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NOTICETO
FLOOD INSURANCE USERS

Communities participating in the National Flood Insurance Program have established repositories of
flood hazard data for floodplain management and flood insurance purposes. This Flood Insurance
Study may not contain all data available within therepository. It isadvisableto contact the community
repository for any additiona data.

Part or al of this Flood Insurance Study may be revised and republished at any time. In addition, part
of this Flood Insurance Study may be revised by the Letter of Map Revision process, which does not
involve republication or redistribution of the Flood Insurance Study. Itis, therefore, the responsibility
of the user to consult with community officials and to check the community repository to obtain the
most current Flood Insurance Study components.

Selected Flood Insurance Rate M ap panelsfor the community contain information that was previously
shown separately on the corresponding Flood Boundary and Floodway Map panels (e.g., floodways,
cross sections). In addition, former flood hazard zone designations have been changed as follows:

Old Zone New Zone
A1 through A30 AE
V1 through V30 VE
B X
C X

Initiadl Countywide FIS Date:
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FLOOD INSURANCE STUDY
ATCHISON COUNTY, KANSAS AND INCORPORATED AREAS

INTRODUCTION
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1.2

Purpose of Study

ThisFlood Insurance Study (FIS) report revises and updatesinformation on the existence and
severity of flood hazards in the geographic area of Atchison County, Kansas, including: the
Citiesof Atchison, Effingham, Huron, Lancaster, and Muscotah; and the unincorporated areas
of Atchison County, and aids in the administration of the National Flood Insurance Act of
1968 and the Flood Disaster Protection Act of 1973. This study has developed flood-risk data
for various areas of the community that will be used to establish actuaria flood insurance
rates and to assist the community in its efforts to promote sound floodplain management.
Minimum floodplain management requirements for participation in the National Flood
Insurance Program (NFIP) are set forth in the Code of Federal Regulations at 44 CFR, 60.3.

ThisFIS revises and supersedes previous FISs countywide. Thisinformation will be used by
the communities to update existing floodplain regulations as part of the regular phase of the
NFIP. Theinformation will also be used by local and regional plannersto further promote
sound land use and floodplain development.

Aspart of thisrevision, the format of the map panels has changed. Previously, flood-hazard
information was shown on both the Flood Insurance Rate Map (FIRM) and Flood Boundary
and Floodway Map (FBFM). In the new format, all base flood elevations, cross sections,
zone designations, and floodplain and floodway boundary delineations are shown on the
FIRM and the FBFM has been eliminated. Some of the flood insurance zone designations
were changed to reflect the new format. Areas previously shown as numbered Zone A were
changed to Zone AE. Areas previously shown as Zone B were changed to Zone X (shaded).
Areas previously shown as Zone C were changed to Zone X (unshaded). In addition, al
Flood Insurance Zone Data Tables were removed from the FIS report and al zones
designations and reach determinations were removed from the profile panels.

The Digital Flood Insurance Rate Map (DFIRM) and FIS Report for this countywide study
have been produced in digital format. Flood hazard information was converted to meet the
Federal Emergency Management Agency (FEMA) DFIRM database specifications and
Geographic Information System (GIS) format requirements. The flood hazard information
was created and is provided in adigital format so that it can be incorporated into alocal GIS
and be accessed more easily by the community.

Please note that the Cities of Effingham and Lancaster have no Special Flood Hazard Areas
identified.

In some states or communities, floodplain management criteria or regulations may exist that
aremore restrictive or comprehensive than the minimum Federal requirements. In such cases,
the morerestrictive criteriatake precedence and the State (or other jurisdictional agency) will
be able to explain them.

Authority and Acknowledgments

The sources of authority for this FIS report are the National Flood Insurance Act of 1968 and
the Flood Disaster Protection Act of 1973.



1.3

For this countywide FIS report, AMEC Earth and Environmental, Inc. performed the
hydrologic and hydraulic analyses for the approximate A Zones for Atchison County and
Incorporated Areas as contracted by the State of Kansas Department of Agriculture (KDA),
for FEMA under Agency Task Order No. 2, Encumbrance No. A1000123, and Authorized by
Contract No. 1605.

The hydrologic and hydraulic analyses for the Missouri River were performed by the U.S.
Army Corps of Engineers (USACE) as part of the Upper Mississippi River System Flow
Frequency Study (UMRSFFS). This study was a collaboration of effort between the Rock
Island, St. Louis, Kansas City, Omaha, and St. Paul districts and was completed in 2003. The
1-percent-annual-chance flood water surface profile and floodway computations on the
Kansas River were performed within HEC-RASfor FEMA under Interagency Agreement No.
HSFEO07-06-X-0012 by the Kansas City and Omaha districts and were completed in 2007.

The floodplain mapping for the Missouri River was performed by Watershed Concepts for
FEMA under Contract No. HSFEQ7-07-C-0022.

The hydrologic analysisfor Stranger Creek was performed by Dames & Maoore under contract
to the USACE. Thiswork was completed in November 1999. The hydraulic analysis was
performed by URS Corporation (URS) for KDA under Agency Contract No. 1494. This
work was completed by URS in April 2003.

Planimetric base map information shown on all FIRM panels was derived from the National
Agriculture Imagery Program (NAIP) 2012, 1-meter orthoimagery. These base map files
were provided in digital format by Kansas Data Access & Support Center (DASC).
Additional information was derived from the U.S Geologica Survey (USGS). Usersof this
FIRM should be aware that minor adjustments may have been made to specific base map
features (Reference 1).

The coordinate system used for the production of this FIRM is State Plane Kansas North,
FIPS 1501, feet. Corner coordinates shown on the FIRM are in latitude and longitude
referenced to the Universal Transverse Mercator (UTM) projection, NAD 83 Zone 15N.

City of Atchison

Thehydrologic and hydraulic analysesfor the City of Atchison, Kansas, Atchison County FIS
were performed by Black & V eatch for the Federal Insurance Administration, under Contract
No. H-4006. Thiswork, which was completed in April 1977, covered al significant flooding
sources affecting the City of Atchison (Reference 2). The study for the Missouri River was
superseded by the USACE UMRSFFS hydrol ogic and hydraulic analysis completed in 2003
(Reference 6).

Coordination

1.3.1 Pre-Countywide Study

City of Atchison

In November 1976, representativesfrom Black & Veatch, KWRD, and the Federal Insurance
Administration met with the city officialsto discuss preliminary flood elevations, profilesand
floodway delineations for the City of Atchison, Kansas, Atchison County FIS.

OnJune9, 1977, the study results were reviewed at afinal coordination meeting attended by

personnel of Black & Veatch, the Federa Insurance Administration, and city officias of
Atchison; the study was accepted (Reference 2).

2
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1.3.2 Countywide Study

Aninitial Consultation and Coordination Officers meeting was held on August 1, 2002 and
attended by representative of Leavenworth County, KDA-DWR, and URS. The USGS, the
U.S. Department of Agriculture, and Natural Resources Conservation Service (NRCS)
supplied flood analysis information.

The KDA-DWR obtained and provided quality assurance and control of a digita terrain
model (DTM) from Kuceralnternational, Inc. Supplementary dataobtained from the USGS
was merged with the DTM obtained from Kucera International. The field survey channel
Cross sections were provided by Shafer, Kline & Warren.

A meeting was held on March 20, 2003 between KDA-DWR, FEMA Region VI, the then
Map Coordination Contractor (Post, Buckley, Shub & Jernigan), and URSto discuss details
of submittal review and technical questions regarding the hydraulic model.

A natification meeting was held on February 22, 2010, and attended by representatives of
KDA, AMEC, and Atchison County.

Theresults of the study were reviewed at the final Consultation Coordination Officer (CCO)
meeting held on (to-be-determined), and attended by representatives of (to-be-determined).
All problems raised at that meeting have been addressed in this study.

AREA STUDIED

21

Scope of Study
2.1.1 Pre-Countywide Study

City of Atchison
The City of Atchison, Kansas, Atchison County FIS covered theincorporated area of the City
of Atchison, Atchison County, Kansas.

The areas studied by detailed methods were selected with priority given to all known flood
hazard areas, areas of projected development and proposed construction until April 1982.

Approximate methods of analysis were used to study those areas having low development
potential and/or minimal flood hazards as identified at the initiation of the study. The scope
and methods of study were proposed to and agreed upon by the Federa Insurance
Administration.

All streams believed to pose asignificant flood hazard to the city have been studied in detail .
These streams are:; the Missouri River, White Clay Creek, and Brewery Creek. Several
northern tributaries to White Clay Creek were not studied as aresult of the flood protection
measures taken for these streams (Reference 2).

2.1.2 Countywide Study

This FIS report covers the geographic area of Atchison County, Kansas, including the
incorporated communities listed in Section 1.1.

