
University of Nebraska - Lincoln University of Nebraska - Lincoln 

DigitalCommons@University of Nebraska - Lincoln DigitalCommons@University of Nebraska - Lincoln 

United States Geological Survey Reports and 
Publications Water Center, The 

6-13-2023 

Floodwater Drainage Assessment of Offutt Air Force Base, Floodwater Drainage Assessment of Offutt Air Force Base, 

Nebraska, 2020–22 Nebraska, 2020–22 

Christopher M. Hobza 
cmhobza@usgs.gov 

Follow this and additional works at: https://digitalcommons.unl.edu/usgswater 

Hobza, Christopher M., "Floodwater Drainage Assessment of Offutt Air Force Base, Nebraska, 2020–22" 
(2023). United States Geological Survey Reports and Publications. 4. 
https://digitalcommons.unl.edu/usgswater/4 

This Article is brought to you for free and open access by the Water Center, The at DigitalCommons@University of 
Nebraska - Lincoln. It has been accepted for inclusion in United States Geological Survey Reports and Publications 
by an authorized administrator of DigitalCommons@University of Nebraska - Lincoln. 

https://digitalcommons.unl.edu/
https://digitalcommons.unl.edu/usgswater
https://digitalcommons.unl.edu/usgswater
https://digitalcommons.unl.edu/watercenter
https://digitalcommons.unl.edu/usgswater?utm_source=digitalcommons.unl.edu%2Fusgswater%2F4&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalcommons.unl.edu/usgswater/4?utm_source=digitalcommons.unl.edu%2Fusgswater%2F4&utm_medium=PDF&utm_campaign=PDFCoverPages


U.S. Department of the Interior
U.S. Geological Survey

Scientific Investigations Report 2023–5053

Prepared in cooperation with the U.S. Air Force, Offutt Air Force Base

Floodwater Drainage Assessment of Offutt Air Force Base, 
Nebraska, 2020–22



Cover. Photograph showing a U.S. Geological Survey hydrologist collecting surface-water elevation 
on Offutt Air Force Base, taken July 2020 by Julie Godbersen, U.S. Air Force (front). Photograph 
showing Papillion Creek Ditch near Offutt Air Force Base, taken August 2020 by Christopher Hobza, 
U.S. Geological Survey (back).



Floodwater Drainage Assessment of Offutt 
Air Force Base, Nebraska, 2020–22

By Christopher M. Hobza and Kellan R. Strauch

Prepared in cooperation with the U.S. Air Force, Offutt Air Force Base

Scientific Investigations Report 2023–5053

U.S. Department of the Interior
U.S. Geological Survey



U.S. Geological Survey, Reston, Virginia: 2023

For more information on the USGS—the Federal source for science about the Earth, its natural and living resources, 
natural hazards, and the environment—visit https://www.usgs.gov or call 1–888–ASK–USGS.

For an overview of USGS information products, including maps, imagery, and publications, visit 
https://store.usgs.gov/.

Any use of trade, firm, or product names is for descriptive purposes only and does not imply endorsement by the 
U.S. Government.

Although this information product, for the most part, is in the public domain, it also may contain copyrighted materials 
as noted in the text. Permission to reproduce copyrighted items must be secured from the copyright owner.

Suggested citation:
Hobza, C.M., and Strauch, K.R., 2023, Floodwater drainage assessment of Offutt Air Force Base, Nebraska, 2020–22: 
U.S. Geological Survey Scientific Investigations Report 2023–5053, 31 p., https://doi.org/ 10.3133/ sir20235053.

Associated data for this publication:
Hobza, C.M., 2023, Water-surface and groundwater-level elevations on and near Offutt Air Force Base, Nebraska, 
summer 2020 and spring 2021: U.S. Geological Survey data release, https://doi.org/ 10.5066/ P9KYD1CX.

U.S. Geological Survey, 2022, USGS water data for the Nation: U.S. Geological Survey National Water Information 
System database, accessed March 1, 2022, at https://doi.org/ 10.5066/ F7P55KJN.

ISSN 2328-0328 (online)

https://doi.org/10.3133/sir20235053
https://doi.org/10.5066/P9KYD1CX
https://doi.org/10.5066/F7P55KJN


iii

Acknowledgments

The authors would like to thank the staff at the 55th Civil Engineering Squadron and Flood 
Recovery Office for their administrative and logistical support throughout the duration of this 
project. We would like to thank Trip Spiller, emergency manager, for his assistance with data 
collection. We also thank Holly O’Dell with the Air Force Civil Engineering Center for allowing 
access to the monitoring wells and providing valuable information on groundwater near Offutt 
Air Force Base. We thank Paul Woodward and the Papio-Missouri River Natural Resources 
District for providing additional information regarding the 2019 flood and the levee systems near 
and along the Missouri River and Papillion Creek. The authors also thank all the men and women 
serving at Offutt Air Force Base.





v

Contents
Acknowledgments ........................................................................................................................................iii
Abstract ...........................................................................................................................................................1
Introduction.....................................................................................................................................................1
Purpose and Scope .......................................................................................................................................3
Study Area Description .................................................................................................................................3

Surface-Water and Storm-Water Drainage Network ....................................................................3
Streamflow and Basin Characteristics of the Missouri River and Papillion Creek ..........3
Storm-Water Drainage Network, Offutt Air Force Base .......................................................4

Geology and Hydrogeology .................................................................................................................4
Previous Studies ............................................................................................................................................7
Approach and Methods ................................................................................................................................7

Methods Used to Describe the Movement of Shallow Groundwater and Interaction 
with Surface Water .................................................................................................................7

Synoptic Groundwater- and Surface-Water-Level Surveys .................................................8
Continuous Water-Level Data Collection .................................................................................8

Surface-Water Drainage Analysis Methods ..................................................................................10
Cross-Section and Elevation Profile Survey of Papillion Creek Ditch ..............................10
Inundation Map Development .................................................................................................10
Flow-Duration Analysis .............................................................................................................12

Analysis of Shallow Groundwater Movement and Surface-Water Drainage on and near 
Offutt Air Force Base .....................................................................................................................12

Hydrologic and Climatic Conditions of Offutt Air Force Base, 2018 through 2021 ...................12
Movement of Shallow Groundwater and Interaction with Surface Water ...............................14

Synoptic Water-Level Surveys ................................................................................................15
Continuous Water-Level Data Collection ...............................................................................22

Surface-Water Drainage and Flow-Duration Analyses ...............................................................23
Summary........................................................................................................................................................27
References Cited..........................................................................................................................................28

Figures

 1. Map showing locations of two areas of concern at Offutt Air Force Base, 
Nebraska; selected levees; selected U.S. Geological Survey streamgages; and 
stage-measurement stations ......................................................................................................2

 2. Map showing water-level monitoring network and major surface-water 
features on and near Offutt Air Force Base, Nebraska ..........................................................5

 3. Map showing surveyed cross sections of Papillion Creek Ditch upstream from 
outfall 10 and inundated area when Papillion Creek Ditch at culvert 5 has a 
water-surface elevation of 957.8 feet, December 2020 ........................................................11

 4. Graph showing surface-water elevation measured at Missouri River at Omaha 
and Papillion Creek at Fort Crook, Nebraska, November 2018–November 2021 .............13

 5. Graph showing observed daily and cumulative precipitation at Bellevue, 
Nebraska, January 2019 through December 2021, and normal cumulative 
precipitation from 1981 to 2010 at Papillion, Nebraska, about 8 miles west of 
Offutt Air Force Base ..................................................................................................................14



vi

 6. Maps showing measured groundwater- and surface-water elevations and 
locations of measured water levels and estimated groundwater flow direction 
from the late summer synoptic water-level survey data on and near Offutt Air 
Force Base, Nebraska, August 31–September 3, 2020 .........................................................16

 7. Maps showing measured groundwater- and surface-water elevations and 
locations of measured water levels and estimated groundwater flow direction 
from the late spring synoptic water-level survey on and near Offutt Air Force 
Base, Nebraska, May 3–5, 2021 ...............................................................................................18

 8. Map showing change in groundwater levels in wells measured in late summer 
2020 and late spring 2021 on and near Offutt Air Force Base, Nebraska ..........................20

 9. Graph showing comparison of water-level elevation of the Missouri River at 
Omaha, Nebraska, to measured groundwater levels measured on Offutt Air 
Force Base, 1999–2011 ...............................................................................................................21

 10. Graphs showing measured water-level elevations of the pond in Papillion Creek 
Ditch and monitoring well L4T–MW9SI within area of concern 1 and daily 
precipitation about 4.7 miles from area of concern 1, on and around Offutt Air 
Force Base, Nebraska, August 2020–January 2022 ..............................................................23

 11. Graphs showing measured water-level elevations of the Missouri River at 
Highway 370, Base Lake, Offutt Ditch, and monitoring well LF5–MW3I within 
area of concern 2, August 2020–January 2022, on and around Offutt Air Force 
Base, Nebraska, and daily precipitation about 4.5 miles from area of concern 2 ...........24

 12. Graph showing approximated ground elevation profile and minimum elevations 
of surveyed cross sections for Papillion Creek Ditch on and near Offutt Air 
Force Base, Nebraska, December 2020 ..................................................................................25

Tables

 1. Site number; geographic location; and elevation of streamgages, 
stage-measurement stations, and monitoring wells in and around Offutt Air 
Force Base, Nebraska, 2020–22 .................................................................................................9

 2. Statistical summary of streamflow-duration analysis results for the Papillion 
Creek at Fort Crook, Nebraska, streamgage. The streamflow threshold was 771 
cubic feet per second ................................................................................................................26

Conversion Factors
U.S. customary units to International System of Units

Multiply By To obtain

Length

inch (in.) 2.54 centimeter (cm)
inch (in.) 25.4 millimeter (mm)
foot (ft) 0.3048 meter (m)
mile (mi) 1.609 kilometer (km)

Area

square mile (mi2) 259.0 hectare (ha)
square mile (mi2) 2.590 square kilometer (km2)



vii

Multiply By To obtain

Volume

acre-foot (acre-ft) 1,233 cubic meter (m3)
acre-foot (acre-ft) 0.001233 cubic hectometer (hm3)

Flow rate

cubic foot per second (ft3/s) 0.02832 cubic meter per second (m3/s)
inch per year (in/yr) 25.4 millimeter per year (mm/yr)

Hydraulic conductivity

foot per day (ft/d) 0.3048 meter per day (m/d)
Hydraulic gradient

foot per mile (ft/mi) 0.1894 meter per kilometer (m/km)

Temperature in degrees Fahrenheit (°F) may be converted to degrees Celsius (°C) as follows:

     °C = (°F – 32) / 1.8.

Datum
Vertical coordinate information is referenced to the North American Vertical Datum of 1988 
(NAVD 88).

Horizontal coordinate information is referenced to the North American Datum of 1983 (NAD 83).

Elevation, as used in this report, refers to distance above the vertical datum.

Abbreviations
AOC area of concern

DEM digital elevation model

GNSS global navigation satellite system

HEC–RAS Hydrologic Engineering Center-River Analysis System

lidar light detection and ranging

RTN real-time network

USGS U.S. Geological Survey





Floodwater Drainage Assessment of Offutt Air Force Base, 
Nebraska, 2020–22

By Christopher M. Hobza and Kellan R. Strauch

Abstract
Offutt Air Force Base, south of Omaha, Nebraska, expe-

rienced major flooding during the March 2019 flood event 
because of the proximity of the base to the confluence of the 
Missouri River and nearby tributaries, which exceeded flood 
stages. Postflood, standing water remained through much of 
the year, attracting waterfowl and other birds and posing a 
major safety risk to aircraft. The U.S. Geological Survey, in 
cooperation with the U.S. Air Force, began a study in 2020 to 
describe the hydrologic processes that affect the persistence of 
standing water on Offutt Air Force Base.

