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EXECUTIVE SUMMARY

Purpose:

This report is one of a saries of reports prepared for the Chesapeake Bay Program
Reevaluation of the Nutrient Reduction Strategy. This report provides information on the
financial cost effectiveness and nutrient removal effectiveness of point and nonpoint source
technologies in the Chesapeake Bay Basin. “The report evaluates financial costs of different
nutrient reduction technologies in a uniform way and expresses the costs on an equivalent annual
basis, so that relative comparisons can-be made among nutrient removal options.

Use of the cost information provided by this report with the Chesapeake Bay Watershed
Model will allow relative cost comparisons of nutrient reduction scenarios to determine cost
effective strategies for point and nonpoint source nutrient reduction. Unit costs and nutrient
reduction efficiencies presented in this report can also be used in optimization models to identify
cost effective nutrient reduction strategies.

The report cannot be used to calculate the absolute cost of implementation of nutrient
removal programs. Those costs will depend on factors such as local/state/federal government
cost-share programs, schedule of implementation etc., in addition to site-specific conditions.
Site-specific considerations can significantly affect costs and the application of nutrient removal
technologies. Potential economic benefits of nutrient reduction controls also are not evalvated
but may need to be considered. '

Process and Approach:

Nonpoint Source Costs - The report focuses on the financial cost effectiveness of agricultural
Best Management Practices (BMPs). Cost and BMP longevity information have been obtained
from the Chesapeake Bay Program BMP tracking database, BMP longevity studies (Rosenthal
and Urban, 1990), and the states’ BMP unit cosl data. Information also is presented for urban
BMPs. Capital, technical assistance, and operation and maintenance (O&M) costs are expressed
on an equivalent annual basis for comparisons. Nonpoint source BMP unit costs (in equivalent
annual dollars per acre) are shown in Figure 1.

xi



Figure 1. Nonpoint Source BMP Unit Cost Ranges
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Point Source Costs - The focus is on the financial cost effectivencss of upgrading municipal
wastewater treatment plants (WWTPs) for nutrient removal. Based on carlier U.S.
Environmental Protection Agency (EPA) studies (Hazen and Sawyer Engineers and J. M. Smith
and Associates, 1988), planning Jevel cost -equations have been developed for retrofitting
WWTPs for two sets of effluent levels (TN'=8.0 mg/L,TP =2.0 mg/l; and TN=3.0
mg/t, TP=0.5 mg/l) on a seasonal and annual basis. Capital and O&M costs are expressed in
equivalent annual dollars. Hnit cost data ($/mgd/year) from these equations are depicted in
Figure 2. Figure 3 shows retrofit planning level unit cost ranges from planning level studies
prepared for Maryland (Beavin Co., Camp Dresser and McKee Inc., and Metcalf & Eddy Inc.,
1989), Virginia (CH2M-HILL, 1989) and the District of Columbia (Greeley and Hansen, 1989;
and McName, Porter, and Seeley Engineersmrclﬁtccts, 1990).

Nutrient Removal - Watcished Model runs will determine nutrient removals for BMP
implementation scenarios. Nutrient removal for each scenario is the difference between the
loads generated by that scenario and the "Base Case” model run, Relative cost comparisons of
ccenarios will be made by comparing the product of unit costs (e.g- Figures 1-3) and acres put
under BMPs, pius cumulative costs to retrofit WWTPs for each scenario.

Cost Effectiveness - Cost effectiveness 13 defined as the tatio of the cost per pound of pollutant
removed per year. Itmay be expressed in several ways depending on the scale of analysis. For
instance, cost effectiveness can be expressed for individual nutrient reduction controls, or
combination of controls ("Resource Management Systems®), of basin-wide management

scenarios.
Findings and Conclusions:

Bascd un the cost effectiveness information presented in this report, and other aspects related
to the implementability of point and nonpoint source nutrient reduction controls, the following
conclusions are presented for the nonpoint and point source nutrient reduction controls examined
in this study:

Nonpoint Sources

. BMP cost effectiveness should not be judged only on individual BMI; nutrient reduction
performance, but rather on combinations of BMPs or "Resource Management Systems”
that together more effectively reduce the pollutant loads.

# TN = Total Nitrogen
TP = Total Phosphorus xiii



Figure 2. Biological Nutrient Removal (BNR) Planning Level Retrofit Unit Costs
for Municipal Wastewater Treatment Plants *
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Planning Level Retrofit Unit Cost Ranges

Figure 3.
(States' Nutrient Removal Studies)
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In-field BMPs that reduce runoff and sediment, such as terraces and conservation tillage,
can increase infiltration, thus inéreasing the potential of pollutant leaching into the
groundwater. Conservation tillage may increase the concentration of pollutants in the sojl
surface. Therefore, any reductions achieved through surface runoff and sediment
reductions may be offset by the increase in pollutant concentrations and the potential
leaching of pollutants into the gronndwater (Heatwole, et al., 1001), Howcver, with
nutrient management (i.e. proper fertilizer application rates, timing, and methods)
' nutrient losses to both surface waters and groundwater can be reduced. This accounts
for the favorable cost effectiveness ratios for nutrient managerment.

Results of the watershed model show nutrient management to be the most cost effective
(Figure 4-a). Also, from ficld-scale rescarch studies, nutrient management in

combination with in-field BMPs such as strip-cropping, conservation tillage, and winter
cover crops (where appropriate) have been found cost effective management alternatives

for nutrient reduction.

Winter cover crops have been found very effective in removing excess nitrates during the
non-growing season after the main crop harvest. Excess nitrates accumulated in the soi]

may be significant after dry periods during the growing season.

Edge-of-field BMPs that reduce pollutant delivery into streams may be required for cases
where nutrient loads are high due to increased runoff concentrations and sediment loads
in large fields with long slope lengths. Some of these BMPs are structural BMPs such
as erosion or water control structures, or non-structural BMPs such as filter strips,
riparian zones, etc. However, structural BMPs are often expensive (see Figure 1-a), and
despite the cost-share money available, implementation of these can result in a ncgative
net field income (Hamlett and Epp, 1991). Also, despite the benefits of some of these
structural BMPs in decreasing the sediment loads delivered into the streams, they should
be accompanied by an in-field BMP to protect against severe soil Iosses that can have

detrimental effects on the long term productivity of the fields.

Conversion of highly erodible land (HEL) to permanent vegetation has been shown to be
cost effective since it can considerably reduce sediment, runoff, and nutrient loads.
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Figure 4. Financial Cost Effectiveness Ratios for Point and Nonpoint Source
Nutrient Removal Technologies o
(Interquartile Ranges)
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. Animal waste has been identified as a significant contributor of nutrient foads. Anima}
waste management systems should be considered important components of "Resource
Management Systems.” Proper design of animal waste facilitics, inc]udin:g collection,
storage, and transport, together with waste utilization will make these facilities cogt
effective (Figures 4-a). Figure 1-b shows that animal waste management systems
including collection, storage, transport and labor costs, can be expensive. Nevertheless,
experiences from the Rural Clean Water Program (U.S. EPA, 1990) projects show that
there also are simple cost effective measures such as keeping animals away from the
streams, controlling animal waste runoff, and protecting riparian areas.

. For urban BMPs, wide ranges of cost effectiveness ratios have been reported in the
litcrature. Mostly, these ratios are higher than those shown in Figure 4; suggesting that
they are the least cost effective controls for nutrient removal, However, urban BMPs
have other important functions, such as aesthetics, water quantity contrel, and removal
of petroleum hydrocarbons and heavy metals.

Point Sources

. Biological Phosphoi'us Removal (BPR) can be a cost effective alternative for phosphorus
removal (Figure 4-b). It has potential for cost savings in chemical use and sludge
handling. However, site-specific economic evaluations as well as the reliability of this
technology for each plant should be carefully investigated. Also, itis important to point
out that plants implementing BPR technologies may need chemical phosphorus removal
facilities as a backup for permit compliance or when the effluent requirements are below

1.0 mg/l.

. Biological Nitrogen Removal has been found cost effective. Full-scale retrofits of
WWTPs have supported this finding. However, planning level studies show, for certain
facilities, that chemical addition (methanol) also can be cost effective, Therefore, the
selection of chemical addition vs. Biological Nitrogen Removal without the use of
chemicals would depend on site specific constraints. ‘ '

. Seasonal nitrogen removal appears more cost effective than annual removal. Costs can
signj’ﬁcantly increase for annual removal (see Figure 2) because at lower temperatures
biological activity is reduced. Therefore, longer wastewater retention times are needed
requiring larger reactor tank sizes, therehy increasing costs. In addition, selection of the
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months for seasonal nitrogen removal and the permit compliance period can have a
significant impact on the retrofit designs and therefore the costs associated with meeting

the required effluent limitations.

Regulatory measures such as the phosphate detergent ban have proven to be cost
effective. Due to lower influent phosphorus levels to WWTPs, the chemical use required
to meet the effluent level limitations and the amount of sludge created will decrease,
Reduction in sludge and chemical use for phosphorus removal can significantly decrease
the O&M costs ina WWTP. Another example of a regulatory measure being suggested
is the adoption of permitting approaches such as the "bubble concept” (Virginia Retrofit
Study) where the combined nutrient discharge of a group of plants are also regulated
within a tributary, basin, etc. This approach would allow flexibility in the
implementation of the most cost effective nutricnt removal alternatives to a subset of
plants within the "bubble”. Nevertheless, individual permit limitations would still be
required according to a careful examination of the quality of the receiving waters.



1. INTRODUCTION

The purpose of this report is to provide information on the financial cost and nutrient
removal effectiveness of point and nonpoint source nutrient removal technologies in the

Chesapcake Bay basin. This information can be need by the states to evaluatc the cost ang
effectiveness of a mix of point and nonpoint source nutrient reduction controls. Financial costs

developed in this report can be used with the watershed model to evaluate the cost and
effectiveness of nutrient reduction management scenarios. Unit cost and nutrient reduction
efficiencies presented in this report can also be used in optimization models to identify cost
effective nutrient reduction strategies.

This report cannot provide the most cost effective nutrient reduction alternative for a
particular farm, wastewater treatment plant (WWTP) or watershed. Other economic
considerations, the sitc specific applicability of technologies, the quality of receiving waters,
elc., may be important issues for the states to consider in their selection of nutrient reduction
alternatives.

For nonpoint sources, the report focuses on the financial cost and nutrient removal
effectiveness of agricultural Best Management Practices (BMPs). For point sources, the focus
is on the financial cost and effectiveness of upgrading municipal WWTPs for nutrient removal.
In the Chesapeake Bay the contribution of nutrient loads from agriculture is large (about 40%
of the nitrogen and 50% of the phosphorus of the total nutrient load into the Bay). On the other
hand, urban nonpoint source nutrient loads contribute about 8% for phosphorus and 9% for
nitrogen. Forest loads comprise about 19% of the nitrogen and 3% of the phosphorus entering
the Bay (Chesapeake Bay Pragram Nutrient Reduction Strategy Recvaluation Report #1, 1992),
Total point sources are approximately 23% of the nitrogen and 34% of the phosphorus loads.
Approximately 90% of the point source nutrients come from municipal WWTPs (Chesapeake

Bay Program, 1988).

This report compiles information from various recent sources. The Chesapeake Bay
Program Scieniific and Technical Advisory Committee report (STAC, 1987) describes the
available peint and nonpoint source nutrient reduction technologies. A recent description of point
source nutrient removal technologies and their effectiveness was presented in the Chesapeake
Bay Program Reevaluation of the Nutrient Reduction Strategy Report #7 (VWCB-1991).
Effectiveness of nonpoint source nutrient reduction technologies is evaluated with the Chesapeake
Bay Watershed Model which uses the EPA HSPF (Hydrologic Simulation Program - Fortran)
computer program. Also, background information on agricultural BMP efficiencies was
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summarized in two reports (Casman, 1990 and Chmacho, 1990) by the Interstate Commission
on the Potomac River Basin (ICPRB).

This report is divided into two major sections: Nonpoint Source Nutrient Reduction
Technologies, and Point Source Nutrient Reduction Technologies. The nonpoint source section
summarizes BMP financial costs for the Chesapeake Bay Basin (Figures 1.1 and 1.2). A
synthesis of the nonpoint source nutrient reduction efficiencies is presented. Also, the cost and
effectiveness of some states’ small watershed demonsuation projects arc summarized.

The second major section summarizes the cost of point source nutrient removal
technologies. This section is subdivided into three parts: 1) States” nutrient removal retrofit
studies, which summarize the estimated costs of retrofitting several selected municipal WWTPs
for nutrient removal; 2 )} Planning level estimates for retrofitting municipal WWTPs based on
the Hazen and Sawyer Enginecrs and J.M. Smith and Associates (1988) report prepared for
EPA. Retrofit cost equations are provided for the two sets of retrofit effluent levels: TN = 8.0
mg/l, TP = 2.0 mg/l; and TN = 3.0 mg/l, and TP = 0.5 mg/l. Also, retrofit cost equations
are given for these effluent limitations on a seasonal or annual basis (year-round); and 3 ) Cost
and effectiveness of some of Maryland’s nutrient removal WWTPs in operation are presented.
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2. NONPOINT SOURCE NUTRIENT REDUCTION TECENOLOGIES

This section summarizes the nutrient reduction effectiveness and financial costs of
nonpoint source Best Management Practices (BMPs) in the Chesapeake Bay basin. Summary
and description of nonpoint source BMPs can be found in: *Availablc Technology 1or the
Control of Nutrient Poliution in the Chesapeake Bay Watershed” (STAC, 1987). Nutrient
loading and BMP nutrient reduction efficiencies are obiained from the Chesapeake Bay
Watershed Model and previous studies on BMP efficiencics.  Sources for the development of
the financial costs included the Chesapeake Bay agricultural cost-share program tracking
database, the National Rural Clean Water Program (RCWP) projects, and states’ BMP unit cost
data including planning and technical assistance costs.

21 Chesapeake Bay Basin Nutrient Loading Factors

The edge-of-stream nutrient loading factors (paunds of nitrogen or phosphorus per acre
per yeai) for each land use category and segment were obtained from the Chesapeake Bay
Watershed Model Base Case Scenario (CBPO, 1992). Tables A-1 to A-4 (Appendix A)
summarizes the loading factors for all the Chesapeake Bay Watershed segments shown in Figure
I.1and 1.2. Figures 2.1 and 2.2 depict the ranges of nutrient loading factors for each Jand use
Category calculated from the tables of Appendix A. Animal waste loading factors are in pounds

per manure acre (one manure acre represents a density of 150 animals).

Table A-5 shows the transport factors for each ‘segment from the Chesapeake Bay
Watershed Model Base Case Scenario. Transport factors arc used tu doteninine the amount ot
the edge-of-stream nutrient load that reaches the fall line.

2.2 Chesapeake Bay Basin Agricultural BMPs

Tablc 2.1 shows a summary of the agricultural BMPs in the Chesapeake Bay basin for
Maryland, Pennsylvania and Virginia. The BMP classification and cross reference codes were

developed by the Nutrient Reduction Task Force (NRTF) of the Nonpoint Source Subcommittee
of the Chesapeake Bay Program. Similarly, Table 2.2 shows a classification of these BMPs by
the groups selected by the NRTF for use in the Chesapeake Bay watershed model. For
modeling purposes, the Nutrient Management (NM) and Farm Plan BMPs (FP) were defined by
the NRTF as follows:;
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Table 2.1 State Agricultural BMP Cross Refereace

I
.L“ e

Maryland Pennsylvania Virginia
—Cods _Code Code
Coopland Protection
in Field:
Stwip-cropping SL-3 BMP-3 5L-3
Bufler Sttip-cropping SLaB
Terrace System 514 BMP-4 SL4
Sod Walerways wp-3 BMP-7 wr.1
rrowcuve Cover for
Specialty Crops . SL§ BMP-S SL-8
- No-till Cropland SL-13 BMP-9 SL-15
Legume Caver Crop W4
Contour Farming SL-13
Minimum-ill Cropland SL-14 BMP-9
Ficld Wind Breaky SL-7
Edgc ol Ficki:
Diversions ' SL-§ BME-5 SL§
Sediment Retention, Erosion, WP-1 BMP-12 WP-1
or Water Cootrol Sinuctires wC-1
Grasa Filer Sisips SL-1 WQ-1
wQ-2
Water Control Structures WQ-5
Woodland Buffer Filter Area FR-3
Pasture/Grazing Land Proteciion
No-till Pasture and Hayland 5L-1
Grazing land Prowction 5C5382 BMP-6 L6
Intensive Rotstions] Grazing
Systemx WwQ3
Spring Development,
Trough/Task. SL6
Stream Protection .
Sueam Bank Protection WP-2 BMP-10 WP-2
Vegetative Stabilization
of Marsh Friage Arcas a1
Soull Grain Cover Crop for NM SL-3B
Animal Wasie Control Struchire WP-4 BMP-2 WP-4
Soil and Manere Analysis SCS680 BMP-13 Nmp
Trunsport of Excess Masure BMP-14 NMFP
Fentdlizer Mamgement SCS630 BMP-15 NMP
Nutrient Management NM BMP-16 NMP
Land Conversion
Permanenl Vepetative Cover BMP-1
of Critical Arcas SL-11 BMP-11 SL-11
Reforenation of Erodibk
Crop and Pastureiand SL-1 FR-1
Conacrvalion Reserve Progrum CRP CRP CRP
Forest Land Proteciiog
Woodland Erosion Stabilization FR4
7




Table 2.2 State BMPs Within Pervious Land Segments (PLS). Watershed Model (Phass IT)
BMP Maryiand Pennsylvania Virginia
}-Conveationsl Tillage
3-Copserveion Tillaze -
Ne-ill Croplend ' SL-13 BMP-9 SL-15
Misimuenill Croplend SL-14 BMP-9
3-Conyentjonal Tillage with NM
Fertilizer Management SCS680 BMP-15 NMF
Nutricst Mapagesoent Plans SCS830 BMP-16 NMP
Soil and Maoure Amalysis S BTN ~DBvr-13 T
Small Grain Cover Crop for NM . SL3E
Legume Cover Crop - - WO
4-Conservation Tillsge with HM
Fertilizer Management SCS680 BMP-15 NMP
Mutrieat Management Plans SCS680 BMP-16 NMP
No-till Cropland SL-15 BMP-9 SL.15
Miniasaurtll Ccopland . SL-14 BMP-9
Soil and Manure Analysis SCS680 EMP-13 NMP
Seull Gesin Cover Crop for NM SL-2B
Legume Cover Crop w4
S _Conventional Tillape with NM and FP
6-Conservation Yillage with NM and FP -
PLS 3 or 4 BMPs, plus:
Strip-croppiog sL-3 BMP.3 SL3
Baufler Stripcroppiog SL-3B
Contour Farming sL-12
Termoc Sysicms ' 5L BMP-4 SL+4
Sod Walerweys WP-1 BMP-7 WP-3
Diversicns SL-5 BMP-5 SL.5
Sediment Retention, Ercrion, WP-1
or Water Control Structures we-1 BMP-12 WE-1
Water Coalrol Structure WS
Gruss Filter Strips SL-1 W]
Protective Cover for Specialty Crops SL-8 BMP-8 SL-3
Ficld Wind Breaks SL-7 w2
7-Hayland with NM amc & o FLS+
8-Hayland with NM end FP same as in PLSs § andé
9-Pasture BMP-1
Permancat Veg. Cover on Critieal Aress SL-1 BMP-11 sL-11
Conscrvation Rescrve Progmam CRP CRF CRP
10-Forcst
Woodland Buffer Filter Arcs “FR-3
 Reforcastion of Erodible
Crop&Pastureland sLA11 ER-1
Counscrvalioa Reserve Program CRP CRP CRP
11-Magure Acres
Animal Waste Control Steueture WP-4 BMP-2 WP-4
Transport of Excess Meaure BMP-14 NMP

NM = Nutnent Management
FP = Fartn Plan
CRP = Conscrvation Rescrve Frognm



Nutrient Management - A management practice that provides recommendations on optimum
nutrient application rates, nutrient application imes, and nutrient application methods based on
soil and manure analysis results and expected crop yields. ’

Farm Plan - For the purposes of the Chesapeake Bay Watershed Model, a resource management
system for a farm consisting of soil conservation erosion eontrols for cropland. Thesc cantrols
may include: contour farming, strip-cropping, terraces, cover crops, grassed waterways, filter
strips, diversions, and sediment retention, erosion, or water control structures. The "Farm Plan"
does not include consarvation tillage and nutrient management which are covered in other

Chesapeake Bay Watershed Model BMP categories.

2.3  Nutrient Reduction Effectiveness of Agricultural BMPs

This section provides a summary of the edge-of-field nutrient reduction effectiveness of
agricultural BMPs compiled by Camacho (1990) from research studies. In addition, nutrient

reduction efficiencies at the edge-of-stream for BMPs modeled by the Chesapeake Bay
Watcrshed Model are summarized. The edge-of-field nutrient reduction efficiencies have been
preseated to provide modelers with some background information on the expected edge-of-field
nutrient reduction efficiencies of the BMP groups simulated by the model. Some of this
information has been used for modeling certain BMP scenarios. Ultimately, evaluation of basin-
wide agricultural BMP nutrient reductions is performed by simulation of different BMP scenarios

with the Chesapeake Bay Watershed Model.
2.3.1 Edge-of-Ficld BMP Effectiveness Reported in Research Studios

Edge-of-field BMP nutrient reduction efficiencies based on' small watershed research
studies, field plots, and CREAMS modeling were reported by Camacho (1990). The efficiencies
were calculated as: Efficiency(%) = [1 - post-BMP/pre-BMF]x100 where pre-BMP is the nutrient
load before BMP installation or base case and post-BMP is the nutrient foad after BMP
installation. Although over 150 sets of efficiencies were reported from over 30 research studies,
this was insufficient to accurately characterize BMP nutrient reduction efficiencies in both
groundwater and surface waters for some regions in the Chesapeake Bay basin. Nevertheless,
the study provided valuable information to modelers on the expected edge-of-field BMP nutrient
reduction efficiencies and the expected nutrient reduction capabilities of the BMP groups were

confirmed.




" Some of the important factors to be considered when examining the BMP nutrient reduction
efficiencies from this study are: )

» Many studies focused on short term efficiencies from single rainfall events.
Therefore, extrapolation of these efficiencies to annual or long term efficiencies
is questionable due to annual hydrologic, crop, and farm activity changes within

a yen.r-

« Many studies were carried out in small field plots using artificial rainfall. Use
of artificial rainfall in small field plots may not represent actual field conditions.

+ Sampling techniques may be different for each study which make comparisons
between studies difficult.

e Studies analyzing BMP nutrient reduction efficiencies from a combination of
BMPs are usually the result of mathematical modeling. Unless the models are
properly calibrated, efficiencies derived can only be considered at best to be
educated guesses.

o In general there was a lack of research studies analyzing both surface and
groundwater nutrient changes.

With the acknowledgement of the limitations described above, Figure 2.3 shows ranges
of literature values for nutrient reduction efficiencies in surface water runoff for selected groups
of BMPs. Again, the nutrient reduction efficiencies were derived from a variety of research
studies and the efficiencies are at the edge-of-field (Camacho, 1990). Figure 2.3 shows that
nutrient management, when accompanied by soil conservation BMPs such as conservation tillage
or any other erosion control BMP under the "farm plan* category, is effective in reducing
nutrient loss to surface water.

Figure 2.4 gives interquartile ranges of nutdent, runoff and soil loss reduction
efficiencies in surface and groundwater for no-tillage. From this figure, it can be concluded that
reduction in soll loss is effective in reducing phosphorus as the transport af sediment-bound
phosphorus decreases. Reduction in runoff results in a reduction in the transport of dissolved
nutrient in surface waters. However, leaching of nitrates reduces the efficiencies in groundwater
as shown by the interquartile range of -9% to 18% for total nitrogen in groundwater. Also,
conservation tillage may increase the concentration of nutrients in the soil surface (and therefore
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Figure 2.3 Edge-of-Field Nutrient Reduction Efficiencies in Surface Water
for Agricultural BMPs (Literature Values)
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in surface runoff), offsetting any reductions achieved by the reduction in runoff volume. For
instance, Heatwole et al. (1991) reported’ from Erbach (1982), that the concentration of

phosphorus in a no-till comn-soybean rotation was 67% higher than in a conventional tillage field.

From the literature review on BMP efficiencies (Camacho, 1990), it was concluded that
adding soil erosion control BMPs to conventional tillage with or without nutrient management
can reduce the amount of nutrient Inse to surface water.  However, although there is a net
improvement in the nutrient reductions efficiencies in surface water, the efficiency for nitrogen
in groundwater decreased by an average of 10 percentage points when adding these practices.
This decrease in surfacc water may be due to the increase in the leaching of nitrates into the
groundwater. It was also shown that adding soil conservation erosion controls BMP's {such as:
terraces, contouring, waterways, etc.) slightly increases the nutrient reduction efficiency. This
is mainly because conservaon tillage with nutrient management has already accounted for most
of the nutrient reduction. However, this conclusion does not diminish the importance of erosion
control BMPs. For instance, a large field with long slopes may require an erosion control BMP,
in addition to conservation tillage and nutrient management, if there is a severe erosion problem.
In such cases, other erosion control BMPs may be necessary and can significantly improve the
efficiencies above those obtained only with conservation tillage and nutrient management.

Figure 2.5 shows the additional nutrient reductions above mno-till with nutrient
management when adding soil conservation erosion control BMPs. The additional reductions
in nutrient loads are expressed as a percentage of the conventional tillage load. These reductions
were summarized by Camacho (1990) from CREAMS modeling in four major subbasins in
Pennsylvania by Shirmohammadi and Shoemaker (1988) and field plot simulations in Virginia
reported by Ross et al. (1990). BMPs analyzed included contour tillage, strip-cropping,
diversions, grassed walerways and filter strips. From this figure, it is observed that the addition
of these BMPs can clightly increase the nutrient load reductions.

2.3.2 Basin-Scale Agricultural BMP Effectiveness

This section describes the nutrient reduction effectiveness for agricultural BMPs obtained
by the Chesapeake Bay Waiershed Model. Results of the watcrshed model are summarized for
the conservation tillage and nutrient management BMPs. Nutrient reduction efficiencies are
calculated at the edge of stream for each of the watershed model segments of the Chesapeake
Bay Watershed (Figure 1.1 and 1.2).
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Figure 2.4 No-till Reduction Efficlencies*
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- 2.3.2.1 Conoservation Tillage

Table B-1 (Appendix B) shows a list of the nutrient reduction efficiencies for
conservation tillage from the Chesapeake Bay Watershed Model. Figure 2.6 depicts the ranges
of nutrient reduction efficiencies from Table B-1. From this figure, it is obscrved that the
ranges for nitrogen and phosphorus are similar but the median for phosphorus is higher {(about
25%) than nitrogen (about 20%). Nitrogen reduction efficiencies ranged from about 2% to 32%
with interquartile values of 17% to 23%. It is noted that edge-of-tield ethiciencies from
research studies for no-till shown in Figure 2.4 are close to the high end of this range.

In general, conservation tillage has been found to be an attractive BMP for farmers, with
many studies Teporting net increases in farm income (Epp and Hamlett, 1990). Conservation
tillage has been found in most cases to be cost effective because it can reduce production costs
as well as increase the soils long-term productivity and yield (Heatwole, et al. 1991). On the
other hand, other edge-of-field structural erosion control BMPs (such as sediment ponds) with
higher costs, usually reduce the farm income despite the availability of high cost-share rates (Epp
and Hamlett, 1991). Moreover, although these structural BMPs can significantly reduce the
sediment delivered to streams, they do not stop erosion from the fields. This must be controlled
by an in-field erosion control BMP.

2.3.2.2 Nutrient Management

Table B-2 (Appendix B) shows the nutrient reduction efficiencies for the nutrient
management scenario simulated by the Watershed Model. Figure 2.7 shows the ranges of
nutrient reduction efficiencies from this table. The ranges shown in Figure 2.7 reflect the
regional impacts on different nutrient applications rates and changes throughout the basin.

2.3.3 Summary

Agricultural BMP nutrient reduction efficiencies from the literature, as well as nutrient
reduction efficiencies for conservation tillage and nutrient managerment modeled by the
Chesapeake Bay Watershed Model, have been summarized. Edge-of-field efficiencies shown
in Secticn 2.3.1 should be used with caution. Limitations on the use of these numbers has been
summarized earlier, and again it is important to note that the efficiencies were obtained from a
variety of field and modeling research studies in different physiographic regions under different
BMP installation conditions. BMP efficiencies for a particular physiographic region, crop, soil,

14



Figure 2.6 Conservation Tillage Edge-of-Stream Nutrient Reduction Efficiencies
Chesapeake Bay Watershed Model
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Figure 2.7 Nutrient Management Edge-of-Stream Reduction Efficiencies
Watershed Model Nutrient Management Scenario
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fertilizer application, and period of simulation should be examined from each particular study
summarized by Camacho (1990). Although it is very difficult to generalize the efficiencies
shown in the last sections for all regions in the Chesapeake Bay basin, there are some
conclusions that can be drawn from these efficiencies which agree with most of the findings of
current studics on BMP effectiveness:

'« Nutrient management together with soil conservation erosion control BMPs are
effective in reducing the total nutrient loads from the field for both surface

waters and groundwater.

* Erosion control BMPs reducing both runoff and sediment leaving the field reduce
the transport of sedinient-bound pollutants. In particular, where transport of
sediment attached phosphorus is the main path for the phosphorus losses,
significant phosphorus reductions can be achieved.

* Although erosion control BMPs reduce both- the runoff and the transport of
sediment-bound pollutants, they can increase infiltration, causing a potential
increase in the transport of soluble nutrients into groundwater. In particular,
nitrate losses can increase, offsetting the nitrogen reduction achieved through
erosion control BMPs that reduce surface runoff. This js one of the reasons
that nutrient management should be couple with erosion control BMPs.

2.4 Financial Costs of Agricultural BMPs

This section summarizes the financial costs for agricultural BMPs, In Table 2.5, fota!
BMP financial costs are expressed in equivalent annual dollars per acre benefitted ($/acrefyear).
Total costs include planning, technical assistance and operation and maintenance (O&M) costs.

The costs do not include potential cost savings to the farmer or other economic benefits.
Therefore, besides the financial costs there are other factors that need to be considered to allow
proper selection of BMPs. Such factors may include changes in farm income, suitability of
different BMPs for a particular physiographic region, cost-share rates, and other site-specific
constraints. °
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2.4.1 Financia! Base Costs for BMPs

Financial base costs for BMPs were obtained from the total cost-share costs compiled by
the Chesapeake Bay Program (CBPO) BMP tracking database. Costs in the tracking system
do not include planning, technical assistance and operation and maintenance (O&M) costs which
are discussed in the following sections. From these data, the cost, acres benefitted, and the
eracion raduced. in tons per vear were obtained for each BMP. This information was also
supplemented with the states’ BMP cost tables. Table 2.3 shows the interquartile BMP unit base

cost ranges for Agricultural BMPs in the Chesapezke Bay Basin.

2.4.2 Planning and Technical Assistance Costs

Besides the BMP installation base cost, planning and technical assistance (PT) costs
should be considered for the full implementation of 2 BMP in the farm. Total BMP installation

costs are obtained by the following relationship:

Total BMP Installation Cost {$/acre) = BMP Buse Cost x (PT-Facior)

where:

BMP Base Cost = BMP base cost from Table 2.3.
PT-Factor = Escalation factor to account for planning and technical
assistance costs.