For this study, AMEC performed redelineation on White Clay Creek and Brewery Creek,

3



2.2

2.3

areas previously studied by detailed methods, which were selected with priority given to all
known flood hazards, areas of projected development, and proposed construction. AMEC
also incorporated the hydrologic and hydraulic analysis on Stranger Creek and performed
redelineation for the Missouri River. Stranger Creek and the Missouri River are both detailed
studies that were previously approved by FEMA. They have never been incorporated into the
mapping for Atchison County or any of the incorporated communities but are being
incorporated into this study.

Approximate analyses were used to study those areas having a low development potential or
minimal flood hazards. Included in these analyses were Brewery Creek, Brush Creek, Camp
Creek, Catamount Creek, Clear Creek, Coal Creek, Crooked Creek, Deer Creek, Delaware
River, Elk Creek, Grasshopper Creek, Independence Creek East, Independence Creek West,
Little Grasshopper Creek, Little Stranger Creek, Little Walnut Creek, Mission Creek, Mooney
Creek, Nebo Creek, Negro Creek, Otter Creek, Owl Creek, South Creek, Spring Creek East,
Spring Creek West, Walnut Creek, Whiskey Creek, White Clay Creek, and associated
tributaries. The scope and methods of study were proposed to, and agreed upon, by
representatives of Atchison County, AMEC, and KDA.

Community Description

Atchison County islocated in northeast Kansas on the |eft bank of the Missouri River. Itis
bordered by Buchanan and Platte Counties, Missouri, on the east; Brown and Doniphan
Counties on the north; Jackson County on the west; and Jefferson and L eavenworth Counties
on the south. The major thoroughfares of Atchison County are U.S. Highways 59 and 73.
Atchison County isalso served by the BNSF and Union Pacific Railroads. 1n 2009, the U.S.
Census Bureau estimated the population of Atchison County to be 16,411 (Reference 3).

The climate of the Atchison County area is characteristic of that of the centra part of the
United States (Reference 2). July is the warmest month with an average high of 89°
Fahrenheit (°F), and an average low of 68.3 °F. January isthe coldest month with an average
high of 36.5 °F and an averagelow of 18 °F. Normal annual precipitation between 1971 and
2000 has been 33.66 inches with the most precipitation occurring during the month of May
with 4.99 inches and the least during January measuring 0.98 inches (Reference 4).

Principal Flood Problems

Atchison County has had several flooding eventsthat have qualified for apresidential disaster
declaration, resulting in federal dollars. Most recently, flooding occurred in January of 2005
that led to a disaster declaration for five counties, including Atchison, and more than $7
million dollarsin individual assistance and public assistance. One of the most notable and
devastating was the Great Flood of 1993. Atchison was one of 57 counties in Kansas
included in the disaster declaration, which led to more than $137 million dollarsindividual
assistance and public assistance, cumulatively (Reference 5).

White Clay and Brewery Creeks pose the principal threat of flood damage in the City of
Atchison. This threat has been substantially reduced by construction of flood protection
works in the 1960s. Flooding from the Missouri River is limited to the narrow flood plain
area along the west bank of the river (Reference 2).

Because thereis no stream gaging station in the White Clay Creek Basin, historical accounts
provide the only documentation of past-flood events. The first severe flood recorded in

4



Atchison occurred in March 1919. Approximately six inches of rain fell over the lower
portion of the basin, causing severe flooding in the downtown area. Following thisflood, the
city enclosed the creek through the downtown areafrom Seventh Street to the Missouri River
with atwin 12 x 13 foot concrete box conduit having an estimated capacity of 5,500 cubic
feet per second (cfs). Later, several local tributaries were carried through storm sewersinto
thismain conduit. Theseimprovementswere adequate to convey flood flowsuntil July 1958,
when three separate floods occurred. Thefirst and largest of the three floods occurred on July
11. During this storm the White Clay Creek watershed received a deluge of 5.07 inches of
rainfall ina45 minute period. Thisdelugeresulted in flooding of the White Clay Creek main
branch and its tributaries. Floodwaters rushed down the streets of Atchison inundating
basements and first floorsin the business district causing coll apse of some buildings, serious
deterioration to the foundations of others, and damage to cars and building contents
(Reference 2).

Asaresult of this storm three people died and three others were serioudly injured. Estimates
of property damage were as high as $4.7 million. On July 12, 1958, the Federal Small
Business Administration declared Atchison County a disaster area (Reference 2).

On July 14, 1958, aminor flood occurred but caused little damage because the floodwater
only dightly exceeded the conduit's capacity and subsided quickly. On this date a local
disaster fund was started to aid flood victims (Reference 2).

Finally, on July 30, 1958, thethird flood in lessthan three weeks occurred. During thisflood,
Atchison received 4.44 inches of rain — 3.65 inches of it in five hours. For many of the
flooded properties, the additional losses were relatively small because, after the July 11
disaster, little additional damage could be done. However, anumber of businesseswhich had
been partially repaired and restocked suffered additional losses and further destruction of
goods and supplies. Shortly after this flood, President Eisenhower declared Atchison a
disaster area (Reference 2).

One of thelargest floods of record on the Missouri River at Atchison occurred in April 1952.
The highwater mark recorded at the Atchison gage had an elevation of 792.5 feet. The 1952
flood was caused by an abnormally heavy accumulation of snow that was converted into
runoff by afew days of very warm weather at the end of March. Because Atchisonissituated
on the high bank of the Missouri River, damage resulting from the flood was rel atively minor
(Reference 2).

Stranger Creek has flooded often with considerable damages, notably in 1844, 1903, 1947,
1951, 1964, and 2001. The 2001 flood overtopped Interstate 70 north of Linwood for thefirst
time on record (Reference 18).

Stranger Creek is subject to flood flow from runoff occurring as aresult of intensiverainfall.
The shape of the basin, the pattern of the drainage system, and the topographical conditions
are al contributing factors toward rapid concentration of runoff into flood producing
discharges. Stage-discharge records are available for the Tonganoxie gauge located at mile
18.4 of Stranger Creek, four miles east of Tonganoxie, Kansas. Recordsfor this gauge have
been published annually from April 1929 (Reference 18).

The flood of June 21, 2001 reached a record stage of 29.81 feet at the Tonganoxie gauge,
representing adischarge of 40,000 cubic feet per second (cfs), and the flood of July 12, 1951
reached a stage of 28.8 feet. A summary of past flood events on Stranger Creek near
Tonganoxie, Kansas is shown below in Table 1 (Reference 18).
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Table 1: MAXIMUM STRANGER CREEK FLOOD EVENTS
(Published for the Gauge near Tonganoxie, Kansas)

Water Year Discharge (cfs)
2001 40,000
1951 33,100
1962 20,600
1958 19,100
1942 18,900
1982 18,400
1967 17,800
1945 15,500
1929 15,300
1999 15,100
1986 15,100

The 1-percent-annual -chance discharge for Stranger Creek at USGS Stream Gauging Station
at Tonganoxie is 40,752 cfs and the 0.2 -percent-annual-chance discharge is 61,602 cfs;
whereas, the 1-percent-annual -chance discharge for Stranger Creek at Linwood is 43,120 cfs
and the 0.2-percent-annual -chance discharge is 63,918 cfs (Reference 18).

24 Flood Protection Measures

Levees exist in the study area that provides the community with some degree of protection
against flooding. However, it has been ascertained that these levees may not protect the
community from rare events such as the 1-percent-annual-chance flood. The criteriaused to
evaluate protection against the 1-percent-annual-chance flood are 1) adequate design,
including freeboard 2) structural stability, and 3) proper operation and maintenance. Levees
that do not protect against the 1-percent-annual-chance flood are not considered in the
hydraulic analysis of the 1-percent-annual-chance floodplain.

ENGINEERING METHODS

For the flooding sources studied by detailed methods in the community, standard hydrologic and
hydraulic study methods were used to determine the flood-hazard data required for this study. Flood
events of amagnitude that is expected to be equaled or exceeded once on the average during any 10-,
50-, 100-, or 500-year period (recurrence interval) have been selected as having specia significance
for floodplain management and for flood insurancerates. These events, commonly termed the 10-, 50-
100-, and 500-year floods, havea10-, 2-, 1-, and 0.2-percent chance, respectively, of being equaled or
exceeded during any year. Although the recurrenceinterval representsthelong-term, average period
between floods of a specific magnitude, rare floods could occur at short intervals or even within the
same year. The risk of experiencing a rare flood increases when periods greater than 1 year are
considered. For example, the risk of having a flood that equals or exceeds the
1-percent-annual -chance flood in any 50-year period is approximately 40 percent (4 in 10); for any 90-
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year period, the risk increases to approximately 60 percent (6in 10). The analyses reported herein
reflect flooding potentials based on conditions existing in the community at the time of compl etion of
this study. Maps and flood elevations will be amended periodically to reflect future changes.

