




 

 
 

 ii  
 

2.2.9 Sensitive Natural Features and Species ...........................................................................................13 

2.2.9.1 Within 2-Mile Radius of Fountain Lake ...........................................................................13 

2.2.9.2 Within 2 and 5-Mile Radius of Fountain Lake ..............................................................14 

2.2.9.3 Within 5 and 10-Mile Radius of Fountain Lake: ...........................................................14 

2.2.9.4 Summary ......................................................................................................................................14 

2.2.10 Invasive Species .........................................................................................................................................14 

2.2.11 Aerial Imagery ............................................................................................................................................15 

2.3 Preliminary Dredge Prisms ....................................................................................................................................15 

2.4 Dredging .......................................................................................................................................................................15 

2.4.1 Previous Fountain Lake Dredging Projects .....................................................................................15 

2.4.2 Hydraulic Dredging ..................................................................................................................................16 

2.4.3 Sediment Resuspension during Dredging ......................................................................................16 

2.4.3.1 Water Quality of Fountain Lake at Time of Sediment Sample Collection .........17 

2.4.3.2 Water Quality during Dredging ..........................................................................................17 

2.4.4 Dredged Material Transport .................................................................................................................18 

2.5 Dewatering of Dredged Material ........................................................................................................................18 

2.5.1 Confined Disposal Facility .....................................................................................................................18 

2.5.1.1 Long-Tube Column Settling Test .......................................................................................19 

2.5.1.2 Confined Disposal Facility Sizing .......................................................................................19 

2.5.1.3 Confined Disposal Facility Effluent Water Quality ......................................................19 

2.5.2 Rapid Dewatering System .....................................................................................................................20 

2.5.2.1 Rapid Dewatering System Effluent Water Quality ......................................................21 

2.5.3 Dredged Material Dewatering Areas ................................................................................................21 

2.5.4 Dewatered Material Management .....................................................................................................22 

3.0 Evaluation of Water Quality ...............................................................................................................................................23 

3.1 Summary of Current Water Quality ....................................................................................................................23 

3.2 Water Quality Model ................................................................................................................................................23 

3.2.1 Model Calibration .....................................................................................................................................25 

3.2.2 Predictive Model Simulations ..............................................................................................................25 

3.2.2.1 Dredging Scenarios .................................................................................................................26 

3.2.2.2 Sediment Oxygen Demand ..................................................................................................26 

3.2.2.3 External Loading Scenarios ..................................................................................................27 

3.2.2.4 Summary of Predictive Simulations ..................................................................................27 

3.2.3 Summary of Results .................................................................................................................................28 



 

 
 

 iii  
 

3.3 Lake Management Considerations .....................................................................................................................30 

3.3.1 Water Quality Benefits ............................................................................................................................30 

3.3.2 Other Water Quality Considerations .................................................................................................30 

3.3.2.1 Aquatic Plant Response .........................................................................................................30 

3.3.2.2 Dissolved Oxygen Concentrations ....................................................................................30 

4.0 Preliminary Assessment of Permits and Environmental Review ..........................................................................31 

4.1 Minnesota Environmental Assessment Worksheet (EAW) ........................................................................31 

4.2 Environmental Impact Statement (EIS) .............................................................................................................32 

4.3 Protected Waters Permit ........................................................................................................................................32 

4.4 Water Appropriations Permit................................................................................................................................32 

4.5 Dam Safety Permit ....................................................................................................................................................32 

4.6 Wetland Conservation Act Permit ......................................................................................................................32 

4.7 Section 404 of the Clean Water Act Permit ....................................................................................................32 

4.8 Clean Water Act – Part 401 Certification ..........................................................................................................33 

4.9 NPDES Construction Permit ..................................................................................................................................33 

4.10 Dredge Materials Management Permit ............................................................................................................33 

4.11 Prohibited/Regulated Invasive Species Permit ..............................................................................................36 

4.12 Local City/County Requirements .........................................................................................................................36 

5.0 Opinion of Cost ......................................................................................................................................................................37 

6.0 References ................................................................................................................................................................................39 

 

  



 

 
 

 iv  
 

List of Tables 

Table 2-1 Sediment Sample Analytical Data Compared to MPCA Criteria 

Table 2-2 Summary of Composite Sediment Sample Analytical Data 

Table 2-3 Phosphorus Fractionation Data Summary 

Table 2-4  Summary of Utilities within 400 feet of Fountain Lake 

Table 2-5 Summary of Water Quality Analytical Results 

Table 2-6 Estimated Unionized Ammonia Concentrations 

Table 2-7 Dredged Material Dewatering Area Screening Criteria 

  



 

 
 

 v  
 

List of Figures 

Figure 1-1 Site Location 

Figure 2-1  2009 Bathymetry of Fountain Lake 

Figure 2-2  Sediment Core Locations 

Figure 2-3  2009 Soft Sediment Thickness of Fountain Lake 

Figure 2-4  Shallow Dredge Prism Based on Mobile Phosphorus Removal 

Figure 2-5  Deep Dredge Prism Based on Mobile and Organic Phosphorus Removal 

Figure 2-6a  Results of Modified Ultimate Biological Oxygen Demand (UBOD) Tests from Edgewater 
and Bancroft Bay sediment cores. 

Figure 2-6b  Results of Modified Ultimate Biological Oxygen Demand (UBOD) Tests from Main Bay 
sediment cores. 

Figure 2-7  Utilities within 400 Feet of Fountain Lake 

Figure 2-8  Fountain Lake Watershed Land Use 

Figure 2-9 Dredged Material Dewatering and Disposal Screening Information 

Figure 2-10 Proposed Staging Area 

Figure 3-1 Calculated external total phosphorus loads from the four major tributaries to Fountain 
Lake and ranking of loads from low to high. 

Figure 3-2 Relationship between total phosphorus and chlorophyll a in the surface waters of 
Fountain Lake from 2005 through 2013. 

Figure 3-3 Comparison of measured and modeled water quality parameters in the surface and 
bottom of Fountain Lake-Edgewater Bay. 

Figure 3-4 Comparison of measured and modeled water quality parameters in the surface and 
bottom of Fountain Lake-Main Bay. 

Figure 3-5 Example of mobile and organic phosphorus concentrations in Fountain Lake sediment 
cores. 

Figure 3-6 Model estimate for ortho-phosphate, total phosphorus, chlorophyll a, and Secchi disc 
depth in Edgewater Bay. Modeling was conducted for three scenarios: "No Dredging", 
"Deep Dredge" and "Shallow Dredge." 

Figure 3-7 Model estimate for ortho-phosphate, total phosphorus, chlorophyll a, and Secchi disc 
depth in the Main Bay. Modeling was conducted for three scenarios: "No Dredging", 
"Deep Dredge" and "Shallow Dredge." 

Figure 3-8 Modeled temperature profiles for Edgewater Bay on July 29, 2006, for No Dredging 
Scenario (Existing Conditions) and Deep Dredge scenario. 

Figure 3-9 Concentration of chlorophyll a in Edgewater Bay of Fountain Lake. Concentrations 
provided for the lake surface, mid-depth, and bottom for (a) No Dredge Scenario (Existing 
Conditions) and (b) after Deep Dredge scenario. 



 

 
 

 vi  
 

Figure 3-10 Effect of range of external phosphorus loads on total phosphorus and chlorophyll a in 
Edgewater Bay and Main Bay Fountain Lake. Modeling conducted for existing lake 
characteristics (i.e. no dredging) and 2006 inflow volumes. 

Figure 3-11 Model-estimated total phosphorus concentrations in the surface waters of Main Bay, 
Fountain Lake for a 10 year period. Model estimates provided for: (a) No Dredging 
Scenario and (b) Deep Dredging Scenario. 

Figure 3-12 Model-estimated chlorophyll a concentrations in the surface waters of Main Bay, Fountain 
Lake for a 10 year period. Model estimates provided for: (a) No Dredging Scenario and (b) 
Deep Dredging Scenario. 

Figure 3-13 Model-estimated mobile phosphorus concentrations in the top 10 centimeters of 
sediment in the Main Bay of Fountain Lake for a 10-year period. Model estimates 
provided for: (a) No Dredging Scenario and (b) Deep Dredging Scenario. 

Figure 5-1 Potential Range of Dredging Costs 

Figure 5-2 Potential Range of Sediment Dewatering and Disposal Costs 

 

List of Appendices 

Appendix A:  Sediment Core Logs 

Appendix B:  Braun Intertec--Sediment Characterization Laboratory Reports 

Appendix C:  University of Minnesota Sediment Nutrient Analysis Reports 

Appendix D:  Aerial Imagery 

Appendix E:  Test America and ALS Laboratory Reports 

Appendix F:  Genesis Water AquaScreen™ Rapid Dewatering System Product Literature 

Appendix G: Water Quality Modeling Tables  

  



 

 
 

 vii  
 

Certifications 

I hereby certify that this Report was prepared by me or under my direct supervision and that I am a 
duly Licensed Professional Engineer under the laws of the State of Minnesota. 
 
 
 

  April 12, 2017 

Jamie Bankston 
PE #: 42683 

 Date 

 

 

 



 
 

1 
 

1.0 Executive Summary 
1.1 Introduction 
Fountain Lake is a shallow lake of approximately 555 acres located within the City of Albert Lea in 
Freeborn County, Minnesota (Figure 1-1). The lake was created by the construction of a dam (built in 1855 
and rebuilt in the early 1900s) across the Shell Rock River and has three bays, Dane’s, Edgewater, and 
Bancroft. Four creeks flow into Fountain Lake: Bancroft Creek (north), Goose Creek (northeast), Shoff Creek 
(southwest), and Wedge Creek (west).  

Fountain Lake, with its numerous adjacent parks, is a popular regional summertime destination for 
boating, swimming, water skiing, fishing, canoeing, and kayaking. The Fountain Lake watershed is 
approximately 63,000 acres and consists primarily of agricultural land with minor areas of urban, upland, 
wetlands, and forests. Runoff from the upstream watershed includes sediment and pollutants such as 
phosphorous, which are conveyed to the lake through streams, ditches, and storm sewer pipes. Historic 
sediment accumulation in Fountain Lake has created problems for recreational use, water quality, and 
fisheries habitat. Because of these concerns, the Shell Rock River Watershed District (SRRWD) is 
considering dredging the accumulated sediment. 

In 2008, Fountain Lake was included on the Minnesota Pollution Control Agency’s (MPCA) Impaired 
Waters List for an “aquatic recreation” impairment due to excess nutrients (specifically phosphorus). 
Historic monitoring of Fountain Lake indicated that the summer average concentrations of phosphorus 
and chlorophyll a (an algal indicator) exceeded the state standard for shallow lakes within this region, and 
the summer average water clarity was below the standard. 

A total maximum daily load (TMDL) study was completed by the SRRWD and MPCA in 2012 (Barr 
Engineering, 2012) to address the excess phosphorus in Fountain and other lakes within the watershed. 
Results of the TMDL study (Barr, 2012) indicated that approximately 65 percent of the annual phosphorus 
loading to Fountain Lake is from internal sources (e.g., phosphorus release from lake bottom sediment) 
and 35 percent from external sources (urban stormwater, tributary inflows, wet and dry atmospheric 
deposition). The TMDL study identified total phosphorus load reductions (internal and external) of 
65 percent for the East Bay (e.g., Main Bay), and 70 percent for the West Bay (Edgewater Bay). It can be 
concluded from the percentages shown above that external load reductions alone will not lead to 
compliance with the water quality standards. The TMDL study (Barr, 2012) reported that internal loading 
must be effectively reduced to zero to meet the TMDL load allocation requirement. 

A subsequent implementation plan developed by the SRRWD (Barr, 2013) provided a comprehensive list 
of Best Management Practices (BMPs) that can be applied to reduce external phosphorus loads to 
Fountain Lake. Dredging of lake-bottom sediment and alum treatment of lake sediment were identified as 
potential approaches to reduce internal phosphorus loads to Fountain Lake. This report summarizes the 
body of work completed to evaluate the potential effects and preliminary engineering evaluation of 
reducing phosphorus inputs to Fountain Lake and reducing the internal phosphorus loading by dredging. 
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In addition, other factors related to dredging like sediment dewatering, disposal/reuse, and cost are 
included as part of this report.  

1.2 Goals for Preliminary Engineering 
This phase of the project will be used to further define project components and aid with the permitting 
and environmental review requirements that are critical for developing the path-forward for subsequent 
project phases. The preliminary engineering phase is not intended to fully define the project, but to define 
the project with enough detail that it can inform stakeholders and solicit their needed input and move the 
project forward into the detailed design, environmental review, and permitting phases. 

1.3 Preliminary Goals for Fountain Lake Restoration 
This section summarizes the preliminary restoration goals for the Fountain Lake restoration, as identified 
by SRRWD staff: 

• Improve lake water quality by: 

o Dredging to reduce internal phosphorus loading 

o Reducing watershed nutrient loads that enter Fountain Lake through implementation of 
upstream best management practices (BMPs) 

o Reducing nutrient loads into Albert Lea Lake and the Shell Rock River 
 

• Enhance lake habitat and recreational opportunities by:  

o Improving water quality  

o Deepening Fountain Lake 

o Improving lake habitat for plants and fish 

 Improved water clarity will result in some additional aquatic plant growth in 
shallow lake areas 

 Varying water depths and new aquatic plant growth will provide habitat for fish 

 Deeper water depths will provide wintering holes for fish 

1.4 Work Completed 
This section summarizes the work completed as part of the preliminary engineering phase of work: 

• Collected data to better understand the sediment characteristics and physical, chemical and 
biological processes of Fountain Lake  

• Gathered historical information for evaluating various lake management strategies 

• Defined potential sediment removal extents (dredge prisms) using sediment core data collected 
from Fountain Lake 
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• Evaluated potential water quality effects during dredging and effluent from dredged sediment 
dewatering using laboratory test results 

• Identified potential dredged sediment dewatering areas within five miles of Fountain Lake 

• Evaluated two sediment dewatering methods and their applicability to Fountain Lake  

• Developed a lake management tool for use in evaluating the effects of various lake management 
options on Fountain Lake water quality (Delft3D hydrodynamic and water quality model) 

• Evaluated the potential short and long-term effects of dredging on Fountain Lake water quality 
using the Delft3D hydrodynamic and water quality model  

• Evaluated the potential short and long-term effects of reductions in external phosphorus loading 
on Fountain Lake water quality using the Delft3D hydrodynamic and water quality model 

• Presented information to stakeholders on potential Fountain Lake management strategies  

• Gathered stakeholder input and concerns on Fountain Lake water quality management strategies  

• Developed a range of costs for various dredging and sediment dewatering scenarios 

• Identified items that need further consideration by SRRWD and stakeholders for detailed design, 
permitting and environmental review 

1.5 Summary of Findings 
1.5.1 Dredging Extents (Prisms) 
Two potential dredging extent scenarios (prisms) were identified based on the measured concentrations 
of phosphorus in the lake sediments, and the depths of sediment removal expected to have the most 
significant effects on reducing internal phosphorus loading. These dredge prisms define a range of 
potential dredge volumes and water depths that could be created as part of the restoration of Fountain 
Lake. These dredge prisms are preliminary and will require further design based on more detailed 
evaluation of site constraints and stakeholder input during the design phase of the project.  

The two dredge prisms developed for this project phase included: 

• Shallow Dredge Prism– sediment removal extent that corresponds to the general depth where a 
significant change in mobile phosphorus concentrations was observed in sediment cores 

o Approximately 1.2 million cubic yards (in-situ volume) of sediment removal 

o Post-dredging water depths of 6 to 13 feet in the Edgewater and Main Bay portions of 
Fountain Lake 

o Sediment management areas at the downstream end of Bancroft and Danes Bays 
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• Deep Dredge Prism- sediment removal extent that corresponds to the general depth where a 
significant change in mobile and organic phosphorus concentrations were observed in sediment 
cores  

o Approximately 2.1 million cubic yards (in-situ volume) of sediment removal 

o Post-dredging water depths of 7.5 to 16 feet in the Edgewater and Main Bay portions of 
Fountain Lake 

o Sediment management areas at the downstream end of Bancroft and Danes Bays 
 

1.5.2 Fountain Lake Water Quality 
Fountain Lake is a complicated shallow lake system; in which climate conditions, external phosphorus 
contributions to the lake, and internal loading from lake sediment have a significant effect on water 
quality; these factors need to be considered holistically when developing a lake management strategy for 
Fountain Lake. 

The predictive simulation lake modeling conducted (Delft3D hydrodynamic and water quality model) 
shows that dredging Fountain Lake will result in water quality benefits, including:  

• Reductions in average and maximum summer total phosphorus concentrations 

• Reductions in the frequency and magnitude of phytoplankton blooms (chlorophyll a) 

• Notable reductions in the average chlorophyll a concentrations 

• Increased average and maximum summer water clarity (Secchi disk depths) 

A range of watershed phosphorus loading (external loading) conditions and dredging scenarios (no 
dredging, shallow dredging, and deep dredging) were evaluated using the Delft3D model to bracket the 
likely range of effects that these conditions could have on Fountain Lake water quality based on 
interrelated chemical, physical and biological mechanisms that affect water quality. Conclusions from this 
evaluation include:  

• Dredging will have a pronounced long-term effect on water quality and water clarity, primarily 
phytoplankton growth and chlorophyll a concentrations 

• A combination of dredging and reduced external phosphorus loading to Fountain Lake should 
result in improved lake water quality indicator parameters (e.g., chlorophyll a and Secchi disk 
depth), but still may not meet MPCA water quality standards for Fountain Lake 

• Reduction of external phosphorus loading to Fountain Lake is important, but can be done in 
parallel with internal lake management efforts 

• External nutrient loading control alone has a pronounced effect on total phosphorus 
concentrations in Fountain Lake, but chlorophyll a concentrations do not change in proportion to 
phosphorus reductions, suggesting that in-lake phosphorus loading controls phytoplankton 
growth and in part, water clarity 
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• Dredging will result in longer lake residence times and thus, more deposition of fine-grained 
particles (e.g., sediment and phytoplankton). These particles will eventually settle to the bottom of 
the lake and over time result in surficial post-dredge sediment mobile-phosphorus concentrations 
similar to pre-dredge sediment concentrations. However, the increased thermal stratification and 
volume created by dredging will help maintain low chlorophyll a concentrations (e.g., inhibited 
phytoplankton growth) and will help maintain post-dredge water quality  

• While total phosphorus concentrations in the lake decreased with dredging and a range of 
external load reductions, total phosphorus was still above MPCA water quality standards, even at 
the lowest watershed loads and deepest dredging conditions, suggesting that additional lake 
management strategies may be needed to meet MPCA water quality standards in Fountain Lake.  

1.5.3 Fountain Lake Fish Habitat 
It is anticipated that deepening of Fountain Lake in some areas will lead to incremental improvement in 
fish habitat diversity that is consistent with Minnesota DNR management of Fountain Lake. Deeping of the 
lake can provide deep-water refuge cover during summer and winter. Deepwater refuge in summer allows 
fish to escape from warmer surface water temperatures and during winter provides an additional volume 
of water for fish to seek out adequate dissolved oxygen concentrations. Anglers will likely benefit from 
increased habitat diversity as fish move between deep water to shallower areas on a daily and seasonal 
basis. As anglers learn about these patterns they should experience an improved overall fishing 
experience.  

Increased aquatic plant growth will provide additional habitat for spawning and juvenile fish rearing which 
may improve recruitment. Increased plant growth and plant diversity will also improve habitat conditions 
for waterfowl and other species such as invertebrates. Improved survival over winter with more oxygen 
availability (more water column volume = greater oxygen availability) may lead to a more diverse age 
class distribution and some larger game fish. It should also be noted that with dredging there will be 
reduced sediment oxygen demand which will also improve oxygen conditions in the winter.  

1.5.4 Sediment Dewatering  
• Dredged sediment is suitable for beneficial reuse 

• Many potential sediment dewatering sites have been identified w/in 5 miles of lake based on 
screening criteria 

• Dewatering sites close to lake would reduce transportation and operation/maintenance costs 

• A confined disposal facility (CDF) requires significant land area and has significant long-term 
management requirements that need to be considered fully  

• The rapid dewatering system (RDS) is more suitable for project phasing and immediate use of 
dewatered dredged material  
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• A staging area near the lake is important for equipment staging and/or a site for the for rapid 
dewatering system  

• Finding a market for beneficial reuse of dredged material could significantly reduce project costs 

• Effluent from sediment dewatering may require additional treatment to meet state surface water 
quality criteria  
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2.0 Design Considerations 
Based on the volume and planned dredging activities for Fountain Lake it is assumed that sediment will 
be removed by hydraulic dredging and that sediment will be hydraulically transported to a sediment 
dewatering area. The following sections describe the known design considerations for dredging Fountain 
Lake and for dewatering dredged material. This information can be used to guide the subsequent project 
phases, which include: design, environmental review, permitting and project implementation. 

2.1 Stakeholder Input 
During the preliminary design phase, five stakeholder meetings were held to educate stakeholders on 
dredging and sediment dewatering processes and to solicit stakeholder feedback on the project and its 
design components. The feedback provided by stakeholders was considered and incorporated into this 
report. The stakeholder group included: Minnesota Pollution Control Agency (MPCA), City of Albert Lea, 
Freeborn County, Minnesota Board of Water and Soil Resources (BWSR), Minnesota Department of 
Natural Resources (DNR), and Shell Rock River Watershed District (SRRWD). 

2.2 Site Characteristics 
Dredging operations will be affected by site characteristics and constraints. The site characteristics 
described below will need to be considered for design, environmental review, permitting and 
construction.  

2.2.1 Bathymetry 
Bathymetry is the top of sediment elevation contours within the lake. In 2009, a bathymetric survey was 
completed for Fountain Lake by McGhie & Betts, Inc., as shown on Figure 2-1. This bathymetric survey is 
the highest resolution survey available for the lake (1-foot contours). In 1971, the Minnesota Department 
of Conservation completed a bathymetric survey of Fountain Lake (5-foot contours). No other bathymetric 
maps were identified.  

2.2.2 Sediment 
The physical and chemical characteristics of sediment are important for evaluating the type of equipment 
suitable for dredging and dewatering, dredged sediment management, and whether or not the dredged 
material can be beneficially reused. This section describes these sediment characteristics. 

2.2.2.1 General 
Sediment cores were collected from Fountain Lake in 2006 by Wenck and Associates (Wenck, 2006) and in 
2009 (Barr, 2009) and 2013 by Barr at the locations shown on Figure 2-2 using push-core and vibra-core 
sediment coring methods. In general, Fountain Lake sediment consists of organic and clayey silts (soft 
sediment) and some localized sand shoals. At some locations, a stiff clay layer was observed beneath the 
soft sediment and may be acting as a water confining layer beneath Fountain Lake. However, the stiff clay 
layer was not observed at all sediment core locations and a detailed study was not completed to evaluate 
the effects of this layer or its continuity beneath Fountain Lake. Sediment core logs for the 2009 and 2013 
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sampling efforts are included in Appendix A. Data from previous sampling activities are included in the 
above referenced reports.  

A map of the approximate soft sediment thickness throughout Fountain Lake (Figure 2-3) was developed 
by McGhie & Betts, Inc., using sonar data from the 2009 bathymetric survey and sediment core data from 
prior sediment sampling events.  

2.2.2.2 MPCA Dredged Material Management Classification 
Samples were obtained from sediment cores collected in 2006 (Wenck), 2009 (Barr), and 2013 (Barr) and 
analyzed in accordance with the MPCA Dredged Material Management Guidance document that was 
available at the time of sampling. The samples collected in 2013 are summarized in Table 2-1 and 
laboratory reports are included in Appendix B. Previously collected data are summarized in the above 
referenced reports. 

In summary, most samples collected from Fountain Lake were below the MPCA’s Tier 1 soil reference 
values (SRVs) and are considered Level 1 dredged material. Only one of the 16 samples collected in 2013 
exceeded a Tier 1 SRV (arsenic at Core 13 (5 to 8 feet)). Per MPCA Guidance (MPCA, 2014), Level 1 
dredged material is suitable for use or reuse on properties with a residential or recreational use category. 
If only those discrete intervals were dredged, they would be considered a Level 2 dredged material and 
would be suitable for use or reuse on properties with an industrial use category. Of the eleven sediment 
cores collected in 2009, copper and arsenic were detected at levels higher than the Tier 1 SRV criteria in 
the upper sediment at three of the coring locations. The concentrations of copper and arsenic at these 
locations were below Tier 2 SRV criteria at all three of these coring locations however. 

A composite sample of soft sediments located in Edgewater and Main Bays were also analyzed per MPCA 
Guidance (Table 2-2). The composite sample also included sediment from areas that exceeded Tier 1 SRVs 
described previously (Barr, 2009 and Wenck, 2006). The composite sample is considered more 
representative of material that would be removed from Fountain Lake. The composite sample was below 
Tier 1 SRVs, which suggests that dredged material from these two bays when combined as a whole would 
be considered a Level 1 dredged material.  

Based on these analyses, it does not appear that dredged material will require special management for 
reuse and that the dredged material should be suitable for residential or recreational use. However, review 
of this information by the MPCA will be required before moving forward into design and permitting in 
order to determine the dredged material use category and whether or not additional sampling will be 
required. 

2.2.2.3 Beneficial Reuse of Dredged Sediment 
Sediment samples collected from Fountain Lake in 2013 were also analyzed by the University of 
Minnesota Soil Testing Laboratory for parameters typically analyzed when evaluating nutrient 
requirements for farm and field application. These data are included in Appendix C. Based on a 
preliminary review of these data, the sediment samples analyzed would be suitable for beneficial reuse. 
However, it should be noted that this information should be reviewed in detail as it pertains to the final 
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application of the material, since each application site will have its own growth and soil texture 
requirements that need to be considered.  

For reference, the laboratory report ID’s and corresponding sediment core location and sample interval 
summarized below:  

• Core 12 (2 to 4 ft) – lab sample ID (1224) 

• Core 13 (2 to 5 ft) – lab sample ID (1325) 

• Core 14 (0 to 2 ft) – lab sample ID (1402) 

• Core 14 (2 to 5 ft) – lab sample ID (1425) 

• Core 14 (5 to 8.5 ft) – lab sample ID (14585) 

• Core 15 (0 to 2 ft) – lab sample ID (1502) 

• Core 15 (2 to 4 ft) – lab sample ID (1524) 

• Composite A1 (composite of Southern Main Bay Samples collected in 2013, which includes 
sediment cores 9, 10, 24, and 25) – lab sample ID (A1) 

• Composite A2 (composite of Northern Main Bay Samples collected in 2013, which includes 
sediment cores: 6, 8, 21, 22, and 23) – lab sample ID (A2) 

• Composite A3 (composite of Edgewater Bay Samples collected in 2013, which includes sediment 
cores 1, 2, 3, 4, 18, 19, and 20) – lab sample ID (A3) 

2.2.2.4 Phosphorus Fractionation 
Phosphorus fractionation samples were collected from Fountain Lake sediment cores in 2009 and 2013 to 
help understand the concentrations and forms (or fractions) of phosphorus within the sediment. This 
information was used as the basis to define the dredge extents used in the Delft3D water quality model 
described in Section 3. Mobile and organic phosphorus concentrations generally contribute most to 
internal-lake phosphorus loading. Table 2-3 provides a summary of the phosphorus fractionation data 
used to define the dredge extents used in the water quality modeling. 

The phosphorus fractions analyzed for Fountain Lake sediment samples included: 

• Mobile Phosphorus (Mobile P): Loosely sorbed phosphorus and phosphorus bound to iron and 
manganese oxides and hydroxides 

• Aluminum bound Phosphorus (Al-P): Phosphorus bound to aluminum oxides and hydroxides 

• Organic Phosphorus (Organic-P): Labile and non-labile organic phosphorus 

• Calcium bound Phosphorus (Ca-P): Phosphorus bound in apatite 

• Total Phosphorus Fractions (TP): All fractions listed above 

Phosphorus fractionation and sediment density analyses were completed by Barr in accordance with 
techniques described in Pilgrim, et al., 2007 and Huser and Pilgrim, 2014. 
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2.2.2.5 Sediment Oxygen Demand 
The relative sediment oxygen demand of Fountain Lake sediments was estimated using a modified 
ultimate biochemical oxygen demand (UBOD) test and archived (frozen) sediment samples that remained 
from phosphorus fractionation testing. Samples were selected from the Edgewater, Main and Bancroft 
Bays of Fountain Lake within the dredge extents shown on Figures 2-4 and 2-5. Instrumental Research, 
Inc. completed the UBOD testing in general accordance with USEPA Method 5210 B using 50 grams of 
sediment (wet weight) per liter of diluent to create a stock solution, which was used to create three 
dilutions used to estimate UBOD of the sediment. A summary of the modified UBOD lab results are shown 
on Figures 2-6a and 2-6b. These data were used in the Delft3D water quality model described in 
Section 3.  

2.2.3 Debris 
Potential debris will be a concern to any dredging operation in Fountain Lake and could limit the extent 
and rate of dredging. If debris is problematic for dredging, known debris laden areas could be avoided or 
the area would need to be cleared with separate equipment prior to dredging. A debris survey was not 
completed for Fountain Lake and may be needed to identify areas of concentrated debris either prior to 
dredging or during detailed design.  

2.2.4 Dam 
Fountain Lake was created by the construction of a dam (built in 1855 and rebuilt in the early 1900s) 
across the Shell Rock River. The existing dam has a fixed crest of 1214.3 feet NGVD29 and is the primary 
water elevation control for Fountain Lake.  

2.2.5 Utilities 
Utilities within 400 feet of Fountain Lake were identified through the gopher state one call system via a 
design locate. These utilities are shown on Figure 2-7 and summarized in Table 2-4. In general, most 
utilities near Fountain Lake were located on land. However, a Century Link fiber optic line is buried 
beneath the sediment in Main Bay and the exact location and depth of that utility is unknown (based on 
communications with Century Link). All utilities within and adjacent to dredge areas need to be 
considered for design and located prior to dredging. 

2.2.6 Structures 
A cursory review of structures has been completed by reviewing aerial photos and a boat tour of the lake. 
The primary structures include: 

• Shoreline protection and retaining walls throughout the lake 
• Bridges and abutments 
• Dam 
• Culverts 
• Storm sewer outfalls 
• Docks 
• Ski jump and foundations 
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The structures above and other structures not identified during the cursory review need to be considered 
for design. Structures near dredge areas should be evaluated to determine the potential effects of 
dredging on structure stability, or a dredging buffer zone defined to maintain stability of identified 
structures. As part of the design phase and prior to dredging operations, a complete survey of structures 
in and adjacent to the proposed dredge areas should be completed and an evaluation of stability of the 
structures under the proposed dredge scenario should be completed. This will also require a geotechnical 
evaluation of sediments and soils in these areas in order to evaluate stability of structures. 

2.2.7 Fish 
It is anticipated that deepening of Fountain Lake in some areas will lead to incremental improvement in 
fish habitat diversity that is consistent with Minnesota DNR management of Fountain Lake. Deeping of the 
lake will provide deep-water refuge cover during summer and winter. Deepwater refuge in summer allows 
fish to escape from warmer surface water temperatures and during winter provides an additional volume 
of water for fish to seek out adequate dissolved oxygen concentrations. Anglers will likely benefit from 
increased habitat diversity as fish move between deep water to shallower areas on a daily and seasonal 
basis. As anglers learn about these patterns they should experience an improved overall fishing 
experience. Increased aquatic plant growth will provide additional habitat for spawning and juvenile fish 
rearing which may improve recruitment. Increased plant growth and plant diversity will also improve 
habitat conditions for waterfowl and other species such as invertebrates. Improved survival over winter 
with more oxygen availability (more water column volume = greater oxygen availability) may lead to a 
more diverse age class distribution and some larger game fish. It should also be noted that with dredging 
there will be reduced sediment oxygen demand which will also improve oxygen conditions in the winter.  

Minnesota DNR’s fisheries staff provided the following description of the fish populations at Fountain 
Lake: 

Fountain Lake is a 521-acre urban impoundment in the City of Albert Lea that forms the head water 
of the Shell Rock River. Much of the shoreline and riparian zone of the lake has been modified for 
residential and municipal development with most of the natural shoreline remaining around the 
large, shallow northern basin. City owned parks located at the narrows between the main basin and 
the northern basin and at the northwest end of Edgewater Bay provide public water access. The 
sport fish community consists of black crappie, bluegill, channel catfish, northern pike, walleye, 
yellow perch, and largemouth bass. Fountain Lake has been stocked extensively to maintain sport 
fish populations. 

Fingerling channel catfish were stocked in 2002, 2004, and 2005. The current management plan 
calls for northern pike fry stocking in even years since 2008, and walleye fry stocking in odd years 
since 2007. 

Fountain Lake has maintained a consistent walleye population since stockings began in the 1980s. 
The 2011 gill net catch rates of walleyes (6.0/gill net) were down from 2006 catch rates (11.3/gill 
net) but catch rates were still above average for similar lakes. A quality sized walleye population 
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exists ranging from 15.8 to 27.2 inches in total length and averaging 20.6 inches. All of the walleyes 
sampled were 15.0 inches long or greater. 

Fountain Lake appears to support an abundant, quality channel catfish population with fish ranging 
from 13.8 to 30.7 inches in total length and averaging 20.7 inches. Trap net catch rates of channel 
catfish increased from 5.3/trap net in 2006 to 13.8/trap net in 2011. Approximately 89% of channel 
catfish sampled were greater than 16 inches in length. Stocking of channel catfish fingerlings was 
suspended after 2005 to observe if the population could sustain itself via natural reproduction. The 
presence of channel catfish less than 8.0 inches in the gill nets indicates that natural reproduction is 
occurring in this population, however, the magnitude of natural reproduction is not known. 

Catch rates of northern pike in gill nets increased from 0.0/gill net in 2006 to 14.0/gill net in 2011 
which is well above average for lakes similar to Fountain Lake. Northern pike sampled in gill nets 
tended to be small ranging in total length from 19.3 to 25.7 inches and averaging 21.7 inches. 
Approximately 94% of northern pike were less than 24.0 inches long. 

Past surveys have shown that Fountain Lake supports abundant panfish populations which include 
bluegills and black crappies. Bluegills increased in abundance from the all-time low in 2006 
(3.8/trap net) to 28.0/trap net in 2011. Gill net catch rates in 2011 (22.7/gill net) increased 
drastically from catch rates in 2006 (1.7/gill net). Bluegills ranged in total length from 3.0 to 8.5 
inches and averaged 6.4 inches. Eighty-six percent of bluegills captured in trap nets were between 6 
and 8 inches long. Fountain Lake has historically supported an abundant black crappie population 
with trap net catch rates being greater than 15.3/trap net since 1993. Catch rates of black crappies 
in gill nets increased from 27.7/gill net in 2006 to 82.0/gill net in 2011. Black crappie catch rates in 
trap nets decreased from 41.6/trap net in 2006 to 10.3/trap net in 2011. Gill netted black crappies 
ranged from 4.7 to 10.3 inches and averaged 7.1 inches in total length. Nearly all of the black 
crappies sampled were less than 10 inches long.  

Prior to 1993, the fish community was dominated by black bullheads with trap net catch rates 
consistently exceeding 100.0/trap net. The black bullhead population continues to decline with catch 
rates going from 24.9/trap net in 2006 to a new observed low, 1.1/trap net in 2011. Common carp 
relative abundance also decreased from 11.3/trap net in 2006 to 3.1/trap net in 2011. 

