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SECTION 1 

Introduction 

Watershed management planning is a holistic approach to managing, protecting, and 
restoring aquatic resources. Part of the watershed-planning process and an essential piece of 
the management plan is establishing a baseline condition, or describing the current 
condition, of a watershed. A current-conditions assessment will provide planners with the 
data necessary to plan for management strategies specific to the watershed’s unique 
environmental and land use. 

Anne Arundel County initiated a comprehensive stream assessment as part of their 
Watershed Management Master Plan for the South River. This full-scale assessment was 
designed to catalog infrastructure, assess stream habitat, inventory biological assemblages, 
characterize channel geomorphology, and assess chemical water quality conditions of 
watershed streams. The assessment of the physical, biological, and chemical conditions of 
the watershed took place over approximately 246 miles of perennial, intermittent, and 
ephemeral streams. The collected data will allow County planners to understand the current 
environmental conditions of the South River watershed’s waterways.  

In addition to the stream assessment, indicators of watershed condition related to land use, 
stormwater best management practices (BMPs), and pollutant-loading models were 
compiled in a prioritization model that ranks and prioritizes the watershed at the stream 
reach and catchment scales. The prioritization model was developed by the Watershed 
Assessment and Planning group in previous County watershed-planning efforts and was 
refined for the South River. The results allow for targeted protection of high-quality 
environmental features and restoration of areas with significant degradation.  

The County convened a working group, the Professional Management Team (PMT), to 
provide input for and review most phases of the assessment and planning process, 
including the stream and watershed assessments, water quality–modeling procedures and 
results, the prioritization model, and ultimately the recommendation of future studies and 
an implementation framework. This collaborative team was made up of technical experts 
from CH2M HILL and KCI Technologies as well as County staff from several departments.  

The next steps in the watershed management–planning process are to use the baseline 
conditions to assess existing and project potential concerns and use modeling and analysis 
to propose restoration and preservation improvements with a systematic watershed 
perspective. The proposed improvements are examined to determine if they aid the County 
in meeting its regulatory requirements. The cost-benefit effectiveness of each improvement 
is also determined. And finally, when these potential improvements have been established, 
the County will adopt an implementation plan to move the South River watershed forward 
in protecting, enhancing, and restoring its aquatic living resources and their habitats. 

This report serves to summarize the procedures and results to date of the South River 
Watershed Management Master Plan. Full descriptions of methodologies, data analysis and 
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results per stream reach, subwatershed or catchment are reported separately in a series of 
technical memoranda and are referenced where appropriate. 
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SECTION 2 

Field Data Collection: Baseline Assessment 
Methodology and Overall Watershed Results 

The South River watershed was subdivided into 59 subwatersheds for the Watershed Study. 
Subdividing into a smaller working unit allows for greater detail and specificity in data 
analysis and reporting. For presentation purposes, the watershed was divided into three 
clusters: Headwaters, North Shore, and South Shore. A map providing an overview of these 
divisions is shown in Figure 2-1. All baseline assessment data are presented in a series of 
fact sheets for the three major clusters. These fact sheets can be found in Appendix A. Data 
presented in the body of this report are often provided for the whole watershed. 

The City of Annapolis has a separate legal boundary from Anne Arundel County. It 
includes area in the Church Creek, Crab Creek, Aberdeen Creek, and Harness Creek 
subwatersheds. These portions of the City have been included in the South River watershed 
management study both in data gathering and modeling where possible. For instance, 
although detailed land cover information was obtained for the City of Annapolis, the 
presence of BMPs was not, and so the water quality model may not fully reflect the BMPs’ 
function in those portions of those watersheds. The City of Annapolis is currently collecting 
additional watershed information that will be added to the model when available.  

2.1 Physical Conditions 
The procedures for the field assessments of the stream layer updates, physical habitat and 
the environmental and infrastructure inventory for all streams followed the same 
methodology that was outlined by Anne Arundel County (2002) and has been adopted by 
the Anne Arundel County Watershed Management Program (WMP) as a protocol for 
assessing all of the County’s watersheds. The following sections contain a brief summary of 
this methodology. For a detailed description of these methods, see Anne Arundel County 
(2006, Appendix B).  

The physical condition assessment is a record of the field conditions as observed during the 
study period, from March 2006 to August 2006. 

2.1.1 Stream Layer Update 
A major function of the physical condition assessment was to field verify and update the 
County’s GIS stream layer for the South River watershed. Channel location, type, and 
thread (single or multiple) were updated during the assessment. Changes in location 
included additions and deletions of line work to match the GIS to the field-observed channel 
or hydrologic connection. Changes in channel location were limited to major discrepancies.  

A total of 246 miles of streams was examined during the physical condition assessment of 
the South River Watershed Study. The main stem of the South River was not included in 
this physical assessment. Perennial streams were the most prevalent type, with 144 miles of 
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channel or 59 percent of the total amount of stream miles assessed. Ephemeral and 
intermittent streams made up another 25 percent of the total. Table 2-1 shows the resulting 
stream miles and percent by type. 

2.1.2 Habitat Assessment 
Physical habitat assessments were 
conducted following the methods 
described in the Physical Habitat Index for 
Freshwater Wadeable Streams in 
Maryland, developed by the Maryland 
Department of Natural Resources (DNR) 
(Paul et al., 2003). The field and data 
analysis methods used for this study are 
described in Anne Arundel County (2006, 
Section 4.1 of Appendix B). Maryland 
Physical Habitat Index (MPHI) scores were 
developed for each perennial stream reach, 
and subsequently, scores weighted by 
stream length were developed for each 
subwatershed. The MPHI score was 
generated on the basis of the following 
physical parameter metrics: bank stability, 
woody debris, in-stream habitat, epifaunal 
substrate, total shade, and remoteness. The MPHI metrics and the actual formula to 
calculate the MPHI score changed between the completion of the Severn River Watershed 
Management Plan and the initiation of the South River Watershed Study. (The changes in 
the MPHI scoring process are outlined in the technical memorandum “Changes in Maryland 
Physical Habitat Index from Severn River Study to Now,” in Appendix B.) 

Habitat assessments were conducted on only perennial streams. A total of 143 miles of 
perennial streams, including 696 distinct reaches, was assessed, with approximately 1 mile 
of stream (four individual reaches) not assessed owing to inaccessibility: reaches BC5003, 
BD1010, FC5022, and GC2032. 

The mean MPHI score for the entire watershed is 77.01, with a condition category of 
“partially degraded.” The median MPHI score for the watershed is 77.84, partially 
degraded. The overall mean stream length weighted MPHI score for the watershed is also in 
the partially degraded condition category, with a score of 77.46. 

Figure 2-2 presents the number of stream miles within each MPHI category. The partially 
degraded category rating has the highest percentage of stream miles and also the highest 
number of reaches, 375 out of 696. “Minimally degraded” streams make up 35 percent of the 
total in terms of both stream miles and number of reaches (241). “Degraded” and “severely 
degraded” make up only 11 percent of the reaches assessed, with 40 reaches in each 
category. 

TABLE 2-1 
Percent of Total Stream Miles by Type 

Type Stream Miles Percent of Total 

Perennial 144.2 59 

Intermittent 39.8 16 

Ephemeral 21.9 9 

Wetland 20.3 8 

Ditch 6.2 3 

Pond/lake 4.3 2 

Tidala 3.3 1 

SWM 3.2 1 

Floodway 2.5 1 

Other 0.1 0 
a Does not include main stem of South River. 
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FIGURE 2-2 
Number of Stream Miles per MPHI Category 

50.70, 35%

76.47, 54%

8.75, 6%

7.31, 5%

Minimally Degraded
Partially Degraded
Degraded
Severely Degraded

 

2.1.3 Infrastructure and Environmental Features Inventory 
In-stream and riparian features were inventoried during the course of the stream 
assessments for all perennial, intermittent, and ephemeral channels. Each feature was 
assessed for impact on the stream channel and given an impact score. The features assessed 
included buffers, erosion, obstructions, crossings, utilities, dump sites, head cuts, pipes, and 
ditches. Field methods of data collection and scoring are described in Anne Arundel County 
(2006, Section 4.1 of Appendix B). A Final Habitat Score (FHS) was generated for each reach 
incorporating the MPHI score and the infrastructure inventory into the calculation. This 
calculation is explained in Anne Arundel County (2006, Section 4.2 of Appendix B). 

