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USGS Grou nd w a t e r 
Flow  Mod e l Re p ort  

• USGS publication that details how the 
groundwater flow model was 
developed

• Accompanied by a data release with 
all model files available online

• Characterizes the groundwater flow 
system at Badger

• Where is groundwater moving? 
• How does groundwater interact with the 

Wisconsin River?
• How does the flow of groundwater 

control plume movement?
• This is the foundation of the 

groundwater transport model (in 
progress).

Photo c re d it: http s :/ / www.nop com m e rce .com / e n/ com ing -soon-p ag e

https://www.nopcommerce.com/en/coming-soon-page


Wha t  is  a  
g rou nd w a t e r 
flow  m od e l 
(t e c hn ic a lly)? 

• A bunch of m ath e qua tions to  ca lcula te  how wate r is  
m oving  und e rg round . 



Just like  m od e ls  
use d  to  p re d ic t the  
we athe r a  
g round wate r 
m od e l won’t be  
rig ht a ll the  tim e  /  
e ve rywhe re . 

Photo Credit: https://archive.nytimes.com/cityroom.blogs.nytimes.com/2009/12/11/complaint-box-weather-forecasts/



...but m od e ls  can 
be  accura te  
e nough tha t we  
ofte n use  the m  
to he lp  us  p lan 
for things like :

“Should  bring a  ra in 
ja cket toda y?”

“If I lea ve a t 3pm will I 
a void  driving in a  
snowstorm?” 

Fore cast Accuracy Photo : http s:/ / windy.app / b log / we a the r-fore cast-10-days-3-days.htm l



Wha t  is  a  
g rou nd w a t e r flow  
m od e l (a c t u a lly)? 

• A tool tha t is  built to  he lp  answe r a  
particula r que stion.

• It’s  not one -size -fits-a ll app roach

• Can be  use d  with othe r inform ation 
to  he lp  m ake  inform e d  d e c isions 
about a  g round wate r syste m  
und e r cond itions we  cannot 
d ire c tly obse rve  or m e asure .

• May be  othe r fac tors  tha t a re  im portant to  
consid e r in the  d e c is ion be yond  what is  
m od e le d . 

• Use ful but ne ce ssarily s im p lifie d  
ve rsion of the  na tura l world . 

• Inhe re ntly unce rta in and  be st to  und e rstand  
how tha t m ay im pac t the  m od e l p re d ic tion

Photo Cre d it: http s:/ / twitte r.com / HandToolsIns t/ sta tus/ 1444041480096600087/ photo/ 1



Wha t  is  t he  p u rp ose  o f 
t he  Ba d g e r g rou nd w a t e r 
flow  m od e l?
A tool to  he lp  guid e  stra te g ic  
im p le m e nta tion of re m e d ia tion e fforts  a t 
the  Bad ge r s ite  inc lud ing : 

1. Asse ss ove ra ll p lum e  footp rint a t 
a  future  d a te  with m onitore d  
na tura l a tte nua tion v. 
b iore m e d ia tion.

2. Estim ate  how long  b iore m e d ia tion 
m ay ne e d  to  run to  re ach p lum e  
re d uc tion ta rge ts .

3. Guid e  the  layout of tre a tm e nt 
we lls  for m axim um  p lum e  
re d uc tion.



Wha t  w e n t  in t o  t he  
Ba d g e r g rou nd w a t e r 
flow  m od e l?

Photo credit: 
https://www.devilslakewisconsin.com/wisconsin-parks-
trails-natural-areas/sauk-prairie-recreation-area/



1) De c id e d  w ha t  t im e  p e riod  is  c ove re d  b y t he  m od e l.

1984 

2020

• Base d  on whe n we  have  s ite  d a ta  ava ilab le  to  ca lib ra te  the  m od e l.
• Ye ar-long  pe riod s for e arly tim e s whe n le ss  d a ta . 
• Quarte rly pe riod s for re ce nt tim e s whe n m ore  d a ta . 



• Divid e d  the  m od e l a re a  into  a  g rid  of sm all boxe s tha t 
re p re se nt re a l loca tions on a  m ap . 

• At e ach box the  m od e l has  various p rope rtie s  d e fine d  
tha t gove rn how g round wate r m ove s through tha t a re a .

Form e r Bad ge r Arm y 
Am m unition Plant

Ground wate r 
Flow Mod e l Are a

2) Chose  a  m od e l a re a  a nd  d e fine d  a  m od e l g rid . 

