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ABSTRACT 
 
 

Benedict is a rural village located along the west bank of the Patuxent River, in eastern 
Charles County, Maryland, containing a mixture of permanent and seasonal dwellings, and a 
few commercial establishments.  The village has a community water supply, but sewage 
disposal is handled by on-site subsurface disposal systems of varying age, many known to be 
malfunctioning.  This study identified and evaluated alternative methods of providing a 
needed public sewerage system, including alternatives for collection, treatment, and effluent 
disposal.  Alternatives for three different collection system approaches were developed.  
Alternatives for four different treatment and effluent disposal alternatives were developed.  
The estimated costs of each of the collection, treatment and disposal alternatives were 
developed and presented in the report. 
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EXECUTIVE SUMMARY 
 
 
 

Benedict is a rural village, identified as such by Priority Funding Area designation under the 
Maryland Smart Growth Initiatives.  Benedict is located along the west bank of the Patuxent 
River, in eastern Charles County, Maryland, and contains a mixture of permanent and 
seasonal dwellings, and a few commercial establishments.  The village has a community 
water supply operated by the County, but sewage disposal is handled by on-site subsurface 
disposal systems of varying age, many known to be malfunctioning.  Need for mitigation of 
failing septic systems is identified in the Charles County Water and Sewer Plan.  Benedict 
needs a centralized sanitary sewer collection and treatment system to improve the water 
quality of both the ground and surface waters. 
 
This study identified and evaluated alternative methods of providing a needed public 
sewerage system, including alternatives for collection, treatment, and effluent disposal.  
Alternatives for three different collection system approaches were developed.  Alternatives 
for four different treatment and effluent disposal alternatives were developed.  The estimated 
costs of each of the collection, treatment and disposal alternatives are summarized below: 
 
Collection System: 
 Grinder Pump Pressure Sewer System   $      1,012,567 
 Vacuum Sewer System     $      1,050,268  

Gravity Sewer System      $      1,153,571 
 
Treatment & Discharge System: 
  SBR – Surface Water Discharge    $      2,089,841 
 Schreiber® Process – Surface Water Discharge  $      2,177,656 

Schreiber® Process/Land Application   $      4,145,531 
 SBR/ Land Application     $      4,427,254 
 
The least cost aggregate system is: a grinder pump pressure collection system, combined with 
an SBR treatment system and discharge of treated effluent to the Patuxent River, with a total 
estimated cost of $3,102,408.  For the estimated buildout of Benedict, 243 lots, this is 
$12,800 per lot.  If the cost were to be borne by only the existing residences, it would be 
proportionately higher, something over $23,000 per lot. 
 
Estimated cost of the collection system alternatives is very similar.  Treatment alternatives 
are also very similar in cost.  Effluent disposal alternatives’ costs, however, differ greatly, 
resulting in treatment/disposal cost variance of ± 31% of the mean.  So project cost is 
relatively insensitive to the choice of collection or treatment process, but varies greatly with 
effluent disposal approach, nearly doubling if land disposal is selected. 
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SECTION 1 
INTRODUCTION & BACKGROUND 

 
 
 

1.1 INTRODUCTION 
 
1.1.1 Authorization. 
 
The County Commissioners of Charles County executed Contract No. 03-44 on November 
19, 2003.  By letter dated November 21, 2004, the County gave Wallace, Montgomery & 
Associates, LLP notice to proceed with performance of the contract effective December 4, 
2003, under PGM #VCI 03-0046. 
 
1.1.2 Scope of Services. 
 
The Scope of Services is published in Charles County’s Professional Services Contract 
Proposal No. 03-44 for PGM #VCI 03-0046.  The Scope of services is excerpted from that 
contract, pages SP-1 to SP-4, and PL-1 to PL-4 and included in Appendix A for ease of 
reference. 
 
1.1.3 Charles County Governing Regulations & Policies. 
 
Charles County maintains a Comprehensive Water and Sewer Plan in conformity to 
requirements of Maryland state law.  The current version of the Charles County Water and 
Sewerage Plan was adopted as amended May 29, 2003.  The Water and Sewerage Plan 
(W&S Plan) sets forth the County’s goals, objectives, general policies and implementation 
policies in regard to sewer services. It also sets out a system of Sewer Service Priority 
Classifications1.  The W&S Plan further establishes six failing septic system condition 
categories, and a process for implementing corrective measures2.  It identifies Benedict 
Central Sewer System as a year 2003-2007 improvement project3. 
 
The Water & Sewer Ordinance of Charles County provides the administrative and 
enforcement structure to implement the W&S Plan.  It provides the guidelines and 
requirements for gravity sewers, pump stations basis for estimating planned wastewater flow 
rates, establishing design dimensional, separation and material requirements, as well as 
hydraulic and layout criteria.  Applicable content from Sections 8.2, 8.2 and Appendices V 
and W, are excerpted in Appendix C of this report. 
 
1.2 BACKGROUND 
 
Benedict is a rural village located along the west bank of the Patuxent River, in eastern 
Charles County, Maryland, containing a mixture of permanent and seasonal dwellings, and a 

                                                 
1 Charles County Comprehensive Water and Sewer Plan, Section1 
2 Charles County Comprehensive Water and Sewer Plan, Section 4 
3 Charles County Comprehensive Water and Sewer Plan, Appendix 4X 



PGM #VCI 03-0046  Benedict Central Sewer System 
Final Report 09/23/04 1 - 2 Feasibility Study 

few commercial establishments.  The village has a community water supply, but sewage 
disposal is handled by on-site subsurface disposal systems of varying age, many known to be 
malfunctioning. 
 
Need for mitigation of failing septic systems is identified in the W&S Plan4, (see Appendix B 
of this study Report).  Benedict, which is located in eastern Charles County, is a rural village, 
and identified as such by Priority Funding Area designation under the Maryland Smart 
Growth Initiatives, consisting of single family homes and commercial establishments with 
private septic tank systems.  The village is in need of a centralized sanitary sewer collection 
and treatment system in order to improve the water quality of both the ground and surface 
waters. 

 
 

                                                 
4 Charles County Comprehensive Water and Sewer Plan, Appendix 4-M 
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SECTION 2 
STUDY METHODOLOGY & DESIGN APPROACH 

 
 
 

2.1 PLAN OF STUDY 
 
The sewer service alternatives for Benedict all comprise a combination of a collection 
system, treatment facility and effluent disposal technology selections.  This study will 
identify reasonable alternatives, and examine the constraints to their implementation, then 
structure specific alternatives with the least limitations, and evaluating then is terms of 
relative cost of construction and 
 
2.2 ALTERNATIVES 
 
2.2.1 Collection. 
 
A range of engineering approaches to collection of domestic wastewater are available.  
Collection alternatives include “conventional” gravity sewers, using sloping underground 
piping and access manholes, and several “innovative” types of sewers.   These innovative 
approaches are actually well-proven, with installations now in place for over 20 years.  They 
include:  pressure sewer systems with small-diameter pressure pipes, and individual homes 
served by either solids-handling pumps or grinder pumps, one to each house or several 
houses; vacuum sewer systems, with a central vacuum system that keeps the entire small 
diameter piping system under a negative pressure, and; septic-tank effluent pumping systems, 
similar to other pressure sewers except that the septic tank remains in service to capture most 
solids. 
 
A variety of specific arrangements are available, and a system design must be tailored to the 
spacing of houses, the slope of the land, excavation characteristics of the local underground, 
interference of other underground utilities.  Generally-accepted engineering design criteria, 
and the regulations of the County’s Water and Sewer Ordinance, govern the design 
parameters and features.  Relevant sections of the ordinance are excerpted as Appendix C.  
Three alternative approaches to the collection system were selected, and are described in 
detail in Section 3.3. 
 
2.2.2 Treatment and Disposal. 
 
The technologies for treating domestic wastewater, and disposing of the treated effluent, are 
well established.  The appropriate technology for any given community is determined by the 
impact of the effluent on the land or water to which it is discharged.  State water quality 
regulators are vested with responsibility for application of the Clean Water Act, and dictate 
the maximum permitted pollutant levels.  Located immediately adjacent to the 
environmentally-stressed Chesapeake Bay, Benedict will have to provide advanced treatment 
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technology.  The goal of this engineering feasibility analysis is to provide the required level 
of treatment at the most reasonable cost. Taking seriously its responsibility for good 
stewardship of all County resources, including land, water or space, means that Charles 
County facilities must meet the requirements of any land or surface water discharge permits 
and must protect public health. Public use should not be hampered and where possible, 
beneficial use of reclaimed water should be considered a positive. These concerns are 
primary. Other factors that will be kept in mind include liability issues, operation and 
maintenance complexity and cost, impact on the community, aesthetics and economics. 
 
The study approach is to identify the disposal requirements, and then determine the treatment 
requirements needed to implement them.  Several alternatives will be considered, a few 
options that appear most feasible will be evaluated as the most likely treatment and disposal 
combinations.  Associated costs will be developed to enable the County to assess the overall 
economic impacts, at least in order of magnitude, so that more specific direction can be given 
to the designers who proceed with the more detailed design efforts. 
 
The design concepts for treatment and disposal will be kept simple, while providing 
sufficient capability to meet variable requirements and influent loadings. Low levels of 
operator attention and initial cost, coupled with process flexibility and high effluent quality 
are the goals. 
 
 
2.3 CONSTRAINTS & IMPACTS 
 
2.3.1 Environmental Impacts. 
 
2.3.1.1 Wetlands.  A review of topical wetlands mapping compiled by US Fish and Wildlife 

Service revealed significant wetlands around the village of Benedict.  USFWS 
mapping shows both estuarine and marine wetlands, and freshwater forested/shrub 
wetlands immediately adjacent to the populated areas of the village.  Wetland areas 
are mapped immediately adjacent to the prospective site considered for the 
wastewater treatment plant.  The areas mapped as wetlands are shown on a map in 
Appendix D. 

