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Presentation Outline

« Chasing the pumping data across state
lines
 Model development:

 Enhanced predevelopment simulation results
e |nitial transient model simulation



PART A
Development of a Pumping File

GMD 3 Model



« Each state within the model area has its own water right structure, laws, and
data availability via the web
* Requires unique data processing for each state

Colorado Kansas

Oklahoma

Texas

A little nervous playing with other state’s water r ights knowing how
complex the Kansas System is.
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Kansas

Kansas
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Kansas Water Rights
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Kansas - Regression Equations

o Similar effort used in Mid Ark and Smoky Hill model S
* Regress past ground-water use based on authorized qu antities and climatic
conditions
Mid ark- statistically explained 87.65% of the varia  tion in water use
SHR- statistically explained 70.66% and 86.63% of th e variation in
irrigation and municipal ground-water use, respecti vely
* Requires re-allocating authorized quantities to poin ts of diversion

« Summarizing total authorized quantity from 1945to 20 07 by model cell and
year (priority date)

« Summarizing total reported water use from 1990 to 20 06 by model cell

 Interpolating and summarizing annual and seasonal (m ar to sep)
precipitation from 1945 to 2007

« Setting up regression equations based on conditions from 1990 to 2006



Kansas - Quantity by Point of Diversion

» Delete points of diversions known to be drilled in something other than the
High Plains and alluvial aquifers (roughly 50% have aquifer entries)
« Authorized gquantity can be stored by:
« Water Right
« Use Made of Water
* Point of Diversion
 We want it all to be stored by Point of Diversion
« Quantity by water right and use type is totaled by water right and divided
equally among the water right’s points of diversion
« Summarized by year (priority date) and model cell
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Kansas - Water Use from 1990 to 2006

« Time period covers the Kansas Water Office / Kansas Department of
Agriculture, Division of Water Resources Water Use Program

* Reported water use is tied to individual points of diversion

« Summarized by year and model cell
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Kansas - Interpolate precipitation from 1945 to 2007

« Compute missing monthly values based on average of surrounding stations
(limited to stations missing 4 or less months in a given year)

 Interpolate Annual and Seasonal (April to October)

« Assign values to model grid centers
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Kansas - Regressions Setup

» Use regression equation to compute the ratio of per cent of authorized
guantity used by variations in precipitation

 We compute the ratio (wuse / gty) and multiple itb  y the quantity over time
to avoid having negative use in early years
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Kansas - Regressions Results, first shot

 Initial R-Squared results were awful (never above 0  .2)
» Tried (but failed) to establish relationship based on
Variations in pumping
Temporal
Regional
- Did actually get high R-Squared values only along e  astern side of
model area (Ford County)
- Similar to Mid-Ark Model
* More times than not, a downward trend in the wuse/q  ty ratio could be seen
which probably affects the regression

Water Use/Quantity Ratio Versus Year
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Kansas - Regressions Results, second shot

De-trend the wuse/qty ratio centered on the average

Regress the de-trended ratio against PDSI and Annua | Precipitation
Allows for antecedent and other climatic conditions to be used
Apply regression equation to model cell for each ye ar
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Kansas - Regressions Results

e R-Squared value of 0.745
* Model uses regressed values every year except from 1990 to 2006 when
actual reported water use values are used
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Oklahoma

Oklahoma



Oklahoma - Data Availability

GIS ready data of “Reported Well Logs”
Similar to Kansas WWC5 data
Some permit (Water Right) information but no quanti ty or use

Water Information Mapping System (WIMS)

Interactive online mapping server

Has Permitted or Water Rights Layer
Has lat/long and annual permitted amount
No download option
Option to view tabular records, 25 at a time
Copied and pasted 1,200+ records (25 at a time) int 0 a text file and
then converted to GIS



Oklahoma - water information Mapping System (WIMS)



Oklahoma Permitted Wells



Oklahoma - oklahoma Permitted Wells

« Annual quantity is by permit

» Divided among points of diversion

 Summarized by model cell and application year

» Appears to be over estimating in comparison to Kans as although
allocations are 3 acre-feet per acre (ks historical |y 2 af/a)

* No real means to check for aquifer types
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Oklahoma - Reported Water Use

