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and is more in balance with upstream reaches. Once a
backwater analysis of the proposal is completed the
performance and design can be refined for both sediment
transport at the lower range of flows and erosion at the higher
flood flows.

CONTROL OF CHANNEL GENERAL EROSION OR
SEDIMENTATION

The major problem in this project for hydraulic capacity, flood
hazard, aesthetics, and maintenance is caused by sedimentation.
The proposed improvements of the trickle channel, street
crossing, headwall and transition structures, and the low water
crossing will reduce sedimentation. Because of the lowered and

' steeper profile a drop in water surface and thus flood hazard is

anticipated, although we do not anticipate a major change (e.g.,
0.3 to 0.8 foot drop in water surface). Once the basic
configuration is adopted by Westminster and UDFCD we will
complete a detailed HEC-2 water surface profile computer
model that will provide a refined estimate and allow the designs
to be refined at more problematic areas.

The nominal slope of the design invert of the trickle channel is
0.5%. There are also small drops and transitions at three
locations:

Below 112th. The drop here provides for a transition,
allows for better culvert drainage, and provides for
concentration of trickle flows to minimize sedimentation
in the transition, yet provide cross section for energy
dissipation at flood flows. A hardened bottom (paving
stones and/or grouted rock) will be used to protect from
scour at flood flows, yet keep low flows moving to
avoid sedimentation. Due to limited space and large
differentials, retaining structures are used, probably a
combination of stone and stacked, possibly grouted,
rocks are used. Plantings will be incorporated to
dissipate energy and provide for good appearance.

At the low water crossing. There is a small drop here to
provide for maximum conveyance at this constriction
and design flexibility considering finalization of
alignment, utilities, and other facility requirements
Smooth transition low flow walls and culvert wmg walls
are called for to maximize conveyance and minimize
sedimentation.

At the entrance transition to the Eaton Street culvert.
The trickle channel at small flow depths (e.g., 6 inches)
is a rectangular section. Downstream the culvert is
semicircular. If the same trickle slope (0.5%) is used
the pipe geometry will cause back water and thus
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sedimentation. To mitigate this a steeper slope is used
to gain a vertical transition of 4 to 6 inches relative to
the hydraulic profile. Also the upstream trickle channel
will be forced to flow into the center culvert to avoid a
dispersed entrance into all three, which would cause
greater sediment and debris problems. In this area the
entire bottom will be hardened (e.g., paving stones) to
keep a hydraulically smooth erosion resistant surface.
Flood flow will enter the three culverts more efficiently
because of the shaped inverts, transition rock walls, and
the new headwalls.

CONTROL OF CHANNEL BANK EROSION AND
SEDIMENTATION

Presently erosion is a minor problem at structures. In the
proposed design a new, but manageable erosion potential exists
at the downstream side of the low water crossing. Erosion is
always a potential problem in any stream. In the proposed
design erosion could occur at isolated locations along the trickle
channel, particularly during construction and possibly during
major floods. The soils along a trickle channel are usually
saturated, and pending the types of plant material, soils and
local hydraulics, erosion can occur. Thus, the proposed design
calls for a zone of buried small riprap in a topsoil mixture. The
rock material should help to stabilize the wet soil and allow for

wheel loadings, while the soil should allow for good root
growth. The roots will tend to tie the rock mass together,
creating a stronger structure. The combination will be a
significant improvement. However as with any soft design,
some extra maintenance should be anticipated, such as slow
going during mowing operations and some hand trimming, and
possibly periodic (e.g., every 10 to 20 years) harvesting (e.g.,
stripping) accumulated sediments. Regrowth after stripping
should be rapid.

Bank erosion at 112th, the low water crossing, and Eaton is
provided by a combination of buried riprap, stacked stone and
grouted (and non grouted) boulder walls, stone paving, and
plant material.

CONTROL OF CHANNEL ALIGNMENT

Basic control of alignment, both horizontally and vertically, is
provided by the proposed trickle channel, particularly with its
hard smooth bottom and raised (6 inches minimum) stone or
rock edges, and further erosion protection/stabilization to an 18
inch depth. It fundamentally controls lateral movement and its
smooth surface should greatly reduce (but not eliminate) total

waterway aggradation.

