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Comment ID Document Date Page # Comment and Requested Action Response

00001 EA 3/27/2017 86+

Proposed relocation is within the footprint of the proposed training structures. In previous 
discussions, we had concerns for impacts to mussels not just within the footprint of the 
proposed structures, but for mussels within the "impact area" meaning areas that also 
may be affected by the project by a change in hydrology that could result in sedimentation 
deposition or scouring. Please add a discussion about the indirect impacts to mussels (e.g., 
from deposition, displacement and changes in hydrology). Please verify that only mussels 
within the direct footprint of the proposed project (i.e. training structures) are proposed to 
be relocated and rationale. It would be helpful to develop a figure that indicates the 
impact area and identifies the locations in which mussels are proposed to be relocated 
from, due to project activities.

See Section 6.2.4, where the following text was added: "Mussels could also be impacted by indirect effects of the project. There are two primary potential impacts outside of the footprints: 
flow and deposition. Flow behind the structures is anticipated to be reduced, but not eliminated. The project would be expected to change the habitat in the area slowly over time. This may 
impact colonization of new mussels, but would not be expected to negatively affect the mussels that currently exist in the area. Deposition rates will likely also change, but as shown on 
Figures 28 & 29 in the H&H appendix (Appendix D), the largest changes in deposition predicted by the ADH model were ~0.6 feet over the course of approximately 5 years (476 total days were 
modeled, and the model assumes 100 days of active sediment movement per year. Appendix D describes this further). Mussels would not be negatively impacted by that level of sediment 
deposition. Therefore, the Corps does not believe the project would cause measurable indirect effects to mussels, and does not propose to relocate these mussels. Nonetheless, surveys to 
monitor changes in the area will be performed during the relocation effort pre-project and by the Corps 5-years post-project to verify that impacts are absent or negligible."

00002
EA and 

Appendix 
I

3/27/2017 86+/1-
4

Additional information is needed in order to determine if the proposed Draft Mussel 
Relocation Plan is an acceptable mitigation approach [This information will also go 
towards addressing the comment above.]. Discussion of mussel mitigation Appendix G - 
Draft Mussel Relocation Plan: In previous correspondence letters, we have specifically 
stated as an appropriate mitigation for mussel impacts includes relocation of all mussels 
within the impact area of the Project according to standards of the Minnesota Freshwater 
Mussel Survey and Relocation Protocol. Appendix G – Draft Mussel Relocation Plan 
addresses methodology but no commitment to a specific protocol that will be utilized for 
proposed relocation purposes. In addition, there have been discussions between the DNR 
and the USACE on post-construction monitoring and training structure design 
considerations that may be beneficial to mussels in which we request further discussion or 
clarification on. We request the following: • Additional maps provided during the March 
15 meeting included a pdf titled “Change in Displacement” and a pdf page included with 
the larger pdf file that depicts 2001 and 2015 survey results, project footprint, navigation 
channel, and draft relocation areas. These two maps are very helpful but make it difficult 
to fully assess how all these factors are related. We request figures that combine some of 
these features so we can see exactly where the proposed relocation areas, the project 
footprint, and previous mussel survey results are with regards to deposition/scour 
estimations. We would also like to see these features depicted with regards to existing 
depths (bathymetry). If it is feasible to place all of this information on one figure that 
would be preferable, but two figures would be acceptable as well. • Clarify the timeframe 
in which the depths of deposition are depicted in the “Change in Displacement” pdf. The 
figure shows a number of 476 days but it is unclear if that is the true time in which the 
amount of deposition/scour that is depicted represents. We request additional clarity and 
discussion. • Engineering plates provided indicate that the training structures will be made 
up of 4’ diameter boulders and r40 riprap. Please explain in further details the 
size/dimension of rocks that will be used to construct the structure as well as their 
locations within the structures (e.g., larger rocks in the front/top, smaller rocks in back….). 
• More details on proposed monitoring. How will relocation be determined successful? 
What if it is not successful? More information is necessary.

(1) A discussion of indirect mussel impacts was added based on comment 001, and also applies to this comment.
(2) This is, to the best of our knowledge, the largest mussel relocation proposed in Minnesota to date. The Corps is committed to minimizing our impacts on freshwater mussels, and 
developed our mitigation plan with this goal in mind. The Draft Mussel Relocation Plan (Appendix G), provides a list of methodologies that would be employed during the relocation. These 
methods were compiled using guidelines established by Dunn et al. 1997, among other contemporarily accepted mussel relocation protocols. The proposed relocation would be conducted by 
a contractor qualified and experienced in relocation efforts (Ecological Specialists, Inc.) and overseen by Corps malacologists. There are several differences between the MNDNR protocol and 
the Corps', none of which would negatively impact the success of the relocation. The rationale for each of these differences follow. MNDNR protocol states that: (A)(2) "the mussel density 
within the recipient site should be no more than double the pre-existing mussel density." Doing so would be impractical due to the generally low-density areas available in Lower Pool 2 and 
the large quantity of mussels that would be relocated as a part of this project. The proposed relocation sites would only be increased by 10 mussels per square meter, which is well within the 
carrying capacity for a mussel bed. MNDNR Mussel Relocation Section (B) addresses the relocation methods and specifies quality control measures. The suggested QC practices would be 
impractical for such a large relocation effort, and the collection methods proposed in Appendix G of this report are significantly more detailed and systematic than the MNDNR's general 
protocol. The Corps' cited methods require double-coverage of the area, and have been shown in peer-reviewed literature to result in >90% recovery of mussels, which is, in fact, the stated 
goal of the MNDNR's protocol. Section (C) addresses placement of mussels at the relocation site, and specifies that T&E species should be hand-placed by divers. Because the wartyback 
(Quadrula nodulata ) is the third most common species in Lower Pool 2, the relocation will encounter thousands of these, again making it impractical to employ hand placement. Due to the 
pre-screening of the relocation sites and the use of highly-qualified personnel, this would not negatively affect the outcome of the relocation. There are no other significant differences 
between the proposed methods and the MNDNR's protocol. If the DNR's malacologists feel there are concerns with our proposed methods, we can discuss further.
(3) Monitoring for indirect impacts is now described further in Appendix G. Both quantitative and qualitative pre- and post-construction monitoring would be conducted.
(4) An 11x17 plate has been added to Appendix G that shows the project features, previous project-sponsored mussel survey points, discusses areas with potential indirect impacts, shows the 
relocation areas, and displays bathymetry of the area.
(5) The PDF map referenced ("Change in Displacement") was taken from the H&H Appendix (D). The figure displays the deposition following a timeframe of approximately 5 years (476 total 
days were modeled, and the model assumes 100 days of active sediment movement per year.) Refer to Appendix D for further information, and some additional information was added to the 
main report in Section 6.2.4.
(6) The training structures themselves would be constructed entirely of R40 Riprap. The 4' diameter boulders would be embedded only in the top to aide in visibility of the structure and 
increase safety.
(7) The proposed monitoring is designed as a simple effort to qualitatively check that there have not been issues with the relocation itself. An initial qualitative search and inspection is planned 
in the same season following the relocation to verify that mussels are still present and have burrowed into the substrate. A second qualitative assessment would be performed the following 
year to again verify that mussels are still in the relocation areas and to assess survival. Surveys would be overseen and assessed by qualified malacologist(s). Mussel relocations using qualified, 
highly experienced personnel have largely been successful in this region. Relocating the mussels to multiple areas throughout the pool that have each have demonstrated stability for over 15 
years will further maximize the chance for success of the relocation. The proposed qualitative monitoring would be enough to determine the success of the relocation. No specific actions are 
proposed if it is determined that the relocation has not been successful; however, if an issue is discovered, we can cooperatively consider if there are actions available to address the issues.

00003 Appendix 
I 3/27/2017 I-4

There is no mention of Spring Lake Islands Wildlife Management Area (WMA). This is a 
fairly new WMA, created in 2010, located upstream of the project area and provides good 
waterfowl habitat and game opportunities. ACTION: Please acknowledge this WMA's 
proximity to the proposed Project, describe its wildlife benefits, and discuss how changes 
in hydrology could affect it. Please add this to the discussion in Section 2.1 - Land Use.

Referenced this WMA in Section 2.1 as suggested, and added it to Figure 2-1.
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00004 Appendix 
I 3/27/2017 I-4

The descprtion of how the rare features data was reviewed is a little bit confusing. 
"...updated on 2 December, 2013. The following steps were conducted to locate 
potentially-affected rare species within the project area using the newest available NHIS 
layer (January 12, 2016)..." ACITION: Rewrite this section to clarify. Do they mean they 
double checked the info from 2013 again in 2016? 

The "2013" reference was an overlooked old reference. A new NHIS search was conducted in December of 2016. The reference was fixed.

00005 Appendix 
I 3/27/2017 I-4

In accordance with the EAW guidelines, this item should include a discussion on …"This 
item refers to unique natural features or features of special significance, including state-
listed endangered, threatened and special concern species; native plant communities that 
are rare statewide such as prairie remnants or virgin timber; locally rare habitats 
(regionally significant ecological areas); colonial waterbird nesting colonies; Sites of 
Biodiversity Significance; and high quality wetland complexes. The DNR Division of 
Ecological and Water Resources maintain the Natural Heritage Information System (NHIS), 
a collection of databases that provides the most comprehensive information on 
Minnesota’s rare natural features. The NHIS includes Rare Features Data, including MBS 
sites of Biodiversity Significance and MBS Native Plant Communities. This information 
should be incorporated into the EAW, including the correspondence number for reference. 
If this information was obtained through a license agreement, include the license 
agreement number. The EAW should also state whether a habitat assessment or other 
survey work was conducted. Sensitive ecological resources that are not listed in the NHIS, 
but are known to occur on the project site, should also be identified and described in the 
EAW. If any MBS sites are within or adjacent to the project area, please provide this map 
to the DNR when requesting NHIS data." Currently the discussion is limited to MN 
endangered or threatened species. ACTION: Please revise the discussion to include rare 
features in addition to state-threatened and endangered species. This could be included as 
an addition discussion as part of Appendix I. Findings of this more complete review can be 
discussed with DNR NHIS staff for concurrence. This discussion should expand into the 
Project effects and mitigation (If applicable) sections of the document.

Added Species of Special Concern, Watchlist Species, and Native Plant communities found in the NHIS search of the project area to report Chapter 2.2.5. Also added discussion of the potential 
to impact these resources in Chapter 6.2.5.

00006 EAW 3/27/2017 83
Section 5.6.2 of the EA states that stage increases higher than 0.005 feet are 
unacceptable. To avoid increased flood stages, the rock sill structure top elevation should 
not exceed 0.4 feet above low control pool.

The reference to 0.4 feet in Section 5.6.2 was a mistake.  The rock structures were modeled at 0.8 feet above low control pool; this is shown in Appendix D Hydrology and Hydraulics, and this 
does not result in stage increases higher than 0.005 feet.  

Section 5.6.2 of the report has been updated to state "To avoid increased flood stages, the rock sill structure top elevation should not exceed 0.8 feet above low control pool (+ or - 0.3 feet).  
Overall the average elevation of the rock sills should be within (+ or - 0.1 feet).    

Boulders may be included in the design and may rise about 1 foot above the crest of rock sill.   They would be spaced infrequently (250 foot spacing is expected).  These boulders should have 
no additional effect on flood stages. "  With this revision, this section is now consistent with the  modeling that was done and consistent with other references in the report and appendices. 
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00007 General 
Question 3/27/2017

Engineering plates provided indicate that the training structures will be made up of 4’ 
diameter boulders and r40 riprap. Please explain in further detail the size/dimension of 
rocks that will be used to construct the structure as well as their locations within the 
structures (e.g., larger rocks in the front/top, smaller rocks in back….), and the spacing. 
Indicate if the structures that will be constructed to keep water flowing through the 
channels are going to be marked. Also include information regarding boater risk, Coast 
Guard responsibility, and height above surface water. The proposal must adequately 
address public safety or not create a water safety hazard (Minnesota Rules 6115.0210, 
subp. 3a). Provide more information on the potential the training structures have to create 
a water safety hazard for all river users, including those outside the navigation channel.

The structures are rock mounds and will include some riprap features to tie the rock mound structures into existing islands. The structures are described as part of the Tentatively Selected 
Plan in Section 5.6.  

14 USC 81 Authorizes the Coast Guard to establish aids to navigation in the interest of the commerce of the united states.  There are many aids to navigation established in the project vicinity 
now.  The proposed structures are in a shoal area prone to numerous obstructions. With the propsoed project in place,  the channel would remain marked by buoys in a very similar manner to 
the present state.  No fixed aids to navigation would be established.

In Coast Guard policy, "a short range aids to navigation system is a group of interacting external reference devices intended to collectively provide sufficient and timely information with which 
to safely navigate within and through a waterway when used in conjunction with updated nautical charts and other commonly available material."  The type of aids to navigation used is 
subject to many considerations, including the physical nature of the area, the characteristics of the user vessels, cost, and survivability of the proposed aid.  

In a waterway that is generally navigable, the marking of individual, isolated hazards is sometimes sufficient to provide useful assistance to the navigator.  In waterways that are prone to 
extensive areas of shallow water and obstructions--as is the case with the Mississippi River--the only practical solution is to provide marks establishing a safe channel for navigation.  Given the 
aids to navigation scheme that exists now in the project area, vessel operators are on notice that the proposed location of these structures is not safe for navigation.

00008 General 
Question 3/27/2017 Please change text to read: "In 2016, the MPCA updated their values for SRVs." The SRV's 

are not final yet. The date is unknown, but assumed to be final in 2017.
Concur. Changed language in the report Section 2.2.8 to read, "The MPCA is currently in the process of updating their values for SRVs, and therefore the Draft values from August 2016 are 
used in this report. The draft values are expected to be finalized in 2017."

00009 General 
Question 3/27/2017

General Comment: Only one boring has concn > new residential SRVs, 70M. That location 
is above the new SRV for Cd (1.7ppm vs 1.6ppm) and BAP (1.15ppm vs 1.0ppm). It does 
not exceed the current residential SRVs. The new SRV for Hg is greater than the current 
SRV. These results are < both.

Under current regulations, all of the chemical results for the borings collected in the project area are below MPCA's SRVs. Unless the MPCA adopts new standards before project completion, 
there shouldn't be any SRV related restrictions on placing the material.

00010 General 
Question 3/27/2017 Why are SQTs used for comparison. Are they doing a cleanup? Are they reusing the 

material below the water line? 
The SQTs are used for comparison in the event that project construction (placement of fill and dredging) causes significant redistribution of material. However, best management practices will 
be used to minimize redistribution.

00011 General 
Question 3/27/2017 An additional permit for the management of dredged material is likely not needed. This 

dredge cut is listed in the CMMP, thus is covered by MN0050580.
Comment Noted, thanks!

00012 General 
Question 3/27/2017 What is the volume of material to be dredged? ~306,000 yds of granular material.  See report sections 4.6 and 5.3

00013 General 
Question 3/27/2017

The document needs to identify and describe the location and method of dredge disposal. 
The environmental effects portion of the document also needs address any impacts from 
handling and disposal of dredge material.

Report has been updated to identify the proposed placement site (Ch. 5.6). The placement site is a water-filled depression created by aggregate mining activity in a previously upland area on 
Lower Grey Cloud Island.
Environmental Effects of the proposed placement are primarily addressed in Chapter 6.2.2, Aquatic Habitat. 

00014 Appendix I 3/27/2017 I-2 Identify where project is located in terms of all: County, City/Township, Watershed, GPS 
Coordinates and Tax Parcel Number. (If no Tax Parcel number, state this.)

Additional information as requested has been added to EAW Number 5.

00015 Appendix I 3/27/2017 I-2

Complete project description should include: construction, operation methods and 
features that will cause physical manipulation of the environment or will produce wastes; 
and significant demolition, removal or remodeling of existing structures; and timing and 
duration of construction activities. Since this project is being constructed in the metro 
area, it should also be discussed if there are physical manipulations of, or requirements 
for, area infrastructure. Chapter 5.6 provides a brief overview, but does not provide a 
complete description of each of these components. The document needs to describe the 
two potential methods of dredging (mechanical vs. hydraulic) as well as any differences in 
construction practices between the two. The environmental effects portion of the 
document also needs to address any impacts from the two potential dredging methods. 
Please add additional detail.

Significant detail regarding proposed project construction added to section 5.6.4. A short description of the differences in water quality impacts from dredging equipment types was added to 
6.2.8.
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00016 Appendix I 3/27/2017 I-2

EA Chapter 6.2.2 includes acreage discussions of project components which will change as 
a result of the project.  This is good information, but does not satisfy the Project 
Magnitude requirement of the EAW. Project Magnitude should be a single value which 
encompasses the entire project, in acres and in linear feet.  (I agree that the other 
magnitudes on the EAW are not applicable here.)

Added total project acreage impacted to item 6c. Acreages are split among the footprint of the rock structure, dredging, and placement. Dredging and placement estimates are conservative. 

00017 Appendix 
I 3/27/2017 I-2 Recommend greater specificity of EA reference: Project purpose appears to be located in 

1.3 with additional information in 3.2.
Concurred. Incorporated more detailed references in Appendix I.

00018 Appendix 
I 3/27/2017 I-2 Identify the beneficiaries of this action. Added identification of beneficiaries and described how they would be benefited in Appendix I, Section 6d.

00019 Appendix 
I 3/27/2017 I-2 This is not the appropriate place for referencing cumulative potential effects. Recommend 

deleting the second sentence.
Concurred. Sentence deleted.

00020 Appendix 
I 3/27/2017 I-2 Add a brief overview of what the Nine-Foot Navigation Channel Project is before the 

reference to 1.4.
Incorporated a few sections in Appendix I, Section 6f to describe the 9-foot navigation channel.

00021 Appendix 
I 3/27/2017 I-3

This item is should illustrate--via acreage numbers--the change in the cover types within 
the project area. If the appropriate habitat types aren't included, add them into additional 
rows in the table provided.

Modified EAW item 7 to include additional detail, and added a table from the report that shows the change in acres for each habitat type.

00022 Appendix 
I 3/27/2017 I-3

Regardless of whether the project proposes a change to land use or not, describe the 
existing planned land use as identified in any applicable comprehensive plans (if available). 
If unavailable or not included in comprehensive plans, identify this. Identify any other 
applicable existing plans for land use, water, or resources management by a local, 
regional, state, or federal agency. This item should discuss conditions as they are and plans 
that currently exist, regardless of the project's proposal or potential impacts.

Information regarding planned land use, including references to local comprehensive plans and other planning documents has been added to Chapter 6.1.5, and is referenced in the EAW 
bridge 9.a.ii.

00023 Appendix 
I 3/27/2017 I-3

Regardless of whether the proposed project will alter any zoning, existing applicable 
zoning (including  special districts or overlays such as shoreland, floodplain, wild and scenic 
rivers, critical area, agricultural preserves, etc), should be identified here. 

Zoning interests identified in the project area were integrated into the discussion of land use as described in Chapter 6.1.5.

00024 Appendix 
I 3/27/2017 I-3 Recommend changing "N/A" to "Since no land use incompatibilities were identified, no 

mitigation has been proposed."
Concur - changed sentence as suggested

00025 Appendix 
I 3/27/2017 I-3

Recommend identifying what section of Appendix J satisfies this item.  In my review, I did 
not see any descriptions of NRCS (SCS) soils classifications.  In addition, if there are any 
plans for shoreland work--including staging of heavy equipment, temporary removal of 
vegetation for the project construction purposes, etc. any soils limitations for these 
activities should be described and any corrective measures discussed.  

This text added to Appendix J Section 4 "The channel excavation and rock-sill structure construction will occur in the river. Channel bottom material has not been characterized by the NRCS. 
The west rock-sill structure will tie into an existing island which has been characterized as Algansee Sandy Loam. The east rock-sill structure will tie into a much smaller existing island which 
has not been characterized by the NRCS." The NRCS classification shown on the Web Soil Survey for the staging site is Udorthents, wet; however, the proposed staging area has been highly 
modified and paved for construction of the Lock and Dam. 

00026 Appendix 
I 3/27/2017 I-3 I believe it should be "2.2.1.3 Hydrology and Hydraulics" Concur - changed reference.

00027 Appendix 
I 3/27/2017 I-3

The first part of this section should describe the existing surface water resources in the 
area, not only those affected by the project.  The information provided sufficiently 
answers the second part of the EAW question, but does not appear to answer the first part 
(existing resourcs). There may be additional links necessary to the EA document.

Additional description as requested has been added to 11a.i, including nearby river designations and other water resources in the area, including several maps.

00028 Appendix 
I 3/27/2017 I-3

The EAW item requires: "Include: 1) depth to groundwater; 2) if project is within a MDH 
wellhead protection area; 3) identification of any onsite and/or nearby wells, including 
unique numbers and well logs if available. If there are no wells known on site or nearby, 
explain the methodology used to determine this" This information must be provided.

Requested well details have been added to 11a.ii.
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00029 Appendix 
I 3/27/2017 I-4 Instead of "N/A", recommend a short sentence such as, "no hazardous waste expected to 

be stored or generated during project construction or operation"
Concur. Added.

00030 Appendix 
I 3/27/2017 I-5

6.3 (p. 102, 1st paragraph) of the EA text states, "The Corps has determined that the 
Project will have no potential to effect historic properties". Is there a SHPO letter per the 
EAW form to concur?

The Corps has coordinated with the SHPO, and a concurrence letter added to the Coordination and Correspondence Appendix.  

00031 Appendix 
I 3/27/2017 I-5 Instead of "N/A", recommend a short sentence such as, "no transportation impacts are 

expected during construction or operation of the proposed project."
Concur. Added.

00032 Appendix 
I 3/27/2017 I-5

19a is not adequately defined--the environmentally relevant timeline is stated, but the 
environmentally relevant geography specific to the project-related environmental effects 
are not identified.  

The following text was added to Ch. 6.4.1: "The environmental analysis for the proposed project did not identify significant effects outside of the direct project area. Therefore, the geographic 
scale analyzed for cumulative impacts was limited to potential actions that have or would have effects in the immediate project area. However, this does not mean that only activities with 
footprints overlapping the proposed project were considered - this is because the proposed project is a part of a large river system, which necessitates considering if actions upstream or 
downstream could also impact this particular reach of the river."

00033 Appendix 
I 3/27/2017 I-4 Provide more information regarding the value of the impounded habitat and the 

floodplain shallow aquatic and note if there could be net loss in valuable habitat.

The description in Chapter 6.2.2 (Aquatic Habitat Effects) has been updated to address this comment. See specifically the last paragraph in that section: "Overall, these changes would not 
have a net negative impact on the value of the habitat in Lower Pool 2. The habitat types that would be lost – main channel border, impounded aquatic, and wing dam habitats – are abundant 
in Lower Pool 2 near the project area. No special habitat characteristics or values have been identified in the project footprint or affected areas that would be unique to the area. The channel 
control structures may increase habitat diversity in Lower Pool 2 by  help to promote vegetative growth by restricting reducing wind and wave action in the shallow area between Boulanger 
Slough and the current main navigation channel, and which could serve to protect and stabilize the areas near them and promote aquatic vegetation growth."

00034 - 5/4/2017 -

DNR Comment 00002 requested that relocation of all mussels within the impact area of 
the Project be conducted according to the standards of the DNR's Minnesota Freshwater 
Mussel Survey and Relocation Protocol. The DNR Protocol has served as the standard used 
by numerous mussel relocation projects throughout Minnesota for many years, and the 
request that the Project adhere to the DNR Protocol is not unreasonable. Nonetheless, the 
COE has proposed to implement an older methodology in their Mussel Relocation Plan, 
and states that their Response addresses all differences between the DNR Protocol and 
the COE Methodology. This analysis includes differences regarding a) selection of the 
recipient site, b) quality control measures, and c) method of placing translocated mussels 
into the recipient site. The DNR accepts these alternative methods as reasonable.

Thanks for your concurrence.

00035 - 5/4/2017 -

However, the COE Response does not identify a critical difference between the DNR 
Protocol and the COE Methodology. The DNR Protocol (Page 1, Temperature and Time 
Limitations) requires that "Relocations must be conducted within two months of the onset 
of work on a development project." In contrast, the COE's Mussel Relocation Plan (Section 
III. Relocation Description) states that "Relocation would be scheduled to occur as close 
prior to the construction as feasible, no more one year prior to proposed construction." 
This departure from the DNR Protocol is not acceptable to the DNR, and the DNR requests 
that this sentence be revised to read "... no more than six months prior to proposed 
construction." This compromise is still a significant departure from the DNR Protocol, but 
comes closer to insuring that there is not sufficient time between the relocation and the 
onset of work for mussels to recolonize the project footprint.

We have investigated two scheduling ideas to attempt to minimize potential impacts, and the proposed schedules are outlined below. These would be incorporated into the report. The first 
schedule is our new preferred schedule, and would meet the request of your comment entirely. This involves conducting the mussel relocation and project rock placement in the same season. 
Tentatively speaking, this would involve: (1) Late May/June 2018 - Begin Mussel Relocation; (2) July 1 - Begin Rock Channel Training Structure Construction; and (3) Nov 15 or End of Calendar 
Year 2018 - Complete Construction.

The second schedule is similar to what we had proposed before, and is included as a contingency plan. For instance, if the mussel relocation is delayed too long in 2018 such that rock 
placement would not be able to be finished during the same construction season, we would shift to this schedule instead. Under this schedule, mussels would be moved in the late summer 
and fall. No activity would occur over the winter, and minimal mussel movement or mussel recruitment would be anticipated during the winter months. Construction of the rock structures in 
the cleared footprints would begin as soon as water levels allowed in the spring. We feel that it is unlikely that more than negligible mussel populations would recolonize the footprint area 
over this winter time frame. Nevertheless, the goal will be to utilize the preferred schedule. Tentatively, the backup schedule is as follows: (1) August through September 2017 - Mussel 
relocation; (2) Winter 2017-2018 - No project activity; (3) Spring 2018, as early as water levels, flow, and weather allow - Begin Project Construction.
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00036 - 5/4/2017 -

Point 7 in the COE response to Comment 00002 states that the "... proposed monitoring is 
designed as a simple effort to qualitatively check that there have not been issues with the 
relocation itself." The response goes on to state that the monitoring will "... assess 
survival." These are laudable goals, but the description of the monitoring methods in the 
COE's Mussel Relocation Plan fails to describe how issues will be identified and survival will 
be assessed. The DNR recommends that the monitoring portion of the Relocation Plan be 
revised to include substantial detail about the monitoring methodology, including a 
specified number of dives (we recommend one dive per relocation area), during which a 
specified number of live or dead mussels (we recommend 100 per relocation area) will be 
retrieved and classified as marked or unmarked, and live or dead. Success of the relocation 
would then reflect the proportion of marked mussels to unmarked mussels, and degree to 
which the ratio of live to dead marked mussels is similar to the ratio of live to dead 
unmarked mussels.

This is a good comment and suggestion. We have incorporated the following specifics into the monitoring plan for the relocation areas:

In Year 0 (the same calendar year the relocation is completed), 2 of the approximately 10 relocation sites will be inspected to assess the acclimation to the site. Divers would perform a visual 
inspection to the extent possible to qualitatively assess whether it appears that the majority of relocated mussels have burrowed into the substrate. 100 relocated (marked) mussels will be 
collected from the substrate, taken to the water surface, and assessed for mortality. 

In Year 1 (the calendar year directly following the relocation), each relocation site would be inspected to assess mortality. At each relocation site, a diver would perform a qualitative search 
until 100 relocated (marked) mussels have been collected. All mussels collected would be identified and determined to be living or dead. The relocation would be determined to be successful 
if the overall average mortality of all relocation sites is below 15 percent. 

00037 - 5/4/2017 -

Finally, the Project fails to commit to any action should the monitoring determine that the 
relocation plan has failed. Given that the relocation plan is intended to avoid and mitigate 
for the impact of the project on mussels, the Plan should at least commit to negotiating a 
mitigation alternative with the DNR should the monitoring determine that the relocation 
effort has failed to mitigate the impacts of the Project. Better yet, the Plan could propose 
alternative mitigation should the monitoring determine that the relocation effort has 
failed.

The Corps has included a threshold level of 15% mortality to be used to determine that further mitigation may be necessary. If relocation failure is revealed by the Year 1 relocation site survey, 
the Corps will commit to discussing potential measures for remedying the failure and loss of ecological function.
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From: McFarlane, Aaron M MVP
To: Timothy.schlagenhaft@state.mn.us; Gerald.j.johnson@state.mn.us; Craig.wills@state.mn.us
Subject: Lower Pool 2 Channel Management Study - Boring Results (UNCLASSIFIED)
Date: Tuesday, November 29, 2011 8:30:00 AM
Attachments: P2_Boring_Locations.pdf

P2_results.xls

Classification: UNCLASSIFIED
Caveats: NONE

Dear Sirs,

We're continuing to evaluate the condition of the Mississippi River Pool 2 navigation channel around
Boulanger Bend (RM 818-820).  As you are aware, one of the alternatives is to re-align the channel
through Boulanger Slough.  This alternative would include dredging approximately 450,000 cubic yards
of material.

This fall, we conducted some sediment sampling within Boulanger Slough. The sediment boring results
are attached, and a description of the methods is below.  Based on the results, the Corps plans to
collect 24 - 30 additional samples between sample 11-2M and River Mile 818 (8 - 10 bore holes X 3
samples for each bore hole) to be analyzed for the same parameters as the current data. 

Please let me know if you have any comments on the results or the planned sampling no later than
December 13.

(I used the public meeting attendance list to determine who within your agency to send this to.  If you
notice that anyone else should be copied, please forward it along.  Thanks!)

Methods:
Thirty-two samples were collected from eighteen randomly selected boreholes by district staff between
August 22-24, 2011. All of the boreholes were drilled to 14 feet below the water surface and the cores
were then split into two composite samples at a depth of 11.5 feet. The 11.5 foot depth corresponds to
the projected extent of required dredging if the channel cut-off becomes the future realignment of the
navigation channel. Under the propose cut-off plan, the upper-layer sample characterizes the dredged
material needing future disposal and the lower-layer sample represents the material that will be left in
place and will become exposed to the water column. The two samples from each of the 18 cores were
immediately processed after collection and sent to labs to be analyzed for physical and chemical
parameters to determine grain size and possible contamination.

Thanks!
Aaron

_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_

Aaron M McFarlane
Biologist
St. Paul District, Corps of Engineers
Office Phone: (651) 290-5660
E-mail: Aaron.M.McFarlane@usace.army.mil

Classification: UNCLASSIFIED
Caveats: NONE
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Sheet1

								Pool						Boulanger Bend Cut-off Pool 2

								Sample Site						11-1M, SN-1		11-1M, SN-2		11-2M, SN-1		11-2M, SN-2		11-3M, SN-1		11-3M, SN-2		11-4M, SN-1		11-4M, SN-2		11-5M, SN-1		11-5M, SN-2		11-6M, SN-1		11-6M, SN-2		11-7M, SN-1		11-7M, SN-2		11-8M, SN-1		11-8M, SN-2		11-9M, SN-1		11-9M, SN-2		11-10M, SN-1		11-10M, SN-2		11-11M, SN-1		11-11M, SN-2		11-12M, SN-1		11-12M, SN-2		11-13M, SN-1		11-13M, SN-2		11-14M, SN-1		11-14M, SN-2		11-15M, SN-1		11-15M, SN-2		11-16M, SN-1		11-16M, SN-2		11-17M, SN-1		11-17M, SN-2		11-18M, SN-1		11-18M, SN-2

								Lab						ARDL, Inc.		ARDL, Inc.		ARDL, Inc.		ARDL, Inc.		ARDL, Inc.		ARDL, Inc.		ARDL, Inc.		ARDL, Inc.		ARDL, Inc.		ARDL, Inc.		ARDL, Inc.		ARDL, Inc.		ARDL, Inc.		ARDL, Inc.		ARDL, Inc.		ARDL, Inc.		ARDL, Inc.		ARDL, Inc.		ARDL, Inc.		ARDL, Inc.		ARDL, Inc.		ARDL, Inc.		ARDL, Inc.		ARDL, Inc.		ARDL, Inc.		ARDL, Inc.		ARDL, Inc.		ARDL, Inc.		ARDL, Inc.		ARDL, Inc.		ARDL, Inc.		ARDL, Inc.		ARDL, Inc.		ARDL, Inc.		ARDL, Inc.		ARDL, Inc.

								Depth						8.9'-11.5'		11.5'-14'		8.6'-11.5'		11.5'-14'		8.0'-11.5'		11.5'-14'		10'-11.5'		11.5'-14'		8.1'-11.5'		11.5'-14'		8.4'-11.5'		11.5'-14'		8.9'-11.5'		11.5'-14'																						8.5'-11.5'		11.5'-14'		8.2'-11.5'		11.5'-14'		7.7'-11.5'		11.5'-14'		10.5'-11.5'		11.5'-14'		8.9'-11.5'		11.5'-14'		10.5'-11.5'		11.5'-14'

								Date collected						8/22/2011		8/22/2011		8/23/2011		8/23/2011		8/23/2011		8/23/2011		8/23/2011		8/23/2011		8/23/2011		8/23/2011		8/23/2011		8/23/2011		8/23/2011		8/23/2011		8/24/11		8/24/11		8/24/11		8/24/11		8/24/11		8/24/11		8/24/11		8/24/11		8/24/11		8/24/11		8/25/11		8/25/11		8/25/11		8/25/11		8/25/11		8/25/11		8/25/11		8/25/11		8/25/11		8/25/11		8/25/11		8/25/11

										MPCA SQT I		MPCA SQT II		Results		Results		Results		Results		Results		Results		Results		Results		Results		Results		Results		Results		Results		Results		Results		Results		Results		Results		Results		Results		Results		Results		Results		Results		Results		Results		Results		Results		Results		Results		Results		Results		Results		Results		Results		Results

		CHC'S		ug/kg				Naphthalene		180		560		<0.83		<0.78		5.2 J		<0.84		<0.91		<0.91		<0.93		<0.87		<0.87		<0.84		<0.85		<0.85		<0.85		<0.85		<0.92		<0.87		<0.85		<0.86		<0.87		<0.85		<0.88		<0.83		<0.79		<0.79		<0.86		<0.81		<0.91		<0.82		<0.87		<0.84		<0.89		<0.87		<0.85		<0.85		<0.95		8.03

				ug/kg				Acenaphthylene		5.9		130		<0.81		<0.75		39.4		<0.81		<0.88		<0.88		<0.9		<0.84		<0.84		<0.82		<0.83		<0.82		<0.82		<0.82		<0.89		<0.85		<0.82		<0.84		<0.84		<0.82		<0.85		<0.81		<0.76		<0.76		<0.83		<0.78		<0.88		<0.8		<0.84		<0.82		<0.87		<0.84		<0.82		<0.82		12.7		30

				ug/kg				Acenaphthene		6.7		89		<0.67		<0.62		7.45		<0.68		<0.73		<0.73		<0.75		<0.7		<0.7		<0.68		<0.69		<0.68		<0.68		<0.68		<0.74		<0.7		<0.68		<0.69		<0.7		<0.68		<0.71		<0.67		<0.63		<0.63		<0.69		<0.65		<0.73		<0.66		<0.7		<0.68		<0.72		<0.7		<0.68		<0.68		<0.76		8.95

				ug/kg				Fluorene		77		540		<0.77		<0.71		14.7		<0.77		<0.83		<0.84		<0.85		<0.8		<0.8		<0.78		<0.78		<0.78		<0.78		<0.78		<0.84		<0.8		<0.78		<0.79		<0.79		<0.78		<0.81		<0.77		<0.72		<0.72		<0.79		<0.74		<0.83		<0.76		<0.8		<0.78		<0.82		<0.79		<0.78		<0.78		5.62		13.8

				ug/kg				Phenanthrene		200		1200		<0.98		<0.92		51.4		<0.99		<1.1		<1.1		<1.1		<1		<1		<1		<1		<1		<1		<1		<1.1		<1		<1		<1		<1		<1		<1		<0.98		<0.93		<0.93		<1		<0.95		<1.1		<0.97		<1		<1		<1.1		<1		<1		<1		31. 6		84.7

				ug/kg				Anthracene		57		850		<0.82		<0.76		30.6		<0.83		<0.89		<0.9		<0.92		<0.85		<0.86		<0.83		<0.84		<0.84		<0.83		<0.83		<0.9		<0.86		<0.84		<0.85		<0.85		<0.83		<0.87		<0.82		<0.77		<0.78		<0.84		<0.79		<0.89		<0.81		<0.86		<0.83		<0.88		<0.85		<0.83		<0.83		11.8		30.4

				ug/kg				Fluoranthene		420		2200		<1.1		<1		242		<1.1		<1.2		<1.2		5.31		<1.1		<1.1		<1.1		<1.1		<1.1		<1.1		<1.1		<1.2		<1.1		9.46		<1.1		<1.1		<1.1		<1.2		<1.1		<1		<1		<1.1		<1.1		<1.2		<1.1		<1.1		3.8 J		<1.2		<1.1		<1.1		<1.1		122		225

				ug/kg				Pyrene		200		1500		<0.93		<0.87		312		<0.94		<1		<1		6.31		<0.97		<0.97		<0.94		<0.95		<0.95		<0.94		<0.95		<1		<0.97		8.16		<0.96		<0.96		<0.95		<0.98		<0.93		<0.88		<0.88		<0.96		<0.9		<1		<0.92		<0.97		4.64		<1		<0.96		<0.95		<0.94		121		250

				ug/kg				Benzo(a) anthracene		110		1100		<0.71		<0.66		138		<0.72		<0.77		<0.78		4.6 J		<0.74		<0.74		<0.72		<0.73		<0.73		<0.72		<0.72		<0.78		<0.74		6.42		<0.74		<0.74		<0.72		<0.75		<0.71		<0.67		<0.67		<0.73		<0.69		<0.77		<0.7		<0.74		3.9 J		<0.76		<0.74		<0.72		<0.72		60.6		125

				ug/kg				Chrysene		170		1300		<1.2		<1.1		155		<1.2		<1.3		<1.3		4.1 J		<1.2		<1.2		<1.2		<1.2		<1.2		<1.2		<1.2		<1.3		<1.2		5.87		<1.2		<1.2		<1.2		<1.2		<1.2		<1.1		<1.1		<1.2		<1.1		<1.3		<1.2		<1.2		3.1 J		<1.3		<1.2		<1.2		<1.2		64.7		136

				ug/kg				Benzo(b)fluoranthene						<1.3		<1.2		170		<1.3		<1.4		<1.4		5.65		<1.3		<1.3		<1.3		<1.3		<1.3		<1.3		<1.3		<1.4		<1.3		8.37		<1.3		<1.3		<1.3		<1.3		<1.3		<1.2		<1.2		<1.3		<1.2		<1.4		<1.3		<1.3		4.0 J		<1.4		<1.3		<1.3		<1.3		94.4		186

				ug/kg				Benzo(k)fluoranthene						<1.5		<1.4		55.5		<1.5		<1.6		<1.6		<1.7		<1.6		<1.6		<1.5		<1.5		<1.5		<1.5		<1.5		<1.7		<1.6		2.3 J		<1.6		<1.6		<1.5		<1.6		<1.5		<1.4		<1.4		<1.5		<1.5		<1.6		<1.5		<1.6		<l.5		<1.6		<1.6		<1.5		<1.5		31. 0		60.5

				ug/kg				Benzo(a)pyrene		150		1500		<1		<0.93		130		<1		<1.1		<1.1		<1.1		<1		<1		<1		<1		<1		<1		<1		<1.1		<1		5.12		<1		<1		<1		<1.1		<1		<0.94		<0.94		<1		<0.97		<1.1		<0.99		<1		<1		<1.1		<1		<1		<1		66		124

				ug/kg				Indeno(1,2,3-cd)pyrene						<0.86		<0.8		59.2		<0.87		<0.93		<0.94		4.7 J		<0.89		<0.9		<0.87		<0.88		<0.88		<0.87		<0.88		<0.95		<0.9		5.65		<0.89		<0.89		<0.88		<0.91		<0.86		<0.81		<0.81		<0.89		<0.83		<0.93		<0.85		<0.9		4 J		<0.92		<0.89		<0.88		<0.88		31.2		54.2

				ug/kg				Dibenzo(a,h) anthracene		33		140		<1.1		<1.1		21		<1.1		<1.2		<1.2		4.0 J		<1.2		<1.2		<1.1		<1.2		<1.2		<1.2		<1.2		<1.2		<1.2		4.1 J		<1.2		3.5 J		<1.2		<1.2		<1.1		<1.1		<1.1		3.8 J		<1.1		<1.2		<1.1		<1.2		<l.1		<1.2		<1.2		<1.2		<1.2		12		19.9

				ug/kg				Benzo(g,h,i)perylene						<1.3		<1.2		74.1		<1.3		<1.4		<1.4		6.18		<1.3		<1.3		<1.3		<1.3		<1.3		<1.3		<1.3		4.1 J		3.6 J		7.13		<1.3		3.7 J		<1.3		3.7 J		<1.3		<1.2		<1.2		3.9 J		<1.2		<1.4		<1.3		<1.3		5.15		<1.4		<1.3		<1.3		<1.3		37		63.2

				ug/kg				2-Methylnaphthalene		20		200		<0.74		<0.69		5.4 J		<0.75		<0.8		<0.81		<0.82		<0.77		<0.77		<0.75		<0.76		<0.75		<0.75		<0.75		<0.81		<0.77		<0.75		<0.76		<0.77		<0.75		<0.78		<0.74		<0.69		<0.7		<0.76		<0.71		<0.8		<0.73		<0.77		<0.75		<0.79		<0.77		<0.75		<0.75		<0.84		11.6

				ug/kg				1-Methylnaphthalene						<0.81		<0.75		3.3 J		<0.81		<0.88		<0.88		<0.9		<0.84		<0.84		<0.82		<0.83		<0.82		<0.82		<0.82		<0.89		<0.85		<0.82		<0.84		<0.84		<0.82		<0.85		<0.81		<0.76		<0.76		<0.83		<0.78		<0.88		<0.8		<0.84		<0.82		<0.87		<0.84		<0.82		<0.82		<0.92		5.7

				ug/kg				alpha-BHC						<0.686		<0.639		<0.864		<0.693		<0.745		<0.75		<0.766		<0.713		<0.718		<0.695		<0.703		<0.701		<0.696		<0.698		<0.754		<0.719		<0.7		<0.711		<0.712		<0.698		<0.726		<0.686		<0.646		<0.649		<0.706		<0.664		<0.745		<0.678		<0.716		<0.695		<0.736		<0.712		<0.698		<0.697		<0.78		<0.799

				ug/kg				gamma-BHC (Lindane)		2.4		5		<1.49		<1.39		<1. 88		<1.51		<1.62		<1. 63		<1. 66		<1. 55		<1.56		<1.51		<1.53		<1. 52		<1.51		<1.52		<1.64		<1.56		<1.52		<1.54		<1. 55		<1.52		<1.58		<1.49		<1.4		<1.41		<1. 53		<1.44		<1.62		<1.47		<1.55		<1.51		<1.6		<1.55		<1.52		<1.51		<1. 69		<1.74

				ug/kg				beta-BHC						<1. 21		<1.13		<1.53		<1.23		<1. 32		<1. 33		<1. 36		<1.26		<1.27		<1. 23		<1.24		<1. 24		<1. 23		<1.24		<1.33		<1. 27		<1.24		<1.26		<1.26		<1.24		<1.29		<1.21		<1.14		<1.15		<1. 25		<1.17		<1. 32		<1.2		<1.27		<1.23		<1.3		<1.26		<1.24		<1.23		<1. 38		<1.41

				ug/kg				delta-BHC						<0.751		<0.701		<0.947		<0.76		<0.816		<0.822		<0.84		<0.781		<0.787		<0.762		<0.77		<0.768		<0.763		<0.765		<0.826		<0.788		<0.767		<0.779		<0.78		<0.765		<0.796		<0.751		<0.708		<0.711		<0.774		<0.728		<0.816		<0.743		<0.785		<0.762		<0.806		<0.78		<0.765		<0.764		<0.854		<0.876

				ug/kg				Heptachlor						<1.46		<1.36		<1. 84		<1.48		<1.59		<1.6		<1. 63		<1. 52		<1.53		<1.48		<1.5		<1.49		<1.48		<1.49		<1.61		<1.53		<1.49		<1.52		<1.52		<1.49		<1.55		<1.46		<1.38		<1.38		<1.5		<1.42		<1.59		<1.45		<1.53		<1.48		<1.57		<1.52		<1.49		<1.49		<1.66		<1.7

				ug/kg				Aldrin						<1.25		<1.17		<1.58		<1. 27		<1. 36		<1. 37		<1.4		<1.3		<1.31		<1.27		<1. 28		<1.28		<1.27		<1.27		<1.38		<1.31		<1.28		<1.3		<1.3		<1.27		<1.33		<1.25		<1.18		<1.18		<1.29		<1.21		<1. 36		<1. 24		<1.31		<1.27		<1.34		<1.3		<1.27		<1.27		<1.42		<1.46

				ug/kg				Heptachlor Epoxide		2.5		16		<0.415		<0.387		<0.523		<0.42		<0.451		<0.454		<0.464		<0.432		<0.435		<0.421		<0.426		<0.425		<0.422		<0.423		<0.456		<0.436		<0.424		<0.431		<0.431		<0.423		<0.44		<0.415		<0.391		<0.393		<0.428		<0.402		<0.451		<0.411		<0.434		<0.421		<0.446		<0.431		<0.423		<0.422		<0.472		<0.484

				ug/kg				gamma-Chlordane						<0.997		<0.93		<1.26		<1. 01		<1. 08		<1. 09		<1.11		<1. 04		<1. 04		<1. 01		<1. 02		<1. 02		<1.01		<1. 02		<1.1		<1.05		<1.02		<1. 03		<1. 04		<1. 02		<1.06		<0.997		<0.94		<0.943		<1. 03		<0.966		<1. 08		<0.986		<1. 04		<1. 01		<1.07		<1.04		<1. 02		<1. 01		<1.13		<1.16

				ug/kg				alpha-Chlordane		3.2*		18*		<0.508		<0.474		<0.64		<0.514		<0.552		<0.556		<0.568		<0.528		<0.532		<0.515		<0.521		<0.52		<0.516		<0.517		<0.559		<0.533		<0.519		<0.527		<0.528		<0.517		<0.538		<0.508		<0.479		<0.481		<0.523		<0.492		<0.552		<0.503		<0.531		<0.515		<0.545		<0.528		<0.517		<0.517		<0.578		<0.592

				ug/kg				p,p'-DDE		3.2		31		<0.478		<0.446		<0.602		<0.483		<0.519		<0.523		<0.534		<0.497		<0.501		<0.485		<0.49		<0.489		<0.485		<0.487		<0.526		<0.501		<0.488		<0.496		<0.496		<0.487		<0.507		<0.478		<0.45		<0.452		<0.492		<0.463		<0.519		<0.473		<0.499		<0.485		<0.513		<0.496		<0.487		<0.486		<0.543		60.5 P

				ug/kg				Endosulfan I						<0.391		<0.364		<0.492		<0.395		<0.424		<0.428		<0.437		<0.406		<0.409		<0.396		<0.401		<0.399		<0.397		<0.398		<0.429		<0.41		<0.399		<0.405		<0.406		<0.398		<0.414		<0.391		<0.368		<0.37		<0.402		<0.378		<0.424		<0.386		<0.408		<0.396		<0.419		<0.406		<0.398		<0.397		<0.444		18.9 P

				ug/kg				Dieldrin		1.9		62		<0.402		<0.375		<0.506		<0.406		<0.436		<0.439		<0.449		<0.418		<0.421		<0.407		<0.412		<0.411		<0.408		<0.409		<0.441		<0.421		<0.41		<0.416		<0.417		<0.409		<0.425		<0.402		<0.378		<0.38		<0.414		<0.389		<0.436		<0.397		<0.419		<0.407		<0.431		<0.417		<0.409		<0.408		<0.457		<0.468

				ug/kg				Endrin		2.2		210		<0.604		<0.563		<0.761		<0.61		<0.656		<0.661		<0.675		<0.628		<0.632		<0.612		<0.619		<0.617		<0.613		<0.615		<0.664		<0.633		<0.616		<0.626		<0.627		<0.615		<0.64		<0.604		<0.569		<0.571		<0.622		<0.585		<0.656		<0.597		<0.631		<0.612		<0.648		<0.627		<0.615		<0.614		<0.686		16.0 P

				ug/kg				p,p'-DDD		4.9		28		<0.842		<0.785		<1. 06		<0.851		<0.914		<0.921		<0.94		<0.875		<0.881		<0.853		<0.863		<0.86		<0.854		<0.857		<0.925		<0.883		<0.859		<0.873		<0.874		<0.857		<0.891		<0.842		<0.793		<0.796		<0.866		<0.815		<0.914		<0.832		<0.879		<0.853		<0.903		<0.874		<0.857		<0.856		<0.957		<0.981

				ug/kg				Endosulfan II						<0.456		<0.425		<0.575		<0.461		<0.496		<0.499		<0.51		<0.474		<0.478		<0.463		<0.468		<0.466		<0.463		<0.465		<0.502		<0.479		<0.466		<0.473		<0.474		<0.465		<0.483		<0.456		<0.43		<0.432		<0.47		<0.442		<0.496		<0.451		<0.476		<0.463		<0.49		<0.474		<0.465		<0.464		<0.519		12.8 P

				ug/kg				p,p'-DDT		4.2		63		<0.656		<0.611		<0.826		<0.663		<0.712		<0.7l7		<0.733		<0.682		<0.687		<0.665		<0.672		<0.67		<0.666		<0.668		<0.721		<0.688		<0.669		<0.68		<0.681		<0.668		<0.695		<0.656		<0.618		<0.62		<0.675		<0.635		<0.7l2		<0.649		<0.685		<0.665		<0.704		<0.681		<0.668		<0.667		<0.745		<0.764

				ug/kg				Endrin Aldehyde						<1. 69		<1.58		<2.13		<1. 71		<1. 84		<1. 85		<1. 89		<1. 76		<1. 77		<1. 72		<1. 74		<1. 73		<1. 72		<1. 72		<1.86		<1.78		<1. 73		<1. 76		<1. 76		<1. 72		<1. 79		<1.69		<1.6		<1.6		<1. 74		<1.64		<1. 84		<1. 68		<1. 77		<1. 72		<1.82		<1. 76		<1. 72		<1. 72		<1.93		7.9 P

				ug/kg				Methoxychlor						<1. 09		<1.01		<1.37		<1.1		<1.18		<1.19		<1. 22		<1.13		<1.14		<1.1		<1.11		<1.11		<1.1		<1.11		<1.2		<1.14		<1.11		<1.13		<1.13		<1.11		<1.15		<1. 09		<1.02		<1.03		<1.12		<1.05		<1.18		<1.08		<1.14		<1.1		<1.17		<1.13		<1.11		<1.11		<1.24		<1.27

				mg/kg				Endosulfan Sulfate						<0.855		<0.797		<1. 08		<0.865		<0.929		<0.936		<0.956		<0.889		<0.896		<0.867		<0.877		<0.874		<0.868		<0.871		<0.94		<0 . 897		<0.873		<0.887		<0.888		<0.871		<0.906		<0.855		<0.806		<0.809		<0.88		<0.828		<0.929		<0.846		<0.893		<0.867		<0.918		<0.888		<0.871		<0.869		<0.972		<0.997

				mg/kg				Endrin Ketone						<0.678		<0.632		<0.854		<0.685		<0.736		<0.741		<0.757		<0.705		<0.71		<0.687		<0.695		<0.693		<0.688		<0.69		<0.745		<0.711		<0.692		<0.703		<0.704		<0.69		<0.718		<0.678		<0.638		<0.641		<0.698		<0.656		<0.736		<0.67		<0.708		<0.687		<0.727		<0.704		<0.69		<0.689		<0.77		<0.79

				mg/kg				Toxaphene		0.1		32		<91.1		<85		<115		<92.1		<99		<99.7		<102		<94.7		<95.4		<92.4		<93.4		<93.2		<92.5		<92.8		<100		<95.6		<93		<94.5		<94.6		<92 .8		<96.5		<91.1		<85.8		<86.2		<93.8		<88.2		<99		<90.1		<95.1		<92.4		<97.8		<94.6		<92.8		<92 .6		<104		<106

		PCBs		ug/kg				Aroclor 1016						<8.39		<7.82		<10.6		<8.48		<9.11		<9.18		<9.37		<8.72		<8.78		<8.5		<8.6		<8.58		<8.52		<8.54		<9.22		<8.8		<8.56		<8.7		<8.71		<8.54		<8.89		<8.39		<7.9		<7.93		<8.64		<8.12		<9.11		<8.3		<8.76		<8.5		<9		<8.71		<8.54		<8.53		<9.53		<9.78

				ug/kg				Aroclor 1221						<91.1		<85		<115		<92.1		<99		<99.7		<102		<94.7		<95.4		<92.4		<93.4		<93.2		<92.5		<92.8		<100		<95.6		<93		<94.5		<94.6		<92.8		<96.5		<91.1		<85.8		<86.2		<93.8		<88.2		<99		<90.1		<95.1		<92.4		<97.8		<94.6		<92.8		<92.6		<104		<106

				ug/kg				Aroclor 1232						<91.1		<85		<115		<92.1		<99		<99.7		<102		<94.7		<95.4		<92.4		<93.4		<93.2		<92.5		<92.8		<100		<95.6		<93		<94.5		<94.6		<92.8		<96.5		<91.1		<85.8		<86.2		<93.8		<88.2		<99		<90.1		<95.1		<92.4		<97.8		<94.6		<92.8		<92.6		<104		<106

				ug/kg				Aroclor 1242						<91.1		<85		<115		<92.1		<99		<99.7		<102		<94.7		<95.4		<92.4		<93.4		<93.2		<92.5		<92.8		<100		<95.6		<93		<94.5		<94.6		<92.8		<96.5		<91.1		<85.8		<86.2		<93.8		<88.2		<99		<90.1		<95.1		<92.4		<97.8		<94.6		<92.8		<92.6		<104		<106

				ug/kg				Aroclor 1248						<91.1		<85		<115		<92.1		<99		<99.7		<102		<94.7		<95.4		<92.4		<93.4		<93.2		<92.5		<92.8		<100		<95.6		<93		<94.5		<94.6		<92.8		<96.5		<91.1		<85.8		<86.2		<93.8		<88.2		<99		<90.1		<95.1		<92.4		<97.8		<94.6		<92.8		<92 .6		<104		<106

				ug/kg				Aroclor 1254						<91.1		<85		<115		<92.1		<99		<99.7		<102		<94.7		<95.4		<92.4		<93.4		<93.2		<92.5		<92.8		<100		<95.6		<93		<94.5		<94.6		<92.8		<96.5		<91.1		<85.8		<86.2		<93.8		<88.2		<99		<90.1		<95.1		<92.4		<97.8		<94.6		<92.8		<92.6		<104		2400

				ug/kg				Aroclor 1260						<10.7		<9.99		<13 .5		<10.8		<11.6		<11. 7		<12		<11.1		<11.2		<10.9		<11		<10.9		<10.9		<10.9		<11.8		<11.2		<10.9		<11.1		<11.1		<10.9		<11.3		<10.7		<10.1		<10.1		<11		<10.4		<11.6		<10.6		<11.2		<10.9		<11.5		<11.1		<10.9		<10.9		<12.2		<12.5

				ug/kg				Total PCBs		60		680

		Metals		mg/kg				Arsenic		9.8		33		1.7		1.8		6.6		1.4		2.5		1.9		2.3		1.7		2.4		3.3		1.9		3		2		2.7		2.06		3.88		1. 92		1. 98		2.5		2.13		1.4		2.86		1. 99		1.67		2.46		4.81		3.65		5.09		3.32		8.03		3.83		3.73		2.96		4.13		11.5		5.22

				mg/kg				Cadmium		0.99		5		<0.27		<0.25		0.69		<0.28		<0.3		<0.3		<0.31		<0.28		0.33		<0.28		<0.28		<0.28		<0.28		<0.28		<0.3		<0.287		<0.279		<0.283		<0.284		<0.278		<0.289		0.314		<0.257		<0.258		<0.281		<0.265		<0.297		<0.270		<0.285		0.416		<0.293		<0.284		<0.278		<0.278		0.45		1. 72

				mg/kg				Chromium		43		110		14.4		13.5		27		17.3		25		22.9		24.2		22.4		22.8		22.4		16.5		17.3		16.7		19.2		18.8		21.4		16.9		21.1		21.7		15.5		13.5		12.5		12.1		12.7		17.2		14.6		21. 7		17.3		18.9		24.5		21. 9		19.4		16.6		19.4		18.6		29.6

				mg/kg				Copper		32		150		7.1		6.2		24		10.6		15.4		14.1		17.7		13.9		14.1		16		9.8		10.8		8.6		11.7		11. 7		13.6		10.3		13.5		14.4		11.1		8.09		10.3		4.86		4.51		10.6		8.8		11.9		8.36		11		11. 7		12.9		12.3		10		11.5		10.4		20.1

				mg/kg				Lead		36		130		6.6		5.6		29.1		8.1		12.5		11		12.9		11.1		11.2		9.7		8.3		9.2		8.3		9.1		8.95		9.63		7.73		10.2		10.5		8.94		6.4		7.8		4.92		4.56		7.S9		7.9		9.23		6.96		8.67		9.79		9.33		9.01		7.29		8		12.7		22.1

				mg/kg				Magnesium						12400		11200		10300		13200		14200		15600		13500		12500		16500		17100		15700		15800		14400		14400		16000		16600		13600		15800		16100		14300		10500		14300		9810		8180		15800		13900		12700		15300		14500		15500		15600		16200		15400		15900		10000		12700

				mg/kg				Manganese						864		786		670		1100		928		1140		978		1350		1270		986		634		587		555		568		613		1260		713		1090		947		861		678		858		472		549		818		823		875		951		924		1340		1320		721		903		1040		767		858

				mg/kg				Mercury		0.18		1.1		<0.045		<0.041		0.097		<0.045		<0.046		<0.048		<0.051		<0.045		<0.045		<0.044		<0.044		<0.045		<0.045		<0.046		<0.05		<0.047		<0.046		0.047		0.061		0.049		<0.048		<0.045		<0.042		<0.043		<0.046		<0.044		<0.049		<0.045		<0.047		<0.046		<0.048		<0.047		<0.046		<0.046		0.057		0.3

				mg/kg				Nickel		23		49		16.9		14		25.8		19.4		28.6		25.7		26.5		26.1		26.3		24.2		17.8		18.7		17		18.9		19.4		24.1		17.4		23.1		24.9		16.1		15.2		16.6		12.5		12.3		18.3		16.6		22.9		16.2		20.8		24.1		22.5		1B.4		17.6		19.7		20.6		23.8

				mg/kg				Zinc		120		460		40.3		32.9		118		52		88.6		78.2		86.2		72.9		79.2		71. 7		52.1		54.2		47.8		58.6		59		68.2		52.9		70.2		71.3		53.5		40.9		46.5		30.6		28.5		51		46.3		64.8		43.6		56.S		66.6		66.7		58.8		49.9		59.1		64.5		93.9

				mg/kg				Chromium (VI)						<1.4		<1.3		<1.7		<1.4		<1.5		<1.5		<1.5		<1.4		<1.4		<1.4		<1.4		<1.4		<1.4		<1.4		<1.5		<1.4		<1.4		<1.4		<1.4		<1.4		<1.4		<1.4		<1.3		<1.29		<1.41		<1.32		<1.48		<1.35		<1.43		<1.39		<1.47		<1.42		<1.39		<1.39		<1.55		<1.59

		Inorganics		mg/kg				Cyanide, Total						<0.34		<0.32		<0.43		<0.35		<0.37		<0.37		<0.38		<0.35		<0.36		<0.35		<0.35		<0.35		<0.35		<0.35		<0.37		<0.36		<0.35		<0.35		<0.35		<0.35		<0.36		<0.34		<0.32		<0.32		<0.35		<0.33		<0.369		<0.34		<0.35		<0.34		<0.36		<0.36		<0.34		<0.34		<0.39		<0.4

				%				Moisture						26.8		21. 5		41. 9		27.6		32.6		33.1		34.5		29.6		30.1		27.8		28.6		28.4		27.9		28.1		33.4		30.2		28.3		29.4		29.5		28.1		30.9		26.8		22.3		22.6		28.9		24.4		32.6		26		29.9		27.8		31. 8		29.5		28.1		28		35.6		37.2

				%				Solids, Percent						73.2		78.5		58.1		72.4		67.4		66.9		65.5		70.4		69.9		72.2		71.4		7l.6		72.1		7l.9		66.6		69.8		71.7		70.6		70.5		71.9		69.1		73.2		77.7		77.4		71.1		75.6		67.4		74		70.1		72 .2		68.2		70.5		71.9		72		64.4		62.8

				%				Solids,Total Volatile						1.3		<1		3.7		1.2		2.1		2		2.1		2.5		2.3		2.1		1.5		1.9		1.6		1.4		2.1		1.6		2		2		1.5		1.2		1.4		1.1		<1		<1		<1		<1		1.5		1.3		1.4		1.5		1.5		2		1.1		1.1		2		2.4

				mg/kg				Total Organic Carbon						2600		2200		14000		4800		12000		6400		13000		6100		8000		6100		5700		5300		5400		6500		7000		6700		6400		7000		6300		5800		6600		4700		2800		1500		6400		5200		11000		4000		9200		7600		8500		7100		5700		6500		11000		13000
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										Level I SQT – Chemical concentrations which will provide a high level of protection for benthic invertebrates.

										Level II SQT – Chemical concentration which will provide a moderate level of protection for benthic invertebrates.

										The detection level for Toxaphene is above the SQT I and SQT II
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										P - This flag is used for a pesticide/Aroclor target analyte when there is

										greater than 40% difference for detected concentrations between the two
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Division of Ecological and Water Resources 

                                                                1200 Warner Road 
                                                        Saint Paul, MN 55106-6793 
 

mndnr.gov 
An Equal Opportunity Employer 

DNR Information: 651-296-6157 1-888-646-6367 651-296-5484  1-800-657-3929 
 

 
 
Paul Machajewski                                      January 3, 2012 
Channel Maintenance Coordinator 
Corps of Engineers 
(507) 454-6150 ext. 5 
Paul.r.machaejewski@usace.army.mil 
 
 
Re:  Navigation-Lower Pool 2 Channel Management Study – Boulanger Bend to Lock & 
Dam #2, Hastings, Minnesota 
 
 
Mr. Machajewski, 
 
The Minnesota Department of Natural Resources (DNR) was recently invited to provide 
comments for sediment sampling completed within the Boulanger Slough in August 2011. As 
it is understood, the Corps is evaluating the condition of the Mississippi River Pool 2 
navigation channel around Boulanger Bend (RM 818-820). One of the proposed alternatives 
would be to re-align the existing channel through Boulanger Slough. The alternative would 
result in approximately 450,000 cubic yards of material being removed. The DNR 
appreciates the opportunity to participate in this project during the early planning phases. 
This letter serves to respond to the sediment sampling results, proposed supplemental 
sampling and to provide general comments in regards to the Lower Pool 2 Channel 
Management Study. 
 