Table 2-2 presents the total impact score per inventory category (the sum of all impact scores 
for each category) for the entire South River Watershed, excluding head cuts, which are 
scored based the height of the head cut. These impact scores are for only the assessed 
reaches, and therefore these scores were used in the determination of the FHS. Erosion has a 
total impact score for assessed reaches of 3,843, significantly higher than any other category, 
an indication that stream bank erosion is a major factor in overall watershed condition. 
Riparian buffer degradation, stream crossings, and channel obstructions also seem to be 
factors in channel degradation based on the impact scores. The impact scores at this 
summary level provide an indication of factors that may be causing habitat degradation 
within the watershed. 
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TABLE 2-2 
Total Impact Score per Inventory Category, for Entire South River Watershed 

 Buffer Crossings Ditches Erosion Dumpsites Pipes Obstructions Utilities 

Overall 1,078 871 155 3,843 272 240 906 40 

 

The FHS indicates the impact of infrastructure and environmental features on the South 
River watershed streams. The mean FHS is 71.77, or “partially degraded,” for the entire 
watershed. The median FHS for the watershed is 74.29, also “partially degraded.” The 
overall mean stream length weighted FHS value for the watershed is lower, with a score of 
69.80, but also in the partially degraded category.  

Table 2-3 summarizes the difference between the MPHI and FHS scoring category results 
for the entire watershed. A majority of the degraded and severely degraded condition 
category reaches falls along the western portions of the watershed.  

TABLE 2-3 
Watershed Summary of MPHI and FHS Category Ratings 

 MPHI FHS 

Category 
Percent of 

Stream Miles 
Percent of 
Reaches 

Percent of 
Stream Miles 

Percent of 
Reaches 

Minimally degraded 35 35 22 24 

Partially degraded 53 54 45 48 

Degraded 6 6 20 19 

Severely degraded 5 6 13 8 

 

2.2 Base Flow Sampling 
Dry weather grab samples and discharge estimates were collected between August 16, 2006, 
and October 16, 2006, throughout the South River watershed to identify unusual pollutant 
loads and to characterize base flow pollutant loadings for water quality modeling. (For a 
complete description of study methods and results, see the “South River Baseflow 
Sampling” technical memorandum, in Appendix B.)  

Fifty-four sampling sites were distributed among 36 subwatersheds and were generally 
located on the most downstream main stem reach but upstream of tidal influence. 
Subwatersheds not sampled did not have perennial flow present during either the physical 
condition assessment or the base flow–sampling period. Data collected at each site included 
in-stream water quality, grab sample, GPS location, cross-section and longitudinal profile, 
discharge measurements, roughness estimate, and site photographs. 



SECTION 2—FIELD DATA COLLECTION: BASELINE ASSESSMENT METHODOLOGY AND OVERALL WATERSHED RESULTS 

 2-7 

2.2.1 Methods Summary 
In-stream sampling (pH, temperature, dissolved oxygen, conductivity, total dissolved 
solids) was conducted using a YSI ® 6920 multiprobe and a YSI ® 650 MDS data logger. 
Turbidity measurements were collected using a Hach 2100 Turbidimeter.  

Grab samples were collected at each site for laboratory analysis of the following parameters: 

Nutrients:  total nitrogen (TN), total Kjeldahl nitrogen (TKN), nitrate (NO3), nitrite (NO2), 
total phosphorus (TP)  

Solids: total suspended solids (TSS) 

Metals: copper (Cu), lead (Pb), zinc (Zn) 

Bacteria: fecal coliform 

  

Concentrations were applied to the base flow discharge rates for each site and converted to a 
pounds-per-year load. When the concentration was below the detection limit, a value of half 
of the detection limit was applied to generate the load. The exception was nitrite, which 
oxidizes to nitrate and was therefore assumed to be 0.0 when below the detection limit. 

2.2.2 Base Flow Results 
Summarized results of the base flow sampling are presented in Table 2-4. Each parameter is 
shown with the number of sites below the method detection limit (nondetects) and the 
minimum, maximum, median, and mean values for the concentration and base flow load. 
Because fewer criteria for pollutant loads exist, this discussion will focus on the results of 
the pollutant concentrations. Overall, the results were typical of Coastal Plain freshwater 
tributaries.  

While there are currently no specific nutrient criteria for Maryland surface waters, EPA 
(2000) has developed a set of nutrient criteria guidelines for each nutrient ecoregion of the 
United States. The Maryland Western Shore Coastal Plain falls within Nutrient Ecoregion 
IX; therefore, ambient water quality criteria recommendations from this region were used 
for total phosphorus and total nitrogen comparisons. Maryland Biological Stream Survey 
(MBSS) has set water quality thresholds for nutrients based on data collected statewide. 
Table 2-5 shows ranges developed from data from 2000 to 2004.  

Based on comparison to these ranges, nutrient levels in the South River base flow sampling 
are considered to be low and in acceptable ranges. Nitrate values were typically low, with a 
mean value of 0.37 mg/L, and all but three sites were less than 1.0 mg/L. Similarly, nitrite 
values were also low, and only one site was above the detection limit of 0.02 mg/L. Total 
Kjeldahl nitrogen (TKN), which provides a measure of the ammonia and ammonium, was 
above detection at only four sites and had a watershed average of 0.31 mg/L. Comparison 
to the DNR Core/Trends (Southerland et al., 2005a) dataset shows only these four detection 
sites were above the lowest range, and the overall watershed mean of 0.31 mg/L was in the 
low range.  

With both nitrate and TKN low, it follows that levels of total nitrogen (the sum of these two 
parameters) were also low. Only four sites had values over 1.0 mg/L (three of which were 
in the Beards Creek subwatersheds), and the mean total nitrogen value was 0.40 mg/L. EPA 



SOUTH RIVER WATERSHED SUMMARY REPORT 

2-8 

(2000) sets a recommended criterion for TN of 0.69 mg/L. Five sites in the South River study 
were above this threshold. 

Total phosphorus (TP) levels were in more moderate to high ranges. There was only one 
nondetect, and the study mean fell in the high range compared to MBSS sites across the 
state. Only five sites were at 0.07 mg/L or less. EPA (2000) recommended criterion for TP is 
0.036 mg/L. All but one site were above this threshold.  

TABLE 2-4           
Base Flow Monitoring Summary Results 

 TP TN TKN NO2 NO3 TSS Cu Pb Zn 
Fecal 

Coliform 

Nondetects 1 2 50 48 2 0 4 53 10 0 

Concentrations mg/L mg/L mg/L mg/L mg/L mg/L µg//L µg//L µg//L MPN/ 
100mL 

Min 0.01 0.01 0.25 0.00 0.01 1.00 0.005 0.005 0.005 15.00 

Max 0.97 1.90 1.50 0.05 1.90 23.00 0.022 0.060 0.110 4600.00 

Median 0.20 0.31 0.25 0.00 0.31 5.00 0.005 0.005 0.025 230.00 

Mean 0.23 0.40 0.31 0.00 0.37 6.52 0.006 0.006 0.027 619.69 

Loads lbs/yr lbs/yr lbs/yr lbs/yr lbs/yr lbs/yr lbs/yr lbs/yr lbs/yr  

Min 3 3 5 0 3 1670 0.0000 0.0000 0.0000 NA 

Max 858 1236 3091 28 1250 673471 0.1000 0.0000 0.2000 NA 

Median 174 252 222 0 273 61286 0.0000 0.0000 0.0000 NA 

Mean 230 330 368 2 346 94487 0.0019 0.0000 0.0167 NA 

MPN, most probable number. 

 

TABLE 2-5 
MBSS Water Quality Thresholds for Nutrients Measured in 2000–2004  

Parameter  Low  Moderate  High 

Nitrate (mg/L)  < 1.0  1.0–5.0  > 5.0 

Nitrite (mg/L) < 0.0025  0.0025–0.01  > 0.01 

Total nitrogen (mg/L) < 1.5  1.5–7.0  >7.0 

TKN (mg/L)a < 0.48 0.48–0.62 >0.62 

Total phosphorus (mg/L) < 0.025 0.025–0.070  > 0.070 

Source: Southerland et al. (2005b). 
aTercile ranges from DNR Core/Trends, 1986–2004. (Southerland et al. 
2005a) 

MDE has established numerical criteria for several water chemistry parameters measured as 
part of this water quality monitoring program (e.g., lead, copper, and zinc). These standards 
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are listed in the Code of Maryland Regulations (COMAR) 26.08.02.03-2 Numerical Criteria 
for Toxic Substances in Surface Waters. Applicable state and federal water quality criteria 
for laboratory chemistry parameters are shown in Table 2-6. Measured levels of lead, 
copper, and zinc fell well below both the chronic and acute criteria. 

While all sites were well below the TSS criteria shown in Table 2-6, comparison against DNR 
Core/Trends data puts the South River in the moderate range between 5.44 mg/L and 7.80 
mg/L with a mean value of 6.52. Eighteen South River sites are in the in the highest third of 
sites across the state, while 31 sites are in the lowest third. 

Fecal coliform bacteria were variable across the watershed with a mean value close to 620 
MPN/100 mL. Twenty sites had values above 400, and eight sites were above 1,000, 
indicating some bacteriological issues in those streams. 

