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1 Executive Summary

The City of Arcadia, Wl requested federal assistance to evaluate the feasibility of constructing a flood risk reduction
project. The feasibility study forthe Trempealeau River at Arcadia, Wl is being conducted as part of the United
States Army Corps of Engineers (USACE) Continuing Authorities Program (CAP). The purpose of this hydrology study
and reportis to provide discharge frequency information neededto develop a flood risk reduction project for
Arcadia, WI. The City of Arcadia andthe USACE identified five critical points of interest near Arcadia to include in
theanalysis:

Trempealeau River at Dodge, Wisconsin (gaged, USGS Gage ID 05379500)
Trempealeau River at Arcadia, Wisconsin (gaged, USGS Gage ID 05379400)
Trempealeau River above Turton Creek (ungaged)

Myers Valley Creek at Arcadia, Wisconsin (ungaged)
Turton Creek at Arcadia, Wisconsin (ungaged)

Lk L NR

Discharge frequency analysis is used to produce a reliableestimate of peak streamflow and is an essential element
of water resources planning. Establishing discharge frequencyrelationships first involves determining a stationary,
homogeneous period of record foreach site of interest. Once a stationary record is determined, the annual peak
flows atpoints of interest throughout the study area are selected for use in the discharge frequency analyses.
Multiple small dams exist in the Trempealeau watershed; however, none of the dams hasa significantimpact on
the flow regime within the watershed.

A qualitative climate change assessment is includedto identify trends in observed hydro-climatologicalvariables,
detect nonstationarities in the flow record, and assess watershed vulnerability to projected climate change. The
results of the climate assessment did not indicate any strong nonstationarities within the observed discharge record
forthe Trempealeau Riverat Dodge, WI. Consequently, the entire period of record available for all sites with
observed, annual peakflow datais used in the analyses in this study. Based on the USACE Vulnerability Assessment

Tool results, the Trempealeau River Watershed is not identified as vulnerable to the effects of climate change on
flood risk management relative to the other 201 HUC04 watersheds in the continental United States.

Discharge frequency analysis methods outlined in “Bulletin 17C: Guidelines for Determining Flood Flow Frequency”
are used to define frequency curves for the Trempealeau River at Dodge, Wl andthe Trempealeau River at Arcadia,
WI. Computations are carried out using the Hydrologic Engineering Center’s (HEC) Statistical Software Package
(HEC-SSP version 2.1). The Maintenance of Variance Extension Type 3 (MOVE.3) technique is used to extend the
period of record forthe Trempealeau River at Arcadia using the nearby, downstream Dodge, WI USGS gage to
estimate the frequency curve at Arcadia.

The frequency curve forthe Trempealeau River above Turton Creek, upstream of Arcadia is computed by
transferring the frequency curve developed forthe Trempealeau River at Arcadia USGS gage using a drainage area
based method. A frequency curve is developedforthe French Creek near Ettrick, W1 USGS gage using methods
outlined in Bulletin 17C to aid in the estimation of frequency curves for Myers Valley Creek and Turton Creek. A
drainage area transfer method is ued to estimate a frequency curve for Myers Valley Creek and Turton Creek using
the frequency curve developed forthe French Creek near Ettrick. Updated USGS regression equations were
considered to estimate frequency curves for ungagedsites; however, a sensitivity analysis indicates that the
regression equations likely underestimate flood'risk in this region. Confidence limits for all ungaged frequency
curves are derived using the Hydrologic Engineering Center Flood Damage Reduction Analysis (HEC-FDA version
1.4.1) program.
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A coarse hydrologic model was used to estimate the volume of runoff from the 1% annual exceedance probability
flood event hydrograph at Turton Creek. Because Turton Creek is ungaged, model parameters are derived by
modeling the hydrologically similar, gaged French Creek watershed. This work was performed to carry outa
screening level analysis of nonstructural flood risk reduction alternatives. The Hydrologic Engineering Center’s
Hydrologic Modeling System (HEC-HMSversion4.2) software is used to estimate the shape of the 1% annual
exceedance probability hydrograph forthe Turton Creek watershed basedon the 1% annualexceedance
probability, 6 hour duration, rainfall event. Itis assumed thatthe 1% storm event produces the 1% annual
exceedance probability runoff hydrograph.
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2 Purpose of Study

The scope of this feasibility study is to provide updated discharge frequency information for
several stream sites near the city of Arcadia, WI to aid in the development of a flood risk
reduction project. The city of Arcadia is vulnerable to flooding from three primary sources: (1)
Trempealeau River, (2) Turton Creek, and (3) Myers Valley Creek. Analysis is carried out using
the techniquesoutlined in Engineering Manual (EM) 1110-2-1415: Hydrologic Frequency
Analysis and Bulletin 17C: Guidelines for Determining Flood Flow Frequency (References 6 and
29, respectively). Atthe request of the USACE St. Paul District hydraulics section, existing
hydrologic models from previous analyses are updated and used to develop an estimate of the
1% annual exceedance probability (AEP) event hydrograph for Turton Creek at Arcadia.
Detailed hydrologic modeling, reservoir modeling, and synthetic eventanalysis is beyond the
scope of work for this feasibility level study.

3 Watershed Information

3.1 General Information

The Trempealeau River basin encompassesa 750 square mile drainage area located in west
central Wisconsin between the cities of LaCrosse, WI and Eau Claire, WI (Reference 10). The
mainstem of the Trempealeau River originates near Hixton, WI and flows in a westerly direction
towards Independence, WI. After theriver leaves Independence, it begins to flow in a southerly
direction until it reaches its confluence with the Mississippi River at a point 716.2 river miles
upstream of the confluence between the Mississippi and Ohio Rivers (Reference 10).

Flooding in the city of Arcadia, WI is caused by the mainstem of the Trempealeau River, as well
as several local tributary streams. There are two creeks near the city of Arcadia which
contribute to flooding. The first creek is called Turton Creek. Turton Creek encompassesa 23.6
square mile watershed which flows in a westerly direction toward Arcadia where it joins the
Trempealeau River upstream of River Street West in Arcadia (Reference 22). The second creek
is Myers Valley Creek. Myers Valley Creek begins southeast of Arcadia and flows in a
northwesterly direction until it joins the Trempealeau River downstream of West Main Street in
Arcadia, WI (Reference 22). Plate | shows the geographic layout of the streams near the city of
Arcadia.

3.1.1 Vertical Datum Information

There are three common vertical datums used in the study area: Mean Sea Level (MSL) 1912
Adjustment, National GeodeticVertical Datum of 1929 (NGVD 29), and the North American
Vertical Datum of 1988 (NAVD 88). Differences between vertical datums vary widely depending
on geographic location. Itis necessaryto select several benchmarks in an area of interestand
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compare the difference betweenthe current datum and a desired datum to develop an

appropriate conversion factor.

Common datum conversions for the study area are listed below. Equation 1 shows the
conversion between NAVD 88 and NGVD 29 which was developed for this study. Equation 2 is
an approximate conversion been NAVD 88 and MSL 1912 used by the United State Army Corps
of Engineers (USACE) Saint Paul District Surveys section for survey work near Lock and Dam 5a
in Winona, WI. Winona is located approximately 27 miles to the southwest of Arcadia, WI.

Equation 1 Conversion factor between NAVD 1988 vertical datum and NGVD 1929 vertical datum used for hydraulicanalysisin
this study

NAVD 88 (ft) = NGVD 29 (ft) - 0.06 (ft)

Equation 2 Approximate conversion factor between MSL 1912 and NAVD 1988 used by USACE St. Paul District surveys section
within the project vicinity

NAVD 88 (ft) = MSL 1912 (ft) - 0.427 (ft)

3.2 Geomorphology

The Trempealeau River basin lies in the driftless area of the Western upland region of
Wisconsin (Reference 10). Elevations in the basin vary from 1,360 feet MSL in the upper
portions of the watershed to 650 feet MSL near the confluence of the Trempealeau River and
Mississippi River. The upland portion of the basin is comprised of rugged ridges and round hills.
Steepslopes in the watershed are covered by semi-impervious soils and allow for rapid runoff
of rainfall and snowmelt (Reference 10). The valley was created by the meander of the
Trempealeau River. Outcroppings along the sides of the valley are made of Cambrian
sandstone which is underlain by easily erodible alluvial fill. Outwash sands and fluvial clays,
silts, and sand fill the valleys of the Trempealeau River and its tributaries. Typical channel
slopes in the watershed are approximately 3 to 4 feet per mile (Reference 10). Slopes in the
upland areas are typically steeperand are approximately 5.8 feet per mile.

Main channel slopes within the tributary watershedstendto be steep. The Turton Creek

watershed and the Myers Valley Creek watershed have slopes of 23.6 feet per mile and 34.4
feetper mile, respectively (Reference 26). Areas with steep slopesin the watershed tend to
have relatively impervious soils which allow for rapid runoff of surface water (Reference 22).

Although the Trempealeau River at Arcadia is substantially larger than either Turton Creekor
Myers Valley Creek, significant flooding from these small creeks impacts the city of Arcadia.
Small creeks in Midwestern watersheds tend to be “flashier” than large creeksand thus have a
rapid runoffresponse to rainfall inputs. Flashiness refersto the frequency and rapidity of short

10
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term changes in streamflow during runoff events (Reference 1). A measure of the flashiness of
a watershed s called its flashiness index or Richards-Baker (R-B) index (Reference 1). Higher R-
B index numbers are indicative of a flashier streamflow response. Myers Valley Creek and
Turton Creek are both ungaged watersheds; therefore, a quantitative flashiness index cann ot
be estimated for these watersheds.

Baker et al. (2004) studied flashiness of streams within a six state area including Wisconsin. The
study found that as watershed drainage area decreases, the flashiness of the stream increases
(Reference 1). Figure 1 shows the results of the Baker et al. (2004) study for a six state area

encompassing Wisconsin (Reference 1).

1.4

1.2-

1.0-

0.8-

0.6 -

R-B Index

0.4-

0.2-

0.0

] ]
1 10 100 1000 10000
Area (kmz)

Figure 1 Flashiness index (R-B Index) for 6-state area including Wisconsin (Reference 1)

3.3 Climate

The climate of west central Wisconsin varies in temperature and includes ample rainfall and
moderate snowfall. Average monthly temperatures in the region range from 16 degrees
Fahrenheit in January to 73 degrees Fahrenheitin July. Annual precipitation is 31.5 inches and
mean annual snowfall is 46 inches (Reference 22). Figure 2 below shows a climatograph with
typical temperature and precipitation for Dodge, Wl by month (Reference 47). The city of

11
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Dodge, WI is located within the region of this study. The greenbars in Figure 2 correspond to
monthly, cumulative precipitation values. The red, black, and blue lines correspond to mean
high, mean, and mean low temperatures, respectively. The climatograph in Figure 2 illustrates
the variability of climate in Wisconsin throughout a typical year.
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Figure 2 Climatograph of Wisconsin climate parameters (Red = avg. high, black = average, blue = avg. low, green = precipitation;
Reference 47)
A cyclic analysis of mean daily flow data for the period of record 1914-1919 and 1934-2015 is
included for the Trempealeau River at Dodge, WI USGS Gage (05379500) in Figure 3 below. The
cyclic analysis function derives a set of cyclic statistics from a regular interval time series
dataset. Daily datais apportioned into 365 bins, one for each day of the year and a statistical
analysis is performed on all data which occurred on a particular date. For example, all mean
daily flow data recorded on June 25t for the entire period of record would make up a single
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bin, and statistics are computed based on this resultant data set. The format of the resultant
data setis a pseudotime series for an arbitrary water year which is usedto representthe data.

Each pseudotime seriesrepresentsa different statistical parameter. The cyclic analysis
computes percentiles for the 5%, 10%, 25%, 50% (median value), 75%, 90%, and 95%
percentiles. For example, the 50t percentile indicates that for a given day, half the flow values
in the observed daily flow record recorded on that date are above the plotted line and half are
below. Flows represented by the 95t percentile line indicate that 95% of flows recorded on

that date are below the plotted value indicated by the line and 5% are above.

The cyclic analysis provides insight into the seasonal variation of flow magnitudes in the
Trempealeau River Basin. The results of the cyclic analysis in Figure 3 show that most large
scale flooding in the Trempealeau River watershed tends to occur during the March and April
months. Flooding during the spring months tends to be much greater than flooding during
other times of the year. The data in Figure 3 indicate that relatively large runoff eventscan
occur during the summerand fall months, but most runoff eventstend to be clustered in the

early spring.

Trempealeau River at Dodge - Cyclic Analysis
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Figure 3 Trempealeau River at Dodge, WI Cyclical Analysis Results
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3.3.1 Primary Causes of Flooding

Major floods in the Trempealeau River watershed have occurred during both the spring and
summer months (Reference 10). This region typically experiences flooding during the early
spring as the result of spring rains, snowmelt runoff, or a combination of rainfall and snowmelt.
The small watershedsin this region tend to be quite responsive to local, intense rainfall events
(Reference 22).

Floods in the region encompassing the Trempealeau River watershed tend to occur between
the months of March and September, with the majority of floods occurring in March and April.
Figure 4 below shows a histogram of the number of occurrences per month of the annual peak
flood at the Trempealeau River at Dodge USGS gage (ID 05379500) for the 1914-1919 and 1935-
2015 period of record (87 systematic events). Asthe histogram shows, annual peak floods
primarily occur during the timeframe when temperatures are increasing and snowmeltis
running off the watershed. A table of flood data represented by Figure 4 is included in Table 2
of Appendix C.

Section 6.1 provides qualitative descriptions of some of the largest floods in the region. The
most severe floods tend to be the result of rainfall on snow during the spring snowmelt period.
Severe flooding during the summerand fall months is often caused by an initial burst of rainfall,
which saturates the soil, followed by an intense burst of rainfall which runs off the watershed
and causes flooding. See Section 6.1 for more descriptions on large flood events which have
occurred in the region which encompassesthe Trempealeau River watershed.
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Number of Occurrences of Annual Peak Floods By Month
Trempealeau River at Dodge, Wisconsin USGS Gage ID 05379500
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Figure 4 Relative number of occurrences of observed annual peak flow by month for the Trempealeau River at Dodge, WI USGS
Gage

3.4 Land Cover and Use
The Trempealeau River basin contains rural and urban areas with rural areas comprising 90% of
the watershed. Approximately 51% of land use in the Trempealeau River is devoted to
agriculture, beginning in 1853 when the first farms were established (References 33 and 38).
According to the 2011 National Land Cover Database, the three primary land cover typesin the
watershed are pasture/hay, deciduous forest, and row crops. Primary crops in the watershed
are alfalfa, hay, corn, and oats. Plate Il illustrates all land cover types in the Trempealeau River
Watershed and highlights the three common land cover types of (Reference 30). A notable
change in agricultural practices occurred betweenthe mid-1930s and the mid-1940s when
agriculture practices switched from more intensive to less intensive land management. In
general, less intensive land management promotes infiltration. For more information about
land use see Section 3.3 of Appendix B.

4 Hydraulic Structures
Hydraulic structures like dams or reservoirs have to ability to impact the natural flow
characteristics of streams and rivers. Large dams and reservoirs built for flood control typically
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have the most significant impact on streamflow. The USACE National Inventory of Dams (NID)
database contains critical information about dams throughout the United States (Reference
36). All dams within the Trempealeau River watershed are summarized in Appendix A. None of
the dams in the Trempealeau watershed are operated for flood control. Most of the dams are
operated for recreation, water supply, or fire protection. None of the dams provide significant
storage for flows and are thus are not anticipated to impact flows within the watershed.
Consequently, it is assumed that peak streamflow data collected in the Trempealeau River
watershed can be fit by the Log Pearson Type Il statistical distribution suggested for analytical,
flow-frequency analysis in Bulletin 17C.

5 Qualitative Climate Assessment

The potential for climate change to impact the hydrology of the Trempealeau River Basin is
considered in accordance with USACE Engineering Construction Bulletin (ECB) 2018-14,
Guidance forIncorporating Climate Change Impacts to Inland Hydrology in Civil Works Studies,
Designs and Projects (Reference 9), as well as USACE Engineering Technical Letter (ETL) 1110-2-
3, Detection of Nonstationarities in Annual Maximum Discharges (Reference 32). The guidance
requires a literature review, an evaluation of the stationarity assumption, first order statistical
analysis of both observed and projected streamflow data, and a relative assessment of the
vulnerability of a given watershed to the impacts of climate change for select USACE business
lines including flood risk management. Appendix B of this report provides a detailed qualitative
analysis carried out to assessthe impacts of climate change on the hydrology of the
Trempealeau River Basin. The Trempealeau River at Dodge, WI USGS gage (05379500) is used
to assess the effects of climate change on the hydrology of the Trempealeau River Basin.

5.1 Summary of Climate Assessment Findings

The Trempealeau River basin lies within the Upper Mississippi-Black-Root River (HUC 0704)
watershed contained by the 2-digit Upper Mississippi River HUC 07 region. Based on a
literature review, increases in temperature, precipitation, and streamflow are observed within
the Upper Mississippi region (HUC 07). There is also consensus that the frequency of observed,
extreme storm events has increased. Change in seasonality has also been notedin observed
data. Spring warming is occurring earlier in the year and the length of the frost-free season has
gradually increased.

A literature review of trends in projected climate meteorology and hydrology indicates that air
temperatures are anticipated to increase within the studyregion. Precipitation and frequency
of large storm events are projectedto increase. Some portions of the region are predicted to
experience increased drought as a result of increased temperature and evapotranspiration
rates. The effectof climate change on projected, future hydrology is uncertain. Increasesin
precipitation indicate more streamflow could become an issue in the region, however,
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increases in temperature and evapotranspiration, changes in seasonality, and increases in soil
moisture deficit may lessen the rainfall-runoff effectand could result in no change in the
region’s hydrology or even a decrease in streamflow.

Linear regression is used to assess if a statistically significant trend is presentin the continuous,
observed annual peak streamflow data for the Trempealeau River at Dodge, WI (USGS gage
05379500). Using the continuous period of record from 1935-2014, a statistically significant
decreasing trend is detected within the observed, peak streamflow dataset. This decreasing
trend is contradictory to the increasing trends in observed data identified at other sites in the
region within the literature review. The stationarity of the flow record within the Trempealeau
River Basin is assessed by applying a series of statistical tests to the observed annual peak flow
record at Dodge, WI (1935-2014). No strong nonstationarities are identified in the observed
annual instantaneous peak streamflow record at Dodge.

The USACE Climate Hydrology Assessment Tool (CHAT) is used to investigate potential future
changes to annual maximum monthly flows within the Upper Mississippi-Black-Root River
watershed region. Projected climate changed hydrology is generated using meteorological
inputs derived based on various combinations of greenhouse gas (GHG) emission scenarios and
Global Circulation Models (GCMs). The CHAT tool results indicate a statistically significant (p-
value = 0.0367 < 0.05) increasing trend in the mean projected annual maximum monthly
unregulated streamflow response for the Upper Mississippi-Black-Root River Basin computed
from 2000-2099. The projectedincrease in annual maximum monthly flows is contradictory to
the observed decreasing trend in annual peak streamflow observed at the Trempealeau River at
Dodge, WI USGS gage, but is consistent with the trendsidentified based on the literature
review. Contradictions in identified trends point to uncertainty in determining how the
streamflow response will change as a result of climate change and other factors that may be
impacting the hydrology of the study area.

The USACE Watershed Climate Vulnerability Assessment (VA) Tool facilitates a screening level,
comparative assessment of the vulnerability of the Upper Mississippi-Black-Root River
watershed (HUC04 0704) to the impacts of climate change relative to the other 201 HUCO04
watersheds within the continental United States (CONUS) for the Flood Risk Reduction line.
The default national standard settings (NSS) were used in the analysis.

The USACE Climate Vulnerability Assessment Tool makes an assessment for two 30-year epochs
centered at 2050 and 2085 to evaluate future risk as a result of climate change. These two
epochs are selected to be consistent with many other national and international analyses
related to climate. The Vulnerability tool assesses climate change vulnerability for a given
business line using climate changed hydrology based on a combination of projected climate
outputs from the general circulation models (GCM) and representative concentration pathway
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(RCPs) of greenhouse gas emissions resulting in 100 traces per HUC04 watershed per time
period. The top 50% of the traces by flow magnitude is called the “wet” subset of traces and
the bottom 50% of traces is called the “dry” subset of traces.

Based on results of USACE vulnerability assessmenttool, relative to other basins in the
continental United States, the Upper Mississippi-Black-Root River Basin is not particularly
vulnerable to impacts of climate change and variability for the Flood Risk Reduction business
line. Notethat while the Upper Mississippi-Black-Root River Basin is not particularly vulnerable
to impacts from climate change relative to other watersheds, it may still be vulnerable in an
absolute sense.

5.2 Climate Assessment Findings Summary

The results of the vulnerability assessmenttool, along with the lack of consensus with regards
to trends in streamflow peaks presented by both the literature review and the contradictory
directionality of trends in streamflow magnitude, as well as the lack of strong nonstationarities
in the peak flow record at Dodge suggest that the annual instantaneous peak streamflow
records within the Trempealeau River Basin should be treated as being stationary for the
current analysis. Based on this assessment, the recommendation is to treat the potential
effects of climate change and long-term natural variability in climate as occurring within the
uncertainty range calculated for the current hydrologic analysis.

Methods of translating long-term persistent natural climate trendsand trends caused by
anthropogenic climate change, as well as their associated uncertainty, into engineering-based
analysis are not currently outlined in USACE guidance. Communities may wish to take on this
responsibility locally based on the information provided in this assessment. Itis recommended
that the local community should seek opportunities to build resilience into all current and
future Flood Risk Reduction projects and Water Management Plans to account for added
uncertainty of climate change and other land use related impacts. Itis recommended that the
discharge frequency analysis of the Trempealeau River Watershed be regularly revisited to
assess if the existing frequency analysis still provides an adequate characterization of flood risk.
These steps are advisable for this watershed because some of the literature reviewed and the
CHAT tool projected climate changed hydrology results do indicate a potential increase in flows
in the future.

6 Analysis Period of Record

The criteria for application of probability theory to carry out discharge frequency analysis is that
recorded stream events adopted for the analysis must be random, independent, stationary, and
homogeneous. Discharge data selected for each site in this study is assumed to meetthe
criteria. In cases where peak flow data is available, the entire systematic period of record is
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adopted to perform the analysis. A summary of the period of record selected for each of the

four points of interest within the Trempealeau watershed and a summary of the analysis

method for each site is shownin Table 1.

An inventory of available annual instantaneous peak flow information is also conducted for

watersheds near the Trempealeau River basin to assess the availability of regional information

to augment flow frequency analysis at the four points of interest. The gage inventory includes

small to medium sized watershedsin the region because the large watersheds included in this

study appear to have adequate streamflow data. The streamflow gage summary for sites

outside the Trempealeau River watershed is shownin Table 2 below.

The stream gages in Table 2 were selected as potential candidates to assist in defining a

frequency curve for the ungaged watersheds of interestin this study and to define the 1%

annual exceedance probability hydrograph for Turton Creek. To be considered for use in this

analysis, the gages in Table 2 had to be continuous, active, unaffected by upstream regulation,

include at least 30 systematic events, and be located in nearby hydrologically similar

watersheds. Table 2 indicates whetheror not the gages were included in this study.

Table 1 Critical study locations and available peak flow data in the Trempealeau Watershed

USGS Gage
ID

Drainage
Area

Available
Period of
Record

No. of
Observed
Systematic
Events

Adopted Flow Frequency

Trempealeau
River at Dodge

Trempealeau
River at
Arcadia

Trempealeau
River above
Turton Creek

Myers Valley
Creekat
Arcadia

Turton Creek
at Arcadia

Wi

Wi

Wi

Wi

Wi

05379500

05379400

Ungaged
Watershed

Ungaged
Watershed

Ungaged
Watershed

(mi?)

643

552

528.4

6.4

23.6

(Peak Data)

1914-1919,
1935-
Present
1961-1977,
2002-2004,
2014-
Present

Ungaged
Watershed

Ungaged
Watershed

Ungaged
Watershed

87

22

Ungaged
Watershed

Ungaged
Watershed

Ungaged
Watershed

Analysis Methodology

Analytical analysis, full period
of record, historicrecord,
Bulletin 17C methodology
Analytical analysis, MOVE.3
record extension with Dodge
USGS gage, Bulletin 17C
methodology

Drainage Area transfer with
Trempealeau River at Arcadia
USGS gage, confidence limits
computed with HEC-FDA
Drainage area transfer with
French Creek near Ettrick, WI
USGS gage, confidence limits
computed with HEC-FDA
Drainage Area transfer with
the French Creek near Ettrick,
WI USGS gage, confidence
limits computed with HEC-
FDA
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Table 2 Gage Inventory of Nearby Streamflow Gages

Available
Start and Number of

Streamflow Drainage  End Year of Systematic Reason the Gage Was or Was Not
Gage Site Name State  USGS Gage ID  Area (mi?) Gage Events Included in Analysis

Not Included. Gage isdiscontinued

Arkansaw Creek and missed several large flood events
Tributary Near in the region, drainage area istoo
Arkansaw WI 05370600 2.61 1959-1993 35 small for consideration
Not included. Discharge is affected by
Spring Creek 1962- debrisjams. Gage is listed as Inactive
Near Durand Wi 05370900 6.45 Present 52 by USGS
Bruce Valley Not included. Insufficient period of
Creek Near 1996- record, need at least 30 systematic
Pleasantville Wi 05379288 10.1 Present 17 events
Pine Creek At Not included. Insufficient period of
Taylor Road 1996- record, need at least 30 systematic
Near Taylor Wi 05379187 10.9 Present 17 events
Eagle Creek Not Included. Gage isdiscontinued
Near Fountain and missed several large flood events
City Wi 05378200 26.8 1961-1992 31 inthe region
Eagle Creek At
Ct Highway G Not included. Gage isdiscontinued.
Near Fountain Insufficient period of record, need at
City Wi 05378185 14.3 1991-2007 16 least 30 systematic events
Not included. Insufficient period of
Glenn Creek 1996- record, need at least 30 systematic
Near Millston Wi 05381383 10.7 Present 19 events
North Fork Not Included. Gage isdiscontinued
Whitewater and missed several large flood events
River near Elba MN 05376000 101 1940-1993 29 inthe region
South Fork
Whitewater Not Included. Gage isdiscontinued
River near and missed several large flood events
Altura MN 05376500 76.8 1940-1986 48 inthe region
Not Included. Drainage areais
Rush Creek near considerably greater than Turton
Rushford MN 05384500 132 1942-2014 73 Creek watershed

Included to define the Turton Creek
Frequency Curve and 1% AEP event

1960-1983, hydrograph. The gage record is
1989-2004, sufficiently long, the drainage area is
2006-2009, similar to the Turton Creek drainage
French Creek 2012-2013, area, and French Creek is located next
near Ettrick WI 05382200 14.7 2015 47 to the Turton Creek watershed
Included. Gage iscontinuous, active,
North Fork Bad and has enough systematic events for
Axe River near 1959- frequency analysis. Drainage area is
Genoa Wi 05387100 80.8 Present 54 large, but still reasonable
Not included. The gage did not record
1959-2002, annual instantaneous peak flow data
Crooked Creek 2017- from 2003-2016 and was listed as
near Boscobel Wi 05407200 12.9 Present 45 inactive at the time of this study
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6.1 Significant Floods

Information regarding significant, large scale flooding in the Trempealeau River watershed
provides valuable perspective on flood mechanisms within the basin and allows large
magnitude flood information from the systematic period of record to be put into a historic
context. Rainfall runoff, snowmeltrunoff, and a combination of rainfall and snowmelt runoff
each have the potential to result in damaging floods. Severe floods are also the result of flash
floods on small tributaries in the watershed which result from intense, locally concentrated
rainfall events. The sections below provide descriptions of several large floods which occurred
in the basin. Table 3 below summarizes the largest 10 observed, systematic flood eventsfor
the Trempealeau River at Dodge, Wl USGS gage ranked in order of discharge.

Table 3 Top 10 Flood Events (sorted by discharge) for the Trempealeau River at Dodge, WI

Top 10 Flow Events - Trempealeau River at Dodge, W1 USGS Gage ID 05379500

ET] Annual Peak Discharge AnnualPeak Stage
(Largest to Smallest) Date (cfs) (feet)
1 5-Apr-1956 17,400 10.35
2 8-Apr-1965 12,100 9.40
3 27-Mar-1961 11,100 9.20
4 18-Mar-1919 11,000 10.20
5 25-Aug-1975 10,600 11.36
6 5-Oct-1954 10,400 8.80
7 13-Mar-1985 9,310 11.18
8 26-Sep-2010 9,040 12.75
9 19-Sep-1992 8,230 11.44
10 17-Mar-1945 8,120 9.10

6.1.1 Flood Event of 1876

According to the 2000 WIGenWeb Project, a significant flood eventoccurred on the
Trempealeau Riverin 1876 (Reference 46). The flood of 1876 was driven by severe rainfall on
frozen ground, causing a sudden runoff response. Quantitative information about the
magnitude of the 1876 flood eventis not available, but the 2000 WIGenWeb Project indicates
that many rivers and creeks in the watershed were flooded. Specific flooding is referencedin
the BeaverCreek Valley near Galesville, Wl and flooding at Independence, WI (Reference 46).

6.1.2 Flood Event of 1919

The spring thaw began in early March of 1919. By March 15, 1919 enough snow had meltedto
fill the Trempealeau River to bank full (Reference 11). Later that same day, rain fell for three
hours onto frozen ground which prevented infiltration. The runoff caused the river to overflow
its bank and flood several towns in the watershed. Lumber yards in Arcadia were sweptclean
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by the flood waters and basements were filled with flood water. By early the next day on
March 16t, the river had returned to its banks (Reference 11). By the time the initial flood
waters receded into the river channel, additional water from Independence and Elk Creek Dams
came down and once again flooded the city of Arcadia. Water on Main Streetin Arcadia was
several feet deep. High velocity flows undermined large pieces of sidewalk which were carried
away by flood waters. A total of 15 roadway bridges in Trempealeau County were washed out
during this flood event (Reference 11).

6.1.3 Flood Event of 1954

The October 1954 flood eventresulted from a large rainfall eventand saturated soil conditions
from several previous rainfall events which prevented infiltration and promoted runoff.
Approximately four inches of rain fellin less than one day on October 2, 1954 (Reference 11).
The resulting flood caused substantial damages to the cities of Arcadia and Blair. The City of
Independence was isolated due to destruction of numerous roadways and bridges usedto
access the city. The roadbeds of the Green Bay and Western Railroad companies were washed
out at Blair and at severallocations between Arcadia and Whitehall (Reference 11).

6.1.4 Flood Event of 1956

According to the Summary of Floods in the United States During 1956, the floods of April 2-6,
1956 resulted from melting of heavy snow which had fallen in March, warm temperatures, and
rain during the early part of April (Reference 27). The precipitation was approximately 2.6
inches over 8 days, which is moderate, but the combination of precipitation, rapidly melting
snow, and a high soil moisture content resulted in flooding for much of western Wisconsin
(Reference 27). The peak flow of the 1956 eventat the Trempealeau River at Dodge, WI was
58% greater than the previous maximum peakin 1919 and was the highest peak flood event
since 1876 at Dodge, WI (Reference 27).

The greatest flood damage occurred in the Trempealeau Valley in the towns of Arcadia,
Whitehall, and Blair (Reference 27). Dams at Blair and Whitehall were severely damaged
(Reference 27). The 1956 eventwas the worst flood since 1919 in Arcadia (Reference 27). The
Summary of Floods in the United States During 1956 report does not indicate that the 1956
flood eventwas the largest observed at Arcadia, WI since 1876 (Reference 27). More than 20
blocks in the town of Arcadia were inundated with as much as 3.5 feet of water in low lying
areas (Reference 27).

6.1.5 Flood Event of 1975

Drought conditions were pervasive throughout much of the summerof 1975. On August 22,
1975 approximately six inches of rain fell during a three hour period overnight. The rain
continued until dawn in other regions of the watershed. The Green Bay and Western Railroad
systemand the county highway system experienced extensive damages due to washouts from
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flood waters. Roughly 75 percent of businessesin downtown Arcadia were flooded by 2.5 feet
deepflood water. Multiple residences were evacuatedin the city of Blair. Atthe time, the
1975 flood was the most damaging flood on record in the Trempealeau River basin (Reference
11).

6.1.6 Flood Event of 1992

The flood eventof 1992 occurred as a result of a series of thunder storms across the watershed.
Sudden, severe storms produced flash floods across the basin. In Mondovi, WI rainfall gages
indicated that as much as 7.88 inches of rain fell during the event. The rainfall gage in LaFarge,
WI captured 9.50 inches of rainfall overa five-day period from September 14-18, 1992
(Reference 3).

6.1.7 Flood Event of 2010

Heavy rains in the fall of 2010 led to flood conditions which caused the Governor of Wisconsin
to declare a state of emergency for Trempealeau County. Approximately seveninches of
rainfall were recorded in as little as 24 hours. Rising flood waters forced the evacuation of two-
thirds of the 2,500 Arcadia residents. Most of the flooding occurred in downtown Arcadia.
Storms and subsequentfloods washed out roads, downed power lines, flooded basements, and
caused damage to infrastructure in Trempealeau County. Initial flooding was the result of rising
waters on the small creeks surrounding the City of Arcadia (Reference 31). Overtopping of
Myers Valley Creek occurred along the bank upstream near the DSM Bridge and flooded the
city, causing approximately $7,000,000 in property damage (Reference 5). A hydraulic model
was used to estimate the magnitude of the peak flow by calibrating the model to high water
marks. It was estimated that the 2010 flood eventon Myers Valley Creek had an approximate
magnitude of 850 cfs which includes weir discharge of 125 cfs down Washington Avenue
(Reference 5).

7 Discharge Frequency Analysis Methods

The purpose of this study is to define discharge frequency values for streams and rivers which
contribute to flooding in the City of Arcadia. Streams which affect Arcadia are the Trempealeau
River, Turton Creek, and Myers Valley Creek. Within the Trempealeau River watershed, there s
only one long term gage located along the Trempealeau River at Dodge, WI. A frequency curve
was derived for the Dodge gage to extendthe period of record of the short term Arcadia USGS
gage. Methods usedto extend the length of the Arcadia record are outlined below and a
description of the analysis performed for each site is also described in the subsequent sections
below.

