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1.0 INTRODUCTION 

In September 2013, extremely heavy and sustained rainfall along the Front Range of the 
Colorado Rocky Mountains resulted in catastrophic flooding over a large area. The flood 
destroyed or damaged dozens of irrigation diversion structures throughout the St. Vrain Valley 
and surrounding watersheds. Both the Meadow and South Ledge Ditch Companies received 
significant damage to their systems.  
 
The Meadow and South Ledge Ditch Diversion Reconstruction and Fish Passage 
Demonstration Project, completed in May 2015, rebuilt and consolidated both irrigation 
diversions into one diversion, while eliminating impediments to native fish passage and 
delivering a full decree of irrigation water to the ditch company shareholders. This project was 
designed as a demonstration project for other ditch companies, to showcase how fish passage 
can be constructed in a way that maximizes the efficiency of the diversion while minimizing its 
associated costs.  
 
The engineering strategy to successfully achieve this objective is referred to as “chasing grade 
upstream.” In other words, the point of diversion is moved far enough upstream to deliver water 
to the existing ditch via gravity, without having to construct a cross-channel diversion structure 
in the river.  
 
Changing the point of diversion, and moving it upgradient, is an important design component of 
this engineering strategy. In 2014, the Colorado General Assembly allowed that when the 
channel of a stream changes due to natural events such as flooding, rendering a headgate 
inoperable, the ditch owner may move the headgate upstream without filing a change of water 
right application – as long as the relocation does not interfere with the use or enjoyment of any 
decreed or absolute conditional water right.   
 
In non-flood scenarios, the point of diversion could also be changed using form JDF 241W - 
Application for Simple Change in Surface Point of Diversion, which can be obtained on the 
Colorado Judicial Branch web site under “forms.” This process need not involve going to water 
court, or hiring an attorney, as long as the conditions of non-injury can be met. 
 
Following the catastrophic floods of September 2013, in the rush to rebuild local irrigation and 
diversion structures, options to support the aquatic environment could not always be granted full 
consideration. Both the South Ledge and the Meadow ditches are small-scale operations with 
limited resources primarily irrigating family farms. However, both companies committed to 
suspending 2014 irrigation operations in order to reconstruct in the most environmentally 
sustainable manner possible.  
 
This post-construction project report describes the project in more detail; provides watershed 
background information for context; details the hydrology and hydraulics information used as a 
basis for the project design; lists permits required and associated costs; reviews the project 
through pre- and post-construction narrative descriptions, data, and photographs; outlines the 
project budget; describes outreach and educational activities and materials; and provides 
recommendations for maintenance of this project and construction of similar projects in the 
future. 
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2.0 PROJECT DESCRIPTION 

The Meadow and South Ledge Ditch Companies’ diversions are located on South St. Vrain 
Creek in Boulder County, Colorado near the Town of Lyons. The project site is located in 
Section 18 (Meadow Ditch) and Section 19 (South Ledge Ditch), Township 3 North, Range 70 
West. The Meadow and South Ledge diversions were located within a few hundred feet of each 
other on the south side of South St. Vrain Creek in an area just east of Hall Meadows. The 
diversions are accessed off of Old South St. Vrain Road less than one mile southwest of the 
Town of Lyons (Figure 1). The two ditches irrigate agricultural lands south and east of Lyons. 
The South Ledge Ditch also provides agricultural storage water on the grounds of the CEMEX 
cement plant east of Lyons.  
 
This project aims to serve as a successful demonstration project to illustrate how permanent 
and sustainable irrigation diversion structures can be constructed to efficiently and cost-
effectively deliver a full decree of water while still promoting a healthy riparian and aquatic 
community. The project additionally supports the St. Vrain Creek Watershed Master Plan 
objectives, promoting natural channel design, sediment transport, and fish passage (SVCC 
2014). Reconstruction of the Meadow and South Ledge diversion structures with consideration 
for the aquatic environment is supported by a number of diverse stakeholders, including: 
Boulder County Parks and Open Space, City of Longmont, St. Vrain Creek Coalition, St. Vrain 
Chapter of Trout Unlimited, Colorado Department of Parks and Wildlife, US Fish and Wildlife 
Service, CEMEX Lyons Cement Plant, and Colorado Water Conservation Board (CWCB). 
 
The primary objectives of the project were as follows: 
 

-­‐ Reconstruct and consolidate the Meadow and South Ledge diversion structures to 
provide a full decree of agricultural irrigation water to select family farms in the St. Vrain 
watershed; 
 

-­‐ Support the St. Vrain Creek Watershed Master Plan objectives, promoting overall 
watershed health by incorporating natural channel design, improved sediment transport, 
and fish passage; 

 
-­‐ Provide long-term, sustainable infrastructure improvements in a critical Recreational 

Focus Area as defined by the South Platte Non-Consumptive Needs Assessment 
(CWCB 2009); and 
 

-­‐ Serve as a Statewide demonstration project to showcase economical and effective 
construction of a diversion that supports fish passage. 
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Adequate fish passage along this reach of South St. Vrain Creek is important to the future 
survival of native species. Restoring connectivity in the upper reaches of this transitional zone 
may facilitate natural seasonal movement patterns of predatory fish populations in the St. Vrain 

Figure 1. Project location map 
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watershed in such a way that predation pressure on the small native plains fishes in the lower 
reaches may be temporarily alleviated. This reconstruction project will provide an opportunity to 
test this hypothesis and restore important life processes for predatory fish in the system. 
Restoring connectivity in these upper reaches will also likely promote diversity in the sport 
fishery by allowing trout to fulfill their life histories. 
 

3.0 WATERSHED BACKGROUND 

The South Ledge and Meadow Ditches are located on South St. Vrain Creek southwest of the 
Town of Lyons, approximately two miles upstream of its confluence with North St. Vrain Creek 
(Figure 1) North and South St. Vrain Creek’s confluence just outside of Lyons to form St. Vrain 
Creek. St. Vrain Creek is a tributary of the South Platte River, and is approximately 32.2 miles 
(51.8 km) long. 
 
South St. Vrain basin topography transitions from forested mountain terrain in the west to 
alluvial valley floors near the confluence of North and South St. Vrain Creeks. The total drainage 
area at Lyons on South St. Vrain Creek is 94 square miles (FEMA 2012).  
 
The climate of the study area is classified as semiarid. Average annual precipitation is 18.3 
inches, which includes an average annual snowfall of 83 inches (NOAA 1973). The location of 
the project area relative to the foothills west of the City of Boulder has a slight influence on total 
precipitation depth; those areas east of the foothills, including the Ditch locations, receive more 
precipitation (a few tenths of an inch per event) than areas adjacent to the foothills. Most of the 
rainfall is concentrated in May, and thunderstorms occur irregularly throughout the summer 
months (FEMA 2012).  
 
Flooding in Boulder County is due primarily to snowmelt combined with heavy rainfall, although 
heavy rainfall alone, especially in the form of cloudbursts, is capable of causing severe flooding. 
Floods caused by rainstorms can peak within a few hours of the rainfall, leaving little time for 
evacuation. Much of the floodplain is used for agriculture; thus, flood damage is typically 
inflicted on crops, irrigation equipment, roads, and bridges (FEMA 2012). The project area is an 
alluvial valley bottom where the 2013 flood caused several channel avulsions, severe erosion, 
and large sediment deposits.   
 
Early records of floods in the study reach are fragmented and lacking in detail. Flooding 
occurred on St. Vrain Creek in 1864, 1876, 1894, 1919, 1941, 1949, 1951, 1957, and 1969. The 
floods of June 1864 and May 1876 were severe and a significant portion of valley farmland was 
flooded. The flood of May 1894 inundated the entire lower part of Lyons, washing away 20 
homes. This flood had an estimated peak discharge of 9,800 cfs, mainly from South St. Vrain 
Creek. The largest peak discharge on record prior to the September 2013 flood was 10,500 cfs 
in June 1941. This flood originated mainly on South St. Vrain Creek, and the creek peaked very 
rapidly with floodwaters receding quickly. It is assumed that an extremely localized cloudburst 
occurring over South St. Vrain Creek a short distance upstream of Lyons caused this event 
(FEMA 2012). The preliminary peak discharge estimated on St. Vrain Creek downstream of 
Lyons as a result of the September 2013 flood is 23,000 cfs (CDOT 2014). 
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4.0 DESIGN BASIS 

The following sections describe the hydrology information used and the hydraulic modeling 
effort completed for the Meadow and South Ledge Ditch Diversion Reconstruction and Fish 
Passage Demonstration Project. The hydraulic modeling compared both existing and proposed 
conditions based on the 100-year peak discharge from two different sets of hydrological 
information to determine whether water surface elevations (WSE) would rise as a result of the 
proposed project and associated grading plan. The hydraulic analyses indicated “no-rise” in the 
base flood elevation from existing post-flood (March 2015) conditions to proposed conditions 
with the restored irrigation diversion structure. 
 