Sediment Sampling 
The DNR defers to the Minnesota Pollution Control Agency (MPCA) for comments 
pertaining to sediment sampling methods, results and the need for supplemental sampling. 
From recent communications, it is unclear what the MPCA involvement has been in this 
project to date. However, the DNR provides some comments for consideration. How does the 
data compare to other areas within the pool? It may be relevant to compare the results with 
the recent sediment analysis at Grey Cloud for the proposed Nelson Mine Expansion project. 
It may also be helpful to review comments provided by the MPCA and the Environmental 
Protection Agency provided to The City of Cottage Grove and the Corps for the proposed 
Nelson Mine Expansion project as they pertain to water quality and turbidity concerns. These 
comment letters were provided in response to an Agency Review Draft Environmental 
Impact Statement (EIS) dated September 2010. In addition, the DNR is aware that there are 
substantiated concerns with PFOS/PFOA contaminates from the 3M site at Crystal Cove. The 
Corps should consider the potential for these chemicals to be present in the sediment in the 
vicinity of Boulanger Slough and should consider testing for the presence of these chemicals.   
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mndnr.gov 
An Equal Opportunity Employer 

DNR Information: 651-296-6157 1-888-646-6367 651-296-5484  1-800-657-3929 

General Comments 
Please clarify if a Federal Environmental Assessment or Federal EIS will be completed for 
this project. The DNR would like to participate in the development of this document as a 
reviewer and commenter during scoping and from a technical aspect if such agency 
participation is being coordinated. Concerns would include but are not limited to how 
sediment would respond in regards to scouring or sloughing. How would a new channel 
affect shoreline stability and flood impacts? How would a new channel affect mussel and fish 
habitat? State-listed species of mussels have been identified in the area. Impacts to these 
populations should be evaluated. Have hydrologic models been run to determine what may 
happen to sediment transfer should flow be restored to Grey Cloud Slough or should the Grey 
Cloud Island Backwater area be cut off if the proposed Nelson Mine Expansion project 
proceeds? 
 
It should be noted that the existing DNR permit (1994-5082) and MOU applies only to 
historic dredge cuts. A DNR work in public waters permit application will need to be 
submitted as soon as more adequate information is available. Please note that a permit cannot 
be issued until the environmental review process is complete. Completion of the 
environmental review process does not guarantee that a permit will be issued. 
 
It has come to the DNR’s attention that there is confusion over property ownership within 
Pool 2. The DNR manages and owns the Spring Lake Wildlife Management Area located 
west of Boulanger Slough. The DNR is also aware that there are a couple of large parcels 
identified to be owned by the State of Minnesota within the project area. Ownership should 
be verified legally prior to proceeding with the project. 
 
We have had several management and staff changes recently. Please update your contact list 
to identify Melissa Doperalski, Regional Environmental Assessment Ecologist, as the point 
contact for this project. Melissa’s contact information is 651.259.5738, 
melissa.doperalski@state.mn.us, 1200 Warner Road-St.Paul, MN-55106. 
 
 
Sincerely, 
 
 
 
Melissa Doperalski 
Regional Environmental Assessment Ecologist 
 
 
CC’  

Terri Yearwood, DNR 
Molly Shodeen, DNR 
Brad Parsons, DNR 
Gerald Johnson, DNR 
Joel Stiras, DNR 
Michele Hanson, DNR 
Tim Bremicker, DNR 
Lisa Joyal, DNR 
Richard Baker, DNR 
Keith Parker, DNR 

 Karen Kromar, MPCA 
 Phil Delphy, USFWS 

Nancy Duncan, National Park Service 
Jim Larson, Metropolitan Council 
Aaron McFarlane, Corps 
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DEPARTMENT OF THE ARMY 
ST. PAUL DISTRICT, CORPS OF ENGINEERS 

902 E. 2ND ST.  SUITE 302 
WINONA, MN  55987-4649 

 
January 31, 2012 

 

 

Operations Division 
Channels and Harbors 
 
Melissa Doperalski 
Regional Environmental Assessment Ecologist 
Minnesota Department of Natural Resources 
1200 Warner Road 
St. Paul, MN 55106 
 
 
Subject: Lower Pool 2 Channel Management Study – Boulanger Bend to Lock and Dam No. 2 
 
 
Dear Ms. Doperalski: 
 
Thank you for your letter dated January 3, 2012.  An Environmental Assessment is currently 
being prepared for this project by the Environmental Compliance Branch of the St. Paul District, 
U.S. Army Corps of Engineers (Corps) for the subject project. As we proceed, we will continue 
to coordinate with the Minnesota Department of Natural Resources (DNR), as well as the other 
stakeholder groups and agencies.  We welcome your participation and any technical assistance 
you can provide. 
  
Sediment Sampling 
As previously described, sediment sampling was conducted in the identified Boulanger channel 
during August 2011. In general, the results from the sediment sampling are in-line with the 
results from the Corps’ routine channel sediment sampling, with the exception of the 
downstream samples 11-2M and 11-18M where higher levels of contamination were detected.  
The Minnesota Pollution Control Agency (MPCA) reviewed the sediment sampling results and 
provided comments to us regarding the need for additional sampling on November 17, 2011.  
The MPCA agreed with the Corps’ determination that more sampling should be conducted, 
specifically between sample points 11-2M and river mile 818.  The MPCA also requested that 
the CAS number be supplied for Endosulfan to aide in review. The MPCA had no further 
comments.   
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In regards to potential PFOS/PFOA contamination: although PFOS/PFOAs were not tested during the 
2011 sediment sampling of the proposed Boulanger Bend cut-off location, the Corps has been aware of 
possible contamination in the area and has done previous testing of several locations in lower Pool 2.  
As part of the Corps’ routine channel maintenance program, twenty Upper Mississippi River sediment 
samples (top 10 cm) were analyzed for PFCs. The samples were collected in October 2008 from channel 
dredge cuts, harbors dredge cuts and three off-channel locations just below the 3M plant in Cottage 
Grove, MN (Table 1). The samples were sent to Columbia Analytical, Kelso Washington, for high 
performance liquid chromatography with mass spectrometry (HPLC/MS) analysis. Each sample was 
analyzed for 17 different PFC compounds listed in Table 2. The majority of the results were below the 
detection limit, but perfluorooctane sulfonate (PFOS), which is known to strongly sorb to solids and 
may be a major sink for PFCs (Higgins et al. 2005), was above detection limits in more than half the 
samples. From the samples that had measurable concentrations of PFCs, Lake Pepin had the highest 
detection (5.9 ng/g for PFOS). The three 3M sites had a few measurable concentrations of PFCs, but 
they were in-line to the levels detected at the boat harbors. Of the four below Lake Pepin samples, only 
Alma small boat harbor had a quantifiable detection.  
 
Overall, the results from the Mississippi River (Table 3) were very low compared to PFCs found 
in other matrixes, such as sewage sludge, where concentrations of total perfluoroalkyl sulfonyl-
based chemicals have been measured in the thousands parts per billion (Higgins et al. 2005), but 
within the same magnitude of other river sediment studies in Japan (Senthilkumar K., E. 2007) 
and in the San Francisco Bay area (Higgins et al. 2005). 
 
Considering the proximity of these 2008 samples to the proposed channel modification project at 
Boulanger bend (Figure 1), it seems likely that PFOS/PFOA levels at the proposed cut-off are in-
line with the 2008 levels for lower pool 2, at least for the surfacial sediments where the 2008 
samples were collected. However, because the 2008 samples were collected only from the top 10 
cm and the proposed cut-off channel would be dredged to 11.5 feet, it may be necessary to 
collect and analyze samples at depths down to 11.5 ft and below to characterize what sediment will 
be removed and what will remain as the new sediment surface.   
 
Overall, the Corps will continue to coordinate sediment testing plans and results with the MPCA 
in order to ensure that the effects of the potential project on water quality are adequately 
considered. 
 
General Concerns 
The environmental effects of the subject study are currently being evaluated. Hydraulic analyses 
are being conducted to determine the effects of the project alternatives on channel stability, 
scouring, sediment transport, and floodplain impacts. Mussel surveys were conducted in August 
2011 within the area identified for the Boulanger channel, and the results are being reviewed. 
The federal actions that occur as a part of the Nelson Mine Expansion project will be considered 
in our assessment of the subject project as a part of the cumulative impacts. Other concerns that 
have been identified or are identified in the future will be considered and evaluated as part of the 
environmental assessment. 
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We understand that an individual Minnesota DNR Public Waters Work Permit may be required 
for this project, depending on the alternative chosen.  We will submit a permit application as 
soon as adequate information is available. 
 
As for property ownership within Pool 2, Ken Beck of our Real Estate office responded 
separately to you via email on January 6, 2012 on this issue.  In summary, the Real Estate 
activities by the Corps of Engineers during the 1930's in essence acquired the property rights 
held under federal navigation servitude, which includes the right to modify the bed of the river to 
improve navigation. 
 
At this time I am anticipating another interagency meeting to be held in the spring of 2012 
timeframe to review and discuss our (COE) findings and alternatives identification for this 
project.  I will provide our documentation prior to the meeting for your review. 
 
If you have any questions or comments prior to our next meeting please feel free to contact me at 
(507) 454-6150x5 or via email at paul.r.machajewski@usace.army.mil. 
 
 

Sincerely, 
 
 
 

     Paul Machajewski 
Channel Maintenance Coordinator 
 

CC 
  
 
Aaron McFarlane, USACE 
Paul Kosterman, USACE 
Brian Zekus, USCG MSD-St. Paul 
Burt Ford, USCG AToNs 
Phil Delphy, USFWS 
John Anfinson, NPS 
Judy Mader, MPCA 
Dick Lambert, MnDOT 
Kurt Chatfield, Dakota County 
Lee Nelson, RIAC 
Greg Genz, UMWA 
Brad Peek, NNG 
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  Table 1.  Locations of 2007-2008              Table 2.  PFC compounds analyzed for  
          samples tested for PFCs                                2007-2008 survey 

 
 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
 

 
Table 3.  PFC results above the detection limit. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Sample Sample Date Analyte result - ng/g (ppb)
Perfluorooctylsulfonic Acid (PFOS) 0.91
Perfluorobutanesulfonic Acid 1.4
Perfluorooctylsulfonic Acid (PFOS) 1.1
Perfluorobutanesulfonic Acid 1.2
Perfluorooctanoic Acid (PFOA) 2.1
Perfluorobutanesulfonic Acid 1.7
Perfluorooctylsulfonic Acid (PFOS) 2
Perfluorobutanesulfonic Acid 2.1
Perfluorooctylsulfonic Acid (PFOS) 3.2

Alma SBH 10/22/2008 Perfluorooctylsulfonic Acid (PFOS) 2.1
Perfluorobutanesulfonic Acid 1.4
Perfluorooctylsulfonic Acid (PFOS) 1.4
Perfluorooctylsulfonic Acid (PFOS) 1.1
Perfluorobutanesulfonic Acid 1.4
Perfluorobutanesulfonic Acid 1.4
Perfluorooctylsulfonic Acid (PFOS) 1.4

Hasings SBH 10/23/2008 Perfluorooctylsulfonic Acid (PFOS) 4
Pepin 10/23/2008 Perfluorooctylsulfonic Acid (PFOS) 5.9

Pepin (split) 10/23/2008 Perfluorooctylsulfonic Acid (PFOS) 4.6
Perfluorooctylsulfonic Acid (PFOS) 0.72
Perfluorobutanesulfonic Acid 1.4

Redwing CH 10/23/2008 Perfluorooctylsulfonic Acid (PFOS) 2
Redwing SBH 10/23/2008 Perfluorooctylsulfonic Acid (PFOS) 2.6

Boulanger 3

10/23/2008

10/23/2008

10/23/2008

Pine Bend

10/23/2008

10/23/2008

10/23/2008

10/23/2008

Boulanger 1

Boulanger 2

10/23/2008

3M 1

3M 2

3M 3

Above L/D 2

Sample Sample Date
3M 1 10/23/2008
3M 2 10/23/2008
3M 3 10/23/2008
Above L/D 2 10/23/2008
Alma SBH 10/22/2008
Below L/D 2 10/23/2008
Boulanger 1 10/23/2008
Boulanger 2 10/23/2008
Boulanger 3 10/23/2008
Cannon River 10/23/2008
Fountain City 10/22/2008
Grand Encampment 10/22/2008
Hasings SBH 10/23/2008
Pepin 10/23/2008
Pepin (split) 10/23/2008
Pine Bend 10/23/2008
Prescott 10/23/2008
Redwing CH 10/23/2008
Redwing SBH 10/23/2008
W.Newton 2 10/22/2008

Perfluorohexylsulfonic Acid

Perfluorobutanesulfonic Acid
Perfluorodecanoic Acid
Perfluoroheptanoic Acid
Perfluorohexanoic Acid

Perfluorooctylsulfonic Acid (PFOS)
Perfluoropentanoic Acid
Perfluorounecanoic Acid

Perfluiridecanoic Acid

PFCs
Perfluiridecanoic Acid

Perfluorobutanesulfonic Acid
Perfluorodecanoic Acid
Perfluoroheptanoic Acid
Perfluorohexanoic Acid

Perfluorohexylsulfonic Acid
Perfluorononanoic Acid

Perfluorooctanoic Acid (PFOA)
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 Figure 1 – PFC Sampling Points near Boulanger Bend 
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From: Machajewski, Paul R MVP
To: Jester, Laura; Chatfield, Kurt; Arthur.B.Ford@uscg.mil; Brian.S.Zekus@uscg.mil; Phil_delphey@fws.gov;

john_anfinson@nps.gov; melissa.doperalski@state.mn.us; Mader, Judy (MPCA); MDOT - Dick Lambert; Lee
Nelson; Greg Genz; brad.peek@nngco.com; tim.leach@metc.state.mn.us

Cc: Coder, Justin S USCG; Nay, John MSSD4; paul_labovitz@nps.gov; molly.shodeen@state.mn.us; Kimmel,
Zachary MVP; Kosterman, Paul R MVP; McFarlane, Aaron M MVP; Goodfellow, Scott M MVP; Opatz, Leon P
MVP; Beck, Kenneth L MVP; Grow, Jeff K MVP; Noren, James B MVP; Nelson, Kevin S MVP; McGrath, Jeffrey L
MVP; LeClaire, Keith R MVP; Walker, Michael R MVP

Subject: Lower Pool 2 Channel Management Study: Next interagency meeting Monday April 9th, 2012 (UNCLASSIFIED)
Date: Monday, March 19, 2012 4:46:03 PM
Attachments: Alternatives to Date with Map - 19Mar12.pdf

Classification: UNCLASSIFIED
Caveats: NONE

Partners,

As you are aware, the St. Paul District is evaluating alternatives to improve maintenance and
navigational safety of the Mississippi River between River Miles 818 – 821 (Boulanger Bend).  In recent
years, it has become difficult for the Corps to maintain the authorized channel width at this location due
to increased sedimentation.  The alternatives currently under consideration (in addition to the no action
alternative) are described in the attached.  Please keep in mind that the alternatives are conceptual and
not necessarily shown to scale or in the exact locations on the map.  Everything right now is only a draft
and no decisions have been made.

We will be holding the next interagency meeting to discuss the status of the study on Monday, April 9th,
2012.  The meeting will be held at Schaar’s Bluff Gathering Center (8395 127th St. E., Hastings, MN)
from 9:30am until about 3:00pm.  We will use the morning part of the meeting to discuss the current
alternatives and identify any others.  After lunch the meeting will focus on determining the methods for
identifying and evaluating the biological resources that would be impacted by each of the alternatives.

Please let me know if your agency unable to be represented at this meeting.

Due to the location of the meeting it is suggested that you bring your own lunch to avoid having to run
into Hastings to grab some lunch.  There is a refrigerator on site in which to store your lunch.

As part of the environmental evaluation, we will need to identify and describe the aquatic habitat and
fisheries resources that are currently present.  We need to answer questions such as (but not
necessarily limited to):

-What are the general aquatic habitat conditions?
-What communities of fish are known to utilize this area?
-Are there any unique or important fisheries?
-Are there any unique or important aquatic habitat areas?
-How should we measure the current habitat so that we can compare it with the future habitat?

We would like to know what data exists that would help us answer these questions.   Please provide
any information you have, including evaluation methods, to Aaron McFarlane
(aaron.m.mcfarlane@usace.army.mil or 651.290.5660) by COB Wednesday, April 4th, 2012 so that we
can incorporate that info into the meeting.

I look forward to continuing to work with you on this project.  Call or email me if you have any
questions.

Thanks,

Paul Machajewski
Channel Maintenance Coordinator
St. Paul District, US Army Corps of Engineers
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Lower Pool 2 Channel Management Study  
  
DRAFT	Boulanger	Bend	Alternatives	
No Action – The navigation channel in this area would continue to be maintained up to the authorized 


200 foot‐wide limit as practical.  During periods of high deposition, the area would likely remain a 


challenge to navigation. 


 


Channel Realignment Options: 


Channel Re‐alignment through Boulanger Slough – Under this alternative, the flow of the main channel 


would be directed through Boulanger Slough by dredging the slough to the authorized width and depth 


of the 9‐foot navigation channel, and by placing a notched closing structure to reduce most flows down 


the existing main channel.  The straightened channel would provide improved navigation and would 


reduce dredging in the area.  Estimates place the dredging need for this alternative at approximately 


450,000 cubic yards.  Initial sediment testing has not revealed any substantial contaminants, and mussel 


surveys found low densities and no Federally‐endangered species. 


 


Channel Re‐alignment through Nininger Slough – Under this alternative, the flow of the main channel 


would be directed through Nininger Slough by dredging the slough to the authorized width and depth 9‐


foot navigation channel.  The straightened channel would provide improved navigation and would 


reduce dredging in the area.  No mussel surveys or sediment testing have been conducted in this area 


to‐date. 


 


Material Placement Options – Several options are available for the placement of material from the above 


channel realignment options: 


 


Upland Placement – Material could be moved to an upland placement site, most likely on Grey 


Cloud Island. 


 


Habitat Island Immediately Upstream of LD #2 – Create a large habitat island immediately 


upstream of LD #2.  An island at this location is expected to have minimal impact on flood 


stages.  No mussel surveys or sediment testing have been conducted in this area to‐date. 
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Channel Control Structure Options: 


Revetment along the Main Channel – Islands or rock mounds would be placed along the outside of the 


channel to an elevation of 688.0 (equivalent to project pool +0.8 feet).  These structures would be 


placed parallel to the flow of the main channel.  The outcome of this would be to concentrate flows and 


reduce deposition within the main channel.  The main channel would maintain its current path, but 


would be easier to maintain by requiring less dredging. 


 


Improve and/or add Wing Dams – Remnants of the wing dams built alongside the main channel in the 


early 1900s remain in place.  These structures are perpendicular to the flow of the main channel.  Flow 


would be further concentrated in the main channel by rebuilding some already in‐place structures and 


adding new ones. The main channel would maintain its current path, but would be easier to maintain by 


requiring less dredging. 


 


Rebuild Freeborn Island – A mixture of dredged material and rocks would be placed to rebuild the island 


which used to abut the main channel.  The effect would be similar to revetment just in this small area by 


helping to concentrate flows in the main channel. 











19 March 2012 

Lower Pool 2 Channel Management Study  
  
DRAFT	Boulanger	Bend	Alternatives	
No Action – The navigation channel in this area would continue to be maintained up to the authorized 
200 foot‐wide limit as practical.  During periods of high deposition, the area would likely remain a 
challenge to navigation. 
 
Channel Realignment Options: 

Channel Re‐alignment through Boulanger Slough – Under this alternative, the flow of the main channel 
would be directed through Boulanger Slough by dredging the slough to the authorized width and depth 
of the 9‐foot navigation channel, and by placing a notched closing structure to reduce most flows down 
the existing main channel.  The straightened channel would provide improved navigation and would 
reduce dredging in the area.  Estimates place the dredging need for this alternative at approximately 
450,000 cubic yards.  Initial sediment testing has not revealed any substantial contaminants, and mussel 
surveys found low densities and no Federally‐endangered species. 
 
Channel Re‐alignment through Nininger Slough – Under this alternative, the flow of the main channel 
would be directed through Nininger Slough by dredging the slough to the authorized width and depth 9‐
foot navigation channel.  The straightened channel would provide improved navigation and would 
reduce dredging in the area.  No mussel surveys or sediment testing have been conducted in this area 
to‐date. 
 
Material Placement Options – Several options are available for the placement of material from the above 

channel realignment options: 

 

Upland Placement – Material could be moved to an upland placement site, most likely on Grey 
Cloud Island. 
 

Habitat Island Immediately Upstream of LD #2 – Create a large habitat island immediately 
upstream of LD #2.  An island at this location is expected to have minimal impact on flood 
stages.  No mussel surveys or sediment testing have been conducted in this area to‐date. 
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Channel Control Structure Options: 

Revetment along the Main Channel – Islands or rock mounds would be placed along the outside of the 
channel to an elevation of 688.0 (equivalent to project pool +0.8 feet).  These structures would be 
placed parallel to the flow of the main channel.  The outcome of this would be to concentrate flows and 
reduce deposition within the main channel.  The main channel would maintain its current path, but 
would be easier to maintain by requiring less dredging. 
 
Improve and/or add Wing Dams – Remnants of the wing dams built alongside the main channel in the 
early 1900s remain in place.  These structures are perpendicular to the flow of the main channel.  Flow 
would be further concentrated in the main channel by rebuilding some already in‐place structures and 
adding new ones. The main channel would maintain its current path, but would be easier to maintain by 
requiring less dredging. 
 
Rebuild Freeborn Island – A mixture of dredged material and rocks would be placed to rebuild the island 
which used to abut the main channel.  The effect would be similar to revetment just in this small area by 
helping to concentrate flows in the main channel. 
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CEMVP-OP-CH        17 May 2012 
 
MEMORANDUM FOR Record 
 
SUBJECT:  Pool 2 Channel Management Study – 2nd Interagency Meeting 
 
1.  The subject meeting was held on Monday, April 9th, 2012 at the Schaar’s Bluff Gathering 
Center near Hastings, MN.  See attached attendance list.   
 
2.  The purpose of the meeting was to update our partners on the status of the study since our 1st 
meeting, specifically the alternatives being considered and discuss the potential environmental 
impacts of those alternatives and the methodology for quantifying those potential impacts.  
Below are my bullet notes from the meeting: 
 
 A)  Summary of my presentation: 

 Purpose/Problems: 
o COE:  High frequency dredging; has increased recently. 

 Increased channel maintenance & dredged material 
management costs. 

o USCG:  Difficult to maintain Aids to Navigation (AtoNs). 
o Towing Industry:  Difficult to navigate, multiple groundings & delays. 

 Navigational safety issue with rec traffic too. 
 Hydraulic Analysis: 

o Alternatives analyzed 
 No Action 

 Maintain status quo. 
 Maintain to authorized dimensions. 

 Channel Control Structures 
 Revetment/linear island. 
 Modify wing dams. 
 Rebuild historic Freeborn Island. 

 Channel Realignment 
 Boulanger Slough Channel. 
 Nininger Slough Channel 

 Issues/Concerns: 
o Gas pipeline 
o Effects on Spring Lake 
o Recreational Boating 
o Private Boat Docks 
o Uses of Dredged Material 
o Environmental Impacts/NEPA documentation 
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B)  Specific Comments/Discussion Items by Category & Responses: 
 Alternatives 

o Channel control structures 
 Concern regarding flood stage increases. 
 Per Molly Shodeen (MnDNR) FEMA considers a 0.01 increase 

as unacceptable but anything below 0.005 would be rounded 
down to 0.0. 

 Molly will need plans ASAP to evaluate potential stage 
impacts. 

 The Lee Nelson & Greg Genz, representing the towing 
industry, are concerned with any underwater structures that 
could be struck by the tows.  They are also concerned with the 
currents/flows that could be created by these underwater 
structures which might push or draw the tows into the 
structures. 

 Scott Goodfellow stated that these concerns are noted 
and that all channel control structures would be 
constructed outside of the current channel. 

o Realignments 
 Nininger Slough 

 Concern raised regarding potential soil contamination 
from the 3M chemical plant. 

 The length of this proposed channel is problematic 
based on the assumed amount of material that would 
have to be dredged. 

 The COE will survey the area and determine a quantity. 
 Boulanger Slough 

 Strong support restated by partners regarding island 
building with this alternative. 

 Jerry, Friends of Pool 2, asked if recreational beaches 
can be considered when building the islands? 

o I stated that recreational opportunities will be 
considered if/when the islands are planned & 
designed. 

 Laura Jester, Dakota County, stated that island building 
in lower pool 2 will aid in the improvement of overall 
water quality by reducing wind fetch. 

 The question was asked if the flood stages would be 
decreased with this channel dredging. 

o Scott Goodfellow responded that it was a 
possibility that needs further 
consideration/investigation. 

 The question was asked if the Boulanger channel was 
moved further north would there be a cost savings (i.e. 
shorter channel)? 
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o Probably not being there is deeper water where 
originally proposed, thus less dredging. 

o Also, the towing industry probably would not 
support this channel move because more 
steering would be needed to get into and out of 
this channel alignment. 

 General Comments/Discussions 
o Per Lee Nelson, RIAC, this is the #1 project of concern for the towing 

industry on the UMR. 
o There is strong political and industry support for project. 
o Greg Genz, UMWA, asked where the COE preferred the material to 

settle out (pool 2, 3, 4...etc). 
 My initial response was for the material to deposit and 

be dredged in pool 3 based on placement site 
availability.  More analysis will be needed to support 
this response. 

o Lee Nelson asked about the possibility of a sediment trap in pool 2. 
 My response was that sediment traps are a difficult thing to 

manage even when the conditions are right. 
 Scott Goodfellow stated that he did not believe a sediment trap 

would be effective in pool2. 
o Greg Genz suggested additional closures at Baldwin Lake and CF 

Industries. 
 Scott Goodfellow was going to look into the effectiveness of 

these options. 
o Additional sedimentation in Lake Pepin as a result of this project was 

raised as a concern. 
 The sediment budget for this reach of the river was explained. 
 Scott Goodfellow explained that primarily only sand, not fine 

material, is what makes up the bed load in this reach.  Neither 
the current channel maintenance practices nor the proposed 
modifications would change the fine material deposition in 
Lake Pepin.  

o Greg Genz stated that the No Action alts (maintaining the existing or 
improving the existing) will increase flows and potentially carry 
additional material downstream as well. 

o As shown on the CONCEPTUAL/DRAFT alternatives map, a concern 
was raised regarding sedimentation with the proposed island located 
directly above LD #2. 

o Funding for island construction was discussed.  It was recommended 
that the Fish & Wildlife Work Group, of the River Resources Forum, 
be approached about this possibility with EMP funds. 
 Paul Kosterman was going to follow up with Tom Novak, the 

Project Manager for the COE’s EMP. 
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 Environmental Review 
o Aaron McFarlane prepared a separate MFR regarding his portion of 

the meeting (see 4/11/2012 email from Aaron). 
o Other environmental items to note: 

 The MnDNR EAW would be conducted concurrently with the 
COE’s EA. 

 The MnDNR Public Waters Permit would need to be applied 
for after the FONSI is signed by the MVP DE and once final 
plans are set. 

 There is a 30 – 60 day review time.  
 Based on how I felt the meeting was going I asked each agency rep their 

unofficial opinion on the Boulanger Slough channel being the preferred 
alternative.  Below is a quick summary of those comments: 

o FWS:  Concern with mussel & fisheries impacts. 
o MPCA:  Concern with downstream sedimentation.  Less concerns with 

sedimentation with channel modification alternatives. 
o MnDNR:  No preferred alt; echo MPCA concerns. 
o Dakota County:  Concern with sedimentation, look to improve water 

quality in Spring Lake.  Support island construction. 
o NPS:  Least favorite is Nininger Slough channel. 
o UMWA:  Support improvements to pool 2. 
o RIAC:  Support the ID of the preferred alternative ASAP.  Desire 

implementation by 2014 navigation season. 
 

 C)  Next Steps/schedule: 
 Analyze alternatives May/June 2012 
 Environmental Review of alternatives begin April 2012 
 Select a Preferred Alternative June 2012 

o Least Costly, Environmentally Acceptable 
 Public meeting regarding preferred alternative summer 2012 
 Finalize Report late summer/early fall 2012 
 RRF Endorsement December 2012 
 Secure funding; “Favorable” FY13 Budget 
 Begin Plans & Specs Jan 2013 
 Complete Plans & Specs spring 2013 
 Award contract summer 2013 
 Begin construction Summer/fall 2013 

 
3.  Call or email me if you have any questions at (651) 290-5866. 
 

 
 
      Paul Machajewski 
      Channel Maintenance Coordinator 
      St. Paul District – Corps of Engineers 
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From: McFarlane, Aaron M MVP
To: "Stiras, Joel K (DNR)"
Cc: Johnson, Gerald J (DNR)
Subject: Finalized Past Meeting notes and Plans for Winter Survey (UNCLASSIFIED)
Date: Tuesday, October 30, 2012 12:41:00 PM
Attachments: LP2_Fisheries_Meeting_MDNR_Notes_27Jul2012.pdf

Classification: UNCLASSIFIED
Caveats: NONE

Hi Joel,

Just realized I forgot to finalize the memo from our July meeting and send it back to you. Sorry about
that. At any rate, here is the finalized memo, with your comments added in and any responses that I
owed you filled in.

Also, I wanted to let you know that we are still planning to do some surveys for overwintering catfish.
The water temps are starting to drop below 50, and so I expect the flatheads are making their way to
their overwintering locations right about now. We will probably try to go out late November or early
December. We have an underwater camera that we plan to use. I'll be mapping out the hotspots to
maximize our chances of success (mostly deeper areas, but especially any areas that I would expect to
have lower flow or rockier substrate...).

Please let me know if you have any questions or comments, and I look forward to discussing catfish
results with you relatively soon!

Aaron

-----Original Message-----
From: Stiras, Joel K (DNR) [mailto:joel.stiras@state.mn.us]
Sent: Wednesday, August 01, 2012 4:25 PM
To: McFarlane, Aaron M MVP
Cc: Johnson, Gerald J (DNR)
Subject: RE: Meeting Notes for July 30, 2012 (UNCLASSIFIED)

Don't know if you want to add anything in regards to more sediment contaminant testing to be
performed...to include PFOS/PFOA?  Also, that islands are likely off the table for mitigation and that the
channel control structure modification option may impact flood levels and is likely off the table as an
option.

Joel

-----Original Message-----
From: McFarlane, Aaron M MVP [mailto:Aaron.M.McFarlane@usace.army.mil]
Sent: Monday, July 30, 2012 10:19 AM
To: Stiras, Joel K (DNR); Johnson, Gerald J (DNR); Potter, David F MVP
Subject: Meeting Notes for July 30, 2012 (UNCLASSIFIED)

Classification: UNCLASSIFIED
Caveats: NONE
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LP2 Channel Management – Boulanger Bend to Lock and Dam 2 
Meeting Notes – 27 July 2012 


 


1. Meeting held at Minnesota DNR Central Regional Office, 9:00 a.m. 
2. Purpose of the meeting was to discuss the proposed plan for fisheries evaluation.  
3. Attendees: Joel Stiras, MDNR; Jerry Johnson, MDNR; David Potter, USACE; Aaron McFarlane, 


USACE. 


Aaron discussed the general work that has been done for the study to date, including gathering 
bathymetry data, sediment sampling, mussel sampling, and the ongoing hydrologic model building.  


Aaron discussed the fisheries-specific work that has been done to date, mainly the review of previously 
conducted nearby surveys. The most recent nearby survey - the Nelson Mine Expansion Survey found no 
Species of Greatest Conservation Need (SGCN). The 2006-2008 Minnesota DNR UMR Fish Assessment 
found six SGCN within Pool 2, although it is not clear in the data the Corps has currently available where 
exactly in the Pool those fish were found. Species noted were: American eel, shoal chub, blue sucker, 
black buffalo, river redhorse, and greater redhorse. Joel and Jerry expressed that they believed 
paddlefish to be present in the Pool as well. 


Aaron discussed the initial assessment of general impacts from the Boulanger Bend cut alternative: 


• Temporary dredging disturbance 
• Change in habitat – Main channel become Side channel and vice-versa 
• Habitats remain connected 
• Likely benefit some species and detrimental to others in each area 
• Overall, Boulanger channel appears to contain habitat very similar to main channel 


Aaron discussed the proposed assessment strategy: Assimilate habitat data and categorize habitat types 
present in project area. Develop list of fish species most likely found in Pool 2 and associated with 
present habitat categories. Make predictions about the changes that would occur under project 
conditions, and categorize and compare those habitat types to the existing conditions. Because of 
concerns about flathead catfish by the DNR, we will also plan to conduct a targeted sampling event in 
the late Fall of 2012 (after water temps have dropped below 55F) to assess the potential for impacts to 
this species. 


Comments, Concerns, and Questions that were voiced by the DNR during the meeting: 


The main channel may fill in due to lack of flow. USACE response – some sedimentation will occur, but 
we would try to mitigate for that by maintaining some flow in that channel in order to maintain habitat 
and recreational access.  







There is a project in progress to open up the Grey Cloud channel, as well as the proposed levees to be 
built around the Nelson Mine Expansion Area. Could this additional flow alleviate current problem 
without requiring action? USACE response: Based on hydraulic models, the Grey Cloud channel would 
convey approximately 4% of the river flow at that cross section of the river. This would cause a decrease 
in flow in the main channel, and could actually increase sedimentation rates in the main channel 
proportionally between the inflow and outflow of the Grey Cloud Channel. On the other hand, the 
proposed barrier islands/levees as part of the Nelson Mine Project would have the opposite effect, by 
concentrating approximately 1-2% more flow in the main channel. Overall, this would probably result in 
a minor increase in dredging requirements for this area. Just for comparison, Spring Lake currently 
receives approximately 25% of the river flow.  


It seems likely that paddlefish are present in Pool 2, even if they did not show up in the 2006-2008 
survey. USACE response – although we could conduct a sample for this species in particular, we feel that 
due to the difficulty of searching for a particular rare species, it would be more prudent for us to assume 
in our impact assessment that paddlefish may occasionally utilize this area, and present potential 
impacts in our NEPA documentation accordingly. 


Aaron said he would look for historic aerial photos of the area and send them to Joel and Jerry. – Photos 
were emailed, and are attached below for reference. 


Joel has been conducting a catfish tagging study, and offered to send the preliminary data to be included 
in the USACE analysis.  – report and data received by USACE 7/31 and 8/2. 


The WEST model was cited as showing that Spring Lake would fill in heavily.  Aaron mentioned that he 
thought this was a model anomaly, but promised to provide a better explanation from our H&H staff. …… 
(Update 30 Oct 2012: Via H&H staff: “Spring Lake and [the] inlet channels are only very roughly 
modeled. It is not very detailed because it was not an original focus of the study. The modeling indicates 
splotchy increases in deposition in areas in Spring Lake and outside of Spring Lake that don't entirely 
make sense or who's magnitude is much greater than would seem reasonable.”  In addition, Under the 
Boulanger Channel Alternative, the Corps is now investigating potential modifications to the flows of 
Spring Lake to minimize interference with the Boulanger Channel. Further details will be coordinated 
with the DNR as information is developed.) 


------ 


Aaron asked if Joel and Jerry were supportive of the overall fisheries analysis plan as presented, which 
Joel and Jerry responded positively. The USACE will continue to provide updates on the analysis for 
comment. 


 


Update 1 August 2012 – Joel Stiras emailed these points to add to the memo: 


- Clarification that more sediment testing will be performed, and is in progress. 







- Islands are unlikely candidates for mitigation, due to potential for flood stage increases and the 
extensive study time required. 


- The channel control structure modification is also likely to affect flood stages, and therefore an 
unlikely alternative. 


 


 


Aaron McFarlane 
Biologist 


       30 July, 2012 
Finalized 30 Oct, 2012







 







Hi guys,

Thanks for meeting with us and for hosting at your shop - it was good to get a dialogue going on the
subject. Attached are my draft meeting notes. Let me know by Friday if you would like to modify or add
anything, otherwise I will finalize them.

Thanks again, and good to meet you both!
Aaron

-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-

Aaron McFarlane
Biologist
St. Paul District, Corps of Engineers
ph. 651-290-5660
aaron.m.mcfarlane@usace.army.mil

Classification: UNCLASSIFIED
Caveats: NONE

Classification: UNCLASSIFIED
Caveats: NONE
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LP2 Channel Management – Boulanger Bend to Lock and Dam 2 
Meeting Notes – 27 July 2012 

 

1. Meeting held at Minnesota DNR Central Regional Office, 9:00 a.m. 
2. Purpose of the meeting was to discuss the proposed plan for fisheries evaluation.  
3. Attendees: Joel Stiras, MDNR; Jerry Johnson, MDNR; David Potter, USACE; Aaron McFarlane, 

USACE. 

Aaron discussed the general work that has been done for the study to date, including gathering 
bathymetry data, sediment sampling, mussel sampling, and the ongoing hydrologic model building.  

Aaron discussed the fisheries-specific work that has been done to date, mainly the review of previously 
conducted nearby surveys. The most recent nearby survey - the Nelson Mine Expansion Survey found no 
Species of Greatest Conservation Need (SGCN). The 2006-2008 Minnesota DNR UMR Fish Assessment 
found six SGCN within Pool 2, although it is not clear in the data the Corps has currently available where 
exactly in the Pool those fish were found. Species noted were: American eel, shoal chub, blue sucker, 
black buffalo, river redhorse, and greater redhorse. Joel and Jerry expressed that they believed 
paddlefish to be present in the Pool as well. 

Aaron discussed the initial assessment of general impacts from the Boulanger Bend cut alternative: 

• Temporary dredging disturbance 
• Change in habitat – Main channel become Side channel and vice-versa 
• Habitats remain connected 
• Likely benefit some species and detrimental to others in each area 
• Overall, Boulanger channel appears to contain habitat very similar to main channel 

Aaron discussed the proposed assessment strategy: Assimilate habitat data and categorize habitat types 
present in project area. Develop list of fish species most likely found in Pool 2 and associated with 
present habitat categories. Make predictions about the changes that would occur under project 
conditions, and categorize and compare those habitat types to the existing conditions. Because of 
concerns about flathead catfish by the DNR, we will also plan to conduct a targeted sampling event in 
the late Fall of 2012 (after water temps have dropped below 55F) to assess the potential for impacts to 
this species. 

Comments, Concerns, and Questions that were voiced by the DNR during the meeting: 

The main channel may fill in due to lack of flow. USACE response – some sedimentation will occur, but 
we would try to mitigate for that by maintaining some flow in that channel in order to maintain habitat 
and recreational access.  
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There is a project in progress to open up the Grey Cloud channel, as well as the proposed levees to be 
built around the Nelson Mine Expansion Area. Could this additional flow alleviate current problem 
without requiring action? USACE response: Based on hydraulic models, the Grey Cloud channel would 
convey approximately 4% of the river flow at that cross section of the river. This would cause a decrease 
in flow in the main channel, and could actually increase sedimentation rates in the main channel 
proportionally between the inflow and outflow of the Grey Cloud Channel. On the other hand, the 
proposed barrier islands/levees as part of the Nelson Mine Project would have the opposite effect, by 
concentrating approximately 1-2% more flow in the main channel. Overall, this would probably result in 
a minor increase in dredging requirements for this area. Just for comparison, Spring Lake currently 
receives approximately 25% of the river flow.  

It seems likely that paddlefish are present in Pool 2, even if they did not show up in the 2006-2008 
survey. USACE response – although we could conduct a sample for this species in particular, we feel that 
due to the difficulty of searching for a particular rare species, it would be more prudent for us to assume 
in our impact assessment that paddlefish may occasionally utilize this area, and present potential 
impacts in our NEPA documentation accordingly. 

Aaron said he would look for historic aerial photos of the area and send them to Joel and Jerry. – Photos 
were emailed, and are attached below for reference. 

Joel has been conducting a catfish tagging study, and offered to send the preliminary data to be included 
in the USACE analysis.  – report and data received by USACE 7/31 and 8/2. 

The WEST model was cited as showing that Spring Lake would fill in heavily.  Aaron mentioned that he 
thought this was a model anomaly, but promised to provide a better explanation from our H&H staff. …… 
(Update 30 Oct 2012: Via H&H staff: “Spring Lake and [the] inlet channels are only very roughly 
modeled. It is not very detailed because it was not an original focus of the study. The modeling indicates 
splotchy increases in deposition in areas in Spring Lake and outside of Spring Lake that don't entirely 
make sense or who's magnitude is much greater than would seem reasonable.”  In addition, Under the 
Boulanger Channel Alternative, the Corps is now investigating potential modifications to the flows of 
Spring Lake to minimize interference with the Boulanger Channel. Further details will be coordinated 
with the DNR as information is developed.) 

------ 

Aaron asked if Joel and Jerry were supportive of the overall fisheries analysis plan as presented, which 
Joel and Jerry responded positively. The USACE will continue to provide updates on the analysis for 
comment. 

 

Update 1 August 2012 – Joel Stiras emailed these points to add to the memo: 

- Clarification that more sediment testing will be performed, and is in progress. 

Appendix A - Coordination and Correspondence A-29



- Islands are unlikely candidates for mitigation, due to potential for flood stage increases and the 
extensive study time required. 

- The channel control structure modification is also likely to affect flood stages, and therefore an 
unlikely alternative. 

 

 

Aaron McFarlane 
Biologist 

       30 July, 2012 
Finalized 30 Oct, 2012
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From: Machajewski, Paul R MVP
To: "Chatfield, Kurt"; Stwora, Erin; "Phil_delphey@fws.gov"; "john_anfinson@nps.gov";

"molly.shodeen@state.mn.us"; "melissa.doperalski@state.mn.us"; "joel.stiras@state.mn.us"; Nelson, Lee MVS
External Stakeholder; Genz, Greg MVS External Stakeholder; "Emily.Schnick@state.mn.us"; Kosterman, Paul R
MVP; Kimmel, Zachary MVP; McFarlane, Aaron M MVP; Goodfellow, Scott M MVP; Perkl, Bradley E MVP;
Johnson, Gerald J (DNR); jim.larsen@metc.state.mn.us

Cc: "Arthur.B.Ford@uscg.mil"; "Brian.S.Zekus@uscg.mil"; "MDOT - Dick Lambert";
"Wayne.sandberg@co.washington.mn.us"; "brad.peek@nngco.com"; "tim.leach@metc.state.mn.us"; Coder,
Justin S USCG; "Nay, John MSSD4"; "paul_labovitz@nps.gov"; Opatz, Leon P MVP; Noren, James B MVP;
Nelson, Kevin S MVP; McGrath, Jeffrey L MVP; Tschida, David M MVP; McClary, Shaun P MVP; Clark, Steven J
MVP; "corey.hanson@state.mn.us"; "Henry.A.Myers@uscg.mil"; "Nancy_duncan@nps.gov";
"Randall.Doneen@state.mn.us"; "Jill.Townley@state.mn.us"; "Jiwani, Suzanne (DNR)"; Jester, Laura;
westlake.kenneth@epa.gov; jim.brist@state.mn.us

Subject: RE: Lower Pool 2 Channel Management Study - Boulanger Bend to Lock & Dam No. 2 Initial Alternative
Recommendation (UNCLASSIFIED)

Date: Monday, March 04, 2013 12:50:32 PM
Attachments: Pool 2 Channel Management Study - Initial Alternative Partner Meeting - 28 Feb 2013 - Combined.pdf

Classification: UNCLASSIFIED
Caveats: NONE

All -

To those in the "To..." line, attached is the presentation that Aaron and I went through at last week's
meeting at Schaar's Bluff.  As discussed, our current schedule is as follows:

2/28/13: Partner meeting to discuss COE Initial Alternative Recommendation.
Mid-March: Detailed Preliminary DPR incorporating comments/areas of concern identified at 2/28
meeting.
Mid-April: Draft DPR.
June 2013: Public meeting(s).
July 2013: Final DPR/EA/FONSI.

Those in the "Cc..." line, presentation FYI.

Call or email me if you have any questions.

Thanks again to all who were able to attend and provide input (and to Kurt for arranging the use of the
beautiful Schaar's Bluff facility).

Paul Machajewski
Channel Maintenance Coordinator
St. Paul District, US Army Corps of Engineers
651.290.5866 (o)
651.724.4259 (c)

-----Original Message-----
From: Kosterman, Paul R MVP
Sent: Friday, February 15, 2013 5:27 PM
To: Kosterman, Paul R MVP; 'Chatfield, Kurt'; 'Arthur.B.Ford@uscg.mil'; 'Brian.S.Zekus@uscg.mil';
'Phil_delphey@fws.gov'; 'john_anfinson@nps.gov'; 'melissa.doperalski@state.mn.us'; 'MDOT - Dick
Lambert'; 'Vanderpoel, Jane'; 'Wayne.sandberg@co.washington.mn.us'; Nelson, Lee MVS External
Stakeholder; Genz, Greg MVS External Stakeholder; 'brad.peek@nngco.com';
'tim.leach@metc.state.mn.us'; Coder, Justin S USCG; 'Nay, John MSSD4'; 'paul_labovitz@nps.gov';
'molly.shodeen@state.mn.us'; Kimmel, Zachary MVP; McFarlane, Aaron M MVP; Goodfellow, Scott M
MVP; Opatz, Leon P MVP; Noren, James B MVP; Nelson, Kevin S MVP; McGrath, Jeffrey L MVP; Tschida,
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Pool 2 Channel Management Study
Current Condition


• Freeborn BendFreeborn Bend
 Channel is migrating downstream.  West side of 


meander (between 819 and 820) is moving east and 
East Side is also shifting east.  Wing Dams are being 
lost.
 Revetment below river mile 819 has significant loss Revetment below river mile 819 has significant loss.  


This is allowing for a lot of breakout flow out of the 
channel.
 Difficult to provide a safe, reliable navigation channel.
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Pool 2 Channel Management Study
1927 Aerial with Current Condition overlay
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Pool 2 Channel Management Study
• Issues/Concerns
 High frequency dredging location (COE) (~818 - 821)


o Historically 20 35% Frequency (once every 3 yrs)o Historically 20 - 35% Frequency (once every 3 yrs)
o Since 2006 Freeborn & Boulanger has been annual or every other


• In last 7 years, have done ~13 years worth of dredging
• Due to increase in flows• Due to increase in flows


• Miss Rivers (~25%) & Minnesota (~70%)
o More cost & placement sites filling faster (thus needing unloading)


• Finer material• Finer material
o Pool 2 is only a 200’ wide authorized channel


• (vs. 150’ for SAF & 300’ Pools 3 - 10)


BUILDING STRONG®6







Pool 2 Channel Management Study
• Issues/Concerns (con’t)


Diffi lt & i t i t i At N (USCG) Difficult & expensive to maintain AtoNs (USCG)
o ~30 Buoys & 4 Lights/Daymarks in 3 mile reach
o Needs constant attention (reposition, replace, rebuild)
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Pool 2 Channel Management Study
• Issues/Concerns (con’t)


Diffi lt t N i t (T i I d t ) Difficult to Navigate (Towing Industry)
o 7 grounding reported 2012;  52 since 1990
o River closures, smaller tow configurations & daytime running
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Pool 2 Channel Management Study
• Other Noted Issues/Concerns/Planning Constraints


Fl d St I t <0 005’ Flood Stage Impacts <0.005’
 Northern Natural Gas Pipelines Under Channel
 MET Council Sewer Outfall Adjacent to Channel MET Council Sewer Outfall Adjacent to Channel 
 Spring Lake


o Increased flows/sedimentation in Spring Lake


 Recreational Boating Traffic
o Access to main channel from Moore's Lake & Grey Cloud Island


 Private Boat Docks Private Boat Docks
o Along/adjacent to existing main navigation channel
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Pool 2 Channel Management Study
• Other Noted Issues/Concerns/Planning Constraints


Fl d St I t <0 005’ Flood Stage Impacts <0.005’
 Northern Natural Gas Pipelines Under Channel
 MET Council Sewer Outfall Adjacent to Channel MET Council Sewer Outfall Adjacent to Channel 
 Spring Lake


o Increased flows/sedimentation in Spring Lake


 Recreational Boating Traffic
o Access to main channel from Moore's Lake & Grey Cloud Island


 Private Boat Docks Private Boat Docks
o Along/adjacent to existing main navigation channel
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24 & 30”
Natural Gas
PipelinesPipelines
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Pool 2 Channel Management Study
• Other Noted Issues/Concerns/Planning Constraints


Fl d St I t <0 005’ Flood Stage Impacts <0.005’
 Northern Natural Gas Pipelines Under Channel
 MET Council Sewer Outfall Adjacent to Channel MET Council Sewer Outfall Adjacent to Channel 
 Spring Lake


o Increased flows/sedimentation in Spring Lake


 Recreational Boating Traffic
o Access to main channel from Moore's Lake & Grey Cloud Island


 Private Boat Docks Private Boat Docks
o Along/adjacent to existing main navigation channel
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Pool 2 Channel Management Study
• Other Noted Issues/Concerns/Planning Constraints


Fl d St I t <0 005’ Flood Stage Impacts <0.005’
 Northern Natural Gas Pipelines Under Channel
 MET Council Sewer Outfall Adjacent to Channel MET Council Sewer Outfall Adjacent to Channel 
 Spring Lake


o Increased flows/sedimentation in Spring Lake


 Recreational Boating Traffic
o Access to main channel from Moore's Lake & Grey Cloud Island


 Private Boat Docks Private Boat Docks
o Along/adjacent to existing main navigation channel
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Pool 2 Channel Management Study
• Other Noted Issues/Concerns/Planning Constraints


Alternatives Screening Criteria


 Effectiveness:  Will alternative maintain a safer, more 
reliable navigation channel? 
 Environmental Effects:  Direct & indirect effects on 


natural resources.
S i i Eff t Di t & i di t ff t Socioeconomic Effects:  Direct & indirect effects on 
the human environment.
 Implementability: Can it be constructed?Implementability:  Can it be constructed?
 Cost:  Upfront and long-term.
 Risk:  Uncertainties of alternative.
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Pool 2 Channel Management Studyg y
Alternatives


N A ti• No Action


• Increase Channel Maintenance to Authorized Dimensions


• Modify Channel Control Structures


• Realign the ChannelRealign the Channel
• Boulanger Slough


• Northern Route
• Southern Route


•Nininger Slough 
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Pool 2 Channel Management Studyg y
Alternatives


No Action:


An economic assessment identified consequencesAn economic assessment identified consequences 
including reduced navigation benefits & increased 
channel maintenance costs.


• Current & future tow operating costs• Current & future tow operating costs 
• Current & future costs to maintain Aids to Navigation
• Annual channel maintenance costs = $1.8M


• Dredging & placement site maintenance costsDredging & placement site maintenance costs.
• Based on 5-year average.


• Alternative carried forward.
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Pool 2 Channel Management Studyg y
Alternatives


Increased Channel Maintenance:


Due to resource constraints maintaining the channel toDue to resource constraints, maintaining the channel to 
authorized dimensions has not been feasible.


•Material quantity & make up difficult to manage. 
• Pool 2 competes with other MVP dredging needs• Pool 2 competes with other MVP dredging needs


• Risk management
• Anticipated reduced future operating budgets.
• Anticipated annual cost >$2MAnticipated annual cost >$2M.


• Alternative eliminated.
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Pool 2 Channel Management Studyg y
Alternatives


Modify Channel Control Structures:


Extensive hydraulic modeling & analysis was required toExtensive hydraulic modeling & analysis was required to 
adequately depict sediment transport & assess solutions.  


• Results indicated the existing channel could not be effectively 
improved by modifying the wing dams Islands and revetmentsimproved by modifying the wing dams.  Islands and revetments 
could improve conditions through Freeborn Bend but not without 
causing unacceptable stage increases.


• Alternative eliminated.
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Channel Control Modifications Alternative


•Modify Wing Dams
Attempt to make existing channel more efficient
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Channel Control Modifications Alternative
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Pool 2 Channel Management Studyg y
Alternatives


Channel Realignment – Nininger Slough:


Nininger Slough was evaluated for it’s potential to act asNininger Slough was evaluated for it s potential to act as 
a long-term navigation channel. 


• ~487,000cy needed to be dredged to establish channel.
• Sediment sampling indicated significant quantity of• Sediment sampling indicated significant quantity of 
contaminated material.


• Alternative eliminatedAlternative eliminated.
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Pool 2 Channel Management Studyg y
Alternatives


Channel Realignment – Boulanger Slough:


Boulanger Slough was evaluated for it’s potential to actBoulanger Slough was evaluated for it s potential to act 
as a long-term navigation channel. 
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Pool 2 Channel Management Studyg y
Alternatives


Channel Realignment – Boulanger Slough:


Boulanger Slough was evaluated for it’s potential to actBoulanger Slough was evaluated for it s potential to act 
as a long-term navigation channel. 


• Northern Route.
• Avoids federally listed mussel• Avoids federally listed mussel.
• ~248,000cy to be dredged to establish channel.


• Southern Route.
• Potentially impacts federally listed musselPotentially impacts federally listed mussel.
• ~343,000cy to be dredged to establish channel.


• Sediment sampling indicated minimal quantity contaminated 
material (<6,200 cy).
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• Alternative feasible.
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Pool 2 Channel Management Studyg y
Spring Lake Discussion:


Manage flows into/out of Spring Lake. 
• Revetment/linear islands.


N ti i t fl d t• Negative impacts on flood stages.
• Significant costs.
• Hydraulic evaluation indicated additional structures needed.
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Pool 2 Channel Management Studyg y
Preferred Alternative


Boulanger Slough provides the greatest net 
benefits thus is the recommended alternativebenefits, thus is the recommended alternative.


~$10.3M cost$10.3M cost
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Pool 2 Channel Realignment Study
• Next Steps
 Partner meeting 2/28/2013


o Questions/concerns with COE preferred alternativeo Questions/concerns with COE preferred alternative.


 Complete Preliminary DPR
o Mid-March 2013.


 Complete DRAFT DPR
o Mid-April 2013.
o Detailed evaluation of Alternatives.  
o NEPA documentation of Alternatives.


 Public Meeting on Preferred Alternative
June 2013o ~June 2013.


 Final DPR/EA/FONSI
o ~July 2013.
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Pool 2 Channel Realignment Study
• Next Steps (con’t)


 Funding Funding
o Uncertain.


 Construction
o ~Multi-year project.
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Stage Impacts for the 1 Percent Flood
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Impacted Resources


• Aquatic Habitat


p


• Aquatic Habitat
Wetlands, Fisheries, Mussels, Birds, Macroinvertebrates


• Physical Impacts to Water ResourcesPhysical Impacts to Water Resources
Sediment transport, Floodplain impacts, Channelization


• Surface Water QualitySurface Water Quality 
Sediment pollutants, turbidity


• Socioeconomic Impactsp
Commercial navigation, recreation access, dredging cost, air quality


• Threatened, Endangered, and Rare Species







Aquatic Habitat & Other Natural Resources
IImpact 
Category Evaluation Status


Wetlands existing Wetland Delineation of impacted  Completed. Wetlands – existing footprint areas No Wetlands Found.


Wetlands – created Wind/wave model evaluation In‐progress


Fisheries
‐Quantify physical habitat types pre‐
and post‐ project.
‐Identify known fish resources in LP2


In‐progress
Identify known fish resources in LP2


Flathead Catfish Surveys if possible this Spring Attempted in December.
Planned for March.


Mussels Mussel surveys in affected project areas
Surveys conducted 
2011/2012.
Reports available.







Wetlands ‐ Created







Aquatic Habitat & Other Natural Resources
IImpact 
Category Evaluation Status


Wetlands existing Wetland Delineation of impacted  Completed. Wetlands – existing footprint areas No Wetlands Found.


Wetlands – created Wind/wave model evaluation In‐progress


Fisheries ‐Quantify physical habitat types pre‐
and post‐ project. In‐Progress


Flathead Catfish Surveys if possible this Spring Attempted in December.
Planned for March.


Mussels Mussel surveys in affected project areas
Surveys conducted 
2011/2012.
Reports available.







Fisheries


Insert Map(s) showing expected habitat changes.







Fisheries – Current Velocity







Fisheries –Velocity with project conditions







Aquatic Habitat & Other Natural Resources
IImpact 
Category Evaluation Status


Wetlands existing Wetland Delineation of impacted  Completed. Wetlands – existing footprint areas No Wetlands Found.


Wetlands – created Wind/wave model evaluation In‐progress


Fisheries
‐Quantify physical habitat types pre‐
and post‐ project.
‐Identify known fish resources in LP2


In‐progress
Identify known fish resources in LP2


Flathead Catfish Surveys if possible this Spring Attempted in December.
Planned for March.


Mussels Mussel surveys in affected project areas
Surveys conducted 
2011/2012.
Reports available.







Flathead Catfish


Insert Map showing location of potential catfish overwintering areas.







Aquatic Habitat & Other Natural Resources
IImpact 
Category Evaluation Status


Wetlands existing Wetland Delineation of impacted  Completed. Wetlands – existing footprint areas No Wetlands Found.


Wetlands – created Wind/wave model evaluation In‐progress


Fisheries
‐Quantify physical habitat types pre‐
and post‐ project.
‐Identify known fish resources in LP2


In‐progress
Identify known fish resources in LP2


Flathead Catfish Surveys if possible this Spring Attempted in December.
Planned for March.


Mussels Mussel surveys in affected project areas
Surveys conducted 
2011/2012.
Reports available.







Insert Map(s) showing all previous mussel survey pointsInsert Map(s) showing all previous mussel survey points.







Physical Impacts to Water Resources
Impact 
Category Evaluation Status/Results


South shore mostly bedrockShoreline Erosion Evaluation of shoreline South shore mostly bedrock.
No erosion expected.


Flood Stage Impacts ADH Hydraulic Model ‐0.002 foot increase


Pepin – 6K ton increase bed load


Sediment Transport Sediment Budget: evaluate 
change in bed load material


Pepin 6K ton increase bed load 
(0.5 % total sediment increase)


Pool 3 Backwaters – 8K ton/yr


Upper Pool 4 BW – 3K ton/yr


Spring Lake Flows ADH Hydraulic Model Minimal Increase (1‐3%)







Physical Impacts to Water Resources
Impact 
Category Evaluation Status/Results


South shore mostly bedrockShoreline Erosion Evaluation of shoreline South shore mostly bedrock.
No erosion expected.


Flood Stage Impacts ADH Hydraulic Model 0.002 foot decrease


Pepin – 6K ton increase bed load


Sediment Transport Sediment Budget: evaluate 
change in bed load material


Pepin 6K ton increase bed load 
(0.5 % total sediment increase)


Pool 3 Backwaters – 8K ton/yr


Upper Pool 4 BW – 3K ton/yr


Spring Lake Flows ADH Hydraulic Model Minimal Increase (1‐3%)







Physical Impacts to Water Resources
Impact 
Category Evaluation Status/Results


South shore mostly bedrockShoreline Erosion Evaluation of shoreline South shore mostly bedrock.
No erosion expected.


Flood Stage Impacts ADH Hydraulic Model ‐0.002 foot increase


Pepin – 6K ton increase bed load


Sediment Transport Sediment Budget: evaluate 
change in bed load material


Pepin 6K ton increase bed load 
(0.5 % total sediment increase)


Pool 3 Backwaters – 8K ton/yr


Upper Pool 4 BW – 3K ton/yr


Spring Lake Flows ADH Hydraulic Model Minimal Increase (1‐3%)







Mississippi River Bed Material (Sand) Budget Conceptual Model 
(The thick horizontal line represents the main channel.  Arrows 
indicate sediment inputs and outputs)


Tributaries Bank Erosion Channel Bed Erosion


Sediment-Sources
Tributaries Bank Erosion Channel Bed Erosion


Backwater Dredging Channel Bed 


Downstream
Lock and Dam


Upstream
Lock and Dam


Channel Fringe
Deposition Deposition


Pool-Sinks


Assumptions: 


Deposition


• Primary sources of sand‐size sediment are the upstream pool and major tributaries
• Primary sinks for sand‐size sediment are navigation channel dredging and backwater deposition
• Bank and channel bed erosion is in quasi‐equilibrium with Channel Fringe and Channel Bed Deposition except at dredge


cuts which are maintained in a non‐equilibrium condition through annual channel maintenance.
• Changes to navigation channel dredging are proportional to the ratio of proposed to existing conditions bed material load.
• Backwater deposition is a function of discharge to backwater and the sediment load in the main channel• Backwater deposition is a function of discharge to backwater and the sediment load in the main channel
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Truedale 
Sl h


Carter 
Sl h


Jackson Run Miley Run Hardy Run Brewer Lake 
I l


Sturgeon 
L k I l


799.8 W 400 Wisconsin 
Ch l


789.7 N 300 789.1 N 400 787.8 N 600
Slough Slough Inlet Lake Inlet Channel


Existing (tons) Proposed (tons)


T d l B L k St Wi iTruedale 
Slough Carter Slough Jackson Run Miley Run Hardy Run


Brewer Lake 
Inlet


Sturgeon 
Lake Inlet 799.8 W 400


Wisconsin 
Channel 789.7 N 300 789.1 N 400 787.8 N 600


Existing (tons) 5156 837 3675 8893 77 17114 4220 701 45591 129 1497 445


Proposed (tons) 6348 1031 4525 10950 95 21074 5196 863 49808 141 1636 486


Difference (tons) 1193 194 850 2057 18 3959 976 162 4216 12 138 41


P3 Increase 9409 P4 Increase 4408







Physical Impacts to Water Resources
Impact 
Category Evaluation Status/Results


South shore mostly bedrockShoreline Erosion Evaluation of shoreline South shore mostly bedrock.
No erosion expected.


Flood Stage Impacts ADH Hydraulic Model ‐0.002 foot increase


Pepin – 6K ton increase bed load


Sediment Transport Sediment Budget: evaluate 
change in bed load material


Pepin 6K ton increase bed load 
(0.5 % total sediment increase)


Pool 3 Backwaters – 8K ton/yr


Upper Pool 4 BW – 3K ton/yr


Spring Lake Inflows ADH Hydraulic Model Minimal Increase (1‐3%)







Spring Lake Inflows







Surface Water Quality
Impact 
Category Evaluation Status/Results


A f id tifi dPollutants in
sediment Sediment testing


Area of concern identified.


Formulating placement alternatives


T t biditTemporary turbidity 
caused during
construction


‐ Use BMPs during construction







Sediment Pollutants







Surface Water Quality
Impact 
Category Evaluation Status/Results


A f id tifi dPollutants in
sediment Sediment testing


Area of concern identified.


Formulating placement alternatives


T t biditTemporary turbidity 
caused during
construction


‐ Use BMPs during construction







Threatened, Endangered, and Rare Species
Impact 
Category Evaluation Status/Results


Higgins’ eye 
pearlymussel


Survey and review of other 
nearby studies


One Higgins’ eye found near project 
site in 2010 survey. 
No effect to this location expected.


Other Federally‐
listed species


Survey and review of other 
nearby studies


No known recent found, none found in 
surveys, No Effect.


Bald Eagle None known in area. 
Further evaluation at time of 
construction.    Disturbance permit 
obtained as necessary.


State‐listed mussels Survey and review of other 
nearby studies


Several species known to exist in 
project area. Q. nodulata, A. 
confragosus, 







Higgins’ eye pearlymussel


Insert Map showing Higgins’ eye location







Threatened, Endangered, and Rare Species
Impact 
Category Evaluation Status/Results


Higgins’ eye 
pearlymussel


Survey and review of other 
nearby studies


One Higgins’ eye found near project 
site in 2010 survey. 
No effect to this location expected.


Other Federally‐
listed species


Survey and review of other 
nearby studies


No known recent found, none found in 
surveys, No Effect.