The escalation factors were derived from the states” planning and technical assistance
cost rates, and other sources of information such as 1983 BMP implementation cost tables from

the Rural Clean Water Program (RCWP) projects (see Appendix C). Table 2.4 shows the
escalation factors for each BMP and the adjusted BMP unit cost including planning and technical

assistance costs.
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Table 2.3 Financial Base Cost Ranges of Agricultural BMPs in the Chesapeake Bay Basin'

' BMP BMP Base Cost
BMP Type of Life ($/acre)
| BMPs | Geam) [ osmite | median | 75%ie
Su'ip-crc-:ppin; - q 393 5 15 30 30
Terraces 64 10 136 326 564
Diversions 88 10 107 214 477
Sediment Retention and
Water Cootrol Structures 165 20 256 523 1209
Grassed Filter Strips ' 213 5 14.60 23.80 35.30
Cover Crops 366 1 10 10 20
Grazing Land protection 274 1 ) 49 95.30 194
Fermanent Vegerative Cover on
Critica! Areas 239 5 134 240 778
Nutrient Management® - 3 6
Conservation Tillage? 2,004 1 15
an;ervation Reserve Program®
(CRP) 5,881 10 52-Ttyear*
LA.nimal Waste Systems’ s | 10 9ton | 12.80/ton | 17.60/ton
ﬂ Grassed Waterways® - 10 1.50-5.901f

1.

e A wN

Interquartile unit cost raoges obtained from the Chesapeake Bay Program Office (CBPO) BMP tracking
database and States' unit cost data. Dashes under the # of BMPs analyzed column indicatss that the
costs where derived from the states’ unit cost data-information.

Nutrient Management Plan Cost.

Goverament incentive costs which do not reflect actusl practice costs,

Average aanual reatal rate for MD, PA, and VA (USDA-CRP, 1990). Does not include costs of BMPs.
Units for animal wasic are given as $/Ton of manure treated,

Unit cost range per linear foot of waterway.
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2.4.3 Open:'ation and Maintenance Costs

There is little information on the O&M costs mainly because they are not%cost-shared.
Also, these costs may vary for different practices and local conditions. Sometimes the O&M
activities may not include major costs but mainly depend on farmer diligence (Rosenthal and

Urban, 1990). Nevertheless, O&M annual costs expressed as a percentage of BMF base cost
have been rcpuiicd by the Seil Conscrvation Service (North Carolina Stats University, 1982)
Table 2.5 shows these percentages and the total BMP costs including the O&M cost for several

BMPs,

2.4.4 Total Annual BMP Financial Unit Costs

The total annual BMP unit costs are calculated by annualizing the total BMP instatlation
costs and adding the O&M costs as shown by the following expression:

Total annual BMP cost =  Annual Total BMP Installation Cost +
(O&M)factor x BMP Base Cost

where:

Annual Total BMP Insiallation Cost = Annualized Cost for the BMP life period
(O&Mfactor = Operation and Maintenance Cost factor (Table 2.5)

2.4.5 Animal Waste Systems Financial Costs

The annualized animal wastc management cott per ton of manure treated ic given in
Table 2.5. These costs teported to the Chesapeake Bay Program tracking system are the
combination of the costs of many different systems to control animal wastes. These include
management systems for dairy, beef, swine, poultry, etc. Besides the tracking system
information, some costs in this section were estimated based on examples given by a manual
prepared for the Pennsylvania Department of Environmental Resources, Bureau of Soil and
Water (Ritter, 1990). This manual is a guide to aid in the economic evaluation of manure
management plans for farmers. Costs of alternative manure management systems for dairy,
beef, swine, veal and poultry operations were presented in this manual. Detailed cost tables,
cost estimation assumptions, and advantages and disadvantages of the different systems can be
found in the manual.
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Table 2.4 Financial Unit Costs Ranges of Agricultural BMPs in the Chesapeake Bay Basin'
(Base plus Technical Assistance Costs) .
Escalation Factor Total BMP Installation Cost
BMP Type (Plancing and ($/acre)
Fechnlcal 25%il edi 75%ile |
Assistance costs) 1e median ¢
Strip-cropping 1.43 21.40 42.80 42.80
Terraces 1.31 178 427 738
Diversions 1.19 127 255 567
Sediment Retention and
Water Control Structures 1.25 321 655 1515
Grassed Filter Strips 1.012 14,80 24.00 35.70
Cover Crops - . 10 10 20
Grazing Land protection 1.25 61.40 119 243
Permanent Vegetative Cover on
Critical Areas 1.1Q 147 263 856
Nutrient Management? - 6
Counservation Tillage’ 1.156 17.30
Concervation Pecorve Program®
{CRP) - 52-71/year*
ﬁ Apnimal Waste Systems® 1.17 10.50/ton { 14,90/ton | 20.60/ton

Grassed Waterways® 1.25 1.90-7.40/1f

1. Interquartile unitcost ranges obtsined from the Chesapeake Bay Program Office (CEPO) BMP tracking
database and States’ unit cost data.
Nutrient Management Plan Cost.

Government incenlive costs which do not reflect actual practice costs. _
Average annual rental rate for MD, PA and VA (USDA-CRP, 1990). Does not include BMP costs.

Units for anima] waste are given as $/Ton of manure trezted.
Unit cost range per linear foot of waterway.

A

21




Table 2.5 Total Annual Costs Ranges of Agricultural BMPs in the Chesapeake Bay Basin'
(Base plus Technical Assistance plus O&M costs)

Annual O&M Total Annual BMP Cost®
BMP Type Cost Factor® EAC ($/acre/year)
(% of BMPBase | ) pite | median | 75%ile
Costs)
Strip-cropping 1.0 5.80 11.60 11.60
Terraces 50 35.70 85.80 148
Diversions 5.0 26.10 52.20 116.20
Sediment Reteation and
Water Control Structures 3.0 50.50 103 238
Grassed Filter Strips 5.0 4.30 7.10 10.50
Cover Crops - 10 10 20
Grazing Land protection 50 18.60 36.30 73.80
Permanent Vegetative Cover on
Critical Areas 3.0 38.90 69.50 225.70
Nutrient Management* - 2.40
Conservation Tillage’ - 17.30
Conservation Reserve Program’
(CRP) - 52-71% .
|| Animal Waste Systems’ 10.0 Ziton 2.30t0n | 3.90/t0n “

Grassed Waterways" 5.0 0.39-1.501f

o0 -1 O A

Original interquartile BMP installation costs ranges obtained from the Chesapeake Bay Program Office (CBPO)
BMP uucking database and States” unit cost data.
Annual operation and maintconance cost. Source: North Carolina State University (1982). Amnnl OSM costs
are determined multiplying these percentages by the BMP base costs on Table 2.3.
Total annual BMP costs. Costs include planning, technical assistance and O&M costs, EAC= Equivalent

annual costs in dollars per acre beaefitted. Interest rate = 10%, practice life from Table 2.3

Does pot include potential cost savings (o the farmer.
Government incentive costs which do not reflect actual practice costs.
Average annual rental rate for MD, PA and VA (USDA-CRP, 1990). Does not include BMP costs.
Units for animal waste are given as $/Ton of manure treated.
Unit cost range per linear foot of waterway,



The tables in Appendix D show typical annual costs of different alternatives for manure
management of dairy, beef, swine, veal, and poultry operations. Table 2.6 shows maximum,
minimum and median costs from these examples. Also, included are the annual costs per ton
of manure treated. The animal waste systems shown in the examples in Appendix D represent
a small subset of possible combinations of different collection, storage and application systems
on a farm. The Ritter (1990) manual provides individual costs for different components of
collection, storage and utilization of animal waste operations of different sizes. Also, guidelines
for selecting alternatives were provided in the manual. Therefore, the examples given in
Appendix D are only for illustrative purposes. It is likely that costs of animal waste systems.
may vary significantly depending on site-specific conditions, The annual costs per ton of manure
treated shown in Table 2.6 are much higher than the ones shown in Table 2.5 from the BMP
tracking system ($2.81/ton). The main reason for this difference is that costs under the BMD
tracking system include other animal waste BMPs such as fencing, filter strips, runoff control
etc. which have lower costs than total systems including collection, storage, and utilization. In
addition, annual labor and energy costs arc not considered in the BMP tracking data costs,

Table 2.6 Statistics of Examples of Animal Waste System Costs!
Minimum Median | Maximum

Animal

Wasie | ($/Animal) | ($/Ton) | ($/Animal) | ($Ton) | (S/Animal) | (8/Ton)

System |
Dairy 209.63 18.30 27239 | 23.70 303.93 | 26.50
Beef 5719 | 6.80 71.27 9.20 97.34 11.60
Swine 13.06 6.34 22.83 9.60 38.01 16.00
Veal 24.28 14.30 43.24 25.40 62.2 36.60
Poultry 0.44 2.00 0.51 2.90 0.64 11.40

1. Statistics from the examples of animal wastes shown in Appendix D. Assumptions for the calculation af

the tonnage of manure treated are described in the footnotes of the tables in Appendix D. Annualized costs.
Interest rate = 10%.
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2.4.6 Combined Unit Costs of Erosion_Control BMPs from Soil Conservation Plans

The costs of soil conservation erosion controls BMPs are evaluated for combinations of
BMPs within a farm from selected soil conservation plans. A soil conservation plan representing
a "typical" farm was selected by the states for each region shown in Figure 2.8, The BMP
annual unit cost ranges from Table 2.5 are applied to the BMPs of each soil conservation plan.

Interquartile unit cost ranges (annnal BMP costs per acre of cropland or pasture) for ¢ach typical
farm in each region-are shown in Table 2.7. Detailed BMP descriptions for the farms in each

region and the tons of soil saved after BMP implementation are shown in the Tables E-1 to E-3
(Appendix E).

b

Table 2.7 Annual Unit Cost of Erosion Control BMPs from
Typical Chesapeake Bay Basin Soil Conservation Plans
State Farm Anntal Costs per Acre
Location | 25%ile Median 75 %ile
I 14,94 19.88 19.88
il 31.57 41.06 46.56
11 74.76 96.08 122.41
Maryland v 37.85 49.73 52.58
A% 39.76 55.03 70.03
VI 42.84 56.23 69.38
Vil 27.54 -67.88
A+B 23.93 35.08 48.95
Pennsylvania D+E 16.45 24.24 31,30
C+F 20.18 27.25 38.79
1 29.52 34.06 38.58
Virginia 2+4 18.64 36.27 73.78
3 2146 | 3342 40.87
5 20.85 25.88 30.83
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Figure 2.8 Chesapeake Bay Basin
_, Farm Soil Conservation Plan Regions
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2.4.7 Summary

Figure 2.9 shows the total annual BMP unit cost ranges from Table 2.5, and the

interquartile cost ranges for BMPs within each farm in the Chesapeake Bay watershed from
Table 2.7. Figure 2.9 shows wide cost ranges for terraces, diversions, sediment retention
structures, grassed waterways, and permanent vegetation on critical areas. Thercfore, wide
ranges of cost for some farms are due to the use of structural practices with 2 wide range in the
unit cost. In conclusion, from Figure 2.9 and the tables in Appendix E, it is observed that the
combined cost of BMPs for 2 farm can significantly vary depending on the type, amount and -
density of BMPs within the farm. For instance, the costs for the farm on region MD:II are
higher than all the other farms. Examining Table E-1 for this region, it is observed that the
farm selected contains BMPs with wide unit cost ranges over a relatively small area resulting

in 2 wide and high unit cost range.

2.5 Cost and Effectiveness of Small Watershed Demonstration Projects

The states have been conducting small watershed studies for the asscssment of the
effectiveness of BMPs. Among these studies, the Conestoga Headwaters, Double Pipe Creek,
and the Nasemond-Chuckatuck RCWP projects are reported for Pennsylvania, Maryland and
Virginia respectively. The Owl Run and Nomini Creek demonstration projects provide similar
data in Virginia. In this scction, the Conestoga Headwaters and Owl Run projects are
summarized, where information on both cost and BMP nutrient reduction effectiveness has been

reported.
2.5.1 Conestoga Headwaters

The Conestoga Headwaters RCWP project started in the early 1930s with the main
objective of reducing the water pollution from agricultural sources. Another objective of the
project was to investigate the effects of agricultural BMPs on groundwater pollution abatement
(Pennsylvania-RCWP, 1989).

Nutrient management for both manure and commercial fertilizer has been identified as
one of the fmost important factors in improving the water quality. Nutrient management plans
are expected to eliminate approximatety 2/3 of the excess nitrogen and phosphorus. The entire
area of the Conestoga Headwaters is approximately 120,320 acres. Water quality monitoring
has been conducted in this area with detailed monitoring of a small watershed and more intensive
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Figure 2.9 Agricultural BMP Unit Costs and Soil Conservation Plan BMP Costs
- for Typical Farms within the Chesapeake Bay Watershed
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monitoring on two small fields of 23 and 48 acres, respectively. It was found that the
effectiveness of nutrient management was dependent on the reduction of nutrient application rates

(Pennsylvania-RCWP, 1991).

From one of the field sites, it was found that terraces were effective in reducing the
amount of sediment loss, but ineffective in reducing the nutrient loads in both surface and
- gronndwater.  Simultaneous implementation of terracing and nutrient management was
recommended, due to the potential increase in nitrate concentrations in the groundwater after

terTacing,

For the Conestoga area, it was found that areas underlain by carbonate rock discharge
most of their water as groundwater and base flow. Therefore, these areas are highly susceptible
to agricultural nonpoint source pollution (Pennsylvania-RCWP, 1992)

Total soil loss reductions during the entire project period were 110,000 tons. Nitrogen
reductions were about 1.3 million pounds and phosphorus reductions were about 0.57 million
pounds. The nutrient reductions were estimated using the CREAMS model results of nutrient
reductions by BMP for 1984. These reductions were then applied to the entire project period.
Table C-1 in Appendix C summarizes the BMP costs including planning, technical assistance
and water quality development plan costs for 1989.

2.5.2 Owl Run

The Owl Run watershed is located in Faquier County VA within the Piedmont
physiographic region. It has an area of approximately 2,800 acres. Land use in this watershed

is described as follows:

Corn: 723 acres (300 acres no-till).
Hay: 573 acres
Pasture: 500 acres (active)

190 acres (idled)

Woodland: 575 acres
Developed: 250 acres

The soils in the watershed are predominantly of the Penn-Croton-Buck Soil association
whose physical characteristics are highly variable. These soils are not in general of the
productivity expected of soils for dairy operations. The soils on the Penn series have a low "T"
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(soil loss tolerance) of 1 ton/acre/year at which productivity can be affected by crosion. In the
Owl Run watershed, 75% of the soils have *T* values between 1 and 2. This low "T" valye can
have negative impacts on the application of animal wastes which are recommended ‘to be applied
to soils eroding less than "T" (VA-DSWC, 1991).

RMP implementation in Owl Run has fosuscd on animal wasie management facilities,
Estimated installation costs of these facilities are summarized as follows:

Site Herd Size BMP Installation Cost
Dairy A 475 cows earthen pit $65,000
: 2 Teception

pits and pumps

Dairy B 65 cows earthen pit $10,000
. & concrete
pushing ramp
Dairy C . 175 cows concrete upright $45,000
gravity load & unload
DaryD - 145-165 cows concrete upright,  $40,000
purap load

Some of these structures way scem expensive. However, due to the soil characteristics and
site specific conditions, the facilities shown above are necessary. Also, it has been reported that
animal waste management at the Ow! Run watershed may also indirectly contribute to soil
crosion control. The main reason for this indirect benefit is that, without storage facilities, the
current practice is to leave some fields without any vegetation for winter application of manures.
It was reported that these fields may erode at an average of four times the acceptable soil loss
tolerance (T). In addition, manure applied to frozen ground is available for increased transport
by runoff and snow melt which has a negative impact on the water quality of the receiving

waters,
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) Besides the animal waste _faci]jtiés, there are also other BMPs installed in the basin which
include: ’

Animal waste storage facilities: 6 units

Strip-cropping: , 78 acres

Waterways (16 units): 16 acres

Watering troughs (6 units): 350 acres rotational grazing
Fencing (4,000 ft.). 350 acres rotational grazing
Filter Strips 13 acres

Cropland converted to grass 99 acres

Diversion (400 ft.): 5 acres

Conservation tillage 315 acres

The total estimated cost of BMP implementation at Owl Run watershed is $267,000, with
costs due to planning, technical assistance, and administration around $100,000.

The post-BMP monitoring to assess the effectivencss of BMP implementation has recently
begun and resuits from this monitoring are expected in the future. Hession, et al. (1989) used
the AGNPS water quality model to simulate expected nutrient reductions due to the
implementation of BMPs. Since, AGNPS is designed to simulate single rainfall events, input
parameters reflecting average annual conditions were selected, and storm events ranging from
1 to 6 inches were simulated. The model was validated with observed data showing results

within ranges of observed average conditions. Expected nutrient reductions from the above
BMPs and 50% fertilizer application reduction averaged 42% for the storm events simulated.

2.6 Financial Cost Effectiveness of Agricultural BMPs

The previous sections summarized the unit costs of different agricultural best management
practices and their nutrient reduction effectiveness. In this section, cost effectiveness ratios are
provided for these BMPs. The cost effectiveness ratio for BMPs can be generally defined as
the ratio of the cost to the pounds or tons of pollutant removed. For instance, if the cost
effectiveness is evaluated solely on the ability of BMPs to remove nitrogen or phosphorus, the
cost effectiveness ratio for 2 BMP may be defined as the ratio of the equivalent annual cost

(EAC) to the pounds of nitrogen or phosphorus removed per year. On the other hand, for soil
conservation erosion controls BMPs, a cost effectiveness ratio could also be defined as the

equivalent annual cost (EAC) divided by the tons of soil saved. Cost effectiveness can be
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evaluated for individual BMPs or for combinations of BMPs ("Resource Management Systems")
in a farm. For Jarge watersheds, cost effectiveness of combinations of pollutant remova}
technologies ("Pollutant Reduction Strategies™) can be evaluated using the total cogts of BMPs
for the watershed and the nutrient, soil loss reductions, and other benefits achieved at the edge

of the stream or at the outlet of the watershed.

2.6.1 Cost Effectiveness Ratios for Soil Conservation Erosion Control BMPs

In this section, cost effectiveness of soil conservation erosion control BMPs are analyzed,
The cost effectiveness for these BMPs is calculated as the ratio of the cost to the tons of soil

saved,

Table 2.8 shows the cost effectiveness ratios for these BMPs, Again, original costs and
tons of soil saved were obtained from the Chesapeake Bay BMP tracking system (CBPO, 1990).
For CRP the tons of soil saved were obtained from "The Conservation Reserve Program®
(USDA, 1990). Figure 2.10 depicts the interquartile cost effectiveness ratios for the soil
conservation erosion controls BMPs shown in Table 2.8. This figure shows that, in general,
structural practices such as grassed waterways, water and sediment control structures and
diversions show a wide range of cost effectiveness ratios.

To track progress on nutrient reductions associated with sediment reduction by individual
BMPs, soil nutrient content factors (1.1 pounds of phosphorus and 5.4 pounds of nitrogen per
ton of soil, Chesapeake Bay Program, 1988) have traditionally been used Therefore, cost
effectiveness ratios such as the ones shown in table 2.8 have been converted to annual costs per
pound of nitrogen or phosphorus removed. However, this method has some limitations due to
1-) the potential wide range of nutrient content factors associated with different soil types and
farm practices, and 2-) the lack of consideration of soluble nutrient forms. Moreover, if this
approach is used, it is also important to properly account for the transport of soil between the
edge-of-field and the receiving waters (delivery ratio concept) so reductions in nutrients are not
overestimated. These limitations are further explained as follows:

1-) Soil nutrient content factors may be affected by many factors such as the amount and
type of fertilizer application, method, time, tillage treatment, soil characteristics etc, (Mclsaac,
et al. 1991; R.E Wright and Associates, 1990). Therelore, it is expected that these nutrient

content factors may vary through the Chesapeake Bay Basin,
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Table 2.8 Total Annual Costs Ranges per Ton of Soil Saved for
Agricultural BMPs in the Chesapeake Bay Basin'

# of Total Annual Cost per Ton of
BMP Type BMPs Soil Saved’
Analyzed EAC ($/ton/year)

25%ile | median | 75%ile

Suip-vropping 303 0.50 non 1.70
Terraces 64 4.40 9.30 15.40
Diversions g8 5.10 11.20 22.50
Sediment Retention and

Water Contro! Structures - 415 14,20 29.90 46.90
Grassed Filter Strips ' 213 0.50 2 4.40
Cover Crops 366 1.90 .60 5.80
Grazing Land protection 274° 2.30 7.40 24.50
Termanent Vegetative Cover on Critical

Areas _ 239 2.50 4.80 9.50
Grassed Waterways : 261 1.80 10.20 24.30
Conservation Tillage® 2,004 2.70 4,80 6.40
Conservation Reserve Program* (CRP) | 5,881 3.10-7.10

. Original interquartile BMP installation cost ranges obtained from the Chesapeake Bay Program Office (CBPO)

BMP tracking database and states’ unit cost data.
. Costs include planning, technical assistance and O&M costs. EAC= Equivalent annual costs in dollars per ton

of soil reduced. Interest mte = 10%, practice life from Table 2.3
. Govemment incentive costs which do not reflect actual practice costs.
. Average annual reatal rate for MD, PA and VA (USDA-CRP, 1990). Does not include BMP costs.
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Figure 2.10- Cost Effectiveness Ratios for Soil Conservation
Erosion Control BMPs
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2-) Using soil nutrient content factors to estimate nutrient reductions does not account for
soluble nutrient forms. Although reducing the amount of soil loss reduces transport of sediment-
bound nutrients in surface waters, for some BMPs, the reduction in runoff is accémpanicd by
an increasc in water infiltration. Therefore, the transport of nitrates in subsurface flows may
increase and it would not be accounted for in the cost effectiveness ratio. Nevertheless, in many
cases for surface water, most of the nutrient losses are associated with sediment loss (Laflen
and Tabatabai,1984), with phosphorus losses hetter correlated to sediment loss than nitrogen.

2.6.2 Cost Effectiveness Ratios for Erosion Contral BMPs from Soil Conservation
Plans of Typical Farms

In this section, the cost effectiveness catios of soil conservation erosion controls BMPs
are evaluated using typical soil conservation plans for farms within the different Chesapeake Bay
physiographic regions shown in Figure 2.8. The BMPs for the farms in each region and the tons
of soil saved after BMP implementation are tabulated in Tables E-1 to E-3 (Appendix E). These
tables show typical BMPs for farms in each region and the expected soil loss reductions after
full implementation of BMPs.

Figure 2.11 shows.the soil loss reductions (in percentage) after full implementation of
BMPs and the cost effectiveness ratio ranges for each farm. The cost effectiveness ratios shown
in Figure 2.11 are calculated as the equivalent annual cost of all the BMPs installed within a
farm divided by the tons of soil saved. Therefore, BMP unit costs from Table 2.5 were applied
to the typical farms selected for each region, and the total soil saved was obtained from SCS
estimates of expected soil loss reductions after full implementation of BMPs. ~ The first figure
shows cost effectiveness ratios ranging from $2/ton to $20/ton with some farms showing wide
interquartile ranges. The wide range in the cost effectiveness ratios shows the potentially wide
range of costs and associated soil loss reductions of BMPs throughout the Chesapeake Bay
Watershed. Nevertheless, it is noted that cost effectiveness ratios for individual BMPs shown
in Tables E-1 to E-3 are within the interquartile ranges of ratios determined from the BMP
tracking system (Table 2.8 and Figure 2.10). Also, the second plot of Figure 2.11 shows the
total soil loss reductions in percentage for each region. A median soil loss reduction of about
73% with interquartile range between 63 and 83 is calculated for all the regions.
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h Figure 2.11 Cost Effectiveness Ratios and Combined BMP Soil Loss Reductions
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2.6.3 Cost Effectiveness Ratios for BMFs Simulated by the Chesapeake Bay
Watershed Model a

In this section, cost effectiveness ratios calculated using basin edge-of-stream nutrient’
removals from the Chesapeake Bay Watershed Model are provided. Cost effectiveness ratios
are calculated for conservation tillage, nutrient management and animal waste systems.

Nutrient management and conscrvation tillage cost effectiveness ratios were calculated
using the unit cost for nutrient management and conservation tillage (Table 2.5) and the edge-of-
stream nutrient reductions from the Watershed Model. Figure 2.12 shows the interquartile
ranges of cost effectiveness ratios for these two BMPs. From this figure it is observed that, for
nitrogen and phosphorus, nutrient management has lower cost effectiveness ratios than
conservation tillage. Although nutrient management has a positive water quality benefit, there
is still much uncertainty over the quantitative effect and water quality response time of the
receiving waters after its implementation. Nevertheless, a combination of nutrient management
with appropriate soil erosion contrel BMPs in the complete planning of a farm can be cost
effective and should have, in the long-term, a positive water quality benefit.

For animal waste systems, two sets of costs are used: 1-) interquartile cost ranges from
the CBPO BMP tracking system as shown in Table 2.5 and 2-) median costs from examples of
animal waste systems developed by Pennsylvania (Table 2.6 Ritter, 1990). The latter has the
advantage that the use of the unit costs ($/animal) would better reflect the relative costs among
basins according to their animal type distributions (i.e dairy, beef, swine etc.).

The nutrient reduction effectiveness of animal waste systems was obtained by conversion

of 75% of the manure acres to pasture (Watershed Model: Limit of Technology Scenario). The
represeniation of the costs for animal waste systems that achieve this reduction will depend on
site-specific conditions and therefore, cost effectiveness ratio ranges are provided for both cost
sources. Figure 2.13 shows the interquartile ranges for animal waste systems using the two sets
of costs. Cost effectiveness ratios are calculated for animal waste systems alone and for animal
waste systems and nutrient management combined. ‘This combination is important when
evaluating a total "Resource Management System” for a farm where both animal waste systems

and nutrient management are important components of this system.
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Figure 2.12 Flnancial Cost Effectiveness Ratios for Nutrient Management
and Conservation Tillage (interquartile ranges)
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Figure 2.13 Financial Cost Effectiveness Ratios for Animal Waste System§
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2.7  Chesapeake Bay Basin Urban Best Management Practices

This section briefly describes the costs and nutrient reduction efficiencies of lirban BMPs,
There is limited information compiled on urban BMP costs and nutrient reduction efficiencies
within the Chesapeake Bay basin. Cost information provided in this section has been compiled
from the District of Columbia and Maryland. It is very difficult to generalize urban BMP costs
and nutrient reduction efficiencies of urban BMPs due to site specific conditions. For instance,
urban BMP costs can significantly vary among locations (inner-urban or suburban) due toreal
estate values. Costs are also different between retrofits and new facilities. Moreover,
maintenance costs, which are directly correlated to the long term pollutant removal efficiency
of BMPs can be highly variable depending on the type of BMP and urban landuse draining into
the facility. Finally, it is important to note that urban BMPs offer multiple benefits besides
nutrient removal such as stormwater management (water quantity control), detention of sediment,
heavy metals and petroleum hydrocarbons. Therefore, cost effectiveness of these BMPs should
not be judged only on their potential for nutrient removal.

A recent report by the Metropolitan Washington Council of Governments (Schueler et
al., 1992) summarizes the characteristics of eleven urban BMP types or "options". Tablec 2.9
lists these BMPs along with their longevity. Detailed information on the characteristics of each
of these BMPs is found in the MWCOG repont.

2.7.1 Nutrient Removal Effectiveness of Urban BMPs

Since the beginning of the 1980s there have been studies for the assessment of the
pollutant removal effectiveness of urban BMPs. However, these studies have reported wide
ranges of pollutant removal for these BMPs. The wide range of pollutant removal efficiencies
may be attributed to the different physical characteristics for each site as well as sampling
techniques to determine removal efficiencies. For instance, Schwartz and Velinsky (1992) point
out that sampling techniques to determine BMP pollutant removal efficiencies need to be
carefully defined since they determine the type of removal efficiency obtained (i.e. event-based,
base flow, seasonal, annual or long term). In addition, they noted the potential differences
between long-term average annual removal efficiencies and short term seasonal or event-based
calculations of removal efficiencies. For instance, a study on the Mays Chapel Wetlands Pond
in Baltimore.County (Raltimore City, 1989) has shown phosphorus removal efficiencies around
40% for storm events but about 16% when both storm events and baseflow are considered.
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Table 2.9 Longevity of Urban BMPs!

BMP Options Longevity®
Extended Detcntiva Puuds 20 1 years, but frequent clogging and chort detention comman
Wet Ponds 20+ years
r Stormwater Wetlands 20+ years
Multiple Pond Systems 20+ years
Infiltration Trenches 50% failure rate within five years
Infiltration Basins 1 60-100% failure within five years
‘Porous Pavement 75% failure within five years
Y Sand Filters 20+ years
Grassed Swales 20+ years
Filter Strips Unknown, but may be limited
Water Quality Inlets 20+ years

1. Source: Schueler et. al (1992).

3. Based on current designs and maintenance practices.

Table F-1 (Appendix F) shows summary statistics of nutrient reduction efficiencies
reported by Schueler etal. 1992. This table shows a wide range of removal efficiencies for each
BMP type. Therefore, this information should be used with caution. Original sources of each
study should be carefully examined for the methodologies used to determine the efficiencies.
Figure 2.14 summarizes the nutrient reduction efficiency statistics shown in Table F-1.

2.7.2 Costs of Urban BMPs

Urban BMP costs are summarized from available cost data on retrofits and new facilities
completed or planned within Maryland and the District of Columbia. For inifial cost estimates
of urban BMPs, planning level cost equations are available from Weingand et al. (1986) which
are also summarized by Schueler (1987). :
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Figure 2.14 Nutrient Reduction Effectiveness of Ur_b_an BMPs =«
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2.72.1 Cost of Urban BMPs (District of Columbia)

Table F-2 shows ranges of BMP costs for the District of Columbia. Cost information
provided in this table was obtained from the District of Columbia BMP tracking database. This
table shows that the type of BMPs used in the District of Columbia generally serves areas
smaller than two acres. Only ponds benefit areas greater than 2 acres.

2.7.2.2 Cost of Urban BMPs (Maryland)

Table F-3 shows ranges of total costs, acres benefitted, and unit cost ranges for urban BMP
types compiled from Maryland. Unit cost statistics are given for four BMP categories: 1-) new
extended detention ponds with shallow marsh 2-) new wet ponds, 3-) retrofit of dry ponds to
wet ponds , and  4-) infiltration structures. In contrast to the BMPs summarized for the
District of Columbia, the type of urban BMPs in Maryland serve larger areas (up to 800 acres
in some cases). This is mainly due to the availability of land in suburban areas compared to
inner-urban areas. Land availability in suburban areas allows the construction or retrofit of
regional facilities using BMPs that can benefit larger areas at a lower unit cost.

2.7.2.3 Summary

Figure 2.15 depicts the unit cost ranges for Maryland and the District of Columbia. This
figure shows that sand filters and infiltration structures have the highest unit costs. However,
it is important to point out that these structurcs may be the only alternative for on-site treatment
at smaller sites where other BMPs such as ponds may not be cost effective. It is also noted
that ponds within the District of Columbia show higher unit costs than in Maryland. As pointed
out before, most of the BMPs analyzed for Maryland are located in suburban arcas where BMDTs
serving larger drainage areas can be more cost effective.
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Figure 2.15 Financial Unit Costs for Urban BMPs
(Interquartile Ranges)
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3. POINT SOURCE NUTRIENT REMOVAL TECHNOLOGIES

This section summarizes the nutrient removal retrofit studies conducted by Maryland,
Virginia, and the District of Columbia that include biological nutrient removal technologies
(BNR). Planning level retrofit cost estimates for municipal WWTPs are developed for two sets
of effiucat levels: TN = 8.0 mg/l, TP = 2.0 mg/l; and TN = 3.0 mg/l, and TP = 0.5 mg/l,
Retrofit cost equations are provided for these effluent levels for both seasonal and annual (year-
round) nutrient removal. Also, cost and effectiveness of selected existing nutrient removal

WWTPs in Maryland are summarized.

