
PARK RIVER 308 Court House Drive #5

JOINT WATER RESOURCE DISTRICT Cavalier, ND 58220 

Phone: (701) 265-4511 

Email: llkemp@nd.gov 

May 1, 2015 

Advisory Group 
VIA E-Mail 

Subject: North Branch Park River Watershed Comprehensive Flood Damage Reduction 
Project Update & February 4, 2015 Meeting Summary  

NRCS Regional Conservation Partnership Program (RCPP) 

Since beginning this project, potential funding through the Farm Bill has been finalized. Funding will 

be made available by the NRCS through a new program known as RCPP. A total of $12 million has 

been secured for the Red River Basin for flood water retention. The Red River Retention Authority 

(RRRA) has been working with NRCS to determine funding eligibility for potential projects. RRRA 

has decided that financial assistance through RCPP will be used to assist in project development 

and planning efforts. This is largely due to a lack of “shovel ready” projects, and a maximum 5-year 

timeline to expend RCPP funds. Given the scale and complexity of many retention projects, it 

seemed unlikely that many projects could move from concepts to completed construction within the 

required 5-year timeline. 

With additional funding opportunities for project planning through RCPP, the Park River Joint Water 

Resource District (PRJWRD) has temporarily slowed progress on the North Branch Park River 

Watershed project to investigate how these funds could reduce state and local funding 

requirements. Because watershed planning would have to be completed based on NRCS 

Standards, additional tasks would be required. While these additional tasks would result in 

additional costs, potential for significant RCPP funding contributions would likely result in 

substantial reductions to state and local funding requirements. The NRCS and the RRRA are 

expected to have an agreement in place in early to mid-May. Agreements between the NRCS and 

eligible projects, such as the North Branch Project, would likely occur in early to mid-summer 2015. 

The following is a summary of the February 4, 2015 Watershed Stakeholder’s Meeting: 

Appendix E Update Letter - Flood Damage 
Reduction 2015
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The North Branch Park River Watershed Stakeholder’s Committee held a meeting on February 4, 

2015 in Cavalier, ND. This was the second meeting for the Watershed Stakeholder’s Committee, 

and included continued discussion from topics the December 18, 2014 initial meeting. Topics of 

discussion included roles and expectations of the Stakeholder’s Committee and Advisory Group, 

the Purpose and Expected Outcomes document, the Strategy Evaluation table, and review of 

initially selected alternatives.  

Purpose and Expected Outcomes 

The Draft Purpose and Expected Outcomes document (Exhibit A) is intended to provide clear 

definition of the existing flooding issues, as well as clearly define locally desirable future conditions 

within the North Branch Watershed. Problems and Expected Outcomes document was drafted 

based on public comment provided by landowners and residents that are impacted by flooding in 

the project area. The primary focus of the project is to provide benefit to flooding experienced within 

the North Branch/Cart Creek watershed, with secondary goals of flow reductions to the Park River 

mainstem and Red River mainstem. 

The Draft Purpose and Expected Outcomes document was initially discussed with the Watershed 

Stakeholders Committee during the December 18, 2014 meeting, with a request to provide any 

additional comment. During the February 4, 2015 meeting, there was little comment on the current 

draft, however comments on this document are still being accepted. Any comments received will be 

discussed and potentially incorporated during the next Watershed Stakeholder’s Meeting. The 

Watershed Stakeholder’s Committee would like to finalize the Purpose and Project Outcomes 

document during their next scheduled meeting (date and time to be determined). A copy of the 

current Draft Purpose and Project Outcomes document is available in Exhibit A. Additional 

information pertaining to this topic during the December 18, 2014 meeting was also previously 

provided in the summary letter. 

Strategy Evaluation Table 

The Strategy Evaluation Table (Exhibit B) was further discussed during the February 4, 2015 

meeting. The table focuses on methods for attaining flood damage reduction benefit, and not on 

specific project alternatives. The purpose of the Strategy Evaluation Table is to determine 

method(s) of flood damage reduction that align with the Purpose and Expected Outcomes 

document. Several methods are reviewed and grouped into four categories: 

• Increase Temporary Flood Storage 

• Increase Conveyance Capacity 
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• Reduce Flood Volume 

• Protection/Avoidance 

Each method is evaluated based on ability to meet the Expected Outcomes objectives and 

“Practicability”, or the ability to reasonably implement and manage. Each method was then ranked 

to determine which methods to further evaluate. These ranks were broken down into three 

categories and are defined as follows. 

• Primary – These methods were selected for further detailed technical analysis. Additional 

technical analysis includes selection of alternatives, modeling to determine flow reduction 

benefit, and preliminary cost estimates. 

• Secondary – This category recognizes that benefit would be provided by these methods, 

however the ability to implement and manage on a scale needed to attain the Expected 

Outcomes is not be a reasonable assumption. Secondary alternatives will not be carried 

forward for more technical analysis. 

• Not Applicable – These methods are not considered to be a reasonable means of attaining 

the Expected Outcomes for the North Branch Watershed, and will not be carried forward for 

further technical analysis. 

An additional narrative is also given for each strategy to further document Stakeholder thought 

process in evaluating each method. This table is also discussed in more detail in previously 

provided the Advisory Group Letter that summarized the December 18, 2014 meeting. The 

Watershed Stakeholder’s Committee would like to finalize the Strategy Evaluation Table during their 

next scheduled meeting (date and location to be determined). 

Concerns were raised by the ND Department of Health representative that enhanced drainage may 

be a cause of the existing flood damages, and that evaluation to determine pre-settlement 

hydrology may indicate that agricultural BMPs may be a means of attaining project goals. 

