annual 3% interest rate for inflation over a 

20 period is $51,475.   

 

Option 2:  Combination Gravity/Pressure and Lift Station: 

Option 2 consists of installation of a combination pressure and gravity system. Existing 

connections will be serviced via gravity main down to the low point of County Barn 



Angelina & Neches River Authority  Engineering Feasibility Report 

KSA Engineers, Inc. 22 TWDB CWSRF No. 73677 
    

Road, where a lift station is proposed to carry the wastewater to a gravity main located on 

FM 2251. The new lift station and forcemain would be installed/laid and tested prior to 

services being started.  Figure III.3 below shows the general location of County Barn 

Road and proposed installation for Option 2.  Table III.3 below provides a detailed 

breakdown of projected construction costs. 

 

Figure III.3 – Option 2 (County Barn Road) 

 

 

As shown below in Table III.3, the total projected construction cost for County Barn 

Road Option 2 is $327,500.00, including 15% contingencies.  The total projected cost of 

ten (10) houses on County Barn Road, utilizing Option 2, equates to $32,750 per 

connection.  Historical operation and maintenance cost of combination pressure/gravity 

sewer mains is approximately 1.0% of the construction cost per year. For this project, 

annual O&M cost of the proposed gravity replacement main is projected to be $3,275 per 

year.  The present value of the O&M cost assuming a 3% interest and a 20 period is 

$48,725.   
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Table III.3: Line A Option 2 Construction Cost 

Item Description Units Quantity Unit Cost Cost 

2.01 
6" SDR 26 Sanitary Sewer (All 
Depths) 

LF 3,520 $25.00  $88,000.00  

2.02 3" SDR 26 Pressure Sewer LF 565 $15.00  $8,475.00  

2.03 Proposed Lift Station EA 1 $55,000.00  $55,000.00  

2.04 
Package Simplex Grinder Lift 
Station 

EA 3 $9,000.00  $27,000.00  

2.04 Service Reconnections EA 7 $2,500.00  $17,500.00  

2.05 Gravel Repair LF 515 $15.00  $7,725.00  

2.06 Manholes (0-6) EA 8 $3,250.00  $26,000.00  

2.07 Manholes Extra Depth VF 30 $230.00  $6,900.00  

2.08 
Demolition and Abandonment of 
Existing Septic Tank 

LF 10 $850.00  $8,500.00  

2.09 Seeding and Fertilizing LF 3,520 $2.00  $7,040.00  

2.10 Storm Water Pollution Prevention LF 3,520 $1.00  $3,520.00  

2.11 Trench Safety LF 3,520 $1.00  $3,520.00  

2.12 Mobilization LS 1 $25,918.00  $25,918.00  

Subtotal Construction Cost $285,098.00  

15% Contingencies $42,402.00  

Total Projected Construction Cost $327,500.00  

 

Option 3:  Replacement of existing OSSF 

Option 3 consists of installation and replacement of existing OSSF's.  The existing 

residents currently have septic systems.  Aerobic septic systems, as required by Angelina 

County/Cities Health District will be utilized for Option 3, with existing OSSF's being 

removed and hauled off-site. 

 

Table III.4 below provides a detailed breakdown of projected construction costs.  As 

shown below in Table III.4, the total projected construction cost for Option 3 is 

$110,000.00 including 15% contingencies.  The total projected cost of ten (10) houses on 

County Barn Road, utilizing Option 3, equates to $11,000 per connection.  Operation and 

maintenance cost of OSSFs are projected to be 0.5% of the construction cost per year.  

For this project, annual O&M cost of the individual OSSF's is projected to be $550.00.  

The present value of the O&M cost assuming a 3% interest and a 20 period is $8,185.     
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Table III.4: Line A Option 3 Construction Cost 

Item Description Units Quantity Unit Cost Cost 

3.01 Aerobic Septic System EA 10 $7,500.00  $75,000.00  

3.02 
Demolition and Abandonment of 
Existing Septic Tank 

LF 10 $850.00  $8,500.00  

3.03 Seeding and Fertilizing LS 1 $2,500.00  $2,500.00  

3.04 Mobilization LS 1 $8,600.00  $8,600.00  

Subtotal Construction Cost $94,600.00  

15% Contingencies $15,400.00  

Total Projected Construction Cost $110,000.00  

 

The total projected cost per connection for Option 3 is $11,000.00, however it should be 

noted that individual aerobic septic systems generally have a two (2) year warranty at 

which time the owner is responsible for operation and maintenance.  Existing OSSFs on-

site have demonstrated the lack of owner operation and maintenance throughout the years 

and typical replacement of major mechanical equipment can range from five (5) to fifteen 

(15) years.  Assuming a ten (10) year mechanical replacement on each OSSF, at 25% of 

the original per connection cost, including 3% inflation the individual annual O&M cost 

for Option 3 is projected to be $10,935 which includes a projected mechanical 

replacement cost of $2,750.  Additionally, a replacement of the proposed OSSF's for 

Option 3 should be considered at the end of the 20 year design life of the projects.  

Therefore, replacement cost of individual OSSF's are also considered in the O&M cost 

using the current cost per connection as a future value, including 3% inflation over the 20 

year design life.  Projected O&M costs are therefore $30,805.  

 

Ranking and Recommendation 

Three (3) different options were presented above to provide first time sanitary sewer 

service to residents along County Barn Road.  Table III.5 below contains a ranking of 

the options presented above. 
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Table III.5 - Ranking of Options 

Options 
  

Capital 
Cost 

Technical 
Soundness O&M Cost 

Design Life of 
Proposed 

Improvements 
Total 
Score 

Option 1 - Full Pressure  2 2 3 2 9 

Option 2 - Combination 
Gravity Pressure System 1 3 2 3 9 

Option 3 - OSSF 3 1 1 1 6 

 

In Table III.5 a higher total score indicates a higher overall ranking.  Options 1 and 2 

have the overall highest ranking (9), however Option 2 has a higher overall capital cost 

($327,500) as compared to Option 1 ($230,500).  Although Option 1 has an overall lower 

capital and O&M cost, as compared to Option 2, the District's system currently consists 

of gravity sanitary sewer with lift stations as required.  In an effort to keep the District's 

existing system consistent with the proposed system, it is recommended that Option 2 be 

utilized for Line A to provide first time sanitary sewer service to residents along County 

Barn Road. 

 

III.B.2:  Line B – Smallwood Road:  Line B proposes to provide first time sanitary sewer 

service to nine (9) existing residences located on Smallwood Road to the District’s 

proposed sanitary sewer collection main which will be located on Phil Jackson Road.  

There are five (5) existing residential connections along Joe Road and four (4) along 

Smallwood Road.  There are four (4) alternatives to providing sewer service to 

connections along Smallwood Road, including:  1) full pressure system which would 

ultimately connect to a proposed sanitary sewer collection main on Phil Jackson Road, 2) 

a gravity sanitary sewer system with a lift station, which will pump sanitary sewer to a 

proposed sanitary sewer collection main on Phil Jackson Road, 3) replacement of existing 

OSSF’s and 4) combination gravity sanitary sewer system with lift stations to consolidate 

Lines B and C. 

 

Option 1:  2"/3" PVC SDR 26 Pressure Sanitary Sewer Main: 

Option 1 consists of a traditional open cut installation of proposed sanitary sewer 

pressure mains.  Open cut trenches would be excavated in existing County right-of-ways 
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for installation of proposed pressure mains to connect to the District’s proposed sanitary 

sewer collection main which will be located on Phil Jackson Road.  The new pressure 

main will be installed and tested prior to services being transferred and will require 

installation of individual 2 hp residential grinder lift stations at each connection and 

abandonment of existing septic tanks in accordance with TCEQ regulations.  The 

proposed pressure system will require approximately 2,950 linear feet of 2" and 3" PVC 

SDR 26 sanitary sewer main, including nine (9) individual residential package lift 

stations, electrical connections and sanitary sewer services from the pressure main to the 

proposed package lift station.  For design and budgeting purposes, the package lift station 

consists of a 24"x48" fiberglass basin, 2 HP explosion proof grinder pump and standard 

control panel with alarms as required in accordance with 30 TAC Chapter 217.   

 

Figure III.4 below shows the general location of Smallwood Road and proposed 

installation for Option 1.   

 

Figure III.4 – Option 1 (Smallwood Road) 
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Table III.6 below provides a detailed breakdown of projected construction costs.  As 

shown in Table III.6, the total projected construction cost for Smallwood Road Option 1 

is $137,500.00, including 15% contingencies.  The total projected cost of per connection 

of the existing nine (9) houses on Smallwood Road and Joe Road, equates to $15,280 per 

connection.  Historical operation and maintenance cost of pressure sewer mains is 

approximately 1.5% of the construction cost per year.  For this project, annual O&M cost 

of the proposed pressure sanitary sewer main is projected to be $2,065 per year.  The 

present value of the O&M cost assuming an annual 3% interest rate for inflation over a 

20 period is $30,720.   

 

Table III.6 - Line B:  Option 1 Construction Costs 

Item Description Units Quantity Unit Cost Total Cost 

1.01 2" SDR 26 Pressure Sewer LF 2,205 $12.00  $26,460.00  

1.02 3" SDR 26 Pressure Sewer LF 745 $15.00  $11,175.00  

1.03 
Package Simplex Grinder Lift 
Station 

EA 9 $7,500.00  $67,500.00  

1.04 Service Reconnections EA 9 $1,500.00  $13,500.00  

1.05 Gravel Repair LF 225 $15.00  $3,375.00  

1.06 
Demolition and Abandonment of 
Existing Septic Tank 

LF 9 $850.00  $7,650.00  

1.07 Seeding and Fertilizing LF 745 $2.00  $1,490.00  

1.08 Storm Water Pollution Prevention LF 745 $1.00  $745.00  

1.09 Trench Safety LF 745 $1.00  $745.00  

1.10 Mobilization LS 1 $13,264.00  $13,264.00  

Subtotal Construction Cost $119,444.00  

15% Contingencies $18,056.00  

Total Projected Construction Cost $137,500.00  

 

Option 2:  Gravity Sanitary Sewer and Lift Station: 

Option 2 consists of installation of a gravity sanitary sewer system to provide first time 

sanitary sewer to residents along Smallwood Road and Joe Road. Existing connections 

will be serviced via gravity main along Smallwood Road and Joe Road to a lift station, 

which is proposed to be installed at the northernmost end of Joe Road, which will pump 

collected wastewater to a proposed collection main on Phil Jackson Road. The new lift 
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station, gravity main and forcemain would be installed/laid and tested prior to services 

being started.  Figure III.5 below shows the general location of Smallwood Road and 

proposed installation for Option 2.  Table III.7 below provides a detailed breakdown of 

projected construction costs. 

Figure III.5 – Option 2 (Smallwood Road) 

 

 

As shown above in Table III.7, the total projected construction cost for Smallwood Road 

Option 2 is $265,500.00, including 15% contingencies.  The total projected cost of nine 

(9) houses on Smallwood Road and Joe Road, utilizing Option 2, equates to $29,500 per 

connection.  Historical operation and maintenance cost of gravity sewer mains with lift 

stations is approximately .75% of the construction cost per year. For this project, annual 

O&M cost of the proposed gravity replacement main is projected to be $1,990 per year.  

The present value of the O&M cost assuming a 3% interest and a 20 period is $29,605. 
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Table III.7 - Line B:  Option 2 Construction Costs 

Item Description Units Quantity Unit Cost Cost 

2.01 
6" SDR 26 Sanitary Sewer (All 
Depths) 

LF 2180 $25.00  $54,500.00  

2.02 3" SDR 26 Pressure Sewer LF 1,880 $10.00  $18,800.00  

2.03 Proposed Lift Station EA 1 $55,000.00  $55,000.00  

2.04 Service Reconnections EA 9 $2,500.00  $22,500.00  

2.05 Manholes (0-6) EA 9 $3,250.00  $29,250.00  

2.06 Manholes Extra Depth VF 12 $230.00  $2,760.00  

2.07 Gravel Repair LF 225 $15.00  $3,375.00  

2.08 
Demolition and Abandonment of 
Existing Septic Tank 

LF 9 $850.00  $7,650.00  

2.09 Seeding and Fertilizing LF 4,060 $2.00  $8,120.00  

2.10 Storm Water Pollution Prevention LF 4,060 $1.00  $4,060.00  

2.11 Trench Safety LF 4,060 $1.00  $4,060.00  

2.12 Mobilization LS 1 $21,007.50  $21,007.50  

Subtotal Construction Cost $231,082.50  

15% Contingencies $34,417.50  

Total Projected Construction Cost $265,500.00  

 

Option 3:  Replacement of existing OSSF 

Option 3 consists of installation and replacement of existing OSSF's.  The existing 

residents located on Smallwood Road and Joe Road currently have septic systems.  

Aerobic septic systems, as required by Angelina County/Cities Health District will be 

utilized for Option 3, with existing OSSF's being removed and hauled off-site. 

 

Table III.8 below provides a detailed breakdown of projected construction costs.  As 

shown below in Table III.8, the total projected construction cost for Option 3 is 

$98,500.00 including 15% contingencies.  The total projected cost of nine (9) houses on 

Smallwood Road and Joe Road, utilizing Option 3, equates to $10,945 per connection.  .  

Operation and maintenance cost of OSSFs are projected to be 0.5% of the construction 

cost per year.  For this project, annual O&M cost of the individual OSSF's is projected to 

be $490.  The present value of the O&M cost assuming a 3% interest and a 20 period is 

$7,290.     
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The total projected cost per connection for Option 3 is $10,945, however it should be 

noted that individual aerobic septic systems generally have a two (2) year warranty at 

which time the owner is responsible for operation and maintenance.  Existing OSSFs on-

site have demonstrated the lack of owner operation and maintenance throughout the years 

and typical replacement of major mechanical equipment can range from five (5) to fifteen 

(15) years.  Assuming a ten (10) year mechanical replacement on each OSSF, at 25% of 

the original per connection cost, including 3% inflation the individual annual O&M cost 

for Option 3 is projected to be $10,000 which includes a projected mechanical 

replacement cost of $2,710.  Additionally, a replacement of the proposed OSSF's for 

Option 3 should be considered at the end of the 20 year design life of the projects.  

Therefore, replacement cost of individual OSSF's are also considered in the O&M cost 

using the current cost per connection as a future value, including 3% inflation over the 20 

year design life.  Projected O&M costs are therefore $29,570.  

