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1.0 Introduction 

The purpose of this report is to provide final documentation of work completed under the Water 
Supply Reserve Account (WSRA) Grant for the Fountain Creek Bank Restoration at the Frost Ranch (the 
Project).  The Project was completed as a demonstration effort for the Fountain Creek Watershed 
Flood Control and Greenway District (the District) with funding from the District, the Arkansas Basin 
Roundtable, and the Colorado Water Conservation Board WSRA.  The report outlines: 

1. Alternatives considered 

2. Design and permitting 

3. Construction 

4. Review of grant objectives and lessons learned 

The Project site is located at 17825 Hanover Road, Fountain, CO, 80817 in southern El Paso County 
approximately 1.0 mile east of Interstate 25 and 0.3 miles south of Hanover Road on the Frost Ranch. 
An aerial map illustrating the Project location is provided below for reference. 

Figure 1.  Project Site 

 

The Project lies along an eroding bendway where Fountain Creek migrated into a bank with little 
riparian vegetation, which led to accelerated soil erosion.  Over the years, the bank erosion caused 
property loss and increased sediment supply.  Eliminating erosion along the bank will protect viable 
agricultural land, reduce sediment supply downstream, and improve both terrestrial and aquatic 
habitat.  Figure 2 shows the progression of bank erosion in recent years. 
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Figure 2.  Bank Erosion 

 

The lack of vegetation along about 400 feet of the left bank (looking downstream) allowed the soil to 
be readily removed during high flow events.  Consequently, the landowner experienced flood damage 
and bank erosion that caused loss of property, damage to fences, loss of productivity, and loss of 
habitat and vegetation.  Since 1999, the bank has migrated as much as 70 feet at one point. 

As a result of the bank erosion, the creek became over widened from the stable Fountain Creek 
reference width of about 160 feet to more than 200 feet.  Near the lower end of the Project, the bank 
“scalloped” out and created severe secondary currents (eddy) that would have aggravated future 
erosion.  Using an estimate of erosion based on a bank erosion hazard index and near bank stress, it 
was predicted that routine (non-flood) erosion increased from about 0.1 tons/foot/year to nearly 1 
tons/foot/year.  Along the 400-foot Project reach that equates to an increase from 40 tons/year to 400 
tons/year, or a ten-fold increase.  The over widening and increased sediment supply caused 
downstream deposition which, if allowed to continue, would in-turn aggravate bank erosion. 

With the exception of the Project bank, this reach of Fountain Creek is an exemplary healthy reach.  
The creek in this vicinity is relatively stable, well-vegetated and neither aggrading or degrading. It is 
bordered by dense riparian and wetland buffer and associated high-value habitat.  The vegetation 
buffer provides roughness that slows velocities and root mass that holds the stream banks together 
during floods.  Restoring the Project bank in this reach was intended to prevent further impacts to the 
otherwise healthy reach at much lower cost that repairing it after further damage.  This healthy reach 
was recently used as a reference reach to collect stable geomorphic and survey data to guide another 
channel restoration project on a site upstream.  As such, considerable data exists for the Project reach. 
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Photos 1 & 2.  Pre-Project Conditions 

 

The Project bank had a relatively low height compared to other severely eroding banks on Fountain 
Creek.  That allowed the Project to proceed with available WSRA funds to demonstrate effective 
habitat-sensitive restoration techniques at a reasonable cost by comparison.  The Project bank is 
readily accessible and will be an excellent location to demonstrate techniques that can be used to 
systematically address larger erosion and sedimentation issues along Fountain Creek.  Addressing 
these issues will begin to reduce the sediment supply that is contributing to irrigation, flooding, and 
stream stability problems downstream on Fountain Creek and the Arkansas River. 

2.0 Alternatives Considered 

Three different bank restoration techniques were considered as alternatives on the Project.  These 
alternatives included conventional soil riprap, brush layering, and a combination of toe wood and 
brush layering.  Concept drawings were prepared for each alternative and advantages and 
disadvantages were evaluated.  Table 1 outlines the advantages and disadvantages of each 
alternative.  Concept drawings are attached in Appendix E. 