3,1 Chesapeake Bay Nutrient Removal Technolegics for Municipal WWTPs

A summary of technologies for point source nutrient removal controls is found in
» Available Technologies for Control of Nutrient Pollution in the Chesapeake Bay Watershed"
(STAC, 1987) and Report #7 of the Chesapeake Bay Program Nutrient Reduction Strategy
Reevaluation (VWCB, 1991). Chapter III (Background to BNR) of the Maryland Nutrient
Removal Study prepared by the Beavin Co., Camp Dresser & McKee and Mercall & Eddy
(1989) also reviews nutrient reduction technologies in WWIPs.

The effectiveness, advantages and disadvantages of the different technologics were
described in the 1991 Reevaluation Report #7 (VWCB, 1991). Among these, Biological
‘Nutrient Removal (BNR) has increasingly become a good candidate for nutrient removal. The
Chesapeake Bay jurisdictions have focused their efforts on studying the feasibility of this
relatively new technology to upgrade existing WWTPs or to build new BNR facilities in the
futuic. In this scction, point source nutrient reduction technologies are briefly enumerated
following the format presented in Chapter I of the Maryland Nutrient Removal Study.
Wastewater nutrient removal processes within a WWTP can involve 2 combination of physical,
biological and chemical processes. However, for nutrient removal, these processes may be
classified into two major categories as described in the Maryland Nutrient Removal Retrofit

Study:

+ RBiological nutrient removal processes
« Non-Biological nutrient removal processes



3.1.1 Biological Nutrient Removal Processes

Biological nitrogen removal can be classified into nitrification processes and biological
denitrification processes. Nitrification is the first step in a biological nitrogen removal process
where ammonia and organic nitrogen are converted to nitrate. This process occurs under aerobic
conditions. Processes listed under this category in the Maryland Nutrient Removal Shrdy are:

Nitrification Processes

» Separate stage aeration reactors
¢ Combined carbon oxidation/nitrification reactor
¢ Attached growth processes

* Trckling filters °

» Rotating biological contactors

* Diological activated filters (BAF)

& Suspended fixed growth media
* Combined attached growth/suspended growth

Within these catcgories, many of the conventional secondary aerobic processes are found.
In the Chesapeake Bay basin, secondary treatment plant total nitrogen (TN) effluent fevels can
vary between 15 and 25 mg/] depending on the plant type.

Denitrification Processes

In the biological denitrification process, nitrates are converted into nitrogen gas under anoxic
conditions with dissolved oxygen concentration less than 0.5 mg/l. Prneeseac listad under thic
category in the Maryland Nutrient Removal Study are:

¢ Post-aeration anoxic reactors
* Separate sludge, post aeration anoxic reactors
¢ Anoxic/aerobic process (Modified Ludzack-Ettinger Process)

* Attached growth processes
* Rotating biological contactors (RBCs)
¢ Fluidized beds
e Stationary media
° Deep bed denitrification filters
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. Upflow, fluidized bed reactors
. Suspended, fixed growth media

Combined Biological Nitrogen and Phosphorus Removal (BNR) Processes

For both nitrogen and phosphorus removal combined, the following processes are listed:

o A/O™ and AZO™

« Bardénpho™ and modified Bardenpho™ processes
« Lagoon systems (Biolac™)

¢ Operationally-modified activated sludge process

» Oxidation ditches

e Phostrip™ :

. Sequenci.ﬁg batch reactors (SBRs)

» University of Capetown (UCT) process

» Virginia Initiative Plant (VIP)

Removal of both nitrogen and phosphorus using biclogical processes has increasingly become
an attractive alternative due to its cost effectiveness. For some of these processes the wastewater
passes through a system of anaerobic, anoxic and aerobic compartments as shown in the
simplified diagram shown in Figure 3.1 (Freudberg and Lugbill, 1990). There are different
variations of this concept that are shown in Figure 3.2 for the A/O, A’0™, Bardenpho™ and
the VIP (Virginia Initiative Process) process (Morales, et al., 1988). Design, removal
efficiencies, and costs can vary for each of these processes (VWCB, 1990).

Other Biological Nutrient Removal Processes
Other biological nutrient removal processes may include land application of wastewaters by

overland flow, rapid infiltration basins over permeable soils, and slow-rate application methods
such as irrigation, and ponds and wetlands. '
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Figure 3.1
Generic BNR Process Schematic
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3.1.2 Non-Biological Nutrient Removal Processes

In the Maryland Nutrient Removal Study the following physical and chemical methods
for nutrient removal were listed:

¢ Breakpoint chlorination

* Chemical addition for phosphorus removal
¢ Ion exchange

* Electrodialysis

* Reverse osmosis

¢ Electrochemical treatment

¢ Chemical denitrificatio

» Distillation T

® Air stripping

Of all-these treatments, chemical addition for phosphorus removal has been most
commonly used within the Chesapeake Bay basin.  For total phosphorus (TP), typical effluent
concentrations are between 2.5 mg/l and 8.0 mg/l without any chemical removal facilities.
Effluent levels achieved by secondary WWTPs without chemical removal depend on the plant’s
wastewater influent characteristics. For instance, in phosphate ban areas, TP effluent levels of
2.5 mg/l may be achieved without chemical addition with influent levels ranging from

approximately 4.0 mg/l to 6.0 mg/I.

3.1.3 Summary."c.if Point Sources in The Chesapeake Bay Basin

A computerized database of the Chesapeake Bay point sources can be found in the
Chesapeake Bay Program Point Source Atlas (Chesapeake Bay Program, 1988). This database
contains information on 1,345 municipal and 4,651 industrial point source discharges. From the
point source atlas, municipal point source discharges account for 94% of the total phosphorus
load and 88% of the total nitrogen point source load. Also, municipal WWTPs with design
capacities greater than or equal to 0.5 mpd accounted for nearly 97% of the flow, with about
97% of the total nitrogen load and 93% of the total phosphorus load. Therefore, the analysis
of this report focuses on municipal wastewater treatment plants with design discharges greater
than or equal to 0.5 mgd (large municipal WWTPs).
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Appendix G summarizes the major Chesapeake Bay Basin Municipal WWTPs by major
basins. In these tables, the flows and effluent concentrations reflect the most recent average
annual nutrient effluent and flow data that could be compiled through 1990. Design capacity
flow information includes expected expansion of WWTPs before the year 2000. This
information was only obtained for 51 out of 265 WWTPs. However, the combined flow for
these WWTPs account for nearly 70% of the total design flow capacity of large (design flows
greater than 0.5 mgd) municipal WWTPs in the Chesapeake Bay region (about 1,500 mgd).
Data for these expansions came mainly from the retrofit studies conducted by the states and the

District of Columbia.

Figure 3.3 shows the distribution of WWTPs by basin and treatment process. This figure
shows that activated sludge processes followed by fixed film processes are the most common
treatment types within the bagin. Although this fignre shows a significant number of plants
(about S0%) in the Susquehanna River basin (A through E), Figure 3.4 shows that the combined
flow of these plants is relatively small (about 20%). Large WWTP flows are in the Potomac
(F and T), James (X and I) and West Chesapeake Bay basin (8), accounting for approximately
73% of the total municipal point source flow (large WWTPs) into the Chesapeake Bay basin.

Average annual effluent concentrations for total nitrogen and phosphorus are depicted in

Figure 3.5. The nutrient effiuent concentrations by basin have been weighted by each WWTP

average annual flow. The tables in Appendix G show the flow-weighted average annual effluent

concentrations for each treatment process and basin. Overall, total effluent concentrations varied

between 12 and 22 mg/1 for nitrogen and between 0.14 mg/l and 6.7 mg/t for phosphorus. The

average flow-weighted concentration for the entire Chesapeake Bay basin was 17 mg/l and 2.1
mg/1 for nitrogen and phosphorus, respectively.

3.2  Nutrient Removal Effectiveness of Municipal WWTPs Techunologies

Effectiveness of point sources was summarized in the Chesapeake Bay Program Nutrient
Reduction Strategy Reevaluation Report #7 (VWCB, 1991). Table 3.1 summarizes the
effectiveness of the different point source nutrient reduction controls for both nitrogen and
phosphorus, and Table 3.2 provides a qualitative assessment of BNR point source technologies
(VWCB, 1991). Report 7 also highlighted the significance of the expected effluent levels based
on average annual performance when compared to the monthly effluent permit limits. It was
found that plants with monthly effluent limits showed average annual performance effluent levels
belter than the ones specified in the monthly permit limit. Table 3.3 summarizes the expected
effluent levels for both monthly limits and expected average annual performance (VWCB, 1991).
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Figure 3.3

Chesapeake Bay Large Municipal WWTPs:
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‘Figure 34

Chesapeake Bay- Large Municipal WWTPs:
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Table 3.1 Effectiveness of Point Source Nutricnt Removal Technologics

Technology Effluent Nutrient Levels! :

Chemical Addition (pre and simultancous TP = 1.0 to 2.0 mg/l
precipitation)

Chemical addition (post-precipitation) TP < 0.2 mg/l
TP < 0.1 mg/l using lime treatment

Biological Phosphorus Removal TP = 2.0 mg/l or less if standby chemical addition

is available to ensure permit compliance

Separate Stage Biological TN = 3.0 mg/
Nitrification/Denitrification ~ ,

Breakpoint Chlorinztion , NHy-N = 1.0 mg/i; TN leve! depends upon
whether nitrification occurred prior to chlorine
addition and the amount of organic-nitrogen that is

unaffected by the process.

Ion Exchange TN = 2.0 mg/l depending upon the composition of
the wastewater.

Ammonia Stripping ' NH,-N = 1.0 mg/l can be achieved in combination
with breakpoint chlorination.

Biological Nitrogen Removal TN = 3.0 - 12.0 mg/l

1. Adapted from the Chesapeake Bay Program Nutrient Reduction Strategy Reevaluation Report #7 (VWCE, 1991)

Teble 3.2 Comparicon of BMR Procacs Characteristios?
Process Name Nutricnt Removal Capability Operati;na] New Plant

Pbosphorus Nitrogen Flexibility Costs
Bardenpho Low High Low High
A”fO Medium Medium . Low | Low
ucT Medium .- Medium Medium Medium
vir | Medium Medium Medium Low
AlO Medium Low Low Low

2. Source: Chesapeake Bay Program Nutrient Reduction Strategy Reevaluation Report #7 (VWCE, 1991)
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3.3 Retrofit Cost Studies

In response to the Chesapeake Bay Agreement and to the commitment of the signatories of
the Agreement to reduce by 40% the 1985 nutrient loads into the Bay by the year 2000, the
District of Columbia, Maryland, and Virginia have conducted nutrient removal retrofit studies
of selected municipal WWTPs. This section briefly summarizes the states’ studies for
retrofitting WWTPs with biological nutrient removal (BNR) and other technologies prepared by
Greeley and Hansen (1989) and McNamee, Porter & Seeley (1950) for the District of Columbia;
Beavin Co., Camp Dresser & McKee Inc., and Metcalf & Eddy Inc. (1989) for Maryland; and

CH2M HILL (1989) for Virginia.

3.3.1 Blue Phains

In this section the studies performed by Greeley and Hansen (198%) and McNamee,
Porter & Seeley (1990) for retrofitting Blue Plains for nutrient removal are briefly summarized.

3.3.1.1 Greeley and Hansen Study

The Greeley and Hansen (1989) report was prepared for the District of Columbia
Department of Public Works to update an earlier report (Greeley and Hansen, 1984) with the
most recent information on the feasibility of implementing nitrogen removal at Blue Plains. This

study evaluated the feasibility of retrofitting Blue Plains using deep bed filter denitrification. Ten
alternatives were evaluated in the study and procedures for the selection of alternatives were

outlined.

Table 3.4 shows a summary of the alternatives evaluated in this study for cost effectiveness
comparison. The alternatives were developed to achieve a total nitrogen annual average effluent
level of 7.52 mgfl. This effluent level was determined using a 40% reduction of the 1985
nitrogen loads with the plant operating at the year 2000 average flow of 370 mgd. From this
table, alternatives 2C and 5C appear to be cost effective. This is attributed to the seasonal
nitrogen removal approach (TN=5.75 mg/l in 5 summer months, and TN=8.78 mg/l in 7
winter months), and the .use of biological phosphorus removal (BPR) for altemative 5C.
However, the selection of the alternatives may be subjected to the appropriateness of the
seasonal reroval concept for the Chesapeake Bay program goals, the performance of BPR and
biological nitrogen removal in the anoxic reactors, and pilot studies to evaluate nutrient removal
performance once the selection of alternatives has been narrowed (Greeley and Hansen, 1989).
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I Table 3.3 Expected Effluent Levels:Monthly Limit vs Annual Average Performance

Effluent Level (mg/l)

Alternative Monthly Annual
Limit Average
PHOSPHORUS
1. Standard P Removal
Chemical Addition (simultaneous precipitation or BPR) 2.00 1.50
2. Advanced P Removal (chemical addition post
precipitation) 0.50 0.37
3. Limit of Technology (chemical additivn/post-
precipitation with filters) 0.10 0.075
NTTROGEN
1. Optimized N Removal (for plants with existing
nitrification capability) 14-20 10-14
2. BNR minimum (3-stage BNR with small units) 14 10
3. BNR standard (3-stage BNR) 12 8
4. BNR (enhanced) (3-stage BNR with larger units) 10 7
5. BNR (advanced) (5-stage-Bardenpho process) 5 3

Source: Chesapeake Bay Program Nutrient Reduction Strategy Reevaluation Report #7 (VWCB, 1991)
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3.3.1.2 McNamee, Porter & Seeley Study

The McNames, Porter & Seeley (1990) report summarized the results of a feasibility
study for retrofitting Blue Plains with biological nutrient removal technologies. The study
recommended the use of biological phosphorus removal (BPR) using the A/O process.
Implementation of this process in the secondary reactors at 75% of the maximum monthly flow

was found to be a feasible alternative. The cost of performing this retrofit was estimated at $1.6
million. This cost does not include license fee costs for the A/O process which can reach a

maximum of $500,000 for any user in the United States. Expected total phosphorus effluent
levels from pilot studies in the secondary reactors were estimated at 1.3 mg/l. Potential annual
savings by using BPR at Blue Plains were estimated between $0.7 and $1.18 million from
elimination of the addition of iron salts in the secondary reactors and the cost reduction of sludge
handling. The unit cost of phosphorus removal for this retrofit in $/mgd/year is: EAC/flow =
508 and the ETC/flow = 4,324. Therefore, the Jow cost of this alternative would probably lead
to a full scale demonstration of BPR at Blue Plains.

Five altematives were evaluated for nitrogen removal. The selected alternative was
addition of methanol at the fourth pass in the existing nitrification reactors. Capital costs of
performing the retrofit were estimated at $12.9 million. Annual chemical costs were estimated
at $1.6 million per year; however, no increase in O&M (if any) was provided. Retrofit
modifications for nitrogen removal were designed to meet an effluent level of TN = 7.5 mg/l
to comply with the 40% reduction in total nitrogen. Results from pilot tests on the sclected
alternatives showed performance levels below the effluent limit of 7.5 mg/l (McNamee, Porter
& Seeley, 1990). Using the capital and O&M costs, the unit costs for nitrogen removal for this
retrofit are: EAC/flow = 8,420 ($/mgd/year) and the ETC/flow = 71,680. Although no other
O&M costs were reported in this study, the unit costs are substantially lower than the ones
presented in previous studies for Blue Plains. '

The study also recommended performing a full scale demonstration project in one of
the secondary reactors (West No. 1) to assess the annual performance and reliability of the BPR
technology. It was recommended that half of the nitrification reactors be converted for nitrogen
removal. The total cost and tests of the full scale demonstration studies arc estimated at $1.6

million.
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3.3.2 Maryland Biological Nutrient Removal Study

The report prepared for the Maryland Department of the Environment by Beavin Co.
Camp Dresser and McKee Inc., and Metcalf & Eddy Inc.(1989), analyzed the capability and cost
effectiveness of retrofitting Maryland's municipal WWTPs to biologically remove nitrogen and

phosphorus (BNR).

Table 3.5 shows the 24 WWTPs evaluated in this study along with the "conceptual leve]
cost estimates” to perform the retrofit for the recommended technologies. Altemnatives were
evaluated for each plant for the proposed efflueat levels of TN = 8 mg/l on a seasonal basis
without the use of chemicals, and for the smallest total phosphorus (TP) level of 2.0 mg/l or the
National Pollution Discharge Elimination System (NPDES) permit limit for the plant,

3.3.3 Virginia Retrofit Study

The CH2ZM HILL (1989) report prepared .for the Virginia Water Control Board
(VWCB) cvaluated the cost of implementing four sceuarios for nutrient removal in 26 WWTPs.
The four scenarios were: Alternative 1: Phosphorus removal to permit limit; Alternative 2:
alternative 1 plus seasonal TKN or NH;-N removal to permit limit; Alternative 3: alternative 1
plus seasonal nitrogen removal to 10 mg/I total nitrogen; and Alternative 4: alternative 1 plus
year-round nitrogen removal to 10 mg/l total nitrogen. The nutrient effluent limits for the

preceding alternatives are average monthly limits.

Table 3.6 summarizes the total costs for all the 26 WWTPs for each alternative. The
"costs opinions" shown are "order-of-magnitude" which are expected to be accurate within +50
percent and -30 percent (CH2M HILL, 1989). Costs do not include license fees for proprietary
treatment processes. The study reported that these costs were approximately $11.9 and $11.3
million (in 1985 dollars) for alternatives 3 and 4 respectively.

Tables 3.7 and 3.8 summarize for each plant the retrofit "cost opinions” for alternative
3 and alternative 4 respectively. Based on the estimated year 2000 average daily flow of 522
mgd (76% of total design capacity), the VWCB estimated that annual average TN = 7.0 mg/I
would have to be achieved to comply with the Chesapeake Bay Agreement goals. This average
annual performance may be obtained with a 9.7 mg/l maximum monthly limit. Therefore,
alternatives 3 and 4 were set at TN = 10 mg/l maximum monthly limit. The year-round TN
= 10 mg/l is expected to meet an average annual performance effluent level of TN = 7 mg/l.

59




v

09

w7 mofrq snuoydioyd Buiaowas Lpras(y s v g

2.5 T1 30 MImwadg; ufsap e oDy

rpwacwarsrdoydsond [ranwsys 105 KNI papuaddn o mau JPTUNUOS 3
vk o7 = 93 wefoad ‘g0 = 98I Wy ‘Mo KOPQ fruue ampd nses deo pazreows = nEo) Py WavAnbg

‘w309 [Mde snjd 7509 PRPO [RIUN Jo Yypom uaEald s sBo) oL wapanby 'z
MEOY WIRO 10) SIXPE (HINO) Jvda puw 2suuINL

pesado Y pow ‘003 [eiideo o) FIXIpUl 160 UONIRNSLOY YN wivudardds Fun miwjop g1 0 PAITNIND UG AN {GE6] ‘APPT W JIVIIA PUT BN 3 dvnaigd Ay o0 Ulaveg ieunog) nsos puifun g

$59'LETS ESO'919°IS 99€'8SL'C1$ §T5'99v$ £45'98L'68 ¢ ddD % "nueg peg pinld | 879 y AdNASITYS
LL6'96$ £98'185$ 0EL'ESE'TS - TLT'EEYS £70'59Z'1¢ FI0Z dlqasey plxouy | 9 s » ADINAYOUH
Sig'ss1s SLS“IP5S T91°910's§ 0LL'TEDS SPL'TEE'PS SlqoIey pXouY | 0§ s AITID VOIANIS
£90'96% . 1ST'PRES PPE‘1LT'ECS 070'SETS oP3'1Z1'ZS PPN P SN vonwoyupeg | oy s MM NIy
£86°L1$ EVE'6SS 0zZ's05% S60'€1S T10L'€6ES Telalon | et s Imcd
9L6'SOES T56'1198 168°602's$ £TL'S6S YP5'PEE'DS "R peg pIngL N OEY | 0'T £ SMOTHVN INTH
99¢'861$ TEL'96LS S09'LLE'ES sPeUITIS YOr'STP'es ¢ 44O % ,qOnY | 0T HILYMAYOYS
67s'ses 90S'L9% LIL'VLSS EBL'¥TS SE3'89ES ¢ 4dD ¥ ORY | 671 ¢ VAV ¥
8€8'p91¢ 80L'967$ ¥P0*9Zs'lS L3I'P01S 6£0°6£9'18 ¢ YdD % dlqowy)orony | g1 LOMLLSId WoggTyd
) 0% os 0% 0% WS wennd | z°1 s ANNY §§3ONId
elp'rLes $6T'6hrS £01°578°¢S PLS'SLS PLL'IBL'ES Suyuensortiy | z'1 ALID THOWONC
601'TITS 601'ZII% Lrb'vSes 44 2144 005'95h$ WORY | 071 s ATHIASIRD
TLS'rs9s 6T6°067$ SSS'6LI'YS 1€2'0Ls 1p9'185°cS ¢ YdD P dqossypixouy | g'Q v INMOLVAdOS
Qv O1D (p3us)
(IhpBayg) | wso) pnmuy ¢ S10D [R10], $150Q o[
MOLLOVH 1oIpamby ws[eAmby W70 [enumy sis0) |mide) AZopuqod), s dLsm
R Ty ey

WOFY STAN Jo 178w T Jo

ISOYIVWS =], ‘(joI0sEIS) [/BW ('g= NI :S[A0]

T

Wegig ("NIS0D JoNay wAOWIY JINNN SIIMM POV S'g S[qul

A



T W 20) SaxapU) (ENO) Jvda) pos ssuTunulel

19

W o' moprq snaoydsoyd Suaowa Apwaniw et ey g

"Ca$TE Jo ummadwz wiwap 1opas woo

"pmouad snioydiogd [samrsys aoj sa)ie) papuaddn Jo aw anntucn ks
URL 07 w 31 123foid ‘0T = wwr WATRUL "RI02 PO [MUUE sn[d msos [midey paziuows = sison [nuuy Juapeainbg

oo nide: enjd 1100 RO pMuue Jo quom Wesald RS0 ol wapsainby o
‘uonwiedo v pev ‘msea pde 305 $IXIpUI W00 VONINNMIOI YNT wisudasdde Suisn

WEIOP 0661 01 pv[wane uasg eAvy (Gg6T ‘Appd w Jivnap puw QNI W Joseg davg op AR 33In0g) S0 pauiiug

EPL'SIT PSS Z81'595 1908 589'191°L18 180'790'5TES | ﬂmﬂ. B s[moL
198'¥E1S L8T'TLG 9T €8T'0£9'67L8 £66'L65'8$ 08Z'STO‘ESTS AMpvd WANG sososd-nmp | 0700z s dIATY MDVE
£L6°S68 wo'Let'ss " 889°C65°1L$ 6vL‘S€0° 1S 822'059°79% Py popvony | g7 ¢y OISIVLYd
£91°26¢ $8R'YOL'TS 050'6€5°€T$ $€9'9¢6°'18 88¢°150°L$ « ¥dO % s ‘Jmeq | 0°0¢ s AYMYIVOSId
0L6°91% £Sr's0Es L6¥'009°2$ 0$ L6Y'005°7$ wORY | 081 s INIXALY £1LLIT
6TL'S68 9E6°SED' 1S SE6'PTT'TIS 1L8'6LES £88°066'3$ wOnRY | 05t ¢ NVINOMYLLYIN
602663 LEI‘s85S £r1°000°s$ L86'18¢8 LLO'SSL1S O3[niS POIRARLY POYIPOW | 0751 ¢ ANV THSENND
ZANTH $S3'9EE°1S © 96€'18€°11$ 9€0'pE5$ £58'PER’S wORY | 051 £ ATTID X0O
9850818 093°698°1$ | 611°s88*ST$ “veporss U9'EsT IS 21qWIBY/NXeay | 0°0f s NN§ QOs
rL1°8SS TIT' LS 169'110'¢$ PEG'SSTS 180'2€8°1$ « ¥dD % OLY | I8 HOQIENYD
860901 EEL'SPO'ES 1¥0'066°52$ 6EL°1638 891°8E€°81$ (e3ns-5) ogduepreg | 5y ¢ AVANYVL
90ZT'9¥1$ YrYE20' LS TST'EIL'ss 98€€81$ 988°161*L$ ¢ dO ¥ Slqumsyyoxony | oL AONIIaTY

Ova) o k: )] (piw)
(24 p3uyg) ¢ 9500 {vnuoy 1 S150D o], 1500 M0[]
#0Liovy fuopeAtnby wieamby | wpo [emuoy 550D [wideg {3ojouyse . ndisoq dimm
- W] SEAAN 0 /30 0°Z J0 19V =] “(jeuossas) [/3m g gmiy]

FIRAYTITINWT SI50D WY [RAOWIY IIMINN SILMM PRIKIBIN  §°C JIQEL




"Weak 07 = 9 123foad ‘) = 2183 AW

“nRo3 RO TWWUR 5n[d neos (s PITINEN = 1507 [INUUY Ua]eAlnbg

*¥i502 [niden snjd SHO3 PRPC [IMULY Jo uom JUakaid = w0y [wo] walwaleby T

(6361 "ITH WTHD) waaad pg- 01 wasssd ¢+ Ultfim 3jEsnase 3 0}

paedxe monndo NE0d = M0 "FIS0Y PO I9F sApul (INO) Avdss puw ssunauinu ‘uonuwade yagq put ‘nzod (mides Jo)
3X3POI UNIraEu0d UNT eiwidaadda Suien KNP 0661 1 PAREIES Ba3q vy (G361 *[IIH INZHD eumes) wwa) iy |

_ . t:3oyyma oy /3 O]
L9E'L19"9LIS SOT'€p9°£0S°18 £81°3v7'9L8 EVP'66Y ¥S8S 0} [vaomas uefonmm punci-JEed + | ANFLN[Y P
seEonm wmoy ;3w g
9E9'ELL 6EIS SSL'IL6'68I1S 1L8°E69'¥9% 99€'961 ‘6£9% 0] [BACWII WF0NIU [RU0SES + | SARVWNIY
yrp] yromsad
£96'S60°985 ¥IP'E86°'ZELS 6L5'65T'SSS 61S°LTS TITS 0} [ACMAN N-*HN 40 NDLL [FUCSWIS + [ SAnwRINY 7
L1.'988°98} 9IY'LEQ'FIES 61¥'098'pES EE6'0ST LIS yay ywed o) eaomas snioqdsoqq -
Ova Qi
¢ 1500 Uy 1 S0 PR §150)
oA wsEAmnby W¥O [smoy 51500 ends)

SARBWNR[Y

S50 1YONPY [RAQWSY TUIINN SELMM, SIUIEIA 9°€ O8]




“(INH WZHD) wanad ¢~ 0] was39d gg4 UM eeinast 9q 0}

"UOHPPY [EINMIY INOYWA UFUS (17 = JI T9RL URI N
‘305 IPQ Ul PIPN]IUE A03 [vacwar ruoydeoyd Jwauny (13} 1o yFug gm L) suoydeoyd Jutaowrsa Apeni oy weg
runanipy HO PUT JusUnESn SUK-mO| PLA

“waunenipy g4 pue s ddne ifvs (mswr ‘jraciuas saueydroyd vaiddjerq qum
“waunenfpe Hd pus uorippe v [wiew Wi

"sonull) Wem|jje pus ‘vonwuoqiwa oTne-om) Husumeay ul-ydy T
‘wawmnipy {3 pus ‘vonwn)y wan(l? ‘UORIpER 1[vt [N wod-Rmu thim
vl 07 = 7 pefad 'g o1 = s1e waleguT "nred RO [YnUuY snjd visos (Mides PATIIOWY = NI0D [NUUY JUsjeainbg

*pa-snioydsoyd st g g

- o own B oeg O

‘a0 (nideaend s WO auur Jo o WERkd » N0 [MOL JuajsAInbg 7

poisdis suorndo oo = KIS0 'RISOD PP 30 FeXIpUl

aiwdal puv oonwuruinn ‘uohessdo w4 puw ‘ma0> Jides Jo; saxapul uonI0? YN sieuidosddr Suin wefjo 01 pv|eoss uzaq AWy (4] *JIH WZHD :333005) swes pruidup -
161'9028 LOE'6E9°VS 660'L6b'5€$ ¥ST'E8T'1S ZIp'850°0Z8 § SIUOZ DIX0UY OM] "NIBI/ NN | §°TT DUNESWVITIIM ASHH
9L1'08% - $TS'ENY'1S TIL'ISOETS 8pL°SLSS ESY'ESL'SS s SIUOZ OMOUY OM], ‘RIS AN | ©°0T AIANE STNVIISYH
£59'TITS oPLLI8'ES vﬁ.sn.a p6T'T9€'1$ EBL'686'0L8 ¢ M ARG @ Mid PBL AN | 0°8] gsvd AWNV-QSYH
937'%$ 162°T6T°18 898°916°01$ OVE'PLSS L81'L20'9% o SIVOZ VY oML AW/ N | 0°ST O¥NgsIgLad
L6T'9T1S Tov'y58'1$ 0T9'8TI'918 L1£'896$ -06L'¥88'LS s S9BOZ ONOTY O], "INUSQ/ NN | 0°ST YIATY MYOA-QSHH
$96'198 | ¥89'6iss SIL'SLT'SS 010'997¢ £20°'110°€$ y FRUOZ OIXOOY OM], ‘RIUSC/'HIN | 0°0! RITID ONTTVS
oLI'ess 31 MYA LS SIL'179'es 6E6'88ES LSP'OIES § $OUOZ ONOUY OML B/ NN | 0'8 s NNY STTVd 31LIT
9Ls'gees $SY°100°7$ EPS'6E0'LIS ¥E6'T59$ LPL'OBY 1S y IUOZ SHOUY OML "R/ N | 0°9 XVYNOJYSSY W
$60°97$ 1LS'SLY'1S ¥88'0L5'T1$ 65L°679% 168'602'L$ y FOUCZ O10TY OM], WA WIN | 09 D4
[439 44X 11E°L9¥°18 80'T6r'TIS S66'vSH'1S 958'vOI$ ¢ S9UOZ JNOUY OM], BB IIN | 09 s VINOV
£29'PH18 908°059$ SLY'OYS'SS SLI'0TYS 189'¢96'1§ ¢ SOUOZ 2NOUY oML WO/ 3UN | §' DANESHONIQTUL
0L9°€ST$ 010°19L$ 016'8Lp'9S £p8°EPTY 1$6'T0V p$ s Mg NIWQ @ I HOUL NN | 08 SILLSNE 1¥Od |
T68'9178 ¥99'€EYS LT0'T69'ES $98'9¥T$ TTE065'13 ¢ JoRw pog pinjd Suigimeg | 0T - » OOLLNVND
Ova) (k) _e»sv
(3h/p3uyg) | -, sws0) prrmay ¢ 180D WIoL §150D L B
MOldOVE | Jm[wamby JuseATaby W®0 [muuy sise) [wide) {3ojouya ], udisaq | dlmm
S—— I - NI GRS T——
(s3] Jo B 0°7) WWI IMWIG =g L ‘(PU0SKRY) /BB O =NL S[FAFT] JUINYIT I CANNLIHY SIS0 IHONIY [FACDIY IWIUMN SILMM YIBNIA L€ QIqeL

o =]




