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He lp  w it h  u n d e rst a n d in g  o f h ow  a  g rou n d w a t e r 
m od e l w orks

De sc rib e  s im p lifica t ion s w e  m a d e  t o  su rfa ce  w a t e r 
syst e m

Discu ss h ow  t h is  im p a c t s  w h a t  m od e l ca n  a n d  
ca n n o t  “sa y” a b ou t  su rfa ce  w a t e r

Goals
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Ou t lin e :
1. Brie f ove rvie w  o f g rou n d w a t e r m od e llin g  & 
b ou n d a rie s
2. Su rve y o f su rfa ce  w a t e r fe a t u re s  a n d  h ow  w e  a re  
m od e llin g  t h e m

Outline
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Gr oundwater  
m odelling & 
“boundar ies”



5

Modelling steps

Streamflow Depletion by Wells-Understanding and Managing the Effects of 
Groundwater Pumping on Streamflow (p. 60)
Paul M. Barlow and Stanley A. Leake 2012

• Sim p lifica t ion  is  n e ce ssa ry

• Ch oosin g  a  d om a in  fo r 
a q u ife r (in sid e  vs . ou t s id e )

• Ch oosin g  le ve l o f d e t a il in  
sp a ce

• Ch oosin g  le ve l o f d e t a il in  
t im e

• Ch oose  h ow  t o  re p re se n t  
(m a t h ) a q u ife r a n d  
in t e ra c t ion s w it h  a q u ife r
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Internal to aquifer

• W a t e r le ve ls  in  e a c h  c e ll 
a re  c a lc u la t e d

• Flo w  b e t w e e n  c e lls  is  
p ro p o rt io n a l t o  w a t e r  
le ve l ‘s lo p e ’ b e t w e e n  c e lls

• Als o :
• Hyd ra u lic  

c o n d u c t ivit y
• Sh a re d  a re a
• Dis t a n c e  

b e t w e e n  c e lls

• Ma t h
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External 
interactions with 

aquifer
• W h a t  a b o u t  t h e  b o u n d a rie s ?

• Ma t h

• Th re e  g e n e ra l t yp e s
    0 . No t h in g  (n o -flo w )
    1. Sp e c ifie d  re ch a rg e  o r
        d isch a rg e  (flu x)
    2. Sp e c ifie d  w a t e r le ve l (h e a d )
    3. Re ch a rg e  o r d isch a rg e  
        d e p e n d s o n  w a t e r
        le ve l d iffe re n ce  a c ro ss    
        b o u n d a ry 
       (h e a d -d e p e n d e n t  flu x)

• Lo t s  o f va ria t io n s  o f # 3

?
?

?
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Big Lost 
sur face water  
system
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Surface water  in 
Big Lost River  

Valley
• La rg e  s t re a m s
• Sm a ll s t re a m s
• Sp rin g s
• W e t la n d s  /  m a rs h e s

• (Rip a ria n  a re a s )
• Ma c k a y re s e rvo ir
• Irr ig a t io n  s ys t e m

• Dive rs io n s
• Ca n a ls
• (Irr ig a t io n )

• In t e n t io n a l re c h a rg e
• Sm a ll s t o ra g e  p o n d s
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Surface water

Streamflow Depletion by Wells-Understanding and Managing the 
Effects of Groundwater Pumping on Streamflow (p. 7)
Paul M. Barlow and Stanley A. Leake
2012
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Lar ge str eam s

…
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Lar ge str eam s
Big  Lo s t  Rive r  & 
An t e lo p e  Cre e k

He a d -d e p e n d e n t  flu x

St re a m  flo w  ro u t in g  
(SFR) p a c k a g e
- St re a m flo w  is  
ca lcu la t e d  a t  e a ch  ce ll
- St a g e  is  ca lcu la t e d  
fro m  flo w
- Se e p a g e  lo ss  a n d  
g a in s  a re  ca lcu la t e d  a t  
e a ch  ce ll

St re a m flo w  is  
s p e c ifie d  a t :
- Ho w e ll
- Ma cka y d a m
- An t e lo p e    g a g e
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Sm all str eam s over  alluvial fans
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Sm all str eam s over  alluvial fans
Sp e c ifie d  re ch a rg e

Re ch a rg e  w h e re  
s t re a m  in t e rse c t s  b a sin  
b o u n d a ry

No  re ch a rg e  e lse w h e re

On ly in d ire c t ly 
co n t rib u t e s  t o  Big  Lo st   
Rive r o r irrig a t io n  w a t e r 
su p p ly
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Other  sm all str eam s
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Spr ings

No t  d ire c t ly  “in ” 
m o d e l

Th re e  o p t io n s :
1. Ad d e d  a s  su p p ly fo r 
irrig a t io n  ca lcu la t o r
2. Lu m p e d  in  w it h  
t rib u t a ry re ch a rg e
3. Ig n o re d  (n o t  kn o w n  
o r u n d e rs t o o d  e n o u g h  
t o  b e  in  m o d e l)
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Wetlands
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Wetlands
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Wetlands
Th o u s a n d  Sp rin g s  a n d  
a b o ve  Ma c k a y

