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EXECUTIVE SUMMARY 

This report describes results of a demonstration/validation project to assess the use of the urban 
stormwater model Windows Source Loading and Management Model (WinSLAMM) to characterize 
sources of copper and zinc in storm runoff at Navy facilities, a common compliance problem for 
Navy bases across the nation. The Navy’s Environmental Sustainability Development to Integration 
(NESDI) Program funded this project (Project 455) and the work described in this report was 
performed by the Energy and Environmental Sciences Group at Space and Naval Warfare Systems 
Center Pacific in collaboration with Dr. Robert Pitt of the University of Alabama, the originator of 
the WinSlamm model.  

The technical approach taken was to optimize and calibrate the WinSlamm model specifically for 
Navy facilities using Navy-specific drainage characteristics and stormwater datasets from multiple 
drainages. The model calibration was based on a comparison of over 300 stormwater datasets and 
detailed site characterizations from 19 drainages on 11 Navy Bases in the Southwest, Northwest, and 
Mid-Atlantic regions of the U.S. ranging in size from 1 to 1400 acres. The model generated reasonable 
results though with a relatively high degree of variability that was primarily a result of first-flush 
(first hour of runoff) stormwater data, the most common data collected across the country and 
because it was possible only to compare current operations and land uses against historic storm data. 

A spreadsheet tool based on the WinSLAMM calibration was developed to perform the modeling 
in a simplified format for use by Navy facility managers. A spreadsheet was generated for each of the 
three Navy Regions where the calibration was performed to account for differences in model 
outcomes primarily a result of variations in regional rainfall effects. The report provides guidance on 
the use of the spreadsheet tool, with a particular focus on how to collect and enter key site 
characterization data from an onsite review of facility drainages. This includes identifying and 
measuring areas within 53 different source area categories within land use areas that can be 
characterized as mostly residential, commercial, or industrial. Using the tool in other Navy Regions 
should be based on how similar rainfall is in the area to the type of rainfall used in calibrating the 
tool for the three regions. 

The project has created a simple and potentially useful tool that facility managers can use to 
identify where and relatively how much copper and zinc are generated throughout their drainages. 
The tool can therefore be used when developing strategies to implement control practices to meet 
compliance. The model was used to generate a table of the top 14 industrial source land uses for both 
copper and zinc across all three regions to provide a general overview of relative sources. The report 
appendices provide information on measured source strengths of many common materials found on 
Navy facilities, specific guidance with an example for conducting a site characterization, and the 
model calibration reports that also contain candidate stormwater control practices with a measure of 
their potential effectiveness in each of the three Navy Regions.  
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INTRODUCTION 
The following report describes results of a demonstration/validation project to assess the urban 

stormwater model Windows Source Loading and Management Model (WinSlamm) to characterize 
sources of copper and zinc in storm runoff at Navy facilities. The Navy’s Environmental 
Sustainability Development to Integration (NESDI) Program funded this project (Project 455) and 
the Energy and Environmental Sciences Group at Space and Naval Warfare Systems Center (SSC) 
Pacific, in collaboration with Dr. Robert Pitt of the University of Alabama, the originator of the 
WinSLAMM model, performed the work described in this report.  

The project was designed to develop a method to assess sources copper and zinc as requested in 
NESDI Need N-0713-10 submitted by Navy Region Southwest:  

“To reduce/eliminate copper and zinc in stormwater discharges we need to accurately identify  
and quantify sources of copper and zinc in drainage areas that are not meeting the acute 
 toxicity standard and benchmark values and then develop Best Management Practices to  
reduce/ eliminate the sources. Visual inspections of the drainage areas have been insufficient  
in identifying and quantifying sources of copper and zinc so we have been unable to develop  
and implement effective BMPs to meet our permit requirements.” 

The project deliverable includes this report describing the project goals, methods, and modeling 
results, as well as guidance on conducting a site characterization and use of the modeling tool. 
Appendix A provides a second independent report previously delivered that describes the relative 
magnitude of various source materials generating copper and zinc. Appendix B contains detailed 
guidance for completing the site characterization process. The final deliverable also includes the 
Microsoft Excel® spreadsheet modeling tool as a separate set of files.Appendices C and D provide 
two detailed reports describing the complete calibration procedures conducted by Dr. Pitt, along with 
descriptions of candidate storm- water control practices, particle size distributions for source areas, 
and soil compaction effects on infiltration rates.  

BACKGROUND 
Copper and zinc are ubiquitous contaminants found in stormwater discharges in urban and 

industrialized areas. These contaminants originate from a variety of sources and input pathways that 
flow into stormwater conveyance systems, eventually affecting receiving water bodies. Navy 
environmental managers have identified copper and zinc concentrations as commonly exceeding 
National Pollutant Discharge Elimination System (NPDES) permit benchmarks (Katz, Rosen, and 
Arias, 2006).Toxicity identification evaluations also identified these metals as the principal toxicants 
in stormwater. Exceedance of NPDES benchmark levels and toxicity standards pose a potential for 
notices of violation as well as civil lawsuits. In addition, numerical limits of copper and zinc waste 
load allocations instituted through the Total Maximum Daily Load (TMDL) are creating an even 
more stringent compliance landscape such as those starting to be implemented into Navy Regions 
Southwest permits. 

Navy facility environmental managers are facing a daunting challenge to meet their more stringent 
stormwater discharge requirements. Even with existing Best Management Practices (BMPs), a lack 
of accurate assessment tools and framework for prioritizing contaminant sources leaves facility 
managers at risk. To meet current and future permit and TMDL requirements, an appropriate 
stormwater management tool to optimize the selection of the most effective BMPs for reducing end-
of-pipe contaminant concentrations and mass loads. A key element to implementing effective BMPs 
is to first identify and quantify the relative contributions of metals to stormwater runoff from the 
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various sources present on the facility. This project was designed to provide this information as a 
calibrated and verified modeling tool that identifies and quantifies these sources and thereby provide 
the key information needed to optimize management decisions on implementing BMPs to mitigate 
them. 

PROJECT GOAL 
The project goal was to demonstrate and validate a tool for stormwater management that Navy 

facility environmental managers could use to identify and quantify relative sources of copper and 
zinc found in stormwater runoff. SSC Pacific scientists expect facility managers to use the tool to 
better assess their drainages and thereby identify where control practices would create the highest 
potential for mitigating contaminant loads.  

TECHNICAL APPROACH 
The technical approach was to optimize the off-the-shelf Windows Source Loading and 

Management Model (WinSlamm) developed by PV & Associates for use at Navy facilities across the 
country. WinSlamm is a small-scale watershed hydrology and water quality modeling tool previously 
applied to various industrial and municipal sites around the country. While widely used, the model 
requires the input of specific land use data to optimize its predictive accuracy in quantifying 
stormwater contaminant loading and effects of implementing control practices. The project effort 
therefore focused on gathering Navy facility-specific source and storm-water parameter data to 
calibrate, validate, and optimize the model for Navy use.   

The WinSLAMM model uses three basic model parameter datasets to generate an estimate of the 
relative magnitude and contribution of site pollutant sources to storm pollutant discharges. These 
include:  

1. Site land use and source characteristics (e.g., roofs, parking lots, laydown), storm water 
management practices (e.g., infiltration, treatment system), and structure of the storm 
discharge/conveyance system (e.g., perviousness, slope, soil type) 

2. A pollutant source loading dataset that describes the amount of pollutant derived from various 
site land uses and site materials based on historical regional datasets 

3. A detailed regional historical rainfall dataset describing frequency, magnitude, and  
intensity over relatively long periods of time (years)  

In this project, the approach was to take WinSLAMM’s built-in regional residential, commercial, 
and industrial pollutant source datasets as a starting point and modify them to account for site 
characteristics and stormwater datasets specific to Navy facilities.  

METHODS 
MODEL CALIBRATION 

The calibration method focused on using a highly detailed characterization of land uses/ 
infrastructure and site materials at a number of U.S. Navy base drainages to generate model 
predictions of storm-water volume, particulates, copper, and zinc masses and concentrations, and 
comparing them to actual storm-water datasets. The standard model pollutant source loading data 
were then modified iteratively (storm by storm, outfall by outfall, and region by region) to generate 
predictions that best fit the observed stormwater contaminant data. The following paragraphs 
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describe the basics of this effort. Appendices C and D include two separate annual calibration reports 
by Dr. Pitt and provide a complete description. 

SSC Pacific scientists generated a model calibration by conducting detailed site characterizations 
at 19 drainages on 11 Navy bases in the Southwest, Mid-Atlantic, and Northwest regions of the U.S. 
The sites evaluated, shown in Table 1, ranged from 1 to 1400 acres in size and represented the wide 
range of land use diversity found at Navy bases around the country. The characterizations used aerial 
photos, geographic information system (GIS) and facility maps, and most importantly, a site visit to 
quantify/validate categories and sizes of land uses, materials, and infrastructure within each drainage. 
The characterization method detailed later in this report is the most critical piece of information 
facility managers will need to run the modeling tool for their sites.  

The characterizations, along with local rainfall data and standard model input parameter files, were 
used to compare the model output against a historical storm-water contaminant dataset collected for 
each drainage. This dataset was composed almost entirely of concentrations of total solids, copper, 
and zinc measured in grab samples collected during the first hour of storm flow (first-flush). Very 
few full-storm composite samples, flow data, or total and dissolved metal data were available. PV & 
Associates originally designed the model to utilize full-storm composite datasets with a breakout of 
particulate (as total suspended solids (TSS) and dissolved metals, so where possible, the calibration 
process considered the few available composite and metal speciation data available. The limited 
availability of full-storm datasets clearly influenced the calibration outcomes and contributed to 
model uncertainty.  

Initially, the project team made comparisons iteratively storm by storm at one drainage site by 
modifying the pollutant source loading data associated with each land use to produce a best fit 
between model result and storm data. Once a best fit was found for a single drainage, the iterative 
process was repeated at each successive drainage until completed for the entire region. After 
generating each regional pollutant source loading file, SSC Pacific scientists made additional model-
observation comparisons of land use, wash-off rates, and mass loading adjustments to obtain results 
with the least error (sum of squares of the residuals). These later adjustments were made when 
calibrating the last few sites. Overall, the calibration process evaluated more than 300 storm event 
datasets from the 19 Navy sites.  

MODEL RESULTS  

The calibration procedure produced a series of model predictions that SSC Pacific scientists 
compared to the original historical stormwater dataset. Various regression, probability plots, and 
statistical evaluations were generated to assess how well the model compared to the historical 
datasets. Figure 1 shows an example of the regression plots for total copper and zinc loads and Figure 
2 shows data distribution probability plots. The regressions show a generally reasonable regression 
relationship between model and observed data (r-square values ~ 0.7), given the high variability of 
the input data. Similarly, the model and observed data distributions also generally overlaid one 
another reasonably well, given their large variation and range. Note that the log-log scales on the 
plots minimize the visual scatter inherent in these stormwater datasets.  

The high degree of variation of first-flush stormwater data observed at even at a single site was 
magnified when evaluating it at multiple sites. This was clearly a  large source of variation and 
uncertainty when evaluating model results as was only being able to compare current operations and 
land uses against historic storm data. An evaluation conducted to assess these variations found that 
the first-flush data did not have any relationship to storm size, duration, intensity, or an antecedent 
dry period. SSC Pacific scientists evaluated the uncertainty and made some adjustments using the 
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limited concurrent first-flush and full-event monitoring data. Therefore, the model calibration really 
only provides a reasonable prediction of an average load condition over many storm events. 
Examples of the final observed versus calculated loads for the last 10 validation sites are shown in 
Figure 3. 

During the model calibration phase it was determined that the off-the-shelf WinSlamm model 
could be improved with the addition of tracking particulates and contaminants in sub-drainages. This 
became particularly important when attempting to include laydown areas that are common 
throughout Navy bases. The off-the-shelf version of the model was therefore modified to allow 
independent tracking of these relatively important source areas, adding sophistication as well as 
complexity in using the full model.  

The calibration/validation process led to the development of a pollutant source loading file specific 
to regional Navy land uses/materials, providing the best overall predictions to the observed storm-
water copper and zinc loading data. Given the calibration uncertainties, complexity, and the likely 
inability to use the WinSLAMM software on Navy networks, SSC Pacific scientists determined that 
a spreadsheet would be the best method for implementing the tool by facility managers, who are 
already time-limited A spreadsheet tool was therefore developed from WinSLAMM that has all of 
the underlying pollutant source calibrations and rain file algorithms built in for three Navy regions. 
Facility managers can simply implement the tool by entering the areal extent and category of source 
areas/materials for a drainage area to obtain a reasonable estimate of relative source area pollutant 
contributions.  

Table 1. Regions, bases, and outfall drainage areas used in calibrating the commercial  
off-the-shelf WinSlamm stormwater quality model for Navy-specific use.  

Region Base Outfall Drainage Area (acres) Comment
Southwest Naval Base San Diego 1 1.4 Pier

13 3.2 Pier
14 50
51 19
70 78
72 45
73 17

Naval Base Coronado 9 5
26 73

Naval Base Point Loma 26 6.4 Pier
Northwest Naval Base Kitsap Bangor 2 1442

3A 9 Pier
Naval Station Everett A 15 Pier

B 12
Naval Air Station Whidbey Island 3D 13
Naval Base Kitsap Bremerton 15 104
Naval Magazine Indian Island 120 3

Mid Atlantic St. Julien's Creek Annex 40/41 26
Joint Expeditionary Base Little 
Creek-Fort Story 7 3  
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Figure 1. Model predictions vs. observed stormwater copper (top) and zinc (bottom) for multiple 
Navy Southwest Region outfalls. Results are shown on a log-log plot. 
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Figure 2. Probability distribution plots showing observed ( ) and modeled ( ) copper (top) and zinc 
(bottom) mass data. The closer the overlap in the two distributions, the closer the model matches the 
observed data. Results are shown on a log-log plot with 95% confidence intervals show with line.  
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Figure 3. Box and whisker plots comparing pairs of observed and calculated copper (top) and zinc 
(bottom) mass loads for the three Navy Region datasets and all three combined. The box shows the 
median as the internal horizontal line in the boxes while the upper and lower ends of the boxes 
indicate the 75th and 25th percentile values respectively. The ends of the whiskers indicate the 5 
and 95% percentile values, while the individual dots indicate observations outside of the 5th to 95th 
percentile range.  
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GUIDANCE ON USING THE SPREADSHEET TOOL 
As described above, the spreadsheet tool provides a good screening tool for identifying relative 

source strengths of various land uses/source areas/materials found on Navy facilities. The 
spreadsheet tool is provided for three Navy regions: Southwest, Northwest, and Mid-Atlantic, in a 
standard Microsoft Excel® workbook. The main difference among the three regions appears to be 
related to differences in the interaction of rainfall and sources. The team based the Region Southwest 
calibration on San Diego area bases. The rainfall in this area is generally characterized by intense, 
short duration, limited overall totals, and long dry periods. Rains in the San Diego area are heavily 
seasonal, with most of the rain occurring from the late fall to spring, and with a long dry period 
during the summer. Total annual rain depths are typically low, but can vary greatly from year to year.  

SSC Pacific scientists based the Navy Region Northwest calibration on western Washington bases 
adjacent to Puget Sound. Rainfall in this area is characterized by moderate long duration, high overall 
totals, and short dry periods. The annual rains in this region are about 30 to 50 inches/year and can 
vary greatly over short distances. The rains are generally distributed evenly throughout the year, 
although the driest fall months have about half the rain totals as the wettest spring and winter months.  

The Navy Region Mid-Atlantic calibration was based on bases in the Norfolk, Virginia area. 
Rainfall in this area is characterized by intense, long duration, high overall totals, and short dry 
periods. The total annual rains in this area range from about 45 to 50 inches/year and are generally 
distributed evenly throughout the year, but some snow may occur in the winter, and the area is 
periodically subjected to severe hurricane-driven weather.  

Facilities outside the specific calibration areas can use the spreadsheets as a screening tool, though 
the results will have a higher level of uncertainty. It is best to use the spreadsheet that is based on 
rainfall characteristics that are most similar to the area of interest.  

Follow these two main steps after choosing a specific regional spreadsheet: 

1. Perform a site characterization (input data) 
a. Site overview 
b. Characterization components 
c. Site survey  
d. Post survey processing 

2. Run the spreadsheet tool  
a. Enter individual area input data 
b. Run and evaluate tool output 

SITE CHARACTERIZATION 

Site characterization is by far the most critical and time consuming step because once the data are 
entered into the tool, the model calculates and generates output. The facility manager must evaluate 
the location and spatial extent of specific pre-defined land uses and materials present on his or her 
sites. A combination of GIS, aerial photos, or computer-assisted design (CAD) drawings for the 
facility can accomplish this task. However, a thorough evaluation really requires walking the site and 
reviewing what and how much is there and how it is connected to the storm conveyance system. The 
facility manager will also gain  important insight about the nature of the onsite materials. The type of 
structural materials is a very important factor, given that the amount of copper and zinc potentially 
leaching from them can be very different (see the Leachate Report in Appendix A). We provide an 
outline of steps below to perform the site characterization process, though Appendix B provides a 
detailed step-by-step account. 
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The site visit can be a time consuming effort, especially the first time. The manager will need to 
apply some subjectivity and judgment. We therefore provide some tips and examples below to help 
you through the process. While having highly detailed information is best, one must weigh it against 
the time it takes to collect it. We recommend a happy medium of getting the big things off the list 
using GIS or aerial photo information and getting the smaller but important site elements by walking 
the site.  

We recommend that you start with the end in mind. Review the spreadsheet tool input tab. There 
are 53 different categories of potential source areas/materials inputs (Table 2). Each of these land 
uses is further divided into its primary character as residential, commercial, or institutional land use 
areas. Your drainage might only have a few of these characteristics, depending on the size and 
complexity of the site. It is best to first identify the boundary of the drainage, that is, the contiguous 
area that is connected through a conveyance system that eventually reaches a single outfall discharge 
location. Knowledge of or surface elevation data, and the location of the conveyance system are 
usually used to divide bases into specific drainages, which is commonly, though not consistently 
available within Base  stormwater GIS (Geogrpraphic Information Systems).. Though we have 
observed some errors in boundary delineations during site walk-through, the departures from the 
drainage maps were relatively small. 

SITE OVERVIEW  

Figure 4 through Figure 6 show Examples of common starting points for developing a drainage 
site overview. The first example is a storm-water GIS map showing the outline (thicker purple line) 
of the drainage area for outfall 73 at Naval Base San Diego. Two adjacent drainage areas are outlined 
with cyan lines. The second example is an aerial photo of the same area taken from Google Earth™, 
where the drainage boundary was overlain using polygon tools within the application (this can be 
facilitated using the “image overlay” capability in Google Earth™). If available, both drainage area 
overviews should be printed for use when conducting the site visit because each overview has useful 
information that allows users to quickly identify where they are located on the site. In particular, the 
GIS provides information such as building numbers and drain inlets, while the aerial images provide 
information such as building shapes, colors, and street/parking area delineations. We recommend that 
the large overview area be divided up into smaller “like” areas with easily recognizable elements 
such as large buildings, streets, or green space to provide more manageable survey areas with higher 
resolution and detail. These overviews should be printed for use during the site visit for taking notes. 
Facility managers can use the overview maps to create a locator grid to locate sub-area descriptors.  

Other helpful ancillary information to gather before the survey is where the conveyance systems 
are located and where management practices such as infiltration areas or treatment systems may be 
present. Mark them on the overview sheets ahead of time. The spreadsheet tool does not fully 
implement the BMP portion of the WinSlamm model, but facility mangers can stil adjust a managed 
area for its treatment. Managers accomplish this by adjusting the relative size of the area by the 
percentage of the expected contaminant reduction of the BMP (e.g., a 1-acre area with an 
expected/measured 50% treatment reduction in copper and zinc would be entered into the model as a 
0.5-acre area).  
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Table 2. WinSLAMM model source area input categories. Each category is also characterized into primarily residential, commercial,  
or institutional type areas. The goal of the site characterization is to locate and measure out the areal extent of each of the source  
areas present in the drainage and enter it in to the spreadsheet tool input tab.  

Roofs 26 Heavy laydown paved areas- connected

1 Roofs Flat - connected 27 Heavy laydown paved areas-disconnected

2 Roofs Flat - disconnected 28 Light laydown unpaved - connected

3 Roofs Pitched - connected 29 Light laydown unpaved - disconnected

4 Roofs Pitched - disconnected 30 Moderate laydown unpaved - connected

5 Galvanized metal roofs and/or a lot of galvanized material- connected 31 Moderate laydown unpaved - disconnected

6 Galvanized metal roofs and/or a lot of galvanized material-disconnected 32 Heavy laydown unpaved - connected

7 Copper metal roofs and/or a lot of copper material-connected 33 Heavy laydown unpaved - disconnected

8 Copper metal roofs and/or a lot of copper material-disconnected Special  Areas

Parking/Streets/Sidewalks/Driveways 34 Aircraft operations-connected

9 Paved parking-connected 35 Aircraft operations-disconnected

10 Paved parking-disconnected 36 Other metals paved-connected

11 Unpaved parking-connected 37 Other metals paved-disconnected

12 Unpaved parking-disconnected 38 Other metals unpaved-connected

13 Driveways/loading dock -connected 39 Other metals unpaved-connected

14 Driveways/loading dock -disconnected 40 Other galvanized materials paved- connected 

15 Sidewalks - connected 41 Other galvanized materials paved- disconnected 

16 Sidewalks - disconnected 42 Other galvanized materials unpaved - connected

17 Streets - with curb and gutters 43 Other galvanized materials unpaved - disconnected

18 Streets - no established drainage alongside road 44 Treated Wood Paved-connected
Pervious Areas 45 Treated Wood Paved-disconnected

19 Landscaping areas /undeveloped areas 46 Treated Wood Unpaved-connected

20 Landscape/undeveloped areas next to buildings and/or parking lots 47 Treated Wood unpaved-disconnected

21 Other pervious infi ltration areas 48 Other copper materials paved- connected 
Storage/Laydown Areas 49 Other copper materials paved- disconnected 

22 Light laydown paved areas- connected 50 Other copper materials unpaved - connected

23 Light laydown paved areas- disconnected 51 Other copper materials unpaved - disconnected

24 Moderate laydown paved areas -  connected 52 Artificial turf-connected

25 Moderate laydown paved areas - disconnected 53 Artificial turf-disconnected  
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Figure 4. Example outline of Naval Base San Diego storm-water drainage area for outfall 73 (purple 
outline) using the base’s storm-water GIS as the starting point. Red lines show the location of the 
storm-water conveyance system within each drainage. This complete overview should be printed for 
use during the site survey, if available. 

 

 
 
 

 

 

Known Run-on 
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Figure 5. Example outline of Naval Base San Diego storm-watger drainage area for outfall 73 using 
Google Earth™ aerial image as the starting point. The overlay can be facilitated using Google 
Earth’s™ image overlay capability. This complete overview should be printed for use during the site 
survey, if available. 
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Figure 6. Drainage area overview broken down into three (A, B, C) overlapping regions to 
facilitate higher detail and for taking notes during the site survey. 

A 

B 

C 
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CHARACTERIZATION COMPONENTS 

As previously mentioned, facility managers can use the site characterization to identify the 
location, type, and spatial extent of each of the 53 categorized source areas/materials within a 
drainage, as shown in Table 2. For example, these characterizations can include roofs, 
parking/streets/sidewalks, pervious or undeveloped lands, or laydown/storage areas containing mixed 
materials such as metals or treated wood. Many of the main categories are observable on the 
overview images and their irregular polygon areas can be measured using online tools such as Free 
Map Tools© area-calculator (http://www.freemaptools.com/area-calculator.htm) or with standard GIS 
measurement tools. While facility managers can do this before the site survey, changes in site 
characteristics can and do occur at frequencies greater than updates to imagery and GIS, so we 
encourage managers to do their measurements after validating site components. Once on site, one can 
use highly accurate GPS receivers, a surveyor’s wheel, or even one’s own stride to obtain lengths, 
areas, or perimeters. All three methods, performed in combination or alone, should provide a 
reasonably accurate measure when conducted consistently. 

Three key elements to the characterization usually not evident on the overview images are the type 
of materials present, its connectedness to the storm-water conveyance system, and the presence and 
extent of pervious and impervious surfaces. Our efforts at assessing the relative amount of copper 
and zinc that leach off of many common materials show that the actual material making up the 
structures can have an exceptionally important impact on quantifying their magnitude as a copper or 
zinc source to the overall drainage (see Appendix A). It is therefore particularly important to note the 
presence and extent (surface area) of metal materials such as galvanized steel, uncoated fencing, 
railings, light poles, containers/dumpsters, gangplanks, scaffolding, gutters, piping, and even the 
metal grates covering stormwater catchments. Facility managers can find these materials as parts of 
structural components, and as dense groupings within laydown or storage areas (Figure 7). In either 
case, these materials can be uniquely identified in the spreadsheet tool when observed in measurable 
quantities.  

This last statement describes the somewhat subjective and arbitrary aspect of the site assessment. 
Facility managers must judge the relative magnitude in terms of surface area of the materials they 
observe and put them into context of the entire drainage. A galvanized gutter system on a small 
building may be measurable but potentially not worth quantifying as a separate item when large areas 
of laydown containing a high percentage of galvanized and mixed metal materials also exist. While 
controlling any of these sources can be helpful to mitigating contaminants in storm runoff, 
quantifying the larger congregation of source materials is more important from a potential future 
management control action than ensuring that every single source is identified. The fact that there 
can be hundreds of these potential sources speaks to the problem facing our bases, but also the 
opportunity for future mitigation using material substitutions or treatment measures.  

Another key element in the characterization is how sub-drainage areas physically connect to the 
discharge pipe/outfall, an element not easily observed without conducting the site survey. In 
particular, the facility manager should evaluate each land use for how it connects directly to the 
conveyance system or if it first intersects a pervious area, which has the effect of mitigating the 
volume and amount of contaminant, discharged. Examples of roofing that directly connects through a 
downspout to the conveyance system and roofs disconnected by first draining to vegetation, soil, or 
an infiltration area are shown in Figure 8. The model also accounts for the connectedness of large 
surface areas such as streets or parking areas that drain directly to the conveyance system through 
curb/street drains or indirectly to swales/pervious areas (Figure 9). 

http://www.freemaptools.com/area-calculator.htm
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The third important element of information in the calculations that is not always evident from the 
overview images is the perviousness of the land surfaces. Large green spaces are generally 
observable from the overviews, but small landscaped or infiltration areas, for instance those around 
buildings, are not always observable. For example, facility managers may not be able to differentiate 
artificial turf from actual turf in aerial images, and turfs’ contaminant source strengths are 
considerably different. Even large soil sites may not be differentiated from concrete on overview 
maps (Figure 10). The site survey allows the facility manager to clearly identify these potential 
differences and enter this information as a separate entry in the spreadsheet tool. The spreadsheet 
also considers the amount of compaction that may exist for a non-paved area (areas around buildings 
or as storage or parking areas are assumed as compacted, for example, resulting in significantly 
greater storm-water flows than from non-compacted areas). Field notes should therefore indicate the 
degree of compaction expected for the non-paved source areas.  

SITE SURVEY 

The basic method for the site survey is to walk the site making notations directly on the hardcopy 
images. Bring a copy of Table 2 to remind yourself of the categories. Create and use a simple set of 
abbreviations and/or Table 2 line numbers for taking notes. Roughly draw in those items that are not 
present in the imagery. It is probably easiest to start out in a corner of the drainage and work 
methodically across the site. Note types of ground surfaces, how land use elements are connected or 
not to the conveyance system, which sometimes requires assessing where the runoff will likely flow 
based on site elevation. Identify where significant architectural or standalone materials comprised of 
galvanized, copper, or other metal surfaces exist. When mixtures of surfaces such as intermittent 
hardscape are located within a vegetated area, it is probably best to measure the whole area and then 
estimate the percentage area for each element within it. You should also use the same method to 
assess the areal extent of mixed materials such as when there is a substantial amount of galvanized 
machinery or walkways on rooftops, or when a storage area or laydown area is partially filled with 
specific metal materials of note. You should enter these separate amounts into the spreadsheet tool 
under the special areas category. 

During the site survey, it is particularly important to locate, assess, and measure out the areas of 
laydown and storage that are common throughout Navy facilities. Some of these areas are 
permanently designated for this purpose, while others are more ephemeral and may not show up in 
the aerial imagery or GIS maps. The facility manger enters these areas into the spreadsheet tool based 
on their relative intensity/density of materials. Examples of light, moderate, and heavy are shown in 
Figure 11 through Figure 13. This is clearly a subjective evaluation that you should do as consistently 
as possible across the facility and drainages. These areas frequently contain sizeable groupings of 
metal and other materials that are relatively large sources of leachable copper and zinc, including the 
galvanized fencing that usually surrounds them. As described previously for mixed material areas, 
the surface area of copper, galvanized, or treated wood materials can be estimated as a percentage of 
the total area and entered in to the spreadsheet under the special areas category, while the remainder 
percentage is entered in to the spreadsheet under laydown/storage.  
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Figure 7. Examples of metal materials making up architectural components as  
well as grouped within laydown storage areas.  

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 8. Examples of roofs directly connected to the storm-water conveyance system (top) and 
those disconnected that drain to vegetation, soil, or stone-filled infiltration areas like those shown in 
the bottom photos.  
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Figure 9. Examples of street and parking areas directly connected to the conveyance  
system (left) and indirectly connected through a vegetated swale. 

 

 
Figure 10. Examples of large surface areas that may not be discernable as non-paved or paved 
from an aerial image.   

 
 
 

Non-paved 

Concrete 
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Figure 11. Example of heavy laydown area containing a high percentage of  
galvanized materials. The roughly 1000 ft2 area visible consists of ~ 75%  
galvanized materials. Therefore, the entry to the spreadsheet would be 750 ft2  
under “Other galvanized materials paved- connected” and 250ft2 under “Heavy  
laydown paved areas- connected”.   
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Figure 12. Example of moderate laydown area.  

 
Figure 13. Example of light storage area. The area of fencing (height x length) and the few 
galvanized materials should be entered separately into the spreadsheet tool under “Other galvanized 
materials paved- connected”.   
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POST SURVEY PROCESSING  

Once the site is evaluated, the total area for each category of land use source area must be 
calculated for entry into the spreadsheet tool. As described previously, multiple methods exist for 
deriving the individual areas, including using a GPS receiver, a surveyor’s wheel, stride length, or a 
GIS measurement tool. We found that using the Free Map Tools area-calculator tool 
(freemaptools.com) in concert with GoogleEarth™ polygons provide an effective way to organize, 
measure, and visualize the data (Figure 14). The outline of steps for this method is described below. 
A more detailed step-by-step description is shown in Appendix B. Regardless of the method, to 
derive total areas, we recommend maintaining a record of the location as well as areas of the 
individual land use elements to allow you to target them later for management control practices. For 
your convenience, we have provided a tab in the spreadsheet tool labeled “Individual Areas Input” 
that allows you to enter in the individual areas that will automatically populate the spreadsheet tool’s 
main input tab (“Input”).  

Steps for using Google Earth™ with Free Map Tools© area-calculator tool:  

1. Open GoogleEarth™  
2. Use the “Add Polygon” tool to outline the perimeter of an area (use “Add a Path” for the 

special case of measuring the length of linear features such as galvanized fencing) 
3. Choose a color and opacity of 50% to outline each broad category of land use  
4. Name the polygon (or path) with an ID using your own shorthand designations that details 

the specific category information (e.g., “Bldg-310r PR-D” refers to residential (r) building 
310 with pitched roof (PR) disconnected (D) from the drainage system) and/or grid locator 

5. Outline the land use by clicking along the perimeter of the land use (or length of a linear 
feature) 

6. Save the  polygon or path as a KML file (right click on the polygon or path) 
7. Follow steps 2 through 6 for all individual areas (see Figure 14 for an example of polygon 

overlays) 
8. Open Free Map Tools© (http://www.freemaptools.com/area-calculator.htm) 
9. Browse for and open your KML file under “Read KML” 
10. Uploading the file will automatically calculate the polygon areas (areas of fencing need to be 

calculated separately by multiplying the path length by average fence height) 
11. Save/store the individual area data directly in the Individual Areas Input worksheet of the 

spreadsheet tool or save separately for later entry into the tool 
12. Repeat steps 9 through 11 for each polygon KML file you previously generated.   

 

http://www.freemaptools.com/
http://www.freemaptools.com/area-calculator.htm
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Figure 14. Example of general land use categories placed as polygon overlays in an aerial image 
generated in Google Earth™. The individual areas of each polygon can be calculated using Free 
Map Tools. The individual or summed area data for each land use category are entered into the 
spreadsheet tool.   

RUN THE SPREADSHEET TOOL 

Open up the spreadsheet tool workbook for one of three Navy region areas: Southwest, Northwest, 
or Mid-Atlantic. As described before, if you are working in a Navy region outside these three, use the 
spreadsheet for the area with the most similar rainfall patterns to the calibration areas as described 
earlier (Guidence Section) 

The spreadsheet tool is a workbook consisting of eight worksheets. You must enable macros in the 
workbook to run the model. The following describes the information contained in the eight 
worksheets: 

ReadMe - This first worksheet describes the tool, data entry requirements and where to find basic 
results information. It also describes the rain characteristics used to calibrate the model. 

Individual Areas Input - This worksheet is where one enters each of the individual land use source 
area elements measured on the site. Facility managers should enter the data into columns D through 
BD in units of acres under each of the 53 different land use categories, differentiated as primarily 
residential, commercial, or industrial land uses (rows). Cells can have a value of zero or can remain 
empty. There is a place to put in an area identifier (ID) and/or grid locator information for keeping 
track of the different land use elements. Values entered in to this worksheet are automatically 
summed into area totals for each category in column C. The reset button at the top empties the data 
values in all cells (though not the IDs). Basic summary data shown at the bottom of the worksheet 
provide a quick overview of general drainage area characteristics. 

The remaining six worksheets provide the results of the model calculations. The Area, Runoff, 
TSS, Cu, and Zn parameter worksheets show individual tabular results and graphs. A tabular 
summary of all the results are in the last worksheet labeled Source Values. Facility managers must 
update each of the individual parameter sheets by clicking on the update  button at the top of each 
page, though the source values worksheet updates automatically without an update button. Once you 
click the button, you will see the table and graph results generated by the embedded model macros. 
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You can review the results only after the macros complete the calculations. We recommend that you 
run the update on all sheets before reviewing any of the results. All cells in the results worksheets are 
protected, though the data can be copied and pasted into other worksheets or applications for further 
evaluation or report preparation.  

The tabular and graphical results on each of the individual parameter worksheets are similar and 
divided into residential, commercial, and industrial land use types. Values are calculated for the 
source amount of a parameter as a percentage of the total land use type and as a percentage of the 
total drainage area.  The values are sorted from largest to smallest based on the relative source 
contribution of a land use category to the total area. The top 10 source categories are shown in the pie 
charts (the sum of the remaining areas is shown as the eleventh pie piece). The relative source 
strength of Runoff, TSS, Cu, and Zn for each area is also shown as a ratio (e.g., a value of 2.0 
indicates that the area contributes twice the source of a parameter relative to its size). The top 10 
source areas for the entire area are shown in the table and horizontal bar chart on the far right side of 
each worksheet.    

 The Source Values worksheet contains the summary table of calculated results for all parameters 
as a function of the land use category. The table shows the magnitude of the sources in each category 
as percentages (repeating the individual worksheet values) and by runoff volume in cubic feet per 
year, and total suspended particulates, copper and zinc in units of pounds per year. These data 
provide the relative source contributions calculated by the model for each land use category 
measured in the drainage.  Facility managers can compare the relative source contributions of each 
parameter by reading across the row. 

USING THE SPREADSHEET TOOL RESULTS 
SSC Pacific scientists developed the spreadsheet tool to identify and quantify relative sources of 

copper and zinc found in facility storm-water runoff so facility managers can use the information to 
better develop mitigation strategies for instituting control practices. The tool results provide the 
manager with relative source strength data for each land use area in the drainage. Managers can 
evaluate these data in terms of the overall contribution magnitude or as a relative source contribution 
percentage. While a particular source area may be the overall largest contributor to the runoff, it may 
be composed of many individual elements and/or spread out throughout a drainage (e.g., from many 
roofs) and may not necessarily lend itself to a cost-effective management control practice. Thus, 
managers must also consider the relative source contribution results, as this information may identify 
more concentrated sources that may be easier or less costly to control.  

To evaluate relative source strengths, we tested the model for all three regions by entering in  
1-acre values for all source area categories for industrial land use and sorted the results by both 
copper and zinc in lbs/y. The following two tables show the top 14 sources within the industrial land 
use categories for each of the three regions generated by the model. The categories in these top 14 
sources are relatively consistent across the regions, though there are some differences in their exact 
order. Facility managers can use these results as a broad generalization for evaluating relative site 
sources. For example, exposed copper materials and treated wood are clearly large copper sources, as 
artificial turf and exposed galvanized materials are for zinc. Also, there is little difference in unit area 
yields between directly connected and disconnected source areas as these disconnected source areas 
typically drain to heavily compacted non-paved areas. 

Although these relative source strengths are useful, conducting the site characterization and 
assigning actual area measurements to each source type is required to complete the full assessment.  
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A final note on the results in Table 3 and Table 4 is that very little crossover exists in the land use 
source area categories that are relatively large sources of copper, and those that are, are sources of 
zinc. This suggests that in many cases, mitigating a relatively high source area for copper may not 
have as much effect on zinc reduction, and vice versa, though most mitigation steps affect both 
metals.   

As mentioned previously, the calibration reports generated by Dr. Pitt for this project also contain 
information on control practices for candidate stormwater, particle size distributions for source areas, 
and soil compaction effects on infiltration rates. Appendices C and D describe the effectiveness of 
various mitigation strategies when applied to any one of the three Navy regions, including pavement 
and roof disconnections, roof runoff rain gardens, biofilters, porous pavement, grass filters, grass 
swales, green roofs, street cleaning, catchbasins and hydrodynamic separators, Multi-Chambered 
Treatment Train (MCTT), and selection of media for treatment devices. While the detail is based on 
full implementation of the WinSlamm modeling software, the results are shown in terms of their 
estimated potential effectiveness for each of the three Navy regions. 
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Table 3. Comparison of industrial area land use categories for copper source  
strengths by region. The values represent the top 14 modeled copper sources.  

SW Industrial Cu (lbs/yr)
Copper metal roofs and/or a lot of copper material-connected 7.5
Copper metal roofs and/or a lot of copper material-disconnected 7.2
Other copper materials paved- connected 7.0
Other copper materials paved- disconnected 6.9
Other copper materials unpaved - connected 5.7
Other copper materials unpaved - disconnected 5.5
Heavy laydown paved areas- connected 4.2
Heavy laydown paved areas-disconnected 4.2
Moderate laydown paved areas -  connected 4.1
Moderate laydown paved areas - disconnected 4.0
Treated Wood Paved-connected 3.5
Treated Wood Paved-disconnected 3.4
Treated Wood Unpaved-connected 2.8
Treated Wood unpaved-disconnected 2.8

NW Industrial Cu (lbs/yr)
Copper metal roofs and/or a lot of copper material-connected 10.2
Copper metal roofs and/or a lot of copper material-disconnected 10.0
Other copper materials paved- connected 9.6
Other copper materials paved- disconnected 9.5
Other copper materials unpaved - connected 6.2
Other copper materials unpaved - disconnected 6.1
Treated Wood Paved-connected 4.8
Treated Wood Paved-disconnected 4.8
Heavy laydown paved areas- connected 3.8
Heavy laydown paved areas-disconnected 3.8
Treated Wood Unpaved-connected 3.1
Treated Wood unpaved-disconnected 3.1
Moderate laydown paved areas -  connected 2.7
Moderate laydown paved areas - disconnected 2.7

MidLant Industrial Cu (lbs/yr)
Copper metal roofs and/or a lot of copper material-connected 11.2
Copper metal roofs and/or a lot of copper material-disconnected 10.6
Other copper materials paved- connected 10.6
Other copper materials paved- disconnected 10.2
Other copper materials unpaved - connected 9.4
Other copper materials unpaved - disconnected 9.0
Treated Wood Paved-connected 5.3
Treated Wood Paved-disconnected 5.1
Treated Wood Unpaved-connected 4.7
Treated Wood unpaved-disconnected 4.5
Heavy laydown paved areas- connected 2.1
Heavy laydown paved areas-disconnected 2.0
Moderate laydown paved areas -  connected 1.6
Moderate laydown paved areas - disconnected 1.5  
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Table 4. Comparison of industrial area land use categories for copper source  
strengths by region. The values represent the top 14 modeled zinc sources.  

SW Industrial Zn (lbs/yr)
Artificial turf-connected 7.8
Artificial turf-disconnected 7.7
Heavy laydown paved areas- connected 4.6
Heavy laydown paved areas-disconnected 4.5
Other galvanized materials paved- connected 3.1
Other galvanized materials paved- disconnected 3.0
Galvanized metal roofs and/or a lot of galvanized material- connected 2.9
Galvanized metal roofs and/or a lot of galvanized material-disconnected 2.8
Moderate laydown paved areas -  connected 2.3
Moderate laydown paved areas - disconnected 2.3
Other galvanized materials unpaved - connected 2.3
Other galvanized materials unpaved - disconnected 2.2
Light laydown paved areas- connected 1.3
Light laydown paved areas- disconnected 1.2

NW Industrial Zn (lbs/yr)
Artificial turf-connected 20.6
Artificial turf-disconnected 20.5
Heavy laydown paved areas- connected 1.6
Heavy laydown paved areas-disconnected 1.6
Galvanized metal roofs and/or a lot of galvanized material- connected 1.5
Galvanized metal roofs and/or a lot of galvanized material-disconnected 1.5
Moderate laydown paved areas -  connected 0.8
Moderate laydown paved areas - disconnected 0.8
Light laydown paved areas- connected 0.7
Light laydown paved areas- disconnected 0.7
Paved parking-connected 0.4
Paved parking-disconnected 0.4
Roofs Pitched - connected 0.2
Streets - with curb and gutters 0.2

MidLant Industrial Zn (lbs/yr)
Artificial turf-connected 40.4
Artificial turf-disconnected 38.8
Galvanized metal roofs and/or a lot of galvanized material- connected 6.6
Other galvanized materials paved- connected 6.3
Galvanized metal roofs and/or a lot of galvanized material-disconnected 6.3
Other galvanized materials paved- disconnected 6.0
Other galvanized materials unpaved - connected 5.6
Other galvanized materials unpaved - disconnected 5.4
Heavy laydown paved areas- connected 2.8
Heavy laydown paved areas-disconnected 2.7
Moderate laydown paved areas -  connected 2.3
Moderate laydown paved areas - disconnected 2.2
Light laydown paved areas- connected 1.3
Light laydown paved areas- disconnected 1.3  
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SUMMARY 

In summary, this report describes the development and use of a spreadsheet modeling tool to 
provide a quantitative method for identifying sources of copper and zinc to stormwater runoff on 
Navy facilities. The goal was to provide facility managers with a tool to help them choose where to 
most effectively apply runoff controls. The WinSlamm tool was calibrated using site characteristics 
and stormwater data from Navy facilities for three separate Navy regions. The calibration was based 
on a comparison of over 300 stormwater datasets and detailed site characterizations from 19 
drainages on 11 Navy bases in the Southwest, Mid-Atlantic, and Northwest regions of the U.S., 
ranging in size from 1 to 1400 acres. The model generated reasonable results, though with a 
relatively high degree of variability was primarily related to the high degree of variability that is 
associated with first-flush (first hour of runoff) data along with, and because it was possible only to 
compare current operations and land uses against historic storm data. 

SSC Pacific and the University of Alabama developed a spreadsheet tool based on the calibration 
to perform the modeling in a simplified format for use by Navy facility managers. A spreadsheet was 
generated for each of the three Navy regions where the calibration was performed to account for 
differences in model outcomes primarily a result of variations in regional rainfall effects. The report 
provides guidance on the use of the spreadsheet tool, with a particular focus on how to collect and 
enter key site characterization data from an onsite review of facility drainages. This includes 
identifying and measuring areas within 53 different source area categories for land use within areas 
that can be characterized as mostly residential, commercial, or industrial. Using the tool in other 
Navy regions should be based on how similar rainfall is in the area to the type of rainfall used in 
calibrating the tool for the three regions 

The project has created a simple and potentially useful tool that facility managers can use to 
identify where and relatively how much copper and zinc are generated throughout their drainages. 
Facility managers can therefore use the tool when developing strategies to implement control 
practices to meet compliance. The report appendices provide information on measured source 
strengths of many common materials found on Navy facilities, specific guidance with an example for 
conducting a site characterization, and the model calibration reports that also contain control 
practices for candidate stormwater with a measure of their potential effectiveness in each of the three 
Navy regions.  

REFERENCE 
Katz, C.N., G. Rosen, and E. Arias. 2006. “Stormwater Toxicity Evaluation at Naval Station San 

Diego, Naval Submarine Base San Diego, Naval Amphibious Base Coronado, and Naval Air 
Station North Island. SPAWAR Systems Center San Diego Technical Report 1938 (May), San 
Diego, CA. 
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INTRODUCTION  

The Navy's Environmental Sustainability Development to Integration (NESDI) program funded a modeling project 
to identify and quantify relative sources of copper and zinc at Navy Facilities. As part of this project a number of 
common building, construction, and operational materials found at Navy facilities were tested for their relative 
potential as sources of copper and zinc when contacted with water. The goal was to simulate rain/runoff from 
various materials under a set of controlled conditions and quantify the magnitude of the metal released (leached) 
into the water. The testing was conducted by spraying materials with a set volume of distilled water over a set 
time and collecting the water. Thus, the results provide a relative leaching potential for each of the materials 
tested and do not necessarily exactly measure what might occur under actual rainfall conditions. The information 
is therefore designed to be most useful for Navy facility environmental managers in identifying what materials are 
likely to be contributors in their storm water drainage areas. The data are presented in this document in tabular 
form with links to pictures of the material being tested.  

  

BACKGROUND 

Copper and zinc are ubiquitous contaminants found in storm water discharges in urban and industrialized areas. 
These contaminants have a variety of sources and input pathways that find their way into storm water conveyance 
systems, eventually impacting receiving water bodies. At Navy facilities, copper and zinc concentrations have been 
identified as commonly exceeding National Pollutant Discharge Elimination System (NPDES) permit benchmarks 
(Katz et. al., 2006). Additionally, these metals have been identified as the principal toxicants in storm waters by 
toxicity identification evaluations. Exceedance of NPDES benchmark levels and toxicity standards pose a potential 
for Notices of Violation as well as civil lawsuits. In addition, numerical limits of copper and zinc discharge load 
apportionments instituted through the Total Maximum Daily Load (TMDL) process will result in reductions in the 
allowable concentrations/loads that can be discharged.  

The NESDI program funded and continues to fund storm water projects to demonstrate technologies and 
processes that can be used to assess contaminant sources (36, 455, 494, 463) and mitigate them (497, 469, 493, 
454). NESDI Project 455, “Modeling Tool to Quantify Metal Sources in Storm Water Discharges at Navy Facilities”, 
of which this leachate testing was a part, aimed to demonstrate an off-the-shelf watershed model for use at Navy 
facilities. The project calibrated the Source Loading and Management Model for Windows (WinSLAMM) model (PV 
& Associates) with Navy specific landuses, source materials, and storm water data, including the data generated 
with the leachate testing. The goal was to provide Navy facility environmental managers with a tool that can used 
to identify and quantify the relative sources of metal contaminants in their drainages and thus provide the 
information needed to assess where to best mitigate them. The results of the modeling project are reported 
separately. 
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METHODS 

Introduction 

A total of 79 leachate tests were conducted on materials located at the following eight facilities: Naval Base San 
Diego, Naval Base Point Loma, Naval Base Kitsap-Bremerton and Bangor, Naval Station Everett, Naval Air Station 
Whidbey Island, Joint Expeditionary Base Little Creek, and Saint Julien’s Creek Annex. The choice of materials to be 
tested was subjective and based primarily on its prevalence within a drainage as well as its commonality across 
facilities. However, some were chosen because they represented a different class of materials (e.g., rubber vs. 
metal) or because the material was unique to a drainage or was of particular interest to the site manager. Some of 
the tests were conducted as replicates of a material on a separate location and some were conducted as a 
repeated leaching of the same material and location. Results are shown in the clickable data table at the end this 
document.  

The material surfaces tested included building materials common to both urban areas and Navy facilities such as 
stucco, concrete, brick, plaster, painted sheet metal, galvanized steel, and fiber siding, aluminum and shingle 
roofing. They included coated and uncoated fences, metal railings, and light poles, metal containers/dumpsters 
that are prevalent at Navy facilities as well as highly Navy-specific materials found in lay-down areas such as 
gangplanks, large hoses and electrical cables, barges, metal grates, scaffolding, treated and untreated wood, and 
metal piping,  

Testing Procedure 

One gallon (3875 mL) of deionized or distilled water was sprayed onto a surface using a pre-cleaned mobile 
pressure sprayer commonly found at home garden stores to spray herbicides/pesticides. The spray was applied to 
an area that was nominally two feet on a side from a distance of about six inches. The spray was applied at a rate 
between 10 and 15 minutes equating to an application rate of ~250 to 375 mL/minute. The sprayer pressure pump 
was used to maintain a relatively constant flow rate through a ~6-inch fan pattern. The spray was applied evenly 
across the surface area with a horizontal motion from top to bottom of the area. The spray was allowed to wash 
down into a pre–cleaned 18”x24”x6” tray. Pre-cleaned 3-mil polyethylene plastic sheeting was typically used to 
direct the water from the surface to the tray. The sheeting requirements varied with type and orientation of the 
material. In most instances duct tape was used to secure the plastic. 

The rinse water, or leachate, collected in the tray or container was thoroughly mixed prior to taking a 
representative sample for analysis. The samples were collected by dipping a metal-free 50 mL sample high-density 
polyethylene bottle into the leachate. Visual particulates were rare but mixing of the water immediately before 
sampling was done to minimize potential heterogeneity. Samples were preserved with trace metal grade 
hydrochloric or nitric acid to a pH less than two then stored until analyzed for metals by Inductively Coupled 
Plasma Mass Spectrometry (ICP-MS). 

Metal concentrations were measured with a Perkin-Elmer™ SCIEX ELAN DRC II inductively-coupled plasma with 
detection by mass spectrometry (ICP-MS; USEPA 1994). As necessary samples were diluted with 1 N Q-HNO3 made 
up in 18 MΩ /cm water. The diluted samples were injected directly into the ICP-MS via a Perkin-Elmer™ 
Autosampler 100. Analytical standards were made with Perkin-Elmer™ multi-element standard solution (PEMES-3) 
diluted in 1N Q-HNO3, and were analyzed at the beginning and end of each run. The analysis also included 
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measurement of the Standard Reference Material (SRM) 1643e with recoveries within 15%. The method limit of 
detection, defined as three times the standard deviation of the procedural blanks made of 1N Q-HNO3, 0.5 μg/L. 

Quality Control 

Precautions were taken to minimize the potential for contamination of the sampling procedures including 
conducting work when or where wind speeds were low to minimize water losses. In particular, all materials were 
pre-cleaned with trace metal grade nitric acid and rinsed with deionized water and further rinsed on site to ensure 
the materials used in the testing procedure did not add significant amounts of metal. Procedural blanks were taken 
throughout each day’s sampling to measure the combined effect of all procedures and conditions. Blank 
concentrations were less than 1 ppb Cu and less than 50 ppb Zn. Replicate samples were also taken daily. 
Reproducibility calculated by the relative standard deviation (deviation/average) ranged between 14 and 104% 
and averaged 50% overall. These results were mainly conducted on samples with relatively lower leachate 
concentrations. The few data collected on repeat washings of the same material showed decreases in the amount 
of leached metal indicating a “first-flush” effect though the percentage decrease was quite variable.  

Calculations 

The ICP-MS results produce a leachate concentration for each test in units of µg/L. These values were normalized 
to the volume sprayed (1 gallon) and to the sprayed surface to provide units of µg/ft2, allowing for direct 
comparison amongst all materials and provide a means of evaluating the relative source loading potential with 
increased amount of surface area. Some uncertainty in the analysis was introduced by the uneven nature of many 
of the material surfaces. Calculating surface areas of non-flat surfaces like cables, hoses, scaffold poles etc. was 
based on part dimensions such as cable lengths and diameters. Non-flat/ complex surfaces areas were calculated 
based on the area rinsed without regard to the surface complexity of the item. The surface area of fences or 
similar materials with consistent void space was calculated using the surface area of the whole material without 
consideration of the voids.  

 

RESULTS AND DISCUSSION 

All 79 leachate test results are shown in the data tables below. The table data is hyperlinked to the photos that 
follow showing the surface that was tested. As described above, the leachate values are in units of µg metal per 
square foot of material surface area (µg/ft2). Included in the table are the relative leachate rankings of copper, zinc 
and a combined ranking for the two metals with the lowest ranking value corresponding to the highest metal 
source strength. The table is sorted according to the combination ranking from highest overall source to lowest. 

The leachate rates for copper ranged from a high of nearly 29,000 µg/ft.2 for a painted barge hull encountered at 
Joint Expeditionary Base Little Creek, VA to 0.01 µg/ft.2 to 0.01 µg/ft.2 (essentially a blank) for a painted wood 
surface at Naval Base Point Loma in San Diego, CA. The top ten copper leachate values were >93 µg/ft.2.  The 
leachate rates for zinc ranged from a high of nearly 31,000 µg/ft.2 for galvanized scaffolding encountered at Naval 
Base Point Loma to ~4 µg/ft.2 (essentially a blank) for a painted metal panel at Naval Base Kitsap-Bremerton. The 
top ten zinc leachate values were >3100 µg/ft.2.   

The materials leaching significant copper included hull paint, galvanized and brass metal, and treated wood 
products. The materials leaching significant zinc included anything made of galvanized metal including scaffolding, 
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storm drain grates, stairs, building materials and artificial turf. Hull paint from a barge stored on shore at Little 
Creek was highest overall source of both metals. The next top-ten materials include an assortment of galvanized 
materials, brass fittings, artificial turf, and treated wood. 

The results from this effort should provide facility environmental managers with a better understanding of what 
materials on their bases may be contributing significantly to their storm water discharges. The relative rankings 
along with an estimate of how much of a particular material is present within a drainage should provide an 
understanding of where mitigation steps can be applied with greater effectiveness. In particular, approaches to 
paint, cover, or berm galvanized materials could be highly beneficial in reducing metal contaminant loads in many 
drainages. This would include consideration of eliminating or bypassing common galvanized storm water grates at 
NPDES outfall monitoring sites.  
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USEPA 1994. U.S. Environmental Protection Agency, 1994.  Method 6020: Inductively coupled plasma – 
mass spectrometry.  CD-ROM, Revision 0, September / 1994. 
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DATA TABLE 

Surface Cu 
µg/ft2 

Zn 
µg/ft2 

Cu 
rank 

Zn 
rank 

Photograph  
(Ctrl+Click to follow link) 

Rank Sum 
Combined 

Barge hull 28,703 19,180 1 3 Figure 2: Barge hull 1 
Galvanized scaffold 
parts 

131 30,990 7 1 Figure 27: Galvanized scaffold 
parts 2 

Galvanized scaffold, 
stack, laydown area 

93 20,123 10 2 Figure 28: Galvanized scaffold, 
racks, laydown 3 

Pipe supports, metal, 
painted brown 

420 1,382 3 17 Figure 44: Pipe supports, coated, 
brown 4 

Galvanized, paneling, 
shed (2) 

164 1,411 5 16 Figure 31: Galvanized panel, 
uncoated, shed 5 

Scaffold poles, 
galvanized (new) 

34 9,279 16 5 Figure 48: Scaffold poles, 
galvanized, new 6 

Turf, artificial 88 2,986 11 11 Figure 52: Turf, artificial 7 

Stairs, galvanized 44 4,879 14 9 Figure 50: Galvanized stairs, 
grating 8 

Grate, stormwater 
basin (1) 

28 8,719 20 6 Figure 32: Grate, stormwater drain 9 
Water riser, potable, 
blue 

122 1,319 8 18 Figure 56: Water riser, potable, 
blue 10 

Wood, treated, green 153 455 6 25 Figure 59: Wood, treated, green 11 
Engine block 54 1,221 13 19 Figure 21: Engine block 12 
Keel blocks, metal, 
painted 

40 1,012 15 20 Figure 37: Keel blocks 13 
Pallet, galvanized 
(folded) 

6.9 12,451 31 4 Figure 42: Pallet, galvanized 14 
Fire hydrant, red 95 395 9 27 Figure 23: Fire hydrant, re 15 
Water riser, potable, 
blue (w/brass part) 

237 206 4 35 Figure 57: Water riser, potable, 
blue (w/brass) 16 

Grate, stormwater 
basin (2) 

6.6 3,110 33 10 Figure 33: Grate, stormwater drain 17 
Galvanized rail 4.2 5,170 39 8 Figure 26: Galvanized rail 18 
Galvanized, paneling, 
painted, chipped 

6.1 1,824 34 13 Figure 30: Galvanized panel, 
painted, chipped 19 

Hose, black, 4" 
diameter 

31 357 19 28 Figure 35: Hose, black, 4 in. 
diameter 20 
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Surface Cu 
µg/ft2 

Zn 
µg/ft2 

Cu 
rank 

Zn 
rank 

Photograph  
(Ctrl+Click to follow link) 

Rank Sum 
Combined 

Wood, treated, green 
painted. 

34 243 17 31 Figure 60: Wood, keel block, 
treated 21 

Causeway, side, gray 
painted (w/zinc anode) 

5 1,613 35 14 Figure 8: Causeway, gray 22 
Cables, electrical 3 in. 
diameter 

33 237 18 33 Figure 7: Cables, electrical, 
black, 3 in. diameter 23 

Galvanized sheath, 
(concrete barrier) 

4.7 1,427 36 15 Figure 29: Galvanized sheath, 
concrete berm 24 

Concrete, wall 77 120 12 40 Figure 12: Concrete wall, 
uncoated 25 

Wood, treated (copper 
azole) 

5,125 66 2 50 Figure 58: Wood, treated, 
copper azole 26 

Fence, galvanized, 
painted 

4.5 944 37 21 Figure 22: Fence, galvanized, 
painted 27 

Bollard, coated yellow 8.6 115 27 41 Figure 3: Yellow bollard 28 
Conex box, blue 12 89 24 44 Figure 14: Conex box, blue 29 
Dumpster, blue, 
w/guano (heron) 

9.4 111 25 43 Figure 18: Dumpster, blue, 
w/guano 30 

Galvanized fence 1.8 5,375 61 7 Figure 24: Galvanized fence 31 
Metal panel, painted 
galvanized, building 
side 

2.1 1,951 56 12 Figure 38: Metal paint, painted, 
galvanized, building side 32 

Coated metal, shed 
roof, green  (first wash) 

4.1 353 41 29 Figure 9: Coated metal, shed 
roof, green 33 

Crate, wooden 16 66 23 49 Figure 16: Wood crate 34 
Building panels, side, 
yellow (3) 

3.3 416 47 26 Figure 4: Panels, building sides, 
yellow 35 

Causeway, side, gray 
painted 

2.9 727 50 24 Figure 8: Causeway, gray 36 
Guard rail, painted 
yellow 

4.3 191 38 38 Figure 34: Guard rail, painted, 
yellow 37 

Galvanized fence, 
Coated 

24.4 45 21 59 Figure 25: Galvanized fence, 
coated 38 

Roof panels, (via gutter) 3.4 202 45 36 Figure 47: Roof panel 39 
Dumpster, green 16 44 22 60 Figure 19: Dumpster, green 40 
Cable, black, 4" 
diameter 

7.4 56 29 54 Figure 6: Cable, black, 4 in. 
diameter 41 

Hose, red, 1.75" 
diameter 

7.1 56 30 53 Figure 36: Hose, red, 1.75 in. 
diameter 42 

Concrete, wall, painted 
gray 

3.3 135 46 39 Figure 13: Concrete wall, 
coated, gray 43 

Dumpster, blue 4.1 80 40 45 Figure 17: Dumpster, blue 44 
Building panels, side, 
yellow (2) 

2.8 194 51 37 Figure 4: Panels, building sides, 
yellow 45 

 



A-9 

 

Surface Cu 
µg/ft2 

Zn 
µg/ft2 

Cu 
rank 

Zn 
rank 

Photograph  
(Ctrl+Click to follow link) 

Rank Sum 
Combined 

Air conditioning panel, 
gray (1) 

2 222 58 34 Figure 1: Air conditioning panel 46 
Concrete, barrier, 
uncoated 

8.1 34 28 65 Figure 11: Concrete barrier, 
uncoated 47 

Walkway, aluminum 8.7 32 26 67 Figure 54: Walkway, aluminum 48 
Building panels, side, 
yellow (1) 

2.5 114 52 42 Figure 4: Panels, building sides, 
yellow 49 

Panel, metal, scaffold 
panels (new) 

0.8 739 71 23 Figure 43: Panel, metal, 
scaffold cover 50 

Utility pole, galvanized 0.6 743 75 22 Figure 53: Utility pole, 
galvanized 51 

Pipe, uncoated steel 3.8 54 42 56 Figure 45: Pipe, steel, uncoated 52 
Coated metal, shed 
roof, green  (second 
wash) 

1.1 253 69 30 Figure 9: Coated metal, shed 
roof, green 53 

Concrete, wall (4, first 
wash) 

3 61 49 51 Figure 12: Concrete wall, 
uncoated 54 

Concrete, wall (4, 
second wash) 

3.6 52 43 58 Figure 12: Concrete wall, 
uncoated 55 

Concrete, wall (2) 2.3 70 54 48 Figure 12: Concrete wall, 
uncoated 56 

Concrete, wall (3) 1.8 79 59 46 Figure 12: Concrete wall, 
uncoated 57 

Coated metal, shed 
roof, green  (third 
wash) 

0.7 240 74 32 Figure 9: Coated metal, shed 
roof, green 58 

Metal panel, uncoated 
iron, "weathered" 

6.6 9 32 75 Figure 40: Metal panel, 
uncoated, weathered 59 

Air conditioning panel, 
gray (2) 

2.1 55 57 55 Figure 1: Air conditioning panel 60 
Dumpster, blue 3.6 14 44 71 Figure 17: Dumpster, blue 61 
Tires, rubber 3.2 31 48 69 Figure 51: Tires, rubber 62 
Coated metal, building 
side, green 

0.8 78 72 47 Figure 10: Coated metal, 
building side, green 63 

Concrete, wall (1) 1.2 59 67 52 Figure 12: Concrete wall, 
uncoated 64 

Concrete, wall (4, third 
wash) 

1.7 52 64 57 Figure 12: Concrete wall, 
uncoated 65 

Conex box, gray 1.8 41 60 61 Figure 15: Conex box, gray 66 

Electrical vault - green 2.5 31 53 68 Figure 20: Electrical vault, 
green 67 
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Surface Cu 
µg/ft2 

Zn 
µg/ft2 

Cu 
rank 

Zn 
rank 

Photograph  
(Ctrl+Click to follow link) 

Rank Sum 
Combined 

Plaster, wall, white (3) 1.8 36 62 62 Figure 46: Plaster, wall, 
painted, white 68 

Air conditioning panel, 
gray (3) 

1.7 36 63 63 Figure 1: Air conditioning panel 69 
Wall, brick 2.1 9.4 55 74 Figure 55: Wall, brick 70 

Plaster, wall, white (2) 1.5 33 65 66 Figure 46: Plaster, wall, 
painted, white 71 

Plaster, wall, white (1) 1.3 17 66 70 Figure 46: Plaster, wall, 
painted, white 72 

Air conditioning panel, 
gray (4) 

0.7 35 73 64 Figure 1: Air conditioning panel 73 
Bumpers, large, black 1.1 5.9 68 76 Figure 5: Bumper, large, black 74 
Metal panel, painted 
yellow (2) 

0.4 14 76 72 Figure 39: Metal panel, 
painted, yellow 75 

Shingles, asphalt 0.9 3.9 70 78 Figure 49: Shingles, asphalt 76 

Wood, wall, painted 0.01 13 79 73 Figure 61: Wood, wall, painted, 
white 77 

Metal, painted, red 0.3 4.2 77 77 Figure 41: Metal panel, 
painted, red 78 

Metal panel, painted 
yellow (1) 

0.2 3.6 78 79 Figure 39: Metal panel, 
painted, yellow 79 
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PHOTOS  

 

Figure 1: Air conditioning panel 

(Alt+left-arrow to return to text) 

 

Figure 2: Barge hull 

(Alt+left-arrow to return to text) 

 

Figure 3: Yellow bollard 

(Alt+left-arrow to return to text) 

 

Figure 4: Panels, building sides, yellow 

(Alt+left-arrow to return to text) 
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Figure 5: Bumper, large, black 

(Alt+left-arrow to return to text) 

 

Figure 6: Cable, black, 4 in. diameter 

(Alt+left-arrow to return to text) 

 

Figure 7: Cables, electrical, black, 3 in. 
diameter 

(Alt+left-arrow to return to text) 

 

Figure 8: Causeway, gray 

(Alt+left-arrow to return to text) 
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Figure 9: Coated metal, shed roof, green 

(Alt+left-arrow to return to text) 

 

Figure 10: Coated metal, building side, green 

(Alt+left-arrow to return to text) 

 

Figure 11: Concrete barrier, uncoated 

(Alt+left-arrow to return to text) 

 

Figure 12: Concrete wall, uncoated 

(Alt+left-arrow to return to text) 
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Figure 13: Concrete wall, coated, gray 

(Alt+left-arrow to return to text) 

 

Figure 14: Conex box, blue 

(Alt+left-arrow to return to text) 

 

Figure 15: Conex box, gray 

(Alt+left-arrow to return to text) 

 

Figure 16: Wood crate 

(Alt+left-arrow to return to text) 
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Figure 17: Dumpster, blue 

(Alt+left-arrow to return to text) 

 

Figure 18: Dumpster, blue, w/guano 

(Alt+left-arrow to return to text) 

 

Figure 19: Dumpster, green 

(Alt+left-arrow to return to text) 

 

Figure 20: Electrical vault, green 

(Alt+left-arrow to return to text) 
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Figure 21: Engine block 

(Alt+left-arrow to return to text) 

 

Figure 22: Fence, galvanized, painted 

(Alt+left-arrow to return to text) 

 

Figure 23: Fire hydrant, red 

(Alt+left-arrow to return to text) 

 

Figure 24: Galvanized fence 

(Alt+left-arrow to return to text) 
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Figure 25: Galvanized fence, coated 

(Alt+left-arrow to return to text) 

 

Figure 26: Galvanized rail 

(Alt+left-arrow to return to text) 

 

Figure 27: Galvanized scaffold parts 

(Alt+left-arrow to return to text) 

 

Figure 28: Galvanized scaffold, racks, 
laydown 

(Alt+left-arrow to return to text) 
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Figure 29: Galvanized sheath, concrete berm 

(Alt+left-arrow to return to text) 

 

Figure 30: Galvanized panel, painted, chipped 

(Alt+left-arrow to return to text) 

 

Figure 31: Galvanized panel, uncoated, shed 

(Alt+left-arrow to return to text) 

 

Figure 32: Grate, stormwater drain 

(Alt+left-arrow to return to text) 
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Figure 33: Grate, stormwater drain 

(Alt+left-arrow to return to text) 

 

Figure 34: Guard rail, painted, yellow 

(Alt+left-arrow to return to text) 

 

Figure 35: Hose, black, 4 in. diameter 

(Alt+left-arrow to return to text) 

 

Figure 36: Hose, red, 1.75 in. diameter 

(Alt+left-arrow to return to text) 
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Figure 37: Keel blocks 

(Alt+left-arrow to return to text) 

 

Figure 38: Metal paint, painted, galvanized, 
building side 

(Alt+left-arrow to return to text) 

 

Figure 39: Metal panel, painted, yellow 

(Alt+left-arrow to return to text) 

 

Figure 40: Metal panel, uncoated, weathered 

(Alt+left-arrow to return to text) 
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Figure 41: Metal panel, painted, red 

(Alt+left-arrow to return to text) 

 

Figure 42: Pallet, galvanized 

(Alt+left-arrow to return to text) 

 

Figure 43: Panel, metal, scaffold cover 

(Alt+left-arrow to return to text) 

 

Figure 44: Pipe supports, coated, brown 

(Alt+left-arrow to return to text) 
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Figure 45: Pipe, steel, uncoated 

(Alt+left-arrow to return to text) 

 

Figure 46: Plaster, wall, painted, white 

(Alt+left-arrow to return to text) 

 

Figure 47: Roof panel 

(Alt+left-arrow to return to text) 

 

Figure 48: Scaffold poles, galvanized, new 

(Alt+left-arrow to return to text) 
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Figure 49: Shingles, asphalt 

(Alt+left-arrow to return to text) 

 

Figure 50: Galvanized stairs, grating 

(Alt+left-arrow to return to text) 

 

Figure 51: Tires, rubber 

(Alt+left-arrow to return to text) 

 

Figure 52: Turf, artificial 

(Alt+left-arrow to return to text) 
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Figure 53: Utility pole, galvanized 

(Alt+left-arrow to return to text) 

 

Figure 54: Walkway, aluminum 

(Alt+left-arrow to return to text) 

 

Figure 55: Wall, brick 

(Alt+left-arrow to return to text) 

 

Figure 56: Water riser, potable, blue 

(Alt+left-arrow to return to text) 
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Figure 57: Water riser, potable, blue 
(w/brass) 

(Alt+left-arrow to return to text) 

 

Figure 58: Wood, treated, copper azole 

(Alt+left-arrow to return to text) 

 

Figure 59: Wood, treated, green 

(Alt+left-arrow to return to text) 

 

Figure 60: Wood, keel block, treated 

(Alt+left-arrow to return to text) 
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Figure 61: Wood, wall, painted, white 

(Alt+left-arrow to return to text) 
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INTRODUCTION 
In this appendix we provide a step by step description on how to prepare for and conduct a site 
characterization survey and how to process the information for input to the spreadsheet modeling 
tool. The description uses an example from a characterization of a drainage area and outfall at 
Naval Base San Diego. The relatively detailed description provided here is only one example for 
conducting this process. As such, you can choose to follow as much or as little of the method that 
works best for your conditions  

SITE SURVEY/COLLECTING LANDUSE DATA 
 
In order to use the spreadsheet model tool developed under this effort you will need to gather 
information on specific landuses for your targeted outfall area of interest. To do this you will 
need to differentiate the outfall area into different landuse categories and calculate total area by 
each category. Examples of basic landuse categories included in the model are: buildings, 
parking areas, roads, industrial operations, green space, and special category areas such as 
laydown areas, artificial turf etc. Table 1 provides a complete listing of landuse categories 
available on the input tab of the spreadsheet model being provided to you. Please refer to the 
main body of the modeling report for a description of use and interpretation of the spreadsheet 
model tool developed under this effort. As mentioned previously, there are many methods for 
collecting landuse area data. While some landuse data may be available through aerial imaging 
software (Google Earth®), Base GIS databases, or other facility databases, it has been our 
experience that key components of required landuse information, such as; type of laydown areas, 
perviousness of surface area, condition of surfaces, and presence of galvanized material, most 
likely are not available/visible from these resources. As result a site specific survey would be 
needed to gather required information. The remainder of this Appendix describes the process we 
used for collecting landuse input data, including; use of aerial imaging software and other 
freeware for area calculations, preparation for a site survey, conducting a site survey, calculating 
area of different landuse areas, and differentiating drainage area into the model specified landuse 
categories. To illustrate this process we step through the site characterization process using 
Naval Base San Diego (NBSD), OF 73 as an example. The steps described below can be used to 
gather landuse data on any Base outfall. As such, Figure 1 provides a summary of the five 
primary steps to calculating land use area input data that can be used in the spreadsheet model. 
The sub-headers for the remainder of this section of the report will reference back to these 5 
primary steps.  
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Table 1. WINSLAMM Model Landuse Input Categories 
LANDUSES for OUTFALL 

Roofs

Roofs Flat - connected
Roofs Flat - disconnected
Roofs Pitched - connected
Roofs Pitched - disconnected
Galvanized metal roofs and/or a lot of galvanized material- connected

Galvanized metal roofs and/or a lot of galvanized material-disconnected

Copper metal roofs and/or a lot of copper material-connected
Copper metal roofs and/or a lot of copper material-disconnected
Parking/Streets/Sidewalks/Driveways

Paved parking-connected
Paved parking-disconnected
Unpaved parking-connected
Unpaved parking-disconnected
Driveways/loading dock -connected
Driveways/loading dock -disconnected
Sidewalks - connected
Sidewalks - disconnected
Streets - with curb and gutters 
Streets - no established drainage alongside road
Pervious Areas

Landscaping areas /undeveloped areas
Landscape/undeveloped areas next to buildings and/or parking lots
Other pervious infiltration areas
Storage/Laydown Areas

Light laydown paved areas- connected 
Light laydown paved areas- disconnected 
Moderate laydown paved areas -  connected
Moderate laydown paved areas - disconnected
Heavy laydown paved areas- connected
Heavy laydown paved areas-disconnected
Light laydown unpaved - connected
Light laydown unpaved - disconnected
Moderate laydown unpaved - connected
Moderate laydown unpaved - disconnected
Heavy laydown unpaved - connected
Heavy laydown unpaved - disconnected
Special  Areas

Aircraft operations-connected
Aircraft operations-disconnected
Other metals paved-connected
Other metals paved-disconnected
Other metals unpaved-connected
Other metals unpaved-connected
Other galvanized materials paved- connected 
Other galvanized materials paved- disconnected 
Other galvanized materials unpaved - connected
Other galvanized materials unpaved - disconnected
Treated Wood Paved-connected
Treated Wood Paved-disconnected
Treated Wood Unpaved-connected
Treated Wood unpaved-disconnected
Other copper materials paved- connected 
Other copper materials paved- disconnected 
Other copper materials unpaved - connected
Other copper materials unpaved - disconnected
Artificial turf-connected
Artificial turf-disconnected  
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Figure 1. Primary steps involved in collecting outfall specific landuse area data 
 
 

1. Identify Outfall of Interest: The spreadsheet model generated under this effort contains 
pre-loaded WinSlamm calibrations for Navy facilities for three general regions of the 
United States. You will be required to input site specific land use data to generate an 
output that identifies the relative source contributions from the various land uses within 
the selected outfall. As such it is important that you select an outfall where there are 
resources available to identify the boundaries of the outfall. Knowing what areas drain to 
a given outfall is critical to identifying source contributions. 

 
  

2. Preparation for site survey: The first step in conducting a site characterization survey is 
to define the outfall boundaries and obtain aerial images of the outfall of interest. Outfall 
CAD maps were obtained from the base facilities database and/or land manager (Figure 
2) and used to outline the drainage boundaries of interest using the freeware version of 
GoogleEarth® aerial imaging software.  
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Figure 2. Example of 
Portion of Facility 
drawing showing 
outfall boundaries. 
This Image shows 
NBSD OF 72 and 73, 
along with a portion of 
OF 51. Blue lines 
indicate outline 
boundaries 

 
 
 
 
 
 
 
 
 
 
Once the facility drawings were obtained they were then used to outline the entire outfall on the 
most recent satellite image in GoogleEarth®. If you do not currently have access to 
GoogleEarth® you will need to download this software to your machine from 
http://www.google.com/earth/download/ge/agree.html. Once the software is downloaded an Icon 
will appear on your desktop (Figure 3). Click the Icon to launch the program.  
 

 
 
 
 
 
 
Figure 3. Accessing Google Earth 
 
 

a. Locating the area of interest: To locate your outfall of interest type in the search 
window, top left hand corner, the location of your outfall and then click “search”. The 
Base name and city is usually sufficient to locate the Base. You may need to use the 
navigation bar on the right hand side of the window to zero in on your targeted outfall 
area. 

Once the program has launched 
click close on the “Navigating 
in Google Earth” window. 
 

OF72 OF73 

http://www.google.com/earth/download/ge/agree.html
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Navigation Bar 

 
 

  
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

Figure 4. Locating User Defined Outfall of Interest 
 

 
b. Defining outfall boundaries on aerial photo: There are two main ways to create an 

outline of the outfall boundaries using the facilities CAD drawing as a reference 
point. This can be done either through importing the drawing into GoogleEarth® and 
tracing the boundaries of the outfall using the polygon function or by looking for 
landmarks on the CAD drawing and drawing the boundaries using the polygon 
function. 
 

c.  Generating outline by uploading drawing- To upload a drawing into Google Earth®, 
if the file is not already an image file, you will first need to convert the file to an 
image file using your method of choice. Once the image file has been created, you 
will then click on the “add an image overlay” button located on the Google Earth® 
task bar (Figure 5). A “New Image Overlay” window will then open. This window 
will allow you to add a title to the image you are importing, browse to upload the 
image, and adjust the transparency of the image once uploaded (Figure 6A). Once 
you have opened the window, you will then need to move the adjustment bar to the 
center of where you want the image to be uploaded to (Figure 6B). You would then 
click “Browse” to open the upload file window (Figure 7). You would then find your 
file of interest and click “open”.  
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Figure 6. Locating the “Add Image Overlay” Function 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6A & B. New Image Overlay window for naming and selection of images overlay.  
*Note, DO NOT close this window until you have adjusted the image overlay to where and how you want it.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Add title here 
 
Search for 

  
  

This bar will let you 
adjust transparency 

f   
 

A 

B 

Adjustment bar 
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Figure 7. Selection of Image File to Upload 
 
Once the image has been uploaded onto the GoogleEarth® map you would then use the 
adjustment bars to shrink and move the image until it overlays your outfall area of interest 
(Figure 8). Use the transparency bar to adjust the opaqueness of the image while aligning with 
the GoogleEarth® map. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Select file of interest & 
then click “open”. 

Adjustment bars 

Transparency 
bar to adjust 
opaqueness  
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Figure 8. Adjusting Overlaid Image  
 

Add a polygon function: Once the image is aligned to the GoogleEarth® map you would 
then use the “Add polygon” function to outline the outfall boundaries (Figure 9). As this task 
is essentially identical whether you chose to overlay an image and “trace” the boundary or 
whether you used landmarks to identify the boundaries this next section describes how we 
generally outlined an outfall boundary, by using landmarks and the “Add polygon” function.  
 
 

 
 
 
 
 
 
 
 
 
 
 
Figure 9. Add a Polygon Function 
 

In general, buildings and streets, large ball fields, and large parking lots, are typically 
good landmarks making it easy to visualize the outfall boundaries without overlaying the 
CAD drawing to the GoogleEarth® Map. For this outfall sufficient landmarks were 
present throughout which enabled us to match the aerial image of the outfall with the 
facilities map. For instance there are several buildings and parking areas throughout 
NBSD OF72 (Figure 10A) that are easily identifiable/visualized on the GoogleEarth® 
Image of this area (Figure 10B). 
 
  
 
 
 
 
 
 
 
 
 
 

 
Figure 10A&B. Using Landmarks to Identify Outfall Boundaries.  
*Note, the arrows indicate objects found on CAD and the correspondent building on the GoogleEarth® 
Image 
  
Once the main landmarks in the outfall were visualized we then used the “add polygon” 
function mentioned previously (Figure 9) to begin creating/outlining the outfall 
boundaries. To do this we clicked on the “add polygon” function (Figure 9) which 

A B 
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opened a “New Polygon” window (Figure 11A).a We then created a file name and 
selected “Style, Color” from the tab below. The new polygon window will then change 
appearance providing the ability to select the line and area color and adjust the opacity of 
the polygon (Figure 11B). Next, we adjusted the polygon opacity.b Once we adjusted the 
opacity we then selected “color” under the “Area” category. We then created a new 
window (Figure 11C) for us to choose a color for the area polygon.c Once we selected our 
color we clicked “ok” on this window to finish. 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 Figure 11 A-C. Using the “add a polygon” function to create a boundary polygon of your outfall 
 
Once the color was selected and our opacity level set we then began creating our boundary 
polygon. The point selector (Figure 12) was used to select a starting point. Then we left clicked 
on the mouse. We then continued along the perimeter boundary, continuing to left click, until 
outlining of the targeted outfall was complete. Once the outfall outline was completed we then 
clicked “ok” in the “new polygon” window (Figure 13) to close and complete the polygon.  
 
 
 
 
 
 
 
(a) Note, it is important that you do not close this box until you have completed the creation of your polygon. (b) We would recommend that the opacity should not be 
greater than 35% so that you will be able to clearly make out objects on your image below the polygon. Another alternative might be to select the “no fill” option and 
just make the boundary line thick enough and bold enough to clearly identify boundaries. (c) We would recommend selecting a color that has enough contrast to the 
darker area image but yet will not drowned out the area image (i.e. we recommend a light pink, yellow, or blue).  

Add Name 
Here 

Style, Color 
Tab 

Select “color” 
under “Area” 
to choose 
polygon color 

Adjust 
opacity 

Select 
color and 
click “ok” 

A 

B 

C 
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Figure 12. Generating outfall boundary polygon 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 13. Completing outline polygon 
 
 

d. Pre-characterization surface area review- Now that the targeted outfall boundaries 
have been identified and a GoogleEarth® image of the outfall boundary has been 
generated, the last pre-survey step is to conduct a preliminary surface area review of 
the outfall area on your GoogleEarth® image. The focus of this review is to identify 
any “questionable areas” of interest which you will need to clarify during your actual 
site inspection. Recall, the purpose of the site characterization is to categorize the 
outfall area into specific land use categories (Table 1) for input into the model. Thus, 
the pre-characterization review should consist of identifying any areas visualized in 
the GoogleEarth® image where a landuse category would be difficult to identify by 
the image alone. For example, Figure 14, item (A) it would be difficult to determine if 
this is painted cement or some other type of pervious material from the aerial image 
alone. Item (B), Figure 14, while it is apparent that this area is some form of lay down 

Once polygon is 
complete you can 
now click “ok” 

Point selector 
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area it would be difficult to determine what type (i.e. heavy, medium, any galvanized 
metal present?) from the aerial image alone. For Item (C), Figure 14, while this is a 
parking area, it might be difficult to determine if this is connected or disconnected. 
Once questionable areas have been identified there are many ways to make note of 
those areas for you to pay attention to while conducting your outfall walkthrough. 
The remainder of this section describes what we found to be most useful in 
preparation for our walkthrough of a given outfall.  
 
We found it most useful to make note of questionable areas on a printed aerial image 
of the outlined outfall. This was then taken into the field to serve not only as a 
reference for questionable areas but also as a source of outline boundaries and sheet 
for taking in-field notes. Depending on the size of the targeted outfall and your printer 
capacity we would recommend splitting the image into several sections to make it 
easier to use this image for note taking while in the field. Figures 15A-C is an 
example of splitting NBSD OF73 outfall into 3 areas for note taking. 

 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
Figure 14. Identifying questionable land-use category areas on the targeted outfall.  
 

(A)Painted concrete or 
other pervious? 

(B) what type of lay 
down area is this?  

(C) connected or 
disconnected?  
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A 

B 
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Figure 15 A-C. Example of separating NBSD OF73 Outfall image into three sections for use 
during site survey 
 

3. Conducting site survey: Once the pre-site characterization surface area evaluation is 
complete and the GoogleEarth® outfall image has been broken into manageable sections 
for note taking (Figure 15A-C), the third step is to conduct the outfall site survey. This is 
a critical component of collecting surface area information for the model as it allows you 
to walk the outfall of interest and collect laydown area information, building structure 
information, and surface area information that is not necessarily readily available from 
facility drawings or GoogleEarth® aerial images. There are several ways of completing 
this exercise but we have found the most simple and effective way is to be familiar with 
the model landuse parameters (Table 1), take notes on aerial images, and take pictures of 
“interesting” findings (e.g. lay down areas, potential zinc or copper sources, presence of 
unique materials such as turf grass, or copper piping, etc.). For ease and expediting the 
note taking processes we would also recommend determining some form of short hand 
for common features of interest that can be used to label those areas on the printed aerial 
image in field. For example, Figure 16 is a Google® image of OF73, section C, which 
was annotated with notes in the field. In this example, surface areas that consisted of 
asphalt, concrete, and pervious were labeled as A, C, P respectivelyd 

 
 
 
 
 
 
(d) Note, this is just an example of type of abbreviations that could be used. This level of detail, that of noting type of paved 
surface, is not required for the Excel spreadsheet model. This level of detail was collected strictly for calibration purposes. 
 

C 
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Figure 16. Example of field annotated Google image of section c from NBSD OF73. 
 

 
T main items you should look for are building roof types (pitched or flat) and whether 
they are connected or disconnected to the outfall drainage system; paved areas verses 
unpaved areas and whether they are connected or disconnected, areas with pervious 
material, potential lay down areas, and areas with known high zinc and/or copper 
producers. Please refer to the main body of the modeling report for definitions of 
connected vs. disconnected and other landuse categorizations definitions. Examples of 
high zinc and/or copper producers include any galvanized steel material such as fencing, 
light poles, water drainage grates, and rain gutters. Treated wood is also a known high 
contributor of zinc and copper loads. Please refer to the leachate report (Appendix A) for 
a more complete description of materials of interest. Figures 17-24 provide examples of 
main category areas where information should be collected for input into the spreadsheet 
model. Refer to the Pitt report (Appendix C & D) for a more detailed description of 
onsite data collection.  

 
 
 
 

P (pervious); GS (galvanized steel); IDC 
(Indirect connect); C (concrete) 

A (Asphalt) 

SF (Sheet flow);  
Bld (Building) 
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Figure 17. Examples of “direct” connect buildings with runoff directly to outfall drainage 
system. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 18A-C. Examples of indirect connected buildings with runoff to either pervious material 
(A &B) or asphalt (C). 
 
 
 
 
 
 
 
 
 
 

A B C 

Note one example has obvious storm drains with piping connecting it to outfall but second 
example the storm drain is more “internal” with drains connected to concrete 
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Figure 19A&B. Examples of a flat roof (A) and pitched roof (B)  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 20 A&B Examples of different paved surfaces. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

A B 

• Paved asphalt parking, 
connected 

• Paved asphalt street 
connected  

• sidewalk, paved, 
connected 

• paved asphalt road,  
connected  

Other pervious infiltrate 
(painted rock) 

Street -directly 
connected to drains 

Sidewalk -directly 
connected to drains 
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Figure 21. Example of paved landuse and other pervious material 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 22 A & B. Example of Special Areas Landuse Categories such as Moderate laydown 
paved-connected (A) and Heavy laydown, paved-connected (B). They both appear to contain a 
special category item, that of other galvanized material directly connected to drains as well.  
 
 
 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

 
 
 
Figure 23 A-C. Examples of potential sources of zinc (Galvanized material) identified during the 
site survey. (A) Galvanized chain link fence; (B) Storm drain cover with galvanized grate cover; (C) Storm drain 
with galvanized cover. 
 
 
 

A B 

Special category- galvanized 
l 

A B 

C 
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4. Post site survey data processing: Once the site survey is complete the next step in 
collecting surface area model input data is to calculate the total surface area for each of 
the characterized landuse areas of the outfall and input them into the spreadsheet model 
input table (Table 1). This will require translating the notes taken in the field for each 
building, pervious area, paved area, and special category area (Table 1), assigning each to 
a specific landuse input category, and calculating the total area in acres for that landuse 
input category over the entire targeted outfall area. The applications we used to do this 
were Microsoft Excel®, GoogleEarth®, and Free Map Tools© area-calculator 
(http://www.freemaptools.com/area-calculator.htm). Excluding Microsoft Excel®, all the 
software used is freeware available on any Internet accessible machine. The Free Map 
Tools© website, does not require application download to the machine but can be 
accessed directly from the Internet. If the user has GoogleEarth Pro® then Free Map 
Tools© would not be required as the Pro version of GoogleEarth® has a polygon area 
calculator included in it. The general process we used for determining total area for each 
landuse input is described below.e  
a. Assigning specific landuse areas to a specific input category - The model input 

requires calculation of total area for a given input category. So as to calculate that 
total area it is necessary to first calculate area of individual landuse areas. For ease of 
grouping individual areas into specific landuse categories a calculation spreadsheet 
was generated. Table 2 is a snapshot image of that calculation spreadsheet we used 
and is based on the original landuse categories used to develop the spreadsheet model. 
Note, for that reason the landuse categories listed in columns E-N may be slightly 
different from those listed in column A of Table 1, as Table 1 is the final landuse 
categorical version used in the spreadsheet model.  

(e) It should be noted that the critical part of this step is calculating total area in acres for the listed model input fields. We are 
providing details on the method we used but really any method that gets at that target data is acceptable.  

 
b. Calculating individual land use areas (e.g. roofs, streets, landscape, etc)- To calculate 

an individual landuse area we created a polygon around each of the individual land use 
areas and then calculated the area for that specific item. For example, one of the model 
input categories is roofs. Using the GoogleEarth® area image of OF73 and the field 
notes we collected during our site survey regarding roof type we generated a KML 
polygon file of each roof top using the “add a polygon” function in GoogleEarth®. 
This was done in the same manner as described previously, namely the new polygon 
function was selected, and a polygon name was entered in the “Name” area (Figure 
24). We recommend providing a name (ID used in the spreadsheet tool) which is 
somewhat descriptive of the landuse category the polygon (individual area) will be 
included in (Figure 25). In this example, the polygon being generated is of a roof 
surface area. The name given was “ BLDG9-OF73, BLD 3156 PR IDC” which refers 
to this being building 9 (BLDG9) in the characterization process, located in NBSD 
outfall 73 (OF73), building number on the base is 3156 (BLD 3156) and it’s a pitched 
roof (PR), disconnected to the outfall drainage system (IDC).  

 
 

http://www.freemaptools.com/area-calculator.htm
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Table 2. Individual area landuse calculation spreadsheet 
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Figure 24. Creating a polygon for a roof area.  
Note, do not click OK until you have completed drawing of your polygon. 

  
Like previously, the next step in creating the polygon would be to select the line color 
and polygon color. Again, we would recommend you set the opacity such that you can 
still see the building roof underneath the polygon. We would also recommend that you 
select a set of colors consistent for the landuse category type. For example, in this 
example we set the color of all roof polygons to be green, whereas parking lots were all 
made orange. Once the polygon color was selected we then clicked “ok” in the “choose 
polygon color” window. Note, DO NOT click “ok” in the “new polygon” window until 
generation of the polygon is complete. However, if you inadvertently click “ok” before 
you complete the generation of a polygon the name of the polygon will show up under 
the places section of GoogleEarth® (Figure 26). To finish your polygon, highlight the 
name and right click on your mouse to open an edit window (Figure 27). Right click on 
“properties”. This will open a new “edit polygon” window which will allow you to finish 
creating your polygon (Figure 27).  

 
 
 
 
 
 
 
 
 
 
 
 

• “New polygon” function 
• Enter polygon name here 
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Figure 25. Selecting an appropriate polygon name and color 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 26. Locating a partially created new polygon once it’s closed 
 
 
 
 
 
 
 
 
 
 
 

Select name that descriptive 
of individual polygon being 
generated. 

Once color has been selected and 
opacity set click “ok” in this window. 
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Figure 27. Re-opening a polygon window to edit /complete a polygon 
 

Once a color is selected you would then outline the area of interest (i.e. for this example 
the building roof) by placing the cursor at the boundary edges and left clicking as you 
move around the outline of the roof. Once the outline of the roof is complete you would 
now click “ok” in the “new polygon” window (Figure 28). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 28. Generating a roof polygon 

Left click on mouse around parameter 
of building to generate polygon 

Once your polygon is complete, click ok 
to complete creation and save new 
polygon 

Remember-don’t click 
“ok” until polygon 
generation is done 

Right click on 
“Properties” to re-open 
polygon window.   
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Saving polygon as a KML file: Once we completed creation of our individual area 
polygons (e.g. BLDG 9 roof top) we then saved the KML files to a separate 
folder. The KML file were then uploaded into a Free Map Tools© application to 
calculate the area of the individual polygon. This was done by completing the 
following steps. To save a polygon as a KML file you right click your mouse on 
the file name of interest. A pop up menu will then appear (Figure 29). Select the 
“Save Place as” option by left clicking on the mouse.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 29. Saving polygon as a KML file 
 

A new “save file” window will then open. You will then select a KML file from 
the drop down menu of the “save as type” option (Figure 30).f You would then 
save the file by clicking the save button to a folder that is easily accessible for 
uploading files into the Free Map Tools© software.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 30. Saving the roof 
polygon as a KML file. 
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Uploading polygon for area calculation: The area of individual polygons was 
calculated using Free Map Tools© area-calculator 
(http://www.freemaptools.com/area-calculator.htm). As mentioned previously, 
this is a freeware application that does not require downloading software to your 
machine (Figure 31). The area calculator is accessed by scrolling down on the 
main page of the website (Figure 32).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 31. Free Map Tools© website 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 32. Polygon area calculator function on Free Map Tools© website 
 

(f) Note, It is important that you save the polygon file as a KML file and not a KMZ file. KMZ files will not work with the Free 
Map calculator 

http://www.freemaptools.com/area-calculator.htm
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To upload the KML of the roof, left click on “browse” button. A new “choose file 
to upload” window will open. Locate the file of interest and click “open”. The file 
name will appear in the “upload KML file” window (Figure 33). You would then 
click “upload” to calculate the area of the uploaded polygon. Calculated area will 
then appear in the “area output” portion of the window (Figure 34). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 33. Uploading KML into FreeMap Tool© website 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 34. Area output from uploaded KML file 
 

Placing individual polygon data in appropriate landuse category: Once the area 
for the individual landuse was calculated this was then entered into the calculation 
spreadsheet (Table 2) under the appropriate landuse category. For example, the 
calculated area for BLDG9-OF73, BLD 3156 PR IDC was placed under the 

Select file and then 
click open 

Once file loaded click 
“upload” and calculated 
output will appear here. 
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“roofs pitched-drains to asphalt/concrete” column of the calculation spreadsheet 
(Table 3).  
 
We then repeated these steps for each of the buildings within the outfall so as to 
calculate the total “roof” related landuse input for the spreadsheet model (Figure 
35 and Table 3). Note, Tables 2 and 3 were the calculation spreadsheets we used 
during the early development stages of this effort. Landuse terminology wording 
may be slightly different for the roof categories, for that reason please refer to the 
Table 1 or the main body of the modeling report when referencing landuse 
category terminology..  

 
 

Figure 35. Example of generated polygons for all “roofs” to be use under “roof” landuse 
category 
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Table 3. Example of Calculated area by “Roofs” land use category. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

LANDUSE
Roofs
Roofs Flat - 
connected 0
Roofs Flat - 
disconnected 13485.827
Gal Metal Roof-
connected 0
Gal Metal Roof-
disconnected 0
Roofs Pitched-
connected 0
Roofs Pitched-
disconnected 102.964
Copper Metal 
Roof-connected 0
Copper Metal 
Roof-
disconnected 0

Residential 
Area

Commercial and 
Institutional 

Areas
Industrial 

Areas

NBSD OF 73 Land Use Areas Description From Google Aerial KML File

ID Description Comments Area (m2)

Roofs Flat - 
connected

Roofs Flat - 
disconnected

Gal Metal 
Roof-
connected

Gal Metal Roof-
disconnected

Roofs 
Pitched-
connected

Roofs Pitched-
disconnected

Copper Metal 
Roof-
connected

Copper Metal 
Roof-
disconnected

NBSD OF 73 outline Entire area 66662.582

BLDG 3, OF73 AUX BLD1 NEX IDC FR.kml Roof, Indirect connect, Flat roof painted metal (tin?) 35.176 35.176
BLDG1-OF73, NEX IDC.kml Roof, Indirect connect, Flat roof painted contrete 6338.535 6338.535
BLDG2-OF73, BLD 3235 IDC FR.kml Roof, Indirect connect, Flat roof painted concrete  1442.23 1442.23

BLDG4-OF73, BLD 3626 corner, FR IDC.kml Roof, Indirect connect, Flat roof
painted concrete with painted rock 
surrounding 540.676 540.676

BLDG5-OF73, BLD 3626 side, FR IDC.kml Roof, Indirect connect, Flat roof
painted concrete with painted rock 
surrounding 2140.953 2140.953

BLDG6-OF73, BLD 3526 FR IDC.kml Roof, Indirect connect, Flat roof
Painted stucco- some roof, metal (air 
condition vents, etc) 2790.285 2790.285

BLDG7-OF73, AUX BLD1 to 3235 IDC FR Roof, Indirect connect, Flat roof painted metal (tin?) 26.32 26.32
BLDG8-OF73, BLD 3376 corner IDC FR Roof, Indirect connect, Flat roof painted contrete 171.652 171.652
BLDG9-OF73, BLD 3156 PR IDC Roof, indirect connect, pitch roof painted stucco, with red rock roof 79.195 79.195
BLDG10-OF73, AUX BLD2 to NEX IDC PR Roof, indirect connect, pitch roof painted metal (tin?) 14.824 14.824
BLDG11-OF73, Canopy, PR, IDC Roof, indirect connect, pitch roof painted metal (tin?) roof, no walls 8.945 8.945

TOTAL 13588.791 0 13485.827 0 0 0 102.964 0 0

Note, these numbers would be entered into input tab of model 
spreadsheet 
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Once we completed calculation of total roof landuse area for the spreadsheet 
model input we then repeated the same process for the other landuse categories 
(i.e. Parking, Streets, Pervious Areas, and Special Areas) of Table 1. A completed 
GoogleEarth® characterization map of an outfall would thus be covered by 
different colored polygons indicating different landuse types (Figure 36). An 
example of the completed model input table for outfall 73 is provided in Table 4.g 
Again, note that table 4 is an earlier model input table version and includes 
additional landuse categories prior to simplification. Please refer to Table 1 
referenced in this appendix and main body of the modeling report which describes 
in depth the input table for the final spreadsheet model. 

 

Figure 36. Completed Characterization Polygon View of NBSD OF73, note file names and 
different polygon colors for different landuse types to the left of the aerial image. 
 
 
 
 
 
 
 
 
 
 
 
 
 
(g) Note, for purposes of calibration of the spreadsheet model we had additional landuse category classifications. 
Landuse categories have now been simplified to those listed in Table 1. 
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Table 4. Completed Landuse model input for NBSD OF73 

 
 

c. Calculating total outfall area- To calculate the total area of the outfall the same 
method described previously was used. Thus, the polygon KML file of the outfall 
parameter was saved and uploaded into the Free Map Tools© area-calculator. This 
information was then added to the calculation spreadsheet (Table 3) for later input 
into the spreadsheet model. 
 

d. Measuring and including non-area related items for model input (Special category 
land use areas)- One last item that has not been described previously is how to 
calculate an area from an item that would contribute to the Zn or Cu load of an outfall 
but is not visible as a surface area on a Google map. For example, a galvanized steel 
chain link fence would be considered a high Zn contributor in an outfall discharge but 
they are perpendicular to the 2D image that is typically viewed under GoogleEarth®. 
Due to the fact, that they are high sources of Zn and can cover large areas we chose to 
include them in the model input under the “Special Areas” category. In this case, they 
would be included under an “Other galvanized materials- connected” category as they 
are lining an area that is directly connected to a storm drainage input area. We 
calculated the area using the estimated height of the fence and by measuring the 
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length of the fence using the “new path” function in GoogleEarth®. For example, an 
8 ft. chain link fence was identified during our site survey and area marked on the 
field survey map (Figure 37). If this area was not visible via the aerial image then you 
would measure and record the distance of the fencing in the field. If the fencing is 
visible on the printed field image then the distance can be calculated using 
GoogleEarth®.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 37. Identifying galvanized steel fence from field 
 survey and GoogleEarth® Image 
 
 

Estimating area of fencing- To estimate area of fencing, or other similar 
items, the first step is to select the “add a path” function from the 
GoogleEarth® tool bar (Figure 38)  
 

 
 
 
 
 
 
 

 
 
 

Figure 38. Add a path function  
 

Notes taken in field, with galvanized fence 
parameter marked by a line with hash marks 

Google Earth Image, note fence 
parameter is visible 

A 

B 
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After clicking on the “add a path” function, similar to the “add a polygon” 
function a “new path” window will open (Figure 39 A). You would then select the 
color and width of the line, similar to the add a polygon process, (Figure 39 B) 
and then trace the path of the fence parameter similar to creating a polygon 
around an area (Figure 40A). Once the path parameter has been completed you 
would then select the measurements tab in the “add a path window (Figure 40). 
Using the drop down window for the units tab, select meters. The path length in 
meters would then appear (Figure 40B). You can now click “ok” in the “add a 
path” window and record the calculation in the special area section of the 
calculation spreadsheet (Table 2). The final step would then be to calculate the 
area. Calculating the area involves converting the height of the fence to meters 
and/or acres and then multiplying the height by the length. For example, a 8 foot 
fence is equal to 2.44 meters. If you multiple 141 meters (the length of fence 
measured in Figure 40 A) to 2.44 meters (the height of the fence) the area would 
equal 344 meters. As mentioned previously, this number would be part of the total 
special areas “Other galvanized materials- connected” landuse input category.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 39 A& B. Generating a “new path”  
in GoogleEarth® 
 
 

Enter name and select 
“style, color tab to 
choose color of line 

Choose color, select width 
of line and then click ok 

A 

B 
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Figure 39 A&B. Calculating length of path 
 
 
 
 
 
 
 

5. Filling in User Input Form On Spreadsheet Model: Once you have determined the 
total area for all landuse model input categories (Table 1) included in your target outfall 
you are now ready to enter this information into the input tab of spreadsheet model. 
Please refer to the main body of the modeling report for using the spreadsheet model and 
interpretation of model output.  

 

Path is added by left 
clicking on 
parameter same as if 
adding a polygon 

A 

B 

Once path is complete, click on 
“measurements” and select “meters”.  
Length will then be shown in meters 
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Introduction 
This report is a continuation of the similar document prepared last year describing the site 
investigations, site surveys, and stormwater modeling activities at naval facilities. These reports were 
prepared to demonstrate how WinSLAMM, the Source Loading and Management Model, can be used to 
facilitate stormwater management at naval facilities to identify sources of flows and pollutants of 
concern, and to evaluate potential stormwater control practices that may be applicable to these unique 
areas.  
 
This report includes information for several outfall drainage areas on the “dry side” of Naval Base San 
Diego comprising residential, commercial, and institutional land uses, along with the industrial Sierra 
Pier at Subase San Diego. Two sites at Norfolk, VA, naval facilities were also investigated, Little Creek 
and St. Juliennes Creek Annex, which included an industrial facility and a scrapyard and storage area. 
Three areas were also investigated in the Puget Sound area of Washington, at the Bangor, Bremerton, 
and Everett naval bases, comprising industrial areas and piers. These areas were selected to supplement 
the other San Diego and Puget Sound facilities reported in the initial modeling report.  
 
Data are presented for these sites describing site soil, weather, and land development conditions. 
Available water quality data are also summarized and used to calibrate WinSLAMM for each site. 
Additional analyses were also conducted investigating first flush vs. composite water quality and 
seasonal first flush conditions. After WinSLAMM calibration using this available data, the model was 
used to calculate the sources of the flows, TSS, copper, and zinc at these naval bases. The variety of 
conditions on these bases, along with the evaluation of the other San Diego and Puget Sound naval 
bases from the prior modeling report, represent a wide range of conditions at navy facilities and show 
how WinSLAMM can be used to assist navy facility stormwater managers. 
 
 
San Diego Naval Facilities 
Soil Conditions at San Diego Naval Bases 
According to information from the USDA web soil survey, the bases examined this year in the San Diego 
area have soils classified as the urban land soil type. Typically urban land includes buildings and areas of 
pavement. The soils are covered by asphalt roadways or parking lots, concrete structures, and other 
impervious surfaces. The soils have been so altered by the urban works that specific identification is not 
feasible. The soils can be severely compacted with very low infiltration rates in developed areas due to 
building construction or activities. 
 
Rain Data for San Diego Naval Bases 
The bases in the San Diego study area are located along the shore of San Diego Bay, California. The 
following figure shows the locations for the naval bases and the nearby weather station, along with the 
annual average annual rain depths for the region. The San Diego rain variations are quite small and are 
represented by the rain monitoring located at the San Diego International Airport. 
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Map of San Diego Naval Bases being studied and nearby weather station. 
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NOAA Precipitation Data 
Hourly precipitation data is archived by the National Climate Data Center (NCDC) of the National 
Oceanic and Atmospheric Administration (NOAA). The San Diego International Airport weather station is 
in close proximity to the study areas and shown on the preceding map. The following table shows the 
approximate range of historical data available for the airport weather station, along with the 
completeness of the data record. 
 
 
Stations with Hourly Precipitation Data included for Southwest Naval Stations 

Station COOPID Latitude Longitude Data Range % Completeness 
San Diego Lindbergh Field 047740 32.733 -117.183 1948-2012 98 

 
 
Rainfall Patterns for Southwest Naval Bases 
The following time series plot shows the rain depths for each rain that occurred during the period of 
1951 through 2013, including the stormwater monitoring period. Most of the San Diego rains are less 
than 1 inch, with occasional rains greater than 2 inches. 
 
 

San Diego Lindbergh Field, CA, rainfall from January 1951 to April 2013 
 
The regional naval facilities and the closest available NOAA rainfall data are summarized below: 
 
Sub Base Sierra Pier: 9 to 10 in/yr (San Diego Lindbergh Field, 10 in/yr between 1981 and 2010) 
NBSD: 9 to 10 in/yr (San Diego Lindbergh Field, 10 in/yr between 1981 and 2010) 
 
Therefore, the WinSLAMM calibration efforts will focus on the San Diego Lindbergh Field NOAA data for 
Sub Base Sierra Pier and NBSD Naval facilities due to its close proximity and rain conditions. 
 