TABLE 2-6  
State Water Quality Standards  

Parameter Chronic Acute Reference 

Lead (μg/L) 2.5 65 COMAR 26.08.02.03-2 

Copper (μg/L) 9 13 COMAR 26.08.02.03-2 

Zinc (μg/L) 120 120 COMAR 26.08.02.03-2 

Fecal coliforma (MPN/100 mL) 400 — 
aNo longer listed in COMAR for bacteriological criteria; however, previous standard for 
fecal coliform was applied to allow for comparisons. 

2.3 Bioassessments 
The biological-monitoring program for the South River included chemical, physical, and 
biological assessments conducted throughout the watershed at 30 sites between March 22, 
2006, and April 18, 2006. The sampling methods used are compatible with the Sampling and 
Analysis Plan for Anne Arundel County Biological Monitoring (SAP) (Tetra Tech, 2005a) 
and the Quality Assurance Project Plan (QAPP) for Anne Arundel County Biological 
Monitoring and Assessment Program (Tetra Tech, 2004). All data were entered into an 
Ecological Data Application System (EDAS) database. These methodologies and the results 
of the 2006 monitoring are summarized below. 

Biological assessment methods within Anne Arundel County are designed to be consistent 
and comparable with the methods used by DNR in its MBSS. The County has adopted the 
MBSS methodology to be consistent with statewide monitoring programs and programs 
adopted by other Maryland counties. The methods have been developed locally and are 
calibrated to Maryland’s physiographic regions and stream types. MBSS physical habitat 
assessment parameters were collected to calculate the MPHI score. Physical habitat for the 
South River watershed was also assessed using EPA’s Rapid Bioassessment Protocol (RBP) 
(Barbour et al., 1999) habitat assessment for low-gradient streams. Additionally, several in-
stream water quality parameters were recorded at the time of the assessment. (For full data 
results of the biological assessment and a complete description of the study methods, see the 
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“South River Bioassessment” technical memorandum, in Appendix B.) Results summarized 
by each sampled subwatershed are presented in Table 2-7. 

The physical habitat in the South River watershed was rated by RBP as “supporting” or 
higher and by the PHI as “partially degraded” or higher. However, sampling of the benthic 
macroinvertebrate community was rated primarily as “poor” to “very poor.” All field-tested 
water quality parameters except pH were within the required levels. The biological 
assessment study mean pH of 6.36 was just below acceptable COMAR limit of 6.5.  

Habitat scores for the RBP and PHI assessments were fairly well correlated, and both 
indicate good available habitat throughout the majority of the watershed. There were no 
sites receiving the lowest physical habitat rating under either RBP or PHI. The PHI had 13 
sites in the highest category of “minimally degraded” while the RBP had 19 sites in the 
highest category of “comparable to reference.” The study mean PHI was rated as “partially 
degraded” and the mean RBP was rated as “comparable to reference.” 

The benthic index of biotic integrity (BIBI) macroinvertebrate study mean of 2.7 is in the 
“poor” category. There was only one site that received the BIBI rating of “good,” and 11 
sites that received the next highest BIBI rating of “fair.” Most sites (14) were in the “poor” 
category and four additional sites were in the “very poor” category. There was a clustering 
of both good habitat scores and good to fair BIBI scores in the BR3, BR4, and BR5 
subwatersheds.  

TABLE 2-7          
Bioassessment Summary Results 

Subshed n 

BIBI 
Narrative 

Rating 

PHI 
Narrative 

Rating 
RBP 

Classification Subshed n 

BIBI 
Narrative 

Rating 

PHI 
Narrative 

Rating 
RBP 

Classification 

BC3 1 Fair Degraded Comparable 
to reference 

FC5 1 Fair Partially 
degraded 

Supporting 

BC4 1 Poor Partially 
degraded 

Partially 
supporting 

GC1 1 Poor Partially 
degraded 

Supporting 

BC5 1 Poor Degraded Partially 
supporting 

GC2 1 Poor Minimally 
degraded 

Comparable 
to reference 

BD3 2 Poor Partially 
degraded 

Comparable 
to reference 

GVC 1 Very 
poor 

Minimally 
degraded 

Comparable 
to reference 

BR1 3 Poor Partially 
degraded 

Comparable 
to reference 

NR1 1 Very 
poor 

Minimally 
degraded 

Comparable 
to reference 

BR3 1 Fair Minimally 
degraded 

Comparable 
to reference 

NR2 2 Fair Partially 
degraded 

Supporting 

BR4 2 Good Minimally 
degraded 

Comparable 
to reference 

NR3 1 Poor Partially 
degraded 

Supporting 

BR5 1 Fair Minimally 
degraded 

Comparable 
to reference 

NR4 1 Poor Minimally 
degraded 

Comparable 
to reference 

CHR 1 Poor Partially 
degraded 

Supporting NR6 1 Fair Minimally 
degraded 

Supporting 
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TABLE 2-7          
Bioassessment Summary Results 

Subshed n 

BIBI 
Narrative 

Rating 

PHI 
Narrative 

Rating 
RBP 

Classification Subshed n 

BIBI 
Narrative 

Rating 

PHI 
Narrative 

Rating 
RBP 

Classification 

FC1 1 Poor Partially 
degraded 

Comparable 
to reference 

TNB 2 Poor Partially 
degraded 

Supporting 

FC2 1 Fair Minimally 
degraded 

Comparable 
to reference 

WHC 1 Very 
poor 

Degraded Partially 
supporting 

FC3 2 Poor Minimally 
degraded 

Comparable 
to reference 

Study 
Mean 

 Poor Partially 
degraded 

Comparable 
to reference 

n, number of sites per subwatershed. 

2.4 Channel Geomorphology 
A Rosgen Level I stream-type classification completed earlier by the County’s Watershed 
Management Program used a series of desktop analyses to generate a classification for select 
individual stream reaches. (Detailed methods for the desktop Level I classification and 
results can be found in the Anne Arundel County Watershed Management Program 
Internal Memorandum “Task 3.5 Rosgen Level II Site Selection,” in Appendix B).  

The County then selected 54 sites throughout the watershed for Rosgen Level II geomorphic 
assessments. The sites selected were done so on the basis of achieving a balanced spatial 
distribution and the proportion of all channel types present within the watershed.  

The Rosgen Level II geomorphic characterization of perennial reaches was performed at the 
selected field sites during winter 2006. The geomorphic assessment followed the 
methodology described by Rosgen. (See the Anne Arundel County Watershed Management 
Program Internal Memorandum “Task 3.5 Rosgen Level II Site Selection,” in Appendix B.) 
Field data collected for the Level II classification included longitudinal profile and cross-
section surveys, sinuosity measurements, and particle size distribution. After the field 
assessment, all field survey data were entered into the reference reach spreadsheet 
(Mecklenburg, 2004).  

The Level II geomorphic assessment of the selected reaches within the watershed yielded 
predominantly B, E, F, and G channel types, which are typical of the coastal plain. A 
qualitative assessment of available mapping showed that the F and G (impacted) channel 
types were typically associated with areas of new development activity and areas with high 
proportions of impervious surfaces. Of the 54 channels assessed in the field, 24 (44 percent) 
were an exact channel type match with the County’s Level I desktop assessment procedure 
results. The remaining sites deviated from the desktop procedure in both entrenchment and 
width/depth ratio values enough that the field assessment channel type was different from 
that of the desktop assessments.  

The collected field data allowed the County to refine the desktop procedure to improve its 
potential as a planning level assessment tool. The County identified refinements to be made 
to the TR20 model run pertaining to catchment size. In the initial TR20 run, the high number 
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of small catchments was artificially increasing the peak channel flow. The catchment layer 
was refined to reduce the overall number of catchments and on average increase the size of 
catchments so that 80 percent of them fell into the 50- to 150-acre range. Some catchments 
are larger due to their unique characteristics. The County reran the TR20 model for the 1.2-
year return period with the updated catchment layer. After the desktop procedure was 
refined, the percentage of exact channel type match increased to 80 percent. 

2.5 Stormwater Runoff Controls 
Anne Arundel County is managing its stormwater runoff in the South River watershed 
through both urban stormwater management facilities and agricultural BMPs. Both of these 
types of management technique were documented during this study.  

2.5.1 Stormwater Management Facilities 
In order for the County to accurately model the conditions within the South River 
watershed, it is important to understand the current stormwater management activities— 
the number of facilities and their location, the type, and the drainage area that each of them 
treats. An ArcGIS Personal Geodatabase of stormwater management facilities in the 
watershed was developed along with an attribute database, which contains the information 
needed for modeling these facilities. 