 
Detailed siting analysis will be required to determine the exact areal extent of the 
wetlands areas; the investigation of this study is limited to reconnaissance-level 
information on type, size and location. 

 
2.3.1.2 Forest Conservation.  No forested areas are located within the village of Benedict.  
 
2.3.1.3 Historical.  A review of mapped historical sites revealed no historical sites within the 

study area. 
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2.3.1.4 Chesapeake Bay Critical Area 

The Chesapeake Bay Critical Area Act requires the establishment of a minimum 
Buffer of 100 feet of natural vegetation landward from the Mean High Water Line of 
tidal waters or the edge of tidal wetlands and tributary streams.  It is intended to 
protect this largest and most productive estuary in the United States, its watershed of 
64,000 square miles, its sheltering habitat for 2,700 species of plants and animals.  
The required forested buffer acts as a filter for the removal or reduction of sediment, 
nutrients, and toxic substances which enter adjacent waterways in land run-off.  The 
buffer also minimizes the adverse impact of human activities on habitat within the 
Critical Area. 

In cooperation with the Critical Area Commission, local critical area management 
programs are administered by the 61 local governments whose jurisdictions are 
partially or entirely within the Critical Area.  To accommodate future growth, a local 
jurisdiction is authorized under the Critical Area Act to change a land use designation 
and allow development at a density or intensity which exceeds the limits of a site’s 
original designation. 

Critical Area goals are:  

• Minimize adverse impacts on water quality that result from  
• Conserve fish, wildlife, and plant habitat in the Critical Area; and  
• Establish land use policies for development in the Critical Area which 

accommodate growth and address adverse environmental impacts.  

Clearing of trees is not allowed except with an approved Buffer Management Plan 
prepared by a professional forester. No other development (e.g. swimming pools, 
tennis courts, structures, septic fields) or other land disturbances are permitted in the 
Buffer. 

Detailed siting analysis will be required to determine the exact areal extent of the 
required Critical Area forested buffer around wetlands areas.  The investigation of 
this study is limited to reconnaissance-level information on type, size and location. 

  
2.3.1.5 Floodplains.  The village is subject to flooding from the adjacent Patuxent River.  

Hurricane Isabel of September 19, 2003 produced storm surge to an elevation of 5.4 
feet NAD 88.  FEMA’s CHWM Collection Final Report of November 19, 2003 
showed that water reached two feet depth at structures in the village (Appendix K). 

 
2.3.1.6 Agricultural Easements/Open Space.  No agricultural or open space areas are located 

within the village of Benedict.  Any land effluent disposal approach has potential to 
impact agricultural and open space land.  Prospective land disposal areas north of MD 
Route 231 are currently in agricultural use.  The land area characteristics, and 
requirements for crop and nutrient management are discussed in detail in Section 
3.3.4.2 of the Report. 
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2.3.2 Flood & Stream Hydrology. 

 
Hydrologic setting of the village of Benedict is defined by the adjacent estuarine Patuxent 
River.  Surface and storm water flows east and west from a very low, gently ridge toward a 
wetland on the west, and the river on the east. 
 
The village is subject to flooding from the adjacent river.  Hurricane Isabel of September 19, 
2003 produced storm surge to an elevation of 5.4 feet NAD 88 (see Appendix K). 

 
2.3.3 Utilities. 
 
Existing underground and overhead utility lines present a design constraint for design of a 
sewerage system, particularly grade-dependent gravity sewers.  Utilities with possible line 
locations in Benedict were contacted and mapping solicited.  Responses of the utilities are 
provided in Appendix E of this Report. 
 
Benedict is served with public water for a system owned and operated by Charles County.  
Two water pump stations, located at the north and west of the village, pressurize the system.  
The distribution piping for the water system is located beneath the streets of the village, 
consisting mostly of 6” and 8” diameter PVC piping, 42” below grade, on average.  Record 
Drawing of the system, dated November 28, 1980, is provided in Appendix L. 
 
Underground telephone cabling, owned by Verizon Communications, is also located in the 
streets of Benedict.  Natural gas utilities Washington Gas and Dominion Transmission 
indicated they do not have facilities located in Benedict.  Southern Maryland Electric 
Cooperative serves the village, but does not have any underground distribution facilities 
mapped. 
 
2.3.4 Design Flow. 
 
The amount of sewage flow generated by the homes and businesses in Benedict will 
determine the size requirements for the collection system, the size and configuration of the 
process tankage and equipment of the wastewater treatment plant, and the sizing of any land 
disposal system for the treated effluent.  The total pollutant load of discharged effluent will 
also depend upon rate flow.  The permitting conditions for its discharge to the river will be 
largely determined by this flow and loading. 
 
2.3.4.1 Current.  Water use records furnished by Charles County for 2002 and 2003 show 

monthly average daily water production ranging from 16,700 gallons per day (gpd) to 
29,900 gpd.  Monthly highest day values range up to 53,000 gpd, with several 
summer months each year exceeding 50,000 gpd.  Annual average daily flow was 
22,200 gpd and 22,900 gpd, respectively.  The permit limit for the system is 56,000 
gpd, and the pumping capacity is considered to be between 280,000 gpd and 375,000 
gpd.  Summary of water pumpage records appears in Appendix F. 
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Annual average daily wastewater production is considered to be approximately 
22,000 gpd.   

 
2.3.4.2 Buildout.  The Scope of Services for this study contemplated planning for wastewater 

flows at buildout (pages SP-2 and SP-3 Scope of Services, Appendix A).  The Charles 
County Water & Sewer Ordinance establishes wastewater flow planning criteria by 
zoning classification.  Criteria are established for Base and Cluster uses.  Figure 2-1 
shows the zoning classifications in Benedict, the regulatory wastewater production 
rates, and the gross areas in the village, by zone. 

 
The resulting calculation establishes the buildout wastewater flow at current zoning 
values, to be approximately 128,000 gpd (base) to 164,000 gpd (cluster).  This would 
represent a growth of 300% to 500% for the village.  After reviewing the lots of 
record and possible future subdivision, the County’s Planning Department determined 
that 243 lots will ultimately be served by the plant, at a flow of 333 gpd per lot.  See 
correspondence in Appendix G.  The wastewater planning flow for purposes of this 
study is 81,000 gpd AADF. 

 
2.3.5 Discharge Limits. 
 
The treatment process discharge limits are prescribed by the method of disposal. This study 
considers the feasibility of two distinct disposal methods, land application (surface or 
subsurface) and surface water discharge. The following text provides overview discussions of 
each, generally identifying the level of treatment required and the implementation issues 
associated with each. 
 
2.3.5.1 Surface Water Discharge.   
 

In early May of 2004, a request was made to the Maryland Department of the 
Environment seeking guidance in determining the discharge limitations for a surface 
water discharge.  A response was received by letter dated July 22, 2004, which is 
included as Appendix H. The limits prescribed for an 81,000 gpd discharge into the 
Patuxent River at Benedict are summarized in the Table 2-1. 
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PARAMETER LIMIT UNITS DESCRIPTION 

 
Biochemical Oxygen Demand 

(BOD5) 
30 mg/l Monthly Average 
45 mg/l Max. Weekly Average 

Total Suspended Solids 
 (TSS) 

30 mg/l Monthly Average 
45 mg/l Max. Weekly Average 

Total Nitrogen 
 (TN) 

8.0 mg/l Monthly Average 
12 mg/l Max. Weekly Average 

Total Phosphorus  
(TP) 

2.0 mg/l Monthly Average 
3.0 mg/l Max. Weekly Average 

Dissolved Oxygen  
(DO) 5 mg/l Minimum 

pH 6.5 S.U. Minimum 
8.5 S.U. Maximum 

Total Residual Chlorine 
(TRC) >0.1 mg/l Non-detectable level 

Fecal Coliform 14 MPN/100 ml  

Table 2-1 – Effluent Limits for Discharge to Patuxent River at Benedict 
 

Although these limits in themselves are not unusually stringent and simply represent 
the receiving water requirements, MDE’s correspondence goes on to stipulate that 
higher levels of treatment will be required, as excerpted below:  

 
“To avoid increasing the nutrient loading to Chesapeake Bay, new 
treatment plants, which were not permitted in 2000 are expected to 
install an advanced level of BNR, and also offset their remaining 
nutrient load by obtaining at least an equal amount of nutrient 
reduction at other point or non-point source.” 

 
This means that MDE’s  policy will be to permit no net increase to the nutrients being 
discharged into the receiving water due to a new discharger. So, if the plant were to 
discharge 8 mg/l TN at a flow rate of 81,000 gpd (5.4 lb/d) per the permit guidelines 
in the table, then an equivalent reduction in the discharge of nitrogen of 5.4 lb/d must 
be realized somewhere else. This offset must result in a zero net increase of nitrogen 
into the bay.   
 
Another approach is to treat to a higher level of nitrogen removal to reduce the 
amount of offset required. Currently-available treatment technology can reduce 
effluent total nitrogen down to a level of about 3 mg/l.  With this level of treatment at 
81,000 gpd the discharge to the receiving water would contain about 2.02 lb TN/d. 
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MDE makes the presumption that subsurface disposal systems like those currently 
serving the Benedict community are already impacting the adjacent water bodies by 
percolating nitrogen through the groundwater, which eventually makes its way to the 
water body. Because the new treatment facility will eliminate this source of nitrogen 
from continuing to migrate to the adjacent waters, it is considered part of the required 
offset.  MDE has recently set a precedent of allowing such a reduction based on 
current flows and estimated discharges resulting from the existing septic systems. The 
MDE formula allows the credit of one half (1/2) of the total TN discharge estimated 
to have been reduced. For Benedict, the historical flow based on water consumption 
is about 23,000 gpd. Using this and MDE’s 29mg/l TN estimate of the amount of 
nitrogen discharge resulting from septic systems adjacent to water bodies, implies a 
reduction of 5.56 lb TN/d. Per the MDE formula, half of this, or 2.78 lbTN/d is 
realized as an offset. 
 