 
Table III.8: Line B Option 3 Construction Cost 

Item Description Units Quantity Unit Cost Cost 

3.01 Aerobic Septic System EA 9 $7,500.00  $67,500.00  

3.02 
Demolition and Abandonment of 
Existing Septic Tank 

LF 9 $850.00  $7,650.00  

3.03 Seeding and Fertilizing LS 1 $2,500.00  $2,500.00  

3.04 Mobilization LS 1 $7,765.00  $7,765.00  

Subtotal Construction Cost $85,415.00  

15% Contingencies $13,085.00  

Total Projected Construction Cost $98,500.00  

 

Option 4:  Gravity Sanitary Sewer and Lift Station to Consolidate Lines B and C: 

Option 4 consists of installation of a gravity sanitary sewer system to provide first time 

sanitary sewer to residents along Smallwood Road, Joe Road and Ruth Lane by 

consolidating proposed Lines B and C. Existing connections will be serviced via gravity 

main along Smallwood Road and Joe Road to a proposed trunk sewer main which will 

connect Ruth Lane, Smallwood Road, Joe Road and areas north of an unnamed tributary 

to FM 2251.  Two (2) lift stations are proposed for Option 4; one (1) is proposed on Ruth 
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Lane to pump to the proposed gravity main at the northernmost end of Ruth Lane and the 

other lift station is proposed near FM 2251 to pump collected wastewater from Ruth 

Land, Smallwood Road and Joe Road to an existing 6" sanitary sewer main located on 

FM 2251. Figure III.6 below shows the general location of Smallwood Road and 

proposed installation for Option 2.  Table III.9 below provides a detailed breakdown of 

projected construction costs. 

Figure III.6 – Option 4 (Smallwood Road, Joe Road and Ruth Lane) 
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As shown below in Table III.9, the total projected construction cost for Smallwood 

Road, Joe Road and Ruth Lane Option 4 is $688,500.00, including 15% contingencies.  

The total projected cost of 23 existing houses on Smallwood Road, Joe Road and Ruth 

Lane, utilizing Option 4, equates to $29,935 per connection.  Historical operation and 

maintenance cost of gravity sewer mains with lift stations is approximately .75% of the 

construction cost per year. For this project, annual O&M cost of the proposed gravity 

replacement main is projected to be $5,165 per year.  The present value of the O&M cost 

assuming a 3% interest and a 20 period is $76,840. 

 

Table III.9 - Line B and C:  Option 4 Construction Costs 

Item Description Units Quantity Unit Cost Cost 

4.01 
6" SDR 26 Sanitary Sewer (All 
Depths) 

LF 10,300 $25.00  $257,500.00  

4.02 3" SDR 26 Pressure Sewer LF 2,700 $15.00  $40,500.00  

4.03 Proposed Lift Station EA 2 $35,000.00  $70,000.00  

4.04 Service Reconnections EA 23 $2,500.00  $57,500.00  

4.05 Manholes (0-6) EA 11 $3,250.00  $35,750.00  

4.06 Manholes Extra Depth VF 25 $230.00  $5,750.00  

4.07 Gravel Repair LF 225 $15.00  $3,375.00  

4.08 
Demolition and Abandonment of 
Existing Septic Tank 

LF 23 $850.00  $19,550.00  

4.09 Seeding and Fertilizing LF 13,645 $2.00  $27,290.00  

4.10 Storm Water Pollution Prevention LF 13,645 $1.00  $13,645.00  

4.11 Trench Safety LF 13,645 $1.00  $13,645.00  

4.12 Mobilization LS 1 $54,450.50  $54,405.50  

Subtotal Construction Cost $598,910.50  

15% Contingencies $89,589.50  

Total Projected Construction Cost $688,500.00  

 

Ranking and Recommendation 

Four (4) different options were presented above to provide first time sanitary sewer 

service to residents along Smallwood Road and Joe Road.  Option 4 provides first time 

sanitary sewer service to residents along Ruth Lane also.  Table III.10 below contains a 

ranking of the options presented above. 
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Table III.10 - Ranking of Options 

Options 
  

Capital 
Cost 

Technical 
Soundness O&M Cost 

Design Life of 
Proposed 

Improvements 
Total 
Score 

Option 1 - Full Pressure  3 2 2 2 9 

Option 2 - Gravity Sewer 
with Lift Station 2 3 3 3 11 

Option 3 - OSSF 4 1 1 1 7 

Option 4 - Gravity Sewer 
with Lift Station to 
Consolidate Lines B and C 1 4 4 4 13 

 

In Table III.10 a higher total score indicates a higher overall ranking.  Option 4 has the 

overall highest ranking (13) with the highest projected capital cost ($688,500).  Option 4 

also provides future gravity sanitary sewer system for proposed development in an area 

where a proposed subdivision is being proposed, as required, with minimum future cost 

to connect.  Therefore, it is recommended that Option 4 be utilized for Lines B and C to 

provide first time sanitary sewer service to residents along Smallwood Road, Joe Road 

and Ruth Lane. 

 

III.B.3: Line C – Ruth Lane:  Line C proposes to provide first time sanitary sewer 

service to 14 existing residences located on Ruth Lane to the District’s proposed sanitary 

sewer collection main which will be located on Phil Jackson Road.  There are three (3) 

alternatives to providing sewer service to connections along Ruth Lane, including:  1) full 

pressure system which would ultimately connect to a proposed sanitary sewer collection 

main on Phil Jackson Road, 2) a gravity sanitary sewer system with a lift station, which 

will pump sanitary sewer to a proposed sanitary sewer collection main on Phil Jackson 

Road, 3) replacement of existing OSSF’s and 4) combination gravity sanitary sewer 

system with lift stations to consolidate Lines B and C (Option 4 is discussed in Line B). 

 

Option 1:  2"/3" PVC SDR 26 Pressure Sanitary Sewer Main: 

Option 1 consists of a traditional open cut installation of proposed sanitary sewer 

pressure mains.  Open cut trenches would be excavated in existing County right-of-ways 

for installation of proposed pressure mains to connect to the District’s proposed sanitary 
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sewer collection main which will be located on Phil Jackson Road.  The new pressure 

main will be installed and tested prior to services being transferred and will require 

installation of individual 2 hp residential grinder lift stations at each connection and 

abandonment of existing septic tanks in accordance with TCEQ regulations.  The 

proposed pressure system will require approximately 3,760 linear feet of 2" and 3" PVC 

SDR 26 sanitary sewer main, including 14 individual residential package lift stations, 

electrical connections and sanitary sewer services from the pressure main to the proposed 

package lift station.  For design and budgeting purposes, the package lift station consists 

of a 24"x48" fiberglass basin, 2 HP explosion proof grinder pump and standard control 

panel with alarms as required in accordance with 30 TAC Chapter 217.   

 

Figure III.7 below shows the general location of Ruth Lane and proposed installation for 

Option 1.   

 
Figure III.7 – Option 1 (Ruth Lane) 
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Table III.11 below provides a detailed breakdown of projected construction costs.  As 

shown in Table III.11, the total projected construction cost for Ruth Lane Option 1 is 

$235,000.00, including 15% contingencies.  The total projected cost of per connection of 

the existing 14 houses on Ruth Lane, equates to $16,785 per connection.  Historical 

operation and maintenance cost of pressure sewer mains is approximately 1.5% of the 

construction cost per year.  For this project, annual O&M cost of the proposed pressure 

sanitary sewer main is projected to be $3,525 per year.  The present value of the O&M 

cost assuming an annual 3% interest rate for inflation over a 20 period is $52,445.   

 

Table III.11 - Line C:  Option 1 Construction Costs 

Item Description Units Quantity Unit Cost Total Cost 

1.01 2" SDR 26 Pressure Sewer LF 1,850 $12.00  $22,200.00  

1.02 3" SDR 26 Pressure Sewer LF 1,910 $15.00  $28,650.00  

1.03 
Package Simplex Grinder Lift 
Station 

EA 14 $7,500.00  $105,000.00  

1.04 Service Reconnections EA 14 $1,500.00  $21,000.00  

1.05 Gravel Repair LF 285 $15.00  $4,275.00  

1.06 
Demolition and Abandonment of 
Existing Septic Tank 

LF 14 $850.00  $11,900.00  

1.07 Seeding and Fertilizing LF 3,760 $2.00  $7,520.00  

1.08 Storm Water Pollution Prevention LF 3,760 $1.00  $3,760.00  

1.09 Trench Safety LF 3,760 $1.00  $3,760.00  

1.10 Mobilization LS 1 $18,586.50  $18,586.50  

Subtotal Construction Cost $204,451.50  

15% Contingencies $30,548.50  

Total Projected Construction Cost $235,000.00  

 

Option 2:  Gravity Sanitary Sewer and Lift Station: 

Option 2 consists of installation of a gravity sanitary sewer system to provide first time 

sanitary sewer to residents along Ruth Lane. Existing connections will be serviced via 

gravity main along Ruth Lane to a lift station, which is proposed to be installed at the 

lowest point on Ruth Lane, which will pump collected wastewater to a proposed 

collection main on Phil Jackson Road. The new lift station, gravity main and forcemain 

would be installed/laid and tested prior to services being started.  Figure III.8 below 
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shows the general location of Ruth Lane and proposed installation for Option 2.  Table 

III.12 below provides a detailed breakdown of projected construction costs. 

 
Figure III.8 – Option 2 (Ruth Lane) 

 

 

As shown below in Table III.12, the total projected construction cost for Ruth Lane 

Option 2 is $350,500.00, including 15% contingencies.  The total projected cost of 14 

houses on Ruth Lane, utilizing Option 2, equates to $25,035 per connection.  Historical 

operation and maintenance cost of gravity sewer mains with lift stations is approximately 

.75% of the construction cost per year. For this project, annual O&M cost of the proposed 

gravity replacement main is projected to be $2,630 per year.  The present value of the 

O&M cost assuming a 3% interest and a 20 period is $39,125.   
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Table III.12 - Line C:  Option 2 Construction Costs 

Item Description Units Quantity Unit Cost Cost 

2.01 
6" SDR 26 Sanitary Sewer (All 
Depths) 

LF 3,500  $25.00  $87,500.00  

2.02 3" SDR 26 Pressure Sewer LF 1,450 $15.00  $21,750.00  

2.03 Proposed Lift Station EA 1 $65,000.00  $65,000.00  

2.04 Service Reconnections EA 14 $2,500.00  $35,000.00  

2.05 Manholes (0-6) EA 9 $3,250.00  $29,250.00  

2.06 Manholes Extra Depth VF 12 $230.00  $2,760.00  

2.07 Gravel Repair LF 285 $15.00  $4,275.00  

2.08 
Demolition and Abandonment of 
Existing Septic Tank 

LF 14 $850.00  $11,900.00  

2.09 Seeding and Fertilizing LF 4,950 $2.00  $9,900.00  

2.10 Storm Water Pollution Prevention LF 4,950 $1.00  $4,950.00  

2.11 Trench Safety LF 4,950 $1.00  $4,950.00  

2.12 Mobilization LS 1 $27,723.50  $27,723.50  

Subtotal Construction Cost $304,958.50  

15% Contingencies $45,541.50  

Total Projected Construction Cost $350,500.00  

 

Option 3:  Replacement of existing OSSF 

Option 3 consists of installation and replacement of existing OSSF's.  The existing 

residents located on Ruth Lane currently have septic systems.  Aerobic septic systems, as 

required by Angelina County/Cities Health District will be utilized for Option 3, with 

existing OSSF's being removed and hauled off-site. 

 

Table III.13: Line C Option 3 Construction Cost 

Item Description Units Quantity Unit Cost Cost 

3.01 Aerobic Septic System EA 14 $7,500.00  $105,000.00  

3.02 
Demolition and Abandonment of 
Existing Septic Tank 

LF 14 $850.00  $11,900.00  

3.03 Seeding and Fertilizing LS 1 $5,500.00  $5,500.00  

3.04 Mobilization LS 1 $12,240.00  $12,240.00  

Subtotal Construction Cost $134,640.00  

15% Contingencies $20,360.00  

Total Projected Construction Cost $155,000.00  
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Table III.13 above provides a detailed breakdown of projected construction costs.  As 

shown above in Table III.13, the total projected construction cost for Option 3 is 

$155,000.00 including 15% contingencies.  The total projected cost of 14 houses on Ruth 

Lane, utilizing Option 3, equates to $11,075 per connection.  Operation and maintenance 

cost of OSSFs are projected to be 0.5% of the construction cost per year.  For this project, 

annual O&M cost of the individual OSSF's is projected to be $775.  The present value of 

the O&M cost assuming a 3% interest and a 20 period is $11,530.     

 
The total projected cost per connection for Option 3 is $11,075, however it should be 

noted that individual aerobic septic systems generally have a two (2) year warranty at 

which time the owner is responsible for operation and maintenance.  Existing OSSFs on-

site have demonstrated the lack of owner operation and maintenance throughout the years 

and typical replacement of major mechanical equipment can range from five (5) to fifteen 

(15) years.  Assuming a ten (10) year mechanical replacement on each OSSF, at 25% of 

the original per connection cost, including 3% inflation the individual annual O&M cost 

for Option 3 is projected to be $14,300 which includes a projected mechanical 

replacement cost of $2,770.  Additionally, a replacement of the proposed OSSF's for 

Option 3 should be considered at the end of the 20 year design life of the projects.  

Therefore, replacement cost of individual OSSF's are also considered in the O&M cost 

using the current cost per connection as a future value, including 3% inflation over the 20 

year design life.  Projected O&M costs are therefore $34,300.  

 
Ranking and Recommendation 

Four (4) different options were presented above to provide first time sanitary sewer 

service to residents along Ruth Lane.  Option 4 provides first time sanitary sewer service 

to residents along Smallwood Road and Joe Road also.  Table III.14 below contains a 

ranking of the options presented above. 
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Table III.14 - Ranking of Options 

Options 
  

Capital 
Cost 

Technical 
Soundness O&M Cost 

Design Life of 
Proposed 

Improvements 
Total 
Score 

Option 1 - Full Pressure  3 2 2 2 9 

Option 2 - Gravity Sewer 
with Lift Station 2 3 3 3 11 

Option 3 - OSSF 4 1 1 1 7 

Option 4 - Gravity Sewer 
with Lift Station to 
Consolidate Lines B and C 1 4 4 4 13 

 

In Table III.14 a higher total score indicates a higher overall ranking.  Option 4 has the 

overall highest ranking (13) with the highest projected capital cost ($688,500).  Option 4 

also provides future gravity sanitary sewer system for proposed development in an area 

where a proposed subdivision is being proposed, as required, with minimum future cost 

to connect.  Therefore, it is recommended that Option 4 be utilized for Lines B and C to 

provide first time sanitary sewer service to residents along Smallwood Road, Joe Road 

and Ruth Lane. 

 

III.B.4:  Line D – BBQ, Garner Road and Ethel Lewis Road:  Line D proposes to 

provide first time sanitary sewer service to 23 existing residents located on BBQ Road, 

Garner Road and Ethel Lewis Road to the District’s proposed sanitary sewer collection 

main which will be located on Phil Jackson Road.  There are three (3) alternatives to 

providing sewer service to existing connections, including:  1) full pressure system which 

would ultimately connect to a proposed sanitary sewer collection main on Phil Jackson 

Road, 2) a gravity sanitary sewer system with a lift station, which will pump sanitary 

sewer to a proposed sanitary sewer collection main on Phil Jackson Road, and 3) 

replacement of existing OSSF’s.  