Existing site data, reviewed in concert with groundwa-
ter and surface-water elevation data collected for the study, 
indicate varying hydrologic responses between two areas of 
concern (AOCs), which can be linked to differences in subsur-
face geology and changes in flows of the Missouri River. An 
inundation map indicated that standing water would be present 
throughout Papillion Creek Ditch in AOC 1 and would extend 
upstream to AOC 2 during flow events greater than 771 cubic 
feet per second. A U.S. Army Corps of Engineers Hydrologic 
Engineering Center-River Analysis System model and a flow-
duration analysis were used to infer that many of the surface-
water drainage problems experienced in 2019 were the result 
of backwater conditions caused by higher streamflows in the 
Missouri River.

Introduction
Offutt Air Force Base, south of Omaha, Nebraska, expe-

rienced major flooding during the March 2019 flood event 
because of the proximity of the base to the confluence of the 
Missouri River and nearby tributaries, which exceeded flood 
stages (fig. 1). An abnormally cold February through early 
March 2019 resulted in frozen soils with about 6–10 inches 
(in.) of snow cover. On March 14, 2019, an additional 2–3 in. 

of rain fell in parts of eastern Nebraska, South Dakota, and 
western Iowa (Papio-Missouri River Natural Resources 
District, 2021). These climatic events produced a 1-percent 
exceedance probability flood (100-year flood) on the Missouri 
River (Papio-Missouri River Natural Resources District, 
2021). The floodwaters breached Federal levee R–616–613 
(fig. 1), northeast of Offutt Air Force Base, and resulted in 
floodwaters that rose to about 975 feet (ft) above the North 
American Vertical Datum of 1988 (NAVD 88; Papio-Missouri 
River Natural Resources District, 2021), which submerged the 
lower half of the Offutt Air Force Base runway and inundated 
about 30 buildings at Offutt Air Force Base (Keller, 2019). 
The floodwaters damaged about 130 structures, of which 60 
were damaged beyond repair (Associated Press, 2019). Repair 
and renovation costs at Offutt Air Force Base were estimated 
to cost as much as $1 billion and take 5 years to complete 
(Liewer, 2019). Although much of the floodwaters receded in 
a few weeks, standing water remained on parts of Offutt Air 
Force Base through much of 2019, attracting waterfowl and 
other birds and posing a significant safety risk to aircraft.

To protect this significant strategic and economic invest-
ment, the U.S. Geological Survey (USGS), in cooperation 
with the U.S. Air Force, began a study in 2020 to describe the 
hydrologic processes that contributed to standing water on and 
near Offutt Air Force Base through water-level monitoring, 
flood inundation mapping, and hydraulic modeling. Before 
this study, it was unknown whether standing water persisted 
because of stormwater runoff from local precipitation and 
subsequent ponding on poorly drained soils or whether the 
standing water was caused by rising groundwater. Recent 
(2020) discussions with Offutt Air Force Base personnel indi-
cated two areas of concern (AOCs) on Offutt Air Force Base. 
One area is near the southern edge of Offutt Air Force Base, 
which drains to Papillion Creek (AOC 1), and the second area 
is near Base Lake at the eastern edge of Offutt Air Force Base 
(AOC 2; fig. 1). Identifying the hydrologic processes respon-
sible for standing water in 2019 in these two areas will help to 
equip U.S. Air Force personnel with the information needed to 
mitigate the effects of future events.



2 
 

Floodw
ater Drainage Assessm

ent of Offutt Air Force Base, N
ebraska, 2020–22

SOUTH DAKOTA

NEBRASKA

IOWA

MISSOURI

Sioux City

Omaha

Lincoln Papillion

Offutt Air Force Base

06610000

Missouri River
Elkhorn River

Platte River

41°10'00"

41°07'30"

41°05'00"

96°00'00" 95°57'30" 95°55'00" 95°52'30" 95°50'00"

EXPLANATION

R−613
Levee

06610795
Offutt Air Force Base boundary

USGS streamgage and identifier
06610798 USGS stage-measurement and identifier

[USGS, U.S. Geological Survey; AOC, area of concern]

410704095524301

06610685

06610670

R−613

CAPEHART ROAD

Bellevue

IOWA

NEBRASKA

Papillion

Omaha
DOUGLAS COUNTY

SARPY COUNTY

Big Papillion Creek

Papillion Creek

Papillion Creek

Base Lake

Missouri River
floodplain

Offutt Ditch

Runway

06610795

410853095575601

N
ED

OU
G1

6
AOC 1

AOC 2

Platte River Miss
ou

ri R
ive

r

R−616−613

06610798

Base from U.S. Geological Survey, Esri, and U.S. Department of Agriculture, 1:100,000 
Base map from Esri and its licensors, copyright 2022
Lambert Conformal Conic projection, standard parallels 40º N. and 43º N., central meridian 100º W.
Horizontal coordinates referenced to the North American Datum of 1983

Measurement sites from U.S. Geological Survey (2022)

0 1 2 3 4 MILES

0 1 2 3 4 KILOMETERS

Figure 1. Locations of two areas of concern at Offutt Air Force Base, Nebraska; selected levees; selected U.S. Geological Survey streamgages; and 
stage-measurement stations.



Study Area Description 3

Purpose and Scope
The purpose of this report is to document data collec-

tion procedures, methods of analysis, and the results of this 
study, which describe the hydrologic processes affecting the 
persistence of standing water on and near Offutt Air Force 
Base. Data collection included continuous surface-water and 
groundwater-level data collected within two AOCs (AOC 1 
and AOC 2) on Offutt Air Force Base from August 2020 to 
December 2021, as well as synoptic water-level surveys. 
Interpretations of the surveys were prepared to describe the 
movement of groundwater and its interaction with sur-
face water during late summer (August 2020) and spring 
(May 2021) in AOC 1 and AOC 2. Results from topographic 
surveying, flood inundation mapping, and flow-duration 
analyses are presented to describe the ability of the current 
stormwater infrastructure to drain ponded surface water 
on Offutt Air Force Base after storm events and to under-
stand the effects of the Missouri River on the drainage of 
floodwaters. Water-level and survey data collected during 
this study are published in a USGS data release (Hobza,  
2023).

Study Area Description
This section of the report describes the study area, 

which includes Offutt Air Force Base and extends east to the 
Missouri River and south to the confluence of the Missouri 
River and Papillion Creek (fig. 1). The major flow charac-
teristics of the Missouri River and Papillion Creek, which 
include descriptions of the levee systems and the storm-water 
drainage network on Offutt Air Force Base, are presented. A 
discussion of the geology and hydrogeology of the study area 
is also included with descriptions of the major geologic units 
within the study area and their hydrogeologic characteris-
tics. Throughout this report, contractor reports (URS Group, 
Inc., 2008b for example) are cited that describe groundwater 
conditions on and near Offutt Air Force Base. These reports 
can be accessed through the U.S. Air Force Civil Engineering 
Center Administrative Record webpage (https://ar.afcec- 
cloud.af.mil/ ).

Offutt Air Force Base is in eastern Nebraska, at the 
edge of the Missouri River floodplain within the Dissected 
Till Plains section of the Central Lowland physiographic 
province (not shown; Fenneman, 1938). The climate is 
continental and temperate with large seasonal variations in 
temperature and precipitation. The 30-year (1991–2020) 
daily mean temperature in Bellevue, Nebr. (fig. 1), ranges 
from 26.1 to 73.9 degrees Fahrenheit (°F) in winter and 
summer, respectively (National Centers for Environmental 
Information, 2021). Over that same period, the mean sum-
mer maximum is 85.3 °F, and the mean winter minimum is 
16.2 °F. The mean annual precipitation in the study area is 

30.62 inches per year (1991–2020), of which 74 percent falls 
during April–September (National Centers for Environmental 
Information, 2021).

Surface-Water and Storm-Water Drainage 
Network

Surface-water network descriptions are limited to the 
Missouri River and Papillion Creek, whereas the storm-water 
drainage network focuses on areas on and near Offutt Air 
Force Base (fig. 1). The Missouri River flows from north to 
south, east of the border of Offutt Air Force Base (fig. 1). 
Papillion Creek flows southeast along the southwestern edge 
of Offutt Air Force Base before draining into the Missouri 
River about 2 miles (mi) southeast of Offutt Air Force Base 
(fig. 1).

Streamflow and Basin Characteristics of the 
Missouri River and Papillion Creek

Characteristic of streams and river systems of the Great 
Plains, the Missouri River and Papillion Creek have large 
variations in streamflows, ranging from low flows resulting 
from prolonged drought conditions to catastrophic flood-
ing (U.S. Army Corps of Engineers, 2020b). The construc-
tion of dams on the main stem of the Missouri River and 
on tributaries to Papillion Creek have changed their natural 
streamflow regimes (U.S. Army Corps of Engineers, 2020b, 
2021b). Included in this subsection are brief descriptions of 
the streamflow and basin characteristics of the Missouri River 
and Papillion Creek. The Platte River (fig. 1), which is a major 
tributary of the Missouri River, is about 4 mi south of Offutt 
Air Force Base and is not discussed in this report.

The streamflow of the Missouri River near Offutt Air 
Force Base is heavily regulated by the release of water from 
six upstream main stem dams, which have a combined stor-
age capacity of 72.4 million acre-feet (U.S. Army Corps of 
Engineers, 2020b). Regulated reservoir releases are care-
fully managed to provide flood control to downstream areas, 
to provide adequate storage to accommodate future winter 
snowpack, and to provide adequate streamflow to allow barge 
traffic from Sioux City, Iowa (fig. 1), to points downstream 
(U.S. Army Corps of Engineers, 2020b). During a typical 
year, reservoir releases generally maintain a streamflow of 
29,000–35,000 cubic feet per second (ft3/s) at Sioux City, 
Iowa, to support navigation. These releases, often referred 
to as “navigation flows,” are from mid-March through 
October. From November to mid-March, reservoir releases, 
frequently referred to as “nonnavigation flows” or “winter 
flows,” are often reduced to 30–55 percent of summer releases 
(U.S. Army Corps of Engineers, 2020b). Climatic condi-
tions in the river basin and streamflow in major tributaries 
can affect reservoir management decisions and streamflow 
in the Missouri River throughout the year. For example, in 
2011, an abnormally large snowpack and wetter than normal 

https://ar.afcec-cloud.af.mil/
https://ar.afcec-cloud.af.mil/
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climatic conditions resulted in large, sustained releases from 
upstream reservoirs. During that time, the streamflow mea-
sured at Omaha, Nebr. (Missouri River at Omaha, USGS 
site 06610000; fig. 1), ranged from 50,000 to 200,000 ft3/s 
between April and October 2011 (U.S. Geological 
Survey, 2022).

