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Smoky Hill River Aquatic Habitat Restoration

1 INTRODUCTION

The Smoky Hill River Renewal Master Plan was adopted by the City of Salina, Kansas
(City), in 2010 and identifies the community’s priorities and goals for the renewal of the
Old Smoky Hill River channel that extends 6.8 miles through the center of Salina. The
original river alignment through town was isolated in the 1960’s by the construction of a
flood control levee and a bypass channel on the Smoky Hill River, see Figure 1-1. The
original river alignment, hereinafter referred to as the Old Smoky Hill River, presently
has no sustained base flow and has accumulated large quantities of sediment and
urban debris.
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Smoky Hill River Aquatic Habitat Restoration

The only surface water that currently reaches the Old Smoky Hill River is from interior
storm sewer discharge, which has intermittent and unpredictable flows. Figure 1-2 is a
photograph of the typical conditions that can be found along much of the Old Smoky Hill
River.

Figure 1-2: Existing Old Smoky HI cﬁannel taken uring the winter of ‘201-7 (-courte-sy of
the City of Salina).

The revised Master Plan, developed in 2019 through extensive public outreach, refined
the previous Master Plan completed in 2010. The 2019 Master Plan shall be referred to
as the Master Plan for the purposes of this report. A foundational element of the Master
Plan is to re-establish base flow and restore the aquatic ecosystem functionality. There
are plugged culverts and up to seven feet of sediment removal needed to restore gravity
flow. Since there was no base flow or adequate gravity drainage slope, the Old Smoky
Hill River was managed as a ponding area behind the FEMA certified levee. As the
system is restored to a flowing functional aquatic system, there will be hydrologic and
hydraulic changes that are the focus of this appendix. Under a full build out scenario,
the undersized roadway crossings will be replaced with bridges and adequately sized
culverts. While the City is pursuing funding for the full build out of the Master Plan, the
ecosystem enhancement alternatives presented herein have been evaluated and
modeled using the elements the City will construct to support the ecosystem goals. The
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City has adequate funding for these elements and intends to have the elements either
installed prior to or concurrent with federally funded habitat enhancements. The Master
Plan was the starting point for the USACE Smoky Hill River Aquatic Ecosystem
Restoration Project (project).

In addition to the riverine elements, the project has the opportunity to develop an
aquatic passage between Lakewood Lake and the Old Smoky Hill River. Lakewood
Lake is currently isolated from the riverine habitat but acts as a storage area during
flood events when river levels overtop the perimeter trail and overflow into the lake area.
The history of Lakewood Lake and construction drawings are documented in the
feasibility study and this appendix focuses on the hydrology and hydraulic impacts of
interconnecting the channel and the lake.

2 Purpose

This appendix documents the hydrologic and hydraulic changed conditions from the
project. The changes are compared to the Federal Emergency Management Agency
(FEMA) effective models and a project model developed specifically for this project. The
FEMA effective model (effective April 18, 2018) (FEMA 2018) was modeled in
Computational Hydraulics International (CHI) Personal Computer -Stormwater
Management Model (PCSWMM) for both hydrology and hydraulics (Version 5.0.022 in
May of 2013). It was completed in 2013 as part of the Interior Drainage Analysis (IDA)
Salina Levee Project.

The IDA report included a Joint Probability Analysis using USACE standards to develop
the final static ponding 1% annual chance water surface elevation (WSEL). The Joint
Probability Analysis is described in Exhibit E of the Interior Drainage Analysis Report for
the Salina Levee Project (Exhibit A of this document).

PCSWMM is often used for urban storm sewer drainage networks, including detention
and pond areas. PCSWMM serves the purposes of managing the floodplain for the
existing conditions, but it has limitations when modeling flowing riverine systems with
bridges. Since baseflow is to be reintroduced into the channel and the undersized
culverts are to be replaced with either bridges or larger culverts, Unsteady State
Hydrologic Engineering Center River Analysis System (HEC-RAS V 5.0.7) was chosen
to model the Old Smoky Hill channel hydrology and hydraulics for the purposes of this
study.

PCSWMM still is used for the hydrology from the contributing drainage area to the
channel. The PCSWMM model was refined to delineate the contributing drainage at
each storm outfall entering into the Old Smoky Hill River, increasing the total number of
contributing basins from 15 in the FEMA effective model to 87 in this project model.
Furthermore, the existing condition hydrology and hydraulics incorporated additional
survey data collected in 2017.

The Unsteady HEC-RAS was used to develop a with-project model to evaluate
hydraulic performance of the analyzed alternatives considered for the project effort.
Multiple alternatives were modeled in detail with the intent of meeting the aquatic
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restoration goals and being supportive of the long-term Master Plan implementation.
Channel sections and riffle-pool sequenced sections were both considered and are
presented in Section 5.

3 Background

The City has a long history of flooding and the federal flood control levee constructed in
the 1960’s resolved the most severe flooding. The following sections discuss the historic
condition (pre-levee) as well as the residual flooding that currently occurs within the
City.

3.1 Flood History

Much of this section has been adopted from the Saline County, Kansas, 1986 and 2018
Flood Insurance Studies (FEMA 2018). The data indicates a long history of flooding
along streams in the Salina, Kansas area. The greatest known flood in Salina occurred
in 1844. The Junction City Weekly Union dated June 13, 1867, reported, “Water higher
at Salina than it has been since the great flood of 1844. It was four feet higher at that
time.” The flood of August 1858 reached a stage about 5 feet lower than that of 1844.
The July 10, 1895, flood at Salina reached about the same stage as that of 1867. The
second greatest known flood occurred on May 29, 1903. The floods of August 1927 and
June 1938 are possibly the third and fourth highest floods which predate the Smoky Hill
River flood control levee.

More recently, the City experienced significant flooding events in 2007. Low lying areas
and streets in the interior of the levee system can be flooded because of storm runoff
exceeding the stormwater system’s maximum capacity. Drainage area in several
locations is affected by surface runoff from adjacent watersheds. The most critical
condition affecting the drainage problem is an extended period of above-normal rainfall
immediately followed by a high-intensity storm. A study of rainfall records indicates that
an extended period of above-normal rainfall occurs every six or seven years.

Listed below are a few excerpts from the Salina Journal concerning previous flood
events:

May 26, 1903 — “The worst flood in the history of Salina is now raging and the
entire portion of the city north of the Union Pacific and west of the Missouri
Pacific tracks is entirely submerged. Portions of the city south of the Union
Pacific tracks and west of Ninth Street, north of Ash are flooded and the waters
are still rising.” This flooding event was prior to the construction of the Salina
Flood Control Project, completed in 1961.

October 20, 1941 — “Caught flat footed by a flood which mushroomed overnight
to record proportions Salina stood knee deep in muddy water this afternoon from
the troublesome Dry Creek watershed and waited apprehensively for what may
yet come from up the Smoky Hill Valley. In four hours Salina’s beleaguered east
side was flooded and water ran sidewalk deep through many parts of the
business district.” This flooding event was prior to the construction of the Salina
Flood Control Project, completed in 1961.
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July 13, 1951 — “More than three-fourths of the city was under water Friday, but
no casualties had been reported. In some areas overflows were reported
dropping.” This flooding event was prior to the construction of the Salina Flood
Control Project, completed in 1961.

May 23, 1971 — “The mighty little Mulberry Creek flexing its watery muscles after
long years of placid living drove members of some 20 families from their homes
west of Salina Saturday, then Saturday began mauling parts of north Salina.”
This flooding event was outside of the area protected by the Salina Flood Control
Project.

May 20, 1974 — “Mulberry Creek rose rapidly Sunday closing 5th Street Road
and flooding areas near the US-81 and |-70 interchange.” This flooding event
was outside of the area protected by the Salina Flood Control Project.

May 2007 - The City experienced two floods in the month of May 2007. The first
flood was from May 5™ through May 9™. The second flood was from May 24t
through May 27t". The flooding was generally located within Mulberry Creek on the
north side of the City and flooding within the project area did not occur. Following
is the summary of the flood fighting efforts the City performed.

e The Street Division began barricading City streets due to high water on May
6. After barricading, the City began pumping water. At 8 a.m. on May 6%, the
City began filling sandbags. The sandbags were placed in the gaps of the levee
around 4 p.m. on May 6. The locations where sandbags were placed in the
Levee gaps included West State Street, West Old 40 Highway, and the two
railroad gaps (one at the Union Pacific Railroad and the other at K&O Railroad.)
The City rerouted Old 40 Highway traffic through the lot of Reece Construction
on West North Street.

e On Tuesday, May 8™, the City opened the areas which had previously been
sandbagged. On Thursday, May 17™ the began rebuilding Stimmel Road
which had sustained damage due to the high water.

e On May 24™, the City had a second flood. There was more water outside of the
City limits than what was experienced with the first flood and flooding inside the
levee system was minimal. All activities were directed toward keeping the flood
waters outside of the Levee System. The City did sandbagging on West State
Street, West Old 40 Highway, North 9" at Thomas Park, and the two railroad
tracks (one at Union Pacific Railroad and the other at K&O Railroad.)

e When waters receded from the second flood, there was additional damage to
Stimmel Road. Repair work was also needed to the road shoulder of North 9"
Street. Due to the water being higher in the second flood, there was more
damage than what was experienced with the first flood.

Table 3-1 lists the ten largest annual peaks at the United States Geological Survey
(USGS) gauge on the Smoky Hill River near Mentor, Kansas.
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Table 3-1: Smoky Hill River - Ten Largest Annual Peaks

May 1903 32,000
August 1927 25,500*
June 1938 24,000*
October 1973 20,300
July 1951 20,000
June 1993 13,100
May 1929 13,000*
August 1928 13,000*
July 1950 11,200
June 1949 10,400

*
Pre-dates Kannapolis Reservoir

It should be noted that the City indicated the 1993 flood had minimal impact on the City’s
interior drainage area. The Smoky Hill River did experience a minor flood stage and a
long duration of above normal stage. The 1993 Smoky Hill River flooding was used for
calibration of the FEMA effective model and is shown in Table 3-1 as the sixth highest
recorded peak flow.

3.2 Existing FIS Models

The Flood Insurance Study (FIS)(FEMA 2018) and related models dated September 30,
2016, were obtained to develop an existing conditions model. The FIS covering the Old
Smoky Hill River is an interior drainage study and no floodway was identified. The
model has undergone several iterations dating back to 1986. The City feels the
PCSWMM model is a fair representation of the flooding the community experiences.
However, as previously discussed, the hydraulic model selected for this Project was an
unsteady solution of HEC-RAS, which will more appropriately model the proposed
Master Plan and the Project channel ecosystem restoration improvements.

The effective hydrology model was inadequate for capturing the full complexities of the
flow dynamics as the model condensed the 77 stormwater outfalls into 15; therefore, a
higher resolution model that takes all 77 outfalls into account was needed for the
following two reasons:

e First, the impact on channel flow rate from frequent storms is significant, and an
understanding of wet weather water surface elevations at specific locations is
necessary to design individual channel features that are located adjacent to the
channel.
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e Second, to minimize trash and other pollutants from the channel, stormwater best
management practices (BMPs) will be designed to retrofit some of the existing
outfalls. The peak discharge rates at each outfall is needed to size and design
the BMPs. Therefore, a revised PCSWMM model was created for hydrology that
included a more detailed drainage area delineation.

At the time of this writing, the City does not desire to use the new existing conditions
model for remapping of the regulatory FEMA floodplain for the DOT RAISE Grant
Project. Rather, it will be used as a project tool that models modification impacts and to
inform design. Either a Physical Map Revision (PMR) or a Letter of Map Revision
(LOMR) could be completed at the project conclusion to incorporate the Project channel
modifications and resulting changes to water surface elevations. Obtaining a
Conditional Letter of Map Revision (CLOMR) prior to commencement of construction
activities would be beneficial to better portray the inundation risk to properties within the
floodplain. The project model results have been shared with the City’s floodplain
administrator and the City will be evaluating if a PMR, LOMR or CLOMR will be
pursued.

4 Existing Conditions

4.1 Effective Flood Insurance Study (FIS)

The original SWMM model appears to have been created several decades ago for the
purpose of evaluating the interior levee drainage and updated multiple times in the
interim. It was updated most recently in 2013, for an interior drainage analysis (IDA) as
part of the Salina Levee Project and is the basis for the Old Smoky Hill Channel data
included in the FIS, 20169CVO000A, dated April 18, 2018 (FEMA 2018).

The effective PCSWMM model used 15 large sub-basins to introduce flow into the
channel, which appears appropriate given the model’s purpose and the City’s
management of the floodplain. However, this resolution is too coarse for the purposes of
this study; therefore, the PCSWMM hydrology model was enhanced by re-delineating to
each of the 77 storm sewer outfalls. This higher resolution model provides more detail
on the flow dynamics within the Old Smoky Hill River as well as providing the basic
elements required for BMPs with the intent to control trash and improve water quality.

4.2 Interior Drainage Analysis Update

A copy of the effective Smoky Hill River (exterior) HEC-RAS model and the HEC-SSP
(Statistical Software Package) model were obtained from the City’s floodplain
administrator. An analysis was performed in accordance with EM 1110-2-1413
Hydrologic Analysis of Interior Areas. When the Smoky Hill River is not at flood stage,
interior flows pass by gravity through the existing 78” culvert under the levee exit.
During a large flood on the Smoky Hill River, the levee gates close, and an existing
pump station with a capacity of approximately 53 cfs is activated to pump interior water
to the exterior. Under these conditions, interior runoff is stored in Lakewood Lake and
the channel until the pump station evacuates the water. This configuration would persist
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until the exterior stage draws down below the interior stage and the channel would flow
by gravity.

A coincident-frequency analysis develops the probability distribution of stage at the
interior side of the levee from a flow-probability curve for the interior runoff and also a
duration-based probability distribution of the exterior stage. These probability
distributions for the interior runoff and exterior stage are considered together using
conditional probability. Conditional probability refers to the probability of occurrence (or
exceedance) of one state of a property of the system, given a specified state of a
second property upon which the first depends. The resulting probability estimates are
conditional probability estimates; that are "conditioned" on occurrence of the specified
state of the exterior stage. The coincident-frequency analysis method is an application
of the total probability method. Total probability refers to the probability of occurrence
(or exceedance) of a specified condition within the system, considering all possible
combinations of contributing conditions.

The existing IDA model includes 13 levee culvert outfalls. Only two levee outfalls are
within the project limits: the levee entrance and outlet at stations 0+00 and 685+50 (see
Figure 4-1 for locations). Usually the IDA is only analyzed for levee outfalls, however,
the Old Smoky Hill River entrance at Station 0+00 serves as an outlet during flood
events due to reverse flow caused by the sediment in the channel and undersized
culverts downstream. One correction was required to the IDA model. It was determined
that a scour keyway that was part of the USACE Emergency Repair of Flood Protection
Project for the Salina Levee System at Levee Station 0+00 was not included in the FIS
exterior model and thus not reflected in the interior drainage coincidence analysis. The
keyway crest is at elevation 1215.39 ft. NAVD88 compared to the channel flowline in the
exterior model of 1209.30 ft. NAVD88. Adding in the keyway raises the FIS exterior
water surface elevations that directly impacts the HEC-SSP interior drainage analysis
results. The IDA was completed for both levee connections and the drainage response
curves are presented in Table 4-1.
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-y Entrance Levee

Figure 4-1: STA 0+00 and 685+50

Locations

Table 4-1: Updated Interior Drainage Response Curves for the Levee Intake and Outlet

% Chance Interior TW. = Exterior Elev. % Chance Interior TW.  Exterior Elev.

Exceedance Elev. (Ft.) (ft.) Exceedance Elev. (Ft.) (ft.)
0.2% 1224.7 1217.9 0.2% 1215.4 N.D.*
1% 1224.3 1220.6 1% 1212.2 1201.1
2% 1222.7 1218.4 2% 1210.5 1202.0
4% 1221.6 1217.3 4% 1209.3 1203.9
10% 1220.8 1217.2 10% 1208.3 1205.5
20% 1220.1 1216.9 20% 1207.6 1203.3
50% 12191 1216.5 50% 1206.8 1201.4
99% 1218.7 1216.7 99% 1206.6 1202.1

*N.D. stands for Normal Depth. Normal depth implies the exterior river is below flood stage and the interior has a free exit.
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The boundary conditions (or exterior river elevations) were updated in the project HEC-
RAS model such that the interior tailwater elevations match that shown in the drainage
response curves. The 1% AEP (entrance at Sta. 0+00) interior tail water in the previous
IDA was 1219.44 and the revised interior TW is 1224.3, meaning the interior 1% AEP
water surface increased by 4.9 ft. versus the FEMA effective model. The exterior river
flood stage is contained within the existing high ground along the bypass channel and
within the FEMA certified levee. The City’s floodplain administrator as well as the
consultants that developed the effective model have been notified about the
discrepancy.

The new downstream levee (outlet at Sta. 685+50) 1% interior tailwater elevation is
1212.2 versus the existing tailwater elevation of 1207.6, meaning the interior 1% water
surface is approximately 4.6 ft. higher than the existing analysis indicated.

The purpose of re-evaluating the coincidence analysis is to obtain accurate boundary
conditions for the project model. All design considerations will be made with the higher
interior elevations established through the updated coincidence. The City does not
desire to re-map the existing conditions to reflect the higher interior elevations but will
evaluate a PMR, LOMR or CLOMR as the master plan implementation and DOT RAISE
Grant Project progress.

At a 1% AEP, the exterior elevations are less than the interior elevations for both the
levee inlet and outlet. This implies the interior urban flooding condition with the Smoky
Hill River near normal stage is the 1% AEP. Based on the analysis, the joint probability
of a high exterior stage that requires closing the gate and large interior storms occurring
at the same time exceeds the 1% AEP and hence coincidence is low. It is surmised the
upstream reservoir (Kanopolis) on the Smoky Hill River tends to lower the peak flows
and hence lower the frequency and severity of the exterior high stages.

4.3 Project Hydrology

4.3.1 Water Balance Executive Summary

The previous technical memo, Restored Channel Water Balance (March 30, 2018), is
attached in Exhibit B of this appendix. The following is a copy of the Restored Channel
Water Balance exhibit executive summary:

“The Smoky Hill River Renewal Master Plan was adopted by the City of Salina in 2010
and identified the community’s priorities and goals for the renewal of the original
alignment of the Smoky Hill River. HDR, Inc. (HDR) has been tasked with refining those
goals and development of the conceptual and preliminary design of the project. This
technical memorandum documents refined estimates of the restored channel water
balance, including infiltration and evapotranspiration (ET) losses, as water is diverted
into and recirculated through the Smoky Hill River Renewal Project during drought
conditions.

The segment of old channel considered includes the portions landward (west) of the
Smoky Hill River levee. Total channel length evaluated is 38,820 feet, and total channel
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area is 34.2 acres. It is assumed the existing sediment in the channel bottom will be
excavated resulting in an average water depth of three (3) to six (6) feet. Thirty-one (31)
channel segments were evaluated and three (3) independent parameter values were
modified in a sensitivity analysis to provide bounds on calculated channel infiltration loss
estimates. Actual calculations of channel infiltration rates were determined by using
Darcy’s Law, and an empirical equation to estimate vertical hydraulic gradient, as
modified from the Green-Ampt infiltration equation for trenches, and a siltation/biofouling
correction factor. Infiltration rates calculated compare favorably to those from a
correlation of grain size and published infiltration rates for large-scale infiltration
facilities.

Soil borings near the channel were completed using hollow stem rotary augers and the
samples within the channel bottom were completed using a combination of hand augers
and Geoprobe. The soils encountered at the excavation grade reveal overall estimates
of infiltration rates from 1.6 to 15.7 cfs, including infiltration losses and ET. In terms of
yearlong totals, the estimated overall losses are between 1,570 and 10,420 acre-feet,
as much as 2.8 times larger than previous estimates for the Smoky Hill River Renewal
Project. Channel segments with the largest infiltration rates and sandy or coarse-
grained soils at shallow depths have been identified—these segments are associated
with Sample IDs: 1, 7, 18, 19, 20, 21, 22, 22a, 26, 27, and 30 (centered on River
Stations: 1200, 5600, 6300, 11000, 12200, 13500, 14600, 15800, and 28600).

Actively mitigating exposure of high-permeability sandy sediments during excavation is
recommended to reduce channel infiltration losses. When sandy segments are capped
with clay, the estimated total losses are estimated to range from 550 to 2,540 acre-feet.
These overall losses along the entire channel length are 65 percent and 76 percent less
than losses calculated without mitigation.”

4.3.2 Water Supply Alternatives Evaluation

The previous technical memo, Water Supply Alternatives Evaluation (July 26, 2018), is
attached in Exhibit C of this appendix. The following is a copy of the Water Supply
Alternatives exhibit executive summary:

“The Smoky Hill River Renewal Project’s (Project) primary source of water will be from
the Smoky Hill River main channel. This channel has a large drainage area and will be
able to supply adequate water (10 cubic feet per second) to more than offset infiltration
and evaporation 89.5 percent of the time during the recreation season and 86.4 percent
of the time during the off season.

A supplemental source of water is required to improve the reliability of maintaining water
within the old river channel during drought conditions. Drought operations would not
meet the full project flows, but rather be focused on maintaining a full channel. Restored
Channel Water Balance Technical Memo dated March 30, 2018, estimated annual
water lost through infiltration and evaporation as 550 acre-feet (ac-ft) to 10,420 ac-ft.
For the purpose of this memo an annual water loss of 2,540 ac-ft, which is
approximately 3.8 cubic feet per second (cfs), is assumed based on evaporation and
mitigating sand layers at the bottom of the excavated channel. To improve the water
supply to 99.0 percent reliability would require 219 ac-ft (3.8 cfs x 29 days). 99.9
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percent reliability requires 407 ac-ft (3.8 cfs x 54 days) and the historic drought of record
requires 3,995 ac-ft (3.8 cfs x 530 days).

This study evaluated four potential supplemental sources of water during drought
operations; 1) water pumped from Lakewood Park Lake, 2) potential to supply golf
courses with wastewater treatment plant effluent and divert existing golf course rights to
the Project, 3) additional storage in Lakewood Park Lake due to raised surface water
levels, and 4) purchased storage in Lake Kanopolis.

Purchasing storage in Lake Kanopolis through the Lower Smoky Hill Access District had
the highest reliability and lowest life cycle cost of the options evaluated and is the
recommended supplemental water supply source. Cost per 100 ac-ft of 2060 storage
(discount from present day storage by reservoir siltation) is estimated at $53,135 initial
costs, plus $4,650 annually for the first 20 years, and $600 annually for an additional 20
years. One full year of supply (2,540 ac-ft) equates to $1,350,000 in initial costs and a
life cycle cost of $2,821,912.”

4.3.3 Flood Hydrology

The effective PCSWMM model was revised by sub-dividing the large sub-basins to
calculate the flows entering the Old Smoky Hill channel at each storm outlet. The
boundary conditions were obtained from the previously developed SWMM model.

Salina’s storm sewer system drains approximately 4.6 mi? (2,944 acres) of urban,
industrial, commercial, and residential property through 77 storm and 10 non-point
outfalls to the Old Smoky Hill River. The average sub-basin size is approximately 40
acres with a range of 0.5 to 300 acres and approximately half of the sub-basins are less
than 20 acres in size. Figure 4-1 shows the general drainage areas compared to all
storm sewer outfall locations, broken out by reach and contributing drainage zones.
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Figure 4-2: Original drainage area with 77 pipe outfalls added

Most of the stormwater outfalls are smaller diameter pipes (< 30”). Table 4-2 shows the
breakdown of outfall sizes.

Table 4-2: Outfall Pipe Sizes

Outfall Pipe Sizes | Outfall Count

<18IN

18- 30 IN

36 - 54 IN

<60 IN

66 IN

10-FT x 8-FT Box

TOTAL

26

33

13

77

The impervious surface was delineated by digitizing
and classifying aerial imagery as part of the hydrologic
model for the Salina Levee Certification (2013). The
impervious surface of the total drainage area is 53%
with a greater percent of imperviousness in the
downtown area and less in the residential areas (see
Figure 4-2). Through a GIS exercise, the percent
impervious for each new sub-basin was extracted and
applied in the updated hydrology model.

Updated curve numbers were calculated using the most
recent National Land Cover Database (NLCD) (NRCS
2016), soil classifications, and zoning. Since the
effective model uses percent impervious and curve
number to calculate runoff, the assigned curve numbers
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The land use classifications are also based on the aerial photography used for the 2013
model and are shown in Figure 4-3. Combining updated 2016 soils information from the
USDA/NRCS with the 2013 land use (Figure 4-2), new curve numbers were calculated
for and applied to the newly delineated sub-basins in the updated hydrology model.
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Table 4-3: 24-hr KDOT and NOAA Atlas 14 Rainfall Depths for Salina, KS.

KDOT Precipitation NOAA ,-Atlas 14 Original rainfall depths used in
AEP % Depths (in.) JELBIEHCLINEAUES  the 2013 model were from the
! (in.) Kansas Department of
50% 3.12 3.13 Transportation (KDOT) Rainfall
20% 4.08 3.89 Intensity Tables, which were
10% 4.80 458 updated with 2016 NOAA Atlas
4% 576 56 14 rainfall depths. The

previous study used an SCS

2% 6.48 840 Type Il distribution, which is
1% 7.20 7.37 also no longer recommended.
0.2% 8.92 9.72 Table 4-3 presents the KDOT

and NOAA Atlas 14 precipitation depths for the 50% through 0.2 % AEP. Figure 4-4
shows the cumulative precipitation comparison for the 1% AEP.

1% Annual Exceedance Probability Precipitation Depth and
Distribution Comparison (KDOT SCS Type Il vs. NOAA 14 IDF)

[#+]

(=] |

(4]

w

Cumulative Precipitation (in.)
3] -y

=y

0
0:00 2:24 4:48 T2 9:36 12:00 14:24 16:48 19:12 21:36 0:00

1% AEP KDOT Depths w/SCS Type Il (Effective Model) —— 1% NOAA 14 IDF (Project Model)

Figure 4-5: Cumulative Precipitation Depths for KDOT Depths with SCS Type Il
Distribution and NOAA Atlas 14 IDF

Figure 4-5 presents the full extents of the contributing sub-catchments to the project
area and Figure 4-6 and Figure 4-7 present a closer look at the sub-catchments and
outfalls in the updated model. Table 4-4 shows the PCSWMM sub-catchment input
parameters as well as flows at the outfalls.
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Table 4-4: PCSWMM Subcatchment Parameters and Outfall Flows

149 772 2.8 71 70 8 10 13 15 19 21 24 30

8001SlulD_102 J141 2.6
80080S4D_101 1140 7.0 569 537 2.5 63 61 20 24 31 37 46 52 59 75
80080S4D_102 J138 15.0 537 1,216 2.5 66 69 41 49 64 77 94 108 122 155
80080S4D_103 1144 1.9 229 362 2.5 52 60 5 6 8 9 11 13 15 19
80080S4D_104 80080S4D 9.7 446 948 2.5 63 65 26 32 41 49 61 70 79 100
80080S4D_105 J139 7.5 311 1,051 2.5 55 59 17 21 27 33 41 47 54 70
80080S4D_106 1142 6.2 322 838 2.5 74 64 19 23 30 36 43 49 55 69
80080S4D_107 J143 3.5 304 501 2.5 65 60 10 12 16 19 23 27 30 38
80080S4D_108 0OS5U 1.5 192 350 2.5 60 61 4 5 7 8 10 12 13 17
80080S4D_109 1177 1.8 233 333 2.5 39 60 3 4 6 7 9 11 12 16
80080S4D_110 1176 0.9 334 118 2.5 22 59 1 2 3 3 4 5 6 8
80080S4D_111 J175 1.2 262 195 2.5 70 60 4 5 6 7 9 10 11 14
8014_101 1148 20.9 1,125 810 2.8 55 68 53 64 84 102 126 145 165 211
8014_102 J157 10.9 642 740 2.8 30 66 16 20 28 36 47 55 65 87
8014_103 1146 3.0 271 484 2.8 60 59 8 10 13 16 19 22 25 32
8014_104 1145 8.7 320 1,185 2.8 49 67 19 23 30 36 46 53 61 79
8014_105 J153 3.5 306 493 2.8 18 58 3 4 6 8 11 14 17 23
8014_106 J149 7.0 429 713 2.8 41 67 14 17 23 29 36 43 49 64
8014_107 1174 5.1 355 624 2.8 22 61 5 7 10 13 18 22 26 36
8014_108 J152 3.3 374 380 2.8 26 59 4 5 8 10 13 16 19 26
8014_109 J173 2.2 261 362 2.8 20 58 2 3 4 6 8 10 12 16
8014_110 1147 2.8 219 563 2.8 66 60 8 10 13 16 19 22 24 31
8014_111 0S6D 7.8 402 844 2.8 65 61 22 26 34 40 49 57 64 81
8014_112 J150 11.6 10,000 50 2.8 78 66 45 53 66 77 92 103 115 142
8014_113 J151 3.6 186 844 2.8 74 67 11 14 18 21 26 29 33 41
8065_114 0S3U 33.0 1,292 1,113 2.7 31 64 47 57 78 97 126 150 175 238
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332 66 65 23 28 37 44 54 62 70 89

8065_115 0S3D 8.5 1,121 2.7
8065_116 552 21.9 646 1,476 2.7 54 65 49 59 77 93 116 134 153 198
8065_117 1178 5.1 683 327 2.7 48 62 12 15 20 24 30 35 40 52
80680S12D_1 80680S12D 56.5 737 3,342 2.9 71 71 126 154 202 244 303 350 398 512
8069_101 8069Conf1 309.5 3,454 3,904 3.0 59 72 450 535 682 804 960 1123 1235 1553
8069_102 J156 5.1 323 681 3.0 35 59 8 10 14 17 22 26 30 41
8069_103 J155 7.3 403 792 3.0 18 58 6 8 12 15 21 26 31 44
8069_104 0s10D 5.2 387 580 3.0 32 60 8 10 13 17 22 26 31 41
8069_105 J154 5.8 308 815 3.0 53 70 15 18 23 28 35 40 46 59
8069_106 0osiou 20.1 785 1,112 3.0 74 69 62 75 96 114 140 159 178 224
8070_101 8070 61.7 2,006 1,340 2.9 70 70 175 211 274 327 402 460 518 655
8070_102 J158 7.7 487 685 2.9 41 63 15 18 25 30 39 45 52 68
8070_103 0s11D 2.6 346 330 2.9 53 60 7 8 11 13 16 19 21 27
8070_104 1172 4.6 248 814 2.9 42 60 9 11 14 17 22 26 30 39
8070_105 0s12uU 2.0 195 451 2.9 53 68 5 7 9 10 13 15 17 21
80710S517D_203 J167 6.6 423 678 34 26 60 31 38 51 63 78 91 104 135
8072_101 8072 87.5 917 4,157 3.1 62 70 166 203 267 323 405 470 537 701
8072_102 J169 9.9 10,000 43 31 80 60 39 45 56 65 78 88 98 120
8072_103 0Ss16D 20.3 1,491 594 3.1 50 68 49 61 81 98 122 141 160 206
8072_104 J166 12.8 738 754 3.1 55 64 32 39 51 61 76 88 99 128
8072_105 J168 6.6 613 469 3.1 13 60 5 7 10 14 20 26 31 44
8073_1 8073 63.0 27,430 100 3.8 34 66 144 186 251 307 386 449 513 666
8074_106 J159 42.6 25,000 74 3.0 80 65 167 197 244 284 339 381 423 521
8074_107 J170 28.3 603 2,046 3.0 72 69 74 89 116 139 172 198 223 284
8074_108 8074 24.8 640 1,690 3.0 66 61 63 76 98 117 145 166 188 241
8074_109 0Ss13D 5.9 348 739 3.0 32 61 9 11 15 19 25 29 34 46
8074_110 0S14U 6.1 336 797 3.0 50 64 14 17 23 27 34 40 45 59
8074_111 0S13U 3.1 254 526 3.0 65 62 9 11 14 17 21 24 27 33
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68 407 3.0 69 60 2 2 3 4 5 5 6 7

8074_112 0S14D 0.6
8074_113 J171 78 343 1,007 3.0 28 64 11 13 18 23 30 36 42 57
8075_1/0S15U01 0S15U 16.7 932 780 3.1 55 67 43 52 68 82 102 117 133 170
8075_1/0S15U02 J164 2.0 306 285 3.1 46 60 4 6 8 9 12 13 15 20
8075_114 OF7 18.1 552 1,428 3.1 46 62 35 42 55 67 85 99 114 150
8075_115 J160 11.0 321 1,488 3.1 52 65 24 29 38 45 57 66 75 98
8075_116 J161 7.4 239 1,343 3.1 49 64 15 19 25 30 37 44 50 65
8075_117 J163 3.8 329 501 3.1 33 60 6 8 10 13 17 20 24 32
8075_118 J165 1.5 188 343 3.1 48 60 3 4 6 7 9 10 11 15
8076_101 8075Conf1 289.3 1,872 6,731 2.8 63 69 32 44 60 76 97 113 124 133
8077_102 OF1 54.8 774 3,082 2.7 68 63 119 145 189 227 282 325 370 479
8077_103 8077 85.8 1,632 2,290 2.7 28 70 107 131 175 217 281 335 392 537
8077_104 OF2 37.0 783 2,061 2.7 56 63 79 95 124 149 185 215 245 319
8078_101 OF9 101.5 1,770 2,499 2.8 55 71 69 84 111 134 167 191 216 263
8078_102 J162 3.9 116 1,475 3.1 51 60 8 10 13 16 19 23 26 34
NEW_SMKY_HL Sluice_Gate_0+00 50.4 906 2,424 2.0 20 67 45 55 73 91 120 144 171 243
S_151-64 8065a 7.6 280 1,182 2.9 64 70 21 25 32 39 48 55 62 79
S_152-22 8065c¢ 8.7 356 1,061 2.7 76 70 27 33 42 50 61 69 78 97
S_152-7a J137 3.2 187 753 2.7 75 69 11 13 16 19 24 27 30 37
S_153-9b OF11 3.5 182 844 2.9 54 65 9 10 14 16 20 22 23 24
S2 0s2uU3 29.9 1,129 1,155 3.0 56 70 74 90 107 113 119 125 130 144
sS4 OF6 3.9 371 461 3.2 25 60 5 6 9 12 16 19 22 31
8079_1 OF3 54.7 500 4,769 3.2 52 62 89 108 141 170 212 247 283 374
8080_1 OF10 75.9 500 6,609 3.2 6 61 19 24 33 41 56 70 87 138
0S2D 0S2D 19.9 960 903 2.9 72 69 53 59 68 76 86 95 103 125
0S2u 0S2u 142.1 61,892 100 3.0 60 76 135 138 141 144 147 150 153 160
0s2u1 0s2u1 5.7 2,429 102 2.7 75 70 13 14 16 17 19 20 22 26
0s2u2 0s2u2 16.6 6,506 111 3.2 39 70 12 12 13 14 14 15 16 16

Appendix A1 - Hydrology and Hydraulics Analysis



Smoky Hill River Aquatic Habitat Restoration

2.5 80 70 44 50 61 71 86 99 115 137

8065 8065d 28.3 4,739 260

JSt_155 JSt_155 35.6 941 1,645 33 47 70 61 74 98 119 152 177 203 266
8072B 8072B 57.7 8,215 306 3.2 60 71 114 119 128 138 153 166 179 212
0+00 0+00 34.1 847 1,755 34 16 65 17 17 17 17 17 17 17 17
8063 OF5 970.7 4,266 9,912 3.0 56 78 585 639 732 809 912 993 1097 1753

*Some outfalls have more than one contributing basin in the PCSWMM model. The multiple basins were combined into one for graphical simplicity but remain separate in the model.
**Curve numbers represent undeveloped conditions since percent impervious is used to capture the developed surfaces.

***All flows are reported for the outfall, not the subcatchment (i.e. the combined flows for outfalls with multiple subcatchments).
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4.4 Existing Conditions Project Hydraulic Modeling

An unsteady-state HEC-RAS model in Version 5.0.7 was developed to represent the
existing in channel water surface elevations for the project area by incorporating the
hydrology refinements discussed in the previous section. Again, the purpose of the
existing conditions model is not for a Letter of Map Revision (LOMR) or a Physical Map
Revision (PMR), but to set the existing project condition.

4.4.1 Surface

The City of Salina contracted with Quantum Spatial, Inc. to collect new LiDAR imagery
in 2020 for the areas surrounding the Old Smoky Hill Channel. The LIiDAR data was
acquired on January 26, 2020, using an Optech Orion H300 LiDAR from a Piper Navajo
aircraft flying at approximately 4,400 feet.

The surface was delivered in ESRI TIN format (Kansas State Plane, North Zone,
NADS83 (2011) NAVDS88, US Survey Ft.) and has < 1 foot root mean square error
(RMSE) horizontal accuracy and near 0.04 feet RMSE vertical accuracy. The ESRI TIN
was converted to a geoTIFF with 1 foot cell spacing that RAS Mapper could read in
directly. An overview of the terrain as seen in RAS Mapper is presented in Figure 4-8.

Figure 4-9: Quantum LiDAR as a RAS Mapper Terrain
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To supplement the data, Kaw Valley Engineers (KVE) performed a hydraulic structures
field survey for each structure that crosses the Old Smoky Hill River channel in the
summer of 2017 (Kansas State Plane, North Zone, NAD83 (2011) NAVD88, US Survey
Ft.). KVE also collected channel cross section spot elevations at approximately 200 feet
intervals for the entirety of the Old Smoky Hill Channel.

The field collected spot elevations above the water elevations were compared to the
LiDAR collected bare earth shots for quality assurance purposes. Not all points make a
good comparison such as retaining walls, headwalls, bridge low chords, and handrails
(etc.) so they were selectively filtered out. Only applicable channel and ground shots
were included for the topo to LIDAR comparison and consist of channel flow line, toe of
bank, top of bank, edge of water, and ground elevation shots.

Figure 4-10 and Figure 4-11 present the elevation differences in plan view for the
applicable shots as described above. Shots that were within 1 foot are represented as a
hollow black circle, shots that are greater than 1 foot (suggesting LiDAR higher than
Topo) are represented as filled blue circles, and shots that were less than negative 1
foot are represented as filled red circles (suggesting LIDAR is lower than Topo). A
typical trend is identified as shots near the thalweg of the channel are typically blue
suggesting the LiDAR channel bottom is the water surface at the time of the data
collection. A Root Mean Square Error (RMSE) of 0.69 feet is calculated for all the points
considered.

Defining the water in the channel at the time of collection is important but doesn’t lead to
an accurate assessment as to the integrity of the LIDAR data. Therefore, a further
examination of the flowline and ground shots were analyzed. Figure 4-9 presents a box
and whisker chart for the differences calculated for ground elevation and flow line shots
between the field collected topographic shots and the LiDAR derived elevations.

The flowline chart shows a wider range in calculated differences which is anticipated
knowing there were varying water depths in the channel during the time of collection. A
RMSE of 1.57 is calculated for the flow line shots meaning a depth of 1.57 feet is
representative of the dataset. On the other hand, the ground shot chart shows a tighter
range of values with a RMSE of 0.24 suggesting the LIDAR to be within 0.24 feet of the
field topographic shots.

The 1.57 feet of average water depth doesn’t have a significant impact on the flood
modeling for the existing conditions and therefore no adjustments were made to the
channel cross sections such as adding the bathymetry from the field shots. The depth of
water will have implications for the proposed alternatives quantities of excavation. If left
alone, excavation quantities will likely be high as it is including the water volume so an
uncertainty will be documented to the estimated volume of water for each alternative.
Further inspection may be warranted for the selected alternative prior to the
development of the 30% plans. It is recommended that the average water depth over
the small bottom portion of the channel is included as part of the contingencies with the
opinion of probable construction costs included in the feasibility study.
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Box and Whisker Chart for Flowline and Ground Elevation Differences Between LiDAR and Topo

#4 5555

34591

*3.3509
*3.2663

Elevation Difference (LiDAR - Tope, ft.)
ma

AR

*0 5B6E

Flowline Ground

Figure 4-10: Box and Whisker Chart for Flowline and Ground Elevation Differences
Between LiDAR and Topographic Field Shots
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Figure 4-11: Kaw Valley Topographic Field Shot and Quantum LiDAR Differences (LiDAR minus Topo) South of Iron Ave.
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Figure 4-12: Kaw Valley Topographic Field Shot and Quantum LiDAR Differences (LiDAR minus Topo) North of Iron Ave.
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Hydraulic crossings and structures were surveyed and translated into the new existing
conditions model. Comparing the record drawings culvert flow lines, to the current
channel elevations, it appears several locations are experiencing deposition. Table 4-5
shows the main stem culverts elevations, channel elevations approximately 100 feet
upstream and the apparent feet of deposition that has occurred. It should be noted
many of the culverts have standing water at the entrance and/or exit. This is due to the
localized higher culvert velocities moving the fine grain sediments through the structure
and minimizing the deposition within the structure.

Table 4-5: Old Smoky Hill Culvert Data Including Estimated Channel Deposition

Culvert HEC-RAS Record Culvert Size Upstream Channel Approximate
Location Station Drawing Date Flowline (Ft. Elevation (Ft. (of T[]
NAVDS88) NAVD 88) Deposition
Levee 355+68 1961 54" RCP 1208.3? 1213.07 4.77
(Entrance) Gatewell
South Ohio 327+06 1961 84” CMP 1205.0 1215.0 10.0
Street
YMCA 283+52 1993 7'x4’ RCB 1210.34 1211.4 1.06
Driveway (Replaced 84”
CMP)
The Midway 250+47 1977 10'x6' 1208.76 1210.92 2.16
Iron Avenue 170+52 1984 (Conc. 9'x9’ RCB 1203.89 1204.61 0.72
Haunched
Girder Bridge
Removed)
Ash Street 155+66 1960 12'x12' RCB 1196.39 1199.74 3.35
Elm Street 144+27 1960 10'x10’ RCB 1195.39 1200.46 5.07
North Ohio 108+36 2016 12'x12' RCB 1195.95 1196.19 0.24
Street
Walker 21+00 UKN 96" CMP 1196.45 1197.59 1.14
Driveway
Levee (Outlet) 5+20 1961 84" RCP 1195.72 1196.69 0.97
Gatewell and
Pump
Station
Notes:

1. The field topographic survey information upstream of the entrance scour pool was used.
2. Channel and culvert downstream elevations were used.
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4.4.2 Model Development and General Assumptions

The new existing conditions model was built using RAS Mapper Version 5.0.7, which
allows the user similar functions to HEC-GeoRAS. The horizontal datum used is North
American Datum (NAD) 1983 State Plane Kansas North FIPS 1501 Feet and the North
American Vertical Datum of 1988 (NAVD 88) was used for all vertical applications.

The existing river centerline was developed using the terrain and survey data.

Cross sections were placed a minimum of 100 feet spacing for a more stable
unsteady solution. See Figure 4-12, Figure 4-13,Figure 4-14 for existing
conditions HEC-RAS cross section plan view layouts.

Horizontal Manning’s n values for the channel range from 0.035 (typical
channel section) to 0.045 (heavily vegetated), while overbanks typically range
from 0.065 to 0.12 (depending on the density of trees and vegetation).

Structure elevations (i.e. bridges and culverts) were based on topographic
survey information collected by Kaw Valley Engineering dated 2017.

An inline structure with a weir coefficient of 2.6 was used to represent the
“Western Star Mill” dam (with the crest elevation ranging from 1212.64 to
1212.47 ft NAV88) located just downstream of Iron Ave (Cross Section (CX)
16574).
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Figure 4-13: Existing Condition HEC-RAS Cross Section Overview
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Figure 4-14: Existing Conditions HEC-RAS Cross Sections (Levee Inlet to Iron Ave.)
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Figure 4-15: Existing Conditions HEC-RAS Cross Sections (Iron Ave. to Levee Outlet)
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4.4.3 Bridge Assumptions

e All bridges are assigned “Pressure and/or Weir” for high flow methods.

e Four bridges have piers: Oakdale (CX 23304), Pedestrian CX 2 (CX 21714),
Mulberry (CX 19481), and Lakewood Drive (CX 8647).

Pier Shape:

1.
2.
3.
4.

and 1% AEPs

q Low Chord Deck 4% AEP 2% AEP 1%AEP

Greely Ave.

Oakdale
Ave.

Pedestrian
Bridge #1

Pedestrian
Bridge #2

Pedestrian
Bridge #3

Mulberry St.
Walnut St.

Lakewood
Park Bridge

Indiana Ave.

4.4.4 Lakewood Lake

Oakdale: Square (4 @ 1.5 wide)

Pedestrian CX 2: Square (2 @ 1.2’ wide)

Mulberry: Round (2 @ 2.5 wide)

Indiana Ave.: Round (2 @ 3.5 wide)

e Low chords were calculated using deck shots minus the deck thickness called
out in Kaw Valley Engineering structure notes, Table 4-6 presents the existing
condition bridge deck and low chord elevations along with flood stages for the
4%, 2%, and 1% AEPs.

Table 4-6: Existing Conditions Bridge Structure Elevations and Flood Stages for 4%, 2%,

1220.96
1222.04

1219.53

1224.28

1219.24

1222.58
1217.47
1216.32

1213.45

2.30
1.30

0.75

1.20

0.75

1.90
6.00
1.20

1.90

1223.26
1223.34

1220.28

1225.48

1219.99

1224.48
1223.47
1217.52

1215.35

1220.78
1220.29

1220.22

1220.12

1220.03

1219.96
1219.80
1209.90

1209.53

1221.84
1221.99

1221.94

1221.88

1221.83

1221.78
1221.67
1210.81

1210.72

1223.68
1223.42

1223.37

1223.32

1223.30

1223.26
1223.17
1212.46

1212.40

Overtopping
Storm (AEP)

1%
1%

2%

<1%

>4%

<1%
<1%
<1%

<1%

A storage area is included for Lakewood Lake in addition to a lateral structure between
cross sections 4800 and 3800. Currently, the lake is isolated from the channel by a
small dike (walking path) with a top elevation of 1206.10. The lake does not have an
outlet until the water reaches the top of dike, which is nearly 13 feet higher than the
average lake level.
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The history of Lakewood Lake, including its development as a sand and gravel pit,
ownership changes, its current use as flood storage as well as efforts to mitigate low
water levels is detailed in the feasibility study. There are no record design or
construction documents for Lakewood Lake but part of the dike (walking trail) was
repaired in 2009. The Old Smoky Hill channel overtopped the dike and water flowing
from the channel and into the lake eroded a section of the dike.

The Old Smoky Hill River channel flowline is above the existing lake level and, during
major flood events, the channel flows will overtop the dike and flow into the lake. The

lake functions as an off-line storage facility and was modeled with PCSWMM as part of

the FEMA effective model. Within HEC-RAS project model, the dike is modeled as a

lateral structure that is connected to a storage area representing Lakewood Lake, refer

Figure 4-15 for profile (derived from LiDAR). The lateral structure uses the standard
HEC-RAS weir equation with a top width of 10 feet and a weir coefficient of 2.0.

Due to recent heavy rains, the lake was approximately 5 feet deeper than typical during
the LIDAR collection, meaning using the LiDAR will underestimate the available storage
without adjustment. To account for this, the storage curve from the effective model was

compared to the LIDAR and the bottom 4.87 feet of storage from the effective model

curve was spliced into the storage curve developed from the LiDAR. Figure 4-16 shows

the storage curves from the effective model (orange), LIiDAR derived (blue) and
adjusted (green). Visual inspection suggests good agreement between the storage
curve used in the effective model and that of the adjusted curve derived from the
LiDAR.

