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Ch o o s e  t w o m o d e l s c e n a rio s
- Le t ’s  a t  le a st e lim in a t e  som e  op t ion s

Ch o o s e  m o d e l o b je c t ive s
- Elim in a t e  op t ion s
- Ch e ck fo r com p le t e n e ss

Goal of th is talk



3

Re vie w
Ob je c t ive s vs . sce n a rio s
Ro le  o f ob je c t ive s a n d  sce n a rio s  in  m od e l d e ve lop m e n t

Discu ssion
Ob je c t ive s a n d  sce n a rio s d iscu sse d  la st  t im e
Ot h e rs?
3 sce n a rio s  in  d e p t h
Ch oose ?

De c is ion s?

Contents
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Review
W h a t  a re  ob je c t ive s a n d  sce n a rio s  
a n d  w h a t  ro le  d o  t h e y p la y in  
m od e l d e ve lop m e n t
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Objectives vs. Scenar ios

Objectives Scenar ios
Th in g s t h e  m o d e l sh o u ld b e  a b le  t o  d o , b u t  
t h a t  t h e  USGS t e a m  w o n ’t  n e ce ssa rily d o  
n o w .

• Th e  m o d e l m a y b e  u se d  fo r t h is  p u rp o se  
in  t h e  fu tu re

• P ro b a b ly ru n  b y IDW R o r co n su lt a n t s

• Th e  MTAC w o n ’t  b e  a b le  t o  d ire c t ly 
e va lu a t e  h o w  th e  m o d e l p e rfo rm s 

• W e  ca n  h a ve  m a n y w ith  va ryin g  p rio rit ie s

Th e  USGS t e a m  w ill ru n  tw o sce n a rio s  t h a t  
se e k t o  s im u la t e  t h e  im p a c t  o f sp e c ific  
ch a n g e s t o  p ro p e rt ie s , in p u t s , o r o u tp u t s .

• Th e se  w ill b e  ru n  a n d  in c lu d e d  in  d a t a  
re le a se  a n d  m o d e l re p o rt

• USGS t e a m  w ill ru n

• Th e  MTAC w ill t a ke  p a rt  e va lu a t in g  
sce n a rio  d e t a ils  a n d  re su lt s

• Tw o  a n d  t h e  m o d e l w ill ru n  b o th
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Objectives ar e key to a focused m odeling effor t

P a ra m e t e r 
Es t im a t ion

Aft e r Re illy (20 0 1) TW RI 3,B8

De fin e  
p ro b le m

De ve lop  
m a t h e m a t ica l 
m o d e l

Asse ssm e n t  
o f p ro b le m  
u s in g  m o d e l

P re se n t  
re su lt s

Re -e va lu a t ion  o f 
t h e  p ro b le m  
a n d  o b je c t ive s  
b a se d  o n  
s im u la t ion  
re su lt s

P ro je c t  
co m p le t ion

De ve lop  
co n ce p t u a l 
m o d e l
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Let’s tr y to be specific

“A m od e l t h a t  ca n  h e lp  u s  
u n d e rst a n d  g rou n d w a t e r 
re sou rce s  a n d  se rve  a s  a  t oo l fo r 
w a t e r re sou rce  p la n n in g  a n d  
m a n a g e m e n t . “

W h a t  a sp e c t  o f t h e  re sou rce  d o  you  
w a n t  t o  u n d e rst a n d ?  
Grou n d w a t e r le ve ls?  
Ch a n g e s in  s t re a m flow ?
Are  you  a fra id  t h a t  d o in g  som e  
t h in g w ill im p a c t  t h e se ?
W h e re ?
W h e n ?
…
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Model Design  Tr adeoffs

Effor t

RuntimeDetail Usability

Accuracy Stability

Gre a t e r co m p le xit y 
t o  g e t  c lo se r 
b e h a vio r o f t h e  
n a tu ra l syst e m

Do e s co m p le xit y 
yie ld  m o re  a ccu ra cy 
OR d o e s it  h o b b le  
p a ra m e te r 
e s t im a t io n  a n d  
d e g ra d e  a ccu ra cy?

Ho w  e a sy/h a rd  t o  
u n d e rst a n d  a n d  t o  
u se  fo r d iffe re n t  
sce n a rio s

Ca n  w e  p ro p e rly 
e s t im a te  p a ra m e te rs?
Un ce rt a in ty?
Te st  d iffe re n t  
d e sig n s?

