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1 INTRODUCTION 
 

The Harford County Department of Public Works has requested  KCI Technologies, Inc (KCI) to evaluate 

the removal capabilities and water quality improvement potential of a stormwater management pond 

located at the intersection of MD 22 and Mt. Royal Avenue, upstream of the recently restored 600 linear 

foot reach of the Mt. Royal system (see Figure 1).  Additional biological, water quality and physical 

habitat monitoring was conducted downstream of the pond in both the restored channel and further 

downstream on an unrestored control reach.  

 

This report outlines the methods used to monitor Mt. Royal stormwater management pond and associated 

downstream channel conditions and provides the year two monitoring results. A discussion comparing the 

results of the second year of monitoring to that of year one (Mt. Royal Stormwater Management Facility 

Monitoring Report Year 1, KCI 2009) are also given along with overall conclusions from the monitoring 

efforts to date. 

 

1.1 OVERVIEW OF MONITORING ACTIVITIES 
 

Monitoring efforts were developed to compare the water quality entering and exiting the stormwater 

management pond and the biological conditions of the associated reach directly downstream. Monitoring 

protocols for the Mt. Royal stormwater management facility were thus implemented to evaluate the 

removal capabilities and water quality improvement potential of the facility and its impact on 

macroinvertebrate colonization downstream. The monitoring program began in the Fall of 2006 and has 

continued through the current Spring 2009 season. Sampling methods have remained the same from year 

one to year two with the exception of sampling duration and interval during storm events. These methods 

were changed in an effort to capture the falling limb of storm events. Sampling methods are briefly 

outlined below, and more detail may be found in Section 2 of this report. 

 

The water quality monitoring program consists of both dry weather (baseflow) sampling and wet weather 

(stormflow) sampling at three locations within the study area. For year 2, dry weather grab samples were 

collected on two occasions, January 14, 2009 and March 24, 2009 to establish baseline data for 

comparison to wet weather conditions. Wet weather water quality samples were collected during four 

storm events, one per season, as shown on Table 1. All samples were sent to a certified laboratory and 

analyzed for total phosphorus, total nitrogen, total suspended solids, chlorides, lead, copper, zinc, 

cadmium, and nickel. A summary of samples collected and reported on within this report can be seen in 

Table 1. 

 

Table 1 Collection Schedule for Year Two 

Sample Type Sampling Date 

Baseflow Winter – January 14, 2009 

Baseflow Spring – March  24, 2009 

Stormflow Summer – September 6, 2008 

Stormflow Fall – October 24, 2008 

Stormflow Winter – January 6, 2009 

Stormflow Spring – May 14, 2009 
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The biological monitoring program included the collection and analysis of the macroinvertebrate 

community, a physical habitat assessment, and measurement of in situ water chemistry. Due to the 

uncertainty of the third year of water quality monitoring being performed, the Year 3 biological 

monitoring data has been included in this Year 2 report. Biological assessments involved 

macroinvertebrate sampling at three sites. Two of the monitoring sites are located within the restored 

study reach (an unnamed tributary to Swan Creek) downstream of the Mt. Royal stormwater pond, while 

the third is located off site within an adjacent watershed and serves as a control (or reference site) to 

which the others stations can be compared.  
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2 METHODOLOGIES 
 

2.1 BIOLOGICAL MONITORING    
 

KCI established three 75-meter monitoring stations in the spring of 2007. Two monitoring stations are 

located on the recently restored study reach below the Mt. Royal storm water management pond, The 

third is located on Carsins Run in the same watershed and will act as a control (reference) reach. These 

monitoring stations are being used to assess the impact of potential pollutants from the Mt. Royal 

stormwater management facility on the health of aquatic life downstream and to continue monitoring the 

previously completed stream restoration activities in the downstream reach. 

 

2.1.1 Monitoring Stations 
 

The biological monitoring stations were designed to provide sampling and analysis of the 

macroinvertebrate community, assessment of the physical habitat, measurement of in situ water quality, 

and photo-documentation of conditions at the three monitoring stations (Figure 2). Each monitoring 

station is comprised of a 75-meter sampling reach. Stations were established to provide a measure of 

conditions within the restored portion of the unnamed tributary to Swan Creek (Station 1), an unrestored 

portion further downstream (Station 2), and on Carsins Run for comparison to best attainable conditions 

(Station 3). Detailed descriptions of monitoring stations are as follows: 

 

 Station 1 –Study Reach (restored): Located on a tributary to Swan Creek, west of Aberdeen 

Thruway (MD 22) and directly downstream of the Mt. Royal stormwater management pond in a 

restored reach. The reach is characterized by gradually sloping and occasionally reinforced banks, 

with riffle/pool sequences dominated by a cobble/gravel substrate.  

 

 Station 2 –Study Reach (unrestored): Located on a tributary to Swan Creek, west of Aberdeen 

Thruway (MD 22) and approximately 1000 feet downstream of the Mt. Royal stormwater 

management pond in an unrestored portion below the restoration reach. The reach is characterized 

by vertical banks with root exposure, riffle/pool sequences, and a gravel dominated substrate.   

 

 Station 3 - Reference Reach: Located on Carsins Run, southeast of Walnut Road off MD 22. The 

reach is composed primarily of pool and riffle sequences with a large cobble/boulder dominated 

substrate.  

 

2.1.2 Benthic Macroinvertebrate Sampling and Analysis 
 

Benthic macroinvertebrate collection follows procedures described in the Maryland Biological Stream 

Survey Sampling Manual (DNR, 2007).  Monitoring sites cover a 75-meter reach and benthic 

macroinvertebrate sampling occurs during the spring season.  MBSS methodologies utilize systematic field 

collections of the benthic macroinvertebrate community of a stream.  The multi-habitat sampling approach 

is used to sample a range of the most productive habitat types within the reach using a D-frame net.  In this 

sampling approach, a total of twenty samples, or jabs, are distributed among all available habitats within the 

stream system and combined in a composite sample.  Potential habitats include submerged vegetation, 

overhanging bank vegetation, leaf packs, mats of organic matter, stream bed substrate, submerged materials 

(i.e., logs, stumps, snags, dead branches, and other debris) and rocks. 

 

Samples are then processed and subsampled according to methods described in the MBSS Laboratory 

Methods for Benthic Macroinvertebrate Processing and Taxonomy (Boward and Friedman, 2000).  

Subsampling is conducted to standardize the sample size and reduce variation caused by samples of 



5 

varying size.  In this method the sample is spread evenly across a gridded tray and each grid is picked 

clean of organisms until a count of 120 is reached.  The 120 target is used to allow for specimens that are 

missing parts or are not a late enough instar to properly identify. Individuals are identified down to the 

genus level in most cases. Data was analyzed using methods developed by MBSS as outlined in the New 

Biological Indicators to Better Assess the Condition of Maryland Streams (Southerland et al., 2005). 

 

Benthic Index of Biotic Integrity 
 

The benthic index of biotic integrity (BIBI) approach involves statistical analysis using benthic 

macroinvertebrate community metrics that have a predictable response to water quality and/or habitat 

impairment.  The selected metrics fall into five major groups including taxa richness, taxa composition, 

tolerance to perturbation, trophic classification and taxa habit.  Raw values from each metric are given a 

score of 1, 3 or 5 based on ranges of values developed for each metric.  The results are combined into a 

scaled BIBI score, ranging from 1.0 to 5.0, and a narrative rating is applied.  Three sets of metric 

calculations have been developed for Maryland streams based on broad physiographic regions. These 

include the Coastal Plain, Piedmont and Combined Highlands regions.  

 

The study reach falls very near the boundary between the Piedmont and Coastal Plain regions. It was 

determined based on site conditions that the Piedmont region BIBI was most applicable, therefore the 

Piedmont BIBI was selected for the biological community analysis. The following metrics were used to 

calculate the BIBI scores. 

 

Piedmont BIBI Metrics 
 

Total Number of Taxa – Equals the richness of the community in terms of the total number of genera at 

the genus level or higher.  A large variety of genera typically indicate better overall water quality, habitat 

diversity and/or suitability, and community health. 

 

Number of EPT Taxa – Equals the richness of genera within the Ephemeroptera (mayflies), Plecoptera 

(stoneflies), and Trichoptera (caddisflies) families.  EPT taxa are generally considered pollution sensitive, 

thus higher levels of EPT taxa would be indicative of higher water quality. 

 

Number of Ephemeroptera taxa – Equals the total number Ephemeroptera Taxa in the sample. 

Ephemeroptera are generally considered pollution sensitive, thus communities dominated by 

Ephemeroptera usually indicate fewer disturbances in water quality. 

 

Percent of Intolerant Urban – Equals the percent of individuals in the sample that are considered 

intolerant to urbanization (tolerance values 0 – 3). The percent of intolerant urban taxa is expected to 

decrease with decreasing water quality.  

 

Percent Chironomidae - Equals the percent of individuals in the sample that are in the Chironomidae 

family. An increase in the percent of Chironomidae is generally an indicator of decreasing water quality. 

 

Percent Clingers – Equals the percentage of the total number of individuals who are adapted to attaching 

to surfaces in stream riffles.  Higher percentages of clingers are representative of a decrease in stressors 

and better water quality. 

 

Information on trophic or functional feeding group and habit were based heavily on information compiled 

by DNR and from Merritt and Cummins (1996).  Scoring criteria are shown below in Table 2 for the 
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Piedmont region.  The raw metric value ranges are given with the corresponding score of 1, 3 or 5.  Table 

3 gives the BIBI ranges and ratings. 

   

Table 2 BIBI Scoring for the Piedmont Region 

Metric 
Score 

5 3 1 

Total Number of Taxa ≥25 15-24 <15 

Number of EPT Taxa ≥11 5-10 <5 

Number of Ephemeroptera Taxa ≥4 2-3 <2 

Percent of Intolerant Urban  ≥51.0 12.0-50.9 <12.0 

Percent Chironomidae  ≤4.6 4.7-63.0 >63.0 

Percent Clingers ≥74.0 31.0-73.9 <31.0 

 

Table 3 BIBI Ratings 

BIBI Score Narrative Rating 

4.0 – 5.0 Good 

3.0 – 3.9 Fair 

2.0 – 2.9 Poor 

1.0 – 1.9 Very Poor 
 

2.1.3 Physical Habitat Assessment 
 

Habitat assessments were completed at all of the monitoring sites to evaluate the reach’s ability to support 

aquatic life. DNR’s Physical Habitat Index (PHI) (Paul et al., 2003) was used for the three sites assessed. 

 

The PHI was calculated for each sampling reach. The PHI incorporates the results of a series of habitat 

parameters selected for Coastal Plain, Piedmont and Highland streams. While all parameters were rated 

during the field assessment, the Piedmont parameters were used to develop the PHI score for this study 

area. These eight parameters were found to have the most discriminatory power for Piedmont streams 

(Table 4).   

 

Table 4 PHI Parameters for the Piedmont Region 

PHI Scoring Parameters 

Remoteness Instream Habitat 

Shading Woody Debris and Rootwads 

Embeddedness Riffle/Run Quality 

Epibenthic Substrate Bank Stability 

 

Each parameter is given a raw score (ranging from 0-20), and a scaled PHI score for each site is then 

calculated (ranging from 0-100). Using the site PHI score, a corresponding narrative rating is then applied 

(Table 5).  
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Table 5 PHI Rating 

PHI Score Narrative Rating 

81.0 – 100.0 Minimally Degraded 

66.0 – 80.9 Partially Degraded 

51.0 – 65.9 Degraded 

0.0 – 50.9 Severely Degraded 
 

 

2.1.4 In Situ Water Quality  
 

To supplement the macroinvertebrate sampling and habitat assessment, instream water quality 

measurements were performed. Field water quality measurements were collected in situ at all monitoring 

stations. Each parameter listed in Table 6 was recorded at the downstream, middle and upstream portion 

of each sampling reach and averaged for a mean reported value. Most in situ parameters were measured 

with a YSI® 6000 series multiparameter water quality meter. Turbidity was measured with a Hach 2100 

Turbidimeter. Water quality meters were regularly inspected, maintained and calibrated to ensure proper 

usage and accuracy of the readings.  

The Maryland Department of the Environment (MDE) has established acceptable standards for several 

water quality parameters for each designated Stream Use Classification. These standards are listed in the 

Code of Maryland Regulations (COMAR) 26.08.02.01-.03 - Water Quality (MDE 1994). The study reach 

is in COMAR in Sub-Basin 02-13-07: Bush River Area. Swan Creek and tributaries are classified as a Use 

I, Water Contact Recreation, and Protection of Nontidal Warmwater Aquatic Life. The acceptable 

standards for Use I streams are listed in Table 6. A comparison of these standards to data collected at each 

station is included in Biological Monitoring Results, Section 3.1.3. 

 

Table 6 COMAR Water Quality Standards (Use I) 

Parameter Units Acceptable COMAR Standard 

pH standard pH units 6.5 to 8.5 

Temperature degrees Celsius, C 
maximum of 90 F (32 C) or ambient temperature of 

the surface water, whichever is greater 

Dissolved 

Oxygen (DO) 
milligrams per liter, mg/L may not be less than 5 mg/L at any time 

Conductivity 
microSiemens per 

centimeter, S/cm 
no COMAR standard set 

Total Dissolved 

Solids 
milligrams per liter, mg/L no COMAR standard set 

Turbidity 
Nephelometer Turbidity 

Units, NTU 

maximum of 150 NTUs at any time, and a maximum 

monthly average of 50 NTUs 
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2.2 WATER QUALITY MONITORING    
 

2.2.1 Monitoring Stations 
 

Three monitoring locations were selected in 2007 based on site field review with KCI and County 

personnel (see Figure 2). Two monitoring locations, (MRP02 and MRP03) are located near the 

intersection of MD 22 and Mt. Royal Avenue representing inflows into the Mt. Royal stormwater 

management facility. The third location, MRP01, is located at the downstream stream end of the 

stormwater management facility and represents an outflow, emptying into the study reach below. 

Comparison of results from the two inflow sites and the outflow site will provide information into the 

pollutant removal efficiency of the stormwater management facility through the examination of the water 

quality entering and exiting the pond. Descriptions of the sampling sites are as follows: 

 

 Site MRP01 – A large Concrete Weir structure representing the outflow of the regional 

stormwater management facility.  

 Site MRP02 – The downstream end of an 84.2” x 61.1” Pipe-Arch Steel Structural Plate 

culvert underneath MD 22.   

 Site MRP03 – The outfall of a 36” RCP Stormdrain pipe located under Mt. Royal  

Avenue.   
 

2.2.2 Dry Weather Sampling 
 

Dry weather (base flow) grab samples are collected two times from the three locations at the study site to 

establish baseline data for comparison to wet weather conditions and to monitor the inflow and outflow of 

potential pollutants at the stormwater management facility during baseflow conditions.  Samples are 

collected after a minimum of three consecutive days (72 hours) of dry weather.  During sampling, un-

preserved 2000 ml sample bottles are filled using a plastic scoop that is rinsed with distilled water, and 

then rinsed several times with sample water before the true sample is poured into the sample bottles. This 

rinsing procedure is followed at the first site upon arrival and then again between sampling sites. Samples 

are immediately put on ice and transported to a certified laboratory (Martel Laboratories, Inc., Baltimore, 

MD) and analyzed for total phosphorus, total nitrogen, chlorides, lead, copper, zinc, cadmium, and nickel. 