Largemouth bass were present in Fountain Lake as three were sampled during the survey, ranging 
from 7.6 to 13.9 inches in length. Numbers of largemouth bass were likely underestimated because 
trap nets and gill nets do not effectively sample them. 

White sucker, yellow bullhead, yellow perch, green sunfish, hybrid sunfish, orangespotted sunfish, 
and a goldfish were sampled but occurred in low numbers. 

Additional information is located at the DNR Lake Finder website: 

o http://www.dnr.state.mn.us/lakefind/showreport.html?downum=24001800 

http://www.dnr.state.mn.us/lakefind/showreport.html?downum=24001800
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2.2.8 Lake Habitat 
Fountain Lake is a shallow lake of approximately 555 acres and has a tributary watershed of 62,700 acres. 
The lake was created by the construction of a dam (built in 1855 and rebuilt in the early 1900s) across the 
Shell Rock River. Four creeks flow into Fountain Lake: Bancroft Creek (north), Goose Creek (northeast), 
Shoff Creek (southwest), and Wedge Creek (west). 

Agriculture is the primary land use within the Fountain Lake watershed (based on 2001 land cover data) 
with minor areas of urban, upland, wetlands, and forests (Figure 2-8). There are several parks along the 
shoreline of the lake including Edgewater Bay, Bancroft Bay, City Beach Park, and Fountain Lake Park on 
the south end of Main Bay. The lake is used mainly for recreation and sport fishing. 

Little to no aquatic vegetation has been observed in Edgewater and Main Bay. Bancroft Bay has the least 
amount of development on the lake and is the only portion of the lake with substantial aquatic vegetation 
and other fish and wildlife habitat.  

2.2.9 Sensitive Natural Features and Species 
Below are the results of a search of the Minnesota Department of Natural Resources (MDNR) Natural 
Heritage Information System (NHIS) database for the areas near Fountain Lake in Albert Lea, Minnesota 
on February 26, 2013. These data represent sensitive natural feature element occurrence records within 
three different search-radii from Fountain Lake. These features should be considered during design when 
evaluating dredging areas, staging areas, sediment dewatering areas, and hydraulic dredging pipeline 
corridors and outfalls. 

2.2.9.1 Within 2-Mile Radius of Fountain Lake 
Within a two mile radius of Fountain Lake, there are the following known records of sensitive natural 
features/species: 

• Colonial waterbird nesting area – in Albert Lea Lake. This would likely not be affected by work 
within and near Fountain Lake unless there were significant changes to the water discharged into 
Albert Lea Lake. 

• Blanding’s turtle (Emydoidea blandingii, state-listed threatened). This species was last observed in 
the area in 1988 (no other records in 10-mile radius of lake). 

• Tuberous Indian plantain (Arnoglossum plantagineum, state-listed threatened) – this is an upland 
prairie species found along a nearby railroad corridor. 

No native plant communities are mapped within two miles of Fountain Lake. The nearest sites are near the 
southeast portion of Albert Lea Lake. 
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2.2.9.2 Within 2 and 5-Mile Radius of Fountain Lake 
Within a 2 and 5-mile radius from Fountain Lake, there are the following known records of sensitive 
natural feature/species: 

• Colonial waterbird nesting area 

• Dry Sand-Gravel Oak Savanna 

• Six plant species (2 Threatened; 2 Special Concern; and 2 not listed) – 4 are wetland species 

• One waterbird - Common Gallinule (Gallinula chloropus, state-listed special concern) associated 
with dense marsh vegetation often along lakes and ponds. This species tends to be very sensitive 
to human disturbance. 

2.2.9.3 Within 5 and 10-Mile Radius of Fountain Lake: 
Within a 5 and 10-mile radius from Fountain Lake, there are the following know records of sensitive 
natural feature/species: 

• Colonial waterbird nesting area 

• Two forested native plant communities and one wet prairie 

• Seven plant species (2 Threatened; 1 Endangered; 2 Special concern; 2 not-listed) – 1 is federally-
listed (Western prairie fringed orchid) 

• One bird – Loggerhead shrike (Threatened – Proposed Endangered) 

2.2.9.4 Summary 
Based on this review, there does not appear to be a further need for additional threatened or endangered 
species surveys or habitat assessments within or near Fountain Lake. Generally a one-mile search radius is 
considered sufficient for a MDNR NHIS review; of the elements identified within a 10-mile radius search, 
none would have suitable habitat within or adjacent to Fountain Lake or be anticipated to occur there.  

There are seven different Sites of Biodiversity Significance, as mapped by the MDNR, but each of these 
sites is identified as “Below the minimum biodiversity significance threshold.” These sites would not be 
considered to be sensitive resources. The lake and immediate surroundings are not considered to be 
within a Site of Biodiversity Significance. 

The Blanding’s turtle is the most likely species observed in the area that could be affected by work within 
or near Fountain Lake. A survey or habitat assessment may be required, but, generally for records over 
20 years old, the Blanding’s turtle observations would be considered historic and obsolete. 

2.2.10 Invasive Species 
No aquatic invasive species have been identified in Fountain Lake per the Minnesota Department of 
Natural Resources Designation of Infested Waters report (MDNR, 2013). If invasive species are identified 
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in the lake prior to dredging activities, additional management of dredged material will likely be required 
in accordance with Minnesota invasive species rules. 

2.2.11 Aerial Imagery 
Available aerial imagery of Fountain Lake from 1938 through 2011 was obtained from Historical 
Information Gatherers, Inc. and is included in Appendix D. This information has not been reviewed in 
detail, but may be important for design, environmental assessment and permitting. 

2.3 Preliminary Dredge Prisms 
Preliminary dredge extents (dredge prisms) were defined using the information described in Section 2.2 
and the preliminary goals developed for restoration of Fountain Lake (Section 1.3). The preliminary dredge 
prisms and water depths are shown on Figures 2-4 and 2-5. These dredge prisms define a range of 
potential dredge volumes and water depths that could be created as part of the restoration of Fountain 
Lake. These dredge prisms were also used as one of the water quality modeling constraints used to 
predict water quality in Fountain Lake after dredging (Section 3). These dredge prisms are preliminary and 
will require further design based on more detailed evaluation of site constraints, lake habitat and water 
quality improvement goals, and stakeholder input during the design phase of the project. 

The two dredge prisms developed for this project phase included: 

• Shallow Dredge Prism (Figure 2-4)– sediment removal extent that corresponds to the general 
depth where a significant change in mobile phosphorus concentrations was observed in sediment 
cores (See Section 3.2.2)  

o Approximately 1.2 million cubic yards (in-situ) of sediment removed  

o Post-dredging water depths of 6 to 13 feet in the Edgewater and Main Bay portions of 
Fountain Lake 

o Sediment management areas at the downstream end of Bancroft and Danes Bays 
 

• Deep Dredge Prism (Figure 2-5) – sediment removal extent that corresponds to the general 
depth where a significant change in mobile and organic phosphorus concentrations were 
observed in sediment cores (See Section 3.2.2)  

o Approximately 2.1 million cubic yards (in-situ) of sediment removed  

o Post-dredging water depths of 7.5 to 16 feet in the Edgewater and Main Bay portions of 
Fountain Lake 

o Sediment management areas at the downstream end of Bancroft and Danes Bays 

2.4 Dredging 
2.4.1 Previous Fountain Lake Dredging Projects 
Two known dredging projects have occurred in Fountain Lake since 1928. The first known Fountain Lake 
dredging project occurred between 1940 and 1942. The goal of that dredging project was to establish 
minimum water depths of 5 to 7 feet for recreational purposes. The City of Albert Lea dredged 
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approximately 1.8 million cubic yards of sediment from the Main Bay of Fountain Lake. The second known 
Fountain Lake dredging project began in 1962 after the City of Albert Lea purchased a hydraulic dredge. 
The duration of dredging and volume of material dredged from Fountain Lake during this time is 
unknown. The areas dredged during this event were Dane’s Bay and Edgewater Bay. No known 
documentation exists for the dredge extents completed for the above referenced projects.  

2.4.2 Hydraulic Dredging 
Hydraulic dredging is the dredging method being considered for the Fountain Lake restoration project. 
Hydraulic dredging is typically the most efficient and cost effective dredging method for removing the 
large sediment volumes being considered for Fountain Lake. Hydraulic dredging includes the use of 
pumps and piping for removing (pumping) a mixture of dredged material and water from the channel or 
lake bottom. A typical pipeline hydraulic dredge sucks the mixture (slurry) of sediment and water through 
one end and pumps the material through the discharge pipeline directly to a sediment dewatering area. A 
mechanical cutting head, consisting of rotating blades, is often included at the intake pipe to agitate and 
loosen bottom sediments so they can be pumped through the dredge pipeline system. Hydraulic 
dredging typically requires a larger dewatering area than mechanical dredging because of the significant 
volume of water that must be managed. Typically, hydraulically dredged material consists of a 
sediment/water slurry that ranges from 5% to 20% solids (by volume). The actual solids content of the 
slurry will depend upon the characteristics of the sediment, debris, depth of bedrock or till, dredging 
equipment and operator skills. Dredge areas with significant debris will require clearing prior to hydraulic 
dredging. Booster pumps are typically installed along the discharge pipeline to assist with pumping the 
sediment slurry long distances or to higher elevations. 

2.4.3 Sediment Resuspension during Dredging 
Sediment will be resuspended during dredging and will likely require resuspension controls adjacent to 
dredging operations to prevent resuspended sediments from the dredge area from transporting to other 
parts of the lake. Best management practices (BMPs), along with physical barriers can be used to minimize 
re-suspension at all locations where operations are taking place. The following BMPs could be used as 
resuspension controls: 

• Isolate dredge and offloading areas from the lake through the use of a water quality control 
structure, such as a silt/turbidity curtain or an air bubble curtain. 

• Isolate barge offloading areas along the shore with silt fence or other perimeter controls to 
prevent reintroduction of dredge material to the lake through stormwater runoff. 

• Excavate slopes proceeding from top of slope to toe of slope to minimize disturbance, sloughing 
and suspension of solids, during dredging operations. 

• Implement pollution prevention measures prior to dredging; spill kits, oil booms and other 
measures must be easily accessible for deployment in case of spill and introduction of petroleum 
product to receiving water resources during operations. 
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A construction Storm Water Pollution Prevention Plan (SWPPP) will likely be necessary as part of the 
project and will further address erosion protection BMP’s and pollution prevention measures. 

2.4.3.1 Water Quality of Fountain Lake at Time of Sediment Sample Collection 
A water sample was collected from Fountain Lake during the time of sediment sample collection and 
dredging and sediment dewatering effluent sample collection for use as a control and comparison point 
of Fountain Lake water quality at the time of sample collection. The results of Fountain Lake water quality 
at the time of sample collection as compared to Minnesota surface water standards (chronic and acute) 
for Class 2B surface waters are provided in Table 2-5 and the laboratory report is included in Appendix E. 
Estimated unionized ammonia concentrations were calculated using the range of observed water 
temperatures and pH during historic Fountain Lake water quality measurements and are summarized in 
Table 2-6. 

The Fountain Lake water quality results (identified as “FOUNTAIN LAKE_W COMP_07082013” on Table 2-5) 
show that at the time of sample collection Fountain Lake water quality had the following characteristics: 

• chronic surface water standards may be exceeded for unionized ammonia, aluminum (total), and 
phosphorus (total)   

• acute surface water criteria will likely not be exceeded for the compounds analyzed 

It should be noted that this water sample was not filtered, since no significant solids were observed in the 
water. Therefore, only total concentrations are provided for this sample on Table 2-5. 

2.4.3.2 Water Quality during Dredging 
A dredge elutriate test (DRET) was completed by Test America to estimate the lake water quality at the 
point of dredging. The DRET consists of mixing the sediment proposed for dredging with lake water and 
aerating that slurry for one hour and then allowing that slurry to settle for one hour before collecting 
samples for analysis. The dissolved and slurry phases are analyzed for constituents of interest. The results 
of the DRET as compared to Minnesota surface water standards (chronic and acute) for Class 2B surface 
waters are provided in Table 2-5 and the Test America laboratory report is included in Appendix E. 
Estimated unionized ammonia concentrations were calculated using the range of observed water 
temperatures and pH during historic Fountain Lake water quality measurements and are summarized in 
Table 2-6. 

The DRET results (identified as “Fountain Lake DRET Testing” on Table 2-5) suggest that at the point of 
dredging: 

• chronic surface water standards may be exceeded for unionized ammonia, aluminum (total), 
phosphorus (total) and mercury (total) 

• acute surface water criteria will likely not be exceeded for the compounds analyzed 
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It should be noted that the chemicals of interest (except unionized ammonia) that exceeded chronic 
surface water standards in the DRET were non-filtered (total) samples (total water/sediment slurry that 
had settled for one hour). The dissolved phase samples for aluminum, phosphorus and mercury were all 
below chronic surface water standards. Therefore, based on these data, dredging activities should not 
have a significant effect on water quality. Implementing appropriate BMPs and resuspension controls will 
minimize the short term effects that may be associated with dredging operations. 

2.4.4 Dredged Material Transport 
After removal, sediment will be transported by pipeline to an area for dewatering, followed by material 
staging, disposal or reuse. Pipeline transport of dredged sediments is a common and often cost effective 
way of transporting dredged material to a disposal facility. If the sediment dewatering site is close to the 
dredge area, the dredge pump may be all that is needed to pump the material; however increases in 
elevation gradient or pumping distance will require the use of booster pumps to transport the dredged 
slurry. Pipelines used to transport the sediment are either supported by buoys (floating pipeline) or 
anchored (submerged pipeline) to the bed of the lake. It is likely that both methods will be necessary for 
this project. The floating pipeline is the most convenient for monitoring and maintenance, while the 
submerged pipeline will allow boat traffic to cross over it. Pipelines should be marked and boaters made 
aware of its presence. No wake and no anchor zones may be needed to prevent damage to the pipeline 
during dredging. If the sediment dewatering area is not located adjacent to the lake, a pipeline corridor 
will be required. Ideally, the pipeline corridor will provide easy access to the pipeline for inspection and 
maintenance of the pipeline and booster pumps.  

2.5 Dewatering of Dredged Material 
Dewatering of dredged sediment can occur by gravity separation, air-drying, mechanical filtration, and or 
stabilization/solidification. This section focuses on gravity separation and air drying using a confined 
disposal facility (CDF) and mechanical dewatering using a polymer and rapid dewatering system (RDS). Of 
the dewatering methods mentioned, the CDF and RDS methods are the most applicable to the Fountain 
Lake project because of the anticipated dredge volumes and hydraulic dredging methods proposed for 
this project. The following sections further describe the sediment dewatering methods and constraints 
that should be considered for the design, environmental review and permitting. 

2.5.1 Confined Disposal Facility 
Confined disposal facilities (CDFs) are typically earthen diked areas used to contain hydraulically dredged 
material and allow for gravity separation of sediment and water. Hydraulically dredged material is 
discharged into the CDF, gravity settling occurs, and the decant water is discharged from the CDF. 
Typically, a series of water quality ponds, filtration or other best management practices are required to 
treat the decant water for suspended solids, phosphorus and other water quality parameters prior to 
discharging to the receiving water body. NPDES discharge permits are typically required for operation of a 
CDF. Potential drawbacks to CDFs include long dewatering time (>5 years) for fine-grained sediments 
(silts and clays), managing the decant water, size of the facility (land requirements) needed, and 
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maintenance of the dikes surrounding the facility. Construction of a CDF may also require a dam safety 
permit from the MDNR based on specific dike height and CDF impoundment volume criteria. 

2.5.1.1 Long-Tube Column Settling Test 
A long-tube column settling test was completed by Test America in accordance with USACE requirements 
(USACE, 2003). This test is used to estimate the rate of sediment particle settling in a CDF. The long-tube 
column settling test consists of mixing sediment proposed for dredging with lake water and then adding 
the slurry into an 8-inch diameter column at least 6.4-feet tall with sample ports located at least every 
6 inches. Samples are collected from the ports at specified time intervals and analyzed for total suspended 
solids and turbidity. The Test America laboratory report for the long-tube column settling test is included 
in Appendix E.  

2.5.1.2 Confined Disposal Facility Sizing 
The long-tube column settling test showed long settling times for Fountain Lake sediment to meet state 
turbidity standards. Significant land area (more than 1,000 acres of land) would be needed for a CDF if 
gravity settling alone were used to meet water quality standards for turbidity, which is not cost-effective. 
Therefore, a CDF area was estimated for solids storage of one million cubic yards (in-situ volume) of 
hydraulically dredged sediment following USACE design manual EM 1110-2-5027  (USACE, 1987) 
requirements; assuming a flat bottom CDF, 15-foot tall dike, and a 12-inch diameter hydraulic dredge 
pumping dredged material to the CDF. Using these assumptions, the calculated minimum CDF area would 
be approximately 100 acres. Additional land would also be needed for dike construction and property set-
backs. Therefore, based on the above assumptions, approximately 150 acres of land would be needed to 
construct a 15-foot tall CDF that could hold one million cubic yards (in-situ volume) of hydraulically 
dredged sediment, requiring solids filtration or flocculation to meet state turbidity standards. The actual 
land area needed to meet storage requirements will be highly dependent upon existing site conditions, 
permit requirements, dike height, dredge size, and volume of dredged material.  

2.5.1.3 Confined Disposal Facility Effluent Water Quality 
An effluent elutriate test (EET) was completed by Test America to estimate the CDF effluent water quality. 
The EET consists of mixing the sediment proposed for dredging with lake water for one hour and then 
allowing that slurry to settle for up to 24-hours, that elutriate is then centrifuged/filtered and the 
dissolved phase analyzed for constituents of interest. The results of the EET as compared to Minnesota 
surface water standards (chronic and acute) for Class 2B surface waters are provided in Table 2-5 and the 
laboratory report is included in Appendix E. Estimated unionized ammonia concentrations were calculated 
using the range of observed water temperatures and pH during historic Fountain Lake water quality 
measurements and are summarized in Table 2-6. 

The EET results (identified as “Fountain Lake EET Testing” on Table 2-5) suggest that at the CDF effluent 
and no water treatment: 
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• chronic surface water standards at the point of discharge may be exceeded for aluminum (total), 
chromium (total – as compared to hexavalent chromium standard), copper (total), lead (total), 
mercury (total and dissolved) and phosphorus (total and dissolved)  

• acute surface water criteria will likely not be exceeded at the point of discharge for the 
compounds analyzed 

It should be noted that unionized ammonia was not analyzed for this sample. In addition, the results 
included in this table that exceed the Class 2B surface water standards do not represent water 
concentrations after water treatment. Conventional water treatment should be capable of treating effluent 
water to concentrations that meet surface water standards. However, additional testing and evaluation 
would be needed to determine the actual treatment train. 

2.5.2 Rapid Dewatering System 
The rapid dewatering system (RDS) is an alternative dewatering method to a CDF. The RDS is a mechanical 
and polymer treatment system used to dewater fine-grained sediment that comes directly from a 
hydraulic dredge. The RDS summarized here is the Genesis Water AquaScreen™ system. Product literature 
for this technology is provided in Appendix F. The RDS removes free water from fine grained sediments, 
such as clays, silts, and organics as small as 0.0007 micron at the same rate it is dredged. The RDS is a 
modular system that can be scaled up to meet project requirements. Each modular unit is designed to 
handle inflow of up to 2,500 gallons per minute, depending on the material type. The RDS is brought to 
the site by over-the-road trucks and can be land or barge mounted, requiring a small footprint (typically 
less than five acres, which also includes area for stockpiling dewatered material). A level and firm footprint 
is required for the RDS, typically cement stabilized soil. After a dredging season the equipment can be 
removed for use at a different site or winterized and left at the site for the next dredging season. 

The RDS treatment train is summarized below: 

1. Hydraulically dredged material is pumped from the dredge to the RDS. 

2. The first step of the RDS removes coarse grained material, such as: coarse debris, gravel, and 
sand. The remaining water and fine-grained sediment is pumped to the polymer dosing unit. 

3. Polymer is added to the incoming slurry to flocculate the remaining fine grained material. The 
flocculated material is pumped to the AquaScreen for dewatering. 

4. The AquaScreen separates the solids and free water.  

o The dewatered solids that come out of the AquaScreen are truckable and stackable.  

o The manufacturer (Genesis Systems) stated that the polymers used for flocculation do not 
hinder using the dewatered solids for beneficial reuse; only the sediment characteristics 
and site specific beneficial use requirements need to be considered.  

o The free water is clarified and ready for further treatment or discharge to the receiving 
water body, depending on NPDES discharge requirements.  
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2.5.2.1 Rapid Dewatering System Effluent Water Quality 
Polymer testing of composited Fountain Lake sediment was completed by SNF, Inc. and used to 
determine polymer dosage and to evaluate effluent water quality from the RDS. The testing consisted of 
identifying polymers that would effectively flocculate Fountain Lake sediment and then determining the 
appropriate polymer dosage. Once the appropriate polymer dosage was identified, jar tests were 
completed and the free water was collected and analyzed by Test America to estimate RDS effluent water 
quality. The results of the RDS effluent water quality testing as compared to Minnesota surface water 
standards (chronic and acute) for Class 2B surface waters are provided in Table 2-5 and the Test America 
laboratory report is included in Appendix E. 

The RDS effluent results (identified as “Fountain Lake RDS EFF Testing” on Table 2-5) suggest that after 
sediment flocculation and without water treatment: 

• chronic surface water standards may be exceeded for phosphorus (total) and copper (total) at the 
point of discharge 

• acute surface water criteria will likely not be exceeded at the point of discharge for the 
compounds analyzed 

It should be noted that this water sample was not filtered and unionized ammonia was not analyzed 
because of the small sample volume available. Therefore, only total concentrations are provided for this 
sample on Table 2-5. In addition, the results included in this table that exceed the Class 2B surface water 
standards do not represent water concentrations after water treatment. Conventional water treatment 
should be capable of treating effluent water to concentrations that meet surface water standards. 
However, additional testing and evaluation would be needed to determine the actual treatment train. 

2.5.3 Dredged Material Dewatering Areas 
As described in the Managing Dredge Material in the State of Minnesota guidance document (MPCA, 
2014), dredged material is defined as a “waste” and “other waste material” by Minn. §Stat. 115.01. The 
MPCA is responsible for regulating the management and disposal of dredged material in the state of 
Minnesota therefore responsible, as set forth in Minn. §Stat. 115.03, subd. 1(e). The Managing Dredge 
Material guidance document also defines disposal as “storage of dredged material at a site for more than 
one year, which begins when dredged material is first placed at the storage site”.  

Given this definition and the length of time that will be required to dewater sediment in a CDF, dredged 
material dewatering areas were screened using criteria included in the Managing Dredge Materials in 
Minnesota guidance document (MPCA, 2014) and Minnesota Rules Chapters 6105, 6210, and 7035. The 
logistical criteria used to identify potential dredged material dewatering areas included aspects that would 
affect project design, coordination, and planning. These included parcel size, distance from the lake, 
proximity to residential areas, etc. The screening criteria are summarized Table 2-7 and also shown on 
Figure 2-9.  
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2.5.4 Dewatered Material Management 
The two dewatering methods described in this report, CDF and RDS have important short and long-term 
management needs that should be carefully considered for design, environmental review, permitting and 
project implementation. These considerations are dependent upon the dewatering method used and 
whether or not there is a need for the dewatered material to be beneficially reuse. A preliminary list of 
management considerations for each dewatering method is included below. 

Confined Disposal Facility (CDF) 
• Large land areas required for CDF 

• Pipeline route from dredge to CDF 

• Long sediment dewatering time 

• Short and long-term management of CDF  

o Odors from dewatered sediment 

o Site security while sediment is dewatering  

o Effluent discharge 

o Winterization of pipeline and equipment 

• Final use of dredged material in CDF 

o Remain in place 

o Beneficial reuse 

• Cost 

Rapid Dewatering System (RDS) 
• Small land areas required for RDS 

• Preferred location is adjacent to lake 

• Real-time sediment dewatering  

• No long-term management if dewatered sediment is beneficially reused 

• Equipment is modular and more suitable for project phasing than CDF 

• Cost 
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3.0 Evaluation of Water Quality  
Fountain Lake is a complicated shallow lake system; in which climate conditions, external phosphorus 
loading to the lake and internal phosphorus loading from lake sediment have a significant effect on water 
quality. These factors need to be considered holistically when developing a lake management strategy for 
Fountain Lake. This section summarizes Fountain Lake water quality, describes the water quality model 
developed for Fountain Lake and the predictive simulations used to evaluate how Fountain Lake water 
quality may respond with the removal of phosphorus rich sediment from Fountain Lake sediment and by 
continuing efforts to decrease nutrient loads entering Fountain Lake. 

3.1 Summary of Current Water Quality 
In 2008 Fountain Lake was added to the Minnesota Pollution Control Agency’s Impaired Water List citing 
“aquatic recreation” as the impairment and “nutrients/eutrophication” as the cause of the impairment. 
This impairment was largely based upon summer average (June 1 through September 30) total 
phosphorus and chlorophyll a concentrations, and Secchi disk depths in the surface waters of Fountain 
Lake. Impairment is indicated by summer average lake surface measurements that consistently exceed 
0.09 mg/L (90 µg/L) total phosphorus, 0.03 mg/L (30 µg/L) chlorophyll a, and 0.7 meters (2.3 feet) Secchi 
disk depth. The historic mean summer average phosphorus and chlorophyll a concentrations are 279 µg/L 
and 83 µg/L, respectively (2005 – 2013) for the Main Bay of Fountain Lake. 

As described in the total maximum daily load (TMDL) study (Barr, 2012), internal lake processes strongly 
influence Fountain Lake water clarity and quality. According to the TMDL, annual phosphorus loads are 
65 percent internal (e.g., phosphorus release from lake bottom sediment) and 35 percent external (urban 
stormwater, tributary inflows, wet and dry atmospheric deposition). The external phosphorus loading 
calculated for 2005 through 2013 (Figure 3-1) varies significantly, with annual loading ranging from 
2,500 kg to 33,000 kg. This wide range illustrates how annual climate variability has a significant effect on 
TP loading, even with significant upstream BMPs. 

Evaluation of water quality data collected in Fountain Lake suggests that the water quality of Fountain 
Lake is also strongly influenced by two primary lake characteristics: (1) the shallow nature of the lake, and 
(2) low clarity of the lake water throughout the open water season. These features appear to affect 
phytoplankton growth (measured as chlorophyll a) as well as total and ortho-phosphate concentrations in 
the water column. Ortho-phosphate concentrations are elevated during the summer. These elevated 
ortho-phosphate concentrations are primarily from lake bottom sediments (internal loading) and are not 
readily used by phytoplankton in the summer (for most phosphorus limited lakes, ortho-phosphate 
concentrations are low). The poor relationship between phosphorus and phytoplankton growth 
(Figure 3-2) also supports the conclusion that phytoplankton growth is limited by other factors, primarily 
light limitation. 

3.2 Water Quality Model 
The Delft3D model was used to simulate the complex hydrodynamic and biological processes that occur 
within the Fountain Lake system. The Delft3D model has three primary functions: (1) to predict the 
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movement of water through lakes as well as the movement of water in the lake water column, (2) to track 
a wide range of constituents that make up the water quality of a lake, and (3) to estimate the movement 
of constituents into and out of lake sediments. Delft3D is a “mechanistic” model, meaning the variables 
are interdependent and changes to one variable will affect other variables. The model uses climate, 
external water and water quality inputs, lake bathymetry, and lake sediment chemistry to predict how 
water moves, how constituents transform, how chemistry changes, and how some biota 
(e.g., phytoplankton) respond to all these inputs. The model can simulate the following functions:  

• Account for the inputs, losses, and transformations of nutrients and other critical water quality 
parameters such as dissolved oxygen 

• Determine the hourly effect of climate on lake temperature, water movement in the lake water 
column, and diffusion of oxygen into and out of the lake water column. 

The Delft3D model of Fountain Lake includes a dynamic mass balance. This modeling function is essential 
to properly evaluate the effect of dredging on interrelated chemical and biological processes. For 
example, organic phosphorus, which originates from phytoplankton decay, also decays and feeds the 
mobile phosphorus pool. Nitrate in the water column will also change to become nitrogen in sediments. 
The phosphorus in bottom sediments will also change in chemical composition and concentration over 
time. Dredging will alter all of these dynamic processes within Fountain Lake to some extent. 

The model of Fountain Lake was developed using climatic data and water quality monitoring data from 
2006 (for most water quality parameters) and 2013 (for selected parameters including silica, dissolved and 
total organic carbon, nitrogen species). For reference, 2006 was an average year during the time period 
when detailed water quality and hydrodynamic monitoring occurred in Fountain Lake and its watershed 
2005-2013). Therefore, the 2006 hydrodynamic year is considered to be a good baseline year for 
evaluating the dynamic processes within Fountain Lake and the potential impacts of various dredging and 
phosphorus loading conditions on Fountain Lake water quality.  

The Delft3D model developed for Fountain Lake uses the following modules: 

• Hydrodynamic module 

• Water quality module 

• Ecological module (for phytoplankton growth) 

The Delft3D model developed for Fountain Lake does NOT simulate the effects of: 

• Zooplankton 

• Fish 

• Plants 

• Anticipated changes in climate conditions 

• Complete water chemistry (e.g., equilibrium chemistry of the carbonate system, metals, etc.) 
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3.2.1 Model Calibration 
Calibration is the task of adjusting model parameters so the processes simulated in the model more 
closely reflect the actual, unique lake system based on observed data. The Fountain Lake model was 
calibrated using monitoring data collected in 2006 from the Main Bay and Edgewater Bay. Since Delft3D is 
a “mechanistic” model with many of the variables and coefficients being inter-related, model calibration is 
an especially complex process, as equations (e.g., coefficients) cannot be modified to simply force 
calibration. The Delft3D model contains a series of equations that describe several relationships, for 
example, the rate of phytoplankton growth or the relationship between dissolved oxygen in lake sediment 
and phosphorus release from sediments. Carrying this example forward, for many lakes the resident 
phytoplankton are different and the sediment chemistry is specific to a particular lake. Model calibration 
involves making slight changes to the equations that describe the relationships for these, and many other, 
lake functions.  

In general, there was good agreement between lake water quality measurements and the Fountain Lake 
model predictions and the calibration deemed acceptable. Figures 3-3 and 3-4 show comparisons 
between measured and modeled total phosphorus, ortho-phosphate and chlorophyll a concentrations in 
the surface water in Edgewater Bay and the Main Bay of Fountain Lake, respectively. Figures 3-3 and 3-4 
also show comparisons of clarity (Secchi Disk depths) and dissolved oxygen concentrations at the surface 
and bottom for Edgewater Bay and the Main Bay, respectively. As shown in Figures 3-3 and 3-4, the 
model was able to capture the complex water movements (lake hydrodynamics) and dynamic water 
quality conditions of Fountain Lake. 

The model calibration process and interpretation of the model results identified and/or confirmed some 
key characteristics of Fountain Lake and its dynamic biological and chemical processes: 

•  Phosphorus release from lake sediments occurs shortly after dissolved oxygen declines in the 
water column. Dissolved oxygen also changes readily in response to frequent periods of 
stratification and mixing in Fountain Lake. 

• Lack of light availability, due to high concentrations of dissolved organic matter and 
phytoplankton shading, limits the growth and maximum population size of phytoplankton in 
Fountain Lake (versus phosphorus limiting phytoplankton growth) 

• Elevated summer ortho-phosphate concentrations in the water column are primarily from internal 
lake processes (i.e., internal loading).  

3.2.2 Predictive Model Simulations 
After model calibration, several predictive simulations were completed and the results used to evaluate 
the relative effects that dredging and external nutrient loading could have on Fountain Lake water quality. 
Because the annual hydrodynamic computations for Fountain Lake take a significant amount of 
computing time (one month computing time), the same hydrodynamic year (2006) was used for all 
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predictive simulations included in this report. The 2006 hydrodynamic simulation includes flow into and 
out of the lake. The conditions held constant for each modeled predictive simulation included: 

• 2006 hydrology (flow into and out of the lake was assumed constant) 

• 2006 water quality in tributaries including nutrients, dissolved oxygen, sulfate, silica, and dissolved 
organic carbon 

• 2006 climatic conditions such as wind speed, air temperature, precipitation, and solar radiation 

3.2.2.1 Dredging Scenarios 
Two potential dredging scenarios were identified based on the measured concentrations of phosphorus in 
the lake sediments, and the depths of sediment removal likely to have the most significant effects on 
reducing internal phosphorus loading. The two modeled dredging scenarios are shown on Figures 2-4 
and 2-5 and include 1) a shallow dredge scenario, and 2) a deep dredge scenario, respectively. A “no 
dredging” condition was also evaluated as a third scenario.  

The shallow dredge scenario assumes that the lake (or portions thereof) would be dredged to remove the 
depth of sediment that corresponds to the general depth where a significant change in mobile 
phosphorus (also often called iron-bound phosphorus) concentration was observed. An example of this 
depth is shown in Figure 3-5, which shows the changes in phosphorus concentration throughout a sample 
sediment core from the Main Bay of Fountain Lake (blue line indicates mobile phosphorus concentration). 
The deep dredge scenario was defined as the general depth within the sediment cores where a significant 
change in organic-bound phosphorus concentration was observed (see red line on Figure 3-5). The 
shallow and deep dredge conditions evaluated using the Delft3D model represent the two dredging 
conditions that would have the most significant effects on reducing internal phosphorus loading.  

These dredging scenarios were used to define a range of potential dredge volumes and water depths that 
could be created as part of the restoration of Fountain Lake. These dredge prisms are preliminary and will 
require further design based on more detailed evaluation of site constraints, lake habitat and water quality 
improvement goals, and stakeholder input during the design phase of the project. 

3.2.2.2 Sediment Oxygen Demand 
Sediment oxygen demand was incorporated into the predictive model simulations. Sediment oxygen 
demand is the amount of oxygen consumed by the microorganisms metabolizing the available carbon in 
the sediment surface. Sediment with greater available carbon concentrations will have greater sediment 
oxygen demand because microorganisms in the sediment will require more oxygen to metabolize the 
available carbon. Sediment oxygen demand is a critical model parameter for evaluating internal loading, 
as the greater the sediment oxygen demand, the greater the potential for the sediment to become 
anaerobic (oxygen is consumed before all available carbon is consumed). Anaerobic sediments result in a 
greater potential for internal phosphorus loading, as less oxygen results in more release of iron-bound 
phosphorus from sediments. Results of modified biological oxygen demand tests from Fountain Lake 
were used to determine the relative sediment oxygen demand at various depths for six areas of the lake. 
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In general, sediment oxygen demand decreases with depth, but the relative rate of sediment oxygen 
demand varies throughout the lake as shown on Figures 2-6a and 2-6b.  