23



USACE St. Paul District Hydrology Study and Report CAP 205 Arcadia, WI

7.1 Bulletin 17C Guidelines for Determining Flood Flow Frequency

In 2005, the Hydrologic Frequency Analysis Work Group (HFAWG), under the Subcommittee on
Hydrology, began developmenton Bulletin 17C: Guidelines for Determining Flood Flow
Frequency (Reference 29). Bulletin 17C is a revision of Bulletin 17B: Guidelines for Determining
Flood Flow Frequency (Reference 28). Bulletin 17B was published in 1982 and presentsthe
previous standard of practice for performing analytical discharge frequency analysis. The final
version of Bulletin 17C was published in March 2018. The HFAWG recommends using Bulletin
17C guidelines to estimate flood flow frequency curves. The latest version of the Hydrologic
Engineering Center Statistical Software Package (HEC-SSP version 2.1, Reference 19)
incorporates the methodology presentedin Bulletin 17C. Bulletin 17C Guidelines improve on
Bulletin 17B in the following ways:

(1) Low Outlier Detection: Bulletin 17C applies the Multiple Grubbs-Beck test versusthe
simple Grubbs-Beck test recommended by Bulletin 17B. The low outlier detection tests
are used to identify influential low flood observations which unduly influence the
characterization of the exceedance probability associated with large flow magnitudes.
The Multiple Grubbs-Beck Test (MGBT) facilitates the identification of multiple low
outliers including zero flow values.

(2) Confidence Limits: Large differencesin confidence intervals may be observed between
intervals computed with Bulletin 17B compared to intervals calculated with Bulletin 17C
because the Bulletin 17B confidence intervals ignore uncertainty in estimating skew and
has no provisions for recognizing the value of historical information. In Bulletin 17C the
Expected Moments Algorithm (EMA) is applied to generate confidence limits and
accounts for uncertainty in estimates of skew as well as historical flood information.

(3) Expected Moments Algorithm (EMA): Instead of applying the method of moments
procedure to estimate parameters of the sample to fit a Log Pearson Type Il distribution
to the observed data as suggested by Bulletin 17B, Bulletin 17C facilitates the use of the
EMA. The EMA is a generalized method of moments procedure to estimate the Pearson
Type Il distribution parameters. The EMA provides a direct fit of the Pearson Type IlI
distribution using the entire dataset, simultaneously employing regional skew
information and a wide range of historical flood and threshold-exceedance information,
while adjusting for any potentially influential low floods, missing values from an
incomplete record, or zero flood years (Reference 29).

(4) Record Extension. To extendthe period of record at a short-term gage using
information from a nearby long-term gage, Bulletin 17C guidance recommends the
Maintenance of Variance Extension Type 3 (MOVE.3) approach instead of relying on the
two station comparison. The MOVE.3 approach is discussed in Section 7.3.

(5) Plotting Positions. Plotting positions are an empirical (non-parametric) method to
judge the adequacy of the estimated flood frequency relationship for a particular set of
data. Inthe previousBulletin 17B guidelines, the adequacy of the Log Pearson Type IlI
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distribution applied to a series of annual peak flood flows was assessed using Median
plotting positions. Bulletin 17C guidelines utilize standard and non-standard flood data
which are represented by perception thresholds and flow ranges; consequently, a
multiple exceedance threshold plotting position formula is necessary to plot annual
peak flood events. All flood eventsin the analytical frequency analysis cases are plotted
with Hirsch-Stedinger plotting positions, exceptlow outliers which are plotted using
Median plotting positions.

7.1.1 Applicability of Bulletin 17CGuidelines

The guidelines in Bulletin 17C outline the process of defining flood potential at a specific
location in terms of peak discharge and annual exceedance probability (AEP, %). The Bulletin
17C guidelines are applicable for defining the frequency of flood events rarer than and including
the 10% AEP event (10-yr average return period). Flood AEPs ranging from 10% (10-yr return
interval) to 0.2% (500-yr return interval) are estimated using annual peak discharge time series
data and the methods described in Bulletin 17C in this study.

If frequency estimates are desired for events which occur more frequently than the 10% AEP
event, it is recommended that a peaks over threshold analysis or partial duration series analysis
using the generalized Pareto distribution (GPD) be performed to define that region of the
frequency curve. A partial duration series analysis to define a broader range of the frequency
curve was not included in the scope of work for this analysis and was not needed to define the

flood frequency characteristics of the study site.

7.2 Perception Thresholds

The Expected Moments Algorithm (EMA) usesinterval data rather than discrete data points in
computations. This allows for the use of non-standard flood information such as historical
flood data or paleoflood information to be incorporated into the analysis, especially if the exact
magnitude of the historic or paleoflood eventis not known. Each flow value usedin the
analysis is represented as a flow range interval, with both a high and low value.

The EMA approach requires that each year in the systematic record must be represented using
perception thresholds and a flow range. Observed, systematic events are assumed to be
known with a high degree of accuracy. Therefore, the perception thresholds for systematic
events usesa low perception threshold equal to zero and a high perception threshold equal to
infinity. A perception threshold which spans zero to infinity assumes that all discharges that
occurred during periods when measurements were taken would have been recorded,
regardless of magnitude. Applying a perception threshold in this manner implies that the low
flow range value is equal to the high flow range value. Both the low and high flow interval
values are equivalent to the observed event magnitude. This assumes that the gage measuring
the datais accurate.
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Flow intervals for years with missing information are estimated using an exceedance bound
perception threshold. The exceedance perceptionthreshold is defined with a lower limit equal
to a reference, observed flow magnitude and an upper limit of infinity. The corresponding flow
interval for years with missing information is simply the complement of the perception
threshold range. Years for which discrete flow measurements are unavailable, but relative flow
magnitudes can be defined as described above are referred to as censored data points within
HEC-SSP (Reference 29). If available, historic flood information recorded outside of the
systematic record is applied to define the lower limit of the exceedance perception threshold.
By adopting historic flood information to define the lower limit, this implies that if a flood
greater than the historic flood had occurred during the missing portion of the period of record,
it would have beenrecorded. The discharge frequency analyses describedin Sections 8.1-8.3
include information about how the perception thresholds for each individual analysis was
selected and applied as a flow range.

In cases where the systematic streamflow record has gaps and where historic flood information
is unavailable, the eventof record (largest observed event) from within the systematic period of
record is used to define the lower limit of the perception threshold for the missing flow years.
Various resources including flows recorded at hydrologically similar locations, newspaper
articles, USGS water supply papersand past studies are used to validate the assumption that
the flow magnitudes associated with the missing data years would have beenless than the
largest eventrecorded. This methodologyis consistent with the Broken Record Example — Back
Creek near Jones Springs, WV contained in Bulletin 17C: Guidelines for Determining Flood Flow
Frequency (Reference 29). This approach was also discussed with experts at the USACE
Hydrologic Engineering Center (HEC). Experts at HEC indicated that using the event of record to
define a perception threshold, in the absence of recorded data or historic information, is a
conservative method of estimating the discharge frequency curve for sites with gaps in the
systematic flow record.

7.3 Record Extension Technique

At least one gage in the study area has a period of record which is short, discontinuous, and
contains missing information. Observed, annual instantaneous peak flow records at nearby
long term index stations are used to fill in and extend the peak discharge records observed at
sites with partial or short term records. Initially, simple linear regression is used to identify
correlation between observed annual instantaneous peak (AIP) flows at short term, partial
stations and observed peaks at a long term, index stations. Bulletin 17C recommends that
record augmentation be considered wheneverthe correlation coefficient, R, is greater than
0.80 (R? greater than 0.64) and the short record site is less than 20 years in length (Reference
29). Once an appropriate index (long-term) station is identified for each partially gaged
location, the maintenance of variance extensiontype three (MOVE.3) method is used to
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estimate missing flows from the partial record station using information from the long-term,
index station.

7.3.1 Maintenance of Variance Type 3 (MOVE.3)

The MOVE.3 technique is a statistical method for estimating missing flows from the record at a
short term station by comparing the short term flow record to the long term flow record. The
MOVE.3 technique produces a nearly unbiased estimate of mean and variance. MOVE.3is
primarily applied in support of water resources planning and management models, as well as
for reservoir design and operation.

Equation 3 is the MOVE.3 regression relationship used to estimate missing flows at short record
stations if there is a long term station nearby. The MOVE.3 techniqueis considered an
appropriate technique for record extensionif: (1) linear correlation exists betweenthe
concurrent record of the short term gage and the long term gage, (2) if the MOVE.3 modeled
flows accurately predict observed flows at the short record station, and (3) if there is
improvementto the mean and variance of the short record site, based on the longer period of
record. Improvementof variance occurs when the variance of the combined record is less than
the variance of the original, short record. Additional details about this technique can be found
in Bulletin 17C: Guidelines for Determining Flood Flow Frequency (Reference 29) and a paper by
Vogel and Stedinger (Reference 41).

Equation 3 MOVE.3 Analysis Equation

(¥:) =a’ + b(x;- X,) [LOGSCALE]

(9 ;) = Estimated flow at the short record site
a’ = Intercept of regression line
b = Slope of regression line

xi = Observed flow at long term site in year “i
X2 = Mean of the long term station for the non-overlapping period

The Nash-Sutcliffe (NS) efficiency coefficient is used to assess how well the MOVE.3 results
approximate flows at the short record site by comparing the MOVE.3 estimated flows to the
observed, annual peak flow record. Nash-Sutcliffe coefficients can range between negative
infinity and one. A NS coefficient of one indicates that the MOVE.3 modeled data exactly
matches the observed data. A coefficient of zero indicates the mean of the observed flow
record is a better predictor of discharge at the short term site than the MOVE.3 estimate. A NS
efficiency index of 0.70 is selected as the index necessary to performthe record extensionin
this study. Equation 4 defines how the Nash-Sutcliffe efficiency index is computed.

Equation 4 Nash-Sutcliffe Efficiency Index
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E = Rns? = Nash Sutcliffe model efficiency coefficient
Qot = Observed discharge at time “t”

Qm® = Modeled discharge at time “t”

Qo = Mean of observed discharges

8 Discharge Frequency Analysis —Gaged Sites

8.1 TrempealeauRiver at Dodge, WI

The USGS gage for the Trempealeau River at Dodge, W1 (USGS Gage ID 05379500) is located
near the left bank of the Trempealeau River on the downstream side of the County Road P
Bridge in Dodge, WI, approximately 9 miles upstream from the mouth of the river. The
drainage area at the Dodge gage is 643 square miles. The available observedrecord at Dodge is
December1913 to September 1919 and April 1934 to present. At the time of this hydrologic
analysis, the most recently published annual peak flow was the 2015 value. A total of 87
systematic peak flow values are published for this gage (Reference 25). Historic information is
used to extendthe period of record for the Trempealeau River at Dodge, WI analysis.
According to the 1988 Flood Insurance Study Interim Hydrology Report: City of Arcadia, WI and
the USGS gage website for the Trempealeau River at Dodge, WI (USGS Gage ID 05379500), the
April 1956 eventat Dodge is the largest flood eventsince 1876 (References 10and 25).
Sections 6.1.1 and 6.1.4 have more information about the 1876 and 1956 flood events.

The flow frequency curve is calculated using the analytical methods described in Bulletin 17C:
Guidelines for Determining Flood Flow Frequency (Reference 29). To apply the Bulletin 17C
method a low perception threshold is set using the historic eventinformation (1956 event:
17,400 cfs, largest since 1876) and a high perception threshold of infinity is used to fill the
missing record from 1876-1913 and 1920-1934. The exact magnitude of the 1876 eventis not
known, therefore, the perception threshold of 17,400 cfs to infinity is also used to define the
1876 eventinformation. This assumption indicates that if an eventlarger than the 1956 event
had occurred during the missing period, it would have been noted. The perception thresholds
usedin the determination of the discharge frequency curve for the Trempealeau River at Dodge
are listed in Table 4 below.
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Table 4 Perception thresholds for the Trempealeau River at Dodge Discharge Frequency Analysis (thresholds in cfs)

Perception Thresholds
Start Year End Year Low Threshold High Threshold Comments
1914 1919 0.0 inf Systematic record 1
1920 1934 17400.0 inf Discontinued record
1935 2015 0.0 inf record 2

The Expected Moments Algorithm is used to estimate the statistical parameters and fit the Log
Pearson Type lll distribution to the available systematic streamflow data, as well as the
information gleaned for the historic record. Hirsch-Stedinger plotting positions are used to plot
observed eventsand Median plotting positions are used to plot low outliers. A weighted skew
value is calculated using the results from the 1985 St. Paul District Skew Study (Reference 21).
The adopted skew value of -0.026 is computed by weighting the station skew of 0.086 with a
regional skew of -0.200 and a regional skew mean square error (MSE) of 0.125 (Reference 21).
Computation of the adopted flow-frequency curve and its 5% and 95% confidence limits are
performed with the HEC-SSP version 2.1 computer program (Reference 19). A summary of the
adopted frequency curve is shown in Table 5. Peak flows used in the analysis are located in
Appendix C and the final discharge frequency curve is shownin Appendix D.

Table 5 Discharge frequency estimates for Trempealeau River at Dodge, WI (USGS Gage 05379500)

Annual Peak Discharge Frequency Analysis

USGS Gage 05379500 Trempealeau River at Dodge, WI
Methodology: Bulletin 17C/EMA - Log Pearson Type Il Distribution

Exceedance Probability S 90% Confidence Limits (cfs)
(%) ea stimate 5% 95%

(cfs)
0.2% 21,400 31,400 16,200
0.5% 17,800 24,500 14,000
1% 15,200 20,000 12,300
2% 12,800 16,200 10,700
5% 10,000 11,900 8,500

10% 7,900 9,200
Statistics
Mean 3.549 Systematic Record

6,900

87 Years

Standard Deviation 0.275 Historic Period L Ygg;sé)(1876-
. Systematic Years in 1914-1919, 1935-
Station Skew 0.086 Record 2015
Regional Skew -0.200 Missing Flows 53 Years
Regional Skew MSE 0.125 Low Outlier Test Multiple Grubbs-Beck
il el Sl -0.026 Number of Low Outliers 0

(Adopted)
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8.2 Trempealeau River at Arcadia, WI

The USGS gage near the Trempealeau River at Arcadia, WI (USGS Gage ID 05379400) is located
near the River Street (WI-95) Bridge in Arcadia, WI. The drainage area at the Arcadia site is 552
square miles. Gage records for the site are sporadic because the gage was commissioned and
decommissioned numerous times throughout its service life. The observed period of record
extends from July 1960 to September 1977, July 2001 to September2004, and August 2013 to
present. At the time this report was written, annual instantaneous peak flow information was
available through water year 2015. A total of 22 observed systematic peak flow eventsare
available for this site.

Annual instantaneous peak flow data from 1960 to 1967 is not presently published by the USGS
for this site. Peak flow records for the 1960 to 1967 time period are available from the 1988
Flood Insurance Study Interim Hydrology Report: City of Arcadia, WI report completed by the
U.S. Army Corps of Engineers (Reference 10). These values are included in the period of record
for the analysis and are listed in Table 1 of Appendix C.

The USGS published discharge for the 1975 event (one of the largest observed floods at
Arcadia) is 15,900 cfs (References 10 and 24). This flow is published by the USGS as 15,900 cfs;
however, issues with rating curve fluctuations indicate that the actual discharge is less than
15,900 cfs (Reference 20 and Appendix F). A copy of the memorandum for record discussing
this eventis included as Appendix F. An investigation by the Corps of Engineers St. Paul District
and subsequentdiscussions with the Wisconsin Department of Natural Resources revealed that
the sand bottom of the river at this location undergoes periodic scour and aggradation, which
can cause the rating curve to fluctuate (References 10 and 20; Appendix F). Analysis by the
USACE St. Paul District estimatesthat the flow associated with the 1975 peak flood is 12,000
cfs. This is the adopted value used for this study (Reference 10). Appendix F details the
analysis which was performed to account for the rating curve fluctuations of the 1975 event;
consequently, the 1975 eventwas not represented as a range in HEC-SSP version 2.1. Instead,
the 1975 eventwas represented as a discrete value of 12,000 cfs (low flow range interval value
is equal to the high flow range interval value which is equal to 12,000 cfs).

There is uncertainty in how fluctuations in rating curves at sites along the Trempealeau River
will affect future flood stages as a result of periodic scour or aggradation of the sand bottom
riverbed. A trend analysis was performed on stage and discharge data versustime for the
Trempealeau River at Dodge, WI (USGS gage 1D 05379500) to help understand how the rating
curve variables have changed through time. The Arcadia USGS gage did not contain enough
measurementsto perform a reliable trend analysis. The stage data period of record at the
Dodge USGS gage is 1914-1919, 1935-1958, and 1960-2015. The 1914-1919 period is omitted
from the trend analysis to use the near continuous record 1935 to present. A statistically
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Wi

significant (p-value less than 0.05) increasing trend in stage was noted along with a statistically

significant decreasing trend in streamflow over time. This divergent relationship indicates that

peak stage has increased through time even as peak flow has decreased over time which
suggeststhat aggradation could be occurring in the channel which would result in increased
flood stages for smaller flood eventsin the future. Detailed sedimenttransport analysis is
beyondthe scope of this feasibility level study and a recommendation for future study is
included in Section 14.

Trempealeau River at Dodge, WI (USGS 05379500)
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Figure 5 Trend analysis of stage and discharge vs. time for the Trempealeau River at Dodge, Wi

The hydrology between the Arcadia and Dodge sites is complex, and at times flows at Dodge
are less than flows at Arcadia eventhough the drainage area at Dodge is 91 square miles
greater than the drainage area at Arcadia (Reference 10). The concurrent period of record
betweenthe Arcadia and Dodge USGS gages spans 22 years. For 12 of the 22 concurrent
events, the observed annual peak flow at Dodge is less than the annual peak flow at Arcadia.
Table 6 showswhich years in the concurrent record have recorded peak flows at Dodge less
than at Arcadia.
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Table 6 Comparison of concurrent annual peak observed flow at the Arcadia and Dodge USGS gages

Number and
Year Comparison of Arcadia and Dodge Observed Flows
(1) (2) Dodge AIP Flow Minus Observed Flow Notes
Water Arcadia AIP Observed Dodge AIP Observed Arcadia AIP Flow (cfs) Arcadia Observed (1) vs. Dodge

No. Year Discharge (cfs) Discharge (cfs) (2) - (1) = Difference Observed Flow (2)

1 1961 7,840 11,100 3260 Dodge Peak > Arcadia Peak
2 1962 6,390 6,800 410 Dodge Peak > Arcadia Peak
3 1963 2,890 3,240 350 Dodge Peak > Arcadia Peak
4 1964 3,000 1,980 -1020 Dodge Peak < Arcadia Peak
5 1965 9,740 12,100 2360 Dodge Peak > Arcadia Peak
6 1966 3,200 3,600 400 Dodge Peak > Arcadia Peak
7 1967 8,340 7,350 -990 Dodge Peak < Arcadia Peak
8 1968 8,140 3,220 -4920 Dodge Peak < Arcadia Peak
9 1969 2,920 2,200 -720 Dodge Peak < Arcadia Peak
10 1970 3,290 2,830 -460 Dodge Peak < Arcadia Peak
11 1971 2,200 2,170 -30 Dodge Peak < Arcadia Peak
12 1972 4,510 5,950 1440 Dodge Peak > Arcadia Peak
13 1973 5,580 5,500 -80 Dodge Peak < Arcadia Peak
14 1974 3,520 2,430 -1090 Dodge Peak < Arcadia Peak
15 1975 12,000 10,600 -1400 Dodge Peak < Arcadia Peak
16 1976 5,310 3,030 -2280 Dodge Peak < Arcadia Peak
17 1977 1,250 1,520 270 Dodge Peak > Arcadia Peak
18 2002 1,810 1,830 20 Dodge Peak > Arcadia Peak
19 2003 1,500 2,420 920 Dodge Peak > Arcadia Peak
20 2004 3,080 3,130 50 Dodge Peak > Arcadia Peak
21 2014 2,610 2,180 -430 Dodge Peak < Arcadia Peak
22 2015 1,630 1,520 -110 Dodge Peak < Arcadia Peak

In general, peak flows due to rainfall eventstend to result in flows which are greater at Arcadia
than Dodge and peak flows due to snowmelt are greater at Dodge than Arcadia (Reference 10).
This effectis potentially caused by large amount of valley storage between the two sites which
attenuatesthe hydrograph as it travels downstream (Reference 10). The 1988 Flood Insurance
Study Interim Hydrology Report: City of Arcadia, WI hypothesized that during snowmelt events,
runoff from snowmelt may add substantial volume to flows moving downstream and may also
reduce available storage in the river between Arcadia and Dodge (Reference 10). Hydraulic
evaluation of the natural storage downstream of Arcadia and upstream of Dodge would require
unsteady hydraulic modeling which is beyond the scope of this feasibility analysis. See Section
14 for recommendations on how to study the storage characteristics between Arcadia and
Dodge.

The historic period information discussed in Section 8.1 is not used to put the period of record
at the Arcadia site into a historic context. The 1988 Flood Insurance Study Interim Hydrology
Report: City of Arcadia, WI report did not discuss or use the 1876 historic eventinformation to
derive the frequency curve at Arcadia (Reference 10). The USGS gage website for the
Trempealeau River at Arcadia, WI (USGS Gage ID 05379400) does not indicate if the 1876 event
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is the largest eventat Arcadia compared to any of the otherobserved events at Arcadia
(Reference 24). The Summary of Floods in the United States During 1956 report notes that the
1956 eventat Arcadia is the largest since 1919; however, no observed peak flow information is
available at Arcadia for either 1956 or 1919 (Reference 27). The Summary of Floods in the
United States During 1956 report also makes no mention of how either the 1919 flood eventor
1956 flood eventat Arcadia relate to the 1876 event(Reference 27).

The 22 concurrent observed peak flows from the Dodge record are compared to the peak flows
in the Arcadia record. Bulletin 17C states that the MOVE.3 record extension technique may be
appropriate whenthe cross-correlation computed form the MOVE.3 equations, Ror p, is
greater than 0.80 (R? or p2 greater than 0.64). A correlation coefficient is computed from the
regression analysis in Figure 6 as well as from the MOVE.3 equations. The cross-correlation
computed from the MOVE.3 equations is the same as the correlation coefficient, R. In this case,
p is equal to R at a value of 0.88. The high correlation coefficient indicates that the flows
betweenthe two sites are linearly correlated, and a record extension technique is
recommended using these two gages.

Short vs. Long Term Record: Linear Regression
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Figure 6 Linear regression between the short term (Arcadia)and long term (Dodge) gages

The MOVE.3 extensiontechnique is used to extend the period of record at the Arcadia site even
though flows at Dodge are not always greater than flows at Arcadia. Figure 7 shows the
concurrent observed flows of the Dodge and Arcadia USGS gages along with the MOVE.3
estimated flow for Arcadia. Generally, the observed flood events betweenthe two sites in the
concurrent years is similar in magnitude. The MOVE.3 estimated flows for Arcadia are
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consistently greater than the observed flows at the Dodge USGS gage, which does not reflect
the reality that sometimes flows are greater at Arcadia than at Dodge. This is likely because
flow at Arcadia is often greater than flow at Dodge.

The adequacy of the MOVE.3 relationship is evaluated using the Nash-Sutcliffe method to
assess how well the MOVE.3 estimated flows at Arcadia approximate the observed flows. The
Nash-Sutcliffe coefficient for the extension is 0.69, which indicates that the MOVE.3 extension
technique reasonably estimates the flows at Arcadia. A Nash-Sutcliffe coefficient of 0.69 is
considered sufficiently close to the selected threshold of 0.70 (Section 7.3.1) for this feasibility
study.

Bulletin 17C states that record extension is an appropriate technique whenthere is
improvement to the mean and variance of the short record site (Arcadia). This occurs whenthe
variance of the extended record s less than the variance of the original short record. The
variance of the extended record at Arcadia is less than the variance of the original, short term
record which suggests that the MOVE.3 record extensiontechnique can be applied in this case
and improves the dataset at Arcadia. Table 7 below summarizes the criteria used to determine
the applicability of the MOVE.3 record extension technique in this case. Based on the
information presentedin Table 7, the application of the MOVE.3 record extension technique is
appropriate betweenthe Dodge, WI and Arcadia, WI USGS gage data.

Comparison of Concurrent Annual Instantaneous Peak Discharge
Trempealeau River at Dodge USGS Gage and Arcadia USGS Gage
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Figure 7 Comparison of concurrent observed annual peak flows at Dodge and Arcadia with MOVE.3 estimates of flows at
Arcadia
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Table 7 MOVE.3 extension usability criteria: Dodge & Arcadia

Parameter Value
Correlation Coefficient, R2 0.77
Nash-Sutcliffe Coefficient, Rys2 0.69

Variance of Short Record (from log of flow) | 0.077
*Variance of Long Record (from log of flow) | 0.074
*Notethat the variance of the extended record is less than the short, observed record

Although the statistical criteria outlined above indicate that the MOVE.3 equations can be used
to extend the period of record at the Arcadia gage based on information at the Dodge gage,
half of the concurrent observed events at the two sites demonstrate a physical aberration
which is impossible to replicate using the MOVE.3 equations. Additional study should be
performedto develop a more appropriate relationship to capture what happensto discharge
between Dodge and Arcadia. For this analysis, the MOVE.3 estimated flows at Arcadia are
consistently higher than the observed flows at the Dodge USGS gage which is conservative from
a flood risk management perspective. This knowledge, combined with the statistical tests
discussed above support the use of the MOVE.3 equations to extend the period of record to
develop a flood flow-frequency curve for the site. See Section 14 for recommendations of how
to improve estimates of missing flow for the Trempealeau River at Arcadia which are presently
outside the scope of work for this analysis.

8.2.1 Adopted Frequency Curve at Arcadia, WI

The flow frequency curve at Arcadia is determined by applying the analytical methods from
Bulletin 17C (Reference 29). The Bulletin 17C Expected Moments Algorithm (EMA) requires the
use of interval data, consequently, there cannot be missing data contained in the annual
instantaneous peak flow record. A low perception threshold equal to the largest observed
event (1975 event: 12,000 cfs)and a high perception threshold of infinity is used to represent
the missing record from 1920-1934. The perception thresholds used in the analysis of the
discharge frequency curve for the Trempealeau River at Dodge are listed in Table 8 below.

Table 8 Perception thresholds for the Trempealeau River at Arcadia Discharge Frequency Analysis (thresholds in cfs)

Perception Thresholds
Start Year End Year Low Threshold High Threshold Comments
| 1914 2015 0.0 inf Total Record
1914 1919 0.0 inf| Systematic Record 1
1920 1934 12000.0 inf Missing Record
1935| 2015 0.0 inf Systematic Record 2

Hirsch-Stedinger plotting positions are used to plot observed eventsand Median plotting
positions are used to plot low outliers. A weighted skew value is calculated using the results
from the 1985 St. Paul District Skew Study (Reference 21). The adopted skew value of -0.073 is
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computed by weighting the station skew of -0.007 with a regional skew of -0.200 and a regional
skew MSE of 0.125 (Reference 21). Statistical computations are performed using the HEC-SSP
computer program (Reference 19). A summary of the adopted frequency curve is shownin
Table 9. Peakflows used in the analysis are located in Appendix C and the final discharge
frequency curve plot is shown in Appendix D.

Table 9 Discharge frequency estimates for Trempealeau River at Arcadia, WI (USGS Gage 05379400)

Annual Peak Discharge Frequency Analysis

USGS Gage 05379400 Trempealeau River at Arcadia, WI
Methodology: Bulletin 17C/EMA - Log Pearson Type Il Distribution

90% Confidence Limits (cfs)

Exceedance Probability

(%) Peak (I(E:?stl) mate 5% 95%
0.2% 21,300 31,900 16,300
0.5% 17,900 25,100 14,200

1% 15,500 20,600 12,600

2% 13,200 16,800 11,000

5% 10,300 12,500 8,900
10% 8,300 9,700 7,300

Statistics

Mean 3.575 Systematic Record 87 Years
Standard Deviation 0.270 Historic Period Not Applicable
. Systematic Years in 1914-1919, 1935-
Station Skew -0.007 Record 2015
Regional Skew -0.200 Missing Record 15 Years
Regional Skew MSE 0.125 Low Outlier Test Multiple Grubbs-Beck
BHEE e & G -0.073 Number of Low Outliers 0

(Adopted)

8.3 French Creek near Ettrick, WI

The French Creek near Ettrick, Wl USGS gage (05382200) is located west of the Village of
Ettrick, WI on the right downstream pier of the County Trunk D Bridge, approximately 2.5 miles
west from the junction with U.S. Highway 53 in Ettrick, WI (Reference 23). The drainage area of
the French Creek near Ettrick, WI USGS gage (05382200) is 14.7 square miles (Reference 23).
This site is included in the analysis to provide information needed to estimate discharge
frequency curves at small, ungaged watersheds within the study area using a drainage area
transfer method.

The published USGS annual instantaneous peak flow record available from the USGS website
for the French Creek gage consists of 35 discontinuous systematic events spanning from 1960-
1971, 1989-2004, 2006-2009, 2012-2013, and 2015 (Reference 23). An additional 12 systematic
events are available in the 1988 City of Arcadia Flood Insurance Study Interim Hydrology Report
which are not listed on the USGS website (Reference 10). The additional 12 systematic events
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span 1972-1983 and are listed in Table 3 of Appendix C. The entire, combined systematic
period of record is 47 systematic events from 1960-1983, 1989-2004, 2006-2009, 2012-2013,
and 2015.

Flow data for the French Creek near Ettrick, WI contains 12 peak flow eventsin the systematic
record (47 years) which are below the minimum recordable elevation at the USGS gage. This
data is referred to as “below gage base” data and is listed in Appendix C. Below gage base
flows are indicated in the USGS flow record by a Peak Gage-Height Qualification Code of 4 and
by a Peak Streamflow Qualification Code of 4. The USGS website for the French Creek near
Ettrick, WI USGS gage provides a summary of these gage qualification codes with the observed
annual peak flow record (Reference 23). The below gage base threshold is set based on the
extents of the rating curve which is usedto estimate a discharge from a measured stage. Any
values which fall below the minimum recordable stage elevation are coded as below gage base
flows.

Table 10 and Table 11 show the years in the systematic record which are listed with a USGS
qualification code of 4 for being below the minimum recordable elevation. As Table 10 and
Table 11 show, the minimum recordable flow value fluctuates in magnitude throughout the
period of record. Some of these changes can likely be attributed to when the gage was
decommissioned and re-commissioned. According to the USGS Wisconsin Water Science
Center, a new rating curve was developed for this site in 1994 which is likely why the below
gage base threshold for all discharges collected after 1994 is approximately 570 cfs (Reference
45). The USGS Wisconsin Water Science Centeralso indicated that the below gage base
threshold may have changed as a result of bridge work on French Creek (Reference 45). The
date of this bridge work was not specified (Reference 45).

In the past, below gage base data was treated as discrete data points during traditional Bulletin
17B frequency analysis. The new Bulletin 17C: Guidelines for Determining Flood Flow Frequency
allows below gage base data to be represented as a flow interval using perception thresholds
and flow ranges to representthe uncertainty associated with a below gage base measurement
(Reference 29). The below gage base data could range from 0 cfs to the minimum recordable
discharge at the gage. The perception thresholds used in this analysis use the below gage base
flow value indicated in Table 11 as a high threshold value. A value of 0.01 cfsis usedas a low
threshold for below gage base data because the analysis method applies logarithms to the flow
values to generate the frequency curve and the logarithm of zero is undefined. The perception
thresholds usedin the determination of the discharge frequency curve for the Trempealeau
River at Dodge are summarized in Table 10 below.
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Table 10 Perception thresholds for the French Creek near Ettrick Discharge Frequency Analysis (thresholds in cfs)

Perception Thresholds
Start Year End Year Low Threshold High Threshold Comments
1969 1971 0.01 200.0|USGS Code 4 Set 1
1977 1977 0.01 100.0/USGS Code 4 Set2
1979 1979 0.01 100.0|USGS Code 4 Set3

Table 11 French Creek near Ettrick, WI Perception Thresholds for Below Gage Base Flows

French Creek near Ettrick, WI USGS Gage 05382200
Perception Thresholds for Missing and Below Gage Base Flow

Low High
Threshold Threshold
Start Year End Year (cfs) (cfs) Description

1969 1971 *200 Below Gage Base
1977 1977 0.01 *100 Below Gage Base
1979 1979 0.01 *100 Below Gage Base
1984 1988 2,950 Infinity Missing Record
2003 2003 0.01 *573 Below Gage Base
2005 2005 2,950 Infinity Missing Record
2006 2009 0.01 *570 Below Gage Base
2010 2011 2,950 Infinity Missing Record
2012 2012 0.01 *566 Below Gage Base
2014 2014 2,950 Infinity Missing Record
2015 2015 0.01 *570 Below Gage Base

*Below gage base high threshold selected based on values reported in observed peak flow record

The discharge frequency curve is calculated using the analytical methods described in Bulletin
17C: Guidelines for Determining Flood Flow Frequency (Reference 29). The Expected Moments
Algorithm is used to estimate the statistical parameters of the Log Pearson Type |l distribution.
The EMA method requires interval data for each year within the analysis period of record. The
period of record used for the analysis spans 1960-1983, 1989-2004, 2006-2009, 2012-2013, and
2015. The largest observed event (2001: 2,950 cfs) is used as the low threshold for periods of
missing information. Itis assumedthat if a flood larger than the largest observed event had

38



USACE St. Paul District Hydrology Study and Report CAP 205 Arcadia, WI

occurred during a period with unobserved record, it would have beenrecorded. The
perception thresholds adoptedto characterize missing data are displayed in Table 10 (above).

Hirsch-Stedinger plotting positions are used to plot observed eventsand Median plotting
positions are usedto plot low outliers. The adopted skew of -0.730 is the station skew. A
regional skew value and a weighted skew value are considered for the analysis; however, the
curves generated using the regional skew and weighted skew provided a poor fit of the
frequency curve to the plotted data. The station skew provides the best fit of the frequency
curve to the data. Statistical computations are performed with the HEC-SSP computer program
version 2.1 (Reference 19). A summary of the adopted frequency curve is shown in Table 12.
Peak flows usedin the analysis are located in Appendix C and the final discharge frequency
curve is shownin Appendix D.