In addition, water depth, water temperature, dissolved oxygen, pH, and specific conductivity are 

measured simultaneously with sample collection.   

 

2.2.3 Wet Weather Sampling 
 

On August 20, 2007, KCI conducted a dye test during a wet weather event (stormflow) to estimate the 

flushing period associated with the existing stormwater management pond at Mt Royal. This test gave a 

general idea of the flushing rate (approximately 3 hours) associated with stormwater management facility. 

Wet weather composite samples are collected for a maximum duration of five hours during a storm event. 

Each of the three wet weather sampling locations was surveyed to develop a stage vs. discharge rating 

curve. The rating curve allows for a simple conversion from water level (or stage) to stream discharge. As 

each grab sample is taken, water depth is measured and the resulting discharge related to each water 

sample is determined.  The sampling event begins with the collection of a first flush sample, upon which 

the field crew leader then establishes the sampling interval in an attempt to capture the entire hydrograph 

including the falling limb. Subsequent samples intervals for the composite range from every 20 minutes 

for the first three hours of the storm to every 30 minutes for the first five hours, or until runoff has 

receded to base flow levels, whichever comes first. Other parameters taken at the time of each sample 

include air temperature, water temperature, pH, cumulative rainfall amount and general observations. 
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Samples are immediately put on ice and transported to the laboratory (Martel). The samples are analyzed 

for those parameters listed above for the baseflow. Samples are composited by the laboratory based on the 

flow weighting of each sample in relation to the overall sampled discharge. For example, if the first grab 

sample represents ten percent of the overall storm event discharge, ten percent of the composite sample 

for analysis will come from that grab sample. Reported data then provides the event mean concentration 

(EMC) for each sampling event.  

 

The Maryland Department of the Environment (MDE) has established numerical criteria for several 

parameters (e.g., lead, copper, zinc, nickel, and cadmium) measured as part of this water quality 

monitoring program.  These standards are listed in the Code of Maryland Regulations (COMAR) 

26.08.02.03-2 Numerical Criteria for Toxic Substances in Surface Waters. While there are currently no 

specific nutrient criteria for Maryland surface waters, USEPA has developed a set of nutrient criteria 

guidelines for each nutrient ecoregion of the United States. The Maryland Piedmont falls within Nutrient 

Ecoregion IX, therefore, ambient water quality criteria recommendations from this region were used for 

total phosphorus and total nitrogen comparisons (USEPA 2000). Applicable State and Federal water 

quality criteria for parameters sampled at the Mt. Royal stormwater facility are listed in Table 7. A 

comparison of these criteria to data collected at each station is included in Section 3.2 - Water Quality 

Monitoring Results. 

Table 7 State and Federal Water Quality Criteria for Sampled Parameters 

 

 

2.2.4 Pollutant Load Calculations 
 

To evaluate the pollutant removal efficiency of the Mt. Royal facility two BMP monitoring methods were 

utilized (USEPA 2002). The Efficiency Ratio (ER) is a ratio of the difference between inlet and outlet 

EMC to the inlet EMC. This method weights EMCs from all storms equally and does not account for 

differences in high volume and low volume storms. To account for this, the discharge for the event was 

applied to generate a loading rate. ER = (inlet loading rate – outlet loading rate) / inlet loading rate. To 

calculate the efficacy of the pond as whole, the loading rates of the two inlets (MRP02 and MRP03) were 

summed prior to subtracting the outlet loading rate.  
 

The Efficiency of Individual Storm Loads (ISL) differs from the ER in that the rate is converted to a total 

load. This is done by determining the total volume of discharge captured under a storm hydrograph and 

multiplying it by the respective concentration of a pollutant as determined through lab analysis. This 

method was used for storms only, not baseflow, and provides a closer examination of the performance of 

Parameter Units Chronic Acute Reference 

Lead g/L 2.5 65 COMAR 26.08.02.03-2 

Copper g/L 9 13 COMAR 26.08.02.03-2 

Zinc g/L 120 120 COMAR 26.08.02.03-2 

Nickel g/L 470 52 COMAR 26.08.02.03-2 

Cadmium g/L 0.25 2.0 COMAR 26.08.02.03-2 

Chloride mg/L 230 860 Ambient Water Quality Criteria(EPA 440/5-88-001) 

Total P  g/L 36.56 EPA Recommended Criteria (EPA 822-B-00-019) 

Total N mg/L 0.69 EPA Recommended Criteria (EPA 822-B-00-019) 

TKN - None — 

Nitrate-Nitrite - None — 

TSS mg/L 500 1972 305(a) Report to Congress (EPA 440/9-74-001) 



10 

the facility under individual storm events. An obvious limitation with this method is that with a limited 

sampling period the pond may not draw down completely and the outflow load may be underestimated. 

The dye test was an attempt to mitigate this effect, however it may still be a factor.  ISL = (inlet load – 

outlet load) / inlet load. 
 

To calculate these efficiencies, discharge and water quality data were needed at the inflows (MRP02 and 

MRP03) and outflow (MRP01) of the facility. At all three sampling stations, HOBO® level loggers were 

deployed to record water level data at five minute intervals. Since the loggers measure water level via a 

pressure transducer, a fourth logger was installed outside the channel to allow for corrections due to 

changes in atmospheric pressure. After downloading data from each station, the data were corrected using 

field water level measurements and atmospheric pressure prior to analysis.  Level data were then plotted 

to provide seasonal hydrographs, which were used to partition out baseflow. Using the aforementioned 

rating tables for each five minute recorded interval, baseflow discharge (cubic feet) was calculated at each 

culvert. During the year one monitoring efforts, the theft of the HOBO® level logger at site MRP01 

(Concrete Weir) resulted in no data for the outflow weir. KCI hence re-installed a data logger within the 

pond to record water surface elevations that could be related to the discharge of MRP01. Although data 

was recorded during the year two monitoring efforts, an accurate relationship between the elevation of the 

water surface within the pond and the discharge at MRP01 was unable to be determined due to the 

accumulation of sediment and vegetation between the pond data logger and the MRP01 weir outfall. As a 

result, the same assumption made during the year one monitoring efforts were used during the year two 

efforts. That assumption being that baseflow discharge into the facility is equal to that of the baseflow 

discharge out, since the facility is located in-stream. Therefore, baseflow discharges for site MRP01 were 

calculated by summing the inflow discharges as was previously performed in the year one monitoring 

efforts. This discharge data was accompanied by two discrete grab samples taken during baseflow 

conditions in the Winter and Spring and EMCs developed from four stormflow events taken in each of the 

four seasons.  

 

Stormflow discharges were calculated based on field level (stage) measurements taken during the storm 

events at the time of sample collection. Average discharge rates for both baseflow and stormflow events 

can be seen in Table 8. Dry weather sampling concentrations for each parameter were applied to baseflow 

discharge to estimate baseflow pollutant loading rates.  Similarly, wet weather EMCs for each parameter 

were applied to storm flow discharge rates to estimate storm flow pollutant rates. Additionally, the total 

storm volume for the two sampled storms was used to generate a total load for each parameter by 

multiplying the total storm volume at each sampling site by the concentrations found of each parameter at 

the sites. These pollutant loading concentration rates and total storm loads were then used in the 

calculation of the ER and ISL as an indicator of the overall ability of the Mt. Royal stormwater 

management facility to remove pollutants. 

Table 8 Average Discharge (CFS) of Flow Events 

Flow Event MRP01 MRP02 MRP03 

Summer Baseflow 2008 0.83 0.66 0.17 

Fall Baseflow 2008 0.95 0.55 0.40 

Winter Baseflow2008-2009 1.47 0.87 0.60 

Spring Baseflow 2009 1.26 0.81 0.45 

Summer Stormflow (9-6-2008) 3.09 6.72 3.27 

Fall Stormflow (11-24-2008) 0.60 1.11 1.28 

Winter Stormflow (1-6-2009) 3.27 2.82 3.83 

Spring Stormflow (5-24-2009) 1.68 1.86 1.86 
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MONITORING: RESULTS AND DISCUSSION 
 

2.3 BIOLOGICAL MONITORING RESULTS 
 

2.3.1 Benthic Macroinvertebrate Results 
 
Benthic macroinvertebrate sampling was conducted on April 24, 2008 and April 28, 2009 at all three 

stations. Benthic macroinvertebrate metric data and BIBI scores are presented in Table 9. Complete taxa 

lists and metric evaluation data are included in Appendix B. The Year 1 Report included only data from 

2007. The Year Two report includes monitoring data for 2008 and 2009.   

 

For the 2008 monitoring event, both study sites, Station 1 and Station 2, were classified as ‘Very Poor’ 

for biological condition with overall BIBI scores of 1.0. Conversely, the Reference Reach was classified 

as ‘Good’ with a score of 4.0. Scores increased in 2009 for both study sites, with Station 1 and Station 2 

receiving an overall BIBI score of 2.0 and a classification of ‘Poor’ for biological condition.  The 

Reference Reach received a slightly lower score in 2009 with an overall BIBI score of 3.7 and a narrative 

rating of ‘Fair.’ 
 

Table 9 Summary Benthic Macroinvertebrate Results 

 
2007  2008  2009 

Station 1 Station 2 Reference Station 1 Station 2 Reference Station 1 Station 2 Reference 

Raw Metric Scores  

Total Number of Taxa 13 16 28 7 10 17 11 12 19 

Number of EPT taxa 2 1 11 2 2 7 2 2 10 

Number of Ephemeroptera Taxa 0 0 7 0 0 4 0 0 4 

Percent Intolerant Urban  1.0 1.9 56.6 0.0 0.0 72.9 0.0 1.7 66.4 

Percent Chironomidae  44.2 49.0 26.9 81.3 73.9 4.2 13.3 9.6 3.7 

Percent Clingers  49.0 16.3 24.1 18.7 20.9 44.1 83.8 92.2 15.9 

BIBI Scores  

Total Number of Taxa 1 3 5 1 1 3 1 1 3 

Number of EPT taxa 1 1 5 1 1 3 1 1 3 

Number of Ephemeroptera Taxa 1 1 5 1 1 5 1 1 5 

Percent Intolerant Urban  1 1 5 1 1 5 1 1 5 

Percent Chironomidae  3 3 3 1 1 5 3 3 5 

Percent Clingers 3 1 1 1 1 3 5 5 1 

Overall BIBI Score 1.7 1.7 4.0 1.0 1.0 4.0 2.0 2.0 3.7 

Narrative Rating 
Very 

Poor 

Very 

Poor 
Good 

Very 

Poor 

Very 

Poor 
Good Poor Poor Fair 

 

Station 1 

 

In 2008, the downstream reach, Station 1, with an overall BIBI score of 1.0, resulted in a ‘Very Poor’ 

biological condition rating, which is the lowest rating possible. Of the seven taxa present, only two 

represented EPT taxa and none were in the order Ephemeroptera. Of the three sites sampled, station 1 had 

the lowest percentage of clinger taxa (19 percent) and had the highest percentage of Chironomidae (81 

percent), most of which are pollution tolerant. Additionally, this station had no intolerant urban taxa 

present in the subsample.  
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In the following year (2009), Station 1 received a higher BIBI score than the previous sampling year—

with an overall BIBI score of 2.0 and a ‘Poor’ biological condition rating. Of the 11 taxa present, only 

two represented EPT taxa and none were in the order Ephemeroptera. The benthic sample consisted 

primarily of tolerant worms from the family Tubificidae (T.V. = 8.4), which accounted for 74 percent of 

the sample.  Of the three sites sampled, station 1 had the highest percentage of Chironomidae (13 

percent), most of which are pollution tolerant. Additionally, this station had no intolerant urban taxa 

present in the subsample.  However, this site had a high percentage of clingers (84 percent) due to the 

high abundance of Tubificidae individuals (a clinger taxon).  

 

Overall, Station 1 has remained relatively consistent throughout all sampling years (2007-2009) with an 

overall BIBI score ranging from 1.0 in 2008 to 2.0 in 2009.  For all three sampling years, Station 1 

received the lowest metric score possible for four of the six metrics—total number of taxa, number of 

EPT and Ephemeroptera taxa, and percent of individuals intolerant to urban stressors. The percent of 

Chironomidae was the highest in 2008 consisting of 81 percent of the subsample and lowest in 2009 at 13 

percent. Conversely, percent clingers was highest in 2009 at 84 percent and lowest in 2008, accounting 

for only 19 percent of the subsample.  

 

Station 2 

 

In 2008, the upstream reach, Station 2, received an overall BIBI score of 1.0 resulting in a ‘Very Poor’ 

biological condition rating, the same score as Station 1. Station 2 was dominated by Chironomidae, 

comprising 74 percent of the sample. Of the ten taxa present in the subsample, only two represented EPT 

taxa and none were in the order Ephemeroptera. This station also had a low percentage of clinger taxa 

with only 21 percent and had no intolerant urban taxa present. 

 

For the following monitoring event in 2009, Station 2 received an overall BIBI score of 2.0 resulting in a 

‘Poor’ biological condition rating, the same score as Station 1. This station was dominated by tolerant 

worms from the family Tubificidae (T.V. = 8.4), which made up 87 percent of the sample. Of the twelve 

taxa present in the subsample, only two represented EPT taxa and none were in the order Ephemeroptera.  

Individuals of the Chironomidae family (midges) accounted for ten percent of the subsample and no 

individuals intolerant to urban stressors were present.  This station also had the highest percentage of 

clinger taxa, at 92 percent, due to the high abundance of Tubificidae individuals (a clinger taxon).  

 

Overall, Station 2 remained relatively consistent throughout all sampling years (2007-2009) and received 

the same overall BIBI score as Station 1 for each year—ranging from a score of 1.0 in 2008 to 2.0 in 

2009. For every sampling year, of the three sites sampled, Station 2 received the lowest metric score 

possible for three of the six metrics—number of EPT and Ephemeroptera taxa, and the percent of 

individuals intolerant to urban stressors.  Additionally, with the exception of the sampling event in 2007, 

Station 2 received the lowest metric score possible for the total number of taxa.  There was an overall 

improvement of the percentage of clinger taxa present with clinger taxa accounting for 92 percent of the 

sample in the most recent monitoring event (2009). 

 

Reference Reach 

 

The reference reach on Carsins Run, southeast of Walnut Road, had relatively high taxa richness with 17 

taxa identified for the monitoring event in 2008. Seven of these were EPT taxa, which are generally 

sensitive to perturbation. Additionally, a majority of the individuals in the sample (73 percent) were 

considered intolerant to urban stressors. Of the three sites sampled, the reference reach is the only one 

supporting Ephemeroptera taxa (with four taxa present), which generally indicates a healthy biological 

community. Overall, this site received a BIBI score of 4.0, which is a considerably higher score than the 

two study area sites.  
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For the monitoring event in 2009, the reference reach on Carsins Run, had relatively high taxa richness 

with 19 taxa identified. Ten of these were EPT taxa, which are generally sensitive to perturbation. 