3.2.2.3 External Loading Scenarios 
Phosphorus loading to Fountain Lake can vary significantly. Figure 3-1 shows the range of annual 
phosphorus loading that can occur (loads calculated for 2005 through 2013 where both phosphorus and 
flow data were either available or predicted). Using the calibrated Delft3D model and conducting model 
simulations on an hourly time-step, model runs were conducted using three external loading scenarios 
corresponding to low (2,235 kg/yr or 4,924 lbs/yr), medium (14,069 kg/yr or 30,995 lbs/yr), and (27,547 
kg/yr or 60,686 lbs/yr ) phosphorus loads. These phosphorus loads were calculated on an annual basis, 
but loads were input into the model using the hourly time-step to see how the range of loads would 
affect Fountain Lake water quality. Unless otherwise indicated, the 2006 loading conditions (11,240 kg/yr 
and 24,763 lbs/yr) were used for short-term (1-year) predictive simulations. 

3.2.2.4 Summary of Predictive Simulations 
The following predictive simulations were conducted and used to evaluate the potential effects that 
dredging and external nutrient loading could have on Fountain Lake water quality: 

1. Short-term (one open-water season), 2006 phosphorus loading rate, and various 
dredging conditions (no dredging, shallow dredge, and deep dredge) 

These simulations were used to evaluate the relative short-term effects of various dredging scenarios 
with no change in external phosphorus loading conditions. Figures 3-6 and 3-7 compare the 
predicted ortho-phosphate, total phosphorus and chlorophyll a concentrations and water clarity 
during the 2006 summer modeling period under the three dredging scenarios for Edgewater Bay and 
Main Bay, respectively, assuming fixed 2006 external phosphorus loading rates. 

One of the effects of the “deep dredge” scenario is more pronounced thermal stratification. Figure 3-8 
compares the predicted temperature profile throughout the Edgewater Bay water column under the 
‘no dredging’ and ‘deep dredging’ scenarios. Figure 3-9 shows the predicted chlorophyll a 
concentrations at the surface, mid-depth, and bottom of Edgewater Bay under the “no dredging” and 
“deep dredge” scenarios, respectively, demonstrating the impact of the longer periods of thermal 
stratification.  

2. Short-term (one open-water season), no dredging, and various external 
phosphorus loading conditions (low, medium and high) 

These simulations were used to evaluate the relative short-term effects of various external loading 
conditions with an assumption of no dredging (existing bathymetric conditions). The external 
phosphorus loading assumptions used to represent low, medium, and high loading rates were 
selected based on a ranking of the calculated external total phosphorus loads from the four major 
tributaries to Fountain Lake from 2005 to 2013 (see Figure 3-1). The ‘low’ external loading condition 
reflects the 10th percentile load, the ‘medium’ condition reflects the 50th percentile load, and the ‘high’ 
condition reflects the 90th percentile load.  
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Figure 3-10 compares the predicted total phosphorus and chlorophyll a concentrations in Edgewater 
Bay and Main Bay during the 2006 summer modeling period under three external phosphorus loading 
scenarios.  

3. Long-term (ten years), various external phosphorus loading conditions (low, 
medium and high), and two dredge scenarios (existing and deep dredge) 

These simulations were used to evaluate the relative long-term effects of both dredging and various 
external phosphorus loading conditions on Fountain Lake water quality. Figures 3-11 and 3-12 show 
the estimated long-term (ten year) total phosphorus and chlorophyll a concentrations, respectively, 
under various external phosphorus loading conditions and “no dredging”  and “deep dredge” 
scenarios to the MPCA criteria for phosphorus and chlorophyll a, respectively.  

Figure 3-13 shows the predicted long-term (ten year) change in mobile phosphorus concentrations in 
the Main Bay lake sediment under various external phosphorus loading conditions for the “no 
dredging” and “deep dredge” scenarios, respectively.  

3.2.3 Summary of Results 
The predictive simulations described in this report were used to evaluate a range of potential lake 
management strategies that include managing external nutrient loading to the lake and reducing the 
internal phosphorus load to Fountain Lake by dredging sediment with high phosphorus concentrations. 
These predictive simulations incorporate the many interrelated mechanisms that affect the water quality 
and clarity of Fountain Lake. These predictive simulations are not intended to cover every condition that 
might occur, but to provide perspective and identify some of the key mechanisms that need to be 
considered when developing a lake management strategy for Fountain Lake.  

The predictive simulation results identified the following conclusions that should be considered when 
developing a lake management strategy for Fountain Lake:  

• Management of internal lake phosphorus loading AND external phosphorus loading will be 
needed in order to approach MPCA water quality standards for Fountain Lake  (see Figures 3-6, 
3-7, 3-11, 3-12, and 3-13) 

• Improved control of internal lake phosphorus loading AND external phosphorus loading will 
improve water quality and clarity, but still may not meet MPCA water quality standards for 
Fountain Lake (see Figures 3-7, 3-8, 3-10, 3-11, and 3-12) 

• Dredging will remove a significant portion of phosphorus-rich sediment from Fountain Lake (see 
Figures 2-4, 2-5, and 3-5) 

• Climatic conditions have a significant effect on external phosphorus loads that enter Fountain 
Lake (see Figure 3-1) 

• Reduction of external phosphorus loading to Fountain Lake is important, but can be done in 
parallel with internal lake management efforts (see Figures 3-6, 3-7, 3-11, 3-12, and 3-13)  
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• Dredging will deepen the lake, bringing about more pronounced thermal stratification that results 
in: 

o Longer periods of pronounced thermal stratification (see Figure 3-9) 

o Larger zone of pronounced thermal stratification (see Figures 3-9 and 3-10)  

o Fewer periods of complete mixing throughout water column (see Figure 3-9) 

• Greater lake depths will reduce phytoplankton growth 

o Light will not penetrate the deeper zones of the lake. Deepening the lake results in a 
larger proportion of lake volume that does not support phytoplankton growth  

o Greater periods of thermal stratification results in less time that the water column is 
completely mixed, which reduces the lake volume that is suitable for phytoplankton 
growth and provides a notable reduction in chlorophyll a concentrations (see Figures 3-6, 
3-7, 3-9 and 3-12) 

 Lower phytoplankton densities in the water column will result in less phosphorus 
uptake by phytoplankton (see Figures 3-6 and 3-7) 

 Increased water clarity as a result of lower phytoplankton densities in the water 
column (see Figures 3-6 and 3-7) 

• External nutrient loading control alone has a pronounced effect on total phosphorus 
concentrations in Fountain Lake, but chlorophyll a concentrations do not change in proportion to 
phosphorus reductions, suggesting that in-lake phosphorus loading controls phytoplankton 
growth and in part, water clarity (see Figures 3-2, 3-6, 3-7, 3-10, 3-11 and 3-12) 

• Dredging will have a pronounced long-term effect on water quality and water clarity, primarily 
phytoplankton growth and chlorophyll a concentrations (see comparison of Figures 3-12 

• Dredging will result in longer lake residence times and thus, more deposition of fine-grained 
particles (e.g., sediment and phytoplankton). These particles will eventually settle to the bottom of 
the lake and over time result in surficial post-dredge sediment mobile-phosphorus concentrations 
similar to pre-dredge sediment concentrations. However, the increased thermal stratification and 
volume created by dredging will help maintain low chlorophyll a concentrations (e.g., inhibited 
phytoplankton growth) and will help maintain post-dredge water quality (see Figures 3-11, 3-12, 
and 3-13). 
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3.3 Lake Management Considerations 
3.3.1 Water Quality Benefits  
The predictive simulation modeling included in this report shows that dredging Fountain Lake will result in 
water quality benefits, including:  

• Reductions in average and maximum summer total phosphorus concentrations 

• Reductions in the frequency and magnitude of phytoplankton blooms (chlorophyll a) 

• Notable reductions in the average chlorophyll a concentrations 

• Increased average and maximum summer water clarity (Secchi disk depths) 

3.3.2 Other Water Quality Considerations 
Although the modeling predicts water quality benefits from dredging that include reductions in 
phosphorus and phytoplankton concentrations and clarity improvements, other lake processes occur and 
these processes need to be considered when developing a lake management plan for Fountain Lake. 
These factors are discussed in further detail below. 

3.3.2.1 Aquatic Plant Response 
Improved water clarity and more light penetration may lead to increased plant growth. Aquatic plants are 
part of a healthy shallow lake ecosystem, with benefits including: 

• Improved fisheries habitat 

• Increased dissolved oxygen concentrations in the water column, which can reduce internal 
phosphorus loading 

• Dampening of wave energy created by boats and wind 

• Increased light shading in portions of the lake during the growing season, which can reduce 
phytoplankton populations 

However, since there currently are no significant plant densities throughout Fountain Lake (excluding 
Bancroft Bay), improvements in water clarity may result in increased plant growth in Fountain Lake. 
Therefore, a plan may need to be developed and could include monitoring, evaluation, and managing 
aquatic plants in Fountain Lake as needed.  

3.3.2.2 Dissolved Oxygen Concentrations 
Because Fountain Lake will be deeper with dredging, there will be less frequent mixing of the lake and 
longer durations of depressed dissolved oxygen concentrations in the bottom of the water. Under certain 
lake mixing conditions, this may result in low dissolved oxygen concentrations throughout the lake water 
column after mixing occurs. 
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4.0 Preliminary Assessment of Permits and 
Environmental Review 

This section summarizes the preliminary assessment of potential permitting and environmental review 
requirements for Fountain Lake Restoration. Additional input is needed from permitting agencies for 
design and for determining the scope of additional data needs that are necessary to meet environmental 
review and potential permit requirements.  

4.1 Minnesota Environmental Assessment Worksheet (EAW) 
The Minnesota Environmental Review Program requires review of certain projects that may have 
significant possible environmental impacts. The program is administered by the Minnesota Environmental 
Quality Board (EQB), but a unit of government is assigned to conduct the review using a standardized 
public process to disclose information about environmental effects and methods to minimize or avoid 
them. This is not an approval process; it is specifically designed as an information gathering process to 
help permitting authorities make better-informed decisions regarding the project. Local, state, and federal 
regulatory agencies enforce the protection measures identified in the review under their individual 
regulatory jurisdiction. Permits cannot be issued until this process is completed and the project is deemed 
acceptable. 

Under the Minnesota Environmental Review Program, an Environmental Assessment Work Sheet (EAW) 
will be required in accordance with Minnesota Rules (Section 4410.4300 Subp. 27a) for projects that 
change or diminish the course, current, or cross-section of one acre or more of any public water. The 
Local Government Unit (LGU) would be the responsible government unit (RGU) for preparing the EAW.  

Per the EQB, the EAW process includes these four major steps: 

1. The project proposer supplies all necessary data to the RGU, which is assigned responsibility to 
conduct the review according to EQB rules. 

2. The RGU prepares the EAW by completing the standard form supplied by the EQB. 

3. The EAW is distributed with public notice of its availability for review. The comment period is 30 
calendar days. Certain state, federal and local agencies always receive EAWs for review. Any 
person may review and comment in writing on an EAW. A public meeting to receive comments is 
optional at the discretion of the RGU, but is not commonly held. 

4. The RGU responds to the comments received and makes a decision on the need for an EIS based 
on the EAW, comments received and responses to comments. The RGU and other units of 
government may require modifications to the project to mitigate environmental impacts as 
disclosed through the EAW process. 



 
 

32 
 

4.2 Environmental Impact Statement (EIS) 
If an EIS is required for the proposed Fountain Lake Restoration project, it will follow a similar, but 
typically more involved process than the EAW. The EIS will require additional data that is defined at the 
end of the EAW process. This may require an all-encompassing EIS that evaluates multiple alternatives 
and requires multiple data collection efforts, or if only a few data needs are identified, a focused EIS that 
addresses the specific data needs defined from the EAW process. Ultimately, the EIS record of decision will 
be used to determine whether or not the project can move forward as proposed. If the project can move 
forward as proposed, then a similar process will be followed as described at the end of the EAW section. If 
not, the project cannot move forward as proposed. 

4.3 Protected Waters Permit 
A permit is required for projects proposing to remove or eliminate contaminants within a Public Water in 
accordance with Minnesota Rules 6115.0215, Subp. 5.B.(3). The DNR has jurisdiction over this project 
below the ordinary high water line (OHWL) of Fountain Lake, which is set by the DNR. All work below the 
OHWL must be permitted by the DNR through the Joint Water/Wetland projects application form. 
Therefore, a permit for work in the beds of public waters will be required for dredging.  

4.4 Water Appropriations Permit 
If dredging involves withdrawing more than 10,000 gallons of water per day or one million gallons per 
year a DNR water appropriations permit may be required. However, these requirements may be included 
as part of the protected waters permit.  

4.5 Dam Safety Permit 
Construction of a CDF may require a dam safety permit from the MDNR if the height of the dike (dam) 
exceeds six feet and impoundment storage exceeds 15 acre-feet. According to the MDNR, dams that are 
less than 25 feet high and impound less than 50 acre-feet are exempt from state dam safety rules, unless 
there is a potential for loss of life due to failure or misoperation.  

4.6 Wetland Conservation Act Permit 
The Minnesota Board of Water Resources (BWSR) oversees the implementation of the Minnesota 
Wetlands Conservation Act (WCA), which is administered by Local Government Units (LGU) for work 
completed above the ordinary high water line (OHWL).  

4.7 Section 404 of the Clean Water Act Permit 
The U.S. Army Corps of Engineers (USACE) regulates impacts to Waters of the U.S. in accordance with the 
Federal Clean Water Act (CWA) (33 U.S.C. §1251). Section 404 of the CWA regulates discharges of dredged 
and fill material into Waters of the U.S. An Individual Permit (IP) may be required because the proposed 
project would affect more than 3 acres of wetland (below the OHWL).  
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4.8 Clean Water Act – Part 401 Certification 
Management of dredge return water will need to meet the water quality requirements of the Clean Water 
Act. This information would be reviewed by the MPCA as part of the 401 certification of the Section 404 
permit.  

4.9 NPDES Construction Permit 
The NPDES Construction Permit is administered by the MPCA. A permit is required for the disturbance of 
more than one acre of land. To receive the permit, a Stormwater Pollution Prevention Plan (SWPPP) for 
construction activities must be completed. The permit is generally issued within 7 to 30 days of receipt of 
a full application.  

4.10 Dredge Materials Management Permit 
The information included in this section are excerpts from the Managing Dredge Material in Minnesota 
guidance document (MPCA, 2014). 

Dredged material is defined as a “waste” and “other waste material” by Minn. Stat. § 115.01. It is therefore 
the duty of the MPCA, as set forth in Minn. Stat. § 115.03, subd. 1(e), to regulate the management and 
disposal of dredged material. 

The MPCA utilizes the regulatory controls of the State Disposal System (SDS) permitting program, as 
described in this guidance document, to address the environmental issues associated with the 
management of dredged material and discharges from the dredge project and/or management area(s). 

Depending on the situation, a permit may be required for the management of dredged material in the 
state of Minnesota. The type of permit required will vary, depending on the level of pollutant 
contamination in the dredged material, whether effluent is being discharged, and how the dredged 
material and/or effluent are being managed. 

Projects not requiring a permit are recommended to follow the guidance and BMPs described in this 
manual including submission of the “Notification to Manage Dredged Materials without a Permit” form. 
The MPCA is unable to provide additional technical assistance for these projects. The MPCA reserves the 
right to require a permit for any dredge material disposal or reuse if deemed necessary to achieve 
appropriate environmental protections. 

Types of permits 

Permits issued for the management of dredged material are issued under the authority of state SDS 
regulations. 

The SDS Program is structured to provide permit coverage for regulated activities in one of two ways: 

• Most commonly, an “individual permit” is developed to be specific to the activities and types of 
pollutants managed from the facility. 
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• Alternatively, if there are common pollutants and issues that create a similar discharge at a 
number of facilities, a single, “general” permit can be developed. 

Permits that would require identical limits and monitoring are more appropriately controlled by general 
permits. The more complex the discharge, the more likely an individual permit will be required. 

General permit 

General permit number MNG990000 was previously in place to authorize the management of dredged 
material for sites or projects meeting the criteria outlined in the permit. This permit is currently expired 
and is in the process of being reissued. 

Once the general permit is re-issued, a specific project or site for the management of dredged material 
may be appropriately covered by general permit number MNG990000 if the following conditions are true: 

• A characterization of the dredged material indicates the material is not a hazardous waste and is 
below the Soil Reference Values (SRVs) listed in the permit. 

• Any site for the storage, disposal and/or reuse of dredged material is operated to protect ground 
and surface water. 

Until the MNG990000 is re-issued, all projects required to obtain a permit are being issued individual 
permit coverage. To apply for a permit, a permit application must be completed and submitted, which is 
included in the appendices section of this document. Once the general permit is reissued, MPCA staff 
review the application and determine whether the activity can be covered under the general permit or 
whether it needs to have individual permit coverage. If a specific activity does not meet the applicability 
criteria set forth in the general permit, coverage cannot be granted, and would have to be covered under 
an individual permit. 

Individual permit 

An individual permit is developed for a specific project or site activity and situation in mind. In the 
application process, the following type of information would be submitted for the respective management 
area(s) and/or project(s) to be covered by the permit: 

• description of the dredge project and any management area(s) 

• location of the dredge project and any management area(s) 

• pollutants present in the material to be dredged 

If a permit is issued for the specific project or site activity, the permit will be unique to the project and 
provide specific terms and conditions that must be met to legally discharge pollutants to waters of the 
state. 

General Permit number MNG990000 authorizes the management of dredged material. 
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No permit required 

Some types of projects do not require a permit from the MPCA. For example, the following types of 
projects do not require a permit from the MPCA for the management of dredged material: 

• Projects involving dredged material originating from areas other than those described on page 2 
of this manual. 

• Projects involving the removal of less than or equal to 3000 cubic yards of material with no 
surface water discharge, and is either: 

o equal to or more than 93% sand, as determined by the grain size analysis 

o characterized as having contaminant values less than the relevant SRVs for the proposed 
disposal option 

o disposed at a site or landfill that already has an MPCA permit that is approved to manage 
dredged material (Industrial Waste Management Plan) 

o Projects involving the removal of more than 3000 cubic yards with no surface water 
discharge that is disposed at a site or landfill that already has an MPCA permit that is 
approved to manage dredged material (Industrial Waste Management Plan). 

For the purposes of making the de minimus determination, a “project” is defined as a discrete one-time 
excavation of material, or a series of dredging activities, such as with maintenance dredging, which 
involves multiple projects and multiple stages of a single project that are connected or phased actions. 
Dredged material from connected or phased actions are to be summed over the course of a five year 
permitting window and considered in total in making the de minimus determination. 

For projects not requiring a permit, information pertaining to the project is recommended to be 
submitted to the MPCA. A Notification to Manage Dredged Materials without a Permit (Notification) is 
used for this purpose. 

Notification 

A Notification to Manage Dredged Materials (Notification) is recommended to be completed and 
submitted for all projects not requiring an MPCA permit. A Notification form is located on the MPCA 
website: http://www.pca.state.mn.us/index.php/view-document.html?gid=6279 , and should be submitted 
at least 30 days prior to the initiation of dredge activities. 

Management requirements for unpermitted projects 

Dredged materials must be managed in a manner that protects ground and surface waters of the state. 
BMPs for the management of dredged material are specified in the MPCA fact sheet “Best Management 
Practices for the Management of Dredged Material” (wq-gen2-02, 12/11), included on the MPCA dredged 
materials website. 

http://www.pca.state.mn.us/index.php/view-document.html?gid=6279
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4.11 Prohibited/Regulated Invasive Species Permit 
The MDNR will require a prohibited/regulated invasive species permit for the transport of sediment that 
contains invasive species.  

4.12 Local City/County Requirements  
Other local permit requirements will likely also be needed for this project, but at this time have not been 
evaluated.  
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5.0 Opinion of Cost 
The opinions of cost described in this section provide a reasonable representation of the magnitude of 
costs to complete dredging and sediment dewatering activities based on the conditions at the site as 
currently understood. A range of potential costs has been applied to the cost estimates developed in this 
process to account for likely variations in approach that may develop as the scope of the project is refined 
and the design, environmental review, permitting and implementation activities progress. Proceeding with 
developing a more detailed dredge design will provide greater definition and certainty to the Fountain 
Lake Restoration project components and the associated costs including: defining final dredge prisms, 
selecting a sediment dewatering site, final use of dredged material, environmental review requirements, 
permit requirements, detailed design, and ultimately project implementation.  

The opinions of cost were prepared for two project components: 1) the costs for dredging, and 2) the 
costs for sediment dewatering and disposal. The costs of dredging are dependent on multiple factors, 
with the primary factors being the volume of material to be dredged and the unit cost of sediment 
removal. Figure 5-1 shows the estimated costs for dredging for a range of sediment removal volumes. 
Each line shown on the figure represents the estimated costs based on a specific unit cost for sediment 
removal ($/cubic yard). As shown in Figure 5-1, if the sediment removal unit cost is $15 per cubic yard, 
removal of one million in-situ cubic yards would cost approximately $15,000,000. However, with the 
potential sediment removal unit costs ranging from $5 per cubic yard to $25 per cubic, the costs to 
remove one million cubic yards of sediment could range from $5,000,000 to $25,000,000. 

The costs of sediment dewatering and disposal are also dependent on multiple factors, including the type 
of dewatering system selected and the distance of the dewatering site from Fountain Lake and from the 
disposal site(s). Figure 5-2 shows the range of estimated costs for sediment dewatering and disposal for 
two dewatering methods: 1) using a confined disposal facility (CDF) and associated pipeline to convey 
dredged materials from the lake, and 2) using a rapid dewatering system (RDS) and trucking of the 
dewatered sediment. The solid lines on the figure indicate the “best estimate” based on the available 
information, with the dashed lines reflecting a range of uncertainty of -30 percent to +50 percent. The red 
colored lines represent the estimated sediment dewatering and disposal costs using a CDF approach. The 
blue colored lines represent the estimated sediment dewatering and disposal costs using the RDS 
approach. As can be seen, for both of these dewatering approaches, the closer the dewatering site is to 
Fountain Lake, the lower the dewatering and disposal costs will be.  

The range of costs that has been applied to each of these project components is consistent with the 
Association for the Advancement of Cost Engineering (AACE) classifications: 

• Class 3 cost estimate, with an expected accuracy range of -15 percent to +20 percent of the final 
estimated value for the RDS and trucking costs (Figure 5-1)  

• Class 4 cost estimate, with an expected accuracy range of -30 percent to +50 percent of the final 
estimated value for the CDF and pipeline costs and dredging costs (Figure 5-2) 
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The following sources have been used to prepare this cost estimate: RSMeans Heavy Construction Cost 
Data; contractor bids from other projects; contractor estimates for the described scope of work; Texas 
A&M University Center for Dredging Studies Cost Estimation Worksheet; Shell Rock River Watershed 
District staff for land and local labor; and Barr Engineering Company (Barr) estimates and project 
construction costs. Contractor cost estimates were sought for items not identified in RSMeans or for items 
that required customization based on site conditions.   

It is our understanding that the concepts developed in this report will be used by the SRRWD to evaluate 
options for the site and to set long-range priorities for Fountain Lake restoration activities and will be 
refined as the design, environmental review, permitting and project implementation process progresses. 
The opinion of cost may change as more information becomes available. In addition, since we have no 
control over the cost of labor, materials, equipment, or services furnished by others, or over the 
contractor’s methods of determining prices, or over competitive bidding or market conditions, Barr 
cannot and does not guarantee that proposals, bids, or actual remedial action costs will not vary from the 
opinion of probable cost prepared by Barr.  

 

  



 
 

39 
 

6.0 References 
AACE, 2003. Recommended Practice No. 17R-97 – Cost Estimate Classification System. 

Barr Engineering Company 2009. Fountain Lake Sediment and Dredging Assessment. Prepared for the Shell 
Rock River Watershed District.  

Barr, 2012 Cedar River Watershed Turbidity, Excess Nutrients and pH Total Maximum Daily Loads. Prepared 
for Mower County Soil and Water Conservation District and the Minnesota Pollution Control Agency 

Pilgrim, et al., 2007. A method for comparative evaluation of whole-lake and inflow alum treatment. Water 
Research, 41 (2007) 1215-1224. 

Huser and Pilgrim, 2014. A simple model for predicting aluminum bound phosphorus formation and internal 
loading reduction in lakes after aluminum addition to lake sediment. Water Research, xxx (2014) 1-8. (in-
press) 

MDNR, 2013. Department of Natural Resources Designation of Infested Waters. December 16, 2013. 

MPCA, 2014. Managing Dredge Materials in the State of Minnesota. wq-gen2-01. April 2014. 

USACE, 2003. Evaluation of Dredged Material Proposed for Disposal at Island, Nearshore, or Upland 
Confided Disposal Facilities – Testing Manual. Technical Report ERDC/ES TR-03-1. 

USACE, 1987. USACE design manual EM 1110-2-5027 -  Confined Disposal of Dredged Material.  

Wenck, 2006. Bancroft Bay Sediment Depth Investigation and Proposed Dredging Contour Plan. Prepared 
for the Shell Rock River Watershed District. 

 



 

 

Tables 

  



Table 2-1
Sediment Sample Analytical Data Compared to MPCA Criteria

Fountain Lake
Albert Lea, Minnesota

Page 1 of 4
5/16/2014
P:\Mpls\23 MN\24\23241012 Fountain Lake Restoration\WorkFiles\DATA MGMT\Fountain Lake 2013 Criteria Table.xlsx
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Minnesota Soil 
Tier 1 SRVs

Minnesota Soil Tier 2 
Industrial SRVs

Effective Date 06/22/2009 06/22/2009
Exceedance Key Bold No Exceed
General Parameters
Carbon, total organic 63700 mg/kg 26900 mg/kg 45800 mg/kg 30400 mg/kg 51000 mg/kg 14200 mg/kg 53600 mg/kg 42700 mg/kg 22300 mg/kg 61500 mg/kg 47700 mg/kg 21200 mg/kg 55700 mg/kg 24800 mg/kg 73600 mg/kg 82100 mg/kg
Nitrate + Nitrite, as N 2.8 j mg/kg 1.6 jb mg/kg 1.6 jb mg/kg 2.6 j mg/kg 2.6 jb mg/kg 1.6 jb mg/kg 2.1 jb mg/kg 2.3 jb mg/kg 1.9 jb mg/kg 1.8 jb mg/kg 1.9 jb mg/kg 1.7 jb mg/kg 2.4 jb mg/kg 1.8 j mg/kg 2.8 j mg/kg 3.2 j mg/kg
Nitrogen, ammonia as N 220 mg/kg 100 mg/kg 64 mg/kg 280 mg/kg 370 mg/kg 24 mg/kg 130 mg/kg 150 mg/kg 35 mg/kg 190 mg/kg 170 mg/kg 28 mg/kg 100 mg/kg 46 mg/kg 150 mg/kg 140 mg/kg
Nitrogen, total kjeldahl (TKN) 10000 mg/kg 4000 mg/kg 5500 mg/kg 6300 mg/kg 9900 mg/kg 2000 mg/kg 9900 mg/kg 7400 mg/kg 4700 mg/kg 8600 mg/kg 5300 mg/kg 3800 mg/kg 7600 mg/kg 2800 mg/kg 15000 mg/kg 23000 mg/kg
Oil and Grease 1000 j mg/kg 250 j mg/kg 1000 mg/kg 500 j mg/kg 3300 mg/kg 380 j mg/kg 600 j mg/kg 1100 mg/kg 560 j mg/kg 930 j mg/kg < 300 mg/kg 390 j mg/kg 1500 mg/kg < 300 mg/kg 2000 mg/kg 3900 mg/kg
pH 6.83 pH units 6.87 pH units 6.74 pH units 7.05 pH units 6.92 pH units 7.25 pH units 7.13 pH units 6.87 pH units 7.31 pH units 6.99 pH units 6.80 pH units 6.97 pH units 6.97 pH units 7.01 pH units 7.06 pH units 7.07 pH units
Phosphorus, total 800 mg/kg 480 mg/kg 350 mg/kg 920 mg/kg 900 mg/kg 320 mg/kg 820 mg/kg 720 mg/kg 660 mg/kg 880 mg/kg 760 mg/kg 720 mg/kg 890 mg/kg 900 mg/kg 750 mg/kg 700 mg/kg
Solids, percent 31 % wt 49 % wt 48 % wt 31 % wt 30 % wt 50 % wt 31 % wt 38 % wt 45 % wt 30 % wt 47 % wt 47 % wt 35 % wt 46 % wt 25 % wt 22 % wt

Metals
Arsenic 9 mg/kg 20 mg/kg 5.7 j mg/kg 1.5 j mg/kg 3.3 j mg/kg 6.1 j mg/kg 6.5 j mg/kg 18 mg/kg 8.3 mg/kg 3.5 j mg/kg 4.2 j mg/kg 6.3 mg/kg 2.9 j mg/kg 2.6 j mg/kg 6.6 mg/kg 2.5 j mg/kg 4.8 j mg/kg 3.3 j mg/kg
Barium 1100 mg/kg 18000 mg/kg 210 mg/kg 200 mg/kg 130 mg/kg 270 mg/kg 240 mg/kg 200 mg/kg 290 mg/kg 290 mg/kg 320 mg/kg 260 mg/kg 200 mg/kg 310 mg/kg 260 mg/kg 340 mg/kg 190 mg/kg 190 mg/kg
Cadmium 25 mg/kg 200 mg/kg 0.61 j mg/kg 0.25 j mg/kg 0.53 j mg/kg 0.093 jb mg/kg 0.30 j mg/kg < 0.080 mg/kg 0.13 jb mg/kg < 0.045 mg/kg < 0.092 mg/kg 0.27 j mg/kg 0.10 jb mg/kg < 0.096 mg/kg 0.35 j mg/kg 0.18 j mg/kg 0.16 j mg/kg 0.30 j mg/kg
Chromium 87 CR mg/kg 650 CR mg/kg 18 mg/kg 14 mg/kg 13 mg/kg 18 mg/kg 14 mg/kg 8.6 j mg/kg 20 mg/kg 6.3 mg/kg 1.4 j mg/kg 14 mg/kg 9.9 mg/kg 2.2 j mg/kg 17 mg/kg 9.1 mg/kg 11 mg/kg 9.6 mg/kg
Copper 100 mg/kg 9000 mg/kg 21 mg/kg 15 mg/kg 20 mg/kg 18 mg/kg 16 mg/kg 14 mg/kg 19 mg/kg 8.7 mg/kg 3.2 j mg/kg 16 mg/kg 9.6 mg/kg 4.3 j mg/kg 19 mg/kg 17 mg/kg 14 mg/kg 14 mg/kg
Lead 300 mg/kg 700 mg/kg 16 mg/kg 7.6 mg/kg 7.6 mg/kg 14 mg/kg 12 mg/kg 6.3 j mg/kg 15 mg/kg 3.4 j mg/kg < 0.69 mg/kg 10 mg/kg 4.5 mg/kg < 0.71 mg/kg 11 mg/kg 5.1 mg/kg 8.9 mg/kg 5.3 mg/kg
Mercury 0.5 mg/kg 1.5 mg/kg 0.051 j mg/kg 0.033 j mg/kg 0.037 j mg/kg 0.054 j mg/kg 0.051 j mg/kg 0.030 j mg/kg 0.078 mg/kg 0.027 j mg/kg 0.0067 j mg/kg 0.071 mg/kg 0.030 mg/kg 0.0084 j mg/kg 0.092 mg/kg 0.036 j mg/kg 0.038 j mg/kg 0.014 j mg/kg
Nickel 560 mg/kg 2500 mg/kg 21 mg/kg 15 mg/kg 19 mg/kg 19 mg/kg 16 mg/kg 24 mg/kg 22 mg/kg 9.2 mg/kg 4.4 j mg/kg 16 mg/kg 9.8 mg/kg 6.8 mg/kg 20 mg/kg 16 mg/kg 16 mg/kg 18 mg/kg
Selenium 160 mg/kg 1300 mg/kg 0.82 j mg/kg < 0.28 mg/kg 3.4 j mg/kg 0.87 j mg/kg < 0.46 mg/kg < 1.2 mg/kg 1.0 j mg/kg < 0.70 mg/kg < 1.4 mg/kg 1.2 j mg/kg < 0.25 mg/kg < 1.5 mg/kg 2.2 j mg/kg < 0.56 mg/kg 1.1 j mg/kg 1.3 j mg/kg
Silver 160 mg/kg 1300 mg/kg < 0.039 mg/kg 0.038 j mg/kg 0.061 j mg/kg < 0.041 mg/kg < 0.043 mg/kg < 0.11 mg/kg < 0.040 mg/kg < 0.066 mg/kg < 0.13 mg/kg < 0.041 mg/kg < 0.023 mg/kg < 0.14 mg/kg < 0.035 mg/kg < 0.052 mg/kg < 0.046 mg/kg < 0.052 mg/kg
Zinc 8700 mg/kg 75000 mg/kg 99 mg/kg 48 mg/kg 62 mg/kg 81 mg/kg 66 mg/kg 50 mg/kg 81 mg/kg 35 mg/kg 16 j mg/kg 64 mg/kg 43 mg/kg 23 mg/kg 72 mg/kg 50 mg/kg 41 mg/kg 30 mg/kg

