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Introduction 
This Conceptual Design Review and Feasibility Assessment report has 

been prepared to support the City of Chico (the City) and its cooperators with the 
development of a grant proposal for submission to the Proposition 40 Integrated 
Watershed Management Program - Implementation (IWMP - Implementation).  
The plan is to partially restore a heavily disturbed parcel of land and stream 
corridor, located in the City and adjacent to the City’s Lindo Channel Greenway, 
for the use of Chico citizens and to improve the health of the local ecosystem.  
Figure 1 (see appendix A) depicts future desired conditions. 

This report provides a summary of our very-brief reconnaissance-level 
assessment of the site, notes from our review of the proposed project plan, and 
provides our professional assessment of the feasibility of undertaking the project, 
as well as a fatal-flaw review of the design concepts.  We also identify important 
management considerations and include the following information: 

 
i) Current physical attributes of the site related to the ecohydrology, 

geomorphology, and ecological resources. 
ii) Comments on existing native and non-native vegetation, or lack 

thereof, and assessment of the potential of the proposed project plan 
for restoring physical habitat and processes beneficial to native 
species. 

iii) The site's potential for providing seasonal juvenile salmonid rearing 
habitat and flood-flow refugia. 

iv) Our professional assessment of the feasibility of undertaking the 
project, any fatal-flaws of the design concepts, and discussion on 
design difficulties. 

v) Issues related to potential fish entrapment in the existing wetland 
complex/ former gravel mining area. 

vi) Comments on U.S. Army Corps of Engineers jurisdictional wetlands 
on the site relative to project development. 

vii) Concerns that adjacent landowners and other interested parties may 
have about future work on the site, specifically as related to changes 
in the planform and flows of Lindo Channel. 

viii) Supporting information for CEQA documentation. 
ix) The nature and extent of future hydrodynamic modeling, analysis, and 

design work needed to take the proposed project to full design 
drawings suitable for obtaining permits and construction.  Under 
separate cover, this also includes preliminary cost estimates of this 
modeling, design, and construction oversight work. 
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1. Location and Setting 
The site (15.19 acres of City of Chico land) is located in the City of Chico 

urban area, and is bounded on the south by the adjacent East 1st Avenue, near 
its intersection with Verbena Avenue.  To the north, the site is bounded by Lindo 
Channel, and to the west and east, residential homes.  Figure 2 illustrates the 
site’s proximity to Lindo Channel, a controlled1 distributary channel of Big Chico 
Creek.  Because of its size and lack of development, the site is anomalous along 
Lindo Channel, representing a prime opportunity to restore form and function to 
the constricted Lindo Channel.  Figure 2 shows clearly the large size of 
undeveloped space at the site relative to the Chico urban area. 

The site contains no structures, but it is heavily disturbed from former 
aggregate mining and processing.  Asphalt paving, disturbed topography, 
concrete rubble, and imported fill dominate the site.  Larger, woody vegetation 
occurs around local topographically-low areas, likely left from gravel excavations.  
Several of these low areas are functioning as seasonal wetlands, at least one of 
which is a jurisdictional wetland (Gallaway Consulting, 2006).    

2. Eco-Hydrologic Land Use History 

A. Lindo Channel Hydrology and Geomorphology Prior 
to Flood Control 

The majority of the City of Chico is located atop a large (~5 miles wide) 
coalesced alluvial fan (City of Chico, Park Department, 2001), formed at the 
canyon mouths of Butte, Big Chico, and Little Chico creeks.  The fan is dissected 
by its parent streams, and, prior to Euro-American disturbance, with distributary 
channels leaving the main streams (Ginney, 2000).  As previously mentioned, 
Lindo Channel is a distributary of Big Chico Creek, leaving Big Chico Creek in 
the area currently defined as the Five Mile Recreation Area (Figure 2).   

Lindo Channel was originally called Sandy Gulch, a name that likely better 
describes the pre-disturbance physical characteristics of the stream.  Before 
alteration by Euro-Americans, Lindo Channel was a natural, intermittent overflow 
channel.  The relatively rapid diminishment of stream gradient and decreased 
confinement of Big Chico Creek as it flowed out onto the valley floor allowed for 
deposition of sediments, formation of distributary channels, channel shifts, and 
the typical instabilities associated with alluvial fans (City of Chico, Park 
Department, 2001).  One such distributary was Sandy Gulch (Lindo Channel), 
which acted as a flood overflow channel, or distributary, and reduced flows in Big 
Chico Creek, the main channel.  While a contemporary controversy has 
questioned whether Big Chico Creek or Sandy Gulch (Lindo Channel) was the 

                                                 
1  We describe the flood control project that controls flows into Lindo Channel 
later in this report.  Lindo Channel rejoins Big Chico Creek west of the City of 
Chico.    
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dominant channel during lower, base flows2 at the time of Euro-American 
settlement, the point is rather irrelevant:  across recent geologic time (say, the 
last 12,000 to 15,000 years) both channels—as well as other channels no longer 
directly visible upon the landscape—have worked their way across the Chico 
alluvial fan.  In so doing, each of these channels deposited coarse sediment and 
over the top spread a layer of finer sediment that has evolved into the high-
quality soils that have made the area famous for agricultural operations.  These 
distributary channels played an important role in dispersing stream energy across 
the fan, reducing the confinement of flood flows and minimizing any resultant 
channel incision.  Ecologically, despite the fact that they did not offer perennial 
flow, these distributary channels increased the hyporheic zone of the fan stream 
system, offered refugia to juvenile fish from potentially higher velocities in the 
main channel, may have offered opportunistic spawning habitat, and certainly 
increased the important riparian corridors leading from the Sacramento River to 
the foothill canyon areas.   

B. Aggregate Mining and Production in Lindo Channel 
and at the Site 

1) Lindo Channel Mining 
Mining of aggregate from Lindo Channel has been documented back as 

far as at least the 1930s (Metcalf and Eddy, 1993; City of Chico, Park 
Department, 2001), and in all likelihood existed prior to that time.  Alluvial 
deposits of gravel were mined using instream techniques3 for construction 
aggregate for use in concrete, asphalt, road base and sub-base, for fill, and for 
landscaping. 

