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1) Purpose
The purpose of this study is to analyze and provide recommendations regarding the proposed
siting location of a wastewater treatment facility (WWTF) for the Upper Thompson Sanitation
District (UTSD). The proposed WWTF site will be located along the north bank of the Big
Thompson River in Estes Park, Colorado downstream of Mall Road (Figure 1-1).
The purpose of this report is to document existing floodplain hazards, estimate changes in
floodplain hazards from current information and the proposed site development, and to provide
recommendations for the WWTF siting, roadway access, and the effluent outfall location as they
relate to the flood risk and floodplain permitting requirements.

Figure 1-1:Proposed Siting Location for New WWTF

2) Background Information
2.1 Floodplain Regulations:
Floodplain information for the Big Thompson River is depicted on Federal Emergency
Management Agency (FEMA) Flood Insurance Rate Maps (FIRMs) and within FEMA’s Flood
Insurance Study (FIS). Development within defined flood hazard zones shown by the FIRMs are
regulated by the local communities, specifically Larimer County for this proposed WWTF site.
Through their development review process, Larimer County will review the proposed site plan
and confirm compliance with both federal and local floodplain regulations. Upon acceptance,
Larimer County will issue a Floodplain Development Permit (FDP) prior to construction.
Depending on floodplain impacts, the issuance of the FDP may require local variances for any
deviations from standard criteria as well as any supplemental approvals from FEMA for
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proposed floodplain changes. FEMA approvals may occur through issuance of a Conditional
Letter of Map Revision (CLOMR), or Letter of Map Revision (LOMR). Considerations of the site
design and approvals by Larimer County and FEMA are discussed later in this report.

2.2 Effective FEMA Information
As noted above, regulatory floodplain information is provided by FEMA. For the WWTF site, this
data is provided on the effective FIRM panels 080691113F and 080691301F, both dated
December 19, 2006, as well as in the FIS for Larimer County, dated February 6, 2013. As
shown by the FIRM, the reach of the Big Thompson River near the WWTF reflects a full detailed
study with base flood elevations (BFEs) determined, a regulatory floodway, and four (4) flood
profiles, including the 10-, 50-, 100-, and 500-year flood frequencies. Pertinent flow information
from the FIS is identified in Table 2-1. For reference, the 100- and 500-year flood discharges for
the Big Thompson River at the project site are 4,700 cubic feet per second (cfs) and 7,200 cfs,
respectively.
Table 2-1: Big Thompson River Effective Hydrology (FEMA, 2013)
Big
Thompson
River
Location

Drainage
Area (Mi2)

Peak Discharge (cfs)

At Lake
Estes Below
Dry Gulch

156

10-Year

50-Year

100-Year

500-Year

2,250

3,800

4,700

7,200

Floodplain information from the FEMA FIRM is shown along with the current iteration of the
WWTF site plan by Figure 2-1. On this figure, the 100-year floodplain is identified by areas in
light blue, including the diagonal hatch pattern, which is also representative of the regulatory
floodway boundary. The 500-year floodplain is identified by the orange areas. The 500-year
floodplain would also include the 100-year floodplain and floodway areas. On the FEMA FIRM,
these floodplain boundaries are designated as floodway, Zone AE, and Zone X, each carrying
different floodplain regulations. The floodway is the most restrictive zone, as this area is
intended to remain free from obstruction to convey flood water.
As shown by Figure 2-1, the site is mostly located outside of effective floodplain limits, with the
southwest portion of the site encroaching into the 100-year floodplain, regulatory floodway, and
the 500-year floodplain boundaries. FEMA’s FIS profiles provide water surface elevations
(WSEL) for each flood frequency. As shown by the FIS, the 100-year WSEL is 7427.2 feet at
the downstream side of Mall Road (Cross Section NL on Figure 2-1) and 7415.0 feet at Cross
Section NJ. Similarly, the 500-year WSEL is 7430.0 feet and 7416.0 feet at cross sections NL
and NJ, respectively. All elevations reference the North American Vertical Datum of 1988
(NAVD88).
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Figure 2-1: Effective Floodplain Mapping