Table 12 Discharge frequency estimates for French Creek near Ettrick, WI (USGS Gage 05382200)

Annual Peak Discharge Frequency Analysis

USGS Gage 05382200 French Creek near Ettrick, WI
Methodology: Bulletin 17C/EMA - Log Pearson Type Il Distribution

Exceedance Probability

(%)

0.20%

0.50%
1%
2%
5%
10%

Mean

Standard Deviation

Station Skew (Adopted)

Regional Skew
Regional Skew MSE
Weighted Skew

Peak Estimate (cfs) 5%
5,100 12,600
4,400 9,200
3,800 7,100
3,200 5,400
2,500 3,600
1,800 2,600

Statistics

Systematic Record
Including Below-Gage-
Base Data

Historic Period
Systematic Years in
Record
Including Below-Gage-
Base Data
Missing Record
Low Outlier Test

Number of Low Outliers

2.650

0.523

-0.730

Not Applicable
Not Applicable
Not Applicable

90% Confidence Limits (cfs)

95%
2,200
2,100
2,100
2,000
1,700
1,400

47 Years (includes 12
Years of below-gage-
base measurements)

Not Available

1960-1983, 1989-
2004, 2006-2009,
2012-2013, and 2015

9 Years
Multiple Grubbs-Beck
0

9 Discharge Frequency Analysis: Ungaged Methods

Discharge frequency information is required for ungaged sites near the city of Arcadia to

provide information to aid in the design of a flood risk reduction project. The relatively small

tributaries Turton Creekand Myers Valley Creek contribute to flooding within the City of

Arcadia and are studied using approximate or ungaged methods. The Trempealeau River above

39



USACE St. Paul District Hydrology Study and Report CAP 205 Arcadia, WI

the confluence with Turton Creek is included in the analysis to inform the developmentof a
hydraulic model. Analytical flow frequency methods cannot be used to estimate the frequency
statistics associated with flooding at these three sites because thereis no observed data
available. USGSregional regression equations for the state of Wisconsin and the general
relations drainage area transfer method (GRM) are used to estimate frequency curves for the
ungaged sites. A description of each method is included in the following sections.

9.1 USGS Regression Equations — 2003 Update

The USGS completed a studyin 2003 relating watershed characteristics to flood frequency
runoff for 312 gaged Wisconsin streams (Reference 42). A statistical analysis of gaged sites in
Wisconsin was usedto develop regional regression equations based on basin characteristics for
annual exceedance probabilities ranging from the 50% exceedance probability (2-year average
return interval) to the 1% exceedance probability (100-year average return interval) event.
Data at gaged locations was collected through the water year 2000. Stations with at least 10
years of record were considered for the analysis of rural streams, and at least 28 years of flood
peak data were used for most crest gage stations, such as the French Creek near Ettrick, WI
USGS gage (Reference 42).

The 2003 USGS study separated stream gages in Wisconsin into five distinct areas, and
developed a unique set of regression equations for each area. The Trempealeau River basin fell
within Study Area 1 in the analysis. A summary of basin characteristics which are applicable to
sites located in Region 1 of Wisconsin is shownin Table 14 below. Table 14 showsthe basin
characteristics used to define the regression equations for Region 1 along with the range of
applicable values for each basin characteristic.

Regression equations relating basin characteristics to flood frequency were developed using
multiple linear regression analysis. A combination of ordinary least squares (OLS) regression
and generalized least squares (GLS) regression was used to define regression equations for each
flood frequency area in Wisconsin (Reference 42). Significant regression characteristics
included in the adopted equations are drainage area (A), main channel slope (S), storage (ST),
rainfall intensity (l125), and forest cover (FOR). The standard error of prediction of the regression
equations for the 1% eventvaried between 22 percentand 44 percent (Reference 42). A
standard error value between 22 percent and 44 percentis quite high, and illustrates the large
amount of uncertainty which arises from using regression equations to develop estimates for

flood frequency analysis.

Estimates of basin characteristics are determined using the USGS “StreamStats” tool which
computes basin characteristics for a particular point of interest (Reference 26). The tool
provides a graphical user interface which allows the user to define a drainage area at any
location. The resulting basin delineation is usedin the National Streamflow Statistics (NSS)
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program to determine the required inputs to the USGS regression equations which define the
discharge frequencyresults. A summary of the regression equations for the region

encompassing the Trempealeau watershed (Area 1) is shown below in Table 13 (Reference 42).

Table 13 2003 USGS regression equations for the state of Wisconsin, Area 1 (Reference 42)

Best-fit equation SE ESE Eq. no.
Area 1 (39 stations)
0, = 999A% FORY> [ 7% 0.1803 43 I-1
0, = 190.0A% FOR 5% 1709 40 1-2
0, = 3504% So63 FOR® [ o 1631 38 1-3
0, = 3814%° §o318 FOR®™ 716 1691 40 1-4
), = 4l4An 503 FOR™™ 7% 1764 42 -5
50 25
0, = H42A sos FOR©2 [ 156 1855 44 1-6
100 25

Table 14 2003 USGS regression equations typical range of basin characteristics for Wisconsin watersheds, Area 1 (Reference 42)

Basin characteristic Minimum Median Maximum
Area 1 (39 stations)

Drainage area (mi?) 0.28 25.0 2,120

Main-channel slope 2.27 27.3 270
(ft/mi)

Forested area (percent) .00 26.6 56.9

25-year, 24-hour 5.18 5.28 5.29
precipitation (in.)

9.2 USGS Regression Equations — 2017 Update

The USGS completed a studyin 2017 relating watershed characteristics to flood frequency
runoff for 360 gaged Wisconsin streams (Reference 43). A statistical analysis of gaged sites in
Wisconsin was usedto develop regional regression equations based on basin characteristics for
annual exceedance probabilities ranging from the 50% exceedance probability (2-year average
return interval) to the 0.2% exceedance probability (500-year average return interval) event.
Data at gaged locations was collected through the water year 2010. Stations with a minimum
of 10 years of record were used for the statistical regression analysis of rural streams

(Reference 43).

The 2017 USGS study separated stream gages in Wisconsin into eight areas of similar
physiographic characteristics, and developed a unique set of regression equations for each
area. The Trempealeau River basin, Turton Creek watershed, and Myers Valley Creek
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watershed fell within Study Region 5 in the analysis. A summary of basin characteristics which
are applicable to sites located in Region 5 of Wisconsin is shownin Table 16 below. Table 16
shows the basin characteristics used to define the regression equations for Region 5 along with
the range of applicable values for each basin characteristic.

Regression equations relating basin characteristics to flood frequency were developed using
multiple linear regression analysis. The principal method of regression analysis used to develop
the 2017 regression equations was the generalized least squares (GLS) technique (Reference
43). Significant regression characteristics included in the adopted equations are drainage area
(A, mi2), saturated hydraulic conductivity (Ksat, inches per hour), and forest cover (F, percent).

The standard error of prediction of the 2017 regression equations for the 1% eventvaried
between 56 percent and 70 percent for Wisconsin streams (Reference 43). A standard error
value between 56 percent and 70 percentis quite high, and illustrates the large amount of
uncertainty which arises from using regression equations to develop estimatesfor flood
frequency analysis. The standard error associated with the 2017 regression equations
(Reference 43) was higher than the standard error associated with the 2003 regression
equations discussed in Section 9.1 (Reference 42). The 2017 Flood-Frequency Characteristics of
Wisconsin Streams authors hypothesized that the increase in the standard error of prediction is
likely due to increased variability of the annual peak streamflow discharges, resulting in
increased variability in the magnitude of flood peaks at higher frequencies (Reference 43).

Estimates of basin characteristics are determined using the USGS “StreamStats” tool which
computes basin characteristics for a particular point of interest (Reference 26). The tool
provides a graphical user interface which allows the user to define a drainage area at any
location. The resulting basin delineation is usedin the National Streamflow Statistics (NSS)
program to determine the required inputs to the USGS regression equations which define the
discharge frequencyresults. A summary of the regression equations for the region
encompassing the Trempealeau watershed (Area 5) is shown below in Table 15 (Reference 43).

Regression equations are usefultools for estimating frequency curves at sites without observed
data; however, this technique has limitations. The regression equations presented in this
section of the report should only be applied to rural sites which are not affected by regulation
from hydraulic structures. The regression characteristics are only valid within the area or
region they were developed. Flood estimates can be made using basin characteristics outside
the range of values shown in Table 16 from which the equations were derived, but it is not
possible to estimate the error associated with those results using the methods presentedin the
regression study.
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Table 152017 USGS regression equations for the state of Wisconsin, Area 5 (Reference 43)

Best-fit equation in sgr[:;ent
Area 5, 26 streamflow-gaging stations
Qs = 183 Ao K, "% F 042 47.5
Q,, = 521 A0m7 K 07 F 0403 454
Qe = 951 A0 K, °" F 0383 45.1
Q, = 1.870 Ao K, °% F 0% 46.0
Q, = 2.950 AoTo K, F 034 47.7
Q, = 4.530 A0 K, F 0316 48.5
Qs = 6.750 A0 K, " F 0302 50.1
Qs = 11.100 AT K, F 0277 51.1

Table 16 2017 USGS regression equations typical range of basin characteristics for Wisconsin watersheds, Area 5 (Reference 43)

Area 5, 26 streamflow-gaging stations
Drainage area, mi’ 0.27 264 2,082
Saturated hydraulic conductivity, in/h 0.94 3.25 8.98
Land use, forest, percent 13.0 393 67.9

9.3 General Relations Method (Drainage Area Transfer)

General relations methodology (GRM), also known as a drainage area transfer, is applied to
estimate the flow at an ungaged site by relating flow at a gaged site to the ratio of the drainage
areas of the ungaged and gaged sites raised to an exponent. The GRM is given by Equation 5
below.

Equation 5 General relations method equation

(DA1 )n G

DA, Q2

Site 1 = Ungaged Site Q = flow at a given exceedance probability
Site 2 = Gaged Site DA = Drainage Area

43




USACE St. Paul District Hydrology Study and Report CAP 205 Arcadia, WI

The previous 1988 City of Arcadia Flood Insurance Study Interim Hydrology Report states that
an exponent ‘n’ value of 0.68 can be used in Equation 5 for the Trempealeau basin (Reference
10). A drainage area transferexponentvalue of 0.68 is also supported in the WI Department of
Transportation Facilities Development Manual— Chapter 13: Drainage, Section 10: Hydrology
(Reference 44). The drainage area transferexponent was determined from statistical
regression analysis of 184 stream gages in the State of Wisconsin which had a minimum of 10
recorded annual peakflood events (Reference 3). The state of Wisconsin was divided into five
areas based on similar physical basin characteristics to develop a transfer coefficient for each
area. The regional ‘n’ value of 0.68 is used to transfer frequency curves from a gaged

watershed to an ungaged watershed in this study.

9.4 Selection of Appropriate Analysis Technique to Derive a Frequency Curve for an
Ungaged Site
In this study, the derivation of a frequency curve for an ungaged site is limited to either the
USGS regression equations (2003 version or 2017 version) or the general relations drainage
area transfer method. Development of hydrologic models which can estimate a frequency
curve from observed data and precipitation frequency rainfall or a more in-depth regional
analysis is beyond the scope of work for this assessment. For sites which are similar in drainage
area, the drainage area transfer method generally provides a reasonable estimate of flood risk.
For sites which are not similar in drainage area or are hydrologically differentfrom a gaged site,
the regression equations can be used.

The USGS regression equations are developed using a large amount of data to approximate
flood frequency information for streams without gage data. The Turton Creek watershed and
the Myers Valley Creek watershed are two small watersheds which are candidates for using
either the drainage area transfer method or the USGS regression equationsto developa
frequency curve to estimate flood risk. A sensitivity analysis using the French Creek near
Ettrick, WI USGS gage (1D 05382200) was performedto assess how the USGSregression
equations approximate flood risk at a site with gage data. Section 8.3 provides information
about the analytical flow frequency curve derived for the French Creek near Ettrick, WI (ID
05382200) using the methods outlined in Bulletin 17C: Guidelines for Determining Flood Flow

Frequency.

A frequency curve was derived for French Creek using an analytical technique, the 2003 USGS
regression equations, and the 2017 USGS regression equations and the results are shown below
in Table 17. Table 17 indicates that both the 2003 and 2017 regression equations substantially
underestimate flood risk in this region when compared to methods which rely on observed, at
site data. A plot of the data in Table 17 is also shown graphically in Appendix G. Based on this
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analysis, it is not recommendedthat the USGS regression equations be used as the design flood
values for a Flood Risk Management project near Myers Valley Creek and Turton Creek.

Table 17 Comparison of frequency curves developed using regression equations to a frequency curve derived from observed data
and analytical methods

Comparison of Frequency Curve Results: French Creek near Ettrick, WI (USGS Gage ID 05382200)

Bulletin 17C Analysis 2003 Regional 2017 Regional
Annual Exceedance Method Regression Equations = Regression Equations
Probability (%) Estimated Frequency Estimated Frequency = Estimated Frequency
Curve (Adopted) Curve Curve
1 3,800 2,000 3,200
3,200 1,700 2,500
10 1,800 1,000 1,200

9.5 Confidence Limits of Ungaged Frequency Curves

Risk and uncertainty analysis is required to evaluate proposed USACE flood risk reduction
projects. When peak flow data is available and fits a statistical distribution an analytical flow
frequency curve and a confidence interval can be computed directly using the methods
outlined in Bulletin 17C: Guidelines for Determining Flood Flow Frequency (Reference 29).

When observed flow data does not exist or flows are affected by upstream regulation, risk and
uncertainty must still be accounted for. Risk and uncertainty for ungaged watersheds or sites
affected by regulation is assessed using the methodologies outlined in EM 1110-2-1619: Risk-
Based Analysis for Flood Damage Reduction Studies and ETL 1110-2-537: Uncertainty Estimates for
Nonanalytic Frequency Curves (References7 and 8, respectively).

The Hydrologic Engineering Center Flood Damage Reduction Analysis computer program (HEC-
FDA version 1.4.1) is used to compute the confidence interval for the ungaged frequency curves
estimated in this study. HEC-FDA version 1.4.1 has two options for computing confidence
limits, an analytical option and a graphical option. The analytical option requires input of
known Log Pearson Type Il statistics derived from observed stream gages or modeling. The
analytical option is not applicable to frequency curves developed without the use of a statistical
distribution.

The graphical option can be used to compute the confidence interval if the ungaged curves do
not fit a Log Pearson Type lll distribution or if the Log Pearson Type Ill parameters cannot be
computed from an observed data set. This option is preferredfor curves based on ungaged
analysis methods where observed data cannot be used to assess the adequacy of fit of the
assumed distribution to the observed data. The graphical probability function is defined by
ordered pairs of exceedance probability versus flow or stage and the uncertainty is calculated
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based on an assumed equivalent record length. For this Section 205 study, the graphical
method of computing confidence limits is applied to estimate the confidence interval for
frequency curves derived using ungaged analysis techniques.

Confidence intervals for frequency curves determined using observed data and the Log Pearson
Type Il procedure have confidence intervals computed using the methods defined in Bulletin
17C. The default confidence interval calculated using the Bulletin 17C guidelines is the 90%
confidence interval. A 90% confidence interval indicates that thereis a 90% probability that the
true discharge associated with a specified exceedance probability event(e.g. 1% AEP event)is
contained within the interval.

The order statistics method is used to calculate the confidence interval for ungagedsites in the
basin (Reference 16). The order statistics method is based on both order statistics and the
binomial distribution (Reference 16). Standard deviations computed from the order statistics
method estimates are paired with the normal distribution to estimate the uncertainty around a
graphical frequency curve (Reference 16). A normal (Gaussian) distribution has approximately
95% of its distribution within plus or minus two standard deviations from the mean (the
frequency curve estimate in this case). The confidence limit expressed as the mean of the
estimate minus two standard deviations indicates that there is approximately a 97.5% chance
that the flow estimate is above the lower confidence limit. The confidence limit expressed as
the mean of the estimate plus two standard deviations indicates that there is approximately a
2.5% chance that the flow estimate is above the upper confidence limit. There is no option
within FDA to alter the upper and lower bounds of the confidence limits when the graphical
analysis technique is specified. Consequently, the confidence interval used for curves
computed with ungaged methodsis the 95% confidence interval (plus or minus 2 standard
deviations from the mean). A wider confidence interval is more conservative from a flood risk
management perspective.

The order statistics approach requiresan equivalent record length to estimate the confidence
limits for the frequency curve. Equivalent record length guidelines used in this analysis are
shown in Figure 8 from Table 4-5 of ETL 1110-2-1619: Risk Based Analysis for Flood Damage
Reduction Studies (Reference 7). The selection of a longer equivalentrecord length resultsin a
narrower confidence interval and less uncertainty compared to a shorter equivalent record
length which results in a wider confidence interval and more uncertainty. The width of the
confidence interval has implications for flood risk managementand project economics. For
flood risk management, the width of the confidence interval affects the assurance,
performance, and risk of a flood protection project. For economics, the width of the
confidence interval may impact the benefit-cost ratio and feasibility of the project. The
confidence intervals included in this analysis are selected based on analysis of information
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available for each site. Itis recommended that additional sensitivity testing be performed if
levee performance and risk is a concern or if the feasibility of the overall project is heavily
dependentonthe confidence limits. Section 14 contains more information about this
recommendation.

The equivalent period of record selected for each frequency analysis in this study is indicated
below. Section 14 contains a recommendation for performing sensitivity testing using different
equivalent periods of record to ensure the project has a feasible benefit-cost ratio. The
computer program HEC-FDA version 1.4.1 is used to performthe order statistics calculations
(Reference 16). The computation procedures are detailed in Appendix G of the HEC-FDA, Flood
Damage Reduction Analysis, Version 1.4.1 User’s Manual (Reference 16).

Table 4-5

Equivalent Record Length Guidelines

Method of Frequency Function Estimation Equivalent Record Length’

Analytical distribution fitted with long-period gauged record available at site Systematic record length

Estimated from analytical distribution fitted for long-period gauge on the same

stream, with upstream drainage area within 20% of that of point of interest 90% to 100% of record length of gauged location
Estimated from analytical distribution fitted for long-period gauge within same

watershed 50% to 90% of record length

Estimated with regional discharge-probability function parameters Average length of record used in regional study

Estimated with rainfall-runoff-routing model calibrated to several events recorded at
short-interval event gauge in watershed 20 to 30 years

Estimated with rainfall-runoff-routing model with regional model parameters (no
rainfall-runoff-routing model calibration) 10 to 30 years

Estimated with rainfall-runoff-routing model with handbook or textbook model
parameters 10 to 15 years

" Based on judgment to account for the quality of any data used in the analysis, for the degree of confidence in models, and for previous
experience with similar studies.

Figure 8 EM 1110-2-1619 Equivalent Record Length Guidelines (Reference 7)

10 Discharge Frequency Analysis —Ungaged Sites

10.1 Trempealeau River above Turton Creek

A frequency curve is included for the Trempealeau River above the Turton Creek to support
hydraulic modeling. The drainage area of the Trempealeau River above Turton Creekis
approximately 528.4 square miles. This is 23.6 square miles less than the drainage area for the
Trempealeau River at Arcadia. The general relations drainage area transfer method is usedto
transfer the frequency curve at the Arcadia USGS gage to the Trempealeau River above Turton
Creek. The small difference in drainage area betweenthe Arcadia USGS gage and the site
above Turton Creek make the general relations method ideal for this type of analysis compared
to the USGS regression equations.
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The equivalent record length for this site is determined using guidelines in EM 1110-2-1619 Risk
Based Analysis for Flood Damage Reduction Studies shown in Figure 8. EM 1110-2-1619
recommends using an equivalent record length of 90% to 100% of the total record length if
thereis a long term gage on the stream and the drainage area difference between the two sites
is less than 20%. The systematic period of record at the Arcadia USGS gage is extended using
the downstream Dodge USGS gage. The adopted record length at the Arcadia gage is 87 years
of record (1914-1919, 1935-2015). To account for the uncertainty involved in the record
extension between the Arcadia and Dodge gaged sites and the drainage area transfer method
used to define the frequency curve above Turton Creek, it is assumed that 90% of the
systematic record length (78 years) at the Arcadia gage can be usedto representthe equivalent
record at the ungaged site above Turton Creek.

Using 90% of the record length instead of 100% of the record length is more conservative from
a flood risk perspective because it results in a wider confidence interval. A regional exponent,
‘n’ value, of 0.68 in Equation 5 is used to transferthe flow-frequency curve at Arcadia upstream
of Turton Creek using the general relations method. The confidence interval for the transferred
curve is computed using the order statistic approach and 78 years of equivalent record in the
HEC-FDA version 1.4.1 computer program (Reference 16). A summary of the adopted flow
frequency curve along with the 95% confidence interval is shownin Table 18. A plot of the

adopted frequency curve is located in AppendixE.

Table 18 Adopted discharge frequency estimates for Trempealeau River above Turton Creek

Approximate Peak Discharge Frequency Analysis

Trempealeau River above Turton Creek
Methodology: General Relations — Drainage Area Transfer —n value of 0.68

Upper (2.5%) Plus 2 Lower (97.5%) Minus 2
Standard Deviation Standard Deviation

Exceedance Peak Estimate
Probability (cfs)

Confidence Limit (cfs) Confidence Limit (cfs)
0.2% 20,700 31,900 13,400
1% 15,000 23,100 9,700
2% 12,800 18,900 8,800
10% 8,100 10,200 6,400
Mean Not Available Equivalent Record Length 78 Years
S;%?:t?;?] Not Available Historic Period Not Available
P _ _ Based on ;914-1919, 1935-
Skew Not Available Years in Record 2015 period of record at
Arcadia

10.2 Turton Creek at Arcadia
The drainage area of Turton Creek at Arcadia is approximately 23.6 square miles (Reference
26). The USGS regression equations were not used to derive a frequency curve for the Turton
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Creek watershed. Based on the information presentedin Section 9.4 and Appendix G, the
regression equations appear to underestimate flood risk in the study region.

The general relations method, or drainage area relations method, described in Section 9.3 is
used to define the frequency curve for this location. A drainage area transfer using the nearby,
hydrologically similar French Creek watershed is used to estimate a frequency curve for Turton
Creek. Itis assumed that the French Creek watershed and Turton Creek watershed are
hydrologically similar because both the 2017 Flood-Frequency Characteristics of Wisconsin
Streams report and the 2003 Flood-Frequency Characteristics of Wisconsin Streams report
grouped these sites into the same hydrologic region. A hydrologic region outlined in the
regression studies is a region encompasses sites with similar physiographic and climatic settings
(Reference 43). The drainage areas of the two watersheds are similar, Turton Creekis 23.6
square miles and French Creekis 14.7 square miles. Additionally, the Turton Creek and French
Creek watersheds border each otherand are each part of the same larger scale watershed
Upper Mississippi-Black-Root River basin. Plate | and Plate Il attached to this report show the
locations of the Turton Creek watershed and the French Creek watershed.

The discharge frequency curve shownin Section 8.3 for the French Creek near Ettrick, WI is
used as the base, gaged annual instantaneous peak frequency curve in the drainage area
transfer. The general relations drainage area transfer method exponent ‘n’ value of 0.68 listed
in the 1997 WI Department of Transportation Facilities Development Manual is used to transfer
the frequency curve from the French Creek near Ettrick, WI USGS site to Turton Creek above
the Trempealeau River. For more information about the drainage area transfer method utilized
in this analysis, view Section 9.3 and Reference 44.

The equivalent period of record is determined by applying the guidelines from EM 1110-2-1619:
Risk-Based Analysis for Flood Damage Reduction Studies which are also shownin Figure 8
(Reference 7). According to EM 1110-2-1619, since the drainage area transfer is based upon an
estimated frequency curve which applied an analytical distribution to a long period gage in the
same watershed, an equivalent record length of between 50% and 90% of the long term gage

length is recommended.

The systematic period of record of the French Creek near Ettrick Wisconsin is 47 years. lItis
assumed that since the watersheds border each other and are hydrologically similar, an
equivalent record length of 80% of the systematic record of the French Creek near Ettrick, WI is
a reasonable choice to usein this analysis. A selection of 80% of the record length of the
French Creek near Ettrick, Wl is justified overusing the low end (50%) because the Turton Creek
watershed borders the French Creek Watershed.
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The selection of an equivalentrecord length has implications for the economic analysis.
Generally, a shorter equivalent record results in more uncertainty and higher damages. Higher
damages may have little impact on the benefit-costratio because an increase in damages due
to changes in uncertainty would be evidentin the without project and with project alternatives.
If the benefit-costratio is close to the minimum value needed to ensure the projectis feasible,
it is recommended that sensitivity testing using different equivalent record lengths be
performedto assess the effect differentrecord lengths have on the feasibility of the project. If
the benefit-cost ratio remains high, these sensitivity tests likely will not influence the feasibility
of the project. See Section 14 for additional recommendations.

The equivalent record length of 38 years is used to representthe equivalent record length for
confidence limits computed by the HEC-FDA version 1.4.1 computer program (Reference 16). A
summary of the adopted flow frequency curve and the confidence interval (plus or minus two
standard deviations, 95% confidence interval) is shownin Table 19. A plot of the adopted
frequency curve is located in Appendix E.

Table 19 Adopted discharge frequency estimates for Turton Creek at Arcadia

Annual Peak Discharge Frequency Analysis
Turton Creek above the Trempealeau River
Methodology: General Relations — Drainage Area Transfer —n value of 0.68

HEC-FDA 95% Confidence Interval

Exceedance . Upper (2.5%) Plus 2 Lower (97.5%) Minus 2
Probability (%) Peak Estimate S?e[l)ndasrd De)viation Stanéard D(gviation
(cfs) Confidence Limit (cfs) Confidence Limit (cfs)
0.2% 7,100 13,300 3,800
0.5% 6,100 11,400 3,200
1% 5,300 9,900 2,800
2% 4,500 8,300 2,500
5% 3,400 5,900 2,000

10% 2,500 4,100
Statistics

1,600

. Equivalent Record
Mean Not Available Length 38 Years
Standard Deviation Not Available Historic Period Not Available
Based on 1960-1983, 1989-
Adopted Skew Not Available Years in Record 2004, 2006-2009, 2012-2013,

and 2015 period of record at
French Creek near Ettrick

10.3 Myers Valley Creek at Arcadia

Myers Valley Creekis a small 6.4 square mile watershed located south of the City of Arcadia and
flows into the Trempealeau River downstream of the Main StreetBridge in Arcadia. The only
dam in the watershedis Schultz Dam located in the upstream portion of the watershed.
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According to the USACE National Inventory of Dams in Appendix A, Schultz Dam is operated for

fire protection and serves as a small fish stock pond and does not impact flood flows in the

region since it is not operated for flood risk management (Reference 36).

10.3.1 Background: Previous Study

A discharge frequency estimate of the 1% AEP flood event for Myers Valley Creek was recently

estimated by the 2014 Flood Study: Myers Valley Creek, Arcadia, Wisconsin report by Davy

Engineering. The purpose of this study was to relocate Myers Valley Creek to reduce the
potential for flooding in the City of Arcadia, WI. The site of interest usedin the 2014 Flood
Study was the DSM Bridge which is located upstream of where Myers Valley Creek joins the

Trempealeau River. MyersValley Creek has a drainage area of 5.94 square miles at the DSM

Bridge and a drainage area of 6.4 square miles at its confluence with the Tre mpealeau River.
The 2014 Flood Study estimated the magnitude of the 1% AEP event using three different
methods and gage information from the gages listed Table 20 below. The gages used in the
2014 Flood Study are also shown in Plate IlI.

Table 20 USGS Streamgages used for the 2014 Flood Study to estimate flood frequency characteristics of Myers Valley Creek

(Reference 5)
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Number  Station Name SE&s 8 & £ & 66 8 & & & L r (CFS)
100
40264 Spillerberg Creek near Cayuga, Wl 659 394 115 826 466 165 881 240 260 4 38 0960 0968 9785
40297 Boomer Creek near Saxon, W 533 131 846 841 466 165 128 636 651 4 122 0977 0982 9931
40797 Spaulding Creek near Big Falls, W 49 208 185 845 438 165 446 146 147 3 30 0963 099 10071
408725 Pike Creek near Kenosha, W 725 815 815 042 4566 373 214 5 300 1743 1475 14913
53403 Trade River near Frederic, Wl 634 538 442 479 165 1003 1018 2 161 0985 0987 9980
53419 ;"1””“"“””'“ River Tributary atRiver Falls, 7 50 9% 317 528 046 4512 4558 2 628 0990 099 10045
53562 Keyon Creek near Radisson, WI 75 122 879 479 165 435 460 2 61 0946 0968 9789
53657 Google-Eye Creek near Thorp, WI 6.7 20 169 466 02 2795 2897 2 432 0965 0973 9834
53709 Spring Creek near Durand, Wl 649 796 569 528 14387 1460 1 225 0985 0987 9983
53961 PetBrook near Edgar, Wl 6.86 0 515 153 466 042 3144 3076 2 448 1022 1016 10274
54018 Yellow River tibutary near Pitisvile, Wl 723 03 201 275 438 057 866 1209 3 167 0716 0817 8263
54134 Pigeon Greek near Lancaster, Wl 693 498 162 529 3294 3871 1 559 0851 0893 9032
54261 Scuppernong Creek near Wales, Wl 569 131 211 127 466 201 211 5 37 0953 0957 967.3
Value nearest Myers Valley Creekis shaded blue. . . average 1012
median 993
Myers Valley Creek at ONC  average 5943 -~ 226 = 1343118
median 5943 161 = 956.823
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The first method used to estimate the 1% AEP flood event was the 2003 USGSregression
equations for the state of Wisconsin (Reference 42). Using this method, the 2014 Flood Study
determinedthe 1% AEP eventto be approximately 1,011 cfs.

The second method used to approximate the 1% AEP eventfor Myers Valley Creek used a
combination of analytical curves estimated using data from streamgages in Table 20 and results
from the 2003 USGS regression equations (Reference 42). Gagesin Wisconsin between5 and
7.5 square miles in drainage area were selected for the analysis. The 1% AEP eventwas
estimated for each gage using the available data and analytical frequency curve methods. Next,
an adjustment factor was developed by comparing the result from the regression analysis with
the result from the analytical analysis. This adjustment factor was then modified using a ratio
which accounted for the drainage area difference between the gaged site and the Myers Valley
Creek watershed at the DSM Bridge. The final, adopted value was estimated by multiplying the
modified adjustment factor by the flow estimated from the 2003 USGSregression equations to
be 1,012 cfs.

The third method from the 2014 Flood Study used to estimate the 1% AEP eventat Myers
Valley Creek was to estimate an average and median discharge of the 1% AEP event per square
mile based on the results from the second estimation method. The 2014 Flood Study
determined an average discharge of 226 cfs/mi? and a median discharge of 161 cfs/mi2. A
summary of this computation and the final result is shownin Table 20 above. The point of
interest for the 2014 Flood Study was the DSM Bridge which has a drainage area of 5.94 square
miles. The estimate of the 1% AEP event using this criteria resulted in 1,340 cfs from the
average discharge per square mile and 960 cfs from the median discharge per square mile. The
2014 Flood Study averaged these two values to determine a 1% AEP estimate of 1,150 cfs.
Ultimately, the 2014 Flood Study averaged the results from the three methods and rounded to
the nearest hundred to obtain an adopted 1% AEP discharge value of 1,100 cfs for Myers Valley
Creek.

10.3.2 USACE Analysis

The two methods considered to estimate a frequency curve for this site were the USGS
regression equations and a drainage area transfer with a nearby, hydrologically similar
watershed. A sensitivity analysis discussed in Section 9.4 of this report and shown in Appendix
G suggeststhat the USGS regression equations underestimate flood risk for small watershedsin
the study area. Consequently, the regression equations are not usedto developflood
frequency estimates for Myers Valley Creek.

Table 21 lists the gages that were used to estimate the 1% AEP eventfor Myers Valley Creekin
the 2014 Flood Study along with notes about each gage. The primary reason the methods used
in the 2014 Flood Study were not used in this analysis was because they relied heavily on the
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USGS regional regression equations which appear to underestimate flood risk in this region.
Many of the gages included in the original study are located in different physiographic regions
than Myers Valley Creek, are inactive, or contain fewer data points than required to perform an

analytical frequency analysis. Plate Il shows the hydrologic regions with similar watershed
characteristics and climate.

Table 21 Gages used in 2014 Flood Study

Annual
Peak DA
Events (sq. mi.)
Not in same physiographic region, inactive gage
with limited period of record, not enough
Spillberg Creek systematic events to perform analytical
04026400 | nr.Cyuga, WI 1958 1981 24 6.59 frequency analysis
Not in same physiographic region, inactive gage
with limited period of record, not enough
Boomer Creek systematic eventsto perform analytical
04029700 | nr.Saxon, WI 1958 1981 21 5.33 frequency analysis
Spaulding Creek
04079700 | nr. Big Falls, WI 1959 2017 58 5.57 Not in same physiographic region
Pike Creeknr.
04087250 | Kenosha, WI 1960 2017 57 7.25 Not in same physiographic region
Trade River nr.
05340300 | Frederic, WI 1958 2016 59 6.34 Not in same physiographic region
Kinnickinnic
River Tributary Gage listed as inactive on USGS website, some
at River Falls, peak discharges affected by ice jams and debris,
05341900 | WI 1959 2017 57 7.26 some gage measurements affected by backwater
Not in same physiographic region, inactive gage
with limited period of record, not enough
Keyon Creeknr. systematic eventsto perform analytical
05356200 | Radisson, WI 1960 1980 21 7.91 frequency analysis
Google-Eye
Creeknr. Thorp,
05365700 | WI 1958 1993 36 6.42 Inactive gage missing past 20 years of events
Spring Creek nr. Discharge is affected by debrisjams. Gage is
05370900 | Durand, WI 1962 2017 54 6.45 listed as Inactive by USGS
Pet Brook nr.
05396100 | Edgar, WI 1962 1992 31 6.86 Not in same physiographic region
Yellow River
tributary nr.
05401800 | Pittsville, WI 1959 2017 58 7.23 Not in same physiographic region
Pigeon Creeknr.
05413400 | Lancaster, WI 1960 2015 55 6.93 Not in same physiographic region
Scuppernong
Creek nr. Wales,
05426100 | WI 1962 1980 19 8.39 Inactive gage, insufficient period of record
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A drainage area transfer using the nearby, hydrologically similar French Creek watershed is
used to estimate a frequency curve for Myers Valley Creek. It is assumedthat the French Creek
watershed and Myers Valley Creek watershed are hydrologically similar because both the 2017
Flood-Frequency Characteristics of Wisconsin Streams report and the 2003 Flood-Frequency
Characteristics of Wisconsin Streams report grouped these sites into the same hydrologic
analysis region. Hydrologic analysis regions are sites which have similar physiographic and
climatic characteristics and the regions developed for the 2017 USGS regression equations are
shownin Plate Il (Reference 43). The drainage area of the French Creek watershed and Myers
Valley Creek watershed s similar at 14.7 square miles and 6.4 square miles, respectively. The
two watersheds are separated by less than 7 miles of distance and both are part of the larger
Upper Mississippi-Black-Root River watershed.