Additionally, a majority of the individuals in the sample (66 percent) were considered intolerant to urban 

stressors. Of the three sites sampled, this is the only one supporting Ephemeroptera taxa (four taxa 

present), which generally indicates a healthy biological community. Overall, this site received a BIBI 

score of 3.7, with a ‘Fair’ biological condition rating, a slightly lower BIBI score than this site received in 

2008.  

 

Overall, the reference reach received BIBI scores that classified the site as ‘Fair’ or ‘Good’ throughout all 

of the sampling years (2007-2009).  In 2007, the reference reach received the best possible BIBI metric 

score of 5 for four of the six metrics analyzed (the total number of taxa, number of EPT and 

Ephemeroptera taxa, and percent of individuals intolerant to urban stressors).  The following two 

monitoring years (2008 and 2009) saw a decrease in scores for two of the metrics—total number of taxa 

and number of EPT taxa, where each metric received a score of 3.  However, the reference reach has seen 

an increase in the BIBI metric score for percent of Chironomidae—an increase from a score of 3 in 2007 

to a score of 5 for both 2008 and 2009 monitoring years. 

 

2.3.2 Physical Habitat Assessment 
 

Physical habitat assessments were conducted in conjunction with benthic macroinvertebrate sampling in 

2008 and 2009. The Physical Habitat data collected was prepared for the Piedmont Region and is 

presented in scaled metric values (Table 10). Complete lists of physical habitat evaluation data are 

included in Appendix C.  

 

Station 1 

 

For the second year of monitoring (2008) Station 1, the restoration reach, received the lowest PHI score 

of all stations with a score of 66.33 and a ‘Partially Degraded’ rating due to a limited amount of woody 

debris and rootwads, a low percentage of shading, marginal scores for instream habitat and epibenthic 

substrate, and high embeddedness. The PHI score for 2008 decreased slightly when compared to the first 

monitoring event in 2007 (Station 1 received a PHI score of 68.94 in 2007).  Scores for epibenthic 

substrate, instream habitat, and riffle quality have all decreased slightly since the restoration activities in 

2007; however, over time physical habitat should improve as a result of the restoration. 

 

For the following monitoring year in 2009, Station 1 received a PHI score of 68.73 with a ‘Partially 

Degraded’ rating due to a limited amount of woody debris and rootwads. It received marginal scores for 

instream habitat and epibenthic substrate, and high embeddedness.  Epibenthic substrate, instream habitat, 

woody debris and rootwads, bank stability, and riffle quality received the same scores as the previous year 

of monitoring (2008).   

 

Overall, Station 1 has remained relatively consistent throughout all sampling years (2007-2009) and has 

received the same narrative rating of ‘Partially Degraded’—ranging from a PHI score of 66.33 (2008) to 

68.94 (2007).  For each monitoring year, Station 1 received the lowest PHI score of all stations.  

 

Station 2 

 

For the monitoring event in 2008, Station 2, the most downstream, unrestored reach, also received a low 

overall PHI score of 66.95 and a narrative rating of ‘Partially Degraded.’ Epibenthic substrate and 

instream habitat, which are primary limiting factors to biota, scored the lowest at Station 2 of the three 
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sites. Riffle quality and embeddedness also scored low at this station. With the reduction of channel 

altering events, physical habitat should improve over time. 

 

In 2009, Station 2 received an overall PHI score of 67.10, which is slightly higher than the PHI score 

from the previous monitoring year, with a narrative rating of ‘Partially Degraded.’ Station 2 received the 

same scores for epibenthic substrate, instream habitat, bank stability, riffle quality, and embeddedness as 

in 2008.  However, there was an increase in woody debris and rootwads at this site.  

 

Station 2 has received a rating of ‘Partially Degraded’ throughout all sampling years (2007-2009) with a 

PHI score ranging from 66.95 (2008) to 70.95 (2007).  Over time, this station has seen an increase in 

woody debris which in turn collects leafy material and provides carbon sources to the system.   

Table 10 Summary of Physical Habitat Index Results 

Index 2007 2008 2009 

Physical Habitat Parameter Station 1 Station 2 Reference Station 1 Station 2 Reference Station 1 Station 2 Reference 

Remoteness 56.25 68.75 81.25 56.25 68.75 75.00 68.75 68.75 75.00 

Shading 68.21 80.8 63.95 72.91 85.16 63.95 85.16 77.99 72.43 

Epibenthic Substrate 76.47 70.59 88.24 70.59 64.71 88.24 70.59 64.71 88.24 

Instream Habitat 90.57 77.64 97.15 77.86 71.29 84.45 77.86 71.29 90.80 

Woody Debris & Rootwads 8.33 25.0 25.0 16.67 33.33 25.00 16.67 41.67 25.00 

Bank Stability 100.0 92.51 100.0 100.00 92.51 100.00 100.00 92.51 100.00 

Riffle Quality 96.1 85.63 98.65 80.82 75.45 93.56 80.82 75.45 98.65 

Embeddedness 55.56 66.67 94.44 55.56 44.44 94.44 50.00 44.44 88.89 

Overall PHI Score 68.94 70.95 82.1 66.33 66.95 78.08 68.73 67.10 79.88 

Narrative Rating 
Partially 

Degraded 

Partially 

Degraded 

Minimally 

Degraded 

Partially 

Degraded 

Partially 

Degraded 

Partially 

Degraded 

Partially 

Degraded 

Partially 

Degraded 

Partially 

Degraded 

 

Reference Reach 

 

For the second monitoring event (2008), the Reference Reach on Carsins Run, southeast of Walnut Road, 

scored significantly higher than the two study reach sites receiving a PHI score 78.08 and a rating of 

‘Partially Degraded.’ This site scored the highest in nearly all categories except for instream woody debris 

and shading. The reach is composed primarily of pool and run sequences with stable pool habitat and 

small riffles consisting of gravel cobble substrate.  

 

In 2009, the Reference Reach received the highest PHI score of all three stations of 79.88 with a narrative 

rating of ‘Partially Degraded.’ The Reference Reach received the same scores for epibenthic substrate, 

woody debris and rootwads, and bank stability as in the previous monitoring year (2008).  There was a 

slight increase in riffle quality and instream habitat in 2009 when compared to the monitoring event in 

2008. 

 

The Reference Reach scored the highest in nearly all categories for each sampling year (2007-2009), with 

the exception of instream woody debris and shading.  The Reference Reach was also the only reach to 

receive a narrative rating of ‘Minimally Degraded.’ Throughout all monitoring years, the Reference 

Reach received high scores for epibenthic substrate, instream habitat, bank stability, riffle quality, and 

embeddedness. 
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2.3.3 Water Quality Measurements 
 

Instream water quality measurements were conducted in conjunction with macroinvertebrate sampling 

and occurred on April 24, 2008 and April 28, 2009 for all stations. Table 11 presents the results of the 

instream water quality measurements. 

All water quality parameters in 2008 and 2009 fell within COMAR limits for a Use I stream. However, 

when compared to the reference reach, conductivity and TDS have remained slightly elevated within the 

study reach. This is most likely the result of runoff from roadways in the urbanized upstream portions of 

the watershed. There are currently no COMAR standards for conductivity or TDS, and a threshold for 

biological impairment has not been clearly defined for these parameters. 

Table 11 In Situ Benthic Water quality Measurement Results     

 2007 2008 2009 

Water Quality 

Parameter 
Station 1 Station 2 Reference Station 1 Station 2 Reference Station 1 Station 2 Reference 

pH 7.22 4.73* 8.02 7.16 6.98 7.28 7.30 7.45 7.69 

Temperature (°C ) 10.05 9.74 9.83 17.63 15.72 17.35 19.63 19.63 20.47 

DO (mg/l) 9.21 9.28 11.67 7.58 8.41 10.13 8.23 8.66 9.24 

Conductivity (µS/cm) 227.67 160.33 134 278 280 151 300 282 162 

TDS (mg/l) 150.3 149 87 180 182 98 N/A N/A N/A 

Turbidity (NTU) N/A N/A N/A 3.13 2.22 4.60 9.33 5.34 9.68 
   N/A = not available   *values outside of recommended criteria 

 

2.4 WATER QUALITY MONITORING RESULTS 
 

Dry weather (baseflow) sampling events were performed on January 14, 2009 and March 24, 2009. These 

samples are intended to represent baseflow conditions throughout their respective season (Winter and 

Spring). Results of the baseflow samples are listed in Table 12. Total phosphorus exceeded recommended 

EPA criteria at all sites with the exception of site MRP02 on March 24, 2009. Total nitrogen exceeded the 

recommended EPA criteria at all sites with the exception of site MRP02 on January 14, 2009. All other 

parameters fell within the state and federal water quality criteria. However, there are currently no 

COMAR standards for TKN and Nitrate-Nitrite. 

Wet weather (storm flow) sampling events occurred on September 6, 2008, November 24, 2008, January 

6, 2009, and May 14, 2009. These samples are intended to represent the pollutant loads during particular 

storm events, not storm flow at the seasonal level. The concentrations of sampling parameters measured 

during the storm flow events are displayed in Table 13. Total nitrogen and total phosphorus 

concentrations were found to be above recommended EPA Criteria at all sites and events sampled with 

the exception of total nitrogen at sites MRP01 and MRP02 during the November 24, 2008 event. 

According to sample results from the May 14, 2009 event copper concentration were elevated above the 

chronic levels at site MRP03 and above acute levels at site MRP02. Lead concentrations were measured 

above chronic conditions at sites MRP02 and MRP03 during the September 6, 2008 and January 6, 2009 

events, and at all sites during the May 14, 2009 event. Chloride concentrations were also measured above 

chronic conditions at site MRP02 during the November 24, 2008 event and at sites MRP01 and MRP02 

during the January 6, 2009 event. It should be noted that although these samples exceeded chronic 

criteria, chronic conditions are based for 28 day duration and therefore storm event concentrations are not 

indicative of chronic pollutant levels. However, lead concentrations were also found to be above chronic 

criteria during the year one monitoring efforts and this parameter and others should continue to be 

monitored. Suspended solids were slightly elevated when compared to base flow concentrations, but they 
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did not exceed criteria. The remainder of the parameters fell with the state and federal water quality 

standards, but there are currently no COMAR standards for TKN and Nitrate-Nitrite. The majority of the 

parameters found to be exceeding the criteria were two to three times that of the concentrations observed 

during base flow sampling. 

Table 12 Baseflow Water Quality Sampling Results 

Parameter Units Analytical Method 

Method 

Detection 

Limit 

January 14, 2009 March 24, 2009 

MRP01 MRP02 MRP03 MRP01 MRP02 MRP03 

Total Phosphorus mg/l SM 4500P-E 0.01 0.14* 0.06* 0.45* 0.18* 0.03 0.16* 

Total Nitrogen mg/l SM Calc 0.5 0.76* 0.45 2.1* 2.2* 0.84* 2.4* 

Nitrate-Nitrite mg/l SM 4500N03-H 0.02 0.76 0.45 2.1 0.42 0.14 1.7 

Kjeldahl Nitrogen mg/l SM 4500NH3-C 0.5 <0.5 <0.5 <0.5 1.8 0.7 0.7 

Nickel μg/l EPA 200.8 2 <2 <2 <2 <2 <2 <2 

Copper μg/l EPA 200.8 2 <2 <2 <2 <2 2 <2 

Zinc μg/l EPA 200.8 10 14 16 14 14 28 14 

Lead μg/l EPA 200.8 2 <2 <2 <2 <2 <2 <2 

Cadmium μg/l EPA 200.8 0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 

Chloride mg/l SM 45010-CL-E 1 44 39 40 120 66 39 

Suspended Solids mg/l SM 2540 D 1 6 2 1 13 5 1 
*Values exceeding criteria 
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Table 13 Storm Flow Water Quality Sampling Results 

 

Parameter Units Analytical Method 

Method 

Detection 

Limit 

September 6, 2008 November 24, 2008 

MRP01 MRP02 MRP03 MRP01 MRP02 MRP03 

Total Phosphorus mg/l SM 4500P-E 0.01 0.26* 0.24* 0.21* 0.14* 0.18* 0.18* 

Total Nitrogen mg/l SM Calc 0.5 1.4* 2* 1.6* 0.52 0.63 1* 

Nitrate-Nitrite mg/l SM 4500N03-H 0.02 0.18 0.52 0.64 0.52 0.63 1 

Kjeldahl Nitrogen mg/l SM 4500NH3-C 0.5 1.2 1.5 1 <0.5 <0.5 <0.5 

Nickel μg/l EPA 200.8 2 <2 4.4 4.5 2.1 3.9 2.2 

Copper μg/l EPA 200.8 2 4.6 11 6.5 2.8 10 3.6 

Zinc μg/l EPA 200.8 10 18 51 34 19 54 20 

Lead μg/l EPA 200.8 2 <2 3.5* 2.9* <2 2.2 <2 

Cadmium μg/l EPA 200.8 0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 

Chloride mg/l SM 45010-CL-E 1 28 14 13 87 250* 26 

Suspended Solids mg/l SM 2540 D 1 14 32 27 16 10 6 

Parameter Units Analytical Method 

Method 

Detection 

Limit 

January 6, 2009 May 14, 2009 

MRP01 MRP02 MRP03 MRP01 MRP02 MRP03 

Total Phosphorus mg/l SM 4500P-E 0.01 0.16* 0.15* 0.15* 0.26* 0.38* 0.46* 

Total Nitrogen mg/l SM Calc 0.5 1.5* 1* 1.6* 4* 4.1* 4.5* 

Nitrate-Nitrite mg/l SM 4500N03-H 0.02 0.48 0.42 0.8 0.54 0.59 1 

Kjeldahl Nitrogen mg/l SM 4500NH3-C 0.5 1 0.6 0.8 3.5 3.5 3.5 

Nickel μg/l EPA 200.8 2 2.8 3.4 3.8 4.1 9 5.9 

Copper μg/l EPA 200.8 2 4.1 7 3.7 7.6 18* 9.2* 

Zinc μg/l EPA 200.8 10 28 56 30 25 87 36 

Lead μg/l EPA 200.8 2 <2 2.7* 2.5* 2.8* 8.3* 4.6* 

Cadmium μg/l EPA 200.8 0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 

Chloride mg/l SM 45010-CL-E 1 250* 370* 57 30 26 19 

Suspended Solids mg/l SM 2540 D 1 18 28 21 34 86 55 
*Values exceeding criteria 

 

Pollutant loading rates were estimated for both seasonal baseflow and single event stormflow conditions 

by applying an average discharge to pollutant concentrations. These results can be found in Appendix D.  

Pollutant removal efficiencies (ER) were determined from these values and can be seen in Table 14. It is 

important to note that pollutants found to be below their respective MDLs were estimated by applying a 

default concentration of one-half of the MDL. This can potentially result in an overestimation of loading 

rates.  