SVOCs
1-Methylnaphthalene < 0.0086 mg/kg < 0.0055 mg/kg < 0.0056 mg/kg < 0.0087 mg/kg < 0.0089 mg/kg < 0.0054 mg/kg 0.01 j mg/kg < 0.0071 mg/kg < 0.0060 mg/kg < 0.0089 mg/kg < 0.0057 mg/kg < 0.0058 mg/kg 0.012 j mg/kg < 0.0058 mg/kg 0.018 j mg/kg 0.013 j mg/kg
2-Chloronaphthalene < 0.0049 mg/kg < 0.0032 mg/kg < 0.0032 mg/kg < 0.0050 mg/kg < 0.0051 mg/kg < 0.0031 mg/kg < 0.0049 mg/kg < 0.0041 mg/kg < 0.0034 mg/kg < 0.0051 mg/kg < 0.0032 mg/kg < 0.0033 mg/kg < 0.0045 mg/kg < 0.0033 mg/kg < 0.0063 mg/kg < 0.0070 mg/kg
2-Methylnaphthalene 100 mg/kg 369 mg/kg < 0.0044 mg/kg < 0.0028 mg/kg < 0.0029 mg/kg < 0.0045 mg/kg < 0.0046 mg/kg < 0.0028 mg/kg < 0.0044 mg/kg < 0.0037 mg/kg < 0.0031 mg/kg < 0.0046 mg/kg < 0.0029 mg/kg < 0.0030 mg/kg < 0.0040 mg/kg < 0.0030 mg/kg < 0.0056 mg/kg < 0.0063 mg/kg
Acenaphthene 1200 mg/kg 5260 mg/kg < 0.0019 mg/kg < 0.0012 mg/kg 0.0036 j mg/kg < 0.0019 mg/kg < 0.0020 mg/kg < 0.0012 mg/kg < 0.0019 mg/kg < 0.0016 mg/kg < 0.0013 mg/kg < 0.0020 mg/kg < 0.0012 mg/kg < 0.0013 mg/kg < 0.0017 mg/kg < 0.0013 mg/kg < 0.0024 mg/kg < 0.0027 mg/kg
Acenaphthylene 0.0070 mg/kg < 0.0031 mg/kg < 0.0032 mg/kg 0.0067 mg/kg 0.01 mg/kg < 0.0031 mg/kg 0.0069 mg/kg 0.0084 mg/kg < 0.0034 mg/kg 0.0096 mg/kg 0.0055 mg/kg < 0.0033 mg/kg 0.0079 mg/kg < 0.0033 mg/kg < 0.0062 mg/kg < 0.0069 mg/kg
Anthracene 7880 mg/kg 45400 mg/kg 0.04 mg/kg 0.0032 j mg/kg 0.01 mg/kg 0.042 mg/kg 0.057 mg/kg 0.031 mg/kg 0.035 mg/kg 0.046 mg/kg 0.027 mg/kg 0.057 mg/kg 0.021 mg/kg 0.011 mg/kg 0.043 mg/kg 0.0035 j mg/kg 0.063 mg/kg 0.1 mg/kg
Benzo(e)pyrene < 0.00063 mg/kg < 0.00041 mg/kg < 0.00041 mg/kg < 0.00064 mg/kg < 0.00066 mg/kg < 0.00040 mg/kg < 0.00063 mg/kg < 0.00052 mg/kg < 0.00044 mg/kg < 0.00065 mg/kg < 0.00042 mg/kg < 0.00042 mg/kg < 0.00057 mg/kg < 0.00043 mg/kg < 0.00080 mg/kg 0.036 mg/kg
Benzo(g,h,i)perylene 0.02 mg/kg 0.0095 mg/kg 0.0021 j mg/kg 0.019 mg/kg 0.024 mg/kg 0.0025 j mg/kg 0.015 mg/kg 0.0035 j mg/kg 0.0013 j mg/kg 0.018 mg/kg 0.0047 mg/kg 0.0024 j mg/kg 0.016 mg/kg 0.021 mg/kg 0.018 mg/kg 0.014 mg/kg
Carbazole 700 mg/kg 1310 mg/kg < 0.0010 mg/kg < 0.00067 mg/kg < 0.00068 mg/kg < 0.0011 mg/kg < 0.0011 mg/kg < 0.00066 mg/kg < 0.0010 mg/kg < 0.00086 mg/kg < 0.00072 mg/kg < 0.0011 mg/kg < 0.00069 mg/kg < 0.00069 mg/kg < 0.00094 mg/kg < 0.00070 mg/kg < 0.0013 mg/kg < 0.0015 mg/kg
Dibenzofuran 104 mg/kg 810 mg/kg 0.018 mg/kg < 0.0015 mg/kg 0.0050 mg/kg 0.012 mg/kg 0.026 mg/kg < 0.0014 mg/kg 0.015 mg/kg 0.032 mg/kg 0.01 mg/kg 0.027 mg/kg 0.029 mg/kg 0.0062 mg/kg 0.02 mg/kg < 0.0015 mg/kg 0.035 mg/kg 0.11 mg/kg
Fluoranthene 1080 mg/kg 6800 mg/kg 0.12 mg/kg 0.014 mg/kg 0.033 mg/kg 0.089 mg/kg 0.15 mg/kg < 0.0015 mg/kg 0.1 mg/kg 0.068 mg/kg < 0.0016 mg/kg 0.16 mg/kg 0.06 mg/kg 0.03 mg/kg 0.12 mg/kg < 0.0016 mg/kg 0.21 mg/kg 0.43 mg/kg
Fluorene 850 mg/kg 4120 mg/kg < 0.0021 mg/kg < 0.0013 mg/kg < 0.0014 mg/kg < 0.0021 mg/kg < 0.0022 mg/kg < 0.0013 mg/kg < 0.0021 mg/kg < 0.0017 mg/kg < 0.0015 mg/kg < 0.0022 mg/kg < 0.0014 mg/kg < 0.0014 mg/kg < 0.0019 mg/kg < 0.0014 mg/kg < 0.0027 mg/kg < 0.0030 mg/kg
Naphthalene 10 mg/kg 28 mg/kg 0.019 mg/kg 0.0030 j mg/kg 0.0041 j mg/kg 0.012 mg/kg 0.031 mg/kg 0.0061 mg/kg 0.035 mg/kg 0.032 mg/kg 0.0089 mg/kg 0.033 mg/kg < 0.0021 mg/kg < 0.0021 mg/kg 0.028 mg/kg 0.0061 mg/kg 0.037 mg/kg 0.068 mg/kg
Perylene 0.26 mg/kg 0.0011 j mg/kg 0.021 mg/kg 0.41 mg/kg 0.46 mg/kg 0.09 mg/kg 0.26 mg/kg 0.03 mg/kg < 0.00052 mg/kg 0.3 mg/kg 0.032 mg/kg 0.0061 mg/kg 0.41 mg/kg 0.0052 mg/kg 0.24 mg/kg 0.046 mg/kg
Phenanthrene 0.1 mg/kg 0.0058 mg/kg 0.03 mg/kg 0.04 mg/kg 0.13 mg/kg 0.0094 mg/kg 0.076 mg/kg 0.073 mg/kg 0.028 mg/kg < 0.0016 mg/kg 0.059 mg/kg 0.021 mg/kg 0.08 mg/kg 0.0083 mg/kg 0.2 mg/kg 0.61 mg/kg
Pyrene 890 mg/kg 5800 mg/kg 0.075 mg/kg 0.014 mg/kg 0.025 mg/kg 0.062 mg/kg 0.099 mg/kg 0.0064 mg/kg 0.068 mg/kg 0.041 mg/kg 0.014 mg/kg 0.1 mg/kg 0.034 mg/kg 0.02 mg/kg 0.067 mg/kg 0.013 mg/kg 0.11 mg/kg 0.22 mg/kg
Quinoline 4 mg/kg 7 mg/kg < 0.0011 mg/kg < 0.00068 mg/kg < 0.00069 mg/kg < 0.0011 mg/kg < 0.0011 mg/kg < 0.00067 mg/kg < 0.0011 mg/kg < 0.00088 mg/kg < 0.00074 mg/kg < 0.0011 mg/kg < 0.00070 mg/kg < 0.00071 mg/kg < 0.00096 mg/kg < 0.00071 mg/kg < 0.0013 mg/kg < 0.0015 mg/kg
1,6-Dinitropyrene T T < 0.0077 * mg/kg < 0.0049 * mg/kg < 0.0050 * mg/kg < 0.0078 * mg/kg < 0.0080 * mg/kg < 0.0048 * mg/kg < 0.0077 * mg/kg < 0.0064 * mg/kg < 0.0054 * mg/kg < 0.0080 * mg/kg < 0.0051 * mg/kg < 0.0051 * mg/kg < 0.0070 * mg/kg < 0.0052 * mg/kg < 0.0098 * mg/kg < 0.011 * mg/kg
1,8-Dinitropyrene T T < 0.0036 mg/kg < 0.0023 mg/kg < 0.0024 mg/kg < 0.0037 mg/kg < 0.0038 mg/kg < 0.0023 mg/kg < 0.0036 mg/kg < 0.0030 mg/kg < 0.0025 * mg/kg < 0.0038 mg/kg < 0.0024 mg/kg < 0.0024 mg/kg < 0.0033 mg/kg < 0.0025 mg/kg < 0.0046 mg/kg < 0.0051 mg/kg
1-Nitropyrene T T < 0.0061 mg/kg < 0.0039 mg/kg < 0.0040 mg/kg < 0.0062 mg/kg < 0.0063 mg/kg < 0.0039 mg/kg < 0.0061 mg/kg < 0.0051 mg/kg < 0.0043 mg/kg < 0.0063 mg/kg < 0.0040 mg/kg < 0.0041 mg/kg < 0.0055 mg/kg < 0.0041 mg/kg < 0.0078 mg/kg < 0.0087 mg/kg
2-Nitrofluorene T T < 0.0049 mg/kg < 0.0032 mg/kg < 0.0032 mg/kg < 0.0050 mg/kg < 0.0051 mg/kg < 0.0031 mg/kg < 0.0049 mg/kg < 0.0041 mg/kg < 0.0034 mg/kg < 0.0051 mg/kg < 0.0033 mg/kg < 0.0033 mg/kg < 0.0045 mg/kg < 0.0033 mg/kg < 0.0063 mg/kg < 0.0070 mg/kg
3-Methylcholanthrene T T < 0.0013 mg/kg < 0.00082 mg/kg < 0.00084 mg/kg < 0.0013 mg/kg < 0.0013 mg/kg < 0.00081 mg/kg < 0.0013 mg/kg < 0.0011 mg/kg < 0.00089 mg/kg < 0.0013 mg/kg < 0.00084 mg/kg < 0.00085 mg/kg < 0.0012 mg/kg < 0.00086 mg/kg < 0.0016 mg/kg < 0.0018 mg/kg
4-Nitropyrene T T < 0.0027 mg/kg < 0.0017 mg/kg < 0.0018 mg/kg < 0.0027 mg/kg < 0.0028 mg/kg < 0.0017 mg/kg < 0.0027 mg/kg < 0.0022 mg/kg < 0.0019 mg/kg < 0.0028 mg/kg < 0.0018 mg/kg < 0.0018 mg/kg < 0.0024 mg/kg < 0.0018 mg/kg < 0.0034 mg/kg < 0.0038 mg/kg
5-Methylchrysene T T < 0.00043 mg/kg < 0.00027 mg/kg < 0.00028 mg/kg < 0.00043 mg/kg < 0.00044 mg/kg < 0.00027 mg/kg < 0.00043 mg/kg < 0.00035 mg/kg < 0.00030 mg/kg < 0.00044 mg/kg < 0.00028 mg/kg < 0.00029 mg/kg < 0.00039 mg/kg < 0.00029 mg/kg < 0.00054 mg/kg < 0.00060 mg/kg
5-Nitroacenapthene T T < 0.0059 mg/kg < 0.0038 mg/kg < 0.0039 mg/kg < 0.0060 mg/kg < 0.0061 mg/kg < 0.0037 mg/kg < 0.0059 mg/kg < 0.0049 mg/kg < 0.0041 mg/kg < 0.0061 mg/kg < 0.0039 mg/kg < 0.0039 mg/kg < 0.0053 mg/kg < 0.0040 mg/kg < 0.0075 mg/kg < 0.0083 mg/kg
6-Nitrochrysene T T < 0.0077 mg/kg < 0.0049 mg/kg < 0.0050 mg/kg < 0.0078 mg/kg < 0.0080 mg/kg < 0.0048 mg/kg < 0.0077 mg/kg < 0.0064 mg/kg < 0.0053 mg/kg < 0.0080 mg/kg < 0.0051 mg/kg < 0.0051 mg/kg < 0.0070 mg/kg < 0.0052 mg/kg < 0.0098 mg/kg < 0.011 mg/kg
7,12-Dimethylbenz(a)anthracene T T < 0.0010 mg/kg < 0.00066 mg/kg < 0.00067 mg/kg < 0.0010 mg/kg < 0.0011 mg/kg < 0.00065 mg/kg < 0.0010 mg/kg < 0.00085 mg/kg < 0.00072 mg/kg < 0.0011 mg/kg < 0.00068 mg/kg < 0.00069 mg/kg < 0.00094 mg/kg < 0.00070 mg/kg < 0.0013 mg/kg < 0.0015 mg/kg
7h-Dibenzo(c,g)carbazole T T < 0.0013 mg/kg < 0.00082 mg/kg < 0.00084 mg/kg < 0.0013 mg/kg < 0.0013 mg/kg < 0.00080 mg/kg < 0.0013 mg/kg < 0.0011 mg/kg < 0.00089 mg/kg < 0.0013 mg/kg < 0.00084 mg/kg < 0.00085 mg/kg < 0.0012 mg/kg < 0.00086 mg/kg < 0.0016 mg/kg < 0.0018 mg/kg
Benz(a)anthracene T T 0.022 mg/kg 0.0018 j mg/kg 0.0064 mg/kg 0.021 mg/kg 0.026 mg/kg 0.0015 j mg/kg 0.019 mg/kg 0.0070 mg/kg 0.0023 j mg/kg 0.027 mg/kg 0.0053 mg/kg 0.0034 j mg/kg 0.017 mg/kg 0.0036 j mg/kg 0.028 mg/kg 0.038 mg/kg
Benzo(a)pyrene T T < 0.00064 mg/kg < 0.00041 mg/kg < 0.00042 mg/kg < 0.00064 mg/kg 0.029 mg/kg < 0.00040 mg/kg 0.022 mg/kg < 0.00053 mg/kg < 0.00044 mg/kg 0.026 mg/kg < 0.00042 mg/kg < 0.00042 mg/kg 0.017 mg/kg < 0.00043 mg/kg < 0.00081 mg/kg < 0.00090 mg/kg
Benzo(b)fluoranthene T T 0.035 mg/kg 0.0097 mg/kg < 0.00039 mg/kg 0.031 mg/kg 0.043 mg/kg < 0.00038 mg/kg 0.028 mg/kg < 0.00050 mg/kg < 0.00042 mg/kg 0.046 mg/kg < 0.00040 mg/kg < 0.00040 mg/kg < 0.00054 mg/kg 0.017 mg/kg < 0.00076 mg/kg < 0.00085 mg/kg
Benzo(j)fluoranthene T T 0.016 mg/kg 0.0029 j mg/kg < 0.00027 mg/kg 0.014 mg/kg 0.019 mg/kg < 0.00026 mg/kg 0.013 mg/kg < 0.00034 mg/kg < 0.00029 mg/kg 0.018 mg/kg < 0.00027 mg/kg < 0.00027 mg/kg < 0.00037 mg/kg 0.0050 mg/kg < 0.00052 mg/kg < 0.00058 mg/kg
Benzo(k)fluoranthene T T 0.016 mg/kg 0.0019 j mg/kg < 0.00020 mg/kg 0.013 mg/kg 0.017 mg/kg < 0.00020 mg/kg 0.011 mg/kg < 0.00026 mg/kg < 0.00022 mg/kg 0.016 mg/kg < 0.00021 mg/kg < 0.00021 mg/kg < 0.00028 mg/kg 0.0033 j mg/kg < 0.00040 mg/kg < 0.00044 mg/kg
Chrysene T T < 0.00093 mg/kg 0.0093 mg/kg 0.0084 mg/kg < 0.00094 mg/kg 0.054 mg/kg < 0.00059 mg/kg 0.033 mg/kg 0.015 mg/kg < 0.00065 mg/kg 0.055 mg/kg 0.016 mg/kg < 0.00062 mg/kg 0.044 mg/kg 0.014 mg/kg < 0.0012 mg/kg 0.091 mg/kg
Dibenz(a,h)acridine T T < 0.0032 mg/kg < 0.0020 mg/kg < 0.0021 mg/kg < 0.0032 mg/kg < 0.0033 mg/kg < 0.0020 mg/kg < 0.0032 mg/kg < 0.0026 mg/kg < 0.0022 mg/kg < 0.0033 mg/kg < 0.0021 mg/kg < 0.0021 mg/kg < 0.0029 mg/kg < 0.0021 mg/kg < 0.0040 mg/kg < 0.0045 mg/kg
Dibenz(a,h)anthracene T T 0.0066 mg/kg < 0.00067 mg/kg < 0.00068 mg/kg < 0.0010 mg/kg 0.0078 mg/kg < 0.00065 mg/kg 0.0066 mg/kg < 0.00086 mg/kg < 0.00072 mg/kg < 0.0011 mg/kg < 0.00068 mg/kg < 0.00069 mg/kg 0.0032 j mg/kg < 0.00070 mg/kg 0.0064 j mg/kg < 0.0015 mg/kg
Dibenz(a,j)acridine T T < 0.00097 mg/kg < 0.00062 mg/kg < 0.00063 mg/kg 0.0014 j mg/kg < 0.0010 mg/kg < 0.00061 mg/kg < 0.00097 mg/kg < 0.00080 mg/kg < 0.00067 mg/kg < 0.0010 mg/kg < 0.00064 mg/kg < 0.00065 mg/kg < 0.00088 mg/kg < 0.00065 mg/kg < 0.0012 mg/kg < 0.0014 mg/kg
Dibenzo(a,e)pyrene T T 0.0026 j mg/kg < 0.00050 mg/kg < 0.00051 mg/kg < 0.00079 mg/kg 0.0030 j mg/kg < 0.00049 mg/kg 0.0015 j mg/kg < 0.00065 mg/kg < 0.00054 mg/kg 0.0015 j mg/kg < 0.00051 mg/kg < 0.00052 mg/kg 0.0014 j mg/kg < 0.00053 mg/kg 0.0013 j mg/kg < 0.0011 mg/kg
Dibenzo(a,h)pyrene T T < 0.00068 * mg/kg < 0.00044 * mg/kg < 0.00045 * mg/kg < 0.00069 * mg/kg < 0.00071 * mg/kg < 0.00043 * mg/kg < 0.00068 * mg/kg < 0.00057 * mg/kg < 0.00047 * mg/kg < 0.00071 * mg/kg < 0.00045 mg/kg < 0.00046 * mg/kg < 0.00062 mg/kg < 0.00046 * mg/kg < 0.00087 mg/kg < 0.00097 mg/kg
Dibenzo(a,i)pyrene T T < 0.00098 * mg/kg < 0.00063 * mg/kg < 0.00064 * mg/kg < 0.00099 * mg/kg < 0.0010 * mg/kg < 0.00062 * mg/kg < 0.00098 * mg/kg < 0.00081 * mg/kg < 0.00068 * mg/kg < 0.0010 * mg/kg < 0.00065 * mg/kg < 0.00065 * mg/kg < 0.00089 * mg/kg < 0.00066 * mg/kg < 0.0012 * mg/kg < 0.0014 * mg/kg
Dibenzo(a,l)pyrene T T 0.0020 j mg/kg < 0.00031 mg/kg < 0.00031 mg/kg 0.0020 j mg/kg < 0.00049 mg/kg < 0.00030 mg/kg < 0.00048 mg/kg < 0.00039 mg/kg < 0.00033 mg/kg 0.0017 j mg/kg < 0.00031 mg/kg < 0.00032 mg/kg 0.0019 j mg/kg < 0.00032 mg/kg 0.0025 j mg/kg < 0.00067 mg/kg
Indeno(1,2,3-cd)pyrene T T 0.02 mg/kg < 0.00039 mg/kg < 0.00040 mg/kg 0.018 mg/kg 0.023 mg/kg < 0.00038 mg/kg 0.015 mg/kg < 0.00051 mg/kg < 0.00042 mg/kg 0.02 mg/kg 0.0049 mg/kg < 0.00041 mg/kg 0.015 mg/kg < 0.00041 mg/kg 0.019 mg/kg < 0.00086 mg/kg
B(a)P Equivalent, non-detects at 0, 2002 formula 2 T mg/kg 3 T mg/kg 0.037 a mg/kg 0.0017 a mg/kg 0.00072 mg/kg 0.030 a mg/kg 0.050 a mg/kg 0.00015 a mg/kg 0.036 a mg/kg 0.00085 mg/kg 0.00023 a mg/kg 0.058 a mg/kg 0.0012 mg/kg 0.00034 a mg/kg 0.043 a mg/kg 0.0030 a mg/kg 0.035 a mg/kg 0.0047 mg/kg
B(a)P Equivalent, non-detects at 1/2, 2002 formula 2 T mg/kg 3 T mg/kg 0.15 a mg/kg 0.073 a mg/kg 0.073 mg/kg 0.14 a mg/kg 0.16 a mg/kg 0.070 a mg/kg 0.15 a mg/kg 0.094 mg/kg 0.078 a mg/kg 0.17 a mg/kg 0.075 mg/kg 0.074 a mg/kg 0.14 a mg/kg 0.078 a mg/kg 0.17 a mg/kg 0.16 mg/kg

Pesticides
4,4'-DDD 56 mg/kg 125 mg/kg < 0.017 mg/kg < 0.011 mg/kg < 0.0066 mg/kg < 0.050 mg/kg < 0.052 mg/kg < 0.055 mg/kg < 0.084 mg/kg < 0.041 mg/kg < 0.065 mg/kg < 0.052 mg/kg < 0.033 mg/kg < 0.061 mg/kg < 0.047 mg/kg < 0.034 mg/kg < 0.12 mg/kg < 0.12 mg/kg
4,4'-DDE 40 mg/kg 80 mg/kg < 0.017 mg/kg < 0.011 mg/kg < 0.0066 mg/kg < 0.050 mg/kg < 0.052 mg/kg < 0.055 mg/kg < 0.084 mg/kg < 0.041 mg/kg < 0.065 mg/kg < 0.052 mg/kg < 0.033 mg/kg < 0.061 mg/kg < 0.047 mg/kg < 0.034 mg/kg < 0.12 mg/kg < 0.12 mg/kg
4,4'-DDT 15 mg/kg 88 mg/kg < 0.023 * mg/kg < 0.015 * mg/kg < 0.0088 * mg/kg < 0.067 mg/kg < 0.070 mg/kg < 0.074 mg/kg < 0.11 mg/kg < 0.055 mg/kg < 0.087 mg/kg < 0.069 mg/kg < 0.044 mg/kg < 0.081 mg/kg < 0.063 mg/kg < 0.045 mg/kg < 0.16 mg/kg < 0.17 mg/kg
a-BHC 2 mg/kg 3.5 mg/kg < 0.017 mg/kg < 0.011 mg/kg < 0.0066 mg/kg < 0.050 mg/kg < 0.052 mg/kg < 0.055 mg/kg < 0.084 mg/kg < 0.041 mg/kg < 0.065 mg/kg < 0.052 mg/kg < 0.033 mg/kg < 0.061 mg/kg < 0.047 mg/kg < 0.034 mg/kg < 0.12 mg/kg < 0.12 mg/kg
Aldrin 1 mg/kg 2 mg/kg < 0.017 mg/kg < 0.011 mg/kg < 0.0066 mg/kg < 0.050 mg/kg < 0.052 mg/kg < 0.055 mg/kg < 0.084 mg/kg < 0.041 mg/kg < 0.065 mg/kg < 0.052 mg/kg < 0.033 mg/kg < 0.061 mg/kg < 0.047 mg/kg < 0.034 mg/kg < 0.12 mg/kg < 0.12 mg/kg
b-BHC 7 mg/kg 15 mg/kg < 0.023 mg/kg < 0.015 mg/kg < 0.0088 mg/kg < 0.067 mg/kg < 0.070 mg/kg < 0.074 mg/kg < 0.11 mg/kg < 0.055 mg/kg < 0.087 mg/kg < 0.069 mg/kg < 0.044 mg/kg < 0.081 mg/kg < 0.063 mg/kg < 0.045 mg/kg < 0.16 mg/kg < 0.17 mg/kg
Chlordane, cis (alpha) 13 (1) mg/kg 74 (1) mg/kg < 0.023 mg/kg < 0.015 mg/kg < 0.0088 mg/kg < 0.067 mg/kg < 0.070 mg/kg < 0.074 mg/kg < 0.11 mg/kg < 0.055 mg/kg < 0.087 mg/kg < 0.069 mg/kg < 0.044 mg/kg < 0.081 mg/kg < 0.063 mg/kg < 0.045 mg/kg < 0.16 mg/kg < 0.17 mg/kg
Chlordane, trans (gamma) 13 (1) mg/kg 74 (1) mg/kg < 0.017 mg/kg < 0.011 mg/kg < 0.0066 mg/kg < 0.050 mg/kg < 0.052 mg/kg < 0.055 mg/kg < 0.084 mg/kg < 0.041 mg/kg < 0.065 mg/kg < 0.052 mg/kg < 0.033 mg/kg < 0.061 mg/kg < 0.047 mg/kg < 0.034 mg/kg < 0.12 mg/kg < 0.12 mg/kg
d-BHC < 0.017 mg/kg < 0.011 mg/kg < 0.0066 mg/kg < 0.050 mg/kg < 0.052 mg/kg < 0.055 mg/kg < 0.084 mg/kg < 0.041 mg/kg < 0.065 mg/kg < 0.052 mg/kg < 0.033 mg/kg < 0.061 mg/kg < 0.047 mg/kg < 0.034 mg/kg < 0.12 mg/kg < 0.12 mg/kg
Dieldrin 0.8 mg/kg 2 mg/kg < 0.046 mg/kg < 0.030 mg/kg < 0.018 mg/kg < 0.13 mg/kg < 0.14 mg/kg < 0.15 mg/kg < 0.22 mg/kg < 0.11 mg/kg < 0.17 mg/kg < 0.14 mg/kg < 0.088 mg/kg < 0.16 mg/kg < 0.13 mg/kg < 0.090 mg/kg < 0.31 mg/kg < 0.33 mg/kg
Endosulfan I < 0.017 mg/kg < 0.011 mg/kg < 0.0066 mg/kg < 0.050 mg/kg < 0.052 mg/kg < 0.055 mg/kg < 0.084 mg/kg < 0.041 mg/kg < 0.065 mg/kg < 0.052 mg/kg < 0.033 mg/kg < 0.061 mg/kg < 0.047 mg/kg < 0.034 mg/kg < 0.12 mg/kg < 0.12 mg/kg
Endosulfan II < 0.023 mg/kg < 0.015 mg/kg < 0.0088 mg/kg < 0.067 mg/kg < 0.070 mg/kg < 0.074 mg/kg < 0.11 mg/kg < 0.055 mg/kg < 0.087 mg/kg < 0.069 mg/kg < 0.044 mg/kg < 0.081 mg/kg < 0.063 mg/kg < 0.045 mg/kg < 0.16 mg/kg < 0.17 mg/kg
Endosulfan Sulfate < 0.034 mg/kg < 0.023 mg/kg < 0.013 mg/kg < 0.10 mg/kg < 0.10 mg/kg < 0.11 mg/kg < 0.17 mg/kg < 0.083 mg/kg < 0.13 mg/kg < 0.10 mg/kg < 0.066 mg/kg < 0.12 mg/kg < 0.094 mg/kg < 0.068 mg/kg < 0.24 mg/kg < 0.25 mg/kg
Endrin 8 mg/kg 56 mg/kg < 0.023 mg/kg < 0.015 mg/kg < 0.0088 mg/kg < 0.067 mg/kg < 0.070 mg/kg < 0.074 mg/kg < 0.11 mg/kg < 0.055 mg/kg < 0.087 mg/kg < 0.069 mg/kg < 0.044 mg/kg < 0.081 mg/kg < 0.063 mg/kg < 0.045 mg/kg < 0.16 mg/kg < 0.17 mg/kg
Endrin Aldehyde < 0.040 mg/kg < 0.027 * mg/kg < 0.015 mg/kg < 0.12 mg/kg < 0.12 mg/kg < 0.13 mg/kg < 0.20 mg/kg < 0.097 mg/kg < 0.15 mg/kg < 0.12 mg/kg < 0.077 mg/kg < 0.14 mg/kg < 0.11 mg/kg < 0.079 mg/kg < 0.27 mg/kg < 0.29 mg/kg
Endrin Ketone < 0.034 mg/kg < 0.023 mg/kg < 0.013 mg/kg < 0.10 mg/kg < 0.10 mg/kg < 0.11 mg/kg < 0.17 mg/kg < 0.083 mg/kg < 0.13 mg/kg < 0.10 mg/kg < 0.066 mg/kg < 0.12 mg/kg < 0.094 mg/kg < 0.068 mg/kg < 0.24 mg/kg < 0.25 mg/kg
g-BHC (Lindane) 9 mg/kg 15 mg/kg < 0.017 mg/kg < 0.011 mg/kg < 0.0066 mg/kg < 0.050 mg/kg < 0.052 mg/kg < 0.055 mg/kg < 0.084 mg/kg < 0.041 mg/kg < 0.065 mg/kg < 0.052 mg/kg < 0.033 mg/kg < 0.061 mg/kg < 0.047 mg/kg < 0.034 mg/kg < 0.12 mg/kg < 0.12 mg/kg
Heptachlor 2 mg/kg 3.5 mg/kg < 0.017 mg/kg < 0.011 mg/kg < 0.0066 mg/kg < 0.050 mg/kg < 0.052 mg/kg < 0.055 mg/kg < 0.084 mg/kg < 0.041 mg/kg < 0.065 mg/kg < 0.052 mg/kg < 0.033 mg/kg < 0.061 mg/kg < 0.047 mg/kg < 0.034 mg/kg < 0.12 mg/kg < 0.12 mg/kg
Heptachlor epoxide 0.4 mg/kg 3 mg/kg < 0.023 mg/kg < 0.015 mg/kg < 0.0088 mg/kg < 0.067 mg/kg < 0.070 mg/kg < 0.074 mg/kg < 0.11 mg/kg < 0.055 mg/kg < 0.087 mg/kg < 0.069 mg/kg < 0.044 mg/kg < 0.081 mg/kg < 0.063 mg/kg < 0.045 mg/kg < 0.16 mg/kg < 0.17 mg/kg
Methoxychlor 11 mg/kg 50 mg/kg < 0.046 * mg/kg < 0.030 * mg/kg < 0.018 * mg/kg < 0.13 mg/kg < 0.14 mg/kg < 0.15 mg/kg < 0.22 mg/kg < 0.11 mg/kg < 0.17 mg/kg < 0.14 mg/kg < 0.088 mg/kg < 0.16 mg/kg < 0.13 mg/kg < 0.090 mg/kg < 0.31 mg/kg < 0.33 mg/kg
Toxaphene 13 mg/kg 28 mg/kg < 0.55 mg/kg < 0.36 mg/kg < 0.21 mg/kg < 1.6 mg/kg < 1.7 mg/kg < 1.8 mg/kg < 2.7 mg/kg < 1.3 mg/kg < 2.1 mg/kg < 1.7 mg/kg < 1.1 mg/kg < 2.0 mg/kg < 1.5 mg/kg < 1.1 mg/kg < 3.8 mg/kg < 4.0 mg/kg

PCBs
Aroclor 1016 < 0.32 mg/kg < 0.22 mg/kg < 0.26 mg/kg < 0.32 mg/kg < 0.33 mg/kg < 0.20 mg/kg < 0.33 mg/kg < 0.26 mg/kg < 0.22 mg/kg < 0.33 mg/kg < 0.21 mg/kg < 0.21 mg/kg < 0.29 mg/kg < 0.22 mg/kg < 0.43 mg/kg < 0.56 mg/kg
Aroclor 1221 < 0.32 mg/kg < 0.22 mg/kg < 0.26 mg/kg < 0.32 mg/kg < 0.33 mg/kg < 0.20 mg/kg < 0.33 mg/kg < 0.26 mg/kg < 0.22 mg/kg < 0.33 mg/kg < 0.21 mg/kg < 0.21 mg/kg < 0.29 mg/kg < 0.22 mg/kg < 0.43 mg/kg < 0.56 mg/kg
Aroclor 1232 < 0.32 mg/kg < 0.22 mg/kg < 0.26 mg/kg < 0.32 mg/kg < 0.33 mg/kg < 0.20 mg/kg < 0.33 mg/kg < 0.26 mg/kg < 0.22 mg/kg < 0.33 mg/kg < 0.21 mg/kg < 0.21 mg/kg < 0.29 mg/kg < 0.22 mg/kg < 0.43 mg/kg < 0.56 mg/kg
Aroclor 1242 < 0.32 mg/kg < 0.22 mg/kg < 0.26 mg/kg < 0.32 mg/kg < 0.33 mg/kg < 0.20 mg/kg < 0.33 mg/kg < 0.26 mg/kg < 0.22 mg/kg < 0.33 mg/kg < 0.21 mg/kg < 0.21 mg/kg < 0.29 mg/kg < 0.22 mg/kg < 0.43 mg/kg < 0.56 mg/kg
Aroclor 1248 < 0.32 mg/kg < 0.22 mg/kg < 0.26 mg/kg < 0.32 mg/kg < 0.33 mg/kg < 0.20 mg/kg < 0.33 mg/kg < 0.26 mg/kg < 0.22 mg/kg < 0.33 mg/kg < 0.21 mg/kg < 0.21 mg/kg < 0.29 mg/kg < 0.22 mg/kg < 0.43 mg/kg < 0.56 mg/kg
Aroclor 1254 < 0.32 mg/kg < 0.22 mg/kg < 0.26 mg/kg < 0.32 mg/kg < 0.33 mg/kg < 0.20 mg/kg < 0.33 mg/kg < 0.26 mg/kg < 0.22 mg/kg < 0.33 mg/kg < 0.21 mg/kg < 0.21 mg/kg < 0.29 mg/kg < 0.22 mg/kg < 0.43 mg/kg < 0.56 mg/kg
Aroclor 1260 < 0.32 mg/kg < 0.22 mg/kg < 0.26 mg/kg < 0.32 mg/kg < 0.33 mg/kg < 0.20 mg/kg < 0.33 mg/kg < 0.26 mg/kg < 0.22 mg/kg < 0.33 mg/kg < 0.21 mg/kg < 0.21 mg/kg < 0.29 mg/kg < 0.22 mg/kg < 0.43 mg/kg < 0.56 mg/kg
Aroclor 1268 < 0.32 mg/kg < 0.22 mg/kg < 0.26 mg/kg < 0.32 mg/kg < 0.33 mg/kg < 0.20 mg/kg < 0.33 mg/kg < 0.26 mg/kg < 0.22 mg/kg < 0.33 mg/kg < 0.21 mg/kg < 0.21 mg/kg < 0.29 mg/kg < 0.22 mg/kg < 0.43 mg/kg < 0.56 mg/kg
PCBs, total 1.2 mg/kg 8 mg/kg ND mg/kg ND mg/kg ND mg/kg ND mg/kg ND mg/kg ND mg/kg ND mg/kg ND mg/kg ND mg/kg ND mg/kg ND mg/kg ND mg/kg ND mg/kg ND mg/kg ND mg/kg ND mg/kg

Location

Date

Depth

Sample Type
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Qualifier Definition

-- Not analyzed/not available.

a Estimated value, calculated using some or all values that are estimates.

b Potential false positive value based on blank data validation procedures.

c Coeluting compound.

e Estimated value, exceeded the instrument calibration range.

f Sample was collected at a flowrate exceeding the recommended rate of 200 mL/minute.

h EPA recommended sample preservation, extraction or analysis holding time was exceeded. 

i Indeterminate value based on failure of blind duplicate data to meet quality assurance criteria.

j Reported value is less than the stated laboratory quantitation limit and is considered an estimated value.

p Relative percent difference is >40% (25% CLP pesticides) between primary and confirmation GC columns.

pp Small peak in chromatogram below method detection limit.

r
The presence of the compound is suspect based on the ID criteria of the retention time and relative retention time obtained from the 
examination of the chromatograms.

s Potential false positive value based on statistical analysis of blank sample data.

t Sample positive for total coliforms but negative for E. coli.

v Sample was collected under a vacuum of greater than XX inches of mercury.

* Estimated value, QA/QC criteria not met.

** Unusable value, QA/QC criteria not met.

N Sample Type: Normal

FD Sample Type: Field Duplicate

AT Sample chromatogram is noted to be atypical of a petroleum product.

DLND Not detected, detection limit not determined.

DF Did not flash

EMPC Estimated maximum possible concentration.
NA – (Not 
applicable) NA indicates that a fractional portion of the sample is not part of the analytical testing or field collection procedures. 

ND Not detected.

TIC Tentatively identified compound

BQA Barr-applied project specific qualifier: extraction and/or analyses conducted using an alternative method and/or procedure.

BQC Barr-applied project specific qualifier: plant shut down.

Data Qualifiers/Footnotes
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Qualifier Definition

Data Qualifiers/Footnotes

BQD Barr-applied project specific qualifier: equipment malfunction.

BQE Barr-applied project specific qualifier: equipment adjustment.

BQM Barr-applied project specific qualifier: manual measurement.

BQN Barr-applied project specific qualifier: unable to be sampled or measured due to various reasons.