150 ft



Photo credit: Parfrey’s Glen, Meg Haserodt



Be d roc k Ge olog y

Baraboo 
Hills

Photo Cre d its: 
Baraboo Quartzite : http :/ / page s.uwc .e du/ ke ith.m ontgom e ry/ baraboo/ quartz.htm , 
Wone woc: http s:/ / conflue nce .journa lism .wisc .e du/ tag / d rinking -wate r/ , 
Eau Cla ire : 
http :/ / www.a ipgwisconsin.org / PDF/ Zam bito%20e t%20a l%202017%20Sand%20Re source s%20of%20
We st-ce ntra l%20WI.pdf ,
Mt. Sim on: http :/ / ae ria lge olog ist.b logspot.com / 2013/ 02/ old -rocks-cold -rocks-m id -winte r-
outc rop .htm l

Cross-se c tion from  Northwe st to  Southe as t

Baraboo Quartzite Wonewoc Sandstone Eau Claire Mt. Simon Sandstone

General upper 
bedrock for units 

above the 
Wonewoc

Model layers in 
the glacial 

units

http://pages.uwc.edu/keith.montgomery/baraboo/quartz.htm
https://confluence.journalism.wisc.edu/tag/drinking-water/
http://www.aipgwisconsin.org/PDF/Zambito%20et%20al%202017%20Sand%20Resources%20of%20West-central%20WI.pdf
http://www.aipgwisconsin.org/PDF/Zambito%20et%20al%202017%20Sand%20Resources%20of%20West-central%20WI.pdf
http://aerialgeologist.blogspot.com/2013/02/old-rocks-cold-rocks-mid-winter-outcrop.html
http://aerialgeologist.blogspot.com/2013/02/old-rocks-cold-rocks-mid-winter-outcrop.html


Gla c ia l 
Ge olog y

2. Till –m ix of g ra in s ize s  ofte n with 
lots  of fine r-g ra ine d  m ate ria ls

13

Till ove r outwash

1. Outwash –te nd s to  be  m ore  coarse

Outwash Im age : http s:/ / e n.wikipe d ia .org / wiki/ Ou twash_fan
Till im age  : http s:/ / e n.wikipe d ia .org / wiki/ Till

Form e r 
BAAP

Outwash

https://en.wikipedia.org/wiki/Outwash_fan
https://en.wikipedia.org/wiki/Till


Baraboo 
Hills  

Wisconsin Rive rWate r Tab le

Be d rock

Glac ia l Mate ria l

We ll

A) Re charg e : 
Wate r e nte rs  the  
g round  as  e ithe r 
ra infa ll or snowm e lt.

Ve rtica l sca le  has  b e e n g re a tly e xag g e ra te d  to  illus tra te  the  flow sys te m . 

4) De fine d  how  w a t e r c a n  e n t e r/ le a ve  t he  g rou nd w a t e r sys t e m . 

B) Pum p ing : 
Ground wate r 

re m ove d  by we lls . C) Stre am s
Rive rs , and
we tland s:

Ground wate r inte rac ts  
with the se  fe a ture s .

We tland

Re d  = Re m ove s g round wate r Blue  = Ad d s to  g round wate r



4A) Grou nd w a t e r 
Re c ha rg e
Recharge: precipitation that 
soaks into the ground and 
moves down to the top of the 
groundwater surface (water 
table).

Soil Water Balance Model to 
estimate recharge

Inputs:
Climate data (temperature, 
rainfall)
Soil characteristics
Land use



4B/ C) Pu m p ing  /  s t re a m s , 
rive rs , a nd  w e t la nd s

We tland s, lake s, and  pond s

Focuse d  re charge  from  ravine s com ing  
off the  Baraboo Hills

Ed ge  bound ary inputs  re p re se nting  
re g iona l g round wate r flow

Wisconsin Rive r

Stre am s

Inac tive  ce lls  whe re  Baraboo Quartzite  is  
a t the  land  surface  in the  Baraboo Hills

High capac ity pum ping  we ll (typ ica lly irriga tion, 
m unic ipa l wate r supp ly, s ite  tre a tm e nt pum ping  syste m

• Allow the  m od e l to  inte rac t with the se  
fe a ture s

• Place m e nt in the  m od e l is  base d  on ac tua l 
loca tions



Photo credit: https://www.devilslakewisconsin.com/wisconsin-parks-trails-natural-areas/sauk-prairie-recreation-area/#jp-carousel-1877

How  d o  w e  know  if t he  m od e l 
p re d ic t ions  a re  a nyw he re  c lose  
t o  re a lit y? 