When the channel depth increases past the lateral weir crest of 1206.10, the flows will
pass into Lakewood Lake until the lake and the channel reach equilibrium. As the flow
into this reach decreases, the channel flood elevations will begin to drop, and the flow
will pass from the lake and back into the channel. Once the lake elevation decreases
below the weir crest, no additional outflow from the lake occurs.
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Figure 4-16: Lakewood Lake Lateral Weir Profile
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Figure 4-17: Lakewood Lake Storage Area - Volume Curve
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4.4.5 S. Ohio St. Crossing

As built records show an 84” CMP is installed at the South Ohio Street roadway
crossing. At the time of the field survey, the inlet and outlet could not be found. Based
on as-built records the existing 84” CMP has a flow line near 1205.0 however the
surrounding channel is nearly 10 feet above that at elevation 1215.0. Reviewing the as-
built records, it appears this culvert was purposely placed below a gravity sanitary
sewer line and below the channel invert, effectively creating a syphon. The municipal
storm sewer pipe within South Ohio Street tee’s into this culvert below ground without a
manhole. The connection could not be observed, however the municipal system is able
to drain indicating a flow path exists.

When the city opens the upstream levee culvert and water is allowed to pond at the
upstream entrance, eventually water will pass through this area and flow to downstream
areas. The City indicates it may take days for the flow to progress to downstream areas.
It is unclear if the water is progressing downstream through groundwater seepage or
through the culvert itself.

To account for the blockage and the municipal stormwater pipes, the FEMA effective
model shows a 36” diameter pipe near the channel grades that would allow local
stormwater flow to pass underneath S. Ohio St. The FEMA 1% AEP water surface
profile is discontinuous with a lower water surface elevation on the upstream side of
South Ohio and higher water surface elevation on the downstream side. This is
reversed from a normal open flowing culvert. The FEMA effective model shows flow
reversal on the upstream side of South Ohio with water flowing backward, out of the
levee entrance culvert.

The HEC-RAS project model continues the FEMA effective model routing of the local
municipal stormwater system in South Ohio and assumptions on the culvert entrance
being blocked. This condition aligns with field observations and City staff descriptions of
the system operation. Under all future with-project models, this crossing is replaced and
open gravity flow is restored.

4.4.6 Unsteady Flow Data and Parameters

There are 87 total outfalls whose hydrographs are used as inflows into the Old Smoky
Hill River channel, 77 of which are storm pipe outlets. A DSS containing all 87
hydrographs was created using output from the modified PCSWMM model. The
unsteady flow data is set to read from the DSS before each simulation. The outfall
locations were identified by using the City GIS data and the Kaw Valley Engineering
field survey. Normal depth with a friction slope of 0.004 is the downstream boundary
condition and the levee gates remain open consistent with the updated interior drainage
analysis.

Effective peak flows (for 10%, 4%, 2%, and 1% AEPs) published in the FIS #
20169VO000A are presented in Table 4-7 for the Old Smoky Hill River. Similarly, peak
flows for the same locations but from the project model (HEC-RAS) are presented in
Table 4-8 along with the calculated departure between the project model (HEC-RAS)
and the published values. Comparisons of the effective FEMA WSEL (1% FIS), the
WSEL (1% Existing) computed as part of this study for the existing conditions, and the
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WSEL (1% Future without Project (FWOP)) is shown in Figure 4-17 and Figure 4-18.
The following results are based on the original FWOP definition described in section
4.5.1. The updated FWOP description is included in Appendix A2.

Table 4-7: Published Old Smoky Hill River Flows from FIS #20169CV000A (April 18, 2018)

4% AEP, cfs | 2% AEP, cfs | 1% AEP, cfs
NA NA NA

. Drainage Area

At Levee - CS 0+00
S Ohio St

At YMCA

At Midway Avenue
At Walnut Street

At Iron Avenue

At EIm Street

At Ohio Street &
Riverside Drive

At Indiana Avenue

Outlet At Levee CS
685+50

0.42

1.6

1.8

2.5

2.6

2.9

3.6

3.8

4.6

10% AEP
Flow, cfs

90

380

410

660

800

690

740

810

330

90

530

540

740

900

750

860

980

320

110
630
610
750
970
790

920

1,090

370

130
910
840
770
1,020
820

1,010

1,240

410
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Table 4-8: Project Model (HEC-RAS) Existing Condition Flows and Flow Differences
(Project - Effective)

H 0,
Location LR B LR 10% AEP, | 4o, AEP, cfs | 2% AEP, cfs 1% AEP, cfs
(Square Miles) cfs

At Levee - CS 0+00 Peak Flow -152 -166 -170 -159

Flow Difference
(Project-Effective)

S. Ohio St. Peak Flow -59 -59 -53 -38
(0.42 sQMl)
Flow Difference -149 -149 -163 -168
(Project-Effective)
At YMCA Peak Flow 602 808 948 1,119
(1.6 SQMI)
Flow Difference +222 +278 +318 +209
(Project-Effective)
At Midway Avenue Peak Flow 588 826 976 1,101
(1.8 SQMI)
Flow Difference +178 +286 +366 +261
(Project-Effective)
At Walnut Street Peak Flow 692 871 952 1,013
(2.5 SQMI)
Flow Difference +32 +131 +202 +243
(Project-Effective)
At Iron Avenue Peak Flow 742 895 976 1,036
(2.6 SQMI)
Flow Difference -+58 -+5 +6 +16
(Project-Effective)
At Elm Street Peak Flow 764 917 999 1,059
(2.9 SQMI)
Flow Difference +74 +167 +209 +239
(Project-Effective)
At Ohio Street & Peak Flow 882 1,058 1,165 1,250
Riverside Drive (3.6
SQMI) Flow Difference +142 +198 +245 +240
(Project-Effective)
At Indiana Avenue Peak Flow 944 1,105 1,222 1,371
(3.8 SQMI)
Flow Difference +134 +125 +132 +131
(Project-Effective)
Outlet At Levee CS Peak Flow 302 418 509 581
685+50
(4.6 SQMI) Flow Difference -28 +98 +139 +171

(Project-Effective)
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Figure 4-18 presents a graphical comparison of the published FIS and project model 1%
AEP flows.
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Figure 4-18: Published FIS and Project Existing Conditions Model 1% AEP Flow
Comparison
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Figure 4-19: Existing Conditions 1% BFE compared to FIS (Ohio Street to The Midway).
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Figure 4-20: Existing Conditions 1% BFE compared to FIS (The Midway to Smoky Hill River).
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The HEC-RAS existing condition project model 1% BFE is higher than the effective 1%
BFE (FIS #20169CVO000A April 18, 2018) throughout the entire Old Smoky Hill River
Channel Reach. There are many factors that play a part in the increased water surface
elevations but the most notable changes spur from the corrected interior drainage
analysis that increased the boundary conditions on the entrance and exit levee by over
four feet and the changes to the rainfall depths (KDOT depths to NOAA Atlas 14) and
distributions (SCS Type Il to Symmetric, refer Table 4-3 and Figure 4-4). The changes
to the rainfall in combination with the updated IDA have a significant impact on the
starting water surface elevations that translates into higher elevations throughout the
reach.

In addition to the increase in rainfall depth higher runoff rates were calculated. A more
detailed surficial soils map was available from the NRCS that covered the interior
drainage area. The more detailed map showed a higher presence of C and D soils (poor
draining) which decrease the infiltration and increased the volume of runoff. The
effective model used 2013 land use map whereas the project model used the 2016 land
use for percent impervious within the interior drainage. The percent impervious slightly
increased. The increase in runoff volume from changes in the infiltration and land cover
change was minor and found not to be a major reason for flow differences.

Some other differences between the models that may contribute to variances in the
computed water surface elevations include:

1. The FEMA effective model typically utilized one cross section to represent a
reach. A reach was typically defined between roadway crossings. The project
HEC-RAS model has a detailed cross section every 200 feet. The increased
density of cross sections improves the hydraulic computations as it captures
more channel dynamics. In comparing channel storage volumes, the FEMA
Effective model single cross section per reach appears to have slightly
overrepresented available in channel storage volume.

2. The FEMA effective model channel Manning’s n value (typically 0.02-0.045)
spanned from top of bank to top of bank. Field and aerial observations show
heavily vegetated banks and side slopes validating a higher Manning’s n inside
the top of banks is necessary. The project model uses a higher Manning’s n
value which is more repetitive of field conditions but also results in higher stages.

3. Alarger head loss is observed at Iron Street in the HEC-RAS model when
compared to the effective model (refer to Figure 4-19). The culvert geometry,
roughness, and loss coefficients are similar between the two models but Western
Star Mill Weir (located just downstream of the model) is not included in the FEMA
effective model. Western Star Mill Weir is approximately 8 feet tall and 10 feet tall
on the upstream and downstream sides, respectively. It will have more of an
impact on lower flood stages but may account for some of the additional head
loss seen at the Iron Avenue 9x9 RCB culvert.

Appendix A1 - Hydrology and Hydraulics Analysis 43



Smoky Hill River Aquatic Habitat Restoration

Transect SL192
Tegend
v 015 0.035 015
it 1230-]
sark 3
HEC-RAS
Cross Segtign 1228 PCSWMM
| |(U/s of YMQA | Cross Section
( ) 1226-] (U/S of YMCA)
1224 “1!*‘
el ]| N 4
fI ‘“"-”1 1222
i : ~ : e
i I 7 B 1220+
T 2 w
L | 1218
:
‘ 1216
| } [ 12144 Channel Manning's
] | n Region
By 1212
P =
_ Channe| Manning's | | -] | |
n|Region 1210
—— I
100 200 300 400 00 -
e Station (ft)

YMCA

The difference in the modeled 1% BFE is likely explained by the multitude of model
differences described above. The project model utilizes newer information including
survey, rainfall, land use, vegetation conditions and watershed soils. The project model
also utilizes a more refined watershed sub-divided model that aligns to the existing
outfalls into the system. Further, moving hydraulic modeling platform from PCSWMM
over to unsteady HEC-RAS allows for the implicit solutions of bridge hydraulics.

4.4.7 Existing Conditions Project Model Interpretation

Results from this analysis generally show higher flows and water surface elevations
throughout the Old Smoky Hill River when comparing it to the published values. As
previously mentioned, the purpose for converting the hydraulic model over to HEC-RAS
is it is better suited to meet the USACE ecosystem modeling requirements.

The Flood Rate Insurance Maps (FIRM) #20169C0229C, #20169C0228C,
#20169C0226C, and #20169C0227C generally show the 1% AEP BFE within the
channel banks or in the non-developed fringes (not including urban flooding near the

residential and downtown areas), refer to Figure 4-20 for a screenshot of the referenced
FIRMs.
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Figure 4-22: Screenshot of Old Smoky Hill River Flood Insurance Rate Map (FIRM)

Figure 4-21 compares the effective1% AEP inundation boundary and the 1% AEP
inundation boundary mapped from the existing conditions model. As anticipated from
the profiles, the results from the existing conditions project model show more inundation
areas than the FEMA effective floodplain limits. The higher predicted 1% AEP stage for
existing conditions are attributable to better available data and more detailed modeling
as discussed in the prior section. Some areas that are impacted:

¢ Residential and businesses up and downstream of South Ohio Street
e YMCA crossing and Kenwood Park Road

e Overtopping at The Midway crossing

e Areas near the event center

¢ Increased flooding in right over bank in Oakdale Park

¢ Residential and businesses between Oakdale Park and Iron Avenue

Like the effective mapping, the 1% AEP is mostly contained within the channel banks
downstream of Iron Avenue and no notable flooding increases are evident. In general,
the existing conditions model doesn’t suggest major flooding issues until the 0.2% AEP
and less frequent events.
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The velocities throughout the channel are generally slow (1-3 fps) through the channel
for all the events included in the analysis. The main reason for this is due to the
undersized culverts that act as a bottleneck, backing up, slowing down, and detaining
the flow. Similarly, shear stresses are low suggesting a reasonably stable environment
where minimal erosion is anticipated. Most of the existing banks and channel bottom
have well established vegetative cover with mature trees. Channel stability will be
examined in more detail for the selected alternative to check for instabilities resulting
from the improvements.

Appendix A1 - Hydrology and Hydraulics Analysis

46



Smoky Hill River Aquatic Habitat Restoration

4.5 Future Conditions with and without Project
4.5.1 Future Land Use and Channel Conditions

The City of Salina developed a Comprehensive Plan that was adopted by the City
Commission in 2010. The proposed zoning and land use developed as a part of the
Comprehensive Plan was analyzed for this project to check if the future land use would
raise the percent impervious within the contributing drainage areas.

Figure 5-1 shows the future land use GIS shapefile and the contributing drainage areas.
After close examination, it was determined the contributing drainage area is already
developed and the future zoning does not change either the percent impervious or the
curve number. Therefore, the existing conditions percent impervious and curve numbers
are used in all future conditions’ scenarios.

The future without project (FWOP) definition in this Appendix A1 was created prior to
additional bridge and levee outlet culvert updates included with the RAISE Grant that is
being pursued by the City of Salina. The updated FWOP conditions are assessed in
Appendix A2 - Section 2.1. The following results in this Appendix A1 use an outdated
definition as defined in the following paragraph. We considered the comparison
between alternatives utilizing the FWOP conditions, as described below, to be a fair
comparison to inform the tentatively selected plan (TSP). The FWOP is refined in
Appendix A2 with additional information to further inform the impacts associated with
the TSP.

For the original FWOP condition, it is assumed the channel will remain in its current
vegetative state, have no sustained base flow, but the blockage at South Ohio Street
roadway crossing will be removed and the culvert replaced with a larger structure. The
FWOP applies the average annual deposition depths established for each reach in the
Sediment Transport Analysis (also part of this project). The average annual depths were
forecasted out 50 years and the calculated 50-year depths were applied to the cross
sections using the fixed sediment elevation tool in HEC-RAS. The average increase in
1% WSEL is approximately 0.5 feet with a maximum increase of 1.33 feet.
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4.5.2 Future Conditions with Project: Sponsor Constructed Features

The Salina Master Plan referenced earlier includes adding shared use paths,
boardwalks, plazas, boat/kayak launches, and replacing undersized culverts with
bridges (or adequately sized culverts). However, the Master Plan will be built in phases
depending in part on grant funding timing. The primary goal identified in the Master
Plan is to restore base flow. The City has adequate funding and will be self-performing
the following features to support the ecosystem goals:

The FWP definition in this Appendix A1 was created prior to the bridge and levee outlet
culvert updates included with the RAISE Grant. The following results in this Appendix
A1 use the outdated definition and provide a fair comparison between alternatives. The
updated sponsor constructed features are assesed for the TSP in Appendix A2 —
Section 2.1.2 and 2.1.7.

e Securing remaining rights of way and easements. Approximately, 70% of the Old
Smoky River channel is currently within City owned rights of way.

e Replacing the buried 84” CMP at S. Ohio St. with a low flow 7'x8’ RCB and a
12'x8 RCB. The 12’x8’ RCB will carry floodwater and will also function as a
pedestrian underpass. Work at this location includes installing new sanitary
sewer pump station to eliminate the previous stormwater syphon and replacing
other associated utilities.

e Construction of a 12’x8’ RCB under North Ohio. This culvert will mitigate induced
flooding from Lakewood Lake backwater and also serve as a bike trail
underpass.

e Construction of a pedestrian bridge on the existing trail at Lakewood Lake. The
pedestrian bridge will allow Lakewood Lake to be connected to the channel and
maintain the perimeter pedestrian path.

All future conditions with project scenarios use the above-mentioned sponsor
improvements that are expected to be completed prior to construction of the ecosystem
restoration project. It is anticipated as grant funds are received, the sponsor
constructed features will be incorporated into hydrology and hydraulics sequencing
plan. Figure 5-2 presents a reach keymap that shows the South Reach (between
entrance levee and Iron Ave) and the North Reach (between Iron Ave and levee exit)
which are applicable to all alternatives.
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4.5.3 Future Conditions with Project: Alternative A1
Alternative A1 was not selected as the TSP.

As discussed in the feasibility study, restoring base flow to the Old Smoky Hill River
channel is limited to the city’s acquired surface water rights (Water Appropriation
#47,510). The warm season (May-Sept) baseflow of 80 cfs is anticipated with 10 cfs in
the cold season (Oct-April). The allowable diversion rate is 100 cfs and under all
seasons, 30 cfs must remain in the Smoky Hill River after diverting baseflow to the Old
Smoky Hill River channel (i.e. there must be at least 110 cfs in the river pre-diversion to
divert 80 cfs). The base flow rates are common to all alternatives evaluated.

The base flow is desired to flow by gravity (no pumps) which limits the available
hydraulic gradient through the project reach and also necessitates sediment removal to
restore an adequate channel profile. The upstream boundary condition is the Smoky Hill
River water surface elevation at the diversion, which is on the upstream side of the
scour key. With the Smoky Hill River at the minimum regulatory flow of 30 cfs, the water
surface on the upstream side of the scour key is 1215.6 ft. This elevation is used on all
alternatives as the upstream water surface boundary condition and sets the available
hydraulic head for base flow conditions.

Alternative A1 description, program elements and ecosystem benefits are discussed in
the feasibility report and this evaluation focuses on the hydrology and hydraulic
performance of each alternative. Alternative A1 is designed as a minimalistic (lowest
cost) approach to re-introduce baseflow and was presented as a temporary solution in
the Master Plan as a pilot channel. Alternative A1 considers reintroducing baseflow via
an excavated water supply channel between the entrance levee and Mulberry Street,
see Figure 5-3 (South Reach) and Figure 5-4 (North Reach). The profile was chosen to
tie into existing culvert flow lines, and the new culvert at South Ohio Street. The
proposed excavated channel daylights at Mulberry Street. The existing channel
downstream of Mulberry Street has adequate capacity to convey the flows through the
remaining downstream reach and out the existing culvert at the levee exit. The existing
Western Star Mill weir is a stream obstruction and would be replaced with step pools.
The upper most step pool would match the existing Western Star Mill weir elevation
(1212.5). The proposed channel and water surface profiles are shown in Figure 5-5.

The water supply channel cross section is an excavated trapezoid with a 5-foot bottom
and 3:1 sides that daylights within the existing channel bottom. Figure 5-6 presents a
typical cross section for this alternative and since the excavation depth varies, the top
width also varies from 30 feet to 50 feet wide as shown in Figures 5-3 and 5-4.

The reestablished baseflow provides a reliable water source to over 6 miles of the Old
Smoky Hill River channel and an interconnect with Lakewood Lake. The interconnection
would restore the lake to its historic elevation and also provide a deep-water refuge for
aquatic species. The habitat gains are presented in the feasibility study and are
quantified in the habitat modeling. Preliminary estimates show the volume of excavation
to be around 42,500 CY which is the least of all alternatives considered.

Gates and a sedimentation pond are proposed on the wet side of the levee entrance
and the hydraulic loss is included in the HEC-RAS model. The required hydraulic head
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at the entrance works for 80 cfs for this alternative is 1216.7 which is 1.1 ft. higher than
the target, meaning 80 cfs would only be diverted when the Smoky Hill River has flows
in excess of 500 cfs. The diverted baseflow would be around 55 cfs when the Smoky
Hill River is flowing at 110 cfs (minimum river flow for allowed 80 cfs diversion).
Alternative 1 reintroduces baseflow into the Old Smoky Hill River but does not have the
full hydraulic capacity to meet the desired goals of the Master Plan.

The dredged material (roughly 42,500 CY) would be placed to create wetlands at the
historic elevation of Lakewood Lake. This alternative would reconnect the channel to
Lakewood Lake, which is currently separated by a dike except during extreme flood
events. A portion of the dike would be removed allowing water to equalize between the
channel and lake. To support the wetland creation, a grade control structure is proposed
downstream of Lakewood Lake and upstream of the residential driveway crossing (refer
Figure 5-4). Restoring the lake to its historic elevation results in a loss of temporary
stormwater storage (detention). During a 1% AEP, this results in a higher tail water
condition for the upstream culverts and could impact private property. To avoid induced
flooding, a 12-foot x 8-foot RCB is proposed at North Ohio Street. This culvert will also
function as a pedestrian underpass under dry weather conditions.
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Figure 5-27: Alternative A1 Hydraulic Profile for 10 and 80 cfs
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4.5.4 Future Conditions with Project: Alternative A2
Alternative A2 was not selected as the TSP.

Alternative A2 considers pool and riffles sections between the upstream levee to a
location just downstream of Oakdale Avenue in Kenwood Park. Figure 5-7 (South
Reach) and Figure 5-8 (North Reach) presents the plan view extents for the Alternative
A2 improvements.

See Figure 5-9 for the 10 and 80 cfs Alternative A2 profiles and see Figure 5-10 and
Figure 5-11 for the typical riffle and pool sections. The pool inverts were set and held
constant to 1208.3 which matches the entrance levee culvert outlet which is also what is
thought to be the historic channel elevations. There are glides and runs in between the
pools and riffles and are set on a slightly steeper slope than the riffle to riffle slope.

Since the base flow functions by gravity, the channel sizing must accommodate the
hydraulic grade line to convey the full 80 cfs base flow without exceeding 1215.4 feet at
the upstream end. To achieve this, the riffles had to be roughly 3.25-feet deep on
average. Shallower riffles would cause the interior WSEL to be higher than the exterior
resulting in an ineffective system.

The hydraulically calculated riffle depth and the pool depth based on matching the
upstream culvert was cross evaluated for typical natural channel riffle to pool depth
ratios. A dissertation, Geomorphic Equations and Methods for Natural Channel Design
(Shelley 2012), developed an equation (Equation 1) to estimate the pool depth as a
function of riffle depth from using 123 reference reaches in Kansas:

Equation 1: Pool depth as a function of riffle depth:

Ypool = 1'086yriffle + 1.249

Using a riffle depth of 3.25 feet, a pool depth of 4.8 feet is calculated. The 95%
confidence limits indicate the pool depths would range from 3.8 feet — 5.8 feet for
natural stable channels in this part of Kansas. The average pool depths as proposed for
Alternative A2 average 5.5 feet, placing them on the deeper side but within the 95%
confidence limits. Figure 5-10 and Figure 5-11 present Alternative A2 typical sections.

The dredged material (roughly 62,500 CY) would be placed to create wetlands at the
historic elevation of Lakewood Lake. This alternative would reconnect the channel to
Lakewood Lake, which is currently separated by a dike except during extreme flood
events. A portion of the dike would be removed allowing water to equalize between the
channel and lake. To support the wetland creation, a grade control structure is proposed
downstream of Lakewood Lake and upstream of the residential driveway crossing (refer
Figure 5-4). Restoring the lake to its historic elevation results in a loss of temporary
stormwater storage (detention). During a 1% AEP, this results in a higher tail water
condition for the upstream culverts and could impact private property. To avoid induced
flooding, a 12-foot x 8-foot RCB is proposed at North Ohio Street. This culvert will also
function as a pedestrian underpass under dry weather conditions.

Appendix A1 - Hydrology and Hydraulics Analysis 57



Smoky Hill River Aquatic Habitat Restoration

Alternative A2 provides additional (compared to Alternative A1) aquatic ecosystem
restoration and habitat by introducing the pool and riffles. In addition, it has increased
hydraulic performance at the entrance, conveying higher baseflows than Alternative A1.
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4.5.5 Future Conditions with Project: Alternative A3

Alternative A3 was selected as the TSP. For more information and updated profiles see
Appendix A2 — Section 2.2.

Alternative A3 considers pools and riffles in both the South and North reach. Figure
5-12 (South Reach) presents the Alternative A3 channel grading plan view layout
extents starting at the entrance levee culvert and ending just downstream of Oakdale
Avenue where diminishing returns occur if the grading continued. The area between the
step pools (near Iron Street) and the termination of the non-uniform grading near
Oakdale Avenue is considered a long glide with increasingly deep waters due to the
downstream step pools. For cost-effectiveness reasons, the upstream pools were raised
1 foot compared to that in Alternative A2.

Downstream of the step pools near Ash Street, the grading resumes and continues
downstream of Lakewood Lake, see Figure 5-13 (North Reach).

Figure 5-14 shows the Alternative A3 channel profile compared to the existing grade
and includes the 10 and 80 cfs HGL. Like Alternative A2, the riffle depths were
maintained at approximately 3.25 feet to convey 80 cfs while leaving 30 cfs within the
Smoky Hill River.

Figure 5-15 presents the typical wetland shelves connection sections and Figure 5-16
presents a typical riffle section featuring a 22 foot bottom width, a 40 foot water top
width, and approximately 39-inches of water depth. The grading connects to the existing
banks with the intent of not disturbing the established trees and vegetation that
overhang the channel bottom.

Figure 5-16 also presents a typical pool section having a bottom width of 10 feet, water
width of 40 feet, approximately 5 feet deep, steeper (2:1) slopes on the outside bend,
and flatter (4:1) slopes on the inside bend similar to a natural channel. Like the riffle
section, the intent is to connect into the existing banks without disturbing the established
vegetation and trees.

This alternative produces roughly 105k CY of dredged material that would be used to
create additional wetlands within Lakewood Lake when compared to Alternatives A1 or
A2. This alternative would reconnect the channel to Lakewood Lake, which is currently
separated by a dike except during extreme flood events. A portion of the dike would be
removed allowing water to equalize between the channel and lake. To support the
wetland creation, a grade control structure is proposed downstream of Lakewood Lake
and upstream of the residential driveway crossing (refer Figure 5-13). Restoring the lake
to its historic elevation results in a loss of temporary stormwater storage (detention).
During a 1% AEP, this results in a higher tail water condition for the upstream culverts
and could impact private property. To avoid induced flooding, a 12-foot x 8-foot RCB is
proposed at North Ohio Street. This culvert will also function as a pedestrian underpass
under dry weather conditions.

This Alternative adds additional aquatic ecosystem restoration and habitat through the
expanded improvements in reach 2. However, Alternative A3 will have additional costs
associated with the expanded improvements.
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Figure 5-36: Alternative A3 Channel Profile and 80 cfs HGL
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4.5.6 Future Conditions with Project: Alternative A4
Alternative A4 was not selected as the TSP.

Alternative A4 expands on the concepts introduced for Alternative A3 by deepening the pools
in the South Reach and implementing more of the Master Plan improvements for Lakewood
Lake. The additional improvements involve an additional Lakewood Lake connection that
would create a looped reach with additional canoe/kayak waterways, paths/trails, and
pedestrian/vehicular bridges. Restoring the lake to its historic elevation results in a loss of
temporary stormwater storage (detention). During a 1% AEP, this results in a higher tail
water condition for the upstream culverts and could impact private property. To avoid induced
flooding, a 12-foot x 8-foot RCB is proposed at North Ohio Street. This culvert will also
function as a pedestrian underpass under dry weather conditions.

Figure 5-17 (South Reach) and Figure 5-18 (North Reach) shows the Alternative A4 plan
view pool and riffle locations. Similar to the previous alternatives, a grade control structure is
proposed between Lakewood Lake and the residential culvert crossing to provide a more
consistent Lakewood Lake water levels (especially at lower flows) to support the wetland
creation.

Figure 5-19 presents the Alternative A4 channel profile showing the pools, riffles, glides, and
runs in addition to the 80 cfs HGL. The depths of water of the riffles is again near 3 feet and
ranges between 5 feet and 7 feet over the pools, see Figure 5-20 and Figure 5-21 present
the Alternative A4 typical sections.

Alternative A4 provides the greatest aquatic ecosystem restoration and habitat benefits but
comes at a cost of being the most expensive Alternative.
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Figure 5-41: Alternative A4 Channel Profile and 80 cfs HGL
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PROJECT OVERVIEW

Phase Il of the Salina Levee Project studies the City of Salina Flood Control Levee
System along the Saline River, the Smoky Hill River, Mulberry Creek, Dry Creek,
Middle Dry Creek, West Dry Creek, and the Dry Creek Diversion in Saline County,
Kansas. The purpose of the interior drainage analysis (IDA) is to determine the location
and extent of interior flooding in the levee system. These services are required to be
completed as part of achieving FEMA levee accreditation through certification under 44
CFR 65.10. These services are not an all-inclusive scope of work required for
certification, and additional analyses may be required. This new study was performed to
reflect updates to the topography data and stormwater network.

A total of 24 conveyance structures (CS) through the levee were identified, located at
levee stations 0+00, 27+99, 44+18, 83+59.5, 107+55, 130+99, 175+00, 213+00, 306+67
(Private), 343+50, 364+33.5, 376+35, 408+05, 435+50, 491+00, 506+92, 547+60,
562+30, 574+92, 614+05, 626+40, 631+80.5, 661+37.5, and 685+50. The interior
drainage areas were modeled using three PC-SWMM models, which include all CS
locations, except CS 491+00, studied as part of this project scope.

The structure located at levee station 491+00 was assumed to remain closed for this
interior analysis. Ponding associated with CS 491+00 contributes to the Dry Creek
channel (flowing away from the levee) and therefore does not pond adjacent to the levee
system. An interior drainage analysis was not necessary for this structure.

This report describes the hydrology and hydraulic methods used on the interior
watersheds, the methods used to develop the interior floodplains, as well as how the
exterior boundary condition was determined (for example, Coincident Frequency
Analysis for independent levee systems or specific time series conditions for dependent
levee systems).
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Figure 1: Conveyance Structure and Levee Locations
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SUMMARY OF METHODS

The Salina Flood Control Levee System hydrology, hydraulics, and ponding areas were
reviewed to determine dependent and independent outfall boundary conditions.
Typically, dependent systems assume that the outfall boundary condition is most likely
affected by flooding of the riverine system during the same storm event. Independent
systems typically assume that the boundary condition of the outfall location is most likely
not affected by flooding of the riverine system for the same storm event; instead, it is
computed as a probabilistic event. For independent systems the USACE Coincident
Frequency Analysis procedures are commonly used to compute the probable interior
ponding water surface elevation.

The CS locations at stations 0+00, 27+99, 44+18, 83+59.5, 107+55, 130+99, 175+00,
213+00, 574+92, 614+05, 626+40, 631+80.5, 661+37.5, and 685+50 were evaluated
using an independent system in which the backwater of the Smoky Hill River affects the
outfall boundary condition. The riverine analysis for the Smoky Hill River uses historic
USGS gage records to determine exterior discharges for the study area. The water
surface elevations for the Smoky Hill River were determined from a steady-state HEC-
RAS hydraulic model. A PC-SWMM model was developed to represent the interior
conditions. A summary of interior drainage Coincident Frequency Analysis that was
applied is as follows:

1. Develop the interior hydrologic and hydraulic models utilizing PC-SWMM.

2. Determine the interior water surface elevation as a response to the exterior stages
or closure of outlet structure.

3. Determine the exterior percent chance of exceedance based on a pertinent nearby
gage or historical flow values.

4. Determine the exterior stage discharge relationship from hydraulic modeling.

5 Define the association of exterior percent chance of exceedance (flow-based) to

the interior stage-flow relationship determined in step 2.
6. Combine the interior and exterior percent chance exceedance frequency to
calculate the 100-year interior water surface elevation.

The analysis performed for levee stations 306+6, 343+50, 364+33.5, 376+35, 408+05,
435+50, 506+92, 547+60, and 562+30 is primarily affected by Dry Creek, Mulberry
Creek, Mulberry Creek Overflow, and the Dry Creek Diversion. Therefore, the interior
analysis was performed assuming a dependent levee system in which the interior water
surface elevation and conveyance structure outflow hydrograph were determined through
balancing tailwater elevations from an unsteady-state HEC-RAS model for Dry Creek,
Mulberry Creek, Mulberry Creek Overflow, and the Dry Creek Diversion with interior
drainage outflow conditions. The following general approach was taken for this analysis:
1. Develop the interior hydrologic and hydraulic models utilizing PC-SWMM.

2. Determine the 1% annual chance interior water surface elevation using the
unsteady-state HEC-RAS time-stage rating curve as the downstream boundary
condition.

3. Balance the tailwater condition and interior drainage outflow to develop the final

interior drainage tailwater condition.
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INTERIOR SYSTEM ANALYSIS

PC-SWMM version 5.0.022 software was used to perform the interior drainage runoff
and hydraulic analysis. The PC-SWMM model runs on the US EPA SWMMS5 engine
and requires the same input files; therefore, these models can be opened and run within
EPA SWMMD5, which is a free downloadable program. The required inputs and data
sources for the interior system models are listed below. All elevations represented in this
report and throughout this analysis are in the NAVD 88 vertical datum. A total of three
interior drainage models were developed; one model for Group 1, one model for Group 2,
and a single model containing Group 3, Group 4, and Group 5. Group 1, and 2 are
developed in enough detail to establish ponding areas adjacent to the levee system. The
model containing Group 3, 4, and 5 was developed with a level of detail sufficient to map
flooding areas within the City of Salina to the extent of the previous FEMA analysis.
Figure 1 depicts the approximate area which is included in each model Group.

Drainage Area Delineations

Initial drainage areas were determined based on automated delineations using Arc Hydro
functionality with GIS software. Delineations were then checked and manually edited as
necessary based on 2011 LIDAR topography.

Hydrology Transform Method

PC-SWMM hydrology uses the runoff block method to transform rainfall to runoff. This
method uses flow length, basin width, and basin slope to determine the shape of the
runoff hydrograph. The flow length parameter is not an exact measurement but is used to
approximate overland flow length and a fraction of sheet and shallow concentrated flow.
The flow length was computed as the length of the TR-55 sheet and shallow concentrated
flow regimes of the longest flow path. For highly developed areas, a maximum allowable
flow length was used. Flow width is automatically calculated by dividing sub-basin area
by flow length. Basin slope was calculated for each basin from the LIDAR topography
data. Some areas that were not representative of the overall basin were removed from
this calculation, including road embankments, stream banks, and other anomalies.

Infiltration Method

The PC-SWMM runoff block method allows the utilization of a form of the Curve
Number infiltration method, based on Natural Resource Conservation District (NRCS)
Technical Release TR-55. Land use data was digitized based on aerial photography,
supplemented with the 2005 Level 1V Kansas Land Cover Patterns and the City of
Salina’s parcel data. Thirteen land use designations were used to represent the project
area. The land use designations were joined with soil data to come up with an area-
weighted curve number for each drainage basin. Soil data was obtained from the NRCS
Soil Data Mart. Table 1 displays the land use categories associated curve numbers for
each soil type, and the percent impervious.
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Table 1: Landuse, Curve Number, and Percent Im

Landuse Pervious CN For Soil Hydro Group Percent
Code Landuse Description A B C D Impervious
Residential
12 (Medium Density) 38 61 74 80 38
11 Commercial/Industrial 36 60 74 79 79
20 Agricultural 66 77 84 87 5
13 Open Land - Fair 46 67 78 83 5
30 Grassland-Good 46 67 78 83 5
32 Grassland-Fair 36 59 73 79 5
40 Woods 33 58 72 78 5
50 Water 100 100 100 100 100
31 Farmstead 42 64 75 81 30
70 Paved open ditches 68 80 86 88 50
71 Dirt road 71 81 86 89 5)
72 Gravel Road 75 84 89 91 5
73 Street 98 98 98 98 95

As depicted in Table 1, pervious curve numbers were developed for each landuse/soil
type using TR-55 guidance, assuming the impervious percentage listed in Table 1.
Typical SWMM methodology separates the pervious areas from impervious areas for
infiltration calculations. Therefore, the curve number listed above only represents the
pervious areas of the landuse. Composite curve numbers for each subbasin were
determined using an automated area-weighting process. Composite impervious
percentages for each subbasin were also computed using an automated area-weighting
process associated with the landuse types that intersect the individual subbasin area.

Routing Method
The dynamic wave routing method was used so that the models can properly estimate
reverse flow in pipes, backwater flows, and open channel flows.

Links

Links are used to represent open channels, pipe networks, pumps, weirs, or orifices. Pipe
lengths, diameter, roughness coefficients, and entrance and exit loss coefficients were
established based on the Operation and Maintenance Manual (OMM), data from the City
of Salina, and high resolution aerial photography. This data was used to establish pipe
diameter and material. Cross-section shapes and weir dimensions were estimated based
on elevation data using GIS processes and adjusted as necessary based on engineering
judgment. In the Group 1 model, streets with the same general size and shape were
represented with typical transects to represent the basic flow area. Three typical transects
were used to represent the different sized streets. Curb inlets were generally represented
by orifice links within SWMM. The curb inlet dimensions were derived, where possible,
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from the City of Salina stormwater data. For some locations, in which City data was not
available, the curb inlet dimensions were estimated based on engineering judgment and
measurements taken from high resolution aerial imagery.

Pumps

Pump stations, designed for the levee system, are located at structures 435+50, 506+92,
and 685+50 to assist with pumping water out of interior ponding areas. The pumps
located at 435+50 are designed for immediate local drainage runoff and do not meet
Corps of Engineers inspection checklist requirements. Therefore, these pumps were not
included in this analysis as a flood control structure. The pump stations located at
506+92 (Dry Creek Pump Station) and 685+50 (Smoky Hill Pump Station) meet Corps of
Engineers inspection checklist requirements and were included in this analysis as flood
control structures. The operation and design pump capacity information was derived
from the OMM and incorporated in this analysis. Table 2 identifies the pumps included
as part of this interior drainage analysis.

Table 2: Pump Information

Max 1%
Flow
Start Depth* Stop Depth* Rate
Location Manufacturer | (ft) (NAVD88) (ft) (NAVDS88) (cfs)
Dry Creek 1 | ¥Phase 16 Cascade 1207.39 1205.39 15.0
ump Pump
Station ”
506+92 o | 3Phase6 Cascade 1208.39 1206.14 15.0
Pump
3-Phase 16”
Smoky Hill 1 Pump Cascade 1203.39 1200.39 17.9
Pump o | 3Phase6 Cascade 1204.14 1201.14 17.9
Station Pump
685+50 3 | 3Phase6 Cascade 1204.89 1201.89 17.4
Pump
*Elevations computed as OMM elevations (NGVD29) plus 0.39 foot datum conversion.

Nodes

Nodes are used to assign junctions, storage areas, or outfalls. Junction invert and
maximum depth elevations were taken from the OMM, the City of Salina’s spatial
stormwater data, or estimated from the 1-meter LIDAR topography. Maximum depth
elevations were set, where possible, based on data provided by the City of Salina. In
some areas pipe invert depths were not available. Therefore, the maximum depth was
initially set assuming the LIDAR surface elevation invert minus 2.5 feet of surface cover.
The computed depths and corresponding stormwater system profiles were then evaluated
and, if necessary, corrections made based on the City of Salina Stormwater Criteria and
appropriate engineering judgment. Outfalls were placed at all conveyances through the
levee on the downstream side of each conveyance structure. Tide gates or flap gates were
used to prevent backflow through the conveyance structures.

Storage nodes were used where significant ponding may result from backwater or from a
depression (pond). In locations where ponding did occur, a storage node was used with
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an associated depth-storage rating curve. Depth-storage rating curves were estimated
from 1-meter LIDAR topography using an automated area-volume tool within GIS at a
minimum of 0.5-foot intervals. Outflow conveyance systems of storage areas were
derived from the OMM or data provided by the City of Salina. The City of Salina
Stormwater Criteria requires detention ponds to be designed to a minimum of a 25-year
24-hour storm event. In several instances, detention basins were designed without
gravity outlets, and the only/primary means of conveyance is via small pumping plants.
In general, the pump capacity is insignificant with very little contribution to the peak of
flood events, especially those events greater than the 25-year 24-hour storm. Therefore,
small insignificant pumping plants were assumed to not be flood control structures and
were not included in this analysis. The runoff collected by these detention areas were
allowed to fill until overtopping, in which the overflow runoff was modeled and carried
through the system.

Rainfall Distribution

An SCS Type Il rainfall distribution with a 5-minute time interval was used for the 2-, 5-,
10-, 50-, 100- and 500-year storm events. Rainfall depths used were 3.12, 4.08, 4.80,
5.76, 6.48, 7.20, and 8.92 inches respectively. The Kansas Department of Transportation
Rainfall Intensity Tables for Counties in Kansas was used to develop the rainfall depths
for the 2- to 100-year storm events. The 500-year depth was extrapolated from the
derived rainfall depths described above using TP-40 procedures.

EXTERIOR SYSTEM ANALYSIS

The hydrology and hydraulic analyses produced as part of the Kansas Department of
Agriculture Salina Levee PMR project were used as the basis of the exterior system
analysis. Detailed hydrology and hydraulics were performed for the Dry Creek, Dry
Creek Diversion, Mulberry Creek, Mulberry Creek Overflow, Saline River, and Smoky
Hill River which included rainfall-runoff & gage hydrology and steady & unsteady
HECRAS hydraulic analyses.

As previously indicated, the exterior tailwater conditions were considered to be either
independent or dependent systems depending on the conveyance structure location. As
indicated during levee inspections and documentation, levee station 491+00 was assumed
to be closed during flood events. Therefore, no further analysis was performed for this
structure.

Special considerations were given to conveyance structures 626+40 and 631+80.5 with
respect to tailwater conditions. These structures are located at the northeast corner of the
levee system in which initial indications suggest that they could be impacted by Smoky
Hill River, Saline River, or Mulberry Creek Overflow flood conditions. Further
investigation revealed that the Saline River and Smoky Hill River 1% annual chance
water surface elevations were much too low to impact the conveyance structures. In
addition, the flooding effects from the Mulberry Creek Overflow are impeded by an area
of high ground located to the north of the conveyance structures and between the
structures and the Mulberry Creek Overflow. These conveyance structures are not
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affected by riverine tailwater conditions up to the 0.2% annual chance frequency event.
Therefore, the outfall conditions within the PC-SWMM model for these conveyance
structure locations were assumed to be free flow.

The following discusses dependent and independent analyses in more detail.

DEPENDENT SYSTEM

The analysis performed for levee stations 306+67, 343+50, 364+33.5, 376+35, 408+05,
435+50, 506+92, 547+60, and 562+30 is primarily affected by Dry Creek, Mulberry
Creek, Mulberry Creek Overflow, and the Dry Creek Diversion. Therefore, the interior
analysis was performed assuming a dependent levee system in which the interior water
surface elevation was determined through unsteady-state HEC-RAS models for Dry
Creek, Mulberry Creek, Mulberry Creek Overflow, and the Dry Creek Diversion. Flood
frequency hydrographs were developed using HEC-HMS modeling. Figure 2 represents
the 1% Annual Chance flood frequency curve used as input for the unsteady models at a
single location. The flood frequency hydrographs were ran through the unsteady-state
models to develop time-stage relationships at selected cross section locations. The time-
stage relationship was taken from the unsteady-state models for each drainage structure
outfall location and was used as the downstream boundary condition in the PC-SWMM
model to develop maximum interior ponding water surface elevations.

Figure 2: 1% Annual Chance Flood Hydrograph, Dry Creek
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For the unsteady model containing Dry Creek, Mulberry Creek, and Mulberry Creek
Overflow, flows through levee structures were taken from the PC-SWMM model and
also ran through the unsteady model. The following general approach summarizes this
analysis:

1. Initial stage-time rating curves were derived from the unsteady-state HEC-RAS
model at the outfall locations of the Salina interior PC-SWMM model.

2. The initial stage-time rating curves were then applied as the initial tailwater
condition for the Salina interior PC-SWMM models.

3. The PC-SWMM models were then ran to compute contributing outfall discharge
hydrographs.

4. The initial contributing discharge hydrographs from the PC-SWMM models were
input into the unsteady-state HEC-RAS model. The unsteady-state HEC-RAS
model were reran.

A comparison of the stage-time rating curves was made between the initial and updated
model and the above process was repeated until any differences were within appropriate
engineering tolerances.

INDEPENDENT SYSTEM

The Coincident Frequency Analysis (or Total Probability Theorem) was utilized for this
independent system analysis of the Smoky Hill River and interior drainage areas as
outlined in USACE EM1110-2-1413 procedures. Figure 3, taken from USACE EM1110-
2-1413, depicts the general concept of the Coincident Frequency Analysis as it relates
exterior riverine stages to interior drainage levee systems. To complete the Coincident
Frequency Analysis, the statistical software package HEC-SSP developed by the USACE
was utilized. This program includes functions for developing the exceedance duration
analysis of the exterior system and Coincident Frequency Analysis in accordance with
USACE EM1110-2-1413 guidelines.
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In summary the procedures identified in USACE EM1110-2-1413 consist of 4 general

steps. The four general steps are shown in Figure 4, taken from USACE EM1110-2-
1413, below.

Figure 4: Coincident Frequency Procedures
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To summarize, Step 1 is performed to define the exterior river probability elevation and
Step 2 computes the probability of exceeding a given interior ponding elevation given a
particular exterior river stage described in Step 1. Steps 3 and 4 utilize the Total
Probability Theorem Equation, taken from USACE EM1110-2-1413, to compute the 1%
probability of exceeding a given interior ponding elevation.

Total Probability Theorem Equation

n
P(A) = [ (P(A/BL) x P(By))
Ll

whecw: FPLA) = probability of excesding a given lntecior punding eluvation
P(By) = probability river is at the specific stage interval (1),
whare i assumes full rangs of values which have affect on
pond slevation.
P{A/By)} = probability of exceeding a given pond elevation if the
fiver stage is at the stage interval described in step 1.

The following discussion provides additional details regarding each step of the
Coincident Frequency Analysis as utilized for the independent system analysis of the
Smoky Hill River and interior drainage areas.

STEP 1 - EXTERIOR PROBABILITY ANALYSIS [P(B))]

Step 1 of the procedure develops percent time (%T) exceedance functions of the exterior
systems. An exterior analysis of the Smoky Hill River was performed for outfall
locations at structures 0+00, 27+99, 44+18, 83+59.5, 107+55, 130+99, 175+00, 213+00,
574+92, 614+05, 661+37.5, and 685+50 so that a Coincident Frequency Analysis could
be developed representing the effect of the independent Smoky Hill River backwater.
Structures 408+05 and 376+35 were also considered for the Coincident Frequency
Analysis, but it was determined that the effect of the Smoky Hill River on these structures
was insignificant.

AMEC utilized USGS Gage 06866500 as shown below to define %T discharge
exceedance curves for the Smoky Hill River. Daily mean flow was downloaded from the
USGS (http://waterdata.usgs.gov/nwis/sw) and percent exceedance duration was
calculated.

USGS Gage 06866500

Smoky Hill River near Mentor, Kansas
Daily stream flow data available 1923 - 2012
Drainage area 8,341 square miles

Due to the construction of a reservoir on the Smoky Hill River upstream of this gage,
records prior to June of 1948 were excluded from this analysis. Records after December
of 2001 were also excluded because the gage was moved from its previous location at
Magnolia Road to a new location near Mentor, KS in March of 2002.

Salina Levee Certification Interior Drainage Analysis

May 2013 amec? Page 14


http://waterdata.usgs.gov/nwis/sw

The %T discharge exceedance curves were developed from the USGS gage data using
HEC-SSP. Nine points were used to define the shape of the %T discharge exceedance
curve. These points were then defined as the exterior discharge index. Each user defined
discharge index was chosen to represent an exceedance probability interval. Figure 5
represents the exterior time exceedance curves with corresponding discharge index’s and
probability intervals for USGS 06866500. For the exceedance interval that includes the
range zero to 1.05%, a lower flow value was initially selected. However, it was
determined that this flow resulted in an exterior water surface elevation that has no
impact on structures 175+00 and 661+37.5. To ensure a conservative estimate of the
interior ponding area, the maximum flow of 18,500cfs was used to represent this interval
of the exceedance curve, as shown in the figure 5. The resulting exterior water surface
elevation covers the outlet of 175+00 and partially covers structure 661+37.5.

