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• Groundwater model

– Data

• Geology

• Hydrology

• Water use

• Parameter optimization

• Collaborative Modeling



Groundwater Model

• Computer program

• Solves equation for 

groundwater flow

• IDWR uses 

MODFLOW

– USGS

– Transparency

– Widely used

Legend 

.. ModelArea 

• Cities 

N 

A 



Geologic Data

• Determine what is 

and is not in the 

model

~ a1111amary, 11difta1111ti••• 

- T1rtlary, ldnld1Yolca1lcs 

~ T1rtiary, Chllls Yolc11lc Groo, 

MiuippiH, Coppar Bain Fornation 

~ Dlvonin, Milligan Formation 

- Prot•ozoic toSilwt1n.u1clfftN1ti1lad 

- AtililerextHt 

Gecfogy is m<difiid Iran: Wort. R.G .. and Johmon. OA .. 1!!15. 
Map shc,wllQ geolo;iic tammes of ttll ~ley 1 degrllll • 2 degr.ies 
Q11adra1"11ltandlhewestifnp,11naftnlld/Jho~llsldagreax2 
dsgrfis QU5drangla, south-e111nl Idaho: U.S. Geological SUIVII')' 
Bullllfin2f.64..A, IPl11!11,SC'al11 l :2SO,OOO.Awilsbl11mlinll11t 

10 KILOMETERS 



Geologic Data

• Develop model 

boundaries

- Confining layer 
• Basalt 

D Model Boundary 
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Geologic Data

• Overlay model grid

Legend 

D Model Boundary 

CJ Model Grid 

A 



Hydrologic Data

• Historic data

– Water level in wells

– Stream gages

– Water use



Time series analysis

• Collect time series 

data to monitor a 

trend

• What is the shape of 

the underlying trend

– Regional trend

• At least once a year

– Annual cycle

• At least 3 times a year

One Year
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Stream Gages

• Nr Ketchum

• At Hailey

• At Stanton 

Crossing

Legend 

~ USGS gages 

• WoodRiverCells 

N 
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Stream Gages
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Near Ketchum to Hailey (cfs) Hailey to Stanton Crossing (cfs)

• Calculate reach gain

– Difference upstream 

and down stream gage

– Account for diversions, 

returns, and tributaries

– Calculate gain from or 

loss to the aquifer
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Water Use

• Crop Water Use

– Requirements by crop type 

are well known

• Municipal Use

– Pumping is reported

– Treatment plant discharge 

is reported
/ 
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Model Calibration

Parameter Estimation

PEST

Parameters

Groundwater model

MODFLOW

Model output
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Jacobian matrix

 o1 /  p1       o1 /  p2       o1 /  p3       o1 /  p4

 o2 /  p1       o2 /  p2       o2 /  p3       o2 /  p4

 o3 /  p1       o3 /  p2       o3 /  p3       o3 /  p4

 o4 /  p1       o4 /  p2       o4 /  p3       o4 /  p4

 o5 /  p1       o5 /  p2       o5 /  p3       o5 /  p4

 o6 /  p1       o6 /  p2       o6 /  p3       o6 /  p4

 o7 /  p1       o7 /  p2       o7 /  p3       o7 /  p4

 o8 /  p1       o8 /  p2       o8 /  p3       o8 /  p4

etc



p1

p2

Simple 2 

parameter 

system

Phi isopleth
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Jacobian matrix