Ho w  ro b u st  is  t h e  
so lve r fo r t h is  
p ro b le m ?
Is  it  fra g ile ?  W ill 
ch a n g e s ca u se  n o n -
co n ve rg e n ce ?

Tim e  / m o n e y t o  
b u ild  a n d  u p d a t e
W ill it  p re ve n t  
fu rt h e r u se ?

Mo d e l o b je c t ive s  t e ll u s  h o w  t o  n a vig a t e  t h e se  t ra d e o ffs .  
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Level of Com plexity Chosen  to Meet Objectives
Do n ’t  a d d  co m p le xit y fo r t h e  sa ke  o f re a lism . Ad d  o n ly a s  n e e d e d  t o  e n a b le  m o d e l t o  m e e t  o b je c t ive s .

General Head

Specified 
Flux

Specified 
Head

River

Drain

Stream Flow Routing
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Discussion
P ossib le  ob je c t ive s a n d  sce n a rio s
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1. Sim u la t e  in t e ra c t io n s  b e t w e e n  s u rfa c e  w a t e r  a n d  g ro u n d w a t e r
- Gro u n d w a te r → su rfa ce  w a t e r: s ig n ifica n t  fe a tu re s  h yd ra u lica lly co n n e c t e d  t o  g ro u n d w a te r
- Su rfa ce  w a t e r →g ro u n d w a te r: a n yth in g  t h a t  is  re ch a rg in g  a q u ife r t h a t  m a y b e  a lt e re d ?

2. P ro vid e  a  m o re  a c c u ra t e  e s t im a t e  o f d is c h a rg e  t o  ESP A
- Ab ilit y t o  d o  u n ce rt a in ty a n d  se n sit ivit y a n a lysis  fo r t h is  o u tp u t

3. Be  a  t o o l fo r  w a t e r  r ig h t s  a d m in is t ra t io n
- In d ivid u a l rig h t s  w ith  p rio rit y, P OD, P OU?

4 . Sim u la t e  im p a c t s  o f p u m p in g  fro m  in d ivid u a l w e lls
- P ro p o se d  o r e xis t in g  w e lls  (a d d  o r re m o ve  a n d  s im u la t e  d iffe re n ce )

5 . Sim u la t e  h o w  p u m p in g  a n d  c o n s u m p t ive  u s e  in  t h e  u p p e r  va lle y im p a c t s  Ma c k a y
- P u m p in g  → Gro u n d w a te r le ve ls  → St re a m  g a in s  → Ma cka y in flo w  → Do w n st re a m  w a te r a va ila b ilit y

6 . Sim u la t e  m a n a g e d  a q u ife r  re c h a rg e
- Sin g le  p ro je c t  sca le
- Ma g n itu d e  a n d  lo n g e vity o f im p a c t

Possible Model Objectives
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1. Re d u c e d  p u m p in g
- Ho w  d o e s p u m p in g  – a t  t h e  b ro a d  sca le  – a ffe c t  g ro u n d w a te r le ve ls  a n d  s t re a m flo w  a n d  b a sin  
o u t flo w ?  

2. Ca n a l lin in g
- Ho w  w o u ld  lin in g  a  ca n a l a ffe c t  g ro u n d w a te r le ve ls , s t re a m flo w , su rfa ce  w a t e r a va ila b ilit y, a n d  
b a sin  o u t flo w ?

3. Re d u c e d  (o r  in c re a s e d ) s t o ra g e  c a p a c it y in  Ma c k a y re s e rvo ir
- If Ma cka y h e ld  le ss  w a t e r, h o w  w o u ld  t h is  a ffe c t  su rfa ce  w a t e r a va ila b ilit y, p u m p in g , g ro u n d w a te r 
le ve ls , s t re a m flo w , a n d  o u t flo w  fro m  b a sin ?

4 . Ch a n g in g  c lim a t e
- Ho w  w ill g re a t e r ET a n d  e a rlie r sn o w m e lt  a ffe c t  su rfa ce  w a t e r a va ila b ilit y, p u m p in g , g ro u n d w a te r 
le ve ls , s t re a m flo w , a n d  o u t flo w  fro m  b a sin ?