2.3 2013 Flood Impacts and the Big Thompson Restoration Master Plan
In September 2013, a major flooding event occurred along the Big Thompson River through
Estes Park. The flooding event had an estimated discharge of approximately 6,020 cfs (Ayres
Associates, 2015). Observations of the floodplain extents when the Big Thompson River crested
noted flood waters along the west edge of Mall Road but did not overtop the roadway.
The 2013 flood also dramatically impacted the alignment of the Big Thompson River adjacent to
the project site. As shown in Figure 2-2, prior to the flood, the river followed the blue alignment,
closer to the south side of the floodplain near a large terrace feature. After the flood, the river
became braided (shown in red), developing three separate and distinct flow paths directed
towards the downstream canyon. More recently, the most northerly of these flow paths has
established itself as the active channel (shown in black), creating a new single threaded
channel. This type of rapid river channel abandonment and creation of a new channel is known
as an avulsion.
These changes emphasize how the Big Thompson River is a dynamic system along the WWTF
site. Anticipating future changes should be a consideration of new infrastructure constructed
along the river. This particularly relates to the location of the WWTF effluent discharge outfall
where it may be necessary to locate the WWTF further upstream at a more stable location or
provide additional stream restoration and stabilization measures to increase river function and
lessen flood risk to the WWTFs.
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Figure 2-2: Big Thompson River Alignment Prior to and After 2013 Flood
In May of 2015, a Big Thompson River Restoration Master Plan was prepared by Ayres
Associates for the Big Thompson River Restoration Coalition. The report was developed in
response to the widespread damage along the Big Thompson River caused by the 2013 floods.
The report assessed flood risk, geomorphic risk, aquatic habitat improvement potential, and
riparian ecological improvement potential for more than 50 river reaches between Estes Park
and Loveland. As shown by Figure 2-3, recognizing similar riverine changes as discussed
previously, this report proposed both aquatic and riparian restoration improvements to the river
in the vicinity of the WWTF site. Limited riparian restoration improvements were also proposed
to improve vegetative communities. The timeline for these improvements is not known at this
time but could be a consideration for future stream restoration work in this area. Coordinating
with stakeholders including the Big Thompson River Restoration Coalition may provide
opportunities for identifying collaborative project needs or funding sources.

2.4 Flood Hazard Mapping Updates
After the work previously described, various hydrology studies and floodplain mapping updates
were completed for the Big Thompson River in the vicinity of the project site. In 2015, Jacobs
Engineering, along with support from Muller Engineering, Parsons Brinckerhoff, and Ayres
Associates prepared a hydrology update for the Big Thompson River for the Colorado
Department of Transportation (CDOT). Revised flows from this report in the vicinity of the
WWTF site are presented in Table 2-2. These revised peak discharges represent the best
available information and will be used for the WWTF design. Note that the 100-year discharge
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increased by approximately 26%, from 4,700 cfs to 5,940 cfs. The 500-year discharge increased
more dramatically, from 7,200 cfs to 14,200 cfs, a 97% increase.
Table 2-2: Design Discharges (Big Thompson River Hydrology Update - Jacobs, 2015)
Big Thompson
River Location

Drainage
Area (Mi2)

At Lake Estes
Below Dry
Gulch

160

Peak Discharge (cfs)
100-Year

500-Year

5,940

14,200

Ayres Associates has been using this new hydrology to complete floodplain mapping updates
along the Big Thompson River in conjunction with ongoing construction projects. It is expected
that Ayres’ information will be incorporated into new floodplain updates as part of the State’s
Colorado Hazard Mapping Program (CHAMP). Although this information is not adopted at this
time, Larimer County staff confirmed that this work represents the best available data and
should be used as the basis for floodplain updates on the WWTF project. Ayres Associates
provided draft floodplain information to ICON for use on this project.
As delivered, the Ayres study only evaluated the 100-year flood event. Results were fairly
similar to that of the previous effective information, as well as observations from the 2013 flood.
Ayres’ model showed Mall Road overtopping to the north of the existing bridge by approximately
70-cfs. Upstream (west) of Mall Road, the 100-year WSEL provided by Ayres’s model was
approximately 7429.3. Downstream (east) of Mall Road, the WSEL was much lower,
approximately 7424.1. However, due to the nature of the overtopping north of the bridge, the
WSEL impacting the proposed site would be more indicative of the upstream flood elevations at
7429.3. This overtopping impact is evaluated further in subsequent sections of this WWTF
evaluation report.

P:\P\20-011_Upper_Thompson_Sanitation_District\10_Reports\FloodplainAnalysis\WWTFSiting_FloodplainAnalysis.docx

Page 8 of 18

Figure 2-3: River Restoration Master Plan Map (Ayres Associates, 2015)
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3) Updated Existing Conditions Analyses
Updated hydraulic analyses were completed to incorporate project specific survey and
topography into the Ayres model and to evaluate the limits of the 500-year event using the
updated hydrology. This work was initially completed using one-dimensional (1D) modeling
routines in HEC-RAS, tying into the Ayres analysis at the upstream and downstream limits of
the study. The updated analysis showed similar results to Ayres, however more flow was
identified to overtop Mall Road north of the bridge during the 100-year event (450 cfs versus 70
cfs). The 500-year model showed a much larger degree of overtopping, with approximately
7,860 cfs of the total 14,200 cfs overtopping Mall Road north of the bridge towards the WWTF
site.
Recognizing that the overtopping created a perched floodplain condition with a split flow
towards the north end of the site, two-dimensional (2D) models were developed in HEC-RAS
such that the impacts from the WWTF could be more accurately evaluated. Results from the 2D
models are depicted in Figure 3-1 and Figure 3-2 for the 100- and 500-year events,
respectively. In general, the 2D models confirm the overtopping of Mall Road and extension of
the split flow floodplain through the WWTF site before rejoining the main Big Thompson River
channel downstream (east) of Mall Road. This floodplain is shallow in the 100-year event, and
deeper, with higher velocities, during the 500-year event. Contour lines denoting WSELs are
provided in Figure 3-1 and Figure 3-2, depicting the differences in flood elevations along the
north bank split flow reach and the main channel.