Each column is independent

 o1 /  p1       o1 /  p2       o1 /  p3       o1 /  p4

 o2 /  p1       o2 /  p2       o2 /  p3       o2 /  p4

 o3 /  p1       o3 /  p2       o3 /  p3       o3 /  p4

 o4 /  p1       o4 /  p2       o4 /  p3       o4 /  p4

 o5 /  p1       o5 /  p2       o5 /  p3       o5 /  p4

 o6 /  p1       o6 /  p2       o6 /  p3       o6 /  p4

 o7 /  p1       o7 /  p2       o7 /  p3       o7 /  p4

 o8 /  p1       o8 /  p2       o8 /  p3       o8 /  p4

etc
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Modeling by Committee

• Modeling committee

– Technical advisory 

committee

– Open meetings

– All are welcome

– Modeling takes longer

– Legal process is less 

painful





Keys to Making a Useful Model

• Who is going to use your model

• What are they going to use it for

• What should they know about your model

• Model IS going to be used for some 

unintended purpose



Wood River Valley Aquifer Model

• Client is Idaho Water 

Resource Board

• Collaborator US 

Geological Survey

• Technical advisory 

committee
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Objectives

• Objectives should be 

aligned with how the 

client intends to use 

the model

– No one is clairvoyant

– Model can’t be good at 

everything

– Model will be used for 

some unintended 

purpose

Legend 
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Objectives

• IDWR

– Be transparent

• US Geological Survey

– Collaborator

– Improved understanding of the aquifer system and guide future 

investigations

• Technical Advisory Committee

– Provide a basis for conjunctive administration
• Ground water and surface water are one source

• Junior users are curtailed so seniors can have full allotment of water

• Idaho Water Resource Board

– Client

– Transfers
• Change point of diversion, or use, or both



Data Necessary to Meet 

Objectives
• Consumptive use of water and how it has changed 1995-

2015

– NASS

– ET Idaho

– METRIC

• How aquifer has responded to consumptive use 1995-

2015
– Water levels in wells

• How Wood River, Willow Creek, and Silver Creek have 

responded to consumptive use 1995-2015
– River gages and gaged diversions



End



Available Data

• Crop water use 

– ET Idaho

• ET = 

Evapotranspiration

• Crop water use

– NASS USDA
• Crops by county

– County has large 

footprint

• Department of Agriculture 

will change crop mix if one 

grower dominates a crop 

type

D Blane County 

N 

A 



Available Data

• Water levels in wells

– 94 wells

– 4 with 16 or more water levels 

between 1995-2010

• 4 surface water gaging stations

– 2 on Wood River

– 1 Willow Creek

– 1 Silver Creek

Legend 

o Observation Wells 

A Surface Gage 

• wood River 

• Silver and Willow Cr 

A 



Matching Objectives with 

Available Data
• IDWR

– Transparent

– Achievable

• US Geological Survey

– Collaborator

– Improved understanding of the aquifer system and guide future investigations

– Achievable

• Technical Advisory Committee

– Provide a basis for conjunctive administration

– Not achievable

• Idaho Water Resource Board

– Client

– Transfers

– Not achievable



More Data Necessary to Meet 

Objectives
• Water level data

– Drillers must record water 

level in wells

– Sun Valley production wells

– The Nature Conservancy 

transducer data for 2010

• Surface water gages

– Established correlations 

between the gage at Hailey 

and gages established 

since 2010

o USGS/ IDWR Wells 

o Sun Valley Wells 

• Nature Conservancy 
0 Drille r Wells 

.t. Surface Gage 

.t. New Su rface Gage 

• wood River 

• Silve r Cr and W illow Cr 

A 



Wood River Valley Aquifer 

Model Calibration
y = 1.0045x - 19.801

R² = 0.9994
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Wood River Valley Aquifer 

Model Calibration
y = 0.988x + 64.127

R² = 0.9964
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Wood River Valley Aquifer 

Model Calibration
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Wood River Valley Aquifer 

Model Calibration
y = 0.9958x + 20.733

R² = 0.9973
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River Gains and Losses

• Transient Gains

– Nr Ketchum – Hailey

– Hailey – Stanton 

Crossing

– Willow Creek

– Silver Cr Abv

Sportsman Access

– Silver Cr Blw

Sportsman Access
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River Gains and Losses

• Transient Gains

– Nr Ketchum – Hailey

– Hailey – Stanton 

Crossing

– Willow Creek

– Silver Cr Abv

Sportsman Access

– Silver Cr Blw

Sportsman Access
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River Gains and Losses

• Transient Gains

– Nr Ketchum – Hailey

– Hailey – Stanton 

Crossing

– Willow Creek

– Silver Cr Abv

Sportsman Access

– Silver Cr Blw

Sportsman Access
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River Gains and Losses

• Transient Gains

– Nr Ketchum – Hailey

– Hailey – Stanton 

Crossing

– Willow Creek

– Silver Cr Abv

Sportsman Access

– Silver Cr Blw

Sportsman Access
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River Gains and Losses