The main source of the information was the inspections database maintained by Anne 
Arundel County Inspections and Permits. County staff had led an effort in 2006 to update 
this database to meet MDE permit standards; much of the work performed related to the 
location of each BMP.  

The first step in developing the BMP coverage for the watershed was to examine the 
County’s databases and determine if there was enough information in the attributes to 
locate each BMP properly. If there was not, the next step was to research Anne Arundel 
County’s offices and review the as-built drawings related to that particular BMP. 

A series of different steps was performed to rectify the BMP coordinates in the main 
database. After these steps were complete, approximately 1,300 BMPs in the County were 
still without a location and were therefore assigned a location in the center of the County. 
(Incidentally, the County centroid fell within the South River watershed.) Based on this 
work, two different sets of steps were developed for determining the locations of the BMPs 
in the main database.   

The first steps in determining a BMP’s location was to look at the zip code and the 
watershed boundary. In addition, a series of spatial overlays and joins were performed to 
further confirm the location of the BMP point. Additional layers used in this process include 
the consolidated property file database (comparing the zip codes listed in the Consolidated 
Property File (CPF) database to the zip codes in the urban BMP database) and the ADC map 
grids. The overall guiding principle in this effort was that if two pieces of location 
information were correct or matched, then it can be assumed that the location is correct.  

A personal geodatabase provided to the County in July 2007 included BMP location, type, 
and drainage area. Approximately 13 percent of the drainage area of the South River 
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watershed is treated by a stormwater management facility. Table 2-8 characterizes these 
data. 

TABLE 2-8  
Summary of South River BMPs 

Type Number  Drainage Area (Acres) 

Detention dry 76 960 

Extended detention dry 76 767 

Filtration 116 224 

Infiltration 869 899 

Wet structures 88 1840 

Other 131 42 

 

2.5.2 Agricultural Best Management Practices 
The significant acreage of agricultural land in the South River watershed prompted the need 
to carefully consider how to evaluate runoff quality and BMP effectiveness in these areas of 
the watershed. The purpose of this task was to collect and organize data on agricultural 
practices in the watershed as an input to the county’s watershed management process.  

Agricultural conservation practices, or “agricultural BMPs,” are most often related to land 
management practices, such as conservation tillage and contour tillage operations, which 
reduce the amount of pollutants at the source, whereas urban BMPs are often structural 
treatment devices placed to capture and treat surface runoff at a single point downstream. 
However, certain agricultural BMPs, such as using grass swales and buffers, act in a manner 
similar to that of urban BMPs by treating pollutants in agricultural runoff after it has left the 
field. This distinction means that agricultural BMPs need to be treated somewhat differently 
than stormwater management facilities, both in terms of mapping and modeling. 

State and County conservation and agricultural agencies were contacted to establish data 
sources and collection methods that, to some extent, satisfy the task requirements while 
preserving confidential provisions of the state’s nutrient management program. A 
windshield survey was conducted to verify the existing land-use layer and to supplement 
the data on farmland practices that were provided by the county’s Soil Conservation 
District. Thirteen crop/animal farming activities, 11 conservation practices, and five types of 
agricultural point BMPs were identified in the South River watershed (Table 2-9). Tables 2-
10 through 2-12 summarize these activities, practices, and BMPs on an acreage basis. (For a 
complete description of the study methods and results see the “South River Watershed 
Study Task 2.5 Agricultural Best Management Practices” technical memorandum in 
Appendix B).  
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TABLE 2-9 
Crop/Animal Farm Activities, Conservation Practices and BMPs in the South River Watershed 

 Practice 

Crop/animal activity Corn, fallow, garden, grapes, horse farm, open space, pasture/hay, row crops, soy, 
sod, wildlife, flowers, vegetables 

Conservation practice Strip cropping, no-till, contour cropping, cover crop, rotation, nutrient managementa 

BMP Grass filter strip, grass drainage ditch, pond, possible manure storage, wooded buffer 
aThis conservation practice could not be verified in the field. 

 

TABLE 2-10 
Summary of Crop/Animal Activities 

N P K 

Category Acreagea lb/ac/yr lb/yr lb/ac/yr lb/yr lb/ac/yr lb/yr 
Agricultural 

Land (%) 

Corn 172 131 22,576 38 6,549 86 14,821 8.2 

Cover crop 10 — — — — — — 0.5 

Fallowb 226 45 10,159 7 1,580 34 7,675 10.8 

Gardenc 11 190 2,091 23 253 45 495 0.5 

Grapes 13 14 176 0 — 0 — 0.6 

Horse farmd 135 81 10,427 14 1,862 55 7,076 6.4 

Open space 166 — — — — — — 7.9 

Pasture/hayb 260 45 11,717 7 1,823 34 8,853 12.4 

Row cropse 495 60 29,719 18 8,916 66 32,691 23.6 

Soy 259 5 1,296 3 777 51 13,214 12.4 

Sod 98 70 6,873 11 1,080 11 1,080 4.7 

Wildlife 0.1 — — — — — — 0.0 

Multicropf — — — — — — — — 

Corn 119 131 15,564 38 4,515 86 10,217 5.7 

Flowers 8 38 308 38 308 38 308 0.4 

Soy 108 5 542 3 325 51 5,527 5.2 

Vegetables‡ 15 190 2,844 23 344 45 674 0.7 

Total 2,095 — 114,291 — 28,332 — 102,631 100.0 
aAcreages based on County’s land-use polygons. 
b Nutrient application rates (lb/ac/yr) are based on the area-weighted average of that for hay and wheat. 
cEstimated from weighted averages of garden crops (mainly vegetables). 
dNutrient rate (lb/ac/yr) is derived from USDA (1996, Chapter 4). 
eNutrient application rates (lb/ac/yr) are based on the area-weighted average of that for corn and soy.  
fTotal acreages of farmlands with multiple crops were split evenly among the crops.  
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TABLE 2-11 
Summary of Conservation Practices 

Practice Category Acreage 
Agricultural 

Land (%) 

Contour cropping 14 1 

Cover crop 124 6 

Multipractice 432 21 

No-till 13 1 

Rotation 110 5 

Strip cropping 28 1 

Total 721 34 

 

 

TABLE 2-12 
Summary of BMPs 

Practice Category Acreage 
Agricultural 
Land (%) 

Pond 0.1 0.01  

Wooded buffer 25 1  

Possible manure storage 57 3  

Grass filter strip 248 12  

Multi-BMP 272 13  

Total 603 29  
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SECTION 3 

South River Water Quality Model 

3.1 Methodology 
Anne Arundel County staff developed a spreadsheet water quality model for the County 
based on the Simple Method Equation to calculate pollutant loading. This spreadsheet is 
based on the PLOAD model developed during the Severn River watershed project, but it 
allows the County the flexibility to do additional analysis (such as using the new TMDL 
categories and incorporating some of the MDE SWM regulations as BMPs). The current 
model serves as a template for calculating existing, ultimate, and alternative scenario water 
quality models pertaining to the nitrogen and phosphorous loads. In addition, the 
information will be utilized by the County in computing its TMDL and NPDES load 
reduction requirements.  

As with PLOAD, the water quality model uses GIS coverages for land use (2004), 
subwatershed boundaries, and BMP locations that are intersected and then extracted back 
into the spreadsheet for calculation purposes. This model uses an impervious cover 
delineation from 2004 rather than an impervious rating based on land cover. Event mean 
concentrations and BMP removal efficiencies are also used, but some have been adjusted 
since the Severn River project. Detailed information on the background of the modeling can 
be found in Anne Arundel County (2002) and in the water quality model instructions. 
Changes to the water quality model from the one used for the Severn River plan are 
described in the following subsections. 

3.1.1 Changes to Input Information 
While the new water quality model spreadsheet needs the same basic input information as 
PLOAD, the County has made some updates to the individual files and values. These are 
described below. (Appendix C contains tables of information of the current Event Mean 
Concentration values, BMP pollutant removal efficiencies, and land cover prioritization.) 

• Land use information/event mean concentration values 
− Groupings of land cover types now match the categories used in the TMDL analyses 

(“NPS Agriculture,” “NPS Urban,” “Other NPS”). 

− EMCs for TN, TP, and TSS have not changed. 

− EMCs for metals and fecal coliform have been updated with new information. 

− The City of Annapolis has been modeled on the basis of land cover data obtained for 
the City. 

− Zoning classifications changed since the Severn River project, and appropriate 
adjustments have been made. 
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• BMP pollutant removal efficiencies 
− Values have been updated to reflect additional BMP types and groups of BMP types 

that match the Chesapeake Bay Program Office recommendation. 

− Values have been updated based on recent literature review of TN, TP, and TSS done 
by the University of Maryland for the Chesapeake Bay Program.  

− These updated values have been reviewed and vetted by the Professional 
Management Team. 