The French Creek near Ettrick gage is the most appropriate site to use to estimate a frequency
curve for Myers Valley Creek because it has similar physical characteristics as Myers Valley
Creek and the two sites are close together. Flooding on the small study watersheds like Turton
Creekand MyersValley Creek is often caused by local, intense precipitation. Because French
Creekand MyersValley Creek are so close to each other and have similar physical
characteristics, it is likely that flood events captured by the French Creek near Ettrick USGS gage
provide the bestinsight into the flood frequency characteristics of the Myers Valley Creek

watershed.

The discharge frequency curve shownin Section 8.3 for the French Creek near Ettrick, Wl is
used as the base, gaged annual instantaneous peak frequency curve in the drainage area
transfer. The general relations drainage area transfer method exponent ‘n’ value of 0.68 listed
in the 1997 WI Department of Transportation Facilities Development Manual is used to transfer
the frequency curve from the French Creek near Ettrick, WI USGS site to Myers Valley Creek
above the Trempealeau River. The drainage area transfer exponentis based on a statistical
regression analysis of 184 Wisconsin stream gages which contained at least 10 annual peak
flood events (Reference 3).

The equivalent period of record is determined by applying the guidelines from EM 1110-2-1619:
Risk-Based Analysis for Flood Damage Reduction Studies which are also shownin Figure 8
(Reference 7). According to EM 1110-2-1619, since the drainage area transferis based upon an
estimated frequency curve which applied an analytical distribution to a long period gage in the
same watershed, an equivalent record length of between 50% and 90% of the long term gage
length is recommended.

The systematic period of record of the French Creek near Ettrick Wisconsin is 47 years. Itis
assumed that since the watersheds border each other and are hydrologically similar, an
equivalent record length of 80% of the systematic record of the French Creek near Ettrick, Wl is
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a reasonable choice to usein this analysis. The equivalent record length of 38 years is used to
define the confidence limits computed by the HEC-FDA version 1.4.1 (Reference 16). A
summary of the adopted flow frequency curve and the confidence interval (plus or minus two
standard deviations, 95% confidence interval) is shownin Table 22. A plot of the adopted
frequency curve is located in Appendix E. Section 13 discusses how the results in Table 22
compare to the results achieved from previous studies of this site.

Table 22 Discharge frequency estimates for Myers Valley Creek at Arcadia

Annual Peak Discharge Frequency Analysis

Myers Valley Creek at Arcadia
Methodology: General Relations — Drainage Area Transfer —n value of 0.68
HEC-FDA 95% Confidence Interval

Exceedance Upper (2.5%) Plus 2 Lower (97.5%) Minus 2
HCLEWITVACOR  Peak Estimate (cfs) Standard Deviation Standard Deviation

Confidence Limit (cfs) Confidence Limit (cfs)
0.2% 2,910 1,550 5,450
0.5% 2,500 1,330 4,690
1% 2,180 1,160 4,080
2% 1,840 1,020 3,410
5% 1,390 820 2,390

10% 1,050 660 1,670

Statistics

. Equivalent Record
Mean Not Available Length 38 Years
Standard Deviation Not Available Historic Period Not Available

Based on 1960-1983,
1989-2004, 2006-2009,
Adopted Skew Not Available Years in Record 2012-2013, and 2015
period of record at French

Creek near Ettrick

11 Coincident Flow Assessment

In hydrologic design, it is necessary to consider the probability of how flooding from a main
stem river and a tributary river will influence the water surface profile for a potential flood risk
reduction feature near the confluence of the two streams. This situation can be statistically
assessed through a coincident frequency analysis. Coincident frequency is the probability of a
given outcome resulting from each of several processes because they all influence a single
variable of interest (e.g. stage near the confluence). Coincident flows are flows that either
contribute to the annual instantaneous peak flow occurring at a downstream point of interest
or are produced by an annual instantaneous peak flow occurring at an upstream point of
interest.

Coincident frequency analysis verifies which flood scenarios result in the highest water surface
elevations throughout the project using a probabilistic technique to quantify the likelihood of

55



USACE St. Paul District Hydrology Study and Report CAP 205 Arcadia, WI

occurrence of a particular event. For example, Figure 9 shows a typical example of a problem
requiring coincidental frequency analysis. The flow and stage of the main stem of the river and
the flow and stage of the tributary each contribute to the stage at the confluence betweenthe
two waterways. If both streams are high at the same time, this would increase the design
feature elevations of a levee or floodwall compared to the case when water is high on one

stream, and low on the other.

! Turton Creek - Ungaged, No Dataj

A=
Tributary
Flow

4

C=
Tributary A =Tributary Flow — probability distribution *known”

Stage at B = Mainstem Stage — probability distribution “known”
damage site

B=
Mainstem
Stage C = Tributary Stage — probability distribution not known,

value computed f(A,B)

Trempealeau River -
Gaged

Figure 9 Typical situation which where coincident frequency analysisis required

Coincident frequency analysis depends on assumptions of coincidence, correlation, and
dependence. Coincidence refersto whetheror not events on stream A and stream B occur at
the same time. Correlation is an indication of the relationship between the two variables (e.g. if
they are high at the same time, low at the same time, etc.). Dependence refersto if the value
of one variable is affected by the value of another. For independentevents, the occurrence of
one eventdoesnot rely on the occurrence of another event preceding it. Assumptions of
coincidence, correlation, and dependence influence the probabilistic description of how

simultaneous flooding from multiple sources affecta study site.

The scenario presentedin Figure 9 describes the layout of the Trempealeau River and Turton
Creek. Typically, the more influential variable, variable A (tributary flood peaks), and the less
influential variable, variable B (daily and annual main stem stage) can be usedto generate a
frequency curve for the stage above the confluence, variable C. In this analysis, the Turton
Creek watershedis ungaged and only a single high water mark exists which makes it impossible
to establish correlation between the two watersheds. If adequate data is available for the main
stem site and tributary site, frequency information from these two sites can be used with the
law of total probability to generate a probability distribution for stage above the confluence of
the two stream segments. Without adequate data for each variable, the law of total probability
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cannot be used to provide a probabilistic description about the characteristics of the stage at
the confluence, unless assumptions are made about the tributary stream.

11.1 Adopted Coincident Flows

Due to the lack of flow data on Turton Creek, it is assumed that events are sometimes
coincident (occur at the same time) but are not correlated (not high or low at the same time)
and eventson Turton Creek are not dependenton events which occur on the Trempealeau
River. This assumption is typically used in situations where the main stem drainage areais
much greater than the tributary drainage area (Reference 13). The drainage area of the
Trempealeau River at Arcadia (550 mi?) is 23 times greater than the drainage area of Turton
Creek (23.6 mi?), so this assumption is reasonable for this situation.

11.1.1 Peak Flow on Turton Creek and Coincidental Flow on Trempealeau River

InJuly 2017, alarge storm eventoccurred over much of west central and south west Wisconsin
which caused flooding on the Trempealeau River and Turton Creek. A surveyby U.S. Army
Corps of Engineers surveyors collected measurements of high water marks (HWMs) along
Turton Creek. The HWM data was usedin the calibrated HEC-RAS model developed for this
study to estimate a discharge associated with the HWM data.

Based on analysis with the HEC-RAS model, the 2017 event produced a peak discharge of 6,300
cfs on Turton Creek which is approximately the 0.38% AEP (260-yr average return period) event.
The peak discharge recorded by the Trempealeau River at Arcadia USGS gage (1D 05379400)

was 9,260 cfs which is approximately equal to the 7% (14-yr average return period). This
information was used as a basis to develop coincidental flows for Turton Creek and the
Trempealeau River because it is the only quantitative information available about coincident
flooding on these two sites. The assumptions used to develop the coincidental flow
relationships for Turton Creek are listed in Table 23 below. The coincidental flows for the
Trempealeau River when the peak flow is on Turton Creekis listed in Table 24 below.

Table 23 Coincident flow relationships: Which AEP event on Turton Creek corresponds to which AEP event on Trempealea u River

Trempealeau River at Arcadia Turton Creekat Arcadia
Return Period Return Period
AEP (%) (yr) AEP (%) (yr)
2 50 0.2 500
5 20 0.5 200
10 10 1 100
20 5 2 50
50 2 5 20
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Table 24 Coincident flow frequency results: Peak flow on Turton Creek

Turton Trempealeau River
Exceedance :
Frequency Recurrence Creek E.?tlr.nated
(%) Interval (yr) Peak Flow Below Turton Peak Flow Coincidental
(cfs) (cfs) * Flow (cfs)
0.2% 500 7,100 13,200 6,100
0.5% 200 6,100 10,300 4,200
1% 100 5,300 8,300 3,000
2% 50 4,500 6,400 1,900
5% 20 3,400 3,800 400

* Assuming Turton 0.2% AEP/Trempealeau 2% AEP, 0.5%/5%, 1%/10%, 2%/20%, 5%/50%

11.1.2 Peak Flow on Trempealeau River

The coincidental discharge frequency curve for the Turton Creek at the mouth was determined
by computing the difference in flows from the annual instantaneous peak flow frequency
relationships developed for the Trempealeau River upstream and downstream of Turton Creek.
This approach assumesthat the peak on the Trempealeau River is independent of the Peak on
Turton Creek and that eventsare sometimes coincident but not correlated. This assumption is
oftenused when the difference in drainage areas between the two watershedsis large. The
coincident frequency curve for Turton Creek coincident flows whenthe peak flow is on the

Trempealeau River is listed belowin Table 25.

Table 25 Turton Creek coincidental flows when the peak is on the Trempealeau River

Frequency Analysis

Exceedance Recurrence Trempealeau River Flows (cfs)
Frequency (%) Interval (yr) At Arcadia USGS Above Turton '!'ur'ton Creek
Coincidental Flow
Gage Creek
0.2% 500 21,300 20,700 600
0.5% 200 17,900 17,400 500
1.0% 100 15,500 15,000 500
2.0% 50 13,200 12,800 400
5.0% 20 10,300 10,000 300
10.0% 10 8,300 8,100 200
20.0% 5 6,400 6,200 200
50.0% 2 3,800 3,700 100

11.1.3 Myers Valley Creek Coincident Flows
The Myers Valley Creek tributary joins the Trempealeau River in a similar manner as Turton
Creekand is depicted in Figure 10 below. Itis understood that the Trempealeau River controls
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flooding at the confluence between the two streams because its drainage area (550 mi?) is
approximately 85 times larger than that of Myers Valley Creek. There is also a railroad bridge at
the downstream end of Myers Valley Creek which is used as a boundary condition in the HEC-
RAS model reflecting the water surface elevations from the Trempealeau River that back up to
the railroad during floods. The railroad openingservesas a flow constriction. A coincident flow
analysis was not performed at this site because the Trempealeau River controls at this location.

Railroad Bridge

0 6001200 2,400 3,600
Map Legend Feet

R —

Trempealeau River
Myers Valley Creek

e Turton Creek

Figure 10 Myers Valley Creek near the Confluence with Trempealeau River

11.2 Coincident Flow Sensitivity Analysis

A limitation of the coincident frequency assessmentin the preceding section is that it does not
offera statistical based description that can be used to describe the risk from coincident
flooding to aid in the design of a flood risk management project. The coincident frequency
analysis is limited because the tributary watersheds which affectthe city of Arcadia, WI have
neverhad a stream gage to collect data which is vital for performing coincident frequency
analysis.

A sensitivity analysis using a potential worst-case scenario was performed to provide insight
into how high the Trempealeau River and Turton Creek could get if simultaneous large scale
flooding occurred on each stream. The largest flood estimated by the frequency curves in this
report is the 0.2% AEP event. The worst-case scenario assumed that the 0.2% AEP (500-yr
average return period) eventoccurred at the same time on both streams. As noted in the
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previous section, Myers Valley Creek coincidental flows were not considered in this analysis
because the Trempealeau River appears to control water surface elevations at the confluence
of the Trempealeau River and Myers Valley Creek.

The sensitivity test for the Trempealeau River compares the water surface profile resulting from
the adopted coincident flows in Table 25 (peak on the Trempealeau River, adopted coincidental
flows on Turton Creek) to the water surface profile resulting from the worst-case scenario to
determine the potential increase in WSE for this unlikely event. Figure 11 below showsthat the
WSE from the worst-case scenario is greater than the WSE from the adopted coincidental flows.
The increase in WSE computed by the HEC-RAS model is 0.62 feetat HEC-RAS Trempealeau
River station 17927.13 feet, which is the confluence betweenthe Trempealeau River and
Turton Creek.

Trempealeau River Main Stem Water Surface Elevations (WSE)

740
——Trempealeau River Channel
735 Minimum Bed Elevation
£ 730
e < € Trempealeau River WSE - 0.2% AEP
g 725 Event on Trempealeau River,
; Adopted Coincidental Flow on
g 720 Turton Creek
B ——Trempealeau River WSE = 0.2% AEP
@ 715 Event on Trempealeau River and
"u 0.2% AEP Event on Turton Creek
710
Confluence of Turton Creek with
Trempealeau River
705
0 5000 10000 15000 20000 25000 30000 35000

Main Channel Distance (ft)

Figure 11 Coincident flow sensitivity analysis: Trempealeau River

The sensitivity test for Turton Creek compares the water surface profile resulting from the
adopted coincident flows in Table 24 (peak flow on Turton Creek, adopted coincident flow on
the Trempealeau River) to the water surface profile resulting from the worst-case scenario to
determine the potential increase in WSE for this unlikely event. Figure 12 below showsthat the
WSE from the worst-case scenario is greater than the WSE from the adopted coincidental flows.
The increase in WSE computed by the HEC-RAS modelis 2.17 feetat HEC-RAS Turton Creek
station 196.464 feetwhich is near the confluence of Turton Creekand the Trempealeau River.

60



USACE St. Paul District Hydrology Study and Report CAP 205 Arcadia, WI

Turton Creek Water Surface Elevations (WSE)

745
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Figure 12 Coincident flow sensitivity analysis: Turton Creek

11.2.1 Coincident Flow Sensitivity Discussion

The worst-case scenario of simulating the 0.2% AEP eventon both the Trempealeau River and
Turton Creek resulted in considerable increases in the WSE of both streams when compared to
the adopted coincidental flows. The available information from the 2017 flood event suggests
that the worst-case scenario sensitivity test represents an extreme, improbable event which
may be overly conservative for this watershed. Since the probability that the 0.2% AEP event
will occur simultaneously on Turton Creek and the Trempealeau River is low, the sensitivity test
represents a potential upper limit for the simulated WSEs at these sites, absent the occurrence
of a probable maximum precipitation (PMP) event which would result in a probable maximum
flood (PMF).

Flood risk reduction features like leveesand flood walls typically incorporate additional height
beyondthe design WSE to account for risk and uncertainty associated with the hydrologic
analysis. The additional feature height to account for risk and uncertainty is typically 3 feet, but
varies depending on the analysis and design considered. Based on this assessment, a typical
risk and uncertainty height of 3 feet would contain the worst-case scenario eventon Turton
Creekand the Trempealeau River. The worst-case scenario is believed to be conservative for
this watershed, and the adopted coincidental flow analysis provides a reasonable estimate of
the coincidental flow frequency curves based on the limited information at the study site. See
Section 14 for recommendations of how to improve this analysis.
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12 Turton Creek 1% AEP Hydrograph Estimate

12.1 Purpose of this Hydrologic Modeling Effort

An estimate of the 1% annual exceedance probability (AEP) event (100-year return period)
hydrograph volume and shape for the Turton Creek watershed at Arcadia is included to assess
nonstructural storage alternatives in upstream portions of the Turton Creek basin. The 1% AEP
runoff event hydrograph is developedto provide a screening tool to determine if nonstructural
storage is a feasible alternative. Detailed hydrologic modeling is beyond the scope of this
feasibility level analysis. Previously developed HEC-1 models from the 1988 Flood Insurance
Study for the City of Arcadia report for the 1% exceedance probability event were readily
available and were used to provide an estimate of the 1% AEP event hydrograph at Turton
Creek. Guidelines used to approximate the runoff hydrograph are outlined in the Hydrologic
Analysis of Ungaged Watersheds using HEC-1 document (Reference 12). The models included
in this effort were not used to determine the frequency curve for French Creek or Turton Creek
nor to provide design level information. Please see Section 14 for a recommendation of how to
proceed if nonstructural storage is deemed feasible as a result of this effortand design

hydrographs are required.

12.2 Methodology

The 1988 FIS uses the methodology specifiedin the 1982 Training Document No. 15: Hydrologic
Analysis of Ungaged Watersheds to generate an approximation of the 1% AEP event
hydrograph for Turton Creek (References 10 and 12, respectively). The guidance outlined in
Training Document No. 15 is also applied for this study. The basic process for tying a hydrologic
model to a frequency curve at an ungaged location involves the following steps:

A. Develop a hydrologic model for a nearby gaged watershed by assembling
regional watershed parameters.

B. Develop a synthetic storm tied the recurrence interval of interest (1% AEP event)
and modify loss parameters within the HEC-HMS model for the gaged watershed
until the streamflow response corresponding to that storm matches the data
based 1% peak flow from the frequency curve at the streamflow gage location.

C. Develop a hydrologic model for the ungaged watershed by using the regional
watershed parameters developed for the gaged watershed.

D. Usethe same HEC-HMS model loss parameters and meteorological inputs used
to generate the 1% AEP in the gaged model for the ungaged model to generate
the 1% eventhydrograph at the ungaged location of interest.

Turton Creekis an ungaged basin, so synthetic methods of analysis were used to develop an
estimate of the hydrograph shape for the 1% AEP runoff eventdefined by the frequency curve
in Section 10.2. The adopted methodis dependenton generating an HEC-HMS model of the
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Turton Creek watershed and the French Creek watershed. The HEC-HMS models used to model
Turton Creekand French Creek use the same modeling technique and parameters that were
used within the HEC-1 models produced for the 1988 Flood Insurance Study Interim Hydrology
Report, City of Arcadia, WI.

12.3 Background information on HEC-1 Models from 1988 FIS Report

The Turton Creek HEC-1 model was divided into three subbasins for the 1988 Flood Insurance
Study Interim Hydrology Report, City of Arcadia, WI: Newcomb Valley subbasin, American Valley
subbasin, and Thompson Valley subbasin (see Figure 13). The French Creek watershed was
defined by a single subbasin because there was only one distinct valley draining to the French
Creekat Ettrick, Wl USGS gage (see Figure 14).

The 1988 FIS HEC-1 models used the Snyder transform method to define the unit hydrograph.
Snyder’s parameters were adopted from a model generated for a nearby, hydrologically similar
Crooked Creek watershed. The Crooked Creek gage is located at Boscobel, WI (USGS gage
05407200, drainage area: 12.9 square miles). Crooked Creekis also located in southeast
Wisconsin approximately 85 miles from the Turton Creek watershed. The Snyder’s parameters
are a storage coefficient, peaking coefficient, and a time to peak. The Snyder’s parameters for
the Crooked Creek used a storage coefficient (Cp) of 0.20 and peaking coefficient (C:) of 0.39
(Reference 10). These Snyder’s parameters were adopted for all the subbasins in the Turton
Creekand French Creek hydrologic models.

2,9 Mewcombvalley

HEC-1 and HEC-HMS Subbasin
Layout for Turton Creek

.\, 1_Americanyalley

NORTH
J Image is not to scale 1
E,“S_Thnmpsnn\a’a\ley

Figure 13 HEC-1 and HEC-HMS model layout for Turton Creek Model
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HEC-1 and HEC-HMS
Subbasin Layout for French
Creek

NORTH

Image is not to scale

Figure 14 HEC-1 and HEC-HMS model layout for French Creek Model (modeled as single subbasin)

Snyder’s standard lag (tp) was calculated for each subbasin in the Turton Creek model and
French Creek model using the Snyder’s Standard Lag Equation (Equation 6). In Equation 6, the
length of the longest watercourse from the outlet to the drainage divide (L) and the length of
the longest watercourse from the outlet to the point opposite the centroid of the drainage area
(Lca) were estimated from measurements of 7.5 minute USGS topographic maps. The storage
coefficient and peaking coefficient is the same for all subbasins in both the French Creek and
Turton Creek models; however, the time to peak varies and depends on the physical features of
the watershed. Therefore, each subbasin has a unique set of transform parameters to define
the unit hydrograph of that particular subbasin.

Equation 6 Snyder’s standard lag equation (Reference 10)

tp = Ce(LLca)?3

tp = Snyder’s time to peak (hours)
L = Length of the longest watercourse from outlet to drainage divide (miles)
Lca = Length oflongest watercourse from outlet to point opposite the centroid of the

drainage area

No routing reaches were included in the French Creek HEC-1 model because it was represented
as a single subbasin. A single routing reach was included in the Turton Creek HEC-1 model and
is shownin the model schematic in Figure 13. Basin routing reach lengths and channel slopes
were measured from 7.5 minute USGS topographic maps. Channel velocities (v) were
estimated using the measured slope of the watershed and Figures 4.1-4.4 from the SCS
Hydrology Guide for Minnesota (included in Reference 10).

The Muskingum routing method was applied to translate the flood hydrograph through the
routing reach included in the Turton Creek HEC-1 model. Inputs for the Muskingum routing
method are the Muskingum K (hr), the Muskingum X, and the number of subreaches. The
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Muskingum K estimates the travel time through a particular reach. Muskingum X representsa
weighting between inflow and outflow, and ranges from 0 to 0.5, where 0 represents maximum
attenuation and 0.5 represents no attenuation. Since the channelvalleys in both the Turton
Creek watershed and French Creek watershed provide some storage, a Muskingum X
coefficient of 0.30 was selected and usedin the model (Reference 10). The Muskingum K value

was estimated from the reach length, L, divided by the estimated channel velocity, v (K = L/v).

Baseflow was not included in the 1988 FIS HEC-1 model of French Creek. The 1988 FIS HEC-1
model of Turton Creek doesinclude a baseflow component. To make the French Creekand
Turton Creek models consistent for this modeling effort, baseflow was removed from the
Turton Creek model. The Turton Creek watershed and the French Creek watershed both have
small drainage areas and exhibit a rapid response to high intensity, local rainfall. Since this
model is attempting to estimate the 1% AEP hydrograph, typical baseflow is negligible
compared to the flows produced by the 1% rainfall runoff event.

The loss method in the model was specified as the initial and constant loss rate method. This
method utilizes an initial loss, a constant loss rate, and a percent impervious area to perform
loss calculations. The percent impervious area was assumedto be zero for both watersheds
since the Turton Creekand French Creek watersheds are largely undeveloped.

The initial loss represents the initial abstractions due to pore space in the soil column and varies
considerably from eventto eventdependingon antecedentbasin conditions. The constant loss
rate is the saturated hydraulic conductivity of the soil column after the pore spaces are filled
with water.

According to the 1988 FIS document, initial and constant loss rate parameter estimates were
adopted from the SCS Soil Survey for Trempealeau County, WI (see Reference 10). The soils in
the area are noted as being primarily loam and silty loam with sandy river valley bottoms. The
values for the adopted loss rates summarized in Figure 15 are consistent with saturated
hydraulic conductivity values presentedin Rawls etal. (1982) which were developed from
permeability studies of difference soil types (Reference 37). The adopted loss rates for the 1%
AEP simulation using HEC-1 models is summarized in Figure 15 below. The adopted loss rates
for the 1% AEP eventin the French Creek HEC-1 model and the Turton Creek HEC-1 model are
an initial loss of 1.90 inches and a constant loss rate of 1.10 inches/hour.
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CALIBRATED LOSS RATES FOR FRENCH CREEK NEAR ETTRICK, WI
Q

Recurrence Initial Uniform Discharge
Interval Loss Loss Calculated Frequency
Years STRTL. in. CNSTL. in/hr cfs Curve, cfs

500 2,00 1.20 3146 3130

100 1.90 1.10 2074 2080

50 1.85 1.00 1669 1690

10 1.60 0.80 947 939

Figure 15 Adopted Loss Rates for French Creek near Ettrick from 1988 Flood Insurance Study which were used as inputsinto the

Turton Creek 1988 HEC-1 model for the recurrence interval specified (Reference 10)

Table 26 Saturated Hydraulic Conductivity from Rawls et al. 1982 (Reference 37)

Saturated Hydraulic Conductivity | Saturated Hydraulic Conductivity
Texture Class (cm/hr) (in/hr)
Loamy Sand 6.11 2.41
Sandy loam 2.59 1.02
Loam 1.32 0.52
Silt loam 0.68 0.27

Hypothetical rainfall events were used to tie the HEC-1 model results to the established
frequency curve for the French Creek near Ettrick, WI. Hypothetical rainfall values for events
ranging from the 0.2% AEP storm to the 10% AEP storm were obtained from HYDRO-35 and TP
40. The TP-40 and HYDRO-35 documents define rainfall intensity-duration-frequency curves
from the National Weather Service (formerly the Weather Bureau) recording stations to
developisopluvial maps for different exceedance probability rainfall eventsand different
durations. The isopluvial maps from HYDRO-35 and TP-40 were used to estimate rainfall
frequency information for the Arcadia, WI 1988 FIS study area (see Table 35 for the values used
in the original 1988 FIS HEC-1 models).

For the 1988 FIS it was assumed that a storm event with a defined exceedance probability value
would produce a peak discharge with the same probability of exceedance. It was assumed that
the 1% AEP rainfall from HYDRO-35 and TP 40 that produced the 1% AEP runoff eventon
French Creek would also produce the 1% AEP discharge for Turton Creek. The same
assumptions were adopted as part of this analysis. Storm events of different exceedance
probabilities were simulated in the French Creek HEC-1 model and loss rates were adjusted to
tie the French Creek model to the 1% AEP peakdischarge from the French Creek frequency

curve.
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The French Creek HEC-1 model was not calibrated to observed data. The only data collected at
the French Creek near Ettrick, WI USGS gage site is peak stage data which is then convertedto a
discharge using a USGSrating curve. Since only the peak discharge is available, it is not possible
to calibrate the model to the full streamflow response. Consequently, rather than attempting
to calibrate the model to inadequate flow data it was tied to the frequency curve by applying
the hypothetical storm eventsdescribed in the previous paragraphs.

The French Creek HEC-1 model, and the subsequently developed HEC-HMS model used for this
study were run with a 10 minute computation interval over a 9 hour and 10 minute simulation
period. A computation interval of 10 minutes was selected because it was sufficiently small
enoughto provide definition of the outflow hydrograph to determine the peak event. The
simulation time period was selected to allow 3-5 points to define both the rising and falling limb
of the hydrograph. A summary of how the computation interval was computed is given in Table
27.

The Turton Creek HEC-1 model, and the subsequently developed HEC-HMS model used for this
study, was run with a 5 minute computation interval over a 22 hour and 15 minute simulation
period. A computation interval of 5 minutes was selected because it was sufficiently small
enoughto provide definition of the runoff hydrograph to determine the peak event. The
simulation time period is selected to allow the simulation sufficient time to define the peak
outflow from the Turton Creek watershed. A summary of how the computation interval was
computed is given in Table 27.

Table 27 Computation Interval Summary

Computation Step Interval Information
Watershed Model

Subbasin Information French CreekModel | Turton Creek Model
Subbasin With Shortest Tc 1 (Only 1 Subbasin) | 3 Thompson Valley
Time of Concentration, Tc (hr) 0.8658 0.5670
Time of Concentration, Tc (min) 51.9 34.0
Tc/3 (min) 17.3 11.3
Tc/5 (min) 10.4 6.8
Adopted Computation Interval 10 Minutes 5 Minutes

A summary of the methods used to model the French Creek and Turton Creek watershedsiis
included in Table 28 below.
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A HEC-1 model of Turton Creek using the unit hydrograph parameters described previously,
rainfall values from HYDRO-35 and TP 40, and the loss rates obtained for each eventfrom the
French Creek HEC-1 model was used to estimate the frequency curve for Turton Creek. The
layout of the Turton Creek HEC-1 model and a summary of the hydrologic methods used for the
modelis shownin Figure 13 and Table 28, respectively. The adopted loss Rates for the French
Creekmodel are shownin Figure 15. The final, recommended parameters for the Turton Creek
HMS model are shownin Table 29.

Table 28 Summary of HEC-1 Model Methods for French Creek and Turton Creek as part of the 1988 FIS Study Effort

1988 FIS Study HEC-1 Model Summary

French Creek HEC-1 Turton Creek HEC-1
Method Model Model
Number of Subbasins 1 3
Number of Routing
Reaches 0 1
Channel Routing Method Not Applicable Muskingum
Baseflow Method None None
Loss Method Initialand Constant Initialand Constant
Percent Impervious (%) 0% 0%
Transform Method Snyder Unit Hydrograph Snyder Unit Hydrograph

Table 29 Drainage Basin Characteristics for Turton Creek Subbasins from 1988 FIS study, determined from regional relationships,
USGS quad maps, and previous studies (Reference 10)

Length of
Drainage Longest Lengthto Storage Standard | Time of
Area Watercourse, | Centroid, (Peaking) Lag,t, Conc., T,
Watershed Subbasin (mi?) L (mi) Lca (mi) Coefficient, C, (hr) (hr)
1- American
Valley 7.47 6.15 3.13 0.20 0.95 2.09
Turton 2 - Newcomb
Creek Valley 8.41 5.78 3.03 0.20 0.92 3.26
3 - Thompson
Valley 6.22 2.59 1.52 0.20 0.59 0.98
French
Creek French Creek 14.3 6.06 3.21 0.20 0.95 2.00

The HEC-1 model parameters estimated in the 1988 FIS report appear to be reasonable when
compared to regional information. All parameterswere either estimated from other hydrologic

modeling studies in the region or were estimated based on the physical features of the
watershed. Additionally, the adopted discharge results achieved in the 1988 FIS document
were compared to discharges from Flood Insurance Studies performed for other hydrologically

similar streams in Wisconsin to ensure the results achieved were reasonable. The peak
discharge computed for each of these streams for the 10% AEP, 2% AEP, and 1% AEP events
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was plotted against drainage area size and the relative magnitude of peak flows. The adopted
discharges for Turton Creek were then graphically compared to the peak flows for these other
streams to ensure the model produced reasonable results. The HEC-1 models developed for the
1988 Flood Insurance Study Interim Hydrology Report, City of Arcadia, WI are suitable to
develop a screening level assessment of whetheror not the Turton Creek watershed is capable
of providing storage to reduce flood risk downstream near the City of Arcadia. Please see the
recommendations in Section 14 for a description of what changes would need to be made to
the model in order to use the model for design.

12.4 Application of 1988 FIS HEC-1 models to Current Assessment

The HEC-1 models developed as part of the 1988 FIS report for the gaged French Creek
Watershed and ungaged Turton Creek Watershed discussedin the previous section are updated
to estimate a hydrograph with the 1% AEP eventdischarge at Turton Creek defined by the
frequency curve in Section 10.2 (Reference 10). The updated models are used to facilitate a
screening level analysis to determine the feasibility of nonstructural storage alternative on
Turton Creek and these models should not be used for design.

12.4.1 HEC-1 to HEC-HMS Conversion

For this analysis, hydrologic modeling is carried out by converting the original HEC-1 models to
HEC Hydrologic Modeling System (HEC-HMS) models version 4.2 (Reference 15). The original
HEC-1 model from the 1988 FIS report is referred to as the “original” model and the HEC-HMS
model updated for this study is referred to as the “updated” or “upgraded” model throughout
this report.

Initially, The HEC-HMS models of Turton Creekand French Creek were analyzed to verify that
the models provide consistent results compared to what is observedin the 1988 FISreport
(Reference 10). The precipitation values and HEC-1 model parameterslisted in the 1988 FIS
report match the values in the upgraded HEC-HMS models for French Creek and Turton Creek
(Reference 10).

After converting the models from HEC-1 to HEC-HMS, a consistency check of the 1% AEP event
simulation is performed using the HEC-HMS models to ensure they produce the same peak
discharges that the original HEC-1 models produced (Reference 10). The 1% AEP event
consistency check results are located in Table 30. As the table shows, the HEC-HMS models

produced nearly the same results as the original HEC-1 models.
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Table 30 Consistency check of hydrologic model upgraded from HEC-1 to HEC-HMS version 4.2 (no changes to model parameters
or meteorological inputs)

French Creek Turton Creek
Category 1% AEP ModelEvent 1% AEP Model Event Discharge
Discharge (cfs) (cfs)
1988 Original HEC-1 Model 2,074 2,770
Updated HEC-HMS Model 2,068 2,754
Percent Difference Between
- 0, _ 0,
Discharges (%) 0.3% 0.6%

12.4.2 Model Input Parameter Updates (Drainage Area, Transform, Losses)

Updates are made to the HEC-HMS hydrologic models of French Creek and Turton Creekto
reflect information that has been collected since the 1988 FIS analysis was completed. Updates
include applying the Clark transform method instead of the Snyder method, modifying the
subbasin areas, updating the TP-40/HYDRO-35 precipitation frequency values with values from
National Oceanic and Atmospheric Administration (NOAA) Atlas 14, and tying the updated
French Creekand Turton Creek models to their respective frequency curves estimated as part
of this this study effort.

The rainfall-runoff transform usedin the HEC-1 models was the Snyder method. The original
transform parameters were converted from the Snyder’s method to the Clark’s method to be
consistent with current USACE St. Paul District modeling guidelines. Collectively, Snyder’s
parameters are similar to the Clark’s time of concentration (Tc) and watershed storage
coefficient (R). The time of concentration is the time required for a wave of water to propagate
from the most distant point in the watershed to the outlet of the watershed. The Clark’s
storage coefficient is a unit hydrograph parameter which represents natural watershed storage
in the basin.

The Snyder equations estimate the peak flow as the result of a unit of precipitation and do not
define the shape of the hydrograph. Equations were developedto estimate the time base of
the hydrograph and the width at 50% of the peak flow using the Snyder method. Since the
Snyder method does not compute all ordinates of the hydrograph, HEC-HMS computes
equivalent Clark transform parameters to define the shape of the hydrograph. A Clark
hydrograph is created in such a way that the Snyder properties are maintained during the
computations (Reference 16). Table 31 shows the equivalent Clark’s parameters for the given

Snyder’s parameters used in this modeling effort.
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Table 31 Original Snyder's Transform Parameters and Equivalent Clark's Parameters

Original Snyder's Transform Parameters and Equivalent Clark's Parameters

Snyder's Parameters Equivalent Clark's Parameters
Model Subbasin Stor.a.ge Regional Stam?ard Time of_ Storage
Coefficient, | Watershed Lag Time Concentration, |« efficient
Cp Coefficient, Ct (hr) Tc (hr) R (hr)
French Creek | French Creek 0.20 0.39 0.95 0.8658 44194
Turton Creek | American Valley 0.20 0.39 0.95 0.9204 43331
Turton Creek | Newcomb Valley 0.20 0.39 0.92 0.8832 4.2096
Turton Creek | Thompson Valley 0.20 0.39 0.59 0.5670 2.5781

The drainage area of the French Creek subbasin in the original HEC-1 model was 14.3 square
miles. This differed from the current, USGS published drainage area for the French Creek near
Ettrick, WI USGS gage of 14.7 square miles (Reference 23). The drainage area in the updated
model was revised to match what is currently published by the USGS. Inputting the updated
drainage area caused minor differencesin the simulated 1% AEP event peak (1988 value) at
French Creek. The computed peak of the 1% AEP runoff eventin the HEC-HMS model was
2,046 cfs which is similar to the value in the 1988 FISreport of 2,074 cfs. The differenceis less
than 2%.