 
Submarine Base San Diego (SUBASE) – Sierra Pier Outfalls 26, 26A, 27, 28, 28A 
Submarine Base Sand Diego (SUBASE) is located along the eastern shore of San Diego Bay. At this base, 5 
outfalls were examined on the Sierra Pier. A complete data survey is available for this area describing 
the surface coverage, and area of each surface type. The watershed area for this outfall is approximately 
6.4 acres. The site is mainly comprised of several small buildings, and expansive impervious areas 
(parking lots, storage and lay down areas).  The site is completely paved without any pervious areas. 
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Drainage Overview for Sierra Pier Outfalls 
 
 

 
Aerial Outline and Land use characterization for NBSD Outfall 51  
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ARCO utility cable racks 

 
Treated wood 

 
Treated wood and scaffolding 

 
Bldg. 633 southwest corner roof drains 

 
Bldg. 633 roof 

 
Laydown area sampled on Dec 13, 2012 

Photos taken during site surveys 
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Land Use Characterization for Sierra Pier Outfalls 26, 26A, 27, 28, 28A Combined 
LANDUSE Area (ac) 
Roofs   
1 Roofs Flat - directly connected to drains 0 
2 Roofs Flat - drains to asphalt/concrete 0.55 
3 Roofs Flat - drains to soils 0 
4 Roofs Flat - drains to vegetation 0 
5 Roofs Flat - drains to other surface (artificial turf, rock, gravel, etc.) 0 
6 Roofs Pitched - directly connected 0 
7 Roofs Pitched - drains to asphalt/concrete 0.29 
8 Roofs Pitched - drains to soils 0 
9 Roofs Pitched - drains to vegetation 0 
10 Roofs Pitched - drains to other surface (artificial turf, rock, gravel, etc.) 0 
Parking/Streets/Sidewalks/Driveways  
13 Paved asphalt parking/storage - smooth/intermediate texture - directly 
connected to drains 

0 

14 Paved asphalt parking/storage - rough/very course texture - directly connected 
to drains 

0 

15 Paved asphalt parking/storage - drains to pervious  0 
16 Paved concrete parking/storage - smooth - directly connected 0.22 
17 Paved concrete parking/storage - intermediate - directly connected 0 
18 Paved concrete parking/storage - drains to pervious  0 
19 Unpaved parking/storage - directly connected to drains 0 
20 Unpaved parking/storage - drains to pervious 0 
25 Driveways/loading dock -asphalt- directly connected 0.23 
26 Driveways/loading dock -concrete- directly connected 0.40 
27 Driveways/loading dock - drains to pervious 0 
31 Sidewalks - directly connected to drains 0 
32 Sidewalks - drains to pervious 0 
37 Streets- directly connected to drains  0 
38 Streets-drains to pervious 0 
Pervious Areas  
45 Landscaping areas - soils 0 
46 Landscaping areas - vegetation 0 
51 Landscaping areas around structures- soils 0 
52 Landscaping areas around structures - vegetation 0 
53 Landscaping areas around structures- other/infiltration area 0 
57 Undeveloped areas - soils 0 
58 Undeveloped areas - vegetation 0 
71 Other pervious infiltration areas 0 
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Land Use Characterization for Sierra Pier Outfalls 26, 26A, 27, 28, 28A Combined (continued) 
Special  Areas  
84 OIA1 - Airfield apron/runway paved areas - directly connected 0 
OIA1 - Airfield apron/runway paved areas- drains to soil 0 
OIA1 - Airfield apron/runway paved areas - drains to vegetation 0 
   
85 OIA2 - Airfield other paved areas- directly connected 0 
OIA2 - Airfield other paved areas- drains to soil 0 
OIA2 - Airfield other paved areas- drains to vegetation 0 
  
86 OIA3  - Light laydown concrete areas- directly connected to drains 0.74 
OIA3  - Light laydown concrete areas - drains to soil 0 
OIA3  - Light laydown concrete areas - drains to vegetation 0 
   
87 OIA4 - Moderate laydown concrete areas - directly connected 1.08 
OIA4 - Moderate laydown concrete areas - drains to soil 0 
OIA4 - Moderate laydown concrete areas - drains to vegetation 0 
   
88 OIA5 - Heavy laydown concrete areas- directly connected 0 
OIA5 - Heavy laydown concrete areas - drains to soil 0 
OIA5 - Heavy laydown concrete areas- drains to vegetation 0 
   
89 OIA6 -  Light laydown asphalt areas - directly connected 0 
OIA6 -  Light laydown asphalt areas- drains to soil 0 
OIA6 -  Light laydown asphalt areas- drains to vegetation 0 
   
90 OIA7 - Moderate laydown asphalt areas- directly connected 0 
OIA7 - Moderate laydown asphalt areas- drains to soil 0 
OIA7 - Moderate laydown asphalt areas- drains to vegetation 0 
   
91 OIA8 - Heavy laydown asphalt areas - directly connected 0 
OIA8 - Heavy laydown asphalt areas - drains to soil 0 
OIA8 - Heavy laydown asphalt areas - drains to vegetation 0 
   
92 OIA9 - Galvanized metal roofs- directly connected 0 
OIA9 - Galvanized metal roofs - drains to soil 0 
OIA9 - Galvanized metal roofs- drains to vegetation 0 
   
93 OIA10 - Other galvanized materials- directly connected to drains 0.91 
OIA10 - Other galvanized materials - drains to soil 0 
OIA10 - Other galvanized materials - drains to vegetation 0 
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Land Use Characterization for Sierra Pier Outfalls 26, 26A, 27, 28, 28A Combined (continued) 
99 ONPIA11 - Light laydown unpaved - drains to soil 0 
99 ONPA11 - Light laydown unpaved - drains to vegetation 0 
   
100 ONPA12 - Moderate laydown unpaved - drains to soil 0 
101 ONPA12 - Moderate laydown unpaved - drains to vegetation 0 
   
102 ONPA13 - Heavy laydown unpaved - drains to soil 0 
103 ONPA13 - Heavy laydown unpaved - drains to vegetation 0 
Total Area (acres) 4.42 
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Water Quality Monitoring Data for Sierra Pier Outfalls 26, 26A, 27, 28, 28A Combined  
Date Outfall TSS  

(mg/L) 
Total 
Copper 
(µg/L) 

Total 
Zinc 
(µg/L) 

Dissolved 
Copper 
(µg/L) 

Associated Rain Day/ Event Event Rain Depth 
(inches) 

4-Feb-94 28       425 2750 5220   2/3/94 17:00 to 2/4/94 14:00 0.69 
10-Nov-94 26 8.0       11/10/94 8:00 to 11/10/94 14:00 0.21 
10-Nov-94 27 130       11/10/94 8:00 to 11/10/94 14:00 0.21 
10-Nov-94 28 170       11/10/94 8:00 to 11/10/94 14:00 0.21 
21-Jan-96 26       5260 1030 2540   1/21/96 18:00 to 1/21/96 20:00 0.22 
13-Mar-96 26       149 140 413   3/12/96 16:00 to 3/13/96 10:00 0.67 
13-Mar-96 27       11       3/12/96 16:00 to 3/13/96 10:00 0.67 
13-Mar-96 28       88       3/12/96 16:00 to 3/13/96 10:00 0.67 
21-Nov-96 26       10 77 223   11/21/96 16:00 to 11/22/96 6:00 1.69 
21-Nov-96 27       40       11/21/96 16:00 to 11/22/96 6:00 1.69 
21-Nov-96 28       79       11/21/96 16:00 to 11/22/96 6:00 1.69 
10-Feb-97 26       6 101 187   2/10/97 18:00 to 2/10/97 21:00 0.2 
10-Feb-97 27       8       2/10/97 18:00 to 2/10/97 21:00 0.2 
10-Feb-97 28       23       2/10/97 18:00 to 2/10/97 21:00 0.2 
13-Nov-97 26       74 1740 1950   11/13/97 6:00 to 11/13/97 15:00 0.44 
13-Nov-97 27       11.0       11/13/97 6:00 to 11/13/97 15:00 0.44 
13-Nov-97 28       112       11/13/97 6:00 to 11/13/97 15:00 0.44 
9-Jan-98 26       17.0 325 432   1/9/98 9:00 to 1/10/98 9:00 1.1 
9-Jan-98 27       20       1/9/98 9:00 to 1/10/98 9:00 1.1 
9-Jan-98 28       22       1/9/98 9:00 to 1/10/98 9:00 1.1 
25-Jan-99 26       32 794 1700   1/25/99 3:00 to 1/26/99 4:00 0.79 
25-Jan-99 27       ND       1/25/99 3:00 to 1/26/99 4:00 0.79 
25-Jan-99 28       27       1/25/99 3:00 to 1/26/99 4:00 0.79 
11-Mar-99 27       130       3/11/99 11:00 to 3/11/99 13:00  0.17 
15-Mar-99 26       71 1000 3090   3/15/99 8:00 to 3/15/99 12:00 0.16 
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Water Quality Monitoring Data for Sierra Pier Outfalls 26, 26A, 27, 28, 28A Combined (continued) 
15-Mar-99 28       87       3/15/99 8:00 to 3/15/99 12:00 0.16 
12-Feb-00 26       256 517 679   2/12/00 3:00 to 2/12/00 10:00 0.39 
12-Feb-00 28       32       2/12/00 3:00 to 2/12/00 10:00 0.39 
20-Feb-00 27       175       2/20/00 4:00 to 2/20/00 10:00 0.33 
17-Apr-00 26       9.0 87.5 140   4/17/00 15:00 to 4/17/00 19:00 0.41 
17-Apr-00 27       8.0       4/17/00 15:00 to 4/17/00 19:00 0.41 
17-Apr-00 28       152       4/17/00 15:00 to 4/17/00 19:00 0.41 
27-Oct-00 26       65 1350 628   10/27/00 6:00 to 10/27/00 10:00 0.31 
27-Oct-00 27       184 1150 3560   10/27/00 6:00 to 10/27/00 10:00 0.31 
27-Oct-00 28       130 4080 2850   10/27/00 6:00 to 10/27/00 10:00 0.31 
24-Jan-01 26       176 1940 2120   1/24/01 11:00 to 1/24/01 16:00 0.06 
24-Jan-01 27       300 2860 9350   1/24/01 11:00 to 1/24/01 16:00 0.06 
24-Jan-01 28       92 3610 3400   1/24/01 11:00 to 1/24/01 16:00 0.06 
24-Nov-01 26 6.0 125 441 112 11/24/01 17:00 to 11/24/01 19:00 0.22 
24-Nov-01 27 36.0 53.7 138 46.6 11/24/01 17:00 to 11/24/01 19:00 0.22 
24-Nov-01 28 44.0 210 205 183 11/24/01 17:00 to 11/24/01 19:00 0.22 
24-Apr-02 26 100 1820 1790 1580 4/24/02 8:00 to 4/24/02 12:00 0.22 
24-Apr-02 27 78.0 295 693 250 4/24/02 8:00 to 4/24/02 12:00 0.22 
24-Apr-02 28 78.0 650 685 561 4/24/02 8:00 to 4/24/02 12:00 0.22 
15-Mar-03 26 43 230 700   3/15/03 10:00 to 3/16/03 3:00 1.16 
15-Mar-03 27 18 46 1900   3/15/03 10:00 to 3/16/03 3:00 1.16 
15-Mar-03 28 81       3/15/03 10:00 to 3/16/03 3:00 1.16 
3-May-03 26 19 540 1300   5/3/03 4:00 to 5/3/03 13:00 0.3 
3-May-03 27 36 140 340   5/3/03 4:00 to 5/3/03 13:00 0.3 
3-May-03 28 190 560 420   5/3/03 4:00 to 5/3/03 13:00 0.3 
1-Apr-04 26 130 960 2000   4/1/04 17:00 to 4/1/04 23:00 0.3 
1-Apr-04 27 370 200 820   4/1/04 17:00 to 4/1/04 23:00 0.3 
1-Apr-04 28 280 2600 1300   4/1/04 17:00 to 4/1/04 23:00 0.3 
 



C-14 

Water Quality Monitoring Data for Sierra Pier Outfalls 26, 26A, 27, 28, 28A Combined (continued) 
17-Apr-04 26 31 420 750   4/17/04 10:00 to 4/17/04 13:00 0.3 
17-Apr-04 27 26 290 1100   4/17/04 10:00 to 4/17/04 13:00 0.3 
17-Apr-04 28 110 2100 1100   4/17/04 10:00 to 4/17/04 13:00 0.3 
28-Jan-05 26 84 730 1000   1/28/05 15:00 to 1/28/05 19:00 0.41 
28-Jan-05 27 33 37 80   1/28/05 15:00 to 1/28/05 19:00 0.41 
28-Jan-05 28 310 420 310   1/28/05 15:00 to 1/28/05 19:00 0.41 
11-Feb-05 26 39 130 230   2/10/05 13:00 to 2/12/05 0:00 1.39 
11-Feb-05 27 120 400 620   2/10/05 13:00 to 2/12/05 0:00 1.39 
11-Feb-05 28 330 120 200   2/10/05 13:00 to 2/12/05 0:00 1.39 
17-Oct-05 26 60 570 1100   10/17/05 11:00 to 10/17/05 14:00 0.33 
17-Oct-05 27 240 450 1500   10/17/05 11:00 to 10/17/05 14:00 0.33 
17-Oct-05 28 62 950 1300   10/17/05 11:00 to 10/17/05 14:00 0.33 
10-Mar-06 26 210 720 1500   3/10/06 5:00 to 3/10/06 7:00 0.08 
10-Mar-06 27 490 640 2400   3/10/06 5:00 to 3/10/06 7:00 0.08 
10-Mar-06 28 890 1800 1600   3/10/06 5:00 to 3/10/06 7:00 0.08 
27-Dec-06 26 59 130 180   12/27/06 6:00 to 12/27/06 8:00 0.15 
27-Dec-06 27 4.8 64 1300   12/27/06 6:00 to 12/27/06 8:00 0.15 
27-Dec-06 28 9.8 130 170   12/27/06 6:00 to 12/27/06 8:00 0.15 
20-Apr-07 26 180 690 2500   4/20/07 12:00 to 4/21/07 0:00 0.38 
20-Apr-07 27 12 83 2100   4/20/07 12:00 to 4/21/07 0:00 0.38 
20-Apr-07 28 160 1500 2200   4/20/07 12:00 to 4/21/07 0:00 0.38 
14-Feb-08 26 130 920 2200   2/14/08 9:00 to 2/14/08 17:00 0.21 
14-Feb-08 27 58 73 2000   2/14/08 9:00 to 2/14/08 17:00 0.21 
14-Feb-08 28 140 2000 4100   2/14/08 9:00 to 2/14/08 17:00 0.21 
4-Nov-08 28 38 2800 8700   11/4/08 8:00 to 11/4/08 11:00 0.14 
15-Dec-08 26 96 820 2700   12/15/08 8:00 to 12/16/08 1:00 1.02 
15-Dec-08 27 38 380 880   12/15/08 8:00 to 12/16/08 1:00 1.02 
15-Dec-08 28 140 1400 2800   12/15/08 8:00 to 12/16/08 1:00 1.02 
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Water Quality Monitoring Data for Sierra Pier Outfalls 26, 26A, 27, 28, 28A Combined (continued) 
7-Dec-09 26 93 600 2200   12/7/09 3:00 to 12/7/09 17:00 1.56 
7-Dec-09 27 100 150 630   12/7/09 3:00 to 12/7/09 17:00 1.56 
7-Dec-09 28 130 330 800   12/7/09 3:00 to 12/7/09 17:00 1.56 
18-Jan-10 26 37 110 340   1/18/10 14:00 to 1/18/10 17:00 1.06 
18-Jan-10 27 30 82 290   1/18/10 14:00 to 1/18/10 17:00 1.06 
18-Jan-10 28 90 270 660   1/18/10 14:00 to 1/18/10 17:00 1.06 
19-Oct-10 26 14 320 600   10/19/10 10:00 to 10/20/10 2:00 1.01 
19-Oct-10 27 13 320 710   10/19/10 10:00 to 10/20/10 2:00 1.01 
19-Oct-10 28 9.0 390 380   10/19/10 10:00 to 10/20/10 2:00 1.01 
18-May-11 26 4.0 48 94   5/18/11 2:00 to 5/18/11 6:00 0.19 
18-May-11 27 7.5 58 360   5/18/11 2:00 to 5/18/11 6:00 0.19 
18-May-11 28 7.5 99 340   5/18/11 2:00 to 5/18/11 6:00 0.19 
4-Nov-11 26 6.5 510 1300   11/4/11 8:00 to 11/5/11 1:00 0.66 
4-Nov-11 27 ND 270 310   11/4/11 8:00 to 11/5/11 1:00 0.66 
4-Nov-11 28 7.5 780 2100   11/4/11 8:00 to 11/5/11 1:00 0.66 
12-Dec-11 26 34 530 4100   12/12/11 7:00 to 12/13/11 13:00 0.8 
12-Dec-11 27 12 110 280   12/12/11 7:00 to 12/13/11 13:00 0.8 
12-Dec-11 28 31 370 790   12/12/11 7:00 to 12/13/11 13:00 0.8 
7-Feb-12 26-A   190 560   2/7/12 14:00 to 2/7/12 18:00 0.29 
7-Feb-12 28-A   290 1100   2/7/12 14:00 to 2/7/12 18:00 0.29 
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Naval Base San Diego (NBSD) – Outfalls 51, 70, 72, and 73 
Naval Base San Diego (NBSD) is located on the mainland of San Diego along the eastern shore of the bay. 
Four outfalls were examined at his base: Outfalls 51, 70, 72, and 73. All the outfalls examined have 
complete data surveys available describing the coverage, including the areas of each surface type. 
 
Outfall 51 
Outfall 51 (located adjacent to outfall 70) is comprised of a mix of residential and commercial land uses, 
with several buildings, parking lots, storage and landscaped areas. The watershed area for this outfall is 
approximately 19 acres. This site has landscaping areas inside the watershed boundary that make up 
56% of the total drainage area. An aerial photograph of the watershed is shown in the following figure. 
 
 

 
Aerial view and Outline of NBSD Outfall 51 
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Drainage overview and Land use characterization for NBSD Outfall 51 
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NBSD OF51 Site Development Characteristics 
  NBSD OF-51 
 Residential Other Urban Total 

Roofs  (ac)  (ac)  (ac) 

1 Roofs Flat - directly connected to drains 0.81 0 0.81 
2 Roofs Flat - drains to asphalt/concrete 0 0 0 
3 Roofs Flat - drains to soils 0 0 0 
4 Roofs Flat - drains to vegetation 0 0 0 
5 Roofs Flat - drains to other surface (artificial turf, 
rock, gravel, etc.) 0 0 0 
6 Roofs Pitched - directly connected 0 0 0 
7 Roofs Pitched - drains to asphalt/concrete 0 0 0 
8 Roofs Pitched - drains to soils 0 0 0 
9 Roofs Pitched - drains to vegetation 0.15 0 0.15 
10 Roofs Pitched - drains to other surface (artificial 
turf, rock, gravel, etc.) 0 0 0 
Parking/Streets/Sidewalks/Driveways    
13 Paved asphalt parking/storage - 
smooth/intermediate texture - directly connected to 
drains 3.42 0 3.42 
14 Paved asphalt parking/storage - rough/very course 
texture - directly connected to drains 0 0 0 
15 Paved asphalt parking/storage - drains to pervious  0.77 0 0.77 
16 Paved concrete parking/storage - smooth - directly 
connected 0 0 0 
17 Paved concrete parking/storage - intermediate - 
directly connected 1.31 0 1.31 
18 Paved concrete parking/storage - drains to 
pervious  0.02 0 0.02 
19 Unpaved parking/storage - directly connected to 
drains 0 0 0 
20 Unpaved parking/storage - drains to pervious 0 0 0 
25 Driveways/loading dock -asphalt- directly 
connected 0 0 0 
26 Driveways/loading dock -concrete- directly 
connected 0 0 0 
27 Driveways/loading dock - drains to pervious 0.35 0 0.35 
31 Sidewalks - directly connected to drains 0.46 0 0.46 
32 Sidewalks - drains to pervious 0.66 0 0.66 
37 Streets- directly connected to drains  0 0 0 
38 Streets-drains to pervious 0 0 0 
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NBSD OF51 Site Development Characteristics (continued) 
Pervious Areas    
45 Landscaping areas - soils 0 0 0 
46 Landscaping areas - vegetation 4.35 5.95 10.31 
51 Landscaping areas around structures- soils 0 0 0 
52 Landscaping areas around structures - vegetation 0.16 0 0.16 
53 Landscaping areas around structures- 
other/infiltration area 0 0 0 
57 Undeveloped areas - soils 

0 
0.23 

(construction) 0.23 
58 Undeveloped areas - vegetation 0 0 0 
71 Other pervious infiltration areas 0 0 0 
Special  Areas    
84 OIA1 - Airfield apron/runway paved areas - directly 
connected 0 0 0 
OIA1 - Airfield apron/runway paved areas- drains to 
soil 0 0 0 
OIA1 - Airfield apron/runway paved areas - drains to 
vegetation 0 0 0 
     
85 OIA2 - Airfield other paved areas- directly 
connected 0 0 0 
OIA2 - Airfield other paved areas- drains to soil 0 0 0 
OIA2 - Airfield other paved areas- drains to vegetation 0 0 0 
    
86 OIA3  - Light laydown concrete areas- directly 
connected to drains 0 0 0 
OIA3  - Light laydown concrete areas - drains to soil 0 0 0 
OIA3  - Light laydown concrete areas - drains to 
vegetation 0 0 0 
     
87 OIA4 - Moderate laydown concrete areas - directly 
connected 0.06 0 0.06 
OIA4 - Moderate laydown concrete areas - drains to 
soil 0 0 0 
OIA4 - Moderate laydown concrete areas - drains to 
vegetation 0 0 0 
     
88 OIA5 - Heavy laydown concrete areas- directly 
connected 0 0 0 
OIA5 - Heavy laydown concrete areas - drains to soil 0 0 0 
OIA5 - Heavy laydown concrete areas- drains to 
vegetation 0 0 0 
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NBSD OF51 Site Development Characteristics (continued) 
89 OIA6 -  Light laydown asphalt areas - directly 
connected 0 0 0 
OIA6 -  Light laydown asphalt areas- drains to soil 0 0 0 
OIA6 -  Light laydown asphalt areas- drains to 
vegetation 0 0 0 
     
90 OIA7 - Moderate laydown asphalt areas- directly 
connected 0 0 0 
OIA7 - Moderate laydown asphalt areas- drains to soil 0 0 0 
OIA7 - Moderate laydown asphalt areas- drains to 
vegetation 0 0 0 
     
91 OIA8 - Heavy laydown asphalt areas - directly 
connected 0 0 0 
OIA8 - Heavy laydown asphalt areas - drains to soil 0 0 0 
OIA8 - Heavy laydown asphalt areas - drains to 
vegetation 0 0 0 
     
92 OIA9 - Galvanized metal roofs- directly connected 0 0 0 
OIA9 - Galvanized metal roofs - drains to soil 0 0 0 
OIA9 - Galvanized metal roofs- drains to vegetation 0 0 0 
     
93 OIA10 - Other galvanized materials- directly 
connected to drains 0 0 0 
OIA10 - Other galvanized materials - drains to soil 0.48 0 0.48 
OIA10 - Other galvanized materials - drains to 
vegetation 0 0 0 
     
99 ONPIA11 - Light laydown unpaved - drains to soil 0 0 0 
99 ONPA11 - Light laydown unpaved - drains to 
vegetation 0 0 0 
     
100 ONPA12 - Moderate laydown unpaved - drains to 
soil 0 0 0 
101 ONPA12 - Moderate laydown unpaved - drains to 
vegetation 0 0 0 
     
102 ONPA13 - Heavy laydown unpaved - drains to soil 0 0 0 
103 ONPA13 - Heavy laydown unpaved - drains to 
vegetation 0 0 0 
Total Area (acres) 13.02 6.18 19.19 
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Outfall 70 
Outfall 70 (located adjacent to outfall 51) is comprised of a mixture of residential and commercial land 
uses, with buildings, landscaping, parking lots and light to moderate laydown concrete covered areas. 
This is the largest of the San Diego study areas with a watershed area of approximately 78 acres. This 
site has pervious area accounting up to 34 % of the total drainage area. An aerial photograph of the 
watershed is shown in the following figure. 
 

 
Aerial view and Outline of NBSD Outfall 70 
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Drainage overview and Land use characterization for NBSD Outfall 70 
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Photos taken during site surveys 
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NBSD OF70 Development Characteristics 
  NBSD OF-70  
 Residential Commercial Institutional Other 

Urban 
Total 

Roofs  (ac)  (ac) (ac)  (ac)  (ac) 

1 Roofs Flat - directly connected to 
drains 0.45 2.40 0 0 2.85 
2 Roofs Flat - drains to asphalt/concrete 0.06 1.41 0 0 1.47 
3 Roofs Flat - drains to soils 0.17 0 0 0 0.17 
4 Roofs Flat - drains to vegetation 0.95 0.18 0 0 1.13 
5 Roofs Flat - drains to other surface 
(artificial turf, rock, gravel, etc.) 0 0 0 0 0 
6 Roofs Pitched - directly connected 0 0 0 0 0 
7 Roofs Pitched - drains to 
asphalt/concrete 0.23 1.20 0.10 0 1.53 
8 Roofs Pitched - drains to soils 0 0 0.14 0 0.14 
9 Roofs Pitched - drains to vegetation 1.81 1.22 0 0 3.02 
10 Roofs Pitched - drains to other 
surface (artificial turf, rock, gravel, etc.) 0 0 0 0 0 
Parking/Streets/Sidewalks/Driveways      
13 Paved asphalt parking/storage - 
smooth/intermediate texture - directly 
connected to drains 2.54 0 0 0 2.54 
14 Paved asphalt parking/storage - 
rough/very course texture - directly 
connected to drains 13.08 4.15 0 0 17.23 
15 Paved asphalt parking/storage - 
drains to pervious  4.54 2.27 0 0 6.82 
16 Paved concrete parking/storage - 
smooth - directly connected 0.50 0 0 0 0.50 
17 Paved concrete parking/storage - 
intermediate - directly connected 0 0 0 0 0 
18 Paved concrete parking/storage - 
drains to pervious  0.37 0 0 0 0.37 
19 Unpaved parking/storage - directly 
connected to drains 0 0 0 0 0 
20 Unpaved parking/storage - drains to 
pervious 

0 0 0 

0.78 
(construc

tion) 0.78 
25 Driveways/loading dock -asphalt- 
directly connected 0.08 0 0 0 0.08 
26 Driveways/loading dock -concrete- 
directly connected 0.11 0 0 0 0.11 
27 Driveways/loading dock - drains to 
pervious 0.59 0.52 0 0 1.11 
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NBSD OF70 Development Characteristics (continued) 
31 Sidewalks - directly connected to 
drains 0.73 0.23 0 0 0.96 
32 Sidewalks - drains to pervious 0 0 0 0 0 
37 Streets- directly connected to drains  5.79 2.26 0 2.65 10.70 
38 Streets-drains to pervious 0 0 0 0 0 
Pervious Areas      
45 Landscaping areas - soils 0 0 0 0 0 
46 Landscaping areas - vegetation 12.64 2.16 0 6.34 21.14 
51 Landscaping areas around 
structures- soils 0 0 0 0 0 
52 Landscaping areas around structures 
- vegetation 0.33 0.15 0 0 0.49 
53 Landscaping areas around 
structures- other/infiltration area 0.30 0 0 0 0.30 
57 Undeveloped areas - soils 

0 0 0 

0.23 
(construc

tion) 0.23 
58 Undeveloped areas - vegetation 0 0 0 0 0 
71 Other pervious infiltration areas 0.35 0.09 0 3.93  4.37 
Special  Areas      
84 OIA1 - Airfield apron/runway paved 
areas - directly connected 0 0 0 0 0 
OIA1 - Airfield apron/runway paved 
areas- drains to soil 0 0 0 0 0 
OIA1 - Airfield apron/runway paved 
areas - drains to vegetation 0 0 0 0 0 
       
85 OIA2 - Airfield other paved areas- 
directly connected 0 0 0 0 0 
OIA2 - Airfield other paved areas- 
drains to soil 0 0 0 0 0 
OIA2 - Airfield other paved areas- 
drains to vegetation 0 0 0 0 0 
      
86 OIA3  - Light laydown concrete 
areas- directly connected to drains 0.03 0 0 0 0.03 
OIA3  - Light laydown concrete areas - 
drains to soil 0 0 0 0 0 
OIA3  - Light laydown concrete areas - 
drains to vegetation 0 0 0 0 0 
       
87 OIA4 - Moderate laydown concrete 
areas - directly connected 0 0 0 0 0 
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NBSD OF70 Development Characteristics (continued) 
OIA4 - Moderate laydown concrete 
areas - drains to soil 0 0 0 0 0 
OIA4 - Moderate laydown concrete 
areas - drains to vegetation 0 0 0 0 0 
       
88 OIA5 - Heavy laydown concrete 
areas- directly connected 0 0 0 0 0 
OIA5 - Heavy laydown concrete areas - 
drains to soil 0 0 0 0 0 
OIA5 - Heavy laydown concrete areas- 
drains to vegetation 0 0 0 0 0 
       
89 OIA6 -  Light laydown asphalt areas - 
directly connected 0 0.17 0 0 0.17 
OIA6 -  Light laydown asphalt areas- 
drains to soil 0 0 0 0 0 
OIA6 -  Light laydown asphalt areas- 
drains to vegetation 0 0 0 0 0 
       
90 OIA7 - Moderate laydown asphalt 
areas- directly connected 0 0 0 0.04 0.04 
OIA7 - Moderate laydown asphalt 
areas- drains to soil 0 0 0 0 0 
OIA7 - Moderate laydown asphalt 
areas- drains to vegetation 0 0 0 0 0 
       
91 OIA8 - Heavy laydown asphalt areas 
- directly connected 0 0 0 0 0 
OIA8 - Heavy laydown asphalt areas - 
drains to soil 0 0 0 0 0 
OIA8 - Heavy laydown asphalt areas - 
drains to vegetation 0 0 0 0 0 
       
92 OIA9 - Galvanized metal roofs- 
directly connected 0 0 0 0 0 
OIA9 - Galvanized metal roofs - drains 
to soil 0 0 0 0 0 
OIA9 - Galvanized metal roofs- drains to 
vegetation 0 0 0 0 0 
       
93 OIA10 - Other galvanized materials- 
directly connected to drains 0 0 0 0 0 
OIA10 - Other galvanized materials - 
drains to soil 0 0 0 0 0 
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NBSD OF70 Development Characteristics (continued) 
OIA10 - Other galvanized materials - 
drains to vegetation 0 0 0 0 0 
       
99 ONPIA11 - Light laydown unpaved - 
drains to soil 0 0 0 0 0 
99 ONPA11 - Light laydown unpaved - 
drains to vegetation 0 0 0 0 0 
       
100 ONPA12 - Moderate laydown 
unpaved - drains to soil 0 0 0 0 0 
101 ONPA12 - Moderate laydown 
unpaved - drains to vegetation 0 0 0 0 0 
       
102 ONPA13 - Heavy laydown unpaved 
- drains to soil 0 0 0 0 0 
103 ONPA13 - Heavy laydown unpaved 
- drains to vegetation 0 0 0 0 0 
Total Area (acres) 45.64 18.41 0.23 13.97 78.27 
 
 
 
Outfall 72 
Outfall 72 (located adjacent to outfall 73) is comprised of a mixture of navy residential and commercial 
property buildings, landscaping, parking lots, and light to heavy concrete covered storage and parking 
areas. The watershed area for this outfall is approximately 45 acres. This site has pervious areas 
accounting for 14% of the total drainage area. Aerial photographs, along with different land use 
characteristics, are shown in the following figures. 
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Aerial view and Outline of NBSD Outfall 72 

 

 

 

 
Drainage overview and Land use characterization for NBSD Outfall 72 
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NBSD OF72 Development Characteristics 
  NBSD OF-72 
 Residential Commercial Institutional Total 

Roofs  (ac)  (ac) (ac)  (ac) 

1 Roofs Flat - directly connected to 
drains 0 2.69 0 2.69 
2 Roofs Flat - drains to asphalt/concrete 0.71 0.57 0 1.29 
3 Roofs Flat - drains to soils 0 0 0 0 
4 Roofs Flat - drains to vegetation 0 0.28 0 0.28 
5 Roofs Flat - drains to other surface 
(artificial turf, rock, gravel, etc.) 0 2.19 0 2.19 
6 Roofs Pitched - directly connected 0 0 0 0 
7 Roofs Pitched - drains to 
asphalt/concrete 2.77 1.06 0.23 4.06 
8 Roofs Pitched - drains to soils 0 0 0 0 
9 Roofs Pitched - drains to vegetation 0 0.03 0.23 0.26 
10 Roofs Pitched - drains to other 
surface (artificial turf, rock, gravel, etc.) 0 0 0 0 
Parking/Streets/Sidewalks/Driveways     
13 Paved asphalt parking/storage - 
smooth/intermediate texture - directly 
connected to drains 3.71 9.53 0.21 13.45 
14 Paved asphalt parking/storage - 
rough/very course texture - directly 
connected to drains 1.93 1.62 0.11 3.66 
15 Paved asphalt parking/storage - 
drains to pervious  0.06 0 0 0.06 
16 Paved concrete parking/storage - 
smooth - directly connected 0.01 0.62 0 0.64 
17 Paved concrete parking/storage - 
intermediate - directly connected 0.06 0.05 0 0.11 
18 Paved concrete parking/storage - 
drains to pervious  0 0 0 0 
19 Unpaved parking/storage - directly 
connected to drains 0 0 0 0 
20 Unpaved parking/storage - drains to 
pervious 0 0 0 0 
25 Driveways/loading dock -asphalt- 
directly connected 0.00 0 0 0.00 
26 Driveways/loading dock -concrete- 
directly connected 0.30 0.21 0 0.52 
27 Driveways/loading dock - drains to 
pervious 0 0 0 0 
31 Sidewalks - directly connected to 
drains 0.88 0.14 0.52 1.53 
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NBSD OF72 Development Characteristics (continued) 
32 Sidewalks - drains to pervious 0 0 0 0 
37 Streets- directly connected to drains  2.89 3.29 0.26 6.44 
38 Streets-drains to pervious 0 0 0 0 
Pervious Areas     
45 Landscaping areas - soils 0.02 0.02 0 0.04 
46 Landscaping areas - vegetation 0.68 1.86 0.02 2.56 
51 Landscaping areas around 
structures- soils 0 0 0 0 
52 Landscaping areas around structures 
- vegetation 0.75 0.47 0 1.21 
53 Landscaping areas around 
structures- other/infiltration area 0 0.17 0 0.17 
57 Undeveloped areas - soils 0 0 0 0 
58 Undeveloped areas - vegetation 0 0 0 0 
71 Other pervious infiltration areas 0.39 1.98 0 2.37 
Special  Areas     
84 OIA1 - Airfield apron/runway paved 
areas - directly connected 0 0 0 0 
OIA1 - Airfield apron/runway paved 
areas- drains to soil 0 0 0 0 
OIA1 - Airfield apron/runway paved 
areas - drains to vegetation 0 0 0 0 
      
85 OIA2 - Airfield other paved areas- 
directly connected 0 0 0 0 
OIA2 - Airfield other paved areas- 
drains to soil 0 0 0 0 
OIA2 - Airfield other paved areas- 
drains to vegetation 0 0 0 0 
     
86 OIA3  - Light laydown concrete 
areas- directly connected to drains 0 0 0 0 
OIA3  - Light laydown concrete areas - 
drains to soil 0 0.28 0 0.28 
OIA3  - Light laydown concrete areas - 
drains to vegetation 0 0 0 0 
      
87 OIA4 - Moderate laydown concrete 
areas - directly connected 0 0.02 0 0.02 
OIA4 - Moderate laydown concrete 
areas - drains to soil 0 0 0 0 
OIA4 - Moderate laydown concrete 
areas - drains to vegetation 0 0 0 0 
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NBSD OF72 Development Characteristics (continued) 
88 OIA5 - Heavy laydown concrete 
areas- directly connected 0.05 0.07 0 0.11 
OIA5 - Heavy laydown concrete areas - 
drains to soil 0 0 0 0 
OIA5 - Heavy laydown concrete areas- 
drains to vegetation 0 0 0 0 
      
89 OIA6 -  Light laydown asphalt areas - 
directly connected 0 0 0 0 
OIA6 -  Light laydown asphalt areas- 
drains to soil 0 0 0 0 
OIA6 -  Light laydown asphalt areas- 
drains to vegetation 0 0 0 0 
      
90 OIA7 - Moderate laydown asphalt 
areas- directly connected 0 0 0 0 
OIA7 - Moderate laydown asphalt 
areas- drains to soil 0 0 0 0 
OIA7 - Moderate laydown asphalt 
areas- drains to vegetation 0 0 0 0 
      
91 OIA8 - Heavy laydown asphalt areas 
- directly connected 0 0 0 0 
OIA8 - Heavy laydown asphalt areas - 
drains to soil 0 0 0 0 
OIA8 - Heavy laydown asphalt areas - 
drains to vegetation 0 0 0 0 
      
92 OIA9 - Galvanized metal roofs- 
directly connected 0 0.12 0 0.12 
OIA9 - Galvanized metal roofs - drains 
to soil 0 0 0 0 
OIA9 - Galvanized metal roofs- drains to 
vegetation 0 0 0 0 
      
93 OIA10 - Other galvanized materials- 
directly connected to drains 0.01 0.55 0 0.57 
OIA10 - Other galvanized materials - 
drains to soil 0.08 0.01 0 0.10 
OIA10 - Other galvanized materials - 
drains to vegetation 0 0 0 0 
      
99 ONPIA11 - Light laydown unpaved - 
drains to soil 0.05 0 0 0.05 
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NBSD OF72 Development Characteristics (continued) 
99 ONPA11 - Light laydown unpaved - 
drains to vegetation 0.01 0 0 0.01 
      
100 ONPA12 - Moderate laydown 
unpaved - drains to soil 0 0 0 0 
101 ONPA12 - Moderate laydown 
unpaved - drains to vegetation 0 0 0 0 
      
102 ONPA13 - Heavy laydown unpaved 
- drains to soil 0 0 0 0 
103 ONPA13 - Heavy laydown unpaved 
- drains to vegetation 0.15 0 0 0.15 
Total Area (acres) 15.53 27.84 1.58 44.94 
 
 

Outfall 73 
Outfall 73 (located adjacent to outfall 72) is comprised of commercial land uses, with buildings, 
landscaping, parking lots and light to moderate concrete and asphalt covered storage and parking areas. 
The watershed area for this outfall is approximately 17 acres. This site has pervious areas covering 21% 
of the total watershed area. An aerial photograph, along with different land use characteristics, is shown 
in the following figures. 
 

 
Aerial view and Outline of NBSD Outfall 73 
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Drainage overview and Land use characterization for NBSD Outfall 73 

 

 
  

 



C-34 

 
 

 

 
  

 

 
 

 
 

Photographs taken during site surveys of OF72 and OF73 
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NBSD OF73 Development Characteristics  
  NBSD OF-73  
 Residential Commercial Institutional Other 

Urban 
Total 

Roofs  (ac)  (ac) (ac)  (ac)  (ac) 

1 Roofs Flat - directly connected to 
drains 0 0 0 0 0 
2 Roofs Flat - drains to asphalt/concrete 0 1.58 0 0 1.58 
3 Roofs Flat - drains to soils 0 0 0 0 0 
4 Roofs Flat - drains to vegetation 0 1.09 0 0 1.09 
5 Roofs Flat - drains to other surface 
(artificial turf, rock, gravel, etc.) 0 0.66 0 0 0.66 
6 Roofs Pitched - directly connected 0 0 0 0 0 
7 Roofs Pitched - drains to 
asphalt/concrete 0.02 0.00 0 0 0.02 
8 Roofs Pitched - drains to soils 0 0 0 0 0 
9 Roofs Pitched - drains to vegetation 0 0.00 0 0 0.00 
10 Roofs Pitched - drains to other 
surface (artificial turf, rock, gravel, etc.) 0 0 0 0 0 
Parking/Streets/Sidewalks/Driveways      
13 Paved asphalt parking/storage - 
smooth/intermediate texture - directly 
connected to drains 0 2.14 0 1.44 3.58 
14 Paved asphalt parking/storage - 
rough/very course texture - directly 
connected to drains 0 0.67 0.02 0 0.69 
15 Paved asphalt parking/storage - 
drains to pervious  0 0 0 0 0 
16 Paved concrete parking/storage - 
smooth - directly connected 0 0.15 0 0 0.15 
17 Paved concrete parking/storage - 
intermediate - directly connected 0 0 0 0 0 
18 Paved concrete parking/storage - 
drains to pervious  0 0.12 0 0 0.12 
19 Unpaved parking/storage - directly 
connected to drains 0 0 0 0 0 
20 Unpaved parking/storage - drains to 
pervious 0 0 0 0 0 
25 Driveways/loading dock -asphalt- 
directly connected 0 0 0 0 0 
26 Driveways/loading dock -concrete- 
directly connected 0 0 0 0 0 
27 Driveways/loading dock - drains to 
pervious 0 0 0 0 0 
31 Sidewalks - directly connected to 
drains 0 0.98 0 0.27 1.25 



C-36 

NBSD OF73 Development Characteristics (continued) 
32 Sidewalks - drains to pervious 0 0.01 0 0 0.01 
37 Streets- directly connected to drains  0.06 1.46 0 0.73 2.24 
38 Streets-drains to pervious 0 0 0 0 0 
Pervious Areas      
45 Landscaping areas - soils 0 0.10 0 0 0.10 
46 Landscaping areas - vegetation 0 1.30 0 0.24 1.54 
51 Landscaping areas around 
structures- soils 0 0 0 0 0 
52 Landscaping areas around structures 
- vegetation 0 0.78 0 0 0.78 
53 Landscaping areas around 
structures- other/infiltration area 0 0.45 0 0 0.45 
57 Undeveloped areas - soils 0 0 0 0 0 
58 Undeveloped areas - vegetation 0 0 0 0 0 
71 Other pervious infiltration areas 0 0 0 0.58 0.58 
Special  Areas      
84 OIA1 - Airfield apron/runway paved 
areas - directly connected 0 0 0 0 0 
OIA1 - Airfield apron/runway paved 
areas- drains to soil 0 0 0 0 0 
OIA1 - Airfield apron/runway paved 
areas - drains to vegetation 0 0 0 0 0 
       
85 OIA2 - Airfield other paved areas- 
directly connected 0 0 0 0 0 
OIA2 - Airfield other paved areas- 
drains to soil 0 0 0 0 0 
OIA2 - Airfield other paved areas- 
drains to vegetation 0 0 0 0 0 
      
86 OIA3  - Light laydown concrete 
areas- directly connected to drains 0 0.16 0 0 0.16 
OIA3  - Light laydown concrete areas - 
drains to soil 0 0 0 0 0 
OIA3  - Light laydown concrete areas - 
drains to vegetation 0 0 0 0 0 
       
87 OIA4 - Moderate laydown concrete 
areas - directly connected 0 0.33 0 0 0.33 
OIA4 - Moderate laydown concrete 
areas - drains to soil 0 0 0 0 0 
OIA4 - Moderate laydown concrete 
areas - drains to vegetation 0 0 0 0 0 
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NBSD OF73 Development Characteristics (continued) 
88 OIA5 - Heavy laydown concrete 
areas- directly connected 0 0 0 0 0 
OIA5 - Heavy laydown concrete areas - 
drains to soil 0 0 0 0 0 
OIA5 - Heavy laydown concrete areas- 
drains to vegetation 0 0 0 0 0 
       
89 OIA6 -  Light laydown asphalt areas - 
directly connected 0 1.05 0 0 1.05 
OIA6 -  Light laydown asphalt areas- 
drains to soil 0 0 0 0 0 
OIA6 -  Light laydown asphalt areas- 
drains to vegetation 0 0 0 0 0 
       
90 OIA7 - Moderate laydown asphalt 
areas- directly connected 0 0 0 0 0 
OIA7 - Moderate laydown asphalt 
areas- drains to soil 0 0 0 0 0 
OIA7 - Moderate laydown asphalt 
areas- drains to vegetation 0 0 0 0 0 
       
91 OIA8 - Heavy laydown asphalt areas 
- directly connected 0 0 0 0 0 
OIA8 - Heavy laydown asphalt areas - 
drains to soil 0 0 0 0 0 
OIA8 - Heavy laydown asphalt areas - 
drains to vegetation 0 0 0 0 0 
       
92 OIA9 - Galvanized metal roofs- 
directly connected 0 0 0 0 0 
OIA9 - Galvanized metal roofs - drains 
to soil 0 0 0 0 0 
OIA9 - Galvanized metal roofs- drains to 
vegetation 0 0 0 0 0 
       
93 OIA10 - Other galvanized materials- 
directly connected to drains 0 0.14 0 0 0.14 
OIA10 - Other galvanized materials - 
drains to soil 0 0 0 0 0 
OIA10 - Other galvanized materials - 
drains to vegetation 0 0.06 0 0 0.06 
       
99 ONPIA11 - Light laydown unpaved - 
drains to soil 0 0 0 0 0 
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NBSD OF73 Development Characteristics (continued) 
99 ONPA11 - Light laydown unpaved - 
drains to vegetation 0 0 0 0 0 
       
100 ONPA12 - Moderate laydown 
unpaved - drains to soil 0 0 0 0 0 
101 ONPA12 - Moderate laydown 
unpaved - drains to vegetation 0 0 0 0 0 
       
102 ONPA13 - Heavy laydown unpaved 
- drains to soil 0 0 0 0 0 
103 ONPA13 - Heavy laydown unpaved 
- drains to vegetation 0 0 0 0 0 
Total Area (acres) 0.08 13.23 0.02 3.29 16.62 
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Stormwater Monitoring for Naval Base San Diego (NBSD) – Outfall 51  
Outfall Date 

Sampled 
Dissolved 
Copper 
µg/L 

Total 
Copper 
µg/L 

Dissolved 
Zinc 
µg/L 

Total 
Zinc 
µg/L 

TSS 
mg/L 

FF/Com
posite 
EMC 
Samples  
on 
Same 
Date 

Associated Rain Day/Event Rain Depth 
for 
Monitored 
Event 
(inches) 

51 02/08/2013 3.1 12.0 6.9 65.8 42.0   2/8/13 16:00 to 2/9/13 8:00 0.27 
51 02/19/2013 21.6 255.0 173.0 255.0 316.0   2/19/13 20:00 to 2/19/13 21:00 0.01 
51 03/07/2013 70.7 243.0 782.0 1110.0 326.0 FF 3/8/13 6:00 to 3/8/13 22:00 1.02 
51 03/07/2013 16.5 82.0 129.0 450.0 133.0 COMP 3/8/13 6:00 to 3/8/13 22:00 1.02 
 
 
Stormwater Monitoring for Naval Base San Diego (NBSD) – Outfall 70  
Outfall Date 

Sampled 
Dissolved 
Copper 
µg/L 

Total 
Copper 
µg/L 

Dissolved 
Zinc 
µg/L 

Total 
Zinc 
µg/L 

TSS 
mg/L 

FF/Com
posite 
EMC 
Samples  
on 
Same 
Date 

Associated Rain Day/Event Rain Depth 
for 
Monitored 
Event 
(inches) 

70 1/24/1995   11.0   44.0 62.0   1/23/95 18:00 to 1/24/95 4:00 0.21 
70 2/21/1996   49.0   256.0 86.0   2/21/96 10:00 to 2/22/96 1:00 0.13 
70 3/13/1996   31.0   138.0 15.0   3/12/96 16:00 to 3/13/96 10:00 0.67 
70 02/08/2013 29.0 67.7 38.6 388.0 220.0   2/8/13 16:00 to 2/9/13 8:00 0.27 
70 02/19/2013 18.9 62.1 18.3 344.0 183.0   2/19/13 20:00 to 2/19/13 21:00 0.01 
70 03/07/2013 31.0 88.5 179.0 433.0 454.0 FF 3/8/13 6:00 to 3/8/13 22:00 1.02 
70 03/07/2013 10.2 16.7 102.0 69.4 38.0 COMP 3/8/13 6:00 to 3/8/13 22:00 1.02 
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Stormwater Monitoring for Naval Base San Diego (NBSD) – Outfall 72  
Outfall Date 

Sampled 
Dissolved 
Copper 
µg/L 

Total 
Copper 
µg/L 

Dissolved 
Zinc 
µg/L 

Total 
Zinc 
µg/L 

TSS 
mg/L 

FF/Com
posite 
EMC 
Samples  
on 
Same 
Date 

Associated Rain Day/Event Rain Depth 
for 
Monitored 
Event 
(inches) 

72 2/17/1994         15.0   2/17/94 4:00 to 2/17/94 14:00 0.68 
72 1/24/1995   83.0     2.0   1/23/95 18:00 to 1/24/95 4:00 0.21 
72 4/18/1995   83.0     2.0   4/18/95 4:00 to 4/18/95 14:00 0.37 
72 1/21/1996   94.0     29.0   1/21/96 18:00 to 1/21/96 20:00 0.22 
72 1/21/1996   57.0         1/21/96 18:00 to 1/21/96 20:00 0.22 
72 12/9/1996   42.0     4.0   12/9/96 14:00 to 12/9/96 20:00 0.18 
72 1/15/1997   76.2     293.0   1/15/97 17:00 to 1/15/97 20:00 0.19 
72 10/27/2000         7.0   10/27/00 6:00 to 10/27/00 

10:00 
0.31 

72 1/8/2001         96.0   1/8/01 11:00 to 1/9/01 5:00 0.65 
72 11/24/2001         55.0   11/24/01 17:00 to 11/24/01 

19:00 
0.22 

72 3/7/2002         322.0   3/7/02 6:00 to 3/7/02 10:00 0.02 
72 10/11/2012 1110.0 2220.0 1890.0 3470.0 776.0   10/11/12 10:00 to 10/11/12 

15:00 
0.09 

72 02/08/2013 66.3 230.0 290.0 1590.0 169.0 FF 2/8/13 16:00 to 2/9/13 8:00 0.27 
72 02/08/2013 74.8 137.0 19.0 484.0 81.0 COMP 2/8/13 16:00 to 2/9/13 8:00 0.27 
72 02/19/2013 35.6 120.0 29.7 626.0 196.0 FF 2/19/13 20:00 to 2/19/13 21:00 0.01 
72 02/19/2013 34.7 58.0 12.8 148.0 36.5 COMP 2/19/13 20:00 to 2/19/13 21:00 0.01 
72 03/07/2013 64.0 112.0 326.0 607.0 77.5 FF 3/8/13 6:00 to 3/8/13 22:00 1.02 
72 03/07/2013 37.1 81.6 93.4 192.0 67.0 COMP 3/8/13 6:00 to 3/8/13 22:00 1.02 
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Stormwater Monitoring for Naval Base San Diego (NBSD) – Outfall 73  
Outfall Date 

Sampled 
Dissolved 
Copper 
µg/L 

Total 
Copper 
µg/L 

Dissolved 
Zinc 
µg/L 

Total 
Zinc 
µg/L 

TSS 
mg/L 

FF/Com
posite 
EMC 
Samples  
on 
Same 
Date 

Associated Rain Day/Event Rain Depth 
for 
Monitored 
Event 
(inches) 

73 2/17/1994         1.0   2/17/94 4:00 to 2/17/94 14:00 0.68 
73 1/24/1995         33.0   1/23/95 18:00 to 1/24/95 4:00 0.21 
73 4/18/1995         85.0   4/18/95 4:00 to 4/18/95 14:00 0.37 
73 1/21/1996         23.0   1/21/96 18:00 to 1/21/96 20:00 0.22 
73 2/21/1996         194.0   2/21/96 10:00 to 2/22/96 1:00 0.13 
73 10/11/2012 619.0 3190.0 1890.0 5060.0 1320.0   10/11/12 10:00 to 10/11/12 

15:00 
0.09 

73 02/08/2013 113.0 191.0 146.0 519.0 107.0 FF 2/8/13 16:00 to 2/9/13 8:00 0.27 
73 02/08/2013 71.4 198.0 69.5 496.0 90.5 COMP 2/8/13 16:00 to 2/9/13 8:00 0.27 
73 02/19/2013 273.0 651.0 93.9 1350.0 21.0 FF 2/19/13 20:00 to 2/19/13 21:00 0.01 
73 02/19/2013 48.7 87.3 15.4 168.0 24.0 COMP 2/19/13 20:00 to 2/19/13 21:00 0.01 
73 03/07/2013 744.0 967.0 703.0 991.0 117.0   3/8/13 6:00 to 3/8/13 22:00 1.02 
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First-Flush vs. Composite Stormwater Quality for 2013 San Diego Monitored 
Sites  
The stormwater quality data from the San Diego Naval Base monitoring locations for 2013 were 
reviewed, comparing TSS, total and dissolved copper, and total and dissolved zinc concentrations 
obtained during event first flushes to the same event sampled as a whole event composite. Only the dry 
side sites, summarized below, had these concurrent data; the subase pier monitoring locations did not 
have these paired data. Only one to three paired sample sets were available for each site, so the 
following tables list the seven events that had these data from these four locations combined. The seven 
rain totals ranged from 0.01 to 1.02 (based on the nearby San Diego International Airport rainfall 
monitoring location). There is insufficient data to compare these relationships for the individual 
locations. The non-parametric sign test for paired data was used to determine the significance of the 
observed differences in the concentrations of these paired data groups.  
 
 
Dry Side 2013 Monitoring Locations at San Diego Naval Base having First Flush and Composite Data 
OF51: High density residential and big box commercial 
OF70: High density residential and big box commercial 
OF72: High density residential (small portion) and big box commercial (mostly) 
OF73: Big box commercial (mostly parking) 
 
 
The following table shows the paired data for TSS. The first flush concentrations averaged about 3.6 
times the composite values, with a moderate significance of 0.06 for the number of sample pairs 
available. The copper data also have p values of 0.06 with concentrations ratios of about 3.1 and 2.6 for 
total and dissolved copper, respectively. The total and dissolved zinc paired concentration values had p 
values of 0.01, with all 7 first flush concentrations greater than the composite concentrations. The 
concentration ratios were higher than for the copper values, being about 4.1 and 5.3 for total and 
dissolved zinc respectively. 
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TSS Data from all 2013 San Diego Monitoring Sites Combined: First Flush vs. Composite Samples 
 first flush composite FF/comp rain OF 
 326 133 2.45 1.02 51 
 454 38 11.95 1.02 70 
 169 81 2.09 0.27 72 
 196 36.5 5.37 0.01 72 
 77.5 67 1.16 1.02 72 
 107 90.5 1.18 0.27 73 
 21 24 0.88 0.01 73 
number 7 7 7 7  
average 193 67 3.6 0.52  
median 169 67 2.1 0.27  
min 21 24 0.9 0.01  
max 454 133 11.9 1.02  
stdev 151 38 4.0 0.48  
COV 0.78 0.57 1.11 0.93  
count increase  6 of 7   
Sign test P  0.06   

 
 
Total and Dissolved Copper Data from all 2013 San Diego Monitoring Sites Combined: First Flush vs. Composite 
Samples 
 Total Cu  Dissolved Cu 
  first 

flush 
composite FF/comp rain OF   first 

flush 
composite FF/comp rain OF 

 243 82 2.96 1.02 51  71 17 4.28 1.02 51 
 89 17 5.30 1.02 70  31 10 3.04 1.02 70 
 230 137 1.68 0.27 72  66 75 0.89 0.27 72 
 120 58 2.07 0.01 72  36 35 1.03 0.01 72 
 112 82 1.37 1.02 72  64 37 1.73 1.02 72 
 191 198 0.96 0.27 73  113 71 1.58 0.27 73 
  651 87 7.46 0.01 73   273 49 5.61 0.01 73 
number 7 7 7 7  number 7 7 7 7  
average 234 94 3.11 0.52  average 93 42 2.59 0.52  
median 191 82 2.07 0.27  median 66 37 1.73 0.27  
min 89 17 0.96 0.01  min 31 10 0.89 0.01  
max 651 198 7.46 1.02  max 273 75 5.61 1.02  
stdev 194 58 2.40 0.48  stdev 84 25 1.79 0.48  
COV 0.83 0.62 0.77 0.93  COV 0.90 0.59 0.69 0.93  
count increase  6 of 7   count increase  6 of 7   
Sign 
test P 

  0.06   Sign test P  0.06   
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Total and Dissolved Zinc Data from all 2013 San Diego Monitoring Sites Combined: First Flush vs. Composite 
Samples 
 Total Zn  Dissolved Zn 
  first 

flush 
composite FF/comp rain OF   first 

flush 
composite FF/comp rain OF 

 1110 450 2.47 1.02 51  782 129 6.06 1.02 51 
 433 69 6.24 1.02 70  179 102 1.75 1.02 70 
 1590 484 3.29 0.27 72  290 19 15.26 0.27 72 
 626 148 4.23 0.01 72  30 13 2.32 0.01 72 
 607 192 3.16 1.02 72  326 93 3.49 1.02 72 
 519 496 1.05 0.27 73  146 70 2.10 0.27 73 
  1350 168 8.04 0.01 73   94 15 6.10 0.01 73 
number 7 7 7 7  number 7 7 7 7  
average 891 287 4.07 0.52  average 264 63 5.30 0.52  
median 626 192 3.29 0.27  median 179 70 3.49 0.27  
min 433 69 1.05 0.01  min 30 13 1.75 0.01  
max 1590 496 8.04 1.02  max 782 129 15.26 1.02  
stdev 456 182 2.37 0.48  stdev 251 48 4.75 0.48  
COV 0.51 0.63 0.58 0.93  COV 0.95 0.75 0.90 0.93  
count increase  7 of 7   count increase  7 of 7   
Sign test P  0.01   Sign test P  0.01   

 
 
Stormwater Quality Variations by Seasons at San Diego Naval Monitoring 
Locations 
Southern California stormwater managers frequently observe significant “seasonal first-flushes” when 
the initial rains of the year may have larger concentrations compared to other rains later in the rainy 
season, and may account for much of the total rain year stormwater discharges. The rain year normally 
starts in the late fall and extends into the spring. The following tables summarize pollutant 
concentrations at the San Diego Naval Base monitoring locations for October and November compared 
to the other months, along with non-paired Wilcoxon rank-sum p values comparing the two 
concentration groups. The first table shows data from the prior Navy WinSLAMM analyses that focused 
on naval industrial monitoring locations (outfalls 26, 14, 1, 13, and 9) and is only for TSS. The next table 
is for the current monitoring period sites at the Navy dry side monitoring locations (residential, 
commercial, and institutional) combined, as there were relatively few data observations for each outfall. 
Data are shown for TSS, dissolved and total Cu, and dissolved and total Zn. The third table includes the 
data from the currently monitored subbase pier outfalls for TSS, dissolved and total Cu, and total Zn 
(dissolved Zn data are not available for this location).  
 
The results for the earlier monitored naval industrial sites do not indicate any significant differences for 
the TSS data available. The concentration ratios are also not indicative of higher concentrations for the 
early monitored events (the largest ratio is only 1.18 for TSS at OF1, for example.  Outfall 9 had a p value 
of 0.07, therefore being marginally significant, but the October and November TSS concentrations were 



C-45 

much smaller than the later event TSS concentrations. The data for the dry side locations monitored this 
past year shows that only dissolved zinc had a statistically significant difference between the two data 
groups, while total copper and total zinc had p values of 0.06 and 0.07 respectively, indicating a marginal 
level of significance, while also showing much larger concentrations during the early monitoring period 
compared to later rains. It is likely that several additional rain observations in the early period would 
result in statistically significant differences for these dry side monitoring locations. The pier monitoring 
locations during the recent monitoring activities are similar to the previous naval industrial site data; 
only one condition (TSS) had marginally significantly different concentrations, but the early season data 
appears to have much lower concentrations than the later season observations.  
 
It is possible that the dry side (residential, commercial, and institutional land uses) have significant 
seasonal first flush conditions, but additional data would be needed to verify the observations 
statistically. With so few rain events available in the semi-arid southern California area, these data are 
difficult to obtain, so the marginally available results may be indicative of this trend reported by others. 
However, there is no supporting information in the data from the naval industrial data sets supporting 
seasonal first-flushes from these land uses. It is thought that the highly varying site activities during the 
different industrial monitoring years caused a greater variability than the seasonal differences, 
effectively obscuring any seasonal first flush patterns.
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Seasonal First Flush TSS Concentrations vs. Other Months for Prior San Diego Naval Base Monitored Sites 
  Oct/Nov 

TSS 
OF26 

other 
TSS 
OF26 

Oct/Nov 
TSS 
OF14 

other 
TSS 
OF14 

Oct/Nov 
TSS OF1 

other TSS 
OF1 

Oct/Nov 
TSS 
OF13 

other 
TSS 
OF13 

Oct/Nov 
TSS OF9 

other 
TSS 
OF9 

count 4 21 5 25 4 14 4 14 2 18 
average 159 259 124 184 467 396 550 539 96 352 
median 150 176 66 108 268 206 479 324 96 68 
min 41 14 5 41 90 61 337 38 23 9 
max 294 1,333 362 655 1,243 2,057 904 1,853 170 2,111 
stdev 106 323 142 170 536 528 251 561 104 603 
COV 0.67 1.25 1.15 0.92 1.15 1.33 0.46 1.04 1.08 1.71 
ratio 
early/other 

 0.61  0.67  1.18  1.02  0.27 

p  0.14  0.22  0.41  0.48  0.07 
 
 
 
Seasonal First Flush Concentrations vs. Other Months for 2013 San Diego Residential, Commercial, and Institutional Monitored Sites 
  Oct/Nov 

TSS 
resid/com
mer 2013 

other 
months 
TSS 2013 
resid/com
mer 

Oct/Nov 
Tot Cu 
2013 
resid/com
mer 

other 
months 
Tot Cu 
2013 
resid/com
mer 

Oct/Nov 
Dis Cu 
2013 
resid/com
mer 

other 
months Dis 
Cu 2013 
resid/com
mer 

Oct/Nov Tot Zn 
2013resid/com
mer 

other months 
Tot Zn 
2013resid/com
mer 

Oct/Nov 
Dis Zn 
2013 
resid/com
mer 

other 
months Dis 
Zinc 2013 
resid/com
mer 

count 4 19 2 12 2 6 2 6 2 6 
average 540 80 2705 164 865 168 4265 413 1890 152 
median 416 37 2705 83 865 60 4265 338 1890 44 
min 7 1 2220 42 619 35 3470 148 1890 13 
max 1320 322 3190 967 1110 744 5060 991 1890 703 
stdev 628 94 686 256 347 282 1124 324 0 272 
COV 1.16 1.18 0.25 1.57 0.40 1.68 0.26 0.78 0.00 1.79 
ratio 
early/ot
her 

  6.77   16.53   5.13   10.32   12.42 

p   0.12   0.06   0.12   0.07   <0.001 
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Seasonal First Flush Concentrations vs. Other Months for 2013 San Diego SubBase Pier Monitored Sites 
  Oct/Nov TSS 

2013 pier 
other months 
TSS 2013 pier 

Oct/Nov Tot 
Cu 2013 pier 

other months 
Tot Cu 2013 
pier 

Oct/Nov Dis 
Cu 2013 pier 

other months 
Dis Cu 2013 
pier 

Oct/Nov 
Tot Zn 
2013 pier 

other months 
Tot Zn 2013 
pier 

count 23 73 17 61 3 3 17 61 
average 66 177 785 696 114 797 1135 1496 
median 44 78 450 380 112 561 710 880 
min 6 4 54 37 47 250 138 80 
max 240 5260 4080 3610 183 1580 3560 9350 
stdev 66 618 973 815 68 696 992 1726 
COV 1.01 3.50 1.24 1.17 0.60 0.87 0.87 1.15 
ratio early/other   0.37   1.13   0.14   0.76 
p   0.07   0.37   0.12   0.14 
 
 
 



C-48 

 
Norfolk, VA, Naval Facilities 
 
Soil Conditions at Norfolk, VA, Area Naval Facilities 
Little Creek 
The soils at the Little Creek site are comprised of the Udorthents loamy soil type. Slopes are smooth or 
irregular, and range from 0 to 25 percent but are dominantly 0 to 5 percent.  These soils are slightly 
darker in the uppermost 6 to 10 inches than in the underlying material, and resemble topsoil. The 
properties of these soils vary greatly with depth; they are generally well suited for use as building sites. 
Permeability is moderate to slow to a depth of 10 inches, and rapid to very slow below that depth. 
However, these soils were heavily compacted and reflect very little infiltration through the soil surface. 
 
St. Juliennes 
The soils at the St. Juliennes site are comprised of urban land soils. Typical urban land includes gently 
sloping areas covered by streets, buildings, parking lots, and other structures that obscure or alter the 
soils so that identification is not feasible. This site is mostly a scrapyard and storage area and is covered 
with some pavement, but with much compacted soils that do not provide significant infiltration. 
 
Rain Data for Norfolk, VA Naval Bases 
The bases in the Norfolk, VA, study area are located along the shoreline. The following figure shows the 
locations of these naval bases and the nearby weather station at the Norfolk International Airport, along 
with the annual average rain depths. The rain variations in this area are also relatively small, although 
the annual average rain depth is about 46 inches per year. 
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Map of Norfolk, VA, Naval Bases studied and nearby weather stations 
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NOAA Precipitation Data 
Hourly precipitation data is archived by the National Climate Data Center (NCDC) of the National 
Oceanic and Atmospheric Administration (NOAA) for the Norfolk International Airport. This table shows 
the approximate range of the historically available data, along with the completeness of the data record, 
for the airport location. 
 
 
Stations with Hourly Precipitation Data included for Norfolk, VA, Naval Stations 

Station COOPID Latitude Longitude Data Range % Completeness 
Norfolk International Airport 446139 36.903 -76.192 1948-2012 100 

 
 

Rainfall Patterns for Norfolk, VA, Naval Bases 
The following time series plot shows the rain depths for each rain event that occurred during the period 
from 1953 to 2013, including the stormwater monitoring period. Most of the Norfolk rains are less than 
3 inches, with rare rains greater than 9 or 10 inches. 
 
 

Norfolk International Airport, VA, rainfall from January 1953 to February 2013 

 
The regional naval facilities and the closest available NOAA rainfall Norfolk airport data are summarized 
below: 
 
Little Creek: 45 to 50 in/yr (Norfolk International Airport 46 in/yr between 1981 and 2010) 
St Juliennes: 45 to 50 in/yr (Norfolk International Airport 46 in/yr between 1981 and 2010) 
 
Therefore, the WinSLAMM calibration efforts will focus on the Norfolk International Airport NOAA data 
for both the Little Creek and St Juliennes Naval facilities.  
 
 
Land Development Characteristics at Norfolk, VA, Area Naval Facilities 
Naval Amphibious Base Little Creek – Outfall 07 
Little Creek Outfall 07 is located in the Naval Amphibious Base Little Creek. A complete data survey is 
available for this outfall describing the surface coverage and area of each surface type. Outfall 07 is 
comprised of industrial land use, with buildings and light to moderate laydown concrete and unpaved 
(but compacted) areas. The watershed area for this outfall is approximately 3 acres. This site has 
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pervious areas accounting for 15% of the total watershed area. An aerial photograph of the watershed is 
shown in the following figure. 
 
 

 
Drainage overview and Land use Characterization for Little Creek Outfall 07 
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Photos taken during site survey of Little Creek OF-07 
 

 

Land Use Development Characteristics for Little Creek OF-07 
LANDUSE Little Creek 

OF-07 

Roofs Area (ac) 

1 Roofs Flat - directly connected to drains 0 

2 Roofs Flat - drains to asphalt/concrete 0 

3 Roofs Flat - drains to soils 0 

4 Roofs Flat - drains to vegetation 0 

5 Roofs Flat - drains to other surface (artificial turf, rock, gravel, etc.) 0 

6 Roofs Pitched - directly connected 0 

7 Roofs Pitched - drains to asphalt/concrete 0.26 

8 Roofs Pitched - drains to soils 0 

9 Roofs Pitched - drains to vegetation 0 

10 Roofs Pitched - drains to other surface (artificial turf, rock, gravel, etc.) 0 

Parking/Streets/Sidewalks/Driveways   

13 Paved asphalt parking/storage - smooth/intermediate texture - directly 
connected to drains 

0 

14 Paved asphalt parking/storage - rough/very course texture - directly connected 
to drains 

0 

15 Paved asphalt parking/storage - drains to pervious  0 
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Land Use Development Characteristics for Little Creek OF-07 (continued) 
16 Paved concrete parking/storage - smooth - directly connected 0 

17 Paved concrete parking/storage - intermediate - directly connected 0 

18 Paved concrete parking/storage - drains to pervious  0 

19 Unpaved parking/storage - directly connected to drains 0 

20 Unpaved parking/storage - drains to pervious 0 

25 Driveways/loading dock -asphalt- directly connected 0 

26 Driveways/loading dock -concrete- directly connected 0 

27 Driveways/loading dock - drains to pervious 0 

31 Sidewalks - directly connected to drains 0 

32 Sidewalks - drains to pervious 0 

37 Streets- directly connected to drains  0 

38 Streets-drains to pervious 0 

Pervious Areas   

45 Landscaping areas - soils 0 

46 Landscaping areas - vegetation 0 

51 Landscaping areas around structures- soils 0 

52 Landscaping areas around structures - vegetation 0 

53 Landscaping areas around structures- other/infiltration area 0 

57 Undeveloped areas - soils 0 

58 Undeveloped areas - vegetation 0 

71 Other pervious infiltration areas 0.46 

Special  Areas   

84 OIA1 - Airfield apron/runway paved areas - directly connected 0 

OIA1 - Airfield apron/runway paved areas- drains to soil 0 

OIA1 - Airfield apron/runway paved areas - drains to vegetation 0 

    

85 OIA2 - Airfield other paved areas- directly connected 0 

OIA2 - Airfield other paved areas- drains to soil 0 

OIA2 - Airfield other paved areas- drains to vegetation 0 
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Land Use Development Characteristics for Little Creek OF-07 (continued) 
86 OIA3  - Light laydown concrete areas- directly connected to drains 0 

OIA3  - Light laydown concrete areas - drains to soil 0 

OIA3  - Light laydown concrete areas - drains to vegetation 0 

    

87 OIA4 - Moderate laydown concrete areas - directly connected 0.05 

OIA4 - Moderate laydown concrete areas - drains to soil 0 

OIA4 - Moderate laydown concrete areas - drains to vegetation 0 

    

88 OIA5 - Heavy laydown concrete areas- directly connected 0 

OIA5 - Heavy laydown concrete areas - drains to soil 0 

OIA5 - Heavy laydown concrete areas- drains to vegetation 0 

    

89 OIA6 -  Light laydown asphalt areas - directly connected 0 

OIA6 -  Light laydown asphalt areas- drains to soil 0 

OIA6 -  Light laydown asphalt areas- drains to vegetation 0 

    

90 OIA7 - Moderate laydown asphalt areas- directly connected 0 

OIA7 - Moderate laydown asphalt areas- drains to soil 0 

OIA7 - Moderate laydown asphalt areas- drains to vegetation 0 

    

91 OIA8 - Heavy laydown asphalt areas - directly connected 0 

OIA8 - Heavy laydown asphalt areas - drains to soil 0 

OIA8 - Heavy laydown asphalt areas - drains to vegetation 0 

    

92 OIA9 - Galvanized metal roofs- directly connected 0 

OIA9 - Galvanized metal roofs - drains to soil 0 

OIA9 - Galvanized metal roofs- drains to vegetation 0 

    

93 OIA10 - Other galvanized materials- directly connected to drains 0.82 

OIA10 - Other galvanized materials - drains to soil 0 

OIA10 - Other galvanized materials - drains to vegetation 0 
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Land Use Development Characteristics for Little Creek OF-07 (continued) 
99 ONPIA11 - Light laydown unpaved - drains to soil 0 

99 ONPA11 - Light laydown unpaved - drains to vegetation 0 

    

100 ONPA12 - Moderate laydown unpaved - drains to soil 1.42 

101 ONPA12 - Moderate laydown unpaved - drains to vegetation 0 

    

102 ONPA13 - Heavy laydown unpaved - drains to soil 0 

103 ONPA13 - Heavy laydown unpaved - drains to vegetation 0 

Total Area (acres) 3.01 

 

 

Stormwater Quality at Little Creek Naval Base 
 
Stormwater Monitoring for Little Creek Outfall 07 
Quarter Date Dissolved  

Copper 
(µg/l) 

Dissolved  
Zinc 
(µg/l) 

Associated Rain 
Day/Event 

Rain Depth 
Associated with 
Monitored Event 
(inches) 

1st Qtr 2007 2/22/2007 19 98 2/22/07 0:00 to 
2/22/07 9:00 

0.23 

2nd Qtr 2007 6/3/2007 <QL 17 6/3/07 0:00 to 
6/4/07 5:00 

1.29 

3rd Qtr 2007 8/5/2007 8 701 8/5/07 18:00 to 
8/6/07 1:00 

0.65 

4th Qtr 2007 10/24/2007 11 130 10/24/07 12:00 to 
10/25/07 20:00 

3.41 

1st Qtr 2008 1/17/2008 15 3290 1/17/08 8:00 to 
1/17/08 23:00 

0.6 

2nd Qtr 2008 4/4/2008 6 280 4/3/08 16:00 to 
4/4/08 3:00 

0.59 

3rd Qtr 2008 7/23/2008 7 520 7/23/08 13:00 to 
7/24/08 3:00 

1.78 

4th Qtr 2008 11/13/2008 7 307 11/13/08 9:00 to 
11/13/08 17:00 

1.22 

1st Qtr 2009 1/27/2009 11 1440 1/27/09 10:00 to 
1/28/09 1:00 

0.21 
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Stormwater Monitoring for Little Creek Outfall 07 (continued) 
2nd Qtr 2009 4/20/2009 7 20 4/20/09 13:00 to 

4/20/09 18:00 
0.85 

3rd Qtr 2009 8/4/2009 7 33 8/4/09 12:00 to 
8/4/09 13:00 

1.68 

4th Qtr 2009 11/11/2009 4 31 11/10/09 23:00 to 
11/14/09 0:00 

7.73 

1st Qtr 2010 1/25/2010 4 28 1/25/10 5:00 to 
1/25/10 11:00 

1.34 

2nd Qtr 2010 6/6/2010 9 1160 6/6/10 20:00 to 
6/6/10 22:00 

0.3 

3rd Qtr 2010 8/18/2010 5 56 8/18/10 11:00 to 
8/18/10 21:00 

1.69 

1st Qtr 2011 1/11/2011 10 563 1/11/11 2:00 to 
1/11/11 21:00 

0.17 

2nd Qtr 2011 4/26/2011 10 860 4/26/11 10:00 to 
4/26/11 14:00 

0.11 

3rd Qtr 2011 7/4/2011 5 76 7/4/11 17:00 to 
7/4/11 21:00 

1.45 

4th Qtr 2011 10/19/2011 8 242 10/19/11 0:00 to 
10/19/11 5:00 

0.74 

1st Qtr 2012 1/9/2012 7 198 1/9/12 8:00 to 
1/9/12 20:00 

0.13 

2nd Qtr 2012 4/4/2012 10 1040 4/4/12 20:00 to 
4/5/2012 7:00 

0.35 

3rd Qtr 2012 7/9/2012 9 459 7/9/12 14:00 to 
7/9/12 15:00 

0.77 

4th Qtr 2012 10/7/2012 5 303 10/7/12 4:00 to 
10/7/12 21:00 

0.49 

1st Qtr 2013 2/7/2013 13 489 2/8/13 0:00 to 
2/8/13 17:00 

2.2 

 

 
Land Development Characteristics at St. Juliennes Creek Annex 
St Juliennes Creek Annex – Outfalls 40 and 41 
St Juliennes Outfalls 40 and 41 are located in the St Juliennes Creek Annex. A complete data survey is 
available for this outfall describing the surface coverage, and area of each surface type. Outfalls 40 and 
41 are comprised of industrial land use, with buildings, parking/storage areas, landscaping and light to 
moderate laydown concrete and unpaved areas. The watershed area for this outfall is approximately 26 
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acres. This site has pervious area (heavily compacted) accounting to 18% of the total watershed area. An 
aerial photograph, along with different land use characteristics are shown in the following figures. 

 
Aerial view and Outline of St Juliennes Outfalls 40 and 41 

 

 

 
Drainage overview and Land use characterization for St Juliennes Outfalls 40 and 41 
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Photos taken during site surveys of St Juliennes OF 40 and 41 
 
 
Land Use Development Characteristics for St Juliennes OF 40 & 41 
LANDUSE St Juliennes OF 

40 & 41 

Roofs Area (ac) 

1 Roofs Flat - directly connected to drains 0 

2 Roofs Flat - drains to asphalt/concrete 0.04 

3 Roofs Flat - drains to soils 0.03 

4 Roofs Flat - drains to vegetation 0.03 

5 Roofs Flat - drains to other surface (artificial turf, rock, gravel, etc.) 0 

6 Roofs Pitched - directly connected 0 

7 Roofs Pitched - drains to asphalt/concrete 0.24 

8 Roofs Pitched - drains to soils 0 

9 Roofs Pitched - drains to vegetation 0.20 

10 Roofs Pitched - drains to other surface (artificial turf, rock, gravel, etc.) 0 

Parking/Streets/Sidewalks/Driveways   

13 Paved asphalt parking/storage - smooth/intermediate texture - directly 
connected to drains 

0 

14 Paved asphalt parking/storage - rough/very course texture - directly connected 
to drains 

0.35 

15 Paved asphalt parking/storage - drains to pervious  0 

16 Paved concrete parking/storage - smooth - directly connected 0.01 

17 Paved concrete parking/storage - intermediate - directly connected 0.05 

18 Paved concrete parking/storage - drains to pervious  2.42 
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Land Use Development Characteristics for St Juliennes OF 40 & 41 (continued) 
19 Unpaved parking/storage - directly connected to drains 0 

20 Unpaved parking/storage - drains to pervious 0 

25 Driveways/loading dock -asphalt- directly connected 0 

26 Driveways/loading dock -concrete- directly connected 0 

27 Driveways/loading dock - drains to pervious 0.10 

31 Sidewalks - directly connected to drains 0 

32 Sidewalks - drains to pervious 0.02 

37 Streets- directly connected to drains  2.33 

38 Streets-drains to pervious 0 

Pervious Areas   

45 Landscaping areas - soils 0 

46 Landscaping areas - vegetation 4.10 

51 Landscaping areas around structures- soils 0.02 

52 Landscaping areas around structures - vegetation 0.44 

53 Landscaping areas around structures- other/infiltration area 0 

57 Undeveloped areas - soils 0 

58 Undeveloped areas - vegetation 0 

71 Other pervious infiltration areas 0 

Special  Areas   

84 OIA1 - Airfield apron/runway paved areas - directly connected 0 

OIA1 - Airfield apron/runway paved areas- drains to soil 0 

OIA1 - Airfield apron/runway paved areas - drains to vegetation 0 

    

85 OIA2 - Airfield other paved areas- directly connected 0 

OIA2 - Airfield other paved areas- drains to soil 0 

OIA2 - Airfield other paved areas- drains to vegetation 0 

   

86 OIA3  - Light laydown concrete areas- directly connected to drains 0.92 

OIA3  - Light laydown concrete areas - drains to soil 0 

OIA3  - Light laydown concrete areas - drains to vegetation 0 
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Land Use Development Characteristics for St Juliennes OF 40 & 41 (continued) 
87 OIA4 - Moderate laydown concrete areas - directly connected 0.13 

OIA4 - Moderate laydown concrete areas - drains to soil 0 

OIA4 - Moderate laydown concrete areas - drains to vegetation 0 

    

88 OIA5 - Heavy laydown concrete areas- directly connected 0 

OIA5 - Heavy laydown concrete areas - drains to soil 0 

OIA5 - Heavy laydown concrete areas- drains to vegetation 0 

    

89 OIA6 -  Light laydown asphalt areas - directly connected 0 

OIA6 -  Light laydown asphalt areas- drains to soil 0 

OIA6 -  Light laydown asphalt areas- drains to vegetation 0 

    

90 OIA7 - Moderate laydown asphalt areas- directly connected 0 

OIA7 - Moderate laydown asphalt areas- drains to soil 0 

OIA7 - Moderate laydown asphalt areas- drains to vegetation 0 

    

91 OIA8 - Heavy laydown asphalt areas - directly connected 0 

OIA8 - Heavy laydown asphalt areas - drains to soil 0 

OIA8 - Heavy laydown asphalt areas - drains to vegetation 0 

    

92 OIA9 - Galvanized metal roofs- directly connected 0 

OIA9 - Galvanized metal roofs - drains to soil 0 

OIA9 - Galvanized metal roofs- drains to vegetation 0 

    

93 OIA10 - Other galvanized materials- directly connected to drains 0 

OIA10 - Other galvanized materials - drains to soil 2.31 

OIA10 - Other galvanized materials - drains to vegetation 0 

    

99 ONPIA11 - Light laydown unpaved - drains to soil 0 

99 ONPA11 - Light laydown unpaved - drains to vegetation 5.04 
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Land Use Development Characteristics for St Juliennes OF 40 & 41 (continued) 
100 ONPA12 - Moderate laydown unpaved - drains to soil 6.74 

101 ONPA12 - Moderate laydown unpaved - drains to vegetation 0 

    

102 ONPA13 - Heavy laydown unpaved - drains to soil 0 

103 ONPA13 - Heavy laydown unpaved - drains to vegetation 0 

Total Area (acres) 25.52 

 

 

Stormwater Quality at St. Juliennes Annex Naval Facility 
Stormwater Monitoring for St Juliennes Outfalls 40 & 41 

Date Total 
Recoverable  
Copper µg/L 

Total 
Recoverable 
 Zinc µg/L 

TSS 
mg/L 

Associated Rain 
Day/Event 

Rain Depth 
Associated with 
Monitored 
Event (inches) 

OUTFALL 040          

Dec. 31, 2009 8 42 22 12/31/09 2:00 to 
12/31/09 8:00 

0.51 

Sept. 3, 2010 15 49 8.5 9/3/10 4:00 to 
9/3/10 12:00 

0.21 

Jul. 4, 2011 58 106 11 7/4/11 17:00 to 
7/4/11 21:00 

1.45 

Dec. 16, 2012 28 91 47 12/16/12 5:00 to 
12/16/12 14:00 

0.59 

OUTFALL 041          

Jan. 08, 2007 12 109 22 1/8/07 6:00 to 
1/9/07 10:00 

0.85 

Mar. 30, 2008 40 193 11 3/30/08 9:00 to 
3/30/08 18:00 

0.3 

Apr. 6 2009 8 46 11 4/6/09 7:00 to 
6/6/09 14:00 

0.46 
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Northwest Naval Bases 
 

Soil Conditions at Northwest Naval Bases 
Bangor 
According to the USDA web soil survey, the soils at the Bangor site are of the Alderwood-Harstine soil 
type. These soils are moderately deep and moderately well drained. Typically, the surface of Alderwood 
soils is covered by a thin mat of undecomposed needles and wood fragments. The subsurface layers are 
very gravelly sandy loam. The subsoil is very gravelly loam. The substratum is gravelly sandy loam glacial 
till that is weakly-silica-cemented in the upper part. Depth to this hardpan ranges from 20 to 40 inches. 
Typically, the surface of Harstine soils is covered by a thin mat of undecomposed needles and wood 
fragments. The surface layer and subsoil are gravelly sandy loam. The substratum is weakly-silica-
cemented gravelly loamy sand over weakly-cemented compact glacial till. Depth to the hardpan ranges 
from 25 to 40 inches. The soils can be severely compacted with very low infiltration rates in developed 
areas due to building construction or activities. 
 
Bremerton 
The soils in the Bremerton site are comprised of the following soil types: Alderwood very gravelly sandy 
loam, 6 to 15 % slopes (18.5%), Alderwood very gravelly sandy loam, 15 to 30 % slopes (22.1%), Neilton 
gravelly loamy sand, 0 to 3 % slopes (44.9%), and Urban land-Alderwood complex, 0 to 8 % slopes 
(14.5%). The soils can be severely compacted with very low infiltration rates in developed areas due to 
building construction or activities. These soil types are described by the USDA web soil survey:  
  
Alderwood very gravelly sandy loam, 6 to 15% slopes: These soils are moderately deep and moderately 
well drained. Typically, the surface of this soil is covered by a mat of undecomposed needles and wood 
fragments. The subsurface layer is brown very gravelly sandy loam 1/2 inch thick. The subsoil is brown 
very gravelly loam about 21 inches thick. The substratum to a depth of 60 inches or more is grayish 
brown gravelly sandy loam that is weakly-silica-cemented in the upper part. Depth to the silica-
cemented hardpan ranges from 20 to 40 inches. Permeability of this Alderwood soil is moderately rapid 
above the hardpan and very slow in the hardpan layer.  
 
Alderwood very gravelly sandy loam, 15 to 30% slopes: These soils are steeper, otherwise, they are 
similar to the milder sloped Alderwood soils descried above.  
 
Neilton gravelly loamy sand, 0 to 3% slopes: These soils are deep and excessively drained. Typically, the 
surface layer is dark brown gravelly loamy sand about 4 inches thick. The subsoil is brown very gravelly 
loamy sand about 15 inches thick. The substratum to a depth of 60 inches is very gravelly sand. 
Permeability of this Neilton soil is rapid to a depth of 19 inches and very rapid in the substratum. 
 
Urban land-Alderwood complex, 0 to 8% slopes: These soils are moderately well drained and exist on 
beaches and low terraces on broad uplands. This complex is about 70 percent urban land and 20 percent 
Alderwood very gravelly sandy loam, 0 to 8 percent slopes. The components of this complex are so 
intricately intermingled that it was not practical to map them separately at the scale used. The 
Alderwood soil is moderately deep and moderately well drained. Typically, the surface of this soil is 
covered by a thin mat of undecomposed needles and wood fragments. The subsurface layer is brown 
very gravelly sandy loam about 0.5 inches thick. The subsoil is brown very gravelly loam about 21 inches 
thick. The substratum to a depth of 60 inches or more is grayish brown gravelly sandy loam that is 
weakly-silica-cemented in the upper part. Depth to the silica-cemented hardpan ranges from 20 to 40 
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inches. Permeability of this Alderwood soil is moderately rapid above the hardpan and very slow in the 
hardpan.  
 
Everett 
The soils in Everett site are comprised of the urban land soil type. Typical urban land includes gently 
sloping areas covered by streets, buildings, parking lots, and other structures that obscure or alter the 
soils so that identification is not feasible. The urban soils can be severely compacted with very low 
infiltration rates in developed areas due to building construction or activities. 
 
Rain Data for Northwest Naval Bases 
The bases in the northwest study area examined this year are located along the shores and islands of 
Puget Sound, Washington. An important part of the model calibration process relies on using rainfall 
data for each site that correlates with the samples collected at each outfall. This section summarizes the 
available data for each naval base and the associated weather stations. The following figure shows the 
locations for the naval bases and the nearby weather stations in the northwest study area, along with 
the annual average rain depth variations in the region. 
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Map of Naval Bases and nearby weather stations 
 
 
NOAA Precipitation Data 
Hourly precipitation data is archived by the National Climate Data Center (NCDC) of the National 
Oceanic and Atmospheric Administration (NOAA). The weather stations are generally operated by the 
U.S. National Weather Service (NWS), the Federal Aviation Administration (FFA), or by cooperative 
stations in the U.S. and its territories. The following table is a list of the weather stations near the 
northwestern naval bases that have hourly rainfall data, as supplied on the most recent EarthInfo CDs 
(Santa Monica, CA), a commercial supplier of nationwide NOAA weather information. These weather 
stations in the Puget Sound area are shown on the preceding map. The following table shows the 
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approximate range of historical data available for each site, along with the completeness of the data 
record. The most comprehensive data sets are for Quilcene, Everett, Burlington, and the Seattle Tacoma 
International Airport (SEATAC) as shown on the following table.  
 
 
Stations with Hourly Precipitation Data included for Northwest Naval Stations 

Station COOPID Latitude Longitude Data Range % Completeness 
Quilcene 5 SW Dam WS 456851 47.784 -122.979 1948-2012 89 
Everett WS 452675 47.975 -122.195 1948-2012 91 
Burlington WS 450986 48.467 -122.313 1948-2012 91 
Seattle Tacoma AP WS 457473 47.444 -122.313 1948-2012 99 

 

 

Global Historical Climatological Network 
Besides the basic NOAA data shown above, additional rainfall data for the region were also investigated 
that were located closer to the naval bases studied. Data from the Global Historical Climatological 
Network (GHCN) is also archived by the National Climate Data Center (NCDC). These weather stations 
are comprised of a worldwide network of weather stations (approximately 20,000 stations). Numerous 
organizations such as the Automated Weather Network (AWN), Global Telecommunications System 
(GTS), and the Automated Surface Observing System (ASOS), participate in this effort. Stations 
geographically close to each naval station are included in the following table along with the historical 
data range for each site. 
 
 
Stations with GHCN Precipitation Data included for Northwest Naval Stations 

Station Station Owner Latitude Longitude Data Range 
Bremerton National AP Bremerton National Airport 47.483 -122.767 1973-2013 
Snohomish County AP Snohomish County Airport 47.908 -122.28 2006-2013 

 
 
Data for these locations were obtained through the NOAA website. These data required substantial 
reformatting for the analyses and modeling efforts. 
  
Rainfall Patterns for Northwest Naval Bases 
The following three figures are time series plots showing the rain depths for each rain event that 
occurred during the period corresponding to the stormwater monitoring dates. Everett and Snohomish 
are quite similar, with most of the rains less than one inch, with occasional rains as large as 4 or 5 
inches. The Bremerton rains are much larger, with most rains less than about 2 inches and rare rains in 
the 6 to 8 inch category. 
 



C-69 

 
Everett, WA, rainfall from January 1949 to February 2012 
 

 
Bremerton National AP, WA, rainfall from January 2009 to April 2013 
 

 
Snohomish County AP, WA, rainfall from January 2009 to April 2013 
 
The regional naval facilities and the closest available NOAA rainfall data are summarized below: 
 
Bangor: 40 to 48 in/yr (Bremerton 53 in/yr between 1981 and 2010) 
Bremerton: 48 to 54 in/yr (Bremerton 53 in/yr between 1981 and 2010) 
Everett: 33 to 40 in/yr (Everett 36 in/yr between 1981 and 2010, and Snohomish 34 in/yr between 1981 
and 2010) 
 
The WinSLAMM calibration efforts will therefore focus on the Bremerton NOAA data for Bangor and 
Bremerton Naval facilities, and Everett for the Everett Naval facility. 
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Land Development Characteristics at Bangor Trident Base 
 

Bangor Trident Base - Outfall 02 

Bangor Outfall 02 is located at the Bangor Trident Base. A complete data survey is available for this 
outfall describing the surface coverage and area of each surface type. Outfall 02 is comprised of 
commercial, industrial and institutional land uses, with buildings, landscaping, and light to moderate 
laydown concrete, asphalt and unpaved areas. The watershed area for this outfall is approximately 
1,442 acres. There is a temporary sewage lagoon located within the site. This site has a large amount of 
pervious areas accounting for 82% of the total watershed area. An aerial photograph, along with 
different land use characteristics, is shown in the following figures. 
 
 

 
Drainage overview and Land use characterization for Bangor Outfall 02 
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Photos taken during site survey at Bangor OF02 
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Land Use Development Characteristics for Bangor OF 02 
LANDUSE Bangor OF- 02 

Roofs Area (ac) 

1 Roofs Flat - directly connected to drains 12.23 

2 Roofs Flat - drains to asphalt/concrete 2.60 

3 Roofs Flat - drains to soils 0.14 

4 Roofs Flat - drains to vegetation 1.20 

5 Roofs Flat - drains to other surface (artificial turf, rock, gravel, etc.) 0.44 

6 Roofs Pitched - directly connected 8.27 

7 Roofs Pitched - drains to asphalt/concrete 5.16 

8 Roofs Pitched - drains to soils 0.79 

9 Roofs Pitched - drains to vegetation 2.01 

10 Roofs Pitched - drains to other surface (artificial turf, rock, gravel, 
etc.) 

0.77 

Parking/Streets/Sidewalks/Driveways   

13 Paved asphalt parking/storage - smooth/intermediate texture - 
directly connected to drains 

14.74 

14 Paved asphalt parking/storage - rough/very course texture - directly 
connected to drains 

6.63 

15 Paved asphalt parking/storage - drains to pervious  19.46 

16 Paved concrete parking/storage - smooth - directly connected 0.63 

17 Paved concrete parking/storage - intermediate - directly connected 0.18 

18 Paved concrete parking/storage - drains to pervious  1.80 

19 Unpaved parking/storage - directly connected to drains 0.03 

20 Unpaved parking/storage - drains to pervious 2.35 

25 Driveways/loading dock -asphalt- directly connected 1.76 

26 Driveways/loading dock -concrete- directly connected 0.47 

27 Driveways/loading dock - drains to pervious 1.23 

31 Sidewalks - directly connected to drains 1.19 

32 Sidewalks - drains to pervious 0.58 

37 Streets- directly connected to drains  100.36 

38 Streets-drains to pervious 45.61 
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Land Use Development Characteristics for Bangor OF 02 (continued) 
Pervious Areas   

45 Landscaping areas - soils 28.49 

46 Landscaping areas - vegetation 43.53 

51 Landscaping areas around structures- soils 0 

52 Landscaping areas around structures - vegetation 48.69 

53 Landscaping areas around structures- other/infiltration area 0.45 

57 Undeveloped areas - soils 0 

58 Undeveloped areas - vegetation 795.39 

71 Other pervious infiltration areas 269.71 

Special  Areas   

84 OIA1 - Airfield apron/runway paved areas - directly connected 0 

OIA1 - Airfield apron/runway paved areas- drains to soil 0 

OIA1 - Airfield apron/runway paved areas - drains to vegetation 0 

    

85 OIA2 - Airfield other paved areas- directly connected 0 

OIA2 - Airfield other paved areas- drains to soil 0 

OIA2 - Airfield other paved areas- drains to vegetation 0 

   

86 OIA3  - Light laydown concrete areas- directly connected to drains 0.14 

OIA3  - Light laydown concrete areas - drains to soil 0 

OIA3  - Light laydown concrete areas - drains to vegetation 0.26 

    

87 OIA4 - Moderate laydown concrete areas - directly connected 3.53 

OIA4 - Moderate laydown concrete areas - drains to soil 0.21 

OIA4 - Moderate laydown concrete areas - drains to vegetation 0 

    

88 OIA5 - Heavy laydown concrete areas- directly connected 0 

OIA5 - Heavy laydown concrete areas - drains to soil 0 

OIA5 - Heavy laydown concrete areas- drains to vegetation 0 
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Land Use Development Characteristics for Bangor OF 02 (continued) 
89 OIA6 -  Light laydown asphalt areas - directly connected 7.20 

OIA6 -  Light laydown asphalt areas- drains to soil 0.06 

OIA6 -  Light laydown asphalt areas- drains to vegetation 1.84 

    

90 OIA7 - Moderate laydown asphalt areas- directly connected 0 

OIA7 - Moderate laydown asphalt areas- drains to soil 0 

OIA7 - Moderate laydown asphalt areas- drains to vegetation 0.12 

    

91 OIA8 - Heavy laydown asphalt areas - directly connected 0.83 

OIA8 - Heavy laydown asphalt areas - drains to soil 0.41 

OIA8 - Heavy laydown asphalt areas - drains to vegetation 0 

    

92 OIA9 - Galvanized metal roofs- directly connected 0 

OIA9 - Galvanized metal roofs - drains to soil 0 

OIA9 - Galvanized metal roofs- drains to vegetation 0 

    

93 OIA10 - Other galvanized materials- directly connected to drains 0 

OIA10 - Other galvanized materials - drains to soil 0 

OIA10 - Other galvanized materials - drains to vegetation 2.29 

    

99 ONPIA11 - Light laydown unpaved - drains to soil 0.64 

99 ONPA11 - Light laydown unpaved - drains to vegetation 6.79 

    

100 ONPA12 - Moderate laydown unpaved - drains to soil 0 

101 ONPA12 - Moderate laydown unpaved - drains to vegetation 0.33 

    

102 ONPA13 - Heavy laydown unpaved - drains to soil 0 

103 ONPA13 - Heavy laydown unpaved - drains to vegetation 0.66 

Total Area (acres) 1442.17 
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Stormwater Quality at Bangor Trident Base 
 
Stormwater Monitoring for Bangor Outfall 02 

Date Copper  
(µg/L) 

Zinc 
(µg/L) 

TSS 
(mg/L) 

Associated Rain Day/Event Rain Depth 
Associated with 
Monitored Event 
(inches) 

5 Nov 09 2.48 14.00 <4.0 11/5/09 15:00 to 11/6/09 2:00 0.82 

11 Mar 10 3.30 30.70 5 3/11/10 8:00 to 3/12/10 22:00 1.41 

10 May 10 3.7 15.6 <4.0 5/10/10 9:00 to 5/10/10 14:00 0.36 

31 Aug 10 <3.0 <4.0 13 8/31/10 12:00 to 8/31/10 23:00 0.17 

4 Qtr Avg 2.75 15.58 5.50    

22 Sep 11 0.28 4.79   9/22/11 7:00 to 9/22/11 20:00 0.3 

21 Oct 11 3.94 10.90   10/21/11 17:00 to 10/22/11 0:00 0.29 

21 Nov 11 13.70 30.80   11/21/11 12:00 to 11/23/11 14:00 6.61 

27 Dec 11 22.5 10.9   12/27/11 0:00 to 12/28/11 12:00 2.54 

4 Jan 12 9.15 22.6   1/3/12 21:00 to 1/4/12 02:00 0.17 

13 Feb 12  7.93 50.0    2/13/12 5:00 to 2/13/12 14:00 0.16 

5 Mar 12 6.99 35.3   3/5/12 12:00 to 3/5/12 18:00 0.63 

11 Apr 12 12.2 26.5   4/11/12 11:00 to 4/11/12 12:00 0.01 

3 May 12 5.74 64.3   5/3/12 8:00 to 5/4/12 1:00 0.67 

5 Jun 12 2.1 10.2   6/5/12 9:00 to 6/6/12 1:00 0.73 
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Land Development Characteristics at Naval Base Kitsap 
 

Naval Base Kitsap – Bremerton Outfall 015 

Bremerton Outfall 015 is located in the Naval Base Kitsap. A complete data survey is available for this 
outfall describing the surface coverage and area of each surface type. Outfall 015 is comprised of 
residential, commercial, industrial, and institutional land uses, with buildings, landscaping, and light to 
heavy laydown concrete and asphalt covered areas. The watershed area for this outfall is approximately 
104 acres. This site has pervious areas accounting for 41% of the total watershed. An aerial photograph, 
along with different land use characteristics of the site, is shown in the following figures. 
 

 
Drainage overview and Land use characterization for Bremerton Outfall 015 
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Land Use Development Characteristics for Bremerton OF 015 
LANDUSE Residential Commercial Institutional Navy 

Industrial 
Total 

Roofs  (ac)  (ac) (ac)  (ac)  (ac) 

1 Roofs Flat - directly connected to drains 0.43 3.09 0 3.29 6.81 
2 Roofs Flat - drains to asphalt/concrete 0.71 1.22 0 0 1.93 
3 Roofs Flat - drains to soils 0 0 0 0 0 
4 Roofs Flat - drains to vegetation 0.05 0.02 0 0 0.07 
5 Roofs Flat - drains to other surface (artificial turf, rock, gravel, 
etc.) 0 0 0 0 0 
6 Roofs Pitched - directly connected 2.64 1.93 0 0 4.57 
7 Roofs Pitched - drains to asphalt/concrete 0.40 0.03 0 1.80 2.23 
8 Roofs Pitched - drains to soils 0 0 0 0 0 
9 Roofs Pitched - drains to vegetation 0.69 0 0.10 0 0.79 
10 Roofs Pitched - drains to other surface (artificial turf, rock, 
gravel, etc.) 0 0 0 0 0 
Parking/Streets/Sidewalks/Driveways      
13 Paved asphalt parking/storage - smooth/intermediate 
texture - directly connected to drains 6.01 8.07 0 0.14 14.22 
14 Paved asphalt parking/storage - rough/very course texture - 
directly connected to drains 0.34 1.13 0.79 3.48 5.73 
15 Paved asphalt parking/storage - drains to pervious  0 0 0 0 0 
16 Paved concrete parking/storage - smooth - directly 
connected 1.13 0 0 0 1.13 
17 Paved concrete parking/storage - intermediate - directly 
connected 0 0 0 0 0 
18 Paved concrete parking/storage - drains to pervious  0 0 0 0 0 
19 Unpaved parking/storage - directly connected to drains 0 0 0 0 0 
20 Unpaved parking/storage - drains to pervious 0 0 0 0 0 
25 Driveways/loading dock -asphalt- directly connected 0.68 1.04 0 0.68 2.41 
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Land Use Development Characteristics for Bremerton OF 015 (continued) 
26 Driveways/loading dock -concrete- directly connected 0.13 0.40 0 0.05 0.57 
27 Driveways/loading dock - drains to pervious 0.20 0.17 0.05 0 0.42 
31 Sidewalks - directly connected to drains 0.80 1.53 0 0.06 2.39 
32 Sidewalks - drains to pervious 0.05 0 0 0 0.05 
37 Streets- directly connected to drains  5.36 4.05 0.34 2.11 11.86 
38 Streets-drains to pervious 0 0 0 0 0 
Pervious Areas      
45 Landscaping areas - soils 0 0 0 0 0 
46 Landscaping areas - vegetation 23.79 5.49 8.51 2.07 39.87 
51 Landscaping areas around structures- soils 0 0 0 0 0 
52 Landscaping areas around structures - vegetation 0 0 0 0 0 
53 Landscaping areas around structures- other/infiltration area 0 0.42 0 0 0.42 
57 Undeveloped areas - soils 0.81 1.03 0 0 1.84 
58 Undeveloped areas - vegetation 0 0 0 0 0 
71 Other pervious infiltration areas 0.07 0.16 0 0 0.23 
Special  Areas      
84 OIA1 - Airfield apron/runway paved areas - directly 
connected 0 0 0 0 0 
OIA1 - Airfield apron/runway paved areas- drains to soil 0 0 0 0 0 
OIA1 - Airfield apron/runway paved areas - drains to vegetation 0 0 0 0 0 
       
85 OIA2 - Airfield other paved areas- directly connected 0 0 0 0 0 
OIA2 - Airfield other paved areas- drains to soil 0 0 0 0 0 
OIA2 - Airfield other paved areas- drains to vegetation 0 0 0 0 0 
      
86 OIA3  - Light laydown concrete areas- directly connected to 
drains 0.02 0.20 0 0 0.21 
OIA3  - Light laydown concrete areas - drains to soil 0 0 0 0 0 
OIA3  - Light laydown concrete areas - drains to vegetation 0.22 0 0 0 0.22 
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Land Use Development Characteristics for Bremerton OF 015 (continued) 
87 OIA4 - Moderate laydown concrete areas - directly 
connected 0.11 0.02 0 0 0.13 
OIA4 - Moderate laydown concrete areas - drains to soil 0 0 0 0 0 
OIA4 - Moderate laydown concrete areas - drains to vegetation 0.45 0 0 0 0.45 
       
88 OIA5 - Heavy laydown concrete areas- directly connected 0 0.37 0 0.05 0.43 
OIA5 - Heavy laydown concrete areas - drains to soil 0 0 0 0 0 
OIA5 - Heavy laydown concrete areas- drains to vegetation 0 0 0 0 0 
       
89 OIA6 -  Light laydown asphalt areas - directly connected 0 0 0 0 0 
OIA6 -  Light laydown asphalt areas- drains to soil 0 0 0 0 0 
OIA6 -  Light laydown asphalt areas- drains to vegetation 0 0 0 0 0 
       
90 OIA7 - Moderate laydown asphalt areas- directly connected 0 0.27 0 1.78 2.05 
OIA7 - Moderate laydown asphalt areas- drains to soil 0 0 0 0 0 
OIA7 - Moderate laydown asphalt areas- drains to vegetation 0 0 0 0 0 
       
91 OIA8 - Heavy laydown asphalt areas - directly connected 0 0 0 1.16 1.16 
OIA8 - Heavy laydown asphalt areas - drains to soil 0 0 0 0 0 
OIA8 - Heavy laydown asphalt areas - drains to vegetation 0 0 0 0 0 
       
92 OIA9 - Galvanized metal roofs- directly connected 0 0 0 0 0 
OIA9 - Galvanized metal roofs - drains to soil 0 0 0 0 0 
OIA9 - Galvanized metal roofs- drains to vegetation 0 0 0 0 0 
       
93 OIA10 - Other galvanized materials- directly connected to 
drains 0 0.15 0 0.21 0.36 
OIA10 - Other galvanized materials - drains to soil 0 0.07 0 0 0.07 
OIA10 - Other galvanized materials - drains to vegetation 0.47 0.23 0.25 0 0.95 
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Land Use Development Characteristics for Bremerton OF 015 (continued) 
99 ONPIA11 - Light laydown unpaved - drains to soil 0 0 0 0 0 
99 ONPA11 - Light laydown unpaved - drains to vegetation 0 0 0 0 0 
       
100 ONPA12 - Moderate laydown unpaved - drains to soil 0 0 0 0 0 
101 ONPA12 - Moderate laydown unpaved - drains to 
vegetation 0 0 0 0 0 
       
102 ONPA13 - Heavy laydown unpaved - drains to soil 0 0 0 0 0 
103 ONPA13 - Heavy laydown unpaved - drains to vegetation 0 0 0 0 0 
Total Area (acres) 45.53 31.11 10.04 16.90 103.58 
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Stormwater Quality at Naval Base Kitsap 
 

Stormwater Monitoring for Bremerton Outfall 015 

Storm Date Sample 
Type 

Rain
fall 
(in) 

Total 
Cu 
(µg/L) 

Total 
Zn 
(µg/L) 

Dissolved  
Cu (µg/L) 

Dissolved 
Zn (µg/L) 

Note: Associated Rainfall 
Day/Event 

Rain Depth 
Associated 
with 
Monitored 
Rain Event 

SW04 3/1/2011 EMC 0.54 8.23 65 4.98 48.5   3/1/11 0:00 to 
3/1/11 8:00 

0.19 

SW05 3/8/2011 EMC 0.08 10.7 76.4 5.22 50.4   3/8/11 11:00 to 
3/8/11 16:00 

0.32 

SW07 4/14/2011 EMC 0.75 11.8 76.4 5.3 47.3   4/13/11 18:00 to 
4/14/11 13:00 

0.5 

SW08 11/22/2011 EMC 1.82 8.05 56.8 3.94 39.7   11/21/11 12:00 to 
11/23/11 14:00 

6.61 

SW09 1/21/2012 EMC 1.29 9.74 69.1 2.8 37.7   1/21/12 4:00 to 
1/21/12 11:00 

0.45 

SW10 2/29/2012 EMC 0.58 8.71 74.8 4.91 57.2   2/28/12 23:00 to 
2/29/12 21:00 

0.86 

SW11 3/15/2012 EMC 1.75 10.8 68 3.07 35.5   3/12/12 12:00 to 
3/15/12 23:00 

3.58 

SW12 4/20/2012 EMC 0.46 14.4 78.4 6.89 48.7   4/19/12 21:00 to 
4/20/12 18:00 

0.69 

SW12 4/20/2012 PSNS01
5-1 

0.46 17.4 76.2 7.43 43.7 Timed Composite 
Sampling- First Flush 

4/19/12 21:00 to 
4/20/12 18:00 

0.69 

 



C-85 

Stormwater Monitoring for Bremerton Outfall 015 (continued) 

SW12 4/20/2012 PSNS01
5-2 

0.46 12.3 62.6 6.02 34.2 Timed Composite 
Sampling 

4/19/12 21:00 to 
4/20/12 18:00 

0.69 

SW12 4/20/2012 PSNS01
5-3 

0.46 9.88 57.1 5.77 37.5 Timed Composite 
Sampling 

4/19/12 21:00 to 
4/20/12 18:00 

0.69 

SW12 4/20/2012 PSNS01
5-4 

0.46 11.2 70.6 7.18 52.5 Timed Composite 
Sampling 

4/19/12 21:00 to 
4/20/12 18:00 

0.69 

SW12 4/20/2012 PSNS01
5-5 

0.46 14.8 84.8 7.38 54 Timed Composite 
Sampling 

4/19/12 21:00 to 
4/20/12 18:00 

0.69 

SW12 4/20/2012 PSNS01
5-6 

0.46 12.6 76.1 7.08 51.8 Timed Composite 
Sampling 

4/19/12 21:00 to 
4/20/12 18:00 

0.69 

SW12 4/20/2012 PSNS01
5-7 

0.46 9.47 64.4 7.13 55.6 Timed Composite 
Sampling 

4/19/12 21:00 to 
4/20/12 18:00 

0.69 

SW12 4/20/2012 PSNS01
5-8 

0.46 10.1 92.8 7.22 79.2 Timed Composite 
Sampling 

4/19/12 21:00 to 
4/20/12 18:00 

0.69 

SW12 4/20/2012 PSNS01
5-9 

0.46 9.67 82.1 7.32 72.2 Timed Composite 
Sampling 

4/19/12 21:00 to 
4/20/12 18:00 

0.69 

SW12 4/20/2012 PSNS01
5-10 

0.46 8.95 92 4.49 71 Timed Composite 
Sampling 

4/19/12 21:00 to 
4/20/12 18:00 

0.69 

SW12 4/20/2012 PSNS01
5-11 

0.46 3.49 70.5 1.68 65.1 Timed Composite 
Sampling 

4/19/12 21:00 to 
4/20/12 18:00 

0.69 

SW12 4/20/2012 PSNS01
5-12 

0.46 2.87 32.8 1.41 30.3 Timed Composite 
Sampling 

4/19/12 21:00 to 
4/20/12 18:00 

0.69 

SW12 4/20/2012 PSNS01
5-13 

0.46 7.73 83.3 5.45 79.4 Timed Composite 
Sampling 

4/19/12 21:00 to 
4/20/12 18:00 

0.69 

SW12 4/20/2012 PSNS01
5-14 

0.46 10.7 69.9 8.06 61.7 Timed Composite 
Sampling 

4/19/12 21:00 to 
4/20/12 18:00 

0.69 
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Stormwater Monitoring for Bremerton Outfall 015 (continued) 

SW12 4/20/2012 PSNS01
5-15 

0.46 8.95 98.5 6.71 87.6 Timed Composite 
Sampling 

4/19/12 21:00 to 
4/20/12 18:00 

0.69 

SW12 4/20/2012 PSNS01
5-16 

0.46 28.5 108 2.96 22.1 Timed Composite 
Sampling 

4/19/12 21:00 to 
4/20/12 18:00 

0.69 

SW12 4/20/2012 PSNS01
5-17 

0.46 8.69 80.7 6.07 65.7 Timed Composite 
Sampling 

4/19/12 21:00 to 
4/20/12 18:00 

0.69 

SW12 4/20/2012 PSNS01
5-18 

0.46 10 80.7 7.51 68 Timed Composite 
Sampling 

4/19/12 21:00 to 
4/20/12 18:00 

0.69 

SW13 12/17/2012 EMC 1.49 5.94 33.0 2.34 21.1   12/16/12 17:00 to 
12/17/12 12:00 

2.01 

SW15 2/22/2013 EMC 0.57 9.55 66.4 3.99 44.3   2/22/13 11:00 to 
2/22/13 22:00 

0.87 

SW16 3/20/2013 EMC 1.49 12.6 73.3 4.53 39.8   3/19/13 22:00 to 
3/20/13 20:00 

1.7 
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Land Development Characteristics at Naval Station Everett 
 

Naval Station Everett – Everett Outfall A 

Everett Outfall A is located in the Naval Station Everett. A complete data survey is available for this 
outfall describing the surface coverage and area of each surface type. Outfall A is comprised of industrial 
land uses, with buildings, landscaping, and light to heavy laydown concrete and asphalt areas. The 
watershed area for this outfall is approximately 15 acres. This site has pervious areas accounting for 10% 
of the total watershed. An aerial photograph, along with different land use characteristics, is shown in 
the following figure. 