31

Hydrologic Analyses
3.1.1 Pre-Countywide Analysis

The City of Atchison, Kansas, Atchison County FIS hydrologic analyses were carried out to
establish the peak discharge-frequency relationships for floods of the selected recurrence
intervals for each stream studied by detailed methods in the community (Reference 2).

Hydrologic analyses of the White Clay Creek basin were performed by the SCS in
conjunction with their basin flood prevention plan. The SCS analyses employed a unit
hydrograph approach, with consideration given to the percentage of watershed devel opment,
watershed reservoir control, soil classification, length of overland flow, and other pertinent
basin characteristics. Rainfall frequency-duration datawere taken from U.S. Weather Bureau
Technical Paper No. 40. The peak flood flow-frequency relationships were devel oped by the
SCS for White Clay Creek and Brewery Creek for both natural conditions and conditions
modified by flood retarding structures. The modified flood flowswere used by the COE asa
basis of design for the 25-foot diameter conduit on White Clay Creek (Reference 2).

The modified flood flows developed by SCS up to the 1-percent-annual-chance frequency
flood on White Clay and Brewery Creeks were used herein. Discharges for the 0.2-percent-
annual-chance flood were determined by straight-line extrapolation from log-probability
graphs of flood discharges up to 1-percent-annual-chance frequency. A 0.2-percent-annual-
chance frequency flood was developed for Oak Hill Creek by the SCS method. It was
determined that the flood retention structure on Oak Hill Creek has0.2-percent-annual-chance
flood storage capability. Flood flows below the flood retarding structure in Oak Hill Creek
were computed using regression equations developed for ungaged streams in Kansas
(Reference 2).

3.1.2 Countywide Analysis

For this countywide study, AMEC computed hydrol ogic analysesfor the approximate Zone A
study areas. In addition, AMEC incorporated the detailed hydrologic analysis of Stranger
Creek, which was previously approved by FEMA.

Hydrologic analyses for Stranger Creek were carried out to establish peak discharge-
frequency relationships for each flooding source studied by detailed methods affecting the
community. The hydrologic analysis was performed in 1999 by Dames & Moore under
contract to the USACE. The scope of the hydrologic study for Stranger Creek included the
following:

. Rainfall-runoff modeling using HEC-1 for Stranger Creek watershed to estimate
50-, 10-, 2-, 1-, and 0.2-percent-annual-chance peak flows at Easton and Linwood,
Kansas; in the vicinity of Jarbalo, Kansas; at the mouths of Nine Mile Creek, Fall
Creek, Walnut Creek, and Little Stranger Creek; at Highway 4 crossing of Stranger
Creek; and at USGS 06892000 at Tonganoxie, Kansas near the Highway 24 crossing
of Stranger Creek.

. Verification of thefeasibility of the estimated peak flows using regression equations
developed by the USGS statistical analysis of the recorded annual peak flows at

USGS 06892000, and previously estimated peak flows of Stranger Creek and its
7



tributaries and other streams with similar drainage areas.
. Documentation of the methods, assumptions, and results of the hydrologic analysisin
areport (Reference 14).

Peak discharge-drainage area relationships for the Stranger Creek are shown in Table 4.

Streams being studied by Zone A approximate methods areincluded as part of thishydrologic
analysis. An estimated 412 linear mileswere restudied by approximate methods. Theextents
of this Zone A approximate study were created by those streams currently designated by
FEMA as a non-detailed stream (Zone A) and streams having conveyances with drainage
areas equal to or greater than 1-square mile of drainage. In general, the upstream limitsof the
study reaches extend to include the entire Zone A stream or extend to the 1-square mile
drainage area as defined using GIS processes. In some instances, short streams that were
previoudly included as Zone A areaswere determined to be primarily influenced by backwater
from downstream flooding sources. A new hydrologic analysis was not conducted for these
backwater streams since floodplain mapping would sufficiently designate the approximate
flood hazard boundary.

In general approximate hydrologic analysiswas performed using USGS regression equations
developed for Kansas. Drainage areawas determined using GIS processes. A mean annual
precipitation of 36.5 inches was used for the regression analysis for Atchison County, KS
(Reference 16).

The Delaware River isagaged stream, USGS 06890100 near Muscotah (Reference 17). The
gageislocated in adrainage area of 431 square miles. There are 41 years of gage datawith
the highest flow of 28,000 cfs. PeakFQ computed an expected probability 1-percent-annual-
chanceflow of 34,340 cfs. Theregression equation flow is 62,624 cfsfor the same drainage
area. An AMEC computed PeakFQ flow will be used at the gage station location. Thisflow
will be carried upstream to the county boundary. Equations developed in USGS SIR 2004-
5033 was used to adjust the regression flows downstream of the gage station location
(Reference 15). Table 1 compares Rural Regression, AMEC Computed Gage Adjusted, and
SIR 2004-5033 published flows at specific flow change locations for the Delaware River.

Table 2: Delaware River Gage Analysis Comparison

Rural SIR 2004-5033 AMEC Computed

Drainage Area | Regression Published Gage Adjusted
Location (sq miles) (cfs) (cfs) (cfs)
At Upstream County | 5g5 9 49,772 45,000 34,340"
Boundary
06890100 2
Gage Station 431.0 62,624 37,400 34,340
At Downstream 739.9 80,k387 40,200 52,103
County Boundary

'Flow carried upstream from AMEC Computed Gage Station Analysis
>AMEC Computed PeakFQ Gage Analysis




White Clay Creek is also agaged stream, USGS 06818260 at Atchison, Kansas (Reference
17). The watershed of White Clay Creek has had severa dams constructed that have a
significant effect on the hydrology. The gageislocated at drainage area of 13.1 square miles
just downstream of Brewery Creek. There are 37 years of gage datawith the highest flow of
5,410 cfswhile PeakFQ showsflow of 8,342 cfs. Theregression equation flow is 10,405 cfs
for the same drainage area.

All peak records of USGS 06818260 were coded as being affected by urbanization,
regulation, and/or channelization. Because all records are consistent it was determined that
this data set best represents the flow characteristics of the basin at this location. PeakFQ
automatically removes coded records from its analysis. Therefore the code was manually
removed from the data in order for PeakFQ to produce results.

At the gage station location, AMEC is using its computed PeakFQ flow. Equations
developed in USGS SIR 2004-5033 were used to adjust the regression flows downstream of
the gage station location. Due to the construction of damsin the watershed upstream of the
confluence with Brewery Creek, it was determined that the 1977 FIS flows best represent the
hydrology for this location. The flows upstream of the confluence of Brewery Creek and
White Clay Creek were adjusted using aratio of flows between the 1977 FIS flow and rura
regression flow. Table 2 compares Rural Regression, AMEC Computed Gage/FIS Adjusted,
and SIR 2004-5033 published flows at specific flow changelocations for White Clay Creek.

Table 3: White Clay Creek Gage Anaysis Comparison

Rural SIR 2004-5033 1977 AMEC Computed

Drainage Area | Regression Published Effective FIS | Gage/FIS Adjusted
Location (sqg miles) (cfs) (cfs) (cfs) (cfs)
Just Upstream of
Confluence with | 8.4 7,850 N/A 4,500 4,500"
Brewery Creek
06818260 2
Gage Station 13.1 10,405 7,490 N/A 8,342
At Conduit Inlet | 14.9 11,290 N/A 11,000 9,390

'Flow taken from 1977 Effective FIS
AMEC Computed PeakFQ Gage Analysis

The 1977 effective FIS states the flow at the mouth of Brewery Creek is4,000 cfs. AMEC
computed arural regression flow of 5051 cfs. Dueto the construction of several controlling
dams upstream, AMEC feelsthat the rural regression flows are not appropriate. Theflowsof
Brewery Creek have been adjusted to the 1977 effective FIS flows using aratio between the
rura regression flow over the FIS flow. This ratio was then applied upstream.

The 1977 effective FIS states the flow just below Dam #7 of Oak Hill Creek is 530 cfs.
AMEC computed arural regression flow of 1668 cfs. Due to the flows being controlled by
Dam #7, aflow of 530 cfs (from the 1977 FIS) will be applied just downstream of the damto
the confluence with White Clay Creek. Rural regression flowswere applied upstream of the
dam.




3.1.3 Upper Mississippi River System Flow Frequency Methodology Study

Major Upper Mississippi River Basin flooding during the 1990s resulted in significant | osses,
as well as raised questions regarding the frequency of the associated flood events.
Reevaluation of the Upper Mississippi River System became necessary to address the
guestionsresulting from the Great Flood of 1993, and wasfacilitated based on the availability
of new topographic data, new computational techniques, and about 20 more years of recorded
hydrol ogic data since the previous study of the Mississippi River had been performedin 1979.
Thisisgenerally truefor the Missouri River aswell. Thelast mgjor effort to comprehensively
determine Missouri River flow frequencieswasin 1962. The additional record of morethan
35 yearsincluded the major events of 1993 downstream of Nebraska City and the 1997 large
volume flood in the upper reaches of the Missouri River.

