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What is a “Water” Model?
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(2 x 3) - 1

Traditional Math

= 5

Water Model

Inflow (recharge) –
Outflow (pumping)

= Water-Level 
Elevation

A group of water rules (e.g., water flows downhill) in the form of 
mathematical equations that portrays the natural environment.

In short - a water calculator.



Kansas Geological SurveyKansas Geological SurveyKansas Geological Survey

Creating a Water Model
•

 
Establish unique rules and conditions that apply 
specifically to the study area

•
 

Developed to answer specific questions/issues

•
 

Study area is generally subdivided into cells
◦ Focus of computations
◦ Data intensive

•
 

Required information can be very complex and detailed

•
 

Some parameters can be gross assumptions with 
inherent levels of uncertainty = “Calibration”

•
 

What goes in is what comes out
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Creating a Water Model- An Example

Bedrock Elevations

Top of Permeable 
Material (aquifer)

Head Boundaries

Hydraulic Conductivity / 
Transmissivity

Streambed Elevation 
and Stream Width

Stream/Ground 
Water Interaction

Land Surface 
Elevation
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Running a Water Model- An Example

Inflow
Outflow

R
echarge

P
um

ping W
ell

Diversions Out
Streamflow In

Model Computations
•

 

Water Table Elevations
•

 

Streamflow
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Final general thoughts on models 

•
 

Water models are powerful tools for management and 
planning activities

•
 

Expensive and time consuming to create

•
 

Models are a representation of reality

•
 

Kansas is very data rich in terms of hydrologic 
information

•
 

Smoky Hill River Model 
◦ Simulates streamflow and water-level conditions
◦ Will be used to run “What If…” scenarios
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Smoky Hill Ground-Water Model
Model Purpose and Design
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Smoky Hill Ground-Water Model
•

 
Funded by the Kansas Water Office

•
 

Component of larger, regional water supply study

•
 

Objective is to understand stream-aquifer 
interactions by simulating:
◦

 
Streamflow in the Smoky Hill River

◦
 

Ground-water levels in the alluvial aquifer

•
 

Adaptation of MODFLOW
◦

 
Kanopolis Reservoir to confluence of Smoky 
Hill and Saline Rivers (east of Salina)

◦
 

Predevelopment (1944-1947) to 2006
◦

 
Six month time steps

- Growing Season (apr to sep)
- Winter (oct to mar)



Smoky Hill 
River Valley
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Smoky Hill 
River Valley
Model Area

•

 

0.25 x 0.25 mile cells

•

 

116 rows and 99 
columns

•

 

11,484 grid cells

Precipitation induced recharge alone accounts for over 
1.3 million data records
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Smoky Hill Valley
Water Rights and 

Aquifer 
Resources

o G_DEW

7 G_DOM

[ G_IND
! G_IRR

# G_MUN
kh G_REC
X G_STK

a G_THX
7 S_DOM

[ S_IND
! S_IRR
# S_MUN
kh S_REC

h S_SED
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Smoky Hill 
Valley

Active Area
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Smoky Hill 
Valley

Model Zones

•

 

4 Zones

•

 

Assists in calibration
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Smoky Hill Ground-Water Model
Stream Properties



Streambed Elevations
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•
 

Streambed elevations from 1:24000 scale topographic maps
•

 
Assigned to overlying model cells for the Smoky Hill River



Stream 
Elevations

Prorate stream 
elevations by model 
cell based on stream 

(linear) distance 
between elevation calls



Entrenchment of Smoky Hill River and 
Diversion Structure

Period Adjust 
ment Notes

1943-

 
1947

+3.6 Predevelopment

1948-

 
1952

+2.0

1953- 
1965

0 Period covering 
topographic maps

1965-

 
2006

-1.7

2007+ -2.7 Future scenarios
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Smoky Hill Ground-Water Model
Aquifer Properties



Kansas Geological SurveyKansas Geological SurveyKansas Geological Survey

Smoky Hill 
Valley

Lithology

h KGS Estimate

[ Geological Survey Bulletin

G Peterson Irrigation Inc.

# Salina Report

! WWC5
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Smoky Hill 
Valley

WWC5 Form
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Smoky Hill 
Valley

Bedrock 
Surface
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Smoky Hill Valley
Lithologic Cross-section

Clay
Silt, Sandy Clay
Fine Sand
Coarse Sand
Gravel
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Smoky Hill 
Valley

Permeable 
Thickness

< 5

5.1 - 10

10.1 - 20

20.1 - 30

30.1 - 40

40.1 - 50

50.1 - 100

> 100
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Smoky Hill River Cross Section Adjustments
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Smoky Hill Ground-Water Model
Dynamic Variables 



Precipitation

Kansas Geological SurveyKansas Geological SurveyKansas Geological Survey

•
 

Monthly precipitation data from 1944 to 2006
•

 
Obtained from the National Climatic Data Center (NCDC)

•
 

Data processed and totaled to Seasonal (Apr to Sep) and 
Annual values

•
 

Interpolated across model area and assigned to model cells 
by year and season



Interpolated
Precipitation
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1956