Bald Eagle None known in area. 
Further evaluation at time of 
construction.    Disturbance permit 
obtained as necessary.


State‐listed mussels Survey and review of other 
nearby studies


Several species known to exist in 
project area. Q. nodulata, A. 
confragosus, 







Threatened, Endangered, and Rare Species
Impact 
Category Evaluation Status/Results


Higgins’ eye 
pearlymussel


Survey and review of other 
nearby studies


One Higgins’ eye found near project 
site in 2010 survey. 
No effect to this location expected.


Other Federally‐
listed species


Survey and review of other 
nearby studies


No known recent found, none found in 
surveys, No Effect.


Bald Eagle None known in area. 
Further evaluation at time of 
construction.    Disturbance permit 
obtained as necessary.


State‐listed mussels Survey and review of other 
nearby studies


Several species known to exist in 
project area. Q. nodulata, A. 
confragosus







Socioeconomics
Impact 
Category Evaluation Status/Results


Recreation Public Coordination
Hydraulic model results Several areas of concern identified


Corps dredging costs Economic evaluation Benefits identified in annual dredging
cost savings (based on historic data)


Commercial Navigation Economic Evaluation Benefits identified in operation costs 
and in increased tow sizes


Air Quality Barge Traffic
Reduction in channel length reduces
fuel usage from navigation traffic 
(reduction 24‐28,000 gal diesel fuel)







Recreation


Insert project location map to show while 
discussing recreation impacts identified







Socioeconomics
Impact 
Category Evaluation Status/Results


Recreation Public Coordination
Hydraulic model results Several areas of concern identified


Corps dredging costs Economic evaluation Benefits identified in annual dredging
cost savings (based on historic data)


Commercial Navigation Economic Evaluation Benefits identified in operation costs 
and in increased tow sizes


Air Quality Barge Traffic
Reduction in channel length reduces
fuel usage from navigation traffic 
(reduction 24‐28,000 gal diesel fuel)







Socioeconomics
Impact 
Category Evaluation Status/Results


Recreation Public Coordination
Hydraulic model results Several areas of concern identified


Corps dredging costs Economic evaluation Benefits identified in annual dredging
cost savings (based on historic data)


Commercial Navigation Economic Evaluation Benefits identified in operation costs 
and in increased tow sizes


Air Quality Barge Traffic
Reduction in channel length reduces
fuel usage from navigation traffic 
(reduction 24‐28,000 gal diesel fuel)







Cultural Resources
Impact 
Category Evaluation Status/Results


P t t dPrecontact and 
historic sites 
(including standing 
structures and  Sediment boring/testing 


within footprint areas
Conducted 2011/2012. 
Partially Complete additional testingwingdams, 


shipwrecks, Shilling 
Archaeological 
District) 


within footprint areas, 
viewshed analysis


Partially Complete, additional testing 
needed.


)


Native American
Perspectives?


Native American 
Consultation Planned Spring 2013







David M MVP; 'Emily.Schnick@state.mn.us'; McClary, Shaun P MVP; Clark, Steven J MVP; Perkl, Bradley
E MVP; Tapp, Steven D MVP; 'corey.hanson@state.mn.us'; 'Henry.A.Myers@uscg.mil';
'Nancy_duncan@nps.gov'; 'joel.stiras@state.mn.us'; 'Randall.Doneen@state.mn.us';
'Jill.Townley@state.mn.us'; 'Jiwani, Suzanne (DNR)'; Machajewski, Paul R MVP; Johnson, Gerald J (DNR)
Subject: RE: Lower Pool 2 Channel Management Study - Boulanger Bend to Lock & Dam No. 2 Initial
Alternative Recommendation (UNCLASSIFIED)

Classification: UNCLASSIFIED
Caveats: NONE

Our meeting location will be Schaar's Bluff Gathering Center. 

Directions can be found at

http://www.co.dakota.mn.us/parks/parksTrails/SpringLake/Pages/schaars-bluff-trailhead-map.aspx

PK
651.290.5526

-----Original Message-----
From: Kosterman, Paul R MVP
Sent: Wednesday, February 13, 2013 10:37 AM
To: Kosterman, Paul R MVP; 'Chatfield, Kurt'; 'Arthur.B.Ford@uscg.mil'; 'Brian.S.Zekus@uscg.mil';
'Phil_delphey@fws.gov'; 'john_anfinson@nps.gov'; 'melissa.doperalski@state.mn.us'; 'MDOT - Dick
Lambert'; 'Vanderpoel, Jane'; 'Wayne.sandberg@co.washington.mn.us'; Nelson, Lee MVS External
Stakeholder; Genz, Greg MVS External Stakeholder; 'brad.peek@nngco.com';
'tim.leach@metc.state.mn.us'; Coder, Justin S USCG; 'Nay, John MSSD4'; 'paul_labovitz@nps.gov';
'molly.shodeen@state.mn.us'; Kimmel, Zachary MVP; McFarlane, Aaron M MVP; Goodfellow, Scott M
MVP; Opatz, Leon P MVP; Noren, James B MVP; Nelson, Kevin S MVP; McGrath, Jeffrey L MVP; Tschida,
David M MVP; 'Emily.Schnick@state.mn.us'; McClary, Shaun P MVP; Clark, Steven J MVP; Perkl, Bradley
E MVP; Tapp, Steven D MVP; 'corey.hanson@state.mn.us'; 'Henry.A.Myers@uscg.mil';
'Nancy_duncan@nps.gov'; 'joel.stiras@state.mn.us'; 'Randall.Doneen@state.mn.us';
'Jill.Townley@state.mn.us'; 'Jiwani, Suzanne (DNR)'; Machajewski, Paul R MVP
Subject: RE: Lower Pool 2 Channel Management Study - Boulanger Bend to Lock & Dam No. 2 Initial
Alternative Recommendation (UNCLASSIFIED)

Classification: UNCLASSIFIED
Caveats: NONE

Folks,

Our meeting is scheduled for Feb 28 at 1:00 pm.  Meeting location to be determined.

Thanks for participating.

PK
651.290.5526

-----Original Message-----
From: Kosterman, Paul R MVP
Sent: Monday, February 11, 2013 10:52 AM
To: 'Chatfield, Kurt'; 'Arthur.B.Ford@uscg.mil'; 'Brian.S.Zekus@uscg.mil'; 'Phil_delphey@fws.gov';
'john_anfinson@nps.gov'; 'melissa.doperalski@state.mn.us'; 'MDOT - Dick Lambert'; Vanderpoel, Jane;
Wayne.sandberg@co.washington.mn.us; Nelson, Lee MVS External Stakeholder; Genz, Greg MVS
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External Stakeholder; 'brad.peek@nngco.com'; 'tim.leach@metc.state.mn.us'; Coder, Justin S USCG;
'Nay, John MSSD4'; 'paul_labovitz@nps.gov'; 'molly.shodeen@state.mn.us'; Kimmel, Zachary MVP;
McFarlane, Aaron M MVP; Goodfellow, Scott M MVP; Opatz, Leon P MVP; Noren, James B MVP; Nelson,
Kevin S MVP; McGrath, Jeffrey L MVP; Tschida, David M MVP; 'Emily.Schnick@state.mn.us'; McClary,
Shaun P MVP; Clark, Steven J MVP; Perkl, Bradley E MVP; Tapp, Steven D MVP;
'corey.hanson@state.mn.us'; Henry.A.Myers@uscg.mil; Nancy_duncan@nps.gov;
joel.stiras@state.mn.us; Randall.Doneen@state.mn.us; Jill.Townley@state.mn.us; Jiwani, Suzanne (DNR)
Subject: RE: Lower Pool 2 Channel Management Study - Boulanger Bend to Lock & Dam No. 2 Initial
Alternative Recommendation (UNCLASSIFIED)

Classification: UNCLASSIFIED
Caveats: NONE

Folks,

USACE's initial recommendation summary is attached.

If you wish to attend the upcoming meeting, please visit the Doodle survey link below.  The meeting
date and time will be identified soon.

PK
651.290.5526

-----Original Message-----
From: Kosterman, Paul R MVP
Sent: Thursday, February 07, 2013 3:14 PM
To: Chatfield, Kurt; Arthur.B.Ford@uscg.mil; Brian.S.Zekus@uscg.mil; Phil_delphey@fws.gov;
john_anfinson@nps.gov; melissa.doperalski@state.mn.us; MDOT - Dick Lambert; Nelson, Lee MVS
External Stakeholder; Genz, Greg MVS External Stakeholder; brad.peek@nngco.com;
tim.leach@metc.state.mn.us; Coder, Justin S USCG; Nay, John MSSD4; paul_labovitz@nps.gov;
molly.shodeen@state.mn.us; Kimmel, Zachary MVP; McFarlane, Aaron M MVP; Goodfellow, Scott M
MVP; Opatz, Leon P MVP; Noren, James B MVP; Nelson, Kevin S MVP; McGrath, Jeffrey L MVP; Tschida,
David M MVP; Emily.Schnick@state.mn.us; McClary, Shaun P MVP; Clark, Steven J MVP; Perkl, Bradley E
MVP; Tapp, Steven D MVP; corey.hanson@state.mn.us
Subject: Lower Pool 2 Channel Management Study - Boulanger Bend to Lock & Dam No. 2 Initial
Alternative Recommendation

You are invited to the Doodle poll "Lower Pool 2 Channel Management Study - Boulanger Bend to Lock
& Dam No. 2 Initial Alternative Recommendation".

The purpose of this meeting is to discuss the soon to be furnished USACE recommendation, respond to
stakeholder's questions, identify concerns and manage expectations for upcoming activities. 

If you are interested in attending, please follow the link to participate in the.

http://doodle.com/f7pev942ym9y4u29

Please select all dates/times that you are available.  A meeting time will be selected to support broad
participation.  The location will be either Schaar's Bluff or the St. Paul District office.

Also - the current edition of project POCs is attached.  Please respond with any revisions.

Paul Kosterman, PE
Project Manager
USACE - St. Paul District
651.290.5526
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From: Kosterman, Paul R MVP
To: Kosterman, Paul R MVP; "Chatfield, Kurt"; "Arthur.B.Ford@uscg.mil"; "Brian.S.Zekus@uscg.mil";

"Phil_delphey@fws.gov"; "john_anfinson@nps.gov"; "melissa.doperalski@state.mn.us"; "MDOT - Dick Lambert";
"Vanderpoel, Jane"; "Wayne.sandberg@co.washington.mn.us"; Nelson, Lee MVS External Stakeholder; Genz,
Greg MVS External Stakeholder; "brad.peek@nngco.com"; "tim.leach@metc.state.mn.us"; Coder, Justin S
USCG; "Nay, John MSSD4"; "paul_labovitz@nps.gov"; "molly.shodeen@state.mn.us"; Kimmel, Zachary MVP;
McFarlane, Aaron M MVP; Goodfellow, Scott M MVP; Opatz, Leon P MVP; Noren, James B MVP; Nelson, Kevin S
MVP; McGrath, Jeffrey L MVP; Tschida, David M MVP; "Emily.Schnick@state.mn.us"; McClary, Shaun P MVP;
Clark, Steven J MVP; Perkl, Bradley E MVP; Tapp, Steven D MVP; "corey.hanson@state.mn.us";
"Henry.A.Myers@uscg.mil"; "Nancy_duncan@nps.gov"; "joel.stiras@state.mn.us";
"Randall.Doneen@state.mn.us"; "Jill.Townley@state.mn.us"; "Jiwani, Suzanne (DNR)"; Machajewski, Paul R
MVP; "Johnson, Gerald J (DNR)"

Subject: RE: Lower Pool 2 Channel Maintenance Study (UNCLASSIFIED)
Date: Tuesday, April 23, 2013 12:08:19 PM
Attachments: LP2_cms_PRELIMINARY_DRAFT_report+appendices.pdf

Classification: UNCLASSIFIED
Caveats: NONE

Folks,

The report's 'preliminary' edition is attached.  It is provided to encourage comments which need not
wait until the formal review of the draft edition.

We anticipate meeting in one month to discuss significant comments.  Please provide your comments to
me by May 14th - indicating those you believe need to be discussed at the review meeting.  While all
your comments are welcome - we don't anticipate providing written responses - but will rather
incorporate changes into the draft edition.

We will continue working on it in the meantime and hope to distribute the draft edition not long after
our upcoming review meeting.

Regards,

PK
651.290.5526

-----Original Message-----
From: Kosterman, Paul R MVP
Sent: Thursday, April 11, 2013 3:12 PM
To: 'Chatfield, Kurt'; 'Arthur.B.Ford@uscg.mil'; 'Brian.S.Zekus@uscg.mil'; 'Phil_delphey@fws.gov';
'john_anfinson@nps.gov'; 'melissa.doperalski@state.mn.us'; 'MDOT - Dick Lambert'; 'Vanderpoel, Jane';
'Wayne.sandberg@co.washington.mn.us'; Nelson, Lee MVS External Stakeholder; Genz, Greg MVS
External Stakeholder; 'brad.peek@nngco.com'; 'tim.leach@metc.state.mn.us'; Coder, Justin S USCG;
'Nay, John MSSD4'; 'paul_labovitz@nps.gov'; 'molly.shodeen@state.mn.us'; Kimmel, Zachary MVP;
McFarlane, Aaron M MVP; Goodfellow, Scott M MVP; Opatz, Leon P MVP; Noren, James B MVP; Nelson,
Kevin S MVP; McGrath, Jeffrey L MVP; Tschida, David M MVP; 'Emily.Schnick@state.mn.us'; McClary,
Shaun P MVP; Clark, Steven J MVP; Perkl, Bradley E MVP; Tapp, Steven D MVP;
'corey.hanson@state.mn.us'; 'Henry.A.Myers@uscg.mil'; 'Nancy_duncan@nps.gov';
'joel.stiras@state.mn.us'; 'Randall.Doneen@state.mn.us'; 'Jill.Townley@state.mn.us'; 'Jiwani, Suzanne
(DNR)'; Machajewski, Paul R MVP; Johnson, Gerald J (DNR)
Subject: Lower Pool 2 Channel Maintenance Study (UNCLASSIFIED)

Classification: UNCLASSIFIED
Caveats: NONE
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Executive Summary 


 
The Boulanger Bend to 
Lock & Dam No. 2 
Project is located on the 
Mississippi River in 
lower Pool 2 between 
river miles 818.0 and 
821.0 (see Figure 1).  
The site lies within the 
Minneapolis-St. Paul 
metropolitan area near 
Cottage Grove, MN. 
 
This segment of the nine 
foot navigation channel 
has experienced 
changing sedimentation 
patterns that have 
exceeded the U.S. Army Corps of Engineers’ (USACE) ability to maintain 
authorized dimensions. The degraded channel has adversely affected commercial 
navigation and strained the U.S. Coast Guard’s ability to delineate safe conditions 
for all users. 


 
The recommended plan is to relocate the navigation channel for a distance of 
approximately one mile to improve navigability and reduce channel maintenance 
requirements. The estimated construction cost for this plan is $11 million. The 
proposed channel realignment is depicted in Figure 2. 
 
In collaboration with stakeholders, participants identified five alternatives to 
consider as potential solutions to the problem: 


 
1)  No Action (status quo). 
2)  Increase channel maintenance to maintain authorized dimensions. 
3)  Modify channel control structures to better transport sediment. 
4)  Realign channel to Boulanger Slough 
5)  Realign channel to Ninninger Slough 
 


Figure 1 – Project Location 
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The USACE team included technical specialists representing Hydraulics, Aquatic 
Biology, Water Quality, Cultural Resources, Cost Engineering, Geology, Channel 
Maintenance, Construction Management, and Real Estate. This team spent several 
months assessing the alternatives to identify a recommended solution.   


 
State of the art numerical models were used to assess the physical effects of 
proposed changes. These included the use of ADH (Adaptive Hydraulics), a 2-
dimensional hydrodynamic model of water velocity and depth. The model was 
used along with an analysis of shear stress and Rouse Number to identify 
potential sediment problems with the proposed navigation channel and 
surrounding area. 
 
This assessment process identified two viable alternatives: 
 


a)   No Action 
b)   Boulanger Slough Channel Realignment 


 
The environmental effects of these alternatives were assessed so they could be 
properly considered in making design refinements and in developing a 
recommendation. 


Figure 2 –Boulanger Slough Channel Realignment Alternative Features 
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The alternative providing the greatest net benefit is the Boulanger Slough Channel 
Realignment. No significant adverse environmental effects are associated with 
this alternative. The Boulanger Slough Channel Realignment is the recommended 
alternative. 


 
Construction of the channel project is anticipated to require two full construction 
seasons.  The sequence of major construction events would be sequenced so as to 
minimize the risk of adverse effects to navigation. 
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CHAPTER 1.  
Introduction 


1.1  Authority 


The Corps of Engineers is responsible for maintaining a navigable channel on the 
Mississippi River. Authority for continued operation and maintenance of the 
Mississippi River Nine-Foot Channel project is provided in the River and Harbor 
Acts of 1930 and 1932. Original authority for the Corps of Engineers to work on 
the Mississippi River was provided in the River and Harbor Act of 1878. The 
project defined herein is authorized by the referenced legislation and its purpose 
corresponds to that of the annual Operations and Maintenance appropriation. 


1.2  Project Location and Study Area 


The project location is on the Mississippi River 9-Foot Navigation Channel 
between river miles 818 and 821 and is depicted in Figure 1.1. The USACE has 
been unable to maintain this stretch of channel to authorized dimensions due to 


Figure X – Study Area 
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increasing amounts of sedimentation in recent years. Engineering analysis of the 
causes of this sedimentation and how best to minimize its adverse effects has 
focused on solutions within the problem area. However, the causes of the problem 
and the effects of the solution extend considerably beyond the Project Location. 
The increased sediment load is most readily attributable to long-term sustained 
elevated flow conditions. Contributing factors include agricultural practices along 
the Minnesota River Valley and cumulative regional storm water management 
measures that hasten the delivery of run-off to the Mississippi River. The solution 
affects future channel maintenance activities in Pools 3 and 4. 


1.3  Project Purpose and Need 


Reduced Channel Dimensions 
 
Groundings 
 
Reduced Tow Size 
 
Aids to Navigation 
 
Unavailability of permanent disposal sites for dredge material. 
 
Purpose:  Restore authorized channel dimensions with the least costly 
environmentally acceptable means. 


1.4  Related Studies and Reports 


The following studies and projects addressing channel maintenance, resource 
management, land use, and recreational planning in pool 2 have relevance to this 
study.  


1.4.1 Nine Foot Navigation Channel Project Environmental Impact Statement 


This document, completed in 1974, assesses the environmental effects of the 
operation and maintenance of the 9-Foot Navigation Channel project within 
the St. Paul District.  


1.4.2 Great River Environmental Action Team Study (GREAT I)  


This 9-volume report (completed in 1980) documents the results of the 5-year 
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Great River Environmental Action Team study for the St. Paul District reach of 
the Mississippi River. The report contained numerous recommendations for 
improved management of the river, the most important of which was a 40-year 
plan for dredged material placement for all of the historic dredging locations in 
the St. Pau] District. Many of the study's recommendations have been 
implemented. Of particular application to this study is GREAT I further study 
item #2 which states – “A plan should be developed to use the liver's sediment 
transport capability to cause unnecessary dredging requirements to occur near 
long-term placement sites as environmentally and economically feasible.”  


1.4.3 Land Use Allocation Plan  


This 1983 plan is the result of a joint effort by the St. Paul District and the U.S. 
Fish and Wildlife Service. The plan designates Federally-owned land 
administered by these agencies from the head of navigation to Lock and Dam 10 
for one of five uses - (1) project operations, (2) recreational intensive use, (3) 
recreation/low density, (4) natural area, or (5) wildlife management. Land 
administered in pool 2 by the St. Paul District is minimal, restricted to a few 
islands located immediately upstream of Lock and Dam 2 and a dredged material 
placement site located at Pine Bend.  


1.4.4 Channel Maintenance Management Plan  


This 1996 plan and accompanying environmental impact statement is the St. Paul 
District's plan for management of channel maintenance. Much of the plan is 
devoted to the designation and design of dredged material placement sites. 
Included in this report is a discussion of the District's program for channel 
management. This channel management study for lower pool 2 is part of that 
program.  


1.4.5  Lower Pool 2 Channel Management Study (DPR/EA) 


This 2003 report documents an in-depth review of channel maintenance needs and 
related natural resource considerations from Saint Paul to Lock and Dam 2. 


1.4.6  Pool 2 Recreational Beach Plan  


The St. Paul District, in cooperation with river resource management agencies, 
has been developing recreational beach plans for the navigation pools within 
the St. Paul District. A Recreation Beach Management Plan for pool 2 has been 
completed and endorsed by the River Resources Forum.  


1.4.7  Recreational Boating Studies Conducted in 1989, 1991, 1993, 1995, 1997, 
1999, and 2001.  


These reports document recreational boating data collected from aerial 







 


8  Lower Pool 2 Channel Management Study 


photography taken over the main channel and selected backwaters within the St. 
Paul District portion of the Upper Mississippi River. The data inc1udes boat 
counts (both moving and beached, backwater or main channel), and boat types. 
The reports also summarize Corps of Engineers lockage data.  


1.4.8 Interagency Hydraulic Evaluation Team  


The Interagency Hydraulic Evaluation Team (IHET) was created under the 
auspices of the River Resources Forum (RRF) to improve Mississippi River 
navigation channel planning and study, with emphasis on hydrodynamics and 
sediment transport. The mET developed a set of draft guidelines for use in studies 
such as the Lower Pool 2 Channel Management Study.  


1.4.9 Water Level Management  


Partial pool drawdown during the growing season has been identified as a 
potential tool for enhancing condition for the growth of aquatic vegetation, 
especially emergent aquatic vegetation, which has been in decline in Upper 
Mississippi River navigation po01s. A pilot drawdown in pool 8 was 
implemented during the summer of 200 1 and repeated during the summer of 
2002 with positive results. Planning for future water level management actions is 
ongoing through the Water Level Management Task Force of the River 
Resources Forum. Pool 2 would be a candidate for use of drawdown as a 
management measure in the future.  


1.4.10 Upper Mississippi River Reconnaissance Study  


An April 1999 resolution of the U.S. House of Representatives Committee on 
Transportation and Infrastructure authorized the Corps of Engineers to conduct a 
reconnaissance study of the Upper Mississippi River and it tributary watersheds. 
The study area is between Lake Itasca and Hastings, Minnesota. The study was 
completed in June 2001 with three potential costshared feasibility studies 
identified -the Minnehaha Creek Watershed, the South Washington District 
Watershed, and Surface Water Use in the Metro Area. A feasibility cost-sharing 
agreement has been signed with the South Washington District Watershed. 
Feasibility studies are expected to take 3-4 years to complete. The South 
Washington District Watershed study will focus on flood control, environmental 
restoration, and water quality.  


1.4.11 Pool Plans  


The Fish and Wildlife Work Group of the River Resources Forum has developed 
a p1an, in cooperation with the public and Federal and State resource 
management agencies that identifies common habitat goals and objectives for the 
Upper Mississippi River. The plans identify a desire future for the Mississippi 
River based on current knowledge about the river ecosystem, experience with past 
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habitat improvement measures, and the observations of river managers, biologists, 
and the public. The plan is intended to serve as a communication tool and as one 
of several guides for sequencing habitat management in pools 1 through 10. The 
desired future habitat described for each pool represents what river managers and 
the public have identified as the habitat and features necessary to reverse negative 
trends in habitat quality and move toward a more sustainable ecosystem.  


1.4.12 NESP Pool 2 Reach Study 


  


1.5  Related Authorities 


1.5.1 Section 1135 of WRDA 1986, as Amended  


Section 1135 of the Water Resources Development Act (WRDA) of 1986, as 
amended, authorizes the Corps of Engineers to modify Corps of Engineers water 
resource projects for the purpose of improving the quality of the environment. 
The following summarizes the basic provisions/guidance for Section 1135 
projects.  


a. If it is determined that construction or operation of a project constructed 
by the Corps of Engineers has contributed to the degradation of the quality 
of the environment, measures can be undertaken for restoration of 
environmental quality. Measures may be implemented either at the project 
site or at other locations that have been affected by the construction or 
operation of the project.  


b. Section 1135 projects must be cost shared on a 75 percent Federal -25 
percent nonFederal basis.  


c. The non-Federal sponsor is responsible for providing a11 lands, 
easements, and rights-of-way, and for project operation and maintenance 
in most instances.  


d. The acquisition of additional lands should be kept to a minimum.  


e. The Federal cost limit per project is $5,000,000 ($6,666,666 total 
project cost).  


f. The Section 1135 project must be consistent with the authorized purpose 
of the project.  
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g. Study-only proposals will not be funded.  


h. Studies that may result in an operational-only change, which can be 
accomplished without additional cost should be pursued under operation 
and maintenance or other authorities.  


1.5.2 Section 204 of WRDA 1992, as Amended  


Section 204 of the Water Resources Development Act of 1992 authorizes the 
Corps of Engineers to carry out projects for the protection) restoration, and 
creation of aquatic and ecologically related habitats, including wetlands, in 
connection with construction, operation, or maintenance of an authorized Federal 
navigation project. In essence) this authority provides for the use of dredged 
material for the improvement of aquatic and ecologically related habitats. The 
following summarizes the basic provisions/guidance for Section 204 projects.  


a. Section 204 projects are cost shared on a 75 percent Federal -25 percent 
non-Federal basis.  


b. The non-Federal sponsor is responsible for providing all lands, 
easements, and rights-of-way, and for project operation and maintenance.  


c. Section 204 costs are limited to the incremental costs in excess of those 
costs necessary to maintain the navigation project in the most cost-
effective way, consistent with economic, engineering, and Federal 
environmental criteria. For example, if it would cost $100,000 to place 
dredged material in an acceptable placement site and $150,000 to place the 
dredged material in a manner that would improve aquatic habitat, the non-
Federal sponsor would be required to cost-share only the $50,000 
incremental cost needed to obtain the habitat benefits.  


1.5.3 Section 206 of WRDA 1996  


Section 206 of the Water Resources Development Act of 1996 authorizes small, 
aquatic ecosystem restoration projects. Projects must be cost shared on a 65 
percent Federal -35 percent non-Federal basis. The non-Federal sponsor must also 
assume responsibility for the operation and maintenance of the project. As 
opposed to Section 1135 authOlity, no linkage to an existing Corps of Engineers 
project is required. Section 206 also has a Federal cost limit per project of 
$5,000,000, which limits total project cost to $7,692)000.  


1.5.4 Section 1103 of WRDA 1986, as Amended  


Section 1103 of the Water Resources Development Act of 1986, as amended, 
authorized what is commonly referred to as the Upper Mississippi River System 
Environmental Management Program (UMRS-EMP). An imp0l1ant component 
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of the UMRS-EMP is the Habitat Rehabilitation and Enhancement Projects 
(HREP) program. Under this program, habitat projects are being constructed 
throughout the Upper Mississippi River system. Projects constructed within a 
National wildlife refuge are constructed at 100 percent Federal cost. Projects 
constructed on non-refuge lands must be cost shared on a 65 percent Federal -35 
percent non-Federal basis. There is no statutory upper cost limit on UMRS-EMP 
habitat projects. 


1.5.5  NESP
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CHAPTER 2.  
Affected Environment  


A description of components of the nearby environment is given here to provide a 
measure of the current state of the project location.  This description is necessary 
to establish an understanding of the resources that may be affected by the 
alternative actions under consideration. 


2.1  Socioeconomic Conditions 


The project area is located in Pool 2 of the Upper Mississippi River 
approximately 20 miles downstream of St. Paul, Minnesota and is within the 13-
county Minneapolis-St. Paul-Bloomington, MN/WI metropolitan statistical area 
(MSA). The 2010 population for this area was 3,279,833, an increase of 10.5% 
over the 2000 population. MSA per capita income in 2010 was $32,226 which is 
9.6% greater than the state level and 20.7% greater than the nation as a whole. 
Important industries for employment include social services (includes education 
and health care – 23.2% vs. 23.2% for U.S.), trade (14.7% vs. 14.4% for U.S.), 
manufacturing (13.4% vs. 10.4% for U.S.), professional services (12.4% vs. 
10.7% for U.S.), finance (8.5% vs. 6.6% for U.S.), and leisure and tourism (8.4% 
vs. 9.4% for U.S.). 


2.1.1   COMMERCIAL NAVIGATION 
The project area serves as a link between the upstream ports of Minneapolis, St. 
Paul, and Minnesota River and the remaining Mississippi River navigation system 
downstream. Between 2000 and 2010, barge freight through Lock and Dam 2 
ranged from 4.7 to 10.8 million tons (average of 7.9 million tons). The most 
important commodities hauled are farm products moving from local terminals in 
St. Paul and on the Minnesota River to the Gulf for export. Other important 
commodities include fertilizer, crude materials (sand/gravel/stone, road salt, scrap 
metal, etc.), cement, and petroleum products. 
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2.1.2   RECREATION 
In the past, poor water quality has limited the recreational value of Pool 2. Recent 
improvements and a persistent interest in the water quality of this region continue 
to increase the potential for recreational activities. As of 2004, there were 11 boat 
accesses and 5 marinas in Pool 2. Private docks and accesses are also scattered 
throughout the region. 


2.1.3   ENVIRONMENTAL JUSTICE 
Executive Order 12898, "Federal Actions to Address Environmental Justice in 
Minority Populations and Low-Income Populations," provides that "each Federal 
agency shall make achieving environmental justice part of its mission by 
identifying and addressing, as appropriate, disproportionately high and adverse 
human health or environmental effects of its programs, policies, and activities on 
minority populations and low-income populations." The Executive Order makes 
clear that its provisions apply fully to programs involving Native Americans. 


2.2  Natural Resources 


2.2.1   PHYSICAL SETTING 
The Boulanger Bend project area (Project Area) is located in Lower Navigation 
Pool 2, Upper Mississippi River (UMR) between River Mile (RM) 817 and 821 in 
Washington and Dakota counties, Minnesota (Figure 1).  The Project Area is 
approximately 26.5 river miles below Lock and Dam 1 in Minneapolis, 18 miles 
below St. Paul and 1.8 miles above Lock and Dam 2 at Hastings.  Corporate 
jurisdictions run along the main channel sailing line with the City of Cottage 
Grove (Washington County) to the north and Nininger Township (Dakota 
County) to the south.  The Project Area is within the Mississippi National River 
and Recreation Area (MNRRA) corridor.  
 
The Project Area is situated in an area where the main-navigation channel 
meanders back and forth across the floodplain that is mostly inundated from Lock 
and Dam 2.  The river is approximately 160 feet below the surrounding upland 
bluffs.  The floodplain at the upstream portion of the Project Area (RM 821) is 
just over two miles wide with the main-navigation channel situated between 
Lower Grey Cloud Island and Spring Lake.  Between RM 820 and Lock and Dam 
2 the valley width constricts to just less than one mile in width.  
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Prior to river modification projects during the late Nineteenth Century and Lock 
and Dam 2 induced inundation after 1930, this stretch of the UMR contained 
islands, natural levees, point bars, backwater sloughs, lakes, ponds and wetlands 
(e.g., MRC 1895).  Nininger Slough ran north of the main-navigational channel 
from approximately RM 819.5 to 816.5, above islands No. 17 and No. 18.  Grey 
Cloud Slough ran above Lower Grey Cloud Island, entering the main channel 
from the west near RM 819.5.  Boulanger Slough ran south of the main-
navigation channel from approximately RM 820.7 to 818.2, below Boulanger 
Island (Figure –MRC Chart?). 
 
The Corps was assigned responsibility for Mississippi River navigation 
improvements with the General Survey Act of 1824, with most projects occurring 
below St. Louis.  River training structures (e.g., bank revetments, closing 
structures and wing dams) appeared in the UMR after the 1866 Rivers and 
Harbors Act authorized a 4-foot navigation channel.  However, most of the UMR 
river training structures were constructed after authorization of 4.5-foot channel 
(1878) and 6-foot channel (1907) projects (e.g., Anfinson 2003).  Between RM 
821 and RM 815.2 at Lock and Dam 2, 46 wing dams and approximately three 
miles of revetments were placed along the main channel between 1875 and 1924 
(e.g., Pearson 2003).  Lock and Dam 2 was authorized in 1927 and began 
operating in 1930, coinciding with authorization of the 9-foot channel project and 
subsequent river impoundment (e.g., O’Brien et al., 1992).   
 
The UMR corridor in Lower Pool 2 includes industrial (e.g., Aggregate 
Industries), urban, agricultural and natural (e.g., Spring Lake Park Reserve) 
landscapes.  While much of the floodplain is submerged (e.g., island and sloughs) 
and exhibits lentic characteristics, vestiges of pre-inundation landforms and 
habitat remain near the upper portion of the Project Area.  The corridor supports 
commercial navigation, recreation, industrial water supply, wastewater treatment 
and important fish and wildlife habitat.   


Physiography 


The landscape of the Project Area is the result of complex interaction of 
glaciations and bedrock geology.  The Project Area is located at the transition 
between the Eastern St. Croix Moraine and Rochester Till Plain physiograhic 
areas (Wright 1972a).  The area is underlain by Paleozoic era sedimentary rocks 
that formed in marine environments of the Hollandale Embayment.  Exposed 
outcrops include, in descending order, Galena formation dolomitic limestone, 
Decorah shale, Platteville limestone, Glenwood shale and St. Peter Sandstone 
(e.g., Mossler 1972).   
 
Overlying the bedrock is glacial drift and glaciofluvial deposits of various 
thicknesses.  The till is largely from the Superior and Des Moines lobes deposited 
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during the late Wisconsin glaciation (ca. 30,000 to 12,000 years before present 
[BP]) although drift from earlier glacial episodes may be present (e.g., Wright 
1972b).  The Superior lobe ice margin (St. Croix Moraine), just north of the 
Project Area, buried previous Glacial Mississippi River channels during its 
advance that culminated ca. 15,500 BP.  The Des Moines lobe margin (Bemis 
Moraine), a few miles west of the Project Area, reached its furthest extent ca. 
14,000 BP.  Melt water from the retreating Superior and Des Moines lobes 
created large outwash plains north and south of the Project Area and partially 
excavating fill of ancestral Mississippi River channels.  Subsequently, the 
Grantsburg sublobe, an offshoot of the Des Moines Lobe, overrode the St. Croix 
Moraine ca. 13,500 BP blocking southward drainage with flows diverted to the St. 
Croix River.  With retreat of the Grantsburg sublobe, lower outlets were 
uncovered, establishing the modern course of the UMR.  A series of downcutting 
events ensued that excavated previous valley fills with sustained high magnitude 
discharges of sediment free melt water that formed a series of terraces (e.g., Knox 
2008; Wright 1972b, 1985).  The lowest terrace (e.g., Lower Grey Cloud Island) 
was established during the drainage of Glacial Lake Agassiz through catastrophic 
flooding down its outlet stream Glacial River Warren (modern Minnesota River) 
between ca. 12,000 and 9,400 BP (e.g., Dobbs et al., 1991; Fisher 2003; Upham 
1895).  As glacial ice receded, diminished flows with increased sediments 
resulted in alluviation of the deeply incised UMR.  In some areas, massive 
alluvial fans accumulated at tributary mouths, forming dams that produced a 
series of river lakes (e.g., Lake Pepin).  Sediment cores indicate a sequence of 
riverine lakes (i.e., Vermillion, Cannon, Pepin) occupied Pool 2 that were 
subsequently filled with sediments of the UMR delta, prograding past Hastings 
ca. 6,000 BP (e.g., Blumentritt et al., 2009; Zumberge 1952).  Additional 
Holocene environmental changes (e.g., vegetation, climate) deposited a veneer of 
loess over the till and contributed to remobilization of colluvial and alluvial 
sediments that influenced floodplain geomorphology and fluvial activity, such as 
lateral channel migration and Paleoflood events (e.g., Knox 1993, 1998).   


Geomorphology 


Before 1875, when construction of river training structures ensued, the lower Pool 
2 locality contained a diverse floodplain geomorphology characteristic of a classic 
braided channel.  The area included outwash terraces (Grey Cloud Island), side 
channels (e.g., Grey Cloud, Boulanger, Nininger sloughs), islands (Islands 17 and 
18), lakes (Balden, Baldwin, King, Spring), ponds, point bars, natural levees and 
marsh complexes (cf. MRC 1895). 
 
More recently, beginning in the mid-Nineteenth Century, widespread areas of 
vegetation (i.e., prairie and forests) were removed for grazing and cropland 
causing erosion and the establishment of basin-wide artificial drainage networks 
have accelerated sediment deposition in the floodplain (e.g., Knox 2001).  These 
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activities, combined with construction and operation of the lock and dam system 
have significantly affected the geomorphic processes occurring in Lower Pool 2. 
Submergence of the natural levees and backwaters, combined with the shift in 
vegetation communities, has decreased flow resistance in the backwaters causing 
secondary channel formation and expansion, and leading to increased backwater 
conveyance over time. Under existing conditions, Baldwin Lake and Spring Lake 
- the two largest backwaters in Lower Pool 2 – convey significant portions of the 
total river discharge (approximately 18-percent and 23 percent of the flow at a 
total river discharge of 20,600). Downstream of Spring Lake, flow is spread out 
over the completely submerged floodplain, which causes a decrease in stream 
power in the main channel resulting in sediment deposition. 
 
Several recent geomorphologic changes have impacted the navigation channel. 
The channel at Freeborn Bend has been migrating downstream. The channel 
between River Miles 818 and 820 is moving east. Most of the wing dams in this 
area have been lost due to sedimentation, and a significant portion of the 
revetment below river mile 819 has been lost. Each of these factors contribute to 
allowing significant flows to break out of the main channel and reduce the 
sediment capacity of the stream in the project area. 


2.2.1.1 Sediment Transport 


The total sediment transported by a river consists of bed material sediments and 
suspended sediments. The bed material is the sediment that travels along the 
bottom of the river, moves at a slower rate, and generally consists of larger-sized 
particles (e.g. sand and coarse silts). In contrast, suspended sediments are those 
which are carried higher in the water column, move at a faster rate, and generally 
consist of smaller-sized particles (e.g. silt & clay)... Deposition of material 
commonly occurs where water velocity is not adequate to move as much sediment 
as is arriving from upstream. The Boulanger Bend and Freeborn Bends are areas 
where the bed material accumulates due to the current channel conditions. The 
tightness of the bends also contributes to dredging problems because it more 
readily causes point bar features to migrate into deeper water.  This is particularly 
a problem when channel cross section is already reduced due to loss of channel 
flow. 
 
Sediment sources and sinks 
Sediment load entering Lake Pepin annually 


2.2.1.2  Hydrology 


Pool 2 extends approximately 32 river miles between Lock and Dam 1 (RM 
847.5) in Minneapolis to Lock and Dam 2 (RM 815.2) at Hastings.  The UMR 
upstream of Lock and Dam 2 extends approximately 579 miles to its source at 
Lake Itasca and its basin incorporates approximately 22,450 square miles.  The 
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major tributary entering Pool 2 is the Minnesota River, extending approximately 
332 miles from its debouchure in Pool 2 to its source at Big Stone Lake and 
draining approximately 17,000 square miles.  Several named streams (e.g., 
Minnehaha, Phalen, Battle and Fish creeks) and unnamed drainages enter Pool 2.  
In addition, bedrock (e.g., St. Peter sandstone) and glacial outwash (e.g., springs 
on the south side of Spring Lake) aquifers contribute flows to the pool.  The UMR 
through Pool 2 collectively drains approximately 39,450 square miles (MNDNR 
2013b).   
 
Discharge rates are variable across the basin, in part driven by a continental 
climate characterized by extremes and modern landscape use (e.g., vegetation 
removal, cultivation, drainage of wetlands, tile systems, stream channelization).  
In the period of record (1898-1998), annual peak discharges at the St. Paul gage 
range from a low of 9,670 cubic feet per second (cfs) in 1931 to 171,000 cfs in 
1965 (USACE 2004).  Between 1996 and 2011, UMR annual average flows 
below Lock and Dam 2 at Hastings were approximately 18,000 cfs (USGS 2013).  
In general, mean annual flows show an increasing trend over the period of record. 
Recent data shows that annual discharge of the Mississippi River and the 
Minnesota River have increased by 25 and 70%, respectively. In addition, the 
frequency and magnitudes of extreme flood events have increased (e.g., Knox 
1993, 2008; Pinter et al., 2001). 
 
Although the surface of the water is mostly connected throughout the lower 
portion of the pool, stream velocity varies greatly through the cross-section of the 
river. Velocity is generally highest in the small portion of the cross-section where 
the main navigation channel flows. Outside of the main channel, the velocity is 
generally low and lake-like. In some areas on the inside of the main channel 
bends, flow does “break out” of the channel and increase flow through these 
areas. There are several smaller tertiary channels, including Boulanger Slough, 
where current velocities are somewhere between those in the channel and those in 
the rest of the floodplain. 


2.2.2   AQUATIC HABITAT 
A variety of aquatic habitats exist in the Project Area as classified by Wilcox 
(1993).  The main navigation channel conveys the majority of river discharge 
with the 200 foot (61 m) wide navigation channel marked with buoys, lights and 
daymarks.  The navigation channel is maintained to a minimum depth of nine feet 
(2.6 m).  Typically, flows are at a higher velocity with shifting substrates and 
devoid of vegetation.  Main channel border areas lie between the main navigation 
channel and the riverbank (i.e., island shorelines) and may harbor river training 
structures, submerged logs and riprap that provide habitat for a variety of biota.  
Tertiary channels (i.e., Boulanger and Nininger sloughs), less than 100 feet (30 m) 
wide, are between the apparent shorelines or inundated natural bank lines offering 
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variable habitats depending on flow, water depth, substrate, submerged structures, 
light penetration, wind, water quality, etc.  Contiguous backwater floodplain lakes 
(i.e., Spring Lake) are hydraulically connected to the main channel with low 
current velocity that offer a wide variety of plant and animal habitat determined 
by local conditions.  Contiguous impounded areas of large open water exist 
adjacent to and upstream of Lock and Dam 2.  Habitat in the impounded area is 
variable and influenced by water depth, substrate, wind, submerged structures, 
light penetration, water quality, flow, etc. 


Fisheries     


The UMR on a whole supports a diverse assemblage of freshwater fish. 
Approximately 100 species of fish representing as many as 25 families have been 
recently sampled from the UMR between Minneapolis and lock and dam 10 
(Schmidt & Proulx, 2009). Most of the fish present are native warmwater species. 
Common game species include walleye, sauger, northern pike, channel catfish, 
largemouth bass, bluegill, and white and black crappie. Common non-game fish 
include freshwater drum, carp, redhorses, buffaloes, and a wide variety of 
minnows. Exotic species currently residing in the UMR include common carp, 
grass carp, bighead carp, goldfish, and rainbow and brown trout. 
 
In comparison to other UMR pools, Pool 2 supports a moderate fishery. Surveys 
have indicated that fish species diversity tends to increase from upstream to 
downstream between Minneapolis and lock and dam 10, reflecting an increase in 
backwater areas, improved water quality, and improved habitat (Schmidt & 
Proulx, 2009; Pitlo et al., 1995). Upper Pool 2 provides mostly main channel and 
main channel border habitat because the floodplain is restricted by bluffs 
throughout the upper portion. In lower Pool 2 where the floodplain expands, there 
are a few backwater areas and side channels available. Water quality also 
influences the fish community in Pool 2 – high turbidity and high nutrient levels 
decrease the suitability of this habitat for some fish (See also chapter 2.2.4 – 
Water Quality). 
 
The project area is in the lower, impounded portion of the pool, where the 
majority of the floodplain is submerged. The most common habitat types are main 
channel, main channel border, secondary channel, tertiary channel, and artificially 
impounded river-lake. Main channel habitats typically provide swift current, deep 
water, and coarse sand, gravel, or rock bottom. Freshwater drum and channel 
catfish are common commercial fish that use this habitat type. Game fish that use 
the main channel include walleye, sauger, smallmouth bass, and white bass. 
 
In contrast to main channel and main channel border habitat, river lakes and 
backwaters in the impounded reach of the river typically have little current and 
provide habitat for fish species adapted to a lentic environment. Commercial 
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species that commonly utilize backwater habitat include carp, bigmouth buffalo, 
and catfish, while typical sport fish include northern pike, largemouth bass, 
crappies, and bluegill.  
 
Secondary and tertiary channels are channels that carry less flow than the main 
channel. They represent a transition between main channel and backwater 
habitats. Secondary channels of the Mississippi River tend to provide more varied 
habitat and support a more diverse fish assemblage than main channel habitat 
(Weigel, Lyons, & Rasmussen, 2006). 


Aquatic Invertebrates  


The Upper Mississippi River supports 48 known species of native freshwater 
mussels. Freshwater mussels are important food items for some mammals like 
raccoon and muskrat, as well as for some species of fish. They also play a role in 
maintaining water quality by filtering contaminants and feeding on algae and 
other small floating particles.  
 
Historically, as many as 41 species have occurred in Pool 2. Presently there are 29 
known species living, ten of which are now either federally or state protected. 
Surveys in the late 1970s revealed that the mussel fauna in the UMR above Lake 
Pepin (including Pool 2) had declined significantly since the early 1900s – 
presumably due to water pollution (Fuller 1980). Since then, the Minnesota 
Department of Natural Resources conducted mussel surveys in the UMR between 
the Coon Rapids Pool and Upper Pool 3 in 2000 and 2001 and reported a 
“recovering mussel community” compared to those reported in the 1970s. These 
surveys recovered 22 of the 29 species known to be living in Pool 2 and noted 
areas of high density as well as evidence of recent recruitment (Kelner and Davis 
2008). 


Threatened and Endangered Species  


A total of five Federally-listed species are known to occur in Dakota and 
Washington Counties: four endangered mussels - the Higgins eye pearlymussel 
(Lampsilis higginsii), snuffbox (Epioblasma triquetra), spectaclecase 
(Cumberlandia monodanta), and winged mapleleaf (Quadrula fragosa); and a 
threatened prairie plant – the prairie bush clover (Lespedeza leptostachya). 
 
Of the four endangered mussels, only two – the Higgins eye and spectaclecase – 
have known extant populations in the Upper Mississippi River. The snuffbox 
historically inhabited the Mississippi River in Minnesota, but no natural 
specimens have been recently collected there. However, the Minnesota DNR 
recently began reintroducing propagated snuffbox specimens to upper Pool 2. The 
winged mapleleaf historically occurred in the Mississippi River, but the only 
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current extant population known within the Mississippi River System is in a 20-
kilometer reach of the St. Croix River. 
 
Suitable habitat for the Higgins’ eye pearlymussel consists of areas of various 
stable substrates in large streams and rivers (U.S. Fish and Wildlife Service 2004, 
Ohio River Valley Ecosystem Team 2002). The spectaclecase is a habitat 
specialist, found in large rivers in a variety of substrates, but particularly within 
microhabitats habitats sheltered from strong currents (Butler 2002). The snuffbox 
is found in small- to medium-sized creeks or larger rivers in the swift current of 
riffle areas (Cummings and Mayer, 1992). Suitable habitat for the winged 
mapleleaf consists of gravel, sand, and cobble substrates; moderate velocities; 
depths greater than .5m; and within dense, diverse mussel assemblages (Johnson, 
1995). 
 
Suitable habitat for the prairie bush clover includes well-drained soils in prairies 
of the Midwest. 
 
State-listed species description/habitat/etc. 


Aquatic Vegetation 


Aquatic vegetation consists of a wide variety of emergent and submerged flora 
typical of shallow open-water, shallow marsh and deep marsh communities (e.g., 
Eggers and Reed 1997; MNDNR 2013a).  Shallow, open-water areas are typically 
encountered along the main channel border and support submergent and floating 
plants, such as water lilies, pondweed and wild celery.  Shallow marshes are 
characterized by emergent plants, such as cattails, bulrushes and arrowhead.  
Deep marshes include submergent, emergent and floating plants.  Shallow and 
deep marshes are typically located along tertiary channels and backwater areas.  
Dense stands of the invasive purple loosestrife are present in wetlands throughout 
the pool.  Wetland areas support a wide variety of fish and wildlife.  


Birds 


At least 300 species of birds, about 60 percent of the total number of species in 
the conterminous United States, are known to use the UMR. The UMR valley is a 
major bird migration corridor for the mid-continental United States through which 
an estimated 40 percent of the continent’s waterfowl migrate (U.S. Fish and 
Wildlife Service, 2006). The Mississippi Flyway also provides migration habitat 
for songbirds, colonial nesting birds, secretive marsh birds, and raptors, making 
the UMR a resource of national and international importance. 
 
Waterfowl are considered particularly important due to their large numbers and 
visibility. Approximately 30 species of waterfowl use the UMR. Widgeon, 
mallards, scaup, canvasbacks, and wood ducks are species which commonly use 
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the river. Based on weekly waterfowl surveys conducted by the USFWS during 
the fall of 2011, birds which utilized the lower Pool 2 area in high numbers 
included Canada geese, mallards, ringnecks, cormorants, white pelicans, and 
coots. 


2.2.3   WATER QUALITY 
According to the MPCA, the Mississippi River between Rock Island bridge to L 
& D #2 (RM 830 to 815.2) is ”suitable for swimming and wading, with low 
bacteria levels throughout the open water season. Concentrations of PCB in fish 
tissue and PFOS in fish tissue and mercury in fish tissue and mercury in the water 
column exceed the water quality standard”.  In 2009, a MPCA water quality 
assessment of Lower Pool 2 listed the reach as having impaired beneficial use for 
aquatic life caused by turbidity. Currently, there are two TMDLs that cover Lower 
Pool 2: Upper Mississippi River Bacteria TMDL and the Lake Pepin Watershed 
Nutrients TMDL.  
 
Sediment quality in Lower Pool 2 is relatively poor compared with other pools in 
the Upper Mississippi River. USACE sediment sampling in Lower Pool 2 in 2011 
and 2012 detected PAHs, PCBs, pesticides and metals at levels above MPCA’s 
sediment quality targets (SQTs ).  The SQTs are used to identify contaminant 
concentrations that cause harmful effects on sediment-dwelling organisms. Lower 
Pool 2 seems to be a sink for surrounding and upstream contaminate sources due 
to a decrease in water velocity and high silt content of the sediments. In general, 
silts have a higher affinity to attach to contaminates than larger mineral sands. 
Historical USACE Grain size analyses of the sediment in the navigational channel 
have shown silts contents of around 75% in the stretch of river around Boulanger 
Bend (rm 819.7 to 818.5). Off-channel sediments in the vicinity are commonly 
found to be over 90% silts. The most ubiquitous contaminant that was detected at 
levels above the SQT guidelines in 2011 and 2012 was nickel. Source industries 
for nickel that have historically operated upstream include aluminum die-casting, 
metal finishing and other metallurgical processes. 


2.2.4   TERRESTRIAL HABITAT 
The Project Area is situated within the Eastern Broadleaf Forest Province where 
the pre-European settlement vegetation consisted of tallgrass prairie and oak 
savanna (e.g., Marschner 1974).  During the Holocene, a succession of vegetation 
regimes were established after deglaciation in response to climate change driven 
in part by seasonal air mass boundaries originating from the Arctic, Pacific Ocean 
and the Gulf of Mexico (e.g., Bryson 1966).  Tundra was replaced by a boreal 
spruce forest, succeeded by pine forests before warm and drier conditions 
expanded prairie vegetation ca. 8,000 BP.  Oak increased with a return of cool 
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and moist conditions and the pre-European prairie-forest ecotone was in place by 
ca. 4,000 BP (e.g., Blumentritt et al., 2009; Wright 1972b, 1992; Wright et al., 
1998).  With more stable conditions following episodes of paelofloods, floodplain 
forests and productive wetland communities were established by the Late 
Holocene (e.g., Baker et al., 2001; Knox 1993; Wright et al 1998).   


Floodplain Vegetation 


Alluvial bottomlands host wet floodplain forests dominated by maple and elm as 
well as river shore communities typically dominated by willows.  Higher 
elevation landforms support more xeric communities (e.g., MNDNR 2013a).  
These habitats support a wide of variety of fauna. 


Terrestrial Vegetation 


In general, tallgrass prairie and oak savanna occupy uplands and portions of 
terraces.  Maple-basswood dominated forests occupy slopes and ravines in areas 
protected from fire that occasionally include relict pine stands.   Bedrock 
exposures support an assortment of cliff and talus communities, such as lichens, 
ferns and patchy trees and shrubs (e.g., MNDNR 2013a).   


2.2.5   AIR QUALITY 
The U.S. Environmental Protection Agency (EPA) is required by the Clean Air 
Act to establish air quality standards that primarily protect human health.  These 
National Ambient Air Quality Standards (NAAQS) regulate six major air 
contaminants across the United States.  When an area meets criteria for each of 
the six contaminants, it is called an ‘attainment area’ for that contaminant; those 
areas that do not meet the criteria are called ‘nonattainment areas.’ Washington 
County is classified as an attainment area for each of the six contaminants and is 
therefore not a region of impaired ambient air quality (EPA 2011).  A portion of 
Dakota County (approximately 4 miles away from the project site) is classified as 
a nonattainment area for lead, and the rest of the county is designated as an 
attainment area for each of the six contaminants (MPCA 2009).  This designation 
means that the project area has relatively few air pollution sources of concern. 


2.3  Cultural Resources 


The Pool 2 locality contains numerous cultural resources indicating continual 
human occupation over approximately the last 12,000 years.  Cultural resources 
include a variety of precontact and historic archaeological sites.  Precontact sites 
include lithic and artifact scatters, village sites, petroglyphs, and burial mounds.  
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Historic sites include standing structures, early town sites, forts, shipwrecks, 
bridges and river training structures.  Cultural resources are situated on a variety 
of landforms, such as uplands, terraces, cliffs, islands and the river floodplain.  
Several cultural resource sites within this locality are listed on the National 
Register of Historic Places (NRHP) or are eligible for listing on the NRHP.  In 
addition, the pool contains several Historic Districts.   
 
Interest in the archaeological record of the upper Mississippi River Valley, 
including the Pool 2 area, has been ongoing since the late nineteenth century (e.g., 
Anfinson et al 2003; Brower 1903; Winchell 1911).  Early research in the area 
centered on the contents of burial mounds and who built them, such as amateur 
excavations at the Dayton’s Bluff mounds (21RA5) just east of downtown St. 
Paul (e.g., Arzigian and Stevenson 2003).  By the early twentieth century most 
practitioners rejected the popular notion that a race of non-American Indians 
constructed the mounds and non-scientific investigations gave way to systematic 
mapping and excavation (e.g., Anfinson et al. 2003).  Despite an awareness of 
cultural resources in the pool, no comprehensive pre-impoundment survey was 
completed prior to construction and subsequent operation of Lock and Dam 2 in 
1930.  Modern archaeological research within the pool began during the 1940s 
with research projects by the University of Minnesota and the St. Paul Science 
Museum (now the Science Museum of Minnesota) (Johnson 1959; Johnson and 
Taylor 1956).  In the 1970s, the Corps sponsored a survey of dredged material 
placement sites and the Minnesota Historical Society completed investigations at 
Grey Cloud Island (Birk 1972; Johnson and Hudak 1975).  Since the last quarter 
of the twentieth century, numerous cultural resource investigations have been 
completed within the Pool 2 locality near the Project Area as well as several 
literature based overviews (e.g., Anfinson et al 2003; Dobbs et al 1991; Flemming 
and Hager 2010; Gronhovd and O’Brien 2008a, 2008b; Harrison 2010a, 2010b; 
Jalbert et. al. 1996; Jensen 1992; Madigan and Shermer 2001; Meyer and Schmidt 
1995; Pearson 2003; Vogel and Stanley 1987; Withrow, et al 1987; Woolworth 
1976).   
 
Two previous investigations in Pool 2 included areas within the Project Area: 
Harrison (2010b) for the proposed Nelson Mine expansion and Pearson (2003) for 
an overview and NRHP evaluation for channel structures.  In the larger context of 
Upper Mississippi River constriction works, wing dams appear to be eligible for 
listing on the NRHP.  As navigation features, they have been periodically 
modified as dictated by river conditions and navigation needs, especially after the 
9-foot channel project began operation in the 1930s.  In some cases, they were 
reduced or extended in length and height or removed.  Under the current 
operations, the wing dams are submerged, although portions of some of the wing 
dams may be visible during low water events.  A number of wing dams are extant 
within the Project Area.   
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Harrison completed a pedestrian survey of the island near RM 820.3 and 
excavated two shovel tests (Harrison 2010b, Island D).  This island is partially 
situated over what was once a point bar that was subsequently submerged after 
1930.  The existing island formed after 1937 principally from dredged material 
placement.  Survey results were negative.  In addition, Harrison (2010b) placed 
random Ponar dredge samples in impounded areas to the northeast of the island 
near RM 820.3.  The depth of the sampling was not noted and the results were 
negative. 
 
Aside from wing dams, no other cultural resources have been identified within the 
Project Area.  However, no comprehensive surveys have been conducted along 
island shorelines, along bedrock faces and talus/colluvial areas or examined 
submerged high probability landforms (e.g., natural levees) in the Project Area.  
Eleven recorded cultural resource sites exist within one mile of the Project Area, 
located on terraces and uplands (Table x).  Several of these sites are listed on or 
eligible for listing on the NRHP.  The Shilling Site (21WA1), approximately one-
half mile west of the Project Area, is designated as an archaeological district.  


Site 
Number 


Site Name Site Type Cultural 
Period 


Setting 


21WA1 Shilling 
AD 


Mounds/Village Precontact Low terrace 


21WA8 Curry Mounds Precontact Upland 
21WA55 Rick 


Lewis 
Foundations Historic Shoreline 


21DK1 Sorg Village Precontact Low Terrace 
21DK2 Lee Mill 


Cave 
Camp Precontact Cliff 


21DK3 Hamm Village Precontact Low terrace 
21DK4 Ranelius Village Precontact Low Terrace 
21DK5 Bremer 


Mound 
Mound Precontact Intermediate 


Terrace 
21DK6 Bremmer Village Precontact Low Terrace 
21DK7 Nininger Mounds Precontact Upland 
21DKh Niniger 


Mill 
Mill Historic Low Terrace 


 At Niniger Standing 
Structure 


Historic Upland 


 At Niniger Standing 
Structure 


Historic Upland 


 


Table X – Recorded Cultural Resources Within One Mile of the Project Area 
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CHAPTER 3.  
Planning Process 


3.1  Problem and Opportunity Identification 


The problems in Lower Pool 2 are: 


- Reduced commercial navigability, 
- Increased Sedimentation, and therefore increased dredging and costs, and 
- Increased costs to maintain aids to navigation… 


 
o {Add paragraphs to follow with problem descriptions – identify 


problem originator, stakeholder/public concerns, technical analysis 
of problem…} 


 


Opportunities in Lower Pool 2 are to:  


- Provide a safe and reliable navigation channel  
- Create islands that would reduce wind/wave action and allow aquatic 


vegetation growth 
- Enhance recreational opportunities 


 
o {Add paragraphs to follow discussing opportunities} 


3.2  Project Goals and Objectives 


Planning goals are broad, conceptual statements that describe the ultimate and 
over-arching purposes for the study. 
 


- Federal goal of National Economic Development (NED) 
- Maintain a commercially navigable channel in the Upper Mississippi River 
-  


 
{Add more detailed description of goals…} 
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Planning objectives are concise and focused descriptions of what an alternative 
plan should achieve. They are often developed based on the problems and 
opportunities that are identified for a study. Clear objectives can be used to 
identify measures and formulate alternatives that will achieve the plan’s goals.  
 


- Minimize channel maintenance costs associated with sedimentation in Lower 
Pool 2. 


- Provide an economically-justified level of commercial navigability above 
Mississippi River Lock and Dam Number 2. 


- Minimize maintenance costs of U.S. Coast Guard’s Aids to Navigation 
 
{Add more detailed description of Objectives…} 


3.3  Planning Constraints and Assumptions 


Institutional 


• Future funding outlook 
• Nearby placement sites 


Engineering 


• Flood Stage Impacts – Any project would need to avoid having adverse impacts 
to river stages at the one-percent flood profile (specifically defined as a stage 
increase greater than 0.005 feet). 


• Northern Natural Gas Pipelines cross the current navigation channel and 
Boulanger Slough. Disturbance to these pipelines would need to be avoided. 


• MET Council Sewer Outfall Adjacent to Channel 
• Others? 


Environmental 


• A Federally-endangered freshwater mussel species, the Higgins’ eye 
pearlymussel (Lampsilis higginsii), was found near the project location in 2010. 
Any project developed in Lower Pool 2 should avoid unnecessarily adversely 
affecting this species, or any other Federally-endangered species. 


• Contaminated Sediments – Any project would need to avoid exposing any buried 
contaminated sediments in such a manner that would allow them to be easily 
dispersed after project completion 


• Wetlands – Any project with impacts to existing wetlands would need to comply 
with any applicable laws regulating modifications to wetlands. 


Cultural 


• Shilling Archaeological District 
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• Others/Describe? 


Socioeconomic/Recreational 


• Navigation Traffic – Required to maintain a navigable channel 
• Recreational Boat Traffic -  
• Private Boat Docks in Boulanger Slough 
• Others/Describe? 


3.4  Alternative Screening Criteria 


In order to evaluate the effectiveness of the initial array of alternatives in meeting 
the primary project objectives, several considerations were identified to help in 
screening alternatives and developing recommendations for alternatives to be 
considered in detail: 


Effectiveness 


Whether or not the alternative would be effective in maintaining an acceptable 
navigation channel.  


Environmental Effects 


Direct and indirect effects on natural resources. Direct effects are those effects 
associated with the construction. Indirect effects are those effects that may occur 
as a result of changed environmental conditions due to the construction or 
operation of a project. Cultural resources are also considered within this category; 
however, there are no known cultural resources that would be affected by the 
proposed alternatives, so cultural resources are not discussed within this 
document. 


Socioeconomic Effects 


Direct and indirect effects on socio-economic resources such as transportation, 
regional growth (significance?), public safety,  recreation, public facilities, and 
public services. 


Implementability 


Whether or not there are significant outstanding technical, social, legal, or 
institutional issues that affect ability to implement the alternative. 
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Cost 


The first costs of the project and expected future operation and maintenance costs. 
Cost impacts may be realized not only in pool 2 where the project would be 
constructed but also in pools 3 and 4 if dredging needs change as a result of 
changing sedimentation patterns. 


Risk 


The uncertainties, vulnerabilities, and potential consequences of the alternative.
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CHAPTER 4.  
Full Array and Screening of 
Alternatives 


This chapter describes the information gathered to perform an initial screening of 
the proposed alternatives to determine which alternatives are feasible and meet 
project objectives, and therefore merit further study. 


4.1  No Action Alternative 


Alternative Description 


Under this alternative, the Corps would continue current channel maintenance 
practices. This is considered to be the base condition against which the other 
alternatives are compared. It includes those most likely actions expected to be 
undertaken in the future in the absence of an additional project. Good indicators 
of expected future actions are those actions taken in the past. Likewise, the 
impacts to each of the resource categories under the no action alternative are 
likely to be a continuation of those that have been caused by the sedimentation in 
this segment of the river. 
 
