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Groundwater Model

Computer program

Solves equation for
groundwater flow

IDWR uses
MODFLOW

— USGS

— Transparency
— Widely used




D O Department of
Water Resources

Geologic Data
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e Determine what is
and Is not in the
model
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EXPLANATION

m E Quaternary, undifferentiated

BN - Tertiary, idavada Volcanics

[ ] Tortiary, chatis Volcanic Group

E Tertiary, undifferentiated intrusive rocks
‘II Cretaceous, Idaho Batholith granitic rocks

IE Pennsylvanian and Permian, Sun Valley Group

A3’ZU‘N: E Missippian, Copper Basin Formation

[I] Devonian, Milligen Formation
- Proterozoic to Silurian, undifferentiated

m Aquifer extent

1 1 3 I
Geology is medified from: Worl, R.G., and Johnson, K.M., 1995,
Map showin, ic 1 of the Hailey 1 degrea x 2 degrees
wastern part of tha Idaho Falls 1 dagreex 2

quadrangle ar
degrees quadrangle, south-central Idsho: U.S. Geological Survey
Bulletin 2064-A, 1 Plata, scala 1:250,000. Available cnline at

? 10 WIS
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* Develop model
boundaries

[ Confining layer
B Basalt
[ IModel Boundary

N
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Geologic Data

* Overlay model grid

[ IModel Boundary
[ IModel Grid

N
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Hydrologic Data

» Historic data
— Water level in wells
— Stream gages
— Water use
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Time series analysis

 Collect time series
data to monitor a ) One Year
trend f

« What is the shape of
the underlying trend

— Regional trend
» At least once a year

— Annual cycle
» At least 3 times a year
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Water Level (Feet Below Ground Surface)
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Stream Gages

T | * Nr Ketchum
« At Haliley

e At Stanton
Crossing




D O Department of
Water Resources

Stream Gages

« Calculate reach gain

— Difference upstream
and down stream gage

— Account for diversions, .
returns, and tributaries .~

— Calculate gain from or
- J U \JU\J\J\J\J\J\J\J\\J\J\I\J\IUW\\ o
loss to the aquifer kil Tl i
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VY VI 1 wawkwu V

000000

000000




D O Department of
Water Resources

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
g PEST

|

Parameters

Groundwater model
MODFLOW

|

Model output
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Jacobian matrix

00,1 Jp,
00,1 Jp,
00,1 0P,
00,1 Jp,
00: | Op,
00g 1 0P,
00,1 dp,
00g 1 0P,

etc

20,1 0p,
00,1 dp,
00,1 p,
00,1 0p,
20:1 op,
00g! 0P,
20,1 op,
20gl 0P,

00,1 Opg
00, Opg
0051 Opg
00,1 0P
00: 1 Opg
00g! 0Py
00,1 0P
00gl 0Py

00,1 0p,
00,1 dp,
00,1 0p,
00,1 0p,
00: | op,
00g 1 Op,
00,1 0p,
00g 1 Op,
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Phi isopleth

P

Simple 2

parameter
system ,
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Jacobian matrix

Each column iIs independent

00,1 Jp,
00,1 Jp,
00,1 0P,
00,1 Jp,
00: | Op,
00g 1 0P,
00,1 dp,
00g 1 0P,

etc

20,1 0p,
00,1 dp,
00,1 p,
00,1 0p,
20:1 op,
00g! 0P,
20,1 op,
20gl 0P,

00,1 Opg
00, Opg
0051 Opg
00,1 0P
00: 1 Opg
00g! 0Py
00,1 0P
00gl 0Py

00,1 0p,
00,1 dp,
00,1 0p,
00,1 0p,
00: | op,
00g 1 Op,
00,1 0p,
00g 1 Op,
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Par 1

Par 2

Par 3

Par 4

Par 5

Par 6

Slaves
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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
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Essentially, all models are wrong, but some are