The 2.78 lb TN/d offset is greater than the 2.02 lbTN/day discharged at 3 mg/l TN, 
therefore the offset requirement is met if the treatment facility treats to a TN level of 
3 mg/l TN. 
 
Nutrient loads have been discussed above in terms of daily values. In reality, MDE 
generally extrapolates these loads to an annual basis and sets an annual mass loading 
that serves as the total nitrogen discharge allowed. For this facility to exactly meet the 
offset requirement, it needs to discharge less than the 2.78 lb TN/d (1014.7 lb 
TN/year). This can be done by attaining a discharge TN of 4.11 mg/l TN. In practical 
terms, this level cannot be consistently met with MLE-type BNR treatment systems.  
Such systems can only attain nitrogen discharge levels ranging from about 5 to 7 mg/l 
TN consistently.  Attaining 4 mg/l TN consistently, requires technologies that can 
consistently produce a higher level of treatment - with a separate denitrification stage. 
The Bardenpho® process - or an MLE or SBR process followed by denitrification 
filters - are the predominant treatment technologies used to attain levels less than 4 
mg/l TN.  Such a process usually attains TN in the range of 2 – 3 mg/l TN. 
 
For the purposes of this study, the treatment level required for surface water discharge 
is presumed to be nitrogen controlled, and requires attaining effluent total nitrogen of 
3 mg/l TN to meet the MDE offset requirement.  Additional details of the treatment 
technologies and concepts considered for surface water discharge are presented in 
Sections 3 and 6 of this report. 

 
 
2.3.5.2 Land Disposal.   
 

Application of wastewater to the land can be done for purposes of treatment and 
disposal, or disposal alone.  As an example of the former, traditional subsurface 
disposal systems provide minimal treatment by septic tank, followed by distribution 
through disposal beds comprised of rock and soil. Additional treatment occurs in the 
unsaturated rock and through the soil matrix as the wastewater percolates to the 
groundwater. In the latter only disposal occurs. An example of this is the re-use of 
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more highly treated wastewater for irrigation purposes taking advantage of the 
moisture for irrigation, rather than what limited nutrients it might contain. This 
provides beneficial use of the water for crop growth and serves to recharge the 
surface water aquifer. 
 
The controlling factor in land application, surface or subsurface, is the protection of 
the groundwater quality. Obviously, the better the treatment provided prior to land 
application, the better the quality of the percolate into the ground.  This project used 
available information, predominantly the USGS soils mapping documents as its basis 
for assessing the potential of land application. Detailed site evaluations were neither 
warranted, nor performed as part of this work. If economically feasible, the technical 
feasibility will need to be developed further as part of the detailed preliminary design 
efforts. 
 
For the application of treated domestic wastewater to the land, the primary 
contaminant of concern is nitrate nitrogen. Nitrate nitrogen is a regulated contaminant 
limited to 10 mg/l in water used for drinking. Groundwater protection includes 
limiting nitrate accumulation related to land disposal such that the nitrate levels 
leaving a treatment/disposal site do not exceed this limit. 
 
For the purpose of this project, all nitrogen discharged (total nitrogen) is assumed to 
ultimately end up as nitrate in the groundwater unless it is reduced to nitrogen gas by 
the soil biology, or taken up as a nutrient by crops that are then harvested and carried 
off site as nitrogen bound in the grain. Nitrogen accounting at land application sites 
can be complex requiring significant time top monitor and record application rates, 
nitrogen concentrations, crop uptake and numerous other elements. This is further 
complicated by the need to add fertilizer for agricultural reason, which also contain 
and add nitrogen to the soil and percolate. All this nitrogen accounting is followed by 
performing a nitrogen balance to estimate how much of the applied nitrogen actually 
reached the groundwater, the effect of dilution by rainfall, etc.  monitoring wells are 
required to verify that the theoretical balance and actual groundwater nitrogen levels 
are both less than the required limits.  
 
Another approach for land application that is widely adopted by municipalities using 
land application for disposal is to remove nitrogen to a level below the 10 mg/l 
requirement during treatment so that the land applied water is assured of being less 
than the 10 mg/l requirement. This is the approach taken by most municipal entities 
because it represents good stewardship of the groundwater resource, it is prudent 
from a practical standpoint, and it limits the potential liabilities that could result from 
groundwater contamination. It also represents a less complicated operational scenario 
rendering the applied water as a beneficial irrigation use rather than a potential threat 
to groundwater quality. 
 
For the purposes of this study, it is presumed that the treatment facilities treating the 
wastewater prior to land application must be capable of treating to a total nitrogen  
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level of less than 8 mg/l.  Additional details of the land application concepts 
considered are presented in Sections 3 and 6 of this report. 
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SECTION 3 
ANALYSIS 

 
 
 

3.1 FRAMEWORK FOR ANALYSIS 
 
3.1.1 Cost Estimate Bases 
 
Back up power will need to be provided for both the main pump station and the treatment 
plant in the form of an emergency generator. The treatment plant is expected to have the 
larger load and includes the costs of this element of work. It is assumed that the pump station 
and plant will be in close enough proximity to share a generator and only one generator is 
provided for as a result. 
 
The cost estimates for the treatment facilities include estimates for site work, a minimal 
building to house the treatment facilities, equipment costs, odor control, back up power, 
electrical, HVAC/mechanical, and installation estimates. All cost summaries will include a 
contingency of 20% as well as a line item for future engineering efforts of 10%. 
 
Budget estimates have been provided for major equipment including the package treatment 
plants and pretreatment (screen/grit) equipment. Costs for pumps and structures not included 
in the package plant, lagoon construction, labor for construction, electrical and controls, the 
building, etc. are based on similar work bid over the last year and scaled up, or down to fit 
the Benedict situation.  
 
3.1.2 Operation & Maintenance. 
 
Annual Operation and Maintenance costs for the treatment options have been broken down 
into nine categories as follows: 
 

1. Operations Labor –includes the normal daily visits to the site to perform operational 
controls and minor preventive maintenance. Based on input from the Bureau of 
Utilities, this has been assumed as 6 hrs/d, 6 d/wk, 52 wks/yr at $36/hr and is the 
same for all treatment options. Additional operations time is added for the land 
application alternatives adding 6 hr/d, 3 d/wk, 30 wk/year @ $36/hr for monitoring 
well samples, field inspection and lagoon oversight. 

  
2. Maintenance Labor – includes the labor required more infrequently than operations 

labor to work on specific equipment issues or malfunctions. This is included as 8 hr/d, 
1½ d/wk, 26 wk/yr at $36/hr. additional maintenance labor is added for the land 
application alternatives as 8 hr/d, 1½ d/wk, 8 wk/yr @ $36/hr to service the pivots 
and irrigation pumps. 

 
3. Electric Motors – from horsepower and run time estimates, equipment electric costs 

are estimated for the treatment options at $0.08 /KW-hr. Alternatives with land 
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application include additional costs for the pivot motors and irrigation pumps at the 
same cost rate. 

 
4. Electric Heat – includes general building electric consumption. By being conservative 

on heating, lighting is considered included. These estimates are based on the nominal 
90’ x 100’ building for all treatment alternatives, with additional costs for alternatives 
with land application for a 15’ x 20’ irrigation building. R-values are assumed and 
gross calculations of building surface area are used. Degree days, adjusted for 45 
degree interior temperature are assumed at 3500. 

 
5. Chemicals – the need for chemicals is not well defined and will be highly dependent 

on wastewater characterization for process chemicals. Disinfection chemicals will be 
required for the land application alternatives. Chemical costs indicated are allocations 
of $1200 for process chemicals on surface discharge options, and $3000 on land 
application alternatives with chlorination and dechlorination. 

 
6. Sludge Hauling – All treatment alternatives include estimates of the cost for hauling 

sludge from the Benedict plant to Mattawoman for further treatment. Four (4)  2000 
gallon loads per month at a cost of $300 per load was used to develop this estimate. 
The same estimate is used for all treatment alternatives. 

 
7. Materials and Equipment costs – without specifically identifying equipment life and 

replacement needs, this category represents a sinking fund for long term replacement 
items. Surface discharge alternatives include a $2500 allocation and land application 
alternatives include an extra $1200, $3700 total. 

 
8. Administrative Costs – this category is intended to pick up laboratory and County 

office support like planning, capital projects, etc. it is estimate as a percentage of the 
estimated annual O&M. Two (2) percent is used. 

 
9. Contingency – this category is included to account for the margin of error associated 

with estimating costs at this level of project development. A five (5) percent 
contingency is applied to the estimated annual O&M cost. 

 
The undeniable O&M element is that any options using land treatment will require additional 
operator attention to those with a stream discharge. Up to the point of being pumped from the 
treatment facility, O&M will be very similar for the treatment options. From that point on, 
analytical costs for the surface water discharge options will be greater, but actual operator 
time to manage the land application system, coordinate with land users, maintain records of 
application rates and quality, and other agronomic related activities, maintaining an 
additional set of spray pumps and center pivot irrigation systems will consume significant 
time. 
 
Annual O&M Cost summary tables are provided later in this section along with the capital 
cost summaries. 
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3.1.3 Odor. 
 
Due to the proximity of the collection, treatment and disposal facilities to the community, 
odor is a significant concern. The short residence time in the collection system is expected to 
be beneficial in this regards.  Hydrogen sulfide formation is less likely under these 
circumstances, but odor control will still be provided. For the collection system, odor control 
is provided at the main pump station in the corm of Purifil type carbon canisters. 
 