Alternatives were presented to the District’s Citizens Advisory Group (February 14) and Technical 
Advisory Committee (April 2), as well as to the landowner (February 19).  The general consensus from 
the stakeholders was that they preferred the more natural approaches of brush layering or toe wood 
over soil riprap.  They liked the idea of demonstrating a more natural solution that was habitat-
sensitive, compatible with revegetation, and had a lower material cost, thereby making it more 
feasible for a landowner to implement in other locations.  

During site visits with potential contractors, the availability of green trees in the vicinity of the Project 
was discussed.  Green trees that are full of water and correspondingly heavy are best for constructing 
the toe wood alternative because they don’t float during construction, are less susceptible to uplift 
during high flows, and they have greater longevity in the bank.  Although, numerous dead or downed 
cottonwoods were available near the Project, few green or recently downed trees were available.  
After considering the number of trees required for the Project, the impact to the landowner, and the 
impact to avian nesting habitat, the Project team opted to abandon the idea of using toe wood. 
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Table 1.  Alternatives Advantages and Disadvantages 

Alternative Advantages Disadvantages 

Soil Riprap Well-defined design criteria; 
High contractor familiarity and 
easy to install; Demonstrated 
performance 

High material costs; Susceptible 
to scour or undercutting; More 
difficult to revegetate;  Less 
natural;  Riprap hauling impacts 

Brush Layering Lower material costs; Easy to 
revegetate; Biodegradeable 
material; More natural 

Less contractor familiarity and 
labor intensive; Less design and 
performance data; Susceptible 
to tearing from debris and 
abrasion from sediment 

Toe wood /Brush Layering Lowest material costs; Easy to 
revegetate; Biodegradable 
material; Trees for toe wood can 
be harvested locally; Best 
aquatic habitat value 

Least contractor familiarity and 
difficult to install; Limited 
design and performance data; 
Susceptible to uplift;  Limited 
availability of green (i.e. wet, 
heavy) trees in the vicinity 

 

Based on the advantages and disadvantages of each alternative, input from stakeholders and the 
landowner, and site considerations, the brush layering concept was selected for the Project.  If a future 
project site has different characteristics, other alternatives may be more applicable.  For example, if 
high-value infrastructure required protection, the more proven riprap alternative might be preferred, 
particularly if material cost was less of an issue or if the availability of labor was limited.  Where aquatic 
habitat is of paramount concern, the toe wood option would be the preferred solution, particularly if 
an experienced contractor was hired and green trees were readily available. 

3.0 Design & Permitting 

3.1 Engineering Analysis and Design 

Matrix Design Group, Inc. (Matrix) completed a detailed topographic survey at the location of the 
Project on September 3, 2013. The survey encompassed the longitudinal and lateral extents of the 
eroded bank.  Significant flooding and erosion occurred at the Project site from September 12 through 
15, 2013.  As a result we completed a re-survey of the Project site on February 26, 2014.  In addition to 
the topographic survey, additional data was obtained from: 

 Available geo-referenced aerial photography 

 Hydrologic, hydraulic, geomorphic, and environmental reports completed as part of the 
Colorado Springs Utilities SDS Fountain Creek Realignment project upstream and applied as 
in-kind services for this WSRA grant. 
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 An initial site visit to evaluate existing conditions and observe the site post-flood.   

Matrix completed engineering analyses needed to support the design of the bank restoration. These 
analyses primarily involved extracting pertinent information and data from the SDS Fountain Creek 
Realignment reports noted above 1 as well as, further evaluation of geomorphic and scour data 
collected specifically at the Project site.  Engineering analyses included: 

 Design flow selection:  Bankfull flow of 3,600 cfs through a 10-year flow of 15,000 cfs. 

 Hydraulic analysis:  Design velocity of 8 ft/sec; Design shear stress of 1 lb/sf. 

 Scour analysis:  Observed scour depths of 3 ft; predicted scour depth of up to 5 ft. 

 Geomorphic evaluation:  Bankfull width of 160 ft; Width/depth ratio of 51; Slope of 0.35%. 

 Vegetation assessment:  Existing plant communities including woody vegetation (Sandbar 
willow and Plains cottonwood) and wetland plants (Nebraska sedge, Baltic rush, Pale bulrush). 

The design concept for restoration was to utilize the construction of a bankfull bench against the 
eroding bank.  The bench width will restore the creek to its reference width and improve sediment 
transport capacity.  The bench will be stabilized using the selected brush layering alternative which 
incorporates willow and other riparian plantings to increase habitat and provide sustainable flood 
velocity mitigation and soil protection. 