Figure 5 — USGS 06866500 Time Exceedance with Discharge Index and Intervals
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Table 3 represents the selected discharge indices and computed exterior probability as
derived from Figure 5 for USGS 06866500.
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Table 3: USGS 06866500 - Exterior %T Discharge Exceedance
for Coincident Frequency Analysis

Exterior HEC-SSP

Discharge Interval Discharge Discharge
Exterior Interval Discharge Interval Interval
Interval Probability Index Upper Limit ~ Lower Limit
Interval 1 35.0 60.0 92.0 1.4
Interval 2 23.8 134.0 171.0 92.0
Interval 3 15.0 281.7 320.0 171.0
Interval 4 10.0 493.5 581.0 320.0
Interval 5 6.0 871.0 1070.0 581.0
Interval 6 4.0 1436.0 1750.0 1070.0
Interval 7 3.0 2089.2 2330.0 1750.0
Interval 8 2.2 2835.4 3440.0 2330.0
Interval 9 1.1 18500.0 18500.0 3440.0

These user selected discharge index values, represented in Table 3, were then entered into
a riverine HEC-RAS model to translate %T discharge exceedance into %T water surface
exceedance for each cross section within the model. From this HEC-RAS model, AMEC
derived the exterior water surface elevations for each exceedance interval at each
conveyance structure location from the nearest HEC-RAS cross section. Table 4 below
provides an example of a final exterior probability curve at a particular conveyance
structure.

Table 4: Example Exterior Probability Stage Index Values [P(B;)] — 0+00

Exterior Interval Water Surface Elevation

Exterior Interval Probability (NAVDB88 Feet)
Interval 1 35.00 1224.62
Interval 2 23.75 1215.48
Interval 3 15.00 1214.50
Interval 4 10.00 1213.48
Interval 5 6.00 1212.41
Interval 6 4.00 1211.49
Interval 7 3.00 1210.82
Interval 8 2.20 1210.20
Interval 9 1.05 1209.80

STEP 2 - INTERIOR PROBABILITY ANALYSIS [P(A/B))]

AMEC then used the PC-SWMM interior drainage model to compute peak interior water
surface elevations adjacent to the levee for each storm recurrence interval (0.2, 1, 2, 10,
20, and 50 % chance exceedance events) based on each exterior interval stage tailwater
condition shown in Table 4. Table 5 is an example summarizing the interior water
surface elevations for each combination of exterior and interior events, called a Response
Curve Table in HEC-SSP.
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Table 5: Example Interior System Results (NAVD88 Feet) from Exterior Tailwater and Interior
Storm Conditions - 0+00

Ry BC1* BC2* BC3* BC4* | BC5* BC6* BC7* BC8  BCO*
Storm Event
(% Annual
Chance) 1209.81 1210.22 ‘ 1210.86 ‘ 1211.56 ‘ 1212.50 1213.60 ‘ 1214.63 1215.62 1224.79 ‘
50% 121540 | 1215.40 | 1215.41 | 121543 | 121557 | 1216.00 | 1216.53 | 1217.03 | 1218.78
20% 1216.44 | 1216.43 | 1216.43 | 1216.44 | 1216.55 | 1216.90 | 1217.47 | 1217.94 | 1220.79
10% 121710 | 121710 | 1217.10 | 121711 | 1217.20 | 1217.50 | 1218.07 | 1218.53 | 1222.19
2% 1218.36 | 1218.36 | 1218.36 | 1218.37 | 1218.43 | 1218.67 | 1219.20 | 1219.67 | 1223.55
1% 1218.85 | 1218.85 | 1218.85 | 1218.86 | 1218.91 | 1219.12 | 1219.64 | 1220.10 | 1223.92
0.20% 1219.92 | 1219.92 | 1219.92 | 1219.92 | 1219.95 | 1220.12 | 1220.59 | 1221.05 | 1224.69
*Elevation values have been rounded to the nearest hundredth

In order to find the 1% annual chance interior ponding elevation, HEC-SSP creates
intermediate response frequency tables that summarize the exceedance percent for a
range of interior ponding elevations. Table 6 below provides an example of the
intermediate probabilities for the interior ponding elevations given each exterior stage
index.
Table 6: Example Intermediate Probabilities (%) for Given Exterior and Interior Conditions
[P(A[B;)] - 0+00

Interior Ponding

Elev.*
(NAVD8S feet) 1* BC3* | BC4* BC 5* BC 6* BC 7*
1215.40 50.00 | 50.00 | 100.00 | 100.00 [ 100.00 | 100.00 | 100.00 [ 100.00 | 100.00
1215.89 34.62 | 34.48 | 34.64 35.11 39.21 100.00 | 100.00 | 100.00 | 100.00
1216.38 2144 | 21.21 | 21.23 | 21.48 24.39 36.19 100.00 [ 100.00 | 100.00
1216.87 13.01 | 12.96 | 12.96 13.10 14.55 20.88 38.15 100.00 | 100.00
1217.36 758 [ 7.58 7.58 7.67 8.43 11.98 22.98 38.16 100.00
1217.84 422 | 4.22 4.22 4.28 4.70 6.65 13.21 22.56 100.00
1218.33 2.08 | 2.08 2.08 2.12 2.33 3.43 7.26 12.82 100.00
1218.82 1.04 ] 1.04 1.04 1.06 1.14 1.59 3.72 7.02 49.29
1219.31 0.62 [ 0.62 0.62 0.63 0.66 0.81 1.69 3.60 41.19
1219.80 0.27 [ 0.27 0.27 0.27 0.29 0.44 0.83 1.63 33.46
1220.29 0.00 | 0.00 0.00 0.00 0.00 0.00 0.44 0.81 26.37
1220.78 0.00 [ 0.00 0.00 0.00 0.00 0.00 0.00 0.41 20.14
1221.27 0.00 [ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 16.07
1221.76 0.00 | 0.00 0.00 0.00 0.00 0.00 0.00 0.00 12.61
1222.25 0.00 [ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 9.48
1222.73 0.00 [ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.68
1223.22 0.00 [ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.15
1223.71 0.00 [ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.49
1224.20 0.00 [ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.67
1224.69 0.00 [ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.20
*Elevation and Probability values have been rounded to the nearest hundredth
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STEP 3and 4 - TOTAL PROBABILITY ANALYSIS [P(A)]

AMEC computed the Coincident Frequency Analysis for each 1% Chance of Exceedance
Interior Ponding Elevation using HEC-SSP. The calculations within HEC-SSP use
[P(Bi)] from Table 4, [P(A/Bi)] from Table 6, and the Total Probability Theorem
Equation to develop [P(A)] for a range of interior ponding elevations. An example of the
calculations used to compute the Exceedance Probabilities for an elevation of 1218.33
feet at structure 0+00 is shown below.

Example Calculation
[Stage Index 1] [Stage Index 2] [Stage Index 9]
(Table 4)(Table 6) + (Table 4)(Table 6) + ... + (Table 4)(Table 6) = (Exceedance Probability)

For Structure 0+00

[1209.81] [1210.22] [1210.86] [1211.56] [1212.50]
(0.35)(0.0208) + (0.2375)(0.0208) + (0.15)(0.0208) + (0.1000)(0.0212) + (0.060)(0.0233) +

[1213.60] [1214.63] [1215.62]  [1224.79]
(0.04)(0.0343) + (0.03)(0.0726) + (0.022)(0.1282) + (0.0105)(1.00)

= 0.036 (Exceedance Probability for interior ponding of 1218.33 feet)
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This calculation is done across the range of elevations within HEC-SSP. Table 7
summarizes the calculated exceedance probabilities.

Table 7: Example HEC-SSP Computed Exceedance
Probability Curve - 0+00

Exceedance Interior Ponding Elev.
(%) (NAVD388 feet)
70.625 1,215.40
41.612 1,215.89
27.034 1,216.38
16.984 1,216.87
9.921 1,217.36
6.034 1,217.84
3.574 1,218.33
1.789 1,218.82
1.157 1,219.31
0.669 1,219.80
0.308 1,220.29
0.22 1,220.78
0.169 1,221.27
0.132 1,221.76
0.099 1,222.25
0.06 1,222.73
0.033 1,223.22
0.016 1,223.71
0.007 1,224.20
0.002 1,224.69

From the computed exceedance probabilities for the range of interior ponding elevations,
HEC-SSP interpolates to produce ponding elevations at relevant exceedance
probabilities. Table 8 summarizes these results.

Table 8: Example HEC-SSP Computed Probability for
Desired Frequency - 0+00

Exceedance Interior Ponding Elev.
(%) (NAVD388 feet)
0.2 1,220.96
0.5 1,219.99
1.0 1,219.44
2.0 1,218.75
4.0 1,218.23
10.0 1,217.35
20.0 1,216.71
50.0 1,215.75
80.0 1,215.40
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While the above example only provides calculations for conveyance structure 0+00 of the
Coincident Frequency Analysis, an identical process within HEC-SSP was used for each
conveyance structure.

As a final step, a PC-SWMM model was developed with an exterior tailwater condition
derived from the Coincident Frequency Analysis. This tailwater condition was set to an
elevation that caused the calculated 1% Coincident Frequency Analysis Interior Ponding
Elevation to occur with a 1% annual chance interior rainfall event (as opposed to a lower
interior rainfall event with a higher exterior stage, or vice versa, which could be the case
with a Coincident Frequency Analysis). The process was repeated for the 10%, 2%, and
0.2% annual chance events. These were considered the final models for evaluating
interior ponding. Should changes occur to the interior drainage areas, which affect
hydrology and/or hydraulics, the Coincident Frequency Analysis should be recomputed.
The models provided only represent the current conditions and therefore should not be
used to predict, without modifications and additional coincident frequency analyses, the
1% interior ponding elevation as a result of future conditions or changes.

HYDROLOGY RESULTS

The 1% annual chance peak discharges, rounded to the nearest 10 cfs, computed as part
of this interior drainage analysis for select location along the Magnolia Road Ditch, The
Slough, and the Old Smoky Hill River Channel are compared to the preliminary FEMA
FIS discharges in Table 9.

Table 9: Comparison of 1% Annual Chance Peak Discharges (cfs
AMEC Drainage

SWMM Area* Preliminary AMEC
Location Link  (sq miles) FIS PC-SWMM
Magnolia Road Ditch
At Edward Street L76 0.16 540 480
Just upstream of Railroad & L10-C 0.2 500 470
Belmont Boulevard
Just downstream of Railroad & L54 0.36 230 160
Belmont Boulevard
Just downstream of Magggé:g L193 043 NA 280
At Outlet of Interstate 135 L72 1.17 775 400
The Slough
At Cloud Street L86 0.07 325 560
At Claflin Avenue L90 0.21 580 690
At Minneapolis Avenue L99 0.31 730 870
At Wilson Street L107 0.63 1,220 1,680
At Crawford Avenue Surface W1 0.93 640
At Crawford Aven_ue L185-C 093 950 550
Stormwater Pipe
At Prescott Avenue Surface W2 0.95 380
At Prescott Aven_ue L185-C 0.95 1,090 550
Stormwater Pipe
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Table 9: Comparison of 1% Annual Chance Peak Discharges (cfs)
AMEC Drainage

SWMM Area* Preliminary AMEC
Location Link  (sg miles) FIS PC-SWMM
Old Smoky Hill River Channel
At Ohio Street | L1361 0.42 500 130
At YMCA L138 1.63 1,010 910
At Midway Avenue L142 1.78 990 840
At Walnut Street L151 2.47 750 770
At lron Avenue L155 2.6 710 1,020
At EIm Street L160 2.88 700 820
At Ohio Street & RlverS|_de L165 361 990 1,010
Drive
At Indiana Avenue L187 3.82 970 1,240
Outlet At Levee CS 685+50 | 685+50D 4.55 500 410

*Drainage area in several locations is affected by surface runoff from adjacent watersheds.

In comparing the computed peak discharges, the interior drainage analysis is significantly
different than the previous FIS. The peak discharges in the Preliminary FIS were
generated from hydrologic and hydraulic analyses using XP-SWMM Version 10.01. In
comparing the two SWMM models, this new interior drainage analysis includes greater
detail in regards to storage connectivity, stormwater routing, and surface water routing.
A comparison to the rural regression equation was not performed because they are not
applicable to urban stormwater systems such as this analysis.

Peak discharges, rounded to the nearest 10 cfs, developed as part of this interior drainage
analysis are summarized in Table 10 below.
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Table 10: Interior Drainage Analysis - Summary of Discharges

Drainage
Area**

(sqmiles) | 0.2% 1.0% 2.0% 4.0% 10.0%

Annual Chance Peak Discharge (CFS)

Magnolia Road Ditch*
At Edward Street 0.16 580 480 430 390 320
Just upstream of Railroad & Belmont Boulevard 0.2 470 470 470 350 340
Just downstream of Railroad & Belmont Boulevard 0.36 170 160 150 120 100
Just downstream of Magnolia Road 0.43 310 280 250 200 140
At Outlet of Interstate 135 1.17 380 400 400 400 370
The Slough*
At Cloud Street 0.07 740 560 220 170 130
At Claflin Avenue 0.21 970 690 310 250 190
At Minneapolis Avenue 0.31 1,440 870 760 650 400
At Wilson Street 0.63 2,260 1,680 1,450 1,040 600
At Crawford Avenue Surface 0.93 2,140 640 160 0 0
At Crawford Avenue Stormwater Pipe 0.93 600 550 520 460 400
At Prescott Avenue Surface 0.95 1,350 380 0 0 0
At Prescott Avenue Stormwater Pipe 0.95 600 550 520 460 400
Old Smoky Hill River Channel*
At Ohio Street 0.42 260 130 110 90 90
At YMCA 1.63 1,740 910 630 530 380
At Midway Avenue 1.78 1,290 840 610 540 410
At Walnut Street 2.47 900 770 750 740 660
At Iron Avenue 2.6 1,110 1,020 970 900 800
At Elm Street 2.88 900 820 790 750 690
At Ohio Street & Riverside Drive 3.61 1,110 1,010 920 860 740
At Indiana Avenue 3.82 1,660 1,240 1,090 980 810
Outlet At Levee CS 685+50 4.55 470 410 370 320 330
*Streams were studied using SWMM methods, therefore discharges may decrease going downstream.
**Drainage area in several locations is affected by surface runoff from adjacent watersheds.
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HYDRAULIC RESULTS

The City of Salina experienced significant flooding events in 2007, and areas of high-
water caused by these events were considered. Actual depths were not available for
calibration, but water surface results from the interior drainage analysis were compared to
the areas of high-water noted by the City of Salina. Conversely, areas where the city
noted an absence of high-water during the flooding event were also compared. A
summary of these comparisons is shown in Table 11.

Table 11: Comparison of Model Results with High-Water Observations

Description of Description of Model
Location Observed High-Water Results

South of Otto Street near Saturn High-water in this area Flooding in this area is predicted
Avenue confirmed by model
Broac\i/\\//\;;r;/lrxvheenige,%tl)gﬁ dn%??ele)’z High-water in this area Outside of detailed study area;
. confirmed flooding was not mapped
and the Railroad
Near the intersection of Cherokee High-water in this area Flooding predicted by model but
Drive and Comanche Drive confirmed does not meet mapping criteria
Near the intersection of Ohio | No high-water. Minor street Flooding in streets but not
Street and Republic Avenue ponding. impacting homes.
Flooding primarily in streets.
Near the intersection of Ohio | No high-water. Minor street Potentially impacts two
Street and Crawford Road ponding. buildings, but survey may
remove them from floodplain

Table 12 presents the static water surface elevations, rounded to the nearest tenth of a
foot, for the interior ponding locations adjacent to the levee system as a result of this
dependent and independent Coincident Frequency Analysis.

Table 12: Interior Ponding Elevations Adjacent To Levee

Levee Percent Exceedance Water Surface Elevation (NAVD88 Feet)
Conveyance

Structure 10.0% 4.0% 2.0% 1.0% 0.2%
0+00 1217.4 1218.2 1218.8 12194 1221.0
27+99 1223.1 1224.3 1224.9 1225.4 1226.0
44+18 1223.1 12235 1223.8 1224.3 1225.4
83+89.5 1223.4 1224 .4 1225.3 1227.2 1229.0
107+55 1227.4 1228.0 1228.4 1228.9 1229.5
130+99 1227.9 1228.4 1229.0 1229.7 1230.7
175+00 1234.9 1235.0 1235.0 1235.0 1235.1
213+00 1237.3 1237.9 1238.5 1239.2 1240.5
306+67 1227.3 1228.1 1228.6 1228.9 1229.7
343+50 1229.3 1229.5 1229.6 1229.7 1230.0
364+33.5 1226.8 1227.9 1228.1 1228.3 1228.7
376+35 1261.6 1261.7 1261.7 1261.7 1261.8
408+05 1267.1 1267.2 1267.4 1267.5 1267.7
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Table 12: Interior Ponding Elevations Adjacent To Levee

Levee Percent Exceedance Water Surface Elevation (NAVD88 Feet)
Conveyance
Structure 10.0% 4.0% 2.0% 1.0% 0.2%
435+50 1222.9 1223.0 1223.1 1223.2 1223.4
491+00 No interior ponding.
506+92 1215.5 1216.8 1217.5 1218.2 1219.9
547+60 1214.7 1215.8 1216.0 1216.1 1216.2
562+30 1212.7 1212.9 1213.4 1214.2 1216.2
574+92 1214.9 1215.0 1215.1 1215.1 1215.3
614+05 1214.3 1214.4 1214.7 1215.0 1215.3
626+40 1213.1 1213.3 1213.5 1213.7 1214.1
631+80.5 1212.3 1212.4 1212.5 1212.7 1213.0
661+37.5 1213.2 1213.4 1213.5 1213.7 1213.9
685+50 1205.5 1206.1 1206.8 1207.6 1209.1

FLOODPLAIN MAPPING & CONCLUSION

Engineering judgment was used to determine what level of detail was necessary to
adequately represent rainfall runoff and its travel path to and through the conveyance
structures in the levee system. Some areas may include more detail based on the
complexity of the system or to help the modeler better simulate existing conditions and
produce more accurate results.

It is important to note that the PC-SWMM models for Groups 1, 2, 3, and 5 were used to
analyze the interior drainage hydrology and are not meant to be used as hydraulic models.
The results of these groups show that the amount of water ponding in the interior system
is mainly a function of total volume of water draining to each outlet. While the timing of
the hydrograph and level of detail along the routing flow paths is important, the volume
and exterior stage elevations mainly control the final flooding elevation. Only water
surface elevations adjacent to the levee are meant to be mapped within Groups 1, 2, 3,
and 5.

The PC-SWMM model for Group 4 includes enough detail to accurately compute surface
flood elevations for several locations throughout the watershed. Extra detail was given to
those areas previously mapped and/or those areas in which additional conveyance was
necessary. In general, the Group 4 PC-SWMM model represents several locations within
the City of Salina in which low lying areas and streets are flooding as a result of storm
runoff exceeding the stormwater system’s maximum capacity. Figure 6 was utilized to
determine which surface flooding areas would be included on the FEMA flood maps.
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Figure 6: Determination of Mapping
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The PC-SWMM models developed as part of this interior drainage analysis have been
included in current FEMA Data Capture Standards (DCS) Hydrology and Hydraulic
format in this levee certification package. In order to best represent typical SWMM
methodology the Hydrology DCS submission only includes the subbasin runoff input and
output data while the Hydraulic DCS submission includes the routing of the runoff
hydrographs (cumulative peak discharges along the system) and the computed water
surface elevations. An exact representation of the SWMM model was included in
shapefile form in the “Supplemental Data” folder of the submission. The shapefiles
included in the “Supplemental Data” folder include the input parameters and output
results for both free flow and Joint Probability Analysis conditions.
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The ponding areas and associated base flood elevations have been included in map and
digital format with this levee certification package. A floodplain mapping submission
and digital DFIRM database can be found in this Levee certification package.

Disclaimer: This interior drainage analysis is currently in process as part of the Salina Levee
Certification Project. As the levee certification project is completed components may require
adjustment during the FEMA hydrologic and hydraulic phase of the riverine systems.
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Executive Summary

The Smoky Hill River Renewal Master Plan was adopted by the City of Salina in 2010 and
identified the community’s priorities and goals for the renewal of the original alignment of the
Smoky Hill River. HDR, Inc. (HDR) has been tasked with refining those goals and development
of the conceptual and preliminary design of the project. This technical memorandum
documents refined estimates of the restored channel water balance, including infiltration and
evapotranspiration (ET) losses, as water is diverted into and recirculated through the Smoky Hill
River Renewal Project during drought conditions.

The segment of old channel considered includes the portions landward (west) of the Smoky Hill
River levee. Total channel length evaluated is 38,820 ft, and total channel area is 34.2 acres. It
is assumed the existing sediment in the channel bottom will be excavated resulting in an
average water depth of three (3) to six (6) feet. Thirty-one (31) channel segments were
evaluated and three (3) independent parameter values were modified in a sensitivity analysis to
provide bounds on calculated channel infiltration loss estimates. Actual calculations of channel
infiltration rates were determined by using Darcy’s Law, and an empirical equation to estimate
vertical hydraulic gradient, as modified from the Green-Ampt infiltration equation for trenches,
and a siltation/biofouling correction factor. Infiltration rates calculated compare favorably to
those from a correlation of grain size and published infiltration rates for large-scale infiltration
facilities.

Soil borings near the channel were completed using hollow stem rotary augers and the samples
within the channel bottom were completed using a combination of hand augers and Geoprobe.
The soils encountered at the excavation grade reveal overall estimates of infiltration rates from
1.6 to 15.7 cfs, including infiltration losses and ET. In terms of yearlong totals, the estimated
overall losses are between 1,570 and 10,420 acre-feet, as much as 2.8 times larger than
previous estimates for the Smoky Hill River Renewal Project. Channel segments with the
largest infiltration rates and sandy or coarse-grained soils at shallow depths have been
identified—these segments are associated with Sample IDs: 1, 7, 18, 19, 20, 21, 22, 22a, 26,
27, and 30 (centered on River Stations: 1200, 5600, 6300, 11000, 12200, 13500, 14600, 15800,
and 28600).

Actively mitigating exposure of high-permeability sandy sediments during excavation is
recommended to reduce channel infiltration losses. When sandy segments are capped with
clay, the estimated total losses are estimated to range from 550 to 2,540 acre-feet. These
overall losses along the entire channel length are 65 percent and 76 percent less than losses
calculated without mitigation.
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1.0 Introduction & Purpose

The old Smoky Hill channel meanders 6.8 miles through Salina, Kansas. The original channel
alignment (old channel) through town was isolated from flow in the 1960’s by the construction of
a levee and a bypass channel on the Smoky Hill River. The old channel has no sustained base
flow and has accumulated sediment. The old channel continues to receive stormwater flows
from approximately 75 storm sewer outfalls. The City of Salina has obtained a water right to
divert a portion of the Smoky Hill base flow into the old channel (#47,510, priority date April 5,
2010). However, due to the sedimentation and various undersized culverts a restoration effort
is needed.

The Smoky Hill River Renewal Master Plan was adopted by the City of Salina in 2010 and
identified the community’s priorities and goals for the renewal of the original alignment of the
Smoky Hill River. HDR, Inc. (HDR) has been tasked with refining those goals and development
of the conceptual and preliminary design of the project. This technical memorandum
documents refined estimates of the restored channel water balance, including infiltration and
evapotranspiration (ET) losses, as water is diverted into and recirculated through the Smoky Hill
River Renewal Project during drought conditions with recreation season and off-season flows.
The supplement Water Supply Alternatives Evaluation technical memorandum discusses
several potential sources of water during drought conditions and the amount of flow available
from each potential source.

2.0 Methods

The evaluation of the Smoky Hill River restored channel water balance considered losses
caused by infiltration into the underlying channel bed, evaporation from open water and
transpiration from the vegetation (evapotranspiration). Channel bed infiltration losses were
analyzed at 31 segments of the channel, each centered on Geoprobe sampling/logging
locations (Figure 1). The total length of old channel considered includes the portions landward
(west) of the Smoky Hill River levee. Channel length and total open water area include a
proposed connection between the restored Smoky Hill channel and Lakewood Lake. This
additional connection accounts for 3,953 feet of length, and 2.17 acres of channel area. Total
channel length evaluated is 38,820 feet, and total channel area is 34.2 acres. Channel length
was measured in the ArcGIS environment (NAD83 StatePlane Kansas North FIPS 1501 [US
Feet] projection). Channel area was determined by multiplying channel length by channel top
width (assumed 40 feet everywhere, except at Lakewood Park where 21 and 28 feet were
used).

Channel bed saturated hydraulic conductivity (K) estimates are based on a review of field logs
and lab test results from soil samples obtained from sediment cores, and review of the hydraulic
profiling tool (HPT) probe logs, each of which were taken from channel and near-channel
locations. At each sampling/logging site, the sediment cores were collected within a few feet of
the HPT logs. Environmental Priority Service, Inc. (EPS) performed HPT profiling and dual tube
soil sampling via a track-mounted Geoprobe 6620DT rig (Figure 2).
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Figure 1 — Geoprobe Soil and Hydraulic Profiling Tool (HPT) Sample Locations
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Figure 2 — Geoprobe Track-Mounted Unit at the Bottom of the Channel (Sample ID 12)

The sampling/logging was completed between September 20, and October 27, 2017. Soil
samples were sent to the geotechnical lab (GSI Engineering, Inc.) for moisture and grain size
analysis. Approximate sampling locations were coordinated by HDR, with final coordinates
obtained by EPS (Figure 1). Ground surface elevations were determined via U.S. Geological
Survey 2011 LIDAR (published October 2014) at the final sample locations.

EPS rented a crane to facilitate access to several locations that were advanced through the
channel bottom sediments. Eleven locations (Sample IDs: 5, 6, 10, 18, 19, 20, 21, 22, 23, 24,
and 25) were moved to the banks immediately adjacent to the channel due to conflicts with
overhead power lines, thick tree canopy, steep side slopes, and in some cases deep ponded
water. The borings at the top of bank were useful to evaluate the alluvial sediments that would
remain after construction near the channel banks. Sample ID 22 was not sampled for laboratory
analysis, but the HPT probe log was collected. Soil texture was approximated at this location
based on comparison of the HPT profile with the HPT profile and soil logs from other sample
locations. Two other cores/logs were collected at Lakewood Park (Sample IDs 1 and 22a), with
coring and logging beginning at land surface.
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As a worst case with respect to channel infiltration losses, it was assumed that the restored
channel bed will require five (5) ft of sediment excavation along its full length in order to reach
the design channel elevation. However, no excavation of sediment for the creation of channels
in Lakewood Park is planned (affecting Sample IDs 1 and 22a). In this study, a deeper
excavation depth is assumed than previously evaluated (cf., Smoky Hill River Renewal Master
Plan Engineering Issues Report, WWE [2010]), in which case the K of shallow sediments (two-
foot depth) were tested from only five locations along the channel. While the previous tests
revealed fat clay and sediments with very low K values (ranging from 1E-05 to 7.7E-4 ft/d), that
evaluation by KAW Valley Engineering, Inc. did not adequately quantify the depth to which
excavation can safely be performed before any underlying high-permeability sediments are
penetrated.

For this study the depth to higher permeability sediments was determined by evaluating the soil
texture identified on soil logs, grain size distribution data (from lab testing), and HPT profiles
(electrical conductivity [EC], injection pressure, and injection flow rate). The findings are
presented herein as depth to the “first high-permeability soil layer” and have a considerable
influence or impact on the computed water loss/infiltration rates if occurring near the excavation
grade. Injection flow rate recorded during advance of the HPT tool is generally high in
unsaturated soils, and because of injection at pressure, is generally not comparable to
infiltration rates computed herein.

For reasons stated above, sediments sampled within the upper five feet of the channel were not
considered in infiltration calculations since these sediments would be removed during
construction. Soil texture recorded on soil logs by EPS from depths greater than five feet were
assigned a USDA texture classification and expected K value based on typical values found in
the soil hydrology literature (Rawls, 1982, Table 2). Soil texture classes for Sample ID 1 and
22a were also compared to, and generally correspond with those recorded by, KAW Valley
Engineering, Inc. (2017). These K values form the basis for initial estimates of computed
infiltration rates. Saturated hydraulic conductivity values reported by Rawls (1982) range from
0.047 ft/d for clay, to 16.54 ft/d for sand. Hydraulic conductivity was also estimated using the
Hazen equation based on the Dy, size of sediments from grain size analysis. Hazen-derived K
values from sediments collected nearest the assumed excavation grade (seven samples) were
compared to those obtained from the soil hydrology literature (Rawls, 1982), for verification
purposes. In addition, it was noted that the K for clay obtained by KAW Valley Engineering,
Inc., is of the same order of magnitude as that published in the hydrogeology literature (e.g.,
Freeze and Cherry, 1979).

Where “No Recovery” was noted on EPS soil logs, soils were classified as silt loam. This is in
accordance with discussions between HDR and EPS of the most likely soil type. At 17 of the 31
Geoprobe boring locations, intervals listed as “No Recovery” were found at depths directly
below the assumed excavation grade. It is noted that silt loam has a hydraulic conductivity of
more than 10 times that of clay used as initial estimates in this study (0.535 ft/d vs. 0.047 ft/d).

If depth from the excavation grade to the first low-permeability soil layer was greater than two
feet, or if the thickness of the first low-permeability soil layer was less than one foot, then the
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more coarse soil layer below excavation grade was used in assigning hydraulic conductivity.
This likely resulted in the estimated K values that are higher than the actual effective values
associated with a layered soil system. This is because of the controlling nature of low-
permeability soil on the overall effective hydraulic conductivity. Even relatively thin low K soil
layers have the potential to create localized perched water-table conditions, which would reduce
the overall hydraulic gradient, and thereby limit infiltration.

The above described approach or methodology would seemingly calculate higher infiltration
losses than would otherwise be anticipated during operation of the water recirculation plan.
However, it is important to note the effects on infiltration losses caused by this conservatively
estimated vertical K could be offset by the potential for lateral seepage of water along interfaces
of layered soils beneath and away from the channel, which would not be accounted for by one-
dimensional vertical profiling. In other words, the results may be overly conservative from a
one-dimensional point of view, but potentially less conservative from a two- or three-dimensional
point of view. The basis for considering this is that the sedimentary structures and strata
deposited by meandering streams is spatially complex and the Geoprobe samples/logs indicate
the potential for some low K soil layers to be disconnected across the long distances between
sample locations (average is ~1,200 feet). Still, the overall approach is considered conservative
(potentially high) for estimating water infiltration losses.

Actual calculations of channel infiltration rates were determined by using Darcy’s Law, and an
empirical equation to estimate vertical hydraulic gradient, as modified from the Green-Ampt
infiltration equation for trenches, and a siltation/biofouling correction factor, all of which are
described by Massmann (2003). Massmann (2003) provides the following equations used in
estimating infiltration losses, beginning with Darcy’s Law, written as follows:

Equation 1
f = 0.5Ki

where f is specific discharge or infiltration rate (uncorrected) of water through a unit cross-
section of channel bed in in/hr, K is saturated hydraulic conductivity in ft/d, i is hydraulic gradient
in ft/ft, and the factor of 0.5 converts from units of ft/d to in/hr.

Based on results of computer simulations for infiltration trenches (Massmann, 2003), the
effective gradient under long-term steady-state conditions can be approximated with the
following expression:

Equation 2

Dyw¢+ Dchannel
78(K095)

IR

i

where D, is the depth from the base of the channel to groundwater in feet, and D¢hannel IS the
depth of water in the channel in feet. Depth to groundwater is typically below the channel
bottom for most of its length (WWE, 2010), and during a summer drought, depth to groundwater
is anticipated to be even deeper. For this evaluation, depth to groundwater used in calculations
had an average of 15.1 feet, and ranged from a low of 1.0 foot to a high of 24.0 feet along the
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channel length. The D, was evaluated using groundwater elevations (in observation wells)
recorded in 1957 and 2010 water supply investigations (Wilson and Company, 1957; HDR,
2010), and from Lakewood Lake monitoring wells (KAW Valley Engineering, 2017). Channel
bottom elevations were determined using drawings of the channel invert of the existing channel
in the 2010 Master Plan (WWE, 2010), from which the assumed excavation depth of 5 feet was
subtracted. The D,; becomes shallower in the downstream direction. Depth to groundwater
decreases from an estimated 24.0 feet, to an estimated 1.0 foot, and this leads to the vertical
hydraulic gradient decreasing by about 85 percent along the channel, based on Equation 2.

Siltation, biofouling, and hydrocompaction of channel bottom sediments can occur over time
reducing the infiltration rates. The correction factor for siltation and biofouling (assumed to
include any hydrocompaction effects) is multiplied by the infiltration rate given by Equation 1,
yielding the following expression:

Equation 3

feorr = (CFsilt/bio)f

where f.o is the corrected infiltration rate in in/hr, and CFquio IS the correction factor for siltation
and biofouling. Table 6 of Massmann (2003) provides a rubric for estimating CFgjypio- TO
account for variability in the correction factor, two different values were used for evaluation
scenarios. For Scenario A, a value of 0.8 was used, and for Scenario B, a value of 0.75 was
used. Siltation and biofouling are expected because there is not sufficient pre-treatment of the
storm water and because the channel is located beneath trees and other vegetation. A higher
value is used for Scenario A to capture a deeper depth of water in the channel, which inherently
would have a smaller impact of siltation and biofouling of the bottom sediment, as well as
produce higher potential for lateral infiltration into the channel sides/banks.

Infiltration rates calculated using Equations 1-3 were compared against measured long-term
infiltration rates for full-scale facilities that was correlated to grain size distribution data (ASTM
D422) which was presented by WDOE (2001), for verification purposes and as the basis for
addressing a range of possible infiltration rates. Based on the correlation by WDOE (2001), a
regression equation was developed (power function) to estimate infiltration rates from grain size
data collected in this study. Table 1 lists the published values of the Dy, grain size of sediments
(10 percent of sediments finer) and the related measured long-term infiltration rates (after
WDOE, 2001). The regression equation obtained takes on the following form, f =
24.831(D10)1'1374, where Dy is in mm, and fis in in/hr. WDOE (2001) states that rates shown in
Table 1 are for homogeneous soil conditions, and that if more than one soil unit is encountered
within six feet of the base of the facility (or 2.5 times the proposed maximum water design
depth), use the lowest infiltration rate determined from each of the soil units as the
representative infiltration rate. It should be noted that the soils forming the basis of the
correlation would be classified as sands or sandy gravels, and no data was available for finer
soils (WDOE, 2001).
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Table 1 — Infiltration Rates Based on ASTM D422 Grain Size Analyses (from Table 3.8 in Vol. Ill, WDOE, 2001)

D10 Size from ASTM D422 Soil Estimated Long-Term
Gradation Test, mm Infiltration Rate, in/hr

>0.4 9
0.3 6.5
0.2 8.5
0.1 2.0
0.05 0.8

3.0 Scenarios Evaluated

The old Smoky Hill restored channel water balance, including flow rates and associated
infiltration and ET losses, was evaluated under two flow conditions. It is anticipated the project
will utilize a seasonal flow variation, with higher flows during the warmer months. The seasonal
flow variation and timing will be developed as part of the Section 1135 Smoky Hill River Aquatic
Ecosystem Restoration Feasibility Study (1135 Study) being performed by the USACE, Kansas
City District. The results of the 1135 Study are not yet available and for this analysis it is
assumed —Scenario A: Recreation season flow—has a flow rate of 80 cfs, and the second —
Scenario B: Off-season flow—has a flow rate which may be as low as 10 cfs. Ten (10) cfs is
considered the lowest range of normal operation. These form the basis of conservative (high)
estimates of seasonal losses (in cfs) and yearlong losses (in acre-feet per year), as the
combined flows over the course of year result in flows nearly equaling the existing water right for
diversions.

Calculations of yearlong infiltration losses assume a 5-month recreation season (May—Sept.)
with the higher 80 cfs flow, and a seven-month off-season (Oct.—Apr.) with flow of 10 cfs. To
represent drought conditions, ET losses assume a rate 25 percent larger than the monthly
average evaporation for months where data exists (Apr.—Oct.), and a rate 75 percent less during
winter months (Nov.—Mar.). These factors were chosen to account for the typically hotter than
normal temperatures and lower than normal dew points common for drought conditions. No
rainfall is included in the channel water balance to represent a conservative drought condition.
Hydrologic characteristics assumed for these two scenarios are listed in Table 2. The channel
bottom profile will be developed through the 1135 Study and for the purpose of this analysis; it is
assumed the average water depths were 5.9 feet and 2.6 feet for Scenarios A and B,
respectively.
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Table 2 — Hydrologic Characteristics of Channel Water Balance Scenarios

Average Total
Water Depth to Mean ET Channel

Depth Water Table Rate Area

Channel Channel

Scenario Flow Rate Top Width

(ft) (acres)
Scenario A: 10240
Recreation Season 80 40 5.9 (1'5.1 a\)g) 0.39 34.2
Flow
Scenario B: 1.0-24.0
10 40 2.6 ; ’ 0.10 34.2
Off-Season Flow (15.1 avg)

Apart from the flow conditions assessed, the seasonal and yearlong losses caused by infiltration
were also evaluated for conditions with and without mitigating exposure of high-permeability
(sandy) soils while excavating channel sediments during construction. Therefore, losses
caused by infiltration were evaluated for soils encountered during sampling/logging, and a
separate case that assumes replacement of exposed sandy soils by compacted clay.

4.0 Range of Parameters Evaluated

To address the potential uncertainty of parameter values, three parameters in Equations 1-3
were varied from initial estimates at each channel segment to achieve lower and upper bounds
of infiltration rates and overall water losses. These three parameters are K, D, and CFgjybio, all
of which were varied from initial estimates in combination. While varying the parameters
individually was considered, evaluating the combined influence of parameter uncertainty leads
to the greatest range. Evapotranspiration losses are generally small compared to infiltration
rates, and thus held fixed at initially determined values in calculations of overall channel losses.

For calculations for the case when exposure of high-permeability (sandy) soils during channel
construction is not mitigated, the following adjustments were made to initial parameter values:
(1) the hydraulic conductivity (K) of channel bed sediments were varied by £100 percent; (2)
depth to groundwater (D) was varied by 2 feet, with a minimum value set at 1.0 feet; and (3)
CFsivnio Was varied by £0.2. The sensitivity of infiltration losses to these parameter changes
from largest to smallest is as follows: K, CFgjyhio, and then D,,. The lower bound of the value of
K for clay was assigned a value of 7.7E-4 ft/d—based on the largest lab measurement from
channel bed clays by KAW Valley Engineering, Inc. (WWE, 2010). Therefore, clay K values
were evaluated between a range from 7.7E-4 and 0.094 ft/d (initial estimate equals 0.047 ft/d).
The magnitude of the ranges assessed is somewhat arbitrary but based on professional
judgment meant to reflect expected possible variations in channel infiltration losses. Despite
this, there is no guarantee expressed that parameter ranges evaluated will fully encapsulate
actual realized infiltration rates and channel losses. For conditions in which exposure of sandy
soils while excavating during channel construction is mitigated, by placement of compacted
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clay, the same ranges were applied to parameter values as described above, with one key
exception: (1) for the sandy channel segments (7 classified as sand, loamy sand or sandy
loam), K was assigned that of clay. The range of parameters evaluated and their initial
estimates, expressed as average among channel segments, are displayed in Table 3.

Table 3 — Average Channel Segment Values of Initial, Lower and Upper Bounds of Parameter Values

Scenarios A & B Scenarios A & B Scenario A Scenario B
Saturated Saturated . Siltation Siltation
: ; Scenarios A & B
Hydraulic Hydraulic and and
L L Depth to . . . .
Parameter Set Conductivity Conductivity Groundwater Biofouling Biofouling
With Exposed Without Exposed D ‘ Correction Correction
Sands, Sands, it Factor, Factor,
K K CFsiltiio CFsiltio
(ft/d) (ft/d) (ft) ) )
Lower Bounds 0.85 0.17 13.2 0.6 0.55
Initial Estimates 1.71 0.35 15.1 0.8 0.75
Upper Bounds 3.42 0.70 17.1 1.0 0.95

5.0 Results

Hydraulic conductivity estimates using the Hazen equation (based on the Dy, from grain size
analyses) range from 0.005 to 60.1 ft/d (seven samples). These values have a slightly larger
range than the initial K values assigned based on soil texture from Geoprobe cores and
associated literature values—the latter ranging from 0.047 ft/d for clay, to 16.5 ft/d for sand.
Excluding the highest value of 60.1 ft/d, the highest K is 11.6 ft/d, similar to that of a loamy sand
or sand. The value of 60.1 ft/d is from sediments 2—4 feet below excavation grade at Sample ID
28 where fine to coarse sand was sampled and EC values are lower than 20 mS/m. Sediments
directly above this have EC values of ~25-40 mS/m. Chen et al. (2008), using Geoprobe EC
logs and falling head permeameter tests on sediments sampled along the Platte River, central
Nebraska, concluded that EC values for sand and gravel are around 2-30 mS/m, often greater
than 80 mS/m for silt and clay, and generally 40-60 mS/m for silt and fine sand. The lowest
value obtained with this method (0.005 ft/d) is for a soil layer from Sample ID 14 classified as
sandy clay with a 0.63 fraction of fines (silt and clay), collected from 3.6-5 feet below excavation
grade. The EC values for this interval are about 40—60 mS/m. These results generally
corroborate the assignment methodology and K values used in calculations of infiltration rates.
See the Appendix to this technical memorandum for HPT profiles (EC, injection pressure, and
injection flow rate) from all 31 Geoprobe sample locations. In general, sandy layers have lower
EC and pressure values, and silt and clay layers have higher EC and pressure values.
Therefore, the EC and pressure curves in the Appendix provide a quick visual estimate of the
relative hydraulic conductivity of the sediments encountered.
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The vertical hydraulic gradient calculated using Equation (2) varies from 0.085 to 0.51 ft/ft for
Scenario A and from 0.044 to 0.45 ft/ft for Scenario B among individual channel segments,
considering the range of K and D, described above in Section 4.0.

From Equation (3), using initial estimates of parameter values with K based on the sediments
encountered directly beneath the excavation grade, the calculated corrected infiltration rates
range from 0.003 to 2.20 in/hr for Scenario A and from 0.002 to 1.84 in/hr for Scenario B
(assuming no mitigation for exposed sands). Considering the range of K, D, and CFs;ybio
described in Section 4.0, infiltration rates range from 0 to 5.68 in/hr for Scenario A and from 0 to
4.84 in/hr for Scenario B, among individual channel segments, without mitigation for exposed
sands (Tables 4 and 5).

Long-term infiltration rates for full-scale infiltration facilities correlated to grain size analysis data
(ASTM D422) presented by WDOE (2001), were compared to grain size analyses of sediments
collected in this study nearest the assumed excavation grade. Table 6 lists the calculated long-
term infiltration rates based on the regression of the D, size to the published long-term
infiltration rates. Rates from this calculation (shown in Table 6) range from 0.01 to 2.77 in/hr,
which are fully encapsulated by the range calculated for Scenarios A and B, when the
parameter uncertainty range is considered.

Table 4 — Scenario A: Recreation Season Flow (80 cfs) Channel Infiltration Rates

Median
Parameter Set

(in/hr) (in/hr)
Lower Bounds 0.000 0.80 0.06 0.03 2.1
Initial Estimates 0.003 2.20 0.17 0.07 5.9
Upper Bounds 0.009 5.68 0.46 0.18 15.7

Parameter Set

#Assumes a total channel area of 34.2 acres

(in/hr)

(in/hr)

Table 5 — Scenario B: Off-Season Flow (10 cfs) Channel Infiltration Rates

Lower Bounds 0.000 0.65 0.05 0.02 1.6
Initial Estimates 0.002 1.84 0.14 0.06 4.7
Upper Bounds 0.005 4.84 0.37 0.15 12.8

#Assumes a total channel area of 34.2 acres

11
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Table 6 — Infiltration Rates Estimated Based on ASTM D422 Grain Size Analysis from This Study

Sample Interval Depth Below Dio Size from ASTM D422 Estimated Long-Term
Existing Channel, Soil Gradation Test, Infiltration Rate,

ft mm in/hr
S 8-10 0.0596 1.00
7 5-9.6 0.0127 0.17
13 11-12.6 0.064 1.09
14 8.6-10 0.0013 0.01
27 3.7-7.4 0.0346 0.54
28 7-9 0.1456 2.77
1 3.6-4.6 0.029 0.44

During times with recreation season flow (Scenario A), infiltration causes an overall channel
water loss of between 2.1 and 15.7 cfs. Initial estimates of parameter values cause overall
channel infiltration losses at a rate of 5.9 cfs for Scenario A (Table 4). During times with off-
season flow (Scenario B), infiltration causes an overall channel water loss of between 1.6 and
12.8 cfs, with initial estimates of parameter values leading to overall channel infiltration losses at
arate of 4.7 cfs (Table 5). When losses to infiltration in sandy segments are mitigated by
replacement by clay, the calculated infiltration losses are drastically reduced. Infiltration losses
calculated under these conditions range from 0.5 to 3.5 cfs for Scenario A and from 0.3 and 2.9
cfs for Scenario B.

Calculated ET rates for the channel during summer drought conditions and the rest of year, as
well as the total water lost to ET over a year, are presented in Table 7. Evapotranspiration
rates from Apr. through Oct. amount to a total channel loss of 0.32 cfs (230 acre-ft); while ET
rates from Nov. through Mar. cause a total channel loss of 0.06 cfs (40 acre-ft). Along the entire
length of channel, yearlong losses due to ET equal 270 acre-ft. This rate does not vary
between the scenarios evaluated since the total channel area has assumed to remain equal.

The total water losses, including infiltration and ET, are listed in Table 8. Yearlong losses due
to infiltration are the sum of Scenario A and Scenario B losses, equaling 1,300-10,150 acre-ft
along the full length of the channel. Combining these yearlong losses (from infiltration and ET)
yields a total loss of 1,570-10,420 acre-ft per year. These values decrease when infiltration
losses are mitigated by replacing expose sands with clay. Total yearlong losses due to
infiltration in this case are 280-2,270 acre-ft, and those due to infiltration and ET are 550-2,540
acre-ft.