Discussion among the Watershed Stakeholders Committee indicated that the ability to alter existing 

agricultural drainage systems and implement sufficient BMPs as a means to partially restore the 

pre-settlement condition for the purposes of attaining Expected Outcomes is not a reasonable 

assumption. The Strategy Evaluation Table indicates these practices as Secondary. While these 

practices may not sufficiently meet Expected Outcomes for this project, they should still be further 

pursued with individual landowners on a voluntary basis. 

The Watershed Stakeholders Committee has determined that Increasing Temporary Flood Storage 

through dams and impoundments appears to be the most practical was of attaining watershed 

goals outlined in the Purpose and Expected Outcomes document. Also, in order to attain goals 
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outlined for the community of Crystal, ND, a diversion channel may be required. Rational for 

primary methods are documented in the Strategy Evaluation Table. 

Additional feedback on the current Strategy Evaluation Table is welcome from the Advisory Group. 

The Watershed Stakeholders Committee would like to finalize this table during their next scheduled 

meeting. 

Initial Alternative Selection 

An initial selection of alternatives was reviewed with the Watershed Stakeholders Committee. Initial 

alternatives focused methods determined to be Primary methods based on the Strategy Evaluation 

Table (Exhibit B). Increasing Temporary Flood Storage through dams and/or impoundments were 

most alternatives initially selected and analyzed. In total, four sites were selected and used in 

various combinations to analyze seven scenarios. Two sites were identified in the Cart Creek 

watershed, and the remaining two are located in the North Branch watershed. Additionally, one 

scenario was analyzed that included ten small on-channel dams located across water courses west 

of Highway No. 32. Refer to Exhibit C for a watershed map showing the locations of each of the 

analyzed impoundments, and their corresponding drainage areas. 

Statistics were also developed for each of the initially selected alternatives, and is available in page 

one of Exhibit D. Storage and geometric data for each of the selected sites was developed using 

LiDAR topography data collected by the International Water Institute and is presented in the green 

columns. Additional information was compiled related to potential environmental and land use 

impacts. These impacts should be considered approximate, and are representative of available GIS 

information. Impacts were calculated at the assumed maximum spillway depth. This information is 

presented in the orange columns in page one of Exhibit D.  Each impact area and the source data 

is summarized as follows: 

• Cropland - 2006 National Land Cover Dataset 

• Hay and Pasture – 2006 National Land Cover Dataset 

• Forested Land – 2006 National Land Cover Dataset 

• Wetlands – National Wetlands Inventory (US Fish and Wildlife Service) 

• Conservation Reserve Program – Natural Resources Conservation Service 

• Wetland Reserve Program – Natural Resources Conservation Service 

This information was discussed at the Watershed Stakeholders Committee meeting as a means of 

finding balance between local acceptability and potential environmental impacts. While alternatives 

that predominantly impact high value crop land may not be locally acceptable, alternatives that have 
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very high environmental impacts may result in a project that involves a high environmental 

mitigation cost and/or difficulty in permitting. This information, along with any provided guidance 

from the Advisory Group, will be used to assist the Watershed Stakeholder’s Committee in finding 

an acceptable balance of local acceptability and environmental suitability. It should be noted that all 

concepts discussed at the February 4th, 2015 meeting are in preliminary stages, and are likely to 

continue changing as discussions with impacted landowners take place. 

Scenario Evaluation 

In total, eight scenarios were analyzed using various combinations of the initially selected sites to 

determine flow reduction benefit for the North Branch/Cart Creek Watershed. Sites used in each 

scenario are indicated in the blue columns on page one of Exhibit D. Reductions to runoff were 

determined using watershed HEC-HMS hydrologic model. Because of the complexities of overland 

flows throughout the Cart Creek Watershed, a HEC-RAS hydraulic model was developed to route 

runoff hydrographs generated with the HEC-HMS hydrologic model. Scenarios were compared to 

the existing condition for flow reduction benefit during the modeled 10-year, 25-year, 50-year, and 

100-year synthetic events. Exhibit E illustrates peak flows at several locations in the region for 

each of the modeled events for the existing conditions and the eight analyzed scenarios. 

Individual site impacts and storage statistics were also quantified for each scenario in a similar 

manner as previously described. This information is available on pages two through five of Exhibit 

D. 

Crystal, ND – Small Community Flood Control 

Initial review of a diversion channel around the community of Crystal, ND was analyzed with the 

HEC-RAS hydraulic model. Existing conditions modeling results indicates that an approximate 10-

year flood could be conveyed through the community with minimal structural impacts. In order to 

provide Crystal with 100-year flood protection (Expected Outcome No. 1, Exhibit A), a diversion 

channel with sufficient capacity to convey flows in excess of the 10-year event during the 100-year 

event. Preliminary modeling results indicates that this may be technically feasible, but would result 

in some downstream impact suggesting that storage may be required to mitigate adverse 

downstream impacts. 

Meeting Conclusions 

The Watershed Stakeholder’s Committee generally seemed to be in agreement with the four sites 

used in Scenarios 1 through 7. It was recognized that Scenario 8 may not provide a reasonable 

expectation to fully implement and manage to attain the Expected Outcomes. Small on-channel 
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sites would also likely face many environmental hurdles and would likely have technical issues 

during further design and construction. The engineer will develop more information for the proposed 

sites including a preliminary cost evaluation to implement the four sites used for analysis in 

Scenarios 1 through 7. Additionally, a cost evaluation will be used for a representative site used in 

Scenario 8.  

Since conclusion of this meeting, impacted landowners for Cart Creek Site 2 have been engaged. 

This will likely lead to modifications to the geometry of this storage location. These changes will be 

discussed with the Watershed Stakeholders Committee once an acceptable solution is developed 

with the impacted landowners. 