 
Drainage overview and Land use characterization for Everett Outfall A 
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Photos taken during site survey of Everett OF-A 
 
 
Land Use Development Characteristics for Everett OF A 
LANDUSE Everett OF A 

Roofs Area (ac) 

1 Roofs Flat - directly connected to drains 0.07 

2 Roofs Flat - drains to asphalt/concrete 0.09 

3 Roofs Flat - drains to soils 0 

4 Roofs Flat - drains to vegetation 0 

5 Roofs Flat - drains to other surface (artificial turf, rock, gravel, etc.) 0 

6 Roofs Pitched - directly connected 0.02 

7 Roofs Pitched - drains to asphalt/concrete 0.28 

8 Roofs Pitched - drains to soils 0 

9 Roofs Pitched - drains to vegetation 0 

10 Roofs Pitched - drains to other surface (artificial turf, rock, gravel, 
etc.) 

0 

Parking/Streets/Sidewalks/Driveways   

13 Paved asphalt parking/storage - smooth/intermediate texture - 
directly connected to drains 

0.06 

14 Paved asphalt parking/storage - rough/very course texture - directly 
connected to drains 

0 
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Land Use Development Characteristics for Everett OF A (continued) 
15 Paved asphalt parking/storage - drains to pervious  0 

16 Paved concrete parking/storage - smooth - directly connected 2.04 

17 Paved concrete parking/storage - intermediate - directly connected 0 

18 Paved concrete parking/storage - drains to pervious  0 

19 Unpaved parking/storage - directly connected to drains 0 

20 Unpaved parking/storage - drains to pervious 0 

25 Driveways/loading dock -asphalt- directly connected 0 

26 Driveways/loading dock -concrete- directly connected 0 

27 Driveways/loading dock - drains to pervious 0 

31 Sidewalks - directly connected to drains 0.73 

32 Sidewalks - drains to pervious 0 

37 Streets- directly connected to drains  2.56 

38 Streets-drains to pervious 0 

Pervious Areas   

45 Landscaping areas - soils 0 

46 Landscaping areas - vegetation 1.45 

51 Landscaping areas around structures- soils 0 

52 Landscaping areas around structures - vegetation 0 

53 Landscaping areas around structures- other/infiltration area 0 

57 Undeveloped areas - soils 0 

58 Undeveloped areas - vegetation 0 

71 Other pervious infiltration areas 0.08 

Special  Areas   

84 OIA1 - Airfield apron/runway paved areas - directly connected 0 

OIA1 - Airfield apron/runway paved areas- drains to soil 0 

OIA1 - Airfield apron/runway paved areas - drains to vegetation 0 

    

85 OIA2 - Airfield other paved areas- directly connected 0 

OIA2 - Airfield other paved areas- drains to soil 0 

OIA2 - Airfield other paved areas- drains to vegetation 0 
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Land Use Development Characteristics for Everett OF A (continued) 
86 OIA3  - Light laydown concrete areas- directly connected to drains 6.81 

OIA3  - Light laydown concrete areas - drains to soil 0 

OIA3  - Light laydown concrete areas - drains to vegetation 0 

    

87 OIA4 - Moderate laydown concrete areas - directly connected 0 

OIA4 - Moderate laydown concrete areas - drains to soil 0 

OIA4 - Moderate laydown concrete areas - drains to vegetation 0 

    

88 OIA5 - Heavy laydown concrete areas- directly connected 0 

OIA5 - Heavy laydown concrete areas - drains to soil 0 

OIA5 - Heavy laydown concrete areas- drains to vegetation 0 

    

89 OIA6 -  Light laydown asphalt areas - directly connected 0 

OIA6 -  Light laydown asphalt areas- drains to soil 0 

OIA6 -  Light laydown asphalt areas- drains to vegetation 0 

    

90 OIA7 - Moderate laydown asphalt areas- directly connected 0.21 

OIA7 - Moderate laydown asphalt areas- drains to soil 0 

OIA7 - Moderate laydown asphalt areas- drains to vegetation 0 

    

91 OIA8 - Heavy laydown asphalt areas - directly connected 0.193 

OIA8 - Heavy laydown asphalt areas - drains to soil 0 

OIA8 - Heavy laydown asphalt areas - drains to vegetation 0 

    

92 OIA9 - Galvanized metal roofs- directly connected 0 

OIA9 - Galvanized metal roofs - drains to soil 0 

OIA9 - Galvanized metal roofs- drains to vegetation 0 

    

93 OIA10 - Other galvanized materials- directly connected to drains 0.92 

OIA10 - Other galvanized materials - drains to soil 0 

OIA10 - Other galvanized materials - drains to vegetation 0 
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Land Use Development Characteristics for Everett OF A (continued) 
99 ONPIA11 - Light laydown unpaved - drains to soil 0 

99 ONPA11 - Light laydown unpaved - drains to vegetation 0 

    

100 ONPA12 - Moderate laydown unpaved - drains to soil 0 

101 ONPA12 - Moderate laydown unpaved - drains to vegetation 0 

    

102 ONPA13 - Heavy laydown unpaved - drains to soil 0 

103 ONPA13 - Heavy laydown unpaved - drains to vegetation 0 

Total Area (acres) 15.48 

 

 

Stormwater Quality at Naval Station Everett  
 

Stormwater Monitoring for Everett Outfall A (Rain information based on Everett Rain Gage) 

Date Iron 
(µg/L) 

Lead 
(µg/L) 

Cu 
(µg/L) 

Zn 
(µg/L) 

Aluminum 
(µg/L) 

Associated Rainfall Day/ 
Event 

Event Rain 
Depth (in) 

11/5/2009 700 ND 15 ND 1400  11/5/09 11:00 to 
11/5/09 23:00 

 0.4 

8/26/2010 1950 49 47 190 1180  8/26/10 11:00 to 
8/27/10 6:00 

 0.7 

9/23/2010     8 38    9/23/10 10:00 to 
9/23/10 11:00 

 0.1 

12/20/2010     19 95    12/19/10 9:00 to 
12/19/10 10:00 

 0.1 

1/20/2011     29 80    1/20/2011 12:00 to 
1/21/2011 13:00 

 1.5 

5/2/2011 780 16 21 100 540  5/2/11 9:00 to 5/2/11 
10:00 

 0.1 

9/26/2011 600 14 70 90 300  9/25/11 12:00 to 
9/25/11 13:00 

 0.1 

12/30/2011 2230 32 48 299 1060  12/29/11 23:00 to 
12/30/11 0:00 

 0.1 

4/3/2012     227 45    4/3/12 16:00 to 4/3/12 
22:00 

 0.28* 
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Stormwater Monitoring for Everett Outfall A (Rain information based on Everett Rain Gage) 
(continued) 

7/13/2012 560 9.5 39 99 360  7/13/12 16:00 to 
7/13/12 17:00 

 0.02* 

11/28/2012 580 0.7 236 42 350  11/28/12 21:00 to 
11/29/12 6:00 

 0.22* 

1/23/2013 1740 19 64 220 1030  1/23/13 18:00 to 
1/24/13 7:00 

 0.27* 

4/4/2013 1080 18 126 381 610  4/4/13 17:00 to 4/5/13 
10:00 

 0.38* 

*Snohomish County Airport Rain gage data as the Everett data ended in 2011. The earlier data were 
obtained from the Everett rain gage location. 
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WinSLAMM Calibration Results 
WinSLAMM was calibrated using the above listed site data collected at the various naval facilities 
located in California, Virginia, and Washington. The California and Washington naval industrial 
calibration files developed during the prior project year were not modified (except to comply with 
several model enhancements that we made since those earlier calibrations, such as the compacted soil 
factors and routing of particle size distributions). During the current project period, additional data were 
available for “dry side” naval facilities in the San Diego area (mostly residential and 
commercial/institutional areas), some additional land uses in the Puget Sound area (again mostly 
residential and commercial/institutional areas), and for naval industrial areas in the Little Creek, Virginia 
areas. These sites are all described in earlier sections of this report. The calibration efforts for the 
current project period therefore extended WinSLAMM to these other land uses found on naval facilities, 
and for a new area (Virginia). In addition, the prior California and Washington calibrations were also 
verified using these new data from the additional monitoring locations. 
 
The calibration process started with the San Diego “dry side” locations and data, and the files were then 
used with the prior industrial area data for the “wet side” locations having mostly industrial land uses. 
After this calibration effort, the Virginia locations were calibrated (all naval industrial land uses) based 
on the regional WinSLAMM land use calibration data, but adjusted using the locally collected 
information and data. The Puget Sound calibration effort started with mixed land use areas for the 
residential and commercial/institutional land uses, and then used the prior industrial area calibration 
files with the other locations. 
 
The first calibration activities focused on the TSS data at each location and land use. Calibration started 
with using the regional calibration files for the southwest for all land uses besides the industrial areas 
(which used the prior navy calibrated files). Sites having these other land uses were evaluated and the 
event by event predicted TSS mass loadings were compared to the observed TSS mass loadings (based 
on the observed TSS concentrations multiplied by the expected runoff volumes). The sum of all the 
event loads for all sites were then compared and the ratio of the observed to the calculated load sum 
was then used as a factor to modify the calibration file data (again, the industrial data was not changed). 
Besides the particle concentration file data, changes were also made to the street TSS washoff delivery 
file (as the street runoff TSS load is calculated by the model and does not use a calibration file directly). 
Therefore, matching the sum of loads for the observed and calculated data sets was the primary 
calibration objective. When a satisfactory overall match was obtained, further analyses were conducted 
examining individual event loads and concentration values. Further adjustments were made in an 
attempt to best represent the overall range and variation in loads and concentrations.  
 
After the TSS calibrations were completed, copper and zinc calibrations were next conducted for both 
particulate and filtered conditions, starting with mass discharges and then concentrations. After these 
calibrations were made for the residential, commercial, and institutional land uses, the prior industrial 
calibration files were used for newer industrial areas for the California and Washington sites. The 
Virginia industrial calibrations only reflected the current data as prior naval facility data were not 
available for that area. 
 
As shown in the following plots and tables, the performances of the calibrations were quite satisfactory 
for the load calculations, but less so for the concentration data. While the average concentrations 
matched well, the calculated concentration values for individual events sometimes were less variable 
than observed. This is mostly associated with various uncertainties of the monitored data, such as the 
periodic monitored events over long periods of time resulting in artificially long interevent periods 
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(partially compensated by using special street delivery factors), varying amounts of observations from 
the different sites for the different constituents, and unknown site activities in the past that do not 
correspond to currently observed site conditions. Overall, these calibrated model files were then used to 
calculate the expected sources of the flows, particulates, copper, and zinc from the different study 
areas, as shown in the following report section. 
 
 
Observed and Calculated TSS Loads and Average Concentrations 
   TSS loads, total (lbs) TSS conc., average (mg/L) 
San Diego  Number of 

monitored 
events 

observed calculated observed calculated 

     OF51 High density residential 
and big box commercial 

3 292 187 164 116 

     OF70 High density residential 
and big box commercial 

6 1386 1838 100 103 

     OF72 High density residential 
(small portion) and big 
box commercial (mostly) 

14 2341 2312 127 73 

     OF73 Big box commercial 
(mostly parking) 

9 803 420 210 59 

     Sierra Pier Industrial pier 37 2,085 3,460 249 238 
All San Diego 
resid/commer 
sites combined 

 32 4,822 4,759 149 78 

Virginia, St. 
Juliennes OF 
40&41 

scrapyard 7 384 458 19 21 

Washington, 
Bangor OF 02 

Large industrial area 
with swales 

4 808 670 5 61 (w/o 
swale 
effects) 
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Observed and Calculated Total Copper Loads and Average Concentrations 
   Total copper loads, total (lbs) Total copper conc., average 

(µg/L) 
San Diego  Number of 

monitored 
events 

observed calculated observed calculated 

     OF51 High density residential 
and big box commercial 

3 0.17 0.12 116 66 

     OF70 High density residential 
and big box commercial 

6 0.37 0.76 49 75 

     OF72 High density residential 
(small portion) and big 
box commercial (mostly) 

10 1.65 1.55 82 90 

     OF73 Big box commercial 
(mostly parking) 

4 0.13 0.05 143 80 

     Sierra Pier Industrial pier 35 7.9* 1.7 776*  110 
All San Diego 
resid/commer 
sites combined 

 23 2.33 2.48 90 81 

Virginia, St. 
Juliennes OF 
40&41 

scrapyard 7 0.62 0.60 24 30 

Washington, 
Bremerton 
OF15 

Large mixed land use 
area 

11 1.02 1.03 10 9.8 

Washington, 
Bangor OF 02 

Large industrial area 
with swales 

14 0.079 0.17 8.2 14 

Washington, 
Everett, OFA 

Industrial piers 13 0.37* 0.08 142* 37 

* several very high concentrations observed 
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Observed and Calculated Total Zinc Loads and Average Concentrations 
   Total zinc loads, total (lbs) Total zinc conc., average 

(µg/L) 
San Diego  Number of 

monitored 
events 

observed calculated observed calculated 

     OF51 High density residential 
and big box commercial 

3 0.93 0.68 257 384 

     OF70 High density residential 
and big box commercial 

6 3.3 8.1 207 426 

     OF72 High density residential 
(small portion) and big 
box commercial (mostly) 

4 4.7 5.3 1,074*  581 

     OF73 Big box commercial 
(mostly parking) 

4 4.1* 1.7 1,679*  530 

All San Diego 
resid/commer 
sites combined 

 17 13.0 15.7 766 480 

Virginia, St. 
Juliennes OF 
40&41 

scrapyard 7 1.9 3.1 91** 158 

Washington, 
Bremerton 
OF15 

Large mixed land use 
area 

11 6.3 6.3 61 60 

Washington, 
Bangor OF 02 

Large industrial area 
with swales 

14 0.42 0.49 44 46 

Washington, 
Everett, OFA 

Industrial piers 13 0.23 0.26 102 122 

* several very high concentrations observed 
** filterable concentrations greater than total concentrations when both sites examined 
 
 
 
The following are plots and calculations describing the performance for the TSS mass calibrations as an 
example. The additional data for the TSS concentrations and the copper and zinc calibrations are shown 
in Appendix C. The Mann-Whitney rank sum tests compared the medians of the observed and calculated 
data sets, while the calibrations focused on the sum of loads and the average concentrations. Therefore, 
a number of these test results indicate significant differences in the observed vs. calculated median 
values, while it is likely the average and load data sets are not significantly different. The calibration test 
results cannot be presented with a single performance value, nor were the calibrations done only 
examining single relationships. The overall patterns were also considered in addition to the primary sum 
of loads values. As noted previously, the inconsistent data collection efforts, relatively few data, and lack 
of historical site activities likely added to less desirable calibration results for some conditions. However, 
most of these results are very good and the calibrated model was used to calculate the expected 
sources of the flows and pollutants in the following section. 
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The above figure shows probability plots for the observed and calculated TSS masses for all sites 
combined, showing similar and overlapping distributions. The 95% confidence intervals (CI) for each set 
of data are also shown. Generally, these two data sets overlap (they cross at both the top and bottom of 
the range and the CI bands are close). These are log-normal probability plots and also indicate how 
closely the data distributions reflect normal conditions (after being log-transformed). If the plot is a 
straight line, they are likely normally distributed. This plot was prepared with Minitab (version 16) and 
also includes Anderson-Darling (AD) test statistic values in the data summary box. If the AD p value is 
small (<0.05), then the data set is statistically different from a normal distribution; if large (>0.05) then 
there is insufficient data to indicate a statistically significant difference. In the above example, the 
observed TSS mass values (shown as red squares) form a reasonably straight line except for a few 
extreme values, and the AD test statistic has a p value of 0.84. In contrast, the calculated TSS mass 
values (shown as black filled dots) have a greater curvature and an AD test statistic p value of <0.005 
indicating they do not likely form a normal distribution. The main use of these probability plots is to 
illustrate the visual similarity of the observed and calculated distributions; data normality is not a goal as 
non-parametric statistical tests were used when examining the data. These data sets are not perfectly 
super-imposed and indicate some bias, especially some over-predictions in calculated TSS mass for some 
observed values.  
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The above box and whisker plot compares pairs of observed and calculated TSS mass loads for the San 
Diego (CA), Norfolk (VA), and Puget Sound (WA) study areas data, while the last pair includes the data 
from all of the sites combined. The box shows the median as the internal horizontal line in the boxes 
while the upper and lower ends of the boxes indicate the 75th and 25th percentile values respectively. 
The ends of the whiskers indicate the 5 and 95% percentile values, while the individual dots indicate 
observations outside of the 5th to 95th percentile range. Therefore, two adjacent plots indicate how the 
observed and calculated values compare. Generally, if the median of one box is above or below the 25th 
or 75th percentile ends of the adjacent box, the data sets are likely significantly different for moderately 
sized data sets. For this plot, the San Diego data sets may be different, while the other data pairs (and 
the overall data set) indicate better overlapping conditions. The following Mann-Whitney test statistics 
was used to calculate the probability of these differences (based on the data set medians and the overall 
variations). 
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Mann-Whitney Rank Sum Test for San Diego TSS Mass Data (based on medians) 
Group N  Missing  Median  25% 75% 
SD obs TSS lbs 69 0 29 124 987 
SD calc TSS lbs 69 0 69 31 168 
Mann-Whitney U Statistic= 1696   
T = 4111.000  n(small)= 69  n(big)= 69  (P = 0.004)  
The difference in the median values between the two groups is greater than would be expected by 
chance; there is a statistically significant difference (P = 0.004), as indicated on the above box and 
whisker plot 
 
 
Mann-Whitney Rank Sum Test for Virginia TSS Mass Data (based on medians) 
Group N  Missing  Median  25% 75% 
VA obs TSS lbs 7 0 51 14 87 
VA calc TSS lbs 7 0 44 24 91 
Mann-Whitney U Statistic= 21   
T = 49.000  n(small)= 7  n(big)= 7  P(est.)= 0.701  P(exact)= 0.710 
The difference in the median values between the two groups is not great enough to exclude the 
possibility that the difference is due to random sampling variability; there is not a statistically significant 
difference  (P = 0.71) 
 
Mann-Whitney Rank Sum Test for Washington TSS Mass Data (based on medians) 
Group N  Missing  Median  25% 75% 
WA obs TSS lbs 4 0 116 60 430 
WA calc TSS lbs 4 0 94 20 388 
Mann-Whitney U Statistic= 5.000   
T = 21.000  n(small)= 4  n(big)= 4  P(est.)= 0.470  P(exact)= 0.486 
The difference in the median values between the two groups is not great enough to exclude the 
possibility that the difference is due to random sampling variability; there is not a statistically significant 
difference  (P = 0.49) 
 
 
t-Test: Paired Two Sample for Means for All TSS Mass Data Combined 
 All observed TSS lbs All calculated TSS lbs 
Mean 101 117 
Variance 25,072 16,219 
Observations 80 80 
Pearson Correlation 0.397  
Hypothesized Mean Difference 0  
df 79  
t Stat -0.88  
P(T<=t) one-tail 0.19  
The number of observations (80 pairs) do not indicate a statistically significant difference between the 
two data sets (P = 0.40) 
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The above scatterplot compares the observed and calculated TSS mass loads for individual events. The 
preferred plot would be a 45 degree line with little scatter (as better indicated for copper and zinc loads 
as shown in Appendix C, for example). For the TSS mass loads shown on this plot, the events with small 
mass loadings have over-predicted calculated loadings, as indicated in the probability plots shown 
previously. 
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Calculated Sources of Flows, Particulate Solids, Copper, and Zinc at Naval 
Facilities 
 The calibrated version of WinSLAMM was used to calculate the relative sources of the runoff volume, 
TSS, copper, and zinc at the naval bases examined during the 2013 site investigation and monitoring 
activities. The following sections describe the results of these calculations, focusing on three ranges of 
rains: small rains up to 0.5 inches in depth (normally associated with the largest number of runoff 
events), 0.5 to 1.5 inches in depth (normally associated with the majority of pollutant mass discharges), 
and >1.5 inches in depth (rarer rains associated with habitat destruction/bank instability and drainage 
issues).  
 
 
San Diego Naval Facility Flow and Pollutant Sources 
The following table summarizes the main source areas used in the source calculations, along with their 
descriptions. The analyses were separated into three land use categories: residential, 
commercial/institutional, and industrial areas. These three land use categories along with the source 
areas shown in this table were the basis for the simplified spreadsheet Navy stormwater model being 
developed for preliminary base calculations. 
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Source Area Categories for San Diego Source Contribution Analyses 
Source Area Label Description for Navy analyses WinSLA

MM 
source 
# 

San 
Diego 
Sierra 
Pier 
(Naval 
indus) 

San 
Diego 
OF51 
(Resid) 

San Diego 
OF51 
(commer/ 
instit) 

San 
Diego 
OF70 
(resid) 

San Diego 
OF70 
(commer/ 
instit) 

San 
Diego 
OF72 
(resid) 

San Diego 
OF72 
(commer/ 
instit) 

San 
Diego 
OF73 
(resid) 

San Diego 
OF73 
(commer/ 
instit) 

Roofs 1 Roofs Flat - connected 1 0.55 0.81  0.51 3.81 0.71 3.26   1.58 
Roofs 3 Roofs Flat - disconnected 3     1.12 0.18   2.47   1.75 
Roofs 6 Roofs Pitched - connected 6 0.29    0.23 1.3 2.77 1.29 0.02  
Roofs 9 Roofs Pitched - disconnected 9  0.15  1.81 1.36   0.26    
Paved parking 1 Paved parking-connected 13 0.22 4.73  16.12 4.15 5.71 10.9   4.42 
Paved parking 3 Paved parking-disconnected 15  0.79  4.91 2.27 0.06 0.67   1.12 
Unpaved parking 2 Unpaved parking-disconnected 20       0.78       
Driveways 1 Driveways/loading dock -

connected 
25 0.63    0.19  0.3     

Driveways 3 Driveways/loading dock -
disconnected 

27  0.35  0.59 0.52   0.21    

Sidewalks 1 Sidewalks - connected 31  0.46  0.73 0.32 0.88 0.66   1.25 
Sidewalks 2 Sidewalks - disconnected 32  0.66          0.01 
Streets 1 Streets - with curb and gutters  37     5.79 4.91 2.89 3.55 0.06 2.18 
Large Landscaped 
areas 1 

Landscaping areas 
/undeveloped areas (silty soils) 

45  4.51 6.18 12.97 8.88 1.45 2.37   2.42 

Small landscaped 
areas 1 

Landscape/undeveloped areas 
next to buildings and/or 
parking lots (compacted silty 
soils) 

51     0.3    0.17   0.45 

Other pervious 
areas 1 

Other pervious infiltration 
areas (sandy soils) 

71     0.35 4.02 0.39 1.98    

Other impervious 
areas 3* 

Light laydown paved areas- 
connected  

86 0.74    0.03 0.17      1.21 

Other impervious 
areas 3* 

Light laydown paved areas- 
disconnected  

86          0.28    

Other impervious 
areas 4 

Moderate laydown paved areas 
-  connected 

87 1.08 0.06    0.04   0.02   0.33 

Other impervious 
areas 5 

Heavy laydown paved areas- 
connected 

88        0.05 0.07    

Other non-paved 
areas 1 

Light laydown unpaved - 
connected 

99        0.05     
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Source Area Categories for San Diego Source Contribution Analyses (continued) 
Other non-paved 
areas 1 

Light laydown unpaved - 
disconnected 

99        0.01     

Other non-paved 
areas 5 

Heavy laydown unpaved - 
disconnected 

103        0.15     

Other impervious 
areas 10 

Other galvanized materials 
paved- connected  

93 0.91       0.01 0.55   0.14 

Other impervious 
areas 10 

Other galvanized materials 
paved- disconnected  

93  0.48     0.08 0.01   0.06 

 Total Area (acres)   4.42 13 6.18 45.65 32.71 15.51 28.84 0.08 16.92 
* for areas having the same source area designation, use the most common condition, or create another land use for the duplicates 
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The following tables summarize the major source area contributions for these three rain categories for 
each outfall drainage area. Only those areas contributing at least 10% of the flows or pollutants are 
summarized on these tables. As expected, the directly connected impervious areas contribute most of 
the flows, but landscaped areas become important for the largest rains for some of the areas. Also, each 
source area usually has limited flow or pollutant contributions, requiring stormwater controls at several 
source areas or affecting the total area flows, to result in significant reductions. 
 
 
Major flow sources for San Diego Naval Facilities: 
Sub area and 
portion of total 
flow  

0 to 0.5 inches 0.5 to 1.5 inches >1.5 inches 

NBSD OF51 Paved parking/storage 1 
(56 to 60%) 
Paved parking/storage 3 
(8.5 to 10%) 

Paved parking/storage 
1 (54 to 56%) 

Paved parking/storage 1 
(46 to 54%) 
Large landscaped area 2, 
other (4 to 12%) 

NBSD OF70 Paved parking/storage 1 
(32 to 39%) 
Paved parking/storage 3 
(8 to 12%) 
Paved parking/storage 1, 
comer. (8 to 10%) 

Paved parking/storage 
1 (31 to 32%) 
Street 1 (10 to 11%) 
 

Paved parking/storage 1 
(29 to 31%) 
Street 1 (10 to 11%) 

NBSD OF72 Paved parking/storage 1 
(31 to 47%) 
Roofs 1 (10 to 16%) 
Roofs 3 (6 to 10%) 
Paved parking/storage 1, 
resid. (3 to 12%) 

Paved parking/storage 
1 (30%) 
Paved parking/storage 
1, resid. (12 to 14%) 

Paved parking/storage 1 
(28 to 30%) 
Paved parking/storage 1, 
resid. (14%) 

NBSD OF73 Paved parking/storage 1 
(32 to 38%) 
Roofs 3 (11 to 14%) 
Roofs 1 (11 to 12%) 
Street 1 (0 to 14%) 

Paved parking/storage 
1 (31 to 32%) 
Roofs 1 (11%) 
Street 1 (14%) 
Roofs 3 (10 to 11%) 

Paved parking/storage 1 
(31 to 32%) 
Roofs 1 (11%) 
Street 1 (15%) 
Roofs 3 (10%) 

Sierra Pier Roofs 1 (16 to 41%) 
Roofs 6 (9 to 22%) 
Other impervious areas 4 
(8 to 21%) 
Other impervious areas 10 
(7 to 18%)  
Paved parking/storage 1 
(6 to 17%) 
Other impervious areas 3 
(6 to 15%) 
Driveways 1 (0 to 15%) 

Other impervious areas 
4 (21 to 23%) 
Other impervious areas 
10 (18 to 20%)  
Other impervious areas 
3 (15 to 16%) 
Driveways 1 (15%) 
Roofs 1 (14 to 16%) 
 

Other impervious areas 4 
(23 to 24%) 
Other impervious areas 10 
(20%)  
Other impervious areas 3 
(16%) 
Driveways 1 (15%) 
Roofs 1 (12 to 14%) 
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Major particulate solids sources for San Diego Naval Facilities: 
Sub area and 
portion of total 
flow  

0 to 0.5 inches 0.5 to 1.5 inches >1.5 inches 

NBSD OF51 Paved parking/storage 1 
(71 to 81%) 
Paved parking/storage 3 
(10 to 13%) 

Paved parking/storage 
1 (55 to 71%) 

Paved parking/storage 1 
(28 to 53%) 
Large landscaped area 2, 
other (5 to 21%) 
Large landscaped area 1 (4 
to 15%) 

NBSD OF70 Paved parking/storage 1 
(51 to 59%) 
Paved parking/storage 3 
(13 to 18%) 

Paved parking/storage 
1 (36 to 51%) 
Paved parking/storage 
3 (9 to 13%) 
Street  1 (6 to 17%) 
 

Paved parking/storage 1 
(21 to 36%) 
Street 1 (14 to 19%) 

NBSD OF72 Paved parking/storage 1 
(42 to 74%) 
Paved parking/storage 1, 
resid. (8 to 22%) 
Roofs 6, resid. (2 to 12%) 
Roofs 3 (6 to 10%) 

Paved parking/storage 
1 (32 to 42%) 
Paved parking/storage 
1, resid. (16 to 22%) 
Roofs 6, resid. (8 to 
10%) 
Street1, resid. (6 to 
14%) 

Paved parking/storage 1 
(29 to 32%) 
Street1, resid. (12 to 19%) 
Paved parking/storage 1, 
resid. (9 to 16%) 
 

NBSD OF73 Paved parking/storage 1 
(54 to 67%) 
Paved parking/storage 3 
(11 to 15%) 
Other impervious area 3 
(7 to 14%) 

Paved parking/storage 
1 (35 to 54%) 
Other impervious area 
3 (14 to 22%) 
Paved parking/storage 
3 (7 to 11%) 

Paved parking/storage 1 
(28 to 35%) 
Other impervious area 3 
(22 to 27%) 
 

Sierra Pier Other impervious areas 4 
(19 to 35%) 
Paved parking/storage 1 
(9 to 19%) 
Roofs 1 (7 to 34%) 
Other impervious areas 3 
(6 to 18%) 
Other impervious areas 10 
(4 to 12%)  
Driveways 1 (0 to 17%) 

Other impervious areas 
4 (35 to 44%) 
Other impervious areas 
3 (18 to 24%) 
Other impervious areas 
10 (12 to 16%)  
Paved parking/storage 
1 (9 to 10%) 
Driveways 1 (4 to 17%) 

Other impervious areas 4 
(34 to 44%) 
Other impervious areas 3 
(24 to 31%) 
Other impervious areas 10 
(16 to 20%)  
Paved parking/storage 1 (9 
to 10%) 
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Major total copper sources for San Diego Naval Facilities: 
Sub area and 
portion of total 
flow  

0 to 0.5 inches 0.5 to 1.5 inches >1.5 inches 

NBSD OF51 Paved parking/storage 1 
(69 to 78%) 
Paved parking/storage 3 
(10 to 13%) 

Paved parking/storage 
1 (61 to 69%) 

Paved parking/storage 1 
(48 to 61%) 

NBSD OF70 Paved parking/storage 1 
(71 to 81%) 
Paved parking/storage 3 
(10 to 13%) 

Paved parking/storage 
1 (55 to 71%) 

Paved parking/storage 1 
(28 to 53%) 
Large landscaped area 2, 
other (5 to 21%) 
Large landscaped area 1 (4 
to 15%) 

NBSD OF72 Paved parking/storage 1 
(50 to 65%) 
Roofs 1 (8 to 12%) 

Paved parking/storage 
1 (45 to 47%) 
Street 1 (10 to 12%) 

Paved parking/storage 1 
(43 to 45%) 
Street 1 (12 to 13%) 

NBSD OF73 Paved parking/storage 1 
(47 to 56%) 
Paved parking/storage 3 
(10 to 13%) 
Sidewalks 1 (10%) 
Street 1 (0 to 14%) 

Paved parking/storage 
1 (42 to 47%) 
Sidewalks 1 (10 to 11%) 
Street 1 (13 to 17%) 

Paved parking/storage 1 
(41 to 42%) 
Street 1 (16 to 18%) 
Sidewalks 1 (11%) 
 

Sierra Pier Other impervious areas 4 
(43 to 60%) 
Paved parking/storage 1 
(8 to 27%) 
Other impervious areas 3 
(8 to 14%) 
Other impervious areas 10 
(7 to 13%)  
Roofs 1 (2 to 10%) 

Other impervious areas 
4 (58 to 60%) 
Other impervious areas 
3 (14 to 15%) 
Other impervious areas 
10 (13 to 14%) 

Other impervious areas 4 
(55 to 60%) 
Other impervious areas 3 
(15 to 18%) 
Other impervious areas 10 
(14 to 16%) 
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Major total zinc sources for San Diego Naval Facilities: 
Sub area and 
portion of total 
flow  

0 to 0.5 inches 0.5 to 1.5 inches >1.5 inches 

NBSD OF51 Paved parking/storage 1 
(56 to 68%) 
Other impervious area 10 
(16 to 23%) 
Paved parking/storage 3 
(8 to 11%) 

Paved parking/storage 
1 (41 to 56%) 
Other impervious area 
10 (23 to 37%) 
 

Other impervious area 10 
(37 to 41%) 
Paved parking/storage 1 
(31 to 41%) 
 

NBSD OF70 Paved parking/storage 1 
(33 to 43%) 
Paved parking/storage 1, 
comer. (13 to 15%) 
Paved parking/storage 3 
(9 to 13%) 

Paved parking/storage 
1 (21 to 33%) 
Paved parking/storage 
1, comer. (15 to 16%) 
Roofs 1, comer, (12 to 
17%) 

Paved parking/storage 1 
(14 to 21%) 
Roofs 1, comer, (18 to 20%) 
Paved parking/storage 1, 
comer. (15 to 16%) 
 

NBSD OF72 Paved parking/storage1 
(42 to 45%) 
Roofs 1 (22 to 25%) 
Roofs3 (14 to 17%) 

Paved parking/storage 
1 (42%) 
Roofs 1 (22%) 
Roofs3 (14%) 

Paved parking/storage 1 
(42%) 
Roofs 1 (21 to 22%) 
Roofs3 (14%) 

NBSD OF73 Paved parking/storage 1 
(37 to 42%) 
Roofs 3 (21 to 24%) 
Roofs 1 (21 to 22%) 

Paved parking/storage 
1 (37%) 
Roofs 1 (22%) 
Roofs 3 (20%) 

Paved parking/storage 1 
(36 to 37%) 
Roofs 1 (22%) 
Roofs 3 (20%) 
Street 1 (10%) 

Sierra Pier Other impervious areas 4 
(31 to 49%) 
Other impervious areas 3 
(8 to 18%) 
Paved parking/storage 1 
(7 to 20%) 
Other impervious areas 10 
(5 to 11%)  
Roofs 1 (5 to 23%) 
Roofs 6 (3 to 12%) 

Other impervious areas 
4 (49 to 52%) 
Other impervious areas 
3 (18 to 20%) 
Other impervious areas 
10 (11 to 12%)  
 

Other impervious areas 4 
(47 to 52%) 
Other impervious areas 3 
(20 to 23%) 
Other impervious areas 10 
(13 to 15%) 

 
 
The following figures are graphical representations of these source area contribution data by rain depth. 
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Virginia Naval Facility Flow and Pollutant Sources 
The following tables and figures summarize the flow and pollutant sources for the two Virginia bases 
examined during 2013. 
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Source Area Categories for Little Creek Source Contribution Analyses 
Source Area Label Description for Navy analyses WinSLAMM source # VA Little Creek 

OF07 (Naval 
industrial) 

VA St Juliennes OF40&41 
(Naval industrial) 

Roofs 1 Roofs Flat - connected 1   0.04 
Roofs 3 Roofs Flat - disconnected 3   0.06 
Roofs 6 Roofs Pitched - connected 6 0.26 0.24 
Roofs 9 Roofs Pitched - disconnected 9   0.2 
Paved parking 1 Paved parking-connected 13   0.41 
Paved parking 3 Paved parking-disconnected 15   2.42 
Driveways 3 Driveways/loading dock -disconnected 27   0.1 
Sidewalks 2 Sidewalks - disconnected 32   0.02 
Streets 1 Streets - with curb and gutters  37   2.33 
Large landscaped areas 2 Landscaping areas /undeveloped areas (silty soils) 46   4.54 
Small landscaped areas 2 Landscape/undeveloped areas next to buildings and/or 

parking lots (compacted silty soils) 
51   0.02 

Other pervious areas 1 Other pervious infiltration areas (sandy soils) 71 0.46   
Other impervious areas 3 Light laydown paved areas- connected  86   0.92 
Other impervious areas 4 Moderate laydown paved areas -  connected 87 0.05 0.13 
Other non-paved areas 1 Light laydown unpaved - disconnected 99   5.04 
Other non-paved areas 2 Moderate laydown unpaved - connected  100   6.74 
Other non-paved areas 3 Moderate laydown unpaved - disconnected 101 1.42   
Other impervious areas 10* Other galvanized materials paved- connected  93 0.82   
Other impervious areas 10* Other galvanized materials paved- disconnected  93   2.31 
 Total Area (acres)   3.01 25.52 
* for areas having the same source area designation, use the most common condition, or create another land use for the duplicates 
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Major flow sources for Virginia Naval Facilities: 
Sub area and 
portion of total 
flow  

0 to 0.5 inches 0.5 to 1.5 inches >1.5 inches 

St. Juliennes Other non-paved area 2 
(33 to 37%) 
Other non-paved area 1 
(25 to 27%) 
Paved parking 6 (11 to 
13%) 
Other impervious area 10 
(11 to 13%) 

Other non-paved area 
2 (32 to 33%) 
Other non-paved area 
1 (24 to 25%) 
Paved parking 6 (11%) 
Other impervious area 
10 (11%) 
Street 1 (10 to 11%) 

Other non-paved area 2 (31 
to 32%) 
Other non-paved area 1 
(23%) 
Other impervious area 10 
(11%) 
Street 1 (11%)  
Paved parking 6 (10 to 
11%) 

Little Creek Other non-paved area 3 
(47 to 48%) 
Other impervious area 10 
(28 to 29%) 
Other pervious area 1 (13 
to 14%) 

Other non-paved area 
3 (48%) 
Other impervious area 
10 (28%) 
Other pervious area 1 
(13%) 

Other non-paved area 3 
(48%) 
Other impervious area 10 
(28%) 
Other pervious area 1 
(13%) 

 
 
Major particulate solids sources for Virginia Naval Facilities: 
Sub area and 
portion of total 
flow  

0 to 0.5 inches 0.5 to 1.5 inches >1.5 inches 

St. Juliennes Other non-paved area 2 
(36 to 42%) 
Other non-paved area 1 
(27 to 31%) 
Paved parking 6 (11 to 
16%) 
Street 1 (0 to 16%) 

Other non-paved area 
2 (31 to 36%) 
Other non-paved area 
1 (23 to 27%) 
Street 1 (16 to 26%) 
Paved parking 6 (9 to 
11%) 

Other non-paved area 2 (19 
to 23%) 
Other non-paved area 1 (19 
to 23%) 
Street 1 (26 to 29%) 
 

Little Creek Other non-paved area 3 
(70 to 77%) 
Other impervious area 10 
(18 to 19%) 
 

Other non-paved area 
3 (54 to 70%) 
Other impervious area 
10 (15 to 19%) 
Other pervious area 1 
(9 to 30%) 

Other non-paved area 3 (42 
to 54%) 
Other impervious area 10 
(14 to 15%) 
Other pervious area 1 (30 
to 43%) 

 
 



C-124 

Major total copper sources for Virginia Naval Facilities: 
Sub area and 
portion of total 
flow  

0 to 0.5 inches 0.5 to 1.5 inches >1.5 inches 

St. Juliennes Other non-paved area 2 
(32 to 34%) 
Other impervious area 10 
(25 to 26%) 
Other non-paved area 1 
(24 to 25%) 

Other non-paved area 
2 (31 to 32%) 
Other impervious area 
10 (26%) 
Other non-paved area 
1 (23%) 

Other non-paved area 2 (29 
to 31%) 
Other impervious area 10 
(26 to 28%) 
Other non-paved area 1 (22 
to 23%) 

Little Creek Other impervious area 10 
(51 to 53%) 
Other non-paved area 3 
(39%) 

Other impervious area 
10 (53 to 54%) 
Other non-paved area 
3 (38 to 39%) 

Other impervious area 10 
(54 to 57%) 
Other non-paved area 3 (35 
to 38%) 

 
 
Major total zinc sources for Virginia Naval Facilities: 
Sub area and 
portion of total 
flow  

0 to 0.5 inches 0.5 to 1.5 inches >1.5 inches 

St. Juliennes Other impervious area 10 
(54 to 56%) 
Other non-paved area 2 
(21%) 
Other non-paved area 1 
(16%) 

Other impervious area 
10 (54%) 
Other non-paved area 
2 (21%) 
Other non-paved area 
1 (16%) 

Other impervious area 10 
(54%) 
Other non-paved area 2 
(21%) 
Other non-paved area 1 
(16%) 

Little Creek Other impervious area 10 
(79%) 
Other non-paved area 3 
(18%) 

Other impervious area 
10 (79%) 
Other non-paved area 
3 (18%) 

Other impervious area 10 
(79%) 
Other non-paved area 3 
(18%) 
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Washington Naval Facility Flow and Pollutant Sources 
The following tables and figures illustrate and summarize the flow and pollutant sources for the three 
naval facilities examined during 2013 in the Puget Sound area. 
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Source Area Categories for Washington Source Contribution Analyses 
Source Area Label Descriptions for Navy Analyses WinSLAMM 

source # 
WA Bangor 
OF02 
(Naval 
industrial) 

WA 
Bremerton 
OF015 
(residential) 

WA 
Bremerton 
OF015 
(commercial/ 
institutional) 

WA 
Bremerton 
OF015 (Naval 
industrial) 

WA Everett 
OFA (Naval 
industrial) 

Roofs 1 Roofs Flat - connected 1 14.83 1.14 4.31 3.29 0.16 
Roofs 3 Roofs Flat - disconnected 3 1.78 0.05 0.02    
Roofs 6 Roofs Pitched - connected 6 13.43 3.03 1.96 1.8 0.3 
Roofs 9 Roofs Pitched - disconnected 9 3.57 0.69 0.1    
Paved parking 1 Paved parking-connected 13 22.18 7.48 9.99 3.62 2.1 
Paved parking 3 Paved parking-disconnected 15 21.26       
Unpaved parking 1 Unpaved parking-connected 19 0.03       
Unpaved parking 2 Unpaved parking-disconnected 20 2.35       
Driveways 1 Driveways/loading dock -connected 25 2.23 0.81 1.44 0.73   
Driveways 3 Driveways/loading dock -disconnected 27 1.23 0.2 0.22    
Sidewalks 1 Sidewalks - connected 31 1.19 0.05 1.53 0.06 0.73 
Sidewalks 2 Sidewalks - disconnected 32 0.58       
Streets 1 Streets - with curb and gutters  37 100.36 5.36 4.39 2.11 2.56 
Streets 2 Streets - with grass swales (need area and average 

width of streets) 
38 45.61       

Large landscaped 
areas 1 

Landscaping areas /undeveloped areas (silty soils) 46 916.1 24.6 15.33 2.07 1.45 

Small landscaped 
areas 1 

Landscape/undeveloped areas next to buildings 
and/or parking lots (compacted silty soils) 

51 0.45   0.42    

Other pervious 
areas 1 

Other pervious infiltration areas (sandy soils) 71 269.71 0.07 0.16  0.08 

Other impervious 
areas 3* 

Light laydown paved areas- connected  86 7.34 0.02 0.2  6.81 

Other impervious 
areas 3* 

Light laydown paved areas- disconnected  86 2.16 0.22     

Other impervious 
areas 4 

Moderate laydown paved areas -  connected 87 3.53 0.11 0.29 1.78 0.21 

Other impervious 
areas 4 

Moderate laydown paved areas - disconnected 87 0.33 0.45     

Other impervious 
areas 5 

Heavy laydown paved areas- connected 88 0.83   0.37 1.21 0.193 

Other impervious 
areas 5 

Heavy laydown paved areas-disconnected 88 0.41       
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Source Area Categories for Washington Source Contribution Analyses (continued) 
Other non-paved 
areas 1 

Light laydown unpaved - disconnected 99 7.43       

Other non-paved 
areas 3 

Moderate laydown unpaved - disconnected 101 0.33       

Other non-paved 
areas 5 

Heavy laydown unpaved - disconnected 103 0.66       

Other impervious 
areas 10 

Other galvanized materials paved- connected  93     0.15 0.21 0.92 

Other impervious 
areas 10 

Other galvanized materials paved- disconnected  93 2.29 0.47 0.55    

 Total Area (acres):   1442.2 44.75 41.43 16.88 15.513 
* for areas having the same source area designation, use the most common condition, or create another land use for the duplicates 
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Major flow sources for Washington Naval Facilities: 
Sub area and 
portion of total 
flow  

0 to 0.5 inches 0.5 to 1.5 inches >1.5 inches 

Bangor Paved parking 1 (8 to 21%) 
Paved parking 3 (7 to 19%) 
Roofs 1 (6 to 15%) 
Roofs 6 (5 to 12%) 
Street 1 (0 to 34%) 
Street 2 (0 to 16%) 

Street 1 (32 to 34%) 
Street 2 (15%) 
Large landscaped area 
2 (10 to 17%) 
 

Street 1 (22 to 32%) 
Large landscaped area 2 
(17 to 43%) 
Street 2 (10 to 15%) 
 

Bremerton Paved parking 1, comer. 
(17 to 24%) 
Paved parking 1, resid. (13 
to 18%) 
 

Paved parking 1, 
comer. (16 to 17%) 
Paved parking 1, resid. 
(12 to 13%) 
 

Paved parking 1, comer. 
(15 to 16%) 
Paved parking 1, resid. (11 
to 12%) 
 

Everett Other impervious area 3 
(49 to 60%) 
Paved parking 1 (15 to 
18%) 
Street 1 (0 to 16%) 

Other impervious area 
3 (49%) 
Street 1 (16 to 17%) 
Paved parking 1 (15%) 

Other impervious area 3 
(48 to 49%) 
Street 1 (17 to 18%) 
Paved parking 1 (15%) 

 
 
Major particulate solids sources for Washington Naval Facilities: 
Sub area and 
portion of total 
flow  

0 to 0.5 inches 0.5 to 1.5 inches >1.5 inches 

Bangor Paved parking 1 (33 to 
42%) 
Paved parking 3 (26 to 
40%) 
Street 1 (0 to 17%) 

Paved parking 1 (26 to 
32%) 
Paved parking 3 (21 to 
26%) 
Street 1 (17 to 27%) 

Paved parking 1 (22 to 
26%) 
Paved parking 3 (18 to 
21%) 
Street 1 (27 to 32%) 

Bremerton Paved parking 1, resid. (26 
to 32%) 
Paved parking 1 (22 to 
27%) 
Other impervious area 4 
(11 to 13%) 

Paved parking 1, resid. 
(23 to 26%) 
Paved parking 1 (19 to 
22%) 
Other impervious area 
4 (10 to 11%) 
Street 1, resid. (8 to 
13%) 

Paved parking 1, resid. (18 
to 23%) 
Paved parking 1 (15 to 
19%) 
Street 1, resid. (13 to 14%) 
Large landscaped area 2, 
resid. (7 to 22%) 

Everett Other impervious area 3 
(54 to 57%) 
Paved parking 1 (36 to 
38%) 

Other impervious area 
3 (52 to 54%) 
Paved parking 1 (34 to 
36%) 

Other impervious area 3 
(50 to 52%) 
Paved parking 1 (33 to 
34%) 
Street 1 (9 to 13%) 
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Major total copper sources for Washington Naval Facilities: 
Sub area and 
portion of total 
flow  

0 to 0.5 inches 0.5 to 1.5 inches >1.5 inches 

Bangor Paved parking 1 (14 to 
25%) 
Paved parking 3 (12 to 
23%) 
Roof 1 (9 to 15%) 
Roof 6 (8 to 12%) 
Other impervious area 3 
(7 to 12%)  
Street 1 (0 to 24%) 

Paved parking 1 (13 to 
14%) 
Paved parking 3 (10 to 
12%) 
Street 1 (24 to 27%) 
Street 2 (11 to 13%) 

Street 1 (27 to 28%) 
Street 2 (12 to 13%) 
Paved parking 1 (11 to 
13%) 
Paved parking 3 (9 to 10%) 
Large landscaped area 2 (3 
to 10%) 

Bremerton Other impervious area 4 
(35 to 39%) 
Paved parking 1, resid. (11 
to 13%) 
Other impervious area 5 
(10 to 11%) 
Paved parking 1 (9 to 10%) 

Other impervious area 
4 (34%) 
Paved parking 1, resid. 
(11%) 
 

Other impervious area 4 
(33%) 
Paved parking 1, resid. 
(11%) 
 

Everett Other impervious area 3 
(69 to 75%) 

Other impervious area 
3 (68 to 69%) 

Other impervious area 3 
(67 to 68%) 

 
 



C-134 

Major total zinc sources for Washington Naval Facilities: 
Sub area and 
portion of total 
flow  

0 to 0.5 inches 0.5 to 1.5 inches >1.5 inches 

Bangor Paved parking 1 (22 to 
31%) 
Paved parking 3 (19 to 
29%) 
Other impervious area 3 
(11 to 16%)  
Street 1 (0 to 15%) 

Paved parking 1 (20 to 
22%) 
Paved parking 3 (16 to 
19%) 
Street 1 (15 to 20%) 
Other impervious area 
3 (10 to 11%)  
Other impervious area 
4 (9 to 10%) 

Street 1 (20 to 22%) 
Paved parking 1 (18 to 
20%) 
Paved parking 3 (14 to 
16%) 
Other impervious area 4 (9 
to 10%) 

Bremerton Other impervious area 4 
(21 to 25%) 
Paved parking 1, resid. (13 
to 15%) 
Paved parking 1 (11 to 
13%) 
Paved parking 1, comer. 
(10 to 12%) 

Other impervious area 
4 (21%) 
Paved parking 1, resid. 
(13%) 
Paved parking 1 (11%) 
 

Other impervious area 4 
(20 to 21%) 
Paved parking 1, resid. 
(12%) 
Paved parking 1 (10 to 
11%) 
 

Everett Other impervious area 3 
(70 to 74%) 
Paved parking 1 (14 to 
15%) 

Other impervious area 
3 (69 to 70%) 
Paved parking 1 (14%) 

Other impervious area 3 
(69%) 
Paved parking 1 (14%) 
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Appendix A: Particle Size Distributions for Source Areas 
 
 
WinSLAMM now has the capability of tracking particle size distributions from source areas through the 
drainage systems and control practices. This requires the selection of the *.psd file for each source area 
and land use. In WinSLAMM version 10.1, these are entered as part of the “Source Area Particle Size 
Distribution and Peak-to-Average Rainfall Ratio Standard Files” screen (under the tools\edit source are 
default variables drop down menu), as shown below in an example file. As shown in this example, 
different *.cpz (critical particle size) files can be selected for each source area in each land use. If 
preferred, the same *.cpz file can be used for all source areas for all land uses also. 
 
 

 
 
 
Several particle size distribution files are distributed with WinSLAMM, mostly based on extensive 
monitoring, as shown on Table 1 show the older particle size files, along with files created from recent 
research conducted by Pitt and his research group. These samples were all collected using completed 
mixed conditions and represent wide particle size ranges. 
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Table 1. Particle Size Distribution Files Included with WinSLAMM (percentage of sample, by mass, 
greater than size indicated) 

size (µm) Const. 
sites – 
Tusc 
(AL) 

roof 
runoff 
-  Tusc 
(AL) 

parking lot 
BamaBelle 

(AL) 

gutter 
KC 
curb 
cuts 

(MO) 

open 
space 
SSFL 
(CA) 

outfall 
NUR

P 

outfall 
Midwest 

outfall 
Monroe 

Low Medium High 

1 100 100 92 100 100 98 100 84 96 99 100 
3 99 94 88 100 93 77 93 64 65 90 98 
5 95 90 81 97 89 65 89 56 54 82 94 

10 92 84 72 89 78 44 78 46 25 67 87 
30 43 65 59 49 53 22 53 24 9 42 69 
50 33 42 51 36 42 16 42 21 6 31 56 

100 25 28 41 26 28 9 28 17 2 19 40 
300 15 18 10 15 12 3 12 12 0 8 19 
500 8 15 5 10 7 1 7 8 0 5 11 

1000 1 8 1 4 3 0 3 4 0 2 5 
2000 0 0 0 0 0 0 0 2 0 0 0 

Median 
(µm): 

27 43 53 30 35 9 35 8 7 24 59 

 
The file names for these particle size distributions are: 
 
SSC cnstrcn AL (Construction sites in Tuscaloosa) 
SSC roof comr AL (Roof runoff at commercial sites in Tuscaloosa) 
SSC park pvd instit AL (Parking lot in park adjacent to BamaBelle) 
SSC gutter MO (Gutter flows entering curb cut biofilters in Kansas City) 
SSC opn spc CA (Open space at SSFL in LA County) 
TSS otfl NURP (outfall samples from all of the NURP sites doing PSD analyses) 
TSS otfl Mdwst IL MI (outfall samples from the NURP sites in IL and MI) 
SSC otfl Mnro WI (outfall samples from the Monroe St monitoring location in Madison, WI) 
TSS otfl low (outfall samples representing low sediment concentrations) 
TSS otfl medium (outfall samples representing typical sediment concentrations) 
TSS otfl high (outfall samples representing high sediment concentrations) 
 
 
These files are further described below: 
 
Low, medium, and high cpz files: the work by Grizzard and Randall (1986) at east coast sites indicated 
significantly different particle size distributions for stormwaters from the same site having different 
suspended solids concentrations. The highest suspended solids concentrations were associated with 
waters having relatively few small particles, while the low suspended solids concentration waters had 
few large particles. 
 
Outfall NURP, Midwest cpz files: These data are from outfall samples collected from a number of NURP 
(Nationwide Urban Runoff Study) locations and from just those in the Midwest. The analyses were 
conducted by gravimetric settling columns by the USGS. The upper Midwest data sources were from two 
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of the NURP projects: Terstriep, et al. (1982), in Champaign/Urbana, IL, and Akeley (1980) in Washtenaw 
County, Michigan. 
 
Outfall Monroe cpz file: These data are from the inlet to the Monroe St. wet detention pond in Madison, 
WI. The samples were collected using automatic samplers and from bedload samplers (results 
integrated) over a period of about three years. The PSDs were analyzed by the USGS. 
 
Open space SSFL cpz file: These data represent grab samples collected on the Santa Susana Field 
Laboratory site in Ventura County, CA. The samples were obtained in rugged semi-arid open space 
areas. The samples were collected over a two year period and were analyzed using a laser particle size 
analyzer. 
 
Gutter KC curb cut cpz file: These data represent averaged results from the gutter flow samples 
obtained using automatic samplers at curb cuts at the inlets to biofilters in the Kansas City green 
infrastructure demonstration project area, collected over a three year period. These samples were 
analyzed for particle size distributions using a combination of multiple sieve analyses plus Coulter 
Counter analyses. 
 
Parking lot BamaBelle cpz file: Parking lot samples were collected using an automatic sampler, along 
with bed load from the sump of the Upflow Filter that was being evaluated. The site was at a parking lot 
for a river front park that has moderate parking, along with some landscaping runoff contributions from 
the areas surrounding the parking lot. Thirty samples were collected over a one year period and this 
represents an overall average PSD. These samples were analyzed for particle size distributions using a 
combination of multiple sieve analyses plus Coulter Counter analyses, and the sump samples were also 
integrated into the finer fraction data. 
 
Roof runoff Tuscaloosa cpz file: Roof runoff samples were collected (manual grab samples) as part of 
Renee Morquecho’s dissertation research at UA on stormwater treatability. She was focusing on the 
metal associations (and their characteristics) as a function of particle size from several source areas. The 
other sampling locations were for mixed flows. These samples were analyzed for particle size 
distributions using a combination of multiple sieve analyses plus Coulter Counter analyses. 
 
Construction sites Tuscaloosa cpz file: Grab samples from about 12 construction sites in the Tuscaloosa, 
AL, area were collected in 2012 as part of a class project to determine the level of treatment (defined by 
critical particle size) to meet various turbidity numeric effluent limits being proposed for construction 
site runoff. These samples were analyzed using a combination of multiple sieve analyses plus Coulter 
Counter analyses. 
 
Table 2 shows particle size distributions from grab sheetflow samples collected during research 
examining treatability of stormwater and the development of the Multi-Chambered Treatment Train 
(Pitt, R., B. Robertson, P. Barron, A. Ayyoubi, and S. Clark. Stormwater Treatment at Critical Areas:  The 
Multi-Chambered Treatment Train (MCTT). U.S. Environmental Protection Agency, Wet Weather Flow 
Management Program, National Risk Management Research Laboratory. EPA/600/R-99/017. Cincinnati, 
Ohio. 505 pgs. March 1999). These samples were obtained from sheetflows during rains using a vacuum 
sample bottle and Teflon tube. The samples were analyzed using an early model laser particle counter. It 
was apparent that this instrument did not detect particles larger than about 75 um, usually considered 
the upper limit of particles for  TSS (SSC covers the complete particle size range). Therefore, these data 
should only be applied to a modeling situation where the particulate solids calibration and verification 
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relied on TSS data. Similarly, using PSD data from SSC samples with TSS calibrations would artificially 
increase the importance of the larger particles, resulting in increased (in error) particulate capture 
calculations. 
 
 
Table 2. Particle Size Distributions from Source Area Grab Samples Collected in the Birmingham, AL, Area 
(for TSS) 
particle 
size 

roof resid roof 
commer 

roof indus paved park 
resid 

paved park 
commer 

paved park 
instit 

unpvd park 
indus 

1 100 100 100 100 100 100 100 
3 100 100 100 100 100 100 100 
5 100 98 100 100 100 100 100 
10 100 85 88 100 100 100 100 
30 21 45 15 73 70 15 95 
50 6 24 4 13 20 0 0 
100 0 0 0 0 0 0 0 
300 0 0 0 0 0 0 0 
500 0 0 0 0 0 0 0 
1000 0 0 0 0 0 0 0 
2000 0 0 0 0 0 0 0 
median 22 27 14 35 35 19 43 
TSS 
(mg/L) 

27 4 5 16 43 104 170 
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Table 2. Particle Size Distributions from Source Area Grab Samples Collected in the Birmingham, AL, Area 
(for TSS) (continued) 
particle size unpvd park 

instit 
paved 
storage 
commer 

paved 
storage 
indus 

unpaved 
storage 
indus 

street 
runoff 
resid 

street runoff 
instit 

1 100 100 100 100 100 100 
3 100 100 100 100 100 100 
5 100 100 100 100 100 100 
10 100 100 100 100 100 100 
30 84 48 93 2 60 46 
50 0 19 32 0 26 28 
100 0 0 0 0 0 3 
300 0 0 0 0 0 0 
500 0 0 0 0 0 0 
1000 0 0 0 0 0 0 
2000 0 0 0 0 0 0 
median 50 29 46 24 34 26 
TSS (mg/L) 32 12 21 152 7 22 

 
 
Table 2. Particle Size Distributions from Source Area Grab Samples Collected in the Birmingham, AL, Area 
(for TSS) (continued) 
particle 
size 

street 
runoff 
indus 

loading 
docks 
indus 

vehicle 
service 
areas 
commer 

landscaped 
runoff instit 

landscaped 
runoff resid 

landscaped 
runoff indus 

CSO Brooklyn 

1 100 100 100 100 100 100 100 
3 100 100 100 100 100 100 100 
5 100 100 100 100 100 100 100 
10 100 100 100 100 100 90 100 
30 26 55 71 82 50 34 97 
50 0 18 19 3 10 0 45 
100 0 0 0 0 0 0 0 
300 0 0 0 0 0 0 0 
500 0 0 0 0 0 0 0 
1000 0 0 0 0 0 0 0 
2000 0 0 0 0 0 0 0 
median 27 32 37 35 50 21 49 
TSS 
(mg/L) 

66 40 24 12 10 41 94 
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The file names for these particle size distributions are: 
 
TSS roofs res AL (residential area roof runoff samples from Birmingham) 
TSS roofs comr AL (commercial area roof runoff samples from Birmingham)  
TSS roofs ind AL (industrial area roof runoff samples from Birmingham) 
TSS prk pvd res AL (residential paved parking area runoff samples from Birmingham) 
TSS prk pvd comr AL (commercial paved parking area runoff samples from Birmingham) 
TSS prk pvd inst AL (institutional paved parking area runoff samples from Birmingham) 
TSS prk unpvd ind AL (industrial unpaved parking area runoff samples from Birmingham) 
TSS prk unpvd inst AL (industrial unpaved parking area runoff samples from Birmingham) 
TSS strg pvd comr AL (commercial paved storage area runoff samples from Birmingham) 
TSS strg pvd ind AL (industrial paved storage area runoff samples from Birmingham) 
TSS strg unpvd ind AL (industrial unpaved storage area runoff samples from Birmingham) 
TSS strt res AL (residential street runoff samples from Birmingham) 
TSS strt inst AL (institutional street runoff samples from Birmingham) 
TSS strt ind AL (industrial street runoff samples from Birmingham) 
TSS vhcl servc comr AL (vehicle service area in commercial area runoff samples from Birmingham) 
TSS land inst AL (institutional area landscaped area runoff samples from Birmingham) 
TSS land res AL (residential area landscaped area runoff samples from Birmingham) 
TSS land ind AL (industrial area landscaped area runoff samples from Birmingham) 
TSS CSO NY (combined sewage at overflow locations in Brooklyn, New York City) 
 
 
Table 3 shows the particle size distributions associated with samples from several monitoring locations 
in the Madison, WI, area collected by the USGS (William R. Selbig, Urban Water Journal (2013): 
Characterizing the distribution of particles in urban stormwater: advancements through improved 
sampling technology). These data are unique in that the samples were collected using a new sampler 
intake that more accurately collects water from the complete depth of flow during a rain event, 
minimizing stratification issues associated with single point sampling, and represent SSC conditions. As 
noted above, these distributions should not be used with a model that has been calibrated using TSS 
data. These sample particle size distributions were determined using sieving methods for the large 
particles and a Coulter Counter for the smaller sized particles. 
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Table 3. Particle Size Distributions Included with WinSLAMM from Madison, WI, Monitoring (percentage 
of sample, by mass, greater than size indicated)  
size (µm) Residential 

feeder 
street - 

Madison 

Residential 
arterial 
street - 

Madison 

Residential 
collector 

street - 
Madison 

Residential 
mixed 

flows - 
Madison 

Commercial 
parking lot - 

Madison 

Mixed land 
use outfall 
- Madison 

Institutional 
roof runoff - 

Madison 

1 100 87 95 100 90 94 95 
3 82 79 68 81 73 88 85 
5 79 75 56 77 69 86 82 

10 70 67 43 70 60 84 78 
30 62 58 34 68 51 82 76 
50 50 47 27 52 32 72 68 

100 34 27 15 39 17 48 49 
300 16 9 5 16 5 19 20 
500 11 5 3 12 3 12 10 

1000 6 1 1 7 1 8 0 
2000 2 0 0 2 0 3 0 

median: 50 43 8 80 32 95 95 
SSC 

(mg/L): 
89 79 121 110 25 65 20 

 
The file names for these particle size distributions are: 
 
SSC strt fed res WI (residential area feeder street runoff samples from Madison, WI) 
SSC strt art res WI (residential area arterial street runoff samples from Madison, WI) 
SSC strt col res WI (residential area collector street runoff samples from Madison, WI) 
SSC mxd resid WI (mixed flows from residential areas in Madison, WI) 
SSC prk pvd comr WI (commercial area paved parking lot runoff from Madison, WI) 
SSC otfl mxd WI (mixed land use outfall samples from Madison, WI) 
SSC roof inst WI (institutional area roof runoff samples from Madison, WI) 
 
These files are further described below: 
 
Roof cpz file: downspout mixed samples before flows entered rain gardens at Madison area USGS office 
building. SSC median was 20 mg/L. 
 
Street cpz files (collector, feeder, and arterial):  Two arterial streets (40,000 and  49,450 vehicles/day), 
one collector street (6,600 vehicles/day) and two feeder streets (1,500 and 1,700 vehicles/day) were 
monitored in residential areas for 12 to 29 events. The streets had monthly street cleaning. The median 
SSC concentrations ranged from about 90 to 120 mg/L. 
 
Mixed residential flow cpz file: 19 events were monitored in a section of the drainage system before the 
outfall, representing a mixture of residential source areas. The median SSC concentration was 110 mg/L 
at this location. 
 
Parking lot cpz file: 22 events were monitored at a commercial parking lot. The median SSC 
concentration at this location was only 25 mg/L. 
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Outfall from mixed land use cpz file: 10 events were monitored at this mixed land use outfall location. 
The median SSC concentration was 65 mg/L at this location. 
 
The *.cpz files described above can be used to represent a number of source areas in WinSLAMM, such 
as: 
 
 TSS data SSC data 
Roofs TSS roofs res AL  

TSS roofs comr AL  
TSS roofs ind AL 

SSC roof comr AL  
SSC roof inst WI 

Parking lots - paved TSS prk pvd res AL  
TSS prk pvd comr AL  
TSS prk pvd inst AL 

SSC prk pvd instit AL  
SSC prk pvd comr WI 

Parking lots - unpaved TSS prk unpvd ind AL  
TSS prk unpvd inst AL 

 

Storage areas - paved TSS strg pvd comr AL  
TSS strg pvd ind AL 

 

Storage areas - unpaved TSS strg unpvd ind AL  
Streets TSS strt res AL  

TSS strt inst AL  
TSS strt ind AL 

SSC gutter MO  
SSC strt fed res WI  
SSC strt art res WI  
SSC strt col res WI 

Landscaped areas TSS land inst AL  
TSS land res AL  
TSS land ind AL 

 

Open space areas  SSC opn spc CA 
Vehicle service areas TSS vhcl servc comr AL  
Combined sewer overflows TSS CSO NY  
Construction sites  SSC cnstrcn AL 
Mixed flows  SSC mxd resid WI 
Outfalls TSS otfl NURP  

TSS otfl Mdwst IL MI  
TSS otfl low  
TSS otfl medium  
TSS otfl high 

SSC otfl Mnro WI  
SSC otfl mxd WI 
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Appendix B: Soil Compaction Effects on Infiltration Rates 
 
Destruction of soil structure (specifically compaction) has been identified as a major cause of decreased 
infiltration rates in urban areas. All soils suffer when compacted, although compacted sandy soils still 
retain significant infiltration after compaction (but much less than if not compacted), while soils with 
substantial fines (especially clays) are more easily compacted to almost impervious conditions.  
 
WinSLAMM therefore allows a selection of the compaction conditions for sandy, silty, and clayey soils. 
The model then uses the user defined infiltration rate reduction factor to represent the decreased 
infiltration rate of the soils. This option is only available for source area soil and landscaped conditions 
(and areas that receive runoff from disconnected impervious areas). Biofilter media compaction 
conditions should be reflected in the infiltration rates selected (the built-in biofilter infiltration rate 
values are based on measured values and already reflect typical conditions, but can be changed as 
warranted).  
 
 
Field Tests of Infiltration Rates in Disturbed Urban Soils 
A series of 153 double ring infiltrometer tests were conducted in disturbed urban soils in the 
Birmingham, and Mobile, Alabama, US, areas as part of an EPA project that investigated disturbed urban 
soils and soil amendments (Pitt, R., J. Lantrip, R. Harrison, C. Henry, and D. Hue. Infiltration through 
Disturbed Urban Soils and Compost-Amended Soil Effects on Runoff Quality and Quantity. U.S. 
Environmental Protection Agency, Water Supply and Water Resources Division, National Risk 
Management Research Laboratory. EPA 600/R-00/016. Cincinnati, Ohio. 231 pgs. December 1999, 
available at: 
http://www.unix.eng.ua.edu/~rpitt/Publications/BooksandReports/Compacted%20and%20compost%20
amended%20soil%20EPA%20report.pdf). The tests were organized in a complete 23 factorial design to 
examine the effects of soil-water, soil texture, and soil density (compaction) on water infiltration 
through historically disturbed urban soils. Ten sites were selected representing a variety of desired 
conditions (compaction and texture) and numerous tests were conducted at each test site area. Soil-
water content and soil texture conditions were determined by standard laboratory soil analyses. 
Compaction was measured in the field using a cone penetrometer and confirmed by the site history. 
During more recent tests, compaction is directly measured by obtaining samples from the field from a 
known volume (digging a small hole and retrieving all of the soil into sealed bags that are brought to the 
lab for moisture and weight analyses. The hole that is carefully cleaned of all loose soil is then filled with 
free-flowing sand from a graduated cylinder to determine the volume. The laboratory dry weight of the 
excavated soil is divided by the volume of the hole to obtain the density). From 12 to 27 replicate tests 
were conducted in each of the eight experimental categories in order to measure the variations within 
each category for comparison to the variation between the categories. 
 
Soil infiltration capacity was expected to be related to the time since the soil was disturbed by 
construction or grading operations (turf age). In most new developments, compacted soils are expected 
to be dominant, with reduced infiltration compared to pre-construction conditions. In older areas, the 
soil may have recovered some of its infiltration capacity due to root structure development and from 
soil insects and other digging animals. Soils having a variety of times since development, ranging from 
current developments to those about 50 years old, were included in the sampling program. These test 
sites did not adequately represent a wide range of age conditions for each test condition, so the effects 

http://www.unix.eng.ua.edu/~rpitt/Publications/BooksandReports/Compacted%20and%20compost%20amended%20soil%20EPA%20report.pdf
http://www.unix.eng.ua.edu/~rpitt/Publications/BooksandReports/Compacted%20and%20compost%20amended%20soil%20EPA%20report.pdf


C-151 

of age could not be directly determined. Other analyses have indicated that several decades may be 
necessary before compacted loam soils recover to conditions similar to pre-development conditions, if 
not continually compacted by site activities (such as parked cars on turf, unpaved walkways and parking 
lots, unpaved storage areas, or playing fields).  
 
Figures 1 and 2 are 3D plots of this field infiltration data, illustrating the effects of soil-water content and 
compaction, for both sands and clays. Four general conditions were observed to be statistically unique. 
Compaction has the greatest effect on infiltration rates in sandy soils, with little detrimental effects 
associated with higher soil-water content conditions (the factor usually considered by most rainfall-
runoff models). Clay soils, however, are affected by both compaction and soil-water content. 
Compaction was seen to have about the same effect as saturation on clayey soils, with saturated and 
compacted clayey soils having very little effective infiltration. 
 

 
Figure 1. Three dimensional plot of infiltration 
rates for sandy soil conditions. 

 
Figure 2. Three dimensional plot of infiltration 
rates for clayey soil conditions. 

 
 
Laboratory Controlled Compaction Infiltration Tests  
We use three levels of compaction to modify the density of soil samples during controlled laboratory 
tests: hand compaction, Standard Proctor Compaction, and Modified Proctor Compaction. Both 
Standard and Modified Proctor Compactions follow ASTM standard (D 1140-54). The Standard Proctor 
compaction hammer is 24.4 kN and has a drop height of 300 mm. The Modified Proctor hammer is 44.5 
kN and has a drop height of 460 mm. For the Standard Proctor setup, the hammer is dropped on the test 
soil 25 times on each of three soil layers, while for the Modified Proctor test, the heavier hammer was 
also dropped 25 times, but on each of five soil layers. The Modified Proctor test therefore results in 
much more compacted soil, and usually reflects the most compacted soil usually observed in the field. 
The hand compaction is done by gentle hand pressing to force the soil into the test cylinder with as little 
compaction as possible. A minimal compaction effort is needed to keep the soil in contact with the mold 
walls and to prevent short-circuiting during the tests. The hand compacted soil specimens therefore 
have the least amount of compaction.  
 



C-152 

A series of controlled laboratory tests were conducted for comparison with the double-ring infiltration 
tests and to represent a wide range of soil conditions, as shown in Table 1. Six soil samples were tested, 
each at three different compaction levels described previously. Small depths of standing water on top of 
the soil test mixtures (4.3 inches, or 11.4 cm, maximum head) was also used. Most of these tests were 
completed within 3 hours, but some were continued for more than 150 hours. Only one to three 
observation intervals were used during these tests, so they did not have sufficient resolution or enough 
data points to attempt to fit to standard infiltration equations. However, these longer-term averaged 
values may be more suitable for infiltration rate predictions due to the high natural variability observed 
during the field tests. As shown, there was very little variation between the different time periods for 
these tests, compared to the differences between the compaction or texture groupings. The sandy soils 
can provide substantial infiltration capacities, even when compacted greatly, in contrast to the soils 
having clays that are very susceptible to compaction, resulting in near zero infiltration rates if 
compacted.  
 

Table 1. Low-Head Laboratory Infiltration Tests for Various Soil Textures and Densities (densities and 
observed infiltration rates) 

 
 Hand Compaction Standard Compaction Modified Compaction 

Sand (100% 
sand) 

Density: 1.36 g/cm3 (ideal for 
roots) 
 

Density: 1.71 g/cm3 (may affect roots) Density: 1.70 g/cm3 (may affect 
roots) 

0 to 0.48 hrs: 9.35 in/h 0 to 1.33 hrs: 3.37 in/h 0 to 0.90 hrs: 4.98 in/h 
0.48 to 1.05 hrs: 7.87 in/h 1.33 to 2.71 hrs: 3.26 in/h 0.90 to 1.83 hrs: 4.86 in/h 
1.05 to 1.58 hrs: 8.46 in/h  1.83 to 2.7 hrs: 5.16 in/h 

Silt (100% silt) Density: 1.36 g/cm3 (close to 
ideal for roots) 
 

Density: 1.52 g/cm3 (may affect roots) Density: 1.75 g/cm3 (will likely 
restrict roots) 

0 to 8.33 hrs: 0.26 in/h 0 to 24.2 hrs: 0.015 in/h 0 to 24.2 hrs: 0.0098 in/h 
8.3 to 17.8 hrs: 0.24 in/h 24.2 to 48.1: 0.015 in/h 24.2 to 48.1: 0.0099 in/h 
17.8 to 35.1 hrs: 0.25 in/h   

Clay (100% 
clay) 

Density: 1.45 g/cm3 (may affect 
roots) 
 

Density: 1.62 g/cm3 (will likely restrict 
roots) 

Density: 1.88 g/cm3 (will likely 
restrict roots) 

0 to 22.6 hrs: 0.019 in/h 0 to 100 hrs: <2X10-3 in/h 0 to 100 hrs: <2X10-3 in/h 
22.6 to 47.5 hrs: 0.016 in/h   

Sandy Loam 
(70% sand, 
20% silt, 10% 
clay) 

Density: 1.44 g/cm3 (close to 
ideal for roots) 
 

Density: 1.88 g/cm3 (will likely restrict 
roots) 

Density: 2.04 g/cm3 (will likely 
restrict roots) 

0 to 1.17 hrs: 1.08 in/h 0 to 3.82 hrs: 0.41 in/h 0 to 23.5 hrs: 0.013 in/h 
1.17 to 4.37 hrs: 1.40 in/h 3.82 to 24.3 hrs: 0.22 in/h 23.5 to 175 hrs: 0.011 in/h 
4.37 to 7.45 hrs: 1.45 in/h   

Silty Loam 
(70% silt, 20% 
sand, 10% 
clay) 

Density: 1.40 g/cm3 (may affect 
roots) 
 

Density: 1.64 g/cm3 (will likely restrict 
roots) 

Density: 1.98 g/cm3 (will likely 
restrict roots) 

0 to 7.22 hrs: 0.17 in/h 0 to 24.6 hrs: 0.014 in/h 0 to 24.6 hrs: 0.013 in/h 
7.22 to 24.8 hrs: 0.12 in/h 24.6 to 144 hrs: 0.0046 in/h 24.6 to 144 hrs: 0.0030 in/h 
24.8 to 47.1 hrs: 0.11 in/h   

Clay Loam 
(40% silt, 30% 
sand, 30% 
clay) 

Density: 1.48 g/cm3 (may affect 
roots) 
 

Density: 1.66 g/cm3 (will likely restrict 
roots) 

Density: 1.95 g/cm3 (will likely 
restrict roots) 

0 to 2.33 hrs: 0.61 in/h 0 to 20.8 hrs: 0.016 in/h 0 to 20.8 hrs: <0.0095 in/h 
2.33 to 6.13 hrs: 0.39 in/h 20.8 to 92.8 hrs: 0.0066 in/h 

 
 

20.8 to 92.8 hrs: 0.0038 in/h 
  

 
 
 

Comparing Field and Laboratory Measurement Methods 
A soil infiltration study was recently conducted by Redahegn Sileshi, a PhD student in the Department of 
Civil, Construction, and Environmental Engineering at the University of Alabama, in July 2011 at four test 
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sites located in areas that were affected by the April 27, 2011 Tornado that devastated the city of 
Tuscaloosa, AL. Double-ring infiltration measurements (using three Turf-Tec infiltrometers at each 
location) were conducted to determine the infiltration characteristics of the soils in typical areas where 
reconstruction with stormwater infiltration controls is planned. The small field double-ring (4 inch, 10 
cm, diameter) test results were compared to large (24 inch, 60 cm, diameter, 3 to 4 ft, 1 to 1.2 m, deep) 
pilot-scale borehole tests to identify if the small test methods can be accurately used for rapid field 
evaluations. The borehole tests required drilling a hole and placing a Sonotube cardboard concrete form 
into the hole to protect the sides of the hole. The borehole was 2 to 4 ft deep (depending on subsoil 
conditions). The bare soil at the bottom of the tube was roughened to break up any smeared soil and 
back-filled with a few inches of coarse gravel to prevent erosion during water filling. The tubes were 
filled with water from adjacent fire hydrants and the water elevation drop was monitored using a 
recording depth gage (a simple pressure transducer with a data logger). 
 
In addition, controlled laboratory column tests were also conducted on surface and subsurface soil 
samples under the three different compaction conditions to see if depth of the test (and response to 
compaction) affected the infiltration results. The test sites were all located adjacent to fire hydrants (for 
water supply for the large borehole tests) and are located in the City’s right-of way next to roads. Figure 
3 shows some of the features of these tests. 
 
 

  

 
 

Figure 3. Photographs showing borehole drilling, Sonotube infiltration tube installation, double-ring 
infiltration measurements, and laboratory column tests. 
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The soil densities of the surface soils averaged 1.7 g/cc (ranged from 1.6 to 1.9 g/cc). The median soil 
particle sizes averaged 0.4 mm (ranging from 0.3 to 0.7), and the soil had a clay content of about 20%. 
Figure 4 shows the saturated infiltration rates for the different locations and test methods.  
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Figure 4. Box and whisker plots comparing saturated soil infiltration rates (in/hr). Test series descriptions 
(12 replicates in each test series except for the borehole tests which only included 3 observations): 

1) Turf-Tec small double ring infiltrometer 
2) Pilot-scale borehole infiltration tests 
3) Surface soil composite sample with hand compaction (1.4 g/cc density) 
4) Subsurface soil composite sample with hand compaction (1.4 g/cc density) 
5) Surface soil composite sample with standard proctor compaction (1.6 g/cc density) 
6) Subsurface soil composite sample with standard proctor compaction (1.6 g/cc density) 
7) Surface soil composite sample with modified proctor compaction (1.7 g/cc density) 
8) Subsurface soil composite sample with modified proctor compaction (1.7 g/cc density) 

 
 
Using the double ring infiltrometers, the final saturated infiltration rates (of most significance when 
designing bioinfiltration stormwater controls) for all the test locations was found to average about 4.4 
in/hr (11 cm/hr) for the 12 measurements and ranged from 1.9 to 8.3 in/hr (4.8 to 21 cm/hr). The 
borehole test results were about twice these values. The laboratory column tests indicated that surface 
and subsurface measurements were similar for all cases, but that compaction dramatically decreased 
the infiltration rates, as expected. The slightly (hand) compacted test results were similar to the Turf-Tec 
and the borehole test results, indicating that these sites, even in the road rights-of-ways, were minimally 
compacted. These areas were all originally developed more than 20 years ago and had standard turf 
grass covering. They were all isolated from surface disturbances, beyond standard landscaping 
maintenance.  It is not likely that the tornado affected the soils. The soil profile (surface soils vs 
subsurface soils from about 4 ft, 1.2 m) did not affect the infiltration rates at these locations. Due to the 
relatively high clay content, the compaction tests indicated similarly severe losses in infiltration rates as 
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found in prior studies, of one to two orders of magnitude reductions, from about 25, to 2, to 0.1 cm/hr, 
usually far more than the differences found between different soil textures. 
 
 
Summary of Compaction Effects on Infiltration Tests 
These recent tests indicated that the three soil infiltration test methods resulted in similar results, 
although the small –scale Turf-Tec infiltrometers indicated reduced rates compared to the borehole 
tests. Another study, summarized below, however indicated that the Turf-Tec infiltrometers resulted in 
substantially greater infiltration rates than observed in a failing bioinfiltration device, compared to 
actual infiltration rates during rain events. Therefore, if surface characteristics are of the greatest 
interest (such as infiltration through surface landscaped soils, as in turf areas, grass swales or in grass 
filters), the small-scale infiltrometers work well. These allow a cluster of measurements to be made in a 
small area to better indicate variability. Larger, conventional double-ring infiltrometers are not very 
practical in urban areas due to the excessive force needed to seat the units in most urban soils (usually 
requiring jacking from a heavy duty truck) and the length of time and large quantities of water needed 
for the tests. In addition, they also only measure surface soil conditions. More suitable large-scale (deep) 
infiltration tests would be appropriate when subsurface conditions are of importance (as in 
bioinfiltration systems and deep rain gardens). The borehole and Sonotube test used above is relatively 
easy and fast to conduct, if a large borehole drill rig is available along with large volumes of water (such 
as from a close-by fire hydrant). For infiltration facilities already in place, simple stage recording devices 
(small pressure transducers with data loggers) are very useful for monitoring during actual rain 
conditions. 
 
In many cases, disturbed urban soils have dramatically reduced infiltration rates, usually associated with 
compaction of the surface soils. The saturated infiltration rates can be one to two orders of magnitude 
less than assumed, based on undisturbed/uncompacted conditions. Local measurements of the actual 
infiltration rates, as described above, can be a very useful tool in identifying problem areas and the need 
for more careful construction methods. Having accurate infiltration rates are also needed for proper 
design of stormwater bioinfiltration controls. In situations of adverse infiltration rates, several strategies 
can be used to improve the existing conditions, as noted below. 
 
 
Summary of Compacted Soil Restoration Methods 
Mechanical restoration of compacted clayey soils must be carefully done to prevent the development of 
a hardpan and further problems. Spading implements are the safest methods for large scale 
improvements. However, if large fractions of clay are present in the soil, the addition of sand and 
possibly also organic amendments may be needed. The use of periodic rain gardens in a large 
compacted area allows deeper soil profile remediation in a relatively small area and may be suitable to 
enhance drainage in problem locations. 
 
To address water quality concerns and numeric effluent limits, water and soil chemistry information is 
needed in order to select the best amendments for a soil or biofilter media. As summarized by Clark and 
Pitt (Clark, S. and R. Pitt. “Filtered Metals Control in Stormwater using Engineered Media.” ASCE/EWRI 
World Environment and Water Resources Congress. Palm Springs, CA, May 22-26, 2011. Conference CD.), 
the removal of “dissolved” metals from stormwater by soils and amendments will need to be based on 
the ratio of valence states to determine the proportion of ion exchange resins versus organic-based 
media in the final media mixture. As more of the metal concentrations have either a 0 or +1 valence 
charge (as ions), or as more are associated with organic complexes, the smaller the fraction of an ion 
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exchange resin, such as a zeolite, is needed. For metals such as thallium, where few inorganic and 
organic complexes are formed and where the predominant valence state is +2, increasing the amount of 
zeolite in the final media mixture is important for improving removal. Therefore, the final media mixture 
will be based on the pollutants of interest and their water chemistry. The capacity for pollutant removal 
by soils is directly related to OM and CEC content for many metals. Organic media provides a wide range 
of treatment sites besides increasing the CEC. Activating an organic media, such as granular activated 
carbon, will increase the number of surface active sites for treatment, but this media will not sustain 
plant growth by itself. As an example, copper removal capacity is related to soil carbon content, and 
CEC, plus, soil Mg content relates to the ability of the media to participate in ion exchange reactions.  
 
Therefore, at least one component in an amendment media mixture should provide excellent ion 
exchange, such as would be found with a good zeolite. This media should be able to participate in 
reactions with the +2 metals and a portion of the +1 metals, although the +1 metals may not be as 
strongly bound and may be displaced if a more preferable exchangeable ion approaches the media’s 
removal site. Soil OM, soil C, and soil N all relate to the organic matter content and indicate that these 
are sites that may participate in a variety of reactions and may be able to remove pollutants that do not 
carry a valence charge. Therefore, mixtures of amendments may be needed for effective removal of a 
range of pollutants: an organic component should be incorporated, along with a GAC. In most cases, 
sand may also be needed for structural support (to minimize compaction) and for controlling the flow 
rate to a level that allows for sufficient contact time. 
 
 
Use of Compacted Soil Factors in WinSLAMM 
WinSLAMM considers decreased infiltration rates associated with compaction when calculating runoff 
values for disturbed urban soils. For all pervious surfaces (landscaped areas, undeveloped areas, and for 
areas receiving flows from disconnected impervious area), the model user selects the level of 
compaction (normal, moderately, or severely compacted). The model uses the urban soil volumetric 
runoff ratio (from the calibrated *.rsv file) for normal soils. However, the example factors shown in 
Table 2 (suggested values based on the field and laboratory research) are used to modify these values 
for compacted soil conditions.  
 
 
Table 2. Example Infiltration Rate Factors Associated with Various Levels of Soil Compaction 
 sandy silty clayey 
Normal urban soils (a slight amount of compaction 
expected due to urbanization, especially with well-
established and healthy vegetation) 

1.00 1.00 1.00 

Moderately compacted (near buildings or other 
structures associated with construction, or compacted 
with use) 

0.50 0.20 0.10 

Severely compacted (the highest level of compaction 
possible associated with extreme use) 

0.20 0.10 0.00 

 
 
The factors shown in Table 2 are user accessible as part of the tools/program options/default model 
options and are saved in the *.ini file. As an example, if the normal Rv (the ratio of runoff volume to 
rainfall volume) for a silty soil was 0.35 for a specific rain condition, the modified value associated with 
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moderately compacted conditions increases due to the compacted conditions, using the following 
relationships: 
 

Normal amount of infiltration (plus evapotranspiration) with Rv of 0.35:  1 - 0.35 = 0.65 
 
With a compaction factor of 0.20, only 1/5 of the normal amount of infiltration would actually 
infiltrate: 0.2*0.65 = 0.13 
 
And the new adjusted Rv associated with moderately compacted silty soils for that rain would 
therefore be: 1-0.13 = 0.87 

 
Therefore: adjusted Rv = 1-((1- normal Rv)*factor), or: 1-((1-0.35)*0.2) = 0.87 
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Appendix C: Calibration Analyses 
 
 
TSS Concentration Calibrations 
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Mann-Whitney Rank Sum Test Results for TSS Concentrations for San Diego Sites 
Group N  Missing  Median  25% 75% 
SD obs TSS mg/L 69 0 81.667 31.25 137.667 
SD calc TSS mg/L 69 0 215.7 74.43 243.15 
Mann-Whitney U Statistic= 1489.000   
T = 3904.000  n(small)= 69  n(big)= 69  (P = <0.001)  
The difference in the median values between the two groups is greater than would be expected by 
chance; there is a statistically significant difference (P = <0.001) 
 
Mann-Whitney Rank Sum Test Results for TSS Concentrations for Virginia Sites 
Group N  Missing  Median  25% 75% 
VA obs TSS mg/L 7 0 11 11 22 
VA calc TSS mg/L 7 0 19.27 18.4 23.17 
Mann-Whitney U Statistic= 17.000   
T = 45.000  n(small)= 7  n(big)= 7  P(est.)= 0.368  P(exact)= 0.383 
The difference in the median values between the two groups is not great enough to exclude the 
possibility that the difference is due to random sampling variability; there is not a statistically significant 
difference  (P = 0.383) 
 
Mann-Whitney Rank Sum Test Results for TSS Concentrations for Washington Sites 
Group N  Missing  Median  25% 75% 
WA obs TSSmg/L 4 0 3.5 2 11 
WA calc TSS mg/L 4 0 60.11 58.57 64.785 
Mann-Whitney U Statistic= 0.000   
T = 10.000  n(small)= 4  n(big)= 4  P(est.)= 0.029  P(exact)= 0.029 
The difference in the median values between the two groups is greater than would be expected by 
chance; there is a statistically significant difference (P = 0.029) 
 
 
Mann-Whitney Rank Sum Test Results for TSS Concentrations for All Sites Combined 
Group N  Missing  Median  25% 75% 
all obs TSS mg/L 80 0 63.833 22 124.917 
all calc TSS mg/L 80 0 122.05 61.42 242.875 
Mann-Whitney U Statistic= 2075.000   
T = 5315.000  n(small)= 80  n(big)= 80  (P = <0.001)  
The difference in the median values between the two groups is greater than would be expected by 
chance; there is a statistically significant difference (P = <0.001) 
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Copper Mass Calibrations 
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Mann-Whitney Rank Sum Test Results for Total Copper Mass Loadings for San Diego Sites 
Group N  Missing  Median  25% 75% 
SD obs Cu lbs 51 0 0.135 0.0551 0.245 
SD calc Cu lbs 51 0 0.0333 0.0145 0.109 
Mann-Whitney U Statistic= 775.000   
T = 3152.000  n(small)= 51  n(big)= 51  (P = <0.001)  
The difference in the median values between the two groups is greater than would be expected by 
chance; there is a statistically significant difference (P = <0.001) 
 
 
Mann-Whitney Rank Sum Test Results for Total Copper Mass Loadings for Virginia Sites 
Group N  Missing  Median  25% 75% 
VA obs Cu lbs 7 0 0.0473 0.0165 0.0756 
VA calc Cu lbs 7 0 0.0686 0.0379 0.12 
Mann-Whitney U Statistic= 15.000    
T = 43.000  n(small)= 7  n(big)= 7  P(est.)= 0.250  P(exact)= 0.259 
The difference in the median values between the two groups is not great enough to exclude the 
possibility that the difference is due to random sampling variability; there is not a statistically significant 
difference (P = 0.259) 
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Mann-Whitney Rank Sum Test Results for Total Copper Mass Loadings for Washington Sites 
Group N  Missing  Median  25% 75% 
WA obs Cu lbs 36 0 0.045 0.00514 0.135 
WA calc Cu lbs 36 0 0.0371 0.00956 0.143 
Mann-Whitney U Statistic= 625.000    
T = 1291.000  n(small)= 36  n(big)= 36  (P = 0.800)  
The difference in the median values between the two groups is not great enough to exclude the 
possibility that the difference is due to random sampling variability; there is not a statistically significant 
difference (P = 0.800) 
 
 
Mann-Whitney Rank Sum Test Results for Total Copper Mass Loadings for All Sites Combined 
Group N  Missing  Median  25% 75% 
all obs Cu lbs 94 0 0.103 0.017 0.19 
all calc Cu lbs 94 0 0.0381 0.0143 0.118 
Mann-Whitney U Statistic= 3625.000   
T = 9676.000  n(small)= 94  n(big)= 94  (P = 0.034)  
The difference in the median values between the two groups is greater than would be expected by 
chance; there is a statistically significant difference (P = 0.034) 
 
 
 
Copper Concentration Calibrations 
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Mann-Whitney Rank Sum Test Results for Total Copper Concentrations for San Diego Sites 
Group N  Missing  Median  25% 75% 
SD obs Cu ug/L 51 0 216.667 83 866.667 
SD calc Cu ug/L 51 0 85.34 69.3 116.1 
Mann-Whitney U Statistic= 664.000   
T = 3263.000  n(small)= 51  n(big)= 51  (P = <0.001)  
The difference in the median values between the two groups is greater than would be expected by 
chance; there is a statistically significant difference (P = <0.001) 
 
 
Mann-Whitney Rank Sum Test Results for Total Copper Concentrations for Virginia Sites 
Group N  Missing  Median  25% 75% 
VA obs Cu ug/L 7 0 15 8 40 
Va calc Cu ug/L 7 0 20.56 15.55 23.57 
Mann-Whitney U Statistic= 21.000   
T = 49.000  n(small)= 7  n(big)= 7  P(est.)= 0.701  P(exact)= 0.710 
The difference in the median values between the two groups is not great enough to exclude the 
possibility that the difference is due to random sampling variability; there is not a statistically significant 
difference (P = 0.710) 
 
 
Mann-Whitney Rank Sum Test Results for Total Copper Concentrations for Washington Sites 
Group N  Missing  Median  25% 75% 
WA obs Cu ug/L 36 0 11.3 7.225 27.375 
WA calc Cu ug/L 36 0 13.625 10.45 20.348 
Mann-Whitney U Statistic= 547.000   
T = 1213.000  n(small)= 36  n(big)= 36  (P = 0.258)  
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The difference in the median values between the two groups is not great enough to exclude the 
possibility that the difference is due to random sampling variability; there is not a statistically significant 
difference (P = 0.258) 
 
 
Mann-Whitney Rank Sum Test Results for Total Copper Concentrations for All Sites Combined 
Group N  Missing  Median  25% 75% 
all obs Cu ug/L 94 0 73.1 12.15 327.917 
all calc Cu ug/L 94 0 54.115 16.105 89.368 
Mann-Whitney U Statistic= 3809.000   
T = 9492.000  n(small)= 94  n(big)= 94  (P = 0.103)  
The difference in the median values between the two groups is not great enough to exclude the 
possibility that the difference is due to random sampling variability; there is not a statistically significant 
difference (P = 0.103) 
 
 
Zinc Mass Calibrations 
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Mann-Whitney Rank Sum Test Results for Total Zinc Mass Loadings for San Diego Sites 
Group N  Missing  Median  25% 75% 
SD obs Zn lbs 17 0 0.781 0.0276 1.02 
SD calc Zn lbs 17 0 0.477 0.0763 1.222 
Mann-Whitney U Statistic= 127.000   
T = 280.000  n(small)= 17  n(big)= 17  (P = 0.558)  
The difference in the median values between the two groups is not great enough to exclude the 
possibility that the difference is due to random sampling variability; there is not a statistically significant 
difference (P = 0.558) 
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Mann-Whitney Rank Sum Test Results for Total Zinc Mass Loadings for Virginia Sites 
Mann-Whitney Rank Sum Test Saturday, November 16, 2013, 10:38:17 PM  
Group N  Missing  Median  25% 75% 
VA obs Zn lbs 7 0 0.246 0.095 0.43 
VA calc Zn lbs 7 0 0.363 0.208 0.617 
Mann-Whitney U Statistic= 15.000    
T = 43.000  n(small)= 7  n(big)= 7  P(est.)= 0.250  P(exact)= 0.259 
The difference in the median values between the two groups is not great enough to exclude the 
possibility that the difference is due to random sampling variability; there is not a statistically significant 
difference (P = 0.259) 
 
 
Mann-Whitney Rank Sum Test Results for Total Zinc Mass Loadings for Washington Sites 
Group N  Missing  Median  25% 75% 
WA obs Zn lbs 36 0 0.143 0.024 0.659 
WA calc Zn lbs 36 0 0.13 0.0317 0.556 
Mann-Whitney U Statistic= 609.000   
T = 1275.000  n(small)= 36  n(big)= 36  (P = 0.665)  
The difference in the median values between the two groups is not great enough to exclude the 
possibility that the difference is due to random sampling variability; there is not a statistically significant 
difference (P = 0.665) 
 
 
Mann-Whitney Rank Sum Test Results for Total Zinc Mass Loadings for All Sites Combined 
Group N  Missing  Median  25% 75% 
all obs Zn lbs 60 0 0.249 0.0257 0.842 
all calc obs Zn lbs 60 0 0.288 0.0446 0.717 
Mann-Whitney U Statistic= 1652.000   
T = 3482.000  n(small)= 60  n(big)= 60  (P = 0.439)  
The difference in the median values between the two groups is not great enough to exclude the 
possibility that the difference is due to random sampling variability; there is not a statistically significant 
difference (P = 0.439) 
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Zinc Concentration Calibrations 
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Mann-Whitney Rank Sum Test Results for Total Zinc Concentrations for San Diego Sites 
Group N  Missing  Median  25% 75% 
SD obs Zn ug/L 17 0 256 143 490 
SD calc Zn ug/L 17 0 471 373.4 542.6 
Mann-Whitney U Statistic= 87.000    
T = 240.000  n(small)= 17  n(big)= 17  (P = 0.050)   
The difference in the median values between the two groups is greater than would be expected by 
chance; there is a statistically significant difference (P = 0.050) 
 
 
Mann-Whitney Rank Sum Test Results for Total Zinc Concentrations for Virginia Sites 
Group N  Missing  Median  25% 75% 
VA obs Zn ug/L 7 0 91 46 109 
VA calc Zn ug/L 7 0 90.14 76.19 133.3 
Mann-Whitney U Statistic= 20.000    
T = 48.000  n(small)= 7  n(big)= 7  P(est.)= 0.609  P(exact)= 0.620 
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The difference in the median values between the two groups is not great enough to exclude the 
possibility that the difference is due to random sampling variability; there is not a statistically significant 
difference (P = 0.620) 
 
 
Mann-Whitney Rank Sum Test Results for Total Zinc Concentrations for Washington Sites 
Group N  Missing  Median  25% 75% 
WA obs Zn ug/L 36 0 64.65 30.725 79.6 
WA calc Zn ug/L 36 0 60.14 44.247 84.16 
Mann-Whitney U Statistic= 571.000    
T = 1237.000  n(small)= 36  n(big)= 36  (P = 0.389)  
The difference in the median values between the two groups is not great enough to exclude the 
possibility that the difference is due to random sampling variability; there is not a statistically significant 
difference (P = 0.389) 
 
 
Mann-Whitney Rank Sum Test Results for Total Zinc Concentrations for All Sites Combined 
Group N  Missing  Median  25% 75% 
all obs Zn ug/L 61 1 75.6 42.5 191.5 
all calc Zn ug/L 61 1 83.96 53.435 326.45 
Mann-Whitney U Statistic= 1541.000    
T = 3371.000  n(small)= 60  n(big)= 60  (P = 0.175)  
The difference in the median values between the two groups is not great enough to exclude the 
possibility that the difference is due to random sampling variability; there is not a statistically significant 
difference (P = 0.175) 
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Introduction 
This report is a continuation of the similar document prepared last year describing the site 
investigations, site surveys, and stormwater modeling activities at naval facilities. These reports were 
prepared to demonstrate how WinSLAMM, the Source Loading and Management Model, can be used to 
facilitate stormwater management at naval facilities to identify sources of flows and pollutants of 
concern, and to evaluate potential stormwater control practices that may be applicable to these unique 
areas.  
 
This report includes information for several outfall drainage areas on the “dry side” of Naval Base San 
Diego comprising residential, commercial, and institutional land uses, along with the industrial Sierra 
Pier at Subase San Diego. Two sites at Norfolk, VA, naval facilities were also investigated, Little Creek 
and St. Juliennes Creek Annex, which included an industrial facility and a scrapyard and storage area. 
Three areas were also investigated in the Puget Sound area of Washington, at the Bangor, Bremerton, 
and Everett naval bases, comprising industrial areas and piers. These areas were selected to supplement 
the other San Diego and Puget Sound facilities reported in the initial modeling report.  
 
Data are presented for these sites describing site soil, weather, and land development conditions. 
Available water quality data are also summarized and used to calibrate WinSLAMM for each site. 
Additional analyses were also conducted investigating first flush vs. composite water quality and 
seasonal first flush conditions. After WinSLAMM calibration using this available data, the model was 
used to calculate the sources of the flows, TSS, copper, and zinc at these naval bases. The variety of 
conditions on these bases, along with the evaluation of the other San Diego and Puget Sound naval 
bases from the prior modeling report, represent a wide range of conditions at navy facilities and show 
how WinSLAMM can be used to assist navy facility stormwater managers. 
 
 
San Diego Naval Facilities 
Soil Conditions at San Diego Naval Bases 
According to information from the USDA web soil survey, the bases examined this year in the San Diego 
area have soils classified as the urban land soil type. Typically urban land includes buildings and areas of 
pavement. The soils are covered by asphalt roadways or parking lots, concrete structures, and other 
impervious surfaces. The soils have been so altered by the urban works that specific identification is not 
feasible. The soils can be severely compacted with very low infiltration rates in developed areas due to 
building construction or activities. 
 
Rain Data for San Diego Naval Bases 
The bases in the San Diego study area are located along the shore of San Diego Bay, California. The 
following figure shows the locations for the naval bases and the nearby weather station, along with the 
annual average annual rain depths for the region. The San Diego rain variations are quite small and are 
represented by the rain monitoring located at the San Diego International Airport. 
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Map of San Diego Naval Bases being studied and nearby weather station. 
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NOAA Precipitation Data 
Hourly precipitation data is archived by the National Climate Data Center (NCDC) of the National 
Oceanic and Atmospheric Administration (NOAA). The San Diego International Airport weather station is 
in close proximity to the study areas and shown on the preceding map. The following table shows the 
approximate range of historical data available for the airport weather station, along with the 
completeness of the data record. 
 
 
Stations with Hourly Precipitation Data included for Southwest Naval Stations 

Station COOPID Latitude Longitude Data Range % Completeness 
San Diego Lindbergh Field 047740 32.733 -117.183 1948-2012 98 

 
 
Rainfall Patterns for Southwest Naval Bases 
The following time series plot shows the rain depths for each rain that occurred during the period of 
1951 through 2013, including the stormwater monitoring period. Most of the San Diego rains are less 
than 1 inch, with occasional rains greater than 2 inches. 
 
 

San Diego Lindbergh Field, CA, rainfall from January 1951 to April 2013 
 
The regional naval facilities and the closest available NOAA rainfall data are summarized below: 
 
Sub Base Sierra Pier: 9 to 10 in/yr (San Diego Lindbergh Field, 10 in/yr between 1981 and 2010) 
NBSD: 9 to 10 in/yr (San Diego Lindbergh Field, 10 in/yr between 1981 and 2010) 
 
Therefore, the WinSLAMM calibration efforts will focus on the San Diego Lindbergh Field NOAA data for 
Sub Base Sierra Pier and NBSD Naval facilities due to its close proximity and rain conditions. 
 