 

Option 1:  2"/3" PVC SDR 26 Pressure Sanitary Sewer Main: 

Option 1 consists of a traditional open cut installation of proposed sanitary sewer 

pressure mains.  Open cut trenches would be excavated in existing County right-of-ways 

for installation of proposed pressure mains to connect to the District’s proposed sanitary 
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sewer collection main which will be located on Phil Jackson Road.  The new pressure 

main will be installed and tested prior to services being transferred and will require 

installation of individual 2 hp residential grinder lift stations at each connection and 

abandonment of existing septic tanks in accordance with TCEQ regulations.  The 

proposed pressure system will require approximately 3,330 linear feet of 2" and 3" PVC 

SDR 26 sanitary sewer main, including 23 individual residential package lift stations, 

electrical connections and sanitary sewer services from the pressure main to the proposed 

package lift station.  For design and budgeting purposes, the package lift station consists 

of a 24"x48" fiberglass basin, 2 HP explosion proof grinder pump and standard control 

panel with alarms as required in accordance with 30 TAC Chapter 217.   

 

Figure III.9 below shows the general location of BBQ Road, Garner Road and Ethel 

Lewis Road and proposed installation for Option 1.   

 
Figure III.9 – Option 1 (BBQ Road) 

 

 

Table III.15 below provides a detailed breakdown of projected construction costs.  As 

shown in Table III.15, the total projected construction cost for BBQ Road Option 1 is 

$340,500.00, including 15% contingencies.  The total projected cost of per connection of 
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the existing 23 houses on BBQ Road, Garner Road and Ethel Lewis Road, equates to 

$14,805 per connection.  Historical operation and maintenance cost of pressure sewer 

mains is approximately 1.5% of the construction cost per year.  For this project, annual 

O&M cost of the proposed pressure sanitary sewer main is projected to be $5,105 per 

year.  The present value of the O&M cost assuming an annual 3% interest rate for 

inflation over a 20 period is $75,950.   

 

Table III.15 - Line D:  Option 1 Construction Costs 

Item Description Units Quantity Unit Cost Total Cost 

1.01 2" SDR 26 Pressure Sewer LF 1,850 $12.00  $22,200.00  

1.02 3" SDR 26 Pressure Sewer LF 1,480 $15.00  $22,200.00  

1.03 
Package Simplex Grinder Lift 
Station 

EA 23 $7,500.00  $172,500.00  

1.04 Service Reconnections EA 23 $1,500.00  $34,500.00  

1.05 Gravel Repair LF 460 $15.00  $6,900.00  

1.06 
Demolition and Abandonment of 
Existing Septic Tank 

LF 23 $850.00  $19,550.00  

1.07 Seeding and Fertilizing LF 3,330 $2.00  $6,660.00  

1.08 Storm Water Pollution Prevention LF 3,330 $1.00  $3,330.00  

1.09 Trench Safety LF 3,330 $1.00  $3,330.00  

1.10 Mobilization LS 1 $26,897.00  $26,897.00  

Subtotal Construction Cost $295,867.00  

15% Contingencies $44,633.00  

Total Projected Construction Cost $340,500.00  

 

Option 2:  Gravity Sanitary Sewer and Lift Station: 

Option 2 consists of installation of a gravity sanitary sewer system to provide first time 

sanitary sewer to residents located on BBQ Road, Garner Road and Ethel Lewis Road. 

Existing connections will be serviced via gravity main on BBQ Road, Garner Road or 

Ethel Lewis Road respectively to a lift station, which is proposed to be installed at the 

intersection of BBQ Road and Ethel Lewis Road, which will pump collected wastewater 

to a proposed collection main on Phil Jackson Road. The new lift station, gravity main 

and forcemain would be installed/laid and tested prior to services being started.  Figure 

III.10 below shows the general location of BBQ Road, Garner Road and Ethel Lewis 
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Road and proposed installation for Option 2.  Table III.16 below provides a detailed 

breakdown of projected construction costs. 

Figure III.10 – Option 1 (BBQ Road) 

 

 

As shown below in Table III.16, the total projected construction cost for BBQ Road, 

Garner Road and Ethel Lewis Road Option 2 is $347,000.00, including 15% 

contingencies.  The total projected cost of 23 residents, utilizing Option 2, equates to 

$15,085 per connection.  Historical operation and maintenance cost of gravity sewer 

mains with lift stations is approximately .75% of the construction cost per year. For this 

project, annual O&M cost of the proposed gravity replacement main is projected to be 

$2,605 per year.  The present value of the O&M cost assuming a 3% interest and a 20 

period is $38,755.   
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Table III.16 - Line D:  Option 2 Construction Costs 

Item Description Units Quantity Unit Cost Cost 

2.01 
6" SDR 26 Sanitary Sewer (All 
Depths) 

LF 3,330 $25.00  $83,250.00  

2.02 3" SDR 26 Pressure Sewer LF 1,000 $15.00  $15,000.00  

2.03 Proposed Lift Station EA 1 $65,000.00  $65,000.00  

2.04 Service Reconnections EA 23 $1,500.00  $34,500.00  

2.05 Manholes (0-6) EA 12 $2,500.00  $30,000.00  

2.06 Manholes Extra Depth VF 12 $230.00  $2,760.00  

2.07 
Demolition and Abandonment of 
Existing Septic Tank 

LF 23 $850.00  $19,550.00  

2.08 Gravel Repair LF 460 $15.00  $6,900.00  

2.09 Seeding and Fertilizing LF 4,330 $2.00  $8,660.00  

2.10 Storm Water Pollution Prevention LF 4,330 $1.00  $4,330.00  

2.11 Trench Safety LF 4,330 $1.00  $4,330.00  

2.12 Mobilization LS 1 $27,428.00  $27,428.00  

Subtotal Construction Cost $301,708.00  

15% Contingencies $45,292.00  

Total Projected Construction Cost $347,000.00  

 

Option 3:  Replacement of existing OSSF 

Option 3 consists of installation and replacement of existing OSSF's.  The existing 

residents located on Ruth Lane currently have septic systems.  Aerobic septic systems, as 

required by Angelina County/Cities Health District will be utilized for Option 3, with 

existing OSSF's being removed and hauled off-site. 

 

Table III.17: Line C Option 3 Construction Cost 

Item Description Units Quantity Unit Cost Cost 

3.01 Aerobic Septic System EA 23 $7,500.00  $172,500.00  

3.02 
Demolition and Abandonment of 
Existing Septic Tank 

LF 23 $850.00  $19,550.00  

3.03 Seeding and Fertilizing LS 1 $7,500.00  $7,500.00  

3.04 Mobilization LS 1 $19,955.00  $19,955.00  

Subtotal Construction Cost $219,505.00  

15% Contingencies $32,995.00  

Total Projected Construction Cost $252,500.00  
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Table III.17 above provides a detailed breakdown of projected construction costs.  As 

shown above in Table III.17, the total projected construction cost for Option 3 is 

$252,500.00 including 15% contingencies.  The total projected cost of 23 houses on BBQ 

Road, Garner Road and Ethel Lewis Road, utilizing Option 3, equates to $10,110 per 

connection.  Operation and maintenance cost of OSSFs are projected to be 0.5% of the 

construction cost per year.  For this project, annual O&M cost of the individual OSSF's is 

projected to be $1,265.  The present value of the O&M cost assuming a 3% interest and a 

20 period is $18,820.     

 
The total projected cost per connection for Option 3 is $10,110, however it should be 

noted that individual aerobic septic systems generally have a two (2) year warranty at 

which time the owner is responsible for operation and maintenance.  Existing OSSFs on-

site have demonstrated the lack of owner operation and maintenance throughout the years 

and typical replacement of major mechanical equipment can range from five (5) to fifteen 

(15) years.  Assuming a ten (10) year mechanical replacement on each OSSF, at 25% of 

the original per connection cost, including 3% inflation the individual annual O&M cost 

for Option 3 is projected to be $21,350 which includes a projected mechanical 

replacement cost of $2,530.  Additionally, a replacement of the proposed OSSF's for 

Option 3 should be considered at the end of the 20 year design life of the projects.  

Therefore, replacement cost of individual OSSF's are also considered in the O&M cost 

using the current cost per connection as a future value, including 3% inflation over the 20 

year design life.  Projected O&M costs are therefore $39,610.  

 
Ranking and Recommendation 

Three (3) different options were presented above to provide first time sanitary sewer 

service to residents along BBQ Road, Garner Road and Ethel Lewis Road.  Table III.18 

below contains a ranking of the options presented above. 
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Table III.18 - Ranking of Options 

Options 
  

Capital 
Cost 

Technical 
Soundness O&M Cost 

Design Life of 
Proposed 

Improvements 
Total 
Score 

Option 1 - Full Pressure  2 2 2 2 8 

Option 2 - Gravity Sewer 
with Lift Station 1 3 3 3 10 

Option 3 - OSSF 3 1 1 1 6 

 

In Table III.18 a higher total score indicates a higher overall ranking.  Option 2 has the 

overall highest ranking (11) with the highest projected capital cost ($347,000).  Although 

Option 1 has an overall lower capital cost, as compared to Option 2, the District's system 

currently consists of gravity sanitary sewer with lift stations as required.  In an effort to 

keep the District's existing system consistent with the proposed system, it is 

recommended that Option 2 be utilized for Line D. 

 

III.B.5:  Line E – Phil Jackson Road:  Line E proposes to provide first time sanitary 

sewer service to 36 existing residents located on Phil Jackson Road, FM 2251, FM 2680, 

and Mt Pleasant Road and will also be the collection main for all existing and proposed 

sanitary sewer for the District's service area.  Since Line E will be the trunk main for all 

existing and proposed District sanitary sewer and will divert wastewater to ANRA's NAC 

WWTF, there are only two (2) alternatives to providing sewer service to existing 

connections, including:  1) full pressure system which would ultimately connect to 

ANRA's NAC WWTF, and 2) a gravity sanitary sewer system with a lift station, which 

will pump sanitary sewer to ANRA's NAC WWTF.  Both Options presented below will 

also include pump replacement and lift station upgrades to the Jerri Street lift station.  

 

Option 1:  Pressure Sanitary Sewer Main: 

Option 1 consists of a traditional open cut installation of proposed sanitary sewer 

pressure mains.  Open cut trenches would be excavated in existing County right-of-ways 

for installation of proposed pressure mains to connect to the District’s proposed sanitary 

sewer collection main which will be located on Phil Jackson Road.  The new pressure 

main will be installed and tested prior to services being transferred and will require 
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installation of individual 2 hp residential grinder lift stations at each connection and 

abandonment of existing septic tanks in accordance with TCEQ regulations.  The 

proposed pressure system will require approximately 7,440 linear feet of 3" and 4,250 

L.F. of 6" PVC SDR 26 sanitary sewer main, including 36 individual residential package 

lift stations, electrical connections and sanitary sewer services from the pressure main to 

the proposed package lift station.  Also included for Option 1 is the proposed District lift 

station, located on Phil Jackson Road that will divert flow to ANRA's NAC WWTF.  For 

design and budgeting purposes, the package lift station consists of a 24"x48" fiberglass 

basin, 2 HP explosion proof grinder pump and standard control panel with alarms as 

required in accordance with 30 TAC Chapter 217.   

 

Figure III.11 below shows the general location of Phil Jackson Road and proposed 

installation for Option 1.   

 
Figure III.11 – Option 1 (Phil Jackson Road) 

 

 

Table III.19 below provides a detailed breakdown of projected construction costs.  As 

shown in Table III.19, the total projected construction cost for Phil Jackson Road Option 

1 is $978,500.00, including 15% contingencies.  The total projected cost of per 

connection of the existing 36 residents on Phil Jackson Road, FM 2251, FM 2680, and 

Mt Pleasant Road, equates to $27,180 per connection.  Historical operation and 

maintenance cost of pressure sewer mains is approximately 1.5% of the construction cost 

per year.  For this project, annual O&M cost of the proposed pressure sanitary sewer 
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main is projected to be $14,680 per year.  The present value of the O&M cost assuming 

an annual 3% interest rate for inflation over a 20 period is $218,400.   

 

Table III.19 - Line E:  Option 1 Construction Costs 

Item Description Units Quantity Unit Cost Total Cost 

1.01 3" SDR 26 Pressure Sewer LF 7,440 $15.00  $111,600.00  

1.02 6" SDR 26 Pressure Sewer LF 4,250 $22.00  $93,500.00  

1.03 Connect to Existing Manhole EA 2 $1,500.00  $3,000.00  

1.04 
Package Simplex Grinder Lift 
Station 

EA 36 $7,500.00  $270,000.00  

1.05 Proposed Lift Station EA 1 $95,000.00  $95,000.00  

1.06 
Jerri Street Lift Station 
Rehabilitation 

EA 1 $35,000.00  $35,000.00  

1.07 Service Reconnections EA 36 $1,500.00  $54,000.00  

1.08 Gravel Repair LF 2250 $15.00  $33,750.00  

1.09 
Demolition and Abandonment of 
Existing Septic Tank 

LF 36 $850.00  $30,600.00  

1.10 Seeding and Fertilizing LF 11,690 $2.00  $23,380.00  

1.11 Storm Water Pollution Prevention LF 11,690 $1.00  $11,690.00  

1.12 Trench Safety LF 11,690 $1.00  $11,690.00  

1.13 Mobilization LS 1 $77,321.00  $77,321.00  

Subtotal Construction Cost $850,531.00  

15% Contingencies $127,969.00  

Total Projected Construction Cost $978,500.00  

 

Option 2:  Gravity Sanitary Sewer and Lift Station: 

Option 2 consists of installation of a gravity sanitary sewer system to provide first time 

sanitary sewer to residents located on Phil Jackson Road, FM 2251, FM 2680, and Mt 

Pleasant Road. Existing connections will be serviced via gravity mains to a lift station for 

each respective gravity sewer main as shown below in Figure III.12 below.  The lift 

stations will ultimately pump collected wastewater to ANRA’s NAC WWTF. The new 

lift stations, gravity mains and forcemains will be installed/laid and tested prior to 

services being started.  Figure III.12 below shows the general location of proposed 

gravity mains, forcemains and lift stations for Option 2.  Table III.20 below provides a 

detailed breakdown of projected construction costs. 
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Figure III.12 – Option 2 (Phil Jackson Road) 

 

 

Table III.20 - Line E:  Option 2 Construction Costs 

Item Description Units Quantity Unit Cost Cost 

2.01 6" SDR 26 Sanitary Sewer (0-6) LF 7,750 $25.00  $193,750.00  

2.02 6" SDR 26 Pressure Sewer LF 4,250 $22.00  $93,500.00  

2.03 3" SDR 26 Pressure Sewer LF 3,750 $15.00  $56,250.00  

2.04 
Proposed District Lift Station on 
Phil Jackson Road 

EA 1 $95,000.00  $95,000.00  

2.05 Proposed Lift Station EA 2 $35,000.00  $70,000.00  

2.05 
Jerri Street Lift Station 
Rehabilitation 

EA 1 $25,000.00  $25,000.00  

2.06 Service Reconnections EA 36 $2,500.00  $90,000.00  

2.07 Manholes (0-6) EA 8 $2,500.00  $20,000.00  

2.08 Manholes Extra Depth VF 8 $230.00  $1,840.00  

2.09 Gravel Repair LF 2250 $15.00  $33,750.00  

2.10 
Demolition and Abandonment of 
Existing Septic Tank 

LF 36 $850.00  $30,600.00  

2.11 Seeding and Fertilizing LF 14,790 $2.00  $29,580.00  

2.12 Storm Water Pollution Prevention LF 14,790 $1.00  $14,790.00  

2.13 Trench Safety LF 14,790 $1.00  $14,790.00  

2.14 Mobilization LS 1 $76,885.00  $76,885.00  

Subtotal Construction Cost $845,735.00  

15% Contingencies $126,765.00  

Total Projected Construction Cost $972,500.00  
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As shown above in Table III.20, the total projected construction cost for Phil Jackson 

Road, FM 2251, FM 2608 and Mount Pleasant Road Option 2 is $972,500.00, including 

15% contingencies.   

