Leveraging Existing Groundwater Models and Hydrogeologic
Studies with the Groundwater Evaluation Toolhox
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What is the Groundwater Evaluation Toolbox [GET)

?

Ask Question

MODFLOW
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GET

» Cloud-based platform for model
automation

« Hardware and software managed for
you.

» All you need is an internet connection
and a browser.

« Data storage and recovery is never a
problem.
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GET Groundwater Modeling
Example
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~GET

GROUNDWATER

An Ousson ProDUET

Actions | New

Home Scen

Actions ¥ Manage * cosborn@ol:

Name Example

Description

Select a Model
Cohyst COHYST v29f
Select a Scenario
Add a Well

Baseline  Canal Recharge

Select Input Unit

Input units are not necessary for this scenario.
Select Output Unit

Acre-Fest  CubicFeet  CubicYards  Cubic Meters

Select Differential or Non-Differential

lata, if present

ELMUN ELM lli Current  LPMT

Adijust Global Recharge  Adijust Global Recharge

olsson

Adjust Irrigation

Adjust WEL & RCH

CANCEL CREATE
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~GET

GROUNDWATER

e <t

Actions | Example ¢

Home

Models

Actions™ Manage > cosborn@

W Generate Report ~

Action Overview

Inputs

Outputs

Water Budget

LIST FILE OUTPUT

Show Processed Results ’

Water Budget By Zone

Show Processed Results '

Water Budget By Budget item

Show Processed Results '

Points of Interest

Show Processed Results |

Impacts to Baseflow

Show Processed Results ’

Water Level Change

Show Processed Results ’

Water Level Change By Zone

©00e0®®

Show Processed Results ’

Model Summary
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Actions | Example ¢

Models Actions~ Manage ~ cosbo

m' Generate Report ~

Action Overview

Inputs Outputs

@ Water Budget

Rate Cumulative

— Baseflow Constant Head
Recharge — Riparian Evapotranspiration
— Wells

For Runs created after 11/2/2020, * indicates external time series (Ob:

Hide Processed Results W97

Time Series Name
Baseflow

Constant Head

Head Dependent Boundaries
Recharge

Riparian Evapotranspiration
Storage

Wells

CRRRARRR

Head Dependent Boundaries
— Storage

ed, Benchmark, or other data)

@ Water Budget By Zone

Show Processed Results )

Water Budget By Budget ltem

Show Processed Results ’

| -
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\.G“EWI Home Scenarios Models Actions Manage > cosborné
Flianon tooumn

404 110 PRIDUET

Actions | Example ¢* g (O Bnt-

Action Overview Inputs Outputs

LIST FILE OUTPUT

@ Water Budget Hide Processed Results "

Rate Cumulative

Time Series Name
Baseflow

Constant Head

Head Dependent Boundaries
Recharge

Riparian Evapotranspiration
Storage

Wells

Cumulative

ANCLRR K s

= Baseflow Constant Head Head Dependent Boundaries
Recharge — Riparian Evapotranspiration — Storage
= Wells

For Runs created after 11 2020, * indicates external time s s served, Benchmark, or other data)

@ Water Budget By Zone Show Processed Results )

Water Budget By Budget item Show Processed Results ’
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GROUNDWATER Home
AR Yoo won

@ Water Budget

Scel

narios

Models

Joom

ns~ Manage ¥

Show Processed Results }

@ Water Budget By Zone

Rate Cumulative

— Baseflow  — Riparian Evapotranspiration ~ — Storage  — Wells

For Runs after 11/2/2020, * indical lernal tim (Observed, Benchmark, or other data)

Boone

Hide Processed Results @

Time Series Name

AAAEEEYE

Baseflow

Constant Head

Head Dependent Boundaries
Recharge

Riparian Evapotranspiration
Storage

Wells

Water Budget By Budget ltem

Show Processed Results ’

Show Processed Results

Impacts to Baseflow

Show Processed Results ’

Water Level Change

Show Processed Results }

@ Poins of Iterest
&
©
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~GET

GEOUNOWATER

AN D481 PROPUCT

@ ‘Water Budget

ons~ Manage ~ cosborn@olsson.co

Show Processed Results ’

@ Water Budget By Zone

Show Processed Results }

Water Budget By Budget ltem

Rate Cumulative

— Boone Custer — Sherman

For Runs created after 11/2/2 * indicates external time series (Observed, Benchmark, or other data)