We request that you review the information provided in this letter and provide comments or 

concerns. We ask that comments and be in the capacity of your advisory role on behalf of the 

agency in which you represent. The Watershed Stakeholders Committee plans to begin meeting 

again after NRCS RCPP funding determinations have been made. We encourage your presence 

and participation as this project progresses. More information on the time and location of future 

meetings will be provided at a later date. 

Sincerely, 

 

Park River Joint Water Resource District 
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North Branch Park River Watershed 

Comprehensive Flood Damage Reduction 

Purpose and Project Goals 

December 16, 2014 - DRAFT 

  

Prepared by: 

Park River Joint Water Resource District 

North Branch Park River/Cart Creek Stakeholders Committee 

 

In cooperation with Houston Engineering, Inc. 

 

 

 

1. Watershed Background 

The Park River Watershed encompasses approximately 990 square miles of the Red River Basin, and resides 

primarily in three North Dakota counties; Cavalier, Pembina, and Walsh. This area in relation to the Red River 

Basin is illustrated on Attachment 1. Much of the Park River Watershed is comprised of three branches, 

combining near the community of Grafton, ND. The area contributing to the South Branch and Middle Branch 

encompasses approximately 403 square miles. A structure was recently completed along the Middle Branch 

that detains approximately 3.2 inches of runoff when combined with other existing upstream flood water 

impoundments. The South Branch has limited capacity to detain runoff in impoundment structures, and often 

contributes to flooding experienced on lower portions of the Park River. The area contributing to the North 

Branch encompasses 258 square miles, including the flood prone Cart Creek tributary. Currently, there are no 

impoundments in the North Branch Watershed. Substantial flood damages in this region often occur during 

both spring runoff and summer rainfall events, as was evident during the spring of 2013. Refer to Attachment 

2 for an illustration of the three branches of the Park River Watershed and the locations of existing 

impoundment structures. 

2. Public Comment Solicitation 

On July 1, 2014, the Park River Joint Water Resource District (PRJWRD) hosted a public comment meeting in 

Mountain, ND for residents and landowners in the North Branch Watershed. This meeting focused on 

gathering information to better define the existing flood problems and potential solutions. Information was 

also gathered with regard to locally perceived causes and solutions to flooding in the region. Approximately 80 

people were in attendance at this meeting. Questionnaires were provided at the meeting, as well as direct 

mailed to invited landowners. Approximately 35 completed questionnaires have been provided back to the 

PRJWRD. This information was used to better define the Problem Statement discussed in Section 3 and 

Expected Outcomes discussed in Section 4. These comments are summarized in Attachment 4. 
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3. Problem Statement 

The North Branch of the Park River and its tributaries has long been recognized as an area of concern for 

flooding by the Walsh, Pembina, and Cavalier County Water Resource Districts. Flooding within this region was 

especially problematic during the spring and summer of 2013. Above average spring and early summer runoff 

was experienced throughout the watershed. Widespread flooding was experienced by those residing along the 

North Branch, Cart Creek, and at points further downstream along the Park River. Flooding impacted rural 

residents in the area as well many of the communities within the region. This area lacks a comprehensive 

flood mitigation plan to reduce flood risks for impacted residents.  

3.1. Local Scale Problems – North Branch Park River Watershed 

Both spring and summer flooding results in a multitude of problems within the North Branch watershed. 

Steep slopes in the upper portions of the watershed result in runoff traveling quickly to the lower 

portions of the watershed, where slopes begin to flatten out. This often results in expansive areas 

becoming inundated with excessive runoff. High flows also cause substantial damages to the landscape 

as a result of erosion. In the last 10-years, FEMA declarations for the townships in question have 

occurred in 2004, 2005, 2006, 2009, 2011, and 2013. More specific information on problems within the 

North Branch watershed are summarized as follows. Attachment 3 illustrates the FEMA regulatory 

floodplain extents as well as the drainage boundary for the North Branch Park River Watershed. 

3.1.1. Communities 

The community of Crystal, ND is within the North Branch watershed and currently lacks adequate 

flood protection. This increased flood risk results in impacts to residential, industrial, and 

infrastructure within Crystal, ND. 

3.1.2. Rural 

3.1.2.1. Residences 

In addition to the communities previously described, risk for flood damages exist for residents 

living within flood prone areas along the North Branch and its tributaries. This flood risk has 

potential to result in loss or damage to personal property, and in extreme events, potentially 

loss of life. 

3.1.2.2. Infrastructure 

Flooding along the North Branch Park River and Cart Creek has resulted in substantial 

damages to rural infrastructure, such as existing drainage systems, roadways, and stream 

crossings. This was extremely apparent during the spring and summer of 2013, where the 

region was impacted by rapid spring snow melt and severe spring rains. Increased flows 

resulted in roads overtopping in many location, with several of these locations “washing out”. 

The increased flows also resulted in damages to many public and private drainage systems in 

the region. These damages are not limited to the spring of 2013 and are experienced 

frequently during periods of high flows.  
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3.1.3. Agricultural 

Flooding of agricultural lands along the North Branch of the Park River and its tributaries is a 

frequent problem. Prolonged inundation of cropland leads to delayed planting dates in the area 

resulting in reduced yields for area producers. Additionally, high flows result in large amounts of 

erosion occurring on agricultural land within the area. 