The Boulanger Bend area (River Mile 818-821) of Lower Pool 2 is an area where 
the navigation channel meanders back and forth between the banks of the 
floodplain, which creates a near 90-degree bend in the river at mile 819. 
Navigating this area is difficult for commercial towboats: 44 groundings have 
occurred since 1990. The river also deposits a lot of sediment in the area, which 
further narrows the width of the channel around the bend. The Corps maintains 
this area by frequent dredging. On average, the Corps dredges the area once every 
three years, but during the last 6 years the Corps has dredged the area every year. 
The increase in dredging is likely due to increased flows carrying more sediment 
into the area. Based on these historical dredging records, it would be assumed that 
there may continue to be a demand for frequent dredging in the future without 
project condition. Large quantities of dredging also increase the demand on 
nearby placement sites.  
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Effectiveness  


The effectiveness of the base condition would vary depending on the year. The 
historic average dredging frequency has been approximately once every three 
years. However, the past six years have required annual dredging. In any case, 
this location would have a high dredging frequency, and it has been difficult to 
manage this area to provide a safe and reliable navigation channel. 


Environmental Effects   


Natural Resources: The high sedimentation and shoaling rate in this area would 
lead to high-frequency dredging events, similar to the current conditions. The 
dredging events would cause temporary periods of increased turbidity. Turbidity 
would also increase on occasions when barges are grounded and try to dislodge 
themselves from the shoal. 
 
Overall, the potential environmental effects of this alternative are considered to be 
low adverse. 


Socioeconomic Effects   


The expected socio-economic effects include:  
• Impaired public safety to towboat crews due to the narrow, shifting channel and 


subsequent groundings.  
• Continued maintenance costs to the Federal Government (U.S. Army Corps of 


Engineers and U.S. Coast Guard) to maintain the channel and Aids to Navigation 
(buoys and day markers).  


• Increased costs to the navigation industry for reducing tow sizes to make them 
short enough to fit through channel and for lost time during groundings. 


• Recreation impacts (?) 


Risk  


The largest uncertainties under this scenario are from the environmental and 
socioeconomic effects. The unpredictable nature of the shoaling at this location 
could cause the main navigation channel to become impassable to navigation 
traffic (a channel closure). A channel closure could lead to emergency dredging, 
which needs to be completed very quickly. These situations provide fewer 
opportunities for planning and review, and therefore have a higher risk of 
overlooking an environmental concern. Safety is also at risk, because it is often 
difficult to inform the public about emergency situations in the channel, and 
underwater obstructions are often not detectable.  
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Cost 


Recent dredging patterns (2007-2011) in Pools 2, 3, and 4 were evaluated to 
estimate existing and future dredging costs to maintain the channel in its present 
condition.  Average dredging volume in these pools is estimated at 119,813 cubic 
yards per year. At an average dredging cost of $8.40 / cubic yard, this amounts to 
an average annual dredging cost of $1,006,429. Over the 40-year planning period 
of this project, plus interest, the total cost is approximately $40 Million. This 
value will serve as the basis for comparison of the dredging cost savings benefit 
for other alternatives.   


Conclusion  


The Future Without Project Condition (No Action) is the base condition against 
which other alternatives are compared to quantify and determine the significance 
of impacts. This alternative must be presented in the National Environmental 
Policy Act (NEPA) document prepared for any Corps project that may be 
proposed. This alternative will be carried forward for detailed evaluation. 


4.2  Channel Control Structures 


Alternative Description 


Improve existing and/or construct new channel control structures (revetment and 
wing dams). These channel control structures would help to concentrate the flow 
within the main navigation channel so that sediments would not drop out of 
suspension around Boulanger Bend. The structures would be constructed of rock 
or sand and would be placed in areas where hydraulic models have shown flow to 
break out of the main navigation channel. The major constraint for this alternative 
is ensuring that the action does not increase flood stages upstream by more than 
0.005 feet. 


Effectiveness   


The channel control structures would increase the velocity of water flowing 
through the channel, which would increase the conveyance of suspended 
sediments through the channel. This alternative is assumed to be effective from 
preliminary studies, but will be confirmed by further study. Overall, the 
effectiveness of this alternative is considered to be moderate. 


Environmental Effects  


Natural resources effects would occur from the placement of rock in the river. 
Any macroinvertebrates within the footprint of the rock placement, such as 
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freshwater mussels, would be killed. Flows would be more concentrated within 
the main navigation channel, and flows in the backwater areas of the Boulanger 
and Nininger sloughs would likely be slightly decreased. The sandy main channel 
border habitat would be transformed into a shallower rock habitat. There would 
likely be some turbidity caused by construction, but less than the other structural 
alternatives. 
Overall, the potential environmental effects of this alternative are considered to be 
moderate adverse. 


Socioeconomic Effects  


Expected socio-economic effects would include: 
 


• Cost savings benefits to navigation industry 
• Cost savings benefits to coast guard 
• Cost savings benefits to USACE 
• Increased public safety (reduced number of towboat groundings, consistent 


channel width) 
• Public safety risks of underwater structure – would require careful marking 


Implementability   


There are legal constraints on the level of impact that an action can have on flood 
stages. Stage increases must be below 0.005 feet to satisfy the Minnesota DNR’s 
floodplain regulations for construction within a floodway. Hydraulic modeling 
showed that for features significant enough to keep higher velocities in the 
channel, stage increases for the 1 percent flood (100-year) would be unacceptable 
(above 0.005 feet). 


Cost  


This alternative was screened out before cost analyses were prepared. 


Risk  


It is likely that material not deposited in the main channel in the project area 
would result in increased dredging at another location. There is also the risk that 
the channel structures would not convey sediment or maintain the channel as well 
as predicted. 


Conclusion   


The Channel Control Structure Alternative is not considered implementable due 
to the unacceptable flood stage increases produced by the structures necessary to 
make this alternative effective. Therefore, this alternative was eliminated from 
further consideration. 
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4.3  Nininger Slough Channel Realignment 


Alternative Description 


Re-align the channel through Nininger Slough by dredging a channel from 
approximately River Mile 819 – 816.5. There is a remnant channel that runs 
through this area that is up to 20 feet below LCP elevation in some places. A 
closing structure may be necessary to restrict the flow entering the current main 
channel and direct the flow into the new channel. The new channel would be 
dredged through the slough approximately 13 feet deep, 330 feet wide, and 
12,500 feet long. Preliminary estimates show that this dredging would produce 
487,000 cubic yards of material that would need to be moved to another location. 


Effectiveness  


The channel realignment would reduce the overall need for maintenance dredging 
by conveying more sediment through the channel, and would remove the near 90-
degree bend in the channel and make navigation easier and safer. Overall, the 
effectiveness of this alternative is considered to be high. 


Environmental Effects  


Natural Resources effects would be higher in the short-term and likely decreased 
in the long-term. In general, dredging the new channel would convert the 
Boulanger Slough secondary channel into main channel habitat. The current main 
channel area would have a reduction in flows and would be expected to become a 
secondary channel. Freshwater mussels, macroinvertebrates, and fish in the area 
of the cutoff would be directly impacted by the construction, and animals living in 
other areas nearby could be indirectly impacted by a change in the hydrology. 
According to initial surveys, no federally endangered mussels are known to exist 
at the project location, although there does appear to be a diverse mussel 
community with high densities in some locations. Some state-listed endangered 
species have been found within the project footprint, but these species, although 
rare in Minnesota as a whole, are very prevalent throughout Pool 2. According to 
NWI wetland maps, there are some areas of lacustrine wetland that could be 
impacted by the project. Any impacts to wetland would require appropriate 
mitigation. 
 
Due to a nearby industrial plant that has been in operation for over 60 years, 
contaminants could occur in the sediment. In a 2008 USACE sediment survey of 
the Upper Mississippi River, three samples collected in Nininger Slough were 
tested for Perfluorochemicals (PFCs) from the upper 10 cm of the sediment. All 
three samples had detectable levels in-line with samples collected from Lake 
Pepin and downstream boat harbors located above and below Lake Pepin.  
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In 2012, Nininger Slough sediment was randomly sampled along the potential 
channel alignment. Twelve boreholes were drilled and 23 composite samples from 
varying stratums were analyzed. Sample results from Nininger Slough showed lower 
levels of silt, but considerably more contamination than samples collected from 
Boulanger Slough. Throughout the proposed dredge cut, several boreholes had 
frequent exceedances of level I and level II SQTs and a few boreholes had MPCA’s 
level 1 Soil Reference Value (SRVs) exceedances of PCBs, and/or mercury and/or 
manganese. Based on these results, the USACE determined that all material dredged 
under this alternative would need to be disposed of in a permitted landfill.  
 
Overall, the potential environmental effects of this alternative are considered to be 
high adverse. 


Socio-economic Effects  


Expected socio-economic effects would be similar to the Channel Control 
Structure alternative, and include: 
 


• Cost savings benefits to navigation industry 
• Cost savings benefits to coast guard 
• Cost savings benefits to USACE 
• Increased public safety (reduced number of towboat groundings, more easily 


navigable channel) 
 
Compared to the Channel Control Structure alternative, the socio-economic 
benefits provided by the Nininger Slough alternative would be of a greater 
magnitude because the straightening the channel would further reduce the 
difficulty of navigating this stretch of river. 
 
Overall, the socio-economic impacts of this alternative would be considered 
moderate positive. 


Implementability   


There are no known insurmountable technical, social, legal, or institutional issues 
that would prevent this alternative from being implemented, but placement sites 
will need to be located for all of the dredged material including any contaminated 
material. A larger placement site would be needed for this alternative that for the 
Boulanger Slough alternative because more material would be generated.  


Cost  


Detailed costs were not developed for this alternative. It was determined that the 
quantity of dredging required to construct this alternative would be approximately 
twice that necessary for the Boulanger Slough Channel realignment channel; 
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therefore, for the purposes of alternative screening, it was assumed that the cost 
would be roughly twice that of the Boulanger Bend alternative as well.  


Risk  


Risks for this alternative include problems with the removal of contaminated 
material, lack of sediment conveyance, and increased dredging downstream. 
Overall, risk for this alternative is moderate. 


Conclusion 


Although this alternative appears to meet the objectives of this study, the risk and 
costs associated with dredging and disposing of the contaminated material and the 
high overall project costs make the alternative not feasible. Therefore, this 
alternative was eliminated from further consideration. 


4.4  Increased Channel Maintenance 


Alternative Description 


Although the Corps does perform regular maintenance dredging to maintain a 
navigable channel in this area, the dredging is often just enough to make the 
channel navigable, and does not extend to the full authorized channel width. This 
has been influenced by the increased costs of maintaining the full channel and the 
priorities and availability of government dredging equipment or contractors to 
perform the work when problems are discovered. Under this alternative, the 
channel width in the project area would be increased up to the full authorized 
width of 200 feet, plus an additional bend width (dependent upon location). Total 
channel width would be 350 feet between River Miles 818 – 820.5 and 450 feet 
between River Miles 820.5 – 821.  


Effectiveness  


This alternative would improve safety and navigability of the channel. The 
increased channel width would accommodate a fifteen-barge tow, based on 
historical experience. However, because the channel would still contain the near 
90-degree bend, the project area would still be expected to accumulate sediments 
and require at least as much maintenance dredging as under current conditions. 
 
Overall, the effectiveness of this alternative is considered moderate to high. 
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Environmental Effects  


There would be two stages of impacts under this alternative: first would be the 
initial project construction impacts, and following would be the ongoing future 
maintenance impacts. The initial construction of widening the channel would 
disturb an estimated 40 acres of main channel border habitat and 80 acres of main 
channel habitat. Any benthic organisms currently living there would be removed 
and likely killed by the dredging. However, much of this habitat is unstable, 
shifting sand that does not provide suitable habitat for benthic organisms. The 
effects of ongoing, semi-annual maintenance dredging would be similar to the 
without project condition, but turbidity caused by dredging events may be slightly 
increased due to the increased dredging, and turbidity caused by groundings 
would be decreased. 
 
This alternative would reduce the bed load sediments transported downstream to 
Pool 3 and Upper Pool 4. This would have a minor positive impact on these 
downstream resources by reducing the sedimentation in the delta areas of 
backwaters. 
 
Overall, the potential environmental effects of this alternative are considered to be 
moderate adverse. 


Socioeconomic Effects  


This scenario would create enhanced public safety to towboat crews because the 
channel would be wider than it is currently maintained. The channel would also 
provide a greater area of suitable depth for recreational traffic. Navigation outside 
the marked channel in Lower Pool 2 can be dangerous due to shifting sediments 
and significant stump fields. 
 
Overall, the socioeconomic effects of this alternative are considered moderate 
positive. 


Implementability  


The implementability of this alternative is highly influenced by resource 
management. Maintaining a wider channel in this reach of the river would require 
the commitment of more resources to this area on an annual basis. These 
resources include funding, human labor, and time. Perhaps the most difficult 
resource constraint is managing the division of work between the available 
dredging plants. Currently, there are five dredging plants under employ in the St. 
Paul District. The workload of the St. Paul District (and sometimes the Rock 
Island and Saint Louis Districts as well) is divided among these plants based on 
the size and locations of individual dredging jobs during a dredging season. The 
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five year annual dredging average (2007-2011) used in the cost analysis is a 
sufficient workload to occupy four dredging plants. 
 
 
Under this alternative, the project area would require additional annual 
maintenance dredging, and would therefore increase pressure on the dredge 
plants. During years of high channel maintenance, this alternative would increase 
the chance that it would be necessary to sacrifice other critical dredging needs or 
employ an additional plant at a greatly increased expense (as discussed in the 
‘Cost’ screening criteria below. For example, in 2011, a situation arose where 
emergency channel dredging was required. Because the regular dredge plants 
already had a full workload, a contract for a one-time dredging event was sought. 
Cost per cubic yard for this event was $10.50, compared to $8.40 for dredging 
conducted with other plants. For the 13,191 cubic yard job, this increased the job 
cost by $27,701. In addition, mobilization costs that would not otherwise be 
incurred added $46,800. In this instance, the mobilization cost was relatively low 
because the dredging plant was already close to the job location. However, this is 
seldom the case, and costs could be significantly higher. 
 
Another institutional constraint is the availability of both temporary and 
permanent dredged material placement sites from St. Paul to the head of 
navigation. Currently, there are four active sites throughout Pool 2.  One of the 
four, Southport, isn’t feasible for placement as it is approximately 16 river miles 
from the project.  All three sites feasible for placement are temporary, thus a cost 
for excavation will be incurred at some point in time.  The three active, temporary 
sites (Pine Bend, Upper Boulanger, and Lower Boulanger) are all nearing 
capacity. More importantly, the future availability of nearby and available 
permanent placement sites in the area is unknown at this point, and may make 
future temporary site unloading difficult and expensive.  
 
Overall, the implementability of this alternative is considered to be low. 


Cost   


First costs consist of the expenses to dredge and place material from enlargement 
of channel to authorized dimensions. First costs amount to $3,566,304 which 
when amortized over 40 years at 3.75% interest equals an average annual cost of 
$173,534. 
 
Maintenance dredging in the project area would be expected to increase from 
current conditions. Therefore, the cost of each dredging event would be expected 
to increase from the baseline condition, because more dredging would be 
required. The estimated annual maintenance cost would be $2,038,260, and 
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considers both dredging costs ($1,154,325) and placement site excavation costs 
($883,935).  
 
The increased channel maintenance alternative would result in increased dredging 
and material placement costs in Lower Pool 2, but would decrease these costs in 
Pool 3 and Upper Pool 4 because more sediment would be trapped in Lower Pool 
2, and therefore, less sediment would be passed on to these other pools. This 
results in an estimated net annual maintenance cost of $2,038,260. Compared to 
the current annual dredging and placement site excavation costs of $1,803,090, 
this is an increase of $235,170.  
 
Other costs that would be expected to rise under the increased channel 
maintenance alternative, though difficult to quantify, include: 


 
- Costs to acquire new upland property for permanent dredged material 


placement 
- Labor costs for inspection, oversight, and management of additional dredge 


plants 
- Costs associated with adding additional plant (mobilization, transportation, 


etc.) 
 
Cost to navigation industry would decrease as full-sized tows (15 barges) could 
transit this stretch of the river resulting in fewer trips into and out of St. Paul 
harbor. Costs to the U.S. Coast Guard would be expected to drop due to the wider 
channel. 


Risk  


There is a high risk compared to the other alternatives. This alternative does 
provide a wider and generally safer channel than without project conditions, but it 
would be more volatile than any of the other structural alternatives, and would 
still be prone to the problems discussed in the without project condition. The risks 
include dredge plant unavailability, placement site uncertainty, increased 
maintenance costs, and declining budgets. 
 
Overall, the risk is considered high for this alternative. 


Conclusion   


Although this alternative appears to meet the objectives of this study, it would not 
be feasible to construct due to institutional implementation constraints, increased 
annual costs, and high risk. Therefore, this alternative was screened from further 
analysis. 
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4.5  Boulanger Slough Channel Realignment 


Alternative Description 


Re-align the channel through Boulanger Slough by dredging a channel from 
approximately River Mile 820 – 818. There is a remnant channel that runs 
through this area that is up to 20 feet below Low Control Pool (LCP) elevation in 
some places. A partial closing structure may be necessary to restrict the flow 
entering the current main channel and direct the flow into the new channel. The 
new channel would be dredged through the slough approximately 13 feet deep, 
330 feet wide (top width), and 8,000 feet long. Preliminary estimates show that 
this dredging would produce 243,000 cubic yards of material that would need to 
be moved to another location. 


Effectiveness  


Based on hydraulic modeling, this alternative would likely reduce the overall need 
for maintenance dredging by conveying more sediment through the channel. It 
would also remove the near 90-degree bend in the channel at Freeborn Bend and 
would make a safer and more reliable navigation channel.  
 
Overall, the effectiveness of this alternative is considered to be high. 


Environmental Effects  


Natural Resources effects would be increased in the short-term and likely 
decreased in the long-term. In general, dredging the new channel would convert 
the Boulanger Slough secondary channel into main channel habitat. The current 
main channel area would have a reduction in flows and would be converted into a 
secondary channel that would slowly fill in with sediment over time. This 
alternative would result in decreasing the channel length by approximately 3,500 
feet, or two-thirds of a mile. Freshwater mussels, macroinvertebrates, and fish in 
the area of the cutoff would be directly impacted by the construction, and animals 
living in other areas nearby may be indirectly impacted by a change in the 
hydrologic function. According to initial surveys, no federally endangered 
mussels are known to exist at the project location, but additional verification is 
needed for indirectly affected locations. Some state-listed endangered species 
have been found within the project footprint, but these species, although rare in 
Minnesota as a whole, are very prevalent throughout Pool 2.  
 
Some positive environmental impacts would also be expected to occur from this 
alternative. The total acres of side channel habitat would be increased, while the 
main channel habitat would be decreased. Side channel habitat is less abundant in 
Lower Pool 2, and would generally be preferable to main channel habitat. Also, 
an island would be constructed along the right descending bank of the current 
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main channel as a part of this alternative. Island habitat would be beneficial to 
many types of wildlife in Lower Pool 2. This island could help to promote 
vegetative growth by restricting wind and wave action in the shallow area 
between Boulanger Slough and the current main navigation channel, and could 
serve to protect and stabilize this area. 
 
Overall, the potential environmental effects of this alternative are considered to be 
low adverse. 


Socio-economic Effects    


Straightening the channel in this area improves public safety by reducing the 
hazard associated with groundings. In addition, increasing the tow size reduces 
the number of tows necessary to haul cargo within this reach and thus the number 
of opportunities for groundings. 
 
The project would also decrease costs to the navigation industry by allowing the 
more efficient transit of 15-barge tows and reducing the number of trips into and 
out of the St. Paul harbor. The Coast Guard would also realize cost savings in the 
form of reduced maintenance of navigation aids. Possible effects on recreation for 
those who access the channel from north of the bend. Potential effects to 
landowners along Boulanger Slough. 


Implementability   


There are no identified technical, social, legal, or institutional issues that would 
prevent this alternative from being implemented. One factor that could influence 
the implementability is the acquisition of a placement site. The availability and 
location of potential placement sites could cause a large variation in costs. In 
addition, a special placement site would be necessary for any material that is 
determined to be contaminated.  


Cost   


First cost to construct this alternative is $10,269,335. Assuming a project life of 
40 years and an interest rate of 3.75%, first costs expressed on an average annual 
basis is $449,700.  
 
With the project in place, future dredging costs will be expected to decrease. 
Compared with the without project condition, total dredging volume per year over 
pools 2, 3, and 4 is expected to decrease by 6,708 cubic yards (5.6%). This 
equates to a yearly cost savings of $108,067. Dredging volume reduction in pool 
2 is offset by increased dredging needs in pools 3 and 4.  
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Risk  


There is a small chance that the newly created channel would not convey as much 
sediment as expected and frequent maintenance dredging remains necessary for 
the area. Also, the sediment that flows through the channel at this area of Pool 2 
will eventually settle out somewhere downstream, so there is a small chance that 
the extra sediment could cause another area of the channel downstream to build 
faster and increase the necessary maintenance dredging at another location. The 
modeling that has been provided has showed the risk of these problems to be low. 


Conclusion   


This alternative meets the primary objectives of the project and appears to be 
feasible. This alternative should be carried forward for detailed evaluation. 


4.6  Alternatives Carried Forward for Further Development 


Following the screening process, the No Action alternative and the Boulanger 
Slough Channel Realignment alternative were carried forward for further 
development. 
 
The Alternative Screening Matrix summarizes the final screening criteria for each 
alternative. 
 
{INSERT Alt Screening Matrix} 
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CHAPTER 5.  
Further Development of 
Alternatives  


This chapter describes the development of alternatives that were carried beyond 
the initial screening process and developed in further detail. As alternative 
development progresses, there may be a variety of measures proposed to 
accomplish the objectives or overcome technical issues that arise through detailed 
study. The purpose of the chapter is to document the process of evaluating and 
selecting measures that were considered within the larger scale alternatives. 


5.1  No Action Alternative 


This alternative required no further development. Refer to chapter 4.1 for a 
description of this alternative. 


5.2  Boulanger Slough Channel Realignment 


5.2.1  DEVELOPMENT AND SCREENING OF OPTIONS 
The original Boulanger Slough Channel Realignment alternative consisted of only 
the dredging necessary to widen and deepen the slough to a navigable width and a 
closing structure to restrict flow into the old channel. However, as the alternative 
details were developed, some environmental and hydraulic constraints were 
discovered that required modifications and additions to the basic alternative. 
Several options were considered to meet each of the identified project needs, and 
the steps taken to identify the preferred options are documented in this section. 


Channel Alignment Options 


The first rough design of the Boulanger channel alignment was routed through a 
small channel border island. Removing the island was determined to be both 
costly and detrimental to a population of native freshwater mussels, including at 
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least one individual Federally-endangered Higgins’ eye pearlymussel (Lampsilis 
higginsii) that was identified on the southern side of the island. Two alternative 
channel alignments were developed to avoid the island – the “Northern 
alignment” and the “Southern alignment” as shown in figure X. 
 


 
 
The two alternative channel alignments were evaluated based on effectiveness, 
cost, and environmental impacts. The Southern alignment creates a channel with a 
large bend radius that would be the easiest alignment for towboats to navigate. 
However, the Northern alignment overlays more of the existing channel and 
therefore requires less dredging. Initial analysis of the dredging differences 
identified that the Northern alignment would require approximately 100,000 cubic 
yards less dredging, and would therefore cost significantly less to construct. No 
significant difference was predicted in the hydraulic function of the two channels, 
because both channels would be expected to transport sediment. The Northern 
alignment would cause less overall disturbance to the local ecosystem because 
less area would require dredging. For these reasons, the Northern alignment was 
the option selected for further development. 


X 


Channel options 
routed around 


existing channel 
border island 
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Channel Control Structure Options 


Hydraulic analysis of the project area revealed that in order for the Boulanger 
Channel to function properly, additional features would need to be constructed. 
Problems identified included: flow breakout and reduction of sediment carrying 
capacity, sedimentation at the head of the new channel, and outdrafts that would 
affect safe towboat travel. Several potential conceptual solutions were identified 
that could be constructed along with the cutoff channel to address these issues.  
 
Velocities in the upper reaches of the new channel were too low when only the 
channel cut was considered.  The existing flow through Spring Lake was 
sufficient to supply the capacity of the excavated channel.  Little flow was drawn 
from the navigation channel.  The addition of constructed sand islands along with 
two submerged rock sills (across the old navigation) provided the needed upper 
channel velocities.  Replacement of three historic wing dams is also proposed to 
prevent a further tightening of the Boulanger Bend alignment. 


5.2.2   FINAL BOULANGER SLOUGH ALTERNATIVE 


Figure X – Channel Control Structure Options 
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For the remainder of the document, references to the Boulanger Slough Channel 
Realignment Alternative refer to the plan described in this section. Figure X 
shows all of the proposed project features. 
 


In addition to the channel excavation, this alternative requires construction of 
islands from the head of the new channel north to tie into existing Freeborn 
Island. The island crest would be at an elevation of 688.8 (1912 datum), about 
two feet above Low Control Pool water surface (686.7 feet (1912 datum). A 
second island extension would be made from an island to the west of the channel.  
These islands would be constructed to be about 100’ wide. Wing dams and groins 
would be added to control erosion.  Some of the sand in these islands is expected 
to be sacrificial and would be expected to be reworked by the waves to form a 
beach zone around the islands. The central 60 feet of the island would be covered 
with a layer of topsoil.  
 
This alternative also requires supplemental submerged rock sills placed across the 
navigation channel which would be tied into new island extensions from existing 
left bank islands  (see Figures X and X). These sills would rise from the channel 
bottom to within four feet (682.7 feet (1912)) of the Low Control Pool water 
surface (686.7 feet (1912)). 


Figure X –Boulanger Slough Channel Realignment Alternative Features 
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The Freeborn Island Extension will run from Freeborn Island upstream towards 
the entrance of the new channel cut. The West Island Extension will extend from 
the existing West Island to the northeast. The submerged rock sills will tie into 
this island on the left bank and the Freeborn Island to the on the right bank. The 
island will be constructed primarily from sand. The constructed top width of the 
islands will be 100 feet. That width would include approximately 20 feet (on each 
side) of sacrificial sand that would erode to produce a beach zone between groins 
and vanes. 
 
Groins and/or vanes would be constructed on both sides of the island to help keep 
the sand from migrating away from the island. Rock vanes would be angled 
upstream at 45 degrees to the shoreline on the main channel side of the island at a 
spacing of 120 feet. Groins would be placed at 180 foot spacing where longshore 
current is not expected to be as significant. This would be predominantly on the 
backwater sides of the islands. The center 60 feet of the island would receive an 
additional 6 inches of fine material (for topsoil) and would be seeded. Willow 
cuttings would be planted using the standard EMP willow planting patterning.    
 
The Rock Spur is a rock dike that would rise 1.6 feet above low control pool 
elevation (LCP+1.6=688.3ft (1912)). Its primary function is to improve the 
alignment of flow into the new channel as well as increase the percentage of flow 
entering the new channel cut. The spur would be constructed of rock with a top 
width of 6 feet.  The northern side of spur would have side slopes of 2.5H: 1V. 
The southern side facing the new channel would have a 5H: 1V side slope.  This 
steeper slope is given because this side is susceptible to impact from ice and from 
tows.  The flatter slope will help ramp ice or tows ride up on the slope as opposed 
to pushing through the spur. The spur transitions into riprap along the south facing 
end of the extension of Freeborn Island. 
     
The upper left side of the channel cut would also require riprap to prevent channel 
migration to the north. The riprap would be placed in the vicinity of the tip of the 
extension of Freeborn Island and the rock spur. The side slope of the riprap and 
channel sides would be 3H: 1V. A three foot thickness would be used.  Riprap 
would also need to be placed along the island connecting the rock spur with the 
first (upstream) rock sill. 
 
Two submerged rock sills would be placed across the old navigation channel, 
below the inlet to the new channel. The sills would be constructed of rock with a 
10 foot top width and 2H: 1V side slopes. The crest elevation would be four feet 
below low control pool and will be passable to recreational boats.  
 
The Boulanger Bend approach to the entrance of the new channel remains a tight 
bend. The approach to the new channel entrance would become very difficult to 
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navigate if the Boulanger Bend channel continued to migrate further south, 
making for an even tighter bend. Historical mapping shows the locations of wing 
dams along this outer bend. Much of these historical wing dams are not 
identifiable in contemporary sounding data with the exception of the wing dam at 
river mile 820.5 (near daylight). This wing dam is particularly important since it 
holds and defines the inflection of the channel alignment. The bathymetry shows 
that a significant outflow has broken out to the south of the daylight. The wing 
dam would have a 5 foot top width with 2H: 1V side slopes. The crest of the wing 
dams would be 4 feet below Low Control Pool elevation (LCP-4=682.7).  Two 
additional wing dams would be constructed to check southern channel migration 
between river miles 820.9 and 820.5.  These wing dam locations can also be seen 
in yellow in Figure X.   These wing dams could also help concentrate discharge in 
the navigation channel and potentially reduce dredging in this bend. 
 


 
 
It is anticipated that construction of the project would begin in …. 
Discuss Phasing… 
 
 


Figure X –Detail of Junction Area 
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CHAPTER 6.  
Evaluation of  
Environmental Effects 


An environmental analysis has been conducted for the proposed action, and a 
discussion of the impacts is presented in the following paragraphs.  Because waters 
would be filled as a part of the proposed action, a Clean Water Act Section 
404(b)(1) evaluation was prepared (Appendix X).  The State of Minnesota has 
provided water quality certification as required by Section 401 of the Clean Water 
Act (see Appendix E).   
 
The effects of the no-action alternative are those expected to occur in the near-
term and into the future without the proposed alternative.  The no-action 
alternative serves as the base condition against which the proposed alternative is 
compared for evaluating effects.  The effects of the proposed alternative are the 
results of the expected differences in conditions short-term and into the future 
between the no-action and the proposed alternative.    The environmental effect of 
the no-action and proposed alternative are summarized in Table 5.1 in Chapter 5. 


6.1  Socioeconomic Effects 


6.1.1   COMMERCIAL NAVIGATION 
The primary socioeconomic effect of the channel improvement project is the 
improved efficiency of the local navigation system between Red Wing and St. 
Paul. Improved efficiency is realized by the ability to group barges into 15-barge 
tows rather than 12-barge tows as current channel conditions allow. The related 
savings in operating costs to the towing industry is an economic benefit of the 
project. Other economic benefits include costs savings to (1) the Corps of 
Engineers related to reduced maintenance dredging and (2) the Coast Guard 
related to reduced maintenance of aids to navigation (buoys and lights). 
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6.1.2   RECREATION 
There are several recreation interests in close proximity to the project area. 
Several private docks are used seasonally on the downstream end of Boulanger 
Slough and there are recreational users that currently access the main navigation 
channel from the northwest (Figure X). 
 


 
 
Project features were designed with recreational users in mind. Closing weirs are 
designed to be constructed four feet below Low Control Pool (LCP) water levels 
in order to allow normal recreational traffic to pass. The large island that would 
be constructed has significant potential for recreational use. 
 
The new navigation channel as planned would be located approximately 100 feet 
away from the private docks, which would result in navigation traffic traveling 
closer to these private docks than they have in the past. However, it is not 
uncommon for docks to be located directly adjacent to the main channel, so the 
users are not anticipated to be impacted by this action. 


Figure X – Recreation Considerations  
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6.2  Natural Resource Effects 


6.2.1   PHYSICAL SETTING 
This section summarizes the results of analyses conducted to determine the effects 
of the proposed project on physical characteristics of the project area such as 
sediment transport and hydrology. Further details of the analyses can be found in 
the Hydraulic Appendix. 


6.2.1.1 Sediment Transport 


The proposed project would alter sediment transport and deposition patterns. 
Effects would be the largest in the immediate local vicinity, but effects would be 
expected between the project area in Lower Pool 2 and the head of Lake Pepin in 
Upper Pool 4. These changes in sediment transport would have minor negative 
effects on aquatic habitat due to minor increases in sediment deposition. 
 
Patterns of sediment transport and deposition were compiled from a variety of 
sources and summarized into the sediment budget, which was completed for the 
St. Paul District Reach of the River (St. Paul District Report, 2003). This 
sediment budget, which was done for what was at the time the Navigation 
Feasibility Study, included information on suspended sediment load, bed load, 
total sediment load, the assumed ratio of bed load to total load, the percentage of 
sand in suspended sediment, and bed material (ie. sand) load. The sediment 
budget was used to analyze the potential effects of the proposed project on 
sediment transport. 
 
The project’s effects would be limited to the bed material portion of the overall 
sediment because this is the type of material that currently deposits in Boulanger 
and Freeborn Bends. Fine sediments that are normally carried in suspension 
through the project area would continue to pass through the area as they do 
presently. However, the bed material that would normally be deposited in the 
project area would instead be carried further downstream and settle out in other 
depositional areas. Sediment sinks within Pool 3 and Upper Pool 4 include 
navigation channel dredge cuts and backwater areas. Sediment that does not settle 
out in these two types of areas would be expected to be flow through into Lake 
Pepin and deposit there. 
 
Changes in sediment deposition from this project can be described in two ways: 
as a percent change in bed material, or as a percent change in total sediment 
deposition. In dredge cuts, where the majority of deposition consists of bed 
material, the percent change in bed material is probably an accurate portrayal of 
the difference between current conditions and project conditions. In backwaters 
and in Lake Pepin, a large majority of the material deposited is finer, suspended 
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sediments. For instance, at the Sturgeon Lake Inlet, the bed material would be 
projected to increase from 40,700 tons per year to 50,600 tons per year, an 
increase in bed material deposition of 24.3 percent. However, the total sediment 
load to Sturgeon Lake (bed load AND suspended load) is currently 491,700 tons 
per year. Therefore, the percent increase in total sediment deposition is only 2.0 
percent. Figure X shows the bed material deposition for existing and project 
conditions in dredge cuts and in backwater areas. 
 
The predicted changes to the sediment load entering and depositing in Lake Pepin 
are similar. The bed material delivered to Lake Pepin would increase from 60,800 
tons per year to 66,700 tons per year, an increase of 8.9 percent. The total 
sediment load delivered to Lake Pepin is estimated to be 1,030,000 tons per year, 
so the 5,900 ton increase under project conditions would increase the total 
sediment load by only 0.05 percent. The current and with-project sediment load 
between the project area and Lake Pepin is depicted graphically in Figure X. 
 
 


Figure X – Estimated Effects to annual Bed Material Deposition  
in Dredge Cuts and Backwaters of Pool 2 and Upper Pool 4 
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6.2.1.2 Hydrology 


The proposed project would not negatively impact the one-percent flood profile. 
Hydraulic modeling shows that the construction of the proposed channel increases 
conveyance and drops the water surface in the vicinity of the project area about 
0.05 feet. This effect dissipates upstream of the project site. Further discussion 
and maps can be found in the Hydraulic Appendix.  
 
Stream velocity in the immediate project area would be altered by the 
construction of the proposed project. The magnitude of change in current velocity 
is dependent upon the discharge conditions being considered. Four different 
discharge conditions were evaluated during hydraulic modeling: a low-discharge 
condition (flows exceeded 75% of the time); a medium discharge condition (flows 
exceeded 25% of the time); a high discharge condition (the 2-year flood 
condition); and an extreme discharge condition (the 100-year flood condition). 
The medium flow condition (20,560 cubic feet per second) is used in this 
evaluation to represent the magnitude of the general changes to current velocity 
due to the project because it is a common condition experienced in the area.  
 
In general, higher velocities can be seen in the new channel and lower velocities 
can be seen in Freeborn bend below the new channel inlet. Comparing the 


Figure X – Bed Material Load, Lock and Dam 2 to Lake Pepin 
With Total Sediment Load at Head of Lake Pepin Shown  
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existing and project condition velocities in figures X and X shows how the 
Freeborn Island Extension (right) and the submerged rock sills are preventing 
flow from breaking east across Freeborn Bend and shifting much of that water 
into the entrance of the proposed channel. Flow does drift north from the entrance 
to replace a sizeable percentage of flow and velocity behind this island.  
 
Channel velocity upstream and downstream of the new channel are similar for 
existing and project conditions. Under project conditions, the abandoned segment 
of the existing navigation channel would loose about 75 percent of its flow at the 
submerged rock sills. The channel quickly regains all but 25 percent of its 
discharge and velocity by the time it gets to Freeborn Island. Some of the water 
was replaced by higher flows in the channel from the west (along the south side of 
Grey Could Island). This is combined with a reduction of breakout flows to the 
east. 
 


Figure X – Percent Change of Current Velocity (at 20,560 cfs)  
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Figure X – Existing Condition Velocity (at 20,560 cfs)  


Figure X – Project Condition Velocity (at 20,560 cfs)  
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6.2.2   AQUATIC HABITAT 


Fisheries 


The proposed channel realignment would result in both positive and negative 
indirect impacts to fisheries, as well as a temporary minor negative direct 
disturbance of the habitat during project construction. The most significant impact 
would be the change in habitat types within the project area. Currently, the area 
contains approximately 80 acres of main channel habitat and 50 acres of side 
channel habitat. The project would result in a reversal of these habitat types by 
directing the main flow of the river through the current side channel and reducing 
the flows to the current main channel. Some of the changes may take years to 
fully develop, and some would be immediate. The overall result would be an 
increase in side channel habitat and a decrease in main channel habitat in Lower 
Pool 2. Side channel habitat is considered to support greater fish diversity (Weigel 
et al., 2006), so this would be expected to improve fisheries habitat in the project 
area. Additionally, the channel control island that would be constructed on the 
right descending bank of the current main channel would provide shallow 
backwater habitat, sheltered from wind and waves with minimal flow. 
 
The physical characteristics of Boulanger Slough would change directly upon 
project construction due to dredging. This would deepen approximately 33 acres 
that is currently between 4 and 12 feet deep to 13 feet. Any structure such as 
cobble, boulders, or woody debris within the dredging footprint would be 
removed. The new channel would be expected to be relatively stable, so the 
substrate interface would most likely remain similar to what is exposed after 
dredging. Approximately one-third of the proposed channel through Boulanger 
Slough is currently greater than 13 feet deep, and this substrate would not be 
expected to change. Flow velocity in the new channel would increase by between 
50% and 200% (See maps of velocity changes in Section 6.1.1.2 - Hydrology). 
 
The physical characteristics of the current main channel would be expected to 
slowly change over time as the river reacts to the new conditions and adjusts 
toward a new state of equilibrium. Due to the reduction of flow, deposition in the 
current main channel would be expected to change the substrate from shifting 
sand to a more uniform, finer-grained material. This deposition would likely 
cause a reduction in depths in some areas. Flow velocity would decrease by 
approximately 60% directly downstream of the closing weirs and between 25% 
and 35% in most areas of the current main channel (see Figure X). 
 
Overwintering habitat for flathead catfish may be impacted by the project, 
although it is uncertain how much this habitat is actually utilized by the fish. 
Based on literature describing the winter habitat preferences of flathead catfish, 
the project area would be expected to provide suitable habitat. However, surveys 
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conducted using an underwater camera identified no flathead catfish during a 
6,000-foot transect in the footprint of the proposed channel. One catfish was 
observed off the channel in Spring Lake. Based on the survey, it seems unlikely 
that the area supports large numbers of overwintering catfish. In addition, it is 
possible that the project would not directly affect the overwintering habitat 
because catfish generally prefer deeper habitat (13-30 feet deep) during the winter 
(Hawkinson & Grunwald, 1979; Newcomb, 1989; Daugherty & Sutton, 2005). 
The sites may still be indirectly affected due to change in flow velocity, but that 
may not negatively impact the usability of the site in areas where suitable 
structure is available. More detailed information regarding flathead catfish and the 
survey results can be found in Appendix X. 


Aquatic Invertebrates 


The proposed project would have minor adverse effects on biological productivity 
of macroinvertebrates including freshwater mussels. 
 
Relative to the mussel fauna within Pool 2 and other UMR pools, the areas that 
would be directly impacted by project construction do not support a species rich 
or abundant mussel community.  Historically, as many as 41 species have 
occurred in Pool 2 and presently there are 29 known species living, ten of which 
are now either federally or state protected.   
 
A number of mussel surveys were conducted in and around the study area to 
quantify the mussel resources within the project footprint. One survey focused on 
the area that would be dredged for the new main channel. Another survey focused 
on the current main navigation channel and main navigation channel border areas. 
Several searches were also conducted in Lower Spring Lake, although no project 
features would extend into that area. 
 
Within the proposed channel cut, only about half (16) the live species in the pool 
were present. Three were listed for state protection, and no federally listed species 
were present.  Density was relatively low (2.41/m2 ± 0.6) compared to other areas 
within Pool 2.  Davis (2007) reported native mussel density nearly four times 
greater, 9.02/m2 ± 1.29 in upper Pool 2 at Hidden Falls County Park.  Similarly, 
across the navigation from the study area adjacent to Lower Grey Cloud Island in 
Pool 2 (river mile 822 to 820), Kelner and Davis (2002) reported average mussel 
density of 9.8/m2 ± 0.8.  
 
Main channel and main channel border surveys were mostly qualitative timed 
searches, so densities were not obtained. In the main channel, mussels were 
absent or not abundant. In the main channel border, mussels were more abundant 
with catch-per-unit-efforts (CPUE) between 0 and 1.7 mussels per minute, with 
an average of 0.6 mussels per minute. This is a bit lower than the average CPUE 
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found near the proposed channel cut of 0.9 mussels per minute. In comparison, 
Lower Pool 2 sites considered to be “high-quality” by Kelner and Davis (2002) 
had CPUEs that ranged from 0.9 and 8.5 mussels per minute. 
 
Overall, any macroinvertebrates living in the areas within the footprint of the 
project features (the dredge cuts, island construction, or rock placement) would be 
directly impacted. Those within the dredge cuts would be removed from the 
substrate and placed on land by the dredging process, and those within the island 
or rock footprints would be buried. After the project, macroinvertebrates would 
re-colonize the project area. However, re-colonizing would be expected to reflect 
the change in habitat types between the proposed Boulagner Slough channel and 
current main channel. The 50 acres within Boulanger Slough channel may have 
reduced populations of mussels due to the faster current velocity and greater 
discharge. The 80 acres within and around the abandoned main channel would 
provide a more stable substrate and reduced current velocities compared to 
current conditions, which is likely to provide good habitat for mussels. 


Threatened and Endangered Species 


The proposed action would not affect any federally-listed species. Mussel surveys 
conducted in and around the project area (as described under the heading 


Figure X – All Project-funded Mussel Surveys  
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“Aquatic Invertebrates” above) collected no Federally-listed species. Surveys that 
were conducted nearby for unrelated purposes were also reviewed, including 
surveys conducted by the Minnesota DNR and Ecological Specialists, Inc. There 
has been one recent collection (2010) of a single, live individual Federally-
endangered Higgins’ eye pearlymussel approximately one-tenth of a mile 
upstream from the proposed project, located off of the main channel behind a 
small rock island. However, it is unlikely that the species occurs within the area 
that would be disturbed by the project given the poor habitat conditions identified 
during the surveys. The substrate consisted primarily of areas of flocculent clay 
and silt interspersed between areas of hardpan clay, which are not favorable 
conditions for mussels (See also Appendix X – Mussel Report 2011). 
Furthermore, it is highly unlikely that any other species of endangered mussels 
inhabit the project area. The winged mapleleaf and the spectaclecase are known to 
exist in the St. Croix River, but not in Pool 2 of the Mississippi River. The 
snuffbox was recently re-introduced in upper Pool 2, but has not otherwise been 
recently collected in Pool 2. The habitat within the proposed channel footprint is 
poor. The prairie bush clover is an upland plant species, and no suitable habitat 
has been identified as being disturbed by the proposed action. 
 
The proposed action would affect several state-listed mussel species. Two State-
listed endangered species - wartyback (Quadrula nodulata) and rock pocketbook 
(Arcidens confragosus); two State-listed threatened species - round pigtoe 
(Pleurobema sintoxia) and pistolgrip (Tritogonia verrucosa); and one State-listed 
special concern species - black sandshell (Ligumia recta) were found in surveys 
conducted for this project. Only the wartyback, rock pocketbook, and black 
sandshell were found within the footprint of the proposed channel alignment. The 
construction of the proposed channel alignment would result in the direct physical 
removal of any individual mussels of these species within the project footprint. 
Although rare throughout the state, the State-endangered wartyback and rock 
pocketbook have healthy populations in Pool 2 and no long-term adverse impacts 
to their populations in the pool would be anticipated due to this project. Also, as 
discussed under the “Aquatic Invertebrates” heading above, the proposed project 
would result in the creation of habitat that would better support these and other 
mussel species in the future. 


Aquatic Vegetation 


A survey was conducted for wetlands in the area between Boulanger Slough and 
the current main navigation channel. A five-foot rake was used to test points for 
evidence of vegetation. No vegetation (submergent or emergent) was found at any 
of the points sampled. In addition, no vegetation has been collected or identified 
within the project footprints during numerous other site visits, including mussel 
sampling (which includes activities such as diving and substrate extraction).  
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The lack of vegetation in the project area is likely due to site conditions that are 
not conducive to vegetative growth. Project features are located within areas near 
the main channel where the substrate is often unstable and where wind and wave 
action are high (See current conditions, Figure X). 
 
Project construction would have substantial beneficial effects on wetlands and 
aquatic habitat. The islands created by the project would have a sheltering effect 
that would substantially reduce the wind and wave action in the aquatic area 
around them (Figure X). (As of April 12, the wind model has successfully run, but 
still waiting on the wave model. The model does show a reduced wind fetch, 
which would be expected to reduce the wave action, particularly in this area of 
the river. Final results will be included in the draft report. ) 


Birds 


Due to the increase in habitat sheltered from wind and wave action as described 
under “Aquatic Vegetation” above, suitable habitat for waterfowl and migratory 
birds would be expected to increase. 


Figure X – Weighted Wind Fetch Model Results  
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6.2.3   WATER QUALITY 
Two sediment surveys (2011 and 2012) were completed in Boulanger Slough to 
characterize the existing physical and chemical properties of the sediment and to 
ascertain the possible water quality effects of the proposed dredge cut. Below is a 
brief summary of the two sediment surveys. A more detailed description of the 
surveys, including: sampling locations, depths, sampling methods, sample 
analyses and the results are presented in the Sediment Analyses Appendix. Figure 
XX shows the locations of the sediment surveys conducted within Boulanger 
Slough. 
 


 
 
For the initial survey in 2011, thirty-six samples were collected from eighteen 
boreholes randomly selected along the Boulanger Slough channel alternative. All of 
the boreholes were drilled to 12.5 feet below the water surface (689.3 ft msl 1912) 
and the cores were then split into two composite samples above and below 10 feet. 
The results of the grain size analysis showed that the sediment was primarily 
characterized as sandy lean clay, some organic fines, and dark grayish brown. On 
average of the 32 samples, 88 percent of material passed through the #200 sieve. To 
ascertain the possible toxicity of the samples to the benthic environment, the 


Figure X – Sediment Quality Testing  
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chemical results were compared to the MPCA’s SQTs. The SQTs consist of level I 
guidance for a high level of protection for benthic invertebrates and level II guidance 
for the moderate level of protection for benthic invertebrates. For the organic 
analyses, 2 of the 18 boreholes exceeded the level I or level II guidance. For the 
inorganic analyses, 9 of the 18 boreholes exceeded the level I guidance. However, 
except for the SQT level I exceedances of nickel, all of the other SQT exceedances 
were in two boreholes in the extreme downstream end of the proposed channel cut. 
In the most contaminated borehole, levels of arsenic and PCBs exceeded the MPCA 
Level 1 Soil Reference Values (SRVs) that requires disposal at a permitted landfill. 
To address the extent of the contamination in the downstream section, the USACE 
sampled the downstream section again in 2012. 
 
The 2012 survey collected sediment samples from 10 boreholes in the downstream 
section of the Boulanger Slough channel alternative. Two or three composite 
samples were analyzed for each borehole for a total of 27 samples. The composite 
samples were collected in ~2-3 foot increments in order to characterize the upper-
layer of the sediment needed to be dredged and the lower-layer that will be left in 
place and become exposed to the water column. Results again showed that there 
were some organic and inorganic contamination levels above the level I SQT 
guidance, but there were not any exceedances of the level II SQTs or level 1 SRVs. 
In addition, the composite samples did not show that dredging operations down to 
the proposed 13.3’ feet below the lowest controlled pool elevation (LCP) exposed 
any discernible contamination that wasn’t already in the surface layer.   Based on the 
2011 and 2012 surveys, it was determined by the USACE that ~ 6,131 cubic yards 
from the downstream section of the proposed Boulanger Slough channel cut would 
need to be placed at a permitted landfill, but all of the dredged material upstream 
should be considered for beneficial use along the river or placed at an upland 
placement site.  
 
Due to the consolidated nature of the material, significant amounts of sediment 
would not be expected to become suspended during the dredging process. However, 
additional best management practices (BMPs) would be used during the dredging of 
contaminated material to further reduce the potential for the dispersal of 
contaminants. These would include such measures as…  
 
{Still working with data from sediment quality testing to determine if exposed 
sediment will cause an impact, and if so, what can be done to minimize this impact.} 


6.2.4   TERRESTRIAL HABITAT 
Placement is tentatively planned for an upland area. If material is placed at a 
CMMP-approved location, no further review would be expected. If an alternate 
placement site becomes necessary, the effects of placement would be evaluated in 
an updated version of this document, or as an addendum. 
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6.2.5   AIR QUALITY 
Air quality is being assessed for two effect categories: compliance with the rules 
provided by the Federal Clean Air Act, and analysis of the greenhouse gas 
emissions and potential effects on climate change. 
 
The 1990 Federal Clean Air Act Amendments directed the Environmental 
Protection Agency (EPA) to develop Federal conformity rules. Those rules 
(promulgated as 40 CFR parts 51 and 93) are designed to ensure that Federal 
actions do not cause, or contribute to, air quality violations in areas that do not 
meet the National Ambient Air Quality Standards (NAAQS). The EPA has 
developed NAAQS for six principal air quality pollutants: carbon monoxide, 
nitrogen dioxide, ozone, lead, particulate matter, and sulfur dioxide. The final rule 
dictates that a conformity review be performed when a Federal action generates 
air pollutants in a region that has been designated a non-attainment area for one or 
more of the six NAAQS criteria pollutants. 
 
Washington County is in “attainment” of the NAAQS for each of the criteria 
pollutants, so no conformity review is required. Dakota County is listed as a 
nonattainment region for Lead under the 2008 standard. However, because no 
lead would be emitted during the construction of or as a result of this project, the 
action would be exempt from the Federal conformity rules. Therefore, no 
conformity analysis is required for the proposed project. 
 
Greenhouse gas emissions and their effect on climate change are global issues 
resulting from numerous and varied sources, with each source making a relatively 
small addition to global atmospheric greenhouse gas concentrations. Additionally, 
the ability to accurately predict the localized or short-term effects of changes in 
greenhouse gas emissions is extremely limited. Nevertheless, it is imperative for 
agencies to identify the potential emissions from project alternatives when it may 
inform the agency’s decision-making.  
 
The proposed project would be expected to produce greenhouse gasses during 
construction in the form of exhaust from various types of machinery used for 
dredging, material transport, and material placement. Over the long term, 
dredging in Lower Pool 2 would be reduced on an annual basis. Additionally, 
because the project would effectively reduce the length of the navigation channel, 
towboats travelling through the area would experience a reduction in fuel usage. 
 
The Council on Environmental Quality (CEQ) released draft NEPA guidance for 
consideration of the effects of climate change and greenhouse gas emissions in 
February, 2010. The guidance proposed a level of 25,000 metric tons or more of 
CO2-equivalent GHG emissions annually as an indicator that detailed assessment 
of greenhouse gasses may be meaningful to decision makers and the public. Using 
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estimates of fuel usage and production quantities for mechanical dredging, it was 
calculated that dredging and associated placement would result in a release of 
approximately 900 metric tons of CO2-equivalent greenhouse gas emissions. 


6.3  Cultural Resource Effects  


tribal consult, PA with SHPO needed, unless finish surveys 
 
The proposed project has the potential to impact existing and unrecorded cultural 
resources within and near the Project Area. Direct impacts may occur to several 
wing dams and unrecorded cultural resources on an island and in high probability 
areas (i.e., natural levees) that are now submerged. Indirect effects may occur to 
unrecorded cultural resources located along bedrock faces and talus/colluvial 
slopes as well as to existing cultural resources proximal to the Project Area. To 
date, some cultural resources survey work has been completed for the project. 
However, the surveys and results are incomplete and field work is scheduled for 
2013 as soon as conditions are suitable. A current assessment of potential effects 
to cultural resources follows.    


6.3.1   WING DAMS 
Collectively, Wing Dams are considered eligible for listing on the NRHP 
(Pearson 2003) Between RM 821 and RM 815.2 at Lock and Dam 2, 46 wing 
dams were placed along the main channel between 1875 and 1924. While the final 
project design is unclear, it is likely that approximately 5 wing dams may be 
impacted.  Impacts to the wing dams may involve removal or burial in place. 
Once the final plans are prepared, potential effects to wing dams will be 
determined. 


6.3.2   ISLAND NEAR RM 819.5 
The island near RM 819.5 appears to be a remnant of the greater Boulanger 
Island. It has been enhanced with dredged material.  The main channel side of the 
island likely hosted a natural levee, with the back side lower in elevation. A 
proposed revetment for the project will tie into the southern portion of the existing 
island. Because natural levees have a high potential to harbor cultural resources, a 
cultural resources survey will be completed for the island.  
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6.3.3   SUBMERGED HIGH PROBABILITY LANDFORMS 
Prior to its inundation after 1930, the Pool 2 floodplain contained a suite of 
landforms. Principal among these are natural levees, area within the floodplain 
that often remained above water during floods, are well drained and therefore 
attractive areas for a variety of human activities. A number of cultural resource 
sites have been identified on natural levees in the UMR and these landforms are 
considered to have a high potential to contain cultural resources (e.g., Benn and 
Lee 2005; Kolb and Boszhardt 2004; Perkl 2005; Hudak et al 2002). Within the 
Project Area, natural levees are evident along the main channel and Boulanger 
Slough. 
 
An analysis of the pre-inundation landforms in the Project Area uses the MRC 
1895 chart as a proxy for elevations. Low lying areas average approximately 680 
feet above mean sea level (amsl). Areas thought to coincide with natural levees 
approach elevations of approximately 690 feet amsl. Low terraces also begin at 
690 ft amsl.  Pool 2 is currently maintained with a water surface elevation of 
approximately 687 ft amsl, equating to a water level rise of approximately seven 
feet since 1930. By 1937, much of the floodplain is inundated although narrow 
islands along the main channel-the tops of natural levees-remain. By 1953 these 
features are absent. Recent bathymetry indicates that the depth of the river bottom 
ranges between approximately less than one foot to three feet over natural levees 
and from approximately three to nine feet in lower areas. The Boulanger Slough 
channel is nine feet or deeper, as is the main navigation channel. From this 
information, it appears that approximately a minimum four feet of the natural 
levees have eroded across the area, in some places to greater depths. While some 
of the pre-1930 topography can be detected, in many low lying areas 
sedimentation has occurred, in the range of three to four feet of overburden in 
general. Despite the degradation of natural levees in the Project Area, deeply 
buried cultural resources may exist in these landforms (e.g., Florin and Lindbeck 
2008; Stoltman 2005). Therefore, these features warrant cultural resources 
investigations.   
 
The method of choice for detecting submerged cultural resources is through a 
boring program that is informed from sediment cores and adapts geotechnical 
boreholes to recover cultural material (Perkl 2007). Under this program, 
equipment mounted on a pontoon barge is utilized. To begin, the river bottom 
sediments and stratigraphy are examined with a 3-inch split-spoon sampler. 
Important characteristics of the sediment column that may indicate cultural 
phenomena include buried surfaces, freshwater shell concentrations and artifacts. 
This is followed by an adjacent borehole ‘drilled’ using a jerk-line apparatus. A 4-
inch casing is set at intervals of several vertical feet through the hole to depth and 
the matrix flushed out with a water-bentonite mix using a 3-inch chopper head. 
The slurry is passed through 1/8 inch hardware cloth and the contents examined 
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for cultural material. This method can reach depths sufficient to penetrate pre-
inundated river bottom surfaces well below near surface or deeply buried cultural 
deposits.  
 
Two episodes of boring activities have been completed for the Project Area, in 
August 2011 and November 2012. A total of 33 bore holes have been excavated. 
Preliminary data indicates that the surface of the river contains areas of scouring 
and sedimentation, as predicted in a review of historical information.  However, 
this information is incomplete and requires further analysis. None of the bore 
holes completed thus far has been positive for cultural material. A third episode to 
complete the boring program will take place as soon as conditions are suitable in 
2013.   


6.3.4   BEDROCK FACES AND TALUS/COLLUVIAL SLOPES 
Boulanger Slough is situated immediately north of bedrock outcrops and 
talus/colluvial slopes. The area is known as Schaar’s Bluff and is within the 
Dakota County’s Spring Lake Park Reserve. The Lee Mill Cave Site (21DK2) is 
situated on this cliff face just south of the upstream portion of the project. There is 
potential for a variety of cultural resources to be present in this area, such as 
precontact trails, rockshelters, caves and rock art.  If such phenomena are present 
near the water line, they could be indirectly impacted from barge and motorboat 
induced wave action or directly from the placement of daybeacons and lights.  
The near waterline areas along this area will be surveyed. 


6.3.5   PROXIMAL RECORDED CULTURAL RESOURCES 
Anticipated indirect effects to identified cultural resources proximal to the Project 
Area are restricted to visual impacts. However, visual impacts from the project 
should not be detrimental as those sites that are visible from the project area as the 
river valley will not be significantly altered by gross visual insults, such as 
vegetation removal or construction of buildings and utility infrastructure. In fact, 
some of the project elements will enhance the viewshed with formation of islands, 
once prevalent in this stretch of the river. No indirect impacts are foreseen to the 
Shilling (21WA1) Archaeological District, where the navigation channel will be 
shifted away from the site.     


6.3.6   COORDINATION 
Consultation with several Native American groups is in progress. It is expected 
that the remaining cultural resources investigations will be completed before the 
final EA is issued. Following results of the investigations, coordination with the 
Minnesota State Historic Preservation Office (SHPO) will occur. If survey work 
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is not completed, the Corps will enter into a Programmatic Agreement with the 
SHPO, ensuring that the final EA may be released and that cultural resource 
investigations will be completed and any issues resolved prior to construction of 
the project. 


6.4  Cumulative Effects 


  
Cumulative effects are defined by CEQ as, “[T]he impact on the environment 
which results from the incremental impact of the action when added to other past, 
present, and reasonably foreseeable future actions regardless of what agency 
(Federal or non-Federal) or person undertakes such actions.  Cumulative impacts 
can result from individually minor but collectively significant actions taking place 
over a period of time.” 
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Table 5.1: Environmental Assessment Matrix 
 No Action Alternative Proposed Alternative 
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A.  Social Effects               
1.  Noise Levels               
2.  Aesthetic Values               
3.  Recreational Opportunities               
4.  Transportation               
5.  Public Health and Safety               
6.  Community Cohesion (Sense of Unity)               
7.  Community Growth and Development               
8.  Business and Home Relocations               
9.  Existing/Potential Land Use               
10. Controversy               
B.  Economic Effects               
1.  Property Values               
2.  Tax Revenue               
3.  Public Facilities and Services               
4.  Regional Growth               
5.  Employment               
6.  Business Activity               
7.  Farmland/Food Supply               
8.  Commercial Navigation               
9.  Flooding Effects               
10. Energy Needs and Resources               
C.  Natural Resource Effects               
1.  Air Quality               
2.  Terrestrial Habitat               
3.  Wetlands               
4.  Aquatic Habitat               
5.  Habitat Diversity and Interspersion               
6.  Biological Productivity               
7.  Surface Water Quality               
8.  Water Supply               
9.  Groundwater               
10. Soils               
11. Threatened or Endangered Species               
D.  Cultural Resource Effects               
1. Historic Architectural Values               
2. Prehistoric & Historic Archeological 
Values               
T= Temporary Effect 
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CHAPTER 7.  
Environmental Compliance and 
Review 


7.1  Applicable Environmental Laws and Executive Orders 


 
The proposed action would comply with Federal environmental laws, Executive Orders 
and policies, and applicable State and local laws including but not limited to the Clean 
Air Act, as amended; the Clean Water Act, as amended; the Endangered Species Act of 
1973, as amended; the Fish and Wildlife Coordination Act of 1958, as amended; the Land 
and Water Conservation Fund Act of 1965, as amended; the National Historic 
Preservation Act of 1966, as amended; the National Environmental Policy Act of 1969, 
as amended; Executive Order 11990 - Protection of Wetlands; Executive Order 12898 - 
Environmental Justice; the Farmland Protection Policy Act of 1981 (the proposed action 
would not result in the conversion of farmland, as defined by the Farmland Policy Act, to 
non agricultural uses); and Executive Order 11988 - Floodplain Management (raising the 
existing embankment would not encourage additional development in the floodplain since 
current floodplain zoning restricts building below elevation 1460) 


7.2  Public Involvement 


 
A series of public meetings were….  


7.3  Required Coordination 


 
Planning for the overall project has been coordinated with the public, State and Federal 
agencies, and other interested parties. Several public meetings have been held in and 
around Hastings, MN to discuss alternatives and their potential effects. The views 
expressed by the public and agencies have be considered throughout project planning.   
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7.3.1   CLEAN WATER ACT 
 


7.3.2   FISH AND WILDLIFE COORDINATION ACT, ENDANGERED SPECIES ACT  
.   


7.3.3   CULTURAL RESOURCES AND TRIBAL COORDINATION 
 


7.3.4   ENVIRONMENTAL JUSTICE 
Compliance with Executive Order 12898 Environmental Justice requires consideration of 
social equity issues, particularly any potential disproportionate impacts to minority or low 
income groups.  As discussed in Section XXXX, environmental justice considerations 
have been applied during the planning of this project. 


7.4  Distribution of Draft Environmental Assessment 


 
This environmental assessment has been provided via computer on the following website: 
http://www.mvp.usace.army.mil/fl_damage_reduct/default.asp?pageid=1384.  Limited 
hard copies and electronic copies on CD were sent to interested citizens and the following 
agencies:  
 
Federal 
 
Environmental Protection Agency 
U.S. Fish and Wildlife Service 
U.S. Geological Survey 
 


Tribes 
 
 


State of Minnesota 
 
 


Others 
 
 
 


 


7.5  Comments on the Environmental Assessment 


  



http://www.mvp.usace.army.mil/fl_damage_reduct/default.asp?pageid=1384
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We request and welcome written comments on environmental assessment.  Please 
provide written comments by Month Day, 2013, to the St. Paul District, U.S. Army 
Corps of Engineers, ATTN: Mr. Aaron McFarlane, CEMVP-PD-E, 180 Fifth Street East, 
Suite 700, St. Paul, Minnesota 55101, or by email to: 
Aaron.M.McFarlane@usace.army.mil. 
 



mailto:Aaron.M.McFarlane@usace.army.mil
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APPENDIX X: 


Economic Analysis  


 


Introduction - This analysis evaluates the benefits and costs for three alternatives that have survived the 


preliminary alternatives screening process. These alternatives include No Action, the Boulanger Cut-off 


Channel, and the Increased Channel Maintenance alternative.  Price levels are set at October 2012, the 


interest rate used for amortizing costs is 3.75%, and the project life is set at 40 years. 


Benefits - The channel improvement project in Pool 2 will generate benefits of three types: savings to 


the barge industry of tow operating costs, cost savings to the Corps for maintenance dredging, and 


savings to the Coast Guard of costs to maintain aids to navigation. Benefits represent the reduction in 


costs as a result of the project compared with those under existing conditions (No Action alternative).  