12
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Table 7 — Drought Condition and Yearlong Evapotranspiration Rates

25%
Highest Apr.—Oct. Increase— Nov —Mar
Monthly Mean ET Apr.—Oct. Mean .ET Reite Annual Rate® | Annual Total®
ET? Rate Mean ET
Rate
(in/d) (in/d) (in/d) (in/d) (cfs) (acre-ft)
0.37 0.31 0.39 0.10 0.373 270

®Highest ET is for the month of July from Kanapolis Dam pan evaporation data (1949-1978); Source:
Farnsworth and Thompson (1982)

Assumes a total channel area of 34.2 acres; rounding is done once after summing Apr.—Oct. and Nov.—Mar.
ET losses

Table 8 — Total Water Losses (Infiltration and Evapotranspiration)

Scenario A: Scenario B:

5-Month Volume 7-Month Volume Annual Volume Yecei(r)lrgr?m'l?gtal
Parameter Lost to Lost to Lost to ET Volumg Lost
Set Infiltration Infiltration
(acre-ft) (acre-ft) (acre-ft)
B"OOJ";]%; 630 670 270 1,570
Esltri]m:tl o 1,790 1,990 270 4,050
B%Fimrs 4,740 5,410 270 10,420
B';?J"r‘:grsa 140 140 270 550
Es:?rlnt :;les 400 440 270 1,110
Bgﬁﬁg;a 1,060 1,210 270 2540

#Assumes all seven sandy channel segments have exposed sands replaced by clay

Figure 3 illustrates the estimates of hydraulic conductivity and volumetric loss of water to
infiltration into the channel bed for each segment along the length of the channel under
conditions in which sands are exposed during excavation. Additionally, Figure 3 also provides
ancillary information, including whether the Geoprobe sampling/logging was performed in the
channel bottom or on the adjacent banks, the length and area of the channel segments
evaluated, and the river stations most closely located to the Geoprobe sample locations. From
Figure 3 it can be concluded that the majority of channel segments have infiltration losses of
less than 0.04 cfs for the low parameter estimates (see “Lower Bound” in Table 3), and that the
majority of segments have infiltration losses of less than 0.3 cfs for the high parameter
estimates (see “Upper Bound” in Table 3). Segments with larger infiltration rates include those
associated with Sample IDs: 7 (River Station 28600), 18-20 (River Stations 13500-15800), 22
(River Station 11000), and 26-27 (River Stations 5600—-6300). Of these sandy river segments
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with larger infiltration rates, Sample IDs 18—-20 and 22 were located on top of the channel
banks. HPT profiles and soil samples generally reveal coarser-grained sediments from sample
sites located on the banks, with the exception of Sample IDs 5, 6, and 10.

Yearlong infiltration losses have been mapped (Figure 4) along each channel segment to
display the relative contributions of each segment to the overall infiltration loss. Infiltration rates
shown on Figure 4 represent those from use of initial parameter estimates and assume no
mitigation of exposed sands.

Table 9 displays the approximate depths to, and elevation of the top of, the first high-
permeability soil layer. This was based on interpretation of HPT profiles, soil logs and lab test
results of grain size distribution and soil type. Those with depths less than ~6 feet (excluding
Lakewood Park) include Sample IDs: 7, 18, 20, 21, 27, and 30. Lakewood Park Geoprobe
samples (1, and 22a) also revealed a shallow depth to high-permeability sediments.

6.0 Discussion and Recommendations

The approach and results presented in this study provide improved estimates of infiltration and
ET losses during the recreation season and off-season along 31 channel segments, and the
combined total losses over a given year along the entire restored Smoky Hill River channel.
Overall infiltration rates previously reported are less than 2 cfs (WWE, 2010). The amount of
excavation within the channel bottom will be developed during the 1135 Study. It is assumed an
average of 5 feet of excavation will be considered during the 1135 Study which will result in
average water depths between 2.6 feet and 5.9 feet. The soils analyzed at that depth within this
study and reveal overall infiltration rates that could equal 1.6 to 15.7 cfs. In terms of yearlong
totals, WWE (2010) reported channel losses of 1,544 to 3,716 acre-feet, whereas total losses
calculated in this study are between 1,570 and 10,420 acre-feet, as much as 2.8 times larger,
when the deeper soils are evaluated and assuming no active reduction in the exposure of high-
permeability sandy sediments occurring at excavation grade.

The types and thickness of channel and near-channel sediments control the channel bed
hydraulic conductivity. Therefore, the infiltration is affected by factors such as stream
morphology, the erosion and deposition process, transport and settling of fine materials, as well
as sedimentary structure and grain-size distribution (Wang et al., 2016). The evaluation
performed in this study reveals the distinctly different silt-clay layers and sandy layers from the
HPT profiles at the 31 sampled locations. While this is a large improvement on spatial
coverage, this study may not fully quantify the variations among the entire channel. The exact
location of the sand seems both in depth and horizontally as well as the thickness will vary
greatly in alluvial deposits which poses multiple challenges in both quantifying the losses and for
the design of mitigation strategies. Some sand seems maybe interconnected allowing large
volumes to be infiltrated where as some may be isolated allowing only a finite amount of
infiltration, which further complicates the analysis.
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For conditions in which the exposure of sandy high-permeability sediments are not monitored
and mitigated during channel construction, several assumptions were made that are thought to
assess worst-case conditions for estimating channel water losses, thereby making the estimates
conservative (high). Here is a summary of the assumptions having the largest impact on the
resulting channel water losses (infiltration and ET rates):

15
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Channel Area (acres) 0.888 | 0.925 | 1.357 | 1.235 | 1.152 | 1.132 | 0.938 | 0.954 | 0.971 | 1.253 | 1184 | 0.974 | 1114 | 1.080 | 1.144 | 1.216 | 1.088 | 1.083 | 1101 | 1.113 | 1.054 | 1.082 | 1.140 | 1.090 | 0.857 | 1.192 | 1.463 | 1.150 | 1.089 | 1.108 | 1.085
River Station 34800 | 34100 | 32800 | 31100 | 30200 | 28600 | 27700 | 25500 | 25600 | 24400 | 22800 | 21800 | 20700 | 19400 | 18400 | 16800 | 15800 | 14600 | 13500 | 12200 | 11000 | 5900 | 8700 | 7400 | 6300 | 5600 | 3700 | 2400 | 1200
Sample ID 2 3 d 5 (] T 8 a2 10 11 12 13 14 15 16 17 18 19 pri ral e 23 24 25 6 7 28 28 30 1 22a
Notes:
Ch = sampling/logging in channel bottom

Bk = sampling/logging on the top of channel bank

LW = sampling/logging in Lakewood Park

Figure 3 — Range of Hydraulic Conductivity and Volumetric Infiltration Rates (Logarithmic Scale) by Channel Segment for the Case with No Mitigation of Sands
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Table 9 — Depth to First High-Permeability Soil Layer by Channel Segment

Sample

ID

River

Station

Depth to First
High-Permeability
Soil Layer

(f1)

Elevation of First
High-Permeability
Soil Layer
(ft NAVDB88)

FR

2 34900 8.0 1208.8 Levee to mid-way point with 3
3 34100 8.0 1207.8
4 32800 9.2 1208.5
5 31100 12.3 1200.7 Boring on top of bank; excavation estimated 6.5 ft depth below start of HPT
6 30200 >15.1 1200.0 Boring on top of bank; excavation estimated 6.5 ft depth below start of HPT
7 28600 5.9 1206.1
8 27700 8.6 1203.4
9 26600 14.6 1197.9
10 25600 6.1 1205.4 Boring on top of bank; excavation estimated 6.5 ft depth below start of HPT
11 24400 9.4 1202.2
12 22900 12.4 1200.3
13 21800 6.1 1203.6
14 20700 12.1 1196.8
15 19400 10.4 1197.6
16 18400 15.2 1202.2
17 16900 6.8 1200.5
18 15800 2.0 1204.7 Boring on top of bank; excavation estimated 7 ft depth below start of HPT
19 14600 7.3 1199.8 Boring on top of bank; excavation estimated 5.5 ft depth below start of HPT
20 13500 0.0 1205.4 Boring on top of bank; excavation estimated 6 ft depth below start of HPT
21 12200 4.1 1205.8 Boring on top of bank; excavation estimated 8 ft depth below start of HPT
22 11000 7.7 1195.2 Boring on top of bank; excavation estimated 6.5 ft depth below start of HPT
23 9900 9.2 1199.5 Boring on top of bank; excavation estimated 6.5 ft depth below start of HPT
24 8700 9.7 1194.7 Boring on top of bank; excavation estimated 6.5 ft depth below start of HPT
25 7400 11.0 1198.4 Boring on top of bank; excavation estimated 6.5 ft depth below start of HPT
26 6300 5.8 1194.5
27 5600 3.5 1197.5
28 3700 6.0 1192.0
29 2400 11.8 1186.4
30 1200 3.3 1196.7
1 3.1 1197.2 Lakewood Park
22a 1.9 1196.2 Lakewood Park
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- Use of literature values for saturated hydraulic conductivity based on soil texture (initial
estimate and upper bound for clay is about 100 times greater than values reported by
WWE (2010) and by Freeze and Cherry (1979)

- Excavation to create a 5-foot depth of water (except at Lakewood Park)

- Soil texture of layers found directly beneath the excavation grade were used in
computations (excludes the potential for infiltration reduction caused by extensive low-
permeability layers at deeper depths)

- Silt loam assumed for sample intervals with no sample recovery (17 of 31 samples)

- Channel top width of 40 feet everywhere (except at Lakewood Park) for both scenarios

- No concrete/impermeable channel bed along any length of channel

- 2.17 acres of channel will be constructed connecting the channel with Lakewood Lake

- Evapotranspiration occurs at rate 25 percent larger than mean, and there is no rainfall

It is important to point out that the majority of losses are due to infiltration when sandy high-
permeability sediments are not sealed during channel construction (ET is about 3—17 percent of
infiltration losses in this case), and that the majority of infiltration losses are focused at these
channel segments. In fact, 78 percent of infiltration losses with recreation season flows
(Scenario A) occur from just seven of the 31 segments evaluated (23 percent). If these seven
segments were designed to have sandy materials replaced by clay (K = 0.0008—0.05 ft/d), the
total infiltration losses calculated would be 0.5 to 3.5 cfs for Scenario A, and 0.3 to 2.9 cfs for
Scenario B. When combined with ET losses, yearlong losses would range from 550 to 2,540
acre-feet. These overall losses along the entire channel length are 65 percent and 76 percent
less than those calculated without mitigation efforts.

During the seven-month long off-season, keeping the channel wet, or maintaining pools,
requires about as much water as lost to infiltration and ET. This could require approximately 5.0
cfs without mitigating for sandy reaches. Considering the uncertainty range of parameter values
used in calculations, however, that estimate may vary from approximately 2.0 to 13.2 cfs. When
sandy segments have sands replaced by clay, these losses in the off-season decrease,
resulting in estimated flows required to maintain pools equal to approximately 0.7-3.3 cfs.

Areas of concern that are relatively sandy or have coarse-grained sediment at shallow depths,
include channel segments associated with Sample IDs: 1, 7, 18, 19, 20, 21, 22, 22a, 26, 27, and
30 (centered on River Stations: 1200, 5600, 6300, 11000, 12200, 13500, 14600, 15800, and
28600).

In order to mitigate or reduce excessive infiltration losses, it is recommended that a
geotechnical engineer be on site periodically during construction to evaluate exposed
sediments. Sufficient low-permeability sediment (ideally >50 percent fines) should be kept in
place where present and when possible. If relatively high-permeability sediments (e.g., sandy
soils with less than 20 percent fines) are exposed as construction proceeds, it is recommended
that those areas be improved by over-excavating and replacing with one foot of compacted clay.
The compacted clayey soils may be segregated from surficial sediments excavated elsewhere
along the channel.
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It should be expected that higher infiltrations rates would exist when the channel is initially
excavated and placed into service. Over time, the infiltration rate will decrease from the
reduction of the hydraulic gradient as moisture content of the soil increases and from the natural
process of fine-grained suspended solids moving through the system and being pulled into
infiltration areas. Similar processes might be needed following maintenance excavation. The
water level will be lowered to support the maintenance activities but some ponded water may
remain in the channel. The excavation operator may not be able to fully observe the surficial
soils and may inadvertently expose sand seems. If it is believed a sand seem is exposed, local
clayey soils or bentonite can be used to aid in sealing the channel bottom.
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Appendix

Geoprobe Hydraulic Profiling Tool (HPT) Profiles for Sampling/Logging in Channel Bottom
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Geoprobe Hydraulic Profiling Tool (HPT) Profiles for Sampling/Logging on Top of Bank
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Geoprobe Hydraulic Profiling Tool (HPT) Profiles for Sampling/Logging on Top of Bank (Continued)
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Geoprobe Hydraulic Profiling Tool (HPT) Profiles for Sampling/Logging on Top of Bank (Continued)
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Geoprobe Hydraulic Profiling Tool (HPT) Profiles for Sampling/Logging in Lakewood Park
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Executive Summary

The Smoky Hill River Renewal Project’s (Project) primary source of water will be from the
Smoky Hill River main channel. This channel has a large drainage area and will be able to
supply adequate water (10 cubic feet per second) to more than offset infiltration and evaporation
89.5 percent of the time during the recreation season and 86.4 percent of the time during the off
season.

A supplemental source of water is required to improve the reliability of maintaining water within
the old river channel during drought conditions. Drought operations would not meet the full
project flows, but rather be focused on maintaining a full channel. Restored Channel Water
Balance Technical Memo dated March 30, 2018 estimated annual water lost through infiltration
and evaporation as 550 acre-feet (ac-ft) to 10,420 ac-ft. For the purpose of this memo an
annual water loss of 2,540 ac-ft, which is approximately 3.8 cubic feet per second (cfs), is
assumed based on evaporation and mitigating sand layers at the bottom of the excavated
channel. To improve the water supply to 99.0 percent reliability would require 219 ac-ft (3.8 cfs
x 29 days). 99.9 percent reliability requires 407 ac-ft (3.8 cfs x 54 days) and the historic drought
of record requires 3,995 ac-ft (3.8 cfs x 530 days).

This study evaluated four potential supplemental sources of water during drought operations; 1)
water pumped from Lakewood Park Lake, 2) potential to supply golf courses with wastewater
treatment plant effluent and divert existing golf course rights to the Project, 3) additional storage
in Lakewood Park Lake due to raised surface water levels, and 4) purchased storage in Lake
Kanopolis.

Purchasing storage in Lake Kanopolis through the Lower Smoky Hill Access District had the
highest reliability and lowest life cycle cost of the options evaluated and is the recommended
supplemental water supply source. Cost per 100 ac-ft of 2060 storage (discount from present
day storage by reservoir siltation) is estimated at $53,135 initial costs, plus $4,650 annually for
the first 20 years, and $600 annually for an additional 20 years. One full year of supply (2,540
ac-ft) equates to $1,350,000 in initial costs and a life cycle cost of $2,821,912.
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1.0 Introduction & Purpose

The City of Salina, Kansas (City) plans to renew the old Smoky Hill River channel that
meanders through the City. The channel would be turned into an amenity for the City that would
allow non-motorized water traffic along the full reach of the channel and into Lakewood Park
Lake. The Smoky Hill River Renewal Project’s (Project) primary source of water will be from the
Smoky Hill River main channel, however there will be times that the Project’s surface water right
will limit the amount of water available for the Project. A supplemental source of water is
required to ensure adequate depth and flow of water within the old river channel.

While a water recirculation system could prevent stagnation of water in the channel, make-up
water will be required to offset that lost by evaporation and by infiltration into the underlying
alluvial formation. The infiltration and evaporation losses are estimated at 550 acre-feet (ac-ft) to
10,420 ac-ft annually. The large range is due to the presence of sand seams within the channel
excavation area which is documented in the Restored Channel Water Balance Technical Memo
dated March 30, 2018. At the current stage of preliminary design, infiltration and evaporation
losses are estimated at 0.8 to 3.8 cubic feet per second (cfs) during the recreational season
(May — September), and at 0.4 to 3.0 cfs during the off season (October — April). These
preliminary design infiltration rates assume that higher conductivity sand layers will be sealed off
and result in estimated infiltration and evaporation losses of 550 ac-ft to 2,540 ac-ft annually.

For the purposes of this technical memorandum, it is assumed that the desired flow through the
system is 80 cfs during the recreational season and 10 cfs during the off season. It is assumed
the flow through the restored channel is allowed to diminish to zero during the cold winter
months of December, January and February if there are not adequate flows within Smoky Hill
River to meet appropriation rights. The flow during the recreation season, however is intended
to remain mostly uninterrupted, but might be less than the 80 cfs desired. Short interruptions in
the flow during night time hours and during low use times might be feasible within the recreation
season.

Several water sources to provide the desired flow to the Project were considered in this study.
The primary source of water for the Project is from the Smoky Hill River under Water
Appropriation #47,510. This water right can only be used when flow in the River at the
upstream Mentor gaging station is above 40 cfs. During drought conditions the Smoky Hill River
flows may drop below the 40 cfs trigger level and prevent use of Water Appropriation #47,510
for water flow through the Project. One of HDR’s tasks is to complete a Water Supply
Alternative Analysis of Water Appropriation #47,510 and potential supplemental water supply
sources that might be available during these low river flow conditions. This memorandum
discusses the conceptual plans and costs for the supplemental water supply alternatives.

Identified potential supplemental water source alternatives reviewed in this memo include:

e Water pumped from Lakewood Park Lake.

e Potential to supply golf courses with reused wastewater treatment plant effluent and
divert existing golf course rights to the Project.

¢ Additional storage in Lakewood Park Lake due to raised surface water levels.

e Lower Smoky Hill Access District storage in Lake Kanopolis.
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2.0 Primary Water Supply

2.1 Water Appropriation #47,510 - Smoky Hill River

Water Appropriation #47,510 is anticipated to serve as the main source of water for the Project.
The City applied for Water Appropriation #47,510 on April 5, 2010. The water appropriation was
approved as a recreation use surface water right to be drawn from the Smoky Hill River near the
upstream end of the old Smoky Hill channel.

Water Appropriation #47,510 allows for the following surface water use:

o A maximum diversion rate of 44,880 gallons per minute (100 cfs).
¢ An annual quantity not to exceed 28,952 acre-feet (ac-ft).

The annual quantity equates to continuous use at 40 cfs, or a higher flow during the recreation
season followed by a lower flow during the winter months. A flow of 80 cubic feet per second
(cfs) during the recreational season (May — September), and 10 cfs during the off season
(October — April) would fit within the current water right. A copy of the Approval of Application
and Permit to Proceed is included in Appendix A of this memorandum.

2.2 Conditions of Use

The Kansas Division of Water Resources (DWR) Approval of Application stipulates several
conditions as to when Water Appropriation #47,510 can be used. Condition paragraphs #18
through #22 define the City’s ability to use this appropriation:

18. That diversion of natural flows shall not take place unless there is water available to
satisfy all demands by senior water rights and permits.

19. That during the period October 1 through June 30, the verbal or written permission of the
Chief Engineer, or an authorized representative of the Chief Engineer, shall be obtained
in order to divert water each time the applicant desires to divert water.

20. That during the period July 1 through September 30 each calendar year, no direct
diversions of surface water shall be permitted unless written permission is obtained from
the Chief Engineer, or the Chief Engineer’s authorized representative.

21. That the diversion of surface water authorized herein shall be allowed only when flows in
the Smoky Hill River at the U.S. Geological Survey stream gage No. 06866500 located
near Mentor, Kansas are equal to or greater than 40 c.f.s. The City of Salina will be
responsible for monitoring this stream gage to ensure that adequate flow is present prior
to, and during, any diversion of surface water, and that permission has been granted to
divert water as discussed in Paragraph Nos. 19 and 20 above.

22. That the maximum rate of diversion shall be limited to the flow at the U.S. Geological
Survey stream gage No. 06866500 located near Mentor, Kansas, less 30 c.f.s., to
ensure that some volume of water remains in the river below the point of diversion when
diversion of water is occurring.
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2.3 Potential to Use Water Appropriation #47,510

DWR conditions require that no water can be diverted to the Project under this water
appropriation unless stream flow at the Mentor, Kansas gaging station is greater than or equal
to 40 cfs. At 40 cfs, the Project could be allowed to divert 10 cfs. Project stream flow diversion
could increase to the full 100 cfs allowed under the appropriation when stream flow at the
Mentor, Kansas gage is greater than or equal to 130 cfs. For this technical memorandum,
historic U.S. Geological Survey (USGS) flow rate data at the Mentor, Kansas gage station (No.
06866500) was analyzed to determine probability of the Project to obtain target diversion rates
of 10 cfs, 40 cfs, and 80 cfs from the Smoky Hill River. These target rates correspond to
minimum river flow rates of 40 cfs, 70 cfs and 110 cfs.

USGS daily flow rate data measured at the Mentor gage were analyzed for the time period
January 1, 1949 through December 31, 2016. Daily records are available for analysis starting in
the 1920’s, but were not used due to the fact that Kanopolis Lake was not filled until July of
1948. The total contributing drainage area to the gage near Mentor, Kansas is 8,341 square
miles and Kanopolis Reservoir controls 7,857 square miles of the total.

The data were broken down into a variety of different ways including mean daily discharge
percentiles, consecutive days without registering minimum flow rates, and percent chance any
given day of any given month minimum flow rates were not reached. Summarization tables for
each of those statistically relevant breakdowns are presented in this section. Generally there
are lower flow rates through the winter months and higher flow rates through the summer
months.

Figure 1 presents average daily flow recorded at the Mentor gage from January 1, 1949 through
December 31, 2016. For this period of record, having 40 cfs of flow in the river has usually
occurred, however there have been periods of eight months or more where daily average flow
stayed below 40 cfs. The 557-day period from September 19, 2005 through March 29, 2007
only recorded 27 days with average flows above 40 cfs.
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Figure 1 — Smoky Hill River Daily Average Flow Rate; 1949 to 2016
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2.3.1 Mean Daily Discharge percentiles

Mean daily average flow rate was examined to evaluate probability of Smoky Hill River flows
being adequate to support partial to full use of Water Appropriation #47,510.

Table 1 presents mean daily discharge percentiles by month, as calculated from daily
average flow rates at the USGS gage in Mentor, Kansas. Mean daily discharge percentiles
by day of the year are presented in Figure 2.

Table 1 - Mean Daily Discharge (cfs) Percentiles

I I N A K B E K A A A R
27 35 42 47 52 59 67 74 81 90 97 111 128

January 20

February 23 30 40 46 51 56 62 71 78 87 98 113 127 151
March 21 28 40 47 54 60 68 83 91 102 115 132 157 191
April 26 40 45 54 64 74 85 95 103 114 130 154 186 221
May 28 35 49 60 72 83 100 122 149 180 213 256 312 425
June 37 54 72 96 120 144 173 202 230 268 318 375 462 575
July 19 35 44 57 73 98 120 135 151 171 201 234 279 365
August 26 33 44 53 67 86 102 113 123 139 164 199 248 332

September 32 40 46 55 66 83 98 114 134 151 177 221 259 306

October 26 36 44 54 64 72 79 88 97 109 128 156 176 196
November 24 35 43 47 54 63 70 79 89 99 107 119 137 150
December 21 30 38 44 48 53 61 71 82 91 100 115 130 146

Average daily flow rates are higher during the recreation season (May — Sept.) and lower
during the off season. In particular, flow rates were lower during the winter period of
December 21 through February 15. On average, approximately 88 percent of the stream
flows exceeded the 40 cfs trigger to use Water Appropriation #47,510, with an 89.5 percent
exceedance during the recreation season and an 86.4 percent exceedance during the off
season. Approximately 50 percent exceeded the 110 cfs flow to meet the 80 cfs diversion
desired during the recreation season.

With the May 2017 signing of the Lower Smoky Hill Water Supply Access District Operations
Agreement it is anticipated that daily flow releases from Kanopolis Lake will be modified to
sustain higher minimum flows of 30 cfs during the recreational season and 20 cfs during the
off season.
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2.3.2 Mean Daily Discharge Exceeding Desired Flows

Mean daily average flow rate was evaluated for percentage of days meeting desired flows
rates, and for extent of time discharge did not meet desired flows rates. Tables 2 through 4
present results for percent of the time daily average flow rates have historically met target
flow rates.

Table 2 - Percentage of Days Under 40 cfs

I T T I T T T T N N

Days
Under 371 292 297 196 228 114 285 270 197 238 243 326
40 cfs

Total

Days 2,108 1921 2,108 2,040 2,108 2,040 2,108 2,108 2,040 2,108 2,040 2,108

Percent
Under 17.6% 152% 14.1% 9.6% 10.8% 5.6% 13.5% 12.8% 9.7% 11.3% 11.9% 15.5%
40 cfs

Table 3 - Percentage of Days Under 70 cfs

=T [ reo Luwen ] pon | vy L une o | pun | soi | st | vov | ooc |

Days
Under 874 796 738 565 505 299 520 549 517 579 706 818
70 cfs

Total

Days 2,108 1,921 2,108 2,040 2,108 2,040 2,108 2,108 2,040 2,108 2,040 2,108

Percent
Under 41.5% 41.4% 35.0% 27.7% 24.0% 14.7% 24.7% 26.0% 25.3% 27.5% 34.6% 38.8%
70 cfs

Table 4 - Percentage of Days Over 110 cfs

I I T I T N N I T

Days
Over 726 793 1012 1031 1276 1581 1405 1304 1285 1066 888 885
110 cfs

Total

Days 2,108 1,921 2,108 2,040 2,108 2,040 2,108 2,108 2,040 2,108 2,040 2,108

Percent
Over 34.4% 41.3% 48.0% 505% 605% 77.5% 66.7% 61.9% 63.0% 50.6% 43.5% 42.0%
110 cfs

Duration of consecutive days that did not meet target flow rates during the 68-year period of
record were reviewed and summarized in Table 5.
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Table 5 - Consecutive Days Registering Target Flow Rates

Occurrences
30 18 8

45 11 6
<40

60 8 3

120 4 0

30 61 30

45 41 21
<70

60 31 15

120 14 2

30 83 51

45 59 50
> 110

60 42 43

120 27 17

Throughout the 24,837 days of data analyzed, there was a consistent two percent chance
that any given day throughout any given year was part of at least a 30 consecutive day
streak of flow under 40 cfs past the Mentor gage.

Exceptionally low flow rates register for an approximate two-month period during the winter,
from the second half of December through the first half of February, while June has an
exceptionally high average flow rate during the summer. Each of these exceptions are
extracted and compared to their respective seasons, side by side in Tables 6 through 9.

Table 6 - Percentage of Days Under 40 cfs during Winter Months

_ Dec. 21 — Feb 15 Oct. — April less Dec. 21 — Feb. 15

Days Under 40 cfs 687 1276
Total Days 3876 10557
Percentage 17.7% 12.1%

Table 7 - Percentage of Days Under 40 cfs during Summer Months

Days Under 40 cfs 114 980
Totals Days 2040 8364
Percentage 5.6% 11.7%
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Table 8 - Percentage of Days Under 70 cfs during Summer Months

Days Under 70 cfs 299 2091
Total Days 2040 8364
Percentage 14.7% 25.0%

Table 9 - Percentage of Days Over 110 cfs during Summer Months

Days Over 110 cfs 1576 5242
Total Days 2040 8364
Percentage 77.3% 62.7%

Based on the 68 years of data analyzed, for any given day from December 21st to February
15th, flow past the Mentor, Kansas gage has had the highest probability of registering under
a minimum flow rate of 40 cfs at 17.7 percent. Excluding that two-month stretch, there was
a 12.1 percent probability the gage will not register a flow rate of at least 40 cfs on any given
day from October through April.

On any given day throughout the summer months, the data yielded a 25.0 percent
probability of not registering a minimum flow rate of 70 cfs, except for the month of June
where the probability drops to 14.7 percent. The data also shows that there was a 62.7
percent probability of registering a flow rate of at least 110 cfs from May through September
(excluding June) and a 77.3 percent probability during June. There have been registered
flow rates under 40 cfs during the month of June as well, occurring 5.6 percent of the time,
and 11.7 percent of the time for May through September (excluding June).

Based on this analysis winter flows will frequently fall below Project goals of 10 cfs;
however, given the limited use, this may not require use of a supplemental source.

HDR also examined frequency and duration of periods when flow fell below 40 cfs and the
Project goal of 10 cfs could not be obtained. Some of the water source alternatives are
limited into how much total volume they can supply annually or without being replenished.
The frequency and duration of shortages during the recreation season, and the full year
minus January and February (when the Project may not need flow), was used to estimate
the potential volume a supplemental source would need to provide. Table 10 presents the
number of consecutive days the Project is not expected to obtain flow under Water
Appropriation #47,510 99 and 99.9 percent of the time.
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Table 10 - Number of Consecutive Days not Meeting 40 CFS at Mentor

. Recreation Season Annual Minus Jan.-Feb.
Attainment Frequency (May — Sept.) (March — Dec.)

99 Percentile 29 74
99.9 Percentile 54 117

A water supply source of 219 acre-feet (ac-ft) would be able to maintain water in the channel
99 percent of the time during the recreation season (29-day continuous need of
approximately 3.8 cfs). A water supply volume of 407 ac-ft would meet the water supply
99.9 percent of the time during recreational season (54-day continuous need of 3.8 cfs).

Of note is that during certain time periods (1988 -1989, 1991-1992, 2005 - 2006, and 2011 -
2013) consecutive days below 40 cfs at Mentor was extreme. There were 222 consecutive
days and 266 consecutive days over the 1988/1989 and 1991/1992 timeframes respectively.
The period from the end of 2005 through early 2007 was characterized by 103 of the 104
last days in 2005 under 40 cfs, 345 of 365 days in 2006 under 40 cfs, and 76 of the first 87
days of 2007 under 40 cfs. In these cases, if storage in Kanopolis Lake were used to supply
the Project for a period of 54 days, that storage volume is not anticipated to replenish itself
between periods of being drawn down.

10
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3.0 Supplemental Water Supply Alternatives

3.1 Water Right #47,509 - Lakewood Park Lake

This groundwater appropriation was anticipated to serve as a back-up source of water for the
Project when stream conditions do not allow for diversion from the Smoky Hill River under
Water Appropriation #47,510. The City applied for Water Appropriation #47,509 on April 5,
2010. This groundwater appropriation was approved as a recreation use right to be drawn from
the lake located in Lakewood Park. The lake is a former sand and gravel mining pit that is
thought to be connected to groundwater and classified as a groundwater pit by the DWR.

Water Appropriation #47,509 allows for the following groundwater use:

e A maximum diversion rate of 4,500 gallons per minute (10 cfs).
e An annual quantity not to exceed 1,785 acre-feet (ac-ft).

The annual quantity equates to continuous use at 2.5 cfs. A copy of the Approval of Application
and Permit to Proceed is included in Appendix A of this memorandum.

3.1.1 Conditions of Use

The Kansas DWR Approval of Application stipulated several conditions as to when Water
Appropriation #47,509 can be used. Condition paragraphs #17 through #19 define the
City’'s ability to use this appropriation:

17. That the applicant shall ensure that water diverted under authority of this permit be
returned to the groundwater pit described in Paragraph No. 3 of this permit, such that
the use of water would be considered nonconsumptive to the source of supply.

18. That in order to prevent unreasonable lowering of the water level in the groundwater
pit (Lakewood Park Lake), the applicant shall cease diversion when the surface
water level in the groundwater pit is at or below elevation 1,194.1 feet mean sea
level, as measured at the dock on the north side of Lakewood Park Lake.

19. That the groundwater pit shall be constructed, maintained, and operated in a manner
that will prevent degradation to the water quality of the source of supply which would
cause impairment to existing water rights.

It is unknown upon what criteria the DWR based the 1,194.1-foot trigger point. A 2010
survey of the lake provided in the Wright Water Engineers report (2010) indicated that the
lake water surface elevation was 1,194.5 feet mean sea level (msl) at the time of survey.
This 2010 recorded elevation might have been the only basis DWR had for this
determination.

3.1.2 Potential to Use Water Appropriation #47,509

In order to determine the viability of this water appropriation, the City needed to perform a
pump test of the lake and observe drawdown in and adjacent to the lake.

11
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Monitoring Well and Lake Staff Gage Installation

Kaw Valley Engineering (KVE) was retained to install four monitoring wells adjacent to the
lake during June 2017. The monitoring wells were drilled and installed through the full
extent of the alluvial sediments, down to the underlying Wellington Shale bedrock. The
boring logs are in Appendix B. Overall the unconsolidated deposits adjacent to the lake
consisted of silts and silty sands to a depth of 12 to 22 feet below ground, underlain by sand
and gravel to a depth of 34 to 52 feet below ground. Figure 4 presents locations of the four
monitoring wells. The KVE monitoring well installation report is included in Appendix B of
this technical memorandum.

The City installed a staff gage near the dock on the north side of the lake and surveyed
elevations for the gage and all four monitoring wells. The City began collecting water levels
in the lake and the four monitoring wells in August. Groundwater level below the lake was
approximately 2.5 feet below lake surface elevation.

Figure 3 - Lakewood Park Lake Staff Gage

12
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Figure 4 — Monitoring Well Locations

13
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Pumping Test on Lakewood Park Lake

The City obtained Temporary Permit File No. 20170196 from the Kansas DWR that allowed
the City to pump groundwater from Lakewood Park Lake at a rate not to exceed 1,100 gpm,
and for a total quantity not to exceed 3.96 million gallons. A copy of the Temporary Permit
is included in Appendix A of this memorandum.

On September 19, 2017 at 8:04 AM, the City initiated a 60-hour constant rate pumping test
on the lake at a rate of 1,000 gpm. The pumped water was discharged to the adjacent old
Smoky Hill channel. Pumping was stopped on September 21, 2017 at 8:02 PM. In total,
3.46 million gallons of water were pumped from the lake. Water levels were monitored
before, during, and after the testing in the lake and the four adjacent monitoring wells. Daily
precipitation was also recorded. Water level data is included in Appendix C of this
memorandum.

Figure 5 presents the water level monitoring data for the period of August 1 through
November 30. Several conclusions were drawn from the water level data:

o Groundwater levels in the monitoring wells are several feet below water level in the lake,
indicating that the lake is not well connected to the aquifer, despite the bottom of the
lake being at an elevation of 1186.5 feet msl (WWE, 2010).

¢ Groundwater levels in the monitoring wells indicate an east to west gradient and possibly
reflect drawdown in the aquifer from the City’s production wells.

e |tis assumed the Smoky Hill River on the wet side of the flood control levee is a losing
reach and likely supports the east to west gradient. The Smoky Hill River by-pass
channel has a series of weirs that were constructed for channel stability. At the
beginning of the by-pass channel (near Bill Burke Park) the top of the weir is 1215.39
and as a result the base flows are maintained at or above 1215.4 (approximately 22 feet
higher than the lake surface). The stream elevations east of the Lake on the wet side of
the flood control levee, at the outlet of the Old Smoky Hill channel, is 1194.89 feet which
is still higher than the lake level at the time of the pump test.

e The Old Smoky Hill channel bottom is also higher than the lake surface. The residential
culvert downstream of the Lake has a flow line of 1196.4.

e Water level in the lake decreased approximately 0.8 feet during the test. Surface area of
the lake is approximately 584,250 square feet at the 1192 to 1193 foot elevation (WWE,
2010), indicating that approximately 3.50 million gallons of water was depleted from the
lake’s volume. Therefore, little to no water was removed from the aquifer.

e Water levels in the monitoring wells showed a minor decrease (0.05 to 0.1 feet) during
the pumping test at MW-1, MW-3, and MW-4; but this was most likely a pressure
response to the lake levels declining since any flow would have still been from the higher
lake levels to the lower groundwater level.

e Water levels in the lake were never above the 1194.1-foot msl trigger level that would
enable use of Water Appropriation #47,509.

14
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Viability of Water Appropriation #47,509

Based on the pumping test, Water Appropriation #47,509 does not appear viable for the
Project. The lake appears to be isolated from the regional groundwater table and hence it is
not producing groundwater, making the appropriation unusable. In addition, lake levels
were below the DWR trigger level of 1194.1 feet msl that would allow any use.

15
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3.2 Golf Course Irrigation Supply and Publicly Owned Re-use
Water

Water reuse was identified as a water source option during HDR’s feasibility study of the City’s
wastewater treatment plant (2017). WWTP effluent could be used, with no additional treatment,
to indirectly supply the Smoky Hill River Renewal Project by supplying irrigation water for golf
courses. In turn, water rights allocated to irrigate the golf courses could be used as a drought
supply for the Project. Figure 6 presents the locations of golf courses identified in HDR’s
WWTP feasibility study. Table 11 presents a summary of the water rights for the three golf
courses.

Table 11 - Summary of Water Rights for the Three Salina Golf Courses

Net Net
Source of Acres Authorized | Authorized
Water Irrigated Annual Diversion
Use (ac-ft) | Rate (gpm)

Water Right ID

City of Salina Municipal Golf Course

#38486 Groundwater Certificate Issued 167 55 300
#38487 Groundwater Certificate Issued 62.5 300
#38488 Groundwater Certificate Issued 31 285
#38489 Groundwater Certificate Issued 55 240
#44271 Surface Water Certificate Issued 33 1,580
Subtotal - Irrigation 167 236.5 2,705

Salina Country Club

#3049 Groundwater Certificate Issued 116 225 150
#10118 Groundwater Certificate Issued 118 78 160
#17288 Groundwater Certificate Issued 118 114 350
#29837 Groundwater Certificate Issued 118 93 310
Subtotal - Irrigation 118 307.5 970

Great Life Golf and Fitness (Pestinger Enterprises)

#7848 Groundwater Certificate Issued 124.8 62.33 180
#35065 Groundwater Certificate Issued 61.6 115
#42901 Surface Water Certificate Issued 117 405
Subtotal - Irrigation 124.8 240.93 700
Total - Irrigation 409.8 784.93 4,375

When converting irrigation water rights to use for the Project, annual quantities are reduced to
reflect the consumptive portion of the irrigation water right. In Saline County, the conversion
amount would be 0.9 ac-ft per certified acre irrigated.

17
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With the conversion to 100 percent consumptive use, the golf course water rights should allow
usage as listed in Table 12. Ten cfs would be the desired rate, while 3.8 cfs and 3.0 cfs represent
offset of evaporation and infiltration during the recreation and off seasons.

Table 12 - Golf Course Water Right Conversion to 100 Percent Consumptive Use.

Golf Course Acres Authorized Quantity Days at 10 | Days at 3.8 | Days at 3.0
(ac-ft lyr) cfs cfs

Salina Municipal 150.3 19.9 253
Salina Country Club 118 106.2 5.4 14.1 17.8
Great Life (EIK’s) 124.8 112.3 5.7 14.9 18.9
Total 409.8 368.8 18.6 48.9 62

Potential to Move and Use Water Rights

In general, groundwater wells can only be moved 0.5 miles from the permitted location. The
groundwater rights at the three golf courses are on the east side of the Smoky Hill River and
would require a pipeline to take the water across the river and to the upstream segment of the
Project in Bill Burke Park.

Surface water rights can be conveyed along natural stream ways, and might have the ability to
be withdrawn from another location along the river — i.e. at the Project headworks. In looking at
the two surface water rights associated with the golf courses, the following was determined:

o Water Appropriation #44,271 on the Salina Municipal Golf Course:
0 Has a priority date of July 3, 2000.

o Is limited to all natural flows of an unnamed tributary to East Dry Creek not needed to
satisfy vested rights and prior appropriations to be incrementally accumulated as space
becomes available to a maximum extent of 80.4 ac-ft per year in a reservoir.

0 During the period October 1 through June 30, the verbal or written permission of the
Chief Engineer, or an authorized representative of the Chief Engineer, shall be obtained
in order to divert water each time the applicant desires to divert water.

o0 During the period July 1 through September 30, no direct diversions shall be permitted
unless written permission is obtained from the Chief Engineer or the Chief Engineer’s
authorized representative.

e Water Appropriation #42,901 on the Great Life Golf Course (EIK’s):
0 Has a priority date of July 25, 1997.

o Is from the Smoky Hill River and is limited to 112.3 ac-ft/yr and a maximum rate of 405
gpm (0.9 cfs).

0 During the period October 1 through June 30, the verbal or written permission of the
Chief Engineer, or an authorized representative of the Chief Engineer, shall be obtained
in order to divert water each time the applicant desires to divert water.

0 During the period July 1 through September 30, no direct diversions shall be permitted.
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The restrictions on the surface water rights at the golf courses are anticipated to be similar to
those on Water Appropriation #47,510, and represent little to no opportunity for water to
supplement Water Appropriation #47,510. Removal of the surface water component from the
water rights portfolios will limit maximum instantaneous rate for each golf course:

e Salina Municipal =1,125 gpm (2.51 cfs)
e Salina Country Club =970 gpm (2.16 cfs)
e Great Life (Elks) =295 gpm (0.66 cfs)

As a result, this supplemental supply option would require the full allocation from minimally two
golf courses to offset evaporative and seepage losses.

The following are potential limitations of this option:

e Permitting risk with DWR on conversion of the water rights to recreational use and use in a
different location. It is suggested that the conversion be temporary to continue to allow use
of the water for irrigation at the golf courses.

e This option requires agreement by the other two golf courses to allow use of water rights for
that reason.

Infrastructure Requirements

Conveyance infrastructure of WWTP effluent to the golf courses would include constructing a
storage tank, a high service pump station, and conveyance piping to the golf courses.
Conveyance infrastructure of groundwater from the golf course to the headworks of the Project
would include collection piping from the wells at the golf courses to the Project and a river
crossing. The approximate planning level alignment is shown in Figure 6 and the order of
magnitude cost is shown in Table 13.
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Table 13 - Capital Costs for Golf Course Irrigation Supply and Publicly Owned Re-Use Water Alternative

CITY OF SALINA
WWTP Reuse and Golf Course Irrigation Well Diversion Supply

Preliminary Opinion of Probable Construction Cost

No. Description Units Unit Price Price Comments
1 |Mobilization, Bonds 1 LS $ 150,000.00[$ 150,000
2 |Erosion and Sediment Control 11LS S 45,000.00($ 45,000
3 |Traffic Control 1 1S $  60,000.00[$ 60,000
4 |Replace Well Pump 10 LS $ 50,000.00|$ 500,000|Assumes no power or well casing upgrades required
5 |Flow Meter w/ Vault 3 LS $ 35,000.00[$ 105,000
6 _[Directional Drilled 8-Inch HDPE Force Main 5900 LF [$ 180.00|$ 1,062,000
7 _|Open Cut 8-Inch HDPE Force Main ® 600 LF |3 70.00[$ 42,000
8 |Directional Drilled 10-Inch HDPE Force Main ) 9,500 LF [$ 190.00($ 1,805,000
9 |Open Cut 10-Inch HDPE Force Main @ 1,000 LF S 75.00|$ 75,000
10 |Directional Drilled 16-Inch HDPE Force Main ) 5,900 LF S 220.00|$ 1,298,000
11 [Open Cut 16-Inch HDPE Force Main ? 600 LF [$ 90.00($ 54,000
12 [Energy Dissipater Discharge Structure 1 1S $  8,000.00|$ 8,000
13 |Utility Relocations 1 LS $ 145,000.00|$ 145,000
14 |Driveway Restoration @ 17 EA S 975.00[$ 16,575[Assume 10' x 14' concrete per open cut driveway
15 |Road Pavement Restoration ¥ 670 SY S 65.00[$ 43,550 Assume concrete repair area 10' x 600' for open cut portion
16 |Topsoil, Seeding, Fertilizing, and Mulch ? 6,750 SY |$ 1.50|$ 10,125|Assume 2000’ x 30'
SUBTOTAL:[$ 5,419,250
Engineering, Survey and Const. Inspection (22%):[$ 1,192,235]
Contingencies (30%):|$ 1,625,775]
IVWTP Reuse Pump, Storage and Pipeline Construction Cost per WWTP Feasibility Study Glg 8,183,000
TOTAL CONSTRUCTION:|$ 16,420,260

(1) Directional drilling assumes bedrock is sufficiently deep to accommodate pipe. Also assumes minimal existing utility conflicts.
(2) Assumes 90% of the pipe will be bored in place. Some amount of surface restoration is anticipated at utility relocates and boring pit locations.
(3) Costs of reuse facility improvements required from WWTP to Golf Courses from TM 6 (Effluent Reuse Opportunities) of the WWTP Feasibility Study
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3.3 Increased Storage in Lakewood Park Lake

Preliminary design for the Project calls for connecting the Old Smoky Hill channel to Lakewood
Park Lake for canoe access between the two. Given the higher surface water elevation
anticipated in the channel, surface water elevation in the lake is expected to rise to 1199 (+/-)
feet mean sea level (msl) during operation of the project at 80 cfs. The Wright Water Engineers
2010 bathymetric survey of the lake indicates surface area to be approximately 615,000 ft>. The
approximately 615,000 ft* per foot of increase in lake storage between elevations 1194.1 feet
and 1199 feet msl would result in 3 million cubic feet of storage. Should the lake recirculation
system be constructed, it is possible to drawdown this storage to an elevation of 1194.1 feet msl
to offset system losses in the more critical portions of the Project.

It is anticipated that raising the lake’s surface elevation and using the lake for surface water
storage will require an additional surface water right.

An available lake storage of 3 million cubic feet of water could offset 9.1 days of Project water
losses at 3.8 cfs during recreation season, and 11.6 days of Project water losses at 3.0 cfs
during off season.

3.3.1 Lake Water Recirculation System

The lake water recirculation system is presented in a separate technical memorandum
entitled “Lakewood Park Lake Pump Station and Force Main Conceptual Design” and is
included in Appendix D.

The system consists of a pump station located at the Lakewood Park Lake and a force main
located within the right of way of Indiana Avenue. The force main outlet will be located at
the old Smoky Hill River channel in Bill Burke Park. Two pumping rates were evaluated - a
2 cfs pump rate and a 10 cfs pump rate.
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3.4 Kanopolis Water Access District Storage

Kanopolis Lake is a federally authorized reservoir built in the 1940’s with federally authorized
purposes of flood control, irrigation, recreation, fish and wildlife, water quality, downstream low
flow augmentation, navigation, hydroelectric power, and water supply. The irrigation purpose
could not be implemented until an irrigation district had been created. Navigation and
hydroelectric power are no longer operating purposes.

When the reservoir went into service in 1948 it had an original multipurpose pool capacity of
73,200 ac-ft that, with a 100-year design life and a designated sedimentation rate of 451 ac-ft
lyr, was expected to dwindle to 28,100 ac-ft (38.4 percent of original) by 2048. As of 2017 the
multipurpose pool was estimated at 44,535 ac-ft indicating only a 415 ac-ft /yr sedimentation
rate.

With the creation of the Lower Smoky Hill Water Supply Access District in 2011, both the City
and a coalition of surface water irrigators (Lower Smoky Hill Irrigation District — formed in 2013)
were able to contract with the Kansas Water Authority at the end of 2016 to purchase storage
space in the reservoir. Membership in the Access District is voluntary and may include
municipal, industrial, recreational, and irrigation users in the reach of the Smoky Hill River below
the reservoir. Storage in the reservoir is held under Water Reservation Rights #40,090-AR-24
and 40,090-AR-25, with a priority date of October 29, 1990.

Currently the 44,535 ac-ft of storage as estimated in 2017 is allocated as follows:

Table 14 - Kanopolis Lake Multipurpose Pool Storage Allocation — 2017.