3.2. Regional Scale Problems – Park River Watershed 

Flooding within the Park River Watershed, particularly in Walsh and Pembina Counties, has been a 

persistent problem for residents in the region. The community of Grafton, ND is located downstream of 

the confluences of the three Branches of the Park River watershed. A substantial portion of Grafton is 

located in the regulatory 100-year flood plain, and has led to the evaluation of several potential solutions 

to alleviate flood risk for the community. While these potential solutions have focused on reducing flood 

risk for residents within Grafton, ND, they haven’t evaluated potential comprehensive solutions to 

reduce flood risk for area residents living outside of the community of Grafton, ND. Other communities, 

such as Crystal, Mountain, and Hoople, also deal with flooding during periods of high runoff. With the 

primary industry of the region consisting of agriculture, losses experienced as a result of flooded 

agricultural lands are also felt by the area. Attachment 3 illustrates the FEMA regulatory floodplain 

extents within the Park River Watershed. 

3.3. Red River Basin Wide Scale Problems 

Runoff produced from the Park River Watershed contributes to the Red River Basin. The Red River Basin 

is an international, multi-jurisdictional watershed of approximately 45,000 square miles, with 80% of the 

Basin contained within the United States, and the remaining 20% of the Basin located in Canada. 

Flooding along the Red River and its tributaries is a prolonged issue for the region. Substantial damages 

are often experienced during periods of excessive runoff. Impacts experienced along the Red River 

mainstem are a result of combined tributary subwatershed contributions (including the Park River 

Watershed). 

4. Project Purpose & Expected Outcomes 

The North Branch Park River project will focus on primary benefit to local scale problems outlined in Section 

3.1. Any benefit provided to the problems outlined in Sections 3.2 and 3.3 will be considered secondary, and 

not a primary focus for alternative analysis. Rather, potential alternatives will be recognized if secondary 

benefit is given to these problems. Strategies or alternatives that will result in potentially more severe 

downstream flooding along the Park River and potential to increase contributions to the Red River will not be 

considered. 

4.1. Local Scale Purpose – North Branch Watershed 

Project components of the North Branch Park River Flood Damage Reduction project will reduce flood 

risk for local communities, rural residences and infrastructure, and the agricultural community within the 

project watershed. The provided benefit is directly related to the locally acceptable amount of flood risk. 

4.1.1. Expected Outcome No. 1 (Primary) – Reduce Flood Risk for Crystal, ND 

• Provide 100-year flood protection. 
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4.1.2. Expected Outcome No. 2 (Primary) – Reduce Flood Risk for Rural Residences 

•••• Reduce flows along Cart Creek to minimize breakouts and overland flooding. 

4.1.3. Expected Outcome No. 3 (Primary) – Reduce Flood Risk for Rural Infrastructure 

• Reduce the frequency of road overtopping and washouts. 

4.1.4. Expected Outcome No. 4 (Primary) – Reduce Impacts to Agriculture 

• Reduce peak flows and duration of flooding along Cart Creek to reduce flooding and erosion of 

land in agricultural production 

4.2. Regional Scale Purpose 

The North Branch Park River project will provide benefits to the Park River Watershed downstream of 

where the three branches of the Park River combine. The project will not incorporate any features that 

could increase the rate of runoff from the North Branch Park River, and potentially increase the severity 

of downstream flows. 

4.2.1. Expected Outcome No. 5 (Secondary) – Regional 

The project will reduce the magnitude of flooding from the North Branch Park River to the Park River 

mainstem. No alternatives will be considered that will result in increased downstream flows and 

potential adverse impacts as a result of the project. This will provide impacted interests along the 

Park River mainstem, including the community of Grafton, ND, reduced impacts as a result of 

flooding in the North Branch Watershed. 

4.3. Red River Basin Wide Scale Purpose 

As part of the Red River Basin Commission’s Long Term Flood Solutions for the Red River Basin (RRBC 

LTFS), peak flow and runoff volume reduction goals were established to reduce Red River main stem 

flooding by approximately twenty percent.  To achieve this goal, individual tributary goals were generally 

to provide 35%± peak flow reduction and 15-20%± overall volume reduction.   

4.3.1. Expected Outcome No. 6 (Secondary) – Basin-wide 

Alternatives considered in the North Branch Park River watershed will attempt to work towards 

providing peak flow and volume reductions as specified in the RRBC LTFS. The total peak flow and 

volume reductions recommended for the Park River watershed are 35% and 20% reductions, 

respectively. Projects will not be considered with this as primary objective, rather will be recognized 

if alternatives can assist reducing the Park River’s contribution to downstream flooding. 
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North Branch Park River Watershed

Comprehensive Flood Damage Reduction
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Strategy Evaluation Worksheet
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Reasoning and Justification Locally Desirable Determination

Dams and Impoundments 5 5 5 5 5 5 4 Primary

Selected as a primary alternative for further analysis based on logistics of consolidating runoff storage into larger impoundments or dry dams. A reasonable 

expectation to implement and manage a smaller number of larger sites as compared to a large number of smaller distributed sites (wetlands).

Create or Restore Wetlands 3 3 3 2 2 2 1 Secondary

While this strategy would provide storage for runoff within the watershed, it has been ruled out for future analysis based on practicality. Unreasonable 

expectation to implement sufficient number of wetland restorations to make a meaningful difference to problem areas. Wetland enhancements that would 

provide additional flood storage should be encouraged on a voluntary basis.

Alter ground water through 

drainage
1 1 1 4 1 1 1

Not 

Applicable

This strategy was ruled out based on practicality. Topography west of Highway 32  would likely not allow for sufficient residence time for runoff to infiltrate 

into subsurface drainage systems before running off.

Culvert sizing to meter runoff 2 2 1 2 1 1 1
Not 

Applicable

Using culvert sizing recommendations has been ruled out due to a Technical Feasibility. Many culverts within the watershed are already under sized, resulting 

in substantial road overtopping and wash-outs during severe floods. Topography in the upper watershed would not allow for substantial storage before 

overtopping.