 

The total projected cost of 36 residents, utilizing Option 2, equates to $27,015 per 

connection.  Historical operation and maintenance cost of gravity sewer mains with lift 

stations is approximately .75% of the construction cost per year. For this project, annual 

O&M cost of the proposed gravity replacement main is projected to be $7,295 per year.  

The present value of the O&M cost assuming a 3% interest and a 20 period is $108,530.   

 
Ranking and Recommendation 

Two (2) different options were presented above to provide first time sanitary sewer 

service to residents along Phil Jackson Road, FM 2251, FM 2608 and Mount Pleasant 

Road.  Table III.21 below contains a ranking of the options presented above. 

 
Table III.21 - Ranking of Options 

Options 
  

Capital 
Cost 

Technical 
Soundness O&M Cost 

Design Life of 
Proposed 

Improvements 
Total 
Score 

Option 1 - Full Pressure  2 1 1 1 5 

Option 2 - Gravity Sewer 
with Lift Station 1 2 2 2 7 

 

In Table III.21 a higher total score indicates a higher overall ranking.  Option 2 has the 

overall highest ranking (7) with the lowest projected capital cost ($972,500).  The 

District's system currently consists of gravity sanitary sewer with lift stations as required.  

In an effort to keep the District's existing system consistent with the proposed system, it 

is recommended that Option 2 be utilized for Line E. 

 

III.B.6:  Phase I Summary:  Sections III.B.1 through III.B.5 above provided project 

specific discussions for providing first time sanitary sewer service to residents within the 

District’s service area.  As noted in each respective section, proposed collection systems 

will consist of gravity sanitary sewer mains with lift stations to collect sewer and 
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ultimately convey wastewater to ANRA’s NAC WWTF.  Table III.22 below provides an 

overall total projected construction cost summary for Phase I.  

 

Table III.22 – Phase I Total 
Projected Construction Cost 

Proposed Project 

Total 
Projected 

Construction 
Cost 

Line A - County Barn Road $327,500.00  

Line B and C - Smallwood Road, Joe 
Road and Ruth Lane $688,500.00  

Line D - BBQ Road $347,000.00  

Line E - Phil Jackson Road $972,500.00  

Total Projected Construction Cost  $2,335,500.00  

 

As shown above in Table III.22, the total projected construction cost for Phase I 

improvements is estimated to be $2,335,500, which includes 15% contingencies.  Non-

construction costs are not included in Table III.21, however they will be included in 

Section IV. 

 

III.C. Phase II - Project Alternatives Considered and Recommendations 

Phase II improvements consist of mitigating sanitary sewer overflows from Redland 

Estates which have continued for the last 20 years due to deficient wastewater treatment 

facilities.  As noted above in Section II, the Redland Estates WWTF has discharged 

untreated wastewater directly into an unnamed tributary, ultimately to Segment No. 0611 

of the Angelina River.  A Public Health Threat has been issued by TCEQ and the 

Angelina County Cities and Health District, attached as Exhibit A.  TCEQ and TWDB 

have determined that Segment No. 0611 is an Impaired Water Body that has been and 

will continue to be affected by the direct discharge of untreated wastewater from Redland 

Estates.  Phase II proposes to eliminate the Redland Estates WWTF, via proposed TCEQ 
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closure mitigation measures, and provide regulated sanitary sewer collection or treatment 

facilities to pump wastewater from the existing 41 connections to the District's collection 

system which will ultimately be treated at Angelina & Neches River Authority's North 

Angelina County Regional Wastewater Treatment Facility, which is described below as 

Phase III.   

 

Three (3) alternatives were considered for the proposed improvements for Phase II, 

including:  1) gravity sanitary sewer with lift stations/forcemains, 2) installation of a 

package wastewater treatment plant, and 3) do nothing.  As noted above, the District 

entered into a non-compliance agreement with TCEQ, in regard to Redland Estates and 

therefore Option 3, cannot be utilized.  Options 1 and 2 for Phase II improvements will be 

discussed further below. 

 

Option 1:  Gravity Sanitary Sewer with Lift Stations/Forcemains: 

Option 1 proposes to provide TCEQ regulated WWTF closure measures and mitigation 

requirements to abandon and demolish the remainder of Redland Estates WWTF in 

conjunction with installation of a lift station and a gravity sanitary sewer pipe network 

along with forcemains to divert wastewater from the exiting 41 connections within 

Redland Estates, as well as 21 additional first-time residential sanitary sewer connections 

located on St. Clair St, Tillman Road, FM 2021, and FM 2251 to the District’s existing 

collection system on FM 2251 ultimately to ANRA’s North Angelina County Regional 

Wastewater Treatment Facility.  Infrastructure requirements for Option 1 will include two 

(2) lift stations (one (1) lift station at Redland Estates and one (1) lift station on the west 

side of State Highway 59 – I69) and approximately 14,810 linear feet of gravity and 

pressure collection system, which will utilize gravity mains to lift stations that will pump 

to the District’s existing 6" PVC gravity main on FM 2251.  

 

Option 1 consists of a traditional open cut installation of the proposed sanitary sewer 

mains, including highway / directional bores as required.  Open cut trenches are proposed 

to be excavated in existing County/State right-of-ways.  The proposed mains and lift 
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stations will be installed and tested prior to services being transferred.  Figure III.13 

below shows the projected layout of Option 1 for proposed Phase II improvements. 

 
Figure III.13 – Phase II Option 1 

 

 

Table III.23 above provides a detailed breakdown of projected construction costs. 

As shown in Table III.23, the total projected construction cost for Phase II Option 1 is 

$1,163,500.00 including 15% contingencies.  The total projected cost of per connection 

of the existing 41 residents in Redland Estates, as well as 21 additional first-time 

residential sanitary sewer connections located on St. Clair St, Tillman Road, FM 2021, 

and FM 2251, equates to $18,765 per connection.  Historical operation and maintenance 

cost of gravity mains with lift stations is approximately 0.75% of the construction cost 

per year.  For this project, annual O&M cost of the proposed gravity main is projected to 

be $8,725.  The present value of the O&M cost assuming a 3% interest and a 20 period is 

$129,805.  Option 1 will also provide replacement of the existing sanitary sewer 

collection system within Redland Estates and also provide first-time sanitary sewer 

collection for 21 existing connections.  It should also be noted that installation of gravity 

sanitary sewer mains and lift stations will also provide sanitary sewer services for future 
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residential, commercial and industrial connections as well as connections outside of the 

District’s existing service area.    

 

Table III.23:  Phase II Option 1 Projected Costs 

Item Description Units Quantity Unit Cost Cost 

1.01 
6" PVC C-900 Sanitary Sewer (0-
6) 

LF 6,450 $25.00  $161,250.00  

1.02 4" SDR 26 Pressure Sewer LF 11,590 $18.00  $208,620.00  

1.03 12" x 0.25" Steel Highway Bore LF 350 $150.00  $52,500.00  

1.04 Proposed Lift Station EA 2 $55,000.00  $110,000.00  

1.05 Service Reconnections EA 62 $1,500.00  $93,000.00  

1.06 Manholes (0-6) EA 8 $3,250.00  $26,000.00  

1.07 Manholes Extra Depth VF 45 $230.00  $10,350.00  

1.08 Wet Bore LF 265 $50.00  $13,250.00  

1.09 Asphalt Repair LF 750 $40.00  $30,000.00  

1.10 
Demolition and Abandonment of 
Existing Septic Tank 

LF 21 $850.00  $17,850.00  

1.11 
Demolition and Closure of 
Redland Estates WWTP 

LS 1 $125,000.00  $125,000.00  

1.12 Seeding and Fertilizing LF 18,040 $2.00  $36,080.00  

1.13 Storm Water Pollution Prevention LF 18,040 $1.00  $18,040.00  

1.14 Trench Safety LF 18,040 $1.00  $18,040.00  

1.15 Mobilization LS 1 $91,998.00  $91,998.00  

Subtotal Construction Cost $1,011,978.00  

15% Contingencies $151,522.00  

Total Projected Construction Cost $1,163,500.00  

 

Option 2:  Construction of Package Treatment Plant: 

Option 2 proposes to provide TCEQ regulated WWTF closure measures and mitigation 

requirements to abandon and demolish the remainder of Redland Estates WWTF in 

conjunction with installation of a conventional activated sludge package treatment plant 

to treat wastewater from the exiting 41 connections within Redland Estates.  

Infrastructure requirements for Option 2 will include a conventional activated sludge 

package treatment plant and approximately 3,500 linear feet of 6” PVC gravity sanitary 

sewer main to replace the existing gravity collection system within Redland Estates.  
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Based upon TCEQ Chapter 217 design criteria for establishing design flows in 

conjunction with a total projected 45 connections within Redland Estates and average 

household size of 2.94, the projected average daily flow for the package WWTF is 

20,000 gallons per day with a two-hour peak flow of 80,000 gallons per day.  Projected 

WWTF permit constituents for design of the proposed package treatment plant are 10 

mg/l BOD5, 15 mg/l TSS, 3 mg/l NH4N, 4 mg/l (min) DO, 1 mg/l to 4 mg/l chlorine 

residual and 126 cfu/100 ml E-Coli.  Since the existing Redland Estates WWTF permit is 

no longer an active permit, a new permit will be required for approval by TCEQ to 

discharge into Segment No. 0611 of the Angelina River.   

 

Table III.24:  Phase II Option 2 Projected Costs 

Item Description Units Quantity Unit Cost Cost 

2.01 
Construction of Package Treatment 
Plant 

LS 1 $725,000.00  $725,000.00  

2.02 
6" PVC C-900 Sanitary Sewer (0-
6) 

LF 3,500 $25.00  $87,500.00  

2.03 Proposed Lift Station EA 1 $65,000.00  $65,000.00  

2.04 Service Reconnections EA 45 $1,500.00  $67,500.00  

2.05 Manholes (0-6) EA 12 $3,250.00  $39,000.00  

2.06 Manholes Extra Depth 6 45 $230.00  $10,350.00  

2.07 Gravel Repair LF 750 $15.00  $11,250.00  

2.08 
Demolition and Closure of 
Redland Estates WWTF 

LS 1 $125,000.00  $125,000.00  

2.09 Seeding and Fertilizing LF 3,500 $2.00  $7,000.00  

2.10 Storm Water Pollution Prevention LF 3,500 $1.00  $3,500.00  

2.11 Trench Safety LF 3,500 $1.00  $3,500.00  

2.12 Mobilization LS 1 $114,460.00  $114,460.00  

Subtotal Construction Cost $1,259,060.00  

15% Contingencies $190,940.00  

Total Projected Construction Cost $1,450,000.00  

 

Table III.24 above provides a detailed breakdown of projected construction costs. 

As shown in Table III.24, the total projected construction cost for Phase II Option 2 is 

$1,450,000.00 including 15% contingencies.  The total projected cost of per connection 

of the existing 41 residents in Redland Estates, equates to $35,365 per connection.  
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Historical operation and maintenance cost of package treatment plants is approximately 

1.5% of the construction cost per year.  For this project, annual O&M cost of the 

proposed gravity main is projected to be $21,750.   

 

Ranking and Recommendation 

Two (2) different alternatives were presented above for Phase II improvements.  Table 

III.25 below contains a ranking of the options presented above. 

 
Table III.25 - Ranking of Options 

Options 
  

Capital 
Cost 

Technical 
Soundness O&M Cost 

Design Life of 
Proposed 

Improvements 
Total 
Score 

Option 1 – Gravity 
Sanitary Sewer with Lift 
Stations/Forcemains  2 2 2 2 8 

Option 2 – Construction of 
Package Treatment Plan 1 2 1 1 5 

 

In Table III.25 a higher total score indicates a higher overall ranking.  Option 1 has the 

overall highest ranking (8) with the lowest projected capital cost ($1,163,500).  Option 1 

also provides collection facilities for future residential, commercial and industrial 

connections as well as existing residential connections located outside the District’s 

service area.  Therefore, it is recommended that Option 1 be utilized for Phase II 

improvements. 

 

III.D. Phase III - Project Alternatives Considered and Recommendations 

As noted above in Section III.A, ANRA’s North Angelina County Regional Wastewater 

Treatment Facility (NAC WWTF) currently provides treatment for Central ISD, 

Idlewood WCID and DADS-Lufkin State Supported Living Center and is permitted to 

treat and discharge 370,000 gallons per day.  ANRA holds a TCEQ permit for 

discharging treated effluent into waters of the State of Texas.  The facility is authorized to 

discharge into an unnamed tributary; thence to Mill Creek; thence to Paper Mill Creek; 

thence to Angelina River/Sam Rayburn Reservoir in Segment No. 0615 of the Neches 
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River Basin.  The Texas Pollutant Discharge Elimination System (TPDES) permit 

number for the plant is WQ0011620001.  As part of the permit conditions, the TCEQ 

requires monthly operating reports to be completed in an effort to track the ability of the 

plant to meet its permitted requirements.  The effluent parameters require the plant to 

treat incoming flows such that the final quality specified by the TCEQ is achieved.  

Table III.26 shows a list of all of the permitted parameters included as part of ANRA’s 

NAC WWTF permit and required discharge monitoring reports to be submitted monthly 

to TCEQ.  A copy of the Discharge Permit is included in Exhibit B.  