The City of Chico, Park Department (2001) conducted a resource 
assessment of Lindo Channel (Sandy Gulch) and determined that formal 
instream gravel mining operations were conducted by several entities, including 
the Butte County Public Works Department, Baldwin Contracting (previously 
Butte Creek Rock), Teichert Land Company, and a consortium of contractors 
known as Graff, Vickory, Dubach, Wenchel & Schmall.  The formal mining 
operations were generally located in the reach of stream between Longfellow 
Avenue and Manzanita Avenue, which includes the proposed project site.  
According to Stuart Edell, Butte County Public Works, gravel mining was popular 
in this stretch because the bed material is self-sorted by the stream, so that the 
most-useful gravel was deposited in that reach (Edell, personal communication, 
April 2001, as cited in City of Chico, Park Department, 2001).  

                                                 
2  Recent research (City of Chico, Park Department, 2001) suggests that Big 
Chico Creek was the main channel, with Lindo Channel receiving overflows. 
3  Instream gravel mining involves the physical removal of gravel from the 
streambed utilizing heavy equipment.  These deposits are particularly desirable 
as aggregate because river transport eliminates weak materials by abrasion and 
attrition and the resulting deposits are of high quality:  durable, rounded, well-
sorted, and relatively free of interstitial clay (Kondolf and Swanson, 1993). 
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2) Mining On-Site 
Site investigation work performed by Metcalf and Eddy (1993) suggests 

that from the 1930s or early 1940s until 1963 or 1964 the site was utilized by a 
commercial aggregate producer and processor (Butte Creek Rock Company) as 
a commercial aggregate quarry.  The results of the quarrying are obvious in that 
the majority of the site is at least 5 or more feet lower than land surrounding the 
site.4  This has moved the land surface closer to the seasonal groundwater 
surface, and several wetland areas have formed as a result.  For instance, 
Metcalf and Eddy (1993) noted that their review of a 1962 aerial photograph of 
the site shows a pond present in the southeastern corner of the site.  While the 
pond contained water, the late-June photograph depicted a dry Lindo Channel 
with no visible flow.  This pond likely is the source of the small wetland currently 
located in that area. 

According to interviews conducted as part of the City’s 2001 resource 
assessment of Lindo Channel, Teichert harvested gravel on the site from the late 
1950s to the late 1960s.  The quantity of extraction was not clearly documented 
or determined.  Of specific note, the City resource assessment states that “The 
site had rock-crushing capabilities and a hot batch mix plant. Teichert provided 
varying sizes of aggregate, as well as asphalt, for local jobs (Alldredge, personal 
communication, May 2001)”, (City of Chico, Park Department, 2001; page 2-7).  
Our review of two 1965 aerial photographs (January and July 1965) indicates 
that, by 1965, the lateral extent of channel encroachment (seen as stock piles 
and a haul road pushed into the channel, controlling its southward migration and 
access to the floodplain) was roughly coincident with its current extent.  Two 
larger excavations—one in the northwest corner, the other in the southeastern 
corner—are visible.  The former is dry and includes a large pile of cobble; the 
later is full of water.  Channel modifications upstream of the site—in the form of 
gravel extraction down the center thalweg of the channel, likely to both obtain 
aggregate material and constrain flood flows and channel migration—are clearly 
evident. 

While it is uncertain which exact entity (Butte Creek Rock or Teichert) was 
performing activities on site during the period from 1950 through 1963/1964—or 
even until 1993 when Teichert Land Company (the owner of the site during that 
time) sold the parcel to the City of Chico—it is clear that major aggregate 
processing and production, likely including an asphalt hot patch plant, was 
conducted on site for several decades.   Evidence to suggest that asphalt 
production was a major element of the site is also supported by findings of large 
areas of asphalt paving during our site reconnaissance (see Section 3 of this 
report). 

                                                 
4  The exception to this is the north side of the parcel where the currently-active 
Lindo Channel is lower than the upland portion of the site. 
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C. Existing Conditions: Eco-Hydrology and 
Geomorphology with the Flood Control Project5 

1) The Corps’ Flood Control Project 
In 1965, in response to increased urbanization and calls to eliminate the 

nearly yearly flooding of downtown Chico by Big Chico Creek (BCC), the U. S. 
Army Corps of Engineers (USACE) completed the Chico, Mud, and Sandy Gulch 
Channel Improvement and Levee Construction Project as part of the Sacramento 
River and Major and Minor Tributaries Project.  This project is currently in 
operation and substantially effects Lindo Channel. 

Located within the Five-Mile Recreation Area, the flood control system 
consists of gated dam structures, an overflow weir, and a stilling basin.  
Structures are located at the head of Big Chico Creek, near the head of Lindo 
Channel, and a weir at the head of the Sycamore Diversion Channel, an artificial 
flood control channel constructed to shunt flows in excess of the desired 
capacities of BCC and Lindo Channel into the “south branch” of Sycamore 
Creek.6  

Simply stated, the flood control system is designed to create a pool in the 
stilling basin, thereby metering controlled discharge into BCC and Lindo Channel.  
During times of low flow, all water runs through BCC.  At times of flows higher 
than 1,500 cubic feet per second (cfs), water backs up behind the structure on 
BCC, fills the stilling basin, and feeds into Lindo Channel.  At still higher flows, 
the structure at Lindo Channel limits discharge down that channel to a design 
capacity of 6,000 cfs, and water stage in the stilling basin increases, flowing over 
the concrete weir into the Sycamore Creek Diversion Channel.  During high 
flows, water may overtop the weir and flow north in the diversion channel to the 
“south branch” of Sycamore Creek.  Thus, flows in Lindo Channel are “flashier” 
than those in BCC, cutting off to essentially zero once flows no longer spill from 
the stilling basin into the channel.  During summer months, there is little or no 
flow in Lindo Channel.   

2) Flood Control Maintenance and Effects on Lindo Channel 
The purpose of the flood control project was, and remains, to carry 

potentially damaging peak flood flows around the central portion of the City of 
Chico.  The flood control structures are operated and maintained by Butte County 
in conjunction with the California Department of Water Resources (DWR). 

During high flow periods, BCC leaves its relatively narrow foothill canyon 
carrying substantial bedload.  When the stream encounters the relatively broad, 
lower-gradient stilling basin, the bedload-mobilizing capacity is significantly 

                                                 
5  Portions of this section are adapted and excerpted from City of Chico, Park 
Department, 2001. 
6  A tributary to Sycamore Creek, a separate stream system located on the north 
side of the Chico alluvial fan. 
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reduced, causing deposition of sediment just upstream of the Five-Mile Area flow 
control structures.   