The original Turton Creek model specified a total drainage area of 22.1 square miles. A review
of the watershed delineation from the 1988 FIS report indicates that the original drainage area
delineation terminated upstream of the city of Arcadia (see Figure 16). The drainage area of
the Turton Creek near Arcadia upstream of the mouth of the Trempealeau River is 23.6 square
miles according to USGS StreamStats tool (Reference 26). In HEC-HMS, the Thompson Valley
subbasin area (downstream most subbasin #3, see Figure 16) is increased by 1.5 square miles so
that the drainage area of the HEC-HMS model matched what was determined using the USGS
StreamStats tool. The updated model now extends fromthe headwaters of Turton Creekto
immediately upstream of the mouth of the Trempealeau River. A table of original and updated
drainage areas is shownbelow in Table 32. The computed peak of the 1% AEP runoff eventin
the HEC-HMS model was 2,836 cfs which is similar to the value in the 1988 FIS report of 2,770
cfs. The differenceis less than 3%.
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Turton Creek At Valley Subbasin
Arcadia, Outlet of
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2. Newcomb
Valley Subbasin

i d
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Figure 16 Turton Creek subbasin area delineationsin original HEC-1 model (1 = American Valley, 2 = Newcomb Valley, 3 =
Thomson Valley, Reference 10)

Table 32 Turton Creek hydrologic model subbasin areas (original and modified)

Original Model Revised Model
Drainage Area Drainage Area
Turton Creek Subbasin (sq. mi.) (sq. mi.)
American Valley 7.47 7.47
Newcomb Valley 8.41 8.41
Thompson Valley 6.22 7.72
TOTAL 22.1 23.6

To assess how results produced using HEC-HMS compare to results produced using the original
HEC-1 model, the loss rates for the French Creek HEC-HMS watershed model are adjusted to tie
the model results to the flow frequency curve for French Creek determined from the 1988 FIS
report. To generate the 1% annual instantaneous peak listed in the 1988 FIS in HEC-HMS, the
constant loss rate did not have to be modified from what was used in HEC-1, but initial losses
were decreased slightly to increase the peak runoff from 2,046 cfs to match the 1% annual
exceedance probability 7988 FIS discharge of 2,074 cfs. The adjusted initial and constant losses
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adopted to match the 1988 FIS 1% AEP peak discharge for the French Creek watershed are
shown in Table 33 below. Afteradjusting the loss parameters, the French Creek model
achieved a peak flow of 2,078 cfs which nearly matches the 2,074 cfs produced by the original,
1988 HEC-1 FIS Study model. This indicates that the updated modelis able to reasonably
reproduce the discharge results obtained in the 1988 FIS Study.

Table 33 Interim Loss Rate parameters for consistency of hydrologic model after updating in HEC-HMS

Interim Loss Rate Parameters
Tying the updated HMS modelto the 1988 FIS 1% Annual Exceedance Probability Event

Initial Loss Rates (1988 HEC-1 Adjusted Loss Rates (Upgraded HEC-HMS
Model) model)
Model Initial L Constant Rat
(?n)oss 0 :ina/hr) ate Initial Loss (in) Constant Rate (in/hr)
French Creek 1.90 1.10 1.88 1.10

A similar process was undertaken for the Turton HEC-HMS watershed model to ensure it
produced results consistent with the 1988 FIS report. After updating the Turton Creek model,
the model estimated a peak runoff from the watershed of 2,836 cfs. Loss rates for the model
were adjusted slightly to ensure that the updated HEC-HMS model is able to replicate the
original 1988 discharge frequency value for the 1% AEP eventat the outlet of Turton Creek.

The value of the 1% AEP discharge defined by the 1988 FIS Study was 2,770 cfs. The initial and
constant loss rates in the Turton Creek model were uniformly increased to produce a peak
discharge of 2,771 cfs, which nearly matches the value obtained from the 1988 FIS Study. The
adopted loss parameters are listed in Table 34, below. The results indicate that the model
reasonably reproduces the results from the 1988 FIS report even after updating the model
drainage areas and transform.

Table 34 Turton Creek Interim loss rate parameters used to tie the model to the frequency curve via Clark Transform model to
1988 discharge frequency results

Interim Loss Rate Parameters
Tying the updated HMS model to the 1988 FIS frequency curve
Adjusted Loss Rates (Upgraded HEC-

Model/Subbasin Initial Loss Rates (1988 Model) HMS model)
InitialLoss(in) | CO"ANRAE | ikalioss(in) | COmStantRate
(in/hr) (in/hr)
Turton Creek/All Subbasins 1.90 1.10 1.92 1.11
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12.5 Updated Hypothetical Storm Event

The nextstep in the process is to tie the updated French Creek HEC-HMS model to the updated
discharge frequency information for the French Creek near Ettrick, WI listed in Section 8.3 using
current NOAA Atlas 14 precipitation frequency data instead of the precipitation frequency data
used for the 1988 FIS study generated using TP-40/HYDRO-35.

Atlas 14/HYDRO-35/TP-40 precipitation frequency values are derived from statistical analysis of
hundreds of gage stations nationwide. Frequency analysis of rain gages is compiled and
statistically analyzed to produce isopluvial lines for select exceedance frequencies and storm
durations. The new Atlas 14 methodology allows the user to select any geographic location in
the United States and the Atlas 14 precipitation frequency data is interpolated for the selected
location. The location used to define the Atlas 14 precipitation frequency estimatesin this
model is shownin Figure 17 and is located at the city of Arcadia, WI.

The NOAA Atlas 14 precipitation frequency values for the region encompassing Turton Creek
and French Creek are listed in Table 35 below along with the previous modeling values from the
TP-40/HYDRO-35 documents. Note that the Atlas 14 partial precipitation duration depthvalues
are substantially greater than the TP-40/HYDRO-35 values for each partial duration considered
in the analysis. This result is consistent with the observed increases in precipitation in the
region noted in the Climate Assessment summarized in Section 5 and Appendix B.
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Figure 17 Location used to generate NOAA Atlas 14 precipitation frequency values for this study

Table 35 NOAA Atlas 14 Precipitation Frequency Values and Original Values

Updated Analysis 1988 Study
NOAA Atlas 14 1% Annual Exceedance TP-40/HYDRO-35 Precipitation
Probability Storm Event Frequency Values
Duration Partial Duration Rainfall Depth (in) Partial Duration Rainfall Depth (in)
5-min 1.02 0.81
15-min 1.82 1.70
60-min 3.38 3.00
2-hr 4.22 3.45
3-hr 4.80 3.70
6-hr 5.73 4.40

Within HEC-HMS version 4.2, the precipitation frequency data from Table 35 is entered using

the Frequency Storm method. The frequency storm method is designed to produce a synthetic

storm from statistical precipitation data (Reference 16). Each storm has a single exceedance

probability which must be selected from the available list of choices. In this case, the 1%

exceedance probability storm was selected. Atlas 14 precipitation frequency estimatesare

generated from partial duration series analysis since multiple, small magnitude storm events

can occur in the same year. For this reason, the partial duration storm type is selected in HEC-
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HMS. The difference between partial and annual duration output is extremely small for
exceedance probabilities of 4% and smaller, therefore, the input data should be the same for
the 1% AEP storm event regardless of whetherthe annual duration series or partial duration
series is selected (Reference 16).

A 6-hour storm duration was selected because the minimum storm duration must be greater
than the longest time of concentration in the watershedto ensure that all parts of the
watershed are contributing to runoff. Generally, the storm duration should be at least two
times greater than the longest time of concentration. Based on the layout of the Turton Creek
and French Creek models and the time of concentration values listed in Table 31, the longest
time of concentration was approximately 2 hours. The longest time of concentration was
estimated from the American Valley subbasin within the Turton Creek model plus the travel
time in the routing reach of the Turton Creek model to the outlet. A storm duration of 6 hours
ensuresthat all portions of the watershed contribute to the peak flow at the outlet of the
watershed.

The intensity duration selected in HEC-HMS specifies the shortest time period of the storm and
is typically equal to the time step of the simulation and must be less than the total storm
duration. In this analysis, since the shortest computation interval was 5 minutes, an intensity
duration of 5 minutes was selected (Reference 16). The storm intensity position in HEC-HMS
defineswherein the storm the period of peak intensity will occur. Changing the position does
not change the total depth of the storm, but does change the temporal distribution of the
storm. The original 1988 FIS model used a default 50% intensity position. This storm position
was also adopted for this modeling effort.

Atlas 14 precipitation frequency information is representative of point rainfall data. A depth-
area reduction factor must be applied to the Atlas 14 data so that it is representative of a larger
storm area. In most cases, the specified storm area should be equal to the watershed drainage
area at the point of evaluation (the outlet) to produce the maximum amount of runoff. A storm
area equal to the area of each watershed model is applied in HEC-HMS. Depth-area reduction
factors are automatically included in HEC-HMS to reduce the point Atlas 14 rainfall values so
that they are representative of falling over a larger watershed area.

12.6 Tying the HEC-HMS French Creek Model to the Updated Discharge Frequency Curve
The initial simulation run of the French Creek watershed using the NOAA Atlas 14 precipitation
frequency values and the updated model parameters resulted in a peak discharge of 3,303 cfs,
which is 13% less than the 1% AEP eventdischarge of 3,800 cfs defined in this study. The actual
value of the 1% AEP event was computed as 3,832 cfs using a drainage area transfer, but this
value was rounded to the nearest 100 cfs to be consistent with other curves definedin this
study. The 1% AEP eventinitial and constant loss rates based on the results of the French Creek
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model are adjusted (decreased) to tie the model to the adopted 1% AEP discharge frequency
value. Loss rates were adjusted by multiplying the interim adjusted loss rates in Table 33 by a
factor of 0.85. An initial loss value of 1.59 inches and a constant rate of 0.93 inches/hour
achieved a simulated peak of 3,841 cfs which reasonably matches the 3,800 cfs value defined
for the 1% AEP eventat French Creek.

12.7 HEC-HMS Based Estimate of the 1% AEP Event Hydrograph for Turton Creek

The purpose of this modeling effort is to estimate the shape and volume of runoff from the
Turton Creek watershed for the 1% AEP runoff event. To estimate the volume and shape of the
1% AEP event hydrograph for Turton Creek, it is necessary for the HEC-HMS model to produce
the adopted 1% AEP event peak flow magnitude specified in Section 10.2 (5,300 cfs). This value
was generated using drainage area transfer (generalrelations). Note that the drainage area
transfer method resulted in an estimated 1% AEP discharge of 5,288 cfs and that this value was
rounded to the nearest 100 cfs to be consistent with the rest of the curves presentedin this
report.

12.7.1 Verification of the Adopted 1% AEP Peak Magnitude

Initially, the TP-40 and HYDRO-35 precipitation frequency rainfall values in HEC-HMS are
updated to the NOAA Atlas 14 precipitation frequency values listed in Table 35. The primary
assumption followed in this modeling approach is the same 1% AEP storm eventand loss rates
will produce the 1% AEP runoff event on the French Creekand Turton Creek watersheds. The
loss parameters from the updated French Creek HEC-HMS model, discussed in the previous
section are input into the updated Turton Creek model (initial loss of 1.59 inches, constant rate
of 0.93 inches/hour for all subbasins).

The modelis run using the French Creek loss parameters and the precipitation frequency values
in Atlas 14. This results in a modeled peak discharge of 5,637 cfs. Generating the 1% AEP using
the HEC-HMS model populated with parameters used to generate the 1% AEP peakin a
hydrologically similar watershed is an alternate way of approximating the flow-frequency
relationship. The magnitude of the 1% AEP peak discharge approximated using the model is
similar to the estimated magnitude of the 1% AEP event specified in Section 10.2 (5,300 cfs)
using the drainage area transfer method. There is less than a 7% difference between the model
results generated using the hydrologic modeling approach versus the results achieved using the
general relations method. This servesto verify the adopted flow-frequency analysis presented
in Section 10.2.

12.7.2 Generation of Adopted 1% AEP Hydrograph

In order to exactly match the 1% AEP peak magnitude defined by the adopted Turton Creek
flow-frequency curve, the loss rate parametersidentified in the previous section (initial loss =
1.59 inches, constant rate = 0.93 inches/hour) are further adjusted.
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Loss parameters are increased by a factor of 1.07 (7% increase, Initial Loss = 1.70 inches,
Constant Rate = 1.00 inches per hour) to get the peak flow of the HEC-HMS model to match the
adopted discharge frequency value of 5,288 cfs for the 1% AEP event. The HEC-HMS model
produced a peak discharge estimate of 5,286 cfs which closely matches the adopted frequency
curve value of 5,288 cfs. The adopted loss rate values are reasonable when compared to the
typical hydraulic conductivity values displayed in Table 26. A graphical depiction of the 1% AEP
eventhydrograph is shown below in Figure 18. The hydrograph in Figure 18 representsa
screening level estimate of the shape and volume of the 1% AEP discharge event hydrograph

for Turton Creek.
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Figure 18 Turton Creek 1% AEP Event Hydrograph Estimate (1% AEP storm, 6-hour duration)

The hydrograph in Figure 18 was used in a hydraulic assessment (see the Hydraulics Appendix
of the Arcadia Feasibility Study Report) to determine if nonstructural storage was feasible on
Turton Creek. Ultimately, nonstructural storage was deemed infeasible because it only
provided a small decrease in the 1% AEP discharge. Itis important to recognize the limitations
of the models developed as part of this study. Please see Section 14 for recommendations to
refine this modeling effortif in the future the models are to be adopted to carry out analysis in
support of design or for floodplain management purposes. The results from this HEC-HMS
modeling effort should be used for screening only, and should not be used for design.
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13 Comparison of Results

Flood frequency analysis estimates play a critical role in the design of flood risk management
projects. Itis important to compare past results to the results generated in this study to
evaluate how flood risk has changed over time and to determine if the results are consistent
with previous analyses.

The Trempealeau River at Dodge, WI. The most recent flow frequency curve for Dodge is
published in the 2003 Water-Resources Investigations Report 03-4250: Flood-Frequency
Characteristics of Wisconsin Streams report (Reference 42). The percentdifference between
the USGS curve and the USACE curve is computed for select exceedance probabilities and is
shown in Table 36. The USACE curve is slightly less than the USGS curve for all annual
exceedance probabilities compared. The frequency curves are within 10% of each other for
critical discharge frequency magnitudes.

A primary source of this difference is that the discharge frequency curve published in the
Water-Resources Investigations Report did not include the historic eventinformation from 1876
in the analysis (Reference 42). The analysis presented in this study incorporates the 1876
historic eventinformation. Additionally, this study used the methods outlined in Bulletin 17C
whereas the previous study used methods outlined in Bulletin 17B. The period of record used
in this study also is longer than the period of record usedin the previousstudy. The Water-
Resources Investigations Report used regional skew values defined from a skew map in Bulletin
17B which is no longer recommended as a source for skew information. This study usesa
regional skew values from the St. Paul District skew study which utilized regional information to
define a recommended regional skew value and is more appropriate for this analysis.

Table 37 shows a comparison betweenthe frequency curves generated for the 2003 Water-
Resources Investigations Report and the curve generated for this analysis, produced without
using 1876 historic eventinformation. The results in Table 37 show that when the historic
eventinformation is omitted, the critical, 1% annual exceedance probability flows are
equivalent for both analyses.

Itis recommended that the discharge frequency curve from Section 8.1 of this feasibility study
be adopted because it utilizes historic eventinformation, has a longer period of record, and
utilizes the discharge frequency methods outlined in Bulletin 17C: Guidelines for Determining
Flood Flow Frequency. Guidance in Bulletin 17C: Guidelines for Determining Flood Flow
Frequency indicate that it is best practice to extend the period of record using historic
information if historic information is available (Reference 29).
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Table 36 Comparison of Results, Trempealeau River at Dodge, WI (Adopted)

USGS Flood-Frequency

Comparison of Results: Trempealeau River at Dodge, WI

USACE Feasibility Study - With

CAP 205 Arcadia, WI

Annual Characteristics of Wisconsin 1876 Historic Event
Retum Exceedance Streams Report Published Information Percent
Period Probability Flow (cfs) Flow (cfs) Difference
(yr) (%) 1914-1919, 1935-2000 1914-1919, 1935-2015 (%)
100 1 15,700 15,200 -3.2%
50 2 13,500 12,800 -5.2%
10 10 8,610 7,900 -8.2%

Table 37 Comparison of Results, Trempealeau River at Dodge, WI (Sensitivity without historic information)

Comparison of Results: Trempealeau River at Dodge, WI-Sensitivity Analysis- Without 1876 Event

USGS Flood-Frequency

Annual Characteristics of Wisconsin USACE Feasibility Study -
Retum Exceedance Streams Report Published Without 1876 Historic Event Percent
Period Probability Flow (cfs) Information Flow (cfs) Difference
(yr) (%) 1914-1919, 1935-2000 1914-1919, 1935-2015 (%)
100 1 15,700 15,700 0.0%
50 2 13,500 13,200 -2.2%
10 10 8,610 8,000 -7.1%

Trempealeau River at Arcadia, WI. A recently published frequency curve for the Trempealeau
River at Arcadia is available from the 2011 Flood Insurance Study (FIS): Trempealeau County,
Wisconsin (Reference 22). The 2011 FIS adopted the results of the 1988 FIS report. The percent
differences between the FIS frequency curve and the USACE frequency curve are computed for
select exceedance probabilities and are shown in Table 38 below.

As Table 38 shows, the USACE curve is greater than the curve presentedin the 2011 Flood
Insurance Study: Trempealeau County, Wisconsin. It is recommended that the curve developed as
part of this study be adopted because it is more conservative from a flood risk management
perspective, it uses current frequency analysis guidance, and it incorporates more observed
data.

The 2011 FIS utilized Bulletin 17B methods to develop the frequency curve and the two station
comparison method to adjust the frequency curve at Arcadia, WI based on the data presentat
the Trempealeau River at Dodge, WI. The two station comparison methodis no longer
recommended as the default record extension technique. The MOVE.3 approach is now
recommended by Bulletin 17C. This study applies a MOVE.3 record extension technique instead
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of a two-station comparison and usesthe guidelines presentedin Bulletin 17C. The 2011 FIS
and the 1988 FIS only used a period of record from 1961-1977. This study incorporated all
available information through water year 2015. The expanded period of record contributes to

the difference between the two frequency curves.

Table 38 Comparison of Results, Trempealeau River at Arcadia, WI

Comparison of Results: Trempealeau River at Arcadia, WI

Annual
Return Exceedance 2011 Trempealeau USACE Feasibility Study Percent
Period Probability County FIS Flow (cfs) Flow (cfs) Difference
(yr) (%) 1961-1977 1914-1919, 1935-2015 (%)
500 0.2 18,980 21,300 12.2%
100 1 14,430 15,500 7.4%
50 2 12,600 13,200 4.8%
10 10 8,350 8,300 -0.6%

Trempealeau River above Turton Creek. The Trempealeau River above Turton Creekis an
ungaged location. Aspart of this study, the frequency curve above Turton Creek is derived
using a drainage area transfer method similar to the method used in the 2011 Flood Insurance
Study (FIS): Trempealeau County, Wisconsin (Reference 22). This is why the percent differences
betweenthe 2011 FIS frequency curve and the curve generated as part of this study are nearly
identical to the percent differences for the Trempealeau River at Arcadia shown in Table 38. It
is recommended that the frequency curve for the Trempealeau River above Turton Creek
developed for this USACE study be adopted because it utilizes the latest guidance for
developing frequency curves and it is more conservative from a flood risk management
perspective. The frequency curve for this analysis also incorporates all data available at the
time of this study. The comparison of the 2011 FIS frequency curve and the curve generated for
this studyis shown in Table 39.

Table 39 Comparison of Results, Trempealeau River above Turton Creek, WI|

Comparison of Results: Trempealeau River above Turton Creek

Annual 2011
Exceedance Trempealeau
Return Period Probability County FISFlow  USACE Feasibility Percent
(yr) (V) (cfs) Study Flow (cfs) Difference (%)
500 0.2 18,430 20,700 12.3%
100 1 14,010 15,000 7.1%
50 2 12,190 12,800 5.0%
10 10 8,110 8,100 -0.1%
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French Creeknear Ettrick, WI. The French Creek near Ettrick, WI flow-frequency curve was last
updated as part of the 1988 Flood Insurance Study (FIS) Interim Hydrology Report: City of
Arcadia, Wl study. A comparison plot in Appendix G shows the differences between the
discharge frequency curves developedforthe French Creek near Ettrick, WI as part of the 1988
FIS and this analysis. A comparison of the 1988 frequency curve and the updated USACE
frequency curve for the French Creek near Ettrick, Wl is also shownin Table 40.

The French Creek near Ettrick updated USACE curve is significantly greater than the 1988 curve.
This is likely because the period of record used to generate the frequency curve for this study is
longer than it was for the curve generatedin 1988. The period of record used in the 1988 FIS
study is 1960-1983 and the period of record used in this analysis is 1960-1983, 1989-2004,
2006-2009, 2012-2013, and 2015. Additionally, the plot in Figure 19 showsthat many of the
large magnitude floods in the French Creek watershed occurred in the latter portion of the
period of record, after the 1988 FIS study was completed. This likely explains why the
frequency curve increased so much relative to the previously adopted curve.

Table 40 Comparison of Flow-Frequency Curve Results, French Creek near Ettrick, WI — Adopted vs. 1988 FIS Study Values

Comparison of Results: French Creek near Ettrick, W1 - Adopted vs. 1988 FIS Results
USACE Feasibility Study

Annual Flow (cfs)
Return Exceedance 1988 FIS City of Arcadia, WI 1960-1983, 1989-2004, Percent
Period Probability Flow (cfs) 2006-2009, 2012-2013,and  Difference
(yr) (%) 1960-1983 2015 (%)
500 0.2 3,130 5,100 62.9%
100 1 2,080 3,800 82.7%
50 2 1,690 3,200 89.3%
10 10 939 1,800 91.7%
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French Creek near Ettrick AIP Data
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Figure 19 French Creek near Ettrick, WI Observed Annual Peak Flow Data

The benefit of analyzing the French Creek watershed is that it allowed for the characterization
of flood risk on Turton Creek and Myers Valley Creek using a drainage area transfer. Another
method for determining the frequency curve for small, rural, ungaged watershedsis to use
USGSregression equations. The regression equations discussed in Sections 9.1 and 9.2 were
used to estimate the frequency curve for French Creek near Ettrick, WI. The results of the
regression analysis are compared to the adopted frequency curve generated using observed
data and the guidelines specified in Bulletin 17C are shownin Table 41 below. The regression
equations appear to substantially underestimate flood risk when compared to the adopted
curve which is developed from observed data. A plot of the Adopted French Creek near Ettrick,
WI frequency curve compared to the 2003 USGS regression equations and 2017 regression
equations curves is shownin Appendix G and illustrates the information presentedin Table 41
and Table 42 below.

Table 41 and Table 42 show that the 2017 regression frequency curve is greater than the 2003
regression equation frequency curve, which supports the fact that the French Creek discharge
frequency curve, the Turton Creek discharge frequency curve and they Myers Creek frequency
curve should be increased, from what was originally generatedin support of the 1988 FIS. The
significant differences between the regression equations based curves at French Creek and the
curve generated using observed data undermines the validity of results generated using
regression equations and supports using a general relations based method instead.
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Table 41 Comparison of Flow-Frequency Curve Results, French Creek near Ettrick, WI - Adopted vs. 2003 USGS Regression Values

Comparison of Results: French Creek near Ettrick, W1 - Adopted vs. USGS Regression Results
USACE Feasibility Study

Annual Flow (cfs)
Return Exceedance 1960-1983, 1989-2004, Percent
Period Probability 2003 USGS Regression 2006-2009, 2012-2013,and  Difference
(yr) (V) Equations Flow (cfs) 2015 (%)
100 1 2,000 3,800 90.0%
50 2 1,700 3,200 88.2%
10 10 1,000 1,800 80.0%

Table 42 Comparison of Flow-Frequency Curve Results, French Creek near Ettrick, WI - Adopted vs. 2017 USGS Regression Values

Comparison of Results: French Creek near Ettrick, WI - Adopted vs. USGS Regression Results

USACE Feasibility Study

Annual Flow (cfs)

Return Exceedance 2017 USGS 1960-1983, 1989-2004,

Period Probability Regression Equations 2006-2009, 2012-2013, Percent
(yr) (V) Flow (cfs) and 2015 Difference (%)
100 1 3,200 3,800 18.8%

50 2 2,500 3,200 28.0%
10 10 1,200 1,800 50.0%

Turton Creekat Arcadia, WI. Turton Creekis an ungaged subbasin within the Trempealeau
River Watershed. The most recent published frequency curve for the Turton Creek at Arcadia is
listed in the 2011 Flood Insurance Study (FIS): Trempealeau County, Wisconsin (Reference 22) and
was directly adopted from the 1988 Flood Insurance Study Interim Hydrology Report: City of
Arcadia, WI (Reference 10). The published FIS curve is compared to the curve developed for
this study. The percentdifference for select exceedance probabilities is shownin Table 43
below. The frequency curve developed as part of this study for Turton Creek at Arcadia is
significantly greater than the curve generated as part of the 1988 FIS and carried forward within
the 2011 FIS. The Turton Creek curve is based on a drainage area transfer with the nearby
French Creek watershed, therefore, the increases in this frequency curve are likely due to the
same factors that increased the French Creek near Ettrick frequency curve such as alonger
period of record and the fact that multiple, large magnitude flood events occurred in the later
portion of the period of record.
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Table 43 Comparison of Results, Turton Creek at Arcadia, WI— FIS Flows vs. Current USACE Flows

Comparison of Results: Turton Creek at Arcadia, WI — Adoptedvs. FIS Flows

Return  AnnualExceedance

Period Probability 2011 Trempealeau USACE Feasibility Percent
(yr) (V) County FIS Flow (cfs) Study Flow (cfs) Difference (%)
100 1 2,770 5,300 91.3%
50 2 2,200 4,500 104.5%
10 10 1,190 2,500 110.1%

The adopted curve recommended by this study is also compared to a frequency curve
estimated from the USGS regression equations discussedin Sections 9.1 and 9.2. The adopted
curve is significantly greater than the curve estimated from the regression equations. Table 44
and Table 45 show the adopted USACE frequency curve for Turton Creek compared to the 2003
and 2017 regression equation curves, respectively. To explain this large increase in the
frequency curve at Turton Creek, additional comparison plots are included in Appendix G. The
plot in Appendix G, page G-1shows the adopted curves for Turton Creek at Arcadia, Wl and the

French Creek near Ettrick, WI.

Table 44 Comparison of Results, Turton Creek at Arcadia, WI— 2003 Regression Flows vs. Current USACE Flows

Comparison of Results: Turton Creek at Arcadia, Wl — Adoptedvs USGS Regression Flows

Return  AnnualExceedance

Period Probability 2003 USGS Regression USACE Feasibility Percent
(yr) (VA) Equations Flow (cfs) Study Flow (cfs) Difference (%)
100 1 2,800 5,300 89.3%
50 2 2,300 4,500 95.7%
10 10 1,400 2,500 78.6%

Table 45 Comparison of Results, Turton Creek at Arcadia, WI — 2017 Regression Flows vs. Current USACE Flows

Comparison of Results: Turton Creek at Arcadia, WI — Adopted vs USGS Regression Flows

2017 USGS
Annual Exceedance Regression Percent
Return Period Probability Equations Flow USACE Feasibility Difference
(yr) (V4] (cfs) Study Flow (cfs) (%)
100 1 3,640 5,300 45.6%
50 2 2,910 4,500 54.6%
10 10 1,590 2,500 57.2%
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The updated, adopted frequency curve for Turton Creekalso agrees with results generated for
the 1% AEP event using the HEC-HMS model. When model parameters used to generate the
gage based 1% eventin neighboring, French Creek are applied to model the 1% event for
Turton Creekthe resulting magnitude is 5,637 cfs. This value is much closer to the 1% event
magnitude adopted as part of this study (5,300 cfs) than the 1% event magnitudes defined by
the 2003 and 2017 USGSregression equations (2,800 cfs or 3,600 cfs, respectively) or the 1988
analysis adopted for the 2011 FIS (2,800 cfs). Additionally, a large rainfall driven summer flood
eventoccurred on Turton Creek in July 2017. Turton Creek is ungaged, but high water marks
were surveyed for the July 2017 eventto aid in developingan estimate of how large the event
was. A discharge associated with the July 2017 eventwas estimated by using the calibrated
Hydrologic Engineering Center River Analysis System (HEC-RAS) model developed for this study
and the surveyed high water mark information upstream of the Oak Streetand Railroad
Bridges. Based on this estimate, it was determined that the discharge was approximately equal
10 6,300 cfs which is approximately 0.5% AEP flood eventdefinedin Table 19. This is further
evidence to support the idea that flood risk has increased on Turton Creek since the last
frequency analysis was completed.

Myers Valley Creek at Arcadia, WI. There is limited information available for Myers Valley
Creekat Arcadia. The 2014 Flood Study performed an analysis to define the 1% exceedance
(Reference 5, Section 10.3.1). The 1% AEP flow value from the USACE study is compared to the
value from the 2014 Flood Study and the percent different betweenthese twovalues is shown
in Table 46 below. Table 46 illustrates that the 1% annual exceedance probability discharge
increased 98% relative to the previously adopted discharge. This increase in similar in
magnitude to the 82% increase observed at the French Creek near Ettrick frequency curve
shown in Table 40.

Table 46 Comparison of Results, Myers Valley Creek at Arcadia

Comparison of Results: Myers Valley Creek
Annual

Return Exceedance *2014 Flood Study USACE Feasibility Study Percent

Period Probability Hydrologic Analysis Flow General Relations Difference
(yr) (%) Flow (cfs) Based Analysis Flow (cfs) (%)
100 1 1,100 2,180 98.2%

*The 2014 Flood Study: Myers Valley Creek, Arcadia, Wisconsin only estimated the 100-yr event (Reference 4)

A USGSregression study published in 2017 (Reference 43) provides more insight into how flood
risk has changed in the study area based on regional information. Frequency curves derived
using the 2017 regression equations were generally higher than frequency curves derived using
the 2003 regression equations for the sites considered in this analysis. Anexample of this is
shown in Appendix G, page G-2 for the French Creek near Ettrick USGS gage.
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14 Recommendations

The hydrologic analysis performed in this study to define the discharge frequency relationships
for rivers and tributaries near the city of Arcadia follows all applicable Corps of Engineers
guidance as well as the latest techniques for discharge frequency analysis outlined in Bulletin
17C: Guidelines for Determining Flood Flow Frequency (Reference 29). During the course of this
study, recommendations were developed which could provide additional information to aid in
the assessment of peak streamflow frequency in the Trempealeau River Basin.

Recommendations for future study are described below:

A. Complete a Regional Skew Study. The regional skew information used in this report
comes from the 1985 St. Paul District Skew Study (Reference 21). In the time since the
District Skew Study was completed, more than 30 years of additional flow data has
become available. Itis recommendedthat a regional skew study be conducted using
the Bayesian Weighted Least Squares (B-WLS) or Bayesian Generalized Least Squares (B-
GLS) methods. The results from the regional skew study should be used to update the
flow frequency curves estimated in this report.

B. Unsteady HEC-RAS Modeling. It is recommended that an Unsteady Hydraulic Model be
developedto betterunderstand Natural Floodplain Storage in the Basin. There appears
to be significant floodplain storage betweenthe Trempealeau River at Arcadia, WI
(upstream) and the Trempealeau River at Dodge, WI (downstream). Under certain
circumstances, the peak flows at the upstream gage (Arcadia) can be greater than the
peak flows at the downstream gage (Dodge). Itis recommended that an unsteady
hydraulic model be developed to study how flows are stored and attenuated as they
travel downstream. Results from this type of analysis could be used in conjunction with
the MOVE.3 estimated flows for the Arcadia USGS gage to improve the estimated flow
values at Arcadia for years with missing information.

C. Detailed Hydrologic Modeling. The results presentedin this study are targeted at
supporting a feasibility level design and are consistent with the analysis approach
completed for previous hydrologic studies of the area. Development of detailed
hydrologic models is beyond the scope of work for this feasibility level analysis. Itis
recommended that prior to design and prior to any updatesto floodplain mapping, a
detailed hydrologic model be developed for Turton Creek, Myers Valley Creek, and the
mainstem of the Trempealeau River and as well as for other nearby gaged watersheds.

Developing these models will better inform the frequency curve at ungaged locations of
interest for eventsless frequentthan the 10% AEP event. It is especially important to
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develop hydrologic models for the Turton Creekand Myers Valley Creek watersheds
because evidence indicates that the regression equations underestimate flood risk in
this region. Consequently, a drainage area transfer method was used to estimate flood
frequency curves for ungaged sites included in this analysis to provide a conservative
estimate of flood risk. A detailed hydrologic model could help explain and resolve
differences between the USGS regression equation approach and the drainage area
transfer approach.

USACE currently has research and development efforts to improve snowmelt modeling
and rain on snow modeling using hydrologic models. If this recommendation is pursued,
the local sponsor and design team could consider using this basin as a pilot study for
snowmelt modeling.

D. Detailed Assessment of Nonstructural Storage Alternatives. As notedin Section 11,
previously adopted FIS models of French Creekand Turton Creek were usedto estimate
a 1% AEP event runoff hydrograph for Turton Creek to assess nonstructural storage
alternatives in the watershed. The estimate of the 1% AEP hydrograph from Turton
Creek presented in this analysis is reasonable and uses the best available regional
information; however, if nonstructural storage alternatives on Turton Creek are
preferable and real estate is obtainable it is recommended that detailed hydrologic
modeling be performed. The modeling in this analysis for nonstructural storage is
limited and should only be used as a tool to determine if nonstructural storage is a
feasible alternative.