 
Table III.26 – NAC WWTF TCEQ Permit Limits 

 
Effluent Parameter 

Current 
Limit1 

Daily Average Flow 

(daily average flow - 5 per week) 

0.37 MGD 

Maximum two-hour peak 1.11 MGD 

Minimum Dissolved Oxygen (D.O.) 
(measure by grab sample - 1 per week) 

4.0 mg/L 

Daily Average Biochemical Oxygen Demand 
(BOD5) (measure by grab sample - 1 per week) 

10 mg/L 
& 31 ppd 

Daily Maximum BOD5 25 mg/L 

Individual Grab Sample Maximum BOD5 35 mg/L 

Max. pH  (measure by grab sample - 1 per month) 9.0 

Min. pH   (measure by grab sample - 1 per month) 6.0 

Daily Average Total Suspended Solids (TSS) 
(measure by grab sample - 1 per week) 

15 mg/L 
& 46 ppd 

Escherichia Coli CFU per 100 ML – Daily Average 126 
Escherichia Coli CFU per 100 ML – Single Grab 394 
The effluent shall contain a chlorine residual of at 
least 1.0 mg/l and shall not exceed a chlorine residual 
of 4.0 mg/l after a detention time of 20 minutes (peak 
flow), monitored five times per week by grab sample. 

 

No discharge of floating solids or visible foam in 
other than trace amounts and no discharge of visible 
oil 

- 

1 Units abbreviations: 
MGD – million gallons per day / gpm – gallons per minute 
mg/L – milligrams per liter / ppd – pounds per day 
 

Figure III.14 below shows the flow diagram and Figure III.15 shows the existing layout 

of ANRA’s NAC WWTF.   
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Figure III.14 – NAC Regional WWTF Flow Diagram 
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Figure III.15 – NAC Regional WWTF Layout 
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Five (5) years of daily flow data was analyzed for ANRA’s NAC WWTF to verify 

adequacy and capacity to treat additional wastewater from Phases I and II.  Fiscal years 

2009 through 2013 are attached as Exhibit C, and a summary of flow data is shown 

below in Table III.27. 

 
Table III.27 – NAC WWTF 5-Year  

Historical Flow Data 

Month 

Average 
Daily Flow 

(MGD) 

Maximum 
Daily Flow 

(MGD) 

January 0.1823 0.4223 

February 0.1755 0.3972 

March 0.1786 1.1842 

April  0.1681 0.5293 

May 0.1473 0.2979 

June 0.1636 0.8696 

July  0.1515 0.4166 

August 0.1560 0.3086 

September 0.1651 0.3948 

October 0.1724 0.6766 

November 0.1681 0.2651 

December 0.1778 0.3907 

Average 0.1672 0.5127 
 

As shown above in Table III.27, the five (5) year daily average flow at the plant was 

0.1672 MGD and the daily average maximum daily flow at the plant was 0.5127 MGD.  

As noted above in Table II.5 above, the current projected average daily flow is 69,900 

gallons per day (.0699 MGD) and the projected two-hour peak flow is projected to be 

279,600 gallons per day (.2796 MGD).  Adding current projected daily average flow 

from Table II.5 above to five (5) year daily average flow from ANRA’s NAC WWTF 

from Table III.27 above, the current projected daily average flow at the plant is projected 

to be .2372 MGD.  Similarly, the current two-hour peak flow at the plant is projected to 

be .7923 MGD.  Based upon existing projected conditions, the plant will be at 72% 

capacity including all Phase I and Phase II improvements.  Projecting future flow from 

existing customers at ANRA’s NAC WWTF, in conjunction with the 17.2% projected 

increase in flow from current flow to year 2040 design flow, as shown above in Table 
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II.5, the 2040 design year flow at the plant is projected to be .2804 MGD (daily average 

flow) and .939 MGD (two-hour peak flow).  Projected flow data includes the total 

projected design year 2040 average daily wastewater loading of 84,400 gallons per day 

(.0844 MGD) with a two-hour peak flow of 337,600 gallons per day (.338 MGD) from 

Table III.27.  Based upon design year 2040 projected average daily flow, the plant will 

be at 76% capacity including all projected Phase I and Phase II improvements.  ANRA’s 

NAC WWTF was originally constructed to handle additional flow for future 

regionalization.  Therefore, the projected 2040 design year flow from Phases I and II, 

including all projected flow from existing NAC WWTF customers, will not require 

additional modifications or permit modifications other than those described below. 

  

The proposed connection for the addition of Redland Estates and all participants in 

Phases I and II will require basin modifications which will include, construction of plant 

headworks to replace the existing headworks due to lack of available space to incorporate 

the proposed connection, construction of a chlorine contact chamber to replace the 

existing chlorine contact chamber and site fencing of ANRA's North Angelina County 

Regional Wastewater Treatment Facility to include all designated treatment facility land 

owned by ANRA.  

 

Three (3) alternatives were considered for the proposed improvements for Phase III, 

including:  1) relocation of bar screen and chlorine contact chamber, 2) replace existing 

mechanical bar screen, and 3) do nothing.  In order to achieve regionalization and provide 

regulated treatment of Redland Estates and District existing / proposed sanitary sewer 

Option 3, cannot be utilized.  In each option discussed below a 15' wide entrance drive 

will be proposed from Phil Jackson Road to the NAC WWTF (approximately 1,460 L.F.) 

with a proposed eight (8") inch Grade A, Type 2 limestone base course for access and 

egress to the plant.   

 

Option 1:  Relocation of Bar Screen and Chlorine Contact Chamber: 

Option 1 proposes to demolish the existing bar screen and chlorine contact chamber and 

relocate proposed units to provide sufficient room for connection of the proposed 6” PVC 

sanitary sewer forcemain from Phase II.  Currently there is not sufficient room between 
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the sludge drying beds, chlorine contact chamber and bar screen to provide the 

connection from Phase II to the existing manhole prior to the bar screen.  Additionally 

Option 1 proposed to install approximately 2,000 L.F. of 6’ chain link intruder resistant 

fence with 3 strand barbed-wire.   

 

Figure III.16 below shows the projected layout of Option 1 for proposed Phase III 

improvements. 

Figure III.16 – Phase III Option 1 
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Table III.27:  Phase III Option 1 Projected Costs 
Item Description Units Quantity Unit Cost Cost 

1.01 Demolition of Bar Screen LS 1 $15,000.00  $15,000.00  

1.02 
Demolition of Chlorine Contact 
Chamber 

LS 1 $20,000.00  $20,000.00  

1.03 Proposed Mechanical Bar Screen LS 1 $418,500.00  $418,500.00  

1.04 
Proposed Chlorine Contact 
Chamber 

LS 1 $225,000.00  $225,000.00  

1.05 
6' Chain Link Fence w/ 3-Strand 
Barbed Wire 

LF 2,000 $30.00  $60,000.00  

1.06 Entrance Drive LF 1,460 $75.00  $109,500.00  

1.07 Seeding and Fertilizing ACRE 3 $2,500.00  $7,500.00  

1.08 Storm Water Pollution Prevention LS 1 $3,500.00  $3,500.00  

1.08 Mobilization LS 1 $85,900.00  $85,900.00  

Subtotal Construction Cost $944,900.00  

15% Contingencies $141,600.00  

Total Projected Construction Cost $1,086,500.00  

 

Table III.27 above provides a detailed breakdown of projected construction costs. 

As shown in Table III.27, the total projected construction cost for Phase III Option 1 is 

$1,086,500.00 including 15% contingencies.  Projected O&M costs for Option 1 will be 

the same as Option 2 for Phase III. 

 

Option 2:  Replace Existing Mechanical Bar Screen: 

Option 2 proposes to replace the existing mechanical bar screen with a new mechanical 

bar screen and to route the proposed 6” PVC sanitary sewer forcemain from Phase II 

around the west side of the plant to connect to an existing manhole prior to entering the 

plant.  Additionally Option 2 proposed to install approximately 2,000 L.F. of 6’ chain 

link intruder resistant fence with 3 strand barbed-wire.   

 

Figure III.17 below shows the projected layout of Option 1 for proposed Phase III 

improvements. 

  



Angelina & Neches River Authority  Engineering Feasibility Report 

KSA Engineers, Inc. 63 TWDB CWSRF No. 73677 
    

Figure III.17 – Phase III Option 2 
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Table III.28:  Phase III Option 2 Projected Costs 

Item Description Units Quantity Unit Cost Cost 

2.01 
Remove Existing Mechanical Bar 
Screen 

LS 1 $10,500.00  $10,500.00  

2.02 Proposed Mechanical Bar Screen LS 1 $418,500.00  $418,500.00  

2.03 
6' Chain Link Fence w/ 3-Strand 
Barbed Wire 

LF 2,000 $35.00  $70,000.00  

2.04 Entrance Drive LF 1,460 $75.00  $109,500.00  

2.05 Seeding and Fertilizing ACRE 3 $2,500.00  $7,500.00  

2.06 Storm Water Pollution Prevention LS 1 $3,500.00  $3,500.00  

2.07 Mobilization LS 1 $61,950.00  $61,950.00  

Subtotal Construction Cost $681,450.00  

15% Contingencies $102,655.00  

Total Projected Construction Cost $784,105.00  

 

Table III.27 above provides a detailed breakdown of projected construction costs. 

As shown in Table III.27, the total projected construction cost for Phase III Option 2 is 

$784,105.00 including 15% contingencies.  Projected O&M costs for Option 2 will be the 

same as Option 1 for Phase III. 

 

Recommendation 

Two (2) different alternatives were presented above for Phase III improvements.  Based 

upon projected capital costs shown above and feasibility to connect Phase I and II 

improvements to ANRA’s NAC WWTF, it is recommended that Option 2 be utilized for 

Phase III improvements.  However, it should be noted that Option 1 will be designed, bid 

and considered based upon funds availability; the Chlorine Contact Chamber will be bid 

as an additive alternate. 

 

III.E. Summary of Phase I Through III - Project Alternatives Considered and 
Recommendations 
 

Sections III.B through III.D above provided project specific discussions for completing 

Phase I, II and III improvements.  Table III.28 below provides an overall total projected 

construction cost summary for Phases I, II and III.  
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As shown below in Table III.28, the total projected construction cost for Phase I, II and 

III improvements is estimated to be $4,283,105, which includes 15% contingencies.  

Non-construction costs are not included in Table III.28; however they will be included in 

Section IV. 

Table III.28 – Total  
Projected Construction Cost 

Proposed Project 

Total 
Projected 

Construction 
Cost 

Phase I - Line A - County Barn Road $327,500.00  

Phase I - Line B and C - Smallwood 
Road, Joe Road and Ruth Lane $688,500.00 

Phase I - Line D - BBQ Road $347,000.00  

Phase I - Line E - Phil Jackson Road $972,500.00  

Phase II Option 1 $1,163,500.00 

Phase III Option 2 $784,105.00 

Total Projected Construction Cost  $4,283,105.00  

 

Easements and land acquisition costs have not been included in construction or non-

construction costs, since they cannot be funded through TWDB CWSRF.   However, it 

should be noted that easements will be required in certain areas where mains cannot be 

installed within County or State right-of-ways.  Based upon a total of 54,325 L.F. of 

proposed mains to be installed, assuming all mains will be required within private 

easement, 25-acres of easements or land acquisition may be required.  Based upon 

average land values within the area ($5,500 per acre), utilizing Angelina County 

Appraisal District appraisal values, the total projected easement and land acquisition cost 

is projected to be $137,500.  Easement preparation, boundary descriptions and land agent 

acquisition fees are projected to be $71,250.  Therefore, total easement and land 

acquisition costs are projected to be $208,750.  As mentioned above, these costs cannot 

be included in TWDB funding and will be required to be paid through District funds. 
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SECTION IV                                                                                         
PROPOSED IMPROVEMENTS 

 
The proposed project as described above was presented as three (3) separate phases for 

clarity.  A summary of each proposed Phase is discussed below. 

 
IV.A. Project Summary and Recommendations 

 

Phase I:  Phase I improvements consist of providing first time sanitary sewer service to 

residents within the District’s current service area, and will by necessity also include 

future connections to residential, commercial and industrial connections outside the 

District’s service area who do not have centralized sanitary sewer.  Currently there are 

approximately 238 potential connections within the District's service area, however only 

80 residents are currently served with sanitary sewer services.  The remaining 

connections within the District service area utilize on-site sanitary sewer facilities 

(OSSF).  Many of the existing OSSF's no longer meet local and state regulatory 

requirements and therefore Phase I of the proposed project was initiated to provide first 

time sanitary sewer service to existing residents within the District's service area.  

Providing a centralized sanitary sewer collection system will also mitigate future sanitary 

sewer connections to residents outside the District's service area, within proximity to 

proposed collection mains.  Phase I will provide first time sewer service to approximately 

105 connections within the District's service area.  Phase I will include elimination of 

existing on-site sewer facilities for existing connections and provide collection through a 

proposed sanitary sewer collection system with treatment being provided by the ANRA's 

North Angelina County Regional Wastewater Treatment Facility.   

 

Three alternatives were considered for providing first-time sanitary sewer to residents 

within the District's service area, including:  1) pressure sewer system, 2) gravity sanitary 

sewer mains with lift stations/forcemains, and 3) replacement of individual OSSF's.  

Table IV.1 below shows a breakdown of total projected construction costs for each line 

segment discussed above in Section III.   
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As shown in Section III, Phase I, Option 2 (gravity sanitary sewer mains with lift 

stations/forcemains) was selected for providing first-time sanitary sewer service to 

residents within the District's service area. 

 

Table IV.1 – Phase I Total  
Projected Construction Cost 

Proposed Project 

Total 
Projected 

Construction 
Cost 

Line A - County Barn Road $327,500.00  

Line B and C - Smallwood Road, Joe 
Road and Ruth Lane $688,500.00  

Line D - BBQ Road $347,000.00  

Line E - Phil Jackson Road $972,500.00  

Total Projected Construction Cost  $2,335,500.00  

 
Estimates of probable cost were developed for each alternative discussed above and 

ranked based upon capital cost, O&M cost, technical soundness and design life.  As 

shown above in Table IV.1, the total projected construction cost for Phase I Option 2, 

including 15% contingencies, is estimated to be $2,335,500. 

 

Phase II:  Phase II improvements consist of mitigating sanitary sewer overflows from 

Redland Estates which have continued for the last 20 years due to deficient wastewater 

treatment facilities.  As noted above in Section II, the Redland Estates WWTF has 

discharged untreated wastewater directly into an unnamed tributary, ultimately to 

Segment No. 0611 of the Angelina River.  A Public Health Threat has been issued by 

TCEQ and the Angelina County Cities and Health District, attached as Exhibit A.  

TWDB has determined that Segment No. 0611 is an Impaired Water Body that has been 

and will continue to be affected by the direct discharge of untreated wastewater from 

Redland Estates.  Phase II proposes to eliminate the Redland Estates WWTF, via 

proposed TCEQ closure mitigation measures, and provide regulated sanitary sewer 
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collection or treatment facilities to pump wastewater from the existing 41 connections to 

the District's collection system which will ultimately be treated at Angelina & Neches 

River Authority's North Angelina County Regional Wastewater Treatment Facility, 

which is described below as Phase III.   