 

Storm flow total loads were estimated by applying the wet weather sampling EMCs to the overall storm 

flow discharge volume as recorded in the field.  Estimated loads calculated for each sampling parameter 

(ISL) are listed in Table 15.  As with the calculation of loadings rates, it is important to note that 

pollutants found to be below their respective MDLs were estimated by applying a default concentration of 

one-half of the MDL which can sometimes result in an overestimation of loading rates.  
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Table 14 Pollutant Removal Efficiencies by Loading Rates (ER)  
 

Winter Baseflow (December 1, 2008 - February 30, 2009) 
         

Source 

Total Phosphorus Total Nitrogen 
Nitrate-
Nitrite 

Kjeldahl 
Nitrogen Nickel Copper Zinc Lead Cadmium Chloride 

Suspended 
Solids 

mg/sec mg/sec mg/sec mg/sec µg/sec µg/sec µg/sec µg/sec µg/sec mg/sec mg/sec 

Inflow (MRP02 and MRP03) 9.12 46.77 1.59E-04 3.11E-05 41.63 41.63 632.03 41.63 10.41 1640.40 66.26 

Outflow (MRP01) 5.83 31.64 4.73E-05 1.56E-05 41.63 41.63 582.76 41.63 10.41 1831.53 249.75 

Amount Retained by Pond 3.30 15.13 1.12E-04 1.56E-05 0.00 0.00 49.27 0.00 0.00 -191.14 -183.49 

Percentage of Retention 36.13% 32.35% 70.20% 50.00% 0.00% 0.00% 7.80% 0.00% 0.00% -11.65% -276.92% 

            Spring Baseflow ( March 1, 2009 - May 31, 2009) 
         

Source 

Total Phosphorus Total Nitrogen 
Nitrate-
Nitrite 

Kjeldahl 
Nitrogen Nickel Copper Zinc Lead Cadmium Chloride 

Suspended 
Solids 

mg/sec mg/sec mg/sec mg/sec µg/sec µg/sec µg/sec µg/sec µg/sec mg/sec mg/sec 

Inflow (MRP02 and MRP03) 2.73 49.85 24.87 24.98 17.84 29.31 410.31 17.84 4.46 2010.78 127.43 

Outflow (MRP01) 6.42 78.49 14.99 64.22 17.84 17.84 249.75 17.84 4.46 4281.51 463.83 

Amount Retained by Pond -3.70 -28.65 9.89 -39.25 0.00 11.47 160.56 0.00 0.00 -2270.73 -336.40 

Percentage of Retention -135.51% -57.46% 39.75% -157.14% 0.00% 39.13% 39.13% 0.00% 0.00% -112.93% -264.00% 

            Stormflow (Single Event on September 6, 2008) 
         

Source 

Total Phosphorus Total Nitrogen 
Nitrate-
Nitrite 

Kjeldahl 
Nitrogen Nickel Copper Zinc Lead Cadmium Chloride 

Suspended 
Solids 

mg/sec mg/sec mg/sec mg/sec µg/sec µg/sec µg/sec µg/sec µg/sec mg/sec mg/sec 

Inflow (MRP02 and MRP03) 65.13 528.87 158.27 378.11 1254.34 2695.61 12855.91 934.79 70.74 3868.90 8591.64 

Outflow (MRP01) 22.73 122.42 15.74 104.93 87.44 402.22 1573.91 87.44 21.86 2448.31 1224.15 

Amount Retained by Pond 42.40 406.45 142.53 273.19 1166.90 2293.39 11281.99 847.35 48.88 1420.59 7367.49 

Percentage of Retention 65.10% 76.85% 90.06% 72.25% 93.03% 85.08% 87.76% 90.65% 69.10% 36.72% 85.75% 

            Stormflow (Single Event on November 24, 2008) 
         

Source 

Total Phosphorus Total Nitrogen 
Nitrate-
Nitrite 

Kjeldahl 
Nitrogen Nickel Copper Zinc Lead Cadmium Chloride 

Suspended 
Solids 

mg/sec mg/sec mg/sec mg/sec µg/sec µg/sec µg/sec µg/sec µg/sec mg/sec mg/sec 

Inflow (MRP02 and MRP03) 12.19 56.10 56.10 16.93 202.45 445.00 2423.36 105.45 16.93 8801.78 532.13 

Outflow (MRP01) 2.40 8.90 8.90 4.28 35.93 47.91 325.11 17.11 4.28 1488.67 273.78 

Amount Retained by Pond 9.80 47.21 47.21 12.66 166.52 397.09 2098.24 88.34 12.66 7313.11 258.35 

Percentage of Retention 80.35% 84.14% 84.14% 74.74% 82.25% 89.23% 86.58% 83.77% 74.74% 83.09% 48.55% 

Italicized values are load estimations based on one-half MDL concentrations 
All values have be rounded to two decimal places 
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            Stormflow (Single Event on January 6, 2009) 
          

Source 

Total Phosphorus Total Nitrogen 
Nitrate-
Nitrite 

Kjeldahl 
Nitrogen Nickel Copper Zinc Lead Cadmium Chloride 

Suspended 
Solids 

mg/sec mg/sec mg/sec mg/sec µg/sec µg/sec µg/sec µg/sec µg/sec mg/sec mg/sec 

Inflow (MRP02 and MRP03) 28.25 253.47 120.35 134.72 683.84 960.46 7727.10 486.88 47.09 35730.88 4514.61 

Outflow (MRP01) 14.81 138.87 44.44 92.58 259.22 379.57 2592.20 92.58 23.14 23144.64 1666.41 

Amount Retained by Pond 13.44 114.60 75.91 42.14 424.62 580.89 5134.90 394.30 23.95 12586.24 2848.20 

Percentage of Retention 47.57% 45.21% 63.08% 31.28% 62.09% 60.48% 66.45% 80.99% 50.85% 35.23% 63.09% 

            Stormflow (Single Event on May 14, 2009) 
          

Source 

Total Phosphorus Total Nitrogen 
Nitrate-
Nitrite 

Kjeldahl 
Nitrogen Nickel Copper Zinc Lead Cadmium Chloride 

Suspended 
Solids 

mg/sec mg/sec mg/sec mg/sec µg/sec µg/sec µg/sec µg/sec µg/sec mg/sec mg/sec 

Inflow (MRP02 and MRP03) 44.24 452.93 83.72 368.69 784.99 1433.23 6481.94 679.70 26.33 2370.62 7428.57 

Outflow (MRP01) 12.37 190.23 25.68 166.45 194.99 361.44 1188.96 133.16 11.89 1426.75 1616.98 

Amount Retained by Pond 31.87 262.69 58.03 202.23 590.00 1071.79 5292.98 546.53 14.45 943.87 5811.59 

Percentage of Retention 72.05% 58.00% 69.32% 54.85% 75.16% 74.78% 81.66% 80.41% 54.85% 39.82% 78.23% 

Italicized values are load estimations based on one-half MDL concentrations 
All values have be rounded to two decimal places 
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Table 15 Pollutant Removal Efficiencies by Total Load (ISL) 
 

 

Stormflow (Single Event on September 6, 2008) 
         

Source 

Total Phosphorus 
Total 

Nitrogen 
Nitrate-
Nitrite 

Kjeldahl 
Nitrogen Nickel Copper Zinc Lead Cadmium Chloride 

Suspended 
Solids 

lbs lbs lbs lbs lbs lbs lbs lbs lbs lbs lbs 

Inflow (MRP02 and MRP03) 1.72 13.96 4.18 9.98 3.31E-02 7.12E-02 3.39E-01 2.47E-02 1.87E-03 102.14 226.82 

Outflow (MRP01) 0.60 3.23 0.42 2.77 2.31E-03 1.06E-02 4.16E-02 2.31E-03 5.77E-04 64.64 32.32 

Amount Retained by Pond 1.12 10.73 3.76 7.21 0.03 0.06 0.30 0.02 0.00 37.50 194.50 

Percentage of Retention 65.10% 76.85% 90.06% 72.25% 93.03% 85.08% 87.76% 90.65% 69.10% 36.72% 85.75% 

            Stormflow (Single Event on November 24, 2008) 
          

Source 

Total Phosphorus 
Total 

Nitrogen 
Nitrate-
Nitrite 

Kjeldahl 
Nitrogen Nickel Copper Zinc Lead Cadmium Chloride 

Suspended 
Solids 

lbs lbs lbs lbs lbs lbs lbs lbs lbs lbs lbs 

Inflow (MRP02 and MRP03) 0.32 1.48 1.48 0.45 5.34E-03 1.17E-02 6.40E-02 2.78E-03 4.47E-04 232.37 14.05 

Outflow (MRP01) 0.06 0.23 0.23 0.11 9.49E-04 1.26E-03 8.58E-03 4.52E-04 1.13E-04 39.30 7.23 

Amount Retained by Pond 0.26 1.25 1.25 0.33 0.00 0.01 0.06 0.00 0.00 193.07 6.82 

Percentage of Retention 80.35% 84.14% 84.14% 74.74% 82.25% 89.23% 86.58% 83.77% 74.74% 83.09% 48.55% 

            

            Stormflow (Single Event on January 6, 2009) 
          

Source 

Total Phosphorus 
Total 

Nitrogen 
Nitrate-
Nitrite 

Kjeldahl 
Nitrogen Nickel Copper Zinc Lead Cadmium Chloride 

Suspended 
Solids 

lbs lbs lbs lbs lbs lbs lbs lbs lbs lbs lbs 

Inflow (MRP02 and MRP03) 1.12 10.04 4.77 5.33 2.71E-02 3.80E-02 3.06E-01 1.93E-02 1.86E-03 1414.94 178.78 

Outflow (MRP01) 0.59 5.50 1.76 3.67 1.03E-02 1.50E-02 1.03E-01 3.67E-03 9.17E-04 916.53 65.99 

Amount Retained by Pond 0.53 4.54 3.01 1.67 0.02 0.02 0.20 0.02 0.00 498.41 112.79 

Percentage of Retention 47.57% 45.21% 63.08% 31.28% 62.09% 60.48% 66.45% 80.99% 50.85% 35.23% 63.09% 

            Stormflow (Single Event on May 14, 2009) 
          

Source 

Total Phosphorus 
Total 

Nitrogen 
Nitrate-
Nitrite 

Kjeldahl 
Nitrogen Nickel Copper Zinc Lead Cadmium Chloride 

Suspended 
Solids 

lbs lbs lbs lbs lbs lbs lbs lbs lbs lbs lbs 

Inflow (MRP02 and MRP03) 0.93 9.57 1.77 7.79 1.66E-02 3.03E-02 1.37E-01 1.44E-02 5.56E-04 50.07 156.89 

Outflow (MRP01) 0.30 4.54 0.61 3.97 4.65E-03 8.63E-03 2.84E-02 3.18E-03 2.84E-04 34.06 38.60 

Amount Retained by Pond 0.64 5.02 1.15 3.81 0.01 0.02 0.11 0.01 0.00 16.01 118.29 

Percentage of Retention 68.40% 52.52% 65.32% 48.97% 71.92% 71.49% 79.27% 77.85% 48.97% 31.97% 75.40% 

Italicized values are load estimations based on one-half MDL concentrations 
All values have be rounded to two decimal places 
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3 CONCLUSION  
 

The Harford County Department of Public Works requested KCI to evaluate the removal capabilities and 

water quality improvement potential of the Mt. Royal stormwater management pond located upstream of 

the restored 600 linear foot reach of the unnamed tributary to Swan Creek. Biological, water quality and 

physical habitat monitoring results described in this report have summarized the current condition of the 

Mt. Royal stormwater management facility and associated downstream reach. 

 

Overall, the Mt. Royal stormwater management facility continues to improve the water quality entering 

the recently restored reach below it. Areas of concern are still centered on the elevated levels of nitrogen, 

phosphorus, lead, and copper, especially during storm events. However, the pond has performed well 

when compared to published pollutant removal rates for similar type facilities (CWP, 2007). A graphical 

depiction of the pond’s performance since the onset of the study can be seen in Figure 3. As depicted 

here, it is evident that the pond is outperforming the published standard removal efficiencies in all areas 

with the exception of suspended solids during a few events.  

Figure 3 - Comparison of Pollutant Removal Efficiencies, Mean Wet Pond and Wetland Pollutant, 

and Mt. Royal Pond 
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Macroinvertebrate sampling (2007-2009) in the study reach continues to indicate impaired biological 

conditions throughout. Low benthic macroinvertebrate scores at Stations 1 and 2 are most likely attributed 

to habitat degradation and pollution. Overall, there is a loss of sensitive Ephemeroptera taxa at these 
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stations as compared to the reference reach. Additionally, these sites were dominated by generally 

pollution tolerant Chironomid midges and Clinger worms.  

 

The results of the physical habitat assessments (2007-2009) indicate that the study reach stations have 

remained partially degraded. Station 1 still lacks woody debris and leafy organic material, while Station 2 

still does not provide substantial substrate and other instream habitat to foster favorable biological 

conditions. 

 

There continues to be an overall reduction of pollutants during both storm and base flow conditions. The 

pollutant removal efficiencies of stormflow events compared to baseflow events indicates higher removal 

efficiencies during storms (Figure 4).  As previously mentioned in the Year 1 report (KCI 2008), this is a 

direct reflection of the pond’s discharge retention during storm events, and generates higher total load 

removal efficiencies. To determine if this was the result of the sampling design (3 hour timeframe), an 

extended 5 hour timeframe for larger storms was utilized during the Year 2 sampling period. The January 

6, 2009 stormflow hydrograph (Appendix E) demonstrates this methodology, but still indicates that an 

even larger sampling timeframe would be required to capture the falling limb of the outflow weir 

(MRP01) during a long storm event. On the contrary, the May 14, 2009 stormflow hydrograph (Appendix 

E) provides an example of how the 3 hour sampling timeframe was able to capture the entire falling limb 

of the outflow weir (MRP01). Both of these storms exhibited high pollutant load removal efficiencies 

(Figure 4). Given these examples, the concentration of pollutants leaving the Mt. Royal stormwater 

management facility are much lower than those entering regardless of the proportion of the falling limb 

that is sampled. Therefore, a longer sampling timeframe is not warranted. 
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Figure 4 - Pollutant Loading Rate Removal Efficiencies (ER) 

-100.00%

-80.00%

-60.00%

-40.00%

-20.00%

0.00%

20.00%

40.00%

60.00%

80.00%

100.00%

Total 
Phosphorus

Total 
Nitrogen

Nitrate-
Nitrite

Kjeldahl 
Nitrogen

Nickel Copper Zinc Lead Cadmium Chloride Suspended 
Solids

R
e

m
o

va
l E

ff
ic

ie
n

ci
e

s

Pollutants

Winter Baseflow (December 1, 2008 - February 30, 2009) Spring Baseflow ( March 1, 2009 - May 31, 2009)

Stormflow (Single Event on September 6, 2008) Stormflow (Single Event on November 24, 2008)

Stormflow (Single Event on January 6, 2009) Stormflow (Single Event on May 14, 2009)

-135% -157% -112% -264%

-276%

 



 25 

The pollutant loading rate removal efficiency of phosphorus, nitrogen, chloride, suspended solids, and 

many of the metals was primarily negative or nonexistent during baseflow events and positive during 

stormflow events. However, the actual concentrations continue to be much lower during baseflow 

sampling and confirm the theory that the loading rate removal efficiency of these water quality 

parameters is relative to the quantities passing through the Mt. Royal stormwater management facility. 

The facility is able to trap a much larger percentage of those parameters during stormflow because there is 

a larger volume and concentration traveling through the facility. Therefore, these negative removal 

efficiencies observed during baseflow are not a cause for concern because the overall quantities of 

polluntants traveling through the facility are much less in comparison to stormflow volumes.  
 