The Papillion Creek Basin is about 401 square miles 
(U.S. Geological Survey, 2021b) and includes much of the 
Omaha metropolitan area and the city of Bellevue. The major 
tributaries to Papillion Creek include Big Papillion Creek 
(fig. 1), Little Papillion Creek, South Papillion Creek, and 
West Papillion Creek (not shown on any maps; U.S. Army 
Corps of Engineers, 2021c). In general, much of the lower 
part of the Papillion Creek Basin is urbanized, and much of 
the upper part of the basin is used for agriculture (Center 
for Advanced Land Management Information Technologies, 
2007). Douglas and Sarpy Counties (fig. 1) have experienced 
10.5- and 17.9-percent growth, respectively, from 2010 to 
2020 (U.S. Census Bureau, 2021). As a result, areas within the 
Papillion Creek Basin, which were once dominated by agri-
cultural land, have been developed into urban and suburban 
land uses (Papio-Missouri River Natural Resources District, 
2017). The effects of urbanization have altered the natural flow 
regime of Papillion Creek and its tributaries by increasing run-
off, which has resulted in intensified flooding (Walton, 2017).

In response to devastating floods on Papillion Creek in 
1959, 1964, and 1965, structural flood control measures, such 
as dam and levee construction and channel straightening of 
Papillion Creek and major tributaries, have been implemented 
(Walton, 2017). Within the study area, three major levee 
systems—NEDOUG16, R–613, and R–616–613—provide 
flood control to adjacent low-lying areas. NEDOUG16 is a 
non-Federal levee that borders both sides of Papillion Creek 
and Big Papillion Creek near their confluence (fig. 1). The 
NEDOUG16 levee was constructed in the 1960s and is 
currently sponsored by the Papio-Missouri River Natural 
Resources District. Along the right (south) bank, down-
stream from Capehart Road, Papillion Creek is bordered by 
Federal levee R–613 (fig. 1), which was completed by the 
U.S. Army Corps of Engineers in 1975 (Papio-Missouri River 
Natural Resources District, 2021). Federal levee R–616–613, 
which was completed in 1986, borders the left (north) bank 
of Papillion Creek and includes the right (west) bank of 
the Missouri River upstream from their confluence (Papio-
Missouri River Natural Resources District, 2021; fig. 1). 
Levee R–616–613 was constructed with a higher design 
flood elevation (compared to Federal levee R–613) because 
of the constriction of the Missouri River channel and flood-
plain resulting from previous levee construction. The higher 
design flood elevation for R–616–613 left the older R–613 
levee too low to meet the higher flood design flood elevations 
and freeboard requirements needed for Federal Emergency 
Management Agency accreditation (Papio-Missouri River 
Natural Resources District, 2021). At the time this report 
was written (2022), the R–613 levee is being renovated, 
which includes increasing the levee elevation by as much 

as 3 ft in some locations (Papio-Missouri River Natural 
Resources District, 2021). Additional information regarding 
the design specifications of the levees near Offutt Air Force 
Base is available on the National Levee Database web page 
(U.S. Army Corps of Engineers, 2021a).

Storm-Water Drainage Network, Offutt Air Force 
Base

Precipitation that runs off Offutt Air Force Base is routed 
through storm-water outfalls to Papillion Creek, the Missouri 
River, Offutt Ditch (also referred to as “Bellevue Ditch”), or 
Base Lake (fig. 1; URS Group, Inc., 2008b). In general, the 
western, southwestern, and southern parts of Offutt Air Force 
Base, including AOC 1, drain toward Papillion Creek, and the 
parts of the Offutt Air Force Base north and east of the flight 
line of the runway, including AOC 2, drain toward Offutt 
Ditch or Base Lake. Standing water is persistent within the 
Offutt Air Force Base boundary at several locations. Ponded 
water was detected within Papillion Creek Ditch at the 
southern edge of Offutt Air Force Base property (fig. 2). This 
waterbody is informally referred to as “Dines Lake” by Offutt 
Air Force Base staff; however, in this report, this waterbody 
is referred to as the “pond in Papillion Creek Ditch.” Between 
AOC 1 and AOC 2, storm drains and drainage ditches carry 
stormwater to a pond, referred to in this report and locally as 
“L-Shaped Pond,” which is south of the southeastern end of 
the runway (fig. 2). L-Shaped Pond is hydraulically con-
nected by a culvert under the runway to another pond referred 
to as “East Gate Drain” by URS Group, Inc. (2008b; fig. 2).

Excess storm water from L-Shaped Pond drains west 
into Papillion Creek Ditch, and excess storm water from East 
Gate Drain drains east into Base Lake (URS Group, Inc., 
2008b). A valve on culvert 1 (fig. 2) was installed to prevent 
the spread of invasive Dreissena polymorpha (Pallas, 1771; 
zebra mussels) from Base Lake westward to other waterbod-
ies that typically drain to Papillion Creek, which can occur 
when the water level in L-Shaped Pond reaches about 958 ft 
above NAVD 88 (fig. 2; URS Group, Inc., 2008b). Storm 
water received by Base Lake either evaporates or seeps into 
the underlying Missouri River alluvial aquifer (URS Group, 
Inc., 2006b). Outfall 12, in the northwestern corner of Base 
Lake (fig. 2), historically drained excess water from Base 
Lake to Offutt Ditch, but outfall 12 has since been sealed to 
prevent the spread of invasive zebra mussels (URS Group, 
Inc., 2008b).

Geology and Hydrogeology

This section of the report describes the geology and 
hydrogeology of Offutt Air Force Base and surrounding 
areas. Discussions of the subsurface geology focus on the 
unconsolidated deposits that rest on the Western Interior 
Plains confining system (Jorgensen and others, 1993). The 
surficial bedrock units underlying Offutt Air Force Base are 
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Figure 2. Water-level monitoring network and major surface-water features on and near Offutt Air Force Base, Nebraska.
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Pennsylvanian-age interbedded limestone and shale units, 
which are part of the Western Interior Plains confining system 
(Jorgensen and others, 1993). The Western Interior Plains 
confining system is about 500 ft thick within the study area 
(Jorgensen and others, 1993) and separates the underlying 
Western Interior Plains aquifer system from the overlying 
Quaternary-age (Pleistocene- and Holocene-age) sediments 
(McGuire and others, 2012). The principal aquifers underly-
ing much of Offutt Air Force Base are the Missouri River 
and the Papillion Creek alluvial aquifers. These aquifers 
consist of Quaternary-age sediment and are underlaid by the 
Pennsylvanian-age units (Woodward-Clyde, 1995).

Previous studies have described the stratigraphy of 
the Quaternary-age units underlying Offutt Air Force Base 
(Woodward-Clyde, 1995; URS Group, Inc., 2006b; U.S. Army 
Corps of Engineers, 2020a). Additionally, surficial geologic 
maps of Offutt Air Force Base and the greater Omaha area 
(Shroba and others, 2001) indicate that developed parts of 
Offutt Air Force Base are covered by artificial fill, primarily 
along the runway and adjacent areas overlying the Quaternary-
age units. The artificial fill may be compacted engineered fills 
or uncompacted dump fills composed of clay, silt, sand, gravel, 
and rock fragments (Shroba and others, 2001). Most undevel-
oped, low-lying areas in and near Offutt Air Force Base are 
mapped as Quaternary alluvium. In general, Quaternary allu-
vial deposits indicate a typical fining upward sequence where 
fine-grained silt and clay cap overlying coarse sand deposits, 
which overlie a basal gravel (Shroba and others, 2001).

Shroba and others (2001) noted key differences within 
the Quaternary alluvium between Missouri River and Papillion 
Creek Valley deposits. In the Missouri River Valley, the cap 
of fine-grained silt and clay is much thinner (10–20 ft) than 
in the Papillion Creek Valley (33–79 ft), and the underlying 
sand deposits in the Missouri River Valley are much thicker 
(23–105 ft) and coarser compared to sediments in the Papillion 
Creek Valley (1–10 ft; Shroba and others, 2001). Shroba 
and others (2001) also noted basal glacial outwash deposits 
consisting of sand and gravel can occur within the Missouri 
River Valley. The lithologic and hydrogeologic differences 
between Missouri River Valley alluvial deposits, which 
underlie AOC 2, and Papillion Creek Valley alluvial deposits, 
which underlie AOC 1, are from differences in depositional 
history and sediment sources unique to each stream system. 
Sediments deposited within the Missouri River Valley near 
Offutt Air Force Base are likely sourced from the northern 
Great Plains and Rocky Mountain front (not shown). In con-
trast, Papillion Creek drains areas of eastern Nebraska, which 
are covered with fine-grained glacial till and likely result in a 
thicker cap of fine-grained material within the Papillion Creek 
Valley alluvial deposits (Shroba and others, 2001).

Other studies have differentiated Pleistocene- and 
Quaternary-age units underlying the Offutt Air Force Base 
based mostly on driller’s logs, and the units were divided 
into four distinct groups referred to as “profiles” by URS 
Group, Inc. (2006b), and Woodward-Clyde (1995) and include 

the Pleistocene upland profile, Pleistocene terrace profile, 
Missouri River Valley profile, and Papillion Creek profile. 
The Papillion Creek and Missouri River Valley profiles are 
most relevant to this study and are the only profiles further 
discussed. The Papillion Creek profile is in the southwestern 
corner of the Offutt Air Force Base within AOC 1, where 
Papillion Creek is within 500 ft of Offutt Air Force Base 
(URS Group, Inc., 2006b). Surficial geologic maps indicate 
the Missouri River Valley profile covers the southeastern part 
of Offutt Air Force Base below land-surface elevations of 
about 975 ft above NAVD 88 (URS Group, Inc., 2006b) in 
AOC 2. Available surficial geologic maps from URS Group, 
Inc. (2006b), and Woodward-Clyde (1995) do not map the 
Missouri River or Papillion Creek deposits beyond the borders 
of Offutt Air Force Base, likely because of a lack of subsur-
face data; furthermore, Shroba and others (2001) map the 
Quaternary-age alluvial deposits as a single geologic unit.

The Papillion Creek profile in AOC 1 is capped with 
alluvial clay and silt that are typically around 50 ft thick (URS 
Group, Inc., 2006b). The hydraulic conductivity of the alluvial 
clay and silt ranges from 0.08 to 5.1 feet per day (ft/d) with 
a mean of 2.7 ft/d (URS Group, Inc., 2006b). The reported 
hydraulic conductivity values for clay and silt exceeded typi-
cal ranges stated in published literature (Freeze and Cherry, 
1979), which indicates possible preferential flow along sand 
seams (URS Group, Inc., 2006b). Underlying the alluvial clay 
and silt is an alluvial sand unit, which is described as fine- to 
medium-grained silty sand with traces of coarse sand with 
fine to coarse gravel. The lateral extent of alluvial sand is 
discontinuous and is likely deposited by meandering stream 
channels. The thicknesses of the alluvial sand and sandy silt 
range from 8 to 27 ft (URS Group, Inc., 2006b). The hydraulic 
conductivity of the alluvial sand and sandy silt ranges from 1.3 
to 32 ft/d; no mean hydraulic conductivity value was reported 
by URS Group, Inc. (2006b).