4.1 HYDROLOGY 

This section identifies the source of the discharge information used for the hydraulic analyses. 
Hydrologic analyses and modeling were conducted based on two different hydrology sources: 
the 2012 Flood Insurance Study (FIS) (FEMA 2012) and the Colorado Department of 
Transportation (CDOT) post-flood hydrologic evaluation entitled “Hydrologic Evaluation of the 
St. Vrain Watershed: Post September 2013 Flood Event” (CDOT 2014) used by the CWCB. 
 
The effective regulatory flow rates derived in 1977 and 1978 and documented by the Federal 
Emergency Management Agency (FEMA) in the 2012 FIS were developed as part of two 
different studies. The effective peak discharges were developed based on a combination of 
flood frequency analysis for stream gage records and regression equations (CDOT 2014). In 
particular, the 2012 FIS includes information from a 1977 analysis performed by Howard, 
Needles, Tammen, and Bergendorff. The discharge-frequency relationships in this analysis 
were based on data generated for the June 1972 and September 1972 Floodplain Information 
Reports of Lower and Upper St. Vrain Creek by the USACE and on an updated statistical 
analysis of the stream gaging records of St. Vrain Creek at Lyons. Synthetic unit hydrographs 
were developed for St. Vrain Creek to help define the flow characteristics within the basin 
(CDOT 2014).  
 
The second study incorporated into the 2012 FIS is flood information report for South St. Vrain 
Creek and Middle St. Vrain Creek upstream of Lyons performed in 1978 by Camp, Dresser, and 
McKee, Inc. (CWCB 1978). The flood flow frequency-discharge relationships in this analysis 
were based on regional relationships for statistical parameters of a log-Pearson Type III 
distribution using the streamflow records at ten USGS gaging stations located in the upper St. 
Vrain Creek and Big Thompson River basins. These relationships were used to develop peak 
flows at numerous locations along Middle St. Vrain Creek and South St. Vrain Creek (CWCB 
1978). Table 1 lists select peak discharge values from the 2012 FIS for South St. Vrain Creek at 
its confluence with St. Vrain Creek and North St. Vrain Creek, just downstream of the project 
area. 
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Table 1. South St. Vrain Creek* Peak Discharge Values from Various Sources 
Peak Discharge (cfs) Data Source Drainage 

Area (sq. mi.) 10-yr 25-yr 50-yr 100-yr 500-yr 
FIS (FEMA 2012) 92 1,400 - 3,750 5,430 11,900 
Hydrologic Evaluation 
(CDOT 2014) 

91 1,605 3,168 4,933 7,234 14,748 

     *South St. Vrain Creek at its confluence with St. Vrain Creek and North St. Vrain Creek 
 
The CDOT post-flood hydrologic evaluation used by the CWCB estimated peak discharges 
based on a predictive rainfall-runoff model. The September 2013 flood event was modeled 
using the US Army Corps of Engineers (USACE) Hydrologic Engineering Center’s Hydrologic 
Modeling System (HEC-HMS) Version 3.5 to calculate peak runoff experienced during the flood 
within St. Vrain, North St. Vrain, South St. Vrain, and Middle St. Vrain Creeks. Within HEC-
HMS, watershed hydrologic response was simulated using the Curve Number method for 
infiltration losses, the Snyder Unit Hydrograph method for transformations, and the Muskingum-
Cunge method with an 8-point cross-section for channel routing. HEC-GeoHMS was used for its 
GIS interface (CDOT 2014).  
 
After initial working models were developed, the models were calibrated to the peak discharge 
estimates derived from field investigations of high water marks. Once the rainfall-runoff model 
was calibrated to represent the September 2013 rainfall and peak runoff, the model was used to 
predict peak discharges based on NOAA rainfall for a number of return periods (CDOT 2014). 
The results from this calibrated predictive model for the NOAA 24-hour Type II distribution 
storms (i.e., depth-area adjusted NOAA design storms) are presented in Table 1.   
 
On South St. Vrain Creek, predictive storms appear to have produced peak discharge values 
approximately 4 percent to 33 percent larger than the effective FIS discharge values. At the 
confluence with North St. Vrain Creek in Lyons near the project site, the 100-year peak 
discharge was 33 percent higher than the effective FIS value (CDOT 2014). 
 
4.2 HYDRAULICS 

Hydraulic modeling was conducted to compare existing conditions to proposed conditions to 
determine potential project impacts to the water surface elevation. The existing conditions 
(March 2015) model was created using survey data, proposed contours for the adjacent area 
currently under construction, and remote sensing topographic data in areas that experienced no 
change, as necessary. The proposed conditions model was created using the proposed grading 
plan for the Meadow and South Ledge Diversion Reconstruction and Fish Passage 
Demonstration Project.  
 
4.2.1 Hydraulic Modeling Software 

The CWCB 100-year flow and the FIS 100-year flow were inputted into both models and water 
surface profiles were generated using HEC-RAS Version 4.1.0.  
 
The model was set up using the HEC-GeoRAS extension in ArcMap 10.1. The stream 
centerline was delineated based on the pre-flood, low-flow channel condition. The existing 
channel has been returned to the approximate pre-flood alignment, after avulsing to the east 
during the flood event. The channel banks were delineated based on the survey data, aerial 
photography, and LiDAR produced topography. Once imported into the model, they were 
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adjusted within each cross-section to better reflect the topographic top of bank. Other major 
model components are described in the remainder of this section.  
 
4.2.2 Cross-Sectional Geometry 

Standard cross-sectional spacing in 1-D hydraulic models can range from 3-6 mean bankfull 
channel widths (USGS 2014) to 7-11 bankfull channel widths (Kondolf 2007), depending on site-
specific conditions. The St. Vrain Master Plan defines the bankfull channel width at 50 feet for 
this reach (SVCC 2014); therefore, estimated cross-sectional spacing could range from 
approximately 150-300 feet to 350-550 feet. For comparison, the approximate spacing for St. 
Vrain Creek below the confluence is 500 feet in the 2012 FIS. (There are no cross-sections 
specifically defined on South St. Vrain Creek.) The cross-sectional spacing in the HEC-RAS 
model for this project ranges from 145 to 318 feet, measured along the low-flow channel’s 
centerline. Because this model was constructed to represent a large flood event, cross-sections 
were oriented perpendicular to the valley bottom to capture the overall direction of high flows.  
 
The cross-sections through the project area (XS 1955.4 to XS 3081.5) were cut through the 
existing contours developed for the project area from survey data and supplemented with 
additional survey- and LiDAR-derived points at the valley walls and boundaries. The cross-
sections representing the 1,000 feet upstream of the project (XS 3290.3 to XS 4230.3) were 
defined by GPS survey data and were surveyed for the express purpose of this FDP. The cross-
sections representing the 1,000 feet downstream of the project (XS 715.5 to XS 1664.2) were 
cut through the proposed contours of the City of Longmont diversion project which was currently 
under construction while designing this project, rendering field survey potentially unsafe and 
immediately obsolete. The 2013 LiDAR data supplemented this reach’s topographic data near 
the southeastern valley margins only where there was minimal change in the pre-flood to post-
flood topography and no visible signs of ground-disturbing work.  
 
As most of this project is installed below grade, the only modifications to existing cross-section 
geometry occur in two discrete locations within the project area: XS 3081.5, which is placed 
directly through the diversion structure, and XS 2370.9, at the location of the destroyed South 
Ledge Ditch Diversion structure that will be removed. These two cross sections are included as 
Figures 2 and 3. 
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Figure 2. Model cross-section 3081.5, representing the area at the proposed diversion structure 

 

Figure 3. Model cross-section 2370.9, representing the area at the damaged South Ledge Diversion Structure 
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4.2.3 Roughness Coefficients 

Manning’s “n” values, or roughness 
coefficients, were assigned based on field 
inspection of the floodplain areas within the 
project footprint (Figure 4). Standard 
roughness coefficient values for the main 
channels and overbank areas range from 
0.030 to 0.040 and 0.040 to 0.060, respectively 
(FEMA 2012; ODOT 2014). The values used in 
this study are shown in Table 2.   In addition to 
the modified cross-sectional geometry at the 
diversion structure, the installed rootwads and 
riffle hardening in the main channel are 
reflected in the model as increased roughness 
within the main channel of XS 3081.5. 
 