E Fedaz puv suwanniva ‘vonwado vd3

U 6503 [nidea o) §3X3put UGEIAIIN0S YN e

¥

itdardde Suisn sawjjop

"painul-sndoudioyd 35 weg g1

*UOMPPY |RINUIY INOTREM /3 o 7 = JT J90as UBY JUT)Y ¢
N0 WO S PIPAIUT msed [waowa sroydsoyd waunyy -(ees 30 gl pmdL) stsotdsoyd Juiaowsss Lpwaaje 51 ey
‘aunsalpe Hd pus wounean suil-mof P, -

wounsnfpy Hd puw weweddng 1[vs et *[saowal saioydioyd (eatfo[olq Wit
“wsndpy Hd pus uonipps 1jF (MR iy

"UOERLIY WEDLI9 puY fuonwuoqmol sENS-Om] Jusunean ouy-y¥iy quay
WALE(pY HA pu 'HOHENIY WANL? ‘UOIIPRE I¥E [W19W SUOd-THRIE Wi,
WL 07 = 91 193(03d ‘0T e 918 P "NE0d PO [wowue snjd 61503 ides paTRIOWY NS0 YNULY JufwAInbg

L S

*fwos [(Midw snjd sos PO JENUUE Jo iom wrtad m a5 (Mo wapeanby
“UIH WTAD) wweaed of- o1 waased Of+ UIIA FIER228 ¥q 0F papadxe RIS 1502 = KFOD RO WO 10} SIXIPUL

0) PAWITNT UQ IAWY

9E9ELL'6ETS SSL'1L6681'TS 1L8°€69'p98 99€'961'6€9%

62'9728 8ZS'€6Z'91$ 066°STL'SETS 106°L11°6$ 651'060°19$ ¢ SOUOZ DIXOUY OAL "N/ RN | 0°TL » OYINOLOd ¥amol
98'69$ 89Y°068°$ HIE'SES TIPS L6683 ¥SO'98L'0FS 5 SOUOZ OIXOUY Om] WIS/ NN | D'OL « AONOWHCI
86'8L7$ POZ'S90°S1$ US'8ST'8TIS €00'696'ZIS ‘| Lyl'ob8'LIS s SSTOZ OIXOUY OML ‘AT NN | 0'ps s VSON
¥0'062$ T1LE'TI9'STS WS'TVE'EETS 1928p0'L$ 69L'9EE'ELS ¢ SOUOZ SXOWY oML "SI/ AIN | 04§ s+ VIEANYXITY
§5'60eS |- S99°LLY'5IS 160'0LL TEIS T0L'1¥8°98 8E8'TUS'ELS M R R W WUL CRIN | 00§ o T1AMIJOH
WIS L00'v09°6$ ZE'YIL 18S 6.0'L59°T$ 611'EP165$ ¢ WA CNRA R L CReUL AN | oSt OONINIH
6€'8P1S LZL'5E6'5$ 61'¥ES 0SS 116°L€T'TS 165 184168 » S9UOZ x0TV OmL "HUSQ/ BIN | 070p . dIA-QSIH
181428 LYS'TLI'6S SPR'LYE'TRS pSL6SPSS 6€1'0L8°5ES ¢ SSBOZ JIXOUY om ], U/ NN | pov + NOLONITIV
79'7918 $L9'$E6°r$ TL'sro'zrs 637'929°18 702'007°87$ ¢ SIWOZ DIXOUY om] N/ BIN | pog QNOWASNVN-asiH
92'L88 961'95€°7$ 79'650°02$ SS1'6L0°18 691'7L8°01$ y SPUOZ DIXOUY OMY, "NIURQ/ NN | D'LT NITUD SUOLOOHd |
Ir'o9es 855°010"6$ 06°11L'9L$ 4 TA 4 $8p'S91°85s s ‘W "Heq R WY WPUL AN | 0°ST YOTEVH LVOd-AaSIH
5L'Y9TS 8¥Y¥SE'9S %66'860'pS$ TIL'ESLS 085'965°Ly$ § SIUOZ JIXOUY oML "NIUS/ N | 04T “ZIT3/'SIRD-ASIH
L8'ris 666'8TY'cS 00'€61°62$ 95T'855°T$ 097'864'LS ¢ SOUOZ DTXOUY OML "WIGQ/ BIN | 0'vT + ANOOW "1'H

v ©L2) (p3u)
2 p3mys)- | 51507 pmuy ¢ $150D WO $1500) mo[q
\WII/OvY m3pearnby Jos[EAInby W%0 [enuuy 5150 j\Ide) A3ojooga], udrse dlmm
—— —

(392130 /3@ '7) wwey :E_vn_.lm.h ‘(Puoseag) /8m Q| =N :${2AF] Juany)T i FAREQISIY (' E0D) JHOIY [FAOWSY WRALINN SJLAMAMN YUdnA  £°f SIQeL




souwuTTnE 'oopwmedo y4g pur 'nsos mydes ao)

§9

‘uomppY (RanUSL Wmoqia PR 7 = J1 1990 UNd Junpy
RO AP0 U pIpAIsul 103 racss sruogdeoqd wannd C(Rwitg o yRwg ) g=gq1) troydroyd Iuwacwax Lpeaie of sl
wamsnipr Hd pue waunwan sujl-mo] L

wRmsnprHd pur “‘wanspddos yjes pepus 'eacurar ssoydsoyd waliojolq vy
“weansnipe HE pus Uonippe I WAW im

"eotEn(l) 1BINJe puv ‘voRvUOGIN 9TmE-OM ‘weunean sui-gliy iy
-yosureafps Hd puy *ucnwn|p UGS WONIPPY TS [NOW WIC-NIAW iy

“pantj-eraoydsogd st g -y

o

"MW v O

VA 07 = R 1 fedd T 0T w S WUl R0 WD [YUUT in[d nmod prides pITRICWN = N0 JeiITy Walwainbg
oz INI0R snjd N0 PO [YROUN jo o wald = N0 [N0] JuasAInbg 7
U WTHD) wrasd gf- o waaad g5+ VIRIA 0JRING0E 84 OF Po123dis vUonido 1603 = SHOD "EEO: WIRQ 30] raxaput (HINO) Jtvda) pun
TAIPUN voTIIIUOY YNT Hivwdosddy Bulan KN[Iop OST O pRs(Eer Uasq FaWY ((RST ‘ITUH WIILD #mnog) swos ruifug

e S .
£09' 1628 TSReKL'SS ¥EY 989°VPS 9ST'PSL'1S 09b*1SL°62$ ¢ M WSaQ @ Wi PUL NN | 081 ISV AWAV-CSYH
€98'v21S E'TL‘1S 1IP'SP6'SIS £90'L90'1$ $68°098°9$ ¢ $9U0Z JNAOVY O] "W/ SUN | 0°ST odngsyilad
Ls'sr1s ISUEET'es ¥10'71061$ L08'006$ S66°TPE 118 s 9UOZ OMXOTY O], "NIWRQ/ SN | O°ST HEAN MYOA-CS¥H
98L'8L3 LSB'L8LS PLv LOL'9S T67°€0€S 03E°STI'YS y SOUOZ SNOTY OML WG/ N | 001 ATTYD ONITTVL
161'sss | Lzs'ims 696'85L €S 190°S0¥$ L5VO1ES § S9UO0Z OIX0TY om], ‘A, BN | 08 » N STV 37LL1T
6LO'6T¥S PLY'PLS'TS I1S6'L16'12$ 960°699% 106° 122918 » 9007, OFXOTY CML WA/ BN | 09 XVNOdVISYI
¥Z1'sSES EPL'OE1 TS 91T'0r1 ‘8IS 6¥6'¥598 £9T'¥95'T1S s SSUOZ SIXOTY OM] “BUSCQ/ RN [ 0'9 ONd
LeT'tzes 18L'ces' 1 ¥OE'EIr 9IS Sm..o%.: eE'VILES ¢ SFUOZ JIX0TY OML, "HIWRT/ N | 09 : ViV
16L'0L1S 195'89.% GRI‘EPS'S TI1E'8EvS 165°118'ZS ¢ UOZ JXOIY Om] "R/ NIN | $°F OANESHOIHATIA 4
SOT'TVES 919'920'1$ LST'OFL'8S LLT'10£8 61Z'sL1'98 g "W NMORq @ W WML RN | 0 SLLSNT LYOd
000°6€TS | 666°LLrS 9LV 690°FS 102'162$ w0658 ¢ 010wy pog pmid IMAmmeg | 02 s ODLLNYND

v  Qu (pBm)
(34p3ryg) | . sas0) poTwy ¢ S150D W0L 81500 Mol
MOLY/OYH s | JusreAinby W%O [y §150) [mideD AZojouyoe], udiseq dimm

— — -

(/8w 0'z-01°0) ywr ymusgmd L ‘(| 981oaw K[qU0wm) FW oI =N °

SPATT USRI i SALBLIY

[V "800 1YONIY [MACEIY JSIINN SILMM VU8 8°¢ SIFL




o9

TUOLIPPS [Wanwayd Moia W 0T = g1 19w uwd g
"FROD RO UE prpnjott ased [racwiy snsoydiogd 0aan) (/WG 0 hwg T gwdD) suoydsoyd Suaowas Lpwane st g
“wawknipe HJ puv jwsunean swi-mo] M

‘reaunsnfpe ;i pur Jusweddng je msw ‘jsaowas woydsoyd |e2So)o1q g
“weunmips Ha puy bomppy 1 (VW MLy,

"vonLng WINYLY pun ‘vonvuoqivsul $3ms-om usunean Fa-ylity g
“uansnb Hd poy ‘uonkny Wanis 'UOIPRE v s wrod-npve qIng, -

panwi-sracydaoyd st g ot

L - -

‘6ivad o7 = 9y 10efoud *x0f w o1 saloy *RE0 POYD) Tentuy snjd nsod (nides przTUouNe w 100 [YRUTY wRAInbg

"UNH NZHD) waied gE- 01 1903ad 05+ U[Gim sImn0w
OTUAAIND ‘CORRIFIO YT DUV ‘0o [wides 1o

"nso3 (nides sid K503 JPE U Jo Quoa evard = rweD (WoL waeainby ‘g
39 0} pardadxe wopdo wos = MG "NSOI WIFO 10} 4INIPN] (N0} 3vdaa pun
t2xepul VONANAIUOY WNT sasdasddr Buen mejjop Q56T O _PINwoer U23q eavy (5361 'IH THD #3inog) nsos ruifug -|

— L — - —— — . .
WELLS erI's8T'UIS IFE°06S 0TS SI8'089'cS los'esz'els ¢ VN RSO 7 M Youl N | o'sy ODRINEH
'ores 857°808's$ 999°686'vL$ YI6'96Z'cs 181'126'9¢$ s IOZ IOTY OM], Juoq/ N | o'op dIA-QStH
: ¢ (STWRIOD Toqse) U0 “Hma)
11°668 016°996°11% 870'188'101$ $20°079'9$ Ov0'1Z5'shS SSU0Z ORXQUY oML ‘HWQ/ N | 0°0p + NOLONITYY
'$°80T8 | 65T'95T'9% £20'€9Z €58 869'T18°1$ EPS'DEB LES 5 FUOZ J[XOUY OM, "HIRQ/ 3N | 0°0¢ ANOWISNYN-AStH
W'EITS £19°¢50°cS £1'L66°ST8 - PRL'PET'S SO6'ELE'YIS g SOUOZ SIXOUY OML "N/ IUN | 0°LZ ATTAD SAOLDOYd
9'LLYS IS6‘0v6 118 6°0'099'101$ £10'915'2S S18°5EZ'088 s M AR % WL ML AN | oSz JOTIVH Lvod-astH
S$'TSES 95L I9¥'88 639'6£0°7LS 960'6E68 Y9 rH0'r9s ¢ SOWOZ AXOUY O] "HIRIQ/BIN | 0'pT "ZI'3/°SARD-ASTH
€'T918 $85°S68'ES SIE'SOT'EES STE‘LSS'TS LOE'EGE'TIS ¢ SU0Z 2UX00Y OMY INRRQ/ NN | 0bT » AANOOW T H
6T 06¥'090°sS $08°780'€PS LEF'POL'TS T1P'350'028 g $OUDZ OIXOUY oM “HIUSQ/ NN | §'TZ OUNASWVITIIM-ASEH
'S | S9s°00£°Ts 90'985°61$ PrI0ZLS 657'ISHETS 5 SOUOZ dIXoWy oML, IS/ NN | ¢'0Z WIAN STNVI-QSUH
Ova 1D (pSus) ]

Ap3myg) | sis0) puny p SI0D oL 51500 Moy

oLI/OVH juseamby jusrearnby W0 enouy s150D [ede)y £8ojougaaj, udisag dLaM

L - ——— " ——— ﬂgﬂﬁ

(/3@ 9°Z-01°0) WY JWag =g, ‘(i) o3wonw A[uom) 8w O =N s[oAv] NUIF p FANNIIANTY  (°S1S0D) HO3RY [BAOWIY ICILINN SILMM VITIENA g°¢ Siqe)
N ST TR, LSS — - - - - —— it




WELO7 = 0] 19fadd fyg g w W adEy -

L9

UOLIPPY {RARUIAN]S oI I/TUE (7 - g [ VIRt ues JuRg

02 WO W pAPa1aul Msca Jeacwas suogdsoyd waind (/8w g 10 pRwgl ged) saioydeoyd Butaowsaa Aprasie st ueyg -

wsunsolps 1d puw weunwad) wip-mo] Yy, -

waunsnfjs Hd puw Ynewsiddns 1w [nsw ‘traouras suoydsoyd [easojorq YLy

"waunsalpy 11d puw uonippw yw [visw ua -

“OeHER]Y Wanl pus VoRwuousoal afns-om ‘s eaiyuly g

“woun{ps 1d pur ‘vonmy wingya ‘venippy Jjes rsw wiod-njnu iy
R0 RO [(wusun anjd reoa [mpdve pazpowe = o) oY WweprAnkg

'piRvL[-svdoyceoyd Bt Tung

;oW WO - om Dy

*FHOD [MICed N[ RAGd WIPD |SRULS Jo QoM Waaid w f1seD) [MOL JUSeanbg 'z
"(1H WTHD) wanad gg- o) waased g5+ Uit 91430208 29 01 pASK2 FUORIIG0 WOD w FMOD "NS0I RO 10} xapuy (YHD) Jwdas pus

sAwunmNE ‘Toiuado yag par ‘twos (nidey 30} ax3pu) UolIndrues YNT asudasdde Juirn nxgop 0661 ©1 PRIRINNN D33 3AvY (£§5] 'TIH WIHD 9uneg) nsos (vwnlug |
!ﬂ]ﬂﬂ'ﬂﬂ““ e
L9e'L19'9L1s SOT'Er9'€0S 13 £81°8¥T'9LS Lr¥ 66V pSES 0'169
008°8EZS | Lis'c6l LIS S19°8L£°0p1S §67°961°68 699'€£80'894 ¢ SOUDZ SITY oM WU HIN | 0°TL 1 DYAOLOJ 4Im01
¥80'e6$ 206'515°98 8¥S'ELY'SSS §LE'Z81S 098°026'¢53 » FFUOZ OIXAY Om, "AMSQ/3UN [ 070L « ANOWHOIY
SRLSETS 8LE'TLE'STS ¥S8°186'SELS 965 LYO'EIS 01£'006'T$ y SIUOZ OiXoy am ], "IURQ/ NN | O'bS ¢ YSON
YIT'LTYS TLO'0LO'ETS 8T5'30v'961$ TPI'P69'LS 156'€06°0€1$ ¢ SUCZ OIXOUY oM, "I/ SIIN | O'bS s VIIANYXTTY
88L'004$ PO¥6EE'0ZS TI8091'cL1S 6EV'E0L TS $E8°TTS ELS M CIMERT % NI NPUL CMIN | 0'0s ot 11IMIJOH
Ova) o1 (p8uwr) |
(34p8myg) | ;s0p eawmy |, s;s0p wol 1500 MO
#O[LOYY oAby juapeAnby WZ0 [suuy 550 [wide) Liojouyos], . uisa(] dIMm

(/30 0°7°01°0) Wwr] wuuag =gt ‘Gt ofesoaw Apquom) /W o] = N1

Ty,

SRAT] RO 1y FANTWRY "D JJONTY AORINY WaINN LM SIBiA g o[v]

e




3.34 Summary

Despite possible operational problems for BNR technologies, particularly when both
nitrogen and phosphorus are biologically removed, BNR offers the potential advantage of low
operation and maintenance (O&M) costs. Due to the limited data on the performance of a full
scale retrofit in the Chesapeake Bay basin, there is still much uncertainty over the precise

nutrient effluent levels that a particular BNR retrofit can achieve. Nutrient removal performance
Of @ BNK retrofit is likely to come trom pilot or full scale demonstration studies for each plant

or after the retrofit is completed and nutrient effluent levels have been determined from annual
operation data at each site. Also, most cost estimates reported are likely to change as the
selection of alternatives is narrowed and the preliminary retrofit designs are refined. Also, it
is important to point out that the required effluent levels for each plant or group of plants in a
tributary will likely be determined according to receiving water quality.

Equivalent annual costs per mgd retrofitted (EAC/Flow) also are shown in the tables for
all WWTPs. These ratios give a rough idea of the relative cost differences between the different
WWTPs and studies summarized. However, it is important to point out that comparisons of
costs between these studies should be done with caution. Retrofit design approaches as well as
proposed effluent levels are different. Fach retrofit is unique with cost estimates strongly
dependent on each site's characteristics. Retrofit design assumptions and expected effluent levels
are likely to be different for each WWTP. Nevertheless, the costs for the proposed effluent
levels reported by these studies give an insight into the expected costs and effectiveness of
retrofitting WWTPs for nutrient removal in the Chesapeake Bay basin.

3.4 Planning Level Retrofit Cost Estimates

Flanning level cost curves were derived trom the Hazen and Sawyer Engineers and J, M.
Smith and Associates (1988) report which provides Biological Nutrient Removal (BNR) planning
level retrofit cost estimates for four types of secondary treatment plants: extended aeration,
activated sludge, activated sludge with nitrification and fixed film (trickling filter or rotating
biological contactors). Retrofit WWTP plant diagrams for these secondary plants are shown in
Appendix H. Hazen and Sawyer Engineers and J.M. Smith and Associates provided retrofit
costs for five plant design flow sizes: 0.5, 1.0, 5.0, 10.0 and 30 mgd. The costs were provided
for two long-term average nutrient effluent levels:
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High Level Nutrient Discharge (HLND) : TP = 2.0 mg/l and TN = 8.0 mg/l (scasonal)
Low Level Nutrient Discharge (LLND) : TP = 0.5 mg/l and TN = 3.0 mg/1 (seasonal)
3.4.1 Retrofit Assumptions

Detailed assumptions on the cost and retrofit process selection are described in the Hazen
and Sawyer Engineers and J. M. Smith and Associates (1988) report. For the HLND target the
A*O™ BNR process (Figure 3.1) was used as the retrofit alternative. This process was judged
capable of meeting the TN effluent level with supplemental alum feed to meet the TP effluent
level. For the LLND target, the Bardenpho BNR process (Figure 3.1) with two separate stages
of denitrification was used to meet the TN effluent level. The LLND target level for TP was
judged to be achieved with alum addition facilities and effluent filtration. Addition of alum
facilities at all plants will meet both TP effluent levels on an average long term basis.

3.4.2 Retrofit Cost Modifications

The Hazen and Sawyer Engineers and J. M. Smith and Assoc. (1988) report provided
cost curves for the two effluent levels for warm weather plant operation (design temp = 20°C;
seasonal TN removal). Also, the retrofit cost curves are based on chemical cost with an influent
level of TP = 9.0 mg/l, which only applies to states that have not implemented a phosphate
detergent ban (Delaware, New York, and West Virginia). However, the report provided
information on chemical costs for influent levels of 6.5 mg/l, which approximate the total
phosphorus influent level of WWTPs in states with phosphate bans. Information on ¢scalating
the capital cost for a design temperature of 10°C (i.€. year-round removal) also was provided.
No incremental cost ratios were given for Q&M costs. However, most of the incremental costs
for the 10°C design are due to the increase in wastewater retention times (i.e. tank size). ‘Ihe
only O&M costs that may increase are the power costs (personal communication with J. M.
Smith and Associates). This further adjustment may have slight effects in the overall O&M
costs and therefore no attempt is made here to modify these costs.

In this report, cost curves are updated and modified for the two sets of effluent levels
for both seasonal and year-round TN removal and for application of these costs in states with
and without phosphate bans. Today, all Chesapeake Bay signatories have a phosphate ban in
place, and therefore, cost equations for non-phosphate ban areas may be applied only for those
WWTPs in Delaware, New York and West Virginia. Then, four sets of equations are presented

for the two sets of effiuent levels:
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* Seasonal TN removal with phosphorus removal costs in phosphate ban areas;

* Scasonal TN removal with phosphorus removal costs in non-phosphate ban areas;

¢ Year-round TN removal with phosphorus removal costs in phosphate bén areas; and
* Year-round TN removal with phosphorus removal costs in non-phosphate ban areas,

In order to update the original cost curves to obtain these four sets, the following steps
were followed:

1} Original cost estimates were updated to 1990 dollars. Appropriate ENR indexes
were used to escalate construction costs. EPA operation, maintenance, and repair (OMR)
indexes were used to escalate O&M and labor costs. Different indexes for labor, chemical,
power, and maintenance were used to reflect adequate changes of these parameters. Land prices
were adjusted using the consumer price index. After the first quarter of 1990, OMR indexes
were not produced by EPA due to fiscal constraints.

2) The chemical costs for phosphate ban areas are modified based on a total phosphorus
(TP) influent level of 6.5 mg/l, which are also provided in the Hazen and Sawyer Engineers and
J. M. Smith and Associates (1988) report. This influent level contrasts with the chemical costs
given hy the original cost curves that were developed based on an influent level of TP =~ 9.0
mg/l. The 6.5 mg/l influent level better reflects the implementation of the phosphate ban
although some states may have influent levels that are slightly below this level.

3) The Hazen and Sawyer Engineers and J. M. Smith and Associates (1988) report
provided factors used to adjust the capital costs for a design temperature of 10°C (i.e. year-round
TN removal). o

4) To ease the planning level cost estimation, equations were developed from the
estimated costs 1or each type of retrofit and design flow. The equations were obtained using

nonlinear regression for two discharge ranges: 0.5 to 5.0 mgd and 5.0 to 30 mgd. Appendix
1 shows the coefficients and exponents of these equations for the four sets specified above.

These coefficients and exponents are given for two sets of equations for capital and O&M costs
expressed as:
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Capital=a(Flow)®

O&M=c(Flow)*

where:

Capital = Capital costs,

O&M = Operation and maintenance costs,

Flow = Design flow in'million gallons per day {mgd), and
a,b,c,d = Regression coefficients and exponents

The cost equations applicable to phosphalctban areas are plotted for the two effluent
levels (Figures 3.6 and 3.7). For the two effluent levels, these figurcs show that the unit cost
significantly increases as the plant design flow decreases below 5 mgd. Within each retrofit
type, the unit costs do not vary much for design flows greater than 5 mgd. Also for the two
cffluent levels, the retrofit costs are highest for fixed film plants (trickling filters, rotating
biological contactors) followed by activated sludge, activated siudge with nitrification and

extended acration processes.

It is also important to point out that royalty fees are not included in these equations.
These costs should be evaluated on a case by case basis because they are subject to negotiations.
The Hazen and Sawyer Engineers and J. M. Smith & Associates report gives the following

information on license fees:

- Air products royalty fee for the A?O process: Fee = $1,000/1b day of phosphorus
removed.

- Royalty fee for the Bardenpho process: Fee = $60,000 x Q%"
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Figure 3.6 Planning Level BNR Retrofit Unit Cost Curves
High Level Nutrient Discharge
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Figure 3.7 Planning Level BNR Retrofit Unit Cost Curves

Low Level Nutrient Discharge
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3.4.3 Application of Planning Level Retrofit Cost Equations

Planning level cost estimates were applied to the municipal WWTPs in thé Chesapeake
Bay basin listed in Appendix G. The cost equations were applied only for those plants that are
not removing nitrogen and phosphorus to the specified effluent levels (HLND : TN = 8.0 mg/l,
and TP = 2.0 mg/l and for LLND : TN = 3.0 mg/l and TP = 2.0 mg/1) with design flows
between 0.5 and 30 mgd. The cost equations for phosphate ban areas were used for WWTPs
in Maryland, Pennsylvania, and Virginia. These planning level cost estimates should be used
with caution. Again, actual retrofit costs may vary from the planning level ones as WWTPs
deviate from the general plant configurations shown in the diagrams of Appendix H. Cost
equations were developed for these plant configurations with the assumptions described in detail
in the Hazen and Sawyer Engineers and J. M. Smith & Associates (1988) report. Also, it is
very likely that some of these plants may not be able to be retrofitted to BNR due to specific site
constraints or plant type configurations. Therefore, the cost estimates from the planning leve]
equations should be used only'as an initial rough estimate. In this report, these estimates are
used for relative cost comparisons between basins, effluent levels (low and high), and seasonal
versus year-round nutrient removal.

Figures 3.8 and 3.9 show the EAC/mgd ratio by basin for retrofitting exisling WWTPs
for the two effluent levels for both year-round removal and seasonal removal. For the year-
round retrofit cost (Figure 3.8) and the high level nutrient discharge (HLND), the average
annual cost per mgd was about $150,000; for the low level nutrient discharge (LLND) the
average annual cost was about $450,000. For seasonal nitrogen removal, retrofit costs averaged
about $95,000 per mgd for the HLND and about $235,000 per mgd for the LLND.

3.4.4 Comparison of Planning Level Cost Estimates Using Cost Equations
with States’ Cost Studies

It is very difficult, if not impossible, to perform accurate comparisons between the costs
derived from the planning level cost equations and those from the states’ retrofit studies. The
main reason for this difficulty is that assumptions, effluent levels, site constraints, and sometimes
selection of technologies are different. However, the comparison is made here just to have an
idea of the how the planning level retrofit cost estimates from the Hazen and Sawyer Engineers
and J. M. Smith and Associates report differ from the states® studies. Figure 3.10 shows the
relative unit cost (EAC/mgd) difference for selected WWTPs from the states’ retrofit studies.
The WWTPs selected from the Maryland (9 plants) and Virginia (11 plants) retrofit studies are
those BNR retrofits that meet the TP = 2.0 mg/l, and the TN = 8.0 mg/l long term average
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Figure 3.8
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Figure 3.9

Planning Level Retrofit Costs:

Seasonal Nitrogen Removal
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fimit for Maryland, and TN = 10 mg/l seasonal monthly limit (Altemative 3, CH2M-HILL
study). The TN = 10 mg/l monthly effluent limitation is expected to result in a seasonal
average of TN = 7.0 mg/l. Therefore, the selected plants’ effluent levels dre somewhat
comparable to the planning level cost curves for the high level nutrient discharge (HLND:
TN=8.0 mg/l, TP = 2.0 mg/l) with seasonal nitrogen removal.

Figure 3.10 shows that in general the planning level cost estimates are lower than the
cost estimates from the states’ retrofit studies with an overall average relative difference of

-53%.
3.5  Cost and Effectiveness of Existing Nutrient Removal WWTPs

This section summarizes the cost and effectiveness of some of the recently completed
WWTP retrofits with nutrient removal. Although only a few plants are reported, the costs and
effluent performance levels provide valuable information for comparisons with existing retrofit
cost estimates derived from site specific studies or planning level estimates.

3.5.1 Bowie WWTP (VI2-BNK)

The Bowie plant is located on the Patuxent river. This plant was initially designed as an
oxidation ditch. The plant has been retrofitted to biologically remove nitrogen and phosphorus.
Anaerobic, anoxic and aerobic zones were created in the oxidation ditches for operation in the
VT2 mode (adaptation of the UCT process). In this mode of operation, the oxidation ditches
are operated in series with the return activated sludge (RAS) recycled to the head of the first

anoxic tank,

Initially, ferrous sulfate and polymer were added for phosphorus removal and caustic soda

was added to supplement the influent alkalinity. Chemical phosphorus removal was discontinued
after the retrofits, and since then, average effluent levels for total phosphorus have been

reported to be around 0,6 mg/l. Also, phosphorus effluent levels are expected to reach 0.3 mg/l
(Sen, et al., 1990). These phosphorus levels are achieved without effluent filtration, which

could further reduce them by 80%. -

 According to Sen et al., 1990, the volume in the oxidation ditches is adequate to comply
with the effiuent permit limitations of TN = 6.0 mg/l and TP = 1.0 mg/l. Total nitrogen annual

77



Figure 3.10
BNR Retrofit Cost Estimates Difference
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effluent levels at the Bowie plant have fluctuated between 5 and 7 mg/l between 1990 and 1992,
and the total phosphorus effluent level averaged about TP = 0.7 mg/l.

The total cost of the Bowie retrofit was around $400,000 for a 2.5 mgd design flow.
Although the facility was rated at 3.0 mgd, Sen et al. (1990) pointed out that the available ajr
supply clarifier and solids handling would need to be upgraded for flows over 2.5 megd,
Increases in O&M costs by $13,000 annually were given in the Beavin Co., Camp Dresser &
McKee,and Metcalf & Eddy report (1988). However, Sen et al. (1990) reported potential net
savings of $57,000 per year by implementing the BNR retrofit. Assuming no increase at all in
the O&M costs, an equivalent annual cost per mgd of approximately $19,000 is obtained. This
unit cost is significantly lower than other unit costs reported in the cost tables from the states’

studics.

3.5.2, Patuxent WWTP (BNR)

The Patuxent plant was built to replace an existing plant. It is an oxidation ditch where
nitrogen is biclogically removed and chemical addition is used for phosphorus removal. The
design flow of the plant is 6.0 mgd and currently the plant is operating at an annual average flow
of 3.6 mgd. The cost of building this facility was $24 million, and current O&M costs are
around $2 million, where $0.6 million of these costs are sludge handhng and $29,000 are

chemical addition costs.

The Patuxent plant is operating very well. The permit limit for total nitrogen is 10 mg/l
seasonally and for total phosphorus 1.0 mg/l. Annual average performance for total nitrogen

ig arornd R mg/l with performance levels as low as 5.0 mg/l during the warmer season. The

plant also has been averaging an annual total phosphorus effluent level of 0.5 mg/l.

3.5.3. Western Branch WWTP (Denitrification Filters)

The Western Branch has been retrofitted to remove nitrogen using denitrification filters.
Current phosphorus removal at this plant will continue in order to comply with an effluent level
of TP = 1.0 mg/l. The retrofit with denitrification filters is expected to comply with a seasonal
(April to October) effluent level of TN = 3.0 mg/l. For other months, total nitrogen effluent
levels are expected to be between 13 mg/l and 15 mg/l. _
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Nitrogen removal retrofit costs for this.facility were $19.5 million in capital costs, and
$1.05 million in O&M costs. Therefore, an EAC/mgd ratio of $111,348 is obtained. With the
30 mgd design flow capacity, an effluent level of TN = 3.0 mg/l between April and October,
and an assumed effluent level of TN = 14 mg/l the rest of the year, the annualized cost per
pound of nitrogen removed is calculated at $6.7.

3.5.4 VIP (Virginia Initiative Plant)

The Hampton Roads Sanitation District HRSD-Lamberts Point WWTP (now named the
VIP) has been retrofitted with the VIP process (Figure 3.2). Earlier pilot studies were
performed to test for annual removal of phosphorus and seasonal nitrogen removal. Results
from the pilot study showed that the VIP is capable of achieving low effluents for phosphorus
(soluble P effluent of 1.6mg/1) and total nitrogen effluent levels about 8.0 mg/l (Sedlak, 1991),
Performance data for 1992 shows that the plant can achieve total nitrogen effluent levels between
7 and 8 mg/l on a seasonal basis.