Tow cost savings result by reducing the number of tows necessary to haul barge freight between Red 


Wing and St. Paul. Currently, tows must be configured into sizes no larger than 12 barges in order to 


transit the Pool 2 navigation channel. The channel improvement project will allow tows to be configured 


into larger 15-barge units, thus reducing the total number of tows required to haul tonnage through 


Pool 2. Calculation of tow cost savings is presented in Table 1. Note that by shortening the distance 


through the project area by one mile, the Boulanger Cut-off generates somewhat greater benefits than 


the Increased Channel Maintenance alternative. 


Table 1 - Calculation of Tow Cost Savings by Alternative 


  
 


Boulanger  Increased 


Item No Action Cut-off Channel Maint 


Tons through Lock and Dam 2 *            7,941,000             7,941,000               7,941,000  


# Barges *                    7,607                     7,607                       7,607  


# Barges per tow                          12                           15                             15  


# Tows                        634                         507                           507  


  
  


  


Miles Red Wing to St. Paul                     40 39                            40  


Speed in miles per hour                   4.5 4.5                        4.5 


# Days per tow              0.370 0.361                    0.370 


Cost per hour - towboat            398.81 398.81                 398.81 


Cost per hour - barge                      9.25                       9.25                          9.25  


Cost per day per tow                  12,237                   12,903                     12,903  


Cost per tow                    4,532                     4,659                        4,779  


Total costs per year (RW - SP)            2,872,957             2,362,930                2,423,518  


Annual benefits                 510,027                   449,439  


Note - Savings between Red Wing and St. Paul 
 


  


*  Source: LPMS Lockage data       







 


 


An additional benefit of the channel improvement project is the reduction of annual maintenance 


dredging. This includes the dredging itself as well as the excavation necessary to handle the material at 


the disposal site. Cost data used for calculation of this benefit was provided by the dredging operations 


office. Dredging and excavation costs are based on past operations as well as projections of dredging 


needs for the alternative conditions. Table 2 summarizes the annual costs by alternative. Note that 


channel maintenance costs for the Increased Channel Maintenance alternative are greater than the No 


Action alternative resulting in a disbenefit for that alternative. Note also that savings in Pool 2 for the 


Boulanger Cut-off are offset somewhat by increased costs in Pools 3 and 4. 


 


Table 2 - Annual Channel Maintenance Costs by Alternative 


  
 


Boulanger Increased 


Dredging No Action Cut-off Channel Maint 


Pool 2                       631,361                        492,289                        852,337  


Pool 3                       351,572                        433,249                        280,564  


Pool 4                          23,493                           25,872                           21,425  


                     1,006,426                        951,410                     1,154,326  


Excavation 
  


  


Pool 2                       526,134                        410,241                        663,673  


Pool 3                       270,532                        333,382                        220,263  


                        796,666                        743,623                        883,936  


  
  


  


Total                    1,803,091                     1,695,032                     2,038,261  


 


 


A third benefit of a channel improvement project is the savings to the Coast Guard of maintaining aids to 


navigation within the project area. The Coast Guard estimates that savings will result from a decrease in 


the number of buoys needed to mark the channel due to fewer incidents of damage or loss from contact 


with tows. Additional savings will result due to less time in which the CG vessel will be needed to 


perform the buoy and light maintenance operations. Annual benefits for the Boulanger Cut-off are 


estimated to be $78,300 and for the Increased Channel Maintenance alternative $36,900. 


 


Benefits to the Boulanger cut-off alternative and the Increased Channel Maintenance alternative are 


summarized in Table 3. Benefits are derived simply by subtracting costs associated with the alternative 


from those under the No Action alternative. 







 


 


Table 3 – Summary of Benefits by Alternative 


 
No Action Boulanger (North) Increased Channel Maint 


Category Annual Cost Annual Cost Annual Benefit Annual Cost Annual Benefit 


Tow Costs       2,872,957         2,362,930             510,027         2,423,518             449,439  


O&M Dredging       1,803,100         1,695,033             108,067         2,038,300          (235,200) 


Navigation Aids          119,700               41,400               78,300               82,800               36,900  


Total      4,795,757         4,099,363             696,394         4,544,618             251,139  


 
 


     Benefit-Cost Summary - Table 4 summarizes the benefit-cost analysis. Based on the standard plan 


selection criteria of the Corps of Engineers, the Boulanger Cut-off, with a higher level of net benefits, 


would be the alternative recommended for implementation.    


 


Table 4 - Benefit - Cost Summary 


  
 


Increased 


  Boulanger Channel 


Category Cut-off Maintenance 


Annual Benefits 
        Tow Costs                    521,765                            459,778  


      Maintenance Dredging                    108,067                          (235,200) 


      Navigation Aids (USCG)                      78,300                              36,900  


      Total                    708,132                            261,478  


      


Costs     


      First Cost              10,269,335                        3,566,304  


       Average Annual     


              Int & Amort factor (40 yrs @ 3.75%)              0.04866                0.04866 


              Int & Amort cost                    499,700                            173,534  


      


BCR                 1.42                 1.51 


Net Benefits                    208,432                              87,944  


 


 


 







 


1 
 


LOWER POOL 2 NAVIGATION STUDY 
Preliminary Hydraulic Appendix 


3/30/2013 


  







 


2 
 


 


 


 


 


CONTENTS 
Introduction ................................................................................................................................................................... 6 


Problem Description ...................................................................................................................................................... 6 


Breakout flows .......................................................................................................................................................... 7 


Sediment ................................................................................................................................................................... 8 


Preliminary Studies ........................................................................................................................................................ 8 


WEST Engineering Study ........................................................................................................................................... 8 


ERDC - Shear Stress and Rouse Analysis .................................................................................................................... 9 


Subsequent ADH Modeling .......................................................................................................................................... 10 


ADH Steady State Hydrodynamic Modeling of Alternatives ................................................................................... 10 


Alternative - Channel Training Structures ........................................................................................................... 11 


Alternative – Boulanger Excavated Channel ........................................................................................................ 12 


Design Details of Features ....................................................................................................................................... 13 


ADH Hydrodynamic Model Results For Proposed Alternative ................................................................................ 20 


Velocity - magnitude ............................................................................................................................................ 20 


Velocity – Direction ............................................................................................................................................. 23 


Discharge Distribution ......................................................................................................................................... 24 


ADH Sediment Modeling of Proposed Alternative .................................................................................................. 27 


ADH Sediment Model Results ................................................................................................................................. 27 


Deposition patterns ............................................................................................................................................. 27 


Impacts to Spring Lake ................................................................................................................................................. 36 


Impacts to the one percent flood profile .................................................................................................................... 38 


___________________________Sediment_________________ ............................................................................... 39 


Preliminary Sediment Budget ...................................................................................................................................... 39 


Problem Description ................................................................................................................................................ 40 


Sediment Transport in Geomorphic Reach 1 ....................................................................................................... 41 


Backwater suspended sediment loads ................................................................................................................ 43 


Backwater Sediment Deposition ......................................................................................................................... 43 







 


3 
 


Lower Pool 2 Sediment Transport ........................................................................................................................... 44 


Sediment properties ............................................................................................................................................ 44 


Alternatives ............................................................................................................................................................. 46 


Sediment Budget for Bed Material Load ................................................................................................................. 46 


Results of the Sediment Budget. ............................................................................................................................. 49 


Sediment Deposition in Lake Pepin ..................................................................................................................... 49 


Increases in Dredging in Pool 3 and 4 .................................................................................................................. 50 


Sediment loads in Pool 3 and 4 backwaters ........................................................................................................ 51 


Time Scales for Response ........................................................................................................................................ 51 


References ................................................................................................................................................................... 52 


 


  







 


4 
 


Table of Figures 
Figure 1 Lower Pool 2 Map ............................................................................................................................................ 6 


Figure 2 Comparison of existing channel location with pre-inundation location .......................................................... 7 


Figure 3 Dredge cuts in lower pool 2 ............................................................................................................................. 8 


Figure 4 Channel Control Structures............................................................................................................................ 12 


Figure 5 Components of Proposed Alternative ........................................................................................................... 14 


Figure 6 Detail of Junction Area................................................................................................................................... 15 


Figure 7  Island Cross Section (does not show groins or vanes) .................................................................................. 16 


Figure 8 Typical Groin Profile ....................................................................................................................................... 16 


Figure 9 Typical Plan View of Vane .............................................................................................................................. 16 


Figure 10 Typical Profile of a Vane .............................................................................................................................. 17 


Figure 11 Typical Embankment ProfIle ........................................................................................................................ 17 


Figure 12 Rock Spur and Channel Slope Armoring ...................................................................................................... 18 


Figure 13 Location of Rock Spur and Submerged Channel RipRAP ............................................................................. 18 


FIGUre 14   Rock Sill Sections ....................................................................................................................................... 19 


Figure 15  Proposed Wing Dam Locations ................................................................................................................... 20 


Figure 16   Existing Condition Velocity at 20,560 cfs ................................................................................................... 21 


Figure 17  Velocity at 20,560 cfs - Channel Excavation with no additional features. .................................................. 22 


Figure 18  Velocity at 20,560 CFS -Channel Excavation with Islands and Submerged rock sills .................................. 23 


Figure 19  Channel Excavation Alternative with Islands and submerged rock sills (Focus on Junction) ..................... 24 


Figure 20 Location of discharge COMPUTATION ARCS................................................................................................ 25 


Figure 21 Percent change in Discharge ACROSS COMPUTATION Arcs ........................................................................ 26 


Figure 22 DePosition in feet over 5 years- Existing Conditions ................................................................................... 28 


Figure 23 Feet of deposition over 5 years - project conditions ................................................................................... 29 


Figure 24 Feet of Increased Deposition over 5 years .................................................................................................. 30 


Figure 25  Area of over 0.1 foot of Additional deposition (or less ersosion) (Ex to Pr in 5 years) ............................... 31 


Figure 26  Area of over 0.1 foot of Additional EROSION (or less deposition) (Ex to Pr in 5 years) .............................. 32 


Figure 27- Cross Section 1, 2, 3 - Existing and Project 5 Year Channel Bottom ........................................................... 33 


Figure 28 - CROSS SECTION 4, 5, 6 - EXISTING AND PROJECT 5 YEAR CHANNEL BOTTOM .......................................... 34 


Figure 29- Arcs 7, 8- EXISTING AND PROJECT 5 YEAR CHANNEL BOTTOM .................................................................. 35 


Figure 30- Arcs 1, 2, 3 - EXISTING AND PROJECT 5 YEAR CHANNEL BOTTOM ............................................................. 36 


Figure 31 Spring lake Flow Transect Location ............................................................................................................. 37 


Figure 32  Stage increase in feet for the one perCent discharge................................................................................. 38 


 


 


 


  







 


5 
 


Table of Tables 
 


 


Table 1 Comparison of Existing and Project discharge into SpriNG Lake .................................................................... 37 


Table 2 Mississippi River Sediment Loads in Geomorphic Reach 1 ................................ Error! Bookmark not defined. 


Table 3 Sediment sinks in pool 3 and upper pool 4 ........................................................ Error! Bookmark not defined. 


Table 4 Sediment Loads to Lake Pepin ........................................................................... Error! Bookmark not defined. 







 


6 
 


  


 


INTRODUCTION 


 


This document focuses on Lower Pool 2 of the Mississippi River and the sediment deposition problems in 


Boulanger and Freeborn Bends.    Increased rates of deposition and frequent groundings in the Freeborn Bend area 


have been taking a high rate of dredging to maintain.  Increased sediment from the Minnesota River, which has 


seen a great increase in discharge over the last decade,   is expected to continue into the foreseeable future. 


PROBLEM DESCRIPTION 


Location 


Figure 1 shows an image of lower Pool 2 enhanced by bathymetry shading to show the navigation channel.   These 


bends are in the Lower end of Pool 2 about three to six miles upstream of the dam.  The area is in the lake like 


portion of the pool where bounding islands are largely absent.  Currents still follow the navigation channel but the 


channel often looses significant break out flows that flow across bends and head generally towards the dam. 


FIGURE 1 LOWER POOL 2 MAP 
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 BREAKOUT FLOWS 


The channel at Freeborn Bend has been migrating downstream.  West side of meander (between 819 and 820) is 


moving east and East Side is also shifting east.  Wing Dams are being lost. Revetment below river mile 819 has 


significant loss.  This is allowing for a lot of breakout flow out of the channel.    Flow is also lost to the south from 


Boulanger Bend into lower Spring Lake. 


FIGURE 2 COMPARISON OF EXISTING CHANNEL LOCATION WITH PRE-INUNDATION LOCATION 
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FIGURE 3 DREDGE CUTS IN LOWER POOL 2 


 


 SEDIMENT  


The district has had to spend a great deal of money maintaining Boulanger and Freeborn bends (RM 818 – 821).  


Historically this reach has been dredged about a 20-35% frequency; approximately once every three years.  Since 


2006 Freeborn and Boulanger bends have been dredged annually.  In the last 6 years the district has done about 


11 years worth of dredging.    The cause is a trend of higher discharges in both the Mississippi and Minnesota 


Rivers.  The Mississippi River Discharges have risen about 25 percent and the Minnesota River has increased about 


70 percent.   The Minnesota River is also the primary source of sediment to Pool 2.  


 


PRELIMINARY STUDIES 
Two studies were done prior to or concurrent to this latest analysis.  The first study was done prior to this latest 


analysis by WEST Engineering and resulted in the “Mississippi River (Pool 2) 2-D ADH Model Development” report.  


The U. S. Army Engineer Research and Development Center (ERDC) also completed a letter-report entitled “Pool 2 


Numerical Modeling”.  This report was done mid-way through this analysis.  Both documents are supplied as 


addendums to this appendix. 


 WEST ENGINEERING STUDY 


The study done by WEST Engineering produced an ADH hydrodynamic/sediment model and investigated the 


effects of an initial set of alternatives.  The WEST document describes the ADH model construction, alternatives, 


Freeborn 


Bend 


Bolanger Bend 


Spring Lake 
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and sediment results.  Alternatives included the raising of sets of existing wing dams and an initial investigation of 


the Boulanger channel excavation alternative.  The study concluded that raising existing wing dams would not have 


a significant effect on dredging.  They also indicated that an early version of the channel excavation alternative 


should work.  Unfortunately the modeled version of the channel was much wider than we are authorized to 


construct in Pool 2 (200 foot).  This study is attached as an addendum. 


 ERDC - SHEAR STRESS AND ROUSE ANALYSIS 


The ERDC study was conducted mid way through the current analysis.  ERDC used the hydrodynamic portions of 


the ADH model (without sediment) to produce bed shear stress and Rouse Number for several alternatives.  Shear 


stress was used to indicate if the representative grain size of 0.44 mm will be mobilized at various discharges.  The 


Rouse Number was used to identify if mobilized sand would be moved in suspension or as bed load. 


The study looked at four alternatives:   


a. 1A – Navigation Control Structures – Revetments/Islands to reduce breakout flows.  Lowered crest 


elevation to 0.3 feet compared to original studied that was 1.3 feet above low control pool. 


b. 1B – Reduced extend of revetment/islands in alternative 1A. 


c. 2A – Excavation of Channel across Freeborn Bend 


d. 2B – Excavation of Channel across Freeborn Bend with one channel submerged rock sill. 


Discharges run: 


Low – 75% Duration =       5,970 cfs (Little sediment moving in system) 
Medium 25% Duration = 20,560cfs -   (Project should pass sediment) 
High 2-year =                     43,000 cfs – (Project should pass sediment) 
100 Year –                       150,000 cfs   (latest FIS) for stage comparison between Existing and Alternative 
 


The study identified that both alternatives 1A and 1B produced unacceptable stages increases.  [The alignment of 


the upper end of the proposed channel has subsequently been shifted to miss a critical Higgins’ Eye Pearly Mussel 


(endangered animal) zone.]   Alternative 2A and 2B would improve the transport ability of the navigation channel 


through Freeborn Bend but would not be able to meet the allowable stage increase criteria of 0.005 feet. 


Both alternatives 2A and 2B showed good Rouse numbers in the lower three quarters of the channel cut. The 


channel dimensions of the channel cut for Alternatives 2A and 2B are the same as the currently proposed channel. 


The representative grain size of 0.44mm would be transported in the Rouse Number ranges for suspended 


transport through most of the channel.   The addition of the submerged rock sill on the original navigation channel 


downstream of the new channel inlet helped some.    There was a significant drop in velocity in the upper end of 


the channel.  Further modifications would have to be made to address the velocity and sedimentation concerns in 


the upper end of the channel cut.   It should be specially noted that this analysis only looked at the ability of the 


channel to move a particular grain size.  It does not make conclusions about the routing of sediment to predict 


erosion or deposition.   
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SUBSEQUENT ADH MODELING 


 


Following WEST Engineering’s and ERDC’s modeling efforts, further modeling was done using a slightly revised 


version of the original model.  The general procedure was to use hydrodynamic steady state modeling to identify 


alternative alignments and to investigate velocity magnitude and direction to provide a reasonable assurance that 


sediment problems would not be associated with the final design.  As noted in the above section,   additional 


features needed to be added to improve velocity characteristics in the upper part of any new channel alternative.   


The modified alternative was then modeled using the sedimentation routines in ADH as a final check for problem 


areas.   


 ADH STEADY STATE HYDRODYNAMIC MODELING OF ALTERNATIVES 


The ADH modeling from WEST Engineering was given some minor modifications for hydrodynamic runs and for 


sedimentation analysis.      


  Primary changes to WEST ADH Model 


-A shallow water area at lower end of Spring Lake.  Aerial photos and field investigation 


of this area showed a significant shallow water area separating lower Spring Lake and 


the navigation channel.  The original model showed this area as having fairly deep 


water.   


   -Reduce height of right side wing dams (River Mile 820.5 to 821) 


   -Reduced height of a high area near dam just above the dam 


-Running newer version of ADH (Version 4.3) for all but the 1 percent exceedance runs 


(used Version 3.1.3).  The 1 percent exceedance runs using Version 4.3 were oscillating 


too much within the micro ranges to give reasonable stage increase values to 


thousandths of feet. 


-Time step used for sedimentation runs was increased to from 0.5 days in WEST model 


1 day.  Quasi-steady state modeling still uses the 0.5 day time step. 


 


The revised existing condition and project condition ADH models were used for steady state hydrodynamic 


investigation of the affect of various alternatives on velocity, and for determining stage impacts on the 1 percent 


exceedance flood.        


 


The same discharges used in the ERDC study were used in the steady state modeling.    These discharges are 


identified below: 


 The 75-percent duration exceedance discharge represents low flow conditions typically found in the winter or 
late summer.  A value of 5970 cfs was used for this study. 
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 The 25-percent duration exceedance discharge is above average but just below the discharge range where 
significant sediment transport begins.  Channel maintenance surveys usually cease when flows exceed the 25-
percent exceedance value. A value of 20560 cfs was used for this study. 


 The 50-percent exceedance frequency discharge (2-year)   represents a high flow (or bankfull) condition.  It is a 
good surrogate for the discharges that are exceeded 1% to 20% of the time, when significant sediment 
transport occurs.    A value of 43,000 cfs was used for this study. 


 The 1-percent exceedance frequency discharge (150,000 cfs) was used to identify flood stage impacts for use 
by the Minnesota DNR in their role of managing the National Flood Insurance Program. 


 


The modeling was focused on two types of alternatives.  These were training structures and the bypass channel 


excavation alternative.   


ALTERNATIVE - CHANNEL TRAINING STRUCTURES 


 


The training structures had been roughly modeled and analyzed in the WEST report.  That study investigated a 


simple alternative of elevating wing dams to effect better scouring of the navigation channel.     


The district is typically constrained by Minnesota Department of Natural Resources and other agency constraints 


on wing dam construction.   Typically wing dam crests must not be higher than four feet below low control pool 


elevation so as not to cause a hazard to recreational boats.  Aesthetics are also an important consideration along 


the river.  There are few wing dams that are much higher than low control pool in the Saint Paul District.  


The primary difficulty in maintaining the navigation channel in the Boulanger Bend and Freeborn is the loss of 


discharge from navigation channel.   This area is in the lower portions of Pool 2 where the overbank areas are 


significantly submerged (5 to 6 feet).  A lot of flow leaves the navigation channel (right bank) and cuts across 


Freeborn Bend (roughly from River Mile 820 to 818.5).  The Freeborn Bend meander has been migrating to the 


east and has meant a loss of old submerged revetment on the left bank that once helped contain flow within the 


channel.  The loss of these revetments means that a good portion of the flow remaining in the navigation channel 


leaves the right bank and heads east through the backwaters towards the dam. 


 A more effective means of using training structures to maintain higher velocity in the navigation channel was to 


restrict these breakout flows.  The training structure alternative used islands build along the right bank in upper 


Freeborn Bend and the left bank downstream of Freeborn Bend.     The islands were modeled to be about 1.5 feet 


above low control pool elevation.  The image in the following figure shows the alignments of these features.  


Steady state modeling of this alternative showed that for features significant enough to keep higher velocities in 


the channel,   stage increases for the 1 percent flood (100 –year) would be unacceptable (above 0.005 feet).  


Allowable stage increases must be below 0.005 feet to satisfy the Minnesota DNR’s floodplain regulations for 


construction within a floodway.  This alternative produced a stage increase of about 0.025 feet which is over the 


limit.   It did not appear likely that this type of alternative would be effective if reduced in scale so that it would 


have only 0.005 feet of stage increase.  Subsequent, reduced versions of this alternative were looked at in the 


ERDC study (see above). 
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FIGURE 4 CHANNEL CONTROL STRUCTURES 


 


 


 


ALTERNATIVE – BOULANGER EXCAVATED CHANNEL 
 


The authorized channel width (taken to be bottom width) for the Boulanger excavated channel alternative is 200 


feet.  The channel modeled in the WEST study was much wider than this.    New modeling was done to study this 


alternative.   Various channel alignments were investigated.    


Early on it became clear that simply cutting the channel would have some design weaknesses.  The ERDC study 


identified potential deposition in the upper part of the constructed channel.   Velocity in the upper end of the new 


channel was very low.  Little water was leaving the navigation channel.  Velocity vectors were also oriented across 


the channel.  This low velocity region would be prone to channel sediment deposition.   The reason for this low 


velocity region is the large amount of flow passing through Spring Lake.   About 20-25 percent of total river flow 


currently goes through Spring Lake at its upstream inlets.  Additional flow enters lower Spring Lake from Boulanger 


Bend.  This existing flow through Spring Lake is enough to supply most of the capacity for a new bypass channel.    


Little water is drawn from the navigation channel.   The low velocity area extends primarily from the channel head 


towards Sharr’s Bluff.   


There are several ways to encourage higher discharge and velocity in the upper end of the channel cut.  These are: 
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a. Reduce flow into Spring Lake upstream inlets 


b. Reduce flow into Spring Lake from navigation channel along lower end of lake. 


c. Restrict breakout flow across Freeborn Bend. 


d. Restriction of main channel below the head of the proposed channel cut. 


A quick look at reducing flow into Spring Lake at the upstream inlets showed that a significant reduction would 


produce unacceptable 100 year stage increases would be experienced upstream in the areas around the C.F. 


Industries loading facilities.    This option would also increase concerns that a lot of effort would be required to 


insure that Spring Lake’s bounding islands would not suffer blowouts, channel cutting, or shoreline erosion.  


The restriction of break out flow from the navigation channel into lower Spring Lake along Boulanger Bend would 


be an option that would have been preferable had the channel cut taken a route closer to the bottom of Spring 


Lake.    A southern route of the channel was considered that would have extended much further west than the 


proposed alignment.   The southern route for the channel would have significantly reduced the radius of curvature 


of the channel in Boulanger Bend.  This alignment was eliminated because of a much higher cost for excavation. 


The chosen channel alignment makes the restriction of breakout flows across Freeborn Bend the better option 


because it can be accomplished with smaller supplemental features.  Many iterations were done with alignments 


and features that would provide acceptable velocity magnitude, velocity direction, stage increase, and accessibility 


of channel to tows. 


This alternative requires construction of islands from the head of the new channel north to tie into existing 


Freeborn Island.    The island crest would be at an elevation of 688.8 (1912 datum), about two feet above Low 


Control Pool water surface (686.7 feet (1912 datum).    


This alternative also requires supplemental submerged rock sills placed across the navigation channel which would 


be tied into new island extensions from existing left bank islands  (see Figure 5 and 6).  These sills would rise from 


the channel bottom to within four feet (682.7 feet (1912)) of the Low Control Pool water surface (686.7 feet 


(1912)). 


 


DESIGN DETAILS OF FEATURES 


 


The following text and images itemize and detail some of the feature components to this alternative.   Locations of 


the feature parts can be found in Figures 5 and 6. 


 







 


14 
 


FIGURE 5 COMPONENTS OF PROPOSED ALTERNATIVE 


Sand Island 
Sand Island 


 


Submerged Rock Sills 
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FIGURE 6 DETAIL OF JUNCTION AREA 


FREEBORN ISLAND AND WEST ISLAND EXTENSIONS 


 


The Freeborn Island Extension will run from Freeborn Island upstream towards the entrance of the new channel 


cut.    The West Island Extension will extend from the existing West Island to the north east.  The submerged rock 


sills will tie into this island on the left bank and the Freeborn Island to the on the right bank. 


The islands would be constructed primarily from sand.  The constructed top width of the islands would be 100 feet.    


That width would include approximately 20 feet (on each side) of sacrificial sand that would erode to produce a 


beach zone between groins and vanes.   Figure 7 shows a cross section of the island including a dashed line 


showing the beach zone.   Groins and or vanes would be constructed on both sides of the island to help keep the 


sand from migrating away from the island.   Rock vanes would be angled upstream at 45 degrees to the shoreline 


on the main channel side of the island at a spacing of 120 feet.  Groins would be placed at 180 foot spacing where 


longshore current is not expected to be as significant.  This would be predominant on the backwater sides of the 


islands.  The center 60 feet of the island would receive an additional 6 inches of fine material (for topsoil) and 


would be seeded.  Willow cuttings would be planted using the standard EMP willow planting patterning.   A similar 


island  extension would connect with an island to the west of the channel.  


Rock Spur 


Riprap on Cut Slope 


Riprap on end of Island 


Riprap to first rock sill 


Sand Island 


Submerged Rock Sill 
Sand Island 
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 Figure 7  Island Cross Section (does not show groins or vanes) 


 


FIGURE 8 TYPICAL GROIN PROFILE 


 


   


FIGURE 9 TYPICAL PLAN VIEW OF VANE 
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FIGURE 10 TYPICAL PROFILE OF A VANE 


 


FIGURE 11 TYPICAL EMBANKMENT PROFILE 


ROCK SPUR AND ARMORED CHANNEL CUT 
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FIGURE 12 ROCK SPUR AND CHANNEL SLOPE ARMORING 


 


FIGURE 13 LOCATION OF ROCK SPUR AND SUBMERGED CHANNEL RIPRAP 


SUBMERGED ROCK SILL 


 


Figure 14 shows a cross section of one of the two submerged rock sills that would be placed across the old 


navigation channel, below the inlet to the new channel.    The sills would be constructed of rock with a 10 foot top 


width and 2H: 1V side slopes. 


 


Rock Spur 


Channel 


Riprap 
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FIGURE 14   ROCK SILL SECTIONS 


 


WING DAMS   


 


The Boulanger Bend approach to the entrance of the new channel remains a tight bend.  The approach to the new 


channel entrance would become very difficult were the Boulanger Bend channel to push further south.  This would 


make for an even tighter bend.   Historical mapping shows the locations of wing dams along this outer bend.  These 


can be seen in red in Figure 15.    Much of these historical wing dams are not identifiable in contemporary 


sounding data with the exception of the wing dam at river mile 820.5 (near daylight).    This wing dam is 


particularly important since it holds and defines the inflection of the channel alignment.    The bathymetry shows 


that a significant outflow has broken out to the south of the daylight.    The wing dam would have a 5 foot top 


width with 2H: 1V side slopes.    The crest of the wing dams would be 4 feet below Low Control Pool elevation 


(LCP-4=682.7).  Two additional wing dams should be constructed to check southern channel migration between 


river miles 820.9 and 820.5.  These wing dam locations can also be seen in yellow in Figure 15.   These wing dams 


could also help concentrate discharge in the navigation channel and potentially reduce dredging in this bend. 


Low Water 


Elevation = 


686.6(1912) 
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FIGURE 15  PROPOSED WING DAM LOCATIONS 


 ADH HYDRODYNAMIC MODEL RESULTS FOR PROPOSED ALTERNATIVE 


VELOCITY - MAGNITUDE 


 


 Figures 16, 17 and 18 show the ‘medium’ flow condition (20,560 cfs) velocities (ft/s) in the new channel for 


existing condition, channel excavation alone and when accompanied by the island construction and the submerged 


rock sills.  This condition is lowest discharge run where sediment is moving in the system (ERDC).  The images show 


color shading and contours of velocity.  Comparing the existing condition and the channel cut only images (Figures 


16and 17) shows that for this option, channel velocities in the new channel would be very low in the upper end of 


the new channel.  Addition of the islands and submerged rock sills greatly improves the performance of the 


channel.  In addition to the higher velocity in the upper channel, higher velocity is maintained throughout the 


proposed channel cut.     Figure 18 shows that the higher velocities in upstream and downstream river reaches that 


do not have deposition problems are maintained continuously throughout the new navigation channel system.     


Wing Dams to Rebuild 
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FIGURE 16   EXISTING CONDITION VELOCITY AT 20,560 CFS 
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FIGURE 17  VELOCITY AT 20,560 CFS - CHANNEL EXCAVATION WITH NO ADDITIONAL FEATURES. 







 


23 
 


FIGURE 18  VELOCITY AT 20,560 CFS -CHANNEL EXCAVATION WITH ISLANDS AND SUBMERGED ROCK SILLS 


VELOCITY – DIRECTION 


 


The following image shows velocity contours and directional velocity vectors in the vicinity of the channel 


entrance.    Velocity is maintained in the upper part of the channel.    The velocity vectors are reasonably aligned 


with the channel.  The vectors also show outdraft to the north from the channel.   The direction of vectors show 


that this out-draft should be gradual and at moderate velocity.   Discharge coming from Spring Lake to the south 


also has a gradual inflow to the channel.  This inflow merges into the channel at a narrow angle over a fairly long 


reach.  This should be gradual enough so as to not cause a problem for navigation.    
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Figure 19  Channel Excavation Alternative with Islands and submerged rock sills (Focus on Junction) 


 


 


DISCHARGE DISTRIBUTION 
 


The following two figures (20 and 21) show how the flow distribution changed by the project.  Figure 20 shows 


various transect locations.  Figure 21 shows the percent change in discharge from existing to project conditions for 


each transect.   The changes for the four flow conditions are each shown in the graph.   Transect 1 crosses the river 


between the entrance of the new channel to Grey Cloud Island to the north.  This transect could see an increase of 


5-10 percent between the 25 percent duration discharge and the 2 year discharge.  The reduction is larger for the 


low flow condition (little sediment is moving at this discharge).    Transect 2 shows reduced discharge and transect 


3 shows increased discharge which isn’t surprising considering the features of the alternative.  Transects 4, 5, and 6  


on the portion of  abandoned navigation channel receive less discharge and Transects 11 and 12 which cross the 


proposed new excavated channel receive an increase in discharge.   Transects 7, 8, 9, and 10 show very small 


changes. 
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About 60 percent of the navigation channel flow would enter the new channel entrance.    This should help 


descending tows position themselves within right channel currents which would be destined for the inlet.   


FIGURE 20 LOCATION OF DISCHARGE COMPUTATION ARCS 
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FIGURE 21 PERCENT CHANGE IN DISCHARGE ACROSS COMPUTATION ARCS 


 


  


Arc 1 Arc 2 Arc 3 Arc 4 Arc 5 Arc 6 Arc 7 Arc 8 Arc 9 Arc 10 Arc 11 Arc 12 


at 5970 cfs 16% -65% 107% -40% -38% -31% 1% 0% -1% -6% 119% 48% 


at 20560 cfs 10% -58% 95% -34% -25% -23% 1% 0% -1% -3% 100% 42% 


at 43000 cfs 6% -51% 76% -24% -13% -14% 1% 0% 0% -2% 78% 35% 


at 150000 cfs 0% -18% 18% 3% 1% -6% 1% 0% 0% -1% 37% 24% 
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 ADH SEDIMENT MODELING OF PROPOSED ALTERNATIVE 


 


The sediment capabilities of the ADH model were used to look at scour and deposition in the areas directly 


impacted by the proposed alternative.   Several changes have been made to the ADH model.  These changes 


potentially affect sediment transport calculations.  The ‘Primary changes to WEST ADH Model ‘section 


above identified some general hydrodynamic parameter changes done to version of ADH supplied by WEST 


Engineering.      In addition to these, the boundary inflow sediment concentration was replaced with the 


Equilibrium Sand Transport Boundary Condition.  This condition prevents down-cutting at the upstream boundary.  


The model produces enough inflowing sediment to maintain sediment equilibrium at the upstream boundary.     


The newest version of ADH (Version 4.3) was used for new runs.  It proved much more stable and eliminated much 


of the questionable deposition patterns identified in the WEST report.   The computational time step was 0.5 hours 


in the original WEST modeling.  This time step frequently led to model instability problems in both the original ADH 


version 3.1.3 and the newest ADH version 4.3.   Longer time steps were allowed and model performance was 


increased and model run times were greatly reduced.  A time step of 1 hour was proposed for the final sediment 


runs.   Existing conditions and the chosen alternative were rerun and compared.  


The changes to the ADH code and to the time step could affect some of the computational results of the ADH 


models.    These changes create some differences in magnitude of deposition and erosion however they do not 


really alter the areal trends.   It seems best to assume that the model is helpful as a qualitative study of 


the effects of the project on sediment transport.  It should be able to identify reaches that would have 


a tendency to accumulate sediment and pass sediment.     It is not clear if the model is able to describe 


rates of erosion and deposition with much precision.  That is always asking a lot from a sediment 


model.       Nevertheless, it is a useful tool for identifying trends and as another means (along with 


velocity and the Rouse analysis) to identify potential problems with the design. 


 


ADH SEDIMENT MODEL RESULTS 


DEPOSITION PATTERNS 


 


The erosion and deposition patterns in the project area for existing and project conditions are shown in Figures 22 


and 23.  Red areas signify deposition and blue areas represent erosion.  The depths of erosion/deposition are 


based on a model run time of 5 years (500 days of sediment-moving discharges).  Each image shows deposition 


within the deep portions of the existing navigation channel.  The results for both existing and project condition 


show more deposition in the deep portions (>13ft) of the channel than is thought to actually occur.   The fact that 


the deposition pattern in the navigation channel is also seen in the existing condition figure indicates that the 


existing condition run does not provide relatively static sediment equilibrium.   Figure 24 shows the difference in 


feet of deposition between existing and project conditions at the end of the five year simulation.  This image 


shows the best indication on the change in deposition and erosion between existing and project condition.  Figures 


25 and 26 simplify the data by classifying areas where more deposition (or less erosion) would be seen under 


project conditions (Figure 25) or alternately for more erosion (or less deposition) (Figure 26). 
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FIGURE 22 DEPOSITION IN FEET OVER 5 YEARS- EXISTING CONDITIONS  
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FIGURE 23 FEET OF DEPOSITION OVER 5 YEARS - PROJECT CONDITIONS 
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FIGURE 24 FEET OF INCREASED DEPOSITION OVER 5 YEARS 
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FIGURE 25  AREA OF OVER 0.1 FOOT OF ADDITIONAL DEPOSITION (OR LESS ERSOSION) (EX TO PR IN 5 YEARS) 
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FIGURE 26  AREA OF OVER 0.1 FOOT OF ADDITIONAL EROSION (OR LESS DEPOSITION) (EX TO PR IN 5 YEARS) 


 


These figures do not show the magnitude of erosion and deposition very well. Numbered computational arc 


locations can be seen in Figure 22. The following section plots show  


a)  Bed elevation at the beginning of the simulation. 


b) Existing condition bed elevation after the 500 day (5 year) simulation 


c) Project condition bed elevation after 500 days of simulation. 


d) Low control pool elevation (same for all plots).  This can be used to estimate depth from low control pool 


elevation. 


 


Figure 27 shows the uppermost three arc sections.  Arc 1 (blue plots), uppermost of the arcs shows that the 


channel bottom gets deeper for both existing and project condition.  Arc’s 2 and 3 each show similar amounts of 


deposition for existing and project conditions.  Arc 3 shows the most dramatic filling of the deep water (23 foot) 


channel for both existing and project conditions.   A dredging problem is not expected upstream of the new 


channel because end of simulation sections for both existing and project condition are almost identical.     


Continued dredging of this area would be expected to continue at rates similar to today.  
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Figure 28 shows arcs 4, 5 and 6.  These arcs transect the historic navigation channel downstream of the inlet of the 


new channel.  Arc 4 (green) is located between the submerged rock sills in the heart of a deposition zone.  The 


model shows some deposition for existing conditions and several more feet for project conditions.  Arc 5 is at the 


upper extent of the increased deposition zone.  Most of the bed change occurs over the existing condition run with 


little additional deposition under project conditions.  Arc 6 actually sees a reduction in sediment for project 


conditions.  This may be due to the increased deposition occurring upstream closer to the submerged rock sills. 


Figure 29 shows the arcs on the navigation channel along the east side of Freeborn Bend.  There is little difference 


between existing and project condition erosion or deposition rates.  Figure 3 shows three arcs across the proposed 


channel cut.   All of the sections look stable with a slight trend towards deepening. 


     


 FIGURE 27- CROSS SECTION 1, 2, 3 - EXISTING AND PROJECT 5 YEAR CHANNEL BOTTOM 
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FIGURE 28 - CROSS SECTION 4, 5, 6 - EXISTING AND PROJECT 5 YEAR CHANNEL BOTTOM 
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FIGURE 29- ARCS 7, 8- EXISTING AND PROJECT 5 YEAR CHANNEL BOTTOM 
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FIGURE 30- ARCS 1, 2, 3 - EXISTING AND PROJECT 5 YEAR CHANNEL BOTTOM 


 


  


 


 


 


IMPACTS TO SPRING LAKE 
 


The geometry of the Spring Lake inlets were roughly modeled and calibrated in the original WEST report.  The ADH 


model was used to estimate the amount of flow change to Spring Lake due to the proposed alternative.   Flow into 


Spring Lake was broken into two source regions.  Total flow into Spring Lake was compared.  Figure 31 shows a 


blue transect across the inlets and islands of Spring Lake.  Discharge crossing this blue line was calculated for 


existing and project conditions. Table 1 shows discharges across this transects and the calculated change in flow 
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from existing to project conditions.  The model results show a drop  of 2 percent in discharge flowing through 


spring lake following construction of the proposed alternative.   


 


FIGURE 31 SPRING LAKE FLOW TRANSECT LOCATION 


 


 


 Spring Lake Inflow – 
Existing Conditions   


Spring Lake Inflow- 
Project Conditions   


 
cu meters/s     cu meters/s     


 
              


Low – 75% Duration = 5970 cfs  
46.81 28% 


 


46.04 
  


28% -2% 


Medium 25% Duration = 20560cfs  
161.446 28% 


 


158.512 
  


27% -2% 


High 2-year = 43000 cfs  
411.4 34% 


 


409.911 
  


34% 0% 


100 Year – 150,000 cfs    
1895.737 45% 


 


1894.878 
  


45% 0% 


TABLE 1 COMPARISON OF EXISTING AND PROJECT DISCHARGE INTO SPRING LAKE 
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IMPACTS TO THE ONE PERCENT FLOOD PROFILE 
The impact on the one percent flood profile is particularly important to the Minnesota Department of Natural 


Resources.  Figure 32 shows the impact in feet on these river stages.    The construction of the channel increases 


conveyance and drops the water surface about 0.05 feet.  Moving upstream most of this decrease is lost upstream 


of the islands and rock sills.   The stage increase of about -0.003 (a decrease of 0.003 feet) upstream of the project 


is still lower than existing conditions and should be acceptable.     


 


FIGURE 32  STAGE INCREASE IN FEET FOR THE ONE PERCENT DISCHARGE 
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___________________________SEDIMENT_________________ 


PRELIMINARY SEDIMENT BUDGET 
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PROBLEM DESCRIPTION 


Pool 2 is located in Geomorphic Reach 1 (GR 1) which is defined as the reach of the Upper Mississippi River from 


the Head of Lake Pepin to the Twin Cities (Cumulative Effects Report, 2000).   Sediment transport has a significant 


effect on navigation channel maintenance, and habitat in this reach.  Approximately 230,000 cubic yards of sand 


are dredged in GR 1 on an annual basis (based on 1981 – 2012 dredging volume data, St. Paul District).  The 


concentration of total suspended sediment (TSS) is high enough (average summer TSS = 38 mg/L based on Long 


Term Resource Monitoring Program data) to have an effect on under water light penetration and aquatic 


vegetation growth. 


Lower Pool 2 has been significantly changed by the construction of Lock and Dam 2.   Submergence of the natural 


levees and backwaters combined with the shift in vegetation communities decreased flow resistance in the 


backwaters causing secondary channel formation and expansion and increased backwater conveyance over time.     


For existing conditions Baldwin Lake and Spring Lake, the two largest backwaters in Lower Pool 2, convey 


approximately 18-percent and 23-percent of the flow for a total river discharge of 20,600 (the discharge exceeded 


25% of the time annually).   Downstream of Spring Lake, flow is spread out over the completely submerged 


floodplain. These flow conditions cause a decrease in stream power in the main channel resulting in sediment 


deposition, and dredging if the navigation channel becomes too shallow.   


Navigation in the pool is maintained by dredging, the use of channel control structures such as wing dams; closing 


dams, and bank revetment; snag removal; accurate channel marking; and close monitoring of conditions.  There 


are 4 dredge cuts in Lower Pool 2 located downstream of the secondary channels entering Baldwin and Spring 


Lake.  These include Pine Bend Foot Light, Boulanger Bend, Boulanger Bend Lower Light, and Freeborn Light.  At 


Pine Bend Foot Light, dredging has been occurring on a regular basis dating back to the 1940s.  At Boulanger Bend 


and  Boulanger Bend Lower Light dredging was done intermittently from 1935 to 1955, no dredging was done from 


the mid 1950s to the early 1970s, a large quantity of dredging was done during the 1971-75 time frame, followed 


by a period of minimal dredging from 1976 to 1988.  Dredging at Freeborn Light began in the early 1990s and 


continues to this day.  Since the early 1990s, dredging has been done on a more frequent basis at all of these 


dredge cuts.  


Because of the narrow channel widths maintained in Pool 2 (the congressionally authorized width is 200 feet 


versus 300 feet downstream of lock and dam 2) commercial navigation is more difficult.   Between river miles 818 


and 820 the navigation channel switches from one bank of the river to the other and back again creating a near 90-


degree bend in the river at mile 819.  It is becoming increasingly expensive to maintain the 9-foot navigation 


channel in lower pool 2.   The commercial navigation industry has expressed their concern with the condition of 


the navigation channel, especially between river miles 818- 821.   Eight groundings were reported in 2011 (44 


groundings since 1990) and from an industry perspective this has resulted in smaller tow configurations and self 


imposed daytime running restrictions. 


 







 


41 
 


SEDIMENT TRANSPORT IN GEOMORPHIC REACH 1 
Stream power, a parameter that represents the ability of a river to transport sediment, is highly variable but 


generally decreases from the upstream to the downstream end of each navigation pool (Figure 1).  This causes 


deposition in the middle and lower reaches of the navigation pools, though both deposition and erosion occur at 


smaller spatial scales.  Depositional processes include delta formation, loss of contiguous backwaters, isolated 


wetlands, and secondary channels, tributary delta formation, filling between wingdams, and island formation.  


Erosional processes include island dissection, shoreline erosion, and wind wave erosion of islands (Cumulative 


Effects Report, 2000, Habitat Needs Assessment 2000).  Many of these processes probably occurred naturally, but 


major drivers such as lock and dam construction, watershed land use change, and urbanization have accelerated 


many of them.   


 


Figure 1.  Stream Power, Lower Pool 2 to Lake Pepin for the 50-percent annual chance (2-year) flood. 


Table 1 contains information on annual sediment loads in Geomorphic Reach 1.  These sediment loads are based 


on information from a variety of sources and were summarized in a sediment budget that was done for the St. Paul 


District Reach of the River (St. Paul District Report, 2003).  This sediment budget, which was done for what was at 


the time the Navigation Feasibility Study, included information on suspended sediment load, bed load, total 


sediment load, the assumed ratio of bed load to total load, the percentage of sand in suspended sediment, and 


bed material (ie. sand) load.  
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The two major tributaries to the Mississippi River above Lake Pepin, the St. Croix and the Minnesota Rivers, each 


contribute about one-fourth of the mean annual flow entering Lake Pepin (Stark et al., 1996).  However the 


Minnesota River contributes the largest amount of both fine grained and coarse grained sediment to Geomorphic 


Reach 1.   


The sediment load entering Lake Pepin is approximately 1 Million tons/year.  This is based on information found in 


the literature.   Engstrom et al. (2009) studied deposition rates in Lake Pepin using sediment core samples and 


concluded that sediment flux appears to plateau at about 700,000 metric tons/year.  Knowing that the sediment 


trap efficiency of Lake Pepin is approximately 75%, (James, 1998) and using the conversion factor 1 metric ton = 


1.102 tons, the amount of sediment deposited in Lake Pepin is given by 


Sediment load to Lake Pepin = 700,000*1.102/.75 = 1,030,000 tons 


The 75% trap efficiency is supported by LTRMP TSS data in Upper and Lower Pool 4 collected during the summer 


months from 1993 to 2011, which indicates that 78% of the sediment entering Lake Pepin is retained within the 


lake (Popp, pers. com.).  In addition, it is mentioned in the Engstrom paper that the present day sediment 


deposition rate is very close to mass-balance estimates of sedimentation (680,000 tons/year) based on 


inflow/outflow measurements for 1994 – 1996 (James et al. 1998). 


The annual suspended sediment load estimates at USGS gages on the Minnesota River at Mankato, the Mississippi 


River at Anoka, and the St. Croix River at St. Croix Falls are 1.33 million tons, .19 million tons, and .079 million tons 


(Nakato, 1999) for a total of 1.60 million tons.  This value is greater than the suspended sediment load entering 


Lake Pepin, based on measured sediment deposition in Lake Pepin, indicating that there are sinks for suspended 


sediment between the USGS gages and Lake Pepin.  These sinks include the Minnesota River floodplain, Lake St. 


Croix, and backwaters and the floodplain in Pools 2 through 4.  James (2008) measured suspended sediment as 


part of a nutrient and sediment budget and found that the lower Minnesota River was a sink for TSS during the 3-


year study period with 20% to 40% of the annual TSS retained. 


The single largest source of bed material (ie. sand-size sediment) is the Minnesota River (310,000 tons per year) 


followed by the Mississippi River upstream of Anoka (143,000 tons per year).    The estimated bed-material for the 


Cannon River is 65,000 tons per year.  Bed material on the St. Croix River is trapped in Lake St. Croix resulting in no 


contribution of sand size sediment to the Mississippi River.  Analysis of suspended sediment at the USGS gage at 


St. Paul indicates that the percentage of fine sediments (sediments with a diameter finer than 0.065 mm) has a 


median value of 89% (Tornes, 1986). 
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Sources of Information 
1 Rose, USGS 
2 Cumulative Effects Study (Nakato, 1999) 
3 Colorado State University (Simon’s, 1979) 
4 Sediment Budget Results (Hendrickson, 2003) 
5 Lake Pepin Deposition Estimate (Engstrom et al. 2009) 
6 Trap Efficiency Estimate (James, 1998) 
 
Notes: 


1.  Bed material on the Minnesota River at Mankato was transferred to the mouth at Ft. Snelling using 
drainage area ratios. 


2. Assumption is made the Lake St. Croix traps all bed material. 


 


BACKWATER SUSPENDED SEDIMENT LOADS 
Data is not available, to calculate sediment loads to backwaters in Pool 3 or Upper Pool 4, however total 


suspended sediment (TSS) concentrations can be used as a surrogate to estimate the amount of fine sediments 


entering the backwaters.  The mean summer (1993-2011) sediment concentration in upper pool 4 = 38 mg/L (W. 


Popp presentation to UMR EMPCC, Nov. 29, 2012).  The discharge exceeded 25% of the time annually is 28,000 cfs 


at Lock and Dam 3.  Using these two values for TSS and Qw, and the equation Qs = Qw * Cs * .0027 *365 gives an 


annual suspended sediment discharge at Lock and Dam 3 of 1,048,600 tons per year.  This matches the sediment 


load to Lake Pepin from Engstrom and James (described above) and can be used to estimate the magnitude of 


suspended sediment entering backwaters.  Discharge measurements obtained at North and Sturgeon Lakes in Pool 


3 in 2011 and 2012 indicate that for the total river discharge exceeded 25-percent of the time,  43-percent (or 


12,040 cfs) of the total river flow enters North and Sturgeon Lakes through six secondary channels.  Using the 


equation above, the fines sediment load to North and Sturgeon Lakes would be 450,900 tons per year. 


 


BACKWATER SEDIMENT DEPOSITION 


Table 1. Mississippi River Sediment Loads in Geomorphic Reach 1 


Gage or Location Qss 
 (tons/year) 


Qb 
 (tons/year) 


Qt 
 (tons/year) 


Qb/Qt % sand 
in Qss 


Qbed material 
 (tons/year) 
(4) 


Drainage Area  
(sq. miles) 


Qbed material input 


to GR 1 
(tons/year) 


Mississippi at 
Anoka Gage 


187,200 (2) 124,000 (4) 311,000 (2,4) .40 (4) 10 (4) 143,000 19,100 143,000 


Minnesota at 
Mankato 


1,328,300 (2) 148,000 (2) 1,476,000 
(2) 


.10 (2) 10 (4) 281,000 14900 @ Mankato 
16550 @ mouth 


312,200  
(at mouth) 


St. Croix at St. Croix 
Falls 


78,800 
(2) 


32,000 (4) 110,800 
(2,4) 


.4 (4) 40 (4) 64,000 (4) 6240 0 


Cannon River      65,000 (4) 1440 66,000 
(at mouth) 


Mississippi at Head 
of Lake Pepin 


1,030,000 (5,6)      0 (4) 61,000 (4) 
Nav Ch. + 
Wisc. Ch. 


46,900  


Variables 
Qss = suspended sediment discharge in tons/year 
Qb = bed-load discharge in tons/year 
Qt = total sediment discharge in tons/year 
Qb/Qt = the ratio of bed load to total load 
Qbed material = bed material discharge in tons/year.  This is equivalent to the load of sand size sediment and includes bed load and the fraction of sand 
that is transported as suspended sediment 
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Sediment deposition studies that have been done on Upper Mississippi River backwaters include Claflin, 1977; 


Eckblad et al., 1977; McHenry et al. 1984; and Korschgen et al., 1987.   Unfortunately, most of this work was done 


in backwaters and channels downstream of Lake Pepin, not upstream.  More recently Rogala and Boma (1996) and 


Rogala, Boma, and Grey (2003) measured sediment deposition rates in Pools 4, 8, and 13.  Over a 5 year time 


period, they found spatial and temporal differences in sedimentation rates associated with location in the river 


and with annual discharge conditions.  Sedimentation rates increased with annual discharge values and with 


elevation along transects. They obtained an average sediment deposition rate in Pool 4 (including measurements 


taken both upstream and downstream of Lake Pepin) of 0.04 cm/yr.  The measurements taken in Upper Pool 4 


show both deposition and erosion occurring in terrestrial and aquatic portions of transects.   In any given 


backwater, a combination of erosive processes (e.g island erosion) and depositional processes (e.g. delta building) 


can occur, though deposition is generally the dominant process.    


 


LOWER POOL 2 SEDIMENT TRANSPORT 


SEDIMENT PROPERTIES 
A significant amount of sediments in the existing navigation channel between River Mile 618 and 620.5 can be 


classified as fine sediments.   Based on 8 bed material samples obtained in the dredge cuts in this reach, the 


average percentage passing the #200 sieve is 79.4-percent.   Observation by personnel familiar with the dredging 


operation in lower pool 2 confirms that sediments tend to be finer than normal for the navigation channel 


(Machajewski, Lund pers com.)  The #200 sieve is equivalent to a sediment particle diameter of 0.075 mm.  Based 


on 6 of these samples, the average percent finer than .05 mm has dropped down to an average of 19-percent , 


indicating that although the bed sediments in this reach can be classified as fine sediments, they generally fall into 


the category of coarse silts.  Physically this makes sense, since although the navigation channel velocities are 


decreased in the study reach, they would not be decreased enough to allow fine silts and clays to accumulate.  This 


is an important consideration since coarse silts settle out quickly once they enter backwaters areas.   


A composite specific weight for the dredge cut sediments was determined to be 74 lbs per cubic foot.  This was 


determined from the following equation from Appendix G of EM 1110-2-4000.   


 γs  = 1 / [(Ps/Ws) + ( Psl / Wsl) + (Pcl/ Wcl)] 


  γs     = composite specific weight of sediment (lbs/ft
3
) 


  Ws  = specific weight of sand (lbs/ft
3
) 


  Wsl = specific weight of silt (lbs/ft
3
) 


  Wcl = specific weight of clay (lbs/ft
3
) 


  Ps     = percent sand in mixture expressed as a decimal 
   Psl   = percent silt in mixture expressed as a decimal 
  Pcl   = percent clay in mixture expressed as a decimal 
 
 


 


 


Deposition in Lower Pool 2 Navigation Channel 
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Dredging in Lower Pool 2 has increased over the last two decades.  Figure 2 is a plot of annual dredging at the four 


dredge cuts in lower pool 2, Pine Bend Landing (RM 824.3 to 824.6), Boulanger Bend (RM 820.7 to 821.4), 


Boulanger Bend Lower Light (RM 819.0 to 819.8) and Freeborn Light (RM 818.0 to 818.9).  The main factor causing 


this increase in dredging is increased water discharges on the Minnesota and Mississippi Rivers.  Data obtained at 


USGS gages on the Minnesota and Mississippi River indicate that annual average discharges were 68% and 24% 


higher respectively for the two decade time period from 1991 to 2010, compared to the previous two decade time 


period 1971 – 1990.  This time frame matches the time frame for increased dredging in Lower Pool 2.  The 


increases in discharge result in increased sediment loads to Lower Pool 2 and significant bank erosion on the 


Minnesota River. 


There are two dredge cuts in the existing navigation channel adjacent the project, Boulanger Bend Lower Light and 


Freeborn Light.  If a realigned channel is the selected alternative, dredging at these cuts will be eliminated, and the 


sediment that is no longer dredged here will be transported downstream.  Two dimensional model results indicate 


that there is adequate sediment transport capacity to transport the sediment from these dredge cuts downstream 


through Lower Pool 2 to Pool 3.  Figure 3, which shows the combined annual dredging at these two dredge cuts for 


the years 1981 to 2012, clearly indicates that dredging began at these two sites in the early 1990s.  The trend line 


on this figure indicates that annual dredging volumes are between 30,000 and 35,000 cubic yards per year.  


Because of the increase in annual discharge and sediment loads and increased pressure from the navigation 


industry to do a better job maintaining the authorized channel width (200’  width is authorized) in this reach, the 


PDT decided that the dredging that was done between the years 2007 and 2011 (30,400 cubic yards per year) best 


reflected future channel maintenance needs in this reach.   This value, which is equal to 31,270 tons/year,  is a 


reasonable match to the trend line and it will be assumed, that this is the amount of sediment that will be 


transported downstream with the project in place.   


Figure 2 


 


 


 


 


Figure 3 
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ALTERNATIVES 


Two basic alternatives were considered for this reach: 


Alternative 1, Realigned Channel – This alternative includes a channel realignment between river miles 818.2 and 


820.2, submerged rock sills across the old navigation channel, and island construction (Figure ?).  This alternative 


will eliminate the dredging that was being done at Boulanger Lower Light and Freeborn Light.  Based on two-


dimensional modeling, the sediment that is no longer being dredged will be transported through the realigned 


channel and through lower pool 2.  This will increase bed material transport to Pool 3 and beyond. 


Alternative 2, Increased Channel Maintenance – This alternative involves additional dredging in the navigation 


channel to maintain a wider channel so that maneuvering through the bend will be easier.  Because the navigation 


channel cross sectional area will be larger, the sediment trap efficiency in the bend will increase resulting in 


increased annual dredging volumes.  Based on experience from other river reaches where additional dredging was 


done in order to do water level drawdowns, it is expected that dredging will increase 35%.  This will reduce 


downstream bed material transport. 


SEDIMENT BUDGET FOR BED MATERIAL LOAD 


The navigation channel in Upper Pool 3 has the capacity to transport the additional sand from the Boulanger Bend 


project downstream to the middle and lower reaches of pool 3 and upper pool 4 where there are backwater flows 


and reductions in hydraulic slope that reduce stream power causing sediment deposition.  Sediment sinks in this 


reach include navigation channel dredge cuts, backwaters, the natural levee along the river, and Lake Pepin (table 


2).  Several side channels in pool 3 re-connect with the main channel quickly without entering backwater areas and 
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without changing top width significantly.  It was assumed that these side channels are not sinks for coarse grained 


sediments. 


Sediment Sink Description 


Navigation Channel Dredge Cuts Most of the navigation dredge cuts in Pool 3 and Upper Pool 4 are located downstream 
of secondary channels where flow enters backwaters, reducing discharge in the 
navigation channel and causing sediment deposition. 


Lower Vermillion River Bottoms There are three connections between Pool 3 and the Lower Vermillion River (LVR), which 
although small compared to the total river flow, have a significant effect on water quality 
in the LVR according to the LVR TMDL, Phase 3 report (MPCA, 2009). 


North and Sturgeon Lake Flow is conveyed into North Lake and Sturgeon Lake in Pool  3 reducing main channel 
discharge significantly.  These flow splits result in sediment transport to the backwaters, 
and many of the dredge cuts in pool 3 are located just downstream of these flow splits. 


Marsh and Gantenbein Lakes Ten-percent of the total river flow is conveyed through these lakes based on two 
dimensional modeling that was done for the Lock and Dam 3 navigation project.  
However, since there is not a continuous channel into the area, the assumption is that 
sediment deposition on the natural levee is minor and was not accounted for in the 
sediment budget. 


Lower Pool 4 Backwaters Flow is conveyed into the Wisconsin Channel and several backwaters in Upper Pool 4 
reducing main channel discharge significantly.  These flow splits result in sediment 
transport to the backwaters, and many of the dredge cuts in upper pool 4 are located just 
downstream of these flow splits. 


Natural Levees Sand size sediment that have deposited on the natural levees in Pool 3 and Upper Pool 4 
are readily visible following major flood events.   


Lake Pepin Sand size sediment that is transported to the lower end of Upper Pool 4, either in the 
main channel or Wisconsin Channel, quickly settles upon reaching the low velocity water 
at the Head of Lake Pepin.  The zone of sand deposition hasn’t clearly been defined 
however borings in the main channel indicate minimal sand and 95% fines less than a 
mile into the lake. 


 


Table 2.  Sediment sinks in pool 3 and upper pool 4. 


The sediment displaced due to the Boulanger Bend project includes coarse and fine sediments.  Coarse sediments 


are those with a sediment diameter greater than 0.065 mm, while fine sediments have sediment diameters less 


than 0.065 mm.   In the Boulanger reach, most of the fine sediments consist of coarse silts which will deposit 


quickly upon entering backwaters.  Because of this, the fine sediments (coarse silts) and sand size sediments will 


be calculated the same way for backwater deposition.    


Backwater deposition of coarse sediments was calculated using the following power function, which is based on 


the amount of flow in secondary channels and the amount of bed material in the adjacent navigation channel.  The 


ratio of secondary channel flow to total river flow is defined as lateral hydraulic connectivity (LHC) and is a well 


known ratio based on measured flow splits in Pool 3 and Upper Pool 4.  In effect, the secondary channel flow splits 


become a surrogate for sediment transport to the backwaters. 


Qbmbw = 1.5 * LHC 
1.3


 * Qbmmc 


Qbmbw = bed material load entering the backwater (tons/year)  
LHC = lateral hydraulic connectivity which is the ratio of secondary channel flow to total flow 
Qbmmc = the bed material load in the main channel (tons/year) 


 


Because navigation channel dredging is often done by contractors who get paid based on the amount dredging 


they do, and is subject to environmental regulations and scrutiny by partner agencies, the volume of material 
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removed during any dredging job is carefully surveyed.  In the sediment budget, dredging was calculated using the 


following method: 


 Dmce = historic average for existing conditions 
 Dmcp = historic average * (Qbmmc proposed/ Qbmmc existing) for proposed conditions 
   


The assumption was made that the percentage of fine sediments would not change in Pool 3/Upper Pool 4 dredge 


cuts since the channel material in these cuts is a function of the local hydraulics and this will not change as part of 


the Boulanger project.     


Calibrating backwater sediment deposition was done by estimating the volume of the Miley Run delta based on its 


area, which was defined by the downstream edge of the topset slope (ie. the visible edge of the delta) and its 


depth of sediment.  This resulted in an area of 70 to 75 acres in size.  The estimated delta depth is 3.5’ deep (based 


on an assumed average elevation of 676 for existing conditions and a typical elevation of 672.5 found on the 


flowage easement surveys).  If the sediment in the delta is primarily sand with a specific weight of 95 lbs/ft3 and 


had accumulated over a 74 year period (aerial imagery was 2012 and LD 3 was constructed in 1938), the rate of 


sediment accumulation would be 7100 tons per year.  The sediment budget described here predicted deposition of 


8,900 tons per year at Miley Run.  While not a perfect match, the order of magnitude is right, and the difference 


could be explained by the fact that inflows at Miley Run have not always been at the present day levels that are 


used in the sediment budget.  Discharge data collected at Miley Run indicates that for a moderate discharge at 


Lock and Dam 3, inflow to North Lake at Miley Run increased from 8.4 to 11.8 - percent of the total river discharge 


from 1991 to the years 1998-99.   More discharge data collected during the years 2010 - 12 indicates that inflows 


have been relatively stable since 1998 - 99.  
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RESULTS OF THE SEDIMENT BUDGET. 


 


SEDIMENT DEPOSITION IN LAKE PEPIN 
Figure 4 shows the bed material load in the main channel between Lake Pepin and Lock and Dam 2 for existing and 


proposed conditions.  The increase in bed material load is greatest at Lock and Dam 2 and gradually decreases in 


the downstream direction.  The total bed material load entering Lake Pepin is determined by adding the bed 


material load in the main channel to the bed material in the Wisconsin Channel.  There is a flow split in the 


Wisconsin Channel that results in 50% of the flow entering backwater areas (Mud Lake and Dead Slough Lake) 


before reaching Lake Pepin and 50% continuing down the Wisconsin Channel to Lake Pepin.  For this reason the 


bed material load that enters the Wisconsin Channel will be split in half with half contributing to the Lake Pepin 


sediment load.  Bed Material entering Lake Pepin increased from 60,800 tons/year to 66,700 tons/year.  This is a 


9.7-percent increase in bed material load, and a 0.5-percent increase in the total load to Lake Pepin (Table 3).   


 


Figure 4  Bed material load in the main channel from Lake Pepin to Lock and Dam 2. 
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Table 3. 


 


 


 


 


 


 


 


 


INCREASES IN DREDGING IN POOL 3 AND 4  
Figure 5 shows the increase in dredging in Pool 3 and Pool 4. 