The UMRSFFS was undertaken starting in 1998 with the purpose to update the discharge-
frequency relationships and associated water-surface profiles for the Mississippi River from
St. Paul, Minnesotato the confluence of the Ohio River; for the Illinois River from Lockport,
Illinois to its mouth; and for the Missouri River from Gavins Point Dam to its mouth. Five
USACE Districts participated in the study: Rock Iland, St. Louis, St. Paul, Kansas City, and
Omaha. The study was completed in 2003.

The hydrologic analysisfor the UMRSFFS utilized a combination of the following methods
and approaches to determine discharge-frequency relationships: 100 years of record from
1898 to 1998; thelog-Pearson Type 11 distribution for unregulated flows at gages, main stem
flows between gages determined by interpolation of the mean and standard deviation for the
annual flow distribution based on drainage area in conjunction with aregional skew; flood
control reservoir impacts defined by devel oping regul ated versus non-regul ated rel ationships
for discharges; extreme events determined by factoring up mgjor historic events, HEC-HM S
and/or HEC-1 models for the main tributaries; and the UNET unsteady flow program to
address hydraulic impacts. In situations where historic records were not adequate or
appropriate to develop discharge-frequency relationships or to verify the results, hydrologic
modeling was used to create synthetic flows based on rainfall. Gage records for al streams
were carefully evaluated.

The computation of unregulated flow frequency relationships on the Missouri River upstream
of the Kansas River required specia consideration dueto the combination of the two historic
peak flow periods consisting of the plains snowmelt of the early spring and the mountain
snowmelt and plainsrainfall of thelate spring/early summer. An additional concern related to
the Missouri River was flow depletion due to irrigation and reservoir evaporation. Historic
depletions were added to the observed flow record to help obtain unregulated flows, while
historic depl etions were adjusted to present level depletionsfor computation of the regulated
flow record.

The result of the hydrologic aspects of the study was a discharge and related frequency of
occurrence for stations or given cross section located along each of the principle main stem
rivers. For more detailed information on each of the hydrologic methodologies used to
determine discharges, the reader is encouraged to consult the report cited as Reference 10 in
Section 9.0 of thisFIS.
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TABLE 4 - SUMMARY OF DISCHARGES

PEAK DISCHARGES (cfs)

FLOODING SOURCE DRAINAGE AREA 10-Percent 2-Percent 1-Percent 0.2-Percent
AND LOCATION (sq. miles) Annual-Chance Annual-Chance Annual-Chance Annual-Chance

BREWERY CREEK

At mouth 4.2 1,800 3,150 4,000 6,500
MISSOURI RIVER

At Brush/Line Creeks 423,553 192,000 257,000 289,000 358,000

At Platte River 423,409 191,000 256,000 287,000 356,000

At Bee Creek 420,906 178,000 238,000 266,000 330,000

At Sugar Creek 420,675 177,000 236,000 264,000 328,000
OAK HILL CREEK

Below Dam 0.3 N/A N/A 530 N/A
STRANGER CREEK

At Linwood 534 23,180 32,254 43,120 63,918

Downstream of Mouth of Tonganoxie Creek 447 20,252 31,558 40,803 61,682

At USGS Stream Gauging Station at

Tonganoxie 415 19,463 31,518 40,752 61,602

Downstream of Mouth of Little Stranger

Creek (lower) 399 19,122 30,738 39,700 59,917

Near Jarbao 354 16,606 28,839 38,537 58,259

Downstream of Mouth of Fall Creek 329 16,156 29,062 37,446 56,279

Downstream of Mouth of Walnut Creek 289 15,551 28,094 36,093 54,183

At Easton 216 15,220 27,895 35,382 52,641

At Hawthorne (Highway 4 Crossing) 100 13,247 23,076 28,742 40,084

WHITE CLAY CREEK
At Conduit Inlet 15.1 5,000 8,900 11,000 17,300
Above Brewery Creek 84 2,000 3,600 4,500 7,500



3.2

Hydraulic Analyses

Analyses of the hydraulic characteristics of flooding from the sources studied were carried out
to provide estimates of the elevation of floods of the selected recurrence intervals. Users
should be aware that flood elevations shown on the FIRM represent rounded whole-foot
elevations and may not exactly reflect the elevations shown on the Flood Profiles or in the
Floodway Datatablesin the FIS report. Flood elevations shown on the FIRM are primarily
intended for flood insurance rating purposes, users are cautioned to use the flood elevation
data presented in this FIS in conjunction with the data shown on the FIRM.

3.2.1 Pre-Countywide Analyses

The City of Atchison, Kansas, Atchison County FIS analyses of the hydraulic characteristics
of the streams in the community are carried out to provide estimates of the elevations of the
floods of the selected recurrence intervals along each stream studied in detail.

Cross sectional input data for the backwater analyses were developed by the Kansas City
District of the USACE. However, the cross sectiona data from the Kansas City District of
USACE were modified in some areas based on existing condition (different roughness
factors) of the streams. The data were supplemented by topographic-maps and by field
surveyed cross sections on Brewery Creek. Cross section data for Oak Hill Creek were
obtained by field surveyed cross sections. Cross sectionswerelocated at closeintervasinthe
vicinity of bridgesand culvertsin order to compute the significant backwater effects of these
structures. Channel roughness factors (Manning's "n") for the backwater analyses were
assigned on the basis of field inspection of the flood plain and channel areas. Roughness
values of 0.08 to 0.09 for the flood plain and 0.05 to 0.06 in the channels were used in the
analyses.

Locations of selected cross sections used in the hydraulic analyses are shown on the Flood
Profiles. For stream segmentsfor which afloodway is computed (Section 4.2), selected cross
section locations are shown on the Flood Insurance Rate Map.

Water-surface €l evations of floods of the selected recurrenceintervals along White Clay and
Brewery Creekswere computed using the USA CE HEC-2 step-backwater computer program.
Water-surface el evations of floods on the Missouri River were devel oped by the Kansas City
District of the USACE. The USACE'sriver model isbased on current channel and flood plain
conditions and recognizes flow regulation by the many upstream reservoirs. The HEC-2 step-
backwater computer program was used to determine the approxi mate 1-percent-annual-chance
elevations for Oak Hill Creek. Flood profiles were drawn showing computed water-surface
elevationsto an accuracy of 0.5 foot.

The hydraulic analysesfor this study are based only on the effects of unobstructed flow. The
flood elevations as shown on the profiles are, therefore, considered valid only if hydraulic
structures, in general, remain unobstructed and if channel and overbank conditions remain
essentially the same as ascertained during this study (Reference 2).

3.2.2 Countywide Analyses

For this countywide study AMEC devel oped new hydraulic analysesfor designated streamsin

Atchison County, Kansas, to support county-wide flood hazard updates. The extent of the

hydraulic analysis was defined asthe streams currently designated by FEM A asanon-detailed

stream (Zone A) plus the conveyances with drainage areas equal to or greater than 1-square
12



mile of drainage area. In addition, AMEC incorporated the detailed hydraulic analysis of
Stranger Creek which was performed by URS and approved by FEMA. Approximately 32.3
linear miles of detailed study for Stranger Creek was incorporated. This study has been
previously approved by FEMA. Also, there is approximately 23.9 linear miles of effective
detailed (Zone AE) study. These detailed study areas were redelineated according to FEMA
Guidelines and Specifications (G& S) as part of the mapping activity statement (MAS) and
therefore no new hydrologic or hydraulic analysis was performed.

For Stranger Creek cross sections for the backwater anal yses were obtained from topographic
maps compiled from aeria photographs provided by KDA. Below-water sections were
obtained by field surveys. All bridgesand culvertswere surveyed to obtain elevation dataand
structural geometry.

Stranger Creek water-surface elevations for floods of the selected recurrence intervals were
computed through use of the USACE HEC-RASS step-backwater computer program version
3.1 (Reference 7). Starting water-surface elevations for the Stranger Creek were determined
using critical depth.

The Stranger Creek channel and overbank roughness factors (Manning’s “n” values) used in
the hydraulic computations were chosen by engineering judgment and were based on field
observations of the stream and floodplain areas. The channel “n” values for the Stranger
Creek ranged from 0.035 to 0.080, and the overbank “n” values ranged from 0.040 to 0.080.

The hydraulic analyses of Stranger Creek were based on unobstructed flow. The flood
elevations shown on the Flood Profiles (Exhibit 1) arethus considered valid only if hydraulic
structures remain unobstructed, operate properly, and do not fail.

Thedefined Zone A streamswere studied using the USA CE hydraulic computer model HEC-
RASversion 4.0 (Reference 11). AMEC used GI S processesto assist in the development of
the geometries and resulting floodplains throughout the county. 303 individual streams
totaling approximately 450 linear miles were modeled. The 1-percent-annual-chance
discharges devel oped during the hydrologic phase of this project were used in the modeling.
Check-RAS is not applicable to the approximate models and therefore was not applied.