1993

14.1 - 15

15.1 - 20

20.1 - 25

25.1 - 30

30.1 - 35

35.1 - 40

40.1 - 45

45.1 - 50



Average Total Precipitation
Smoky Hill Model Grid
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Smoky Hill 
Valley

Water Rights

o G_DEW

7 G_DOM

[ G_IND
! G_IRR

# G_MUN
kh G_REC
X G_STK

a G_THX
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h S_SED
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Pumping Estimates- Ground-Water Uses
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Net Pumping and Return Flows
Irrigation Return Flow to Ground Water in Smoky Hill River Valley and 

Middle Arkansas Subbasin
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Surface Inflows/Outflows



Tributary Inflow – Antecedent Conditions
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Calibrated Winter Recharge Curves

•
 

Summer recharge curves similar to winter curves, 
but with an offset of 15 inches.
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Evapotranspiration- Alluvial Zone

•

 

ET only considered in the 
main alluvial zone.

•

 

Maximum ET rate at the 
surface, 15.55 in/yr.

•

 

Extinction depth 5.0 ft.

•

 

ET rate linearly 
interpolated between the 
land surface and 
extinction depth.    
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Smoky Hill Ground-Water Model
Model Results- Water Levels

FAIR



Selected Calibration Wells
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Calibrated Model Results- Hydrographs
Group 1
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Calibrated Model Results- Hydrographs
Group 2
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Calibrated Model Results- Hydrographs

Group 3
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Calibrated Model Results- Hydrographs
Group 4
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Calibrated Model Results- Hydrographs

Group 5
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Calibrated Model Results- Hydrographs

Group 6
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Calibrated Model Results- Hydrographs

Group 7
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Calibrated Model Results- Hydrographs

Group 8
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Initially Simulated Well Hydrograph in Salina

Group 9
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WWC5
Wells 
Near 
Salina
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Domestic and Lawn/Garden Well Development
Domestic and Lawn/Garden Well Accumulation

in and around the City of Salina
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Domestic Water Use Versus Precipitation
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Domestic Pumping, 1975 to 2006
Estimated Private Well Water Use
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Calibrated Model Results- Hydrographs
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Calibrated Model Results- Hydrographs
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Calibrated Model Results- Hydrographs

Group 11
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Smoky Hill Ground-Water Model
Model Results- Streamflow



Calibrated Model Results- Streamflow

Streamflow 
Gaging Stations
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Calibrated Model Results- Streamflow
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Calibrated Model Results- Streamflow
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Calibrated Model Results- Streamflow
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Calibrated Model Results- Streamflow
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Calibrated Model Results- Streamflow

1950 1960 1970 1980 1990 2000 2010

0

200

400

600

800

1000

1200
M

ea
n 

6-
m

on
th

 fl
ow

, c
ub

ic
 fe

et
 p

er
 s

ec
on

d

Observed
Simulated

Smoky Hill River
Flow at Mentor gage minus

flow at Langley gage

Kansas Geological SurveyKansas Geological SurveyKansas Geological Survey



Kansas Geological SurveyKansas Geological SurveyKansas Geological Survey

Smoky Hill Ground-Water Model
Model Budgets



Stream Flow Budget (Post-Mentor Cutoff)
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Stream-Aquifer Interactions 
(Post-Mentor Cutoff)
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Average Tributary Inflows 
(Post-Mentor Cutoff)
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Average Stream Diversions 
(Post-Mentor Cutoff)
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Year-to-year Stream Flow Budget - Accumulative  
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Year-to-year Stream Flow Budget  
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Ground-water Budget - Accumulative
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Year-to-year Ground-water Budget
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Year-to-year Ground-water Budget
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Smoky Hill Ground-Water Model
“Back Calculation Scenario”



Back Calculation Scenario

•
 

Determine the minimum flow of the Smoky 
Hill River into the model (which is the 
outflow of Kanopolis Lake) that meets the 
7Q10 flow at Salina 

•
 

Run model for a 59-year period based on 
the climatic conditions from 1948-2006

•
 

Meet the predicted surface- and ground- 
water pumping based on current water 
right development
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Back Calculation

•
 

Main Features
◦

 
Iterative, requiring many model runs

◦
 

Repeat of precipitation patterns from 1948 to 2006
◦

 
Surface- and ground-water pumping are based on 
the regression of precipitation to the 2006 water 
right development 

◦
 

Initial ground-water levels are simulated by the 
calibrated transient model in 2006

◦
 

Constant head boundaries are based on the 
interpolated heads in 2006 

◦
 

Stream properties are based on those in 2006
◦

 
7Q10 flow is 20 cfs, @ Lat, Long (NAD27) 38.854, - 
97.56502
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Back Calculation Results

•

 

65 out of a total of 118 calculated time periods require flow 
•

 

30 growing seasons and 35 non-growing seasons.
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Questions????

Visit our site at
 http://www.kgs.ku.edu

Kansas Geological Survey
1930 Constant Ave

Lawrence, KS 66047
785-864-2118
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