 


Figure 5.  Dredging in Pool 3 and Upper Pool 4 for existing and proposed conditions with the Long Term Bypass. 


 


  


Location Qtotal 
 (tons/year) 


Qbed material 
 (tons/year) 
(4) 


Existing Conditions Sediment 
Load at the Head of Lake Pepin 


1,030,000 (5,6) 60,800 (4) 
Nav Ch. + Wisc. Ch. 


Proposed Conditions Sediment 
Load at the Head of Lake Pepin 


1,035,900 (5,6) 66,700 (4) 
Nav Ch. + Wisc. Ch. 


Increase 
(percent) 


0.57 % 8.85 % 
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SEDIMENT LOADS IN POOL 3 AND 4 BACKWATERS 
Figure 6 shows the increase in bed material load at various side channels in pool 3 and Upper Pool 4.  Table 4 gives 


the increase in sediment loads to North and Sturgeon Lakes in Pool 3. 


 


Figure 6 


Table 4.  Change in sediment load to North and Sturgeon Lake. 


 


 


 


 


 


 


 


 


TIME SCALES FOR RESPONSE 


The bed material budget represents conditions at some point in the future, when a state of dynamic equilibrium is 


reached.  When this point of dynamic equilibrium will occur is highly uncertain and depends on long-term 


hydrologic conditions, and unknowns such as the amount of sediment that will deposit in the existing Boulanger 


Bend channel if it is abandoned as the navigation channel.  Most likely this adjustment will take decades as 


opposed to years.  A couple of examples of response times include: 


– Pool 8: Island construction in 1992 possibly caused observed sand deposition and point bar 


expansion 3 miles downstream at Warners Landing by about 2008. 


Location Qtotal 
 (tons/year) 


Qbed material 
 (tons/year) 


Existing Conditions Sediment 
Load to North and Sturgeon 
Lakes 


491,700 40,700 


Proposed Conditions Sediment 
Load to North and Sturgeon 
Lakes 


501,600 50,600 


Increase 
(percent) 


2 % 24.3 % 
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– Pool 5: Partial closures constructed in 1986 caused an increase in dredging several miles 


downstream by 1991 and significant point bar expansion by the late 1990s in a river reach known 


as Minneiska.  
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Introduction 


The St. Paul District, Corps of Engineers (Corps) is authorized to maintain a 9-Foot Navigation 


Channel Project on the Upper Mississippi River. The ongoing program is funded through the 


Corps of Engineers' annual operation and maintenance (O&M) appropriation.  Boulanger Bend is 


a two mile main navigation channel reach in lower Pool 2 of the Upper Mississippi River 


approximately four miles upstream of Lock and Dam 2 (Figure 1).  Between river miles 818 and 


820 the navigation channel switches from one bank of the river to the other and back again 


creating a near 90-degree bend in the river at mile 819.  The congressionally authorized channel 


width in Pools 1 & 2 is 200 feet, compared to 300 feet for areas downstream from Lock and Dam 


2 and 150 feet for areas upstream of the Saint Anthony Falls Locks and Dams.   


 


The navigable width of the channel in this area has been gradually narrowing due to increased 


sedimentation over recent years primarily due to higher than normal flow events and increased 


banks erosion.  The shoaling has caused the channel to narrow by approximately 100 feet.  Under 


low-flow conditions, portions of the proposed cut area would be less than 8 feet deep, which 


could cause navigational vessels to have a grounding accident.  Therefore, dredging is needed to 


allow tow operators and boaters have enough space to maneuver through this section of river and 


to maintain the safety of the channel in this area.  In addition, The United States Coast Guard has 


expressed their concern for how difficult and expensive it is to maintain the Aids to Navigation 


(buoys and day marks) in this stretch of Pool 2. The Commercial Navigation Industry has 


expressed difficulty in navigating the channel in this reach. This has resulted in reduced tow 


sizes and increased transport costs. 


 


The Corps is evaluating alternatives to alleviate the difficulties with maintaining the existing 


Boulanger Bend channel.  One of which is realigning the channel to bypass the bend to allow a 


straighter channel (see Figure 1).  This would allow for a more maintenance free and efficient 


navigation channel.  The new proposed channel’s footprint is approximately 52 acres (210,500 


m2), much of which contains water depths < 9 ft. and would require dredging.  


 


Due to concerns of adverse impacts to mussels from dredging a mussel survey was conducted.  


This report presents results of a mussel survey conducted by the Corps within the proposed new 
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channel alignment area as well as at a proposed channel closing structure across the existing 


navigation channel which would close off the abandoned channel to better facilitate the new 


channel.  The survey was conducted by Corps Biologists and the Corps Dive Team. 


 


Methods 


The survey was conducted 29 August to 1 September, 2011.  The Corps St. Paul District 


divers were used for sample collection. 


Two methods, quantitative and qualitative, were used to evaluate the mussel community and 


collect specimens. Quantitative sampling was necessary to accurately estimate density, age 


structure, and relative abundance.  Quadrat samples of 0.25 square meters (m2) were collected 


from 118 randomly placed and pre-determined points generated by the Corps (Figure 2).  At each 


sampling point, a diver hand placed the quadrat on the river bottom and excavated all the 


material to approximately a depth of 10 centimeters (cm). The excavated material was placed 


into a mesh collection bag attached to the quadrat frame and sent to the surface for processing.  


The contents of the mesh bag were evaluated for mussel and substrate composition (Wentworth 


scale; Wentworth, 1922).  Sample substrate was additionally described by the diver, and water 


depth was recorded to the nearest 0.1 meter using an attached pneumatic pressure gauge attached 


to the diver.  Mussels were identified and enumerated, aged (external annuli count), and 


measured for length in millimeters (mm); shells were recorded as fresh dead (FD), weathered 


dead (WD), or sub-fossil (SF).  Zebra mussel infestation on native live mussels was also 


recorded as 0, 1 – 10, 11 – 50, >50 for individual native mussel.  Native mussels were then 


placed back to near their collection point after processing. 


Qualitative sampling (visual and tactual searching by diver) was used to estimate the species 


composition within the proposed realignment site as well as at the proposed closing structure and 


immediately adjacent to the proposed alignment site.  A total of 12 x 15 minutes timed searches 


were performed; one in the main navigation channel at the proposed closing structure, three at 


the proposed closing structure outside of the main navigation channel, three immediately 


adjacent to and outside of the proposed realignment channel, and four within the proposed 


realignment channel (Figure 2).  Within the proposed realignment channel, searches were 


conducted in areas thought to contain higher densities of mussels based on quadrat sampling 
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(Figure 2).  Mussels collected in qualitative samples were identified, enumerated, and classified 


as young (≤5 years, ≤30mm) or mature (>5 years, >30mm) based on age and length.  The 


presence and quantity of zebra mussels was also recorded.  Lampsilis higginsii were processed 


and marked using the same methods executed in the quantitative sampling. Substrate as well as 


minimum and maximum depths were also recorded at each of the qualitative dive sites.  


Density was calculated for each species from quantitative data.  The number of live specimens 


for each species was divided by the area of the quadrat (0.25m2).  This number was then 


multiplied by four to convert the calculation into live specimens per meter squared (No. live/m2).  


Two standard errors (2SE) were then calculated to quantify the variability of the data.  From 


density data and estimated footprint size of the proposed realignment cut, a total population 


estimate was made by multiplying the area of the proposed realignment channel footprint 


(219,65m2) by total mussel density (no.m2 ± 2SE).   


 


Relative abundance was calculated for both quantitative and qualitative data to show the 


composition of each mussel species within the mussel community.  To find relative abundance, 


the number of individuals for each species (No. live) was divided by the total number of 


individuals found in that particular sampling method.  This number was then multiplied by 100 


to convert the units into a percentage (%).  Total relative abundance was also calculated.  This 


was calculated by adding the number of individuals for each species, regardless of sampling 


method, and dividing by the total number of individuals for all species.  The numbers were then 


converted to percentage (%) as described above. 


 


Another measure of abundance or density of mussels was also calculated using catch per unit 


effort (CPUE) (no. of live mussels per minute) for the qualitative samples.  CPUE is calculated 


by dividing the number of mussels collected during the timed search by the amount of time spent 


for the mussel survey. 


Size and age were also analyzed for the quantitative data to assess recent recruitment and 


age/size class demography in the mussel community.  Mussel length (mm) and age (number of 


annuli) were recorded for each specimen.  The mean, minimum, and maximum were then 


calculated for each species as well as the mussel community as a whole.  Data were summarized 
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in three categories; % individuals less than 30 mm and having three and five or less external 


annuli. 


Results 


Substrate within the proposed realignment channel was predominantly flocculent silt and 


hardpan clay with lesser amounts of fine sand.  Substrate at the proposed closing structure was 


sand.  Water depths through the study area ranged from 1.2m to 6.1m.  Zebra mussel infestation 


was extremely low as only two native mussels collected had a few zebra mussels attached. 


 


Overall, 239 live native mussels representing 16 species were collected in the study area (Table 


1).  An additional five species were represented with empty shells only.  Overall the community 


was dominated by Quadrula quadrula (mapleleaf) (28.0%) and Obliquaria reflexa (threehorn 


wartyback) (25.9%) (Table 1).  Other common species include Truncilla truncata (deer toe) 


(12.1%), Amblema plicata (threeridge) (8.4%), Fusconaia flava (Wabash pigtoe) (7.1%), 


Quadrula pustulosa (pimpleback) (5.4%), and the Minnesota State Endangered Quadrula 


nodulata (wartyback) (5.9%)  The remaining species were rare (<1.0%) including other species 


listed for protection in Minnesota including; Arcidens confragosus (rock pocketbook), Ligumia 


recta (black sandshell), and Quadrula metanevra (monkeyface), for a total of five state protected 


species collected in the survey.  No federally listed or candidate species were collected live or 


dead in the survey. 


 


For quantitative samples, 71 live mussels representing 11 species were collected and total density 


was 2.41±0.6 mussels/m2 (see Table 1).  Based on the density estimate, the total mussel 


population size within the proposed realignment channel is 529,378 ± 131,795 mussels.  


Truncilla truncata (a relatively small species) was most dense at 0.88/m2 and comprised 36.6% 


of the collection.  The dominance of T. truncata may be explained by the unbiased nature of 


quantitative samples towards small and inconspicuous species such as T. truncata, which are 


often overlooked during visual and tactile timed searches.  Overall average age was 4.2 years old 


and recent recruitment was evident as 66.2% and 60.6% of the individuals were ≤ 5 and 3 years 


old, respectively, and all 11 species were represented with juveniles (see Table 1).  In addition, 


over half (59.2% ) of the individuals collected were ≤ 30mm in length. 
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Density of native mussels through the proposed cut varied and the number of mussel collected 


per quadrat varied from 0 to 9 mussels (Figure 3).  Mussel density was very low to zero toward 


the upstream or western portion of the proposed realignment cut near the existing main 


navigation channel (see Figure 3).      


 


For qualitative collections, a total of 168 live native mussels representing 13 species were 


collected (see Table 1).  All but one species, Utterbackia imbecillis (cylindrical papershell), was 


collected in qualitative searches.  Five rare species (<2%) not collected in quantitative samples 


include A. confragosus, L. cardium, Lasmigona complanata (white heelsplitter), Potamilus 


alatus (pink heelsplitter), and Potamilus ohiensis (pink papershell).  A total of 180 minutes in 12 


x 15 minute timed searches were spent collecting and total CPUE was 55.0 native mussels/hr. 


(see Table 1).   


 


Qualitative timed searches conducted at the proposed closure structure resulted in 64 live 


mussels of eight live species, all of which were collected outside of and adjacent to the 


maintained navigation channel (Table 2).  For searches adjacent to the proposed realignment 


channel and those within the proposed realignment channel, at total of 37 and 67 live mussels 


representing nine and 13 species were collected, respectively (see Table 2).  Catch per Unit 


Effort was greater within the proposed realignment channel (67.0/hr) as compared to adjacent to 


the realignment channel (49.3/hr).   


Discussion 


Relative to the mussel fauna within Pool 2 and other UMR pools, the study area does not support 


a species rich or abundant mussel community.  Historically, as many as 41 species have occurred 


in Pool 2 and presently there are 29 known species living, ten of which are now either federally 


or state protected.  In this study, only about half (16) the live species in the pool were present in 


this survey, three were listed for state protection, and no federally listed species were present.  


Density was relatively low (2.41/m2 ± 0.6) as compared to other areas within Pool 2.  Davis 


(2007) reported native mussel density nearly four times greater, 9.02/m2 ± 1.29 in upper Pool 2 


at Hidden Falls County Park.  Similarly, across the navigation from the study area adjacent to 


Lower Grey Cloud Island in Pool 2 (river mile 822 to 820), Kelner and Davis (2002) reported 


average mussel density of 9.8/m2 ± 0.8. 
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The reason for the lack of species diversity and low density of mussels is probably due to the 


poor habitat conditions within the study area.  Substrate consisted primarily of clay and silt with 


lesser amounts of fine sand.  Areas with flocculent silt and fine sand were interspersed in 


hardpan clay, a substrate not particularly conducive for native mussels.  Mussels are unable to 


burrow into hardpan clay and softer flocculent material is unstable and not favorable for mussels.  


In addition, the quality of the substrate was suspect and may contain contaminants, inhospitable 


to mussels.  Substrate from quadrat samples when dumped out at the surface smelled of a 


petroleum product or of a similar substance and often there was a visible sheen present.           


 


There should be no impacts to federally listed mussel species and minimal impacts to state listed 


mussel species from the proposed realignment channel and the closing structure.  Although a 


single live individual of the federally endangered Higgins eye (Lampsilis higginsii) was collected 


in 2010 within a mile of the study area near Spring Lake (Bernard Sietman, MNDNR, pers. 


comm., 2010), it’s unlikely it occurs within the proposed project area given the poor habitat 


conditions and the lack of mussel species diversity and abundance, areas typically where Higgins 


eye are not found.  Three species listed for protection in Minnesota were present in the study area 


and would be impacted by the proposed realignment channel.  However, the two endangered 


species, Q. nodulata and A. confragosus, although rare throughout the state including the UMR, 


have healthy populations in Pool 2 and no long term adverse impacts to the populations in the 


pool are anticipated.  Kelner and Davis (2002) collected Q. nodulata throughout the pool and 


relative abundances ranged from 2.3% to 2.6%.  Arcidens confragosus was mainly limited to the 


lower portions of the pool at a relative abundance nearly 1% (Kelner and Davis 2001).  Both 


species were represented with young and medium to older individuals, which is indicative of 


recent and ongoing recruitment.  The other listed species, L. recta, is a Species of Special 


Concern for the state and although rare, the species is wide spread and common in some places 


in the state.               
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Table 1.  Mussel species richness, relative abundance, and density at the proposed Boulanger Bend realignment site, UMR Pool 2, September 2011.  


 
                        


      
 


Quantitative  
     


 
Abundance 


 
Age 


 
Length  


 
Qualitative 


 
Total 


Species No. Live % No./m2 2SE   Ave Min. Max   Ave Min. Max   No. Live %   No. Live % 


                   Amblema plicata 4 5.6 0.14 0.1 
 


5.3 1.0 9.0 
 


62.0 17.0 112.0 
 


16 9.5 
 


20 8.4 
Arcidens confragosus


1
 - - - - 


 
- - - 


 
- - - 


 
2 1.2 


 
2 0.8 


Fusconaia ebena
1
 D - - - 


 
- - - 


 
- - - 


 
- - 


 
D - 


Fusconaia flava 6 8.5 0.20 0.2 
 


4.3 0.0 14.0 
 


33.0 10.0 81.0 
 


11 6.5 
 


17 7.1 
Lampsilis cardium D - - - 


 
- - - 


 
- - - 


 
1 0.6 


 
1 0.4 


Lampsilis siliquoidea 1 1.4 0.03 0.1 
 


0.0 0.0 0.0 
 


12.0 12.0 12.0 
 


- - 
 


1 0.4 
Lasmigona complanata D - - - 


 
- - - 


 
- - - 


 
2 1.2 


 
2 0.8 


Leptodea fragilis 2 2.8 0.07 0.1 
 


2.5 1.0 4.0 
 


52.5 17.0 88.0 
 


2 1.2 
 


4 1.7 
Ligumia recta


1
 D - - - 


 
- - - 


 
- - - 


 
- - 


 
D - 


Obliquaria reflexa 11 15.5 0.37 0.2 
 


6.9 1.0 13.0 
 


47.8 12.0 64.0 
 


51 30.4 
 


62 25.9 
Potamilus alatus 2 2.8 0.07 0.1 


 
1.5 1.0 2.0 


 
28.0 25.0 31.0 


 
D - 


 
2 0.8 


Potamilus ohiensis D - - - 
 


- - - 
 


- - - 
 


2 1.2 
 


2 0.8 
Pyganodon grandis D - - - 


 
- - - 


 
- - - 


 
2 1.2 


 
2 0.8 


Quadrula metanevra
1
 D - - - 


 
- - - 


 
- - - 


 
- - 


 
D - 


Quadrula nodulata
1
 4 5.6 0.14 0.1 


 
3.8 1.0 12.0 


 
29.8 14.0 71.0 


 
10 6.0 


 
14 5.9 


Quadrula pustulosa 2 2.8 0.07 0.1 
 


1.0 0.0 2.0 
 


14.0 12.0 16.0 
 


11 6.5 
 


13 5.4 
Quadrula quadrula 12 16.9 0.41 0.2 


 
8.4 5.0 13.0 


 
73.7 48.0 89.0 


 
55 32.7 


 
67 28.0 


Toxolasma parvus D - - - 
 


- - - 
 


- - - 
 


D - 
 


D - 
Truncilla donaciformis D - - - 


 
- - - 


 
- - - 


 
D - 


 
D - 


Truncilla truncata 26 36.6 0.88 0.4 
 


1.9 1.0 6.0 
 


19.8 13.0 42.0 
 


3 1.8 
 


29 12.1 
Utterbackia imbecillis 1 1.4 0.03 0.1 


 
2.0 2.0 2.0 


 
40.0 40.0 40.0 


 
- - 


 
1 0.4 


                   Total No. Live 71 - 2.41 0.6 
 


4.2 0.0 14.0 
 


38.5 10.0 112.0 
 


168 - 
 


239 - 
Live Species 11 - - - 


 
- - - 


 
- - - 


 
13 - 


 
16 - 


Total Species 20 - - - 
 


- - - 
 


- - - 
 


16 - 
 


21 - 
(n) 118 - - - 


 
- - - 


 
- - - 


 
12 - 


 
- - 


% ≤ 3 years old - - - - 
 


60.6 - - 
 


- - - 
 


- - 
 


- - 
% ≤ 5 years old - - - - 


 
66.2 - - 


 
- - - 


 
14.9 - 


 
30.1 - 


% ≤ 30 mm  - - - - 
 


- - - 
 


59.2 - - 
 


59.2 - 
 


- - 
Effort (min.) - - - - 


 
- - - 


 
- - - 


 
180.0 - 


 
- - 


CPUE (no./hour) - - - -   - - -   - - -   56.0 -   - - 
Population estimate 529,378 ± 131,795 


              1Species listed as Special Concern, Threatened, or Endangered in Minnesota. 
        D=empty shell only collected 
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Table 2.  Mussel species richness, relative abundance, and overall abundance from timed dive searches at the Boulanger 
               Bend realignment site, UMR Pool 2, September 2011.   


            
 


Closure 
 


Outside Proposed 
Nav. Channel  


Proposed Nav. 
Channel 


 
Nav. Channel 


 
Outside Nav. Channel 


  Species No. Live %   No. Live %   No. Live %   No. Live % 


            Amblema plicata 
   


7 10.9 
 


2 5.4 
 


7 10.4 
Arcidens confragosus


1 
         


2 3.0 
Fusconaia flava 


   
10 15.6 


    
1 1.5 


Lampsilis cardium 
      


1 2.7 
   Lasmigona complanata 


      
D 


  
2 3.0 


Leptodea fragilis 
      


1 2.7 
 


1 1.5 
Obliquaria reflexa 


   
16 25.0 


 
10 27.0 


 
25 37.3 


Potamilus alatus 
   


D 
       Potamilus ohiensis 


   
1 1.6 


    
1 1.5 


Pyganodon grandis 
      


1 2.7 
 


1 1.5 
Quadrula nodulata


1 
   


3 4.7 
 


2 5.4 
 


5 7.5 
Quadrula pustulosa 


   
7 10.9 


 
3 8.1 


 
1 1.5 


Quadrula quadrula 
   


19 29.7 
 


16 43.2 
 


20 29.9 
Toxolasma parvus 


      
D 


    Truncilla donaciformis 
      


D 
  


D 
 Truncilla truncata 


   
1 1.6 


 
1 2.7 


 
1 1.5 


            Total No. Live 0 
  


64 
  


37 
  


67 
 Live Species 0 


  
8 


  
9 


  
12 


 Total Species 0 
  


9 
  


3 
  


13 
 (n) 1 


  
4 


  
3 


  
4 


 Effort (min.) 15 
  


60 
  


45 
  


60 
 CPUE (no./hour) 0.0     64.0     49.3     67.0   


1Species listed as Special Concern, Threatened, or Endangered in Minnesota. 
      D=empty shell only collected 
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Mississippi River Lower Pool 2 Mussel Surveys – 2012 


In support of Boulanger Bend Navigation Channel Realignment proposals 


MN DNR Report to the St. Paul District Corps of Engineers 


 


Introduction:   


Surveys were done to assess the potential for the project’s impacts on mussels by updating the status of 


the existing mussel community and to search for evidence of MN listed mussel species and the federally 


endangered Lampsilis higginsii. Forty one surveys were completed within the existing navigation 


channel, the Left Descending Bank side channel or Nininger Channel, at the upper end of Spring Lake 


and the area around its outlet (Figure 1). 


 


Figure 1.  Timed searches for mussels in Lower Pool 2, Mississippi River, 2012. 







Methods: 


Timed Searches:  Timed searches were conducted by SCUBA diving.   In turbid waters like Lower 


Pool 2, searching was mostly by feel with the diver sweeping the bottom surface by hand and 


digging into the substrate a few centimeters to find mussels.  After a period of time, usually 20 


minutes per person searching, all live mussels and empty shells collected were brought to the 


boat and sorted and enumerated by species.  Catch per Unit Effort was calculated for each site 


by dividing the number of live mussels collected by the total time spent searching.  Individuals 


of each species were counted and sorted into two age categories; ≤5 years and >5 years.   


Quantitative sampling:  Samples were collected using a ¼ m2 aluminum frame quadrat with a 


6.35 mm square mesh bag attached. The sample frame was dropped to the river bottom, and a 


diver descended to the quadrat, excavated the sediment within the frame to a depth of 


approximately 15 cm and placed it into the attached bag.  When the excavation of bottom 


material was complete the frame and bag were raised to the surface and rinsed in the water to 


remove material smaller than 6.35mm.  Any remaining material was placed on a sorting 


platform where live mussels or shells were identified and sorted by species.  Live mussels were 


aged by counting growth arrest rings (assumed to be annual), and total length recorded to the 


nearest millimeter using a caliper. At each quantitative site during this survey, five quadrat 


samples were collected. 


Timed Search Results:  


A total of 603 live mussels representing twenty species were collected among the forty one 


timed search sites in Lower Pool 2.  Table 1 lists the species found according to their abundance 


in all the samples combined.  Four state listed species were collected, Arcidens confragosus (E), 


Quadrula nodulata (E), Pleruobema sintoxia (T) and Tritogonia verrucosa (T).  No Lampsilis 


higginsii were found live or as empty shells during this survey.  Species numbers among the 


sites ranged from zero at several navigation channel sites to eleven (Figure 2).    Catch per Unit 


Effort (CPUE) of live mussels ranged from zero to nearly three per minute among sampled sites 


(Figure 3).  Populations of the most abundant species in Lower Pool 2 appear to be composed 


mostly of individuals greater than 5 years of age (Table 2).   


 


 


 


 


 







 


 


 


Table 1.  Relative abundance of mussel species collected live in Lower Pool 2, Mississippi River.  


(MN Threatened or Endangered) 


Live Species 
Total 
Live 


Quadrula quadrula (mapleleaf) 170 
Obliquaria reflexa  (threehorn wartyback) 145 


Amblema plicata (three ridge) 70 
Fusconaia flava (Wabash pigtoe) 68 
Quadrula nodulata (wartyback) 64 
Pyganodon grandis (giant floater) 14 
Arcidens confragosus (rock pocketbook) 13 
Quadrula pustulosa (pimpleback) 12 
Truncilla truncata (deertoe) 9 
Potamilus alatus (pink heelsplitter) 7 
Lasmigona complanata (white heelsplitter) 6 
Utterbackia imbecillis (paper pondshell) 6 
Potamilus ohiensis (pink papershell) 5 


Leptodea fragilis (fragile papershell) 4 
Pleurobema sintoxia (round pigtoe) 3 
Tritogonia verrucosa (pistolgrip) 2 
Strophitus undulatus (creeper) 2 
Truncilla donaciformis (fawnsfoot) 1 
Lampsilis cardium (plain pocketbook) 1 


Toxolasma parvum (liliput) 1 


Grand Total 603 
 







 


Figure 2.  Mussel species richness and  listed species at sites sampled in Lower Pool2, 


Mississippi River, 2012. 







 


Figure 3.  Live mussel CPUE at each timed search site in Lower Pool 2, Mississippi River, 2012. 


 


 


 


 


 


 







Table 2:  Age distribution of mussels collected during timed searches in Lower Pool 2, Mississippi River, 


2012. 


Live Species Total Live Percent > 5ys old 


Quadrula quadrula 170 94% 


Obliquaria reflexa 145 83% 


Amblema plicata 70 84% 


Fusconaia flava 68 81% 


Quadrula nodulata 64 73% 


Pyganodon grandis 14 36% 


Arcidens confragosus 13 92% 


Quadrula pustulosa 12 83% 


Truncilla truncata 9 22% 


Potamilus alatus 7 14% 


Lasmigona complanata 6 67% 


Utterbackia imbecillis 6 0% 


Potamilus ohiensis 5 20% 


Leptodea fragilis 4 0% 


Pleurobema sintoxia 3 67% 


Tritiogonia verrucosa 2 100% 


Strophitus undulatus 2 0% 


Truncilla donaciformis 1 0% 


Lampsilis cardium 1 0% 


Toxolasma parvum 1 0% 


Grand Total 603 
  


 


Results - Quantitative Sampling: 


Thirty Five ¼ meter square quadrat total substrate samples were collected at seven sites in Lower Pool 2 


(Figure 4).  Nine live mussels representing five species were collected at six of the sites (Table 3), 26 


samples produced no live mussels.  Mussel density ranged from 0.0/M2 to 1.6 mussels/M2. 







 


Figure 4:  Quadrat sampling areas in Lower Pool 2, Mississippi River, 2012.  Five total substrate quadrat 


samples were collected at each site. 


 


 







 


Table 3: Mussel collected in quadrat samples in 
Lower Pool 2, Mississippi River, 2012 


       


    


Site 
# 


    Number of individuals mussel species found at 
each site 1 2 3 4 5 6 7  Total 


Obliquaria reflexa 
  


1 
    


1 


Potamilus ohiensis 
 


2 
   


1 
 


3 


Pyganodon grandis 1 
      


1 


Quadrula nodulata 
  


1 1 1 
  


3 


Quadrula quadrula 
    


1 
  


1 


Grand Total 1 2 2 1 2 1 0 9 
 


 


Discussion: 


Mussels in Lower Pool 2 are absent or not abundant within the existing navigation channel, but common 


to abundant in channel border, side channel and off-channel aquatic habitats.  This is likely due to bed 


load conveyance in the main channel and disturbance from barge traffic making the habitat unstable. 


Populations of the most abundant species in Lower Pool 2 are composed mostly of individuals greater 


than 5 years of age (Table 3).  Given that these species typically live for well over a decade it is not 


unusual to have most of the population represented by individuals greater than five years of age, that 


every species did have individuals five or younger in age indicates that recruitment of juveniles is 


occuring.  Surveys completed in 2000 and 2001 (Kelner and Davis, 2002) showed that the populations of 


mussels in Pool 2 were mostly less than ten years of age, indicating a recently established mussel fauna.  


Apparently this population is still surviving and recruiting, maturing into an enduring community of 


mussels.   A caveat is in order however; when characterizing mussel population demographics, timed 


searches are not as reliable a collection method as total substrate samples from a quadrat since 


collectors may fail to detect small (young) individuals that may be present.  A better assesssment of the 


mussel community demographics could be obtained by completing a pool-wide quadrat sampling effort 


similar to those completed in Pools 5 and 6 of the Mississippi River (Davis, 2006, 2007). 


Mississippi River Pool 2 supports the state’s best population of MN Endangered Quadrula nodulata, and 


in Lower Pool 2  this species is one of the most abundant.  Two Tritogonia verrucosa  were collected 


during this survey marking the second collection event for this species in Lower Pool 2 surveys since 


2010.  Ttitogonia verrucosa  was absent during surveys completed in 2000-2001.  These collections were 


both made along the right descending bank (see figure 2) just below the outlet of Spring Lake near 


where a Megalonaias nervosa (MN T), washboard mussel and a Lampsilis higginsii (Fed E) were collected 


in 2010, while this area would not become part of the proposed navigation channel it could be affected 







by changes in flow and sediment transport associated with the project’s hydraulic engineering features.  


Lampsilis higginsii have been reintroduced to Pool 2 since 2000.  Release sites include the Hidden Falls 


area of Upper Pool 2 and a site in Lower Pool 2 just upstream of the dam where a mussel community 


comprising 17 species and a density of 7.1 live mussels/m2 were documented in 2003 (Davis, 2003). 


Density data was not collected from all sites where CPUE was highest but was focused on the navigation 


channel and its border and the Nininger Channel area.   
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APPENDIX 6: SEDIMENT ANAYLSES 
 
The US Army Corps of Engineers (USACE), St. Paul District completed three sediment 
surveys (2008, 2011 and 2012) in the vicinity of Boulanger Bend in lower pool 2 of the 
Upper Mississippi River (rm 820-816.5). The purposes of the 2011 and 2012 sediment 
surveys were to characterize the physical and chemical properties of the sediment for 
the Lower Pool 2 Channel Management Study: Boulanger Bend to Lock and Dam No. 2. 
The 2008 survey focused on Perfluorochemicals (PFCs) at 20 locations along the Upper 
Mississippi River, which included three locations along Nininger Slough and three 
locations in the Boulanger Bend navigational channel. Below is a detailed description of 
the three surveys, including: sampling locations, depths, sampling methods, analyses 
methods, results and discussion.   
 
2011 SURVEY 
 
Sampling: 
 
For the initial survey in 2011, thirty-six samples were collected by district staff during 
August 22-24, 2011 from eighteen boreholes randomly selected along the Boulanger 
Slough channel alternative between RM 818 and RM 820 (Figure 1). All of the boreholes 
were drilled to 12.5 feet below the water surface (689.3 ft msl 1912) and the cores were 
then split into two composite samples at a depth of 10 feet. A record of the boring depths 
and description of the material encountered are shown in Figure 2. The two samples from 
each of the 18 cores were immediately processed after collection and sent to ARDL, Inc., 
Mt Vernon, IL for physical and chemical analyses to determine grain size and possible 
contamination.  
 
Analyses: 
 
Metals, PCBs, pesticides, PAHs, cyanide, total organic carbon, percent moisture, percent 
solids, percent total volatile solids and grain-size analyses were performed by ARDL, Inc. 
for each of the 36 samples. Additional analyses for diesel range organics and gasoline 
range organics were performed on 6 of the 36 samples by Pace Analytical.   Detailed 
information on the analyses performed is shown in Table 1.  
 
 
Results and Discussion: 
 
The results of the grain size analyses showed that the sediment was primarily 
characterized as sandy lean clay, some organic fines, and dark grayish brown. On 
average of the 32 samples, 88 percent of material passed through the #200 sieve. To 
ascertain the possible toxicity of the samples to the benthic environment, the chemical 
results were compared to the Minnesota Pollution Control Agency’s (MPCA) sediment 
quality targets (SQTs) for the protection of sediment-dwelling organisms in Minnesota 
(Table 2). The SQTs consist of level I guidance for a high level of protection for benthic 
invertebrates and level II guidance for the moderate level of protection for benthic 







invertebrates. For the organic analyses, 2 of the 18 boreholes exceeded the level I or level 
II guidance. For the inorganic analyses, 9 of the 18 boreholes exceeded the level I 
guidance. However, except for the SQT level I exceedances of nickel, all of the other SQT 
exceedances were in two boreholes in the extreme downstream end of the proposed 
channel cut. In the most contaminated borehole, levels of arsenic and PCBs exceeded the 
MPCA Level 1 Soil Reference Values (SRVs) that require disposal at a permitted landfill. 
Results of the analyses for diesel range organics (DROs) and gasoline range organics 
(GROs) on the 6 samples were all non-detects. Below is a description of the samples with 
SQT exceedances: 
 
Sample 11-2M SN1 (7.1-10.0') showed level I SQT exceedances for acenaphthylene, 
acenaphthene, pyrene, benzo(a)anthracene and nickel.  
 
Sample 11-18M SN1 (9.0-10’) showed level I SQT exceedances for acenaphthylene and 
arsenic. 
 
Sample 11-18M SN2 (10-12.5’) showed level I exceedances for acenaphthylene, 
acenaphthene, pyrene, benzo(a)anthracene, endrin, cadmium, mercury and nickel. It also 
showed level II exceedences for p,p'-DDE and PCB aroclor 1254. In addition, the PCB 
levels are above the MPCA’s soil reference value for residential use.  
 
Samples 11-3M SN1, 11-3M SN2, 11-4M SN1, 11-4M SN2, 11-5M SN1, 11-5M SN2, 11-
8M SN2, 11-9M SN2, 11-10M SN1 and 11-15M SN2 all showed level I exceedances for 
nickel.  
 
Although toxaphene was not detected in all of the samples, the laboratory’s detection limits 
for the analyses were above the level I and II SQTs. Therefore, this discrepancy makes it 
impossible to make a quantitative comparison to the SQT guidance. 
 
The recommended future action after coordination with the MPCA was a re-sampling of 
the downstream section of the proposed cut-off where the highest levels of contamination 
were detected (11-18M). Re-sampling would include 8-10 boreholes randomly positioned 
between 11-2M and RM 818. Three composite samples per borehole would be analyzed 
for the same parameters as the 2011 survey, excluding DROs and GROs.  The first 
composite sample would be collected above 11.5 feet, the second sample between 11.5 
feet and ~13 feet and the third composite sample would be from ~13 feet to ~15 feet. 
 
 
 
 
2012 SURVEY 
 
The 2012 survey collected sediment samples from 10 boreholes in the downstream 
section of the Boulanger Slough channel alternative and 12 boreholes along the proposed 
Ninnenger channel alternative (Figure 3). All of the samples were collected by district staff 
between October 26 and November 1, 2012. 







 
Boulanger Slough Sampling: 
 
For the Boulanger Slough location (Figure 4), two or three split samples were analyzed for 
each borehole for a total of 27 samples. The split samples were collected in ~2-3 foot 
increments in order to characterize the upper-layer of the sediment needed to be dredged 
and the lower-layer that will be left in place and become exposed to the water column.  
 
Boulanger Slough Analyses: 
 
Metals, PCBs, pesticides, PAHs, cyanide, total organic carbon, percent moisture, percent 
solids, percent total volatile solids and grain-size analyses were performed by ARDL, Inc. 
for each of the 27 samples. Detailed information on the analyses performed is shown in 
Table 1. 
 
Boulanger Slough Results and Discussion: 
 
Results again showed that there were some organic and inorganic contamination levels 
above the level I SQT guidance, but there were not any exceedances of the level II SQTs 
or level 1 SRVs (Table 2). Based on the levels of contamination seen in the 2011 and 
2012 surveys (Figure 5), it was determined by the USACE that ~ 6,131 cubic yards from 
the downstream section of the proposed Boulanger Slough channel cut would need to be 
placed at a permitted landfill (Figure 6), but all of the dredged material upstream should be 
considered for beneficial use along the river or placed at an upland placement site.  
 
Nininger Slough Sampling: 
 
Nininger Slough was randomly sampled along the proposed dredge cut using the same 
split sampling methodology as for Boulanger Slough. 12 boreholes were drilled and 23 
samples were analyzed (Figure 3).  
 
 
 
 
Nininger Slough Analyses: 
 
Metals, PCBs, pesticides, PAHs, cyanide, total organic carbon, percent moisture, percent 
solids, percent total volatile solids and grain-size analyses were performed by ARDL, Inc. 
for each of the 23 samples. Detailed information on the analyses performed is shown in 
Table 1. 
 
Nininger Slough Results and Discussion: 
 
Sample results from Nininger showed lower levels of silt, but considerably more 
contamination than Boulanger Slough (Table 1 and Figure 5). Throughout the proposed 
dredge cut, several boreholes had frequent exceedances of level I and level II SQTs and a 







few boreholes had level 1 SRV exceedances of PCBs, and/or mercury and/or manganese. 
For the Ninnenger alternative, all of the dredged material was determined to require 
placement at a permitted landfill.  
 
2008 PFCs SURVEY 
 
PFCs Sampling: 
 
As part of the USACE, Saint Paul District’s routine channel maintenance program, 
twenty Upper Mississippi River sediment samples (top 10 cm) were analyzed for PFCs. 
The samples were collected in October 2008 from channel dredge cuts, harbors dredge 
cuts and three off-channel locations just below the 3M plant in Cottage Grove, MN 
(Figure 5 and Table 3).  
 
PFCs Analyses: 
 
The samples were sent to Columbia Analytical, Kelso Washington, for high performance 
liquid chromatography with mass spectrometry (HPLC/MS) analysis. Each sample was 
analyzed for 17 different PFC compounds listed in Table 4.  
 
PFCs Results and Discussion: 
 
The majority of the results were below the detection limit, but perfluorooctane sulfonate 
(PFOS), which is known to strongly sorb to solids and may be a major sink for PFCs 
(Higgins et al. 2005), was above detection limits in more than half the samples. From 
the samples that had measurable concentrations of PFCs, Lake Pepin had the highest 
detection (5.9 ng/g for PFOS). The three 3M sites had a few measurable concentrations 
of PFCs, but they were in-line to the levels detected at the boat harbors. Of the four 
below Lake Pepin samples, only Alma small boat harbor had a quantifiable detection. 
 
 
 
  
Overall, the results from the Mississippi River (Table 5) were very low compared to 
PFCs found in other matrixes, such as sewage sludge, where concentrations of total 
perfluoroalkyl sulfonyl-based chemicals have been measured in the thousands parts per 
billion (Higgins et al. 2005), but within the same magnitude of other river sediment 
studies in Japan (Senthilkumar K., E. 2007) and in the San Francisco Bay area (Higgins 
et al. 2005). 
 
Considering the proximity of these 2008 samples to the proposed channel modification 
project at Boulanger Bend, it seems likely that PFOS/PFOA levels at the proposed cut-
off are in-line with the 2008 levels for lower pool 2, at least for the surfacial sediments 
where the 2008 samples were collected.  
 
 







 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 







Table 1. 2011 and 2012 Sediment Surveys  ‐Analyses and Methods 
 


 


Analyte Prep Method Analysis Method No. of 
2011 
Samples 


No. of 
2012 
Samples 


Grain Size  ASTM D422 36 50
Arsenic 3050B 6010B 36 50
Cadmium 3050B 6010B 36 50
Chromium 3050B 6010B 36 50
Copper 3050B 6010B 36 50
Lead 3050B 6010B 36 50
Magnesium 3050B 6010B 36 50
Manganese 3050B 6010B 36 50
Mercury 7471A 7471A 36 50
Nickel 3050B 6010B 36 50
Zinc 3050B 3050B 36 50
Chromium (VI) 3060A 3060A 36 50
Cyanide, Total 9010B 9010B 36 50
Moisture NONE 160.3 or D2974-87 36 50
Solids, Percent NONE 160.3 or SM2540G 36 50
Solids, Total Volatile NONE 160.4 36 50
Total Organic Carbon LYDKHN LYDKHN 36 50
Diesel Range Organics WI MOD DRO WI MOD DRO 6 0
Benzene TPH GRO/PVOC WI ext. WI MOD GRO 6 0
Ethylbenzene TPH GRO/PVOC WI ext. WI MOD GRO 6 0
Gasoline Range Organics TPH GRO/PVOC WI ext. WI MOD GRO 6 0
Toluene TPH GRO/PVOC WI ext. WI MOD GRO 6 0
Xylene (Total) TPH GRO/PVOC WI ext. WI MOD GRO 6 0
a,a,a-Trifluorotoluene (S) TPH GRO/PVOC WI ext. WI MOD GRO 6 0
Percent Moisture  ASTM D2974-87 6 0
Naphthalene 3550A 8270C 36 50
Acenaphthylene 3550A 8270C 36 50
Acenaphthene 3550A 8270C 36 50
Fluorene 3550A 8270C 36 50
Phenanthrene 3550A 8270C 36 50
Anthracene 3550A 8270C 36 50
Fluoranthene 3550A 8270C 36 50
Pyrene 3550A 8270C 36 50
Benzo(a)anthracene 3550A 8270C 36 50
Chrysene 3550A 8270C 36 50
Benzo(b)fluoranthene 3550A 8270C 36 50
Benzo(k)fluoranthene 3550A 8270C 36 50
Benzo(a)pyrene 3550A 8270C 36 50
Indeno(1,2,3-cd)pyrene 3550A 8270C 36 50
Dibenzo(a,h)anthracene 3550A 8270C 36 50
Benzo(g,h,i)perylene 3550A 8270C 36 50
2-Methylnaphthalene 3550A 8270C 36 50
1-Methylnaphthalene 3550A 8270C 36 50
alpha-BHC 3550A 8081A 36 50
gamma-BHC (Lindane) 3550A 8081A 36 50
beta-BHC 3550A 8081A 36 50
delta-BHC 3550A 8081A 36 50


Analyte Prep Method Analysis Method No. of 
2011 
Samples


No. of 
2012 
Samples 


Heptachlor 3550A 8081A 36 50
Aldrin 3550A 8081A 36 50
Heptachlor Epoxide 3550A 8081A 36 50
gamma-Chlordane 3550A 8081A 36 50
alpha-Chlordane 3550A 8081A 36 50
p,p'-DDE 3550A 8081A 36 50
Endosulfan I 3550A 8081A 36 50
Dieldrin 3550A 8081A 36 50
Endrin 3550A 8081A 36 50
p,p'-DDD 3550A 8081A 36 50
Endosulfan II 3550A 8081A 36 50
p,p'-DDT 3550A 8081A 36 50
Endrin Aldehyde 3550A 8081A 36 50
Methoxychlor 3550A 8081A 36 50
Endosulfan Sulfate 3550A 8081A 36 50
Endrin Ketone 3550A 8081A 36 50
Toxaphene 3550A 8081A 36 50
Aroclor 1016 3550A 8081A 36 50
Aroclor 1221 3550A 8081A 36 50
Aroclor 1232 3550A 8081A 36 50
Aroclor 1242 3550A 8081A 36 50
Aroclor 1248 3550A 8081A 36 50
Aroclor 1254 3550A 3550A 36 50
Aroclor 1260 3550A 8081A 36 50
Aroclor 1248 3550A 8081A 36 50
 


 







Sample Site 11-1M, SN-1 11-1M, SN-2 11-2M, SN-1 11-2M, SN-2 11-3M, SN-1 11-3M, SN-2 11-4M, SN-1 11-4M, SN-2 11-5M, SN-1 11-5M, SN-2 11-6M, SN-1 11-6M, SN-2 11-7M, SN-1 11-7M, SN-2 11-8M, SN-1 11-8M, SN-2 11-9M, SN-1 11-9M, SN-2 11-10M, SN-1 11-10M, SN-2
LAB Number


Lab ARDL, Inc. ARDL, Inc. ARDL, Inc. ARDL, Inc. ARDL, Inc. ARDL, Inc. ARDL, Inc. ARDL, Inc. ARDL, Inc. ARDL, Inc. ARDL, Inc. ARDL, Inc. ARDL, Inc. ARDL, Inc. ARDL, Inc. ARDL, Inc. ARDL, Inc. ARDL, Inc. ARDL, Inc. ARDL, Inc.
Depth 8.9'-11.5' 11.5'-14' 8.6'-11.5' 11.5'-14' 8.0'-11.5' 11.5'-14' 10' 11.5' 11.5'-14' 8.1' 11.5' 11.5'-14' 8.4' 11.5' 11.5'-14' 8.9' 11.5' 11.5'-14'


Date collected 8/22/2011 8/22/2011 8/23/2011 8/23/2011 8/23/2011 8/23/2011 8/23/2011 8/23/2011 8/23/2011 8/23/2011 8/23/2011 8/23/2011 8/23/2011 8/23/2011 8/24/2011 8/24/2011 8/24/2011 8/24/2011 8/24/2011 8/24/2011


MPCA SQT I MPCA SQT II MPCA Level 1 Soil 
Reference Value (SRV) Results Results Results Results Results Results Results Results Results Results Results Results Results Results Results Results Results Results Results Results


ug/kg Naphthalene 180 560 10000 <0.83 <0.78 5.2 J <0.84 <0.91 <0.91 <0.93 <0.87 <0.87 <0.84 <0.85 <0.85 <0.85 <0.85 <0.92 <0.87 <0.85 <0.86 <0.87 <0.85
ug/kg Acenaphthylene 5.9 130 <0.81 <0.75 39.4 <0.81 <0.88 <0.88 <0.9 <0.84 <0.84 <0.82 <0.83 <0.82 <0.82 <0.82 <0.89 <0.85 <0.82 <0.84 <0.84 <0.82
ug/kg Acenaphthene 6.7 89 1200000 <0.67 <0.62 7.45 <0.68 <0.73 <0.73 <0.75 <0.7 <0.7 <0.68 <0.69 <0.68 <0.68 <0.68 <0.74 <0.7 <0.68 <0.69 <0.7 <0.68
ug/kg Fluorene 77 540 850000 <0.77 <0.71 14.7 <0.77 <0.83 <0.84 <0.85 <0.8 <0.8 <0.78 <0.78 <0.78 <0.78 <0.78 <0.84 <0.8 <0.78 <0.79 <0.79 <0.78
ug/kg Phenanthrene 200 1200 <0.98 <0.92 51.4 <0.99 <1.1 <1.1 <1.1 <1 <1 <1 <1 <1 <1 <1 <1.1 <1 <1 <1 <1 <1
ug/kg Anthracene 57 850 7800000 <0.82 <0.76 30.6 <0.83 <0.89 <0.9 <0.92 <0.85 <0.86 <0.83 <0.84 <0.84 <0.83 <0.83 <0.9 <0.86 <0.84 <0.85 <0.85 <0.83
ug/kg Fluoranthene 420 2200 1080000 <1.1 <1 242 <1.1 <1.2 <1.2 5.31 <1.1 <1.1 <1.1 <1.1 <1.1 <1.1 <1.1 <1.2 <1.1 9.46 <1.1 <1.1 <1.1
ug/kg Pyrene 200 1500 890000 <0.93 <0.87 312 <0.94 <1 <1 6.31 <0.97 <0.97 <0.94 <0.95 <0.95 <0.94 <0.95 <1 <0.97 8.16 <0.96 <0.96 <0.95
ug/kg Benzo(a) anthracene 110 1100 <0.71 <0.66 138 <0.72 <0.77 <0.78 4.6 J <0.74 <0.74 <0.72 <0.73 <0.73 <0.72 <0.72 <0.78 <0.74 6.42 <0.74 <0.74 <0.72
ug/kg Chrysene 170 1300 <1.2 <1.1 155 <1.2 <1.3 <1.3 4.1 J <1.2 <1.2 <1.2 <1.2 <1.2 <1.2 <1.2 <1.3 <1.2 5.87 <1.2 <1.2 <1.2
ug/kg Benzo(b)fluoranthene <1.3 <1.2 170 <1.3 <1.4 <1.4 5.65 <1.3 <1.3 <1.3 <1.3 <1.3 <1.3 <1.3 <1.4 <1.3 8.37 <1.3 <1.3 <1.3
ug/kg Benzo(k)fluoranthene <1.5 <1.4 55.5 <1.5 <1.6 <1.6 <1.7 <1.6 <1.6 <1.5 <1.5 <1.5 <1.5 <1.5 <1.7 <1.6 2.3 J <1.6 <1.6 <1.5
ug/kg Benzo(a)pyrene 150 1500 2000** <1 <0.93 130 <1 <1.1 <1.1 <1.1 <1 <1 <1 <1 <1 <1 <1 <1.1 <1 5.12 <1 <1 <1
ug/kg Indeno(1,2,3-cd)pyrene <0.86 <0.8 59.2 <0.87 <0.93 <0.94 4.7 J <0.89 <0.9 <0.87 <0.88 <0.88 <0.87 <0.88 <0.95 <0.9 5.65 <0.89 <0.89 <0.88
ug/kg Dibenzo(a,h) anthracene 33 140 <1.1 <1.1 21 <1.1 <1.2 <1.2 4.0 J <1.2 <1.2 <1.1 <1.2 <1.2 <1.2 <1.2 <1.2 <1.2 4.1 J <1.2 3.5 J <1.2
ug/kg Benzo(g,h,i)perylene <1.3 <1.2 74.1 <1.3 <1.4 <1.4 6.18 <1.3 <1.3 <1.3 <1.3 <1.3 <1.3 <1.3 4.1 J 3.6 J 7.13 <1.3 3.7 J <1.3
ug/kg 2-Methylnaphthalene 20 200 <0.74 <0.69 5.4 J <0.75 <0.8 <0.81 <0.82 <0.77 <0.77 <0.75 <0.76 <0.75 <0.75 <0.75 <0.81 <0.77 <0.75 <0.76 <0.77 <0.75
ug/kg 1-Methylnaphthalene <0.81 <0.75 3.3 J <0.81 <0.88 <0.88 <0.9 <0.84 <0.84 <0.82 <0.83 <0.82 <0.82 <0.82 <0.89 <0.85 <0.82 <0.84 <0.84 <0.82
ug/kg alpha-BHC <0.686 <0.639 <0.864 <0.693 <0.745 <0.75 <0.766 <0.713 <0.718 <0.695 <0.703 <0.701 <0.696 <0.698 <0.754 <0.719 <0.7 <0.711 <0.712 <0.698
ug/kg gamma-BHC (Lindane) 2.4 5 9000 <1.49 <1.39 <1. 88 <1.51 <1.62 <1. 63 <1. 66 <1. 55 <1.56 <1.51 <1.53 <1. 52 <1.51 <1.52 <1.64 <1.56 <1.52 <1.54 <1. 55 <1.52
ug/kg beta-BHC <1. 21 <1.13 <1.53 <1.23 <1. 32 <1. 33 <1. 36 <1.26 <1.27 <1. 23 <1.24 <1. 24 <1. 23 <1.24 <1.33 <1. 27 <1.24 <1.26 <1.26 <1.24
ug/kg delta-BHC <0.751 <0.701 <0.947 <0.76 <0.816 <0.822 <0.84 <0.781 <0.787 <0.762 <0.77 <0.768 <0.763 <0.765 <0.826 <0.788 <0.767 <0.779 <0.78 <0.765
ug/kg Heptachlor 2000 <1.46 <1.36 <1. 84 <1.48 <1.59 <1.6 <1. 63 <1. 52 <1.53 <1.48 <1.5 <1.49 <1.48 <1.49 <1.61 <1.53 <1.49 <1.52 <1.52 <1.49
ug/kg Aldrin 1000 <1.25 <1.17 <1.58 <1. 27 <1. 36 <1. 37 <1.4 <1.3 <1.31 <1.27 <1. 28 <1.28 <1.27 <1.27 <1.38 <1.31 <1.28 <1.3 <1.3 <1.27
ug/kg Heptachlor Epoxide 2.5 16 <0.415 <0.387 <0.523 <0.42 <0.451 <0.454 <0.464 <0.432 <0.435 <0.421 <0.426 <0.425 <0.422 <0.423 <0.456 <0.436 <0.424 <0.431 <0.431 <0.423
ug/kg gamma-Chlordane <0.997 <0.93 <1.26 <1. 01 <1. 08 <1. 09 <1.11 <1. 04 <1. 04 <1. 01 <1. 02 <1. 02 <1.01 <1. 02 <1.1 <1.05 <1.02 <1. 03 <1. 04 <1. 02
ug/kg alpha-Chlordane 3.2* 18* 13000* <0.508 <0.474 <0.64 <0.514 <0.552 <0.556 <0.568 <0.528 <0.532 <0.515 <0.521 <0.52 <0.516 <0.517 <0.559 <0.533 <0.519 <0.527 <0.528 <0.517
ug/kg p,p'-DDE 3.2 31 40000 <0.478 <0.446 <0.602 <0.483 <0.519 <0.523 <0.534 <0.497 <0.501 <0.485 <0.49 <0.489 <0.485 <0.487 <0.526 <0.501 <0.488 <0.496 <0.496 <0.487
ug/kg Endosulfan I <0.391 <0.364 <0.492 <0.395 <0.424 <0.428 <0.437 <0.406 <0.409 <0.396 <0.401 <0.399 <0.397 <0.398 <0.429 <0.41 <0.399 <0.405 <0.406 <0.398
ug/kg Dieldrin 1.9 62 800 <0.402 <0.375 <0.506 <0.406 <0.436 <0.439 <0.449 <0.418 <0.421 <0.407 <0.412 <0.411 <0.408 <0.409 <0.441 <0.421 <0.41 <0.416 <0.417 <0.409
ug/kg Endrin 2.2 210 8000 <0.604 <0.563 <0.761 <0.61 <0.656 <0.661 <0.675 <0.628 <0.632 <0.612 <0.619 <0.617 <0.613 <0.615 <0.664 <0.633 <0.616 <0.626 <0.627 <0.615
ug/kg p,p'-DDD 4.9 28 56000 <0.842 <0.785 <1. 06 <0.851 <0.914 <0.921 <0.94 <0.875 <0.881 <0.853 <0.863 <0.86 <0.854 <0.857 <0.925 <0.883 <0.859 <0.873 <0.874 <0.857
ug/kg Endosulfan II <0.456 <0.425 <0.575 <0.461 <0.496 <0.499 <0.51 <0.474 <0.478 <0.463 <0.468 <0.466 <0.463 <0.465 <0.502 <0.479 <0.466 <0.473 <0.474 <0.465
ug/kg p,p'-DDT 4.2 63 15000 <0.656 <0.611 <0.826 <0.663 <0.712 <0.7l7 <0.733 <0.682 <0.687 <0.665 <0.672 <0.67 <0.666 <0.668 <0.721 <0.688 <0.669 <0.68 <0.681 <0.668
ug/kg Endrin Aldehyde <1. 69 <1.58 <2.13 <1. 71 <1. 84 <1. 85 <1. 89 <1. 76 <1. 77 <1. 72 <1. 74 <1. 73 <1. 72 <1. 72 <1.86 <1.78 <1. 73 <1. 76 <1. 76 <1. 72
ug/kg Methoxychlor <1. 09 <1.01 <1.37 <1.1 <1.18 <1.19 <1. 22 <1.13 <1.14 <1.1 <1.11 <1.11 <1.1 <1.11 <1.2 <1.14 <1.11 <1.13 <1.13 <1.11
mg/kg Endosulfan Sulfate <0.855 <0.797 <1. 08 <0.865 <0.929 <0.936 <0.956 <0.889 <0.896 <0.867 <0.877 <0.874 <0.868 <0.871 <0.94 <0 . 897 <0.873 <0.887 <0.888 <0.871
mg/kg Endrin Ketone <0.678 <0.632 <0.854 <0.685 <0.736 <0.741 <0.757 <0.705 <0.71 <0.687 <0.695 <0.693 <0.688 <0.69 <0.745 <0.711 <0.692 <0.703 <0.704 <0.69
mg/kg Toxaphene 0.1 32 13000 <91.1 <85 <115 <92.1 <99 <99.7 <102 <94.7 <95.4 <92.4 <93.4 <93.2 <92.5 <92.8 <100 <95.6 <93 <94.5 <94.6 <92 .8
ug/kg Aroclor 1016 <8.39 <7.82 <10.6 <8.48 <9.11 <9.18 <9.37 <8.72 <8.78 <8.5 <8.6 <8.58 <8.52 <8.54 <9.22 <8.8 <8.56 <8.7 <8.71 <8.54
ug/kg Aroclor 1221 <91.1 <85 <115 <92.1 <99 <99.7 <102 <94.7 <95.4 <92.4 <93.4 <93.2 <92.5 <92.8 <100 <95.6 <93 <94.5 <94.6 <92.8
ug/kg Aroclor 1232 <91.1 <85 <115 <92.1 <99 <99.7 <102 <94.7 <95.4 <92.4 <93.4 <93.2 <92.5 <92.8 <100 <95.6 <93 <94.5 <94.6 <92.8
ug/kg Aroclor 1242 <91.1 <85 <115 <92.1 <99 <99.7 <102 <94.7 <95.4 <92.4 <93.4 <93.2 <92.5 <92.8 <100 <95.6 <93 <94.5 <94.6 <92.8
ug/kg Aroclor 1248 <91.1 <85 <115 <92.1 <99 <99.7 <102 <94.7 <95.4 <92.4 <93.4 <93.2 <92.5 <92.8 <100 <95.6 <93 <94.5 <94.6 <92.8
ug/kg Aroclor 1254 <91.1 <85 <115 <92.1 <99 <99.7 <102 <94.7 <95.4 <92.4 <93.4 <93.2 <92.5 <92.8 <100 <95.6 <93 <94.5 <94.6 <92.8
ug/kg Aroclor 1260 <10.7 <9.99 <13 .5 <10.8 <11.6 <11. 7 <12 <11.1 <11.2 <10.9 <11 <10.9 <10.9 <10.9 <11.8 <11.2 <10.9 <11.1 <11.1 <10.9
ug/kg Total PCBs 60 680 1200
mg/kg Arsenic 9.8 33 9 1.7 1.8 6.6 1.4 2.5 1.9 2.3 1.7 2.4 3.3 1.9 3 2 2.7 2.06 3.88 1. 92 1. 98 2.5 2.13
mg/kg Cadmium 0.99 5 25 <0.27 <0.25 0.69 <0.28 <0.3 <0.3 <0.31 <0.28 0.33 <0.28 <0.28 <0.28 <0.28 <0.28 <0.3 <0.287 <0.279 <0.283 <0.284 <0.278
mg/kg Chromium 43 110 44000 14.4 13.5 27 17.3 25 22.9 24.2 22.4 22.8 22.4 16.5 17.3 16.7 19.2 18.8 21.4 16.9 21.1 21.7 15.5
mg/kg Copper 32 150 100 7.1 6.2 24 10.6 15.4 14.1 17.7 13.9 14.1 16 9.8 10.8 8.6 11.7 11. 7 13.6 10.3 13.5 14.4 11.1
mg/kg Lead 36 130 300 6.6 5.6 29.1 8.1 12.5 11 12.9 11.1 11.2 9.7 8.3 9.2 8.3 9.1 8.95 9.63 7.73 10.2 10.5 8.94
mg/kg Magnesium 12400 11200 10300 13200 14200 15600 13500 12500 16500 17100 15700 15800 14400 14400 16000 16600 13600 15800 16100 14300
mg/kg Manganese 3600 864 786 670 1100 928 1140 978 1350 1270 986 634 587 555 568 613 1260 713 1090 947 861
mg/kg Mercury 0.18 1.1 0.5 <0.045 <0.041 0.097 <0.045 <0.046 <0.048 <0.051 <0.045 <0.045 <0.044 <0.044 <0.045 <0.045 <0.046 <0.05 <0.047 <0.046 0.047 0.061 0.049
mg/kg Nickel 23 49 560 16.9 14 25.8 19.4 28.6 25.7 26.5 26.1 26.3 24.2 17.8 18.7 17 18.9 19.4 24.1 17.4 23.1 24.9 16.1
mg/kg Zinc 120 460 8700 40.3 32.9 118 52 88.6 78.2 86.2 72.9 79.2 71. 7 52.1 54.2 47.8 58.6 59 68.2 52.9 70.2 71.3 53.5
mg/kg Chromium (VI) 87 <1.4 <1.3 <1.7 <1.4 <1.5 <1.5 <1.5 <1.4 <1.4 <1.4 <1.4 <1.4 <1.4 <1.4 <1.5 <1.4 <1.4 <1.4 <1.4 <1.4
mg/kg Cyanide, Total <0.34 <0.32 <0.43 <0.35 <0.37 <0.37 <0.38 <0.35 <0.36 <0.35 <0.35 <0.35 <0.35 <0.35 <0.37 <0.36 <0.35 <0.35 <0.35 <0.35


% Moisture 26.8 21. 5 41. 9 27.6 32.6 33.1 34.5 29.6 30.1 27.8 28.6 28.4 27.9 28.1 33.4 30.2 28.3 29.4 29.5 28.1
% Solids, Percent 73.2 78.5 58.1 72.4 67.4 66.9 65.5 70.4 69.9 72.2 71.4 7l.6 72.1 7l.9 66.6 69.8 71.7 70.6 70.5 71.9
% Solids,Total Volatile 1.3 <1 3.7 1.2 2.1 2 2.1 2.5 2.3 2.1 1.5 1.9 1.6 1.4 2.1 1.6 2 2 1.5 1.2


mg/kg Total Organic Carbon 2600 2200 14000 4800 12000 6400 13000 6100 8000 6100 5700 5300 5400 6500 7000 6700 6400 7000 6300 5800
4 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
10 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
20 99.8 99.5 99.8 99.7 99.9 99.9 99.9 99.9 100 100 100 99.9 100 100 100 99.8 100 100 99.9 99.8
40 99.5 99.3 99.5 99.6 99.8 99.7 99.8 99.8 99.8 99.9 99.9 99.5 99.9 99.8 99.8 99.7 99.9 99.8 99.9 99.7
60 98.3 96.1 98.8 99.5 99.5 99.5 99.6 99.5 99.6 99.8 99.8 98.9 98.3 99.2 99.8 99.6 99.7 99.4 99.8 99.6
140 82.1 67.8 94.8 96.6 98.2 98.6 98 98.9 98.9 99.4 96.7 90.1 87.3 94.6 99 99.5 96.2 98.7 99.3 99.4


SILT clay 200 69 50.5 91.3 87.9 97.2 96.6 95.4 98.3 98.2 97.9 90.8 83.7 80.6 91 97.5 99.2 89 98 97.2 98.8
4
8
16
30
40
60
100
200
<200
TOTAL


