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Major Progress

A Updates i pumping and ditch diversions

A PEST Calibration
1) Creation of step models
2) PST+ K and Sy calculation
3) Results



Ditch Diversions

A Post-1990 data incorporated into model.

A Affected model input data 7
1) Ark River stream diversions
2) Ditch return flow (part of recharge)
3) Well pumping estimates in ditch areas



Pumping Update

A Pumping from the High Plains aquifer

versus t
A For HP

1€ a

oum

luvial valley of the Ark River.

ning, Incorporate new

regression equations for the ditch service
areas 1 PDSI and annual precipitation plus
ditch diversions.

A Irrigation return flow recalculated.
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New regression lines for Ground-water use
within the ditch irrigation areas
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PEST Calibration



Creation of Step Models

A Six Steps (based on the number of winter
water level measurements) |
1) predevelopment (steady-state)
2) predevelopment to 1966
3) 19671 1976
4) 1977717 1986
5) 1987 1 1996
6) 19971 2007
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Creation of Step Models

A For each step model, K and Sy computed based
on PST+ lithology and observed water levels. No
Sy for predevelopment step.

A The simulated heads from the end of previous
step model used as initial heads for the current
step model.

A Model input data for recharge, well pumping,
stream-aquifer interactions, and specified head
boundaries broken into each step model.



PST+ K and Sy

A Two types of data files generated from PST+
raw database and observed water levels 1
1) npst p ibassesbses infanmabon
about the water levels and coordinates for all

wellbores.
2) Individual borehole files i layer information for

each borehole.
A Synonymy K and Sy developed by KGS

A Step model K is computed as depth average
from the water level to bedrock. Sy is computed
as depth average between the start and end
water levels.



Synonymy K (8 Groups) and Sy (5 Groups)

Synonymy K 3Y Synonymmy K Y Synonymy K =Y
sh 0.0002 0.03 5C 0.2 0.05 0.22
C 0.0002 0.03 fds 0.2 0.05 0.22
coal 0.0002 0.03 fmds 0.2 0.05 0.22
br 0.0002 0.03 fcrads 0.2 0.05 snd 100 0.22
rb 0.0002 0.03 ds 0.2 0.05 fcrssnd 100 0.22
r 0.0002 0.03 mds 0.2 0.05 msnd 100 022
sst 0.0002 0.03 qc 0.2 0.05 mcrssnd 100 0.22
ca 0.02 0.05 mcrsds 0.2 0.05 CqQ 100 0.22
0 0.02 0.05 crsds 0.2 0.05 crssnd 100 0.25
ts 0.02 0.05 cesd-cqg Z 0.2 50 100 0.25
fs 0.02 0.05 fss 2 0.2 fsdg 200 0.25
fsc 0.02 0.05 fmss 2 02 fmsdg 200 0.25
fmsc 0.02 0.05 55 Z 0.2 msdg 200 0.25
m 0.02 0.05 mss P 0.2 sdg 200 0.25
msc 0.02 0.05 fcrsss Z 0.2 fcrssdg 200 0.25
5 0.02 0.05 MCrsss Z 0.2 mcrssdg 200 0.25
Crssc 0.02 0.05 CrSss P 0.2 crssdg 200 0.25
fcrssc 0.02 0.05 ¥ Z 0.2 fg 300 0.25
MCrssc 0.02 0.05 fmg 300 0.25
fcrsg 300 0.25
fcrssg 300 0.25
g 300 0.25
mg 300 0.25
MCrsg 300 0.25

Crsq 300 0.25



PST+ K Calculation - lllustration

Predevelopment 4

Ky

K, =[50 x (0.2 + 0.0002)/2 +
100 x (20 + 0.2 + 2)/3
30 x 100]
/(50 + 100 + 30)
=20.8 ft/d

___________________ Y _____
A
sc - sandy clay (K= 0.2 ft/d)
50 ft c 1 clay (K =0.0002 ft/d)
\d
A

fmgsnd - Fine to Medium Sand (K= 20ft/d)
100 dsi Sandy Silt (K= 0.2 ft/d)
fss1 fine silty sand (K= 2 ft/d)

\4
A
30 ft
fcrssnd - Fine to Coarse Sand (K=100 ft/d)
v

Bedrock




PST+ KT Bedrock above Bottom

Predevelopment 4

Ky

K, =[50 x (0.2 + 0.0002)/2 +
100 x (20 + 0.2 + 2)/3
20 x 100]
/(50 + 100 + 20)
=16.1 ft/d