Table 2. South St. Vrain Creek Manning’s n values 
Channel 
Section 

Manning’s 
n Description 

Main Channel 0.035 Coarse gravel, cobble, and small boulder channel bed. 

Main Channel 0.04 Coarse gravel, cobble, and small boulder channel bed 
with installed rootwads and hardened riffles. 

Right and Left 
Overbanks 0.06 Woody vegetation at channel bank; open meadow with 

intermittent trees, shrubs, and short grasses. 
	
  
4.2.4 Hydraulic Model Flow Rates and Boundary Conditions 

A 100-year flow rate of 5,430 cfs was applied to model the FEMA effective flow and a 100-year 
flow rate of 7,234 cfs was applied to model the CWCB/CDOT flow. Both flows were run within 
subcritical flow regimes. 
 
A normal depth boundary condition of 0.018 was set at XS 715.476 for both the existing and 
proposed condition models. 
 
4.2.5 Hydraulic Model Results 

The existing conditions HEC-RAS model results were compared to the proposed condition 
HEC-RAS model results run. These results are shown in Table 3. The proposed conditions 
resulted in slight decreases to 100-year water surface elevations (WSE) in the immediate 
vicinities of the work that is being proposed. These changes do not propagate upstream or 
downstream, nor do they result in any predicted changes to base flood elevations 1,000 feet 
upstream or 1,000 feet downstream of the project area. 
 

Figure 4. Typical channel and floodplain conditions 
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Table 3. Modeled 100-year Water Surface Elevations for Existing (March 2015) and 

Proposed Conditions 
 

  Regulatory Flow (5430 cfs) CWCB Flow (7234 cfs) 

  
Existing 

WSE 
Proposed 

WSE 
Change 
in WSE 

Existing 
WSE 

Proposed 
WSE 

Change 
in WSE 

River 
Station (ft) (ft) (ft) (ft) (ft) (ft) 
4230.3 5421.50 5421.50 0.00 5422.29 5422.29 0.00 
3879.4 5418.19 5418.19 0.00 5418.24 5418.24 0.00 
3636.6 5413.56 5413.56 0.00 5415.13 5415.13 0.00 
3436.2 5412.19 5412.19 0.00 5412.83 5412.83 0.00 
3290.3 5409.33 5409.33 0.00 5409.81 5409.81 0.00 
3081.5 5404.37 5404.40 -0.03 5404.83 5404.89 -0.06 
2763.1 5401.53 5401.53 0.00 5404.42 5404.42 0.00 
2602.8 5395.36 5395.36 0.00 5395.36 5395.36 0.00 
2370.9 5394.40 5394.48 -0.08 5395.10 5395.21 -0.11 
2207.0 5394.30 5394.30 0.00 5395.20 5395.20 0.00 
1955.4 5391.83 5391.83 0.00 5392.75 5392.75 0.00 
1664.2 5388.25 5388.25 0.00 5388.89 5388.89 0.00 
1396.2 5383.72 5383.72 0.00 5384.16 5384.16 0.00 
1209.2 5378.56 5378.56 0.00 5378.95 5378.95 0.00 
909.5 5374.52 5374.52 0.00 5374.88 5374.88 0.00 
715.4 5370.95 5370.95 0.00 5371.50 5371.50 0.00 

NOTE: This numbers in green indicate that there is no rise, and the water surface elevation is being 
reduced, not increased. 
 
The hydraulic modeling indicates that the proposed project consisting of an at-grade diversion 
structure and below-grade conveyance system will incur a small increase in floodplain capacity 
in the immediate vicinity of the proposed intake and removed damaged structure. The proposed 
project also provides an irrigation diversion structure that has the capability to allow sediment 
and fish passage through the reach rather than a straight dam face which impedes a free-
flowing channel. 
 
Hydraulic modeling indicates “no-rise” in the base flood elevation from existing (March 2015) 
conditions to proposed conditions with the restored irrigation diversion structure, as is consistent 
with Boulder County and FEMA regulations.  
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5.0 RESTORATION PROJECT REVIEW 

This section presents a detailed review of pre-project and post-project conditions related to the 
Meadow and South Ledge diversion structures themselves, the riparian area and floodplain 
vegetation in the vicinity of the diversion structures, the geomorphology of the main stem and 
side channel of South St. Vrain Creek, and the adjacent roadway (Old South St. Vrain Road).  
 
5.1 Pre-Project Site Conditions 

The entire project area was significantly impacted by, and recovering from, the September 2013 
flood event prior to any construction activities conducted at the site. Pre-project conditions were 
marked by destroyed diversion structures and associated features; a recovering riparian zone 
with both native and non-native existing vegetation and root stock that survived the flood; a 
flood-impacted stream corridor with areas of erosion and deposition throughout; and a damaged 
adjacent roadway. The following sections describe pre-project site conditions in more detail. 
 
5.1.1 Diversion Conditions 

The 2013 flood impacted both the Meadow and 
South Ledge diversion structures. Details 
regarding the extent of the damage to these 
diversion structures are provided in the District 5 
Ditch and Reservoir Flood Damage and Recovery 
Report last updated in September 2014 
(SVLHWCD 2014) and summarized here.  
 
The Meadow diversion and head gate structures 
were completely destroyed, and the measurement 
gauge was buried by sediment. The head gate 
concrete was still intact, but the head gate itself 
was found suspended in a tree following the flood. 
The conveyance ditch was filled with debris, silt, 
and sediment, and the culverts sustained 
significant damage as well. The creek’s banks were largely 
eroded and in need of stabilization (SVLHWCD 2014). 
 
The South Ledge diversion structure was also destroyed as 
a result of the flood (Figure 5). Although most of the head 
gate remained intact following the flood, it was undermined 
on the uphill side and one wall had collapsed into the river. 
The ditch also sustained severe damage with approximately 
1,500 feet of failed ditch (Figure 6). As in the case of the 
Meadow diversion, bank stabilization was necessary as well 
(SVLHWCD 2014). 

Figure 5. Destroyed South Ledge diversion structure 

Figure 6a. South Ledge ditch prior to construction 

Figure 6b. South Ledge ditch prior 
to construction 
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5.1.2 Vegetation Conditions 

The diversion reconstruction project occurred on 
South St. Vrain Creek just south of Lyons in an 
area known as Hall Meadows. This area was 
significantly impacted by the September 2013 
flood event. The flood transported a tremendous 
amount of sediment and cobble to the previously 
vegetated area (Figure 7). Banks were scoured, 
in some cases all the way to bedrock, along both 
the main channel and the side channels of South 
St. Vrain Creek. After the flood, extensive 
deposits of coarse alluvium, ranging in size from 
sand to cobble and boulders, were deposited 

throughout the floodplain (Figure 8).  
 
The plains riparian community that was once 
relatively healthy and diverse was denuded by 
the floodwaters. Since the flood, some of the 
understory had returned, although much of the 
area was still bare ground covered with sand 
and cobble. Intermittent surviving vegetation, 
particularly forbs and grasses, was present, 
along with fairly extensive non-native weeds and 
grasses that began to colonize many of the 
sand-deposited areas and became more 
established in the growing season since the 
flood. 
 
The post-flood vegetation community at Hall 
Meadows is characterized by a sparse 
narrowleaf cottonwood and peach-leaved willow 
overstory, along with several forest remnant ponderosa pines, and a denser understory 
dominated by non-native grasses and forbs such as smooth brome, alfalfa, and kochia (Backus 
and Sherrod 2014). Native sunflowers and blazingstar forbs are also common. Some native 
shrubs are present as well, including snowberry, chokecherry, wood’s rose, plum, currant, and 
coyote willow.  

Figure 7. South St. Vrain riparian floodplain 
deposition and riparian vegetation cover 

Figure 8. Example of sand and cobble windrow on 
South St. Vrain floodplain 
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5.1.3 Stream Conditions 

As a result of the flood, the main channel and side 
channels of South St. Vrain Creek experienced 
significant channel and bank erosion (Figure 9), as 
well as extensive areas of sediment and debris 
deposits throughout the project area. Unstable 
banks characterized much of the creek, and in 
some cases banks were even scoured to bedrock. 
Mid-channel gravel bars were evident in some 
areas as well. 
 