 
Submarine Base San Diego (SUBASE) – Sierra Pier Outfalls 26, 26A, 27, 28, 28A 
Submarine Base Sand Diego (SUBASE) is located along the eastern shore of San Diego Bay. At this base, 5 
outfalls were examined on the Sierra Pier. A complete data survey is available for this area describing 
the surface coverage, and area of each surface type. The watershed area for this outfall is approximately 
6.4 acres. The site is mainly comprised of several small buildings, and expansive impervious areas 
(parking lots, storage and lay down areas).  The site is completely paved without any pervious areas. 
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Drainage Overview for Sierra Pier Outfalls 
 
 

 
Aerial Outline and Land use characterization for NBSD Outfall 51  
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ARCO utility cable racks 

 
Treated wood 

 
Treated wood and scaffolding 

 
Bldg. 633 southwest corner roof drains 

 
Bldg. 633 roof 

 
Laydown area sampled on Dec 13, 2012 

Photos taken during site surveys 
 
 



D-10 

Land Use Characterization for Sierra Pier Outfalls 26, 26A, 27, 28, 28A Combined 
LANDUSE Area (ac) 
Roofs   
1 Roofs Flat - directly connected to drains 0 
2 Roofs Flat - drains to asphalt/concrete 0.55 
3 Roofs Flat - drains to soils 0 
4 Roofs Flat - drains to vegetation 0 
5 Roofs Flat - drains to other surface (artificial turf, rock, gravel, etc.) 0 
6 Roofs Pitched - directly connected 0 
7 Roofs Pitched - drains to asphalt/concrete 0.29 
8 Roofs Pitched - drains to soils 0 
9 Roofs Pitched - drains to vegetation 0 
10 Roofs Pitched - drains to other surface (artificial turf, rock, gravel, etc.) 0 
Parking/Streets/Sidewalks/Driveways  
13 Paved asphalt parking/storage - smooth/intermediate texture - directly 
connected to drains 

0 

14 Paved asphalt parking/storage - rough/very course texture - directly connected 
to drains 

0 

15 Paved asphalt parking/storage - drains to pervious  0 
16 Paved concrete parking/storage - smooth - directly connected 0.22 
17 Paved concrete parking/storage - intermediate - directly connected 0 
18 Paved concrete parking/storage - drains to pervious  0 
19 Unpaved parking/storage - directly connected to drains 0 
20 Unpaved parking/storage - drains to pervious 0 
25 Driveways/loading dock -asphalt- directly connected 0.23 
26 Driveways/loading dock -concrete- directly connected 0.40 
27 Driveways/loading dock - drains to pervious 0 
31 Sidewalks - directly connected to drains 0 
32 Sidewalks - drains to pervious 0 
37 Streets- directly connected to drains  0 
38 Streets-drains to pervious 0 
Pervious Areas  
45 Landscaping areas - soils 0 
46 Landscaping areas - vegetation 0 
51 Landscaping areas around structures- soils 0 
52 Landscaping areas around structures - vegetation 0 
53 Landscaping areas around structures- other/infiltration area 0 
57 Undeveloped areas - soils 0 
58 Undeveloped areas - vegetation 0 
71 Other pervious infiltration areas 0 
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Land Use Characterization for Sierra Pier Outfalls 26, 26A, 27, 28, 28A Combined (continued) 
Special  Areas  
84 OIA1 - Airfield apron/runway paved areas - directly connected 0 
OIA1 - Airfield apron/runway paved areas- drains to soil 0 
OIA1 - Airfield apron/runway paved areas - drains to vegetation 0 
   
85 OIA2 - Airfield other paved areas- directly connected 0 
OIA2 - Airfield other paved areas- drains to soil 0 
OIA2 - Airfield other paved areas- drains to vegetation 0 
  
86 OIA3  - Light laydown concrete areas- directly connected to drains 0.74 
OIA3  - Light laydown concrete areas - drains to soil 0 
OIA3  - Light laydown concrete areas - drains to vegetation 0 
   
87 OIA4 - Moderate laydown concrete areas - directly connected 1.08 
OIA4 - Moderate laydown concrete areas - drains to soil 0 
OIA4 - Moderate laydown concrete areas - drains to vegetation 0 
   
88 OIA5 - Heavy laydown concrete areas- directly connected 0 
OIA5 - Heavy laydown concrete areas - drains to soil 0 
OIA5 - Heavy laydown concrete areas- drains to vegetation 0 
   
89 OIA6 -  Light laydown asphalt areas - directly connected 0 
OIA6 -  Light laydown asphalt areas- drains to soil 0 
OIA6 -  Light laydown asphalt areas- drains to vegetation 0 
   
90 OIA7 - Moderate laydown asphalt areas- directly connected 0 
OIA7 - Moderate laydown asphalt areas- drains to soil 0 
OIA7 - Moderate laydown asphalt areas- drains to vegetation 0 
   
91 OIA8 - Heavy laydown asphalt areas - directly connected 0 
OIA8 - Heavy laydown asphalt areas - drains to soil 0 
OIA8 - Heavy laydown asphalt areas - drains to vegetation 0 
   
92 OIA9 - Galvanized metal roofs- directly connected 0 
OIA9 - Galvanized metal roofs - drains to soil 0 
OIA9 - Galvanized metal roofs- drains to vegetation 0 
   
93 OIA10 - Other galvanized materials- directly connected to drains 0.91 
OIA10 - Other galvanized materials - drains to soil 0 
OIA10 - Other galvanized materials - drains to vegetation 0 
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Land Use Characterization for Sierra Pier Outfalls 26, 26A, 27, 28, 28A Combined (continued) 
99 ONPIA11 - Light laydown unpaved - drains to soil 0 
99 ONPA11 - Light laydown unpaved - drains to vegetation 0 
   
100 ONPA12 - Moderate laydown unpaved - drains to soil 0 
101 ONPA12 - Moderate laydown unpaved - drains to vegetation 0 
   
102 ONPA13 - Heavy laydown unpaved - drains to soil 0 
103 ONPA13 - Heavy laydown unpaved - drains to vegetation 0 
Total Area (acres) 4.42 
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Water Quality Monitoring Data for Sierra Pier Outfalls 26, 26A, 27, 28, 28A Combined  
Date Outfall TSS  

(mg/L) 
Total 
Copper 
(µg/L) 

Total 
Zinc 
(µg/L) 

Dissolved 
Copper 
(µg/L) 

Associated Rain Day/ Event Event Rain Depth 
(inches) 

4-Feb-94 28       425 2750 5220   2/3/94 17:00 to 2/4/94 14:00 0.69 
10-Nov-94 26 8.0       11/10/94 8:00 to 11/10/94 14:00 0.21 
10-Nov-94 27 130       11/10/94 8:00 to 11/10/94 14:00 0.21 
10-Nov-94 28 170       11/10/94 8:00 to 11/10/94 14:00 0.21 
21-Jan-96 26       5260 1030 2540   1/21/96 18:00 to 1/21/96 20:00 0.22 
13-Mar-96 26       149 140 413   3/12/96 16:00 to 3/13/96 10:00 0.67 
13-Mar-96 27       11       3/12/96 16:00 to 3/13/96 10:00 0.67 
13-Mar-96 28       88       3/12/96 16:00 to 3/13/96 10:00 0.67 
21-Nov-96 26       10 77 223   11/21/96 16:00 to 11/22/96 6:00 1.69 
21-Nov-96 27       40       11/21/96 16:00 to 11/22/96 6:00 1.69 
21-Nov-96 28       79       11/21/96 16:00 to 11/22/96 6:00 1.69 
10-Feb-97 26       6 101 187   2/10/97 18:00 to 2/10/97 21:00 0.2 
10-Feb-97 27       8       2/10/97 18:00 to 2/10/97 21:00 0.2 
10-Feb-97 28       23       2/10/97 18:00 to 2/10/97 21:00 0.2 
13-Nov-97 26       74 1740 1950   11/13/97 6:00 to 11/13/97 15:00 0.44 
13-Nov-97 27       11.0       11/13/97 6:00 to 11/13/97 15:00 0.44 
13-Nov-97 28       112       11/13/97 6:00 to 11/13/97 15:00 0.44 
9-Jan-98 26       17.0 325 432   1/9/98 9:00 to 1/10/98 9:00 1.1 
9-Jan-98 27       20       1/9/98 9:00 to 1/10/98 9:00 1.1 
9-Jan-98 28       22       1/9/98 9:00 to 1/10/98 9:00 1.1 
25-Jan-99 26       32 794 1700   1/25/99 3:00 to 1/26/99 4:00 0.79 
25-Jan-99 27       ND       1/25/99 3:00 to 1/26/99 4:00 0.79 
25-Jan-99 28       27       1/25/99 3:00 to 1/26/99 4:00 0.79 
11-Mar-99 27       130       3/11/99 11:00 to 3/11/99 13:00  0.17 
15-Mar-99 26       71 1000 3090   3/15/99 8:00 to 3/15/99 12:00 0.16 
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Water Quality Monitoring Data for Sierra Pier Outfalls 26, 26A, 27, 28, 28A Combined (continued) 
15-Mar-99 28       87       3/15/99 8:00 to 3/15/99 12:00 0.16 
12-Feb-00 26       256 517 679   2/12/00 3:00 to 2/12/00 10:00 0.39 
12-Feb-00 28       32       2/12/00 3:00 to 2/12/00 10:00 0.39 
20-Feb-00 27       175       2/20/00 4:00 to 2/20/00 10:00 0.33 
17-Apr-00 26       9.0 87.5 140   4/17/00 15:00 to 4/17/00 19:00 0.41 
17-Apr-00 27       8.0       4/17/00 15:00 to 4/17/00 19:00 0.41 
17-Apr-00 28       152       4/17/00 15:00 to 4/17/00 19:00 0.41 
27-Oct-00 26       65 1350 628   10/27/00 6:00 to 10/27/00 10:00 0.31 
27-Oct-00 27       184 1150 3560   10/27/00 6:00 to 10/27/00 10:00 0.31 
27-Oct-00 28       130 4080 2850   10/27/00 6:00 to 10/27/00 10:00 0.31 
24-Jan-01 26       176 1940 2120   1/24/01 11:00 to 1/24/01 16:00 0.06 
24-Jan-01 27       300 2860 9350   1/24/01 11:00 to 1/24/01 16:00 0.06 
24-Jan-01 28       92 3610 3400   1/24/01 11:00 to 1/24/01 16:00 0.06 
24-Nov-01 26 6.0 125 441 112 11/24/01 17:00 to 11/24/01 19:00 0.22 
24-Nov-01 27 36.0 53.7 138 46.6 11/24/01 17:00 to 11/24/01 19:00 0.22 
24-Nov-01 28 44.0 210 205 183 11/24/01 17:00 to 11/24/01 19:00 0.22 
24-Apr-02 26 100 1820 1790 1580 4/24/02 8:00 to 4/24/02 12:00 0.22 
24-Apr-02 27 78.0 295 693 250 4/24/02 8:00 to 4/24/02 12:00 0.22 
24-Apr-02 28 78.0 650 685 561 4/24/02 8:00 to 4/24/02 12:00 0.22 
15-Mar-03 26 43 230 700   3/15/03 10:00 to 3/16/03 3:00 1.16 
15-Mar-03 27 18 46 1900   3/15/03 10:00 to 3/16/03 3:00 1.16 
15-Mar-03 28 81       3/15/03 10:00 to 3/16/03 3:00 1.16 
3-May-03 26 19 540 1300   5/3/03 4:00 to 5/3/03 13:00 0.3 
3-May-03 27 36 140 340   5/3/03 4:00 to 5/3/03 13:00 0.3 
3-May-03 28 190 560 420   5/3/03 4:00 to 5/3/03 13:00 0.3 
1-Apr-04 26 130 960 2000   4/1/04 17:00 to 4/1/04 23:00 0.3 
1-Apr-04 27 370 200 820   4/1/04 17:00 to 4/1/04 23:00 0.3 
1-Apr-04 28 280 2600 1300   4/1/04 17:00 to 4/1/04 23:00 0.3 
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Water Quality Monitoring Data for Sierra Pier Outfalls 26, 26A, 27, 28, 28A Combined (continued) 
17-Apr-04 26 31 420 750   4/17/04 10:00 to 4/17/04 13:00 0.3 
17-Apr-04 27 26 290 1100   4/17/04 10:00 to 4/17/04 13:00 0.3 
17-Apr-04 28 110 2100 1100   4/17/04 10:00 to 4/17/04 13:00 0.3 
28-Jan-05 26 84 730 1000   1/28/05 15:00 to 1/28/05 19:00 0.41 
28-Jan-05 27 33 37 80   1/28/05 15:00 to 1/28/05 19:00 0.41 
28-Jan-05 28 310 420 310   1/28/05 15:00 to 1/28/05 19:00 0.41 
11-Feb-05 26 39 130 230   2/10/05 13:00 to 2/12/05 0:00 1.39 
11-Feb-05 27 120 400 620   2/10/05 13:00 to 2/12/05 0:00 1.39 
11-Feb-05 28 330 120 200   2/10/05 13:00 to 2/12/05 0:00 1.39 
17-Oct-05 26 60 570 1100   10/17/05 11:00 to 10/17/05 14:00 0.33 
17-Oct-05 27 240 450 1500   10/17/05 11:00 to 10/17/05 14:00 0.33 
17-Oct-05 28 62 950 1300   10/17/05 11:00 to 10/17/05 14:00 0.33 
10-Mar-06 26 210 720 1500   3/10/06 5:00 to 3/10/06 7:00 0.08 
10-Mar-06 27 490 640 2400   3/10/06 5:00 to 3/10/06 7:00 0.08 
10-Mar-06 28 890 1800 1600   3/10/06 5:00 to 3/10/06 7:00 0.08 
27-Dec-06 26 59 130 180   12/27/06 6:00 to 12/27/06 8:00 0.15 
27-Dec-06 27 4.8 64 1300   12/27/06 6:00 to 12/27/06 8:00 0.15 
27-Dec-06 28 9.8 130 170   12/27/06 6:00 to 12/27/06 8:00 0.15 
20-Apr-07 26 180 690 2500   4/20/07 12:00 to 4/21/07 0:00 0.38 
20-Apr-07 27 12 83 2100   4/20/07 12:00 to 4/21/07 0:00 0.38 
20-Apr-07 28 160 1500 2200   4/20/07 12:00 to 4/21/07 0:00 0.38 
14-Feb-08 26 130 920 2200   2/14/08 9:00 to 2/14/08 17:00 0.21 
14-Feb-08 27 58 73 2000   2/14/08 9:00 to 2/14/08 17:00 0.21 
14-Feb-08 28 140 2000 4100   2/14/08 9:00 to 2/14/08 17:00 0.21 
4-Nov-08 28 38 2800 8700   11/4/08 8:00 to 11/4/08 11:00 0.14 
15-Dec-08 26 96 820 2700   12/15/08 8:00 to 12/16/08 1:00 1.02 
15-Dec-08 27 38 380 880   12/15/08 8:00 to 12/16/08 1:00 1.02 
15-Dec-08 28 140 1400 2800   12/15/08 8:00 to 12/16/08 1:00 1.02 
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Water Quality Monitoring Data for Sierra Pier Outfalls 26, 26A, 27, 28, 28A Combined (continued) 
7-Dec-09 26 93 600 2200   12/7/09 3:00 to 12/7/09 17:00 1.56 
7-Dec-09 27 100 150 630   12/7/09 3:00 to 12/7/09 17:00 1.56 
7-Dec-09 28 130 330 800   12/7/09 3:00 to 12/7/09 17:00 1.56 
18-Jan-10 26 37 110 340   1/18/10 14:00 to 1/18/10 17:00 1.06 
18-Jan-10 27 30 82 290   1/18/10 14:00 to 1/18/10 17:00 1.06 
18-Jan-10 28 90 270 660   1/18/10 14:00 to 1/18/10 17:00 1.06 
19-Oct-10 26 14 320 600   10/19/10 10:00 to 10/20/10 2:00 1.01 
19-Oct-10 27 13 320 710   10/19/10 10:00 to 10/20/10 2:00 1.01 
19-Oct-10 28 9.0 390 380   10/19/10 10:00 to 10/20/10 2:00 1.01 
18-May-11 26 4.0 48 94   5/18/11 2:00 to 5/18/11 6:00 0.19 
18-May-11 27 7.5 58 360   5/18/11 2:00 to 5/18/11 6:00 0.19 
18-May-11 28 7.5 99 340   5/18/11 2:00 to 5/18/11 6:00 0.19 
4-Nov-11 26 6.5 510 1300   11/4/11 8:00 to 11/5/11 1:00 0.66 
4-Nov-11 27 ND 270 310   11/4/11 8:00 to 11/5/11 1:00 0.66 
4-Nov-11 28 7.5 780 2100   11/4/11 8:00 to 11/5/11 1:00 0.66 
12-Dec-11 26 34 530 4100   12/12/11 7:00 to 12/13/11 13:00 0.8 
12-Dec-11 27 12 110 280   12/12/11 7:00 to 12/13/11 13:00 0.8 
12-Dec-11 28 31 370 790   12/12/11 7:00 to 12/13/11 13:00 0.8 
7-Feb-12 26-A   190 560   2/7/12 14:00 to 2/7/12 18:00 0.29 
7-Feb-12 28-A   290 1100   2/7/12 14:00 to 2/7/12 18:00 0.29 
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Naval Base San Diego (NBSD) – Outfalls 51, 70, 72, and 73 
Naval Base San Diego (NBSD) is located on the mainland of San Diego along the eastern shore of the bay. 
Four outfalls were examined at his base: Outfalls 51, 70, 72, and 73. All the outfalls examined have 
complete data surveys available describing the coverage, including the areas of each surface type. 
 
Outfall 51 
Outfall 51 (located adjacent to outfall 70) is comprised of a mix of residential and commercial land uses, 
with several buildings, parking lots, storage and landscaped areas. The watershed area for this outfall is 
approximately 19 acres. This site has landscaping areas inside the watershed boundary that make up 
56% of the total drainage area. An aerial photograph of the watershed is shown in the following figure. 
 
 

 
Aerial view and Outline of NBSD Outfall 51 
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Drainage overview and Land use characterization for NBSD Outfall 51 
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NBSD OF51 Site Development Characteristics 
  NBSD OF-51 
 Residential Other Urban Total 

Roofs  (ac)  (ac)  (ac) 

1 Roofs Flat - directly connected to drains 0.81 0 0.81 
2 Roofs Flat - drains to asphalt/concrete 0 0 0 
3 Roofs Flat - drains to soils 0 0 0 
4 Roofs Flat - drains to vegetation 0 0 0 
5 Roofs Flat - drains to other surface (artificial turf, 
rock, gravel, etc.) 0 0 0 
6 Roofs Pitched - directly connected 0 0 0 
7 Roofs Pitched - drains to asphalt/concrete 0 0 0 
8 Roofs Pitched - drains to soils 0 0 0 
9 Roofs Pitched - drains to vegetation 0.15 0 0.15 
10 Roofs Pitched - drains to other surface (artificial 
turf, rock, gravel, etc.) 0 0 0 
Parking/Streets/Sidewalks/Driveways    
13 Paved asphalt parking/storage - 
smooth/intermediate texture - directly connected to 
drains 3.42 0 3.42 
14 Paved asphalt parking/storage - rough/very course 
texture - directly connected to drains 0 0 0 
15 Paved asphalt parking/storage - drains to pervious  0.77 0 0.77 
16 Paved concrete parking/storage - smooth - directly 
connected 0 0 0 
17 Paved concrete parking/storage - intermediate - 
directly connected 1.31 0 1.31 
18 Paved concrete parking/storage - drains to 
pervious  0.02 0 0.02 
19 Unpaved parking/storage - directly connected to 
drains 0 0 0 
20 Unpaved parking/storage - drains to pervious 0 0 0 
25 Driveways/loading dock -asphalt- directly 
connected 0 0 0 
26 Driveways/loading dock -concrete- directly 
connected 0 0 0 
27 Driveways/loading dock - drains to pervious 0.35 0 0.35 
31 Sidewalks - directly connected to drains 0.46 0 0.46 
32 Sidewalks - drains to pervious 0.66 0 0.66 
37 Streets- directly connected to drains  0 0 0 
38 Streets-drains to pervious 0 0 0 
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NBSD OF51 Site Development Characteristics (continued) 
Pervious Areas    
45 Landscaping areas - soils 0 0 0 
46 Landscaping areas - vegetation 4.35 5.95 10.31 
51 Landscaping areas around structures- soils 0 0 0 
52 Landscaping areas around structures - vegetation 0.16 0 0.16 
53 Landscaping areas around structures- 
other/infiltration area 0 0 0 
57 Undeveloped areas - soils 

0 
0.23 

(construction) 0.23 
58 Undeveloped areas - vegetation 0 0 0 
71 Other pervious infiltration areas 0 0 0 
Special  Areas    
84 OIA1 - Airfield apron/runway paved areas - directly 
connected 0 0 0 
OIA1 - Airfield apron/runway paved areas- drains to 
soil 0 0 0 
OIA1 - Airfield apron/runway paved areas - drains to 
vegetation 0 0 0 
     
85 OIA2 - Airfield other paved areas- directly 
connected 0 0 0 
OIA2 - Airfield other paved areas- drains to soil 0 0 0 
OIA2 - Airfield other paved areas- drains to vegetation 0 0 0 
    
86 OIA3  - Light laydown concrete areas- directly 
connected to drains 0 0 0 
OIA3  - Light laydown concrete areas - drains to soil 0 0 0 
OIA3  - Light laydown concrete areas - drains to 
vegetation 0 0 0 
     
87 OIA4 - Moderate laydown concrete areas - directly 
connected 0.06 0 0.06 
OIA4 - Moderate laydown concrete areas - drains to 
soil 0 0 0 
OIA4 - Moderate laydown concrete areas - drains to 
vegetation 0 0 0 
     
88 OIA5 - Heavy laydown concrete areas- directly 
connected 0 0 0 
OIA5 - Heavy laydown concrete areas - drains to soil 0 0 0 
OIA5 - Heavy laydown concrete areas- drains to 
vegetation 0 0 0 
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NBSD OF51 Site Development Characteristics (continued) 
89 OIA6 -  Light laydown asphalt areas - directly 
connected 0 0 0 
OIA6 -  Light laydown asphalt areas- drains to soil 0 0 0 
OIA6 -  Light laydown asphalt areas- drains to 
vegetation 0 0 0 
     
90 OIA7 - Moderate laydown asphalt areas- directly 
connected 0 0 0 
OIA7 - Moderate laydown asphalt areas- drains to soil 0 0 0 
OIA7 - Moderate laydown asphalt areas- drains to 
vegetation 0 0 0 
     
91 OIA8 - Heavy laydown asphalt areas - directly 
connected 0 0 0 
OIA8 - Heavy laydown asphalt areas - drains to soil 0 0 0 
OIA8 - Heavy laydown asphalt areas - drains to 
vegetation 0 0 0 
     
92 OIA9 - Galvanized metal roofs- directly connected 0 0 0 
OIA9 - Galvanized metal roofs - drains to soil 0 0 0 
OIA9 - Galvanized metal roofs- drains to vegetation 0 0 0 
     
93 OIA10 - Other galvanized materials- directly 
connected to drains 0 0 0 
OIA10 - Other galvanized materials - drains to soil 0.48 0 0.48 
OIA10 - Other galvanized materials - drains to 
vegetation 0 0 0 
     
99 ONPIA11 - Light laydown unpaved - drains to soil 0 0 0 
99 ONPA11 - Light laydown unpaved - drains to 
vegetation 0 0 0 
     
100 ONPA12 - Moderate laydown unpaved - drains to 
soil 0 0 0 
101 ONPA12 - Moderate laydown unpaved - drains to 
vegetation 0 0 0 
     
102 ONPA13 - Heavy laydown unpaved - drains to soil 0 0 0 
103 ONPA13 - Heavy laydown unpaved - drains to 
vegetation 0 0 0 
Total Area (acres) 13.02 6.18 19.19 
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Outfall 70 
Outfall 70 (located adjacent to outfall 51) is comprised of a mixture of residential and commercial land 
uses, with buildings, landscaping, parking lots and light to moderate laydown concrete covered areas. 
This is the largest of the San Diego study areas with a watershed area of approximately 78 acres. This 
site has pervious area accounting up to 34 % of the total drainage area. An aerial photograph of the 
watershed is shown in the following figure. 
 

 
Aerial view and Outline of NBSD Outfall 70 
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Drainage overview and Land use characterization for NBSD Outfall 70 
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Photos taken during site surveys 
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NBSD OF70 Development Characteristics 
  NBSD OF-70  
 Residential Commercial Institutional Other 

Urban 
Total 

Roofs  (ac)  (ac) (ac)  (ac)  (ac) 

1 Roofs Flat - directly connected to 
drains 0.45 2.40 0 0 2.85 
2 Roofs Flat - drains to asphalt/concrete 0.06 1.41 0 0 1.47 
3 Roofs Flat - drains to soils 0.17 0 0 0 0.17 
4 Roofs Flat - drains to vegetation 0.95 0.18 0 0 1.13 
5 Roofs Flat - drains to other surface 
(artificial turf, rock, gravel, etc.) 0 0 0 0 0 
6 Roofs Pitched - directly connected 0 0 0 0 0 
7 Roofs Pitched - drains to 
asphalt/concrete 0.23 1.20 0.10 0 1.53 
8 Roofs Pitched - drains to soils 0 0 0.14 0 0.14 
9 Roofs Pitched - drains to vegetation 1.81 1.22 0 0 3.02 
10 Roofs Pitched - drains to other 
surface (artificial turf, rock, gravel, etc.) 0 0 0 0 0 
Parking/Streets/Sidewalks/Driveways      
13 Paved asphalt parking/storage - 
smooth/intermediate texture - directly 
connected to drains 2.54 0 0 0 2.54 
14 Paved asphalt parking/storage - 
rough/very course texture - directly 
connected to drains 13.08 4.15 0 0 17.23 
15 Paved asphalt parking/storage - 
drains to pervious  4.54 2.27 0 0 6.82 
16 Paved concrete parking/storage - 
smooth - directly connected 0.50 0 0 0 0.50 
17 Paved concrete parking/storage - 
intermediate - directly connected 0 0 0 0 0 
18 Paved concrete parking/storage - 
drains to pervious  0.37 0 0 0 0.37 
19 Unpaved parking/storage - directly 
connected to drains 0 0 0 0 0 
20 Unpaved parking/storage - drains to 
pervious 

0 0 0 

0.78 
(construc

tion) 0.78 
25 Driveways/loading dock -asphalt- 
directly connected 0.08 0 0 0 0.08 
26 Driveways/loading dock -concrete- 
directly connected 0.11 0 0 0 0.11 
27 Driveways/loading dock - drains to 
pervious 0.59 0.52 0 0 1.11 
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NBSD OF70 Development Characteristics (continued) 
31 Sidewalks - directly connected to 
drains 0.73 0.23 0 0 0.96 
32 Sidewalks - drains to pervious 0 0 0 0 0 
37 Streets- directly connected to drains  5.79 2.26 0 2.65 10.70 
38 Streets-drains to pervious 0 0 0 0 0 
Pervious Areas      
45 Landscaping areas - soils 0 0 0 0 0 
46 Landscaping areas - vegetation 12.64 2.16 0 6.34 21.14 
51 Landscaping areas around 
structures- soils 0 0 0 0 0 
52 Landscaping areas around structures 
- vegetation 0.33 0.15 0 0 0.49 
53 Landscaping areas around 
structures- other/infiltration area 0.30 0 0 0 0.30 
57 Undeveloped areas - soils 

0 0 0 

0.23 
(construc

tion) 0.23 
58 Undeveloped areas - vegetation 0 0 0 0 0 
71 Other pervious infiltration areas 0.35 0.09 0 3.93  4.37 
Special  Areas      
84 OIA1 - Airfield apron/runway paved 
areas - directly connected 0 0 0 0 0 
OIA1 - Airfield apron/runway paved 
areas- drains to soil 0 0 0 0 0 
OIA1 - Airfield apron/runway paved 
areas - drains to vegetation 0 0 0 0 0 
       
85 OIA2 - Airfield other paved areas- 
directly connected 0 0 0 0 0 
OIA2 - Airfield other paved areas- 
drains to soil 0 0 0 0 0 
OIA2 - Airfield other paved areas- 
drains to vegetation 0 0 0 0 0 
      
86 OIA3  - Light laydown concrete 
areas- directly connected to drains 0.03 0 0 0 0.03 
OIA3  - Light laydown concrete areas - 
drains to soil 0 0 0 0 0 
OIA3  - Light laydown concrete areas - 
drains to vegetation 0 0 0 0 0 
       
87 OIA4 - Moderate laydown concrete 
areas - directly connected 0 0 0 0 0 
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NBSD OF70 Development Characteristics (continued) 
OIA4 - Moderate laydown concrete 
areas - drains to soil 0 0 0 0 0 
OIA4 - Moderate laydown concrete 
areas - drains to vegetation 0 0 0 0 0 
       
88 OIA5 - Heavy laydown concrete 
areas- directly connected 0 0 0 0 0 
OIA5 - Heavy laydown concrete areas - 
drains to soil 0 0 0 0 0 
OIA5 - Heavy laydown concrete areas- 
drains to vegetation 0 0 0 0 0 
       
89 OIA6 -  Light laydown asphalt areas - 
directly connected 0 0.17 0 0 0.17 
OIA6 -  Light laydown asphalt areas- 
drains to soil 0 0 0 0 0 
OIA6 -  Light laydown asphalt areas- 
drains to vegetation 0 0 0 0 0 
       
90 OIA7 - Moderate laydown asphalt 
areas- directly connected 0 0 0 0.04 0.04 
OIA7 - Moderate laydown asphalt 
areas- drains to soil 0 0 0 0 0 
OIA7 - Moderate laydown asphalt 
areas- drains to vegetation 0 0 0 0 0 
       
91 OIA8 - Heavy laydown asphalt areas 
- directly connected 0 0 0 0 0 
OIA8 - Heavy laydown asphalt areas - 
drains to soil 0 0 0 0 0 
OIA8 - Heavy laydown asphalt areas - 
drains to vegetation 0 0 0 0 0 
       
92 OIA9 - Galvanized metal roofs- 
directly connected 0 0 0 0 0 
OIA9 - Galvanized metal roofs - drains 
to soil 0 0 0 0 0 
OIA9 - Galvanized metal roofs- drains to 
vegetation 0 0 0 0 0 
       
93 OIA10 - Other galvanized materials- 
directly connected to drains 0 0 0 0 0 
OIA10 - Other galvanized materials - 
drains to soil 0 0 0 0 0 
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NBSD OF70 Development Characteristics (continued) 
OIA10 - Other galvanized materials - 
drains to vegetation 0 0 0 0 0 
       
99 ONPIA11 - Light laydown unpaved - 
drains to soil 0 0 0 0 0 
99 ONPA11 - Light laydown unpaved - 
drains to vegetation 0 0 0 0 0 
       
100 ONPA12 - Moderate laydown 
unpaved - drains to soil 0 0 0 0 0 
101 ONPA12 - Moderate laydown 
unpaved - drains to vegetation 0 0 0 0 0 
       
102 ONPA13 - Heavy laydown unpaved 
- drains to soil 0 0 0 0 0 
103 ONPA13 - Heavy laydown unpaved 
- drains to vegetation 0 0 0 0 0 
Total Area (acres) 45.64 18.41 0.23 13.97 78.27 
 
 
 
Outfall 72 
Outfall 72 (located adjacent to outfall 73) is comprised of a mixture of navy residential and commercial 
property buildings, landscaping, parking lots, and light to heavy concrete covered storage and parking 
areas. The watershed area for this outfall is approximately 45 acres. This site has pervious areas 
accounting for 14% of the total drainage area. Aerial photographs, along with different land use 
characteristics, are shown in the following figures. 
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Aerial view and Outline of NBSD Outfall 72 

 

 

 

 
Drainage overview and Land use characterization for NBSD Outfall 72 
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NBSD OF72 Development Characteristics 
  NBSD OF-72 
 Residential Commercial Institutional Total 

Roofs  (ac)  (ac) (ac)  (ac) 

1 Roofs Flat - directly connected to 
drains 0 2.69 0 2.69 
2 Roofs Flat - drains to asphalt/concrete 0.71 0.57 0 1.29 
3 Roofs Flat - drains to soils 0 0 0 0 
4 Roofs Flat - drains to vegetation 0 0.28 0 0.28 
5 Roofs Flat - drains to other surface 
(artificial turf, rock, gravel, etc.) 0 2.19 0 2.19 
6 Roofs Pitched - directly connected 0 0 0 0 
7 Roofs Pitched - drains to 
asphalt/concrete 2.77 1.06 0.23 4.06 
8 Roofs Pitched - drains to soils 0 0 0 0 
9 Roofs Pitched - drains to vegetation 0 0.03 0.23 0.26 
10 Roofs Pitched - drains to other 
surface (artificial turf, rock, gravel, etc.) 0 0 0 0 
Parking/Streets/Sidewalks/Driveways     
13 Paved asphalt parking/storage - 
smooth/intermediate texture - directly 
connected to drains 3.71 9.53 0.21 13.45 
14 Paved asphalt parking/storage - 
rough/very course texture - directly 
connected to drains 1.93 1.62 0.11 3.66 
15 Paved asphalt parking/storage - 
drains to pervious  0.06 0 0 0.06 
16 Paved concrete parking/storage - 
smooth - directly connected 0.01 0.62 0 0.64 
17 Paved concrete parking/storage - 
intermediate - directly connected 0.06 0.05 0 0.11 
18 Paved concrete parking/storage - 
drains to pervious  0 0 0 0 
19 Unpaved parking/storage - directly 
connected to drains 0 0 0 0 
20 Unpaved parking/storage - drains to 
pervious 0 0 0 0 
25 Driveways/loading dock -asphalt- 
directly connected 0.00 0 0 0.00 
26 Driveways/loading dock -concrete- 
directly connected 0.30 0.21 0 0.52 
27 Driveways/loading dock - drains to 
pervious 0 0 0 0 
31 Sidewalks - directly connected to 
drains 0.88 0.14 0.52 1.53 
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NBSD OF72 Development Characteristics (continued) 
32 Sidewalks - drains to pervious 0 0 0 0 
37 Streets- directly connected to drains  2.89 3.29 0.26 6.44 
38 Streets-drains to pervious 0 0 0 0 
Pervious Areas     
45 Landscaping areas - soils 0.02 0.02 0 0.04 
46 Landscaping areas - vegetation 0.68 1.86 0.02 2.56 
51 Landscaping areas around 
structures- soils 0 0 0 0 
52 Landscaping areas around structures 
- vegetation 0.75 0.47 0 1.21 
53 Landscaping areas around 
structures- other/infiltration area 0 0.17 0 0.17 
57 Undeveloped areas - soils 0 0 0 0 
58 Undeveloped areas - vegetation 0 0 0 0 
71 Other pervious infiltration areas 0.39 1.98 0 2.37 
Special  Areas     
84 OIA1 - Airfield apron/runway paved 
areas - directly connected 0 0 0 0 
OIA1 - Airfield apron/runway paved 
areas- drains to soil 0 0 0 0 
OIA1 - Airfield apron/runway paved 
areas - drains to vegetation 0 0 0 0 
      
85 OIA2 - Airfield other paved areas- 
directly connected 0 0 0 0 
OIA2 - Airfield other paved areas- 
drains to soil 0 0 0 0 
OIA2 - Airfield other paved areas- 
drains to vegetation 0 0 0 0 
     
86 OIA3  - Light laydown concrete 
areas- directly connected to drains 0 0 0 0 
OIA3  - Light laydown concrete areas - 
drains to soil 0 0.28 0 0.28 
OIA3  - Light laydown concrete areas - 
drains to vegetation 0 0 0 0 
      
87 OIA4 - Moderate laydown concrete 
areas - directly connected 0 0.02 0 0.02 
OIA4 - Moderate laydown concrete 
areas - drains to soil 0 0 0 0 
OIA4 - Moderate laydown concrete 
areas - drains to vegetation 0 0 0 0 
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NBSD OF72 Development Characteristics (continued) 
88 OIA5 - Heavy laydown concrete 
areas- directly connected 0.05 0.07 0 0.11 
OIA5 - Heavy laydown concrete areas - 
drains to soil 0 0 0 0 
OIA5 - Heavy laydown concrete areas- 
drains to vegetation 0 0 0 0 
      
89 OIA6 -  Light laydown asphalt areas - 
directly connected 0 0 0 0 
OIA6 -  Light laydown asphalt areas- 
drains to soil 0 0 0 0 
OIA6 -  Light laydown asphalt areas- 
drains to vegetation 0 0 0 0 
      
90 OIA7 - Moderate laydown asphalt 
areas- directly connected 0 0 0 0 
OIA7 - Moderate laydown asphalt 
areas- drains to soil 0 0 0 0 
OIA7 - Moderate laydown asphalt 
areas- drains to vegetation 0 0 0 0 
      
91 OIA8 - Heavy laydown asphalt areas 
- directly connected 0 0 0 0 
OIA8 - Heavy laydown asphalt areas - 
drains to soil 0 0 0 0 
OIA8 - Heavy laydown asphalt areas - 
drains to vegetation 0 0 0 0 
      
92 OIA9 - Galvanized metal roofs- 
directly connected 0 0.12 0 0.12 
OIA9 - Galvanized metal roofs - drains 
to soil 0 0 0 0 
OIA9 - Galvanized metal roofs- drains to 
vegetation 0 0 0 0 
      
93 OIA10 - Other galvanized materials- 
directly connected to drains 0.01 0.55 0 0.57 
OIA10 - Other galvanized materials - 
drains to soil 0.08 0.01 0 0.10 
OIA10 - Other galvanized materials - 
drains to vegetation 0 0 0 0 
      
99 ONPIA11 - Light laydown unpaved - 
drains to soil 0.05 0 0 0.05 
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NBSD OF72 Development Characteristics (continued) 
99 ONPA11 - Light laydown unpaved - 
drains to vegetation 0.01 0 0 0.01 
      
100 ONPA12 - Moderate laydown 
unpaved - drains to soil 0 0 0 0 
101 ONPA12 - Moderate laydown 
unpaved - drains to vegetation 0 0 0 0 
      
102 ONPA13 - Heavy laydown unpaved 
- drains to soil 0 0 0 0 
103 ONPA13 - Heavy laydown unpaved 
- drains to vegetation 0.15 0 0 0.15 
Total Area (acres) 15.53 27.84 1.58 44.94 
 
 

Outfall 73 
Outfall 73 (located adjacent to outfall 72) is comprised of commercial land uses, with buildings, 
landscaping, parking lots and light to moderate concrete and asphalt covered storage and parking areas. 
The watershed area for this outfall is approximately 17 acres. This site has pervious areas covering 21% 
of the total watershed area. An aerial photograph, along with different land use characteristics, is shown 
in the following figures. 
 

 
Aerial view and Outline of NBSD Outfall 73 
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Drainage overview and Land use characterization for NBSD Outfall 73 
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Photographs taken during site surveys of OF72 and OF73 
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NBSD OF73 Development Characteristics  
  NBSD OF-73  
 Residential Commercial Institutional Other 

Urban 
Total 

Roofs  (ac)  (ac) (ac)  (ac)  (ac) 

1 Roofs Flat - directly connected to 
drains 0 0 0 0 0 
2 Roofs Flat - drains to asphalt/concrete 0 1.58 0 0 1.58 
3 Roofs Flat - drains to soils 0 0 0 0 0 
4 Roofs Flat - drains to vegetation 0 1.09 0 0 1.09 
5 Roofs Flat - drains to other surface 
(artificial turf, rock, gravel, etc.) 0 0.66 0 0 0.66 
6 Roofs Pitched - directly connected 0 0 0 0 0 
7 Roofs Pitched - drains to 
asphalt/concrete 0.02 0.00 0 0 0.02 
8 Roofs Pitched - drains to soils 0 0 0 0 0 
9 Roofs Pitched - drains to vegetation 0 0.00 0 0 0.00 
10 Roofs Pitched - drains to other 
surface (artificial turf, rock, gravel, etc.) 0 0 0 0 0 
Parking/Streets/Sidewalks/Driveways      
13 Paved asphalt parking/storage - 
smooth/intermediate texture - directly 
connected to drains 0 2.14 0 1.44 3.58 
14 Paved asphalt parking/storage - 
rough/very course texture - directly 
connected to drains 0 0.67 0.02 0 0.69 
15 Paved asphalt parking/storage - 
drains to pervious  0 0 0 0 0 
16 Paved concrete parking/storage - 
smooth - directly connected 0 0.15 0 0 0.15 
17 Paved concrete parking/storage - 
intermediate - directly connected 0 0 0 0 0 
18 Paved concrete parking/storage - 
drains to pervious  0 0.12 0 0 0.12 
19 Unpaved parking/storage - directly 
connected to drains 0 0 0 0 0 
20 Unpaved parking/storage - drains to 
pervious 0 0 0 0 0 
25 Driveways/loading dock -asphalt- 
directly connected 0 0 0 0 0 
26 Driveways/loading dock -concrete- 
directly connected 0 0 0 0 0 
27 Driveways/loading dock - drains to 
pervious 0 0 0 0 0 
31 Sidewalks - directly connected to 
drains 0 0.98 0 0.27 1.25 
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NBSD OF73 Development Characteristics (continued) 
32 Sidewalks - drains to pervious 0 0.01 0 0 0.01 
37 Streets- directly connected to drains  0.06 1.46 0 0.73 2.24 
38 Streets-drains to pervious 0 0 0 0 0 
Pervious Areas      
45 Landscaping areas - soils 0 0.10 0 0 0.10 
46 Landscaping areas - vegetation 0 1.30 0 0.24 1.54 
51 Landscaping areas around 
structures- soils 0 0 0 0 0 
52 Landscaping areas around structures 
- vegetation 0 0.78 0 0 0.78 
53 Landscaping areas around 
structures- other/infiltration area 0 0.45 0 0 0.45 
57 Undeveloped areas - soils 0 0 0 0 0 
58 Undeveloped areas - vegetation 0 0 0 0 0 
71 Other pervious infiltration areas 0 0 0 0.58 0.58 
Special  Areas      
84 OIA1 - Airfield apron/runway paved 
areas - directly connected 0 0 0 0 0 
OIA1 - Airfield apron/runway paved 
areas- drains to soil 0 0 0 0 0 
OIA1 - Airfield apron/runway paved 
areas - drains to vegetation 0 0 0 0 0 
       
85 OIA2 - Airfield other paved areas- 
directly connected 0 0 0 0 0 
OIA2 - Airfield other paved areas- 
drains to soil 0 0 0 0 0 
OIA2 - Airfield other paved areas- 
drains to vegetation 0 0 0 0 0 
      
86 OIA3  - Light laydown concrete 
areas- directly connected to drains 0 0.16 0 0 0.16 
OIA3  - Light laydown concrete areas - 
drains to soil 0 0 0 0 0 
OIA3  - Light laydown concrete areas - 
drains to vegetation 0 0 0 0 0 
       
87 OIA4 - Moderate laydown concrete 
areas - directly connected 0 0.33 0 0 0.33 
OIA4 - Moderate laydown concrete 
areas - drains to soil 0 0 0 0 0 
OIA4 - Moderate laydown concrete 
areas - drains to vegetation 0 0 0 0 0 
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NBSD OF73 Development Characteristics (continued) 
88 OIA5 - Heavy laydown concrete 
areas- directly connected 0 0 0 0 0 
OIA5 - Heavy laydown concrete areas - 
drains to soil 0 0 0 0 0 
OIA5 - Heavy laydown concrete areas- 
drains to vegetation 0 0 0 0 0 
       
89 OIA6 -  Light laydown asphalt areas - 
directly connected 0 1.05 0 0 1.05 
OIA6 -  Light laydown asphalt areas- 
drains to soil 0 0 0 0 0 
OIA6 -  Light laydown asphalt areas- 
drains to vegetation 0 0 0 0 0 
       
90 OIA7 - Moderate laydown asphalt 
areas- directly connected 0 0 0 0 0 
OIA7 - Moderate laydown asphalt 
areas- drains to soil 0 0 0 0 0 
OIA7 - Moderate laydown asphalt 
areas- drains to vegetation 0 0 0 0 0 
       
91 OIA8 - Heavy laydown asphalt areas 
- directly connected 0 0 0 0 0 
OIA8 - Heavy laydown asphalt areas - 
drains to soil 0 0 0 0 0 
OIA8 - Heavy laydown asphalt areas - 
drains to vegetation 0 0 0 0 0 
       
92 OIA9 - Galvanized metal roofs- 
directly connected 0 0 0 0 0 
OIA9 - Galvanized metal roofs - drains 
to soil 0 0 0 0 0 
OIA9 - Galvanized metal roofs- drains to 
vegetation 0 0 0 0 0 
       
93 OIA10 - Other galvanized materials- 
directly connected to drains 0 0.14 0 0 0.14 
OIA10 - Other galvanized materials - 
drains to soil 0 0 0 0 0 
OIA10 - Other galvanized materials - 
drains to vegetation 0 0.06 0 0 0.06 
       
99 ONPIA11 - Light laydown unpaved - 
drains to soil 0 0 0 0 0 
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NBSD OF73 Development Characteristics (continued) 
99 ONPA11 - Light laydown unpaved - 
drains to vegetation 0 0 0 0 0 
       
100 ONPA12 - Moderate laydown 
unpaved - drains to soil 0 0 0 0 0 
101 ONPA12 - Moderate laydown 
unpaved - drains to vegetation 0 0 0 0 0 
       
102 ONPA13 - Heavy laydown unpaved 
- drains to soil 0 0 0 0 0 
103 ONPA13 - Heavy laydown unpaved 
- drains to vegetation 0 0 0 0 0 
Total Area (acres) 0.08 13.23 0.02 3.29 16.62 
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Stormwater Monitoring for Naval Base San Diego (NBSD) – Outfall 51  
Outfall Date 

Sampled 
Dissolved 
Copper 
µg/L 

Total 
Copper 
µg/L 

Dissolved 
Zinc 
µg/L 

Total 
Zinc 
µg/L 

TSS 
mg/L 

FF/Com
posite 
EMC 
Samples  
on 
Same 
Date 

Associated Rain Day/Event Rain Depth 
for 
Monitored 
Event 
(inches) 

51 02/08/2013 3.1 12.0 6.9 65.8 42.0   2/8/13 16:00 to 2/9/13 8:00 0.27 
51 02/19/2013 21.6 255.0 173.0 255.0 316.0   2/19/13 20:00 to 2/19/13 21:00 0.01 
51 03/07/2013 70.7 243.0 782.0 1110.0 326.0 FF 3/8/13 6:00 to 3/8/13 22:00 1.02 
51 03/07/2013 16.5 82.0 129.0 450.0 133.0 COMP 3/8/13 6:00 to 3/8/13 22:00 1.02 
 
 
Stormwater Monitoring for Naval Base San Diego (NBSD) – Outfall 70  
Outfall Date 

Sampled 
Dissolved 
Copper 
µg/L 

Total 
Copper 
µg/L 

Dissolved 
Zinc 
µg/L 

Total 
Zinc 
µg/L 

TSS 
mg/L 

FF/Com
posite 
EMC 
Samples  
on 
Same 
Date 

Associated Rain Day/Event Rain Depth 
for 
Monitored 
Event 
(inches) 

70 1/24/1995   11.0   44.0 62.0   1/23/95 18:00 to 1/24/95 4:00 0.21 
70 2/21/1996   49.0   256.0 86.0   2/21/96 10:00 to 2/22/96 1:00 0.13 
70 3/13/1996   31.0   138.0 15.0   3/12/96 16:00 to 3/13/96 10:00 0.67 
70 02/08/2013 29.0 67.7 38.6 388.0 220.0   2/8/13 16:00 to 2/9/13 8:00 0.27 
70 02/19/2013 18.9 62.1 18.3 344.0 183.0   2/19/13 20:00 to 2/19/13 21:00 0.01 
70 03/07/2013 31.0 88.5 179.0 433.0 454.0 FF 3/8/13 6:00 to 3/8/13 22:00 1.02 
70 03/07/2013 10.2 16.7 102.0 69.4 38.0 COMP 3/8/13 6:00 to 3/8/13 22:00 1.02 
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Stormwater Monitoring for Naval Base San Diego (NBSD) – Outfall 72  
Outfall Date 

Sampled 
Dissolved 
Copper 
µg/L 

Total 
Copper 
µg/L 

Dissolved 
Zinc 
µg/L 

Total 
Zinc 
µg/L 

TSS 
mg/L 

FF/Com
posite 
EMC 
Samples  
on 
Same 
Date 

Associated Rain Day/Event Rain Depth 
for 
Monitored 
Event 
(inches) 

72 2/17/1994         15.0   2/17/94 4:00 to 2/17/94 14:00 0.68 
72 1/24/1995   83.0     2.0   1/23/95 18:00 to 1/24/95 4:00 0.21 
72 4/18/1995   83.0     2.0   4/18/95 4:00 to 4/18/95 14:00 0.37 
72 1/21/1996   94.0     29.0   1/21/96 18:00 to 1/21/96 20:00 0.22 
72 1/21/1996   57.0         1/21/96 18:00 to 1/21/96 20:00 0.22 
72 12/9/1996   42.0     4.0   12/9/96 14:00 to 12/9/96 20:00 0.18 
72 1/15/1997   76.2     293.0   1/15/97 17:00 to 1/15/97 20:00 0.19 
72 10/27/2000         7.0   10/27/00 6:00 to 10/27/00 

10:00 
0.31 

72 1/8/2001         96.0   1/8/01 11:00 to 1/9/01 5:00 0.65 
72 11/24/2001         55.0   11/24/01 17:00 to 11/24/01 

19:00 
0.22 

72 3/7/2002         322.0   3/7/02 6:00 to 3/7/02 10:00 0.02 
72 10/11/2012 1110.0 2220.0 1890.0 3470.0 776.0   10/11/12 10:00 to 10/11/12 

15:00 
0.09 

72 02/08/2013 66.3 230.0 290.0 1590.0 169.0 FF 2/8/13 16:00 to 2/9/13 8:00 0.27 
72 02/08/2013 74.8 137.0 19.0 484.0 81.0 COMP 2/8/13 16:00 to 2/9/13 8:00 0.27 
72 02/19/2013 35.6 120.0 29.7 626.0 196.0 FF 2/19/13 20:00 to 2/19/13 21:00 0.01 
72 02/19/2013 34.7 58.0 12.8 148.0 36.5 COMP 2/19/13 20:00 to 2/19/13 21:00 0.01 
72 03/07/2013 64.0 112.0 326.0 607.0 77.5 FF 3/8/13 6:00 to 3/8/13 22:00 1.02 
72 03/07/2013 37.1 81.6 93.4 192.0 67.0 COMP 3/8/13 6:00 to 3/8/13 22:00 1.02 
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Stormwater Monitoring for Naval Base San Diego (NBSD) – Outfall 73  
Outfall Date 

Sampled 
Dissolved 
Copper 
µg/L 

Total 
Copper 
µg/L 

Dissolved 
Zinc 
µg/L 

Total 
Zinc 
µg/L 

TSS 
mg/L 

FF/Com
posite 
EMC 
Samples  
on 
Same 
Date 

Associated Rain Day/Event Rain Depth 
for 
Monitored 
Event 
(inches) 

73 2/17/1994         1.0   2/17/94 4:00 to 2/17/94 14:00 0.68 
73 1/24/1995         33.0   1/23/95 18:00 to 1/24/95 4:00 0.21 
73 4/18/1995         85.0   4/18/95 4:00 to 4/18/95 14:00 0.37 
73 1/21/1996         23.0   1/21/96 18:00 to 1/21/96 20:00 0.22 
73 2/21/1996         194.0   2/21/96 10:00 to 2/22/96 1:00 0.13 
73 10/11/2012 619.0 3190.0 1890.0 5060.0 1320.0   10/11/12 10:00 to 10/11/12 

15:00 
0.09 

73 02/08/2013 113.0 191.0 146.0 519.0 107.0 FF 2/8/13 16:00 to 2/9/13 8:00 0.27 
73 02/08/2013 71.4 198.0 69.5 496.0 90.5 COMP 2/8/13 16:00 to 2/9/13 8:00 0.27 
73 02/19/2013 273.0 651.0 93.9 1350.0 21.0 FF 2/19/13 20:00 to 2/19/13 21:00 0.01 
73 02/19/2013 48.7 87.3 15.4 168.0 24.0 COMP 2/19/13 20:00 to 2/19/13 21:00 0.01 
73 03/07/2013 744.0 967.0 703.0 991.0 117.0   3/8/13 6:00 to 3/8/13 22:00 1.02 
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First-Flush vs. Composite Stormwater Quality for 2013 San Diego Monitored 
Sites  
The stormwater quality data from the San Diego Naval Base monitoring locations for 2013 were 
reviewed, comparing TSS, total and dissolved copper, and total and dissolved zinc concentrations 
obtained during event first flushes to the same event sampled as a whole event composite. Only the dry 
side sites, summarized below, had these concurrent data; the subase pier monitoring locations did not 
have these paired data. Only one to three paired sample sets were available for each site, so the 
following tables list the seven events that had these data from these four locations combined. The seven 
rain totals ranged from 0.01 to 1.02 (based on the nearby San Diego International Airport rainfall 
monitoring location). There is insufficient data to compare these relationships for the individual 
locations. The non-parametric sign test for paired data was used to determine the significance of the 
observed differences in the concentrations of these paired data groups.  
 
 
Dry Side 2013 Monitoring Locations at San Diego Naval Base having First Flush and Composite Data 
OF51: High density residential and big box commercial 
OF70: High density residential and big box commercial 
OF72: High density residential (small portion) and big box commercial (mostly) 
OF73: Big box commercial (mostly parking) 
 
 
The following table shows the paired data for TSS. The first flush concentrations averaged about 3.6 
times the composite values, with a moderate significance of 0.06 for the number of sample pairs 
available. The copper data also have p values of 0.06 with concentrations ratios of about 3.1 and 2.6 for 
total and dissolved copper, respectively. The total and dissolved zinc paired concentration values had p 
values of 0.01, with all 7 first flush concentrations greater than the composite concentrations. The 
concentration ratios were higher than for the copper values, being about 4.1 and 5.3 for total and 
dissolved zinc respectively. 
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TSS Data from all 2013 San Diego Monitoring Sites Combined: First Flush vs. Composite Samples 
 first flush composite FF/comp rain OF 
 326 133 2.45 1.02 51 
 454 38 11.95 1.02 70 
 169 81 2.09 0.27 72 
 196 36.5 5.37 0.01 72 
 77.5 67 1.16 1.02 72 
 107 90.5 1.18 0.27 73 
 21 24 0.88 0.01 73 
number 7 7 7 7  
average 193 67 3.6 0.52  
median 169 67 2.1 0.27  
min 21 24 0.9 0.01  
max 454 133 11.9 1.02  
stdev 151 38 4.0 0.48  
COV 0.78 0.57 1.11 0.93  
count increase  6 of 7   
Sign test P  0.06   

 
 
Total and Dissolved Copper Data from all 2013 San Diego Monitoring Sites Combined: First Flush vs. Composite 
Samples 
 Total Cu  Dissolved Cu 
  first 

flush 
composite FF/comp rain OF   first 

flush 
composite FF/comp rain OF 

 243 82 2.96 1.02 51  71 17 4.28 1.02 51 
 89 17 5.30 1.02 70  31 10 3.04 1.02 70 
 230 137 1.68 0.27 72  66 75 0.89 0.27 72 
 120 58 2.07 0.01 72  36 35 1.03 0.01 72 
 112 82 1.37 1.02 72  64 37 1.73 1.02 72 
 191 198 0.96 0.27 73  113 71 1.58 0.27 73 
  651 87 7.46 0.01 73   273 49 5.61 0.01 73 
number 7 7 7 7  number 7 7 7 7  
average 234 94 3.11 0.52  average 93 42 2.59 0.52  
median 191 82 2.07 0.27  median 66 37 1.73 0.27  
min 89 17 0.96 0.01  min 31 10 0.89 0.01  
max 651 198 7.46 1.02  max 273 75 5.61 1.02  
stdev 194 58 2.40 0.48  stdev 84 25 1.79 0.48  
COV 0.83 0.62 0.77 0.93  COV 0.90 0.59 0.69 0.93  
count increase  6 of 7   count increase  6 of 7   
Sign 
test P 

  0.06   Sign test P  0.06   
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Total and Dissolved Zinc Data from all 2013 San Diego Monitoring Sites Combined: First Flush vs. Composite 
Samples 
 Total Zn  Dissolved Zn 
  first 

flush 
composite FF/comp rain OF   first 

flush 
composite FF/comp rain OF 

 1110 450 2.47 1.02 51  782 129 6.06 1.02 51 
 433 69 6.24 1.02 70  179 102 1.75 1.02 70 
 1590 484 3.29 0.27 72  290 19 15.26 0.27 72 
 626 148 4.23 0.01 72  30 13 2.32 0.01 72 
 607 192 3.16 1.02 72  326 93 3.49 1.02 72 
 519 496 1.05 0.27 73  146 70 2.10 0.27 73 
  1350 168 8.04 0.01 73   94 15 6.10 0.01 73 
number 7 7 7 7  number 7 7 7 7  
average 891 287 4.07 0.52  average 264 63 5.30 0.52  
median 626 192 3.29 0.27  median 179 70 3.49 0.27  
min 433 69 1.05 0.01  min 30 13 1.75 0.01  
max 1590 496 8.04 1.02  max 782 129 15.26 1.02  
stdev 456 182 2.37 0.48  stdev 251 48 4.75 0.48  
COV 0.51 0.63 0.58 0.93  COV 0.95 0.75 0.90 0.93  
count increase  7 of 7   count increase  7 of 7   
Sign test P  0.01   Sign test P  0.01   

 
 
Stormwater Quality Variations by Seasons at San Diego Naval Monitoring 
Locations 
Southern California stormwater managers frequently observe significant “seasonal first-flushes” when 
the initial rains of the year may have larger concentrations compared to other rains later in the rainy 
season, and may account for much of the total rain year stormwater discharges. The rain year normally 
starts in the late fall and extends into the spring. The following tables summarize pollutant 
concentrations at the San Diego Naval Base monitoring locations for October and November compared 
to the other months, along with non-paired Wilcoxon rank-sum p values comparing the two 
concentration groups. The first table shows data from the prior Navy WinSLAMM analyses that focused 
on naval industrial monitoring locations (outfalls 26, 14, 1, 13, and 9) and is only for TSS. The next table 
is for the current monitoring period sites at the Navy dry side monitoring locations (residential, 
commercial, and institutional) combined, as there were relatively few data observations for each outfall. 
Data are shown for TSS, dissolved and total Cu, and dissolved and total Zn. The third table includes the 
data from the currently monitored subbase pier outfalls for TSS, dissolved and total Cu, and total Zn 
(dissolved Zn data are not available for this location).  
 
The results for the earlier monitored naval industrial sites do not indicate any significant differences for 
the TSS data available. The concentration ratios are also not indicative of higher concentrations for the 
early monitored events (the largest ratio is only 1.18 for TSS at OF1, for example.  Outfall 9 had a p value 
of 0.07, therefore being marginally significant, but the October and November TSS concentrations were 
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much smaller than the later event TSS concentrations. The data for the dry side locations monitored this 
past year shows that only dissolved zinc had a statistically significant difference between the two data 
groups, while total copper and total zinc had p values of 0.06 and 0.07 respectively, indicating a marginal 
level of significance, while also showing much larger concentrations during the early monitoring period 
compared to later rains. It is likely that several additional rain observations in the early period would 
result in statistically significant differences for these dry side monitoring locations. The pier monitoring 
locations during the recent monitoring activities are similar to the previous naval industrial site data; 
only one condition (TSS) had marginally significantly different concentrations, but the early season data 
appears to have much lower concentrations than the later season observations.  
 
It is possible that the dry side (residential, commercial, and institutional land uses) have significant 
seasonal first flush conditions, but additional data would be needed to verify the observations 
statistically. With so few rain events available in the semi-arid southern California area, these data are 
difficult to obtain, so the marginally available results may be indicative of this trend reported by others. 
However, there is no supporting information in the data from the naval industrial data sets supporting 
seasonal first-flushes from these land uses. It is thought that the highly varying site activities during the 
different industrial monitoring years caused a greater variability than the seasonal differences, 
effectively obscuring any seasonal first flush patterns.
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Seasonal First Flush TSS Concentrations vs. Other Months for Prior San Diego Naval Base Monitored Sites 
  Oct/Nov 

TSS 
OF26 

other 
TSS 
OF26 

Oct/Nov 
TSS 
OF14 

other 
TSS 
OF14 

Oct/Nov 
TSS OF1 

other TSS 
OF1 

Oct/Nov 
TSS 
OF13 

other 
TSS 
OF13 

Oct/Nov 
TSS OF9 

other 
TSS 
OF9 

count 4 21 5 25 4 14 4 14 2 18 
average 159 259 124 184 467 396 550 539 96 352 
median 150 176 66 108 268 206 479 324 96 68 
min 41 14 5 41 90 61 337 38 23 9 
max 294 1,333 362 655 1,243 2,057 904 1,853 170 2,111 
stdev 106 323 142 170 536 528 251 561 104 603 
COV 0.67 1.25 1.15 0.92 1.15 1.33 0.46 1.04 1.08 1.71 
ratio 
early/other 

 0.61  0.67  1.18  1.02  0.27 

p  0.14  0.22  0.41  0.48  0.07 
 
 
 
Seasonal First Flush Concentrations vs. Other Months for 2013 San Diego Residential, Commercial, and Institutional Monitored Sites 
  Oct/Nov 

TSS 
resid/com
mer 2013 

other 
months 
TSS 2013 
resid/com
mer 

Oct/Nov 
Tot Cu 
2013 
resid/com
mer 

other 
months 
Tot Cu 
2013 
resid/com
mer 

Oct/Nov 
Dis Cu 
2013 
resid/com
mer 

other 
months Dis 
Cu 2013 
resid/com
mer 

Oct/Nov Tot Zn 
2013resid/com
mer 

other months 
Tot Zn 
2013resid/com
mer 

Oct/Nov 
Dis Zn 
2013 
resid/com
mer 

other 
months Dis 
Zinc 2013 
resid/com
mer 

count 4 19 2 12 2 6 2 6 2 6 
average 540 80 2705 164 865 168 4265 413 1890 152 
median 416 37 2705 83 865 60 4265 338 1890 44 
min 7 1 2220 42 619 35 3470 148 1890 13 
max 1320 322 3190 967 1110 744 5060 991 1890 703 
stdev 628 94 686 256 347 282 1124 324 0 272 
COV 1.16 1.18 0.25 1.57 0.40 1.68 0.26 0.78 0.00 1.79 
ratio 
early/ot
her 

  6.77   16.53   5.13   10.32   12.42 

p   0.12   0.06   0.12   0.07   <0.001 
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Seasonal First Flush Concentrations vs. Other Months for 2013 San Diego SubBase Pier Monitored Sites 
  Oct/Nov TSS 

2013 pier 
other months 
TSS 2013 pier 

Oct/Nov Tot 
Cu 2013 pier 

other months 
Tot Cu 2013 
pier 

Oct/Nov Dis 
Cu 2013 pier 

other months 
Dis Cu 2013 
pier 

Oct/Nov 
Tot Zn 
2013 pier 

other months 
Tot Zn 2013 
pier 

count 23 73 17 61 3 3 17 61 
average 66 177 785 696 114 797 1135 1496 
median 44 78 450 380 112 561 710 880 
min 6 4 54 37 47 250 138 80 
max 240 5260 4080 3610 183 1580 3560 9350 
stdev 66 618 973 815 68 696 992 1726 
COV 1.01 3.50 1.24 1.17 0.60 0.87 0.87 1.15 
ratio early/other   0.37   1.13   0.14   0.76 
p   0.07   0.37   0.12   0.14 
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Norfolk, VA, Naval Facilities 
 
Soil Conditions at Norfolk, VA, Area Naval Facilities 
Little Creek 
The soils at the Little Creek site are comprised of the Udorthents loamy soil type. Slopes are smooth or 
irregular, and range from 0 to 25 percent but are dominantly 0 to 5 percent.  These soils are slightly 
darker in the uppermost 6 to 10 inches than in the underlying material, and resemble topsoil. The 
properties of these soils vary greatly with depth; they are generally well suited for use as building sites. 
Permeability is moderate to slow to a depth of 10 inches, and rapid to very slow below that depth. 
However, these soils were heavily compacted and reflect very little infiltration through the soil surface. 
 
St. Juliennes 
The soils at the St. Juliennes site are comprised of urban land soils. Typical urban land includes gently 
sloping areas covered by streets, buildings, parking lots, and other structures that obscure or alter the 
soils so that identification is not feasible. This site is mostly a scrapyard and storage area and is covered 
with some pavement, but with much compacted soils that do not provide significant infiltration. 
 
Rain Data for Norfolk, VA Naval Bases 
The bases in the Norfolk, VA, study area are located along the shoreline. The following figure shows the 
locations of these naval bases and the nearby weather station at the Norfolk International Airport, along 
with the annual average rain depths. The rain variations in this area are also relatively small, although 
the annual average rain depth is about 46 inches per year. 
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Map of Norfolk, VA, Naval Bases studied and nearby weather stations 
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NOAA Precipitation Data 
Hourly precipitation data is archived by the National Climate Data Center (NCDC) of the National 
Oceanic and Atmospheric Administration (NOAA) for the Norfolk International Airport. This table shows 
the approximate range of the historically available data, along with the completeness of the data record, 
for the airport location. 
 
 
Stations with Hourly Precipitation Data included for Norfolk, VA, Naval Stations 

Station COOPID Latitude Longitude Data Range % Completeness 
Norfolk International Airport 446139 36.903 -76.192 1948-2012 100 

 
 

Rainfall Patterns for Norfolk, VA, Naval Bases 
The following time series plot shows the rain depths for each rain event that occurred during the period 
from 1953 to 2013, including the stormwater monitoring period. Most of the Norfolk rains are less than 
3 inches, with rare rains greater than 9 or 10 inches. 
 
 

Norfolk International Airport, VA, rainfall from January 1953 to February 2013 

 
The regional naval facilities and the closest available NOAA rainfall Norfolk airport data are summarized 
below: 
 
Little Creek: 45 to 50 in/yr (Norfolk International Airport 46 in/yr between 1981 and 2010) 
St Juliennes: 45 to 50 in/yr (Norfolk International Airport 46 in/yr between 1981 and 2010) 
 
Therefore, the WinSLAMM calibration efforts will focus on the Norfolk International Airport NOAA data 
for both the Little Creek and St Juliennes Naval facilities.  
 
 
Land Development Characteristics at Norfolk, VA, Area Naval Facilities 
Naval Amphibious Base Little Creek – Outfall 07 
Little Creek Outfall 07 is located in the Naval Amphibious Base Little Creek. A complete data survey is 
available for this outfall describing the surface coverage and area of each surface type. Outfall 07 is 
comprised of industrial land use, with buildings and light to moderate laydown concrete and unpaved 
(but compacted) areas. The watershed area for this outfall is approximately 3 acres. This site has 
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pervious areas accounting for 15% of the total watershed area. An aerial photograph of the watershed is 
shown in the following figure. 
 
 

 
Drainage overview and Land use Characterization for Little Creek Outfall 07 
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Photos taken during site survey of Little Creek OF-07 
 

 

Land Use Development Characteristics for Little Creek OF-07 
LANDUSE Little Creek 

OF-07 

Roofs Area (ac) 

1 Roofs Flat - directly connected to drains 0 

2 Roofs Flat - drains to asphalt/concrete 0 

3 Roofs Flat - drains to soils 0 

4 Roofs Flat - drains to vegetation 0 

5 Roofs Flat - drains to other surface (artificial turf, rock, gravel, etc.) 0 

6 Roofs Pitched - directly connected 0 

7 Roofs Pitched - drains to asphalt/concrete 0.26 

8 Roofs Pitched - drains to soils 0 

9 Roofs Pitched - drains to vegetation 0 

10 Roofs Pitched - drains to other surface (artificial turf, rock, gravel, etc.) 0 

Parking/Streets/Sidewalks/Driveways   

13 Paved asphalt parking/storage - smooth/intermediate texture - directly 
connected to drains 

0 

14 Paved asphalt parking/storage - rough/very course texture - directly connected 
to drains 

0 

15 Paved asphalt parking/storage - drains to pervious  0 
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Land Use Development Characteristics for Little Creek OF-07 (continued) 
16 Paved concrete parking/storage - smooth - directly connected 0 

17 Paved concrete parking/storage - intermediate - directly connected 0 

18 Paved concrete parking/storage - drains to pervious  0 

19 Unpaved parking/storage - directly connected to drains 0 

20 Unpaved parking/storage - drains to pervious 0 

25 Driveways/loading dock -asphalt- directly connected 0 

26 Driveways/loading dock -concrete- directly connected 0 

27 Driveways/loading dock - drains to pervious 0 

31 Sidewalks - directly connected to drains 0 

32 Sidewalks - drains to pervious 0 

37 Streets- directly connected to drains  0 

38 Streets-drains to pervious 0 

Pervious Areas   

45 Landscaping areas - soils 0 

46 Landscaping areas - vegetation 0 

51 Landscaping areas around structures- soils 0 

52 Landscaping areas around structures - vegetation 0 

53 Landscaping areas around structures- other/infiltration area 0 

57 Undeveloped areas - soils 0 

58 Undeveloped areas - vegetation 0 

71 Other pervious infiltration areas 0.46 

Special  Areas   

84 OIA1 - Airfield apron/runway paved areas - directly connected 0 

OIA1 - Airfield apron/runway paved areas- drains to soil 0 

OIA1 - Airfield apron/runway paved areas - drains to vegetation 0 

    

85 OIA2 - Airfield other paved areas- directly connected 0 

OIA2 - Airfield other paved areas- drains to soil 0 

OIA2 - Airfield other paved areas- drains to vegetation 0 

   

 
 



D-56 

Land Use Development Characteristics for Little Creek OF-07 (continued) 
86 OIA3  - Light laydown concrete areas- directly connected to drains 0 

OIA3  - Light laydown concrete areas - drains to soil 0 

OIA3  - Light laydown concrete areas - drains to vegetation 0 

    

87 OIA4 - Moderate laydown concrete areas - directly connected 0.05 

OIA4 - Moderate laydown concrete areas - drains to soil 0 

OIA4 - Moderate laydown concrete areas - drains to vegetation 0 

    

88 OIA5 - Heavy laydown concrete areas- directly connected 0 

OIA5 - Heavy laydown concrete areas - drains to soil 0 

OIA5 - Heavy laydown concrete areas- drains to vegetation 0 

    

89 OIA6 -  Light laydown asphalt areas - directly connected 0 

OIA6 -  Light laydown asphalt areas- drains to soil 0 

OIA6 -  Light laydown asphalt areas- drains to vegetation 0 

    

90 OIA7 - Moderate laydown asphalt areas- directly connected 0 

OIA7 - Moderate laydown asphalt areas- drains to soil 0 

OIA7 - Moderate laydown asphalt areas- drains to vegetation 0 

    

91 OIA8 - Heavy laydown asphalt areas - directly connected 0 

OIA8 - Heavy laydown asphalt areas - drains to soil 0 

OIA8 - Heavy laydown asphalt areas - drains to vegetation 0 

    

92 OIA9 - Galvanized metal roofs- directly connected 0 

OIA9 - Galvanized metal roofs - drains to soil 0 

OIA9 - Galvanized metal roofs- drains to vegetation 0 

    

93 OIA10 - Other galvanized materials- directly connected to drains 0.82 

OIA10 - Other galvanized materials - drains to soil 0 

OIA10 - Other galvanized materials - drains to vegetation 0 
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Land Use Development Characteristics for Little Creek OF-07 (continued) 
99 ONPIA11 - Light laydown unpaved - drains to soil 0 

99 ONPA11 - Light laydown unpaved - drains to vegetation 0 

    

100 ONPA12 - Moderate laydown unpaved - drains to soil 1.42 

101 ONPA12 - Moderate laydown unpaved - drains to vegetation 0 

    

102 ONPA13 - Heavy laydown unpaved - drains to soil 0 

103 ONPA13 - Heavy laydown unpaved - drains to vegetation 0 

Total Area (acres) 3.01 

 

 

Stormwater Quality at Little Creek Naval Base 
 
Stormwater Monitoring for Little Creek Outfall 07 
Quarter Date Dissolved  

Copper 
(µg/l) 

Dissolved  
Zinc 
(µg/l) 

Associated Rain 
Day/Event 

Rain Depth 
Associated with 
Monitored Event 
(inches) 

1st Qtr 2007 2/22/2007 19 98 2/22/07 0:00 to 
2/22/07 9:00 

0.23 

2nd Qtr 2007 6/3/2007 <QL 17 6/3/07 0:00 to 
6/4/07 5:00 

1.29 

3rd Qtr 2007 8/5/2007 8 701 8/5/07 18:00 to 
8/6/07 1:00 

0.65 

4th Qtr 2007 10/24/2007 11 130 10/24/07 12:00 to 
10/25/07 20:00 

3.41 

1st Qtr 2008 1/17/2008 15 3290 1/17/08 8:00 to 
1/17/08 23:00 

0.6 

2nd Qtr 2008 4/4/2008 6 280 4/3/08 16:00 to 
4/4/08 3:00 

0.59 

3rd Qtr 2008 7/23/2008 7 520 7/23/08 13:00 to 
7/24/08 3:00 

1.78 

4th Qtr 2008 11/13/2008 7 307 11/13/08 9:00 to 
11/13/08 17:00 

1.22 

1st Qtr 2009 1/27/2009 11 1440 1/27/09 10:00 to 
1/28/09 1:00 

0.21 
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Stormwater Monitoring for Little Creek Outfall 07 (continued) 
2nd Qtr 2009 4/20/2009 7 20 4/20/09 13:00 to 

4/20/09 18:00 
0.85 

3rd Qtr 2009 8/4/2009 7 33 8/4/09 12:00 to 
8/4/09 13:00 

1.68 

4th Qtr 2009 11/11/2009 4 31 11/10/09 23:00 to 
11/14/09 0:00 

7.73 

1st Qtr 2010 1/25/2010 4 28 1/25/10 5:00 to 
1/25/10 11:00 

1.34 

2nd Qtr 2010 6/6/2010 9 1160 6/6/10 20:00 to 
6/6/10 22:00 

0.3 

3rd Qtr 2010 8/18/2010 5 56 8/18/10 11:00 to 
8/18/10 21:00 

1.69 

1st Qtr 2011 1/11/2011 10 563 1/11/11 2:00 to 
1/11/11 21:00 

0.17 

2nd Qtr 2011 4/26/2011 10 860 4/26/11 10:00 to 
4/26/11 14:00 

0.11 

3rd Qtr 2011 7/4/2011 5 76 7/4/11 17:00 to 
7/4/11 21:00 

1.45 

4th Qtr 2011 10/19/2011 8 242 10/19/11 0:00 to 
10/19/11 5:00 

0.74 

1st Qtr 2012 1/9/2012 7 198 1/9/12 8:00 to 
1/9/12 20:00 

0.13 

2nd Qtr 2012 4/4/2012 10 1040 4/4/12 20:00 to 
4/5/2012 7:00 

0.35 

3rd Qtr 2012 7/9/2012 9 459 7/9/12 14:00 to 
7/9/12 15:00 

0.77 

4th Qtr 2012 10/7/2012 5 303 10/7/12 4:00 to 
10/7/12 21:00 

0.49 

1st Qtr 2013 2/7/2013 13 489 2/8/13 0:00 to 
2/8/13 17:00 

2.2 

 
 
Land Development Characteristics at St. Juliennes Creek Annex 
St Juliennes Creek Annex – Outfalls 40 and 41 
St Juliennes Outfalls 40 and 41 are located in the St Juliennes Creek Annex. A complete data survey is 
available for this outfall describing the surface coverage, and area of each surface type. Outfalls 40 and 
41 are comprised of industrial land use, with buildings, parking/storage areas, landscaping and light to 
moderate laydown concrete and unpaved areas. The watershed area for this outfall is approximately 26 
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acres. This site has pervious area (heavily compacted) accounting to 18% of the total watershed area. An 
aerial photograph, along with different land use characteristics are shown in the following figures. 

 

 
Aerial view and Outline of St Juliennes Outfalls 40 and 41 

 

 

 
Drainage overview and Land use characterization for St Juliennes Outfalls 40 and 41 
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Photos taken during site surveys of St Juliennes OF 40 and 41 
 
 
Land Use Development Characteristics for St Juliennes OF 40 & 41 
LANDUSE St Juliennes OF 

40 & 41 

Roofs Area (ac) 

1 Roofs Flat - directly connected to drains 0 

2 Roofs Flat - drains to asphalt/concrete 0.04 

3 Roofs Flat - drains to soils 0.03 

4 Roofs Flat - drains to vegetation 0.03 

5 Roofs Flat - drains to other surface (artificial turf, rock, gravel, etc.) 0 

6 Roofs Pitched - directly connected 0 

7 Roofs Pitched - drains to asphalt/concrete 0.24 

8 Roofs Pitched - drains to soils 0 

9 Roofs Pitched - drains to vegetation 0.20 

10 Roofs Pitched - drains to other surface (artificial turf, rock, gravel, etc.) 0 

Parking/Streets/Sidewalks/Driveways   

13 Paved asphalt parking/storage - smooth/intermediate texture - directly 
connected to drains 

0 

14 Paved asphalt parking/storage - rough/very course texture - directly connected 
to drains 

0.35 

15 Paved asphalt parking/storage - drains to pervious  0 

16 Paved concrete parking/storage - smooth - directly connected 0.01 

17 Paved concrete parking/storage - intermediate - directly connected 0.05 

18 Paved concrete parking/storage - drains to pervious  2.42 
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Land Use Development Characteristics for St Juliennes OF 40 & 41 (continued) 
19 Unpaved parking/storage - directly connected to drains 0 

20 Unpaved parking/storage - drains to pervious 0 

25 Driveways/loading dock -asphalt- directly connected 0 

26 Driveways/loading dock -concrete- directly connected 0 

27 Driveways/loading dock - drains to pervious 0.10 

31 Sidewalks - directly connected to drains 0 

32 Sidewalks - drains to pervious 0.02 

37 Streets- directly connected to drains  2.33 

38 Streets-drains to pervious 0 

Pervious Areas   

45 Landscaping areas - soils 0 

46 Landscaping areas - vegetation 4.10 

51 Landscaping areas around structures- soils 0.02 

52 Landscaping areas around structures - vegetation 0.44 

53 Landscaping areas around structures- other/infiltration area 0 

57 Undeveloped areas - soils 0 

58 Undeveloped areas - vegetation 0 

71 Other pervious infiltration areas 0 

Special  Areas   

84 OIA1 - Airfield apron/runway paved areas - directly connected 0 

OIA1 - Airfield apron/runway paved areas- drains to soil 0 

OIA1 - Airfield apron/runway paved areas - drains to vegetation 0 

    

85 OIA2 - Airfield other paved areas- directly connected 0 

OIA2 - Airfield other paved areas- drains to soil 0 

OIA2 - Airfield other paved areas- drains to vegetation 0 

   

86 OIA3  - Light laydown concrete areas- directly connected to drains 0.92 

OIA3  - Light laydown concrete areas - drains to soil 0 

OIA3  - Light laydown concrete areas - drains to vegetation 0 
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Land Use Development Characteristics for St Juliennes OF 40 & 41 (continued) 
87 OIA4 - Moderate laydown concrete areas - directly connected 0.13 

OIA4 - Moderate laydown concrete areas - drains to soil 0 

OIA4 - Moderate laydown concrete areas - drains to vegetation 0 

    

88 OIA5 - Heavy laydown concrete areas- directly connected 0 

OIA5 - Heavy laydown concrete areas - drains to soil 0 

OIA5 - Heavy laydown concrete areas- drains to vegetation 0 

    

89 OIA6 -  Light laydown asphalt areas - directly connected 0 

OIA6 -  Light laydown asphalt areas- drains to soil 0 

OIA6 -  Light laydown asphalt areas- drains to vegetation 0 

    

90 OIA7 - Moderate laydown asphalt areas- directly connected 0 

OIA7 - Moderate laydown asphalt areas- drains to soil 0 

OIA7 - Moderate laydown asphalt areas- drains to vegetation 0 

    

91 OIA8 - Heavy laydown asphalt areas - directly connected 0 

OIA8 - Heavy laydown asphalt areas - drains to soil 0 

OIA8 - Heavy laydown asphalt areas - drains to vegetation 0 

    

92 OIA9 - Galvanized metal roofs- directly connected 0 

OIA9 - Galvanized metal roofs - drains to soil 0 

OIA9 - Galvanized metal roofs- drains to vegetation 0 

    

93 OIA10 - Other galvanized materials- directly connected to drains 0 

OIA10 - Other galvanized materials - drains to soil 2.31 

OIA10 - Other galvanized materials - drains to vegetation 0 

    

99 ONPIA11 - Light laydown unpaved - drains to soil 0 

99 ONPA11 - Light laydown unpaved - drains to vegetation 5.04 
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Land Use Development Characteristics for St Juliennes OF 40 & 41 (continued) 
100 ONPA12 - Moderate laydown unpaved - drains to soil 6.74 

101 ONPA12 - Moderate laydown unpaved - drains to vegetation 0 

    

102 ONPA13 - Heavy laydown unpaved - drains to soil 0 

103 ONPA13 - Heavy laydown unpaved - drains to vegetation 0 

Total Area (acres) 25.52 

 

 

Stormwater Quality at St. Juliennes Annex Naval Facility 
Stormwater Monitoring for St Juliennes Outfalls 40 & 41 

Date Total 
Recoverable  
Copper µg/L 

Total 
Recoverable 
 Zinc µg/L 

TSS 
mg/L 

Associated Rain 
Day/Event 

Rain Depth 
Associated with 
Monitored 
Event (inches) 

OUTFALL 040          

Dec. 31, 2009 8 42 22 12/31/09 2:00 to 
12/31/09 8:00 

0.51 

Sept. 3, 2010 15 49 8.5 9/3/10 4:00 to 
9/3/10 12:00 

0.21 

Jul. 4, 2011 58 106 11 7/4/11 17:00 to 
7/4/11 21:00 

1.45 

Dec. 16, 2012 28 91 47 12/16/12 5:00 to 
12/16/12 14:00 

0.59 

OUTFALL 041          

Jan. 08, 2007 12 109 22 1/8/07 6:00 to 
1/9/07 10:00 

0.85 

Mar. 30, 2008 40 193 11 3/30/08 9:00 to 
3/30/08 18:00 

0.3 

Apr. 6 2009 8 46 11 4/6/09 7:00 to 
6/6/09 14:00 

0.46 
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Northwest Naval Bases 
 

Soil Conditions at Northwest Naval Bases 
Bangor 
According to the USDA web soil survey, the soils at the Bangor site are of the Alderwood-Harstine soil 
type. These soils are moderately deep and moderately well drained. Typically, the surface of Alderwood 
soils is covered by a thin mat of undecomposed needles and wood fragments. The subsurface layers are 
very gravelly sandy loam. The subsoil is very gravelly loam. The substratum is gravelly sandy loam glacial 
till that is weakly-silica-cemented in the upper part. Depth to this hardpan ranges from 20 to 40 inches. 
Typically, the surface of Harstine soils is covered by a thin mat of undecomposed needles and wood 
fragments. The surface layer and subsoil are gravelly sandy loam. The substratum is weakly-silica-
cemented gravelly loamy sand over weakly-cemented compact glacial till. Depth to the hardpan ranges 
from 25 to 40 inches. The soils can be severely compacted with very low infiltration rates in developed 
areas due to building construction or activities. 
 
Bremerton 
The soils in the Bremerton site are comprised of the following soil types: Alderwood very gravelly sandy 
loam, 6 to 15 % slopes (18.5%), Alderwood very gravelly sandy loam, 15 to 30 % slopes (22.1%), Neilton 
gravelly loamy sand, 0 to 3 % slopes (44.9%), and Urban land-Alderwood complex, 0 to 8 % slopes 
(14.5%). The soils can be severely compacted with very low infiltration rates in developed areas due to 
building construction or activities. These soil types are described by the USDA web soil survey:  
  
Alderwood very gravelly sandy loam, 6 to 15% slopes: These soils are moderately deep and moderately 
well drained. Typically, the surface of this soil is covered by a mat of undecomposed needles and wood 
fragments. The subsurface layer is brown very gravelly sandy loam 1/2 inch thick. The subsoil is brown 
very gravelly loam about 21 inches thick. The substratum to a depth of 60 inches or more is grayish 
brown gravelly sandy loam that is weakly-silica-cemented in the upper part. Depth to the silica-
cemented hardpan ranges from 20 to 40 inches. Permeability of this Alderwood soil is moderately rapid 
above the hardpan and very slow in the hardpan layer.  
 
Alderwood very gravelly sandy loam, 15 to 30% slopes: These soils are steeper, otherwise, they are 
similar to the milder sloped Alderwood soils descried above.  
 
Neilton gravelly loamy sand, 0 to 3% slopes: These soils are deep and excessively drained. Typically, the 
surface layer is dark brown gravelly loamy sand about 4 inches thick. The subsoil is brown very gravelly 
loamy sand about 15 inches thick. The substratum to a depth of 60 inches is very gravelly sand. 
Permeability of this Neilton soil is rapid to a depth of 19 inches and very rapid in the substratum. 
 
Urban land-Alderwood complex, 0 to 8% slopes: These soils are moderately well drained and exist on 
beaches and low terraces on broad uplands. This complex is about 70 percent urban land and 20 percent 
Alderwood very gravelly sandy loam, 0 to 8 percent slopes. The components of this complex are so 
intricately intermingled that it was not practical to map them separately at the scale used. The 
Alderwood soil is moderately deep and moderately well drained. Typically, the surface of this soil is 
covered by a thin mat of undecomposed needles and wood fragments. The subsurface layer is brown 
very gravelly sandy loam about 0.5 inches thick. The subsoil is brown very gravelly loam about 21 inches 
thick. The substratum to a depth of 60 inches or more is grayish brown gravelly sandy loam that is 
weakly-silica-cemented in the upper part. Depth to the silica-cemented hardpan ranges from 20 to 40 



D-67 

inches. Permeability of this Alderwood soil is moderately rapid above the hardpan and very slow in the 
hardpan.  
 
Everett 
The soils in Everett site are comprised of the urban land soil type. Typical urban land includes gently 
sloping areas covered by streets, buildings, parking lots, and other structures that obscure or alter the 
soils so that identification is not feasible. The urban soils can be severely compacted with very low 
infiltration rates in developed areas due to building construction or activities. 
 
Rain Data for Northwest Naval Bases 
The bases in the northwest study area examined this year are located along the shores and islands of 
Puget Sound, Washington. An important part of the model calibration process relies on using rainfall 
data for each site that correlates with the samples collected at each outfall. This section summarizes the 
available data for each naval base and the associated weather stations. The following figure shows the 
locations for the naval bases and the nearby weather stations in the northwest study area, along with 
the annual average rain depth variations in the region. 
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Map of Naval Bases and nearby weather stations 
 
 
NOAA Precipitation Data 
Hourly precipitation data is archived by the National Climate Data Center (NCDC) of the National 
Oceanic and Atmospheric Administration (NOAA). The weather stations are generally operated by the 
U.S. National Weather Service (NWS), the Federal Aviation Administration (FFA), or by cooperative 
stations in the U.S. and its territories. The following table is a list of the weather stations near the 
northwestern naval bases that have hourly rainfall data, as supplied on the most recent EarthInfo CDs 
(Santa Monica, CA), a commercial supplier of nationwide NOAA weather information. These weather 
stations in the Puget Sound area are shown on the preceding map. The following table shows the 
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approximate range of historical data available for each site, along with the completeness of the data 
record. The most comprehensive data sets are for Quilcene, Everett, Burlington, and the Seattle Tacoma 
International Airport (SEATAC) as shown on the following table.  
 
 
Stations with Hourly Precipitation Data included for Northwest Naval Stations 

Station COOPID Latitude Longitude Data Range % Completeness 
Quilcene 5 SW Dam WS 456851 47.784 -122.979 1948-2012 89 
Everett WS 452675 47.975 -122.195 1948-2012 91 
Burlington WS 450986 48.467 -122.313 1948-2012 91 
Seattle Tacoma AP WS 457473 47.444 -122.313 1948-2012 99 

 

 

Global Historical Climatological Network 
Besides the basic NOAA data shown above, additional rainfall data for the region were also investigated 
that were located closer to the naval bases studied. Data from the Global Historical Climatological 
Network (GHCN) is also archived by the National Climate Data Center (NCDC). These weather stations 
are comprised of a worldwide network of weather stations (approximately 20,000 stations). Numerous 
organizations such as the Automated Weather Network (AWN), Global Telecommunications System 
(GTS), and the Automated Surface Observing System (ASOS), participate in this effort. Stations 
geographically close to each naval station are included in the following table along with the historical 
data range for each site. 
 
 
Stations with GHCN Precipitation Data included for Northwest Naval Stations 

Station Station Owner Latitude Longitude Data Range 
Bremerton National AP Bremerton National Airport 47.483 -122.767 1973-2013 
Snohomish County AP Snohomish County Airport 47.908 -122.28 2006-2013 

 
 
Data for these locations were obtained through the NOAA website. These data required substantial 
reformatting for the analyses and modeling efforts. 
  
Rainfall Patterns for Northwest Naval Bases 
The following three figures are time series plots showing the rain depths for each rain event that 
occurred during the period corresponding to the stormwater monitoring dates. Everett and Snohomish 
are quite similar, with most of the rains less than one inch, with occasional rains as large as 4 or 5 
inches. The Bremerton rains are much larger, with most rains less than about 2 inches and rare rains in 
the 6 to 8 inch category. 
 



D-70 

 
Everett, WA, rainfall from January 1949 to February 2012 
 

 
Bremerton National AP, WA, rainfall from January 2009 to April 2013 
 

 
Snohomish County AP, WA, rainfall from January 2009 to April 2013 
 
The regional naval facilities and the closest available NOAA rainfall data are summarized below: 
 
Bangor: 40 to 48 in/yr (Bremerton 53 in/yr between 1981 and 2010) 
Bremerton: 48 to 54 in/yr (Bremerton 53 in/yr between 1981 and 2010) 
Everett: 33 to 40 in/yr (Everett 36 in/yr between 1981 and 2010, and Snohomish 34 in/yr between 1981 
and 2010) 
 
The WinSLAMM calibration efforts will therefore focus on the Bremerton NOAA data for Bangor and 
Bremerton Naval facilities, and Everett for the Everett Naval facility. 
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Land Development Characteristics at Bangor Trident Base 
 

Bangor Trident Base - Outfall 02 

Bangor Outfall 02 is located at the Bangor Trident Base. A complete data survey is available for this 
outfall describing the surface coverage and area of each surface type. Outfall 02 is comprised of 
commercial, industrial and institutional land uses, with buildings, landscaping, and light to moderate 
laydown concrete, asphalt and unpaved areas. The watershed area for this outfall is approximately 
1,442 acres. There is a temporary sewage lagoon located within the site. This site has a large amount of 
pervious areas accounting for 82% of the total watershed area. An aerial photograph, along with 
different land use characteristics, is shown in the following figures. 
 
 

 
Drainage overview and Land use characterization for Bangor Outfall 02 
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Photos taken during site survey at Bangor OF02 
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Land Use Development Characteristics for Bangor OF 02 
LANDUSE Bangor OF- 02 

Roofs Area (ac) 

1 Roofs Flat - directly connected to drains 12.23 

2 Roofs Flat - drains to asphalt/concrete 2.60 

3 Roofs Flat - drains to soils 0.14 

4 Roofs Flat - drains to vegetation 1.20 

5 Roofs Flat - drains to other surface (artificial turf, rock, gravel, etc.) 0.44 

6 Roofs Pitched - directly connected 8.27 

7 Roofs Pitched - drains to asphalt/concrete 5.16 

8 Roofs Pitched - drains to soils 0.79 

9 Roofs Pitched - drains to vegetation 2.01 

10 Roofs Pitched - drains to other surface (artificial turf, rock, gravel, 
etc.) 

0.77 

Parking/Streets/Sidewalks/Driveways   

13 Paved asphalt parking/storage - smooth/intermediate texture - 
directly connected to drains 

14.74 

14 Paved asphalt parking/storage - rough/very course texture - directly 
connected to drains 

6.63 

15 Paved asphalt parking/storage - drains to pervious  19.46 

16 Paved concrete parking/storage - smooth - directly connected 0.63 

17 Paved concrete parking/storage - intermediate - directly connected 0.18 

18 Paved concrete parking/storage - drains to pervious  1.80 

19 Unpaved parking/storage - directly connected to drains 0.03 

20 Unpaved parking/storage - drains to pervious 2.35 

25 Driveways/loading dock -asphalt- directly connected 1.76 

26 Driveways/loading dock -concrete- directly connected 0.47 

27 Driveways/loading dock - drains to pervious 1.23 

31 Sidewalks - directly connected to drains 1.19 

32 Sidewalks - drains to pervious 0.58 

37 Streets- directly connected to drains  100.36 

38 Streets-drains to pervious 45.61 
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Land Use Development Characteristics for Bangor OF 02 (continued) 
Pervious Areas   

45 Landscaping areas - soils 28.49 

46 Landscaping areas - vegetation 43.53 

51 Landscaping areas around structures- soils 0 

52 Landscaping areas around structures - vegetation 48.69 

53 Landscaping areas around structures- other/infiltration area 0.45 

57 Undeveloped areas - soils 0 

58 Undeveloped areas - vegetation 795.39 

71 Other pervious infiltration areas 269.71 

Special  Areas   

84 OIA1 - Airfield apron/runway paved areas - directly connected 0 

OIA1 - Airfield apron/runway paved areas- drains to soil 0 

OIA1 - Airfield apron/runway paved areas - drains to vegetation 0 

    

85 OIA2 - Airfield other paved areas- directly connected 0 

OIA2 - Airfield other paved areas- drains to soil 0 

OIA2 - Airfield other paved areas- drains to vegetation 0 

   

86 OIA3  - Light laydown concrete areas- directly connected to drains 0.14 

OIA3  - Light laydown concrete areas - drains to soil 0 

OIA3  - Light laydown concrete areas - drains to vegetation 0.26 

    

87 OIA4 - Moderate laydown concrete areas - directly connected 3.53 

OIA4 - Moderate laydown concrete areas - drains to soil 0.21 

OIA4 - Moderate laydown concrete areas - drains to vegetation 0 

    

88 OIA5 - Heavy laydown concrete areas- directly connected 0 

OIA5 - Heavy laydown concrete areas - drains to soil 0 

OIA5 - Heavy laydown concrete areas- drains to vegetation 0 
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Land Use Development Characteristics for Bangor OF 02 (continued) 
89 OIA6 -  Light laydown asphalt areas - directly connected 7.20 

OIA6 -  Light laydown asphalt areas- drains to soil 0.06 

OIA6 -  Light laydown asphalt areas- drains to vegetation 1.84 

    

90 OIA7 - Moderate laydown asphalt areas- directly connected 0 

OIA7 - Moderate laydown asphalt areas- drains to soil 0 

OIA7 - Moderate laydown asphalt areas- drains to vegetation 0.12 

    

91 OIA8 - Heavy laydown asphalt areas - directly connected 0.83 

OIA8 - Heavy laydown asphalt areas - drains to soil 0.41 

OIA8 - Heavy laydown asphalt areas - drains to vegetation 0 

    

92 OIA9 - Galvanized metal roofs- directly connected 0 

OIA9 - Galvanized metal roofs - drains to soil 0 

OIA9 - Galvanized metal roofs- drains to vegetation 0 

    

93 OIA10 - Other galvanized materials- directly connected to drains 0 

OIA10 - Other galvanized materials - drains to soil 0 

OIA10 - Other galvanized materials - drains to vegetation 2.29 

    

99 ONPIA11 - Light laydown unpaved - drains to soil 0.64 

99 ONPA11 - Light laydown unpaved - drains to vegetation 6.79 

    

100 ONPA12 - Moderate laydown unpaved - drains to soil 0 

101 ONPA12 - Moderate laydown unpaved - drains to vegetation 0.33 

    

102 ONPA13 - Heavy laydown unpaved - drains to soil 0 

103 ONPA13 - Heavy laydown unpaved - drains to vegetation 0.66 

Total Area (acres) 1442.17 

 

 



D-77 

Stormwater Quality at Bangor Trident Base 
 
Stormwater Monitoring for Bangor Outfall 02 

Date Copper  
(µg/L) 

Zinc 
(µg/L) 

TSS 
(mg/L) 

Associated Rain Day/Event Rain Depth 
Associated with 
Monitored Event 
(inches) 

5 Nov 09 2.48 14.00 <4.0 11/5/09 15:00 to 11/6/09 2:00 0.82 

11 Mar 10 3.30 30.70 5 3/11/10 8:00 to 3/12/10 22:00 1.41 

10 May 10 3.7 15.6 <4.0 5/10/10 9:00 to 5/10/10 14:00 0.36 

31 Aug 10 <3.0 <4.0 13 8/31/10 12:00 to 8/31/10 23:00 0.17 

4 Qtr Avg 2.75 15.58 5.50    

22 Sep 11 0.28 4.79   9/22/11 7:00 to 9/22/11 20:00 0.3 

21 Oct 11 3.94 10.90   10/21/11 17:00 to 10/22/11 0:00 0.29 

21 Nov 11 13.70 30.80   11/21/11 12:00 to 11/23/11 14:00 6.61 

27 Dec 11 22.5 10.9   12/27/11 0:00 to 12/28/11 12:00 2.54 

4 Jan 12 9.15 22.6   1/3/12 21:00 to 1/4/12 02:00 0.17 

13 Feb 12  7.93 50.0    2/13/12 5:00 to 2/13/12 14:00 0.16 

5 Mar 12 6.99 35.3   3/5/12 12:00 to 3/5/12 18:00 0.63 

11 Apr 12 12.2 26.5   4/11/12 11:00 to 4/11/12 12:00 0.01 

3 May 12 5.74 64.3   5/3/12 8:00 to 5/4/12 1:00 0.67 

5 Jun 12 2.1 10.2   6/5/12 9:00 to 6/6/12 1:00 0.73 
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Land Development Characteristics at Naval Base Kitsap 
 

Naval Base Kitsap – Bremerton Outfall 015 

Bremerton Outfall 015 is located in the Naval Base Kitsap. A complete data survey is available for this 
outfall describing the surface coverage and area of each surface type. Outfall 015 is comprised of 
residential, commercial, industrial, and institutional land uses, with buildings, landscaping, and light to 
heavy laydown concrete and asphalt covered areas. The watershed area for this outfall is approximately 
104 acres. This site has pervious areas accounting for 41% of the total watershed. An aerial photograph, 
along with different land use characteristics of the site, is shown in the following figures. 
 

 
Drainage overview and Land use characterization for Bremerton Outfall 015 
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Land Use Development Characteristics for Bremerton OF 015 
LANDUSE Residential Commercial Institutional Navy 

Industrial 
Total 

Roofs  (ac)  (ac) (ac)  (ac)  (ac) 

1 Roofs Flat - directly connected to drains 0.43 3.09 0 3.29 6.81 
2 Roofs Flat - drains to asphalt/concrete 0.71 1.22 0 0 1.93 
3 Roofs Flat - drains to soils 0 0 0 0 0 
4 Roofs Flat - drains to vegetation 0.05 0.02 0 0 0.07 
5 Roofs Flat - drains to other surface (artificial turf, rock, gravel, 
etc.) 0 0 0 0 0 
6 Roofs Pitched - directly connected 2.64 1.93 0 0 4.57 
7 Roofs Pitched - drains to asphalt/concrete 0.40 0.03 0 1.80 2.23 
8 Roofs Pitched - drains to soils 0 0 0 0 0 
9 Roofs Pitched - drains to vegetation 0.69 0 0.10 0 0.79 
10 Roofs Pitched - drains to other surface (artificial turf, rock, 
gravel, etc.) 0 0 0 0 0 
Parking/Streets/Sidewalks/Driveways      
13 Paved asphalt parking/storage - smooth/intermediate 
texture - directly connected to drains 6.01 8.07 0 0.14 14.22 
14 Paved asphalt parking/storage - rough/very course texture - 
directly connected to drains 0.34 1.13 0.79 3.48 5.73 
15 Paved asphalt parking/storage - drains to pervious  0 0 0 0 0 
16 Paved concrete parking/storage - smooth - directly 
connected 1.13 0 0 0 1.13 
17 Paved concrete parking/storage - intermediate - directly 
connected 0 0 0 0 0 
18 Paved concrete parking/storage - drains to pervious  0 0 0 0 0 
19 Unpaved parking/storage - directly connected to drains 0 0 0 0 0 
20 Unpaved parking/storage - drains to pervious 0 0 0 0 0 
25 Driveways/loading dock -asphalt- directly connected 0.68 1.04 0 0.68 2.41 
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Land Use Development Characteristics for Bremerton OF 015 (continued) 
26 Driveways/loading dock -concrete- directly connected 0.13 0.40 0 0.05 0.57 
27 Driveways/loading dock - drains to pervious 0.20 0.17 0.05 0 0.42 
31 Sidewalks - directly connected to drains 0.80 1.53 0 0.06 2.39 
32 Sidewalks - drains to pervious 0.05 0 0 0 0.05 
37 Streets- directly connected to drains  5.36 4.05 0.34 2.11 11.86 
38 Streets-drains to pervious 0 0 0 0 0 
Pervious Areas      
45 Landscaping areas - soils 0 0 0 0 0 
46 Landscaping areas - vegetation 23.79 5.49 8.51 2.07 39.87 
51 Landscaping areas around structures- soils 0 0 0 0 0 
52 Landscaping areas around structures - vegetation 0 0 0 0 0 
53 Landscaping areas around structures- other/infiltration area 0 0.42 0 0 0.42 
57 Undeveloped areas - soils 0.81 1.03 0 0 1.84 
58 Undeveloped areas - vegetation 0 0 0 0 0 
71 Other pervious infiltration areas 0.07 0.16 0 0 0.23 
Special  Areas      
84 OIA1 - Airfield apron/runway paved areas - directly 
connected 0 0 0 0 0 
OIA1 - Airfield apron/runway paved areas- drains to soil 0 0 0 0 0 
OIA1 - Airfield apron/runway paved areas - drains to vegetation 0 0 0 0 0 
       
85 OIA2 - Airfield other paved areas- directly connected 0 0 0 0 0 
OIA2 - Airfield other paved areas- drains to soil 0 0 0 0 0 
OIA2 - Airfield other paved areas- drains to vegetation 0 0 0 0 0 
      
86 OIA3  - Light laydown concrete areas- directly connected to 
drains 0.02 0.20 0 0 0.21 
OIA3  - Light laydown concrete areas - drains to soil 0 0 0 0 0 
OIA3  - Light laydown concrete areas - drains to vegetation 0.22 0 0 0 0.22 
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Land Use Development Characteristics for Bremerton OF 015 (continued) 
87 OIA4 - Moderate laydown concrete areas - directly 
connected 0.11 0.02 0 0 0.13 
OIA4 - Moderate laydown concrete areas - drains to soil 0 0 0 0 0 
OIA4 - Moderate laydown concrete areas - drains to vegetation 0.45 0 0 0 0.45 
       
88 OIA5 - Heavy laydown concrete areas- directly connected 0 0.37 0 0.05 0.43 
OIA5 - Heavy laydown concrete areas - drains to soil 0 0 0 0 0 
OIA5 - Heavy laydown concrete areas- drains to vegetation 0 0 0 0 0 
       
89 OIA6 -  Light laydown asphalt areas - directly connected 0 0 0 0 0 
OIA6 -  Light laydown asphalt areas- drains to soil 0 0 0 0 0 
OIA6 -  Light laydown asphalt areas- drains to vegetation 0 0 0 0 0 
       
90 OIA7 - Moderate laydown asphalt areas- directly connected 0 0.27 0 1.78 2.05 
OIA7 - Moderate laydown asphalt areas- drains to soil 0 0 0 0 0 
OIA7 - Moderate laydown asphalt areas- drains to vegetation 0 0 0 0 0 
       
91 OIA8 - Heavy laydown asphalt areas - directly connected 0 0 0 1.16 1.16 
OIA8 - Heavy laydown asphalt areas - drains to soil 0 0 0 0 0 
OIA8 - Heavy laydown asphalt areas - drains to vegetation 0 0 0 0 0 
       
92 OIA9 - Galvanized metal roofs- directly connected 0 0 0 0 0 
OIA9 - Galvanized metal roofs - drains to soil 0 0 0 0 0 
OIA9 - Galvanized metal roofs- drains to vegetation 0 0 0 0 0 
       
93 OIA10 - Other galvanized materials- directly connected to 
drains 0 0.15 0 0.21 0.36 
OIA10 - Other galvanized materials - drains to soil 0 0.07 0 0 0.07 
OIA10 - Other galvanized materials - drains to vegetation 0.47 0.23 0.25 0 0.95 
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Land Use Development Characteristics for Bremerton OF 015 (continued) 
99 ONPIA11 - Light laydown unpaved - drains to soil 0 0 0 0 0 
99 ONPA11 - Light laydown unpaved - drains to vegetation 0 0 0 0 0 
       
100 ONPA12 - Moderate laydown unpaved - drains to soil 0 0 0 0 0 
101 ONPA12 - Moderate laydown unpaved - drains to 
vegetation 0 0 0 0 0 
       
102 ONPA13 - Heavy laydown unpaved - drains to soil 0 0 0 0 0 
103 ONPA13 - Heavy laydown unpaved - drains to vegetation 0 0 0 0 0 
Total Area (acres) 45.53 31.11 10.04 16.90 103.58 
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Stormwater Quality at Naval Base Kitsap 
 

Stormwater Monitoring for Bremerton Outfall 015 

Storm Date Sample 
Type 

Rain
fall 
(in) 

Total 
Cu 
(µg/L) 

Total 
Zn 
(µg/L) 

Dissolved  
Cu (µg/L) 

Dissolved 
Zn (µg/L) 

Note: Associated Rainfall 
Day/Event 

Rain Depth 
Associated 
with 
Monitored 
Rain Event 

SW04 3/1/2011 EMC 0.54 8.23 65 4.98 48.5   3/1/11 0:00 to 
3/1/11 8:00 

0.19 

SW05 3/8/2011 EMC 0.08 10.7 76.4 5.22 50.4   3/8/11 11:00 to 
3/8/11 16:00 

0.32 

SW07 4/14/2011 EMC 0.75 11.8 76.4 5.3 47.3   4/13/11 18:00 to 
4/14/11 13:00 

0.5 

SW08 11/22/2011 EMC 1.82 8.05 56.8 3.94 39.7   11/21/11 12:00 to 
11/23/11 14:00 

6.61 

SW09 1/21/2012 EMC 1.29 9.74 69.1 2.8 37.7   1/21/12 4:00 to 
1/21/12 11:00 

0.45 

SW10 2/29/2012 EMC 0.58 8.71 74.8 4.91 57.2   2/28/12 23:00 to 
2/29/12 21:00 

0.86 

SW11 3/15/2012 EMC 1.75 10.8 68 3.07 35.5   3/12/12 12:00 to 
3/15/12 23:00 

3.58 

SW12 4/20/2012 EMC 0.46 14.4 78.4 6.89 48.7   4/19/12 21:00 to 
4/20/12 18:00 

0.69 

SW12 4/20/2012 PSNS01
5-1 

0.46 17.4 76.2 7.43 43.7 Timed Composite 
Sampling- First Flush 

4/19/12 21:00 to 
4/20/12 18:00 

0.69 
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Stormwater Monitoring for Bremerton Outfall 015 (continued) 

SW12 4/20/2012 PSNS01
5-2 

0.46 12.3 62.6 6.02 34.2 Timed Composite 
Sampling 

4/19/12 21:00 to 
4/20/12 18:00 

0.69 

SW12 4/20/2012 PSNS01
5-3 

0.46 9.88 57.1 5.77 37.5 Timed Composite 
Sampling 

4/19/12 21:00 to 
4/20/12 18:00 

0.69 

SW12 4/20/2012 PSNS01
5-4 

0.46 11.2 70.6 7.18 52.5 Timed Composite 
Sampling 

4/19/12 21:00 to 
4/20/12 18:00 

0.69 

SW12 4/20/2012 PSNS01
5-5 

0.46 14.8 84.8 7.38 54 Timed Composite 
Sampling 

4/19/12 21:00 to 
4/20/12 18:00 

0.69 

SW12 4/20/2012 PSNS01
5-6 

0.46 12.6 76.1 7.08 51.8 Timed Composite 
Sampling 

4/19/12 21:00 to 
4/20/12 18:00 

0.69 

SW12 4/20/2012 PSNS01
5-7 

0.46 9.47 64.4 7.13 55.6 Timed Composite 
Sampling 

4/19/12 21:00 to 
4/20/12 18:00 

0.69 

SW12 4/20/2012 PSNS01
5-8 

0.46 10.1 92.8 7.22 79.2 Timed Composite 
Sampling 

4/19/12 21:00 to 
4/20/12 18:00 

0.69 

SW12 4/20/2012 PSNS01
5-9 

0.46 9.67 82.1 7.32 72.2 Timed Composite 
Sampling 

4/19/12 21:00 to 
4/20/12 18:00 

0.69 

SW12 4/20/2012 PSNS01
5-10 

0.46 8.95 92 4.49 71 Timed Composite 
Sampling 

4/19/12 21:00 to 
4/20/12 18:00 

0.69 

SW12 4/20/2012 PSNS01
5-11 

0.46 3.49 70.5 1.68 65.1 Timed Composite 
Sampling 

4/19/12 21:00 to 
4/20/12 18:00 

0.69 

SW12 4/20/2012 PSNS01
5-12 

0.46 2.87 32.8 1.41 30.3 Timed Composite 
Sampling 

4/19/12 21:00 to 
4/20/12 18:00 

0.69 

SW12 4/20/2012 PSNS01
5-13 

0.46 7.73 83.3 5.45 79.4 Timed Composite 
Sampling 

4/19/12 21:00 to 
4/20/12 18:00 

0.69 

SW12 4/20/2012 PSNS01
5-14 

0.46 10.7 69.9 8.06 61.7 Timed Composite 
Sampling 

4/19/12 21:00 to 
4/20/12 18:00 

0.69 
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Stormwater Monitoring for Bremerton Outfall 015 (continued) 

SW12 4/20/2012 PSNS01
5-15 

0.46 8.95 98.5 6.71 87.6 Timed Composite 
Sampling 

4/19/12 21:00 to 
4/20/12 18:00 

0.69 

SW12 4/20/2012 PSNS01
5-16 

0.46 28.5 108 2.96 22.1 Timed Composite 
Sampling 

4/19/12 21:00 to 
4/20/12 18:00 

0.69 

SW12 4/20/2012 PSNS01
5-17 

0.46 8.69 80.7 6.07 65.7 Timed Composite 
Sampling 

4/19/12 21:00 to 
4/20/12 18:00 

0.69 

SW12 4/20/2012 PSNS01
5-18 

0.46 10 80.7 7.51 68 Timed Composite 
Sampling 

4/19/12 21:00 to 
4/20/12 18:00 

0.69 

SW13 12/17/2012 EMC 1.49 5.94 33.0 2.34 21.1   12/16/12 17:00 to 
12/17/12 12:00 

2.01 

SW15 2/22/2013 EMC 0.57 9.55 66.4 3.99 44.3   2/22/13 11:00 to 
2/22/13 22:00 

0.87 

SW16 3/20/2013 EMC 1.49 12.6 73.3 4.53 39.8   3/19/13 22:00 to 
3/20/13 20:00 

1.7 
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Land Development Characteristics at Naval Station Everett 
 

Naval Station Everett – Everett Outfall A 

Everett Outfall A is located in the Naval Station Everett. A complete data survey is available for this 
outfall describing the surface coverage and area of each surface type. Outfall A is comprised of industrial 
land uses, with buildings, landscaping, and light to heavy laydown concrete and asphalt areas. The 
watershed area for this outfall is approximately 15 acres. This site has pervious areas accounting for 10% 
of the total watershed. An aerial photograph, along with different land use characteristics, is shown in 
the following figure. 