For Zone A analyses hydraulic cross-sectionswere placed using acombination of engineering
judgment of the 1-meter LIDAR data provided by the KDA (Reference 19) and aerial

photography.

Hydraulic structures were not included in the computer models according to industry
standards, since the streams included in this analysis are approximate studies (Zone A),

Manning’s “n” values of the Zone A streamswere assigned based on aerial photography. In
general, a Manning’s “n” vaue of 0.045 was used in the channel sections and 0.10 in the
overbanks. Contraction and expansion coefficientswere set at 0.1 and 0.3, respectively. The
downstream boundary condition (starting water surface elevation) for the mgjority of the
streamswas based on the normal depth calculation. The downstream boundary condition was
set to aknown water surface elevation for several streamsthat flowed into Zone AE streams.
Bank stations were evaluated and placed based on aerial interpretation.

The approximate floodplains provide the State of Kansas and Atchison County a
topographically accurate flood hazard boundary for the approximate areas.

13



3.2.3 Upper Mississippi River System Flow Frequency Methodology Study

The main hydraulic tool used to determine flood €l evations along the Missouri River wasthe
UNET unsteady flow computer modeling program. Included in the UNET models were the
main stem of the Mississippi River, several of its main tributaries, navigation dams, and the
levees and levee systems. Hydrographic surveys were assembled from navigation channel
maintenance surveys, dam periodic inspection surveys, and environment management project
surveys. These surveys date from 1997 or later. For areas where no digital hydrographic
surveyswere available, such asin some side channels and chutes, depthswere estimated from
themost current printed surveysavailable. Bluff-to-bluff digital terrain datacollectedin 1995
and 1998 were used to supplement the channel survey data. Model development consisted of
constructing HEC-RAS models from the original cross-sections, adding in ineffective flow
areas or obstructions as necessary, and then converting the modelsto UNET (Reference 10).

The cross section stationing used in the Missouri River model was based on existing
USACE River Mile markers of 1960 (Reference 12). The reach length between cross
sectionsisbased on amodel centerline developed for the HEC-RAS converted model of the
UMRSFFS (Reference 11). The distances between cross sections shown in the floodway
datatable and flood profile were created using the cross section stations based on the 1960
River Miles. While the cdculated distance between cross sections using the 1960 River
Miles are similar to the measured distance along the model centerline, some differences may
occur. This difference in distance does not affect the calculated water surface elevation a
each cross section shown on the floodway datatable and flood profile, nor doesit affect the
placement of the BFES on the map.

The UNET model was calibrated to reproduce recorded flood hydrographs for a selected
period of record. The UNET model was calibrated to both stage and discharge at gaging
locations primarily by adjusting roughness coefficients and estimated lateral inflows. Annual
peak flows and peak stages from the period of record run of the calibrated UNET model were
used to develop rating curves for each cross section location. Using these station rating
curves and the station frequency flows developed during the hydrology phase, frequency
elevation pointswere obtained for each cross section location. Connecting the corresponding
points resulted in flood frequency profiles. These profiles were coordinated among the
computational teams and appropriate adjustments were made to assure consistency.

Some specia considerations and techniqueswere required to address especially complex flow
reaches. The confluences of the Missouri and lllinois Rivers with the Mississippi relied
primarily on development of graphical stage-probability relationshipsfor backwater-impacted
cross sections.  These were created using a graphical Weibull approach. The graphical
period-of -record stage-probability curves were combined to blend aconsi stent and reasonable
profile for each probability flood. Confluences of many other smaller streamswith the main
stem al so exhibited backwater effectsresulting in discontinuitiesin the profiles. A computer
routine was developed to smooth the profile in these reaches so as to form a consistent,
reasonabl e transition through the zone of backwater.

The 1-percent-annual-chance floodway water surface elevation profile was calculated using
the HEC-RAS 3.1.3 computer program (Reference 11). Upon completion of the UMRSFFS,
FEMA funded the USACE to compute a floodway for the studied reach of the Missouri
River. Thisfloodway determination consisted of converting the hydraulic datafrom UNET to
HEC-RAS, calibrating the HEC-RA S steady-state model sto the UM RSFFS resultsfor the 1-
percent-annual-chance profile, and performing the floodway computations. The 1-percent-
annual-chance elevations from the UNET model were used as the basis to delineate the
associated 1-percent-annual-chance floodplain and correspond to the base flood elevation
14



3.3

shown on the maps. The 10-, 2-, and 0.2-percent-annual -chance €elevations shown on the
flood profiles were plotted using the original UNET elevations.

Table5: Manning’s “n” Values

FLOODING SOURCE CHANNEL “n” | OVERBANK “n”
MISSOURI RIVER 0.014 - 0.0375 0.03-0.2

For more detailed information on each of the hydraulic methodol ogies used to cal culate flood
elevation profiles, the reader is encouraged to consult the report cited as Reference 11 in
Section 9.0 of thisFIS.

Vertical Datum

All FIS reports and FIRMs are referenced to a specific vertical datum. The vertical datum
provides a starting point against which flood, ground, and structure elevations can be
referenced and compared. Until recently, the standard vertical datum used for newly created
or revised FIS reports and FIRMs was the Nationa Geodetic Vertical Datum of 1929
(NGVD). With the completion of the North American Vertical Datum of 1988 (NAVD),
many FIS reportsand FIRM s are now prepared using NAV D asthereferenced vertical datum.

To accurately convert flood elevations for Atchison County from the NGV D29 datum to the
newer NAV D88 datum, the following procedure wasimplemented. Thevertical datum shift
was cal culated for each corner of the USGS 7.5-minute topographic quadrangle maps|ocated
inside or within 2.5 miles of the county boundary using the USACE conversion program,
Corpscon 6.0.1. A resulting countywide conversion factor of 0.35 ft was applied to al
components of the FIS that display flood elevations.

Table6: Vertical Datum Conversion

. . Conversion in feet from
USGSQuad | Corner L atitude Longitude NGV D29 to NAVDSS
Effingham NW 39.625 -95.5 0.34
Effingham NE 39.625 -95.375 0.36
Atchison West NW 39.625 -95.25 0.35
Atchison West NE 39.625 -95.125 0.34
Half Mound NW 39.5 -95.5 0.35
Half Mound NE 39.5 -95.375 0.36
Potter NW 39.5 -95.25 0.37
Potter NE 39.5 -95.125 0.32

Flood eevations shown in this FIS report and on the FIRM are referenced to the NAVDS8.
Theseflood el evations must be compared to structure and ground elevationsreferenced to the
samevertical datum. For information regarding conversion between the NGVD and NAVD,
visit the National Geodetic Survey website at www.ngs.noaa.gov, or contact the National
Geodetic Survey at the following address:
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4.0

NGS Information Services

NOAA, N/NGS12

National Geodetic Survey

SSMC-3, #9202

1315 East-West Highway

Silver Spring, Maryland 20910-3282
(301) 713-3242

(301) 713-4172 (fax)

Methodsfor the Missouri River

The studied reach of Missouri River spans multiple countiesin multiple states, and the river
formsthe actual border between adjacent counties. The UMRSFFSwas originally performed
using the NGV D29 vertical datum. Applying an average countywide datum shift to convert to
NAV D88 would have resulted in a mismatch of elevations between counties. Therefore, in
order to perform the most accurate vertical datum conversion possible, and to maintain
consistency in approach across county lines, the datum conversion for the Missouri River was
performed on a cross-section by cross-section basis, rather than by applying an average
county-wide or stream-wide value.

Temporary vertical monuments are often established during the preparation of aflood hazard
analysisfor the purpose of establishinglocal vertical control. Although these monumentsare
not shown on the FIRM, they may be found in the Technical Support Data Notebook
associated with the FIS report and FIRM for this community. Interested individuas may
contact FEMA to access these data.

To obtain current elevation, description, and/or location information for benchmarks shown
onthe FIRM for thisjurisdiction, please contact the Information Services Branch of the NGS
at (301) 713-3242, or visit their Web site at www.ngs.noaa.gov.

FLOODPLAIN MANAGEMENT APPLICATIONS

The NFIP encourages State and local governmentsto adopt sound floodplain management programs.
To assist in this endeavor, each FIS report provides 1-percent-annual -chance floodplain data, which
may include a combination of the following: 10-, 2-, 1-, and 0.2-percent-annual-chance flood
elevations; deineations of the 1- and 0.2-percent-annual-chance floodplains; and a
1-percent-annual-chance floodway. This information is presented on the FIRM and in many
components of the FIS report, including Flood Profiles, and Floodway Data tables. Users should
reference the data presented in the FIS report aswell as additional information that may be available at
the local community map repository before making flood elevation and/or floodplain boundary
determinations.