South St Vrain Creek splits approximately one half 
mile upstream of the project site. The main 
channel occupies the left branch, while the side 
channel at the construction site receives flows 
from the right branch. Following the flood, Boulder County Parks and Open Space staff installed 
large boulders in the right channel to maintain the left channel as the primary. Although Boulder 
County Parks and Open Space staff would have preferred to wait to study channel morphology, 
sediment transport, and the riparian ecosystem in Hall Meadows upstream of the project, the 
ditch companies had already postponed diverting water for a full year in an effort to raise funds 
and build a resilient project. Coordination between the ditch companies, funders and the staff 
was a primary concern in identifying the appropriate location for the diversion. As a result, a 
decision was jointly made by the ditch companies and staff to locate the project in the existing 
primary channel.  
 
Pre-construction cross-sections throughout the project area are 
provided in Appendix A (also refer to Figures 2 and 3).  
 
5.1.4 Roadway Conditions 

The project site is bordered by Highway 7 to the west and Old 
South St. Vrain Road to the east. Portions of Old South St. Vrain 
Road were damaged as a result of the flood, particularly in the 
vicinity of the new underground pipeline (Figure 10). The project is 
located in an area where the South St. Vrain Creek side channel 
is close to the road (less than 5 feet from the edge of the road in 
some locations). The flood overtopped the road and washed out 
large sections of asphalt in several locations adjacent to the 
project. It was also determined that the asphalt was laid on little to 
no road base, which may have contributed to the failure of the 
road. 
 
The Colorado Highway 7 right-of-way at mile marker 32 also 
experienced bank erosion across from the diversion location but did not impact the roadway. 
Vertical bank erosion on river left was measured up to approximately 10 feet from the top of the 
bank to the toe of the slope and the channel cut approximately 8 feet into the right-of-way. 
 

Figure 10. Example of damage to 
Old South St. Vrain Road east of 
South St. Vrain Creek side 
channel 

Figure 9. Eroded bank on South St. Vrain Creek, 
river left 
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5.2 Post-Project Site Conditions 

The diversion reconstruction project had ranging impacts on the Meadow and South Ledge 
diversion structures, floodplain riparian vegetation, stream geomorphology, and the adjacent 
roadway. Post-project conditions at the site are described in the sections that follow. 
 
5.2.1 Diversion Conditions 

A schematic aerial photograph of the site and project design is presented in Figure 11, and the 
project design is described in this section. A complete set of construction drawings and project 
plans is provided in Appendix C. 
 

The new point of diversion for the combined Meadow and South Ledge ditch is located adjacent 
to mile marker 32 on Colorado State Highway 7 approximately 800 feet upstream from where 
the South Ledge Ditch diverted water pre-flood. The success of this demonstration project relies 
on the ability to “chase grade” upstream, allowing diverted water to flow underground by gravity 
to the existing ditch without the construction of a cross-channel dam.  

Figure 11. Schematic aerial photograph of project site and design 



Post-Construction Project Report: Meadow and South Ledge Diversion Reconstruction and Fish Passage 
Demonstration Project            October 201 

16 
 

 
 
The original Meadow Ditch diversion was just 600 
feet downstream of the South Ledge diversion so 
consolidating the two diversions into one made 
both ecological and economic sense. To facilitate 
water delivery, the diversion site was located at an 
existing natural pool. The top of the proposed 36-
inch inlet pipe was designed at an elevation just 
below the bottom of the natural pool. This allowed 
for a full head of water into the pipe at low-flow 
channel conditions without constructing any in-
channel diversion structures.  
 
To prevent the entire channel from being diverted 
into the pipe, a flow control gate was installed at 
the diversion point that can be controlled by the 
water commissioner (Figure 12). The tail water of the existing pool is naturally controlled by the 
head of the adjoining downstream riffle. Large boulders were installed into the channel bed at 
the head of that riffle and at the same pre-construction elevation to maintain the pool depth and 
the natural morphology of the post-flood channel. This will allow for continued in-stream flows, 
sediment transport, fish passage, and recreational boater passage through the pool. 
 
A concrete inlet structure was constructed on the right streambank to facilitate the diversion of 
the irrigation water (Figure 12). It serves as a flow-controlling headwall for the subsurface 
irrigation pipeline, a sediment sluice during high-flow conditions and a trash rack for debris. The 
structure was designed and aligned in a manner that would encourage sediment to pass 
through the sediment sluice during high flows. It will not keep all sediment out of the inlet pipe 
but will divert the majority of it back to the stream. A slide gate installed at the sluice structure 
can be closed at low flow conditions to maintain water flow into the irrigation pipeline. A 
galvanized trash rack installed in front of the pipe inlet will prevent large debris from entering the 
pipeline and will require routine maintenance. 
 
From the intake structure, a 36-inch HDPE pipe 
was installed below grade for approximately 500 
feet across the right bank floodplain, under the 
side channel adjacent to Old South St. Vrain 
Road, to a manhole installed under the north side 
of the road (Figure 11). In order to maintain 
floodplain capacity and not block the side channel, 
the pipe needed to traverse under the side 
channel and rise 3 feet in the manhole before 
continuing east to the splitter box. As a result, the 
manhole acts as an inverted syphon. The pipe 
then continues to run under the roadway, parallel 

to the edge of the pavement, for approximately 400 
feet to the concrete splitter box near the location of 
the old South Ledge diversion structure (Figure 
13). At the splitter box, the flows are divided between the two irrigation diversions and controlled 
by the water commissioner. A 30-inch HDPE pipe passes under the road to service the South 

Figure 13. Splitter box that diverts water to Meadow 
and South Ledge ditches 

Figure 12. New intake structure and head gate on 
South St. Vrain Creek (river right) 
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Ledge Ditch and an 18-inch pipe continues east along the road for approximately 600 feet until it 
reaches the existing Meadow Ditch. 
 
Ditch flows are monitored by two Parshall flumes (one for each diversion) located downstream 
from the splitter box (Figure 14). 
 
5.2.2 Vegetation Conditions 

An important component of the project involved seeding the 
entire disturbed area with a native seed mix immediately 
following the completion of construction activities. At the 
end of May 2015, all temporarily disturbed areas were 
reseeded with the Boulder County-approved native seed 
mix that is certified weed free, and then mulched and 
mechanically crimped with 1.5 tons per acre of weed-free 
straw and applied with mulch tackifier. The seed mix used 
for this project was composed of live seeds of the following 
species: 
 

-­‐ Blue grama (Bouteloua gracilis) 
-­‐ Western wheatgrass (Pascopyrum smithii) 
-­‐ Sideoats grama (Bouteloua curtipendula) 
-­‐ Little bluestem (Schizachyrium scoparium) 
-­‐ Green needlegrass (Stipa viridula) 
-­‐ Switchgrass (Panicum virgatum) 
-­‐ Junegrass (Koeleria macrantha) 
-­‐ Sand dropseed (Sporobolus cryptandrus) 
-­‐ Inland saltgrass (Distichlis spicata) 
-­‐ Coneflower (Ratibida columnaris) 
-­‐ Gaillardia (Gaillardia aristrata) 
-­‐ Oats (Avena sativa) 

 
 
 
In less than two months since reseeding activities, the previously disturbed area is revegetating 
well, with extensive growth including an abundance of green needlegrass, some coyote willow, 
and native sunflowers (Figure 15). In addition, less than two months after root wad installation 
with coyote willow poles, the willows are already leafing out and establishing themselves in the 
bank. 
 
5.2.3 Stream Conditions 

Minor adjustments to the channel alignment 
upstream of the structure moved the channel 
slightly to the south toward the right bank (up to 
20’) and away from the highway to encourage flows 
along the outside bend of the right (south) 
streambank. The adjustments also help to reduce 
shear stress and erosion along the left (north) 
streambank where bank erosion following the flood 

Figure 14. South Ledge diversion 
Parshall flume 

Figure16. South St. Vrain Creek looking downstream 
at eroded bank on river left prior to bank stabilization 
and root wad installation activities. 

Figure 15. Post-project revegetation conditions 
approximately 6 weeks after seeding. 
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had jeopardized the integrity of the highway right-of-way and a utility pole.  
 