3.6 Finauncial Cost Effectiveness Ratios for Municipal WWTDs

This section attempts to provide an estimate of the cost per pound of nitrogen or phosphorus
removed. Nitrogen and phosphorus cost effectiveness ratios are calculated for chemical addition
and biological nutrient removal processes. The distinction between biological and chemical
addition treatment is made for retrofits that place emphasis on ¢ither of these nutrient removal
processes, recognizing that physical, chemical and biological processes may be found in all types
of WWTPs.

Cost information using the states’ retrofit cost studies, and actual facility cost data are used
to provide an overall idea of these cost effectiveness ratios. Use of all this information will help
identify a "ballpark® cost of removing a pound of nitrogen or phosphorus for a variety of
effluent levels and technologies. However, caution should be exercised when making
comparisons among the calculated cost effectiveness ratios using the aforementioned data.
Assumptions for estimating retrofit costs for nutrient removal are different. Assumptions from
the different data sources used to obtain these cost effectiveness ratios should be carefully
examined. Some important issues that affect the calculation of these ratios are summarized as
follows:

80



¢ Different cost estimation assumptions have a significant impact on the unit cost
estimates. Actual retrofit costs may vary significantly from the planning or site specific
states’ studies. For instance, retrofit "costs opinions® for Virginia WWTPs are “order-
of-magnitude”, which are expected to be accurate within +50% to -30%.

s Post-retrofit effluent levels arc assumed values of expected average annual performance
of these retrofits. Actual annual performance levels after the retrofits are completed will

determine the true annual nutrient load removed in each particular plant.

» For some cases, rough apportioning of the total retrofit costs are made for each nutrient,
The apportioning approach would significantly impact the cost effectiveness ratio.

3.6.1 Cost Effectiveness Ratios for Nitrogen Removal

In this section, examples from the states’ retrofit studies are used to estimate ranges of
nitrogen removal cost effectiveness ratios. Figure 3.11 shows a summary of the cost
effectiveness ranges for nitrogen removal presented in this section.

3.6.1.1 Cost Effectiveness Ratios: Chemical Addition

Table 3.9 shows the cost effectiveness ratios for nitrogen removal for selected
WWTPS. The following assumptions were madc to obtain these cost effectiveness ratios.

s WWTPs using chemical addition (methanol) in the process of removing nitrogen were
selected from the Virginia retrofit study. Phosphorus removal costs (alternative 1) were
subtracted from alternative 4 to obtain an estimate of the cost of removing nitrogen only. Post

retrofit annual average effluent concentration is assumed to be 7.0 mg/l.

e For the two Maryland WWTPs, incremental costs were provided for the removal of
nitrogen using the existing phosphorus removal facilities. Retrofit costs were estimated to
achieve an cffluent level of 8.0 mg/l on a seasonal basis. . Therefore, an annual performance
level of TN = 10 mg/l is assumed. This estimate assumes that the plant provides some
nitrification in the cold months and that performance levels in the warmer months of the summer
can reach effluent levels below 8.0 mg/lL

8l



Figure 3.11 Financial Cost Effectiveness Ratios for Nitrogen Removal
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The cost effectiveness ratio is defied as the total annualized nitrogen retrofif cost divided by the

pounds of nitrogen removed per year. Nutrients removed are at the "ead-of-pipe”. The information

in this figure came from the states’' nutrient removal retroht studies for municipal WWTPs, and

some existing retrofits in Maryland,
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* For Blue Plains in D.C., the costs were provided for nitrogen removal only. A $4.8
cost effectiveness ratio (annual dollars per pound of nitrogen removed) was obtained for Blue
Plains using chemical addition for nitrogen removal. This low cost may be in part due to the
size of the plant (design flow = 370 mgd).

Table 3.9 shows a range of $7.6 w $10.2 Per pound of nitrogen removed for retrofit
designs to achieve an average annual performance level of TN = 7.0 mg/l. For an effluent
level of TN = 10 mg/l the cost per pound of nitrogen removed was between $5.6 and $9.0
which are similar to the Virginia retrofits for the effluent level of TN = 7.0 mg/l.

3.6,1.2 Cost Kifectiveness Ratios: Biological Removal

It is very difficult to separate the costs associated with the removal of each nutrient in
a BNR system. Biological processes for some BNR Systems are not independent for phosphorus
Or nitrogen removal, making it difficult if not impossible for some cases to apportion the total
retrofit costs to each nutrient. However, data for seme WWTPs in Virginia and Maryland
presented cost information in a format that allows making some inferences about the costs of
only removing nitrogen. The selected plants and assumptions are presented as follows:

* The Virginia plants selected for this analysis were those that are removing phosphorus
by chemical addition and meeting the current phosphorus effluent limits. Chermical phosphorus
removal was chosen as the technology capable of reliably mecting the monthly phosphorus
effluent limits. The same O&M costs of removing phosphorus were presented in their
alternative 1 (phosphorus removal to permit limit) and alternative 4 (alternative 1 -+ year-round
nitrogen removal to TN = 10 mg/l). Therefoze the current O&M costs, which also are included
in alternative 4, are subtracted from the total costs in altemative 4 to get some idea of the
biological nitrogen removal cost. Some of these O&M phosphorus removal costs are presented

later in this section.

* The Maryland plants selected for this analysis were those plants with BNR retrofit costs
provided using existing chemical removal facilities. The retrofits used here were those mainly
targeted for nitrogen removal by using an anoxic zone followed by an aerobic zone. For the
selected Maryland plants the costs were provided for a design temperature of 12.5°C; therefore,
the nitrogen”effluent level of 8.0 mg/l is assumed to be met on a year-round basis.
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Table 3.10 shows examples of the cost effectiveness ratios for biological nitrogen
removal technologies. For the Virginia plants, a range of cost effectiveness ratios between
5$2.70 and $16.30 with a median of $4.35 was obtained for an annual performance effluent leve]
of 7.0 mg/l. Only two plants in Maryland are shown on these tables with cost effectiveness
ratios of $2.0 and $3.8. Therefore, despite the limited information, it seams that biological
nitrogen removal can be morc cost effective than chemical addition (methanol). The retrofit cost
effectiveness ratio of the Arlington plant is high ($16.30) due to the low existing effluent level
of TN = 12.1 mg/l. Also, from the retrofit cost data obtained from the states’ studies, no
corrclation was found berween the retrofit unit cost ($/mgd/year) of a plant and its size for a

particular technology. This reaffirms an earlier statement that retrofit costs are highly dependent
on the particular site specific conditions at each WWTP.,

| 3.6.2 Phosphorus Removal Cost Effectiveness Ratios

This section summarizes the retrofit cost effectiveness ratios for phosphorus removal
retrofits of WWTPs. Both biological phosphorus removal (BPR) and chemical phosphorus
removal are considered. Chemical phosphorus removal cost data includes EPA estimates, site

specific cost estimates, and existing O&M phosphorus removal costs for some plants. Biological
phosphorus removal include cost estimates for refrofitting the Blue Plains WWTD and the
HRSD-VIP plant. Figure 3.12 shows a synthesis of the cost effectiveness ratio ranges derived

in this section.
3.6.2.1 Cost Effectiveness Ratios: Chemical Addition

Chemical phosphorus removal has been a technology practiced in many WWTPs for
quite some time. Cost and effectiveness of this technology has been documented (EPA, 1987).
Tables 3.11 and 3.12 show the capital and O&M costs of retrofitting municipal WWTPs for
Chemical phosphorus removal given by EPA (1987). - However, costs of handling increased
'sludge, pH instrumentation controls, chemical storage and effluent filtration that require site-
specific evaluation are not included in these costs. The cost estimates are applicable to all
WWTPs except lagoons. The application of these cost data for retrofitting WWTPs with desi gn
flows less than 10 mgd gives the cost effectiveness ranges shown in Table 3.13. Again, it is
assumed that the pre-retrofit phosphorus effluent level (within phosphate ban areas) for
conventional secondary treatment plants is TP = 3.0 mg/l. '

Chemjcal phasphorus removal costs also were documented for alternative | of the Virginia
retrofit study (CH2M-HILL, 1988). Table 3.14 lists the cost effectiveness ratios of a selected
number of plants in the CH2M-HILL study. As shown in Table 3.14 the cost effectiveness
ratios can vary hetwesn $6.10 per pound of phosphorus removed to $25.00. These cusls are

85




. 98

~youvunopad jenuur Eepstungsy LW ge NI © D.6°L[ 1¥ pruficop g

1 4

*pracwad 1 Jo spUnad JqPepalp OV |PuvY = ORU WEUAANRYT w60 £

‘M03 WIgO jenwus snid 5102 mides paamsows fwsos jenuur wIpsAIkY =Yg T

*mo) aliesp vy Jual Jed praow wlanm Jo spuncd |
08'c £L6'S6 9SE°€81°T o8 9l $'L8 NQAIIY xedy | QW) ,0O5dV1vd
F 05°¢ 06E'5LY 00E‘S1Z’E | O°L L1 0TL SOUOZ OJXOWY oAl “Nme@/ SN | (VA DYINOLO ¥IMOT

|
o'y ¥80° TLE0SE'T oL €l 0oL SUOZ JIX0UY OAL "HRR(JQ/ N (vA) QNOWHDIX
09°¢ 960°IE1 £30'+86'1 0L 1'61 o'Fs SIUOZ X0V 0A] "HIUL(/'HIN (YA) vsor
(vmnjo) voqiED)
0e'91 $981ST 195819 oL 1Tl o°oF SRU07 INOTY OAL "N/ NIN (VA) NOLONITYY
oLt L09TH 08+'886 oL 50T 0'$T SIUOZ IXATY OAL AU/ HIN (VA) AINOOW “T'H
00T LL6'96 3T1'T6T 08 (1)) 74 o9 SITOZ JIGOIIY /R0y @ MogNavodd
06 TBLGS 5€8°9 oL 9°01 0’9 SOU0Z XOTWY OAL NI/ NN ra) YINODY
CIZN-Qy$) | (akpBmyg) | Geopssqn) | (Am) | (U3wm) | (pAw)
il | N1 NL
ssowmeanld | A OVA | pesowmay | Wyonsd | Woned »Mol3
00 NL -804 -1 | wdiseq - A3ojougR dLAM,
|
- —

Teacmsy] [Batdoloryg SOREY STULANDAYT 1503 [UAOWSY nouoamz Jo sepcaexy O1°€ 9[98L

——

-




Figure 3.12  Financial Cost Effectiveness Ratios for Phosphorus Removal
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The cost effectiveness ratio is defined as the total annualized phosphorus retrofit cost divided by the

pounds of phosphorus removed per year. Nutrieats removed are at the "cad-of-pipe*. The information in
this figure came from the Virginia putrient removal retrofit study for municipal WWTPs, and the EPA. The
EPA cost dat2 do not include the costs of sludge bandling facilities, sdditicnal clarification capacity,

and pH control,
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hi'gher than the costs given in Table 3.13. The main reason for this is that the high cost of
sludge handling, and pH control costs that Were included in the CH2M-HILL report can
significantly increase the cost effectiveness ratios. Studge handling costs may represent about

30% to 40% of the total O&M costs.

The CH2M-HILL report also presented some of the existing phosphorus removal costs

for WWTPs already removing phosphorus. These plants have total phosphorus performance
levels bejow 0.18 mg/l. Table 3.15 shows some caamples of the O&M enst effectiveness ratios.

To obtain these ratios, it is assumed that each plant can achieve an effluent level of 3.0 mg/1
without chemical removal. Therefore, pounds of phosphorus removed are calculated based on
a hypothetical pre-retrofit effluent level of 3.0 mg/l.

3.6.2.2 Cost Effectiveness Ratios: Biological Removal

The are only two studies for which retrofit costs for Biological Phosphorus Removal
(BPR) were reported. The HRSD-VIP plant in Virginia, and the new feasibility study for
implementation of BNR at the Blue Plains WWTP in the District of Columbia. Table 3.16
shows (hat retrofitting WWTPs with biological phosphorus removal can be relatively
inexpensive. However, there are still questions about the reliability of BPR in meeting a specific
effluent level in the long term. For instance, at Blue Plains a full scale demonstration study has
been suggested to evaluate the performance of this technology. Nevertheless, if this technology
is proven reliable for a particular plant with cost effectiveness ratios about $2 to $3, it seems
to be a promising cost effective technology for phosphorus removal, Moreover, sludge handling
costs are expected 10 decrease by using BPR as shown in the Bowie WWTP. Nevertheless, it
has been concluded that chemical phosphorus removal facilities may still be needed for permit
compliance (backup), or when effluent limitations are below 1.0 mg/l.

! [
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Table 3.11 Annual Chemical Phosphorus Removal O&M Retrofit Costs! ‘ ]{
Efflueat TP TP Influent Leve]
Level
(g 6.0-10.0 mg/]  3.06.0mgn
Annual Cost Ranges
($/mgd/Year)

2.0 25,009-30,893 13,447-19,125

1.0 30,198-38,249 18,389-23 538

0.5 ~ 37,513-52,225 22,802-32,365

0.2 . 50,386-128,723 : 30,526-79,808

1. Adapted from EPA (1987), Original costs have been escalated to 1990 dollars. Incremental phbosphorus
removal costs do not include the costs of sludge handling faciljties.

L Table 3.12 Chemical System Capital Costs!
TP . Total Phosphorus Efflucat Level (mg)
Influent Level Plant Size

(mgd) 2.0 L0 0.5 0.2
<{.1 35,554 36,554 : 36,554 44,079

6-10 mg/] 011 - - 58,056 58,056 58,056 93,534
>1-5 130,764 139,764 135,890 198,895
>5-10 182,768 182,768 182,768 215,021

3-6 mg/l <0.1 36,554 36,554 36,554 44,079
0.1-1 58,056 58,056 58,056 84,933
>1-5 123,637 123,637 129013 | 198,895
>5-10 172,017 172,017 182,768 215,021

1. Source EPA (1987). Original costs bave beea escalated to 1990 dollars. Incremental capital costs are for
chemical storage, fecd, and piping systems. Cost do not include capital costs for PH equipment, sludge
bandling facilities or effluent filtration (EPA, 1987,
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H Table 3.13 Chemical Phosphorus Removal Cost Effectiveness Ratios'.
r Efflucat TP TP Influcat Level
Level 6.0-10.0 mg/l 3.06.0 mg/l
(mg/) it . dhin
Cost Ranges per Pound of Phosphorus Removed’
{$/1b-P/Year) '
2.0 £.90-12.80 5.70-8.70
1.0 $.30-7.60 3.40-5.10
0.5 5.20-8.10 3.30-5.30
0.2 6.20-16.50 3.90-10.70

1. Incrementsl phosphorus removal costs do not include the costs of additional sludge handling
facilities, additiona] clarification capacity, and pH control. ] ’
Cost effectiveness ranges were estimated by selecting the minimum and tnaximum aoaualized
cost per pound of phosphorus removed for WWTPs with flows between 1 and 10 mgd.

2. Pounds of.phosphorus removed based on a pre-retrofit TP cffluent level of 3.0 mg/l.

Ranges are for WWTPs with design flows smaller than 10 mgd.
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4 SUMMARY AND USE OF COST EFFECTIVENESS RATIOS FOR POINT AND
NONPOINT SOURCE NUTRIENT REDUCTION TECHENOLOGIES

This section presents a synthesis of the cost effectiveness ratios calculated in this report.
The previous sections highlighted some assumptions and limitations when using the available
data for the estimate of the cost effectiveness ratios. Cost effectiveness ratios are calculated in
order to put nutrient removal technologies on an cyual base for compariesnn_ Therefore, use of
these ratios for other cost purposes should be done with caution, taking into account the
assumptions and source of information used to derive them. Some general issues that need to
be taken into account when using this information are as follows:

e Sources of costs for point and nonpoint source nutrient reduction controls are many.
In this report, cost information on agricultural and urban nonpoint sources in general refleet
costs of already installed BMPs. For point source retrofits of WWTPs, most of the costs are
initial estimates from states’ studies for retrofitting WWTPs with relatively new BNR
technologies. Use of BNR planning level cost equations for retrofitting WWTPs should be done
with caution since they were derived assuming generic plant configurations and wastewater
characteristics.  As pointed out hefore, site specific conditions such as plant layout and
wastewater characteristics are important for the estimate of retrofit costs for nutrient removal.

¢ BMP nutricnt removal efficiencies vary. Factors such as the diffuse nature of
nonpoint SOUTCes, meteorology, and site-specific conditions such as soils, slopes, <rop practices,
farmer diligence, etc. make BMP nutrient removal effectiveness highly variable. Estimates of
basin-scale nutrient reductions associated with the implementation of BMPs have come from the
results of the Chesapeake Bay Watershed Model supplemented by research studies from field
scale models, field plot studies, small watershed demonstration projects and conceptual models.

e In conclusion, use of the point and nonpoint source nutrient reduction cost
cffectiveness ratios summarized below for any purpose other than gross comparison would
require a careful examination of the assumptions of each estimate.

4.1 Nonpoint Sources

For nonpoint sources, €OSt effectiveness ranges are shown for agricultural BMPs (Figure
4.1). The cost effectiveness ratios are defined as the total BMP cost divided by the pounds of
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nitrogen or phosphorus removed. Therefore, the BMP costs were not apportioned to each
nutrient. The costs are joint costs of removing both nutrients. Some BMPs may emphasize the
removal of either nitrogen or phosphorus for which the total BMP cost is mainly associated with
the removal of that nutrient. Altematively, there are BMPs that provide multiple benefits
besides nutrient removal such as removal of sediment, heavy metals, etc. For these BMPs, the
total cost is the joint cost for of providing all the benefits.

Urban nonpoint source cost effectiveness ratios are not shown in Figure 4.1, However,
the results presented by Freudberg and Lugbill (1990) in an adaptation of the work on urbay
BMP cost effectiveness by the Metropolitan Washington Council of Governments (Wiegand et
al. 1986) showed cost effectiveness ratios to be highly variable. Nitrogen cost effectiveness
ratios for ponds and infiltration systems varied hetween $1 and $128 per pound of nitrogen
removed. Similarly, phosphorus cost effectiveness ratios ranged from $7 to $886 per pound of
Phosphorus removed. In this study, cost effectiveness ratios of urban BMPs (dry and wet ponds,
and infiltration trenches and basins, and porous pavement) were given for three drainage areas
(1,10, and 25 acres) for land uses described as: single family residential, townhouse residential
and commercial shopping center. Phosphorus removal cost effectiveness ratios for wet ponds
varied between $54/1b P/year for a 25 acic. shupping center to $367/1b-Plyear for a 10 acre
single family residential area. Nitrogen removal cost effectiveness ratios for wet ponds varied
between $14/Ib-N/year for a 25 acre shopping center to $94/1b-N/year for a 10 acre stngle
family residential area. Cost effectiveness ratios were higher for infiltration trenches and porous

pavement, and lower for dry ponds.

Recently, an evaluation of BMPs in the Occoquan watershed by the Northern Virginia
Planning District Commission (1990), reported cost effectiveness ranges for phosphorus removal
within the range of the ones reported by Freudberg and Lugbill. Without on-site enntrals, cost
effectiveness ratios of approximately $140/1b-P/year and $165/1b-P/year were reported for

regional coverage (percent of drainage area under BMP) of 25% and 50% respectively.  With
on-site controls, cost effectiveness ratios of approximately $260/1b-P/year and $325/1b-P/year
were reported for regional coverage of 25% and 50% respectively,

In conclusion, although urban BMP cost effectiveness ratios appear tu be high, it should
be kept in mind that some of these controls also are providing stormwater management control,
removal of other pollutants such as sediment and heavy metals, and sometimes recreational
amenities. Furthermore, irrespective of relative cost effectiveness compared to agricultural

BMPs or point source controls, urban BMPs will play a major role in pollutant ioad control from
the increased development in the Chesapeake Bay region over the next years,
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4.2 Point Sources

Interquartile cost effectiveness ranges from the states’ retrofit studies, as well as from
some of the nutrient removal WWTPs in operation are shown in Figure 4.2. Information used
to calculate the cost effectiveness ratios for retrofitting municipal WWTPs allowed the scparation
of the cost of removing each nutrient independently.

Figure 4.2 shows that biological nitrogen removal can be cost eftective comparec to
chemical addition (methanol) for nitrogen removal. However, the ranges show that for nitrogen
removal, some chemical addition cost effectiveness ratios may be comparable to the ones for
BNR. For instance, from the recent retrofit study at the Blue Plains WWTP (MacNamee,
Porter and Seeley, 1990), it can be concluded that methanol addition at this plant can be cost
effective if the proposed retrofit works as assumed. Based on the limited data on biological
phosphorus removal (BPR), it appears that the biological removal of phosphorus can be cost
effective compared to chemical addition. If BPR is proven operationally reliable for a given
plant, additional cost savings in the use of chemicals and sludge handling may be achieved.
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Figure 4.1 Financial Cost Effectiveness Ratios for Nonpoint Sourceg
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Figure 4.2 Financial Cost Effectiveness Ratios for Point Sources
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5. SUMMARY AND CONCLUSIONS

This report provides information on the cost and effectiveness of point and nonpoint
source nutrient reduction controls applicable to the Chesapeake Bay drainage area. This report
may be used as 2 resource document, along with other information provided by the 100;
Reevaluation and the Chesapeake Bay jurisdictions, to detsrmine the best mix of point and
nenpoint source controls to achieve tributary nutrient reduction targets. The report also may be
used for costing different nutrient reduction scenarios in the Watershed Model. Nonpoint source
BMP unit costs (in dollars per acre) given in this report can be used in conjunction with the
watershed model to determine the cost and nutrient reductions associated with a given test
scenario. For point sources, unit cost information (in dollars per mgd) from the states’ retrofi
studies can be used for upgrades of WWTPs. The planning leve] cost equations developed in
this report may be used as a first rough estimate, where appropriate, for facilities where no site-
specific cost estimates have been developed. These estimates may help in the evaluation of
different BNR options at those facilities, Costs of both point and nonpoint source nutrient
reduction controls together with the nutrient reductions obtained with the Watershed Model, can
be used with optimization tools to Identify cost effective nutrient reduction strategies for a

watershed.

There still is much to be learned about the cost effectiveness of nutrient controls. For
instance, the performance and reliability of BNR processes, the effectiveness of agricultural and

urban BMPs, and the water quality responses from implementation of these controls are
cxamples of issues that are expected to be understood better in the future. Nevertheless, this

report provides an insight into the cost effectiveness of existing nutrient technologies as well as
estimates of the cost effectiveness of some of the relatively new emerging technologies for
nutrient removal. Also, it is important to point out that there are other technologies for nutrient
removal which were not discussed in this report. Some of these technologies include:
subsurface wastewater infiltration systems including "septic tanks," slow rate, rapid infiltration
and overland flow land treatment systems, and other natural systems. Information on the
characteristics and performance of these systems can be found in "Natural Systems for
Wastewater Treatment* (WPCF, 1990).

Evaluation of the most cost effective mix of point and nonpoint source nutrient reduction
controls for a particular region also would require careful cxamination of other issues in addition
to the financial cost and the nutrient removal effectiveness. For instance, impact of the
adoption of BMPs on farms’ net income and the productivity of the land may play important
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roles in the selection of alternatives to achieve a predetermined water quality goal. The quality
of the receiving waters also, may influence allocation of resources for nutrient reduction controls.

These issues Tequire site specific analysis and extrapolation to other sites is generdlly difficult.

Based on the cost effectiveness information presented in this report, and other aspects
related to the implementability of point and nonpoint source nutrient reduction controls, the
following conclusions are presented for the nonpoint and point source nutrient reduction controls
examined:

Nonpoint Sources

Recently, Heatwole et al. (1991), pointed cut that the mechanisms of BMPs in reducing
poliutants such as nutrients can be grouped into three processes: 1) reducing the volume of the
* carrier which is mainly water and sediment, 2) reducing the concentration of the pollutants, and
3) reducing the delivery of the nutrients from the fields to the receiving waters. A combination
of BMPs ("Resource Management Systems") can achieve nutrient reductions in these three
processes. Within the framework of these processes and with the financial cost effectiveness
inforination presented in this report, the following is concluded:

e BMP cost effectiveness should not be judged only on individual BMP nutrient reduction
performance, but rather on combinations of BMPs or "Resource Management Systems"”
that achieve a desired water quality goal, by reducing pollutant loads with the three
processes described above. The assessment of the nutrient reduction effectiveaess of
resource management systems has been performed by monitoring in small watershed
demonstration projects, as well as by using small watershed and field-scale water quality

models.

¢ In-field BMPs such as conservation tillage and strip-cropping are examples of cost
effective BMPs that reduce both runoff and sediment. A recent study by Epp (1991)
showed that adoption of these BMPs resulted in a positive net field income with or
without cost-share in two out of three counties analyzed.

e In-field BMPs that reduce the carrier mass (runoff and sediment) such as terraces and
conservation tiliage can increase infiltration, thus increasing the potential of pollutant
leaching into the groundwater. Conservation tillage may increase the concentration of
pollutants in the soil surface (Mclsaac, et al., 1991; Heatwole, etal., 1991; Staver et al.,
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1988; Laflen and Tabatabai, 1984), Therefore, any reductions achieved through surface
runoff and sediment reductions may be offset by the increase in pollutant concentrationg
and the potential leaching of pollutants into the groundwater. However, with nutriens
management (i.e. proper fertilizer application rates, timing, and methods) nutrient losses
to both surface waters and groundwater can be reduced. This accounts for the favorable
cost effectiveness of nutrient management.

Results of the Watershed Model show nutrient management to be the most cost effective
BMP (Figure 4.1). Also, from field-scale research studies, nutrient management i
combination with in-field BMPs such as strip-cropping, conservation titlage and winter
cover crops (where appropriate) have been found cost effective management alternatives

for nutrient reduction.

Winter cover crops have been found very effective in removing excess nitrates during the
non-growing season after the main crop harvest. Excess nitrates accumulated in the sojj

may be significant after dry periods during the growing season.

Edge-of-field RMPs that reduce pollutant delivery into streams may be required for cases
where nutrient Ioads are high due to increased runoff concentrations and sediment loads
in large fields with long slope lengths. Some of these BMPs are structural BMPs such
as erosion or water control structures, or non-structural BMPs such as filter strips,
Tiparian zones etc. However, structural BMPs are often expensive (see Figure 1-a), and
despite the cost-share money available, implementation of these BMPs can result in a
negative net ficld income (Hamlett and Epp, 1991). Also, despite the benefits of some
of these structural BMPs in decreasing the sediment loads delivered into the streams, they
should be accompanied by an in-field BMP to protect against severe soil losses that ean
have detrimental effects on the long term productivity of the fields. '

Conversion of highly erodible land (HEL) to permanent vegetation has been shown to be
cost effective since it can considerably reduce sediment, runoff, and nutrient Joads.

Animal waste has been identified as a sipnificant contributor of nutrient loads. Animal
wasle management systems should be considered important components of "Resource
Management Systems, " Proper design of animal waste facilities, including collection,
storage, and transport, together with waste utilization will make these facilities effective,
1t was shown that animal waste management systems including all of the abgve controls,
can be expensive. Nevertheless, experiences from the Rural Clean Water Program (U.S.
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EPA, 1990) projects show that simple cost effective measures such as keeping animals
away from the streams, controlling animal waste runoff, and protecting riparian areas can
be effective components of animal waste systems. '

o Studies on urban BMPs have shown wide ranges of cost effectiveness ratios. However,
it should be pointed out that some urban BMPs can have multiple functions, which were
not addressed in this report, such as acsthetics, watet quantity control, and removal of
sediment, petroleurn hydrocarbons and heavy metals.

Point Sources

As mentioned before, there is still much to be leamned about the reliability of the new
emerging nutrient reduction technologies for municipal WWTPs. Effluent performance levels,
operational experiences, and costs are important clements to be considered in a cost effectiveness
analysis using these nutrient reduction technologies.. With the data available today, and the
relatively few full scale operational BNR technologies, the following conclusions are presented:

. Biological Phosphorus Removal (BPR) can be a cost effective alternative for phosphorus
removal (Figure 4-b). It has potential for cost savings in chemical use and sludge
handling. However, site-specific economic evaluations as well as the reliability of this
technology for each plant should be carefully investigated to show its cost effectiveness.
The Bowie plant in Maryland showed significant cost savings by using BPR, and its
annual effluent performance levels prove that this technology can be cost effective.
Similarly, the feasibility study found retrofitting Blue Plains with BPR to be cost
effective. Alen, it is important to point out that plants that implement BPR technologies
may need chemical phosphorus removal facilities as a backup for permit compliance or
when the cffluent requirements are below 1.0 mg/l.

\ Biological Nitrogen Removal has been found cost effective. Full-scale retrofits of
WWTPs have supported this finding. However, planning level studies show, for certain
facilities, that chemical addition (methanol) also can be cost effective. Therefore, the
selection of chemical addition vs. Biological Nitrogen Removal without the use of
chemicals would depend on site specific constraints.

102



Seasonal nitrogen removal appears more cost effective than annual removal, Costs can
significantly increase for annual removal (see Figure 2) because at lower temperatures
biological activity is reduced. Therefore, longer wastewater retention timés are needed
requiring larger reactor tank sizes, thereby increasing costs. In addition, selection of the
months for seasonal nitrogen removal and the permit compliance period can have a
significant impact on the retrofit designs and therefore the costs assoviated with mecting
the required effluent limitations.

Regulatory measures such as the phosphate detergent ban have proven to be cost
effective. Due to lower influent phosphorus levels to WWTPs, the chemical use required
to meet the effluent level limitations and the amount of sludge created will decrease,
Reduction in sludge and chemical use for phosphorus removal can significantly decrease
the O&M costs ina WWTP. Another example of a regulatory measure being suzgested
is the adoption of permitting approaches such as the "bubble concept” (Virginia Retrofit
Study) where the combined nutrient discharge of a group of plants are also regulated
within a tributary, basin, etc. ‘This approach would allow flexibility in the
implementation of the most cost effective rutrient removal altemnatives to a subset of
plants within the *bubble®, Nevertheless, individual permit limitations would still be
required according to a careful examination of the quality of the receiving waters.
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GLOSSARY: NONPOINT SOURCES

Conservation Tillage - “Any tillage of planting system that leaves at least 30% of the soil
surface covered with crop residue after planting”. Or it may be simply defined as any tillage
system involving less soil disturbance than conventional tillage. Examples are: no-till, ridge
tillage, mulch tillage, strip tillage etc.

Conventional Tillage - Complete inversion of the soil incorporating all residues with a
moldboard plow or any practice with less than 30% residue.

Contour Farming - Farming along the contour on slopes generally less than 8%.

Diversion® - A channel with 2, supporting ridge on the lower side constructed across or at the
bottom of the slope for the purpose of intercepting surface runoff.

Filter Strips - Vegetated filter strips are areas of close-growing grasses or other vegetation
placed down gradient from pollutant areas to filter pollutants carried by runoff.

Grassed Waterways - A natural or artificial channel covered with flow resistance grasses used
to conduct water and protect against the formation of rills or gullies.

No-till - Planting of crops in a small slot leaving the residue from the previous crop undisturbed.

Nutrient Management® - A management practice which provides recommendations on optimum
nutrient application rates, nutrient application times, and nutrient application methods based on
+oil and manure analysis results and expected crop yields.