Overtopping Levees 1 1 1 4 1 1 2 Secondary

Set-back or overtopping levees could be used to benefit ag lands for smaller rainfall events. However, during severe floods minimizing or reducing overland 

breakout flows would likely result in substantial adverse impacts for communities and rural residences along water ways. Detaining runoff would likely be 

required to mitigate adverse impacts.

Channelization of existing water 

ways and flowages
2 2 4 4 1 1 2

Not 

Applicable

This strategy was ruled out due to potential of downstream adverse impacts. While ditching and channelizing would likely reduced the amount of overland 

flooding, reducing floodplain storage would likely result in higher flows experienced downstream, where flooding issues already exist.

Drainage 2 2 4 4 1 1 2
Not 

Applicable

Ruled out for same issues described in "Channelization of existing water ways and flowages" strategy above.

Diversions 5 2 2 2 1 1 4 Primary

Selected as primary alternative to carry forward to further technical analysis because this will likely be required to provide Crystal, ND with 100-year flood 

protection. Increased conveyance will likely need temporary flood storage to mitigate downstream impacts.

Set-back Levees 1 1 1 4 1 1 2 Secondary

Set-back or overtopping levees could be used to benefit ag lands for smaller rainfall events. However, during severe floods minimizing or reducing overland 

breakout flows would likely result in substantial adverse impacts for communities and rural residences along water ways. Detaining runoff would likely be 

required to mitigate adverse impacts.

Increasing road crossing capacity 4 4 4 4 1 1 4
Not 

Applicable

This strategy was ruled out due to potential of downstream adverse impacts. While increasing capacity would likely reduced the amount of overland flooding, 

allowing flows to move quicker downstream would likely result in higher flows experienced downstream, where flooding issues already exist.

Create or Restore Wetlands 3 3 3 2 2 2 1 Secondary

While this strategy would provide storage for runoff within the watershed, it has been ruled out for future analysis based on practicality. Unreasonable 

expectation to implement sufficient number of wetland restorations to make a meaningful difference to problem areas. Wetland enhancements that would 

provide additional flood storage should be encouraged on a voluntary basis.

Cropland BMPs 1 1 1 3 1 1 1 Secondary

Cropland BMPs would provide localized benefit to ag land, however implementation of sufficient BMPs to attain Expected Outcomes is considered 

impractical. Therefore, this strategy was eliminated for future consideration but should be encouraged on a voluntary basis.

Cropland Conversion 1 1 1 1 1 1 1
Not 

Applicable

Conversion of sufficient cropland to attain the Expected Outcomes was determined to be Not Applicable due to Practicability to implement.

Other Beneficial Uses 1 1 1 3 1 1 1 Secondary

Another beneficial use that could be explored as a secondary benefit for Increasing Temporary Flood Storage strategies would be irrigation. Potatoes are a 

commodity crop extensively grown in the portions of the region, and typically require irrigation.

Urban Levees 5 1 1 1 1 1 2
Not 

Applicable

Urban Levee's have been ruled out due to practicability to implement. Encroachment on the floodplain would likely require floodplain evacuation in order to 

provide a sufficient cooridor to construct levees.

Farmstead Levees 1 5 1 2 1 1 2 Secondary

This alternative was ruled out for further analysis due to inconsistency with the Expected Outcomes. Where applicable, Farmstead Levees should be pursued 

on a case-by-case basis if desired by a landowner.

Agricultural Levees 1 1 1 4 1 1 2 Secondary

Set-back or overtopping levees could be used to benefit ag lands for smaller rainfall events. However, during severe floods minimizing or reducing overland 

breakout flows would likely result in substantial adverse impacts for communities and rural residences along water ways. Detaining runoff would likely be 

required to mitigate adverse impacts.

Evacuation of the floodplain 4 4 1 1 1 1 1
Not 

Applicable

Evacuation of Floodplain was ruled out based on inconsistency with the Expected Outcomes and impracticality to implement. Flooding the watershed is 

characterized by breakout flows and overland flooding. Severe flooding is not contained to the river floodplain cooridor.

Flood proofing 4 4 1 1 1 1 2 Secondary

This alternative was ruled out for further analysis due to inconsistency with the Expected Outcomes. Where applicable, Farmstead Levees should be pursued 

on a case-by-case basis if desired by a landowner.

Flood warning system 2 2 1 1 2 2 2
Not 

Applicable

Early warning systems would benefit the watershed, however flooding typically happens very quickly within the North Branch Watershed and advanced 

warning would likely only allow for evacuation of at risk areas. Temporary protection of communities, rural residences, and infrastructure would likely not be 

realistic, therefore this alternative was ruled out based on practicability to implement.
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DRAFT - Preliminary Site Identification

Site Statistics Summary
February 4, 2015
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Stakeholder Comments

Cart Site 1 - Pool A X X X
26.1 (1)

19.6 (3)
2682

1.93 (1)

2.57 (3)
980 15 6 475 985 8.9 577 365 61 0 34 133 205

Cart Site 1 - Pool B** X X X 2.3 545 2.13 970 13 5 115 973 6.1 149 97 0 14 2 10 0

Cart Site 2 - Upper X X X 12.2 2093 3.21 1195.5 17 5 499 1200.5 12.5 717 70 366 2 37 10 263

Cart Site 2 - Lower X X X 13.3 2709 3.53 1171 12 6 457 1176 9.9 623 188 244 1 8 0 1

North Branch Site 1- Milton Dam** X X X 45.0 2304 0.96 1555 51 15 150 1565 26.7 246 20 47 0 1 8 0

North Branch Site 2** X X X 65.6 3848 1.10 939 16 7 583 944 10.1 596 578 0 3 0 0 0

West  32 1-A** X 3.2 113 0.65 1352.37 35 12 9.2 1357.37 22.2 11.7 0.0 0.0 8.0 0.0 0.0 0.0