5. Mu lt i-ye a r  d ro u g h t
- Ho w  w o u ld  a  m u lt i-ye a r d ro u g h t  a ffe c t  s t o ra g e  in  Ma cka y, su rfa ce  w a t e r a va ila b ilit y, p u m p in g , 
g ro u n d w a te r le ve ls , s t re a m flo w , a n d  o u t flo w  fro m  b a sin ?

Possible Model Scenar ios
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Pumping 
Reduction

A u n ive rsa l (o r b y re g io n ) re d u c t io n  in  
p u m p in g  co u ld  b e  a p p lie d  t o  
in ve st ig a t e  h o w  p u m p in g  a ffe c t s  t h e  
syst e m  o ve ra ll. 

Th e  fo llo w in g  ch a n g e s w o u ld  b e  
e xp e c t e d :

• In c re a se d  w a te r le ve l (m o re  w a t e r 
in  a q u ife r ‘s t o ra g e ’)

• Sm a lle r lo sse s  (la rg e r g a in s) in  t h e  
Big  Lo st  Rive r – m o re  s t re a m flo w

• Mo re  d isch a rg e  fro m  th e  b a sin
• GW  a n d  SW

W h a t  a re  t h e  re la t ive  m a g n itu d e s?
W h e re  d o e s e a ch  o ccu r?
Ho w  d o e s e a ch  ch a n g e  o ve r t im e ?



14

Pumping 
Reduction

A u n ive rsa l (o r b y re g io n ) re d u c t io n  in  
p u m p in g  co u ld  b e  a p p lie d  t o  
in ve st ig a t e  h o w  p u m p in g  a ffe c t s  t h e  
syst e m  o ve ra ll. 

Th e  fo llo w in g  ch a n g e s w o u ld  b e  
e xp e c t e d :

• In c re a se d  w a te r le ve l (m o re  w a t e r 
in  a q u ife r ‘s t o ra g e ’)

• Sm a lle r lo sse s  (la rg e r g a in s) in  t h e  
Big  Lo st  Rive r – m o re  s t re a m flo w

• Mo re  d isch a rg e  fro m  th e  b a sin
• GW  a n d  SW

W h a t  a re  t h e  re la t ive  m a g n itu d e s?
W h e re  d o e s e a ch  o ccu r?
Ho w  d o e s e a ch  ch a n g e  o ve r t im e ?
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Ac t io n
P u m p in g  is  re d u ce d  in  a ll w e lls  (o r on ly in  a  b roa d  re g ion , like  b e low  Ma cka y) b y som e  p e rce n t .

Ou t c o m e  
• Flow  in  t h e  Big  Lost  Rive r a t  sp e c ific  loca t ion s: g a g e s, d ive rsion  loca t ion s, o t h e r…
• How  d o  w a t e r le ve ls  (a q u ife r s t o ra g e ) ch a n g e ?
• How  d oe s b a sin  d isch a rg e  ch a n g e ?

Pumping Reduction
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Mo d e l Fe a t u re s  Ne e d e d
• Su rfa ce  w a t e r fe a t u re s  in  a re a s  w it h  sh a llo w  g ro u n d w a t e r a re  re p re se n t e d  a s  h e a d -d e p e n d e n t  b o u n d a ry 

co n d it io n s . Fo r e xa m p le , ra t h e r t h a n  sp e c ifyin g  in  a d va n ce  t h e  q u a n t it y o f le a ka g e  t h a t  o ccu rs  in  t h e  Big  Lo st  
Rive r, t h e  m o d e l w ill ca lcu la t e  it  b a se d  u p o n  t h e  p h ysics  t h a t  w e  in c lu d e  in  t h e  m o d e l. 

• [P ro b a b ly] Th e  m o d e l sh o u ld  ca lcu la t e  t h e  flo w  in  Th e  Big  Lo st  Rive r a t  d iffe re n t  lo ca t io n s , n o t  ju s t  t h e  
se e p a g e  b e t w e e n  t h e  rive r a n d  g ro u n d w a t e r. 

• [Ma yb e ] In d ivid u a l w e lls  w ill b e  in c lu d e d  in  t h e  m o d e l ra t h e r t h a n  ‘syn t h e t ic  w e lls’ (t h e se  a re  so m e t im e s u se d  
t o  ca p t u re  t h e  n e t  e ffe c t  o f p u m p in g  fro m  a n  a re a ).