Ponds and Reservoirs' - Ponds and reservoirs are bodies of water created by constructing a dam
‘or embankment across a water course or by excavating a pit or dugout. Ponds constructed by
the first of these methods are referred to herein after as "Embankments Ponds" and those
constructed by the latter methods as *Excavated Ponds". Ponds resulting from both excavation
and embankment are classified as Embankment Ponds where the depth of water impounded
against the embankment at emergency. )

! Visginia Erosion and Sediment Control Handbook (VA-DSWC, 1992)

2 Nutrient Reduction Task Force (Chesapeake Bay Program Nonpoint Source Subcommittee}
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Farm Plan’ - For the purposes of the Chesapeake Bay watershed model, a resource management
- system for a farm consisting of soil conservation erosion controls for cropland. These controls
may include: contour farming, strip-cropping, terraces, cover crops, grassed waterways, filter
strips, diversions, and sediment retention, erosion, or water control structures. The "Farm Plan”
does not include conservation tillage and nutrient management which are covered in other
Chesapeake Bay Watershed Model BMP categories.

Strip-cropping - Altematingl close grown crops such alfalfa with row crops in strips. The strips
can be also grown following the contour (contour strip-cropping).

Terraces! - An earth embankment, or a ridge and channél, constructed across the slope at a
suitable location to intercept surface runoff water. It may be constructed with 2n acceptablc
grade to an outlet or with a level channel ridge.

e

> Nutriest Reduction TFask Force (Chesapeake Bay Program Nonpoint Source Subcommittee)

* Virginia Erosion and Sediment Control Handbook. (VA-DSWC, 1992)
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GLOSSARY: POINT SOURCES

Activated Sludge - A biological process for wastewaters. The settled wastewater is mixed with
the activated sludge in an aerated tank. settied sludge is removed or returned to acration tank

as needed.

A/O™ _ A biological nutrient removal process consisung of a IWo-Swge single sludge syslei,
This process is generally used for phosphorus removal and includes an aerobic tank preceded

by an anaerobic tank.

AYO™ - A biological nutrient removal system similar to the A/O with an anoxic tank preceding
the aerobic tank. Both nitrogen and phosphorus are removed. The A/O as well as the AY0
processes were patented by Air Products and Chemicals, Inc. in the 1970s.

Aerobic - In the presence of oxygen

Air Stripping - A wastewater treatment process primarily used to remove ammonia, The Ph
of the wastewater is increased with lime and passed through a stripping column where ammonia
is volatilized. Also, phosphates are precipitated with the addition of lime.

Anaerobic' - (1) A condition in which no free oxygen is available. (2) Requiring, or not
destroyed by, the absence of air or free oxygen.

Anoxic - In the absence of oxygen but with the prcscﬁcc of ritrates (Beavin Co., Camp Dresser
& McKee, and Metcalf & Eddy, 1989).

Bardenpho™ - A single sludge wastewaler treatment Process with fwo anoxic zones followed
by an aerobic zone. In the five-stage Bardenpho, an anaerobic zone (fermentation zone)
precedes the first anoxic zone. -The return activated sludge (RAS) is returned to the fist anoxic
zone in the 5-stage Bardenpho and to the anaerobic zone in the 5-stage Bardenpho. The 4-stage
process is generally used to remove nitrogen. Bardenpho is an acronym for BAR = due to Dr.
James Barnard of South Africa who developed the system; DEN = denitrification; and PRO =
phosphorus removal. | |

! Glossiry; Water and Wastcwater Contro! Engineering. 3rd Edition. Published by: American Public Health
Association, American Society of Civil Engineers, American Water Works Association, and Water
Pollution Coatrol Federation. ‘
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Breakpoint Chlorination - A treatment proccss used to remove ammonia by oxidizing it int
nitrogen gas.

Complete Mix - An activated sludge process with the highest load of BOD per unit volume ig
the aeration tank.

Contact Stabilization - An activated sludge process where return activated sludge (RAS) is
aerated before it enters the aeration tank.

Deep Bed Denitrification Filters - A wastewater treatment process where methano] or another
organic substrate is added to the filter media at a typical depth of 6 feet.

Extended Aeration - An activated sludge process which exposes the wastewater to long periods
of aeration (greater that 24 hours).

Fixed Film - see Trickling Filter or Rotating Biological Contactor

Fluidized Bed Reactors - A wastcwater trcatment process where the wastewater is usually fed
at the bottom of the filter expandmg the filter media. Organic substrate is usually requucd for
denitrification.

Ion Exchange - A non-biological wastewater treatment process primarily used for ammonia
removal. The process involve exchange of ions between the wastewater and a ion exchange

resin.

Oxidation Ditch - An extended aeration activated sludge process which uses a horizontal Totor
to provide mechanical aeration in a closed loop channel.

Plug F]dw' - Flow in which fluid particles are discharged from a tank or pipe in the same order
in which they entered it. The particles retain their discrete identities and remain in the tank for
a time equal to the theoretical detention time.

Pure Oxygen- An activated sludge process which uses oxygen instead of air for aeration.

! Glossary: Water and Wastewater Control Engineering. 3rd Edition. Published by: American Public Health
Association, American Society of Civil Engineers. American Water Works Azsnciation, and Water
Pollution Contro! Federation.
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Rotating Biological Contactor - A wastewater treatment process where the wastewater is passed
trough a series of rotating chambers with plastic media where biological film is formed. The
blade rotates around a horizontal shaft.  The rotating chambers are approximately 40%
submerged in the wastewater.

Sequencing Batch Reactors - A wastewater treatment process where biological reactions and
clarification acenr in ane tank or in a multiple series of alterating tanks.

Step Aeration - An activated sludge process where wastewater is introduced at different points
in the acration tank.

Trickling Filter - A wastewater treatment process where the wastewater is sprayed on a filter
of crushed rocks, plastic media etc. The wastewater is hiologically treated under aerobic
conditions where aerobic microorganisms assimilate and oxidize the wastewater. Low rate
trickling filter is usually 5 to 10 feet deep, and the high rate trickling filter is 3 to 6 feet deep.

UCT™ - A wastewater treatment process developed-at the University of Capetown similar to

the Bardenpho process except that the return activated sludge is directed to the first anoxic tank
to enhance phosphorus removal.
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APPENDIX A

Edge-of-Stream Nutrient Loading Factors, Land Use Acreage, and Transport Factors*
Chesapeake Bay Watershed Model

L ]

Source: Obtained from the Watershed Model Base Case Scepario Qutput Files (CBPO, 1992)







Table A-1 Nitrogen Loading Factors: Conventional Tillage, Conservation Tillage and Haylanq
' Chesapeake Bay Watershed Model Base Case Scenario
Land Use Acreage and Edpe-of-Stream Loading Factors (LF) for Nitrogen in Ibs/acre

Conventional Tillage Conservation Tillage Hayland
Segment Acres LF Acres LF Acres LF
10 100,723 201 10,869 16,7 226,565 10.8
20 160,931 19.0 10,943 16.7 401,085 11.0
30 78,620 18.8 14,797 18.0 240,216 12.1
40 126,240  21.6 54,651 17.7 63,556 11.0
50 37,257  33.2 9,509  32.7 54,500 17.7
60 66,122 311 43,988  29.1 134,578 17.1
70 62,800 259 44,435 243 62,979 15.3
B0 144,248  24.9 133,753 21.2 149,693 7.9
90 24,395 234 29,316  20.0 71,198 8.8
100 91,758  20.4 62,717 181 148,417 7.6
110 173,581 317 200,603  24.0 152,836 11.2
120 104,846 1 23.4 85,976 19.4 70,578 . 1.7
140 27,034 20.2 37,578 15.8 20,404 7.5
160 17,350  24.6 11,180 172 57,926 6.1
170 7,080 234 2,998 8.7 37,911 11.1
175 ' 13,174 245 1,118 185 41,362 10.1
180 84,971 23.1 168,939 193 199,500 5.3
190 21,425 33.9 49,723 28.2 116,083 8.5
200 22,470 283 32018 222 £8,901 7.3
210 _ 38,588 232 127,498 12.9 97,542 6.0
220 8,121 17.6 69422 135 71,578 5.4
230 25,054 15.2 37,39 110 121,214 10.3
235 7,131 205 5094  16.0 8,852 9.4
240 4,081 17.3 18,703 13.3 2,816 7.4
250 9,007 258 5,830 205 14,837 10.1
260 17,381 22,0 28,427  16.7 28,076 9.3
265 335 223 738 17.9 10,845 8.9
270 8,075 319 37,671 24.2 162,192 11.6
280 25,308 23,0 29,341 17.8 147,753 10.4
250 11,562 233 14,252 17.4 21,120 8.4
300 33,120 24.2 37,019 18.4 52,912 8.4
310 ‘ 8,054 230 2,600  18.2 217 1.7
330 2,225 17.4 10,233 14.5 4,845 52
340 4,956 18.5 8,806 14.5 5,352 4.8
ANACOSTIA - 4,48 22,8 5,712 16.8 3,966 10.4
BALT HARBOR 2,193 15.4 1,558 121 1,718 6.3
BOHEMIA 2,891 18.0 5,875 13.9 1.924 4.4
CHESTER 26,375 115 115,199 14.2 7,451 5.4
CHICKAHOMINY 5,661 20.2 13,915 15.4 3,729 9.1
CHOPTANK 20,022 17.6 103,255 13.9 6,059 5.0
COASTAL } 58,234 17.9 131,680 13.2 2,949 4.0
COASTAL 11 40,061 16.3 68,763 14.3 41,278 5.0
COASTAL 4 35,242 16.5 23,897 12.6 297 5.1
COASTAL 5 4,553 172 5,191 12.4 3,353 57
COASTAL 6 3,883 14.0 9.975 11.4 5,048 51
COASTAL 8 37,840 186 11,244 15.3 2,045 10.0
COASTAL 9 5,854 174 20,614 13.7 213 9.5
ELIZARETH 1,187 21.1 1,433 15,0 3 11.4
A-l




Table A-l Nitrogen Loading Factors: Conventional Tillage, Conservation Tillage and Hayland
Chesapeake Bay Watershed Model Base Case Scenario
Land Use Acreage and Edge-of-Suum Loading Factors (LF) for Nitrogen in Ibs/acre

Conventional Tillage Conservation Tillage Hayland
Scgmeat Acres LF Acres LF Acres LF
GREAT_WICOMICO 8,774 21.3 3,167 173 133 9.7
GUNPOWDER 14,662 154 26,048 12.2 13,068 6.7
JAMES 43,812 12.6 45017 154 5.829 9.5
NANSEMOND 15,119 2.9 19,434 19.7 349 10.9
NANTICOKE 74,878 25.0 137,165  22.3 1,919 4.7
OCCOQUAN 4,508 21.4 23,599 15.8 41,292 1i.1
PATAPSCO 20,211 = 16.1 36,968 11.6 21,148 . 5.2
PATUXENT 26,009 19.0 12,075 132 9,760 7.6
POCOMOKE 40,847 24.8 79,758 21.2 2,839 kR
POTOMAC 93,729 20.5 56,477 14.4 28,398 8.1
RAPPAILANNOCK 00,525 209 1R,466 17.0 7.942 10.7
SEVERN 377, 187 897 14.1 - 630 59
WICOMICO 23,068 205 12,012 17.8 752 4.8
WYE 10,255 18.3 19,856 14.6 1,028 4.9
YORK 44 036 185 44,700 15.3 8.220 11.0



Table A-2 Nitrogen Loading Factors: Pasture, Animal Waste, Forest and Urban
Chesapeake Bay Watershed Model Base Case Scenario
Land Use Acreage and Edge-of-Stream Loading Factors (LF) for Nitrogen in Ibs/acre

Segment

10
20

30

40

50

60

70

30

90

i00

110

120

140

160

170

175

180

195G

200

210

220

230

235

240

250

260

265

270

280

290

300

310

330

340
ANACOSTIA
BALT_HARBOR
BOHEMIA
CHESTER
CHICKAHOMINY
CHOPTANK
COASTAL, 1
COASTAL_11
COASTAL 4
COASTAL_S
COASTAL 6
COASTAL 8
COASTAL_S
ELIZABETH

Pasture
Acres LF
159,325 4.14
300,413 7.13
145,469 7.37
29,624 7.85
73,066 543
139,180 6.88
31,758 6.17
76,049 13,22
50,173 8.03
87,849 7.63
127,594 11.23
58,097 22.27
24,304 15.47
108,588 .35
148,161 9.90
103,876 1.67
220,191 7.09
211,836 6.84
200,709 5.82
79,147 8.55
105,951 7.62
224,145 3.29
7.370 3.06
2,337 2.88
22,253 145
24,010 3.11
19,176 4.65
233,212 6.71
269,838 5.82
32,646 4.54
80,932 3.87
4,151 3.87
8,477 3.87
10,534 324
3,532 6.37
3,540 6.13
1,867 5.90
5,493 5.84
4,013 1.72
5,884 571
9,108 5.34
49,235 6.52
2,658 6.71
3,147 5.79
7,632 6.36
7,143 2.77
1,361 8.44
112 8.34

Animal Waste
Acres LF
614  1858.2
1,716 2203.7
668 22345
149 2514.5
94 26335
402 22859
193 2191.5
614 21104
211 2193.9
607  1962.9
792 19327
806 2014.3
160 1899.7
145  2099.4
108 1936.1
128 1738.8
Q25 1778.8
522 2025.7
412  1695.5
540  2059.0
186 1881.9
391  2181.5
21 2136.2
9 2136.2
50 2136.2
71 21362
13 1384.6
316 21854
331 22321
57 2118.3
137 21183
8 21183
23 1893.0
26 18930
11 1847.2
10 1858.9
12 1663.3
72 1663.3
11 2007.7
49  1663.3 -
71 1663.3
321 1858.9
2 1687.3
2 156813
5 1847.2
28  1858.9
7 2055.8
] 2007.7
A-3

Farest

Acres

984.938
1,844,310
875,001
570,931
679,540
2,254,498
610,012
802,377
394,793
1,076,335
416,256
80,692
52,115
614,346
726,540
584,313
722,664
394,668
503,065
189,716
209,156
577,312
123,800
176,769
146,892
335,375
189,339
1,364,448
1.356.569
222,413
525,824
71,259
25,606
45,387
33,308
14,612
13,354
77,240
96,481
135,173
249,573
164,399
123,651
62,007
38,912
197,054
54,841
6,276

LF

2722
3.92
5.49
6.50
3.45
5.04
4.74
11.34
7.89
7.47
6.48
12.00
.63
3.91
3.95
321
3.80
71
2.74
398
3.19
1.02
0.79
0.81
1.57
0.84
1.04
1.24
1.49
1.15
1.00
L0l
1.49
1.59
2.32
2.46
7.34

2.50

2.83
2.42
2.36
2.50
2.64
2.53
2.53
1.26
3.01
104

Urban
Acres LF
100,187 8.04
420,461  10.08
105,210  11.78
96,136  12.47
56,731  10.49
78,824 12.13
32,814 11.87
134,620  16.56
16,180 12.41
74,940 12.33
146,910 15.16
73,006 23.18
26,872 15.77
48,740 997
22,927 10.76
46,443 8.82
198,101  8.55
40,625 8$.90
50,154  7.90
83,164  9.67
146,032 7.76
38,857 6.86
11,106 3.56
9,702  3.43
11,153 342
37,553 4.34
2,350 6.30
58,967  8.17
74187 719
21,071 6.24
33,036 6.50
11,673 5.97
30,668 700
53,586  9.34
52,442 §.28
26,055 8.29
11,080  7.31
30,044 7.25
32,942 12.78
40,276  7.51
50,373 6.48
107,100  8.24
6,204 7.47
42,370  7.80
33,815 8.00
25,137 6.61
44,327 1520
3,431 1372



Table A-2 Nitrogen Loading Factors: Pasture, Animal Waste, Forest and Urban
Chesapeake Bay Watershed Model Base Case Scenario
Land Use Acreage and Edge-of-Stream Loading Factors (LF) for Nitrogen in Ibs/acre

Segmeat

GREAT_WICOMICO
GUNPOWDER
JAMES
NANSEMOND
NANTICOKE
OCCOQUAN
PATAPSCO
PATUXENT
POCOMOKE
POTOMAC
RAPPAHANNOCK
SEVERN
WICOMICO

WYE

YORK

: Pasture

Acres LF
9% 2.59
22,795 6.69
15,2357  8.27
3,360 8.28
4,579 6.42
50,331 6.21
29,197  6.15
7,105 6.28
5,601 6.35
38,337 5.83
17,024  2.67
673  5.57
1,249 6.17
1,164 553
12,615 2.33

Animal Waste
Acres LF

1 2055.8

72 1858.9

b [0} 2007.7

s 20077

37 16613

97 1847.2

110 1858.9

15 1847.2

22 1663.3

65 1847.2

86 2055.8

2 1R47.2

4 1663.3

10 1663.3

44 2055.8

Forest

Acrcs

23,861
88,338
525,519
73,812
239,850
150,755

' BS,664

163,992
326,226
628,468
422,678
12,270
81,851
15,138
401,542

LF

1.27
2.58
2.20
2.97
2.46
2.54
2.45
2.54
2.47
2.51
1,27
2.42
2.33
2.39
1.12

Urban
Acres LF
2,023 467
126,398 9.65
105,945 13,31
16,444 13,15
46,993 7.27
55,594 7.33
80,015  7.93
128,881 7.87
23,929 7.42
297,355 7.46
31,801 4,95
14,288 7.25
18,478 7.29
8,274 6.1
59,765 8.92



Table A-3 Phosphorus Loadiog Factors: Conventional Tillage, Conservation Tillage and Hay
' Chesapeake Bay Watershed Model Base Case Scenario
Land Use Acreage and Edge-of-Stream Lozding Factors (LF) for Phosphorus in Ibs/acre

Conventional Tillage Conservation Tillage Hayland
Segment Acres LF Acres LF Acres LF
10 100,723 1.7 10,869 1.4 226.565 1.3
20 160,951 1.8 10,943 1.5 401,085 1.2
30 78,620 1.7 14,797 1.5 240,216 1.4
40 126,240 2.3 54,651 1.7 63,556 1.9
50 37,257 2.2 9,509 .19 54,500 LS
60 66,122 2.2 43,988 1.9 134,578 1.3
70 62,800 2.4 44,435 1.9 62,979 1.8
80 144,248 2.7 133,753 2.2 149,693 1.7
90 24,395 2.7 29,316 2.3 71,198 1.4
100 91,758 2.3 62,717 2.0 148,417 1.0
110 173,581 4.4 200,603 3.1 152,836 1.7
120 104,846 2.9 85,976 2.3 70,578 1.3
140 27,034 2.9 37,578 23 20,404 1.7
160 17,350 2.1 11,180 1.8 57.926 2.6
170 7.080 2.5 2,998 2.1 37,911 2.5
175 13,174 2.4 1,118 2.1 41,362 2.4
180 84,971 2.4 168,939 2.2 199,500 1.8
190 21,425 4.7 49,723 3.9 116,083 1.6
200 22,470 3.5 32,018 2% 88,901 1.4
210 38,588 2.6 127,498 2.2 97,542 1.3
220 3,121 2.2 69,422 1.7 71,578 1.3
230 25,054 1.6 37,390 1.1 121,214 0.8
235 7,131 2.7 5,094 2.1 8,852 1.9
240 4,081 1.9 18,703 1.5 2,816 1.3
250 : 9,007 3.2 5,830 2.3 14,837 1.7
260 17,381 3.0 28,427 2.1 28,076 1.6
265 335 2.1 738 1.6 10,845 1.§
270 . 8,075 1.5 37,671 2.5 162,192 2.1
280 25,308 2.7 29,341 2.0 147.753 70
290 11,562 2.4 14,252 1.7 21,120 1.4
300 33,120 3.1 37,019 2.2 52,912 1.7
310 8,054 2.5 2,600 1.9 217 1.5
330 2,225 2.0 10,233 1.5 4,845 0.7
340 4,956 2.4 8,806 1.6 5,352 0.7
ANACOSTIA 4,486 3.5 5,712 2.3 3,966 1.4
BALT HARBOR 2,193 1.6 1,558 1.1 1,718 0.7
BOHEMIA 2,891 1.3 5.875 1.0 1,974 0.4
CHESTER 26,375 1.3 115,199 1.0 7,451 0.5
CHICKAHOMINY 5,661 1.4 13,915 1.1 3,729 0.7
CHOPTANK 80,022 1.2 103,255 0.9 6,059 0.4
COASTAL 1 58,234 1.4 131,680 1.0 8,049 0.5
COASTAL_11 40,061 1.7 68,763 1.3 41,278 0.7
COASTAL 4 35,242 1.2 23,897 0.9 297 0.7
COASTAL 5 4,553 2.1 5,191 1.4 3,353 0.7
COASTAL 6 3,883 1.6 9,975 1.1 5,048 0.6
COASTAL 8 37,840 1.6 11,244 1.2 2,045 1.0
COASTAL 9 5,854 1.5 20,614 1.1 213 0.8
ELIZABETH 1,187 2.2 1,433 1.5 3 1.1
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Table A-3 Phosphorus Loading Factors: Conventional Tillage, Conservation Tillage and Hay
Chesapeake Bay Watershed Model Base Case Scenario
Laod Use Acresge and Edge-of-Stream Loading Factors (LF) for Phosphorus in Ibs/acre

Conventional Tillage Conservation Tillage Hayland
Segment Acres LF Acres LF¥ Acres LF
GREAT_WICOMICO 8,774 2.0 3,167 1.6 133 1.3
GUNPOWDER 14,662 1.6 26,048 1.1 13,068 0.8
JAMBS 43,6813 1.4 A5 Q12 1.1 5829 Q.7
NANSEMOND 15,119 2.0 19,434 1.5 349 1.1
NANTICOKE 74,878 1.7 137,165 1.4 7,919 0.4
OCCOQUAN 4,508 2.1 23,599 1.4 41,292 1.3
PATAPSCO 20,211 1.5 356,968 0.9 21,148 0.6
PATUXENT 26,009 2.9 12,075 1.8 9,760 1.0
POCOMOKE 40,847 2.0 79,758 1.7 2,839 0.3
POTOMAC 93,729 1.8 56,477 1.3 28,398 0.7
RAPFAHANNOCK 90,535 1.9 38 466 15 7.942 1.4
SEVERN 377 2.3 897 1.5 630 0.7
WICOMICO 23,068 1.7 12,012 1.4 752 0.5
WYE 10,255 1.4 19,856 1.0 1,028 0.4
YORK 44,936 1.3 44 700 1.0 8,220 0.8
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Table A-4 Phosphorus Loading Factors: Pasture, Animal Wéste,
Chesapeake Bay Watershed Model Base Case S

Segment

in

20

30

40

50

60

70

80

90

100

110

120

140

160

170

175

180

190

200

210

220

230

235

240

250

260

265

270

290

290

300

310

330

340
ANACOSTIA
BALT HARBOR
BOIEMIA
CHESTER
CHICKAHOMINY
CHOPTANK
COASTAL 1
COASTAL 11
COASTAL 4
COASTAL 5
COASTAL 6
COASTAL_8
COASTAL 9
ELIZABETH

Forest and Urhap
cenario

Land Use Acreage and Edge-of-Stream Loading Factors (LF) for Phosphorus in Ibs/acre

Pasture

Acres LF
159,325 0.168
300,413 0.196
145,469 0.215
29,624 0.287
73,066  0.173
139,180 0.252
31,756 0.165
76,049 0.172
50,173 0.073
87,849 0.057
127,594  0.500
58,097 0.206
24,304 0.264
108,588 0.401
148,161 0.235
105,876 0.20]1
220,191 0.305
211,836 0.351
200,709 0.302
79,147 0.396
105,951 .534
224,145 0.193
7,370  0.234
2,337 0.300
22,253 0.373
24,010  0.325
19,176 0.661
233,212 1.000
269,838 Q.5907
32,646 0672
80,932 0.357
4,191 0.357
8477 0.169
10,534 0,102
3,532 0.289
3,540 0.151
1,867 .20
5,493 0.186
4,013 0.356
5,884 0.173
9,108 0270
49,735 0.162
2,658 0.315
3,147 0.157
7,632 0.167
7,143 0.089
1,361 0.375
112 0.316

Animal Wacte
Acres LF
614 371.6
1,716  440.7
658 446.9
149 5029
94  526.7
402 4574
193 4333
614 422t
211 4388
607 392.6
792 386.5
806 4M.9
160 3799
145 4199
108 3872
128 .357.8
925  353.8
522 4051
412 3391
540 411.8
186 376.4
391 436.3
21 427.2
9 4272
50 427.2
71 427.2
13 376.9
316 4371
331 a6h.4
57 4237
137 4237
8 4237
23 378.6
26 378.6
11 369.4
10 371.8
12 3327
72 332.7
11 401.5
49 13327
71 332.7
321 371.8
2 3315
2 3315
5 3694
28 371.8
7 411.2
0 401.5

Forest

Acres LF
984,938  0.045
1,844,310  0.048
875,001  0.057
570,931  0.071
679,540  0.061
2,254,498  0.058
610,012  0.064
802,377  0.051
94,193 0.046
1,076,335  0.037
416,256  0.055
80,692 0.033
52,115 0.036
614,346  0.045
726,540 - 0.045
584,313 0.021
22,604 0,043
594,668 0.125
503,065  0.060
189,716 0.050
209,156 0.073
577,312 0.025
123,800  0.040
176,769  0.039
146,892 0.159
335,375 0.045
189,339 0.046
1,364,448  0.052
1,356,569  0.094
222,413 0.054
525,824  0.048
71,259  0.048
25,606  0.028
45,387 0.037
33,308 0.030
14,612 0.024
13,354 0028
77,240 0.044
96,481  0.048
135173 0.016
249,573  0.036
164,399 0.019
123,651  0.029
62,007  0.022
18912  0.024
197,054  0.021
54,841  0.044
6,276 0.035

Acres

199,187
420,461
105,210
96,136
56,731
78,824
32,814
134,620
16,180
74,940
146,910
73,096
26,872
48,740
22,927
46,443
198,101
40,625
50,154
83,164
146,032
38,857
11,106
9,702
11,153
37,553
2,350
58,967
74,187
21,071
33,036
11,673
30,668
53,586
52,442
26,055
11,089
30,044
32,942
40,276
50,373
107,100
6,204
42,370
33,815
25,137
44,327
3.43]

Urban

LF

0.73
0.65
0.88
1.24
0.82
0.85
G.90
0.84
0.72
0.68
1.21
0.75
0.77
0.92
C.82
0.83
0.78
0.85
0.75
0.83
0.73
0.72
0.54
0.50
0.49
0.63
0.82
1.21
1.04
0.79
0.86
0.72
0.60
0.33
0.67
0.63 .
0.57
0.52
0.88
0.54
0.58
0.65
0.63
0.40
0.97
0.73
0.61
0.74



Table A-4 Phosphorus Loading Factors: Pasture, Animal Waste, Forest and Urban

Segment

GREAT_WICOMICO
GUNPOWDER
JAMES
NANSEMOND
NANTICOKE
OCCOQUAN
PATAPSCO
PATUXENT
POCOMOKE
POTOMAC
RAPPAHANNOCK
SEVERN
WICOMICO

WYE

YORK

Chesapeake Bay Watershed Model Base Case Scenario )
Land Use Acreage and Edge-of-Stream Loading Factors (LF) for Phosphorus in lbs/acre

Pasture

Acres LF
990 0.103
22,795 0.182
18,257 ©.337
3,860 0319
4,579 0.263
50,331 0.310
29,197 0.145
7,105 0.222
5,601 0.288
38,337 0.221
17,024 0.110
673 0.133
1,249  0.253
1,164 0.197
12,6135 0.156

Animal

Acres

1
72
20

5
37
97

110
15
22
65
86

2

4
10
44

Waste
LF

411.2

371.8
401.5

401.5
332.7
369.4
371.8
369.4
Kk v}
369.4
411.2
365.4
3327
332.7
411.2

Forest
Acres LF
23,861 0.022
§8,338 0.029
£95.510 n.n3as
73,812 0.037
239,890 0,017
150,755 0.042
88,664 0.021
163,992 0.024
326,226 0.023
628,468 0,030
422 678 0.020
12,270 0.015
81,851 0.015
15,138 0.023
401,542 0.031

Urban

Acreg LE
2,023 o042
126,398 0.79
105 040 090
16,444 0.77
4‘6.993 0,52
55,594 0.63
80,015 0.58
128,881 0.60
23,929 0.56
297,355 0.5%
31.801 0.4%
14,288 0.49
18,478 0.54
8,274 0.53
59,765 1.06



Table A-5 Transport Factors For Nitrogen and Phosphorus
Chesapeake Bay Watershed Model Base Case Scenario
(Above the Fall Line Segments)

Segment Nitrogen  Phosphorus

10 0.72111  0.18793
20 0.52402 0.16957
30 0.65916  0.28833
40 0.75120  0.39342
50 0.73893  0.24691
60 0.68700 0.31675
70 0.77200  0.39344
80 0.83058  0.47410
90 0.34657  0.13695
100 076931 0.37998
110 0.86792  0.58113
120 0.89819  0.64535 .
140  0.94614 0.81778
160  0.69145  0.65920
170 0.71690  0.97926
175 077578  0.771271
180  0.80419  0.79696
190  0.69010 0.81116
200 0.83798  0.80452
210  0.80958  0.74528
220 (.91303 0.91048
230 091117 0.86967
235  0.49755  0.60021
240 0.49755  0.60021
250  0.56307 0.59120
260  0.56307 0.59120
265  0.69392  (.84488
270  0.69392  0.84438
280 0.69392  .84488
290  0.69392  0.84488
300  0.47277  0.56359
310  0.47277 0.56359
330 0.67852  0.60804
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APPENDIX B

Nutrient Reduction Efficiencies for Conservation Tillage and Nutrient Management*

Chesapeake Bay Watershed Mode!