• Transient Gains

– Nr Ketchum – Hailey

– Hailey – Stanton 

Crossing

– Willow Creek

– Silver Cr Abv

Sportsman Access

– Silver Cr Blw

Sportsman Access
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Layer 1 Hydraulic Conductivity

• Layer 1

• Tributary valleys are in their 

own zones

• In valley and triangle

– Min = 2.4 ft/day

– Max = 122,344 ft/day

– Mean = 831 ft/day

Legend 

• L 1 Pilot Points 

L1 K 

ft/day 

0 2.4-5 

0 5.1-10 

0 10.1-50 
0 50.1 - 100 

100.1 - 500 

- 500.1 -1 ,000 
_ 1,000 .1 -5 ,000 

• 5.000 .1 - 10 ,000 

• 10,000 .1 - 50 ,000 
- 50 ,000 .1 - 100,000 

- 100,000.1 - 500 ,000 



Layer 1 Hydraulic Conductivity

• Tributary valleys are in their 

own zones

– Contain maximum and 

minimum values

• In valley and triangle

– Min = 2.4 ft/day

– Max = 122,344 ft/day

– Mean = 831 ft/day

• 437 wells in Wood River 

alluvial sediments.

Groundwater, Freeze & Cherry, 1979

Rocks UnconsohdOled k K K /( t< 
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Table 2,3 Conversion Factors for Permeability 

and Hydraulic Conductivity Units 

,..,,.rr Permeabi1ity,k• Hydraulic conduc1ivity,K . 
' . cm' ft ! da,cy m/1 h/s U.S gaVday/tP -<:. 

cm1 1.08 ..- 10-J 1.01 I (01 9.80 10' 3.22 . 101 I.BS x 10' 
f1 2 9.29 , 101 I 9.42 1010 9. 11 X \01 l .99 IO' 1.71 X 1011 

darer 9.87 x 10-, 1.06 ~ 10-1 1 I 9.66 X )0·6 J. 17 X JO·!_ l.82 X 101 
m, 1.02 X IO·l 1. 10 X JO·• 1.04 X 101 I l.28 2. 12 X 10' 
ft 1s J. 11 X 10· ' J.Jl X JO-" 3. IS X 10' J.OS x 10-1 I 6.46 X 101 
U.S. l!al da,· ft'5.42 x 10-10 5.8J X 10-IJ 5.49 X 10-2 4.72 X IO·l l.ll . 10-, I 



Layer 2 Hydraulic Conductivity

• Layer 2 modeled as 

confined

• Includes basalt in east

• Includes confining layer

• Sand and gravel aquifer 

in valley and triangle
– Min = 2 ft/day

– Max = 237 ft/day

– Mean = 42 ft/day

Legend 

• L2 Pilot Points 
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Layer 2 Hydraulic Conductivity

• Low hydraulic conductivity in 

confining layer

– Min = 0.00004 ft/day

– Max = 0.0002 ft/day

• Basalt

– Min = 5 ft/day 

– Max = 20 ft/day

• Sand and gravel In valley and 

triangle

– Min = 2 ft/day

– Max = 237 ft/day

– Mean = 42 ft/day

• 14 wells in Wood River 

alluvial sediments.Groundwater, Freeze & Cherry, 1979
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Table 2,3 Conversion Factors for Permeability 

and Hydraulic Conductivity Units 

,..,,.rr Permeabi1ity,k• Hydraulic conduc1ivity,K . 
' . cm' ft ! da,cy m/1 h/s U.S gaVday/tP -<:. 

cm1 1.08 ..- 10-J 1.01 I (01 9.80 10' 3.22 . 101 I.BS x 10' 
f1 2 9.29 , 101 I 9.42 1010 9. 11 X \01 l .99 IO' 1.71 X 1011 
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Layer 3 Hydraulic Conductivity

• Layer 3 modeled as 

confined

• Basalt

– Min = 5 ft/day

– Max = 96 ft/day

• Sand and gravel aquifer 

in valley and triangle
– Min = 106 ft/day

– Max = 6684 ft/day

– Mean = 1138 ft/day

Legend 

• L3 Pilot Points 

L3 K 
ft/day 

0 18-50 

0 50.1-100 
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. 1,000 .1 -5 ,000 