BQP Barr-applied project specific qualifier: atypical chromatographic pattern.

BQQ Barr-applied project specific qualifier: some aspect of QA/QC was not met.

BQR Barr-applied project specific qualifier: location was re-sampled.

BQS Barr-applied project specific qualifier: data is considered suspect.

BQT Barr-applied project specific qualifier: summed value not displayed due to insufficient field length.

BQU Barr-applied project specific qualifier: historical qualifier - definition unknown.

BQV Barr-applied project specific qualifier: estimated value.

BQX Barr-applied project specific qualifier: see notes for qualifier definition.

BQZ Barr-applied project specific qualifier: data is considered unusable.

Validated

Laboratory data has been evaluated following Barr QA/QC procedures and/or project-specific data review requirements. Field data has 
been verified for transcription errors, consistency and completeness.  Data transferred from the previous database (9/2009) were 
categorized as validated, but may be comprised of any one of the following data status categories: Validated, SSource, No QC or 
Legacy. 

No QC Laboratory data has been excluded from Barr QA/QC procedures. 

SSource
Laboratory and/or field data obtained from a secondary source external to Barr.  Second source QA/QC evaluation procedures may or 
may not have been performed beyond the original data generator.      

Legacy
Historical laboratory data (internal at Barr). QA/QC evaluation procedures may or may not have been performed beyond the original 
data generator
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Action Level Qualifiers/Footnotes 
Qualifier Definition
CR Value represents the criteria for Chromium, hexavalent.                                                                                                  
DI  Value represents a criteria for 2,3,7,8-TCDD or 2,3,7,8-TCDD equivalents.                                                                     
M   Value represents the criteria for mixed Xylenes.                                                                                                              
MP Value represents the criteria for p-cresol.
T Value represents a criteria for the total carcinogenic PAHs as BaP. Total carcinogenic PAHs are: 

Benzo(a)anthracene, Benzo(a)pyrene, Benzo(b)fluoranthene, Benzo(k)fluoranthene, Dibenz(a,h)anthracene, 
Chrysene and Indeno(1,2.3-cd)pyrene.                   

MP Value represents the criteria for p-cresol.
(1) MPCA guidance is not specific for this compound, therefore the criteria are replicated for each isomer.
CR Value represents the criteria for Chromium, hexavalent.
DI  Value represents a criteria for 2,3,7,8-TCDD or 2,3,7,8-TCDD equivalents.
M   Value represents the criteria for mixed Xylenes.                                                                                                              
T Value represents a criteria for the total carcinogenic PAHs as BaP. Total carcinogenic PAHs are: 

Benzo(a)anthracene, Benzo(a)pyrene, Benzo(b)fluoranthene, Benzo(k)fluoranthene, Dibenz(a,h)anthracene, 
Chrysene and Indeno(1,2,3-cd)pyrene.                   

MP Value represents the criteria for p-cresol.
(1) MPCA guidance is not specific for this compound, therefore the criteria are replicated for each isomer.

Minnesota Soil 
Tier 1 SRVs

Minnesota Soil Tier 2 
Industrial SRVs
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FOUNTAIN LK_SED 
COMP

7/08/2013

Fountain Lake 
Sediment Composite

Parameter MN Tier 1 SRV
MN Tier 2 SRV 

Industrial
MN Tier 2 SRV 

Recreational
Effective Date 06/22/2009 06/22/2009 06/22/2009
Exceedance Key Bold No Exceed Shade

General Parameters
Carbon, total organic 68000 mg/kg
Density, in place 0.470 BQX g/cc
Hardness, as CaCO3 --
Moisture 61 %
Nitrate + Nitrite, as N 2.1 j mg/kg
Nitrogen, ammonia as N 310 mg/kg
Nitrogen, total kjeldahl (TKN) 4400 mg/kg
Oil and Grease 200 j mg/kg
pH 7.45 pH units
Phosphorus, total, as P 130 * mg/kg
Solids, total suspended --

Metals
Aluminum 30000 mg/kg 100000 mg/kg 40000 mg/kg 3800 mg/kg
Arsenic 9 mg/kg 20 mg/kg 11 mg/kg 7.3 * mg/kg
Barium 1100 mg/kg 18000 mg/kg 1100 mg/kg 220 mg/kg
Cadmium 25 mg/kg 200 mg/kg 35 mg/kg 0.57 mg/kg
Calcium 100000 mg/kg
Chromium 87 CR mg/kg 650 CR mg/kg 120 CR mg/kg 7.9 * mg/kg
Copper 100 mg/kg 9000 mg/kg 100 mg/kg 30 mg/kg
Lead 300 mg/kg 700 mg/kg 300 mg/kg 14 mg/kg
Magnesium 7100 mg/kg
Mercury 0.5 mg/kg 1.5 mg/kg 1.2 MC mg/kg 0.038 j mg/kg
Nickel 560 mg/kg 2500 mg/kg 800 mg/kg 16 mg/kg
Selenium 160 mg/kg 1300 mg/kg 200 mg/kg 1.4 mg/kg
Silver 160 mg/kg 1300 mg/kg 200 mg/kg 0.078 j mg/kg
Zinc 8700 mg/kg 75000 mg/kg 12000 mg/kg 40 mg/kg

Location
Date
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Phosphorus Fractionation Data Summary
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Albert Lea, Minnesota

Phosphorus-fraction concentrations (mg/g dry weight)

Top Depth (ft) % H2O % LOI Mobile P Al-P Ca-P org-P Total P

Top of Sample 
Interval Elevation 
(ft NGVD29)

Core 1 0 60.8 8.3 0.145 0.090 0.374 0.149 0.758 1209.8
1 60.8 10.8 0.159 0.081 0.365 0.151 0.757 1208.8
2 56.3 10.5 0.057 0.013 0.202 0.157 0.428 1207.8
3 61.2 19.5 0.049 0.008 0.134 0.127 0.319 1206.8
4 23.9 2.4 0.021 0.007 0.187 0.038 0.253 1205.8
5 25.8 2.4 0.162 0.617 1.146 0.000 1.926 1204.8
6 19.4 1.8 0.020 0.051 0.504 0.012 0.588 1203.8

Core 2 0 75.7 9.9 0.196 0.098 0.403 0.238 0.935 1208.9
1 69.6 16.6 0.151 0.053 0.325 0.188 0.716 1207.9
2 50.5 10.6 0.062 0.026 0.402 0.160 0.650 1206.9
3 65.3 19.7 0.071 0.024 0.480 0.147 0.722 1205.9
4 54.5 8.9 0.099 0.020 0.412 0.059 0.590 1204.9
5 56.6 13.6 0.119 0.020 0.472 0.055 0.666 1203.9
6 57.3 12.7 0.081 0.015 0.486 0.052 0.634 1202.9

Core 3 0 77.7 9.7 0.144 0.064 0.325 0.243 0.776 1208.8
1 71.9 15.9 0.045 0.066 0.340 0.205 0.656 1207.8
2 73.2 32.9 0.025 0.008 0.413 0.156 0.603 1206.8

2.5 65.3 20.5 0.025 0.006 0.413 0.064 0.508 1206.3
3.5 66.0 19.7 0.018 0.010 0.409 0.081 0.517 1205.3
4.5 61.4 14.3 0.026 0.008 0.450 0.075 0.559 1204.3
5.5 61.5 14.0 0.015 0.009 0.471 0.063 0.559 1203.3
6.5 60.9 14.1 0.017 0.005 0.496 0.063 0.581 1202.3
7.5 65.4 16.6 0.027 0.009 0.543 0.072 0.651 1201.3
8.5 63.5 14.6 0.035 0.011 0.355 0.085 0.487 1200.3
9.5 73.2 32.6 0.033 0.016 0.363 0.100 0.512 1199.3

Core 4 0 78.4 10.4 0.189 0.069 0.328 0.287 0.874 1209.3
1 70.4 11.4 0.075 0.067 0.339 0.170 0.651 1208.3
2 71.5 17.0 0.056 0.079 0.403 0.216 0.753 1207.3
3 65.1 20.4 0.050 0.019 0.632 0.088 0.789 1206.3
4 60.3 10.4 0.056 0.019 0.632 0.085 0.791 1205.3

Core 6 0 80.2 10.0 0.112 0.058 0.335 0.324 0.829 1208.3
1 72.0 10.1 0.133 0.095 0.365 0.217 0.809 1207.3
2 70.8 13.5 0.054 0.065 0.324 0.198 0.641 1206.3
3 24.2 1.3 0.010 0.038 0.469 0.031 0.548 1205.3
4 22.8 1.2 0.027 0.020 0.414 0.035 0.497 1204.3

Core 8 0 79.4 11.8 0.157 0.061 0.407 0.295 0.921 1208.5
1 72.8 15.5 0.046 0.055 0.364 0.226 0.691 1207.5
2 79.9 40.6 0.054 0.014 0.202 0.345 0.615 1206.5
3 37.4 7.9 0.019 0.005 0.179 0.029 0.232 1205.5
4 41.0 8.0 0.009 0.006 0.437 0.044 0.497 1204.5

4.5 22.3 0.8 0.004 0.005 0.273 0.022 0.304 1204.0
5 23.5 1.8 0.004 0.004 0.208 0.021 0.237 1203.5

Core 9 0 80.8 10.0 0.203 0.030 0.349 0.172 0.754 1206.8
1 70.3 10.0 0.146 0.067 0.325 0.122 0.659 1205.8
2 69.1 9.9 0.164 0.064 0.357 0.103 0.688 1204.8
3 68.7 11.2 0.136 0.066 0.375 0.121 0.698 1203.8
4 70.0 12.6 0.117 0.066 0.420 0.130 0.733 1202.8
5 71.4 12.6 0.316 0.072 0.429 0.143 0.960 1201.8

5.5 70.8 13.7 0.128 0.069 0.420 0.138 0.756 1201.3



Table 2-3
Phosphorus Fractionation Data Summary

Fountain Lake
Albert Lea, Minnesota

Phosphorus-fraction concentrations (mg/g dry weight)

Top Depth (ft) % H2O % LOI Mobile P Al-P Ca-P org-P Total P

Top of Sample 
Interval Elevation 
(ft NGVD29)

Core 10 0 74.2 9.6 0.156 0.045 0.358 0.119 0.678 1207.0
1 70.8 9.2 0.185 0.046 0.335 0.106 0.672 1206.0
2 70.9 13.9 0.099 0.060 0.407 0.122 0.688 1205.0
3 70.4 18.1 0.105 0.024 0.349 0.149 0.627 1204.0
4 61.4 13.8 0.058 0.012 0.614 0.048 0.731 1203.0
5 60.6 14.2 0.094 0.010 0.585 0.041 0.730 1202.0

Core 13 0 74.1 9.5 0.127 0.061 0.351 0.223 0.762 1213.1
1 63.9 11.1 0.098 0.087 0.400 0.162 0.748 1212.1
2 65.3 18.8 0.198 0.095 0.376 0.280 0.949 1211.1
3 74.6 26.4 0.106 0.046 0.355 0.341 0.848 1210.1

3.5 76.2 25.4 0.111 0.021 0.345 0.173 0.650 1209.6
4.5 64.6 18.5 0.061 0.009 0.272 0.100 0.442 1208.6
5.5 38.6 4.9 0.021 0.009 0.210 0.017 0.256 1207.6
6.5 48.1 7.1 0.035 0.022 0.490 0.026 0.573 1206.6
7.5 20.3 2.0 0.012 0.008 0.364 0.015 0.399 1205.6
8.5 22.5 1.2 0.014 0.006 0.348 0.012 0.381 1204.6

Core 18 0 60.7 7.6 0.298 0.099 0.427 0.197 1.021 1210.9
1 62.7 7.2 0.212 0.060 0.415 0.172 0.859 1209.9
2 51.1 7.7 0.382 0.381 0.678 0.000 1.441 1208.9
3 54.8 10.5 0.371 0.160 0.411 0.130 1.072 1207.9
4 47.4 14.4 0.105 0.063 0.316 0.141 0.625 1206.9

4.5 38.5 5.5 0.043 0.025 0.192 0.104 0.364 1206.4
5 46.6 12.1 0.030 0.008 0.181 0.086 0.305 1205.9
6 18.4 0.8 0.017 0.006 0.416 0.018 0.457 1204.9

Core 19 0 66.3 8.6 0.104 0.061 0.330 0.164 0.659 1208.9
1 61.6 10.8 0.189 0.079 0.335 0.161 0.764 1207.9
2 25.0 10.1 0.019 0.011 0.118 0.035 0.184 1206.9
3 55.7 16.2 0.026 0.012 0.232 0.154 0.424 1205.9
4 56.8 12.8 0.068 0.031 0.773 0.087 0.959 1204.9

Core 20 0 76.0 10.5 0.237 0.077 0.338 0.237 0.889 1208.7
1 69.7 14.6 0.125 0.078 0.339 0.176 0.718 1207.7
2 83.3 40.3 0.178 0.076 0.501 0.328 1.082 1206.7

2.5 64.8 17.5 0.108 0.014 0.425 0.077 0.623 1206.2
3 63.8 16.3 0.111 0.012 0.399 0.076 0.599 1205.7
4 61.3 12.9 0.079 0.018 0.504 0.063 0.664 1204.7
5 61.1 11.0 0.083 0.015 0.488 0.066 0.652 1203.7
6 59.9 6.3 0.063 0.014 0.173 0.035 0.285 1202.7

Core 21 0 80.7 10.8 0.227 0.054 0.272 0.332 0.884 1206.6
1 76.3 10.2 0.100 0.052 0.300 0.274 0.726 1205.6
2 69.5 9.9 0.090 0.070 0.344 0.238 0.742 1204.6
3 70.1 11.9 0.067 0.064 0.350 0.212 0.693 1203.6
4 28.6 2.0 0.013 0.015 0.276 0.056 0.359 1202.6

4.5 17.4 0.5 0.003 0.003 0.076 0.010 0.092 1202.1
5.5 15.6 0.4 0.003 0.003 0.207 0.010 0.223 1201.1

Core 22 0 81.4 13.6 0.388 0.042 0.319 0.220 0.970 1208.3
1 73.4 18.8 0.136 0.040 0.321 0.140 0.637 1207.3
2 61.8 20.0 0.055 0.014 0.314 0.115 0.497 1206.3
3 53.6 7.8 0.065 0.014 0.370 0.033 0.481 1205.3

3.5 50.5 8.8 0.054 0.009 0.457 0.028 0.548 1204.8



Table 2-3
Phosphorus Fractionation Data Summary

Fountain Lake
Albert Lea, Minnesota

Phosphorus-fraction concentrations (mg/g dry weight)

Top Depth (ft) % H2O % LOI Mobile P Al-P Ca-P org-P Total P

Top of Sample 
Interval Elevation 
(ft NGVD29)

Core 23 0 80.3 9.1 0.266 0.045 0.318 0.198 0.827 1207.1
1 70.5 8.5 0.185 0.072 0.474 0.146 0.877 1206.1
2 67.9 9.6 0.196 0.103 0.404 0.138 0.841 1205.1
3 66.3 10.6 0.139 0.061 0.364 0.124 0.687 1204.1
4 66.1 10.7 0.195 0.100 0.389 0.137 0.822 1203.1
6 68.8 16.0 0.082 0.044 0.336 0.139 0.602 1201.1
9 29.4 2.7 0.019 0.014 0.218 0.014 0.264 1198.1

Core 24 0 79.3 9.1 0.185 0.032 0.310 0.194 0.721 1206.9
1 70.7 9.4 0.179 0.039 0.309 0.206 0.732 1205.9
2 70.8 14.1 0.173 0.031 0.360 0.110 0.674 1204.9
3 62.1 13.0 0.033 0.007 0.573 0.053 0.665 1203.9

3.5 33.8 2.6 0.009 0.002 0.194 0.004 0.210 1203.4
5 18.1 0.4 0.006 0.003 0.656 0.002 0.667 1201.9

Core 25 0 81.0 9.3 0.118 0.021 0.263 0.151 0.554 1207.6
1 70.8 9.5 0.123 0.037 0.330 0.113 0.602 1206.6
3 73.9 23.7 0.074 0.012 0.442 0.155 0.683 1204.6
4 66.4 16.6 0.082 0.008 0.488 0.038 0.617 1203.6
5 55.5 8.7 0.093 0.007 0.218 0.024 0.342 1202.6
6 56.1 9.8 0.039 0.013 0.260 0.015 0.326 1201.6
7 47.9 5.2 0.058 0.012 0.239 0.013 0.322 1200.6
8 50.2 7.2 0.053 0.029 0.434 0.032 0.548 1199.6

8.5 58.3 8.2 0.043 0.011 0.113 0.009 0.176 1199.1

Dredge cut elevation for mobile-phosphorus based dredge prism
Dredge cut elevation for mobile and organic phosphorus based dredge prism
Sample analyses that yielded Al-P+Org-P absorbance less than Al-P 

Dam crest elevation - 1214.3 ft NGVD29



Table 2-4
Summary of Utilities within 400 feet of Fountain Lake

Fountain Lake
Albert Lea, Minnesota

P:\Mpls\23 MN\24\23241012 Fountain Lake Restoration\WorkFiles\Utility Design Locate\Utility Locate Data Gathering.xlsx 5/16/2014

Utility Co. Document Description Date of 
Publication Locator Size Date 

Received Contact Name Contact No. Notes

Alliant Energy IPL
Maps (screenshots), 
Telephone memos 2/21/2013 USIC

17 screen 
shots, 2 pdf's 
of symbol 
keys 2/26/2013

Lynne, Travis Olson 
(USIC)

Lynne:763-398-
0980 x4, Travis: 
402-630-4733

Screen shots of utility map for Alliant showing Electrical 
and Gas service lines and features. Conversation with 
Travis regarding gas line in lake near dam and near 
Lakeview Blvd. bridge

City of Albert Lea Maps (AutoCAD .dwg file) 2/20/2013

Chris Hebblewhite, 
Engineering technician, 
city of Albert Lea 2,924 KB 2/20/2013 Chris Hebblewhite 507-377-4328

City of Albert Lea's utilities around Fountain Lake 
including water, storm sewer and sanitary sewer. 

Enventis Tlecom Maps (pdf drawings) 2/25/2013 Hickory Tech/ Eventis 2 pdf pages 2/25/2013 Joni McCabe 507-387-1770
Includes maps of utilities along SE shore of Fountain 
Lake. 

Freeborn-Mower Electric Map (MS Word document) 3/6/2013
Pam Wasmoen, Mapping 
information specialist 1 page 3/6/2013 Pam Wasmoen

507-373-6421 
x3105 F-M has utilities on the West side of Edgewater Bay.

Jaguar Communications Telephone memo 3/5/2013 Brad Johnson 1 page 3/5/2013 Brad Johnson 507-355-1504
Verbally described utilities within road ROW crossing 
water.

Charter Communications Telephone Memo 3/5/2013 USIC 1 page 3/5/2013 Field Locator/ USIC 1-800-778-9140
Charter has line on Bridge St., on land, not near the lake. 
Also a line along HWY 13 near Edgewater Bay, in ditch.

Department of 
Transportation Telephone Memo 3/5/2013

DOT Technical Services- 
Field Locator 1 page 3/5/2013 Kyle Holm 507-286-7639

DOT has lighting on I-35 and traffic signals on HWY 65 in 
downtown Albert Lea. No utilities in the location of this 
work, ticket cleared.

Northern Natural Gas

Positive Response on 
Gopher State One Call 
website 2/19/2013 N/A N/A 2/19/2013 N/A 507-451-7760 Clear/ No Conflict on GSOC website 2/19/2013

Qwest (Century Link)
Maps (pdf drawings), 
Telephone Memo

2/22/2013, 
3/5/2013

Chad O'Connor Engineer 
II, Century Link

9 pdf pages, 
17 additional 
pdf pages

3/5/2013 
2/22/2013 Chad O'Connor 507-285-2059

Received marked up drawings (9 pdfs) from Chad 
O'Connor showing Century Link's cable crossing in the 
main bay. Also received maps (17 pdf's) of utilities from 
the intersection of 35 and 65 TO the SE edge of Fountain 
Lake. 

Qwest Communications Telephone Memo 2/27/2013
Qwest Nationwide/       
Qwest Communications 2 pages 2/27/2013 Robert Hubbard 515-493-8722

"Nation Backbone Cable" Runs in ROW of Union Pacific 
Railroad on SE side of HWY 65. Buried underneath the 
waterway. 

Magellan Midstream 
Partners Telephone Memo 3/5/2013

Magellan Midstream 
Partners 1 page 3/5/2013

Magellan 
representative 918-574-7098 Cleared ticket on 2/19/2013

Winnebago Coop 
Telephone

Positive Response on 
Gopher State One Call 
website 2/20/2013 N/A N/A 2/20/2013 N/A 641-592-6105 Clear/ No Conflict on GSOC website 2/20/2013

Notes:

Ticket area covers utilities crossing Fountain Lake and within 400 feet of lakeshore. 
- Utility information from Gopher State One call design locate. Ticket number 130500421, 2/19/2013.



Table 2-5
Summary of Water Quality Analytical Results

Fountain Lake
Albert Lea, Minnesota

Page 1 of 1
5/16/2014
P:\Mpls\23 MN\24\23241012 Fountain Lake Restoration\WorkFiles\DATA MGMT\Fountain Lake 2013 Data_10292013.xlsx

FOUNTAIN LAKE 
_DRET

FOUNTAIN 
LAKE_EET

FOUNTAIN 
LAKE_EFF

FOUNTAIN LK_W 
COMP

7/08/2013 7/08/2013 7/16/2013 7/08/2013

Fountain Lake 
DRET Testing

Fountain Lake EET 
Testing

Fountain Lake   
RDS EFF 
Testing

FOUNTAIN LAKE_W 
COMP_07082013

Parameter
Total or    

Dissolved
MN SW Class 2B 7050 

Chronic
MN SW Class 2B 

7050 Acute
Effective Date 1/31/2000 1/31/2000
Exceedance Key Bold Underline

General Parameters
Alkalinity, total, as CaCO3 NA -- -- 120 mg/l --
Alkalinity, total, as CaCO3 Total -- 150 mg/l -- --
Carbon, dissolved organic NA -- -- 49 mg/l --
Carbon, total Dissolved -- 19 mg/l -- --
Carbon, total organic NA -- -- 49 mg/l --
Carbon, total organic Total -- 17 mg/l -- --
Hardness, as CaCO3 NA -- -- -- 280 mg/l
Nitrate + Nitrite, as N NA -- -- 4.7 mg/l --
Nitrate + Nitrite, as N Total -- 3.1 mg/l -- --
Nitrogen, ammonia as N Dissolved 40  ug/l 2200 * ug/l -- -- --
Nitrogen, ammonia as N NA 40  ug/l -- -- -- 160 b ug/l
Nitrogen, ammonia as N Total 40  ug/l 2500 ug/l -- -- --
Nitrogen, total kjeldahl (TKN) NA -- -- 18 mg/l --
Nitrogen, total kjeldahl (TKN) Total -- 17 mg/l -- --
Orthophosphate, as P Dissolved -- -- 0.37 j mg/l --
Orthophosphate, as PO4 Dissolved -- < 0.077 mg/l -- --
pH Dissolved 6.5 - 9.0 PH pH units 8.17 pH units -- -- --
pH NA 6.5 - 9.0 PH pH units -- -- 6.98 pH units 7.61 pH units
pH Total 6.5 - 9.0 PH pH units 7.42 pH units 7.71 pH units -- --
Phosphorus, total, as P Dissolved 0.090 mg/l 0.034 j mg/l 0.081 j mg/l < 0.033 mg/l --
Phosphorus, total, as P NA 0.090 mg/l -- -- 0.28 mg/l 0.24 mg/l
Phosphorus, total, as P Total 0.090 mg/l 0.59 mg/l 0.17 mg/l -- --
Solids, total suspended NA -- -- -- 5.2 mg/l
Solids, total suspended Total 860 mg/l -- -- --

Metals
Aluminum Dissolved 125 ug/l 2145 ug/l 14 j ug/l 8.8 j ug/l -- --
Aluminum Total 125 ug/l 2145 ug/l 1100 ug/l 11000 ug/l 79 ug/l 620 ug/l
Arsenic Dissolved 53 ug/l 720 ug/l 2.4 ug/l 2.9 ug/l -- --
Arsenic Total 53 ug/l 720 ug/l 2.3 ug/l 8.8 ug/l 1.4 ug/l 1.6 ug/l
Barium Dissolved 190 ug/l 150 ug/l -- --
Barium Total 190 ug/l 350 ug/l 160 ug/l 83 ug/l
Cadmium Dissolved 2.2 HD CF ug/l 192 HD CF ug/l < 0.11 ug/l 0.16 j ug/l -- --
Cadmium Total 2.5 HD ug/l 214 HD ug/l 0.22 j ug/l 0.54 j ug/l 0.31 j ug/l 0.13 j ug/l
Chromium Dissolved 11 CF CR6 ug/l 31 CF CR6 ug/l 2.6 b ug/l 2.5 b ug/l -- --
Chromium Total 11 CR6 ug/l 32 CR6 ug/l 3.1 ug/l 16 ug/l 5.8 ug/l 3.6 b ug/l
Copper Dissolved 18 HD CF ug/l 90 HD CF ug/l 1.5 j ug/l 2.1 ug/l -- --
Copper Total 19 HD ug/l 94 HD ug/l 6.2 ug/l 32 ug/l 53 ug/l 4.8 ug/l
Iron Dissolved -- 15 j ug/l 14 j ug/l --
Iron Total -- 16000 ug/l 110 ug/l --
Lead Dissolved 7.6 HD CF ug/l 390 HD CF ug/l 0.21 jb ug/l 0.30 jb ug/l -- --
Lead Total 12 HD ug/l 607 HD ug/l 1.7 ug/l 13 ug/l 1.2 ug/l 0.52 j ug/l
Mercury Dissolved 0.0069 CF ug/l 4.2 CF (1) ug/l < 0.038 ug/l 0.081 j ug/l -- --
Mercury Total 0.0069 ug/l 4.9 (1) ug/l 0.056 j ug/l 0.045 j ug/l < 0.038 ug/l < 0.038 ug/l
Nickel Dissolved 376 HD CF ug/l 6760 HD CF ug/l 2.5 ug/l 3.2 ug/l -- --
Nickel Total 377 HD ug/l 6780 HD ug/l 3.6 ug/l 18 ug/l 7.1 ug/l 4.7 ug/l
Selenium Dissolved 5.0 ug/l 40 ug/l 0.55 j ug/l 0.69 j ug/l -- --
Selenium Total 5.0 ug/l 40 ug/l < 0.42 ug/l 2.1 j ug/l < 0.42 ug/l < 0.42 ug/l
Silver Dissolved 0.85 CF ug/l 21 HD ug/l < 0.036 ug/l < 0.036 ug/l -- --
Silver Total 1.0 ug/l 24 HD ug/l < 0.036 ug/l 0.052 j ug/l 0.069 j ug/l < 0.036 ug/l
Zinc Dissolved 250 HD CF ug/l 550 HD CF ug/l 14 b ug/l 21 ug/l -- --
Zinc Total 254 HD ug/l 560 HD ug/l 15 ug/l 74 ug/l 78 ug/l 13 b ug/l

Location
Date

Sample ID



Table 2-6
Estimated Unionized Ammonia Concentrations

Fountain Lake
Albert Lea, Minnesota

P:\Mpls\23 MN\24\23241012 Fountain Lake Restoration\WorkFiles\DATA MGMT\Fountain Lake_Unionized Ammonia Calcs.xlsx

Nitrogen, 
ammonia (NH3), 

as N
Nitrogen, ammonia 

(NH3), as N
Nitrogen, ammonia 

(NH3), as N pH
Temperature, 

degrees C pKa
Unionized 
Ammonia

Unionized 
Ammonia

Dissolved N/A Total
mg/l mg/l mg/l % mg/l

Sys Loc Code Sample Date

FOUNTAIN LAKE 7/8/2013 2.2 8.07 5 9.910 1.42% 0.0313
FOUNTAIN LAKE 7/8/2013 2.2 8.07 28 9.160 7.52% 0.1655
FOUNTAIN LAKE 7/8/2013 2.2 8.97 5 9.910 10.30% 0.2265
FOUNTAIN LAKE 7/8/2013 2.2 8.97 28 9.160 39.25% 0.8634
FOUNTAIN LAKE 7/8/2013 0.16 8.07 5 9.910 1.42% 0.0023
FOUNTAIN LAKE 7/8/2013 0.16 8.07 28 9.160 7.52% 0.0120
FOUNTAIN LAKE 7/8/2013 0.16 8.97 5 9.910 10.30% 0.0165
FOUNTAIN LAKE 7/8/2013 0.16 8.97 28 9.160 39.25% 0.0628
FOUNTAIN LAKE 7/8/2013 2.5 8.07 5 9.910 1.42% 0.0356
FOUNTAIN LAKE 7/8/2013 2.5 8.07 28 9.160 7.52% 0.1880
FOUNTAIN LAKE 7/8/2013 2.5 8.97 5 9.910 10.30% 0.2574
FOUNTAIN LAKE 7/8/2013 2.5 8.97 28 9.160 39.25% 0.9812

Chemical Name



Table 2-7
Dredged Material Dewatering Area Screening Criteria

Fountain Lake Restoration
Albert Lea, Minnesota

P:\Mpls\23 MN\24\23241012 Fountain Lake Restoration\WorkFiles\Prelim_Eng_Report\Tables\Dewatering Area Screening Criteria.xlsxDewatering Area Screening Criteria.xlsx

Shall be located above high water table MPCA WQ-GEN2-01, April 2014
Shall not be located within a shoreland or wild and scenic river land use district MPCA WQ-GEN2-01, April 2014, Minn. R. Chapters 

6105 and 6120
Shall not be located within a wetland, unless federal, state, and/or local approval has be 
obtained

MPCA WQ-GEN2-01, April 2014

Shall not be located within 50 feet of the site property line MPCA WQ-GEN2-01, April 2014
Shall not be located within the designated Karst Region in the Southeastern portion of 
Minnesota

MPCA WQ-GEN2-01, April 2014

Shall be located more than 1,000 feet from the ordinary high water level of a lake, or 300 
feet from the ordinary high water level of a river

Minn. R. Chapters 6105, 6120 and 7035

Shall be a single parcel 100 acres or greater For CDF siting
Shall be less than 5 miles from Fountain Lake Logistical 
Should have complimentary topography Logistical 
Current land use should be considered Logistical 
Historical land use should be considered (i.e. no residual contamination) Logistical 
Soil type should be less permeable Logistical 
Should be outside of a well head protection area Logistical 
Should have reasonable pipeline routing options Logistical 
Should not be in biologically sensitive area (see Table 2 for GIS layers) Logistical 

Logistical Criteria

Statutory Criteria



 

 

Figures 

  

























































 

 

Appendices 

  



 

 

Appendix A 

Sediment Core Logs 

  







































































 

 

Appendix B 

Braun Intertec 
Sediment Characterization Laboratory Reports 

  



















































































































































































































































































































































 

 

Appendix C 

University of Minnesota 
Sediment Nutrient Analysis Reports 
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Aerial Imagery 
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Test America and ALS Laboratory Reports 

  



 

ADDRESS 1317 S. 13th Avenue, Kelso, WA 98626 USA   PHONE +1 360 577 7222   FAX +1 360 636 1068 
ALS Group USA, Corp.  Part of the ALS Group    An ALS Limited Company 

 
 

August 14, 2013    Analytical Report for Service Request No:  K1306651 
      Revised Service Request No:  K1306651.01 
 
Terri Olson 
Barr Engineering 
4700 West 77th Street 
Minneapolis, MN  55435 
    
 
RE: Fountain Lake/23/24-1012.00-SED-005 
 
Dear Terri: 
 
Enclosed is the revised report for the samples submitted to our laboratory on July 09, 2013.  For your 
reference, these analyses have been assigned our service request number K1306651. 
 
The method blank for Sulfur has been added.  
 
Analyses were performed according to our laboratory’s NELAP-approved quality assurance program.  
The test results meet requirements of the current NELAP standards, where applicable, and except as 
noted in the laboratory case narrative provided.  For a specific list of NELAP-accredited analytes, refer 
to the certifications section at www.alsglobal.com.  All results are intended to be considered in their 
entirety, and ALS Group USA Corp. dba ALS Environmental (ALS) is not responsible for use of less 
than the complete report.  Results apply only to the items submitted to the laboratory for analysis and 
individual items (samples) analyzed, as listed in the report. 
 
We apologize for any inconvenience this may have created.  

Please call if you have any questions.  My extension is 3358.  You may also contact me via Email at 
Lynda.Huckestein@alsglobal.com. 
 

Respectfully submitted, 
 
ALS Group USA Corp. dba ALS Environmental 
 
 
Lynda Huckestein 
Client Services Manager 
 
LH
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Lab Chronicle
Client: Barr Engineering Company TestAmerica Job ID: 180-22998-1

Project/Site: DRET, Eff Elut, Seds, Column Settling

Client Sample ID: FOUNTAIN LAKE T12 PORT 4.0 Lab Sample ID: 180-22998-30
Matrix: WaterDate Collected: 07/29/13 23:00

Date Received: 07/19/13 11:05

Analysis 180.1 JWM07/30/13 20:2450 TAL PIT78974

Type

Batch

Method

Batch

Prep Type LabAnalystRun

Prepared

or Analyzed

Initial

Amount Amount

Final Batch

NumberFactor

Dil

Total/NA  25 mL

NOEQUIPInstrument ID:

Analysis SM 2540D 1 79079 07/31/13 12:41 SJK TAL PITTotal/NA 50 mL 250 mL

NOEQUIPInstrument ID:

Client Sample ID: FOUNTAIN LAKE T12 PORT 3.5 Lab Sample ID: 180-22998-31
Matrix: WaterDate Collected: 07/29/13 23:00

Date Received: 07/19/13 11:05

Analysis 180.1 JWM07/30/13 20:2550 TAL PIT78974

Type

Batch

Method

Batch

Prep Type LabAnalystRun

Prepared

or Analyzed

Initial

Amount Amount

Final Batch

NumberFactor

Dil

Total/NA  25 mL

NOEQUIPInstrument ID:

Analysis SM 2540D 1 79079 07/31/13 12:41 SJK TAL PITTotal/NA 50 mL 250 mL

NOEQUIPInstrument ID:

Client Sample ID: FOUNTAIN LAKE T12 PORT 3.0 Lab Sample ID: 180-22998-32
Matrix: WaterDate Collected: 07/29/13 23:00

Date Received: 07/19/13 11:05

Analysis 180.1 JWM07/30/13 20:2650 TAL PIT78974

Type

Batch

Method

Batch

Prep Type LabAnalystRun

Prepared

or Analyzed

Initial

Amount Amount

Final Batch

NumberFactor

Dil

Total/NA  25 mL

NOEQUIPInstrument ID:

Analysis SM 2540D 1 79079 07/31/13 12:41 SJK TAL PITTotal/NA 50 mL 250 mL

NOEQUIPInstrument ID:

Client Sample ID: FOUNTAIN LAKE T12 PORT 2.5 Lab Sample ID: 180-22998-33
Matrix: WaterDate Collected: 07/29/13 23:00

Date Received: 07/19/13 11:05

Analysis 180.1 JWM07/30/13 20:0750 TAL PIT78974

Type

Batch

Method

Batch

Prep Type LabAnalystRun

Prepared

or Analyzed

Initial

Amount Amount

Final Batch

NumberFactor

Dil

Total/NA  25 mL

NOEQUIPInstrument ID:

Analysis SM 2540D 1 79058 07/31/13 11:03 SJK TAL PITTotal/NA 50 mL 250 mL

NOEQUIPInstrument ID:

Client Sample ID: FOUNTAIN LAKE T24 PORT 6.0 Lab Sample ID: 180-22998-34
Matrix: WaterDate Collected: 07/30/13 11:00

Date Received: 07/19/13 11:05

Analysis 180.1 JWM07/30/13 20:0850 TAL PIT78974

Type

Batch

Method

Batch

Prep Type LabAnalystRun

Prepared

or Analyzed

Initial

Amount Amount

Final Batch

NumberFactor

Dil

Total/NA  25 mL

NOEQUIPInstrument ID:

TestAmerica Pittsburgh
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Login Sample Receipt Checklist

Client: Barr Engineering Company Job Number: 180-22998-1

Login Number: 22998

Question Answer Comment

Creator: Skowronek, Elyse N

List Source: TestAmerica Pittsburgh

List Number: 1

N/ARadioactivity wasn't checked or is </= background as measured by a survey 

meter.