Storage (ac-ft) Percent of Pool Yield (MGD)

Water Quality (USACE) 23,782 53.40
Water Supply 20,753 46.60 8.2
Water Marketing 10,408 23.37 4.1
Access District 10,345 23.23 4.1
Reserve Capacity 0 0 0
Total 44,535 100.00 8.2

Reservoir storage is purchased as a percentage of total reservoir volume, so as the pool volume
decreases with time due to sedimentation so will the ac-ft of volume that was purchased. For
the Access District purchase the City purchased 7,733 ac-ft (17.20 percent) and the Irrigation
District purchased 2,711 ac-ft (6.03 percent) of the 2016 total multipurpose pool of 44,953 ac-ft.
Once the reservoir reaches its design life around year 2056, the City anticipates its reduced
storage will be around 4,660 ac-ft. The water supply storage in Kanopolis purchased by the
Access District can be utilized to supplement the Smoky Hill River stream flow to provide the
ability for Access District members to make use of their reasonable and justified authorized
guantities under their water rights through drought conditions.
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Of the 23.37 percent of storage in the Water Marketing Pool, 6 percent (2,700 ac-ft in 2016) has
been signed to a multi-year contract with Post Rock Rural Water District lasting through 2041.
The remaining 17.37 percent available in the Marketing Pool equals about 7,741 ac-ft in the
2017 reservoir volume. Several pending applications have been filed on this remaining amount:

e Post Rock Rural Water District: 2,240 ac-ft

e McPherson Board of Public Utilities: 11,201 ac-ft
o City of Russell: 1,427 ac-ft

¢ White Energy Partners: 1,688 ac-ft

As discussed previously, a 99 percent system reliability during the recreation season would
require 219 ac-ft of water (3.8 cfs over 29 days). In order to keep the channel full of water over
the entire recreation season at 99.9 system reliability would require 407 ac-ft (3.8 cfs x 54 days).
However, it has been noted that the September 2005 — March 2007 low river flow period would
have resulted in 530 out of 557 days with no diversion allowed. To fully supply 3.8 cfs over that
period would have required 3,995 ac-ft (3.8 cfs x 530 days). To meet that volume of storage in
2060 would require 6,560 ac-ft which is approximately 14.6 percent of the remaining 17.37
percent available in the Marketing Pool.

The City’s cost per percent of the reservoir storage (445 ac-ft in 2017, 271 ac-ft in 2060) is
approximately $144,000 in initial capital costs, plus an estimated annual maintenance fee of
$12,600 per percent of storage for 20 years and $1,625 per percent of storage for an additional
20 years. The cost per ac-ft is calculated based on the 2060 volume of 271 ac-ft per percent of
reservoir storage. This results in a per ac-ft cost of $531.35 initial cost plus an annual $46.50
maintenance fee for the first 20 years then $6.00 for an additional twenty years.

For the purpose of this study, we assume that the high end of annual water losses (550 to 2,540
ac-ft/yr) from the Project would need to be purchased. The initial cost and 20-year life cycle
cost for a full year supply of 2,540 ac-ft is $1,350,000 and $1,407,949 respectively.

Yield of the reservoir is modeled as reservoir outflow to the Smoky Hill River under a drought
similar to what Kansas experienced in the 1950’s. The 1950’s drought has been referred to as
a 2 percent occurrence drought. As indicated in Table 14, the City’s current allotment of 17.2
percent should equal approximately 3 MGD or 3,400 ac-ft /yr flow into the stream during a 2
percent drought occurrence under normal operations. This does not account for the City’'s
storage volume being utilized to create higher flows in the river.

An operations agreement between the Kansas Water Office, the Division of Water Resources,
and the Access District was signed in May 2017. This agreement discusses how lake releases
will be allocated to the different storage owners.
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4.0 Cost Estimates

Capital cost and life cycle costs were calculated for the various options. The following
assumptions were used for the calculations:

e Construction capital costs include 22% for Engineering, Survey and Construction
Inspection.

e Construction capital costs include 30% contingency.

o Life analysis period for present worth calculations is 20 years.

¢ Annual maintenance of constructed facilities is assumed to be 2% of initial capital cost.

¢ Interest rate used for present worth calculation is 5%.

e Average unit power cost for pumping is assumed to be $0.10/kWh.

e Combined motor and pump efficiency of 60% is assumed for pump energy usage.

4.1 Water Appropriation #47,510 - Smoky Hill River

The Kansas DWR fees of approximately $6,440 for this appropriation have already been paid by
the City of Salina. There is no other capital or annual fees associated with this appropriation.
Consequently this supply alternative has no life cycle cost associated with it.

4.2 Water Appropriation #47,509 — Lakewood Park Lake

This option was determined to be a non-viable option. Consequently capital and life cycle costs
were not developed for this alternative.

4.3 Golf Course Irrigation Supply and Publicly Owned Re-use
Water

Cost for conveyance infrastructure of WWTP effluent to the golf courses would include
constructing a storage tank, a high service pump station, and conveyance piping to the golf
courses. The capital cost for construction of this portion of the required improvements was
previously estimated at $8,183,000 in TM 6 (Effluent Reuse Opportunities) of the Salina WWT
Feasibility Study (HDR, 2017). Cost for collecting and piping the groundwater from the irrigation
wells to the Project is estimated at $8,237,260. See Table 15 for capital cost calculations.

The life cycle cost for this alternative assumed an annual pumpage volume of 368 ac-ft at 220
feet of total dynamic head to pump from the WWTP to the golf courses and then from the golf
courses to the discharge point in the old Smoky Hill River channel near Bill Burke Park. See
Table 15 for calculation of life cycle cost.
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Table 15 - Life Cycle Cost for Golf Course Irrigation Supply and Publicly Owned Re-Use Water Alternative

Cost Component Annual Cost Present Worth Cost

Capital Cost $16,420,260
Operating Power Cost $13,805 $172,038
Maintenance Cost $328,405 $4,092,655

Total Present Worth $20,684,953

4.4 Increased Storage in Lakewood Park Lake

Capital cost for this option includes construction of a recirculation system from Lakewood Park
Lake to a discharge point in the old Smoky Hill River channel near Bill Burke Park. A separate
technical memorandum entitled “Lakewood Park Lake Pump Station and Force Main
Conceptual Design” (Appendix D) has a capital cost of $2,361,472 for a 2 cfs recirculation
system, and $2,935,272 for a 10 cfs recirculation system.

The life cycle cost for this alternative assumes an annual pumpage volume of 124 ac-ft at 100
feet of total dynamic head. The life cycle cost also assumes the 10 cfs recirculation system will
be constructed. See Table 16 for calculation of life cycle cost.

Table 16 - Life Cycle Cost for Increased Storage in Lakewood Park Lake Alternative

Cost Component Annual Cost Present Worth Cost

Capital Cost $2,935,272
Operating Power Cost $2,114 $26,350
Maintenance Cost $58,386 $731,600

Total Present Worth $3,693,221

4.5 Kanopolis Water Access District Storage

No construction of additional facilities is required for this alternative. Consequently the capital
cost for this alternative is the $1,350,000 fee for purchase of the water storage. There is also an
annual fee of $10,185 charged for the first 20 years and $1,315 for an additional 20 years for
maintaining the storage. See Table 17 for life cycle cost for this alternative.

Table 17 - Life Cycle Cost for Kanopolis Water Access District Storage Alternative

Cost Component Annual Cost Pres?ots\{[wrth

Capital Cost (Storage Purchase) $1,350,000
Annual Maintenance Cost $118,110 $1,471,912
Total Present Worth $2,821,912
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5.0 Recommendations

The Table 18 summarizes the water supply volume, capital costs and life cycle costs for the
options evaluated.

Table 18 - Summary of Water Supply Volume, Capital Costs and Life Cycle Costs for the Evaluated Options

Ac-Ft Life Cycle
Water Supply Option Available Type of Source Capital Costs

Smoky Hill River Primary Surface Water

Lakewood Park Lake N/A Supplemental Groundwater N/A N/A
Golf Course Irrigation 369 Supplemental Groundwater and $16,420,260 $20,684,953
Supply Surface Water

Increase Storage in 124 Supplemental Surface Water $2,935,272 $3,693,221
Lakewood Park Lake

Kanopolis Water Supplemental Surface Water $1,350,000 $2,821,912
Access District (2,540 ac-ft)

The Smoky Hill River will be the primary source of water for the Old Smoky Hill Channel
Renewal Project (Water Appropriation #47,510). For aesthetic purposes, 80 cfs is the desired
flow during the recreation season and this flow can be met approximately 65.8 percent of the
days based on the historical records. The surface water right identifies that when the Smoky
Hill River flows are less than 40 cfs, as measured at the stream gage near Mentor, the Project
will not be allowed to divert water. It is anticipated 10.5 percent of the days during the
recreation season will have shortages (less than 40 cfs) based on the historical records. The
shortages were generally short in duration and 99 percent of the shortages were less than 30
days in duration.

Approximately 219 ac-ft is needed over a 29-day duration to raise the reliability of the water
supply during the recreation season from 89.5 percent to 99 percent. The 219 ac-ft would offset
the volume of water lost to seepage and evaporation in the renewed Old Smoky Hill channel.
This volume would not create a flowing river and may not fully meet the aesthetic goals so it is
considered the minimum needed. For additional reliability, we recommend that an amount of
2,540 ac-ft be purchased to offset a full year of losses. For this volume of water, the Kanopolis
Water Access District had the lowest life cycle cost and is the recommended supplemental
water supply source the City should further evaluate.

Increasing the storage in Lakewood Park also appeared to be viable to cover short-term (9 to 12
days) periods where the City cannot use Water Appropriation #47,510, but has a larger life cycle
cost. This option might have merit if the stored water is pumped to recreate a recirculation
system. The supplemental supply to offset seepage and evaporation (3.8 cfs) could be supplied
by Kanopolis Water Access District with up to 10 cfs being pumped from the lake to meet
aesthetic goals and to assist with non-motorized boat navigation. The pumped water would flow
through the system and back into Lakewood Park Lake making a sustainable closed looped
system. The re-circulation system does not need to be constructed during the Phase | Project
and could be added during a subsequent phase.
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phone: (785) 296-3717
fax: (785) 296-1176
www.ksda.gov/dwr

Division of Water Resources
109 SW 9th Street, 2nd Floor
Topeka, Kansas 66612-1283

Dale A, Rodman, Secretary Kansas Department of Agriculture Sam Brownback, Governor
David W. Barfield, Chief Engineer

May 31, 2011

CITY OF SALINA
300 WEST ASH
POBOX736
SALINA KS 67402-0736
RE: Appropriation of Water, File Nos. g,?__,_g_qg’ and 47,510

Dear Sir or Madam:

There are enclosed permits to appropriate water authorizing you to proceed with construction of the
proposed diversion works (except those dams and stream obstructions regulated by K.S.A. 82a-301
through 305a), to divert such unappropriated water as may be available from the source and at the
locations specified in the permits, and to use it for the purpose and at the locations described in the
permits. Your attention is directed to the enclosures and to the terms, conditions, and limitations
specified in these permits. A water meter is required on each of the proposed diversion works, and you
must install them prior to water being put to beneficial use in order for you to maintain accurate records of
water use. The meters should be used to provide the information required on the annual water use
reports.

Failure to notify the Chief Engineer of the Division of Water Resources of the completion of the
diversion works within the time allowed, or within any authorized extension of time thereof, will result in
the dismissal of these permits. Enclosed are forms which may be used to notify the Chief Engineer that
the proposed diversion works have been completed.

All requests for extensions of time to complete diversion works, or to perfect appropriations, must
be submitted to the Chief Engineer before the expiration of time originally set forth in these permits to
complete diversion works or to perfect an appropriation. If for any reason, you require an extension of
time, you must request it before the expiration of time set forth in each of these permits. Failure to
comply with this regulation will result in the dismissal of your permits or your water rights. Any request for
an extension of time shall be accompanied by the required statutory fee, which is currently $100.00 for
each file.

There is also enclosed an information sheet setting forth the procedure to obtain Certificates of
Appropriation which will establish the extent of your water rights. If you have any questions, please
contact our office. If you wish to discuss a specific file, please have the file number ready so that we may
help you more efficiently.

“Bfent A. Turrey, L. G.
Change Application Unit Supervisor
Water Appropriation Program
BAT:dws
Enclosures
pc: Stockton Field Office
Luca DeAngelis, P.E., P.G., HDR Engineering, Inc.



THE STATE OF KANSAS

KANSAS DEPARTMENT OF AGRICULTURE DIVISION OF WATER RESOURCES
Dale A. Rodman, Secretary of Agriculture David W. Barfield, Chief Engineer

APPROVAL OF APPLICATION
and

PERMIT TO PROCEED
(This Is Not a Certificate of Appropriation)

This is to certify that | have examined Application,File No. 47,509 of the applicant

City of Salina
300 West Ash
Post Office Box 736
Salina, Kansas 67402-0736

for a permit to appropriate water for beneficial use, together with the maps, plans and other submitted data,
and that the application is hereby approved and the applicant is hereby authorized, subject to vested rights
and prior appropriations, to proceed with the construction of the proposed diversion works (except those
dams and stream obstructions regulated by K.S.A. 822301 through 305a, as amended), and to proceed
with all steps necessary for the application of the water to the approved and proposed beneficial use and
otherwise perfect the proposed appropriation subject to the following terms, conditions and limitations:

1. That the priority date assigned to such application isApril 5, 2010.

2. That the water sought to be appropriated shall be used for recreational use within the original
Smoky Hill River channel traversing Sections 7, 8, and 18, Township 14 South, Range 2 West; and
Sections 12 and 13, Township 14 South, Range 3 West, all in Salne County, Kansas.

3. That the authorized source from which the appropriation shall be made is groundwater from the
alluvial aquifer, to be withdrawn by means of an existing groundwater pit (Lakewood Park Lake), with a
geographic center located in the Southwest Quarter of the Northeast Quarter of the Southwest Quarter
(SWvs NEa SW4) of Section 7, more particularly described as being near a point 1,800 feet North and
3,325 feet West of the Southeast corner of said section, in Township 14 South, Range 2 West, Saline
County, Kansas, located substantially as shown on the topographic map accompanyingthe application.

4. That the appropriation sought shall be limited to a maximum diversion rate not in excess 0f4,500
gallons per minute (10 c.f.s.) and to a quantity not to exceed 1,785 acre-feet of water for any calendar
year.

5. Thatinstallation of works for diversion of water shall be completed on or before December 31, 2012
or within any authorized extension thereof. The applicant shall notify the Chief Engineer and pay the
statutorily required field inspection fee of $400.00 when construction of the works has been completed.
Failure to timely submit the notice and the fee will result in revocation of the permit. Any request for an
extension of time shall be submitted prior to the expiration of the deadline and shall be accompanied by the
required statutory fee of $100.00.

WATER METER REQUIRED
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6. Thatthe proposed appropriation shall be perfected by the actual application of water to the proposed
beneficial use on or before December 31, 2016 or any authorized extension thereof. Any request for an
extension of time shall be submitted prior to the expiration of the deadline and shall be accompanied by the
required statutory fee of $100.00.

7. That the applicant shall not be deemed to have acquired a water appropriation for a quantity in
excess of the amount approved herein nor in excess of the amount found by the Chief Engineer to have
been actually used for the approved purpose during one calendar year subsequent to approval of the
application and within the time specified for perfection or any authorized extension thereof.

8. That the use of water herein authorized shall not be made so as to impair any use under existing
water rights nor prejudicially and unreasonably affect the public interest.

9. Thatthe right of the appropriator shall relate to a specific quantity of water and such right must allow
for a reasonable raising or lowering of the static water level and for the reasonable increase or decrease of
the streamflow at the appropriator's point of diversion.

10. That this permit does not constitute authority under K.S.A. 82a-301 through 305a to construct any
dam or other obstruction; nor does it grant any right-of-way, or authorize entry upon or injury to, public or
private property.

11. That all diversion works constructed under the authority of this permit into which any type of chemical
or other foreign substance will be injected into the water pumped from the diversion works shall be equipped
with an in-line, automatic quick-closing, check valve capable of preventing pollution of the source of the
water supply. The type of valve installed shall meet specifications adopted by the Chief Engineer and shall
be maintained in an operating condition satisfactory to the Chief Engineer.

12. That an acceptable water flow meter shall be installed and maintained on the diversion works
authorized by this permitin accordance Kansas Administrative Regulations 5-1-4 through 5-1-12 adopted by
the Chief Engineer. This water flow meter shall be used to provide an accurate quantity of water diverted as
required for the annual water use report (including the meter reading at the beginning and end of the report
year).

13. That the applicant shall maintain accurate and complete records from which the quantity of water
diverted during each calendar year may be readily determined and the applicant shall file an annual water
use report with the Chief Engineer byMarch 1 following the end of each calendar year. Failure to file the
annual water use report by the due date shall causethe applicant to be subject to a civil penalty.

14. That no water user shall engage in nor allow the waste of any water diverted under the authority of
this permit.

15. That failure without cause to comply. with provisions of the permit and its terms, conditions and
limitations will result in the forfeiture of the priority date, revocation of the permit and dismissal of the
application.

16. That the right to appropriate water under authority of this permitis subject to any minimum desirable
streamflow requirements identified and established pursuant to K.S.A. 82a-703c for the source of supply to
which this water right applies.

17. That the applicant shall ensure that water diverted under authority of this permit be returned to the
groundwater pit described in Paragraph No. 3 of this permit, such that the use of water would be considered
essentially nonconsumptwe to the source of sup

G3AIUCTA FITIM ATTAW
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18. That in order to prevent unreasonable lowering of the water level in the groundwater pit (Lakewood
Park Lake), the applicant shall cease diversion when the surface water level in the groundwater pit is at or
below elevation 1,194.1 feet mean sea level, as measured at the dock on the north side of Lakewood Park
Lake.

19. That the groundwater pit shall be constructed, maintained and operated in a manner that will prevent
degradation to the water quality of the source of supply which would cause impairment to existing water
rights.

20. That the Chief Engineer specifically retains jurisdiction in this matter with authority to make such
reasonable reductions in the approved rate of diversion and quantity authorized to be perfected, and such
changes in other terms, conditions, and limitations set forth in this approval and permit to proceed as may
be deemed to be in the public interest.

This Order shall become a final agency action, as defined by K.S.A. 77-607(b), without further notice to
the parties, if a request for hearing or a petition for administrative review is not filed as set forth below.

Request for Hearing. According to K.A.R. 5-14-3(c), any party who desires a hearing must submit a
request within 15 days after the date shown on the Certificate of Service attached to this Order. Filing a
request for a hearing will give you the opportunity to submit additional facts for consideration, contest any
findings made by the Chief Engineer, or present any other information you believe should be considered in
this matter. A timely-filed request for hearing will stay the deadline for requesting administrative review of
this Order pending the outcome of the hearing.

Petition for Review. The applicant, if aggrieved by this Order, may petition for administrative review,
pursuant to K.S.A. 82a-711(c) and K.S.A. 82a-1901(a). The petition must be filed within 30 days after the
date shown on the Certificate of Service attached to this Order and must set forth the basis for the review,
unless stayed by the timely filing of a request for hearing.

Any request for hearing or petition for administrative review shall be in writing and shall be submitted to
the attention of: Chief Legal Counsel, Kansas Department of Agriculture, 109 SW 9™ Street, 4™ Floor,
Topeka, Kansas 66612, Fax: (785) 368-6668.

Dated at Topeka, Kansas, thlsa?jfc;y/ of '-47%7/ , 2011.

amuu,,

t;-AVIDW )& wJ ru

_ David W. Barfield, P.E.

Chief Engineer

...0-0
'Ocan"'

Division of Water Resources
Kansas Department of Agriculture

\..;

State of Kansas )
) S
>ounty of Shawnee )

The foregoing instrument was acknowledged before me this Mf /7%’ , 2011, by

David W. Barfield, P.E., Chief Engineer, Division of Water Resources, Kansas Departmént of Agriculture.

SHERYLP FERGEL /%/ /%
MY COMMISSION EXPIRES /&/r

Notary PUbIIC
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CERTIFICATE OF SERVICE

§h |
On thiszl"ﬁay of lr\ , 2011, | hereby certify that the foregoing Approval of
Application and Permit to Proceed, No. 47,509, dated 7’2’.&? A5, 2¢// was mailed postage
prepaid, first class, US mail to the foltbwing:

CITY OF SALINA

300 WEST ASH

PO BOX 736

SALINA KS 67402-0736

With photocopies to:

HDR ENGINEERING INC

% LUCA DEANGELIS PE PG
4435 MAIN ST STE 1000
KANSAS CITY MO 64111-1856

Stockton Field Office

Division of Water Resources



phone: (785) 296-3717
fax: (785) 296-1176
www.ksda.gov/dwr

Division of Water Resources
109 SW 9th Street, 2nd Floor
Topeka, Kansas 66612-1283

Dale A. Rodman, Sccretary Kansas Department of Agriculture Sam Brownback, Governor
David W. Barfield, Chief Engineer

May 31, 2011

CITY OF SALINA

300 WEST ASH

PO BOX 736

SALINA KS 67402-0736
' RE: Appropriation of Water, File Nos. 47,509 and 47,510

Dear Sir or Madam:

There are enclosed permits to appropriate water authorizing you to proceed with construction of the
proposed diversion works (except those dams and stream obstructions regulated by K.S.A. 82a-301
through 305a), to divert such unappropriated water as may be available from the source and at the
locations specified in the permits, and to use it for the purpose and at the locations described in the
permits. Your attention is directed to the enclosures and to the terms, conditions, and limitations
specified in these permits. A water meter is required on each of the proposed diversion works, and you
must install them prior to water being put to beneficial use in order for you to maintain accurate records of
water use. The meters should be used to provide the information required on the annual water use
reports,

Failure to notify the Chief Engineer of the Division of Water Resources of the completion of the
diversion works within the time allowed, or within any authorized extension of time thereof, will result in
the dismissal of these permits. Enclosed are forms which may be used to notify the Chief Engineer that
the proposed diversion works have been completed.

All requests for extensions of time to complete diversion works, or to perfect appropriations, must
be submitted to the Chief Engineer before the expiration of time originally set forth in these permits to
complete diversion works or to perfect an appropriation. If for any reason, you require an extension of
time, you must request it before the expiration of time set forth in each of these permits. Failure to
comply with this regulation will result in the dismissal of your permits or your water rights. Any request for
an extension of time shall be accompanied by the required statutory fee, which is currently $100.00 for
each file.

There is also enclosed an information sheet setting forth the procedure to obtain Certificates of
Appropriation which will establish the extent of your water rights. If you have any questions, please
contact our office. If you wish to discuss a specific file, please have the file number ready so that we may

help you more efficiently.

ent A. Turrtey, L. G.
Change Application Unit Supervisor
Water Appropriation Program
BAT:dws
Enclosures
pc: Stockton Field Office
Luca DeAngelis, P.E., P.G., HDR Engineering, Inc.



THE STATE (& ---s_:_:;;,- OF KANSAS

KANSAS DEPARTMENT OF AGRICULTURE ' DIVISION OF WATER RESOURCES
Dale A. Rodman, Secretary of Agriculture David W. Barfield, Chief Engineer
APPROVAL OF APPLICATION
and

PERMIT TO PROCEED
(This is not a Certificate of Appropriation)

This is to certify that | have examined ApplicationFile No. 47,510 of the applicant

City of Salina
300 West Ash
Post Office Box 736
Salina, Kansas 67402-0736

for a permit to appropriate water for beneficial use, together with the maps, plans and other submitted data,

and that the application is hereby approved and the applicant is hereby authorized, subject to vested rights.

and prior appropriations, to proceed with the construction of the proposed diversion works (except those
dams and stream obstructions regulated by K.S.A. 82a301 through 305a, as amended), and to proceed
with all steps necessary for the application of the water to the approved and proposed beneficial use and
otherwise perfect the proposed appropriation subject to the following terms, conditions and limitations:

1. That the pridrity date assigned to such application is April 5, 2010.

2. That the water sought to be appropriated shall be used for recreational use within the original
Smoky Hill River channel traversing Sections 7, 8, and 18, Township 14 South, Range 2 West; and
Sections 12 and 13, Township 14 South, Range 3 West, all in Salne County, Kansas.

3. That the authorized source from which the appropriation shall be made is surface water from the
Smoky Hill River, to be diverted at a point located in the Northeast Quarter of the Northeast Quarter of the
Southwest Quarter (NE'a NEv SW14) of Section 18, more particularly described as being near a point
2,500 feet North and 3,000 feet West of the Southeast corner of said section, in Township 14 South, Range
2 West in Saline County, Kansas located substantially as shown on the topographlc map accompanying
the appllcatmn

4. Thatthe appropriation sought shall be limited to a maximum diversion rate not in excess of 44,880
gallons per minute (100 cubic feet per second) and to a quantity not to exceed 28,952 acre-feet of water
for any calendar year.

5. That installation of works for diversion of water shall be completed on or beforeDecember 31,
2012 or within any authorized extension thereof. The applicant shall notify the Chief Engineer and pay the
statutorily required field inspection fee, which is currently $400.00, when construction of the works has been
completed. Failure to timely submit the notice and the fee will result in revocation of the permit. Any
request for an extension of time shall be submitted prior to the expiration of the deadline and shall be
accompanied by the required statutory fee, which is currently $100.00.

6. That the proposed appropriation shall be perfected by the actual application of water to the
proposed beneficial use on or before December 31, 2016 or any authorized extension thereof. Any request
for an extension of time shall be submitted prior to the expiration of the deadline and shall be accompanied
by the required statutory fee, which is currently $100.00.
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7. That the applicant shall not be deemed to have acquired a water appropriation for a quantity in
excess of the amount approved herein nor in excess of the amount found by the Chief Engineer to have
been actually used for the approved purpose during one calendar year subsequent to approval of the
application and within the time specified for perfection or any authorized extension thereof.

8. Thatthe use of water herein authorized shall not be made so as to impair any use under existing
water rights nor prejudicially and unreasonably affect the public interest.

9. That the right of the appropriator shall relate toa specific quantity of water and such right must
allow for a reasonable raising or lowering of the static water level and for the reasonable increase or
decrease of the streamflow at the appropriator's point of diversion.

10. That this permit does not constitute authority under K.S.A. 82a-301 through 305a to construct any
dam or other obstruction; nor does it grant any right-of-way, or authorize entry upon or injury to, public or
private property.

11. That all diversion works constructed under the authority of this permit into which any type of
chemical or other foreign substance will be injected into the water pumped from the diversion works shall be
equipped with an in-line, automatic quick-closing, check valve capable of preventing pollution of the source
of the water supply. The type of valve installed shall meet specifications adopted by the Chief Engineer and
shall be maintained in an operating condition satisfactory to the Chief Engineer.

12. That an acceptable water flow meter shall be installed and maintained on the diversion works
authorized by this permit in accordance Kansas Administrative Regulations 5-1-4 through 5-1-12 adopted by
the Chief Engineer. This water flow meter shall be used to provide an accurate quantity of water diverted as
required for the annual water use report (including the meter reading at the beginning and end of the report
year).

13. That the applicant shall maintain accurate and complete records from which the quantity of water
diverted during each calendar year may be readily determined and the applicant shall file an annual water
use report with the Chief Engineer byMarch 1 following the end of each calendar year. Failure to file the
annual water use report by the due date shall cause the applicant to be subject to a civil penalty.

14. That no water user shall engage in nor allow the waste of any water diverted under the authority
of this permit.

15. That failure without cause to comply with provisionsof the permit and its terms, conditions and
limitations will result in the forfeiture of the priority date, revocation of the permit and dismissal of the
application.

16. That the stream flow shall not be stopped at the first riffle below the point of diversion while
diversion is taking place under the authority of this water right or permit.

17. That the right to appropriate water under authority of this permit is subject to any minimum
desirable streamflow requirements identified and established pursuant to K.S.A. 82a-703c¢ for the source of
supply to which this water right applies.
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18. That diversion of natural flows shall not take place unless there is water available to satisfy all
demands by senior water rights and permits.

19. That during the period October 1 through June 30, the verbal or written permission of the Chief
Engineer, or an authorized representative of the Chief Engineer, shall be obtained in order to divert water
each time the applicant desires to divert water.

20. That during the period July 1 through September 30 each calendar year, no direct diversions of
surface water shall be permitted unless written permission is obtained from the Chief Engineer, or the Chief
Engineer’s authorized representative.

21. That the diversion of surface water authorized herein shall be allowed only when flows in the
Smoky Hill River at the U.S. Geological Survey stream gage No. 06866500 located near Mentor, Kansas
are equal to or greater than 40 c.f.s. The City of Salina will be responsible for monitoring this stream gage
to ensure that adequate flow is present prior to, and during, any diversion of surface water, and that
permission has been granted to divert water asdiscussed in Paragraph Nos. 19 and 20 above.

22. That the maximum rate of diversion shall be limited to the flow at the U.S. Geological Survey
stream gage No. 06866500 located near Mentor, Kansas, less 30 c.f.s., to ensure that some volume of
water remains in the river below the point of diversion when diversion of water is occurring.

23. Thatthe Chief Engineer specifically retains jurisdiction in this matter with authority to make such
reasonable reductions in the approved rate of diversion and quantity authorized to be perfected, and such
changes in other terms, conditions, and limitations set forth in this approval and permit to proceed as may
be deemed to be in the public interest

This Order shall become a final agency action, as defined by K.S.A. 77-607(b), without further notice to
the parties, if a request for hearing or a petition for administrative review is not filed as set forth below.

Request for Hearing. According to K.A.R. 5-14-3(c), any party who desires a hearing must submit a
request within 15 days after the date shown on the Certificate of Service attached to this Order. Filing a
request for a hearing will give you the opportunity to submit additional facts for consideration, contest any
findings made by the Chief Engineer, or present any other information you believe should be considered in
this matter. A timely-filed request for hearing will stay the deadline for requesting administrative review of
this Order pending the outcome of the hearing.

Petition for Review. The applicant, if aggrieved by this Order, may petition for administrative review,
pursuant to K.S.A. 82a-711(c) and K.S.A. 82a-1901(a). The petition must be filed within 30 days after the
date shown on the Certificate of Service attached to this Order and must set forth the basis for the review,
unless stayed by the timely filing of a request for hearing.



File No. 47,510 Page 4

Any request for hearing or petition for administrative review shall be in writing and shall be submitted to
the attention of: Chief Legal Counsel, Kansas Department of Agriculture, 109 SW 9" Street, 4" Floor,
Topeka, Kansas 66612, Fax: (785) 368-6668.

Dated at Topeka, Kansas, thlwz_il:r— of /7%?, , 2011.
F—‘“‘“\\\:klA)’cj CAH) S;%;51R¢Eih{{ LL/{

David W. Barf eld, P.E.
Chief Englneer
Division of Water Resources
Kansas Department of Agriculture

..o..o..

State of Kansas

County of Shawnee )
The foregoing instrument was acknowledged before me this f day of %‘ , 2011, by
David W. Barfield, P.E., Chief Engineer, Division of Water Resources, Kansas Department of Agriculture.

SHERVLP FERGEL | W /7/
My COMMISSION EXPIRES < L
Notary ublic

January 5, 2014

CERTIFICATE OF SERVICE

s+ |
On thisg)l “day of , 2011, | hereby certify that the foregoing Approval of
Application and Permit to Proceed (Fie No. 47 510 dated Wdﬁ ;,75"5).,9’// was mailed postage

prepaid, first class, US mail to the fotlowing:

CITY OF SALINA
- 300 WEST ASH
PO BOX 736
SALINA KS 67402-0736

With photocopies to:

HDR ENGINEERING INC

% LUCA DEANGELIS PE PG
4435 MAIN ST STE 1000
KANSAS CITY MO 64111-1856

Stockton Field Office

Division of Water Resources



HESEIVED

1320 Research Park Drive I :an S aS 900 SW Jackson, Room 456

Manhattan, Kansas 66502 Department of Agriculture Topeka, Kansas 66612
(785) 564-6700 agriculture.ks.gov (785) 296-3556
Jackie McClaskey, Secretary Governor Sam Brownback
August 17,2017
CITY OF SALINA
DIRECTOR OF UTILITIES
PO BOX 736

SALINA KS 67402-0736
RE: Temporary Permit
File No. 20170196
Dear Sir or Madam:

Your application for temporary permit to appropriate water for beneficial use has been examined,
approved, and a permit is enclosed.

The approval of your application constitutes a temporary permit to appropriate water for
beneficial use, as set forth in the application. This permit does not give authority to any right-of-way, or
authorize injury to, or trespass upon public or private property, does not constitute authority under
K.S.A. 82a 301 through 305 to construct any dam or other obstruction; nor does it obviate the necessity
of assent from Federal or Local Governmental authorities, when necessary. Records must be maintained
from which the quantity of water actually diverted may be readily determined.

K.S.A. 82a-728 sets forth, in essence, that it is unlawful to divert or threaten to divert water for
the type of use you propose without first acquiring approval of the Chief Engincer of the Division of
Water Resources. K.S.A. 82a-737 sets forth that violation of the Kansas Water Appropriation Act, any
adopted rule or regulation, or any order of the Chief Engineer, may be subject to a civil penalty of up to
$1000, per violation. Each day that any such violation occurs can be considered a separate offense.

If you have any questions, please contact our office at (785) 564-6643.

Sincerely,

Austin McColloch
Environmental Scientist

Water Appropriation Program

Enclosures
pe:

lopeka o Clithe o M mbaltan « arsons « Stiflord « Stockton




CERTIFICATE OF SERVICE

On this 17th day of August, 2017 I hereby certify that the attached Approval of Application for
Temporary Permit, File No. 20170196, dated August 16, 2017 was mailed postage prepaid, first class,
US mail to the following:

CITY OF SALINA
DIRECTOR OF UTILITIES
PO BOX 736

SALINA KS 67402-0736

with photocopies to:

hi-rid, -



THE STATE | OF KANSAS

KANSAS DEPARTMENT OF AGRICULTURE DIVISION OF WATER RESOURCES
Jackie McCiaskey, Secretary of Agriculture David W. Barfield, Chief Engineer

APPROVAL OF APPLICATION
FOR

TEMPORARY PERMIT

This is to certify that | have examined Application, File No. 20170196, of the applicant

CITY OF SALINA
DIRECTOR OF UTILITIES
PO BOX 736
SALINA KS 67402-0736

for a temporary permit to appropriate water for beneficial use, together with the maps, plans and other submitted
data, and that the application is hereby approved and the applicant is hereby authorized, subject to vested rights
and prior appropriations, to proceed with the construction of the proposed diversion works (except those dams and
stream obstructions regulated by K.S.A. 82a 301 through 305a, as amended), and to proceed with all steps
necessary for the application of the water to the approved and proposed beneficial use subject to the following
terms, conditions and limitations:

1.
2.

That the priority date assigned to such application is August 16, 2017.

That the water sought to be appropriated shall be used for recreational use in the Southwest Quarter (SW'4)
of Section 7, Township 14 South, Range 2 West, Saline County, Kansas.

That the authorized source from which the appropriation shall be made is groundwater to be withdrawn by
means of a pumpsite located in the Southwest Quarter of the Northeast Quarter of the Southwest Quarter
(SWV: NEV;: SE¥:) of Section 7, more particularly described as being near a point 1,800 feet North and 3,325
feet West of the Southeast corner of said section, in Township 14 South, Range 2 West, Saline County,
Kansas.

That the appropriation sought shall be limited to a maximum diversion rate not in excess of 1,100 gallons per
minute and to a quantity not to exceed 3.96 million gallons of water.

That the applicant shall not be deemed to have acquired a water appropriation for a guantity in excess of the
amount approved herein.

That the use of water herein authorized shall not be made so as to impair any use under existing water rights
nor prejudicially and unreasonably affect the public interest.

That the temporary permit shall relate to a specific quantity of water and must allow for a reasonable raising or
lowering of the static water level and for the reasonable increase or decrease of the streamflow at the
authorized peint of diversion.

That this temporary permit does not constitute authority under K.S.A. 82a 301 to 305a to construct any dam or
other obstruction; nor does it grant any right-of-way, or authorize entry upon or injury to, public or private

property.

(over)
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9.

10.

11

12.

13.

14.

15.

16.

That all diversion works constructed under the authority of this temporary permit into which any type of
chemical or other foreign substance will be injected into the water pumped from the diversion works shall be
equipped with an in-line, automatic quick-closing check valve capable of preventing pollution of the source of
the water supply. The type of valve installed shall meet specifications adopted by the Chief Engineer and shall
be maintained in an operating condition satisfactory to the Chief Engineer.

That the applicant shall maintain accurate and complete records from which the quantity of water diverted for
the duration of the temporary permit may be readiiy determined.

That no water user shall engage in nor allow the waste of any water diverted under the authority of this
temporary permit.

That failure without cause to comply with provisions of this temporary permit and its terms, conditions and
limitations will result in the forfeiture of the priority date. revocation of the permit and dismissal of the
application.

That this temporary permit is subject to any minimum desirable streamflow reguirements identified and
established pursuant to K.8.A. 82a-703c.

That the effective date of this temporary permit is August 16, 2017.

That this temporary permit shall expire on September 30, 2017 and its priority forfeited, in accordance
with K.5.A. 82a-727.

That an acceptable water flowmeter is required and must be installed prior to using water, records of
the quantity of water used must be maintained and must also be made available to Chief Engineer or
his agents, upon request. Additional information about water meter requirements, including a current
list of acceptable meters and installation criteria is available on our website at:

http:ffagricuiture.ks.gov/meters.

This is a final agency action. If you choose to appeal this decision or any finding or part thereof. you must do so by
filing a petition for review in the manner prescribed by the Kansas Act for Judicial Review and Civil Enforcement of
Agency Actions (KJRA K.S.A. 77-601 et seq.) within 30 days of service of this order. Your appeal must be made with
the appropriate district court for the district of Kansas. The Chief Legal Counsel for the Kansas Department of
Agriculture. 1320 Research Park Drive. Manhattan, Kansas 66502, is the agency officer who will receive service cfa
petition for judicial review cn behalf of the Kansas Department of Agriculture, Division of Water Resources. If you have
questions or would like clarification concerning this order, you may contact the Chief Engineer.

Ordered this 17th day of August, 2017, in Topeka, Shawnee County, Kansas.

Uk 48

FOR: David W. Barfieid, P.E.
‘ Chief Engineer
Division of Water Resources
Kansas Department of Agriculture
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MONITORING WELL INSTALLATION REPORT

LAKEWOOD LAKE
12345 COLLEGE BOULEVARD
SALINA, KANSAS

Prepared For:
HDR ENGINEERING, INC.

2139 East Primrose, Suite E
Salina, Kansas 65804

Prepared By:

KAW VALLEY ENGINEERING, INC.
14700 West 114" Terrace
Lenexa, Kansas 66215

July 14, 2017

Project No. E17G1693

Office Locations: Junction City, KS / Kansas City, MO / Lenexa, KS / Salina, KS / Emporia, KS / Wichita, KS



Office: 913.894 5150

Fax: 913.824 5977

Web: www kveng.com

Address: 14700 West 114" Terrace

¥V KAW VALLEY ENGINEERING, INC. Lenera, K5 66215

July 14, 2017 E17G1693

Mr. Eric Dove

HDR Engineering, Inc.
2139 East Primrose, Suite E
Springfield, MO 65804

RE: SMOKY HILL RIVER RENEWAL PROJECT
LAKEWOOD LAKE MONITORING WELL INSTALLATION
SALINA, KANSAS

Dear Mr. Dove:

This Monitoring Well Installation Report provides the details of the June 2017 field effort by
Kaw Valley Engineering (KVE) to install four (4) monitoring wells at Lakewood Lake in Salina,
Kansas. These wells were installed at locations selected by HDR and are part of the Smoky Hill
River Renewal Project.

KVE June 2017 Field Work

Four (4) monitoring wells, MW-1 through MW-4, were drilled by KVE between June 22 and 28,
2017, at locations provided by HDR on an aerial photograph. The well locations were identified
in the field by KVE personnel using the aerial photograph and a hand held GPS instrument. All
wells were drilled at their pre-determined locations with the exception of MW-2. Due to steeply
sloping conditions on the southeast corner of the lake, HDR approved moving MW-2
approximately 60 feet northeast to a location adjacent to the walking trail on the east side of the
lake.

The borings were advanced using a CME-750 ATV mounted drill rig using 4-inch diameter
continuous flight augers. Once the water table was reached, the hole was washbored the
remaining depth to the top of the Wellington Shale bedrock, driving 4-inch steel casing to the
bottom of the boring. Soil samples were collected from four (4) intervals in the top 10 feet of the
boring and at approximate 5-foot intervals throughout the remainder of the boring using a split
barrel sampler.

Soil Stratigraphy/Geology

Lakewood Lake is located within the ancestral river valley of the Smoky Hill River with the east
side of the lake located within a few feet of the oxbow lake that was formerly the central channel
of the river. This channel was cutoff during the completion of a flood control levee constructed
by the U.S. Army Corps of Engineers in the mid 1960s. Soil sediments in this area consist of
alluvial and terrace valley fill, ranging from clay to gravel sized sediments up to 60 feet thick.

Office Locations: Junction City, KS / Kansas City, MO / Lenexa, KS / Salina, KS / Emporia, KS / Wichita, KS



Monitoring wells MW-1, MW-2, and MW-4 were located at similar elevations on the north, east,
and west sides of the lake, respectively, while MW-3 was located on the south side of the lake at
a lower elevation (see Plate 1). The soil stratigraphy of MW-1, MW-2, and MW-4 generally
consisted of poorly graded, light brown, loose to medium dense, poorly graded silt or silty fine
sand, from the surface down to approximately 18 to 22 feet. Underlying these sediments was a
gray, poorly graded, medium to coarse grained sand with pebbles, that became orange/brown,
coarse grained sand to pebble sized material within 10 to 15 feet of bedrock. MW-2 and MW-4
exhibited one or two thin, gray to dark gray, soft, silty clay layers between 30 and 40 feet. The
upper 3 feet of MW-3 displayed a primarily brown lean clay with a rusty mottling overlying a
poorly graded orange/brown, medium grained sand. From 8 to 22 feet was a very soft, light
brown to gray, clayey silt that was saturated at 14 feet. Below this interval and down to bedrock
was poorly graded, light brown to orange/brown, medium to coarse grained sand and pebbles.

The bedrock underlying the Smoky Hill River Valley is formed by the upper portion of the
Wellington Shale, which lies in sharp contrast to the overlying alluvial sediments. At the
locations drilled, the Wellington was mostly a blue-gray or maroon, blocky to sub-fissile,
weathered shale, with infrequent rust colored laminations. The top of the Wellington was
recorded at 49.8 feet in MW-1, 51.7 feet in MW-2, 34.3 feet in MW-3, and 49.7 feet in MW-4.
Penetration into the Wellington ranged from 0.5 to 4.0 feet in the monitoring well borings.
Copies of the boring logs for each of the monitoring wells are included in Plates 2 through 5.

Well Installation

Subsequent to the completion of drilling, permanent monitoring wells were installed in each of
the four borings. The monitoring wells were constructed of 2-inch diameter Schedule 40 PVC
riser, with a 10-foot, 0.010-inch slotted Schedule 40 PVC screen, and a 6 inch PVC well point at
the bottom of the well. A filter fabric "sock" was installed over the screened interval and secured
onto the lower 2 feet of the PVC riser to provide additional filtering. Once the well was in place
at the bottom of the boring, the steel casing was slowly removed to allow natural sand and gravel
to fill in around the well casing. Bentonite pellets followed by bentonite chips were placed into
the open borehole, being hydrated every 5 feet, to create a seal around the casing to the ground
surface. A pressure relief slot was cut into the top of the PVC casing of each well, just below the
locking well cap.

Each well was completed with a 5-foot long protective steel casing, set 2 feet into the bentonite
seal. Each steel casing was finished with a concrete pad around the base and a 1/4-inch diameter
weep hole drilled 2 inches above the concrete pad. Pad locks (keyed alike) were attached to each
of the locking caps and adhesive, reflective well numbers were affixed to one side of the steel
casing. The well location, top of the PVC casing, and the top of the concrete pad were surveyed
by a Kaw Valley Engineering, Inc. field crew. Well construction diagrams of each well are
included in Plates 6 through 9.



Well Development

The monitoring wells were developed using a plastic disposable bailer attached to a nylon cord
and a 1.75 inch diameter electric downhole pump. The downhole pump ran at a uniform flow
rate of 1.25 gallons per minute with power supplied by a 12-volt car battery.

The bailer was used to surge the water in each well to agitate any drilling fluid or silt sized
sediment accumulation, and then immediately bailed. The downhole pump was then used to
surge and remove additional fine sediments along the length of the screen at intervals of 1 to 2
feet. This procedure was repeated until the groundwater no longer appeared turbid. A total of 65
gallons of groundwater was removed from MW-1, 90 gallons from MW-2, 65 gallons from
MW-3, and 95 gallons from MW-4. In all four wells, the groundwater returned to static level in
less than one minute once the pump was shut off.

CLOSURE
# ook ok ok ok sk
The following plates are attached to and complete this report:
Plate 1 - Monitoring Well Locations
Plates 2 through 5 - Logs of Borings
Boring Log Reference Legend
Plates 6 through 9 -- Well Installation Logs

* ok sk ok ook ok

We appreciate the opportunity to be of service to you on this project. Please contact us if you have any
questions or comments,

Respectfully submitted,

Kaw Valley Engineering, Inc.

Vi1

W"gc .
L. Krfstopher Moore James M. Barry, R.G.