41 Floodplain Boundaries

To provide anational standard without regional discrimination, the 1-percent-annual -chance
flood has been adopted by FEMA asthe baseflood for floodplain management purposes. The
0.2-percent-annual-chance flood is employed to indicate additional areas of flood risk in the
community. For each stream studied by detailed methods, the 1- and
0.2-percent-annual-chance floodplain boundaries have been delineated using the flood
elevations determined at each cross section. Between cross sections, the boundaries were
interpolated using a 1-meter DEM created from LIDAR-derived bare earth points and break
lines (Reference 19).

16



4.2

Methods for the Missouri River

Between cross sections along the Missouri River, the boundarieswere interpolated usingal-
meter DEM created from LIDAR-derived bare earth points and break lines (Reference 13).

The 1- and 0.2-percent-annual -chance floodplain boundaries are shown onthe FIRM. Onthis
map, the 1-percent-annual-chance floodplain boundary corresponds to the boundary of the
areas of special flood hazards (Zones A and AE), and the 0.2-percent-annual-chance
floodplain boundary correspondsto the boundary of areas of moderate flood hazards. In cases
wherethe 1- and 0.2-percent-annual -chance floodplain boundaries are close together, only the
1-percent-annual-chance floodplain boundary has been shown. Small areas within the
floodplain boundaries may lie above the flood elevations, but cannot be shown due to
limitations of the map scale and/or lack of detailed topographic data.

For the streams studied by approximate methods, only the 1-percent-annual-chance floodplain
boundary is shown on the FIRM.

Floodways

Encroachment on floodplains, such as structures and fill, reduces flood-carrying capacity,
increases flood heights and velocities, and increases flood hazards in areas beyond the
encroachment itself. One aspect of floodplain management involves balancing the economic
gain from floodplain devel opment against the resultingincreasein flood hazard. For purposes
of the NFIP, a floodway is used as a tool to assist local communities in this aspect of
floodplain management. Under this concept, the area of the 1-percent-annual-chance
floodplainisdivided into afloodway and afloodway fringe. Thefloodway isthe channd of a
stream, plus any adjacent floodplain areas, that must be kept free of encroachment so that the
base flood can be carried without substantial increasesin flood heights. Minimum Federal
standardslimit such increasesto 1 foot, provided that hazardous vel ocities are not produced.

Methodsfor the Missouri River

Upon completion of the UMRSFFS, FEMA funded the USACE to compute a floodway for
the studied reach of the Missouri River. Thisfloodway determination consisted of converting
the hydraulic datafrom UNET to HEC-RAS, calibrating the HEC-RA S steady-state model sto
the UMRSFFS results, and performing the floodway computations.

The area between the floodway and 1-percent-annual -chance floodplain boundariesistermed
the floodway fringe. The floodway fringe encompasses the portion of the floodplain that
could be completely obstructed without increasing the water-surface elevation (WSEL ) of the
base flood morethan 1 foot at any point. Typical relationshi ps between the floodway and the
floodway fringe and their significance to floodplain development are shown in Figure 1.
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|(-—_ 1-PERCENT-ANNUAL-CHANCE FLOODPLAIN ——‘{

| «—— FLOODWAY ~——— FLOODWAY =l [LOODWAY
FRINGE FRINGE
STREAM _,
CHANNEL
FLOOD ELEVATION WHEN

CONFINED WITHIN FLOODWAY

ENCROACHMENT ENCROACHMENT

SURCHARGE *

AREA OF FLOODPLAIN THAT COULD BE USED FOR ELOOD ELEVATION BEFORE
DEVELOPMENT BY RAISING GROUND ENCROACHMENT ON FLOODPLAIN

LINE AB IS THE FLOOD ELEVATION BEFORE ENCROACHMENT.
LINE CD IS THE FLOOD ELEVATION AFTER ENCROACHMENT.
*SURCHARGE IS NOT TO EXCEED 1.0 FOOT (FIA REQUIREMENT) OR LESSER AMOUNT IF SPECIFIED BY STATE.

Figure 1. Floodway Schematic
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1-PERCENT ANNUAL CHANCE FLOOD

FLOODING SOURCE FLOODWAY WATER SURFACE ELEVATION
(FEET NAVD 88)
SECTION MEAN
1 WIDTH AREA VELOCITY WITHOUT WITH
CROSS SECTION DISTANCE (FEET) (SQUARE | (FEET PER REGULATORY FLOODWAY | FLOODWAY INCREASE
FEET) SECOND)
Brewery Creek
A 264 227 1,163 3.4 817.4 812.82 813.8 1.0
B 581 63 556 7.2 817.4 813.62 814.4 0.8
C 1,003 120 888 4.5 817.4 815.52 816.5 1.0
D 2,693 95 785 5.1 827.6 827.6 828.6 1.0
E 3,485 55 501 8.0 830.9 830.9 831.6 0.7

'FEET ABOVE CONFLUENCE WITH WHITE CLAY CREEK

2 ELEVATIONS WITHOUT CONSIDERING BACKWATER EFFECTS FROM WHITE CLAY CREEK

/ 319VvL

FEDERAL EMERGENCY MANAGEMENT AGENCY

ATCHISON COUNTY, KS
AND INCORPORATED AREAS

FLOODWAY DATA

BREWERY CREEK




1-PERCENT ANNUAL CHANCE FLOOD
FLOODING SOURCE FLOODWAY WATER SURFACE ELEVATION
(FEET NAVD 88)
SECTION MEAN
1 WIDTH? AREA VELOCITY 3| WITHOUT WITH
CROSS SECTION DISTANCE (FEET) (SQUARE | (FEET PER REGULATORY FLOODWAY? FLOODWAY? INCREASE
FEET) SECOND)
Missouri River
ABG 409.49 12,104/2,855 134,545 2.0 783.4 783.2 783.9 0.7
ABH 410.01 12,182/4,001 124,540 2.1 783.8 783.6 784.4 0.8
ABI 410.68 10,958/4,441 112,860 2.3 784.4 784.3 785.1 0.8
ABJ 411.39 10,010/3,420 103,364 2.6 785.0 785.0 785.8 0.8
ABK 412.01 9,430/1,749 121,431 2.2 785.7 785.6 786.4 0.8
ABL 412.80 10,364/477 131,068 2.0 786.1 786.0 786.9 0.9
ABM 413.47 11,340/431 138,990 1.9 786.6 786.5 787.3 0.8
ABN 414.20 12,020/531 119,690 2.2 787.0 786.8 787.7 0.9
ABO 414.90 12,068/603 130,411 2.0 787.5 787.2 788.2 0.9
ABP 415.50 12,550/1,787 114,991 2.3 787.8 787.5 788.4 0.9
ABQ 416.07 12,940/3,200 132,157 2.0 788.0 787.9 788.9 0.9
ABR 416.55 13,562/4,146 124,041 2.1 788.4 788.2 789.1 0.9
ABS 417.09 13,526/4,677 101,336 2.6 788.8 788.4 789.3 0.9
ABT 417.73 12,040/3,787 91,375 2.9 789.4 789.1 790.0 0.9
ABU 418.44 11,725/2,154 101,151 2.6 790.0 789.5 790.4 0.9
ABV 419.24 10,943/667 98,646 2.7 790.6 790.0 791.0 0.9
ABW 420.04 11,788/460 102,313 2.6 791.0 790.8 791.7 0.9
ABX 420.75 15,205/306 153,018 1.7 791.4 791.3 792.3 1.0
ABY 421.35 16,239/399 144,371 1.8 791.8 791.5 792.4 1.0
ABZ 421.93 15,106/370 152,050 1.7 792.1 791.8 792.8 1.0

IMILES ABOVE CONFLUENCE WITH MISSISSIPPI RIVER. DISTANCE BASED ON THE 1960 RIVER MILE STATIONING, WHICH MAY NOT MATCH THE MEASURED DISTANCE
ALONG THE PROFILE BASELINE SHOWN ON THE MAPS.
2WIDTH / WIDTH WITHIN ATCHISON COUNTY
SELEVATION PRODUCED BY THE ORIGINAL UNET MODEL
“ELEVATION PRODUCED BY THE CALIBRATED HEC-RAS MODEL USED FOR THE FLOODWAY RUN