West 32 1-B** X 5.3 315 1.11 1207.79 23 7 48.2 1212.79 11.9 64.9 33.6 0.1 6.6 7.9 0.0 0.0

West 32 1-C** X 7.2 239 0.62 1120.16 28 11 21.9 1125.16 12.2 29.2 0.0 0.5 0.0 19.6 0.0 0.0

West 32 2-A** X 5.7 254 0.84 1274.94 32 12 21.3 1279.94 21.0 27.1 0.0 0.0 7.1 0.0 0.0 0.0

West 32 2-B** X 8.1 391 0.90 1153.91 35 12 33.8 1158.91 14.4 43.4 0.0 1.1 13.1 0.1 0.0 0.0

West 32 2-C** X 13.0 439 0.63 1079.5 34 13 32.8 1084.5 17.5 39.9 0.0 0.0 0.1 26.7 0.0 0.0

West 32 3-A** X 1.8 27 0.29 1091.93 22 6 4.8 1096.93 5.5 15.9 0.1 1.1 2.2 1.0 0.0 0.0

West 32 4-A** X 1.7 42 0.46 1266.03 14 4 9.8 1271.03 12.1 15.8 0.0 0.0 5.4 0.0 0.0 0.0

West 32 4-B** X 3.4 183 1.00 1286.86 26 11 17.4 1291.86 12.0 22.1 0.0 0.0 7.6 5.7 0.0 0.0

West 32 4-C** X 14.0 298 0.40 1159.84 31 9 33.0 1164.84 13.6 62.2 0.0 24.7 0.0 3.8 0.0 0.0

** Site operated as "Flow-Through" - No Gated storage

*Top of dam and spillway requirements should be considered approximate. Detailed spillway analysis will determine freeboard requirements.
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Site Performance Summary

DRAFT -  Preliminary Site Identification

February 4, 2015

10-Year Synthetic Event
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Stakeholder Comments

Cart Site 1 - Pool A 26.1 2682 1.93 976.8 12.0 333 233 61 0 31 43 155

Cart Site 1 - Pool B** 2.3 545 2.13 966.6 9.1 71 64 0 6 2 0 0

Scenario 1

Scenario 2

Cart Site 2 - Upper 12.2 2093 3.21 1190.9 12.1 237 22 194 0 13 3 149

Cart Site 2 - Lower 13.3 2709 3.53 1166.7 8.0 360 140 202 0 8 0 0

Cart Site 1 - Pool A 19.6 2682 2.57 975.4 10.6 279 181 61 0 29 13 143

Cart Site 1 - Pool B** 2.3 545 2.77 966.5 9.0 70 63 0 5 2 0 0

Scenario 3

Cart Site 2 - Upper 12.2 2093 3.21 1190.9 12.1 237 22 194 0 13 3 149

Cart Site 2 - Lower 13.3 2709 3.53 1166.7 8.0 360 140 202 0 8 0 0

Scenario 4

North Branch Site 2** 65.6 3848 1.10 932.6 9.9 326 323 0 3 0 0 0

Scenario 5

North Branch Site 1- Milton Dam** 45.0 2304 0.96 1531.9 28.0 40 4 18 0 1 0 0

Scenario 6

North Branch Site 2** 65.6 3848 1.10 934.6 11.9 431 427 0 3 0 0 0

North Branch Site 1- Milton Dam** 45.0 2304 0.96 1531.9 28.0 40 4 18 0 1 0 0

Cart Site 1 - Pool A 26.1 2682 1.93 975.4 10.6 279 181 61 0 29 13 143

Cart Site 1 - Pool B** 2.3 545 3.53 966.5 9.0 70 63 0 5 2 0 0

Scenario 7

Cart Site 2 - Upper 12.2 2093 3.21 1190.9 12.1 237 22 194 0 13 3 149

Cart Site 2 - Lower*** 13.3 2709 3.53 1166.7 8.0 360 140 202 0 8 0 0

North Branch Site 2** 65.6 3848 1.10 934.6 11.9 431 427 0 3 0 0 0

North Branch Site 1- Milton Dam** 45.0 2304 0.96 1531.9 28.0 40 4 18 0 1 0 0

Scenario 8

West  32 1-A** 3.2 113 0.65 1338.0 20.9 3 0.0 0.0 3.1 0.0 0.0 0.0

West 32 1-B** 5.3 315 1.11 1202.8 18.5 30 22.4 0.1 3.1 4.7 0.0 0.0

West 32 1-C** 7.2 239 0.62 1114.2 22.0 15 0.0 0.1 0.0 13.9 0.0 0.0

West 32 2-A** 5.7 254 0.84 1262.4 19.0 10 0.0 0.0 1.1 0.0 0.0 0.0

West 32 2-B** 8.1 391 0.90 1145.4 26.9 20 0.0 0.1 4.3 0.0 0.0 0.0

West 32 2-C** 13.0 439 0.63 1070.3 25.2 22 0.0 0.0 0.0 16.1 0.0 0.0

West 32 3-A** 1.8 27 0.29 1082.2 11.8 1 0.0 0.4 0.5 0.1 0.0 0.0

West 32 4-A** 1.7 42 0.46 1260.8 8.3 4 0.0 0.0 2.5 0.0 0.0 0.0

West 32 4-B** 3.4 183 1.00 1277.2 16.0 9 0.0 0.0 3.0 3.8 0.0 0.0

West 32 4-C** 14.0 298 0.40 1148.5 19.5 11 0.0 6.7 0.0 3.4 0.0 0.0

** Site operated as "Flow-Through" - No Gated storage

EXHIBIT D



Site Performance Summary

DRAFT -  Preliminary Site Identification

February 4, 2015

25-Year Synthetic Event
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Stakeholder Comments