He a d -d e p e n d e n t  flu x

Dra in  (DRN) p a c k a g e
 - Disch a rg e  fro m  
a q u ife r w h e n  w a t e r 
le ve ls  a b o ve  g ro u n d  
su rfa ce
- No  flo w  w h e n  w a t e r 
le ve l b e lo w
- Flo w  co n t rib u t e s  t o  
Big  Lo st  o r Ma cka y 
ca lcu la t io n s
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Ripar ian
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Ripar ian
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Ripar ian
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Ripar ian
Se ve ra l p la c e s  n e a r  
Big  Lo s t  Rive r
- Ne ve r p re se n t  w h e re  
la n d  is  c la ss ifie d  a s  
a g ricu lt u ra l

Sp e c ifie d  flu x

W e ll (W EL) p a c k a g e
- A ‘w e ll’ in  e a ch  ce ll o f 
t h e  rip a ria n  a re a s
- Disch a rg e  (flu x) is  
e q u a l t o  t h e  m o n t h ly 
ET

So m e t im e s  c o in c id e n t  
w it h  d ra in s  /  w e t la n d s
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Mackay r eser voir

…
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Mackay r eser voir
St a g e  c a lc u la t e d  fro m  
w a t e r  b u d g e t
- In flo w s fro m  Big  Lo st
- In flo w s fro m  w e t la n d  
a re a
- Ou t flo w  fro m  re le a se s
- Eva p o ra t io n  & 
p re c ip it a t io n
- In t e ra c t io n  w it h  
a q u ife r

He a d -d e p e n d e n t  flu x
- Fo r a q u ife r 
in t e ra c t io n s

La k e  (LAK) p a c k a g e

Ne ve r c o in c id e n t  w it h  
w e t la n d s  /  d ra in s  o r  
r ip a ria n
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Ir r igation  system
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Ir r igation  system : diver sion
In d ire c t ly  in t e ra c t s  
w it h  a q u ife r

P a rt  o f Big  Lo s t  Rive r  
c a lc u la t io n s
- Re m o ve s w a t e r fro m  
rive r

P a rt  o f ir r ig a t io n  
‘s e rvic e  a re a ’ 
c a lc u la t io n s
- P ro vid e s  su rfa ce  w a t e r 
t o  m e e t  fa rm  ET
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Ir r igation  system : canals
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Ir r igation  system : canals
Es t im a t e d  a s  p e rc e n t  
o f ir r ig a t io n  d e live rie s
- Dive rs io n s in t o  ca n a ls
- W e ll p u m p in g  in t o  
ca n a ls  (e s t im a t e d )

Sp e c ifie d  flu x

W e ll (W EL) p a c k a g e
- Lo ca t e d  a lo n g  ca n a ls
- “Lo ss” ra t e s  a re  
e s t im a t e d  a n d  w ill b e  
a d ju st e d
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Ir r igation  system : deliver ies
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Ir r igation  system : deliver ies
Re c h a rg e  fro m  
irr ig a t io n  
“in e ffic ie n c y”
- Cro p  ET x fa c t o r
- De live re d  a c ro ss  
se rvice  a re a

Sp e c ifie d  flu x

W e ll (W EL) p a c k a g e
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In ten tional r echar ge

No t  d ire c t ly  in  m o d e l
- W e  h a ve  d a t e s , 
n a m e s, a n d  vo lu m e s, 
b u t  n o  lo ca t io n  
in fo rm a t io n
- In d ire c t ly a p p lie d  
b e ca u se  d ive rt e d  w a t e r 
is  a p p lie d  t o  se rvice  
a re a s

Sp re a d  b ro a d ly t o  
s e rvic e  a re a s
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Sm all stor age ponds

No t  d ire c t ly  in  m o d e l
- In d ire c t ly a p p lie d  
b e ca u se  d ive rt e d  w a t e r 
is  a p p lie d  t o  se rvice  
a re a s

Sp re a d  b ro a d ly t o  
s e rvic e  a re a s
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Summary
Features Type of boundary Package

Big Lost & Antelope Head-dependent flux (+ 
surface flow calculation)

SFR

Streams on alluvial fans Specified flux WEL

Other small streams - -

Springs None: indirect -

Wetlands Head-dependent flux DRN

Riparian ET Specified flux WEL

Mackay Reservoir Head-dependent flux (+ 
volume calculation)

LAK

Irrigation: Diversions Part of Big Lost & Antelope (SFR)

Irrigation: Canals Specified flux WEL

Irrigation: Deliveries / 
inefficiency

Specified flux WEL

Intentional recharge None: indirect -

Small ponds - -
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Summary
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Thanks!
St e p h e n  Hu n d t
sh u n d t @u sg s.g ov
20 8 -38 7-1390

Ja cob  Kn ig h t
jkn ig h t @u sg s.g ov
520 -670 -3336

mailto:shundt@usgs.gov
mailto:jknight@usgs.gov
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