Bedrock *—

___________________ Y _____
A
sc - sandy clay (K= 0.2 ft/d)
50 ft c 1 clay (K =0.0002 ft/d)
\d
A

fmgsnd - Fine to Medium Sand (K= 20ft/d)
100 dsi Sandy Silt (K= 0.2 ft/d)
fss1 fine silty sand (K= 2 ft/d)

\4

20 ft
fcrssnd - Fine to Coarse Sand (K=100 ft/d)




PST+ KT Bedrock below Bottom

Predevelopment 4

Ky

K; =[50 x (0.2 + 0.0002)/2 +
100 x (20 + 0.2 + 2)/3

30 x 100]

/(50 + 100 + 30)

= 20.8 ft/d

Bedrock

\ 4

___________________ Y _____
A
sc - sandy clay (K= 0.2 ft/d)
50 ft c 1 clay (K =0.0002 ft/d)
\d
A

fmgsnd - Fine to Medium Sand (K= 20ft/d)
100 dsi Sandy Silt (K= 0.2 ft/d)
fss 1 fine silty sand (K= 2 ft/d)

\4

A
30 ft
fcrssnd - Fine to Coarse Sand (K=100 ft/d)

\2
Ignored



PST+ KT Two Water Levels

Predevelopment
Average x

1966

K, =[40 x (0.2 + 0.0002)/2 +
100 x (20 + 0.2 + 2)/3

30 x 100]

/(40 + 100 + 30)

=22.0 ft/d

Bedrock

A sc - sandy clay (K= 0.2 ft/d)

""""" ci clay (K=0.00027t/d) ~
A0 ft yK )

A

A

fmgsnd - Fine to Medium Sand (K= 20ft/d)
100 dsi Sandy Silt (K= 0.2 ft/d)
fss 1 fine silty sand (K= 2 ft/d)

\4
A
30 ft
fcrssnd - Fine to Coarse Sand (K=100 ft/d)
v v




PST+ Sy 1T Within One Layer

Predevelopment jg===============-¥---o----.________
SY2$ 20 ft
19667 """ Ciclay(Sy=003) "~~~ "~~~

Sy, = (0.05 + 0.03)/2 _ _
— 004 fmgsnd - Fine to Medium Sand (Sy= 0.22)

100 ft ds T Sandy Silt (Sy= 0.05)
fssi fine silty sand (Sy= 0.2)

\

A
30 ft
fcrssnd - Fine to Coarse Sand (Sy= 0.22)

\4

Bedrock



PST+ Sy I Across Layers

sc - sandy clay (Sy=0.05) ¢

19664 CTClay(Sy=003) "~~~ "~ "~~~ -
30 ft
SYsI
lo76W B v
Sy, = [30 x (0.05+0.03)/2+
: [15 X ((0_22+0_05J)ro_2)/3] fmgsnd - Fine to Medium Sand (Sy= 0.22)
/(30+15) ds 1 Sandy Silt (Sy= 0.05)
— 008 fssi fine silty sand (Sy= 0.2)

fcrssnd - Fine to Coarse Sand (Sy= 0.22)

Bedrock



PST+ K and Sy Example T Well 100003

Bl clay sandy clay

Ofine sand medium sand sandy clay
B caliche clay sand

Ofine sand medium sand coarse sand
M clay caliche

Ofine sand coarse sand fine gravel

O sand fine gravel crs gravel

B clay caliche

Ofine sand medium sand coarse sand

BN m sandy clay

O sand fine gravel

I Wl

B clay sand
O sand fine gravel rock

e B shale



PST+ K and Sy Example T Well 100003

From PST+
Step K (ft/d)

OO0k, WN B

64
65
/4
82
83
98

Sy

0.17
0.18
0.02
0.02
0.13



From Wellbore K to Model Cell K

A A two-dimensional kriging program from
GSLIB (KB2D) used to estimate model cell
K from wellbore K.

A Kriging setup: ordinary kriging; linear
variogram model; maximum number of
data points 16; maximum search radius 40
mile.



PEST Calibration Setup

A Parameters to adjust (37) i
1) Recharge curves, four zones (Alluvial, terrace, main
aquifer and stream focus recharge areas)
2) Synonymy K1 8 groups; log-transformed
3) Synonymy Sy T 5 groups
A Calibration target data i
1) Predevelopment water levels (114)
2) Year-to-year water level changes (4870)
3) Gauged streamflows (283); log-transformed, weight
factor 10.