The odor control at the treatment facility will be a bit larger and more complex. First off, all 
facilities will be housed in a minimal cost structure along the lines of a pole shed, but 
insulated; this is to help contain any odors from the process. The active odor control strategy 
is be to provide an odor control system that pulls from headspaces at the influent facilities 
including the screen and grit facilities, as well as from the process feed wet well. Initially it is 
not anticipated that the entire structure headspace will need odor control. This large space 
would be expensive to treat and unnecessary if the headspace alternative is successful. Space 
will be left for a future odor system should it be found to be needed, but is not included in the 
costs.  
 
3.2 CHARACTERIZATION OF ALTERNATIVES 
 
3.2.1 General. 
 
The sewer service alternatives for Benedict all comprise a combination of a collection 
system, treatment facility and an effluent disposal regime.  The collection system alternatives 
choices are largely independent of the treatment and disposal, but certain pairs of treatment 
options and effluent disposal are appropriate. 
 
3.2.2 Collection System Alternatives. 
 
3.2.2.1 Gravity Collection System with Submersible Pump Station (s).  Gravity sewers 

designed in accordance with requirements of the Sewer and Water Ordinance and 
standard engineering practice.  Depths to be established for service to lowest floors in 
final design (many structures in Benedict are slab-on-grade).  Manhole spacing 250 
feet average, 400 feet maximum.  Materials to be in accordance with County 
standards.   Sewer alignment generally in shoulder of roadway or street.  Submersible 
pump station to be sited adjacent to wastewater treatment plant at north (lower) end of 
collection system.  Minimum grade on gravity sewers will result in deep trench 
excavation for construction at lower (north) end of gravity system near plant, 
requiring well-point dewatering during construction.  Sub-alternatives may be 
investigated prior to design, involving partial gravity, partial pressure system, 
alleviating some deeper excavation.  (Refer to County Design Standards, Appendices 
C and D). 

 
General arrangement of sewers on lot, and relative to street, is shown on Figure 3-1.  
Overall layout of gravity sewer system in Benedict is shown on Figures 3-4 and 3-5. 
Estimated costs for the gravity sewer system are tabulated below, in Table 3-1. 
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DESCRIPTION UNIT 
UNIT 
PRICE QUANTITY TOTAL 

8" Dia. PVC Sewer (5-10' Deep) LF $23.97 7,739 $185,515
8" Dia. PVC Sewer (10'+ Deep) LF $34.64 2,907 $100,698
4" Vacuum Main LF $13.00 0 $0
6" Vacuum Main LF $15.00 0 $0
8" Vacuum Main LF $18.00 0 $0
3" Vacuum Service Connection LF $11.00 0 $0
Vacuum Main 6" Division Valves Ea $1,100.00 0 $0
3" Pressure Sewer LF $8.60 0 $0
1-1/2" Pressure Sewer LF $5.49 0 $0
H.C. - 4" DIA. (75 LF/Hse) (Gravity Lateral) LF $10.53 9,825 $103,457
4' Dia. Precast Concrete Manholes (8' Deep) Ea $3,175.00 27 $85,725
4' Dia. Precast Concrete Manholes (14' Deep) Ea $6,025.00 14 $84,350
Grinder Pump Units (Duplex w/ Baffle) Ea $8,000.00 0 $0
Grinder Pump Units (Simplex) Ea $4,000.00 0 $0
Vacuum Main Collection Chambers Ea $2,500.00 0 $0
Submersible Pump Station Ea $87,000.00 1 $87,000
Vacuum Station (Includes Building and Installation) Ea $205,000.00 0 $0
Well Points LS ----- ----- $91,614
     
Common     
Abandon Existing Septic Systems Ea $401.22 131 $52,560
Restoration (Paved & Unpaved) LS     $86,443
MOT LS     $10,000
Erosion and Sediment Control LS     $0
     
   Subtotal: $887,362 

Engineering Cost @ 10 %  $88,736 
Contingency @ 20 %  $177,472 

     
   Total: $1,153,571 

Table 3-1 - Estimated Cost for Gravity Sewer System 
 
3.2.2.2 Grinder Pump Pressure Sewer System.  Pressure sewer system delivers wastewater to 

head of treatment plant with pressure established by individual grinder pumps on 
system.  High-head positive or semi-positive displacement pumps with integral 
grinders, located in fiberglass-reinforced polyester tanks, sited on each lot (where 
practical, two lots may be ganged together on a duplex unit).  Location of grinder 
pumps to minimize length of existing lateral.  Pressure collection system to be sited 
near as practical to house, minimizing gravity house connection, in favor of longer 
pressure sewer.  Grinder pump units to be accessed for maintenance with 
“meandering easements”.  Replacement of all service laterals from house wall to 
grinder station influent to alleviate infiltration and inflow source.  Pressure sewers to 
be approximately 2½” to 3” diameter PVC or HDPE, laid approximately 36” to 42” 
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deep, without regard to grade.  Construction may be by open trench or directional 
drilling. 

 
General arrangement of sewers on lot, and relative to street, is shown on Figure 3-2.  
Overall layout of gravity sewer system in Benedict is shown on Figures 3-6 and 3-7. 
Estimated costs for the pressure sewer system are tabulated below, in Table 3-2. 
 

 
3.2.2.3 Vacuum Sewer System.  Central vacuum station with vacuum receiving tank will be 

located adjacent to wastewater treatment plant.  Central vacuum station will be 
equipped with pumps to lift sewage from bottom of receiving tank to plant influent 
screen system.  Location of vacuum tank on lot to minimize length of existing lateral.  
Vacuum system to be sited near as practical to house, minimizing gravity house  

DESCRIPTION UNIT 
UNIT 
PRICE QUANTITY TOTAL 

8" Dia. PVC Sewer (5-10' Deep) LF $23.97 0 $0
8" Dia. PVC Sewer (10'+ Deep) LF $34.64 0 $0
4" Vacuum Main LF $13.00 0 $0
6" Vacuum Main LF $15.00 0 $0
8" Vacuum Main LF $18.00 0 $0
3" Vacuum Service Connection LF $11.00 0 $0
Vacuum Main 6" Division Valves Ea $1,100.00 0 $0
3" Pressure Sewer LF $8.60 11,500 $98,900
1-1/2" Pressure Sewer LF $5.49 5,100 $27,999
H.C. - 4" DIA. (60 LF/Hse) (Gravity Lateral) LF $10.53 5,100 $53,703
4' Dia. Precast Concrete Manholes (8' Deep) Ea $3,175.00 0 $0
4' Dia. Precast Concrete Manholes (14' Deep) Ea $6,025.00 0 $0
Grinder Pump Units (Duplex w/ Baffle) Ea $7,000.00 46 $368,000
Grinder Pump Units (Simplex) Ea $4,000.00 39 $156,000
Vacuum Main Collection Chambers Ea $2,500.00 0 $0
Submersible Pump Station Ea $87,000.00 0 $0
Vacuum Station (Includes Building and Installation) Ea $205,000.00 0 $0
Well Points LS ----- ----- -----
     
Common     
Abandon Existing Septic Systems Ea $401.22 131 $52,560
Restoration (Paved & Unpaved) LS     $57,735
MOT LS     $10,000
Erosion and Sediment Control LS     $0
     
   Subtotal: $824,897 

Engineering Cost @ 10 %  $82,490 
Contingency @ 20 %  $164,979 

     
   Total: $1,012,567 

Table 3-2 - Estimated Cost for Grinder Pump Pressure Sewer System 
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connection, in favor of longer vacuum sewer.  Vacuum units to be accessed for 
maintenance with “meandering easements”.  Replacement of all service laterals from 
house wall to vacuum station influent to alleviate infiltration and inflow source.  
Pressure sewers to be approximately 3” to 4” diameter PVC or HDPE, laid 
approximately 36” to 42” deep, on a “sawtooth” profile for successive vacuum lifts 
along length of system.  Construction may be by open trench or directional drilling. 

 
General arrangement of sewers on lot, and relative to street, is shown on Figure 3-3.  
Overall layout of gravity sewer system in Benedict is shown on Figures 3-8 and 3-9. 
Estimated costs for the pressure sewer system are tabulated below, in Table 3-3. 
 
 

DESCRIPTION UNIT 
UNIT 
PRICE QUANTITY TOTAL 

8" Dia. PVC Sewer (5-10' Deep) LF $23.97 0 $0
8" Dia. PVC Sewer (10'+ Deep) LF $34.64 0 $0
4" Vacuum Main LF $13.00 8,450 $109,850
6" Vacuum Main LF $15.00 1,850 $27,750
8" Vacuum Main LF $18.00 1,200 $21,600
3" Vacuum Service Connection LF $11.00 5,100 $56,100
Vacuum Main 6" Division Valves Ea $1,100.00 1 $1,100
3" Pressure Sewer LF $8.60 0 $0
1-1/2" Pressure Sewer LF $5.49 0 $0
H.C. - 4" DIA. (60 LF/Hse) (Gravity Lateral) LF $10.53 5,100 $53,703
4' Dia. Precast Concrete Manholes (8' Deep) Ea $3,175.00 0 $0
4' Dia. Precast Concrete Manholes (14' Deep) Ea $6,025.00 0 $0
Grinder Pump Units (Duplex w/ Baffle) Ea $8,000.00 0 $0
Grinder Pump Units (Simplex) Ea $4,000.00 0 $0
Vacuum Main Collection Chambers Ea $2,500.00 85 $212,500
Submersible Pump Station Ea $87,000.00 0 $0
Vacuum Station (Includes Building and Installation) Ea $205,000.00 1 $205,000
Well Points LS ----- ----- -----
     
Common     
Abandon Existing Septic Systems Ea $401.22 131 $52,560
Restoration (Paved & Unpaved) LS     $57,735
MOT LS     $10,000
Erosion and Sediment Control LS     $0
     
   Subtotal: $807,898 

Engineering Cost @ 10 %  $80,790 
Contingency @ 20 %  $161,580 

     
   Total: $1,050,268 

Table 3-3 - Estimated Cost for Vacuum Sewer System 
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3.2.3 Treatment Facility Alternatives. 
 