 
Drainage overview and Land use characterization for Everett Outfall A 
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Photos taken during site survey of Everett OF-A 
 
 
Land Use Development Characteristics for Everett OF A 
LANDUSE Everett OF A 

Roofs Area (ac) 

1 Roofs Flat - directly connected to drains 0.07 

2 Roofs Flat - drains to asphalt/concrete 0.09 

3 Roofs Flat - drains to soils 0 

4 Roofs Flat - drains to vegetation 0 

5 Roofs Flat - drains to other surface (artificial turf, rock, gravel, etc.) 0 

6 Roofs Pitched - directly connected 0.02 

7 Roofs Pitched - drains to asphalt/concrete 0.28 

8 Roofs Pitched - drains to soils 0 

9 Roofs Pitched - drains to vegetation 0 

10 Roofs Pitched - drains to other surface (artificial turf, rock, gravel, 
etc.) 

0 

Parking/Streets/Sidewalks/Driveways   

13 Paved asphalt parking/storage - smooth/intermediate texture - 
directly connected to drains 

0.06 

14 Paved asphalt parking/storage - rough/very course texture - directly 
connected to drains 

0 
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Land Use Development Characteristics for Everett OF A (continued) 
15 Paved asphalt parking/storage - drains to pervious  0 

16 Paved concrete parking/storage - smooth - directly connected 2.04 

17 Paved concrete parking/storage - intermediate - directly connected 0 

18 Paved concrete parking/storage - drains to pervious  0 

19 Unpaved parking/storage - directly connected to drains 0 

20 Unpaved parking/storage - drains to pervious 0 

25 Driveways/loading dock -asphalt- directly connected 0 

26 Driveways/loading dock -concrete- directly connected 0 

27 Driveways/loading dock - drains to pervious 0 

31 Sidewalks - directly connected to drains 0.73 

32 Sidewalks - drains to pervious 0 

37 Streets- directly connected to drains  2.56 

38 Streets-drains to pervious 0 

Pervious Areas   

45 Landscaping areas - soils 0 

46 Landscaping areas - vegetation 1.45 

51 Landscaping areas around structures- soils 0 

52 Landscaping areas around structures - vegetation 0 

53 Landscaping areas around structures- other/infiltration area 0 

57 Undeveloped areas - soils 0 

58 Undeveloped areas - vegetation 0 

71 Other pervious infiltration areas 0.08 

Special  Areas   

84 OIA1 - Airfield apron/runway paved areas - directly connected 0 

OIA1 - Airfield apron/runway paved areas- drains to soil 0 

OIA1 - Airfield apron/runway paved areas - drains to vegetation 0 

    

85 OIA2 - Airfield other paved areas- directly connected 0 

OIA2 - Airfield other paved areas- drains to soil 0 

OIA2 - Airfield other paved areas- drains to vegetation 0 
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Land Use Development Characteristics for Everett OF A (continued) 
86 OIA3  - Light laydown concrete areas- directly connected to drains 6.81 

OIA3  - Light laydown concrete areas - drains to soil 0 

OIA3  - Light laydown concrete areas - drains to vegetation 0 

    

87 OIA4 - Moderate laydown concrete areas - directly connected 0 

OIA4 - Moderate laydown concrete areas - drains to soil 0 

OIA4 - Moderate laydown concrete areas - drains to vegetation 0 

    

88 OIA5 - Heavy laydown concrete areas- directly connected 0 

OIA5 - Heavy laydown concrete areas - drains to soil 0 

OIA5 - Heavy laydown concrete areas- drains to vegetation 0 

    

89 OIA6 -  Light laydown asphalt areas - directly connected 0 

OIA6 -  Light laydown asphalt areas- drains to soil 0 

OIA6 -  Light laydown asphalt areas- drains to vegetation 0 

    

90 OIA7 - Moderate laydown asphalt areas- directly connected 0.21 

OIA7 - Moderate laydown asphalt areas- drains to soil 0 

OIA7 - Moderate laydown asphalt areas- drains to vegetation 0 

    

91 OIA8 - Heavy laydown asphalt areas - directly connected 0.193 

OIA8 - Heavy laydown asphalt areas - drains to soil 0 

OIA8 - Heavy laydown asphalt areas - drains to vegetation 0 

    

92 OIA9 - Galvanized metal roofs- directly connected 0 

OIA9 - Galvanized metal roofs - drains to soil 0 

OIA9 - Galvanized metal roofs- drains to vegetation 0 

    

93 OIA10 - Other galvanized materials- directly connected to drains 0.92 

OIA10 - Other galvanized materials - drains to soil 0 

OIA10 - Other galvanized materials - drains to vegetation 0 
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Land Use Development Characteristics for Everett OF A (continued) 
99 ONPIA11 - Light laydown unpaved - drains to soil 0 

99 ONPA11 - Light laydown unpaved - drains to vegetation 0 

    

100 ONPA12 - Moderate laydown unpaved - drains to soil 0 

101 ONPA12 - Moderate laydown unpaved - drains to vegetation 0 

    

102 ONPA13 - Heavy laydown unpaved - drains to soil 0 

103 ONPA13 - Heavy laydown unpaved - drains to vegetation 0 

Total Area (acres) 15.48 

 

 

Stormwater Quality at Naval Station Everett  
 

Stormwater Monitoring for Everett Outfall A (Rain information based on Everett Rain Gage) 

Date Iron 
(µg/L) 

Lead 
(µg/L) 

Cu 
(µg/L) 

Zn 
(µg/L) 

Aluminum 
(µg/L) 

Associated Rainfall Day/ 
Event 

Event Rain 
Depth (in) 

11/5/2009 700 ND 15 ND 1400  11/5/09 11:00 to 
11/5/09 23:00 

 0.4 

8/26/2010 1950 49 47 190 1180  8/26/10 11:00 to 
8/27/10 6:00 

 0.7 

9/23/2010     8 38    9/23/10 10:00 to 
9/23/10 11:00 

 0.1 

12/20/2010     19 95    12/19/10 9:00 to 
12/19/10 10:00 

 0.1 

1/20/2011     29 80    1/20/2011 12:00 to 
1/21/2011 13:00 

 1.5 

5/2/2011 780 16 21 100 540  5/2/11 9:00 to 5/2/11 
10:00 

 0.1 

9/26/2011 600 14 70 90 300  9/25/11 12:00 to 
9/25/11 13:00 

 0.1 

12/30/2011 2230 32 48 299 1060  12/29/11 23:00 to 
12/30/11 0:00 

 0.1 

4/3/2012     227 45    4/3/12 16:00 to 4/3/12 
22:00 

 0.28* 
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Stormwater Monitoring for Everett Outfall A (Rain information based on Everett Rain Gage) 
(continued) 

7/13/2012 560 9.5 39 99 360  7/13/12 16:00 to 
7/13/12 17:00 

 0.02* 

11/28/2012 580 0.7 236 42 350  11/28/12 21:00 to 
11/29/12 6:00 

 0.22* 

1/23/2013 1740 19 64 220 1030  1/23/13 18:00 to 
1/24/13 7:00 

 0.27* 

4/4/2013 1080 18 126 381 610  4/4/13 17:00 to 4/5/13 
10:00 

 0.38* 

*Snohomish County Airport Rain gage data as the Everett data ended in 2011. The earlier data were 
obtained from the Everett rain gage location. 
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WinSLAMM Calibration Results 
WinSLAMM was calibrated using the above listed site data collected at the various naval facilities 
located in California, Virginia, and Washington. The California and Washington naval industrial 
calibration files developed during the prior project year were not modified (except to comply with 
several model enhancements that we made since those earlier calibrations, such as the compacted soil 
factors and routing of particle size distributions). During the current project period, additional data were 
available for “dry side” naval facilities in the San Diego area (mostly residential and 
commercial/institutional areas), some additional land uses in the Puget Sound area (again mostly 
residential and commercial/institutional areas), and for naval industrial areas in the Little Creek, Virginia 
areas. These sites are all described in earlier sections of this report. The calibration efforts for the 
current project period therefore extended WinSLAMM to these other land uses found on naval facilities, 
and for a new area (Virginia). In addition, the prior California and Washington calibrations were also 
verified using these new data from the additional monitoring locations. 
 
The calibration process started with the San Diego “dry side” locations and data, and the files were then 
used with the prior industrial area data for the “wet side” locations having mostly industrial land uses. 
After this calibration effort (described below), the Virginia locations were calibrated (all naval industrial 
land uses) based on the regional WinSLAMM land use calibration data (based on the National 
Stormwater Quality Database), but adjusted using the locally naval base collected information and data. 
The Puget Sound calibration effort started with mixed land use areas for the residential and 
commercial/institutional land uses, and then used the prior industrial area calibration files from the 
prior project phase with the other locations. 
 
The first calibration activities focused on the TSS data at each location and land use. Calibration started 
with using the regional calibration files for the southwest for all land uses besides the industrial areas 
(which used the prior navy calibrated files). Model runs were conducted using truncated rain files that 
had the best rain data available corresponding to the events monitored at the site. The TSS 
concentrations and mass loadings were examined for patterns and other relationships to indicate where 
adjustments were needed. As an example, if the loads for the small events were low, the directly 
connected impervious areas (locations that generated flows during the small events) were adjusted to 
closely match the observed loads. Then the complete rain series available was examined and 
adjustments were then made to the non-paved areas to closely match the observed loads. When 
multiple sites of the same land use occurred at one area, all of the land use areas were examined and 
adjusted together to obtain the least sum of squares of the residuals. Basically, the sum of all the event 
loads for all sites were compared and the ratio of the observed to the calculated load sum was then 
used as a factor to modify the calibration file data (again, the industrial data was not changed from the 
prior calibrations).  
 
Besides the particle concentration file data, changes were also simultaneously made to the street TSS 
washoff delivery file (as the street runoff TSS load is calculated by the model and does not use a 
calibration file directly). Therefore, matching the sum of loads for the observed and calculated data sets 
was the primary calibration objective. When a satisfactory overall match was obtained, further analyses 
were conducted examining individual event loads and concentration values. Further adjustments were 
made in an attempt to best represent the overall range and variation in loads and concentrations.  
 
After the TSS calibrations were completed, copper and zinc calibrations were next conducted for both 
particulate and filtered conditions, starting with mass discharges and then concentrations. After these 
calibrations were made for the residential, commercial, and institutional land uses, the prior industrial 
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calibration files were used for newer industrial areas for the California and Washington sites. The 
Virginia industrial calibrations only reflected the current data as prior naval facility data were not 
available for that area. 
 
As shown in the following plots and tables, the performances of the calibrations were quite satisfactory 
for the load calculations, but were not as good for the concentration data. While the average 
concentrations matched well, the calculated concentration values for individual events sometimes were 
less variable than observed. This is mostly associated with various uncertainties of the monitored data, 
such as the periodic monitored events over long periods of time resulting in artificially long interevent 
periods (partially compensated by using special street delivery factors), varying amounts of observations 
from the different sites for the different constituents, and unknown site activities in the past that do not 
correspond to currently observed site conditions. Overall, these calibrated model files were then used to 
calculate the expected sources of the flows, particulates, copper, and zinc from the different study 
areas, as shown in the following report section. 
 
 
Observed and Calculated TSS Loads and Average Concentrations 
   TSS sum of loads, total (lbs) TSS conc., average (mg/L) 
San Diego  Number of 

monitored 
events 

observed calculated observed calculated 

     OF51 High density residential 
and big box commercial 

3 292 187 164 116 

     OF70 High density residential 
and big box commercial 

6 1386 1838 100 103 

     OF72 High density residential 
(small portion) and big 
box commercial (mostly) 

14 2341 2312 127 73 

     OF73 Big box commercial 
(mostly parking) 

9 803 420 210 59 

     Sierra Pier Industrial pier 37 2,085 3,460 249 238 
All San Diego 
resid/commer 
sites combined 

 32 4,822 4,759 149 78 

Virginia, St. 
Juliennes OF 
40&41 

scrapyard 7 384 458 19 21 

Washington, 
Bangor OF 02 

Large industrial area 
with swales 

4 808 670 5 61 (w/o 
swale 
effects) 
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Observed and Calculated Total Copper Loads and Average Concentrations 
   Total copper, sum of total loads 

(lbs) 
Total copper conc., average 
(µg/L) 

San Diego  Number of 
monitored 
events 

observed calculated observed calculated 

     OF51 High density residential 
and big box commercial 

3 0.17 0.12 116 66 

     OF70 High density residential 
and big box commercial 

6 0.37 0.76 49 75 

     OF72 High density residential 
(small portion) and big 
box commercial (mostly) 

10 1.65 1.55 82 90 

     OF73 Big box commercial 
(mostly parking) 

4 0.13 0.05 143 80 

     Sierra Pier Industrial pier 35 7.9* 1.7 776*  110 
All San Diego 
resid/commer 
sites combined 

 23 2.33 2.48 90 81 

Virginia, St. 
Juliennes OF 
40&41 

scrapyard 7 0.62 0.60 24 30 

Washington, 
Bremerton 
OF15 

Large mixed land use 
area 

11 1.02 1.03 10 9.8 

Washington, 
Bangor OF 02 

Large industrial area 
with swales 

14 0.079 0.17 8.2 14 

Washington, 
Everett, OFA 

Industrial piers 13 0.37* 0.08 142* 37 

* several very high concentrations observed 
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Observed and Calculated Total Zinc Loads and Average Concentrations 
   Total zinc, sum of total loads 

(lbs) 
Total zinc conc., average 
(µg/L) 

San Diego  Number of 
monitored 
events 

observed calculated observed calculated 

     OF51 High density residential 
and big box commercial 

3 0.93 0.68 257 384 

     OF70 High density residential 
and big box commercial 

6 3.3 8.1 207 426 

     OF72 High density residential 
(small portion) and big 
box commercial (mostly) 

4 4.7 5.3 1,074*  581 

     OF73 Big box commercial 
(mostly parking) 

4 4.1* 1.7 1,679*  530 

All San Diego 
resid/commer 
sites combined 

 17 13.0 15.7 766 480 

Virginia, St. 
Juliennes OF 
40&41 

scrapyard 7 1.9 3.1 91** 158 

Washington, 
Bremerton 
OF15 

Large mixed land use 
area 

11 6.3 6.3 61 60 

Washington, 
Bangor OF 02 

Large industrial area 
with swales 

14 0.42 0.49 44 46 

Washington, 
Everett, OFA 

Industrial piers 13 0.23 0.26 102 122 

* several very high concentrations observed 
** filterable concentrations greater than total concentrations when both sites examined 
 
 
 
The following are plots and calculations describing the performance for the TSS mass calibrations as an 
example. The additional data for the TSS concentrations and the copper and zinc calibrations are shown 
in Appendix C. The Mann-Whitney rank sum tests compared the medians of the observed and calculated 
data sets, while the calibrations focused on the sum of loads and the average concentrations. Therefore, 
a number of these test results indicate significant differences in the observed vs. calculated median 
values, while it is likely the average and load data sets are not significantly different. The calibration test 
results cannot be presented with a single performance value, nor were the calibrations done only 
examining single relationships. The overall patterns were also considered in addition to the primary sum 
of loads values. As noted previously, the inconsistent data collection efforts, relatively few data, and lack 
of historical site activities likely added to less desirable calibration results for some conditions. However, 
most of these results are very good and the calibrated model was used to calculate the expected 
sources of the flows and pollutants in the following section. 
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The above figure shows probability plots for the observed and calculated TSS masses for all sites 
combined, showing similar and overlapping distributions. The 95% confidence intervals (CI) for each set 
of data are also shown. Generally, these two data sets overlap (they cross at both the top and bottom of 
the range and the CI bands are close). These are log-normal probability plots and also indicate how 
closely the data distributions reflect normal conditions (after being log-transformed). If the plot is a 
straight line, they are likely normally distributed. This plot was prepared with Minitab (version 16) and 
also includes Anderson-Darling (AD) test statistic values in the data summary box. If the AD p value is 
small (<0.05), then the data set is statistically different from a normal distribution; if large (>0.05) then 
there is insufficient data to indicate a statistically significant difference. In the above example, the 
observed TSS mass values (shown as red squares) form a reasonably straight line except for a few 
extreme values, and the AD test statistic has a p value of 0.84. In contrast, the calculated TSS mass 
values (shown as black filled dots) have a greater curvature and an AD test statistic p value of <0.005 
indicating they do not likely form a normal distribution. The main use of these probability plots is to 
illustrate the visual similarity of the observed and calculated distributions; data normality is not a goal as 
non-parametric statistical tests were used when examining the data. These data sets are not perfectly 
super-imposed and indicate some bias, especially some over-predictions in calculated TSS mass for some 
observed values.  
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The above box and whisker plot compares pairs of observed and calculated TSS mass loads for the San 
Diego (CA), Norfolk (VA), and Puget Sound (WA) study areas data, while the last pair includes the data 
from all of the sites combined. The box shows the median as the internal horizontal line in the boxes 
while the upper and lower ends of the boxes indicate the 75th and 25th percentile values respectively. 
The ends of the whiskers indicate the 5 and 95% percentile values, while the individual dots indicate 
observations outside of the 5th to 95th percentile range. Therefore, two adjacent plots indicate how the 
observed and calculated values compare. Generally, if the median of one box is above or below the 25th 
or 75th percentile ends of the adjacent box, the data sets are likely significantly different for moderately 
sized data sets. For this plot, the San Diego data sets may be different, while the other data pairs (and 
the overall data set) indicate better overlapping conditions. The following Mann-Whitney test statistics 
was used to calculate the probability of these differences (based on the data set medians and the overall 
variations). 
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Mann-Whitney Rank Sum Test for San Diego TSS Mass Data (based on medians) 
Group N  Missing  Median  25% 75% 
SD obs TSS lbs 69 0 29 124 987 
SD calc TSS lbs 69 0 69 31 168 
Mann-Whitney U Statistic= 1696   
T = 4111.000  n(small)= 69  n(big)= 69  (P = 0.004)  
The difference in the median values between the two groups is greater than would be expected by 
chance; there is a statistically significant difference (P = 0.004), as indicated on the above box and 
whisker plot 
 
 
Mann-Whitney Rank Sum Test for Virginia TSS Mass Data (based on medians) 
Group N  Missing  Median  25% 75% 
VA obs TSS lbs 7 0 51 14 87 
VA calc TSS lbs 7 0 44 24 91 
Mann-Whitney U Statistic= 21   
T = 49.000  n(small)= 7  n(big)= 7  P(est.)= 0.701  P(exact)= 0.710 
The difference in the median values between the two groups is not great enough to exclude the 
possibility that the difference is due to random sampling variability; there is not a statistically significant 
difference  (P = 0.71) 
 
Mann-Whitney Rank Sum Test for Washington TSS Mass Data (based on medians) 
Group N  Missing  Median  25% 75% 
WA obs TSS lbs 4 0 116 60 430 
WA calc TSS lbs 4 0 94 20 388 
Mann-Whitney U Statistic= 5.000   
T = 21.000  n(small)= 4  n(big)= 4  P(est.)= 0.470  P(exact)= 0.486 
The difference in the median values between the two groups is not great enough to exclude the 
possibility that the difference is due to random sampling variability; there is not a statistically significant 
difference  (P = 0.49) 
 
 
t-Test: Paired Two Sample for Means for All TSS Mass Data Combined 
 All observed TSS lbs All calculated TSS lbs 
Mean 101 117 
Variance 25,072 16,219 
Observations 80 80 
Pearson Correlation 0.397  
Hypothesized Mean Difference 0  
df 79  
t Stat -0.88  
P(T<=t) one-tail 0.19  
The number of observations (80 pairs) do not indicate a statistically significant difference between the 
two data sets (P = 0.40) 
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The above scatterplot compares the observed and calculated TSS mass loads for individual events. The 
preferred plot would be a 45 degree line with little scatter (as better indicated for copper and zinc loads 
as shown in Appendix C, for example). For the TSS mass loads shown on this plot, the events with small 
mass loadings have over-predicted calculated loadings, as indicated in the probability plots shown 
previously. 
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Calculated Sources of Flows, Particulate Solids, Copper, and Zinc at Naval 
Facilities 
 The calibrated version of WinSLAMM was used to calculate the relative sources of the runoff volume, 
TSS, copper, and zinc at the naval bases examined during the 2013 site investigation and monitoring 
activities. The following sections describe the results of these calculations, focusing on three ranges of 
rains: small rains up to 0.5 inches in depth (normally associated with the largest number of runoff 
events), 0.5 to 1.5 inches in depth (normally associated with the majority of pollutant mass discharges), 
and >1.5 inches in depth (rarer rains associated with habitat destruction/bank instability and drainage 
issues).  
 
 
San Diego Naval Facility Flow and Pollutant Sources 
The following table summarizes the main source areas used in the source calculations, along with their 
descriptions. The analyses were separated into three land use categories: residential, 
commercial/institutional, and industrial areas. These three land use categories along with the source 
areas shown in this table were the basis for the simplified spreadsheet Navy stormwater model being 
developed for preliminary base calculations. 
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Source Area Categories for San Diego Source Contribution Analyses 
Source Area Label Description for Navy analyses WinSLA

MM 
source 
# 

San 
Diego 
Sierra 
Pier 
(Naval 
indus) 

San 
Diego 
OF51 
(Resid) 

San Diego 
OF51 
(commer/ 
instit) 

San 
Diego 
OF70 
(resid) 

San Diego 
OF70 
(commer/ 
instit) 

San 
Diego 
OF72 
(resid) 

San Diego 
OF72 
(commer/ 
instit) 

San 
Diego 
OF73 
(resid) 

San Diego 
OF73 
(commer/ 
instit) 

Roofs 1 Roofs Flat - connected 1 0.55 0.81  0.51 3.81 0.71 3.26   1.58 
Roofs 3 Roofs Flat - disconnected 3     1.12 0.18   2.47   1.75 
Roofs 6 Roofs Pitched - connected 6 0.29    0.23 1.3 2.77 1.29 0.02  
Roofs 9 Roofs Pitched - disconnected 9  0.15  1.81 1.36   0.26    
Paved parking 1 Paved parking-connected 13 0.22 4.73  16.12 4.15 5.71 10.9   4.42 
Paved parking 3 Paved parking-disconnected 15  0.79  4.91 2.27 0.06 0.67   1.12 
Unpaved parking 2 Unpaved parking-disconnected 20       0.78       
Driveways 1 Driveways/loading dock -

connected 
25 0.63    0.19  0.3     

Driveways 3 Driveways/loading dock -
disconnected 

27  0.35  0.59 0.52   0.21    

Sidewalks 1 Sidewalks - connected 31  0.46  0.73 0.32 0.88 0.66   1.25 
Sidewalks 2 Sidewalks - disconnected 32  0.66          0.01 
Streets 1 Streets - with curb and gutters  37     5.79 4.91 2.89 3.55 0.06 2.18 
Large Landscaped 
areas 1 

Landscaping areas 
/undeveloped areas (silty soils) 

45  4.51 6.18 12.97 8.88 1.45 2.37   2.42 

Small landscaped 
areas 1 

Landscape/undeveloped areas 
next to buildings and/or 
parking lots (compacted silty 
soils) 

51     0.3    0.17   0.45 

Other pervious 
areas 1 

Other pervious infiltration 
areas (sandy soils) 

71     0.35 4.02 0.39 1.98    

Other impervious 
areas 3* 

Light laydown paved areas- 
connected  

86 0.74    0.03 0.17      1.21 

Other impervious 
areas 3* 

Light laydown paved areas- 
disconnected  

86          0.28    

Other impervious 
areas 4 

Moderate laydown paved areas 
-  connected 

87 1.08 0.06    0.04   0.02   0.33 

Other impervious 
areas 5 

Heavy laydown paved areas- 
connected 

88        0.05 0.07    

Other non-paved 
areas 1 

Light laydown unpaved - 
connected 

99        0.05     
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Source Area Categories for San Diego Source Contribution Analyses (continued) 
Other non-paved 
areas 1 

Light laydown unpaved - 
disconnected 

99        0.01     

Other non-paved 
areas 5 

Heavy laydown unpaved - 
disconnected 

103        0.15     

Other impervious 
areas 10 

Other galvanized materials 
paved- connected  

93 0.91       0.01 0.55   0.14 

Other impervious 
areas 10 

Other galvanized materials 
paved- disconnected  

93  0.48     0.08 0.01   0.06 

 Total Area (acres)   4.42 13 6.18 45.65 32.71 15.51 28.84 0.08 16.92 
* for areas having the same source area designation, use the most common condition, or create another land use for the duplicates 
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The following tables summarize the major source area contributions for these three rain categories for 
each outfall drainage area. Only those areas contributing at least 10% of the flows or pollutants are 
summarized on these tables. As expected, the directly connected impervious areas contribute most of 
the flows, but landscaped areas become important for the largest rains for some of the areas. Also, each 
source area usually has limited flow or pollutant contributions, requiring stormwater controls at several 
source areas or affecting the total area flows, to result in significant reductions. 
 
 
Major flow sources for San Diego Naval Facilities: 
Sub area and 
portion of total 
flow  

0 to 0.5 inches 0.5 to 1.5 inches >1.5 inches 

NBSD OF51 Paved parking/storage 1 
(56 to 60%) 
Paved parking/storage 3 
(8.5 to 10%) 

Paved parking/storage 
1 (54 to 56%) 

Paved parking/storage 1 
(46 to 54%) 
Large landscaped area 2, 
other (4 to 12%) 

NBSD OF70 Paved parking/storage 1 
(32 to 39%) 
Paved parking/storage 3 
(8 to 12%) 
Paved parking/storage 1, 
comer. (8 to 10%) 

Paved parking/storage 
1 (31 to 32%) 
Street 1 (10 to 11%) 
 

Paved parking/storage 1 
(29 to 31%) 
Street 1 (10 to 11%) 

NBSD OF72 Paved parking/storage 1 
(31 to 47%) 
Roofs 1 (10 to 16%) 
Roofs 3 (6 to 10%) 
Paved parking/storage 1, 
resid. (3 to 12%) 

Paved parking/storage 
1 (30%) 
Paved parking/storage 
1, resid. (12 to 14%) 

Paved parking/storage 1 
(28 to 30%) 
Paved parking/storage 1, 
resid. (14%) 

NBSD OF73 Paved parking/storage 1 
(32 to 38%) 
Roofs 3 (11 to 14%) 
Roofs 1 (11 to 12%) 
Street 1 (0 to 14%) 

Paved parking/storage 
1 (31 to 32%) 
Roofs 1 (11%) 
Street 1 (14%) 
Roofs 3 (10 to 11%) 

Paved parking/storage 1 
(31 to 32%) 
Roofs 1 (11%) 
Street 1 (15%) 
Roofs 3 (10%) 

Sierra Pier Roofs 1 (16 to 41%) 
Roofs 6 (9 to 22%) 
Other impervious areas 4 
(8 to 21%) 
Other impervious areas 10 
(7 to 18%)  
Paved parking/storage 1 
(6 to 17%) 
Other impervious areas 3 
(6 to 15%) 
Driveways 1 (0 to 15%) 

Other impervious areas 
4 (21 to 23%) 
Other impervious areas 
10 (18 to 20%)  
Other impervious areas 
3 (15 to 16%) 
Driveways 1 (15%) 
Roofs 1 (14 to 16%) 
 

Other impervious areas 4 
(23 to 24%) 
Other impervious areas 10 
(20%)  
Other impervious areas 3 
(16%) 
Driveways 1 (15%) 
Roofs 1 (12 to 14%) 
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Major particulate solids sources for San Diego Naval Facilities: 
Sub area and 
portion of total 
flow  

0 to 0.5 inches 0.5 to 1.5 inches >1.5 inches 

NBSD OF51 Paved parking/storage 1 
(71 to 81%) 
Paved parking/storage 3 
(10 to 13%) 

Paved parking/storage 
1 (55 to 71%) 

Paved parking/storage 1 
(28 to 53%) 
Large landscaped area 2, 
other (5 to 21%) 
Large landscaped area 1 (4 
to 15%) 

NBSD OF70 Paved parking/storage 1 
(51 to 59%) 
Paved parking/storage 3 
(13 to 18%) 

Paved parking/storage 
1 (36 to 51%) 
Paved parking/storage 
3 (9 to 13%) 
Street  1 (6 to 17%) 
 

Paved parking/storage 1 
(21 to 36%) 
Street 1 (14 to 19%) 

NBSD OF72 Paved parking/storage 1 
(42 to 74%) 
Paved parking/storage 1, 
resid. (8 to 22%) 
Roofs 6, resid. (2 to 12%) 
Roofs 3 (6 to 10%) 

Paved parking/storage 
1 (32 to 42%) 
Paved parking/storage 
1, resid. (16 to 22%) 
Roofs 6, resid. (8 to 
10%) 
Street1, resid. (6 to 
14%) 

Paved parking/storage 1 
(29 to 32%) 
Street1, resid. (12 to 19%) 
Paved parking/storage 1, 
resid. (9 to 16%) 
 

NBSD OF73 Paved parking/storage 1 
(54 to 67%) 
Paved parking/storage 3 
(11 to 15%) 
Other impervious area 3 
(7 to 14%) 

Paved parking/storage 
1 (35 to 54%) 
Other impervious area 
3 (14 to 22%) 
Paved parking/storage 
3 (7 to 11%) 

Paved parking/storage 1 
(28 to 35%) 
Other impervious area 3 
(22 to 27%) 
 

Sierra Pier Other impervious areas 4 
(19 to 35%) 
Paved parking/storage 1 
(9 to 19%) 
Roofs 1 (7 to 34%) 
Other impervious areas 3 
(6 to 18%) 
Other impervious areas 10 
(4 to 12%)  
Driveways 1 (0 to 17%) 

Other impervious areas 
4 (35 to 44%) 
Other impervious areas 
3 (18 to 24%) 
Other impervious areas 
10 (12 to 16%)  
Paved parking/storage 
1 (9 to 10%) 
Driveways 1 (4 to 17%) 

Other impervious areas 4 
(34 to 44%) 
Other impervious areas 3 
(24 to 31%) 
Other impervious areas 10 
(16 to 20%)  
Paved parking/storage 1 (9 
to 10%) 
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Major total copper sources for San Diego Naval Facilities: 
Sub area and 
portion of total 
flow  

0 to 0.5 inches 0.5 to 1.5 inches >1.5 inches 

NBSD OF51 Paved parking/storage 1 
(69 to 78%) 
Paved parking/storage 3 
(10 to 13%) 

Paved parking/storage 
1 (61 to 69%) 

Paved parking/storage 1 
(48 to 61%) 

NBSD OF70 Paved parking/storage 1 
(71 to 81%) 
Paved parking/storage 3 
(10 to 13%) 

Paved parking/storage 
1 (55 to 71%) 

Paved parking/storage 1 
(28 to 53%) 
Large landscaped area 2, 
other (5 to 21%) 
Large landscaped area 1 (4 
to 15%) 

NBSD OF72 Paved parking/storage 1 
(50 to 65%) 
Roofs 1 (8 to 12%) 

Paved parking/storage 
1 (45 to 47%) 
Street 1 (10 to 12%) 

Paved parking/storage 1 
(43 to 45%) 
Street 1 (12 to 13%) 

NBSD OF73 Paved parking/storage 1 
(47 to 56%) 
Paved parking/storage 3 
(10 to 13%) 
Sidewalks 1 (10%) 
Street 1 (0 to 14%) 

Paved parking/storage 
1 (42 to 47%) 
Sidewalks 1 (10 to 11%) 
Street 1 (13 to 17%) 

Paved parking/storage 1 
(41 to 42%) 
Street 1 (16 to 18%) 
Sidewalks 1 (11%) 
 

Sierra Pier Other impervious areas 4 
(43 to 60%) 
Paved parking/storage 1 
(8 to 27%) 
Other impervious areas 3 
(8 to 14%) 
Other impervious areas 10 
(7 to 13%)  
Roofs 1 (2 to 10%) 

Other impervious areas 
4 (58 to 60%) 
Other impervious areas 
3 (14 to 15%) 
Other impervious areas 
10 (13 to 14%) 

Other impervious areas 4 
(55 to 60%) 
Other impervious areas 3 
(15 to 18%) 
Other impervious areas 10 
(14 to 16%) 
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Major total zinc sources for San Diego Naval Facilities: 
Sub area and 
portion of total 
flow  

0 to 0.5 inches 0.5 to 1.5 inches >1.5 inches 

NBSD OF51 Paved parking/storage 1 
(56 to 68%) 
Other impervious area 10 
(16 to 23%) 
Paved parking/storage 3 
(8 to 11%) 

Paved parking/storage 
1 (41 to 56%) 
Other impervious area 
10 (23 to 37%) 
 

Other impervious area 10 
(37 to 41%) 
Paved parking/storage 1 
(31 to 41%) 
 

NBSD OF70 Paved parking/storage 1 
(33 to 43%) 
Paved parking/storage 1, 
comer. (13 to 15%) 
Paved parking/storage 3 
(9 to 13%) 

Paved parking/storage 
1 (21 to 33%) 
Paved parking/storage 
1, comer. (15 to 16%) 
Roofs 1, comer, (12 to 
17%) 

Paved parking/storage 1 
(14 to 21%) 
Roofs 1, comer, (18 to 20%) 
Paved parking/storage 1, 
comer. (15 to 16%) 
 

NBSD OF72 Paved parking/storage1 
(42 to 45%) 
Roofs 1 (22 to 25%) 
Roofs3 (14 to 17%) 

Paved parking/storage 
1 (42%) 
Roofs 1 (22%) 
Roofs3 (14%) 

Paved parking/storage 1 
(42%) 
Roofs 1 (21 to 22%) 
Roofs3 (14%) 

NBSD OF73 Paved parking/storage 1 
(37 to 42%) 
Roofs 3 (21 to 24%) 
Roofs 1 (21 to 22%) 

Paved parking/storage 
1 (37%) 
Roofs 1 (22%) 
Roofs 3 (20%) 

Paved parking/storage 1 
(36 to 37%) 
Roofs 1 (22%) 
Roofs 3 (20%) 
Street 1 (10%) 

Sierra Pier Other impervious areas 4 
(31 to 49%) 
Other impervious areas 3 
(8 to 18%) 
Paved parking/storage 1 
(7 to 20%) 
Other impervious areas 10 
(5 to 11%)  
Roofs 1 (5 to 23%) 
Roofs 6 (3 to 12%) 

Other impervious areas 
4 (49 to 52%) 
Other impervious areas 
3 (18 to 20%) 
Other impervious areas 
10 (11 to 12%)  
 

Other impervious areas 4 
(47 to 52%) 
Other impervious areas 3 
(20 to 23%) 
Other impervious areas 10 
(13 to 15%) 

 
 
The following figures are graphical representations of these source area contribution data by rain depth. 
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Virginia Naval Facility Flow and Pollutant Sources 
The following tables and figures summarize the flow and pollutant sources for the two Virginia bases 
examined during 2013. 
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Source Area Categories for Little Creek Source Contribution Analyses 
Source Area Label Description for Navy analyses WinSLAMM source # VA Little Creek 

OF07 (Naval 
industrial) 

VA St Juliennes OF40&41 
(Naval industrial) 

Roofs 1 Roofs Flat - connected 1   0.04 
Roofs 3 Roofs Flat - disconnected 3   0.06 
Roofs 6 Roofs Pitched - connected 6 0.26 0.24 
Roofs 9 Roofs Pitched - disconnected 9   0.2 
Paved parking 1 Paved parking-connected 13   0.41 
Paved parking 3 Paved parking-disconnected 15   2.42 
Driveways 3 Driveways/loading dock -disconnected 27   0.1 
Sidewalks 2 Sidewalks - disconnected 32   0.02 
Streets 1 Streets - with curb and gutters  37   2.33 
Large landscaped areas 2 Landscaping areas /undeveloped areas (silty soils) 46   4.54 
Small landscaped areas 2 Landscape/undeveloped areas next to buildings and/or 

parking lots (compacted silty soils) 
51   0.02 

Other pervious areas 1 Other pervious infiltration areas (sandy soils) 71 0.46   
Other impervious areas 3 Light laydown paved areas- connected  86   0.92 
Other impervious areas 4 Moderate laydown paved areas -  connected 87 0.05 0.13 
Other non-paved areas 1 Light laydown unpaved - disconnected 99   5.04 
Other non-paved areas 2 Moderate laydown unpaved - connected  100   6.74 
Other non-paved areas 3 Moderate laydown unpaved - disconnected 101 1.42   
Other impervious areas 10* Other galvanized materials paved- connected  93 0.82   
Other impervious areas 10* Other galvanized materials paved- disconnected  93   2.31 
 Total Area (acres)   3.01 25.52 
* for areas having the same source area designation, use the most common condition, or create another land use for the duplicates 
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Major flow sources for Virginia Naval Facilities: 
Sub area and 
portion of total 
flow  

0 to 0.5 inches 0.5 to 1.5 inches >1.5 inches 

St. Juliennes Other non-paved area 2 
(33 to 37%) 
Other non-paved area 1 
(25 to 27%) 
Paved parking 6 (11 to 
13%) 
Other impervious area 10 
(11 to 13%) 

Other non-paved area 
2 (32 to 33%) 
Other non-paved area 
1 (24 to 25%) 
Paved parking 6 (11%) 
Other impervious area 
10 (11%) 
Street 1 (10 to 11%) 

Other non-paved area 2 (31 
to 32%) 
Other non-paved area 1 
(23%) 
Other impervious area 10 
(11%) 
Street 1 (11%)  
Paved parking 6 (10 to 
11%) 

Little Creek Other non-paved area 3 
(47 to 48%) 
Other impervious area 10 
(28 to 29%) 
Other pervious area 1 (13 
to 14%) 

Other non-paved area 
3 (48%) 
Other impervious area 
10 (28%) 
Other pervious area 1 
(13%) 

Other non-paved area 3 
(48%) 
Other impervious area 10 
(28%) 
Other pervious area 1 
(13%) 

 
 
Major particulate solids sources for Virginia Naval Facilities: 
Sub area and 
portion of total 
flow  

0 to 0.5 inches 0.5 to 1.5 inches >1.5 inches 

St. Juliennes Other non-paved area 2 
(36 to 42%) 
Other non-paved area 1 
(27 to 31%) 
Paved parking 6 (11 to 
16%) 
Street 1 (0 to 16%) 

Other non-paved area 
2 (31 to 36%) 
Other non-paved area 
1 (23 to 27%) 
Street 1 (16 to 26%) 
Paved parking 6 (9 to 
11%) 

Other non-paved area 2 (19 
to 23%) 
Other non-paved area 1 (19 
to 23%) 
Street 1 (26 to 29%) 
 

Little Creek Other non-paved area 3 
(70 to 77%) 
Other impervious area 10 
(18 to 19%) 
 

Other non-paved area 
3 (54 to 70%) 
Other impervious area 
10 (15 to 19%) 
Other pervious area 1 
(9 to 30%) 

Other non-paved area 3 (42 
to 54%) 
Other impervious area 10 
(14 to 15%) 
Other pervious area 1 (30 
to 43%) 
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Major total copper sources for Virginia Naval Facilities: 
Sub area and 
portion of total 
flow  

0 to 0.5 inches 0.5 to 1.5 inches >1.5 inches 

St. Juliennes Other non-paved area 2 
(32 to 34%) 
Other impervious area 10 
(25 to 26%) 
Other non-paved area 1 
(24 to 25%) 

Other non-paved area 
2 (31 to 32%) 
Other impervious area 
10 (26%) 
Other non-paved area 
1 (23%) 

Other non-paved area 2 (29 
to 31%) 
Other impervious area 10 
(26 to 28%) 
Other non-paved area 1 (22 
to 23%) 

Little Creek Other impervious area 10 
(51 to 53%) 
Other non-paved area 3 
(39%) 

Other impervious area 
10 (53 to 54%) 
Other non-paved area 
3 (38 to 39%) 

Other impervious area 10 
(54 to 57%) 
Other non-paved area 3 (35 
to 38%) 

 
 
Major total zinc sources for Virginia Naval Facilities: 
Sub area and 
portion of total 
flow  

0 to 0.5 inches 0.5 to 1.5 inches >1.5 inches 

St. Juliennes Other impervious area 10 
(54 to 56%) 
Other non-paved area 2 
(21%) 
Other non-paved area 1 
(16%) 

Other impervious area 
10 (54%) 
Other non-paved area 
2 (21%) 
Other non-paved area 
1 (16%) 

Other impervious area 10 
(54%) 
Other non-paved area 2 
(21%) 
Other non-paved area 1 
(16%) 

Little Creek Other impervious area 10 
(79%) 
Other non-paved area 3 
(18%) 

Other impervious area 
10 (79%) 
Other non-paved area 
3 (18%) 

Other impervious area 10 
(79%) 
Other non-paved area 3 
(18%) 
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Washington Naval Facility Flow and Pollutant Sources 
The following tables and figures illustrate and summarize the flow and pollutant sources for the three 
naval facilities examined during 2013 in the Puget Sound area. 
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Source Area Categories for Washington Source Contribution Analyses 
Source Area Label Descriptions for Navy Analyses WinSLAMM 

source # 
WA Bangor 
OF02 
(Naval 
industrial) 

WA 
Bremerton 
OF015 
(residential) 

WA 
Bremerton 
OF015 
(commercial/ 
institutional) 

WA 
Bremerton 
OF015 (Naval 
industrial) 

WA Everett 
OFA (Naval 
industrial) 

Roofs 1 Roofs Flat - connected 1 14.83 1.14 4.31 3.29 0.16 
Roofs 3 Roofs Flat - disconnected 3 1.78 0.05 0.02    
Roofs 6 Roofs Pitched - connected 6 13.43 3.03 1.96 1.8 0.3 
Roofs 9 Roofs Pitched - disconnected 9 3.57 0.69 0.1    
Paved parking 1 Paved parking-connected 13 22.18 7.48 9.99 3.62 2.1 
Paved parking 3 Paved parking-disconnected 15 21.26       
Unpaved parking 1 Unpaved parking-connected 19 0.03       
Unpaved parking 2 Unpaved parking-disconnected 20 2.35       
Driveways 1 Driveways/loading dock -connected 25 2.23 0.81 1.44 0.73   
Driveways 3 Driveways/loading dock -disconnected 27 1.23 0.2 0.22    
Sidewalks 1 Sidewalks - connected 31 1.19 0.05 1.53 0.06 0.73 
Sidewalks 2 Sidewalks - disconnected 32 0.58       
Streets 1 Streets - with curb and gutters  37 100.36 5.36 4.39 2.11 2.56 
Streets 2 Streets - with grass swales (need area and average 

width of streets) 
38 45.61       

Large landscaped 
areas 1 

Landscaping areas /undeveloped areas (silty soils) 46 916.1 24.6 15.33 2.07 1.45 

Small landscaped 
areas 1 

Landscape/undeveloped areas next to buildings 
and/or parking lots (compacted silty soils) 

51 0.45   0.42    

Other pervious 
areas 1 

Other pervious infiltration areas (sandy soils) 71 269.71 0.07 0.16  0.08 

Other impervious 
areas 3* 

Light laydown paved areas- connected  86 7.34 0.02 0.2  6.81 

Other impervious 
areas 3* 

Light laydown paved areas- disconnected  86 2.16 0.22     

Other impervious 
areas 4 

Moderate laydown paved areas -  connected 87 3.53 0.11 0.29 1.78 0.21 

Other impervious 
areas 4 

Moderate laydown paved areas - disconnected 87 0.33 0.45     

Other impervious 
areas 5 

Heavy laydown paved areas- connected 88 0.83   0.37 1.21 0.193 

Other impervious 
areas 5 

Heavy laydown paved areas-disconnected 88 0.41       
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Source Area Categories for Washington Source Contribution Analyses (continued) 
Other non-paved 
areas 1 

Light laydown unpaved - disconnected 99 7.43       

Other non-paved 
areas 3 

Moderate laydown unpaved - disconnected 101 0.33       

Other non-paved 
areas 5 

Heavy laydown unpaved - disconnected 103 0.66       

Other impervious 
areas 10 

Other galvanized materials paved- connected  93     0.15 0.21 0.92 

Other impervious 
areas 10 

Other galvanized materials paved- disconnected  93 2.29 0.47 0.55    

 Total Area (acres):   1442.2 44.75 41.43 16.88 15.513 
* for areas having the same source area designation, use the most common condition, or create another land use for the duplicates 
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Major flow sources for Washington Naval Facilities: 
Sub area and 
portion of total 
flow  

0 to 0.5 inches 0.5 to 1.5 inches >1.5 inches 

Bangor Paved parking 1 (8 to 21%) 
Paved parking 3 (7 to 19%) 
Roofs 1 (6 to 15%) 
Roofs 6 (5 to 12%) 
Street 1 (0 to 34%) 
Street 2 (0 to 16%) 

Street 1 (32 to 34%) 
Street 2 (15%) 
Large landscaped area 
2 (10 to 17%) 
 

Street 1 (22 to 32%) 
Large landscaped area 2 
(17 to 43%) 
Street 2 (10 to 15%) 
 

Bremerton Paved parking 1, comer. 
(17 to 24%) 
Paved parking 1, resid. (13 
to 18%) 
 

Paved parking 1, 
comer. (16 to 17%) 
Paved parking 1, resid. 
(12 to 13%) 
 

Paved parking 1, comer. 
(15 to 16%) 
Paved parking 1, resid. (11 
to 12%) 
 

Everett Other impervious area 3 
(49 to 60%) 
Paved parking 1 (15 to 
18%) 
Street 1 (0 to 16%) 

Other impervious area 
3 (49%) 
Street 1 (16 to 17%) 
Paved parking 1 (15%) 

Other impervious area 3 
(48 to 49%) 
Street 1 (17 to 18%) 
Paved parking 1 (15%) 

 
 
Major particulate solids sources for Washington Naval Facilities: 
Sub area and 
portion of total 
flow  

0 to 0.5 inches 0.5 to 1.5 inches >1.5 inches 

Bangor Paved parking 1 (33 to 
42%) 
Paved parking 3 (26 to 
40%) 
Street 1 (0 to 17%) 

Paved parking 1 (26 to 
32%) 
Paved parking 3 (21 to 
26%) 
Street 1 (17 to 27%) 

Paved parking 1 (22 to 
26%) 
Paved parking 3 (18 to 
21%) 
Street 1 (27 to 32%) 

Bremerton Paved parking 1, resid. (26 
to 32%) 
Paved parking 1 (22 to 
27%) 
Other impervious area 4 
(11 to 13%) 

Paved parking 1, resid. 
(23 to 26%) 
Paved parking 1 (19 to 
22%) 
Other impervious area 
4 (10 to 11%) 
Street 1, resid. (8 to 
13%) 

Paved parking 1, resid. (18 
to 23%) 
Paved parking 1 (15 to 
19%) 
Street 1, resid. (13 to 14%) 
Large landscaped area 2, 
resid. (7 to 22%) 

Everett Other impervious area 3 
(54 to 57%) 
Paved parking 1 (36 to 
38%) 

Other impervious area 
3 (52 to 54%) 
Paved parking 1 (34 to 
36%) 

Other impervious area 3 
(50 to 52%) 
Paved parking 1 (33 to 
34%) 
Street 1 (9 to 13%) 
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Major total copper sources for Washington Naval Facilities: 
Sub area and 
portion of total 
flow  

0 to 0.5 inches 0.5 to 1.5 inches >1.5 inches 

Bangor Paved parking 1 (14 to 
25%) 
Paved parking 3 (12 to 
23%) 
Roof 1 (9 to 15%) 
Roof 6 (8 to 12%) 
Other impervious area 3 
(7 to 12%)  
Street 1 (0 to 24%) 

Paved parking 1 (13 to 
14%) 
Paved parking 3 (10 to 
12%) 
Street 1 (24 to 27%) 
Street 2 (11 to 13%) 

Street 1 (27 to 28%) 
Street 2 (12 to 13%) 
Paved parking 1 (11 to 
13%) 
Paved parking 3 (9 to 10%) 
Large landscaped area 2 (3 
to 10%) 

Bremerton Other impervious area 4 
(35 to 39%) 
Paved parking 1, resid. (11 
to 13%) 
Other impervious area 5 
(10 to 11%) 
Paved parking 1 (9 to 10%) 

Other impervious area 
4 (34%) 
Paved parking 1, resid. 
(11%) 
 

Other impervious area 4 
(33%) 
Paved parking 1, resid. 
(11%) 
 

Everett Other impervious area 3 
(69 to 75%) 

Other impervious area 
3 (68 to 69%) 

Other impervious area 3 
(67 to 68%) 
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Major total zinc sources for Washington Naval Facilities: 
Sub area and 
portion of total 
flow  

0 to 0.5 inches 0.5 to 1.5 inches >1.5 inches 

Bangor Paved parking 1 (22 to 
31%) 
Paved parking 3 (19 to 
29%) 
Other impervious area 3 
(11 to 16%)  
Street 1 (0 to 15%) 

Paved parking 1 (20 to 
22%) 
Paved parking 3 (16 to 
19%) 
Street 1 (15 to 20%) 
Other impervious area 
3 (10 to 11%)  
Other impervious area 
4 (9 to 10%) 

Street 1 (20 to 22%) 
Paved parking 1 (18 to 
20%) 
Paved parking 3 (14 to 
16%) 
Other impervious area 4 (9 
to 10%) 

Bremerton Other impervious area 4 
(21 to 25%) 
Paved parking 1, resid. (13 
to 15%) 
Paved parking 1 (11 to 
13%) 
Paved parking 1, comer. 
(10 to 12%) 

Other impervious area 
4 (21%) 
Paved parking 1, resid. 
(13%) 
Paved parking 1 (11%) 
 

Other impervious area 4 
(20 to 21%) 
Paved parking 1, resid. 
(12%) 
Paved parking 1 (10 to 
11%) 
 

Everett Other impervious area 3 
(70 to 74%) 
Paved parking 1 (14 to 
15%) 

Other impervious area 
3 (69 to 70%) 
Paved parking 1 (14%) 

Other impervious area 3 
(69%) 
Paved parking 1 (14%) 
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Candidate Stormwater Controls at Naval Bases 
After sources of contaminants of interest are identified, as described in the previous section, it is 
possible to select candidate stormwater controls that can treat the water from these identified sources. 
This report section briefly describes how WinSLAMM evaluates several types of stormwater controls 
applicable to different naval base conditions. WinSLAMM was used to examine a series of stormwater 
control practices, including rain barrels and water tanks for stormwater irrigation, pavement and roof 
disconnections, roof rain gardens, infiltration/biofiltration in parking lots and as curb-cut biofilters, grass 
swales, porous pavement for San Diego, Norfolk, and Puget Sound rainfall conditions. The model 
evaluates the practices through engineering calculations of the unit processes on the basis of the actual 
design and size of the controls specified, and it determines how effectively the practices remove runoff 
volume and pollutants. 
 
The model replicates the physical processes occurring in the stormwater control. For example, for a wet 
detention pond, the model incorporates the following information for each rain event: 
 

1. Runoff hydrograph, pollution load, and sediment particle size distribution from the drainage 
basin to the pond 

2. Pond geometry (depth, area) 
3. Hydraulics of the outlet structure 
4. Particle settling time and velocity in the pond based on retention time 

 
Stokes Law and Newton’s settling equations are used in conjunction with conventional surface overflow 
rate calculations and modified Puls-storage indication hydraulic routing methods to determine the 
sediment amounts and characteristics that are trapped in the pond. Again, it is important to note that 
the model does not apply default percent efficiency values to a control practice. Each rainfall is 
analyzed, and the pollutant control effectiveness varies according to each rainfall and the pond’s 
antecedent condition. A full explanation of the model’s capabilities, calibration, functions, and 
applications is at www.winslamm.com.  
 

Pavement and Roof Disconnections 
The first stormwater control that should be considered in an area is disconnecting the directly 
connected impervious areas, such as roofs and paved parking lots, as long as there are sufficient and 
suitable adjacent “pervious” areas to infiltrate the water. WinSLAMM can evaluate disconnections in 
different ways. The most direct way to evaluate disconnections of impervious areas is by changing the 
source area parameter characteristic from directly connected (or draining to a directly connected area) 
to draining to a pervious area (partially connected impervious area), as shown in Figure 96 for 
moderately compacted silty soils. If the area has normally compacted clayey soils, the building density is 
also needed, and if it is a medium- or high-density area, the presence of alleys also needs to be known. 
This process is based on extensive monitoring of residential and commercial sites that ranged from 
completely connected to completed disconnected with varying density and soil conditions (Pitt 1987). 
The following table shows the results of these disconnections, showing excellent control when all areas 
are disconnected. For example, to obtain good receiving water habitat conditions, all the roofs and the 
parking areas must be disconnected in this example. As expected from observing the flow source area 
plot, disconnecting only a portion of these impervious areas has limited benefits. It is noted that the 
concentrations of the pollutants increase with increasing roof disconnections because the better quality 
roof runoff is being infiltrated and not diluting the runoff from the paved parking/storage area. 
However, the mass discharges all decrease with increased disconnections. 

http://www.winslamm.com/
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Disconnection of pitched roof to silty soil 

The most important consideration is the amount and quality of the non-paved area that would receive 
the runoff from the paved or roof area. A later discussion presents information for grass filters (that 
considers both infiltration and particulate retention benefits) that can be most suitably used for the 
large areas on naval bases. Many of the San Diego base non-paved areas are covered with artificial turf 
and would not likely be a suitable area to drain excess water.  
 
The benefits of disconnecting connected paved parking or storage areas are similar to the benefits for 
disconnecting roofs. However, disconnecting these areas as part of a retrofit program is likely to be 
difficult because extensive re-grading would be needed, or at least a suitable adjacent undeveloped or 
landscaped area downgradient of the paved area would be needed. The use of biofilters to infiltrate the 
runoff at directly connected paved areas is likely a much more suitable option, especially for retrofits. 
 
Roof Runoff Rain Gardens 
The performance of rain gardens is affected by several unit processes which are modeled in WinSLAMM. 
Modified puls hydraulic routing, with surface overflow calculations, are the basic processes used. 
However, several layers in the rain garden (or biofilter) must be considered. As runoff enters the device, 
water infiltrates through the engineered soil or media (or natural soil, in a rain garden). If the entering 
rain cannot all be infiltrated through the surface layer, the water ponds. If the ponding becomes deep, it 
can overflow through the surface outlet. The percolating water moves down through the device until it 
reaches the bottom and intercepts the native soil. If the native soil infiltration rate is greater than the 
percolation water rate, no subsurface ponding occurs; if the native soil infiltration rate is slower than 
the percolation water rate, subsurface ponding occurs. This ponding can build up to the surface of the 
device and add to the surface ponding. If an underdrain is present (usually with a subsurface storage 
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layer), the subsurface ponding will be intercepted by the drain which then discharges it to the surface 
water, but hopefully later in the event when the effects are moderated.  
 
With the water percolating through the engineered soil or other fill, particulates and particulate-bound 
pollutants are trapped by the media through filtering actions. Therefore, the underdrain water usually 
has a lower particulate solids content that the surface waters entering the device, except if fines are 
washed from the media. The calculations are sensitive to the amount of the different media materials 
used as fill (or the native soil) and its characteristics (especially its porosity and percolation rate; the 
amount of fines, and if ET is considered, the wilting point). The hydraulic routing uses the sum of the 
void volumes in the device to determine the effluent hydrograph, while the different 
infiltration/percolation rates affect the internal ponding. The stage-discharge relationships of the outlet 
devices are all modeled using conventional hydraulic processes. The ET loss calculations are based on 
the changing water content in the root zone at each time increment, and the ET adjustment factors for 
the mixture of plants in the device (Pitt, et al. 2008a). 
 
The following figure is the main WinSLAMM input screen used for rain gardens. This is a general form 
that is also used for other infiltration devices, including biofilters and bioinfiltration devices (and even 
green roofs until that special form is completed in a future model version). This form includes the 
geometry of the device and material placed in the device. Most simple rain gardens do not have any 
special media, using only soils, nor do they have underdrains, so only some of the form is used. In this 
example, a loam soil is used in the rain garden, and the subsurface native soil is assumed to be a sandy 
loam having long-term infiltration rates of about 1.0 in/hr. As indicated, it is possible to also incorporate 
a Monte Carlo routine to better represent the variable infiltration rates that any individual unit has. All 
the devices using this input screen require a hydraulic overflow outlet described as a broad crested weir. 
For these infiltration devices, evaporation of water from any pooled standing water above the soil and 
ET losses associated with plants installed in the rain garden, are also added as outlet devices. The 
engineered soil media characteristics screen is shown in a following figure, as an example. 
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Rain garden input screen. 

 
Detailed media characteristics for rain gardens. 

The performance of a rain garden for controlling runoff from directly connected flat roofs is summarized 
in the following figure. The rain garden modeled has 100ft2 of surface area and 50ft2 of bottom area and 
in 1 ft deep. There was no material added to the bottom of the rain garden, nor is there an underdrain 
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used (these are usually defining features of biofilters, discussed later). The soil is a loam having a 0.5 
in/hr infiltration rate. A broad-crested weir is used as the surface overflow, providing 9 inches of 
ponding for water storage in the excavation. The model was run using various numbers of these rain 
gardens for a total one acre of flat roofs. The results were normalized in the following graph by 
expressing the total rain garden surface area as a percentage of the roof area. Long-term continuous 
rains were evaluated for these different sized rain gardens: San Diego 2000 to 2006; Norfolk 2000 to 
2013; and Puget Sound (Everett rains) 2000 to 2009. As expected, as the total rain garden increases in 
size in relationship to the roof area, less water is discharged to the surface drainage system through the 
overflow. As noted, the rain garden has no underdrain, so the pollutant reductions are the same as for 
the runoff volume reductions. The same sized rain gardens are most effective for the Puget Sound area, 
then San Diego, and then Norfolk. This ranking is mostly dependent on the amount of rainfall and its 
intensity. The Puget Sound area has similar rain totals as Norfolk, but the rain intensities (and therefore 
runoff rates) are much less, allowing the water to be more effectively infiltrated. In order to capture 
about 90% of the long-term rainfall amount, the total rain gardens in Puget Sound would need to be 
about 5% of the roof area, increasing to 9% for San Diego, and further increasing to about 15% for 
Norfolk. As discussed later, the use of biofilters typically results in much smaller footprint areas for the 
same level of control, but at higher construction costs. 
 
 

 
Calculated rain garden performance at San Diego, Norfolk, and Puget Sound naval bases. 
 
 

Biofilters 
Biofilters are excavations to collect runoff and allow infiltration. They are usually filled with a rock 
storage layer, and treatment layer, and most have underdrains to prevent excessive ponding for 
extended times. Because of the increased amount of storage compared to a simple rain garden, 
biofilters can better handle short periods of increased runoff and larger amounts of runoff. 
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Biofilter performance is based on the characteristics of the flow entering the device, the infiltration rate 
into the native soil, the filtering capacity and infiltration rate of the engineered media fill if used, the 
amount of rock fill storage, the size of the device and the outlet structures for the device. Pollutant 
filtering by the engineered media (usually containing amendments) is based on the engineered media 
type and the particle size distribution of the particulates in the inflowing water. If the engineered media 
flow rate is lower than the flow rates entering the device, the engineered media will affect the device 
performance by forcing the excess water to bypass the device through surface discharges, if the storage 
capacity above the engineered media is inadequate. 
 
The device operation is modeled using the Modified Puls Storage-Indication method and is analyzed 
differently depending on whether a rock and engineered media layer is in the model. The model 
simulates the inflow and outflow hydrographs using a time interval selected by the user (typically 6 
minutes), although this interval is reduced automatically by the program if the simulation calculations 
approach becoming unstable. 
 
The inflow hydrograph is divided into the selected time intervals, which are routed to the surface of the 
biofilter. The biofilter is evaluated in two basic sections: the aboveground section (or above the 
engineered media) and the belowground section (below the surface of the engineered media). If there is 
a rock layer and an engineered media layer, separate details are entered for each. The available surface 
outflow devices include broad crested weirs (required to have at least one as the surface overflow 
outlet), and optional crested weirs, vertical stand pipes, and evaporation/ET. An underdrain is also 
optional that discharges back to the drainage system (but with “filtered” water). 
 
As water enters the device, the flow only enters the belowground section if the engineered media 
infiltration rate is greater than the inflowing water rate. If the inflow rate increases to be greater than 
the media infiltration rate, the aboveground storage begins to fill. If the inflowing rate is high enough 
and the excess runoff volume exceeds the available storage, the water discharges from the device 
through the aboveground surface broad crested weir outflow, and any other surface outlet. As water 
enters the belowground section of the device, it passes through the native media and, as the bottom 
section fills, it may enter an underdrain (if used). All water that flows through the underdrain is assumed 
to be filtered by the engineered media. The filtering performance changes based on the type of 
engineered media and varies by the particle size of the particulates in the water. If the water level in the 
belowground section of the device reaches the top of the engineered media layer, infiltration from the 
surface layer into the belowground layer stops until the water level in the belowground section is below 
the top of the engineered media layer. If there are no rock and engineered media layers, flow into the 
native soil is considered to be an outflow: there is no belowground section, and all treatment by the 
device is assumed to be through volume loss by infiltration into the native soil (this is the typical way 
rain gardens operate, since they have no media or underdrain, but do have surface storage). 
 
To model biofilters, the geometry and other characteristics of the biofilter are described, or of a typical 
biofilter if modeling a set of biofilters for, say, roofs or parking lot source areas. The number of biofilters 
to be modeled in the source area is also entered on the form. The model divides the total source area 
runoff volume by the number of biofilters in the source area, creates a complex triangular hydrograph 
for that representative flow fraction that is then routed through that biofilter. It then multiplies the 
resulting runoff pollutant and flow reductions by the number of biofilters for the total source area 
effects. 
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Biofilter Data Entry 
The following figure is the data entry form used for biofilters and related stormwater controls. 
 

 
Basis data entry screen for biofilters and bioinfiltration stormwater controls. 

 
The following figure is a screen shot used to select the engineered media mixture. The model calculated 
the porosity, field capacity, wilting point, and infiltration rates for many combinations based on 
laboratory and field tests. The model also calculates the removal of different sized particles in the runoff 
based on the media mixture. 
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Media characteristics used in the test (pilot) biofilters and bioinfiltration devices. 

 
The bottom of the biofilter has a datum of zero. To describe the biofilter, the following information is 
entered: 
 
Device Geometry: 

Top Area (square feet): Enter the top area of the biofilter 
Bottom Area (square feet): Enter the bottom area of the biofilter 
Total Depth (feet): Enter the depth of the biofilter. 
Typical Width (ft): If you intend to perform a cost analysis of the biofilter practices listed in the .mdb 

file, you must enter the typical biofilter width (ft) of a biofilter system you are modeling. This value 
is not used for a hydraulic or water quality analysis; it is relevant only for the cost analysis. 

Native Soil Infiltration Rate (in/hr): Enter the infiltration rate or select a typical infiltration rate based 
on soil type from the provided list in the lower left-hand corner of the window. The native soil 
infiltration rate value is supplied if you select the typical seepage rate provided by the model. 

Native Soil Infiltration Rate COV (Coefficient of Variation): If you want to consider the typical 
variabilities in the infiltration rates, select the “Use Random Number Generation to Account for 
Uncertainty in Infiltration Rate” checkbox and then accept or enter another seepage rate COV 
value in the cell below the native soil infiltration rate. This is optional and uses a Monte Carlo 
simulation built into the model. If selected, the infiltration rates are randomly varied for each 
event based on a log-normal probability distribution of actual measured infiltration rate 
variabilities. 

Infiltration Rate Fraction - Bottom (0-1): Enter the seepage rate multiplier for bottom flow (from 0 to 
1) to reduce the seepage rate through the bottom of the biofilter. This option can be useful if you 
want to evaluate the effects of complete clogging on the bottom of the device. 
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Infiltration Rate Fraction - Side (0-1): Enter the seepage rate multiplier for side flow (from 0 to 1) to 
reduce the seepage rate through either the sides of the biofilter. This option can be useful if you 
want to ignore the benefits of seepage out of the sides of the device, as required by some 
regulatory agencies. 

Rock Filled Depth (ft): This is the depth of biofilter that is rock filled. This must be less than or equal to 
the biofilter depth, and may be zero if there is no rock fill. Water is assumed to flow through the 
rock storage layer very quickly. 

Rock Fill Porosity: Enter the fraction of rock fill that is voids as a value from zero to one. If you have 
both rock fill and engineered soil, the model sums the total porosity available in the biofilter. If 
you are using an underdrain, a rock storage layer will be required (and the underdrain is usually 
located near the top of this storage layer). 

Engineered Media Type. If the device has an engineered soil layer, the program uses an infiltration 
rate depending on the type of engineered media, based on extensive media tests in laboratory 
columns and in the field. Select the 'Media Data' button to enter media type information including 
the media porosity, infiltration rate, field moisture capacity and permanent wilting point. 

Engineered Media Infiltration Rate (in/hr): If you have selected a specific engineered media type, the 
program uses an infiltration rate for that media type, or if you selected a user defined media type, 
you may enter your own engineered media infiltration rate. 

Engineered Media Depth (ft). This must be less than or equal to the biofilter depth, and may be zero if 
there is no engineered media fill. 

Engineered Media Porosity (0-1): This is the fraction of engineered media that is voids - enter the 
porosity of the engineered media as a value from zero to one. If you have both rock fill and 
engineered media, the model sums the total porosity volume from all layers. 

Percent Solids Reduction Due to Engineered Media. If you want to enter a percent solids reduction 
value from engineered media if permitted to do so by the regulatory agency or because you have 
suitable data, select “User-Defined” as the engineered media type in the Detailed Soil 
Characteristics form. If you select any other engineered media type, the program calculates the 
percent reduction based on the media type. 

Inflow Hydrograph Peak Flow to Average Flow Ratio. This value is used to determine the shape of the 
complex triangular unit hydrograph that is routed through the device. A typical value of the peak 
to average flow ratio is 3.8. However, short duration events in small areas may have larger ratios 
and similarly, long duration events in large areas may have smaller ratios. WinDETPOND can 
evaluate any inflow hydrograph shape that you enter. In version 10, it is recommended that the 
option to use the hydrograph from upgradient areas and controls be used instead of resetting this 
value to 3.8. 

Number of Devices in the Source Area or Upstream Drainage System. The model divides the runoff 
volume by the number of biofilters in the source area or land use, creates a complex triangular 
hydrograph that it routes through that biofilter, and then multiplies the resulting losses by the 
number of biofilters to apply the results to the source area. 

Particle Size Distribution File. The particle size distribution of the particulates in the runoff affects the 
percent solids reduction of the engineered media layer. The program uses pre-defined reductions 
for selected particle size distributions. If you have a user-defined engineered media type, then you 

mk:@MSITStore:C:\Program%20Files%20(x86)\WinSLAMM%20v10\WinSLAMM_Help.chm::/html/hs6365.htm
mk:@MSITStore:C:\Program%20Files%20(x86)\WinSLAMM%20v10\WinSLAMM_Help.chm::/html/hs6365.htm
mk:@MSITStore:C:\Program%20Files%20(x86)\WinSLAMM%20v10\WinSLAMM_Help.chm::/html/hs6365.htm
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do not need to enter a particle size distribution file. If you select the 'Route Hydrographs and 
Particle Sizes between Control Devices' checkbox in Program Options/Default Model Options, the 
program uses the default particle size distribution file for all source areas. The particle size 
distribution entering the control device is modified by whatever practices are upstream of the 
control practice. If the practice is the most upstream practice, the default particle size distribution 
is used. 

Pipe or Box Storage is not activated in this model version. 
 

The following figures show the effects of biofilter size on performance for the three naval base 
locations. The basic biofilter was 100ft2 at the top and 50ft2 at the bottom and was 5 ft deep. It had 1.5 
ft of a rock storage layer and 1.5 ft of media (75% sand and 25% peat amendment). A top ponding depth 
of 1.75 ft was also used. The surface overflow was a 10 ft wide broad-crested weir and it also had a 
SmartDrain located near the top of the rock layer. The native infiltration rate was for a loam soil at 0.5 
in/hr. The performance for different sized biofilters was calculated by increasing the number of units per 
acre of paved area. These results were then normalized as a percentage of the paved area, as shown on 
these figures. 
 
For low infiltration rates, conventional underdrains degrade the performance of the biofilters because 
the underdrains discharge subsurface ponding water before it can completely infiltrate. The use of a 
restricted flow underdrain (the SmartDrainTM), results in a minimal effect on infiltration along with 
desired decreased durations of surface ponding. Underdrains have very little effect on performance 
when the native subsurface native infiltration rate is about 1 in/hr or greater. 
 
In order to achieve about 90% runoff volume reductions, the biofilter areas would need to be about 6% 
for Puget Sound, about 12% for San Diego, and about 20% for Norfolk. The removal of particulates in the 
stormwater is greater than the runoff volume removals because the larger particulates are captured in 
the media before being discharged through the underdrain. TSS removals of about 90% occur when the 
biofilters are about 1% for Puget Sound, about 2% for San Diego, and about 5% for Norfolk.  
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Runoff volume infiltration for different sized biofilters at three naval facility locations. 
 
 

 
Particulate solids retention in biofilters for different sized biofilters at three naval base locaitons. 
 
 
The following figure is a plot indicating the clogging potential for the biofilters for an example location in 
Kansas City. Biofilter media material is likely to fail resulting in very low infiltration rates with rapid and 
excessive particulate solids loadings. Generally, particulate loads of between 10 and 25 kg/m2 could be 
indicative of significantly reduced infiltration. With a planted biofilter in good condition, and if this 
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accumulative load occurs over at least 10 years, the biofilter is likely to be able to incorporate this 
additional material into the soil, and the plants can help retain the infiltration rate at a desired level (but 
with reduced surface storage volume). However, if this load occurs within just a few years, it is likely to 
overwhelm the system, resulting in premature clogging. This is more of a problem for small biofilters 
receiving runoff having high particulate solids concentrations, such as parking lots where space is limited 
for larger biofilters. Pretreatment using grass filters or swales can reduce these problems. For this 
example location, if the biofilters are at least 1 to 3% of the residential drainage area, the particulate 
loading is not likely to be a problem. 
 

 
Clogging potential for biofilters in test (pilot) area. 

 

Porous Pavement 
The WinSLAMM porous pavement control in version 10 has full routing calculations associated with 
subsurface pond storage, and it allows runon from adjacent paved areas that do not have porous 
pavement. The outlet options for porous pavements include subgrade seepage and an optional 
underdrain, which is modeled as an orifice. The porous pavement control device has a surface seepage 
rate that limits the amount of runoff that can enter the storage system. The seepage rate is usually 
much greater than the rain intensity, so this would be unusual, except if it is significantly reduced by 
clogging or if substantial runon occurs from adjacent paved areas. This surface seepage rate is reduced 
to account for clogging with time, while the surface seepage rate can be partially restored with cleaning 
at a stated cleaning frequency. The runoff volume reaching the porous pavement surface is equal to the 
rainfall volume directly falling on the porous pavement, plus runoff volume from any runon from the 
adjacent paved areas. The porous pavement surface can be paver blocks, porous concrete, porous 
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asphalt, or any other porous surface, including reinforced turf. Porous pavements are usually installed 
over a subsurface storage layer that can dramatically increase the infiltration performance of the device. 
 
Porous pavements are typically used at paved parking and storage areas, paved playgrounds, paved 
driveways, or paved walkways. They should be used in relatively clean areas (walkways or driveways or 
other surfaces that receive little traffic, for example), to minimize groundwater contamination potential 
and premature clogging and failure. Porous pavements direct the infiltrating water to subsurface soil 
layers, usually at a depth where the soils have little organic matter that tend to sorb pollutants. Salts 
used for ice control in northern areas are also problematic when considering infiltrating stormwater. 
Consider biofiltration devices to infiltrate water from more contaminated sites because they can use 
amended soils to help trap contaminants before infiltration, or use other appropriate pre-treatment 
before infiltration, and are easier to restore. No common pretreatment device is suitable for removing 
salts, however, so minimal use of deicing chemicals is the preferred control option. 
 
It is necessary to describe the geometry and other characteristics of a typical porous pavement surface, 
as shown in the following figure. The model computes the runoff volume, equal to the rainfall volume 
plus any runon, and then creates a complex triangular hydrograph (the flow duration equals the rain 
duration) that it routes through that porous pavement system. 
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Porous pavement main input screen. 

The next table summarizes the calculated performance of porous pavements located at paved 
parking/storage areas in an example location in Kansas City (expected to be intermediate for the three 
naval base sites). The given underlying soil is a loam soil. A conventional 3-in. perforated pipe 
underdrain was also used. As indicated, even the smallest area examined (25% of the area as porous 
pavement) had very good runoff volume reductions for this example. If the porous pavement was 
cleaned every year, much of the lost surface infiltration rate capacity would be restored for this 
example. If the area was not cleaned, clogging would be expected in about 8 years, based on field 
experience.  
 

Porous pavement performance (paved parking and storage area; loam soil; 3-in underdrains placed 20 
ft apart) 

Porous pvt as a % of 
paved parking area Volume reduction (%) 

25% 92% 
50% 93% 
100% 93% 

 

Grass Filters 
Grass filters have broad, shallow flows. WinSLAMM determines the flow conditions for every calculation 
increment, including flow velocity and depth. Special shallow Manning’s n values are used according to 
shallow sheetflow measurements. Sediment transport is calculated for each narrow particle size range 
using their sedimentation rate, depth of flow, and length of flow. Scour is also considered, along with 
equilibrium concentrations.  
 
The grass filter and grass swale controls calculate pollutant and runoff volume reductions. The model 
determines the runoff volume reduction by calculating the infiltration loss for each time step. The 
particulate reduction is based on the settling frequency of the particles entering the grassed area and 
the height of the grass relative to the flow depth. The grass “filters” the runoff using the settling 
frequency and the length of the flow path. The algorithms used to determine the Manning’s n values 
were developed from the master’s thesis by Jason Kirby Kirby, et al. 2005) as part of a WERF-supported 
research project (Johnson, et al. 2003). The particle trapping algorithms were based on the master’s 
thesis research conducted by Yukio Nara (Nara, et al. 2006), supported by the University Transportation 
Center for Alabama (Nara and Pitt 2005). 
 
Runoff volume is reduced by the dynamic infiltration rate of the swales for each 6-minute time step of 
the hydrograph. The flow and the geometry are used to determine Manning’s n to iteratively determine 
the depth of flow in the swale for each time step, using traditional VR-n curves that were extended by 
Kirby (Kirby, et al. 2005) to address the smaller flows found in roadside grass swales and filters. Using 
the calculated depth of flow for each time increment, the model calculates the wetted perimeter (using 
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the swale cross-sectional shape), which is then multiplied by the total flow length to determine the area 
used to infiltrate the runoff. Details for these calculations are available by selecting the “Hydraulics 
Detailed Output File” checkbox from the “Detailed Output Options” listing under “Program Options.” 
The event-by-event summary detailed output is available by selecting the “Hydraulics and Concentration 
by Event” checkbox from the Detailed Output Options listing. These comma-separated tabular files are 
created when the model is executed and can be reviewed using a spreadsheet after importing the files. 
 
The next figure is the WinSLAMM basic input screen used for grass filters. As the grass filters become 
steep, they lose some of their performance because of the faster flowing has a greater equilibrium 
capacity associated with its carry capacity and the faster flowing water has reduced effective infiltration 
rates compared to ponded water. Version 10 uses a direct calculation of the hydraulics for grass filter 
strips as for grass swales, but with modified turbulent induced length restrictions. An upcoming model 
release will use Muskingum channel routing to more effectively calculate the flowing water conditions in 
the grass filters (and swales). 
 

 
Grass filter strip form in Version 10. 
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The following figures summarize the performance of grass filters for controlling runoff and TSS from 
paved areas. For these calculations, the grass filter was assumed to be as wide as the source area paved 
area and the length is expressed as a fraction of the length of the paved area. Loam soil having 0.25 
in/hr infiltration rates were used along with a filter slope of 1% with 3 inch tall grass (D retardance 
class). Runoff infiltration performance was similar for the two west coast sites, but Norfolk was much 
less efficient due to the greater rainfall amounts and intensities at that location. Grass filters about 25% 
of the length of the paved area would result in about 90% runoff volume reductions at San Diego and 
Puget Sound, but would have to be close to 100% of the paved area length for the same level of 
performance for the Norfolk location. As the stormwater flows across the grass filter, it slows and 
particulates settle out of the flowing water and become trapped in the grass. The TSS mass reductions 
are therefore much greater than for the runoff volume reductions alone. Approximate 90% TSS mass 
reductions would occur for grass filters only about 15 to 20% of the pavement length, for example.  
 
 

 
Runoff volume removals for different lengths of grass filter strips. 
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TSS mass discharge reductions for different lengths of grass filter strips. 
 
 
 
 
 
 
Grass Swales 
Grass swales are evaluated using the same general process as described previously for grass filters. The 
data entry form is shown in the next figure. Following figures summarize the performance of grass 
swales different lengths of swales compared to the drainage area for the three naval facility locations. 
These swales have 5 ft bottom widths with 3:1 side slopes and 1.5% longitudinal slopes. The grass is 3 
inches tall with D retardance group. A loam soil having a 0.25 in/hr dynamic infiltration rate was also 
used in these calculations. The swale water volume and pollutant reduction performance would be 
better for increased infiltration rates. 
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Grass swale input screen. 

These figures indicate similar performance for the west coast sites with poorer performance for the 
Norfolk location (as shown for the grass filters). Since the soil has a relatively low infiltration rate, the 
maximum runoff volume reductions are only about 50%, while the TSS reductions are somewhat larger 
due to the settling of particulates. 
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Runoff volume reductions for grass swales. 
 
 
 

 
TSS mass discharge reductions for grass swales. 
 
 
 
Green Roofs 
As noted above for the description of the biofilter calculations, the biofilter device can be configured to 
represent green roofs, as illustrated in the next figure. In an upcoming WinSLAMM version, a separate 
screen will be provided for these devices. Basically, the green roof area is used as the area of the 
biofilter, and no natural infiltration is allowed. The only outlets include the required broad crested weir 
for surface overflows, underdrains, and ET. Partial roof coverage can be modeled by using a smaller area 
for the “biofilter” to represent the area dedicated to green roof processes. 
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Green roof main input screen. 

The next table summarizes the calculated performance of the specified green roof system, for different 
roof coverages, for an example location in Kansas City. The effluent concentrations are similar for all 
scenarios because almost all of the water is filtered by the roof media, with little being discharged to the 
surface overflows. The available ET for that area resulted in a maximum of about 25% reductions in 
runoff volume discharges. If more surface storage was provided in the green roof design and if more 
efficient plants were used, it is likely that these runoff volume reductions could be about double the 
reductions shown in this example. It is expected that the San Diego location would have greater benefits 
for green roofs, while it would be less for the other two locations. Locally monitored evapotranspiration 
and selection of suitable plants are critical for an effective green roof installation, and those conditions 
are too varied to allow a simple analysis at the naval facilities. 
 

Calculated green roof performance 

Green roof as a % of flat roof area (3-in 
conventional underdrains every 20 ft) 

 Volume 
reductions 

(%) 
25% 11 
50% 18 
100% 25 
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Street Cleaning 
Street cleaning affects the amount of street dust and dirt available for washoff during rains. Frequent 
street cleaning can reduce the loading of this material to very low levels. However, street cleaning 
preferentially removes the largest particles on streets, while rains preferentially remove the smallest 
particles. Therefore, the amount of material collected by a street cleaner is not directly related to the 
amount of particulates that would have washed during rains. 
 
The next figure is the street cleaning form. Street cleaning control can be applied to streets and alleys 
in all land uses, including freeways.  There are two options for entering in street cleaning 
dates.  1)  Enter Street Cleaning Dates, or 2) Enter a Street Cleaning Frequency.  Select the 'Street 
Cleaning Frequency' check box, and then the desired cleaning frequency is the most direct way to 
describe the street cleaning effort. 
 

 
Street cleaning form. 
 
 
Type of Street Cleaner.  Select the type of street cleaner.  The program will enter the proper removal 
coefficients after you have selected the street cleaner productivity, parking density and parking control 
option. 
  
Street cleaning productivity.  Select the default productivity by entering the parking density and the 
parking control status.  The parking density options are: 
  

1. None - There is no parking along the street being cleaned. 
2. Light - There is significant spacing between parked cars such that street cleaners can easily 
get to the curb, between cars, for significant sections of the street. 
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3. Medium - There is enough spacing between parked cars such that street cleaners can get to 
the curb for at least some sections of the street. 
4. Extensive (short term) - There is not enough space between cars to allow street cleaners to 
get to the curb for some time during a 24-hour period. 
5. Extensive (long term) - There is not enough space between cars to allow street cleaners to 
get to the curb.  This condition persists for most or all of a 24-hour period. 

  
The parking control status indicates whether parking options such as limited parking hours or alternate 
side-of-the-street parking have been regulated by the municipality.   
 
The following figures are production function plots showing the expected TSS mass removals. The first 
figure shows the expected TSS reductions for just the street runoff, while the next figure shows the 
expected TSS reductions for the runoff for the whole area. In these examples, street areas are about 
15% of the total area, while streets contributed about 26% of the total area runoff for San Diego and 
Norfolk, and about 58% of the total runoff for the Puget Sound area for the long-term analyses. A 
vacuum-assisted street cleaner was used in these calculations, along with intermediate textured streets 
having light parking and no parking controls. If the drainage area was mostly comprised of streets, then 
street cleaning once a week may results in about 15 to 25% TSS reductions. 
 
 

 
Street cleaning performance for street runoff. 
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Street cleaning performance for watershed runoff. 
  
 
 
 
Catchbasins and Hydrodynamic Separators 
Catchbasins and hydrodynamic devices can be applied to either a specific source area or as part of the 
drainage system. Treatment is due to particle settling unless there is leakage through the bottom of the 
sump, which is considered as a runoff volume loss to the system. The program will calculate the 
percent of the total catchbasin volume that is full of captured sediment for each rainfall event.  This 
value is reset to zero based upon when the catchbasin is cleaned.   
  
Catchbasins are modelled as vertical walled detention basins with a pipe outlet.  However, because 
they are small, they have negligible storage volume, so the storage component of the detention pond 
algorithm is not applied.  Pipe outlet flow is calculated as the flow rate through a partially filled pipe or 
as orifice flow, whichever is smaller.  The total flow to the catchbasin is divided by the number of 
catchbasins to determine the flow a typical catchbasin. The following figure is the catchbasin entry 
form. 
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Catchbasin entry screen. 
 
 
To model Catchbasin Performance, enter the following information in the form: 
  
1.  Fraction of drainage area served by catchbasin (0-1). 
2a. The catchbasin density (using either typical catchbasin densities provided or enter in your site-
specific value), or 
2b. The number of catchbasins in the site you are modelling. 
3.  The Average Sump Depth below the catchbasin outlet invert (ft).  Note that the model assumes that 
the top foot of storage volume is unavailable for storage due to scour.  Therefore, the sump depth 
must be greater than 1.0 ft in order for the catchbasin to function.  The catchbasin is considered 100% 
full when the sump depth less the scour depth is reached. 
4.  Depth of sediment in catchbasin sump at the beginning of the study period (ft). 
5.  Typical outlet pipe diameter (ft) 
6.  Typical outlet pipe Manning’s n 
7.  Typical outlet pipe slope (ft/ft).   
8.  Typical catchbasin sump surface area (sq. ft) 
9.  Catchbasin depth from sump bottom to street level (ft).  This value should be the sum of the 
average sump depth, the pipe diameter, the pipe wall thickness, and the typical cover over the pipe 
from the top of the pipe to the street surface. 
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10.  The inflow hydrograph peak-to-average flow ratio.  A typical value is 3.8; change it if you have 
better data. 
11.  Leakage rate through the sump bottom (in/hr).  This value is used to model catchbasins that do not 
have sealed sumps.  However, the impact on catchbasin effectiveness is typically minimal because the 
leaky sump areas are small. 
12.  Critical particle size file name.  If you have checked the 'Route Hydrographs and Particle Sizes 
Between Control Devices' box in Program Options/Default Model Options, then the program will use 
the default particle size distribution file for all source areas.  The particle size distribution entering the 
control device will be modified by whatever practices are upstream of the control practice.  If the 
practice is the most upstream practice, then the default particle size distribution is used.   
  
To enter catchbasin cleaning dates to model catchbasin cleaning, you can select either: 
a.  Catchbasin Cleaning Dates, which are the dates that the catchbasin is cleaned (ie, the % full value is 
reset to zero) during the study period (cleaning up to 5 times is allowed).  The dates must be 
consecutive, within the study time period, and in the format "MM/DD/YY", or . . . 
b.  The Catchbasin Cleaning Frequency.  The catchbasins will be cleaned (i.e., the % full value is reset to 
zero) at the selected interval.  This option is useful for long model runs. 
  
Hydrodynamic devices are available for any individual source area or as a drainage system control. The 
following figure is the input screen for the hydrodynamic device. Hydrodynamic devices are very similar 
to catchbasins except that they have additional bypass capabilities and lamella plates can be added for 
improved performance. 
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Input screen for hydrodynamic device. 
 
 
There are five sections to the hydrodynamic control device form.  They are: 
  
1.  Hydrodynamic Device General Information.  This includes the source area of the device, the area 
within the source area that is served by the device, the number of devices, the device density and the 
particle size file name (to define the particle size distribution of the runoff entering the device.  This 
information is needed regardless of whether you are modeling a single chamber device or a proprietary 
device.  If you have checked the 'Route Hydrographs and Particle Sizes Between Control Devices' box in 
Program Options/Default Model Options, then the program will use the default particle size 
distribution file for all source areas.  The particle size distribution entering the control device will be 
modified by whatever practices are upstream of the control practice.  If the practice is the most 
upstream practice, then the default particle size distribution is used. 
  
You will also need to enter either the information necessary to characterize a single chamber device or 
a proprietary device.  The single chamber device includes the same information that you would enter 
for a catchbasin with inflow bypass data.  The proprietary device option will allow you to select a 
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particular device manufacturer and model number, assuming the performance data for that device has 
been added to WinSLAMM.  
  
2.  Single Chamber Device Characteristics.  If you are modeling a generic single chamber device, you 
must enter the following information. 
  
            Average sump depth below hydrodynamic device outlet invert (feet) 
            Depth of sediment in hydrodynamic device sump at beginning of study period (ft) 
            Typical outlet pipe diameter (ft)  
            Typical outlet pipe Manning’s n  
            Typical outlet pipe slope (ft/ft) 
            Typical hydrodynamic device sump surface area (square feet) 
            Total hydrodynamic device depth (feet) 
            Inflow hydrograph peak to average flow ratio 
            Maximum allowable depth of sediment below outlet invert elevation 
  
For flow bypass, 
            Either:   Maximum flow to inline sump (cfs) 
            Or:  Diameter of orifice that controls flow to in-line sump (ft) 
             Inflow orifice invert elevation (ft) 
             Length (ft) of overflow structure acting as a sharp-crested Weir 
             Elevation of overflow structure to bypass inline sump (ft above sump base) 
  
3.  Proprietary Device.  If you are modeling a proprietary device, check the 'Or Use Proprietary 
Hydrodynamic Control Device Information' checkbox and then use the pull down menu to select the 
device manufacturer and model number.  Enter any other relevant information in the data grid.    
  
4.  Device Cleaning.  You may enter in either specific cleaning dates or a cleaning frequency. If you 
select to model device cleaning, then when the date in the model run is reached during processing, the 
program will remove all stored sediment in the device.   
  
5.  Model Hydrodynamic Device with Lamella Plates or Settling Tubes. This option allows you to model 
the increased settling efficiency that occurs when the device uses lamella plates or settling 
tubes.  When this option is selected, the program increases the effective surface area of the device by 
the number of plates or tubes that a vertical line will intersect.  This occurs for each time step that the 
flow through the device is laminar.  Laminar flow is assumed if the Reynolds number is less than 
2100.  The Reynolds number is determined from the water velocity through the tubes (and so varies 
with flow), the kinematic viscosity of the water, and the tube diameter or distance between lamella 
plates.  
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Lamella plates in a hydrodynamic device. 
 
 
To model a hydrodynamic device with lamella plates or settling tubes, first check the box next to the 
lamella plate or settling tube label. Then enter:   
 
  1.  The fraction of the total device surface area (0 - 1) with plates or tubes. 
  2.  The average settling tube diameter or distance between lamella plates (ft) 
  3.  The number of plates or tubes a vertical line will intersect.   
 
The following figure is a production function for the use of catchbasins (or simple hydrodynamic devices) 
in a paved area. The main factor is the total surface area of the devices (expressed as ft2 per acre of 
pavement). The model calculations were based on standard 4 ft diameter catchbasins (having 3 ft sumps 
below the outlet), and varying numbers of units were considered. This is generally equivalent to the 
combined surface areas, although specific calculations would be appropriate for further analyses. The 
San Diego and Puget Sound levels of performance are similar, while the higher flow rates associated 
with the Norfolk site reduced the performance for the same sized facilities. This plot is only for TSS mass 
discharge reductions as there are no runoff volume reductions associated with these devices. However, 
these can be used as part of treatment trains, especially to remove large debris to prevent fouling of 
other unit processes. It is difficult to obtain high levels of treatment with these devices unless they were 
very large (approaching the size of a wet detention pond, for example). In order to obtain 90% TSS 
reductions (not observed during field monitoring), about 200 ft2 of sump area would be needed (or 
about 16 conventional catchbasins per acre, an impractical number). In order to obtain these larger 
removals, single large devices would be most suitable, or used in conjunction with other systems (as 
described later for the MCTT). 
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Multi-Chambered Treatment Train (MCTT) 
The Multi-Chambered Treatment Train (MCTT) was developed to control toxicants in stormwater from 
critical source areas. The MCTT is most suitable for use at relatively small areas, about 0.1 to 1 ha in size, 
such as vehicle service facilities, convenience store parking areas, equipment storage and maintenance 
areas, and salvage yards, although it has been used in much larger areas. The MCTT is normally installed 
underground and is typically sized between 0.5 to 1.5 percent of the paved drainage area. It is 
comprised of three main sections, an inlet having a conventional catchbasin with litter traps, a main 
settling chamber having lamella plate separators and oil sorbent pillows, and a final chamber having a 
mixed sorbent media (usually peat moss and sand). During monitoring, the MCTT provided median 
reductions of >90% for toxicity, lead, zinc, and most organic toxicants. Suspended solids were reduced 
by more than 80% and COD was reduced by 60%. The information presented in this section is based on 
the results from a series of projects sponsored by the US EPA (Pitt, et al. 1996, Clark and Pitt 1999, Pitt, 
et al. 1999, and Clark 2000).  
 
This study also confirmed that many toxicants are associated with particulate matter in runoff. 
Industrial/commercial areas are likely to be the most significant pollutant source areas, with the highest 
toxicant concentrations and most frequent occurrences found at vehicle service and parking/storage 
areas. The duration of the antecedent dry period before a storm and the intensity of the storm event 
were found to be significant factors influencing the concentrations of most of the toxicants detected. 
These critical areas were further evaluated during treatability tests. The treatability study found that 
settling, screening, and aeration and/or photo-degradation treatments showed the greatest potential 
for toxicant reductions, as measured by the reduction in toxicity of the samples, using the Microtox 
toxicity screening test.  
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The main settling chamber provided substantial reductions in total and dissolved toxicity, lead, zinc, 
certain organic toxicants, SS, COD, turbidity, and color. The sand-peat chamber also provided additional 
filterable toxicant reductions. However, the catchbasin/grit chamber did not provide any significant 
improvements in water quality, although it is an important element in reducing maintenance problems 
by trapping bulk material. Zinc and toxicity are examples where the use of the final chamber was needed 
to provide high levels of control. Otherwise, it may be tempting to simplify the MCTT by removing the 
last chamber. Another option would be to remove the main settling chamber and only use the pre-
treating capabilities of the catchbasin as a grit chamber before the peat “filtration” chamber (similar to 
many stormwater filter designs). This option is not recommended because of the short life that the filter 
would have before it would clog (Clark and Pitt 1999; Clark 2000). In addition, the bench-scale tests 
showed that a treatment train was needed to provide some redundancy because of frequent variability 
in sample treatability storm to storm, even for a single sampling site. 
 
The following figure shows a cross section of the MCTT. The catchbasin functions primarily as a 
protector for the other two units by removing large, grit-sized material. The setting chamber is the 
primary treatment chamber for removing settleable solids and associated constituents. The sand-peat 
filter is for final polishing of the effluent, using a combination of sorption and ion exchange for the 
removal of soluble pollutants, for example.  

 

 
MCTT cross section. 
 
 
The main settling chamber mimics the completely mixed settling column bench-scale tests previously 
conducted and uses a hydraulic loading rate (depth to time ratio) for removal estimates. This loading 
rate is equivalent to the conventional surface overflow rate (SOR), or upflow velocity, for continuous-
flow systems, or the ratio of water depth to detention time for static systems. The MCTT can be 
operated in both modes. If it uses an orifice, to control the settling chamber outflow, then it operates in 
a similar mode to a conventional wet detention pond and the rate is the upflow velocity (the 
instantaneous outflow divided by the surface area of the tank). If the outflow is controlled with a float 
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switch and a pump, then it operates as a static system and the hydraulic loading rate is simply the tank 
depth divided by the settling time before the pump switches on to remove the settled water. 
 
In addition to housing plate or tube settlers, the main settling chamber also contains floating sorbent 
“pillows” to trap floating oils and a fine bubble aerator that operates during the filling time of the MCTT. 
Plate settlers (or inclined tubes) increase solids removal by reducing the distance particles travel to the 
chamber floor and by reducing scour potential. The main settling chamber operates much like a settling 
tank, but with the plate settlers increasing the effective surface area of the tank. The increase in 
performance is based on the number of plate diagonals crossing the vertical. If the plates are relatively 
flat and close together, the increase in performance is greater than if the plates are steeper and wider 
apart. The effective increase is usually about 3 to 5 fold. The settling time in the main settling chamber 
typically ranges from 1 to 3 d, and the settling depth typically ranges from 0.6 to 2.7 m (2 to 9 ft). These 
depth to time ratios provide for excellent particulate (and associate pollutant) removals in the main 
settling chamber. 
 
Depth/time ratios of at least 3 X 10-5 m/s (1 X 10-4 ft/s) are needed to obtain a median toxicity reduction 
of at least 70 percent in the main settling chamber. If the main settling chamber tank was one meter 
(3.3 ft) deep, then the required detention time would have to be at least 0.4 days to obtain this level of 
treatment. If the tank was twice as deep, the required detention time would be 0.8 days. The tank 
surface area is therefore based on the volume of runoff to be detained and the settling depth 
desired/available. Shallow tanks require shorter detention times than deeper tanks, but the surface 
areas are correspondingly larger, and scour may be more of a problem.  
 
If the rains are infrequent, long detention periods are easily obtained without having “left-over” water 
in the tank at the beginning of the next event. However, if the rains are frequent, the available holding 
times are shortened, requiring shallower main settling chamber tanks for the same level of treatment. A 
spreadsheet model was used to develop design curves for many locations of the U.S. based on long-term 
rain records, desired levels of control, and tank geometry. This model was used to investigate various 
storage capacities, holding periods, and settling tank depths for 21 cities throughout the U.S. having 
annual rains from about 180 – 1500 mm (7 – 60 in.). The model used the rain depths and durations, the 
time interval between the consecutive storm events, the dimensions of the subsurface tank, and the 
tank pumpout or drainage time. 
 
The following figure is the plot for Birmingham, AL, for different annual control levels associated with 
holding periods from 6 − 72 h and storage volumes from 2.5 − 51 mm (0.1 − 2.0 in.) of runoff for a 2.1 m 
(7 ft) deep MCTT. This figure can be used to determine the size of the main settling chamber and the 
minimum required detention time to obtain a desired level of control (toxicity reduction). Birmingham, 
AL, rains typically occur about every 3 to 5 d, so it would be desirable to have the holding period less 
than this value. Similarly, if the storage volume was small, only a small fraction of a large rain would be 
captured and treated, requiring a partial bypass for most rains.  
 
 



D-174 

 
 
Effects of storage volume and treatment time on annual toxicity reduction, 2.1 m settling depth) 
(Example storage-treatment plot for Birmingham, AL). 
 
 
This plot shows that the most effective holding time and storage volume for a 70% toxicity reduction 
goal is 72 hours and 22 mm (0.86 inch) of runoff storage. A shorter holding period would require a larger 
holding tank for the same level of control. Shorter holding periods may only be more cost-effective for 
small removal goals (<50%). If a 6 hour holding time was used, the maximum toxicant removal would 
only be about 46% for this tank depth. 
 
The following figure shows similar MCTT design curves for coastal areas near naval facilities. For 70% 
toxicity reductions, the 72 hr holding period is recommended, with 0.30 in storage for Southern 
California, 0.25 in storage for Puget Sound, and 0.42 to 0.50 in storage for east coast areas. These 
storage volumes are also all for 5 ft depths over the standing water elevation (such as over the lamella 
plates), resulting in tank heights of about 7 ft.  The following table summarizes some of these tank 
dimensions. 
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MCTT main settling chamber design curves for U.S. coastal areas near naval facilities. 
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MCTT Main Settling Chamber Dimensions to Provide 70% Toxicity Reductions 
Location Holding 

period 
(hrs) 

Storage volume 
above lamella plates 
(standing water) 
(watershed inches) 

Runoff 
volume for 
one acre 
pavement (ft3) 

Tank surface 
area for 5 ft of 
storage depth 
(ft2) 

Settling tank area 
as a percentage of 
pavement area 
(%) 

Los Angeles 72 0.30 1089 218 0.50 
Seattle 72 0.25 908 182 0.42 
Newark 72 0.50 1815 363 0.83 
Miami 72 0.42 1524 305 0.70 
 
 
The final MCTT chamber is a mixed media filter (sorption/ion exchange) device. It receives water 
previously treated by the grit and the main settling chambers. The initial designs used a 50/50 mix of 
sand and peat moss, while some used a 33/33/33 mixture of sand, peat moss, and granulated activated 
carbon. The MCTT can be easily modified to contain any mixture of media in the last chamber. However, 
care must be taken to ensure an adequate hydraulic capacity. As an example, peat moss alone was not 
effective because it compressed quickly, preventing water from flowing through the media. However, 
when mixed with sand, the hydraulic capacity was much greater and didn’t change rapidly with time. 
Bench-scale tests show that sand by itself (especially if recently installed) does not permanently retain 
the stormwater toxicants (which are mostly associated with very fine particles and which were mostly 
washed from the sand during later events). This lack of ability to permanently retain stormwater 
toxicants prompted the investigation of other filtration media. The sand-peat filter possesses ion 
exchange, adsorption, and filtration reduction mechanisms. As the media ages, the performance of 
these processes will change. Ion exchange capacity and adsorption sites, primarily associated with the 
peat moss, will be depleted. Filtration, primarily associated with the sand, however, is expected to 
increase, especially for the trapping of smaller particles. Replacement of the media in an MCTT is 
expected to be necessary about every 3 to 5 years. 
 
The following table shows example sizing calculations for the ion exchange/sorption chamber that 
receives flow from the main settling chamber (flow controlled by a very small orifice, a recommended 
SmartDrain, or a small pump). The filter chamber areas are about 56% of the main settling tank area 
(based on the 5 ft settling/storage depth in the main settling tank). The media flow rate is typically 
selected corresponding to a slow sand filter rate of about 3 ft/day.  
 
 
MCTT Ion Exchange/Sorption Chamber Dimensions to Match Main Settling Tank Size 
Location Runoff volume for 

one acre pavement 
(ft3) 

Holding 
period 
(hrs) 

Discharge rate 
from settling 
chamber (CFS, 
gpm) 

Filter surface 
area for 3 
ft/day filtering 
rate (ft2) 

Filter tank area as 
a percentage of 
pavement area 
(%) 

Los Angeles 1089 72 0.0042 (1.6) 121 0.28 
Seattle 908 72 0.0035 (1.3) 101 0.23 
Newark 1815 72 0.0070 (2.7) 202 0.46 
Miami 1524 72 0.0059 (2.2) 170 0.39 
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As an example, a complete MCTT for a one acre paved area in the San Diego area (using the Los Angeles 
sizing information) therefore includes a standard 4 ft diameter catchbasin with a sump and debris 
screening, followed by a main settling chamber of 218 ft2 and a filter chamber of 121 ft2, for a total 
footprint area of about 350 ft2, or 0.8% of the paved area. The largest MCTT in the New York area would 
be about 1.6 times the area of the San Diego system (1.3% of the paved drainage area).    
 
Selection of Media for Treatment Devices 
Pitt and Clark (2010) reviewed many media available for the removal of heavy metals and organics to 
very low levels. Critical aspects of these advanced treatment methods include using sufficient pre-
treatment for the removal of fine particulates to minimize silting of the treatment media and also to 
provide sufficient contact time of the water being treated with the media. 
 
Clark and Pitt (2011) found that zeolites can be effective for removal of metals in the +2 valence state. 
The effectiveness of ion exchange decreases as the valence charge approaches zero and as the size of 
the complex increases. Therefore, the overall effectiveness of zeolites, and potentially other ion-
exchange media such as oxide-coated sands, is likely reduced because a substantial fraction of the 
metals likely exist in valence forms other than +2 due to complexation with inorganic ions and organic 
matter.  
 
Organic compounds and larger, less charged complexes of metals, can be chemically bonded with a 
media having strong sorption capacities. KOW is an indication of the preference for the molecule to 
attach to an organic media (peat, compost, GAC) versus remaining in the stormwater runoff. KS indicates 
the likelihood that the organic compound will remain dissolved in solution. The removal of some 
inorganic anions is difficult because most stormwater treatment media specifications stress high cation 
exchange capacities (CEC). High CEC media typically have low anion exchange capacities (AEC). CEC and 
AEC provide an estimate of the potential for exchanging a less-desirable compound with a pollutant 
whose chemical characteristics are more favorable. The following table lists some of the organic and 
metallic pollutants of concern in stormwater runoff and potential treatment options, based on their 
chemical properties and the results of laboratory, pilot-scale, and full-scale treatment tests.  
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Selecting Treatment Technologies for Stormwater Organic and Metallic Pollutants (summarized from 
Clark and Pitt 2012) 
Organics and Pesticides 
PAHs/Oil and 
Grease 
(O&G)/Dioxin 

Sedimentation or 
filtration, possibly 
followed with 
chemically-active 
media. 

These compounds have high KOW and low KS and are strongly 
associated with particulates. Sedimentation’s effectiveness is 
function of particle size association. Preferential sorption to organic 
media, such as peat, compost, and soil. Some O&G components can 
be microbially degraded in filter media. Reductions to very low 
levels with filtration may be difficult if parent material is 
contaminated. If low numeric permit limits exist, may have to use 
clean manufactured material, such as GAC. 

Organic Acids 
and Bases 

Chemically-active 
filtration 

Tend to be more soluble in water than PAHs and more likely to be 
transported easily in treatment media. Need media with multiple 
types of sorption sites, such as peat, compost and soil. GAC possible 
if nonpolar part of molecule interacts well with GAC or if GAC has 
stronger surface active reactions than just van der Waals strength 
forces.  

Pesticides Chemically-active 
filtration 

Tend to be soluble in water and need multiple reaction sites to be 
removed. Breakdown time in biologically-active filtration media is 
compound-dependent. Breakdown has the potential to restore 
surface-active sites, and may result in more soluble daughter 
products, which may or may not be more toxic. Organic media such 
as peat, compost, soil, GAC likely to be most effective since size of 
pesticide compounds will exclude substantial removal in ion-
exchange resins such as zeolites. 

Lead Ion-exchange 
Chemically-active 
media filtration 

Lead attaches strongly to solids. Substantial removal by 
sedimentation and/or physical filtration of solids to which lead is 
attached. 
• Lead < 0.45 mm may be ionic and could be removed using ion-
exchange with zeolites, but filtered, ionic lead is usually at very low 
concentrations and it would be unusual to require treatment. 
• Lead complexes with hydroxides and chlorides to a certain extent. 
Removed in media with variety of binding sites (peat, compost, 
soil). 

Copper, Zinc, 
Cadmium 

Chemically-active 
filtration 
 

These metals can attach to very small particles, with attachments 
being a function of the particulate organic content, pH, and 
oxidation-reduction conditions (filterable fractions vary from 25 to 
75+%). Physical filtration may be limited depending on size 
association of the pollutants. 
These metals complex with a variety of organic and inorganic 
ligands to create soluble complexes of varying valence charges (-2 
to +2). Small amount of ionic species (metal as +2 ion only) reduces 
ion-exchange effectiveness. Complexes require variety types of 
sorption/exchange sites. Organic complexes may be removed by 
GAC. Peat, compost and soil will remove most inorganic and organic 
complexes. Concern about contamination of media with captured 
metals. 
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Appendix A: Particle Size Distributions for Source Areas 
 
 
WinSLAMM now has the capability of tracking particle size distributions from source areas through the 
drainage systems and control practices. This requires the selection of the *.psd file for each source area 
and land use. In WinSLAMM version 10.1, these are entered as part of the “Source Area Particle Size 
Distribution and Peak-to-Average Rainfall Ratio Standard Files” screen (under the tools\edit source are 
default variables drop down menu), as shown below in an example file. As shown in this example, 
different *.cpz (critical particle size) files can be selected for each source area in each land use. If 
preferred, the same *.cpz file can be used for all source areas for all land uses also. 
 