A Seven major runs have been conducted under various
parameter setups. Each PEST run takes about 15 hours.
We will try to use the KGS PC cluster to speed up the
numerical simulation process (Parallel PEST being
Investigated).



PEST Run #1 Statistics

A Four optimization iterations; total number
of model calls 233.

A Model error (total discrepancy for
predevelopment water levels, year-to-year
water level changes and gauged
streamflows) reduced from 2.125e5 to
1.777e5 (16.4%).



PEST Run #1 1 Calibrated Parameters

Parameter Initial

all
al2
al3
ald
a2l
a22
a23
a24
a3l
a32
a33
a34
a4l
ad2
a43
ad4
adl
ab?2

0.70
0.50
0.02
0.05
2.00
1.40
0.04
0.10
2.50
1.70
0.10
0.20
3.00
2.10
0.18
0.30
4.00
2.70

1.78
0.84
0.02
0.14
1.44
1.95
0.07
0.08
0.50
1.08
0.11
0.48
1.20
1.46
0.06
0.44
0.92
2.75

Calibrate R Sens

0.062
0.052
0.001
0.001
0.049
0.075
0.009
0.001
0.048
0.070
0.037
0.009
0.026
0.074
0.024
0.001
0.001
0.045

ab3
as4
aocl
a62
a63
aoc4
hyl
hy2
hy3
hy4
hy5
hy6
hy7
hy8
syl
Sy2
sy3
sy4
Sy5

0.90
1.20
10.00
7.00
2.50
4.00
0.00
0.02
0.20
2.00
20.00
100.00

2.27
0.25
2.00
3.42
6.09
7.76
0.00
0.00
0.05
1.61
13.59
71.39

200.00 203.42
300.00 327.52

0.03
0.05
0.20
0.22
0.25

0.02
0.05
0.22
0.28
0.34

0.045
0.001
0.001
0.001
0.005
0.000
0.002
0.005
0.079
0.001
0.122
0.382
0.437
0.684
0.031
0.038
0.011
0.100
0.120



PEST Run #1 1 Initial RCH curves
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PEST Run #1 17 Calibrated RCH curves

Precipitation - Recharge Relationship
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Recharge curves not physically reasonable i need to adjust recharge parameter setup



PEST Run #2

A Use the calibrated values of synonymy K
and Sy from run#1 as initial estimates.

A Add a physical constraint that recharge
curves are monotonically increasing; use
fewer recharge segments.



PEST Run #2 Statistics

A Four optimization iterations; total number
of model calls 216.

A Model error (total discrepancy for
predevelopment water levels, year-to-year
water level changes and gauged
streamflows) reduced from 1.938e5 to
1.836e5 (5%).



PEST Run #2 1 Calibrated Parameters

Parameter Initial Calibrated R Sens Paramet Initial Calibrated R Sens
a2l 2 0.36 0.0402 hyl 2E-05 1.18E-05 0.005
a22 1 1.27 0.1343 hy2 0.004 0.001695 0.005
a23 0.07 0.10 0.1223 hy3 0.05 0.099077 0.246
a24 0.1 0.04 0.0921 hy4 1.605 1.0775 0.013
d41 1 0.10 0.0018 hy5 13.59 7.87726 0.142
d4?2 1 0.10 0.0042 hy6 71.39 48.9927 0.414
d43 0.1 0.02 0.0043 hy7 203.4 542.419 1.896
d44 0.2 0.75 0.2035 hy8 327.5 143.643 0.542
d51 1 0.25 0.0010 syl 0.022 0.006405 0.002
db52 1 2.43 0.0048 Sy2 0.048 0.1 0.010
d53 0.5 1.50 0.0187 sy3 0.222 0.3 0.004
d54 0.5 0.04 0.0000 sy4 0.285 0.272913 0.021
d6l 2 7.00 0.0042 SyS 0.342 0.391262 0.031
d62 2 0.20 0.0001

d63 1 031 0.0004 RCHSegmentsl and 3 removed; d41 is
d64 15 395 0.0001 increment added to rate a21. Most

sensitive parameters are hy6, hy7, hy8



PEST Run #2 1 Initial RCH curves

Recharge, inches/year
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PEST Run #2 1 Calibrated RCH curves

Precipitation - Recharge Relationship
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PEST Run #2 1 Predevelopment K

ft/d




PEST Run #2 1 Predevelopment T

ft2/d
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