Three treatment technologies are evaluated: 
 

• Modified Ludzack-Ettinger (MLE) 
• Schreiber® continuous feed Countercurrent Aeration w/DO control 
• Continuous feed Sequencing Batch Reactor (CSBR) 

 
In earlier stages of the study program, before discharge limits and additional conditions were 
established, conventional activated sludge was proposed as a process to precede land 
application.  Conventional activated sludge has nitrification capabilities, but no 
denitrification capability.  This means that little nitrogen reduction takes place in an activated 
sludge system and that the land application process would be required to fulfill the role of 
further reducing nitrogen to prevent groundwater contamination. As discussed in Section 2, it 
is more appropriate to go a step further in treatment from the beginning to reduce liability 
and to simplify the operations and monitoring requirements. Also, should the land application 
system ever fail or become obsolete, the MLE process is more easily upgraded to meet 
surface water discharge levels of 3 mg/l TN.   
 
In Section 2, the level of treatment required for land application was identified as 8 mg/l TN 
to be sure there is no risk of groundwater nitrate contamination.  This is prudent here not only 
because of the reduced liability, but also from a design standpoint.  Detailed site evaluations 
have not been performed on the land application site, but local elevations and proximity to 
the adjacent Patuxent River would tend to indicate that the water table may be high, at least 
seasonally, further reducing the capabilities of the land system to adequately reduce any 
applied nitrogen.  Appendix I contains an excerpt from the Charles County Soil Survey, 
detailing the characteristics of the Sassafras soil series prevalent in the Benedict area. 
 
The level of treatment identified in Section 2 for surface water discharge is to achieve a 3 
mg/l TN level, along with associated reductions in BOD, solids and phosphorus.   For surface 
water discharge, the process technologies require greater reductions in BOD than indicated 
by MDE, and filtration following the process will assure compliance with the MDE  
prescribed TSS limit. 
 
All three alternatives are similar in their ability to meet these two levels of treatment (8 mg/l 
TN and 3 mg/l TN). They all can produce 8 mg/l TN along with the 30/30 MDE prescribed 
BOD and TSS limits, and all three require an add on process in the form of denitrifying 
filters to reach the 3 mg/l TN level. 
 
All collection system alternatives result in the collected wastewater being pumped to the 
treatment plant.  Due to high water table and potential flooding, the plant facilities for all 
alternatives will be at surface, or with very shallow excavation.  
 
County comments on interim study submittals suggested the need for screening for removal 
of rags, are prudent; an alternate screen is proposed. All three alternatives include a Lakeside 
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“Complete Plant” combination screen, grit and grease removal system for preliminary 
treatment. This system is proposed in its enclosed configuration to create an odor collection 
headspace. It is of all stainless steel construction and is provided with bagger attachments for 
grit and screenings collection. The screens are available in various sizes but smaller than 3/8 
inch is recommended. A washer system is standard for the screenings helping to insure that 
the vast majority of organics remains in the liquid stream and also helping to reduce odors 
related to screenings handling. Consideration should be given during the detailed design to 
providing a comminuter ahead of the screen for the vacuum and gravity/pump station 
collection alternatives, but the pressure sewer alternative will already have reduced the 
wastes with the grinder pumps in the system. A manual bypass screen with 3/8” spaces is 
suggested rather than redundancy. 
 
Following the screen/grit unit is a single equalization/process pumping tank including a pair 
of rail mounted submersible pumps.  The Package MLE process includes the equalization in 
its package configuration.  The SBR system does not require equalization as the process 
design and batch nature account for that, and the Schreiber® system does not include 
equalization.  Equalization capacity will be smaller than originally indicated to eliminate the 
need for mixing and aeration.  This is done not only to simplify operations, but also to assure 
that the process feed to the plant is not oxygen rich, which can inhibit BNR particularly for 
the MLE process.  It also creates another odor control headspace since the tank will be a 
precast tank with cover.  The pumps will feed the screened, degritted wastewater to the 
process tanks for treatment. 
 
The MLE and SBR alternatives will be priced initially based on a package steel preassembled 
configuration since the facilities will be housed indoors. The Scheiber® system does not 
come as a package, so a concrete tank will be priced for only that alternative. These process 
alternatives will include parallel process trains of 40,500 gpd ADF capacity each. 
 
Because the process of nitrification and denitrification is a net consumer of alkalinity, there 
must be sufficient alkalinity present to support it.  As the alkalinity of Benedict raw 
wastewater is not yet established, an alkalinity addition system is recommended.  All systems 
will include a sodium hydroxide feed system for this purpose consisting of dual chemical 
metering pumps.  It is assumed that the feed pumps will draw directly from 55 gallon 
chemical drums, or if larger quantities are needed, carboys. 
 
As shown in the simplified flow diagrams in Figure 3-10 below, the treated wastewater for 
surface water discharge will pass through a denitrification system and then UV disinfection 
prior to discharge.  The denitrification system is comprised of a continuous backwash sand 
filter with a substrate feed system to provide additional food for denitrification.  Substrate 
can be methanol, sucrose, or other high BOD source, but sucrose is assumed for this study.  
 
For the land application treatment, the denitrification step is not needed, nor is effluent 
filtration.  A chlorination/dechlorination system would provide for disinfection in these 
systems.  Consideration can be given during detailed design to having a filter and using UV 
disinfection if the County preference is not to deal with the additional chemicals and feed 
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systems.  It might be possible to have UV without filtration, but it is appropriate at this 
design level to include it for consideration. 
 

 
Figure 3-10 – Process Flow Diagrams for Surface Discharge & Land Application 

 
 
3.3.3.1 Modified Ludzack-Ettinger (MLE).   
 
The MLE process includes an anoxic zone followed by and oxic zone, with high rate 
recirculation from the latter, back to the former. The anoxic zone is absent of dissolved 
oxygen and is where the wastewater biology converts nitrate nitrogen to nitrogen gas, 
denitrifying the wastewater. The oxic zone has adequate dissolved oxygen for carbonaceous 
BOD reduction and conversion of organic and ammonia nitrogen to nitrate. The recirculation 
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takes the nitrate rich mixed liquor back to the anoxic zone where food is plentiful so that the 
denitrification can occur. 
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Mechanically, the process, following preliminary treatment, includes: 
 

• Process feed pumps 
• Anoxic mixer(s) 
• Blowers for aeration of oxic and sludge holding 
• Recirculation pumps 
• Sludge recycle pumps 
• Filter backwash pumps 

 
This process is very effective, but requires an amount of operator attention, particularly if 
there is a process upset. It is limited to producing TN levels of about 4.5 mg/l and greater and 
requires recirculation rates as high as six (6) to seven (7) times the influent rate to reach these 
levels. Clarification and return of settled sludge is also needed to produce a clarified effluent. 
suitable for disinfection. To reach the 3 mg/l target of this design, the process is followed by 
a denitrification filter system for surface water discharge.. 
 
3.3.3.2 Countercurrent Activated Sludge (Schreiber® Process).   
 
The Countercurrent system consists of a circular process tank wrapped around a circular 
clarifier. Because it does not come as a packaged prefabricated system, concrete tankage will 
be required. The process normally operates based on dissolved oxygen monitoring in the 
process tank. A diffuser grid mounted on an arm rotates around the tank providing aeration 
and mixing. Depending on DO, the aeration turns on and off to optimize conditions and to 
provide alternating oxic and anoxic conditions for nitrification and denitrification. The 
process is highly automated minimizing operator attention. 
 
Mechanically, the process, following preliminary treatment, includes: 
 

• Process feed pumps 
• Rotating arm drive 
• Blowers for aeration, sludge lift pumps 
• Filter backwash pumps 

 
3.3.3.3 Activated Sludge, Sequencing Batch Reactors (SBR).   
 
SBR technology also uses aeration cycles within a single reactor tank to create anoxic and 
oxic conditions. It goes further than the Schreiber® system though by also doing the 
clarification settling in the same process tank and then decants the treated effluent from the 
process tank lowering the water level to make room for the next batch. With dual trains as 
proposed here, the batches can alternate from train to train to allow longer process times and 
more efficient utilization of aeration. The end result is that equalization is not really needed 
as the fluctuating tank levels accommodate any short term variations. The process also 
produces denitrified effluent into the mid single digit range and is highly automated from a 
control perspective. To meet surface water discharge levels, it will be followed by a 
denitrification filter system as described above.  
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Mechanically, the process, following preliminary treatment, includes: 
 

• Process feed pumps 
• Submersible mixers for anoxic stage mixing 
• Blowers for aeration, sludge lift pumps 
• Small motorized process tank decant lower/lift system 
• Filter backwash pumps 

 
 
3.3.4 Effluent Disposal. 
 
3.3.4.1 Surface Water Discharge.  The technical requirements and discharge limits for a 

surface water discharge have been discussed in Section 2.  Other factors related to the 
discharge include the 24 hour a day liability for any noncompliance with the permit 
requirements, potential impacts on shellfish areas, and th logistics of getting the 
treated wastewater from the plant to the receiving water, in this case, the Patuxent 
river. 

 
Because of the high level of treatment being provided, the impact on the receiving 
waters should ne negligible unless there is some catastrophic failure of the process or 
disinfection system. Then, any impacts would be short lived as the County is bound to 
correct the situation promptly and effectively by the NPDES Permit. 
 
Of the two sites available, one at the south end of town, the other at the north near the 
water plant, the northern site has several advantages. First, if land application is 
pursued, the potential land application sites are all more accessible from the northern 
site. Second, from a land area perspective, the northern site is larger and has more 
flexibility to accommodate the necessary tanks and structures, next, with the water 
plant already located at the northern site it would consolidate town utilities at that 
location.  
 