Historically, in an effort to maintain flood conveyance, about every 3 years 
the gravel bar that formed at the bifurcation of Big Chico and Lindo Channel 
(within the stilling basin) was removed, or the channel reshaped to maintain 
“proper flow” (EIP, 2000, as cited in City of Chico, Park Department, 2001).  
According to Butte County’s former Public Works Director, Jim Schultz, from the 
1960s through the 1970s, after water levels receded, Lindo Channel between 
Manzanita Avenue and Longfellow Avenue (which includes the reach by the 
project site) was cleared of large woody debris and the channel was 
straightened, flattened, and recontoured (Schultz, personal communication, April 
2001, as cited in City of Chico, Park Department, 2001).  This yearly clearing was 
performed to maximize water conveyance and ensure stream capacity.  In 
addition, Schultz maintains that prior to the formal 1965 flood control 
improvements, Lindo Channel between Manzanita Avenue and Longfellow 
Avenue was dragged with scrapers to straighten and flatten the channel.  
Informal levees were also “pushed up”, giving this portion of the stream the 
configuration it has today (Schultz, personal communication, April 2001, as cited 
in City of Chico, Park Department, 2001).  As a result, much of Lindo Channel’s 
current configuration, including the raised banks in the upper channel, is a 
reflection of the early instream work conducted by the Butte County Public Works 
Department during these two decades. 

The Big Chico Creek Existing Conditions Report (BCCWA, 2006) provided 
the following description of the reach immediately upstream and through the 
project area (referred to as the "Madrone reach”), based on work completed 
during the 1998 field season:  “Lindo Creek is a relatively flat, meandering gravel 
stream (a C4c [in the Rosgen Stream Classification system]), in the upper part of 
the reach, because of the floodplain.  The stream changes to a B4c stream, a 
straighter (less meandering) stream, where old tailing [sic] piles restrict its ability 
to flow over the area by the 1st St. and Verbena open space.  The streamside 
floodplain changes in width from 123 meters near Madrone (bike bridge) to 33.7 
meters near Verbena [the project site].  The channel narrows as well.” 

In summary, because of flood control operations (which quickly shunt 
large volumes of water into Lindo Channel—potentially with less bedload 
because of deposition in the stilling basin), as well as the aforementioned 
maintenance activities and gravel mining effects, Lindo Channel is now deeper, 
more confined, and in terms of channel complexity,7 simplified, compared to pre-
disturbance conditions.  Hence, controlled flood flows metered into Lindo 
Channel from the flood control project are contained within a relatively narrow 
                                                 
7  Channel complexity refers to the amount or degree to which a stream channel 
includes heterogeneous bank configurations (undercuts, slumps, point bars), 
large woody debris, mid-channel bars, and a good mix of pools, riffles, and runs.  
A channel containing many of these features would be said to have “high channel 
complexity”; a trapezoidal channel with no vegetation would be said to have “low 
channel complexity.” 
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channel.  In the project area, flood flow velocities and depths are relatively high 
and the channel is constricted.  This is quite different from pre-disturbance 
conditions where flood flows were able to disperse, providing ecological benefits 
to fish and wildlife. 

Only in the reach downstream of the Madrone Avenue bike bridge8 to the 
upstream edge of the project area are there any side and overflow channels.  
These channels disperse flow across the floodplain, allowing for fine sediment 
deposition.  Prior to human alteration, this occurred across a much broader 
portion of the alluvial fan.   

3. Site Reconnaissance and Disturbance Assessment 
On Tuesday, April 11, 2006, and Monday, April 17, 2006, Berger staff 

walked and reviewed the proposed project site with members of the City’s 
consultant team for the project.  On both days, flows in Lindo Channel (which is 
ungaged) were substantial—more than 350 cfs—but still below bankfull.  
Noteworthy is that these site visits follow one of the coolest and rainiest spring 
seasons on record.9  On April 27, 2006, Berger staff completed 4 informal test 
pits (to groundwater) within the floodplain excavation area (on the high terrace), 
and another informal test pit (to a depth of 6 feet) in the area of asphalt paving.  
One or more samples were collected from each pit, providing representative 
samples for later textural analysis to assist project design.  Preliminary, 
descriptive information derived from these test pits is interspersed with our site 
reconnaissance observations presented here. 

Immediately upon viewing the site from the southwestern corner (Figure 3) 
it was apparent that the site has been heavily disturbed and over-excavated.  
Generally, the entire site sits some 5 or more feet below the surrounding land.  
The main exception to this is an approximately 40-foot wide swath of asphalt 
paving adjacent to the western edge of the site, which is near the same elevation 
as homes to the west.  The other exception is the large high terrace/fill area near 
the channel, described later in this section.  Test pit information suggests that the 
soil under the 40-foot wide swath of asphalt paving is a brown sandy loam or silty 
sand (depending on depth) with 20 to 40% gravel and/or cobble. 

In roughly the northwestern corner of the site, just east of the pavement, is 
a seasonal wetland10 (Photo 1, Appendix B) and cobble pile (Figure 3) that 
appear to occupy the same gravel pit as seen in the 1965 aerial photograph.  
This area seems to harbor the most vegetation per unit area of the entire site.  In 
the extreme northwestern corner of the site is a storm drain outfall.  A small (less 
than 1-foot wide) discontinuous channel leads from the outfall toward Lindo 
Channel.  The area is vegetated with grasses.  

                                                 
8 The bike bridge is located approximately 800 feet upstream of the project site. 
9  In Chico, rainfall was recorded nearly everyday in March 2006.  In this same 
month, snow fell as low as just a few hundred vertical feet above the site.  
10  This wetland was evidently surveyed and found to be a jurisdictional wetland 
(Gallaway Consulting, 2006). 
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The asphalt-paved “high ground” along the western portion of the site 
turns hard to the east and narrows near the stream channel.  Here, the pavement 
ends and transitions to what appears to be a small haul road that leads to the 
“high terrace” (Figure 3) located just south of the channel in the middle of the 
site.  Just to the north and within the active channel/floodplain of Lindo Channel 
lie the remnants of a larger, paved haul road.11  A rusted corrugated metal pipe 
(CMP) approximately 48 inches in diameter, leading from the existing wetland to 
the area of the larger, paved haul road, passes under the narrowest point in the 
“high ground” (Figure 3 and Photo 2).  We presume that this culvert was installed 
to drain hyporheic and groundwater from the gravel pit subsequent to the wet 
season to enable work in the pit.  At the time of our visits, water in the wetland 
was below the invert of the culvert; however, members of the City’s consultant 
team for this project have anecdotally accounted that water from the stream 
channel has occupied portions of the area shown in Photo 2 and backwatered 
into the wetland. 