- 5,000 .1 - 10,000 
• 10,000 .1 - 16,908 .2 



Layer 3 Hydraulic Conductivity

• Basalt

– Min = 5 ft/day

– Max = 96 ft/day

• Sand and gravel aquifer 

in valley and triangle
– Min = 106 ft/day

– Max = 6684 ft/day

– Mean = 1138 ft/day

Groundwater, Freeze & Cherry, 1979

Table 2.3 Conversion Factors for Permeability 
and Hydraulic Conductivity Units 

10·1 

/ 
l 

IP 

10' 

10 

c,J/.'r,- Permeability, k• Hydraulic conductivity, K 

cm! darcy 

cm? I 1.08 ,.- 10-J 1.01 ..-. 10• 
ft ' 9.29 Y 101 I 9.42 1010 
darer 9.87 x 10-, 1.06 "/ 10-11 I 
m s 1.02 >' io-l 1.10 x 10-6 l.04 x los 
ft1S ).II X 10-, J.Jl X 10"7 J.]5 Z 10' 
U.S. eal1da\' ft:5 42 x rn- 10 5.R3 X 10-11 5.49 ;,: 10-: 

m/s 

9.80 10' 
9.11 ,._ 10s 
9.66 X J0·6 

I 
J.05 X JO·I 
4.72 X I0-1 

11/s 

3.22 10' 
2.99 106 

J.l) X JO· > 
J.28 -

1.55 , 10·• 

U S. gal/day/ tt1 

1.85 X 109 

1.7 1 X 101! 

1.82 X 101 

2. ll x IO' 
6.46 X 10> 

J 



Layer 1 Storage

• Layer 1

– Min = 0.1 ft/day

– Max = 0.3 ft/day

– Mean = 0.15 ft/day

Johnson (1967)

• L 1 Pilot Points 

L1 Sy 
0 0.1 

. 0.11 -0.2 

• 0.21 - 0 .3 

Specific Yield 

Mat eria l (%) 

min avg max 

Unconsolidated deposits 

Clay 0 2 5 

Sandy clay (mud) 3 7 12 

Silt 3 18 19 

Fine sand 10 21 28 

Medium sand 15 25 32 

Coarse sand 2:0 27 35 

Gravelly s.a11 d 2:0 25 35 

Fine gravel 21 25 35 

Medium grave l 13 23 25 

Coarse gravel 12 22 25 



Layer 2 Storage

• Layer 2 storage

• Includes basalt in east

• Includes confining layer

– Min = 1E-6

– Max = 1E-3

– Mean = 2E-5

Domenico and Mifflin (1965) 

• L2 Pilot Points 

L2S 

D 0.000001 - 0 .000001 

- 0.00000101 - 0 .00001 

- 0.0000101 - 0 .0001 

- 0.000101 - 0 000994 

!Material 

Plast ic Gia 
Stiff Cla 
Medium hard cla 
Loose sand 
Dense sand 
Dense sand ravel 
Rock, fissured , ·ointed 
Rock, sound 

8.00 E+004 to 1.60 E+005 7.SE-04 to 3.9E"04 
1.60 E+005 to 3.00 E+0S 3.9E-04 to 2.1E-04 
2.00 E+00S to 4.00 E+0S 3.1E-04 to 1.6E-04 
1.00 E+006 to 1.60 E+06 6.2E-05 to 3.9E-05 
2.00 E+006 to 4.00 E+06 3.1E~05 to 1.6E-05 
3.00 E+006 to 6.25 E+0 2.1E-05 to 1.0E"06 
6.25E+007 1.0E-06 



Layer 3 Storage

• Layer 3 storage

• Includes basalt in east

– Min = 5E-5

– Max = 6E-4

– Mean = 4E-4

Domenico and Mifflin (1965) 

• L3 Pilot Points 

L3S 

D 0.000001 - 0 .000001 

- 0.00000101 - 0 .00001 

- 0.0000101 - 0 .0001 

- 0.000101 - 0 000994 

Material 

Plastic Cla 
Stiff Gia 
Medium hard cla 
Loose sand 
Dense sand 
Dense sand ravel 
Roc le, fissured , ;ointed 
Roc le sound 