E. Streamflow Gage Installation. Due to the important role that many of the tributaries to
the Trempealeau have during basin wide flood events, it would be advisable to install
stream gages on ungaged creeks near Arcadia, WI. The frequency curves developedfor
both Turton Creekand Myers Valley Creek rely upon the drainage area transfer method
and the USGS regression equations, respectively. These are both approximate methods
for developing discharge frequency curves. The bestapproach for developing frequency
curves is to statistically analyze the annual instantaneous flood peaks in accordance with
the methods presentedin Bulletin 17C: Guidelines for Determining Flood Flow Frequency
(Reference 29). Statistical analysis allows for an accurate characterization of flood risk
and a more reliable way to estimate uncertainty in the frequency curve.

The best option would be to install continuous recording gages which have the ability to
capture flood event hydrographs. In the absence of continuous recording gages, a stage
recording gage on both Myers Valley Creek and Turton Creek would still provide
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valuable annual peak flood information over time. Installing gage sites would allow a
more accurate assessment of flood risk to be conducted at these sites.

F. Update Discharge Frequency Curves. Hydrology changes with respect to time. Itis
recommended the frequency curves presentedin this study be updated during the
design phase to incorporate additional annual peak flood data that was not available at
the time this analysis was performed to provide the best estimate of flood risk possible.

G. Sensitivity Testing With Different Equivalent Record Lengths: Confidence limits and
uncertainty for frequency curves of ungaged watersheds studied in this effort were
estimated using the guidelines found in EM 1110-2-1619 (Reference 7). The equivalent
record length estimated for ungaged frequency curves effects the confidence limits of
the frequency curve. Using a longer equivalent period of record results in a narrower
confidence interval (less uncertainty) and using a shorter period of record results in a
larger confidence interval (more uncertainty). Itis recommended that sensitivity
analysis be performed if the benefit-cost ratio is close to the minimum value neededto
justify the project to ensure the project is warranted. For sufficiently high benefit-cost
ratios, the equivalentrecord length has less weight on the overall decisions to design
and construct a project because damages would be increased for both the with project
and without projectalternatives, which would have little influence on the overall
benefit-cost ratio.

H. Hydrologic Modeling to Improve Coincident Frequency Analysis: A detailed
coincidental frequency analysis which uses the law of total probability to estimate
coincident flow frequency curves cannot be performed for this study because no time
series data for flow or stage exists for the Turton Creek watershed. Additional study to
further investigate coincidental flows is beyondthe scope and budget allotted for this
feasibility level analysis. Itis recommended that detailed hydrologic models be
developedto perform analysis that can betterinform the coincidental frequency
analysis if the project proceedsto the design phase.

The hydrologic models used in this study (describedin Section 12) are coarse models
which cannot provide the level of detail neededto bolster the coincident frequency
analysis. A detailed hydrologic model using the HEC-HMS software should be developed
and calibrated to available gage datain the watershed using 2-3 calibration eventsand
1-2 verification events, as well as a continuous simulation period. The calibrated model
could provide estimates of the peak discharge and hydrograph for ungaged watersheds

like Turton Creek.
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The model could be usedto performeventbased simulations or continuous simulations
which would allow a statistical distribution for Turton Creekto be estimated from the
simulated results provided by the model. The results from the simulation could be used
to establish correlation between simulated peak flows on Turton Creek and the main
stem of the Trempealeau River. If correlation is established, correlated random
sampling should be performedin a Monte Carlo simulation. The results from the Monte
Carlo simulation can then be usedto improve the coincident frequency analyses
presentedin this report.

I. Study sediment transport, scour, and aggradation along the Trempealeau River:
Section 8.2 found that peak streamflow for the Trempealeau River at Dodge, WI showed
a statistically significant decrease over time and the peak stage had a statistically
significant increase. This suggeststhat for smaller flood flows, higher stages are present
along the Trempealeau River. Section 8.2 also noted that there are issues with periodic
scour and aggradation for the Trempealeau River at Arcadia, WI. This results in
uncertainty in the rating curve and suggeststhat the rating curve has changed over
time. It is recommended that a sediment transport analysis be performed to better
understand how sediment transport will affectthe flood stage in the future. It is also
recommended that the local sponsor monitor the river bed depth along the projectarea
to understand how increases in river bed elevation could impact their level of protection
from flood events.

90



USACE St. Paul District Hydrology Study and Report CAP 205 Arcadia, WI

15 Works Cited

1

10.

11.

12.

13.

14.

15.

Baker, David B., R. P. Richards, Timothy T. Loftus, and Jack W. Kramer. "A New Flashiness
Index: Characteristics and Applications to Midwestern Rivers and Streams." Journal of
the American Water Resources Association, Apr. 2004, pp. 503-22.

Bedient, Phillip B., Huber, Wayne C., Vieux, Baxter E., "Hydrology and Floodplain
Analysis, Fourth Edition." Prentice Hall Inc., Upper Saddle River New Jersey, pp. 130-136.
2008.

Conger, Duane H., “Techniques for Estimating Magnitude and Frequency of Floods for
Wisconsin Streams Water Resources Investigation Report 80-1214,” United States
Geological Survey, Madison, WI, 1981

Corrigan, Peter, and Welvaert, Mike, “Historical Floods for southeast MIN, northeast IA,
and western WI,” edited by Mike Welvaert, National Weather Service, January 2010,
https://www.weather.gov/arx/historicalfloods. Accessed 15 Jan. 2017

Davy Engineering Co., “Flood Study: Myers Valley Creek, Arcadia, Wisconsin,” December
2014

Department of Defense, U.S. Army Corps of Engineers, “EM 1110-2-1415: Hydrologic
Frequency Analysis,” 5 March 1993

Department of Defense, U.S. Army Corps of Engineers, “EM 1110-2-1619: Risk-Based
Analysis for Flood Damage Reduction Studies,” 1 August 1996

Department of Defense, U.S. Army Corps of Engineers, “ETL 1110-2-537: Uncertainty
Estimates for Nonanalytic Frequency Curves,” 31 October 1997

Department of Defense, U.S. Army Corps of Engineers (2018). “Engineering and
Construction Bulletin 2018-14: Guidance for Incorporating Climate Change Impacts to
Inland Hydrology in Civil Works Studies, Designs, and Projects.”

Department of Defense, U.S. Army Corps of Engineers, “Flood Insurance Study Interim
Hydrology Report, City of Arcadia, WI” August 1988

Department of Defense, U.S. Army Corps of Engineers, “Flood Plain Information
Trempealeau River Trempealeau County, Wisconsin, Cities of Blair, Whitehall,
Independence, Arcadia, and Dodge,” August 1976

Department of Defense, U.S. Army Corps of Engineer, “Training Document No. 15:
Hydrologic Analysis of Ungaged Watersheds Using HEC-1.” Hydrologic Engineering
Center. Davis, CA. April 1982.

Department of Defense, U.S. Army Corps of Engineers, Hydrologic Engineering Center
PROSPECT Course “Flood Frequency Analysis,” May 2017

Department of Defense, U.S. Army Corps of Engineers, Hydrologic Engineering Center
“HEC-DSSVue, Data Storage System Visual Utility engine, Version 2.0.1,” February 2010
Department of Defense, U.S. Army Corps of Engineers, Hydrologic Engineering Center
“HEC-HMS Hydrologic Modeling System, Version 4.2, Build 1542,” August 2016

91



USACE St. Paul District Hydrology Study and Report CAP 205 Arcadia, WI

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

20.

30.

Department of Defense, US Army Corps of Engineers Hydrologic Engineering Center.
(2016). Hydrologic Modeling System HEC-HMS User's Manual, Version 4.2. Davis, CA.
Department of Defense, U.S. Army Corps of Engineers, Hydrologic Engineering Center
“HEC-FDA, Flood Damage Reduction Analysis, Version 1.4.1,” April 2016

Department of Defense, U.S. Army Corps of Engineers, Hydrologic Engineering Center
(2010). “HEC-SSP, Statistical Software Package, Version 2.0.”

Department of Defense, U.S. Army Corps of Engineers, Hydrologic Engineering Center
(2016). “HEC-SSP, Statistical Software Package, Version 2.1.”

Department of Defense, U.S. Army Corps of Engineers, “Memorandum for Record:
Arcadia, Wisconsin September 1992 Flood,” 24 September 1992

Department of Defense, U.S. Army Corps of Engineers, “St. Paul District Skew Study,”
1985

Department of Homeland Security, Federal Emergency Management Agency, “Flood
Insurance Study: Trempealeau County, Wisconsin and Incorporated Areas,” 4 April 2011
Department of the Interior, United States Geological Survey (2017). “USGS 05382200
FRENCH CREEK NEAR ETTRICK, WI.” United States Geological Survey, n.d. Web 27 June
2017. https://waterdata.usgs.gov/wi/nwis/inventory/?site_no=05382200
Department of the Interior, United States Geological Survey. “USGS 05379400
TREMPEALEAU RIVER AT ARCADIA, WI.” United States Geological Survey, n.d. Web. 17
Dec. 2016.
https://waterdata.usgs.gov/nwis/inventory?agency_code=USGS&site_no=05379400
Department of the Interior, United States Geological Survey. “USGS 05379500
TREMPEALEAU RIVER AT DODGE, WI.” United States Geological Survey, n.d. Web. 17
Dec. 2016.
https://waterdata.usgs.gov/nwis/inventory?agency_code=USGS&site_no=05379500
Department of the Interior, United States Geological Survey, 2016, “Stream Stats:
Wisconsin,” Retrieved December1, 2016 from https://water.usgs.gov/osw/streamstats/

Department of the Interior, United States Geological Survey. “Summary of Floods in the
United States during 1956.” Geological Survey Water-Supply Paper 1530. United States
Government Printing Office, Washington, DC 1964

Department of the Interior, United States Geological Survey, Interagency Advisory
Committee on Water Data (1982). “Bulletin #17B of the Hydrology Subcommittee. In
Guidelines for Determining Flood Flow Frequency,” Reston, VA.

Department of the Interior, United States Geological Survey, Advisory Committee on
Water Information (2018). “Bulletin #17C Guidelines for Determining Flood Flow
Frequency,” Reston, VA.

Department of the Interior, United Stated Geological Survey. “Multi-Resolution Land
Characteristics Consortium— National Land Cover Database.” Earth Resources
Observation and Science Center. 2011

92



USACE St. Paul District Hydrology Study and Report CAP 205 Arcadia, WI

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43,

Erickson, G., “Residents react to Arcadia flooding,” ABC News 19 WXOW, Published 23
Sept. 2010. Accessed 20 Jan. 2017. www.wxow.com/story/13209567/residents-react-to-

arcadia-flooding.

Friedman, D., J. Schechter, B. Baker, C. Mueller, G. Villarini, and K. D. White. (2016) US
Army Corps of Engineers, “Nonstationarity Detection.” US Army Corps of Engineers:
Washington, D.C.

Gebert, W.A., Garn, H.S., and Rose, W.J., 2016, “Changes in streamflow characteristics in

Wisconsin as Related to Precipitation and Land Use (ver. 1.1, January 26, 2016).” U.S.
Geological Survey Scientific Investigations Report 2015-5140, 23 p., and 1 appendix,
http://dx.doi.org/10.3133/sir20155140.

Nash, J.E. and Sutcliffe, J.V., “River flow forecasting through conceptual models par | —A
discussion of principles,” Journal of Hydrology, 10 (3), Pages 282-290, 1970

National Oceanic and Atmospheric Administration. “NOAA Atlas 14 Precipitation
Frequency Estimates.” National Weather Service. Accessed 25 April 2017.
https://hdsc.nws.noaa.gov/hdsc/pfds/pfds_map_cont.html

National Inventory of Dams, “CorpsMap NationalInventory of Dams,” 03 January 2017.
http://nid.usace.army.mil/cm_apex/f?p=838:7:0::NO

Rawls, W. J., Brakensiek, D. L., & Saxton, K. E. (1982). Estimation of Soil Water
Properties. Transactions of the ASAE, 25(5), 1316-1328

Trempealeau County Historical Society. (2018). “Welcome to the Trempealeau County
virtual museum.” In Trempealeau County Historical Society Virtual Museum. Retrieved
June 6, 2018, from http://trempealeaucountyhistory.org/

United States Department of Commerce. “NOAA Technical Memorandum NWS HYDRO-
35, Five - to 60 - Minute Precipitation Frequency forthe Eastern and Central United
States.” June 1977.

United States Department of Commerce. “Technical Paper No. 40. Rainfall Frequency
Atlas of the United States for Durations from 30 Minutes to 24 Hours and Return Periods
from 1 to 100 Years.” Soil Conservation Service. May 1961.

Vogel, Richard M., and Stedinger, JeryR.; "Minimum variance streamflow record

augmentation procedures." Water Resources Research 21.5 (1985): 715-723.
Walker, J.F.and Krug, W.R., “Water-Resources Investigations Report 03-4250: Flood-

Frequency Characteristics of Wisconsin Streams,” United States Geological Survey,
Reston, VA, 2003

Walker, J.F., Peppler, M.C., Danz, M.E., and Hubbard, L.E., 2017, “Flood-frequency
characteristics of Wisconsin streams (ver. 2.1, December 2017)” United States Geological
Survey Scientific Investigations Report 2016-5140, 33 p., 1 plate, 2 appendixes,
https://doi.org/10.3133/sir20165140, Reston, VA 2017

93



USACE St. Paul District Hydrology Study and Report CAP 205 Arcadia, WI

44. Wisconsin Department of Transportation. “WI Department of Transportation Facilities
Development Manual — Chapter 13: Drainage, Section 10: Hydrology.” Wisconsin
Department of Transportation. 1997.

45. Wisconsin Water Science Center, United States Geological Survey. Personal
communication with USGS Hydrologist. 2017.

46. Wisconsin WebGen Project. “WIGenWeb Project: History of Trempealeau County, WI
1917 — The Flood of 1876.” Trempealeau County WIGenWeb Project. 2000

47. Young, John, Wisconsin State Climatology Office, “Dodge (472165) 1971-2000 Normals,”
19 January 2016. http://www.aos.wisc.edu/%7Esco/clim-history/stations/472165.html a

94



USACE St. Paul District CAP 205: Arcadia Flood Risk Management Climate Assessment

CAP Section 205 Trempealeau River
Flood Risk Reduction Study

Arcadia, WI

Qualitative Assessment of Climate Change

June 2020

US Army Corps
of Engineers @

Prepared by:

U.S. Army Corps of Engineers
St. Paul District

180 Fifth Street East, Suite 700
St. Paul, Minnesota 55101-1678

B-1



USACE St. Paul District CAP 205: Arcadia Flood Risk Management Climate Assessment

Table of Contents

N U o Lo ] = T PP 4
R - ¥ Tol (o101 oo SRR 4
3 LIterature ROVIEW .ottt ettt ettt e e e aaas 5
3.1 PrECIPITATION L.t aane 6
3.1.1 Observed Precipitation ........c..vieiiie e 6
3.1.2 Projected Precipitation ... ..o 9

3.2 = 0101 0T = L (S 11
3.2.1 (0] o1y =T aV/=Te I K=Y 00T o1l =L U] YN 11
3.2.2 ProjeCted TEMPEIAtUIE. .. e et et e e e e e et e e et e e e e e e eanns 12

3.3 [ Y7o [0 1o =4V 14
3.3.1 Observed Streamflow Trends. .......ceuueeiieiie e e 14
3.3.2 o o <Y or Yo FR NN 16

I N @ V= =Y | YU 0 ' o =1V 17
3.4.1 (0] o111 V=T PSPPSRI 17
3.4.2 PrOJECERA. . e et ettt et ea e e 18

4 Phase | Assessment: Trends in Observed Streamflow Record.............oooiiiiiiiiiiiiiiiiiiiiiee, 19
4.1 Data Preparation and Exploratory ANalysis.........coueiiiiiiiiiiiiiii e 19
4.2  Climate Hydrology Assessment of Observed Data.........ccuuviiuviiiiiiiiiiiieiiieeeie e 20
4.3  Detection of Nonstationarities in Observed Streamflow Record..........cccoeeviviiiiviiiiniiininnnns 22
4.4 MONOLONIC TrEN ANGIYSIS c.uiviiiiite it e e e e e e e e e e eaeenees 24
4.5 Summary of Trends and Nonstationarities in Observed Streamflow..............c..cooviiiiiinini, 25

5 Phasell Assessment: Projected Changes to Watershed Hydrology and Assessment of Vulnerability

e X O 10 q b= T O o =Y o= (NN 26
5.1 USACE Climate Hydrology Assessment for Projected Data...........ccovveiiiiiiiiiiiiiiiiceeceeeen, 26
5.2 USACE Watershed Climate Vulnerability Assessment TOOl.........cccoevviiiiiiiiiiiiiniiiiieeeen, 28

6  Description of Proposed Project FEatUIreS......c.iuiiiiiiiiiiii e 31

/2 O] [0l [ V1Y T o P OO TP PP TP OTPPT 33

Vo T4 (Y 01 4= Te F SRR P T TUPTITPPPRRt 36

Table of Figures

Figure 1 Flow chart for performing change point assessment (USACE, 2016) .........ccccceeiiiniiniiniineenannnnn. 5

B-2



USACE St. Paul District CAP 205: Arcadia Flood Risk Management Climate Assessment

Figure 2 2-digit Water Resources Regional Boundaries (HUC02 watersheds) for the Continental United

States, Alaska, Hawaii, and Puerto Rico (USACE, 2015) .......uiiuniiiiiiiei e 6
Figure 3 Linear trends in annual precipitation 1895-2009, percent change per century (McRoberts and
NIEISEN-GAMMON, 2001 ...ttt et e e e e e e e e e e et e et e et e et e et e seeteesaeaannns 8
Figure 4 WICCI Changes in Wisconsin Annual Average Precipitation (in inches), 1950-2006 (WICCI, 2017)
............................................................................................................................................... 9
Figure 5 Five year running averages of multiple streamflow statistics averaged for major river basins of
Minnesota (Novotny and Stefan, 2007) ........ciuniiiieiiiii et e e et e e e e e e et e e e e eaans 15
Figure 6 Summary matrix of observed and projected climate trends and literary consensus for the Upper
Mississippi River Region 07 (USACE, 2015)......cuiiiniiieiieeieeieeee e e et et e e e e e e e e e e e eaaee s eans 18
Figure 7 Excerpts from Sediment TMDL Impaired Streams report (Wisconsin Department of Natural
RESOUICES, 2002) . .uniiiiitieieii e e et e e e e et et e et e e e e e e et e e e e et e et e s eate e e e et e st et e et esaeeaneeraeeans 19
Figure 8 USGS Gage Summary for the Trempealeau River at Dodge USGS Gage 05379500 (Department of
10 o TSl a1 H=T g Lo o L0 i ) RO PP 20
Figure 9 Climate Hydrology Assessment using observed data for whole POR; Discharge = -
18.1413*Water Year + 40144, R-Squared = 0.0263319, P-Value = 0.135507 ........ccoevvviineiieeineenneannn, 21
Figure 10 Climate Hydrology Assessment using observed data for continuous POR; Discharge = -
28.4761*Water Year + 60640.7, R-Squared = 0.0488989, P-Value = 0.0487006...........c.cccvvevurerneernnnnnns 22
Figure 11 Nonstationarity detection tool results — Trempealeau River at Dodge, WI (POR 1935-2015)...24
Figure 12 Trempealeau River at Dodge, WI:1935-2015.......iiiiiiiiiiieeeeeee e e e e 25
Figure 13 Upper Mississippi-Black-Root River watershed vicinity map........coocoeeiiiiiiiiiiiiiiicceeen, 26

Figure 14 Upper Mississippi-Black-Root River HUC-04 0704 Range of 93 Climate-Changed Hydrology
Models; CMIP-5 Data, Downscaledto HUC-4 level via BCSD Method, Based on 93 combinations of

(G @1\ 14 {0 s Voo (Y I o T o) Yotd o] o LY PPN 27
Figure 15 Trends in Mean of 93 Climate-Changed Hydrology Models of HUC 0704 Upper Mississippi-
Black-Root River Basin; Annual Max Monthly Flow = 4.65976*Year of Water Year + 3586.52; P-Value =

LT 0. T 0 2SS 28
Figure 16 Projected Relative Vulnerability for the Upper Mississippi-Black-Root River Watershed (HUC
0704) with ReSPect 10 FIOOA RISK.......uiiuniiiiieiieie e et e e e e e e e et e e eeanaan 31
Figure 17 Layout of proposed flood risk reduction features............ccoouviiiiiiiiiiiii i, 32
Table of Tables

Table 1 Comparison of indicator variables, percent of WOWA (vulnerability) score, and percent change

AT Te [Tor= o Yz T F=1 o] 1N 30
Table 2 Potential reSidual FISKS. ... .. ettt e e e e e et eaeeaens 34
Attachments

Plate B-1: Trempealeau River Watershed Climate Assessment Reference Map

B-3



USACE St. Paul District CAP 205: Arcadia Flood Risk Management Climate Assessment

1 Purpose

United States Army Corps of Engineers (USACE) projects, programs, missions, and operations have
generally proven to be robust enough to accommodate the range of natural climate variability over their
operating life spans. Recent scientific evidence shows thatin some places and for some impacts
relevant to USACE operations, climate change has shifted the climatological baseline about which that
natural climate variability occurs, and may be changing the range of that variability as well. This is
relevant to the USACE because the assumptions of stationary climatic baselines and a fixed range of
natural variability, as capturedin the historic hydrologic record, may no longer be appropriate for long-
term projections of risk toselect USACE business lines such as Flood Risk Reduction.

Long-term, natural fluctuations in climate or anthropogenic driven climate change have the ability to
alter regional precipitation, temperature, hydrology patterns, and ecosystem functions. The purpose of
this analysis is to provide a qualitative assessment to determine if climate change is relevant to Flood
Risk Reduction projects in the Trempealeau River Watershed. This study also seeks to provide
qualitative information which can be used to determine how hydrologic variables have responded to
climate change in the past and may respond to climate change in the future. The results of this
qualitative assessment can be used to increase the resilience of existing and proposed USACE projects in
the watershed.

2 Background

Climate change impacts on the hydrology of the Trempealeau River Basinare considered in accordance
with the USACE Engineering Construction Bulletin (ECB) 2018-14, Guidance for Incorporating Climate
Change Impactsto Inland Hydrology in Civil Works Studies, Designs, and Projects (USACE, 2018), as well
as USACE Engineering Technical Letter (ETL) 1100-2-3, Guidance for Detection of Nonstationarities in
Annual Maximum Discharges (Friedman et al., 2016). Current USACE policy is to interpret and use
climate change information for hydrologic analysis through a qualitative assessment of potential climate
changethreats and impacts relevant to the particular USACE hydrologic analysis being performed. As
indicated in Figure 1, qualitative analysis includes consideration of both past (observed) changes, as well
as potential, future (projected) changes to applicable hydrologic inputs. This analysis uses a weight of
evidence based approach to make a qualitative assessment of climate change impacts to Flood Risk
Reduction projects in the Trempealeau River Basin.
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Figure 1 Flow chart for performing change point assessment (USACE, 2016)

3 Literature Review

A literature review is included to summarize peer reviewed science regarding both naturaland human
driven climate trends in the region which encompasses the TrempealeauRiver. A meta-study of
regional, peer reviewed climate literature was compiled by the Corps of Engineers for the Upper
Mississippi River Region-Hydrologic Unit Code, HUCO7, andis referenced as the primary source of
information in this review (USACE, 2015). The Trempealeau River watershed falls within the Water
Resources Region 07 (HUCO7) shown in Figure 2. Collectively, the meta-study identifies observed
changes in hydro-climatic variables and assesses projected future changes in hydro-climatic variables.
The literature review focuses on identifying trends in observed data and projections and does not
attempt to identify the causes of climate change (e.g. natural or anthropogenic sources). Additional
resources include the Third National Climate Assessment (Melilloet al. 2014). Where available, local
scale climate information not included in the USACE literature synthesis is also included in this literature
review.
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Figure 2 2-digit Water Resources Regional Boundaries (HUCO2 watersheds) for the Continental United States, Alaska, Hawaii,
and Puerto Rico (USACE, 2015)

3.1 Precipitation
3.1.1 Observed Precipitation

3.1.1.1  Third National Climate Assessment (Melillo et al., 2014)

The third National Climate Assessment ( 3@ NCA) considers the science of climate change and impacts of
climate change within the Continental United States (CONUS) and at a regional scale (Melillo et al.,
2014). On a national scale, the 3" NCA concluded that average annual precipitation in the United States
increased by approximately 5% since 1900. Average annual precipitation in the Midwest region (the
region encompassing the Trempealeau River basin) increased by 9% since 1991 (Melillo et al., 2014).
Significant trends in precipitationare detected, but the fraction of these trends that are attributed to
climate change is difficult to quantify due to the large, naturalvariability of storm events in the region
(Melillo etal., 2014).

According to the 39 NCA, increases in the amount of precipitation are primarily driven by intensification
of the heaviest rainfall events (Melillo et al., 2014). Heavy, extreme rainfall events are more frequent
now than in the past, particularlyin the Midwest and Northeast United States during summer and fall
months (Melillo et al., 2014). The amount of rain falling in heavy precipitation events in the Midwest is
30% greater for the most recent period between 1961 and 2012, than it was relativeto a 1901 to 1960
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average. Frequency of heavy precipitation events in the Midwest has increased nearly 37% between
1958 and 2012 (Melillo et al., 2014).

3.1.1.2 USACE Literature Synthesis (USACE, 2015)

Numerous studies identify increasing trends in the totalamount of annual precipitation for the region
encompassing the Trempealeau River Watershed (USACE, 2015). Palecki et al. (2005) studied historic
precipitation data from across the continental United States from 1972-2002 using National Climatic
Data Center (NCDC) 15-minute rainfall data, and found statistically significant increasesin winter storm
total precipitation. This finding is supported by a similar study completed by Grundstein (2009) which
indicates that there is a statistically significant, positive linear trend for annual precipitation and soil
moisture index for multiple sites withinthe Upper Mississippi River region (HUCO7) using data from
1895-2006. Grundstein(2009) examined the effect of observed long-term temperature and
precipitation trends on soil moisture using a moisture index which is a function of precipitation supply
and evapotranspiration (ET) demand. Grundstein (2009) noted that the observedtrends in the moisture
index are primarily related to variability in precipitation but approximately 20% of the variation is due to
changes in climatic demand such as potential evapotranspiration. The positive trends in potential
evapotranspiration (reflecting higher average air temperatures) do not lead to a drier climate because
the positive precipitationtrend dominates the overall moisture index.

Another study by Wang et al. (2009) examines climate trends across the continental United States using
gridded, mean monthly climate data for 1950-2000. This study identifies positive trends in annual
precipitation for the Upper Mississippi River region (HUCO7), primarilyin the summer and fall seasons,
but notes decreasing trends during winter and spring months. A finding of decreasing precipitation
during the winter month contradicts the Palecki et al. (2005) study. The Palecki et al. (2005) study and
the Wang et al. (2009) studies both used observed precipitation; however, the types of data and period
of record was different for each study.

A study by McRoberts and Nielsen-Gammon (2011) performed trend analysis of homogeneous
precipitation datasets from 1895-2009 across the United States for multiple sub-basins and found
positive, linear trends in annual cumulative precipitation for the Upper Mississippi River region (HUCO7;
illustratedin Figure 3).
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Figure 3 Linear trends in annual precipitation 1895-2009, percent change per century (McRoberts and Nielsen-Gammon, 2011)

McRoberts and Nielsen-Gammon (2011) estimate a 10% to 15% increase in annual cumulative
precipitation occurred per century for the Upper MississippiRiver region (HUCO7). A statistical analysis
of 20t century annual cumulative precipitation and the number of precipitation days per yearscattered
across 643 stations in the continental United States by Pryor et al. (2009) shows a statistically significant,
positive trend in both variables (Pryor et al., 2009).

3.1.1.3 Additional Climate Information

The Wisconsin Initiative on Climate Change Impacts (WICCI, 2017) applied a statistical analysis of
precipitation data for sites across Wisconsin to estimate changes in precipitation using data collected
from 1950-2006. Increases in precipitation are noted throughout the state, particularlyinthe west-
centralregion encompassing the Trempealeau Watershed. The statewide increase inaverage annual
precipitation is 3.1 inches. This increase primarily occurredin southern and western Wisconsin. Figure 4
shows how annual average precipitation has changed (in inches) throughout the state of Wisconsin for
the time period 1950-2006.
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Figure 4 WICCI Changes in Wisconsin Annual Average Precipitation (in inches), 1950-2006 (WICCI, 2017)

3.1.1.4 Observed Precipitation Summary

Based on observed precipitation data, multiple authors identified an upward trendin precipitation
within the study region. The literature synthesis also indicates that based on historic data, the frequency
and intensity of extreme precipitation events is likely to increase (USACE, 2015).

3.1.2 Projected Precipitation

3.1.2.1 Third National Climate Assessment (Melillo et al., 2014)

The Third National Climate Assessment (NCA) provides information regarding projected, future
precipitation at global, national, and regional scales (Melillo et al., 2014). On a global scale, climate
models show consistent projections of future increases in precipitation for northern climates under a
range of greenhouse gas (GHG) emissions scenarios (Melillo et al., 2014). In addition to increases in
annual precipitation, the frequency of heavy storm events is expected to increase relative to current
conditions (Melillo et al., 2014).

According to the 3 NCA, under a high greenhouse gas emissions scenario (A2 scenario), Global
Circulation Models (GCMs) used to model future climate predict that average winterand spring
precipitation in 2071-2099 will increase between 10% and 20% for the Midwestern United States
relativeto a 1971-2000 baseline condition (Melillo et al., 2014). Increases insummer and fall
precipitation are not expected to be greaterthanthe natural, observed variation in rainfall quantities
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(Melillo et al., 2014). Regional climate models (RCMs)for the Midwest using the same high emissions
scenarios as the previously mentioned study project an increase in spring precipitation of 9% for the
2041-2062 timeframe relative to the 1979-2000 time period (Melillo et al., 2014). Projected changesin
precipitation in the northern United States are a consequence of a warmer atmosphere (temperatures,
see Section 3.2.2) which can hold more moisture and changes in large scale weather patterns (Melillo et
al., 2014). Climate model projections for the midwestern region of the United States indicate a
significant increase in annual precipitation (2.4 inches to 4.0inches) by the middle of the 215t century
(Melillo et al., 2014).

3.1.2.2 USACE Literature Synthesis (USACE, 2015)

A study by Johnson et al. (2012) applied GCM projections using hydroclimatic variables and streamflow
to create predictive scenarios for water quality for 20 large HUC08 watersheds across the United States,
including the Upper MississippiRiver watershed (HUC07). GCM based projections of average annual
precipitation for the 2055 planning horizon in the Upper Mississippi River Basin (HUC07) estimate a 5%
to 15% increase in average annual precipitation when comparedto the historical baseline (Johnson et
al., 2016).

Notaroet al. (2011) applied a total of 15 different GCMs using three different greenhouse gas (GHG)
emissions scenarios (B1, A1B, and A2) to assess the impact of climate change on snow pack in
Wisconsin. Theresults indicate that warmer and wetter winters are anticipatedin the future. Snow
pack is anticipatedto be reduced and earlier snowmelt is expected, resulting in a shortened snow
season. Notaroetal. (2011) predicts that precipitation in the form or rain may increase nearly 1 cmto 3
cm in the winter and spring months and decrease by 1 cm in the summer months by the end of the 215t
century.

A study by Vavrus and Behnke (2013) of climate change in Wisconsin agrees with the results produced
by Notaroet al., (2011). Vavrus and Behnke (2013) studied precipitationonly and used 11 different
GCMs with two different downscaling techniques and a single greenhouse gas emissions scenario (A2).
The results of the Vavrus and Behnke (2013) study indicate a wetter future climate compared to the
recent past with average projected annual precipitationincreases of 4% to 15% across the state of
Wisconsin. Thelargest seasonalincreases are anticipated during the winter months (Vavrus and Behnke
2013). The authors also quantified the changes in 24-hour extreme storm events and note that both the
2% and 1% annual chance exceedance precipitation events are projected to increase by approximately
5% to 15% across the state of Wisconsin (Vavrus and Behnke 2013). Thereis a high degree of
uncertainty associated with projected precipitation estimates due to the use of GCMs, the natural
variability of precipitation, and assumed greenhouse gas emissions scenarios.

3.1.2.3 Additional Climate Information

The Wisconsin Initiative on Climate Change Impacts (WICCI, 2017) applied downscaled GCM model
results to project how Wisconsin’s climate may change in the future. Climate output was produced by
fourteen global circulation models (GCMs) from the Coupled Model Inter-comparison Project Phase 3
(CMIP3) basedon the A1B emissions scenario. Climate projections were downscaled to 0.1 degree by
0.1 degree grids over Wisconsin and were de-biased against observed temperature and precipitation
from the National Weather Service (NWS) observation stations (WICCI, 2017). The models analyzedthe
difference in mean December-February precipitation between 2046-2065 and 1961-2000 (WICCI, 2017).

B-10



USACE St. Paul District CAP 205: Arcadia Flood Risk Management Climate Assessment

In general, winter precipitation is projected to increase by 0.1 to 1.2 inches by the mid-21st century. The
average projectedincrease in winter precipitation for the state of Wisconsin is 20% (WICCI, 2017).

The WICCI (2017) study also assessed projected changes in the frequency of precipitation events from
1980-2055. The same modeling method described in the previous paragraphwas usedto assess the
projected frequency of large precipitation events (WICCI, 2017). The projected changein frequency of
2-inches (or greater) precipitation days is computed as the difference in the number of such wet days
during 2046-2065 and 1961-2000 (WICCI, 2017). Presently, heavy precipitation events of two inches or
greater occur 12 times per decade in southern Wisconsin and 7 times per decade in northern Wisconsin
(WICCI, 2017). The WICCI (2017) study results indicate that the state of Wisconsin may receive 2-3 more
extreme precipitation events per decade which represents a 25%increase in frequency.

3.1.2.4  Projected Precipitation Summary

Collectively, the studies summarizedin the USACE literature synthesis indicate that annual, projected
future precipitation and extreme precipitation totals and frequency will likely increase within the
Mississippi River region (HUCO7; USACE, 2015).

3.2 Temperature

3.2.1 Observed Temperature

3.2.1.1  Third National Climate Assessment (Melillo et al., 2014)

According to the Third National Climate Assessment (NCA), observed average temperature inthe United
States increased 1.3-1.9 degrees Fahrenheit since 1895, and the largest proportion of this increase
occurred after 1970 (Melillo et al., 2014). Much of the warming occurred in recent decades. Since 1991,
average temperature rose 1-1.5 degrees Fahrenheit over most of the United States relativeto a 1901-
1960 time period. Recent work by Pryor et al. (2014) for the Upper Mississippi River region estimates
that from 1895-2012, temperatures inthe region increased by an average of 1.5 degrees Fahrenheit.