Out on the high terrace (Figure 3) we observed several piles of sorted 
sediment (one loam, several of coarse sands and gravels), a large pile of clean-
washed and sorted cobble, as well as a pile of hardened asphalt.  Running east 
from the terrace is a low, narrow berm that appears to have been placed to 
restrict overflow from Lindo Channel into the site.  The southern edge of this 
berm is roughly in line with the southern edge of the terrace area, and both are 
flanked with a slight depression at the toe of their side slopes.  This depression 
has formed a seasonal wetland area adjacent to the terrace; however, none is 
present adjacent to the berm. 

The terrace area (Figure 3 and Photos 3 & 4), located some 6 to 10 feet 
higher than the stream channel and at least 6 feet higher than the upland 
portions of the site to the south, is comprised of well-drained material.  We 
surmise this based on the observation of large concrete chunks emanating from 
the base of this terrace area; test pits which yielded silty sands, gravel and 
cobble (for the test pit located closest to the center of the terrace); and the fact 
that the southern side slopes of the terrace are comprised of sandy gravels.  In 
addition, there is a marked scarcity of vegetation on the terrace (and berm) 
compared to the wetland and floodplain areas, despite the lateral proximity of the 
terrace and berm to the stream channel and wetlands. 

The floodplain to the north of the high terrace is largely non-functional (too 
high to be accessed by the limited flows entering Lindo Channel) and constricted 
by fill and the asphalt-paved haul road (Photo 5).  The narrowest part of the 
floodplain through the site is right in the middle (east to west), where the 
floodplain is less than 70 feet wide, with the active channel taking up most of that 
width.  The widest area of channel/floodplain on site is the upstream-most end of 
                                                 
11  This haul road appears to be a paved version of the large haul road that flanks 
the active channel in the 1965 aerial photograph.  While some sediment has 
been deposited on the road surface and portions of the roadway have been 
eroded, the alignment strongly suggests it is the same road, running along the 
channel through nearly the entire site. 
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the site, where the floodplain is about 160 feet wide; the downstream end is the 
second widest at about 140 feet.  At the extreme upstream end of the site we 
observed a side channel with evidence of recent erosion on the left (south) bank 
of Lindo Channel.  According to others on the City’s consultant team, the channel 
was not there in the fall of 2005.  Test pits along the northern margin of the high 
terrace (closest to the existing narrow floodplain) yielded mixed results, indicating 
the dumping of fill material on that area: one pit yielded sand with gravel and 
cobble; another yielded the same, except with an angular pocket of loamier 
soils—clearly indicating a scoop of fill; the third pit yielded a sandy silt with 
gravel, cobble, and lenses of sorted “pea gravel”—another indication of dumped 
material.  

Using the coarse topographic surveys included in the City of Chico’s Lindo 
Channel Master Plan, supplemented by our site reconnaissance, we prepared 
two schematic cross sections (Appendix C) of existing conditions.  Cross section 
locations (in planform) are shown on Figures 3 and 4. 

Vegetation along the channel is limited.  Shade measured on the stream 
in this reach was 4.8% in 1998 (BCCWA, 2006).  We surmise this is because of 
three key reasons: The first is scour.  The floodplain through the site constricts 
with distance downstream, opening slightly near the downstream end.  Larger 
riparian vegetation (willow, cottonwood, sycamore, etc.) that may attempt to 
establish is potentially scoured by high flows the following year.  The second is 
that the asphalt pavement—either at the surface or under a veneer of sediment—
is negating seed germination or successful growth.  In areas with a veneer of 
sediment where a tree may establish, the pavement is not allowing individual 
plants to establish the root structure needed to attain a size large enough to 
resist scour (or survive times of no flow in the channel).  The third reason is the 
heavily altered substrate.  Aerial photographs from 1965 indicate that commercial 
aggregate operations were berming coarse sediment (and building haul roads) 
adjacent to the channel to restrict its migration and protect their operations.  We 
believe this substantially disrupted the natural floodplain stratigraphy,12 creating a 
situation where the vast majority of the substrate is too coarse and/or well-
drained to support riparian vegetation.  All of the aforementioned factors have 
drastically reduced the floodplain and streamside vegetation along the south 
(site-side) of the stream through this reach.  This is particularly important relative 
to solar incidence and streamside shading.   

                                                 
12  A natural floodplain stratigraphic structure suitable for riparian colonization 
would be comprised of coarser sediments at the bottom, with layers of 
progressively finer material on top.  This sequence is typically the result of 
channel migration (leaving the coarse substrate) and subsequent overbank 
deposition of sands, silts, and clays.  These deposits can include coarse deposits 
within a finer sequence (often as a result of a side channel blowing through an 
existing floodplain or bar), but are generally conducive to vegetation colonization 
in at least a portion of the floodplain mosaic.  However, that mosaic is absent at 
this site, and instead disturbed soils (including asphalt paving) flank the slopes 
along the creek. 
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Ironically, the portions of the site furthest from the stream—which would 
typically be termed the “upland” portion of the site—are actually lower than the 
floodplain/terrace area immediately adjacent to the stream.  Despite this, we will 
refer to the lands away from the stream (roughly the southern two-thirds of the 
site) as uplands in this report—mostly because of their vegetative assemblage. 

A double-track trail (former road) runs through the center of the upland 
area, roughly bisecting it into eastern and western sections.  The trail itself is 
lower than the land to the east and west of it.  Those lands are riddled with 
broken concrete across their surface.  However, while it is not totally clear how 
deep the concrete is integrated into the soils, based on our interpretation of 1965 
and 2005 aerial photography and the site visit, we suspect that this higher ground 
is likely comprised entirely of fill material imported to the site.  This is reinforced 
by our observation of spoil material from a soil pit13 during our site visit.  Red 
Bluff formation, foreign to this site, was found in the spoil, which included 
concrete.  Based on vegetation patterns of the site (areas of star thistle, versus 
no star thistle) we surmise that imported soil varies in quality considerably across 
the upland portion of the site. 