Storage

Hide Processed Results W7

Time Series Name

 INENEEEEENEEEEE EENYE

Boone

Buffalo

Central Platte NRD
Custer

Garfield

Greeley

Hall

Howard

Lewis and Clark NRD
Loup

Lower Elkhorn NRD
Lower Niobrara NRD
Lower Platte North NRD
Merrick

Middle Niobrara NRD
Nance

North Platte NRD
Platte

@ Points of Interest

Show Processed Results ’

@ Impacts to Baseflow

Show Processed Results ’

' Water Level Change

Show Processed Results >
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~ wumEnur Home Scenarios
prrpiaesd

Water Budget

Models

Actions* Manage ~ cosborn@olsson.com ~

Show Processed Resuits ’

Water Budget By Zone

Show Processed Results ’

Water Budget By Budget tem

Show Processed Resuits ’

Points of Interest

®0dO

Points of Interest

Points of Interest

WQA_3_G-020442 WQA_3_G-020442*

For Runs created after 11/2, * indicates external time series (Observed, Benchmark, or other data)

EEEEEEEEE<EEEEEEEEEEEEDE

Hide Processed Results @

Time Series Name
WOA_1_A-008074
WQA_1_G-002400
WOA_1_G-006760
WOA_1_G-028385
WOA_1_G-032881
WOA_1_G-034041
WOA_1_G-034398
WOA _1_G-0356050
WOA_1_G-037078
WQA_1_G-039446
WOA_1_G-044154
WOA_2_G-031256
WQA 3 G-020442
WOA_3 G-029741
WOA_3_G-031751
WOA_3_G-031809
WOA_3_G-032272
WOA_3_G-032707
WOA _3 G-032967
WOA_3 G-033213
WOA_3_G-037309
WOA 3 GNIRNNA

@ Impacts to Baseflow

Show Processed Results )

@ Water Level Change

Show Processed Results ’
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~GET

GROUNDWATER
CPALLATION Tom

@ Wiater Budget By Zone

tions™ Manage ~

cosborn@olsson.com

Show Processed Results ’

Water Budget By Budget ltem

Show Processed Results ’

@ Points of Interest

Show Processed Results [

@ Impacts to Baseflow

Rate Cumulative

South Loup River

For Runs created after 11/ 020, * indic:

Hide Processed Results W

Time Series Name

II\II\IIIKIIIJI

ternal time series (Observed, Benchmark, or other data)

Total

Bazile Creek

Oak Creek
Birdwood Creek
South Loup River
Spring Creek
Wood River
Beaver Creek
Cedar Creek
Elkhorn River
Loup River

Middle Loup River
Mud - Clear Creek
North Loup River

@ Water Level Change

Show Processed Results ’

@ Water Level Change By Zone

Show Processed Results ’
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AN o PROSUET

Home

Scenarios Models Actions* Manage ~ cosborn@olsson.com

Impacts to Baseflow Show Processed Resuits b
Water Level Change Hide Processed Results 9
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Burwell

Click a Zone on the map or a row in the table to get started!

Home Scenarios Models

Ericson

Wolbach
'V_,\?m e
3 Paimer

rog
St Libory

CI‘*apma?J_rri

kmi____1 Terms of Use Reporta map error

Manage * cosborn@olsson.com

Water Level Change (ft)
Mean Minimum ‘ Maximum
-0.03 (1] -1.66
-0.12 0 -2.53
0.53 0.01 1.83
1.81 0 451
0.77 1] 493
0 0 0.03
-3.55 0 -16.32
0.06 0 0.26
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Community Public Water Systems
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Behind The Tool

« MODFLOW

+ MODPATH

« Numerical

« Data utilization

« Time and money

Blue Basin
RRCA : ?
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MODFLOW Grid Cell Showing Volumetric Flow Components

Columns
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© 2023 QOlsson

Row(i)

Column( j)

Laver (k)

Pollock 2016
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Compute a Particle’s Location at Time t

(i-1.J)

vy

| (x.3),
‘ (4

Distance traveled in y direction in Az, I

(),

Distance traveled in x direction in A,

(%J)

I l—» Columnindex( j)

Vi

Row index (i)
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Wellhead Protection Mapping with GET

MINUTES TO COMPLETE

Select water supply Program enters data Resuits
well locations and runs MODPATH Displayed

GROUNDWATER : I I
EVALUATION TOOLBOX

loading...




Particle Tracking Example
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\ GE I Home 5 B iol Hans v
GROUNDWATER Home Scenarios Models Actions> M
FeALDATION YOO
A 1150w PRODUCT

Actions | New

Descri P (A(e1a Bl F=ux wells near the new village of Potter, NE's future MTB community.