4) Proposed Conditions Analyses
Topographic blockages were applied to the 2D hydraulic models to represent proposed
development from the WWTF site. An iterative process was used between ICON and Mott
MacDonald, the site designer, to minimize impacts to the 100-year floodplain and to identify
changes in WSELs during the 500-year event. The proposed blockages were made in three
different zones in the model for areas of similar topography and grades along the proposed
project site. Figure 4-1 and Figure 4-2 show the results of the 2D modeling under proposed
conditions for the 100- and 500-year events. As shown, the WWTF presents an obstruction to
the portion of the flood flows that overtop Mall Road. A more minor obstruction occurs during the
100-year event with a larger obstruction to the 500-year floodplain.
Results from the models indicate that during the 100-year event, only minor increases in WSEL
would be anticipated adjacent to the WWTF. These increases do not appear to impact existing
buildings and insurable structures and therefore would be permissible through floodplain
permitting. More noticeable impacts are apparent during the 500-year event, where the WWTF
development increases WSELs by up to 2 feet within the WWTF site. Flood forces and
increases in WSEL during the 500-year event will need to be a consideration of the WWTF
design.
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5) Larimer County Flood Requirements
Two meetings were held with staff from Larimer County to discuss floodplain requirements for
the proposed WWTF. These meetings were held via conference call on June 17th and
November 24th, 2020. The following summarizes key discussion items:
•
•
•

•

•
•
•

The WWTF is considered a Critical Facility by Larimer County, and as such is required
to meet more restrictive flood standards as determined to be possible and practical.
Flood standards for critical facilities include elevating the lower floors of buildings and
utilities to a minimum of 2 feet above the 100-year WSEL.
Larimer County would also consider the Colorado Water Conservation Board (CWCB)
recommendation of elevating critical facilities above the 500-year flood elevations if
deemed applicable.
Any new structures or development within a regulatory floodway would require a
variance from the County’s Flood Review Board. Any rises in the floodplain as a result
of encroachment in the floodway would require submittal and approval of a FEMA
CLOMR.
All components of the WWTF in the floodplain would be required to be designed to
adequately withstand flood forces and prevent infiltration.
The access route into and out of the WWTF would need to be located outside of the
100-year floodplain, as deemed practical.
In general, Larimer County requirements are intended to reflect elevation of the
facilities within the site to above the flood elevations, as described; however,
floodproofing of facilities may be considered for approval as an alternative provided that
the floodproofing meets FEMA floodproofing guidance.

Larimer County approvals are subject to technical review by the County’s Flood Review Board
(FRB). The FRB meets on the fourth Thursday of each month and requires submittals six weeks
in advance of meetings. Approvals may be required for: FDP applications, construction plans,
hydraulic reports, CLOMR/LOMR submittals, no-rise certifications, access/ownership
documents, and other federal, state, or other local permits.

6) Recommendations
6.1 Facility Elevations or Floodproofing
As depicted by the updated 2D modeling, the site location is vulnerable to flood overtopping of
Mall Road. During the 100-year event, approximately 450 cfs is anticipated to overtop Mall Road
towards the WWTF site. As shown by the difference in the existing and proposed WSEL
changes, the impact from the WWTF on the 100-year floodplain is expected to be minimal. The
impact from the WWTF on the 500-year floodplain is more significant. Due to this, along with
consideration from Larimer County and CWCB floodplain regulations, ICON’s recommendation
is to elevate the WWTFs above the higher of the 100-year WSEL plus 2 feet of elevation, or the
500-year WSEL. These elevations should be used in determining bottom floor elevations, or
floodproofing elevations for each of the WWTF structures. In addition, as Larimer County or
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FEMA may be reluctant to consider the blockage by upstream (i.e. western) buildings as flood
protection for downstream buildings, we also recommend that the higher of the existing
conditions flood elevations and proposed flood elevations be considered in determining building
elevations. In other words, the highest elevations for the 100-year plus 2 feet and 500-year
elevations, from either proposed or existing conditions models, should be used for final building
elevations. Based on these recommendations, estimates from the updated modeling indicate
that the site facility elevations will range from 7431.2 feet along the western end, to
approximately 7427.4 feet for the middle facilities and 7426.6 feet for the eastern facilities. All
elevations reference the North American Vertical Datum of 1988 (NAVD88). As noted
previously, floodproofing will require additional approvals from Larimer County and close
coordination with the County should be anticipated during design.