 

 
 
 
Several particle size distribution files are distributed with WinSLAMM, mostly based on extensive 
monitoring, as shown on Table 1 show the older particle size files, along with files created from recent 
research conducted by Pitt and his research group. These samples were all collected using completed 
mixed conditions and represent wide particle size ranges. 
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Table 1. Particle Size Distribution Files Included with WinSLAMM (percentage of sample, by mass, 
greater than size indicated) 

size (µm) Const. 
sites – 
Tusc 
(AL) 

roof 
runoff 
-  Tusc 
(AL) 

parking lot 
BamaBelle 

(AL) 

gutter 
KC 
curb 
cuts 

(MO) 

open 
space 
SSFL 
(CA) 

outfall 
NUR

P 

outfall 
Midwest 

outfall 
Monroe 

Low Medium High 

1 100 100 92 100 100 98 100 84 96 99 100 
3 99 94 88 100 93 77 93 64 65 90 98 
5 95 90 81 97 89 65 89 56 54 82 94 

10 92 84 72 89 78 44 78 46 25 67 87 
30 43 65 59 49 53 22 53 24 9 42 69 
50 33 42 51 36 42 16 42 21 6 31 56 

100 25 28 41 26 28 9 28 17 2 19 40 
300 15 18 10 15 12 3 12 12 0 8 19 
500 8 15 5 10 7 1 7 8 0 5 11 

1000 1 8 1 4 3 0 3 4 0 2 5 
2000 0 0 0 0 0 0 0 2 0 0 0 

Median 
(µm): 

27 43 53 30 35 9 35 8 7 24 59 

 
The file names for these particle size distributions are: 
 
SSC cnstrcn AL (Construction sites in Tuscaloosa) 
SSC roof comr AL (Roof runoff at commercial sites in Tuscaloosa) 
SSC park pvd instit AL (Parking lot in park adjacent to BamaBelle) 
SSC gutter MO (Gutter flows entering curb cut biofilters in Kansas City) 
SSC opn spc CA (Open space at SSFL in LA County) 
TSS otfl NURP (outfall samples from all of the NURP sites doing PSD analyses) 
TSS otfl Mdwst IL MI (outfall samples from the NURP sites in IL and MI) 
SSC otfl Mnro WI (outfall samples from the Monroe St monitoring location in Madison, WI) 
TSS otfl low (outfall samples representing low sediment concentrations) 
TSS otfl medium (outfall samples representing typical sediment concentrations) 
TSS otfl high (outfall samples representing high sediment concentrations) 
 
 
These files are further described below: 
 
Low, medium, and high cpz files: the work by Grizzard and Randall (1986) at east coast sites indicated 
significantly different particle size distributions for stormwaters from the same site having different 
suspended solids concentrations. The highest suspended solids concentrations were associated with 
waters having relatively few small particles, while the low suspended solids concentration waters had 
few large particles. 
 
Outfall NURP, Midwest cpz files: These data are from outfall samples collected from a number of NURP 
(Nationwide Urban Runoff Study) locations and from just those in the Midwest. The analyses were 
conducted by gravimetric settling columns by the USGS. The upper Midwest data sources were from two 
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of the NURP projects: Terstriep, et al. (1982), in Champaign/Urbana, IL, and Akeley (1980) in Washtenaw 
County, Michigan. 
 
Outfall Monroe cpz file: These data are from the inlet to the Monroe St. wet detention pond in Madison, 
WI. The samples were collected using automatic samplers and from bedload samplers (results 
integrated) over a period of about three years. The PSDs were analyzed by the USGS. 
 
Open space SSFL cpz file: These data represent grab samples collected on the Santa Susana Field 
Laboratory site in Ventura County, CA. The samples were obtained in rugged semi-arid open space 
areas. The samples were collected over a two year period and were analyzed using a laser particle size 
analyzer. 
 
Gutter KC curb cut cpz file: These data represent averaged results from the gutter flow samples 
obtained using automatic samplers at curb cuts at the inlets to biofilters in the Kansas City green 
infrastructure demonstration project area, collected over a three year period. These samples were 
analyzed for particle size distributions using a combination of multiple sieve analyses plus Coulter 
Counter analyses. 
 
Parking lot BamaBelle cpz file: Parking lot samples were collected using an automatic sampler, along 
with bed load from the sump of the Upflow Filter that was being evaluated. The site was at a parking lot 
for a river front park that has moderate parking, along with some landscaping runoff contributions from 
the areas surrounding the parking lot. Thirty samples were collected over a one year period and this 
represents an overall average PSD. These samples were analyzed for particle size distributions using a 
combination of multiple sieve analyses plus Coulter Counter analyses, and the sump samples were also 
integrated into the finer fraction data. 
 
Roof runoff Tuscaloosa cpz file: Roof runoff samples were collected (manual grab samples) as part of 
Renee Morquecho’s dissertation research at UA on stormwater treatability. She was focusing on the 
metal associations (and their characteristics) as a function of particle size from several source areas. The 
other sampling locations were for mixed flows. These samples were analyzed for particle size 
distributions using a combination of multiple sieve analyses plus Coulter Counter analyses. 
 
Construction sites Tuscaloosa cpz file: Grab samples from about 12 construction sites in the Tuscaloosa, 
AL, area were collected in 2012 as part of a class project to determine the level of treatment (defined by 
critical particle size) to meet various turbidity numeric effluent limits being proposed for construction 
site runoff. These samples were analyzed using a combination of multiple sieve analyses plus Coulter 
Counter analyses. 
 
Table 2 shows particle size distributions from grab sheetflow samples collected during research 
examining treatability of stormwater and the development of the Multi-Chambered Treatment Train 
(Pitt, R., B. Robertson, P. Barron, A. Ayyoubi, and S. Clark. Stormwater Treatment at Critical Areas:  The 
Multi-Chambered Treatment Train (MCTT). U.S. Environmental Protection Agency, Wet Weather Flow 
Management Program, National Risk Management Research Laboratory. EPA/600/R-99/017. Cincinnati, 
Ohio. 505 pgs. March 1999). These samples were obtained from sheetflows during rains using a vacuum 
sample bottle and Teflon tube. The samples were analyzed using an early model laser particle counter. It 
was apparent that this instrument did not detect particles larger than about 75 um, usually considered 
the upper limit of particles for  TSS (SSC covers the complete particle size range). Therefore, these data 
should only be applied to a modeling situation where the particulate solids calibration and verification 



D-182 

relied on TSS data. Similarly, using PSD data from SSC samples with TSS calibrations would artificially 
increase the importance of the larger particles, resulting in increased (in error) particulate capture 
calculations. 
 
 
Table 2. Particle Size Distributions from Source Area Grab Samples Collected in the Birmingham, AL, 
Area (for TSS) 
particle 
size 

roof resid roof 
commer 

roof indus paved park 
resid 

paved park 
commer 

paved park 
instit 

unpvd park 
indus 

1 100 100 100 100 100 100 100 
3 100 100 100 100 100 100 100 
5 100 98 100 100 100 100 100 
10 100 85 88 100 100 100 100 
30 21 45 15 73 70 15 95 
50 6 24 4 13 20 0 0 
100 0 0 0 0 0 0 0 
300 0 0 0 0 0 0 0 
500 0 0 0 0 0 0 0 
1000 0 0 0 0 0 0 0 
2000 0 0 0 0 0 0 0 
median 22 27 14 35 35 19 43 
TSS 
(mg/L) 

27 4 5 16 43 104 170 
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Table 2. Particle Size Distributions from Source Area Grab Samples Collected in the Birmingham, AL, 
Area (for TSS) (continued) 
particle size unpvd park 

instit 
paved 
storage 
commer 

paved 
storage 
indus 

unpaved 
storage 
indus 

street 
runoff 
resid 

street runoff 
instit 

1 100 100 100 100 100 100 
3 100 100 100 100 100 100 
5 100 100 100 100 100 100 
10 100 100 100 100 100 100 
30 84 48 93 2 60 46 
50 0 19 32 0 26 28 
100 0 0 0 0 0 3 
300 0 0 0 0 0 0 
500 0 0 0 0 0 0 
1000 0 0 0 0 0 0 
2000 0 0 0 0 0 0 
median 50 29 46 24 34 26 
TSS (mg/L) 32 12 21 152 7 22 

 
 
Table 2. Particle Size Distributions from Source Area Grab Samples Collected in the Birmingham, AL, 
Area (for TSS) (continued) 
particle 
size 

street 
runoff 
indus 

loading 
docks 
indus 

vehicle 
service 
areas 
commer 

landscaped 
runoff instit 

landscaped 
runoff resid 

landscaped 
runoff indus 

CSO Brooklyn 

1 100 100 100 100 100 100 100 
3 100 100 100 100 100 100 100 
5 100 100 100 100 100 100 100 
10 100 100 100 100 100 90 100 
30 26 55 71 82 50 34 97 
50 0 18 19 3 10 0 45 
100 0 0 0 0 0 0 0 
300 0 0 0 0 0 0 0 
500 0 0 0 0 0 0 0 
1000 0 0 0 0 0 0 0 
2000 0 0 0 0 0 0 0 
median 27 32 37 35 50 21 49 
TSS 
(mg/L) 

66 40 24 12 10 41 94 
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The file names for these particle size distributions are: 
 
TSS roofs res AL (residential area roof runoff samples from Birmingham) 
TSS roofs comr AL (commercial area roof runoff samples from Birmingham)  
TSS roofs ind AL (industrial area roof runoff samples from Birmingham) 
TSS prk pvd res AL (residential paved parking area runoff samples from Birmingham) 
TSS prk pvd comr AL (commercial paved parking area runoff samples from Birmingham) 
TSS prk pvd inst AL (institutional paved parking area runoff samples from Birmingham) 
TSS prk unpvd ind AL (industrial unpaved parking area runoff samples from Birmingham) 
TSS prk unpvd inst AL (industrial unpaved parking area runoff samples from Birmingham) 
TSS strg pvd comr AL (commercial paved storage area runoff samples from Birmingham) 
TSS strg pvd ind AL (industrial paved storage area runoff samples from Birmingham) 
TSS strg unpvd ind AL (industrial unpaved storage area runoff samples from Birmingham) 
TSS strt res AL (residential street runoff samples from Birmingham) 
TSS strt inst AL (institutional street runoff samples from Birmingham) 
TSS strt ind AL (industrial street runoff samples from Birmingham) 
TSS vhcl servc comr AL (vehicle service area in commercial area runoff samples from Birmingham) 
TSS land inst AL (institutional area landscaped area runoff samples from Birmingham) 
TSS land res AL (residential area landscaped area runoff samples from Birmingham) 
TSS land ind AL (industrial area landscaped area runoff samples from Birmingham) 
TSS CSO NY (combined sewage at overflow locations in Brooklyn, New York City) 
 
 
Table 3 shows the particle size distributions associated with samples from several monitoring locations 
in the Madison, WI, area collected by the USGS (William R. Selbig, Urban Water Journal (2013): 
Characterizing the distribution of particles in urban stormwater: advancements through improved 
sampling technology). These data are unique in that the samples were collected using a new sampler 
intake that more accurately collects water from the complete depth of flow during a rain event, 
minimizing stratification issues associated with single point sampling, and represent SSC conditions. As 
noted above, these distributions should not be used with a model that has been calibrated using TSS 
data. These sample particle size distributions were determined using sieving methods for the large 
particles and a Coulter Counter for the smaller sized particles. 
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Table 3. Particle Size Distributions Included with WinSLAMM from Madison, WI, Monitoring 
(percentage of sample, by mass, greater than size indicated)  
size (µm) Residential 

feeder 
street - 

Madison 

Residential 
arterial 
street - 

Madison 

Residential 
collector 

street - 
Madison 

Residential 
mixed 

flows - 
Madison 

Commercial 
parking lot - 

Madison 

Mixed land 
use outfall 
- Madison 

Institutional 
roof runoff - 

Madison 

1 100 87 95 100 90 94 95 
3 82 79 68 81 73 88 85 
5 79 75 56 77 69 86 82 

10 70 67 43 70 60 84 78 
30 62 58 34 68 51 82 76 
50 50 47 27 52 32 72 68 

100 34 27 15 39 17 48 49 
300 16 9 5 16 5 19 20 
500 11 5 3 12 3 12 10 

1000 6 1 1 7 1 8 0 
2000 2 0 0 2 0 3 0 

median: 50 43 8 80 32 95 95 
SSC 

(mg/L): 
89 79 121 110 25 65 20 

 
The file names for these particle size distributions are: 
 
SSC strt fed res WI (residential area feeder street runoff samples from Madison, WI) 
SSC strt art res WI (residential area arterial street runoff samples from Madison, WI) 
SSC strt col res WI (residential area collector street runoff samples from Madison, WI) 
SSC mxd resid WI (mixed flows from residential areas in Madison, WI) 
SSC prk pvd comr WI (commercial area paved parking lot runoff from Madison, WI) 
SSC otfl mxd WI (mixed land use outfall samples from Madison, WI) 
SSC roof inst WI (institutional area roof runoff samples from Madison, WI) 
 
These files are further described below: 
 
Roof cpz file: downspout mixed samples before flows entered rain gardens at Madison area USGS office 
building. SSC median was 20 mg/L. 
 
Street cpz files (collector, feeder, and arterial):  Two arterial streets (40,000 and  49,450 vehicles/day), 
one collector street (6,600 vehicles/day) and two feeder streets (1,500 and 1,700 vehicles/day) were 
monitored in residential areas for 12 to 29 events. The streets had monthly street cleaning. The median 
SSC concentrations ranged from about 90 to 120 mg/L. 
 
Mixed residential flow cpz file: 19 events were monitored in a section of the drainage system before the 
outfall, representing a mixture of residential source areas. The median SSC concentration was 110 mg/L 
at this location. 
 
Parking lot cpz file: 22 events were monitored at a commercial parking lot. The median SSC 
concentration at this location was only 25 mg/L. 
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Outfall from mixed land use cpz file: 10 events were monitored at this mixed land use outfall location. 
The median SSC concentration was 65 mg/L at this location. 
 
The *.cpz files described above can be used to represent a number of source areas in WinSLAMM, such 
as: 
 
 TSS data SSC data 
Roofs TSS roofs res AL  

TSS roofs comr AL  
TSS roofs ind AL 

SSC roof comr AL  
SSC roof inst WI 

Parking lots - paved TSS prk pvd res AL  
TSS prk pvd comr AL  
TSS prk pvd inst AL 

SSC prk pvd instit AL  
SSC prk pvd comr WI 

Parking lots - unpaved TSS prk unpvd ind AL  
TSS prk unpvd inst AL 

 

Storage areas - paved TSS strg pvd comr AL  
TSS strg pvd ind AL 

 

Storage areas - unpaved TSS strg unpvd ind AL  
Streets TSS strt res AL  

TSS strt inst AL  
TSS strt ind AL 

SSC gutter MO  
SSC strt fed res WI  
SSC strt art res WI  
SSC strt col res WI 

Landscaped areas TSS land inst AL  
TSS land res AL  
TSS land ind AL 

 

Open space areas  SSC opn spc CA 
Vehicle service areas TSS vhcl servc comr AL  
Combined sewer overflows TSS CSO NY  
Construction sites  SSC cnstrcn AL 
Mixed flows  SSC mxd resid WI 
Outfalls TSS otfl NURP  

TSS otfl Mdwst IL MI  
TSS otfl low  
TSS otfl medium  
TSS otfl high 

SSC otfl Mnro WI  
SSC otfl mxd WI 
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Appendix B: Soil Compaction Effects on Infiltration Rates 
 
Destruction of soil structure (specifically compaction) has been identified as a major cause of decreased 
infiltration rates in urban areas. All soils suffer when compacted, although compacted sandy soils still 
retain significant infiltration after compaction (but much less than if not compacted), while soils with 
substantial fines (especially clays) are more easily compacted to almost impervious conditions.  
 
WinSLAMM therefore allows a selection of the compaction conditions for sandy, silty, and clayey soils. 
The model then uses the user defined infiltration rate reduction factor to represent the decreased 
infiltration rate of the soils. This option is only available for source area soil and landscaped conditions 
(and areas that receive runoff from disconnected impervious areas). Biofilter media compaction 
conditions should be reflected in the infiltration rates selected (the built-in biofilter infiltration rate 
values are based on measured values and already reflect typical conditions, but can be changed as 
warranted).  
 
 
Field Tests of Infiltration Rates in Disturbed Urban Soils 
A series of 153 double ring infiltrometer tests were conducted in disturbed urban soils in the 
Birmingham, and Mobile, Alabama, US, areas as part of an EPA project that investigated disturbed urban 
soils and soil amendments (Pitt, R., J. Lantrip, R. Harrison, C. Henry, and D. Hue. Infiltration through 
Disturbed Urban Soils and Compost-Amended Soil Effects on Runoff Quality and Quantity. U.S. 
Environmental Protection Agency, Water Supply and Water Resources Division, National Risk 
Management Research Laboratory. EPA 600/R-00/016. Cincinnati, Ohio. 231 pgs. December 1999, 
available at: 
http://www.unix.eng.ua.edu/~rpitt/Publications/BooksandReports/Compacted%20and%20compost%20
amended%20soil%20EPA%20report.pdf). The tests were organized in a complete 23 factorial design to 
examine the effects of soil-water, soil texture, and soil density (compaction) on water infiltration 
through historically disturbed urban soils. Ten sites were selected representing a variety of desired 
conditions (compaction and texture) and numerous tests were conducted at each test site area. Soil-
water content and soil texture conditions were determined by standard laboratory soil analyses. 
Compaction was measured in the field using a cone penetrometer and confirmed by the site history. 
During more recent tests, compaction is directly measured by obtaining samples from the field from a 
known volume (digging a small hole and retrieving all of the soil into sealed bags that are brought to the 
lab for moisture and weight analyses. The hole that is carefully cleaned of all loose soil is then filled with 
free-flowing sand from a graduated cylinder to determine the volume. The laboratory dry weight of the 
excavated soil is divided by the volume of the hole to obtain the density). From 12 to 27 replicate tests 
were conducted in each of the eight experimental categories in order to measure the variations within 
each category for comparison to the variation between the categories. 
 
Soil infiltration capacity was expected to be related to the time since the soil was disturbed by 
construction or grading operations (turf age). In most new developments, compacted soils are expected 
to be dominant, with reduced infiltration compared to pre-construction conditions. In older areas, the 
soil may have recovered some of its infiltration capacity due to root structure development and from 
soil insects and other digging animals. Soils having a variety of times since development, ranging from 
current developments to those about 50 years old, were included in the sampling program. These test 
sites did not adequately represent a wide range of age conditions for each test condition, so the effects 

http://www.unix.eng.ua.edu/~rpitt/Publications/BooksandReports/Compacted%20and%20compost%20amended%20soil%20EPA%20report.pdf
http://www.unix.eng.ua.edu/~rpitt/Publications/BooksandReports/Compacted%20and%20compost%20amended%20soil%20EPA%20report.pdf
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of age could not be directly determined. Other analyses have indicated that several decades may be 
necessary before compacted loam soils recover to conditions similar to pre-development conditions, if 
not continually compacted by site activities (such as parked cars on turf, unpaved walkways and parking 
lots, unpaved storage areas, or playing fields).  
 
Figures 1 and 2 are 3D plots of this field infiltration data, illustrating the effects of soil-water content and 
compaction, for both sands and clays. Four general conditions were observed to be statistically unique. 
Compaction has the greatest effect on infiltration rates in sandy soils, with little detrimental effects 
associated with higher soil-water content conditions (the factor usually considered by most rainfall-
runoff models). Clay soils, however, are affected by both compaction and soil-water content. 
Compaction was seen to have about the same effect as saturation on clayey soils, with saturated and 
compacted clayey soils having very little effective infiltration. 
 

 
Figure 1. Three dimensional plot of infiltration 
rates for sandy soil conditions. 

 
Figure 2. Three dimensional plot of infiltration 
rates for clayey soil conditions. 

 
 
Laboratory Controlled Compaction Infiltration Tests  
We use three levels of compaction to modify the density of soil samples during controlled laboratory 
tests: hand compaction, Standard Proctor Compaction, and Modified Proctor Compaction. Both 
Standard and Modified Proctor Compactions follow ASTM standard (D 1140-54). The Standard Proctor 
compaction hammer is 24.4 kN and has a drop height of 300 mm. The Modified Proctor hammer is 44.5 
kN and has a drop height of 460 mm. For the Standard Proctor setup, the hammer is dropped on the test 
soil 25 times on each of three soil layers, while for the Modified Proctor test, the heavier hammer was 
also dropped 25 times, but on each of five soil layers. The Modified Proctor test therefore results in 
much more compacted soil, and usually reflects the most compacted soil usually observed in the field. 
The hand compaction is done by gentle hand pressing to force the soil into the test cylinder with as little 
compaction as possible. A minimal compaction effort is needed to keep the soil in contact with the mold 
walls and to prevent short-circuiting during the tests. The hand compacted soil specimens therefore 
have the least amount of compaction.  
 



D-189 

A series of controlled laboratory tests were conducted for comparison with the double-ring infiltration 
tests and to represent a wide range of soil conditions, as shown in Table 1. Six soil samples were tested, 
each at three different compaction levels described previously. Small depths of standing water on top of 
the soil test mixtures (4.3 inches, or 11.4 cm, maximum head) was also used. Most of these tests were 
completed within 3 hours, but some were continued for more than 150 hours. Only one to three 
observation intervals were used during these tests, so they did not have sufficient resolution or enough 
data points to attempt to fit to standard infiltration equations. However, these longer-term averaged 
values may be more suitable for infiltration rate predictions due to the high natural variability observed 
during the field tests. As shown, there was very little variation between the different time periods for 
these tests, compared to the differences between the compaction or texture groupings. The sandy soils 
can provide substantial infiltration capacities, even when compacted greatly, in contrast to the soils 
having clays that are very susceptible to compaction, resulting in near zero infiltration rates if 
compacted.  
 
Table 1. Low-Head Laboratory Infiltration Tests for Various Soil Textures and Densities (densities and 
observed infiltration rates) 
 

 Hand Compaction Standard Compaction Modified Compaction 
Sand (100% 
sand) 

Density: 1.36 g/cm3 (ideal for 
roots) 
 

Density: 1.71 g/cm3 (may affect roots) Density: 1.70 g/cm3 (may affect 
roots) 

0 to 0.48 hrs: 9.35 in/h 0 to 1.33 hrs: 3.37 in/h 0 to 0.90 hrs: 4.98 in/h 
0.48 to 1.05 hrs: 7.87 in/h 1.33 to 2.71 hrs: 3.26 in/h 0.90 to 1.83 hrs: 4.86 in/h 
1.05 to 1.58 hrs: 8.46 in/h  1.83 to 2.7 hrs: 5.16 in/h 

Silt (100% silt) Density: 1.36 g/cm3 (close to 
ideal for roots) 
 

Density: 1.52 g/cm3 (may affect roots) Density: 1.75 g/cm3 (will likely 
restrict roots) 

0 to 8.33 hrs: 0.26 in/h 0 to 24.2 hrs: 0.015 in/h 0 to 24.2 hrs: 0.0098 in/h 
8.3 to 17.8 hrs: 0.24 in/h 24.2 to 48.1: 0.015 in/h 24.2 to 48.1: 0.0099 in/h 
17.8 to 35.1 hrs: 0.25 in/h   

Clay (100% 
clay) 

Density: 1.45 g/cm3 (may affect 
roots) 
 

Density: 1.62 g/cm3 (will likely restrict 
roots) 

Density: 1.88 g/cm3 (will likely 
restrict roots) 

0 to 22.6 hrs: 0.019 in/h 0 to 100 hrs: <2X10-3 in/h 0 to 100 hrs: <2X10-3 in/h 
22.6 to 47.5 hrs: 0.016 in/h   

Sandy Loam 
(70% sand, 
20% silt, 10% 
clay) 

Density: 1.44 g/cm3 (close to 
ideal for roots) 
 

Density: 1.88 g/cm3 (will likely restrict 
roots) 

Density: 2.04 g/cm3 (will likely 
restrict roots) 

0 to 1.17 hrs: 1.08 in/h 0 to 3.82 hrs: 0.41 in/h 0 to 23.5 hrs: 0.013 in/h 
1.17 to 4.37 hrs: 1.40 in/h 3.82 to 24.3 hrs: 0.22 in/h 23.5 to 175 hrs: 0.011 in/h 
4.37 to 7.45 hrs: 1.45 in/h   

Silty Loam 
(70% silt, 20% 
sand, 10% 
clay) 

Density: 1.40 g/cm3 (may affect 
roots) 
 

Density: 1.64 g/cm3 (will likely restrict 
roots) 

Density: 1.98 g/cm3 (will likely 
restrict roots) 

0 to 7.22 hrs: 0.17 in/h 0 to 24.6 hrs: 0.014 in/h 0 to 24.6 hrs: 0.013 in/h 
7.22 to 24.8 hrs: 0.12 in/h 24.6 to 144 hrs: 0.0046 in/h 24.6 to 144 hrs: 0.0030 in/h 
24.8 to 47.1 hrs: 0.11 in/h   

Clay Loam 
(40% silt, 30% 
sand, 30% 
clay) 

Density: 1.48 g/cm3 (may affect 
roots) 
 

Density: 1.66 g/cm3 (will likely restrict 
roots) 

Density: 1.95 g/cm3 (will likely 
restrict roots) 

0 to 2.33 hrs: 0.61 in/h 0 to 20.8 hrs: 0.016 in/h 0 to 20.8 hrs: <0.0095 in/h 
2.33 to 6.13 hrs: 0.39 in/h 20.8 to 92.8 hrs: 0.0066 in/h 

 
 

20.8 to 92.8 hrs: 0.0038 in/h 
  

 
 
 

Comparing Field and Laboratory Measurement Methods 
A soil infiltration study was recently conducted by Redahegn Sileshi, a PhD student in the Department of 
Civil, Construction, and Environmental Engineering at the University of Alabama, in July 2011 at four test 
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sites located in areas that were affected by the April 27, 2011 Tornado that devastated the city of 
Tuscaloosa, AL. Double-ring infiltration measurements (using three Turf-Tec infiltrometers at each 
location) were conducted to determine the infiltration characteristics of the soils in typical areas where 
reconstruction with stormwater infiltration controls is planned. The small field double-ring (4 inch, 10 
cm, diameter) test results were compared to large (24 inch, 60 cm, diameter, 3 to 4 ft, 1 to 1.2 m, deep) 
pilot-scale borehole tests to identify if the small test methods can be accurately used for rapid field 
evaluations. The borehole tests required drilling a hole and placing a Sonotube cardboard concrete form 
into the hole to protect the sides of the hole. The borehole was 2 to 4 ft deep (depending on subsoil 
conditions). The bare soil at the bottom of the tube was roughened to break up any smeared soil and 
back-filled with a few inches of coarse gravel to prevent erosion during water filling. The tubes were 
filled with water from adjacent fire hydrants and the water elevation drop was monitored using a 
recording depth gage (a simple pressure transducer with a data logger). 
 
In addition, controlled laboratory column tests were also conducted on surface and subsurface soil 
samples under the three different compaction conditions to see if depth of the test (and response to 
compaction) affected the infiltration results. The test sites were all located adjacent to fire hydrants (for 
water supply for the large borehole tests) and are located in the City’s right-of way next to roads. Figure 
3 shows some of the features of these tests. 
 
 

  

 
 

Figure 3. Photographs showing borehole drilling, Sonotube infiltration tube installation, double-ring 
infiltration measurements, and laboratory column tests. 
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The soil densities of the surface soils averaged 1.7 g/cc (ranged from 1.6 to 1.9 g/cc). The median soil 
particle sizes averaged 0.4 mm (ranging from 0.3 to 0.7), and the soil had a clay content of about 20%. 
Figure 4 shows the saturated infiltration rates for the different locations and test methods.  
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Figure 4. Box and whisker plots comparing saturated soil infiltration rates (in/hr). Test series 
descriptions (12 replicates in each test series except for the borehole tests which only included 3 
observations): 

1) Turf-Tec small double ring infiltrometer 
2) Pilot-scale borehole infiltration tests 
3) Surface soil composite sample with hand compaction (1.4 g/cc density) 
4) Subsurface soil composite sample with hand compaction (1.4 g/cc density) 
5) Surface soil composite sample with standard proctor compaction (1.6 g/cc density) 
6) Subsurface soil composite sample with standard proctor compaction (1.6 g/cc density) 
7) Surface soil composite sample with modified proctor compaction (1.7 g/cc density) 
8) Subsurface soil composite sample with modified proctor compaction (1.7 g/cc density) 

 
 
Using the double ring infiltrometers, the final saturated infiltration rates (of most significance when 
designing bioinfiltration stormwater controls) for all the test locations was found to average about 4.4 
in/hr (11 cm/hr) for the 12 measurements and ranged from 1.9 to 8.3 in/hr (4.8 to 21 cm/hr). The 
borehole test results were about twice these values. The laboratory column tests indicated that surface 
and subsurface measurements were similar for all cases, but that compaction dramatically decreased 
the infiltration rates, as expected. The slightly (hand) compacted test results were similar to the Turf-Tec 
and the borehole test results, indicating that these sites, even in the road rights-of-ways, were minimally 
compacted. These areas were all originally developed more than 20 years ago and had standard turf 
grass covering. They were all isolated from surface disturbances, beyond standard landscaping 
maintenance.  It is not likely that the tornado affected the soils. The soil profile (surface soils vs 
subsurface soils from about 4 ft, 1.2 m) did not affect the infiltration rates at these locations. Due to the 
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relatively high clay content, the compaction tests indicated similarly severe losses in infiltration rates as 
found in prior studies, of one to two orders of magnitude reductions, from about 25, to 2, to 0.1 cm/hr, 
usually far more than the differences found between different soil textures. 
 
 
Summary of Compaction Effects on Infiltration Tests 
These recent tests indicated that the three soil infiltration test methods resulted in similar results, 
although the small –scale Turf-Tec infiltrometers indicated reduced rates compared to the borehole 
tests. Another study, summarized below, however indicated that the Turf-Tec infiltrometers resulted in 
substantially greater infiltration rates than observed in a failing bioinfiltration device, compared to 
actual infiltration rates during rain events. Therefore, if surface characteristics are of the greatest 
interest (such as infiltration through surface landscaped soils, as in turf areas, grass swales or in grass 
filters), the small-scale infiltrometers work well. These allow a cluster of measurements to be made in a 
small area to better indicate variability. Larger, conventional double-ring infiltrometers are not very 
practical in urban areas due to the excessive force needed to seat the units in most urban soils (usually 
requiring jacking from a heavy duty truck) and the length of time and large quantities of water needed 
for the tests. In addition, they also only measure surface soil conditions. More suitable large-scale (deep) 
infiltration tests would be appropriate when subsurface conditions are of importance (as in 
bioinfiltration systems and deep rain gardens). The borehole and Sonotube test used above is relatively 
easy and fast to conduct, if a large borehole drill rig is available along with large volumes of water (such 
as from a close-by fire hydrant). For infiltration facilities already in place, simple stage recording devices 
(small pressure transducers with data loggers) are very useful for monitoring during actual rain 
conditions. 
 
In many cases, disturbed urban soils have dramatically reduced infiltration rates, usually associated with 
compaction of the surface soils. The saturated infiltration rates can be one to two orders of magnitude 
less than assumed, based on undisturbed/uncompacted conditions. Local measurements of the actual 
infiltration rates, as described above, can be a very useful tool in identifying problem areas and the need 
for more careful construction methods. Having accurate infiltration rates are also needed for proper 
design of stormwater bioinfiltration controls. In situations of adverse infiltration rates, several strategies 
can be used to improve the existing conditions, as noted below. 
 
 
Summary of Compacted Soil Restoration Methods 
Mechanical restoration of compacted clayey soils must be carefully done to prevent the development of 
a hardpan and further problems. Spading implements are the safest methods for large scale 
improvements. However, if large fractions of clay are present in the soil, the addition of sand and 
possibly also organic amendments may be needed. The use of periodic rain gardens in a large 
compacted area allows deeper soil profile remediation in a relatively small area and may be suitable to 
enhance drainage in problem locations. 
 
To address water quality concerns and numeric effluent limits, water and soil chemistry information is 
needed in order to select the best amendments for a soil or biofilter media. As summarized by Clark and 
Pitt (Clark, S. and R. Pitt. “Filtered Metals Control in Stormwater using Engineered Media.” ASCE/EWRI 
World Environment and Water Resources Congress. Palm Springs, CA, May 22-26, 2011. Conference CD.), 
the removal of “dissolved” metals from stormwater by soils and amendments will need to be based on 
the ratio of valence states to determine the proportion of ion exchange resins versus organic-based 
media in the final media mixture. As more of the metal concentrations have either a 0 or +1 valence 
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charge (as ions), or as more are associated with organic complexes, the smaller the fraction of an ion 
exchange resin, such as a zeolite, is needed. For metals such as thallium, where few inorganic and 
organic complexes are formed and where the predominant valence state is +2, increasing the amount of 
zeolite in the final media mixture is important for improving removal. Therefore, the final media mixture 
will be based on the pollutants of interest and their water chemistry. The capacity for pollutant removal 
by soils is directly related to OM and CEC content for many metals. Organic media provides a wide range 
of treatment sites besides increasing the CEC. Activating an organic media, such as granular activated 
carbon, will increase the number of surface active sites for treatment, but this media will not sustain 
plant growth by itself. As an example, copper removal capacity is related to soil carbon content, and 
CEC, plus, soil Mg content relates to the ability of the media to participate in ion exchange reactions.  
 
Therefore, at least one component in an amendment media mixture should provide excellent ion 
exchange, such as would be found with a good zeolite. This media should be able to participate in 
reactions with the +2 metals and a portion of the +1 metals, although the +1 metals may not be as 
strongly bound and may be displaced if a more preferable exchangeable ion approaches the media’s 
removal site. Soil OM, soil C, and soil N all relate to the organic matter content and indicate that these 
are sites that may participate in a variety of reactions and may be able to remove pollutants that do not 
carry a valence charge. Therefore, mixtures of amendments may be needed for effective removal of a 
range of pollutants: an organic component should be incorporated, along with a GAC. In most cases, 
sand may also be needed for structural support (to minimize compaction) and for controlling the flow 
rate to a level that allows for sufficient contact time. 
 
 
Use of Compacted Soil Factors in WinSLAMM 
WinSLAMM considers decreased infiltration rates associated with compaction when calculating runoff 
values for disturbed urban soils. For all pervious surfaces (landscaped areas, undeveloped areas, and for 
areas receiving flows from disconnected impervious area), the model user selects the level of 
compaction (normal, moderately, or severely compacted). The model uses the urban soil volumetric 
runoff ratio (from the calibrated *.rsv file) for normal soils. However, the example factors shown in 
Table 2 (suggested values based on the field and laboratory research) are used to modify these values 
for compacted soil conditions.  
 
 
Table 2. Example Infiltration Rate Factors Associated with Various Levels of Soil Compaction 
 sandy silty clayey 
Normal urban soils (a slight amount of compaction 
expected due to urbanization, especially with well-
established and healthy vegetation) 

1.00 1.00 1.00 

Moderately compacted (near buildings or other 
structures associated with construction, or compacted 
with use) 

0.50 0.20 0.10 

Severely compacted (the highest level of compaction 
possible associated with extreme use) 

0.20 0.10 0.00 

 
 
The factors shown in Table 2 are user accessible as part of the tools/program options/default model 
options and are saved in the *.ini file. As an example, if the normal Rv (the ratio of runoff volume to 
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rainfall volume) for a silty soil was 0.35 for a specific rain condition, the modified value associated with 
moderately compacted conditions increases due to the compacted conditions, using the following 
relationships: 
 

Normal amount of infiltration (plus evapotranspiration) with Rv of 0.35:  1 - 0.35 = 0.65 
 
With a compaction factor of 0.20, only 1/5 of the normal amount of infiltration would actually 
infiltrate: 0.2*0.65 = 0.13 
 
And the new adjusted Rv associated with moderately compacted silty soils for that rain would 
therefore be: 1-0.13 = 0.87 

 
Therefore: adjusted Rv = 1-((1- normal Rv)*factor), or: 1-((1-0.35)*0.2) = 0.87 
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Appendix C: Calibration Analyses 
 
 
TSS Concentration Calibrations 
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Mann-Whitney Rank Sum Test Results for TSS Concentrations for San Diego Sites 
Group N  Missing  Median  25% 75% 
SD obs TSS mg/L 69 0 81.667 31.25 137.667 
SD calc TSS mg/L 69 0 215.7 74.43 243.15 
Mann-Whitney U Statistic= 1489.000   
T = 3904.000  n(small)= 69  n(big)= 69  (P = <0.001)  
The difference in the median values between the two groups is greater than would be expected by 
chance; there is a statistically significant difference (P = <0.001) 
 
Mann-Whitney Rank Sum Test Results for TSS Concentrations for Virginia Sites 
Group N  Missing  Median  25% 75% 
VA obs TSS mg/L 7 0 11 11 22 
VA calc TSS mg/L 7 0 19.27 18.4 23.17 
Mann-Whitney U Statistic= 17.000   
T = 45.000  n(small)= 7  n(big)= 7  P(est.)= 0.368  P(exact)= 0.383 
The difference in the median values between the two groups is not great enough to exclude the 
possibility that the difference is due to random sampling variability; there is not a statistically significant 
difference  (P = 0.383) 
 
Mann-Whitney Rank Sum Test Results for TSS Concentrations for Washington Sites 
Group N  Missing  Median  25% 75% 
WA obs TSSmg/L 4 0 3.5 2 11 
WA calc TSS mg/L 4 0 60.11 58.57 64.785 
Mann-Whitney U Statistic= 0.000   
T = 10.000  n(small)= 4  n(big)= 4  P(est.)= 0.029  P(exact)= 0.029 
The difference in the median values between the two groups is greater than would be expected by 
chance; there is a statistically significant difference (P = 0.029) 
 
 
Mann-Whitney Rank Sum Test Results for TSS Concentrations for All Sites Combined 
Group N  Missing  Median  25% 75% 
all obs TSS mg/L 80 0 63.833 22 124.917 
all calc TSS mg/L 80 0 122.05 61.42 242.875 
Mann-Whitney U Statistic= 2075.000   
T = 5315.000  n(small)= 80  n(big)= 80  (P = <0.001)  
The difference in the median values between the two groups is greater than would be expected by 
chance; there is a statistically significant difference (P = <0.001) 
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Copper Mass Calibrations 
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Mann-Whitney Rank Sum Test Results for Total Copper Mass Loadings for San Diego Sites 
Group N  Missing  Median  25% 75% 
SD obs Cu lbs 51 0 0.135 0.0551 0.245 
SD calc Cu lbs 51 0 0.0333 0.0145 0.109 
Mann-Whitney U Statistic= 775.000   
T = 3152.000  n(small)= 51  n(big)= 51  (P = <0.001)  
The difference in the median values between the two groups is greater than would be expected by 
chance; there is a statistically significant difference (P = <0.001) 
 
 
Mann-Whitney Rank Sum Test Results for Total Copper Mass Loadings for Virginia Sites 
Group N  Missing  Median  25% 75% 
VA obs Cu lbs 7 0 0.0473 0.0165 0.0756 
VA calc Cu lbs 7 0 0.0686 0.0379 0.12 
Mann-Whitney U Statistic= 15.000    
T = 43.000  n(small)= 7  n(big)= 7  P(est.)= 0.250  P(exact)= 0.259 
The difference in the median values between the two groups is not great enough to exclude the 
possibility that the difference is due to random sampling variability; there is not a statistically significant 
difference (P = 0.259) 
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Mann-Whitney Rank Sum Test Results for Total Copper Mass Loadings for Washington Sites 
Group N  Missing  Median  25% 75% 
WA obs Cu lbs 36 0 0.045 0.00514 0.135 
WA calc Cu lbs 36 0 0.0371 0.00956 0.143 
Mann-Whitney U Statistic= 625.000    
T = 1291.000  n(small)= 36  n(big)= 36  (P = 0.800)  
The difference in the median values between the two groups is not great enough to exclude the 
possibility that the difference is due to random sampling variability; there is not a statistically significant 
difference (P = 0.800) 
 
 
Mann-Whitney Rank Sum Test Results for Total Copper Mass Loadings for All Sites Combined 
Group N  Missing  Median  25% 75% 
all obs Cu lbs 94 0 0.103 0.017 0.19 
all calc Cu lbs 94 0 0.0381 0.0143 0.118 
Mann-Whitney U Statistic= 3625.000   
T = 9676.000  n(small)= 94  n(big)= 94  (P = 0.034)  
The difference in the median values between the two groups is greater than would be expected by 
chance; there is a statistically significant difference (P = 0.034) 
 
 
 
Copper Concentration Calibrations 
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Mann-Whitney Rank Sum Test Results for Total Copper Concentrations for San Diego Sites 
Group N  Missing  Median  25% 75% 
SD obs Cu ug/L 51 0 216.667 83 866.667 
SD calc Cu ug/L 51 0 85.34 69.3 116.1 
Mann-Whitney U Statistic= 664.000   
T = 3263.000  n(small)= 51  n(big)= 51  (P = <0.001)  
The difference in the median values between the two groups is greater than would be expected by 
chance; there is a statistically significant difference (P = <0.001) 
 
 
Mann-Whitney Rank Sum Test Results for Total Copper Concentrations for Virginia Sites 
Group N  Missing  Median  25% 75% 
VA obs Cu ug/L 7 0 15 8 40 
Va calc Cu ug/L 7 0 20.56 15.55 23.57 
Mann-Whitney U Statistic= 21.000   
T = 49.000  n(small)= 7  n(big)= 7  P(est.)= 0.701  P(exact)= 0.710 
The difference in the median values between the two groups is not great enough to exclude the 
possibility that the difference is due to random sampling variability; there is not a statistically significant 
difference (P = 0.710) 
 
 
Mann-Whitney Rank Sum Test Results for Total Copper Concentrations for Washington Sites 
Group N  Missing  Median  25% 75% 
WA obs Cu ug/L 36 0 11.3 7.225 27.375 
WA calc Cu ug/L 36 0 13.625 10.45 20.348 
Mann-Whitney U Statistic= 547.000   
T = 1213.000  n(small)= 36  n(big)= 36  (P = 0.258)  
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The difference in the median values between the two groups is not great enough to exclude the 
possibility that the difference is due to random sampling variability; there is not a statistically significant 
difference (P = 0.258) 
 
 
Mann-Whitney Rank Sum Test Results for Total Copper Concentrations for All Sites Combined 
Group N  Missing  Median  25% 75% 
all obs Cu ug/L 94 0 73.1 12.15 327.917 
all calc Cu ug/L 94 0 54.115 16.105 89.368 
Mann-Whitney U Statistic= 3809.000   
T = 9492.000  n(small)= 94  n(big)= 94  (P = 0.103)  
The difference in the median values between the two groups is not great enough to exclude the 
possibility that the difference is due to random sampling variability; there is not a statistically significant 
difference (P = 0.103) 
 
 
Zinc Mass Calibrations 
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Mann-Whitney Rank Sum Test Results for Total Zinc Mass Loadings for San Diego Sites 
Group N  Missing  Median  25% 75% 
SD obs Zn lbs 17 0 0.781 0.0276 1.02 
SD calc Zn lbs 17 0 0.477 0.0763 1.222 
Mann-Whitney U Statistic= 127.000   
T = 280.000  n(small)= 17  n(big)= 17  (P = 0.558)  
The difference in the median values between the two groups is not great enough to exclude the 
possibility that the difference is due to random sampling variability; there is not a statistically significant 
difference (P = 0.558) 
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Mann-Whitney Rank Sum Test Results for Total Zinc Mass Loadings for Virginia Sites 
Mann-Whitney Rank Sum Test Saturday, November 16, 2013, 10:38:17 PM  
Group N  Missing  Median  25% 75% 
VA obs Zn lbs 7 0 0.246 0.095 0.43 
VA calc Zn lbs 7 0 0.363 0.208 0.617 
Mann-Whitney U Statistic= 15.000    
T = 43.000  n(small)= 7  n(big)= 7  P(est.)= 0.250  P(exact)= 0.259 
The difference in the median values between the two groups is not great enough to exclude the 
possibility that the difference is due to random sampling variability; there is not a statistically significant 
difference (P = 0.259) 
 
 
Mann-Whitney Rank Sum Test Results for Total Zinc Mass Loadings for Washington Sites 
Group N  Missing  Median  25% 75% 
WA obs Zn lbs 36 0 0.143 0.024 0.659 
WA calc Zn lbs 36 0 0.13 0.0317 0.556 
Mann-Whitney U Statistic= 609.000   
T = 1275.000  n(small)= 36  n(big)= 36  (P = 0.665)  
The difference in the median values between the two groups is not great enough to exclude the 
possibility that the difference is due to random sampling variability; there is not a statistically significant 
difference (P = 0.665) 
 
 
Mann-Whitney Rank Sum Test Results for Total Zinc Mass Loadings for All Sites Combined 
Group N  Missing  Median  25% 75% 
all obs Zn lbs 60 0 0.249 0.0257 0.842 
all calc obs Zn lbs 60 0 0.288 0.0446 0.717 
Mann-Whitney U Statistic= 1652.000   
T = 3482.000  n(small)= 60  n(big)= 60  (P = 0.439)  
The difference in the median values between the two groups is not great enough to exclude the 
possibility that the difference is due to random sampling variability; there is not a statistically significant 
difference (P = 0.439) 
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Zinc Concentration Calibrations 
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Mann-Whitney Rank Sum Test Results for Total Zinc Concentrations for San Diego Sites 
Group N  Missing  Median  25% 75% 
SD obs Zn ug/L 17 0 256 143 490 
SD calc Zn ug/L 17 0 471 373.4 542.6 
Mann-Whitney U Statistic= 87.000    
T = 240.000  n(small)= 17  n(big)= 17  (P = 0.050)   
The difference in the median values between the two groups is greater than would be expected by 
chance; there is a statistically significant difference (P = 0.050) 
 
 
Mann-Whitney Rank Sum Test Results for Total Zinc Concentrations for Virginia Sites 
Group N  Missing  Median  25% 75% 
VA obs Zn ug/L 7 0 91 46 109 
VA calc Zn ug/L 7 0 90.14 76.19 133.3 
Mann-Whitney U Statistic= 20.000    
T = 48.000  n(small)= 7  n(big)= 7  P(est.)= 0.609  P(exact)= 0.620 
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The difference in the median values between the two groups is not great enough to exclude the 
possibility that the difference is due to random sampling variability; there is not a statistically significant 
difference (P = 0.620) 
 
 
Mann-Whitney Rank Sum Test Results for Total Zinc Concentrations for Washington Sites 
Group N  Missing  Median  25% 75% 
WA obs Zn ug/L 36 0 64.65 30.725 79.6 
WA calc Zn ug/L 36 0 60.14 44.247 84.16 
Mann-Whitney U Statistic= 571.000    
T = 1237.000  n(small)= 36  n(big)= 36  (P = 0.389)  
The difference in the median values between the two groups is not great enough to exclude the 
possibility that the difference is due to random sampling variability; there is not a statistically significant 
difference (P = 0.389) 
 
 
Mann-Whitney Rank Sum Test Results for Total Zinc Concentrations for All Sites Combined 
Group N  Missing  Median  25% 75% 
all obs Zn ug/L 61 1 75.6 42.5 191.5 
all calc Zn ug/L 61 1 83.96 53.435 326.45 
Mann-Whitney U Statistic= 1541.000    
T = 3371.000  n(small)= 60  n(big)= 60  (P = 0.175)  
The difference in the median values between the two groups is not great enough to exclude the 
possibility that the difference is due to random sampling variability; there is not a statistically significant 
difference (P = 0.175) 
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	Executive Summary
	This report describes results of a demonstration/validation project to assess the use of the urban stormwater model Windows Source Loading and Management Model (WinSLAMM) to characterize sources of copper and zinc in storm runoff at Navy facilities, a common compliance problem for Navy bases across the nation. The Navy’s Environmental Sustainability Development to Integration (NESDI) Program funded this project (Project 455) and the work described in this report was performed by the Energy and Environmental Sciences Group at Space and Naval Warfare Systems Center Pacific in collaboration with Dr. Robert Pitt of the University of Alabama, the originator of the WinSlamm model. 
	The technical approach taken was to optimize and calibrate the WinSlamm model specifically for Navy facilities using Navy-specific drainage characteristics and stormwater datasets from multiple drainages. The model calibration was based on a comparison of over 300 stormwater datasets and detailed site characterizations from 19 drainages on 11 Navy Bases in the Southwest, Northwest, and Mid-Atlantic regions of the US ranging in size from 1 to 1400 acres. The model generated reasonable results though with a relatively high degree of variability that was primarily a result of first-flush (first hour of runoff) stormwater data, the most common data collected across the country and because it was possible only to compare current operations and land uses against historic storm data.
	A spreadsheet tool based on the WinSLAMM calibration was developed to perform the modeling in a simplified format for use by Navy facility managers. A spreadsheet was generated for each of the three Navy Regions where the calibration was performed to account for differences in model outcomes primarily a result of variations in regional rainfall effects. The report provides guidance on the use of the spreadsheet tool, with a particular focus on how to collect and enter key site characterization data from an onsite review of facility drainages. This includes identifying and measuring areas within 53 different source area categories within land use areas that can be characterized as mostly residential, commercial, or industrial. Using the tool in other Navy Regions should be based on how similar rainfall is in the area to the type of rainfall used in calibrating the tool for the three regions.
	The project has created a simple and potentially useful tool that facility managers can use to identify where and relatively how much copper and zinc are generated throughout their drainages. The tool can therefore be used when developing strategies to implement control practices to meet compliance. The model was used to generate a table of the top 14 industrial source land uses for both copper and zinc across all three regions to provide a general overview of relative sources. The report appendices provide information on measured source strengths of many common materials found on Navy facilities, specific guidance with an example for conducting a site characterization, and the model calibration reports that also contain candidate stormwater control practices with a measure of their potential effectiveness in each of the three Navy Regions. 
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	Introduction
	The following report describes results of a demonstration/validation project to assess the urban stormwater model Windows Source Loading and Management Model (WinSlamm) to characterize sources of copper and zinc in storm runoff at Navy facilities. The Navy’s Environmental Sustainability Development to Integration (NESDI) Program funded this project (Project 455) and the Energy and Environmental Sciences Group at Space and Naval Warfare Systems Center (SSC) Pacific, in collaboration with Dr. Robert Pitt of the University of Alabama, the originator of the WinSLAMM model, performed the work described in this report. 
	The project was designed to develop a method to assess sources copper and zinc as requested in NESDI Need N-0713-10 submitted by Navy Region Southwest: 
	“To reduce/eliminate copper and zinc in stormwater discharges we need to accurately identify and quantify sources of copper and zinc in drainage areas that are not meeting the acute toxicity standard and benchmark values and then develop Best Management Practices to reduce/ eliminate the sources. Visual inspections of the drainage areas have been insufficient in identifying and quantifying sources of copper and zinc so we have been unable to develop and implement effective BMPs to meet our permit requirements.”
	The project deliverable includes this report describing the project goals, methods, and modeling results, as well as guidance on conducting a site characterization and use of the modeling tool. Appendix A provides a second independent report previously delivered that describes the relative magnitude of various source materials generating copper and zinc. Appendix B contains detailed guidance for completing the site characterization process. The final deliverable also includes the Microsoft Excel® spreadsheet modeling tool as a separate set of files.Appendices C and D provide two detailed reports describing the complete calibration procedures conducted by Dr. Pitt, along with descriptions of candidate storm- water control practices, particle size distributions for source areas, and soil compaction effects on infiltration rates. 
	Background
	Copper and zinc are ubiquitous contaminants found in stormwater discharges in urban and industrialized areas. These contaminants originate from a variety of sources and input pathways that flow into stormwater conveyance systems, eventually affecting receiving water bodies. Navy environmental managers have identified copper and zinc concentrations as commonly exceeding National Pollutant Discharge Elimination System (NPDES) permit benchmarks (Katz, Rosen, and Arias, 2006).Toxicity identification evaluations also identified these metals as the principal toxicants in stormwater. Exceedance of NPDES benchmark levels and toxicity standards pose a potential for notices of violation as well as civil lawsuits. In addition, numerical limits of copper and zinc waste load allocations instituted through the Total Maximum Daily Load (TMDL) are creating an even more stringent compliance landscape such as those starting to be implemented into Navy Regions Southwest permits.
	Navy facility environmental managers are facing a daunting challenge to meet their more stringent stormwater discharge requirements. Even with existing Best Management Practices (BMPs), a lack of accurate assessment tools and framework for prioritizing contaminant sources leaves facility managers at risk. To meet current and future permit and TMDL requirements, an appropriate stormwater management tool to optimize the selection of the most effective BMPs for reducing end-of-pipe contaminant concentrations and mass loads. A key element to implementing effective BMPs is to first identify and quantify the relative contributions of metals to stormwater runoff from the various sources present on the facility. This project was designed to provide this information as a calibrated and verified modeling tool that identifies and quantifies these sources and thereby provide the key information needed to optimize management decisions on implementing BMPs to mitigate them.
	Project Goal
	The project goal was to demonstrate and validate a tool for stormwater management that Navy facility environmental managers could use to identify and quantify relative sources of copper and zinc found in stormwater runoff. SSC Pacific scientists expect facility managers to use the tool to better assess their drainages and thereby identify where control practices would create the highest potential for mitigating contaminant loads. 
	Technical Approach
	The technical approach was to optimize the off-the-shelf Windows Source Loading and Management Model (WinSlamm) developed by PV & Associates for use at Navy facilities across the country. WinSlamm is a small-scale watershed hydrology and water quality modeling tool previously applied to various industrial and municipal sites around the country. While widely used, the model requires the input of specific land use data to optimize its predictive accuracy in quantifying stormwater contaminant loading and effects of implementing control practices. The project effort therefore focused on gathering Navy facility-specific source and storm-water parameter data to calibrate, validate, and optimize the model for Navy use.  
	The WinSLAMM model uses three basic model parameter datasets to generate an estimate of the relative magnitude and contribution of site pollutant sources to storm pollutant discharges. These include: 
	1. Site land use and source characteristics (e.g., roofs, parking lots, laydown), storm water management practices (e.g., infiltration, treatment system), and structure of the storm discharge/conveyance system (e.g., perviousness, slope, soil type)
	2. A pollutant source loading dataset that describes the amount of pollutant derived from various site land uses and site materials based on historical regional datasets
	3. A detailed regional historical rainfall dataset describing frequency, magnitude, and  intensity over relatively long periods of time (years) 
	In this project, the approach was to take WinSLAMM’s built-in regional residential, commercial, and industrial pollutant source datasets as a starting point and modify them to account for site characteristics and stormwater datasets specific to Navy facilities. 
	Methods
	The calibration method focused on using a highly detailed characterization of land uses/ infrastructure and site materials at a number of U.S. Navy base drainages to generate model predictions of storm-water volume, particulates, copper, and zinc masses and concentrations, and comparing them to actual storm-water datasets. The standard model pollutant source loading data were then modified iteratively (storm by storm, outfall by outfall, and region by region) to generate predictions that best fit the observed stormwater contaminant data. The following paragraphs describe the basics of this effort. Appendices C and D include two separate annual calibration reports by Dr. Pitt and provide a complete description.
	SSC Pacific scientists generated a model calibration by conducting detailed site characterizations at 19 drainages on 11 Navy bases in the Southwest, Mid-Atlantic, and Northwest regions of the U.S. The sites evaluated, shown in Table 1, ranged from 1 to 1400 acres in size and represented the wide range of land use diversity found at Navy bases around the country. The characterizations used aerial photos, geographic information system (GIS) and facility maps, and most importantly, a site visit to quantify/validate categories and sizes of land uses, materials, and infrastructure within each drainage. The characterization method detailed later in this report is the most critical piece of information facility managers will need to run the modeling tool for their sites. 
	The characterizations, along with local rainfall data and standard model input parameter files, were used to compare the model output against a historical storm-water contaminant dataset collected for each drainage. This dataset was composed almost entirely of concentrations of total solids, copper, and zinc measured in grab samples collected during the first hour of storm flow (first-flush). Very few full-storm composite samples, flow data, or total and dissolved metal data were available. PV & Associates originally designed the model to utilize full-storm composite datasets with a breakout of particulate (as total suspended solids (TSS) and dissolved metals, so where possible, the calibration process considered the few available composite and metal speciation data available. The limited availability of full-storm datasets clearly influenced the calibration outcomes and contributed to model uncertainty. 
	Initially, the project team made comparisons iteratively storm by storm at one drainage site by modifying the pollutant source loading data associated with each land use to produce a best fit between model result and storm data. Once a best fit was found for a single drainage, the iterative process was repeated at each successive drainage until completed for the entire region. After generating each regional pollutant source loading file, SSC Pacific scientists made additional model-observation comparisons of land use, wash-off rates, and mass loading adjustments to obtain results with the least error (sum of squares of the residuals). These later adjustments were made when calibrating the last few sites. Overall, the calibration process evaluated more than 300 storm event datasets from the 19 Navy sites. 
	The calibration procedure produced a series of model predictions that SSC Pacific scientists compared to the original historical stormwater dataset. Various regression, probability plots, and statistical evaluations were generated to assess how well the model compared to the historical datasets. Figure 1 shows an example of the regression plots for total copper and zinc loads and Figure 2 shows data distribution probability plots. The regressions show a generally reasonable regression relationship between model and observed data (r-square values ~ 0.7), given the high variability of the input data. Similarly, the model and observed data distributions also generally overlaid one another reasonably well, given their large variation and range. Note that the log-log scales on the plots minimize the visual scatter inherent in these stormwater datasets. 
	The high degree of variation of first-flush stormwater data observed at even at a single site was magnified when evaluating it at multiple sites. This was clearly a  large source of variation and uncertainty when evaluating model results as was only being able to compare current operations and land uses against historic storm data. An evaluation conducted to assess these variations found that the first-flush data did not have any relationship to storm size, duration, intensity, or an antecedent dry period. SSC Pacific scientists evaluated the uncertainty and made some adjustments using the limited concurrent first-flush and full-event monitoring data. Therefore, the model calibration really only provides a reasonable prediction of an average load condition over many storm events. Examples of the final observed versus calculated loads for the last 10 validation sites are shown in Figure 3.
	During the model calibration phase it was determined that the off-the-shelf WinSlamm model could be improved with the addition of tracking particulates and contaminants in sub-drainages. This became particularly important when attempting to include laydown areas that are common throughout Navy bases. The off-the-shelf version of the model was therefore modified to allow independent tracking of these relatively important source areas, adding sophistication as well as complexity in using the full model. 
	The calibration/validation process led to the development of a pollutant source loading file specific to regional Navy land uses/materials, providing the best overall predictions to the observed storm-water copper and zinc loading data. Given the calibration uncertainties, complexity, and the likely inability to use the WinSLAMM software on Navy networks, SSC Pacific scientists determined that a spreadsheet would be the best method for implementing the tool by facility managers, who are already time-limited A spreadsheet tool was therefore developed from WinSLAMM that has all of the underlying pollutant source calibrations and rain file algorithms built in for three Navy regions. Facility managers can simply implement the tool by entering the areal extent and category of source areas/materials for a drainage area to obtain a reasonable estimate of relative source area pollutant contributions. 
	Table 1. Regions, bases, and outfall drainage areas used in calibrating the commercial off-the-shelf WinSlamm stormwater quality model for Navy-specific use. 
	Figure 1. Model predictions vs. observed stormwater copper (top) and zinc (bottom) for multiple Navy Southwest Region outfalls. Results are shown on a log-log plot.
	Figure 2. Probability distribution plots showing observed () and modeled () copper (top) and zinc (bottom) mass data. The closer the overlap in the two distributions, the closer the model matches the observed data. Results are shown on a log-log plot with 95% confidence intervals show with line. 
	Figure 3. Box and whisker plots comparing pairs of observed and calculated copper (top) and zinc (bottom) mass loads for the three Navy Region datasets and all three combined. The box shows the median as the internal horizontal line in the boxes while the upper and lower ends of the boxes indicate the 75th and 25th percentile values respectively. The ends of the whiskers indicate the 5 and 95% percentile values, while the individual dots indicate observations outside of the 5th to 95th percentile range. 
	Guidance on Using the Spreadsheet Tool
	As described above, the spreadsheet tool provides a good screening tool for identifying relative source strengths of various land uses/source areas/materials found on Navy facilities. The spreadsheet tool is provided for three Navy regions: Southwest, Northwest, and Mid-Atlantic, in a standard Microsoft Excel® workbook. The main difference among the three regions appears to be related to differences in the interaction of rainfall and sources. The team based the Region Southwest calibration on San Diego area bases. The rainfall in this area is generally characterized by intense, short duration, limited overall totals, and long dry periods. Rains in the San Diego area are heavily seasonal, with most of the rain occurring from the late fall to spring, and with a long dry period during the summer. Total annual rain depths are typically low, but can vary greatly from year to year. 
	SSC Pacific scientists based the Navy Region Northwest calibration on western Washington bases adjacent to Puget Sound. Rainfall in this area is characterized by moderate long duration, high overall totals, and short dry periods. The annual rains in this region are about 30 to 50 inches/year and can vary greatly over short distances. The rains are generally distributed evenly throughout the year, although the driest fall months have about half the rain totals as the wettest spring and winter months. 
	The Navy Region Mid-Atlantic calibration was based on bases in the Norfolk, Virginia area. Rainfall in this area is characterized by intense, long duration, high overall totals, and short dry periods. The total annual rains in this area range from about 45 to 50 inches/year and are generally distributed evenly throughout the year, but some snow may occur in the winter, and the area is periodically subjected to severe hurricane-driven weather. 
	Facilities outside the specific calibration areas can use the spreadsheets as a screening tool, though the results will have a higher level of uncertainty. It is best to use the spreadsheet that is based on rainfall characteristics that are most similar to the area of interest. 
	Follow these two main steps after choosing a specific regional spreadsheet:
	1. Perform a site characterization (input data)
	a. Site overview
	b. Characterization components
	c. Site survey 
	d. Post survey processing
	2. Run the spreadsheet tool 
	a. Enter individual area input data
	b. Run and evaluate tool output
	Figure 4 through Figure 6 show Examples of common starting points for developing a drainage site overview. The first example is a storm-water GIS map showing the outline (thicker purple line) of the drainage area for outfall 73 at Naval Base San Diego. Two adjacent drainage areas are outlined with cyan lines. The second example is an aerial photo of the same area taken from Google Earth™, where the drainage boundary was overlain using polygon tools within the application (this can be facilitated using the “image overlay” capability in Google Earth™). If available, both drainage area overviews should be printed for use when conducting the site visit because each overview has useful information that allows users to quickly identify where they are located on the site. In particular, the GIS provides information such as building numbers and drain inlets, while the aerial images provide information such as building shapes, colors, and street/parking area delineations. We recommend that the large overview area be divided up into smaller “like” areas with easily recognizable elements such as large buildings, streets, or green space to provide more manageable survey areas with higher resolution and detail. These overviews should be printed for use during the site visit for taking notes. Facility managers can use the overview maps to create a locator grid to locate sub-area descriptors. 
	Other helpful ancillary information to gather before the survey is where the conveyance systems are located and where management practices such as infiltration areas or treatment systems may be present. Mark them on the overview sheets ahead of time. The spreadsheet tool does not fully implement the BMP portion of the WinSlamm model, but facility mangers can stil adjust a managed area for its treatment. Managers accomplish this by adjusting the relative size of the area by the percentage of the expected contaminant reduction of the BMP (e.g., a 1-acre area with an expected/measured 50% treatment reduction in copper and zinc would be entered into the model as a 0.5-acre area). 
	Table 2. WinSLAMM model source area input categories. Each category is also characterized into primarily residential, commercial, or institutional type areas. The goal of the site characterization is to locate and measure out the areal extent of each of the source areas present in the drainage and enter it in to the spreadsheet tool input tab. 
	Figure 4. Example outline of Naval Base San Diego storm-water drainage area for outfall 73 (purple outline) using the base’s storm-water GIS as the starting point. Red lines show the location of the storm-water conveyance system within each drainage. This complete overview should be printed for use during the site survey, if available.
	Figure 5. Example outline of Naval Base San Diego storm-watger drainage area for outfall 73 using Google Earth™ aerial image as the starting point. The overlay can be facilitated using Google Earth’s™ image overlay capability. This complete overview should be printed for use during the site survey, if available.
	Figure 6. Drainage area overview broken down into three (A, B, C) overlapping regions to facilitate higher detail and for taking notes during the site survey.
	As previously mentioned, facility managers can use the site characterization to identify the location, type, and spatial extent of each of the 53 categorized source areas/materials within a drainage, as shown in Table 2. For example, these characterizations can include roofs, parking/streets/sidewalks, pervious or undeveloped lands, or laydown/storage areas containing mixed materials such as metals or treated wood. Many of the main categories are observable on the overview images and their irregular polygon areas can be measured using online tools such as Free Map Tools© area-calculator (http://www.freemaptools.com/area-calculator.htm) or with standard GIS measurement tools. While facility managers can do this before the site survey, changes in site characteristics can and do occur at frequencies greater than updates to imagery and GIS, so we encourage managers to do their measurements after validating site components. Once on site, one can use highly accurate GPS receivers, a surveyor’s wheel, or even one’s own stride to obtain lengths, areas, or perimeters. All three methods, performed in combination or alone, should provide a reasonably accurate measure when conducted consistently.
	Three key elements to the characterization usually not evident on the overview images are the type of materials present, its connectedness to the storm-water conveyance system, and the presence and extent of pervious and impervious surfaces. Our efforts at assessing the relative amount of copper and zinc that leach off of many common materials show that the actual material making up the structures can have an exceptionally important impact on quantifying their magnitude as a copper or zinc source to the overall drainage (see Appendix A). It is therefore particularly important to note the presence and extent (surface area) of metal materials such as galvanized steel, uncoated fencing, railings, light poles, containers/dumpsters, gangplanks, scaffolding, gutters, piping, and even the metal grates covering stormwater catchments. Facility managers can find these materials as parts of structural components, and as dense groupings within laydown or storage areas (Figure 7). In either case, these materials can be uniquely identified in the spreadsheet tool when observed in measurable quantities. 
	This last statement describes the somewhat subjective and arbitrary aspect of the site assessment. Facility managers must judge the relative magnitude in terms of surface area of the materials they observe and put them into context of the entire drainage. A galvanized gutter system on a small building may be measurable but potentially not worth quantifying as a separate item when large areas of laydown containing a high percentage of galvanized and mixed metal materials also exist. While controlling any of these sources can be helpful to mitigating contaminants in storm runoff, quantifying the larger congregation of source materials is more important from a potential future management control action than ensuring that every single source is identified. The fact that there can be hundreds of these potential sources speaks to the problem facing our bases, but also the opportunity for future mitigation using material substitutions or treatment measures. 
	Another key element in the characterization is how sub-drainage areas physically connect to the discharge pipe/outfall, an element not easily observed without conducting the site survey. In particular, the facility manager should evaluate each land use for how it connects directly to the conveyance system or if it first intersects a pervious area, which has the effect of mitigating the volume and amount of contaminant, discharged. Examples of roofing that directly connects through a downspout to the conveyance system and roofs disconnected by first draining to vegetation, soil, or an infiltration area are shown in Figure 8. The model also accounts for the connectedness of large surface areas such as streets or parking areas that drain directly to the conveyance system through curb/street drains or indirectly to swales/pervious areas (Figure 9).
	The third important element of information in the calculations that is not always evident from the overview images is the perviousness of the land surfaces. Large green spaces are generally observable from the overviews, but small landscaped or infiltration areas, for instance those around buildings, are not always observable. For example, facility managers may not be able to differentiate artificial turf from actual turf in aerial images, and turfs’ contaminant source strengths are considerably different. Even large soil sites may not be differentiated from concrete on overview maps (Figure 10). The site survey allows the facility manager to clearly identify these potential differences and enter this information as a separate entry in the spreadsheet tool. The spreadsheet also considers the amount of compaction that may exist for a non-paved area (areas around buildings or as storage or parking areas are assumed as compacted, for example, resulting in significantly greater storm-water flows than from non-compacted areas). Field notes should therefore indicate the degree of compaction expected for the non-paved source areas. 
	The basic method for the site survey is to walk the site making notations directly on the hardcopy images. Bring a copy of Table 2 to remind yourself of the categories. Create and use a simple set of abbreviations and/or Table 2 line numbers for taking notes. Roughly draw in those items that are not present in the imagery. It is probably easiest to start out in a corner of the drainage and work methodically across the site. Note types of ground surfaces, how land use elements are connected or not to the conveyance system, which sometimes requires assessing where the runoff will likely flow based on site elevation. Identify where significant architectural or standalone materials comprised of galvanized, copper, or other metal surfaces exist. When mixtures of surfaces such as intermittent hardscape are located within a vegetated area, it is probably best to measure the whole area and then estimate the percentage area for each element within it. You should also use the same method to assess the areal extent of mixed materials such as when there is a substantial amount of galvanized machinery or walkways on rooftops, or when a storage area or laydown area is partially filled with specific metal materials of note. You should enter these separate amounts into the spreadsheet tool under the special areas category.
	During the site survey, it is particularly important to locate, assess, and measure out the areas of laydown and storage that are common throughout Navy facilities. Some of these areas are permanently designated for this purpose, while others are more ephemeral and may not show up in the aerial imagery or GIS maps. The facility manger enters these areas into the spreadsheet tool based on their relative intensity/density of materials. Examples of light, moderate, and heavy are shown in Figure 11 through Figure 13. This is clearly a subjective evaluation that you should do as consistently as possible across the facility and drainages. These areas frequently contain sizeable groupings of metal and other materials that are relatively large sources of leachable copper and zinc, including the galvanized fencing that usually surrounds them. As described previously for mixed material areas, the surface area of copper, galvanized, or treated wood materials can be estimated as a percentage of the total area and entered in to the spreadsheet under the special areas category, while the remainder percentage is entered in to the spreadsheet under laydown/storage. 
	Figure 7. Examples of metal materials making up architectural components as well as grouped within laydown storage areas. 
	Figure 8. Examples of roofs directly connected to the storm-water conveyance system (top) and those disconnected that drain to vegetation, soil, or stone-filled infiltration areas like those shown in the bottom photos. 
	Figure 9. Examples of street and parking areas directly connected to the conveyance system (left) and indirectly connected through a vegetated swale.
	Figure 10. Examples of large surface areas that may not be discernable as non-paved or paved from an aerial image.  
	Figure 11. Example of heavy laydown area containing a high percentage of galvanized materials. The roughly 1000 ft2 area visible consists of ~ 75% galvanized materials. Therefore, the entry to the spreadsheet would be 750 ft2 under “Other galvanized materials paved- connected” and 250ft2 under “Heavy laydown paved areas- connected”.  
	Figure 12. Example of moderate laydown area. 
	Figure 13. Example of light storage area. The area of fencing (height x length) and the few galvanized materials should be entered separately into the spreadsheet tool under “Other galvanized materials paved- connected”.  
	Once the site is evaluated, the total area for each category of land use source area must be calculated for entry into the spreadsheet tool. As described previously, multiple methods exist for deriving the individual areas, including using a GPS receiver, a surveyor’s wheel, stride length, or a GIS measurement tool. We found that using the Free Map Tools area-calculator tool (freemaptools.com) in concert with GoogleEarth™ polygons provide an effective way to organize, measure, and visualize the data (Figure 14). The outline of steps for this method is described below. A more detailed step-by-step description is shown in Appendix B. Regardless of the method, to derive total areas, we recommend maintaining a record of the location as well as areas of the individual land use elements to allow you to target them later for management control practices. For your convenience, we have provided a tab in the spreadsheet tool labeled “Individual Areas Input” that allows you to enter in the individual areas that will automatically populate the spreadsheet tool’s main input tab (“Input”). 
	Steps for using Google Earth™ with Free Map Tools© area-calculator tool: 
	1. Open GoogleEarth™ 
	2. Use the “Add Polygon” tool to outline the perimeter of an area (use “Add a Path” for the special case of measuring the length of linear features such as galvanized fencing)
	3. Choose a color and opacity of 50% to outline each broad category of land use 
	4. Name the polygon (or path) with an ID using your own shorthand designations that details the specific category information (e.g., “Bldg-310r PR-D” refers to residential (r) building 310 with pitched roof (PR) disconnected (D) from the drainage system) and/or grid locator
	5. Outline the land use by clicking along the perimeter of the land use (or length of a linear feature)
	6. Save the  polygon or path as a KML file (right click on the polygon or path)
	7. Follow steps 2 through 6 for all individual areas (see Figure 14 for an example of polygon overlays)
	8. Open Free Map Tools© (http://www.freemaptools.com/area-calculator.htm)
	9. Browse for and open your KML file under “Read KML”
	10. Uploading the file will automatically calculate the polygon areas (areas of fencing need to be calculated separately by multiplying the path length by average fence height)
	11. Save/store the individual area data directly in the Individual Areas Input worksheet of the spreadsheet tool or save separately for later entry into the tool
	12. Repeat steps 9 through 11 for each polygon KML file you previously generated.  
	Figure 14. Example of general land use categories placed as polygon overlays in an aerial image generated in Google Earth™. The individual areas of each polygon can be calculated using Free Map Tools. The individual or summed area data for each land use category are entered into the spreadsheet tool.  
	Open up the spreadsheet tool workbook for one of three Navy region areas: Southwest, Northwest, or Mid-Atlantic. As described before, if you are working in a Navy region outside these three, use the spreadsheet for the area with the most similar rainfall patterns to the calibration areas as described earlier (Guidence Section)
	The spreadsheet tool is a workbook consisting of eight worksheets. You must enable macros in the workbook to run the model. The following describes the information contained in the eight worksheets:
	ReadMe - This first worksheet describes the tool, data entry requirements and where to find basic results information. It also describes the rain characteristics used to calibrate the model.
	Individual Areas Input - This worksheet is where one enters each of the individual land use source area elements measured on the site. Facility managers should enter the data into columns D through BD in units of acres under each of the 53 different land use categories, differentiated as primarily residential, commercial, or industrial land uses (rows). Cells can have a value of zero or can remain empty. There is a place to put in an area identifier (ID) and/or grid locator information for keeping track of the different land use elements. Values entered in to this worksheet are automatically summed into area totals for each category in column C. The reset button at the top empties the data values in all cells (though not the IDs). Basic summary data shown at the bottom of the worksheet provide a quick overview of general drainage area characteristics.
	The remaining six worksheets provide the results of the model calculations. The Area, Runoff, TSS, Cu, and Zn parameter worksheets show individual tabular results and graphs. A tabular summary of all the results are in the last worksheet labeled Source Values. Facility managers must update each of the individual parameter sheets by clicking on the update  button at the top of each page, though the source values worksheet updates automatically without an update button. Once you click the button, you will see the table and graph results generated by the embedded model macros. You can review the results only after the macros complete the calculations. We recommend that you run the update on all sheets before reviewing any of the results. All cells in the results worksheets are protected, though the data can be copied and pasted into other worksheets or applications for further evaluation or report preparation. 
	The tabular and graphical results on each of the individual parameter worksheets are similar and divided into residential, commercial, and industrial land use types. Values are calculated for the source amount of a parameter as a percentage of the total land use type and as a percentage of the total drainage area.  The values are sorted from largest to smallest based on the relative source contribution of a land use category to the total area. The top 10 source categories are shown in the pie charts (the sum of the remaining areas is shown as the eleventh pie piece). The relative source strength of Runoff, TSS, Cu, and Zn for each area is also shown as a ratio (e.g., a value of 2.0 indicates that the area contributes twice the source of a parameter relative to its size). The top 10 source areas for the entire area are shown in the table and horizontal bar chart on the far right side of each worksheet.   
	 The Source Values worksheet contains the summary table of calculated results for all parameters as a function of the land use category. The table shows the magnitude of the sources in each category as percentages (repeating the individual worksheet values) and by runoff volume in cubic feet per year, and total suspended particulates, copper and zinc in units of pounds per year. These data provide the relative source contributions calculated by the model for each land use category measured in the drainage.  Facility managers can compare the relative source contributions of each parameter by reading across the row.
	SSC Pacific scientists developed the spreadsheet tool to identify and quantify relative sources of copper and zinc found in facility storm-water runoff so facility managers can use the information to better develop mitigation strategies for instituting control practices. The tool results provide the manager with relative source strength data for each land use area in the drainage. Managers can evaluate these data in terms of the overall contribution magnitude or as a relative source contribution percentage. While a particular source area may be the overall largest contributor to the runoff, it may be composed of many individual elements and/or spread out throughout a drainage (e.g., from many roofs) and may not necessarily lend itself to a cost-effective management control practice. Thus, managers must also consider the relative source contribution results, as this information may identify more concentrated sources that may be easier or less costly to control. 
	To evaluate relative source strengths, we tested the model for all three regions by entering in 1-acre values for all source area categories for industrial land use and sorted the results by both copper and zinc in lbs/y. The following two tables show the top 14 sources within the industrial land use categories for each of the three regions generated by the model. The categories in these top 14 sources are relatively consistent across the regions, though there are some differences in their exact order. Facility managers can use these results as a broad generalization for evaluating relative site sources. For example, exposed copper materials and treated wood are clearly large copper sources, as artificial turf and exposed galvanized materials are for zinc. Also, there is little difference in unit area yields between directly connected and disconnected source areas as these disconnected source areas typically drain to heavily compacted non-paved areas.
	Although these relative source strengths are useful, conducting the site characterization and assigning actual area measurements to each source type is required to complete the full assessment. 
	A final note on the results in Table 3 and Table 4 is that very little crossover exists in the land use source area categories that are relatively large sources of copper, and those that are, are sources of zinc. This suggests that in many cases, mitigating a relatively high source area for copper may not have as much effect on zinc reduction, and vice versa, though most mitigation steps affect both metals.  
	As mentioned previously, the calibration reports generated by Dr. Pitt for this project also contain information on control practices for candidate stormwater, particle size distributions for source areas, and soil compaction effects on infiltration rates. Appendices C and D describe the effectiveness of various mitigation strategies when applied to any one of the three Navy regions, including pavement and roof disconnections, roof runoff rain gardens, biofilters, porous pavement, grass filters, grass swales, green roofs, street cleaning, catchbasins and hydrodynamic separators, Multi-Chambered Treatment Train (MCTT), and selection of media for treatment devices. While the detail is based on full implementation of the WinSlamm modeling software, the results are shown in terms of their estimated potential effectiveness for each of the three Navy regions.
	Table 3. Comparison of industrial area land use categories for copper source strengths by region. The values represent the top 14 modeled copper sources. 
	Table 4. Comparison of industrial area land use categories for copper source strengths by region. The values represent the top 14 modeled zinc sources. 
	In summary, this report describes the development and use of a spreadsheet modeling tool to provide a quantitative method for identifying sources of copper and zinc to stormwater runoff on Navy facilities. The goal was to provide facility managers with a tool to help them choose where to most effectively apply runoff controls. The WinSlamm tool was calibrated using site characteristics and stormwater data from Navy facilities for three separate Navy regions. The calibration was based on a comparison of over 300 stormwater datasets and detailed site characterizations from 19 drainages on 11 Navy bases in the Southwest, Mid-Atlantic, and Northwest regions of the U.S., ranging in size from 1 to 1400 acres. The model generated reasonable results, though with a relatively high degree of variability was primarily related to the high degree of variability that is associated with first-flush (first hour of runoff) data along with, and because it was possible only to compare current operations and land uses against historic storm data.
	SSC Pacific and the University of Alabama developed a spreadsheet tool based on the calibration to perform the modeling in a simplified format for use by Navy facility managers. A spreadsheet was generated for each of the three Navy regions where the calibration was performed to account for differences in model outcomes primarily a result of variations in regional rainfall effects. The report provides guidance on the use of the spreadsheet tool, with a particular focus on how to collect and enter key site characterization data from an onsite review of facility drainages. This includes identifying and measuring areas within 53 different source area categories for land use within areas that can be characterized as mostly residential, commercial, or industrial. Using the tool in other Navy regions should be based on how similar rainfall is in the area to the type of rainfall used in calibrating the tool for the three regions
	The project has created a simple and potentially useful tool that facility managers can use to identify where and relatively how much copper and zinc are generated throughout their drainages. Facility managers can therefore use the tool when developing strategies to implement control practices to meet compliance. The report appendices provide information on measured source strengths of many common materials found on Navy facilities, specific guidance with an example for conducting a site characterization, and the model calibration reports that also contain control practices for candidate stormwater with a measure of their potential effectiveness in each of the three Navy regions. 
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	APPENDIX A
	STORMWATER MODELING TOOL FOR NAVY FACILITIESNESDI PROJECT 455
	NAVY MATERIALS COPPER AND ZINC 
	LEACHATE RESULTS 
	Ernie Arias, Chuck Katz, Kara Sorensen
	Energy and Environmental Sciences Group
	SSC Pacific
	May 2014
	INTRODUCTION
	The Navy's Environmental Sustainability Development to Integration (NESDI) program funded a modeling project to identify and quantify relative sources of copper and zinc at Navy Facilities. As part of this project a number of common building, construction, and operational materials found at Navy facilities were tested for their relative potential as sources of copper and zinc when contacted with water. The goal was to simulate rain/runoff from various materials under a set of controlled conditions and quantify the magnitude of the metal released (leached) into the water. The testing was conducted by spraying materials with a set volume of distilled water over a set time and collecting the water. Thus, the results provide a relative leaching potential for each of the materials tested and do not necessarily exactly measure what might occur under actual rainfall conditions. The information is therefore designed to be most useful for Navy facility environmental managers in identifying what materials are likely to be contributors in their storm water drainage areas. The data are presented in this document in tabular form with links to pictures of the material being tested. 
	Background
	Copper and zinc are ubiquitous contaminants found in storm water discharges in urban and industrialized areas. These contaminants have a variety of sources and input pathways that find their way into storm water conveyance systems, eventually impacting receiving water bodies. At Navy facilities, copper and zinc concentrations have been identified as commonly exceeding National Pollutant Discharge Elimination System (NPDES) permit benchmarks (Katz et. al., 2006). Additionally, these metals have been identified as the principal toxicants in storm waters by toxicity identification evaluations. Exceedance of NPDES benchmark levels and toxicity standards pose a potential for Notices of Violation as well as civil lawsuits. In addition, numerical limits of copper and zinc discharge load apportionments instituted through the Total Maximum Daily Load (TMDL) process will result in reductions in the allowable concentrations/loads that can be discharged. 
	The NESDI program funded and continues to fund storm water projects to demonstrate technologies and processes that can be used to assess contaminant sources (36, 455, 494, 463) and mitigate them (497, 469, 493, 454). NESDI Project 455, “Modeling Tool to Quantify Metal Sources in Storm Water Discharges at Navy Facilities”, of which this leachate testing was a part, aimed to demonstrate an off-the-shelf watershed model for use at Navy facilities. The project calibrated the Source Loading and Management Model for Windows (WinSLAMM) model (PV & Associates) with Navy specific landuses, source materials, and storm water data, including the data generated with the leachate testing. The goal was to provide Navy facility environmental managers with a tool that can used to identify and quantify the relative sources of metal contaminants in their drainages and thus provide the information needed to assess where to best mitigate them. The results of the modeling project are reported separately.
	MethodS
	Introduction
	A total of 79 leachate tests were conducted on materials located at the following eight facilities: Naval Base San Diego, Naval Base Point Loma, Naval Base Kitsap-Bremerton and Bangor, Naval Station Everett, Naval Air Station Whidbey Island, Joint Expeditionary Base Little Creek, and Saint Julien’s Creek Annex. The choice of materials to be tested was subjective and based primarily on its prevalence within a drainage as well as its commonality across facilities. However, some were chosen because they represented a different class of materials (e.g., rubber vs. metal) or because the material was unique to a drainage or was of particular interest to the site manager. Some of the tests were conducted as replicates of a material on a separate location and some were conducted as a repeated leaching of the same material and location. Results are shown in the clickable data table at the end this document. 
	The material surfaces tested included building materials common to both urban areas and Navy facilities such as stucco, concrete, brick, plaster, painted sheet metal, galvanized steel, and fiber siding, aluminum and shingle roofing. They included coated and uncoated fences, metal railings, and light poles, metal containers/dumpsters that are prevalent at Navy facilities as well as highly Navy-specific materials found in lay-down areas such as gangplanks, large hoses and electrical cables, barges, metal grates, scaffolding, treated and untreated wood, and metal piping, 
	Testing Procedure
	One gallon (3875 mL) of deionized or distilled water was sprayed onto a surface using a pre-cleaned mobile pressure sprayer commonly found at home garden stores to spray herbicides/pesticides. The spray was applied to an area that was nominally two feet on a side from a distance of about six inches. The spray was applied at a rate between 10 and 15 minutes equating to an application rate of ~250 to 375 mL/minute. The sprayer pressure pump was used to maintain a relatively constant flow rate through a ~6-inch fan pattern. The spray was applied evenly across the surface area with a horizontal motion from top to bottom of the area. The spray was allowed to wash down into a pre–cleaned 18”x24”x6” tray. Pre-cleaned 3-mil polyethylene plastic sheeting was typically used to direct the water from the surface to the tray. The sheeting requirements varied with type and orientation of the material. In most instances duct tape was used to secure the plastic.
	The rinse water, or leachate, collected in the tray or container was thoroughly mixed prior to taking a representative sample for analysis. The samples were collected by dipping a metal-free 50 mL sample high-density polyethylene bottle into the leachate. Visual particulates were rare but mixing of the water immediately before sampling was done to minimize potential heterogeneity. Samples were preserved with trace metal grade hydrochloric or nitric acid to a pH less than two then stored until analyzed for metals by Inductively Coupled Plasma Mass Spectrometry (ICP-MS).
	Metal concentrations were measured with a Perkin-Elmer™ SCIEX ELAN DRC II inductively-coupled plasma with detection by mass spectrometry (ICP-MS; USEPA 1994). As necessary samples were diluted with 1 N Q-HNO3 made up in 18 MΩ /cm water. The diluted samples were injected directly into the ICP-MS via a Perkin-Elmer™ Autosampler 100. Analytical standards were made with Perkin-Elmer™ multi-element standard solution (PEMES-3) diluted in 1N Q-HNO3, and were analyzed at the beginning and end of each run. The analysis also included measurement of the Standard Reference Material (SRM) 1643e with recoveries within 15%. The method limit of detection, defined as three times the standard deviation of the procedural blanks made of 1N Q-HNO3, 0.5 μg/L.
	Quality Control
	Precautions were taken to minimize the potential for contamination of the sampling procedures including conducting work when or where wind speeds were low to minimize water losses. In particular, all materials were pre-cleaned with trace metal grade nitric acid and rinsed with deionized water and further rinsed on site to ensure the materials used in the testing procedure did not add significant amounts of metal. Procedural blanks were taken throughout each day’s sampling to measure the combined effect of all procedures and conditions. Blank concentrations were less than 1 ppb Cu and less than 50 ppb Zn. Replicate samples were also taken daily. Reproducibility calculated by the relative standard deviation (deviation/average) ranged between 14 and 104% and averaged 50% overall. These results were mainly conducted on samples with relatively lower leachate concentrations. The few data collected on repeat washings of the same material showed decreases in the amount of leached metal indicating a “first-flush” effect though the percentage decrease was quite variable. 
	Calculations
	The ICP-MS results produce a leachate concentration for each test in units of µg/L. These values were normalized to the volume sprayed (1 gallon) and to the sprayed surface to provide units of µg/ft2, allowing for direct comparison amongst all materials and provide a means of evaluating the relative source loading potential with increased amount of surface area. Some uncertainty in the analysis was introduced by the uneven nature of many of the material surfaces. Calculating surface areas of non-flat surfaces like cables, hoses, scaffold poles etc. was based on part dimensions such as cable lengths and diameters. Non-flat/ complex surfaces areas were calculated based on the area rinsed without regard to the surface complexity of the item. The surface area of fences or similar materials with consistent void space was calculated using the surface area of the whole material without consideration of the voids. 
	Results and Discussion
	All 79 leachate test results are shown in the data tables below. The table data is hyperlinked to the photos that follow showing the surface that was tested. As described above, the leachate values are in units of µg metal per square foot of material surface area (µg/ft2). Included in the table are the relative leachate rankings of copper, zinc and a combined ranking for the two metals with the lowest ranking value corresponding to the highest metal source strength. The table is sorted according to the combination ranking from highest overall source to lowest.
	The leachate rates for copper ranged from a high of nearly 29,000 µg/ft.2 for a painted barge hull encountered at Joint Expeditionary Base Little Creek, VA to 0.01 µg/ft.2 to 0.01 µg/ft.2 (essentially a blank) for a painted wood surface at Naval Base Point Loma in San Diego, CA. The top ten copper leachate values were >93 µg/ft.2.  The leachate rates for zinc ranged from a high of nearly 31,000 µg/ft.2 for galvanized scaffolding encountered at Naval Base Point Loma to ~4 µg/ft.2 (essentially a blank) for a painted metal panel at Naval Base Kitsap-Bremerton. The top ten zinc leachate values were >3100 µg/ft.2.  
	The materials leaching significant copper included hull paint, galvanized and brass metal, and treated wood products. The materials leaching significant zinc included anything made of galvanized metal including scaffolding, storm drain grates, stairs, building materials and artificial turf. Hull paint from a barge stored on shore at Little Creek was highest overall source of both metals. The next top-ten materials include an assortment of galvanized materials, brass fittings, artificial turf, and treated wood.
	The results from this effort should provide facility environmental managers with a better understanding of what materials on their bases may be contributing significantly to their storm water discharges. The relative rankings along with an estimate of how much of a particular material is present within a drainage should provide an understanding of where mitigation steps can be applied with greater effectiveness. In particular, approaches to paint, cover, or berm galvanized materials could be highly beneficial in reducing metal contaminant loads in many drainages. This would include consideration of eliminating or bypassing common galvanized storm water grates at NPDES outfall monitoring sites. 
	ReFerences
	Katz, C.N., G. Rosen, and E. Arias, 2006. Storm Water Toxicity Evaluation at Naval Station San Diego, Naval Submarine Base San Diego, Naval Amphibious Base Coronado, and Naval Air Station North Island. SPAWAR Systems Center San Diego Technical Report 1938, May 2006, 151 pp.
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	DATA Table
	Rank SumCombined
	Photograph 
	Zn rank
	Cu rank
	Znµg/ft2
	Cuµg/ft2
	Surface
	(Ctrl+Click to follow link)
	1
	Figure 2: Barge hull
	3
	1
	19,180
	28,703
	Barge hull
	Figure 27: Galvanized scaffold parts
	Galvanized scaffold parts
	1
	7
	30,990
	131
	2
	Figure 28: Galvanized scaffold, racks, laydown
	Galvanized scaffold, stack, laydown area
	2
	10
	20,123
	93
	3
	Figure 44: Pipe supports, coated, brown
	Pipe supports, metal, painted brown
	17
	3
	1,382
	420
	4
	Figure 31: Galvanized panel, uncoated, shed
	Galvanized, paneling, shed (2)
	16
	5
	1,411
	164
	5
	Figure 48: Scaffold poles, galvanized, new
	Scaffold poles, galvanized (new)
	5
	16
	9,279
	34
	6
	7
	Figure 52: Turf, artificial
	11
	11
	Turf, artificial
	2,986
	88
	Figure 50: Galvanized stairs, grating
	9
	14
	Stairs, galvanized
	4,879
	44
	8
	Grate, stormwater basin (1)
	Figure 32: Grate, stormwater drain
	6
	20
	8,719
	28
	9
	Figure 56: Water riser, potable, blue
	Water riser, potable, blue
	18
	8
	1,319
	122
	10
	11
	Figure 59: Wood, treated, green
	25
	6
	455
	153
	Wood, treated, green
	12
	Figure 21: Engine block
	19
	13
	Engine block
	1,221
	54
	Keel blocks, metal, painted
	Figure 37: Keel blocks
	20
	15
	1,012
	40
	13
	Pallet, galvanized (folded)
	Figure 42: Pallet, galvanized
	4
	31
	12,451
	6.9
	14
	15
	Figure 23: Fire hydrant, re
	27
	9
	395
	95
	Fire hydrant, red
	Figure 57: Water riser, potable, blue (w/brass)
	Water riser, potable, blue (w/brass part)
	35
	4
	206
	237
	16
	Grate, stormwater basin (2)
	Figure 33: Grate, stormwater drain
	10
	33
	3,110
	6.6
	17
	18
	Figure 26: Galvanized rail
	8
	39
	Galvanized rail
	5,170
	4.2
	Figure 30: Galvanized panel, painted, chipped
	Galvanized, paneling, painted, chipped
	13
	34
	1,824
	6.1
	19
	Figure 35: Hose, black, 4 in. diameter
	Hose, black, 4" diameter
	28
	19
	357
	31
	20
	Rank SumCombined
	Photograph 
	Zn rank
	Cu rank
	Znµg/ft2
	Cuµg/ft2
	Surface
	(Ctrl+Click to follow link)
	Figure 60: Wood, keel block, treated
	Wood, treated, green painted.
	31
	17
	243
	34
	21
	Causeway, side, gray painted (w/zinc anode)
	Figure 8: Causeway, gray
	14
	35
	1,613
	5
	22
	Figure 7: Cables, electrical, black, 3 in. diameter
	Cables, electrical 3 in. diameter
	33
	18
	237
	33
	23
	Figure 29: Galvanized sheath, concrete berm
	Galvanized sheath, (concrete barrier)
	15
	36
	1,427
	4.7
	24
	Figure 12: Concrete wall, uncoated
	40
	12
	120
	77
	Concrete, wall
	25
	Figure 58: Wood, treated, copper azole
	Wood, treated (copper azole)
	50
	2
	66
	5,125
	26
	Figure 22: Fence, galvanized, painted
	Fence, galvanized, painted
	21
	37
	944
	4.5
	27
	28
	Figure 3: Yellow bollard
	41
	27
	Bollard, coated yellow
	115
	8.6
	29
	Figure 14: Conex box, blue
	44
	24
	89
	12
	Conex box, blue
	Figure 18: Dumpster, blue, w/guano
	Dumpster, blue, w/guano (heron)
	43
	25
	111
	9.4
	30
	31
	Figure 24: Galvanized fence
	7
	61
	Galvanized fence
	5,375
	1.8
	Metal panel, painted galvanized, building side
	Figure 38: Metal paint, painted, galvanized, building side
	12
	56
	1,951
	2.1
	32
	Figure 9: Coated metal, shed roof, green
	Coated metal, shed roof, green  (first wash)
	29
	41
	353
	4.1
	33
	34
	Figure 16: Wood crate
	49
	23
	66
	16
	Crate, wooden
	Figure 4: Panels, building sides, yellow
	Building panels, side, yellow (3)
	26
	47
	416
	3.3
	35
	Causeway, side, gray painted
	Figure 8: Causeway, gray
	24
	50
	727
	2.9
	36
	Figure 34: Guard rail, painted, yellow
	Guard rail, painted yellow
	38
	38
	191
	4.3
	37
	Figure 25: Galvanized fence, coated
	Galvanized fence, Coated
	59
	21
	45
	24.4
	38
	39
	Figure 47: Roof panel
	36
	45
	Roof panels, (via gutter)
	202
	3.4
	40
	Figure 19: Dumpster, green
	60
	22
	44
	16
	Dumpster, green
	Figure 6: Cable, black, 4 in. diameter
	Cable, black, 4" diameter
	54
	29
	56
	7.4
	41
	Figure 36: Hose, red, 1.75 in. diameter
	Hose, red, 1.75" diameter
	53
	30
	56
	7.1
	42
	Figure 13: Concrete wall, coated, gray
	Concrete, wall, painted gray
	39
	46
	135
	3.3
	43
	44
	Figure 17: Dumpster, blue
	45
	40
	Dumpster, blue
	80
	4.1
	Figure 4: Panels, building sides, yellow
	Building panels, side, yellow (2)
	37
	51
	194
	2.8
	45
	Rank SumCombined
	Photograph 
	Zn rank
	Cu rank
	Znµg/ft2
	Cuµg/ft2
	Surface
	(Ctrl+Click to follow link)
	Air conditioning panel, gray (1)
	Figure 1: Air conditioning panel
	34
	58
	222
	2
	46
	Figure 11: Concrete barrier, uncoated
	Concrete, barrier, uncoated
	65
	28
	34
	8.1
	47
	48
	Figure 54: Walkway, aluminum
	67
	26
	Walkway, aluminum
	32
	8.7
	Figure 4: Panels, building sides, yellow
	Building panels, side, yellow (1)
	42
	52
	114
	2.5
	49
	Figure 43: Panel, metal, scaffold cover
	Panel, metal, scaffold panels (new)
	23
	71
	739
	0.8
	50
	Figure 53: Utility pole, galvanized
	22
	75
	Utility pole, galvanized
	743
	0.6
	51
	52
	Figure 45: Pipe, steel, uncoated
	56
	42
	54
	3.8
	Pipe, uncoated steel
	Coated metal, shed roof, green  (second wash)
	Figure 9: Coated metal, shed roof, green
	30
	69
	253
	1.1
	53
	Figure 12: Concrete wall, uncoated
	Concrete, wall (4, first wash)
	51
	49
	61
	3
	54
	Figure 12: Concrete wall, uncoated
	Concrete, wall (4, second wash)
	58
	43
	52
	3.6
	55
	Figure 12: Concrete wall, uncoated
	48
	54
	70
	2.3
	Concrete, wall (2)
	56
	Figure 12: Concrete wall, uncoated
	46
	59
	79
	1.8
	Concrete, wall (3)
	57
	Coated metal, shed roof, green  (third wash)
	Figure 9: Coated metal, shed roof, green
	32
	74
	240
	0.7
	58
	Figure 40: Metal panel, uncoated, weathered
	Metal panel, uncoated iron, "weathered"
	75
	32
	9
	6.6
	59
	Air conditioning panel, gray (2)
	Figure 1: Air conditioning panel
	55
	57
	55
	2.1
	60
	61
	Figure 17: Dumpster, blue
	71
	44
	14
	3.6
	Dumpster, blue
	62
	Figure 51: Tires, rubber
	69
	48
	Tires, rubber
	31
	3.2
	Figure 10: Coated metal, building side, green
	Coated metal, building side, green
	47
	72
	78
	0.8
	63
	Figure 12: Concrete wall, uncoated
	52
	67
	59
	1.2
	Concrete, wall (1)
	64
	Figure 12: Concrete wall, uncoated
	Concrete, wall (4, third wash)
	57
	64
	52
	1.7
	65
	Figure 15: Conex box, gray
	61
	60
	Conex box, gray
	66
	41
	1.8
	Figure 20: Electrical vault, green
	68
	53
	31
	2.5
	Electrical vault - green
	67
	Rank SumCombined
	Photograph 
	Zn rank
	Cu rank
	Znµg/ft2
	Cuµg/ft2
	Surface
	(Ctrl+Click to follow link)
	Figure 46: Plaster, wall, painted, white
	62
	62
	Plaster, wall, white (3)
	36
	1.8
	68
	Air conditioning panel, gray (3)
	Figure 1: Air conditioning panel
	63
	63
	36
	1.7
	69
	70
	Figure 55: Wall, brick
	74
	55
	Wall, brick
	9.4
	2.1
	Figure 46: Plaster, wall, painted, white
	66
	65
	Plaster, wall, white (2)
	33
	1.5
	71
	Figure 46: Plaster, wall, painted, white
	70
	66
	Plaster, wall, white (1)
	17
	1.3
	72
	Air conditioning panel, gray (4)
	Figure 1: Air conditioning panel
	64
	73
	35
	0.7
	73
	74
	Figure 5: Bumper, large, black
	76
	68
	5.9
	1.1
	Bumpers, large, black
	Figure 39: Metal panel, painted, yellow
	Metal panel, painted yellow (2)
	72
	76
	14
	0.4
	75
	76
	Figure 49: Shingles, asphalt
	78
	70
	Shingles, asphalt
	3.9
	0.9
	Figure 61: Wood, wall, painted, white
	73
	79
	Wood, wall, painted
	13
	0.01
	77
	Figure 41: Metal panel, painted, red
	77
	77
	Metal, painted, red
	4.2
	0.3
	78
	Figure 39: Metal panel, painted, yellow
	Metal panel, painted yellow (1)
	79
	78
	3.6
	0.2
	79
	Figure 2: Barge hull
	Figure 1: Air conditioning panel
	Figure 4: Panels, building sides, yellow
	Figure 3: Yellow bollard
	Figure 6: Cable, black, 4 in. diameter
	Figure 5: Bumper, large, black
	Figure 8: Causeway, gray
	Figure 7: Cables, electrical, black, 3 in. diameter
	Figure 10: Coated metal, building side, green
	Figure 9: Coated metal, shed roof, green
	Figure 12: Concrete wall, uncoated
	Figure 11: Concrete barrier, uncoated
	Figure 14: Conex box, blue
	Figure 13: Concrete wall, coated, gray
	Figure 16: Wood crate
	Figure 15: Conex box, gray
	Figure 18: Dumpster, blue, w/guano
	Figure 17: Dumpster, blue
	Figure 20: Electrical vault, green
	Figure 19: Dumpster, green
	Figure 22: Fence, galvanized, painted
	Figure 21: Engine block
	Figure 24: Galvanized fence
	Figure 23: Fire hydrant, red
	Figure 26: Galvanized rail
	Figure 25: Galvanized fence, coated
	Figure 28: Galvanized scaffold, racks, laydown
	Figure 27: Galvanized scaffold parts
	Figure 30: Galvanized panel, painted, chipped
	Figure 29: Galvanized sheath, concrete berm
	Figure 32: Grate, stormwater drain
	Figure 31: Galvanized panel, uncoated, shed
	Figure 34: Guard rail, painted, yellow
	Figure 33: Grate, stormwater drain
	Figure 36: Hose, red, 1.75 in. diameter
	Figure 35: Hose, black, 4 in. diameter
	Figure 38: Metal paint, painted, galvanized, building side
	Figure 37: Keel blocks
	Figure 40: Metal panel, uncoated, weathered
	Figure 39: Metal panel, painted, yellow
	Figure 42: Pallet, galvanized
	Figure 41: Metal panel, painted, red
	Figure 44: Pipe supports, coated, brown
	Figure 43: Panel, metal, scaffold cover
	Figure 46: Plaster, wall, painted, white
	Figure 45: Pipe, steel, uncoated
	Figure 48: Scaffold poles, galvanized, new
	Figure 47: Roof panel
	Figure 50: Galvanized stairs, grating
	Figure 49: Shingles, asphalt
	Figure 52: Turf, artificial
	Figure 51: Tires, rubber
	Figure 54: Walkway, aluminum
	Figure 53: Utility pole, galvanized
	Figure 56: Water riser, potable, blue
	Figure 55: Wall, brick
	Figure 58: Wood, treated, copper azole
	Figure 57: Water riser, potable, blue (w/brass)
	Figure 60: Wood, keel block, treated
	Figure 59: Wood, treated, green
	Figure 61: Wood, wall, painted, white
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	SITE CHARACTERIZATION METHODS
	INTRODUCTION
	SITE SURVEY/COLLECTING LANDUSE DATA
	In order to use the spreadsheet model tool developed under this effort you will need to gather information on specific landuses for your targeted outfall area of interest. To do this you will need to differentiate the outfall area into different landuse categories and calculate total area by each category. Examples of basic landuse categories included in the model are: buildings, parking areas, roads, industrial operations, green space, and special category areas such as laydown areas, artificial turf etc. Table 1 provides a complete listing of landuse categories available on the input tab of the spreadsheet model being provided to you. Please refer to the main body of the modeling report for a description of use and interpretation of the spreadsheet model tool developed under this effort. As mentioned previously, there are many methods for collecting landuse area data. While some landuse data may be available through aerial imaging software (Google Earth®), Base GIS databases, or other facility databases, it has been our experience that key components of required landuse information, such as; type of laydown areas, perviousness of surface area, condition of surfaces, and presence of galvanized material, most likely are not available/visible from these resources. As result a site specific survey would be needed to gather required information. The remainder of this Appendix describes the process we used for collecting landuse input data, including; use of aerial imaging software and other freeware for area calculations, preparation for a site survey, conducting a site survey, calculating area of different landuse areas, and differentiating drainage area into the model specified landuse categories. To illustrate this process we step through the site characterization process using Naval Base San Diego (NBSD), OF 73 as an example. The steps described below can be used to gather landuse data on any Base outfall. As such, Figure 1 provides a summary of the five primary steps to calculating land use area input data that can be used in the spreadsheet model. The sub-headers for the remainder of this section of the report will reference back to these 5 primary steps. 
	2. Preparation for site survey: The first step in conducting a site characterization survey is to define the outfall boundaries and obtain aerial images of the outfall of interest. Outfall CAD maps were obtained from the base facilities database and/or land manager (Figure 2) and used to outline the drainage boundaries of interest using the freeware version of GoogleEarth® aerial imaging software. 
	Figure 2. Example of Portion of Facility drawing showing outfall boundaries. This Image shows NBSD OF 72 and 73, along with a portion of OF 51. Blue lines indicate outline boundaries
	Once the facility drawings were obtained they were then used to outline the entire outfall on the most recent satellite image in GoogleEarth®. If you do not currently have access to GoogleEarth® you will need to download this software to your machine from http://www.google.com/earth/download/ge/agree.html. Once the software is downloaded an Icon will appear on your desktop (Figure 3). Click the Icon to launch the program. 
	Figure 3. Accessing Google Earth
	a. Locating the area of interest: To locate your outfall of interest type in the search window, top left hand corner, the location of your outfall and then click “search”. The Base name and city is usually sufficient to locate the Base. You may need to use the navigation bar on the right hand side of the window to zero in on your targeted outfall area.
	Figure 4. Locating User Defined Outfall of Interest
	b. Defining outfall boundaries on aerial photo: There are two main ways to create an outline of the outfall boundaries using the facilities CAD drawing as a reference point. This can be done either through importing the drawing into GoogleEarth® and tracing the boundaries of the outfall using the polygon function or by looking for landmarks on the CAD drawing and drawing the boundaries using the polygon function.
	c.  Generating outline by uploading drawing- To upload a drawing into Google Earth®, if the file is not already an image file, you will first need to convert the file to an image file using your method of choice. Once the image file has been created, you will then click on the “add an image overlay” button located on the Google Earth® task bar (Figure 5). A “New Image Overlay” window will then open. This window will allow you to add a title to the image you are importing, browse to upload the image, and adjust the transparency of the image once uploaded (Figure 6A). Once you have opened the window, you will then need to move the adjustment bar to the center of where you want the image to be uploaded to (Figure 6B). You would then click “Browse” to open the upload file window (Figure 7). You would then find your file of interest and click “open”. 
	Figure 6. Locating the “Add Image Overlay” Function
	Figure 6A & B. New Image Overlay window for naming and selection of images overlay. 
	*Note, DO NOT close this window until you have adjusted the image overlay to where and how you want it. 
	Figure 7. Selection of Image File to Upload
	Once the image has been uploaded onto the GoogleEarth® map you would then use the adjustment bars to shrink and move the image until it overlays your outfall area of interest (Figure 8). Use the transparency bar to adjust the opaqueness of the image while aligning with the GoogleEarth® map.
	Figure 8. Adjusting Overlaid Image 
	Add a polygon function: Once the image is aligned to the GoogleEarth® map you would then use the “Add polygon” function to outline the outfall boundaries (Figure 9). As this task is essentially identical whether you chose to overlay an image and “trace” the boundary or whether you used landmarks to identify the boundaries this next section describes how we generally outlined an outfall boundary, by using landmarks and the “Add polygon” function. 
	Figure 9. Add a Polygon Function
	In general, buildings and streets, large ball fields, and large parking lots, are typically good landmarks making it easy to visualize the outfall boundaries without overlaying the CAD drawing to the GoogleEarth® Map. For this outfall sufficient landmarks were present throughout which enabled us to match the aerial image of the outfall with the facilities map. For instance there are several buildings and parking areas throughout NBSD OF72 (Figure 10A) that are easily identifiable/visualized on the GoogleEarth® Image of this area (Figure 10B).
	Figure 10A&B. Using Landmarks to Identify Outfall Boundaries. 
	*Note, the arrows indicate objects found on CAD and the correspondent building on the GoogleEarth® Image
	Once the main landmarks in the outfall were visualized we then used the “add polygon” function mentioned previously (Figure 9) to begin creating/outlining the outfall boundaries. To do this we clicked on the “add polygon” function (Figure 9) which opened a “New Polygon” window (Figure 11A).a We then created a file name and selected “Style, Color” from the tab below. The new polygon window will then change appearance providing the ability to select the line and area color and adjust the opacity of the polygon (Figure 11B). Next, we adjusted the polygon opacity.b Once we adjusted the opacity we then selected “color” under the “Area” category. We then created a new window (Figure 11C) for us to choose a color for the area polygon.c Once we selected our color we clicked “ok” on this window to finish.
	 Figure 11 A-C. Using the “add a polygon” function to create a boundary polygon of your outfall
	Once the color was selected and our opacity level set we then began creating our boundary polygon. The point selector (Figure 12) was used to select a starting point. Then we left clicked on the mouse. We then continued along the perimeter boundary, continuing to left click, until outlining of the targeted outfall was complete. Once the outfall outline was completed we then clicked “ok” in the “new polygon” window (Figure 13) to close and complete the polygon. 
	(a) Note, it is important that you do not close this box until you have completed the creation of your polygon. (b) We would recommend that the opacity should not be greater than 35% so that you will be able to clearly make out objects on your image below the polygon. Another alternative might be to select the “no fill” option and just make the boundary line thick enough and bold enough to clearly identify boundaries. (c) We would recommend selecting a color that has enough contrast to the darker area image but yet will not drowned out the area image (i.e. we recommend a light pink, yellow, or blue). 
	Figure 12. Generating outfall boundary polygon
	Figure 13. Completing outline polygon
	d. Pre-characterization surface area review- Now that the targeted outfall boundaries have been identified and a GoogleEarth® image of the outfall boundary has been generated, the last pre-survey step is to conduct a preliminary surface area review of the outfall area on your GoogleEarth® image. The focus of this review is to identify any “questionable areas” of interest which you will need to clarify during your actual site inspection. Recall, the purpose of the site characterization is to categorize the outfall area into specific land use categories (Table 1) for input into the model. Thus, the pre-characterization review should consist of identifying any areas visualized in the GoogleEarth® image where a landuse category would be difficult to identify by the image alone. For example, Figure 14, item (A) it would be difficult to determine if this is painted cement or some other type of pervious material from the aerial image alone. Item (B), Figure 14, while it is apparent that this area is some form of lay down area it would be difficult to determine what type (i.e. heavy, medium, any galvanized metal present?) from the aerial image alone. For Item (C), Figure 14, while this is a parking area, it might be difficult to determine if this is connected or disconnected. Once questionable areas have been identified there are many ways to make note of those areas for you to pay attention to while conducting your outfall walkthrough. The remainder of this section describes what we found to be most useful in preparation for our walkthrough of a given outfall. 
	We found it most useful to make note of questionable areas on a printed aerial image of the outlined outfall. This was then taken into the field to serve not only as a reference for questionable areas but also as a source of outline boundaries and sheet for taking in-field notes. Depending on the size of the targeted outfall and your printer capacity we would recommend splitting the image into several sections to make it easier to use this image for note taking while in the field. Figures 15A-C is an example of splitting NBSD OF73 outfall into 3 areas for note taking.
	Figure 14. Identifying questionable land-use category areas on the targeted outfall. 
	Figure 15 A-C. Example of separating NBSD OF73 Outfall image into three sections for use during site survey
	3. Conducting site survey: Once the pre-site characterization surface area evaluation is complete and the GoogleEarth® outfall image has been broken into manageable sections for note taking (Figure 15A-C), the third step is to conduct the outfall site survey. This is a critical component of collecting surface area information for the model as it allows you to walk the outfall of interest and collect laydown area information, building structure information, and surface area information that is not necessarily readily available from facility drawings or GoogleEarth® aerial images. There are several ways of completing this exercise but we have found the most simple and effective way is to be familiar with the model landuse parameters (Table 1), take notes on aerial images, and take pictures of “interesting” findings (e.g. lay down areas, potential zinc or copper sources, presence of unique materials such as turf grass, or copper piping, etc.). For ease and expediting the note taking processes we would also recommend determining some form of short hand for common features of interest that can be used to label those areas on the printed aerial image in field. For example, Figure 16 is a Google® image of OF73, section C, which was annotated with notes in the field. In this example, surface areas that consisted of asphalt, concrete, and pervious were labeled as A, C, P respectivelyd
	(d) Note, this is just an example of type of abbreviations that could be used. This level of detail, that of noting type of paved surface, is not required for the Excel spreadsheet model. This level of detail was collected strictly for calibration purposes.
	Figure 16. Example of field annotated Google image of section c from NBSD OF73.
	T main items you should look for are building roof types (pitched or flat) and whether they are connected or disconnected to the outfall drainage system; paved areas verses unpaved areas and whether they are connected or disconnected, areas with pervious material, potential lay down areas, and areas with known high zinc and/or copper producers. Please refer to the main body of the modeling report for definitions of connected vs. disconnected and other landuse categorizations definitions. Examples of high zinc and/or copper producers include any galvanized steel material such as fencing, light poles, water drainage grates, and rain gutters. Treated wood is also a known high contributor of zinc and copper loads. Please refer to the leachate report (Appendix A) for a more complete description of materials of interest. Figures 17-24 provide examples of main category areas where information should be collected for input into the spreadsheet model. Refer to the Pitt report (Appendix C & D) for a more detailed description of onsite data collection. 
	Figure 17. Examples of “direct” connect buildings with runoff directly to outfall drainage system.
	Figure 18A-C. Examples of indirect connected buildings with runoff to either pervious material (A &B) or asphalt (C).
	Figure 19A&B. Examples of a flat roof (A) and pitched roof (B) 
	Figure 20 A&B Examples of different paved surfaces.
	Figure 21. Example of paved landuse and other pervious material
	Figure 22 A & B. Example of Special Areas Landuse Categories such as Moderate laydown paved-connected (A) and Heavy laydown, paved-connected (B). They both appear to contain a special category item, that of other galvanized material directly connected to drains as well. 
	Figure 23 A-C. Examples of potential sources of zinc (Galvanized material) identified during the site survey. (A) Galvanized chain link fence; (B) Storm drain cover with galvanized grate cover; (C) Storm drain with galvanized cover.
	4. Post site survey data processing: Once the site survey is complete the next step in collecting surface area model input data is to calculate the total surface area for each of the characterized landuse areas of the outfall and input them into the spreadsheet model input table (Table 1). This will require translating the notes taken in the field for each building, pervious area, paved area, and special category area (Table 1), assigning each to a specific landuse input category, and calculating the total area in acres for that landuse input category over the entire targeted outfall area. The applications we used to do this were Microsoft Excel®, GoogleEarth®, and Free Map Tools© area-calculator (http://www.freemaptools.com/area-calculator.htm). Excluding Microsoft Excel®, all the software used is freeware available on any Internet accessible machine. The Free Map Tools© website, does not require application download to the machine but can be accessed directly from the Internet. If the user has GoogleEarth Pro® then Free Map Tools© would not be required as the Pro version of GoogleEarth® has a polygon area calculator included in it. The general process we used for determining total area for each landuse input is described below.e 
	a. Assigning specific landuse areas to a specific input category - The model input requires calculation of total area for a given input category. So as to calculate that total area it is necessary to first calculate area of individual landuse areas. For ease of grouping individual areas into specific landuse categories a calculation spreadsheet was generated. Table 2 is a snapshot image of that calculation spreadsheet we used and is based on the original landuse categories used to develop the spreadsheet model. Note, for that reason the landuse categories listed in columns E-N may be slightly different from those listed in column A of Table 1, as Table 1 is the final landuse categorical version used in the spreadsheet model. 
	(e) It should be noted that the critical part of this step is calculating total area in acres for the listed model input fields. We are providing details on the method we used but really any method that gets at that target data is acceptable. 
	b. Calculating individual land use areas (e.g. roofs, streets, landscape, etc)- To calculate an individual landuse area we created a polygon around each of the individual land use areas and then calculated the area for that specific item. For example, one of the model input categories is roofs. Using the GoogleEarth® area image of OF73 and the field notes we collected during our site survey regarding roof type we generated a KML polygon file of each roof top using the “add a polygon” function in GoogleEarth®. This was done in the same manner as described previously, namely the new polygon function was selected, and a polygon name was entered in the “Name” area (Figure 24). We recommend providing a name (ID used in the spreadsheet tool) which is somewhat descriptive of the landuse category the polygon (individual area) will be included in (Figure 25). In this example, the polygon being generated is of a roof surface area. The name given was “ BLDG9-OF73, BLD 3156 PR IDC” which refers to this being building 9 (BLDG9) in the characterization process, located in NBSD outfall 73 (OF73), building number on the base is 3156 (BLD 3156) and it’s a pitched roof (PR), disconnected to the outfall drainage system (IDC). 
	Table 2. Individual area landuse calculation spreadsheet
	Figure 24. Creating a polygon for a roof area. 
	Note, do not click OK until you have completed drawing of your polygon.
	Like previously, the next step in creating the polygon would be to select the line color and polygon color. Again, we would recommend you set the opacity such that you can still see the building roof underneath the polygon. We would also recommend that you select a set of colors consistent for the landuse category type. For example, in this example we set the color of all roof polygons to be green, whereas parking lots were all made orange. Once the polygon color was selected we then clicked “ok” in the “choose polygon color” window. Note, DO NOT click “ok” in the “new polygon” window until generation of the polygon is complete. However, if you inadvertently click “ok” before you complete the generation of a polygon the name of the polygon will show up under the places section of GoogleEarth® (Figure 26). To finish your polygon, highlight the name and right click on your mouse to open an edit window (Figure 27). Right click on “properties”. This will open a new “edit polygon” window which will allow you to finish creating your polygon (Figure 27). 
	Figure 25. Selecting an appropriate polygon name and color
	Figure 26. Locating a partially created new polygon once it’s closed
	Figure 27. Re-opening a polygon window to edit /complete a polygon
	Once a color is selected you would then outline the area of interest (i.e. for this example the building roof) by placing the cursor at the boundary edges and left clicking as you move around the outline of the roof. Once the outline of the roof is complete you would now click “ok” in the “new polygon” window (Figure 28).
	Figure 28. Generating a roof polygon
	Saving polygon as a KML file: Once we completed creation of our individual area polygons (e.g. BLDG 9 roof top) we then saved the KML files to a separate folder. The KML file were then uploaded into a Free Map Tools© application to calculate the area of the individual polygon. This was done by completing the following steps. To save a polygon as a KML file you right click your mouse on the file name of interest. A pop up menu will then appear (Figure 29). Select the “Save Place as” option by left clicking on the mouse. 
	Figure 29. Saving polygon as a KML file
	A new “save file” window will then open. You will then select a KML file from the drop down menu of the “save as type” option (Figure 30).f You would then save the file by clicking the save button to a folder that is easily accessible for uploading files into the Free Map Tools© software. 
	Figure 30. Saving the roof polygon as a KML file.
	Uploading polygon for area calculation: The area of individual polygons was calculated using Free Map Tools© area-calculator (http://www.freemaptools.com/area-calculator.htm). As mentioned previously, this is a freeware application that does not require downloading software to your machine (Figure 31). The area calculator is accessed by scrolling down on the main page of the website (Figure 32). 
	Figure 31. Free Map Tools© website
	Figure 32. Polygon area calculator function on Free Map Tools© website
	(f) Note, It is important that you save the polygon file as a KML file and not a KMZ file. KMZ files will not work with the Free Map calculator
	To upload the KML of the roof, left click on “browse” button. A new “choose file to upload” window will open. Locate the file of interest and click “open”. The file name will appear in the “upload KML file” window (Figure 33). You would then click “upload” to calculate the area of the uploaded polygon. Calculated area will then appear in the “area output” portion of the window (Figure 34).
	Figure 33. Uploading KML into FreeMap Tool© website
	Figure 34. Area output from uploaded KML file
	Placing individual polygon data in appropriate landuse category: Once the area for the individual landuse was calculated this was then entered into the calculation spreadsheet (Table 2) under the appropriate landuse category. For example, the calculated area for BLDG9-OF73, BLD 3156 PR IDC was placed under the “roofs pitched-drains to asphalt/concrete” column of the calculation spreadsheet (Table 3). 
	We then repeated these steps for each of the buildings within the outfall so as to calculate the total “roof” related landuse input for the spreadsheet model (Figure 35 and Table 3). Note, Tables 2 and 3 were the calculation spreadsheets we used during the early development stages of this effort. Landuse terminology wording may be slightly different for the roof categories, for that reason please refer to the Table 1 or the main body of the modeling report when referencing landuse category terminology.. 
	Figure 35. Example of generated polygons for all “roofs” to be use under “roof” landuse category
	Table 3. Example of Calculated area by “Roofs” land use category.
	Once we completed calculation of total roof landuse area for the spreadsheet model input we then repeated the same process for the other landuse categories (i.e. Parking, Streets, Pervious Areas, and Special Areas) of Table 1. A completed GoogleEarth® characterization map of an outfall would thus be covered by different colored polygons indicating different landuse types (Figure 36). An example of the completed model input table for outfall 73 is provided in Table 4.g Again, note that table 4 is an earlier model input table version and includes additional landuse categories prior to simplification. Please refer to Table 1 referenced in this appendix and main body of the modeling report which describes in depth the input table for the final spreadsheet model.
	Figure 36. Completed Characterization Polygon View of NBSD OF73, note file names and different polygon colors for different landuse types to the left of the aerial image.
	(g) Note, for purposes of calibration of the spreadsheet model we had additional landuse category classifications. Landuse categories have now been simplified to those listed in Table 1.
	Table 4. Completed Landuse model input for NBSD OF73
	c. Calculating total outfall area- To calculate the total area of the outfall the same method described previously was used. Thus, the polygon KML file of the outfall parameter was saved and uploaded into the Free Map Tools© area-calculator. This information was then added to the calculation spreadsheet (Table 3) for later input into the spreadsheet model.
	d. Measuring and including non-area related items for model input (Special category land use areas)- One last item that has not been described previously is how to calculate an area from an item that would contribute to the Zn or Cu load of an outfall but is not visible as a surface area on a Google map. For example, a galvanized steel chain link fence would be considered a high Zn contributor in an outfall discharge but they are perpendicular to the 2D image that is typically viewed under GoogleEarth®. Due to the fact, that they are high sources of Zn and can cover large areas we chose to include them in the model input under the “Special Areas” category. In this case, they would be included under an “Other galvanized materials- connected” category as they are lining an area that is directly connected to a storm drainage input area. We calculated the area using the estimated height of the fence and by measuring the length of the fence using the “new path” function in GoogleEarth®. For example, an 8 ft. chain link fence was identified during our site survey and area marked on the field survey map (Figure 37). If this area was not visible via the aerial image then you would measure and record the distance of the fencing in the field. If the fencing is visible on the printed field image then the distance can be calculated using GoogleEarth®. 
	Figure 37. Identifying galvanized steel fence from field
	 survey and GoogleEarth® Image
	Estimating area of fencing- To estimate area of fencing, or other similar items, the first step is to select the “add a path” function from the GoogleEarth® tool bar (Figure 38) 
	Figure 38. Add a path function 
	After clicking on the “add a path” function, similar to the “add a polygon” function a “new path” window will open (Figure 39 A). You would then select the color and width of the line, similar to the add a polygon process, (Figure 39 B) and then trace the path of the fence parameter similar to creating a polygon around an area (Figure 40A). Once the path parameter has been completed you would then select the measurements tab in the “add a path window (Figure 40). Using the drop down window for the units tab, select meters. The path length in meters would then appear (Figure 40B). You can now click “ok” in the “add a path” window and record the calculation in the special area section of the calculation spreadsheet (Table 2). The final step would then be to calculate the area. Calculating the area involves converting the height of the fence to meters and/or acres and then multiplying the height by the length. For example, a 8 foot fence is equal to 2.44 meters. If you multiple 141 meters (the length of fence measured in Figure 40 A) to 2.44 meters (the height of the fence) the area would equal 344 meters. As mentioned previously, this number would be part of the total special areas “Other galvanized materials- connected” landuse input category. 
	Figure 39 A& B. Generating a “new path” 
	in GoogleEarth®
	Figure 39 A&B. Calculating length of path
	5. Filling in User Input Form On Spreadsheet Model: Once you have determined the total area for all landuse model input categories (Table 1) included in your target outfall you are now ready to enter this information into the input tab of spreadsheet model. Please refer to the main body of the modeling report for using the spreadsheet model and interpretation of model output. 
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	Introduction
	This report is a continuation of the similar document prepared last year describing the site investigations, site surveys, and stormwater modeling activities at naval facilities. These reports were prepared to demonstrate how WinSLAMM, the Source Loading and Management Model, can be used to facilitate stormwater management at naval facilities to identify sources of flows and pollutants of concern, and to evaluate potential stormwater control practices that may be applicable to these unique areas. 
	This report includes information for several outfall drainage areas on the “dry side” of Naval Base San Diego comprising residential, commercial, and institutional land uses, along with the industrial Sierra Pier at Subase San Diego. Two sites at Norfolk, VA, naval facilities were also investigated, Little Creek and St. Juliennes Creek Annex, which included an industrial facility and a scrapyard and storage area. Three areas were also investigated in the Puget Sound area of Washington, at the Bangor, Bremerton, and Everett naval bases, comprising industrial areas and piers. These areas were selected to supplement the other San Diego and Puget Sound facilities reported in the initial modeling report. 
	Data are presented for these sites describing site soil, weather, and land development conditions. Available water quality data are also summarized and used to calibrate WinSLAMM for each site. Additional analyses were also conducted investigating first flush vs. composite water quality and seasonal first flush conditions. After WinSLAMM calibration using this available data, the model was used to calculate the sources of the flows, TSS, copper, and zinc at these naval bases. The variety of conditions on these bases, along with the evaluation of the other San Diego and Puget Sound naval bases from the prior modeling report, represent a wide range of conditions at navy facilities and show how WinSLAMM can be used to assist navy facility stormwater managers.
	San Diego Naval Facilities
	Soil Conditions at San Diego Naval Bases