Select a Model

ge ~ cosborn

sson.com ~

Blue Basin - dry Blue Basin - normal Blue Basin -wet = CENEB - dry CENEB - normal CENEB - wet Cheyenne County - MODPATH
COHYST -dry |COHYST=nommal| COHYST - wet ELM il - MODPATH LPMT - Dry LPMT - Normal LPMT - Wet
RRCA - dry RRCA - normal RRCA - wet UNW - dry UNW - normal UNW - wet WWUM - dry WWUM - normal WWUM - wet

Select a Scenario

Select Input Unit

Input units are not nece

ary for this scenario.
Select Output Unit

Output units are not necessary for this scenario.

Select Differential or Non-Differential

Differential toggle is unavailat

>r this scenario
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\GEI Home Scenarios Models Actions~ Manage ~ cosborn@olsson.com ~

GROUNDWATER
oo b

FeALuATION b
AN OL55ON PRODUCT

Actions | New Potter ¢' [) 1 Generste Report-

Action Overview Inputs Outputs
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9 Use the map controls above to add a new well

ACTIONS

LATITUDE LONGITUDE PARTICLE COUNT

NAME

Save

O]

Process Action
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SGET

Pl bl Home Actions ~ Manage ~ cosborr Isson.com ~
g
JhasSesiatisis
Actions Search & Filters »
i Pr 1 2 5 b 7 Next L
New Pottef May 01, 2023 18:04 GMT
Description
Faux wells near the new village of Potter, NE's future MTB community.
Model Scenario Created By Status Action Buckets E] m
COHYST - normal Particle Trace Colby Osborn Processing Salect Action Buckat >
Inputs
Oga”a[a - wet April 24, 2023 16:37 GMT
ription
COHYST wet
Scenario Created By Action Buc m
COHYST - wet Particle Trace Mike Meyers Salect Action Bucket o
Ogallala - dry April 24, 2023 16:18 GMT
Description
COHYST dry
Model Scenario Cres Action Buckets m
COHYST - dry Particle Trace Mike Meyers G S Calact Action Buckar <

© 2023 Olsson




Home Sce 05 odels ctio -
\muuw“x Home Scenarios Models Actions

oo reaRCT

Actions | New Potter ¢

Manage * cosborn@olsson.com ™

W Generate Report ~

Action Overview Inputs

Outputs

Description

NA#

Date Created

Colby Osborn May 01, 2023 16:35 GMT

Output Mode Map Output
N/A Yes

Input Units

Hasting:

N/A
Scenaric Descriptior .
; ’ = ' g . View Scenario
Particle Trace Computes and displays pathlines based on output from MODFLOW groundwater

model
Documentation not yet available; please contact for help with this Scenario
Model Model Type
22 < iy View Model
COHYST - normal Steady State
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Home o s Models ions* Manage~ cosborn
\r_m“m“‘_ Home Scenarios Mode Actions ~ Manag cosbe

Actions | New Potter ¢ B @ cminiepen-

son.com ~

Action Overview Inputs Outputs

Nowf alk

North Flatte
@ Grand Iskand

Hasting

ACTIONS

NAME LATITUDE LONGITUDE PARTICLE COUNT

Q l (ol Q r'l © 2023 Olsson
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Actions | New Potter 4

enarios

Mod

Actions ~ Manage ~ cosborn@olsson.com ~

ﬁ Generate Report ~

Action Overview

Inputs

Outputs

LISTALEOUTPUT  KML FILE OUTPUT

Model Summary

in
stranded

unrel

an unknown statu

Normal termination.

d zone number.
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== Google Earth Pro
Eile Edit View

Tools
¥ Search

well #2

Untitled Placemark
" Untitled Placemark

Untitled Placemark

Flag Creek Wel

el

+ Pumping Well
Monitering Well

Pumping Well #2

Untitled Placemark
3 Turks

Ternporary Places
v = New Potter

Primary Database
- B Anncuncements
b 1P Borders end Labels

Places

Map Legend
M 0-1year

M 10-20 years
B 1-2 years
B 2-10vyears

B 20-50 years

Imagery Date: 4/19/2017

lat 40.879181% lon -100.406106° elev 2968 ft

GoogleEarth

eye alt ‘8075t
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Dynamic Reports
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Traditional Reports

Typically completed by one person
* 1-4 weeks per report

* Investigation of local geology

Modeling Groundwater Time-of-Travel Paths to Facilitate the Creation of a

Wellhead Protection Plan for the [insert name of municipality]