Geologist Geologist

Copies submitted (2)
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PLATE 1

LAKEWOOD LAKE
SALINA, KANSAS

SMOKY HILL RIVER RENEWAL PROJECT

APPROVED BY: JAN

” NOT TO SCALE ” E17G1693

i V KAW VALLEY ENGINEERING




LOG OF BORING MW-1 SHEET 1 OF 1

_ . CLIENT: HDR
ﬁ%g%e%ﬁ?ﬁlgee”n& Inc. PROJECT:  Smoky Hill River Renew. Salina, KS
errace .
Iw Lenexa, Kansas 66215 NUMBER: E17G1693-R2 .
b Telephone: (913)894-5150 LOCATION: Lakewood Lake, Sallna, KS, 67401
Fax: (913)894-5977
DATE(S) DRILLED: 6/22/17 - 6/22/17
FIELD DATA LABORATORY DATA DRILLING METHOD(S): 4' CFA, Washbore
ATTERBERG = DRILL RIG: cmezs0
~ LIMITS '5 ~ DRILL RIG OPERATOR: Les Scott
E’ < g & E’ LOGGED BY: Kris Moore
%] L =)
i @ c|2] £| 2|2 | & | GROUNDWATER INFORMATION:
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o) = S| 0|5 S E Z0 | 2% |ag| & | Waterlevel upon completion: N/A
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2| FE g géggd S|ael|3S g |a S% %g %8 2 SURFACE ELEVATION: 1212.06'
| 4 \&/zarS |B| S{w|r|p|E2| 8% S| £ DESCRIPTION OF STRATUM
L] 4444 4 SIT:Lghtbrown;dry 12110
L [ ] CONCGRETEFILL ~ ~ T T T T T T T g
SILT: Light brown; loose: slightly moist
P = = — i e i ] i i —pl—a iy - r— e T R TrT N e P 1205-4_1
[ SILTY SAND:_Light brown; slightly clayey; very loose; most. ¢
L4414 | 1 | LEANCLAY: Brown mottled with rust; stiff, moist; with sjlio g
i T T 1 1 | | [\SILIYSAND: Lightbrown;loose 12021
B LEAN CLAY: Dark brown mottled with rust; stiff; moist; with
i silt
4 = S g 98. 4
T =37416 SILTY SAND: Light brown; medium dense; moist; with s?I_t‘L;
becomes fine to medium grained at 19'; orange/tan; loose;
slightly moist
T =3/5/7
-y 11904
POORLY GRADED SAND: Gray; medium to coarse %
T=3/33 grained; with pea gravel; flowing; from 32'-40' becomes
red/brown with iron concretions; medium dense
T =14/6/8
T =10/13/17|
T=7/9/8
—————— e H
T =6/5/5 POORLY GRADED SAND: Orange/brown; medium dense;
coarse grained; flowing; at 49' becomes primarily pebble to
cobble-sized material
= B g H62.34
WF=9A2/18 : SHALE: Wailington Shale; blus/gray, weathered, sub-Ti44ge o
i BORING|TERMINATED AT 50.5 BOTTOM OF HOLE AT 50.5
55 :
N 28T ANDARD PENETRATION TEST RESISTANCE REMARKS:
_ﬁ_’ : EI(_)(g:V}\(IETPFI;IIE?NSEII('TS (,.\7A|-IIEI-EF ISER RESISTANCE Surficial Conditions: Grass
REC - ROCK CORE RECOVERY
RQD - ROCK QUALITY DESIGNATION

PLATE 2



LOG OF BORING MW-2 SHEET 1 OF 1

_ . CLIENT: HDR
Kaw Valley Engineering, Inc. PROJECT:  Smoky Hill River Renew. Salina, KS
I(V 14700 W 114th Terrace NUMBER: E17G1693-R2
q | Lenexa, Kansas 66215 : ,
b Telephone: (913)894-5150 LOCATION: Lakewood Lake, Sallna, KS, 67401
Fax: (913)894-5977
DATE(S) DRILLED: 6/27/17 - 6/28/17
FIELD DATA LABORATORY DATA DRILLING METHOD(S): 4" CFA, Washbore
ATTERBERG = DRILL RIG: cmezs0
~ LIMITS '5 —~ | DRILL RIG OPERATOR: Les Scott
< e & & < LOGGED BY: kris Moore
a = i 812 |5
£ ju - 2 E z 2 i | GROUNDWATER INFORMATION:
(Z) =z % El =] > O wo |BZ 2 Water level while boring: 23'
al _ = =| 0 % E') E g %5 L o| | Waterlevel upon completion: N/A
o & Loo zlwlo|E|E|20| 3F |22 ¢
S|t (§)2%2 |u|5|5|2|2|58| ¥o |28z
S| & |2]88555 |5 2| S a|a |25 | 8 |£5| S | SURFACE ELEVATION: 1216.42
| 8 \5) zackE | ¥ | S |pr|pP| &R | 85 |82| 5 DESCRIPTION OF STRATUM
N LEAN CLAY: Light brown; with silt and organics; dry to
5 T=6/8/8 slightly moist; at 3' becomes more silty
L I R O N R e e Y g
- T=2/2/3 SILT: Light brown; loose; dry to slightly moist; becomes
[ ° sandy at 7.5'
B T=2/3/2
i 10 T=1/21
______ I O O e I o 4"
e POORLY GRADED SAND: Light brown/orange; fine
i:i:: 15 T=2/3/3 grained; loose; dry
S R R e R D e e D 98.41
“ T=2/3/4 POORLY GRADED SAND: UgMbmwmmmmenwdmmto
- coarse grained; loose; slightly moist; at 23' becomes coarse
with some pea sized gravel grains
A 4
T =2/4/6
______ T T 7 1T 1 1 | | | POORLY GRADED SAND: Gray brown; coarse ¢ g?aﬁe?f}'1
Tz Lt L1 1 1 1 | | ] loose flowing withpebbles _1186.9!
CLAYEY SAND: Dark gray with darker gray staining; with
fine sand
- O 1184.9!
TR S S S S T T T T T T T T N EANCLAY: Gray softwithsand_ " qig1a
POORLY GRADED SAND: Gray; coarse grained; loose;
with pebbles
r=523 1+ L L L 1 L L 1476.4!
—————— [CICICTTIT T AT I TP DT (EAN CLAY: Dark gray: soft wilh sift 41754
POORLY GRADED SAND: Gray; coarse grained; loose;
with pebbles
T=6/8/9
jf 50 Iimmﬂ::::::::::::::::::::::?ﬁiﬁfﬂﬁﬂﬁi@ﬁmfm&%ﬁﬁz&ﬁgﬁﬁﬁfw@
I e F—t—t—ft—4—1——"4———F—1—1 \orange clay; at 50' rounded rust colored pea size quartzy 164, e
— ymediumdense ___ ____ _____ ________ i
— _ |SANDSTONE: Boulder; light brown/brown; fine to medium |
— 55 WT=6/89 \grained; well cemented;hard 110/
BORING|TERMINATED AT 55.5' SHALE: Dark gray to blue/gray; with silt laminations;
subfissile
BOTTOM OF HOLE AT 55.5
N 28T ANDARD PENETRATION TEST RESISTANCE REMARKS:
_ﬁ_’ : EI(_)(g:V}\(IETPFI;IIE?NSEII('TS (,.\7A|-IIEI-EF ISER RESISTANCE Surficial Conditions: Woods-brush/scrub trees
REC - ROCK CORE RECOVERY
RQD - ROCK QUALITY DESIGNATION

PLATE 3



LOG OF BORING MW-3 SHEET 1 OF 1

_ . CLIENT: HDR
ﬁ%g%e%ﬁ?ﬁlgee”n& Inc. PROJECT:  Smoky Hill River Renew. Salina, KS
errace .
Iw Lenexa, Kansas 66215 NUMBER: E17G1693-R2 ,
b Telephone: (913)894-5150 LOCATION: Lakewood Lake, Sallna, KS, 67401
Fax: (913)894-5977
DATE(S) DRILLED: 6/28/17 - 6/29/17
FIELD DATA LABORATORY DATA DRILLING METHOD(S): 4" CFA, Washbore
ATTERBERG = DRILL RIG: cmezs0
~ LIMITS 5 ~ | DRILL RIG OPERATOR: Les Scott
E’ < g & E’ LOGGED BY: Kris Moore
(%] L =)
i @ c|2] £| 2|2 | Z| GROUNDWATER INFORMATION:
(Z) =z % g 2| > O wo |BZ 2 Water level while boring: 15'
o) = S| 0|5 S E Z0 | 2% |ag| & | Waterlevel upon completion: N/A
2| E |0|582 |&|u|la|E|E|28]| 8F |82] ¢
= %) ul (S|l |ln|Z2a i} Za| 2
S| £ [Y9]|222ec|2|2|3|<|<|88| 22 |22 5
2| FE g %9%35 Qle|3|a|a| o3| sl 58 2 SURFACE ELEVATION: 1198.41'
| 8 \5) zackE | ¥ | S |pr|pP| &R | 85 |82| 5 DESCRIPTION OF STRATUM
o o F—t—t—+—-1-4-—4———F—+—-SILT: Light brown; loose; dry; with organic material _ 1197.41
5 T=23/3/2 LEAN CLAY: Brown mottled with rust; sitff; moist 1195.41
o] c-3as | | | | | | | | | | POORLYGRADED SAND: Brown/orange; medium
cocecl 5 - grained; loose; moist
b T=2/3/2
ol B AN e —— 90.4!
B T = WOH* SILT: Light brown; with roots; at 14' becomes gray and
L 10 clayey; at 14.5-15' becomes slightly sandy; very soft;
- saturated
[ 15 T=111 v
I B I I e 1480.41
B T = WOH SILT: Gray; very soft; with clay
- 20
—————— F_ 4 -ttt _ _ __ _ _ _ _ _—__—_—__11764
POORLY GRADED SAND: Light brown; fine to medium
grained; very loose; flowing
T=2/11
—————— Fr—_t—t+— 4 —_— a —_—— —_t —_ = — — — — — — — — — — — — — —1169.4]
T=1/11 POORLY GRADED SAND: Brown in gray clayey matrix;
______ L4 | 1 | mediumtocoarse grained; very loose _ _ _ _ _ q1eg.91
POORLY GRADED SAND: Orange/brown, coarse grained;
T=gomo | | ||| | _ | __| | | medumdense;withpebbles 1164.1°
8 \SHALE Blue/gray with rust colored laminations; SUbeSSﬂl]%Z7
b c " to blocky
. BORING|TERMINATED AT 35.5 BOTTOM OF HOLE AT 35.5°
10 -
45
50 ]
55 i
N 28T ANDARD PENETRATION TEST RESISTANCE REMARKS:
P - POCKET PENETROMETER RESISTANCE Surficial Conditions: Wooded with cat tail undergrowth
T - BLOWS PER SIX INCHES “WOH - Wei fh
REC - ROCK CORE RECOVERY WOR - Weight of hammer
RQD - ROCK QUALITY DESIGNATION

PLATE 4



LOG OF BORING MW-4

Kaw Valley Engineering, Inc.
14700 W 114th Terrace
Lenexa, Kansas 66215
Telephone: (913)894-5150
Fax: (913)894-5977

SHEET 1 OF 1
CLIENT: HDR
PROJECT: Smoky Hill River Renew. Salina, KS
NUMBER: E17G1693-R2
LOCATION:  Lakewood Lake, Salina, KS, 67401

DATE(S) DRILLED: 6/26/17 - 6/27/17

FIELD DATA LABORATORY DATA DRILLING METHOD(S): 4' CFA, Washbore
ATTERBERG = DRILL RIG: cmezs0
~ LIMITS '5 —~ | DRILL RIG OPERATOR: Les Scott
< e & & < LOGGED BY: kris Moore
@ = iy 812 | &
4 i - 2 T z @ i [ GROUNDWATER INFORMATION:
(Z) =z % El =] > O wo |BZ 2 Water level while boring: 32'
al _ = =| 0 % E') E g % & |ag| | Waterlevel upon completion: N/A
o & Loo zlwlo|E|E|20| 3F |22 ¢
S|z 92988 5]3]2|2|58| g2 28|z
S & |2]88555 |5 2| S || 25| 8 |£5| S | SURFACE ELEVATION: 1216.66'
S| 8 \5) zacBE |8 | S w|r|r| 88| 85 82| = DESCRIPTION OF STRATUM
'7/ i FAT CLAY: Dark brown; stiff; dry; with trace silt
/- T = 2/4/5
i B Y S I e e U 1212.7]
L 5 SILT: Light brown; medium dense; dry
i Tes@ez_ | | L 1 1 1 . ____12097
B SILTY SAND: Light brown; fine grained; medium dense;
: T =4/5/6 dry; with silt; at 14' less silt
T = 5/6/6
______ R I S [ 1498 7!
selol T =6/8/9 POORLY GRADED SAND: Light brown to light orange; fine
<t 20 grained; medium dense; dry; at 21' with pebbles
T=s553 | | | T 1 1 1 [ T | POORLYGRADED SAND: Brown; fine to coarse gra@d
with pebbles; at 24' very moist; at 24.5' some clay; at 25-29'
flowing; loose
B Y S O I I 1487.7!
LEAN CLAY: Gray/dark gray; stiff; moist; with silt
-y 847
POORLY GRADED SAND: Gray; medium to coarse
grained; pebble sized fresh chert; medium dense
T=12/9/9
______ T T 7T 1 1 1 | ] | POORLY GRADED SAND: Gray; anrge_gr_aﬁe_d_w_lth_
pebbles; at 44' becomes medium to coarse grained; at 47'
T=28/10112 becomes orange/brown; coarse grained; medium dense
T =5/6/9
T T T T T T T T T T 7 "7 " [~ T [ SHALE: Biuélgray: blocky; very silty: at 52.7' becomes
blue/gray and maroon; subfissile
T=12/10/9 1163.2"
55 BORING|TERMINATED AT 53.5' BOTTOM OF HOLE AT 53.5'

N -6gTANDARD PENETRATION TEST RESISTANCE
P - POCKET PENETROMETER RESISTANCE

T - BLOWS PER SIXINCHES

REC - ROCK CORE RECOVERY

RQD - ROCK QUALITY DESIGNATION

REMARKS:

Surficial Conditions: Not noted.

PLATE 5



BORING LOG REFERENCE LEGEND
DESCRIPTIVE SOIL CLASSIFICATION

Soil description is based on the Unified Soil Classification System as outlined in ASTM Designation
D-2487. The Unified Soil Classification group symbol for soil descriptions shown on the boring logs
corresponds with the group names listed below. The description includes soil constituents, consistency,
relative density, color and any other appropriate descriptive terms. Geologic description of bedrock, when
encountered, is also shown in the description column. Refer to the appropriate notes for bedrock
classification.

Group Group Group Group
Symbol | CGroupName | oo\ 0 | GroupName | o0 o | GroupName | oo o) | Group Name
GW Well graded SW Well graded CL Lean clay CH Fat clay
gravel sand
Gp Poorly graded sp Poorly graded ML silt MH Elastic silt
gravel sand
. . Organic clay Organic clay
GM Silty gravel SM Silty sand oL Organic silt OH Organic silt
GC Clayey gravel SC Clayey sand PT Peat

CONSISTENCY OF FINE-GRAINED SOILS RELATIVE PROPORTIONS

Unconfined Compressive Strength, Qu, psf Descriptive Term(s)  Sand & Gravel Fines Percent
(Components also Percent of Dry Wi. of Dry Wt.
<500 Very Soft Percent in Sample)
500 - 1,000 Soft
1,001 - 2,000 Firm Trace <15 <5
2,001 - 4,000 Stiff Some 15-29 5-12
4,001 - 8,000 Very Stiff Modifier > 30 >12
8,001 - 16,000 Hard
> 16,000 Very Hard

RELATIVE DENSITY OF COARSE-GRAINED SOILS GRAIN SIZE TERMINOLOGY

N - (blows/ft) Relative Density Major Component Size Range

0-3 Very Loose Cobbles 12into 3in

4-9 Loose Gravel 3into #4 sieve
10-29 Medium Dense Sand #4 to #200 sieve
30-49 Dense Siltor Clay Passing #200 sieve
50+ Very Dense

Water levels indicated on the boring logs are the levels measured in the borings at the times indicated. In
pervious soil the indicated levels may reflect the location of groundwater. In low permeability soils, the
accurate determination of groundwater levels is not possible with only short-term observation.

DEFINITIONS OF ABBREVIATIONS

CR - Core recovery, length of core recovered in each run compared to the length drilled expressed as percent
LL - Liquid limit of specimen
N-— Number of blows to penetrate last 12 inches with 140-pound hammer in standard penetration test
Blow count reported for each 6-inch interval on logs
PL - Plastic limit of specimen
RQD - Rock quality designation, aggregate length of core pieces greater than 4 inches long,
expressed as percent of length drilled
TW - Thin walled tube
SS - Standard penetration test
NQ2 - 2 inches diameter core KAW
CFA - Continuous flight augers I VALLEY
HSA —  Hollow stem augers
EOB - End of boring y ENGINEERING



WELL INSTALLATION LOGNO:  MW-1
LOG SHEET 1 OF 1

CLIENT: PROJECT: PROJECT NO.:

HDR ENGINEERING SMOKY HILL RIVER RENEWAL E17G1693

LOCATION: ELEVATION (DATUM): TOTAL DEPTH: DATE START:
NEAR NORTH ENTRANCE 1,212.06' 50.5' 6/22/17
SURFICIAL CONDITIONS: LOGGED BY: DATE FINISH:
GRASS KRIS MOORE 6/23/17
COORDINATES: APPROVED BY:
NORTHING:187822.3107 EASTING:1429857.0435 LKM
DRILLING CONTRACTOR: DRILL RIG: DRILLER: METHOD:
KAW VALLEY CME-750 LES SCOTT CFA/WASH BORE

1]
24"X24” CONCRETE PAD
// ROUND SURFACE

GRO
AR 3/8" BENTONITE HOLE PLUG
NS 10' TO SURFACE

//\
SO

|_————0.D. & TYPE OF .
RISER PIPE 2" DIA PVC SCH 40 RISER

BENTONITE PELLETS
FROM 25' TO 10'

2" DIA 10 SLOT SCREEN
W/ FILTER SOCK 50' TO 40'

| ————TYPE AND SIZE OF
: SCREEN OR OPENINGS

%‘\"\‘\‘I :

NATURAL SAND/GRAVEL

. /— TYPE OF FILTER

BOTTOM OF HOLE 50.5'
BOTTOM OF WELL POINT 50.5'

4.0" DIAMETER

W DIAMETER OF BOREHOLE

METHOD OF INSTALLATION:

CONTINUOUS FLIGHT AUGERS TO 25

WASH BORE 25’ TO 50.5

14700 WEST 114TH TERRACE
LENEXA, KANSAS 66215
PH. (913) 894—-5150 | FAX (913) 894-5977
Ix@kveng.com | www.kveng.com

V¥V KAW VALLEY ENGINEERING

PLATE 6




WELL INSTALLATION LOGNO.:  MW-2
LOG SHEET 1 OF 1

CLIENT: PROJECT: PROJECT NO.:

HDR ENGINEERING SMOKY HILL RIVER RENEWAL E17G1693
LOCATION: ELEVATION (DATUM): TOTAL DEPTH: DATE START:
EAST SIDE OF LAKE ALONG TRAIL 1,216.42 49.7' 6/27/17
SURFICIAL CONDITIONS: LOGGED BY: DATE FINISH:
BRUSH & SCRUB TREES KRIS MOORE 6/28/17
COORDINATES: APPROVED BY:
NORTHING:187056.6019 EASTING: 1430208.8161 LKM
DRILLING CONTRACTOR: DRILL RIG: DRILLER: METHOD:
KAW VALLEY CME-750 LES SCOTT CFA/WASH BORE

18"X18" CONCRETE PAD
//GROUND SURFACE

A BENTONITE HOLE PLUG

L

///\\>_§ TYPE OF SEAL 15' TO SURFACE

0.D. & TYPE OF .
RISER PIPE 2" DIA PVC SCH 40 RISER

BENTONITE PELLETS
FROM 25' TO 15'

2" DIA 10 SLOT SCREEN
W/ FILTER SOCK 49.2' TO 39.2'

ol ————TYPE AND SIZE OF
SCREEN OR OPENINGS

oS
N

NATURAL SAND/GRAVEL

/— TYPE OF FILTER

BOTTOM OF HOLE 55.5'
BACKFILL W/ SAND TO 49.7'

| ————TYPE OF SEAL

WDIAMETER OF BOREHOLE

\

4.0" DIAMETER

METHOD OF INSTALLATION:

CONTINUOUS FLIGHT AUGERS TO 25’;

WASH BORE 30’ TO 55.5'

14700 WEST 114TH TERRACE
LENEXA, KANSAS 66215
PH. (913) 894—5150 | FAX (913) 894—5977
Ix@kveng.com | www.kveng.com

V¥V KAW VALLEY ENGINEERING

PLATE 7




WELL INSTALLATION LOGNO.:  MW-3
LOG SHEET 1 OF 1

CLIENT: PROJECT: PROJECT NO.:

HDR ENGINEERING SMOKY HILL RIVER RENEWAL E17G1693
LOCATION: ELEVATION (DATUM): TOTAL DEPTH: DATE START:
SOUTH SIDE OF LAKE ALONG TRAIL 1,198.41' 34.5' 6/28/17
SURFICIAL CONDITIONS: LOGGED BY: DATE FINISH:
WOODED W/ UNDERGROWTH KRIS MOORE 6/29/17

COORDINATES: APPROVED BY:
NORTHING:186618.1323 EASTING:1429698.7236 LKM

DRILLING CONTRACTOR: DRILL RIG: DRILLER: METHOD:
KAW VALLEY CME-750 LES SCOTT CFA/WASH BORE

18"X18" CONCRETE PAD
//GROUND SURFACE

I BENTONITE HOLE PLUG
IAE 4' TO SURFACE

K&
&—-TYPE OF SEAL

0.D. & TYPE OF .
RISER PIPE 2" DIA PVC SCH 40 RISER

BENTONITE PELLETS
FROM 15' TO 4

2" PVC SCH 40 10 SLOT
SCREEN W/ FILTER SOCK
FROM 34' TO 24'

ol ————TYPE AND SIZE OF
SCREEN OR OPENINGS

oS
N

NATURAL SAND/GRAVEL

/— TYPE OF FILTER

BOTTOM OF WELL POINT 34.5'
BOTTOM OF HOLE 35.5'

4.0" DIAMETER

WDIAMETER OF BOREHOLE

METHOD OF INSTALLATION:

CONTINUOUS FLIGHT AUGERS TO 15';

WASH BORE 15’ TO 35.5'

14700 WEST 114TH TERRACE
LENEXA, KANSAS 66215
PH. (913) 894—5150 | FAX (913) 894—5977
Ix@kveng.com | www.kveng.com

V¥V KAW VALLEY ENGINEERING

PLATE 8




WELL INSTALLATION LOGNO.  MW-4
LOG SHEET 1 OF 1

CLIENT: PROJECT: PROJECT NO.:

HDR ENGINEERING SMOKY HILL RIVER RENEWAL E17G1693
LOCATION: ELEVATION (DATUM): TOTAL DEPTH: DATE START:
vEST SIDE OF LAKE ALONG ROAD 1,216.66 50.7' 6/26/17
SURFICIAL CONDITIONS: LOGGED BY: DATE FINISH:
LEVEL GROUND COVERED W/ SOIL & GRASS KRIS MOORE 6/27/17

COORDINATES: APPROVED BY:
NORTHING:187436.7114 EASTING:1429198.0379 LKM

DRILLING CONTRACTOR: DRILL RIG: DRILLER: METHOD:
KAW VALLEY CME-750 LES SCOTT CFA/WASH BORE

247X24" CONCRETE PAD
//GROUND SURFACE

I BENTONITE HOLE PLUG
IAE 19' TO SURFACE

K&
&—-TYPE OF SEAL

0.D. & TYPE OF .
RISER PIPE 2" DIA PVC SCH 40 CASING

BENTONITE PELLETS
FROM 32' TO 19'

2" PVC SCH 40 10 SLOT
SCREEN W/ FILTER SOCK
FROM 50.2' TO 40.2'

ol ————TYPE AND SIZE OF
SCREEN OR OPENINGS

NATURAL SAND/GRAVEL

/— TYPE OF FILTER

v

BOTTOM OF WELL POINT 50.7'
BACKFILL W/ SAND TO 50.7'
BOTTOM OF HOLE 53.5'

| ————TYPE OF SEAL

WDIAMETER OF BOREHOLE

\

4.0" DIAMETER

METHOD OF INSTALLATION:

CONTINUOUS FLIGHT AUGERS TO: 32’

WASH BORE: 32’ TO 53.5°

14700 WEST 114TH TERRACE
LENEXA, KANSAS 66215
PH. (913) 894—5150 | FAX (913) 894—5977
Ix@kveng.com | www.kveng.com

V¥V KAW VALLEY ENGINEERING

PLATE 9




Appendix C: Lakewood Park Lake Pumping Test Data

FR

32



Lakewood Lake Testing

2017 Measure Monitor Wells to top of yellow well enclosure with cover open
CALCULATED DATA
Date Flowmeter Totalizer Lake Level MW 1 Level MW 2 Level MW 3 Level MW 4 Level
Elevation Elevation Elevation Elevation Elevation
Gallons Feet Feet Feet Feet Feet
REFERENCE McCrometer Staff Gauge set on Top of steel Top of steel Top of steel Top of steel
MG908 pier near the dock -] enclosure painted | enclosure painted | enclosure painted | enclosure painted
Serial # 13-00754 -| northside. Staff | yellow with cover | yellow with cover | yellow with cover | yellow with cover
ID =8.071" gauge set so that open = 1215.19' open = 1219.33' open = 1201.51' open = 1219.66'
the feet on the
gauge are at
Elevation 1194.00' =
4! - Oll
Elevations 1215.19 1219.33 1201.51 1219.66
8/2/2017 City Survey 1193.20
Time
8/18/2017 1193.19 1190.59 1190.74 1190.38 1190.35
Time 3:02 PM 3:10 PM 3:20PM 3:43 PM 3:31 PM
8/25/2017 1193.04 1190.53 1190.65 1190.35 1190.31
Time 1:38 PM 1:44 PM 1:51 PM 2:07 PM 1:58 PM
9/1/2017 1192.98 1190.52 1190.63 1190.35 1190.31
Time 2:53 PM 2:58 PM 3:12 PM 3:27 PM 3:20 PM
9/12/2017 1192.75 1190.47 1190.53 1190.32 1190.31
Time 2:03 PM 2:09 PM 2:16 PM 2:33 PM 2:23 PM

Page 1 0of 8

Rainfall

Comments

August
8/1/2017
8/6/2017
8/10/2017
8/11/2017
8/17/2017
8/22/2017

8/28/2017

September

CoCoRaHS

0.13" to 0.20"

0.01" to 0.02"

0.16" to 0.20"

0.02" to 0.03"

0.08" to 0.13"

0.04" to 0.07"

0.21" to 0.59"



Date Flowmeter Totalizer Lake Level MW 1 Level MW 2 Level MW 3 Level MW 4 Level
Elevation Elevation Elevation Elevation Elevation
9/15/2017 Very windy 1192.67 1190.44 1190.49 1190.31 1190.28
Time 12:43 PM 12:47 PM 12:55 PM 1:12 PM 1:18 PM
9/18/2017 1192.75 1190.45 1190.53 1190.35 1190.32
Time 11:21 AM 11:25 AM 12:05 PM 12:18 PM 12:11 PM
9/19/2017 15,584,600 1192.94 1190.47 1190.55 1190.36 1190.36
Time 7:30 AM 7:30 AM 7:35 AM 7:45 AM 7:56 AM 7:51 AM
9/19/2017 15,584,600
Time 8:04 AM BEGIN PUMPING 1000 GPM
9/19/2017 15,613,000
Time 8:32 AM PROBLEM WITH
DLINAD HAQSE
9/19/2017 15,617,500
Time 8:37 AM STOP PUMP
9/19/2017 15,617,500
Time 8:45 AM +/- RE- START PUMP
9/19/2017 1190.48 1190.55 1190.36 1190.36
Time 8:38 AM 8:45 AM 8:56 AM 8:50 AM
9/19/2017 15,643,000 1192.94 1190.48 1190.55 1190.36 1190.36
Time 9:07 AM 9:05 AM 9:11 AM 9:18 AM 9:30 AM 9:25 AM
9/19/2017 15,671,500 1192.94 1190.48 1190.56 1190.36 1190.36
Time 9:37 AM 9:35 AM 9:40 AM 9:47 AM 9:58 AM 9:52 AM

Page 2 of 8

Rainfall

9/2/2017
9/16/2017
9/17/2017

9/18/2017

9/19/2017

CoCoRaHS

0.01"

0.03" to 0.11"

0.07" to 0.13"

0.02" to 0.12"

0.76" to 1.10"



Date Flowmeter Totalizer Lake Level MW 1 Level MW 2 Level MW 3 Level MW 4 Level
Elevation Elevation Elevation Elevation Elevation
9/19/2017 15,695,200 1192.92 1190.48 1190.56 1190.36 1190.36
Time 10:01 AM 10:03 AM 10:08 AM 10:13 AM 10:25 AM 10:19 AM
9/19/2017 15,728,900 1192.92
Time 10:36 AM 10:30 AM
9/19/2017 15,754,500 1192.92 1190.49 1190.57 1190.37 1190.36
Time 11:02 AM 10:59 AM 11:00 AM 11:08 AM 11:19 AM 11:13 AM
9/19/2017 15,810,000 1192.90 1190.49 1190.57 1190.37 1190.37
Time 12:00 PM 12:02 PM 12:03 PM 12:07 PM 12:19 PM 12:12 PM
9/19/2017 15,844,400
Time 12:35 PM
9/19/2017 15,868,600 1192.90 1190.51 1190.57 1190.37 1190.38
Time 1:00 PM 12:55 PM 1:.02 PM 1:09 PM 1:22 PM 1:15 PM
9/19/2017 15,923,000 1192.88 1190.51 1190.58 1190.37 1190.39
Time 1:57 PM 1:55 PM 1:59 PM 2:05 PM 2:15 PM 2:12 PM
9/19/2017 16,033,000 1192.85 1190.52 1190.57 1190.37 1190.39
Time 3:56 PM 3:59 PM 4:02 PM 4:06 PM 4:18 PM 4:13 PM
9/19/2017 16,150,000 1192.83 1190.51 1190.58 1190.37 1190.39
Time 5:58 PM 5:55 PM 6:00 PM 6:05 PM 6:25 PM 6:10 PM
9/19/2017 16,265,000 1192.81 1190.51 1190.57 1190.37 1190.38
Time 7:57 PM 7:55 PM 8:00 PM 8:05 PM 8:16 PM 8:11 PM

Page 3 0of 8

Rainfall

WINDY

WINDY

WINDY

WINDY

WINDY

CoCoRaHS



Date Flowmeter Totalizer Lake Level MW 1 Level MW 2 Level MW 3 Level MW 4 Level
Elevation Elevation Elevation Elevation Elevation
9/20/2017 16,500,000 1192.75 1190.49 1190.58 1190.36 1190.36
Time 12:00 AM 12:02 AM 12:05 PM 12:18 AM 12:30 AM 12:23 AM
9/20/2017 16,728,700 1192.73 1190.47 1190.57 1190.36 1190.35
Time 3:54 AM 3:56 AM 4:03 AM 4:10 AM 4:20 AM 4:16 AM
9/20/2017 16,968,700 1192.65 1190.47 1190.57 1190.36 1190.31
Time 8:00 AM 8:00 AM 8:00 AM 8:09 AM 8:23 AM 8:15 AM
9/20/2017 17,202,700 1192.58 1190.47 1190.57 1190.35 1190.31
Time 12:00 PM 12:00 PM 12:02 PM 12:10 PM 12:28 PM 12:20 PM
9/20/2017 17,435,300 1192.52 1190.47 1190.57 1190.35 1190.31
Time 4:00 PM 4:00 PM 4:02 PM 4:08 PM 4:23 PM 4:16 PM
9/20/2017 17,675,100 1192.48 1190.45 1190.57 1190.34 1190.31
Time 8:08 PM 8:05 PM 8:10 PM 8:18 PM 8:36 PM 8:28 PM
9/21/2017 17,890,100 1192.44 1190.45 1190.57 1190.34 1190.31
Time 11:51 PM 11:53 PM 11:59 PM 12:06 AM 12:18 AM 12:24 AM
9/21/2017 18,123,900 1192.40 1190.45 1190.57 1190.34 1190.32
Time 3:52 AM 3:55 AM 4:00 AM 4:10 AM 4:19 AM 4:28 AM
9/21/2017 18,366,500 1192.31 1190.47 1190.59 1190.36 1190.31
Time 8:03 AM 8:00 AM 8:01 AM 8:08 AM 8:22 AM 8:15 AM
9/21/2017 18,594,500 1192.25 1190.47 1190.59 1190.36 1190.31
Time 12:00 PM 12:00 PM 11:58 AM 12:06 PM 12:18 PM 12:12 PM

Page 4 of 8

Rainfall

9/20/2017

CALM

9/21/2017

BREEZY

CoCoRaHS

none

none



Date Flowmeter Totalizer Lake Level MW 1 Level MW 2 Level MW 3 Level MW 4 Level
Elevation Elevation Elevation Elevation Elevation
9/21/2017 18,821,000 1192.19 1190.47 1190.59 1190.36 1190.32
Time 4:01 PM 4:00 PM 4:03 PM 4:10 PM 4:26 PM 4:17 PM
9/21/2017 18,988,900 1192.17 1190.46 1190.58 1190.35 1190.31
Time 7:00 PM 7:00 PM 7:03 PM 7:08 PM 7:29 PM 7:21 PM
9/21/2017 19,047,100 TOTAL GALLONS PUMPED = 3,462,500
Time 8:02 PM STOP PUMP
9/21/2017 1192.15 1190.47 1190.58 1190.35 1190.32
Time 7:58 PM 8:07 PM 8:11 PM 8:21 PM 8:16 PM
9/21/2017 1192.15 1190.47 1190.58 1190.35 1190.32
Time 8:30 PM 8:33 PM 8:38 PM 8:47 PM 8:43 PM
9/21/2017 1192.15 1190.46 1190.58 1190.35 1190.32
Time 8:59 PM 9:02 PM 9:07 PM 9:17 PM 9:13 PM
9/21/2017 1192.15 1190.46 1190.57 1190.35 1190.31
Time 9:32 PM 9:34 PM 9:40 PM 9:49 PM 9:44 PM
9/21/2017 1192.15 1190.46 1190.57 1190.35 1190.31
Time 10:00 PM 10:03 PM 10:08 PM 10:20 PM 10:15 PM
9/21/2017 1192.15 1190.46 1190.57 1190.35 1190.31
Time 11:00 PM 11:03 PM 11:07 PM 11:19 PM 11:13 PM
9/22/2017 1192.15 1190.46 1190.57 1190.35 1190.31
Time 12:00 AM 12:03 AM 12:08 AM 12:20 AM 12:15 AM
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Rainfall

WINDY

WINDY

WINDY

WINDY

WINDY

WINDY

WINDY

WINDY

WINDY

WINDY

9/22/2017

CoCoRaHS

none



Date Flowmeter Totalizer Lake Level MW 1 Level MW 2 Level MW 3 Level MW 4 Level
Elevation Elevation Elevation Elevation Elevation
9/22/2017 1192.15 1190.46 1190.57 1190.35 1190.31
Time 1:00 AM 1:03 AM 1:07 AM 1:19 AM 1:13 AM
9/22/2017 1192.15 1190.46 1190.57 1190.35 1190.31
Time 2:00 AM 2:03 AM 2:08 AM 2:20 AM 2:14 AM
9/22/2017 1192.15 1190.46 1190.57 1190.35 1190.31
Time 3:54 AM 4:01 AM 4:09 AM 4:18 AM 4:13 AM
9/22/2017 1192.15 1190.46 1190.57 1190.35 1190.31
Time 3:54 AM 4:01 AM 4:09 AM 4:18 AM 4:13 AM
9/22/2017 1192.13 1190.46 1190.58 1190.36 1190.31
Time 8:00 AM 8:15 AM 8:25 AM 8:42 AM 8:34 AM
END OF TEST
9/23/2017 1192.08
4:30 PM
9/25/2017 1192.06 1190.44 1190.55 1190.36 1190.29
9:04 AM 9:30 AM 9:41 AM 9:47 AM 9:56 AM
9/26/2017 1192.31 1190.44 1190.58 1190.37 1190.31
1:05 PM 1:21 PM 1:27 PM 1:45 PM 1:38 PM
9/26/2017 City Survey 1192.29
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Rainfall

WINDY

WINDY

WINDY

WINDY

WINDY

WINDY
9/23/2017

9/24/2017

9/25/2017

9/26/2017

CoCoRaHS

none

none

0.13" to 0.25"

0.75" to 0.86"



Date Flowmeter Totalizer Lake Level MW 1 Level MW 2 Level MW 3 Level MW 4 Level
Elevation Elevation Elevation Elevation Elevation
9/29/2017 1192.27 1190.46 1190.62 1190.39 1190.32
3:30 PM 3:36 PM 3:45 PM 3:59 PM 3:52 PM
10/3/2017 1192.19 1190.42 1190.55 1190.37 1190.28
before rain 1:40 PM 1:45 PM 1:52 PM 2:07 PM 1:59 PM
10/5/2017 1193.06
12:05 PM
10/6/2017 1193.06 1190.65 1190.89 1190.59 1190.49
1:35 PM 1:39 PM 1:48 PM 2:03 PM 1:56 PM
10/9/2017 1193.52 1190.75 1191.03 1190.66 1190.55
11:05 AM 11:10 AM 11:19 AM 11:34 AM 11:27 AM
10/12/2017 1193.46 1190.78 1191.01 1190.71 1190.59
10:28 AM 10:33 AM 10:45 AM 20:59 AM 10:52 AM
10/20/2017 1193.42 1190.79 1190.97 1190.79 1190.62
12:43 PM 12:49 PM 12:56 PM 1:16 PM 1:06 PM
10/27/2017 1193.27 1190.69 1190.86 1190.68 1190.52
4:10 PM 4:17 PM 4:24 PM 4:36 PM 4:30 PM
11/3/2017 1193.19 1190.67 1190.86 1190.68 1190.50
3:40 PM 3:45 PM 3:54 PM 4:08 PM 4:01 PM
11/9/2017 1193.15 1190.63 1190.83 1190.64 1190.41
1:46 PM 1:54 PM 2:00 PM 2:13PM 2:07 PM
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Rainfall

October
10/4/2017
10/5/2017
10/6/2017

10/7/2017

10/10/2017
10/11/2017
10/14/2017

10/15/2017

11/1/2017

CoCoRaHS

0.10" to 0.65"

2.60" to 2.75"

0.17" to 0.24"

1.66" to 2.00"

0.02" to 0.06"

0.11" to 0.15"

0.59" to 0.61"

0.09" to 0.10"

snow flurries



Date Flowmeter Totalizer Lake Level MW 1 Level MW 2 Level MW 3 Level MW 4 Level Rainfall CoCoRaHS

Elevation Elevation Elevation Elevation Elevation
11/16/2017 1193.08 1190.64 1190.85 1190.64 1190.44 11/12/2017 0.08" to 0.13"
3:08 PM 3:14 PM 3:19 PM 3:30 PM 3:25PM 11/18/2017 0.02"
11/30/2017 1192.98 1190.52 1190.77 1190.51 1190.26
2:47 PM 2:52 PM 3:02 PM 3:11 PM 3:06 PM 11/30/2017 none
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Lakewood Lake Testing

2017 Measure Monitor Wells to top of yellow well enclosure with cover open
FIELD DATA
Date Flowmeter Totalizer| Lake Level +/- MW 1 Level MW 2 Level MW 3 Level MW 4 Level
0.25"
Gallons Ft - inches Feet Feet Feet Feet
REFERENCE McCrometer Staff Gauge set on Top of steel Top of steel Top of steel Top of steel
MG908 pier near the dock -] enclosure painted | enclosure painted | enclosure painted | enclosure painted
Serial # 13-00754 -| northside. Staff | yellow with cover | yellow with cover | yellow with cover | yellow with cover
ID =8.071" gauge set so that open = 1215.19' open = 1219.33' open = 1201.51' open = 1219.66'
the feet on the
gauge are at
Elevation 1194.00' =
4! - Oll
Elevations 1193.20 1215.19 1219.33 1201.51 1219.66
8/2/2017 City Survey 3'-2.40"
Time
8/18/2017 3'-2.25" 24.60' 28.59' 11.13' 29.31'
Time 3:02 PM 3:10 PM 3:20 PM 3:43 PM 3:31PM
8/25/2017 3'-0.50" 24.66' 28.68' 11.16' 29.35'
Time 1:38 PM 1:44 PM 1:51 PM 2:07 PM 1:58 PM
9/1/2017 2'-11.75" 24.67' 28.70' 11.16' 29.35'
Time 2:53 PM 2:58 PM 3:12 PM 3:27 PM 3:20 PM
9/12/2017 2'-9.00" 24.72' 28.80' 11.19' 29.35'
Time 2:03 PM 2:09 PM 2:16 PM 2:33 PM 2:23 PM
9/15/2017 Very windy 2'-8" +/- 24.75' 28.84' 11.20' 29.38'
Time 12:43 PM 12:47 PM 12:55 PM 1:12 PM 1:18 PM
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Rainfall

Comments

August
8/1/2017
8/6/2017
8/10/2017
8/11/2017
8/17/2017
8/22/2017

8/28/2017

September
9/2/2017

9/16/2017

CoCoRaHS

0.13" to 0.20"

0.01" to 0.02"

0.16" to 0.20"

0.02" to 0.03"

0.08" to 0.13"

0.04" to 0.07"

0.21" to 0.59"

0.01"

0.03" to 0.11"



Date Flowmeter Totalizer| Lake Level +/- MW 1 Level MW 2 Level MW 3 Level MW 4 Level
0.25"
9/18/2017 2'-9.00" 2474 28.80" 11.16' 29.34
Time 11:21 AM 11:25 AM 12:05 PM 12:18 PM 12:11 PM
9/19/2017 15,584,600 2'-11.25" 24.72 28.78' 11.15' 29.30
Time 7:30 AM 7:30 AM 7:35 AM 7:45 AM 7:56 AM 7:51 AM
9/19/2017 15,584,600
Time 8:04 AM BEGIN PUMPING 1000 GPM
9/19/2017 15,613,000
Time 8:32 AM PROBLEM WITH
DLINAD HAQSE
9/19/2017 15,617,500
Time 8:37 AM STOP PUMP
9/19/2017 15,617,500
Time 8:45 AM +/- RE- START PUMP
9/19/2017 24.71 28.78' 11.15' 29.30
Time 8:38 AM 8:45 AM 8:56 AM 8:50 AM
9/19/2017 15,643,000 2'-11.25" 24.71 28.78' 11.15' 29.30'
Time 9:07 AM 9:05 AM 9:11 AM 9:18 AM 9:30 AM 9:25 AM
9/19/2017 15,671,500 2'-11.25" 24.71 28.77' 11.15' 29.30
Time 9:37 AM 9:35 AM 9:40 AM 9:47 AM 9:58 AM 9:52 AM
9/19/2017 15,695,200 2'-11.00" 24.71 28.77' 11.15' 29.30'
Time 10:01 AM 10:03 AM 10:08 AM 10:13 AM 10:25 AM 10:19 AM
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Rainfall

9/17/2017

9/18/2017

9/19/2017

CoCoRaHS

0.07" to 0.13"

0.02" to 0.12"

0.76" to 1.10"



Date Flowmeter Totalizer| Lake Level +/- MW 1 Level MW 2 Level MW 3 Level MW 4 Level
0.25"
9/19/2017 15,728,900 2'-11.00"
Time 10:36 AM 10:30 AM
9/19/2017 15,754,500 2'-11.00" +/- 24.70' 28.76' 11.14' 29.30'
Time 11:02 AM 10:59 AM 11:00 AM 11:08 AM 11:19 AM 11:13 AM
9/19/2017 15,810,000 2'-10.75" +/- 24.70' 28.76' 11.14' 29.29'
Time 12:00 PM 12:02 PM 12:03 PM 12:07 PM 12:19 PM 12:12 PM
9/19/2017 15,844,400
Time 12:35 PM
9/19/2017 15,868,600 2'-10.75" +/- 24.68' 28.76' 11.14' 29.28'
Time 1:00 PM 12:55 PM 1:02 PM 1:09 PM 1:22 PM 1:15 PM
9/19/2017 15,923,000 2'-10.50" +/- 24.68' 28.75' 11.14' 29.27'
Time 1:57 PM 1:55PM 1:59 PM 2:05 PM 2:15 PM 2:12 PM
9/19/2017 16,033,000 2'-10.25" +/- 24.67' 28.76' 11.14' 29.27'
Time 3:56 PM 3:59 PM 4:02 PM 4:06 PM 4:18 PM 4:13 PM
9/19/2017 16,150,000 2'-10.00" +/- 24.68' 28.75' 11.14' 29.27'
Time 5:58 PM 5:55 PM 6:00 PM 6:05 PM 6:25 PM 6:10 PM
9/19/2017 16,265,000 2'-9.75" +/- 24.68' 28.76' 11.14' 29.28'
Time 7:57 PM 7:55 PM 8:00 PM 8:05 PM 8:16 PM 8:11 PM
9/20/2017 16,500,000 2'-9.00" +/- 24.70' 28.75' 11.15' 29.30'
Time 12:00 AM 12:02 AM 12:05 PM 12:18 AM 12:30 AM 12:23 AM
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Rainfall

WINDY

WINDY

WINDY

WINDY

WINDY

9/20/2017

CoCoRaHS

none



Date Flowmeter Totalizer| Lake Level +/- MW 1 Level MW 2 Level MW 3 Level MW 4 Level
0.25"
9/20/2017 16,728,700 2'-8.75" 24.72 28.76' 11.15' 29.31"
Time 3:54 AM 3:56 AM 4:03 AM 4:10 AM 4:20 AM 4:16 AM
9/20/2017 16,968,700 2'-7.75" 24.72 28.76' 11.15' 29.35
Time 8:00 AM 8:00 AM 8:00 AM 8:09 AM 8:23 AM 8:15 AM
9/20/2017 17,202,700 2'-7.00" 24.72 28.76' 11.16' 29.35'
Time 12:00 PM 12:00 PM 12:02 PM 12:10 PM 12:28 PM 12:20 PM
9/20/2017 17,435,300 2'-6.25" 24.72' 28.76' 11.16' 29.35"
Time 4:00 PM 4:00 PM 4:02 PM 4:08 PM 4:23 PM 4:16 PM
9/20/2017 17,675,100 2'-5.75" 24.74' 28.76' 11.17' 29.35'
Time 8:08 PM 8:05 PM 8:10 PM 8:18 PM 8:36 PM 8:28 PM
9/21/2017 17,890,100 2'-5.25" 24.74' 28.76' 11.17' 29.35
Time 11:51 PM 11:53 PM 11:59 PM 12:06 AM 12:18 AM 12:24 AM
9/21/2017 18,123,900 2'-4.75" 24.74' 28.76' 11.17' 29.34
Time 3:52 AM 3:55 AM 4:00 AM 4:10 AM 4:19 AM 4:28 AM
9/21/2017 18,366,500 2'-3.75" 24.72' 28.74' 11.15' 29.35'
Time 8:03 AM 8:00 AM 8:01 AM 8:08 AM 8:22 AM 8:15 AM
9/21/2017 18,594,500 2'-3.00" 24.72' 28.74' 11.15' 29.35'
Time 12:00 PM 12:00 PM 11:58 AM 12:06 PM 12:18 PM 12:12 PM
9/21/2017 18,821,000 2'-2.25" +/- 24.72' 28.74' 11.15' 29.34'
Time 4:01 PM 4:00 PM 4:03 PM 4:10 PM 4:26 PM 4:17 PM
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Rainfall

CALM

9/21/2017

BREEZY

WINDY

CoCoRaHS

none



Date Flowmeter Totalizer| Lake Level +/- MW 1 Level MW 2 Level MW 3 Level MW 4 Level
0.25"
9/21/2017 18,988,900 2'-2.00" +/- 24.73' 28.75' 11.16' 29.35'
Time 7:00 PM 7:00 PM 7:03 PM 7:08 PM 7:29 PM 7:21 PM
9/21/2017 19,047,100
Time 8:02 PM STOP PUMP
9/21/2017 2'-1.75" +/- 24.72 28.75' 11.16' 29.34'
Time 7:58 PM 8:07 PM 8:11 PM 8:21 PM 8:16 PM
9/21/2017 2'-1.75" +/- 24.72' 28.75' 11.16' 29.34'
Time 8:30 PM 8:33 PM 8:38 PM 8:47 PM 8:43 PM
9/21/2017 2'-1.75" +/- 24.73' 28.75' 11.16' 29.34'
Time 8:59 PM 9:02 PM 9:07 PM 9:17 PM 9:13 PM
9/21/2017 2'-1.75" +/- 24.73' 28.76' 11.16' 29.35'
Time 9:32 PM 9:34 PM 9:40 PM 9:49 PM 9:44 PM
9/21/2017 2'-1.75" +/- 24.73' 28.76' 11.16' 29.35'
Time 10:00 PM 10:03 PM 10:08 PM 10:20 PM 10:15 PM
9/21/2017 2'-1.75" +/- 24.73' 28.76' 11.16' 29.35'
Time 11:00 PM 11:03 PM 11:07 PM 11:19 PM 11:13 PM
9/22/2017 2'-1.75" +/- 24.73' 28.76' 11.16' 29.35'
Time 12:00 AM 12:03 AM 12:08 AM 12:20 AM 12:15 AM
9/22/2017 2'-1.75" +/- 24.73' 28.76' 11.16' 29.35'
Time 1:00 AM 1:03 AM 1:07 AM 1:19 AM 1:13 AM
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Rainfall

WINDY

WINDY

WINDY

WINDY

WINDY

WINDY

WINDY

WINDY

WINDY

9/22/2017

WINDY

CoCoRaHS

none



Date Flowmeter Totalizer| Lake Level +/- MW 1 Level MW 2 Level MW 3 Level MW 4 Level
0.25"
9/22/2017 2'-1.75" +/- 24.73' 28.76' 11.16' 29.35'
Time 2:00 AM 2:03 AM 2:08 AM 2:20 AM 2:14 AM
9/22/2017 2'-1.75" +/- 24.73' 28.76' 11.16' 29.35'
Time 3:54 AM 4:01 AM 4:09 AM 4:18 AM 4:13 AM
9/22/2017 2'-1.75" +/- 24.73' 28.76' 11.16' 29.35'
Time 3:54 AM 4:01 AM 4:09 AM 4:18 AM 4:13 AM
9/22/2017 2'-1.50" +/- 24.73' 28.75' 11.15' 29.35'
Time 8:00 AM 8:15 AM 8:25 AM 8:42 AM 8:34 AM
END OF TEST
9/23/2017 2'-1.00" +/-
4:30 PM
9/25/2017 2'-0.75" +/- 24.75' 28.78' 11.15' 29.37'
before rain 9:04 AM 9:30 AM 9:41 AM 9:47 AM 9:56 AM
9/26/2017 2'-3.75" +/- 24.75' 28.75' 11.14' 29.35
1:05 PM 1:21 PM 1:27 PM 1:45 PM 1:38 PM
9/26/2017 City Survey 1192.29
9/29/2017 2'-3.25" 24.73' 28.71 11.12 29.34
3:30 PM 3:36 PM 3:45 PM 3:59 PM 3:52 PM
10/3/2017 2'-2.25" 24.77' 28.78' 11.14' 29.38'
before rain 1:40 PM 1:45 PM 1:52 PM 2:07 PM 1:59 PM
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Rainfall CoCoRaHS

WINDY

WINDY

WINDY

WINDY

WINDY
9/23/2017 none

9/24/2017 none

9/25/2017 0.13"to 0.25"

9/26/2017 0.75" to 0.86"

October



Date Flowmeter Totalizer| Lake Level +/- MW 1 Level MW 2 Level MW 3 Level MW 4 Level
0.25"
10/5/2017 3'-0.75"
12:05 PM
10/6/2017 Brown/Red Material 3'-0.75" +/- 24.54' 28.44' 10.92' 29.17'
on probe at MW 2
1:35 PM 1:39 PM 1:48 PM 2:03 PM 1:56 PM
10/9/2017 Brown/Red Material 3'-6.25" 24.44' 28.30' 10.85' 29.11'
on probe at MW 2
11:05 AM 11:10 AM 11:19 AM 11:34 AM 11:27 AM
10/12/2017 Windy 3'-5.50" +/- 24.41' 28.32' 10.80' 29.07'
10:28 AM 10:33 AM 10:45 AM 20:59 AM 10:52 AM
10/20/2017 Windy 3'-5.00" +/- 24.40' 28.36' 10.72' 29.04'
12:43 PM 12:49 PM 12:56 PM 1:16 PM 1:06 PM
10/27/2017 3'-3.25" +/- 24.50' 28.47' 10.83' 29.14'
4:10 PM 4:17 PM 4:24 PM 4:36 PM 4:30 PM
11/3/2017 3'-2.25" +/- 24.52' 28.47' 10.83' 29.16'
3:40 PM 3:45 PM 3:54 PM 4:08 PM 4:01 PM
11/9/2017 3'-1.75" +/- 24.56' 28.50' 10.87' 29.25'
1:46 PM 1:54 PM 2:00 PM 2:13 PM 2:07 PM
11/16/2017 3'-1.00" +/- 24.55' 28.48' 10.87' 29.22'
3:08 PM 3:14 PM 3:19 PM 3:30 PM 3:25PM
11/30/2017 2'-11.75" +/- 24.67' 28.56' 11.00' 29.40'
2:47 PM 2:52 PM 3:02 PM 3:11 PM 3:06 PM
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Rainfall

10/4/2017
10/5/2017
10/6/2017

10/7/2017

10/10/2017
10/11/2017
10/14/2017

10/15/2017

11/1/2017

CoCoRaHS

0.10" to 0.65"
2.60" to 2.75"
0.17" to 0.24"

1.66" to 2.00"

0.02" to 0.06"
0.11" to 0.15"
0.59" to 0.61"

0.09" to 0.10"

snow flurries

11/12/2017 0.08" to 0.13"

11/18/2017

11/30/2017

0.02"

none



Appendix D: Lakewood Park Lake Pump Station and Force Main
Conceptual Design

FR
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1.0 Introduction & Purpose

During drought conditions the Smoky Hill River flows may drop low enough to prevent adequate
water flow through the Smoky Hill River Renewal Project. One of HDR’s tasks was to complete
an analysis of the primary and supplemental water supply alternatives for the River Renewal
Project, as outlined in a separate technical memorandum titled “Water Supply Alternatives
Evaluation”. Some of those alternatives require a recirculation system for the supplemental
water supply, or as an option to enhance water quality and project aesthetics for other
supplemental supply alternatives. The purpose of this memorandum is to discuss the
conceptual plan for the pump station and force main required for the recirculation system.