TrueThe cooler's custody seal, if present, is intact.

TrueSample custody seals, if present, are intact.

TrueThe cooler or samples do not appear to have been compromised or 

tampered with.

FalseSamples were received on ice.

FalseCooler Temperature is acceptable.

TrueCooler Temperature is recorded.

TrueCOC is present.

TrueCOC is filled out in ink and legible.

TrueCOC is filled out with all pertinent information.

TrueIs the Field Sampler's name present on COC?

TrueThere are no discrepancies between the containers received and the COC.

TrueSamples are received within Holding Time.

TrueSample containers have legible labels.

TrueContainers are not broken or leaking.

TrueSample collection date/times are provided.

FalseAppropriate sample containers are used.

TrueSample bottles are completely filled.

TrueSample Preservation Verified.

TrueThere is sufficient vol. for all requested analyses, incl. any requested 

MS/MSDs

N/AContainers requiring zero headspace have no headspace or bubble is 

<6mm (1/4").

N/AMultiphasic samples are not present.

N/ASamples do not require splitting or compositing.

N/AResidual Chlorine Checked.

TestAmerica Pittsburgh
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Quality Control Results

Client:   Barr Engineering Company Job Number:   180-22998-2

QC Association Summary

Lab Sample ID Client Sample ID Client Matrix Method Prep Batch

Report

Basis

Geotechnical

Analysis Batch:200-59188

SedimentFOUNTAIN LAKE D422180-22998-1 T

Report Basis

T = Total

TestAmerica Pittsburgh
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Login Sample Receipt Checklist

Client: Barr Engineering Company Job Number: 180-22998-2

Login Number: 22998

Question Answer Comment

Creator: Skowronek, Elyse N

List Source: TestAmerica Pittsburgh

List Number: 1

N/ARadioactivity wasn't checked or is </= background as measured by a survey 

meter.

TrueThe cooler's custody seal, if present, is intact.

TrueSample custody seals, if present, are intact.

TrueThe cooler or samples do not appear to have been compromised or 

tampered with.

FalseSamples were received on ice.

FalseCooler Temperature is acceptable.

TrueCooler Temperature is recorded.

TrueCOC is present.

TrueCOC is filled out in ink and legible.

TrueCOC is filled out with all pertinent information.

TrueIs the Field Sampler's name present on COC?

TrueThere are no discrepancies between the containers received and the COC.

TrueSamples are received within Holding Time.

TrueSample containers have legible labels.

TrueContainers are not broken or leaking.

TrueSample collection date/times are provided.

FalseAppropriate sample containers are used.

TrueSample bottles are completely filled.

TrueSample Preservation Verified.

TrueThere is sufficient vol. for all requested analyses, incl. any requested 

MS/MSDs

N/AContainers requiring zero headspace have no headspace or bubble is 

<6mm (1/4").

N/AMultiphasic samples are not present.

N/ASamples do not require splitting or compositing.

N/AResidual Chlorine Checked.
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Login Sample Receipt Checklist

Client: Barr Engineering Company Job Number: 180-22998-2

Login Number: 22998

Question Answer Comment

Creator: Gagne, Eric M

List Source: TestAmerica Burlington

List Creation: 07/25/13 11:55 AMList Number: 1

N/ARadioactivity wasn't checked or is </= background as measured by a survey 

meter.

Lab does not accept radioactive samples.

TrueThe cooler's custody seal, if present, is intact. No SEALS

TrueSample custody seals, if present, are intact.

TrueThe cooler or samples do not appear to have been compromised or 

tampered with.

TrueSamples were received on ice.

TrueCooler Temperature is acceptable.

TrueCooler Temperature is recorded. 3.4ºC  IR GUN ID 181.  CF -0.2

TrueCOC is present.

TrueCOC is filled out in ink and legible.

TrueCOC is filled out with all pertinent information.

TrueIs the Field Sampler's name present on COC? Received project as a subcontract.

TrueThere are no discrepancies between the containers received and the COC.

TrueSamples are received within Holding Time.

TrueSample containers have legible labels.

TrueContainers are not broken or leaking.

TrueSample collection date/times are provided.

TrueAppropriate sample containers are used.

TrueSample bottles are completely filled.

TrueSample Preservation Verified.

TrueThere is sufficient vol. for all requested analyses, incl. any requested 

MS/MSDs

TrueContainers requiring zero headspace have no headspace or bubble is 

<6mm (1/4").

TrueMultiphasic samples are not present.

TrueSamples do not require splitting or compositing.

N/AResidual Chlorine Checked.
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ANALYTICAL REPORT
TestAmerica Laboratories, Inc.
TestAmerica Pittsburgh
301 Alpha Drive
RIDC Park
Pittsburgh, PA 15238
Tel: (412)963-7058

TestAmerica Job ID: 180-22999-1
Client Project/Site: DRET, Eff Elut, Seds, Column Settling

For:
Barr Engineering Company
4700 West 77th Street
Minneapolis, Minnesota 55435-4803

Attn: Terri Olson

Authorized for release by:
7/31/2013 12:52:20 PM
Jill Colussy, Project Manager I
(412)963-2444
jill.colussy@testamericainc.com

Designee for

Carrie Gamber, Senior Project Manager
carrie.gamber@testamericainc.com

This report has been electronically signed and authorized by the signatory. Electronic signature is
intended to be the legally binding equivalent of a traditionally handwritten signature.

Results relate only to the items tested and the sample(s) as received by the laboratory.
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Case Narrative
Client: Barr Engineering Company TestAmerica Job ID: 180-22999-1

Project/Site: DRET, Eff Elut, Seds, Column Settling

Job ID: 180-22999-1

Laboratory: TestAmerica Pittsburgh

Narrative

Job Narrative

180-22999-1

Receipt 

The sample was received on 7/11/2013 8:30 AM; the sample arrived in good condition, properly preserved and, where required, on ice.  

The temperature of the cooler at receipt was 23.2º C.

Metals 

No analytical or quality issues were noted.

General Chemistry 

No analytical or quality issues were noted.

TestAmerica Pittsburgh
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Definitions/Glossary
TestAmerica Job ID: 180-22999-1Client: Barr Engineering Company

Project/Site: DRET, Eff Elut, Seds, Column Settling

Qualifiers

Metals

Qualifier Description

B Compound was found in the blank and sample.

Qualifier

J Result is less than the RL but greater than or equal to the MDL and the concentration is an approximate value.

General Chemistry

Qualifier Description

HF Field parameter with a holding time of 15 minutes

Qualifier

B Compound was found in the blank and sample.

J Result is less than the RL but greater than or equal to the MDL and the concentration is an approximate value.

Glossary

These commonly used abbreviations may or may not be present in this report.

¤ Listed under the "D" column to designate that the result is reported on a dry weight basis

Abbreviation

%R Percent Recovery

CNF Contains no Free Liquid

DER Duplicate error ratio (normalized absolute difference)

DL, RA, RE, IN Indicates a Dilution, Re-analysis, Re-extraction, or additional Initial metals/anion analysis of the sample

DLC Decision level concentration

MDA Minimum detectable activity

EDL Estimated Detection Limit

MDC Minimum detectable concentration

MDL Method Detection Limit

ML Minimum Level (Dioxin)

NC Not Calculated

ND Not detected at the reporting limit (or MDL or EDL if shown)

PQL Practical Quantitation Limit

QC Quality Control

RER Relative error ratio

RL Reporting Limit or Requested Limit (Radiochemistry)

RPD Relative Percent Difference, a measure of the relative difference between two points

TEF Toxicity Equivalent Factor (Dioxin)

TEQ Toxicity Equivalent Quotient (Dioxin)

TestAmerica Pittsburgh
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Certification Summary
Client: Barr Engineering Company TestAmerica Job ID: 180-22999-1

Project/Site: DRET, Eff Elut, Seds, Column Settling

Laboratory: TestAmerica Pittsburgh
All certifications held by this laboratory are listed.  Not all certifications are applicable to this report.

Authority Program EPA Region Certification ID Expiration Date

Arkansas DEQ 88-06906State Program 06-27-13 *

California NELAP 9 4224CA 03-31-14

Connecticut State Program 1 PH-0688 09-30-14

Florida NELAP 4 E871008 06-30-14

Illinois NELAP 5 002602 06-30-13 *

Kansas NELAP 7 E-10350 01-31-14

L-A-B DoD ELAP L2314 07-16-16

Louisiana NELAP 6 04041 06-30-13 *

New Hampshire NELAP 1 203011 04-05-14

New Jersey NELAP 2 PA005 06-30-14

New York NELAP 2 11182 04-01-14

North Carolina DENR State Program 4 434 12-31-13

Pennsylvania NELAP 3 02-00416 04-30-14

South Carolina State Program 4 89014 04-30-13 *

US Fish & Wildlife Federal LE94312A-1 11-30-14

USDA Federal P-Soil-01 04-16-15

USDA Federal P330-10-00139 05-23-16 *

Utah NELAP 8 STLP 04-30-14

Virginia NELAP 3 460189 09-14-13

West Virginia DEP State Program 3 142 01-31-14

Wisconsin State Program 5 998027800 08-31-13 *

Laboratory: TestAmerica Canton
All certifications held by this laboratory are listed.  Not all certifications are applicable to this report.

Authority Program EPA Region Certification ID Expiration Date

California 01144CA9NELAP 06-30-14

Connecticut State Program 1 PH-0590 12-31-13

Florida NELAP 4 E87225 06-30-14

Georgia State Program 4 N/A 06-30-14

Illinois NELAP 5 200004 07-31-13 *

Kansas NELAP 7 E-10336 01-31-14

Kentucky State Program 4 58 06-30-14

L-A-B DoD ELAP L2315 07-18-16

Minnesota NELAP 5 039-999-348 12-31-13

Nevada State Program 9 OH-000482008A 07-31-14

New Jersey NELAP 2 OH001 06-30-14

New York NELAP 2 10975 04-01-14

Ohio VAP State Program 5 CL0024 01-19-14

Pennsylvania NELAP 3 68-00340 08-31-13

Texas NELAP 6 08-31-13

USDA Federal P330-11-00328 08-26-14

Virginia NELAP 3 460175 09-14-13

Washington State Program 10 C971 01-12-14

Wisconsin State Program 5 999518190 08-31-13

TestAmerica Pittsburgh

* Expired certification is currently pending renewal and is considered valid.
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Sample Summary
TestAmerica Job ID: 180-22999-1Client: Barr Engineering Company

Project/Site: DRET, Eff Elut, Seds, Column Settling

Lab Sample ID Client Sample ID ReceivedCollectedMatrix

180-22999-1 FOUNTAIN LAKE WATER 07/08/13 15:00 07/11/13 08:30

TestAmerica Pittsburgh
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Method Summary
TestAmerica Job ID: 180-22999-1Client: Barr Engineering Company

Project/Site: DRET, Eff Elut, Seds, Column Settling

Method Method Description LaboratoryProtocol

SW8466020A Metals (ICP/MS) TAL PIT

SW8467470A Mercury (CVAA) TAL PIT

MCAWW350.1 Nitrogen, Ammonia TAL PIT

SW8469040C pH TAL PIT

SMSM 2340C Hardness, Total TAL PIT

SMSM 2540D Solids, Total Suspended (TSS) TAL PIT

SMSM4500 P E-1999 Phosphorus TAL CAN

Protocol References:

MCAWW = "Methods For Chemical Analysis Of Water And Wastes", EPA-600/4-79-020, March 1983 And Subsequent Revisions.

SM = "Standard Methods For The Examination Of Water And Wastewater",

SW846 = "Test Methods For Evaluating Solid Waste, Physical/Chemical Methods", Third Edition, November 1986 And Its Updates.

Laboratory References:

TAL CAN = TestAmerica Canton, 4101 Shuffel Street NW, North Canton, OH 44720, TEL (330)497-9396

TAL PIT = TestAmerica Pittsburgh, 301 Alpha Drive, RIDC Park, Pittsburgh, PA 15238, TEL (412)963-7058

TestAmerica Pittsburgh
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Lab Chronicle
Client: Barr Engineering Company TestAmerica Job ID: 180-22999-1

Project/Site: DRET, Eff Elut, Seds, Column Settling

Client Sample ID: FOUNTAIN LAKE Lab Sample ID: 180-22999-1
Matrix: WATERDate Collected: 07/08/13 15:00

Date Received: 07/11/13 08:30

Prep 7470A RJR07/24/13 06:40 TAL PIT78247

Type

Batch

Method

Batch

Prep Type LabAnalystRun

Prepared

or Analyzed

Initial

Amount Amount

Final Batch

NumberFactor

Dil

Total/NA 50 mL 50 mL

Analysis 7470A 1 78321 07/24/13 12:35 RJR TAL PITTotal/NA

KInstrument ID:

Prep 3005A 77878 07/19/13 09:44 RJR TAL PITTotal Recoverable 50 mL 50 mL

Analysis 6020A 1 78699 07/26/13 13:46 CNS TAL PITTotal Recoverable

XInstrument ID:

Analysis SM 2540D 1 77245 07/12/13 14:24 SJK TAL PITTotal/NA 250 mL 250 mL

NOEQUIPInstrument ID:

Analysis 9040C 1 77485 07/16/13 14:00 RDH TAL PITTotal/NA  50 mL

NOEQUIPInstrument ID:

Prep Distill/Ammonia 78066 07/22/13 10:00 CMR TAL PITTotal/NA 50 mL 50 mL

Analysis 350.1 1 78211 07/23/13 14:37 CAK TAL PITTotal/NA

ASTORIA1Instrument ID:

Analysis SM 2340C 1 78543 07/26/13 09:57 CAK TAL PITTotal/NA 50 mL 50 mL

NOEQUIPInstrument ID:

Prep 365.2/365.3/365 94776 07/24/13 07:40 TPH TAL CANTotal/NA 50 mL 50 mL

Analysis SM4500 P E-1999 1 94866 07/24/13 14:29 TPH TAL CANTotal/NA

BARNEYInstrument ID:

Laboratory References:

TAL CAN = TestAmerica Canton, 4101 Shuffel Street NW, North Canton, OH 44720, TEL (330)497-9396

TAL PIT = TestAmerica Pittsburgh, 301 Alpha Drive, RIDC Park, Pittsburgh, PA 15238, TEL (412)963-7058

Analyst References:

Lab: TAL CAN

Batch Type: Prep

TPH = Tom Harshman

Batch Type: Analysis

TPH = Tom Harshman

Lab: TAL PIT

Batch Type: Prep

CMR = Carl Reagle

RJR = Ron Rosenbaum

Batch Type: Analysis

CAK = Chuck Kieda

CNS = Caitlin Ferguson

RDH = Rachael Hartmann

RJR = Ron Rosenbaum

SJK = Sarah Kunkle

TestAmerica Pittsburgh
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Client Sample Results
TestAmerica Job ID: 180-22999-1Client: Barr Engineering Company

Project/Site: DRET, Eff Elut, Seds, Column Settling

Lab Sample ID: 180-22999-1Client Sample ID: FOUNTAIN LAKE
Matrix: WATERDate Collected: 07/08/13 15:00

Date Received: 07/11/13 08:30

Method: 6020A - Metals (ICP/MS) - Total Recoverable
RL MDL

Aluminum 620 30 2.6 ug/L 07/19/13 09:44 07/26/13 13:46 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier

1.0 0.29 ug/L 07/19/13 09:44 07/26/13 13:46 1Arsenic 1.6

10 0.098 ug/L 07/19/13 09:44 07/26/13 13:46 1Barium 83 B

1.0 0.11 ug/L 07/19/13 09:44 07/26/13 13:46 1Cadmium 0.13 J

2.0 0.54 ug/L 07/19/13 09:44 07/26/13 13:46 1Chromium 3.6 B

1.0 0.036 ug/L 07/19/13 09:44 07/26/13 13:46 1Silver ND

1.0 0.019 ug/L 07/19/13 09:44 07/26/13 13:46 1Lead 0.52 J B

5.0 0.42 ug/L 07/19/13 09:44 07/26/13 13:46 1Selenium ND

2.0 0.24 ug/L 07/19/13 09:44 07/26/13 13:46 1Copper 4.8 B

1.0 0.17 ug/L 07/19/13 09:44 07/26/13 13:46 1Nickel 4.7

5.0 0.96 ug/L 07/19/13 09:44 07/26/13 13:46 1Zinc 13 B

Method: 7470A - Mercury (CVAA)
RL MDL

Mercury ND 0.20 0.038 ug/L 07/24/13 06:40 07/24/13 12:35 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier

General Chemistry
RL MDL

Ammonia, distilled 0.16 B 0.10 0.027 mg/L 07/22/13 10:00 07/23/13 14:37 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier

0.100 0.100 SU 07/16/13 14:00 1pH 7.61 HF

5.0 1.5 mg/L 07/26/13 09:57 1Hardness as calcium carbonate 280

2.0 2.0 mg/L 07/12/13 14:24 1Total Suspended Solids 5.2

0.10 0.033 mg/L 07/24/13 07:40 07/24/13 14:29 1Total Phosphorus as P 0.24
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QC Sample Results
TestAmerica Job ID: 180-22999-1Client: Barr Engineering Company

Project/Site: DRET, Eff Elut, Seds, Column Settling

Method: 6020A - Metals (ICP/MS)

Client Sample ID: Method BlankLab Sample ID: MB 180-77878/1-A

Matrix: Water Prep Type: Total Recoverable

Analysis Batch: 78699 Prep Batch: 77878

RL MDL

Aluminum ND 30 2.6 ug/L 07/19/13 09:44 07/26/13 13:33 1

MB MB

Analyte Dil FacAnalyzedPreparedDUnitResult Qualifier

ND 0.291.0 ug/L 07/19/13 09:44 07/26/13 13:33 1Arsenic

0.173 J 0.09810 ug/L 07/19/13 09:44 07/26/13 13:33 1Barium

ND 0.111.0 ug/L 07/19/13 09:44 07/26/13 13:33 1Cadmium

0.848 J 0.542.0 ug/L 07/19/13 09:44 07/26/13 13:33 1Chromium

ND 0.0361.0 ug/L 07/19/13 09:44 07/26/13 13:33 1Silver

0.0770 J 0.0191.0 ug/L 07/19/13 09:44 07/26/13 13:33 1Lead

ND 0.425.0 ug/L 07/19/13 09:44 07/26/13 13:33 1Selenium

0.795 J 0.242.0 ug/L 07/19/13 09:44 07/26/13 13:33 1Copper

ND 0.171.0 ug/L 07/19/13 09:44 07/26/13 13:33 1Nickel

2.96 J 0.965.0 ug/L 07/19/13 09:44 07/26/13 13:33 1Zinc

Client Sample ID: Lab Control SampleLab Sample ID: LCS 180-77878/2-A

Matrix: Water Prep Type: Total Recoverable

Analysis Batch: 78699 Prep Batch: 77878

Aluminum 2000 1940 ug/L 97 80 - 120

Analyte

LCS LCS

DUnitResult Qualifier %Rec

Spike

Added

%Rec.

Limits

Arsenic 40.0 37.2 ug/L 93 80 - 120

Barium 2000 1910 ug/L 96 80 - 120

Cadmium 50.0 51.1 ug/L 102 80 - 120

Chromium 200 197 ug/L 98 80 - 120

Silver 50.0 50.3 ug/L 101 80 - 120

Lead 20.0 17.6 ug/L 88 80 - 120

Selenium 10.0 8.85 ug/L 88 80 - 120

Copper 250 242 ug/L 97 80 - 120

Nickel 500 481 ug/L 96 80 - 120

Zinc 500 498 ug/L 100 80 - 120

Client Sample ID: FOUNTAIN LAKELab Sample ID: 180-22999-1 MS

Matrix: WATER Prep Type: Total Recoverable

Analysis Batch: 78699 Prep Batch: 77878

Aluminum 620 2000 2960 ug/L 117 75 - 125

Analyte

MS MS

DUnitResult Qualifier %Rec

Spike

Added

Sample

Result

Sample

Qualifier

%Rec.

Limits

Arsenic 1.6 40.0 37.9 ug/L 91 75 - 125

Barium 83 B 2000 2050 ug/L 98 75 - 125

Cadmium 0.13 J 50.0 49.5 ug/L 99 75 - 125

Chromium 3.6 B 200 200 ug/L 98 75 - 125

Silver ND 50.0 50.5 ug/L 101 75 - 125

Lead 0.52 J B 20.0 19.1 ug/L 93 75 - 125

Selenium ND 10.0 8.81 ug/L 88 75 - 125

Copper 4.8 B 250 238 ug/L 93 75 - 125

Nickel 4.7 500 474 ug/L 94 75 - 125

Zinc 13 B 500 471 ug/L 92 75 - 125
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QC Sample Results
TestAmerica Job ID: 180-22999-1Client: Barr Engineering Company

Project/Site: DRET, Eff Elut, Seds, Column Settling

Method: 6020A - Metals (ICP/MS) (Continued)

Client Sample ID: FOUNTAIN LAKELab Sample ID: 180-22999-1 MSD

Matrix: WATER Prep Type: Total Recoverable

Analysis Batch: 78699 Prep Batch: 77878

Aluminum 620 2000 3020 ug/L 120 75 - 125 2 20

Analyte

MSD MSD

DUnitResult Qualifier %Rec

Spike

Added

Sample

Result

Sample

Qualifier

%Rec.

Limits LimitRPD

RPD

Arsenic 1.6 40.0 40.4 ug/L 97 75 - 125 6 20

Barium 83 B 2000 2100 ug/L 101 75 - 125 2 20

Cadmium 0.13 J 50.0 51.9 ug/L 103 75 - 125 5 20

Chromium 3.6 B 200 206 ug/L 101 75 - 125 3 20

Silver ND 50.0 51.6 ug/L 103 75 - 125 2 20

Lead 0.52 J B 20.0 19.9 ug/L 97 75 - 125 4 20

Selenium ND 10.0 10.5 ug/L 105 75 - 125 18 20

Copper 4.8 B 250 251 ug/L 98 75 - 125 5 20

Nickel 4.7 500 500 ug/L 99 75 - 125 5 20

Zinc 13 B 500 497 ug/L 97 75 - 125 6 20

Method: 7470A - Mercury (CVAA)

Client Sample ID: Method BlankLab Sample ID: MB 180-78247/1-A

Matrix: Water Prep Type: Total/NA

Analysis Batch: 78321 Prep Batch: 78247

RL MDL

Mercury ND 0.20 0.038 ug/L 07/24/13 06:40 07/24/13 11:54 1

MB MB

Analyte Dil FacAnalyzedPreparedDUnitResult Qualifier

Client Sample ID: Lab Control SampleLab Sample ID: LCS 180-78247/2-A

Matrix: Water Prep Type: Total/NA

Analysis Batch: 78321 Prep Batch: 78247

Mercury 2.50 2.37 ug/L 95 80 - 120

Analyte

LCS LCS

DUnitResult Qualifier %Rec

Spike

Added

%Rec.

Limits

Method: 350.1 - Nitrogen, Ammonia

Client Sample ID: Method BlankLab Sample ID: MB 180-78066/1-A

Matrix: Water Prep Type: Total/NA

Analysis Batch: 78211 Prep Batch: 78066

RL MDL

Ammonia, distilled 0.0750 J 0.10 0.027 mg/L 07/22/13 10:00 07/23/13 14:27 1

MB MB

Analyte Dil FacAnalyzedPreparedDUnitResult Qualifier

Client Sample ID: Lab Control SampleLab Sample ID: LCS 180-78066/2-A

Matrix: Water Prep Type: Total/NA

Analysis Batch: 78211 Prep Batch: 78066

Ammonia, distilled 2.00 2.12 mg/L 106 90 - 110

Analyte

LCS LCS

DUnitResult Qualifier %Rec

Spike

Added

%Rec.

Limits
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QC Sample Results
TestAmerica Job ID: 180-22999-1Client: Barr Engineering Company

Project/Site: DRET, Eff Elut, Seds, Column Settling

Method: 9040C - pH

Client Sample ID: Lab Control SampleLab Sample ID: LCS 180-77485/1

Matrix: Water Prep Type: Total/NA

Analysis Batch: 77485

pH 7.00 6.990 SU 100 99 - 101

Analyte

LCS LCS

DUnitResult Qualifier %Rec

Spike

Added

%Rec.

Limits

Client Sample ID: FOUNTAIN LAKELab Sample ID: 180-22999-1 DU

Matrix: WATER Prep Type: Total/NA

Analysis Batch: 77485

pH 7.61 HF 7.620 HF SU 0.1 2

Analyte

DU DU

DUnitResult Qualifier

Sample

Result

Sample

Qualifier LimitRPD

RPD

Method: SM 2340C - Hardness, Total

Client Sample ID: Method BlankLab Sample ID: MB 180-78543/2

Matrix: Water Prep Type: Total/NA

Analysis Batch: 78543

RL MDL

Hardness as calcium carbonate ND 5.0 1.5 mg/L 07/26/13 09:57 1

MB MB

Analyte Dil FacAnalyzedPreparedDUnitResult Qualifier

Client Sample ID: FOUNTAIN LAKELab Sample ID: 180-22999-1 DU

Matrix: WATER Prep Type: Total/NA

Analysis Batch: 78543

Hardness as calcium carbonate 280 280 mg/L 1 20

Analyte

DU DU

DUnitResult Qualifier

Sample

Result

Sample

Qualifier LimitRPD

RPD

Method: SM 2540D - Solids, Total Suspended (TSS)

Client Sample ID: Method BlankLab Sample ID: MB 180-77245/2

Matrix: Water Prep Type: Total/NA

Analysis Batch: 77245

RL MDL

Total Suspended Solids ND 2.0 2.0 mg/L 07/12/13 14:24 1

MB MB

Analyte Dil FacAnalyzedPreparedDUnitResult Qualifier

Client Sample ID: Lab Control SampleLab Sample ID: LCS 180-77245/1

Matrix: Water Prep Type: Total/NA

Analysis Batch: 77245

Total Suspended Solids 93.9 78.0 mg/L 83 80 - 120

Analyte

LCS LCS

DUnitResult Qualifier %Rec

Spike

Added

%Rec.

Limits
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QC Sample Results
TestAmerica Job ID: 180-22999-1Client: Barr Engineering Company

Project/Site: DRET, Eff Elut, Seds, Column Settling

Method: SM4500 P E-1999 - Phosphorus

Client Sample ID: Method BlankLab Sample ID: MB 240-94776/10-A

Matrix: Water Prep Type: Total/NA

Analysis Batch: 94866 Prep Batch: 94776

RL MDL

Total Phosphorus as P ND 0.10 0.033 mg/L 07/24/13 07:29 07/24/13 14:26 1

MB MB

Analyte Dil FacAnalyzedPreparedDUnitResult Qualifier

Client Sample ID: Lab Control SampleLab Sample ID: LCS 240-94776/11-A

Matrix: Water Prep Type: Total/NA

Analysis Batch: 94866 Prep Batch: 94776

Total Phosphorus as P 4.48 4.41 mg/L 99 53 - 134

Analyte

LCS LCS

DUnitResult Qualifier %Rec

Spike

Added

%Rec.

Limits
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QC Association Summary
TestAmerica Job ID: 180-22999-1Client: Barr Engineering Company

Project/Site: DRET, Eff Elut, Seds, Column Settling

Metals

Prep Batch: 77878

Lab Sample ID Client Sample ID Prep Type Matrix Method Prep Batch

WATER 3005A180-22999-1 FOUNTAIN LAKE Total Recoverable

WATER 3005A180-22999-1 MS FOUNTAIN LAKE Total Recoverable

WATER 3005A180-22999-1 MSD FOUNTAIN LAKE Total Recoverable

Water 3005ALCS 180-77878/2-A Lab Control Sample Total Recoverable

Water 3005AMB 180-77878/1-A Method Blank Total Recoverable

Prep Batch: 78247

Lab Sample ID Client Sample ID Prep Type Matrix Method Prep Batch

WATER 7470A180-22999-1 FOUNTAIN LAKE Total/NA

Water 7470ALCS 180-78247/2-A Lab Control Sample Total/NA

Water 7470AMB 180-78247/1-A Method Blank Total/NA

Analysis Batch: 78321

Lab Sample ID Client Sample ID Prep Type Matrix Method Prep Batch

WATER 7470A 78247180-22999-1 FOUNTAIN LAKE Total/NA

Water 7470A 78247LCS 180-78247/2-A Lab Control Sample Total/NA

Water 7470A 78247MB 180-78247/1-A Method Blank Total/NA

Analysis Batch: 78699

Lab Sample ID Client Sample ID Prep Type Matrix Method Prep Batch

WATER 6020A 77878180-22999-1 FOUNTAIN LAKE Total Recoverable

WATER 6020A 77878180-22999-1 MS FOUNTAIN LAKE Total Recoverable

WATER 6020A 77878180-22999-1 MSD FOUNTAIN LAKE Total Recoverable

Water 6020A 77878LCS 180-77878/2-A Lab Control Sample Total Recoverable

Water 6020A 77878MB 180-77878/1-A Method Blank Total Recoverable

General Chemistry

Analysis Batch: 77245

Lab Sample ID Client Sample ID Prep Type Matrix Method Prep Batch

WATER SM 2540D180-22999-1 FOUNTAIN LAKE Total/NA

Water SM 2540DLCS 180-77245/1 Lab Control Sample Total/NA

Water SM 2540DMB 180-77245/2 Method Blank Total/NA

Analysis Batch: 77485

Lab Sample ID Client Sample ID Prep Type Matrix Method Prep Batch

WATER 9040C180-22999-1 FOUNTAIN LAKE Total/NA

WATER 9040C180-22999-1 DU FOUNTAIN LAKE Total/NA

Water 9040CLCS 180-77485/1 Lab Control Sample Total/NA

Prep Batch: 78066

Lab Sample ID Client Sample ID Prep Type Matrix Method Prep Batch

WATER Distill/Ammonia180-22999-1 FOUNTAIN LAKE Total/NA

Water Distill/AmmoniaLCS 180-78066/2-A Lab Control Sample Total/NA

Water Distill/AmmoniaMB 180-78066/1-A Method Blank Total/NA

Analysis Batch: 78211

Lab Sample ID Client Sample ID Prep Type Matrix Method Prep Batch

WATER 350.1 78066180-22999-1 FOUNTAIN LAKE Total/NA

Water 350.1 78066LCS 180-78066/2-A Lab Control Sample Total/NA
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QC Association Summary
TestAmerica Job ID: 180-22999-1Client: Barr Engineering Company

Project/Site: DRET, Eff Elut, Seds, Column Settling

General Chemistry (Continued)

Analysis Batch: 78211 (Continued)

Lab Sample ID Client Sample ID Prep Type Matrix Method Prep Batch

Water 350.1 78066MB 180-78066/1-A Method Blank Total/NA

Analysis Batch: 78543

Lab Sample ID Client Sample ID Prep Type Matrix Method Prep Batch

WATER SM 2340C180-22999-1 FOUNTAIN LAKE Total/NA

WATER SM 2340C180-22999-1 DU FOUNTAIN LAKE Total/NA

Water SM 2340CLCS 180-78543/1 Lab Control Sample Total/NA

Water SM 2340CMB 180-78543/2 Method Blank Total/NA

Prep Batch: 94776

Lab Sample ID Client Sample ID Prep Type Matrix Method Prep Batch

WATER 365.2/365.3/365180-22999-1 FOUNTAIN LAKE Total/NA

Water 365.2/365.3/365LCS 240-94776/11-A Lab Control Sample Total/NA

Water 365.2/365.3/365MB 240-94776/10-A Method Blank Total/NA

Analysis Batch: 94866

Lab Sample ID Client Sample ID Prep Type Matrix Method Prep Batch

WATER SM4500 P 

E-1999

94776180-22999-1 FOUNTAIN LAKE Total/NA

Water SM4500 P 

E-1999

94776LCS 240-94776/11-A Lab Control Sample Total/NA

Water SM4500 P 

E-1999

94776MB 240-94776/10-A Method Blank Total/NA
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Login Sample Receipt Checklist

Client: Barr Engineering Company Job Number: 180-22999-1

Login Number: 22999

Question Answer Comment

Creator: Skowronek, Elyse N

List Source: TestAmerica Pittsburgh

List Number: 1

N/ARadioactivity wasn't checked or is </= background as measured by a survey 

meter.

TrueThe cooler's custody seal, if present, is intact.

TrueSample custody seals, if present, are intact.

TrueThe cooler or samples do not appear to have been compromised or 

tampered with.

FalseSamples were received on ice.

FalseCooler Temperature is acceptable.

TrueCooler Temperature is recorded.

TrueCOC is present.

TrueCOC is filled out in ink and legible.

TrueCOC is filled out with all pertinent information.

TrueIs the Field Sampler's name present on COC?

TrueThere are no discrepancies between the containers received and the COC.

TrueSamples are received within Holding Time.

TrueSample containers have legible labels.

TrueContainers are not broken or leaking.

TrueSample collection date/times are provided.

FalseAppropriate sample containers are used.

TrueSample bottles are completely filled.

TrueSample Preservation Verified.

TrueThere is sufficient vol. for all requested analyses, incl. any requested 

MS/MSDs

N/AContainers requiring zero headspace have no headspace or bubble is 

<6mm (1/4").

N/AMultiphasic samples are not present.

N/ASamples do not require splitting or compositing.

N/AResidual Chlorine Checked.
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ANALYTICAL REPORT
TestAmerica Laboratories, Inc.
TestAmerica Pittsburgh
301 Alpha Drive
RIDC Park
Pittsburgh, PA 15238
Tel: (412)963-7058

TestAmerica Job ID: 180-23446-1
Client Project/Site: DRET, Eff Elut, Seds, Column Settling
Revision: 1

For:
Barr Engineering Company
4700 West 77th Street
Minneapolis, Minnesota 55435-4803

Attn: Terri Olson

Authorized for release by:
9/12/2013 8:45:54 AM

Carrie Gamber, Senior Project Manager
carrie.gamber@testamericainc.com

This report has been electronically signed and authorized by the signatory. Electronic signature is
intended to be the legally binding equivalent of a traditionally handwritten signature.