According to the 3" NCA the largest increases by season occurred during the winter and spring months
(Melillo et al., 2014). The length of the frost-free season has graduallyincreasedsince the 1980s. The
last occurrence of freezing temperatures presently occurs earlier in the spring and later in the fall than it
has in the past, whichsuggests a changein seasonality (Melillo et al., 2014). Nationally, the average
frost-free seasonfrom 1991-2011 is ten days longer relative the 1901-1960 timeframe. The frost-free
seasonlengthincreased by 9 days in the Midwestern United States when compared to the typical
seasonlength (Melillo et al., 2014).

3.2.1.2 USACE Literature Synthesis (USACE, 2015)

Trends in observed temperature are available from national and regional scale studies (USACE, 2015). A
study of mean monthly climate data and temperature across the United States by Wang et al. (2009)
using data from 1950-2000 notes a statistically significant positive trendin observed mean seasonal air
temperature. For the upper MississippiRiver region (HUCO07), a similar positive trend in mean air
temperatures is observed for the winter, spring, and summer months, but a slight decreasing trend is
observed for fall months (Wang et al., 2009).

A study of trends in extreme maximum and minimum one day temperatures across the continental
United States is compiled by the National Climatic Data Center (NCDC)for 187 stations from 1949-2010
(Grundstein and Dowd, 2011). Grundsteinand Dowd (2011) showed a statistically significant increasing
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trend in the number of one day minimum temperatures, but no trend for the number of one day
extreme, maximum temperatures. The studies note that daily mean and minimum temperatures
increased within the study region during the observed period of record.

Shifts in seasonality as a result of temperature changes are occurring within this HUC02 watershed
(USACE, 2015). A studyby Schwartz et al. (2013) investigated changes in spring onset for the United
States by focusing on changes in seasonality of plant growth due to changes in temperature. Datafrom
22,000 NCDC stations with periods of record through 2010 were used in the study and the findings
indicate spring onset is occurring at least several days earlier for the current period of 2001-2010
compared to the baseline period of 1951-1960. In the Upper Mississippi River Region (HUCQ7), spring
warming is occurring earlier thanin the past which suggests a change inseasonality (Schwartz et al.,
2013).

3.2.1.3 Additional Climate Information

The Wisconsin Initiative on Climate Change Impacts (WICCI, 2017) used observed daily maximum and
minimum temperature data from 176 different weather stations in and around Wisconsin to quantify
observed changes in temperature. Data collected and used for the analysis was interpolated to an 8-
kilometer grid. Daily average temperature was estimated by averaging the daily maximum and
minimum temperatures. Trends inannual and seasonal temperature were estimated using the slopes of
linear regression fits for the entire 1950-2006 time series (WICCI, 2017). The average annual
temperature increase across the state of Wisconsin for the 1950-2006 timeframeis 1.1 degrees
Fahrenheit (WICCI, 2017). The greatest increase occurred during the winter and spring months and
night time temperatures experienced a greater increase than day time temperatures. Whenanalyzed
seasonally, average springtime temperatures increased across Wisconsin by 1.7 degrees Fahrenheit,
average summer temperatures increased by 0.5 degrees Fahrenheit, average falltemperatures cooled
0.6 degrees Fahrenheit, and winter temperatures increased 2.5 degrees Fahrenheit.

3.2.1.4 Observed Temperature Summary
Basedin the results from this assessment, observed temperature in the study region has increased.
Increases in daily minimum and daily mean temperatures were especially notable.

3.2.2 Projected Temperature

3.2.2.1  Third National Climate Assessment (Melillo et al., 2014)

According to the Third National Climate Assessment (NCA), warming is projected for all parts of the
United States during the next century (Melillo et al., 2014). Future temperature projections are
estimated using Global Circulation Models (GCMs) run using various greenhouse gas emissions
scenarios. Estimatesindicate that the magnitude of warming will be 2-4 degrees Fahrenheit over the
coming decades (Melillo et al., 2014). By the end of the century it is estimated that temperatures will be
roughly 3-5 degrees Fahrenheit greater, even under a lower greenhouse gas (GHG) emissions scenario
which incorporates assumed reductions in GHG emissions. For higher GHG emissions scenarios,
warming is anticipatedto increase by 5-10 degrees Fahrenheit by the end of the 215tcentury. The
largest temperature increases are expectedinthe upper Midwestern United States and Alaska (Melillo
et al., 2014).

The 3 NCA for the midwestern region of the United States indicates a significant increase in both
annual average temperature and the number of extreme heat days over the next century (Pryor et al.,
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2014). Uncertaintyin these estimates is high and depends largely on greenhouse gas emission levels in
the future. Moderate increases in extreme heat days has the potential to increase the duration of
droughts in the Midwest in the future (Pryor et al., 2014).

The length of the frost-free seasonincreases under higher greenhouse gas emissions scenarios. The
frost-free growing seasonis anticipatedto increase by one month for most of the United States by the
end of the 21stcentury (Melillo et al., 2014).

3.2.2.2 USACE Literature Synthesis (USACE, 2015)

The thermodynamic systems which make up the earth’s climate are complex. Consequently, different
greenhouse gas emissions scenarios are used to estimate projected trends in climate variables like
temperature. Astudy by Liu et al. (2013) investigated maximum air temperatures using a single GCM
which assumedan A2 (high) greenhouse gas emissions scenario. The spatialscale of the study is the
Upper Mississippi River region (HUCO7) and the study forecasts that periods of droughts in the region
will become more severe in the future because the effects of projected temperature and
evapotranspirationincreases are expected to outweighincreases in precipitation. The work of Liu et al.
(2013) applied a worst case greenhouse emission scenario for the 2055 planning horizon and showed
that temperatures could be expectedto rise by 2.7 to 8.1 degrees Fahrenheit comparedto a baseline
period from 1971-2000 (Liu et al., 2013). Climate model projections for the Midwest region of the
United States show a statistically significant increase in both annual average temperature and the
number of extreme heat days over the next century(Vavrus and Behnke, 2013). Thereis a high degree
of uncertainty associated with temperature estimates due tothe use of GCMs, the natural variability of
temperature, andassumed greenhouse gas emissions scenarios.

3.2.2.3 Additional Climate Information

The Wisconsin Initiative on Climate Change Impacts (WICCI, 2017) study described in Section 3.1.2
estimated projected changes in annual average temperature for the State of Wisconsin. Differencesin
temperature are computed based on the time periods 2046-2065 and 1961-2000. To define the
seasons, MarchtoMaywas used for spring, June to August was used for summer, September to
November was used for autumn, and December to February was used for winter (WICCI, 2017).
Average annual temperature in Wisconsin is projected to warm by 4-9 degrees Fahrenheit by the middle
of the 215t century. Mean spring temperatures are anticipatedtoincrease by 3-9 degrees Fahrenheit by
the middle of the 215tcentury. Meansummertemperatures are anticipatedto increase by 3-8 degrees
Fahrenheit by the middle of the 215t century. Mean autumn temperatures are anticipatedtoincrease by
4-10 degrees Fahrenheit by the middle of the 215tcentury. Mean winter temperatures are anticipated
toincrease by 5-11 degrees Fahrenheit by the middle of the 215t century (WICCI, 2017).

The WICCI 2017 study also projected the changein the frequency of 90 degree Fahrenheit days per year.
The assessment statesthat typical daily high temperatures which exceed 90 degrees Fahrenheit occur
12 times per year in southern Wisconsin and 5 times per year in northern Wisconsin. Itis projected that
by the middle of the 215t century, the frequency of hot days maytriple (WICCI, 2017). Theincrease
indicates 2-5 more weeks each year with daily high temperatures in excess of 90 degrees Fahrenheit
(WICCI, 2017). Ingeneral, consensus among the studies indicates that projected temperatures in
Wisconsin will rise over the next century and drought conditions are likely to become more prevalent
(USACE, 2015).
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3.2.2.4 Projected Temperature Summary
In general, the studies summarizedin the USACE literature synthesis and other sources indicate that
projected air temperature is anticipated to increase in the future.

3.3 Hydrology

3.3.1 Observed Streamflow Trends

3.3.1.1 Third National Climate Assessment (Melillo et al., 2014)

The Third National Climate Assessment (NCA) indicates that the magnitude of floods has changedin
many parts of the United States (Melillo et al., 2014). Due to variations in climate across the country,
thereis no national trendin flood magnitude. In general, flood magnitudes observed in the midwest
have been increasing (Melillo et al., 2014). The regional increasing trends in observed flooding are
consistent trends in precipitation. As precipitation and the frequency of extreme precipitation has
increasedin the Midwest, so have the number of flood events. Extreme precipitation events now occur
more frequently during the summer and fall months. Although the frequency of summer and fall floods
has increased, these events are less likely to produce floods as large as spring, snowmelt driven events.
This is in part because of the soil water storage capacity of the soil is typically larger during the summer
and fall months (Melillo et al., 2014). According to the 3" NCA, drought duration in the Midwest has not
changed substantially over the past century (Melillo et al., 2014).

3.3.1.2 USACE Literature Synthesis (USACE, 2015)

Xu et al. (2013) studied trends in streamflow for multiple gages inthe Upper Mississippi River region
(HUCO7) using Model Parameter Estimation Experiment (MOPEX) data for 1950-2000. The study found
that of 302 watershed gages acrossthe United States, 20%-30% of sites used in the study showed
significant increases in annual streamflow and baseflow and 65% of sites showed non-significant trends.
Most of the sites which showed significant increases in annual streamflow and baseflow are located in
the Midwestern United States (Xu et al., 2013). This finding is consistent with whatis presentedin the
34 NCA: northern climates have shown increases in streamflow over the observed period of record
(Melillo et al., 2014).

A statistical assessment of daily streamflow data (1939-1998) from 42 daily gages across the United
States shows an increase in river flow and the number of surplus flow days, as well as a decreasein
drought incidence for the latter part of the record comparedto earlier years (Vavrus and Behnke, 2013).
Villarini et al. (2013) studied trends in the frequency of occurrence of heavy rainfall in the Upper
Mississippi River region (HUCO7) for multiple climate stations with at least 50 years of historicdata. The
majority of climate stations in this region exhibited statistically significant increasing trends. Basedon
this assessment it was found that total flow and seasonal flow for the period of record 1951-2002 show
an increasing trendin streamflow within the Upper MississippiRiver region (Villarini et al., 2013). A
review of streamflow data for 36 gages across Minnesota (Figure 5) by Novotny and Stefan (2007)
indicates that streamflow in the region exhibits statistically significant increasing trends in mean annual
flow, 7-day low flow, and annual peak flow (spring and summer) for the period of record 1913 to 2002
(Novotny and Stefan, 2007).
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3.3.1.3 Additional Climate Information

A study by Juckem et al. (2008) assessed the relationship that precipitation and land management
practices had on baseflow and storm flow for a single watershedin the driftless region of southwestern
Wisconsin. The driftless region encompasses the Trempealeau River watershed. Land management
practices for the driftless region changed in the mid-1930s from more intensive agriculture practices to
less intensive practices. The results of the Juckem et al. (2008) study indicated a step-wise increasein
both precipitation and stream baseflow in approximately 1970. Juckem et al. (2008) applied simple
hydrologic models and demonstrated that only a portion of the hydrologic changes could be attributed
to the increasein precipitation. The rest of the changes were attributed to changes in land
management practices (Juckem, 2008).

Land management practices influence how precipitation is partitioned into runoff or groundwater
recharge and baseflow. The Juckem et al. (2008) study noted that site-scale infiltration rates of
watersheds with less intensive agriculture had higher infiltration rates (Juckemet al., 2008). The higher
infiltration rates and subsequent groundwater recharge may potentially offset increases in precipitation
that would have resultedin higher runoff during flood events under more intensive agricultural
conditions (Juckem et al., 2008).
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Gebert et al. (2016) studied trends in streamflow characteristics and precipitation for 15 watersheds in
Wisconsin for several time periods. The streamflow characteristics studied included 7-day annual
average low flow, annual average flow, and annual peak flow (Gebert et al., 2016). Streamflow
characteristics were determined for 10 watersheds which were predominantly used for agriculture
(including the Trempealeau River basin, 51% agriculture) and 5 watersheds which were predominantly
covered by forest. All watersheds were either unregulated or had negligible impacts from regulation.
Of the 15 stations included in the study, 5 were included in the USGS Hydro-Climatic Data Network
(HCDN) establishedin 2011.

The time periods used for comparison were 1915-1968 and 1969-2008. More trends in streamflow
were observed in agricultural basins comparedto forested basins. Between1915-1968 and 1969-2008,
the average 7-day, 10% exceedance probability low flow increased anaverage of 91% for 9 of the 10
agricultural watersheds andincreased an average of 18% in the forested watersheds. The Trempealeau
River watershed experienced a 76% increase in the 7-day, 10% exceedance probability flow the 1969-
2008 period relative to the 1915-1968 period (Gebert et al., 2016).

Average annual flow increased an average of 23% for agricultural watersheds and 0.6% for forested
watersheds for the 1969-2008 time period relative to the 1915-1968 period. The TrempealeauRiver
watershed experienced a 35% increase in annual average discharge for the 1969-2008 period relative to
the 1915-1968 period.

The 1% annual exceedance probability discharge decreased by an average of 15 percent for streams in
agriculturalareas and decreased an average of 27% for streams inforested areas (Gebert et al., 2016).
The Trempealeau River had a 31% decrease in the 1% AEP discharge for the 1969-2008 period relative to
the 1915-1968 period (Gebert et al., 2016).

Gebert et al. (2016) postulated that increased precipitation and changes in precipitation seasonality
indicate that climatic change is contributing to changes in streamflow. The authors stated that changes
in agricultural practices and land use had a dominant effect for increased low flow and average annual
flow. This finding is important because Section 3.1.1 noted that increases in precipitation have been
observed throughout the regionyet peak streamflow has decreased in the driftless region of Wisconsin.
This suggeststhat the changein land use practices has a significant effect on annual peak streamflow
(Gebertet al., 2016).

3.2.2.4 Observed Streamflow Summary

The consensus amongst the literature reviewed indicates a generalincrease in river flow throughout the
study region and an upward trend in mean, low, and peak streamflow (USACE, 2015). Studies of
watersheds inthe driftless region of Wisconsin agree with other regional studies; however, the
watersheds inthe driftless region experienced a decrease in peak annual streamflow. This watershed
specific decrease in peak flows may be driven by agricultural drainage practices.

3.3.2 Projected

3.3.2.1  Third National Climate Assessment (Melillo et al., 2014)

The Third National Climate Assessment (3@ NCA) states that extreme rainfall events have increased
throughout the United States during the last century (see Sections 3.1.1and 3.3.1)and that these trends
are expected to continue in the future (Melillo et al., 2014). The number of non-snowmelt driven flood
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events in the Midwest region is projected to increase due to an increase in the magnitude and frequency
of large precipitation events during summer and fall months (Melillo et al., 2014).

3.3.2.2 USACE Literature Synthesis (USACE, 2015)

The number of days without precipitation has increased in the Upper Mississippi Watershed (HUC07)
and is projected to increase in the future which may contribute to additional periods of drought (Pryor
et al., 2014). The increasein drought in the Midwest is expected to be the most severe in Missouriand
Southern lllinois and less severe in the northern states. Theincrease inconsecutive dry days will likely
resultin agricultural drought and reduced crop yields (Pryor et al., 2014).

Global and national scale studies attempt to predict future changes in hydrology through a combination
of Global Circulation Models (GCMs), future precipitation, temperature projections, and macro-scale
hydrologic models. Uncertaintyis inherent with climate modeling due to the large scale of the models
and the many variables needed to create projections. Many variables contribute to the uncertainty of
the GCMs and macro-scale hydrology models including error in temporal downscaling, error in spatial
downscaling, errors in the hydrologic models, errors associated with emissions scenarios, and errors
associated with GCMs themselves (USACE, 2015). Althoughthere is much uncertainty associated with
climate modeling, these models represent the best available science to make predictions of climate and
are successful at estimating trends in hydroclimatic variables.

A study by Hagemann et al. (2013) applied three separate GCMs to two different emissions scenarios to
supply data to eight hydrologic models to project future precipitation, evapotranspiration, and runoff at
the global scale. The findings indicate uncertainty associated with this type of modeling is high;
however, the study indicates that within the Upper Mississippi River Region (HUCO7)it is likely thatan
overall increase in runoff (100 mm per year) will occur for the 2071-2100 planning horizon relative to
historic conditions (Hagemannetal., 2013).

A study of the Upper Minnesota River basin (HUCO7) using GCM predictions and mechanistic hydrologic
models to develop and translate projected changes in meteorology into changes in river summer low
flow (7-day low flow) achieved mixed results (Johnson et al., 2016). Some scenarios predict decreases in
flow and others predict increases in flows (Johnson et al., 2016).

3.2.2.4 Projected Streamflow Summary

There is little to no consensus in the literature regarding changes in projected, future streamflows.
There could be an increase in streamflow due to projected increases in precipitation, but there could
alsobe adecreasein streamflow due to increases in temperature which drive increases in
evapotranspiration rates and changes in seasonality and snow cover.

3.4 Overall Summary

3.4.1 Observed

The general consensus from the literature review indicates that increases intemperature, precipitation,
and streamflow have occurred within the Upper Mississippi River Region during the observed period of
record. Some consensus shows that the frequency of extreme storm events has also increased.
Multiple authors identify a transition point in the climate data records near the year 1970 (USACE,
2015). Figure 6 below shows a summary of the trends in observed climate and streamflow, as wellas an
indication of the level of consensus within the peer reviewed literature considered for each variable.
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3.4.2 Projected

There is strong consensus that air temperatures willincrease within the study region over the next
century. Precipitation is projected to increase and the frequency of large storm events is also expected
to increase; however, some portions of the region will experience decreases in precipitation. Droughts
are expected to increase as a result of increased temperatures and evapotranspirationrates. There is
little to no consensus amongst projections of future streamflow (USACE, 2015). Figure 6 below shows a
summary of trends in projected climate and streamflow, as well as an indication of the level of
consensus within the peer reviewed literature considered for each variable.
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4 Phase | Assessment: Trends in Observed Streamflow Record

This portion of the climate change assessment focuses on carrying out first order statistical analysis
using observed annual peak streamflow data observed at the Trempealeau River at Dodge, WI USGS
gage (05379500). Annual peak streamflow is the variable of interest for this assessment because the
purpose of the Arcadia feasibility study is to develop a flood risk management strategyto reduce
damageto the city during high water events.

4.1 Data Preparation and Exploratory Analysis

The Trempealeau River at Dodge, WI USGS gage (ID 05379500) is the only continuous, long-term
streamflow gage in the basin; therefore, it is used for this climate assessment. The period of record at
the site is not continuous. The two segments of the systematic period of record are 1914-1919 and
1935-2015.

Backgroundinformation about the Trempealeau River watershedis assessed to determine if “a priori”
knowledge of a nonstationarityin the streamflow record exists. Examples of “a priori” knowledge that
could cause a nonstationarity are land use changes such as urbanization or an increasein area devoted
to agriculture. Other examples of a nonstationarity include construction of a hydraulic structure, like a
Dam. A nonstationarity canalso be the result of a change in climate conditions.

Approximately 51% of land use in the TrempealeauRiver is devoted to agriculture, beginning in 1853
when the first farms were established (Gebert et al., 2016 and Trempealeau County Historical Society
2018). Itis unknown how quickly the landscape was developed for agricultural purposes. The Sediment
Total Maximum Daily Load (TMDL) for Impaired Streams in the Middle Trempealeau River Watershed
report indicates a potential change in agricultural practices may have occurred in approximately 1940
(Wisconsin Department of Natural Resources, 2002). Figure 7 below shows two excerpts from the TMDL
analysis of the Middle Trempealeau River watershed which imply that agriculture practices may have
changedaround 1940 (Wisconsin Department of Natural Resources, 2002). This timeline also matches
information from Juckem et al. (2008) which noted that concerted efforts since the mid-1930s to switch
from intensive to less intensive agricultural practices impacted streamflow trends.

Description of Impaired Streams

The impaired streams of the Middle Trempealeau River Watershed can be characterized as
entrenched with shifting sand bottoms and occasion areas with exposed gravel substrate. Much
of the sedimentation and entrenchment of the streams 1s a “legacy” problem; resulting in part
from farming practices prior to 1940. Today, additional sediment reaches the streams from
eroding stream banks due to high velocity flood flows and unlimited cattle access, as well as,
eroding croplands and pastures. The lack of overhanging grasses limits food sources for trout.

Total Load Capacity: Based on review of all the information and professional judgment
of Department water quality staff, a total load capacity for sediment in these streams as
shown in the table below has been determined. The average annual loads are consistent
with load reductions and loading capacities called for in other streams in the same part of
the state. There is no known model or quantitative tool to identify a specific numeric
sediment load target — especially when a portion of the sedimentation is a result of land
uses and hydrology from more than 60 years ago. The Department intends to monitor the

Figure 7 Excerpts from Sediment TMDL Impaired Streams report (Wisconsin Department of Natural Resources, 2002)
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The USGS water year summary for the Trempealeau River at Dodge, WI USGS gage (ID 05379500) states
thereis no evidence that flows at Dodge are affected by regulationfrom upstream dams. None of the
peak flows listed for the USGS gage indicate any impacts from regulation (Department of the Interior,
2016). A summaryof dams in the Trempealeau River watershed is included in Appendix A of the overall
Hydrology Study Report for the 2018 CAP 205 Feasibility Study at Arcadia, WI. There are severallarge
dams in the watershed, but none are operatedfor flood control and most of the dams have relatively
small, upstream contributing drainage areas. Itis not anticipatedthat these dams have any effect on
peak discharges inthe basin.

05379500 TREMPEALEAU RIVER AT DODGE, WI

LOCATION - Lat 44°07'54.3", long 91°33'10.9" referenced to North American Datum of 1983, in NE 1/4 SE 1/4 sec.10, T.19
N., R.10 W., Trempealeau County, WI, Hydrologic Unit 07040005, near left bank on downstream side of County Trunk
Highways J and P bridge in Dodge, 9.0 mi upstream from mouth.

DRAINAGE AREA - 643 miz2.

SURFACE-WATER RECORDS
PERIOD OF RECORD - December 1913 to September 1919, April 1934 to current year.

REVISED RECORDS - WSP 1238: Drainage area. WSP 1388: 1919(M). WSP 1438: 1914, 1915-18(M), 1934-44(M), 1946-
49(M).

GAGE - Water-stage recorder and crest-stage gage. Datum of gage is 661.37 ft, NAVD of 1988. Prior to July 14, 1977,
nonrecording gage at same site and datum. Prior to Sept. 16, 1966, datum 2.00 ft higher.

REMARKS - Records are considered good except for estimated daily discharges which are poor and other periods as noted.
For records status prior to October 1, 2013, see remarks printed in annual water-data reports. Gage-height telemeter and
data-collection platform at station.

Figure 8 USGS Gage Summary for the Trempealeau River at Dodge USGS Gage 05379500 (Department of the Interior, 2016)

4.2 Climate Hydrology Assessment of Observed Data

The Climate Hydrology Assessment Tool (CHAT) applies a linear regression tothe observed annual
instantaneous peakflow for the TrempealeauRiver at Dodge. Peak streamflow datais shown in Figure
9, as well as the fitted trend line using the entire systematic period of record from 1914-1919 and 1935-
2014. The p-value associated withthe trendline is 0.136 which is greater than the generally accepted
threshold for statistical significance of 0.05. This indicates that the trend line does not have a statistically
significant slope at the 95% level of confidence. This implies that there is no significant trend in the data
when the entire period of record is considered.
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Figure 9 Climate Hydrology Assessment using observed data for whole POR; Discharge = -18.1413*Water Year + 40144, R-
Squared =0.0263319, P-Value=0.135507

A separate analysis of the TrempealeauRiver at Dodge USGS gage using the Climate Hydrology
Assessment Tool (CHAT) is performed using the continuous period of record from 1935-2014. The
continuous period of recordis used in the CHAT tool because the statistical methods inthe
Nonstationarity Detection Tool (NSD) requires a continuous record. To compare the results for the same
time period, it is necessaryto perform a separate analysis using the 1935-2014 period of record.

Peak streamflow data is shown in Figure 10, as well as the fitted trend line using the continuous period
of recordfrom 1935-2014. The p-value associated withthe trend line is 0.048 which is less thanthe
generally acceptedthreshold for statistical significance of 0.05. This indicates that the trend line does
have a statistically significant slope at the 95% level of confidence. This implies that thereis evidence of
a decreasing trendin the data. This result is consistent with the Gebert et al. (2016) study discussedin
the Literature Review of this report. In general, streams in agricultural watersheds in the driftless region
of Wisconsin have shown a decrease in the average annual flood peak discharge.
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Figure 10 Climate Hydrology Assessment using observed data for continuous POR; Discharge = -28.4761*Water Year + 60640.7,
R-Squared =0.0488989, P-Value = 0.0487006

4.3 Detection of Nonstationarities in Observed Streamflow Record

A dataseries is considered stationary if the statistical properties of the sample are constant with respect
to time. If the statistical properties of a sample of time series data changes or varies with respect to
time, the time series is considered nonstationary. The USACE Engineering Technical Letter ETL 1100-2-3
Guidance for Detection of Nonstationaritiesin Annual Maximum Discharges specifies how to identify
nonstationarities in an annual peak discharge record (USACE, 2018).

The USACE Nonstationarity Detection (NSD) tool is used to determine if the flow recorded in the
Trempealeau River Basin between 1935 and 2014 is representative of homogenous (stationary)
hydroclimatic conditions. Application of the statistical tests included in the USACE NSD tool require that
the record analyzed be continuous. Consequently, the period of record from 1935-2014 is evaluated
and the data from 1914-1919 is omitted. The stationarity of the flow record within the Trempealeau
River Basinis assessed by applying a series of eleven nonparametric statistical testsand one Bayesian
parametric statistical test tothe observed peak flow record at one, long-term gage site. Note thatthe
single parametric statistical test is not applied to time series data sets which do not reasonablyfit a
normal distribution.

All change points detected by the tool are considered statistically significant. The relative strength of a
statistically significant nonstationarity is evaluated using criteria of consensus, robustness, and
magnitude. The NSD tool does not facilitate the attribution of change points to a specific driver like land
use changes, changes in geomorphology, land cover changes, natural climate variability, and
anthropogenic climate change.
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The 12 statistical tests collectively identified nonstationarities in four different years (1954, 1961, 1968,
and 1997). The relative strength of each nonstationarityis determined by considering the level of
consensus between different statistical methodtests targeted at detecting the same type of
nonstationarity (e.g. variance/standard deviation, mean, distribution) in the flow data series. None of
the nonstationarities illustrate consensus. Without consensus, it is reasonable to discount the
nonstationarities being detected as being captured within the generally accepted level of uncertainty
associated with flow frequency analysis (USACE. 2016b).

Two additional criteria for assessing the strength of a nonstationarity are robustness and magnitude.
Robustness is achieved when tests targeting changesintwo or more different statistical properties
indicate a statistically significant nonstationarity inthe same year. Robust criteriais met in 1954 and
1961. Magnitude refers to a change in the mean or standard deviation/variance in the peak streamflow
dataset. Magnitude changesinthe meanwere noted in 1997 and changes tothe standard
deviation/variance were noted in 1954 and 1961.

Because the standard deviation/variance for the record prior to the 1956 event and after the 1956 event
are approximately the same, this suggeststhat the magnitude change was not significant, but rather the
1956 event was solarge it indicated a magnitude change when there was none.

Because the nonstationarities lack consensus and the magnitude changes detectedin the standard
deviation/variance occurred near the event of record, the results of this assessment do not singularly,
provide enough evidence to warrant rendering the flow record recorded at Dodge nonstationary. The
results of the nonstationarity assessment indicate that no strong nonstationarities exist withinthe
observed, annual instantaneous peak flow record for the Trempealeau River at Dodge, WI USGS gage
(05379500).
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Figure 11 Nonstationarity detection tool results — Trempealeau River at Dodge, W/ (POR 1935-2015)

4.4  Monotonic Trend Analysis

A statisticaltrendina set of time series data is defined as a gradualand continuous change in the mean
of the variable of interest. Trends in hydrologic time series data are often the result of gradual changes
in hydroclimatic variables or can result from anthropogenic changes tothe watershed. Trends canalso
be a combination of natural changes in hydroclimatic variables and anthropogenic impacts. The USACE
Engineering Technical Letter ETL 1100-2-3 Guidance for Detection of Nonstationarities in Annual
Maximum Discharges specifies how to identify monotonic trends in an annual peak discharge record

(USACE, 2018).
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A monotonic trend analysis using the Mann-Kendall Test and the Spearman Rank Order Test (a =.05
level of significance)is shown in Figure 12. A statistically significant negative trendin annual peak
streamflow is present in the period 1935 to 2014. The result of the Mann-Kendall and Spearman Rank
Order tests is consistent with the trend noted in the Climate Hydrology Assessment Tool results in
Section 4.2. The result of the trend analysis indicates that peak annual flows are decreasing between
1935 and 2014. This decreasing trend implies that although the nonstationarity detection tests are not
flagging a particular point in time where the overall mean of annual streamflow peaks is decreasing,
there may be some evidence that the record is not representative of truly homogenous conditions due
to an overall, statistically significant decreasing trend in the dataset.

Trend in Maximum Annual Flow at T1i;r13%ﬁ"argoeﬁgelecﬂon
TREMPEALEAU RIVER AT DODGE, WI .
18K

16K
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Monotonic Trend Analysis

Is there a statistically significant trend?
Yes, using the Mann-Kendall Test at the .05 level of significance.

Yes, using the Spearman Rank Order Test at the .05 level of significance. Please acknowledge the US Army Corps of Engi-

neers for producing this nonstationarity detection

What type of trend was detected? tool as part of their progress in climate prepared-
Using parametric statistical methods, a negative trend was detected. ness and resilience and making it freely available.

Using robust parametric statistical methods (Sen's Slope), a negative trend was detected.

Figure 12 Trempealeau River at Dodge, WI:1935-2015

4.5 Summary of Trends and Nonstationarities in Observed Streamflow

The results from the CHAT tool and the monotonic trend analysis indicate a decreasing trend in annual
peak streamflow in the Trempealeau River watershed. This resultis consistent with studies cited in the
literature review which note flood peaks throughout the driftless area of Wisconsin have decreased over
time. Multiple nonstationarities were detected between 1954 and 1968. Although these
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nonstationarities are not considered strong, they are statistically significant. The timing of the detected
nonstationarities coincides with a period after the Trempealeau River basin switched from more
intensive to less intensive agricultural practices which promoted infiltration of precipitation. This
suggests that decreasing trend in annual peak streamflow within the Trempealeau River watershed
could be driven by land use changes rather thanchanges in climate. This resultis qualitative only.
Additional analysis beyond the scope of this qualitative assessment is neededto accurately attribute
changes in the basin to one or more factors.

5 Phase Il Assessment: Projected Changes to Watershed Hydrology and
Assessment of Vulnerability to Climate Change

5.1 USACE Climate Hydrology Assessment for Projected Data

The USACE Climate Hydrology Assessment Tool (CHAT) is used to investigate potential future changes to
annual maximum monthly flows for the Trempealeau River Watershed. The HUC04 watershed usedin
the Climate Hydrology Assessment analysis is the Upper Mississippi-Black-Root River Watershed (HUC
0704). The Upper Mississippi-Black-Root River Watershed encompasses the Trempealeau River
Watershed (see Figure 13). Figure 14 displays the range of forecasted annual maximum unregulated
monthly streamflows computed from 93 different hydrologic model runs for the period from 2000-2099.
Hydrologic model output is generated using meteorological inputs derived based on various
combinations of representative concentration pathways (RCPs) of greenhouse gas emission scenarios
and Global Circulation Models (GCMs). Couplings of RCPs and GCMs are used to project precipitation
and temperature data into the future. These meteorological outputs are spatially downscaled using the
bias corrected spatially downscaled (BCSD) statistical method and then inputted in the U.S. Bureau of
Reclamation’s Variable Infiltration Capacity (VIC) precipitation-runoff model. The VIC model is a macro-
scale model representative of unregulated basin conditions and is used to generate a streamflow
response. As expected for this type of qualitative analysis, there is a considerable, but consistent spread
in the projected annual maximum monthly flows (Figure 14). This spread is indicative of the uncertainty
associated with climate changed hydrology.

Vicinity Map

— I Miles
1in =16 miles

Map Legend
D HUC 0704 Upper Mississippi-Black-Root River Watershed
e Mississippi River Centerline N

e CAP 205 Streams of Interest

-
D Trempealeau River Watershed j ]

Figure 13 Upper Mississippi-Black-Root River watershed vicinity map
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Figure 14 Upper Mississippi-Black-Root River HUC-04 0704 Range of 93 Climate-Changed Hydrology Models; CMIP-5 Data,
Downscaled to HUC-4 level via BCSD Method, Based on 93 combinations of GCM/RCP model projections

In addition to providing a visualization of projected climate changed streamflow data for the Upper
Mississippi-Black-Root River Watershed (HUC04 0704), the CHAT tool also fits a linear trend line to the
mean projected annual maximum monthly streamflow data for the period from 2000-2099 computed
for the HUC 0704 watershed. Thetrend in the mean projected annual maximum monthly streamflow
increases over time (Figure 15). This increase s statistically-significant (p-value 0.0367 < 0.05)and
suggests the potential for flood risk to increase in the future relative to the current time. This result is
qualitative only.

The Climate Hydrology Assessment Tool projections in Figure 15 indicate that a statistically significant
increase in annual maximum monthly streamflows is anticipatedin the future between 2000 and 2099.
The directionality of this trend is inconsistent with the directionality of the trend determined using
observed annual instantaneous peakflow data. The analysis of annual peak streamflow data (1935-
2014) in Figure 10 indicates a statistically significant decrease was observedin annual peak streamflow.
The monotonic trend analysis results in Figure 12 also indicates that there is a statistically significant
decreasing trendin annual peak streamflow data.