%
Re


ta
in
ed


on
Si
ev
e


SA
N


D


M
et


al
s


PC
Bs


PA
R


TI
C


LE
 S


IZ
E 


%
 


FI
N


ER


coarse


medium


C
H


C
'S


In
or


ga
ni


cs


fine


 2







Sample Site
LAB Number


Lab
Depth


Date collected


MPCA SQT I MPCA SQT II MPCA Level 1 Soil 
Reference Value (SRV)


ug/kg Naphthalene 180 560 10000
ug/kg Acenaphthylene 5.9 130
ug/kg Acenaphthene 6.7 89 1200000
ug/kg Fluorene 77 540 850000
ug/kg Phenanthrene 200 1200
ug/kg Anthracene 57 850 7800000
ug/kg Fluoranthene 420 2200 1080000
ug/kg Pyrene 200 1500 890000
ug/kg Benzo(a) anthracene 110 1100
ug/kg Chrysene 170 1300
ug/kg Benzo(b)fluoranthene
ug/kg Benzo(k)fluoranthene
ug/kg Benzo(a)pyrene 150 1500 2000**
ug/kg Indeno(1,2,3-cd)pyrene
ug/kg Dibenzo(a,h) anthracene 33 140
ug/kg Benzo(g,h,i)perylene
ug/kg 2-Methylnaphthalene 20 200
ug/kg 1-Methylnaphthalene
ug/kg alpha-BHC
ug/kg gamma-BHC (Lindane) 2.4 5 9000
ug/kg beta-BHC
ug/kg delta-BHC
ug/kg Heptachlor 2000
ug/kg Aldrin 1000
ug/kg Heptachlor Epoxide 2.5 16
ug/kg gamma-Chlordane
ug/kg alpha-Chlordane 3.2* 18* 13000*
ug/kg p,p'-DDE 3.2 31 40000
ug/kg Endosulfan I
ug/kg Dieldrin 1.9 62 800
ug/kg Endrin 2.2 210 8000
ug/kg p,p'-DDD 4.9 28 56000
ug/kg Endosulfan II
ug/kg p,p'-DDT 4.2 63 15000
ug/kg Endrin Aldehyde
ug/kg Methoxychlor
mg/kg Endosulfan Sulfate
mg/kg Endrin Ketone
mg/kg Toxaphene 0.1 32 13000
ug/kg Aroclor 1016
ug/kg Aroclor 1221
ug/kg Aroclor 1232
ug/kg Aroclor 1242
ug/kg Aroclor 1248
ug/kg Aroclor 1254
ug/kg Aroclor 1260
ug/kg Total PCBs 60 680 1200
mg/kg Arsenic 9.8 33 9
mg/kg Cadmium 0.99 5 25
mg/kg Chromium 43 110 44000
mg/kg Copper 32 150 100
mg/kg Lead 36 130 300
mg/kg Magnesium
mg/kg Manganese 3600
mg/kg Mercury 0.18 1.1 0.5
mg/kg Nickel 23 49 560
mg/kg Zinc 120 460 8700
mg/kg Chromium (VI) 87
mg/kg Cyanide, Total


% Moisture
% Solids, Percent
% Solids,Total Volatile


mg/kg Total Organic Carbon
4
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SILT clay 200
4
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11-11M, SN-1 11-11M, SN-2 11-12M, SN-1 11-12M, SN-2 11-13M, SN-1 11-13M, SN-2 11-14M, SN-1 11-14M, SN-2 11-15M, SN-1 11-15M, SN-2 11-16M, SN-1 11-16M, SN-2 11-17M, SN-1 11-17M, SN-2 11-18M, SN-1 11-18M, SN-2 12 19M, SN 1 12 19M, SN 2 12 19M, SN 3
8919 01 8919 02 8919 03


ARDL, Inc. ARDL, Inc. ARDL, Inc. ARDL, Inc. ARDL, Inc. ARDL, Inc. ARDL, Inc. ARDL, Inc. ARDL, Inc. ARDL, Inc. ARDL, Inc. ARDL, Inc. ARDL, Inc. ARDL, Inc. ARDL, Inc. ARDL, Inc. ARDL, Inc. ARDL, Inc. ARDL, Inc.
8.5' 11.5' 11.5' 14' 8.2' 11.5' 11.5' 14' 7.7' 11.5' 11.5' 14' 10.5' 11.5' 11.5' 14' 8.9' 11.5' 11.5' 14' 10.5' 11.5' 11.5' 14' 9.9' 11.5' 11.5' 13.0' 13.0' 16.3'


8/24/2011 8/24/2011 8/24/2011 8/24/2011 8/25/2011 8/25/2011 8/25/2011 8/25/2011 8/25/2011 8/25/2011 8/25/2011 8/25/2011 8/25/2011 8/25/2011 8/25/2011 8/25/2011 10/26/2012 10/26/2012 10/26/2012


Results Results Results Results Results Results Results Results Results Results Results Results Results Results Results Results Results Results Results


<0.88 <0.83 <0.79 <0.79 <0.86 <0.81 <0.91 <0.82 <0.87 <0.84 <0.89 <0.87 <0.85 <0.85 <0.95 8.03 <1.5 <1.4 <1.5
<0.85 <0.81 <0.76 <0.76 <0.83 <0.78 <0.88 <0.8 <0.84 <0.82 <0.87 <0.84 <0.82 <0.82 12.7 30 <1.8 <1.8 <1.8
<0.71 <0.67 <0.63 <0.63 <0.69 <0.65 <0.73 <0.66 <0.7 <0.68 <0.72 <0.7 <0.68 <0.68 <0.76 8.95 <1.9 <1.9 <2.0
<0.81 <0.77 <0.72 <0.72 <0.79 <0.74 <0.83 <0.76 <0.8 <0.78 <0.82 <0.79 <0.78 <0.78 5.62 13.8 <2.1 <2.0 <2.1
<1 <0.98 <0.93 <0.93 <1 <0.95 <1.1 <0.97 <1 <1 <1.1 <1 <1 <1 31. 6 84.7 3.3 J 2.4 J 4.3 J


<0.87 <0.82 <0.77 <0.78 <0.84 <0.79 <0.89 <0.81 <0.86 <0.83 <0.88 <0.85 <0.83 <0.83 11.8 30.4 <1.4 <1.4 <1.5
<1.2 <1.1 <1 <1 <1.1 <1.1 <1.2 <1.1 <1.1 3.8 J <1.2 <1.1 <1.1 <1.1 122 225 7.4 J <1.9 4.2 J
<0.98 <0.93 <0.88 <0.88 <0.96 <0.9 <1 <0.92 <0.97 4.64 <1 <0.96 <0.95 <0.94 121 250 6.2 J <1.9 2.7 J
<0.75 <0.71 <0.67 <0.67 <0.73 <0.69 <0.77 <0.7 <0.74 3.9 J <0.76 <0.74 <0.72 <0.72 60.6 125 4.6 J <1.2 1.6 J
<1.2 <1.2 <1.1 <1.1 <1.2 <1.1 <1.3 <1.2 <1.2 3.1 J <1.3 <1.2 <1.2 <1.2 64.7 136 3.6 J <2.9 <3.0
<1.3 <1.3 <1.2 <1.2 <1.3 <1.2 <1.4 <1.3 <1.3 4.0 J <1.4 <1.3 <1.3 <1.3 94.4 186 5.0 J <1.8 <1.9
<1.6 <1.5 <1.4 <1.4 <1.5 <1.5 <1.6 <1.5 <1.6 <l.5 <1.6 <1.6 <1.5 <1.5 31. 0 60.5 <2.8 <2.7 <2.9
<1.1 <1 <0.94 <0.94 <1 <0.97 <1.1 <0.99 <1 <1 <1.1 <1 <1 <1 66 124 <1.9 <1.9 <2.0
<0.91 <0.86 <0.81 <0.81 <0.89 <0.83 <0.93 <0.85 <0.9 4 J <0.92 <0.89 <0.88 <0.88 31.2 54.2 8 J M <1.6 <1.7
<1.2 <1.1 <1.1 <1.1 3.8 J <1.1 <1.2 <1.1 <1.2 <l.1 <1.2 <1.2 <1.2 <1.2 12 19.9 6.1 J <2.1 <2.2
3.7 J <1.3 <1.2 <1.2 3.9 J <1.2 <1.4 <1.3 <1.3 5.15 <1.4 <1.3 <1.3 <1.3 37 63.2 2.2 J <2.1 <2.1
<0.78 <0.74 <0.69 <0.7 <0.76 <0.71 <0.8 <0.73 <0.77 <0.75 <0.79 <0.77 <0.75 <0.75 <0.84 11.6
<0.85 <0.81 <0.76 <0.76 <0.83 <0.78 <0.88 <0.8 <0.84 <0.82 <0.87 <0.84 <0.82 <0.82 <0.92 5.7
<0.726 <0.686 <0.646 <0.649 <0.706 <0.664 <0.745 <0.678 <0.716 <0.695 <0.736 <0.712 <0.698 <0.697 <0.78 <0.799 <4.8 <4.8 <4.66
<1.58 <1.49 <1.4 <1.41 <1. 53 <1.44 <1.62 <1.47 <1.55 <1.51 <1.6 <1.55 <1.52 <1.51 <1. 69 <1.74 <4.8 <4.8 <4.66
<1.29 <1.21 <1.14 <1.15 <1. 25 <1.17 <1. 32 <1.2 <1.27 <1.23 <1.3 <1.26 <1.24 <1.23 <1. 38 <1.41 <4.8 <4.8 <4.66
<0.796 <0.751 <0.708 <0.711 <0.774 <0.728 <0.816 <0.743 <0.785 <0.762 <0.806 <0.78 <0.765 <0.764 <0.854 <0.876 <4.8 <4.8 <4.66
<1.55 <1.46 <1.38 <1.38 <1.5 <1.42 <1.59 <1.45 <1.53 <1.48 <1.57 <1.52 <1.49 <1.49 <1.66 <1.7 <4.8 <4.8 <4.66
<1.33 <1.25 <1.18 <1.18 <1.29 <1.21 <1. 36 <1. 24 <1.31 <1.27 <1.34 <1.3 <1.27 <1.27 <1.42 <1.46 <4.8 <4.8 <4.66
<0.44 <0.415 <0.391 <0.393 <0.428 <0.402 <0.451 <0.411 <0.434 <0.421 <0.446 <0.431 <0.423 <0.422 <0.472 <0.484 <4.8 <4.8 <4.66
<1.06 <0.997 <0.94 <0.943 <1. 03 <0.966 <1. 08 <0.986 <1. 04 <1. 01 <1.07 <1.04 <1. 02 <1. 01 <1.13 <1.16 <4.8 <4.8 <4.66
<0.538 <0.508 <0.479 <0.481 <0.523 <0.492 <0.552 <0.503 <0.531 <0.515 <0.545 <0.528 <0.517 <0.517 <0.578 <0.592 <4.8 <4.8 <4.66
<0.507 <0.478 <0.45 <0.452 <0.492 <0.463 <0.519 <0.473 <0.499 <0.485 <0.513 <0.496 <0.487 <0.486 <0.543 60.5 P <4.8 <4.8 <4.66
<0.414 <0.391 <0.368 <0.37 <0.402 <0.378 <0.424 <0.386 <0.408 <0.396 <0.419 <0.406 <0.398 <0.397 <0.444 18.9 P <4.8 <4.8 <4.66
<0.425 <0.402 <0.378 <0.38 <0.414 <0.389 <0.436 <0.397 <0.419 <0.407 <0.431 <0.417 <0.409 <0.408 <0.457 <0.468 <4.8 <4.8 <4.66
<0.64 <0.604 <0.569 <0.571 <0.622 <0.585 <0.656 <0.597 <0.631 <0.612 <0.648 <0.627 <0.615 <0.614 <0.686 16.0 P <4.8 <4.8 <4.66
<0.891 <0.842 <0.793 <0.796 <0.866 <0.815 <0.914 <0.832 <0.879 <0.853 <0.903 <0.874 <0.857 <0.856 <0.957 <0.981 <4.8 <4.8 <4.66
<0.483 <0.456 <0.43 <0.432 <0.47 <0.442 <0.496 <0.451 <0.476 <0.463 <0.49 <0.474 <0.465 <0.464 <0.519 12.8 P <4.8 <4.8 <4.66
<0.695 <0.656 <0.618 <0.62 <0.675 <0.635 <0.7l2 <0.649 <0.685 <0.665 <0.704 <0.681 <0.668 <0.667 <0.745 <0.764 <4.8 <4.8 <4.66
<1. 79 <1.69 <1.6 <1.6 <1. 74 <1.64 <1. 84 <1. 68 <1. 77 <1. 72 <1.82 <1. 76 <1. 72 <1. 72 <1.93 7.9 P <4.8 <4.8 <4.66
<1.15 <1. 09 <1.02 <1.03 <1.12 <1.05 <1.18 <1.08 <1.14 <1.1 <1.17 <1.13 <1.11 <1.11 <1.24 <1.27 <4.8 <4.8 <4.66
<0.906 <0.855 <0.806 <0.809 <0.88 <0.828 <0.929 <0.846 <0.893 <0.867 <0.918 <0.888 <0.871 <0.869 <0.972 <0.997 <4.8 <4.8 <4.66
<0.718 <0.678 <0.638 <0.641 <0.698 <0.656 <0.736 <0.67 <0.708 <0.687 <0.727 <0.704 <0.69 <0.689 <0.77 <0.79 <4.8 <4.8 <4.66
<96.5 <91.1 <85.8 <86.2 <93.8 <88.2 <99 <90.1 <95.1 <92.4 <97.8 <94.6 <92.8 <92 .6 <104 <106 <96.4 <96.2 <94.2
<8.89 <8.39 <7.9 <7.93 <8.64 <8.12 <9.11 <8.3 <8.76 <8.5 <9 <8.71 <8.54 <8.53 <9.53 <9.78 <96.4 <96.2 <94.2
<96.5 <91.1 <85.8 <86.2 <93.8 <88.2 <99 <90.1 <95.1 <92.4 <97.8 <94.6 <92.8 <92.6 <104 <106 <96.4 <96.2 <94.2
<96.5 <91.1 <85.8 <86.2 <93.8 <88.2 <99 <90.1 <95.1 <92.4 <97.8 <94.6 <92.8 <92.6 <104 <106 <96.4 <96.2 <94.2
<96.5 <91.1 <85.8 <86.2 <93.8 <88.2 <99 <90.1 <95.1 <92.4 <97.8 <94.6 <92.8 <92.6 <104 <106 <96.4 <96.2 <94.2
<96.5 <91.1 <85.8 <86.2 <93.8 <88.2 <99 <90.1 <95.1 <92.4 <97.8 <94.6 <92.8 <92 .6 <104 <106 <96.4 <96.2 <94.2
<96.5 <91.1 <85.8 <86.2 <93.8 <88.2 <99 <90.1 <95.1 <92.4 <97.8 <94.6 <92.8 <92.6 <104 2400 <96.4 <96.2 <94.2
<11.3 <10.7 <10.1 <10.1 <11 <10.4 <11.6 <10.6 <11.2 <10.9 <11.5 <11.1 <10.9 <10.9 <12.2 <12.5 <96.4 <96.2 <94.2


1.4 2.86 1. 99 1.67 2.46 4.81 3.65 5.09 3.32 8.03 3.83 3.73 2.96 4.13 11.5 5.22 3.6 3.1 2.6
<0.289 0.314 <0.257 <0.258 <0.281 <0.265 <0.297 <0.270 <0.285 0.416 <0.293 <0.284 <0.278 <0.278 0.45 1. 72 <0.29 <0.29 <0.28
13.5 12.5 12.1 12.7 17.2 14.6 21. 7 17.3 18.9 24.5 21. 9 19.4 16.6 19.4 18.6 29.6 14.3 13.2 13.1
8.09 10.3 4.86 4.51 10.6 8.8 11.9 8.36 11 11. 7 12.9 12.3 10 11.5 10.4 20.1 11.7 9.7 8.9
6.4 7.8 4.92 4.56 7.S9 7.9 9.23 6.96 8.67 9.79 9.33 9.01 7.29 8 12.7 22.1 7.5 6.6 5.7


10500 14300 9810 8180 15800 13900 12700 15300 14500 15500 15600 16200 15400 15900 10000 12700 19500 17500 15600
678 858 472 549 818 823 875 951 924 1340 1320 721 903 1040 767 858 1260 900 683


<0.048 <0.045 <0.042 <0.043 <0.046 <0.044 <0.049 <0.045 <0.047 <0.046 <0.048 <0.047 <0.046 <0.046 0.057 0.3 0.072 <0.048 0.047
15.2 16.6 12.5 12.3 18.3 16.6 22.9 16.2 20.8 24.1 22.5 1B.4 17.6 19.7 20.6 23.8 15.4 13.9 12.4
40.9 46.5 30.6 28.5 51 46.3 64.8 43.6 56.S 66.6 66.7 58.8 49.9 59.1 64.5 93.9 63.5 49.4 47.1
<1.4 <1.4 <1.3 <1.29 <1.41 <1.32 <1.48 <1.35 <1.43 <1.39 <1.47 <1.42 <1.39 <1.39 <1.55 <1.59 <1.4 <1.4 <1.4
<0.36 <0.34 <0.32 <0.32 <0.35 <0.33 <0.369 <0.34 <0.35 <0.34 <0.36 <0.36 <0.34 <0.34 <0.39 <0.4 <0.36 <0.36 <0.36
30.9 26.8 22.3 22.6 28.9 24.4 32.6 26 29.9 27.8 31. 8 29.5 28.1 28 35.6 37.2 30.8 30.7 29.2
69.1 73.2 77.7 77.4 71.1 75.6 67.4 74 70.1 72 .2 68.2 70.5 71.9 72 64.4 62.8 69.2 69.3 70.8
1.4 1.1 <1 <1 <1 <1 1.5 1.3 1.4 1.5 1.5 2 1.1 1.1 2 2.4 2.1 1.9 2.2
6600 4700 2800 1500 6400 5200 11000 4000 9200 7600 8500 7100 5700 6500 11000 13000 13000 9600 13000
100 100 100 100 100 99.9 100 100 100 100 100 100 100 100 100 100
100 100 100 100 99.9 99.4 100 100 100 100 100 100 100 100 100 100
99.9 100 99.9 99.9 99 97.9 99.8 100 100 99.8 99.9 100 100 100 99.5 99.9
99.8 99.9 99.2 99.7 98.7 97.7 99.5 99.9 99.9 99.6 99.8 100 100 99.9 98.6 99.6
99.5 99.8 91.1 91.3 97.5 97.5 98.5 99.8 99.5 99.2 99.7 99.6 99.9 99.9 97 98.6
97.7 96 68.5 46.1 89.5 88 96.4 98.5 98 97.3 99.4 96.7 97.7 97.6 85 91.4
95.1 90.4 57.7 37 82.6 78 94.8 95.1 97.1 96.6 98.8 92.5 94.4 93.7 77.9 84.2


0 0 0
1.5 0.1 0
0.1 2.2 1.3
0.7 1.7 7.8
8.7 2.3 13
11 9.2 10
5.4 5.3 5.8
22 34 28
50 44 34
99 99 100
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Sample Site
LAB Number


Lab
Depth


Date collected


MPCA SQT I MPCA SQT II MPCA Level 1 Soil 
Reference Value (SRV)


ug/kg Naphthalene 180 560 10000
ug/kg Acenaphthylene 5.9 130
ug/kg Acenaphthene 6.7 89 1200000
ug/kg Fluorene 77 540 850000
ug/kg Phenanthrene 200 1200
ug/kg Anthracene 57 850 7800000
ug/kg Fluoranthene 420 2200 1080000
ug/kg Pyrene 200 1500 890000
ug/kg Benzo(a) anthracene 110 1100
ug/kg Chrysene 170 1300
ug/kg Benzo(b)fluoranthene
ug/kg Benzo(k)fluoranthene
ug/kg Benzo(a)pyrene 150 1500 2000**
ug/kg Indeno(1,2,3-cd)pyrene
ug/kg Dibenzo(a,h) anthracene 33 140
ug/kg Benzo(g,h,i)perylene
ug/kg 2-Methylnaphthalene 20 200
ug/kg 1-Methylnaphthalene
ug/kg alpha-BHC
ug/kg gamma-BHC (Lindane) 2.4 5 9000
ug/kg beta-BHC
ug/kg delta-BHC
ug/kg Heptachlor 2000
ug/kg Aldrin 1000
ug/kg Heptachlor Epoxide 2.5 16
ug/kg gamma-Chlordane
ug/kg alpha-Chlordane 3.2* 18* 13000*
ug/kg p,p'-DDE 3.2 31 40000
ug/kg Endosulfan I
ug/kg Dieldrin 1.9 62 800
ug/kg Endrin 2.2 210 8000
ug/kg p,p'-DDD 4.9 28 56000
ug/kg Endosulfan II
ug/kg p,p'-DDT 4.2 63 15000
ug/kg Endrin Aldehyde
ug/kg Methoxychlor
mg/kg Endosulfan Sulfate
mg/kg Endrin Ketone
mg/kg Toxaphene 0.1 32 13000
ug/kg Aroclor 1016
ug/kg Aroclor 1221
ug/kg Aroclor 1232
ug/kg Aroclor 1242
ug/kg Aroclor 1248
ug/kg Aroclor 1254
ug/kg Aroclor 1260
ug/kg Total PCBs 60 680 1200
mg/kg Arsenic 9.8 33 9
mg/kg Cadmium 0.99 5 25
mg/kg Chromium 43 110 44000
mg/kg Copper 32 150 100
mg/kg Lead 36 130 300
mg/kg Magnesium
mg/kg Manganese 3600
mg/kg Mercury 0.18 1.1 0.5
mg/kg Nickel 23 49 560
mg/kg Zinc 120 460 8700
mg/kg Chromium (VI) 87
mg/kg Cyanide, Total


% Moisture
% Solids, Percent
% Solids,Total Volatile


mg/kg Total Organic Carbon
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SILT clay 200
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12 20M, SN 1 12 20M, SN 2 12 21M, SN 1 12 21M, SN 2 12 21M, SN 3 12 22M, SN 1 12 22M, SN 2 12 23M, SN 1 12 23M, SN 2 12 23M, SN3 12 24M, SN1 12 24, SN2 12 25M, SN1 12 25M, SN2 12 25M, SN3 12 26M, SN1 12 26M, SN2 12 26M, SN3 12 27M, SN1 12 27M, SN2
8919 04 8919 05 8919 06 8919 07 8919 08 8919 09 8919 10 8919 11 8919 12 8922 01 8922 02 8922 03 8922 04 8922 05 8922 06 8922 07 8922 08 8922 09 8922 10 8922 11


ARDL, Inc. ARDL, Inc. ARDL, Inc. ARDL, Inc. ARDL, Inc. ARDL, Inc. ARDL, Inc. ARDL, Inc. ARDL, Inc. ARDL, Inc. ARDL, Inc. ARDL, Inc. ARDL, Inc. ARDL, Inc. ARDL, Inc. ARDL, Inc. ARDL, Inc. ARDL, Inc. ARDL, Inc. ARDL, Inc.
12.5' 15.0' 15' 20' 10.1' 11.5' 11.5' 13.5' 13.5' 16.2' 11.7' 14.0' 14.0' 17.5' 10.0' 11.5' 11.5' 13.0' 14.0' 15.5' 9.4' 11.5' 11.5' 13.0' 9.5' 11.5' 11.5' 13.0' 13.0' 17.5' 8.5' 11.5' 11.5' 13.0' 13.0' 16.1' 10.3' 12.0' 12.0' 14.5'
10/27/2012 10/27/2012 10/27/2012 10/27/2012 10/27/2012 10/27/2012 10/27/2012 10/27/2012 10/27/2012 10/29/2012 10/29/2012 10/29/2012 10/29/2012 10/29/2012 10/29/2012 10/29/2012 10/29/2012 10/29/2012 10/30/2012 10/30/2012


Results Results Results Results Results Results Results Results Results Results Results Results Results Results Results Results Results Results Results Results


<1.4 3.3 J <1.4 <1.4 <1.5 <1.5 <1.4 <1.4 <1.4 <1.4 1.8 J <1.4 <1.5 <1.4 <1.4 <1.4 <1.4 <1.4 3.1 J 6.3 J
4.0 J 15 <1.8 <1.7 <1.8 <1.8 <1.7 <1.7 <1.6 <1.7 16 5.1 J <1.8 <1.7 <1.7 <1.7 <1.7 <1.7 40 83
<1.9 6.0 J <1.9 <1.9 <1.9 <1.9 <1.8 <1.8 <1.8 <1.9 <2 <1.9 <2 <1.9 <1.8 <1.9 <1.9 <1.8 3.9 JM 7.5 JM
<2.0 9.3 J <2.0 <2.0 <2.1 <2.0 <1.9 <2.0 <1.9 <2 3.5 J <2 <2.1 <2 <1.9 <2 <2 <1.9 6.9 J 14
10 59 <1.9 <1.8 2.7 J 2.6 J 2.0 J 3.3 J <1.7 <1.8 46 19 <1.9 <1.8 <1.8 <1.8 <1.8 <1.8 50 100
3.5 J 18 <1.4 <1.4 <1.4 <1.4 <1.4 <1.4 <1.3 <1.4 21 7.3 J <1.5 <1.4 <1.4 <1.4 <1.4 <1.4 23 47
31 150 <1.9 <1.9 2.1 J 3.7 J <1.8 4.2 J <1.8 <1.9 170 64 4.3 J <1.9 <1.8 <1.9 <1.9 <1.9 180 360
34 160 <1.9 <1.9 <2.0 3.2 J <1.8 4.0 J <1.8 <1.9 220 78 4.7 J <1.9 <1.8 <1.9 <1.9 <1.9 210 420
18 79 <1.2 <1.2 <1.2 2.1 J <1.2 2.9 J <1.2 <1.2 130 44 <1.3 <1.2 <1.2 <1.2 <1.2 <1.2 130 280
18 81 <2.9 <2.8 <2.9 <2.9 <2.8 <2.8 <2.7 <2.8 110 33 <3 <2.8 <2.8 <2.9 <2.8 <2.8 120 240


25 M 120 <1.8 <1.8 <1.8 <1.8 <1.7 <1.7 <1.7 <1.8 150 57 <1.9 <1.7 <1.7 <1.8 <1.8 <1.7 180 380
8.1 JM 33 <2.7 <2.7 <2.8 <2.8 <2.6 <2.6 <2.6 <2.7 52 17 <2.8 <2.7 <2.6 <2.7 <2.7 <2.6 62 110
23 76 <1.9 <1.9 <1.9 <1.9 22 <1.8 <1.8 <1.9 130 47 <2 <1.9 <1.8 <1.9 <1.9 <1.8 140 280


17 M 59 M <1.6 <1.6 <1.6 <1.6 <1.5 <1.6 <1.5 6.4 J 83 M 34 M 8 JM <1.6 <1.5 6.5 J <1.6 <1.6 110 M 250 M
7.2 J 16 <2.1 <2.0 <2.1 <2.1 <2.0 <2.0 <1.9 <2 17 9.1 J 6.3 J <2 <2 <2.1 <2 <2 23 49
16 73 <2.0 <2.0 <2.1 <2.1 <2.0 <2.0 <1.9 <2 100 36 2.2 J <2 <2 <2 <2 <2 130 300


<4.75 <5.54 <4.88 <4.76 <4.86 <4.72 <4.62 <4. 72 <4.6 <4.51 <4.9 <4.82 <4.85 <4.72 <4.65 <4.75 <4.65 <4.34 <5.12 <5.56
<4.75 <5.54 <4.88 <4.76 <4.86 <4.72 <4.62 <4. 72 <4.6 <4.51 <4.9 <4.82 <4.85 <4.72 <4.65 <4.75 <4.65 <4.34 <5.12 <5.56
<4.75 <5.54 <4.88 <4.76 <4.86 <4.72 <4.62 <4. 72 <4.6 <4.51 <4.9 <4.82 <4.85 <4.72 <4.65 <4.75 <4.65 <4.34 <5.12 <5.56
<4.75 <5.54 <4.88 <4.76 <4.86 <4.72 <4.62 <4. 72 <4.6 <4.51 <4.9 <4.82 <4.85 <4.72 <4.65 <4.75 <4.65 <4.34 <5.12 <5.56
<4.75 <5.54 <4.88 <4.76 <4.86 <4.72 <4.62 <4. 72 <4.6 <4.51 <4.9 <4.82 <4.85 <4.72 <4.65 <4.75 <4.65 <4.34 <5.12 <5.56
<4.75 <5.54 <4.88 <4.76 <4.86 <4.72 <4.62 <4. 72 <4.6 <4.51 <4.9 <4.82 <4.85 <4.72 <4.65 <4.75 <4.65 <4.34 <5.12 <5.56
<4.75 <5.54 <4.88 <4.76 <4.86 <4.72 <4.62 <4. 72 <4.6 <4.51 <4.9 <4.82 <4.85 <4.72 <4.65 <4.75 <4.65 <4.34 <5.12 <5.56
<4.75 21.7 p <4.88 <4.76 <4.86 <4.72 <4.62 <4. 72 <4.6 <4.51 <4.9 <4.82 <4.85 <4.72 <4.65 <4.75 <4.65 <4.34 <5.12 <5.56
<4.75 <5.54 <4.88 <4.76 <4.86 <4.72 <4.62 <4. 72 <4.6 <4.51 <4.9 <4.82 <4.85 <4.72 <4.65 <4.75 <4.65 <4.34 <5.12 <5.56
<4.75 <5.54 <4.88 <4.76 <4.86 <4.72 <4.62 <4. 72 <4.6 <4.51 <4.9 <4.82 <4.85 <4.72 <4.65 <4.75 <4.65 <4.34 <5.12 <5.56
<4.75 <5.54 <4.88 <4.76 <4.86 <4.72 <4.62 <4. 72 <4.6 <4.51 <4.9 <4.82 <4.85 <4.72 <4.65 <4.75 <4.65 <4.34 <5.12 <5.56
<4.75 <5.54 <4.88 <4.76 <4.86 <4.72 <4.62 <4. 72 <4.6 <4.51 <4.9 <4.82 <4.85 <4.72 <4.65 <4.75 <4.65 <4.34 <5.12 <5.56
<4.75 30.5 <4.88 <4.76 <4.86 <4.72 <4.62 <4. 72 <4.6 <4.51 <4.9 <4.82 <4.85 <4.72 <4.65 <4.75 <4.65 <4.34 <5.12 <5.56
<4.75 <5.54 <4.88 <4.76 <4.86 <4.72 <4.62 <4. 72 <4.6 <4.51 <4.9 <4.82 <4.85 <4.72 <4.65 <4.75 <4.65 <4.34 <5.12 <5.56
<4.75 <5.54 <4.88 <4.76 <4.86 <4.72 <4.62 <4. 72 <4.6 <4.51 <4.9 <4.82 <4.85 <4.72 <4.65 <4.75 <4.65 <4.34 <5.12 <5.56
<4.75 53.3 <4.88 <4.76 <4.86 <4.72 <4.62 <4. 72 <4.6 <4.51 <4.9 <4.82 <4.85 <4.72 <4.65 <4.75 <4.65 <4.34 <5.12 <5.56
<4.75 <5.54 <4.88 <4.76 <4.86 <4.72 <4.62 <4. 72 <4.6 <4.51 <4.9 <4.82 <4.85 <4.72 <4.65 <4.75 <4.65 <4.34 <5.12 <5.56
<4.75 <5.54 <4.88 <4.76 <4.86 <4.72 <4.62 <4. 72 <4.6 <4.51 <4.9 <4.82 <4.85 <4.72 <4.65 <4.75 <4.65 <4.34 <5.12 <5.56
<4.75 <5.54 <4.88 <4.76 <4.86 <4.72 <4.62 <4. 72 <4.6 <4.51 <4.9 <4.82 <4.85 <4.72 <4.65 <4.75 <4.65 <4.34 <5.12 <5.56
<4.75 <5.54 <4.88 <4.76 <4.86 <4.72 <4.62 <4. 72 <4.6 <4.51 <4.9 <4.82 <4.85 <4.72 <4.65 <4.75 <4.65 <4.34 <5.12 <5.56
<96 <112 <98.7 <96.2 <98.2 <95.4 <93.4 <95.4 <93 <91.5 <99.1 <97.5 <97.9 <95.4 <94.1 <96 <94.1 <87.8 <103 <112
<96 <112 <98.7 <96.2 <98.2 <95.4 <93.4 <95.4 <93 <91.5 <99.1 <97.5 <97.9 <95.4 <94.1 <96 <94.1 <87.8 <103 <112
<96 <112 <98.7 <96.2 <98.2 <95.4 <93.4 <95.4 <93 <91.5 <99.1 <97.5 <97.9 <95.4 <94.1 <96 <94.1 <87.8 <103 <112
<96 <112 <98.7 <96.2 <98.2 <95.4 <93.4 <95.4 <93 <91.5 <99.1 <97.5 <97.9 <95.4 <94.1 <96 <94.1 <87.8 <103 <112
<96 <112 <98.7 <96.2 <98.2 <95.4 <93.4 <95.4 <93 <91.5 <99.1 <97.5 <97.9 <95.4 <94.1 <96 <94.1 <87.8 <103 <112
<96 <112 <98.7 <96.2 <98.2 <95.4 <93.4 <95.4 <93 <91.5 <99.1 <97.5 <97.9 <95.4 <94.1 <96 <94.1 <87.8 <103 <112
<96 418 <98.7 <96.2 <98.2 <95.4 <93.4 <95.4 <93 <91.5 <99.1 <97.5 <97.9 <95.4 <94.1 <96 <94.1 <87.8 <103 <112
<96 <112 <98.7 <96.2 <98.2 <95.4 <93.4 <95.4 <93 <91.5 <99.1 <97.5 <97.9 <95.4 <94.1 <96 <94.1 <87.8 <103 <112


10.5 10.9 3.6 3.5 2.6 3.8 2.3 2.8 1.8 2.2 6.4 3.6 3.9 4 4.8 3.2 4.7 3.4 4.9 4.9
0.32 2.4 <0.3 <0.29 <0.3 <0.29 <0.28 <0.29 <0.28 <0.27 <0.3 <0.29 <0.29 <0.29 <0.28 <0.29 <0.28 <0.26 0.64 0.56
13.9 32.5 12.8 12.8 15.5 12.6 9.8 11.5 9.6 12.5 20 17.5 17.6 18.2 14.4 15.7 15.8 11.2 19.7 22.2
8.7 21.6 10 9.9 11.3 10.5 7.2 8.5 7.1 7.2 19.2 11.7 12 12.9 10.3 11.6 11.4 8.1 15.3 19.2
9.2 23.7 6.5 6.5 7.3 7.4 4.9 5.8 4.8 4.8 15.1 8.3 8.7 8.2 6.6 6.9 7.1 5 20.4 27.6
9750 14000 17100 17000 16600 17300 15500 14100 14200 9310 14400 12600 11900 12500 12200 11200 13000 9310 9670 11600
1810 2100 1170 2420 1180 1420 704 1160 1080 639 963 715 807 1120 1020 839 1160 754 443 513
0.062 0.22 0.052 0.058 <0.049 0.069 <0.046 <0.047 0.056 <0.045 0.37 0.11 <0.048 <0.047 <0.047 0.082 B 0.059 B 0.053 B 0.20 B 0.26 B
13.4 17.6 12.6 13.5 16.2 13.7 9.6 11.7 10.8 11.8 41.6 20.8 20.5 24.4 17.1 22 18.5 15.9 21.2 21.8
58 117 51.9 52.7 51.7 61.7 43.7 42.6 40 29.7 80.5 48.7 49.1 58.6 44.2 48.7 46.8 34.5 75.6 91.6
<1.4 <1.7 <1.5 <1.4 <1.5 <1.4 <1.4 <1.4 <1.4 <1.4 <1.5 <1.5 <1.5 <1.4 1.5 <1.4 <1.4 <1.3 <1.6 <1.7
<0.36 <0.4 <0.36 <0.35 <0.36 <0.35 <0.34 <0.32 0. 41 <0.34 <0.37 <0.36 <0.36 <0.35 <0.34 <0.33 <0.34 <0.29 <0.38 <0.41
30.5 40.4 32.4 30.7 32.1 30.1 28.6 30.1 28.3 26.8 32.7 31. 6 31.9 30.1 29.1 30.5 29.1 24 35.5 40.7
69.5 59.6 67.6 69.3 67.9 69.9 71.4 69.9 71.7 73.2 67.3 68.4 68.1 69.9 70.9 69.5 70.9 76 64.5 59.3
2.5 3.2 1.8 1.7 2.1 2.1 1.6 1.3 1.4 1.2 2.6 2.3 2.3 1.9 2 2.1 1.9 1 2.8 3.2


12000 26000 8500 12000 12000 14000 12000 8100 6800 7100 21000 9400 16000 8000 8100 9100 7800 9800 17000 28000


0 15 1.7 22 19 0.3 12 9.7 0.3 0.2 8.9 9.6 2.7 24 28 25 14 28 4.5 21
0 18 12 18 16 9 15 18 5.2 1 15 13 19 19 15 17 20 15 17 18
15 19 19 14 13 23 12 13 19 8.7 20 16 19 14 10 13 16 10 23 13
15 13 11 8.8 8 13 7.1 6.7 10 13 13 9.6 13 8.3 5.9 9 9.8 6.5 14 8.5
7.4 5.3 4.5 3.7 3.3 5.9 3.1 2.7 3.4 12 5.8 4.5 6.3 3.2 2.4 4.4 3.9 4.2 5.5 3.8
19 6.6 4.8 3.5 3.8 7.9 4.5 3.3 3.8 23 7.3 7.9 7.3 3.6 2.9 6.3 4.8 10 6.2 5.8
14 3.4 2.7 1.7 2.6 5.3 4 5.3 5.9 7.1 4.3 6.1 3.8 2.9 2.7 4.7 2.2 3.3 3.7 6.1
17 12 24 8.9 13 22 27 27 33 13 13 15 11 9.2 17 9 13 13 15 13
13 9.3 20 19 21 14 15 14 19 23 12 17 15 15 15 11 16 9.2 9.6 8.9
100 102 100 100 100 100 100 100 100 101 99 99 97 99 99 99 100 99 99 98
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Sample Site
LAB Number


Lab
Depth


Date collected


MPCA SQT I MPCA SQT II MPCA Level 1 Soil 
Reference Value (SRV)


ug/kg Naphthalene 180 560 10000
ug/kg Acenaphthylene 5.9 130
ug/kg Acenaphthene 6.7 89 1200000
ug/kg Fluorene 77 540 850000
ug/kg Phenanthrene 200 1200
ug/kg Anthracene 57 850 7800000
ug/kg Fluoranthene 420 2200 1080000
ug/kg Pyrene 200 1500 890000
ug/kg Benzo(a) anthracene 110 1100
ug/kg Chrysene 170 1300
ug/kg Benzo(b)fluoranthene
ug/kg Benzo(k)fluoranthene
ug/kg Benzo(a)pyrene 150 1500 2000**
ug/kg Indeno(1,2,3-cd)pyrene
ug/kg Dibenzo(a,h) anthracene 33 140
ug/kg Benzo(g,h,i)perylene
ug/kg 2-Methylnaphthalene 20 200
ug/kg 1-Methylnaphthalene
ug/kg alpha-BHC
ug/kg gamma-BHC (Lindane) 2.4 5 9000
ug/kg beta-BHC
ug/kg delta-BHC
ug/kg Heptachlor 2000
ug/kg Aldrin 1000
ug/kg Heptachlor Epoxide 2.5 16
ug/kg gamma-Chlordane
ug/kg alpha-Chlordane 3.2* 18* 13000*
ug/kg p,p'-DDE 3.2 31 40000
ug/kg Endosulfan I
ug/kg Dieldrin 1.9 62 800
ug/kg Endrin 2.2 210 8000
ug/kg p,p'-DDD 4.9 28 56000
ug/kg Endosulfan II
ug/kg p,p'-DDT 4.2 63 15000
ug/kg Endrin Aldehyde
ug/kg Methoxychlor
mg/kg Endosulfan Sulfate
mg/kg Endrin Ketone
mg/kg Toxaphene 0.1 32 13000
ug/kg Aroclor 1016
ug/kg Aroclor 1221
ug/kg Aroclor 1232
ug/kg Aroclor 1242
ug/kg Aroclor 1248
ug/kg Aroclor 1254
ug/kg Aroclor 1260
ug/kg Total PCBs 60 680 1200
mg/kg Arsenic 9.8 33 9
mg/kg Cadmium 0.99 5 25
mg/kg Chromium 43 110 44000
mg/kg Copper 32 150 100
mg/kg Lead 36 130 300
mg/kg Magnesium
mg/kg Manganese 3600
mg/kg Mercury 0.18 1.1 0.5
mg/kg Nickel 23 49 560
mg/kg Zinc 120 460 8700
mg/kg Chromium (VI) 87
mg/kg Cyanide, Total


% Moisture
% Solids, Percent
% Solids,Total Volatile


mg/kg Total Organic Carbon
4
10
20
40
60
140


SILT clay 200
4
8
16
30
40
60
100
200
<200
TOTAL


%
Re


ta
in
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on
Si
ev
e


SA
N


D


M
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PC
Bs


PA
R


TI
C


LE
 S


IZ
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%
 


FI
N


ER


coarse


medium


C
H


C
'S


In
or


ga
ni


cs


fine


12 27M, SN3 12 28M, SN1 12 28M, SN2 12 28M, SN3 12 29M, SN1 12 29M, SN2 12 30M, SN1 12 30M, SN2 12 31M, SN1 12 31M, SN2 12 32M, SN1 12 33M, SN1 12 33M, SN2 12 34M, SN1 12 34M. SN2 12 35M, SN1 12 35M, SN2 12 36M, SN1 12 36M, SN2 12 37M, SN1
8921 11 8921 01 8921 02 8921 03 8921 04 8921 05 8921 06 8921 07 8921 08 8921 09 8921 10 8922 14 8922 15 8921 12 8921 13 8921 14 8921 15 8921 16 8921 17 8921 18


ARDL, Inc. ARDL, Inc. ARDL, Inc. ARDL, Inc. ARDL, Inc. ARDL, Inc. ARDL, Inc. ARDL, Inc. ARDL, Inc. ARDL, Inc. ARDL, Inc. ARDL, Inc. ARDL, Inc. ARDL, Inc. ARDL, Inc. ARDL, Inc. ARDL, Inc. ARDL, Inc. ARDL, Inc. ARDL, Inc.
14.5' 19.5' 9.4' 11.5' 11.5' 13.0' 13.0' 18.0' 11.0' 12.5' 12.5' 14.5' 7.9' 11.5' 11.5' 13.5' 10.1' 12.0' 12.' 14.0' 12.0' 14.0' 7.0' 11.5' 11.5' 13.5' 8.1' 11.5' 11.5' 15.0' 9.4' 11.5' 11.5' 13.5' 8.4' 11.5' 11.5' 13.5' 7.0' 11.5'
10/30/2012 10/30/2012 10/30/2012 10/30/2012 10/30/2012 10/30/2012 10/30/2012 10/30/2012 10/30/2012 10/30/2012 10/31/2012 10/31/2012 10/31/2012 10/31/2012 10/31/2012 10/31/2012 10/31/2012 10/31/2012 10/31/2012 10/31/2012


Results Results Results Results Results Results Results Results Results Results Results Results Results Results Results Results Results Results Results Results


<1.4 >1.4 >1.4 >1.4 >1.4 >1.4 2.2 J 8.5 J 11 J 2.4 J 4.1 J 1.7 JM <1.4 2.7 J 3.2 J <1.7 <1.5 <1.4 <1.4 5 J
<1.7 >1.7 >1.7 >1.7 >1.8 >1.7 11 44 120 15 6.8 J 8.2 J <1.7 3.7 J <2.7 26 11 <1.7 <1.7 45
<1.9 >1.9 >1.8 >1.9 >1.9 >1.9 3.1 J 10 J 12 M 2.4 JM <1.9 3.5 J <1.9 <2.7 <2.9 5.2 J 4.6 J <1.9 <1.9 5.6 JM
<2 >2.0 >1.9 >2.0 >2.0 >2.0 5.2 J 17 30 5.6 J 2.5 J 4.6 J <2 <2.9 <3.1 8.8 J 7.7 J <2 <2 11
2.8 J 3.9 J 2.4 J 2.9 J 5.3 J 2.0 J 35 120 340 62 20 35 3.1 J 13 11 J 61 55 7.9 J 13 92
<1.4 <1.4 >1.4 >1.4 >1.4 >1.4 14 45 180 27 8.0 J 11 <1.4 7.3 J <2.2 26 16 <1.4 1.8 J 42
5.4 J <1.9 >1.9 >1.9 8.3 J >1.9 130 320 1100 D 180 55 98 <1.9 29 11 J 220 120 6.3 J 11 290
6 J <1.9 >1.9 >1.9 10 >1.9 130 350 1400 D 190 54 84 <1.9 33 11 J 200 110 5.3 J 11 350
4.7 J <1.2 >1.2 >1.2 6.5 J >1.2 62 200 870 D 120 39 52 <1.2 21 5.9 J 140 71 3.4 J 5.3 J 230
3.3 J <2.9 >2.8 >2.8 5.5 J >2.9 59 180 670 D 90 32 42 <2.9 18 4.8 J 130 59 2.9 J 3.8 J 190
5.3 J <1.8 >1.7 >1.8 8.0 J >1.8 88 M 240 590 M 140 51 75 <1.8 22 7.1 JM 170 93 4.2 JM 4.9 J 270
<2.7 <2.7 >2.6 >2.7 <2.7 >2.7 31 M 81 340 M 42 16 20 <2.7 6.9 JM <4.2 62 27 <2.7 <2.7 91
9.1 <1.9 >1.8 >1.9 11 >1.9 66 180 800 D 110 42 49 <1.9 24 13 J 130 67 8.6 J 9.2 J 220
9.6 <1.6 >1.6 >1.6 10 >1.6 46 M 130 M 600 DM 78 M 30 M 50 M 6.7 J 19 M 15 110 M 58 M 9.3 9.5 170 M
<2 <2.0 >2.0 >2.0 <2.1 >2.1 12 32 170 D 19 11 13 5.8 J 10 J <3.2 26 15 <2 <2.1 34
3.6 <2.0 >2.0 >2.0 4.6 J >2.0 59 170 440 100 38 50 <2 16 5.8 J 130 62 3.4 J 4 J 220


<4.72 <4.67 <4.64 <4.58 <4.75 <4. 71 <4.56 <5.31 <4.78 <4.72 <4.2 <4.86 <4.68 <6.52 <8.07 <5.56 <5.11 <4.44 <4.61 <4.94
<4.72 <4.67 <4.64 <4.58 <4.75 <4. 71 <4.56 <5.31 <4.78 <4.72 <4.2 <4.86 <4.68 <6.52 <8.07 82.1 p <5.11 <4.44 <4.61 <4.94
<4.72 <4.67 <4.64 <4.58 <4.75 <4. 71 <4.56 5.62 <4.78 <4.72 <4.2 <4.86 <4.68 <6.52 <8.07 <5.56 <5.11 <4.44 <4.61 <4.94
<4.72 <4.67 <4.64 <4.58 <4.75 <4. 71 <4.56 <5.31 <4.78 <4.72 <4.2 <4.86 <4.68 <6.52 <8.07 <5.56 <5.11 <4.44 <4.61 <4.94
<4.72 <4.67 <4.64 <4.58 <4.75 <4. 71 <4.56 7.89 p <4.78 <4.72 <4.2 <4.86 <4.68 <6.52 <8.07 211 p <5.11 <4.44 <4.61 <4.94
<4.72 <4.67 <4.64 <4.58 <4.75 <4. 71 <4.56 <5.31 <4.78 <4.72 <4.2 <4.86 <4.68 <6.52 <8.07 <5.56 <5.11 <4.44 <4.61 <4.94
<4.72 <4.67 <4.64 <4.58 <4.75 <4. 71 <4.56 47.0 p <4.78 <4.72 <4.2 <4.86 <4.68 <6.52 <8.07 143 p <5.11 <4.44 <4.61 <4.94
<4.72 <4.67 <4.64 <4.58 <4.75 <4. 71 <4.56 <5.31 <4.78 <4.72 <4.2 <4.86 <4.68 <6.52 <8.07 13.3 <5.11 <4.44 <4.61 5.52
<4.72 <4.67 <4.64 <4.58 <4.75 <4. 71 <4.56 <5.31 <4.78 <4.72 <4.2 <4.86 <4.68 <6.52 <8.07 <5.56 <5.11 <4.44 <4.61 <4.94
<4.72 <4.67 <4.64 <4.58 <4.75 <4. 71 <4.56 44.4 <4.78 <4.72 <4.2 <4.86 <4.68 <6.52 <8.07 6.78 <5.11 <4.44 <4.61 <4.94
<4.72 <4.67 <4.64 <4.58 <4.75 <4. 71 <4.56 7.4 <4.78 <4.72 <4.2 <4.86 <4.68 <6.52 <8.07 <5.56 <5.11 <4.44 <4.61 <4.94
<4.72 <4.67 <4.64 <4.58 <4.75 <4. 71 <4.56 <5.31 <4.78 <4.72 <4.2 <4.86 <4.68 <6.52 <8.07 <5.56 <5.11 <4.44 <4.61 <4.94
<4.72 <4.67 <4.64 <4.58 <4.75 <4. 71 <4.56 75.5 <4.78 <4.72 <4.2 <4.86 <4.68 <6.52 <8.07 <5.56 <5.11 <4.44 <4.61 <4.94
<4.72 <4.67 <4.64 <4.58 <4.75 <4. 71 <4.56 6.30 p <4.78 <4.72 <4.2 <4.86 <4.68 <6.52 <8.07 <5.56 <5.11 <4.44 <4.61 <4.94
<4.72 <4.67 <4.64 <4.58 <4.75 <4. 71 <4.56 <5.31 <4.78 <4.72 <4.2 <4.86 <4.68 <6.52 <8.07 <5.56 <5.11 <4.44 <4.61 <4.94
<4.72 <4.67 <4.64 <4.58 <4.75 <4. 71 <4.56 127 <4.78 <4.72 <4.2 <4.86 <4.68 <6.52 <8.07 <5.56 <5.11 <4.44 <4.61 <4.94
<4.72 <4.67 <4.64 <4.58 <4.75 <4. 71 <4.56 11.3 <4.78 <4.72 <4.2 <4.86 <4.68 <6.52 <8.07 <5.56 <5.11 <4.44 <4.61 <4.94
<4.72 <4.67 <4.64 <4.58 <4.75 <4. 71 <4.56 82.2 <4.78 <4.72 <4.2 <4.86 <4.68 <6.52 <8.07 <5.56 <5.11 <4.44 <4.61 <4.94
<4.72 <4.67 <4.64 <4.58 <4.75 <4. 71 <4.56 <5.31 <4.78 <4.72 <4.2 <4.86 <4.68 <6.52 <8.07 <5.56 <5.11 <4.44 <4.61 <4.94
<4.72 <4.67 <4.64 <4.58 <4.75 <4. 71 <4.56 17.7 p <4.78 <4.72 <4.2 <4.86 <4.68 <6.52 <8.07 <5.56 <5.11 <4.44 <4.61 <4.94
<95.4 <94.5 <93.8 <92.5 <96 <95.1 <92.1 <107 <96.7 <95.4 <84.9 <98.2 <94.6 <132 <163 <112 <103 <89.7 <93.2 <99.9
<95.4 <94.5 <93.8 <92.5 <96 <95.1 <92.1 <107 <96.7 <95.4 <84.9 <98.2 <94.6 <132 <163 24700 <103 <89.7 <93.2 <99.9
<95.4 <94.5 <93.8 <92.5 <96 <95.1 <92.1 <107 <96.7 <95.4 <84.9 <98.2 <94.6 <132 <163 <112 <103 <89.7 <93.2 <99.9
<95.4 <94.5 <93.8 <92.5 <96 <95.1 <92.1 <107 <96.7 <95.4 <84.9 <98.2 <94.6 <132 <163 <112 <103 <89.7 <93.2 <99.9
<95.4 <94.5 <93.8 <92.5 <96 <95.1 <92.1 <107 <96.7 <95.4 <84.9 <98.2 <94.6 <132 <163 <112 <103 <89.7 <93.2 <99.9
<95.4 <94.5 <93.8 <92.5 <96 <95.1 <92.1 <107 <96.7 <95.4 <84.9 <98.2 <94.6 <132 <163 <112 <103 <89.7 <93.2 <99.9
<95.4 <94.5 <93.8 <92.5 <96 <95.1 <92.1 1740 <96.7 <95.4 <84.9 <98.2 <94.6 <132 <163 <112 <103 <89.7 <93.2 <99.9
<95.4 <94.5 <93.8 <92.5 <96 <95.1 <92.1 <107 <96.7 <95.4 <84.9 <98.2 <94.6 <132 <163 <112 <103 <89.7 <93.2 <99.9


3.1 4.2 5 5.2 3.3 3.2 4.4 5.6 4.7 3.4 2.1 3 3 3.3 3.8 3.9 3.4 3.2 3.5 4.4
<0.29 0.34 0.34 0.28 <0.29 <0.29 0.64 4.8 0.68 0.49 <0.25 <0.3 <0.28 <0.40 <0.49 0.35 0.34 <0.27 <0.28 0.42
15.6 19 1G.7 15.1 18.7 20.6 14.9 54 19.4 18.4 12.5 15.2 17.3 22.5 33.3 14.5 14.4 13.7 15.1 19.8
11.1 13.8 12.9 10.9 9.5 11.6 9.1 44 14.1 9.8 8 8.8 9 11.9 15.7 12.3 10.7 6.6 8.2 15.6
8 8.7 7.9 6.6 5.8 6.7 8.5 40.5 17.1 9.9 4.5 6.6 6.2 8.1 8.6 9.2 11.9 4.3 5 16.5


14800 17000 16800 14800 12400 13000 8930 12400 9860 8180 21800 9290 11200 6780 8540 12900 12800 8850 10000 11000
554 1530 1140 1100 1530 1650 569 824 619 764 323 689 648 327 313 785 646 1250 876 728


<0.046 <0.047 <0.046 <0.044 <0.046 <0.047 <0.045 0.56 0.19 0.11 <0.040 0.064 B 0.10 B <0.064 <0.077 0.064 0.048 <0.044 <0.045 0.11
14.5 20.7 18.1 15.7 15.3 16.6 12.4 21.8 14.4 13.4 7.4 13.5 15.1 15.2 18.8 13.6 12 11.9 13.5 17.4
49.4 65.9 57.1 49 47 55.5 54.8 150 66.7 45.8 27.5 40 39.5 54.6 65.9 58.6 53.2 33.1 38 71
<1.4 <1.4 <1.4 <1.4 <1.4 <1.4 <1.4 <1.6 <1.5 <1.4 <1.3 <1.5 <1.4 3.1 5.3 <1.7 <1.6 <1.3 <1.4 <1.5
<0.34 <0.35 <0.35 <0.35 <0.33 <0.35 <0.34 <0.40 <0.36 <0.34 <0.29 <0.36 <0.34 <0.48 <0.6 <0.42 <0.37 <0.31 <0.35 <0.35
30.1 29.4 28.9 27.9 30.5 29.9 27.6 37.8 31 30.1 21.4 32.1 29.5 49.4 59.1 40.6 35.4 25.G 28.4 33.2
69.9 70.6 71.1 72.1 69.5 70.1 72.4 62.2 69 69.9 78.6 67.9 70.5 50.6 40.9 59.4 64.6 74.4 71.6 66.8
1.9 2.2 1.9 2.1 1.6 2 1.6 2.8 2.2 1.8 2.7 1.7 1.6 5.2 5.5 1.9 1.7 <1.0 1.3 2


12000 9200 8200 9100 6200 8800 7300 22000 12000 7600 13000 11000 9300 67000 64000 13000 11000 4700 6800 14000


28 30 36 33 1.5 15 6.8 14 2.2 13 48 19 20 21 13 12 11 16 21 16
17 21 23 19 11 20 14 18 13 13 10 16 15 19 21 17 17 16 16 18
11 14 14 13 16 16 10 14 13 8.3 7.9 9.8 9.6 13 17 11 12 9.8 10 13
6.7 8.6 7.2 6.7 6.9 8.4 5.1 7 7 4.5 7.1 5 4.9 8.3 9.8 6 6.5 4.6 5.3 7.5
2.9 4.4 2.8 2.5 2.5 3.1 1.9 3 3 2.1 4.6 2 2 3.6 4.4 2.3 2.5 1.8 2.1 3.2
3.9 3.6 2.7 3 4.5 4.4 4.6 3.8 6.6 4.5 6.8 2.7 2.9 5.4 6 3.1 3.1 3.1 3.5 5.2
2.2 1.8 1.4 2.5 8.4 3.6 14 2.8 13 14 4.4 5.1 9.7 6.3 5.7 3.5 3.1 7.2 6 5.7
19 7.5 6.5 13 32 17 30 12 22 29 7.9 23 26 12 12 32 24 29 25 17
9.3 7.1 6 5.8 16 12 13 23 20 9.9 2 16 8.6 10 10 12 19 11 11 13
100 98 100 99 99 100 99 98 100 98 99 99 99 99 99 99 98 99 100 99
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Sample Site
LAB Number


Lab
Depth


Date collected


MPCA SQT I MPCA SQT II MPCA Level 1 Soil 
Reference Value (SRV)


ug/kg Naphthalene 180 560 10000
ug/kg Acenaphthylene 5.9 130
ug/kg Acenaphthene 6.7 89 1200000
ug/kg Fluorene 77 540 850000
ug/kg Phenanthrene 200 1200
ug/kg Anthracene 57 850 7800000
ug/kg Fluoranthene 420 2200 1080000
ug/kg Pyrene 200 1500 890000
ug/kg Benzo(a) anthracene 110 1100
ug/kg Chrysene 170 1300
ug/kg Benzo(b)fluoranthene
ug/kg Benzo(k)fluoranthene
ug/kg Benzo(a)pyrene 150 1500 2000**
ug/kg Indeno(1,2,3-cd)pyrene
ug/kg Dibenzo(a,h) anthracene 33 140
ug/kg Benzo(g,h,i)perylene
ug/kg 2-Methylnaphthalene 20 200
ug/kg 1-Methylnaphthalene
ug/kg alpha-BHC
ug/kg gamma-BHC (Lindane) 2.4 5 9000
ug/kg beta-BHC
ug/kg delta-BHC
ug/kg Heptachlor 2000
ug/kg Aldrin 1000
ug/kg Heptachlor Epoxide 2.5 16
ug/kg gamma-Chlordane
ug/kg alpha-Chlordane 3.2* 18* 13000*
ug/kg p,p'-DDE 3.2 31 40000
ug/kg Endosulfan I
ug/kg Dieldrin 1.9 62 800
ug/kg Endrin 2.2 210 8000
ug/kg p,p'-DDD 4.9 28 56000
ug/kg Endosulfan II
ug/kg p,p'-DDT 4.2 63 15000
ug/kg Endrin Aldehyde
ug/kg Methoxychlor
mg/kg Endosulfan Sulfate
mg/kg Endrin Ketone
mg/kg Toxaphene 0.1 32 13000
ug/kg Aroclor 1016
ug/kg Aroclor 1221
ug/kg Aroclor 1232
ug/kg Aroclor 1242
ug/kg Aroclor 1248
ug/kg Aroclor 1254
ug/kg Aroclor 1260
ug/kg Total PCBs 60 680 1200
mg/kg Arsenic 9.8 33 9
mg/kg Cadmium 0.99 5 25
mg/kg Chromium 43 110 44000
mg/kg Copper 32 150 100
mg/kg Lead 36 130 300
mg/kg Magnesium
mg/kg Manganese 3600
mg/kg Mercury 0.18 1.1 0.5
mg/kg Nickel 23 49 560
mg/kg Zinc 120 460 8700
mg/kg Chromium (VI) 87
mg/kg Cyanide, Total


% Moisture
% Solids, Percent
% Solids,Total Volatile


mg/kg Total Organic Carbon
4
10
20
40
60
140


SILT clay 200
4
8
16
30
40
60
100
200
<200
TOTAL


%
Re


ta
in
ed


on
Si
ev
e


SA
N


D


M
et


al
s


PC
Bs


PA
R


TI
C


LE
 S


IZ
E 


%
 


FI
N


ER


coarse


medium


C
H


C
'S


In
or


ga
ni


cs


fine


12 37M, SN2 12 38M, SN1 12 38M, SN2 12 39M, SN1 12 39M, SN2 12 40M, SN1 12 40M, SN2
8921 19 8921 20 8922 16 8922 17 8922 18 8922 12 8922 13


ARDL, Inc. ARDL, Inc. ARDL, Inc. ARDL, Inc. ARDL, Inc. ARDL, Inc. ARDL, Inc. * Chlordane
11.5' 13.5' 10.0' 12.0' 12.0' 14.0' 9.0' 11.5' 11.5' 13.5' 10.0' 12.0' 12.0' 14.0' ** BAP Equivalent
10/31/2012 10/31/2012 10/31/2012 11/1/2012 11/1/2012 11/1/2012 11/1/2012 Level I SQT – Chemical concentrations which will provide a high level of protection for benthic invertebrates.


Results Results Results Results Results Results Results Level II SQT – Chemical concentration which will provide a moderate level of protection for benthic invertebrates.


<1.4 6 J 2.1 J 22 11 <1.5 <1.4 The detection level for Toxaphene is above the SQT I and SQT II
<1.8 26 15 210 140 4.9 J <1.7
<1.9 5.8 J <2.1 35 <2.1 <1.9 <1.9 J Indicates an estimated value. This flag is used either when estimating
2.1 J 13 4.8 J 54 25 3.1 J <2 a concentration for tentatively identified compounds where a 1:1
12 120 74 270 190 27 2.3 J response is assumed, or when the mass spectral data indicate the
<1.4 53 38 120 110 8.9 J <1.4 presence of a compound that meets the identification criteria but the
4.8 J 500 300 940 D 640 D 83 <1.9 result is less than the sample quantitation limit but greater than
2.3 J 500 230 1200 D 820 D 68 <1.9 zero.
<1.2 290 160 640 D 580 D 43 <1.2
<2.9 230 120 630 D 470 35 <2.9 P This flag is used for a pesticide/Aroclor target analyte when there is
<1.8 400 180 850 DM 710 DM 54 <1.8 greater than 40% difference for detected concentrations between the two
<2.7 120 60 220 170 16 M <2.7 GC columns
<1.9 280 130 540 640 D 36 <1.9
<1.6 250 M 120 M 440 M 460 M 37 M <1.6 < Undetected at the Limit of Detection.
<2.1 45 23 91 90 11 <2.1
<2.1 290 110 510 430 D 31 <2 M Manual integrated compound.


D The reported value is from a dilution.