Matrix prepared preliminary design drawings for the selected brush layering alternative.  We chose a 
woven 2-layer coir/jute blanket product, KoirWrap 1000®, for encapsulation of the soil lifts integral to 
the brush layering concept.  This task included: 

 Base mapping and survey control 

 Site grading and cut/fill evaluation 

 Brush layering details and specifications 

The proposed restoration plan incorporated bioengineering soil wrap techniques, riparian seeding, 
and willow stakes into a brush layering system to stabilize the bank and allow for the establishment of 
woody vegetation. The alignment of the improvements was designed to be consistent with a stable 
meander geometry having a radius of curvature consistent with the inside of the bend and a bankfull 
width and width/depth ratio in accordance with extensive reference reach data collected at the site. 

3.2 Permitting 

Permitting for the project included Corps of Engineers 404 and Regional Building Department 
Floodplain Development permits.  The Corps authorized the Project under Nationwide Permit No. 13 
for Bank Stabilization.  The Regional Building Department authorized the Project via a zero-rise 
certification letter. Copies of permits are attached in Appendix C.  In addition, the property is located 
within a Colorado Open Lands (COL) conservation easement so proposed plans were provided to and 
reviewed by COL.  A letter of support from COL is included in Appendix D. 
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4.0 Construction 

4.1 Design/Build 

Based on our evaluation and discussions with the Project team, it seemed prudent to pursue 
construction of the Project using a design/build delivery method in order to expedite the bidding 
process, ensure adequate construction oversight, and allow for adaptation to field conditions.  As 
such, Matrix prepared a preliminary plan set sufficient to identify quantities and establish pricing.  
Further, we conserved budget in the design phase to allow for sufficient budget to provide field 
engineering and survey control during construction.   

Matrix held on-site meetings with three prospective contractors to discuss the proposed work, verify 
quantities, and request pricing.  Aztec General Contractors, LLC was selected by the District to 
construction the Project.  All plant materials including willow stakes and bulrush were harvested on 
site and applied as in-kind contribution from the landowner for this WSRA grant.  Final plans were 
prepared as post-construction, as-built drawings and are attached in Appendix A.  The final budget 
accounting for the Project is included in Appendix B. 

4.2 Construction Observation 

Numerous site visits were conducted by Matrix and THK Associates, Inc. staff.  Excavations were 
observed, as well as the installation of the soil-filled KoirWrap 1000®, willow stakes, seed and 
transplanted bulrush plants.  The following photos provide an overview of construction and the 
finished project.  All project photos are included on a CD attached in Appendix F. 

Photos 3 & 4.  Coffer Dam Excavation 4/9/14 
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Photos 5 & 6.  Bank Excavation & KoirWrap Installation 4/11/14 

     

Photos 7 & 8.  KoirWrap & Willow Installation 4/11/14 

     

Photos 9 & 10.  Bulrush Planting and Seeding 4/11/14 
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Photos 11 & 12.  KoirWrap Installation with Batter Board 4/17/14 

     

Photos 13 & 14.  Vertical Willow Stake Installation 4/22/14 

     

Photos 15 & 16.  Brush Layering Nearing Completion/ Willows Still Dormant 4/25/14 
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Photos 17 & 18.  Brush Layering Complete/ Coffer Dam Removed/ Bulrush Germination 
5/2/14 

      

Photos 19 & 20.  Completed Project after Near Bankfull Flow Event 5/23/14 

    

5.0 Review of Grant Objectives 

This project met multiple objectives: 

5.1 Objective A 

By addressing erosion and sedimentation in Fountain Creek, the Project addressed multiple issues in 
the Arkansas River basin.  The bank restoration effort reestablished the natural riparian vegetation and 
will improve both terrestrial and aquatic habitat, while reducing sedimentation.  The vegetation will 
provide cover for wildlife and shade the creek bank for improved fisheries.  Sedimentation in the 
Arkansas Basin is a major concern to water users.  Sedimentation raises the grade in the Arkansas River 
and clogs irrigation diversions that significantly impact water users’ ability to divert water.  The 
restored creek bank in the Project area is estimated to yield 1,000% less sediment when compared to 
its pre-project impaired condition.  Reduced sediment load in Fountain Creek will also result in 
improved water quality. 
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5.2 Objective B 