The low trail/former road that bisects the site leads from East 1st Avenue 
to the high terrace; in so doing, it intersects the wetland area that runs along the 
southern edge of the terrace.  Because the trail is at a sufficiently low elevation, it 
appears that during times of heavy rains or high groundwater, much of the 
roadway functions as a wetland and except for some low, isolated blockages, is 
connected to the larger and deeper existing wetland to the west.  At the southern 
end of the trail (near East 1st Avenue), the inundated area expands beyond the 
low road, forming another (larger) seasonal wetland that is likely dependent on 
substantial rain or high groundwater.  It averaged more than one foot deep at the 
time of our visit.  Additionally, a storm drain outfall just north of East 1st Avenue 
disperses just east of this wetland area.   

Although we did not investigate it in detail, there is another wetland, 
located in the southeast corner of the site.  That wetland appears to be in the 
same location as the pond we identified in the 1965 aerial photograph. 

All of the wetlands were dry at the time of our test pits on April 27, 2006—
just ten days after our second site visit.  Water surface elevations in our test pits 
(all pits excavated to water were located within 150 feet of Lindo Channel) were 
surveyed to essentially the same elevation as the water surface in Lindo 
Channel.  This leads us to believe that the seasonal wetlands on site are strongly 
driven by hyporheic/groundwater conditions dictated by flows in Lindo Channel.  

                                                 
13  Shallow, informal soil pits were conducted for this project to document depth 
of asphalt and amount of scrap concrete in surface soils.  These were conducted 
by other consultants to the City, prior to Berger visiting the site, and are separate 
from those conducted on April 27, 2006. 
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4. Project Description 

A. Project Goals and Objectives 
Based on public input and the planning and investigative efforts of the City 

and its consultant team, a conceptual restoration design was formulated for the 
site.  To guide the design process, the following Project Goals and Objectives 
were developed and kept in mind during project planning: 

Goal 1: Create and restore a mosaic of natural habitats at the site. 

• Restore floodplain and riparian habitat and reinvigorate fluvial 
processes. 

• Increase the extent and quality of existing wetland habitat. 

• Restore and expand native grasslands and oak woodlands for 
the benefit of terrestrial and avian species. 

Goal 2: Control invasive species. 

• Remove existing invasive species and establish management 
procedures to control their reintroduction and spread. 

Goal 3: Provide opportunities for the Mechoopda Indian Tribe of Chico 
Rancheria to propagate vegetative species of cultural 
significance. 

Goal 4: Provide educational opportunities and interpretive information at 
the site regarding floodplains, wetlands, invasive species, 
stormwater best management practices, and a history of 
disturbance at the site relative to restoration. 

B. Summary of Proposed Actions 
Based on the Project Goals and Objectives, the following actions would 

restore and enhance the project site: 

1) Restore form and function to the left-bank floodplain of 
Lindo Channel through the project site. 

Lindo Channel is currently constricted by sediment, asphalt-paved areas, 
cobble and gravel fill, and concrete rubble.  Channel form and function will be 
reinvigorated by removing the sediment encroaching on the channel and creating 
a new floodplain that is lower and more accessible to the stream.  This work 
would be conducted using heavy earthmoving equipment, load-haul-dump 
vehicles, and/or belly scrapers, and would also include the creation of a 
secondary flow channel (side channel) through the newly constructed floodplain.  
The design of these features would be supported by a detailed topographic 
survey of the channel and hydrodynamic modeling to assist in constructing these 
features with the proper particle size distributions, channel dimensions, and 
planform configuration.  Appendix C depicts schematic, conceptual cross 
sections of proposed floodplain conditions. 
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Figure 4 illustrates the area proposed for floodplain enhancement.  
Approximately 1,100 linear feet of stream channel would benefit from increased 
channel capacity and floodplain access.  On average, the channel/floodplain 
would be increased by about 80 feet, reaching an increase in width of more than 
100 feet for about 150 feet of stream channel.  At the narrowest part of the 
existing floodplain/channel, the project would more than double the width of the 
floodway.   

As shown within Symbol #6 of Figure 4, approximately 10,000 cubic yards 
(CY) of material would be removed from the floodplain and/or re-contoured.  In 
part, sediment excavated from the floodplain would be sorted to obtain finer 
material for specific planting applications; coarser material would used to create 
the lower portions of fill for the raised trail shown as Symbol #11 in Figure 4.  
Sediment would also be placed in various topographic low areas (not specified 
on Figure 4) to enhance the “walk-ability” of the site and smooth the transition 
from existing upland areas to the small berm at the northeast corner of the site. 

Riparian plantings would accompany the channel and floodplain 
restoration.  Approximately 4,500 pole cuttings would be planted on the channel 
and side channel margins and interspersed across the floodplain within “live 
siltation14” configurations. 

2) Remove asphalt paving, concrete, and sorted material 
piles from the floodplain of Lindo Channel and 
surrounding natural area. 

Preliminary survey efforts yield an estimate of approximately 55,250 
square feet (1.26 acres) of asphalt paved surfaces (averaging a depth of 4 
inches; Symbol #2 in Figure 4) on the site.  In some areas, this material is simply 
unsightly and negates vegetation growth.  In the floodplain and channel, the 
paving inhibits natural channel functions such as erosion, channel migration, and 
riparian recruitment and succession, locking the channel in place.15  The asphalt 
also releases hydrocarbons as it deteriorates.  Removal and relocation of these 
materials will allow for natural bank erosion and sediment transport, remove a 
source of water quality contamination, and improve the aesthetic qualities of the 
                                                 
14  Live siltation is a revegetation technique that can be used to secure the toe of 
a slope, trap sediment, and/or create fish rearing habitat.  This technique 
involves constructing a living brushy system at the water's edge or across the 
floodplain.  A V-shaped trench is excavated above the ordinary high water level, 
with hand tools or a backhoe.  A thick layer of willow branches (8 to 10 inches 
before compaction) is placed in the trench so that 1/3 or less of the length of the 
branches are above the trench and the branches angle out toward the stream.  In 
this project, larger pole cuttings would be included as well, and the alignment of 
the trench would be across the floodplain, perpendicular to the direction of flow.  
This technique is particularly valuable for providing immediate shade while other 
revegetation plantings become established.  
15  For example, much of the low-water channel/thalweg is still in the same 
location as shown in 1965 aerial photographs. 
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site.  Asphalt paving would be removed with heavy earthmoving equipment and 
transferred by truck from the site for crushing and reprocessing as either road 
base (for lower-quality material) or new asphalt (higher-quality material).  This 
asphalt material is the only material to be transported off site; all other material is 
estimated to be relocated with cut and fill match.  Preliminary, informal soil pits 
conducted in the large asphalt-paved area on the western edge of the site 
indicate that the underlying soil is of relatively good quality.  However, those test 
pits included a large percentage of cobbles (from 40 to 60%, by weight) in much 
of the 6 feet we excavated.  A portion of this soil could be skimmed from this area 
for use in amending soils in the plantings of the wetland and raised trail areas, 
but it would likely require some processing (screening) to remove the cobble. 