The recirculation system consists of a pump station located at Lakewood Park Lake and a force
main located within the right of way of Indiana Avenue. The force main outlet will be located at
the old Smoky Hill River channel in Bill Burke Park. After flowing through the river channel the
water will return to the lake via two culverts/bridges designed to keep the channel and lake at
the same water elevation and allow canoe/kayak access between the channel and lake. See
Figure 1 for general layout of the pump station and force main.

The water right for Lakewood Park Lake (#47,509) is limited to a maximum flow rate of 10 cfs.
Additionally the Smoky Hill Master Plan calculated 2 cfs would be the minimum necessary to
maintain a full channel. Therefore two cubic feet per second (cfs) and 10 cfs pump rates were
used in the analysis to determine appropriate force main and pump sizing.

Under normal channel flow conditions the lake and channel elevation is expected to be
maintained at an approximate elevation of 1199 feet msl. Additionally, water right #47,509 only
allows pumping at lake levels above elevation 1,194.1 feet msl. These two elevations were
used as the upstream head range for the pump station.
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2.0 Pump Station and Force Main

The pump station and force main were evaluated for the two pump flow rate scenarios of 2 cfs
(900 GPM) and 10 cfs (4,500 GPM).

2.1 Force Main

The force main route will extend from the pump station south along the east side of the
Lakewood Park road to Iron Ave. The force main will then continue south along the west side of
Indiana Avenue until it discharges into an energy dissipater at the old Smoky River channel in
Bill Burke Park. The low points of the force main are at the lake and the two Smoky Hill River
channel locations. The high point of the force main is approximately elevation 1,232 feet msl
near the south end of the force main on Indiana Avenue. Total length of the force main is
approximately 5,200 feet, but will vary depending on final pump station placement. Installation
of the force main will utilize directional drilling throughout most of the alignment to reduce
disruption to street traffic and restoration of roads, driveways and yards.

The recommended force main diameter size for the 2 cfs pump option is 10-inch HDPE, with a
resulting pipe velocity of approximately 3.7 feet/second. The recommended main diameter size
for the 10 cfs option is a 16-inch HDPE, with a resulting pipe velocity of 7.2 feet/second. See
Figure 2 for elevation profile of the force main.

Figure 2 - Force Main Profile



2.2 Pump Station

The pump station will be located on the southwest corner of Lakewood Park Lake east of the
park road. Grading and rock rip rap will be required for proper placement of the pump station
and to minimize length of the 24-inch diameter inflow piping from the intake structure. The 24-
inch piping is sized for the 10 cfs flow, and is recommended for either pumping rate option, to
allow for potential future increase in flow of the 2 cfs option.

The intake structure will be placed such that the opening of the inlet will be below the minimum
pumping water elevation of 1,194.1 feet msl and above the lake bottom elevation of 1,187 feet
msl. The intake structure will have a trash screen protecting the opening, which will require
regular inspection and cleaning. The trash screen is sized for a 0.5 fps entrance velocity to
minimize entrance losses and minimize impingement potential. The minimum open area of the
trash rack is four times the size of the 24-inch RCP to decrease the frequency of the rack
cleaning. The trash rack would be on guide rails that would allow it to be temporarily removed
for inspection and cleaning. An elevated walkway from the pump station to the intake structure
would allow staff to access the intake structure. The pump station plan and section view is
shown in Figure 3.
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The 2 cfs pumping option would be a duplex pump station with two identical 40-HP pumps. One
pump operating would supply the 2 cfs flow with the second pump serving as redundancy and
allow pump cycling.

The 10 cfs pumping option would be a triplex pump station with three identical 125-HP pumps.
Two pumps operating at the same time would supply the 10 cfs flow with the third pump serving
as redundancy and allow pump cycling. System head curves are shown in Figure 4.

Figure 4 - Pump Station System Head Curves

Both pump station options are expected to require 480-Volt 3-phase power. It is assumed that
the existing overhead power lines along the west side of the park road can supply the required
power to the pump station. Actual power supply available will need to be verified during design
to ensure proper design of the pump station.



3.0 Lakewood Park Lake Return Structure

After the pumped water has passed through the Old Smoky Hill River channel it will return to the
lake through two proposed culverts/bridges designed to keep the channel and lake at the same
water elevation and allow canoe/kayak access between the channel and lake. A proposed sill
downstream of the last culvert will maintain normal lake levels at an approximate elevation of
1199 feet msl. See Figure 5 for a plan and section view of proposed lake return structure.
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4.0 Cost Estimates

Cost Estimates for the 2-cfs and 10-cfs pumping options are shown in Tables 1 and 2. The
proposed culvert/bridge return structures between river channel and lake are not included in the
costs.

Table 1 - Option 1 (2-cfs) Pumping System Cost Estimate

CITY OF SALINA
Lakewood Park Lake Recirculation 2 cfs Pumping System - Option 1
Preliminary Opinion of Probable Construction Cost
ltem
No. Description Units Unit Price Price Comments
1 |Mobilization, Bonds 1 1S S 50,000.00|S 50,000,
2 |Erosion and Sediment Control 1 1S $  15,000.00($ 15,000
3 |Traffic Control 1 1S S 20,000.00|$ 20,000,
4 |Duplex Pump Station w/ Valve Vault 1 LS $ 375,000.00|S 375,000(Installed including excavation, fill and telemetry connections
5 |Pump Station Electrical Power Supply 1 LS $ 50,000.00($ 50,000{Assumes power available from existing park road lines
6 [Pump Station Flow Meter w/ Vault 118 $  35,000.00({$ 35,000|Assume mag meter in vault structure
7 |Directional Drilled 10-Inch HDPE Force Main ¥ 4,700 LF S 190.00|$ 893,000
8 |Open Cut 10-Inch HDPE Force Main ? 500 LF|$ 75.00($ 37,500
9 |Energy Dissipater Discharge Structure 1 1S $  8,000.00[$ 8,000
10 |24-inch RCP Storm Sewer 50 LF S 130.00|$ 6,500
11 |Utility Relocations 11LS S 50,000.00|S 50,000
12 |Driveway Restoration @ 4 EA S 975.00|$ 3,900|Assume 10' x 14' concrete per open cut driveway
13 |Road Pavement Restoration % 110 SY S 65.00|$ 7,150[Assume concrete repair area 10' x 100' for open cut portion
14 |Topsoil, Seeding, Fertilizing, and Mulch @ 1,700 SY |$ 1.50|$ 2,550|Assume 500' x 30"
SUBTOTAL:|S$ 1,553,600
Engineering, Survey and Const. Inspection (22%):|$ 341,792
Contingencies (30%):|$ 466,080
TOTAL CONSTRUCTION:|S 2,361,472
(1) Directional drilling assumes bedrock is sufficiently deep to accommodate pipe. Also assumes minimal existing utility conflicts.
(2) Assumes 90% of the pipe will be bored in place. Some amount of surface restoration is anticipated at utility relocates and boring pitlocations.




Table 2 - Option 2 (10-cfs) Pumping System Cost Estimate

CITY OF SALINA
Lakewood Park Lake Recirculation 10 cfs Pumping System - Option 2
Preliminary Opinion of Probable Construction Cost
Item
No. Description Units Unit Price Price Comments
1 |Mobilization, Bonds 11S $ 50,000.00[$ 50,000
2 |Erosion and Sediment Control 11S $  15,000.00[$ 15,000
3 |Traffic Control 11S $ 20,000.00[$ 20,000
4 |Triplex Pump Station w/ Valve Vault 1 LS $ 575,000.00$ 575,000|Installed including excavation, fill and telemetry connections
5 |Pump Station Electrical Power Supply 11LS $  65,000.00($ 65,000{Assumes power available from existing park road lines
6 [Pump Station Flow Meter w/ Vault 1 LS $  45,000.00($ 45,000|Assume mag meter in vault structure
7 |Directional Drilled 16-Inch HDPE Force Main 4,700 LF S 220.00($ 1,034,000
8 |Open Cut 16-Inch HDPE Force Main ? 500 LF[$ 90.00[$ 45,000
9 |Energy Dissipater Discharge Structure 1 LS S 12,000.00[$ 12,000
10 |24-inch RCP Storm Sewer 50 LF S 130.00[$ 6,500
11 |Utility Relocations 1 1S $ 50,000.00[$ 50,000
12 [Driveway Restoration @ 4 EA S 975.00|$ 3,900{Assume 10' x 14' concrete per open cut driveway
13 |Road Pavement Restoration ? 110 SY S 65.00[$ 7,150|Assume concrete repair area 10' x 100' for open cut portion
14 |Topsoil, Seeding, Fertilizing, and Mulch ? 1,700 SY S 1.50|$ 2,550|Assume 500' x 30'
SUBTOTAL:|S 1,931,100
Engineering, Survey and Const. Inspection (22%):|$ 424,842
Contingencies (30%):|$ 579,330
TOTAL CONSTRUCTION:|S 2,935,272
(1) Directional drilling assumes bedrock is sufficiently deep to accommodate pipe. Also assumes minimal existing utility conflicts.
(2) Assumes 90% of the pipe will be bored in place. Some amount of surface restoration is anticipated at utility relocates and boring pit locations.
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Smoky Hill River Aquatic Habitat Restoration

1 PURPOSE

The purpose of this appendix is to supplement Appendix A1. This supplementation
is due to updates in the future without project (FWOP) conditions and the decision
on a tentatively selected plan to represent the future with project (FWP) condition.
Alternative 3 was chosen as the tentatively selected plan and is the only FWP
condition analyzed in this appendix. Alternatives 1, 2, and 4 were not assessed in
this appendix, and they are documented in Appendix A1 — Section 5. This document
preserves efforts to refine the FWOP and FWP hydraulic models to accurately
represent the induced impact assessment. Induced impacts are defined as changes
caused by the FWP in comparison to the FWOP that relate to stage frequencies,
flow frequencies, or duration.

This appendix (A2) supports and supplants parts of Appendix A1 — Hydrology &
Hydraulics Analysis Technical Report. Appendix A1 focused on existing conditions
and alternatives 1 through 4, whereas this appendix focuses on FWOP and FWP
(alternative 3 as selected in the TSP). Sections of appendix A1 that are crossed out
have been deemed inapplicable and replaced by sections in this appendix.

2 HYDRAULIC MODEL DEVELOPMENT

This report section documents the hydraulic model development of a Hydrologic
Engineering Center River Analysis System (HEC RAS) model for the FWOP and
Alternative 3 (hereon referenced as FWP) conditions. The model adopted both
unsteady and steady computational modules. Unsteady and steady computational
modules were both used because unsteady flow plans are better tailored to identify
impacts of the project. Steady flow analysis was used to evaluate low flows,
including recreation season flows, because they are not as complex. HEC RAS
software version 6.6 was used in this assessment. All elevations throughout the
report are documented in the North American Vertical Datum of 1988 (NAVD88).
Table 2.1 provides geometry information.

Table 2.1. Geometry File Information

Title File Title Nu'::ﬁer Description
Existing OSH_Exist 2020 G02 From HDR. Representative of existing
Conditions conditions.
OSH_PropCond From HDR. Representative of
Alternative 2 | Geometry_ 2025 Alt2 G04 Alternative 2. Includes RAISE Grant
FutureUSACE bridges.
OSH-AIt3-1% From HDR. Representative of
Alternative 3 GO1 Alternative 3. Does not include RAISE
Grant bridges.
Low Flow OSH_FWOP_ G24 Same as the standard FWOP geometry
FWOP USACE_Steady but without gatewell operations.
Low Flow OSH_FWP_ G25 Same as the standard FWP geometry
FWP USACE_Steady but without gatewell operations.
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Title File Title Nu'::zer Description
Standard OSH_FWOP_ . : .
FWOP USACE_Unsteady- G50 Geometry described in Section 2.1.
V2
Standard OSH_FWP_ . . .
EWP USACE_Unsteady- G49 Geometry described in Section 2.2.
V2
Standard OSH_FWOP_ Geor_netry described in Section 2.1 but
0.2% FWOP USACE_Unsteady - G47 with Igrger Storqge Aregs due to
' V2-0.2% increased inundation.
Standard OSH_FWP_ Geometry described in Section 2.2 but
0.2% FWP USACE_Unsteady - G48 with larger Storage Areas due to
' V2-0.2% increased inundation.
Post TSP OSH_FWOP . : : :
. — - Geometry described in Section 2.1 with
E?eS|gn USACE_Unsteady- G54 additional changes described in
Refinements V3 Section 2.3
FWOP o
Pl?)ztsigip USAOgI? —Jr\]/gtz—a dy- Geometry described in Section 2.2 with
Refi Y G53 additional changes described in
efinements V3 Section 2.3
FWP -
Post TSP OSH_FWOP_ Same as the Post TSP Design
Design USACE_Unsteady - G51 Refinements FWOP geometry but with
Refinements V3-0.2% larger Storage Areas due to increased
0.2 % FWOP inundation.
Post TSP OSH_FWP_ Same as the Post TSP Design
Design USACE_Unsteady - G52 Refinements FWP geometry but with
Refinements V3-0.2% larger Storage Areas due to increased
0.2% FWP inundation.

21 FWOP Geometry

The FWOP condition consists of existing channel cross sections and vegetation, as
well as existing channel structures (Western Star Mill Weir, levee intake gate) as
described in Appendix A1 — Section 4.4. Along with proposed Rebuilding American
Infrastructure with Sustainability and Equity (RAISE) grant bridges, and proposed
levee outlet structure. The RAISE grant bridges are assumed to be completed
regardless of the outcomes of this project and are therefore considered part of the
FWOP. The FWOP is also assumed to include an additional pipe planned to
supplement the existing 78” reinforced concrete pipe (RCP) gatewell at Station
685+50 in the Salina, Kansas Federal Levee Section 1 because it is associated with
the RAISE grant bridge construction.

2.1.1 Existing Channel Cross Sections

The FWOP geometry was formed from the existing conditions geometry. This
geometry has the existing channel cross sections. The existing channel cross
sections are based on LiDAR flown in 2020 along with a spot elevation survey for
quality assurance, as documented in Section 4.4.1 of Appendix A1 — Hydrology &
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Hydraulics Analysis Technical Report. A comparison of the FWOP (black) and the
FWP (pink) channel can be seen in Figure 2.8 and Figure 2.9 in Section 2.2.1.

2.1.2 FWOP Bridges

The FWOP geometry was formed from the existing conditions geometry. This
geometry has the existing bridge and culvert structures. Seven of the nineteen
bridges will be replaced as part of the RAISE grant bridge design, with an eighth
gaining the addition of a trailway culvert. The remaining twelve bridges in the
geometry file remain as modelled in OSH_Exist_2020 to match existing conditions.

The FWOP geometry was altered to include the eight RAISE grant bridges,
including the nearest upstream (US) and downstream (DS) cross sections, with
updated ineffective flow areas and roughness coefficients. These are named South
Ohio Street, YMCA Drive, The Midway, Iron Avenue, Ash Street, EIm St, North Ohio
Street, and Lakewood Park and their locations can be seen below in Figure 2.1. The
RAISE grant bridge designs and bounding cross sections were copied from the
alternative 2 geometry. Changes in bridge design can be seen below in Figure 2.2.

The elevated opening at N Ohio St is a trailway culvert as shown in Figure 2.1. For
modelled culvert and bridge opening sizing see Table 2.2.

Lakewood Park is modelled as a lateral structure in the hydraulic model.
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Figure 2.1. RAISE Grant Bridge Locations
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Figure 2.2. Comparison of Existing and RAISE Grant Bridge Design
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Table 2.2. RAISE Bridges Modeled Opening Area

Location Existing Existing RAISE Design RAISE Design
Structure Type Openings (ft?) Structure Type Openings (ft?)
S Ohio St Culvert 7 Culvert 230
YMCA Dr Culvert 28 Bridge 260
The Midway Culvert 60 Bridge 860
Iron Ave Culvert 81 Bridge 1240
Ash St Culvert 144 Bridge 690
Elm St Culvert 100 Bridge 1000
N Ohio St Culvert 144 Culvert 240
Lakewood Park N/A N/A Culvert 1190

2.1.3 Lakewood Lake Lateral Structures

There are two lateral structures associated with Lakewood Lake. On the south side near
River Station 7300, a new RAISE grant bridge has been added as part of FWOP with
multiple culvert openings. On the east side near River Station 4600, there is currently no
culvert in the lateral structure, so the WSE must reach 1206.1 ft to overtop the
controlling terrain and allow flow to enter the lake. Plan (left) and profile designs (south

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

12201
] East
g 1 A y
= 12104 \ /
k] ] . y
T ] S———
3 1205
m J
1200-
11951 T T T
K 0 200 400 600 800 1000 1200
Station (ft)
12307 South
12259 B

1220
12155
1210

Elevation (ft)

1205

1200

1195 T g T T —T
-50 0 50 100 150

Station (ft)

Figure 2.3. FWOP Lakewood Lake Lateral Structures
2.1.4 Existing Levee Intake Structure

No changes are planned at the existing levee gatewell structure in the Salina, Kansas
Federal Levee Section Il at Station 0+00 on the upstream end of the old channel where
the Smoky Hill River will supply flow to the project. The existing structure was originally
designed and constructed to provide flow to the old channel through a 54-inch diameter
pipe with a sluice gate to control flow with an invert elevation of 1209.26 feet NAVD88.
In section 30.b of the Salina, Kansas Federal Levee Design Manual (DM) 1, it mentions
that the levee intake gatewell can intake water into the interior “to satisfy cooling water
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requirements”. This is relevant, as the FWP conditions plan to have the intake gatewell
allow flows into the leveed area.

The 1978 Salina, Kansas Federal Levee Operational Drawings note 5 on sheet 3 for
levee gatewells to be operated as follows:

“Action is initiated "2 foot below gate invert elevation on all structures” and “Sluice gates
and valves should remain open whenever the water will flow towards the river and
closed when it will not. After closure, the landward water level elevation should be
observed. Whenever it exceeds the river water surface elevation (WSE) again, open the
sluice gate”.

The gate feature in the hydraulic model is limited to using square shapes and the 54-
inch diameter intake structure pipe, which has a 15.9 square foot opening, was modeled
with an equivalent area box culvert approximated with 4 foot by 4 foot square
dimensions with a submerged orifice flow coefficient of 0.89 (typically 0.8) to account for
losses from the increase in wetted perimeter and match the flow hydrograph of the
circular pipe. An elevation-controlled gate feature was added to the unsteady flow plan,
as shown below in Figure 2.4. Whenever the WSE riverside of the levee is greater than
the WSE landside of the levee, then the gate closes in 1 minute. Whenever the WSE
riverside of the levee is less than the WSE landside of the levee, then the gate is
opened in 1 minute. It is assumed that these operations begin for events equal to or
greater than the 99% AEP event.

The low flow runs using the steady flow plans do not have a gate implemented in the
inline structure at the levee intake structure due to the riverside WSE not reaching flood
action stage and the requirement for flow from the Smoky Hill River to support the
interior channel target flow.

Elevation Controlled Gates

River: OldSmokyHill R 3 . 3 RS: 3556
Gate Group: Gate #1 b ﬂ ﬂ
Reference: |Based on difference in stage j

Stage Difference Reference  (First minus Second)
First Reference:  OldsmokyHill OldSmokyHil_3 RS: 35680

SetRS Set SA

Second Reference: bldSmnkyHiII CldSmokyHill_3 RS: 35457
SetRS SetSA

Stage difference at which gate begins to open:

Stage difference at which gate begins to dose:
Gate Opening Rate: (ft/min):
Gate Closing Rate:(ftjmin):
Maximum Gate Opening:
Minimum Gate Opening:
Initial Gate Opening (Optional):

Figure 2.4. Elevation Controlled Gate Feature
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The scour key just upstream of the sediment forebay entrance on the Smoky Hill River
will be relied upon to create a WSE high enough for flow diversion into the old smoky hill
channel. The scour key has an elevation of 1214 ft, whereas the sediment forebay crest
has a minimum elevation of 1213.50 ft.

See Figure 2.6 for a map with the levee intake structure location.
2.1.5 Storage Area Extents

Due to the larger inundation extents for the 0.2% AEP event, two geometries were
developed. One with storage areas that can encompass the inundation extents up to the
1% AEP event that will be used for the 99% to 1% AEP events, and another with larger
storage areas created specifically for the 0.2% runs to ensure accurate inundation
mapping. See the comparison below in Figure 2.5.

‘Farm North” and “East Farm Area” storage-elevation relationships are created from the
terrain.
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Figure 2.5. Storage Area Geometry Extents
2.1.6 FWOP Lakewood Lake Storage-Elevation Relationship

The FWOP Lakewood Lake storage-elevation curve was created by incorporating the
“adjusted storage using PCSWMM and LiDAR” curve in Figure 4-17 in Appendix A1

with the LiDAR created storage-elevation relationship. The adjusted storage curve was
used for elevations below the minimum LiDAR value (1197 ft), then the adjusted storage
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value (71.52 ac-ft) at the minimum LiDAR value was added to all LiDAR created storage
values to ensure accurate storage-elevation data.

Due to the larger inundation extents for the 0.2% AEP event, two geometries were
developed. One with a storage area that can encompass the inundation extents up to
the 1% AEP event that will be used for the 99% to 1% AEP events, and another with a
larger storage area created specifically for the 0.2% runs to ensure accurate inundation

mapping.

The two FWOP storage-elevation relationships can be found in Table 2.3 and Table 2.4
and Figure 2.16 and Figure 2.17 in section 2.2.6.

The initial WSE in Lakewood Lake is 1201.5 ft for FWOP, based on Appendix C2 —
Sheet A3-14.

Uncertainty below elevation 1192.53 ft can be reduced by incorporating bathymetric
data into the storage-elevation curve. Additional data in the form of bathymetry would
allow for the storage-elevation curve to be representative of the entire lake volume, not
just the volume above the water level at the time of LIiDAR acquisition. This would allow
for a more representative water surface in the channel near Lakewood Lake for
scenarios where the water surface of the lake is below 1192.53 ft.

2.1.7 Proposed Levee Outlet Structure

There is an existing 78-inch diameter sluice gate and flap gate at the outlet structure
through the levee at the downstream end at levee station 685+50. The gatewell is
modeled as an inline structure with a pipe with intake and outlet inverts set at elevations
1195.72 ft and 1194.61 ft. Due to the increase in conveyance from the RAISE grant
bridges, a second sluice gate and flap gate opening was added for outflow back into the
main channel. A 48-inch diameter sluice gate and flap gate were added on the outlet
structure through the levee on the downstream end to increase conveyance area with
intake and outlet inverts set at elevations 1199 ft and 1194.61 ft. Plan and section view
can be seen in Figure 2.6 and Figure 2.7 below. Both culverts are modeled with flaps to
prevent negative flow in the hydraulic model.
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Figure 2.6. Plan View of Outlet Structure at Downstream End of Project
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Figure 2.7. Section view of Sluice Gates of Outlet Structure at Downstream End of Project
2.2 FWP Geometry

The alternative 3 design has been chosen as the tentatively selected plan, is the only
alternative assessed in this appendix, and is referenced as the FWP condition. FWP
condition consists of deepened channel cross sections, removal of the existing Western
Star Mill Weir and replacement with five grade control weirs, proposed Lakewood Lake
control weir, proposed wetland shelf weir, the existing levee intake gate, proposed
Lakewood Lake eastern culvert, proposed RAISE grant bridges, proposed sediment
forebay, and proposed levee outlet structure. The RAISE grant bridges are assumed to
be completed regardless of the outcomes of this project, so they are considered as part
of the FWP. The proposed levee outlet structure is associated with the RAISE grant

bridge construction due to the increased conveyance, so it is also considered part of the
FWP.

2.2.1 Proposed Channel Cross Sections

The FWP geometry was formed from the alternative 2 geometry. This geometry has
many of the FWP conditions modelled. However, the alternative three channel cross
sections had to be imported from the alternative three geometry file. The FWP cross
sections are deeper than the FWOP across two stretches in the old Smoky Hill Channel
that are excavated for the project. A comparison of representative excavation locations
with FWOP (pink) and FWP (black) channel cross sections can be seen in Figure 2.8.
Comparison of the channel bottom can be seen in profile in Figure 2.9 below.
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Figure 2.8. Comparison of FWOP (pink) and FWP (black) Channel Cross Sections
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Figure 2.9. Profile Comparison of Channel Bottom for FWOP (pink) and FWP (black)
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2.2.2 FWP Bridges

The FWP bridges will be the same as the FWOP geometry. See section 2.1.2 for more
information.

2.2.3 Lakewood Lake Lateral Structures

There are two lateral structures associated with Lakewood Lake. On the south side, a
new RASIE grant bridge has been added as part of FWOP with multiple culvert
openings. On the east side, a culvert is added, currently sized to be a 37’ x 10’ Conspan
arch. Plan (left) and profile designs (south — top right and east — bottom right) can be
seen in Figure 2.10 below.

Elevation (ft)

300 0 200 400 800 800 1000 1200
Station (ft)

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

Elevation (ft)
NN R R
o = - N

|

Station (ft)

Figure 2.10. FWP Lakewood Lake Lateral Structures
2.2.4 Sediment Forebay

The sediment forebay has two weirs, the low flow entrance weir with an elevation of
1214.84 ft and the sediment forebay crest weir with an elevation of 1213.5 ft. These are
both greater than the invert of the intake structure at 1209.26 ft. Whereas the low flow
entrance weir is higher than the invert of the Smoky Hill Scour Key at 1214 ft. Plan and
section views can be seen below in Figure 2.11 and Figure 2.12.
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Figure 2.11. Sediment Forebay Plan View
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Figure 2.12. Section View of Sediment Forebay Weirs
2.2.5 Proposed Weir Structures

There are three categories of new weir structures included in the FWP.

= g, = - y

I = Old Smoky HillChannel 1 .
| | — Smoky Hill River g | Smoky Hill
~ — FederallLevee : Y e Scour Key
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Five new step pool grade control weirs are proposed to replace the Western Star Mill weir and

provide a gradual slope with five step pools. The changes can be seen below in Figure 2.13.

T 1 . . Legend
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] EG 80CFS
1 Lat Struct
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S 1
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Figure 2.13. Comparison of the Old Western Star Mill Weir and the Proposed Five Step Pools

One new water level control weir downstream of Lakewood Lake is part of FWP. The
weir is set at an elevation of 1220.2 ft, and its location can be seen in Figure 2.14
below.
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Figure 2.14. Lakewood Lake Water Level Control Weir Plan and Section View.

One new wetland shelf weir upstream of South Ohio Street will be part of FWP. With no
drawings provided from HDR, it is assumed to be 2 ft tall (elevation 1212.75 ft)and
located at XS 33800. Its location and section can be seen below in Figure 2.15.

— Old Smoky Hill Channel B
—— Smoky Hill River 1228 B
Federal Levee 1226
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x & 12224
Levee _5 1220+
Intake ‘g 1218
Wetland Shelf w1216
Weir 1214+
x 1212

South Ohio Street 17?2100+—7—++—F+—+—"—F7""—"—"+ 7 +—+— 7
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Station (ft)

Figure 2.15. S Ohio St Wetland Shelf Weir Plan and Section View
2.2.6 FWP Lakewood Lake Storage-Elevation Relationship

The FWOP Lakewood Lake storage-elevation curve was created by incorporating the
“adjusted storage using PCSWMM and LiDAR” curve in Figure 4-17 in Appendix A1

with the LIDAR created storage-elevation relationship. The adjusted storage curve was
used for elevations below the minimum LIiDAR value (1197 ft), then the adjusted storage
value (71.52 ac-ft) at the minimum LiDAR value was added to all LiDAR created storage
values to ensure accurate storage-elevation data.

Then, to account for fill being added to Lakewood Lake to create more wetland area, the
FWOP storage-elevation curve will be adjusted. The assumption is that fill will be
spread evenly across elevations 1200 ft to 1210 ft. The fill volume is estimated to be
2,862,000 cubic ft or 65.7 ac-ft. 6.57 ac-ft of fill is placed in at one-foot intervals from
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1200 ft to 1210 ft. For example, at 1204 ft, 6.57 ac-ft/ft multiplied by 4 ft equals 26.28
ac-ft of additional fill for FWP in addition to the FWOP curve.

Due to the larger inundation extents for the 0.2% AEP event, two geometries were
developed. One with a storage area that can encompass the inundation extents up to
the 1% AEP event that will be used for the 99% to 1% AEP events, and another with a
larger storage area created specifically for the 0.2% runs to ensure accurate inundation
mapping. For a plan view comparison of storage area extents, see section 2.1.6.

The two FWOP storage-elevation relationships can be found in Table 2.3 and Table 2.4
and Figure 2.16 and Figure 2.17.

The initial WSE in Lakewood Lake is 1201.5 ft for FWP, based on Appendix C2 — Sheet
A3-14.

Uncertainty below elevation 1192.53 ft can be reduced by incorporating bathymetric
data into the storage-elevation curve. Additional data in the form of bathymetry would
allow for the storage-elevation curve to be representative of the entire lake volume, not
just the volume above the water level at the time of LIiDAR acquisition. This would allow
for a more representative water surface in the channel near Lakewood Lake for
scenarios where the water surface of the lake is below 1192.53 ft.

1230

1225

1220

1215

1210

Stage (ft)

1205
1200
1195

1190
0 500 1000 1500 2000

Storage (ac-ft)
FWOP USACE Calculations FWP USACE Calculations - High Fill

Figure 2.16. 99% to 1% Events - Storage-Elevation Curve Comparison
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Table 2.3. 99% to 1% Events - Lakewood Lake Storage Area Curves

llJ: ;YA%Z J;YA%Z FWP US,.L\CE FWP US;_ACE FWP USACE

Calculations | Calculations Calculations | Calculations | Calculations
Storage Storage

Elevation (ft) Exisat‘it:%V\E/}VSE Elevation (ft) Exisé‘][itr)mcg)gv\?VSE Pe/:%edr:etdm
(ac-ft) (ac-ft)

1192.5 0 1192.5 0 0
1193 8 1193 8 0
1194 24 1194 24 0
1195 40 1195 40 0
1196 56 1196 56 0
1197 72 1197 72 0
1198 80 1198 80 0
1199 107 1199 107 0
1200 140 1200 133 10
1201 177 1201 164 20
1202 217 1202 198 30
1203 260 1203 234 40
1204 305 1204 272 50
1205 350 1205 311 60
1206 396 1206 350 70
1207 443 1207 390 80
1208 491 1208 432 90
1209 540 1209 474 100
1210 589 1210 523 100
1211 639 1211 574 100
1212 691 1212 625 100
1213 744 1213 678 100
1214 798 1214 733 100
1215 856 1215 790 100
1216 917 1216 851 100
1217 985 1217 920 100
1218 1062 1218 996 100
1219 1143 1219 1077 100
1220 1227 1220 1161 100
1221 1311 1221 1246 100
1222 1396 1222 1330 100
1223 1481 1223 1415 100
1224 1565 1224 1500 100

1225.3 1675 1225.3 1609 100
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Figure 2.17. 0.2% Event - Storage-Elevation Curve Comparison
Table 2.4. 0.2% Event - Lakewood Lake Storage Area Curves
FWOP FWOP FWP FWP FWP
USACE USACE USACE USACE USACE
Calculation | Calculation | Calculation | Calculation | Calculation
S 3 3 S 3
Storage Storage
. above . above Percent Fill
Elevation (ft) Existing Elevation (ft) Existing Added
WSE (ac-ft) WSE (ac-ft)

1192.5 0 1192.5 0 0
1193 8 1193 8 0
1194 24 1194 24 0
1195 40 1195 40 0
1196 56 1196 56 0
1197 72 1197 72 0
1198 80 1198 80 0
1199 107 1199 107 0
1200 140 1200 133 10
1201 177 1201 164 20
1202 217 1202 198 30
1203 260 1203 234 40
1204 305 1204 272 50
1205 350 1205 311 60
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FWOP FWOP FWP FWP FWP
USACE USACE USACE USACE USACE
Calculation | Calculation | Calculation | Calculation | Calculation
s s s s s
Storage Storage
Elevation (ft) Ef('?;’t‘i’r?g Elevation (ft Eax'?;’t‘i’r?g Percent T
WSE (ac-ft) WSE (ac-ft)

1206 396 1206 350 70
1207 443 1207 391 80
1208 491 1208 432 90
1209 540 1209 474 100
1210 590 1210 524 100
1211 640 1211 575 100
1212 692 1212 626 100
1213 745 1213 680 100
1214 800 1214 735 100
1215 859 1215 793 100
1216 924 1216 859 100
1217 1002 1217 936 100
1218 1091 1218 1025 100
1219 1188 1219 1123 100
1220 1291 1220 1226 100
1221 1398 1221 1332 100
1222 1508 1222 1442 100
1223 1617 1223 1551 100
1224 1727 1224 1661 100
1225.3 1869 1225.3 1803 100

2.2.7 FWP Storage Areas Extents

The storage area extents will be the same as the FWOP geometry. See section 2.1.6
for more information.

2.2.8 Existing Levee Intake Structure

The existing intake structure at the levee on the upstream end of the channel will be the
same as the FWOP geometry. See section 2.1.4 for more information.

2.2.9 Proposed Levee outlet Structure

The proposed outlet structure will be the same as the FWOP geometry. See section
2.1.6 for more information.

2.3 Standard Flow Plans

Standard flow plans are defined as the flow plans run with the most representative
geometries for FWOP and FWP. See Table 2.5 below for HEC-RAS plan, geometry,
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and flow file information for the standard flow plans. Table 2.6 below shows the
unsteady model calculation details.

Table 2.5. Standard Flow Plan Information

Scenario Plan Name Pl_an Ge_om Fl_ow Notes
File File File
Base FWOP geometry, no
FV\}{S\TISIOW 04-FWOP-USACE- P32 | G24 FO1 intake gate operations. 1, 6,
(steady) steady 10, 40, 50, 60, 70, 80, and 160
y cfs are run as steady flows.
) Base FWP geometry, no
'ngﬂ@&: 05-Alt3-USACE- P30 | G25 | Fos intake gate operations. 1, 6,
(steady) steady 10, 40, 50, 60, 70, 80, and 160
y cfs are run as steady flows.
Standard | 4, \yop.ysace- | P99 U08- | iginal FWOP geometry, with
FWOP 99%AEP th P11- uos, | - K : 99%
frequency () ru P14 G21 U03 intake gate operations. 0,
0.2%AEP ’ " | 50%, 20%, 10%, 2%, 1%, and
floods P16, 0T, | "0 294 AEP flow events
(unsteady) P60 u22 e 70 !
Standard P22- 883 Original FWP geometry, with
FWP-AIt 3 05-Alt3-USACE- P26 U1 0’ intak : ’990/
frequency 99%AEP thru | G23 | Intake gate operations. o
floods 0.2%AEP P28, U14- | 50%, 20%, 10%, 2%, 1%, and
(unsteady) e P61 u1e, 0.2% AEP flow events.
y u19
frgvxgrlmjc 04-FWOP-USACE- P83- u08- FWOP geometry with post
quency 99%AEP thru U05, | TSP design refinement, with
floods -Post o P85, | G51, . . 0
TSP Design 0.2 A)AEP- P89 | G54 U03, | intake gate operations. 99%,
Refinements PostTSPRefinements P92 uo1, | 50%, 20%, 10%, 2%, 1%, and
(unsteady) uz22 0.2% AEP flow events.
FWP-AIt 3 uoz, | e geometry with post TSP
frequency P86- uo4, . . -
05-Alt3-USACE- design refinement, with intake
floods -Post o P88, | G52, | U10, . o o
. 99%AEP thru gate operations. 99%, 50%,
TSP Design 0.2%AEP P93-1 GS3 | UT4-1 509, 10%, 2%, 1%, and 0.2%
Refinements ' 96 u16, ’ i ’ ’ )
AEP flow events.
(unsteady) u19

Table 2.6. Unsteady Model Calculation Details

Unsteady Model
Calculation Detail

Applied Setting

Computation Interval 10 second
Equation Set Skyline/Gaussian
Hydrograph Output Interval 5 minute
Mapping & Detailed Output 1 hour

Timestep

Boundary Conditions

Constant Stage Hydrograph
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2.4 Riverside Water Surface Elevation Conditions

The riverside WSE conditions were set from Table 4-1 in Appendix A1 and shown in
Table 2.7 below, with more information in Appendix A1 Section 4.2 and Appendix A
Exhibit A — Interior Drainage Analysis Report. Locations 0+00 and 685+50 represent the
intake and outlet locations respectively as shown in Figure 2.18 below. The upstream
boundary condition locations are different from FWOP to FWP due to the addition of the
sediment forebay in the FWP. Both locations exterior tailwater conditions were
evaluated using an independent system in which the backwater of the Smoky Hill River
affects the outfall boundary condition. The riverine analysis for the Smoky Hill River
used rainfall-runoff & gage hydrology and steady & unsteady HECRAS hydraulic
analyses.

The Coincident Frequency Analysis (or Total Probability Theorem) was utilized for this
independent system analysis of the Smoky Hill River and interior drainage areas as
outlined in USACE EM1110-2-1413 procedures.
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Table 2.7. Flood Frequency Stage Boundary Conditions (Appendix A1 — Table 4-1)

Table 4-1: Updated Interior Drainage Res e Curves for the Levee Intake and Outlet
% Chance Interior T.W. | Exterior Elev. % Chance Interior TW. | Exterior Elev.
Exceedance Elev. (Ft.) (ft.) Exceedance Elev. (Ft.) (ft.)

0.2% 12247 12179 0.2% 12154 N.D.*
1% 12243 12206 1% 12122 1201.1
2% 12227 12184 2% 12105 12020
4% 12216 12173 4% 12093 12039
10% 12208 12172 10% 12083 12055

20% 12201 1216.9 20% 1207 6 1203.3
50% 12191 1216.5 90% 12068 12014
99% 12187 1216.7 99% 12066 12021

*N.D. stands for Normal Depth. Normal depth implies the exterior river is below flood stage and the interior has a free exit.

| = Old Smoky HillChannel
— Smoky Hill River
— Federal Levee

£ _

FWOP Upstream
Boundary Condition

Figure 2.18. Stage Hydrograph Boundary Condition Locations

7 o i B2
FWOP & FWP
Downstream Boundary
Condition
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2.5 Manning’s n-values

Horizontal Manning’s n values for the channel range from 0.035 (typical channel
section) to 0.045 (heavily vegetated), while overbanks typically range from 0.065 to 0.12
(depending on the density of trees and vegetation).

The channel manning’s n-value ranged from 0.04 to 0.035 in the FWOP geometry. The
channel manning’s n-value is set at 0.04 from cross section 34013 to 25200 and 0.035
for the rest of the channel. This Manning’s n-value delineation was set by HDR and
based on vegetation from aerial imagery and confirmed with HEC RAS Hydraulic
Reference Manual Table 3-1 Manning’s “n” Values.

The channel manning’s n-value is set at 0.035 for the entirety of the FWP geometry. A
0.035 manning’s n-value is the assumption for the excavated and maintained channel.

The overbank (left and right) manning’s n-value are decreased from 0.08 in the FWOP
geometry to 0.065 in the FWP geometry from cross sections 16800 to 15800. This
range is the stretch of channel where the five new step pools will be implemented. The
implementation of the step pools will result in a decrease in vegetation density along the
overbanks.

2.6 Terrain Creation

A terrain was created for the FWOP and the FWP. The channel cross sections from the
FWOP and the FWP geometries were exported and combined with LIDAR to create
new terrains. These terrains will be used to compare extents, depths, and WSE in RAS
Mapper.

2.7 Sensitivity Testing Flow Plans

The following scenarios were identified as possible conditions where the assumptions
made in the standard flow plans could change. See Table 2.8 below for HEC-RAS plan,
geometry, and flow file information for the sensitivity testing flow plans.

Table 2.8. Sensitivity Testing Flow Plan Information

Scenario Plan Name PI.an Ge_om FIPW Notes
File File File
Non- FO1,
Maintained S1 P38- | G26- | F0O8, | Steady and unsteady plans. FWP and
41 29 uo1, FWOP plans.
Channel
u16
Debris on P42- Fo1,
. G30- | F08, | Steady and unsteady plans. FWP and
Bridge S2 44,
; 33 uo1, FWOP plans.
Openings P51
u16
P45- FO1,
In?aisc;(rglaurir::e 33 48, %%4' FO8, | Steady and unsteady plans. FWP and
P52- . uot1, FWOP plans. Alternatives A and B.
Gate G38,
55 u16
Downstream P56- | G39- | FO1, | Steady and unsteady plans. FWP and
Outlet Sluice S4
59 42 FO8, FWOP plans.
& Flap Gates
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Scenario Plan Name Pl.an Ge_om Flpw Notes
File File File
uo1,
u16
u24-
Lakewood pe2- | 21 | 25 | Unsteady plans only. FWP and FWOP
Lake Initial S5 G23- .
65 uz27- plans. Alternatives A and B.
WSE 25 29
FO1,
FO08,
Fill Volume uo1-
\ P66- 08, | Steady and unsteady plans. FWP plans
Placed in G44, . . .
S6 72, U10, | only. Alternative A only. Alternative B is
Lakewood G46
P75 u14- standard flow plans.
Lake for FWP 16
u19,
u22
Removal of
Hydraulic
Control from P73-| G43, | U01, | Unsteady plans only. FWP and FWOP
96-inch S7
. ; 74 G45 | U16 plans.
Residential
Culvert (XS
2100)

2.7.1 Non-Maintained Channel

The non-maintained channel scenario is one where operations and maintenance is not
accomplished. The maintenance we are recommending is to control invasive species,
manage woody growth, and support a vibrant and diverse habitat, possibly requiring
physical removal of unwanted growth (Appendix K — Section 2.2). The channel has
growth of heavy vegetation and a stretch of channel from XS 22000 to 15502 has
woody debris along the channel. The entire channel is increased to a manning’s n of
0.045 and the stretch with woody debris is increased to a manning’s n of 0.08.

2.7.2 Debris on Bridge Openings

The debris on bridge openings scenario is one where debris has accumulated on
bridges during a storm event or was not removed after a prior storm event. This debris
will block portions of culverts or get stuck on piers.

For this sensitivity test, a 6 ft wide and 4 ft tall section of debris is stuck on the piers of
Oakdale Avenue Bridge (XS 23304) and 50% of the 96-inch Walker Dr culvert (XS
2100) is blocked.

2.7.3 Upstream Intake Sluice Gate

The upstream intake sluice gate scenario has two scenarios. Scenario A, where the
sluice gate is always open, and Scenario B, where the sluice gate is always closed.
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2.7.4 Downstream Outlet Sluice & Flap Gates

The downstream outlet sluice & flap gate scenario is one where the secondary culvert
pipe is either never constructed or stuck closed/completely blocked by debris.