(George E. P. Box)

izquotes.com
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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
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Wood River Valley Aquifer Model

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

 |daho Water Resource Board
— Client

— Transfers
« Change point of diversion, or use, or both



D O Department of
Water Resources

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
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Avalilable 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
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Avallable Data

@ Observation Wells
A Surface Gage
Il Wood River
I Silver and Willow Cr

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



D O Department of
Water Resources

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
« |daho Water Resource Board
— Client
— Transfers
— Not achievable
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More Data Necessary to Meet
Objectives

By « Water level data

— Drillers must record water
level in wells

— Sun Valley production wells

— The Nature Conservancy
piniaalll transducer data for 2010

@ Sun Valley Wells
# Nature Conservancy

« Surface water gages

-SilverCArandWiI[owCr _ EStab“Shed Corre|at|ons
between the gage at Hailey
and gages established
since 2010
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Wood River Valley Aquifer
Model Calibration

Iia

. y=1.0045x - 19.801
Observation Wells R?=0.9994
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od River Valley Aquifer

3¢

Model Calibrati

> lbm*«

L =y

’ L

Driller Wells y=0.988x+ 64.127
R?=0.9964
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Wood River Valley Aquifer
Model Calibration

Sun Valley-Well 02

5810

5805

5800

5795

5790

5785

ft abv mean sea level

5780

5775

5770

5765
Jan-95  Jan-96  Dec-96 Dec-97 Jan-99  Jan-00 Dec-00 Dec-01 Jan-03  Jan-04 Dec-04 Dec-05 Jan-07 Jan-08 Dec-08 Dec-09 Jan-11

~-#- Observed Warm-up Modeled

Sun Valley-Well 11

5710

5705 A

5700

ft abv mean sea level

5695

5690
Jan-95  Jan-96 Dec-96 Dec-97 Jan-99  Jan-00 Dec-00 Dec-01 Jan-03  Jan-04 Dec-04 Dec-05 Jan-07 Jan-08 Dec-08 Dec-09 Jan-11

- Observed Warm-up Modeled
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Wood River Valley Aquifer
Model Calibration

TNC Wells y=0.9958x+20.733

R?=0.9973
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nr Ketchum-Hailey
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Hailey-Stanton Crossing

800
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-200

| -400
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Willow Creek
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. 1
Silver Abv Sportsman's Access
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. 1
Silver Blw Sportsman's Access
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/ -~ ®-- QObserved Warm-up Modeled

VPVI CITITUALIL 1 NV VNI JI




D O Department of
Water Resources

Legend
Il WoodRiverCells
B SpringCells
L1 Head

famsl

[14,756
14,757
14,757 - 4,800
[14,801- 4,900
714,901 - 5,000
[15,001- 5,100
[ 5,101 - 5,200
[ 5,201 - 5,300
[ 5,301 - 5,400
[ 5,401 - 5,500
I 5,501 - 5,600
B 5,601 - 5,700
Il 5,701 - 5,800
I 5,801 - 5,900
I 5,901- 6,100
N 6,101 - 6,200
I 6,201 - 6,300
B 6,301 - 6,400
I 6,401 - 6,500
I 6,501 - 6,600
I 6,601- 6,700
I 6,701 - 6,800
N 6,801 - 6,900
I 6,901 - 7,000
I 7,001-7,100
I 7,101 - 7,200
. 7,201- 7,300
I 7,301- 7,400
W 7,401- 7,500
I 7,501 - 7,600

N
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Layer 1

W BN « Tributary valleys are in their
Legend '~ OW” ZoneS

¢ L1 Pilot Points

e . « Invalley and triangle
S # — Min = 2.4 ft/day
[150.1-100 ,_,;::

— iy — Max = 122,344 ft/day
[[711,000.1 - 5,000

S ~ Mean = 831 ft/day
[ 50,000.1 - 100,000

100,000.1 - 500,000
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Layer 1 Hydraulic Conductivity