The Project, while led by the Fountain Creek Watershed Flood Control and Greenway District, was 
supported by Colorado Open Lands, Central Colorado Conservation District, El Paso County and the 
private landowner.  This Project is a low-cost, high return project that all supporters can promote as a 
key strategy and demonstration of techniques for reducing sedimentation in Fountain Creek.  This is a 
key goal of the Fountain Creek Corridor Restoration Master Plan that was completed in October 2011 
by the Fountain Creek Watershed Flood Control and Greenway District.  This Project serves as a model 
of habitat-sensitive restoration techniques throughout the state of Colorado.  It demonstrates the 
effectiveness of early identification of a problem and the implementation of cost-effective measures 
to stabilize river banks before the problem becomes much larger and much more expensive to 
correct. 

5.3 Objective C 

The improvements completed with this project address three of the four priorities identified in the 
Arkansas Basin Water Needs Assessment Report.  The three priorities are: 

 Maintain agricultural viability in the lower basins. 

 Provide for adequate water quality to meet all needs. 

 Ensure adequate water for future needs including municipal and industrial (M & I), agricultural, 
recreational and environmental purposes.   

Also, the Project is located within the Fountain Creek Watershed, one of the three non-consumptive 
environmental and recreational water needs focus areas that were identified in the Arkansas Basin 
Water Needs Assessment Report. 

5.4 Objectives D & E 

WSRA funds were necessary for successful completion of the Project and future leveraging of local 
monies.  WSRA funds, applied to the completion of design and permitting documents, leverage 
money and in-kind services provided by Colorado Springs Utilities, as a part of the Southern Delivery 
System Fountain Creek Realignment Study at Clear Spring Ranch and plant material provided by the 
landowner.  Design of habitat-sensitive restoration techniques developed as a part of the Clear Spring 
Ranch project were applied to the Project.   

The Fountain Creek Bank Restoration at Frost Ranch will serve as a demonstration of habitat-sensitive 
restoration techniques that will be proposed throughout the Fountain Creek Watershed.  The 
Fountain Creek Watershed Flood Control and Greenway District will be initiating a series of sediment 
transport studies to identify priority sites along the main stem of Fountain Creek, similar to Frost 
Ranch, that can benefit from the demonstrated techniques to reduce erosion and sediment supply. 

5.5 Objective F, I & J 

The water activity helped meet environmental and recreational needs as identified in the Arkansas 
Basin Needs Assessment Report and in relationship to the amount of funds requested, provides a high 
level of benefit to the State of Colorado.  The water activity is also complementary to, and assists in, 
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the implementation of other programs in the CWCB, including the Fish Passage at the Ray Nixon 
Power Plant diversion on Clear Spring Ranch upstream from the Frost Ranch. 

5.6 Objective H 

The water activity included bank and channel improvements that assist in the recovery of the 
Arkansas Darter, a threatened and endangered wildlife species and the Flathead Chub, a Colorado 
state species of concern. 

6.0 Lessons Learned 

Soil-filled blankets have a variety of methods of installation.  The blankets were installed and backfilled 
with moist top soil in the front (creek side) of the lifts.  By forming the leading edge with topsoil and a 
batter board, the overall appearance of the Project area was improved.  It was critical to select a woven 
2-layer coir/jute blanket in order to provide the strength of a woven product and the second layer of 
jute to hold soil particles in place.  Single layer woven products have an open weave and prone to 
having soil wash out from underneath.  Meanwhile, other mattress-style, non-woven products cannot 
provide the shear resistance and strength to withstand impact and abrasion. 

Photo 21.  Batter Board and Final Installation of KoirWrap Blanket 5/2/14 

      

Extensive field observation and direction were required for the contractor and the instructions and 
methods of harvesting and storing willows.  It was essential to keep these willows cool and dormant, 
with no leaf growth prior to planting.  

Stockpiling and preserving  existing on-site vegetation, in this case a large stand of bulrush, helped to 
increase the plant diversity of this project.  Bulrushes were reinstalled along the leading edge of the 
soil-filled blankets. 