Cart Site 1 - Pool A 26.1 2682 1.93 978.6 13.8 414 314 61 0 31 95 182

Cart Site 1 - Pool B** 2.3 545 2.13 967.4 9.9 80 70 0 8 2 0 0

Scenario 1

Scenario 2

Cart Site 2 - Upper 12.2 2093 3.21 1192.4 13.6 325 38 249 0 25 6 185

Cart Site 2 - Lower 13.3 2709 3.53 1168.0 9.3 393 158 216 0 8 0 0

Cart Site 1 - Pool A 19.6 2682 2.57 976.8 12.0 334 235 61 0 31 44 155

Cart Site 1 - Pool B** 2.3 545 2.77 967.3 9.8 79 70 0 7 2 0 0

Scenario 3

Cart Site 2 - Upper 12.2 2093 3.21 1192.4 13.6 325 38 249 0 25 6 185

Cart Site 2 - Lower 13.3 2709 3.53 1168.0 9.3 393 158 216 0 8 0 0

Scenario 4

North Branch Site 2** 65.6 3848 1.10 935.5 12.7 466 462 0 3 0 0 0

Scenario 5

North Branch Site 1- Milton Dam** 45.0 2304 0.96 1542.6 38.7 74 8 29 0 1 4 0

Scenario 6

North Branch Site 2** 65.6 3848 1.10 936.7 13.9 518 514 0 3 0 0 0

North Branch Site 1- Milton Dam** 45.0 2304 0.96 1542.6 38.7 74 8 29 0 1 4 0

Cart Site 1 - Pool A 26.1 2682 1.93 976.8 12.0 334 235 61 0 31 44 155

Cart Site 1 - Pool B** 2.3 545 3.53 967.3 9.8 79 70 0 7 2 0 0

Scenario 7

Cart Site 2 - Upper 12.2 2093 3.21 1192.4 13.6 325 38 249 0 25 6 185

Cart Site 2 - Lower*** 13.3 2709 3.53 1168.0 9.3 393 158 216 0 8 0 0

North Branch Site 2** 65.6 3848 1.10 936.7 13.9 518 514 0 3 0 0 0

North Branch Site 1- Milton Dam** 45.0 2304 0.96 1542.6 38.7 74 8 29 0 1 4 0

Scenario 8

West  32 1-A** 3.2 113 0.65 1346.9 29.9 7 0.0 0.0 5.8 0.0 0.0 0.0

West 32 1-B** 5.3 315 1.11 1206.0 21.7 42 29.7 0.1 5.7 6.5 0.0 0.0

West 32 1-C** 7.2 239 0.62 1117.9 25.7 19 0.0 0.3 0.0 17.6 0.0 0.0

West 32 2-A** 5.7 254 0.84 1270.1 26.7 16 0.0 0.0 3.8 0.0 0.0 0.0

West 32 2-B** 8.1 391 0.90 1150.8 32.3 28 0.0 0.5 9.4 0.0 0.0 0.0

West 32 2-C** 13.0 439 0.63 1076.0 30.8 28 0.0 0.0 0.0 21.9 0.0 0.0

West 32 3-A** 1.8 27 0.29 1088.4 18.0 3 0.0 0.9 1.4 0.6 0.0 0.0

West 32 4-A** 1.7 42 0.46 1264.0 11.6 8 0.0 0.0 4.2 0.0 0.0 0.0

West 32 4-B** 3.4 183 1.00 1283.2 22.0 14 0.0 0.0 5.4 4.9 0.0 0.0

West 32 4-C** 14.0 298 0.40 1155.6 26.6 24 0.0 17.1 0.0 3.8 0.0 0.0

** Site operated as "Flow-Through" - No Gated storage
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Site Performance Summary

DRAFT -  Preliminary Site Identification

February 4, 2015

50-Year Synthetic Event

Site ID  
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Stakeholder Comments