2.7.5 Lakewood Lake Initial WSE

The change in initial WSE of Lakewood Lake scenario has two additional scenarios for
the initial WSE shown in Table 2.9 below. Scenario A is one where the lake is at pre-

project typical WSE and scenario B is one where the lake is “full”, which is defined as
the elevation to overtop the embankment.

Table 2.9. Change in Lakewood Lake Initial WSE Scenarios

e Initial WSE (ft) Initial WSE (ft) Initial WSE (ft)
Conditions . .
standard scenario A scenario B
FWOP 1201.5 1192.53 1206.1
FWP 1201.5 1192.53 1206.1

2.7.6 Fill Volume Placed in Lakewood Lake for FWP

This scenario is meant to cover the range of possible fill placed in Lakewood Lake. The
standard FWP geometry assumes approximately 105,000 cubic yards of fill is being
placed in Lakewood Lake. The lowest possible amount of fill being placed in Lakewood
Lake is 37,772 cubic yards, which is scenario A modeled in this sensitivity test.

2.7.7 Removal of Hydraulic Control from 96-inch Walker Dr Culvert (XS 2100)

The 96-inch culvert at XS 2100 is the hydraulic control for the 1% and 0.2% AEP flow
plans. This culvert is not part of the project, so a plan to view what would occur if the
culvert was removed or sized up in the future was included as a sensitivity test.

3 FWOP AND ORIGINAL FWP HYDRAULIC MODEL RESULTS

This section documents the results from the hydraulic model.
3.1 Profile Comparisons

This section will compare profiles for recreation flows as well as larger storm events and
compile pertinent information. Figure 3.1 shows locations of cross sections chosen to
represent specific reaches and paint a picture of the trends across the entire old Smoky
Hill channel.
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e TR XS 34701

South Ohio Street

XS 32300

Figure 3.1. Flow-Stage-Frequency Data Collection Locations
3.1.1 Low Flow Scenarios

The typical recreation season flows for the restored channel will range from 40 cfs to 80
cfs. The extents resulting from these flows are encompassed entirely in the channel. For
these low flow plans, the old western star mill weir is the hydraulic control for the FWOP
and the step pool weirs that are replacing the old western star mill weir are the hydraulic
control for FWP. The new Lakewood Lake water level control weir (XS 2345) is also a
hydraulic control for FWP at the downstream end of the project.

The target WSE of 1201.5 ft in Lakewood Lake for the 80 cfs flow has been verified in
the FWP flow plan.

Figure 3.2 compares 80 cfs flows across FWOP and FWP.

Table 3.1 and Table 3.2 compare the flow-stage relationships across flows ranging from
1 cfs to 80 cfs for FWOP and FWP at the cross-section data collection locations defined
in Figure 3.1.
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Figure 3.2. 80 cfs FWOP (blue) vs Original FWP (red) profile comparison with the geometry profiles (pink for FWOP and black for FWP)
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Table 3.1. FWOP Low Flow Plans — Flow-Stage Relationships

Low Flow | Stage (ft) | Stage (ft) | Stage (ft) | Stage (ft) | Stage (ft) | Stage (ft) | Stage (ft)

Event at XS at XS at XS at XS at XS at XS at XS
(cfs) 34701 32300 28200 16600 10000 2900 1500

1 1215.3 1214.8 1214.0 1212.6 1200.9 1199.1 1198.2

10 1216.0 1215.3 1214.2 1212.7 1201.4 1199.5 1198.8

40 1216.9 1216.1 1214.9 1213.0 1202.3 1200.4 1199.8

50 1217.0 1216.3 1215.0 1213.0 1202.4 1200.6 1200.0

60 1217.2 1216.5 1215.2 1213.1 1202.6 1200.8 1200.1

70 1217.3 1216.6 1215.3 1213.1 1202.8 1201.0 1200.3

80 1217.5 1216.8 1215.5 1213.2 1202.9 1201.2 1200.5

Table 3.2. FWP Low Flow Plans — Flow-Stage Relationships
Low Flow | Stage (ft) | Stage (ft) | Stage (ft) | Stage (ft) | Stage (ft) | Stage (ft) | Stage (ft)

Event at XS at XS at XS at XS at XS at XS at XS
(cfs) 34701 32300 28200 16600 10000 2900 1500

1 1212.8 1211.9 1211.9 1208.5 1200.3 1200.3 1198.2

10 1213.0 1212.2 1212.1 1208.6 1200.7 1200.5 1198.8

40 1213.8 1213.2 1213.0 1208.8 1201.5 1200.9 1199.8

50 1214.0 1213.5 1213.2 1208.8 1201.7 1201.0 1200.0

60 1214.3 1213.7 1213.4 1208.8 1201.9 1201.1 1200.2

70 1214.5 1214.0 1213.6 1208.9 1202.0 1201.2 1200.3

80 1214.7 1214.2 1213.8 1208.9 1202.2 1201.3 1200.5

3.1.2 Frequency Flood Flow Scenarios

These high flow scenarios represent different magnitudes of storm events occurring in
the restored channel. They range from 99% AEP (1-year return period) to 0.2% AEP
(500-year return period) to show a range of possible flood events. Figure 3.3 shows all
the standard flow plan (section 2.3) profiles for FWP. Figure 3.4 shows the extents of

the 99% AEP, and 0.2% AEP events laid over imagery.
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Figure 3.3. 99% to 0.2% AEP Original FWP flow profiles
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Figure 3.4. FWP 99% AEP Extents (green) compared to Original FWP 0.2% AEP Extents (red)

Table 3.4 through Table 3.10 present the flow-stage-frequency relationship. The
variables presented are the maximum water surface and the flow at the time of the
maximum water surface. This will assist in understanding the changes in stage and flow
at the highest impact areas. The pink cross sections in Figure 3.1 show the locations
where data was collected for flow-stage-frequency tables.

The 2% AEP flood frequency event is the first event where water begins to get out of
bank. Table 3.3 below shows the top of bank elevations at the locations defined in
Figure 3.1.

Table 3.3. Approximate Bank Full Information

Stage (ft) | Stage (ft) | Stage (ft) | Stage (ft) | Stage (ft) | Stage (ft) | Stage (ft)
Variable at XS at XS at XS at XS at XS at XS at XS
34701 32300 28200 16600 10000 2900 1500
Top of
Bank
Elevation 1225.9 1223.9 1223.4 1223.1 1219.1 1214.6 1212.7
(ft)
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Table 3.4. Flow-Stage-Frequency at XS 34701 (Upstream of S Ohio St)

Event (AEP) | FWOP Stage (ft) | FWP Stage (ft) FW(()CF;S)F'OW FW(ZfSF)'OW
99% 1218.6 12174 -120 -75
50% 1219.0 1217.8 -139 -98
20% 1219.9 1218.7 -172 -122
10% 1220.6 1219.5 -195 -140
2% 1222.2 1221.1 -231 -173
1% 12231 1222.0 -144 -96
0.2% 1224 .4 1223.5 -260 -248

Table 3.5. Flow-Stage-Frequency at XS 32300 (Downstream of S Ohio St)

Event (AEP) | FWOP Stage (ft) | FWP Stage (ft) FW(()C'?S')%W Fw(zf':)'"w
99% 1218.7 12174 -47 1
50% 1219.2 1217.9 -52 -10
20% 1220.0 1218.8 -75 -23
10% 1220.7 1219.5 -80 -21
2% 1222.2 1221.1 -76 -14
1% 1223.2 1222.0 14 70
0.2% 1224.5 1223.5 -78 -59

Table 3.6. Flow-Stage-Frequency at XS 28200 (Downstream of YMCA Dr)

Event (AEP) | FWOP Stage (ft) | FWP Stage (ft) FWC(’C'?S'):'OW Fw(zf;"’w
99% 1218.2 1216.9 374 403
50% 1218.7 12174 430 464
20% 1219.5 1218.2 558 608
10% 1220.1 1218.9 675 737
2% 1221.6 1220.4 925 1005
1% 1222.3 1221.2 1119 1205
0.2% 1223.9 1222.7 1458 1593

Table 3.7. Flow-Stage-Frequency at XS 16600 (At Western Star Mill Weir)

Event (AEP) | FWOP Stage (ft) FWP Stage (ft) FWOP Flow (cfs) | FWP Flow (cfs)

99% 1214.8 1210.1 553 560

50% 1215.0 1210.4 687 680

20% 1215.5 1210.9 941 931

10% 1215.9 1211.7 1162 1114

2% 1216.8 1214.2 1734 1687

1% 1217.2 1215.6 2006 1940
0.2% 1218.5 1218.0 2192 1748
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Table 3.8. Flow-Stage-Frequency at XS 10000 (Downstream of N Ohio St)

Event (AEP) FWOP Stage (ft) FWP Stage (ft) | FWOP Flow (cfs) | FWP Flow (cfs)

99% 1206.2 1205.8 593 307

50% 1206.7 1206.2 741 348

20% 1208.1 1208.6 365 371

10% 1210.0 1210.6 338 365

2% 1212.0 1212.5 543 552

1% 1214.4 1214.6 568 599
0.2% 1216.1 1216.1 841 812

Table 3.9. Flow-Stage-Frequency at XS 2900 (Upstream of Walker Dr Culvert)

Event (AEP) FWOP Stage (ft) FWP Stage (ft) | FWOP Flow (cfs) | FWP Flow (cfs)

99% 1205.1 1205.6 275 301

50% 1205.5 1206.0 317 339

20% 1207.9 1208.5 358 382

10% 1209.9 1210.6 353 381

2% 1211.9 1212.4 553 568

1% 1214.3 1214.6 588 615
0.2% 1216.0 1216.1 72 85

Table 3.10. Flow-Stage-Frequency at XS 1500 (Downstream of Walker Dr Culvert)

Event (AEP) FWOP Stage (ft) FWP Stage (ft) FWOP Flow (cfs) | FWP Flow (cfs)

99% 1203.7 1204.0 277 303

50% 1203.7 1203.9 319 341

20% 1205.8 1206.1 361 385

10% 1207.8 1208.2 356 384

2% 1206.9 1207.2 557 572

1% 1208.7 1208.5 591 619
0.2% 1215.9 1216.0 138 157

3.2 FWOP vs Original FWP Water Surface Profile and Extents Comparison

This section presents induced impacts for assistance in creating the real estate takings
analysis. Induced impacts are defined as changes caused by the FWP in comparison to

the FWOP that relate to stage frequencies, flow frequencies, or duration.
Difference in 2% AEP Event Water Surface

3.21

Induced impacts for this project were estimated by comparing peak WSE between the
FWOP and FWP conditions. Induced impacts occur when the impacts of the project
cause the FWP WSE to be different than the FWOP WSE. See Figure 3.5 for a
comparison of the profiles for FWOP (blue) and FWP (red) for the 2% AEP event along
with the geometry profiles (pink for FWOP and black for FWP).

Figure 3.6 compares the WSE for FWOP and FWP for the 2% AEP event in units of feet
of change. Red represents locations where the FWP WSE is more than 0.1 ft greater
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than the FWOP conditions. Blue represents where the FWOP WSE is more than 0.1 ft
greater than the FWP conditions. Grey represents locations where the WSE is within
0.1 ft of each other.

The FWP WSE is a maximum of 0.5 ft higher than the FWOP WSE in the northern
section of river surrounding Lakewood Lake. There are some locations in the southern
section of river where the FWP WSE is higher than the FWOP WSE due to slight
changes resulting from the channel excavation or new flow paths under bridges.
Changes in model extents lead to the sedimentation basin showing completely as
increased extents. With removal of the sedimentation basin area and other inaccurate
terrain modification areas, the total induced impacts area is approximately 0.67 acres.

Figure 3.7 shows locations where there are differences in extents between FWOP and
FWP for the 2% AEP event. Red represents locations where there are increases in
stage from FWOP to FWP (FWP extents larger than FWOP extents). Blue represents
locations where there are reductions in stage from FWOP to FWP (FWOP extents
larger than FWP extents).

Appendix A2 — Future Without Project Condition and TSP

36



Smoky Hill River Aquatic Habitat Restoration

] Levee Outlet
= 1 230__ Lakewood Lake Step Pools
c : alker Dr
S 12201 Wﬁver? “ |
=
q) _
1210 b
] - Levee /
7 " il Intake ﬂ
1 200__) /\ Sediment
1 Jr k Iron Avenue Forebay
+
il North Section South Section
1 1 90 T I T I T T T I T I T I T
0 5000 10000 15000 20000 25000 30000 35000
Main Channel Distance (ft)

Figure 3.5. 2% AEP FWOP (blue) vs Original FWP (red) profile comparison with the geometry profiles (pink for FWOP and black for FWP)
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Figure 3.6. 2% AEP FWOP vs Original FWP WSE Feet of Change Comparison
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Figure 3.7. 2% AEP FWOP vs Original FWP Impact Extents
3.2.2 Difference in 1% AEP Event Water Surface

Induced impacts for this project were estimated by comparing peak WSE between the
FWOP and FWP conditions. Induced impacts occur when the impacts of the project
cause the FWP WSE to be different than the FWOP WSE. See Figure 3.8 for a
comparison of the profiles for FWOP (blue) and FWP (red) for the 1% AEP event along
with the geometry profiles (pink for FWOP and black for FWP).

Figure 3.9 compares the WSE for FWOP and FWP for the 1% AEP event in units of feet
of change. Red represents locations where the FWP WSE is more than 0.1 ft greater
than the FWOP conditions. Blue represents where the FWOP WSE is more than 0.1 ft
greater than the FWP conditions. Grey represents locations where the WSE is within

0.1 ft of each other.

The FWP WSE is a maximum of 0.3 ft higher than the FWOP WSE in the northern
section of river surrounding Lakewood Lake. There are some locations in the southern
section of river where the FWP WSE is higher than the FWOP WSE due to slight
changes resulting from the channel excavation or new flow paths under bridges.
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Changes in model extents lead to the sedimentation basin showing completely as
increased extents. With removal of the sedimentation basin and other inaccurate terrain
modification areas, the total induced impacts area is approximately 1.30 acres.

Figure 3.10 shows locations where there are differences in extents between FWOP and
FWP for the 1% AEP event. Red represents locations where there are increases in
stage from FWOP to FWP (FWP extents larger than FWOP extents). Blue represents
locations where there are reductions in stage from FWOP to FWP (FWOP extents
larger than FWP extents).
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Figure 3.8. 1% AEP FWOP (blue) vs Original FWP (red) profile comparison with the geometry profiles (pink for FWOP and black for FWP)
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Appendix A2 — Future Without Project Condition and TSP 42



Smoky Hill River Aquatic Habitat Restoration

Lakewood Lake = = Sl
T T e il
T G |
- . —
it i v Walker Dr
! & . Culvert o
Elm Street : ; ¥ 8 el /
Step Pools ' T 5 é i
g % ! ) Levee Outlet
‘,'I y Lakewood Park 3 _/' A
Ash Streetd / S ps BF o MEL LG

North Section ﬂ‘ U b i
Iron i
Iron Avenue B <=

A
venue South Section ﬂ

The Midway 3
b

' Levee
Intake

& | -
_ # % ﬂ
.-‘IY"MCA Drive d Sediment
“‘? 4 Forebay

South Ohio Street %

. \ = Old Smoky Hill Channel

e — Smoky Hill River
Federal Levee

Figure 3.10. 1% AEP FWOP vs Original FWP Impact Extents
3.2.3 Difference in 0.2% AEP Event Water Surface

Induced impacts for this project were estimated by comparing peak WSE between the
FWOP and FWP conditions. Induced impacts occur when the impacts of the project
cause the FWP WSE to be different than the FWOP WSE. See Figure 3.11for a
comparison of the profiles for FWOP (blue) and FWP (red) for the 0.2% AEP event
along with the geometry profiles (pink for FWOP and black for FWP).

Figure 3.12 compares the WSE for FWOP and FWP for the 0.2% AEP event in units of
feet of change. Red represents locations where the FWP WSE is more than 0.1 ft
greater than the FWOP conditions. Blue represents where the FWOP WSE is more than
0.1 ft greater than the FWP conditions. Grey represents locations where the WSE is
within 0.1 ft of each other. The FWP WSE is a maximum of 0.2 ft higher than the FWOP
WSE in the northern section of river. There are some locations in the southern section
of river where the FWP WSE is higher than the FWOP WSE due to slight changes
resulting from the channel excavation or new flow paths under bridges. Changes in
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model extents lead to the sedimentation basin showing completely as increased
extents. With removal of the sedimentation basin area, the total induced impacts area is
approximately 1.49 acres.

Figure 3.13 shows locations where there are differences in extents between FWOP and
FWP for the 0.2% AEP event. Red represents locations where there are increases in
stage from FWOP to FWP (FWP extents larger than FWOP extents). Blue represents
locations where there are reductions in stage from FWOP to FWP (FWOP extents
larger than FWP extents).
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Figure 3.11. 0.2% AEP FWOP (blue) vs Original FWP (red) profile comparison with the geometry profiles (pink for FWOP and black for
FWP)
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Figure 3.12. 0.2% AEP FWOP vs Original FWP WSE Comparison
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Figure 3.13. 0.2% AEP FWOP vs Original FWP Impact Extents
3.3 Sensitivity Analysis

These analyses will be used to inform possible future scenarios that are not part of the
FWOP or FWP as well as possible post TSP design refinements to the FWP design.

These analyses were completed at an earlier stage of the modelling process and due to
time and budget constraints have not been updated with the current geometry. The
resulting trends are still accurate, however the values associated with them are
outdated.

3.3.1 Non-Maintained Channel

The section of woody debris in the channel from XS 22000 to 15502 causes a maximum
increase in WSE of 1.3 ft for the 1% AEP event from XS 23000 to 25000 and an
average increase in stage of 0.9 feet in areas upstream of the woody debris range as
shown in Figure 3.14. This is due to a 13% decrease in flow rate from maintained (1425
cfs) to non-maintained (1235 cfs) at XS 22000. The increase in WSE is enough in some
locations from XS 19600 to 35467 to extend out of the channel where the standard 1%
FWP event is contained within the channel. This indicates that if woody debris is not
periodically removed and allowed to accumulate in the channel, that these areas will
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experience an increase in water surface elevation that may result in impacts during
flood flows.
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Figure 3.14. 1% AEP FWP (blue) vs FWP Non-Maintained Channel (red) profile comparison
3.3.2 Debris on Bridge Openings

The debris on the piers of the Oakdale Avenue bridge did not impact the WSE.

The debris blockage of 50% of the 96-inch Walker Dr culvert caused an average of 1.4
ft of WSE increase from XS 16600 to 2100 as well as the bridge structure at Walker Dr
with the 96-inch culvert to overtop as shown in Figure 3.15. This is due to a 15%
decrease in total flow rate across the culvert XS from unblocked (623 cfs of culvert flow)
to 50% blocked (339 cfs of culvert flow and 190 cfs of weir flow). The increase in WSE
is enough in some locations from XS 16900 to 2100 to extend out of the channel where
the standard 1% FWP event is contained within the channel. This indicates that if woody
debris is not periodically removed and allowed to accumulate at bridges and culverts,
that these areas could experience an increase in water surface elevation, depending on
location, that may result in impacts during flood flows.
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Figure 3.15. 1% AEP FWP (blue) vs FWP Bridge Debris (red) profile comparison
3.3.3 Upstream Intake Sluice Gate

The always open gate scenario lets in 140 to 260 cfs of flow when the standard gate
operations would have the gates closed, which is why the WSE is an average of 0.3 ft
higher in the northern section and 1.4 ft higher on average in the southern section for
the always open scenario than the standard gate operations scenario as shown in
Figure 3.16. The increase in WSE is enough in some locations in the southern section
to extend out of the channel where the standard 1% FWP event is contained within the
channel. It is recommended that gate operations continued to be followed per the 1978
Salina, Kansas Federal Levee Operational Drawings sheet 3.

The always closed gate scenario WSE is an average of 0.1 ft higher in the northern
section and 0.2 ft higher on average in the southern section than the standard gate
operations scenario as seen in Figure 3.17. This is due to the WSE landside of the
levee being higher than the WSE riverside of the levee for a majority of the event, so it
can no longer flow out into the channel, causing an increase of approximately 1.1 million
cubic feet (110 cfs increase for 3 hours) of water doing downstream. The increase in
WSE is enough in some locations in the southern section to extend out of the channel
where the standard 1% FWP event is contained within the channel. It is recommended
that gate operations continued to be followed per the 1978 Salina, Kansas Federal
Levee Operational Drawings sheet 3.

However, the always closed scenario is an average of 0.1 ft lower in the northern
section and 1.1 ft lower on average in the southern section than the always open
scenario on average.
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Figure 3.16. 1% AEP FWP (blue) vs FWP Intake Gate Always Open (red) profile comparison
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Figure 3.17. 1% AEP FWP (blue) vs FWP Intake Gate Always Closed (red) Profile Comparison
3.3.4 Downstream Outlet Sluice & Flap Gates

The blockage/removal of the secondary 48-inch outlet culvert causes an average of a
2.2 ft raise in WSE at the downstream levee (XS 660 to 2100), with a less significant
average raise of 0.4 ft in WSE from XS 2100 to 16600 as shown in Figure 3.18. This is
due to a 14% decrease in flow rate through the outlet levee structure from the standard
FWP (632 cfs) to the blockage scenario (542 cfs). The increase in WSE is enough in
some locations from XS 9000 to 660 to extend out of the channel where the standard
1% FWP event is contained within the channel. This indicates that if conveyance area is
lost, blocked, or not designed large enough, that these areas will experience an
increase in water surface elevation that may result in impacts during flood flows.

Appendix A2 — Future Without Project Condition and TSP 50



Smoky Hill River Aquatic Habitat Restoration

1230+
e 4 Outlet Flap
~ Gate(s)
S ] / ey
£ 1220 u
& ] " A
w i
1210+ :}
1200~ -
4
1 190 T I T T T I T I T I T I T I
0 5000 10000 15000 20000 25000 30000 35000
Main Channel Distance (ft)

Figure 3.18. 1% AEP FWP (blue) vs FWP Secondary Outlet Gate Blocked (red) Profile Comparison
3.3.5 Lakewood Lake Initial WSE

The “empty” scenario and the recreation flow scenario have no significant difference in
WSE in the channel.

The completely full scenario for the initial WSE of Lakewood Lake raises the WSE on
average by 0.4 ft from the recreation flows scenario from the downstream levee outlet to
the five step-pool weirs (XS 16900 to 660) as shown in Figure 3.19. This is due to a
107% increase in filled storage area of Lakewood Lake from the initial elevation of
1201.5 ft (171 ac-ft) to 1206.1 ft (355 ac-ft). The increase in WSE is enough in some
locations from XS 10700 to 660 to extend out of the channel where the standard 1%
FWP event is contained within the channel. This indicates that if the Lakewood Lake
initial WSE changes, that these areas could experience an increase in water surface
elevation that may result in impacts during flood flows.
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Figure 3.19. 1% AEP FWP (blue) vs FWP “Full” Initial Lakewood Lake WSE (red) Profile
Comparison

3.3.6 Fill Volume Placed in Lakewood Lake for FWP

The scenario with the lowest amount of fill being placed in Lakewood Lake (37,772
cubic yards), leads to an average of 0.2 ft reduction in WSE from the standard geometry
(105,000 cubic yards), as shown in Figure 3.20. This is due to a 6% decrease in storage
area of Lakewood Lake from the 37,772 CY fill scenario (763 ac-ft) to the 105,000 CY
fill scenario (720 ac-ft) at an elevation of 1214 ft. There is either no change or a
decrease in stages, so this scenario was contained within the channel to a similar or
lesser extent than the standard 1% FWP event. This indicates that if the amount of fill
placed into Lakewood Lake reduces from current design, that these areas will
experience a decrease in water surface elevation.
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Figure 3.20. 1% AEP FWP (blue) vs FWP Lower Fill Volume in Lakewood Lake WSE (red) Profile
Comparison

3.3.7 Removal of Hydraulic Control from 96-inch Walker Dr Culvert (XS 2100)

With removal of Hydraulic control from the 96-inch culvert, the WSE upstream of the
culvert reduced by an average of 0.9 ft and the WSE downstream of the culvert
increased by an average of 4.8 ft as shown in Figure 3.21. This is due to the removal of
the hydraulic control at the culvert when expanding it, along with a 22% increase in flow
rate from the standard FWP event (623 cfs) to the expanded culvert in this sensitivity
scenario (759 cfs). The increase in WSE is enough in some locations from XS 2100 to
660 to extend out of the channel where the standard 1% FWP event is contained within
the channel. This indicates that if hydraulic control is reduced or removed from Walker
Dr, that the areas upstream of Walker Dr will experience a decrease in water surface
elevation, however the areas downstream will experience an increase in water surface
elevation that may result in impacts during flood flows.
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Figure 3.21. 1% AEP FWP (blue) vs FWP Removal Hydraulic Control from 96-inch Culvert (red)
Profile Comparison

3.3.8 Sensitivity Analysis Conclusions

Test 2 - Debris on Bridge Openings, Test 4 - Downstream Outlet Sluice & Flap Gates,
and Test 7 - Removal of Hydraulic Control from 96-inch Walker Dr Culvert (XS 2100)
are the three most impactful sensitivity tests in the area of high interest near and
downstream of Lakewood Lake. They show that the conveyance area at Walker Dr and
the downstream levee outlet are critical influences on the WSE in the area of high
interest near and downstream of Lakewood Lake. These analyses will be used to
develop post TSP design refinements in Section 4.1.

4 PoOST TSP DESIGN REFINEMENTS

This section documents the design changes made from the original FWP design and
provides the results from the hydraulic model.

4.1 Geometry Changes

Design refinements were made to the original alternative 3 design to reduce the number
of induced impacts. The induced impact cost will be compared between the original
alternative 3 design and the refined alternative 3 design. Two design changes were
implemented as part of the refinement process.

The Walker Dr culvert in the original FWP design was to remain as is existing, an 8 ft
circular culvert. It was recognized that this culvert was a hydraulic control and
increasing the WSE in the Lakewood Lake area in sensitivity test number 7 (section
3.3.7). The original culvert is replaced with two 7 ft circular culverts in the refined
design. These changes can be seen in Figure 4.1. This design is the smallest
conveyance area using standard sized culverts to lower the FWP WSE below the
FWOP WSE.
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Figure 4.1. Original and Refined Walker Dr Culvert Design (XS 2100)

The secondary culvert in the levee outlet structure in the original FWP design was to be
a 4 ft circular culvert. This is increased to a 6.5 ft circular culvert to match the existing
culvert, since more flow is passed through the Walker Dr culverts in the refined design.
This change can be seen in Figure 4.2. This refined culvert sizing lowers the FWP WSE
to a point where the number of induced impacts is minimized to a reasonable level

(increasing the culvert size any further, would likely cost more than the reduction in cost
of flowage easement).
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Figure 4.2. Original and Refined Levee Outlet Culvert Design (XS 508)
4.2 Profile Comparisons

This section will compare profiles for the refined design flow plans for larger storm
events and compile pertinent information. Figure 3.1 shows locations of cross sections
chosen to represent specific reaches and paint a picture of the trends across the entire
old Smoky Hill channel.

4.2.1 Low Flow Scenarios

The low flow results are not impacted by the refined design. See section 3.1.1 for more
information.

4.2.2 Frequency Flood Flow Scenarios
These high flow scenarios represent different magnitudes of storm events occurring in

the restored channel. They range from 99% AEP (1-year return period) to 0.2% AEP
(500-year return period) to show a range of possible flood events. Figure 4.3 shows all
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the standard flow plan (section 2.3) profiles for FWP. Figure 4.4 shows the extents of
the 99% AEP, and 0.2% AEP events laid over imagery.
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Figure 4.3. 99% to 0.2% AEP Refined FWP flow profiles
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Figure 4.4. Refined FWP 99% AEP Extents (green) compared to Refined FWP 0.2% AEP Extents
(red)

Table 4.1 through Table 4.7 present the flow-stage-frequency relationship. The
variables presented are the maximum water surface and the flow at the time of the
maximum water surface. This will assist in understanding the changes in stage and flow
at the highest impact areas. The pink cross sections in Figure 3.1 show the locations
where data was collected for flow-stage-frequency tables.

The 2% AEP flood frequency event is the first event where water begins to get out of
bank. Table 3.3 shows the top of bank elevations at the locations defined in Figure 3.1.

Table 4.1. Refined Flow-Stage-Frequency at XS 34701 (Upstream of S Ohio St)

Event (AEP) FWOP Stage (ft) FWP Stage (ft) | FWOP Flow (cfs) | FWP Flow (cfs)
0.2% 1224 .4 1223.5 -260 -248
1% 1223.1 1222.0 -144 -96
2% 1222.2 1221.1 -231 -174
10% 1220.6 1219.5 -195 -140
20% 1219.9 1218.7 -172 -122
50% 1219.0 1217.8 -139 -98
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Table 4.2. Refined Flow-Stage-Frequency at XS 32300 (Downstream of S Ohio St)

Event (AEP) FWOP Stage (ft) FWP Stage (ft) | FWOP Flow (cfs) | FWP Flow (cfs)

0.2% 1224.5 1223.5 -78 -58
1% 1223.2 1222.0 14 69
2% 1222.2 1221.1 =77 -13
10% 1220.7 1219.5 -80 -21
20% 1220.0 1218.8 -75 -23
50% 1219.2 1217.9 -52 -10
99% 1218.7 12174 -46 1

Table 4.3. Refined Flow-Stage-Frequency at XS 28200 (Downstream of YMCA Dr)

Event (AEP) FWOP Stage (ft) FWP Stage (ft) | FWOP Flow (cfs) | FWP Flow (cfs)

0.2% 1223.9 1222.7 1459 1592

1% 1222.3 1221.2 1119 1205

2% 1221.6 1220.4 925 1006

10% 1220.1 1218.9 675 738

20% 1219.5 1218.2 558 607

50% 1218.7 12174 430 463

99% 1218.2 1216.9 373 402

Table 4.4. Refined Flow-Stage-Frequency at XS 16600 (At Western Star Mill Weir)

Event (AEP) FWOP Stage (ft) FWP Stage (ft) | FWOP Flow (cfs) | FWP Flow (cfs)

0.2% 1218.5 1217.9 2202 2354

1% 1217.2 1215.6 2006 1950

2% 1216.8 1214.2 1734 1693

10% 1215.9 1211.7 1162 1116
20% 1215.5 1210.9 940 930

50% 1215.0 1210.4 687 680

99% 1214.7 1210.1 552 560

Table 4.5. Refined Flow-Stage-Frequency at XS 10000 (Downstream of N Ohio St)

Event (AEP) FWOP Stage (ft) FWP Stage (ft) | FWOP Flow (cfs) | FWP Flow (cfs)

0.2% 1215.8 1215.6 1155 1068

1% 12141 1213.7 642 776

2% 1211.8 1211.6 598 697

10% 1209.7 1209.8 393 500

20% 1207.9 1207.9 446 490

50% 1206.7 1205.8 740 423

99% 1206.1 1205.5 591 396
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Table 4.6. Refined Flow-Stage-Frequency at XS 2900 (Upstream of Walker Dr Culvert)

Event (AEP) FWOP Stage (ft) FWP Stage (ft) | FWOP Flow (cfs) | FWP Flow (cfs)

0.2% 1215.7 1215.6 260 337

1% 1214.0 1213.6 654 787

2% 1211.7 1211.5 595 708

10% 1209.6 1209.7 401 511

20% 1207.6 1207.7 395 491

50% 1205.4 1205.4 324 390

99% 1205.0 1205.1 285 352

Table 4.7. Refined Flow-Stage-Frequency at XS 1500 (Downstream of Walker Dr Culvert)

Event (AEP) FWOP Stage (ft) FWP Stage (ft) | FWOP Flow (cfs) | FWP Flow (cfs)

0.2% 1214.8 1214.8 263 339

1% 1207.1 1209.1 658 792

2% 1205.9 1207.8 598 712

10% 1206.9 1207.8 404 515

20% 1205.1 1205.8 398 494

50% 1203.4 1204.1 327 393

99% 1203.5 1204.0 287 354

4.3 FWOP vs Refined FWP Water Surface Profile and Extents Comparison

This section presents induced impacts for assistance in creating the real estate takings
analysis. Induced impacts are defined as changes caused by the FWP in comparison to
the FWOP that relate to stage frequencies, flow frequencies, or duration.

4.3.1 Difference in 2% AEP Event Water Surface

Induced impacts for this project were estimated by comparing peak WSE between the
FWOP and FWP conditions. Induced impacts occur when the impacts of the project
cause the FWP WSE to be different than the FWOP WSE. See Figure 4.5 for a
comparison of the profiles for FWOP (blue) and FWP (red) for the 2% AEP event along
with the geometry profiles (pink for FWOP and black for FWP).

Figure 4.6 compares the WSE for FWOP and FWP for the 2% AEP event in units of feet
of change. Red represents locations where the FWP WSE is more than 0.1 ft greater
than the FWOP conditions. Blue represents where the FWOP WSE is more than 0.1 ft
greater than the FWP conditions. Grey represents locations where the WSE is within

0.1 ft of each other.

The FWP WSE is a maximum of 1.9 ft higher than the FWOP WSE in the northern
section of river surrounding Lakewood Lake. There are some locations in the southern
section of river where the FWP WSE is higher than the FWOP WSE due to slight
changes resulting from the channel excavation or new flow paths under bridges.
Changes in model extents lead to the sedimentation basin showing completely as
increased extents. With removal of the sedimentation basin area and other inaccurate
terrain modification areas, the total induced impacts area is approximately 0.28 acres.
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Figure 4.7 shows locations where there are differences in extents between FWOP and
FWP for the 2% AEP event. Red represents locations where there are increases in
stage from FWOP to FWP (FWP extents larger than FWOP extents). Blue represents
locations where there are reductions in stage from FWOP to FWP (FWOP extents
larger than FWP extents).
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Figure 4.5. 2% AEP FWOP (blue) vs Refined FWP (red) profile comparison with the geometry profiles (pink for FWOP and black for FWP)
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Figure 4.7. 2% AEP FWOP vs Refined FWP Impact Extents
4.3.2 Difference in 1% AEP Event Water Surface

Induced impacts for this project were estimated by comparing peak WSE between the
FWOP and FWP conditions. Induced impacts occur when the impacts of the project
cause the FWP WSE to be different than the FWOP WSE. See Figure 4.8 for a
comparison of the profiles for FWOP (blue) and FWP (red) for the 1% AEP event along
with the geometry profiles (pink for FWOP and black for FWP).

Figure 4.9 compares the WSE for FWOP and FWP for the 1% AEP event in units of feet
of change. Red represents locations where the FWP WSE is more than 0.1 ft greater
than the FWOP conditions. Blue represents where the FWOP WSE is more than 0.1 ft
greater than the FWP conditions. Grey represents locations where the WSE is within

0.1 ft of each other.

The FWP WSE is a maximum of 2.0 ft higher than the FWOP WSE in the northern
section of river surrounding Lakewood Lake. There are some locations in the southern
section of river where the FWP WSE is higher than the FWOP WSE due to slight
changes resulting from the channel excavation or new flow paths under bridges.
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Changes in model extents lead to the sedimentation basin showing completely as
increased extents. With removal of the sedimentation basin and other inaccurate terrain
modification areas, the total induced impacts area is approximately 0.47 acres.

Figure 4.10 shows locations where there are differences in extents between FWOP and
FWP for the 1% AEP event. Red represents locations where there are increases in
stage from FWOP to FWP (FWP extents larger than FWOP extents). Blue represents
locations where there are reductions in stage from FWOP to FWP (FWOP extents
larger than FWP extents).
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Figure 4.8. 1% AEP FWOP (blue) vs Refined FWP (red) profile comparison with the geometry profiles (pink for FWOP and black for FWP)
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4.3.3 Difference in 0.2% AEP Event Water Surface

Induced impacts for this project were estimated by comparing peak WSE between the
FWOP and FWP conditions. Induced impacts occur when the impacts of the project
cause the FWP WSE to be different than the FWOP WSE. See Figure 4.11 for a
comparison of the profiles for FWOP (blue) and FWP (red) for the 0.2% AEP event
along with the geometry profiles (pink for FWOP and black for FWP).

Figure 4.12compares the WSE for FWOP and FWP for the 0.2% AEP event in units of
feet of change. Red represents locations where the FWP WSE is more than 0.1 ft
greater than the FWOP conditions. Blue represents where the FWOP WSE is more than
0.1 ft greater than the FWP conditions. Grey represents locations where the WSE is
within 0.1 ft of each other. The FWP WSE is a maximum of 0.0 ft higher than the FWOP
WSE in the northern section of river. There are some locations in the southern section
of river where the FWP WSE is higher than the FWOP WSE due to slight changes
resulting from the channel excavation or new flow paths under bridges. Changes in
model extents lead to the sedimentation basin showing completely as increased
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extents. With removal of the sedimentation basin area, the total induced impacts area is
approximately O acres.

Figure 4.13 shows locations where there are differences in extents between FWOP and
FWP for the 0.2% AEP event. Red represents locations where there are increases in
stage from FWOP to FWP (FWP extents larger than FWOP extents). Blue represents
locations where there are reductions in stage from FWOP to FWP (FWOP extents
larger than FWP extents).
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Figure 4.13. 0.2% AEP FWOP vs Refined FWP Impact Extents
5 OTHERTOPICS

5.1 Restored Channel Water Balance Infiltration

Appendix A Exhibit B — Resorted Water Channel Balance presents improved estimates
of infiltration in the Old Smoky Hill Channel and provides recommendations to reduce
infiltration rates.

It concludes that the majority of flow losses are due to infiltration when sandy high-
permeability sediments are not sealed during channel construction and that the majority
of infiltration losses are focused at seven of the thirty-one channel segments. It
continues stating that if these seven segments were designed to have sandy materials
replaced by clay, the total infiltration losses along the entire channel length are
approximately 70 percent less (5650 to 2,540 ac-ft per year) than those calculated
without mitigation efforts (1,570 to 10,420 ac-ft per year).

There is uncertainty in the performance of the clay capping of high-permeability areas.
Design of these clay caps will be a post-TSP refinement.
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HEC-RAS Plan: 04-FWOP-USACE-2%AEP River: OldSmokyHill

Reach: OldSmokyHill_3 Profile: Max WS

Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl
(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)

OldSmokyHill_3 35900 Max WS 0 1212.00 1218.0 1217.95 0.000000 0.00 106.35 24.44 0.00
OldSmokyHill_3 35800 Max WS 136 1212.00 1218.1 1218.17 0.000107 117 121.30 28.21 0.09
OldSmokyHill_3 35680 Max WS 72 1209.80 1218.3 1211.80 1218.31 0.000254 1.12 64.37 24.79 0.10
OldSmokyHill_3 35568 Inl Struct

OldSmokyHill_3 35457 Max WS -267 1208.30 1222.0 1222.17 0.000851 -3.17 84.21 87.86 0.17
OldSmokyHill_3 35300 Max WS -267 1214.81 1222.2 1222.18 0.000033 -0.78 380.69 91.25 0.06
OldSmokyHill_3 35200 Max WS -250 1214.50 1222.2 1222.19 0.000021 -0.69 416.36 91.25 0.05
OldSmokyHill_3 35100 Max WS -250 1214.57 1222.2 1222.19 0.000020 -0.68 420.80 91.35 0.05
OldSmokyHill_3 35000 Max WS -231 1214.56 1222.2 1222.19 0.000012 -0.52 479.95 93.88 0.04
OldSmokyHill_3 34900 Max WS -231 1214.56 1222.2 1222.19 0.000013 -0.54 476.81 95.64 0.04
OldSmokyHill_3 34798 Max WS -231 1214.94 1222.2 1222.19 0.000012 -0.53 483.21 98.20 0.04
OldSmokyHill_3 34701 Max WS -231 1214.69 1222.2 1222.19 0.000013 -0.54 471.46 95.01 0.04
OldSmokyHill_3 34604 Max WS -231 1214.67 1222.2 1222.20 0.000012 -0.53 485.41 97.97 0.04
OldSmokyHill_3 34499 Max WS -231 1214.72 1222.2 1222.20 0.000012 -0.52 486.68 95.54 0.03
OldSmokyHill_3 34396 Max WS -231 1214.72 1222.2 1222.20 0.000012 -0.51 490.84 98.64 0.03
OldSmokyHill_3 34306 Max WS -231 1214.64 1222.2 1222.20 0.000011 -0.50 505.99 98.58 0.03
OldSmokyHill_3 34186 Max WS -231 1214.72 1222.2 1222.20 0.000020 -0.70 486.74 181.29 0.05
OldSmokyHill_3 34100 Max WS -231 1214.75 1222.2 1222.20 0.000021 -0.71 454.26 196.02 0.05
OldSmokyHill_3 34013 Max WS -231 1214.69 1222.2 1222.21 0.000050 -0.96 591.75 214.10 0.06
OldSmokyHill_3 33965 Max WS -231 1214.44 1222.2 1222.21 0.000030 -0.74 643.31 186.98 0.05
OldSmokyHill_3 33914 Max WS -231 1214.62 1222.2 1222.21 0.000019 -0.58 762.66 151.58 0.04
OldSmokyHill_3 33833 Max WS -216 1214.58 1222.2 1222.21 0.000028 -0.72 665.29 120.17 0.05
OldSmokyHill_3 33766 Max WS -216 1214.90 1222.2 1222.21 0.000027 -0.69 646.76 109.91 0.05
OldSmokyHill_3 33673 Max WS -216 1214.81 1222.2 1222.21 0.000030 -0.73 548.13 94.16 0.05
OldSmokyHill_3 33600 Max WS -217 1214.66 1222.2 1222.22 0.000031 -0.76 494.39 83.30 0.05
OldSmokyHill_3 33500 Max WS -216 1214.44 1222.2 1222.22 0.000026 -0.71 496.43 87.17 0.05
OldSmokyHill_3 33400 Max WS -215 1214.59 1222.2 1222.22 0.000020 -0.62 514.64 87.34 0.04
OldSmokyHill_3 33300 Max WS -208 1214.69 1222.2 1222.22 0.000025 -0.69 495.39 83.62 0.05
OldSmokyHill_3 33200 Max WS -208 1214.66 1222.2 1222.23 0.000024 -0.67 514.84 86.36 0.04
OldSmokyHill_3 33100 Max WS -208 1214.62 1222.2 1222.23 0.000032 -0.79 446.96 77.42 0.05
OldSmokyHill_3 33000 Max WS -208 1214.66 1222.2 1222.23 0.000022 -0.63 488.50 84.10 0.04
OldSmokyHill_3 32900 Max WS -208 1214.88 1222.2 1222.23 0.000022 -0.64 569.39 105.73 0.04
OldSmokyHill_3 32815 Max WS -88 1211.25 1222.2 1222.24 0.000006 -0.38 320.89 89.68 0.02
OldSmokyHill_3 32706 Culvert

OldSmokyHill_3 32610 Max WS -89 1211.25 1222.2 1222.25 0.000002 -0.15 500.39 114.06 0.01
OldSmokyHill_3 32500 Max WS -89 1214.22 1222.2 1222.25 0.000004 -0.28 518.36 87.34 0.02
OldSmokyHill_3 32400 Max WS -76 1214.22 1222.2 1222.25 0.000003 -0.23 548.73 86.19 0.02
OldSmokyHill_3 32338 Max WS -76 1214.16 1222.2 1222.25 0.000003 -0.26 496.51 80.57 0.02
OldSmokyHill_3 32300 Max WS -76 1214.28 1222.2 1222.25 0.000003 -0.25 502.02 82.76 0.02
OldSmokyHill_3 32200 Max WS -77 1214.11 1222.2 1222.25 0.000003 -0.23 562.81 90.63 0.01
OldSmokyHill_3 32100 Max WS -76 1214.35 1222.2 1222.25 0.000002 -0.22 526.53 85.41 0.01
OldSmokyHill_3 31900 Max WS -76 1214.09 1222.2 1222.25 0.000003 -0.26 450.97 73.82 0.02
OldSmokyHill_3 31800 Max WS -43 1213.78 1222.2 1222.25 0.000001 -0.18 463.07 77.04 0.01
OldSmokyHill_3 31700 Max WS -40 1214.09 1222.2 1222.25 0.000001 -0.17 379.51 62.12 0.01
OldSmokyHill_3 31600 Max WS -26 1213.59 1222.2 1222.25 0.000000 -0.10 390.36 95.28 0.01
OldSmokyHill_3 31500 Max WS -26 1213.69 1222.2 1222.25 0.000000 -0.08 503.45 137.07 0.01
OldSmokyHill_3 31400 Max WS -26 1213.66 1222.2 1222.25 0.000000 -0.07 627.11 151.00 0.00
OldSmokyHill_3 31300 Max WS -26 1213.67 1222.2 1222.25 0.000000 -0.09 621.13 128.52 0.01
OldSmokyHill_3 31200 Max WS -26 1213.62 1222.2 1222.25 0.000000 -0.07 615.53 122.64 0.00
OldSmokyHill_3 31100 Max WS -24 1213.66 1222.2 1222.25 0.000000 -0.07 593.08 133.41 0.00
OldSmokyHill_3 31000 Max WS -19 1213.78 1222.2 1222.25 0.000000 -0.06 591.46 150.26 0.00
OldSmokyHill_3 30900 Max WS -19 1213.84 1222.2 1222.25 0.000000 -0.06 610.77 146.21 0.00
OldSmokyHill_3 30800 Max WS -19 1213.72 1222.2 1222.25 0.000000 -0.06 615.60 155.62 0.00
OldSmokyHill_3  |30700 Max WS -19 1213.73 1222.2 1222.25 0.000000 -0.05 585.10 96.46 0.00
OldSmokyHill_3 30651 Max WS -19 1213.76 1222.2 1222.25 0.000000 -0.05 622.42 116.90 0.00
OldSmokyHill_3 30575 Max WS -19 1213.62 1222.2 1222.25 0.000000 -0.05 634.49 134.87 0.00
OldSmokyHill_3 30500 Max WS -19 1213.78 1222.2 1222.25 0.000000 -0.05 672.77 128.62 0.00
OldSmokyHill_3 30400 Max WS -20 1213.70 1222.2 1222.25 0.000000 -0.05 637.92 114.86 0.00
OldSmokyHill_3 30300 Max WS -20 1213.72 1222.2 1222.25 0.000000 -0.05 625.69 94.71 0.00
OldSmokyHill_3 30200 Max WS -20 1213.56 1222.2 1222.25 0.000000 -0.05 675.16 132.49 0.00
OldSmokyHill_3 30100 Max WS -20 1213.75 1222.2 1222.25 0.000000 -0.05 636.64 104.89 0.00
OldSmokyHill_3  |29999 Max WS -19 1213.79 1222.2 1222.25 0.000000 -0.05 656.92 125.27 0.00
OldSmokyHill_3 29899 Max WS -20 1213.74 1222.2 1222.25 0.000000 -0.05 653.26 118.85 0.00
OldSmokyHill_3 29800 Max WS -15 1213.69 1222.2 1222.25 0.000000 -0.03 701.29 146.07 0.00
OldSmokyHill_3 29704 Max WS -15 1213.72 1222.2 1222.25 0.000000 -0.05 657.14 111.09 0.00
OldSmokyHill_3 29572 Max WS -15 1213.81 1222.2 1222.25 0.000000 -0.04 627.