No t a b le  Da t a  Ne e d s
• W e ll lo ca t io n s
• Dive rsio n  lo ca t io n s  a t  w h ich  t o  t ra ck s t re a m flo w  fo r ju d g in g  t h e  im p a c t  o f p u m p in g  re d u c t io n s
• W e ll o p e n  in t e rva ls  in  re la t io n  t o  lo w  p e rm e a b ilit y la ye rs  t h a t  m a y m u t e  o r e n h a n ce  t h e  im p a c t  o f p u m p in g  

(o r p u m p in g  re d u c t io n s) o n  n e a rb y su rfa ce  w a t e r
• Lo ca t io n  o f lo w  p e rm e a b ilit y la ye rs  t h a t  m a y m u t e  o r e n h a n ce  t h e  im p a c t  o f p u m p in g  (o r p u m p in g  

re d u c t io n s) o n  n e a rb y su rfa ce  w a t e r

Pumping Reduction
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Canal Lining
• Th is  is  h a p p e n in g  in  t h e  va lle y

• Un d e rst a n d a b le

• W h a t  a re  im p a c t s?
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Canal Lining
• Ca n a ls  a re  lin e d  t o  re d u ce  se e p a g e  

lo sse s

• On e  m a n ’s  se e p a g e  lo ss  is  a n o th e r 
m a n ’s  re ch a rg e

• Gro u n d w a te r le ve ls  in  t h e  vic in it y 
w ill like ly d e c re a se  – h o w  m u ch ?

• En o u g h  t o  im p a c t  se e p a g e  in  Big  
Lo st ?

• Mo re  w a te r w ill re m a in  in  ca n a l 
a n d  b e  a va ila b le  fu rt h e r a lo n g  t h e  
ca n a l. W ill t h is  le a d  t o  le ss  
p u m p in g ?
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Ac t io n
Re p re se n t  t h e  re ch a rg e  in  a  sp e c ific  ca n a l o r se c t ion  o f ca n a l w it h  a n d  w it h ou t  lin in g .

Ou t c o m e  
• Flow  in  t h e  Big  Lost  Rive r a t  sp e c ific  loca t ion s: g a g e s, d ive rsion  loca t ion s, o t h e r…
• How  d o  w a t e r le ve ls  (a q u ife r s t o ra g e ) ch a n g e ?
• How  d oe s b a sin  d isch a rg e  ch a n g e ?
• (How  d oe s su rfa ce  w a t e r a va ila b ilit y a n d  p u m p in g  ch a n g e ? )

Canal Lining
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Mo d e l Fe a t u re s  Ne e d e d
• Su rfa ce  w a t e r fe a t u re s  in  a re a s  w it h  sh a llo w  g ro u n d w a t e r a re  re p re se n t e d  a s  h e a d -d e p e n d e n t  b o u n d a ry 

co n d it io n s . Fo r e xa m p le , ra t h e r t h a n  sp e c ifyin g  in  a d va n ce  t h e  q u a n t it y o f le a ka g e  t h a t  o ccu rs  in  t h e  Big  Lo st  
Rive r, t h e  m o d e l w ill ca lcu la t e  it  b a se d  u p o n  t h e  p h ysics  t h a t  w e  in c lu d e  in  t h e  m o d e l. 

• Th e  m o d e l ca n  re p re se n t  h o w  se e p a g e  ch a n g e s a ft e r lin in g  o ccu rs
o W e  co u ld  d o  t h is  w it h  sp e c ifie d  flu xe s  o r va ryin g  t h e  co n d u c t a n ce  o f a  h e a d -d e p e n d e n t  b o u n d a ry t h a t  is  

u se d  t o  re p re se n t  t h e  ca n a l.
• [m a yb e ] So m e  w a y t o  p re d ic t  w h e re  a n d  b y h o w  m u ch  p u m p in g  w ill b e  re d u ce d  in  t h e  la n d s t h a t  w ill re ce ive  

m o re  su rfa ce  w a t e r d e live rie s  a ft e r t h e  ca n a ls  a re  lin e d .
o An  e xt e rn a l ca lcu la t io n  p ro ce d u re ?
o Ca lcu la t e d  b y t h e  m o d e l w it h  a n  e xp lic it  re p re se n t a t io n  o f t h e  su p p lie s  a n d  d e m a n d s o f irrig a t io n  w a t e r?