<4.74 <4.66 <4.71 <6.02 <5.21 <4.87 <4.78 Result SQT I
<4.74 <4.66 <4.71 <6.02 <5.21 <4.87 <4.78 Result SQT II
<4.74 <4.66 <4.71 <6.02 <5.21 <4.87 <4.78 Result SRV 1
<4.74 <4.66 <4.71 <6.02 <5.21 <4.87 <4.78
<4.74 <4.66 <4.71 <6.02 <5.21 <4.87 <4.78
<4.74 <4.66 <4.71 <6.02 <5.21 <4.87 <4.78
<4.74 <4.66 <4.71 <6.02 <5.21 <4.87 <4.78
<4.74 <4.66 <4.71 <6.02 <5.21 <4.87 <4.78
<4.74 <4.66 <4.71 <6.02 <5.21 <4.87 <4.78
<4.74 <4.66 <4.71 <6.02 <5.21 <4.87 <4.78
<4.74 <4.66 <4.71 <6.02 <5.21 <4.87 <4.78
<4.74 <4.66 <4.71 <6.02 <5.21 <4.87 <4.78
<4.74 <4.66 <4.71 <6.02 <5.21 <4.87 <4.78
<4.74 <4.66 <4.71 <6.02 <5.21 <4.87 <4.78
<4.74 <4.66 <4.71 <6.02 <5.21 <4.87 <4.78
<4.74 <4.66 <4.71 13.4 <5.21 <4.87 <4.78
<4.74 <4.66 <4.71 <6.02 <5.21 <4.87 <4.78
<4.74 <4.66 <4.71 <6.02 7.7 <4.87 <4.78
<4.74 <4.66 <4.71 <6.02 <5.21 <4.87 <4.78
<4.74 <4.66 <4.71 <6.02 <5.21 <4.87 <4.78
<95.8 <94.2 <95.3 <122 <105 <98.5 <96.7
<95.8 <94.2 <95.3 <122 <105 <98.5 <96.7
<95.8 <94.2 <95.3 <122 <105 <98.5 <96.7
<95.8 <94.2 <95.3 <122 <105 <98.5 <96.7
<95.8 <94.2 <95.3 <122 <105 <98.5 <96.7
<95.8 <94.2 <95.3 <122 <105 <98.5 <96.7
<95.8 <94.2 <95.3 246 P <105 <98.5 <96.7
<95.8 <94.2 <95.3 <122 <105 <98.5 <96.7


3.9 3.6 2.6 6.1 7 4 5.2
<0.29 0.37 <0.29 1.6 0.51 0.4 0.48
19.7 16.3 14.8 31 25 19.1 23.8
12.1 10.5 7.6 33.3 25.4 11.7 16.1
6.6 12.3 7.5 49.1 34.5 9.4 7.3


12900 8740 6740 9990 13800 10700 9690
1340 1980 955 730 1460 969 19400
<0.045 0.15 0.056 B 0. 71 0.51 B 0.083 B 0.056 B
17.3 13.2 12.6 20.3 22.5 16.6 24.8
52.2 52.6 32.1 149 105 59.3 56.6
<1.4 <1.4 <1.4 <1.8 <1.6 <1.5 <1.5
<0.36 <0.35 <0.33 <0.46 <0.39 <0.37 <0.34
30.4 29.2 30 45.2 36.6 32.3 31
69.6 70.8 70 54.8 63.4 67.7 69
1.7 1.7 1.8 2.7 3 1.7 2.1


10000 14000 12000 27000 20000 13000 11000


27 1.5 9.1 13 25 15 21
18 10 13 22 28 21 17
12 10 8.4 15 15 14 10
7.1 5.2 4.9 9.7 7.8 9.3 9.5
2.9 2.4 2.1 4.4 3.4 4.3 12
3.4 6.8 6 6.6 3.8 6.2 16
3.3 14 18 5 3.4 6.1 4
15 36 27 13 6.6 15 6.3
11 14 10 9 5.3 8.8 3
100 100 99 98 98 100 99
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            Table 3 Locations of 2008 samples tested for PFCs      Table 4. PFC compounds analyzed for 2008 survey                         Table 5. PFC results above the detection limit 


                             


Sample Sample Date
3M 1 10/23/2008
3M 2 10/23/2008
3M 3 10/23/2008
Above L/D 2 10/23/2008
Alma SBH 10/22/2008
Below L/D 2 10/23/2008
Boulanger 1 10/23/2008
Boulanger 2 10/23/2008
Boulanger 3 10/23/2008
Cannon River 10/23/2008
Fountain City 10/22/2008
Grand Encampment 10/22/2008
Hasings SBH 10/23/2008
Pepin 10/23/2008
Pepin (split) 10/23/2008
Pine Bend 10/23/2008
Prescott 10/23/2008
Redwing CH 10/23/2008
Redwing SBH 10/23/2008
W.Newton 2 10/22/2008 Perfluorohexylsulfonic Acid


Perfluorobutanesulfonic Acid
Perfluorodecanoic Acid
Perfluoroheptanoic Acid
Perfluorohexanoic Acid


Perfluorooctylsulfonic Acid (PFOS)
Perfluoropentanoic Acid
Perfluorounecanoic Acid


Perfluiridecanoic Acid


PFCs
Perfluiridecanoic Acid


Perfluorobutanesulfonic Acid
Perfluorodecanoic Acid
Perfluoroheptanoic Acid
Perfluorohexanoic Acid


Perfluorohexylsulfonic Acid
Perfluorononanoic Acid


Perfluorooctanoic Acid (PFOA)


Sample Sample Date Analyte result - ng/g (ppb)
Perfluorooctylsulfonic Acid (PFOS) 0.91
Perfluorobutanesulfonic Acid 1.4
Perfluorooctylsulfonic Acid (PFOS) 1.1
Perfluorobutanesulfonic Acid 1.2
Perfluorooctanoic Acid (PFOA) 2.1
Perfluorobutanesulfonic Acid 1.7
Perfluorooctylsulfonic Acid (PFOS) 2
Perfluorobutanesulfonic Acid 2.1
Perfluorooctylsulfonic Acid (PFOS) 3.2


Alma SBH 10/22/2008 Perfluorooctylsulfonic Acid (PFOS) 2.1
Perfluorobutanesulfonic Acid 1.4
Perfluorooctylsulfonic Acid (PFOS) 1.4
Perfluorooctylsulfonic Acid (PFOS) 1.1
Perfluorobutanesulfonic Acid 1.4
Perfluorobutanesulfonic Acid 1.4
Perfluorooctylsulfonic Acid (PFOS) 1.4


Hasings SBH 10/23/2008 Perfluorooctylsulfonic Acid (PFOS) 4
Pepin 10/23/2008 Perfluorooctylsulfonic Acid (PFOS) 5.9


Pepin (split) 10/23/2008 Perfluorooctylsulfonic Acid (PFOS) 4.6
Perfluorooctylsulfonic Acid (PFOS) 0.72
Perfluorobutanesulfonic Acid 1.4


Redwing CH 10/23/2008 Perfluorooctylsulfonic Acid (PFOS) 2
Redwing SBH 10/23/2008 Perfluorooctylsulfonic Acid (PFOS) 2.6


Boulanger 3


10/23/2008


10/23/2008


10/23/2008


Pine Bend


10/23/2008


10/23/2008


10/23/2008


10/23/2008


Boulanger 1


Boulanger 2


10/23/2008


3M 1


3M 2


3M 3


Above L/D 2
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Figure 1. 2011 Sediment Survey - Boulanger Slough Borehole Locations







Figure 2. 2011-2012 Borehole Descriptions and Notes







Figure 2. 2011-2012 Borehole Descriptions and Notes







Figure 2. 2011-2012 Borehole Description and Notes
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Figure 3. 2011-12 Sediment Survey - Boulanger Slough and Nininger Slough borehole locations
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Figure 4. 2011-12 Sediment Survey - Boulanger Slough downstream borehole locations







Figure 5. 2011 and 2012 Contamination levels







Figure 6. Boulanger Slough Contamination Area ~ 6,131 cubic yards







APPENDIX X: 


Flathead Catfish 


 


Introduction 


The U.S. Army Corps of Engineers (Corps) has been studying a number of alternative 
actions with the goal of providing a more efficient navigation channel in Lower Pool 2 of 
the Upper Mississippi River (UMR). One of these alternatives includes re-aligning 
approximately two miles of the main navigation channel through a deepwater slough 
(Boulanger Slough). Flathead catfish are known to congregate during the winter months 
in deepwater areas. During project planning, it was suggested by the Minnesota 
Department of Natural Resources (MN DNR) that Boulanger Slough may provide 
significant over-wintering habitat for flathead catfish (Pylodictis olivaris). The Corps 
conducted several surveys to better understand the resources present in the project area. 
The objectives of the investigations were to characterize the habitat available in 
Boulanger Slough, to evaluate the suitability of the habitat for flathead catfish 
overwintering, and to identify the presence of any flathead catfish. 


A number of studies have documented the over-wintering behavior of flathead catfish, 
and the habitats they have been associated with. Flathead catfish move to winter habitat 
late in the fall when temperatures drop below 10 C (Daugherty & Sutton, 2005; Vokoun 
& Rabeni, 2005). Once they reach their over-wintering location, the fish exhibit little or 
no movement and remain torpid throughout the winter (Stauffer, Binder, Chapman, & 
Kocnen, 1996; Weller & Winter 2001; Daugherty & Sutton 2005). Studies have shown 
that flathead catfish over-winter in deep areas, and have cited water depths between 4 – 9 
meters (Hawkinson & Grunwald, 1979; Newcomb, 1989; Daugherty & Sutton, 2005).  
Over-wintering locations are usually associated with substrate that includes scattered 
large rocks such as riprap or boulders, but also may include woody debris. Observations 
by divers and underwater cameras indicate that the fish usually situate themselves behind 
underwater structure, relative to water current. For instance, almost all of the catfish 
observed by Hawkinson and Grunwald (1979) were located directly downstream of large 
rocks or logs. This is presumably because the structure creates a small protected area of 
reduced current. However, the flow rate in the unprotected areas surrounding the 
structure at documented over-wintering sites has been measured at between 0.2 and 1.0 
m/s (Hawkinson & Grunwald, 1979; Daugherty & Sutton, 2005), which suggests that it 
may be necessary to have flow in the over-wintering location. This may help ensure the 
fish receive an adequate supply of dissolved oxygen. 
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Flathead catfish have been known to concentrate in large groups during the winter. Based 
on qualitative dive surveys, Hawkinson and Grunwald (1979) estimated that as many as 
2,350 fish per acre congregated in suitable habitat below Lock and Dam No. 3. Vokoun 
and Rabeni (2005) used radio telemetry to track the movements of 44 flathead catfish and 
noted that several groups of these fish aggregated and over-wintered together. 


Methods 


Field investigations were focused on areas where water depths were suitable for over-
wintering use by flathead catfish. Previous studies had documented preference for water 
depths greater than four meters. Available bathymetry data was used to produce a map 
that highlighted the areas within the project area with water depths 3.1 meters (10 feet) 
and greater. This narrowed the area of interest to an approximately 100-150 foot-wide 
channel that closely followed the footprint of a secondary channel present prior to 
floodplain inundation by Lock and Dam Number 2. 


Reconnaissance field investigations were conducted on December 5, 2012 by Aaron 
McFarlane and Tim Guyah of the Corps. The river bottom was viewed from a boat using 
a Marcum vs625sd underwater video-camera. Two short observations were conducted in 
fall of 2012. At each sampling point, the boat was anchored and the camera was lowered 
onto the river bottom. An attempt was also made to slowly motor upstream while viewing 
the camera, but windy and turbid conditions made it difficult to view and interpret the 
camera footage. 


Additional surveys were conducted on March 12, 2013. The sampling crew included 
Aaron McFarlane and Alan VanGuilder of the Corps and Joel Stiras of the MN DNR. 
The same underwater camera was used, but the camera was also connected to a laptop 
computer which allowed the footage to be recorded for later review. A handheld GPS 
was used to navigate to the area of interest at the downstream end of Boulanger Slough. 
The camera, which is connected to a viewing screen by a cable, was lowered to the 
bottom of the river and the camera output was recorded. The driver of the boat navigated 
upstream within the deeper slough while the camera was pulled behind the boat and 
continued recording. The camera was carefully controlled so as to maintain its position 
along the bottom of the substrate as the water depth changed. A second handheld GPS 
unit was used to record the path travelled by the boat while the camera footage was 
recorded. The camera footage was recorded in short segments (~10) minutes for easier 
review and as a precautionary measure so that data was saved in case of computer 
malfunction. 


At the time of sampling, ice was no longer present within most of Boulanger Slough. 
However, ice was present at the upstream end towards Spring Lake. To sample these 
locations, the airboat was driven up onto the ice. The ice was thin enough at most points 
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that the boat would collapse the ice and the camera could be lowered into the water. 
Where ice was too thick, an ice pick was used to break a small hole in the ice for the 
camera. Points were sampled in this manner approximately every 50-100 feet. 


Figure X is a map which shows the deep water areas of Boulanger Slough, as well as 
each of the sampling points and transects. 


The video from the second sampling event was reviewed in the office. The purpose was 
to determine if any fish were missed and to better characterize the substrate present. 


Results 


During the first field investigation in December 2012, two points were observed while 
anchored. The water temperature was 36 degrees Fahrenheit (2 C) and water depths were 
between 17 and 19 feet (5.2 - 5.8 m). Visibility in the water was estimated at 1-2 feet. 
The substrate appeared flat and sandy with scattered cobble. No fish were observed. 


During the second field investigation in March 2013, the river substrate was observed for 
approximately 6,000 linear feet while slowly moving upstream. Ten additional point 
locations were observed through the ice. The water temperature was 34 degrees 
Fahrenheit (1 C) and water depths were generally between 11 and 20 feet (3.4 – 6.1 m). 
Visibility in the water was estimated to be between 1 and 2 feet. A total of 39 minutes 
and 55 seconds of video footage were collected from the 6000 foot transect. The video 
footage did not span the entirety of the survey transect – footage was interrupted for a 
few minutes while switching between laptop computers and between recording segments 
when the footage was paused, saved, and recording re-initiated. Video footage was also 
recorded at each of the point locations.  


During the field investigation, only one fish was noted. The fish was identified in the 
field as a flathead catfish. The catfish was found tucked inside a crevice created by a 
piece of woody debris. The water depth where the fish was found was 17 feet. Photo 1 is 
a screen capture from the recorded video of the fish. The fish was found approximately 
1000 feet south of the proposed channel during point observations. No additional fish 
were noted upon review of the video footage. 


The substrate observed during the field investigation as well as during the review of the 
video was gently undulating silt or sand with occasional cobble and woody debris. Photo 
2 shows a screenshot of the typical substrate along the sample transect.  The video was 
reviewed for instances of structure which appeared to be of sufficient size for catfish to 
hide behind. Twenty-eight such examples of structure were counted. Photos 3-4 are 
screen captures of typical structure from the video.  
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Discussion 


No flathead catfish were observed within the proposed navigation channel. However, one 
fish was observed near the project area. The site does appear to provide suitable habitat 
for over-wintering flathead catfish: the depth is sufficient, there appears to be structure 
available, and there is flow present. Because the habitat seems suitable, it is possible that 
catfish use areas which were not investigated; however, the scarcity of observed catfish 
suggests that this location is not a highly used over-wintering site.  


Although this investigation revealed only minimal use by over-wintering flathead catfish, 
it is still prudent to discuss the potential impacts the project would have on flathead 
populations that may be present but unidentified. The channel re-alignment would have 
both direct and indirect impacts on the physical habitat in Boulanger Slough. Direct 
impacts would result from the dredging and removal of sediments and structure (rocks 
and woody debris) from the channel bottom. This would only occur in areas that need to 
be deepened for the navigation channel – those currently less than 13 feet deep. Areas 
greater than 13 feet deep, including a significant portion of the habitat best-suited for 
over-wintering flathead catfish, would not be impacted by dredging. 


Habitat conditions would be indirectly modified by changes in river flows. The proposed 
channel re-alignment would cause an increase in the amount and rate of water flowing 
through Boulanger Slough. At low flow conditions (5,970 cubic feet per second) as 
would be typical in Pool 2 during the winter, hydraulic modeling predicts that the current 
velocity in Boulanger Slough would be expected to be between 0.21 and 0.41 feet per 
second, which is an increase of 20-40% in the downstream end and of 80-100% in the 
upstream end. Based on current velocity at documented overwintering sites of 0.2 – 1.0 
meters per second (Hawkinson & Grunwald, 1979; Daugherty & Sutton, 2005), the 
change in velocity would not be expected to reduce the suitability of the habitat for 
flathead catfish over-wintering.
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Photo 2 – Typical gently undulating silt/sand substrate 


Photo 1 – Single flathead catfish identified under woody debris 
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Photo 3 – Typical rock/riprap structure 


Photo 4 – Typical woody debris 
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Folks,

An update on the progress of subject activity.

We anticipate providing you the preliminary edition report by April 19.  I'm coordinating the review
schedule with Melissa and will share that when the report is distributed next week.

Thank you for your patience.

Paul Kosterman, PE
Project Manager
USACE - St. Paul District
651.290.5526

Classification: UNCLASSIFIED
Caveats: NONE

Classification: UNCLASSIFIED
Caveats: NONE
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USFWS Comments – May 14, 2013 

Lower Pool 2 Channel Management Study: Boulanger Bend to Lock and Dam 
No. 2 

General Comments 
In the draft channel management study the Corps describes locations downstream of the project where 
sedimentation may increase as a result of the proposed activities (p. 54). In the subsequent section where 
effects to native mussels are addressed (p. 59), however, it does not discuss whether increased 
sedimentation may affect federally listed mussels that occur in some affected areas. The next draft of the 
study should address this issue. For example, describe any locations where increases in sedimentation are 
likely to occur that are inhabited by federally-listed mussels. This may include Wisconsin Channel where 
Higgins eye (Lampsilis higginsii) has been reintroduced and where increases in sedimentation are 
apparently anticipated as a result of the project (p. 54 of draft channel management study and p. 51 of 
Preliminary Hydraulic Appendix).  

The Corps estimates the proportional increase in sediment deposition that is likely to occur in Lake Pepin 
as a result of the project, but seems to make no attempt to describe the nature of those impacts on 
important ecological attributes, such as submerged aquatic vegetation. Regardless of how precisely these 
impacts may be described, the study should at least describe the character of these impacts – e.g., is the 
anticipated increase in sedimentation more likely to have a negative or positive effect on submerged 
aquatic vegetation. 

The Minnesota Department of Natural Resources mussel survey report attached to the draft study refers to 
the discovery of a live Higgins eye near the proposed project location and states that “it could be affected 
by changes in flow and sediment transport associated with the project’s hydraulic engineering features.” 
Based on the draft channel management study, it seems clear that this is not the current conclusion of the 
Corps. This contradiction should be addressed directly in the appropriate section(s) of the channel 
management study. 

Specific Comments 
p. 20-21 – “The winged mapleleaf historically occurred in the Mississippi River, but the only Affected 
Environment 21 current extant population known within the Mississippi River System is in a 20- kilometer 
reach of the St. Croix River.”Note that a small number (9) of propagated winged mapleleaf were released 
into upper Pool 2 in 2012. 

p. 33-34 – “Any macroinvertebrates within the footprint of the rock placement, such as 34 Lower Pool 2 
Channel Management Study freshwater mussels, would be killed.”  Please clarify that it may be warranted 
to relocate mussels out of impact area if a dense and diverse mussel bed would be significantly and 
adversely affected. 

p. 35 – “Some state-listed endangered species have been found within the project footprint, but these 
species, although rare in Minnesota as a whole, are very prevalent throughout Pool 2.”  Please provide a 
map that depicts locations where state listed species are likely present in Pool 2 to allow the reader to 
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better understand the actual distribution of these species. If data use restrictions prevent depicting the 
precise locations of species by name, it may be acceptable to mask the species’ identities by referring to 
them as State-Listed Species 1, State-Listed Species 2, etc.  

p. 41 – “According to initial surveys, no federally endangered mussels are known to exist at the project 
location, but additional verification is needed for indirectly affected locations.” Please describe precisely 
where the areas are that would need “additional verification. 

p. 41 – “Some state-listed endangered species have been found within the project footprint, but these 
species, although rare in Minnesota as a whole, are very prevalent throughout Pool 2.” Please provide a 
map that depicts locations where state listed species are likely present in Pool 2 to allow the reader to 
better understand the actual distribution of these species. 

p. 41 – “Some positive environmental impacts would also be expected to occur from this alternative. The 
total acres of side channel habitat would be increased, while the main channel habitat would be 
decreased.” Please describe – as precisely as possible – the net change in side channel habitat or – if 
appropriate – state that you are uncertain about the amount of this increase in side channel habitat. Please 
also be clear, at some point in the document, what constitutes side channel habitat.   

p. 48 – “The central 60 feet of the island would be covered with a layer of topsoil.” Please clarify what 
type of vegetation will be allowed to develop on this island.  

p. 60 – “Overall, any macroinvertebrates living in the areas within the footprint of the project features (the 
dredge cuts, island construction, or rock placement) would be directly impacted. Those within the dredge 
cuts would be removed from the substrate and placed on land by the dredging process, and those within 
the island or rock footprints would be buried.” It does not appear that much of the area to be directly 
affected by the sand island has been surveyed for mussels. The study needs to address this and determine 
where or not there is a reasonable likelihood for this area to contain any significant mussel beds that may 
include any federally listed species. If there is habitat or other information that was used to determine that 
a mussel survey in this area was not warranted, that information should be provided in future drafts of the 
channel management study and other environmental review documents developed for this project.  

p. 61 – “The winged mapleleaf and the spectaclecase are known to exist in the St. Croix River, but not in 
Pool 2 of the Mississippi River.” See comment above – nine winged mapleleaf were released into upper 
Pool 2 in 2012.   
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May 17, 2013                  Transmitted Via E-mail 
 
 
Paul Kosterman, PE 
Project Manager 
USACE – St. Paul District 
651.290.5526 
Pual.r.kosterman@usace.army.mil 
 
 
RE:  Lower Pool 2 Channel Management Study: Boulanger Bend to Lock and Dam No. 2 
Preliminary Draft Environmental Assessment  
 
 
Dear Mr. Kosterman:  
 
The Department of Natural Resources (DNR) has completed a technical review of the 
Preliminary Draft Environmental Assessment (Draft EA) for the Lower Pool 2 Channel 
Management Study: Boulanger Bend to Lock and Dam No. 2.  As part of the review 
process, DNR technical staff met internally and has also met with Minnesota Pollution 
Control (MPCA) representatives to discuss the proposed project. The DNR 
acknowledges that the U.S. Army USACE of Engineers’ (USACE) has specifically 
requested feedback as it pertains to items of concern that may require additional 
coordination. The following comments primarily focus on items of concern that may 
require additional coordination. Included in these items are those items that MPCA has 
identified.  
 
Summary of items: 
The purpose of environmental review is to provide an accurate and thorough description 
of a proposed project and to provide appropriate avoidance and mitigation measures to 
address any impacts that may results from proposed actions. The following provides a 
summary of items that require further information (read further for more discussion):   

 Whether a comment letter from the State Historical and Preservation 
Organization has been requested or received 

 Receipt of an additional opinion/interpretation from the DNR's review of the 
Natural Heritage Information System 

 Up-front loading of requirements for the approval of the public waters permit, 
such as options for avoidance, minimization and mitigation in regards to fisheries, 
mussels, state-listed threatened and endangered species, recreation, and wildlife 
enhancement and monitoring of the abandoned channel;  and possibly others 

Division of Ecological and Water Resources 
1200 Warner Road 
St. Paul, MN  55106 

651-259-5738 
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Lower Pool 2 Channel Management Study: Boulanger Bend to Lock and Dam No. 2 
Preliminary Draft EA 
DNR Comments 
May 17, 2013 

 Dredge material placement 
 Best Management Practices 
 Mussel surveys – further discussion on need or applicability of previous surveys 

on newly proposed project features 
 Wetlands discussion on survey methodologies, including who completed the 

survey (certified wetland delineator), the potential for wetlands to exist (near 
islands?) and mitigation if necessary 

 Discussion of impacts outside of direct project area (changes in flow and 
increased sediment transport) 

 
Discussion of items: 
DNR State Environmental Review and Permitting process 
The DNR as Responsible Governmental Unit (RGU) for state environmental review 
intends to use the federally prepared EA as the state EAW; however the EA would need 
to meet EAW content requirements for this to occur. As presented, the EA document 
provides an inadequate description of disposal options for the dredge materials, 
opportunities for mitigation, and a lack of discussion on cumulative effects; therefore, 
materials presented to the DNR thus far would be incomplete for the EAW. Within the 
next two weeks, the DNR will specify additional information that is needed for state 
purposes.  It is requested that the USACE provide the DNR an updated schedule of 
completion for the environmental review process. This would allow the DNR to begin the 
process of synchronizing its State process with the USACE schedule. It would be 
beneficial that the USACE update the Environmental Review Unit on a weekly or bi-
weekly basis on the progress and deadlines, so that our schedule can be adjusted 
accordingly. Once the data submittal is deemed complete, the DNR has 30 days to 
publish the EAW in the EQB monitor. The EQB requires a completed copy for review 
one-week prior to being published in the EQB monitor.  It is our understanding that an 
additional Agency Review would be provided once a more complete document is 
completed.    
 
The DNR requires a Work in Public Waters Permit for proposed activities. As the 
proposed project triggers a mandatory category for a state environmental assessment 
worksheet (EAW), a Work in Public Waters Permit cannot be issued until the state 
environmental review process is deemed complete; however, an application can be 
submitted prior to completion of environmental review. Up-front loading of permit 
requirements in the EA/EAW should streamline the permit application process. Please 
note that completion of an EAW does not guarantee that a permit will be granted. The 
Work in Public Waters Permit is also subject to a review process. Additional materials 
can be requested through the application process that are not included with the 
environmental review documents. 
 
Description of Project Area 
The project area is not clearly defined and appears to focus on the Boulanger Slough 
channel that will be excavated. The proposed project area should include all areas of 
direct impact as well as areas that are likely to be affected by the projects activities. This 
includes the abandoned main channel and any areas that are likely to be altered or 
affected by changes in flow and sediment deposition and/or transport. Completed 
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Lower Pool 2 Channel Management Study: Boulanger Bend to Lock and Dam No. 2 
Preliminary Draft EA 
DNR Comments 
May 17, 2013 

studies and references for potential effects may need to be re-evaluated if these areas 
were not included or considered earlier. The Preliminary Draft EA also does not provide 
a clear discussion on avoidance and mitigation measures.   
 
Constructed Islands (berm)/structures and Abandoned Main Channel 
The proposed project includes the excavation of the Boulanger Slough channel and the 
construction of islands from the head of the new channel north to Freeborn Island, wing 
dams, groins rock spurs and rock sills to divert water flow from the abandoned main 
channel to the new channel.  The inclusion of islands, rock sills and rock spurs are 
“newer” feature concepts that haven’t been fully evaluated before the sharing of this 
document and presents some concern and questions. 
 
It is unknown if the excavated material is planned to be used to create the islands and 
other structures identified. This should be discussed in more detail and would need to be 
included in the State EAW.  
 
These islands are presented in multiple somewhat contradictory ways throughout the 
report. Page 48 states that “in addition to channel excavation, this alternative requires 
construction of islands…” while page 52 states that “features were designed with 
recreational users in mind…The large island that would be constructed has significant 
potential for recreations use.” The islands are also described as providing habitat values. 
If the structures are required to divert water/flow from the abandoned channel to the 
proposed channel, then that is their purpose. The secondary benefits of improved 
recreational opportunities and habitat quality may be accurate but discussion of these 
benefits is lacking. More detail should be provided to quantify these benefits, especially if 
the USACE considers these secondary benefits as mitigation which is unclear. Early 
discussions between the USACE and stakeholders included a conceptual habitat island 
that would have been proposed as a mitigation option for the proposed project. 
Discussions at that time brought up unique issues for Pool 2 that include private land 
ownership, turbidity, flow and wind fetch. From a natural resource perspective wind 
fetch, flow and turbidity should be considered when determining the habitat value or 
habitat value potential of any given structure or island. Placement of these features has 
been designed as a primary response to divert water flow and may not result in desired 
habitat or vegetative responses for the other reasons mentioned. 
 
The DNR is concerned for the stability of the features, specifically the islands. Will the 
islands be maintained and monitored by the USACE to ensure that their intended 
function is maintained? This discussion would also go towards discussions on the 
presumed habitat and recreational use and value for the islands. 
 
Note that Minnesota Rules, parts 6115.0190 and 6115.0191 provide the criteria for 
DNR’s review of permit applications for placing fill within public waters. Fill is defined in 
Minnesota Rules, Chapter 6115.0170 Subp. 11 as “…any material placed or intended to 
be placed on the bed or bank of any public water.”  At River Mile 820.3, the OHW 
elevation is considered to be 689.5 feet. The crest of the island is proposed to be at an 
elevation of 688.8 feet. If a change in engineering occurs, elevations should be taken 
into consideration as it may affect the DNR permit-ability of the project.  
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Lower Pool 2 Channel Management Study: Boulanger Bend to Lock and Dam No. 2 
Preliminary Draft EA 
DNR Comments 
May 17, 2013 

 
Mussels 
The previous surveys performed in 2011 and 2012 focused efforts on the proposed 
Boulanger channel, current main channel (portion included in project study), and the 
Nininger Slough alternative channel. The Boulanger channel alternative (preferred 
alternative) includes water diversion structures that appear to be located outside of the 
previously surveyed areas. The DNR has concern for the areas that have not been 
surveyed that will be affected by proposed actions. It may be necessary to complete 
additional surveys in those areas to assess the mussel populations that will be affected 
in those areas and to determine if there are State-listed species that will be impacted. 
 
There is an assumption that the abandoned main channel will become a good mussel 
and fish habitat - “The 80 acres within and around the abandoned main channel would 
provide a more stable substrate and reduced current velocities compared to current 
conditions, which is likely to provide good habitat for mussels.” This may be a potential 
for an improved habitat outcome but, monitoring would have to be included as part of 
this projects mitigation to help make that determination and to also determine if the 
existing mussel community near the Spring Lake outlet is still present. The discussion on 
mussel mitigation would need to be further evaluated and discussed. 
 
The Preliminary Draft EA includes the statement “Some state-listed endangered species 
have been found within the project footprint, but these species, although rare in 
Minnesota as a whole, are very prevalent throughout Pool 2”. This statement requires 
further discussion. It is recommended that the USACE include a map that depicts 
locations where state-listed species are likely present in Pool 2 that includes numbers of 
individuals and distribution. This would allow the reviewer to understand the actual 
distribution of these species within the Pool. 
 
The DNR will be providing a separate document related to how the taking of state-listed 
species should be addressed. 
 
Other comments regarding mussels: 
 The placeholder for state-listed species needs to be completed under Section 2.2.2 

Aquatic Habitat.  
 P. 61:  The document states “Although rare throughout the state, the State-

endangered wartyback and rock pocketbook have healthy populations in Pool 2 and 
no long-term adverse impacts to their populations in the pool would be anticipated 
due to this project.”  This statement reflects confusion between the federal vs. state 
Endangered Species Acts (ESA).  The federal ESA evaluates federal actions in 
terms of “adverse impact”, while the State ESA has no such evaluation, but prohibits 
any taking regardless of impact to the population.  Including this statement implies 
justification for taking state-protected species, which isn’t appropriate.  

 
Wetlands 
More information should be included regarding the evaluation of potential wetland areas 
that was completed for the project. If there are areas that may be impacted by proposed 
activities that may potentially be considered wetlands (such as areas near Freeborn 
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Lower Pool 2 Channel Management Study: Boulanger Bend to Lock and Dam No. 2 
Preliminary Draft EA 
DNR Comments 
May 17, 2013 

Island), these areas should be included in the discussion and it would seem premature 
to make the statement that no wetland impacts would occur from the proposed project.  
 
The Preliminary Draft EA includes the following statements “Project construction would 
have substantial beneficial effects on wetlands and aquatic habitat. The islands created 
by the project would have a sheltering effect that would substantially reduce the wind 
and wave action in the aquatic are around them….Due to the increase in 
habitat….suitable habitat for waterfowl and migratory birds would be expected to 
increase.” Please refer to the above comments on habitat value under the Constructed 
Islands/structures and Abandoned Main Channel heading. 
 
Fisheries 
The DNR provided early feedback on recommended survey methods for flathead catfish. 
Earlier communications identified large mesh gill nets as the best method as they would 
not only provide a method to survey for overwintering flathead catfish but, would have 
also surveyed for paddlefish (a state-listed threatened species) which may also be found 
in the project area. The document does not address the potential for paddlefish. 
Underwater camera surveys were performed and survey information was provided with 
the Preliminary Draft EA. The DNR maintains that surveys should have been completed 
that included large-mesh gill nets in order to fully assess the use of and value of these 
areas for overwintering flathead catfish and although useful, underwater camera surveys 
do not provide  definitive information to make potential impact determinations. The 
Preliminary Draft EA does not include a discussion on paddlefish. 
 
Sediment and Channel Stability 
In general, when you reduce the stream channel length, you risk inducing a headcut 
upstream and incision downstream of the new shorter channel. The inclusions of 
groins/barbs/dams would not reduce this risk as they don’t provide grade control. Given 
that this site is located just upstream of Lock and Dam 2, the channel is already 
considered unstable due to sediment aggradation above the structure and the channel’s 
response to the change in slope. It is unclear if the modeling completed on sediment 
transport may not have included the additional sediment produced from a headcut so it 
is possible that the amount of sediment that will be transported downstream is 
underestimated. 
 
Another possible outcome could be the change in flow – channel dynamics – 
downstream of the site. This could result in the channel to meander outside of the 
existing channel downstream of the Boulanger channel.  
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Lower Pool 2 Channel Management Study: Boulanger Bend to Lock and Dam No. 2 
Preliminary Draft EA 
DNR Comments 
May 17, 2013 

Thank you for the opportunity to review the Preliminary Draft EA. If you have any 
questions about these comments, please call me by phone at 651-259-5738, or by e-
mail at melissa.doperalski@state.mn.us. 
 
Sincerely, 
 
 
 
 
Melissa Doperalski 
Regional Environmental Assessment Ecologist  
 
 CC: DNR: Region 3 Regional Environmental Assessment Team, Steve Colvin, Randall Doneen, Julie 

Ekman, Liz Harper, Ronald Wieland, Molly Shodeen, DNR Boulanger Technical Reviewers  
  MPCA: Emily Schnick and Jim Brist 
  USFWS: Phil Delphey  
  
 
 
Pool 2 NavChannel Boulanger Prelim Draft EA_17May2013 
ERDB# 20120236 
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Paul Kosterman, PE 
Project Manager 
U.S. Army Corps of Engineers 
St. Paul District 
180 5th Street E., Suite 700 
St. Paul, MN 55101 

Mr. Kosterman, 

COUNTY 

July 3, 2013, 2013 

Thank you for the opportunity to review the preliminary draft project report and 

integrated environmental assessment for the Lower Pool 2 Channel Management 

Study: Boulanger Bend to Lock and Dam No. 2. 

Dakota County staff have the following comments: 

Based on the preliminary draft environmental assessment, it is understood that 

dredge materials removed from the new channel location may be contaminated. As 

such, the County recommends that they be sampled, analyzed, and disposed of 

properly, in accordance with regulations. It is requested that the environmental 

assessment define the procedures that will be used so that contaminants will not be 

released into the river and re-suspended during the dredging of the new channeL 

There are many important archeological sites in this immediate vicinity. Extra caution 

should be taken to limit disturbance to these sites, many of which are now inundated 

by Pool 2. Finally, the new channel as proposed is very close to the shoreline of Spring 

Lake Regional Park Reserve and is a concern that river traffic may accelerate erosion of 

the shoreline. Dakota County staff suggest the environmental assessment include an 

evaluation of this issue, and if necessary, recommend moving the navigation channel 

further north away from the shoreline to reduce erosion. 

Dakota County staff would also like to suggest that the Corps of Engineers consider 

mitigation measures that would improve the quality of the Mississippi River, Spring 

Lake, and Spring Lake Regional Park as part of this project. Staff believe that a partial 

pool drawdown may dramatically improve the quality of the natural environment. 

Similarly, newly created islands may reduce wind fetch, improve water quality, and 

provide wildlife habitat. Dakota County has adopted a master plan for Spring Lake Park 

Reserve, and is positioned to work in partnership with the Corps of Engineers to 

mitigate impacts through a combination of environmental and recreational projects. 

Appendix A - Coordination and Correspondence A-45

B6OPJSJW
Highlight

B6OPJSJW
Line

B6OPJSJW
Text Box
C-1

B6OPJSJW
Highlight

B6OPJSJW
Line

B6OPJSJW
Text Box
C-2

B6OPJSJW
Highlight

B6OPJSJW
Line

B6OPJSJW
Text Box
C-3

B6OPJSJW
Highlight

B6OPJSJW
Line

B6OPJSJW
Text Box
C-4



Page 2 

Paul Kosterman, PE 

July 3, 2013 

Thank you again for the opportunity to review this preliminary draft document. We look forward to 

reviewing the final draft document and encourage the Corp of Engineers to engage County residents in 

the process, particularly those that live along the river nearest this proposed project. Please let us know 

if there is anything that the County can do to help facilitate the upcoming public review process. 

Assistant Division Director 

Dakota County 

Physical Development Division 

C: Commissioner Mike Slavik, District 1 

Brandt Richardson, County Administrator 

Kurt Chatfield, Senior Planner 
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Minnesota Department of Natural Resources 
500 Lafayette Road • St. Paul, MN • 55155-40 _ 

June 17,2013 

Mr. Aaron McFarlane 
St. Paul District, U.S. Army Corps of Engineers 
CEMVP-PD-E, 180 Fifth Street East, Suite 700 
St. Paul, Minnesota 55101 

Re: Comment on EA/ EAW Content 

Transmitted Via E-mail 

Lower Pool2 Channel Management Study: Boulanger Bend to Lock and Dam No. 2 
Preliminary Draft Environmental Assessment 

Dear Aaron: 

m;··· 
DEPARTMENT OF 
NATURAL RESOURCES 

As noted in the DNR comment letter provided to Mr. l<osterman on May 17, 2013, the DNR proposed 
providing a second comment letter to specify additional information that would be needed for meeting 
EAW content requirements for the Preliminary Draft Environmental Assessment of Lower Pool2 
Channel Management Study: Boulanger Bend to Lock and Dam No. 2. Additional materials to provide 
potential options for applying habitat evaluation analysis (Attachments A & B) and a table that 
addresses Item 8 of the EAW (Attachment C) are also included with this comment letter. 

• What are the effects of the predicted increase in sediment movement from portions of Pool 2 
upstream of the proposed project? The movement was generally noted as beneficial in 
discussions. If so what are the benefits and where would they accrue upstream of the project? 

• In the UMRS-EMP report as referenced on page 10 (1.5.4), USGS-USACE predicts a loss of 
contiguous backwater in Spring Lake within the next 37 years. Due to the increased velocities at 
the entrance of the proposed channel, would back f low that enters Spring Lake at its lower end 
and the resultant swirl within the lower end of the lake cause more sedimentation during 
low/medium/high flow periods? 

• More discussion on the potential for developing mitigation to enhance protections of the 
longevity of Spring Lake should be discussed in greater detail. A potential enhancement is ruled 
out on page 36 & 37 of Hydraulic Appendix and a similar note is provided on the bottom of 
figure on page 47 of Draft EA. The note states that a partial closure of Spring Lake would not 
benefit the project and the closure berms were not included in final project plan. Are there any 
other potential mitigation options that should be considered that would benefit Spring Lake? 

• Additional discussion on indirect environmental effects on the areas containing mussels that are 
adjacent to impacted areas would be beneficial to understanding environmental effects of the 
project. Please provide an estimate of the size of the area adjacent to the proposed 
dredge/island building areas and describe the potential environmental effects on these adjacent 
habitats with respect to mussels and fish. 

• The USACE noted in the EA that the condition of the bottom of the abandoned channel is 
shifting sand. When will it become stabilized and suitable for mussels? 

• It is stated that sandy textured sediments would be used for building the berms and islands. 
Where would the sandy textured sediments originate? 

www.dnr.state.mn.us 
• AN EQUAL OPPORTUNITY EMPLOYER C: PRINTED ON RECYCLED PAPER CONTAINING A MINIMUM OF 10% POST-CONSUMER WASTE Appendix A - Coordination and Correspondence A-47
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Aaron McFarlane 
Page 2 ofS 
June 17, 2013 

• Maps of potential and preferred disposal areas would be useful. A better description of the 
process of lifting, moving and disposing clamshell generated dredge materials. 

• It would be useful to have a preliminary document to better describe measures to avoid, 
minimize, or mitigate adverse environmental effects for each of the EAW items that are 
applicable to the project. 

• Comments below are arranged by EAW Item Number. 

EAW Item Comment 
No. 

1 

3 

5 

Project title should reflect t he proposed project actions. 

Information on RGU; (cover letter would be useful to explain the dual 
representation for developing the EAW/EA) 

RGU USACE (see below for specific information to include) 

RGU 

Contact person: 

Title: 

Address: 

City, state, ZIP: 

Phone: 

Fax: 

E-ma il: 

Minnesota Department of Natural Resources 

Ronald Wieland 

Environmental Planner 

500 Lafayette Road 

Saint Pau l, MN 55155 

{651) 259-5157 

651-296-1811 

en vi ronmenta I rev .d n r@state. m n. us 

Township Range and Section of project area; see figure that shows these (scanned image) 

Tax Parcel Nos. in project area 

GPS coordinates of rectangle that contains project 

Figures May be embedded in text as in Draft EA 

Include in one of the figures, such as the one on page 5, boundaries of counties within 
which the project is located 

Provide a 1:24,000 scale topographic map indicating project boundaries 

Provide a site plan, using figure on page 2 or 48 that includes river mile; additional names of 
islands i.e., Freeborn, West, Grey Cloud, Islands 17 & 18, etc.; sloughs (including Nininger, 
Boulanger, Grey Cloud, & Spring Lake). The map should also include resources identified 
under Item 25 below. 

The project area should be defined and mapped to include all areas where direct impacts 
occur along with a buffer zone to include other areas, for example, likely areas receiving 
higher turbidity/sedimentation or other effects. 

6b The project description should include more detail about the construction process including 
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Aaron McFarlane 
Page 3 of 5 
June 17,2013 

type of dredge, process of dredging, transporting, and unloading; facilit ies, size of industrial 
engines; size of clamshell, means of dewatering; location of materia ls that will be used in 
island building; timing and duration of activities. 

6b Note the precautions used in scheduling if any for specific means of protecting aquatic 
species, such as for spawning periods of certain wildlife, fisheries, or mussels. 

6d. May include anticipated need for maintenance dredging (frequency and extent of operation) 

7 Map of project area should include an acreage figure. 

8 Permits and approvals required: see Attachment C 

As noted in the draft Executive Summary provided in the draft EA and elsewhere in the 
document, conclusions are drawn that "No significant adverse environmental effects are 
associated with the proposed alternative. State ru les reserve the conclusion and order to 
the Record of Decision . 

9 Historica l land use has been provided but further detail should include the USACE 
land/ flowage easement rights. For parcels that were flooded when the Pool 2 dam was 
constructed, provide an explanation why those landowners do not require compensation. 

10 Habitat types shou ld be described as below in 11a or separately as described in Item 10 of 
the EAW form . Habitat types can be defined relat ively specific, i.e. channel sides, primary, 
secondary, and tertiary channels, etc. 

11a Although habitats are described in the document, the information is scattered in various 
locations. It would be useful to have a comprehensive description of habitat~ affected, 
including habitat type name, amount of project area, characteristics of habitat (depth, 
substrate, flow regime, estimated biodiversity relative to other habitats, some degree of 
description of benthos found, etc. With his information a habitat evaluation model could be 
employed to help determine the environmental effects of the project and sufficiency of 
proposed mitigation. 

Although the river regimen is quite well documented, it would be useful to better 
summarize the information for each named slough or habitat, including a description of 
substrate character, depth, flow rates, amount of accretion, sedimentation or 
erosion/ subsidence occurring and the expected changes that will occur in habitat acreage. 
Also what changes will occur to the habitats adjacent to the proposed channel and what will 
their habitat type become? 

It would be desirable to include a habitat evaluation model, such as a modified MnRAM that 
helps to evaluate the function and values of the wetlands and aquatic habitats pre- and 
post-project (See Attachments A & B). 

Can the debris that is removed from the proposed dredging channel be placed in other areas 

Appendix A - Coordination and Correspondence A-49

B6OPJSJW
Highlight

B6OPJSJW
Callout
E-6 cont'd

B6OPJSJW
Highlight

B6OPJSJW
Callout
E-7

B6OPJSJW
Highlight

B6OPJSJW
Callout
E-8

B6OPJSJW
Highlight

B6OPJSJW
Callout
E-9

B6OPJSJW
Highlight

B6OPJSJW
Callout
E-10

B6OPJSJW
Highlight

B6OPJSJW
Callout
E-11

B6OPJSJW
Highlight

B6OPJSJW
Callout
E-12

B6OPJSJW
Highlight

B6OPJSJW
Callout
E-13

B6OPJSJW
Highlight

B6OPJSJW
Callout
E-14

B6OPJSJW
Highlight

B6OPJSJW
Callout
E-15



Aaron McFarlane 
Page 4 of 5 
June 17, 2013 

of the Boulanger Slough area to be used as structure? Is there a potential to create catfish 
hole(s) to replace potential loss of overwintering habitat? 

llb. The DNR would like further review of the rare species data . If additional data, reports, or 
analysis use to make the conclusions is available, the DNR would like to have it in the 
administrative record of the project? It is proposed that the DNR be requested to provide a 
second review of the data that is available on the rare features in the project area. 

It should be noted that the series of pools 1-13 in the Upper Mississippi River are considered 
a Conservation Priority Area of the UMRB, where 11 fish, 18 mussels, and the Blanding's 
turtle were considered species targets documented within the 13 pools. Which of these 
animals would be affected by the project? 

Would there be any effect on Bald and Golden Eagles, including potential disturbance of 
birds using established roosting, forage, or nesting areas? 

14 It would be useful to include a more robust description that summarizes the findings and 
conclusion that no increase in flood levels would occur, as reported in the Hydraulics 
Appendix. 

16 Describe the erosion and sedimentation potential that could occur at the island construction 
area, the disposal area(s), and at river access points. 

Enhance section 6.2.4, by describing environmental effects, BMPs, and mitigation used 
during island creation and at the dredge disposal area. 

17a This Item largely deals with the island creation portion of project and associated mitigation. 

There should be a summary/overview of sediment transport downstream. 

18 Would the seepage from the dredge material disposal areas be considered wastewater? Is 
there any concern for contamination of groundwater? Would the water naturally seep back 
to the water table or would the water be pumped out of a settling pond? If the water is 
pumped out of the settling pond, would the water be considered wastewater? 

21 Would the dredging operation have any effect on barge traffic or on recreational boaters? 

23 This section should include vehicle related air emissions estimates during project operations. 

24 Is there any potential for fugitive dust generated by cross winds on the proposed islands? 

What are the closest receptors sites to the project area? How would they be affected? 

What is the range of distance of the proposed channel from the Dakota County shoreline? 

Will the waves caused by the barge traffic along the proposed channel affect the Dakota 
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Aaron McFarlane 
Page 5 of 5 
June 17, 2013 

County shoreline? 

25 The MNRRA map identifies several parks and natural areas important to the area, these 
should be listed and potential effects on them described. 

Include Spring Lake Park (Dakota County); Lock and Dam 2 Visitor Center; Hastings River 
Flats Park; Pine Bend Bluffs SNA, Grey Cloud SNA, Cottage Grove Ravine Regional Park, and 
Spring Lake WMA, public water accesses, and possibly other public areas in the vicinity of 
the project. 

26 Should the effects of the loss of Grey Cloud Island pond due to filling be included? 

27 It would be useful to describe the compatibility of project with MNRRA and MRCA 
(Mississippi River Critica l Area) . 

29 Include a discussion on the likely sedimentation of Spring Lake within the next 37 years and 
potential changes in sedimentation of the lake between the project and Lock and Dam 2. 
Cumulative effects need to consider the proposed project and other projects collectively 
when determining the cumulative sedimentation amounts, changes in river flows, etc. How 
will the projected changes in morphology in Lower Pool 2, as provided in the UMRS-EMP 
studies and documents referenced in Section 1.5.4, be affected by the project? 

Thank you for the opportunity to review the Preliminary Draft Environmental Assessment for the Lower 
Pool 2 Channel Management Study: Boulanger Bend to Lock and Dam No. 2. Please contact me at your 
earliest convenience for additional information or comments . 

Sincerely, 

• Ronald Wieland 
Environmental Review Unit 
Ecological and Water Resources 
Department of Natural Resources 
651-259-5157 

cc: Randall Doneen, Molly Shodeen, Melissa Doperalski, Lisa Joyal 

Attachments 
A. Habitat Evaluation Model for Determining Environmental Effects of Boulanger Bend Project 
B. Stryker_Bay - modified MnRAM 
C. EAW Item Number 8 Potential Contents 
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Topic Comment Number(s) Comment Response

• Will increased sedimentation affect federally listed 
species or submerged aquatic vegetation? (e.g. 
Wisconsin Chnanel EHA?)

The proposed project would not be expected to change 
deposition patterns. Therefore, the additional sediment 
would likely settle in areas where deposition is frequent, 
and which are therefore not hospitable to species 
intolerant of highly dynamic substrates, like freshwater 
mussels (See section 6.2.1.2 - Sediment Transport).

• Request further description of expected impacts of 
increased sediment on ecological attributes 

Section 6.2.1.2 has been updated to include discussion of 
the expected environmental consequences of the 
expected changes in sedimentation rates downstream of 
the project

• Where are the locations where increased 
erosion/sedimentation are likely to occur?

This has been described in 6.2.1.2, with greater detail in 
the Sediment Transport Appendix

• Is it possible the amount of sedimentation that will 
be transported downstream is underrated and could 
a summary/overview of sediment transport be 
provided?

It is possible that sedimentation would be higher or 
lower than predicted.   The estimates provided are based 
on a reasoned methodology and should provide a 
reasonable estimate.

• Would back flow that enters Spring Lake at its 
lower end of the resultant swirl result in increased 
sedimentation during low/medium/high flow 
periods?

The large amount of flow entering the upper end of 
Spring Lake should continue to keep an eddy from 
forming in the lower lake. Deposition on newly emergent 
islands and shoals along the lower lake's boundary with 
the navigation channel should continue similarly to 
existing patterns. Flow currently passes out of the main 
channel over these shoals towards Sharr's Bluff. This is 
expected to continue.

• Request a more detailed description summarizing 
the findings and conclusion that no increase in flood 
levels would occur.

Please refer to the "Impacts to the One Percent Flood 
Profile" Section in the H&H Appendix. In a 'nutshell'  the 
cutting of the channel and the island/weir construction 
tend to cancel each other out (as far as flood levels are 
concerned). The numbers in Figure 32 of the appendix 
show stage increase for the 1 percent frequency flood 
event (100yr). 

• How will projected future changes in morphology 
in Lower Pool 2 be affected by the project?

We don’t expect  change upstream of the project.  
Discharges should be similar in the main channel because 
there is little effect to water surface elevations. 
Geomorphic changes downstream of the channel 
excavation are also not expected  because the sedment 
analysis indicates that the navigation channel should be 
capable of transporting sediment to the gates of the dam 
(as is currently the case). Localized effects on erosion and 
deposition can be seen in Figure 24 in the Hydraulics 
Appendix.

• Will the location of the channel and increased river 
traffic in this area cause erosion on the shoreline of 
Dakota County?

The bank is talus and mainly sheer cliff face of the 
Oneota member of the Prairie du Chien Formation. This 
rock is very weather resistant and durable. Therefore, 
the channel would not increase erosion.

• Could lowering the water levels at the dam (1-2 
feet or so?) create a larger slope and help alleviate 
sedimentation in Lower Pool 2?

There are several issues that would make consideration 
of a lower pool elevation problematic:
(a) Lower elevations would require significant quantities 
of additional dredging to keep the 9' channel if water 
was dropped by 2 feet.
(b) The bathymetry across Freeborn Bend is low enough 
so a 2 foot drop will still allow a lot of water to bypass 
the navigation channel
(c) There are legal issues involved in changing the low 
pool elevation.

Hydology, 
Hydraulics, and 

Sediment 
Transport

(A-1) (A-2) (A-3) (A-4) (B-
15) (C-3) (D-1) (D-2) (E-19) 
(E-20) (E-22) (E-29) (E-34) 

(E-35)
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Topic Comment Number(s) Comment Response

• It appears that much of the area to be affected by 
the sand has yet to be surveyed. Are additional 
surveys warranted?  Please clarify if relocating 
mussels out of the area would occur if adverse 
impacts were discovered.

The Corps planned project mussel sampling to be 
representative of the areas that would be impacted, and 
feels that the results adequately characterize potential 
impacts. Relocation is not being considered at this time 
because no significant impacts to mussels are expected, 
and no dense mussel beds have been identified that 
would be affected by the project. See also Sec. 5.2.3 for 
mitigation discussion

• Note that a small number of winged mapleleaf 
were released into uppor Pool 2 in 2012./Make 
correction regarding statement involving presence 
of winged mapleleaf in pool 2.

Corrected in Sections 2.2.2 and 6.2.2

• When will abandoned channel be stabilized and 
suitable for mussels?

Mussels would likely colonize the channel border areas 
of the abandoned channel quickly after project 
construction because these areas would experience 
reduced traffic, wave action, and flow. The deep portion 
of the main channel may take more time to stabilize as it 
progresses toward a new dynamic equilibrium.

• Monitoring requested to determine fate of current 
mussel communities and to determine if old channel 
becomes good habitat

Post-project monitoring has been added for mussels and 
vegetation. See Sec 5.2.4

• Decribe precisely where the areas that would need 
additional verification regarding indirectly affected 
locations of endangered mussel species.

This comment refers to impacts from the southern 
channel, a measure which was screened out from further 
consideration.

• Request a map that depicts locations where state 
listed species are likely present in Pool 2.

A figure has been added to Sec. 6.2.2

• The placeholder for state-listed species needs to 
be completed under section 2.2.2 Aquatic Habitat.

This section has been updated

• The Minnesota DNR indicated concern regarding 
the presence of State-listed endangered species 
within the project footprint and Federal 
responsibilities to comply with State Endangered 
Species Act policies.

It is the determination of the Corps' Office of Counsel 
that the Corps is immune from the requirement to 
comply with state endangered species laws with respect 
to incidental take. Nevertheless, it is the Corps' intent to 
consider impacts to State-listed species, coordinate 
potential impacts with state agencies, and to avoid and 
minimize impacts as much as practical. Based on a 
review of historical data and data collected for this 
project, it is the Corps' determination that the project as 
proposed would have a minimal adverse impact to the 
generally healthy populations of the impacted State-
listed species in Pool 2, and would be expected to 
improve the habitat for these species in the long-term.

• The DNR would like a further review of the rare 
species data.

The rare species data collected by the Corps related to 
this project can be found within the report. State rare 
species data was obtained by searching the Minnesota 
Natural Heritage Information System. The Corps would 
welcome any additional review by the Minnesota DNR

• Pools 1-13 are considered a Conservation Priority 
Area of the UMRB where 11 fish, 18 mussels, and 
the blandings turtle are present.  Which of these 
animals would be affected by the project?

Of the aquatic species listed within the conservation 
priority area, six of the mussel species have been 
identified live in project surveys, but only five were 
found within the affected area. The species that would 
be affected all have healthy populations in Lower Pool 2, 
and surveys have provided evidence of ongoing 
recruitment. The project would not be expected to cause 
any adverse impacts to the populations of these species.

• Any effects on Bald and Golden Eagles?

No effects on bald or golden eagles are anticipated at 
this time. If an effect is discovered, construction would 
follow guidance from the Bald and Golden Eagle 
Protection Act.

Mussels
(A-5) (A-6) (A-7) (A-8) 
(A-12) (A-13) (B-8) (B-9) 
(D-5)

Endangered 
Species

(A-8) (A-9) (B-10) (B-11) 
(B-12) (E-16) (E-17) (E-
18)
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• The EA does not identify the planned location of 
dredged material placement or any potential 
alternatives.

A material placement site has been identified, and is now 
included in the report under section 5.2.2, and 
evaluation of effects has been included in Section 6.2.4.

• Would the seepage from the dredge material 
disposal areas be considered wastewater/are the 
any concerns for contamination of groundwater? 

The area that would be dredged has been tested for 
contaminants.  Dredged materials found to exceed the 
MPCA's Tier 1 Soil Reference Values (SRVs) would be 
disposed of in an authorized landfill. All other material 
tested under the Tier 1 guidelines and is considered safe 
for use as upland fill according to the SRVs.

• The county recommends that the dredged 
materials be sampled for contamination, analyzed 
and disposed of properly.

The sediments in Boulanger Slough have been tested for 
contamination, and will be used or disposed of according 
to MPCA guidance. See Sec 6.2.3 and the Sediment 
Analysis Appendix

• Should the effects of the loss of Gray Cloud Island 
pond due to filling be included?

In-water placement in this pond is no longer being 
considered, so no impacts would occur

• What type of vegetation would be allowed to 
develop on the island?

Willows and a prairie seed mix would be planted on the 
islands.  The river, wind and animals would also 
transport seed to the islands.  There would be no effort 
to control or restrict vegetation types on the island.

•The islands are presented to be used in multiple 
ways which could be viewed as somewhat 
contradictory. Request a more detailed explanation 
of their purpose.

The primary purpose of the proposed islands would be 
to modify local hydraulics to create the proposed new 
channel. Careful design allowed the islands to meet their 
primary purpose and also enhance the local environment 
and provide recreation opportunities. See Sec. 5.2.3

• Will the islands be maintained and monitored by 
the USACE to ensure their intended function is 
maintained?

Yes, the islands would be maintained to ensure their 
function is maintained. This mainly means that they will 
remain barriers during non-flood conditions. A portion of 
the newly constructed sand island berms is designed to 
erode to provide a stable beach zone between the groins 
and vanes.

• The Minnesota DNR requests that the Corps 
coordinates any island height changes, as these may 
impact the permit-ability of the project.

Comment Noted.

Potential 
Wetland Areas

(B-13)

• Request more information regarding the 
evaluation of potential wetland areas that was 
completed for the project, specifically areas near 
Freeborn Island.

Wetland delineation was conducted according to the 
Corps of Engineers Wetlands Delineation Manual, 
published in 1987. No wetlands have been identified 
within the project footprint. See Section 6.2.2 - Aquatic 
Vegetation for more info.

• The Preliminary Draft EA does not include a 
discussion regarding paddlefish.

Paddlefish discussion added to EA (Sec.6.2.2 -Threatened 
and Endangered Species)

• Request further surveys to assess the potential for 
the area to provide overwintering habitat for 
flathead catfish

The Corps has considered further surveys, but has 
concluded that current data is sufficient to inform 
decision making. See the Flathead Catfish Appendix for 
further discussion.

• Could debris that is removed from the proposed 
channel dredging be placed in other areas of 

         

We will investigate opportunities to utilize debris during 
development of Plans and Specs

Archaeology (C-2)
• Extra caution should be taken to limit disturbance 
to many important archaeological sites within the 
project area.

Comment Noted. Please see section 6.3, which discusses 
the cultural resource surveys and results.

Material 
Placement

(B-1) (B-4) (C-1) (D-7) (E-
21) (E-23) (E-32)

Islands (A-11) (B-5) (B-6) (B-7)

Fisheries (B-14) (E-15)
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• The preliminary Draft EA does not provide a clear 
discussion on avoidance and minimization or 
mitigation for adverse environmental effects.

Section 5.2.3 was added to address this comment

• Consider mitigation measures that would improve 
the quality of the Mississippi River, Spring Lake, and 
Spring Lake Regional Park.

Several measures specific to Spring Lake were considered 
during planning, but did not meet project objectives. 
Other measures and considerations are discussed in 
Section 5.2.3.

• Note the precautions used in scheduling, if any, for 
specific means of protecting aquatic species, such as 
for spawning periods of certain wildlife, fisheries, or 
mussels.

No precautions have been identified to date, but may be 
added if future information suggests it prudent to do so.

• Request more detail regarding the construction 
process including the type of dredge, process of 
dredging, transporting and unloading materials, 
facilities, size of engines, BMPs for sediment re-
suspension, etc.

Some possible measures have been identified in Section 
5.2.2. However, details regarding specific BMPs are 
difficult to develop precisely at this stage of the project 
because some of the construction methods will be 
determined by the contractor. Detailed development of 
BMPs would occur closer to implementation.

• Would the dredging operation have any effect on 
barge traffic or recreational boaters?

There may be temporary, minor, adverse effects on users 
of the river from the increased noise and traffic. 
However, no major delays or channel closures would be 
expected.

• Information regarding nearby air emission 
receptor sites (including the Dakota County 
Shoreline) and vehicle-related air emissions during 
construction of the project should be included.

Section 6.2.5 - Air Quality - has been expanded to further 
discuss these issues.

• Where would the sandy textured sediments used 
for building the berms and islands originate from?

This depends on opportunities at the time of 
construction. If channel dredging is necessary at a nearby 
dredge cut such as Pine Bend, material could be 
beneficially used from that operation. Another option 
would be from the Lower Boulanger Temporary 
Placement site.

• Is there any potential for fugitive dust generated 
by cross winds on the proposed islands?

Minor, localized impacts could occur during construction, 
but the islands would be expected to stabilize once 
vegetation becomes established.

• Request more detail of the habitats affected, 
including habitat type name, description, size of 
affected area, net change, and characteristics of the 
habitat. (Reference item 10 of EAW form)

See Section 2.2.2, where local habitat types are 
described, and 6.2.2, where a figure has been added to 
present the anticipated habitat changes

• Information regarding the expected changes that 
will occur regarding substrate character, depth, flow 
rates, amount of accretion, sedimentation, etc.

The modeled and predicted changes of hydraulic 
characters can be found in Section 6.2.1, with more 
detailed information in the Hydrology and Hydraulics 
Appendix

• Suggest use of a habitat evaluation model, such as 
a modified MnRAM that helps to evaluate the 
function and values of aquatic habitats pre- and post-
project.

The MnRAM evaluation model was reviewed to assess its 
applicability to the project. Because the MnRAM is 
designed to evaluate wetlands, of which none have been 
identified within the project footprint, the Corps has 
instead developed an evaluation of the affected areas 
based on changes in habitat types. Habitats within the 
affected area of Lower Pool 2 were classified according 
to habitat types described in Wilcox's "Aquatic Habitat 
Classification System for the UMRS" (1993), and 
compared to the predicted conditions after project 
construction. Change in acres of each habitat type were 
calculated. A narrative assessment of the functions of the 
identified habitat types as they are found in Lower Pool 2 
is provided. These items should serve as a qualitative 
assessment of the potential changes in function and 
value in the affected area of Lower Pool 2, similar to the 
intent of the MnRAM.

Mitigation
(B-3) (C-4) (D-3) (D-8) (E-
7)

Construction
(D-6) (E-6) (E-24) (E-25) 
(E-26) (E-27) (E-28)

Habitat 
Evaluation

(A-10) (E-10) (E-11) (E-
12) (E-13) (E-14) (D-4)
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• The project area is not clearly defined.  The 
proposed project area should include all areas of 
direct impact as well as areas that are likely to be 
affected. Include County Boundaries.

A map will be included to address this request.

• Request a 1:24,000 scale topographic map 
indicating project boundaries and acreage.

A map will either be included within the report to 
address this request, or may be attached to the EAW 
cover letter.

• Request a site plan that that includes river mile 
and additional names of islands.  

A map will be added to address this request

• Project title should reflect project actions Comment Noted.

• The EA lacks discussion of cumulative effects Added Chapter 6.4 - Cumulative Effects.

• Request removal of conclusion that "No significant 
adverse environmental impacts would occur…" and 
reserve for decision document

Text in Executive Summary modified.

• Would the project have impacts to any areas such 
as the Mississippi River Corridor Critical Area 
(MRCCA), Mississippi National River and Recriation 
Area (MNRRA), Spring Lake Park, Lock and Dam 2 
Visitor Center, Hastings River Flats Park, Pine Bend 
Bluffs SNA, Cottage Grove Ravine Regional Park, 
Spring Lake WMA, public water accesses, and other 
public areas in the project vicinity.

At the time, no impacts beyond what has been identified 
in the Environmental Assessment are expected for these 
areas.

• Include real estate/flowage easement information

The Corps-owned flowage easements in conjunction with 
the powers granted under the Federal Navigational 
Servitude provide the Corps with the authority to dredge 
a new navigation channel in Pool 2.

Document / 
EAW

(B-1) (B-2) (E-1) (E-2) (E-
3) (E-4) (E-5) (E-8) (E-9) 
(E-30) (E-31) (E-33)
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