The Missouri River profile in AOC 2 is capped by a 
layer of alluvial silt and clay that ranges from 4 to 26 ft thick 
and overlies about 10–65 ft of alluvial and glacial outwash 
sand (URS Group, Inc., 2006b). The alluvial sand layer was 
subdivided into shallow-intermediate alluvial sands, interme-
diate alluvial sands, and deep alluvial sands (URS Group, Inc., 
2006b). The shallow-intermediate alluvial sand is described 
as fine-grained sand and silty sand with occasional silt layers. 
The hydraulic conductivity of shallow-intermediate allu-
vial sand ranges from 2.3 to 139 ft/d with a mean of 9.4 ft/d 
(URS Group, Inc., 2006b). The intermediate alluvial sand is 
described as fine- to medium-grained sand with silty-sand lay-
ers. The hydraulic conductivity of intermediate alluvial sands 
ranges from 14 to 154 ft/d with a mean of 63 ft/d (URS Group, 
Inc., 2006b). The deep alluvial sand is described as fine- to 
coarse-grained sand with occasional gravel and is commonly 
mixed with clay and silt. The hydraulic conductivity of deep 
alluvial sands ranges from 12 to 44 ft/d with a mean of 18 ft/d 
(URS Group, Inc., 2006b). Glacial outwash sands (where pres-
ent) overlie the Pennsylvanian bedrock and consist of fine- to 
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coarse-grained sand and some gravel layers. The hydraulic 
conductivity of glacial outwash sands ranges from 232 to 
270 ft/d with a mean of 254 ft/d (URS Group, Inc., 2006b).

As part of Offutt Air Force Base groundwater remedia-
tion and monitoring plans, contractors measure groundwater 
levels in monitoring wells in the spring and fall. The lack of 
monitoring wells in certain areas has precluded the creation 
of accurate groundwater-level maps for the Offutt Air Force 
Base area. Where data density is sufficient, groundwater-
level contours and flow directions have been interpreted and 
mapped (Woodward-Clyde, 1995; URS Group, Inc., 2006b). 
In the southeastern and eastern parts of Offutt Air Force Base, 
groundwater flows southeast to the Missouri River. In the 
western part of Offutt Air Force Base, groundwater flows 
south to southeast to surface-water drainage features and to 
Papillion Creek.

Previous Studies
Previous studies have described surface-water and 

groundwater conditions on and near Offutt Air Force Base. 
Surface-water models were created to estimate the maximum 
flows through selected stormwater outfalls on and near Offutt 
Air Force Base in response to 50-, 10-, and 1-percentile annual 
exceedance probability 24-hour storm events. As part of that 
effort, stormwater outfalls were inventoried, drainage areas 
were delineated, and the drainage characteristics, includ-
ing the percentage of impervious surfaces, were estimated 
(URS Group, Inc., 2008b). The Papillion Creek General 
Reevaluation Study (U.S. Army Corps of Engineers, 2021b) 
created surface-water models to estimate peak flows for 
Papillion Creek and its major tributaries for the 50-percentile 
and 0.2-percentile annual exceedance probabilities for current 
(2020) and future (2040) land use scenarios. A geotechnical 
study was completed on Federal levees R–613 and R–616–613 
as part of the Federal Emergency Management Agency 
accreditation process (FYRA Engineering, 2017). This study 
included historical soil borings, cone penetrometer logs, 
and results from laboratory testing of soil properties (FYRA 
Engineering, 2017). Analyses were completed to evaluate the 
susceptibility of individual levee segments to potential seep-
age issues. As part of the evaluation, two-dimensional elec-
trical resistivity surveys were completed to differentiate and 
delineate sand and clay deposits within the surveyed levees 
and the underlying floodplain to identify possible weak points 
(FYRA Engineering, 2017).

The geology and hydrogeology of Offutt Air Force Base 
have been described in numerous environmental and ground-
water remediation plans and studies including U.S. Army 
Corps of Engineers (2020a) and URS Group, Inc. (2006b). 
Woodward-Clyde (1995) provided estimates of hydraulic 
conductivity, hydraulic gradients, effective porosity, and mean 
linear groundwater flow velocity of major hydrogeologic 
units underlying Offutt Air Force Base. Test holes that have 

been completed near Offutt Air Force Base are reported by 
the University of Nebraska-Lincoln, Conservation and Survey 
Division (2021). Soil borings collected for subsurface char-
acterization to support levee design are provided in FYRA 
Engineering (2017), and driller’s logs from monitoring wells 
on Offutt Air Force Base are available in the Nebraska ground-
water database (Nebraska Department of Natural Resources, 
2021). Surficial geologic maps have been completed for parts 
of Offutt Air Force Base and surrounding areas by Shroba and 
others (2001). Miller (1964) described the geologic history 
and Pennsylvanian and Quaternary stratigraphy in the Omaha 
area. The geologic characteristics of the Missouri River allu-
vium and underlying bedrock units near Offutt Air Force Base 
are described by Burchett (1965). An airborne electromagnetic 
geophysical survey contracted by the Papio-Missouri River 
Natural Resources District mapped the underlying geologic 
units and developed a three-dimensional hydrogeologic frame-
work for selected areas and included areas near Offutt Air 
Force Base (Abraham and Asch, 2021).

Approach and Methods
This section of the report describes the data collection 

and analysis methods used to evaluate the role of shallow 
groundwater, surface-water drainage network, and river stage 
on the persistence of standing water on and near Offutt Air 
Force Base. The “Approach and Methods” section is divided 
into two subsections. The first subsection documents the meth-
ods used to describe the movement of shallow groundwater 
and interaction with surface water on and near Offutt Air Force 
Base. The second subsection documents the methods used to 
describe the surface-water drainage system, including flood 
inundation mapping and flow-duration analyses, which help 
describe the effect of increased flows in Papillion Creek and 
the Missouri River on storm-water drainage from Offutt Air 
Force Base.

Methods Used to Describe the Movement of 
Shallow Groundwater and Interaction with 
Surface Water

This section of the report documents the methods used to 
describe the movement of shallow groundwater and interac-
tion with surface water on and near Offutt Air Force Base. The 
“Synoptic Water-Level Surveys” subsection describes the data 
collection methods and interpretive approaches used to deter-
mine the effect of the Missouri River on groundwater levels 
and flow directions during late summer 2020 and spring 2021. 
The “Continuous Water-Level Data Collection” subsection 
describes the continuous water-level data collection proce-
dures used to assess groundwater movement and interaction 
with surface water in AOC 1 and AOC 2 on and near Offutt 
Air Force Base.
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Synoptic Groundwater- and Surface-Water-Level 
Surveys

Discrete groundwater-level measurements have been col-
lected at Offutt Air Force Base for nearly 20 years to monitor 
groundwater-level trends. Discrete groundwater measure-
ments are invaluable to document groundwater-level trends 
to provide background information for groundwater remedia-
tion studies but may not provide sufficient groundwater-level 
information to assess the effect of surface water on groundwa-
ter movement. To improve the understanding of groundwater 
movement and interaction with surface water under varying 
hydrologic conditions, two synoptic groundwater- and surface-
water-level surveys were completed during late summer 2020 
(August 31–September 3, 2020) and during spring 2021 
(May 3–5, 2021). All data were collected over a short period 
(less than 1 week) to provide an accurate representation of 
hydrologic conditions; the groundwater- and surface-water-
level data are available in Hobza (2023), and groundwater 
levels are stored in the USGS National Water Information 
System database (U.S. Geological Survey, 2022).

Surface-water features—such as streams, ponds, sand 
pit lakes, wetlands, and inundated road ditches—are common 
within the study area. Because groundwater is close to land 
surface, often within 10 ft (URS Group, Inc., 2011), these 
surface-water features are considered in hydrologic connec-
tion with the local groundwater flow system. The elevations of 
surface-water features were surveyed with a global navigation 
satellite system (GNSS) rover receiver using a real-time net-
work (RTN; U.S. Geological Survey, 2021a), where the GNSS 
rover receiver receives real-time position corrections from a 
central server through a mobile wireless fidelity (commonly 
known as Wi-Fi) hotspot linked to the rover receiver.

Data collection procedures during synoptic groundwater- 
and surface-water-level surveys ensured the position and 
elevation data achieved a USGS level-III survey accuracy 
(Rydlund and Densmore, 2012). The vertical accuracy of 
the surveyed surface-water elevations was generally within 
0.25 ft. The vertical accuracy at the 95-percent confidence 
level was determined using the approach described in Rydlund 
and Densmore (2012) by calculating the vertical root mean 
square error of the survey data by comparing the surveyed 
elevation of known benchmarks to their published elevation 
during the synoptic groundwater- and surface-water-level 
surveys using equations 1 and 2.

 RMSE  =  √
_________________

  
 ∑  i=1  n     ( Z  data i   −  Z  check i  )    2  _________________

n     , (1)

where

RMSE is the vertical root mean square error,

Zdata i is the vertical coordinate of the ith checkpoint 
in the dataset,

 Zcheck i is the vertical coordinate of the ith point in the 
quality assurance dataset,

i is an integer from 1 to n, and

n is the number of points being checked.

Az=1.960*RMSE, (2)

where

Az is the fundamental vertical accuracy 
calculated at the 95-percent 
confidence level.

In total, 29 and 36 surface-water features were surveyed for 
the late summer 2020 and spring 2021 synoptic water-level 
surveys, respectively (Hobza, 2023).

Discrete groundwater-level measurements were collected 
in accordance with the guidelines and protocols described 
in Cunningham and Schalk (2011). For the late summer and 
spring synoptic water-level surveys, groundwater levels were 
measured in the same set of 24 wells within and near AOC 1 
and AOC 2 (Hobza, 2023). The land-surface elevation of each 
monitoring well was surveyed concurrent with the late 
summer 2020 synoptic water-level survey (Hobza, 2023). 
Land-surface elevations were measured using an RTN 
approach described in Rydlund and Densmore (2012). Data 
collection procedures ensured elevation data accuracy met the 
criteria for a USGS level III real-time positioning survey 
(Rydlund and Densmore, 2012). The vertical accuracy was 
within 0.2 ft, as calculated by the root mean square error from 
benchmark residuals. Immediately after data collection during 
late summer 2020 and spring 2021, the horizontal coor-
dinates of each well and surface-water measuring location and 
elevation of each groundwater level and surface-water feature 
were imported into a geographic information system environ-
ment to allow for an initial assessment on the accuracy of the 
measured data and for further interpretation and evaluation. 
Groundwater-level and surface-water locations and eleva-
tions are available in Hobza (2023) and the USGS National 
Water Information System database (U.S. Geological Survey, 
2022).

Continuous Water-Level Data Collection
Continuous groundwater-level data from 2 wells and 

stage measurements from 5 USGS streamgages were col-
lected to determine the direction of shallow groundwater 
flow and determine the interactions between surface water 
and shallow groundwater on and near Offutt Air Force Base 
(table 1; fig. 2; U.S. Geological Survey, 2022). Three real-
time surface-water stage-measurement stations, which include 
Missouri River at Highway 370 at Bellevue, Nebr. (USGS 
site 06610670); Papillion Creek at Harlan Lewis Road near 
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Table 1. Site number; geographic location; and elevation of streamgages, stage-measurement stations, and monitoring wells in and around Offutt Air Force Base, Nebraska, 
2020–22.