* Source: Qbained from the Watershed Model Base Case and Nutrient Management Scenario Quiput Files
(CBPO, 1992)







Table B-1 Conservation Tillage Nutrient Reduction Efficiencies

Chesapeake Bay Watershed Model
Nitrogen  Phosphorus
Segment Efficicocy Efficiency
% %

10 16.9 17.3
20 9 170
30 4.4 T.0
40 179 26.8
50 1.5 12.8
60 6.3 14.9
70 6.1 194
80 15.0 17.9
$0 14.5 14.6
100 15.4 16.4
110 . 24.3 29.0
120 17.1 20.7
140 21.6 18.9
160 30.0 15.5
170 19.9 17.2
175 4.4 13.4
180 16.6 8.9
190 16.7 18.2 ’
200 21.3 19.8
210 18.7 17.3
220 2.9 21.3
230 S 274 33.8
235 21.8 22.5
240 3.0 20.9
250 20.8 2.1
260 24.0 30.7
265 18.5 24,3
270 24.1 29.5
280 22,5 26.1
2%0 25.1 29.4
300 3.7 288
310 21.1 26.0
330 17.0 24.6
340 21.3 317
ANACOSTLA 26.4 i54
BALT HARBOR 21.5 325
BOHEMIA 22,7 27.3
CHESTER 19.1 27.8
CHICKAHOMINY 23.6 23.4
CHOPTANK 211 25.5
COASTAL 1 26.1 24.3
COASTAL_11 12.6 26.9
COASTAL 4 23.8 28.0
COASTAL 5 274 36.4
COASTAL ¢ 18.5 23.8
COASTAL 8 17.8 23.6
COASTAL 9 21.5 27.6
ELIZABETH 28.9 32.2
GREAT_WICOMICO 18.6 20.0

B-1




Table B-1 Conservation Tillage Nutrient Reduction Efficiencies

Chesapeake Bay Watershed Model

Nitrogen Phosphorus
Segment Efficiency Efficiency

% %

GUNPOWDER 21.0 32.5
JAMES 17.3 24.9
NANSEMOND 17.9 26.8
NANTICOKE 11.0 15.5
OCCOQUAN 25,9 323
PATAPSCO 28.0 357
PATUXENT 30.9 36.5
POCOMOKE 14.3 172.7
POTOMAC 29.8 30.4
RAPPAHANNOCK 18.6 21.6
SEVERN 24.5 34.6
WICOMICO 13.5 20.3
WYE 20.2 25.8
YORK 17:2 21.2



Table B-2 Nutrient Management Reduction Efficiencies
Chesapeake Bay Watershed Model Nutrient Management Scenario

NITROGEN PHOSPHORTUS
Segmeat Conv'l Till Conser's Till Hayland Ceuv'l Til Conser'n  Hayland
% % % % 4 %

10 : B.8 11.7 16.0 3.6 6.3 19.5

20 6.3 9.3 11.2 3.8 6.5 11.4

30 14.0 10.4 28.5 4.0 7.6 34.35

40 21.0 22.8 40.6 8.0 9.5 45.6
.. 50 18.6 19.7 55.2 14.5 17.4 48.9

60 . 21.3 21.8 54.0 15.3 18.7 45.7

70 182 17.6 53.0 7.7 9.3 45.2

80 5.0 56 12.7 16.3

20 6.9 6.7 30.1 337 -

100 10.8 10.7 31.1 35.0

110 319 54 ' 4,0 6.1

120 10.9 11.5 0.5 10.4 7.7

140 , 8.3 9.7 7.6 10.1 6.5

160 17.0 17.6 ©13.4 18.4

170 2.2 0.1 5.8 7.2

175 13.4 13.8 9.1 11.9

180 37.8 39.9 28.7 37.3

190 36.0 39.9 - 318 37.3

200 ' 40.7 4.0 37.2 41.7

210 40.6 415 : 35.7 39.9

220 27.5 2.7 21.9 27.1

230 82 9.3 7.3 9.1

235 13.7 13.9 9.8 12.4

240 13.7 13.8 19.5 26.3

250 14.3 16.1 E.9 11.4

260 143 16.2 8.2 10.6

265 16.1 17.5 13.6 16.3

270 14.5 16.8 10.8 14.2

280 11.2 12.1 10,6 i2.3

290 10.4 11.6 9.1 11.9

300 10.¢ 12.4 10.4 14.2

310 12.0 13.6 13.4 17.6

330 39.2 40.9 2.7 23.1

340 33,2 36.1 14.9 16.2

ANACOSTIA 19.6 20.5 13.2 14.4

BALT HARBOR 33.8 - 34.8 14.0 14.1

BOHEMIA _ 17.6 17.8 .9 11.0

CHESTER 19.1 - 19.7 8.6 10.2

CHICKAHOMINY . 10,7 10,6 16.8 19.0-

CHOPTANK 20.4 20.7 11.5 12.9

COASTAL 1 20.0 20.1 : _ 12,1 15.3

COASTAL_11 56.1 51.3 41,7 39.8

COASTAL 4 . 16.6 17.1 20.5 25.8

COASTAL S 27.2 29.5 9.8 11.5

COASTAL 6 455 42.4 26.1 25.2

COASTAL 8 10.8 11.1 14.2 16.7

COASTAL o 2.7 2.7 3.1 39

ELIZARETH 1.6 1.5 0.7 0.8

GREAT_WICOMICO 12.3 12.6 17.0 21.7
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Segment

GUNPOWDER
JAMES
NANSEMOND
NANITICUKE

» OCCOQUAN
PATAPSCO
PATUXENT
POCOMOKE
POTOMAC
RAPPAHANNOCK
SEVERN
WICOMICO
WYE
YORK

Table B-2 Nutrient Management Reduction Efficiencies
Chesapeake Bay Watershed Model Nutrient Management Scenario

Conv'l Till Conser'n Till Hayland

%
355
74
4.0
19.6

18.6
36.7
21.8
27.1
24.3
12.8
28.0
26.5
21.1
13.0

NITROGEN

%
36.4
8.2
4.2
10.7
18.2
3541
23.1
27.6
23.0
13.1
30.7
27.2
21.8
"13.4

%

B-4

'PHOSPHORUS
Conv'l Til Consern  Hayland
% % %
16.2 16.4
11.5 15.0
13.9 19.0
15.7 16.9
10.5 11.7
19.6 15.5
9.7 10.6
24.4 26.6
12.3 14.3
16.6 20.8
10.8 12.5
2.5 24.4
1.7 14.1
19.2 23.9



APPENDIX C

Rural Clean Water Program Cost Tables

Conestoga Headwaters {Pennsylvania)
Dauble Pipe Creek (Maryland)
Highland Silver Lake (Iilinois)
Prairie Rose Lake (Towa)

Garvin Brook (Minnesota)

Long Pine Creek (Nebraska)
Tillamook Bay (Oregon)

;- Permanent Vegetative Cover

Animal Waste Manapement Systems
Stripcropping and Contour Farming Systems
Terrace Systemn

Diversion System

Grazing Land Protection System

Waterway System

Cropland Protective System

Conservation Tillage Systems

: Stream Protection System

: Permanent Vegetative Cover on Critical Areas

: Sediment Retention, Erosion, or Water Control Structures
: Soil and Manure Analysis

: Management of Excess Manure

: Fertilizer Management

: Pesticide Management
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APPENDIX D

Examples of Animal Waste System Costs*

Animal waste manzgement system examples reported in this appendix were obtaiged from: “Manusai for
Economic and Pollution Evaluation of Livestock Manure Management Systems” by William F. Ritter
(1990). Production and putricat content of animal wastes were obtained from “Asscesment of Field
Manure Nutrient Manapement with regards to Surface & Groundwater Quality® by R.E. Wright
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APPENDIX E

Soil Conservation Farm Plans*

-

Source: Obtained from Muaryland, Peansylvania and Visginia (MDA, PADER, and VA-DSWC, 1991)
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APPENDIX F

Nutrient Removal Efficiencies and Cost for Urban BMPs







Table F-1 Nutrieat Removal Efficiencies of Urban BMPs!
BMP # Range Drainage Total Nitrogen Total Phosphorus
Area (%) (%)
{acres)

min 11 10 13
Dry Pond/ 25%ile 17 17 13
Extended 7 median 28 25 : 20
Deten.(ED) T5%ile 34 30 26
max 88 35 40
min B G : 12
25%ile 27 . 21 34
Wet Ponds 25 | median 58 32 46
75%ile 348 39 67

max 4,872 85 _ 91
min 395 ) 47
Wet Ponds/ED 3 | median 860 54 69
max 2139 79

| min 6 23 2

Stormwater 25%ile 42 23 11
Wetalnds 12 [ median 462 ' 24 47
T5%ile 1,207 30 . 61

max 2,340 30 97

Wetlands/ED 4 | min 40 : 3 7
I median 255 21 16
max 1670 36 54
Matural Wedaads 1 55.4 -1.6 7.0

min 18 5 1

Pond/Wetalands 25%ile 42 11 24
Systems 7 { wedian 389 29 64
: 15%ile 2230 75 90

max 23393 83 92

1. Nutrient removal ranges calculated from pollutant removal tables in the report: "A Current Assessment of
Urban Best Management Practices * (Schucler et. af, 1992)




H Table F-2 Uxit Costs of Urban BMPs in the District of Columbia'
= —
BMP 1 2 Range Acres Unit Costs
Benefitted ($/acrelyear)
minimumn 0.14 344
25%ile 0.46 3,787
Sand Filters 63 median 0.60 7,036
75%ile .17 9,101
maximum 12.17 29,903
minimum 0.6 478
Infiltration : 25%ile 020 670
Treaches 5 median 0.46 1,820
: 15%ile 0.50 4,186
maximum 0.70 5,213
minimum 0.13 335
Rooftop 25%ile 0.29 957
Detention 50 median 0.66 1,340
75%ile 1.00 2,310
maximum 2.00 7,281
minimum 0.12 797
Oil Grit Chamber 25%ile 0.30 1,444
33 median 0.59 2,392
T5%ile 1.20 4,257
maximum 5.00 16,746
minimum 0.69 262 |
25%ile 3,08 790
Ponds 8 median 7.87 2,125
T5%ila 2025 4,615
maximum 32.00 12,134

1. Uait cost ranges calculsted from the report: “Chesapeake Bay Implementation Graat Quarterly Progress
Report.” District of Columbia Departmeat of Consumer and Regulatory Affairs (DCRA, 1992),



Table F-3 Unit Costs of Urban BMPs in Maryland*

BMP # Range Acres Unit Costs
Benefitted ($/acre/year)
minimum 23 38
Extended Detention/ Shallow 25%ile 32 195
Marsh . 13 | median 58 465
. 15%ile 230 545
maximum 326 1,589
minimum 17 102
25%ile 51 116
Wet Ponds 6 | median 117 250
75%ite 242 870
maximum 267 1,152
: minimum 18 9
Retrofits 25%ile 40 49
Dry-Extended Detention 12 | median 190 179
Dry-Wet Pond T5%ile 440 289
Wet Pond-Extended detention maximurm 1168 698
o minimum 3 2,456
Infiltarion Trenches 2 | median 12 2,803
maximum 21 3,150

L. Unit cost ranges calculated from cost tables in the Maryland Depariment of Environment report: "A
Survey and Analysis of Stormwater Mapagement Cost-Share Projects® (Majedi and Comstock, 1992).
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APPENDIX G

Chesapeake Bay Basin Large Municipal Wastewater Treatment Plants*

Basin A = Lower Susquchanna & Conowingo
Basin B = Lower Susquehanna

Basin C = Juniata

Basin D = West Branch Susquehanna
Basin E = East Branch Susquehanna
Basin F = Potomac

Basin G = Rappahannock

Basin H = Pamunkey

Basinl = James

Basin Q = Eastern Shore

Basin B =  Tidal Patuxent

Basin § = North Western Shore
Basin T = Tidal Potomac

Basin U = Tidal Rappahannock
Basin W = Tidal York

Basin X = Tidal James

Data shown in this sppendix were obtained from the Chesapeake Bay Program Point Source Atlas
supplemented with more recent data from the states. Flows sud nutrient efflueot concentrations refiect the
most recent average annual data compiled through 1990. Design capacity flow information, for 51 out 265
WWTPs. includes expected expansion of these WWTPs before the year 2000,







STATE NFDES FACILITY NAME

NY nno
NY 25712
NY 20672
NY 22904
NY 23591
NY 3lose
NY 29262
NY 21431
NY 5142
NY 2157
NY 292N
NY 25798
NY Furrs
NY 214N
NY 23647
NY 3ns
NY 6986
NY 27669
NY 27561
NY 24414
PA nnz
PA 20923
- PA 26620
PA 21390
FA #3257
FA 25067
PA %
PA 20893
FA 27405
PA 2308
PA 20320
PA 20826
PA 26375
PA 7150
PA 42269
PA 26308
PA 26263
PA 26743

TABLE G-1.

OWEGQ (I} WATE
PAINTED POST (
HAMILTON (V) W
ERWIN (T) STP
COOPERSTOWN SE
WAVERLY (V) WW
OWEGO (V) STP
BATH (V) WWTP
MILTON STREET
ALFRED (V) SEW
SIDNEY (V) WWT
OWEGO WATER PO
CORNING (C) WA
NORWICH WASTE
HORNELL (C) WA
ONEONTA (C) WW
CHEMUNG COUNTY
ENDICOTT (V) W
CORTLAND (C) W
BINGHAMTON-JOH
MARIETTA DONEG
NEW OXFORD MUN
MILLERSVILLE B
NEW HOLLAND EO
NEW FREEDOM WT
MOUNT JOY SEWA
COLUMBLA WASTE
MANHEIM BOROUG
EPHRATA BOROUG
ELIZABETHTOWN
LITITZ SEWAGE
DOVER TOWNSHIP
HAMNOVER STP, B
PENN TOWNSHIP
LANCASTER AREA
SPRINGETTSBURG
YORK SEWAGE WA
LANCASTER SEW

D-FLOW = Design Flow in mgd

FLOW = Annual Avetage Flow in mgd
mpd = Millions Gaflons per Day

TN = Aonusl Average Toul Niuogen Cone.

TP = Anoual Average Tolal Phosphons Conc.

NPDES = National Pollution Discharge
Elimination Number

BASIN A: LARGE MUNICIPAL WASTE WATER TREATMENT PLANTS

BASIN

SUSQUEHANNA
SUSQUEHANNA
SUSQUEHANNA
SUSQUEHANNA
SUSQUEHANNA
SUSQUEHANNA
SUSQUEHANNA
SUSQUEHANNA
SUSQUEHANNA
SUSQUEHANNA
SUSQUEHANNA
SUSQUEHANNA
SUSQUEHANNA
SUSQUEHANNA
SUSQUEHANNA
SUSQUEHANNA
SUSQUEHANNA
SUSQUEHANNA
SUSQUEHANNA
SUSQUEHANNA
SUSQUEHANNA
SUSQUEHANNA
SUSQUEHANNA
SUSQUEHANNA
SUSQUEHANNA
SUSQUEHANNA
SUSQUEHANNA
SUSQUEHANNA
SUSQUEHANNA
SUSQUEHANNA
SUSQUEHANNA
SUSQUEHANNA
SUSQUEHANNA
SUSQUEHANNA
SUSQUEHANNA
SUSQUEHANNA
SUSQUEHANNA
SUSQUEHANNA

AS{ = Aclivated Sludge

AS/N = Activated Sludge with Nitrification

COUNTY

TIOGA.
STEUBEN
MADISON

STEUBEN
OTSEGO

TIOGA
STEUBEN
CHEMUNG

DELAWARE
TIOGA
STEUBEN
CHENANGO |
STEUBEN
OTSEGO
CHEMUNG
BROOME

CORTLAND

BROOME
LANCASTER

LANCASTER
LANCASTER
YORK
LANCASTER
LANCASTER
LANCASTER
LANCASTER
LANCASTER.
LANCASTER
YORK
YORK
YORK
LANCASTER
YORK
YORK

LANCASTER.

FF = Fixed Film (TF o REC)
TF = Trickling Fiker

RBC = Rotating Biclogical Conlactors

SBR= Scquencing Bach Reactors

P= Primary
LA = Lagoon

G-1

D-FLOW FLOW
(wgd) (mgd)
0.50 039
0.50 0.29
0.50 0.42
0.52 0.27
0.52 0.43
0.60 0.61
0.62 Q.69
[.00 0.77
1.00 5.00
1.0¢ 034
1.70 0.60
2.00 063
1.13 0.96
2.20 2.60
4.00 1.89
4.00 2.62
4.30 4.5%0
1.67 6.30
10.00 4.86
18.25 7.0
0.60 033
0.8 0.61
1.0¢ 0.64
1.18 0.65
J.35 0.96
1.53 0.76
2.00 0.86
1.16 0.59
.00 342
3.00 1.57
3.50 20!
3.50 2.86
3.65 137
575 151
10.00 7.68
15.00 8.63
18.00 13.83
.70 1914
169.25 13219

TN TP
(mg/l) (mg/D

21.80 6.50
15.63 6.50
2929 6.50
18.76 6.50
18.95 6.50
2170 6.50
15.42 6.50
16.97 6.50
28.21 6.50
2093 6.50
16.54 6.50
15.83 6.50
19.77 6.50
30.04 6.50
15.74 §.50
16.88 6.50
19.68 6,50
21.06 6.50
17.38 6.50
25.97 6.50
- 17.00 5.62
17.00 2.55
17.00 5.63
19.20 132
17.00 5.63
19.20 1.47
17.00 0.35
19.20 1.50
19.20 1.68
17.00 0.58
19.20 1.48
19.20 0.37
19.20 1.40
19.20 0.83
17.00 Q.58
19.20 0.72
17.00 1.35
19.20 0.77

TYPE

EA = Extzaded Acoation
CM = Complete Mix

CS = Contact Stabilization
OD = Oxidation Dikh

PF = Plug Flow
PO = Pure Oxygen
SA = Step Acralion
HR = High Rate
LR = Low Raw



TABLE G-2.

STATE NPDES FACILITY NAME
NY 20672 HAMILTON (V) W
FA 23183 MT. HOLLY spiud
PA 20915  PINE GROVE BOR
PA 21506  ANNVILLE TOWNS
PA 44113 S MIDDLETON TW
T 4384 cAplItLE SURUR
PA 24040  HIGHSPIRE STP
PA 72535  MILLERSBURG BO
PA 26654 NEW CUMBERLAND
PA 23558 ASHI AND MUNICI
PA 21075 MYERSTOWN BORO
PA 24287  PALMYRA BOROUG
PA 28746 HAMPDEN TOWNSH
PA riont:td CHENANDOAH MTIN
PA 20885  MECHANICSBURG
PA 26441 LEMOYNE BOROUG
PA 20664 MIDDLETOWN WAS
PA 80314 HAMPDEN TOWNSH
PA 30643  SHIPPENSBURG B
PA 10§82 SELINSGROVE BO
PA 38415  EAST PENNSBORC
PA 26424 DERRY TOWNSHIP
PA 27149  LOWER ALLEN TO
PA 26735  SWATARA TOWNSH
PA 27316  LEBANON CITY A
PA 26077 CARLISLE ROROU
PA 27197  HARRISBURG SEW

BASIN COUNTY
SUSQUEHANNA MADISON
SUSQUEHANNA CUMBERLAND
SUSQUEHANNA SCHUYLKILL
SUSQUEHANNA LEBANON
SUSQUEHANNA CUMBERLAND
SUSHURHANNA CIMRFREAND
SUSQUEHANNA DAUPHIN
SUSQUEHANNA DAUPHIN
SUSQUEHANNA CUMBERLAND
SUSQUEHANNA SCHUYLKILL
SUSQUEHANNA LEBANON
SUSQUEHANNA LEBRANON
SUSQUEHANNA CUMBERLAND
STSQUEHANMNA SCHUYLXILL
SUSQUEHANNA CUMBERLAND
SUSQUEHANNA CUMBERLAND
SUSQUEHANNA DAUPHIN
SUSQUEHANNA CUMBERLAND
SUSQUEHANNA FRANKLIN.
SUSQUEHANNA SNYDER
SUSQUEHANNA CUMBERLAND
SUSQIUIFHANN A DAUPHIN
SUSQUEHANNA CUMBERLAND
SUSQUEHANNA DAUPHIN
SUSQUEHANNA LEBANON
SUSQUEHANNA CUMBERLAND
SUSQUEHANNA DAUPHIN

D-FLOW = Design Flow in mgd

FLOW = Annual Average Fluw o wigd

mgd = Millions Galloos per Day

TN = Annual Average Total Nitrogen Conc.

TP = Anpual Average Toul Fhosphorus Conc.

NPDES = Nutional Pollutioa Discharge
Elimination Nurber

AS{ = Activated Siudge
AS/N = Activated Sludge with Mitrifieation
FF = Fixed Film (TF or REC)

TF = Trickling Filter

RBC = Rotatiag Biological Contactors
SBR= Scquencing Betsh R
P= Primary
LA = Lagoon

G-2

D-FLOW FLOW

(mgd) (wgd)
0.50 0.42
0.60 0.22
0.60 0.49
0.75 0.45
0.75 0.27
0.90 0.5
0.90 1.0
0.50 0.43
1.25 0.55
130 0.86
§.40 0.61
1.42 0.70
1.76 132
2.00 1.32
2.08 0.91
2.09 1.48
2.20 1.04
2.50 1.93
2.7% 1.7
2.80 1.50
1.70 2.42
5.00 119
5.95 335
6.30 1.2%
6.60 5.46
2.50 345
96.4 6.1

BASIN B: LARGE MUNICIPAL WASTE WATER TREATMENT FLANTS

TN - TP TYPE
(g} (mgM)
19.2% 6.50 AS/
20.9 C.31  aAs/mD
143 0.60  AS/N
20.9 138 AS/N
24.56 098  AS/N
20.9 200 asmwN
172 156 ASICs
1458 800  As/pP
74.68 182 AS/CS
13.76 2.08 AS/EA
09 058 ASN
2804 290 AS/FF
1167 2.04  AS/PE
1328 334 ASIOM
26.2 1.2 TH
25,12 2.00  AS/PE
24.56 1.20 ASTPF
i4.41 2.00 ASICS
24.56 1.00
20.90 £.00 AS/PF
25.56 146  AS/N
13.71 1.30 AS&FILTC
9.45 1.95 AS/N
.17 7.50  AS/Cs
2422 1.40 AS/N
15.25 0.85 ASIN
15.59 1.51  AS/FF

EA = Extznded Aerstion
M = Complete Mix

CS = Contact Stabilization
QD = Oxidation Ditzh

PR = Plug Flow

PO = Pure Oxypea

SA = Sicp Aeratico

HR = High Rate

LR = Low Ratz



TABLE G-3. BASIN C: LARGE MUNICIPAL WASTE WATER TREATMENT PLANTS

STATE NPDES FACILITY NAME BASIN

FA
PA
PA

PA
FA
PA
PA
PA
PA
PA
PA
PA
PA
PA

28347 MARTINSBURG SE

X857
21240
23083
23264
0214
22209
21493
41273
26280
26151
27014
2022
w11

LOGAN TWP.(GRE

BELLWOOD BOROU
BROWN TWF MUN

TWIN BOROUGHS

MOUNT UNION BO
BEDFQRD BOROUG

HOLLIDAYSBURG
HOLLIDAYSBURG

LEWISTOWN, BOR
HUNTINGDON, BO

ALTOONA CITY A
ALTOONA CITY A

TYRONE BOROUGH

D-FLOW = Design Flow in mgd
FLOW = Anaual Average Flow in mgd
mgd = Millions Gallons per Day

TN = Annual Aversge Tola] Nitrogen Cone.
TP = Anoual Average Total Phosphorus Conc.

NPDES = Nations! Pollutioa Discharge

Eliminstion Number

SUSQUEHANNA
SUSQUEHANNA
SUSQUEHANNA
SUSQUEHANNA
SUSQUEHANNA
SUSQUEHANNA
SUSQUEHANNA
SUSQUEHANNA
SUSQUEHANNA
SUSQUEHANNA
SUSQUEHANNA
SUSQUEHANNA
SUSQUEHANNA
SUSQUEHANNA

AS/ = Activatzd Sludge

COUNTY

BLAIR

BLAIR

BLAIR
MIFFLIN
JUNIATA
HUNTINGDON
BEDFORD
BLAIR

BLAIR

HUNTINGDON
BLAIR '
BLAIR
BLAR

AS/N = Activated Sludge with Nirification
FF = Fixed Film (TF or RBC)

TF = Trckling Filter

RBC = Routing Biological Contactors
SBR= Sequencing Eaich Reaclors

P= Primary
LA = Lagoon

D-FLOW FLOW
{(mgd) (mpd)
0.5 0.62

0.6 0.44

0.6 0.25

0.6 .12

Q.6 0.20

0.83 0.40

1.2 0.78

1.33 1.61

2 1.20

2.4 1.69

.75 1.81

55 4.97

6.5 §.67

9 500

35 25.9

™ : TP TYPE
(mg/l) (me/)
17 4,58 AS/EA
17 488  AS/Cs
17 [ TR
17 6 Pa
17 6  ASI/CS
17 & BEa
19.2 1.1 AS/PF
1037 6 AS/MN
19.2 6 AS/N
17 6 EA
17 4.65 TF/
19.2 7S AS/
19.2 375 ASMPF
19.2 0.38 AS/N

EA = Exiended Aeration
CM = Complets Mix

€S = Contact Sizbilization
0D = Oxidatian Ditch
PF = Plug Flow

PO = Pure Oxygea

SA = Step Aention

HR = Wigh Ruie

LR = Low Rate



TABLE G,

BASIND: LARGE MUNICIPAL WASTE WATER TREATMENT PLANTS

STATE NPDES FACILITY NAME BASIN

PA
PA
PA
PA
PA
PA
PA
PA
PA
FA
PA
PA
PA
FA
PA
PA
FA
FA
PA
PA
FA
FA

23736 TRI BORO MUNIC

24739

20699 MONTGOMERY BOR

24328

CURWENSVILLE M

MUNCY BOROUGH

28665 JERSEY SHORE,

433y3
23461
21314
217553

37966 MOSHANNON VALL

24406
21687
20486
44661
20073
25633
23681
26999
26239
26310
27049
27057

WES1ERN CLINIU
MIFFLINBURG BO

MANSFIELD BOKO
PINE CREEK MA-

MT CARMEL MUN
WELLSBORC MUN
BELLEFONTE BOR
LEWISBURG AREA
MILTON MUN AUT
LOCK HAVEN CIT
KELLY TWP MUN
FENNSYLVANIA 5
UNIVERSITY ARE
CLEARFIELD MUN
WILLLAMSFORT 5§
WILLIAMSPORT 5

D-FLOW = Design Flow in mgd

FLOW = Anous] Average Flow in mpd
mgd = Millions Galloas per Day

TN = Annual Aversge Totsl Nitrogen Conoc.

TP = Annual Average Tota! Phosphorus Cone.

NPDES = Natioaal Pollutioa Discharge

Elimimtion Number

SUSQUEHANNA
SUSQUEHANNA
SUSQUEHANNA
SUSQUEHANNA
SUSQUEHANNA
SUSQUEHANA
SUSQUEHANNA
SUSQUEHANNA
SUSQUEHANNA
SUSQUEHANNA
SUSQUEHANNA
SUSQUEHANNA
SUSQUEHANNA
SUSQUEHANNA
SUSQUEHANNA
SUSQUEHANNA
SUSQUEHANNA
SUSQUEHANNA
SUSQUEHANNA
SUSQUEHANNA
SUSQUEHANNA
SUSQUEHANNA

AS! = Activated Sludge

COUNTY

SUSQUEHANNA
CLEARFIELD
LYCOMING
LYCOMMNG
LYCOMING
Loy
UNION

TIOGA
CLINTON
CENTRE
NORTHUMEBERLA
TIOGA

CENTRE

UMION
NORTHUMBERLA
CLINTON
UNION
CEMNTRE
CENTRE
CLEARFIELD
LYCOMING
LYCOMING

ASIN = Activaled Sludge with NiuiGvstou
FF = Fixed Film (TF or RBC)

TF = Trickling Filter

RBC = Rouling Biological Conlsctors
SBR= Sequepcing Buch Reaclors

Pe= Primary
LA = Lagoon

G4

D-FLOW FLOW
(mgd) (mgd)
0.5 037
0.5 0.60
045 0.44
0.7 1.18
03 0.65
o0 040
.08 0.73
1 0.53
13 1.13
1.5 1.5%
15 1.04
13 1.08
24 1.87
243 im
246 1.5¢
375 2.52
a7s 2.15
384 1.08
3.84 ki1
4.5 3.56
4.5 2.67
215 M
51,28 40.05

TN - TP TYPE
(mgfl) (mg)
17 188 BA
17 713 AS/EA
17 6  AS/PF
17 438 TF
17 6  AS/PR
17 £ ADPD
17 6 SBER
17 6  AS/N
17 488 AS/CS
17 & AS/CS
17 4.88 ASICS
19.2 7.13 ASf
19.2 1.1 AS/CS
17 & ASt
i7 6  AS/EA
18.5 6 AS/
17 & ASIPF
17 113 ASMN
19.2 0.14 ASN&
17 6  AS/PF
17 & AS/PF
17 A ARDPR

EA = Exicoded Acnation
OM. = Complets Mix

CS = Copucl Stabilization
OD = Oxidation Ditch

PE = Plug Flow

PO = Purc Oxygen

SA = Sup Acrativn

HR = High Rat:

LR = Low Rale



STATE NPDES FACILITY NAME

PA 45138
PA 27081
PA mn
PA 34576
PA 45985
FA 43631
PA 26221
PA 28576
PA 27068
PA 23531
PA 26557
PA 22248
PA 277
PA 26361
PA 27090
PA 27324
PA 26921
PA 26492
PA 26107

TABLE G-5.

ST. JOHNS SEWE

LACKAWANNA RIV
LACKAWANNA RIV
TOWANDA MUN AU
MOUNTAINTOP AR

SAYRE

DALIAS AREA MU

CLARKS SUMMIT-

LACKAWANNA RIV
DANVILLE MUN A

SUNBURY CITY M

BERWICK MUN AU
ELOOMSBURG MUN
LCWER LACKAWAN
LACKAWANNA RIV

SHAMOKIN-COAL

GREATER HAZELT
SCRANTON SEWER
WYOMING VALLEY

C-FLOW = Design Flow in mgd
FLOW = Annust Average Flow in mgd
mgd = Millions Gallons per Day

TN = Annusl Average Tota] Nivrogen Cone.
TP = Ansual Averape Tots! Phosphorus Cone.

NPDES = Nutional Pollution Discharge
Eliminstion Number

BASIN E: LARGE MUNICIPAL WASTE WATER TREATMENT PLANTS

BASIN

SUSQUEHANNA
SUSQUEHANNA
SUSQUEHANNA
SUSQUEHANNA
SUSQUEHANNA
SUSQUEHANNA
SUSQUEHANNA

SUSQUEHANNA

SUSQUEHANNA
SUSQUEHANNA
SUSQUEHANNA
SUSQUEHANNA
SUSQUEHANNA
SUSQUEHANNA
SUSQUEHANNA
SUSQUEHANNA
SUSQUEHANNA
SUSQUEHANNA
SUSQUEHANNA

AS/ = Avtivated Sludge

COUNTY

LUZERNE
LACKAWANNA
LACKAWANNA
BRADFORD
LUZERNE
BRADFORD
LUZERNE
LACKAWANNA
LACKAWANNA
MONTOUR
NORTHUMBERLA
COLUMBIA
COLUMBLA
LUZERNE
LACKAWANNA
NORTHUMBERLA
LUZERNE
LACKAWANNA
LUZERNE

AS/N = Activated Sludge with Nitrification
FF = Fixed Film (TF or RBC)

TF = Trickliop Filler

REC = Rotsting Biclogical Contactors
SBR= Scquencing Batch Reaclors

P= Primary
LA = Lapoon

G-5

D-FLOW FLOW
{mgd) (mgd)
0.6 0.2
0.7 040

1 057

1 0.32

.83 229
194 o032
22 2.9
25

1 333
322 2.60
35 300
365 228
429 259

6§ 3152

7 534

7 3.04

89  7.80

28 14.63

30 242
13633 8232

TN , TP TYPE
(mg/) (mgM)

17 231 ASN
17 201  asma
17 228  asmN
17 6 AS/PR
19.2 218 ASIN
17 713 @
19.2 244  asics
192 446  AS/CS
17 257  asm
17 6  AsiCs
17 6  ASKF
17 7.13 P
17 6 Asics
17 135 asmw
17 312 asmw
17 488 TF
17 3.21  aserF
192 321  asmw
17 4.07 TF!

EA = Extcoded Acration
CM = Comgleie Mix

CS = Contact Stabilization
OD = Oxidation Ditch
PF = Plug Flow

PO = Pure Oxygen

SA = Step Aeration

HE = Hig_h Paie

LR = Low Rate



TABLE F-6. - BASINF: LARGE MUNICIPAL WASTE WATER TREATMENT PLANTS

STATE NPDES FACILITY NAME

€007} CEORGE'S CREEK
23001 PFOOLESYILLE

20672 TANEYTOWN CITY
20958 BRUNSWICK SEWA

20257 EMMITSBURG
20982 WAIILSUD.SAN.C

21121 THURMONT WASTE
20214 WCSC SUBDIV 1-
27405 MD CORRECTION
21322 FREDERICK COM
20877 US ARMY FORT I
21831 WESTMINSTER WA
21491 SENECA CREEK
21616 FREDERICK CITY
21776 HAGERSTOWN 5TP
21598 CUMBERLAND,CIT
PA 80225 WASHINGTON TOW
PA 21563 GETTYSBURG MUN
FA 20611 WAYNESBORO BOR
FA 26051 CHAMBERSEURG B
VA 31780 FCSA: ABRAMS C
YA 22802 FURCELLVILLE S
VA 66877 STUARTS DRAFT
VA 64637 VERONA

VA 62642 LURAY STP

VA 20311 STRASBURG STP
YA 62412 FRONT ROYAL ST
VA 25291 FISHERSVILLE S5
VA 21377 LEESBURG STP
YA 25151 WAYNESBORO STP
VA 25135 WINCHESTER 5TP
YA 64793 STAUNTON STP
VA 65552 FWSA OPEQUON §
YA

wv

wv

wvY

wv

5555555555858 8¢E8

0049 HARRISONBURG/R
20699 ROMNEY, CITY O
22349 CHARLES TOWN 5
24391 KEYSER,CITYO
231167 MARTINSBURG, C

D-FLOW = Design Flow ia mgd

FLOW = Annual Averzpe Flow in mgd

mgd = Millions Gallons per Day

TN = Annual Average Toul Nitrogen Conc.