Whitney L. Latt

Abstract: A groundwater modeling program called Wellhead Analytic Element Model (WhAEM) was used to

generate twenty year Time-of-Travel paths reflecting the direction and distance of subsurface flow to municipal

wells. Aquifer characteristics including thickness, stratigraphy, and lithology were obtained by analysis of DNR

geologic logs and well registration records. Head-specified wells obtained from DHHS and DNR records were

then imported into the model to generate water table elevation data. Hydraulic conductivity (K) was estimated

for the aquifer based on lithology using tables published by the United States Geologic Survey and the

University of Nebraska at Lincoln. Groundwater Time-of-Travel paths modeled were compared with 1979 and

1995 water table elevations and the gradient of the aquifer base to gage the fidelity of the model to local

hydrogeology.

Geospatial Analysis

The Village of Harrison is situated over Tertiary
and Quaternary marine and fluvial sedimentary
deposits of Oligocene to Recent age. The Miocene
aged Arikaree Group is pervasive throughout the
area as the dominant bedrock (Fig. 1). The lithology
of the group is generally coarse-detrital sand with a
secondary volcanic ash component. Some minor
occurrence of clastic sedimentary conglomerates

may also be observed {Burchett, 1986).

Rocks of the Oligocene aged White River Group

are preserved starting approximately 6 miles to the

north and 20 miles to the east of the village, with

the Late-Cretaceous Pierre Shale persisting at lower

elevations, starting approximately 10 to 12 miles

north of Harrison.

The primary aquifer is also absent to the north
and east at similar latitudes and longitudes to the the
White River Group and Pierre Shale. The White
River Group itself was determined to make up the
base of the High Plains Aquifer (DNR, 2014), The
local portion of the High Plains aquifer is there

confined to rocks of the Arikaree Formation.
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Actions | New Potter 4

enarios

Mod

Actions ~ Manage ~ cosborn@olsson.com ~

ﬁ Generate Report ~

Action Overview

Inputs

Outputs

LISTALEOUTPUT  KML FILE OUTPUT

Model Summary

in
stranded

unrel

an unknown statu

Normal termination.

d zone number.
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Reso
Boundaries of the model were determined using drainage divides between basins, rivers in adjoining basins, and at
defined upstream and downstream aquifer limits. The COHYST modsel was developed with grid cells that are
2pproximately % mile by % mile, or 160 acres in size. The grid was aligned with cardinal directions in North American
Datum or NAD 1983 Mebraska State Plzne {Feet) coordinates and contains 504 columns and 275 rows. There are
138,600 cells in total, of which 77,339 are active.

The COHYST model uses 2 1947-2010 timeframe to represent pre-development conditions through recent years. The
time period from 1985-2010 was used for calibration during model development because of the comparative zbundance
of data available for those years. A monthly stress period was determined to be approprizte to show inter- and intra-
annual variations. The calibration model time frame beginning in October 1984 (to provide a start that reflects 2

complete water year] used 215 manthly stress periods ta end in December 2010.

The COHYST model represents the High Plains Aquifer in the model area as a single layer. The base of aquifer coverage
wias constructed from a database of test hole logs from historical drilling programs conducted by the Mebrazka
Conservation and Survey Division (CSD) and the USGS. Thirty-four new test holes were drilled by the TS0 for the purpose
of the COHYST model construction. Land surface elevation for the top of the model was taken from 10-meter Digital

Elevation Models [DEM).

2. Groundwater Model Parameters

The following section describes specific parameters used in the COHYST groundwatsr model as described in the model

documentation report (COHYST 2017). As stated above, the COHYST model was developed in conjunction with the NDNR

to Il T i flow o in central . Beczuse MODPATH uses water budget information from a
MODFLOW model, the model parameters are essential in estimating how a particle behaves in the flow field. An

understanding of how MODFLOW model parameters were developed can help in reviewing MODPATH output. It should
be noted that the model parameters incorporatad in the COHYST model were not modified by GET during develepment

of the TOT paths.

nperties
Hydraulic conductivity values were calculated using data from Nebraska's database of registered wells. The ratic of
specific capacity and developed aguifer thickness was found by dividing the well pumping rate by the static pumping
level and well depth. Kriging was then uzed to develop = distribution of values across the model area from the well point
data. Initial hydraulic conductivity zones were determined by grouping similar values. These initial zones were manuaily

edited to address issues of small, izclated zones and adjacent areas with highly contrasting values

Hydraulic conductivity values were adjusted during calibration by using computed and observed water levels for
reference. The final calibrated hydraulic conductivity values used in the model range from 20 ft/day to 150 ft/dzy (see
Figure 2).