The difference in the direction of the trend is possibly due to the different spatial and temporal scale of
the data. For example, the decreasing trendin annual peak streamflow uses at-site annual peak
streamflow data for the TrempealeauRiver at Dodge, WI. The CHAT projections of annual maximum
monthly streamflow uses climate models and greenhouse gas emission scenarios to project
precipitation and temperature into the future and then downscales the outputs for analysis for input
into precipitation-runoff models. The different spatiotemporalscales usedin the analysis of observed
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Figure 15 Trends in Mean of 93 Climate-Changed Hydrology Models of HUC 0704 Upper Mississippi-Black-Root River Basin;
Annual Max Monthly Flow = 4.65976*Year of Water Year + 3586.52; P-Value = 0.0367148

5.2 USACE Watershed Climate Vulnerability Assessment Tool

The USACE Watershed Climate Vulnerability Assessment (VA) Tool facilitates a screening level,
comparative assessment of the vulnerability of a given HUC04 watershed to the impacts of climate
change relative to a maximum of 201 (depending on which business line is specified) HUC04 watersheds
within the continental United States (CONUS). The HUC04 watershed usedin the Vulnerability
Assessment analysis is the HUC 0704 Upper Mississippi-Black-Root River Watershed. The HUC 0704
watershed contains the Trempealeau River Basin. The tool canbe usedto assess the relative
vulnerability of a specific USACE business line, such as Flood Risk Reduction, to projected climate change
impacts. Assessments using this toolidentify and characterize specific climate threats and sensitivities or
vulnerabilities, at least ina relative sense, acrossregions and business lines.

The Watershed Vulnerability tool uses the Weighted Order Weighted Average (WOWA) method to
compute a composite index (vulnerability score or WOWA score) of how vulnerable a given HUC04
watershed is to climate change specificto a given business line by using a set of specificindicator
variables which relate to a particular business line. The HUC04 watersheds with the top 20% of WOWA
scores are flagged as vulnerable. The vulnerability assessment analysis for this study is performed using
the National Standard Settings (USACE, 2016c).

Indicators considered within the WOWA score for Flood Risk Reduction include: the acres of urban area
within the 0.2% annual exceedance probability event floodplain, the coefficient of variationin
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cumulative annual flow, runoff elasticity (ratio of streamflow runoff to precipitation), and two indicators
of flood magnification (how flood flow is projected to changein the future). The first flood
magnification factor is a local factor which only considers the HUC04 watershed being studied. The
second is the cumulative factor which also considers any watersheds upstream of the watershed being
studied. Additional information about each of these indicator variables and how they are used to
determine a WOWA score (vulnerability score) is described in the Vulnerability Assessment User Manual
(USACE, 2016c).

The USACE Climate Vulnerability Assessment Tool makes an assessment for two 30-year epochs
centeredat 2050 and 2085 to evaluate future risk due to climate change. These two epochs are selected
to be consistent with many other nationaland international analyses relatedto climate. The
Vulnerability tool assesses climate change vulnerability for a given business line using climate changed
hydrology based on a combination of projected climate outputs from the generalcirculation models
(GCM)and representative concentration pathway (RCPs) of greenhouse gas emissions resulting in 100
traces per HUC04 watershed per time period. The top 50% of the traces by flow magnitude is called the
“wet” subset of traces and the bottom 50% of traces is called the “dry” subset of traces. Meteorological
data projected by the GCMs is translated into runoff using the U.S Bureau of Reclamation’s Variable
Infiltration Capacity (VIC) macroscale hydrologic model. There is a great deal of uncertainty with the
climate changed hydrology given by the VA tool. The user should always note that the uncertainty with
climate changed hydrology projects is high and not always quantifiable.

Table 1 below summarizes the indicator variables which contribute to the vulnerability score for the
Flood Risk Management business line with respect to the HUC 0704 watershed. The color ramps in
Table 1 helpillustrate the relative contributions of eachindicator variable to the overall vulnerability
score. The dominant indicator variable in determining the vulnerability score (WOWA score) for each
scenario (Wet vs. Dry) and each epoch (2050 vs. 2085) is the 568C Cumulative Flood Magnification
Factor which represents how flood flow is predicted to change in the future. The Cumulative Flood
Magnification Factor reflects all flow generated within a HUC 04 watershed and any upstream
watersheds. Inwatersheds withindicator values greaterthan1, flood flow is predicted to increase. In
watersheds with indicator values less than 1, flood flow is predicted to decrease.

Under the dry scenario, the percent each indicator variable contributes to the vulnerability score does
not change significantly between the 2050 epoch to the 2085 epoch. For the wet scenario, the Runoff
Elasticity (277) and Local Flood Magnification Factor (568L) are the only two indicator variables whose
percent contribution to the vulnerability score changes significantly.

Under the wet scenariothe 2085 epoch shows a larger proportion of vulnerability coming from runoff
elasticity comparedto the 2050 epoch. The 2085 epoch alsoindicates that a smaller portion of the
vulnerability score comes from the local Flood Magnificationfactor compared to the 2050 epoch. This
indicates that a larger share of the vulnerability in the 2085 epoch will be a result of runoff elasticity.
Therefore, increases in precipitation will drive more of the overall vulnerability in the future.
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Table 1 Comparison of indicator variables, percent of WOWA (vulnerability) score, and percent change in indicator variable

Dry Scenario
2050 Epoch 2085 Epoch
2050 Indicator 2050 (% of 2085 Indicator 2085 (% of
Value WOWA Value WOWA % Change Indicator

Indicator Variable Name and Description | (Unstandardized) Score) (Unstandardized) Score) Value
590 - Acres of urban area within the 0.2%

annual exceedance probability event

floodplain 7 5.12% 7 5.06% %
175C - Coefficient of variation in cumulative

annual flow 0.4025 8.12% 0.3973 7.86% -1.29%
277 - Runoff elasticity 2.453 28.27% 2.476 27.83% 95%
568L - Flood Magnification Factor (local) 0.9938 14.52% 1.0298 14.73% i
568C - Flood Magnification Factor

(cumulative) 0.9883 43.98% 1.0216 44.52%

WOWA Score 46.87 47.86 NA
Wet Scenario
2050 Epoch 2085 Epoch
Value WOWA Value WOWA % Change Indicator

Indicator Variable Name and Description | (Unstandardized) Score) (Unstandardized) Score) Value
590 - Acres of urban area within the 0.2%

annual exceedance probability event
floodplain 7 4.36% 7 4.41% 2.34%
175C - Coefficient of variation in cumulative

annual flow 0.403 6.92% 0.408 7.00% 1.23%
277 - Runoff elasticity 2.297 15.06% 2.476 24.24% j
568L - Flood Magnification Factor (local) 1.234 23.63% 1.255 15.63% l].??%
568C - Flood Magnification Factor

(cumulative) 1.32 50.03% 1.284 48.73% -2.72%

WOWA Score 53.69 54.96 NA

Based on results of USACE vulnerability assessment tool, relative tothe other basins in the United
States, the Trempealeau River Basin (Upper Mississippi-Black-Root River Watershed)is not particularly
vulnerable to impacts of climate change to flood risk for either the wet or dry periods considered in
2050 and 2085 (Figure 16). Note that this result is qualitative only and does not imply that the
watershed will not be impacted by future changes in flood risk driven by climate change, rather, the
results simply imply that this watershedis not among the top 20% of HUC04 watersheds indicated as
being vulnerable to future flood riskin the continental United States.
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Figure 16 Projected Relative Vulnerability for the Upper Mississippi-Black-Root River Watershed (HUC 0704) with Respect to
Flood Risk

6 Description of Proposed Project Features

At the time this climate assessment document was written, options for the recommended plan were
presented but a formal selection had not occurred. A set of flood risk reduction features has been
proposed and analysis is ongoing to determine if these features can collectively meet the recommended
plan criteria. The proposed flood risk reduction project is divided into four separate reaches (Reach1, 2
3, and 4) which involve stream relocation, levee construction, floodwall construction, construction of
engineered high ground, a railroad raise, and new interior drainage facilities. Figure 17 shows a layout
of the proposed flood risk reduction features and identifies where the levee, floodwall, engineered high
ground, and railroad lines will be located within the project area.

7
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Figure 17 Layout of proposed flood risk reduction features
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All levee and floodwall features in Reaches 1, 2, and 4 will be constructed tothe 1% AEP (100-yr) flood
elevation plus an additional 3 feet for risk and uncertainty. The intermodal area and railroad spur lines
in Reach 3 will be built to an elevation of the 1% AEP (100-yr) flood elevation plus an additional 3.5 feet.
The additional 0.5 foot of project elevation is included to make the project more resilient to future
changes in basin hydraulics and hydrology. Based on this assessment a potential driver of future change
in hydrology is climate change. This climate assessment noted a decreasing trendin observed peak
streamflow through time. This project is designed toreduce flood riskbased on current hydrologic
conditions and current USACE policy, even if decreases in flood magnitude have decreased through
time.

7 Conclusion

The primary objective of the USACE CAP Section 205 Feasibility Study for the TrempealeauRiver is to
reduce flood risk. Based on the information presentedin the literature review, regression analysis,
climate hydrology assessment, and vulnerability assessment it is not clear how climate change will
impact flood riskin the basin. The increase in observed temperatureis the strongest evidence that
climate change effects hydroclimatic conditions in the region. The literature review indicates that
precipitation in the Midwestern United States has increased over the observed period of record and is
projected to increase in the future as a result of climate change. The complex interrelationships
between streamflow, precipitation, and temperature make it difficult to predict future flood flows.
While precipitationincreased during the observed record and may continue to increasein the future,
increases in temperature and evapotranspiration, as well as changes in seasonality and snowmelt
timing/volume may offset increasing precipitation trends making the effects on future flood flows
difficult to predict.

The first order statistical analysis carried out as part of this assessmentindicates a statistically significant
decreasing trendin observed, annual peak flows between1935-2014. This trendis apparentin the
results produced by both the CHAT linear trend analysis tool and the NSD Tool monotonic trend analysis.
The CHAT tool indicates an increasing trend in modeled meanannual maximum monthly flows
generatedata HUCO4 watershed scale based on projections of future climate changed hydrology.

These contradictory trends point to uncertainty in determining how the streamflow response will
change as a result of climate change.

The NSD tool detected severalstatistically significant nonstationarities during the continuous 1935-2014
period of record. However, none of the detected nonstationarities are considered strong, as defined by
consensus and robustness of test results and a significant change in the magnitude of the statistical
properties of the dataset over time. Based on the USACE vulnerability tool results, when compared to
other HUC04 watersheds inthe continental United States, the Trempealeau River basinis not
particularly vulnerable to flooding as a result of climate change. Although the Trempealeau River basin
is not vulnerable to flooding in arelative sense, it is still potentially vulnerable to flooding in an absolute
sense.

The results of the vulnerability tool, along with the lack of consensus with regards totrends in
streamflow peaks presented by both the literature review and the contradictory directionality of trends
in streamflow magnitude, as well as the lack of strong nonstationarities inthe peak flow record at Dodge
suggest that the annualinstantaneous peak streamflow records within the Trempealeau River Basin
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should be treated as being stationary for the current analysis. Based on this assessment, the
recommendation is totreat the potential effects of climate change and long-term natural variability in
climate as occurring within the uncertainty range calculated for the current hydrologic analysis.

The risks posed by climate change are anticipated to be accounted for by the standard design practices
used to designand construct Federal flood risk reduction projects. Residualrisks, or risks to the project
which are not explicitly accounted for in standard design techniques, should be low for this study. Table
2 below indicates potential residual risks for this project along with a qualitative rating of how likely
thoseresidual risk are to occur.

Table 2 Potential residual risks

Phase 11l Residual Risks

Qualitative
Likelihood

Project Feature Trigger (Low,
Moderate,

High)

Qualitative Justification for Likelihood
Rating

Future flood . .
Floods occurring Increases in temperature are also
volumes and . R .
peak more frequently will expected which could potentially
) remain on the increase evapotranspiration and offset
Increased discharges . R .
L levee/floodwall increases in flood flow. The evidence
precipitation may be larger X X .
) longer, potentially presented in the climate assessment
from more than in the . s
. damaging the indicates that annual peak flood flows
intense, frequent past X
Levee/Floodwall storm events and project feature Low have decreased over the observed
. . . period of record for this part of
increases in Higher flood . . .
X . Floods may reach Wisconsin; however, climate model
winter and spring | stages . . - L .
- . higher elevations projections indicate that projected mean
precipitation resulting from . .
larger than what was annual maximum monthly flows will
amgounts of experienced in the increase so future risk could be higher
past relative to the currentrisk.
runoff
Future flood
volumes and
eak . .
p. The engineered high ground and
Increased discharges . .
recipitation may be larger railroads on Reach 3 will be constructed
precip v X & Floods may reach to the 1% AEP flood elevation, plus 3 feet
. . from more than in the . . . . .
Engineered High intense. frequent ast higher elevations of elevation for risk and uncertainty, plus
Ground/Railroad » Ireq p than what was Low an additional 0.5 feet for potential
. storm events and ) . . s
Raise . K . experienced in the changes in hydrology, which is an added
increases in Higher flood . .
. . past resilience measure to address potential
winter and spring | stages )
- . changes to study area hydrology like
precipitation resulting from .
climate change.
larger
amounts of
runoff
Magnitude and frequency of large storm
Increased . . . .
precipitation Future flood events is anticipated to increase in the
volumes from | Theinterior area future, which could stress the interior
from more . ) L .
. . . intense, may need to handle drainage facilities. Intense, localized
Interior Drainage | intense, frequent Low to L .
. frequency larger volumes of precipitation is more common than in
Facilities storm events and . . Moderate .
. . storms will be | water than it was the past. Increases in future
increases in . -
winter and spring greater than design for temperature and evapotranspiration
- in the past have the potential to offsetincreased in
precipitation runoff
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Itis recommended that the local community seek opportunities to build resiliency into all current and
future Flood Risk Reduction projects and Water Management Plans to account for added uncertainty of
climate change and other land userelatedimpacts. Itis recommended that the discharge frequency
analysis of the Trempealeau River Watershed be regularly revisited to assess if the existing frequency
analysis still provides anadequate characterization of flood risk. These steps are advisable for this
watershed because some of the literature reviewed and the CHAT tool projected climate changed
hydrology results do indicate a potential increase in flood flows in the future.
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APPENDIX C: Peak Flow Data Tables for Gaged Sites

Normal Text = Observed Event
Italic Text = Estimated Event (MOVE.3 estimate)
Underlined Text = Below-gage-base discharge

Table 1 Peak Flow Data — Trempealeau River at Arcadia, WI USGS Gage ID 05379400

Date Flow (cfs) Date Flow (cfs) Date Flow (cfs)
9-Jun-1914 3,937 28-Feb-1958 1,244 29-Jul-1987 3,060
26-Mar-1915 1,839 27-Mar-1959 8,372 9-Mar-1988 2,462
26-Mar-1916 3,582 30-Dec-1959 1,606 28-Mar-1989 7,460
3-Apr-1917 1,786 26-Mar-1961 7,840 15-Mar-1990 6,771
20-Mar-1918 3,832 29-Mar-1962 6,390 30-May-1991 1,500
17-Mar-1919 11,433 26-Mar-1963 2,890 18-Sep-1992 8,608
29-Jul-1935 4,757 9-Sep-1964 3,000 22-Jun-1993 6,194
22-Mar-1936 7,531 6-Apr-1965 9,740 16-Sep-1994 4,695
3-Apr-1937 1,924 10-Feb-1966 3,200 16-Aug-1995 4,425
10-Sep-1938 3,384 27-Mar-1967 8,340 27-Mar-1996 4,155
24-Mar-1939 6,730 27-Jul-1968 8,140 31-Mar-1997 2,209
1-Apr-1940 3,332 6-Apr-1969 2,920 29-Jun-1998 8,095
2-Apr-1941 3,091 28-May-1970 3,290 23-Jul-1999 2,008
3-Jun-1942 5,988 1-Apr-1971 2,200 26-Feb-2000 2,335
27-Mar-1943 5,348 27-Sep-1972 4,510 14-Apr-2001 2,356
29-Feb-1944 2,198 11-Mar-1973 5,580 4-Jun-2002 1,810
16-Mar-1945 8,495 4-Apr-1974 3,520 17-Mar-2003 1,500
14-Mar-1946 4,840 23-Aug-1975 12,000 1-Jun-2004 3,080
7-Apr-1947 5,709 12-Mar-1976 5,310 1-Apr-2005 3,467
21-Mar-1948 5,120 11-Mar-1977 1,250 1-Apr-2006 1,468
29-Jul-1949 2,072 6-Jul-1978 3,248 15-Mar-2007 3,957
29-Mar-1950 3,832 20-Mar-1979 2,051 20-Apr-2008 1,744
10-Jul-1951 5,120 20-Mar-1980 4,695 11-Aug-2009 1,860
2-Apr-1952 7,295 24-Feb-1981 4,238 25-Sep-2010 9,436
19-Mar-1953 4,290 17-Mar-1982 2,177 24-Mar-2011 3,049
21-Jun-1954 6,019 31-Dec-1982 4,674 2-Mar-2012 2,029
4-Oct-1954 10,823 13-Jul-1984 1,701 11-Apr-2013 3,551
4-Apr-1956 17,908 12-Mar-1985 9,711 19-Jun-2014 2,610
23-Jun-1957 786 24-Sep-1986 5,203 8-Jun-2015 1,630
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Date
9-Jun-1914
26-Mar-1915
26-Mar-1916
3-Apr-1917
20-Mar-1918
17-Mar-1919
29-Jul-1935
22-Mar-1936
3-Apr-1937
10-Sep-1938
24-Mar-1939
1-Apr-1940
2-Apr-1941
3-Jun-1942
27-Mar-1943
29-Feb-1944
16-Mar-1945
14-Mar-1946
7-Apr-1947
21-Mar-1948
29-Jul-1949
29-Mar-1950
10-Jul-1951
2-Apr-1952
19-Mar-1953
21-Jun-1954
4-Oct-1954
4-Apr-1956
23-Jun-1957

Flow (cfs)
3,700
1,700
3,360
1,650
3,600
11,000
4,490
7,180
1,780
3,170
6,400
3,120
2,890
5,680
5,060
2,040
8,120
4,570
5,410
4,840
1,920
3,600
4,840
6,950
4,040
5,710

10,400
17,400
713

Date
28-Feb-1958
27-Mar-1959
30-Dec-1959
26-Mar-1961
29-Mar-1962
26-Mar-1963
11-Sep-1964

7-Apr-1965
10-Feb-1966
28-Mar-1967
28-Jul-1968
7-Apr-1969
30-May-1970
4-Apr-1971
29-Sep-1972
13-Mar-1973
6-Apr-1974
24-Aug-1975
14-Mar-1976
13-Mar-1977
6-Jul-1978
20-Mar-1979
20-Mar-1980
24-Feb-1981
17-Mar-1982
31-Dec-1982
13-Jul-1984
12-Mar-1985
24-Sep-1986

Table 2 Peak Flow Data — Trempealeau River at Dodge, WI USGS Gage ID 05379500

Flow (cfs)
1,140
8,000
1,480
11,100
6,800
3,240
1,980
12,100
3,600
7,350
3,220
2,200
2,830
2,170
5,950
5,500
2,430

10,600
3,030
1,520
3,040
1,900
4,430
3,990
2,020
4,410
1,570
9,310
4,920

Date
29-Jul-1987
9-Mar-1988

28-Mar-1989
15-Mar-1990
30-May-1991
18-Sep-1992
22-Jun-1993
16-Sep-1994
16-Aug-1995
27-Mar-1996
31-Mar-1997
29-Jun-1998
23-Jul-1999
26-Feb-2000
14-Apr-2001
6-Jun-2002
18-Mar-2003
4-Mar-2004
1-Apr-2005
1-Apr-2006
15-Mar-2007
20-Apr-2008
11-Aug-2009
25-Sep-2010
24-Mar-2011
2-Mar-2012
11-Apr-2013
22-Jun-2014
13-Jun-2015

Flow (cfs)

2,860
2,290
7,110
6,440
1,380
8,230
5,880
4,430
4,170
3,910
2,050
7,730
1,860
2,170
2,190
1,830
2,420
3,130
3,250
1,350
3,720
1,610
1,720
9,040
2,850
1,880
3,330
2,180
1,520
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Date
28-Aug-1960
26-Mar-1961
30-Aug-1962
22-Mar-1963

7-Sep-1964

5-Apr-1965

7-Feb-1966
26-Mar-1967
19-Aug-1968

1969

1970

1971
25-Sep-1972
31-Mar-1973
21-Aug-1974
27-Apr-1975

Flow (cfs)
410
520
550
315
310
530
480

1,300
1,000
200
200
200
980
240
270
1,350

Date
11-Mar-1976
1977
6-Jul-1978
1979
20-Sep-1980
3-Apr-1981
29-Mar-1982
27-Dec-1982
26-Mar-1989
11-Mar-1990
16-May-1991
15-Apr-1992
19-Jun-1993
13-Sep-1994
13-Aug-1995
18-Mar-1996

Table 3 Peak Flow Data — French Creek near Ettrick, WI USGS Gage ID 05382200

Flow (cfs)
205
100
215
100
184
270

75
980
643

1,590
1,460
1,430
1,480
1,440
1,790
658

Date
24-Mar-1997
26-Jun-1998

17-Jul-1999
31-May-2000

11-Jun-2001

9-Oct-2001

2003

8-Jun-2004

2006

2007

2008

2009

2012
29-Mar-2013

2015

Flow (cfs)

650
2,450
1,410
2,450
2,950

Note: The exact date of the “below-gage-base” flow is not known in many instances; consequently, the discharge
may be less than the indicated value which is listed as the minimum recordable discharge at the site, at the time it

was recorded
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Appendix D: Flow Frequency Curves Gaged Sites

Annual Instantaneous Peak Discharge Frequency Plot
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Annual Instantaneous Peak Discharge Frequency Plot

Solution: Analytical-Bulletin 17C/EMA

Distribution: Log Pearson Type 3
Plotting Positions: Hirsch-Stedinger
(observed), Median (low outliers)

Mean: 3.575

Standard Deviation: 0.270
Station Skew: -0.007
Regional Skew: -0.200
Regional Skew MSE: 0.125
Adopted Skew: -0.073

Historic Events: 0
High Outliers: 0
Low Outliers: 0

Years
Systematic Record: 87 Years
Historic Period: NA

Notes

Record extension performed using
MOVE.3 technique with USGS Gage
05379500 Trempealeau River at
Dodge, WI

Return Period 10 20 50 100 200 500
100,000
4"
P4
P
P
/ v
Pl ! ]
[ 4 l‘ﬂ’ AL 4
"l' L,
10,000 3 1=
LAPS)
—_— o i
H‘Q F uf
O , ¥ >
N d "P
() A
> - i
g b
(8] L d &
2 Py gr
&
o "
P4 "4
P
f’ "'
1,000 —
4 2
* I’ L
r'd
Analytical Curve ]
& Observed Events N
¢ Estimated Events (MOVE.3) |
=== 90% Confidence Interval [
100 MR ANRRANN AN N IAAR I A
90 80 70 60 50 40 30 20 10 5 2 1 05 0.2
Exceedance Frequency (in %)
Summary Statistics Number of Events

Trempealeau River at Arcadia, WI
USGS Gage ID 05379400
Flow-Frequency Analysis
Annual Instantaneous Peak Flows
Water Years in Record: 1914-1919, 1935-2015
Record Extension Using MOVE.3 Technique
Drainage Area: 553 sq. mi

D-2




Annual Instantaneous Peak Discharge Frequency Plot
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Appendix E: Flow Frequency Curves Ungaged Sites

Annual Instantaneous Peak Discharge Frequency Plot
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Annual Instantaneous Peak Discharge Frequency Plot
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Summary Statistics

Solution: Analytical-Bulletin 17C/EMA
Distribution: Log Pearson Type 3
Plotting Positions: H-S (observed),
Median (low outliers)

Mean:

Standard Deviation:
Station Skew:
Regional Skew:
Regional Skew MSE:
Adopted Skew:

Number of Events
Historic Events: 0

High Outliers: 0 Turton Creek at Arcadia, WI
Low Outliers: 0
Ungaged Watershed
Years .
Systematic Record: Years FIOW'FrequenCy Ana|y5|S
Historic Period: NA General Relations Method - Drainage Area Transfer

Equivalent Period of Record: 38 years
Drainage Area: 23.6 sq. mi
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Myers Valley Creek at Arcadia, WI
Ungaged Watershed
Flow-Frequency Analysis
General Relations Method - Drainage Area Transfer
Equivalent Period of Record: 38 years
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SPAOME
Appendix F: Memorandum for Record

CENCS-ED-GH (1110-2-1403) September 24, 1992
MEMORANDUM FOR REGORD
SUBJECT: Arcadia, Wis, Sept 1992 Flood

1. The largest flood stage in over 30 years was reached on 17 Sept 1992 on the
Trempealeau River at Arcadia, Wis. The flood was caused by a heavy rain the
evening of 15 Sept and morning of 16 Sept 92. The Flood Forecast Center of the
NWS made a flood prediction at about 8 pm on 16 Sept that was within 0.2 feet of
the actual peak. Previous work by the Corps on Arcadia had found significant
fluctuations in the rating curve. On 21 Sept 92 I called John Seeman of the FFC
and asked him how he could be so accurate. The result of that conversation and
ones with Barry Holmstrum of the USGS convinced me that it would be worthwhile
having the USGS make periodic discharge measurements to better define the
discharge-stage rating curve for Arcadia. I propose adding this work to our
data collection contract with the USGS through water control. I feel 4
measurements a year during during high flows would be adequate.

2. John Seeman said the FFC has very limited knowledge of Arcadia, it is not one
of their forecast points. He said he expects it to become one. He based his
forecast on USGS published records for the 1975 flood. The published values

are:

1975 FLOOD
Arcadia Peak Stage = 8.64 Peak Discharge = 15,900 cfs
Dodge Peak Stage = 11.36 Peak Discharge = 10,600 cfs.
The 1992 peaks were: |
Arcadila Peak Stage - 8.7
Dodge Peak Stage = 11.44.

The USGS measured a discharge of 7650 cfs at Dodge at a stage of 11.35. I
estimate the peak discharge was about 8000 cfs at Dodge. During the FIS study of
Arcadia the WDNR and the Corps became suspect of the published 1975 peak at
Arcadia. The USGS peak was based on an indirect measurement. Examining the data
from the USGS and the Corps HEC-2 model, we felt the 1975 peak was probably
about 12,000 cfs at Arcadia. We informed the USGS of our opinion and used the
lower value for the FIS study.

3. When I talked to John Seeman he felt the 1992 discharges at Arcadia and
Dodge were probably about the same as the published 1975 values of 15,900 and
10,600 cfs since the stages were so similar. However, the actual peak at Dodge
was only about 75% (8000 vs 10,600) of the 1975 peak. Assuming the Arcadia peak
was also about 75% of the 1975 peak, and that the actual 1975 peak was 12,000
cfs, I estimate a 1992 peak of about 9000 cfs at Arcadia. This is only about
57% of the USGS published value for 1975.

4. When I told John Seeman about the uncertainty in the Arcadia rating curve he
said that additional measurements by the USGS would be of great value to him
for future flood predictions.
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5. On 21 Sept 92 1 called Barry Holmstrum of the USGS and discussed the
variations in the rating curve. He said both Arcadia and Dodge are sand channel
rivers with lots of movement of the rating curve. He said the discharge
measurement at Dodge (7650 cfs &t 11.35) was a shift of 0.44 feet from the
rating curve. He said the rating éurve gives a discharge of 10,800 cfs at a
stage of 11.4. The 1992 actual discharge at this stage was about 8,000 cfs.
Barry said this amount of shift is large but not that unusual.

6. If the rating curve at Arcadia was just fluctuating up and down it would
not be as important to get new measurements. However, our FIS study indicated
the channel bottom was aggrading with time. The attached graph shows the
last USGS rating curve; the one we developed for the flood insurance study;
and a discharge measurement made by the Corps in 1990. The proposed USGS
measurements would be used to determine if there is a general trend towards

a higher rating curve or if the variation is just the normal shifts seen in
sand bed channels. '

Encl: PATRICK M. FOLEY, P.E
1. As stated Supervisory Hydraulic Engineer
2. MFR on 1990 Hydraulics Section

Discharge Measurement Geotechnical, Hydraulics

and Hydrologic Engineering Branch

cf: John Seeman, FFC
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CENCS-ED-GH (1110-2-1403) 12 April 1990
{ Foley/jl/610

MEMORANDUM FOR RECORD

SUBJECT: TImpact of March 1990 Arcadia Discharge Measurement on
Past Hydraulic Studies

1. Summary:

The March 1990 discharge measurement on the Trempealeau River
at Arcadia, Wisconsin, tends to confirm that flood stages for a
given discharge are increasing at Arcadia. The measurement
indicates the existing conditions water surface profiles used in
the flood control project study for the more frequent floods are
probably low and benefits understated. Because this was only one
measurement at a discharge far below the 100-year (5060 cfs vs
14400 cfs), I do not feel a reanalysis of the FIS hydraulics is
warranted.

2. Data: -

The attached Memorandum for Record by Kent Spading, enclosure

-
( ”5r; describes the discharge measurement made on 14-15 March 1990 at

Arcadia. They measured a discharge of 5060 cfs at an average stage
of 7.46 which equals elevation 727.07. From their measurements,
the width was 157.5 feet--and the flow area 1262.7 square feet.
From this the average bottom elevation was stage -0.5 or elevation
719.1. The peak stage occurred on 14 March and'was 7..3%or
elevation 727.57. At the time of the peak stage, the left bank
levee downstream of the bridges (furniture factory side of the
river) had to be raised to provide protection.

3. Discussion:

a. The data collected in 1990 was compared to the FIS
hydraulic study results. The FIS results were used for existing
conditions for the flood control study. One of the conclusions of
the FIS was that the channel bottom has been aggrading and flood
stages for a given discharge have been increasing and would likely
continue to increase in the future. The 1990 discharge measurement
tends to confirm this. The measured point is shown on enclosure
2, as are the rating curves developed from the HEC-2 FIS model and
from the last USGS discharge measurements. The USGS last measure-
ment was in 1977. The 1990 point is about 1 foot above both rating
curves. For an elevation of 727.1 the HEC-2 rating curve gives
7900 cfs and the USGS curve gives 9100 cfs, as compared to the 1990
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CENCS-ED-GH 12 April 1990
SUBJECT: Impact of March 1990 Arcadia Discharge Measurement on
Past Hydraulic Studies

flow of 5060 cfs. The last high measurement the USGS made was 7920
cfs at elevation 726.87 (stage 7.26) in 1975. Note that this is
over 50% more flow than the 1990 measurement at a slightly lower
stage. The 1990 measurement tends to confirm the prediction of
increasing stages for given flood discharges. However, it is
important to note that this was just one measurement at a fairly
low flood flow and it can only be said that it tends to confirm the
trend not that it definitely confirms the trend. On enclosure 2
the average bottom elevation from 1990 is compared to previous
measured bottom elevations. This plot does NOT tend to confirm the
trend of rising bottom elevations. The 1990 bottom elevation is
not above the 1970-77 curve, which is what would be expected if the
assumption of continuing aggradation of the bottom were correct.
The reason the stage would increase if the bottom has not raised
is not readily apparent to me. However, since this is only one
measurement and because scour at bridges can be erratic, it is
probably not worth spending time analyzing this apparent incon-
sistency.

b. The 1990 flood required raising the local levees. The
river peaked 0.5 foot above the stage at the time of the measure-
ment. With only one measurement it is not possible to develop a
rating curve to accurately define the peak discharge. However,
assuming the rating curve parallels the past USGS curve, I get a
peak discharge of about 7600 cfs. This is less than a 10-year
flood. This points out the low protection afforded by these
levees.

3 Encls PATRICK M. FOLEY

1. MFR-Spading Chief, Hydrology Section

2. Elevation Discharge Geotechnical, Hydraulics &
Curve Hydrologic Engineering Branch

3. Avg. Bottom Elevation
Discharge Curve

Copy furnished w/Encls:
Gary Lepak - Wisconsin DNR,

1300 West Clairemont Avenue

Call Box 4001

Eau Claire, WI 54702-4001 -
Brian Holmstrom - USGS,

4321 Herrick Lane

Madison, WI 53711
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CENCS-ED-GH (1110-2~1403) w March 23, 1990
MEMORANDUM FOR RECORD

SUBJECT: Summary of a flood reconnaissance trip to Arcadia, Wisconsin following
a rain storm the week of 11 March 1990.

1. On 14 March 1990, Kenton Spading and Marvin Hrdlicka departed for Arcadia,
Wisconsin to investigate a storm that passed through the area on 13 March 1990.
Arcadia received 0.75 inches of rain on 11-12 March. One to two inches of rain
were reported in the area on 13 March. An additional inch of rain fell on 14
March. A local meteorologist (Jim Skroch) reported that the resulting runoff
was increased by the existence of frost and up to two feet of snow on the
north side of hills in the valleys tributary to the Trempealeau River.

2. On the morning of 14 March the City reported that the river had risen to

the top of the levees in town. A report was also received from Independence,

Wigconsin saying that ice had torn the stop logs out of the dam on Bugle Lake
at 0300 on 14 March resulting in a loss of the pool.

3. After arriving in Arcadia, we meet with Mr. David Krett (water superinten-
dant), Mr. David Kokott (street superintendant), the Chief of Police, and some
county officials. The City started raising the levees along the Trempealeau
River with sandbags at 0400 on 14 March 1990 due to the threat of rising
water. The river peaked at 1340 on 14 March 1990 near the top of the levee

at a stage of 7.96 feet. (gage zero = 719,61 feet (1929 NGVD)) The City had
no significant flood damage to report. Some street intersections were flooded
and a few houses near the mouth of Turton Creek were damaged due to storm
sewer backup. The County had to close a number of roads due to high water.

4. Our mission involved coordinating with local officials, measuring the
discharge in the river, and setting high water marks.

a. The discharge on the Trempealeau was measured from the Highway 93/95
bridge in Arcadia starting at 2216 on 14 March at a stage of 7.60 feet. The
stream gaging operation was concluded at 0310 on 15 March at a stage of 7.32
feet. The resulting discharge was 5060 cfs.

b. Water surface elevations were recorded both upstream and downstream
during the stream gaging operation. In addition, high water marks were recorded
both upstream and downstream.

5. The bed of the Trempealeau at Arcadia erodes significantly during periods
of high flow. During periods of normal flow the deposition of sediment raises
the elevation of the bed. As a result, the elevation-discharge curve at Arcadia
is not constant. The attached cross section plot compares various measured and
assumed cross sections.

6. If you have questions, please feel free to call myself (220-0611) or Marv
Hrdlicka (220-0628).

KENTON E. SPADING
Hydraulic Engineer
Hydrology Section
Geotechnical, Hydraulic
and Hydrologic Engineering Branch

Encl
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Appendix G: Select Frequency Curve Comparison
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Appendix H: USACE St. Paul District 1985 Regional Skew Map -
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