Three (3) alternatives were considered for the proposed improvements for Phase II, 

including:  1) gravity sanitary sewer with lift stations/forcemains, 2) installation of a 

package wastewater treatment plant, and 3) do nothing.  Since Option 3 (do nothing) 

could not be utilized due to a TCEQ non-compliance agreement and the deficiency and 

lack of treatment of Redland Estates sanitary sewer, Options 1 and 2 for Phase II 

improvements were discussed.  Table IV.2 below shows a breakdown of total projected 

construction costs for Phase II improvements discussed above in Section III.   

 
Table IV.2 – Phase II Total  

Projected Construction Cost 

Proposed Project 

Total 
Projected 

Construction 
Cost 

Option 1 $1,163,500.00  

Option 2 $1,450,000.00 

 

As shown in Section III, Phase II, Option 1 (gravity sanitary sewer mains with lift 

stations/forcemains) was selected for providing Phase II improvements.  Estimates of 

probable cost were developed for each alternative discussed above and ranked based 

upon capital cost, O&M cost, technical soundness and design life.  As shown above in 

Table IV.2, the total projected construction cost for Phase II Option 1, including 15% 

contingencies, is estimated to be $1,163,500. 

 

Phase III:  Phase III includes modifications to ANRA's North Angelina County Regional 

Wastewater Treatment Facility, to facilitate design flow and provide connection for the 

proposed wastewater service area.  The North Angelina County Regional Wastewater 

Treatment Facility currently provides treatment for Central ISD, Idlewood WCID and 
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DADS-Lufkin State Supported Living Center and is permitted to treat and discharge 

370,000 gallons per day.  The proposed connection for the addition of Redland Estates 

and all participants in Phases I and II will provide basin modifications including  

replacement of the existing bar screen and site fencing of ANRA's North Angelina 

County Regional Wastewater Treatment Facility to include all designated treatment 

facility land owned by ANRA. 

 

As shown above in Table III.27, the five (5) year daily average flow at the plant was 

0.1672 MGD and the daily average maximum daily flow at the plant was 0.5127 MGD.  

As noted above in Table II.5 above, the current projected average daily flow is 69,900 

gallons per day (.0699 MGD) and the projected two-hour peak flow is projected to be 

279,600 gallons per day (.2796 MGD).  Adding current projected daily average flow 

from Table II.5 above to five (5) year daily average flow from ANRA’s NAC WWTF 

from Table III.27 above, the current projected daily average flow at the plant is projected 

to be .2372 MGD.  Similarly, the current two-hour peak flow at the plant is projected to 

be .7923 MGD.  Based upon existing projected conditions, the plant will be at 72% 

capacity including all Phase I and Phase II improvements.  Projecting future flow from 

existing customers at ANRA’s NAC WWTF, in conjunction with the 17.2% projected 

increase in flow from current flow to year 2040 design flow, as shown above in Table 

II.5, the 2040 design year flow at the plant is projected to be .2804 MGD (daily average 

flow) and .939 MGD (two-hour peak flow).  Projected flow data includes the total 

projected design year 2040 average daily wastewater loading of 84,400 gallons per day 

(.0844 MGD) with a two-hour peak flow of 337,600 gallons per day (.338 MGD) from 

Table III.27.  Based upon design year 2040 projected average daily flow, the plant will 

be at 76% capacity including all projected Phase I and Phase II improvements.  ANRA’s 

NAC WWTF was originally constructed to handle additional flow for future 

regionalization.  Therefore, the projected 2040 design year flow from Phases I and II, 

including all projected flow from existing NAC WWTF customers, will not require 

additional modifications or permit modifications other than those described below. 

 

Three (3) alternatives were considered for the proposed improvements for Phase III, 

including:  1) relocation of bar screen and chlorine contact chamber, 2) replace existing 

mechanical bar screen, and 3) do nothing.  In order to achieve regionalization and provide 
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regulated treatment of Redland Estates and District existing / proposed sanitary sewer 

Option 3, cannot be utilized.  Table IV.3 below shows a breakdown of total projected 

construction costs for Phase II improvements discussed above in Section III.   

 
Table IV.3 – Phase III Total  
Projected Construction Cost 

Proposed Project 

Total 
Projected 

Construction 
Cost 

Option 1 $1,086,500.00  

Option 2 $784,105.00 
 

As shown in Section III, Phase III, Option 2 (replace existing mechanical bar screen) 

was selected for providing Phase III improvements.  As shown above in Table IV.3, the 

total projected construction cost for Phase III Option 2, including 15% contingencies, is 

estimated to be $784,105.00.  However, it should be noted that Option 1 will be designed, 

bid and considered based upon funds availability; the Chlorine Contact Chamber will be 

bid as an additive alternate. 

 

Other non-cost factors included for basis of termination for selected alternative for each 

respective Phase, included: 

• Project Longevity (length of time the alternative would provide sufficient capacity 
from project completion through the 20-year design without major equipment 
upgrades) 

  

• Environmental Impacts 
 

• Land Requirements (amount of land required for each alternative) 
 

• Construction Problems 
 

• Sophistication of Process (complexity of operations) 
 

• Process Treatment Problems (ability to consistently meet permit conditions) 
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• Problems with Future Expansion (ease by which plant can be expanded) 
 

IV.B. Financial 

 
The total project costs for the recommended alternatives will be paid through loans 

and/or grants.  ANRA currently has Planning, Acquisition and Design (PAD) funds 

obligated through TWDB CWSRF funding in the amount of $650,000 with 30% loan and 

70% loan forgiveness.  Upon completion of PAD phases, ANRA intends to submit for 

construction funding through TWDB CWSRF to incorporate 30% loan and 70% loan 

forgiveness.  Therefore, currently ANRA proposes to utilize the funding sources 

mentioned above to complete all proposed improvements. 

 

Other applicable funding options include:  

 

• Loan program governed by United States Department of Agriculture – 
Rural Development (which could include some grant funds). 

 

• Sale of bonds or certificates of obligation by ANRA. 
 

• Texas Capital Fund or Economic Development Administration (EDA) 
grants if improvements are tied to wastewater supply needs for attracting a 
certain industry to the District. 

 

 If loan monies are required, a qualified Financial Advisor should be 

consulted to determine the most advantageous funding means available to 

ANRA, including any potential impact to sewer rates. 

 
IV.C. Implementation Schedule 

 
Assuming all proposed improvements are completed as one project, the proposed 
schedule for implementation is presented in Table VI.4.  This schedule represents the 
time-frame associated with completing Phases I through III.   
 
The potential exists for delays in the schedule including: 
 

• Funding commitment. 
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• Environmental clearance (if adverse environmental impacts are identified or if 
public hearings are requested and required). 

 
These delays may increase the overall schedule from 3 to 9 months.  Assuming no 
unexpected delays occur in any area of the project, initiation of construction for the 
proposed project is projected to occur approximately 13 months after submission of this 
EFR. 

 
Table IV.4 – Proposed Implementation Schedule 

Item Day Approximate Date 

Notice to Proceed by ANRA to KSA 
(after TWDB Loan Commitment) 

0 June 12, 2014 

Complete Study and Report Phase 102 September 22, 2014 

Complete Environmental 
Assessment and Submit to Agencies 
for Review 

135 October 25, 2014 

Approval of Environmental 
Assessment 

210 January 8, 2015 

Complete Preliminary Design Phase 365 June 12, 2015 

Complete Final Design Phase 425 August 11, 2015 

Submit Plans & Specs for Review by 
Owner/Reviewing Agency 

426 August 12, 2015 

Approval of Plans & Specs by 
Owner 

440 August 26, 2015 

Approval of Plans and Specs by 
Review Agencies 

460 September 15, 2015 

Submit Construction Phase to 
TWDB for Approval 

470 September 25, 2015 

Bid and Award Construction 
Contract 

500 October 25, 2015 

Begin Construction  530 November 24, 2015 

Complete Construction 830 September 19, 2016 

 
Table IV.4 assumes the following: 

 
1. Construction requires 10 months.  



Angelina & Neches River Authority  Engineering Feasibility Report 

KSA Engineers, Inc. 73 TWDB CWSRF No. 73677 
    

IV.D. Total Projected Construction Cost for Recommendations 

Table IV.5 outlines total projected construction, as discussed above, and non-

construction estimates for Phases I through III.  Table IV.5 below provides total 

projected construction and non-construction costs, in TWDB-1201 Budget format, for 

submission of Construction funding through TWDB CWSRF funding. 

 

Table IV.5 – Proposed Construction Budget 

Uses 

TWDB 
Funds 

Series 1 

TWDB 
Funds 

Series 2 

TWDB 
Funds 

Series 3 

Total 
TWDB 
Cost 

Other 
Funds Total Cost 

Construction              

Construction  $4,083,105  $0  $0  $4,083,105  $0  $4,083,105  

Subtotal Construction $4,083,105  $0  $0  $4,083,105  $0  $4,083,105  

Basic Engineering Fees              

Planning + $0  $0  $0  $0  $0  $0  

Design $0  $0  $0  $0  $0  $0  
Construction 

Engineering $85,400  $0  $0  $85,400  $0  $85,400  

Basic Engineering Other 
**________________ $0  $0  $0  $0  $0  $0  

Subtotal Basic 
Engineering Fees $85,400  $0  $0  $85,400  $0  $85,400  

Special Services             

Application $0  $0  $0  $0  $0  $0  

Environmental $0  $0  $0  $0  $0  $0  
Water Conservation 

Plan $0  $0  $0  $0  $0  $0  
I/I Studies/Sewer 

Evaluation $0  $0  $0  $0  $0  $0  

Surveying $108,500  $0  $0  $108,500  $0  $108,500  

Geotechnical $0  $0  $0  $0  $0  $0  

Testing $29,500  $0  $0  $29,500  $0  $29,500  

Permits $15,500  $0  $0  $15,500  $0  $15,500  

Inspection $33,800  $0  $0  $33,800  $0  $33,800  

O&M Manual $0  $0  $0  $0  $0  $0  

Project Management (by 
engineer)  $0  $0  $0  $0  $0  $0  

Pilot Testing $0  $0  $0  $0  $0  $0  
Water Distribution 

Modeling $0  $0  $0  $0  $0  $0  
Special Services  Other 
**ANRA Project 
Management $300,000  $0  $0  $300,000  $0  $300,000  
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Subtotal Special Services $487,300  $0  $0  $487,300  $0  $487,300  

Other             

Administration $0  $0  $0  $0  $0  $0  
Land/Easements 

Acquisition $45,000  $0  $0  $45,000  $0  $45,000  

Water Rights Purchase 
(If Applicable) $0  $0  $0  $0  $0  $0  

Capacity Buy-In  (If 
Applicable) $0  $0  $0  $0  $0  $0  

Project Legal Expenses $0  $0  $0  $0  $0  $0  
Other **  

__________________ $0  $0  $0  $0  $0  $0  

Subtotal Other Services $45,000  $0  $0  $45,000  $0  $45,000  

Fiscal Services             

Financial Advisor $37,500  $0  $0  $37,500  $0  $37,500  

Bond Counsel $20,000  $0  $0  $20,000  $0  $20,000  

Issuance Cost $4,000  $0  $0  $4,000  $0  $4,000  

Bond Insurance/Surety $0  $0  $0  $0  $0  $0  

Fiscal/Legal $0  $0  $0  $0  $0  $0  

Capitalized Interest $0  $0  $0  $0  $0  $0  

Bond Reserve Fund $0  $0  $0  $0  $0  $0  

Loan Origination Fee $27,695  $0  $0  $27,695  $0  $27,695  
Other **  

__________________ $0  $0  $0  $0  $0  $0  

Subtotal Fiscal Services $89,195  $0  $0  $89,195  $0  $89,195  

Contingency             

Contingency $200,000  $0  $0  $200,000  $0  $200,000  

Subtotal Contingency $200,000  $0  $0  $200,000  $0  $200,000  

TOTAL COSTS $4,990,000  $0  $0  $4,990,000  $0  $4,990,000  

 

As shown above in Table IV.5, the total projected construction budget for completion of 

projects for TWDB CWSRF No. 73677, Phases I, II and III, is estimated to be 

$4,990,000.  The original PAD budget, which was previously approved, was $650,000.  

Therefore the total projected project cost is estimated to be $5,640,000. 
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EXHIBIT A 

 

PUBLIC HEALTH THREAT AND  

NON-COMPLIANCE AGREEMENT 
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EXHIBIT B 

 

ANRA NORTH ANGELINA COUNTY REGIONAL WWTF 

DISCHARGE PERMIT 
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EXHIBIT C 

 

ANRA NORTH ANGELINA COUNTY REGIONAL WWTF 

FLOW DATA 



Treatment Plant Flow: Report Generated 9/16/2014 at 2:08:35 PMfrom 2008-09-01 to 2009-08-31
Jan Feb March April May June July AugSept Oct Nov DecDay

1 0.216800 0.186567 0.188600 0.187100 0.132633 0.078400 0.167100 0.2587670.178300 0.172500 0.181933 0.232300

2 0.209867 0.187800 0.145500 0.229900 0.132633 0.175900 0.208200 0.2587670.177800 0.205800 0.181933 0.194200

3 0.209867 0.149200 0.172100 0.173833 0.132633 0.355900 0.205633 0.1684500.170200 0.176967 0.160200 0.204000

4 0.209867 0.164300 0.150400 0.173833 0.244300 0.160700 0.205633 0.1684500.199500 0.176967 0.154200 0.181500

5 0.314900 0.195400 0.282400 0.173833 0.194800 0.173233 0.205633 0.1923000.104300 0.176967 0.229400 0.206467

6 0.227000 0.194300 0.169800 0.166800 0.218000 0.173233 0.188600 0.2003000.158800 0.203600 0.192500 0.206467

7 0.214900 0.194300 0.169800 0.174000 0.158800 0.173233 0.155500 0.1841000.158800 0.174400 0.191200 0.206467

8 0.179000 0.194300 0.169800 0.178800 0.193200 0.181900 0.260100 0.2185000.207200 0.185500 0.191200 0.215800

9 0.189033 0.247000 0.199500 0.158300 0.193200 0.153100 0.163200 0.2185000.162800 0.187200 0.191200 0.320600

10 0.189033 0.241000 0.194100 0.223733 0.193200 0.256400 0.204033 0.2142000.127800 0.166133 0.263650 0.219100

11 0.189033 0.168100 0.231400 0.223733 0.227700 0.134300 0.204033 0.2047000.215600 0.166133 0.263650 0.186800

12 0.193400 0.206100 0.255100 0.223733 0.283900 0.185367 0.204033 0.1800000.091800 0.166133 0.218200 0.219567

13 0.198400 0.162800 0.267633 0.161300 0.101800 0.185367 0.210000 0.2033000.091800 0.237800 0.198700 0.219567