Bioengineered bank stabilization and habitat enhancement treatments utilizing root wads, 
strategically placed boulders, willow plantings and native backfill material were installed along 
the left bank adjacent to and downstream of the intake structure and along the right bank 
upstream of the structure. Figure 15 shows a detailed photograph of the bank-stabilizing root 
wads installed on river right, along with coyote willow poles planted in the bank. For comparison, 
Figure 16 shows a photograph of this same bank (taken from the opposite bank) before the 
project was completed and prior to bank stabilization activities. The root wads (large trees with a 
20 foot to 30 foot trunk attached) were buried into the bank with the root wad facing upstream at 
approximately 30 degrees to the streambank. The installation of the large woody debris is 
intended to add complexity to the streambank and provide fish cover during medium to high flow 
events. The 12 root wads used in this project were donated and delivered by Boulder County 
Parks and Open Space.  
 
Following the flood, a mid-channel bar formed in 
the center of the channel downstream of the 
intake structure (Figure 17). This mid-channel bar 
was removed, the width of the channel was 
reduced by approximately 15 to 20 feet, and large 
woody debris were installed on river left to 
conform to the natural channel morphology 
upstream and downstream of the reach below the 
intake structure. Several boulder clusters were 
also installed both upstream and downstream of 
the intake structure to provide additional aquatic 
habitat. 

Figure 15. South St. Vrain Creek looking upstream at 
water supply pool. Note bank stabilizing root wads 
and coyote willow poles planted at the bank. 
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5.2.4 Roadway Conditions 

Following construction, crews repaired the portions of Old South St. Vrain Road that were 
damaged as a result of the underground pipeline construction (Figure 18). As required, the 
entire length of the roadway in the vicinity of the project area was much improved compared to 
post-flood, pre-project conditions.  
 

 
 

Figure 17. Pre-construction (left) and post-construction (right) photographs from Highway 7 mile marker 32 
looking downstream. Note the removal of the mid-channel berm, the bank stabilization using root wads, and 
addition of boulder clusters and riffle complexity. 

Figure 18. Road repair on Old South St. Vrain Road 
at manhole location. 
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6.0 PERMITTING 

The permitting requirements for irrigation diversion reconstruction projects such as this can vary 
from location to location, however they generally involve Federal, State and local (county) 
permitting processes. The purpose of this section is to identify the permits required, as well as 
to assess the associated costs of permit fees and related expenses, in order to better plan for 
future projects. 
 
During the initial grant application process in June 2014 to the US Fish and Wildlife Service and 
the Colorado Water Conservation Board, the level of permitting required for this project was 
under-estimated. This created unanticipated additional costs. The majority of the additional 
costs was associated with county permits and related engineering studies and construction 
plans required.  
 
All permits required for this project are summarized below and in Table 6.0. 
 
FEDERAL PERMITS 

• US Army Corps Section 404 of the Clean Water Act Permit – The US Army Corps of 
Engineers regulates the discharge of dredge and fill material and certain excavation 
activities in waters of the United States. Waters of the US include ephemeral, 
intermittent and perennial streams, their surface connected wetlands and adjacent 
wetlands and certain lakes, ponds, drainage ditches and irrigation ditches that have a 
nexus to interstate commerce. After reviewing the proposed project the Corps concluded 
that this project was eligible for an agricultural exemption and issued an exemption letter 
on December 14, 2014 less than 30 days after submitting preliminary plans. Costs to the 
project were insignificant. 

• US Fish & Wildlife Service (USFWS) Intra Service Section 7 of the Endangered 
Species Act – The USFWS found on March 17, 2015 that the proposed project may 
affect the Prebles meadow jumping mouse and that a formal consultation would be 
required for this project. On March 30th the USFWS issued a biological opinion with 14 
conservation measures designed to minimize impacts to riparian and upland habitats. 
Costs to the project were insignificant. 
 

STATE PERMITS 
• Colorado Department of Transportation State Highway Access Permit – This 

project proposed accessing the site from two locations: one from Old South St Vrain 
Road and one from Colorado Highway 7. A temporary access permit off of Highway 7 
was required. The permit was issued on March 4th approximately one week after 
submitting the application to the State. There was no cost. 

• Colorado Department of Public Health and Environment (CDPHE) Water Quality 
Control Division Stormwater Management Plan and General Permit for 
Construction Activities - A storm water discharge permit is required for construction 
activity including clearing, grading, and excavating activities except: operations that 
result in the disturbance of less than one acre of total land area which are not part of a 
larger common plan development or sale. Total disturbed area of this project was 1.9 
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acres. The permit was free and easy to obtain in a matter of one day but the Stormwater 
Management Plan took a few days to develop. Cost was approximately $2,000. 

• CDPHE Water Quality Control Division Construction Dewatering Permit – If there is 
a need to dewater the site a Construction Dewatering permit and permission to 
discharge to the storm sewer, if applicable, is required.  

• History Colorado Permit – An investigation of historical sites was required. Boulder 
County coordinated and paid for this effort. 
 

COUNTY PERMITS 
For this specific project, the Boulder County Commissioners capped total permit fees at $750 for 
local agricultural projects for all the projects below. This was a one-time variance, but may be an 
option for future projects. The Commissioners also waived a $2,000 fee from Boulder County for 
“plan review” by landuse planners. 
 

• Boulder County Building Permit – A building permit was required to build the new 
concrete diversion structure. In addition, the left streambank adjacent to CO Highway 7 
and across from the diversion structure received severe erosion during the flood. The 
plan called for rip rapping that bank at a 1:1 slope to stabilize the bank and protect both 
the highway right-of-way and a power pole. Boulder County required an engineered 
retaining wall and a building permit for that bank stabilization. The engineering for the 
retaining wall cost $2,000. Building permit fees are based on the value of the project and 
a deposit is required.  However, the Building Department will not review or submit a 
permit until the Commissioners have approved the permit.  

• Boulder County Grading Permit – A grading permit was required by the Boulder 
County Building Department for the installation of the water transfer pipeline. 

• Boulder County Access Permit - An access permit was required to access the site on 
Old South St Vrain Road. As part of the access permit the County required soil borings 
along the alignment of the pipeline to determine depth to bedrock. The borings and 
associated geotechnical report cost $1,200. A road sweeping plan was also required for 
the Access permit. 

• Boulder County Utility Construction Permit – The irrigation pipeline was proposed to 
be installed in the right-of-way of Old South St Vrain Road. This permit required 
trenching and compaction details and a traffic control plan. Because Old South St Vrain 
Road only had two residents on it beyond the project site, it was anticipated that traffic 
control signs would suffice. However, the Transportation Department required flaggers 
during any work in the right-of-way and that cost an additional $7,370. It should be noted 
that permits are only good for 45 days.  

• Boulder County Floodplain Development Permit – A floodplain development permit 
was required to prove there would be a zero rise in the water surface elevation during 
the 100-year flood event due to the proposed project. That required a HEC-RAS 
hydrologic model 1,000 feet up and downstream of the project developed by a 
Professional Engineer with multiple cross sections surveyed by a Professional Land 
Surveyor. The cost of surveying and engineering involved in obtaining this permit was 
$10,415. 

• Boulder County Oversized/Overweight Permit – This permit was required to transport 
construction equipment to the site. 
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• Boulder County Parks and Open Space Permanent Non-Exclusive Easement – A 
permanent easement for the ditch companies was required and a legal description by a 
Professional Land Surveyor was necessary. The cost for the surveyor was $2,530. 

• Boulder County Parks and Open Space Temporary License (Access) Agreement – 
This is required for any construction on and access to County land. This also required 
legal descriptions but was generally covered in the permanent easement agreement. 
 