No t a b le  Da t a  Ne e d s
• W h ich  ca n a ls  h a ve  a lre a d y b e e n  lin e d ?  W h e n ?
• In fo rm a t io n  a llo w in g  u s  t o  e s t im a t e  le a ka g e  b e fo re  a n d  a ft e r lin in g
• Ca n a l n e t w o rk in  sh a p e file  o r m a p  fo rm
• Mo n it o re d  re t u rn s  o r a n e cd o t a l re t u rn s  in fo rm a t io n  
• [m a yb e ] Da t a  n e ce ssa ry t o  m o d e l su p p ly a n d  d e m a n d  d e c is io n s  a t  t h e  sca le  o f fie ld s  a n d  ca n a ls

Canal Lining
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Reduced Mackay 
Storage Capacity
W it h  le ss  s t o ra g e  in  Ma cka y, w e ’d  
e xp e c t  a  c a sca d e  o f im p a c t s .

• Le ss o f a n  a b ilit y t o  a t t e n u a t e  sp rin g  
sn ow m e lt  p e a ks – m ore  w a t e r 
flo w in g  o u t  o f b a sin

• Le ss SW  d e live ry d u rin g  g row in g  
se a son

• Le ss ca n a l se e p a g e

• Big  Lost  se e p a g e  t o  GW ???

• More  p u m p in g  d u rin g  irrig a t ion  
se a son

• GW  Le ve l d e c lin e s

• Le ss GW  ou t flow  from  b a sin ?
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Ac t io n
Ch a n g e  t h e  t im in g  o f re le a se s from  Ma cka y – m ore  is  sp rin g , le ss  d u rin g  g row in g  se a son .

Ou t c o m e  
• Flow  in  t h e  Big  Lost  Rive r a t  sp e c ific  loca t ion s: g a g e s, d ive rsion  loca t ion s, o t h e r…
• How  d o  w a t e r le ve ls  (a q u ife r s t o ra g e ) ch a n g e ?
• How  d oe s b a sin  d isch a rg e  ch a n g e ?
• (How  d oe s su rfa ce  w a t e r a va ila b ilit y a n d  p u m p in g  ch a n g e ? )

Reduced Mackay Storage Capacity
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Mo d e l Fe a t u re s  Ne e d e d
• [P ro b a b ly] Th e  m o d e l sh o u ld  ca lcu la t e  t h e  flo w  in  Th e  Big  Lo st  Rive r a t  d iffe re n t  lo ca t io n s , n o t  ju s t  t h e  

se e p a g e  b e t w e e n  t h e  rive r a n d  g ro u n d w a t e r.
• Su rfa ce  w a t e r fe a t u re s  in  a re a s  w it h  sh a llo w  g ro u n d w a t e r a re  re p re se n t e d  a s  h e a d -d e p e n d e n t  b o u n d a ry 

co n d it io n s . Fo r e xa m p le , ra t h e r t h a n  sp e c ifyin g  in  a d va n ce  t h e  q u a n t it y o f le a ka g e  t h a t  o ccu rs  in  t h e  Big  Lo st  
Rive r, t h e  m o d e l w ill ca lcu la t e  it  b a se d  u p o n  t h e  p h ysics  t h a t  w e  in c lu d e  in  t h e  m o d e l. 

• Ab ilit y t o  ch a n g e  t h e  sh a p e  o f t h e  re le a se  fro m  Ma cka y t o  d iffe re n t  d e g re e s . 
• [p ro b a b ly] Mo d e lin g  o f w a t e r d e m a n d  a n d  d e live ry syst e m  w it h  t h e  p o in t s  o f d ive rs io n , p o in t s  o f u se , 

co n su m p t ive  u se , a n d  in filt ra t io n . Also , t h e  m o d e l w o u ld  n e e d  t o  b e  a b le  t o  a d ju st  t h e  ca n a l le a ka g e  b a se d  
u p o n  h o w  m u ch  w a t e r w o u ld  b e  flo w in g  in t o  t h e  ca n a ls .