TF = Annual Average Toul Phosphorus Cone.

NPDES = National Pollution Discharge
Elimination Number

BASIN COUNTY
POTOMAC ALLEGANY
POTOMAC MONTGOMER
POTOMAC CARROLL
POTOMAC FREDERICK
POTOMAC FREDERICK
MOTOMNMAC MMOMTCOLEDNY
POTOMAC FREDERICK
POTOMAC WASHINGTON
POTOMAC WASHINGTON
POTOMAC FREDERICK
POTOMAC FREDERICK
POTOMAC CARROLL
POTOMAC MONTGOMERY
POTOMAC FPEDERKK
POTOMAC WASHINGTON
POTOMAC ALLEGANY
POTOMAC FRANKLIN
POTOMAC ADAMS
POTOMAC FRANKLIN _
POTOMAC FRANKLIN
POTOMAC WINCHESTER C
POTOMAC LOUDOLIN
POTOMAC AUGUSTA
POTOMAC AUGUSTA
POTOMAC PAGE
POTOMAC SHENANDO AH
POTOMAC WARREN
POTOMAC AUGUSTA
POTOMAC LOUDOUN
POTOMAC AUGUSTA
POTOMAC FREDERICK
POTOMAC STAUNTON CIT
POTOMAC FREDERICK™
FOTOMMAC ROCHIICILAM
POTOMAC HAMPSHIRE
POTOMAC JEFFERSON
POTOMAC MINERAL
POTOMALC BERKELEY

AS/ = Asdvacd Sludge
AS/N = Activated Sludge with Nitrification
FF = Fixed Film {TF or RBC)

TF = Trickling Filter

RBC = Rotwting Biclogical Contactara
SBR= Sequencing Bawch Reactors
P= Primary
LA = Lagoon

G-6

D-FLOW FLOW
(mgd) (mgd)
0.6 0.8
0. 0.77
0.66 0.91
0.7 0.435
0.75 0.64
nTs 0 R1Y
1 0.92
1.6 1.373
1.63 0.305
2 0.68
2 1.07
3 ian
5 4.1
7 .34
4 9.68
15 14.32
1 0.75
1.41 1.51
1.87 0.97
52 3.59
05 0.00
1.5 0.13
0.7 0.7
0.8 0.6
0.8 0.97
081 0.45
2 1.94
2 0.81
2.5 2.
£ 2.80
4 4]
45 1.40
b} 18.70
] 740
0.5 0.50
0.t 0.53
11 0.71
5
103,28 100776

TN. TP TYPE
(mgfl) (mg)

14.1 19  aAs/iop

1.7 14 SBR

.75 2.1 AS!
19.42 £.94 AS/
.79 1.7 IF
10 26 2.6 ASM

1457 1329 AS/OD
243 348 TF
1221 138  TF
0.5 44 AS/
1.62 12 TF
13.67 25 ASMN
9.0 13 AS/EA
1904 384 AS
1389 198 AS/PO
18 LI15 ASN
192 488 AS/
192 036 AS/OD

17 &  AS/FF
19.2 557 TF
0 0 AS/EA
18.7 2.5  ABATF
18.7 25  AS/OD
18.7 2.5 RBC
18.7 2.5 AS/EA
18.7 2.5 AsS/OD

18.7 2.5 ASICM
18.7 1.5 ASICM
18.7 25  TFHR

18.7 2.5 TFMHR

G 0 TFHR
18.7 15  TFHR
25 0 ASICM
127 78 ARHM

17.12 6.50 ASY
20.90 6.50 ASt
16.95 6.50

14.77 6.50 FF

EA = Exweoded Aeration
CM = Complete Mix

S = Contact Stabitization
OD = Oxidstion Ditch

PF = Piug Flow

PO = Pure Oxygen

SA = Sizp Acrution

HR = High Patc

LR = Low Kal:



TABLE G-7. BASIN G: LARGE MUNICIPAL WASTE WATER TREATMENT PLANTS

STATE NPDES FACILITY NAME BASIN COUNTY D-FLO FLOW

{mgd) (mgd)
VA 21385 ORANGBE 5TP RAFPAHANNOCK, ORANGE 0.75 0.67
VA 21172 WARRENTON STF  RAPPAHANNOCK  FAUQUIER | 1.19
VA 61590 CULPEPER STP RAPPAHANNOCK CULPEPER 2 1.63
475 349
D-FLOW »= Design Flow in mgd AS/ = Activated Sludge
FLOW = Acaual Average Flow inmgd - AS/N = Activated Sludge with NitriGication
mgd « Millicas Galloas per Day FF = Fixed Film (TF or RBC)
TN = Annual Average Tolal Nitrogen Cone. TF = Trickling Filter
TP = Anoual Average Total Phosphorus Conc.  RBC = Rotating Biological Contactors
NEDES = Nutiopal Pollution Discharge SBR »= Sequencing Batch Rescton
Elimination Number Px Prinury
LA = Lagoon

™ . TP TYPE
(mgAl) (mg/)

18.7 25 TEsR

18.7 25 TF&Rpe

18.7 2.5 AS/CM

EA = Extended Acntion
CM = Coq:plete Mix
CS = Coptact Stbilization

‘OD = Oxidation Ditch

PF = Plug Flow
PO = Pure Oxygen
SA = S1ep Aenlion
HR ~ Iligh Ratc
LR = Low Raie



TABLE G-8. BASIN H: LARGE MUNICIPAL WASTE WATER TREATMENT PLANTS

STATE NPDES FACILITY NAME BASIN COUNTY

VA 21105 GORDONSVILLE YORK QORANGE

YA 29521 DOSWELL STP YORK HANOVYER

VA 24898 ASHLAND STP YORK HANOVER
D-FLOW = Design Flow in mgd AS! = Activaled Sludpe
FLOW = Annua)] Avenge Flow inmgd . AS/N = Activaled Sludge with Nitrificavion
mgd = Millions Gellons per Day FF = Fixed Film (TF or RBC)
TN = Annus! Average Tolal Nitrogen Cone. TF = Trickling Filter
TP = Annsual Aversge Total Phosphorus Conc. RBC = Routing Biological Contactors
NPDES = Nalional Poliufion Dischargc SBR= Sequencing Balch Reactors

Eliminstion Number ‘P= Primary

LA = Lagcon

G-8§

D-FLOW FLOW TN.. TP TYPE

(mgd)
0.67
1

2
3.67

(mgd) (mgM) (mgN)
062 187 25 La
1.55 18.7 1.01 AS/EA
096 187 25 LA
s :

EA = Extended Acnition
CM = Cungrlets Mix

€S = Contact Stbilizaticn
OD = Oxidatioa Ditch

PF = Plug Flow

PO = Pure Oxygean

SA = Step Acration

HR = High Rate

LR = Low Rate



STATE NPDES FACILITY NAME BASIN

VA
VA
YA
VA
VA
YA
VA

TABLE G-9.

21351 FARMVILLE BRID
22711 CLIFTON FORGE
20567 LEXINGTON STP

10991 BUENA VISTA ST
25542 COVINGTON STP

23518 MOORES CREEK §
24970 LYNCHBURG STP

D-FLOW = Desipn Flow in mpd
FLOW m Annusl Averape Flow in mgd
mgd = Millioas Gallons per Day

TR = Anoua! Averge Toul! Nitrogen Conc.
TP = Anoual Avernge Toty! Phosphorus Cone.

NPDES = National Poliution Discharpe

Elimination Number

BASINI: LARGE MUNICIPAL WASTE WATER TREATMENT PLANTS

CQUNTY

JAMES PRINCE EDWAR
IAMES CLIFTON FORG
JAMES ROCKBRIDGE
JAMES BUENA VISTA
JAMES COVINGTON CT |
JAMES CHARLOTTESV]
JAMES LYNCHBURG CI

AS/ = Activated Sludge

AS/N = Activated Sludge with Nitrificalion
FF = Fixed Film (TF or RBC)

TF = Trickling Filter

P= Primary
LA = Lagoon

RBC = Rotating Biological Contactors
SBR= Sequencing Baich Reaclons

D-FLOW FLOW
(mgd)  (mgd)
1.0 060
1 147
2 o’
225 189
3 L7
15 1021
2 1463
413 3183

TN . TP TYPE
(mg/l) (mg/)
18.7 25 1
1%.7 25 TEMR
18.7 25 AS/IOM
18.7 2.5  RBC

18.7 2.5 1
9.25 1.63  AS/CM
12.14 1.6  AS/CM

EA = Extzoded Acration
€M = Compleic Mix

C5 = Coptact Subilization
OD = Oxidation Ditch

PF = Plug Flow

PO = Pure Oxygen

SA = Step Aecation

HR = High Rate

LR = Low Rats



TABLE G-10.

BASIN Q: LARGE MUNICIPAL WASTE WATER TREATYMENT PLANTS

STATE NPDES FACILITY NAME BASIN

DE
DE

S555bPE555056556555885883%

T
=

20249 BRIDGEVILLE ST
20257 GEORGETOWN TOW
20125 LAUREL STP

20265 SEAFORD WASTE
23604 TALBOT CO. SAN
£4900 FRITTI_AND, OIT
22764 SNOW HILL WATE
20531 DELMAR WWIT
72641 MEADOWVIEW UTI
21249 FEDERALSBURG 5
20010 CHESTERTOWN UT
20859 BAINBRIDGE

22730 HURLOCK, TOWN
22551 POCOMOKE CITY
20001 CRISFIELD SEWA
20656 PRINCESS ANNE
20613 TOWN COMMISSIO
234385 KENT NARROWS
20271 EASTON WASTE S
52027 NORTHEAST STP
20681 ELKTON SEWAGE
2157} SALISEURY CITY
21636 CAMBRIDGE COMM

D-FLOW = Design Flow in mgd

FLOW = Annual Avemge Flow in mgd
mgd = Miilions Gallons per Day

TN = Annual Avenayc Total Nitrogen Cone.

TP = Anntul Aversge Total Phasphorus Conc.

NPDES ~ Mational Pollution Discharge

Eliminatioo Number

E SHORE
E SHORE
E SHORE
E SHORE
E SHORE
E SHORE
E SHORE
E SHORE
B SHORE
E SHORE
E SHORE
E SHORE
E SHORE
E SHORE
E SHORE
B SHORE
E SHORE
E SHORE
E SHORE
E SHORE
E SHORE
E SHORE
E SHORE

AS/ = Activaicd Sludge

ASIN = Activated Sindge with Nilrification

COUNTY

SUSSEX
SUSSEX
SUSSEX
SUSSEX
TALBOT
WICOMICO
WORCESTER
WICOMICD
CECIL
CAROLINE
KENT

CECIL
DORCHESTER
WORCESTER
SOMERSET
SOMERSET
CECLL
QUEEN ANNES
TALBOT
CECIL
CECIL
WICOMICO
DORCHESTER

FF = Fixed Film (TF or RBC)
TF = Trickling Filter

RBC = Rotating Biological Coatactors

SBR= Sequencing Batch R

P= Primary
LA = Lagoon

G-10

D-FLOW FLOW
(mgd) (mgd)
05 0%0
6.5 036
0.5 031
092 om
05 . 013
05 043
05 056
065 0m
0.7 016
0.4 037
0.9 0.76
1 0.18
1.1 097
1.2 1.47
1.2 0.80
1.26 0.87
1.65 0.70
2 058
2 7.50
2 0.51
27 148
6.8 5.22
31 190
38.17 34.1013

TN - TP
(mg/) (mgh)
20.70 7.00
18.50 1.44
20.70 720
15.83 6.00
11.00 3.00
13.00 3.00
13 3
10.56 0.44
18.00 3.00
15.70 3.08
9.3 2.0
18.00 3.00
13 3
18 3
19.05 1.53
18 0.17
5.6 0.44
199 393
6.47 1.94
16.20 0.33
20.96 1.64
it 3
18 3

TYPE

AS/EA

SrarESEEIEe §

&
2

cEE

ASIEA
AS/
TF
ASf

BA = Extended Acmtion

CM = Complele Mix

CS = Contact Subilization

OD = Oxidation Diwch

FF = Plug Flow

PO = Pure Oxygea
SA = Skep Aeration

HR = High Rate
LR = Low Ratz



TABLE G-11. BASINR: LARGE MUNICIPAL WASTE WATER TREATMENT PLANTS

STATE NPDES FACILITY NAME BASIN COUNTY D-FLOW FLOW TIN. TP TYPE
(mgd) (mgd) (mg/l) (meM)
MD 20281 CHESAPEAKE BEA PATUXENT CALVERT 05 042 1300 360  As
MD 21132 MARYLAND CITY  PATUXENT ANNE ARUNDEL 0.75 080  14.25 26 Asy
MD 23957 MD CORRECTIONA  PATUXENT HOWARD LB 100 122 138 Asy
MD 21628 BOWIECITY STP  PATUXENT PRINCE GEORG 33 21 5.7 035  amnp
f Lva] 21717 USA HQ, FORTM PATUXENT ANNE ARUNDEL 4.5 i1n 1437 0.05 AS/N
MD 21679 PINE HILL RUN W CHESAP SAINT MARYS 45 162 304 408 TF
MD 21651 PATUXENT-ANNE  PATUXENT ANNE ARUNDEL 6 379 185 05 Asy
MD 21725 PARKWAY PATUXENT PRINCE GEORG 75 676 195 0.6  AS/N
MD 55174 LITTLEFATUXEN  PATUXENT HOWARD 194 1610 1481 05  ASMN
MD 21741 WESTERN BRANCH PATUXENT PRINCE GEORG 30 1459 {56 0.9  AS/N
' 7168 529

D-FLOW = Design Flow in mgd AS/ = Activated Sludge EA = Extended Aerstion

FLOW = Annual Averige Flow in mgd AS/N = Activated Sludge with Nitrification CM = Complete Mix

mgd = Millions Galloas per Duy FF = Fixed Film (TF or REC) ' CS = Coptact Stabilization

TN = Annusl Average Total Nitrogea Cone, TF = Trickling Filter OD = Oxidation Ditch

TP = Annual Averape Tolal Phosphorus Conc. RBC = Rotating Biclogical Contactors PF = Plug Flow

NPDES = Naional Pollution Discharge SBR= Scqucncing Baich Reaclors PO = Purc Oxygen

Elimination Number P= Primary SA = Step Acration
LA = Lagoon HR = High Bate

" LR = Low Rate
G-11




TABLE G-12.

STATE NPDES FACILITY NAME

22446 HAMPSTEAD

61794 MAYO WWTP
21512 MES-FREEDOM

21237
21229
21563

56545 SOD RUN

21814 ANNAPOLIS 5TP,
21661
21801
215855

PATAPSCO
BACKRIVER

SS55ESESEEEEEEEE

D-FLOW = Detign Flow in mgd
FLOW = Anpua] Aversge Flow in mgd
mgd = Millions Gallons per Day

TN = Anoual Average Totad Nitrogen Cone.
TP = Annual Avernge Total Phocphorus Cone.

NFPDES = National Pollution Discharge
Elimination Number

225325 JOPFPATOWNE STP

23523 US NAVAL ACADE

11730 HAYRE LE ORACE
24350 BROADWATER SEW
ABERDEEN PROVI
ABERDEEN PROVI
ABERDEEN, TOWN
21644 AA COUNTY BROA

ANNE ARUNDLCL C

SBR= Seq

BASIN S: LARGE MUNICIPAL WASTE WATER TREATMENT PLANTS

BASIN COUNTY

W CHESAP HARFORD

W CHESADP CARROLL

W CHESAP ANNE ARUNDEL
W CHESA® ANNE ARUNDEL
W CHESAP CARROLL

W CHESAT IIADFORD

W CHESAP ANNE ARUNDEL
W CHESAP HARFORD

W CHESAP HARFORD

W CHESADP HARFORD

W CHESAP ANNE ARUNDEL
W CHESAP HARFORD

W CHESAP ANNE ARUNDEL
W CITESAP ANNE ARUNDEL
W CHESAP BALTIMORE CI
W CHESAP BALTIMORE Cl

AS/ = Activated Sludge
ASMN = Astivawd Sludge wilh Nitilicalion
FF'= Fued Film (TF or RBC)

TF = Trickling Filter

RBC = Rotating Biological Contaciors
ing Bawch R

F= Primary
LA = Lagoon

G-12

D-FLOW FLOW
(mgd) (mgd)
0.75 .82
0.9 0.40

1 0.50

H 0.05

1.8 1.38

1.0 1.04

2 1.24

3 1.22

3 1.10

4 1497

[ 513

10 9.57

10 8.45

15 12.70

2375 62.57
s .0
322.85 232557

™ . TP TYPE
(mg/) (mg/D)
15.40 35 ASMN
12.00 0.56 AS?
18.00 0.5 TE
598 1.47 Sk
T.75 4.43 ASt
11.07 0.2 ™
11.90 0.74 AS/N
20.53 0.4 TF
7.47 0.6 TF
1598 0.05 AEMN
16.3 2.4 AS/
‘25.96 0.7 ASf
9.75 1,28 ASIN
14.7% 0.99 AL/
127 1 ASS
11§ 0.4 AS/

EA = Extepded Acration
CM = Complete Mix

CS = Contact Stabilization
OD e Oxidation Ditch

PF = Plug Flow

PO = Purc Oxygen

SA = Step Asnition

HR = High Rate

LR = Low Rate



TABLE G-13. BASIN T: LARGE MUNICIPAL WASTE WATER TREATMENT PLANTS

STATE NPDES FACILITY NAME BASIN

DC 21199 BLUE PLAINS
MD 70885 NAYORD/INDIAN
MD 20052 INDIAN HEAD, T
MD 72781 UTILITIES INC.
MD 20842 US DEPARTMENT
MD 24767 LEONARDTOWN SE
MD 20524 TOWN OF LA PLA
MD 21865 CHARLES CNTY S
MD 21539 PISCATAWAY

VA 26409 COLONIAL BEACH
VA 28363 QUANTICO/MAINS
VA 2467¢ DALE CITY STP

VA 24724 DALE CITY STP

YA 60968 AQUIA STP

VA 25372 L. HUNTING CRE
VA 25101 PWCSA MOONEY §
VA 25143 ARLINGTON STP
va 25160 ALEXANDRIA STP
va 24988 UPPER OCCOQUAN
VA 25364 LOWER POTOMAC

D-FLOW = Deaign Flow in mgd

FLOW = Annual Averape Flow in mgd
mgd = Millioas Gallons per Day

TN = Annua! Avcrage Total Nitrogen Cone,

TF = Annual Aversge Total Phosphorus Cone.

NPDES = National Pollution Discharge
Flimination Number

COUNTY
POTOMAC DC
POTOMAC CHARLES
POTOMAC CHARLES
POTOMAC P.GEORGES
POTOMAC P.GEQRGES
POTOMAC SAINT MARYS
POTOMAC CHARLES
POTOMAC CHARLES
POTOMAC FRINCE GEORG
POTOMAC WESTMORELAND
POTOMAC PRINCE WILLI
POTOMAC PRINCE WILL{
POTOMAC PRINCE WILLY
POTOMAC STAFFORD
POTOMAC FAIRFAX
PFOTOMAC PRINCE WILLI
POTOMAC ARLINGTON CI
POTOMAC ALEXANDRIA C
POTOMAC PRINCE WILL!
POTOMAC FAIRFAX

ASH = Activated Sludge
AS/N = Activated Sludge with Nilrificatinn

_FF = Fixed Eilm (TF or REC)

TF = Trickling Filter

REC = Roufing Biological Conlactor
SER«= Seq ing Paich Resctors
P= Prinury
LA = Lagoon

G-13

D-FLOW FLOW
(mgd)  (med)
Ex ] 3i63
0.5 033
05 0.64
06 0.259
0.6 131
D.6% 0318
19 0.75

15 8.79

ko] 2012

0.8 0.75

2 1.55

2 1.72

4 102

[ 233

6.6 4.63
4 10.53

40 28.12

54 4199

54 16.32

n o
Ba5.18 49298

TN : TP TYPE
(mg) (me/l

1373 0.11 AS/N
13 1.55 AS/}
1759 263 Ay
129 134  asma
45 212 TF
14.31 1.09 LA

18 074 ASEA
11.58 L7 A/
13.15 0. ASN
1870 250 TF/HR
157 026  AS&TE
18.66  0.09  AS/CS
.84 011  AS/CS
9.7 016  ASN
2141 0.0 TEMR
1936 011 ASN
1063 006  AS/EA
2415 005  RBC
20,48 004 AS/OM
13.65  0.12  Asisa

EA = Extcoded Acration
M = Cnmplete Mix

C8 = Coptact Stabilization
OD = Oxidation Diwch
PF = Plug Flow

PO = Pure Dxygen

$A = Swep Acention

HR = High Rate

LR = Low Rate



TABLE G-14.

BASIN Tl: LARGE MUNICIPAL WASTE WATER TREATMENT PLANTS

STATE NPDES FACILITY NAME BASIN

VA
YA
VA
VA
VA

21096 CLAIRBONE RUN
25127 FREDERICKSRURG
25658 MASSAFONAX STP
63110 SPOTSYLVANIAC
76392 LITTLE PALLS

D-FLOW = Design Flow in mgd

FLOW = Annual Aversge Flow in mpd
mgd = Millions Gallons per Day

TN = Annual Aversge Toul Nitrogen Conc.

TP = Anmul Average Total Phorphorus Cooe.

NPDES = Nationa! Pollution Discharpe

Elimination Nuthber

RAPPAHANNOCK
RAPPAHANNOCK
RAPPAHANNOCK
RAPPAHANNOCK
RAPPAHANNOCK

AS! = Activaued Sludge

COUNTY D-FLOW FLOW

(mgd)
STAFFORD 1.5
FREDERICKSRU 4.5
FREDERICKSRU 6
SPOTSYLVANIA &
STAFFORD 8

14

AS/N m Activated Sludge with Nitrification
FF = Faxed Film (TF or RBC)

TF = Trickling Filier

RBC = Rotating Biclogical Contactany
SHR = Sequencing Bawch Renctors

Pw= Primary
LA = Lagoon

{mgd)
0.13
1.68
234
2.3

749

™ . TP
(mg/) (mg/)
18.7 1.5
21.47 2.5
19.17 1.5
3.4 23
18.7 2.5

TYPE

ASICS
TF/HR
AS/EA
ASICM
AS/OD

EA = Exiended Acration

CM = Complats Mix

CS = Coantact Stabilization

OD = Oxidation Ditch
PF = Flug Flow

PO = Purc Oxygen
SA = Siep Aerstion
HR = High Rate

1R = Low Rate



TARLE G-15. RBASIN W: LARGE MUNICIPAL WASTE WATER TREATMENT PLANTS

STATE NPDES FACILITY NAME BASIN COUNTY D-FLOW FLOW TN .. TP TYPE
(mgd) (mgd) (mgd) (me/l)
VA 64238 HRSD-YORKRIVE  YORK YORK 150 334 1564 223 Aspp
: 150 814

EA = Exicoded Acration

D.FLOW = Dcsign Fiow io mgd AS! = Aclivated Shudge
FLOW = Annual Average Flow in mgd AS/N = Aclivated Siudge with Nitrification CM = Complete Mix
eagd = Milliona Gallons per Day FF = Fixed Film (TF or'REC) CS = Contact Stabilization
TN = Aanual Avernge Tetal Mitrogen Cane. TF = Trickling Filter OD = Oxidation Ditch
TP = Annual Averuge Tola] Phospborus Conc.  RBC = Rotating Biclogical Contactory PF = Plug Flow
NPDES = Natioal Pollution Discharge SBR = Scquencing Baich Reactors PO = Pure Oxygen
Hlimination Number P= Primary SA = Stcp Acration
LA = Lagocs HR. = High Pat»
LR = Low Raic
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TABLE G-16.

BASIN X: LARGE MUNICIPAL WASTE WATER TREATMENT PLANTS

STATE NPDES FACILITY NAME BASIN

VA
VA
VA
VA
VA
YA
VA
Vi
VA
VA
VA
VA
VA
va
VA
VA

23309
25216
24996
25003
25437
Fayal]
25241
25267
23275
13183
60194
64459
25259
LELUY
66630
817

SMITHFIELD CAR
FT. BUSTIS STF
FALLING CREEK
PORTSMOUTH STP
PETERSBURG STP
RLCHL? » ARMTY BA
HRSD - JAMES R
HRSD - WILLIAM
HRSD - CHESAFE
HRSD - BOAT HA
PROCTORS CREEXK
HRSD - NANSEMO
HRSD - VIP STP
HENKEQ §TF
HOPEWELL STP
RICHMOND $TP

D-FLOW = Design Flow i mgd
FLOW = Annust Average Flow in mgd
mpd = Millions Gallons per Day

TN = Anoual Aversge Total Nitrogen Conc.
TP = Anmual Average Tota] Phomphorus Conc.

NPDES = Mstional Pollution Discharge

Elimipalion Number

COUNTY D-FLOW FLOW 1N , TP

TYPE
(mgd) (mgd) (mgl) (mg/)
JAMES ISLE OF WIGH 0.5 0.54 18.7 25 ASKOD
IAMES NEWPORT NEWS 31 167 1392 243 T
JAMES CHESTERFIELD 10 9.9 10.4 158 AS/IOM
JAMES PORTSMOUTH C 15 12.12 2076 199 P
JAMES PETERSBURG C 15 10,37 15.52 2.5 ASICM
IAMES NUKFULK SITT 18 1z 14df  SUL AS/PO
JAMES NORFOLX CITY 20 12,59 2054 2.55 AS/PF
JAMES NORFOLK CITY 7.5 9.44 15.76 2.06 AS/PR
E SHORE NORFOLK CITY 4 18.13 20.86 3.08 AS/FR
JAMES NORFOLK CITY 25 1704 2039 297 AS/PO
JAMES CHESTERFIELD 27 ] 12.63 1.67  ASICM
JAMES VIRGINIA BEA kli} .67 24.8 3.54 ASIPF
JAMES NORFOLK CITY 22.00 18 1.5 BNR
JAMES HENRICD 45 2178 1.7 2.5 AS/FO
lm HOPEWELL CIT 50 33.07 70.64 1.79 ASPO
JAMES RICHMOND CIT 70 555 1493 095  AS/SA
415 254.07

AS! = Activated Sludge
ASMN = Activated Sludge with Nitrification
FF = Fixed Film (TF or REC)

TF = Trickling Filter

RBC = Routing Biolegical Coatacton
5BR= Sequencing Balch Reactors
P= Primary
LA = Lagoon

G-16

EA = Exiended Acnation
CM = Completr Mix

CS = Contact Suabilizatica
OD = Oxidalion Ditch
PF = Pjug Flow

PO = Pure Oxypea

SA = Step Acnition

HR = High Fate

LR = Low Rate



APPENDIX H

Planning Level Retrofit Configurations*

-

*  Retrofit configurations shown in this appendix were obtained from: *Assessment of Cost and Effectiveness
of Biological Dual Nutrieat Removal Technologies in the Chesapeake Bay Drainage Basin” by Hazen and
Sawyer and J. M. Smith and Associstes (1988). ’







‘ RETROFIT PLANT IN CBDB
PLANT TYPE: EXTEHDED AERATION
PRAOCESS FLOW SHEET Ancy » ..L.r.!.“
{{400% O] ) S
" : "
WFLUENT oo om NN
] ' AL ! Vag R
) > »l- WQ.. - m®. -.I.[,.l.l... a@c .. - Cpon EFLUENT * aLoirE
reowonS - : ' S 1 Y STA 0Tt IKIEN "
® » ® ' " 9 " e oo o ' —
NAS
+ ong 3 H , EFNLUENT
—— Dby
s Mengla
@ -.l!..“..l-a.
TO DISPOSAL
EFFLUENT LIMiTS: f.OwW) _ Motralll Plant
TH = 3 mgn
TP = 0.5 mpl « lasiail a..m:: In exlsting tanks and submsiged mixers
« Add pravily liteis @ 3 Epm3q {1 ADI® and alum feed system
MEP. . . * Add pump stolkon 400% capoaclly ANCY
« Asration [ank @ 20 hours delenilon ime
» Claiifler @ 600 ypdrsq .
- Exlsilag fIAS @ 200% O {no s13ndby)
FigureH~ 1 Low Lave! Nutrient Discharge {Extended Aerstion)

{Source: Hazen and Sawycr and J.M, Smith and Associates, 1988)
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. RETROFIT PLANTIN CBDB
PLANT TYPE: couvennonal actwareo stuoae

PROCESS FLOW SHEET

S ) O .- Vo VALUM
\ (40% Q) ._w . i
..-...|+|. 1= =y MR
! 1 ' L] 1 ) [
' [} L] ] L] [] ¥
2”%«5 r® @ A ® 1 y @ SECONDAIY
.lll.. [ 3 A o> -
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I ® v @ N | ® L[] \ @ )
L - w = - e om
§ MAS {75%} o R R
\‘\ u W v At
A=t B 1 V.
1 . L.
DISPOSAL ]

DIGISTER

_ e .

- 1
PIIMANY CILONNE y GRAVITY
] -4 . [

DIGESTEN EFTLUENT CONTACT T puen

[

. 1
— Euahng [

* Metiald

TODI'POIAL @ Svhmeiged Mot

Espeinttan Linsmond Spition

DESIGN CRITERIA
EFFLUENT LIMITS: fow

fietrolit Plamt

T™H - 3 mgl
TP - 0.5 mgn
+ 5 slags process (10,5 hes HAT)
*  Add aew Anseroblc, 151 stage anoxlc, Jad anoxlc and ressraiion.Expand sorstion
Exlsiing Plant *  Add sllivent Miers 3 gpmisq 11 @ ADF and alum
’ ' Add Internn) recycle pump @ 400% Q
* Aenallon - 6 hus HIYT * Add Wil How pump slallon 20° ToH
* Add supernatant treatment systam
¢ Clajillss @ 600 gpdsg NI *  Add wdditionsl blower capaclty
) * Add submorged mixer
+ Exisling RAS @ 75%Q * Add 25% O 1NAS pumps

Figure H=2 Low Leval Nutrient Discharge (Activated Sludge)

urce: Hazen and Sawyer and /.M, Smilh and Associales, 1988)
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RETHROFIT PLANT IN CBDB |
PLANT TYPE:  AcuvATED SLUDGE WITH MITRIFICATION

PACCESS FLOW SHEET

R 2 A .-
e Y
...lll-u.l*c- o-l .“
NFLUENT L ® e - “ ® !
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APPENDIX 1

Planning Level Retrofit Cost Equations*

-

*  Retrofit cost equations were developed based on cost tables from the Hazen and Sawyer and J.M. Smith

and Associates report (1988). Costs from these tables were modified according to the assumptions
described in Section 3.4.2. ‘
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