	According to information from the USDA web soil survey, the bases examined this year in the San Diego area have soils classified as the urban land soil type. Typically urban land includes buildings and areas of pavement. The soils are covered by asphalt roadways or parking lots, concrete structures, and other impervious surfaces. The soils have been so altered by the urban works that specific identification is not feasible. The soils can be severely compacted with very low infiltration rates in developed areas due to building construction or activities.
	Rain Data for San Diego Naval Bases

	The bases in the San Diego study area are located along the shore of San Diego Bay, California. The following figure shows the locations for the naval bases and the nearby weather station, along with the annual average annual rain depths for the region. The San Diego rain variations are quite small and are represented by the rain monitoring located at the San Diego International Airport.
	/
	Map of San Diego Naval Bases being studied and nearby weather station.
	NOAA Precipitation Data

	Hourly precipitation data is archived by the National Climate Data Center (NCDC) of the National Oceanic and Atmospheric Administration (NOAA). The San Diego International Airport weather station is in close proximity to the study areas and shown on the preceding map. The following table shows the approximate range of historical data available for the airport weather station, along with the completeness of the data record.
	Stations with Hourly Precipitation Data included for Southwest Naval Stations
	Station
	COOPID
	Latitude
	Longitude
	Data Range
	% Completeness
	San Diego Lindbergh Field
	047740
	32.733
	-117.183
	1948-2012
	98
	Rainfall Patterns for Southwest Naval Bases

	The following time series plot shows the rain depths for each rain that occurred during the period of 1951 through 2013, including the stormwater monitoring period. Most of the San Diego rains are less than 1 inch, with occasional rains greater than 2 inches.
	/San Diego Lindbergh Field, CA, rainfall from January 1951 to April 2013
	The regional naval facilities and the closest available NOAA rainfall data are summarized below:
	Sub Base Sierra Pier: 9 to 10 in/yr (San Diego Lindbergh Field, 10 in/yr between 1981 and 2010)
	NBSD: 9 to 10 in/yr (San Diego Lindbergh Field, 10 in/yr between 1981 and 2010)
	Therefore, the WinSLAMM calibration efforts will focus on the San Diego Lindbergh Field NOAA data for Sub Base Sierra Pier and NBSD Naval facilities due to its close proximity and rain conditions.
	Submarine Base San Diego (SUBASE) – Sierra Pier Outfalls 26, 26A, 27, 28, 28A

	Submarine Base Sand Diego (SUBASE) is located along the eastern shore of San Diego Bay. At this base, 5 outfalls were examined on the Sierra Pier. A complete data survey is available for this area describing the surface coverage, and area of each surface type. The watershed area for this outfall is approximately 6.4 acres. The site is mainly comprised of several small buildings, and expansive impervious areas (parking lots, storage and lay down areas).  The site is completely paved without any pervious areas.
	/
	Drainage Overview for Sierra Pier Outfalls
	/
	Aerial Outline and Land use characterization for NBSD Outfall 51 
	Photos taken during site surveys
	Land Use Characterization for Sierra Pier Outfalls 26, 26A, 27, 28, 28A Combined
	Land Use Characterization for Sierra Pier Outfalls 26, 26A, 27, 28, 28A Combined (continued)
	Land Use Characterization for Sierra Pier Outfalls 26, 26A, 27, 28, 28A Combined (continued)
	Water Quality Monitoring Data for Sierra Pier Outfalls 26, 26A, 27, 28, 28A Combined 
	Water Quality Monitoring Data for Sierra Pier Outfalls 26, 26A, 27, 28, 28A Combined (continued)
	Water Quality Monitoring Data for Sierra Pier Outfalls 26, 26A, 27, 28, 28A Combined (continued)
	Water Quality Monitoring Data for Sierra Pier Outfalls 26, 26A, 27, 28, 28A Combined (continued)
	Naval Base San Diego (NBSD) – Outfalls 51, 70, 72, and 73

	Naval Base San Diego (NBSD) is located on the mainland of San Diego along the eastern shore of the bay. Four outfalls were examined at his base: Outfalls 51, 70, 72, and 73. All the outfalls examined have complete data surveys available describing the coverage, including the areas of each surface type.
	Outfall 51

	Outfall 51 (located adjacent to outfall 70) is comprised of a mix of residential and commercial land uses, with several buildings, parking lots, storage and landscaped areas. The watershed area for this outfall is approximately 19 acres. This site has landscaping areas inside the watershed boundary that make up 56% of the total drainage area. An aerial photograph of the watershed is shown in the following figure.
	/
	Aerial view and Outline of NBSD Outfall 51
	/
	Drainage overview and Land use characterization for NBSD Outfall 51
	NBSD OF51 Site Development Characteristics
	NBSD OF51 Site Development Characteristics (continued)
	NBSD OF51 Site Development Characteristics (continued)
	Outfall 70

	Outfall 70 (located adjacent to outfall 51) is comprised of a mixture of residential and commercial land uses, with buildings, landscaping, parking lots and light to moderate laydown concrete covered areas. This is the largest of the San Diego study areas with a watershed area of approximately 78 acres. This site has pervious area accounting up to 34 % of the total drainage area. An aerial photograph of the watershed is shown in the following figure.
	/
	Aerial view and Outline of NBSD Outfall 70
	/
	Drainage overview and Land use characterization for NBSD Outfall 70
	Photos taken during site surveys
	NBSD OF70 Development Characteristics
	NBSD OF70 Development Characteristics (continued)
	NBSD OF70 Development Characteristics (continued)
	NBSD OF70 Development Characteristics (continued)
	Outfall 72

	Outfall 72 (located adjacent to outfall 73) is comprised of a mixture of navy residential and commercial property buildings, landscaping, parking lots, and light to heavy concrete covered storage and parking areas. The watershed area for this outfall is approximately 45 acres. This site has pervious areas accounting for 14% of the total drainage area. Aerial photographs, along with different land use characteristics, are shown in the following figures.
	/
	Aerial view and Outline of NBSD Outfall 72
	/
	Drainage overview and Land use characterization for NBSD Outfall 72
	NBSD OF72 Development Characteristics
	NBSD OF72 Development Characteristics (continued)
	NBSD OF72 Development Characteristics (continued)
	NBSD OF72 Development Characteristics (continued)
	Outfall 73

	Outfall 73 (located adjacent to outfall 72) is comprised of commercial land uses, with buildings, landscaping, parking lots and light to moderate concrete and asphalt covered storage and parking areas. The watershed area for this outfall is approximately 17 acres. This site has pervious areas covering 21% of the total watershed area. An aerial photograph, along with different land use characteristics, is shown in the following figures.
	/
	Aerial view and Outline of NBSD Outfall 73
	/
	Drainage overview and Land use characterization for NBSD Outfall 73
	Photographs taken during site surveys of OF72 and OF73
	NBSD OF73 Development Characteristics 
	NBSD OF73 Development Characteristics (continued)
	NBSD OF73 Development Characteristics (continued)
	NBSD OF73 Development Characteristics (continued)
	Stormwater Monitoring for Naval Base San Diego (NBSD) – Outfall 51 
	Stormwater Monitoring for Naval Base San Diego (NBSD) – Outfall 70 
	Stormwater Monitoring for Naval Base San Diego (NBSD) – Outfall 72 
	Stormwater Monitoring for Naval Base San Diego (NBSD) – Outfall 73 
	First-Flush vs. Composite Stormwater Quality for 2013 San Diego Monitored Sites 

	The stormwater quality data from the San Diego Naval Base monitoring locations for 2013 were reviewed, comparing TSS, total and dissolved copper, and total and dissolved zinc concentrations obtained during event first flushes to the same event sampled as a whole event composite. Only the dry side sites, summarized below, had these concurrent data; the subase pier monitoring locations did not have these paired data. Only one to three paired sample sets were available for each site, so the following tables list the seven events that had these data from these four locations combined. The seven rain totals ranged from 0.01 to 1.02 (based on the nearby San Diego International Airport rainfall monitoring location). There is insufficient data to compare these relationships for the individual locations. The non-parametric sign test for paired data was used to determine the significance of the observed differences in the concentrations of these paired data groups. 
	Dry Side 2013 Monitoring Locations at San Diego Naval Base having First Flush and Composite Data
	The following table shows the paired data for TSS. The first flush concentrations averaged about 3.6 times the composite values, with a moderate significance of 0.06 for the number of sample pairs available. The copper data also have p values of 0.06 with concentrations ratios of about 3.1 and 2.6 for total and dissolved copper, respectively. The total and dissolved zinc paired concentration values had p values of 0.01, with all 7 first flush concentrations greater than the composite concentrations. The concentration ratios were higher than for the copper values, being about 4.1 and 5.3 for total and dissolved zinc respectively.
	TSS Data from all 2013 San Diego Monitoring Sites Combined: First Flush vs. Composite Samples
	Total and Dissolved Copper Data from all 2013 San Diego Monitoring Sites Combined: First Flush vs. Composite Samples
	Total and Dissolved Zinc Data from all 2013 San Diego Monitoring Sites Combined: First Flush vs. Composite Samples
	Stormwater Quality Variations by Seasons at San Diego Naval Monitoring Locations

	Southern California stormwater managers frequently observe significant “seasonal first-flushes” when the initial rains of the year may have larger concentrations compared to other rains later in the rainy season, and may account for much of the total rain year stormwater discharges. The rain year normally starts in the late fall and extends into the spring. The following tables summarize pollutant concentrations at the San Diego Naval Base monitoring locations for October and November compared to the other months, along with non-paired Wilcoxon rank-sum p values comparing the two concentration groups. The first table shows data from the prior Navy WinSLAMM analyses that focused on naval industrial monitoring locations (outfalls 26, 14, 1, 13, and 9) and is only for TSS. The next table is for the current monitoring period sites at the Navy dry side monitoring locations (residential, commercial, and institutional) combined, as there were relatively few data observations for each outfall. Data are shown for TSS, dissolved and total Cu, and dissolved and total Zn. The third table includes the data from the currently monitored subbase pier outfalls for TSS, dissolved and total Cu, and total Zn (dissolved Zn data are not available for this location). 
	The results for the earlier monitored naval industrial sites do not indicate any significant differences for the TSS data available. The concentration ratios are also not indicative of higher concentrations for the early monitored events (the largest ratio is only 1.18 for TSS at OF1, for example.  Outfall 9 had a p value of 0.07, therefore being marginally significant, but the October and November TSS concentrations were much smaller than the later event TSS concentrations. The data for the dry side locations monitored this past year shows that only dissolved zinc had a statistically significant difference between the two data groups, while total copper and total zinc had p values of 0.06 and 0.07 respectively, indicating a marginal level of significance, while also showing much larger concentrations during the early monitoring period compared to later rains. It is likely that several additional rain observations in the early period would result in statistically significant differences for these dry side monitoring locations. The pier monitoring locations during the recent monitoring activities are similar to the previous naval industrial site data; only one condition (TSS) had marginally significantly different concentrations, but the early season data appears to have much lower concentrations than the later season observations. 
	It is possible that the dry side (residential, commercial, and institutional land uses) have significant seasonal first flush conditions, but additional data would be needed to verify the observations statistically. With so few rain events available in the semi-arid southern California area, these data are difficult to obtain, so the marginally available results may be indicative of this trend reported by others. However, there is no supporting information in the data from the naval industrial data sets supporting seasonal first-flushes from these land uses. It is thought that the highly varying site activities during the different industrial monitoring years caused a greater variability than the seasonal differences, effectively obscuring any seasonal first flush patterns.
	Seasonal First Flush TSS Concentrations vs. Other Months for Prior San Diego Naval Base Monitored Sites
	Seasonal First Flush Concentrations vs. Other Months for 2013 San Diego Residential, Commercial, and Institutional Monitored Sites
	Seasonal First Flush Concentrations vs. Other Months for 2013 San Diego SubBase Pier Monitored Sites
	Norfolk, VA, Naval Facilities
	Soil Conditions at Norfolk, VA, Area Naval Facilities
	Little Creek


	The soils at the Little Creek site are comprised of the Udorthents loamy soil type. Slopes are smooth or irregular, and range from 0 to 25 percent but are dominantly 0 to 5 percent.  These soils are slightly darker in the uppermost 6 to 10 inches than in the underlying material, and resemble topsoil. The properties of these soils vary greatly with depth; they are generally well suited for use as building sites. Permeability is moderate to slow to a depth of 10 inches, and rapid to very slow below that depth. However, these soils were heavily compacted and reflect very little infiltration through the soil surface.
	St. Juliennes

	The soils at the St. Juliennes site are comprised of urban land soils. Typical urban land includes gently sloping areas covered by streets, buildings, parking lots, and other structures that obscure or alter the soils so that identification is not feasible. This site is mostly a scrapyard and storage area and is covered with some pavement, but with much compacted soils that do not provide significant infiltration.
	Rain Data for Norfolk, VA Naval Bases

	The bases in the Norfolk, VA, study area are located along the shoreline. The following figure shows the locations of these naval bases and the nearby weather station at the Norfolk International Airport, along with the annual average rain depths. The rain variations in this area are also relatively small, although the annual average rain depth is about 46 inches per year.
	/
	Map of Norfolk, VA, Naval Bases studied and nearby weather stations
	NOAA Precipitation Data

	Hourly precipitation data is archived by the National Climate Data Center (NCDC) of the National Oceanic and Atmospheric Administration (NOAA) for the Norfolk International Airport. This table shows the approximate range of the historically available data, along with the completeness of the data record, for the airport location.
	Stations with Hourly Precipitation Data included for Norfolk, VA, Naval Stations
	Station
	COOPID
	Latitude
	Longitude
	Data Range
	% Completeness
	Norfolk International Airport
	446139
	36.903
	-76.192
	1948-2012
	100
	Rainfall Patterns for Norfolk, VA, Naval Bases

	The following time series plot shows the rain depths for each rain event that occurred during the period from 1953 to 2013, including the stormwater monitoring period. Most of the Norfolk rains are less than 3 inches, with rare rains greater than 9 or 10 inches.
	/Norfolk International Airport, VA, rainfall from January 1953 to February 2013
	The regional naval facilities and the closest available NOAA rainfall Norfolk airport data are summarized below:
	Little Creek: 45 to 50 in/yr (Norfolk International Airport 46 in/yr between 1981 and 2010)
	St Juliennes: 45 to 50 in/yr (Norfolk International Airport 46 in/yr between 1981 and 2010)
	Therefore, the WinSLAMM calibration efforts will focus on the Norfolk International Airport NOAA data for both the Little Creek and St Juliennes Naval facilities. 
	Land Development Characteristics at Norfolk, VA, Area Naval Facilities
	Naval Amphibious Base Little Creek – Outfall 07


	Little Creek Outfall 07 is located in the Naval Amphibious Base Little Creek. A complete data survey is available for this outfall describing the surface coverage and area of each surface type. Outfall 07 is comprised of industrial land use, with buildings and light to moderate laydown concrete and unpaved (but compacted) areas. The watershed area for this outfall is approximately 3 acres. This site has pervious areas accounting for 15% of the total watershed area. An aerial photograph of the watershed is shown in the following figure.
	/
	Drainage overview and Land use Characterization for Little Creek Outfall 07
	Photos taken during site survey of Little Creek OF-07
	Land Use Development Characteristics for Little Creek OF-07
	Land Use Development Characteristics for Little Creek OF-07 (continued)
	Land Use Development Characteristics for Little Creek OF-07 (continued)
	Land Use Development Characteristics for Little Creek OF-07 (continued)
	Stormwater Quality at Little Creek Naval Base
	Stormwater Monitoring for Little Creek Outfall 07
	Stormwater Monitoring for Little Creek Outfall 07 (continued)

	Land Development Characteristics at St. Juliennes Creek Annex
	St Juliennes Creek Annex – Outfalls 40 and 41


	St Juliennes Outfalls 40 and 41 are located in the St Juliennes Creek Annex. A complete data survey is available for this outfall describing the surface coverage, and area of each surface type. Outfalls 40 and 41 are comprised of industrial land use, with buildings, parking/storage areas, landscaping and light to moderate laydown concrete and unpaved areas. The watershed area for this outfall is approximately 26 acres. This site has pervious area (heavily compacted) accounting to 18% of the total watershed area. An aerial photograph, along with different land use characteristics are shown in the following figures.
	/
	Aerial view and Outline of St Juliennes Outfalls 40 and 41
	/
	Drainage overview and Land use characterization for St Juliennes Outfalls 40 and 41
	Photos taken during site surveys of St Juliennes OF 40 and 41
	Land Use Development Characteristics for St Juliennes OF 40 & 41
	Land Use Development Characteristics for St Juliennes OF 40 & 41 (continued)
	Land Use Development Characteristics for St Juliennes OF 40 & 41 (continued)
	Land Use Development Characteristics for St Juliennes OF 40 & 41 (continued)
	Stormwater Quality at St. Juliennes Annex Naval Facility

	Stormwater Monitoring for St Juliennes Outfalls 40 & 41
	Northwest Naval Bases
	Soil Conditions at Northwest Naval Bases
	Bangor


	According to the USDA web soil survey, the soils at the Bangor site are of the Alderwood-Harstine soil type. These soils are moderately deep and moderately well drained. Typically, the surface of Alderwood soils is covered by a thin mat of undecomposed needles and wood fragments. The subsurface layers are very gravelly sandy loam. The subsoil is very gravelly loam. The substratum is gravelly sandy loam glacial till that is weakly-silica-cemented in the upper part. Depth to this hardpan ranges from 20 to 40 inches. Typically, the surface of Harstine soils is covered by a thin mat of undecomposed needles and wood fragments. The surface layer and subsoil are gravelly sandy loam. The substratum is weakly-silica-cemented gravelly loamy sand over weakly-cemented compact glacial till. Depth to the hardpan ranges from 25 to 40 inches. The soils can be severely compacted with very low infiltration rates in developed areas due to building construction or activities.
	Bremerton

	The soils in the Bremerton site are comprised of the following soil types: Alderwood very gravelly sandy loam, 6 to 15 % slopes (18.5%), Alderwood very gravelly sandy loam, 15 to 30 % slopes (22.1%), Neilton gravelly loamy sand, 0 to 3 % slopes (44.9%), and Urban land-Alderwood complex, 0 to 8 % slopes (14.5%). The soils can be severely compacted with very low infiltration rates in developed areas due to building construction or activities. These soil types are described by the USDA web soil survey: 
	Alderwood very gravelly sandy loam, 6 to 15% slopes: These soils are moderately deep and moderately well drained. Typically, the surface of this soil is covered by a mat of undecomposed needles and wood fragments. The subsurface layer is brown very gravelly sandy loam 1/2 inch thick. The subsoil is brown very gravelly loam about 21 inches thick. The substratum to a depth of 60 inches or more is grayish brown gravelly sandy loam that is weakly-silica-cemented in the upper part. Depth to the silica-cemented hardpan ranges from 20 to 40 inches. Permeability of this Alderwood soil is moderately rapid above the hardpan and very slow in the hardpan layer. 
	Alderwood very gravelly sandy loam, 15 to 30% slopes: These soils are steeper, otherwise, they are similar to the milder sloped Alderwood soils descried above. 
	Neilton gravelly loamy sand, 0 to 3% slopes: These soils are deep and excessively drained. Typically, the surface layer is dark brown gravelly loamy sand about 4 inches thick. The subsoil is brown very gravelly loamy sand about 15 inches thick. The substratum to a depth of 60 inches is very gravelly sand. Permeability of this Neilton soil is rapid to a depth of 19 inches and very rapid in the substratum.
	Urban land-Alderwood complex, 0 to 8% slopes: These soils are moderately well drained and exist on beaches and low terraces on broad uplands. This complex is about 70 percent urban land and 20 percent Alderwood very gravelly sandy loam, 0 to 8 percent slopes. The components of this complex are so intricately intermingled that it was not practical to map them separately at the scale used. The Alderwood soil is moderately deep and moderately well drained. Typically, the surface of this soil is covered by a thin mat of undecomposed needles and wood fragments. The subsurface layer is brown very gravelly sandy loam about 0.5 inches thick. The subsoil is brown very gravelly loam about 21 inches thick. The substratum to a depth of 60 inches or more is grayish brown gravelly sandy loam that is weakly-silica-cemented in the upper part. Depth to the silica-cemented hardpan ranges from 20 to 40 inches. Permeability of this Alderwood soil is moderately rapid above the hardpan and very slow in the hardpan. 
	Everett

	The soils in Everett site are comprised of the urban land soil type. Typical urban land includes gently sloping areas covered by streets, buildings, parking lots, and other structures that obscure or alter the soils so that identification is not feasible. The urban soils can be severely compacted with very low infiltration rates in developed areas due to building construction or activities.
	Rain Data for Northwest Naval Bases

	The bases in the northwest study area examined this year are located along the shores and islands of Puget Sound, Washington. An important part of the model calibration process relies on using rainfall data for each site that correlates with the samples collected at each outfall. This section summarizes the available data for each naval base and the associated weather stations. The following figure shows the locations for the naval bases and the nearby weather stations in the northwest study area, along with the annual average rain depth variations in the region.
	/Map of Naval Bases and nearby weather stations
	NOAA Precipitation Data

	Hourly precipitation data is archived by the National Climate Data Center (NCDC) of the National Oceanic and Atmospheric Administration (NOAA). The weather stations are generally operated by the U.S. National Weather Service (NWS), the Federal Aviation Administration (FFA), or by cooperative stations in the U.S. and its territories. The following table is a list of the weather stations near the northwestern naval bases that have hourly rainfall data, as supplied on the most recent EarthInfo CDs (Santa Monica, CA), a commercial supplier of nationwide NOAA weather information. These weather stations in the Puget Sound area are shown on the preceding map. The following table shows the approximate range of historical data available for each site, along with the completeness of the data record. The most comprehensive data sets are for Quilcene, Everett, Burlington, and the Seattle Tacoma International Airport (SEATAC) as shown on the following table. 
	Stations with Hourly Precipitation Data included for Northwest Naval Stations
	Station
	COOPID
	Latitude
	Longitude
	Data Range
	% Completeness
	Quilcene 5 SW Dam WS
	456851
	47.784
	-122.979
	1948-2012
	89
	Everett WS
	452675
	47.975
	-122.195
	1948-2012
	91
	Burlington WS
	450986
	48.467
	-122.313
	1948-2012
	91
	Seattle Tacoma AP WS
	457473
	47.444
	-122.313
	1948-2012
	99
	Global Historical Climatological Network

	Besides the basic NOAA data shown above, additional rainfall data for the region were also investigated that were located closer to the naval bases studied. Data from the Global Historical Climatological Network (GHCN) is also archived by the National Climate Data Center (NCDC). These weather stations are comprised of a worldwide network of weather stations (approximately 20,000 stations). Numerous organizations such as the Automated Weather Network (AWN), Global Telecommunications System
	(GTS), and the Automated Surface Observing System (ASOS), participate in this effort. Stations geographically close to each naval station are included in the following table along with the historical data range for each site.
	Stations with GHCN Precipitation Data included for Northwest Naval Stations
	Station
	Station Owner
	Latitude
	Longitude
	Data Range
	Bremerton National AP
	Bremerton National Airport
	47.483
	-122.767
	1973-2013
	Snohomish County AP
	Snohomish County Airport
	47.908
	-122.28
	2006-2013
	Data for these locations were obtained through the NOAA website. These data required substantial reformatting for the analyses and modeling efforts.
	Rainfall Patterns for Northwest Naval Bases

	The following three figures are time series plots showing the rain depths for each rain event that occurred during the period corresponding to the stormwater monitoring dates. Everett and Snohomish are quite similar, with most of the rains less than one inch, with occasional rains as large as 4 or 5 inches. The Bremerton rains are much larger, with most rains less than about 2 inches and rare rains in the 6 to 8 inch category.
	/
	Everett, WA, rainfall from January 1949 to February 2012
	/
	Bremerton National AP, WA, rainfall from January 2009 to April 2013
	/
	Snohomish County AP, WA, rainfall from January 2009 to April 2013
	The regional naval facilities and the closest available NOAA rainfall data are summarized below:
	Bangor: 40 to 48 in/yr (Bremerton 53 in/yr between 1981 and 2010)
	Bremerton: 48 to 54 in/yr (Bremerton 53 in/yr between 1981 and 2010)
	Everett: 33 to 40 in/yr (Everett 36 in/yr between 1981 and 2010, and Snohomish 34 in/yr between 1981 and 2010)
	The WinSLAMM calibration efforts will therefore focus on the Bremerton NOAA data for Bangor and Bremerton Naval facilities, and Everett for the Everett Naval facility.
	Land Development Characteristics at Bangor Trident Base

	Bangor Trident Base - Outfall 02
	Bangor Outfall 02 is located at the Bangor Trident Base. A complete data survey is available for this outfall describing the surface coverage and area of each surface type. Outfall 02 is comprised of commercial, industrial and institutional land uses, with buildings, landscaping, and light to moderate laydown concrete, asphalt and unpaved areas. The watershed area for this outfall is approximately 1,442 acres. There is a temporary sewage lagoon located within the site. This site has a large amount of pervious areas accounting for 82% of the total watershed area. An aerial photograph, along with different land use characteristics, is shown in the following figures.
	/
	Drainage overview and Land use characterization for Bangor Outfall 02
	Photos taken during site survey at Bangor OF02
	Land Use Development Characteristics for Bangor OF 02
	Land Use Development Characteristics for Bangor OF 02 (continued)
	Land Use Development Characteristics for Bangor OF 02 (continued)
	Stormwater Quality at Bangor Trident Base

	Stormwater Monitoring for Bangor Outfall 02
	Land Development Characteristics at Naval Base Kitsap

	Naval Base Kitsap – Bremerton Outfall 015
	Bremerton Outfall 015 is located in the Naval Base Kitsap. A complete data survey is available for this outfall describing the surface coverage and area of each surface type. Outfall 015 is comprised of residential, commercial, industrial, and institutional land uses, with buildings, landscaping, and light to heavy laydown concrete and asphalt covered areas. The watershed area for this outfall is approximately 104 acres. This site has pervious areas accounting for 41% of the total watershed. An aerial photograph, along with different land use characteristics of the site, is shown in the following figures.
	/
	Drainage overview and Land use characterization for Bremerton Outfall 015
	Land Use Development Characteristics for Bremerton OF 015
	Land Use Development Characteristics for Bremerton OF 015 (continued)
	Land Use Development Characteristics for Bremerton OF 015 (continued)
	Land Use Development Characteristics for Bremerton OF 015 (continued)
	Stormwater Quality at Naval Base Kitsap

	Stormwater Monitoring for Bremerton Outfall 015
	Stormwater Monitoring for Bremerton Outfall 015 (continued)
	Stormwater Monitoring for Bremerton Outfall 015 (continued)
	Land Development Characteristics at Naval Station Everett

	Naval Station Everett – Everett Outfall A
	Everett Outfall A is located in the Naval Station Everett. A complete data survey is available for this outfall describing the surface coverage and area of each surface type. Outfall A is comprised of industrial land uses, with buildings, landscaping, and light to heavy laydown concrete and asphalt areas. The watershed area for this outfall is approximately 15 acres. This site has pervious areas accounting for 10% of the total watershed. An aerial photograph, along with different land use characteristics, is shown in the following figure.
	/
	Drainage overview and Land use characterization for Everett Outfall A
	Photos taken during site survey of Everett OF-A
	Land Use Development Characteristics for Everett OF A
	Land Use Development Characteristics for Everett OF A (continued)
	Land Use Development Characteristics for Everett OF A (continued)
	Land Use Development Characteristics for Everett OF A (continued)
	Stormwater Quality at Naval Station Everett 

	Stormwater Monitoring for Everett Outfall A (Rain information based on Everett Rain Gage)
	Stormwater Monitoring for Everett Outfall A (Rain information based on Everett Rain Gage) (continued)
	*Snohomish County Airport Rain gage data as the Everett data ended in 2011. The earlier data were obtained from the Everett rain gage location.
	WinSLAMM Calibration Results
	WinSLAMM was calibrated using the above listed site data collected at the various naval facilities located in California, Virginia, and Washington. The California and Washington naval industrial calibration files developed during the prior project year were not modified (except to comply with several model enhancements that we made since those earlier calibrations, such as the compacted soil factors and routing of particle size distributions). During the current project period, additional data were available for “dry side” naval facilities in the San Diego area (mostly residential and commercial/institutional areas), some additional land uses in the Puget Sound area (again mostly residential and commercial/institutional areas), and for naval industrial areas in the Little Creek, Virginia areas. These sites are all described in earlier sections of this report. The calibration efforts for the current project period therefore extended WinSLAMM to these other land uses found on naval facilities, and for a new area (Virginia). In addition, the prior California and Washington calibrations were also verified using these new data from the additional monitoring locations.
	The calibration process started with the San Diego “dry side” locations and data, and the files were then used with the prior industrial area data for the “wet side” locations having mostly industrial land uses. After this calibration effort, the Virginia locations were calibrated (all naval industrial land uses) based on the regional WinSLAMM land use calibration data, but adjusted using the locally collected information and data. The Puget Sound calibration effort started with mixed land use areas for the residential and commercial/institutional land uses, and then used the prior industrial area calibration files with the other locations.
	The first calibration activities focused on the TSS data at each location and land use. Calibration started with using the regional calibration files for the southwest for all land uses besides the industrial areas (which used the prior navy calibrated files). Sites having these other land uses were evaluated and the event by event predicted TSS mass loadings were compared to the observed TSS mass loadings (based on the observed TSS concentrations multiplied by the expected runoff volumes). The sum of all the event loads for all sites were then compared and the ratio of the observed to the calculated load sum was then used as a factor to modify the calibration file data (again, the industrial data was not changed). Besides the particle concentration file data, changes were also made to the street TSS washoff delivery file (as the street runoff TSS load is calculated by the model and does not use a calibration file directly). Therefore, matching the sum of loads for the observed and calculated data sets was the primary calibration objective. When a satisfactory overall match was obtained, further analyses were conducted examining individual event loads and concentration values. Further adjustments were made in an attempt to best represent the overall range and variation in loads and concentrations. 
	After the TSS calibrations were completed, copper and zinc calibrations were next conducted for both particulate and filtered conditions, starting with mass discharges and then concentrations. After these calibrations were made for the residential, commercial, and institutional land uses, the prior industrial calibration files were used for newer industrial areas for the California and Washington sites. The Virginia industrial calibrations only reflected the current data as prior naval facility data were not available for that area.
	As shown in the following plots and tables, the performances of the calibrations were quite satisfactory for the load calculations, but less so for the concentration data. While the average concentrations matched well, the calculated concentration values for individual events sometimes were less variable than observed. This is mostly associated with various uncertainties of the monitored data, such as the periodic monitored events over long periods of time resulting in artificially long interevent periods (partially compensated by using special street delivery factors), varying amounts of observations from the different sites for the different constituents, and unknown site activities in the past that do not correspond to currently observed site conditions. Overall, these calibrated model files were then used to calculate the expected sources of the flows, particulates, copper, and zinc from the different study areas, as shown in the following report section.
	Observed and Calculated TSS Loads and Average Concentrations
	Observed and Calculated Total Copper Loads and Average Concentrations
	* several very high concentrations observed
	Observed and Calculated Total Zinc Loads and Average Concentrations
	* several very high concentrations observed
	** filterable concentrations greater than total concentrations when both sites examined
	The following are plots and calculations describing the performance for the TSS mass calibrations as an example. The additional data for the TSS concentrations and the copper and zinc calibrations are shown in Appendix C. The Mann-Whitney rank sum tests compared the medians of the observed and calculated data sets, while the calibrations focused on the sum of loads and the average concentrations. Therefore, a number of these test results indicate significant differences in the observed vs. calculated median values, while it is likely the average and load data sets are not significantly different. The calibration test results cannot be presented with a single performance value, nor were the calibrations done only examining single relationships. The overall patterns were also considered in addition to the primary sum of loads values. As noted previously, the inconsistent data collection efforts, relatively few data, and lack of historical site activities likely added to less desirable calibration results for some conditions. However, most of these results are very good and the calibrated model was used to calculate the expected sources of the flows and pollutants in the following section.
	The above figure shows probability plots for the observed and calculated TSS masses for all sites combined, showing similar and overlapping distributions. The 95% confidence intervals (CI) for each set of data are also shown. Generally, these two data sets overlap (they cross at both the top and bottom of the range and the CI bands are close). These are log-normal probability plots and also indicate how closely the data distributions reflect normal conditions (after being log-transformed). If the plot is a straight line, they are likely normally distributed. This plot was prepared with Minitab (version 16) and also includes Anderson-Darling (AD) test statistic values in the data summary box. If the AD p value is small (<0.05), then the data set is statistically different from a normal distribution; if large (>0.05) then there is insufficient data to indicate a statistically significant difference. In the above example, the observed TSS mass values (shown as red squares) form a reasonably straight line except for a few extreme values, and the AD test statistic has a p value of 0.84. In contrast, the calculated TSS mass values (shown as black filled dots) have a greater curvature and an AD test statistic p value of <0.005 indicating they do not likely form a normal distribution. The main use of these probability plots is to illustrate the visual similarity of the observed and calculated distributions; data normality is not a goal as non-parametric statistical tests were used when examining the data. These data sets are not perfectly super-imposed and indicate some bias, especially some over-predictions in calculated TSS mass for some observed values. 
	/
	The above box and whisker plot compares pairs of observed and calculated TSS mass loads for the San Diego (CA), Norfolk (VA), and Puget Sound (WA) study areas data, while the last pair includes the data from all of the sites combined. The box shows the median as the internal horizontal line in the boxes while the upper and lower ends of the boxes indicate the 75th and 25th percentile values respectively. The ends of the whiskers indicate the 5 and 95% percentile values, while the individual dots indicate observations outside of the 5th to 95th percentile range. Therefore, two adjacent plots indicate how the observed and calculated values compare. Generally, if the median of one box is above or below the 25th or 75th percentile ends of the adjacent box, the data sets are likely significantly different for moderately sized data sets. For this plot, the San Diego data sets may be different, while the other data pairs (and the overall data set) indicate better overlapping conditions. The following Mann-Whitney test statistics was used to calculate the probability of these differences (based on the data set medians and the overall variations).
	Mann-Whitney Rank Sum Test for San Diego TSS Mass Data (based on medians)
	The difference in the median values between the two groups is greater than would be expected by chance; there is a statistically significant difference (P = 0.004), as indicated on the above box and whisker plot
	Mann-Whitney Rank Sum Test for Virginia TSS Mass Data (based on medians)
	The difference in the median values between the two groups is not great enough to exclude the possibility that the difference is due to random sampling variability; there is not a statistically significant difference  (P = 0.71)
	Mann-Whitney Rank Sum Test for Washington TSS Mass Data (based on medians)
	The difference in the median values between the two groups is not great enough to exclude the possibility that the difference is due to random sampling variability; there is not a statistically significant difference  (P = 0.49)
	t-Test: Paired Two Sample for Means for All TSS Mass Data Combined
	The number of observations (80 pairs) do not indicate a statistically significant difference between the two data sets (P = 0.40)
	/
	The above scatterplot compares the observed and calculated TSS mass loads for individual events. The preferred plot would be a 45 degree line with little scatter (as better indicated for copper and zinc loads as shown in Appendix C, for example). For the TSS mass loads shown on this plot, the events with small mass loadings have over-predicted calculated loadings, as indicated in the probability plots shown previously.
	Calculated Sources of Flows, Particulate Solids, Copper, and Zinc at Naval Facilities
	 The calibrated version of WinSLAMM was used to calculate the relative sources of the runoff volume, TSS, copper, and zinc at the naval bases examined during the 2013 site investigation and monitoring activities. The following sections describe the results of these calculations, focusing on three ranges of rains: small rains up to 0.5 inches in depth (normally associated with the largest number of runoff events), 0.5 to 1.5 inches in depth (normally associated with the majority of pollutant mass discharges), and >1.5 inches in depth (rarer rains associated with habitat destruction/bank instability and drainage issues). 
	The following table summarizes the main source areas used in the source calculations, along with their descriptions. The analyses were separated into three land use categories: residential, commercial/institutional, and industrial areas. These three land use categories along with the source areas shown in this table were the basis for the simplified spreadsheet Navy stormwater model being developed for preliminary base calculations.
	Source Area Categories for San Diego Source Contribution Analyses
	Source Area Categories for San Diego Source Contribution Analyses (continued)
	* for areas having the same source area designation, use the most common condition, or create another land use for the duplicates
	The following tables summarize the major source area contributions for these three rain categories for each outfall drainage area. Only those areas contributing at least 10% of the flows or pollutants are summarized on these tables. As expected, the directly connected impervious areas contribute most of the flows, but landscaped areas become important for the largest rains for some of the areas. Also, each source area usually has limited flow or pollutant contributions, requiring stormwater controls at several source areas or affecting the total area flows, to result in significant reductions.
	Major flow sources for San Diego Naval Facilities:
	Major particulate solids sources for San Diego Naval Facilities:
	Major total copper sources for San Diego Naval Facilities:
	Major total zinc sources for San Diego Naval Facilities:
	The following figures are graphical representations of these source area contribution data by rain depth.
	/
	/
	/
	The following tables and figures summarize the flow and pollutant sources for the two Virginia bases examined during 2013.
	Source Area Categories for Little Creek Source Contribution Analyses
	* for areas having the same source area designation, use the most common condition, or create another land use for the duplicates
	Major flow sources for Virginia Naval Facilities:
	Major particulate solids sources for Virginia Naval Facilities:
	Major total copper sources for Virginia Naval Facilities:
	Major total zinc sources for Virginia Naval Facilities:
	/
	/
	/
	/
	/
	/
	/
	/
	The following tables and figures illustrate and summarize the flow and pollutant sources for the three naval facilities examined during 2013 in the Puget Sound area.
	Source Area Categories for Washington Source Contribution Analyses
	Source Area Categories for Washington Source Contribution Analyses (continued)
	* for areas having the same source area designation, use the most common condition, or create another land use for the duplicates
	Major flow sources for Washington Naval Facilities:
	Major particulate solids sources for Washington Naval Facilities:
	Major total copper sources for Washington Naval Facilities:
	Major total zinc sources for Washington Naval Facilities:
	/
	/
	/
	/
	/
	/
	/
	/
	/
	/
	/
	/
	Appendix A: Particle Size Distributions for Source Areas
	WinSLAMM now has the capability of tracking particle size distributions from source areas through the drainage systems and control practices. This requires the selection of the *.psd file for each source area and land use. In WinSLAMM version 10.1, these are entered as part of the “Source Area Particle Size Distribution and Peak-to-Average Rainfall Ratio Standard Files” screen (under the tools\edit source are default variables drop down menu), as shown below in an example file. As shown in this example, different *.cpz (critical particle size) files can be selected for each source area in each land use. If preferred, the same *.cpz file can be used for all source areas for all land uses also.
	/
	Several particle size distribution files are distributed with WinSLAMM, mostly based on extensive monitoring, as shown on Table 1 show the older particle size files, along with files created from recent research conducted by Pitt and his research group. These samples were all collected using completed mixed conditions and represent wide particle size ranges.
	Table 1. Particle Size Distribution Files Included with WinSLAMM (percentage of sample, by mass, greater than size indicated)
	The file names for these particle size distributions are:
	SSC cnstrcn AL (Construction sites in Tuscaloosa)
	SSC roof comr AL (Roof runoff at commercial sites in Tuscaloosa)
	SSC park pvd instit AL (Parking lot in park adjacent to BamaBelle)
	SSC gutter MO (Gutter flows entering curb cut biofilters in Kansas City)
	SSC opn spc CA (Open space at SSFL in LA County)
	TSS otfl NURP (outfall samples from all of the NURP sites doing PSD analyses)
	TSS otfl Mdwst IL MI (outfall samples from the NURP sites in IL and MI)
	SSC otfl Mnro WI (outfall samples from the Monroe St monitoring location in Madison, WI)
	TSS otfl low (outfall samples representing low sediment concentrations)
	TSS otfl medium (outfall samples representing typical sediment concentrations)
	TSS otfl high (outfall samples representing high sediment concentrations)
	These files are further described below:
	Low, medium, and high cpz files: the work by Grizzard and Randall (1986) at east coast sites indicated significantly different particle size distributions for stormwaters from the same site having different suspended solids concentrations. The highest suspended solids concentrations were associated with waters having relatively few small particles, while the low suspended solids concentration waters had few large particles.
	Outfall NURP, Midwest cpz files: These data are from outfall samples collected from a number of NURP (Nationwide Urban Runoff Study) locations and from just those in the Midwest. The analyses were conducted by gravimetric settling columns by the USGS. The upper Midwest data sources were from two of the NURP projects: Terstriep, et al. (1982), in Champaign/Urbana, IL, and Akeley (1980) in Washtenaw County, Michigan.
	Outfall Monroe cpz file: These data are from the inlet to the Monroe St. wet detention pond in Madison, WI. The samples were collected using automatic samplers and from bedload samplers (results integrated) over a period of about three years. The PSDs were analyzed by the USGS.
	Open space SSFL cpz file: These data represent grab samples collected on the Santa Susana Field Laboratory site in Ventura County, CA. The samples were obtained in rugged semi-arid open space areas. The samples were collected over a two year period and were analyzed using a laser particle size analyzer.
	Gutter KC curb cut cpz file: These data represent averaged results from the gutter flow samples obtained using automatic samplers at curb cuts at the inlets to biofilters in the Kansas City green infrastructure demonstration project area, collected over a three year period. These samples were analyzed for particle size distributions using a combination of multiple sieve analyses plus Coulter Counter analyses.
	Parking lot BamaBelle cpz file: Parking lot samples were collected using an automatic sampler, along with bed load from the sump of the Upflow Filter that was being evaluated. The site was at a parking lot for a river front park that has moderate parking, along with some landscaping runoff contributions from the areas surrounding the parking lot. Thirty samples were collected over a one year period and this represents an overall average PSD. These samples were analyzed for particle size distributions using a combination of multiple sieve analyses plus Coulter Counter analyses, and the sump samples were also integrated into the finer fraction data.
	Roof runoff Tuscaloosa cpz file: Roof runoff samples were collected (manual grab samples) as part of Renee Morquecho’s dissertation research at UA on stormwater treatability. She was focusing on the metal associations (and their characteristics) as a function of particle size from several source areas. The other sampling locations were for mixed flows. These samples were analyzed for particle size distributions using a combination of multiple sieve analyses plus Coulter Counter analyses.
	Construction sites Tuscaloosa cpz file: Grab samples from about 12 construction sites in the Tuscaloosa, AL, area were collected in 2012 as part of a class project to determine the level of treatment (defined by critical particle size) to meet various turbidity numeric effluent limits being proposed for construction site runoff. These samples were analyzed using a combination of multiple sieve analyses plus Coulter Counter analyses.
	Table 2 shows particle size distributions from grab sheetflow samples collected during research examining treatability of stormwater and the development of the Multi-Chambered Treatment Train (Pitt, R., B. Robertson, P. Barron, A. Ayyoubi, and S. Clark. Stormwater Treatment at Critical Areas:  The Multi-Chambered Treatment Train (MCTT). U.S. Environmental Protection Agency, Wet Weather Flow Management Program, National Risk Management Research Laboratory. EPA/600/R-99/017. Cincinnati, Ohio. 505 pgs. March 1999). These samples were obtained from sheetflows during rains using a vacuum sample bottle and Teflon tube. The samples were analyzed using an early model laser particle counter. It was apparent that this instrument did not detect particles larger than about 75 um, usually considered the upper limit of particles for  TSS (SSC covers the complete particle size range). Therefore, these data should only be applied to a modeling situation where the particulate solids calibration and verification relied on TSS data. Similarly, using PSD data from SSC samples with TSS calibrations would artificially increase the importance of the larger particles, resulting in increased (in error) particulate capture calculations.
	Table 2. Particle Size Distributions from Source Area Grab Samples Collected in the Birmingham, AL, Area (for TSS)
	Table 2. Particle Size Distributions from Source Area Grab Samples Collected in the Birmingham, AL, Area (for TSS) (continued)
	Table 2. Particle Size Distributions from Source Area Grab Samples Collected in the Birmingham, AL, Area (for TSS) (continued)
	The file names for these particle size distributions are:
	TSS roofs res AL (residential area roof runoff samples from Birmingham)
	TSS roofs comr AL (commercial area roof runoff samples from Birmingham) 
	TSS roofs ind AL (industrial area roof runoff samples from Birmingham)
	TSS prk pvd res AL (residential paved parking area runoff samples from Birmingham)
	TSS prk pvd comr AL (commercial paved parking area runoff samples from Birmingham)
	TSS prk pvd inst AL (institutional paved parking area runoff samples from Birmingham)
	TSS prk unpvd ind AL (industrial unpaved parking area runoff samples from Birmingham)
	TSS prk unpvd inst AL (industrial unpaved parking area runoff samples from Birmingham)
	TSS strg pvd comr AL (commercial paved storage area runoff samples from Birmingham)
	TSS strg pvd ind AL (industrial paved storage area runoff samples from Birmingham)
	TSS strg unpvd ind AL (industrial unpaved storage area runoff samples from Birmingham)
	TSS strt res AL (residential street runoff samples from Birmingham)
	TSS strt inst AL (institutional street runoff samples from Birmingham)
	TSS strt ind AL (industrial street runoff samples from Birmingham)
	TSS vhcl servc comr AL (vehicle service area in commercial area runoff samples from Birmingham)
	TSS land inst AL (institutional area landscaped area runoff samples from Birmingham)
	TSS land res AL (residential area landscaped area runoff samples from Birmingham)
	TSS land ind AL (industrial area landscaped area runoff samples from Birmingham)
	TSS CSO NY (combined sewage at overflow locations in Brooklyn, New York City)
	Table 3 shows the particle size distributions associated with samples from several monitoring locations in the Madison, WI, area collected by the USGS (William R. Selbig, Urban Water Journal (2013): Characterizing the distribution of particles in urban stormwater: advancements through improved sampling technology). These data are unique in that the samples were collected using a new sampler intake that more accurately collects water from the complete depth of flow during a rain event, minimizing stratification issues associated with single point sampling, and represent SSC conditions. As noted above, these distributions should not be used with a model that has been calibrated using TSS data. These sample particle size distributions were determined using sieving methods for the large particles and a Coulter Counter for the smaller sized particles.
	Table 3. Particle Size Distributions Included with WinSLAMM from Madison, WI, Monitoring (percentage of sample, by mass, greater than size indicated) 
	The file names for these particle size distributions are:
	SSC strt fed res WI (residential area feeder street runoff samples from Madison, WI)
	SSC strt art res WI (residential area arterial street runoff samples from Madison, WI)
	SSC strt col res WI (residential area collector street runoff samples from Madison, WI)
	SSC mxd resid WI (mixed flows from residential areas in Madison, WI)
	SSC prk pvd comr WI (commercial area paved parking lot runoff from Madison, WI)
	SSC otfl mxd WI (mixed land use outfall samples from Madison, WI)
	SSC roof inst WI (institutional area roof runoff samples from Madison, WI)
	These files are further described below:
	Roof cpz file: downspout mixed samples before flows entered rain gardens at Madison area USGS office building. SSC median was 20 mg/L.
	Street cpz files (collector, feeder, and arterial):  Two arterial streets (40,000 and  49,450 vehicles/day), one collector street (6,600 vehicles/day) and two feeder streets (1,500 and 1,700 vehicles/day) were monitored in residential areas for 12 to 29 events. The streets had monthly street cleaning. The median SSC concentrations ranged from about 90 to 120 mg/L.
	Mixed residential flow cpz file: 19 events were monitored in a section of the drainage system before the outfall, representing a mixture of residential source areas. The median SSC concentration was 110 mg/L at this location.
	Parking lot cpz file: 22 events were monitored at a commercial parking lot. The median SSC concentration at this location was only 25 mg/L.
	Outfall from mixed land use cpz file: 10 events were monitored at this mixed land use outfall location. The median SSC concentration was 65 mg/L at this location.
	The *.cpz files described above can be used to represent a number of source areas in WinSLAMM, such as:
	Appendix B: Soil Compaction Effects on Infiltration Rates
	Destruction of soil structure (specifically compaction) has been identified as a major cause of decreased infiltration rates in urban areas. All soils suffer when compacted, although compacted sandy soils still retain significant infiltration after compaction (but much less than if not compacted), while soils with substantial fines (especially clays) are more easily compacted to almost impervious conditions. 
	WinSLAMM therefore allows a selection of the compaction conditions for sandy, silty, and clayey soils. The model then uses the user defined infiltration rate reduction factor to represent the decreased infiltration rate of the soils. This option is only available for source area soil and landscaped conditions (and areas that receive runoff from disconnected impervious areas). Biofilter media compaction conditions should be reflected in the infiltration rates selected (the built-in biofilter infiltration rate values are based on measured values and already reflect typical conditions, but can be changed as warranted). 
	Field Tests of Infiltration Rates in Disturbed Urban Soils

	A series of 153 double ring infiltrometer tests were conducted in disturbed urban soils in the Birmingham, and Mobile, Alabama, US, areas as part of an EPA project that investigated disturbed urban soils and soil amendments (Pitt, R., J. Lantrip, R. Harrison, C. Henry, and D. Hue. Infiltration through Disturbed Urban Soils and Compost-Amended Soil Effects on Runoff Quality and Quantity. U.S. Environmental Protection Agency, Water Supply and Water Resources Division, National Risk Management Research Laboratory. EPA 600/R-00/016. Cincinnati, Ohio. 231 pgs. December 1999, available at: http://www.unix.eng.ua.edu/~rpitt/Publications/BooksandReports/Compacted%20and%20compost%20amended%20soil%20EPA%20report.pdf). The tests were organized in a complete 23 factorial design to examine the effects of soil-water, soil texture, and soil density (compaction) on water infiltration through historically disturbed urban soils. Ten sites were selected representing a variety of desired conditions (compaction and texture) and numerous tests were conducted at each test site area. Soil-water content and soil texture conditions were determined by standard laboratory soil analyses. Compaction was measured in the field using a cone penetrometer and confirmed by the site history. During more recent tests, compaction is directly measured by obtaining samples from the field from a known volume (digging a small hole and retrieving all of the soil into sealed bags that are brought to the lab for moisture and weight analyses. The hole that is carefully cleaned of all loose soil is then filled with free-flowing sand from a graduated cylinder to determine the volume. The laboratory dry weight of the excavated soil is divided by the volume of the hole to obtain the density). From 12 to 27 replicate tests were conducted in each of the eight experimental categories in order to measure the variations within each category for comparison to the variation between the categories.
	Soil infiltration capacity was expected to be related to the time since the soil was disturbed by construction or grading operations (turf age). In most new developments, compacted soils are expected to be dominant, with reduced infiltration compared to preconstruction conditions. In older areas, the soil may have recovered some of its infiltration capacity due to root structure development and from soil insects and other digging animals. Soils having a variety of times since development, ranging from current developments to those about 50 years old, were included in the sampling program. These test sites did not adequately represent a wide range of age conditions for each test condition, so the effects of age could not be directly determined. Other analyses have indicated that several decades may be necessary before compacted loam soils recover to conditions similar to pre-development conditions, if not continually compacted by site activities (such as parked cars on turf, unpaved walkways and parking lots, unpaved storage areas, or playing fields). 
	Figures 1 and 2 are 3D plots of this field infiltration data, illustrating the effects of soil-water content and compaction, for both sands and clays. Four general conditions were observed to be statistically unique. Compaction has the greatest effect on infiltration rates in sandy soils, with little detrimental effects associated with higher soil-water content conditions (the factor usually considered by most rainfall-runoff models). Clay soils, however, are affected by both compaction and soil-water content. Compaction was seen to have about the same effect as saturation on clayey soils, with saturated and compacted clayey soils having very little effective infiltration.
	/
	Figure 1. Three dimensional plot of infiltration rates for sandy soil conditions.
	/
	Figure 2. Three dimensional plot of infiltration rates for clayey soil conditions.
	Laboratory Controlled Compaction Infiltration Tests 

	We use three levels of compaction to modify the density of soil samples during controlled laboratory tests: hand compaction, Standard Proctor Compaction, and Modified Proctor Compaction. Both Standard and Modified Proctor Compactions follow ASTM standard (D 1140-54). The Standard Proctor compaction hammer is 24.4 kN and has a drop height of 300 mm. The Modified Proctor hammer is 44.5 kN and has a drop height of 460 mm. For the Standard Proctor setup, the hammer is dropped on the test soil 25 times on each of three soil layers, while for the Modified Proctor test, the heavier hammer was also dropped 25 times, but on each of five soil layers. The Modified Proctor test therefore results in much more compacted soil, and usually reflects the most compacted soil usually observed in the field. The hand compaction is done by gentle hand pressing to force the soil into the test cylinder with as little compaction as possible. A minimal compaction effort is needed to keep the soil in contact with the mold walls and to prevent short-circuiting during the tests. The hand compacted soil specimens therefore have the least amount of compaction. 
	A series of controlled laboratory tests were conducted for comparison with the double-ring infiltration tests and to represent a wide range of soil conditions, as shown in Table 1. Six soil samples were tested, each at three different compaction levels described previously. Small depths of standing water on top of the soil test mixtures (4.3 inches, or 11.4 cm, maximum head) was also used. Most of these tests were completed within 3 hours, but some were continued for more than 150 hours. Only one to three observation intervals were used during these tests, so they did not have sufficient resolution or enough data points to attempt to fit to standard infiltration equations. However, these longer-term averaged values may be more suitable for infiltration rate predictions due to the high natural variability observed during the field tests. As shown, there was very little variation between the different time periods for these tests, compared to the differences between the compaction or texture groupings. The sandy soils can provide substantial infiltration capacities, even when compacted greatly, in contrast to the soils having clays that are very susceptible to compaction, resulting in near zero infiltration rates if compacted. 
	Table 1. Low-Head Laboratory Infiltration Tests for Various Soil Textures and Densities (densities and observed infiltration rates)
	Hand Compaction
	Standard Compaction
	Modified Compaction
	Sand (100% sand)
	Density: 1.36 g/cm3 (ideal for roots)
	Density: 1.71 g/cm3 (may affect roots)
	Density: 1.70 g/cm3 (may affect roots)
	0 to 0.48 hrs: 9.35 in/h
	0 to 1.33 hrs: 3.37 in/h
	0 to 0.90 hrs: 4.98 in/h
	0.48 to 1.05 hrs: 7.87 in/h
	1.33 to 2.71 hrs: 3.26 in/h
	0.90 to 1.83 hrs: 4.86 in/h
	1.05 to 1.58 hrs: 8.46 in/h
	1.83 to 2.7 hrs: 5.16 in/h
	Silt (100% silt)
	Density: 1.36 g/cm3 (close to ideal for roots)
	Density: 1.52 g/cm3 (may affect roots)
	Density: 1.75 g/cm3 (will likely restrict roots)
	0 to 8.33 hrs: 0.26 in/h
	0 to 24.2 hrs: 0.015 in/h
	0 to 24.2 hrs: 0.0098 in/h
	8.3 to 17.8 hrs: 0.24 in/h
	24.2 to 48.1: 0.015 in/h
	24.2 to 48.1: 0.0099 in/h
	17.8 to 35.1 hrs: 0.25 in/h
	Clay (100% clay)
	Density: 1.45 g/cm3 (may affect roots)
	Density: 1.62 g/cm3 (will likely restrict roots)
	Density: 1.88 g/cm3 (will likely restrict roots)
	0 to 22.6 hrs: 0.019 in/h
	0 to 100 hrs: <2X10-3 in/h
	0 to 100 hrs: <2X10-3 in/h
	22.6 to 47.5 hrs: 0.016 in/h
	Sandy Loam (70% sand, 20% silt, 10% clay)
	Density: 1.44 g/cm3 (close to ideal for roots)
	Density: 1.88 g/cm3 (will likely restrict roots)
	Density: 2.04 g/cm3 (will likely restrict roots)
	0 to 1.17 hrs: 1.08 in/h
	0 to 3.82 hrs: 0.41 in/h
	0 to 23.5 hrs: 0.013 in/h
	1.17 to 4.37 hrs: 1.40 in/h
	3.82 to 24.3 hrs: 0.22 in/h
	23.5 to 175 hrs: 0.011 in/h
	4.37 to 7.45 hrs: 1.45 in/h
	Silty Loam (70% silt, 20% sand, 10% clay)
	Density: 1.40 g/cm3 (may affect roots)
	Density: 1.64 g/cm3 (will likely restrict roots)
	Density: 1.98 g/cm3 (will likely restrict roots)
	0 to 7.22 hrs: 0.17 in/h
	0 to 24.6 hrs: 0.014 in/h
	0 to 24.6 hrs: 0.013 in/h
	7.22 to 24.8 hrs: 0.12 in/h
	24.6 to 144 hrs: 0.0046 in/h
	24.6 to 144 hrs: 0.0030 in/h
	24.8 to 47.1 hrs: 0.11 in/h
	Clay Loam (40% silt, 30% sand, 30% clay)
	Density: 1.48 g/cm3 (may affect roots)
	Density: 1.66 g/cm3 (will likely restrict roots)
	Density: 1.95 g/cm3 (will likely restrict roots)
	0 to 2.33 hrs: 0.61 in/h
	0 to 20.8 hrs: 0.016 in/h
	0 to 20.8 hrs: <0.0095 in/h
	2.33 to 6.13 hrs: 0.39 in/h
	20.8 to 92.8 hrs: 0.0066 in/h
	20.8 to 92.8 hrs: 0.0038 in/h
	Comparing Field and Laboratory Measurement Methods

	A soil infiltration study was recently conducted by Redahegn Sileshi, a PhD student in the Department of Civil, Construction, and Environmental Engineering at the University of Alabama, in July 2011 at four test sites located in areas that were affected by the April 27, 2011 Tornado that devastated the city of Tuscaloosa, AL. Double-ring infiltration measurements (using three Turf-Tec infiltrometers at each location) were conducted to determine the infiltration characteristics of the soils in typical areas where reconstruction with stormwater infiltration controls is planned. The small field double-ring (4 inch, 10 cm, diameter) test results were compared to large (24 inch, 60 cm, diameter, 3 to 4 ft, 1 to 1.2 m, deep) pilot-scale borehole tests to identify if the small test methods can be accurately used for rapid field evaluations. The borehole tests required drilling a hole and placing a Sonotube cardboard concrete form into the hole to protect the sides of the hole. The borehole was 2 to 4 ft deep (depending on subsoil conditions). The bare soil at the bottom of the tube was roughened to break up any smeared soil and back-filled with a few inches of coarse gravel to prevent erosion during water filling. The tubes were filled with water from adjacent fire hydrants and the water elevation drop was monitored using a recording depth gage (a simple pressure transducer with a data logger).
	In addition, controlled laboratory column tests were also conducted on surface and subsurface soil samples under the three different compaction conditions to see if depth of the test (and response to compaction) affected the infiltration results. The test sites were all located adjacent to fire hydrants (for water supply for the large borehole tests) and are located in the City’s right-of way next to roads. Figure 3 shows some of the features of these tests.
	Figure 3. Photographs showing borehole drilling, Sonotube infiltration tube installation, double-ring infiltration measurements, and laboratory column tests.
	The soil densities of the surface soils averaged 1.7 g/cc (ranged from 1.6 to 1.9 g/cc). The median soil particle sizes averaged 0.4 mm (ranging from 0.3 to 0.7), and the soil had a clay content of about 20%. Figure 4 shows the saturated infiltration rates for the different locations and test methods. 
	Figure 4. Box and whisker plots comparing saturated soil infiltration rates (in/hr). Test series descriptions (12 replicates in each test series except for the borehole tests which only included 3 observations):
	1) Turf-Tec small double ring infiltrometer
	2) Pilot-scale borehole infiltration tests
	3) Surface soil composite sample with hand compaction (1.4 g/cc density)
	4) Subsurface soil composite sample with hand compaction (1.4 g/cc density)
	5) Surface soil composite sample with standard proctor compaction (1.6 g/cc density)
	6) Subsurface soil composite sample with standard proctor compaction (1.6 g/cc density)
	7) Surface soil composite sample with modified proctor compaction (1.7 g/cc density)
	8) Subsurface soil composite sample with modified proctor compaction (1.7 g/cc density)
	Using the double ring infiltrometers, the final saturated infiltration rates (of most significance when designing bioinfiltration stormwater controls) for all the test locations was found to average about 4.4 in/hr (11 cm/hr) for the 12 measurements and ranged from 1.9 to 8.3 in/hr (4.8 to 21 cm/hr). The borehole test results were about twice these values. The laboratory column tests indicated that surface and subsurface measurements were similar for all cases, but that compaction dramatically decreased the infiltration rates, as expected. The slightly (hand) compacted test results were similar to the Turf-Tec and the borehole test results, indicating that these sites, even in the road rights-of-ways, were minimally compacted. These areas were all originally developed more than 20 years ago and had standard turf grass covering. They were all isolated from surface disturbances, beyond standard landscaping maintenance.  It is not likely that the tornado affected the soils. The soil profile (surface soils vs subsurface soils from about 4 ft, 1.2 m) did not affect the infiltration rates at these locations. Due to the relatively high clay content, the compaction tests indicated similarly severe losses in infiltration rates as found in prior studies, of one to two orders of magnitude reductions, from about 25, to 2, to 0.1 cm/hr, usually far more than the differences found between different soil textures.
	Summary of Compaction Effects on Infiltration Tests

	These recent tests indicated that the three soil infiltration test methods resulted in similar results, although the small –scale Turf-Tec infiltrometers indicated reduced rates compared to the borehole tests. Another study, summarized below, however indicated that the Turf-Tec infiltrometers resulted in substantially greater infiltration rates than observed in a failing bioinfiltration device, compared to actual infiltration rates during rain events. Therefore, if surface characteristics are of the greatest interest (such as infiltration through surface landscaped soils, as in turf areas, grass swales or in grass filters), the small-scale infiltrometers work well. These allow a cluster of measurements to be made in a small area to better indicate variability. Larger, conventional double-ring infiltrometers are not very practical in urban areas due to the excessive force needed to seat the units in most urban soils (usually requiring jacking from a heavy duty truck) and the length of time and large quantities of water needed for the tests. In addition, they also only measure surface soil conditions. More suitable large-scale (deep) infiltration tests would be appropriate when subsurface conditions are of importance (as in bioinfiltration systems and deep rain gardens). The borehole and Sonotube test used above is relatively easy and fast to conduct, if a large borehole drill rig is available along with large volumes of water (such as from a close-by fire hydrant). For infiltration facilities already in place, simple stage recording devices (small pressure transducers with data loggers) are very useful for monitoring during actual rain conditions.
	In many cases, disturbed urban soils have dramatically reduced infiltration rates, usually associated with compaction of the surface soils. The saturated infiltration rates can be one to two orders of magnitude less than assumed, based on undisturbed/uncompacted conditions. Local measurements of the actual infiltration rates, as described above, can be a very useful tool in identifying problem areas and the need for more careful construction methods. Having accurate infiltration rates are also needed for proper design of stormwater bioinfiltration controls. In situations of adverse infiltration rates, several strategies can be used to improve the existing conditions, as noted below.
	Summary of Compacted Soil Restoration Methods

	Mechanical restoration of compacted clayey soils must be carefully done to prevent the development of a hardpan and further problems. Spading implements are the safest methods for large scale improvements. However, if large fractions of clay are present in the soil, the addition of sand and possibly also organic amendments may be needed. The use of periodic rain gardens in a large compacted area allows deeper soil profile remediation in a relatively small area and may be suitable to enhance drainage in problem locations.
	To address water quality concerns and numeric effluent limits, water and soil chemistry information is needed in order to select the best amendments for a soil or biofilter media. As summarized by Clark and Pitt (Clark, S. and R. Pitt. “Filtered Metals Control in Stormwater using Engineered Media.” ASCE/EWRI World Environment and Water Resources Congress. Palm Springs, CA, May 22-26, 2011. Conference CD.), the removal of “dissolved” metals from stormwater by soils and amendments will need to be based on the ratio of valence states to determine the proportion of ion exchange resins versus organic-based media in the final media mixture. As more of the metal concentrations have either a 0 or +1 valence charge (as ions), or as more are associated with organic complexes, the smaller the fraction of an ion exchange resin, such as a zeolite, is needed. For metals such as thallium, where few inorganic and organic complexes are formed and where the predominant valence state is +2, increasing the amount of zeolite in the final media mixture is important for improving removal. Therefore, the final media mixture will be based on the pollutants of interest and their water chemistry. The capacity for pollutant removal by soils is directly related to OM and CEC content for many metals. Organic media provides a wide range of treatment sites besides increasing the CEC. Activating an organic media, such as granular activated carbon, will increase the number of surface active sites for treatment, but this media will not sustain plant growth by itself. As an example, copper removal capacity is related to soil carbon content, and CEC, plus, soil Mg content relates to the ability of the media to participate in ion exchange reactions. 
	Therefore, at least one component in an amendment media mixture should provide excellent ion exchange, such as would be found with a good zeolite. This media should be able to participate in reactions with the +2 metals and a portion of the +1 metals, although the +1 metals may not be as strongly bound and may be displaced if a more preferable exchangeable ion approaches the media’s removal site. Soil OM, soil C, and soil N all relate to the organic matter content and indicate that these are sites that may participate in a variety of reactions and may be able to remove pollutants that do not carry a valence charge. Therefore, mixtures of amendments may be needed for effective removal of a range of pollutants: an organic component should be incorporated, along with a GAC. In most cases, sand may also be needed for structural support (to minimize compaction) and for controlling the flow rate to a level that allows for sufficient contact time.
	Use of Compacted Soil Factors in WinSLAMM

	WinSLAMM considers decreased infiltration rates associated with compaction when calculating runoff values for disturbed urban soils. For all pervious surfaces (landscaped areas, undeveloped areas, and for areas receiving flows from disconnected impervious area), the model user selects the level of compaction (normal, moderately, or severely compacted). The model uses the urban soil volumetric runoff ratio (from the calibrated *.rsv file) for normal soils. However, the example factors shown in Table 2 (suggested values based on the field and laboratory research) are used to modify these values for compacted soil conditions. 
	Table 2. Example Infiltration Rate Factors Associated with Various Levels of Soil Compaction
	The factors shown in Table 2 are user accessible as part of the tools/program options/default model options and are saved in the *.ini file. As an example, if the normal Rv (the ratio of runoff volume to rainfall volume) for a silty soil was 0.35 for a specific rain condition, the modified value associated with moderately compacted conditions increases due to the compacted conditions, using the following relationships:
	Normal amount of infiltration (plus evapotranspiration) with Rv of 0.35:  1 - 0.35 = 0.65
	With a compaction factor of 0.20, only 1/5 of the normal amount of infiltration would actually infiltrate: 0.2*0.65 = 0.13
	And the new adjusted Rv associated with moderately compacted silty soils for that rain would therefore be: 1-0.13 = 0.87
	Therefore: adjusted Rv = 1-((1- normal Rv)*factor), or: 1-((1-0.35)*0.2) = 0.87
	Appendix C: Calibration Analyses
	TSS Concentration Calibrations

	/
	/
	Mann-Whitney Rank Sum Test Results for TSS Concentrations for San Diego Sites
	The difference in the median values between the two groups is greater than would be expected by chance; there is a statistically significant difference (P = <0.001)
	Mann-Whitney Rank Sum Test Results for TSS Concentrations for Virginia Sites
	The difference in the median values between the two groups is not great enough to exclude the possibility that the difference is due to random sampling variability; there is not a statistically significant difference  (P = 0.383)
	Mann-Whitney Rank Sum Test Results for TSS Concentrations for Washington Sites
	The difference in the median values between the two groups is greater than would be expected by chance; there is a statistically significant difference (P = 0.029)
	Mann-Whitney Rank Sum Test Results for TSS Concentrations for All Sites Combined
	The difference in the median values between the two groups is greater than would be expected by chance; there is a statistically significant difference (P = <0.001)
	Copper Mass Calibrations

	/
	/
	Mann-Whitney Rank Sum Test Results for Total Copper Mass Loadings for San Diego Sites
	The difference in the median values between the two groups is greater than would be expected by chance; there is a statistically significant difference (P = <0.001)
	Mann-Whitney Rank Sum Test Results for Total Copper Mass Loadings for Virginia Sites
	The difference in the median values between the two groups is not great enough to exclude the possibility that the difference is due to random sampling variability; there is not a statistically significant difference (P = 0.259)
	Mann-Whitney Rank Sum Test Results for Total Copper Mass Loadings for Washington Sites
	The difference in the median values between the two groups is not great enough to exclude the possibility that the difference is due to random sampling variability; there is not a statistically significant difference (P = 0.800)
	Mann-Whitney Rank Sum Test Results for Total Copper Mass Loadings for All Sites Combined
	The difference in the median values between the two groups is greater than would be expected by chance; there is a statistically significant difference (P = 0.034)
	Copper Concentration Calibrations

	/
	/
	Mann-Whitney Rank Sum Test Results for Total Copper Concentrations for San Diego Sites
	The difference in the median values between the two groups is greater than would be expected by chance; there is a statistically significant difference (P = <0.001)
	Mann-Whitney Rank Sum Test Results for Total Copper Concentrations for Virginia Sites
	The difference in the median values between the two groups is not great enough to exclude the possibility that the difference is due to random sampling variability; there is not a statistically significant difference (P = 0.710)
	Mann-Whitney Rank Sum Test Results for Total Copper Concentrations for Washington Sites
	The difference in the median values between the two groups is not great enough to exclude the possibility that the difference is due to random sampling variability; there is not a statistically significant difference (P = 0.258)
	Mann-Whitney Rank Sum Test Results for Total Copper Concentrations for All Sites Combined
	The difference in the median values between the two groups is not great enough to exclude the possibility that the difference is due to random sampling variability; there is not a statistically significant difference (P = 0.103)
	Zinc Mass Calibrations

	/
	/
	Mann-Whitney Rank Sum Test Results for Total Zinc Mass Loadings for San Diego Sites
	The difference in the median values between the two groups is not great enough to exclude the possibility that the difference is due to random sampling variability; there is not a statistically significant difference (P = 0.558)
	Mann-Whitney Rank Sum Test Results for Total Zinc Mass Loadings for Virginia Sites
	The difference in the median values between the two groups is not great enough to exclude the possibility that the difference is due to random sampling variability; there is not a statistically significant difference (P = 0.259)
	Mann-Whitney Rank Sum Test Results for Total Zinc Mass Loadings for Washington Sites
	The difference in the median values between the two groups is not great enough to exclude the possibility that the difference is due to random sampling variability; there is not a statistically significant difference (P = 0.665)
	Mann-Whitney Rank Sum Test Results for Total Zinc Mass Loadings for All Sites Combined
	The difference in the median values between the two groups is not great enough to exclude the possibility that the difference is due to random sampling variability; there is not a statistically significant difference (P = 0.439)
	Zinc Concentration Calibrations

	/
	/
	Mann-Whitney Rank Sum Test Results for Total Zinc Concentrations for San Diego Sites
	The difference in the median values between the two groups is greater than would be expected by chance; there is a statistically significant difference (P = 0.050)
	Mann-Whitney Rank Sum Test Results for Total Zinc Concentrations for Virginia Sites
	The difference in the median values between the two groups is not great enough to exclude the possibility that the difference is due to random sampling variability; there is not a statistically significant difference (P = 0.620)
	Mann-Whitney Rank Sum Test Results for Total Zinc Concentrations for Washington Sites
	The difference in the median values between the two groups is not great enough to exclude the possibility that the difference is due to random sampling variability; there is not a statistically significant difference (P = 0.389)
	Mann-Whitney Rank Sum Test Results for Total Zinc Concentrations for All Sites Combined
	The difference in the median values between the two groups is not great enough to exclude the possibility that the difference is due to random sampling variability; there is not a statistically significant difference (P = 0.175)
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	Introduction
	This report is a continuation of the similar document prepared last year describing the site investigations, site surveys, and stormwater modeling activities at naval facilities. These reports were prepared to demonstrate how WinSLAMM, the Source Loading and Management Model, can be used to facilitate stormwater management at naval facilities to identify sources of flows and pollutants of concern, and to evaluate potential stormwater control practices that may be applicable to these unique areas. 
	This report includes information for several outfall drainage areas on the “dry side” of Naval Base San Diego comprising residential, commercial, and institutional land uses, along with the industrial Sierra Pier at Subase San Diego. Two sites at Norfolk, VA, naval facilities were also investigated, Little Creek and St. Juliennes Creek Annex, which included an industrial facility and a scrapyard and storage area. Three areas were also investigated in the Puget Sound area of Washington, at the Bangor, Bremerton, and Everett naval bases, comprising industrial areas and piers. These areas were selected to supplement the other San Diego and Puget Sound facilities reported in the initial modeling report. 
	Data are presented for these sites describing site soil, weather, and land development conditions. Available water quality data are also summarized and used to calibrate WinSLAMM for each site. Additional analyses were also conducted investigating first flush vs. composite water quality and seasonal first flush conditions. After WinSLAMM calibration using this available data, the model was used to calculate the sources of the flows, TSS, copper, and zinc at these naval bases. The variety of conditions on these bases, along with the evaluation of the other San Diego and Puget Sound naval bases from the prior modeling report, represent a wide range of conditions at navy facilities and show how WinSLAMM can be used to assist navy facility stormwater managers.
	San Diego Naval Facilities
	Soil Conditions at San Diego Naval Bases

	According to information from the USDA web soil survey, the bases examined this year in the San Diego area have soils classified as the urban land soil type. Typically urban land includes buildings and areas of pavement. The soils are covered by asphalt roadways or parking lots, concrete structures, and other impervious surfaces. The soils have been so altered by the urban works that specific identification is not feasible. The soils can be severely compacted with very low infiltration rates in developed areas due to building construction or activities.
	Rain Data for San Diego Naval Bases

	The bases in the San Diego study area are located along the shore of San Diego Bay, California. The following figure shows the locations for the naval bases and the nearby weather station, along with the annual average annual rain depths for the region. The San Diego rain variations are quite small and are represented by the rain monitoring located at the San Diego International Airport.
	/
	Map of San Diego Naval Bases being studied and nearby weather station.
	NOAA Precipitation Data

	Hourly precipitation data is archived by the National Climate Data Center (NCDC) of the National Oceanic and Atmospheric Administration (NOAA). The San Diego International Airport weather station is in close proximity to the study areas and shown on the preceding map. The following table shows the approximate range of historical data available for the airport weather station, along with the completeness of the data record.
	Stations with Hourly Precipitation Data included for Southwest Naval Stations
	Station
	COOPID
	Latitude
	Longitude
	Data Range
	% Completeness
	San Diego Lindbergh Field
	047740
	32.733
	-117.183
	1948-2012
	98
	Rainfall Patterns for Southwest Naval Bases

	The following time series plot shows the rain depths for each rain that occurred during the period of 1951 through 2013, including the stormwater monitoring period. Most of the San Diego rains are less than 1 inch, with occasional rains greater than 2 inches.
	/San Diego Lindbergh Field, CA, rainfall from January 1951 to April 2013
	The regional naval facilities and the closest available NOAA rainfall data are summarized below:
	Sub Base Sierra Pier: 9 to 10 in/yr (San Diego Lindbergh Field, 10 in/yr between 1981 and 2010)
	NBSD: 9 to 10 in/yr (San Diego Lindbergh Field, 10 in/yr between 1981 and 2010)
	Therefore, the WinSLAMM calibration efforts will focus on the San Diego Lindbergh Field NOAA data for Sub Base Sierra Pier and NBSD Naval facilities due to its close proximity and rain conditions.
	Submarine Base San Diego (SUBASE) – Sierra Pier Outfalls 26, 26A, 27, 28, 28A

	Submarine Base Sand Diego (SUBASE) is located along the eastern shore of San Diego Bay. At this base, 5 outfalls were examined on the Sierra Pier. A complete data survey is available for this area describing the surface coverage, and area of each surface type. The watershed area for this outfall is approximately 6.4 acres. The site is mainly comprised of several small buildings, and expansive impervious areas (parking lots, storage and lay down areas).  The site is completely paved without any pervious areas.
	/
	Drainage Overview for Sierra Pier Outfalls
	/
	Aerial Outline and Land use characterization for NBSD Outfall 51 
	Photos taken during site surveys
	Land Use Characterization for Sierra Pier Outfalls 26, 26A, 27, 28, 28A Combined
	Land Use Characterization for Sierra Pier Outfalls 26, 26A, 27, 28, 28A Combined (continued)
	Land Use Characterization for Sierra Pier Outfalls 26, 26A, 27, 28, 28A Combined (continued)
	Water Quality Monitoring Data for Sierra Pier Outfalls 26, 26A, 27, 28, 28A Combined 
	Water Quality Monitoring Data for Sierra Pier Outfalls 26, 26A, 27, 28, 28A Combined (continued)
	Water Quality Monitoring Data for Sierra Pier Outfalls 26, 26A, 27, 28, 28A Combined (continued)
	Water Quality Monitoring Data for Sierra Pier Outfalls 26, 26A, 27, 28, 28A Combined (continued)
	Naval Base San Diego (NBSD) – Outfalls 51, 70, 72, and 73

	Naval Base San Diego (NBSD) is located on the mainland of San Diego along the eastern shore of the bay. Four outfalls were examined at his base: Outfalls 51, 70, 72, and 73. All the outfalls examined have complete data surveys available describing the coverage, including the areas of each surface type.
	Outfall 51

	Outfall 51 (located adjacent to outfall 70) is comprised of a mix of residential and commercial land uses, with several buildings, parking lots, storage and landscaped areas. The watershed area for this outfall is approximately 19 acres. This site has landscaping areas inside the watershed boundary that make up 56% of the total drainage area. An aerial photograph of the watershed is shown in the following figure.
	/
	Aerial view and Outline of NBSD Outfall 51
	/
	Drainage overview and Land use characterization for NBSD Outfall 51
	NBSD OF51 Site Development Characteristics
	NBSD OF51 Site Development Characteristics (continued)
	NBSD OF51 Site Development Characteristics (continued)
	Outfall 70

	Outfall 70 (located adjacent to outfall 51) is comprised of a mixture of residential and commercial land uses, with buildings, landscaping, parking lots and light to moderate laydown concrete covered areas. This is the largest of the San Diego study areas with a watershed area of approximately 78 acres. This site has pervious area accounting up to 34 % of the total drainage area. An aerial photograph of the watershed is shown in the following figure.
	/
	Aerial view and Outline of NBSD Outfall 70
	/
	Drainage overview and Land use characterization for NBSD Outfall 70
	Photos taken during site surveys
	NBSD OF70 Development Characteristics
	NBSD OF70 Development Characteristics (continued)
	NBSD OF70 Development Characteristics (continued)
	NBSD OF70 Development Characteristics (continued)
	Outfall 72

	Outfall 72 (located adjacent to outfall 73) is comprised of a mixture of navy residential and commercial property buildings, landscaping, parking lots, and light to heavy concrete covered storage and parking areas. The watershed area for this outfall is approximately 45 acres. This site has pervious areas accounting for 14% of the total drainage area. Aerial photographs, along with different land use characteristics, are shown in the following figures.
	/
	Aerial view and Outline of NBSD Outfall 72
	/
	Drainage overview and Land use characterization for NBSD Outfall 72
	NBSD OF72 Development Characteristics
	NBSD OF72 Development Characteristics (continued)
	NBSD OF72 Development Characteristics (continued)
	NBSD OF72 Development Characteristics (continued)
	Outfall 73

	Outfall 73 (located adjacent to outfall 72) is comprised of commercial land uses, with buildings, landscaping, parking lots and light to moderate concrete and asphalt covered storage and parking areas. The watershed area for this outfall is approximately 17 acres. This site has pervious areas covering 21% of the total watershed area. An aerial photograph, along with different land use characteristics, is shown in the following figures.
	/
	Aerial view and Outline of NBSD Outfall 73
	/
	Drainage overview and Land use characterization for NBSD Outfall 73
	Photographs taken during site surveys of OF72 and OF73
	NBSD OF73 Development Characteristics 
	NBSD OF73 Development Characteristics (continued)
	NBSD OF73 Development Characteristics (continued)
	NBSD OF73 Development Characteristics (continued)
	Stormwater Monitoring for Naval Base San Diego (NBSD) – Outfall 51 
	Stormwater Monitoring for Naval Base San Diego (NBSD) – Outfall 70 
	Stormwater Monitoring for Naval Base San Diego (NBSD) – Outfall 72 
	Stormwater Monitoring for Naval Base San Diego (NBSD) – Outfall 73 
	First-Flush vs. Composite Stormwater Quality for 2013 San Diego Monitored Sites 

	The stormwater quality data from the San Diego Naval Base monitoring locations for 2013 were reviewed, comparing TSS, total and dissolved copper, and total and dissolved zinc concentrations obtained during event first flushes to the same event sampled as a whole event composite. Only the dry side sites, summarized below, had these concurrent data; the subase pier monitoring locations did not have these paired data. Only one to three paired sample sets were available for each site, so the following tables list the seven events that had these data from these four locations combined. The seven rain totals ranged from 0.01 to 1.02 (based on the nearby San Diego International Airport rainfall monitoring location). There is insufficient data to compare these relationships for the individual locations. The non-parametric sign test for paired data was used to determine the significance of the observed differences in the concentrations of these paired data groups. 
	Dry Side 2013 Monitoring Locations at San Diego Naval Base having First Flush and Composite Data
	The following table shows the paired data for TSS. The first flush concentrations averaged about 3.6 times the composite values, with a moderate significance of 0.06 for the number of sample pairs available. The copper data also have p values of 0.06 with concentrations ratios of about 3.1 and 2.6 for total and dissolved copper, respectively. The total and dissolved zinc paired concentration values had p values of 0.01, with all 7 first flush concentrations greater than the composite concentrations. The concentration ratios were higher than for the copper values, being about 4.1 and 5.3 for total and dissolved zinc respectively.
	TSS Data from all 2013 San Diego Monitoring Sites Combined: First Flush vs. Composite Samples
	Total and Dissolved Copper Data from all 2013 San Diego Monitoring Sites Combined: First Flush vs. Composite Samples
	Total and Dissolved Zinc Data from all 2013 San Diego Monitoring Sites Combined: First Flush vs. Composite Samples
	Stormwater Quality Variations by Seasons at San Diego Naval Monitoring Locations

	Southern California stormwater managers frequently observe significant “seasonal first-flushes” when the initial rains of the year may have larger concentrations compared to other rains later in the rainy season, and may account for much of the total rain year stormwater discharges. The rain year normally starts in the late fall and extends into the spring. The following tables summarize pollutant concentrations at the San Diego Naval Base monitoring locations for October and November compared to the other months, along with non-paired Wilcoxon rank-sum p values comparing the two concentration groups. The first table shows data from the prior Navy WinSLAMM analyses that focused on naval industrial monitoring locations (outfalls 26, 14, 1, 13, and 9) and is only for TSS. The next table is for the current monitoring period sites at the Navy dry side monitoring locations (residential, commercial, and institutional) combined, as there were relatively few data observations for each outfall. Data are shown for TSS, dissolved and total Cu, and dissolved and total Zn. The third table includes the data from the currently monitored subbase pier outfalls for TSS, dissolved and total Cu, and total Zn (dissolved Zn data are not available for this location). 
	The results for the earlier monitored naval industrial sites do not indicate any significant differences for the TSS data available. The concentration ratios are also not indicative of higher concentrations for the early monitored events (the largest ratio is only 1.18 for TSS at OF1, for example.  Outfall 9 had a p value of 0.07, therefore being marginally significant, but the October and November TSS concentrations were much smaller than the later event TSS concentrations. The data for the dry side locations monitored this past year shows that only dissolved zinc had a statistically significant difference between the two data groups, while total copper and total zinc had p values of 0.06 and 0.07 respectively, indicating a marginal level of significance, while also showing much larger concentrations during the early monitoring period compared to later rains. It is likely that several additional rain observations in the early period would result in statistically significant differences for these dry side monitoring locations. The pier monitoring locations during the recent monitoring activities are similar to the previous naval industrial site data; only one condition (TSS) had marginally significantly different concentrations, but the early season data appears to have much lower concentrations than the later season observations. 
	It is possible that the dry side (residential, commercial, and institutional land uses) have significant seasonal first flush conditions, but additional data would be needed to verify the observations statistically. With so few rain events available in the semi-arid southern California area, these data are difficult to obtain, so the marginally available results may be indicative of this trend reported by others. However, there is no supporting information in the data from the naval industrial data sets supporting seasonal first-flushes from these land uses. It is thought that the highly varying site activities during the different industrial monitoring years caused a greater variability than the seasonal differences, effectively obscuring any seasonal first flush patterns.
	Seasonal First Flush TSS Concentrations vs. Other Months for Prior San Diego Naval Base Monitored Sites
	Seasonal First Flush Concentrations vs. Other Months for 2013 San Diego Residential, Commercial, and Institutional Monitored Sites
	Seasonal First Flush Concentrations vs. Other Months for 2013 San Diego SubBase Pier Monitored Sites
	Norfolk, VA, Naval Facilities
	Soil Conditions at Norfolk, VA, Area Naval Facilities
	Little Creek


	The soils at the Little Creek site are comprised of the Udorthents loamy soil type. Slopes are smooth or irregular, and range from 0 to 25 percent but are dominantly 0 to 5 percent.  These soils are slightly darker in the uppermost 6 to 10 inches than in the underlying material, and resemble topsoil. The properties of these soils vary greatly with depth; they are generally well suited for use as building sites. Permeability is moderate to slow to a depth of 10 inches, and rapid to very slow below that depth. However, these soils were heavily compacted and reflect very little infiltration through the soil surface.
	St. Juliennes

	The soils at the St. Juliennes site are comprised of urban land soils. Typical urban land includes gently sloping areas covered by streets, buildings, parking lots, and other structures that obscure or alter the soils so that identification is not feasible. This site is mostly a scrapyard and storage area and is covered with some pavement, but with much compacted soils that do not provide significant infiltration.
	Rain Data for Norfolk, VA Naval Bases

	The bases in the Norfolk, VA, study area are located along the shoreline. The following figure shows the locations of these naval bases and the nearby weather station at the Norfolk International Airport, along with the annual average rain depths. The rain variations in this area are also relatively small, although the annual average rain depth is about 46 inches per year.
	/
	Map of Norfolk, VA, Naval Bases studied and nearby weather stations
	NOAA Precipitation Data

	Hourly precipitation data is archived by the National Climate Data Center (NCDC) of the National Oceanic and Atmospheric Administration (NOAA) for the Norfolk International Airport. This table shows the approximate range of the historically available data, along with the completeness of the data record, for the airport location.
	Stations with Hourly Precipitation Data included for Norfolk, VA, Naval Stations
	Station
	COOPID
	Latitude
	Longitude
	Data Range
	% Completeness
	Norfolk International Airport
	446139
	36.903
	-76.192
	1948-2012
	100
	Rainfall Patterns for Norfolk, VA, Naval Bases

	The following time series plot shows the rain depths for each rain event that occurred during the period from 1953 to 2013, including the stormwater monitoring period. Most of the Norfolk rains are less than 3 inches, with rare rains greater than 9 or 10 inches.
	/Norfolk International Airport, VA, rainfall from January 1953 to February 2013
	The regional naval facilities and the closest available NOAA rainfall Norfolk airport data are summarized below:
	Little Creek: 45 to 50 in/yr (Norfolk International Airport 46 in/yr between 1981 and 2010)
	St Juliennes: 45 to 50 in/yr (Norfolk International Airport 46 in/yr between 1981 and 2010)
	Therefore, the WinSLAMM calibration efforts will focus on the Norfolk International Airport NOAA data for both the Little Creek and St Juliennes Naval facilities. 
	Land Development Characteristics at Norfolk, VA, Area Naval Facilities
	Naval Amphibious Base Little Creek – Outfall 07