No t a b le  Da t a  Ne e d s
• Cu rre n t  + h yp o t h e t ica l b a t h ym e t ry fo r s im u la t in g  s t a g e  ch a n g e s in  Ma cka y
• [p ro b a b ly] Da t a  n e ce ssa ry t o  m o d e l su p p ly a n d  d e m a n d  d e c is io n s  a t  t h e  sca le  o f fie ld s  a n d  ca n a ls

Reduced Mackay Storage Capacity
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Decisions???
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1. Sim u la t e d  in t e ra c t io n s  b e t w e e n  s u rfa c e  w a t e r  a n d  g ro u n d w a t e r
- Gro u n d w a te r → su rfa ce  w a t e r: s ig n ifica n t  fe a tu re s  h yd ra u lica lly co n n e c t e d  t o  g ro u n d w a te r
- Su rfa ce  w a t e r →g ro u n d w a te r: a n yth in g  t h a t  is  re ch a rg in g  a q u ife r t h a t  m a y b e  a lt e re d ?

2. P ro vid e  a  m o re  a c c u ra t e  e s t im a t e  o f d is c h a rg e  t o  ESP A
- Ab ilit y t o  d o  u n ce rt a in ty a n d  se n sit ivit y a n a lysis  fo r t h is  o u tp u t

3. Be  a  t o o l fo r  w a t e r  r ig h t s  a d m in is t ra t io n
- In d ivid u a l rig h t s  w ith  p rio rit y, P OD, P OU?

4 . Sim u la t e  im p a c t s  o f p u m p in g  fro m  in d ivid u a l w e lls
- P ro p o se d  o r e xis t in g  w e lls  (a d d  o r re m o ve  a n d  s im u la t e  d iffe re n ce )

5 . Sim u la t e  h o w  p u m p in g  a n d  c o n s u m p t ive  u s e  in  t h e  u p p e r  va lle y im p a c t s  Ma c k a y
- P u m p in g  → Gro u n d w a te r le ve ls  → St re a m  g a in s  → Ma cka y in flo w  → Do w n st re a m  w a te r a va ila b ilit y

6 . Sim u la t e  m a n a g e d  a q u ife r  re c h a rg e
- De g re e  o f im p a c t
- Lo n g e vity o f im p a c t

Possible Model Objectives – Which to keep?
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● O t h e rs ?  Are  t h e re  c o n c e rn s  a b o u t  w a t e r  re s o u rc e s  t h a t  a re n ’t  re p re s e n t e d  in  t h e  e xis t in g  
o b je c t ive s ?

- …

Possible Model Objectives – Any to add?
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1. Re d u c e d  p u m p in g
- Ho w  d o e s p u m p in g  – a t  t h e  b ro a d  sca le  – a ffe c t  g ro u n d w a te r le ve ls  a n d  s t re a m flo w  a n d  b a sin  
o u t flo w ?  

2. Ca n a l lin in g
- Ho w  w o u ld  lin in g  a  ca n a l a ffe c t  g ro u n d w a te r le ve ls , s t re a m flo w , su rfa ce  w a t e r a va ila b ilit y, a n d  
b a sin  o u t flo w ?

3. Re d u c e d  (o r  in c re a s e d ) s t o ra g e  c a p a c it y in  Ma c k a y re s e rvo ir
- If Ma cka y h e ld  le ss  w a t e r, h o w  w o u ld  t h is  a ffe c t  su rfa ce  w a t e r a va ila b ilit y, p u m p in g , g ro u n d w a te r 
le ve ls , s t re a m flo w , a n d  o u t flo w  fro m  b a sin ?

4 . Ch a n g in g  c lim a t e
- Ho w  w ill g re a t e r ET a n d  e a rlie r sn o w m e lt  a ffe c t  su rfa ce  w a t e r a va ila b ilit y, p u m p in g , g ro u n d w a te r 
le ve ls , s t re a m flo w , a n d  o u t flo w  fro m  b a sin ?

5. Mu lt i-ye a r  d ro u g h t
- Ho w  w o u ld  a  m u lt i-ye a r d ro u g h t  a ffe c t  s t o ra g e  in  Ma cka y, su rfa ce  w a t e r a va ila b ilit y, p u m p in g , 
g ro u n d w a te r le ve ls , s t re a m flo w , a n d  o u t flo w  fro m  b a sin ?

Possible Model Scenar ios – Which to keep?
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● O t h e rs ?
- …

Possible Model Scenar ios – Any to add?
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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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