Based on site reconnaissance and aerial photo review, the most practical discharge 
point for the treated effluent is near the bridge at Route 231 and the Patuxent River.  
Discharging at this narrow point in the river will get the discharge as close as possible 
to the main channel without the expense of extending the outfall into the River. This 
allows for maximum dilution and assimilation of the treated effluent by the River 
before any shore areas can be impacted. 
 

3.3.4.2 Land Application.   
 
The Charles County Soil Survey (Appendix I) indicates the soils in the flood plain 
west of the Patuxent River are classified as Sassafras sandy loam (no erosion class), 
and indicates these soils have only slight limitations for sewage disposal filter fields, 
and moderate limitations for infiltration lagoons.  The presence of the Mattapex series 
adjacent to the Sassafras combined with the low elevation relative to the nearby River 
may be indications of more severe limitations than the traditional Sassafras series. 



 

PGM #VCI 03-0046  Benedict Central Sewer System 
Final Report 09/23/04 3 - 22 Feasibility Study 

Matapex soils tend to indicate the presence of more fine, silty materials tan 
traditionally associated with Sassafras. The proximity to the River and at least 
seasonably high groundwater table will indicate a series with higher moisture levels. 
Only more detailed site analysis during detailed design will confirm this, but the area 
shown as Sassafras north of Route 231 (Parcel 27 on the Tax Map- See Figure 2-2) 
would likely be reclassified as Hambrook series if reevaluated. For this reason, use of 
this area for land application will be considered at less than optimum application rates 
as disposal alternatives are evaluated. Even so, this does not appear to preclude this 
parcel from consideration as a land application site and its use with restricted 
application rates will be discussed. 
 
Two types of land application have been considered, subsurface disposal and surface 
application. Subsurface disposal has the advantage of being a year round answer with 
no real restrictions due to weather. Given the soils and anticipated detailed 
characteristics, a trench system would be shallow, but would still run the risk of 
seasonal high groundwater interference. The highly treated nature of the treated 
effluent should mitigate this factor, but this will be new ground for the State 
regulators dealing with a system this size of such high quality. What they will be able 
to do relative to groundwater issues may be limited. This may mandate the use of a 
mound type system constructed above grade, but covered with soils. In either case, 
installation of subsurface disposal would eliminate the parcel from active farming. 
This would be contrary to the goals of the Maryland Agricultural Land Preservation 
Foundation goals, and with their easement on part of the property, this does not 
appear to be an appropriate avenue of disposal to follow. Because of the potential 
water table issues and the MALPF issues, subsurface disposal will not be considered 
further. 
 
For surface application, spray irrigation is recommended as an enhancement to 
agricultural practices. This means of disposal would use the reclaimed water for the 
beneficial use of irrigating crops, enhancing crop production and recharging the 
groundwater aquifer. The Maryland Department of the Environment Guidelines for 
Land Treatment of Municipal Wastewaters establishes the criteria for land 
application. The basic requirements are pretreatment, to which Benedict is treating to 
Class II levels, 4 feet of vertical depth to water table, a minimum of 60 days storage, 
0 to 2 inch per week annual average applications rates, and a one day load, six day 
rest cycle.  A 25% reserve area is also required. 
 
Actual application rates can only be determined by a detailed site evaluation by a 
qualified soils scientist. These detailed investigations need to include soil 
classification, wetlands delineation, infiltometer tests to determine percolation rates 
and limiting soil horizons, and water table identification.  Additional study and 
calculations need to be performed to determine if water mounding will further limit 
application rates from a hydraulic standpoint. Based on the discussions of the 
available soils above, it is estimated that an application rate of 1-1/4 inches per acre 
per week is a reasonable estimate on which to base this feasibility study. Center pivot 
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type irrigation is envisioned. And at 81,000 gpd for 365 days a year, 29,565,000 
gallons per year of reclaimed water will need to be sprayed during the spray year.  
 
A concept flow diagram for the spray irrigation system follows: 

 

 
Figure 3-11  -Spray Irrigation System Diagram 

 
Meeting the 60 day storage requirement means providing 9 weeks storage and applying 
over 43 weeks. This equates to applying about 688,000 gallons per week. At an 
application rate of 1.25 inches per week, an area of 20.25 acres wetted, with an 
additional 25% reserve bringing the total wetted acreage needed to 25 acres. 
 
For the sake of comparison, providing 90 days storage means providing 13 weeks 
storage and applying over 39 weeks. This equates to applying about 758,000 gallons 
per week. At an application rate of 1.25 inches per week, an area of 22.33 acres wetted, 
with an additional 25% reserve bringing the total wetted acreage needed to 28 acres. 
 
Treated effluent would be pumped through a bored pipeline crossing of MD Route 231 
to an agricultural land application site on the north side of Rt. 231.  The effluent would 
be discharged into a storage lagoon and stored until the appropriate times for spraying. 
MDE prefers a one day apply/ 6 day rest cycle. This implies that the system would 
spray one day per week during the spray period, and store during the remaining times. 
As shown in the diagram above, the lagoon, a spray irrigation pump station, and a 
distributor are needed for this type of disposal. Some type of strainer device is needed 
to preclude any foreign matter that might enter the lagoon from clogging the spray 
system. Flow metering is also needed to monitor and control application rates and 
quantities. 
 
The lagoon required needs to have a capacity of 7.3 million gallons to meet the 90 day 
storage scenario above.  Construction requirements include a minimum 3.5  to 1 slope 
on the berms, a 12 foot perimeter access road around the top of the berm, fencing to 
limit access and a liner system to prevent seepage directly into the ground.  It is 

Reclaimed Water Storage 
Lagoon 

Irrigation Pump 
Suction & Discharge 

Piping 

Irrigation 
Pump Station

Irrigation Pivot(s) 

CONCEPT FLOW DIAGRAM – SPRAY IRRIGATION 
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assumed that the lagoon can be only about 3 feet below existing grade.  Design would 
have a minimum water level of 2 feet at the pump intake and about 6 inches at the toe 
of the berm to keep pressure on the liner bottom. 3 feet free board is recommended.  
For Benedict, these requirements result in a low water level about 1 foot below existing 
grade and an 8 foot working range with 3 foot free board.  This puts the inside top of 
berm at about 10 feet above existing grade 
 
Given these restraints, and assuming an 8 foot operating range, the lagoon will occupy 
about 5.5 acres with an outside toe to toe dimension of about 500 feet square. 
Anticipated limitations on depth below existing grade result in a shortfall of material to 
build the berms by about 700,000 cubic feet.  This material will need to hauled in to 
make up the shortage for lagoon construction. 
 
Wetted spray acreage requirements can be met in various ways depending on the 
property constrictions ranging from a single center pivot to multi-zoned solid set spray 
heads.  At this point in the process, it is recommended that at least two pivots be used, 
and as many as seven to allow redundancy and resting of areas that may become over 
watered.  Configuration of existing fields, cropping practices and other agronomic 
considerations will need to be addressed in detailed design. 
 
Table 3-4 below shows the range and sizes that can be used.  For illustration purposes, 
Figure 3-12 shows an arrangement with 4 center pivots and ample space to arrange 
them. 
 

# Pivots Diameter (ft) Area Each 
(acres) 

Total Area 
(acres) 

    
2 881 14 28 
3 719 9.3 28 
4 623 7 28 
5 557 5.6 28 
6 509 4.7 28 
7 471 4 28 

Table 3-4 – Dimensional Requirements for Center-Pivot Irrigation Systems 
In all, the area needed to handle the land application system by spray irrigation is about 
35 acres, plus buffer areas, but under conservative basic assumptions. The parcel 
known as the Serenity farm (Tax Map 48, Parcel 27 is listed in the Maryland 
Department of Assessments and Taxation data base as being 212.28 acres, though the 
linked map indicates 300.98 acres. In either case, this far exceeds the required land 
area, and if agreement can be reached, it appears that the locations of application and 
other elements of the system can be optimized for the most favorable conditions within 
the confines of this property.  
 
Effectively, there are two treatment options and two disposal options for further 
consideration. The treatment options are the Schreiber® Process (Countercurrent  
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aeration) and the Sequencing Batch Reactor (SBR). The disposal options are Land 
Application by Spray Irrigation, and Surface Water Discharge top the Patuxent River. 

 
3.3.5 Feasibility level cost estimates  
 
Cost estimates have been prepared for each of these components of a complete system. The 
treatment facility costs are provided as an “a” and ”b” option since the disposal method has 
slightly differing treatment requirements. In all, there are four treatment and disposal 
combinations as follows: 

 
 1a – Schreiber Process/Land Application 
 1b – Schreiber Process – Surface Water Discharge 
 2a – SBR/ Land Application 
 2b – SBR – Surface Water Discharge 
 

The probable costs for these options are provided on the following pages. The first four pages 
include capital cost estimates. The last four pages show the Annual O&M cost estimates. One 
element not included is the land costs for the land application alternatives. The availability of 
the parcel known as the Serenity Farm or just a portion of it was not investigated as part of 
this effort. Negotiations would be needed to confirm land availability as well as options for 
using it, including purchase, lease, or alternative agreements. 
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 Cost Estimate 
 Land Application Treatment Option No. 1a 
 Countercurrent Aeration (Schreiber Process) 
  
  

1 Site Work               96,500  
  

2 Equipment             554,200  
  

3 Installation             227,100  
  

4 Concrete (PIP)             220,000  
  

5 HVAC/Electrical             193,970  
  

6 Building             188,100  
  

7 Discharge Force Main to Storage               79,000  
  

8 Lagoon Storage          1,335,000  
  

9 Irrigation System (incl. PS)             245,000  
  
  Total Construction Cost  $      3,188,870  
  

10 Engineering 10%             318,887  
  

11 Contingency 20%             637,774  
  
  
  TOTAL PROJECT COST  $      4,145,531  
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 Cost Estimate 
 Surface DischargeTreatment Option No. 1b 
 Countercurrent Aeration (Schreiber Process) 
  