− A BMP inventory does not currently exist for the City of Annapolis, so the water 
quality model does not reflect the presence of BMPs performing a water quality 
function in the portions of the South River that are within City limits. 

• Future land use 
− The County has developed a land cover prioritization lookup table to be used with 

the water quality model. The table provides a method to determine future land use 
based on existing land use and the zoning classification for a particular area. Based 
on a set of modeling rules, future land use will match the zoning classification if 
zoning priority is higher than existing priority; zoning priority is greater than 2 (i.e., 
zoned land use is not woods, water, wetland, forested wetland, open space, or utility 
R/W); and the area is not flagged with a development restriction. 

− Development restrictions were based on a series of conditions, including steep 
slopes (over 25 percent) for 5,000 ft2 or larger areas, wetlands, FEMA floodplain, 
stream buffers, potential for redevelopment, land ownership, and public/private 
right of way. 

− The Professional Management Team agreed that this approach to determining future 
land use was well thought out and a good expansion on the original approach used 
for the Severn River Watershed Management Master Plan. 

• Septic system loads 
− Septic loads have been included in the model and are based on Anne Arundel 

County (2008). 

3.1.2 Alternative Scenario Modeling Techniques  
The flexibility of the spreadsheet approach allows the County to include measures that 
provide water quality benefits but are not traditional BMPs and therefore could not be 
included in the PLOAD model structure. These measures included applying the new 
Maryland stormwater regulations, including certain stream restoration techniques and 
septic system upgrades as best management practices, and including a variety of additional 
BMPs. 

Maryland has instituted a series of stormwater regulations that all future development in 
the County must comply with. It is anticipated that these regulations will have a positive 
impact on the water quality within the South River watershed. For instance, because new 
development and future BMPs will have a recharge element to them, the County has 
worked a recharge volume credit into the model by reducing the amount of rainfall on those 
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new development and redevelopment areas to account for the recharge volume. This 
method recognizes that the regulation requires a certain recharge volume in those areas and 
that amount of recharge will infiltrate into the soil instead of running off and adding to 
pollutant loading.  

Additional steps were taken in the model to properly reflect the stormwater management 
guidelines regarding the various categories of development (none, new, redevelopment 
areas, or critical areas). These steps included general BMPs in areas of new development 
that met an average of the BMP efficiency requirements of the regulations and a reduction of 
imperviousness (rather than a BMP application) in the redevelopment areas. Chesapeake 
Bay regulations govern development in the critical areas (intense development areas, or 
IDAs; limited development areas, or LDAs; and resource conservation areas, or RCAs), and 
this was reflected in the model as well. 

The County is examining the possibility of utilizing regenerative conveyance as a stream 
restoration tool. This method creates wetland seepage systems as storage adjacent to the 
stream within the floodplain. This measure was included as a BMP and the wetland 
pollutant removal efficiencies were used. 

Septic system loads were based on the onsite sewage disposal systems (OSDS) study (Anne 
Arundel County, 2008). For future conditions scenarios, two alternatives were considered: 
One assumes that all existing and future septic systems are retrofitted for higher nitrogen 
removal, which reduces the load by 50 percent per the OSDS study; the other incorporates 
all of the recommended improvements to the septic systems as per the OSDS study. These 
improvements could include sewer extension to an existing water reclamation facility 
(WRF) (in areas of no public service and in areas with an existing sewer system), cluster 
type of community sewer service, OSDS upgrades with enhanced nitrogen removal, and no 
action, meaning maintain existing septic system. Sewer extension will reduce the nitrogen 
load of those facilities in the South River watershed to zero because the wastewater load is 
diverted to WRFs in other watersheds. Cluster treatment will reduce the load by 92 percent. 
An OSDS upgrade will reduce the load by 50 percent. 

Additional alternative scenarios are listed in Section 3.3.  

3.2 Current Conditions 
Pollutant loading from the South River watershed was modeled for total nitrogen (TN), total 
phosphorus (TP), total suspended solids (TSS), and fecal coliform. The resultant loads for 
the current conditions are presented in Figure 3-1. 

3.3 Future Conditions and Alternative Scenarios 
A variety of alternative scenarios was evaluated during the course of this project. None of 
these scenarios are recommended in this report; nor will it be likely that any one scenario 
will be implemented wholesale. More than likely, individual scenarios or BMPs will be 
applied in certain subwatersheds where they are the most effective. However, all of the 
alternative scenarios evaluated are methods that Anne Arundel County has available to 
improve the water quality in the South River. Alternative scenarios modeled for future 
conditions are listed below: 
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• Regenerative conveyance (detailed in Section 3.1.2) 

• Septic system upgrades or implementation of the OSDS study (detailed in Section 3.1.2) 

• Wet pond retrofits: converting several categories of dry structures to a structure type 
that combines the benefits of wet ponds and perimeter filter strips  

• Greenway creation: changes to land use and imperviousness based on the creation of 
greenways 

• Buffer expansion: buffers expanded to 300 feet in areas with no planned sewer service, 
which reduces potential for septic system short circuiting 

• Combination of greenways and buffer expansion 

• Cluster development: change in EMC based on the lots having more open space on part 
of the lot and denser houses/driveways/etc. on the other part 

• Bioretention retrofits on public lands: two scenarios assuming different 
implementation percentages  

• Bioretention retrofits on private lands: two scenarios assuming different 
implementation percentages  

• Concrete and asphalt public ditch retrofit: ditches with lengths exceeding 100 feet are 
targeted for retrofit; BMP efficiency was assumed to be similar to bioretention area 

• Street sweeping: All public roads with more than 50 percent curb coverage are assumed 
to be closed-section roadways that could be swept. An average 100-foot-wide section 
was assumed. The pollutant removal efficiency was obtained from a Center for 
Watershed Protection report.  

• Inlet cleaning: The number of inlets included was based on inspection reports. The 
drainage area for these inlets was delineated and the pollutant removal efficiency was 
obtained from a Center for Watershed Protection report. 

Pollutant loading from the South River watershed was modeled for TN, TP, TSS, and fecal 
coliform. The information presented includes the base future loading conditions—i.e., future 
conditions with fully maintained existing BMPs, all stormwater management regulations 
implemented, and the sewer master plan implemented. The alternative scenarios listed 
above are not shown in Figure 3-2. 
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FIGURE 3-1 
Summary Nutrient Loads for South River Watershed: Existing Conditions 





 

 

FIGURE 3-2 
Summary Nutrient Loads for South River Watershed: Future Conditions 
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3.4 Modeling Results 
In examining the overall South River watershed, four alternative scenarios are shown to 
provide the biggest impact to reducing pollutant loadings from urban sources. These 
scenarios are the enhanced stormwater controls, expanded stream buffer, greenways, and 
regenerative conveyance. While these scenarios show the biggest impact if implemented 
fully across the watershed, it is important to note that other types of BMPs might be more 
appropriate for or have a bigger impact on the loading of an individual subwatershed. 
These factors, as well as others such as cost benefit analysis, will impact the final decision on 
which scenario to implement in an individual subwatershed. The water quality model 
allows for this analysis at the subwatershed level in order to make the appropriate local 
decisions. 

TN and TP modeling results by cluster are shown for three areas within the watershed in 
Figures 3-3 through 3-5. These figures show the incremental effects of each alternative 
scenario. 
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FIGURE 3-4 
TP and TN Modeling Results for 
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FIGURE 3-5 
TP and TN Modeling Results for 

the South Shore Area 
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SECTION 4 

Analysis of Data and Management 
Decisions 

The next step in watershed management and implementation planning for the South River 
is to examine the data in light of County and watershed goals and to provide a framework 
to achieve those goals.  

Currently, there are no direct goals for the overall stream health of the South River. The 
regulatory issues discussed in Section 4.1 describe approaches to remediate fecal coliform 
impairments for shellfish harvesting and nutrient and sediment reductions to reduce 
impairments in tidal waters and the Chesapeake Bay. Goals are discussed in more detail in 
Section 4.2. 

In addition to aiding to meet the watershed goals, the prioritization described in Section 4.3 
is also guided by a need for the County to plan its expenditure of funds. While the 
prioritization for watershed restoration can guide funding decisions, it is not the only 
element in the process. For instance, although septic fixes and upgrades may be a very 
beneficial BMP for the South River watershed, funding for them could come from the 
Maryland “flush tax” and not from the County capital improvement program. Therefore, 
septic issues do not need to be explicitly included in any ranking because they will get 
funded elsewhere.  

4.1 Regulatory Issues 
There are several regulatory requirements that have an impact on managing water resources 
in the South River watershed. These range from federally mandated programs, to interstate 
and state-level issues, to changes in local ordinances. 