Tributary Underflow

• Trib underflow adjusted using 

– Adjustment factors
• Adjust average flux

Scaler 

. 0.010 - 0.208 

0.209 - 0 .692 
. 0.693 - 1.882 

1.883-4 .131 

4.132 -21 .856 



Tributary Underflow
Tributary Scalar

Av Basin Precip 
AcFt

Modeled 
AcFt % Basin Av

Adams Gulch 0.01 17600 8.51 0.05%

Chocolate Gulch 0.01 864 0.58 0.07%

Cold Springs Gulch 0.69 3,341 121.17 3.63%

Clear Creek 0.01 2,288 1.17 0.05%

Cove Canyon 2.52 11,200 360.66 3.22%

Croy Creek 1.22 23,595 858.26 3.64%

Deer Creek 1.88 74,213 2744.17 3.70%

Eagle Creek 3.40 17,248 3442.80 19.96%

Elkhorn Gulch 0.01 12,757 0.51 0.00%

East Fork 1.30 120,629 610.00 0.51%

Greenhorn Gulch 0.01 30,464 6.81 0.02%

Indian Creek 0.33 10,149 786.58 7.75%

Lake Creek 1.44 17,280 3440.42 19.91%

Lees Gulch 2.99 2,240 355.80 15.88%

Ohio Gulch 0.01 4,270 2.14 0.05%

Oregon Gulch 3.72 6,919 1278.07 18.47%

Quigley Creek 0.21 15,504 116.89 0.75%

Seamans Creek 1.46 18,768 2828.20 15.07%

Slaughterhouse Gulch 0.01 11,509 5.04 0.04%

Trail Creek 4.13 111,274 11913.32 10.71%

Townsend Gulch 0.02 960 0.92 0.10%

Upper Big Wood River 21.86 313,278 13354.02 4.26%

Warm Springs Creek 3.75 180,735 1809.46 1.00%

Modeled AcFt 

- 05-1212 

121.3 - 858.3 
- 858 .4 - 1,809 .5 

1,809 .6 - 3,442 .8 

3,442 9 - 13,354 .0 



Tributary Underflow
Tributary Scalar

Av Basin Precip 
AcFt

Modeled 
AcFt % Basin Av

Adams Gulch 0.01 17600 8.51 0.05%

Chocolate Gulch 0.01 864 0.58 0.07%

Cold Springs Gulch 0.69 3,341 121.17 3.63%

Clear Creek 0.01 2,288 1.17 0.05%

Cove Canyon 2.52 11,200 360.66 3.22%

Croy Creek 1.22 23,595 858.26 3.64%

Deer Creek 1.88 74,213 2744.17 3.70%

Eagle Creek 3.40 17,248 3442.80 19.96%

Elkhorn Gulch 0.01 12,757 0.51 0.00%

East Fork 1.30 120,629 610.00 0.51%

Greenhorn Gulch 0.01 30,464 6.81 0.02%

Indian Creek 0.33 10,149 786.58 7.75%

Lake Creek 1.44 17,280 3440.42 19.91%

Lees Gulch 2.99 2,240 355.80 15.88%

Ohio Gulch 0.01 4,270 2.14 0.05%

Oregon Gulch 3.72 6,919 1278.07 18.47%

Quigley Creek 0.21 15,504 116.89 0.75%

Seamans Creek 1.46 18,768 2828.20 15.07%

Slaughterhouse Gulch 0.01 11,509 5.04 0.04%

Trail Creek 4.13 111,274 11913.32 10.71%

Townsend Gulch 0.02 960 0.92 0.10%

Upper Big Wood River 21.86 313,278 13354.02 4.26%

Warm Springs Creek 3.75 180,735 1809.46 1.00%

Fraction of Avg Ppt 

- 0000040 - 0 .000962 

0.000963 - 0 .010012 

. 0.010013 - 0 .042627 
0.042628-0.107063 

0.107064 - 0 .199606 
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Normalized Difference Vegetative Index 

(NDVI)

• Near-infrared (NIR) and 

photosynthetic spectrum (VIS) 

are about equal i.e. both 

reflected snow 

– NDVI ~ 0

• Mixed sage and grass – NIR 

and some of VIS reflected

– NDVI small (0.2-0.4)

• Well watered crops – NIR 

reflected and VIS adsorbed

– NDVI ~ 1.0

NIR- VIS 
NDVI = NIR + VIS 