Cart Site 1 - Pool A 26.1 2682 1.93 979.8 15.0 466 357 61 0 33 128 201

Cart Site 1 - Pool B** 2.3 545 2.13 967.9 10.5 84 73 0 9 2 0 0

Scenario 1

Scenario 2

Cart Site 2 - Upper 12.2 2093 3.21 1193.3 14.5 381 54 279 0 31 9 219

Cart Site 2 - Lower 13.3 2709 3.53 1168.8 10.1 410 166 225 0 8 0 0

Cart Site 1 - Pool A 19.6 2682 2.57 977.8 13.0 375 275 61 0 31 70 168

Cart Site 1 - Pool B** 2.3 545 2.77 967.9 10.4 84 73 0 9 2 0 0

Scenario 3

Cart Site 2 - Upper 12.2 2093 3.21 1193.3 14.5 381 54 279 0 31 9 219

Cart Site 2 - Lower 13.3 2709 3.53 1168.8 10.1 410 166 225 0 8 0 0

Scenario 4

North Branch Site 2** 65.6 3848 1.10 937.3 14.6 538 535 0 3 0 0 0

Scenario 5

North Branch Site 1- Milton Dam** 45.0 2304 0.96 1548.8 44.9 110 14 37 0 1 6 0

Scenario 6

North Branch Site 2** 65.6 3848 1.10 937.9 15.2 558 554 0 3 0 0 0

North Branch Site 1- Milton Dam** 45.0 2304 0.96 1548.8 44.9 110 14 37 0 1 6 0

Cart Site 1 - Pool A 26.1 2682 1.93 977.8 13.0 375 275 61 0 31 70 168

Cart Site 1 - Pool B** 2.3 545 3.53 967.9 10.4 84 73 0 9 2 0 0

Scenario 7

Cart Site 2 - Upper 12.2 2093 3.21 1193.3 14.5 381 54 279 0 31 9 219

Cart Site 2 - Lower*** 13.3 2709 3.53 1168.8 10.1 410 166 225 0 8 0 0

North Branch Site 2** 65.6 3848 1.10 937.9 15.2 558 554 0 3 0 0 0

North Branch Site 1- Milton Dam** 45.0 2304 0.96 1548.8 44.9 110 14 37 0 1 6 0

Scenario 8

West  32 1-A** 3.2 113 0.65 1352.4 35.3 9 0.0 0.0 8.0 0.0 0.0 0.0

West 32 1-B** 5.3 315 1.11 1207.8 23.4 48 33.6 0.1 6.6 7.9 0.0 0.0

West 32 1-C** 7.2 239 0.62 1120.2 27.9 22 0.0 0.5 0.0 19.6 0.0 0.0

West 32 2-A** 5.7 254 0.84 1274.9 31.6 21 0.0 0.0 7.1 0.0 0.0 0.0

West 32 2-B** 8.1 391 0.90 1153.9 35.4 34 0.0 1.1 13.1 0.1 0.0 0.0

West 32 2-C** 13.0 439 0.63 1079.5 34.4 33 0.0 0.0 0.1 26.7 0.0 0.0

West 32 3-A** 1.8 27 0.29 1091.9 21.5 5 0.1 1.1 2.2 1.0 0.0 0.0

West 32 4-A** 1.7 42 0.46 1266.0 13.6 10 0.0 0.0 5.4 0.0 0.0 0.0

West 32 4-B** 3.4 183 1.00 1286.9 25.7 17 0.0 0.0 7.6 5.7 0.0 0.0

West 32 4-C** 14.0 298 0.40 1159.8 30.8 33 0.0 24.7 0.0 3.8 0.0 0.0

** Site operated as "Flow-Through" - No Gated storage

EXHIBIT D



Site Performance Summary

DRAFT -  Preliminary Site Identification

February 4, 2015

100-Year Synthetic Event
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Stakeholder Comments

Cart Site 1 - Pool A 26.1 2682 1.93 980.6 15.8 501 388 61 0 36 149 215

Cart Site 1 - Pool B** 2.3 545 2.13 969.2 11.7 106 91 0 12 2 9 0

Scenario 1

Scenario 2

Cart Site 2 - Upper 12.2 2093 3.21 1194.1 15.4 431 64 311 0 36 10 243

Cart Site 2 - Lower 13.3 2709 3.53 1169.7 11.0 428 175 232 0 8 0 0

Cart Site 1 - Pool A 19.6 2682 2.57 978.7 13.9 417 317 61 0 31 98 183

Cart Site 1 - Pool B** 2.3 545 2.77 968.4 11.0 91 79 0 10 2 3 0

Scenario 3

Cart Site 2 - Upper 12.2 2093 3.21 1194.1 15.4 431 64 311 0 36 10 243

Cart Site 2 - Lower 13.3 2709 3.53 1169.7 11.0 428 175 232 0 8 0 0

Scenario 4

North Branch Site 2** 65.6 3848 1.10 938.9 16.2 582 577 0 3 0 0 0

Scenario 5

North Branch Site 1- Milton Dam** 45.0 2304 0.96 1554.1 50.2 143 19 45 0 1 8 0

Scenario 6

North Branch Site 2** 65.6 3848 1.10 939.0 16.3 583 577 0 3 0 0 0

North Branch Site 1- Milton Dam** 45.0 2304 0.96 1554.1 50.2 143 19 45 0 1 8 0

Cart Site 1 - Pool A 26.1 2682 1.93 978.7 13.9 417 317 61 0 31 98 183

Cart Site 1 - Pool B** 2.3 545 3.53 968.4 11.0 91 79 0 10 2 3 0

Scenario 7

Cart Site 2 - Upper 12.2 2093 3.21 1194.1 15.4 431 64 311 0 36 10 243

Cart Site 2 - Lower*** 13.3 2709 3.53 1169.7 11.0 428 175 232 0 8 0 0

North Branch Site 2** 65.6 3848 1.10 939.0 16.3 583 577 0 3 0 0 0

North Branch Site 1- Milton Dam** 45.0 2304 0.96 1554.1 50.2 143 19 45 0 1 8 0

Scenario 8

West  32 1-A** 3.2 113 0.65 1352.7 35.7 9 0.0 0.0 8.2 0.0 0.0 0.0

West 32 1-B** 5.3 315 1.11 1208.2 23.8 49 34.4 0.1 6.7 8.2 0.0 0.0

West 32 1-C** 7.2 239 0.62 1120.6 28.4 23 0.0 0.6 0.0 20.3 0.0 0.0

West 32 2-A** 5.7 254 0.84 1275.4 32.0 22 0.0 0.0 7.4 0.0 0.0 0.0

West 32 2-B** 8.1 391 0.90 1154.5 35.9 35 0.0 1.3 13.6 0.1 0.0 0.0

West 32 2-C** 13.0 439 0.63 1080.2 35.1 34 0.0 0.0 0.1 27.6 0.0 0.0

West 32 3-A** 1.8 27 0.29 1092.2 21.8 5 0.2 1.1 2.3 1.0 0.1 0.0

West 32 4-A** 1.7 42 0.46 1266.3 13.9 10 0.0 0.0 5.6 0.0 0.0 0.0

West 32 4-B** 3.4 183 1.00 1287.3 26.1 18 0.0 0.0 7.9 5.7 0.0 0.0

West 32 4-C** 14.0 298 0.40 1160.8 31.8 36 0.0 27.1 0.0 3.8 0.0 0.0

** Site operated as "Flow-Through" - No Gated storage
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