[USGS, U.S. Geological Survey; ID, identifier; lat, latitude; DD, decimal degree; long, longitude; Hwy, Highway; Nebr., Nebraska; NA, not applicable; nr, near; AFB, Air Force Base; Cr, Creek; Rd, Road; 
streamgage data from U.S. Geological Survey, 2022]

USGS  
station number

USGS  
station name

Local ID Lat (DD) Long (DD)
Elevation or 
gage datum, 

in feet
Site type

Screened 
interval,  
in feet

06610670 Missouri River at Hwy 370 
at Bellevue, Nebr.

Missouri River at 370 41.13836111 95.87972222 936.34 Real-time stage only NA

06610685 Offutt Ditch (Bellevue 
Drain) nr Offutt AFB, 
Nebr.

Offutt Ditch 41.11777778 95.87822222 950.07 Real-time stage only NA

06610795 Papillion Creek at Fort 
Crook, Nebr.

Papillion Creek at 
Fort Crook

41.11783333 95.93766667 945.77 Real-time stage and discharge NA

06610798 Papillion Cr at Harlan Lewis 
Rd nr La Platte, Nebr.

Papillion Creek at 
Harlan Lewis

41.08211111 95.88975000 944.45 Real-time stage only NA

410704095524301 Base Lake at Offutt AFB nr 
Bellevue, Nebr.

Base Lake 41.11777778 95.87822222 950.07 Real-time stage only NA

410616095541601 Dines Lake at Offutt AFB 
near Bellevue, Nebr.

Pond in Papillion Creek 
Ditch (Dines Lake)

41.10444444 95.9044444 949.55 Continuous stage NA

410615095541601 13N13E12CC 3 L4T–
MW9SI

L4T–MW9SI 41.10413889 95.90452778 964.63 Continuous groundwater level 28.5 to 
33.5

410705095534501 13N13E12AB 1 LF5–
MW3I

LF5–MW3I 41.11794444 95.89594444 961.79 Continuous groundwater level 35.4 to 
40.0
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La Platte, Nebr. (USGS site 06610798); and Offutt Ditch 
(Bellevue Drain) near Offutt Air Force Base, Nebr. (USGS 
site 06610685), were installed in August 2020 (table 1; fig. 1). 
The stage at the Missouri River at Highway 370 at Bellevue, 
Nebr. (USGS site 06610670), and Papillion Creek at Harlan 
Lewis Road near La Platte, Nebr. (USGS site 06610798), was 
measured with a noncontact radar stage sensor (FTS, 2021) 
attached to the handrail of the bridge. The stage at Offutt Ditch 
(Bellevue Drain) near Offutt Air Force Base, Nebr. (USGS 
site 06610685), was measured with a nonsubmersible pressure 
sensor (Sutron, 2014).

Two self-logging surface-water stage recorders were 
operated seasonally from August to October 2020 and 
from March to November 2021 in the pond in Papillion 
Creek Ditch (Dines Lake at Offutt Air Force Base near 
Bellevue, Nebr.; USGS site 410616095541601) and Base 
Lake at Offutt Air Force Base near Bellevue, Nebr. (USGS 
site 410704095524301; table 1; fig. 2). The self-logging 
surface-water stage recorders at these two sites were measured 
with a vented pressure transducer (In Situ, Inc., 2019) and 
were removed before ice each year. Construction activities 
near the pond in Papillion Creek Ditch above outfall 10 (Dines 
Lake at Offutt Air Force Base near Bellevue, Nebr.; USGS 
site 410616095541601) in May and June 2021 required the 
temporary removal of the transducer. The sensor in the pond 
in Papillion Creek Ditch above outfall 10 was reinstalled on 
June 22, 2021, and was removed in November 2021. The Base 
Lake (USGS site 410704095524301) water level was not mea-
sured over two periods because the water level dropped below 
the water-level sensor (October 19–November 18, 2020) and 
because of ice conditions (December 8, 2020, to April 12, 
2021) on the lake surface. In April 2021, the Base Lake site 
was converted to real time, and the stage was measured with 
a nonsubmersible pressure sensor (Sutron, 2014) through 
December 2021.

Continuous groundwater-level data were collected dur-
ing August 2020 through January 2022 in monitoring well 
L4T–MW9SI (USGS site 410615095541601) in AOC 1 and in 
monitoring well LF5–MW3I (USGS site 410705095534501) 
in AOC 2 (table 1; fig. 2). Groundwater levels were measured 
every 15 minutes with a self-logging vented pressure trans-
ducer (In Situ, Inc., 2019). Discrete water-level measurements 
were collected quarterly to ensure the accuracy of the continu-
ous water-level record. Additional information regarding the 
network of continuous stage-measurement stations and moni-
toring wells instrumented with continuous groundwater-level 
recorders for this study is listed in table 1.

Land-surface elevations of stage-measurement stations, 
self-logging surface-water stage recorders, and groundwater-
level recorders were established using GNSS (Kenney, 2010) 
to compare measured groundwater and surface-water levels at 
the same elevation datum. Elevations were established using 
an RTN approach described in Rydlund and Densmore (2012). 
Data collection procedures ensured that the position and 
elevation accuracy met the criteria for a USGS level III real-
time positioning survey (Rydlund and Densmore, 2012). The 

vertical accuracy was within 0.20 ft and was estimated using 
the approach described in the “Synoptic Water-Level Surveys” 
subsection of this report. Station levels were completed to 
establish the measured gage height or groundwater level to a 
surveyed reference mark elevation. Station levels were com-
pleted using a Sokkia SDL30 electronic digital level system 
(Sokkia Topcon Co., Ltd., 2000) in accordance with the guide-
lines and procedures stated in Cunningham and Schalk (2011) 
and Kenney (2010).

Surface-Water Drainage Analysis Methods

This section of the report describes the approach and 
methods used to understand the drainage of surface water 
from Offutt Air Force Base through outfall 10 to Papillion 
Creek and to determine the role of the Missouri River flows on 
surface-water drainage within AOC 1. This section includes 
descriptions of the cross-section and elevation profile surveys, 
inundation map development, and streamgage flow-duration 
analysis.

Cross-Section and Elevation Profile Survey of 
Papillion Creek Ditch

Channel cross sections were surveyed along Papillion 
Creek Ditch from outfall 10 upstream to L-Shaped Pond 
(fig. 3) to create an elevation profile of Papillion Creek Ditch 
and develop an inundation map. The elevation profile was 
created from the minimum elevations of the channel at each 
surveyed cross section and was used to identify backwa-
ter control points that can create ponded conditions within 
Papillion Creek Ditch. A GNSS survey in which 50 channel 
cross sections, in addition to culvert elevations, were surveyed 
was completed in December 2020 (fig. 3). The elevations of 
channel cross sections were collected from top of bank to 
top of bank and adjacent areas along the cross-section line. 
Structural features that were surveyed included the top and 
bottom of culverts and top of roads. The RTN data collection 
procedures described in Rydlund and Densmore (2012) were 
used to collect the cross-section elevation data. Data collec-
tion procedures ensured the position and elevation accuracy 
met the criteria for a USGS level III real-time positioning 
survey (Rydlund and Densmore, 2012). The vertical accuracy 
of all survey points was within 0.20 ft and was estimated 
using the approach described in the “Synoptic Groundwater- 
and Surface-Water-Level Surveys” subsection of this report. 
Surveyed elevation data from cross sections are available in a 
USGS data release (Hobza, 2023).

Inundation Map Development
Selected elevations from the cross-section surveys were 

used to create inundation maps to indicate where water would 
pond at a given water-surface elevation. Inundation maps 
were created using ArcMap 10.8 (Esri, 2020) by subtracting 
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a constant water-surface elevation from a digital elevation 
model (DEM) to obtain a depth raster. The DEM used for 
developing the inundation maps was derived from light detec-
tion and ranging (lidar) data (U.S. Geological Survey, 2020). 
The reported vertical accuracy of the open terrain land-cover 
category of the raw lidar point-cloud data was 0.50 ft at a 
95-percent confidence level with a root mean square error
of 0.26 ft (U.S. Geological Survey, 2020). The lidar-derived
DEM had a 3.281-ft grid-cell size and a reported vertical accu-
racy of plus or minus 1 ft (U.S. Geological Survey, 2020).

The elevation of the bottom of culvert 5 (957.78 ft above 
NAVD 88; fig. 3) was determined to be the primary backwater 
control point and would likely cause prolonged standing water 
on Offutt Air Force Base. The water-surface elevation selected 
was based on the examination of the channel elevation profile 
(fig. 3) created from the GNSS survey. The depth raster was 
created by subtracting the elevation of the lidar-derived 
DEM from the elevation of the bottom of culvert 5 (957.78 ft 
above NAVD 88). Positive values from the depth raster were 
extracted and converted to a polygon shapefile using the raster 
to polygon conversion tool in ArcMap (Esri, 2022). Inundated 
areas that were detached from the main channel of Papillion 
Creek Ditch were examined to determine if these areas were 
connected to Papillion Creek Ditch by culverts under road-
ways (fig. 3). Where such connections existed, the mapped 
inundated areas were retained; otherwise, the mapped inun-
dated areas were assumed to be erroneous and were deleted.

Flow-Duration Analysis
A flow-duration analysis was completed using 

streamgage data from Papillion Creek to determine the fre-
quency and duration of flow events when the water-surface 
elevation of Papillion Creek prevents the drainage of stormwa-
ter from Papillion Creek Ditch. Papillion Creek Ditch drains 
stormwater received in AOC 1 to Papillion Creek through 
a flap gate at outfall 10 (fig. 3). For flow to exit through the 
flap gate at outfall 10, the water-surface elevation of Papillion 
Creek Ditch on the landward site of the gate must be higher 
than the water level in Papillion Creek. For most stormwater 
events, the water-surface elevation in Papillion Creek does 
not exceed the elevation of the flap gate (951.60 ft above 
NAVD 88); however, during large runoff events, the water-
surface elevation of Papillion Creek exceeds the flap gate 
elevation, resulting in backwater conditions in Papillion Creek 
Ditch. Sustained high flows in Papillion Creek resulting in 
water-surface elevations above the flap gate elevation at out-
fall 10 may cause prolonged ponding in Papillion Creek Ditch 
within the Offutt Air Force Base boundary.

The streamflow resulting in a water-surface elevation of 
951.60 ft above NAVD 88 at outfall 10 was determined using 
the U.S. Army Corps of Engineers Hydrologic Engineering 
Center-River Analysis System (HEC–RAS) hydraulic model 
described in Strauch and Hobza (2023). The HEC–RAS 
hydraulic model (Strauch and Hobza, 2023) was developed 
to create a series of flood inundation maps that cover about 

an 8-mi reach of Papillion Creek from its confluence with 
Big Papillion Creek downstream to its confluence with the 
Missouri River (fig. 1). The HEC–RAS model was adjusted 
for this study by incrementally increasing flow values into 
the study reach until the water-surface elevation at outfall 10 
reached 951.60 ft above NAVD 88. After the threshold stream-
flow was determined, a flow-duration analysis was completed 
by examining streamflow records from October 1, 2012, to 
September 30, 2021, using the dataRetrieval and EflowStats 
packages available in R programming language (Mills and 
Blodgett, 2017; De Cicco and others, 2021; R Core Team, 
2021). The dataRetrieval package was used to download daily 
streamflow data from the Papillion Creek at Fort Crook, Nebr., 
streamgage (fig. 1; USGS site 06610795; U.S. Geological 
Survey, 2022). Next, the find_eventDuration function in the 
EflowStats package was used to determine streamflow event 
counts and durations greater than the threshold streamflow. 
The streamflow event count and duration were summarized 
and are described within the “Surface-Water Drainage and 
Flow-Duration Analyses” subsection of this report.