Field direction of blanket staking ensued that the KoirWrap would remain in place.  Additional stakes 
were installed at the overlapping blanket seams. 
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It will be important to monitor the Project going forward and provide on-going photo documentation.  
Determining the long-term effectiveness of the brush layering technique and the application of the 
KoirWrap 1000® product will be subject to: 

 how well vegetation becomes established 

 how well the blanket performs during floods with the corresponding abrasion from sediment 
and impact from debris  

 how well the soil-filled lifts respond to scour at the toe of the bank 

Photo 22.  Harvested Willow Stakes and Willows Stakes Leafing Out 

     

Photos 23 & 24.  Salvaged Bulrush Plants 
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BUDGET & INVOICES

CWCB DISTRICT

TASK DESCRIPTION INVOICE DATE CWCB FUNDS DISTRICT FUNDS INVOICE AMT INVOICE AMT

DESIGN

1 Survey & Sata Collection $2,664.00 $1,166.00

10/22/2013 $253.00

2/6/2014 $802.50

3/11/2014 $1,895.50

5/30/2014 $835.00 $110.50

2 Engineering Analysis $3,548.00 $1,552.00

3/11/2014 $1,537.50

4/30/2014 $1,050.00

5/30/2014 $960.50 $764.50

3 Preliminary (60%) Design $5,273.00 $2,307.00

3/11/2014 $1,986.00

4/30/2014 $1,879.00

5/30/2014 $1,408.00 $1,110.29

4 Final (100%) Design $5,134.00 $2,246.00

5/30/2014 $5,332.50 $1,843.80

5 Permit Support $1,336.00 $584.00

4/30/2014 $855.00

5/30/2014 $216.00 $584.00

6 Construction Bidding $1,085.00 $475.00

3/11/2014 $450.00

4/30/2014 $635.00 $902.50

7 Construction Mgmt, Proj Mgmt, Direct Expenses $10,960.00 $4,795.00

3/11/2014 $1,080.00

4/17/2014 $900.00

4/30/2014 $2,674.50

5/30/2014 $6,305.50 $6,753.91

SUBTOTAL ‐ DESIGN $30,000.00 $13,125.00 $30,000.00 $13,125.00

CONSTRUCTION

8 Mobilization $6,998.00 $3,002.00

4/17/2014 $6,998.00 $3,002.00

9 Construction Staking/Survey $3,149.00 $1,351.00

4/17/2014 $3,149.00 $1,351.00

10 Excavation/Bank Reconstruction $52,606.00 $22,569.00

4/17/2014 $49,805.00

4/30/2014 $2,801.00 $22,569.00

11 Final grading $7,698.00 $3,302.00

4/30/2014 $7,698.00 $3,302.00

12 Revegetation/Planting $4,549.00 $1,951.00

4/30/2014 $4,549.00 $1,951.00

SUBTOTAL ‐ CONSTRUCTION $75,000.00 $32,175.00 $75,000.00 $32,175.00

TOTAL PROJECT $105,000.00 $45,300.00 $105,000.00 $45,300.00

WSRA GRANT FTN CREEK BANK RESTORATION AT FROST RANCH ‐ 
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DEPARTMENT OF THE ARMY
ALBUQUERQUE DISTRICT, CORPS OF ENGINEERS

200 SOUTH SANTA FE AVENUE, SUITE 301
PUEBLO, COLORADO 81003-4270

REPLY TO
ATTENTION OF

March 21, 2014

Regulatory Division

SUBJECT: Nationwide Permit Verification - Action No. SPA-2014-00121-SCO, Fountain Creek
Bank Restoration at Frost Ranch, El Paso County, Colorado

Mr. Larry Small
Executive Director
Fountain Creek Watershed Flood Control and Greenway District
P.O. Box 26373
Colorado Springs, CO 80910

Dear Mr. Small:

I am writing this letter in response to your March 18, 2014 request for a determination of
permit requirements for the proposed Fountain Creek Bank Restoration at Frost Ranch, located
at approximately latitude 38.5736187393352, longitude -104.638587754633, in El Paso County,
Colorado. The work, as described in your letter, will consist of bioengineered soil wrapping,
riparian seeding, and willow stakes in brush layering to stabilize, re-vegetate, and restore the
bank. Approximately 480 linear feet (0.11 acres) of Fountain Creek bank and channel will be
temporarily impacted as a result of restoration activities. We have assigned Action No. SPA-
2014-00121-SCO to this project. Please reference this number in all future correspondence
concerning the project.