14 0.160000 0.162800 0.267633 0.168200 0.168100 0.185367 0.152400 0.1755670.091800 0.244500 0.163600 0.219567

15 0.211600 0.162800 0.267633 0.200400 0.192767 0.221200 0.149000 0.1755670.091800 0.198100 0.224550 0.219300

16 0.174100 0.212000 0.165400 0.169900 0.192767 0.219300 0.166900 0.1755670.085300 0.193900 0.224550 0.206100

17 0.174100 0.174400 0.159000 0.397100 0.192767 0.122100 0.251500 0.2291000.206200 0.192500 0.161100 0.249900

18 0.174100 0.188200 0.143500 0.397100 0.218200 0.242100 0.251500 0.1724000.153775 0.192500 0.182500 0.245300

19 0.198100 0.130200 0.159500 0.397100 0.183300 0.175133 0.251500 0.2076000.153775 0.192500 0.204300 0.197967

20 0.193400 0.185900 0.174633 0.188100 0.127900 0.175133 0.255400 0.1805000.153775 0.156800 0.183300 0.197967

21 0.201600 0.185900 0.174633 0.198800 0.199100 0.175133 0.178300 0.1777670.153775 0.178900 0.204733 0.197967

22 0.187600 0.185900 0.174633 0.150700 0.157733 0.212100 0.186300 0.1777670.193600 0.180700 0.204733 0.229600

23 0.191267 0.182700 0.202800 0.169500 0.157733 0.209100 0.149900 0.1777670.207800 0.166900 0.204733 0.186500

24 0.191267 0.184400 0.239900 0.208500 0.157733 0.170400 0.181167 0.2430000.187100 0.165100 0.196600 0.185900

25 0.191267 0.161300 0.275000 0.208500 0.179800 0.189300 0.181167 0.2202000.175500 0.165100 0.177900 0.229650

26 0.207000 0.207300 0.213300 0.208500 0.279500 0.188900 0.181167 0.2541000.162433 0.165100 0.198750 0.229650

27 0.184000 0.188600 0.171733 0.274700 0.159000 0.188900 0.257400 0.2800000.162433 0.225500 0.198750 0.185100

28 0.181000 0.188600 0.171733 0.207100 0.151200 0.188900 0.155200 0.2053000.162433 0.173900 0.255300 0.185100

29 0.168600 0.171733 0.173600 0.181233 0.189400 0.265900 0.2053000.147500 0.219600 0.225900 0.202600

30 0.186567 0.216000 0.193500 0.181233 0.192600 0.058600 0.2053000.217200 0.175900 0.225900 0.167900

31 0.186567 0.148800 0.181233 0.258767 0.1548000.181933 0.175500

0.196878 0.185435 0.196571 0.212007 0.182842 0.187737 0.197218 0.2028370.158363 0.185985 0.201839 0.210465

Total 6.5244006.0551675.7655334.750900 6.2879336.1137675.6321005.6681006.3602006.0937005.1921676.103233

Average

0.160000 0.130200 0.143500 0.150700 0.101800 0.078400 0.058600 0.1548000.085300 0.156800 0.154200 0.167900Min

0.314900 0.247000 0.282400 0.397100 0.283900 0.355900 0.265900 0.2800000.217200 0.244500 0.263650 0.320600Max



Treatment Plant Flow: Report Generated 9/16/2014 at 2:08:09 PMfrom 2009-09-01 to 2010-08-31
Jan Feb March April May June July AugSept Oct Nov DecDay

1 0.171633 0.168400 0.308100 0.149400 0.171300 0.166400 0.215200 0.1482000.158300 0.210800 0.213900 0.313800

2 0.171633 0.159200 1.184200 0.174033 0.171300 0.211300 0.183900 0.2388000.158500 0.187133 0.165000 0.192000

3 0.171633 0.226800 0.821700 0.174033 0.168000 0.177100 0.183900 0.1355000.222400 0.187133 0.183100 0.209200

4 0.173400 0.246500 0.188600 0.174033 0.166200 0.154967 0.183900 0.2023000.161725 0.187133 0.171700 0.152167

5 0.191400 0.173233 0.176233 0.207100 0.214800 0.154967 0.203600 0.1620000.161725 0.200600 0.205600 0.152167

6 0.237700 0.173233 0.176233 0.129700 0.149800 0.154967 0.141600 0.1839670.161725 0.197900 0.167333 0.152167

7 0.134100 0.173233 0.176233 0.264400 0.156600 0.192100 0.223000 0.1839670.161725 0.206000 0.167333 0.186900

8 0.287433 0.336000 0.425600 0.151800 0.156600 0.149300 0.199900 0.1839670.190800 0.236400 0.167333 0.247600

9 0.287433 0.181400 0.179100 0.382667 0.156600 0.263000 0.167167 0.1819000.163700 0.229233 0.227100 0.165900

10 0.287433 0.159400 0.250300 0.382667 0.212900 0.132100 0.167167 0.1847000.211400 0.229233 0.146000 0.244300

11 0.153300 0.397200 0.179800 0.382667 0.135500 0.179300 0.167167 0.1944000.162000 0.229233 0.223200 0.186033

12 0.185400 0.227733 0.164233 0.529300 0.215300 0.179300 0.209300 0.1365000.204900 0.298200 0.187500 0.186033

13 0.159000 0.227733 0.164233 0.170700 0.172200 0.179300 0.211000 0.2036000.204900 0.313800 0.201233 0.186033

14 0.207500 0.227733 0.164233 0.151200 0.167567 0.155600 0.173800 0.2036000.244000 0.213500 0.201233 0.203400

15 0.159833 0.219500 0.175300 0.252000 0.167567 0.170400 0.180000 0.2036000.182583 0.172900 0.201233 0.160500

16 0.159833 0.196500 0.177200 0.166400 0.167567 0.183200 0.176600 0.1678000.182583 0.156100 0.151600 0.211500

17 0.159833 0.175500 0.170700 0.166400 0.172700 0.127000 0.176600 0.2010000.182583 0.156100 0.185100 0.121700

18 0.220400 0.175300 0.162900 0.166400 0.178500 0.230900 0.176600 0.3086000.182583 0.156100 0.162900 0.159433

19 0.182200 0.174867 0.174933 0.226100 0.191600 0.230900 0.191200 0.1366000.182583 0.182000 0.181100 0.159433

20 0.200000 0.174867 0.174933 0.144700 0.160100 0.230900 0.170500 0.1800330.182583 0.184700 0.182633 0.159433

21 0.151800 0.174867 0.174933 0.163600 0.165333 0.161800 0.181300 0.1800330.191900 0.391400 0.182633 0.169900

22 0.167800 0.195300 0.164100 0.178500 0.165333 0.184400 0.103100 0.1800330.186600 0.221000 0.182633 0.190100

23 0.167800 0.213600 0.207500 0.210767 0.165333 0.185000 0.194667 0.2398000.173100 0.240800 0.192700 0.390700

24 0.167800 0.171600 0.186900 0.210767 0.155600 0.136700 0.194667 0.1214000.212900 0.240800 0.162400 0.284600

25 0.171400 0.185000 0.142800 0.210767 0.158100 0.177567 0.194667 0.1841000.174500 0.240800 0.114600 0.171900

26 0.158800 0.195133 0.162033 0.194700 0.174100 0.177567 0.235000 0.2279000.174500 0.338000 0.171100 0.171900

27 0.182200 0.195133 0.162033 0.120400 0.127700 0.177567 0.149500 0.1990330.174500 0.214800 0.215233 0.171900

28 0.288400 0.195133 0.162033 0.153700 0.166400 0.194500 0.215300 0.1990330.174000 0.284600 0.215233 0.175800

29 0.195067 0.157200 0.185000 0.166400 0.236200 0.212000 0.1990330.156600 0.676600 0.215233 0.285000

30 0.195067 0.126400 0.171300 0.166400 0.228900 0.148200 0.1992000.174100 0.213900 0.207000 0.222400

31 0.195067 0.211400 0.164900 0.148200 0.1631000.213900 0.151800

0.191687 0.204289 0.240390 0.211507 0.168655 0.182773 0.183184 0.1881840.181867 0.239058 0.185030 0.197926

Total 6.1357005.5509007.4108005.456000 5.8337005.6787005.4832005.2283006.3452007.4521005.7201005.942300

Average

0.134100 0.159200 0.126400 0.120400 0.127700 0.127000 0.103100 0.1214000.156600 0.156100 0.114600 0.121700Min

0.288400 0.397200 1.184200 0.529300 0.215300 0.263000 0.235000 0.3086000.244000 0.676600 0.227100 0.390700Max



Treatment Plant Flow: Report Generated 9/16/2014 at 2:07:32 PMfrom 2010-09-01 to 2011-08-31
Jan Feb March April May June July AugSept Oct Nov DecDay

1 0.065567 0.229000 0.116000 0.133967 0.158867 0.100300 0.121200 0.1634000.238500 0.144433 0.265100 0.166900

2 0.065567 0.219400 0.132000 0.133967 0.078000 0.154600 0.121200 0.1082000.296400 0.144433 0.174200 0.173000

3 0.200000 0.214900 0.167000 0.133967 0.105600 0.112167 0.121200 0.1256000.160900 0.144433 0.219300 0.160067

4 0.183400 0.140167 0.121000 0.124600 0.140200 0.112167 0.166200 0.1794000.160900 0.167000 0.140100 0.160067

5 0.163200 0.140167 0.121000 0.109400 0.120900 0.112167 0.126500 0.1254000.160900 0.137000 0.138600 0.160067

6 0.121500 0.140167 0.121000 0.168800 0.119200 0.154300 0.105500 0.1254000.249100 0.167100 0.138600 0.158600

7 0.227633 0.153900 0.182000 0.127500 0.119200 0.107400 0.128500 0.1254000.240200 0.166900 0.138600 0.200900

8 0.227633 0.130000 0.141000 0.123567 0.119200 0.162500 0.123367 0.1422000.237500 0.145500 0.136200 0.119600

9 0.227633 0.152330 0.163000 0.123567 0.161500 0.146400 0.123367 0.1151000.223200 0.145500 0.200000 0.168000

10 0.153700 0.124190 0.093000 0.123567 0.138600 0.106600 0.123367 0.1494000.190233 0.145500 0.135400 0.168000

11 0.153300 0.132493 0.123333 0.149500 0.175300 0.106600 0.031200 0.1245000.190233 0.248400 0.224200 0.168000

12 0.126100 0.132493 0.123333 0.100900 0.149900 0.106600 0.253200 0.1346330.190233 0.178600 0.193133 0.168000

13 0.212900 0.132493 0.123333 0.148000 0.113300 0.114900 0.143200 0.1346330.187900 0.176300 0.193133 0.148600

14 0.271725 0.139940 0.119000 0.119100 0.113300 0.137500 0.114800 0.1346330.173400 0.146100 0.193133 0.217000

15 0.271725 0.195600 0.140000 0.129267 0.113300 0.114500 0.139100 0.1534000.186100 0.147433 0.206600 0.150400

16 0.271725 0.134800 0.150000 0.129267 0.136700 0.204000 0.139100 0.1199000.133000 0.147433 0.177100 0.191100

17 0.271725 0.182160 0.131000 0.129267 0.134000 0.105700 0.139100 0.1309000.172767 0.147433 0.148600 0.179900

18 0.164000 0.128820 0.123667 0.150200 0.131200 0.105700 0.131600 0.1344000.172767 0.146800 0.184600 0.179900

19 0.164200 0.128820 0.123667 0.094100 0.133100 0.105700 0.130100 0.1213330.172767 0.195600 0.152333 0.179900

20 0.217500 0.128820 0.123667 0.138700 0.157967 0.137700 0.135700 0.1213330.183700 0.133600 0.152333 0.148500

21 0.137500 0.180200 0.135000 0.121400 0.157967 0.209900 0.119400 0.1213330.173300 0.194400 0.152333 0.204900

22 0.137500 0.138130 0.120000 0.140033 0.157967 0.215500 0.127333 0.1660000.175000 0.168333 0.200700 0.162600

23 0.137500 0.161190 0.148500 0.140033 0.108600 0.206200 0.127333 0.1132000.243000 0.168333 0.162000 0.258700

24 0.410900 0.198200 0.157300 0.140033 0.162400 0.104000 0.127333 0.1761000.159733 0.168333 0.197500 0.203333

25 0.169500 0.141293 0.129367 0.185000 0.121000 0.104000 0.117400 0.1499000.159733 0.232500 0.170400 0.203333

26 0.173500 0.141293 0.129367 0.250200 0.118300 0.104000 0.126300 0.1366000.159733 0.183600 0.170033 0.203333

27 0.155700 0.141293 0.129367 0.113900 0.137133 0.111500 0.162200 0.1366000.136200 0.168700 0.170033 0.134600

28 0.206867 0.194000 0.139100 0.083100 0.137133 0.130000 0.108300 0.1366000.154300 0.129700 0.170033 0.165400

29 0.206867 0.119200 0.158867 0.137133 0.118600 0.125867 0.1026000.149000 0.162500 0.217600 0.234200

30 0.206867 0.140500 0.158867 0.154200 0.121300 0.125867 0.1339000.184800 0.162500 0.143500 0.120900

31 0.254400 0.147700 0.135800 0.125867 0.1868000.162500 0.065567

0.192188 0.156295 0.133335 0.136088 0.133773 0.131083 0.129377 0.1364130.187183 0.163771 0.175513 0.171722

Total 5.3233675.2654005.0769005.615500 4.2288004.0107003.9325004.1469674.0826334.1334004.3762605.957833

Average

0.065567 0.124190 0.093000 0.083100 0.078000 0.100300 0.031200 0.1026000.133000 0.129700 0.135400 0.065567Min

0.410900 0.229000 0.182000 0.250200 0.175300 0.215500 0.253200 0.1868000.296400 0.248400 0.265100 0.258700Max



Treatment Plant Flow: Report Generated 9/15/2014 at 2:21:17 PMfrom 2011-09-01 to 2012-08-31
Jan Feb March April May June July AugSept Oct Nov DecDay

1 0.111667 0.182500 0.126100 0.103900 0.182800 0.119633 0.124233 0.1331000.089000 0.104600 0.120800 0.121100

2 0.139200 0.242900 0.123567 0.165100 0.098500 0.119633 0.149200 0.1301000.136767 0.104600 0.118900 0.196700

3 0.099700 0.268000 0.123567 0.134500 0.133900 0.119633 0.118000 0.1518000.136767 0.117500 0.136200 0.196700

4 0.129800 0.268000 0.123567 0.159400 0.125467 0.149700 0.194300 0.1518000.136767 0.096500 0.111533 0.196700

5 0.090800 0.268000 0.155200 0.106000 0.125467 0.140100 0.131100 0.1518000.119800 0.146500 0.111533 0.149100

6 0.209333 0.148400 0.137700 0.122233 0.125467 0.200600 0.108067 0.0717000.111200 0.130000 0.111533 0.149500