The Year 2 monitoring has further confirmed the results of the Year 1 study, indicating that the Mt. Royal 

stormwater management facility is successfully reducing flashy discharges and pollutant loads to the 

unnamed tributary to Swan Creek downstream. The continued collection of data at the Mt. Royal 

stormwater management facility will provide insight into both seasonal variability and overall long term 

success of the pollutant removal capabilities at the facility. 
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Stormwater Management Pond 

 

 
 

View of the stormwater management pond facing northwest  

 

 
 

View of the stormwater management pond facing west 
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View of MRP01, a concrete weir (outflow) 

 

 
 

View of MRP01, facing downstream  
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View of the pond water level logger associated with MRP01 (installed during the year   

two monitoring efforts) 

 

 
 

View of sediment and vegetation accumulation in front of MRP01 
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View of MRP02, an 84.2” x 61.1” pipe-arch steel structural plate (inflow) 

 

 

 
 

View of MRP03, a 36” RCP (inflow) 
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View of Stormwater sampling occurring at site MRP02 
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View of reference reach facing downstream at Station 3 on Carsins Run 

 
 

 
 

View of study reach facing upstream at station 2 on the unnamed tributary to Swan Creek 
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View of study reach facing upstream at station 1 on the unnamed tributary to Swan Creek 
 

 

 
 

View facing upstream from the top of station 1, with the stormwater management pond 

outlet MRP01 seen in background 
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MACROINVERTEBRATE DATA 



 



Mt. Royal Stormwater Management Facility

Monitoring Report

Benthic Macroinvertebrate Data

Harford County

2009

Station 1 (2008)

Subphylum/Class Order Family Genus Final ID Note
1 # of Org FFG

2
Habit

3
Tolerance 

Value
4

Insecta Trichoptera Hydropsychidae Cheumatopsyche Cheumatopsyche I 1 Filterer cn 6.5

Insecta Diptera Chironomidae Eukiefferiella Eukiefferiella I 3 Collector sp 6.1

Insecta Trichoptera Hydropsychidae Hydropsyche Hydropsyche I 1 Filterer cn 7.5

Insecta Diptera Chironomidae Orthocladius Orthocladius I 78 Collector sp 9.2

Insecta Diptera Chironomidae Orthocladius Orthocladius P 5 Collector sp 9.2

Insecta Diptera Chironomidae Polypedilum Polypedilum P 1 Shredder cb 6.3

Insecta Coleoptera Elmidae Stenelmis Stenelmis I 1 Scraper cn 7.1

Clitellata Haplotaxida Tubificidae not identified Tubificidae U 17 Collector cn 8.4

Station 2 (2008)

Subphylum/Class Order Family Genus Final ID Note
1 # of Org FFG

2
Habit

3
Tolerance 

Value
4

Insecta Trichoptera Hydropsychidae Cheumatopsyche Cheumatopsyche I 4 Filterer cn 6.5

Clitellata Haplotaxida Enchytraeidae not identified Enchytraeidae U 5 Collector bu 9.1

Insecta Trichoptera Hydropsychidae not identified Hydropsychidae P 1 Filterer cn 5.7

Insecta Odonata Coenagrionidae Ischnura Ischnura I 1 Predator cb 9

Insecta Diptera Chironomidae Labrundinia Labrundinia  I 2 Predator sp 6.6

Insecta Diptera Chironomidae Orthocladius Orthocladius I 80 Collector sp 9.2

Insecta Diptera Chironomidae Polypedilum Polypedilum I 2 Shredder cb 6.3

Insecta Diptera Simuliidae Simulium Simulium I 4 Filterer cn 5.7

Insecta Diptera Chironomidae Tanytarsus Tanytarsus I 1 Filterer cb 4.9

Clitellata Haplotaxida Tubificidae not identified Tubificidae U 15 Collector cn 8.4

Station 3 (2008)

Subphylum/Class Order Family Genus Final ID Note
1 # of Org FFG

2
Habit

3
Tolerance 

Value
4

Insecta Ephemeroptera Baetidae Acentrella Acentrella I 3 Collector sw 4.9

Insecta Ephemeroptera Ameletidae Ameletus Ameletus I 2 Collector sw 2.6

Insecta Plecoptera Nemouridae Amphinemura Amphinemura I 33 Shredder sp 3

Insecta Ephemeroptera Baetidae Baetis Baetis I 18 Collector sw 3.9

Crustacea Isopoda Asellidae Caecidotea Caecidotea U 2 Collector sp 2.6

Insecta Diptera Chironomidae Cricotopus Cricotopus I 1 Shredder cn 9.6

Insecta Ephemeroptera Ephemerellidae not identified Ephemerellidae I 1 Collector cn 2.6

1 Life Stage, I - Immature, P- Pupa, A - Adult, U - Undetermined; 2 Functional Feeding Group; 3 Habit or form of locomotion, includes bu - burrower, cn - clinger, cb - 

climber, sk - skater, sp - sprawler, sw - swimmer; 4 Tolerance Values, based on Hilsenhoff, modified for Maryland; na indicates information for the particular taxa was not 

available.

1 Life Stage, I - Immature, P- Pupa, A - Adult, U - Undetermined; 2 Functional Feeding Group; 3 Habit or form of locomotion, includes bu - burrower, cn - clinger, cb - 

climber, sk - skater, sp - sprawler, sw - swimmer; 4 Tolerance Values, based on Hilsenhoff, modified for Maryland; na indicates information for the particular taxa was not 

available.
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Mt. Royal Stormwater Management Facility

Monitoring Report

Benthic Macroinvertebrate Data

Harford County

2009

Insecta Diptera Chironomidae Eukiefferiella Eukiefferiella I 1 Collector sp 6.1

Insecta Diptera Chironomidae Hydrobaenus Hydrobaenus I 1 Scraper sp 7.2

Insecta Plecoptera Leuctridae Leuctra Leuctra I 1 Shredder cn 0.4

Insecta Hemiptera Veliidae Microvelia Microvelia U 1 Predator sk 6

Clitellata Haplotaxida Naididae not identified Naididae U 3 Collector bu 9.1

Insecta Diptera Chironomidae Orthocladius Orthocladius I 2 Collector sp 9.2

Insecta Trichoptera Polycentropodidae Polycentropus Polycentropus I 1 Filterer cn 1.1

Insecta Diptera Simuliidae Prosimulium Prosimulium P 1 Filterer cn 2.4

Insecta Diptera Simuliidae Prosimulium Prosimulium I 45 Filterer cn 2.4

Insecta Coleoptera Psephenidae Psephenus Psephenus I 1 Scraper cn 4.4

Clitellata Haplotaxida Tubificidae not identified Tubificidae U 1 Collector cn 8.4

Station 1 (2009)

Subphylum/ Class Order Family Genus Final ID Note
1 # of Org FFG

2
Habit

3
Tolerance 

Value
4

Insecta Trichoptera Hydropsychidae Cheumatopsyche Cheumatopsyche I 6 Filterer cn 6.5

Insecta Diptera Chironomidae not identified Chironomidae P 1 Collector na 6.6

Insecta Trichoptera Hydropsychidae Hydropsyche Hydropsyche I 3 Filterer cn 7.5

Clitellata Haplotaxida not identified not identified Lumbricina U 1 Collector bu 10.0

Clitellata Haplotaxida Naididae not identified Naididae U 2 Collector bu 9.1

Insecta Diptera Chironomidae not identified Orthocladiinae I 1 Collector bu 7.6

Insecta Diptera Chironomidae Orthocladius Orthocladius I 4 Collector sp 9.2

Insecta Diptera Chironomidae Paratrichocladius Paratrichocladius I 1 Collector sp 6.6

Insecta Diptera Chironomidae Polypedilum Polypedilum I 4 Shredder cb 6.3

Insecta Diptera Simuliidae Simulium Simulium I 1 Filterer cn 5.7

Insecta Diptera Chironomidae Thienemanniella Thienemanniella I 2 Collector sp 5.1

Clitellata Haplotaxida Tubificidae not identified Tubificidae U 78 Collector cn 8.4

Insecta Diptera Chironomidae Tvetenia Tvetenia I 1 Collector sp 5.1

Station 2 (2009)

Subphylum/ Class Order Family Genus Final ID Note
1 # of Org FFG

2
Habit

3
Tolerance 

Value
4

Insecta Trichoptera Hydropsychidae Cheumatopsyche Cheumatopsyche I 2 Filterer cn 6.5

Insecta Diptera Chironomidae Cricotopus Cricotopus I 1 Shredder cn 9.6

Insecta Diptera Chironomidae Dicrotendipes Dicrotendipes I 1 Collector bu 9.0

Insecta Trichoptera Hydropsychidae Hydropsyche Hydropsyche I 1 Filterer cn 7.5

Insecta Diptera Chironomidae Micropsectra Micropsectra I 2 Collector cb 2.1

Insecta Diptera Chironomidae Orthocladius Orthocladius I 2 Collector sp 9.2

1 Life Stage, I - Immature, P- Pupa, A - Adult, U - Undetermined; 2 Functional Feeding Group; 3 Habit or form of locomotion, includes bu - burrower, cn - clinger, cb - 

climber, sk - skater, sp - sprawler, sw - swimmer; 4 Tolerance Values, based on Hilsenhoff, modified for Maryland; na indicates information for the particular taxa was not 

available.

1 Life Stage, I - Immature, P- Pupa, A - Adult, U - Undetermined; 2 Functional Feeding Group; 3 Habit or form of locomotion, includes bu - burrower, cn - clinger, cb - 

climber, sk - skater, sp - sprawler, sw - swimmer; 4 Tolerance Values, based on Hilsenhoff, modified for Maryland; na indicates information for the particular taxa was not 

available.
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Mt. Royal Stormwater Management Facility

Monitoring Report

Benthic Macroinvertebrate Data

Harford County

2009

Insecta Diptera Chironomidae Polypedilum Polypedilum I 2 Shredder cb 6.3

Insecta Diptera Chironomidae Rheotanytarsus Rheotanytarsus I 1 Filterer cn 7.2

Insecta Diptera Simuliidae Simulium Simulium I 1 Filterer cn 5.7

Insecta Diptera Chironomidae not identified Tanypodinae P 1 Predator sp 7.5

Insecta Diptera Chironomidae Tanytarsus Tanytarsus I 1 Filterer cb 4.9

Clitellata Haplotaxida Tubificidae not identified Tubificidae U 100 Collector cn 8.4

Station 3 (2009)

Subphylum/ Class Order Family Genus Final ID Note
1 # of Org FFG

2
Habit

3
Tolerance 

Value
4

Insecta Plecoptera Nemouridae Amphinemura Amphinemura I 37 Shredder sp 3.0

Insecta Diptera Ceratopogonidae Atrichopogon Atrichopogon I 1 Predator sp 3.6

Insecta Ephemeroptera Baetidae Baetis Baetis I 20 Collector sw 3.9

Insecta Plecoptera Perlidae Beloneuria Beloneuria I 1 Predator cn 2.5

Crustacea Isopoda Asellidae Caecidotea Caecidotea U 12 Collector sp 2.6

Insecta Odonata Calopterygidae Calopteryx Calopteryx I 1 Predator cb 8.3

Insecta Trichoptera Hydropsychidae Diplectrona Diplectrona I 3 Filterer cn 2.7

Insecta Ephemeroptera not identified not identified Ephemeroptera I 3 Collector na 2.9

Insecta Ephemeroptera Ephemerellidae Eurylophella Eurylophella I 4 Scraper cn 4.5

Insecta Ephemeroptera Leptophlebiidae not identified Leptophlebiidae I 6 Collector sw 1.7

Insecta Plecoptera Leuctridae Leuctra Leuctra I 3 Shredder cn 0.4

Insecta Ephemeroptera Heptageniidae Maccaffertium Maccaffertium I 4 Scraper cn 2.6

Insecta Diptera Chironomidae Micropsectra Micropsectra I 1 Collector cb 2.1

Clitellata Haplotaxida Naididae not identified Naididae U 3 Collector bu 9.1

Insecta Diptera Chironomidae Parametriocnemus Parametriocnemus I 2 Collector sp 4.6

Insecta Trichoptera Rhyacophilidae Rhyacophila Rhyacophila I 1 Predator cn 2.1

Insecta Plecoptera Taeniopterygidae Taeniopteryx Taeniopteryx I 2 Shredder sp 4.8

Insecta Diptera Tipulidae Tipula Tipula I 1 Shredder bu 6.7

Clitellata Haplotaxida Tubificidae not identified Tubificidae U 1 Collector cn 8.4

Insecta Diptera Chironomidae Tvetenia Tvetenia I 1 Collector sp 5.1

1 Life Stage, I - Immature, P- Pupa, A - Adult, U - Undetermined; 2 Functional Feeding Group; 3 Habit or form of locomotion, includes bu - burrower, cn - clinger, cb - 

climber, sk - skater, sp - sprawler, sw - swimmer; 4 Tolerance Values, based on Hilsenhoff, modified for Maryland; na indicates information for the particular taxa was not 

available.

