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Introduction

• Models have been around for a long time but, at least in 
Kansas, their use in water resources decisions were limited 
until last 10-15 years.

• Outline of presentation:
• Discuss evolution in groundwater model development 

process enhancing their actual use. 
• Example uses of Kansas groundwater models
• Directions in model development.



The Republican River Compact 
Administration (RRCA) Groundwater Model 

A Model Groundwater Model 
Development Process





Map of allocations 
(PackMan graph)





RRCA methods of determining groundwater 
impacts, prior to model

• The RRCA methods initially estimated 
groundwater impacts to streamflows as 75% 
of alluvial streamflow pumping.

•With the massive development of the 
Ogallala, Kansas objected to the failure to 
account for Ogallala depletions. 



RRCA groundwater model development context

Year Issue

1980s - 1990s 
Nebraska begins to overuse its share.  Kansas seeks to 

address concerns via RRCA 

1998
Kansas files suit in U.S. Supreme Court. Nebraska asserts 

that the Compact does not include groundwater.

2000-2002

Court rules that groundwater pumping must be 

accounted for; States negotiate comprehensive 

settlement

As groundwater use is up to 65-75% of basin’s total use, a key component of 

the settlement was the jointly developed groundwater model.  
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The RRCA groundwater 
model development process
• Model development team: states’ experts hired for litigation.  

• Early agreements are model purposes and calibration targets 
(baseflows, groundwater levels)

• Lead modeler implementing agreed model changes

• Robust and continuous review involving state’s expert 
modeler

• Rigorous joint data development and review

• Process allowed for testing of alternate model processes to 
determine the most appropriate



RRCA model development result 

• Model adopted by the states as part of its 
settlement

• Model now used annually in compact accounting 
to determine use of basin’s water supply by 
groundwater use

• States also use Model to assess future compliance 
requirements

• The Model has been an essential part of recent 
agreements on Colorado and Nebraska compliance 
plans



RRCA Model used to evaluate new applications for 
“significant hydraulic connection”



RRCA model used to evaluate and support enhanced 
management in Northwest Kansas

• NW KS GMD No. 4 identified high priority areas

• Model demonstrated that benefits of pumping 
reductions stay put (i.e. they don’t propagate far)

• “Sheridan 6” LEMA formed 2013; now looking at 
potential district-wide LEMA.



Kansas development and use 
of groundwater models



Kansas Intra-state model development
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Kansas use of groundwater models

• Improve estimates of recharge and safe yield for new 
application decisions (Ozark, Lower Arkansas)

• Forecast expected response and benefits to alternate future 
conditions, esp. in over-appropriated systems (Sheridan 
LEMA).

• Assist in groundwater impairment investigations (Quivira 
National Wildlife Refuge)

• Assist in evaluating larger, more complex change applications 
(Hays water transfer)



Big Bend GMD No, 5 Groundwater Model

• Developed for GMD No 5 by Balleau Groundwater, Inc. 

• Peer review by a committee including Kansas expert Steve 
Larson of SSPA.

• Complex surface water – groundwater interactions. 
Significant recharge and groundwater outflows to surface 
system

• Areas of upwelling of poor quality groundwater, led to 
development of 7-layer model





• Crooked Creek Fault Truncates Dakota, Absent in East.

• Perimeter GHB  Reference Head by History.



Quivira National Wildlife Refuge:
Use of GMD5 GW Model to 
evaluate impairment claim







Rattlesnake Creek Basin impacts 
average: 1998-2007 acre-feet/yr

scenario Scenario definition Dpumping Dbaseflow DB cfs DB/DP Dstorage D et

1 basinwide shutoff from 1958 on (143,529) 42,053 58.0 29.3% 70,505 22,387

2 basinwide shutoff from 1990 on (143,529) 34,420 47.5 24.0% 76,837 18,007

2.5 basinwide 50% pumping (71,765) 13,366 18.4 18.6% 34,019 8,662

2.75 basinwide 75% pumping (35,882) 5,475 7.6 15.3% 18,200 4,265

7 response zone >70% (1,059) 661 0.9 62.4% 77 253

8 response zone >40% (9,701) 4,646 6.4 47.9% 1,442 2,597

9 response zone >20% (19,604) 8,326 11.5 42.5% 3,350 4,975

10 RSC 1-mi corridor to Macksville (3,932) 2,115 2.9 53.8% 410 1,094

11 RSC 2-mi corridor to Macksville (11,230) 5,560 7.7 49.5% 1,396 3,086

Notes: [1] Restrict selections to Rattlesnake C basin wells junior to Aug 15 1957 (USF&W File 7571).

[2] Scenario 1 selection begins Jan 1958 (str per 218); others begin Jan 1990 (str per 602).

[3] Scenarios are specified as input to preprocessor by scenario id and pump scaling factor.









Augmentation Pumping Scenarios
1. Apr-Jun, 2. Aug-Sep, from layer 1 or 2



Hays/Russell changes/water transfer
7000+ acre-feet; 80 miles.
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4800 AF Scenario Modeled Drawdown 
Difference

Difference between the baseline drawdown and drawdown from 1991 – 2007 with 14 municipal wells 
pumping a total of 4800 acre-ft per year 24/7.



Directions in model 
development



Keys to credible groundwater model 
development
• KS wateruse data has been key in developing credible models 

(enhanced program since 1989, fees for non-report, follow)

• Paying attention to model development process. 
• Active, transparent model development process
• Encourage on-going, peer-review by modelers during 

development. 
• Rigorous data development and review 

• Continuous improvement of models
• E.g. integrate best of well logs into model geometry
• KS Modeling Maintenance Program 



Kansas Geological Survey

Hydrostratigraphic Drilling Record Assessment (HyDRA)

• 913 Well logs manually rated for quality 
in Scott County

• 20 ft or less average interval thickness

Average Thickness

<20ft   >20ft

Excellent   539      21

Good        146      49

Fair         29      52

Poor          3      63

Good log

No so good log



Kansas Geological Survey

Distribution of lithologic logs using 20-ft intervals

• 2,216 of 2,757 logs selected based on 
20-ft lithologic descriptions

• Notable number of wells removed in 
Wallace County



Kansas Geological Survey

Standardized Lithologies

Topsoil

Clay,  Fine Sand

Fine Sand, Clay

Fine Sand

Sandy clay, Sand

Find to Medium Sand

Fine to Coarse Sand, Medium Gravel

Clay, Sand

Clay

Medium Sand and Gravel

Clay

Fine to Medium Sand, Gravel

Clay

Sandy clay, Sand

Medium to Coarse Sand, Fine to Coarse Gravel, Clay

Sandy clay, Fine Sand

Category



Projected ST, K, T, Sy in GMD3



DEVELOPMENT OF THE KANSAS HIGH 
PLAINS AQUIFER MODELING FRAMEWORK



MODELING FRAMEWORK: TASK OVERVIEW

1. GMD2 Modeling

a. Sustainability Assessment

b. Groundwater Model Expansion and Update

2. GMD4 Groundwater Model Update and Enhancement

3. GMD3 Groundwater Model Update and Enhancement

4. Results Assessment for High Plains Aquifer Modeling

- - - - - - - - - - - -

Aquifer Modeling Maintenance Program Following Above



Questions 