Analysis of Shallow Groundwater 
Movement and Surface-Water 
Drainage on and near Offutt Air Force 
Base

The hydrologic processes that affect the drainage of 
floodwaters within AOC 1 and AOC 2 at Offutt Air Force Base 
are presented and discussed in this section. The first subsection 
describes the hydrologic and climatic conditions from 2019 
through 2021. The annual precipitation rates near Offutt Air 
Force Base and surface-water elevations of the Missouri River 
and Papillion Creek provide additional context for understand-
ing the magnitude and effects of the March 2019 flood and 
the subsequent hydrologic response. The second subsection 
describes the movement of shallow groundwater and interac-
tion with surface water on and near Offutt Air Force Base. The 
changes in groundwater flow directions, hydraulic gradients, 
and the effect of the streamflow in the Missouri River from 
late summer 2020 to spring 2021 are examined and discussed. 
The third subsection describes the results and interpretations 
of channel cross-section surveys, flood inundation map inter-
pretation, and flow-duration analysis.

Hydrologic and Climatic Conditions of Offutt Air 
Force Base, 2018 through 2021

The surface-water elevations of the Missouri River 
and Papillion Creek and the annual precipitation rates near 
Offutt Air Force Base were compared to provide additional 
context towards understanding the magnitude and effects of 
the March 2019 flood. Continuous surface-water elevation 
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data from the Missouri River and Papillion Creek from 
November 2018 through November 2021 are shown in fig-
ure 4. The March 2019 flood event resulted in a surface-water 
elevation peak of 977.89 ft above NAVD 88 on March 13 
at the Papillion Creek at Fort Crook streamgage (USGS 
site 06610795). The Missouri River at Omaha streamgage 
(USGS site 06610000; fig. 1) reached a peak of 983.37 ft 
above NAVD 88 on March 17 (fig. 4). Higher than normal 
reservoir releases, as indicated by surface-water elevations 
greater than 973 ft (above NAVD 88), continued through 
November 2019 at the Missouri River at Omaha streamgage 
(fig. 4; USGS site 06610000).

The higher flows on the Missouri River from the 
March 2019 flood event caused backwater conditions in 
Papillion Creek, which was indicated by the sustained high 
water-surface elevation recorded at the Papillion Creek at Fort 
Crook streamgage (USGS site 06610000) from March 2019 

to early December 2019. In December 2019, decreases in 
upstream releases lowered the water-surface elevation of the 
Missouri River at Omaha by about 10 ft. In response, the mea-
sured stage at the Papillion Creek at Fort Crook streamgage 
(USGS site 06610795) decreased about 5 ft to 955.5 ft above 
NAVD 88. From December 2019 to November 2021, the mea-
sured stage at the Papillion Creek at Fort Crook streamgage 
(USGS site 06610795) remained at that elevation with sharp, 
short-lived increases in stage resulting from local precipita-
tion events (fig. 4). The surface-water-level elevation of the 
Missouri River remained lower than 2019 from 2020 through 
November 2021. From August 2020 to November 2021, the 
flows of the Missouri River closely followed the targeted 
upstream releases where the surface-water elevation during 
the navigation season was around 964 ft and the surface-water 
elevation during the nonnavigation or winter months was 
around 959 ft (fig. 4).

EXPLANATION
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Figure 4. Surface-water elevation measured at Missouri River at Omaha (U.S. Geological Survey site 06610000) and Papillion Creek 
at Fort Crook (U.S. Geological Survey site 06610795), Nebraska, November 2018–November 2021.
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Annual precipitation measured in Bellevue, Nebr., varied 
from 2019 to 2021 and affected the water-surface elevation 
of Papillion Creek in the study area. Annual precipitation in 
2019 at Bellevue, Nebr. (climate station US10sarp039), was 
35.58 in., which exceeded the 30-year (1991–2020) normal 
of 32.58 inches per year for weather station USC00256534 
in Papillion, Nebr. (National Centers for Environmental 
Information, 2021). Weather station USC00256534 is about 
8 mi west of Offutt Air Force Base and is shown for compari-
son in figure 5 because it is the closest weather station with 
a complete precipitation record. In 2020, annual precipita-
tion dropped below normal to 21.3 in. (National Centers for 
Environmental Information, 2022). The measured annual 
precipitation was 30 in. in 2021 but remained below the 
30-year annual mean precipitation (National Centers for
Environmental Information, 2021). The effect of the decreased
precipitation is evident when comparing the surface-water
elevations measured in 2020 and 2021 to 2019 at the Papillion
Creek at Fort Crook streamgage (USGS site 06610795; fig. 4).

The upward spikes that indicate precipitation events and 
subsequent runoff produced smaller peaks in 2020 compared 
to 2021 (fig. 4).

Movement of Shallow Groundwater and 
Interaction with Surface Water

This section of the report describes the movement of 
shallow groundwater and interaction with surface water in 
AOC 1 and AOC 2 on Offutt Air Force Base. The results of 
the synoptic water-level surveys are discussed, and com-
parisons of groundwater levels and flow directions between 
summer 2020 and spring 2021 are presented in the “Synoptic 
Water-Level Surveys” subsection of this report. Groundwater- 
and surface-water-level data collected from the real-time 
water-level network are presented and discussed in the 
“Continuous Water-Level Data Collection” subsection.

EXPLANATION

Observed total daily precipitation—NOAA GHCN station US10sarp039 at Bellevue, Nebraska

Observed cumulative precipitation—NOAA GHCN station US10sarp039 at Bellevue, Nebraska

1981−2010 cumulative precipitation normal—NOAA GHCN station USC00256534 at Papillion, Nebraska

[NOAA, National Oceanic and Atmospheric Administration; GHCN, Global Historical Climatology Network]
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Figure 5. Observed daily and cumulative precipitation at Bellevue, Nebraska (US10sarp039), January 2019 through December 2021 
(National Centers for Environmental Information, 2021), and normal cumulative precipitation from 1981 to 2010 at Papillion, Nebraska 
(USC00256534), about 8 miles west of Offutt Air Force Base.
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Synoptic Water-Level Surveys
Groundwater and surface-water elevation data collected 

during a synoptic water-level survey during late summer 2020 
indicate that the water-level elevation in the pond in Papillion 
Creek Ditch (956.50 ft above NAVD 88) is higher than the 
groundwater levels in two wells west of the pond (955.93 ft 
above NAVD 88; fig. 6A), indicating the pond is a source of 
recharge to the local groundwater flow system. Stormwater 
received in the pond in Papillion Creek Ditch likely drove 
local groundwater flow patterns within AOC 1. As the surface-
water level rises in the pond in Papillion Creek Ditch, the 
hydraulic gradient (the difference in the water-level elevation 
in the groundwater and surface water) also increases. Using 
Darcy’s Law (Freeze and Cherry, 1979), increases in hydraulic 
gradient result in a proportional increase in recharge to the 
local groundwater system. The groundwater recharge rates in 
this area and below the pond in Papillion Creek Ditch have 
not been determined; groundwater recharge rates depend 
on the hydraulic conductivity of the underlying sediments 
(Freeze and Cherry, 1979), which is likely small. Despite the 
low groundwater recharge rates, it is inferred groundwater 
does recharge after storm events under the pond in Papillion 
Creek Ditch; this recharge results in groundwater mound-
ing and likely drives groundwater movement within AOC 1. 
Within AOC 2, groundwater and surface-water elevation data 
indicated groundwater flowed southeast from the runway 
to the Missouri River where the water-level surface slopes 
about 2 feet per mile (ft/mi; fig. 6B). Northeast of the runway, 
groundwater either flowed northeast to Offutt Ditch or to the 
western edge of Base Lake (fig. 6B). The water level in Base 
Lake was within 0.05 ft of the groundwater levels measured 
upgradient from the southwest corner of Base Lake and was 
about 1.6 ft higher than the water-level elevation collected in 
Offutt Ditch near the northeastern part of Base Lake (fig. 6A). 
The elevation differences among the measured water levels 
indicated seepage from Base Lake flowed east to the Missouri 
River or was captured by Offutt Ditch to the north. The water 
level in Offutt Ditch west of levee R–616–613 was about 2.6 ft 
higher than the water level east of levee R–616–613 (fig. 6A).

Groundwater and surface-water elevation data collected 
during a synoptic water-level survey in late spring 2021 
were similar to water-level data collected in summer 2020, 
indicating that precipitation that fell during the survey 
likely did not affect groundwater flow patterns. On May 3, 
2021, the Bellevue, Nebr., climate station recorded about 
0.45 in. of precipitation (National Centers for Environmental 
Information, 2022). The effect of this precipitation on water 
levels was likely minimal—it caused a short-term (less 
than 24 hours) rise in gage height of about 0.75 ft at the 
Papillion Creek at Harlan Lewis Road stage-measurement 
station (USGS site 06610798), a rise of 1 ft in Offutt Ditch 
(USGS site 06610685), and no rise in Base Lake (USGS 
site 410704095524301; U.S. Geological Survey, 2022). The 
precipitation caused a 0.05-ft increase in wells L4T–MW9SI 
(in AOC 1) and LF5–MW3I (in AOC 2) that lasted less than 

24 hours (U.S. Geological Survey, 2022). The measured gage 
height in Offutt Ditch returned to prestorm levels on May 4, 
2021, when the surface-water-level elevations of Offutt Ditch 
and Base Lake were surveyed.

Groundwater and surface-water elevations collected in 
AOC 1 and AOC 2 during the spring 2021 synoptic water-
level survey are shown in figure 7A. The pond in Papillion 
Creek Ditch in AOC 1 likely recharged nearby shallow 
groundwater in spring 2021 because the water-level eleva-
tion in the pond (956.69 ft above NAVD 88) was about 
0.5 ft higher than local groundwater levels (956.20 ft above 
NAVD 88; fig. 7A). The difference in water-level eleva-
tions between the pond in Papillion Creek Ditch and nearby 
groundwater was slightly smaller in spring 2021 compared to 
the difference calculated in late summer 2020 (0.57 ft; fig. 6A). 
A comparison of water levels measured in AOC 2 indicated 
some seasonal changes from summer 2020 to spring 2021. 
Measured water levels indicated that groundwater flowed 
southeast from the southeast corner of the runway to the 
Missouri River (fig. 7B); however, the hydraulic gradient 
from the southeast corner of the runway to the Missouri River 
increased from 2 ft/mi in summer 2020 to about 4.5 ft/mi in 
spring 2021. Northeast of the runway, groundwater flowed east 
to Base Lake and the Missouri River. The water-level eleva-
tion measured at Base Lake was 0.23 ft less than the water-
level elevation measured in Offutt Ditch near the northeast 
corner of Base Lake (fig. 7A). The elevation of Base Lake 
decreased by about 2.2 ft from summer 2020 to spring 2021 
(fig. 6A and fig. 7A) and was likely caused by decreased 
flows of the Missouri River during the winter months 
(U.S. Geological Survey, 2022).

Changes in surface-water and groundwater levels from 
summer 2020 to spring 2021 were the result of differences in 
seasonal precipitation and streamflows in the Missouri River. 
For most hydrologic systems, groundwater levels are highest 
in the spring when precipitation is greater than evapotranspira-
tion and groundwater pumping. Groundwater levels in AOC 1 
increased from summer 2020 to spring 2021 in response to 
increased seasonal precipitation; however, groundwater levels 
in AOC 2 decreased from summer 2020 to spring 2021 (fig. 8). 
The largest water-level decreases were observed in monitoring 
wells east of the runway, closer to the Missouri River and Base 
Lake (fig. 8).