  

1 Site Work                           96,500  
   

2 Equipment 609,200
  

3 Installation                         304,600 
  

4 Concrete (PIP)                         220,000 
  

5 HVAC/Electrical                          213,220 
  

6 Building                          188,100 
  

7 Outfall Force Main                            43,500 
  
  Total Construction Cost  $          1,675,120 
  

8 Engineering 10%                          167,512 
  

9 Contingency 20%                          335,024 
  
  
  TOTAL PROJECT COST  $            2,177,656 
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 Cost Estimate 
 Land Application Treatment Option No. 2a 
 Sequencing Batch Reactor (SBR) 
  
  

1 Site Work                            96,500 
  

2 Equipment                          758,800 
  

3 Installation                          379,400 
  

4 Concrete (PIP)                            24,000 
  

5 HVAC/Electrical                          256,580 
  

6 Building                          222,300 
  

7 Discharge Force Main to 
Storage 

                           79,000 

  
8 Lagoon Storage                       1,335,000 

  
9 Irrigation System (incl. PS)                         245,000 

  
  Total Construction Cost  $          3,405,580 
  

10 Engineering 10%                          340,558 
  

11 Contingency 20%                          681,116 
  
  
  TOTAL PROJECT COST  $           4,427,254 
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 Cost Estimate 
 Surface DischargeTreatment Option No. 2b 
 Sequencing Batch Reactor (SBR) 
  
  

1 Site Work                        96,500 
  

2 Equipment                      554,200 
  

3 Installation                      277,100 
  

4 Concrete (PIP)                      340,000 
  

5 HVAC/Electrical                      206,220 
  

6 Building                      222,300 
  

7 Outfall Force Main 43,500
  
  Total Construction Cost  $          1,607,570 
  

8 Engineering 10%                      160,757 
  

9 Contingency 20%                      321,514 
  
  
  TOTAL PROJECT COST  $           2,089,841 
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 Annual O&M Cost Estimate 
 Land Application Treatment Option No. 1a 
 Countercurrent Aeration (Schreiber Process) 
  
  

1 Operations Labor                        86,832 
  

2 Maintenance Labor  
14,688 

  
3 Electric Motors 12,067 

  
4 Electric Heat 4,050 

  
5 Chemicals 3,000 

  
6 Sludge Hauling 14,400 

  
7 Materials and Equipment 

Costs 
3,700 

  
  Annual O&M Cost  $             138,737 
  

8 Administrative Costs 2% 2,775 
     

9 O&M Contingency 5% 6,937 
  
  
 TOTAL ANNUAL O&M 

COST 
 $                 148,449 
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 Annual O&M Cost Estimate 
 Surface Discharge Treatment Option No. 1b 
 Countercurrent Aeration (Schreiber Process) 
  
  

1 Operations Labor 67,392 
  

2 Maintenance Labor 11,232 
  

3 Electric Motors 10,929 
  

4 Electric Heat 3,897 
  

5 Chemicals 1,200 
  

6 Sludge Hauling 14,400 
  

7 Materials and Equipment 
Costs 

2,500 

  
  Annual O&M Cost  $               111,550 
  

8 Administrative Costs 2% 2,231 
  

9 O&M Contingency 5% 5,578 
  
  
 TOTAL ANNUAL O&M 

COST 
 $                119,359 
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 Annual O&M Cost Estimate 
 Land Application Treatment Option No. 2a 
 Sequencing Batch Reactor (SBR) 
  
  

1 Operations Labor 86,832 
  

2 Maintenance Labor 14,688 
  

3 Electric Motors 12,486 
  

4 Electric Heat 4,050 
  

5 Chemicals 3,000 
  

6 Sludge Hauling 14,400 
  

7 Materials and Equipment 
Costs 

3,700 

  
  Annual O&M Cost  $               139,156 
  

8 Administrative Costs 2% 2,783 
  

9 O&M Contingency 5% 6,958 
  
  
 TOTAL ANNUAL O&M 

COST 
 $                148,897 
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 Annual O&M Cost Estimate 
 Surface Discharge Treatment Option No. 2b 
 Sequencing Batch Reactor (SBR) 
  
  

1 Operations Labor 67,392 
  

2 Maintenance Labor 11,232 
  

3 Electric Motors 10,929 
  

4 Electric Heat 3,897 
  

5 Chemicals 1,200 
  

6 Sludge Hauling 14,400 
  

7 Materials and Equipment 
Costs 

2,500 

  
  Annual O&M Cost  $               111,550 
  

8 Administrative Costs 2% 2,231 
  

9 O&M Contingency 5% 5,578 
  
  
 TOTAL ANNUAL O&M 

COST 
 $                119,359 
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SECTION 4 
CONCLUSIONS 

 
 
 

4 CONCLUSIONS 
 
A quick review of the capital costs in Section 3 yields a few obvious observations.  First, the 
cost of land application doubles the initial capital costs for the options using land disposal 
(options 1a & 2a) as a result of the increased facilities needing construction to implement it.  
Second, the levels of treatment required for either disposal method are very similar and the 
costs of the technology used for treatment is nearly indistinguishable at this stage of concept 
development.  Lastly, because the treatment technologies have similar operations 
requirements from an O&M standpoint, the real differentiating factor from an O&M 
perspective is the additional operations attention required for the land application facilities, 
which does not exist for the surface water discharge option.  Again, the extra facilities 
required are the driving factor in increased O&M costs. 
 
Nevertheless, the County will wish to consider additional factors before selecting an 
alternative for implementation.  The most significant are considerations of environmental 
stewardship, liability and potential public impact.  On these factors, land application offers 
some advantages.  Replenishment of the groundwater aquifer helps maintain a water balance 
and stave off brackish water intrusion that can impact local wells.  Given the level of 
treatment provided, impact on groundwater quality, which are measured over the longer term 
are much less likely to occur that NPDES permit violations that can accompany surface water 
discharges.  Fines for NPDES discharges are significant and cumulative.  While they cannot 
really be factored in directly in an economic evaluation, at $10,000 per day or more, a 
significant potential for economic hardship exists with a surface water discharge that does 
not exist with a groundwater discharge.  And lastly, a surface water discharge that has 
disinfection failure and high fecal coliform has the potential to contaminate the receiving 
water where public contact can cause illness either by direct ingestion, or by ingestion of 
contaminated shellfish, etc. even as remote as these issues may appear to be, they are 
important considerations to be kept in mind during the decision making process. 
 
Just to summarize the capital costs, lowest to highest: 
 
Collection System: 
 
 Grinder Pump Pressure Sewer System   $      1,012,567 
 
 Vacuum Sewer System     $      1,050,268  
 

Gravity Sewer System      $      1,153,571 
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Treatment & Discharge System: 
   
 SBR – Surface Water Discharge    $      2,089,841 
 
 Schreiber® Process – Surface Water Discharge  $      2,177,656 
 

Schreiber® Process/Land Application   $      4,145,531 
 
 SBR/ Land Application     $      4,427,254 
 
 
Another factor needing mention is that the Schreiber® process differs from the SBR in that it 
has concrete tankage included in its cost and the SBR does not. The SBR is a metal package 
tank that may or may not be considered a disadvantage, possibly requiring more 
maintenance, cathodic protection replacement and painting. 
 
The least cost system aggregate is a grinder pump pressure collection system combined with 
an SBR treatment system and surface water discharge, with a total estimated cost of 
$3,102,408.  For the estimated buildout of Benedict, 243 lots, this is $ 12,800 per lot.  If the 
cost were to be borne by only the existing residences, it would be proportionately higher, 
something over $23,000 per lot.  To the associated debt service, would be added annual 
operation and maintenance costs of $63,274, approximately $260 per year for 243 lots. 
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SECTION 5 
RECOMENDATIONS 

 
 
 
5.1 RECOMMENDATIONS 
 
 
The least cost system aggregate is a grinder pump pressure collection system combined with 
an SBR treatment system and surface water discharge, with a total estimated cost of 
$3,102,408.  For the estimated buildout of Benedict, 243 lots, this is $ 12,800 per lot.  If the 
cost were to be borne by only the existing residences, it would be proportionately higher, 
something over $23,000 per lot. 
 
Estimated cost of the collection system alternatives is very similar; they differ in estimated 
cost by only -5.5% to +7.5% of the mean.  Treatment alternatives differ by only ±2% of the 
mean, holding effluent disposal constant.  Effluent disposal alternatives differ by ± 31% of 
the mean.  So project cost is relatively insensitive to the choice of collection or treatment 
process, but varies greatly with effluent disposal approach, nearly doubling if land disposal is 
selected. 
 
5.2 DEPARTMENT OF UTILITIES SELECTIONS 
 
5.2.1 Collection System. 
 
The Bureau of Utilities reviewed the collection system alternatives presented in Section 
3.3.2, and concluded that a conventional gravity system is the only acceptable option. 
 
Other comments from the Department of Utilities are applicable to all collection system 
alternatives: 
• Infiltration and inflow is a severe problem for the County.  All existing sewer house 

connections shall be replaced from the building to the new clean out manholes, to meet 
County water and sewer standards.  (lateral replacement up to the building was included 
in all collection system alternatives). 

 
5.2.2 Treatment System. 
 
The Bureau of Utilities indicated a preference for an oxidation ditch with filtration treatment 
process over the alternatives considered in Section 3.3.3, noting it is similar to Mattawoman 
WWTP and the proposed Swan Point WWTP.  Oxidation ditch was a process option not 
included among those agreed upon by the County at the outset of the study, and was not 
among those evaluated. 
 