The total cost of the permitting fees, associated engineering studies, and related costs of the 
permitting requirements was $26,265.  
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Table  6.0 Summary of Permitting Requirements, Fees and Related Costs 

Permit Agency/Department 

Associated 
Studies or 

Engineering 
Required 

Permit 
Fees 

Estimated 
Cost of 

Engineering 
Studies, and  
Permitting 

Requirements 
FEDERAL PERMITS 
Section 404 of the 
Clean Water Act 
Permit 

US Army Corps of 
Engineers 

Corps concluded 
that this project 
was eligible for an 
agricultural 
exemption and 
issued an 
exemption letter 
on December 14, 
2014 

$0 Minimal 

Intra Service Section 
7 of the Endangered 
Species Act 

US Fish & Wildlife 
Service 

USFWS found 
that the proposed 
project may affect 
the Prebles 
meadow jumping 
mouse, formal 
Section 7 
consultation was 
required 

Paid for 
by the 

USFWS 
as project 

partner 

Minimal 

STATE PERMITS 
State Highway 
Access Permit 

Colorado 
Department of 
Transportation 

None 
$0 Minimal 

Stormwater 
Management Plan 
and General Permit 
for Construction 
Activities 

Colorado 
Department of Public 
Health and 
Environment / Water 
Quality Control 
Division 

Stormwater 
Management Plan 

$0 $2,000 

Construction 
Dewatering Permit 

Colorado 
Department of Public 
Health and 
Environment / Water 
Quality Control 
Division 

None 

$0 none 

History Colorado 
Permit 

Office of the State 
Archeologist 

None 
$0 None 

COUNTY PERMITS 
Building Permit Boulder County 

Building Department 
Included 
engineering 
design for 
retaining wall 

$750, 
total for 
all 
permitting 
fees 

$2,000 
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Permit Agency/Department 

Associated 
Studies or 

Engineering 
Required 

Permit 
Fees 

Estimated 
Cost of 

Engineering 
Studies, and  
Permitting 

Requirements 
Grading Permit Boulder	
  County	
  

Building	
  Department	
  
None	
  

$0	
   none 

Access	
  Permit	
   Boulder	
  County	
  
Building	
  Department	
  

Soil	
  Borings	
  
Road	
  Sweeping	
  Plan	
   $0	
   $1,200 

Utility	
  Construction	
  
Permit	
  

Boulder	
  County	
  
Transportation	
  Dept	
  

Traffic	
  Control	
  Plan	
  
Flaggers	
   $0	
   $7,370 

Floodplain	
  
Development	
  Permit	
  

Boulder	
  County	
  
Transportation	
  
Dept/Floodplain	
  
Development	
  Office	
  

HEC-­‐RAS	
  hydrologic	
  
model	
  
Multiple	
  cross	
  
sections	
  by	
  a	
  
Professional	
  Land	
  
Surveyor	
  

$0	
   $10,415 

Oversized/Overweight	
  
Permit	
  

Boulder	
  County	
  
Transportation	
  Dept	
  

None	
  
$0 none 

Permanent	
  Non-­‐
Exclusive	
  Easement	
  

Boulder	
  County	
  Parks	
  
and	
  Open	
  Space	
  

Legal	
  description	
  by	
  
a	
  Professional	
  Land	
  
Surveyor	
  	
  

$0 $2,530 

Temporary	
  License	
  
Agreement	
  

Boulder	
  County	
  Parks	
  
and	
  Open	
  Space	
  

Legal	
  descriptions	
   $0 minimal 

	
   	
   subtotal	
   $750 $25,515 
	
   	
   TOTAL	
    $26,265 
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7.0 BUDGET 

The estimated total cost of this project was $329,000 including in-kind donations.  This 
included some $299,000 in cash contributions, and $30,000 in inkind match.  
 
The final cost of the project was $364,588, some $64,657 more than initial cost 
estimates. These cost overruns were generally associated with permitting expenses and 
construction costs.  Permitting costs were initially underestimated and additional work 
such as engineered retaining walls and the inverted siphon were not anticipated at the 
time of the grant request to the Water Supply Reserve Account and the US Fish & 
Wildlife Service.   
 
The US Fish and Wildlife Service committed $120,000 in cash to ensure the passage of 
local native fish. Trout Unlimited was the fiscal agent for this grant. CEMEX, as a 
shareholder in the South Ledge Ditch, contributed some $22,518 to cover cost overruns.  
A grant from Northern Water to the Meadow Ditch contributed $10,000 to address the 
costs of construction. Boulder County also paid some $14,523 to cover the cost of road 
repairs to Old South St. Vrain Road and for the delivery of root wads to the project site. 
This project component was requested as part of permitting, and was not budgeted for in 
the original cost of the project. The Boulder County Commissioners also capped their 
permitting fees at $750 which saved another several thousand to the project. The Saint 
Vrain Chapter of Trout Unlimited contributed $2,500 to cover the cost of outreach. 
 
As an in-kind donation, the ditch companies each transported and stockpiled more than 
300 cubic yards of large rock with an approximate total value of $30,000 ($50/cubic 
yard).   
 
The Colorado Water Conservation Board’s Water Supply Reserve Account granted 
$170,000 to engineer and build the consolidated irrigation diversion structure for the two 
ditch companies. The match from the USFWS and other sources exceeds the minimum 
25% match requirement for the Water Supply Reserve Account grant.  
 
 
.
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Table 7.0  Balance Sheet: Meadow and South Ledge Diversion Reconstruction and Fish Passage Project 
 

Task 1 Task 2 Task 3 Task 4  Task 5 Task 6  Task 7   
INCOME Data Collection Permitting Engineering Construction Outreach Mngt/Monitor Admin 

TOTAL 
 

South Ledge Ditch     $22,518.57      $22,518.57  
Northern Water     $10,000.00      $10,000.00  
CEMEX     $25,016.00      $25,016.00  
SV Trout Unlimited      $2,500.00     $2,500.00  
USFWS  $4,608.00  $26,265.00   $8,614.25   $75,677.50   $1,121.25    $3,714.00   $120,000.00  
CWCB- WSRA     $1,964.00   $162,110.00    $4,140.00   $1,786.00   $170,000.00  
Boulder County     $14,523.50      $14,523.50  
Total Income  $4,608.00  $26,265.00   $10,578.25   $309,845.57   $3,621.25   $4,140.00   $5,500.00   $364,558.07  

 Task 1   Task 2   Task 3   Task 4    Task 5   Task 6    Task 7   TOTAL    
EXPENSES  Data Collection   Permitting   Engineering   Construction   Outreach   Mngt/Monitor   Admin    
Crane Associates  $4,608.00  $26,265.00   $10,578.25    $1,121.25   $4,140.00   $3,000.00   $49,712.50  
Frontier     $309,845.57      $309,845.57  
Trout Unlimited        $2,500.00   $2,500.00  
PR Company      $2,500.00     
Total Expenses  $4,608.00  $26,265.00   $10,578.25   $309,845.57   $3,621.25   $4,140.00   $5,500.00   $364,558.07  
      Difference (Income -Expenses)   $-    
BUDGETED                 
Cash  $7,400.00   $5,000.00   $15,250.00   $244,475.00   $6,000.00   $13,415.00   $8,361.00   $299,901.00  
        TOTAL   $299,901.00  
      Difference (Cash Budget-Actual)  -$64,657.07  
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8.0 EDUCATION AND OUTREACH 

Outreach and education efforts were aimed at sharing the project design and successes, 
as well as helping this project serve as a viable model for other diversion reconstruction 
projects. The Saint Vrain Chapter of Trout Unlimited provided $2,500 to assist with the 
cost of outreach.  

As the intent of this project was to demonstrate the ability of a diversion to be 
reconstructed while allowing for fish passage, outreach was targeted toward other ditch 
companies through associations such as the Ditch and Reservoir Company Alliance 
(DARCA) and other local and state non-profit educational and professional 
organizations. The target audience for outreach and education activities also includes 
the Saint Vrain Creek Coalition, local county commissioners, municipal employees 
(engineers), local ditch companies, DARCA, and consultants. 
 

Outreach focused on the following activities: 
 

• Web site 
• Press releases 
• Tours 
• Presentations 

 
 
Web  Site 
A web site www.fishpassageproject.org was developed to provide easily accessible 
information about the Project. It offers a platform for Tour RSVPs, publication of reports, 
before and after photos, sponsor thank yous, and other technical and summary 
information. 
 
On-site Tour(s) 
September 16, 2015, an on-site tour of the project was conducted as part of the larger 
Saint Vrain Creek Coalition Advisory Council tour.  Some 42 people attended the tour. 
Gary Gorman from the Meadow Ditch and a representative from USFWS, presented to 
the tour attendees. 
 
Additional tours are planned, likely in conjunction with other water-related tours 
conducted by Boulder County, the Saint Vrain Lefthand Water Conservancy District or 
others. 
 
Press Release 
As part of project completion, The PR Company prepared a press release and 
distributed it to local newspapers, the CSU Water News magazine, and the Irrigation 
Leader magazine (the Irrigation Leader is distributed to irrigation district managers and 
boards of directors in the 17 western states, Bureau of Reclamation officials, members 
of Congress and committee staff, and advertising sponsors).  
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Technical Presentation 
A technical presentations covering the project (PowerPoint) was created for presentation 
to the tours, CWCB, Ditch and Reservoir Company Alliance (DARCA) and other 
organizations as needed. This includes photos taken before and at all stages of 
construction. 
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9.0 CONCLUSIONS AND RECOMMENDATIONS 

The consolidation of two diversions into one significantly reduces the environmental 
impact on the aquatic ecosystem and generates substantial savings in construction and 
maintenance costs. The Meadow and South Ledge ditch companies were able to pool 
their limited resources and successfully apply for grants by working together while 
maintaining their individual water rights and ditch infrastructure. The joint diversion 
structure, piping, and splitter box will be managed by the water commissioner and 
therefore reduce any potential for conflict. 
 