Based on the information provided, we have determined that the project is authorized by
Nationwide Permit No. 13 for Bank Stabilization. A summary of this permit and the Colorado
Regional Conditions are available on our website at www.spa.usace.armv.mil/reg/nwp. Please
refer to our website at www.spa.usace.army.mil/req/wqc for specific information regarding
compliance with state water quality certification requirements. The permittee must ensure that
the work complies with the terms and conditions of the permit, including Colorado Regional
Conditions and conditions of water quality certification.

Our review of this project also addressed its effects on threatened and endangered species
and historic properties in accordance with general conditions 18 and 20. Based on the
information provided, we have determined that this project will not affect any federally listed
threatened or endangered species or any historic properties listed, or eligible for listing, in the
National Register of Historic Places. However, please note that the permittee is responsible for
meeting the requirements of general condition 18 on endangered species and general condition
20 on historic properties.

This verification is only valid for the project as described in your letter. Appropriate erosion
and sediment controls should be implemented to ensure that construction materials and/or
activities do not enter any wetlands or other waterbodies beyond the scope of the authorization.



- 2 -

If there are any changes in the project purpose, location, or design, you should contact our
office for a reevaluation of Department of the Army permit requirements.

This letter does not constitute approval of the project design features, nor does it imply that
the construction is adequate for its intended purpose. This permit does not authorize any injury
to property or invasion of rights or any infringement of federal, state or local laws or regulations.
The permittee and/or any contractors acting on behalf of the permittee must possess the
authority and any other approvals required by law, including property rights, in order to
undertake the proposed work.

This permit verification is valid until March 18, 2017 (33 CFR 330.6), unless the nationwide
permit is modified, suspended, revoked or reissued prior to that date. Continued confirmation
that an activity complies with the terms and conditions, and any changes to the nationwide
permit, is the responsibility of the permittee. Activities that have commenced, or are under
contract to commence, in reliance on a nationwide permit will remain authorized provided the
activity is completed within 12 months of the date of the nationwide permits expiration,
modification, or revocation.

Within 30 days of project completion, the permittee must fill out the enclosed Certification of
Compliance form and return it to our office. The landowner must allow Corps representatives to
inspect the authorized activity at any time deemed necessary to ensure that it is being, or has
been, accomplished in accordance with the terms and conditions of the nationwide permit.

I am forwarding a copy of this letter to Graham Thompson, Matrix Design Group,
graham thompson@matrixdesigngroup.com If you have any questions, please contact me at
719-543-8102 or by e-mail at Christopher.M.Grosso@usace.army.mil. At your convenience,
please complete a Customer Service Survey on-line available at
http://corpsmapu.usace.army.mil/cm apex/f?p=regulatory survey.

/-y
Sincerely, / /

/ /// 7 f !

/ / *' /- L
^Christopher" Grosso

Regulatory Project Manager
Enclosure(s)
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Appendix D – COL Letter 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Photo Compliments of John Fielder 

Mr. Jay Frost 
Frost Livestock Co. 
18350 Hanover Road 
Pueblo, CO 81008 
 
January 29, 2013 
 
Dear Jay, 
 
On January 3rd, 2013, Colorado Open Lands was notified of your intent to work with the Fountain 
Creek Watershed Flood Control and Greenway District (“District”) to implement bank stabilization on 
approximately 400 linear feet of the east bank of Fountain Creek. 
 
I have reviewed the basic project concept and it appears that the activities contemplated under this 
project are consistent with the purpose and terms of the conservation easement held by Colorado 
Open Lands and recorded at reception #207074279 in the records of El Paso County. Please accept 
this letter as approval of the proposed project under Section 5. I. of the conservation easement. 
 
As a member of the Districts’ Citizens Advisory Group, I am pleased to see the District partnering with 
private landowners to mitigate impacts of flooding along Fountain Creek, and I’m even more pleased 
to see the Frost Livestock Co. participating in the Districts’ programs to improve bank stability and 
riparian habitat along Fountain Creek. I’m hopeful that demonstration projects like this will increase 
the engagement between the District and landowners along Fountain Creek.  
 
Good luck with the application to the Arkansas Basin Roundtable and please let me know if the plans 
change substantially from what I’ve reviewed. 
 
All my best, 
 

 
 
Dieter Erdmann 
Director of Conservation Operations 
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Appendix E – Concept Drawings 
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