Rocks |Unconsolidated ¢ ko K K K K
deposits (darcy) {cm®) (cm/s) (m/s) [q:\/dm‘/f‘zl (f /6'}’/’,;
(105 10 102 -1
‘ [ 10°
Lotiof bof b0 frot {
6] ‘
3 < | 10°
T & Fio® Fios bt bio?
X 1] | kot
q [ 10
g ol 102 Lio® Lo L1073
a 103
Eo s pio pio7 pio? pi07
8%, 2 ‘
T S ( [ 102
SEwnb 21 1 F10® 103 |10
5 : '
5 . 10
2z 107" k102 k10 L\OE‘ B
[72] |
[ ] r
$Eop g F10? Fi0™F108 fio7 [
1
103 Fio" Fio® \ o [
[
-2
% O S e T
10 1072k 1077 F107®
‘ 3 :
) Fio )
F107° 10 F107® Fi0™ [
‘ ‘
X i Fio*
b0 F1o™ 107 Fio
\
[ | :
| 10 5

107 F10™ 100 To"z '
{ | o [ 108

108 L '0"‘5{ 1"

Table 2.3 Conversion Factors for Permeability
and Hydraulic Conductivity Units

Hydraulic conductivity, K

ft2 darcy m/s ft/s U.S. gal/day/ft?

1 1.08 107 1.01 x 108 9.80 = 102 322 %108 1.85 % 107

¢

fi2 9.29 x 102 1 9.42 %1010 9.11 x 103 2.99 % 106 L71 % 1012

darcy 9.87 ¥ 1077 1.06 x 1071} 1 9.66 1076 3.17 x 1075 1.82x 10!
1.02 % 1073 1.10 £ 1076 1.04 »x 10% 1 128 212 x 108

ft/s I x 1074 335x 1077 315 %104 3.05 % 107! 1 6.46 x 105

US. eal/dav/ft?5.42 > 10710 583 % 10713 549 ¥ 1072 4.7 x 1077 1.55 1076 1

Groundwater, Freeze & Cherry, 1979

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.
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2 _
&

Layer 2 Hydraulic Conductivity

;

k.

« Layer 2 modeled as

confined
* [ncludes basalt in east
... §  + Includes confining layer
— F « sandand gravel aquifer
= B in valley and triangle

— Min = 2 ft/day
— Max = 237 ft/day
— Mean =42 ft/day
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Layer 2 Hydraulic Conductivity

—_—

o[l o confining layer

£ pepen por — Min = 0.00004 ft/day

: ;vlll b ) — Max = 0.0002 ft/day

N W M - Basalt

A P _ Min = 5 ft/day

IR ol o O — Max = 20 f/day

« Sand and gravel In valley and

-

o P 2 4 el « Low hydraulic conductivity in

(darcy) (cm@) (cm/s) (m/s) (qol/doy/it?) (' /dn)

520

sgjé‘ 107 \A:O"srto 10

.‘EO_‘ | 3 -

i Lelalole L triangle
g2l 10 broeLyo™ 110

| Lio7

and Hydraulic Conductivity Units

Table 2.3 Conversion Factors for Permeability — Mln = 2 ft/day
e ik — Max = 237 ft/day

ft2 darcy m/s ft/s U.S. gal/day/ftz
em? 1 1,08 2 1073 1.01 x 108 9.80 = 102 322 %108 1.85 % 107 —
fi2 9.29 » 102 1 9421010 911 x105 299 %106 171 %102 -_ Mean —_— 42 I “day
darcy 9.87 1077 1.06 » 10-11 1 9.66 1076 3.17 x 1075 1.82x 10!
1.02 % 1073 1.10 « 1076 1.04 » 103 1 328 212 x 108
ft/s I x 1074 335x 1077 315 %104 3.05 % 107! 1 6.46 x 105 - -
US. pal/dav/f§42 5 10710 583 % 10713 549 % 1072 4.72 % 107 1.55 2 1076 1 [ ] 14 Wel IS I n Wood Rlver