The discharge alignment from the 112th culverts will be

13



TEA
Hydrologic and Hydraulic Engineering
Preliminary Design Memorandum

straightened to minimize local erosion effects. There will be an
attractive curve downstream to transition back to the trickle
channel. The alignment near the low water crossing will be
perpendicular to the path center line, which requires proper
approach curvature of the trickle.

At Eaton Street an approach curve for the entire channel will be
added so that the flow arriving at the culverts is sent straight
into the culvert. This approach curve coupled with the
improved headwall should improve hydraulic performance and
reduce upstream sedimentation.

We would also like to suggest that the approach to the 112th
Avenue culverts be improved, which would be an addition to
the scope of this project. We believe actual hydraulic
performance is less than community expectations, and that
overtopping is possible considering hydrology. All culverts are
silted from aggradation caused by a combination of approach
hydraulic conditions, low fiow dispersed in all three culverts and
downstream siltation.

MAINTAINABILITY
As mentioned above the trickle channel proposed provides:

1. Increased tendency to self clean because of the focused,

hard, smooth bottom.
2. Decreased tendency to silt because of higher velocity.

3.  Stabilized trickle banks which better aliow for mowing
and maintenance.

4, Reduced wetness of the entire channel because of
increased vertical differential to turf surfaces.

If siltation of the trickle channel occurs, small loaders are
available which could be used to clean the bottom (e.g., Case
has a 44 inch wide unit). On the other hand, bigger equipment
is generally preferred but would require a much wider trickle.
We have proposed the 4 foot minimum width considering that
the trickle should tend to stay clean and that it would have the
best appearance and chance of effectively being covered by
trickle flows. Westminster and UDFCD should carefully
consider this aspect.

In most locations conventional mowing equipment used in small
parks with areas of 3:1 slope should meet most requirements.
New turf slopes will be 4:1 in most areas, but there are existing
areas of 3:1 or slightly greater slopes. The lower portion of the
trickle channel slope will be a vast improvement over present
conditions, but still require some extra effort, and custom needs
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such as at transitions from wall to slope areas. Also there will
be tight and steep locations at areas where we are doing no
work or where there are unavoidable difficulties.

One or two "wet" maintenance crossings of the trickle will be
provided. The men and equipment using these crossings should
be able to ford a couple inches of water, steeper slopes (e.g., 10
to 12%). Equipment should be able to roll over the trickle edge
similar to a Hollywood Curb. We would not recommend
further permanent culvert crossing structures given the
tendency for aggradation.

If necessary, a portable "bridge" could be carried by the
maintenance workers and installed near Eaton and 112th to
allow small equipment crossing. They would be removed at the
end of each mowing.

Maintenance accessibility should be carefully reviewed now so
that the appropriate final details can be incorporated and public
and worker expectations be tempered.

REHABILITATION OF CHANNEL INLETS
There are only two significant inlet structures which are located

just downstream of the low water crossing. One is a small pipe
and the other a trough. Both carry street flows.

Both will discharge into the new trickle channel where there
will be improved fall and new transition structures.

There is also a sanitary sewer location in the area. This should
be reviewed with the City and possibly a section of the line
replaced with the Ductile Iron Pipe. The drainage facilities will
reduce cover, but provide an erosion resistant protection.

DESIGN FLOW FOR AND PERFORMANCE
CHARACTERISTICS OF THE TRICKLE CHANNEL

The critical need for an improved trickle channel has been
discussed. We have used 2% of the developed, undetained 100
year flow, or 60 cfs as a key design criteria. The undetained
figure is used because the new upstream storage is a side
channe! and cannot affect frequent flows. 60 cfs represents a
flow which could occur frequently in any given summer.

The 18 inch nominal depth of protection/stabilization provides

for this flow. Pending final hydraulic analysis of the approved

preliminary layout, we, UDFCD, and Westminster may wish to
reduce the thickness of the riprap (or add protection in certain

areas).