7 0.209333 0.097600 0.127900 0.122233 0.120600 0.106800 0.108067 0.1367000.148200 0.129800 0.174400 0.092900

8 0.209333 0.229300 0.462800 0.122233 0.139400 0.463133 0.108067 0.1472000.138200 0.129800 0.190100 0.105400

9 0.295500 0.036600 0.356500 0.114700 0.143700 0.463133 0.171200 0.1276000.092867 0.129800 0.123400 0.121467

10 0.137300 0.127900 0.356500 0.139000 0.132400 0.463133 0.128400 0.1462000.092867 0.145200 0.125600 0.121467

11 0.138000 0.127900 0.356500 0.156600 0.142333 0.869600 0.224700 0.1462000.092867 0.120300 0.128600 0.121467

12 0.203200 0.127900 0.204600 0.129600 0.142333 0.146500 0.118000 0.1462000.127400 0.141100 0.128600 0.105500

13 0.093633 0.153000 0.132200 0.147767 0.142333 0.231200 0.164900 0.1299000.169000 0.133100 0.128600 0.101400

14 0.093633 0.141300 0.147500 0.147767 0.124500 0.107800 0.164900 0.1299000.103100 0.125067 0.117700 0.170600

15 0.093633 0.163200 0.163900 0.147767 0.164100 0.129400 0.164900 0.0986000.166800 0.125067 0.185100 0.260000

16 0.143900 0.145900 0.127567 0.119700 0.098400 0.129400 0.155100 0.1627000.129000 0.125067 0.140100 0.114733

17 0.132100 0.262000 0.127567 0.151300 0.119300 0.129400 0.132200 0.0947000.129000 0.143100 0.122700 0.114733

18 0.145500 0.262000 0.127567 0.119700 0.141167 0.154500 0.140900 0.1244000.129000 0.127700 0.138167 0.114733

19 0.136100 0.262000 0.323500 0.133800 0.141167 0.128800 0.118900 0.1244000.123800 0.132400 0.138167 0.159800

20 0.127967 0.142100 0.272100 0.140767 0.141167 0.188100 0.139567 0.1485000.136900 0.122700 0.138167 0.131800

21 0.127967 0.144700 0.189700 0.140767 0.093500 0.095100 0.139567 0.0894000.142600 0.144667 0.214100 0.226600

22 0.127967 0.165700 0.215200 0.140767 0.138600 0.149367 0.139567 0.1458000.120800 0.144667 0.108800 0.171700

23 0.153200 0.139800 0.106967 0.125300 0.184400 0.149367 0.117800 0.1093000.126400 0.144667 0.106100 0.229700

24 0.115200 0.135067 0.106967 0.157600 0.048400 0.149367 0.134500 0.1328330.126400 0.138400 0.143300 0.229700

25 0.296400 0.135067 0.106967 0.110700 0.115567 0.141600 0.141600 0.1328330.126400 0.137000 0.158933 0.229700

26 0.156600 0.135067 0.116000 0.128800 0.115567 0.124000 0.141700 0.1328330.155900 0.134800 0.158933 0.195300

27 0.120200 0.108600 0.111300 0.162733 0.115567 0.085500 0.136867 0.1181000.121000 0.149600 0.158933 0.111500

28 0.120200 0.172900 0.133800 0.162733 0.137500 0.122500 0.136867 0.1485000.138000 0.110400 0.133900 0.173800

29 0.120200 0.153100 0.247400 0.162733 0.125800 0.124233 0.136867 0.1356000.180200 0.110400 0.106900 0.077600

30 0.170800 0.103900 0.051600 0.127200 0.124233 0.099300 0.1373000.104600 0.110400 0.126500 0.111667

31 0.159700 0.103900 0.147600 0.118900 0.1146670.140000 0.111667

0.148647 0.170569 0.181242 0.134260 0.130135 0.194182 0.138975 0.1306670.128387 0.128868 0.136877 0.152088

Total 4.7147334.1063003.9949003.851600 4.0506674.3082335.8254674.0342004.0278005.6185004.9465004.608067

Average

0.090800 0.036600 0.103900 0.051600 0.048400 0.085500 0.099300 0.0717000.089000 0.096500 0.106100 0.077600Min

0.296400 0.268000 0.462800 0.165100 0.184400 0.869600 0.224700 0.1627000.180200 0.149600 0.214100 0.260000Max



Treatment Plant Flow: Report Generated 9/15/2014 at 2:21:54 PMfrom 2012-09-01 to 2013-08-31
Jan Feb March April May June July AugSept Oct Nov DecDay

1 0.174700 0.127233 0.122567 0.115300 0.297900 0.219867 0.096500 0.2202000.114667 0.121600 0.120700 0.144700

2 0.145600 0.127233 0.122567 0.258700 0.040600 0.219867 0.094000 0.0810670.114667 0.154800 0.161567 0.144700

3 0.140400 0.127233 0.122567 0.183300 0.102300 0.109300 0.102800 0.0810670.167300 0.148300 0.161567 0.153700

4 0.159800 0.164100 0.175000 0.147700 0.102300 0.107200 0.104500 0.0810670.132600 0.140900 0.161567 0.162500

5 0.159800 0.140000 0.138200 0.132700 0.102300 0.111500 0.107800 0.1136000.138400 0.125500 0.105300 0.154300

6 0.159800 0.231200 0.141900 0.132700 0.134600 0.230100 0.107800 0.1272000.143400 0.125500 0.097900 0.168500

7 0.105700 0.167400 0.131500 0.132700 0.135100 0.102133 0.107800 0.1219000.122600 0.125500 0.167800 0.161900

8 0.353900 0.204267 0.183100 0.147800 0.128000 0.102133 0.114100 0.1226000.122600 0.186000 0.158000 0.161900

9 0.422300 0.204267 0.183100 0.138000 0.182700 0.102133 0.108700 0.1342330.122600 0.127800 0.147400 0.161900

10 0.186700 0.204267 0.183100 0.171200 0.150800 0.114500 0.120100 0.1342330.117300 0.131500 0.147400 0.132500

11 0.319067 0.220000 0.121500 0.165800 0.150800 0.091300 0.126400 0.1342330.110400 0.237300 0.147400 0.128500

12 0.319067 0.211700 0.107200 0.114433 0.150800 0.126700 0.008267 0.0860000.183600 0.136867 0.135400 0.129600

13 0.319067 0.152400 0.125900 0.114433 0.146300 0.097800 0.008267 0.1004000.149900 0.136867 0.160200 0.147900

14 0.175300 0.141900 0.126500 0.114433 0.138800 0.137533 0.008267 0.1477000.185433 0.136867 0.136400 0.187267

15 0.211200 0.129000 0.132233 0.142500 0.209000 0.137533 0.416600 0.1079000.185433 0.162500 0.116300 0.187267

16 0.144000 0.129000 0.132233 0.141500 0.115200 0.137533 0.113800 0.1036670.185433 0.126200 0.130100 0.187267

17 0.144000 0.129000 0.132233 0.149600 0.081600 0.138800 0.086500 0.1036670.156400 0.178900 0.130100 0.185700

18 0.102400 0.196600 0.134700 0.176100 0.081600 0.086600 0.103950 0.1036670.175700 0.129100 0.130100 0.111900

19 0.102400 0.159800 0.132100 0.114167 0.081600 0.147400 0.103950 0.1321000.137700 0.132100 0.162500 0.149200

20 0.102400 0.134300 0.125700 0.114167 0.099000 0.119000 0.103950 0.1476000.127600 0.132100 0.103200 0.143100

21 0.102400 0.213300 0.147600 0.114167 0.116200 0.099200 0.103950 0.1211170.135833 0.132100 0.127500 0.141950

22 0.139000 0.146833 0.132067 0.140700 0.096700 0.099200 0.103950 0.1211170.135833 0.168700 0.153900 0.141950

23 0.131000 0.146833 0.132067 0.149700 0.084500 0.099200 0.103950 0.1211170.135833 0.147900 0.130100 0.194667

24 0.137800 0.146833 0.132067 0.141900 0.082033 0.108200 0.107200 0.1211170.133200 0.185600 0.130100 0.194667

25 0.193400 0.175200 0.128200 0.157133 0.082033 0.107800 0.108400 0.1211170.168300 0.089300 0.130100 0.194667

26 0.195450 0.101000 0.112500 0.157133 0.082033 0.107900 0.112233 0.1211170.167100 0.141500 0.199100 0.065000

27 0.195450 0.153600 0.128900 0.157133 0.083100 0.127400 0.112233 0.1357000.129400 0.141500 0.098000 0.144500

28 0.168900 0.121200 0.136300 0.157133 0.086800 0.092400 0.112233 0.1556000.394767 0.141500 0.170700 0.126000

29 0.155600 0.186333 0.157133 0.094100 0.092400 0.119000 0.1482000.394767 0.122300 0.173600 0.125350

30 0.135600 0.186333 0.157133 0.095500 0.092400 0.126600 0.1135000.394767 0.124800 0.144700 0.125350

31 0.138100 0.186333 0.219867 0.121300 0.1135000.179300 0.302900

0.181945 0.160918 0.141374 0.146550 0.121102 0.122168 0.108874 0.1218480.169451 0.144216 0.141290 0.156816

Total 4.8613004.2387004.4707005.083533 3.7773003.3751003.6650333.7541674.3965004.3826004.5057005.640300

Average

0.102400 0.101000 0.107200 0.114167 0.040600 0.086600 0.008267 0.0810670.110400 0.089300 0.097900 0.065000Min

0.422300 0.231200 0.186333 0.258700 0.297900 0.230100 0.416600 0.2202000.394767 0.237300 0.199100 0.302900Max



Treatment Plant Flow: Report Generated 9/15/2014 at 2:45:33 PMfrom 2013-09-01 to 2014-08-31
Jan Feb March April May June July AugSept Oct Nov DecDay

1 0.192800 0.234433 0.211267 0.242300 0.281400 0.309733 0.265100 0.2686000.113500 0.141600 0.189100 0.199767

2 0.191300 0.234433 0.211267 0.222100 0.258267 0.272900 0.299800 0.2686000.280400 0.148700 0.189100 0.212100

3 0.195367 0.258000 0.250500 0.243700 0.258267 0.256800 0.303500 0.2686000.144500 0.144300 0.189100 0.217900

4 0.195367 0.261200 0.236200 0.317367 0.258267 0.258600 0.238933 0.2459000.126600 0.210300 0.226800 0.236700

5 0.195367 0.208100 0.206600 0.317367 0.245200 0.257100 0.238933 0.2744000.136200 0.210300 0.226900 0.239400

6 0.213500 0.213800 0.218500 0.317367 0.267000 0.253333 0.238933 0.2769000.084367 0.210300 0.210700 0.194933

7 0.186400 0.210700 0.228100 0.237500 0.252800 0.253333 0.269000 0.2796000.084367 0.119500 0.211300 0.194933

8 0.220400 0.210700 0.228100 0.209700 0.318000 0.253333 0.244200 0.2542000.084367 0.152700 0.208233 0.194933

9 0.360400 0.210700 0.228100 0.204700 0.269700 0.663100 0.252800 0.2542000.138600 0.197100 0.208233 0.225200

10 0.213500 0.217500 0.214000 0.214600 0.269700 0.299100 0.242800 0.2542000.128100 0.231000 0.208233 0.179300

11 0.213500 0.282300 0.183800 0.227033 0.269700 0.248900 0.248333 0.2861000.171100 0.235767 0.210700 0.208500

12 0.213500 0.204200 0.191900 0.227033 0.780700 0.292300 0.248333 0.2433000.128400 0.235767 0.225400 0.193400

13 0.218200 0.221900 0.199400 0.227033 0.506700 0.252933 0.248333 0.3488000.132633 0.235767 0.186800 0.249733

14 0.182100 0.204700 0.344067 0.294200 0.297600 0.252933 0.294100 0.2610000.132633 0.233100 0.202400 0.249733

15 0.182700 0.204700 0.344067 0.210700 0.280400 0.252933 0.267200 0.2447670.132633 0.331100 0.197600 0.249733

16 0.239100 0.204700 0.344067 0.211400 0.236667 0.266300 0.289200 0.2447670.093200 0.289700 0.197600 0.213900

17 0.184233 0.232800 0.211700 0.208500 0.236667 0.281100 0.616500 0.2447670.179100 0.197100 0.197600 0.194500

18 0.184233 0.251100 0.221500 0.199967 0.236667 0.262500 0.284867 0.2885000.072900 0.194500 0.193800 0.230600

19 0.184233 0.204300 0.198200 0.199967 0.282500 0.233400 0.284867 0.2502000.500200 0.194500 0.189000 0.230100

20 0.198400 0.239600 0.200500 0.199967 0.239700 0.254633 0.284867 0.2650000.086667 0.194500 0.206800 0.297867

21 0.188300 0.192200 0.219067 0.240600 0.267000 0.254633 0.267300 0.2987000.086667 0.188600 0.285000 0.297867

22 0.210600 0.192200 0.219067 0.266000 0.249300 0.254633 0.250100 0.2496670.086667 0.197800 0.293000 0.297867

23 0.257100 0.192200 0.219067 0.158200 0.249533 0.321200 0.240700 0.2496670.130300 0.196000 0.293000 0.198700

24 0.211667 0.227100 0.199800 0.226900 0.249533 0.507300 0.251300 0.2496670.134400 0.217100 0.293000 0.187700

25 0.211667 0.237700 0.194900 0.250567 0.249533 0.314400 0.252500 0.2793000.133900 0.229200 0.410100 0.187400

26 0.211667 0.215200 0.214900 0.250567 0.321700 0.262400 0.252500 0.2739000.136000 0.229200 0.475600 0.195700

27 0.216400 0.200100 0.260100 0.250567 0.598400 0.261300 0.252500 0.2988000.175300 0.229200 0.252400 0.189400

28 0.206600 0.211267 0.228933 0.213600 0.307400 0.261300 0.282100 0.2832000.175300 0.226900 0.179100 0.189400

29 0.208600 0.228933 0.089200 0.315800 0.261300 0.248800 0.2895000.175300 0.228200 0.199767 0.189400

30 0.220000 0.228933 0.244200 0.309733 0.264200 0.246600 0.2895000.230100 0.640800 0.199767 0.204800

31 0.234433 0.248800 0.309733 0.303400 0.2895000.292600 0.193500

0.211020 0.220637 0.230140 0.230763 0.305599 0.287931 0.274465 0.2701230.147147 0.225265 0.231871 0.217580

Total 6.7449676.9561336.9832004.414400 8.3738008.5084008.6379339.4735676.9229007.1343336.1778336.541633

Average

0.182100 0.192200 0.183800 0.089200 0.236667 0.233400 0.238933 0.2433000.072900 0.119500 0.179100 0.179300Min

0.360400 0.282300 0.344067 0.317367 0.780700 0.663100 0.616500 0.3488000.500200 0.640800 0.475600 0.297867Max