	Little Creek Outfall 07 is located in the Naval Amphibious Base Little Creek. A complete data survey is available for this outfall describing the surface coverage and area of each surface type. Outfall 07 is comprised of industrial land use, with buildings and light to moderate laydown concrete and unpaved (but compacted) areas. The watershed area for this outfall is approximately 3 acres. This site has pervious areas accounting for 15% of the total watershed area. An aerial photograph of the watershed is shown in the following figure.
	/
	Drainage overview and Land use Characterization for Little Creek Outfall 07
	Photos taken during site survey of Little Creek OF-07
	Land Use Development Characteristics for Little Creek OF-07
	Land Use Development Characteristics for Little Creek OF-07 (continued)
	Land Use Development Characteristics for Little Creek OF-07 (continued)
	Land Use Development Characteristics for Little Creek OF-07 (continued)
	Stormwater Quality at Little Creek Naval Base
	Stormwater Monitoring for Little Creek Outfall 07
	Stormwater Monitoring for Little Creek Outfall 07 (continued)

	Land Development Characteristics at St. Juliennes Creek Annex
	St Juliennes Creek Annex – Outfalls 40 and 41


	St Juliennes Outfalls 40 and 41 are located in the St Juliennes Creek Annex. A complete data survey is available for this outfall describing the surface coverage, and area of each surface type. Outfalls 40 and 41 are comprised of industrial land use, with buildings, parking/storage areas, landscaping and light to moderate laydown concrete and unpaved areas. The watershed area for this outfall is approximately 26 acres. This site has pervious area (heavily compacted) accounting to 18% of the total watershed area. An aerial photograph, along with different land use characteristics are shown in the following figures.
	/
	Aerial view and Outline of St Juliennes Outfalls 40 and 41
	/
	Drainage overview and Land use characterization for St Juliennes Outfalls 40 and 41
	Photos taken during site surveys of St Juliennes OF 40 and 41
	Land Use Development Characteristics for St Juliennes OF 40 & 41
	Land Use Development Characteristics for St Juliennes OF 40 & 41 (continued)
	Land Use Development Characteristics for St Juliennes OF 40 & 41 (continued)
	Land Use Development Characteristics for St Juliennes OF 40 & 41 (continued)
	Stormwater Quality at St. Juliennes Annex Naval Facility

	Stormwater Monitoring for St Juliennes Outfalls 40 & 41
	Northwest Naval Bases
	Soil Conditions at Northwest Naval Bases
	Bangor


	According to the USDA web soil survey, the soils at the Bangor site are of the Alderwood-Harstine soil type. These soils are moderately deep and moderately well drained. Typically, the surface of Alderwood soils is covered by a thin mat of undecomposed needles and wood fragments. The subsurface layers are very gravelly sandy loam. The subsoil is very gravelly loam. The substratum is gravelly sandy loam glacial till that is weakly-silica-cemented in the upper part. Depth to this hardpan ranges from 20 to 40 inches. Typically, the surface of Harstine soils is covered by a thin mat of undecomposed needles and wood fragments. The surface layer and subsoil are gravelly sandy loam. The substratum is weakly-silica-cemented gravelly loamy sand over weakly-cemented compact glacial till. Depth to the hardpan ranges from 25 to 40 inches. The soils can be severely compacted with very low infiltration rates in developed areas due to building construction or activities.
	Bremerton

	The soils in the Bremerton site are comprised of the following soil types: Alderwood very gravelly sandy loam, 6 to 15 % slopes (18.5%), Alderwood very gravelly sandy loam, 15 to 30 % slopes (22.1%), Neilton gravelly loamy sand, 0 to 3 % slopes (44.9%), and Urban land-Alderwood complex, 0 to 8 % slopes (14.5%). The soils can be severely compacted with very low infiltration rates in developed areas due to building construction or activities. These soil types are described by the USDA web soil survey: 
	Alderwood very gravelly sandy loam, 6 to 15% slopes: These soils are moderately deep and moderately well drained. Typically, the surface of this soil is covered by a mat of undecomposed needles and wood fragments. The subsurface layer is brown very gravelly sandy loam 1/2 inch thick. The subsoil is brown very gravelly loam about 21 inches thick. The substratum to a depth of 60 inches or more is grayish brown gravelly sandy loam that is weakly-silica-cemented in the upper part. Depth to the silica-cemented hardpan ranges from 20 to 40 inches. Permeability of this Alderwood soil is moderately rapid above the hardpan and very slow in the hardpan layer. 
	Alderwood very gravelly sandy loam, 15 to 30% slopes: These soils are steeper, otherwise, they are similar to the milder sloped Alderwood soils descried above. 
	Neilton gravelly loamy sand, 0 to 3% slopes: These soils are deep and excessively drained. Typically, the surface layer is dark brown gravelly loamy sand about 4 inches thick. The subsoil is brown very gravelly loamy sand about 15 inches thick. The substratum to a depth of 60 inches is very gravelly sand. Permeability of this Neilton soil is rapid to a depth of 19 inches and very rapid in the substratum.
	Urban land-Alderwood complex, 0 to 8% slopes: These soils are moderately well drained and exist on beaches and low terraces on broad uplands. This complex is about 70 percent urban land and 20 percent Alderwood very gravelly sandy loam, 0 to 8 percent slopes. The components of this complex are so intricately intermingled that it was not practical to map them separately at the scale used. The Alderwood soil is moderately deep and moderately well drained. Typically, the surface of this soil is covered by a thin mat of undecomposed needles and wood fragments. The subsurface layer is brown very gravelly sandy loam about 0.5 inches thick. The subsoil is brown very gravelly loam about 21 inches thick. The substratum to a depth of 60 inches or more is grayish brown gravelly sandy loam that is weakly-silica-cemented in the upper part. Depth to the silica-cemented hardpan ranges from 20 to 40 inches. Permeability of this Alderwood soil is moderately rapid above the hardpan and very slow in the hardpan. 
	Everett

	The soils in Everett site are comprised of the urban land soil type. Typical urban land includes gently sloping areas covered by streets, buildings, parking lots, and other structures that obscure or alter the soils so that identification is not feasible. The urban soils can be severely compacted with very low infiltration rates in developed areas due to building construction or activities.
	Rain Data for Northwest Naval Bases

	The bases in the northwest study area examined this year are located along the shores and islands of Puget Sound, Washington. An important part of the model calibration process relies on using rainfall data for each site that correlates with the samples collected at each outfall. This section summarizes the available data for each naval base and the associated weather stations. The following figure shows the locations for the naval bases and the nearby weather stations in the northwest study area, along with the annual average rain depth variations in the region.
	/Map of Naval Bases and nearby weather stations
	NOAA Precipitation Data

	Hourly precipitation data is archived by the National Climate Data Center (NCDC) of the National Oceanic and Atmospheric Administration (NOAA). The weather stations are generally operated by the U.S. National Weather Service (NWS), the Federal Aviation Administration (FFA), or by cooperative stations in the U.S. and its territories. The following table is a list of the weather stations near the northwestern naval bases that have hourly rainfall data, as supplied on the most recent EarthInfo CDs (Santa Monica, CA), a commercial supplier of nationwide NOAA weather information. These weather stations in the Puget Sound area are shown on the preceding map. The following table shows the approximate range of historical data available for each site, along with the completeness of the data record. The most comprehensive data sets are for Quilcene, Everett, Burlington, and the Seattle Tacoma International Airport (SEATAC) as shown on the following table. 
	Stations with Hourly Precipitation Data included for Northwest Naval Stations
	Station
	COOPID
	Latitude
	Longitude
	Data Range
	% Completeness
	Quilcene 5 SW Dam WS
	456851
	47.784
	-122.979
	1948-2012
	89
	Everett WS
	452675
	47.975
	-122.195
	1948-2012
	91
	Burlington WS
	450986
	48.467
	-122.313
	1948-2012
	91
	Seattle Tacoma AP WS
	457473
	47.444
	-122.313
	1948-2012
	99
	Global Historical Climatological Network

	Besides the basic NOAA data shown above, additional rainfall data for the region were also investigated that were located closer to the naval bases studied. Data from the Global Historical Climatological Network (GHCN) is also archived by the National Climate Data Center (NCDC). These weather stations are comprised of a worldwide network of weather stations (approximately 20,000 stations). Numerous organizations such as the Automated Weather Network (AWN), Global Telecommunications System
	(GTS), and the Automated Surface Observing System (ASOS), participate in this effort. Stations geographically close to each naval station are included in the following table along with the historical data range for each site.
	Stations with GHCN Precipitation Data included for Northwest Naval Stations
	Station
	Station Owner
	Latitude
	Longitude
	Data Range
	Bremerton National AP
	Bremerton National Airport
	47.483
	-122.767
	1973-2013
	Snohomish County AP
	Snohomish County Airport
	47.908
	-122.28
	2006-2013
	Data for these locations were obtained through the NOAA website. These data required substantial reformatting for the analyses and modeling efforts.
	Rainfall Patterns for Northwest Naval Bases

	The following three figures are time series plots showing the rain depths for each rain event that occurred during the period corresponding to the stormwater monitoring dates. Everett and Snohomish are quite similar, with most of the rains less than one inch, with occasional rains as large as 4 or 5 inches. The Bremerton rains are much larger, with most rains less than about 2 inches and rare rains in the 6 to 8 inch category.
	/
	Everett, WA, rainfall from January 1949 to February 2012
	/
	Bremerton National AP, WA, rainfall from January 2009 to April 2013
	/
	Snohomish County AP, WA, rainfall from January 2009 to April 2013
	The regional naval facilities and the closest available NOAA rainfall data are summarized below:
	Bangor: 40 to 48 in/yr (Bremerton 53 in/yr between 1981 and 2010)
	Bremerton: 48 to 54 in/yr (Bremerton 53 in/yr between 1981 and 2010)
	Everett: 33 to 40 in/yr (Everett 36 in/yr between 1981 and 2010, and Snohomish 34 in/yr between 1981 and 2010)
	The WinSLAMM calibration efforts will therefore focus on the Bremerton NOAA data for Bangor and Bremerton Naval facilities, and Everett for the Everett Naval facility.
	Land Development Characteristics at Bangor Trident Base

	Bangor Trident Base - Outfall 02
	Bangor Outfall 02 is located at the Bangor Trident Base. A complete data survey is available for this outfall describing the surface coverage and area of each surface type. Outfall 02 is comprised of commercial, industrial and institutional land uses, with buildings, landscaping, and light to moderate laydown concrete, asphalt and unpaved areas. The watershed area for this outfall is approximately 1,442 acres. There is a temporary sewage lagoon located within the site. This site has a large amount of pervious areas accounting for 82% of the total watershed area. An aerial photograph, along with different land use characteristics, is shown in the following figures.
	/
	Drainage overview and Land use characterization for Bangor Outfall 02
	Photos taken during site survey at Bangor OF02
	Land Use Development Characteristics for Bangor OF 02
	Land Use Development Characteristics for Bangor OF 02 (continued)
	Land Use Development Characteristics for Bangor OF 02 (continued)
	Stormwater Quality at Bangor Trident Base

	Stormwater Monitoring for Bangor Outfall 02
	Land Development Characteristics at Naval Base Kitsap

	Naval Base Kitsap – Bremerton Outfall 015
	Bremerton Outfall 015 is located in the Naval Base Kitsap. A complete data survey is available for this outfall describing the surface coverage and area of each surface type. Outfall 015 is comprised of residential, commercial, industrial, and institutional land uses, with buildings, landscaping, and light to heavy laydown concrete and asphalt covered areas. The watershed area for this outfall is approximately 104 acres. This site has pervious areas accounting for 41% of the total watershed. An aerial photograph, along with different land use characteristics of the site, is shown in the following figures.
	/
	Drainage overview and Land use characterization for Bremerton Outfall 015
	Land Use Development Characteristics for Bremerton OF 015
	Land Use Development Characteristics for Bremerton OF 015 (continued)
	Land Use Development Characteristics for Bremerton OF 015 (continued)
	Land Use Development Characteristics for Bremerton OF 015 (continued)
	Stormwater Quality at Naval Base Kitsap

	Stormwater Monitoring for Bremerton Outfall 015
	Stormwater Monitoring for Bremerton Outfall 015 (continued)
	Stormwater Monitoring for Bremerton Outfall 015 (continued)
	Land Development Characteristics at Naval Station Everett

	Naval Station Everett – Everett Outfall A
	Everett Outfall A is located in the Naval Station Everett. A complete data survey is available for this outfall describing the surface coverage and area of each surface type. Outfall A is comprised of industrial land uses, with buildings, landscaping, and light to heavy laydown concrete and asphalt areas. The watershed area for this outfall is approximately 15 acres. This site has pervious areas accounting for 10% of the total watershed. An aerial photograph, along with different land use characteristics, is shown in the following figure.
	/
	Drainage overview and Land use characterization for Everett Outfall A
	Photos taken during site survey of Everett OF-A
	Land Use Development Characteristics for Everett OF A
	Land Use Development Characteristics for Everett OF A (continued)
	Land Use Development Characteristics for Everett OF A (continued)
	Land Use Development Characteristics for Everett OF A (continued)
	Stormwater Quality at Naval Station Everett 

	Stormwater Monitoring for Everett Outfall A (Rain information based on Everett Rain Gage)
	Stormwater Monitoring for Everett Outfall A (Rain information based on Everett Rain Gage) (continued)
	*Snohomish County Airport Rain gage data as the Everett data ended in 2011. The earlier data were obtained from the Everett rain gage location.
	WinSLAMM Calibration Results
	WinSLAMM was calibrated using the above listed site data collected at the various naval facilities located in California, Virginia, and Washington. The California and Washington naval industrial calibration files developed during the prior project year were not modified (except to comply with several model enhancements that we made since those earlier calibrations, such as the compacted soil factors and routing of particle size distributions). During the current project period, additional data were available for “dry side” naval facilities in the San Diego area (mostly residential and commercial/institutional areas), some additional land uses in the Puget Sound area (again mostly residential and commercial/institutional areas), and for naval industrial areas in the Little Creek, Virginia areas. These sites are all described in earlier sections of this report. The calibration efforts for the current project period therefore extended WinSLAMM to these other land uses found on naval facilities, and for a new area (Virginia). In addition, the prior California and Washington calibrations were also verified using these new data from the additional monitoring locations.
	The calibration process started with the San Diego “dry side” locations and data, and the files were then used with the prior industrial area data for the “wet side” locations having mostly industrial land uses. After this calibration effort (described below), the Virginia locations were calibrated (all naval industrial land uses) based on the regional WinSLAMM land use calibration data (based on the National Stormwater Quality Database), but adjusted using the locally naval base collected information and data. The Puget Sound calibration effort started with mixed land use areas for the residential and commercial/institutional land uses, and then used the prior industrial area calibration files from the prior project phase with the other locations.
	The first calibration activities focused on the TSS data at each location and land use. Calibration started with using the regional calibration files for the southwest for all land uses besides the industrial areas (which used the prior navy calibrated files). Model runs were conducted using truncated rain files that had the best rain data available corresponding to the events monitored at the site. The TSS concentrations and mass loadings were examined for patterns and other relationships to indicate where adjustments were needed. As an example, if the loads for the small events were low, the directly connected impervious areas (locations that generated flows during the small events) were adjusted to closely match the observed loads. Then the complete rain series available was examined and adjustments were then made to the non-paved areas to closely match the observed loads. When multiple sites of the same land use occurred at one area, all of the land use areas were examined and adjusted together to obtain the least sum of squares of the residuals. Basically, the sum of all the event loads for all sites were compared and the ratio of the observed to the calculated load sum was then used as a factor to modify the calibration file data (again, the industrial data was not changed from the prior calibrations). 
	Besides the particle concentration file data, changes were also simultaneously made to the street TSS washoff delivery file (as the street runoff TSS load is calculated by the model and does not use a calibration file directly). Therefore, matching the sum of loads for the observed and calculated data sets was the primary calibration objective. When a satisfactory overall match was obtained, further analyses were conducted examining individual event loads and concentration values. Further adjustments were made in an attempt to best represent the overall range and variation in loads and concentrations. 
	After the TSS calibrations were completed, copper and zinc calibrations were next conducted for both particulate and filtered conditions, starting with mass discharges and then concentrations. After these calibrations were made for the residential, commercial, and institutional land uses, the prior industrial calibration files were used for newer industrial areas for the California and Washington sites. The Virginia industrial calibrations only reflected the current data as prior naval facility data were not available for that area.
	As shown in the following plots and tables, the performances of the calibrations were quite satisfactory for the load calculations, but were not as good for the concentration data. While the average concentrations matched well, the calculated concentration values for individual events sometimes were less variable than observed. This is mostly associated with various uncertainties of the monitored data, such as the periodic monitored events over long periods of time resulting in artificially long interevent periods (partially compensated by using special street delivery factors), varying amounts of observations from the different sites for the different constituents, and unknown site activities in the past that do not correspond to currently observed site conditions. Overall, these calibrated model files were then used to calculate the expected sources of the flows, particulates, copper, and zinc from the different study areas, as shown in the following report section.
	Observed and Calculated TSS Loads and Average Concentrations
	Observed and Calculated Total Copper Loads and Average Concentrations
	* several very high concentrations observed
	Observed and Calculated Total Zinc Loads and Average Concentrations
	* several very high concentrations observed
	** filterable concentrations greater than total concentrations when both sites examined
	The following are plots and calculations describing the performance for the TSS mass calibrations as an example. The additional data for the TSS concentrations and the copper and zinc calibrations are shown in Appendix C. The Mann-Whitney rank sum tests compared the medians of the observed and calculated data sets, while the calibrations focused on the sum of loads and the average concentrations. Therefore, a number of these test results indicate significant differences in the observed vs. calculated median values, while it is likely the average and load data sets are not significantly different. The calibration test results cannot be presented with a single performance value, nor were the calibrations done only examining single relationships. The overall patterns were also considered in addition to the primary sum of loads values. As noted previously, the inconsistent data collection efforts, relatively few data, and lack of historical site activities likely added to less desirable calibration results for some conditions. However, most of these results are very good and the calibrated model was used to calculate the expected sources of the flows and pollutants in the following section.
	The above figure shows probability plots for the observed and calculated TSS masses for all sites combined, showing similar and overlapping distributions. The 95% confidence intervals (CI) for each set of data are also shown. Generally, these two data sets overlap (they cross at both the top and bottom of the range and the CI bands are close). These are log-normal probability plots and also indicate how closely the data distributions reflect normal conditions (after being log-transformed). If the plot is a straight line, they are likely normally distributed. This plot was prepared with Minitab (version 16) and also includes Anderson-Darling (AD) test statistic values in the data summary box. If the AD p value is small (<0.05), then the data set is statistically different from a normal distribution; if large (>0.05) then there is insufficient data to indicate a statistically significant difference. In the above example, the observed TSS mass values (shown as red squares) form a reasonably straight line except for a few extreme values, and the AD test statistic has a p value of 0.84. In contrast, the calculated TSS mass values (shown as black filled dots) have a greater curvature and an AD test statistic p value of <0.005 indicating they do not likely form a normal distribution. The main use of these probability plots is to illustrate the visual similarity of the observed and calculated distributions; data normality is not a goal as non-parametric statistical tests were used when examining the data. These data sets are not perfectly super-imposed and indicate some bias, especially some over-predictions in calculated TSS mass for some observed values. 
	/
	The above box and whisker plot compares pairs of observed and calculated TSS mass loads for the San Diego (CA), Norfolk (VA), and Puget Sound (WA) study areas data, while the last pair includes the data from all of the sites combined. The box shows the median as the internal horizontal line in the boxes while the upper and lower ends of the boxes indicate the 75th and 25th percentile values respectively. The ends of the whiskers indicate the 5 and 95% percentile values, while the individual dots indicate observations outside of the 5th to 95th percentile range. Therefore, two adjacent plots indicate how the observed and calculated values compare. Generally, if the median of one box is above or below the 25th or 75th percentile ends of the adjacent box, the data sets are likely significantly different for moderately sized data sets. For this plot, the San Diego data sets may be different, while the other data pairs (and the overall data set) indicate better overlapping conditions. The following Mann-Whitney test statistics was used to calculate the probability of these differences (based on the data set medians and the overall variations).
	Mann-Whitney Rank Sum Test for San Diego TSS Mass Data (based on medians)
	The difference in the median values between the two groups is greater than would be expected by chance; there is a statistically significant difference (P = 0.004), as indicated on the above box and whisker plot
	Mann-Whitney Rank Sum Test for Virginia TSS Mass Data (based on medians)
	The difference in the median values between the two groups is not great enough to exclude the possibility that the difference is due to random sampling variability; there is not a statistically significant difference  (P = 0.71)
	Mann-Whitney Rank Sum Test for Washington TSS Mass Data (based on medians)
	The difference in the median values between the two groups is not great enough to exclude the possibility that the difference is due to random sampling variability; there is not a statistically significant difference  (P = 0.49)
	t-Test: Paired Two Sample for Means for All TSS Mass Data Combined
	The number of observations (80 pairs) do not indicate a statistically significant difference between the two data sets (P = 0.40)
	/
	The above scatterplot compares the observed and calculated TSS mass loads for individual events. The preferred plot would be a 45 degree line with little scatter (as better indicated for copper and zinc loads as shown in Appendix C, for example). For the TSS mass loads shown on this plot, the events with small mass loadings have over-predicted calculated loadings, as indicated in the probability plots shown previously.
	Calculated Sources of Flows, Particulate Solids, Copper, and Zinc at Naval Facilities
	 The calibrated version of WinSLAMM was used to calculate the relative sources of the runoff volume, TSS, copper, and zinc at the naval bases examined during the 2013 site investigation and monitoring activities. The following sections describe the results of these calculations, focusing on three ranges of rains: small rains up to 0.5 inches in depth (normally associated with the largest number of runoff events), 0.5 to 1.5 inches in depth (normally associated with the majority of pollutant mass discharges), and >1.5 inches in depth (rarer rains associated with habitat destruction/bank instability and drainage issues). 
	The following table summarizes the main source areas used in the source calculations, along with their descriptions. The analyses were separated into three land use categories: residential, commercial/institutional, and industrial areas. These three land use categories along with the source areas shown in this table were the basis for the simplified spreadsheet Navy stormwater model being developed for preliminary base calculations.
	Source Area Categories for San Diego Source Contribution Analyses
	Source Area Categories for San Diego Source Contribution Analyses (continued)
	* for areas having the same source area designation, use the most common condition, or create another land use for the duplicates
	The following tables summarize the major source area contributions for these three rain categories for each outfall drainage area. Only those areas contributing at least 10% of the flows or pollutants are summarized on these tables. As expected, the directly connected impervious areas contribute most of the flows, but landscaped areas become important for the largest rains for some of the areas. Also, each source area usually has limited flow or pollutant contributions, requiring stormwater controls at several source areas or affecting the total area flows, to result in significant reductions.
	Major flow sources for San Diego Naval Facilities:
	Major particulate solids sources for San Diego Naval Facilities:
	Major total copper sources for San Diego Naval Facilities:
	Major total zinc sources for San Diego Naval Facilities:
	The following figures are graphical representations of these source area contribution data by rain depth.
	/
	/
	/
	The following tables and figures summarize the flow and pollutant sources for the two Virginia bases examined during 2013.
	Source Area Categories for Little Creek Source Contribution Analyses
	* for areas having the same source area designation, use the most common condition, or create another land use for the duplicates
	Major flow sources for Virginia Naval Facilities:
	Major particulate solids sources for Virginia Naval Facilities:
	Major total copper sources for Virginia Naval Facilities:
	Major total zinc sources for Virginia Naval Facilities:
	/
	/
	/
	/
	/
	/
	/
	/
	The following tables and figures illustrate and summarize the flow and pollutant sources for the three naval facilities examined during 2013 in the Puget Sound area.
	Source Area Categories for Washington Source Contribution Analyses
	Source Area Categories for Washington Source Contribution Analyses (continued)
	* for areas having the same source area designation, use the most common condition, or create another land use for the duplicates
	Major flow sources for Washington Naval Facilities:
	Major particulate solids sources for Washington Naval Facilities:
	Major total copper sources for Washington Naval Facilities:
	Major total zinc sources for Washington Naval Facilities:
	/
	/
	/
	/
	/
	/
	/
	/
	/
	/
	/
	/
	After sources of contaminants of interest are identified, as described in the previous section, it is possible to select candidate stormwater controls that can treat the water from these identified sources. This report section briefly describes how WinSLAMM evaluates several types of stormwater controls applicable to different naval base conditions. WinSLAMM was used to examine a series of stormwater control practices, including rain barrels and water tanks for stormwater irrigation, pavement and roof disconnections, roof rain gardens, infiltration/biofiltration in parking lots and as curb-cut biofilters, grass swales, porous pavement for San Diego, Norfolk, and Puget Sound rainfall conditions. The model evaluates the practices through engineering calculations of the unit processes on the basis of the actual design and size of the controls specified, and it determines how effectively the practices remove runoff volume and pollutants.
	The model replicates the physical processes occurring in the stormwater control. For example, for a wet detention pond, the model incorporates the following information for each rain event:
	1. Runoff hydrograph, pollution load, and sediment particle size distribution from the drainage basin to the pond
	2. Pond geometry (depth, area)
	3. Hydraulics of the outlet structure
	4. Particle settling time and velocity in the pond based on retention time
	Stokes Law and Newton’s settling equations are used in conjunction with conventional surface overflow rate calculations and modified Puls-storage indication hydraulic routing methods to determine the sediment amounts and characteristics that are trapped in the pond. Again, it is important to note that the model does not apply default percent efficiency values to a control practice. Each rainfall is analyzed, and the pollutant control effectiveness varies according to each rainfall and the pond’s antecedent condition. A full explanation of the model’s capabilities, calibration, functions, and applications is at www.winslamm.com. 
	Pavement and Roof Disconnections

	The first stormwater control that should be considered in an area is disconnecting the directly connected impervious areas, such as roofs and paved parking lots, as long as there are sufficient and suitable adjacent “pervious” areas to infiltrate the water. WinSLAMM can evaluate disconnections in different ways. The most direct way to evaluate disconnections of impervious areas is by changing the source area parameter characteristic from directly connected (or draining to a directly connected area) to draining to a pervious area (partially connected impervious area), as shown in Figure 96 for moderately compacted silty soils. If the area has normally compacted clayey soils, the building density is also needed, and if it is a medium- or high-density area, the presence of alleys also needs to be known. This process is based on extensive monitoring of residential and commercial sites that ranged from completely connected to completed disconnected with varying density and soil conditions (Pitt 1987). The following table shows the results of these disconnections, showing excellent control when all areas are disconnected. For example, to obtain good receiving water habitat conditions, all the roofs and the parking areas must be disconnected in this example. As expected from observing the flow source area plot, disconnecting only a portion of these impervious areas has limited benefits. It is noted that the concentrations of the pollutants increase with increasing roof disconnections because the better quality roof runoff is being infiltrated and not diluting the runoff from the paved parking/storage area. However, the mass discharges all decrease with increased disconnections.
	/
	Disconnection of pitched roof to silty soil
	The most important consideration is the amount and quality of the non-paved area that would receive the runoff from the paved or roof area. A later discussion presents information for grass filters (that considers both infiltration and particulate retention benefits) that can be most suitably used for the large areas on naval bases. Many of the San Diego base non-paved areas are covered with artificial turf and would not likely be a suitable area to drain excess water. 
	The benefits of disconnecting connected paved parking or storage areas are similar to the benefits for disconnecting roofs. However, disconnecting these areas as part of a retrofit program is likely to be difficult because extensive re-grading would be needed, or at least a suitable adjacent undeveloped or landscaped area downgradient of the paved area would be needed. The use of biofilters to infiltrate the runoff at directly connected paved areas is likely a much more suitable option, especially for retrofits.
	Roof Runoff Rain Gardens

	The performance of rain gardens is affected by several unit processes which are modeled in WinSLAMM. Modified puls hydraulic routing, with surface overflow calculations, are the basic processes used. However, several layers in the rain garden (or biofilter) must be considered. As runoff enters the device, water infiltrates through the engineered soil or media (or natural soil, in a rain garden). If the entering rain cannot all be infiltrated through the surface layer, the water ponds. If the ponding becomes deep, it can overflow through the surface outlet. The percolating water moves down through the device until it reaches the bottom and intercepts the native soil. If the native soil infiltration rate is greater than the percolation water rate, no subsurface ponding occurs; if the native soil infiltration rate is slower than the percolation water rate, subsurface ponding occurs. This ponding can build up to the surface of the device and add to the surface ponding. If an underdrain is present (usually with a subsurface storage layer), the subsurface ponding will be intercepted by the drain which then discharges it to the surface water, but hopefully later in the event when the effects are moderated. 
	With the water percolating through the engineered soil or other fill, particulates and particulate-bound pollutants are trapped by the media through filtering actions. Therefore, the underdrain water usually has a lower particulate solids content that the surface waters entering the device, except if fines are washed from the media. The calculations are sensitive to the amount of the different media materials used as fill (or the native soil) and its characteristics (especially its porosity and percolation rate; the amount of fines, and if ET is considered, the wilting point). The hydraulic routing uses the sum of the void volumes in the device to determine the effluent hydrograph, while the different infiltration/percolation rates affect the internal ponding. The stage-discharge relationships of the outlet devices are all modeled using conventional hydraulic processes. The ET loss calculations are based on the changing water content in the root zone at each time increment, and the ET adjustment factors for the mixture of plants in the device (Pitt, et al. 2008a).
	The following figure is the main WinSLAMM input screen used for rain gardens. This is a general form that is also used for other infiltration devices, including biofilters and bioinfiltration devices (and even green roofs until that special form is completed in a future model version). This form includes the geometry of the device and material placed in the device. Most simple rain gardens do not have any special media, using only soils, nor do they have underdrains, so only some of the form is used. In this example, a loam soil is used in the rain garden, and the subsurface native soil is assumed to be a sandy loam having long-term infiltration rates of about 1.0 in/hr. As indicated, it is possible to also incorporate a Monte Carlo routine to better represent the variable infiltration rates that any individual unit has. All the devices using this input screen require a hydraulic overflow outlet described as a broad crested weir. For these infiltration devices, evaporation of water from any pooled standing water above the soil and ET losses associated with plants installed in the rain garden, are also added as outlet devices. The engineered soil media characteristics screen is shown in a following figure, as an example.
	/
	Rain garden input screen.
	/
	Detailed media characteristics for rain gardens.
	The performance of a rain garden for controlling runoff from directly connected flat roofs is summarized in the following figure. The rain garden modeled has 100ft2 of surface area and 50ft2 of bottom area and in 1 ft deep. There was no material added to the bottom of the rain garden, nor is there an underdrain used (these are usually defining features of biofilters, discussed later). The soil is a loam having a 0.5 in/hr infiltration rate. A broad-crested weir is used as the surface overflow, providing 9 inches of ponding for water storage in the excavation. The model was run using various numbers of these rain gardens for a total one acre of flat roofs. The results were normalized in the following graph by expressing the total rain garden surface area as a percentage of the roof area. Long-term continuous rains were evaluated for these different sized rain gardens: San Diego 2000 to 2006; Norfolk 2000 to 2013; and Puget Sound (Everett rains) 2000 to 2009. As expected, as the total rain garden increases in size in relationship to the roof area, less water is discharged to the surface drainage system through the overflow. As noted, the rain garden has no underdrain, so the pollutant reductions are the same as for the runoff volume reductions. The same sized rain gardens are most effective for the Puget Sound area, then San Diego, and then Norfolk. This ranking is mostly dependent on the amount of rainfall and its intensity. The Puget Sound area has similar rain totals as Norfolk, but the rain intensities (and therefore runoff rates) are much less, allowing the water to be more effectively infiltrated. In order to capture about 90% of the long-term rainfall amount, the total rain gardens in Puget Sound would need to be about 5% of the roof area, increasing to 9% for San Diego, and further increasing to about 15% for Norfolk. As discussed later, the use of biofilters typically results in much smaller footprint areas for the same level of control, but at higher construction costs.
	/
	Calculated rain garden performance at San Diego, Norfolk, and Puget Sound naval bases.
	Biofilters

	Biofilters are excavations to collect runoff and allow infiltration. They are usually filled with a rock storage layer, and treatment layer, and most have underdrains to prevent excessive ponding for extended times. Because of the increased amount of storage compared to a simple rain garden, biofilters can better handle short periods of increased runoff and larger amounts of runoff.
	Biofilter performance is based on the characteristics of the flow entering the device, the infiltration rate into the native soil, the filtering capacity and infiltration rate of the engineered media fill if used, the amount of rock fill storage, the size of the device and the outlet structures for the device. Pollutant filtering by the engineered media (usually containing amendments) is based on the engineered media type and the particle size distribution of the particulates in the inflowing water. If the engineered media flow rate is lower than the flow rates entering the device, the engineered media will affect the device performance by forcing the excess water to bypass the device through surface discharges, if the storage capacity above the engineered media is inadequate.
	The device operation is modeled using the Modified Puls Storage-Indication method and is analyzed differently depending on whether a rock and engineered media layer is in the model. The model simulates the inflow and outflow hydrographs using a time interval selected by the user (typically 6 minutes), although this interval is reduced automatically by the program if the simulation calculations approach becoming unstable.
	The inflow hydrograph is divided into the selected time intervals, which are routed to the surface of the biofilter. The biofilter is evaluated in two basic sections: the aboveground section (or above the engineered media) and the belowground section (below the surface of the engineered media). If there is a rock layer and an engineered media layer, separate details are entered for each. The available surface outflow devices include broad crested weirs (required to have at least one as the surface overflow outlet), and optional crested weirs, vertical stand pipes, and evaporation/ET. An underdrain is also optional that discharges back to the drainage system (but with “filtered” water).
	As water enters the device, the flow only enters the belowground section if the engineered media infiltration rate is greater than the inflowing water rate. If the inflow rate increases to be greater than the media infiltration rate, the aboveground storage begins to fill. If the inflowing rate is high enough and the excess runoff volume exceeds the available storage, the water discharges from the device through the aboveground surface broad crested weir outflow, and any other surface outlet. As water enters the belowground section of the device, it passes through the native media and, as the bottom section fills, it may enter an underdrain (if used). All water that flows through the underdrain is assumed to be filtered by the engineered media. The filtering performance changes based on the type of engineered media and varies by the particle size of the particulates in the water. If the water level in the belowground section of the device reaches the top of the engineered media layer, infiltration from the surface layer into the belowground layer stops until the water level in the belowground section is below the top of the engineered media layer. If there are no rock and engineered media layers, flow into the native soil is considered to be an outflow: there is no belowground section, and all treatment by the device is assumed to be through volume loss by infiltration into the native soil (this is the typical way rain gardens operate, since they have no media or underdrain, but do have surface storage).
	To model biofilters, the geometry and other characteristics of the biofilter are described, or of a typical biofilter if modeling a set of biofilters for, say, roofs or parking lot source areas. The number of biofilters to be modeled in the source area is also entered on the form. The model divides the total source area runoff volume by the number of biofilters in the source area, creates a complex triangular hydrograph for that representative flow fraction that is then routed through that biofilter. It then multiplies the resulting runoff pollutant and flow reductions by the number of biofilters for the total source area effects.
	Biofilter Data Entry
	The following figure is the data entry form used for biofilters and related stormwater controls.
	/
	Basis data entry screen for biofilters and bioinfiltration stormwater controls.
	The following figure is a screen shot used to select the engineered media mixture. The model calculated the porosity, field capacity, wilting point, and infiltration rates for many combinations based on laboratory and field tests. The model also calculates the removal of different sized particles in the runoff based on the media mixture.
	/
	Media characteristics used in the test (pilot) biofilters and bioinfiltration devices.
	The bottom of the biofilter has a datum of zero. To describe the biofilter, the following information is entered:
	Device Geometry:
	Top Area (square feet): Enter the top area of the biofilter
	Bottom Area (square feet): Enter the bottom area of the biofilter
	Total Depth (feet): Enter the depth of the biofilter.
	Typical Width (ft): If you intend to perform a cost analysis of the biofilter practices listed in the .mdb file, you must enter the typical biofilter width (ft) of a biofilter system you are modeling. This value is not used for a hydraulic or water quality analysis; it is relevant only for the cost analysis.
	Native Soil Infiltration Rate (in/hr): Enter the infiltration rate or select a typical infiltration rate based on soil type from the provided list in the lower left-hand corner of the window. The native soil infiltration rate value is supplied if you select the typical seepage rate provided by the model.
	Native Soil Infiltration Rate COV (Coefficient of Variation): If you want to consider the typical variabilities in the infiltration rates, select the “Use Random Number Generation to Account for Uncertainty in Infiltration Rate” checkbox and then accept or enter another seepage rate COV value in the cell below the native soil infiltration rate. This is optional and uses a Monte Carlo simulation built into the model. If selected, the infiltration rates are randomly varied for each event based on a log-normal probability distribution of actual measured infiltration rate variabilities.
	Infiltration Rate Fraction - Bottom (0-1): Enter the seepage rate multiplier for bottom flow (from 0 to 1) to reduce the seepage rate through the bottom of the biofilter. This option can be useful if you want to evaluate the effects of complete clogging on the bottom of the device.
	Infiltration Rate Fraction - Side (0-1): Enter the seepage rate multiplier for side flow (from 0 to 1) to reduce the seepage rate through either the sides of the biofilter. This option can be useful if you want to ignore the benefits of seepage out of the sides of the device, as required by some regulatory agencies.
	Rock Filled Depth (ft): This is the depth of biofilter that is rock filled. This must be less than or equal to the biofilter depth, and may be zero if there is no rock fill. Water is assumed to flow through the rock storage layer very quickly.
	Rock Fill Porosity: Enter the fraction of rock fill that is voids as a value from zero to one. If you have both rock fill and engineered soil, the model sums the total porosity available in the biofilter. If you are using an underdrain, a rock storage layer will be required (and the underdrain is usually located near the top of this storage layer).
	Engineered Media Type. If the device has an engineered soil layer, the program uses an infiltration rate depending on the type of engineered media, based on extensive media tests in laboratory columns and in the field. Select the 'Media Data' button to enter media type information including the media porosity, infiltration rate, field moisture capacity and permanent wilting point.
	Engineered Media Infiltration Rate (in/hr): If you have selected a specific engineered media type, the program uses an infiltration rate for that media type, or if you selected a user defined media type, you may enter your own engineered media infiltration rate.
	Engineered Media Depth (ft). This must be less than or equal to the biofilter depth, and may be zero if there is no engineered media fill.
	Engineered Media Porosity (0-1): This is the fraction of engineered media that is voids - enter the porosity of the engineered media as a value from zero to one. If you have both rock fill and engineered media, the model sums the total porosity volume from all layers.
	Percent Solids Reduction Due to Engineered Media. If you want to enter a percent solids reduction value from engineered media if permitted to do so by the regulatory agency or because you have suitable data, select “User-Defined” as the engineered media type in the Detailed Soil Characteristics form. If you select any other engineered media type, the program calculates the percent reduction based on the media type.
	Inflow Hydrograph Peak Flow to Average Flow Ratio. This value is used to determine the shape of the complex triangular unit hydrograph that is routed through the device. A typical value of the peak to average flow ratio is 3.8. However, short duration events in small areas may have larger ratios and similarly, long duration events in large areas may have smaller ratios. WinDETPOND can evaluate any inflow hydrograph shape that you enter. In version 10, it is recommended that the option to use the hydrograph from upgradient areas and controls be used instead of resetting this value to 3.8.
	Number of Devices in the Source Area or Upstream Drainage System. The model divides the runoff volume by the number of biofilters in the source area or land use, creates a complex triangular hydrograph that it routes through that biofilter, and then multiplies the resulting losses by the number of biofilters to apply the results to the source area.
	Particle Size Distribution File. The particle size distribution of the particulates in the runoff affects the percent solids reduction of the engineered media layer. The program uses pre-defined reductions for selected particle size distributions. If you have a user-defined engineered media type, then you do not need to enter a particle size distribution file. If you select the 'Route Hydrographs and Particle Sizes between Control Devices' checkbox in Program Options/Default Model Options, the program uses the default particle size distribution file for all source areas. The particle size distribution entering the control device is modified by whatever practices are upstream of the control practice. If the practice is the most upstream practice, the default particle size distribution is used.
	Pipe or Box Storage is not activated in this model version.
	The following figures show the effects of biofilter size on performance for the three naval base locations. The basic biofilter was 100ft2 at the top and 50ft2 at the bottom and was 5 ft deep. It had 1.5 ft of a rock storage layer and 1.5 ft of media (75% sand and 25% peat amendment). A top ponding depth of 1.75 ft was also used. The surface overflow was a 10 ft wide broad-crested weir and it also had a SmartDrain located near the top of the rock layer. The native infiltration rate was for a loam soil at 0.5 in/hr. The performance for different sized biofilters was calculated by increasing the number of units per acre of paved area. These results were then normalized as a percentage of the paved area, as shown on these figures.
	For low infiltration rates, conventional underdrains degrade the performance of the biofilters because the underdrains discharge subsurface ponding water before it can completely infiltrate. The use of a restricted flow underdrain (the SmartDrainTM), results in a minimal effect on infiltration along with desired decreased durations of surface ponding. Underdrains have very little effect on performance when the native subsurface native infiltration rate is about 1 in/hr or greater.
	In order to achieve about 90% runoff volume reductions, the biofilter areas would need to be about 6% for Puget Sound, about 12% for San Diego, and about 20% for Norfolk. The removal of particulates in the stormwater is greater than the runoff volume removals because the larger particulates are captured in the media before being discharged through the underdrain. TSS removals of about 90% occur when the biofilters are about 1% for Puget Sound, about 2% for San Diego, and about 5% for Norfolk. 
	/
	Runoff volume infiltration for different sized biofilters at three naval facility locations.
	/
	Particulate solids retention in biofilters for different sized biofilters at three naval base locaitons.
	The following figure is a plot indicating the clogging potential for the biofilters for an example location in Kansas City. Biofilter media material is likely to fail resulting in very low infiltration rates with rapid and excessive particulate solids loadings. Generally, particulate loads of between 10 and 25 kg/m2 could be indicative of significantly reduced infiltration. With a planted biofilter in good condition, and if this accumulative load occurs over at least 10 years, the biofilter is likely to be able to incorporate this additional material into the soil, and the plants can help retain the infiltration rate at a desired level (but with reduced surface storage volume). However, if this load occurs within just a few years, it is likely to overwhelm the system, resulting in premature clogging. This is more of a problem for small biofilters receiving runoff having high particulate solids concentrations, such as parking lots where space is limited for larger biofilters. Pretreatment using grass filters or swales can reduce these problems. For this example location, if the biofilters are at least 1 to 3% of the residential drainage area, the particulate loading is not likely to be a problem.
	/
	Clogging potential for biofilters in test (pilot) area.
	Porous Pavement

	The WinSLAMM porous pavement control in version 10 has full routing calculations associated with subsurface pond storage, and it allows runon from adjacent paved areas that do not have porous pavement. The outlet options for porous pavements include subgrade seepage and an optional underdrain, which is modeled as an orifice. The porous pavement control device has a surface seepage rate that limits the amount of runoff that can enter the storage system. The seepage rate is usually much greater than the rain intensity, so this would be unusual, except if it is significantly reduced by clogging or if substantial runon occurs from adjacent paved areas. This surface seepage rate is reduced to account for clogging with time, while the surface seepage rate can be partially restored with cleaning at a stated cleaning frequency. The runoff volume reaching the porous pavement surface is equal to the rainfall volume directly falling on the porous pavement, plus runoff volume from any runon from the adjacent paved areas. The porous pavement surface can be paver blocks, porous concrete, porous asphalt, or any other porous surface, including reinforced turf. Porous pavements are usually installed over a subsurface storage layer that can dramatically increase the infiltration performance of the device.
	Porous pavements are typically used at paved parking and storage areas, paved playgrounds, paved driveways, or paved walkways. They should be used in relatively clean areas (walkways or driveways or other surfaces that receive little traffic, for example), to minimize groundwater contamination potential and premature clogging and failure. Porous pavements direct the infiltrating water to subsurface soil layers, usually at a depth where the soils have little organic matter that tend to sorb pollutants. Salts used for ice control in northern areas are also problematic when considering infiltrating stormwater. Consider biofiltration devices to infiltrate water from more contaminated sites because they can use amended soils to help trap contaminants before infiltration, or use other appropriate pre-treatment before infiltration, and are easier to restore. No common pretreatment device is suitable for removing salts, however, so minimal use of deicing chemicals is the preferred control option.
	It is necessary to describe the geometry and other characteristics of a typical porous pavement surface, as shown in the following figure. The model computes the runoff volume, equal to the rainfall volume plus any runon, and then creates a complex triangular hydrograph (the flow duration equals the rain duration) that it routes through that porous pavement system.
	/
	Porous pavement main input screen.
	The next table summarizes the calculated performance of porous pavements located at paved parking/storage areas in an example location in Kansas City (expected to be intermediate for the three naval base sites). The given underlying soil is a loam soil. A conventional 3-in. perforated pipe underdrain was also used. As indicated, even the smallest area examined (25% of the area as porous pavement) had very good runoff volume reductions for this example. If the porous pavement was cleaned every year, much of the lost surface infiltration rate capacity would be restored for this example. If the area was not cleaned, clogging would be expected in about 8 years, based on field experience. 
	Porous pavement performance (paved parking and storage area; loam soil; 3-in underdrains placed 20 ft apart)
	Grass Filters

	Grass filters have broad, shallow flows. WinSLAMM determines the flow conditions for every calculation increment, including flow velocity and depth. Special shallow Manning’s n values are used according to shallow sheetflow measurements. Sediment transport is calculated for each narrow particle size range using their sedimentation rate, depth of flow, and length of flow. Scour is also considered, along with equilibrium concentrations. 
	The grass filter and grass swale controls calculate pollutant and runoff volume reductions. The model determines the runoff volume reduction by calculating the infiltration loss for each time step. The particulate reduction is based on the settling frequency of the particles entering the grassed area and the height of the grass relative to the flow depth. The grass “filters” the runoff using the settling frequency and the length of the flow path. The algorithms used to determine the Manning’s n values were developed from the master’s thesis by Jason Kirby Kirby, et al. 2005) as part of a WERF-supported research project (Johnson, et al. 2003). The particle trapping algorithms were based on the master’s thesis research conducted by Yukio Nara (Nara, et al. 2006), supported by the University Transportation Center for Alabama (Nara and Pitt 2005).
	Runoff volume is reduced by the dynamic infiltration rate of the swales for each 6-minute time step of the hydrograph. The flow and the geometry are used to determine Manning’s n to iteratively determine the depth of flow in the swale for each time step, using traditional VR-n curves that were extended by Kirby (Kirby, et al. 2005) to address the smaller flows found in roadside grass swales and filters. Using the calculated depth of flow for each time increment, the model calculates the wetted perimeter (using the swale cross-sectional shape), which is then multiplied by the total flow length to determine the area used to infiltrate the runoff. Details for these calculations are available by selecting the “Hydraulics Detailed Output File” checkbox from the “Detailed Output Options” listing under “Program Options.” The event-by-event summary detailed output is available by selecting the “Hydraulics and Concentration by Event” checkbox from the Detailed Output Options listing. These comma-separated tabular files are created when the model is executed and can be reviewed using a spreadsheet after importing the files.
	The next figure is the WinSLAMM basic input screen used for grass filters. As the grass filters become steep, they lose some of their performance because of the faster flowing has a greater equilibrium capacity associated with its carry capacity and the faster flowing water has reduced effective infiltration rates compared to ponded water. Version 10 uses a direct calculation of the hydraulics for grass filter strips as for grass swales, but with modified turbulent induced length restrictions. An upcoming model release will use Muskingum channel routing to more effectively calculate the flowing water conditions in the grass filters (and swales).
	/
	Grass filter strip form in Version 10.
	The following figures summarize the performance of grass filters for controlling runoff and TSS from paved areas. For these calculations, the grass filter was assumed to be as wide as the source area paved area and the length is expressed as a fraction of the length of the paved area. Loam soil having 0.25 in/hr infiltration rates were used along with a filter slope of 1% with 3 inch tall grass (D retardance class). Runoff infiltration performance was similar for the two west coast sites, but Norfolk was much less efficient due to the greater rainfall amounts and intensities at that location. Grass filters about 25% of the length of the paved area would result in about 90% runoff volume reductions at San Diego and Puget Sound, but would have to be close to 100% of the paved area length for the same level of performance for the Norfolk location. As the stormwater flows across the grass filter, it slows and particulates settle out of the flowing water and become trapped in the grass. The TSS mass reductions are therefore much greater than for the runoff volume reductions alone. Approximate 90% TSS mass reductions would occur for grass filters only about 15 to 20% of the pavement length, for example. 
	/
	Runoff volume removals for different lengths of grass filter strips.
	/
	TSS mass discharge reductions for different lengths of grass filter strips.
	Grass Swales

	Grass swales are evaluated using the same general process as described previously for grass filters. The data entry form is shown in the next figure. Following figures summarize the performance of grass swales different lengths of swales compared to the drainage area for the three naval facility locations. These swales have 5 ft bottom widths with 3:1 side slopes and 1.5% longitudinal slopes. The grass is 3 inches tall with D retardance group. A loam soil having a 0.25 in/hr dynamic infiltration rate was also used in these calculations. The swale water volume and pollutant reduction performance would be better for increased infiltration rates.
	/
	Grass swale input screen.
	These figures indicate similar performance for the west coast sites with poorer performance for the Norfolk location (as shown for the grass filters). Since the soil has a relatively low infiltration rate, the maximum runoff volume reductions are only about 50%, while the TSS reductions are somewhat larger due to the settling of particulates.
	/
	Runoff volume reductions for grass swales.
	/
	TSS mass discharge reductions for grass swales.
	Green Roofs

	As noted above for the description of the biofilter calculations, the biofilter device can be configured to represent green roofs, as illustrated in the next figure. In an upcoming WinSLAMM version, a separate screen will be provided for these devices. Basically, the green roof area is used as the area of the biofilter, and no natural infiltration is allowed. The only outlets include the required broad crested weir for surface overflows, underdrains, and ET. Partial roof coverage can be modeled by using a smaller area for the “biofilter” to represent the area dedicated to green roof processes.
	/
	Green roof main input screen.
	The next table summarizes the calculated performance of the specified green roof system, for different roof coverages, for an example location in Kansas City. The effluent concentrations are similar for all scenarios because almost all of the water is filtered by the roof media, with little being discharged to the surface overflows. The available ET for that area resulted in a maximum of about 25% reductions in runoff volume discharges. If more surface storage was provided in the green roof design and if more efficient plants were used, it is likely that these runoff volume reductions could be about double the reductions shown in this example. It is expected that the San Diego location would have greater benefits for green roofs, while it would be less for the other two locations. Locally monitored evapotranspiration and selection of suitable plants are critical for an effective green roof installation, and those conditions are too varied to allow a simple analysis at the naval facilities.
	Calculated green roof performance
	Street Cleaning

	Street cleaning affects the amount of street dust and dirt available for washoff during rains. Frequent street cleaning can reduce the loading of this material to very low levels. However, street cleaning preferentially removes the largest particles on streets, while rains preferentially remove the smallest particles. Therefore, the amount of material collected by a street cleaner is not directly related to the amount of particulates that would have washed during rains.
	The next figure is the street cleaning form. Street cleaning control can be applied to streets and alleys in all land uses, including freeways.  There are two options for entering in street cleaning dates.  1)  Enter Street Cleaning Dates, or 2) Enter a Street Cleaning Frequency.  Select the 'Street Cleaning Frequency' check box, and then the desired cleaning frequency is the most direct way to describe the street cleaning effort.
	/
	Street cleaning form.
	Type of Street Cleaner.  Select the type of street cleaner.  The program will enter the proper removal coefficients after you have selected the street cleaner productivity, parking density and parking control option.
	 
	Street cleaning productivity.  Select the default productivity by entering the parking density and the parking control status.  The parking density options are:
	 
	1. None - There is no parking along the street being cleaned.
	2. Light - There is significant spacing between parked cars such that street cleaners can easily get to the curb, between cars, for significant sections of the street.
	3. Medium - There is enough spacing between parked cars such that street cleaners can get to the curb for at least some sections of the street.
	4. Extensive (short term) - There is not enough space between cars to allow street cleaners to get to the curb for some time during a 24-hour period.
	5. Extensive (long term) - There is not enough space between cars to allow street cleaners to get to the curb.  This condition persists for most or all of a 24-hour period.
	 
	The parking control status indicates whether parking options such as limited parking hours or alternate side-of-the-street parking have been regulated by the municipality.  
	The following figures are production function plots showing the expected TSS mass removals. The first figure shows the expected TSS reductions for just the street runoff, while the next figure shows the expected TSS reductions for the runoff for the whole area. In these examples, street areas are about 15% of the total area, while streets contributed about 26% of the total area runoff for San Diego and Norfolk, and about 58% of the total runoff for the Puget Sound area for the long-term analyses. A vacuum-assisted street cleaner was used in these calculations, along with intermediate textured streets having light parking and no parking controls. If the drainage area was mostly comprised of streets, then street cleaning once a week may results in about 15 to 25% TSS reductions.
	/
	Street cleaning performance for street runoff.
	/
	Street cleaning performance for watershed runoff.
	Catchbasins and Hydrodynamic Separators

	Catchbasins and hydrodynamic devices can be applied to either a specific source area or as part of the drainage system. Treatment is due to particle settling unless there is leakage through the bottom of the sump, which is considered as a runoff volume loss to the system. The program will calculate the percent of the total catchbasin volume that is full of captured sediment for each rainfall event.  This value is reset to zero based upon when the catchbasin is cleaned.  
	 
	Catchbasins are modelled as vertical walled detention basins with a pipe outlet.  However, because they are small, they have negligible storage volume, so the storage component of the detention pond algorithm is not applied.  Pipe outlet flow is calculated as the flow rate through a partially filled pipe or as orifice flow, whichever is smaller.  The total flow to the catchbasin is divided by the number of catchbasins to determine the flow a typical catchbasin. The following figure is the catchbasin entry form.
	/
	Catchbasin entry screen.
	To model Catchbasin Performance, enter the following information in the form:
	 
	1.  Fraction of drainage area served by catchbasin (0-1).
	2a. The catchbasin density (using either typical catchbasin densities provided or enter in your site-specific value), or
	2b. The number of catchbasins in the site you are modelling.
	3.  The Average Sump Depth below the catchbasin outlet invert (ft).  Note that the model assumes that the top foot of storage volume is unavailable for storage due to scour.  Therefore, the sump depth must be greater than 1.0 ft in order for the catchbasin to function.  The catchbasin is considered 100% full when the sump depth less the scour depth is reached.
	4.  Depth of sediment in catchbasin sump at the beginning of the study period (ft).
	5.  Typical outlet pipe diameter (ft)
	6.  Typical outlet pipe Manning’s n
	7.  Typical outlet pipe slope (ft/ft).  
	8.  Typical catchbasin sump surface area (sq. ft)
	9.  Catchbasin depth from sump bottom to street level (ft).  This value should be the sum of the average sump depth, the pipe diameter, the pipe wall thickness, and the typical cover over the pipe from the top of the pipe to the street surface.
	10.  The inflow hydrograph peak-to-average flow ratio.  A typical value is 3.8; change it if you have better data.
	11.  Leakage rate through the sump bottom (in/hr).  This value is used to model catchbasins that do not have sealed sumps.  However, the impact on catchbasin effectiveness is typically minimal because the leaky sump areas are small.
	12.  Critical particle size file name.  If you have checked the 'Route Hydrographs and Particle Sizes Between Control Devices' box in Program Options/Default Model Options, then the program will use the default particle size distribution file for all source areas.  The particle size distribution entering the control device will be modified by whatever practices are upstream of the control practice.  If the practice is the most upstream practice, then the default particle size distribution is used.  
	 
	To enter catchbasin cleaning dates to model catchbasin cleaning, you can select either:
	a.  Catchbasin Cleaning Dates, which are the dates that the catchbasin is cleaned (ie, the % full value is reset to zero) during the study period (cleaning up to 5 times is allowed).  The dates must be consecutive, within the study time period, and in the format "MM/DD/YY", or . . .
	b.  The Catchbasin Cleaning Frequency.  The catchbasins will be cleaned (i.e., the % full value is reset to zero) at the selected interval.  This option is useful for long model runs.
	 
	Hydrodynamic devices are available for any individual source area or as a drainage system control. The following figure is the input screen for the hydrodynamic device. Hydrodynamic devices are very similar to catchbasins except that they have additional bypass capabilities and lamella plates can be added for improved performance.
	/
	Input screen for hydrodynamic device.
	There are five sections to the hydrodynamic control device form.  They are:
	 
	1.  Hydrodynamic Device General Information.  This includes the source area of the device, the area within the source area that is served by the device, the number of devices, the device density and the particle size file name (to define the particle size distribution of the runoff entering the device.  This information is needed regardless of whether you are modeling a single chamber device or a proprietary device.  If you have checked the 'Route Hydrographs and Particle Sizes Between Control Devices' box in Program Options/Default Model Options, then the program will use the default particle size distribution file for all source areas.  The particle size distribution entering the control device will be modified by whatever practices are upstream of the control practice.  If the practice is the most upstream practice, then the default particle size distribution is used.
	 
	You will also need to enter either the information necessary to characterize a single chamber device or a proprietary device.  The single chamber device includes the same information that you would enter for a catchbasin with inflow bypass data.  The proprietary device option will allow you to select a particular device manufacturer and model number, assuming the performance data for that device has been added to WinSLAMM. 
	 
	2.  Single Chamber Device Characteristics.  If you are modeling a generic single chamber device, you must enter the following information.
	 
	            Average sump depth below hydrodynamic device outlet invert (feet)
	            Depth of sediment in hydrodynamic device sump at beginning of study period (ft)
	            Typical outlet pipe diameter (ft) 
	            Typical outlet pipe Manning’s n 
	            Typical outlet pipe slope (ft/ft)
	            Typical hydrodynamic device sump surface area (square feet)
	            Total hydrodynamic device depth (feet)
	            Inflow hydrograph peak to average flow ratio
	            Maximum allowable depth of sediment below outlet invert elevation
	 
	For flow bypass,
	            Either:   Maximum flow to inline sump (cfs)
	            Or:  Diameter of orifice that controls flow to in-line sump (ft)
	             Inflow orifice invert elevation (ft)
	             Length (ft) of overflow structure acting as a sharp-crested Weir
	             Elevation of overflow structure to bypass inline sump (ft above sump base)
	 
	3.  Proprietary Device.  If you are modeling a proprietary device, check the 'Or Use Proprietary Hydrodynamic Control Device Information' checkbox and then use the pull down menu to select the device manufacturer and model number.  Enter any other relevant information in the data grid.   
	 
	4.  Device Cleaning.  You may enter in either specific cleaning dates or a cleaning frequency. If you select to model device cleaning, then when the date in the model run is reached during processing, the program will remove all stored sediment in the device.  
	 
	5.  Model Hydrodynamic Device with Lamella Plates or Settling Tubes. This option allows you to model the increased settling efficiency that occurs when the device uses lamella plates or settling tubes.  When this option is selected, the program increases the effective surface area of the device by the number of plates or tubes that a vertical line will intersect.  This occurs for each time step that the flow through the device is laminar.  Laminar flow is assumed if the Reynolds number is less than 2100.  The Reynolds number is determined from the water velocity through the tubes (and so varies with flow), the kinematic viscosity of the water, and the tube diameter or distance between lamella plates. 
	 
	 
	 
	 
	/
	Lamella plates in a hydrodynamic device.
	To model a hydrodynamic device with lamella plates or settling tubes, first check the box next to the lamella plate or settling tube label. Then enter:  
	  1.  The fraction of the total device surface area (0 - 1) with plates or tubes.
	  2.  The average settling tube diameter or distance between lamella plates (ft)
	  3.  The number of plates or tubes a vertical line will intersect.  
	The following figure is a production function for the use of catchbasins (or simple hydrodynamic devices) in a paved area. The main factor is the total surface area of the devices (expressed as ft2 per acre of pavement). The model calculations were based on standard 4 ft diameter catchbasins (having 3 ft sumps below the outlet), and varying numbers of units were considered. This is generally equivalent to the combined surface areas, although specific calculations would be appropriate for further analyses. The San Diego and Puget Sound levels of performance are similar, while the higher flow rates associated with the Norfolk site reduced the performance for the same sized facilities. This plot is only for TSS mass discharge reductions as there are no runoff volume reductions associated with these devices. However, these can be used as part of treatment trains, especially to remove large debris to prevent fouling of other unit processes. It is difficult to obtain high levels of treatment with these devices unless they were very large (approaching the size of a wet detention pond, for example). In order to obtain 90% TSS reductions (not observed during field monitoring), about 200 ft2 of sump area would be needed (or about 16 conventional catchbasins per acre, an impractical number). In order to obtain these larger removals, single large devices would be most suitable, or used in conjunction with other systems (as described later for the MCTT).
	/
	Multi-Chambered Treatment Train (MCTT)

	The Multi-Chambered Treatment Train (MCTT) was developed to control toxicants in stormwater from critical source areas. The MCTT is most suitable for use at relatively small areas, about 0.1 to 1 ha in size, such as vehicle service facilities, convenience store parking areas, equipment storage and maintenance areas, and salvage yards, although it has been used in much larger areas. The MCTT is normally installed underground and is typically sized between 0.5 to 1.5 percent of the paved drainage area. It is comprised of three main sections, an inlet having a conventional catchbasin with litter traps, a main settling chamber having lamella plate separators and oil sorbent pillows, and a final chamber having a mixed sorbent media (usually peat moss and sand). During monitoring, the MCTT provided median reductions of >90% for toxicity, lead, zinc, and most organic toxicants. Suspended solids were reduced by more than 80% and COD was reduced by 60%. The information presented in this section is based on the results from a series of projects sponsored by the US EPA (Pitt, et al. 1996, Clark and Pitt 1999, Pitt, et al. 1999, and Clark 2000). 
	This study also confirmed that many toxicants are associated with particulate matter in runoff. Industrial/commercial areas are likely to be the most significant pollutant source areas, with the highest toxicant concentrations and most frequent occurrences found at vehicle service and parking/storage areas. The duration of the antecedent dry period before a storm and the intensity of the storm event were found to be significant factors influencing the concentrations of most of the toxicants detected. These critical areas were further evaluated during treatability tests. The treatability study found that settling, screening, and aeration and/or photo-degradation treatments showed the greatest potential for toxicant reductions, as measured by the reduction in toxicity of the samples, using the Microtox( toxicity screening test. 
	The main settling chamber provided substantial reductions in total and dissolved toxicity, lead, zinc, certain organic toxicants, SS, COD, turbidity, and color. The sand-peat chamber also provided additional filterable toxicant reductions. However, the catchbasin/grit chamber did not provide any significant improvements in water quality, although it is an important element in reducing maintenance problems by trapping bulk material. Zinc and toxicity are examples where the use of the final chamber was needed to provide high levels of control. Otherwise, it may be tempting to simplify the MCTT by removing the last chamber. Another option would be to remove the main settling chamber and only use the pre-treating capabilities of the catchbasin as a grit chamber before the peat “filtration” chamber (similar to many stormwater filter designs). This option is not recommended because of the short life that the filter would have before it would clog (Clark and Pitt 1999; Clark 2000). In addition, the bench-scale tests showed that a treatment train was needed to provide some redundancy because of frequent variability in sample treatability storm to storm, even for a single sampling site.
	The following figure shows a cross section of the MCTT. The catchbasin functions primarily as a protector for the other two units by removing large, grit-sized material. The setting chamber is the primary treatment chamber for removing settleable solids and associated constituents. The sand-peat filter is for final polishing of the effluent, using a combination of sorption and ion exchange for the removal of soluble pollutants, for example. 
	/
	MCTT cross section.
	The main settling chamber mimics the completely mixed settling column bench-scale tests previously conducted and uses a hydraulic loading rate (depth to time ratio) for removal estimates. This loading rate is equivalent to the conventional surface overflow rate (SOR), or upflow velocity, for continuous-flow systems, or the ratio of water depth to detention time for static systems. The MCTT can be operated in both modes. If it uses an orifice, to control the settling chamber outflow, then it operates in a similar mode to a conventional wet detention pond and the rate is the upflow velocity (the instantaneous outflow divided by the surface area of the tank). If the outflow is controlled with a float switch and a pump, then it operates as a static system and the hydraulic loading rate is simply the tank depth divided by the settling time before the pump switches on to remove the settled water.
	In addition to housing plate or tube settlers, the main settling chamber also contains floating sorbent “pillows” to trap floating oils and a fine bubble aerator that operates during the filling time of the MCTT. Plate settlers (or inclined tubes) increase solids removal by reducing the distance particles travel to the chamber floor and by reducing scour potential. The main settling chamber operates much like a settling tank, but with the plate settlers increasing the effective surface area of the tank. The increase in performance is based on the number of plate diagonals crossing the vertical. If the plates are relatively flat and close together, the increase in performance is greater than if the plates are steeper and wider apart. The effective increase is usually about 3 to 5 fold. The settling time in the main settling chamber typically ranges from 1 to 3 d, and the settling depth typically ranges from 0.6 to 2.7 m (2 to 9 ft). These depth to time ratios provide for excellent particulate (and associate pollutant) removals in the main settling chamber.
	Depth/time ratios of at least 3 X 10-5 m/s (1 X 10-4 ft/s) are needed to obtain a median toxicity reduction of at least 70 percent in the main settling chamber. If the main settling chamber tank was one meter (3.3 ft) deep, then the required detention time would have to be at least 0.4 days to obtain this level of treatment. If the tank was twice as deep, the required detention time would be 0.8 days. The tank surface area is therefore based on the volume of runoff to be detained and the settling depth desired/available. Shallow tanks require shorter detention times than deeper tanks, but the surface areas are correspondingly larger, and scour may be more of a problem. 
	If the rains are infrequent, long detention periods are easily obtained without having “left-over” water in the tank at the beginning of the next event. However, if the rains are frequent, the available holding times are shortened, requiring shallower main settling chamber tanks for the same level of treatment. A spreadsheet model was used to develop design curves for many locations of the U.S. based on long-term rain records, desired levels of control, and tank geometry. This model was used to investigate various storage capacities, holding periods, and settling tank depths for 21 cities throughout the U.S. having annual rains from about 180 – 1500 mm (7 – 60 in.). The model used the rain depths and durations, the time interval between the consecutive storm events, the dimensions of the subsurface tank, and the tank pumpout or drainage time.
	The following figure is the plot for Birmingham, AL, for different annual control levels associated with holding periods from 6 ( 72 h and storage volumes from 2.5 ( 51 mm (0.1 ( 2.0 in.) of runoff for a 2.1 m (7 ft) deep MCTT. This figure can be used to determine the size of the main settling chamber and the minimum required detention time to obtain a desired level of control (toxicity reduction). Birmingham, AL, rains typically occur about every 3 to 5 d, so it would be desirable to have the holding period less than this value. Similarly, if the storage volume was small, only a small fraction of a large rain would be captured and treated, requiring a partial bypass for most rains. 
	/
	Effects of storage volume and treatment time on annual toxicity reduction, 2.1 m settling depth) (Example storage-treatment plot for Birmingham, AL).
	This plot shows that the most effective holding time and storage volume for a 70% toxicity reduction goal is 72 hours and 22 mm (0.86 inch) of runoff storage. A shorter holding period would require a larger holding tank for the same level of control. Shorter holding periods may only be more cost-effective for small removal goals (<50%). If a 6 hour holding time was used, the maximum toxicant removal would only be about 46% for this tank depth.
	The following figure shows similar MCTT design curves for coastal areas near naval facilities. For 70% toxicity reductions, the 72 hr holding period is recommended, with 0.30 in storage for Southern California, 0.25 in storage for Puget Sound, and 0.42 to 0.50 in storage for east coast areas. These storage volumes are also all for 5 ft depths over the standing water elevation (such as over the lamella plates), resulting in tank heights of about 7 ft.  The following table summarizes some of these tank dimensions.
	MCTT main settling chamber design curves for U.S. coastal areas near naval facilities.
	MCTT Main Settling Chamber Dimensions to Provide 70% Toxicity Reductions
	The final MCTT chamber is a mixed media filter (sorption/ion exchange) device. It receives water previously treated by the grit and the main settling chambers. The initial designs used a 50/50 mix of sand and peat moss, while some used a 33/33/33 mixture of sand, peat moss, and granulated activated carbon. The MCTT can be easily modified to contain any mixture of media in the last chamber. However, care must be taken to ensure an adequate hydraulic capacity. As an example, peat moss alone was not effective because it compressed quickly, preventing water from flowing through the media. However, when mixed with sand, the hydraulic capacity was much greater and didn’t change rapidly with time. Bench-scale tests show that sand by itself (especially if recently installed) does not permanently retain the stormwater toxicants (which are mostly associated with very fine particles and which were mostly washed from the sand during later events). This lack of ability to permanently retain stormwater toxicants prompted the investigation of other filtration media. The sand-peat filter possesses ion exchange, adsorption, and filtration reduction mechanisms. As the media ages, the performance of these processes will change. Ion exchange capacity and adsorption sites, primarily associated with the peat moss, will be depleted. Filtration, primarily associated with the sand, however, is expected to increase, especially for the trapping of smaller particles. Replacement of the media in an MCTT is expected to be necessary about every 3 to 5 years.
	The following table shows example sizing calculations for the ion exchange/sorption chamber that receives flow from the main settling chamber (flow controlled by a very small orifice, a recommended SmartDrain, or a small pump). The filter chamber areas are about 56% of the main settling tank area (based on the 5 ft settling/storage depth in the main settling tank). The media flow rate is typically selected corresponding to a slow sand filter rate of about 3 ft/day. 
	MCTT Ion Exchange/Sorption Chamber Dimensions to Match Main Settling Tank Size
	As an example, a complete MCTT for a one acre paved area in the San Diego area (using the Los Angeles sizing information) therefore includes a standard 4 ft diameter catchbasin with a sump and debris screening, followed by a main settling chamber of 218 ft2 and a filter chamber of 121 ft2, for a total footprint area of about 350 ft2, or 0.8% of the paved area. The largest MCTT in the New York area would be about 1.6 times the area of the San Diego system (1.3% of the paved drainage area).   
	Selection of Media for Treatment Devices

	Pitt and Clark (2010) reviewed many media available for the removal of heavy metals and organics to very low levels. Critical aspects of these advanced treatment methods include using sufficient pre-treatment for the removal of fine particulates to minimize silting of the treatment media and also to provide sufficient contact time of the water being treated with the media.
	Clark and Pitt (2011) found that zeolites can be effective for removal of metals in the +2 valence state. The effectiveness of ion exchange decreases as the valence charge approaches zero and as the size of the complex increases. Therefore, the overall effectiveness of zeolites, and potentially other ion-exchange media such as oxide-coated sands, is likely reduced because a substantial fraction of the metals likely exist in valence forms other than +2 due to complexation with inorganic ions and organic matter. 
	Organic compounds and larger, less charged complexes of metals, can be chemically bonded with a media having strong sorption capacities. KOW is an indication of the preference for the molecule to attach to an organic media (peat, compost, GAC) versus remaining in the stormwater runoff. KS indicates the likelihood that the organic compound will remain dissolved in solution. The removal of some inorganic anions is difficult because most stormwater treatment media specifications stress high cation exchange capacities (CEC). High CEC media typically have low anion exchange capacities (AEC). CEC and AEC provide an estimate of the potential for exchanging a less-desirable compound with a pollutant whose chemical characteristics are more favorable. The following table lists some of the organic and metallic pollutants of concern in stormwater runoff and potential treatment options, based on their chemical properties and the results of laboratory, pilot-scale, and full-scale treatment tests. 
	Selecting Treatment Technologies for Stormwater Organic and Metallic Pollutants (summarized from Clark and Pitt 2012)
	Organics and Pesticides
	PAHs/Oil and Grease (O&G)/Dioxin
	Sedimentation or filtration, possibly followed with chemically-active media.
	These compounds have high KOW and low KS and are strongly associated with particulates. Sedimentation’s effectiveness is function of particle size association. Preferential sorption to organic media, such as peat, compost, and soil. Some O&G components can be microbially degraded in filter media. Reductions to very low levels with filtration may be difficult if parent material is contaminated. If low numeric permit limits exist, may have to use clean manufactured material, such as GAC.
	Organic Acids and Bases
	Chemically-active filtration
	Tend to be more soluble in water than PAHs and more likely to be transported easily in treatment media. Need media with multiple types of sorption sites, such as peat, compost and soil. GAC possible if nonpolar part of molecule interacts well with GAC or if GAC has stronger surface active reactions than just van der Waals strength forces. 
	Pesticides
	Chemically-active filtration
	Tend to be soluble in water and need multiple reaction sites to be removed. Breakdown time in biologically-active filtration media is compound-dependent. Breakdown has the potential to restore surface-active sites, and may result in more soluble daughter products, which may or may not be more toxic. Organic media such as peat, compost, soil, GAC likely to be most effective since size of pesticide compounds will exclude substantial removal in ion-exchange resins such as zeolites.
	Lead
	Ion-exchange
	Chemically-active media filtration
	Lead attaches strongly to solids. Substantial removal by sedimentation and/or physical filtration of solids to which lead is attached.
	• Lead < 0.45 mm may be ionic and could be removed using ion-exchange with zeolites, but filtered, ionic lead is usually at very low concentrations and it would be unusual to require treatment.
	• Lead complexes with hydroxides and chlorides to a certain extent. Removed in media with variety of binding sites (peat, compost, soil).
	Copper, Zinc, Cadmium
	Chemically-active
	filtration
	These metals can attach to very small particles, with attachments being a function of the particulate organic content, pH, and oxidation-reduction conditions (filterable fractions vary from 25 to 75+%). Physical filtration may be limited depending on size association of the pollutants.
	These metals complex with a variety of organic and inorganic ligands to create soluble complexes of varying valence charges (-2 to +2). Small amount of ionic species (metal as +2 ion only) reduces ion-exchange effectiveness. Complexes require variety types of sorption/exchange sites. Organic complexes may be removed by GAC. Peat, compost and soil will remove most inorganic and organic complexes. Concern about contamination of media with captured metals.
	Appendix A: Particle Size Distributions for Source Areas
	WinSLAMM now has the capability of tracking particle size distributions from source areas through the drainage systems and control practices. This requires the selection of the *.psd file for each source area and land use. In WinSLAMM version 10.1, these are entered as part of the “Source Area Particle Size Distribution and Peak-to-Average Rainfall Ratio Standard Files” screen (under the tools\edit source are default variables drop down menu), as shown below in an example file. As shown in this example, different *.cpz (critical particle size) files can be selected for each source area in each land use. If preferred, the same *.cpz file can be used for all source areas for all land uses also.
	/
	Several particle size distribution files are distributed with WinSLAMM, mostly based on extensive monitoring, as shown on Table 1 show the older particle size files, along with files created from recent research conducted by Pitt and his research group. These samples were all collected using completed mixed conditions and represent wide particle size ranges.
	Table 1. Particle Size Distribution Files Included with WinSLAMM (percentage of sample, by mass, greater than size indicated)
	The file names for these particle size distributions are:
	SSC cnstrcn AL (Construction sites in Tuscaloosa)
	SSC roof comr AL (Roof runoff at commercial sites in Tuscaloosa)
	SSC park pvd instit AL (Parking lot in park adjacent to BamaBelle)
	SSC gutter MO (Gutter flows entering curb cut biofilters in Kansas City)
	SSC opn spc CA (Open space at SSFL in LA County)
	TSS otfl NURP (outfall samples from all of the NURP sites doing PSD analyses)
	TSS otfl Mdwst IL MI (outfall samples from the NURP sites in IL and MI)
	SSC otfl Mnro WI (outfall samples from the Monroe St monitoring location in Madison, WI)
	TSS otfl low (outfall samples representing low sediment concentrations)
	TSS otfl medium (outfall samples representing typical sediment concentrations)
	TSS otfl high (outfall samples representing high sediment concentrations)
	These files are further described below:
	Low, medium, and high cpz files: the work by Grizzard and Randall (1986) at east coast sites indicated significantly different particle size distributions for stormwaters from the same site having different suspended solids concentrations. The highest suspended solids concentrations were associated with waters having relatively few small particles, while the low suspended solids concentration waters had few large particles.
	Outfall NURP, Midwest cpz files: These data are from outfall samples collected from a number of NURP (Nationwide Urban Runoff Study) locations and from just those in the Midwest. The analyses were conducted by gravimetric settling columns by the USGS. The upper Midwest data sources were from two of the NURP projects: Terstriep, et al. (1982), in Champaign/Urbana, IL, and Akeley (1980) in Washtenaw County, Michigan.
	Outfall Monroe cpz file: These data are from the inlet to the Monroe St. wet detention pond in Madison, WI. The samples were collected using automatic samplers and from bedload samplers (results integrated) over a period of about three years. The PSDs were analyzed by the USGS.
	Open space SSFL cpz file: These data represent grab samples collected on the Santa Susana Field Laboratory site in Ventura County, CA. The samples were obtained in rugged semi-arid open space areas. The samples were collected over a two year period and were analyzed using a laser particle size analyzer.
	Gutter KC curb cut cpz file: These data represent averaged results from the gutter flow samples obtained using automatic samplers at curb cuts at the inlets to biofilters in the Kansas City green infrastructure demonstration project area, collected over a three year period. These samples were analyzed for particle size distributions using a combination of multiple sieve analyses plus Coulter Counter analyses.
	Parking lot BamaBelle cpz file: Parking lot samples were collected using an automatic sampler, along with bed load from the sump of the Upflow Filter that was being evaluated. The site was at a parking lot for a river front park that has moderate parking, along with some landscaping runoff contributions from the areas surrounding the parking lot. Thirty samples were collected over a one year period and this represents an overall average PSD. These samples were analyzed for particle size distributions using a combination of multiple sieve analyses plus Coulter Counter analyses, and the sump samples were also integrated into the finer fraction data.
	Roof runoff Tuscaloosa cpz file: Roof runoff samples were collected (manual grab samples) as part of Renee Morquecho’s dissertation research at UA on stormwater treatability. She was focusing on the metal associations (and their characteristics) as a function of particle size from several source areas. The other sampling locations were for mixed flows. These samples were analyzed for particle size distributions using a combination of multiple sieve analyses plus Coulter Counter analyses.
	Construction sites Tuscaloosa cpz file: Grab samples from about 12 construction sites in the Tuscaloosa, AL, area were collected in 2012 as part of a class project to determine the level of treatment (defined by critical particle size) to meet various turbidity numeric effluent limits being proposed for construction site runoff. These samples were analyzed using a combination of multiple sieve analyses plus Coulter Counter analyses.
	Table 2 shows particle size distributions from grab sheetflow samples collected during research examining treatability of stormwater and the development of the Multi-Chambered Treatment Train (Pitt, R., B. Robertson, P. Barron, A. Ayyoubi, and S. Clark. Stormwater Treatment at Critical Areas:  The Multi-Chambered Treatment Train (MCTT). U.S. Environmental Protection Agency, Wet Weather Flow Management Program, National Risk Management Research Laboratory. EPA/600/R-99/017. Cincinnati, Ohio. 505 pgs. March 1999). These samples were obtained from sheetflows during rains using a vacuum sample bottle and Teflon tube. The samples were analyzed using an early model laser particle counter. It was apparent that this instrument did not detect particles larger than about 75 um, usually considered the upper limit of particles for  TSS (SSC covers the complete particle size range). Therefore, these data should only be applied to a modeling situation where the particulate solids calibration and verification relied on TSS data. Similarly, using PSD data from SSC samples with TSS calibrations would artificially increase the importance of the larger particles, resulting in increased (in error) particulate capture calculations.
	Table 2. Particle Size Distributions from Source Area Grab Samples Collected in the Birmingham, AL, Area (for TSS)
	Table 2. Particle Size Distributions from Source Area Grab Samples Collected in the Birmingham, AL, Area (for TSS) (continued)
	Table 2. Particle Size Distributions from Source Area Grab Samples Collected in the Birmingham, AL, Area (for TSS) (continued)
	The file names for these particle size distributions are:
	TSS roofs res AL (residential area roof runoff samples from Birmingham)
	TSS roofs comr AL (commercial area roof runoff samples from Birmingham) 
	TSS roofs ind AL (industrial area roof runoff samples from Birmingham)
	TSS prk pvd res AL (residential paved parking area runoff samples from Birmingham)
	TSS prk pvd comr AL (commercial paved parking area runoff samples from Birmingham)
	TSS prk pvd inst AL (institutional paved parking area runoff samples from Birmingham)
	TSS prk unpvd ind AL (industrial unpaved parking area runoff samples from Birmingham)
	TSS prk unpvd inst AL (industrial unpaved parking area runoff samples from Birmingham)
	TSS strg pvd comr AL (commercial paved storage area runoff samples from Birmingham)
	TSS strg pvd ind AL (industrial paved storage area runoff samples from Birmingham)
	TSS strg unpvd ind AL (industrial unpaved storage area runoff samples from Birmingham)
	TSS strt res AL (residential street runoff samples from Birmingham)
	TSS strt inst AL (institutional street runoff samples from Birmingham)
	TSS strt ind AL (industrial street runoff samples from Birmingham)
	TSS vhcl servc comr AL (vehicle service area in commercial area runoff samples from Birmingham)
	TSS land inst AL (institutional area landscaped area runoff samples from Birmingham)
	TSS land res AL (residential area landscaped area runoff samples from Birmingham)
	TSS land ind AL (industrial area landscaped area runoff samples from Birmingham)
	TSS CSO NY (combined sewage at overflow locations in Brooklyn, New York City)
	Table 3 shows the particle size distributions associated with samples from several monitoring locations in the Madison, WI, area collected by the USGS (William R. Selbig, Urban Water Journal (2013): Characterizing the distribution of particles in urban stormwater: advancements through improved sampling technology). These data are unique in that the samples were collected using a new sampler intake that more accurately collects water from the complete depth of flow during a rain event, minimizing stratification issues associated with single point sampling, and represent SSC conditions. As noted above, these distributions should not be used with a model that has been calibrated using TSS data. These sample particle size distributions were determined using sieving methods for the large particles and a Coulter Counter for the smaller sized particles.
	Table 3. Particle Size Distributions Included with WinSLAMM from Madison, WI, Monitoring (percentage of sample, by mass, greater than size indicated) 
	The file names for these particle size distributions are:
	SSC strt fed res WI (residential area feeder street runoff samples from Madison, WI)
	SSC strt art res WI (residential area arterial street runoff samples from Madison, WI)
	SSC strt col res WI (residential area collector street runoff samples from Madison, WI)
	SSC mxd resid WI (mixed flows from residential areas in Madison, WI)
	SSC prk pvd comr WI (commercial area paved parking lot runoff from Madison, WI)
	SSC otfl mxd WI (mixed land use outfall samples from Madison, WI)
	SSC roof inst WI (institutional area roof runoff samples from Madison, WI)
	These files are further described below:
	Roof cpz file: downspout mixed samples before flows entered rain gardens at Madison area USGS office building. SSC median was 20 mg/L.
	Street cpz files (collector, feeder, and arterial):  Two arterial streets (40,000 and  49,450 vehicles/day), one collector street (6,600 vehicles/day) and two feeder streets (1,500 and 1,700 vehicles/day) were monitored in residential areas for 12 to 29 events. The streets had monthly street cleaning. The median SSC concentrations ranged from about 90 to 120 mg/L.
	Mixed residential flow cpz file: 19 events were monitored in a section of the drainage system before the outfall, representing a mixture of residential source areas. The median SSC concentration was 110 mg/L at this location.
	Parking lot cpz file: 22 events were monitored at a commercial parking lot. The median SSC concentration at this location was only 25 mg/L.
	Outfall from mixed land use cpz file: 10 events were monitored at this mixed land use outfall location. The median SSC concentration was 65 mg/L at this location.
	The *.cpz files described above can be used to represent a number of source areas in WinSLAMM, such as:
	Appendix B: Soil Compaction Effects on Infiltration Rates
	Destruction of soil structure (specifically compaction) has been identified as a major cause of decreased infiltration rates in urban areas. All soils suffer when compacted, although compacted sandy soils still retain significant infiltration after compaction (but much less than if not compacted), while soils with substantial fines (especially clays) are more easily compacted to almost impervious conditions. 
	WinSLAMM therefore allows a selection of the compaction conditions for sandy, silty, and clayey soils. The model then uses the user defined infiltration rate reduction factor to represent the decreased infiltration rate of the soils. This option is only available for source area soil and landscaped conditions (and areas that receive runoff from disconnected impervious areas). Biofilter media compaction conditions should be reflected in the infiltration rates selected (the built-in biofilter infiltration rate values are based on measured values and already reflect typical conditions, but can be changed as warranted). 
	Field Tests of Infiltration Rates in Disturbed Urban Soils

	A series of 153 double ring infiltrometer tests were conducted in disturbed urban soils in the Birmingham, and Mobile, Alabama, US, areas as part of an EPA project that investigated disturbed urban soils and soil amendments (Pitt, R., J. Lantrip, R. Harrison, C. Henry, and D. Hue. Infiltration through Disturbed Urban Soils and Compost-Amended Soil Effects on Runoff Quality and Quantity. U.S. Environmental Protection Agency, Water Supply and Water Resources Division, National Risk Management Research Laboratory. EPA 600/R-00/016. Cincinnati, Ohio. 231 pgs. December 1999, available at: http://www.unix.eng.ua.edu/~rpitt/Publications/BooksandReports/Compacted%20and%20compost%20amended%20soil%20EPA%20report.pdf). The tests were organized in a complete 23 factorial design to examine the effects of soil-water, soil texture, and soil density (compaction) on water infiltration through historically disturbed urban soils. Ten sites were selected representing a variety of desired conditions (compaction and texture) and numerous tests were conducted at each test site area. Soil-water content and soil texture conditions were determined by standard laboratory soil analyses. Compaction was measured in the field using a cone penetrometer and confirmed by the site history. During more recent tests, compaction is directly measured by obtaining samples from the field from a known volume (digging a small hole and retrieving all of the soil into sealed bags that are brought to the lab for moisture and weight analyses. The hole that is carefully cleaned of all loose soil is then filled with free-flowing sand from a graduated cylinder to determine the volume. The laboratory dry weight of the excavated soil is divided by the volume of the hole to obtain the density). From 12 to 27 replicate tests were conducted in each of the eight experimental categories in order to measure the variations within each category for comparison to the variation between the categories.
	Soil infiltration capacity was expected to be related to the time since the soil was disturbed by construction or grading operations (turf age). In most new developments, compacted soils are expected to be dominant, with reduced infiltration compared to preconstruction conditions. In older areas, the soil may have recovered some of its infiltration capacity due to root structure development and from soil insects and other digging animals. Soils having a variety of times since development, ranging from current developments to those about 50 years old, were included in the sampling program. These test sites did not adequately represent a wide range of age conditions for each test condition, so the effects of age could not be directly determined. Other analyses have indicated that several decades may be necessary before compacted loam soils recover to conditions similar to pre-development conditions, if not continually compacted by site activities (such as parked cars on turf, unpaved walkways and parking lots, unpaved storage areas, or playing fields). 
	Figures 1 and 2 are 3D plots of this field infiltration data, illustrating the effects of soil-water content and compaction, for both sands and clays. Four general conditions were observed to be statistically unique. Compaction has the greatest effect on infiltration rates in sandy soils, with little detrimental effects associated with higher soil-water content conditions (the factor usually considered by most rainfall-runoff models). Clay soils, however, are affected by both compaction and soil-water content. Compaction was seen to have about the same effect as saturation on clayey soils, with saturated and compacted clayey soils having very little effective infiltration.
	/
	Figure 1. Three dimensional plot of infiltration rates for sandy soil conditions.
	/
	Figure 2. Three dimensional plot of infiltration rates for clayey soil conditions.
	Laboratory Controlled Compaction Infiltration Tests 

	We use three levels of compaction to modify the density of soil samples during controlled laboratory tests: hand compaction, Standard Proctor Compaction, and Modified Proctor Compaction. Both Standard and Modified Proctor Compactions follow ASTM standard (D 1140-54). The Standard Proctor compaction hammer is 24.4 kN and has a drop height of 300 mm. The Modified Proctor hammer is 44.5 kN and has a drop height of 460 mm. For the Standard Proctor setup, the hammer is dropped on the test soil 25 times on each of three soil layers, while for the Modified Proctor test, the heavier hammer was also dropped 25 times, but on each of five soil layers. The Modified Proctor test therefore results in much more compacted soil, and usually reflects the most compacted soil usually observed in the field. The hand compaction is done by gentle hand pressing to force the soil into the test cylinder with as little compaction as possible. A minimal compaction effort is needed to keep the soil in contact with the mold walls and to prevent short-circuiting during the tests. The hand compacted soil specimens therefore have the least amount of compaction. 
	A series of controlled laboratory tests were conducted for comparison with the double-ring infiltration tests and to represent a wide range of soil conditions, as shown in Table 1. Six soil samples were tested, each at three different compaction levels described previously. Small depths of standing water on top of the soil test mixtures (4.3 inches, or 11.4 cm, maximum head) was also used. Most of these tests were completed within 3 hours, but some were continued for more than 150 hours. Only one to three observation intervals were used during these tests, so they did not have sufficient resolution or enough data points to attempt to fit to standard infiltration equations. However, these longer-term averaged values may be more suitable for infiltration rate predictions due to the high natural variability observed during the field tests. As shown, there was very little variation between the different time periods for these tests, compared to the differences between the compaction or texture groupings. The sandy soils can provide substantial infiltration capacities, even when compacted greatly, in contrast to the soils having clays that are very susceptible to compaction, resulting in near zero infiltration rates if compacted. 
	Table 1. Low-Head Laboratory Infiltration Tests for Various Soil Textures and Densities (densities and observed infiltration rates)
	Hand Compaction
	Standard Compaction
	Modified Compaction
	Sand (100% sand)
	Density: 1.36 g/cm3 (ideal for roots)
	Density: 1.71 g/cm3 (may affect roots)
	Density: 1.70 g/cm3 (may affect roots)
	0 to 0.48 hrs: 9.35 in/h
	0 to 1.33 hrs: 3.37 in/h
	0 to 0.90 hrs: 4.98 in/h
	0.48 to 1.05 hrs: 7.87 in/h
	1.33 to 2.71 hrs: 3.26 in/h
	0.90 to 1.83 hrs: 4.86 in/h
	1.05 to 1.58 hrs: 8.46 in/h
	1.83 to 2.7 hrs: 5.16 in/h
	Silt (100% silt)
	Density: 1.36 g/cm3 (close to ideal for roots)
	Density: 1.52 g/cm3 (may affect roots)
	Density: 1.75 g/cm3 (will likely restrict roots)
	0 to 8.33 hrs: 0.26 in/h
	0 to 24.2 hrs: 0.015 in/h
	0 to 24.2 hrs: 0.0098 in/h
	8.3 to 17.8 hrs: 0.24 in/h
	24.2 to 48.1: 0.015 in/h
	24.2 to 48.1: 0.0099 in/h
	17.8 to 35.1 hrs: 0.25 in/h
	Clay (100% clay)
	Density: 1.45 g/cm3 (may affect roots)
	Density: 1.62 g/cm3 (will likely restrict roots)
	Density: 1.88 g/cm3 (will likely restrict roots)
	0 to 22.6 hrs: 0.019 in/h
	0 to 100 hrs: <2X10-3 in/h
	0 to 100 hrs: <2X10-3 in/h
	22.6 to 47.5 hrs: 0.016 in/h
	Sandy Loam (70% sand, 20% silt, 10% clay)
	Density: 1.44 g/cm3 (close to ideal for roots)
	Density: 1.88 g/cm3 (will likely restrict roots)
	Density: 2.04 g/cm3 (will likely restrict roots)
	0 to 1.17 hrs: 1.08 in/h
	0 to 3.82 hrs: 0.41 in/h
	0 to 23.5 hrs: 0.013 in/h
	1.17 to 4.37 hrs: 1.40 in/h
	3.82 to 24.3 hrs: 0.22 in/h
	23.5 to 175 hrs: 0.011 in/h
	4.37 to 7.45 hrs: 1.45 in/h
	Silty Loam (70% silt, 20% sand, 10% clay)
	Density: 1.40 g/cm3 (may affect roots)
	Density: 1.64 g/cm3 (will likely restrict roots)
	Density: 1.98 g/cm3 (will likely restrict roots)
	0 to 7.22 hrs: 0.17 in/h
	0 to 24.6 hrs: 0.014 in/h
	0 to 24.6 hrs: 0.013 in/h
	7.22 to 24.8 hrs: 0.12 in/h
	24.6 to 144 hrs: 0.0046 in/h
	24.6 to 144 hrs: 0.0030 in/h
	24.8 to 47.1 hrs: 0.11 in/h
	Clay Loam (40% silt, 30% sand, 30% clay)
	Density: 1.48 g/cm3 (may affect roots)
	Density: 1.66 g/cm3 (will likely restrict roots)
	Density: 1.95 g/cm3 (will likely restrict roots)
	0 to 2.33 hrs: 0.61 in/h
	0 to 20.8 hrs: 0.016 in/h
	0 to 20.8 hrs: <0.0095 in/h
	2.33 to 6.13 hrs: 0.39 in/h
	20.8 to 92.8 hrs: 0.0066 in/h
	20.8 to 92.8 hrs: 0.0038 in/h
	Comparing Field and Laboratory Measurement Methods

	A soil infiltration study was recently conducted by Redahegn Sileshi, a PhD student in the Department of Civil, Construction, and Environmental Engineering at the University of Alabama, in July 2011 at four test sites located in areas that were affected by the April 27, 2011 Tornado that devastated the city of Tuscaloosa, AL. Double-ring infiltration measurements (using three Turf-Tec infiltrometers at each location) were conducted to determine the infiltration characteristics of the soils in typical areas where reconstruction with stormwater infiltration controls is planned. The small field double-ring (4 inch, 10 cm, diameter) test results were compared to large (24 inch, 60 cm, diameter, 3 to 4 ft, 1 to 1.2 m, deep) pilot-scale borehole tests to identify if the small test methods can be accurately used for rapid field evaluations. The borehole tests required drilling a hole and placing a Sonotube cardboard concrete form into the hole to protect the sides of the hole. The borehole was 2 to 4 ft deep (depending on subsoil conditions). The bare soil at the bottom of the tube was roughened to break up any smeared soil and back-filled with a few inches of coarse gravel to prevent erosion during water filling. The tubes were filled with water from adjacent fire hydrants and the water elevation drop was monitored using a recording depth gage (a simple pressure transducer with a data logger).
	In addition, controlled laboratory column tests were also conducted on surface and subsurface soil samples under the three different compaction conditions to see if depth of the test (and response to compaction) affected the infiltration results. The test sites were all located adjacent to fire hydrants (for water supply for the large borehole tests) and are located in the City’s right-of way next to roads. Figure 3 shows some of the features of these tests.
	Figure 3. Photographs showing borehole drilling, Sonotube infiltration tube installation, double-ring infiltration measurements, and laboratory column tests.
	The soil densities of the surface soils averaged 1.7 g/cc (ranged from 1.6 to 1.9 g/cc). The median soil particle sizes averaged 0.4 mm (ranging from 0.3 to 0.7), and the soil had a clay content of about 20%. Figure 4 shows the saturated infiltration rates for the different locations and test methods. 
	Figure 4. Box and whisker plots comparing saturated soil infiltration rates (in/hr). Test series descriptions (12 replicates in each test series except for the borehole tests which only included 3 observations):
	1) Turf-Tec small double ring infiltrometer
	2) Pilot-scale borehole infiltration tests
	3) Surface soil composite sample with hand compaction (1.4 g/cc density)
	4) Subsurface soil composite sample with hand compaction (1.4 g/cc density)
	5) Surface soil composite sample with standard proctor compaction (1.6 g/cc density)
	6) Subsurface soil composite sample with standard proctor compaction (1.6 g/cc density)
	7) Surface soil composite sample with modified proctor compaction (1.7 g/cc density)
	8) Subsurface soil composite sample with modified proctor compaction (1.7 g/cc density)
	Using the double ring infiltrometers, the final saturated infiltration rates (of most significance when designing bioinfiltration stormwater controls) for all the test locations was found to average about 4.4 in/hr (11 cm/hr) for the 12 measurements and ranged from 1.9 to 8.3 in/hr (4.8 to 21 cm/hr). The borehole test results were about twice these values. The laboratory column tests indicated that surface and subsurface measurements were similar for all cases, but that compaction dramatically decreased the infiltration rates, as expected. The slightly (hand) compacted test results were similar to the Turf-Tec and the borehole test results, indicating that these sites, even in the road rights-of-ways, were minimally compacted. These areas were all originally developed more than 20 years ago and had standard turf grass covering. They were all isolated from surface disturbances, beyond standard landscaping maintenance.  It is not likely that the tornado affected the soils. The soil profile (surface soils vs subsurface soils from about 4 ft, 1.2 m) did not affect the infiltration rates at these locations. Due to the relatively high clay content, the compaction tests indicated similarly severe losses in infiltration rates as found in prior studies, of one to two orders of magnitude reductions, from about 25, to 2, to 0.1 cm/hr, usually far more than the differences found between different soil textures.
	Summary of Compaction Effects on Infiltration Tests

	These recent tests indicated that the three soil infiltration test methods resulted in similar results, although the small –scale Turf-Tec infiltrometers indicated reduced rates compared to the borehole tests. Another study, summarized below, however indicated that the Turf-Tec infiltrometers resulted in substantially greater infiltration rates than observed in a failing bioinfiltration device, compared to actual infiltration rates during rain events. Therefore, if surface characteristics are of the greatest interest (such as infiltration through surface landscaped soils, as in turf areas, grass swales or in grass filters), the small-scale infiltrometers work well. These allow a cluster of measurements to be made in a small area to better indicate variability. Larger, conventional double-ring infiltrometers are not very practical in urban areas due to the excessive force needed to seat the units in most urban soils (usually requiring jacking from a heavy duty truck) and the length of time and large quantities of water needed for the tests. In addition, they also only measure surface soil conditions. More suitable large-scale (deep) infiltration tests would be appropriate when subsurface conditions are of importance (as in bioinfiltration systems and deep rain gardens). The borehole and Sonotube test used above is relatively easy and fast to conduct, if a large borehole drill rig is available along with large volumes of water (such as from a close-by fire hydrant). For infiltration facilities already in place, simple stage recording devices (small pressure transducers with data loggers) are very useful for monitoring during actual rain conditions.
	In many cases, disturbed urban soils have dramatically reduced infiltration rates, usually associated with compaction of the surface soils. The saturated infiltration rates can be one to two orders of magnitude less than assumed, based on undisturbed/uncompacted conditions. Local measurements of the actual infiltration rates, as described above, can be a very useful tool in identifying problem areas and the need for more careful construction methods. Having accurate infiltration rates are also needed for proper design of stormwater bioinfiltration controls. In situations of adverse infiltration rates, several strategies can be used to improve the existing conditions, as noted below.
	Summary of Compacted Soil Restoration Methods

	Mechanical restoration of compacted clayey soils must be carefully done to prevent the development of a hardpan and further problems. Spading implements are the safest methods for large scale improvements. However, if large fractions of clay are present in the soil, the addition of sand and possibly also organic amendments may be needed. The use of periodic rain gardens in a large compacted area allows deeper soil profile remediation in a relatively small area and may be suitable to enhance drainage in problem locations.
	To address water quality concerns and numeric effluent limits, water and soil chemistry information is needed in order to select the best amendments for a soil or biofilter media. As summarized by Clark and Pitt (Clark, S. and R. Pitt. “Filtered Metals Control in Stormwater using Engineered Media.” ASCE/EWRI World Environment and Water Resources Congress. Palm Springs, CA, May 22-26, 2011. Conference CD.), the removal of “dissolved” metals from stormwater by soils and amendments will need to be based on the ratio of valence states to determine the proportion of ion exchange resins versus organic-based media in the final media mixture. As more of the metal concentrations have either a 0 or +1 valence charge (as ions), or as more are associated with organic complexes, the smaller the fraction of an ion exchange resin, such as a zeolite, is needed. For metals such as thallium, where few inorganic and organic complexes are formed and where the predominant valence state is +2, increasing the amount of zeolite in the final media mixture is important for improving removal. Therefore, the final media mixture will be based on the pollutants of interest and their water chemistry. The capacity for pollutant removal by soils is directly related to OM and CEC content for many metals. Organic media provides a wide range of treatment sites besides increasing the CEC. Activating an organic media, such as granular activated carbon, will increase the number of surface active sites for treatment, but this media will not sustain plant growth by itself. As an example, copper removal capacity is related to soil carbon content, and CEC, plus, soil Mg content relates to the ability of the media to participate in ion exchange reactions. 
	Therefore, at least one component in an amendment media mixture should provide excellent ion exchange, such as would be found with a good zeolite. This media should be able to participate in reactions with the +2 metals and a portion of the +1 metals, although the +1 metals may not be as strongly bound and may be displaced if a more preferable exchangeable ion approaches the media’s removal site. Soil OM, soil C, and soil N all relate to the organic matter content and indicate that these are sites that may participate in a variety of reactions and may be able to remove pollutants that do not carry a valence charge. Therefore, mixtures of amendments may be needed for effective removal of a range of pollutants: an organic component should be incorporated, along with a GAC. In most cases, sand may also be needed for structural support (to minimize compaction) and for controlling the flow rate to a level that allows for sufficient contact time.
	Use of Compacted Soil Factors in WinSLAMM

	WinSLAMM considers decreased infiltration rates associated with compaction when calculating runoff values for disturbed urban soils. For all pervious surfaces (landscaped areas, undeveloped areas, and for areas receiving flows from disconnected impervious area), the model user selects the level of compaction (normal, moderately, or severely compacted). The model uses the urban soil volumetric runoff ratio (from the calibrated *.rsv file) for normal soils. However, the example factors shown in Table 2 (suggested values based on the field and laboratory research) are used to modify these values for compacted soil conditions. 
	Table 2. Example Infiltration Rate Factors Associated with Various Levels of Soil Compaction
	The factors shown in Table 2 are user accessible as part of the tools/program options/default model options and are saved in the *.ini file. As an example, if the normal Rv (the ratio of runoff volume to rainfall volume) for a silty soil was 0.35 for a specific rain condition, the modified value associated with moderately compacted conditions increases due to the compacted conditions, using the following relationships:
	Normal amount of infiltration (plus evapotranspiration) with Rv of 0.35:  1 - 0.35 = 0.65
	With a compaction factor of 0.20, only 1/5 of the normal amount of infiltration would actually infiltrate: 0.2*0.65 = 0.13
	And the new adjusted Rv associated with moderately compacted silty soils for that rain would therefore be: 1-0.13 = 0.87
	Therefore: adjusted Rv = 1-((1- normal Rv)*factor), or: 1-((1-0.35)*0.2) = 0.87
	Appendix C: Calibration Analyses
	TSS Concentration Calibrations

	/
	/
	Mann-Whitney Rank Sum Test Results for TSS Concentrations for San Diego Sites
	The difference in the median values between the two groups is greater than would be expected by chance; there is a statistically significant difference (P = <0.001)
	Mann-Whitney Rank Sum Test Results for TSS Concentrations for Virginia Sites
	The difference in the median values between the two groups is not great enough to exclude the possibility that the difference is due to random sampling variability; there is not a statistically significant difference  (P = 0.383)
	Mann-Whitney Rank Sum Test Results for TSS Concentrations for Washington Sites
	The difference in the median values between the two groups is greater than would be expected by chance; there is a statistically significant difference (P = 0.029)
	Mann-Whitney Rank Sum Test Results for TSS Concentrations for All Sites Combined
	The difference in the median values between the two groups is greater than would be expected by chance; there is a statistically significant difference (P = <0.001)
	Copper Mass Calibrations

	/
	/
	Mann-Whitney Rank Sum Test Results for Total Copper Mass Loadings for San Diego Sites
	The difference in the median values between the two groups is greater than would be expected by chance; there is a statistically significant difference (P = <0.001)
	Mann-Whitney Rank Sum Test Results for Total Copper Mass Loadings for Virginia Sites
	The difference in the median values between the two groups is not great enough to exclude the possibility that the difference is due to random sampling variability; there is not a statistically significant difference (P = 0.259)
	Mann-Whitney Rank Sum Test Results for Total Copper Mass Loadings for Washington Sites
	The difference in the median values between the two groups is not great enough to exclude the possibility that the difference is due to random sampling variability; there is not a statistically significant difference (P = 0.800)
	Mann-Whitney Rank Sum Test Results for Total Copper Mass Loadings for All Sites Combined
	The difference in the median values between the two groups is greater than would be expected by chance; there is a statistically significant difference (P = 0.034)
	Copper Concentration Calibrations

	/
	/
	Mann-Whitney Rank Sum Test Results for Total Copper Concentrations for San Diego Sites
	The difference in the median values between the two groups is greater than would be expected by chance; there is a statistically significant difference (P = <0.001)
	Mann-Whitney Rank Sum Test Results for Total Copper Concentrations for Virginia Sites
	The difference in the median values between the two groups is not great enough to exclude the possibility that the difference is due to random sampling variability; there is not a statistically significant difference (P = 0.710)
	Mann-Whitney Rank Sum Test Results for Total Copper Concentrations for Washington Sites
	The difference in the median values between the two groups is not great enough to exclude the possibility that the difference is due to random sampling variability; there is not a statistically significant difference (P = 0.258)
	Mann-Whitney Rank Sum Test Results for Total Copper Concentrations for All Sites Combined
	The difference in the median values between the two groups is not great enough to exclude the possibility that the difference is due to random sampling variability; there is not a statistically significant difference (P = 0.103)
	Zinc Mass Calibrations

	/
	/
	Mann-Whitney Rank Sum Test Results for Total Zinc Mass Loadings for San Diego Sites
	The difference in the median values between the two groups is not great enough to exclude the possibility that the difference is due to random sampling variability; there is not a statistically significant difference (P = 0.558)
	Mann-Whitney Rank Sum Test Results for Total Zinc Mass Loadings for Virginia Sites
	The difference in the median values between the two groups is not great enough to exclude the possibility that the difference is due to random sampling variability; there is not a statistically significant difference (P = 0.259)
	Mann-Whitney Rank Sum Test Results for Total Zinc Mass Loadings for Washington Sites
	The difference in the median values between the two groups is not great enough to exclude the possibility that the difference is due to random sampling variability; there is not a statistically significant difference (P = 0.665)
	Mann-Whitney Rank Sum Test Results for Total Zinc Mass Loadings for All Sites Combined
	The difference in the median values between the two groups is not great enough to exclude the possibility that the difference is due to random sampling variability; there is not a statistically significant difference (P = 0.439)
	Zinc Concentration Calibrations

	/
	/
	Mann-Whitney Rank Sum Test Results for Total Zinc Concentrations for San Diego Sites
	The difference in the median values between the two groups is greater than would be expected by chance; there is a statistically significant difference (P = 0.050)
	Mann-Whitney Rank Sum Test Results for Total Zinc Concentrations for Virginia Sites
	The difference in the median values between the two groups is not great enough to exclude the possibility that the difference is due to random sampling variability; there is not a statistically significant difference (P = 0.620)
	Mann-Whitney Rank Sum Test Results for Total Zinc Concentrations for Washington Sites
	The difference in the median values between the two groups is not great enough to exclude the possibility that the difference is due to random sampling variability; there is not a statistically significant difference (P = 0.389)
	Mann-Whitney Rank Sum Test Results for Total Zinc Concentrations for All Sites Combined
	The difference in the median values between the two groups is not great enough to exclude the possibility that the difference is due to random sampling variability; there is not a statistically significant difference (P = 0.175)
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