Water-surface elevation data from the Missouri River 
at Omaha, Nebr., streamgage (fig. 8; USGS site 06610000; 
U.S. Geological Survey, 2022) were plotted with previously 
measured groundwater-level elevation data from monitor-
ing wells on Offutt Air Force Base (URS Group, Inc., 2002, 
2003, 2004, 2005, 2006a, 2007, 2008a, 2009, 2010, 2011, 
2012) from 1999 through 2011 (fig. 9). During the winter 
months (December–March), the water-surface elevation of 
the Missouri River at Omaha, Nebr., streamgage (USGS 
site 06610000) decreased to about 960 ft above NAVD 88. 
Each spring, the groundwater-level elevation in well OJET–
MW8D (fig. 8), which is screened in the Missouri River Valley 
alluvial aquifer and representative of water-level conditions in 
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Figure 8. Change in groundwater levels in wells measured in late summer 2020 and late spring 2021 on and near Offutt 
Air Force Base, Nebraska.
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AOC 2, decreased by about 2–3 ft (fig. 9). Groundwater-level 
elevations in monitoring well L4T–MW8SI (fig. 8), which is 
representative of water-level conditions in AOC 1 increased 
from winter to spring each year, likely in response to increased 
seasonal precipitation (fig. 9).

The difference in hydrologic response between AOC 1 
and AOC 2 (fig. 8) can be linked to differences in subsurface 
geology. The areas that show the largest decreases in water 
levels from summer 2020 to spring 2021 are east of the Offutt 
Air Force Base boundary, within AOC 2, where groundwater 
levels are affected by the flows of the Missouri River. The 
subsurface geology in AOC 2 consists of a thin layer of fine-
grained silt overlying coarser alluvial sand deposits. Although 

the extent of these sediments is not fully mapped between the 
Offutt Air Force Base boundary and the active channel of the 
Missouri River, two geophysical surveys have mapped sedi-
ments within the Missouri River Valley near Offutt Air Force 
Base. An airborne electromagnetic survey contracted by the 
Papio-Missouri River Natural Resources District collected 
data near Offutt Air Force Base (Abraham and Asch, 2021). 
One flight line was immediately north of Offutt Ditch, span-
ning the width of Base Lake eastward to the Missouri River. 
The interpreted airborne electromagnetic profile indicated a 
thin layer (less than 5 ft) of fine-grained sediments mantling 
about 40 ft of coarse-grained material (Abraham and Asch, 
2021). Additionally, land-based direct-current resistivity 
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Missouri River at Omaha (site 06610000)

OJET−MW8D (site 410614095531201)

L4T−MW8SI (site 410617095541601)

EXPLANATION

Figure 9. Comparison of water-level elevation of the Missouri River at Omaha, Nebraska (computed from measured gage height at 
U.S. Geological Survey site 06610000), to measured groundwater levels (URS Group, Inc., 2002, 2003, 2004, 2005, 2006a, 2007, 2008a, 
2009, 2010, 2011, 2012) measured on Offutt Air Force Base, 1999–2011. The locations of monitoring wells L4T–MW8SI and OJET–MW8D 
are shown in figure 8.
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data were collected along the crest of levee R–616–613 
(fig. 1; FYRA Engineering, 2017). The land-based direct-
current resistivity survey results indicated that underneath 
levee R–616–613 is a 30-ft-thick interval of high resistivity 
sediments interpreted to be coarse alluvial deposits, which 
generally agrees with thickness estimates from the airborne 
electromagnetic survey. These coarse alluvial sands detected 
in AOC 2 in both geophysical surveys facilitate groundwater/
surface-water exchange between the Missouri River and the 
Missouri River alluvial aquifer.

In contrast, groundwater levels in AOC 1 near outfall 10 
seemed to be more affected by local precipitation. In AOC 1, 
groundwater levels increased during spring months likely 
because local precipitation exceeded evapotranspiration rates. 
Stormwater and resource managers at Offutt Air Force Base 
have observed runoff captured by the pond in Papillion Creek 
Ditch persists for months. Land-based direct-current resistivity 
survey data (FYRA Engineering, 2017) were collected along 
the left (north) bank of Papillion Creek less than one-half 
mile from AOC 1 within Offutt Air Force Base (fig. 1). The 
two-dimensional resistivity survey results indicate that the 
Papillion Creek Valley is covered by a 50-ft-thick layer of 
low-resistivity sediments interpreted to be fine-grained silt 
and clay. Driller’s logs from monitoring wells near outfall 10 
indicate that the upper 20 ft of the subsurface are dominated 
by clay and silt (Nebraska Department of Natural Resources, 
2021). The drainage of ponded stormwater to the shallow 
groundwater system is likely restricted by fine-grained sedi-
ments that cap most of AOC 1.

Continuous Water-Level Data Collection
Continuous surface-water and groundwater data indicated 

that the hydrologic response of water levels to precipitation 
events varied between AOC 1 and AOC 2. In AOC 1, the 
measured surface-water elevations of the pond in Papillion 
Creek Ditch and groundwater levels measured in monitoring 
well L4T–MW9SI are shown in figure 10. Groundwater levels 
in well L4T–MW9SI (USGS site 410705095534501 in fig. 2) 
closely mirrored surface-water levels in the pond in Papillion 
Creek Ditch with sharp increases in water levels coinciding 
with precipitation events. Consistent with the results of the 
summer 2020 and spring 2021 synoptic water-level surveys, 
the surface-water elevation of the pond in Papillion Creek 
Ditch remained above the groundwater-level elevation dur-
ing the period of continuous water-level data collection from 
August 2020 to February 2022. The higher water levels in the 
pond in Papillion Creek Ditch indicated that stormwater pro-
vides much of the recharge and drives groundwater movement 
of the local groundwater flow system underlying AOC 1. The 
highest groundwater levels were measured in L4T–MW9SI on 
March 14–15, 2021, when local snowmelt preceded 3.23 in. of 
precipitation and resulted in sharp water-level increases in the 
pond in Papillion Creek Ditch (fig. 10).

Continuous water-level data indicated surface-water 
and groundwater movement east of the runway and near 
Base Lake were affected by local precipitation and likely by 
the flows of the Missouri River. Most notably, groundwater 
levels increased by 2.2 ft in response to increases in flow of 
the Missouri River and local precipitation on March 14–15, 
2021 (fig. 11A and 11B). Because monitoring well LF5–MW3I 
is 1.5 mi from the Missouri River, the effects of increased 
flows of the Missouri River are more difficult to discern. For 
context, the measured water-level increase in monitoring well 
LF5–MW3I from the summer 2020 water-level survey to 
the spring 2021 water-level survey was the smallest of those 
calculated in AOC 2 (fig. 8).

Offutt Ditch likely contributed flow to the Missouri 
River in later summer 2020 and acted as a drain for the local 
groundwater flow system. The banks of the ditch were devoid 
of vegetation for much of 2020, which indicated Offutt Ditch 
likely remained submerged after the 2019 flood event. After 
spring 2021, the groundwater-level elevation in well LF5–
MW3I near Offutt Ditch was below the elevation of Offutt 
Ditch (fig. 11A), which then no longer acted as a ground-
water drain but rather as a channel for moving stormwater 
runoff, and vegetation began to recolonize the banks. Under 
the spring 2021 hydrologic condition, Offutt Ditch seemed 
to be independent of the flows of the Missouri River and 
responded solely to local precipitation (fig. 11A and 11B). 
Stormwater runoff from outfalls on Offutt Air Force Base 
and from the city of Bellevue to the north resulted in abrupt 
gage height increases in Offutt Ditch (fig. 11A). After runoff 
events, stormwater can pond in Offutt Ditch behind the gate at 
levee R–616–613 and, while ponded, stormwater runoff can 
recharge the underlying Missouri River Valley alluvial aquifer. 
During this study, after prolonged dry periods, the water level 
in Offutt Ditch was below the level of the Offutt Ditch water-
level sensor or completely dry, resulting in no water-level data 
for this period (fig. 11A). The water-level sensor was lowered 
in April 2021 by about 0.3 ft to better capture water-level 
changes in Offutt Ditch after smaller (less than 0.25 in.) runoff 
events (fig. 11A and 11B).

The water-surface elevation of Base Lake decreased 
by 2.4 ft from August 2020 to April 2021 when data collec-
tion resumed. Water levels in Base Lake responded to larger 
(greater than 0.25 in.) storm events with smaller increases 
in water levels compared to water levels in monitoring well 
LF5–MW3I and Offutt Ditch. The water level of Base Lake 
increased after precipitation events (for example, August 31–
September 1, 2021), after which water levels declined from 
evaporation and seepage to the underlying aquifer (fig. 11A 
and 11B). From June to August 2021, the water level at Base 
Lake increased by about 0.6 ft (fig. 11A) from construction 
activities that involved dewatering the eastern part of the run-
way on Offutt Air Force Base by pumping groundwater from 
wells and diverting the pumped groundwater to Base Lake.
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EXPLANATION

Bellevue 3.7 WNW, NE US—GHCN station US10sarp039

Groundwater elevation at 13N13E12CC 3 L4T−MW9SI—
USGS site 410615095541601; well location shown in figure 1

Papillion Creek at Harlan Lewis Road near 
La Platte, Nebraska—USGS site 066610798

Pond in Papillion Creek Ditch—Known as Dines Lake at 
Offutt Air Force Base near Bellevue, Nebraska; 
USGS site 410616095541601

Figure 10. (A) Measured water-level elevations of the pond in Papillion Creek Ditch (Dines Lake at Offutt Air Force Base near 
Bellevue, Nebraska; U.S. Geological Survey site 410616095541601) and monitoring well L4T–MW9SI (U.S. Geological Survey 
site 410615095541601) within area of concern 1 and (B) daily precipitation about 4.7 miles from area of concern 1, on and around 
Offutt Air Force Base, Nebraska, August 2020–January 2022.

Surface-Water Drainage and Flow-Duration 
Analyses

Surface-water drainage in Papillion Creek Ditch was 
evaluated using an elevation profile of the bottom of the chan-
nel (fig. 12) determined from surveyed cross sections (fig. 3). 
The elevation profile was created by plotting the elevation 
of the bottom of the Papillion Creek Ditch channel with the 
distance from outfall 10. The elevation from L-Shaped Pond 
to outfall 10 decreased by about 5.3 ft over a 6,000-ft distance 
(fig. 12). About 96 percent of the elevation decrease was in the 

last 5 percent (300 ft) of the distance along Papillion Creek 
Ditch (fig. 12). Culvert 4 and culvert 5 had inverted eleva-
tions (elevation of the bottom interior of the culvert) that were 
higher than the adjacent upstream reaches of Papillion Creek 
Ditch (fig. 12). High points in the elevation profile caused 
by elevation differences caused these culverts to act as small 
dams and resulted in ponded water.

An inundation map was created to determine the poten-
tial extent of the ponded water caused by culvert 5 when the 
water-surface elevation is 957.78 ft above NAVD 88 (fig. 3). 
The inundated area shown in figure 3 illustrates that if the 
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USGS site 410705095534501; well location shown in figure 8
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Figure 11. (A) Measured water-level elevations of the Missouri River at Highway 370 (U.S. Geological Survey [USGS] 
site 06610670), Base Lake (USGS site 410704095524301), Offutt Ditch (USGS site 06610685), and monitoring well LF5–MW3I (USGS 
site 410705095534501) within area of concern 2, August 2020–January 2022, on and around Offutt Air Force Base, Nebraska, and 
(B) daily precipitation about 4.5 miles from area of concern 2.

water-surface elevation equaled the elevation of the upstream 
side of culvert 5, water would be present throughout Papillion 
Creek Ditch and upstream to L-Shaped Pond. It is important 
to note, the inundated area shown in figure 3 assumes that the 
valve at culvert 1 was open. Other areas within AOC 2, includ-
ing East Gate Drain (fig. 2), would potentially be inundated 
at the water-surface elevation shown in figure 3. The pond 
in Papillion Creek Ditch (fig. 2) is the result of the culvert 4 
invert elevation being higher than the adjacent upstream 

channel; however, the channel profile shown in figure 12 
indicates the depth of ponding is likely limited to 1.5 ft during 
dry periods.