The ability to move the diversion upstream may be the most important component of this 
project. By “chasing grade” upstream, the ditch companies are able to divert their water 
without an instream structure that impedes aquatic movement, and move water by 
gravity to their respective ditches. By constructing an off-channel intake structure below 
the existing grade of the stream bed, water can be diverted and controlled at the point of 
diversion without impacting the aquatic environment.  
 
The biggest challenge with this concept is obtaining easements from landowners and 
constructing the project in an unobtrusive manner that does not impact the existing use 
of the land. In the case of this project, the landowner is Boulder County Parks and Open 
Space. The primary use of the land is natural habitat in a riparian floodplain. Care was 
taken in the design and construction to maintain that natural environment by installing 
the infrastructure underground and restoring the surface to the appropriate natural state. 
 
Changing the point of diversion, and moving it upgradient, is an important design 
component of this engineering strategy. In 2014, the Colorado General Assembly 
allowed that when the channel of a stream changes due to natural events such as 
flooding, rendering a headgate inoperable, the ditch owner may move the headgate 
upstream without filing a change of water right application – as long as the relocation 
does not interfere with the use or enjoyment of any decreed or absolute conditional 
water right.   
 
In non-flood scenarios, the point of diversion could also be changed using form JDF 
241W - Application for Simple Change in Surface Point of Diversion, which can be 
obtained on the Colorado Judicial Branch web site under “forms.” This process need not 
involve going to water court, or hiring an attorney, as long as the conditions of non-injury 
can be met. 
 
The split flow upstream in Hall Meadow should be re-graded in a manner that maintains 
the north channel as the primary channel and the south channel as an overflow channel. 
As part of this project, boulders were buried in the bed of the south channel to make it 
slightly higher than the north channel while still allowing water to enter the channel. 
However, the south channel is at a somewhat lower grade than the north channel, and 
an opportunity exists to develop a single thread channel on the south and increase 
sinuosity in this location while directing flow back to the existing north channel. This type 
of change would improve resiliency and future flood attenuation. 
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A monitoring plan was developed but not implemented due to cost over-runs. If funding 
can be raised it is recommended that cross section measurements, photo points and 
vegetative analysis be performed to further evaluate the project over time. 
 
Another goal of this project is to use it as a demonstration for other diversion projects 
and build on the concept constructed here. It is possible, and even cost-effective, to 
build an irrigation diversion that meets the needs of multiple stakeholders, including 
recreational and environmental interests, while providing for a full decree of reliable 
water to agricultural interests. 
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SEE CDOT M-601-10 &

20 FOR FOOTER BAR

DETAILS INTO FLOOR

AND HEADWALL

1'

1'

9'-6"

45'-4

1

2

"

10'-4

1

2

"

3'-5

3

4

"

8'

4'-7"

10'-4

3

4

"

19'-10

3

4

"

3'

17'-2

1

2

"

2'-0

1

4

"

4'

8'

POUR CONC FOOTER ON A 4"

LEVEL BED OF PEA GRAVEL

CONCRETE INTAKE STRUCTURE (STA 0+35)

6'

MANHOLE TO BE WATER TIGHT

WITH A SEALED LID

0

5'

SCALE: 1" = 5'



9'-2"

6'-6"

SECTION A-A

SCALE:1"=5'

PLAN VIEW

SCALE:1"=5'

SPLITTER BOX 2 (STA 9+55)

ALL AROUND

2"

#5 @ 12" VERTICAL

18" HORIZONTAL BOTH FACES

(see CDOT M-601-10)

#5 BARS @ 12" BOTH WAYS

BOTH DIRECTIONS

A

A

12"

INV. IN 5389.5

INV. OUT 5389.4

FLOW

TOP ELEV 5394.9

36" HDPE PIPE

FROM DIVERSION

18" HDPE PIPE

TO MEADOWS DITCH

36" HDPE PIPE

TO S. LEDGE DITCH

9'-2"

9'-2"

6'-11

1

4

"

5'-5

1

4

"

4'-2

1

2

"

114°

STEEL PLATE LID

W/ LOCK AND HINGES

CONSTRUCT AS DIRECTED

FRESNO SLIDE GATE

MODEL: 6600 101C - 18"

FRESNO SLIDE GATE

MODEL: 6600 101C - 36"

9" WALL FROM EDGE OF PIPE

FOR GATE INSTALLATION

(TYPICAL)

9" WALL FROM EDGE OF PIPE

FOR GATE INSTALLATION

(TYPICAL)

INCLUDE 36"W X 4"LX3"D BLOCKOUT

BELOW GATE

INCLUDE 18"W X 4"LX3"D BLOCKOUT

BELOW GATE

12" TYP.

36" WEIR

9'-2"

6'-6"

WEIR DIMENSIONS

SCALE:1"=5'

12"

TOP ELEV 5394.9

WEIR ELEV 5394.65

3'

3'-6"

3"

0

5'

SCALE: 1" = 5'



SECTION 5+26.00

5370

5380

5390

5400

5410

5420

5370.00

5380.00

5390.00

5400.00

5410.00

5420.00

0 10 20 30 40 500-10-20-30-40-50

TOP OF PIPE

elev = 5392.0

INV. PIPE

elev = 5389.0

8'

4'

EXISTING CHANNEL

18" BOULDER CHANNEL ARMORING

AT PIPE CROSSING

KEY BOULDERS 48"

BELOW CHANNEL THALWEG

0

5'

SCALE: 1" = 5'



SECTION 5+53.10

5360

5370

5380

5390

5400

5410

5420

5360.00

5370.00

5380.00

5390.00

5400.00

5410.00

5420.00

0 10 20 30 40 500-10-20-30-40-50

EXISTING GROUND

OLD ST. VRAIN ROAD

WATER TIGHT MANHOLE 1

WITH SEALED LID

3'0" EDGE OF ROAD TO CL MANHOLE

72"

36" HDPE

ASPHALT PATCH

0

5'

SCALE: 1" = 5'



SECTION 5+70.00

5370

5380

5390

5400

5410

5420

5370.00

5380.00

5390.00

5400.00

5410.00

5420.00

0 10 20 30 40 500-10-20-30-40-50

EXISTING GROUND

OLD ST. VRAIN ROAD

36" DIVERSION PIPE

2'6" EDGE OF ROAD (VARIES)

ASPHALT PATCH

0

5'

SCALE: 1" = 5'



HORIZONTAL SCALE 1"=50'

VERTICAL SCALE 1"=5'

5390

5395

5400

5405

5410

10+00 10+50 11+00 11+50 12+00

-
2

.
0

0

%

1
.0

0
%

GRADE BREAK STA = 10+10.74

ELEV =  5398.408

GRADE BREAK STA = 11+43.07

ELEV =  5398.834

Station=10+36.48

elev = 5392.00

Station=10+40.70

elev = 5397.90

48" CULVERT TO BE REMOVED

UPON COMPLETION

NOTE:  CULVERT AND ALL FILL IN CHANNEL TO BE

REMOVED UPON COMPLETION.  CHANNEL TO BE

RESTORED TO PRE-CONSTRUCTION CONDITIONS

0

50'

SCALE: 1" = 50'

16'

2-3"

COBBLE



BANK STABILIZATION

BANK STABILIZATION







PLASTI-FAB FLUMES FLUME INSTALLATION NOTES, SEE

http://www.plasti-fab.com/ FOR MORE INFORAMTION:

1. FLUMES SHALL BE INSTALLED LEVEL END-TO-END AND

SIDE-TO-SIDE BY USING A LEVEL ON THE FLOOR.

2. FLUME MUST BE REINFORCED BY WOOD ON THE INSIDE

IN ORDER TO KEEP THE SIDEWALLS STRAIGHT AND

MAINTAIN THE DIMENSIONAL INTEGRITY OF THE FLUME.

THE THROAT IS THE MOST CRITICAL PORTION OF THE

FLUME TO PROTECT.