* Reported water use, by permit

* Reports are not required although it is in the inte rest of the permit holder to
submit a report each year

e 1992 has less than half the number of permits repor  ting
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Oklahoma - Reported Water Usage (Raw)

 No QA/QC program like Kansas or follow up on receiv  ing reports

Raw Reported Water Use
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Oklahoma - Adjustments to Reported Water Use

« Each permit’s reported water use history was review ed
Example- permit 19670553
- 671705 af changed to 671.705 af (2001)
- Why did the permit stop reporting????
« Easy to identify over reports which appear to be ma  inly decimal problems
« Difficult to justify changes in low or no use (1997 )



Oklahoma - Reported Water Usage (adjusted)

Raw versus Adjusted Reported Water Use
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Oklahoma - regression setup

« Kansas based regression approach did not fit with O klahoma data

« Created a unigue equation where the average adjuste  d reported water use
(not the ratio) by model cell is regressed from ave  rage permitted quantity
and PDSI in the Oklahoma panhandie

* Resulted in an R-Squared of 0.833
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Oklahoma - use comparison

« Oklahoma regressed water use is high relative to Ka
* In Kansas, non-metered water use is generally over
 What if we used two-thirds of the regressed Oklahom
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Colorado



Colorado - Data Availability

» Getting ground-water pumping data online is tough

» Information is available from various and like site S
No real easy means of download
If downloadable option is available data is often i ncomplete or limited in
terms of number of wells and attributes

» Colorado Division of Water Resources (CDWR) web sit e
IMS server
Stated on the site- “Data not available for download”
Appears to be out -dated

» Colorado Decision Support System (CDSS) web site

Downloadable GIS-Ready dataset
- Well data is incomplete
- Vague attributes (e.g., no use made of water codes)
- Does contain “Decreed Wells” (Ark River area only)

IMS Server- Permitted Wells (similar to CDWR)
- More wells sites than GIS-ready version
- More attributes than GIS-ready version
- No download option but attribute records can be dis played 25

records at a time



Colorado - pecision Support System



Colorado - Permitted Wells

« CDSS

Copied/pasted 1,855 records (25 records at atime)  into a text file and
then converted to a database file

Records do not include longitude or latitude values but have an
attribute that describes the accuracy of the coordi nates

Does contain permit listings, use of water, well ch aracteristics (depth,

yield), aquifer sources, and dates of first use and dates permits issued.
No lat/long but Legal Descriptions

e Quarter-Quarter (40 acre tract)
» Footages from section corner

 In order to spatially reference the points in GIS
» Created our own Colorado version of LEO

Plots wells in the center of the smallest qualifier OR

Plotted the specified footage distance from the lis ted section
corner



Comparison of Colorado Permitted Well Plots



Colorado - Permitted Wells

« Attempt to query out and get the real pumping wells from the HPA (started
with 1850+ well locations) by deleting
Non-pumping wells (Monitoring, Abandoned)
Denied or dismissed permitted wells
Non-HPA geologic formations
No use designations (limited attribute data)
Small use wells
- Domestic, household
- lIrrigation < 200 gpm
- Stockwater < 30 gpm
* Ended up with ~360 wells which is roughly the same as the Kansas
equivalent (cells <= column 14)

» Talked with Colorado DWR
* They verified what | have and was doing was pretty much correct
« Sent me a spreadsheet that has annual permitted amo  unt for some _ of
the large capacity wells



Colorado Permitted Wells



Colorado - Decreed Wells

Part of downloadable GIS-ready data
Decreed wells are permitted wells that have been ad  judicated
Attribute data is rather terse
Provided a html link, by well, that gives a lot mor e information from CDSS
Annual rates
Uses of water
Status codes
NO PERMIT NUMBER
CDSS allows similar information to be queried by to  wnship
Option to export to comma-delimited text file
Has total quantity per year for most wells
Merged township files together and joined back to G IS version



Colorado Decreed Wells

Duplication of wells sites when combined with Permi tted Wells




Colorado - Decreed (red) and Permitted (blue) Wells

Reviewed each “Decreed” well site location and attrib utes with “Permitted
Wells” data and joined common information and delete d duplicates