Results relate only to the items tested and the sample(s) as received by the laboratory.
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Case Narrative
Client: Barr Engineering Company TestAmerica Job ID: 180-23446-1

Project/Site: DRET, Eff Elut, Seds, Column Settling

Job ID: 180-23446-1

Laboratory: TestAmerica Pittsburgh

Narrative

Job Narrative

180-23446-1 Revised

NOTE:  This report has been revised to correct and update the case narrative and to report the LCS for otho-phosphorus.

Comments

No additional comments. 

Receipt 

The sample was received on 7/24/2013 8:40 AM; the sample arrived in good condition, properly preserved and, where required, on ice.  

The temperature of the cooler at receipt was 2.2º C.

The following sample was received outside of holding time for otho-phosphorus: FOUNTAIN LAKE. 

Metals 

The method blank had detections above the method detection limit but below the reporting limit.  These results are flagged as estimated.

General Chemistry 

The method blanks for alkalinity, TOC, TKN and DOC had a detection above the method detection limit but below the reporting limit.  

These results are flagged as estimated.

Method(s) SM 4500 P E: Insufficient sample volume was available to perform a matrix spike/matrix spike duplicate (MS/MSD) associated 

with Dissolved Phosphate batch 98070.FOUNTAIN LAKE (180-23446-1)

Method(s) SM 4500 P E: The following Dissolved Phosphate sample was received with greater than 50% of holding time expired due to a 

laboratory oversight: FOUNTAIN LAKE (180-23446-1).  As such, the laboratory had insufficient time remaining to perform the analysis 

within holding time.  This analysis is marked with an "H", out of hold flag.
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Definitions/Glossary
TestAmerica Job ID: 180-23446-1Client: Barr Engineering Company

Project/Site: DRET, Eff Elut, Seds, Column Settling

Qualifiers

Metals

Qualifier Description

B Compound was found in the blank and sample.

Qualifier

J Result is less than the RL but greater than or equal to the MDL and the concentration is an approximate value.

General Chemistry

Qualifier Description

B Compound was found in the blank and sample.

Qualifier

HF Field parameter with a holding time of 15 minutes

H Sample was prepped or analyzed beyond the specified holding time

J Result is less than the RL but greater than or equal to the MDL and the concentration is an approximate value.

Glossary

These commonly used abbreviations may or may not be present in this report.

¤ Listed under the "D" column to designate that the result is reported on a dry weight basis

Abbreviation

%R Percent Recovery

CNF Contains no Free Liquid

DER Duplicate error ratio (normalized absolute difference)

Dil Fac Dilution Factor

DL, RA, RE, IN Indicates a Dilution, Re-analysis, Re-extraction, or additional Initial metals/anion analysis of the sample

DLC Decision level concentration

MDA Minimum detectable activity

EDL Estimated Detection Limit

MDC Minimum detectable concentration

MDL Method Detection Limit

ML Minimum Level (Dioxin)

NC Not Calculated

ND Not detected at the reporting limit (or MDL or EDL if shown)

PQL Practical Quantitation Limit

QC Quality Control

RER Relative error ratio

RL Reporting Limit or Requested Limit (Radiochemistry)

RPD Relative Percent Difference, a measure of the relative difference between two points

TEF Toxicity Equivalent Factor (Dioxin)

TEQ Toxicity Equivalent Quotient (Dioxin)
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Certification Summary
Client: Barr Engineering Company TestAmerica Job ID: 180-23446-1

Project/Site: DRET, Eff Elut, Seds, Column Settling

Laboratory: TestAmerica Pittsburgh
All certifications held by this laboratory are listed.  Not all certifications are applicable to this report.

Authority Program EPA Region Certification ID Expiration Date

Arkansas DEQ 88-06906State Program 06-27-14

California NELAP 9 4224CA 03-31-14

Connecticut State Program 1 PH-0688 09-30-14

Florida NELAP 4 E871008 06-30-14

Illinois NELAP 5 002602 06-30-14

Kansas NELAP 7 E-10350 01-31-14

L-A-B DoD ELAP L2314 07-16-16

Louisiana NELAP 6 04041 06-30-13 *

New Hampshire NELAP 1 203011 04-05-14

New Jersey NELAP 2 PA005 06-30-14

New York NELAP 2 11182 04-01-14

North Carolina DENR State Program 4 434 12-31-13

Pennsylvania NELAP 3 02-00416 04-30-14

South Carolina State Program 4 89014 04-30-13 *

US Fish & Wildlife Federal LE94312A-1 11-30-14

USDA Federal P330-10-00139 05-23-16

Utah NELAP 8 STLP 04-30-14

Virginia NELAP 3 460189 09-14-13 *

West Virginia DEP State Program 3 142 01-31-14

Wisconsin State Program 5 998027800 08-31-14

Laboratory: TestAmerica Canton
All certifications held by this laboratory are listed.  Not all certifications are applicable to this report.

Authority Program EPA Region Certification ID Expiration Date

California 01144CA9NELAP 06-30-14

Connecticut State Program 1 PH-0590 12-31-13

Florida NELAP 4 E87225 06-30-14

Georgia State Program 4 N/A 06-30-14

Illinois NELAP 5 200004 07-31-13 *

Kansas NELAP 7 E-10336 01-31-14

Kentucky State Program 4 58 06-30-14

L-A-B DoD ELAP L2315 07-18-16

Nevada State Program 9 OH-000482008A 07-31-14

New Jersey NELAP 2 OH001 06-30-14

New York NELAP 2 10975 04-01-14

Ohio VAP State Program 5 CL0024 01-19-14

Pennsylvania NELAP 3 68-00340 08-31-14 *

Texas NELAP 6 08-31-14 *

USDA Federal P330-11-00328 08-26-14

Virginia NELAP 3 460175 09-14-13

Washington State Program 10 C971 01-12-14

Wisconsin State Program 5 999518190 08-31-14

TestAmerica Pittsburgh

* Expired certification is currently pending renewal and is considered valid.
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Sample Summary
TestAmerica Job ID: 180-23446-1Client: Barr Engineering Company

Project/Site: DRET, Eff Elut, Seds, Column Settling

Lab Sample ID Client Sample ID ReceivedCollectedMatrix

180-23446-1 FOUNTAIN LAKE Water 07/16/13 14:15 07/24/13 08:40

TestAmerica Pittsburgh
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Method Summary
TestAmerica Job ID: 180-23446-1Client: Barr Engineering Company

Project/Site: DRET, Eff Elut, Seds, Column Settling

Method Method Description LaboratoryProtocol

SW8466020A Metals (ICP/MS) TAL PIT

SW8467470A Mercury (CVAA) TAL PIT

MCAWW300.0 Anions, Ion Chromatography TAL PIT

MCAWW353.2 Nitrogen, Nitrate-Nitrite TAL PIT

SW8469040C pH TAL PIT

SMSM 2320B Alkalinity TAL PIT

SMSM 5310C Organic Carbon, Dissolved (DOC) TAL PIT

SMSM 5310C TOC TAL PIT

SMSM4500 P E-1999 Phosphorus TAL CAN

SMSM4500_NH3_E Kjeldahl Nitrogen, Total TAL CAN

Protocol References:

MCAWW = "Methods For Chemical Analysis Of Water And Wastes", EPA-600/4-79-020, March 1983 And Subsequent Revisions.

SM = "Standard Methods For The Examination Of Water And Wastewater",

SW846 = "Test Methods For Evaluating Solid Waste, Physical/Chemical Methods", Third Edition, November 1986 And Its Updates.

Laboratory References:

TAL CAN = TestAmerica Canton, 4101 Shuffel Street NW, North Canton, OH 44720, TEL (330)497-9396

TAL PIT = TestAmerica Pittsburgh, 301 Alpha Drive, RIDC Park, Pittsburgh, PA 15238, TEL (412)963-7058

TestAmerica Pittsburgh
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Lab Chronicle
Client: Barr Engineering Company TestAmerica Job ID: 180-23446-1

Project/Site: DRET, Eff Elut, Seds, Column Settling

Client Sample ID: FOUNTAIN LAKE Lab Sample ID: 180-23446-1
Matrix: WaterDate Collected: 07/16/13 14:15

Date Received: 07/24/13 08:40

Prep 3005A CEH07/30/13 10:27 TAL PIT78899

Type

Batch

Method

Batch

Prep Type LabAnalystRun

Prepared

or Analyzed

Initial

Amount Amount

Final Batch

NumberFactor

Dil

Total Recoverable 50 mL 50 mL

Analysis 6020A 1 79485 08/02/13 12:37 CNS TAL PITTotal Recoverable

XInstrument ID:

Filtration Filtration 78658 07/28/13 15:29 CEH TAL PITDissolved 250 mL 250 mL

Prep 3005A 79181 08/01/13 10:24 CEH TAL PITDissolved 50 mL 50 mL

Analysis 6020A 1 79485 08/02/13 13:08 CNS TAL PITDissolved

XInstrument ID:

Prep 7470A 79884 08/08/13 05:56 WAH TAL PITTotal/NA 50 mL 50 mL

Analysis 7470A 1 79923 08/08/13 11:07 WAH TAL PITTotal/NA

GInstrument ID:

Analysis SM 2320B 1 78478 07/25/13 13:12 CLL TAL PITTotal/NA 50 mL 50 mL

TITRAT1Instrument ID:

Analysis 9040C 1 78483 07/25/13 15:33 RDH TAL PITTotal/NA  50 mL

NOEQUIPInstrument ID:

Analysis SM 5310C 1 78672 07/26/13 10:30 CLL TAL PITTotal/NA   

TOC1030Instrument ID:

Analysis 353.2 1 78924 07/30/13 10:48 CAK TAL PITTotal/NA 8 mL 8 mL

ALPKEM1Instrument ID:

Analysis SM 5310C 1 78970 07/30/13 17:47 CLL TAL PITDissolved   

TOC1030Instrument ID:

Filtration FILTRATION 78363 07/24/13 18:54 SWP TAL PITDissolved 150 mL 150 mL

Analysis 300.0 1 79378 07/25/13 16:45 MJH TAL PITDissolved   

IC25Instrument ID:

Prep SM4500Norg_C 95524 07/30/13 13:50 JAK TAL CANTotal/NA 25 mL 25 mL

Analysis SM4500_NH3_E 1 95599 07/31/13 08:43 JAK TAL CANTotal/NA

NOEQUIPInstrument ID:

Prep 365.2/365.3/365 95941 08/02/13 07:01 TPH TAL CANTotal/NA 50 mL 50 mL

Analysis SM4500 P E-1999 1 96027 08/02/13 11:51 TPH TAL CANTotal/NA

BARNEYInstrument ID:

Filtration Filtration 97978 08/19/13 07:12 TPH TAL CANDissolved 50 mL 50 mL

Prep 365.2/365.3/365 97984 08/19/13 07:48 TPH TAL CANDissolved 50 mL 50 mL

Analysis SM4500 P E-1999 1 98070 08/19/13 15:07 TPH TAL CANDissolved

BARNEYInstrument ID:

Laboratory References:

TAL CAN = TestAmerica Canton, 4101 Shuffel Street NW, North Canton, OH 44720, TEL (330)497-9396

TAL PIT = TestAmerica Pittsburgh, 301 Alpha Drive, RIDC Park, Pittsburgh, PA 15238, TEL (412)963-7058

TestAmerica Pittsburgh
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Lab Chronicle
Client: Barr Engineering Company TestAmerica Job ID: 180-23446-1

Project/Site: DRET, Eff Elut, Seds, Column Settling

Analyst References:

Lab: TAL CAN

Batch Type: Filtration

TPH = Tom Harshman

Batch Type: Prep

JAK = Julie Kuhle

TPH = Tom Harshman

Batch Type: Analysis

JAK = Julie Kuhle

TPH = Tom Harshman

Lab: TAL PIT

Batch Type: Filtration

CEH = Caitlyn Haluck

SWP = Sean Payton

Batch Type: Prep

CEH = Caitlyn Haluck

WAH = William Hoyle

Batch Type: Analysis

CAK = Chuck Kieda

CLL = Cheryl Loheyde

CNS = Caitlin Ferguson

MJH = Matthew Hartman

RDH = Rachael Hartmann

WAH = William Hoyle

TestAmerica Pittsburgh
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Client Sample Results
TestAmerica Job ID: 180-23446-1Client: Barr Engineering Company

Project/Site: DRET, Eff Elut, Seds, Column Settling

Lab Sample ID: 180-23446-1Client Sample ID: FOUNTAIN LAKE
Matrix: WaterDate Collected: 07/16/13 14:15

Date Received: 07/24/13 08:40

Method: 6020A - Metals (ICP/MS) - Total Recoverable
RL MDL

Aluminum 79 30 2.6 ug/L 07/30/13 10:27 08/02/13 12:37 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier

1.0 0.29 ug/L 07/30/13 10:27 08/02/13 12:37 1Arsenic 1.4

10 0.098 ug/L 07/30/13 10:27 08/02/13 12:37 1Barium 160

1.0 0.11 ug/L 07/30/13 10:27 08/02/13 12:37 1Cadmium 0.31 J B

2.0 0.54 ug/L 07/30/13 10:27 08/02/13 12:37 1Chromium 5.8 B

2.0 0.24 ug/L 07/30/13 10:27 08/02/13 12:37 1Copper 53 B

50 6.1 ug/L 07/30/13 10:27 08/02/13 12:37 1Iron 110 B

1.0 0.019 ug/L 07/30/13 10:27 08/02/13 12:37 1Lead 1.2 B

1.0 0.17 ug/L 07/30/13 10:27 08/02/13 12:37 1Nickel 7.1

5.0 0.42 ug/L 07/30/13 10:27 08/02/13 12:37 1Selenium ND

1.0 0.036 ug/L 07/30/13 10:27 08/02/13 12:37 1Silver 0.069 J

5.0 0.96 ug/L 07/30/13 10:27 08/02/13 12:37 1Zinc 78

Method: 6020A - Metals (ICP/MS) - Dissolved
RL MDL

Iron 14 J 50 6.1 ug/L 08/01/13 10:24 08/02/13 13:08 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier

Method: 7470A - Mercury (CVAA)
RL MDL

Mercury ND 0.20 0.038 ug/L 08/08/13 05:56 08/08/13 11:07 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier

General Chemistry
RL MDL

Nitrate Nitrite as N 4.7 0.10 0.014 mg/L 07/30/13 10:48 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier

0.100 0.100 SU 07/25/13 15:33 1pH 6.98 HF

5.0 0.41 mg/L 07/25/13 13:12 1Alkalinity 120 B

1.0 0.19 mg/L 07/26/13 10:30 1Total Organic Carbon - Duplicates 49 B

0.10 0.033 mg/L 08/02/13 07:01 08/02/13 11:51 1Total Phosphorus as P 0.28

5.0 2.5 mg/L 07/30/13 13:50 07/31/13 08:43 1Nitrogen, Kjeldahl 18 B

General Chemistry - Dissolved
RL MDL

Orthophosphate as P 0.37 J H 0.50 0.077 mg/L 07/25/13 16:45 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier

1.0 0.14 mg/L 07/30/13 17:47 1Dissolved Organic Carbon - 

Duplicate

49 B

0.10 0.033 mg/L 08/19/13 07:48 08/19/13 15:07 1Total Phosphorus as P ND H

TestAmerica Pittsburgh
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QC Sample Results
TestAmerica Job ID: 180-23446-1Client: Barr Engineering Company

Project/Site: DRET, Eff Elut, Seds, Column Settling

Method: 6020A - Metals (ICP/MS)

Client Sample ID: Method BlankLab Sample ID: MB 180-78899/1-A

Matrix: Water Prep Type: Total Recoverable

Analysis Batch: 79485 Prep Batch: 78899

RL MDL

Aluminum ND 30 2.6 ug/L 07/30/13 10:27 08/02/13 12:32 1

MB MB

Analyte Dil FacAnalyzedPreparedDUnitResult Qualifier

ND 0.291.0 ug/L 07/30/13 10:27 08/02/13 12:32 1Arsenic

ND 0.09810 ug/L 07/30/13 10:27 08/02/13 12:32 1Barium

0.143 J 0.111.0 ug/L 07/30/13 10:27 08/02/13 12:32 1Cadmium

0.920 J 0.542.0 ug/L 07/30/13 10:27 08/02/13 12:32 1Chromium

0.341 J 0.242.0 ug/L 07/30/13 10:27 08/02/13 12:32 1Copper

8.47 J 6.150 ug/L 07/30/13 10:27 08/02/13 12:32 1Iron

0.194 J 0.0191.0 ug/L 07/30/13 10:27 08/02/13 12:32 1Lead

ND 0.171.0 ug/L 07/30/13 10:27 08/02/13 12:32 1Nickel

ND 0.425.0 ug/L 07/30/13 10:27 08/02/13 12:32 1Selenium

ND 0.0361.0 ug/L 07/30/13 10:27 08/02/13 12:32 1Silver

ND 0.965.0 ug/L 07/30/13 10:27 08/02/13 12:32 1Zinc

Client Sample ID: Lab Control SampleLab Sample ID: LCS 180-78899/2-A

Matrix: Water Prep Type: Total Recoverable

Analysis Batch: 79485 Prep Batch: 78899

Aluminum 2000 2030 ug/L 101 80 - 120

Analyte

LCS LCS

DUnitResult Qualifier %Rec

Spike

Added

%Rec.

Limits

Arsenic 40.0 38.8 ug/L 97 80 - 120

Barium 2000 2040 ug/L 102 80 - 120

Cadmium 50.0 52.6 ug/L 105 80 - 120

Chromium 200 208 ug/L 104 80 - 120

Copper 250 259 ug/L 104 80 - 120

Iron 1000 1060 ug/L 106 80 - 120

Lead 20.0 20.3 ug/L 102 80 - 120

Nickel 500 505 ug/L 101 80 - 120

Selenium 10.0 10.6 ug/L 106 80 - 120

Silver 50.0 55.1 ug/L 110 80 - 120

Zinc 500 535 ug/L 107 80 - 120

Client Sample ID: Lab Control Sample DupLab Sample ID: LCSD 180-78899/3-A

Matrix: Water Prep Type: Total Recoverable

Analysis Batch: 79485 Prep Batch: 78899

Aluminum 2000 2030 ug/L 102 80 - 120 0 20

Analyte

LCSD LCSD

DUnitResult Qualifier %Rec

Spike

Added

%Rec.

Limits LimitRPD

RPD

Arsenic 40.0 39.7 ug/L 99 80 - 120 2 20

Barium 2000 2060 ug/L 103 80 - 120 1 20

Cadmium 50.0 53.5 ug/L 107 80 - 120 2 20

Chromium 200 209 ug/L 105 80 - 120 1 20

Copper 250 262 ug/L 105 80 - 120 1 20

Iron 1000 1070 ug/L 107 80 - 120 1 20

Lead 20.0 20.3 ug/L 102 80 - 120 0 20

Nickel 500 511 ug/L 102 80 - 120 1 20

Selenium 10.0 10.0 ug/L 100 80 - 120 6 20

Silver 50.0 53.2 ug/L 106 80 - 120 3 20

Zinc 500 542 ug/L 108 80 - 120 1 20

TestAmerica Pittsburgh
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QC Sample Results
TestAmerica Job ID: 180-23446-1Client: Barr Engineering Company

Project/Site: DRET, Eff Elut, Seds, Column Settling

Method: 6020A - Metals (ICP/MS) (Continued)

Client Sample ID: Method BlankLab Sample ID: MB 180-79181/1-A

Matrix: Water Prep Type: Total Recoverable

Analysis Batch: 79485 Prep Batch: 79181

RL MDL

Iron ND 50 6.1 ug/L 08/01/13 10:24 08/02/13 12:50 1

MB MB

Analyte Dil FacAnalyzedPreparedDUnitResult Qualifier

Client Sample ID: Lab Control SampleLab Sample ID: LCS 180-79181/2-A

Matrix: Water Prep Type: Total Recoverable

Analysis Batch: 79485 Prep Batch: 79181

Iron 1000 1070 ug/L 107 80 - 120

Analyte

LCS LCS

DUnitResult Qualifier %Rec

Spike

Added

%Rec.

Limits

Client Sample ID: Lab Control Sample DupLab Sample ID: LCSD 180-79181/3-A

Matrix: Water Prep Type: Total Recoverable

Analysis Batch: 79485 Prep Batch: 79181

Iron 1000 1080 ug/L 108 80 - 120 2 20

Analyte

LCSD LCSD

DUnitResult Qualifier %Rec

Spike

Added

%Rec.

Limits LimitRPD

RPD

Method: 7470A - Mercury (CVAA)

Client Sample ID: Method BlankLab Sample ID: MB 180-79884/1-A

Matrix: Water Prep Type: Total/NA

Analysis Batch: 79923 Prep Batch: 79884

RL MDL

Mercury ND 0.20 0.038 ug/L 08/08/13 05:56 08/08/13 10:31 1

MB MB

Analyte Dil FacAnalyzedPreparedDUnitResult Qualifier

Client Sample ID: Lab Control SampleLab Sample ID: LCS 180-79884/2-A

Matrix: Water Prep Type: Total/NA

Analysis Batch: 79923 Prep Batch: 79884

Mercury 2.50 2.41 ug/L 96 80 - 120

Analyte

LCS LCS

DUnitResult Qualifier %Rec

Spike

Added

%Rec.

Limits

Client Sample ID: Lab Control Sample DupLab Sample ID: LCSD 180-79884/3-A

Matrix: Water Prep Type: Total/NA

Analysis Batch: 79923 Prep Batch: 79884

Mercury 2.50 2.31 ug/L 92 80 - 120 4 20

Analyte

LCSD LCSD

DUnitResult Qualifier %Rec

Spike

Added

%Rec.

Limits LimitRPD

RPD

Method: 300.0 - Anions, Ion Chromatography

Client Sample ID: Method BlankLab Sample ID: MB 180-79378/6

Matrix: Water Prep Type: Total/NA

Analysis Batch: 79378

RL MDL

Orthophosphate as P ND 0.50 0.077 mg/L 07/25/13 16:20 1

MB MB

Analyte Dil FacAnalyzedPreparedDUnitResult Qualifier

TestAmerica Pittsburgh
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QC Sample Results
TestAmerica Job ID: 180-23446-1Client: Barr Engineering Company

Project/Site: DRET, Eff Elut, Seds, Column Settling

Method: 300.0 - Anions, Ion Chromatography (Continued)

Client Sample ID: Lab Control SampleLab Sample ID: LCS 180-79378/5

Matrix: Water Prep Type: Total/NA

Analysis Batch: 79378

Orthophosphate as P 2.50 2.60 mg/L 104 90 - 110

Analyte

LCS LCS

DUnitResult Qualifier %Rec

Spike

Added

%Rec.

Limits

Client Sample ID: Lab Control Sample DupLab Sample ID: LCSD 180-79378/7

Matrix: Water Prep Type: Total/NA

Analysis Batch: 79378

Orthophosphate as P 2.50 2.45 mg/L 98 90 - 110 6 20

Analyte

LCSD LCSD

DUnitResult Qualifier %Rec

Spike

Added

%Rec.

Limits LimitRPD

RPD

Method: 353.2 - Nitrogen, Nitrate-Nitrite

Client Sample ID: Method BlankLab Sample ID: MB 180-78924/16

Matrix: Water Prep Type: Total/NA

Analysis Batch: 78924

RL MDL

Nitrate Nitrite as N ND 0.10 0.014 mg/L 07/30/13 10:03 1

MB MB

Analyte Dil FacAnalyzedPreparedDUnitResult Qualifier

Client Sample ID: Lab Control SampleLab Sample ID: LCS 180-78924/15

Matrix: Water Prep Type: Total/NA

Analysis Batch: 78924

Nitrate Nitrite as N 4.00 4.05 mg/L 101 90 - 110

Analyte

LCS LCS

DUnitResult Qualifier %Rec

Spike

Added

%Rec.

Limits

Method: 9040C - pH

Client Sample ID: Lab Control SampleLab Sample ID: LCS 180-78483/1

Matrix: Water Prep Type: Total/NA

Analysis Batch: 78483

pH 7.00 7.030 SU 100 99 - 101

Analyte

LCS LCS

DUnitResult Qualifier %Rec

Spike

Added

%Rec.

Limits

Method: SM 2320B - Alkalinity

Client Sample ID: Method BlankLab Sample ID: MB 180-78478/3

Matrix: Water Prep Type: Total/NA

Analysis Batch: 78478

RL MDL

Alkalinity 1.15 J 5.0 0.41 mg/L 07/25/13 11:57 1

MB MB

Analyte Dil FacAnalyzedPreparedDUnitResult Qualifier

TestAmerica Pittsburgh
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QC Sample Results
TestAmerica Job ID: 180-23446-1Client: Barr Engineering Company

Project/Site: DRET, Eff Elut, Seds, Column Settling

Method: SM 2320B - Alkalinity (Continued)

Client Sample ID: Lab Control SampleLab Sample ID: LCS 180-78478/2

Matrix: Water Prep Type: Total/NA

Analysis Batch: 78478

Alkalinity 250 228 mg/L 91 80 - 120

Analyte

LCS LCS

DUnitResult Qualifier %Rec

Spike

Added

%Rec.

Limits

Method: SM 5310C - TOC

Client Sample ID: Method BlankLab Sample ID: MB 180-78672/6

Matrix: Water Prep Type: Total/NA

Analysis Batch: 78672

RL MDL

Total Organic Carbon - Duplicates 0.200 J 1.0 0.19 mg/L 07/26/13 09:57 1

MB MB

Analyte Dil FacAnalyzedPreparedDUnitResult Qualifier

Client Sample ID: Lab Control SampleLab Sample ID: LCS 180-78672/4

Matrix: Water Prep Type: Total/NA

Analysis Batch: 78672

Total Organic Carbon - 

Duplicates

20.0 19.8 mg/L 99 80 - 120

Analyte

LCS LCS

DUnitResult Qualifier %Rec

Spike

Added

%Rec.

Limits

Client Sample ID: Lab Control Sample DupLab Sample ID: LCSD 180-78672/5

Matrix: Water Prep Type: Total/NA

Analysis Batch: 78672

Total Organic Carbon - 

Duplicates

20.0 20.3 mg/L 101 80 - 120 2 20

Analyte

LCSD LCSD

DUnitResult Qualifier %Rec

Spike

Added

%Rec.

Limits LimitRPD

RPD

Method: SM 5310C - Organic Carbon, Dissolved (DOC)

Client Sample ID: Method BlankLab Sample ID: MB 180-78970/6

Matrix: Water Prep Type: Dissolved

Analysis Batch: 78970

RL MDL

Dissolved Organic Carbon - Duplicate 0.178 J 1.0 0.14 mg/L 07/30/13 17:14 1

MB MB

Analyte Dil FacAnalyzedPreparedDUnitResult Qualifier

Client Sample ID: Lab Control SampleLab Sample ID: LCS 180-78970/4

Matrix: Water Prep Type: Dissolved

Analysis Batch: 78970

Dissolved Organic Carbon - 

Duplicate

20.0 20.0 mg/L 100 80 - 120

Analyte

LCS LCS

DUnitResult Qualifier %Rec

Spike

Added

%Rec.

Limits

TestAmerica Pittsburgh
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QC Sample Results
TestAmerica Job ID: 180-23446-1Client: Barr Engineering Company

Project/Site: DRET, Eff Elut, Seds, Column Settling

Method: SM 5310C - Organic Carbon, Dissolved (DOC) (Continued)

Client Sample ID: Lab Control Sample DupLab Sample ID: LCSD 180-78970/5

Matrix: Water Prep Type: Dissolved

Analysis Batch: 78970

Dissolved Organic Carbon - 

Duplicate

20.0 20.3 mg/L 101 80 - 120 1 20

Analyte

LCSD LCSD

DUnitResult Qualifier %Rec

Spike

Added

%Rec.

Limits LimitRPD

RPD

Method: SM4500 P E-1999 - Phosphorus

Client Sample ID: Method BlankLab Sample ID: MB 240-95941/10-A

Matrix: Water Prep Type: Total/NA

Analysis Batch: 96027 Prep Batch: 95941

RL MDL

Total Phosphorus as P ND 0.10 0.033 mg/L 08/02/13 06:41 08/02/13 11:47 1

MB MB

Analyte Dil FacAnalyzedPreparedDUnitResult Qualifier

Client Sample ID: Lab Control SampleLab Sample ID: LCS 240-95941/11-A

Matrix: Water Prep Type: Total/NA

Analysis Batch: 96027 Prep Batch: 95941

Total Phosphorus as P 4.48 4.53 mg/L 101 53 - 134

Analyte

LCS LCS

DUnitResult Qualifier %Rec

Spike

Added

%Rec.

Limits

Client Sample ID: Method BlankLab Sample ID: MB 240-97978/3-B

Matrix: Water Prep Type: Dissolved

Analysis Batch: 98070 Prep Batch: 97984

RL MDL

Total Phosphorus as P ND 0.10 0.033 mg/L 08/19/13 07:34 08/19/13 15:07 1

MB MB

Analyte Dil FacAnalyzedPreparedDUnitResult Qualifier

Client Sample ID: Lab Control SampleLab Sample ID: LCS 240-97978/4-B

Matrix: Water Prep Type: Dissolved

Analysis Batch: 98070 Prep Batch: 97984

Total Phosphorus as P 4.48 4.39 mg/L 98 53 - 134

Analyte

LCS LCS

DUnitResult Qualifier %Rec

Spike

Added

%Rec.

Limits

Method: SM4500_NH3_E - Kjeldahl Nitrogen, Total

Client Sample ID: Method BlankLab Sample ID: MB 240-95524/1-A

Matrix: Water Prep Type: Total/NA

Analysis Batch: 95599 Prep Batch: 95524

RL MDL

Nitrogen, Kjeldahl 2.77 J 5.0 2.5 mg/L 07/30/13 13:50 07/31/13 08:35 1

MB MB

Analyte Dil FacAnalyzedPreparedDUnitResult Qualifier

Client Sample ID: Lab Control SampleLab Sample ID: LCS 240-95524/2-A

Matrix: Water Prep Type: Total/NA

Analysis Batch: 95599 Prep Batch: 95524

Nitrogen, Kjeldahl 8.38 8.85 mg/L 106 65 - 144

Analyte

LCS LCS

DUnitResult Qualifier %Rec

Spike

Added

%Rec.

Limits
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QC Sample Results
TestAmerica Job ID: 180-23446-1Client: Barr Engineering Company

Project/Site: DRET, Eff Elut, Seds, Column Settling

Method: SM4500_NH3_E - Kjeldahl Nitrogen, Total (Continued)

Client Sample ID: FOUNTAIN LAKELab Sample ID: 180-23446-1 MS

Matrix: Water Prep Type: Total/NA

Analysis Batch: 95599 Prep Batch: 95524

Nitrogen, Kjeldahl 18 B 20.0 38.7 mg/L 105 10 - 200

Analyte

MS MS

DUnitResult Qualifier %Rec

Spike

Added

Sample

Result

Sample

Qualifier

%Rec.

Limits

Client Sample ID: FOUNTAIN LAKELab Sample ID: 180-23446-1 MSD

Matrix: Water Prep Type: Total/NA

Analysis Batch: 95599 Prep Batch: 95524

Nitrogen, Kjeldahl 18 B 20.0 39.8 mg/L 111 10 - 200 3 20

Analyte

MSD MSD

DUnitResult Qualifier %Rec

Spike

Added

Sample

Result

Sample

Qualifier

%Rec.