Use d  a  p roc e ss  c a lle d  
m od e l c a lib ra t ion

• Compared the model outputs to past 
measurements from wells and streams

• Changed model parameters to better fit the 
observed values

• Examples below of some of the calibration 
data 

Sm all we lls  insta lle d  in rive r be d  to und e rstand  whe re  
g round wate r is  m oving  into or out of the  Wisconsin 
Rive r. 

Loca tions whe re  s tre am flow was colle c te d . 

We ll d a ta  use d  in d iffe re nt ways to asse ss  
g round wate r e le va tions and  flow d ire c tion 
across  the  s ite .



Also  c ons id e re d  how  w e ll t he  
m od e l c ou ld  m a t c h  a  h is t o ry o f 
ob se rva t ions  a t  a  w e ll.

• Many points  obse rve d  ove r tim e  re fle c t chang ing  
we athe r and  site  cond itions. 

• Can be  m ore  d ifficult to  m atch than a  s ing le  point. 

• Give s confid e nce  in the  m od e ls  use fulne ss  ove r a  
rang e  of we athe r cond itions (we t and  d ry ye ars)

• Diffe re nt pe rform ance  a t d iffe re nt we lls ; e m phasize d  
be tte r fits  for we lls  c lose r to  the  p lum e s



Wha t  d o  t he  m od e l re su lt s  
look like ? 



Grou nd w a t e r in t e ra c t ions  w it h  
Wisc ons in  Rive r

Groundwater 
entering the 
Wisconsin 
River

Wisconsin 
River water 
entering the 
aquifer

Darke r colors  ind ica te  highe r am ounts  of wate r m oving .

Whe re  d oe s  t he  m od e l 
ha ve  g rou nd w a t e r 
m oving  a t  Ba d g e r?



Doe s  w ha t  w e  no t  know  m a t t e r?

Photo cre d it: http s :/ / www.d e vils lake wisconsin.com / wisconsin-p arks-trails -natural-are as / sauk-p rairie -re cre ation-
are a / # jp -carouse l-1867



Com p a re d  flow  m od e l 
re su lt s  t o  p lu m e  sha p e . 

Obse rve d  p lum e  whe re  
>0 .005 ug / L in 2018

• Put im ag inary partic le s  in the  
source  a re as tha t can the n m ove  
with the  g round wate r in the  m od e l.

• Got re sulting  partic le  pa ths. 

• Ran 200+ ve rsions of the  m od e l 
tha t e ach have  s lig htly d iffe re nt 
m od e l param e te rs  (le t us  e xp lore  
the  unce rta inty in the  m od e l 
p re d ic tions).  The se  a re  the  pa ths 
from  a ll those  runs. 

• Partic le  pa ths d o not e qual 
conce ntra tion. 

• The y d o ind ica te  how we ll the  
p lum e  shape  can be  d e scribe d  by 
the  g round wate r flow. Form e r BAAP



Input 
inform ation

Whe re  a re  w e  c u rre n t ly w it h  t ra nsp ort ?

Transport 
m od e l

Pre d ic tions

Calib ra tion*

• Ground wate r flow m od e l re sults
• Aquife r p rope rtie s
• Historica l contam ination d a ta

• Inte g ra te s  flow and  transport inform ation
• Sim ula te  fa te  of contam ination
• Sub je c t to  assum ptions and  sim plifica tions

• Im prove s the  m od e l’s  ab ility to  s im ula te  re a lity
• Quantifie s  m od e l unce rta inty

• Use  ca lib ra te d  m od e l to  m ake  p re d ic tions
• Rang e  of like ly outcom e s, g ive n unce rta inty

* We  a re  he re



Groundwater 
flow model

Tra nsp ort  m od e ling  w orkflow

Transport model

“starting” 
conditions

Transport-related 
physical 

properties

2,4-DNT 2,6-DNT TCE



Mod e l Transport model

2,4-DNT 2,6-DNT TCEPre d ic t ions

Ca lib ra t ion:
Com pare  with 
obse rve d  data

Fore ca s t ing be havior 
unde r na tu ra l a t te nua t ion  
and  b iore m e d ia t ion

Location of the plumes 
(geometric center of 

mass, spread)

Concentrations 
observed at 

wells

Footprint of plumes 
exceeding water 
quality standards

General plume 
behavior through 

time

Footprint of plumes 
exceeding water 
quality standards

Tra nsp ort  
m od e ling  
w orkflow



Whe re  a re  w e  he a d e d ?

2023: Refining the transport model.

2024: Run bioremediation    
scenarios and write up transport 
model report. 

Photo credit: https://www.devilslakewisconsin.com/wisconsin-parks-
trails-natural-areas/sauk-prairie-recreation-area/#jp-carousel-1880



Qu e s t ions?
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