3. THE TOP CROSS BRACES SHIPPED ON THE FLUME

SHOULD BE LEFT ON THE FLUME UNTIL IT HAS BEEN

INSTALLED.

4. USE BEAMS THAT RUN FROM ONE SIDE OF THE CHANNEL

TO THE OTHER TO LEVEL THE FLUME, PREVENT FLOATING

AND TO LIMIT SHIFTING OF THE FLUME DURING THE

PROCESS OF GROUTING THE FLUME INTO THE CHANNEL.

THESE CROSS BEAMS WILL SPAN THE CHANNEL AND

ATTACH TO EACH OF THE SIDE CHANNEL WALLS. DRILL

THROUGH THE TOP FLANGE OF THE FLUME AND BOLT TO

THESE BEAMS. DOUBLE NUT OR SHIM TO GET THE FLUME

SET LEVEL BOTH DIRECTIONS. OTHER CROSS BRACING

MAY BE REQUIRED TO PREVENT SHIFTING. IT MAY BE

DESIRABLE TO DO CROSS BRACING NEAR OR AT THE

BOTTOM OF THE FLUME.

5. PLASTI-FAB FLUMES ARE DESIGNED TO BE FREE

STANDING, AND REQUIRE NO ADDITIONAL EXTERNAL

SUPPORT IN ORDER TO MAINTAIN THEIR DIMENSIONAL

INTEGRITY DURING OPERATION. HOWEVER THE BOTTOM

MUST BE ADEQUATELY SUPPORTED TO BE KEEP THE

FLUME LEVEL.

6. THE FLUME IS COMMONLY GROUTED INTO AN EXISTING

CONCRETE CHANNEL. THIS ALLOWS FOR THE

CROSSBEAMS (SEE # 4 ABOVE) TO BE USED. GROUTING

INTO AN EXISTING CHANNEL IS THE PREFERRED METHOD

OF INSTALLATION. POURING THE CONCRETE OR GROUT

AROUND THE FLUME TOO FAST CAN DEFORM THE

SIDES/FLOOR OF THE FLUME, FORCE IT TO SHIFT OUT OF

ALIGNMENT OR MAKE IT OUT OF LEVEL. GREAT CARE MUST

BE TAKEN IF A VIBRATOR IS USED. IT CAN ALSO CAUSE

DISTORTION. PROPER BRACING/CRIBBING IS IMPORTANT

(SEE #2 ABOVE).

7. WHEN INSTALLING A FLUME WE RECOMMEND THAT

CONCRETE OR GROUT BE POURED IN LAYERS OF NO

MORE THAN 6”- 10” AT A TIME AND EACH LAYER BE

ALLOWED TO SET BEFORE THE NEXT IS ADDED.

8. ALL FLUMES WITH BOLT ON ADAPTERS, CAULKING

COLLARS OR TRANSITION SECTIONS MUST BE SEALED

BETWEEN JOINTS. WE SUGGEST APPLYING TWO

CONTINUOUS BEAD(S) OF SILICONE ON ALL SEATING

SURFACES BETWEEN FLANGED JOINTS BEFORE BOLTING

TOGETHER.

9. AN INLET ADAPTER SHOULD HAVE A RAMPED FLOOR FOR

TRANSITIONING FLOWS UP TO THE FLOOR OF THE FLUME.

THIS WILL HELP TRANSITION SOLIDS AND HELP FACILITATE

A NON-TURBULENT FLOW INTO THE FLUME. SOME OF OUR

ADAPTERS HAVE A BUILT IN RAMP FROM THE FLOOR OF

THE ADAPTER TO THE FLOOR OF THE FLUME.

TYPICAL FLUME PROFILE



EXISTING CHANNEL BED

SOUTH ST. VRAIN

RIVER

1

:

1

 

S

L

O

P

E

LARGE 3'+Ø ROCK

2-3'Ø ROCK

10'

3'

8'

2' 8'

WILLOW PLANTINGS AT TOE OF SLOPE

6" TOP SOIL PLANTED WITH NATIVE SEED MIX

NOTES:

1) THE GRAVITY RETAINING WALL SHALL BE CONSTRUCTED WITH

LARGE 2-3'Ø ROCK.

2) THE WALL SHALL BE CONSTRUCTED IN LAYERS.  VOIDS

BETWEEN ROCKS SHALL BE FILLED WITH A WELL GRADED

MIXTURE OF SOIL AND COBBLE.

3) BACKFILL BEHIND THE WALL SHALL BE A GRANULAR BEDDING A

MINIMUM OF 2' IN THICKNESS.  NATIVE SOIL MAY BE USED BEHIND

THE GRANULAR BEDDING.

4) THE 1:1 FACE OF THE SLOPED WALL CAN BE COVERED AND

PLANTED WITH VEGETATIVE PLANTINGS.

GRANULAR

BEDDING

2'





  EROSION CONTROL WORK SEQUENCE 

1. MINOR CHANGES MAY BE MADE BY CRANE AND

ASSOCIATES.

2. A CRANE AND ASSOCIATES REPRESENTATIVE SHALL BE

PRESENT DURING CONSTRUCTION OF KEY PORTIONS OF THE

PROJECT.

3. ANY TS, FD, WB OR OTHER STORAGE ITEMS SHOULD BE

CONTAINED WITH THE APPROPRIATE BMP'S AND LOCATED

AWAY FROM CONCENTRATED WATERWAYS.

4. THE CONTRACTOR SHALL LOCATE AND MARK ALL UTILITIES WITHIN THE

PROJECT AREA PRIOR TO CONSTRUCTION AND SHALL NOT RELY SOLELY

ON THESE CONSTRUCTION PLANS FOR UTILITY LOCATIONS.

CONTRACTOR MUST COMPLETE ALL UTILITY LOCATES PRIOR TO

CONSTRUCTION.  FOR UTILITY LOCATES CONTACT  UTILITY

NOTIFICATION CENTER OF COLORADO (UNCC) 800-922-1987 .

DAMAGE TO ANY EXISTING UTILITIES IS THE RESPONSIBILITY OF THE

CONTRACTOR.

5. ALL EROSION CONTROL BEST MANAGEMENT PRACTICES

(BMP'S) RECOMMENDED BY CRANE AND ASSOCIATES ARE

FOR GUIDANCE AND SHOULD PROVIDE THE FOUNDATION FOR

THE FINAL BMP'S USED ON-SITE. THE CONTRACTOR IS

ULTIMATELY RESPONSIBLE FOR THE BMP'S USED, THEIR

EFFECTIVENESS, AND COMPLIANCE WITH THE COLORADO

WATER QUALITY CONTROL DIVISION (CWQCD) COLORADO

DISCHARGE PERMIT SYSTEM (CDPS). THE EROSION CONTROL

SUPERVISOR (ECS) SHOULD BE DESIGNATED BY THE

CONTRACTOR AND WILL BE RESPONSIBLE FOR THE

IMPLEMENTATION, MANAGEMENT, MAINTENANCE, AND CARE

OF THE STORMWATER POLLUTION PREVENTION PLAN

(SWPPP) AND THE ASSOCIATED BMP'S.

6. AS AN ADDITIONAL RESOURCE, SEE WWW.UDFCD.ORG

URBAN STORM DRAINAGE, CRITERIA MANUAL VOLUME 3,

BEST MANAGEMENT PRACTICES.

























SILT FENCE

STRAW WADDLE

DRAINAGE SWALE

SEDIMENT TRAP

 STABILIZED CONSTRUCTION

ENTRANCE

CONCRETE WASH STATION

VEHICLE TRACKING

WASTE BORROW

CROSS GRADE BERM

FILL DIRT STOCKPILE

EQUIPMENT STORAGE

TOP SOIL STOCKPILE

FUEL STORAGE

1. INSTALL STABILIZED CONSTRUCTION ENTRANCE.

2. CLEAR AND GRUB FOR SILT FENCE AND/OR STRAW WATTLES.

3. INSTALL ALL SEDIMENT CONTROL DEVICES.

4. ROUGH GRADE ALL ACCESS AND STAGING AREAS

5. FOLLOWING COMPLETION OF ALL CONSTRUCTION, ALL DISTURBED AREAS TO BE

RESEEDED WITH MULCH TACKIFIER.

6. AFTER ALL AREAS ARE STABILIZED USING SEED MIX AND MULCH TACKIFIER, REMOVE

ALL SEDIMENT CONTROL DEVICES.

  EROSION CONTROL NOTES 

NOTE: ALL SYMBOLS MAY NOT BE USED



SF SF

























  


  
  
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