Limits LimitRPD

RPD
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QC Association Summary
TestAmerica Job ID: 180-23446-1Client: Barr Engineering Company

Project/Site: DRET, Eff Elut, Seds, Column Settling

Metals

Filtration Batch: 78658

Lab Sample ID Client Sample ID Prep Type Matrix Method Prep Batch

Water Filtration180-23446-1 FOUNTAIN LAKE Dissolved

Prep Batch: 78899

Lab Sample ID Client Sample ID Prep Type Matrix Method Prep Batch

Water 3005A180-23446-1 FOUNTAIN LAKE Total Recoverable

Water 3005ALCS 180-78899/2-A Lab Control Sample Total Recoverable

Water 3005ALCSD 180-78899/3-A Lab Control Sample Dup Total Recoverable

Water 3005AMB 180-78899/1-A Method Blank Total Recoverable

Prep Batch: 79181

Lab Sample ID Client Sample ID Prep Type Matrix Method Prep Batch

Water 3005A 78658180-23446-1 FOUNTAIN LAKE Dissolved

Water 3005ALCS 180-79181/2-A Lab Control Sample Total Recoverable

Water 3005ALCSD 180-79181/3-A Lab Control Sample Dup Total Recoverable

Water 3005AMB 180-79181/1-A Method Blank Total Recoverable

Analysis Batch: 79485

Lab Sample ID Client Sample ID Prep Type Matrix Method Prep Batch

Water 6020A 79181180-23446-1 FOUNTAIN LAKE Dissolved

Water 6020A 78899180-23446-1 FOUNTAIN LAKE Total Recoverable

Water 6020A 78899LCS 180-78899/2-A Lab Control Sample Total Recoverable

Water 6020A 79181LCS 180-79181/2-A Lab Control Sample Total Recoverable

Water 6020A 78899LCSD 180-78899/3-A Lab Control Sample Dup Total Recoverable

Water 6020A 79181LCSD 180-79181/3-A Lab Control Sample Dup Total Recoverable

Water 6020A 78899MB 180-78899/1-A Method Blank Total Recoverable

Water 6020A 79181MB 180-79181/1-A Method Blank Total Recoverable

Prep Batch: 79884

Lab Sample ID Client Sample ID Prep Type Matrix Method Prep Batch

Water 7470A180-23446-1 FOUNTAIN LAKE Total/NA

Water 7470ALCS 180-79884/2-A Lab Control Sample Total/NA

Water 7470ALCSD 180-79884/3-A Lab Control Sample Dup Total/NA

Water 7470AMB 180-79884/1-A Method Blank Total/NA

Analysis Batch: 79923

Lab Sample ID Client Sample ID Prep Type Matrix Method Prep Batch

Water 7470A 79884180-23446-1 FOUNTAIN LAKE Total/NA

Water 7470A 79884LCS 180-79884/2-A Lab Control Sample Total/NA

Water 7470A 79884LCSD 180-79884/3-A Lab Control Sample Dup Total/NA

Water 7470A 79884MB 180-79884/1-A Method Blank Total/NA

General Chemistry

Filtration Batch: 78363

Lab Sample ID Client Sample ID Prep Type Matrix Method Prep Batch

Water FILTRATION180-23446-1 FOUNTAIN LAKE Dissolved

Analysis Batch: 78478

Lab Sample ID Client Sample ID Prep Type Matrix Method Prep Batch

Water SM 2320B180-23446-1 FOUNTAIN LAKE Total/NA
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QC Association Summary
TestAmerica Job ID: 180-23446-1Client: Barr Engineering Company

Project/Site: DRET, Eff Elut, Seds, Column Settling

General Chemistry (Continued)

Analysis Batch: 78478 (Continued)

Lab Sample ID Client Sample ID Prep Type Matrix Method Prep Batch

Water SM 2320BLCS 180-78478/2 Lab Control Sample Total/NA

Water SM 2320BMB 180-78478/3 Method Blank Total/NA

Analysis Batch: 78483

Lab Sample ID Client Sample ID Prep Type Matrix Method Prep Batch

Water 9040C180-23446-1 FOUNTAIN LAKE Total/NA

Water 9040CLCS 180-78483/1 Lab Control Sample Total/NA

Analysis Batch: 78672

Lab Sample ID Client Sample ID Prep Type Matrix Method Prep Batch

Water SM 5310C180-23446-1 FOUNTAIN LAKE Total/NA

Water SM 5310CLCS 180-78672/4 Lab Control Sample Total/NA

Water SM 5310CLCSD 180-78672/5 Lab Control Sample Dup Total/NA

Water SM 5310CMB 180-78672/6 Method Blank Total/NA

Analysis Batch: 78924

Lab Sample ID Client Sample ID Prep Type Matrix Method Prep Batch

Water 353.2180-23446-1 FOUNTAIN LAKE Total/NA

Water 353.2LCS 180-78924/15 Lab Control Sample Total/NA

Water 353.2MB 180-78924/16 Method Blank Total/NA

Analysis Batch: 78970

Lab Sample ID Client Sample ID Prep Type Matrix Method Prep Batch

Water SM 5310C 78363180-23446-1 FOUNTAIN LAKE Dissolved

Water SM 5310CLCS 180-78970/4 Lab Control Sample Dissolved

Water SM 5310CLCSD 180-78970/5 Lab Control Sample Dup Dissolved

Water SM 5310CMB 180-78970/6 Method Blank Dissolved

Analysis Batch: 79378

Lab Sample ID Client Sample ID Prep Type Matrix Method Prep Batch

Water 300.0 78363180-23446-1 FOUNTAIN LAKE Dissolved

Water 300.0LCS 180-79378/5 Lab Control Sample Total/NA

Water 300.0LCSD 180-79378/7 Lab Control Sample Dup Total/NA

Water 300.0MB 180-79378/6 Method Blank Total/NA

Prep Batch: 95524

Lab Sample ID Client Sample ID Prep Type Matrix Method Prep Batch

Water SM4500Norg_C180-23446-1 FOUNTAIN LAKE Total/NA

Water SM4500Norg_C180-23446-1 MS FOUNTAIN LAKE Total/NA

Water SM4500Norg_C180-23446-1 MSD FOUNTAIN LAKE Total/NA

Water SM4500Norg_CLCS 240-95524/2-A Lab Control Sample Total/NA

Water SM4500Norg_CMB 240-95524/1-A Method Blank Total/NA

Analysis Batch: 95599

Lab Sample ID Client Sample ID Prep Type Matrix Method Prep Batch

Water SM4500_NH3_E 95524180-23446-1 FOUNTAIN LAKE Total/NA

Water SM4500_NH3_E 95524180-23446-1 MS FOUNTAIN LAKE Total/NA

Water SM4500_NH3_E 95524180-23446-1 MSD FOUNTAIN LAKE Total/NA

Water SM4500_NH3_E 95524LCS 240-95524/2-A Lab Control Sample Total/NA

Water SM4500_NH3_E 95524MB 240-95524/1-A Method Blank Total/NA
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QC Association Summary
TestAmerica Job ID: 180-23446-1Client: Barr Engineering Company

Project/Site: DRET, Eff Elut, Seds, Column Settling

General Chemistry (Continued)

Prep Batch: 95941

Lab Sample ID Client Sample ID Prep Type Matrix Method Prep Batch

Water 365.2/365.3/365180-23446-1 FOUNTAIN LAKE Total/NA

Water 365.2/365.3/365LCS 240-95941/11-A Lab Control Sample Total/NA

Water 365.2/365.3/365MB 240-95941/10-A Method Blank Total/NA

Analysis Batch: 96027

Lab Sample ID Client Sample ID Prep Type Matrix Method Prep Batch

Water SM4500 P 

E-1999

95941180-23446-1 FOUNTAIN LAKE Total/NA

Water SM4500 P 

E-1999

95941LCS 240-95941/11-A Lab Control Sample Total/NA

Water SM4500 P 

E-1999

95941MB 240-95941/10-A Method Blank Total/NA

Filtration Batch: 97978

Lab Sample ID Client Sample ID Prep Type Matrix Method Prep Batch

Water Filtration180-23446-1 FOUNTAIN LAKE Dissolved

Water FiltrationLCS 240-97978/4-B Lab Control Sample Dissolved

Water FiltrationMB 240-97978/3-B Method Blank Dissolved

Prep Batch: 97984

Lab Sample ID Client Sample ID Prep Type Matrix Method Prep Batch

Water 365.2/365.3/365 97978180-23446-1 FOUNTAIN LAKE Dissolved

Water 365.2/365.3/365 97978LCS 240-97978/4-B Lab Control Sample Dissolved

Water 365.2/365.3/365 97978MB 240-97978/3-B Method Blank Dissolved

Analysis Batch: 98070

Lab Sample ID Client Sample ID Prep Type Matrix Method Prep Batch

Water SM4500 P 

E-1999

97984180-23446-1 FOUNTAIN LAKE Dissolved

Water SM4500 P 

E-1999

97984LCS 240-97978/4-B Lab Control Sample Dissolved

Water SM4500 P 

E-1999

97984MB 240-97978/3-B Method Blank Dissolved
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Login Sample Receipt Checklist

Client: Barr Engineering Company Job Number: 180-23446-1

Login Number: 23446

Question Answer Comment

Creator: Watson, Debbie

List Source: TestAmerica Pittsburgh

List Number: 1

TrueRadioactivity wasn't checked or is </= background as measured by a survey 

meter.

TrueThe cooler's custody seal, if present, is intact.

TrueSample custody seals, if present, are intact.

TrueThe cooler or samples do not appear to have been compromised or 

tampered with.

TrueSamples were received on ice.

TrueCooler Temperature is acceptable.

TrueCooler Temperature is recorded.

TrueCOC is present.

TrueCOC is filled out in ink and legible.

TrueCOC is filled out with all pertinent information.

TrueIs the Field Sampler's name present on COC?

TrueThere are no discrepancies between the containers received and the COC.

TrueSamples are received within Holding Time.

TrueSample containers have legible labels.

TrueContainers are not broken or leaking.

TrueSample collection date/times are provided.

TrueAppropriate sample containers are used.

TrueSample bottles are completely filled.

TrueSample Preservation Verified.

TrueThere is sufficient vol. for all requested analyses, incl. any requested 

MS/MSDs

TrueContainers requiring zero headspace have no headspace or bubble is 

<6mm (1/4").

FalseMultiphasic samples are not present.

FalseSamples do not require splitting or compositing. Sample required split and preservation.

N/AResidual Chlorine Checked.
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Appendix F 

Genesis Water AquaScreen™ 
 Rapid Dewatering System Product Literature 

  



www.genesiswater.com

The Genesis Water AquaScreen™ incorporates the world’s only technology capable of dewatering ultra-fine 

solids at a 1:1 operating ratio with a hydraulic dredge inflow. The AquaScreen instantly removes the free water 

phase from sediments, such as clays, silts, and organics as small as 0.0007 micron, at high speed.  Large 

volumes of clear water return immediately to the waterway. Due to its a modular design, the AquaScreen can 

be scaled up to an operation’s specific needs, with each unit capable of handling an inflow of up to 2,500+ 

gallons per minute (9,500+ liters/minute), depending on the material.

Immediate fine-grain sediment removal 

that is scalable to any inflow rate 
    • High speed
    • Continuous operation 
    • Clear water discharge
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For more information, contact:
Genesis Water, Inc.
210 University Boulevard, Suite 230
Denver, Colorado 80206
Email: info@genesiswater.com  
Tel. +1 720-381-5436
Visit: www.genesiswater.com

Genesis Water AquaScreen™ 
Functionality
The AquaScreen separates water from fine-grained 

sediment after the previous steps in the Rapid 

Dewatering System clear the slurry of coarse debris, 

gravel, and sand. A fully automated, state-of-the-

art polymer system flocculates only the fine grained 

material, minimizing use of polymer, and adjusting 

to changes in flow and density. The flocculated 

material is pumped to the AquaScreen, which evenly 

distributes it over screens and instantly drains the 

free water phase. The AquaScreen discharges clear 

water that meets regulatory requirements for the 

project for return to the waterway or circuit. Since 

many contaminants, such as phosphorous, nitrogen 

and metals report to the fine grained material, the 

AquaScreen isolates a high percentage of these from 

the discharge water. 

No other technology approaches the Genesis 

AquaScreen’s real-time dewatering speed for ultrafine 

solids at high throughputs. Scalable and practical for 

fresh or saltwater environments, the AquaScreen 

can be land or barge mounted. Each standard 

AquaScreen unit has five pods and 10 screens that 

articulate upward during set-up to the optimum 

angle of repose. A unique distribution system feeds 

each pod to equalize flow through the unit. With a 

superstructure designed to telescope, the system 

is easily transported to any location and does not 

require an oversize load permit. No moving parts and 

low energy consumption make the AquaScreen cost 

efficient and environmentally sustainable. 

New Vibration Enhancement 
Eliminates Need for  
Secondary Dewatering

Through a new vibration enhancement, the Genesis 
Water AquaScreen can now produce even drier 
material, resulting in transportable solids in real 
time. With many slurries, this new enhancement 
eliminates the need for secondary dewatering 
through the TerraCore. For the first time, the 
conversion of fine in situ material (such as clays and 
silts) into truckable material can be accomplished at 
high throughputs within minutes of being dredged.

The true innovation of this system is its ability to 
address significant engineering challenges with 
an elegantly simple approach. An independent 
engineering firm has concluded that the RDS 
technology using the TerraCore can provide 
dewatering results up to 15 percent less expensive 
on cost per cubic yard than other dewatering 
methods, such as clarifiers, belt presses, and 
geotextile tubes. Gensis Water believes that the 
addition of vibration technology to its AquaScreens 
can result in even more significant cost savings of 
up to 30 percent or even greater.
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Table 1.  Water chemistry data used for the Wedges Creek input to the Fountain Lake model. 

Wedges Creek

Date

TEMP 

(
o
C)

DO 

(mg/L)

TOTP 

(mg/L)

SRP 

(mg/L)

TOTN 

(mg/L)

NO3-NO2 

(mg/L)

NH4 

(mg/L)

DIS 

(mg/L)

DOC 

(mg/L)

TOC 

(mg/L)

TSS 

(mg/L)

Chla 

(ug/L)

PHEOA 

(ug/L)

COND 

(ms/cm)

SO4 

(mg/L)

1/1/2006 0.50 10.4 0.027 0.016 4.2 2.8 0.16 9.1 7.2 8.0 4 2.7 1.39 0.817 30

4/1/2006 9.04 10.2 0.148 0.094 22.9 19.6 0.51 1.8 11.2 11.2 21 4.5 0.69 0.641 30

5/2/2006 9.04 10.2 0.148 0.094 22.9 19.6 0.51 1.8 11.2 11.2 21 4.5 0.69 0.641 30

5/22/2006 9.20 10.5 0.067 0.022 22.9 19.6 0.51 1.8 11.2 11.2 14 4.5 0.70 0.692 30

6/13/2006 15.15 9.3 0.084 0.031 22.9 19.6 0.51 1.8 11.2 11.2 19 4.5 3.89 0.704 30

6/27/2006 17.74 8.4 0.089 0.031 18.0 15.0 0.16 10.1 12.8 15.6 24 2.3 1.00 0.703 30

7/6/2006 19.18 8.2 0.077 0.038 16.5 14.3 0.23 10.8 9.4 11.5 25 3.9 1.01 0.700 30

7/16/2006 19.18 8.2 0.077 0.038 14.0 11.7 0.23 11.9 9.5 10.6 0 1.9 6.09 0.700 30

7/20/2006 20.31 7.5 0.18 0.118 14.0 11.7 0.23 11.9 9.5 10.6 50 1.9 6.09 0.636 30

8/3/2006 19.60 7.3 0.333 0.116 9.8 7.4 0.16 7.8 7.6 8.4 51 8.2 3.29 0.578 30

8/17/2006 22.65 6.2 0.13 0.123 9.0 7.2 0.16 6.0 8.8 11.6 42 4.4 2.67 0.819 30

9/6/2006 17.91 7.7 0.156 0.072 4.2 2.8 0.16 9.1 7.2 8.0 30 2.7 1.39 0.781 30

9/20/2006 9.22 9.9 0.069 0.048 4.2 2.8 0.16 9.1 7.2 8.0 4 2.7 1.39 0.781 30

10/23/2006 5.07 10.4 0.027 0.016 4.2 2.8 0.16 9.1 7.2 8.0 4 2.7 1.39 0.817 30

1/1/2007 0.50 10.4 0.027 0.016 4.2 2.8 0.16 9.1 7.2 8.0 4 2.7 1.39 0.817 30

5/2/2007 9.04 10.2 0.148 0.094 4.2 2.8 0.16 9.1 7.2 8.0 21 2.7 1.39 0.641 30

Notes:

Data for January and April 2006 and January and May 2007 are estimated.

Sulfate was estimated from monitoring data for the Minnesota River.

TEMP=temperture, DO=dissolved oxygen, TOTP=total phosphorus, SRP=ortho-phospate, TOTN=total nitrogen as N, NO3-NO2=nitrate+nitrate as 

N, NH4=ammonia as N, DIS=dissolved silica as silica, TOC=total organic carbon, TSS=total suspended solids, CHLA=chloropyll a, 

PHEOA=pheophytin A, COND=specific conductance, and SO4=sulfate.

Values for total nitrogren, ammonia, dissolved silica, dissolved organic carbon, total organic carbon, chlorophyll a and pheophytin were estimated 

from 2013 monitoring data.
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Table 2.  Water chemistry data used for the Shoff Creek input to the Fountain Lake model. 

Shoff Creek

Date

TEMP 

(
o
C)

DO 

(mg/L)

TOTP 

(mg/L)

SRP 

(mg/L)

TOTN 

(mg/L)

NO3-NO2 

(mg/L)

NH4 

(mg/L)

DIS 

(mg/L)

DOC 

(mg/L)

TOC 

(mg/L)

TSS 

(mg/L)

Chla 

(ug/L)

PHEOA 

(ug/L)

COND 

(ms/cm)

SO4 

(mg/L)

1/1/2006 0.50 11.41 0.160 0.037 3.33 1.33 0.16 9.01 11.1 15.6 35 2.3 1.0 0.67 30

4/1/2006 10.84 9.08 0.207 0.016 10.52 7.52 0.16 9.01 11.1 9.7 50 4.5 3.9 0.44 30

5/2/2006 10.84 9.08 0.207 0.016 10.52 7.52 0.16 9.01 11.1 9.7 50 4.5 3.9 0.44 30

5/22/2006 11.80 9.75 0.150 0.018 10.52 7.52 0.16 9.01 11.1 9.7 56 4.5 3.9 0.55 30

6/13/2006 19.12 7.28 0.187 0.068 10.52 7.52 0.94 5.65 9.3 9.7 70 4.5 3.9 0.55 30

6/27/2006 20.45 6.87 0.330 0.005 5.33 3.33 0.37 5.41 9.5 11.6 120 4.0 4.7 0.54 30

7/6/2006 20.96 6.35 0.281 0.118 4.78 2.38 0.16 7.93 13.7 17 49 2.2 1.2 0.55 30

7/20/2006 21.83 7.07 0.600 0.267 2.95 1.15 0.37 6.58 12.3 14.1 59 2.5 1.0 0.47 30

8/3/2006 20.95 5.70 0.342 0.175 2.77 1.07 0.23 5.93 11.3 12.7 35 3.1 1.3 0.55 30

8/17/2006 21.44 4.94 0.304 0.237 3.34 1.64 0.16 7.28 11.3 15.6 60 1.0 1.0 0.44 30

9/6/2006 18.85 5.41 0.275 0.050 3.33 1.33 0.16 7.28 11.1 15.6 30 2.3 1.0 0.56 30

9/20/2006 6.98 9.46 0.171 0.060 3.33 1.33 0.16 7.28 11.1 15.6 37 2.3 1.0 0.65 30

10/23/2006 2.94 11.41 0.160 0.037 3.33 1.33 0.16 7.28 11.1 15.6 35 2.3 1.0 0.67 30

1/1/2007 0.50 11.41 0.160 0.037 3.33 1.33 0.16 7.28 11.1 15.6 35 2.3 1.0 0.67 30

5/2/2007 10.84 9.08 0.207 0.016 3.33 1.33 0.16 7.28 11.1 15.6 50 2.3 1.0 0.44 30

Notes:

Data for January and April 2006 and January and May 2007 are estimated.

Sulfate was estimated from monitoring data for the Minnesota River.

TEMP=temperture, DO=dissolved oxygen, TOTP=total phosphorus, SRP=ortho-phospate, TOTN=total nitrogen as N, NO3-NO2=nitrate+nitrate as 

N, NH4=ammonia as N, DIS=dissolved silica as silica, TOC=total organic carbon, TSS=total suspended solids, CHLA=chloropyll a, 

PHEOA=pheophytin A, COND=specific conductance, and SO4=sulfate.

Values for total nitrogren, ammonia, dissolved silica, dissolved organic carbon, total organic carbon, chlorophyll a and pheophytin were estimated 
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Table 3.  Water chemistry data used for the Bancroft Creek input to the Fountain Lake model. 

Bancroft Creek

Date

TEMP 

(
o
C)

DO 

(mg/L)

TOTP 

(mg/L)

SRP 

(mg/L)

TOTN 

(mg/L)

NO3-NO2 

(mg/L)

NH4 

(mg/L)

DIS 

(mg/L)

DOC 

(mg/L)

TOC 

(mg/L)

TSS 

(mg/L)

Chla 

(ug/L)

PHEOA 

(ug/L)

COND 

(ms/cm)

SO4 

(mg/L)

1/1/2006 0.50 11.48 0.214 0.171 4.36 3.56 0.51 9.05 4.1 5 10 1.0 1.0 0.86 30

4/1/2006 9.00 10.14 0.124 0.091 22.1 20.1 0.51 9.01 8.7 9.6 10 14.0 8.1 0.66 30

5/2/2006 9.00 10.14 0.124 0.091 22.1 20.1 0.51 9.01 8.7 9.6 10 14.0 8.1 0.66 30

5/22/2006 9.90 11.43 0.033 0.029 22.1 20.1 0.51 9.01 8.7 9.6 4 14.0 8.1 0.72 30

6/13/2006 14.55 8.65 0.076 0.053 22.1 20.1 0.51 9.01 8.7 9.6 13 14.0 8.1 0.73 30

6/27/2006 15.84 9.19 0.070 0.042 19.5 17.1 0.23 10.64 11.9 13 17 1.3 1.3 0.75 30

7/6/2006 15.82 9.38 0.093 0.034 15.5 14.1 0.16 11.01 6.3 8.2 13 1.8 1.4 0.73 30

7/20/2006 20.40 7.09 0.137 0.076 12.9 11.5 0.16 12.13 5 5.2 10 1.0 1.0 0.63 30

8/3/2006 19.22 7.49 0.186 0.144 8.86 7.06 0.37 9.80 7.4 8.1 14 3.6 1.4 0.65 30

8/17/2006 19.06 6.50 0.076 0.07 6.13 5.23 0.37 10.08 6 6.2 21 1.3 1.1 0.75 30

9/6/2006 17.68 6.79 0.112 0.085 4.36 3.56 0.16 9.05 4.1 5 6 1.0 1.0 0.76 30

9/20/2006 8.76 8.76 0.072 0.062 4.36 3.56 0.16 9.05 4.1 5 2 1.0 1.0 0.78 30

10/23/2006 3.60 11.48 0.214 0.171 4.36 3.56 0.16 9.05 4.1 5 6 1.0 3.6 0.86 30

1/1/2007 9.00 11.48 0.214 0.171 4.36 3.56 0.16 9.05 4.1 5 10 1.0 3.6 0.86 30

5/2/2007 9.00 10.14 0.124 0.091 4.36 3.56 0.16 9.05 4.1 5 10 1.0 3.6 0.66 30

Notes:

Data for January and April 2006 and January and May 2007 are estimated.

Sulfate was estimated from monitoring data for the Minnesota River.

TEMP=temperture, DO=dissolved oxygen, TOTP=total phosphorus, SRP=ortho-phospate, TOTN=total nitrogen as N, NO3-NO2=nitrate+nitrate as 

N, NH4=ammonia as N, DIS=dissolved silica as silica, TOC=total organic carbon, TSS=total suspended solids, CHLA=chloropyll a, 

PHEOA=pheophytin A, COND=specific conductance, and SO4=sulfate.

Values for total nitrogren, ammonia, dissolved silica, dissolved organic carbon, total organic carbon, chlorophyll a and pheophytin were estimated 
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Table 4.  Water chemistry data used for the Goose Creek input to the Fountain Lake model. 

Goose Creek

Date

TEMP 

(
o
C)

DO 

(mg/L)

TOTP 

(mg/L)

SRP 

(mg/L)

TOTN 

(mg/L)

NO3-NO2 

(mg/L)

NH4 

(mg/L)

DIS 

(mg/L)

DOC 

(mg/L)

TOC 

(mg/L)

TSS 

(mg/L)

Chla 

(ug/L)

PHEOA 

(ug/L)

COND 

(ms/cm)

SO4 

(mg/L)

1/1/2006 0.50 6.04 0.288 0.124 2.0 0.20 1.08 6.81 11.5 16.2 24 2.2 4.8 0.65 30

4/1/2006 12.39 5.08 0.107 0.024 2.0 0.20 1.08 6.81 11.5 16.2 9 2.2 4.8 0.51 30

5/2/2006 12.39 5.08 0.107 0.024 2.0 0.20 1.08 6.81 11.5 16.2 9 2.2 4.8 0.51 30

5/22/2006 15.52 6.19 0.154 0.042 2.0 0.20 1.08 6.81 11.5 16.2 23 2.2 4.8 0.62 30

6/13/2006 19.97 2.99 0.227 0.053 2.0 0.20 1.08 6.81 11.5 16.2 12 2.2 4.8 0.64 30

6/27/2006 22.81 6.24 0.285 0.141 3.2 1.36 0.51 9.24 9.9 11.2 12 2.6 1.0 0.63 30

7/6/2006 21.42 5.19 0.532 0.177 2.6 0.20 0.37 13.95 11.7 15.9 60 1.0 1.6 0.67 30

7/20/2006 23.70 2.69 0.280 0.15 2.0 0.21 0.51 12.04 10.5 13.2 19 2.6 0.2 0.55 30

8/3/2006 22.21 1.78 0.548 0.321 2.1 0.77 0.37 3.29 7.0 7.3 11 3.2 1.6 0.44 30

8/17/2006 20.77 1.26 0.381 0.256 1.8 0.20 1.08 6.81 11.5 16.2 12 2.2 4.8 0.34 30

9/6/2006 19.26 2.74 0.307 0.089 2.0 0.20 1.08 6.81 11.5 16.2 19 2.2 4.8 0.49 30

9/20/2006 10.62 4.54 0.160 0.074 2.0 0.20 1.08 6.81 11.5 16.2 12 2.2 4.8 0.51 30

10/23/2006 2.56 6.04 0.288 0.124 2.0 0.20 1.08 6.81 11.5 16.2 24 2.2 4.8 0.65 30

1/1/2007 9.00 6.04 0.288 0.124 2.0 0.20 1.08 6.81 11.5 16.2 24 2.2 4.8 0.65 30

5/2/2007 12.39 5.08 0.107 0.024 2.0 0.20 1.08 6.81 11.5 16.2 9 2.2 4.8 0.51 30

Notes:

Data for January and April 2006 and January and May 2007 are estimated.

Sulfate was estimated from monitoring data for the Minnesota River.

TEMP=temperture, DO=dissolved oxygen, TOTP=total phosphorus, SRP=ortho-phospate, TOTN=total nitrogen as N, NO3-NO2=nitrate+nitrate as 

N, NH4=ammonia as N, DIS=dissolved silica as silica, TOC=total organic carbon, TSS=total suspended solids, CHLA=chloropyll a, 

PHEOA=pheophytin A, COND=specific conductance, and SO4=sulfate.

Values for total nitrogren, ammonia, dissolved silica, dissolved organic carbon, total organic carbon, chlorophyll a and pheophytin were estimated 

from 2013 monitoring data.
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Table 5.  Sediment chemistry of Fountain Lake used as model inputs.  Values based upon sediment cores collected in June 2013.  Phosphorus chemistry provided in Table 6.

Existing Conditions

Core Bay

Depth (ft) 
of 

Sediment 
Analyzed

% Solids 
of whole 
wet 

sample

% Inorganic 
Solids of 

Whole wet 
Sample

% Organic 
Solids of 

Whole wet 
Sample

Composite 
Density of 
Solids 
(g/cm3)

% H20 
in wet 
sample

TOC (%) 
in dry 

sediment

Organic 
Material 
(% in dry 
sediment)

Density 
(g/cm3) 
of wet 

sediment Porosity

Ca 
(mg/kg 
dw)

Fe 
(mg/kg 
dw)

Mg 
(mg/kg 
dw)

Mn 
(mg/kg 
dw)

Total 
Nitrogen 
as N (%)

Total 
Sulfur as 
S (%)

2 Edgewater 0 to 0.5 24.1 21.3 2.78 2.52 75.9 4.72 11.5 1.17 0.885 102000 16300 7410 1070 0.48 0.042
8 Main 0 to 0.5 24.8 20.9 3.88 2.47 75.2 6.42 15.7 1.17 0.878 136000 15300 6390 1160 0.69 0.045
13 Bancroft 0 to 0.5 28.6 25.4 3.23 2.52 71.4 4.63 11.3 1.20 0.859 145000 12500 5990 977 0.50 0.039

Shallow Dredging Condition

Core Bay

Depth (ft) 
of 

Sediment 
Analyzed

% Solids 
of whole 
wet 

sample

% Inorganic 
Solids of 

Whole wet 
Sample

% Organic 
Solids of 

Whole wet 
Sample

Composite 
Density of 
Solids 
(g/cm3)

% H20 
in wet 
sample

TOC (%) 
in dry 

sediment

Organic 
Material 
(% in dry 
sediment)

Density 
(g/cm3) 
of wet 

sediment Porosity

Ca 
(mg/kg 
dw)

Fe 
(mg/kg 
dw)

Mg 
(mg/kg 
dw)

Mn 
(mg/kg 
dw)

Total 
Nitrogen 
as N (%)

Total 
Sulfur as 
S (%)

2 Edgewater 2 to 2.5 45.2 39.8 5.39 2.51 54.8 4.89 11.9 1.36 0.746 no data 7161 no data no data 0.29 0.039
8 Main 1 to 1.5 32.0 27.1 4.95 2.47 68.0 6.33 15.5 1.23 0.834 no data 8071 no data no data 0.38 0.050
13 Bancroft 0 to 0.5 28.6 25.4 3.23 2.52 71.4 4.63 11.3 1.20 0.859 145000 12500 5990 977 0.50 0.039

Deep Dredging Condition

Core Bay

Depth (ft) 
of 

Sediment 
Analyzed

% Solids 
of whole 
wet 

sample

% Inorganic 
Solids of 

Whole wet 
Sample

% Organic 
Solids of 

Whole wet 
Sample

Composite 
Density of 
Solids 
(g/cm3)

% H20 
in wet 
sample

TOC (%) 
in dry 

sediment

Organic 
Material 
(% in dry 
sediment)

Density 
(g/cm3) 
of wet 

sediment Porosity

Ca 
(mg/kg 
dw)

Fe 
(mg/kg 
dw)

Mg 
(mg/kg 
dw)

Mn 
(mg/kg 
dw)

Total 
Nitrogen 
as N (%)

Total 
Sulfur as 
S (%)

2 Edgewater 4 to 4.5 53.5 47.8 5.72 2.53 46.5 4.39 10.7 1.46 0.680 246000 4950 6920 2520 0.68 0.035
8 Main 4.5 to 5.0 54.2 50.1 4.18 2.56 45.8 3.16 7.7 1.48 0.679 12100 4400 5600 251 0.09 0.205
13 Bancroft 0 to 0.5 28.6 25.4 3.23 2.52 71.4 4.63 11.3 1.20 0.859 145000 12500 5990 977 0.50 0.039
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Surface

Mobile 
(iron‐
bound)

Aluminum‐
Bound

Calcium‐
Bound Organic

Total of 
Fractions

Main Bay1 45.4 9.9 75.0 50.2 180.6
Edgewater Bay2 63.7 27.7 127.3 71.8 290.5
Bancroft Bay3 51.5 10.0 94.4 44.6 200.5

Shallow Dredging

Mobile 
(iron‐
bound)

Aluminum‐
Bound

Calcium‐
Bound Organic

Total of 
Fractions

Main Bay1 25.8 13.8 163.7 52.8 256.2
Edgewater Bay2 30.8 15.1 165.1 68.1 279.1
Bancroft Bay3 51.5 10.0 94.4 44.6 200.5

Deep Dredge Condiition

Mobile 
(iron‐
bound)

Aluminum‐
Bound

Calcium‐
Bound Organic

Total of 
Fractions

Main Bay1 27.2 14.0 256.0 26.2 323.4
Edgewater Bay2 30.7 10.9 217.0 43.2 301.8
Bancroft Bay3 51.5 10.0 94.4 44.6 200.5

(3) Bancroft Bay is an average of the top 0.5 feet of sediment collected in four sediment cores.

(1) Main Bay is an average of sediment samples collected across the bay and at sediment depths of 5, 3, 9, 3, 4, 5.5, 4.5, 3 and 
3 feet.

(2) Edwater Bay is an average of sediment samples collected across the bay and at sediment depths of 2.5, 3, 2, 4, 4, 4, 4.5, 
and 5.5 feet.

(3) Bancroft Bay is an average of the top 0.5 feet of sediment collected in four sediment cores.

Location

Table 6.  Concentration of phosphrous fractions  in Fountain Lake Sediments.  Data are from sediment 
cores taken from Fountain Lake in June, 2013.  Sediment chemistry in this table served as model inputs.

(1) Main Bay is an average of sediment samples collected across the bay at sediment depth of 3, 3, 6, 2, 4, 5.5, 2, 2, and 1 foot.
(2) Edgewater Bay is an average of sediment samples collected across the bay at sediment depths of 1, 1, 2, 2, 2, 4, and 4.5 
feet.

Phosphorus Fraction (g/m3)

Phosphorus Fraction (g/m3)

Phosphorus Fraction (g/m3)

Location

Location

(3) Bancroft Bay is an average of the top 0.5 feet of sediment collected in four sediment cores.

(1) Main Bay is an average of the top 0.5 feet of sediment collected in nine sediment cores.

(2) Edgewater Bay is an average of the top 0.5 feet of sediment collected in nine sediment cores.
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Bancroft  Goose Shoff Wedges
January 0.082 0.023 0.025 0.096
February 0.082 0.023 0.025 0.096
March 0.152 0.131 0.083 0.127
April 0.076 0.021 0.043 0.089
May 0.061 0.018 0.032 0.087
June 0.071 0.016 0.027 0.106
July 0.095 0.016 0.021 0.096
August 0.088 0.008 0.015 0.092
September 0.085 0.030 0.009 0.095
October 0.080 0.052 0.019 0.104
November 0.082 0.023 0.025 0.096
December 0.082 0.023 0.025 0.096

Table 7.  Ratios of average monthly flow in tributaries to Fountain 
Lake to the flow in the Cedar River near Austin (USGS 05457000).

Creek
Averages

Ratios for January, February, November, and December are from 
average ratios from March through October.

Flow data for Bancroft, Goose, Shoff, and Wedges Creek was from 
2009, 2010, and 2011.
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Pounds Killograms
Acre‐
Feet Liters

2005 11 24,268 11,016 55,188 6.8E+10 161.9
2006 11 24,763 11,240 73,421 9.05E+10 124.2
2007 11 72,919 33,100 103,522 1.28E+11 259.4
2008 11 19,278 8,751 66,935 8.25E+10 106.1
2009 11 14,399 6,536 38,559 4.75E+10 137.5
2010 11 48,722 22,116 108,450 1.34E+11 165.4
2011 11 66,125 30,016 102,116 1.26E+11 238.4
2012 11 5,545 2,517 16,385 2.02E+10 124.6
2013 11 52,485 23,824 84,953 1.05E+11 227.5

(4)  Calculated as the annual phosphorus load divided by the total annual inflow volume.

Table 8.   Annual phosphorus loads to Fountain Lake and the probability of occurance for 
each loading value.

(2)  Annual phosphorus load is sum of all tributaries (Goose, Wedge, Shoff, and Bancroft 
Creek) to Fountain Lake including areas that discharge directly to Fountain Lake.
(3)  Total Annual Inflow Volume is the sum of all tributaries (Goose, Wedge, Shoff, and 
Bancroft Creek) to Fountain Lake including areas that discharge directly to Fountain Lake.  
When flows were not monitored, daily estimates were calculated using flows in the Cedar 
River, adjusted in accordance with Table 7.

Year

Occurance 
Probability 

(%)1

Annual Phosphorus 
Load2

Total Annual Inflow 
Volume3 Flow Weighted 

Average Phosphorus 
Concentration (ug/L)4

(1) The probability of phosphorus load occuring in a given year was 100*(9/10).  9 was the 
number of years that monitoring occurred.  The probability of a phosphorus load occuring 
for each year was considered equal.  Sorting loads from low to high provides a ranking of 
the probability of occurance for loads at and below a given level.  See Figure 10.
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Edgewater Bay‐Summer Period 2006

Modeling Condition

Total 
Phosphorus 

(mg/L)

Ortho‐
Phosphorus 

(mg/L)
Chl a 
(ug/L)

Secchi disk 
depth (ft)

Existing Conditions: 2006 0.24 0.024 172 0.98
Shallow Dredging Condition: 2006 0.29 0.043 103 0.94
Deep Dredging Condition: 2006 0.23 0.033 89 1.06
Existing Conditions: 10 Percentile Load 0.16 0.021 122 1.12
Existing Conditions: 50 Percentile Load 0.27 0.039 178 0.93
Existing Conditions: 90 Percentile Load 0.40 0.070 220 0.79

Main Bay‐Summer Period 2006

Condition

Total 
Phosphorus 

(mg/L)

Ortho‐
Phophsorus 

(mg/L)
Chl a 
(ug/L)

Secchi disk 
depth (ft)

Existing Conditions: 2006 0.25 0.033 150 1.02
Shallow Dredging Condition: 2006 0.24 0.070 72 1.17
Deep Dredging Condition: 2006 0.20 0.050 71 1.27
Existing Conditions: 10 Percentile Load 0.16 0.027 90 1.17
Existing Conditions: 50 Percentile Load 0.28 0.049 135 0.97
Existing Conditions: 90 Percentile Load 0.42 0.089 172 0.82

Table 9.  Summary of model‐predicted average surface water quality (June 1 through September 30, 
2006) in Fountain Lake for a range of modeling conditions.

Note: Average monitoring results for 2006, May 31 to September 30, 2006 are as follows: 
TP=0.24 mg/L, ortho‐phosphorus=0.102 mg/L, chlorophyll a=114 ug/L, and Secchi disk depth 
(ft=1.29 feet).

Note: Average monitoring results for 2006, June 1 to September 30, 2006 are as follows: 
TP=0.22 mg/L, ortho‐phosphorus=0.055 mg/L, chlorophyll a=139 ug/L, and Secchi disk depth 
(ft=1.27 feet).
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