6.2 WWTF Access
As shown by the floodplain models, the WWTF site will obstruct and redirect flood flows that
overtop Mall Road along the western edge of the site. ICON recommends that design of the
WWTF incorporate flood conveyance, such as the installation of a drainage channel or swale
along the eastern edge of Mall Road to redirect flood water back to the river. Should an access
road from Mall Road to the WWTF be installed at this location, similar consideration would need
to be given to the conveyance, or overtopping, of flood flows from this direction and potential
floodplain impacts to the site or Mall Road from this flow path. It should also be anticipated that
this access point may be unusable during flooding events, and that a secondary access, such
as closer to Highway 34, outside of the 100-year floodplain may need to be considered.
Furthermore, dry access to critical facilities within the WWTF should be a consideration of the
WWTF design. This may include elevated walkways set above the design flood levels or
floodproofed access between buildings.

6.3 Effluent Outfall
The current conceptual site layout utilizes an effluent discharge point at the east side of the site.
As stated in earlier sections of this report, the Big Thompson River is a dynamic system. The
river has avulsed during recent flood events and has the potential to change alignment again
and without warning. The WWTF should give consideration to how operation of the facility may
be disrupted if the river continues to migrate. The WWTF design may need to include stabilizing
or restoring the river channel at the outfall location and/or moving the outfall further upstream to
a location less susceptible to river movement. As discussed, other entities, including the Big
Thompson River Restoration Coalition have shown interest in restoring this stretch of river and
may provide partnering opportunities in the future.

6.4 Other Considerations
Other considerations to mitigating flood risk at the WWTF site may include replacing or
enlarging the Mall Road Bridge. As shown, flood overtopping at Mall Road north of the bridge is
the primary source of the flood risk to the WWTF. Adding hydraulic capacity closer to the river
will lessen Mall Road overtopping and the impacts to the site. Changes to Mall Road were not
reviewed within the scope of this study but could be discussed further with Larimer County over
the course of the project to determine if the County has any planned changes for the roadway.
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7) Floodplain Permitting
As proposed, the WWTF will encroach into the effective FEMA floodplain boundaries.
Therefore, a floodplain development permit (FDP) will be required through Larimer County. In
addition, as shown, the WWTF will also encroach into the regulatory floodway. Therefore, a
variance will need to be acquired from Larimer County. The FDP and variance will be reviewed
by the County’s Flood Review Board (FRB) as part of the FDP application process. In addition,
since work is proposed in the regulatory floodway, it will likely be necessary to obtain a FEMA
Conditional Letter of Map Revision (CLOMR) with the FDP. CLOMRs are used to inform FEMA
of how a proposed project will, upon construction, affect the hydraulic characteristics of a river
and thus result in the modification of a regulatory floodway and flood water surface elevations.
The CLOMR may be avoidable should floodplain modeling demonstrate that the proposed
project will not cause any increases in the 100-year WSELs. However, should any
encroachment in the floodplain be made with the final site plan, ICON strongly recommends
obtaining a CLOMR, regardless. Given the significant monetary investment in the WWTF
overall, it would be best to have FEMA concurrence on any floodplain modifications prior to
construction.
The Larimer County FRB will need to review and approve both the CLOMR and FDP. The FDP
will be issued upon approval of the CLOMR by FEMA. However, the FRB will also conduct an
independent review of the CLOMR. We would anticipate a 7- to 9-month time frame from the
initial submittal to the County, to final CLOMR approval from FEMA, including both FRB and
FEMA reviews. It should also be noted that the CLOMR approval will also require
documentation of Endangered Species Act (ESA) compliance, typical associated with the Clean
Water Act, Section 404 permitting for the project.
After acquiring the CLOMR, among other local, state, and federal permits, the FDP would be
issued for construction of the project. Upon completion of construction, a FEMA LOMR may be
required by Larimer County and FEMA, depending on changes between the as-constructed and
effective flood elevations. Typically, if more than a 0.3-foot difference between effective and
revised flood elevations is identified, a LOMR is required; however, Larimer County may require
the LOMR regardless to document the changes to the regulatory floodway and WSELs. The
LOMR is a legal document essentially superseding the effective FEMA information.
Finally, it should be noted that the current effective FEMA information references the 2006 data.
However new floodplain mapping through CHAMP, or other local sources, would be expected to
be issued alongside the timeline to design and construct the WWTF. It will be important to
communicate with the County and stay current with changes to the floodplain mapping to
determine how any changes will impact the WWTF project.
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