Other comments from the Department of Utilities are applicable to all treatment alternatives: 
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• Steel-prefabricated tanks should not be permitted, only concrete tanks (the estimates were 
based on concrete tankage for the countercurrent aeration alternative, steel tanks for the 
others, which would be housed indoors); 

• Flow equalization should be provided (this was included in the processes evaluated); 
• The proposed design must meet effluent requirements under both startup and build-out 

flow rates (the processes considered were chosen with this requirement in mind); 
• Freezing needs to be addressed (“…utilities operations staff expressed a strong concern 

regarding winter temperatures and the desire to have the tanks enclosed in buildings to 
minimize temperature problems…”).  The screening and influent pumping operations are 
defined as covered in each alternative, and the MLE and SBR plants would be 
accommodated indoors, as would be the filtration and chemical feed processes.  The 
countercurrent aeration system would be accommodated in an outdoor tank. 

• Steel, prefabricated pumping station shall not be allowed.  A “pumparound” shall be 
provided at all pumping stations.  The pumping station design will accommodate WB40 
turning radius, and snow removal provisions. 

• The facility should include telemetry to relay alarms and key operating data to the 
Mattawoman WWTP.  The County has a standard equipment specification for this 
telemetry. 

• The facility design must eliminate all single points of failure, and provide redundancy in 
accordance with requirements of the Ten States Standards and the Charles County Water 
and Sewer Ordinance. 

• A standby generator is preferred over a dual power supply.  It shall be reasonable sized to 
facilitate continued compliance with the discharge permit.  This should include all 
necessary equipment to ensure ongoing safety, security, and elimination of freezing for 
very long outage conditions.  Critical equipment shall be designed to automatically restart 
(in sequence) upon transfer to standby power.  All equipment shall re-start upon 
resumption of normal power. 

 
 
5.2.3 Effluent Disposal. 
 
The Bureau of Utilities reviewed the effluent disposal alternatives presented in Section 3.3.4, 
and indicated that Surface Water Discharge is preferred because of ease of maintenance and 
operation. 
 
5.2.4 Project Implementation Approach. 
 
The Department of Utilities’ comments indicate: 
 
A design/build project is not preferable.  It is very difficult to review and evaluate the design 
build project, therefore the Department of Utilities prefers a complete set of construction 
drawings and construction specifications. 
 
 
 



PGM #VCI 03-0046  Benedict Central Sewer System 
Final Report 09/23/04 6 - 1 Feasibility Study 

SECTION 6 
PRELIMINARY DESIGN 

 
 
 

6.1 STANDARDS & REQUIREMENTS 
 
Standards and requirements were previously discussed in Section 2. 
 
6.2 SITING 
 
Two probable locations exist for siting the treatment facility.  One is a large unimproved 
parcel at the north end of Benedict is adjacent to the County’s water system parcel. A portion 
of the parcel is occupied by an athletic field with baseball diamond.  The parcel abuts the 
Patuxent River just south of the MD Route 231 bridge. Ability to maintain the ball field will 
need to be determined during detailed design.  Another possible location is a large parcel at 
the south end of Benedict currently in use for boat maintenance and storage activity.   This 
location also provides direct access to the Patuxent River. 
 
The northern property offers more flexibility in siting a plant, and is also closer to potential 
land application sites north of Rt. 231. the northen site is also further from local residences 
and provides a potential outfall alignment to the river that circumnavigates adjacent wetlands 
simplifying construction of an outfall to the river. The southern site offers no real advantages 
and is further from possible land application sites making theoir utilization more difficult. 
For the purposes of this report, the northern site is used to evaluate the feasibility of 
wastewater treatment and disposal, as well as for estimating their costs. 
 
 
6.3 UNIT PROCESS DEFINITION 
 
The processes, technologies and unit processes considered were described in Section 3 of this 
report. Briefly reiterated, the flow path includes a combined screen/grit and grease removal 
unit that receives pumped raw wastewater from the collection system. This unit discharges 
into a flow equalization tank that helps lessen peaks into the plant over the day and allows 
more constant feed to the process.  
 
Pumps in the equalization tank transfer screened wastewater the main treatment process 
tanks. Two processes were discussed including SBR and the Schreiber Countercurrent 
treatment technologies. At this point, both these technologies are considered a single unit 
process. For surface water discharge, the treatment process is followed by denitrification 
filters to assure reaching 3 mg/l TN.  One SBR manufacturer incorporates an anaerobic 
conditioning step in its process and claims top be capable of attaining 3 mg/l TN without the 
denitrification filters.  Nonetheless, the denitrification filters are kept for all surface water 
discharge alternatives. Detailed design can eliminate them if units selected for final 
installation is found to be capable.  
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For the surface water discharge options, the denitrification filter effluent passes through Ultr-
violet disinfection units prior to being pumped for discharge. For land application, no filters 
are provided and chlorination/dechlorination with liquid calcium hypochlorite and bisulfate 
are assumed. 
 
The reader is referred back to Section Three for additional description and information. 
 
6.3.1 Mass Balance. 
 
The Influent characteristics are presumed to be typical domestic wastewater. Effluent is as 
described in Section 2.  Both are summarized in the following table: 
 

 
PARAMETER 

 
Influent 

 
Effluent 

Pounds 
Removed 

Flow (MGD) 0.081 0.081 - 
BOD5 (mg/l) 240 10 155 
TSS (mg/l) 240 10 155 

TKN (mg/l) 40 2  

NH3 (mg/l) - 1  

TN (mg/l) 40 3 25 

Table 6-1 - Mass Balance 

 
For more detailed design information typical of the processes evaluated, please refer to the 
design calculation summary of Fluidyne Corporation included in Appendix J as part of their 
process documentation. These calculations are typical of what would be representative of all 
the processes included in thius study. More detailed mass balances and design calculations 
should be developed during detailed design for the selected option.  
 
6.3.2 Solids Handling. 
 
The treatment processes are provided with wasting capabilities and sludge holding facilities. 
The holding facilities allow for decant of supernatant and thickening of the solids as a result. 
Solids are not intended to be treated at the facility, only held and concentrated. Ultimately 
they will be hauled to the Mattawoman plant where they will be introduced into the facilities 
at that location and treated along with the waste solids produced there. 
 
It is intended that the 8000 – 10,000 gallons of storage provide about 30 days holding at the 
Benedict plant. This is based on the recommendation of a standard CSBR manufacturer, KA 
Engineered Systems. Another manufacturer, Fluidyne has an internal anaerobic compartment 
that digests sludge as part of the process and reduces wasting significantly. They indicate 
wasting rates for their process at about 185 gallons per day, or less than 6000 gallons per 
month, without decanting to concentrate further. Sludge production and storage sizing will be 
dependent on actual wastewater quality, quantity and process selected. The worst case 
scenario would be increased hauling frequency of lower concentration sludge. Such a 
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situation is not expected to occur, but if it should, options such as addition of coagulants to 
enhance settling can be employed to help mitigate the situation. Partially defined elements 
like this are included as part of the overall contingency allotted for each alternative. 
 
6.4 DISCHARGE 
 
6.4.1 Siting. 
 
A proposed alignment for the outfall and land application force mains is provided on Figure 
6-1.  Both use the Route 231 ROW as the primary means of getting to the ultimate discharge 
location. This is done for several reasons. The direct route from the proposed northern site 
near the water plant to the Patuxent River would require crossing areas shown on the soils 
mapping as tidal marsh. Avoiding wetlands if possible not only makes initial construction 
simpler, it also makes it easier to access the pipe should repair be necessary in the future. The 
routes along the road ROW also minimize the need to deal with other property owners 
relative to easements and ROW agreements simplifying implementation.  
 
Final verification of these alignments will need to be done as part of developing the detailed 
design in subsequent efforts. For current purposes, assumption has been made that effluent 
pumping will be required for both discharge options. 
 
6.5 DRAWING LIST 
 
A Drawing List is presented on the following page. 





DRAWING LIST

DRAWING DESCRIPTION G
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V
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1 Title/Approval Sheet, incl. Drawing Index, Loc'n Map, Utility Contact List X X X
2 Plans and Profiles - Benedict Avenue X X X
3 Plans and Profiles - Mill Creek I X X X
4 Plans and Profiles - Mill Creek II X X X
5 Plans and Profiles - DeSota Place/Wharf Lane X X X
6 Plans and Profiles - Hyatt Avenue/Potomac Avenue X X X
7 Plans and Profiles - Patuxent Avenue/Creek End Place/Chartier Alley X X X
8 Gravity Sewer Details - Connection and Lateral X  
9 Pressure Sewer Details - Connection and Lateral X
10 Vacuum Sewer Details - Connection and Lateral  X
11 Central Vacuum System Plan and Section and Details  X
12 Lift Station Plan, Sections and Details X

Discharge to: Land Water
13 Waste Water Treatment Plant - Process and Instrumentation Diagram X X
14 Waste Water Treatment Plant - Site Civil - Grading X X
15 Waste Water Treatment Plant - Site Civil - Details X X
16 Waste Water Treatment Plant - Civil Details, Incl Outfall Plan and Profile X X
17 Waste Water Treatment Plant - Civil Details, Incl Outfall Plan and Profile X X
18 Structural I - Foundations X X
19 Structural II - Building Sections and Details X X
20 Lagoon Supply Pumping Station X X
21 Electrical - Power X X
22 Electrical - Lighting X X
23 Electrical Details X X
24 Land Disposal System - Plan X
25 Land Disposal System - Storage Lagoon Sections X
26 Land Disposal System - Storage Lagoon Details I X
27 Land Disposal System - Storage Lagoon Details II X
28 E & S Plan General X X
29 E & S Plan Details I X X
30 E & S Plan Details II X X
31 E & S Plan Land Disposal System Details X
32 Land Disposal System - Storm Water Management X
33 Land Disposal Pumping Station Plan and Structual X
34 Route 231 Bored Crossing Details X
35 Land Disposal Pumping Station Mechanical/Electrical and Details X
36 Land Disposal Distribution System Plan - Details I X
37 Land Disposal Distribution System Plan - Details II X
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