1 Life Stage, I - Immature, P- Pupa, A - Adult, U - Undetermined; 2 Functional Feeding Group; 3 Habit or form of locomotion, includes bu - burrower, cn - clinger, cb - 

climber, sk - skater, sp - sprawler, sw - swimmer; 4 Tolerance Values, based on Hilsenhoff, modified for Maryland; na indicates information for the particular taxa was not 

available.
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Mt. Royal Stormwater Management Facility
Monitoring Report
Physical Habitat Data

Harford County
2009

Site
Subshed Area 
(acres) Instream Habitat Epifaunal Substrate Bank Stab (0-20) Embeddedness Percent Shading Remoteness Score

# Woody Debris/ 
Rootwads Riff Quality

Station 1- Rest. Reach 199.06 13 13 18 50 85 9 2 11
Station 2- DS Reach 209.87 12 12 10 60 95 11 4 10
Station 3 - Ref. Reach 834 15 16 18 15 75 12 3 15

Site
Subshed Area 
(acres) Instream Habitat Epifaunal Substrate Bank Stab (0-20) Embeddedness Percent Shading Remoteness Score

# Woody Debris/ 
Rootwads Riff Quality

Station 1- Rest. Reach 199.06 13 13 17 55 90 11 2 11
Station 2- DS Reach 209.87 12 12 10 60 95 11 5 10
Station 3 - Ref. Reach 834 16 16 18 20 75 12 3 16

2008

2009
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Mt. Royal Stormwater Management Facility
Monitoring Report
Pollution Loading Rates

Harford County
2009

Winter Baseflow  Loading Rates (December 1, 2008 - February 30, 2009)

MRP01 MRP02 MRP03
Total Phosphorus 5.82761 1.47814 7.64555
Total Nitrogen 31.63558 11.08605 35.67923
Nitrate-Nitrite 0.00005 0.00003 0.00013
Kjeldahl Nitrogen 0.00002 0.00002 0.00002
Nickel 0.04163 0.02464 0.01699
Copper 0.04163 0.02464 0.01699
Zinc 0.58276 0.39417 0.23786
Lead 0.04163 0.02464 0.01699
Cadmium 0.01041 0.00616 0.00425
Chloride 1831.53386 960.79072 679.60440
Suspended Solids 249.75462 49.27132 16.99011

Spring Baseflow Loading Rates ( March 1, 2009 - May 31, 2009)

MRP01 MRP02 MRP03
Total Phosphorus 6.42226 0.68810 2.03881
Total Nitrogen 78.49431 19.26678 30.58220
Nitrate-Nitrite 14.98528 3.21113 21.66239
Kjeldahl Nitrogen 64.22262 16.05565 8.91981
Nickel 0.01784 0.01147 0.00637
Copper 0.01784 0.02294 0.00637
Zinc 0.24975 0.32111 0.08920
Lead 0.01784 0.01147 0.00637
Cadmium 0.00446 0.00287 0.00159
Chloride 4281.50772 1513.81880 496.96072
Suspended Solids 463.83000 114.68324 12.74258

Stormflow Loading Rates and Total Loads (Single Event on September 6, 2008)

MRP01 MRP02 MRP03 MRP01 MRP02 MRP03
Total Phosphorus 22.73430 45.66942 19.46302 0.60019 1.20567 0.51382
Total Nitrogen 122.41549 380.57846 148.28968 3.23177 10.04727 3.91485
Nitrate-Nitrite 15.73913 98.95040 59.31587 0.41551 2.61229 1.56594
Kjeldahl Nitrogen 104.92756 285.43385 92.68105 2.77009 7.53545 2.44678
Nickel 0.08744 0.83727 0.41706 0.00231 0.02210 0.01101
Copper 0.40222 2.09318 0.60243 0.01062 0.05526 0.01590
Zinc 1.57391 9.70475 3.15116 0.04155 0.25621 0.08319
Lead 0.08744 0.66601 0.26878 0.00231 0.01758 0.00710
Cadmium 0.02186 0.04757 0.02317 0.00058 0.00126 0.00061
Chloride 2448.30974 2664.04925 1204.85365 64.63538 70.33090 31.80814
Suspended Solids 1224.15487 6089.25542 2502.38835 32.31769 160.75634 66.06305

Stormflow Loading Rates and Total Loads (Single Event on November 24, 2008)

MRP01 MRP02 MRP03 MRP01 MRP02 MRP03
Total Phosphorus 2.39556 5.65771 6.53440 0.06324 0.14936 0.17251
Total Nitrogen 8.89781 19.80197 36.30220 0.23490 0.52277 0.95838
Nitrate-Nitrite 8.89781 19.80197 36.30220 0.23490 0.52277 0.95838
Kjeldahl Nitrogen 4.27779 7.85793 9.07555 0.11293 0.20745 0.23959
Nickel 0.03593 0.12258 0.07986 0.00095 0.00324 0.00211
Copper 0.04791 0.31432 0.13069 0.00126 0.00830 0.00345
Zinc 0.32511 1.69731 0.72604 0.00858 0.04481 0.01917
Lead 0.01711 0.06915 0.03630 0.00045 0.00183 0.00096
Cadmium 0.00428 0.00786 0.00908 0.00011 0.00021 0.00024
Chloride 1488.67185 7857.92588 943.85724 39.30094 207.44924 24.91783
Suspended Solids 273.77873 314.31704 217.81321 7.22776 8.29797 5.75027

Parameter
mg/sec

mg/sec
Parameter

Parameter
mg/sec

lbs

lbs

Parameter
mg/sec
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Mt. Royal Stormwater Management Facility
Monitoring Report
Pollution Loading Rates

Harford County
2009

Stormflow Loading Rates and Total Loads (Single Event on January 6, 2009)

MRP01 MRP02 MRP03 MRP01 MRP02 MRP03
Total Phosphorus 14.813 11.978 16.277 0.58658 0.47433 0.64455
Total Nitrogen 138.868 79.854 173.616 5.49917 3.16220 6.87520
Nitrate-Nitrite 44.438 33.538 86.808 1.75973 1.32812 3.43760
Kjeldahl Nitrogen 92.579 47.912 86.808 3.66611 1.89732 3.43760
Nickel 0.259 0.272 0.412 0.01027 0.01075 0.01633
Copper 0.380 0.559 0.401 0.01503 0.02214 0.01590
Zinc 2.592 4.472 3.255 0.10265 0.17708 0.12891
Lead 0.093 0.216 0.271 0.00367 0.00854 0.01074
Cadmium 0.023 0.020 0.027 0.00092 0.00079 0.00107
Chloride 23144.644 29545.801 6185.080 916.52790 1170.01373 244.92915
Suspended Solids 1666.414 2235.898 2278.714 65.99001 88.54158 90.23706

Stormflow Loading Rates and Total Loads (Single Event on May 14, 2009)

MRP01 MRP02 MRP03 MRP01 MRP02 MRP03
Total Phosphorus 12.36516 20.04125 24.19533 0.29519 0.42327 0.51101
Total Nitrogen 190.23326 216.23455 236.69347 4.54146 4.56687 4.99897
Nitrate-Nitrite 25.68149 31.11668 52.59855 0.61310 0.65718 1.11088
Kjeldahl Nitrogen 166.45411 184.59047 184.09492 3.97378 3.89855 3.88808
Nickel 0.19499 0.47466 0.31033 0.00465 0.01002 0.00655
Copper 0.36144 0.94932 0.48391 0.00863 0.02005 0.01022
Zinc 1.18896 4.58839 1.89355 0.02838 0.09691 0.03999
Lead 0.13316 0.43774 0.24195 0.00318 0.00925 0.00511
Cadmium 0.01189 0.01319 0.01315 0.00028 0.00028 0.00028
Chloride 1426.74948 1371.24346 999.37243 34.06094 28.96066 21.10675
Suspended Solids 1616.98274 4535.65145 2892.92019 38.60240 95.79296 61.09847

lbs

lbs

Parameter
mg/sec

Parameter
mg/sec
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Mt. Royal Stormwater Management Facility Harford County
Monitoring Report 2009
Stormflow Hydrographs

Appendix E

Stormflow Hydrograph Recorded During Sampling September 6, 2008

Stormflow Hydrograph Recorded During Sampling November 24, 2008
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*Hydrographs are based on instream water depth and corresponding rating table as measured by field technicians at the time of 
sample collection.



Mt. Royal Stormwater Management Facility Harford County
Monitoring Report 2009
Stormflow Hydrographs
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Stormflow Hydrograph Recorded During Sampling January 1, 2009

Stormflow Hydrograph Recorded During Sampling May 14, 2009
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*Hydrographs are based on instream water depth and corresponding rating table as measured by field technicians at the time of 
sample collection.
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1 INTRODUCTION 
 
The Harford County Department of Public Works has requested  KCI Technologies, Inc (KCI) to evaluate 
the removal capabilities and water quality improvement potential of a stormwater management pond 
located at the intersection of MD 22 and Mt. Royal Avenue, upstream of the recently restored 600 linear 
foot reach of the Mt. Royal system (see Figure 1).  Additional biological, water quality and physical 
habitat monitoring was conducted downstream of the pond in both the restored channel and further 
downstream on an unrestored control reach.  
 
This report outlines the methods used to monitor Mt. Royal stormwater management pond and associated 
downstream channel conditions and provides the year three monitoring results. A discussion comparing 
the results of the third year of monitoring to that of years one and two (Mt. Royal Stormwater 
Management Facility Monitoring Report Year 1, KCI 2009 and Mt. Royal Stormwater Management 
Facility Monitoring Report Year 2, KCI 2010) are also given along with overall conclusions from the 
monitoring efforts to date. 
 
1.1 OVERVIEW OF MONITORING ACTIVITIES 
 
Monitoring efforts were developed to compare the water quality entering and exiting the stormwater 
management pond and the biological conditions of the associated reach directly downstream. Monitoring 
protocols for the Mt. Royal stormwater management facility were thus implemented to evaluate the 
effectiveness of the facility at reducing pollutants and to determine whether or not it is having a positive 
impact on macroinvertebrate colonization downstream. The monitoring program began in the fall of 2006 
and has continued through the current Spring 2010 season. Sampling methods have remained the same 
throughout all years with the exception of sampling duration and interval during storm events. These 
methods were changed in an effort to capture the falling limb of storm events. Sampling methods are 
briefly outlined below, and more detail may be found in Section 2 of this report. 
 
The water quality monitoring program consists of both dry weather (baseflow) sampling and wet weather 
(stormflow) sampling at three locations within the study area. Sampling seasons are Spring (Mar-May), 
Summer (June-Aug), Fall (Sept-Nov), Winter (Dec-Feb). For Year 3, dry weather grab samples were 
collected on three occasions, December 17, 2009, May 27, 2010, and December 6, 2010, representing the 
winter, spring, and fall seasons, respectively. The December 6, 2010 grab sample is representative of fall 
conditions since although it was collected slightly outside of the fall season. This dry weather data is used 
to establish baseline data for comparison to wet weather conditions. Wet weather water quality samples 
were collected during four storm events, one per season, as shown on Table 1. All samples were sent to a 
certified laboratory and analyzed for total phosphorus, total nitrogen, total suspended solids, chlorides, 
lead, copper, zinc, cadmium, and nickel. A summary of samples collected and reported on within this 
report can be seen in Table 1. 

Table 1 Collection Schedule for Year Three 

Sample Type Sampling Date 
Baseflow Winter – December 17, 2009 

Stormflow Winter – March 12, 2010 
Baseflow Spring – May 27, 2010 

Stormflow Spring – May 11, 2010 
Stormflow Summer – September 30, 2010 
Stormflow Fall – October 27, 2010 
Baseflow Fall- December 6, 2010 
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The biological monitoring program included the collection and analysis of the macroinvertebrate 
community, a physical habitat assessment, and measurement of in situ water chemistry. Year 3 biological 
monitoring results were included in the Year 2 report; therefore, there will be no biological monitoring 
results included in this report.  

 
2 METHODOLOGIES 
 
2.1 WATER QUALITY MONITORING    
 

2.1.1 Monitoring Stations 
 
Three monitoring locations were selected in 2007 based on site field review with KCI and County 
personnel (see Figure 2). Two monitoring locations, (MRP02 and MRP03) are located near the 
intersection of MD 22 and Mt. Royal Avenue representing inflows into the Mt. Royal stormwater 
management facility. The third location, MRP01, is located at the downstream end of the stormwater 
management facility and represents an outflow, emptying into the study reach below. Comparison of 
results from the two inflow sites and the outflow site will be conducted to determine the pollutant removal 
efficiency of the stormwater management facility. Descriptions of the sampling sites are as follows: 
 

 Site MRP01 – A large Concrete Weir structure representing the outflow of the regional 
stormwater management facility.  

 Site MRP02 – The downstream end of an 84.2” x 61.1” Pipe-Arch Steel Structural Plate culvert 
underneath MD 22.   

 Site MRP03 – The outfall of a 36” RCP Stormdrain pipe located under Mt. Royal  
Avenue.   

 
2.1.2 Dry Weather Sampling 

 
Dry weather (baseflow) grab samples were collected three times in the current monitoring year from the 
three locations at the study site to establish baseline data for comparison to wet weather conditions and to 
monitor the inflow and outflow of potential pollutants at the stormwater management facility during 
baseflow conditions.  Samples are collected after a minimum of three consecutive days (72 hours) of dry 
weather.  During sampling, un-preserved 2000 ml sample bottles are filled using a plastic scoop that is 
rinsed with distilled water, and then rinsed several times with sample water before the true sample is 
poured into the sample bottles. This rinsing procedure is followed at the first site upon arrival and then 
again between sampling sites. Samples are immediately put on ice and transported to a certified 
laboratory (Martel Laboratories, Inc., Baltimore, MD) and analyzed for total phosphorus, total nitrogen, 
chlorides, lead, copper, zinc, cadmium, and nickel. In addition, water depth, water temperature, dissolved 
oxygen, pH, and specific conductivity are measured simultaneously with sample collection.   
 

2.1.3 Wet Weather Sampling 
 
On August 20, 2007, KCI conducted a dye test during a wet weather event (stormflow) to estimate the 
flushing period associated with the existing stormwater management pond at Mt Royal. This test provided 
an approximate flushing rate (3 hours) associated with stormwater management facility. Wet weather 
composite samples are collected for a maximum duration of five hours during a storm event. Each of the 
three wet weather sampling locations was surveyed to develop a stage vs. discharge rating curve. The 
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rating curve allows for a conversion from water level (or stage) to stream discharge. As each grab sample 
is taken, water depth is measured and the resulting discharge related to each water sample is determined.  
The sampling event begins with the collection of a first flush sample, upon which the field crew leader 
then establishes the sampling interval in an attempt to capture the entire hydrograph including the falling 
limb. Subsequent sample intervals for the composite range from every 20 minutes for the first three hours 
of the storm to every 30 minutes for the first five hours, or until runoff has receded to base flow levels, 
whichever comes first. Other parameters taken at the time of each sample include air temperature, water 
temperature, pH, cumulative rainfall amount and general observations. Samples are immediately put on 
ice and transported to the laboratory for analysis. The samples are analyzed for the same aforementioned 
parameters as for base flow samples. Samples are composited by the laboratory based on the flow 
weighting of each sample in relation to the overall sampled discharge. For example, if the first grab 
sample represents ten percent of the overall storm event discharge, ten percent of the composite sample 
for analysis will come from that grab sample. Reported data then provides the event mean concentration 
(EMC) for each sampling event.  

The Maryland Department of the Environment (MDE) has established numerical criteria for several 
parameters (e.g., lead, copper, zinc, nickel, and cadmium) measured as part of this water quality 
monitoring program.  These standards are listed in the Code of Maryland Regulations (COMAR) 
26.08.02.03-2 Numerical Criteria for Toxic Substances in Surface Waters. While there are currently no 
specific nutrient criteria for Maryland surface waters, USEPA has developed a set of nutrient criteria 
guidelines for each nutrient ecoregion of the United States. The Maryland Piedmont falls within Nutrient 
Ecoregion IX, therefore, ambient water quality criteria recommendations from this region were used for 
total phosphorus and total nitrogen comparisons (USEPA 2000). Applicable State and Federal water 
quality criteria for parameters sampled at the Mt. Royal stormwater facility are listed in Table 2. A 
comparison of these criteria to data collected at each station is included in Section 3.2 - Water Quality 
Monitoring Results. 