The design uses various combinations of geometry, but the
resulting velocities vary from 3.5 to 5.4 fps and 1.5 to 1.9 feet
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deep. We believe these values are generally satisfactory.

The widest and slowest trickle flow characteristics are in the
low flow crossing box culvert. We chose the 8 foot wide box
to give us good hydraulic performance at the dominant
discharge (¢.g., the 2 year to 5 year flood) so that the total
channel flows were the least restricted, thus achieving the best
overall sediment characteristics. To mitigate the tendency for
the trickle channel to aggrade at the crossing, there is a rise in
channel elevation upstream.

Note also that we used a precast box, and that the invert of the
box is lower than the downstream trickle invert. There will be
sloping vertical concrete transitions to handle the situation.
During large floods the accumulated silt should scour out,
providing extra capacity. However this type of situation,
though not unique, will require observation, confirmation, and
possibly modification in the future.

We could just fill the below grade section with concrete, but
recommend you select the concept proposed because of its
potential flood advantages. We are still exploring 3 and 4 foot
heights (3 foot could be more expensive).

NEED FOR CHECKS OR DROPS

Normal guidelines for channel designs would [ead to the
conclusion that a 0.5% slope is slightly too steep fora
waterway that would convey 1,000 to 3,000 cfs. Apparently
this reach of channel originally had a steeper slope, albeit an
earth invert. This history, combined with the overall wide
channel character, and preliminary hydraulic calculations has led
us to recommend a 0.5% trickle slope. The upstream channels
have the same or steeper slopes

Final hydrautic evaluation of the proposed design may lead to
minor adjustment.

There is no need for major drops. As discussed, minor drops or
steeper slopes are used in transition areas at the three
structures.

PROVISION FOR UPSTREAM DEVELOPMENT

The new upstream storage reduces peak flows for major floods.
However, it does not effect frequent runoff events and small
floods. As further development occurs this means that larger
flows will occur for the more frequent events. Also because
there is an agricultural area and development earthwork, there
will be more sediment. Thus there will be increased tendency
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for frequent flows and aggradation. The proposed trickle
improvements should greatly mitigate this situation. If this
project is not completed, further aggradation is a virtual
certainty, along with increased flood hazard.

Also it is important that the upstream storages, as called for in
the master plan, be completed to prevent increases in flood
flows.

REHABILITATION OF STREET CROSSINGS

The rehabilitation of the street crossings has been discussed as
part of efforts to allow for an improved trickle channel, control
alignment, and improved hydraulic characteristics. The
improvements will certainly improve maintenance and
appearance aspects, but they are also critical to reducing
aggradation, flood hazard, and loss of flood conveyance.

The approach hydraulics to the 112th culvert is poor. We have
suggested that improvements be considered.

Traffic rails, particularly on 112th should be reviewed by the
City.

SILT REMOVAL AND RESHAPING

The proposed trickle profile will involve significant earth work
and accumulated siit removal. In the process of incorporating
the trickle channel, transition grading will involve removal of
the flat area between the path and the east or north toe of the
slope.

There is some eroded riprap in the Eaton culvert that should be
removed. This rock evidences that erosion can still be a
problem for a project that largely involves aggradation.

There is a significant amount of silt in the 112th Street culvert.
The scope of its removal should be discussed. Sponsors may
wish to consider alternative approaches, such as working with
projects that are topsoil poor.

ELIMINATION OF STANDING WATER

This aspect should be vastly improved, although we prefer to
keep some water to "wet" the trickle invert. To enhance this
aspect we are calling for there to be no cross slope, a broomed
invert finish, and free latera! drainage from adjacent soils.

The 4 foot width appears to be a good compromise for self
cleaning and showing some water.
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HYDROLOGIC AND HYDRAULIC ENGINEERING
COMMENT CLOSURE

We believe the EDAW/TEA proposal presents a best design
scenario considering performance, appearance, costs and
balancing of risks and problems.

We reserve the right to adjust our comments and suggestions
pending final hydraulic analysis of the proposed design, a
clearer understanding of the hydrologic performance of the new
upstream storage and future plans for storage and development
upstream, and facts for which we and/or EDAW are not
presently aware or have been provided incomplete information.
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