COHYST 2010

Figure 2 Calibroted horizontal hydraulic conductivity values used in the COHYST mode! (COMYST 2017)

Groundwater pumping for irrigation was determined using land use data and crop irrigation requirements. The land use
dataszet developed for COHYST was created to represent irrigated and dryland acres through time and be validated at
the county sczle. The dataset was not meant to represent actual land use on a farm-by-farm basis. Land use for the
model was developed for the years 1950 to 2007 and compared to Census of Agriculture information. To determineg
dryland and irrigated parcels, the COHYST model developers used data from the Center for Advanced Land Management
Information Technelogies (CALMIT) and remote sensing. Certified acres were used to determing if 2n irrigated parcel
was frrigated using groundwater. In places where certified acres datasets were not svailable, taxsble irrigated land
information was obtsined from the county assessor's office. Adjustments were made to land use based on the county-

wide Census of Agriculture data.

Crop netirrigation requirements [MIR] zre estimates of the water required to grow = specific crop type. The watershad
madel used by COHYST computed MIR in inches for each crop typs by model cell gn 2 maonthly basis. The NIR calculations

used precipitation records from nearby weather stations to account for dry and wet periods. By combining land use data

and NIR, iC gr ing rates were ¢ d. Average annual groundwater pumping far irrigation

amounts to just over 1.9 million acre-feet per year model-wide.

Municipal, domestic, and industrial pumping in the model were included bazed on = dataset consisting of maonthly

pumping values. Informatien to build this dataset was gathered from the following sources:
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COHYST 2010: Groundwater Model

Figure 7 Boundory conditions specified the CORYST model [COHYST 2017)

3. Model Baseline Scenarios

Az stated above, each groundwater model in GET has been set up to include three baselines with separate climatic
conditions: wet, dry, and nermal. Wet and dry bazelines were determined by reviewing the model water budget and
identifying a particularly wet or dry stress period throughout the simulation. The normal baszeline iz defined by a stress
pericd that represents average conditions. GET uses the model files from theze identified stress periods to create a flow
field in which the TOT lines are calculated. The COHYST model was et up in GET using the wet month of lune 1993, the
dry manth of July 2002, and the normal month of July 2007.

It was determined during the OA/QC analysis of GET that the difference in TOT lines produced by the wet, dry and
narmal baselines were not significant {Olssan 2018}, 3mall variztions in TOT line length and arientation between the
tested cases were attributed to differences in groundwater pumping and recharge during wet and dry periods. Itis
Olszan's recommendation that during development of WHP areas, the areas are drawn to incorparste this variability in

TOT line length and orientation by including approximately ¥ to 2 mile beyond the normal year TOTs.

Particle Trace Information

1. User-defined Input

The TOT paths developad by GET wers based on input entered into GET by Colby Osborn. At the location of each water
supply well, a specific number of particles was input for GET to trace the particle along the groundwater flow path. The
‘GET solution was run using the weils isted in Table 1 as the focal peint. The particles were placed at the location of the
well alang 2 45-foot radius. To simulate current and future flow conditions, a total of 40 particles were tracked for 50

years.

Tohle 1 User input Infarmation to GET

ude ongitude Particle Count

40.B744101620774 -100.396011471748 16

40.6734772105835 -100.399756554359 16

40.E75B033253561 -100.3804763E5736 15

2. COHYST Model Specified Parameters

At each uzer-defined well location, the aguifer parameters in the COHYST model are unigue. Table 2 documents the

model parameters at the specified locations.

Toble 2 Model Porometers in User Selected Model Cells

Aquifer Herizontal Hydraulic Transmissivity 5
Thickness [ft] conductivity [feet per day) [square feet per day) Porosity
1
Find on GET ma Find on GET map ness * K Find on GET map |

Find on GET map Find on GET map Thicknass * & Find on GET map

Find on GET map Find on GET map Thicknass * & Find on GET map i

3. Simulation Results

The results of the GET simulation ars presented in TOT paths for each user-defined water supply well. The results are
not included in thiz report but are saved in the GET platform as simulated by Colby Osborn titled New Fotter. The results
are available for review uzing Google Earth. This report is intended to provide information on the model used to develop
travel time paths and to document the spedific parameters defined in the model at the user-defined water supply well

locations.
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