Colorado - Annual Quantities

* For the Permitted wells (200)
Joined over the permitted quantity from the CDWR sp  readsheet
- Most quantity values are by permits
- Some “commingled” quantity values
Quantity was divided those up among targeted wells
Left ~70 wells with no annual quantity estimate
- Stock wells got 4 AF (non-commercial)
- lrrigation reviewed and based on neighbors and aeri al photos
(looking for pivots) assigned values- generally 480 AF (3 af/fa on a
160 pivot)

* Most Decreed Wells had a quantity but some did not
Domestic got 3 AF
Stock 4 AF
Irrigation 10 AF (these all had really low cfs annu  al rate designations)
MUN 25 AF (the only case of this is the town of Hol  ly- 4 wells)

» Centered year of use on FIRST USE DATE
In most cases this was listed
In some cases, | had to guess



Colorado - regression setup

« Applied Kansas water use regression estimate to Col  orado Data
« Quantity and Use are very high relative to Kansas s ide
 [f adjust to 1/3 of estimated- falls into line with

what we see on the Kansas
side (this is what was done on this model run)



All Pumping Wells



PART B

GMD3 Model Development



Predevelopment Enhancement

Boundary conditions

Bedrock constraint in the paleovalley of
the Ark river

Stream properties
Ditch irrigation
Precipitation recharge
Pumping addition



Distribution of
irrigated land (gray
area) in Arkansas
River corridor

Surface geology
(without loess
cover) in Arkansas
River corridor

Dark gray =
Cretaceous bedrock

Light gray = dune
sand

White = alluvium

Hatched =
Tertiary/Quaternary



Updated Boundary Conditions

* Previous GHB and no flow at the western and
northern boundaries changed into specified heads

 Enhanced bedrock representation along the
paleovalley



Stream Enhancements

o Streambed elevations digitized from series
of USGS topo maps.

o Additional streambed thickness along
portions of the Crooked Creek and
Cimarron River where aquifers are
confined

o Streambed entrenchment considered
along the Ark River (downstream of Bear
Creek fault zone)



Arkansas River

Cimarron River

Crooked Creek

STREAMFLOWS




Ditch irrigation

* 1% per mile seepage loss along main canals
» 25% irrigation return flow in the service areas



Recharge zones with new active and inactive areas
Dark gray = inactive (bedrock) Tan = High Plain s sediments
Pink = alluvium (floodplain) Blue = Dune s and and alluvial terraces
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Simulated vs. Observed Predevelopment Water Levels

e Overall match is reasonably good.
Further improvements can be made mainly by adjusting
recharge and hydraulic conductivity.



Predevelopment Cimarron Flow

Cimarron River
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Stream-Aquifer Interactions along
Cimarron River

Cimarron River

=
o

)
o
o1

©
o1 O
1 |

o

Groundwater Discharge (cfs

NN R RO
ol

o o1 O
1 1

0

0 50 100 150 200 250
Accumulative Stream Length (mi)




Crooked Creek Flow

Crooked Creek

100 —— Stream Flow

oe]
o
!

(o)}
o
!

—— Stream-Aquifer Accum

N
o
1

N
o
!

Flow Rate (cfs)

® D AN
S & 8 o o
| I I E—

= 100 T T T T T T T
0 20 40 60 80 100 120 140 160

Accumulative Stream Length (mi)




Crooked Creek Stream-Aquifer

Interactions

Groundwater Discharge (cfs)
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Arkansas River Flow

Flow Rate (cfs)

Arkansas River
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Arkansas River Stream-Aquifer
Interactions

Arkansas River
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Initial Transient Model Setup

62 stress periods: 1940~1946
predevelopment, 61 transient steps
annually for 1947~2007.

Specified head boundaries

Recharge: precipitation recharge and ditch
return flow

Pumping data

Stream properties and inflow

Initial specific yield 0.22, confined storage
le-06.






Simulated Stream-Aquifer Interactions in 1993

Arkansas River
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Simulated Stream-Aquifer Interactions in 2007

Arkansas River

Arkansas River
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MODEL CALIBRATION TARGETS



Number of Wells with Winter Measurements
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Candidate Wells with Long-term Records for Model Ca  libration
Will select some wells with shorter long-term recor ds near rivers






Ground-water level relative

to Arkansa s River, feet

Hydrographs for wells north of the Arkansas River in
eastern Kearny County near the Finney County line.
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Ground-water level relative

to Arkan sas River, feet
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Streamflow, ft 3/sec
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Questions/comments ??