Groundwater, Freeze & Cherry, 1979 alluvial sediments.
U E——
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Layer 3 Hydraulic Conductivity
o “imedniel o

p
-

« Layer 3 modeled as

confined
AN ey « Basalt
e |8 — Min =5 ft/day
= — Max = 96 ft/day

[150.1-100
[71100.1 - 500

T « Sand and gravel aquifer

[£711,000.1 - 5,000
[ 5,000.1 - 10,000

In valley and triangle
' — Min = 106 ft/day

— Max = 6684 ft/day

— Mean = 1138 ft/day
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Layer 3 Hydraulic Conductivity

Rocks | Unconsolidated k K K K K K
. | 9ePosilS (darcy) (em?) (cm/s) (m/s) (qal/day/ft?) (' V2 o B asa t
‘ 10° (103 102 I
10° £ -
10* fio? Lo Lot [ M —_—
Tl 5 — Min = ay
o 10 |
| i 5 «Oﬂ »IO‘E ] 7,0—2 =
| ‘ [
2= | F10°® 3
5% ol 10?2 L1078 107 Fi07 x —
B — Max = a
o e 10® ;
=2 | s FO 107 p102 F107 il
9%, g | 3 |
5E0% °0 ‘ i 5 [10 |
2Eag £ Bt 1078 H1073 110 =10 .
= L Lo o L [© * and an ravel aqgquirer
Er| £ F10™ F107® L1007 N
o8l [
3 g 5 mm | ) J
ggf_, g k102 F10" L1078 50‘7 ' |0 . .
- Lo 10" L IN vValley and trian
« £ & 1073 10 F107® F107® )
|
= ) 1072 ;
i ;‘ F107 L1072 1077 1070 —10 .
|9 3 & —_—
17 B 0 0 4 N A — Min = 106 ft/d
| | 255 £107® L0 L1078 F107 —1 In a
o | 8¢ Lo ;
352 &5 107 L10™ 10 F10™" -1
Yo% | SE —
8 [ e [0° - M 6684 ft/d
2£?° . ki = —
5828 | bio? fios oo Liore [ ax a
€ 585 l 1078
55| -8 L6l an |13 )
| e - M = 1138 ft/d
\' Lig? ean = ay
Table 2.3 Conversion Factors for Permeability
and Hydraulic Conductivity Units
WA Permeability, £* Hydraulic conductivity, K
4 em? ft2 darcy m/s ft/s U.S. gal/day/ftz
cm? 1 1.08 1073 1.01 » 108 9.80 « 102 2 x10 1.85 % 10°
ft2 9.29 » 102 1 9.42 » 1010 9.11 % 103 2.99 % 108 1.71 % 1012
darcy 9.87 x 1079 1.06 » 10711 1 9.66 » 1076 37 %1075 182 10!
ms 1.02 % 1073 1.10 x 1076 1.04 2 10% 1 328 2,12 % 108
ft/s 311 x1074  335x10°7 315 x 104 3.05 % 107! 1 6.46 x 103
U.S. eal/dav/ft*5.42 > 10710 5.83 % 1013 5.49 » 1072 4.72 X 1077 1.55 1076 1

Groundwater, Freeze & Cherry, 1979
U E——
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« Layerl
— Min = 0.1 ft/day
— Max = 0.3 ft/day
— Mean = 0.15 ft/day

Specific Yield
Material (%)
* L1 Pilot Points

L1 sy 5 min|avg|max

o 0.4 Unconsolidated deposits

[o0.11-02

ENo021-03 . Clay a2 s
i Sandy clay (mud) 3l 7 12
Silt 3| 18] 19
Fine sand 10| 21 28
Medium sand 15| 26| 32
Coarse sand 20| 27| 35
Gravelly sand 20| 25| 35
Fine gravel 21| 25| 35
Medium gravel 13| 23| 26
Coarse gravel 12| 22| 26