4.1.1 NPDES 
Section 402(p) of the Clean Water Act requires EPA to add Municipal Separate Storm Sewer 
System (MS4) discharges to the NPDES permit program. The resulting permits govern 
discharges from all storm drains owned and operated by local governments. The MS4 
permit is not a comprehensive non-point-source (NPS) pollution control approach, since it 
regulates only the types of pollutants that discharge through a storm drain. 

Anne Arundel County’s NPDES permit requires the County to retrofit stormwater 
treatment for 10 percent of the County’s untreated impervious area during every 5-year 
permit cycle. From an implementation standpoint, this will bring a higher priority to 
projects and programs that deal with older developed areas the in South River watershed.  

The permit also requires the County to inspect storm drain outfalls for dry weather illicit 
discharges and where identified to correct them. This program will help improve watershed 
conditions by finding improper cross-connections between sanitary and storm drain 
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systems, or identifying evidence of long-term dumping or spills and allowing these sources 
to be removed. 

4.1.2 Total Maximum Daily Loads 
Total maximum daily loads (TMDLs) are a requirement of the Clean Water Act, which calls 
on each state to list its impaired water bodies (303(d) list) and develop a plan to reduce the 
pollutant load. For each combination of water body and pollutant, a state must estimate the 
maximum allowable pollutant load, or TMDL, that the water body can receive and still meet 
water quality standards. 

MDE has been designated regulatory authority by the EPA for TMDLs in Maryland. MDE’s 
TMDL summary for South River is as follows:1  

South River (basin number 02-13-10-03) was first identified on the 1996 303(d) List submitted 
to U.S. Environmental Protection Agency (EPA) by the Maryland Department of the 
Environment (MDE) as impaired by nutrients, sediments, and fecal coliform, with listings of 
biological impacts in specified non-tidal portions added in 2002 and 2004, and a listing of 
PCB impairment in fish tissue added in 2002 for the tidal portion. On the 2004 303(d) List, the 
fecal coliform impairment was clarified with the identification of four specific restricted 
shellfish harvesting areas within the basin. The document available below addresses the fecal 
coliform impairment listings of the areas identified:  South River; Duvall Creek; Selby Bay; 
and Ramsey Lake. The nutrient, sediment, biological, and toxic impairments within the South 
River basin will be addressed at a future date. 

The Final TMDL states that there are no NPDES-permitted discharges in South River, so that 
the fecal coliform impairment is entirely from nonpoint sources, primarily pets (53.6 
percent) and livestock (29.9 percent), which was determined from modeling efforts. As an 
implementation plan is developed, the County will be required to target and develop BMPs 
to remediate the sources. These could include agricultural and livestock conservation 
practices, marina and boating practices, including sewage handling, and education and 
outreach for pet waste management. 

4.1.3 Chesapeake 2000 Agreement 
The Chesapeake 2000 agreement was adopted by the Chesapeake Bay Program partners in 
June 2000. It calls for watershed planning in the region as follows:2  

By 2010…develop and implement locally supported watershed management plans in two-
thirds of the Bay watershed covered by this Agreement. These plans would address the 
protection, conservation, and restoration of stream corridors, riparian forest buffers and 
wetlands for the purposes of improving habitat and water quality, with collateral benefits for 
optimizing stream flow and water supply. 

The South River Watershed Management Plan meets the description of the watershed 
management plan described above and will fulfill part of Anne Arundel County’s obligation 
under this agreement. 

                                                      
1 http://www.mde.state.md.us/Programs/WaterPrograms/TMDL/ApprovedFinalTMDL/TMDL_final_southriver_fc.asp. 
2 http://www.chesapeakebay.net/pubs/chesapeake2000agreement.pdf, p. 4. 
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4.1.4 Baywide Tributary Strategies 
Tributary strategies are improvement strategies that detail the specific actions needed to 
reduce the amount of nutrients and sediment flowing into the Chesapeake Bay, from both 
point and nonpoint sources. Pollutant reduction goals were set for the entire watershed by 
the Bay states in 2003, with annual allocations for nitrogen, phosphorus, and sediment. The 
allocations were further subdivided into nine major river basins, and then allocated to each 
Bay state. 

South River falls under the responsibility of the Lower Western Shore Tributary Team. A 
series of improvement measures has been undertaken. Regarding point sources in the 
Lower Western Shore, as of 2005, five of seven wastewater facilities have active biological 
nutrient removal (BNR) technology, and the rest will be updated by 2010. These facilities are 
all located outside the South River watershed. 

To help reduce non-point-source loads, a series of BMPs have been planned. As of 2004, 
tributary strategy goals had been met for agricultural practices such as nutrient 
management plans and tree planting (agriculture) and urban erosion and sediment control.  

However, as of 2004, implementation of urban BMPs, notably those dealing with 
stormwater management, had not been as successful. Implementation of the urban 
stormwater retrofits proposed in the South River Watershed Management Plan would help 
meet these goals.3  

4.1.5 Maryland House Bill 1141 
In 2006, the Maryland General Assembly added new requirements for local comprehensive 
plans to incorporate the effects of proposed land use on streams and wetlands, forest and 
agricultural conservation lands, water supplies and water quality to avoid negative impacts 
to our natural resources. 

The bill added a water-resources-planning element to ensure that existing and future 
development would be adequately served with  

• Drinking water supplies  
• Areas to meet stormwater management  
• Wastewater treatment and disposal 

It is anticipated that the South River Watershed Management Plan will provide data and 
information which the County can use to develop its water-resources-planning element 
required by HB 1141.4  

4.2 Watershed Goals 
As mentioned previously, there are currently no published regulatory goals for the overall 
stream health of the South River. The previous section describes the regulatory framework 
the County is under. There is currently no TMDL levied by the EPA on the South River. 
There is, however, a goal within the County’s 5-year NPDES permit to achieve a 10 percent 

                                                      
3 http://www.chesapeakebay.net/wqctributarytech.htm. 
4 http://www.mde.state.md.us/ResearchCenter/Publications/General/eMDE/vol2no2/growth.asp. 
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reduction of imperviousness (or to treat an additional 10 percent of imperviousness 
currently untreated by BMPs). In addition, the County recognizes the value of the work that 
the Center for Watershed Protection (1998) published regarding the amount of 
imperviousness in a watershed and its impact on stream health. In accordance with that 
work, a goal of less than 10 percent imperviousness within a subwatershed is an internal 
goal when possible but it is not enforceable under current County regulations. These are the 
goals that will guide the County in making future watershed decisions and capital 
improvement projects. 

The regulatory goals discussed in Section 4.1 describe approaches to remediate fecal 
coliform impairments for shellfish harvesting and nutrient and sediment reductions to 
reduce impairments in tidal waters and the Chesapeake Bay. These and other water quality 
goals are fairly straightforward: sources can be identified and remediated, and water quality 
improvements can be measured over time. 

In the case of biological impairments, goal-setting is less certain. Research is still needed to 
determine what watershed conditions lead to a healthy biological community. The most 
frequently referenced work is from the Center for Watershed Protection, which identified 
thresholds of 10, 25, and 40 percent imperviousness where streams were degraded or 
stressed. Imperviousness, however, is not the only watershed variable affecting stream 
health. Booth et al. (2004) showed that urbanization does not affect all streams identically. 
The location of imperviousness within a watershed can be as important as the amount. Their 
paper showed a correlation between the flashiness of urban streams and biological 
condition. 

Targets should also take into account existing conditions. It is possible to set goals consistent 
with a basinwide target such as the tributary strategy goal of 0.28 lbs/ac/yr for phosphorus, 
or replicating forested conditions for stream flow or pollutant loads. These goals would 
protect ecosystems, but reductions to this degree from a built-out community are at the 
technical limit of stormwater retrofits currently available. 

Other approaches to a phosphorus goal that could be considered include loading the 
equivalent of a 10 percent reduction in impervious area, or loads equivalent to 25 percent 
imperviousness. In any case, it would be best to keep the watershed goals simple; for 
example, improving base flow, reducing flashiness, and reducing phosphorus loads. 
Current levels of these targets can be measured with relatively simple monitoring efforts, 
and they can also be forecasted with models. 

4.3 Professional Management Team 
The Watershed and Ecosystem Services and Restoration Department of Anne Arundel 
County performed the hydrologic, hydraulic, water quality, and statistical models in order 
to identify problem areas and make recommendations for environmentally sound 
management of the land. The County also formed a Professional Management Team (PMT) 
made up of key members from their department and others in the county as well as 
technical experts from CH2M HILL and KCI Technologies to peer review the work. 
Specifically, the PMT was asked for their professional input, assessment, and other expertise 
as it related to watershed management planning, assessment, modeling, and BMP 
implementation. Group decisions made during various aspects of the project have been 
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documented in this report. The PMT and the information contained in this report is not an 
implementation plan but it includes the guidance and background that the County needs in 
order to move forward with a detailed implementation plan. All meeting minutes from this 
team have been included in Appendix D. 