Any concrete rubble encountered in floodplain excavations or re-
contouring will be incorporated as fill into the base layer of raised trails 
throughout the site.  Additionally, approximately 75,000 square feet of ground in 
roughly the southwest corner of the site (between the proposed trail on the east, 
the existing asphalt to the west, the existing wetlands to the north, and East 1st 
Avenue to the south) would be scraped to consolidate the extensive concrete 
chunks on the soil surface into the base layer of the raised trail.  This work would 
be accomplished with bulldozers and/or a grader; truck haul is not anticipated. 

One large pile of cobble (Symbol #4 in Figure 4) would remain on site to 
serve as an interpretive reminder of the site’s land-use history, and also serve 
the strategic purpose of mitigating potential channel migration into the pedestrian 
bridge and wetland complex.  This protective measure also supports the fact that 
totally unbridled channel migration cannot be allowed to occur on the site 
because of potential danger to downstream homes.  We discuss channel 
migration issues further in Section 6b of this report.  

Approximately 500 CY of cobble and pre-sorted material located in 
existing piles (Symbol #3 and Symbol #5 in Figure 4) would be relocated and 
used on site for trail construction and wetland enhancement. 

3) Create a backwater area in Lindo Channel that, during 
times of higher stream stage, connects to existing 
seasonally inundated wetlands. 

This element of the project (located in the area of Symbol #7 in Figure 4) 
would provide a more-frequent and controlled linkage between the existing 
wetland and Lindo Channel while increasing high-velocity refugia within Lindo 
Channel.  Final designs are to be completed as a part of the project itself; 
however, it is currently envisioned that the lower end of the to-be-constructed 
side channel will flow into a backwater area designed to function as a velocity 
refuge for smaller, likely juvenile fish during times of higher flows.  During times 
of higher flow, this backwater area would connect to the existing wetland.  The 
existing CMP and the berm at that location would be removed to create an 
opening approximately 16 feet wide.  The crest elevation of this new opening 
between the wetland and the channel would be at the same elevation as the 
existing culvert invert elevation. 
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4) Install clear span bridges over wetlands and backwater 
area to enable trail access without creating any 
constriction on floodplain or wetland processes. 

To mitigate for the loss of the existing user-defined trail running over the 
CMP without placing fill in the channel, a pre-fabricated clear-span bridge with a 
20 foot length would be installed (western Symbol #8 in Figure 4).  The same 
type of bridge would also be installed to link the proposed trail (Symbol #11 in 
Figure 4) with the high terrace interpretive area (eastern Symbol #8 in Figure 4). 

5) Expand and improve the quality of the existing seasonally 
inundated wetlands; relocate cobble pile. 

The existing wetlands (Figure 4) contain concrete rubble, a cobble pile, 
occasional pieces of rusted metal, and minor numbers of invasive species.  
Furthermore, because the site is not naturally formed (it is a gravel pit where 
vegetation has established), the topography of this wetland undulates and 
includes irregularities (small berms, cobble piles, etc.) that, as stage in the 
wetlands recedes, could function to trap fish that entered the site at higher flows.   

Clearing cobble and debris and re-contouring the existing wetlands would 
be completed using heavy earthmoving equipment.  These actions would 
improve the ecological function and aesthetic value of the wetlands.   

Additionally, the existing low area just to the east of this wetland and the 
low road bisecting the site would be excavated, expanding and connecting this 
area to the large existing wetland with minimal grading (an estimated 925 CY).  
The existing wetland area that merges with the low trail/road (near East 1st 
Avenue) would also be excavated and enhanced.  This work would create a 480-
foot-long (approximately 51,500 square feet) low wetland swale that is 
envisioned to increase the ecological complexity of the site, enhancing the 
mosaic of habitats on the site.  These proposed actions would almost exactly 
double the amount of wetlands on site with relatively minimal excavation. 

6) Construct pedestrian trails to enhance site access. 
An important aspect of the “cut and fill match” for the site is the 

construction of the raised pedestrian trail (symbol #11 in Figure 4).  This 4-foot 
wide, crushed basalt-topped trail will cross ground that currently is riddled with 
concrete fragments.  These fragments, along with any culled from the wetlands 
and/or floodplain will form the base layer of the trail.  Relatively-finer floodplain 
material will comprise the next level of fill, with the finest available material 
topping the side slopes of the raised trail.  The raised trail would connect with 
other trails to be constructed on site. 

7) Provide plantings and bio-engineered improvements for 
existing storm drains.  

The two storm drains outfalls (Symbol #1 in Figure 4) that enter the site 
would be treated with vegetative plantings to slow and treat runoff.  The north 
eastern storm drain would be treated only with plantings and would be 
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coordinated with the floodplain restoration plantings. The outfall nearest East 1st 
Avenue would be treated with the installation of a bioswale and a unit to remove 
floatable materials (oils and plastics).  This bioswale would increase infiltration, 
reduce the potential for standing water on site in summer months (to reduce 
potential for mosquito breeding), and serve as an additional project element for 
interpretation and demonstration of best management practices. 

Bioswales have hydrologic, chemical, and biological functions, are a 
means of controlling runoff, and have the potential to improve water quality and 
aesthetics of the project site.  The bioswale would consist of a low-gradient, 
vegetated swale system with an infiltration trench designed to retain and 
temporarily store stormwater.  It would contain a sub-drain consisting of 
appropriate-sized gravels obtained on-site.  The bioswale would be planted with 
native grasses and forbs to create a dense cover of vegetation through which all 
surface runoff would flow.  The bioswale would decrease the speed of flows, 
acting as a stormwater detention facility, and allowing suspended solids to settle 
out.  Above-ground vegetation filters particulates and their associated pollutants 
as runoff passes slowly and evenly through the channel.  The pollutants are then 
incorporated into the soil where they may be immobilized and/or decomposed by 
plants and microbes.   

8) Plant native vegetation and protect sensitive areas with 
bio-engineered erosion control measures. 

Areas disturbed by excavations and earthmoving would be restored with 
appropriate native vegetation ranging from native grasses to oaks and riparian 
trees.  The stream corridor would be planted with riparian species in a 
configuration16 to mimic the riparian succession that would have occurred were 
the asphalt and fill not present in the channel.  Live siltation (described earlier) 
would be used, among other potential bioengineered techniques, to stabilize 
areas disturbed with project activities.   