Stormwater conveyed in Papillion Creek Ditch will 
drain to Papillion Creek at outfall 10, provided the water level 
in Papillion Creek is lower than the flap gate elevation of 
951.60 ft above NAVD 88 at outfall 10 (fig. 3). Analysis using 
a HEC–RAS model (Strauch and Hobza, 2023) indicated 
that the threshold streamflow associated with a water-surface 
elevation of 951.60 ft in Papillion Creek at outfall 10 is about 
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Outfall 10

Culvert 5 DS

Culvert 5 US

Culvert 4 DS

Culvert 4 US

Pond in Papillion Creek Ditch

Culvert 3 DS

Culvert 3 US

Culvert 2 DS Culvert 1 DS and valve

Culvert 2 US Culvert 1 US

Minimum elevation from surveyed cross section

Water surface elevation at 957.78 feet 
above NAVD 88—Culvert 5 invert elevation

EXPLANATION
[US, upstream; DS, downstream;

NAVD 88, North America Vertical Datum of 
1988; elevation data from Hobza (2023)]

Approximated ground elevation profile

Figure 12. Approximated ground elevation profile and minimum elevations of surveyed cross sections for Papillion Creek Ditch on 
and near Offutt Air Force Base, Nebraska, December 2020.

771 ft3/s. Flow-duration analysis examined streamflow records 
at the Papillion Creek at Fort Crook (USGS site 06610795) 
streamgage, which is about 2.1 mi upstream from outfall 10, 
from October 1, 2012 to September 30, 2021, and deter-
mined that 120 streamflow events exceeded the 771-ft3/s 
streamflow threshold. The mean duration of the streamflow 
events that exceed the 771-ft3/s streamflow threshold was 
1.57 days, and the median streamflow event duration was 
1 day (table 2). Nearly 90 percent of streamflow events that 
exceed the 771-ft3/s streamflow threshold lasted less than 
2 days (table 2). Given the short duration of streamflow 

events that exceed the 771-ft3/s streamflow threshold, and 
through an examination of streamflow measurements made in 
2019 (U.S. Geological Survey, 2022), it can be inferred that 
many of the surface-water drainage problems experienced 
in 2019 were the result of backwater conditions on Papillion 
Creek caused by higher streamflows on the Missouri River. 
Backwater conditions on Papillion Creek were experienced 
as far upstream as the Papillion Creek at Fort Crook (USGS 
site 06610795) streamgage and persisted from mid-March 
through November 2019 (fig. 4), preventing the drainage of 
floodwaters from AOC 1.
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Table 2. Statistical summary of streamflow-duration analysis results for the Papillion Creek at Fort Crook (U.S. Geological Survey site 06610795), Nebraska, streamgage. The 
streamflow threshold was 771 cubic feet per second.

[USGS, U.S. Geological Survey; Nebr., Nebraska]

USGS station 
number

USGS station name
Mean 

duration 
(days)

Maximum 
duration 

(days)

Minimum 
duration 

(days)

Median 
duration 

(days)

Total number of 
events

Percentage of events exceeding 771 cubic feet per second

1 day 2 days 3 days 4 days 5 days 6 days 7 days

06610795 Papillion Creek at Fort 
Crook, Nebr.

1.57 7 1 1 120 68.3 20.8 4.2 1.7 3.3 0.8 0.8
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Summary
Offutt Air Force Base, south of Omaha, Nebraska, expe-

rienced major flooding during the March 2019 flood event 
because of the proximity of the base to the confluence of the 
Missouri River and other tributaries. An abnormally cold 
February through early March 2019 resulted in frozen soils 
with about 6–10 inches of snow cover. On March 14, 2019, an 
additional 2–3 inches of rain fell in parts of eastern Nebraska 
and South Dakota and western Iowa. These climatic events 
produced a 1-percent exceedance probability flood (100-year 
flood) on the Missouri River. The floodwaters breached 
Federal levee R–616–613, northeast of Offutt Air Force Base 
and submerged the lower half of the Offutt Air Force Base run-
way, inundating about 30 buildings at Offutt Air Force Base. 
The floodwaters damaged about 130 structures, of which 60 
were damaged beyond repair. Although much of the floodwa-
ters receded in a few weeks, standing water remained on parts 
of Offutt Air Force Base through much of 2019, attracting 
waterfowl and other birds and posing a substantial safety risk 
to aircraft.

To protect this significant strategic and economic invest-
ment, the U.S. Geological Survey (USGS), in cooperation 
with the U.S. Air Force, began a study in 2020 to describe the 
hydrologic processes that contributed to standing water on and 
near Offutt Air Force Base through water-level monitoring, 
flood inundation mapping, and hydraulic modeling. Recent 
(2020) discussions with Offutt Air Force Base personnel indi-
cated two areas of concern (AOCs) on Offutt Air Force Base. 
One area is near the southern edge of Offutt Air Force Base, 
which drains to Papillion Creek (AOC 1), and the second area 
is near Base Lake at the eastern edge of Offutt Air Force Base 
(AOC 2). Identifying the hydrologic processes responsible for 
standing water in these two areas will help to equip U.S. Air 
Force personnel with the information needed to mitigate the 
effects of future events.

The lithologic and hydrogeologic differences between 
Missouri River Valley alluvial deposits, which underlie 
AOC 2, and Papillion Creek Valley alluvial deposits, which 
underlie AOC 1, are from differences in depositional history 
and sediment sources unique to each stream system. Sediments 
deposited within the Missouri River Valley near Offutt Air 
Force Base are likely sourced from the northern Great Plains 
and Rocky Mountain front (not shown on any maps). In con-
trast, Papillion Creek drains areas of eastern Nebraska, which 
are covered with fine-grained glacial till, resulting in a thicker 
cap of fine-grained material within the Papillion Creek Valley 
alluvial deposits. AOC 1 is in the Papillion Creek Basin, which 
drains areas of eastern Nebraska covered with fine-grained 
glacial till, referred to as a cap, which ranges from 33 to 
79 feet (ft) thick within the Papillion Creek Valley. This thick 
cap of fine-grained sediments prevents the subsurface drain-
age of ponded water within AOC 1. In contrast, AOC 2 is in 
the Missouri River Valley, which drains much of the northern 
Great Plains and Rocky Mountain Front and has much coarser 

alluvial sediments in the subsurface. Within AOC 2, a fine-
grained cap of alluvial silt and clay ranges from 4 to 26 ft and 
overlies 10–65 ft of alluvial sand.

Groundwater and surface-water elevation data collected 
during synoptic water-level surveys during late summer 2020 
and spring 2021 indicate a varying hydrologic response 
between AOC 1 and AOC 2. Groundwater levels in AOC 1 
increased from summer 2020 to spring 2021 in response to 
increased seasonal precipitation; however, groundwater levels 
in AOC 2 decreased from summer 2020 to spring 2021. The 
largest water-level decreases were observed in monitoring 
wells east of the runway, closer to the Missouri River and 
Base Lake. The difference in hydrologic response between 
AOC 1 and AOC 2 can be linked to differences in subsurface 
geology. The areas that indicate decreases in water levels from 
summer 2020 to spring 2021 are east of the Offutt Air Force 
Base boundary, within AOC 2, where groundwater levels are 
affected by the flows of the Missouri River. The subsurface 
geology in AOC 2 consists of a thin layer of fine-grained silt 
overlying coarser alluvial sand deposits. The coarse alluvial 
sands facilitate groundwater/surface-water exchange between 
the Missouri River and the Missouri River Valley allu-
vial aquifer.

In contrast, groundwater levels in AOC 1 near outfall 10 
seemed to be more affected by local precipitation. Continuous 
groundwater levels closely mirrored surface-water levels, and 
sharp increases coincided with precipitation events. Consistent 
with the results of the summer 2020 and spring 2021 synoptic 
water-level surveys, the surface-water elevation within AOC 1 
remained above the groundwater-level elevation. The consis-
tently higher water level indicated that stormwater provides 
much of the recharge and drives groundwater movement of the 
local groundwater flow system within AOC 1.

Surface-water drainage in Papillion Creek Ditch was 
evaluated using an elevation profile determined from sur-
veyed cross sections. The elevation from L-Shaped Pond to 
outfall 10 decreased by about 5.3 ft over a 6,000-ft distance. 
About 96 percent of the elevation decrease was in the last 
5 percent (300 ft) of the distance along Papillion Creek Ditch. 
Culvert 4 and culvert 5 had inverted elevations (elevation 
of the bottom interior of the culvert) that are higher than the 
adjacent upstream reaches of Papillion Creek Ditch. High 
points in the elevation profile caused by elevation differences 
caused these culverts to act as small dams and resulted in 
ponded water.

An inundation map was created to determine the potential 
extent of the ponded water caused by culvert 5 (water-surface 
elevation of 957.78 ft above the North American Vertical 
Datum of 1988). The inundation map indicates that if the 
water-surface elevation equaled the elevation of the upstream 
side of culvert 5, water would be present throughout Papillion 
Creek Ditch and upstream to L-Shaped Pond. Other areas 
within AOC 2, including East Gate Drain, would be inundated 
at the water-surface elevation. The pond in Papillion Creek 
Ditch is the result of the inverted elevation of culvert 4 being 
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higher than the adjacent upstream channel; however, the chan-
nel profile indicates the depth of ponding is likely limited to 
1.5 ft during dry periods.

Stormwater conveyed in Papillion Creek Ditch will 
drain to Papillion Creek at outfall 10, provided the water 
level in Papillion Creek is lower than the flap gate eleva-
tion of 951.60 ft above the North American Vertical Datum 
of 1988 at outfall 10. Analysis using a U.S. Army Corps of 
Engineers Hydrologic Engineering Center-River Analysis 
System hydraulic model indicated that the threshold stream-
flow associated with a water-surface elevation of 951.60 ft 
in Papillion Creek at outfall 10 is about 771 cubic feet per 
second (ft3/s). Flow-duration analysis examined streamflow 
records at the Papillion Creek at Fort Crook, Nebraska (USGS 
site 06610795), streamgage, which is about 2.1 miles upstream 
from outfall 10, from October 1, 2012, to September 30, 
2021, and determined that 120 streamflow events exceeded 
the 771-ft3/s streamflow threshold. The mean duration of the 
streamflow events that exceed the 771-ft3/s streamflow thresh-
old was 1.57 days, and the median streamflow event duration 
was 1 day. Nearly 90 percent of streamflow events that exceed 
the 771-ft3/s streamflow threshold lasted less than 2 days. 
Given the short duration of streamflow events that exceed the 
771-ft3/s streamflow threshold, and through an examination
of streamflow measurements made in 2019, it can be inferred
that many of the surface-water drainage problems experienced
in 2019 were the result of backwater conditions on Papillion
Creek caused by higher streamflows on the Missouri River.
Backwater conditions on Papillion Creek were experienced
as far upstream as the Papillion Creek at Fort Crook (USGS
site 06610795) streamgage and persisted from mid-March
through November 2019, preventing the drainage of floodwa-
ters from AOC 1.
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