4.4 Prioritization and Ranking 
The problem area prioritization and ranking task is one of the first steps in integrating 
historical environmental data, stream assessment monitoring, and watershed-modeling 
results to begin identifying problems and determine which are the most significant. The 
purpose of this task is to determine which subwatersheds and stream reaches are most in 
need of restoration or protection and serve as a guide to future project implementation to 
make improvements and satisfy the County’s goals. 

The prioritization effort involved three separate models:  

• Stream reach restoration  
• Subwatershed restoration  
• Subwatershed preservation   

The County’s prioritization models were initially developed during the Severn River 
Watershed Management Master Plan Project. Details on the procedures of the models and 
input information is described by Anne Arundel County (2006, Appendix B). The County 
began the modeling process for the South River by reviewing the previously developed 
prioritization models and making appropriate adjustments and changes as necessary. These 
changes were reviewed with and agreed upon by the full PMT. Full descriptions of each 
indicator are given by Anne Arundel County (2006). Descriptions of the changes to the 
models and ultimate results are in the following sections. 

The stream restoration prioritization model is guided by the County’s need to plan its 
expenditure of funds. This model will provide the County a plan of where they should 
direct their stream restoration funds. 

In addition, the subwatershed restoration prioritization can be used for stormwater 
management and other capital project purposes. The overall ranking directs the County to 
the areas where efforts and funds should be focused. The individual indicators may help 
direct a particular strategy needed. The weightings of each indicator and each category of 
indicators reflect the priorities of the County.  

4.4.1 Stream Prioritization and Ranking 
Stream Reach Indicator Details 
The prioritization model includes only stream reaches that have an MPHI score and 
therefore excludes intermittent and ephemeral channels. This provides the County with a 
tool for looking at all the worst cases, where all parameters of interest intersect for capital 
improvement program (CIP) prioritization. It was decided that for individual parameters, 
the source of data would be the stream assessment tool (SAT). For instance, if a group were 
interested in doing a stream cleanup, the data they would receive would come directly from 
the SAT and could include streams potentially with or without MPHI scores.  
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Buffer and erosion raw value scores are now calculated slightly differently than in previous 
studies to recognize that buffer and erosion occur along both sides of the stream. For 
emergency road crossings, it was decided that only reaches that met the isolate criteria 
would be included. 

All inventory indicators were segregated using natural breaks (instead of using quartiles)—
this allows the County to better understand how to improve a particular point from one 
category to the next. The PMT suggested that when more data are gathered across multiple 
watersheds, it might be possible and useful for the County to establish absolute values of 
what is “good” or “bad” for different inventory points rather than use a natural-breaks 
segregation scheme.  

It was decided that the head cuts inventory points would not be normalized based on reach 
length because a bad head cut can have a detrimental effect on the stream reach, regardless 
of how long or short that stream segment may be. Similarly, it was decided that dumpsite 
inventory points would not be normalized based on reach length. 

Two additional indicators were added to the stream reach prioritization tool: the land cover 
(measured by the amount of imperviousness in the drainage area to a particular stream 
reach) and stream morphology (measured by the Rosgen Level I scores for each reach). For 
imperviousness, the raw values of the stream reaches were grouped according to the Center 
for Watershed Protection’s threshold categories on imperviousness versus stream health. 
For the Rosgen Level I indicator, it was agreed by the PMT that channel types F and G 
would receive the lowest score (1) while all other types of channels would receive the 
highest (10). 

Adding two new indicators forced the team to reduce the existing indicator category 
weights. The final indicator category weights are as follows:  

• MPHI, 30 
• Stream morphology, 5 
• Imperviousness, 5 
• Infrastructure, 40 
• Road crossings, 10 

The PMT decided to reduce the MPHI category weighting, recognizing that stream 
restoration projects are typically performed for the stability of the stream, nearby utilities, 
structures in danger, etc., and not for habitat reasons. 

Although the stream prioritization model takes in specific indicator information in order to 
provide a final ranking of streams, the County has data available through the SAT and 
through other sources that could aid in final project decisions. For example, stream order 
could be used as a last step to look at the larger context of the prioritization and could help 
DPW in making capital project decisions. The restoration potential of an inventory point 
was captured during the stream assessment efforts. This information could also be used 
during final project decisions but would not be included in the prioritization.  

Stream Prioritization Results 
The final stream prioritization model was provided to the CH2M HILL and KCI field teams 
for review. This quality control assessment provided an evaluation of whether the rankings 
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matched what the field teams saw while performing the field work—essentially, it provided 
a “reality check” on the data. The field teams found that the South River stream reach 
prioritization model matched well with field recollections and recommended that this 
prioritization model be adopted by the County. 

The final ranking was also shared with the South River Federation to see if it aligned with 
what they knew of the streams. In most cases, the ranking did compare well. However, as a 
further way of prioritizing capital expenditures, it was decided that the County would link 
the stream and subwatershed prioritizations (described in Section 4.4) and so focus its 
efforts on streams in the worst condition in subwatersheds in the worst condition. The PMT 
agreed with this path forward but also recommended that the County continue to keep the 
worst-condition streams in the best-condition subwatersheds in the forefront. These streams 
may have a very localized problem today, but fixing or stopping the problem could help 
ensure that additional streams do not become poor-condition streams and ultimately turn 
the subwatershed into a poor-condition one. 

The overall results of the prioritization model are included in the cluster fact sheets, in 
Appendix A. The fact sheets also show the weights of each indicator of the model. 

4.4.2 Subwatershed Restoration Ranking 
Subwatershed Restoration Indicator Details 
The previous prioritization model considered water quantity indicators (peak flows and 
runoff volume for the 1- and 2-year storms) as a departure from the undeveloped 
conditions. It was decided by the PMT that the actual current values (normalized by 
subwatershed area) would be used in the model moving forward.  

TN and TP are the only parameters considered in the water quality category. These results 
are measured in pounds per acre. The source is the County’s water quality model’s 
(discussed in Section 3) existing conditions without BMPs or septic loads. 

The BMP treatment indicator is essentially a measure of the percentage of impervious area 
treated in a subwatershed. Some additional work was performed to cap the percentage at 
100 percent (i.e., if the BMPs’ drainage area in the subwatershed is greater than the 
impervious area, assume that there is 100 percent treatment) and to assume that if there is 
no impervious acreage in a subwatershed, then the treatment is 100 percent. 

The amount of forested stream buffer was calculated using a 100-foot buffer (50 feet on each 
side). 

Previously, information regarding critical area was calculated by the following: (LDA + 
IDA)/total critical area. It was decided that this percentage was not as important as the total 
amount of LDA and IDA, so this calculation was changed to the simple addition of the two 
areas.  

Two additional indicators were added to the subwatershed restoration prioritization tool: 
the septic load (measured by the number of septic systems per acre of subwatershed and 
divided by natural breaks) and TMDL listing (measured by the number of TMDL 
impairments in the watershed). The TMDL listing would be useful only for comparison at 
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the County level since TMDL impairments are assigned at the watershed level, not at the 
subwatershed level. 

Subwatershed Restoration Prioritization Results 
The final ranking was also shared with the South River Federation to see if it aligned with 
what they knew of the subwatersheds. The South River Federation qualitatively compared 
these rankings to their score cards and especially to the snapshot, which is a sampling event 
performed in the watershed by volunteers sampling for a variety of different water quality 
parameters. The South River score card consists of 10 parameters representing the overall 
health of the South River watershed, but not relying solely on water quality. The ranking 
results from the subwatershed restoration model aligned well with the South River 
Federation’s score card and snapshot. 

The overall results of the prioritization model are included in the cluster fact sheets in 
Appendix A. The fact sheets also show the weights of each indicator of the model. 

4.4.3 Subwatershed Preservation Ranking 
Several additional indicators have been added to the subwatershed preservation tool: the 
soil erodability factor (measured by the average NRCS K factor and segregated by natural 
breaks) and water quality indicators for TN and TP (measured by the departure of future 
conditions from the existing conditions and segregated by natural breaks). The impervious 
cover change indicator was deleted from the model.  

Unlike the stream reach prioritization and the subwatershed restoration prioritization 
models, the subwatershed preservation prioritization model does not relate to expenditure 
of fund or ranking of potential projects. This model provides the County guidance on future 
land use decision making and future regulations. It will prove useful in the long term and 
can be utilized when examining the land use plan and general development plan or when 
handling requests for rezoning or zoning amendments. The model results will provide 
information so that they do not make decisions that could undermine the high quality that a 
subwatershed has currently.    

The overall results of the prioritization model are included in the cluster fact sheets in 
Appendix A. The fact sheets also show the weights of each indicator of the model. 