Table 2 State and Federal Water Quality Criteria for Sampled Parameters 

 
 

2.1.4 BMP Efficiency Evaluation 
 
Previous efforts to evaluate BMP efficiency were completed through the use of Efficiency Ratio (ER) and 
Efficiency of Individual Storm Load (ISL) calculations, primarily due to the limited number of samples 
collected during each sampling year and the inability to conduct meaningful statistical analyses using a 
small sample size.  However, now that three years of monitoring have been completed and a sufficient 
sample size is available, a more robust and statistically valid method, Effluent Probability Method, was 

Parameter Units Chronic Acute Reference 
Lead g/L 2.5 65 COMAR 26.08.02.03-2 
Copper g/L 9 13 COMAR 26.08.02.03-2 
Zinc g/L 120 120 COMAR 26.08.02.03-2 
Nickel g/L 470 52 COMAR 26.08.02.03-2 
Cadmium g/L 0.25 2.0 COMAR 26.08.02.03-2 
Chloride mg/L 230 860 Ambient Water Quality Criteria(EPA 440/5-88-001) 
Total P  g/L 36.56 EPA Recommended Criteria (EPA 822-B-00-019) 
Total N mg/L 0.69 EPA Recommended Criteria (EPA 822-B-00-019) 
TKN - None — 
Nitrate-Nitrite - None — 
TSS mg/L 500 1972 305(a) Report to Congress (EPA 440/9-74-001) 
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used to evaluate the ponds ability to improve effluent water quality.  The Effluent Probability Method is 
the only stand-alone method recommended in the Urban Stormwater BMP Performance Monitoring 
guidance manual (USEPA, 2002). This method is straightforward and directly provides a clear picture of 
the ultimate measure of BMP effectiveness, effluent water quality, by first determining if the BMP is 
providing treatment (i.e., the influent and effluent EMCs are statistically different from one another) and 
then examining either a cumulative distribution function of influent and effluent or a standard parallel 
probability plot (USEPA, 2002).  Another benefit to this method is that it does not require load 
calculations, which can skew the comparisons considerably if flow data are problematic or unreliable and 
a sufficient flow balance cannot be achieved.  Sediment and debris accumulation at the outflow weir has 
made continuous flow monitoring problematic during the three year sampling period, and has led to 
considerable seasonal imbalances between inflow and outflow.   
 
Influent and effluent EMC data and base flow concentrations were compared using the entire three-year 
combined data set, and also for storm flow and base flow samples individually.  Influent EMCs were 
calculated by determining the relative proportions of inflow from each inlet (i.e., MRP02 and MRP03) as 
a function of total measured inflow, and proportionally allocating concentrations (based on flow) to 
achieve a single influent EMC concentration for each event.  It is important to note that pollutants found 
to be below their respective method detection limits (MDLs) were estimated by applying a default 
concentration of one-half of the MDL when calculating combined EMCs. The same flow-weighted 
proportional allocation approach was used to obtain a single influent base flow concentration for each 
event.  Having a single influent and effluent EMC then allowed for paired statistical analyses using 
XLSTAT version 2010.3.07 (Addinsoft, 2010).  
 
Before data were compared for statistical significance, each parameter was tested for normality using the 
Shapiro-Wilk W Test (Shapiro et al., 1968).  Parameters exhibiting non-normal distributions were tested 
using the Wilcoxon signed-rank test (Wilcoxon, 1945). Parameters with normal data distributions were 
compared using the Student’s t-test for paired samples.  Additionally, cumulative distributions between 
influent and effluent EMCs were compared using a two-sample Kolmogorov-Smirnov test.  This test is 
used for distribution fitting, and enables the similarity of the distributions to be tested at the same time as 
their shape and position (Addinsoft, 2010). 
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3 MONITORING: RESULTS AND DISCUSSION 
 
3.1 WATER QUALITY MONITORING RESULTS 
 
Dry weather (base flow) sampling events for the current year were performed on December 17, 2009, 
May 27, 2010, and December 6, 2010, representing the Winter, Spring, and Fall seasons, respectively. 
The average seasonal discharge for each base flow sampling event is presented in Table 3.  Results of the 
base flow samples are listed in Table 4. Total phosphorus exceeded recommended EPA criteria at all sites 
with the exception of site MRP02 on December 17, 2009. Total nitrogen exceeded the recommended EPA 
criteria at all sites with the exception of site MRP02 on December 6, 2010.  All other parameters fell 
within the state and federal water quality criteria. However, there are currently no COMAR standards for 
TKN and Nitrate-Nitrite. 

Table 3 Average Discharge (CFS) During Sampling Events 

Sampling Event  Date MRP01 MRP02 MRP03 
Winter Base flow  12-17-2009 1.60 1.10 0.50 
Winter Storm flow  3-12-2010 2.32 2.19 0.22 
Spring Base flow  5-27-2010 0.41 0.40 0.01 
Spring Storm flow  5-11-2010 1.18 1.27 0.09 
Summer Storm flow 9-30-2010 36.96 8.95 25.15 
Fall Base flow  12-06-2010 0.26 0.20 0.06 
Fall Storm flow 10-27-2010 2.21 2.16 2.38 

 

Wet weather (storm flow) sampling events occurred on March 12, 2010, May 11, 2010, September 30, 
2010, and October 27, 2010. These samples are intended to represent the pollutant concentrations during 
particular storm events, and are not necessarily representative of storm flow concentrations for the entire 
season. The average discharge during each sampling event is presented in Table 3.  The concentrations of 
sampling parameters measured during the storm flow events are displayed in Table 5.  
 
Total nitrogen and total phosphorus concentrations were found to be above recommended EPA Criteria at 
all sites and events sampled. According to sample results, copper concentrations were elevated above the 
chronic levels at site MRP01 and above acute levels at site MRP02. Lead concentrations were measured 
above chronic conditions at sites MRP01 and MRP02 during the March 12, 2010 event, at all three sites 
during the May 11, 2010 event, and at MRP02 during the October 27, 2010 event. Concentrations were 
above the acute level at MRP02 during the March 12, 2010 and May 11, 2010 events as well as at MRP01 
during the May 11, 2010 event. Lead concentrations were elevated at all three sites during the March 12, 
2010 and September 30, 2010 events and at sites MRP02 and MRP03 during the October 27, 2010 event. 
It should be noted that although these samples exceeded chronic criteria, chronic conditions are based for 
28 day duration and therefore storm event concentrations are not indicative of chronic pollutant levels. 
Lead concentrations were found to be above chronic criteria during the year one and two monitoring 
efforts and again during this year’s monitoring. Suspended solids were slightly elevated when compared 
to base flow concentrations, but they did not exceed criteria. The remainder of the parameters fell with the 
state and federal water quality standards, but there are currently no COMAR standards for TKN and 
Nitrate-Nitrite. The majority of the parameters found to be exceeding the criteria were at least two times 
greater than base flow concentrations. 
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Table 4 Base Flow Water Quality Sampling Results 

Parameter Units 
Analytical 

Method 
MDL 

December 17, 2009 May 27, 2010 December 6, 2010 

MRP01 MRP02 MRP03 MRP01 MRP02 MRP03 MRP01 MRP02 MRP03
Total Phosphorus mg/l SM 4500P-E 0.01 0.13 0.03 0.26 0.16 0.08 0.20 0.26 0.07 0.50
Total Nitrogen mg/l SM Calc 0.5 1.8 1.6 1.8 2.2 1.8 2.4 1.0 0.36 2.1
Kjeldahl Nitrogen mg/l SM 4500NH3-C 0.5 1.1 0.9 <0.5 1.5 1.3 1 <0.5 <0.5 <0.5
Nitrate-Nitrite mg/l SM 4500N03-H 0.02 0.73 0.7 1.8 0.68 0.51 1.4 1 0.36 2.1
Nickel μg/l EPA 200.8 2 2.3 <2 2.2 <2 2.1 <2 <2 <2 <2
Copper μg/l EPA 200.8 2 <2 <2 <2 <2 <2 <2 2.1 2.8 <2
Zinc μg/l EPA 200.8 10 <10 <10 14 <10 20 12 17 24 15
Cadmium μg/l EPA 200.8 0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
Lead μg/l EPA 200.8 2 <2 <2 <2 <2 <2 <2 <2 <2 <2
Chloride mg/l SM 4500-CL-E 1 32 26 37 50 45 46 40 29 49

Suspended Solids mg/l SM 2540 D 1 12 2 5 8 <1 <1 7 10 4
Bold indicates values exceeding recommended EPA criteria  

 

Table 5 Storm Flow Water Quality Sampling Results 

Parameter Units 
Analytical 

Method 
MDL 

March 12, 2010 May 11, 2010 September 30, 2010 October 27, 2010 

MRP01 MRP02 MRP03 MRP01 MRP02 MRP03 MRP01 MRP02 MRP03 MRP01 MRP02 MRP03 

Total Phosphorus mg/l SM 4500P-E 0.01 0.19 0.19 0.04 0.36 0.26 0.31 0.28 0.22 0.32 0.18 0.15 0.30 

Total Nitrogen mg/l SM Calc 0.5 3.9 3.8 4.2 4.3 4.1 4.0 1.4 1.3 1.8 1.7 1.6 2.2 

Kjeldahl Nitrogen mg/l SM 4500NH3-C 0.5 3 3 3 3.4 3.2 2.7 1 0.8 1.2 1 1 1.2 

Nitrate-Nitrite mg/l SM 4500N03-H 0.02 0.85 0.83 1.2 0.87 0.9 1.3 0.37 0.46 0.62 0.71 0.63 0.99 

Nickel μg/l EPA 200.8 2 8.1 8.3 14 7.6 5.4 7.3 2.2 2.3 4.7 2.9 4.9 3.5 

Copper μg/l EPA 200.8 2 11* 16** 6.8 20** 14** 12* <2 2.5 3.6 6.4 11* 6.6 

Zinc μg/l EPA 200.8 10 61 96 46 54 35 21 24 30 32 19 38 18 

Cadmium μg/l EPA 200.8 0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 

Lead μg/l EPA 200.8 2 4.1* 7.5* 4.3* 2.2 <2 <2 2.8* 3.7* 6.3* 2.2 4.8* 3.4* 

Chloride mg/l SM 4500-CL-E 1 170 170 100 62 52 40 7.8 3.7 5.4 23 19 23 

Suspended Solids mg/l SM 2540 D 1 32 52 30 18 10 10 39 55 81 18 18 21 
Bold indicates values exceeding recommended EPA criteria  
*Indicates values exceeding chronic criteria  ** Indicates values exceeding acute criteria 
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3.2 BMP EFFICIENCY RESULTS 
 
Overall BMP efficiency was evaluated by comparing the influent EMCs and effluent EMCs for all 
sampling events (i.e., base flow and storm flow) during the three year monitoring period beginning in 
January 2008 and ending December 2010. Paired sample data of influent EMCs and effluent EMCs for all 
sampling events during this period are included in Appendix C. Wilk-Shapiro normality tests found only 
one parameter, total phosphorus, having a normal distribution.  A paired Student’s t-test of total 
phosphorus found no significant difference between influent and effluent concentrations (p = 0.501, α = 
0.05).  Results of the non-parametric Wilcoxon signed-rank test for paired samples are presented in Table 
6.  There were no significant differences observed (at 95% confidence) between influent and effluent 
concentrations for total phosphorus, total nitrogen, nickel, or suspended solids.  Statistically significant 
reductions were observed for copper (p = 0.045, α = 0.05), zinc (p = 0.018, α = 0.05), and lead (p = 0.007, 
α = 0.05).  A statistically significant difference was also observed for chloride (p = 0.018, α = 0.05); 
however, the difference shows an increase in effluent concentrations, as opposed to a reduction.  These 
results suggest that while the pond may be acting to bind and reduce certain metals, it is also potentially 
concentrating and releasing chlorides, which are likely originating from roadway de-icing.   

Table 6. Wilcoxon Signed-Rank Test of All Samples 2008-2010 (n=17). Bold Values Indicate Statistical 
Significance. 

 Measure 
Total 

Phosphorus 
Total 

Nitrogen Nickel Copper Zinc Lead Chloride 
Suspended 

Solids 
V 73 61 14 20 26 2 127 60 
Expected value 76.50 76.50 39.00 52.50 76.50 33.00 76.50 76.50 
Variance (V) 446.25 446.25 162.50 253.75 446.25 126.50 446.25 446.25 
p-value (Two-tailed) 0.887 0.478 0.055 0.045 0.018 0.007 0.018 0.449 
alpha 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 

 
Parallel probability plots for parameters with significant differences between influent and effluent 
concentrations are shown in Figures 3 through 6. All remaining parallel probability plots are included in 
Appendix B. Probability plots for all three metals show a decreased ability to reduce pollutants at high 
concentrations, which suggests a limited ability of the pond to bind or assimilate metals once it exceeds a 
certain threshold.   Copper and lead both appear to reach a threshold around 10 µg/L, and zinc appears to 
reach a threshold at approximately 30 µg/L. It is important to note that the data points on parallel 
probability plots are not arranged as sample pairs (i.e., data points for inputs and outputs do not 
necessarily correspond to the same storm event), but rather as the percentage of samples measured below 
a given concentration.  For example, Figure 4 shows that 50 percent of zinc input measurements exceeded 
30 µg/L, while output concentrations were less than 20 µg/L.   
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Figure 3. Parallel Probability Plot for Copper (All Samples 2008 - 2010; n = 17). 

 

Figure 4. Parallel Probability Plot for Zinc (All Samples 2008 - 2010; n = 17). 
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Figure 5. Parallel Probability Plot for Lead (All Samples 2008 - 2010; n = 17). 

 

 

Figure 6. Parallel Probability Plot for Chloride (All Samples 2008 - 2010; n = 17). 
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To evaluate BMP efficiency exclusively during storm flows, statistical analyses were performed using 10 
storm flow samples. Wilk-Shapiro normality tests found two parameters having normal distributions, total 
phosphorus and TSS.  Paired Student’s t-tests of total phosphorus (p = 0.459, α = 0.05) and TSS (p = 
0.127, α = 0.05) found no significant differences between influent and effluent concentrations.  Results of 
the Wilcoxon signed-rank test for storm flow samples are presented in Table 7.    As with the combined 
samples, there were no significant differences observed between influent and effluent concentrations for 
total phosphorus, total nitrogen, nickel, or suspended solids.  Additionally, there were no significant 
differences observed for copper or chloride during storm flows.  Statistically significant reductions were 
observed for zinc (p = 0.032, α = 0.05), and lead (p = 0.011, α = 0.05). These results suggest the pond is 
significantly reducing the concentration of certain metals during storm flow conditions.  Parallel 
probability plots for zinc and lead are shown in Figures 7 and 8, respectively. All remaining parallel 
probability plots are included in Appendix B. 
 

Table 7. Wilcoxon Signed-Rank Test of Storm Flow Samples 2008-2010 (n=10). Bold Values Indicate 
Statistical Significance. 

 Measure 
Total 

Phosphorus 
Total 

Nitrogen Nickel Copper Zinc Lead Chloride 
Suspended 

Solids 
V 20 12 8 10 6 2 41 9 
Expected value 27.50 27.50 27.50 27.50 27.50 27.50 27.50 27.50 
Variance (V) 96.25 96.25 96.25 96.25 96.25 96.25 96.25 96.25 
p-value (Two-tailed) 0.476 0.126 0.053 0.083 0.032 0.011 0.185 0.067 
alpha 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 

 

 

Figure 7. Parallel Probability Plot for Zinc (Storm Flow Samples 2008 - 2010; n = 10). 
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Figure 8. Parallel Probability Plot for Lead (Storm Flow Samples 2008 - 2010; n = 10). 

Comparisons of influent and effluent concentrations during base flow conditions were also evaluated 
using seven (7) base flow samples.  Normality tests found only one parameter, total phosphorus, having a 
normal distribution.  A paired Student’s t-test of total phosphorus found no significant difference between 
influent and effluent concentrations (p = 0.757, α = 0.05).  Table 8 presents the results of the Wilcoxon 
signed-rank test for base flow samples. Only one parameter, chloride, showed a significant difference (p = 
0.022, α = 0.05), between influent and effluent concentrations.  However, as with the comparison using 
all samples, the difference shows significantly greater concentrations in the effluent, suggesting the pond 
may be concentrating chloride and slowly releasing it during base flow conditions.  A parallel probability 
plot for base flow chloride is shown in Figure 9. All remaining base flow parallel probability plots are 
included in Appendix B. 
 