Additional plantings would enhance the trail corridors and upland areas.  
Upland grass plantings would be of a mixture of Meadow Barley (25%), Purple 
Needlegreass (25%), Creeping Wildrye (20%), Slender Wheatgrass (20%), and 
Blue Wildrye (10%), installed with a seed drill at the rate of 16 pounds/acre over 
an estimated 10 acre area.  A mixture of wildflowers (native species mix and 
application rate to be determined) would also be seeded on site.  Herbicide 
application would be used to control weeds.  Wetland plantings would include 
Meadow Barley (50%), Creeping Wildrye (40%), and Blue Wildrye (10%) 
installed with a seed drill at the rate of 16 pounds/acre over an estimated 5-acre 
area.  Wetland plantings would also include plugs and Santa Barbara sedge on 
the fringe of the wetland area, with pole cuttings of willow and cottonwood on the 
perimeter.  Additionally, 18 street trees (15-gallon size) would be planted along 
                                                 
16  Generically, this might include willows near the active channel, with 
sycamores and cottonwoods farther and higher from the channel; Valley Oaks 
would be planted farthest away.  Site-specific conditions will ultimately determine 
planting designs. 
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East 1st Avenue, along with at least 150 seedling trees and 125 shrub plantings 
(“T” pots) across the site to improve the aesthetic nature of the site, create 
shade, and improve the habitat mosaic. 

The needs of the Mechoopda Indian Tribe relative to opportunities to 
propagate and maintain vegetative species of cultural significance would be 
incorporated in the final planting design.  Because culturally significant species 
are native to this ecosystem, integration into the site design is anticipated to be 
relatively easy and successful.    

9) Create the “high terrace” interpretive area and 
interpretive panels at key locations on the site. 

The high terrace area in the middle of the site provides a good overview of 
Lindo Channel and much of the southeastern portion of the site.  Included at this 
location would be an interpretive display highlighting the history of disturbance at 
the site relative to restoration (reference will be made to the remnant cobble pile 
that is to be retained) and floodplains—their form, function, and role in 
maintaining water quality.  Additional panels would explain the role of wetlands in 
maintaining water quality and providing habitat, describe native and invasive 
species, mention species that are culturally significant to the Mechoopda Indians 
and highlight stormwater best management practices and describe the bioswale. 

5. Feasibility Assessment 
Based on our assessment of the previously described project, we have not 

identified any fatal flaws and find the project to be technically feasible from the 
perspectives of design and construction.  Potential difficulties related to design 
and constructability are outlined in the following section, Conceptual Design 
Review.  An assessment of the economic feasibility of the project is beyond the 
scope of this report and involves balancing project elements with grant funding 
limitations.  

6. Conceptual Design Review 
While we find the project technically feasible, there are numerous aspects 

of the conceptual project designs that could face regulatory hurdles and potential 
third-party concerns, and there are both merits and potential difficulties of 
designing and implementing the project.   

A. Regulatory Considerations 
Table 1 shows agencies that have review and approval authority for the 

project (and the applicable regulations). 
Table 1. Regulatory Agencies 
Agency Applicable Regulations 
U.S. Army Corps of Engineers • Nationwide Permit 
U.S. Fish and Wildlife Service  • Biological Opinion, or Concurrence 

of Not Likely to Adversely Effect, 
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Agency Applicable Regulations 
through Section 7 (ESA) 
Consultation 

Regional Water Quality Control 
Board (RWQCB), Central Valley 
Region  

• Construction Storm-water Permit 
• Water Quality Certificate (pursuant to 

Section 401 of the Clean Water Act) 
California Department of Fish and 
Game  

• Streambed Alteration Agreement, 
1600 Permit 

California Reclamation Board • Encroachment Permit 
City of Chico • Grading Permit 
Butte County • Grading Permit 
Butte County Air Quality 
Management District 

• Approval of Construction Emission/ 
Dust Control Plan 

• Spill Prevention Control and 
Countermeasure Plan  

 
There are two important regulatory considerations in the final design of 

this project:  fish stranding and modification of jurisdictional wetlands.  Identifying 
the potential for fish stranding involves an analysis of the timing and magnitude 
of flood events, the physical conditions at the site, and the life history and 
behavior of the species.  For this project, portions of two of these three variables 
are under the control of project design.  The frequency of flow into the wetland 
area can be controlled based on configuration of the channel inlet (i.e., only the 
larger, less-frequent flows with higher instream velocities that can stress juvenile 
fish would be allowed to enter the inundated floodplain area), and the physical 
conditions of the wetland area can be controlled such that (1) there are no 
topographic “traps” in the inundated floodplain area, and (2) the site is contoured 
such that it drains with the receding limb of the hydrograph, encouraging juvenile 
fish to move back to the main channel.  Preliminary discussions with Howard 
Brown (NOAA Fisheries) indicate that the conceptual design envisioned at this 
time would satisfy the concerns of NOAA Fisheries related to stranding.  Jenny 
Marr, environmental specialist with the California Department of Fish and Game, 
is also agreeable to the conceptual designs. 

No wetland filling is proposed, so there would be no actual loss of existing 
wetlands.  While proposed work/disturbance would trigger the need for 
consultation and a nationwide permit from the USACE, mitigation for the 
disturbance of existing wetlands is anticipated to be met through the creation of 
over 50,000 square feet of new wetlands on site—essentially doubling the size of 
existing wetlands.     

In addition, a biological assessment (BA) may need to be prepared in 
accordance with the legal requirements set forth under Section 7 of the 
Endangered Species Act (16 U.S.C. 1536 (c)) for the following species:  Valley 
Elderberry Longhorn Beetle (Desmocerus californicus dimorphus) (threatened); 
Central Valley spring-run chinook salmon (Oncorhnchus tshawytscha) 
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(threatened); Central Valley steelhead (Oncorhynchus mykiss); and Central 
Valley fall/late fall-run chinook salmon (Oncorhnchus tshawytscha) (candidate).  

B. Potential Third-Party Concerns 
Residential neighborhoods are located upstream, downstream, and across 

Lindo Channel from the project site.  During public outreach for the project, it was 
made clear that flooding and erosion of property are important issues for 
neighbors of the site.  With active channel erosion at the upstream end of the site 
trending toward the adjacent property corner, that concern may be relevant 
whether or not the project occurs.  Fortuitously, solutions to such concerns could 
actually be integrated into the designs for the upstream end of the floodplain 
restoration.  As such, we envision that the proposed project would not result in 
increased risk of erosion or flooding and instead may be able to decrease these 
risks, as well as promote sediment deposition on the restored floodplain. 