4.4.4 Synthesis of the Prioritization Models  
An implementation plan for the South River watershed would include a closer examination 
of the three prioritization models before any particular projects were undertaken or any 
subwatersheds were worked in. It is in those steps that localized problems and individual 
indicators may become more important. For instance, as mentioned in Section 4.4.1, 
although the overall path is for the worst-condition streams in the worst-condition 
subwatersheds to be high priorities, the County will continue to keep the worst-condition 
streams in the best-condition subwatersheds in the forefront. Also, individual indicators 
may be examined in more detail to determine an appropriate implementation plan. For 
instance, if a “worst condition” stream is in a “worst condition” subwatershed but the 
individual impervious area treated indicator is actually in good condition, then the 
implementation plan may focus on stream restoration techniques rather than on stormwater 
runoff controls.  
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These models are very useful tools to move the County towards a healthier watershed and 
to help it meet its goals. Not only do the results of the model provide an overall path 
forward, but each indicator and combination of factors provides insight into potential 
project specifics.
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SECTION 5 

Future Studies 

5.1 Bacteria Source Tracking 
MDE, in support of the implementation of the shellfish bacteria TMDL, will be conducting a 
1-year bacteria source tracking study for South River. Details of the study are not yet 
available. It is recommended that County staff be involved in the study as stakeholders to 
provide independent review of the procedure and results. 

5.2 Wet Weather Monitoring 
Storm sampling at one storm drain outfall and at an in-stream location below the outfall has 
been an element of the County’s MS4 NPDES for many years. In the intervening time, the 
County has begun implementing innovative treatment systems, among them regenerative 
conveyance. It is recommended that the County meet with MDE to discuss changing its 
monitoring site to take samples upstream and downstream of the treatment system and 
begin collecting data on its effectiveness. 
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SECTION 6 

Recommendations and Next Steps, 
Implementation Framework 

The field assessment, modeling, and prioritization tasks provided the initial information 
needed to begin the process of formulating an implementation plan for the South River 
watershed and its individual subwatersheds. The next major steps include looking at the 
modeling results relative to the County’s goals, understanding the cost–benefit of each 
practice, and identifying individual projects and developing concept plans for those 
projects.  

Four practices were identified during the modeling as having the best pollutant removal 
results across the watershed:  

• Enhanced stormwater controls 
• Expanded stream buffers  
• Greenways 
• Regenerative conveyance 

These practices need to be developed further into an implementation plan showing specific 
projects with costs, estimated benefits, an understanding of the relative ease of 
implementation of the individual BMP, and a schedule for completion.  

6.1 Modeling Results 
The County’s water quality model was presented and detailed in Section 3. This model also 
allows the analysis of the various alternative scenarios and their pollutant-loading 
reductions relative to the County’s watershed goals. Modeling is the tool the County needs 
to develop an understanding of complex watershed processes and forecast the impacts of 
future conditions or potential improvements.  

Figure 6-1 shows the pollutant load results for TP and TN. The orange line shows what 
loading the South River will need to achieve in order to meet the County’s NPDES 
requirement of reducing untreated imperviousness by 10 percent. This was calculated by 
assuming 10 percent of the existing load. The green line reflects setting the imperviousness 
in the study area to 10 percent (recommendation on aquatic health from the Center for 
Watershed Protection, although not enforceable in the County now).  

All opportunities for projects in each alternative scenario are included in the model results. 
Individual projects in each subwatershed still need to be identified—in processes similar to 
those described in Section 6.1.3.  

6.2 Cost–Benefit Analysis 
In order to understand the impact of a particular scenario and to prioritize them across the 
watershed, it is important to not just know the pollutant loading of a scenario but also the 
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cost. The objective is to provide evaluation criteria that should allow alternatives to be 
compared economically on the basis of a cost–benefit ratio. Table 6-1 reflects this 
information. As shown, the higher the number in the last column, the more cost effective it 
is to reduce the pollutant loading.  

These results show that it is twice as cost effective to reduce pollutant loads by enhanced 
stormwater retrofits on private lands as it is on public lands. Data like this aids in the 
decision process of choosing the appropriate alternative and then particular project for a 
subwatershed. 

TABLE 6-1 
Cost–Benefit Analysis Results 

Alternative Scenario 
Reduction in TP + TN 

(lbs/yr) Retrofit Cost ($) 
Pounds Removed 
per $1,000 Spent 

OSDS-recommended septic retrofit 
strategy 

82,254 5,481,199 15.01 

Dry pond retrofit 1,585 1,500,000 1.06 

Street sweeping 469 1,160,400 0.40 

Regenerative storm conveyance 
BMPs 

7,438 20,900,000 0.36 

100% enhanced stormwater retrofit in 
private lands 

39,305 177,374,900 0.22 

Concrete/asphalt ditch retrofit 233 1,410,600 0.17 

100% enhanced stormwater retrofit in 
public lands 

9,558 98,809,100 0.10 

Greenway master plan preservation 2,427 114,867,300 0.02 

Expanded 300-foot stream buffer in 
unsewered areas 

2,102 102,082,800 0.02 

 

6.3 Concept Plans 
In order to further develop the scenarios into potential sites for projects which can be 
implemented, several additional steps are required. These steps are described for two of the 
scenarios in the following sections. 

6.3.1 Stormwater Retrofit Sites 
The first step in identifying potential retrofit sites is analysis using the GIS coverages 
prepared as part of this watershed plan. The procedure identifies specific areas in the 
watershed where retrofits are feasible and effective.  
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FIGURE 6-1 
TP and TN Modeling Results for 

the South River Watershed 



 



SECTION 6—RECOMMENDATIONS AND NEXT STEPS, IMPLEMENTATION FRAMEWORK 

 6-5 

1. Determine areas where retrofit is appropriate. For the initial analysis, it is assumed that 
any areas that have the different land use for existing and future conditions will be 
redeveloped. In this case, stormwater management improvements will be made during 
the redevelopment process, and retrofits will not be necessary. Areas where existing and 
future land use are the same are assumed to be suitable for retrofits. Additional detailed 
“rules” on development were coordinated with appropriate County planning staff and 
incorporated into the GIS layers developed for the water quality model. These layers 
should be used here. Overlay the areas for retrofit with a land use layer reflecting 
publicly owned versus privately owned land.  

2. Identify higher priority potential sites. The restoration ranking integrated land use, 
monitoring data, and pollutant loading to show the highest priority areas for restoration.  

3. Identify areas currently untreated by BMPs. This coverage will come from the 
restoration indicator “Percent Impervious Area Treated by BMPs.”  The current BMP 
coverage and area-treated percentage shows how well an area is treated by existing 
BMPs. Any catchment with a low percent treated is a good potential site for retrofit. 

4. Overlay the coverages described above to find high-priority, untreated sites which will 
not be redeveloped. These will be the focus for stormwater retrofits. 

5. Using aerial photography, property mapping, topography, and storm drain mapping, 
identify specific sites for potential retrofits. These can include the following: 

− Runoff reduction: Disconnecting impervious areas, reconstructing drainage systems 
with swales and filters, replacing lightly used parking areas with permeable 
pavement, retrofitting infiltration systems 

− Storage: Reconstructing older ponds to current WQv and Cpv standards, 
constructing underground vaults, culvert retrofits, or other small storage systems. 

− Onsite treatment: bioretention, swales, filters, rain gardens, or green roofs 

6. Perform field assessments as part of this task to identify specific areas of concern that 
may be too detailed to be picked up through mapping or modeling, including 
constraints such as significant utility conflicts, potential hazards to adjacent residents, 
impacts from construction that might outweigh the benefits, and unusual design or 
construction issues. 

6.3.2 Regenerative Conveyance Sites 
For these sites, GIS coverages are analyzed to identify specific stream reaches where 
construction of a regenerative conveyance BMP may be feasible and effective. The exhibit 
following page 6-2 shows potential locations for regenerative conveyance, based on the 
methodology described below. 

1. Overlay the high stream reach restoration sites that fall in high-priority restoration 
subwatersheds. This combined approach was discussed in Section 4.4.1. 

2. Identify high-priority stream restoration sites. The stream reach prioritization model 
combines and weights the assessment data collected in the field, to show which stream 
reaches were in the worst current condition. Individual indicators should be reviewed to 
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see if the cause of impairment can be remediated by reconstructing the reach as a 
regenerative conveyance. In particular, Rosgen F and G channels with poor MPHI 
assessment are better candidates. 

3. Overlay the coverages described above to find high-priority sites for stream restoration. 
These will be the focus for regenerative conveyance retrofits.  

4. Perform a field assessment of potential sites. Assessment is intended to assess the 
engineering and construction feasibility, environmental constraints, impacts to adjacent 
properties, and impacts from construction that could outweigh the benefits. 
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