Table 8. Wilcoxon Signed-Rank Test of Base Flow Samples 2008-2010 (n=7). Bold Values Indicate Statistical 
Significance. 

 Measure 
Total 

Phosphorus 
Total 

Nitrogen Nickel Copper Zinc Lead Chloride 
Suspended 

Solids 
V 5 17 1 4 7 0 28 26 
Expected value 3.50 14.00 1.50 5.00 14.00 0.50 14.00 14.00 
Variance (V) 1.75 35.00 1.25 7.50 35.00 0.25 35.00 35.00 
p-value (Two-tailed) 0.453 0.673 1.000 0.855 0.272 1.000 0.022 0.052 
alpha 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 
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Figure 9. Parallel Probability Plot for Chloride (Base Flow Samples 2008 - 2010; n = 7). 
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4 CONCLUSIONS  
 
The Harford County Department of Public Works requested KCI to evaluate the removal capabilities and 
water quality improvement potential of the Mt. Royal stormwater management pond located upstream of 
the restored 600 linear foot reach of the unnamed tributary to Swan Creek. Water quality results described 
in this report have summarized the current condition of the Mt. Royal stormwater management facility, 
while the BMP efficiency evaluation includes the entire three year monitoring period. Biological and 
physical habitat results for Year 3 can be found in the Year 2 Monitoring Report.  Due to limited water 
quality sampling data, previous monitoring reports evaluated BMP performance using Efficiency Ratio 
and Efficiency of Individual Storm Loads comparisons.  However, these methods lack any statistical 
testing to determine whether there is a statistically significant difference between influent and effluent 
water quality, do not account for pollutant storage in the facility, and can be easily skewed by flow data 
with even the slightest inaccuracy of measurements.  The approach set forth in this report, the Effluent 
Probability Method, is more robust because it incorporates statistical testing and does not rely heavily on 
flow data, which has been problematic to monitor with a high degree of accuracy to due site constraints.   
 
The Mt. Royal stormwater management facility has been shown to effectively reduce a select number of 
pollutants, including zinc, copper, and lead, with statistical significance and 95 percent confidence. While 
effluent concentrations of these metals are significantly lower than influent concentrations, high levels of 
lead and copper are still flowing into the restored reach just downstream of the pond.  Lead effluent 
concentrations occasionally exceed the COMAR standard for chronic exposure, while copper 
concentrations in the effluent have exceeded both chronic and acute COMAR standards during the current 
sampling period.  Additionally, total phosphorus and total nitrogen levels remain above the recommended 
EPA criteria in the influent and effluent, which may be cause for concern given that the pond has not been 
shown to significantly reduce nutrient concentrations. Perhaps what is most surprising is the statistically 
significant increase in chloride concentrations in the effluent, including base flow effluent.  The results 
suggest the pond is potentially concentrating chlorides and releasing them not only during storm flows, 
but also during base flows.  High levels of chlorides are likely originating from roadway de-icing, and are 
not easily assimilated as there is no natural process by which chlorides are broken down, metabolized, or 
taken up by vegetation (NH DES, 2011).  While it is not likely that this BMP was designed to facilitate 
the removal of chloride from influent, the fact that elevated levels are present in both base flow and storm 
flow effluent is a cause for concern.   
 
Although these findings suggest that the BMP is not performing as well as previously reported, it is 
important to note that there are a few caveats to the monitoring approach and subsequent analysis that 
may affect the outcomes.  First, the current analysis included data from the first two monitoring years 
prior to the implementation of the extended storm sampling approach that allowed for more representative 
sampling of long duration events.  Prior to using the extended sampling approach, it was more difficult to 
obtain a representative EMC of the effluent during long duration events because the sampling period 
would end before capturing the true falling limb of the hydrograph.  This, in turn, could potentially skew 
the data more towards the rising and peak limb concentrations and yield effluent EMCs that are higher 
than they would otherwise be if a larger portion of the falling limb would have been captured, since 
pollutant concentrations typically taper off during the falling limb.  And since the two inlet sources 
respond more quickly to the hydrograph than the weir, it is possible that effluent EMCs are less 
representative than influent EMCs during longer duration events.  Secondly, there were numerous  
measurements below the detection limit for metals that were included in this analysis as ½ the method 
detection limit in order to maintain a consistent sample size to facilitate meaningful statistical analyses. 
Actual EMC concentrations may be higher, or lower, than those reported using the ½ MDL approach, 
although it is not expected to have a considerable impact on the data analysis since these values are 
typically small and only affect the lower end of the sampling distribution.   Third, although samples for 
some parameters were not deemed statistically “different” given the available data, it does not necessarily 
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imply that they are the “same”. A more accurate interpretation would be that there were not enough 
samples taken to show that they were significantly different with a given degree of confidence (i.e., 95% 
certainty); after all, it is theoretically possible to statistically show that any paired set of samples are 
different if enough samples are taken (USEPA, 2009).  However, funding constraints often limit the 
sampling effort regardless of what the experimental design can (or cannot) reliably detect (i.e., detectable 
difference).  It is possible that given the variance in the data, too few samples were collected to 
demonstrate slight detectable differences between input and output values for some parameters.  In other 
words, real differences between influent and effluent quality may simply not have been detectable with 
the desired power and significance of the statistical testing.    
 
The Year 3 monitoring report has confirmed some of the results of the previous year’s studies, which 
suggested that the Mt. Royal stormwater management facility is reducing storm discharges and pollutant 
loads to the unnamed tributary to Swan Creek downstream. Current findings suggest that we were unable 
to detect a significant reduction in nutrients, chlorides, and suspended sediments, while significant 
reductions in metal concentrations (i.e., zinc, copper, and lead) have been statistically verified.  While it 
was possible to demonstrate reductions in the concentrations of these parameters, actual removal rates 
were unable to be determined due to complications arising from continuous flow monitoring and seasonal 
flow imbalances. Nonetheless, this report provides valuable insight into the performance of the 
stormwater management facility in light of new data and analysis techniques. Although it is not 
immediately clear why we have not detected measureable reductions in parameters such as nitrogen or 
phosphorus while passing through the facility, it is possible that continuously elevated concentrations in 
the base flow are either at, or exceeding, the uptake/assimilation capacity of the facility such that storm 
loads simply pass through unchanged. A thorough review of nutrient reduction technologies is 
recommended to help identify practical solutions that may increase this facility’s capacity to reduce 
nutrients loads to the receiving waters, and ultimately, the Chesapeake Bay.   
 
Stormwater ponds require regular maintenance to ensure that they are functioning optimally (CWP,  
2004) and failure to perform regular maintenance of stormwater management facilities has been shown to 
lead to reduced pollution removal efficiency (Galli, 1992; Greenland International Consulting Inc., 1999). 
Stormwater ponds are typically about 80 percent efficient in trapping total suspended solids with sources 
of solid and semisolid waste retained in a pond including soil loss and construction sediments, litter and 
yard waste, roofing and roadway grit, and instream erosion (CWP, 2004). As the sediments and the 
associated pollutants accumulate, the retention volume of the pond is reduced and during large events if 
flow in the pond is turbulent the sediments and pollutants can be resuspended and transported 
downstream. This is particularly true for instream facilities such as the Mt. Royal Pond and is likely even 
more pronounced during high flows that access the bypass channel and do not route through the full flow 
path of the pond. 
 
It is generally recommended that debris is removed from the inlet and outlet structures monthly and 
sediment should be removed every five to seven years, although the frequency of sediment removal is 
dependent on many factors including the design storage volume and characteristics of the drainage area 
(WMI, 1997). Sediment samples taken at various points within the pond could be collected and analyzed 
for various pollutants to determine pollutant accumulation rates and the relative risk of resuspension 
which would inform the development of maintenance and sediment removal schedules.   
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Stormwater Management Pond 
 

 
 

View of the stormwater management pond facing northwest  
 

 
 

View of the stormwater management pond facing northeast 
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View of MRP01, a concrete weir 
 

 
 

View of both pond water level loggers associated with MRP01  
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View of the pond water level logger associated with MRP01 (installed during the year   
three monitoring efforts) 
 

 
 

View of MRP02, an 84.2” x 61.1” pipe-arch steel structural plate 
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View of baseflow calibration occurring at MRP02 on December 17, 2009 
 
 

 
 

View of MRP03, a 36” RCP 
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View of baseflow calibration occurring at MRP03 on December 17, 2009 
 

 
 

View of MRP01 weir during a storm sampling event on September 30, 2010 





 

 

APPENDIX B 
PARALLEL PROBABILITY PLOTS 





Parallel Probability Plots for All Samples 2008 – 2010 (n = 17) 

 

Figure 1. Parallel Probability Plot for Total Phosphorus (All Samples 2008 - 2010; n = 17). 

 

 

Figure 2. Parallel Probability Plot for Total Nitrogen (All Samples 2008 - 2010; n = 17). 
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Figure 3. Parallel Probability Plot for Nickel (All Samples 2008 - 2010; n = 17). 

 

 

Figure 4. Parallel Probability Plot for Total Suspended Solids (All Samples 2008 - 2010; n = 17). 
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Parallel Probability Plots for Storm Flow Samples 2008 – 2010 (n = 10) 

 

Figure 5. Parallel Probability Plot for Total Phosphorus (Storm Flow Samples 2008 - 2010; n = 10). 

 

 

Figure 6. Parallel Probability Plot for Total Nitrogen (Storm Flow Samples 2008 - 2010; n = 10). 
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Figure 7. Parallel Probability Plot for Nickel (Storm Flow Samples 2008 - 2010; n = 10). 

 

 

Figure 8. Parallel Probability Plot for Copper (Storm Flow Samples 2008 - 2010; n = 10). 
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Figure 9. Parallel Probability Plot for Chloride (Storm Flow Samples 2008 - 2010; n = 10). 

 

 

Figure 10. Parallel Probability Plot for Total Suspended Solids (Storm Flow Samples 2008 - 2010; n = 10). 
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Parallel Probability Plots for Base Flow Samples 2008 – 2010 (n = 7) 

 

Figure 11. Parallel Probability Plot for Total Phosphorus (Base Flow Samples 2008 - 2010; n = 7). 

 

 

Figure 12. Parallel Probability Plot for Total Nitrogen (Base Flow Samples 2008 - 2010; n = 7). 
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Figure 13. Parallel Probability Plot for Nickel (Base Flow Samples 2008 - 2010; n = 7). 

 

 

Figure 14. Parallel Probability Plot for Copper (Base Flow Samples 2008 - 2010; n = 7). 

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

0.1 1.0 10.0

%
 U

n
d

e
r

Nickel (µg/L)

Probability Plot for Nickel

Input (MRP02+MRP03)

Output (MRP01)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

0.1 1.0 10.0 100.0

%
 U

n
d

e
r

Copper (µg/L)

Probability Plot for Copper

Input (MRP02+MRP03)

Output (MRP01)



 

Figure 15. Parallel Probability Plot for Zinc (Base Flow Samples 2008 - 2010; n = 7). 

 

 

Figure 16. Parallel Probability Plot for Lead (Base Flow Samples 2008 - 2010; n = 7). 
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APPENDIX C 
INFLUENT/EFFLUENT EMC DATA 

 
 
 
 
 
 
 





Table 1. Influent and Effluent EMCs for All Sampling Events from 2008 through 2010.  All Units in mg/L, Except Metals (µg/L). 

Date  Type  Ef
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flu

en
t C

hl
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Ef
flu

en
t T

SS
 

In
flu

en
t T

SS
 

01/11/08  Storm flow  0.14  0.13  1.1  0.81  2.1  3.4  1.0  5.8  24  41  1.0  2.4  0.25  0.25  60  71  13  19 

04/17/08  Base flow  0.09  0.40  0.72  2.21  1.0  1.0  1.0  1.1  5  12  1.0  1.0  0.25  0.25  46  39  3  2 

05/17/08  Storm flow  0.17  0.24  2.4  3.66  2.0  3.9  4.0  7.9  17  38  1.0  3.2  0.25  0.25  22  11  5  32 

09/05/08  Base flow  0.12  0.23  0.01  0.18  1.0  1.0  3.3  1.0  52  31  52.0  61.9  0.25  0.25  42  40  4  1 

09/06/08  Storm flow  0.26  0.23  1.4  1.87  1.0  4.4  4.6  9.5  18  45  1.0  3.3  0.25  0.25  28  14  14  30 

11/24/08  Storm flow  0.14  0.18  0.52  0.83  2.1  3.0  2.8  6.6  19  36  1.0  1.6  0.25  0.25  87  130  16  8 

01/06/09  Storm flow  0.16  0.15  1.5  1.35  2.8  3.6  4.1  5.1  28  41  1.0  2.6  0.25  0.25  250  190  18  24 

01/14/09  Base flow  0.14  0.14  0.76  0.79  1.0  1.0  1.0  1.0  14  16  1.0  1.0  0.25  0.25  44  39  6  2 

03/24/09  Base flow  0.18  0.08  2.2  1.50  1.0  1.0  1.0  1.6  14  22  1.0  1.0  0.25  0.25  120  55  13  3 

05/14/09  Storm flow  0.26  0.42  4  4.30  4.1  7.5  7.6  13.6  25  62  2.8  6.5  0.25  0.25  30  23  34  71 

12/17/09  Base flow  0.13  0.10  1.8  1.66  2.3  1.4  1.0  1.0  5  8  1.0  1.0  0.25  0.25  32  29  12  3 

03/12/10  Storm flow  0.19  0.18  3.9  3.84  8.1  8.8  11.0  15.2  61  91  4.1  7.2  0.25  0.25  170  164  32  50 

05/11/10  Storm flow  0.36  0.26  4.3  4.09  7.6  5.5  20.0  13.9  54  34  2.2  1.0  0.25  0.25  62  51  18  10 

05/27/10  Base flow  0.16  0.08  2.2  1.81  1.0  2.1  1.0  1.0  5  20  1.0  1.0  0.25  0.25  50  45  8  1 

09/30/10  Storm flow  0.28  0.29  1.4  1.67  2.2  4.1  1.0  3.3  24  31  2.8  5.6  0.25  0.25  7.8  5  39  74 

10/27/10  Storm flow  0.18  0.23  1.7  1.92  2.9  4.2  6.4  8.7  19  27  2.2  4.1  0.25  0.25  23  21  18  20 

12/06/10  Base flow  0.26  0.17  1  0.76  1.0  1.0  2.1  2.4  17  22  1.0  1.0  0.25  0.25  40  34  7  9 

Bold records indicate values measured below detection limit and assigned value of 1/2 MDL 
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Stormflow Hydrograph Recorded During Sampling March 12, 2010 
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Stormflow Hydrograph Recorded During Sampling May 11, 2010 
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*Hydrographs are based on instream water depth and corresponding rating table as measured by field technicians at the time of 
sample collection. 
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Stormflow Hydrograph Recorded During Sampling September 30, 2010 
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 Stormflow Hydrograph Recorded During Sampling October 27, 2010 
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*Hydrographs are based on instream water depth and corresponding rating table as measured by field technicians at the time of 
sample collection. 
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