Johnson (1967)
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Layer 2 Storage
ahif & |

p - 2
* Layer 2 storage
* |ncludes basalt in east

Includes confining layer
— Min = 1E®

TR — Max =1E-3

oo oron 8 — Mean = 2ES

[ 0.0000101 - 0.0001
[ 0.000101 - 0.000994

Material Bulk Modulus of Compression Specific Storage with p=0
Eilb/ft2) Ss (1/ft) [Ss=vya]

Plastic Clay 1.00E+004] to 5.00E+004 6.2E-03] to 7 8E-04
Stiff Clay 8.00E+004| to 1.60E+005 7.8E-04{ to 3.9E-04
Medium hard clay 1.60E+005| to 3. 00E+05 3.9E-04 to 2 1E-04
| oose sand 2 00E+005] to 4 00E+05 I AE-04] to 1.6E-04
Dense sand 1.00E+006| to 1.60E+06 6 2E-05) to 3 9E-05
Dense sandy gravel 2.00E+006] to 4.00E+0§ J1E-05( to 1.6E-05
Rock, fissured, jointed 3.00E+006| to 6.25E+07|  21E-05] to 1.0E-06
Rock, sound 6. 26E+007 1.0E-06

Domenico and Mifflin (1965)
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Layer 3 Storage

* Layer 3 storage

* [ncludes basalt in east
— Min =5E5
— Max = 6E*
— Mean = 4E*#

¢ L3 Pilot Points
L3S
[10.000001 - 0.000001
[ 0.00000101 - 0.00001
[l 0.0000101 - 0.0001
[ 0.000101 - 0.000994

Material Bulk Modulus of Compression Specfic Storage with =0
Eilb/ft2) Ss (1) [Ss=ya]

Plastic Clay 1.00E+004] to 8. 00E+004 b 2E-03] to T 8E-04]
Stiff Clay 5.00E+004| to 1.60E+005 7.8E-04] to 3.9E-04]
Medium hard clay 1.60E+005| to 3.00E+05 3.9E-04] to 2. 1E-04
Loose sand 2.00E+005| to 4 00E+05 3.1E-04] to 1.6E-04]
Dense sand 1.00E+006| to 1.60E+06 6.2E-05] to 3.9E-05
Dense sandy gravel 2.00E+006| to 4 00E+08B 3.1E-05] to 1.6E-05
Rock, fissured, jointed 3.00E+006| to B.25E+07) 2.1E-05] to 1.0E-06
Rock, sound 6. 25E+007 1.0E-06

Domenico and Mifflin (1965)
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Tributary Underflow

« Trib underflow adjusted using

— Adjustment factors
* Adjust average flux

Scaler

9 0.010-0.208
0.209 - 0.692

0693 - 1.882
1.883 -4.131
4132 -21.856

N
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Tributary Underflow

Modeled AcFt

o5 -1212
121.3-85823

Es53.4-1,8095
1,809.6 - 3,442.8
3,442.9-13354.0

Av Basin Precip | Modeled
Tributary Scalar AcFt 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%
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Tributary Underflow

Fraction of Avg Ppt

[ 0.000040 - 0.000962
0.000963 - 0.010012

0010013 - 0.042627
0.042628 - 0.107063
0.107064 - 0.199606

Av Basin Precip | Modeled
Tributary Scalar AcFt 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%
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IDAHO i tesourees
Normalized Difference Vegetative Index
(NDVI)

Near-infrared (NIR) and
photosynthetic spectrum (VIS)
are about equal i.e. both
reflected snow

NIR — VIS — NDVI~0

NDVI = * Mixed sage and grass — NIR
NIR + VIS and some of VIS reflected

— NDVI small (0.2-0.4)

Well watered crops — NIR
reflected and VIS adsorbed

— NDVI~1.0