An additional concern for landowners downstream of the site is that Lindo 
Channel and/or the side channel could migrate toward homes downstream of the 
site.  Because site modifications still leave substantial “high ground”—at existing 
elevations—on the left bank of the stream, as well as increase floodway capacity 
which would decrease flood stage and velocities, the potential for southward 
channel migration to threaten these homes is minimal. 

Another potential third-party concern could be that, because of the 
connection of the flow-through channel to the wetland, Lindo Channel might 
drastically change course and flow through the project area.  Such a 
phenomenon is essentially impossible because, while water at high stage could 
back its way into the wetland leading south toward East 1st Avenue, this wetland 
area is still higher than the channel invert immediately downstream of the flow-
through so there is no physical reason or “advantage” for the channel to begin 
flowing into the site.  Instead, flood flows would continue downstream, and the 
wetland area would receive temporary increases in inundation but no flood 
velocity. 

Finally, a potential third-party concern could be the influence of floodplain 
alteration on changes in flood capacity.  Because the floodplain fill on site is 
currently a narrow “choke point” on Lindo Channel, the proposed project 
alterations of the channel and floodplain would create substantial cross-sectional 
area available for flood flow conveyance, benefiting flood capacity. 

C. Key Benefits and Design Difficulties 
Our review of the conceptual designs leads us to find that the proposed 

project would have considerable benefits.  The project would restore the channel 
and floodplain of Lindo Channel at one of the only remaining suitable locations in 
the Chico urban area.  This would benefit system flood capacity, allow for 
sediment deposition on the floodplain, and offer opportunities for juvenile fish to 
escape higher velocities in the side channel and backwater area.  The use of 
inundated floodplains as rearing habitat for juvenile fish has received increased 
attention of late and for good reason—growth rates and health of salmonids 
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appear to be increased as compared to similar fish in the mainstem of the river 
(Sommer et al., 2001; 2000).  Floodplains provide a selective advantage to native 
fish because of seasonal food availability, refuge from predators, and refuge from 
faster flows. Providing access to the floodplain while reducing entrapment risks 
clearly benefits native species. 

Wetlands on site would essentially be doubled, and riparian forest 
establishment along the stream would be jump-started, succession enabled, and 
the total area substantially increased.  Floodplain and water’s edge vegetation 
along the south (site-side) of the stream through this reach is currently limited by 
the asphalt paving.  Stream shading is anticipated to substantially increase (by 
over an order of magnitude).  Increased stream shading would be an important 
benefit for this south-bank project, greatly reducing the solar inputs to the 
channel once trees begin to mature.  Combining restoration plantings with the 
reconnection of the floodplain will improve the habitat potential of the site and 
increase the habitat mosaic.   

Conceptually, the project works well to find efficiencies: for example it 
makes strategic use of materials found on site, using concrete to foot the 
elevated trails and expanding wetlands to 200% of existing extent by simply 
converting the road area to wetland with minimal grading.  Additionally, the 
floodplain excavation works well to integrate existing features such as the side 
channel at the upstream end of the site and the cobble pile to limit any 
potentially-adverse southward channel migration. 

Difficulties at the site are predominantly related to soils.  While formal soil 
pits (particularly in the areas of existing and proposed seasonal wetlands) would 
need to be an integral part of final designs, it is clear from our reconnaissance 
that essentially all topsoil at the site has been removed and/or disturbed.  The 
remaining soils are dominated by well-drained stream alluvium with little finer 
constituents such as loam or clay.  As a result, encouraging the growth of 
desirable native vegetation in certain areas of the site could be quite challenging 
without extensive irrigation.  Based on reconnaissance in a very wet year (a year 
highly conducive to growth), vegetation is some areas is still sparse, stunted, or 
almost nonexistent.  Additionally, water levels in the existing seasonal wetland 
areas appear to be linked to stage in Lindo Channel.  We are therefore 
suspicious that in some areas extensive mortality is likely without soil 
amendments, carefully-informed sorting and layering of soils from on-site, at 
least a season of irrigation, or all of the above.  This fact has bearing on all 
plantings, including the wetland margins and streamside areas.  A possible 
exception is the eastern grassland portion of the site which supports abundant 
star thistle and some native grasses.  This, as well as preliminary test pit 
information suggests relatively-better soils in this area.  With a major aspect of 
the project being the restoration and enhancement of native vegetation (and 
creation of shade to attain other ecological goals), we find that this aspect of 
project design is quite important—far more so than for a similar site in an 
undisturbed location. 

An additional difficulty is that Lindo Channel is an intermittent distributary 
of Big Chico Creek and therefore does not typically have summer flow.  This 
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presents a potential problem in that the establishment of riparian vegetation 
along the channel and floodplain (vegetation that in a perennial stream would 
typically exploit hyporheic water from the channel’s edge or floodplain) may be 
difficult without extensive irrigation once flow in the channel is gone.  Although 
our observed linkage of groundwater levels to stream stage (via test pit 
observations and surveying) is preliminary, the intermittent nature of flow in Lindo 
Channel will likely limit the length of inundation within proposed wetlands. 

7. Data Gaps and Additional Data Needs 
1. High-resolution topography of the entire site is a data gap.  New 

surveys should emphasize Lindo Channel (from downstream of the 
project site to upstream of the bike bridge17) and the floodplain, as well 
as the proposed wetland expansion areas, areas for potential fill 
placement and smoothing, and the trail alignment.  

2. More-detailed information (texture, permeability, and soil moisture 
holding capacity) on disturbed native and imported soils at the site is a 
data gap.  Such information will be required to gain a greater 
understanding of soil properties and their relation to shallow 
groundwater so as to propose wetland and planting designs that meet 
the ecological goals of the project. 

3. Shallow groundwater data is a data gap.  Installation of piezometers at 
the time the test pits are excavated would be time-efficient and would 
enable a greater understanding of existing wetland hydrology and 
could later function as an educational element of the project. 

4. The project will benefit greatly in its design by the use of hydrodynamic 
modeling as a tool to assist in the proper design of channel and 
floodplain elements to achieve the project’s ecological goals for the 
channel, floodplain, and connected wetland areas. 
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