/ A19VvL

FEDERAL EMERGENCY MANAGEMENT AGENCY

ATCHISON COUNTY, KS
AND INCORPORATED AREAS

FLOODWAY DATA

MISSOURI RIVER




1-PERCENT ANNUAL CHANCE FLOOD

FLOODING SOURCE FLOODWAY WATER SURFACE ELEVATION
(FEET NAVD 88)
SECTION MEAN
WIDTH? AREA VELOCITY 3| WITHOUT WITH
CROSS SECTION DISTANCE? REGULATORY INCREASE
(FEET) (SQUARE | (FEET PER FLOODWAY* FLOODWAY*
FEET) SECOND)
Missouri River
ACA 422.44 14,378/453 116,547 2.3 792.4 792.0 792.9 1.0
ACB 422.53 14,045/481 114,265 2.3 792.4 792.0 793.0 1.0
ACC 422.57 13,064/459 112,707 2.3 792.5 792.1 793.0 0.9
ACD 423.20 12,354/378 113,955 2.3 792.8 792.4 793.4 1.0
ACE 423.77 13,563/429 124,934 2.1 792.9 792.9 793.8 0.9
ACF 424.24 15,289/2,069 135,391 1.9 793.2 793.2 794.2 1.0
ACG 424.66 16,159/2,700 132,443 2.0 793.6 793.3 794.2 1.0
ACH 425.22 13,361/1,611 112,932 2.3 794.0 793.6 794.6 1.0
ACI 425.87 10,192/2,454 75,772 3.4 794.4 793.9 794.8 0.9
ACJ 426.48 7,292/2,686 75,509 3.5 794.7 794.4 795.2 0.8
ACK 427.13 4,387/2,278 47,570 5.5 795.2 794.6 795.4 0.8
ACL 427.92 3,143/1,988 38,429 6.8 795.8 795.2 795.9 0.7
ACM 428.65 3,870/2,045 45,194 5.8 796.3 795.9 796.6 0.7
ACN 429.27 3,768/1,650 41,456 6.3 796.7 796.3 797.0 0.7

'MILES ABOVE CONFLUENCE WITH MISSISSIPPI RIVER. RIVER. DISTANCE BASED ON THE 1960 RIVER MILE STATIONING, WHICH MAY NOT MATCH THE MEASURED
DISTANCE ALONG THE PROFILE BASELINE SHOWN ON THE MAPS.
2WIDTH / WIDTH WITHIN ATCHISON COUNTY
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1-PERCENT ANNUAL CHANCE FLOOD

FLOODING SOURCE FLOODWAY WATER SURFACE ELEVATION
(FEET NAVD 88)
SECTION MEAN
1 WIDTH AREA VELOCITY WITHOUT WITH
CROSS SECTION DISTANCE (FEET) (SQUARE | (FEET PER REGULATORY FLOODWAY | FLoODWAY INCREASE
FEET) SECOND)
Stranger Creek
DM 309,000 1,099 9,400 3.8 931.0 931.0 931.7 0.7
DN 311,002 1,679 14,310 2.5 931.8 931.8 932.6 0.8
DO 313,000 899 8,507 4.2 933.5 933.5 934.4 0.8
DP 315,668 981 8,063 4.4 936.2 936.2 936.9 0.8
DQ 315,770 981 9,343 3.8 936.7 936.7 937.5 0.8
DR 318,999 1,643 18,386 1.9 937.3 937.3 938.1 0.8
DS 320,997 1,158 10,438 3.4 937.9 937.9 938.7 0.8
DT 322,686 2,316 22,080 1.6 938.7 938.7 939.5 0.8
DU 322,799 2,430 20,736 1.7 938.8 938.8 939.5 0.8
DV 325,999 705 6,400 5.6 939.2 939.2 940.1 0.9
DW 327,998 873 8,635 4.1 942.2 942.2 943.0 0.9
DX 330,004 1,748 21,586 1.6 942.9 942.9 943.7 0.8
DY 331,998 1,496 17,124 2.1 943.1 943.1 944.0 0.8
DZ 333,880 458 6,234 5.7 943.6 943.6 944 .4 0.8
EA 334,016 443 6,037 5.9 944.0 944.0 944.8 0.8
EB 336,504 560 5,697 6.2 947.9 947.9 948.7 0.7
EC 338,500 601 7,953 4.5 950.2 950.2 951.1 0.8
ED 340,501 900 11,652 3.1 951.5 951.5 952.3 0.8
EE 342,501 779 9,117 3.9 952.3 952.3 953.0 0.7
EF 345,498 1,207 17,305 2.1 952.6 952.6 953.5 0.8
EG 346,500 1,807 17,927 2.0 952.8 952.8 953.6 0.8
EH 346,661 1,880 14,721 2.4 952.9 952.9 953.8 0.9
El 348,500 2,350 16,874 2.1 953.8 953.8 954.5 0.8
EJ 350,998 3,161 20,450 1.4 954.2 954.2 954.9 0.7
EK 351,139 3,134 25,127 1.1 954.3 954.3 955.0 0.7
1FEET ABOVE CONFLUENCE WITH KANSAS RIVER
FEDERAL EMERGENCY MANAGEMENT AGENCY FLOODWAY DATA
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1-PERCENT ANNUAL CHANCE FLOOD

FLOODING SOURCE FLOODWAY WATER SURFACE ELEVATION
(FEET NAVD 88)
SECTION MEAN
1 WIDTH AREA VELOCITY WITHOUT WITH
CROSS SECTION DISTANCE (FEET) (SQUARE | (FEET PER REGULATORY FLOODWAY | FLoODWAY INCREASE
FEET) SECOND)
Stranger Creek
EL 355,002 1,699 17,484 1.6 954.7 954.7 955.3 0.7
EM 356,997 1,096 8,038 3.6 955.5 955.5 956.3 0.7
EN 358,995 791 6,383 4.5 957.2 957.2 957.9 0.7
EO 361,001 787 6,911 4.2 958.2 958.2 958.9 0.7
EP 363,001 1,046 6,469 4.4 959.9 959.9 960.6 0.7
EQ 364,999 938 8,496 3.4 961.2 961.2 962.2 1.0
ER 367,510 1,108 10,448 2.8 963.2 963.2 963.9 0.7
ES 369,241 1,160 8,871 3.2 963.4 963.4 964.3 0.8
ET 369,381 475 10,430 5.1 966.0 966.0 966.5 0.4
EU 370,224 1,681 15,516 1.9 966.5 966.5 967.0 0.5
EV 370,309 1,551 16,417 1.8 966.6 966.6 967.0 0.5
EW 372,502 1,160 9,490 2.6 966.9 966.9 967.7 0.9
EX 374,601 1,112 7,716 3.2 967.5 967.5 968.4 0.9
EY 374,725 1,132 8,719 2.8 967.7 967.7 968.6 0.9
EZ 376,997 790 8,526 2.9 968.4 968.4 969.3 0.9
FA 379,002 740 6,383 3.9 969.1 969.1 970.0 0.8
FB 381,000 650 6,154 4.0 970.4 970.4 971.2 0.8
FC 383,000 921 7,474 3.3 971.7 971.7 972.6 0.9
FD 386,002 1,464 11,974 2.1 972.4 972.4 973.3 0.9
FE 390,400 463 2,918 8.4 976.4 976.4 976.8 0.4
FF 390,501 507 4,403 5.6 979.8 979.8 980.1 0.2
FG 391,995 772 6,813 3.6 981.7 981.7 981.9 0.2
FH 393,994 1,506 9,144 2.7 982.2 982.2 982.6 0.4
FI 397,504 2,122 14,672 1.7 982.4 982.4 983.2 0.8
FJ 403,498 1,865 9,081 2.7 983.1 983.1 984.1 1.0
1FEET ABOVE CONFLUENCE WITH KANSAS RIVER
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1-PERCENT ANNUAL CHANCE FLOOD

FLOODING SOURCE FLOODWAY WATER SURFACE ELEVATION
(FEET NAVD 88)
SECTION MEAN
1 WIDTH AREA VELOCITY WITHOUT WITH
CROSS SECTION DISTANCE (FEET) (SQUARE | (FEET PER REGULATORY FLOODWAY | FLoODWAY INCREASE
FEET) SECOND)
Stranger Creek
FK 405,496 1,083 6,392 3.8 985.0 985.0 985.8 0.8
FL 408,265 873 5,430 4.5 987.5 987.5 988.1 0.7
FM 408,348 937 5,446 4.5 987.8 987.8 988.3 0.5
FN 410,000 1,794 9,313 2.6 989.2 989.2 990.0 0.8
FO 414,499 1,509 11,183 2.2 990.3 990.3 991.1 0.8
FP 417,496 1,330 6,983 3.5 991.3 991.3 992.3 1.0
FQ 419,998 1,640 13,972 1.8 992.8 992.8 993.5 0.7
FR 422,557 1,049 4,255 5.8 993.8 993.8 994.4 0.6
FS 422,655 986 5,824 4.2 995.4 995.4 996.1 0.7
FT 424,499 867 6,980 3.5 996.7 996.7 997.6 0.9
FU 425,900 694 5,144 4.8 998.7 998.7 999.4 0.8
FV 426,019 811 4,907 5.0 999.1 999.1 999.8 0.7
Fw 428,300 1,254 8,044 3.1 1,001.1 1,001.1 1,001.8 0.8
FX 428,389 1,192 7,637 3.2 1,001.2 1,001.2 1,001.9 0.7
FY 430,496 1,270 8,437 2.9 1,002.2 1,002.2 1,002.9 0.7
Fz 432,999 1,128 8,037 3.1 1,003.4 1,003.4 1,004.1 0.6
GA 434,999 506 3,901 6.3 1,005.2 1,005.2 1,005.8 0.6
GB 437,005 338 3,691 6.7 1,010.6 1,010.6 1,011.2 0.6
GC 439,498 1,333 11,881 2.1 1,012.4 1,012.4 1,013.1 0.6
GD 442,000 1,085 9,721 2.5 1,013.0 1,013.0 1,013.9 0.9
GE 444,098 1,188 8,878 2.8 1,013.9 1,013.9 1,014.7 0.8
GF 444,237 1,184 11,350 2.2 1,015.6 1,015.6 1,016.4 0.8
GG 446,497 747 6,118 4.0 1,017.6 1,017.6 1,018.1 0.5
GH 449,500 691 4,992 4.9 1,020.5 1,020.5 1,021.0 0.5
Gl 451,502 636 4,336 5.7 1,024.3 1,024.3 1,025.0 0.6
1FEET ABOVE CONFLUENCE WITH KANSAS RIVER

_| FEDERAL EMERGENCY MANAGEMENT AGENCY FLOODWAY DATA

>

IC_D ATCHISON COUNTY, KS

m | AND INCORPORATED AREAS

~ STRANGER CREEK




1-PERCENT ANNUAL CHANCE FLOOD

FLOODING SOURCE FLOODWAY WATER SURFACE ELEVATION
(FEET NAVD 88)
SECTION MEAN
1 WIDTH AREA VELOCITY WITHOUT WITH
CROSS SECTION DISTANCE (FEET) (SQUARE | (FEET PER REGULATORY FLOODWAY | FLoODWAY INCREASE
FEET) SECOND)
Stranger Creek
GJ 453,501 858 8,104 3.0 1,026.9 1,026.9 1,027.4 0.5
GK 455,499 739 5,578 4.4 1,028.7 1,028.7 1,029.2 0.5
GL 457,852 675 5,965 4.1 1,032.8 1,032.8 1,033.3 0.5
GM 457,927 736 6,831 3.6 1,033.1 1,033.1 1,033.6 0.5
GN 460,031 755 6,226 4.0 1,034.7 1,034.7 1,035.3 0.6
GO 460,085 842 6,730 3.7 1,034.9 1,034.9 1,035.5 0.6
GP 461,999 543 4,550 5.4 1,036.9 1,036.9 1,037.4 0.5
GQ 463,997 637 6,217 4.0 1,038.5 1,038.5 1,039.1 0.6
GR 466,000 568 3,656 3.6 1,039.9 1,039.9 1,040.8 0.8
GS 468,000 499 3,688 3.6 1,046.4 1,046.4 1,046.7 0.3
GT 468,960 309 2,043 6.5 1,047.2 1,047.2 1,047.5 0.3
GU 469,007 305 2,672 4.9 1,047.9 1,047.9 1,048.7 0.8
GV 470,999 322 2,473 5.3 1,050.9 1,050.9 1,051.8 0.9
GW 472,997 412 3,415 3.9 1,056.6 1,056.6 1,057.0 0.4
GX 473,932 502 2,881 4.6 1,058.8 1,058.8 1,059.1 0.3
GY 474,007 332 3,064 4.3 1,060.1 1,060.1 1,061.0 0.8
Gz 475,499 483 3,560 3.7 1,061.8 1,061.8 1,062.4 0.6
HA 476,975 495 3,788 3.5 1,064.4 1,064.4 1,065.1 0.7
HB 477,060 515 2,949 4.5 1,064.5 1,064.5 1,065.2 0.7
HC 478,498 258 1,927 6.8 1,068.3 1,068.3 1,068.9 0.6
HD 480,498 234 1,379 9.6 1,074.3 1,074.3 1,075.0 0.6
HE 482,496 245 1,217 10.8 1,080.3 1,080.3 1,080.3 0.0
HF 485,074 357 2,669 4.9 1,090.3 1,090.3 1,090.7 0.4
HG 485,127 458 2,340 5.6 1,090.9 1,090.9 1,091.3 0.4
HH 485,901 205 1,487 8.9 1,093.5 1,093.5 1,094.2 0.7
1FEET ABOVE CONFLUENCE WITH KANSAS RIVER
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1-PERCENT ANNUAL CHANCE FLOOD

FLOODING SOURCE FLOODWAY WATER SURFACE ELEVATION
(FEET NAVD 88)
SECTION MEAN
WIDTH AREA VELOCITY WITHOUT WITH
1 REGULATORY
CROSS SECTION DISTANCE (FEET) (SQUARE | (FEET PER FLOODWAY | FLOODWAY INCREASE
FEET) SECOND)
White Clay Creek
A 2,482 102 1,396 7.9 806.7 806.7 807.2 0.5
B 3,168 146 1,684 6.5 809.6 809.6 810.1 0.5
C 4,277 87 1,481 7.4 816.5 816.5 816.9 0.4
D 5,914 141 1,641 2.7 818.4 818.4 819.0 0.6
E 6,283 323 2,441 1.8 818.6 818.6 819.3 0.7
F 6,970 140 1,224 3.7 819.0 819.0 819.6 0.6
G 8,078 150 536 8.4 821.1 821.1 821.1 0.0
H 10,771 48 521 8.6 837.8 837.8 838.5 0.7

'FEET ABOVE CONFLUENCE WITH MISSOURI RIVER
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5.0

6.0

INSURANCE APPLICATION

For flood insurance rating purposes, flood insurance zone designations are assigned to a community
based on the results of the engineering analyses. These zones are as follows:

Zone A

Zone A is the flood insurance rate zone that corresponds to the 1-percent-annual-chance floodplains
that are determined in the FIS report by approximate methods. Because detailed hydraulic analyses
are not performed for such areas, no base (1-percent-annual-chance) flood elevations (BFEs) or depths
are shown within this zone.

Zone AE

Zone AE is the flood insurance rate zone that corresponds to the 1-percent-annual-chance floodplains
that are determined in the FIS report by detailed methods. Whole-foot BFEs derived from the detailed
analysis are shown at selected intervals within this zone.

Zone X

Zone X is the flood insurance rate zone that corresponds to areas outside the
0.2-percent-annual-chance floodplain, areas within the 0.2-percent-annual-chance floodplain, areas of
1-percent-annual-chance flooding where average depths are less than 1 foot, areas of 1-percent-annual-
chance flooding where the contributing drainage area is less than 1 square mile (sq. mi.), and areas
protected from the base flood by levees. No BFEs or depths are shown within this zone.

FLOOD INSURANCE RATE MAP

The FIRM is designed for flood insurance and floodplain management applications.

For flood insurance applications, the map designates flood insurance rate zones as described in
Section 5.0 and, in the 1-percent-annual-chance floodplains that were studied by detailed methods,
shows selected whole foot BFEs or average depths. Insurance agents use zones and BFEs in
conjunction with information on structures and their contents to assign premium rates for flood
insurance policies.

For floodplain management applications, the map shows by tints, screens, and symbols, the 1- and
0.2-percent-annual-chance floodplains, floodways, and the locations of selected cross sections used in
the hydraulic analyses and floodway computations.

The countywide FIRM presents flooding information for the entire geographic area of Atchison
County. Previously, FIRMs were prepared for each incorporated community and the unincorporated
areas of the County identified as flood-prone. This countywide FIRM also includes flood-hazard
information that was presented separately on Flood Boundary and Floodway Maps (FBFMs), where
applicable. Historical data relating to the maps prepared for each community are presented in Table 8,
“Community Map History.”

23



COMMUNITY NAME

INITIAL

FLOOD HAZARD
BOUNDARY MAP

FIRM EFFECTIVE

FIRM REVISIONS DATE

IDENTIFICATION REVISIONS DATE DATE
Atchison, City of Diibe:;jgre)r/ ?21%;15 None June 1, 1978 None
G;ﬁ?}t’;’ggﬁgﬁr% May 31, 1977 None December 1, 2007 None
*Effingham, City of N/A None N/A None
Huron, City of N/A None N/A None
*Lancaster, City of N/A None N/A None
Muscotah, City of November 22, 1974 July 9, 1976 N/A None

* No Specia Flood Hazard Areas Identified

8 31avl
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7.0

8.0

9.0

OTHER STUDIES

This FIS report either supersedes or is compatible with all previous studies published on streams
studied in this report and should be considered authoritative for the purposes of the NFIP.

LOCATION OF DATA

Information concerning the pertinent data used in the preparation of this study can be obtained by
contacting Federal Insurance and Mitigation, Division, FEMA Region VII, 9221 Ward Parkway,
Suite 300, Kansas City, Missouri 64114-3372.
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ELEVATION IN FEET (NAVD 88)
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ELEVATION IN FEET (NAVD 88)
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ELEVATION IN FEET (NAVD 88)
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ELEVATION IN FEET (NAVD 88)
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